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ANNUAL MEETING AMERICAN CHEMICAL SOCIETY
T h e  F ifty - T h ir d  M e e tin g  o f th e  A m e rica n  C h e m ica l 

S o c ie ty  c o n v e n e d  in  N ew  Y o r k  C it y ,  M o n d a y , S e p 
te m b e r  2 5th , to  S a tu r d a y , S e p te m b e r 30 th , w ith  
h e a d q u a rte rs  a t  th e  C h e m is ts ’ C lu b  an d  H o tel A sto r . 
D iv is io n  M e e tin g s  to o k  p la ce  a t  C o lu m b ia  U n iv e rs ity , 
th e  C h e m is ts ’ C lu b , N e w  Y o r k  C o lle g e  of P h a r m a c y  
a n d  th e  G ra n d  C e n tr a l P a la c e . T h e  sp e c ia l In d u s tr ia l 
C o n feren ces  a re  re p o rted  e lsew h ere  in th is  issue.

T h e Council m et at 4 : 0 0  p .m . on M o n d ay at the 
C hem ists’ C lub  and were th e guests of th e N ew  Y o rk  
Section at dinner, continuing their deliberations 
throughout th e 'evening. T h e follow ing officers were 
elected for the com ing year: C harles L. Parsons,
Secretary;  Dr. C harles H. H erty  was chosen Editor  
of th e  J o u r n a l  o f  I n d u s t r i a l  a n d  E n g in e e r in g  
C h e m is tr y , w ith  a u th o rity  to  revise his B oard  of 
A ssociate E ditors; th is action was later confirm ed b y  
th e directors. D r. H erty  succeeds Prof. M . C. W h it
aker w ho declined reelection. T h e Council deferred 
the election of the Treasurer to  the directors, who 
elected Dr. E . G. L ove Treasurer.  T h e n ext annual 
m eeting of the Society  will be held Septem ber 1 to  10,  

1917, in Boston.
T h e  re g is tra tio n  to o k  p la ce  a t  th e  C h e m is ts ’ C lu b  

u n d e r th e  d ire c tio n  of M r. H . R . M o o d y . T h e  t o ta l  
re g is tra tio n  w as 1905, in c lu d in g  1438 m em bers and  
467 gu ests  o f w h ich  194 w ere la d ies . A  sp ecia l ro o m  
w as p ro v id e d  on  th e  m e zzan in e  floor fo r  th e  L a d ie s ’ 
C o m m itte e  h e a d ed  b y  M rs. L eo  H . B a e k e la n d . M rs. 
F ra n k  H e m in g w a y  a n d  her a sso cia tes  a ssisted  th e  
v is ito rs  in  a rra n g in g  fo r  th e  v a r io u s  fu n c tio n s  p ro 
v id e d  fo r th e ir  sp ecia l e n te rta in m e n t. O n W e d n e s 
d a y  m o rn in g , a  sp ecia l a u to m o b ile  to u r , in  ch a rg e  
of M rs. J . M e rr itt  M a th e w s  a n d  M rs. J . M . M u ir , 
s ta r te d  fro m  th e  C h e m is ts ’ C lu b , w e n t th ro u g h  
th e  v a r io u s  la rg e  p a rk s , an d  re a ch e d  L o n g v ie w  a t 
H a stin g s-o n -H u d so n  in  tim e  fo r lu n ch eo n . O n T h u r s 
d a y , th e  la d ies  v is ite d  A ltm a n ’s a n d  T if fa n y ’s sto res, 
w h ere  sp e c ia l a rra n g e m en ts  h a d  b een  m ad e b y  M rs. 
R . N . S h re v e  a n d  M rs. M o rris  L o e b  fo r  e x h ib its  n o t 
o rd in a rily  seen. L a te r , lu n ch eo n  w as se rv e d  a t th e  
W o m a n ’s C i t y  C lu b  a n d  a t  th e  W o m a n ’s U n iv e rs ity  
C lu b . C h o ic e  s e a ts  w ere re serv e d  fo r  T h u r s d a y  e v e n 
in g  a t  th e  C r ite r io n  a n d  fo r F r id a y  a fte rn o o n  a t  th e  
S tra n d , w h ere  th e  la d ies  w ere e n te r ta in e d  u n d e r th e  
lea d e rsh ip  of M rs. M a x im ilia n  T o c h  a n d  M rs. C h a s. 
B a s k e r v ille . T h e  C h e m ic a l S h o w  w as o p en  to  th e  
la d ies  w ith  M rs. B e rn h a rd  C . H esse d ire c tin g  th e  gu id es 
w h o  co n d u cte d  th e  s tra n g e rs  th ro u g h  th e  e x h ib its .

T h e  officia l o p en in g  m e etin g  w as h e ld  a t  th e  H o race  
M a n n  A u d ito r iu m , C o lu m b ia  U n iv e r s ity , w ith  J. 
M e r r it t  M a th e w s , C h a ir m a n  of th e  N e w  Y o r k  S e c 
tio n  of th e  S o c ie ty , in  th e  ch a ir. T h e  A d d re ss  o f 
W e lco m e  on th e  p a rt o f N e w  Y o r k  C it y ,  d e liv e re d  b y  
H e a lth  C o m m issio n e r D r. H a d en  E m e rso n , a p p ea rs  
in  fu ll on p. 870. In  w e lco m in g  th e  S o c ie ty  on b e h a lf 
o f C o lu m b ia  U n iv e r s ity , P re s id e n t N ic h o la s  M u r ra y  
B u tle r  s ta te d  t h a t  lie  co n sid e re d  th e  a sse m b ly  o f th e  
A m e rica n  C h e m ica l S o c ie ty  as th e  m o b iliza tio n  o f a

v e r y  la rg e  p a rt of th e  c iv iliz e d  fig h tin g  a rm y . H e 
e m p h a sized  e sp e c ia lly  th e  n e c e s s ity  fo r p ro p er s a n ita 
tio n  a n d  p ro te c tio n  of th e  h e a lth  o f th e  e m p lo y e e s  in 
co n n e ctio n  w ith  m a n u fa c tu r in g  o p e ra tio n s  in  o rd er th a t  
t h e y  m a y  b e  co m m e rc ia lly  su cce ssfu l. T h e  a u d ien ce  
w as in te re ste d  to  h ear th a t  D r. M itc h e ll, w ho o c c u 
p ied  th e  C h a ir  of C h e m is try  in  th e  o ld  K in g s  C o l
leg e, 100 y e a rs  ago, w as th e  first, a n d  h as been 
th e  o n ly , ch e m ist to  h a v e  a  s e a t in  th e  S e n a te .
L a te r  o n , his su ccesso r, D r. C h a n d le r , o rg an ize d  
th e  w o rk  o f th e  D e p a r tm e n t of H e a lth  of N e w
Y o r k  C it y  on a sc ie n tific  b a sis  a n d  th u s  ca rr ie d  th e
c h e m is try  of th a t  d a y  in to  p u b lic  s e rv ice . D r . B u tle r  
e x p ressed  his a p p re c ia tio n  of th e  in te llig e n t and
un selfish  d e v o tio n  of th e  u n u su a l gro u p  o f y o u n g  m en 
sc ie n tis ts  a n d  e x p e rts  w h o  are g iv in g  th e ir  serv ices  
to  th e  gen era l p u b lic  in N e w  Y o r k  C it y ,  m a k in g  p o ssib le  
th e  resu lts  re p o rte d  in D r. E m e rs o n ’s ad d ress.

In  tu rn in g  o v e r  th e  m e e tin g  to  D r. H e r ty , D r. 
M a th e w s  to o k  o cca sio n  to  exp ress th e  a p p re c ia tio n  
of th e  N e w  Y o r k  S e ctio n  fo r  his v ig o ro u s  an d  u n 
s t in te d  la b o r in W a sh in g to n  in  co n n e ctio n  w ith  th e  
b ill r e c e n tly  p assed , p ro te c tin g  th e  ch e m ica l in d u s
trie s , p a r t ic u la r ly  th o se  re la tin g  to  co a l- ta r  p ro d u c ts .

D r. H e r ty  resp o n d e d  fo r  th e  A m e ric a n  C h e m ica l 
S o c ie ty  to  th e  A d d re sse s  o f W e lco m e. H e sa id  t h a t  he 
w as g la d  to be p re se n t an d  ca lled  a tte n t io n  to  th e  m a n y  
fa c to r s  w h ich  h a d  w o rk e d  a g a in st th e  A m e rica n  
C h e m ic a l S o c ie ty  m e etin g  in  N e w  Y o r k . H e w as 
p a r t ic u la r ly  s tr u c k  b y  th e  co in cid en ce  t h a t  th e re  w as 
n o  b e tte r  in d ic a tio n  of th e  ra p id  s tr id e s  in  th e  ch e m ica l 
in d u s try  d u rin g  th e  la s t  fe w  y e a rs  th a n  th e  fa c t  t h a t  
o n ly  fo u r y e a rs  a g o  in  th e  ro o m  in  w h ich  th e  o p en in g  
m e etin g  w as h eld , D r. B e rn th se n  d e m o n stra te d  p u b 
l ic ly  fo r  th e  first t im e  in  A m e r ic a  th e  sy n th e s is  
o f a m m o n ia  fro m  n itro g e n  a n d  h y d ro g e n  gases, an d  
t h a t  n o w  th is  sy n th e s is  is p r a c t ic a lly  th e  m a in s ta y  of 
G e r m a n y ’s s tre n g th .

A t  th e  b u sin ess m e etin g  h e ld  T u e s d a y  a fte rn o o n , 
in  th e  H o ra ce  M a n n  A u d ito r iu m , in  a d d itio n  to  th e  
P re s id e n tia l A d d re ss  b y  D r. H e rty , ad d resses w ere  
m ad e  b y  G en era l W illia m  C ro z ie r, C h ie f  o f O rd n a n ce , 
W a r  D e p a r tm e n t, an d  M r. J o h n  E . G a rd in , V ice -  
P re s id e n t of th e  N a tio n a l C i t y  B a n k . T h e se  addresses 
a p p e a r in  fu ll b e lo w .

O n T u e s d a y  e v e n in g  a  re ce p tio n  w as h e ld  a t  th e  
A s to r  H o te l. M e m b ers, g u ests  a n d  m em b ers of th e  
A m e rica n  E le c tro c h e m ic a l S o c ie ty  a n d  th e  T e c h n ic a l 
A ss o c ia tio n  o f P u lp  a n d  P a p e r  I n d u s tr y  w ere  in v ite d . 
A b o u t  400 g u ests  w ere  p re se n t. A fte r  th e  g u ests  h a d  
g a th e re d , th e  d a n c in g  h a ll w as o p en ed  a n d  a t  a  la te  
h o u r d e lig h tfu l re fre sh m en ts  w ere  s e rv e d .

W e d n e s d a y  e v e n in g  w as le ft  o p en  fo r  v is it in g  tfye 
S e co n d  N a tio n a l E x p o s it io n  o f C h e m ica l In d u str ie s  
a t  th e  G ra n d  C e n tr a l P a la c e . F u r th e r  d iscu ssio n  of 
th is  E x p o s itio n  can  be fo u n d  e lse w h ere  in T h i s  

J o u r n a l .

O n T h u r s d a y  e v e n in g  th e  m em b ers o f th e  A m e rica n
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C h e m ica l S o c ie ty  w ere  th e  gu ests  o f th e  A m e rica n  
E le c tr o c h e m ic a l S o c ie ty  a t  a  S m o k e r, h e ld  in  th e  
b a llro o m  of th e  A s to r  H o te l. M r. W a lla c e  P . 
C o h o e  h a d  ch a rg e  of th e  exercises of th e  e v e 
n in g . T h e  m e e tin g  w as o p en ed  b y  so n gs o f th e  
A m e rica n  E le c tro c h e m ic a l S o c ie ty , w ord s of w h ich  
w ere p r in te d  on p a m p h le ts  an d  in  w h ich  th e  co m 
p a n y  jo in e d  a t v a r io u s  tim es d u rin g  th e  e ve n in g . 
A  m asqu e  e n tit le d  “ T h e  O d y ss e y  of S c ie n ce ”  w as 
p resen ted . T h e  p rin cip a l p a r t  w as ta k e n  b y  
“ C h e m is tr y ”  in  th e  rô le  o f C in d e re lla . T h e  lo v e r  
an d  re scu e r o f “ C h e m is tr y ”  fro m  “ D e s p a ir”  w as 
“ R e s e a rc h ,”  a n d  th e  a rch  e n e m y  w as “ C a p ita l ,”  
w h o  re a d  a  p a p e r e n t it le d  “ O n th e  E v il  o f th e  T h e o 
r is t .”  “ C o m m o n  S e n se ”  p la y e d  th e  p a r t  of th e  G re a t  
R e co n c ile r . P ro f. A m b ro se  J effries, b ro th e r  o f J im  
J effries, a n d  a v e n tr ilo q u is t, fu rn ish e d  co n sid e ra b le  
e n te r ta in m e n t d u rin g  th e  e v e n in g . M r. S a u n d ers  
a p p e a re d  in th e  rô le  o f a  d a sh in g  g o lfer  w ith  such  
b ra v a d o  th a t  no one to o k  up  his b e t. D u rin g  th e  e v e 
n in g  a  fe m a le  d u m m y  “ M a id  in  A m e r ic a ”  w as a b d u c te d  
b y  so m e m em b er o f th e  a u d ien ce  a n d  h er su b se q u e n t 
fa te  is u n k n o w n . M r. W in te r  g a v e  a  h u m o ro u s 
m o n olo g u e, “ B u re a u  of M in e ,”  “ to  d isclo se  m a n y  
s c ien tific  secrets , b u t  n o t to  t a lk  a b o u t ra d iu m .”  
A b o u t  800 p eo p le  w ere p re se n t, a n d  c ig a re tte s , 
b eer, s a n d w ich e s, cheese, c ra ck e rs  a n d  so u r p ick le s  
w ere  th e  re fre sh m en ts  s e rv e d  in  a b u n d a n ce . T h e  
A m e ric a n  C h e m ic a l S o c ie ty  is g r e a t ly  in d e b te d  to  th e  
A m e rica n  E le c tr o c h e m ic a l S o c ie ty  fo r  a  h ig h ly  e n 
jo y a b le  e ve n in g .

O n F r id a y  e v e n in g  th e  S u b scr ip tio n  B a n q u e t  w as 
h e ld  in  th e  h a n d so m e ly  d e co ra te d  b a llro o m  of th e

W a ld o rf-A s to r ia , jo in t ly  w ith  th e  m em b ers of th e  A m e r
ica n  E le c tr o c h e m ic a l S o c ie ty  a n d  th e  T e c h n ic a l A ss o 
c ia tio n  of P u lp  an d  P a p e r  In d u s tr y : 341 p erson s w ere 
p re se n t. D r. W . J . S ch ieffe lin  a c te d  as to a s tm a ste r . 
M r. E llw o o d  H e n d rick  re a d  a  p o em  e n tit le d  “ R o llo  
a n d  H is U n c le ,”  w h ich  a p p ea rs  b elo w . P re s id e n t 
H e r ty  sp o k e  b r ie fly  o f h is p rid e  in  th e  ra p id  gro w th  
o f th e  S o c ie ty . M r. C h a r le s  H . S h errill, fo r  y ea rs  th e  
r e p re s e n ta tiv e  of th e  U n ite d  S ta te s  in  A rg e n tin a , g a v e  
an  in te re s tin g  a n d  co n v in c in g  p lea  fo r  clo ser re la tio n s  
b e tw e e n  th e  U n ite d  S ta te s  an d  S o u th  A m erica . D r. 
A r th u r  D . L it t le  sp o k e  b r ie fly  of th e  re la tio n s  o f th e  
ch e m ica l en gin eer to  in d u s tr ia l p rogress, a n d  M r. 
F ra n k  S. W a s h b u rn  to ld  o f th e  p re se n t-d a y  o p p o r tu n i
ties  a n d  a c h ie v e m e n ts  of th e  ch em ist. A fte r  th e  s e r v 
in g  of th e  d e lic io u s  n in e-co u rse  b a n q u e t, m em bers 
a n d  gu ests  in d u lg e d  in  d a n cin g .

O n S a tu r d a y  200 m em b ers jo in e d  an  a ll-d a y  e x 
cu rsio n  u p  th e  H u d so n  R iv e r  on  a  b o a t  s p e c ia lly  
c h a rte re d  b y  th e  A m e rica n  E le c tr o c h e m ic a l S o c ie ty . 
T h e  w e a th e r w as d e lig h tfu l. A  n egro  o rch e s tra  of 
fo u r w e n t w ith  th e  p a r ty  a n d  fu rn ish e d  m u sic  fo r  
d a n cin g . T h e  cro w d  san g, a te  go o d  th in g s  an d  h a d  a 
jo l ly  go o d  tim e . T h e  c o u r te s y  o f th e  A m e rica n  
E le c tr o c h e m ic a l S o c ie ty  w as  g r e a t ly  a p p re c ia te d  b y  
all.

T h e  A m e r ic a n  C h e m ic a l S o c ie ty  w as  w ell ca red  fo r 
in  N e w  Y o r k  a n d  M r. J . M e r r it t  M a th e w s , C h a ir m a n  
of th e  L o c a l S e ctio n , is to  b e  co m p lim e n te d  on th e  e x 
ce llen ce  o f h is p lan s a n d  th e  c o rd ia l m a n n er in  w h ich  
his v a r io u s  co m m itte e s  to o k  u p  th e ir  d u tie s . T h e  
v is ito rs  a n d  g u ests  w ill lo n g  re m e m b er th e  A n n u a l 
M e e tin g  in  N e w  Y o r k  C it y .

A m e r ic a n  C h e m ic a l  S o c ie t y  B a n q u e t  a t t h e  W a l d o r f -A s t o r ia , S e p t e m b e r  2 9 t h
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“ D ear Uncle, I would like to  be 
A m an of circum stance,”

Said Rollo, having ju s t been kissed 
By several different aunts.

“ I w ant to be a m an of m ight,
W an t to be left alone,

I do no t w ant, when I grow up 
T o  hear the sugary tone 

Of praise, because I am  so sweet.
I do not w ant to be 

So kissable.” Q uoth Uncle. “ Then 
Ju st s tudy  chem istry.”

Address yourself to m ercaptans.
B utyric  acid, or 

N aphthy lam ine, and o ther things 
Of which th ’re plenty  more.

I once was young myself, my child 
And understand your pain;

Those b landishm ents are hard to  bear; 
T hey leave a psychic stain.

“ Then Uncle dear,” said Rollo, ‘‘How 
Shall I begin my work?

I w ant to be a  chem ist and 
I  do not w ant to  shirk 

The p reparation  for the task,
T he  study, the career.

T h a t promises im m unity
W hich is to me so d e a r?

“ Ah, tim es have changed,” his uncle said, 
“ B ut nowadays, a t first 

For physics and for calculus
Y ou’d b e tte r show a th irst.

It makes a  good im pression, and 
If  you would be in style,

Show off your m athem atics, but 
A t mere reactions, smile.

You’ll find professors do not care 
About T he W ays of S tu ff;

"F ree  E nergy 's” their ruling thought 
And th a t  is m ost enough 

To satisfy the questing minds 
T h a t give you your degree 

So bear in mind you m ust be glib 
About free energy.

In elem entry  inorganic 
You m ay learn a few 

Reactions, b u t tim e presses and 
Y ou'll have to hurry  through 

T he work in hand, because to-day 
B ut few professors care

ROLLO A N D  H IS  U N C L E  
For all th a t old-tim e, text-book stuff; 

Of th is you should beware.

Soon you begin in earnest and 
Proceed, for instance, with 

A standard  work in chem istry 
By Alexander Sm ith.

Read carefully, my boy, because 
Y our teacher may not w ant 

Even to  th ink  of half the text.
H e’ll tell you th a t  he c an ’t  

Spare all the tim e to  bother w ith 
The personality 

And ways of stuff. T hen he will talk  
About free energy.

Ionization is a them e th a t 
Rules him like a lion;

H e’ll break all rules of chem istry 
To satisfy an  ion.

’T is be tte r, cast all doub t aside 
W hen he begins 011 th is;

If you should raise a question he 
Will scowl a t  you and  hiss.

I used to th ink  theology'
W as ra th e r rough on doubt,

But chem istry, w ith ions, beats 
Theology all out.

You’d b e tte r jo in  the  church before 
This course is well begun 

Because you’ll need to  exercise 
The a r t  of faith , my son.

Solutions he ’ll discuss a t  length 
Provided always they 

C ontain  solute to  solvent as 
The needle in the  hay.

So, while he talks and wanders on 
Read carefully your book;

If he says ‘Physical Chem istry',’
P u t on a p leasant look.

W hen you begin analysis
Y ou’ll s ta r t qual-*-ta-tivc,

And get in loose and messy ways 
As surely as you live.

W hy teachers do not change and give 
The fluawtitative first 

Is som ething I can’t  understand 
Except th a t  no one durst.

In  o ther walks of life we learn 
F irst to  be n ea t and  clean;

In chem istry on t ’o th e r hand 
T he  opposite has been

T he  m odus operandi— which 
Is a fter all, like life;

We lean to v irtue  in old age;
In y ou th  to  sin and strife.

Then y ou ’ll have physical chem istry,
The darling  of the gods,

T h e  m easurem ent of things in dream s, 
Philosophy of suds,

M ass action where there is no mass,
T he  phase rule and the law 

Of whatsoever m ight occur.
Or w hat you ever saw.

And now forget w hat you have lea rned ;
M ost everyth ing  you know;

Organic chem istry 's  your task  
And o ther things are no t so 

W hich you have pinned your fa ith  upon,
The th ings are turned abou t.

Though once your g reatest need was faith , 
Y our present need is doubt.

The harm ony of na tu re  has 
N ot entered in between 

The two dom ains of chem istry,
Alas! there  is a  screen 

T h a t has been m ade, the light of tru th  
To sunder, to  divide 

Which makes those universal laws 
F it  one or t ’o ther side.

Now, le t us say, you’ve tu rned  the trick 
And taken  your degree 

And all the  kissing au n ts  have gone 
Beyond, along w ith me.

I t  m ay be th a t  yo u ’ll wonder as 
You ru b  your bearded face 

Ju st w hat it was th a t  s ta r te d  you 
As chem ist in the  race.

I t  m ay be th a t  your tastes  will change 
And you will w ant to be 

In favor w ith the ladies, and 
W ant their society.

B u t even then, do no t lose hope, for 
C hem ists, somehow, find 

As m ates the m ost delectable 
Of all w om ank ind .” . .

“ Oh, Uncle, dear!” cried Rollo, then,
“ I beg of you desist;

I  am  resolved, when I  grow up.
T h a t I shall not be kissed.”

— Ellwood Hendrick

A D D R E S S  O F  W E L C O M E
B y  D r .  I I a d k n  E m b k s o n  

In acting on behalf of H is Honor, the M ayor, to welcome 
you to N ew  Y o rk , it is a  privilege of no small degree to greet those 
who have accom plished a more direct assim ilation of the prod
ucts of theory and research into the body of industry and prac
tical production, than any other representatives of science and 
comm erce. As the present adm inistration of N ew  Y o rk  C ity  has 
devoted itself to the application of personal standards and 
business practice in public affairs, so the D epartm ent, which I 
have the honor to  represent, has devoted itself to an increasing 
degree, to placing preventive medicine as applied to public 
health adm inistration, am ong the exact sciences.

N ew  Y o rk  C ity  is not unlike the hum an body in the com 
plexity of its functions and the differentiation am ong its units. 
Just as the stud y of human physiology m ade scant progress 
until functions, organs, and even individual specialized cells 
were subjected to  close scrutiny, so in analyzin g the c ity  from 
the point of view  of the H ealth D epartm ent, we have passed 
from a stud y of boroughs and wards, to  the su rvey of census 
units, the investigation of hazardous trades, and still further, 
to the m edical exam ination of the men and women individually, 
whom w e know will suffer in a certain proportion from pre

ventable diseases and incapacity, even when, to  their own minds 
and senses, th ey are in perfect health. I t  is worth as long a 
search to find the unrecognized typhoid carrier, the origin of 
m ost c ity  epidem ics of typh oid  fever, as to  search for the un
com pleted syn thetic in a  hydrocarbon series.

A dvan cing from the general principles of the sanitation of 
environm ent, to the precise control of the particular infectious 
individual, from policies to persons, w e are continuously re
ducing the num ber of deaths and the cases of preventable 
disease, not before the rates p revailing in m any sm aller com 
m unities, where the distribution of population per acre is more 
n aturally  favorable to  health y living, b u t below th e rate of 
other large cities in the world. N ew  Y o rk  is surpassed in certain 
particulars b y  various cities, b u t in our general death-rate, and 
in our infant m ortality  rate, the m ost accurate and the m ost sen
sitive indices of a  c ity ’s health, N ew  Y o rk  C ity  has a better 
record than London, Paris or Berlin. In  the first year of the 
organization of the B oard of H ealth (1866), there were 3000 
deaths recorded to every 100,000 population— in 1915, 1400 
deaths; or to p u t it in other words, if the death-rate of fifty  
years ago had prevailed in 1915, there would h ave  been recorded
166,000 deaths or 88,000 more than actu ally  occurred.

T h e death-rate from typhoid fever decreased 80 per cent.
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T h e deaths from sm all-pox during the first decade of health 
adm inistration num bered 6260— in the last decade, 7.

In  1915, there were re la tively  2,600 fewer deaths from diph
theria than in 1866. Scarlet fever showed a decrease in m ortality 
° f  95 Per cent— measles decreased 50 per cent.

T h e  greatest achievem ent of the adm inistration w as the re
duction in the m ortality  from  diarrheal diseases am ong children 
under 5 years of age— in 1915 a  little  over 3900 children died 
from  this disease, whereas if the rate of 50 years ago prevailed,
13,000 children would have succum bed— a yearly  saving of over 
9000 lives.

F ifty  years ago, 4 out of every 10 children born, died before 
com pleting the first year of life— to-day, only 1 out of every 10 
bon i, dies before the end of the first year.

A n d  now, w h at is the next step in the endless controversy 
w ith  ignorance, prejudice, inertia, and the pressure of com 
mercial com petition, the four great obstacles to  health protection.

U nhesitatingly I say, it is a forward march upon occupa
tional disease, the health hazards of industries. T w o  great 
groups v ie  w ith each other for the unenviable distinction of 
producing per thousand em ployees more cases of industrial 
disease, accidents and deaths, than any others. Opinions 
differ as to  which holds the palm , b u t w hether we put the metal 
industries first, because th ey  dom inate w ith their great num bers 
of employees, or choose the chemical industries, because the 
v arie ty  of hazards is greater, there is no doubt as to the join t 
burden of these tw o groups for a v a st am ount of preventable 
disease.

I t  is n ot enough th at w e see and adm it the necessity of re
m oval of fumes, gases and dust, and provide a b etter general 
ven tilation  of shops and furnaces, w e m ust enroll ourselves now, 
and for all tim e, am ong the teachers for self-protection.

If a  fraction of the th ough t and m oney had been spent on the 
protection of the worker, th a t has been lavished 011 the protec
tion of the product against foreign com petition, 110 c ry  of pre
paredness would be heard in the land. A  health y nation w ith a 
spirit of regard for its m ost priceless and m ost w asted resources, 
its hum an lives, will a lw ays keep out of touch of its nearest 
com petitor in v ita l, as in financial resources.

In  one new factory, in this c ity , devoted to the production of 
aniline dyes, n ot a week passes w ithout a t least one serious case 
of aniline poisoning. N o  insurance com pany would, knowingly, 
tak e  as a  risk, the workm an in the autoclave room.

See the ever lengthening list of specific and incapacitating 
volatile  poisons handled recklessly and w ith u tter disregard of 
hum an wastage, in the cause of the m anufacture of explosives, 
rubber articles and aniline derivatives or compounds.

T h e chem ical industry em ploys upwards of 50,000 workers 
now, exclusive of all those w orking in the petroleum  industry, 
the paint in dustry and the processes of m anufacture which 
require the use of chem icals, such as dry cleaning, felt h at 
m aking, etc.

In  G erm any, W ey l has shown th a t ou t of 165,820 em ployees 
in the chem ical industry, in 1905, there were sicknesses of 8 
days duration in 88 per cen t of all employees— there were 11,000 
accidents, gases, h o t vapors and explosions causing m ost of 
them .

Leym an  showed th at laborers and m echanics contributed 27 
and 45 per cent, respectively, of the sickness ra te  from internal 
diseases and 37 and 43 per cent, respectively, for sickness from 
external affections.

T h e  m anufacture of hydrochloric acids, sulfates, chrom âtes, 
caustic potash, chloride of lim e and trinitrophenol are especially 
prone to  cause respiratory' diseases.

N e x t to the workers in lead products and compounds, those 
who w ork in aniline m anufacture suffer m ost com m only from 
poisoning.

Curschm an’s recent statistics show th a t the sick rate  in

chem ical works w ith im proved san itary conditions is still 54.9 
per cent per annum  of the entire force, w ith  an average duration 
of sickness of 17.8 days.

G entlem en of the Am erican Chem ical Society, I appeal to 
you, as the brains and hearts of the greatest present, and m ost 
rapidly growing industries of our tim e, to consecrate a part, a t 
least, of you r deliberations to  a constructive policy of education 
of the workm en in the factories.

Technical im provem ents in method, autom atic devices, 
painstaking supervision, will p lay a part, b u t the great hope and 
opportunity, the foundation stone of perm anent rem edy, is in 
education of the workmen.

H ealth officers owe it to  you  to include am ong the preven table  
diseases th a t th ey are engaged b y  the public to prevent the 
diseases of occupation.

F or every  1000 men em ployed in industry in the U nited 
States, 3.39 are killed and but 0.91 in France, w ith  Prussia, 
G reat B rita in  and Belgium  in betw een, w ith rates of 2.06, 1.28 
and 1.10, respectively.

B efore giving you  m y message of invitation, I wish to indicate 
briefly, the character and extent of the chem ical activ ities of the 
H ealth D epartm ent of this c ity .

T h e D epartm ent of H ealth produces curative and preven tive 
sera, and bacterial products, and carries out a variety  of diagnos
tic  tests of chemical and biological character. I t  m aintains, 
also, analytical laboratories to  assist in the regulation of food 
and drug products. I t  carried out in the last year 358,406 
diagnostic tests, of which there were 96,585 bacterial exam ina
tions for m ilk, w ater and other foods. T h e  D epartm ent pro
duced 3,762,100 cc. of serum products and 201,000 cc. of vaccine 
products and in the p ast year, 56,000 W asserm ann reactions,
11,000 com plem ent fixation tests for gonococcus infection have 
been m ade in our diagnostic laboratories.

A n y  who are free and interested, w ill be welcom ed a t our 
research laboratory, a t  the foot of E a st 16th St., where representa
tives of the D epartm ent will be availab le  to  play the p art of 
hosts. Furtherm ore, if there are phases of our activ ities in the 
direction of inspection of the m anufacture and distribution of 
foodstuffs, which you  wish to  study while in the c ity , M r. 
Lucius P. Brow n, a m ember of you r Society and the D irector 
of the B ureau  of F ood and D rugs of the D epartm ent of H ealth, 
w ill be responsible for your guidance and so far as possible, your 
conveyance, to  points o f special interest.

C H E M IS T R Y  A N D  T H E  N A T IO N A L  W E L F A R E
B y  G e n e r a l  W i l l i a m  C r o z i e r  

T h e published title of the v ery  short address which I have 
been honored b y  a  request to  m ake to  you  is "C h em istry  and the 
N ational W elfare;”  b u t as there is very  little  which I can tell 
you  about chem istry, even in connection w ith  the national w el
fare, which you  do n ot know  better than I, it seems th at a better 
title  would be "C h em ists and the N ational W elfare,”  for I  
think it  is likely  th a t there are some aspects of your relations 
to  the m ilitary elem ent of the national welfare to which I have' 
given more contem plation than you  have. I t  is not difficult 
to  adm it the general need of the m ilitary service for the class 
of knowledge which you  represent, and tlfe wide pu blicity  which 
the European w ar has given to  the indisputable im portance of 
the chem istry of explosives has enabled not on ly the educated 
laym an, b u t even the superficially informed m an in the street, 
to  appreciate th a t w ar cannot be carried on in these d ays w ithout 
a  great draft upon the services of chem ists and chem ical engi
neers. I t  has also been m ade apparent th a t for a proper u tiliza
tion o f the chem ical as w ell as other professional and technical 
knowledge of its citizens, for m ilitary purposes, the G overnm ent 
cannot rely  alone, nor even v ery  largely, upon the services of 
the professional men in its own em ploy, b u t th a t  it m ust receive 
the benefit to be had from drafts upon the national resources
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in this kind of knowledge, as well as upon industrial establish
m ents and other civic  organizations and societies, as well as 
individuals.

I t  would in all probability be adm itted in any discussion be
tween reasonably well inform ed men, th a t the affairs of the 
G overnm ent should be so conducted in tim e of peace b y  those 
charged w ith  their adm inistration as to prepare for the u tiliza
tion 111 an em ergency of the cou ntry as resources in cap acity  of 
all kinds which contribute tow ards m ilitary success, so th at it 
w ould be necessary on ly to follow plans already m ade in order 
to  set going the m achinery of utilization w ith  a  prom ptness and 
sm oolhness w hich w ould depend only upon the intelligence and 
industry w ith w hich the plans had been laid. T h is preparation 
is not alw ays such an easy m atter. A lthough there is powerful 
sanction for it, and evidence th at men of intelligence in re
sponsible positions have intended to  provide means for it, there 
is also evidence th a t there are persons in positions of influence, 
and of some power and responsibility, who do not share the view  
th at the G overnm ent should in ordinary tim es place such reliance 
upon the private  resources of the cou ntry as would require co
operation w ith those resources in the production and im prove
m ent of w ar m aterial during those tim es of peace which consti
tu te  the periods of preparation for w ar. T here is in recent legis
lation some evidence of this conflict of v iew  which necessarily 
operates to a  certain  extent to the em barrassm ent of those govern
m ental agencies whose d u ty  it  is to  prepare the country for war, 
in accordance w ith  the wishes of the people as expressed through 
their R epresentative in Congress.

In  the N ational Defense A c t, approved June 3, last, there is 
found the following w ise provision:

“ T h e Secretary of W a r be, and he is hereby, authorized to 
prepare or cause to  be prepared, to purchase or otherw ise pro
cure, such gauges, dies, jigs, tools, fixtures, and other special 
aids and appliances, including specifications and detailed draw 
ings, as m ay be necessary for the im m ediate m anufacture, b y  
the G overnm ent and b y  private  m anufacturers, of arms, am 
m unition, and special equipm ent necessary to  arm  and equip 
the land forces lik ely  to  be required b y  the U nited S tates in 
tim e of w ar: P R O V ID E D , T h a t in the expenditure of any 
sums appropriated to carry ou t th e purposes of this section the 
existing law s prescribing com petition in the procurem ent of 
supplies b y  purchase shall n ot govern w henever in the opinoin 
of the S ecretary of W ar such action w ill be for the best interest 
of the public serivce.”  (Sec. 123.)

T h e  ob ject of this legislation is apparent. Y o u  will know the 
length of tim e which is required for fitting even a  going m anu
facturing concern w ith the special tools, fixtures, and other a p 
pliances necessary to  turn out in large quantities such articles 
as sm all-arm s cartridges, for instance, or fuses for field-artillery 
am m unition. I t  is con servatively  estim ated th a t a p lant well 
equipped for the m anufacture of a  m ilitary rifle of a  given model 
would require som ething like 8 or 9 months to  supply itself 
w ith  these special fixtures, etc., for use w ith  its already installed 
m achinery, in sufficient q u an tity  to  enable it  to turn ou t a rifle 
o f a  different model in som e such reasonable num ber as 1000 
per day. T h e valu e  of advance preparation in the m atter of 
these special appliances is, therefore, recognized in this legis
lation; and there is further latitu de given to the G overnm ent in 
the proviso th a t in the expenditure of appropriations for carrying 
ou t this legislation such selection m ay be exercised, irrespective 
of com petition, as, in the opinion of the Secretary of W ar, will 
be for the best interest of th e public service. T h e spirit of the 
legislation is m ost helpful. I t  w ill be observed th a t no appro
priation is made, b u t th at funds are to  be  provided in other acts.

One of these A cts is the one know n as the "F ortification s A c t,”  
approved Ju ly  6th last. In  it w e find, am ong other items, the 
following:

"F o r  th e procurem ent of such gauges, dies, jigs, tools, fix
tures, and other special aids and appliances, including such plans, 
specifications, and detailed draw ings as m ay be necessary for 
the im m ediate m anufacture of arm s, am m unition, and other 
m aterial necessary for the defense o f the country, and for plans

for and the installation of such m aterial in p rivate  plants in 
the U nited States under such contract and agreem ent as m ay be 
made b y  the Secretary of W ar, $1,000,000: P R O V ID E D , T h a t
n ot exceeding tw enty-five per centum  of said sum m ay be used 
in obtaining from  plants so equipped such w ar m aterial as m ay 
be desired: P R O V ID E D  F U R T H E R , T h a t not exceeding 
$50,000 w orth of such m aterial m ay be purchased from  a n y  one 
person or com pany, and in m aking such expenditures the laws 
prescribing com petition in the procurem ent of supplies by  
purchase shall n ot govern.”

H ere is a  generous provision for carrying out the ob ject of 
preparing for the utilization of p rivate  industries. I t  is ap
parent th a t in the legislation quoted the spirit of such utiliza
tion was in the ascendant.

Other legislation, however, is not quite so encouraging. In 
the same A ct— the Fortifications A c t— are found the following:

" T h a t  except as expressly otherwise authorized herein no part 
of the sums appropriated b y  this A c t  shall be expended in the 
purchase from p rivate  m anufacturers of a n y  m aterial a t a price 
in excess of tw enty-five per centum  more than the cost of m anu
facturing such m aterial b y  the G overnm ent, or, where much 
m aterial is not or' has not been m anufactured b y  the G overn 
ment, a t  a  price in excess of tw en ty-five per centum  more than the 
estim ated cost of m anufacture b y  the G overnm ent: P R O 
V I D E D , H O W E V E R , T h a t w henever in the opinion of the 
President, an em ergency exists affecting the general welfare of 
the U nited States, he m ay w aive the lim itations contained in 
this section.”

# * * * *

“ T h a t expenditures for carrying ou t the provisions of this 
A c t  shall not be m ade in such m anner to prevent the operation 
of the G overnm ent arsenals a t tlicir m ost econom ical rate  of 
production, except when a  special exigency requires the operation 
of a portion of an arsenal’s equipm ent a t a different rate .”

T h e  Ordnance D epartm ent has taken some pride, and believes 
it has m et w ith some success, in cheapening the cost of govern
m ent m anufacture. I f  its own estim ate of its success has not 
been overdraw n it  m ay n ot be easy to  find p rivate  m anufacturers 
willing to  accept as sm all an order as m ight be perm itted under 
the lim itation cited above if their prices shall be lim ited to 25 
per cent in excess of the cost to the G overnm ent. A n d  there 
is some possibility th at acceptance in such cases m ay have to  be 
induced b y  appealing to  the patriotism  of the m anufacturer in 
cooperating w ith  the G overnm ent, w ithout profit, in preparing 
him self to  m eet the G overnm ent’s needs in tim e of em ergency. 
T h e requirem ent for operating the governm ent arsenals a t 
their m ost economical rate  before giving orders to  p rivate m anu
facturers will probably call for their operation a t  double sh ift; 
we will, therefore, be lim ited in the orders which we can give 
for keeping p rivate m anufacturers in th a t knowledge of the 
m ethods o f m aking w ar m aterial which comes on ly from  practice, 
to  th e exten t of the excess of the sums appropriated over and 
above the am ounts which w ill be necessary to  keep the arsenals 
going a t double shift. I am glad to  state  th a t the appropria
tions have been sufficiently generous to provide this excess in 
m ost cases; b u t the extent to  which p rivate  establishm ents can 
be em ployed in the m anufacture of w ar m aterial, to  the advan tage 
o f the G overnm ent, w ill be less th an  it w ould have been if we 
had been authorized to operate the arsenals a t  a  single shift 
only, which is the rate which, in m y testim ony before C om m ittees 
of Congress, I  h ave  advocated as being of m ost advan tage to the 
G overnm ent.

In  another A ct, the A rm y Appropriation A c t of A ugust 29, 
1916, there is an appropriation of $10,000,000 principally for 
sm all-arms am m unition, which is accom panied b y  the proviso 
th a t not more than $5,000,000 of this appropriation m ay be 
used in the purchase of am m unition. H ere again  the auth ority  
for m aking purchases is sufficient to  perm it a  good deal of en
couragem ent of p rivate  m anufacturers, and, in addition, it  is 
further provided th a t $25,000 of the appropriation m ay be used 
in equipping p riv ate  m anufactories w ith  special tools, fixtures, 
etc., and th a t $50,000 w orth of orders m ay be given to  individual 
p rivate  m anufacturers, in furtherance of their preparation to
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m eet the G overnm ent's em ergency needs, b y  W ar D epartm ent 
selection, instead of b y  com petition. M ost of the item s of ap
propriation for munitions, in the A rm y  Appropriation A ct, are 
accom panied b y  sim ilar restrictions, and in some instances th ey 
are lik ely  to  be less encouraging than those ju s t m entioned to 
the preparation for utilizing th e national resources. F o r ex
am ple, an appropriation of $3,000,000 for am m unition and other 
articles for sm all-arm s target practice is accom panied b y  the 
proviso th a t n ot more than $1,500,000 of this appropriation m ay 
be  used for the purchase of articles n ot m anufactured b y  the 
G overnm ent and necessary for sm all-arm s target practice, 
from  which it  appears th a t under this item  of appropriation the 
only articles th a t can be purchased from private  m anufacturers 
are those for the m anufacture of which the governm ent arsenals 
are n ot fitted.

In  previous years the restrictions placed upon purchases have 
been more severe. In  the Fortifications A c t of M arch 3, 1915, 
it  is provided th at of the sums availab le “ not more than 10 per cent 
m ay be used to  purchase not to  exceed 10 per centum  in q u an tity  
or valu e of any article or m aterial herein appropriated for th at 
can be m anufactured a t the arsenals of the Ordnance D ep art
m ent, except when con tract costs arc less th an  the arsenal m anu
facturing cost,”  and in the A rm y Appropriation A c t  of M arch 
4, 1915, under an appropriation of $100,000 for am m unition, 
i t  w as provided th at n ot more than  $5,000 of the appropriation 
m ight be used in the purchase of am m unition.

T hese illustrations show th a t in the m atter of preparing to 
u tilize the p rivate  resources of the cou ntry in case of em ergency 
the legislation under which the executive departm ents m ust 
operate looks both  w ays. I t  is apparent th a t there is a senti
m ent in Congress reflecting a sentim ent am ong the people in 
favor of such advance preparation, and w illing to provide effec
tu a lly  and generously for its prom otion, and th at there is also 
a  sentim ent, which m ight perhaps be illustrated b y  the de
m and for tak in g  the profit out of w ar, in favor of the greatest 
possible utilization  of governm ent m anufacture, to  the exclu
sion of the utilization  of p rivate  resources, which sentim ent has 
m ade itself felt in the preparation and passage of the supply 
bills and other m ilitary legislation.

N ow , these exam ples illustrate also som ething else, and th a t 
is the necessity for the interest and support of public opinion 
for carrying ou t any governm ental plan, whether for the m ilitary  
utilization  of p rivate  resources or anyth in g else. I  am  not com 
plaining of th e action of Congress, or criticizing th a t body.
I  know  som ething of the difficulty of fram ing legislation and 
p u ttin g  it  through, when there is conflicting sentim ent in the 
cou ntry in regard to  a  policy; b u t the greatest difficulty w e have 
to  encounter is when there is no sentim ent a t all, th a t is when 
there is public indifference, which is our norm al condition in 
tim es when the stim ulus of a  great w ar in some p a rt of the world 
is lacking. In  such tim es I have, in a  num ber of years o f a t
tendance upon its com m ittees, usually  found M em bers of C on 
gress in advance of their constituencies, in thoughtful considera
tion of the m ilitary  necessities of the cou ntry. A n d th at thought 
brings me to  you r relations to  those needs.

T h e  G overnm ent has, and w ill continue to have, a  great need 
for you r professional knowledge and professional labors, and in 
ordinary tim es there is no great prospect of reward for either. 
W e have ju s t now  an illustration in a  call upon you r m em ber
ship for assistance in a v ery  im portant m atter. I  refer to the 
n itric acid factory  for the erection of which, w ith the neces
sary prelim inary investigation, and appropriation of $20,000,000 
w as m ade b y  Congress a t  its last session. T h e  W ar D epartm ent 
has called upon the N ational A cadem y of Sciences for a  report 
w hich will assist it  in reaching a  conclusion as to  which one of 
the various known processes for th e m anufacture of n itric acid, 
b y  a  m ethod n o t requiring dependence upon a foreign source 
o f supply, would be m ost to  the advan tage of the G overnm ent

for adoption, in the erection of its plant, taking into considera
tion all of the legislation in  the A ppropriation A c t concerning the 
use of the excess cap acity  of the p lant over th at which w ould 
be required for the G overnm ent’s m ilitary  needs in peace time. 
T h e  N ational A cadem y has associated w ith it  the A m erican 
Chem ical Society, and has appointed a  com m ittee for the con
sideration of this subject from  the membership of both bodies. 
These gentlem en will receive no pecuniary com pensation for 
their services. T h e y  do not desire any. T h eir rew ard w ill be 
the consciousness of public d u ty  perform ed, which in this instance, 
I am  glad to  say, will be accom panied by a  certain  prom inence 
of the subject in which th ey are working, which has attracted 
a  good deal of attention. B u t this prominence can n ot a lw ays 
or often be had. In  ordinary tim es of peace our people do not 
think m uch of m ilitary m atters. In  such tim es one m ight 
alm ost say  th at the stom ach takes precedence of the chest, and 
under the title  of the business interests of the cou ntry absorbs 
all of th e best energies of the people them selves and of the states
men to  whom th ey  entrust the provision of the means and the 
form ulation of the rules for equipping and guiding th e ship of 
state.

I  once heard a  v ery  prom inent and very  useful statesm an say  
th a t w h at he did not know  abou t m ilitary m atters would fill 
a v ery  large book, w ith the sam e self-deprecating m ock m odesty 
which m ight have accom panied the statem ent th a t he had never 
learned to  p la y  the fiddle, or had tim e to  devote to  a n y  other 
unim portant m atter. H e w as a  good m an, too, a  m an of high 
order, and p articularly  skilled in feeling the public pulse. Such 
a  m an, sim ilarly placed in Europe, would n ot have m ade th a t 
kind of a statem ent. I do n ot think th a t this situation indi
cates blam eworthiness upon the p a rt of a n y  one. I think th at 
in a  cou ntry h appily  situated as ours is, w ith little  direct threat 
of aggression against it, and w ith  the great underlying causes of 
w ars in which it m ight becom e engaged even more obscure than 
in the case of countries situated otherwise, it is inevitable; 
b u t this m akes it  all the more necessary th at the educated and 
thoughtfu l men who constitute the mem bership of bodies such 
as yours shall th ink abou t m ilitary  m atters in a  w a y  in which the 
general public does n ot th in k  abou t them , and rem em ber th at 
m ost of the support of m ilitary preparation m ust come from the 
topm ost intellectual layer, which m ust m ake its m ost valu able  
contributions, n ot on ly w ithout pecuniary reward, b u t also w ith
out the kind of satisfaction which comes from  useful public 
service rendered in a  m atter which is prom inent in the minds of 
one’s countrym en, and, therefore, to  be ju stly  and generally 
appreciated. T h e  labor of providing for m ilitary preparation, 
both in special personal services and in the direction of public 
opinion towards th at object, although essentially to  the average 
m an’s interest,' is the high-class m an’s burden and it  is upon his 
clear vision and personal devotion th at the reliance of the nation 
m ust be for appreciation of the necessity for thoughtfulness as 
to  w ar in tim e of peace, for intelligent contribution towards 
preparation for it. F or both of these classes of service your 
mem bership will be called upon in the future, as it has been in 
the past, and is now. Y o u r service is indispensable, and in 
rendering it  you  will, of course, be guided, as are th e gentlem en 
who are now  being specially called upon, b y  the sense of d u ty  
which w orks w ithout reward.

W a r  D e p a r t m e n t . W a s h in g t o n

C H E M IS T R Y  A N D  B A N K IN G
By J o h n  E. G a r d i n  

T h e present struggle a t  arm s sooner or later w ill be followed 
b y  a  struggle, possibly ju s t as fierce, for the suprem acy of com 
m ercial interests, and in this th e chem ist will p lay no sm all 
part. A t  one tim e England held the whip hand and had a b 
solute control over th e chem ical industry of the world. B u t
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this position has been wrested from her b y  the plodding and 
th rifty  industrial methods of G erm any, and the future necessity 
of each country standing on its own m erits has been brought 
to  the w orld's attention  in a m ost forceful manner b y  the present 
conflict prevailing in  Europe.

T h e  fam iliar economic theory th at things should be purchased 
where th ey  can be produced the cheapest, w hile fundam entally 
sound, has, from the practical standpoint, disadvantages th at 
become apparent only in tim es of stress and trouble. T h e people 
of the U nited S tates of Am erica, never before have realized howr 
dependent th ey were upon the G erm an chem ist, not alone in the 
m atter of dyes b u t also of other chemicals, and the sudden 
collapse of the com m ercial relationships betw een the tw o coun
tries is a ( calam ity. T h e lesson has been tau gh t us, and it  now 
remains for the people of this country to  profit b y  it. T h a t 
th ey  w ill do so, there is not the slightest doubt in m y mind. 
B u t the great fear is th a t the a ttem p t w ill be only a sporadic 
one and that, ju st as soon as the European equilibrium  has been 
re-established, m atters will again run along the lines of least 
resistance and, before we know  it, w e shall again be the vassals 
of some European power so far as certain industrial products 
are concerned.

T heoretically  I never w as a believer in tariffs, having been 
educated in a school where free trade w as considered the acm e 
of scientific governm ent. Practice, however, teaches us a  differ
ent lesson, and the cost of any other policy m ust be put to book 
in our national system , ju st as the cost of the upkeep of our 
m ilitary and naval service— and th at is the protection of our 
natural resources. I t  is through the intervention  of tariffs 
th a t the inequalities of methods of production are equalized, 
and while to some it m ay not seem wise statesm anship to have 
imposed an especially high d u ty  on dyestuffs to  take effect after 
the w ar, still our legislators are perhaps to be congratulated th at 
th ey  have used foresight in this respect.

T h e capital invested in the chemical industry in this country, 
not alone directly b u t indirectly, is som ething enormous, and 
jn less we enter upon a  cam paign of preparedness now, w e are 
likely  to  receive some very  rude shocks when the other w ar—  
th at is, the 'economic w ar of nations— is launched upon us.

Theorizing is all v ery  well, b u t it does not take a very  astute 
mind to determine th a t if the flood gates are open for the influx 
of the w orld’s products later on, a great deal of this capita l w ill 
be absolutely wiped out, and it, therefore, behooves th e banker, 
the m erchant, and the professional m an to p u t his best efforts 
behind the one thought a t the present time, and th at is, to 
create a  stab ility  in our production th a t w ill resist all a ttem p ts 
of the outsider to overcome.

T he chem ical industry of the U nited S tates is m aking wonder
ful strides. I t  has quadrupled its output sincc 1880, and doubled 
it  since 1905.

T h e capital invested is over six tim es as much as in 1880, 
and more than double th a t of 1905. T his relates to the group 
of products classed b y  the census, from which the above figures 
are quoted, as “ general chem icals.”  T h e capital in 1880 was 
29 m illion dollars, in 1910, 155 million and in 1915 approxi
m ately 220 million, this estim ate of capital for 1915 being based 
upon official figures of product of th at year. T h e value of prod
ucts turned out in 1880 w as 39 m illion dollars and in 1915 
approxim ately 158 million.

In  addition to  this there is a large group of products, m any 
of them  v ery  im portant, classified b y  the census as “ allied 
industries,”  including fertilizers, dyestuffs, explosives, essential 
oils, wood distillation, sulfuric and nitric acids, bone, carbon and 
lam pblack, and paints and varnishes. T h e  value of the ou tp u t 
of these “ allied industries”  is much greater than th at of the group 
classed d istin ctly  as chemicals, having been in 1880 approxi
m ately 72 million and in 1915, 400 million; the capita l em 
ployed in 1880, 57 million, and in 1915 approxim ately 480 million.

T his m akes the grand total of output of the groups of m anu
factures classed b y  the census as “ general chem icals”  and “ allied 
industries”  about $550,000,000 in 1914 (census of 1915), and the 
capital invested approxim ately 700 million dollars, the 1915 
figures of capital being estim ates based upon know n figures 
of ou tp u t in th at year and also known figures of capital in 1910.

A ll of the foregoing statem ents regarding the figures o f the 
1915 census, and those which follow, are necessarily based upon 
prelim inary returns thus far received from the census of 1915, 
and must, therefore, be regarded as subject to revision, and in 
some eases, especially as to capital em ployed in 1914, m erely 
estim ates, based upon stated value of ou tp u t in 1914 and cap ita l 
shown b y  the 1910 census.

M oreover, the figures of the various census years are n ot 
absolutely com parable. T h e  first special report on the m anu
facture of chem icals and allied products issued b y  the C ensus 
B ureau was presented in 1880, covering the m anufactures of 
1879. T his report, like those of succeeding censuses, covered 
the operation of establishm ents engaged in the m anufacture 
of acids, sodas, potashes, alums, glycerin, dyestuffs, tanning 
m aterials, explosives, fertilizers, pigm ents, wood distillation, 
salts and certain  elem entary substances. In  addition, 
the census of 1880 included in its figures of “ chem icals and allied 
products”  soap, candles, glucose’ and sulfur, while all o f these 
were om itted in the subsequent censuses. In 1S90, how ever, 
paint and varnish were added to  the group of ‘"chem icals and 
allied industries,”  and in 1900 essential oils and lam pblack w ere 
also added. Thus the figures of total output and total capital for  
the various censuses are not absolutely comparable, though the 
fact th at paints and varnishes w ere substituted in 1890 for the 
groups, soap, candles, castor oil, glucose and sulfur, suggest 
th at the changes are not sufficient to affect seriously the grand 
totals of products and capita l em ployed running through the 
census records beginning w ith  1880. T h e cap ita l figures for 
1915 are in all cases estim ates, b u t based upon census figures 
of production for th a t year, and the com parison of figures of 
capita l w ith  production in 1910 and earlier censuses.

A tten tion  is especially called to  the relation of capita l em 
ployed to the value of output. T h e  figures quoted are in all 
cases those of the census, except, as above indicated, th at the 
1915 figures are m y own estim ates based upon the census figures 
of ou tp u t for th at year. I t  w ill be noted th at a com parison of 
the figures of capital em ployed and product turned out show’s 
a steady growth in the am ount o f capita l utilized in the produc
tion of a given value of output. In the group “ general chem 
icals,”  the census figures show, for 1880, 29 m illion dollars of capital 
and over 38 millions w orth of products turned out. T h e 1910 
census shows 155 m illion dollars of capita l and only 118 million 
dollars w orth of products turned out. T h is  increase in the am ount 
of cap ita l utilized in producing a  dollar’s w orth of chem icals 
has been steady and consistent, as w ill be noted b y  com paring 
figures of capita l and ou tp u t for each as given b y  each census. 
In  the allied industries, conditions are sim ilar. In  fact, this 
general rule applied in m ost of the m anufacturing industries, 
the capita l em ployed in all m anufacturing being, according to  
the census figures in 1910, th irty-five tim es as much as in 1850, 
the value of m anufactures on ly tw enty-three tim es as much as in 
1850.

I t  is, however, proper to add th at the Census B ureau  itself 
states fran kly th at its figures of capita l em ployed in the m anu
facturing industries are far less reliable than those of the valu e 
of the output, b u t as approxim ately uniform  practice has been 
followed in the collection of the figures of capita l from  census 
to  census th ey are presum ably w orth y of attention  in consider
ing the relative growths of capita l and output.

T h e  production of chem icals and allied products is quite w id ely 
distributed, though occurring chiefly in the section east of the 
M ississippi.
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Chem icals form an im portan t factor in the foreign trade of 
the U nited States, both as to  im ports and exports. Prior to the 
war, im ports of chem icals were largely in excess of exports, bu t 
the w ar has greatly  increased the exportation of articles included 
in the general group "chem icals, drugs and dyes.”  T h e total 
im ports of chem icals, drugs and dyes has grown from 48 million 
dollars in 1896 to 70 million in 1906, and 109 million in 1916. 
T h e exports of chem icals, drugs and dyes were in 1896 9 million 
dollars, in 1906 19 million, in 1914, the year preceding the war, 
27 million, in 1915 46 million, and in 1916 124 million, all of the 
above figures of im ports and exports being for the fiscal years 
ending June 30th.

T h e  U nited S tates is apparen tly  the w orld’s largest im porter 
of chemicals, the im ports of G erm any in 1913, the year prior 
to the war, being about 75 m illion dollars, G reat B ritain  70 
million and France 50 million. T h e exports of G erm any for 
1913 w ere 140 million, G reat B rita in  60 million and France 25 
million. I t  is proper to  add, however, th at these figures are only 
approxim ations, because of the uncertainty as to the grouping 
of m any articles which b y  certain countries are classed under 
the general head of chem icals, drugs and dyes, and b y  other coun
tries otherw ise classified.

P r o d u c t io n  o f  G e n e r a ł  C h e m ic a l s  i n  t i i e  U n it e d  S t a t e s  a n d  C a p it a l  
E m p l o y e d

U. S. Census Figures
Em ployees W ages and 

Census of C apital Product N um ber Salaries
1880.......................  $29,000,000 538,600,000 11,000 S6.200.000
1890........................  55,000,000 59,400,000 17,100 10,100,000
1900........................  89,100,000 62,700,000 21,200 12,100,000
1905........................  96,600,000 75,200,000 22,600 14,800,000
1910.......................  155,100,000 117,700,000 27,600 20,300,000
1915(a)................ 220,000,000(a) 158,000,000 No d a ta  N o d a ta

(a) E stim ate  based on s ta ted  value of p roduct in 1915 and s ta ted  value 
of capital and p roduct in 1910.

P r o d u c t i o n  o p  G e n e r a l  C h e m i c a l s  a n d  A l l i e d  P r o d u c t s  a n d  C a p i t a l  
E m p lo y e d ,  1880 t o  1915 

Allied p roducts include fertilizers, explosives, dyestufTs, essential oils, 
wood d istillates, sulfuric and n itric  acids, carbon, bone and 

lam pblack, and pa in ts  and  varnishes
C apital P roduct

1880........................  $86,000,000 S99,000,000
1890........................  180,000,000 125,000.000
1900........................  238,500,000 202,500,000
1905........................ 324,100,000 281,000,000
1910........................ 483,700,000 425,100,000
1915........................  700,000,000(a) 550,000,000

(a) E stim ate  based on s ta ted  value of production in 1915 census and  
census figures of cap ita l and p roduct in 1910.

P r o d u c t io n  o f  F e r t i l i z e r s , E x p l o s iv e s  a n d  P a in t s  a n d  V a r n i s h e s , 
a n d  C a p i t a l  E m p l o y e d , 1880 t o  1915 

F e r t i l i z e r s  E x p l o s iv e s  P a in t s  a n d  V a r n is h e s
Y ear C ap ital P roduct C ap ital P roduct C apital P roduct
1880 517,913,000 523,651,000 56,585,000 $5,802,000 517,333,000 529,113,000 
1890 40,594,000 39,181,000 13,539,000 11,353,000 45,318,000 54,234,000
1900 60,686,000 44,657,000 19,466,000 17,125,000 60,053,000 69,582,000
1905 68,917,000 56,541,000 42,307,000 29,602,000 75,486,000 90,840,000
1910 121,537,000 103,960,000 50,168,000 40,140,000 103,995,000 124,889,000 
1915 N o d a ta  168,388,000 N o d a ta  42,160,000 N o d a ta  149,049,000

U n fortun ately  the Am erican banks have not the wide powers 
in connection w ith this particular industry, or in fact a n y  other 
industrial undertaking, th at the European banks have. T he 
law forces the banks here to  pursue m erely a  com m ercial business, 
and it  is perhaps well th a t it  is so. T h e  relationships between 
the banks and the public in this country are quite different 
from w h at th ey  are abroad. In  A m erica the banks are supposed 
to be the custodians of their clients’ m oney, whereas in Europe 
the general idea is th at the banks are the investors of the public ’s 
m oney and oftentim es the public is n ot quite so fortunate in 
the choice of fiduciary. T herefore, in v iew  of this known cir
cum stance, when failure overcom es a batik, owing to bad in
vestm ents, it  is taken as a natural consequence and unless ab
solute fraud can be shown no particular odium attaches to the 
ban k’s officers. In th is country, however, surrounded as we 
are w ith legal technicalities, the banks are not in a  position to 
em ploy custom ers’ m oney in founding industries of any kind. 
In fact the law  prohibits specifically national banks from owning 
stock of a n y  character whatsoever.

T h is  does not, however, mean th at capita l is n ot availab le  for

industrial purposes. N o  m eritorious undertaking is ever allowed 
to sufTer for w an t of the necessary means to develop it. C ap ital 
is a  greedy m onster and seizes upon every  op p ortun ity w hereby 
an increase can be expected and the attention  of the investor 
of the U nited States to-day is directed in a great measure toward 
the developm ent of the chem ical industry and its allied branches.

Under the protection of the G overnm ent through its tariffs, 
num erous projects will be brought forw ard for the exploitation 
of this, th at, or the other enterprise, some of them meritorious, 
others of no valu e whatsoever. I t  must be borne in mind th at the 
investor will not trust his m oney to  anyth in g that is not a b 
solutely certain  and, this being the case, it is futile to endeavor 
to a ttra ct his attention  to  anyth in g th at does not possess absolute 
perfection.

C hem istry is out of its sw addling clothes, and while it  has 
a great future in most lines, the experim ental stage in a great 
m easure has been past.

C hem istry goes into p ractica lly  every  feature of the w orld ’s 
industrial a ctiv ity , no m atter how low ly it  m ay be, and to  be 
able to com m and such enorm ous pow er in the control of the 
hum an requirem ents, it  seems to  me the chem ist should be a 
proud individual. In  the olden days the alchem ists sought 
the easy means of the transm utation of metals. T h e  modern 
chem ist, through his skill, his industry, and his research, turns 
the basest product into glitterin g gold.

N a t i o n a l  C it y  B a n k  
N e w  Y o r k  C it y

P R E S ID E N T IA L  A D D R E S S  

T H E  E X P A N D IN G  R E L A T IO N S  O F C H E M IS T R Y  IN 
A M E R IC A

B y  C h a r l e s  H .  H e h t y  

A fter a year of such strenuous service as characterized th at 
through which we h a v e  ju s t passed, it is well th a t we are again 
assem bled for report on the w ork of our laboratories and for 
helpful confercncq concerning future grow th and broader ser
vice. A  large part of the past year’s w ork has, through the 
suddenness of the call, been necessarily individualistic; the 
assem blage of this week furnishes th e means for planning more 
coordinated effort, for m utual counsel and for deepening th at 
spirit of cooperation which is so essential if w e are to  m eet w orthily 
our full responsibilities.

I t  is again incum bent upon m e to  address you. In  seeking 
a  su bject I have p u t aside the tem ptation  to la y  before you 
statistics illu strative of m arvelous grow th during the p ast year, 
and, in spite of our belief in specialization, it has not seemed 
suitable to select any one line of developm ent for tracing in 
thorough detail. T h is period is still too form ative and the de
mands upon you too m any-sided for such restricted discussion. 
I  have, therefore, selected the broader topic " T h e  E xpanding 
R elations of C hem istry in A m erica,”  using the present participle 
advisedly as indicative of growth and as m andatory of greater 
effort if the widening circles of chem ical influence are to  reach 
th e broad shores of full-fledged accom plishm ent.

T he dynam ic center of this m ovem ent is the Am erican C hem 
ical Society  which now consists of 8136 members, a  net growth 
of more th an  1000 during the year ju st ended. T h is splendid 
grow th is not on ly a  tribute to  the energetic a ctiv ities of our 
efficient secretary, b u t is an evidence of increased a c tiv ity  in 
chem istry and of a quickened realization of the need of the 
strongest possible national organization. T h e  strength of 
this organization, however, is n ot measured so much b y  num 
bers as b y  the loyal and unselfish response of its mem bers to 
every  call m ade in its name. T o  this I can abun d an tly  testify .

In considering the expanding relations of C hem istry in A m er
ica let me group these under four heads— the relations to  uni
versity  adm inistrations, to the national governm ent, to  our 
da ily  needs and to national thought.



876 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  8, N o .  10

RELATIONS TO U N IVERSITY ADMINISTRATION

W ithout doubt u niversity  executives have gained during the 
past year a d earer conccption of the fundam ental value of 
chem istry to  the nation. Aside from our own exhortations, 
this conception has been easy of obtainm ent through the in
creased p u blicity  given b y  the daily  press and b y  periodicals 
to  m atters chemical, through the difficulty to purchase certain 
needed supplies, through the feverish a ctiv ity  to m eet these 
unexpected demands, and through the call for young chem ists 
from  university laboratories. H as the conception, however, 
been translated by the m akers of university budgets into deeds 
which will insure an adequate response b y  the universities to 
the increased demand which is to be made upon them for chem 
ists possessing the best possible training? I have neither purpose 
nor desire to criticize, nor even to attem p t answer, b u t I do not 
hesitate to suggest th at in these abnorm al times the demands 
upon chem istry departm ents are unusually great and should 
be generously m et if we are to view  the future w ith equanim ity. 
T he bounds of the service of chem istry to the nation are pre
scribed b y  the character and extent of the training given in our 
universities. Ph ysical equipm ent m ust be increased and bettered 
and staffs m ust be m aintained adequate in num ber to allow  full 
opportunity for research along w ith teaching duties.

T h e  stim ulus of these rem arkable tim es upon the minds of 
the students is plainly evident, bu t here lies a danger. T he 
expansion of existing industrial plants and the creation of new 
lines of endeavor in chem ical industry call for m any young men 
to serve in control work, and the call is often v ery  alluring. 
I t  would be a  great m isfortune if the filling of these new posi
tions should be a t the expense of the graduate students of the 
future. W e cannot afford an abridgm ent of the num ber of young 
men thoroughly trained in our universities in the methods of 
research. G raduate fellowships in largely increased num ber 
should be provided, for w ithout such aid the door of opportunity 
will be closed to m any whose full mental potentialities will be 
needed in the future.

T h e  danger of losses from university ranks, however, is not 
confined to  graduate students; a lready there are strong indica
tions of a considerable raid b y  the industries upon the staffs of 
universities, and the question of professorial em olum ent is, 
therefore, not one for leisurely future consideration, b u t be
longs to the im m ediate present.

T o  sum up, the university  budget for chem istry needs prom pt 
and decided expansion.

In  the m atter of cooperation betw een universities and in
dustries definite progress has been made. F ou r im portant 
m atters ty p ify  this progress.

T h e  New’ Y o rk  Section has conducted throughout its w inter 
m eetings a  sym posium  on this subject, and these discussions 
resulted in a  request of the Society th at a perm anent com m ittee 
be appointed to carry forw ard vigorously such cooperation.

T h e G eneral C hem ical C om pany announced the form ulation 
of a new policy in the creation of an advisory staff of university 
professors.

T h e  M assachusetts In stitu te  of Technology announced a 
M aster’s Course in Chem ical Engineering, including a School 
of Chem ical Engineering Practice. T hrough the cooperation 
of industrial plants a  half year of system atic p lant experience 
and training is added to the curriculum  w ithout sacrifice of 
thorough foundation work or training in research. In  return 
for the privileges offered b y  the plants, the research facilities 
and the facu lty  of the Institu te  w ill be availab le  for the study 
of special problem s connected w ith  each plant.

A  jo in t m eeting of the P u get Sound Section  and the S eattle 
Cham ber of Com m erce aroused great enthusiasm  and resulted 
im m ediately in the creation o f industrial fellowships in the 
U n iversity  of W ashington for the stud y o f the problem s of the 
N orthw est.

Such illustrations furnish proof th a t earnest th ough t is being 
given to this phase of cooperation and it is inspiring to note liowr 
quickly such thoughts arc being translated into definite action.

RELATION'S TO THE NATIONAL GOVERNMENT

Forty-nine members of the Society, representing the several 
states and A laska, on appointm ent, responded to the request 
of the President of the United States th at the chem ical indus
tries be mobilized under the program of the organization for 
industrial preparedness. Publication of the correspondence 
in connection w ith these appointm ents would furnish lasting 
testim ony to the loyal and unselfish patriotism  of the m em ber
ship of our organization.

In response to the invitation  of the N ational A cadem y of 
Science our representatives are now cooperating in the organiza
tion of the research facilities of the nation and in questions con
nected w ith  the establishm ent of the governm ent n itrate plant.

If w e are to  proceed prom ptly and intelligently w ith the 
developm ent of a  diversified and com prehensive chem ical in
du stry  we m ust know  the detailed character and am ounts of 
chem ical im portations. T h e  statistics now published b y  the 
governm ent are inadequate in their item ization. T h e form ula
tion of the character of the inform ation needed is our responsi
bility. T his is the w ork o f  the com m ittee on G overnm ent 
Statistics, of which Com m ittee Dr. B . C . Hesse is chairm an. 
T h e inauguration of the work has u nfortunately bu t necessarily 
been delayed. I t  is now well under w ay, and for its full con
sum m ation I beg to urge the thoughtful aid of every  member 
of the Society, and the cooperation of each of the Local Sections. 
W e have never undertaken any more im portant or fundam ental 
work than this. If, as a  result of this in ventory, we are able 
to  state  in exact term s the specific character of th e inform ation 
needed b y  the chem ical industries, in order to  render this country 
independent of foreign sources of supply, we shall then have 
a  right to expect w ith  confidence the sym pathetic cooperation 
of the federal authorities.

M a y  I, under this heading, m ake tw o suggestions to the 
N ational authorities:

First, Provision should be m ade in the im m ediate future for 
the storage of large quantities of governm ent-owned toluene. 
W ith  the cessation of European w ar orders for explosives, and 
w ith  the rapid increase of by-prod uct retort ovens for coke m anu
facture, we shall even tually  have a  large over-production o f to lu 
ene, w ith  consequent lowering of price. T h e  potential valu e  of 
this hydrocarbon in m unitions is too great to  allow its sacrifice 
as a  fuel or as an illum inant, and its storage involves no unusual 
difficulties. T h e  moral effect alone of its know n presence in 
our m idst w ould in itself fu lly  ju stify  the investm ent as a  pre
paredness measure.

Second, M od em  warfare is largely dependent upon the su c
cessful work of chemists, not alone in the direct production of 
munitions, bu t, through research, in husbanding the resources 
of the country, and in increasing knowledge w hich in  tim es of 
stress m ay be v ita l to the nation. In  view  of the now w ell 
recognized fundam ental character of such work the m ilitary  au 
thorities should form ulate a  definite policy in regard to  the 
chem ist, w hereby in tim es of w ar his services m ay best be a p 
plied to  the advan tage of his country. T h e lack  of such a policy 
during the recent enlistm ent of th e N atio n al G uard has in several 
cases interrupted lines of research whose successful outcom e would 
prove m uch more v ita l to  the pow er of the arm y than the pres
ence of the individuals bearing arms. England som ewhat 
tard ily  recognized th a t her chem ists w ere more needed a t home 
than a t  the front, and, therefore, recalled them .

RELATIONS TO OUR DAILY NEEDS

T h e economic developm ents of the p ast tw o years have 
em phasized the close relation betw een norm al daily  needs and
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the a c tiv ity  of chemists, particularly  through certain shortages 
w hich have brought economic distress. A m ong these shortages 
three stand out preeminent— m otor fuel, potash for fertilizer 
and coal-tar products, p articularly  syn thetic dyestufls. L e t 
me discuss the first and second of these briefly and the third 
som ewhat more a t  length.

m o t o r  f u e l — T h e enormous annual increase of m otors using 
gasoline as fuel, together w ith  the largely increased export of 
this m aterial, has resulted in greatly  increased price of this 
product. T o  m eet the situation  chem ists have n aturally  turned 
their atten tion  to  the "crack in g”  of the residues of crude petro
leum, furnishing thus some relief. In  view , however, of the un
certain ty  of petroleum  supply such efforts cannot prove the u lti
m ate solution of the problem . W ith  the cessation of the w ar 
further aid m ay be expected from  the benzol recovered in the 
by-product coke oven plants. W ith  this a t its maximum , how
ever, it is estim ated th a t it would equ al.on ly  10 per cent of the 
m otor fuel now consumed. P la in ly  w e m ust look further for 
the perm anent supply, and th at seems to  me to be alcohol. 
I am  fully  aw are th a t there is nothing original in this suggestion. 
I t  is m entioned rather for the purpose of urging greater con
sideration of the problem  b y  chemists, who m ust solve the prob
lem, b y  m anufacturers of m otors who have such great interests 
a t  stake, and b y  lum berm en who, in their mill w aste alone, possess 
the raw  m aterial from  which, b y  processes in operation to-day, 
alcohol could be produced equal in volum e to 40 per cent of 
our present gasoline consum ption.

W h a t striking advance in this line could be confidently ex
pected if the autom obile m anufacturers and lumberm en of the 
nation w ould join  forces w ith  chem ists in the creation of a  great 
research laboratory where the problem s Of m otor fuel could be 
vigorously attacked, not b y  the "green  pow der”  m ethod of 
recent notoriety, b u t b y  comm on sense, scientific investigation, 
conducted b y  the ablest of chem ists and chem ical engineers, 
unfettered by tradition and filled w ith the conviction th at the 
d ay of genuine new things w ill n ever end.

p o t a s h — T o  m eet our present shortage of this valuable fer
tilizer constituent w e have sought relief feverishly through the 
kelp fields of the Pacific coast, the alunite deposits of U tah, 
the feldspars, b last furnace and cem ent w orks w aste, and have 
as y e t obtained b u t slight relief. Som ething n otew orthy m ay 
y e t  result from  these earnest efforts, especially through th e aid 
of the appropriation of $175,000 b y  Congress for further in vesti
gation of kelp., b u t a t present w e seem to have adopted the general 
policy of w aiting until the w ar is ended.

L e t me, in this connection, remind yo u  of th e old problem : 
nam ely, the rendering availab le  in  situ  of the potash now in the 
fields in the form of silicates. T h e records of the U. S. Bureau 
of Soils show th at the average w eight of a  foot acre o f the sandy 
soil of the cotton belt w eighs 1,750 tons, and contains an average 
of 0.1 of 1 per cent potash, or i 3/< tons K 20  per acre, while the 
c lay  soils average in w eight 2000 tons per foot acre and show an 
average potash content of 1.68 per cent or 33.6 tons K 20  per 
acre. From  this m aterial nature slow ly supplies availab le potash 
for p lant food through the action of the soil solution upon the 
potash bearing silicates, b u t the process is too slow. M a n y  
lines of research are in daily  progress in our laboratories whose 
ob ject is the discovery of "accelerants”  for certain  chemical 
reactions. D oes n ot th e im portance of this problem  and its 
altogether norm al character demand of us greater effort to  find 
a  suitable accelerant for this world wide process. T h e  problem 
is easy to  state; its solution has as y e t proved im practicable. 
M a y  we n ot hope th a t the activ ities of physical chem ists through 
studies of the soil solution and its action upon the mineral con
stituents of the soil w ill be ultim ately successful?

c o a l - t a r  d y e s t u f f s — I t  is unnecessary for me to remind 
you a t  th is tim e of the great disturbance of our industrial life

which resulted from  the cessation of im ports of Germ an dye- 
stuffs, nor of the rapid extension of the by-p rod uct coke oven 
w hereby w e are now  assured of a far more than adequate supply 
of raw m aterial for an A m ercan dyestuff industry sufficient 
for Am erican needs. I t  is a  pleasure to testify  to  the energy 
and resourcefulness of our dyestuff m anufacturers, who, in spite 
of com petition w ith the munitions industry for coal-tar crudes 
and for necessary acids, and w ith uncertainty as to the future 
constantly  dogging their steps, nevertheless h ave  notably con
tributed to the relief of the dyestuff famine.

I t  is m y purpose, however, to  trace, for the sake of the record, 
the efforts made during the past tw o years to obtain  legislative 
assurance of a  fair start in the upbuilding of a  well rounded, 
perm anent industry, and to point ou t the character of the legis
lation  w hich on the last d ay of the present session of Congress 
becam e a  law of th e land. I t  is a  distressing story, hum iliating 
to all w ho wish for our cou n try  freedom in every  possible form. 
H ere is the story.

Im m ediately after the outbreak of the war the N ew  Y o rk  
Section of this Society, foreseeing economic distress from  possible 
shortage of dyestuffs, appointed a representative and politically 
non-partisan com m ittee to report on the prerequisites of an 
adequate self-contained Am erican dyestuff industry. T he 
report, unanim ously adopted b y  this the largest of our local 
sections, recom m ended congressional enactm ent of protective 
duties am ounting to  30 per cent ad valorem and 7V2 cents per 
lb. specific on finished dyestuffs, one-half these am ounts 011 
interm ediates and an effective anti-dum ping clause. T he 
protective rates of this report form ed the basis of the H ill bill, 
introduced in the H ouse on the opening d a y  of Congress by 
R ep resen tative IJbenezer J. H ill, of C onnecticut. In  January, 
1915, hearings were held 011 this bill and there was presented 
the unusual sight of both producers and consumers urging the 
W ay s and M eans Com m ittee to  report the bill favorably. In 
spite of this unan im ity the report w as not forthcom ing. Public 
dem and for such legislation, however, increased, and finally, 
a fter a conference betw een leading members of the controlling 
p a rty  in both the Senate and th e H ouse w ith representatives of 
a large num ber of producers and consumers, a form  of legisla
tion was proposed b y  the congressional representatives which 
em bodied the ad valorem rates of the N ew  Y o rk  Section b u t re
duced the specific duties b y  one-third, such specific duties to 
continue in full force for a period of only five  years, after which 
tim e th ey were to  decrease 20 per cent annually. A nother 
feature w as the proviso th a t if a t  the expiration of five years 
Am erican dyestuff factories were n ot producing 60 per cen t of 
the values (note this carefully) of A m erican consum ption, the 
specific duties were to be im m ediately and com pletely repealed 
b y  Presidential proclam ation.

In spite of the lowered specific duties, this agreem ent, con
firmed b y  authorized interview s from W ashington, led to  in
creased a ctiv ity  b y  m any producers. I t  is n ot difficult to 
imagine, therefore, the am azed surprise which greeted the ap 
pearance of the dyestuff section of the G eneral Revenue B ill, 
which, while it  contained all of the above, showed one other 
to ta lly  unexpected feature, viz., the exclusion of indigo and alizarin 
and their derivatives from the benefit of the special d u ty  of 5 
cents per lb. Such an exception w as fatal to  the purposes of 
the bill. T h e  ad valorem d u ty  alone would n ot suffice to prom ote 
and encourage the m anufacture of syn th etic indigo and alizarin. 
N o scientific or technical justification existed for discrim ination 
against these tw o coal-tar dyes, which constitute 29 per cen t of 
the values of our consum ption. Furtherm ore, the m anufacture 
of a t least 10 per cent of dyestuffs could n ot for th e present t e  
attem pted in this country because of existing foreign patents. 
Such considerations show th a t the possibility o f expansion of 
the home industry w ithin the five-year period to 60 per cen t of 
the values of consum ption would be precluded b y  the term s of
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the bill itself. Consequently the duration of the special du ty 
for any dyestuff would be restricted to the initial five-year period. 
E vid en tly  our law m akers had surpassed the skill of the a l
chem ists, in th at th ey had dem onstrated their a b ility  to trans
form a t  least bricks into gold.

Pressed for a justification of the exclusion of indigo and alizarin, 
the Chairm an of the W ays and M eans Com m ittee made ex
planation on the floor of the House ill a  speech which b y  previous 
agreem ent was to conclude the debate. In  this speech reference 
w as made to the satisfactory character of the conference w ith  
the representatives of the industries; individual m anufacturers 
were referred to as not desiring full protection for indigo and 
alizarin; and no justification  on scientific or technical grounds 
was attem pted. Then the dyestuff section of the bill was adopted 
by a p arty  vote. Im m ediately briefs w ere filed w ith the sub
com m ittee of the Senate Com m ittee 011 F inance in charge of 
this section of the House Bill. These briefs included letters 
and telegram s from the individuals referred to in the H ouse 
debate refuting the statem ents m ade b y  the Chairm an of the 
W ays and M eans Com m ittee. M oreover th ey pointed out 
clearly  th a t the exception of indigo and alizarin w as not in ac
cordance w ith the original conference agreem ent and would 
prove disastrous to the entire industry. T h e Senate sub-com- 
m ittee was convinced and accordingly struck from the bill the 
objectionable exceptions, and in addition included natural indigo 
and coal-tar m edicináis and flavors, additions in every  sense 
logical, and giving to the classifications of the bill a  thoroughly 
com prehensive character.

W ith  the appearance of the printed hearings and briefs an 
interesting exhibit w as m ade b y  the plea of a large consumer of 
indigo located a t  Greensboro, N orth Carolina. N o t content 
with the discrim ination given indigo in the measure as passed 
b y  the Ilouse, he urged its com plete rem oval to  the free list. 
N o other consum er of indigo joined in this request. T h e sub
com m ittee rejected his plea.

T h e com pleted section of the R evenue B ill w as then endorsed 
b y  the full com m ittee and b y  the m ajority-p arty conference, 
and was adopted b y  the Senate. In  the last hours of the session 
the section em erged from the jo in t conference of the m ajority- 
p arty  conferees from both Senate and H ouse with indigo and 
alizarin excluded from  the special d u ty, and carrying along with 
them , as a sort of legislative by-product, medicináis and flavors. 
A s no record is published of the proceedings of conference com 
m ittees w e are le ft to assum ptions as to the influence which pre-. 
vailed  to  give the section its final form ; b u t in the ligh t of the 
history  of the legislation and the personnel of the conferees, as 
published in the Congressional Record, it is not difficult to 
im agine whose influence w as determ inative in m aintaining the 
discrim inatory feature of the original H ouse legislation, against 
which united protest has been m ade, save for the voice of one 
consumer. T he section in this disastrous form was then adopted 
b y  both Senate and House and is now the law  of the land.

Such is the answer of the present Congress to the nation-wide 
(with one exception) call for adequate p rotective duties for the 
encouragem ent and upbuilding of this much-needed industry. 
T h e claim s of this industry, upon non-partisan legislative aid, 
are reasonable, because of initial difficulties in m anufacture and 
the character of the com petition to be m et after the war. These 
claim s are also com m anding, through the intim ate connection 
of the industry with adequate m unitions for our arm y and liavv. 
Nevertheless, the measure, professedly enacted for its upbuilding, 
stands to-day stam ped w ith the evidence either of the most 
specialized form of legislation for special interests, or of stup id ity , 
as a tax placed upon the consum er w ithout the benefit of an 
assured hom e industry, or of stubbornness in m aintaining a 
wrong position rather than adm it an error in judgm ent. I do 
not believe the citizens of this nation will set the seal of their 
approval upon such legislation.

RELATIONS TO NATIONAL THOUGHT

In the light of the activities of the past year let us ask our
selves frankly, "W h a t is the position of chcm istry to-day in the 
thought of the nation?”  N o one can doubt th at it occupies a 
much more prom inent place. T his is due in p art to the superb 
response Am erican chem ists have given to the sudden call upon 
their resources and ingenuity, in p art to the advertisem ent 
through the press of the im portant role of the G erm an chem ist 
in the industrial upbuilding of th at nation, and to the constant 
repetition of the phrase th at m odem  war is largely a m atter of 
chem istry and engineering.

Concrete evidence of increased appreciation of chem istry is 
furnished b y  the Second N ational Exposition of Chem ical 
Industries now in progress. Its exhibitors are more than double 
those of last year; its exhibits show many* new products, born 
of the exigencies of the year; its underlying thought has been 
broadened to include a more system atic show ing of the im portance 
of chcm istry to the wise use of natural resources; and its purposes 
have gained a far wider and more appreciative understanding 
b y  our people as a whole.

A gain  we find evidence in the recent issuance of a special 
chem istry edition b y  a prom inent trade journal, The M anu
facturers' Record. T he purpose of th at unusual issue w as not 
merely to em phasize the advan tages of a great section of the 
country for the upbuilding of chem ical industries, but, of far 
greater im portance, it sought to v italize the thought of the people 
of th at section as to  the fundam ental character of chem istry 
am ong the factors of industrial developm ent.

Furtherm ore, it m ust be noticeable to  all th a t slow ly b u t surely 
an educational cam paign is getting under w a y  in the d a ily  press 
and in periodical literature w hich will even tu ally  result in the 
arousal of our people to a full comprehension of the value of 
chem istry as a  national asset.

T hese are sim ply signs of the times. W e cannot, however, 
feel th at the national thought has as y e t grasped in its entirety the 
all-pervading influence of chcm istry so long as Cornell U niversity, 
with its strong chem istry staff, m ust delay the replacem ent of 
its burned laboratory through lack of funds; so long as Johns 
H opkins U niversity, the cradle of Am erican chem ical research, 
m ust undergo such struggle for the means to erect a  new labora
to ry  on the beautiful new site of th at institution; so long as m em 
bers of Congress view  chem ists and chem ical m anufacturers as 
fit subjects for hard bargaining; so long as railw ay presidents 
feel th at chem istry has no part in the developm ent of the natural 
resources of the sections traversed b y  their lines; and so long as 
waste in an y  form is allowed to continue unheeded.

F urther expansion of the relations of chem istry to the national 
thought involves:

First— Continued educational effort through the press. Plans 
for such are being evolved, and these plans are m eeting the qu ick 
ened sym p athy of the leaders of the press. E ach of us m ust 
cooperate in this work. A s a class w e are n ot qualified to w rite 
in popular style, and in the past we have not troubled our
selves very  much abou t such m atters; but wre can furnish facts 
and sound opinions to those who have the w ork and responsi
b ility  of popular presentation, and w’e should stand ready, 
each in his own com m unity, to share in such cooperative effort.

Second— A n  aw akening of the financial interests of the country 
to the fact th at the w ays of chem istry are not m ysterious but 
applied common sense which constitutes a sure guide.

Third— Continued worthiness of our own efforts. T h is is 
our direct responsibility. Thoroughness of training, untiring 
zeal in work, aggressive conservatism  in counsel, courage in 
new undertakings, independence in thought, generous coopera
tion, constant search for truth—-these m ust surely lead us to 
th at van tage ground where we can best serve this our country.

C uA t'L 'i. H i l l , N o r t h  C a r o l in a
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T h e  m a n u fa c tu re  of r e a d y  m ix ed  p a in ts  is a  d e v e lo p 
m en t of c o m p a r a t iv e ly  re c e n t  y e a rs . P ig m e n ts  gro u n d  
in oil to  be m ixed  a n d  t in te d  b y  th e  in d iv id u a l p a in te r  
w ere  m u ch  m ore co m m o n ly  used  th a n  re a d y  m ixed  
p a in ts  tw e n ty - f iv e  y e a rs  ago , w h ile  it  w as n o t  a t  a ll u n 
co m m o n  p ra c tic e  fo r  th e  p ra c tic a l p a in te r  to  m ix  th e  
d r y  p ig m e n ts  w ith  oil. I t  m a y  b e  possible,- if p ro p er 
p re ca u tio n s  b e  u sed , a n d  e n o u g h  t im e  b e  g iv e n , to  
p rep a re  a s a t is fa c to r y  p a in t  in  th is  w a y , b u t  e x te n s iv e  
in v e stig a tio n  h as sh o w n  t h a t  it  is m uch b e tte r  to  
grin d  a t  le a st p a r t  o f th e  oil w ith  t h e .p ig m e n t . T h e  
p a in te r  t o -d a y  h as n e ith e r  th e  n e ce ssa ry  sk ill n or th e  
u n lim ite d  p a tie n ce  re q u ired  fo r  m ix in g  th e  d r y  p ig 
m en ts w ith  the oil, e v e n  if it  w ere  p o ssib le  to  c o m 
p o u n d  in  th is  m a n n er as s a t is fa c to r y  a  p ro d u c t  as 
th e  p a in t  m a n u fa c tu re r  w ith  h is  y e a rs  o f exp erien ce  
a n d  his in tim a te  k n o w le d g e  of m a te ria ls  is a b le  to  
p ro d u c e  b y  in te n s iv e  g r in d in g  a n d  an  in te llig e n t 
p ro p o rtio n in g  o f th e  d ifferen t in g re d ie n ts .

O ne of th e  e a r lie s t  d ifficu lties  en co u n tered  in th e  
m a n u fa c tu re  a n d  use o f re a d y  m ixed  p a in ts  w as th e  
te n d e n c y  of th e  h e a v y  p ig m e n ts  t o  s e ttle  a w a y  fro m  
th e  v e h ic le  if th e  p a in t w ere p e r m itte d  to  s ta n d  a n y  
tim e  b e fo re  use. I t  w as soon  d isco v e re d , h o w ev er , 
t h a t  th e  a d d itio n  of sm a ll a m o u n t o f w a te r  c o n ta in 
in g  a  s u ita b le  e m u ls ify in g  a g e n t h e lp ed  to  p re v e n t 
th is  s e tt lin g  of th e  p ig m e n t. B u t  w h ile  e lim in a tin g  
one so u rce  of d iff ic u lty , th e  p ra c tic e  h a s  b ro u g h t on 
o th e r tro u b le s , a  s a t is fa c to r y  re m e d y  fo r w h ich  h as 
n e v e r as  y e t  been  a d v a n c e d .

So m e em u lsified  m ix ed  p a in ts , if le ft  to  s ta n d  fo r  
se v e ra l y e a rs , w ill ' sh o w  e v id e n ce  of a  d e te rio ra tio n  
w h ich  m a n ife sts  its e lf  in  one of tw o  w a y s , e ith e r  th ro u g h  
th e  fo rm a tio n  o f an  am o rp h o u s s o a p y  b la n k e t  b e tw e e n  
th e  s e tt le d  p ig m e n t a n d  th e  s u p e r n a ta n t v e h ic le , or 
b y  th e  g e la tin a tio n  of th e  e n tire  p a in t  to  a  m ass of 
a b o u t th e  c o n sis te n cy  of s o ft  p u t t y ,  th e  v e h ic le  see m 
in g ly  h a v in g  e n tire ly  d isap p ea re d . T h e  first case  is 
u s u a lly  sp o k en  of as “ s k in n in g ”  a n d  th e  seco n d  as 
“ p u t t y in g .”

T h e se  p h e n o m e n a  h a v e  g iv e n  th e  p a in t m a n u fa c 
tu r e r  m u ch  tro u b le , an d  c o n se q u e n tly  h a v e  b een  th e  
in c e n tiv e  fo r  co n sid e ra b le  e x p e rim e n ta l w o rk  in  an  
e ffo rt to  co m p o u n d  a p a in t  fo rm u la  th a t  w ill sh o w  
th e m  to  a  m in im u m  e x te n t. W h ile  it  h as been  q u ite  
g e n e ra lly  a ck n o w le d g e d  th a t  n e ith e r  tro u b le  w ill 
o ccu r in  th e  a b sen ce  o f w a te r , it  h as b een  fe lt  th a t  
w a tip  e x e rte d  o n ly  a  se co n d a ry  in flu en ce, th e  p r in c i
p a l 'c a u s e  of d e te rio ra tio n  ly in g  in  so m e a ctio n  b e 
tw e e n  th e  p ig m e n t an d  th e  oil o f th e  v e h ic le . M o st 
of th e  p u b lish ed  d a ta  h as b een  co m p iled  as a  re su lt  
o f in v e s t ig a t io n  a lo n g  th is  lin e .

1 P resented a t the 8th  A nnual M eeting, A merican In s titu te  of Chem ical 
Engineers, B altim ore, Jan u a ry  12-15, 1916.

* Holder of th e  Acme W hite Lead and  Color W orks Fellowship in 
Chem ical Engineering a t  the  U niversity  of M ichigan, 1915-1916-

In  19 1 1  G a r d n e r ,1 in  s tu d y in g  th e  p o ssib le  e ffe ct 
of p ig m e n ts  u p o n  th e  p a in t  v e h ic le , g ro u n d  th e  m ore 
co m m o n  ones, b o th  th e  a c tiv e  an d  th e  in e rt, in  ra w  
lin seed  oil a n d  co m p a red  th e  ash  co n te n t o f th e  oil 
b e fo re  g r in d in g  a n d  a fte r  i t  h a d  re m a in e d  .in c o n ta c t  
w ith  th e  p ig m e n ts  fo r  a  m o n th . T h e  oils fro m  th e  
m ixes co n ta in in g  w h ite  lea d , z in c  o xid e  a n d  red  le a d  
sh o w ed  an  a p p re c ia b le  in cre ase  in  th is  ash  v a lu e , 
a n d  G a rd n e r a d v a n c e d  th e  o p in io n  t h a t  th e se  p ig 
m en ts h a v e  th e  p o w e r of s a p o n ify in g  th e  oil w ith  th e  
fo rm a tio n  o f th e ir  re s p e c tiv e  so ap s. H e s ta te d  th a t  
th e  in e rt p ig m e n ts  h a v e  l i t t le  a c tio n  b y  th e m s e lv e s  
an d  w h en  m ix ed  w ith  a c tiv e  p ig m e n ts  te n d  to  re ta rd  
th e  a c tio n  of th e  la tte r . A  fe w  m o n th s la te r  S a b in 2 
p u b lish ed  a  re p ly  in  w h ich  he q u e stio n e d  b o th  o f th ese  
th eo ries.

In  a  la te r  p u b lic a tio n  G a r d n e r3 d e sc rib ed  th e  e f
fe c ts  o f p ig m e n ts  u p o n  lin seed  o il a fte r  a  s to ra g e  of 
t w o  y e a rs . V a rio u s  p ig m e n ts  w ere gro u n d  in  a  go o d  
r a w  oil w ith o u t d rier or th in n e r, u s in g  a  su ffic ien t 
a m o u n t of oil to  b rin g  th e  m ix tu re  to  th e  d esired  co n 
s is te n c y . T h e  m ost m a rk ed  e ffe ct on th e  oil w as th e  
ch a n g e  in  its  io d in e  n u m b e r, w h ich  w as lo w er in all 
cases a fte r  s to ra g e . T h e  oil o f th e  red  lea d  m ix 
sh o w ed  a fin al io d in e  n u m b e r o f 1 3 5 .4 , w h ile  in  th e  
o th e r cases th e  v a lu e  h a d  d ro p p ed  to  a p p ro x im a te ly  
160 fro m  an o rig in a l v a lu e  of 18 1. T h e  a c id  co n 
te n t  of th e  oil w as a ffe c te d  to  th e  g re a te s t e x te n t  in 
th e  p a in ts  co n ta in in g  w h ite  lea d , red  le a d , and  b a sic  
c h ro m a te  of lea d , b u t  to  a  co n sid e ra b le  e x te n t  a lso  
b y  b o th  ca rb o n  b la c k  a n d  g ra p h ite . H e co n clu d e d  
t h a t  th e  p e r fe c t  c o n d itio n  of th e se  e x p erim en ta l m ix 
tu re s  w a rra n ts  th e  m a n u fa c tu re r  in  a ssu m in g  th a t  
a n y  p ro p e r ly  p re p a re d  co m b in a tio n  p ig m e n t p a in t 
m a y  b e  s a fe ly  s to re d  in  can s fo r  lo n g  p eriod s w ith o u t 
b a d  e ffe cts , p ro v id e d  t h a t  th e  oil used  be o f n o rm a l 
gra d e . H e also  co n clu d e d  t h a t  th e  a ctio n  o f th e  
fre e  acid s y p o n  th e  p ig m e n ts  w as th e  rea l ca u se  o f th e  
h a rd e n in g .

T h e  re su lts  o f w o rk  b y  B o u g h to n 4 a lo n g  sim ilar 
lin es are  s o m e w h a t a t  v a r ia n c e  w ith  th o se  of G a rd n er 
in  t h a t  t h e y  sh o w  a ch a n g e  in  io d in e  v a lu e  of n o t m ore 
th a n  te n  p o in ts  in  a n y  case, w h ile  th e  o n ly  sam p le  in 
w h ich  th e re  w as a n y  m a rk ed  ch a n g e  in  th e  ash  co n 
te n t  of th e  oil is th e  on e co n ta in in g  co rro d ed  w h ite  
lea d .

In  a  m ore re ce n t p u b lic a tio n  G a rd n e r s ta te s 5 t h a t  
th e  oil in  p a in t  is h y d r o ly z e d  b y  a f a t  s p lit t in g  e n 
z y m e , lip ase , lib e ra te d  in seeds o f th e  o il-p ro d u cin g  
t y p e . H e c la im s t h a t  th e  seed  is n o t a lw a y s  s tea m ed  
b e fo re  e xp ressio n  to  a  te m p e ra tu re  t h a t  w ill k ill all 
o f th e  m icro o rga n ism s, a n d  sp ores w h ich  p ass in to  
th e  oil soon  d e v e lo p  th e  e n z y m e . H e fu r th e r  s ta te s  
t h a t  th e  f a t t y  a c id s  fo rm e d  a re  p a r t ia lly  n e u tra liz e d  
b y  th e  b a sic  p ig m e n ts  w h e re b y  lu m p s  o f an  in so lu b le

1 T h is  J o u r n a l , 3  (1 9 1 1 ), 6 2 8 .
' I b id . ,  3 (1 9 1 1 ) , 7 90 .
» J . Frank. Inst., 174 ( 1 9 1 2 ), 4 1 5 -4 2 3 .
* T h i s  J o u r n a l ,  5 (1 9 1 3 ) , 2 8 2 .
6 J . Frank. Inst., 177 (1 9 1 4 ), 533-
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f a t t y  a c id  so ap  are fo rm e d . H e reco m m en d s h e a tin g  
c lo u d y  oil to  a t  le a s t io o °  C . b efo re  sh ip p in g , in  o rd er 
to  k ill a ll m icro o rga n ism s.

E X P E R IM E N T A L

In  co n sid e rin g  th is  im p o rta n t  p ro b lem  th e  a u th o rs 
fe lt  th a t  it  m ig h t b e  p o ssib le  to  g e t a  c le a rer id e a  of 
th e  u n d e rly in g  ca u ses of th e se  d e te r io ra tin g  in flu en ces 
if p a in t sp ecim en s in w h ich  th e  a c tio n  w as p ro n o u n ced  
co u ld  b e  p ro cu red , a n d  th e  d ifferen t p ro d u c ts  co n ta in e d  
th e re in  iso la te d  an d  exa m in ed . A c c o rd in g ly  an  e ffo rt 
w as m ad e  to  co lle c t  a  n u m b e r of sam p les of s ta n d a rd  
co m m e rcia l p a in ts  w h ich  h a d  been  in s to ra g e  fo r  co n 
sid era b le  tim e. T h o s e  a c tu a lly  used  in  th is  in v e s 
tig a tio n  h a d  been  on th e  sh e lv e s  fo r  fro m  2 to  8 y ea rs.

T h e  b la n k e t  e ffe ct o f “ s k in n in g ,”  w h ich  w as v e r y  
p ro n o u n ccd  in  som e of th e  sam p les, w as s tu d ie d  first. 
T h e  p a in ts  in  w h ich  th is  h a d  o ccu rre d  w ere a ll com - 
p o site -b a se  p a in ts  w h ich  h a d  o r ig in a lly  co n ta in e d  a 
sm a ll a m o u n t of w a te r , w h ile  on e also  co n ta in e d  a 
co n sid e ra b le  p ro p o rtio n  o f gloss oil.

T h e  oil e x tra c te d  fro m  th e  p ig m e n t a n d  w ith  th e  
th in n e r c o m p le te ly  d is tille d  off sh o w ed  an  a v e ra g e  
io d in e  n u m b e r o f 181 a n d  an  a c id  v a lu e  of 15 . T h e  
ash  c o n te n t w as lo w , ru n n in g  a b o u t 1 . 5  p er ce n t 
a n d  co n sistin g  m a in ly  of le a d  o x id e, w ith  so m e m a n 
ga n ese  a n d  z in c. T h e  re co v e re d  oil w as c le ar an d  of 
go o d  color.

S a m p les of th e  sk in  w ere re p e a te d ly  w ash e d  w ith  
p e tro le u m  e th er u n til a ll a d h e rin g  oil a n d  p ig m e n t 
w ere re m o v e d . T h e  co m p o sitio n  of th is  sk in  w as v a r ia 
b le , th e  w e ig h t of th e  o xid es ra n g in g  fro m  13 to  16 
p er c e n t , th e  a v e ra g e  of a  n u m b e r of sam p les b e in g  
a b o u t 14 p er ce n t. T h e  p ro p o rtio n s  o f th e  d ifferen t 
o x id es v a r ie d  w ith in  n a rro w  lim its ; b u t  a  ty p ic a l  
a n a ly sis , co rresp o n d in g  to 14 p er ce n t o x id es, sh o w ed :

P b O   12.0 Z nO .............  87 .0  R jO i............  1 .0

T h e  z in c  o xid e  w as s im ila r ly  p re d o m in a n t in  all s a m 
p les a n a ly z e d , in d ic a tin g  t h a t  it  w as  th e  a c tiv e  a g en t 
in  th e  fo rm a tio n  o f th e  sk in .

T h e  free  a c id s  w ere lib e r a te d  fro m  th e  sk in  b y  
h e a tin g  w ith  a  d ilu te  so lu tio n  o f m in eral a c id  w ith o u t 
a ccess o f a ir, th e  f a t t y  a c id s  d isso lv ed  in  e th e r  a n d  th e  
e th e r  so lu tio n  e v a p o r a te d  u n d e r v a c u u m .

In  th e  first exp erim en ts  h y d ro c h lo ric  a c id  w as u sed  
a s th e  lib e r a tin g  a g e n t, w h ich  p ro ce d u re  g a v e  free  
f a t t y  acid s e x h ib itin g  th e  fo llo w in g  co n sta n ts :

N eutralization  Value Saponification V alue Iodine Value
166 to 167 203 to  205 170 to  178

S u ch  a b n o rm a l d ifferen ces b e tw e e n  th e  n e u tr a liz a 
t io n  a n d  sa p o n ifica tio n  v a lu e s  c le a r ly  sh o w , a cco rd in g  
to  B r o w n e ,1 th e  p resen ce  o f an  u n s a tu ra te d  la c to n e . 
T h e  a m o u n t of th is  la c to n e  w as e st im a te d  a cco rd in g  
to  th e  m e th o d  of L e w k o w its c h 2 a n d  fo u n d  to  b e  20 
p er ce n t  of th e  to ta l  acid . A s  th e  p u rifie d  la c to n e  
w as liq u id  it  seem ed  h a r d ly  p ro b a b le  t h a t  it  w as  fo rm e d  
as a  p ro d u c t of re a ctio n  d u rin g  s to ra g e  of th e  p a in t, 
fo r  in th a t  case  it  w o u ld  h a v e  re m a in e d  in  so lu tio n  
in  th e  oil ra th e r  th a n  h a v e  been  p re c ip ita te d  in  th e  
sk in . I t  w as no d o u b t fo rm e d  d u rin g  o u r m a n ip u la -

1 T h is  J o u r n a l , 7  (1 9 1 5 ) , 30 .
1 "C hem ical Technology of Oils, F a ts  and  W axes,”  1, 423.

tio n  w h en  th e  f a t t y  a c id  w as  fre e d  fro m  th e  z in c  
so ap , th e  a c tio n  b e in g  a cce le ra te d  b y  th e  p resen ce  
of th e  re su ltin g  z in c  ch lo rid e  w h ich  a c te d  as a  co n d e n s
in g  a g en t. Z h u k o v  an d  S h e lla k o v 1 s tu d ie d  a  s im ila r 
re a ctio n  a n d  cam e to  th e  co n clu sio n  t h a t  z in c  ch lo rid e  
has th e  p o w e r of th r o w in g  th e  d o u b le  lin k in g  a lo n g  
th e  ca rb o n  ch a in  u n til i t  re a ch es  th e  g a m m a  p o sitio n , 
w h ere  it  is c o n v e rte d  in to  th e  la c to n e . C o n c e n tra te d  
s u lfu r ic  a c id  e x e rts  a  s im ila r  in flu en ce, a lth o u g h  th e  
d ilu te  a c id  h as no a ctio n .

T h e  a c id s  o f th e  sk in  w h en  lib e r a te d  b y  d ilu te  su l
fu r ic  a c id  p ro v e d  to  b e  m ore n e a rly  th e  u su a l lin seed  
oil acid s, as in d ic a te d  b y  th e  fo llo w in g  c o n sta n ts :

N eutralization  Value Saponification Value Iodine Value
193.5 203.0  181.0

T h is  re m a in in g  d ifferen ce  b e tw ee n  th e  n e u tr a liz a 
t io n  a n d  sa p o n ifica tio n  v a lu e s  sh o w ed  t h a t  th e  free  
a cid s s till  co n ta in e d  so m e la c to n e , p r o b a b ly  du e to  
th e  co n d en sa tio n  o f a  sm a ll a m o u n t of g a m m a  h y d r o x y  
a c id  w h ich  m a y  h a v e  b een  p re se n t, a n d  w h ich , on 
lib e ra tio n , ch a n g e d  im m e d ia te ly  to  th e  la c to n e .

T h e  G u s s e ro w -V a rre n tra p p  or le a d -s a lt-e th e r  m e th o d  
fo r  th e  se p a ra tio n  o f so lid  a n d  liq u id  f a t t y  acid s 
sh o w ed  a  so lid  a c id  c o n te n t in  th e  sk in  o f 1 0 -12  p er 
ce n t, a  fig u re  n o t  in co n sis te n t w ith  th a t  o f 7 .5  per 
ce n t o rd in a rily  g iv e n  fo r  ra w  lin seed  oil.

S a m p le s  o f th e  sk in  w ere  d isso lv e d  in  h o t  a lco h o l- 
e th er so lu tio n , a n d  g a v e  u p o n  t it r a tio n  a n  a p p a re n t 
n e u tr a liz a tio n  v a lu e  as h ig h  as  168. T h is  a t  first s u g 
g e ste d  th e  p o ss ib ility  t h a t  th e  sk in  w as a  p ro d u c t 
of th e  c o a g u la tio n  o f a  co llo id a l su sp en sion  of p ig m e n t 
an d  f a t t y  a c id , b u t  e x p erim en ts  to  e sta b lish  th is  fa ile d  
to  y ie ld  d efin ite  re su lts  an d  w ere  a b a n d o n e d .

On e x tra c tin g  th e  sk in  w ith  h o t  a b so lu te  a lco h o l 
th e  e n tire  m ass w as  d isso lv ed . O n co o lin g , a  w h ite  
flo ccu le n t m a te ria l co m p o sed  of m e ta llic  so ap s an d  
h y d ro x id e s  w as p re c ip ita te d , w h ile  th e  resid u e  in  th e  
filte re d  s o lu tio n , u p o n  e v a p o r a tio n  of th e  a lco h o l, 
w as re co v e re d  as  free  acid s. A n  e x tra c tio n  w ith  e th er 
fa ile d  t o  sh o w  th e  p resen ce  of th e se  fre e  f a t t y  a cid s a n d  it  
w as d ecid ed  t h a t  d u rin g  th e  e x tra c tio n  w ith  a lco h o l th e  
so ap s h a d  b een  h y d r o ly z e d . T h is  sam e c o n d itio n  u n 
d o u b te d ly  e x is ted  w h en  th e  sk in  w as t it r a te d  w ith  d ilu te  
K O H  in  d e te rm in in g  its  a c id  v a lu e , w h ich  w o u ld  a cco u n t 
fo r  th e  h ig h  v a lu e  o b ta in e d . W e a k e r  h y d ro x id e s , 
B a (0 H )2  a n d  N H 4O H , a c te d  s im ila r ly , as d id  an  a b so 
lu te  a lco h o l s o lu tio n  of K O H . T o  c h e c k  th e se  o b 
s e rv a tio n s , a  p u re  z in c  so ap  of lin seed  oil w as p re p a re d . 
T h is  so ap  e x h ib ite d  th e  sa m e  te n d e n c y  to  h y d r o ly z e , 
g iv in g  an  a p p a re n t a c id  v a lu e  in d ic a tin g  co m p le te  
h y d r o ly s is  as figu red  fro m  th e  fo rm u la  of z in c  lin o le a te .2

S in ce  in  th e  sk in  or b la n k e t  of a  m ix ed  p a in t th e  
m e ta llic  so ap s  p re se n t are  m o s tly  a ll th o se  of z in c, 
w h ich  a re  c o m p le te ly  h y d r o ly z e d  in  a n a ly sis , th e  d e 
te rm in a tio n  o f th e  a c id  n u m b e r o f th is  m a te ria l does 
v e r y  l i t t le  to w a rd  e sta b lish in g  its  c o n stitu tio n .

H o w e v e r , i t  seem s re a so n a b le  to  asstim e t h a t  th e  
sk in  co n sists  a lm o st e n tire ly  o f th e  n e u tra l m e ta llic  
so ap s of z in c  a n d  lea d , fo r  a n y  free  a c id  p re se n t sh o u ld  
b e  p e r fe c t ly  so lu b le  in  th e  oil w h ich  is in  c o n ta c t  w ith

1 J . Russ. Phys.-Chem. Soc., 40, 930-9. 
s W are and  C hristm an, next issue o f  T h i s  J o u r n a l .
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th e  sk in . A lso  if th e  to ta l  w e ig h ts  of th e  z in c  an d  
le a d  so ap s b e  c a lc u la te d  fro m  th e  o xid es c o n ta in e d  in 
th e  ash  as g iv e n  a b o v e , u sin g  2 7 5 .5  as th e  a v e ra g e  
m o lecu lar w e ig h t  o f th e  f a t t y  a c id s, t h e y  a re  fo u n d  
to  c h e c k  u p  to  th e  o rig in a l w e ig h t of th e  sa m p le  ta k e n  
fo r  a n a ly sis .

A s  a  fu r th e r  p ro o f o f th e  id e n t ity  o f th e  sk in  as a 
z in c  so ap  of lin seed  oil a  co m p ariso n  w as m ad e  of th e  
m e ltin g  p o in ts  of th e  sk in  an d  of th e  z in c  lin o le a te . 
T h e  so m e w h a t h ig h e r m e ltin g  p o in t of th e  fo rm e r, 81, 
as co m p a red  w ith  76 fo r  th e  lin o le a te , m a y  b e  a cco u n te d  
fo r  b y  the p resen ce  of th e  o th e r  m e ta llic  soap s.

I t  is n o t p ro b a b le  t h a t  th e se  p re c ip ita te d  m e ta llic  
so ap s  t h a t  go to  m a k e  u p  th e  sk in  re su lt  fro m  th e  s a p o n 
ifica tio n  of th e  n e u tra l g ly ce rid e s  b y  the. p igm en ts  
a lo n e, a lth o u g h  a t  d ifferen t tim es w riters  h a v e  s ta te d  
t h a t  w h ite  lea d  h as th is  p o w e r of s a p o n ify in g  th e  
oil to  fo rm  a lea d  so ap . S u ch  re a ctio n s  m a y  o ccu r 
a t  h ig h  te m p e ra tu re s , b u t  it  is d o u b tfu l if th e y  p ro 
ceed  to  a n y  e x te n t  a t  o rd in a ry  te m p e ra tu re s . T h e  
re su lts  o b ta in e d  b y  G a rd n e r a n d  B o u g h to n  do n o t 
n e ce s sa rily  s ig n ify  t h a t  e v e n  th e  s lig h t  ch a n ges  in 
th e  c h a ra c te r is tic s  o f th e  oil as o b ta in e d  b y  th e m  are 
d u e  e n tire ly  to  th e  p ig m e n t, s in ce  th e  a ctio n  of a n y  
w a te r  p re se n t m u st b e  ta k e n  in to  co n sid e ra tio n .

I t  is p o ssib le  t h a t  th e  a c c e le ra to r  n e ce ssa ry  to  th is  
m e ta llic  so a p  fo rm a tio n  is lip a se , as c la im ed  b y  G a r d 
n er, b u t  i t  is th e  o p in io n  of th e  w riters  t h a t , a lth o u g h  
th e  a c tio n  o f lip ase  m a y  a t  tim es b e  co n sid e ra b le , it  is 
o f s e c o n d a ry  im p o rta n ce  in  th e  re a ctio n s  ta k in g  p la ce  
in  th e  o rd in a ry  m ixed  p a in t. T h e  o cca sio n a l p re s
en ce  of lip ase , th e  fa t-s p litt in g  e n z y m e , in  lin se ed  
oil h a s  lo n g  b een  e sta b lish e d . Z y m o g e n , in  th e  f la x 
seed , u n d e r fa v o r a b le  co n d itio n s, is c a p a b le  o f fo rm in g  
th e  e n z y m e , a n d  it  is o f real im p o rta n ce  in  e x p ressin g  
th e  oil t h a t  th e  seeds b e  h e a te d  to  a  h ig h  e n o u g h  te m 
p e ra tu re  to  k ill a n y  m icro o rga n ism s p re se n t, n o t  o n ly  
to  p re v e n t th e  fo rm a tio n  of lip ase  in  th e  oil, b u t  also  
to  in su re  its  a b sen ce  fro m  th e  press ca k e . T h e  e n 
z y m e  h as th e  a b ili t y  t o  a c t  up o n  th e  c y a n o g e n e tic  
g lu co sid e , lin a m a rin , p re se n t in  th e  ca k e , an d , w ith  
th e  a id  of w a te r , to  c o n v e rt  it  in to  p ru ssic  acid , m a k in g  
th e  c a k e  e n tire ly  u n fit  fo r  c a tt le  fo od .

H o w e v e r , th e  a u th o rs  do n o t co n sid er t h a t  th e  p re s
en ce  of a  fa t-s p litt in g  e n z y m e  in  lin se ed  oil is a fre 
q u e n t cau se  of tro u b le . E v e n  w h en  u sin g  co la -p ressed  
oil tro u b le  a ris in g  fro m  th e  a c tio n  of lip a se  w o u ld  
n o t be co m m o n , fo r, as sh o w n  b y  T a n a k a ,1 th e  e n z y m e  
lip ase  is in a c t iv e  in  th e  p resen ce  o f e v e n  d ilu te  a lk a li, 
a  m a te ria l w h ich  is co m m o n ly  p re se n t as a  c o n stitu e n t 
of th e  co m m e rcia l e m u ls ify in g  a g e n t. A n d  if th e  a ctio n  
of th e  lip a se  b e  so p ro n o u n ced  it  sh o u ld  sh o w  in  th e  
s to re d  oils as w ell as in  th e  p a in ts  m a d e  fro m  th ese  
oils.

A s  a  fu r th e r  e v id e n ce  o f th e  e x ce p tio n a l, ra th e r  th a n  
co m m o n , o ccu rre n ce  o f th is  e n z y m e  in  lin seed  oil, 
cu ltu re s  w ere m ad e  a cco rd in g  to  th e  m e th o d  re c o m 
m en d e d  b y  G a rd n e r, u sin g  se v e ra l d ifferen t co m m e rcia l 
oils a n d  on e sa m p le  o f fo o ts . In  no case w as  a n y  
g ro w th  a p p a re n t a fte r  72 hrs.

T h e  a u th o rs  b e lie v e  t h a t  th e  r e a lly  im p o rta n t  h y d ro -

‘ J . Coll. E ne . Tokyo, 5, 1912.

ly z in g  in flu en ce  is th e  e m u ls ify in g  a g en t. T h e  so d iu m  
h y d ro x id e  p re se n t in  th e  s o lu tio n  h as th e  p o w er of 
s a p o n ify in g  lin seed  oil a t  o rd in a ry  te m p e ra tu re s , 
w h ile  th e  so d iu m  so ap  so fo rm e d , a c tin g  as an  e m u ls i
fy in g  a g e n t, ten d s to  k eep  th e  w a te r  a n d  oil in  c o n 
t a c t ,  g iv in g  a  b e tte r  o p p o r tu n ity  fo r fu r th e r  a ctio n .

T h e  a lk a li so ap s  are  a t  le a s t p a r t ia lly  h y d r o ly z e d  
in w a te r  so lu tio n  an d , as th e  a c id  fo rm e d  is so lu b le  in 
th e  oil p re se n t, th e re  m a y  b e  a  p a r tia l r e c o v e r y  of 
th e  a lk a li w h ich  fu rth e rs  th e  re a c tio n  b y  fo rm in g  
m ore s o a p ; a n d  w e  m ig h t s a y  t h a t  th e  g o v e rn in g  
fa c to r  in  e sta b lish in g  th e  lim it  to  w h ich  h y d r o ly s is  
w ill p ro ceed  w ill b e  th e  a m o u n t o f w a te r  p resen t. 
T h a t  th e  sam e s a p o n ifica tio n  ta k e s  p la ce  w ith  o th er 
a lk a lin e  a g e n ts  is e v id e n ce d  b y  th e  fo llo w in g  c o m 
p ila t io n  o f d a ta :

A d d it io n s  t o  O il Tim e Tem p. P er cent
W ater NajCOa O thers Hrs. ° C. Saponifiec
100 g. 3 g. 2 70 1.5
100 g. 2 70 0 .5
100 g. 3 g. 18 70 1 0 . 0
100 g. 0 3 g. Casein 18 70 1.3

1 g- 0 3 g. ZnO 18 70 2 . 2
1 R- 0 3 g. W hite Lead 20 70 2 .3

100 g. 3 g. 3 g. ZnO 20 70 5 .3
100 g. 3 g. 22 70 3 0 .4
100 g. 3 g- 22 70 0 . 8

T h e se  re su lts  sh o w  t h a t  th e  w a te r  itse lf  h a s  a  sm all 
a c tio n  u p o n  th e  lin seed  oil. T h e  c a rb o n a te  h as a  
m a rk e d  e ffe c t, a lth o u g h  th e  so -ca lle d  a c tiv e  p ig m e n ts  
are  a lm o st w ith o u t e ffe ct. T h e  d ifferen ces in  a c t iv i t y  
b e tw e e n  th e  s a p o n ify in g  a g e n ts  sh o u ld  b e  eve n  m ore 
m a rk ed  a t  o rd in a ry  te m p e ra tu re s  th a n  a t th e  e le v a te d  
te m p e ra tu re s  e m p lo y e d  in  th is  e xp erim en t.

W h en  re a d y  m ix ed  p a in ts  a re  sto red , th e  first gen era l 
re a c tio n  is th is  h y d r o ly s is  o f th e  oil b y  th e  w a te r , 
a c c e le ra te d  b y  th e  p resen ce  o f th e  a lk a li a n d  p erh a p s 
a ffe c te d  to  so m e e x te n t  b y  th e  p ig m e n ts . T h is  h y 
d ro ly s is  is n e ce ssa rily  s lo w  sin ce  th e  w a te r  an d  oil 
a re  im m iscib le , a n d  b e fo re  a n y  la rg e  a m o u n t of a c id  
is fo rm e d  th e  p ig m e n t h a s  se ttle d , le a v in g  th e  c le a r 
v e h ic le  a b o v e . T h e  a c id  co m in g  in c o n ta c t  w ith  th e  
to p  of th e  s e tt le d  p ig m e n t re a cts  w ith  th e  b a sic  m a 
te r ia ls  p re se n t, o f w h ich  z in c  o x id e  is th e  m o st a c tiv e , 
a n d  fo rm s th e  co rresp o n d in g  m e ta llic  so ap s. O rig i
n a lly  tw o  m o lecu les o f w a ter h a d  h y d r o ly z e d  th e  oil 
a n d  fo rm e d  tw o  m o lecu les  of th e  a c id , a n d  u p o n  th e  
re a c tio n  b e tw e e n  th e se  tw o  m o lecu les o f a c id  a n d  th e  
m e ta llic  o x id e, on e m o lecu le  o f w a te r  is lib e ra te d . 
In  c o m p u tin g  th e  a m o u n t o f h y d ro ly s is  u n d e r su ch  
c o n d itio n s  i t  m a y  b e  sh o w n  t h a t  w ith  a n  a m o u n t of 
w a te r  su ch  as is so m etim e s p re se n t in  m ixed  p a in ts  
i t  is  th e o r e t ic a lly  p o ssib le  to  g e t c o m p le te  h y d r o ly s is  
of a ll o f th e  oil. A lth o u g h  th is  is a  co n d itio n  t h a t  does 
n o t  o ccu r in  th e  a v e ra g e  p a in t  th e  sp e cu la tio n s  are n o t 
g r e a t ly  o v e rd ra w n , an d  th e  p o s s ib ility  o f in ju r y  to  
m ixed  p a in t b y  th e  u se  of im p ro p er e m u ls ify in g  a g e n ts  
is c le a r ly  sh o w n .

T h e  z in c  so ap  fo rm e d  o n  th e  n e u tra liz a tio n  o f th e  
a c id  b y  th e  z in c  o xid e  of th e  p ig m e n t is a lm o st c o m 
p le te ly  in so lu b le  in  th e  co ld  v e h ic le  a n d  is a t  once 
p re c ip ita te d  on to p  of th e  p a r t ia lly  s e tt le d  p ig m e n t. 
T h e  w h ite  lea d  a lso  u n ite s  w ith  th e  a c id , w ith  th e  fo r m a 
tio n  of th e  m ore so lu b le  le a d  s o a p , p a r t  o f w h ich  is 
ca rried  d o w n  b y  th e  z in c , a n d  so h elp s to  b u ild  up  
th e  p e cu lia r  sk in  o v e r  th e  p ig m e n t. T h e  re a ctio n s



882 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  8, N o .  10

b e tw ee n  th e  a c id  an d  th e  p ig m e n ts  ta k e  p la ce  re a d ily  
so t h a t  th e  oil n ev er sh o w s a  p ro n o u n ced  free  a c id  v a lu e . 
T h is  v a lu e , p re v io u s ly  c ite d  as a p p ro x im a te ly  15 , is co r
re cted  to  8 w h en  a llo w a n ce  is m ad e fo r  th e  d ifferen ce  
due to  th e  d isso lv ed  so ap s h y d r o ly z e d  d u rin g  a n a ly sis .

Som e of th e  w a te r  is p ro b a b ly  ca rried  a lo n g  w ith  
th e  s e tt lin g  p ig m e n t re su ltin g  in a  s im ila r h y d ro ly s is  
o f th e  oil in  th e  b o tto m  of th e  can . T h e  m e ta llic  
so ap  fo rm ed  in  th e  m id st o f th e  p ig m e n t m a y  b e  th e  
ca u se  of th e  n o n -ca k in g  of th e  p ig m e n t in  s to re d  m ixed  
p a in ts. T h e  o p p o rtu n itie s  fo r  re a ctio n  in th e  p res
ence o f th e  g re a t excess of p ig m e n t are  v e r y  go o d , 
a n d  th e  te n d e n c y  is in  fa v o r  of th e  fo rm a tio n  of th e  
b a sic  so ap  ra th e r  th a n  th e  n e u tra l so ap  as p resen t in  
th e  sk in . U p o n  e x tra c tio n  o f th e  s e tt le d  p ig m e n t 
w ith  e ith er th e  p resen ce  o f th e  b a sic  so ap  w as in fe rred  
fro m  th e  fa c t  o f its  r e la t iv e ly  s lig h t  s o lu b ility . T h e  
e x tra c te d  oil w as c le ar an d  of go o d  co lo r, w ith  an  a p 
p a ren t a cid  v a lu e  of 1 6 .8 . U p o n  co rrec tio n  fo r  th e  
ash  co n te n t of 1 . 1 6  figu red  to  h y d r o ly z a b le  m e ta llic  
so ap , th e  tru e  a c id  v a lu e  w o u ld  b e  a b o u t 10. T h e  
p ig m e n t resid u e  fro m  th e  e x tra c tio n  s t ill co n ta in e d  
som e f a t t y  a c id  co m p o u n d s, th e  fre ed  f a t t y  a cid s 
ch e ck in g  to  2 .1 4  p er ce n t. T h e se  w ere  no d o u b t p re s
e n t as th e  b a sic  so ap s an d  w o u ld  re p re se n t a  w eig h t 
o f 2 .7 6  p er ce n t if figu red  as th e  b a sic  z in c  so ap  an d
3 .8  p er ce n t if figu red  as th e  b a sic  le a d  so ap .

A s a  fu rth e r  e v id e n ce  of th e  p la u s ib ility  o f th e  a b o v e  
a n a ly s is  of co n d itio n s  it  is p o ssib le  to  sy n th e s ize  th e  
z in c  o xid e  f a t t y  a c id  b la n k e t  if a  sm a ll a m o u n t of 
o x id e  be a llo w e d  to  s ta n d  u n d is tu rb e d  in  c o n ta c t  w ith  
oil co n ta in in g  a  la rg e  a m o u n t of free  lin se ed  oil acid s. 
I f  one g ra m  of z in c  o x id e  is p la ce d  in  th e  b o tto m  o f a 
flask  a n d  co v e re d  w’ith  acid , w ith in  24 hrs. th e  z in c  o xid e  
w ill sw ell o u t th ro u g h  co n ve rsio n  to  th e  so ap , g iv in g  
th e  c h a ra c te r is tic  lu m p y  a p p e a ra n ce  of th e  “ s k in .”

T h is  z in c  so ap  is q u ite  in so lu b le  in  oil or n a p h th a , 
th o u g h  so lu b le  to  an  a p p re c ia b le  e x te n t  in  tu rp e n tin e . 
T h e  in s o lu b ility  of th e  so ap  m a y  e x p la in  w h y  th e  c o n 
s ta n ts  of th e  oil in  th e  z in c  o x id e  lin seed  oil s to ra g e  
tests  co n d u cte d  b y  G a rd n e r a n d  b y  B o u g h to n  sh o w ed  
no m a rk ed  ch an ges.

I f  a  sm a ll a m o u n t o f w h ite  le a d  b e  tre a te d  -with 
excess a c id  in  th e  sam e m a n n er as su cce ed e d  in  d e 
v e lo p in g  th e  lin seed  z in c  o xid e  sk in , w e fin d  t h a t  th e  
a c tio n  is m u ch  slo w er a n d  se v e ra l w e e k s ’ t im e  is n eces
s a r y  b e fo re  th e re  are a n y  d e fin ite  in d ica tio n s  o f re a c 
t io n . T h e  le a d  so ap  fo rm e d  is o f a  finer s tru c tu re  and  
does n o t sh o w  th e  sam e te n d e n c y  to w a rd  c o a g u la 
tio n  or lu m p in g .

P U T T IE D  P A IN T

T h e  s im ila r itie s  in  th e  re a ctio n s  g iv in g  a  p u ttie d  
p a in t  to  th o se  ju s t  re v ie w e d  is q u ite  a p p a re n t. S e v e ra l 
can s of th e  w o rst cases of p u t t y in g  w ere  s tu d ie d , in 
w h ich  th e  e n tire  liq u id  p o rtio n  h a d  se e m in g ly  gon e 
so lid  to  a dense s o a p y  m ass. T h e se  p a in ts  w ere of a 
g rad e  in fe rio r to  th a t  o f th e  p a in ts  e x h ib it in g  s k in 
n in g , in  t h a t  t h e y  co n ta in e d  m ore w a te r  as w ell as 
co n sid era b le  rosin  in  th e  fo rm  of gloss oil.

T h e  oil e x tra c te d  fro m  th e  p a in t an d  w ith  th e  
th in n e r d is tille d  off w as c le a r  b u t  s lig h t ly  d a rk  in  co lo r.

T h e  a n a ly tic a l co n sta n ts  of th e  oil w ere as fo llo w s:
A pparent Acid Value Saponification Value Iodine Value Ash

3 3 . 0  1 7 7 .0  1 8 4 .0  4 . 5

A n  a n a ly sis  of th e  a c id s  of th e  oil b y  th e  T w itc h e ll  
v o lu m e tr ic  m e th o d  in d ic a te d  th e  p resen ce  o f 14 p er 
ce n t of ro sin  acid s. T h e  ash  co n sisted  m a in ly  of z in c  
o x id e  w ith  so m e le a d  a n d  lim e. T h e se  o x id es w ere 
p re se n t as a  m ix tu re  o f lin o le a te  an d  re s in a te , a  s e p a ra 
tio n  of w h ich  w as n o t fe a s ib le . A ssu m in g  th e  sam e 
e x te n t  of h y d r o ly s is  in  th e  d e te rm in a tio n  of th e  a c id  
n u m b e r as h a d  been  p ro v e n  in  th e  cases of th e  so ap s 
p re v io u s ly  e x a m in ed , th e  free  a c id  c o n te n t w as sh o w n  
to  be n eg lig ib le .

In  th ese  p u ttie d  p a in ts  th e  p ig m e n t h a d  s e tt le d  
to  so m e e x te n t  a n d  i t  w as fo u n d  co n v e n ie n t t o  w o rk  
w ith  th e  u p p er la y e r , w h ich  w as p u tt ie d  v e h ic le  co n 
ta in in g  a  c o m p a r a t iv e ly  sm a ll a m o u n t of p ig m e n ts . 
T h is  w as q u ite  v a r ia b le  in  co m p o sitio n , th e  p e rce n ta g e  
of free  p ig m e n t in cre a s in g  to w a rd  th e  b o tto m  o f th e  
ca n . T h e  a m o u n t of free  p ig m e n t a n d  of z in c  so ap  
b e in g  th e  im p o rta n t d e te rm in a tio n s , th e se  w ere  a sc e r
ta in ed  w ith in  s u ffic ie n tly  clo se  lim its  b y  sh a k in g  th e  
sam p le  w ith  co ld  e th er, w eig h in g  th e  re sid u e , lib e r a 
tin g  th e  acid s in  th is  re sid u e  a n d  c a lc u la tin g  th e  z in c  
lin o le a te  fro m  th e se  acid s. T h e  z in c  so ap  o f th e  oil 
is a lm o st e n tire ly  in so lu b le  in  co ld  e th e r w h ile  th e  
re sin a te  of z in c  is q u ite  so lu b le  u n d er th e  sam e co n d i
tio n s, an d  sin ce  th e  sam p les ta k e n  w ere in  th e m 
se lv es  q u ite  v a r ia b le  th e  re su lts  w ere as re lia b le  as 
co u ld  be e x p e c te d . N e a r  th e  top  o f th e  p u ttie d  v e h i
cle  th e  p ig m e n t c o n s titu te d  10 to  15 p er ce n t a n d  th e  
zin c  so ap  20 to  25 p er ce n t o f th e  to ta l. D e ep e r in
th e  la y e r  th e  p ig m e n t c o n te n t in cre a se d  to  25 per
ce n t w h ile  th e  z in c  so ap  co n te n t d e creased  to  15 to  
20 p er ce n t. T h e  r e la t iv e  a m o u n ts  of o il, th in n e r 
a n d  resin a te  of z in c  w ere  n o t d e te rm in e d . T h e  p ig 
m en ts se p a ra te d  fro m  th e se  sam p les a n a ly z e d  a b o u t 
75 p er ce n t z in c  o xide.

I f  a  sm a ll a m o u n t of z in c  o x id e  b e  a llo w ed  to  re
m ain  in  c o n ta c t  w ith  ra w  lin seed  oil co n ta in in g  rosin  
d isso lv ed  in  p e tro le u m  th in n e r, in  a  v e r y  sh o rt t im e  
th e  o x id e  d isso lv es to  a  c le a r  so lu tio n . T h e  o n ly
a p p a re n t ch a n g e  in  th e  so lu tio n  is an  in cre ase  in  th e
v is c o s ity . T h e  sam e c o n d itio n  h o ld s w h en  free  oil 
acid s are  s u b s t itu te d  fo r th e  ra w  oil. T h e re  is no 
te n d e n c y  to w a rd  th e  fo rm a tio n  o f th e  s k in ; in fa c t  
a sa m p le  o f th e  sk in  p re v io u s ly  fo rm e d  d is s o lv e d  co m 
p le te ly  in  a  n a p h th a  so lu tio n  o f rosin  u p o n  s ta n d in g  
o v e r  n ig h t.

T h e  a ssu m p tio n  is t h a t  th e  rosin  a c id  d isp laces 
th e  oil a c id s  fro m  th e ir  z in c  so ap s w ith  th e  fo rm a tio n  
o f z in c  re sin a te , w’h ich  is s o m e w h a t so lu b le  in  n a p h th a  
a n d  co n sid e ra b ly  so lu b le  in  tu rp e n tin e , e th er , an d  
lin seed  oil.

T h e  p a in ts  c o n ta in in g  gloss o il seem  to  b e  th e  m o st 
su sce p tib le  to  liv e rin g , w h ich  m a y  be e x p la in e d  as 
fo llo w s: A lth o u g h  th e  rosin  is u s u a lly  lim e d  th e re
still re m a in s co n sid e ra b le  free  rosin  a cid  w h o se  co m 
b in a tio n  w ith  b a sic  p ig m e n ts  ta k e s  p la ce  in  a  sh o rt 
t im e . T h e  re sin a tes  so fo rm e d  are so lu b le  in  th e  v e h ic le  
b u t  in cre ase  its  v is c o s ity  to  a  p o in t  t h a t  d e la y s  th e  
s e tt lin g  o f th e  p ig m e n t. T h e  h y d r o ly s is  o f th e  oil
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p ro ce ed s as in  th e  case of th e  sk in  fo rm a tio n  e x ce p t 
t h a t , as th e re  is g e n e ra lly  m ore w a te r  a n d  m ore a lk a li 
p re se n t, th e  a c tio n  is fa s te r . T h e  freed  a c id  com es 
in to  im m e d ia te  c o n ta c t  w ith  th e  u n se ttle d  p ig m e n t 
fo rm in g  th e  m e ta llic  so ap s, p a r t ic u la r ly  t h a t  o f zin c.

T h e  v e h ic le  p o rtio n  b eco m es c o n s ta n t ly  th ic k e r  
u n til w e h a v e  a  co n d itio n  a p p ro a ch in g  t h a t  of a c o l
lo id a l gel fo rm e d  fro m  th e  fin e ly  d iv id e d  z in c  so ap  
p r e c ip ita tin g  fro m  th e  v isco u s  s o lu tio n  of z in c  resín a te . 
T h is  gel has o cc lu d e d  or a d so rb e d  th e  re m a in in g  oil 
a n d  w h a t l it t le  th in n e r m a y  h a v e  b een  p re se n t. S in ce, 
d u rin g  th e  p ro gress of th e  re a ctio n s , th e  a cid s an d  th e  
p ig m e n ts  a re  in  in tim a te  c o n ta c t , th e  o p p o r tu n ity  
fo r  n e u tr a liz a tio n  is m u ch  b e tte r  th a n  is th e  case 
w ith  th e  sk in n e d  p a in ts , w h ich  a cco u n ts  fo r  th e  lo w  
free  a c id  co n te n t of th e  e x tra c te d  oil. I f  th e  rosin  
of th e  gloss oil be h ig h ly  lim e d  or fo r  a n y  o th er rea so n  
th e  p ig m e n ts  sh o u ld  s e ttle  b efo re  th e  oil acid s fo rm  
to  a n y  e x te n t, th e  a c tio n  is a p t  to  be one of “ s k in n in g ”  
ra th e r  th a n  “ p u t t y in g .”

A n  e x p e rim e n ta l m ix tu re  of o il, acid s , rosin , p ig 
m en ts, a n d  p e tro le u m  th in n e r, co rresp o n d in g  to  th e  
a n a ly s is  o f th e  p u ttie d  v e h ic le , re su lted  in a  liv e re d  
p a in t w h ich , a lth o u g h  n o t so h a rd  as th e  sam p les in 
v e s t ig a te d , w as in  e v e r y  w a y  co m p a ra b le  to  th e m . 
A n o th e r  sa m p le , s im ila r in  co m p o sitio n  to  th e  m ix 
tu re  sh o w in g  sk in n in g , w h en  c o n tin u a lly  sh a k e n  to  
p re v e n t s e tt lin g , liv e re d  in a  v e r y  sh o rt tim e.

CO N CLU SIO NS

A lth o u g h  th e  use of e m u ls ify in g  a g en ts  in  p a in t 
g r in d in g  is q u ite  g e n e ra lly  re co g n ize d  as  n ece ssa ry , 
th e ir  a c tio n  in  p re v e n tin g  th e  h a rd  s e tt lin g  o f th e  p ig 
m e n t h as n o t  as y e t  b een  s a t is fa c to r ily  exp la in e d .

C e rta in  of th e  e m u ls ify in g  a g en ts  h y d r o ly z e  th e  oil 
o f th e  p a in t, th e  f a t t y  acid s s u b s e q u e n tly  fo rm in g  
in so lu b le  z in c  a n d  le a d  so ap s, w h ich , if  free  to  p re c ip i
ta te , fo rm  a  sk in  on  th e  su rfa ce  o f th e  s e tt le d  p ig m e n t.

I f , b e cau se  o f th e  p resen ce  o f d isso lv ed  re sin a tes  
fo rm e d  fro m  a d d ed  gloss o il, o r fo r a n y  lik e  reason , 
th e  v is c o s ity  o f th e  v e h ic le  be in cre ase d  to  th e  p o in t 
w here th e  p ig m e n ts  a n d  th e  m e ta llic  so ap s fo rm e d  
fro m  th e  h y d r o ly z e d  oil are  n o t  free  to  s e tt le , th e re  is 
fo rm e d  a  gel or “ liv e r e d ”  v e h ic le .

T h e se  co n d itio n s  m a y  b e  rem e d ied  b y  th e  use o f a  
p ro te c t iv e  co llo id  c o n ta in in g  no w a te r , su ch  as a lu m i
n u m  p a lm ita te  or o lea te , o r b y  th e  use o f an  e m u lsifier 
c o n ta in in g  w a te r , b u t  in  w h ich  th e  a c tiv e  a g e n t e x e rts  
no s a p o n ify in g  a c tio n  on  th e  lin seed  oil.

A s  th e  p ro b a b le  rea so n  w h y  em u lsified  o il p a in ts  
do n o t s e tt le  h a rd  is t h a t  th e re  is p re se n t in th e  p a r t ly  
s e tt le d  p ig m e n t a  le a d  or z in c  lin o le a te , it  m a y  be a d 
v a n ta g e o u s  to  grin d  p a in ts  in  an  oil .of fa ir ly  h ig h  a c id  
c o n te n t, o r to  a d d  th e  o p tim u m  a m o u n t o f le a d  o r z in c  
so ap  to  th e  p ig m e n ts  gro u n d  in  a  n e u tra l oil, as a  m ean s 
o f in h ib it in g  th e  den se s e tt lin g  of th e  p ig m e n t.

E x p e r im e n ta l fo rm u la s  co m p o u n d ed  in  an  e ffo rt  to  
e sta b lish  th e  r e la t iv e  v a lu e s  o f th e  v a r io u s  e m u ls ify 
in g  a g e n ts , w h ile  t h e y  sh o w  p ro m ise  o f in te re stin g  
an d  v a lu a b le  re su lts , h a v e  n o t as y e t  b een  u n d er o b 
s e rv a tio n  fo r  a  s u ffic ie n tly  lo n g  t im e  to  w a r ra n t  d efin ite  
co n clu sio n s  b e in g  d ra w n  fro m  th e m .

U n iv e r s it y  o p  M i c h ig a n , A n n  A r b o r

T H E  U S E  O F  B A R K  F O R  P A P E R  S P E C IA L T IE S 1
B y  O t t o  K r e s s 2

In  th e  m a n u fa c tu re  of p a p er fro m  w oo d  p u lp , if 
th e  b a rk  is n o t c a re fu lly  re m o v e d  p re lim in a ry  to  th e  
p u lp in g  of w oo d  b y  e ith e r  ch e m ica l o r m e ch a n ica l 
processes, it  a p p ea rs  in  th e  p u lp  an d  p ro d u ces  sm all 
s p eck s  in  th e  fin ish ed  p a p er , d e tr a c tin g  fro m  th e  a p 
p ea ra n c e  a n d  v a lu e  o f th e  sh e et. Som e k r a ft  m ills 
do n o t c le an  th e ir  w oo d  p re p a ra to ry  to  p u lp in g , d e
p en d in g  on th e  a lk a lin e  d ig e stio n  to  d e stro y  th e  b a rk . 
T h is  p ra c tic e  is fo llo w e d  o n ly  to  a  v e r y  lim ite d  e x te n t 
as th e  h ig h  co n su m p tio n  of ch e m ica ls  in th e  p u lp in g  
of b a r k  a n d  u n ev en n ess  in  sh a d e  a n d  u n ifo r m ity  of 
th e  re s u ltin g  p u lp  a re  d e cid ed  d ra w b a ck s . T h e  loss 
in b a rk in g  w ill d e p e n d  on th e  n a tu r e  a n d  co n d itio n  
o f th e  w oo d , a n d  on th e  m e th o d  of b a rk in g  of th e  w oo d , 
a n d  w ill v a r y  fro m  10 to  25 p er ce n t, b a se d  on  th e  w e ig h t 
o f th e  ro u gh  w oo d . A c c o rd in g  to  th e  cen su s of 19 1 1  
o f th e  D e p a r tm e n t o f C o m m e rc e , th e re  w ere co n su m ed  
in  th e  U n ite d  S ta te s  4,328,052 cord s of p u lp w o o d , of 
w h ich  280,534 co rd s w ere c la ssified  as s la b w o o d  a n d  
o th e r  m ill w a ste . P r a c t ic a l ly  a ll o f th is  w ood w as 
c le a n e d  a n d  b a rk e d  b e fo re  p u lp in g . T h e  b a rk , as 
re m o v e d  a t  th e  m ill, is s a tu r a te d  w ith  w a te r  an d  eve n  
w ith  h e a v y  p ressin g  ca n  b e  m a d e  o n ly  a b o u t 50 per 
ce n t d r y , so th a t  it  is of c o m p a r a t iv e ly  l it t le  v a lu e  as 
fu e l. O ne m ill t h a t  b ro u g h t th is  m a tte r  to  o u r a tt e n 
tio n  lo a d e d  th e  d a ily  w a ste  fro m  th e  d ru m  b a rk in g  
of 100 co rd s of sp ru ce  w o o d  in to  go n d o la  ca rs , and  
d isp o sed  of i t  b y  fillin g  in lo w  p laces  a ro u n d  th e  m ill. 
T h e y  e x p erien ce d  d ifficu lties  fro m  th e  odors of th e  d e 
co m p o sin g  b a rk , fro m  fires w h ich  are a p t  t o  o ccu r 
a n d  w h ich  are h a rd  t o  co n tro l, w h ile  th e  co st o f re 
m o v a l w as e s tim a te d  a t  fro m  $ 15 to  $20 a d a y .

L a r g e  q u a n tit ie s  o f w a ste  b a r k  in  th e  ta n n in g  in 
d u s tr y  a re  lik e w ise  a w a itin g  su ccessfu l u tiliz a tio n . 
W a s te  ta n  b a r k  fro m  th e  lea ch es is a b o u t 35 p er ce n t 
d r y , a n d  h as an  e stim a te d  fu e l v a lu e  of So. 60 in  co m 
p ariso n  w ith  S 3 .0 0  fo r  b itu m in o u s  co a l.3 T h e  la te s t  
cen su s figu res fro m  th e  D e p a rtm e n t of C o m m e rc e  
a n d  L a b o r  on ta n  b a rk  p ro d u c tio n  fo r  1909 sh o w ed  
a  p ro d u c tio n  in  th e  U n ite d  S ta te s  of 698,365 to n s  of 
h e m lo ck  b a rk  a n d  324,070 to n s  of o a k  b a rk , v a lu e d  a t 
$9,968,710. T h e  p ro d u c tio n  sin ce  th e n , h o w e v e r , is 
re p o rte d  to  h a v e  d im in ish ed  s te a d ily , b e ca u se  of th e  
in cre a se d  u se  of ch e m ica l ta n n in g  a g e n ts , a n d  a c c u r a te  
d a ta  as to  th e  p resen t a m o u n t is n o t a v a ila b le . S u ch  
m in or uses fo r  th e  w a ste  b a rk  as t h a t  in  th e  w h ite  
le a d  in d u s try , ru n w a y s  fo r  s ta b le s , e tc ., t a k e  b u t  a 
v e r y  sm a ll a m o u n t o f th e  b a rk , le a v in g  th e  b a la n ce  
fo r  fu e l a fte r  th e  ta n n in  e x tra c tio n .

O th er so u rces of w a ste  b a r k  in  th e  U n ite d  S ta te s  
a re  th e  lu m b e rin g  of re d w o o d , ce d a r, e tc ., w h ere  th e  
b a r k  is a  d e cid ed  d e tr im e n t b o th  in  th e  lu m b e rin g  
o p era tio n  a n d  a t th e  s a w m ill. T h e  F o re s t  P r o d u c ts  
L a b o r a to r y  in  a tte m p tin g  t o  u tiliz e  th e se  w a stes  fo r  
p u lp  a n d  p a p e r  p u rp o ses first a tte m p te d  t o  re d u ce  th e  
b a rk  b y  ch e m ica l p u lp in g . A  d e cid ed  d r a w b a c k  is

1 Paper presented a t  m eeting of the  Technical Section of the  Paper 
and  P u lp  Association, New Y ork C ity , Septem ber 29, 1916.

2 In  C harge, Section of P u lp  and  Paper, Forest P roducts  L abora to ry , 
M adison, Wisconsin.

2 J .  A m . Leather Chem. Assoc., 11, 361.
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th e  sm a ll y ie ld  an d  v e r y  h e a v y  c h e m ica l co n su m p tio n . 
A s  th e  v a r io u s  w a ste  b a rk s  su ch  as sp ru ce , re d w o o d , e x 
tr a c te d  h e m lo ck  b a rk , e tc ., a ll h a v e  d ifferen t p ro p er
ties , it  w as n e x t a tte m p te d  to  re d u ce  th e m  to  a  p u lp  
co n d itio n  b y  s im p le  m e ch a n ica l re d u c tio n  in  th e  b e a te r  
a n d  J o rd a n  a n d  a fte r  m ix in g  w ith  v a r io u s  lo n g er 
fib red  p u lp s, to  ru n  th e m  o v e r o u r e x p e rim e n ta l m a 
chin e in to  v a r io u s  p a p e r p ro d u c ts . T h e  a p p a ra tu s  
u sed  in th e se  e x p erim en ts  a t  th e  la b o r a to r y  w as a  40- 
lb . b e a te r , a  sm a ll J o rd a n , a n d  a  15-in . e x p erim en ta l 
P u s e y  an d  Jon es F o u rd rin ie r  m a ch in e.

E X P E R IM E N T A L

A  p a p e r w as m a d e  a t th e  la b o r a to r y  on  th e  b a sis  
o f 80 p er ce n t e x tra c te d  h e m lo ck  b a rk  a n d  20 p er ce n t 
k r a ft  p u lp  w h ich  sh o w ed  su ch  re m a rk a b le  im p re g 
n a tio n  to w a rd s  ta rs , a sp h a lt, e tc ., t h a t  i t  a p p ea red  
a d v is a b le  to  m a k e  fu r th e r  te s ts  on a  m ix tu re  of h e m 
lo c k  b a rk  a n d  ra g  s to c k  t o  t r y  a n d  ch e a p e n  th e  fe lts  
u sed  fo r  ro o fin g  a n d  sh in gle  s to c k . A  c o o p e ra tiv e  
s tu d y  w as u n d e rta k e n  w ith  a  c o m p a n y  m a n u fa c tu r in g  
ro o fin g  fe lts  to  w o rk  th is o u t on  a  co m m e rcia l sca le . 
S a m p le s  m ad e  a t th e  la b o r a to r y  on a  b a sis  of 60 per 
c e n t ra g  s to c k  an d  40 p er ce n t w a ste  h e m lo ck  b a rk , 
sh o w ed  a good  s tre n g th  an d  go o d  s a tu r a tio n . A  fa c 
to r y  tr ia l w as  th e n  a rra n g e d  fo r  a n d  ro o fin g  fe lt  w as 
m ad e  on a  114 -in . tr im  c y lin d e r  m a ch in e. T h e  b e aters  
in  th is  tr ia l w ere lo a d e d  v e r y  h e a v ily , u sin g  9800 
lbs. o f 33 p er ce n t d r y  b a r k  in  th e  o rd in a ry  1200-lb. 
b e a te r . T h e  b a rk  w as b e a te n  fo r o n e -h a lf h o u r w ith  
th e  ro ll d o w n  to  re d u ce  th e  la rg e r  p ieces, a n d  th e n  
d ro p p ed  in to  a  s e p a ra te  ch e st fro m  w h ich  it  w as 
p u m p e d  to  a  J o rd a n  an d  d ro p p ed  in to  th e  m ach in e  
stu ff ch e st. F e lt  en d s w ere  u sed  fo r  co n v e n ie n ce  
in ste a d  o f rags. T h e y  w ere o p en ed  u p  in  th e  b e a te r , 
d ro p p ed  in to  a  s e p a ra te  b e a te r  ch e st, b ru sh e d  lig h t ly  
in  a  s e p a ra te  J o rd a n , a n d  th e n  m ix ed  w ith  th e  gro u n d  
b a rk  in  th e  m ach in e  s tu ff ch est. T h e  p e rce n ta g e s  
of ra g  a n d  b a r k  w ere co n tro lled  b y  re g u la tin g  th e  
a m o u n t p u t  th ro u g h  th e  s e p a ra te  ra g  a n d  b a rk  
J o rd a n , th e  d isch a rg es fro m  w h ich  w ere  m ixed  in  th e  
m a ch in e  stu ff ch e st. T h e  m ill in  w h ich  th is  tr ia l w as 
m a d e  o rd in a rily  m akes ch ip  a n d  box b o a rd , a n d  to  
a v o id  u n n e ce ssa ry  d ir ty in g  of th e  m a ch in e, o n ly  th e  
tw o  en d  v a t s  o f th e  p o ssib le  fiv e  w ere used . V a rio u s  
ru n s e stim a te d  u p  to  80 p er ce n t b a r k  an d  20 per ce n t 
fe lts  w ere  m a d e, a n d  no d iffic u lty  w as e xp erien ce d  
in p a ssin g  th e  p a p e r o v e r  th e  m a ch in e  or in  d ry in g . 
U sin g  tw o  v a ts , o n ly  th in  fe lts  co u ld  b e  m ad e  of an  
a v e ra g e  ca lip re  o f 40 to  45 p o in ts . T h e  b a c k w a te r , 
w h ile  re d d ish  in  co lo r fro m  th e  so lu b le  co lo rin g  m a tte r  
re m o v e d  fro m  th e  b a rk , w as c o m p a r a t iv e ly  free  fro m  
fiber. In  th is  tr ia l 6000 lbs. of fin ish ed  fe lts  w ere 
m a d e, a n d  th e  ro lls  w ere la te r  im p re g n a te d  a n d  fin 
ish ed  in to  ro o fin g  a t  tw o  d ifferen t p la n ts .

F e lt  m ad e on th e  b a sis  of 80 p er ce n t b a r k  w o u ld  
of co u rse  b e  to o  w e a k  to  s ta n d  u p  u n d e r th e  w e a k e n in g  
a c tio n  of th e  h o t  a sp h a lt  a n d  w o u ld  b re a k  u n d e r th e  
ten sio n  of p u llin g  th e  fe lt  th r o u g h  th e  s a tu r a tin g  
ta n k . F e lt  c a rr y in g  th is  h ig h  p e rc e n ta g e  of b a rk  
w as m ad e  a t  th is  tr ia l in  o rd e r to  b rin g  o u t  t o  th e  m a x 
im u m  e x te n t  th e  d ifficu lties  t h a t  m ig h t be e x p e c te d  
in  th e  m ill p ro d u c tio n .

A  c o o p e ra tiv e  s tu d y  w as th e n  u n d e rta k e n  b y  th e  
la b o r a to r y  w ith  th e  s a tu r a tin g  p la n t, a  fe lt  m ill a n d  
a  ta n n e r y  to  d e ve lo p  th e  p ra c t ic a l u se  of ta n  b a rk  
in  th e  m a n u fa ctu re  of ro o fin g  fe lts . A t  th e  p re se n t 
tim e, th e  co o p era to rs  are  u sin g  a t  ce rta in  m ills h a v in g  
an  a v e ra g e  d a ily  p ro d u c tio n  o f 50 to n s  of fe lt , a p p ro x 
im a te ly  60 to n s  of d r y  b a r k  a  w eek , w h ich  is sh ip p ed , 
40 p er ce n t  d r y , fro m  th e  ta n n e r y . I t  is re p o rte d  
b y  th e  co o p era to rs  t h a t  ro o fin g  fe lt  is b e in g  su cce ss
fu lly  m ad e a n d  o fferin g  no u n d u e  d ifficu lties  in  th e  
s a tu r a tin g  p la n t  on  a  fu rn ish  in  w h ich  ta n  b a r k  is 
u sed  up  to  20 to  30 p er ce n t. T h e  a v e ra g e  p rice  of 
ra gs  fo r  th e  m a n u fa ctu re  of fe lts  a t  th e  p re se n t t im e  
is $40.00 a to n , a n d  co n v e rs io n  loss is e s t im a te d  to  
a v e ra g e  25 p er ce n t. T h e  v a lu e  of w a ste  b a r k  fo r fu e l as 
a lre a d y  s ta te d  is So . 60 p er w e t to n , 35 p er ce n t  d r y , in  
co m p ariso n  w ith  b itu m in o u s  co al a t  $3. 00 p er to n . T o  
th is  m u st b e  a d d ed  th e  co st o f h a n d lin g  th e  b a rk  in to  
th e  ca rs , th e  p ro fit to  th e  ta n n e r y , th e  exp en se  of 
p la n t fa c ilit ie s  n e ce s sa ry  in  c h a n g in g  th e  ta n n e r ’s fu el 
to  co a l a n d  in  re a rra n g in g  sid e  t r a c k s  a n d  lo a d in g  
fa c ilit ie s , an d  th e  fre ig h t  ra te  to  th e  fe lt  m ill. I f  th is  
fre ig h t  ra te  is h ig h , it  w o u ld  a p p e a r to  be a d v is a b le  
t o  co n sid er th e  co st of d r y in g  th e  sp e n t b a rk  fro m  a 
66 p er ce n t m o istu re  c o n te n t to  a b o u t a  15  p er ce n t 
co n te n t, an d  th u s  a v o id  th e  fre ig h t  on th e  w a te r . 
M o d e rn  d r y in g  a p p a ra tu s  h as m a d e  p o ssib le  th e  ch ea p  
d r y in g  o f ra w  m a te ria ls  t o  a  re m a rk a b le  d egree. T h is  
d r y in g  m ig h t o ffer d ifficu lties  in  o b ta in in g  th e  n eces
s a r y  m in im u m  ca r w e ig h t, as th e  sp en t b a r k  is b u lk y .

O ne of th e  d ifficu lties  s t ill  to  b e  o v e rco m e  w h ich , 
h o w ev er , w e fee l ca n  b e  e a s ily  so lv e d , is th e  co n tro ll
in g  of th e  p e rce n ta g e s  of b a rk  a n d  ra g  s to c k  ru n  o n to  
th e  fe lt  m a ch in e. A t  first th e  b a rk , a fte r  p assin g  
th ro u g h  th e  b a rk  J o rd a n , w as m ix ed  w ith  th e  b e a te n  
ra g s  in  th e  b e a te r  ra g  s tu ff ch e st, th e n  p u m p e d  th ro u g h  
th e  ra g  J o rd a n  to  th e  m a ch in e  ch e st. T h is  o ffered  
co n sid e ra b le  d iff ic u lty , as a n y  v a r ia tio n s  in  p u m p in g , 
in  th e  le v e l o f th e  s to c k  in  th e  ch e sts, e tc ., ca u sed  a 
v a r ia tio n  in  th e  p e rce n ta g e  of b a r k  in  th e  fin ish ed  
fe lt . In  o rd e r to  h o ld  th e  p e rce n ta g e  of b a r k  co n sta n t 
th e  J o rd a n e d  b a rk  m a y  b e  p u m p e d  to  a  s e p a ra te  ch est 
w ith  o ve rflo w s a rra n g e d  a t  10, 20, 30 p er ce n t, e tc . 
T h e  b a rk  can  th e n  be ru n  b y  g r a v it y  to  the v a r io u s  
ra g  b e a te rs  o r th e  r ig h t  a m o u n t ca n  b e  ru n  d ir e c tly  
in to  th e  ra g  s tu ff  ch e st in  p ro p o rtio n  to  th e  a m o u n t 
of ra g s  d ro p p ed . W h ere  th is  d e v e lo p m e n t w o rk  
h a s  b een  d o n e, th e  fe lt  is n o w  m a d e  on a  72-in . fe lt  
m a ch in e  w ith  a  36-in. c y lin d e r  a n d  46 3 -ft. d rye rs . 
I t  h as b een  fo u n d  b y  exp erien ce  t h a t  no b e a te r  t r e a t 
m en t fo r  th e  b a rk  is re q u ired . T h e  b a r k  a t  th e  p re s
e n t  t im e  is screen ed  th ro u g h  a  screen  w ith  a b o u t 
a 3A -in . m esh, a n d  is th r o w n  in to  th e  ch e st. F ro m  
here i t  is p u m p e d  to  th e  re g u la tin g  b o x  on th e  J o rd a n  
a n d  th e  d isch a rg e  fro m  th e  J o rd a n  ru n  to  th e  b e a te r  
ra g  ch e st. T h e  m ix tu re  of ra g s  a n d  b a r k  a fte r  pass-- 
in g  th r o u g h  th e  ra g  J o rd a n  goes to  th e  m a ch in e  ch est 
a n d  th e n  o n to  th e  m a ch in e. T h e  o b je c t  of th e  scre e n 
in g  o f th e  ra w  b a rk  is to  p re v e n t th e  ch o k in g  o f th e  
in le t  p ip e  to  th e  J o rd a n  b y  th e  la rg e r  p ieces o f b a rk . 
T h e  la rg e r  p ieces w h ich  a re  screen ed  o u t are th ro w n  
in to  th e  b e a te r  w ith  th e  ra g s  a n d  re d u ce d  to  a  p ro p er 
c o n d itio n  in  th is  w a y . A  v a lv e  p la ce d  on  t h e  d is
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ch a rg e  p ip e  fro m  th e  J o rd a n  w as fo u n d  t o  b e  a  co n 
v e n ie n t w a y  to  re g u la te  th e  fineness of th e  s to c k , 
as it  en a b les  th e  o p e ra to r  to  re g u la te  th e  t im e  of J or- 
d a n in g . T h is  d ire c t J o rd a n in g  of th e  b a rk  m akes 
a  d ecid ed  p o w e r s a v in g  in  th e  b e a tin g , fo r  if  a  co n 
s id era b le  re p la ce m e n t o f ra g s  is m ad e b y  th e  b a rk , 
less b e a ters  are  re q u ired  fo r  th e  sam e fe lt  o u tp u t.

N o  d iffic u lty  is e x p erien ce d  in  e ith e r  fo rm in g  or 
ru n n in g  th e  sh e e t. A  l it t le  d iff ic u lty  has b een  e x 
p erien ced  in  th e  p ro p e r d r y in g  of th e  fe lt , w h en  a 
la rg e  p e rce n ta g e  o f b a r k  is u sed . In  o rd er n o t to  c u r
ta il  th e  p ro d u c tio n  b y  s lo w in g  d o w n  th e  m a ch in e  i t  
w o u ld  a p p e a r a d v is a b le , if th e  m ill is so a rra n g e d  as 
to  p e rm it it , to  a d d  so m e e x tr a  driers or a rra n g e  
fo r  so m e sp ecia l d r y in g  d e v ice . D u e  to  th e  h ig h er 
sp ecific  g r a v it y  of th e  b a rk , th e  fin ish ed  fe lts  are a 
trifle  h e a v ie r , an d  a llo w a n ce  m u st b e  m ad e  fo r  th is  
in  ru n n in g  th e  s to c k . T h e  fe lt  m ills t o -d a y  a re  re 
c e iv in g  a  p o o r g ra d e  of ra g s , in  fa c t  o n ly  su ch  ra g s  as 
can  h a rd ly  be u sed  fo r a n y  o th e r  p u rp o se. W ith  a 
m ore ca re fu l se le ctio n  o f th e  ra g s , w e b e lie v e  th a t  it  
w ill b e  p o ssib le  t o  ra ise  th e  p e rce n ta g e  o f b a rk  in th e  
fin ish ed  fe lt  a n d  s till  m a in ta in  th e  q u a lity  of th e  fin 
ish ed  go o d s. F u r th e r , i t  is p o ssib le  th a t  th e  J o rd a n  
is n o t  th e  b e st m a ch in e  to  re d u ce  th e  ta n  b a rk  to  a 
p ro p er c o n d itio n ; p r o b a b ly  a  sp e c ia l re fin in g  en gin e  
w ill re d u ce  th e  b a rk  w ith o u t u n d u ly  c u tt in g  th e  fiber 
fo u n d  in  th e  b a rk . T h e  lim ita tio n  to  th e  use o f a 
h ig h e r p e rce n ta g e  of b a rk  does n o t  a p p e a r to  b e  in 
th e  p a p e r m ill, b u t  in th e  la c k  of s tre n g th  in  th e  s a tu r a 
tin g  ta n k s ; th is  is p a r t ly  d u e  t o  th e  m oral in e rtia  
a n d  p re ju d ice  of th e  m en h a n d lin g  th e  fe lt  th ro u g h  
th e  s a tu r a tin g  ta n k s . A  g re a t d eal co u ld  no d o u b t 
be don e b y  u sin g  a  b e tte r  g ra d e  o f ra g s  t h a t  co u ld  be 
r e a d ily  p a id  fo r  b y  o n ly  a  s lig h t in crease  in  th e  p er
ce n ta g e  o f b a rk  in  th e  fin ish ed  fe lt ,  as th e re  is su ch  a 
g re a t d ifferen ce  in  th e  co st of ra g s  a n d  b a rk .

T w o  o th e r ra th e r  in te re s tin g  an d  p o ssib le  uses fo r 
w a ste  h e m lo ck  a n d  o a k  b a r k  h a v e  b een  w o rk e d  on 
a t  th e  la b o r a to r y . T w o  p ap ers w ere  m ad e a t  th e  
la b o r a to r y  on  th e  b a sis  o f 80 p er ce n t e x tra c te d  h e m 
lo c k  a n d  80 p er ce n t e x tra c te d  o a k  b a rk , th e  b a la n ce  in  
each  case b e in g  u n b le a ch e d  su lfite  p u lp . T h e se  p ap ers 
w ere u n size d  an d  h a d  a  te n d e n c y  to  d u st o ff fine p a r t i
cles of b a rk  on  ru b b in g , w h ich  w e b e lie v e  co u ld  be o v e r
com e b y  sizin g . T w o  of th e  ro lls  w ere p rin te d  on  a 
co m m e rcia l 12 -co lo r w a ll p a p e r p r in tin g  m ach in e, 
th e  p a p e r ta k in g  th e  co lors w ell. O ne of th e  d is a d 
v a n ta g e s  o f a  g ra d e  of p a p e r o f th is  t y p e  is t h a t  th e  
h igh  sp ecific  g r a v it y  o f th e  b a rk  m akes th e  p ap er 
h e a v y . H a n g in g  is o rd in a rily  m ad e on a  fu rn ish  
of 80 to  85 p er ce n t gro u n d  w o o d , th e  b a la n c e  o f su lfite , 
an d  a d e cid ed  s a v in g  w o u ld  be m a d e, if a  w all p a p er 
m a d e  on a  b a sis  o f 80 p e r  c e n t b a r k  co u ld  fin d  a p p lic a 
tio n . T h e  p a p e r m ad e  w ith  h e m lo ck  b a rk  h a d  a  d e
c id ed  re d d ish  co lo r, w h ile  th e  o a k  b a rk  p a p e r w as  m ore 
of a  c h o co la te  sh a d e . W e  h a v e  tr ie d  o u t  in  a  p re 
lim in a r y  w a y  th e  co lo r e ffe ct o f ch e a p  m o rd a n ts, 
su ch  as iro n  s u lfa te , e tc ., a n d  fin d  th a t  th e re  is a  p o ssi
b i l i t y  o f c h a n g in g  th e  sh a d e  w ith  v e r y  l i t t le  exp en se. 
T h e  p re se n t p rice  o f th is  g ra d e  of p a p e r w as e stim a te d  
b y  th e  w a ll p a p e r p r in tin g  co n cern  a t  $60 to  $80 a

to n . T h e  p ap ers p r in te d  b e tte r  th a n  th e  o rd in a ry  
o a tm e a l w a ll p a p e r w ith  w h ich  it  is co m p a re d , a n d  if 
no u n d u e  d ifficu lties  are  e x p erien ce d  in  ru n n in g  it  
on la rg e  a n d  fa s t  co m m e rcia l m a ch in es, it  sh o u ld  be 
d e c id e d ly  ch e a p e r th a n  th e  p re se n t h a n g in g . T h is  
p a p e r w o u ld  u n d o u b te d ly  h a v e  th e  d is a d v a n ta g e  
o f in cre ase d  w e ig h t a n d  p o ss ib ly  th e  d is a d v a n ta g e  
o f d u s tin g  off sm a ll p a rtic le s  o f th e  b a rk .

T w o  ro lls  o f u n size d  p a p e r w ere  m ad e a t  th e  la b o r a 
t o r y  on  th e  b a sis  o f 80 p er ce n t e x tra c te d  h e m lo ck  
b a r k  a n d  80 p er ce n t e x tra c te d  o a k  b a rk , th e  b a la n ce  
s u lfite , a n d  tr ie d  o u t on  a  co m m e rcia l m ach in e  fo r 
m a k in g  fib er co n d u its . T h e  p a p e r w as  ru n  a t th e  
m ill in  c o m p e titio n  w ith  th e ir o rd in a ry  g ra d e  o f p a p er , 
a n d  im p re g n a te d  th o r o u g h ly ; i t  m ad e  a s a t is fa c to r y  
c o n d u it  w h ich  co u ld  be m a ch in ed  a n d  w h ich  sh o w ed  
u p  w ell u n d e r th e  v a r io u s  te s ts  a p p lied . T h e  p a p e r 
in  w h ich  b a r k  w as u sed  w as th in n e r  th a n  th e  re g u la r  
g ra d e , an d  fu rth e r , w as  so fte r, a n d  im p re g n a te d  
m ore re a d ily , w h ich  m ig h t req u ire  a s lig h t ch a n g e  
in  th e  b le n d in g  o f th e  s a tu r a n t . A  d e c id e d  d ra w 
b a c k  lies in  th e  fa c t  t h a t  th e  in cre a se d  w e ig h t of th e  
b a rk  m a k es  th e  c o n d u it  d e c id e d ly  h e a v ie r , th u s  in 
c rea sin g  th e  fre ig h t  ra te  on  th e  fin ish ed  co n d u it.

T r ia ls  w ere m a d e  a t  th e  la b o r a to r y  on th e  p o ssib le  
u tiliz a t io n  of sp ru ce  a n d  b a lsa m  b a r k  o b ta in e d  in 
th e  d ru m  b a rk in g  o f p u lp w o o d . T h e se  b a rk s  d iffer 
fro m  w aste  ta n  b a r k  in  b e in g  p itc h y , w h ich  w o u ld  e x 
c lu d e  th e ir  u se  in  a n y  p ro d u c t  w h ich  s u b s e q u e n tly  
h a d  to  b e  im p re g n a te d . F u r th e r , a n y  la rg e  p e r
c e n ta g e  o f sp ru ce  b a r k  m akes a  b r it t le  sh eet. F o r 
ce rta in  p u rp o ses su ch  as w a ll b o a rd , w h ere  th e  fin ished  
b o a rd  is u s u a lly  m ad e  b y  p ly in g  to g e th e r  th e  in d i
v id u a l sh e ets  b y  a  b in d er su ch  as so d iu m  s ilic a te , 
th is  te n d e n c y  to w a rd s  b r ittle n e ss  is o f l i t t le  co n se 
q u en ce . A  c o o p e ra tiv e  s tu d y  w as u n d e rta k e n  w ith  
a  w all b o a rd  m ill b u t  th e  w o rk  to  d a te  has n o t  p ro 
gressed  b e y o n d  th e  la b o r a to r y  s ta g e . B o a rd s  m a d e  
e x p e r im e n ta lly  on  th e  b a sis  o f 80 p er ce n t  w aste  
b a rk , th e  b a la n c e  su lfite  an d  k r a ft , a lso  b o ard s on  th e  
b asis  o f 50 p er ce n t b a rk  an d  3 ° per ce n t gro u n d -w o o d , 
w ere  fa v o r a b ly  co m m e n te d  on  b y  th e  m ill.

S p ru ce  b a r k  offers so m e d iffic u lty  in  m e ch a n ica l 
re d u c tio n  a n d  w e b e lie v e  t h a t  th e  b e a te r  w ill req u ire  
e x tr a  sh a rp  ta c k le , a n d  a sp e c ia l fillin g  in  th e  J o rd a n  
w o u ld  b e  a  d e cid ed  h e lp . A t  th e  la b o r a to r y  n o  d iffi
c u lt y  w a s  e x p erien ce d  in  re d u c in g  sp ru ce  b a r k  in 45 
m in u tes in  an  e x p e r im e n ta l b e a te r , w h ile  on a  co m m e r
cia l b e a te r , fit te d  w ith  d u ll ta c k le , a  5-hr. tr e a tm e n t  
s till le ft  th e  b a r k  in  an  u n s a t is fa c to ry  co n d itio n .

P a te n t  sp ecifica tio n s  on  th e  use of w a ste  b a rk  fo r 
p u lp  an d  p a p e r p u rp o ses h a v e  b een  s u b m itte d  to  
W a s h in g to n  b y  M r. H o w a rd  F . W eiss, o f th is  la b o r a 
to r y , a n d  m y se lf. I f  p a te n ts  fo r  th e  U n ite d  S ta te s  
are  g ra n te d , t h e y  w ill b e  d e d ic a te d  to  th e  p u b lic . 
F o re ig n  p a te n ts  h a v e  a lso  b een  a p p lie d  fo r.

S U G G E S T IO N S

T h e re  are a  g re a t m a n y  o th e r p o ssib le  u ses of th e  
v a r io u s  b a rk s  w h ich  a t th e  p re se n t t im e  h a v e  e ith e r  
a  lim ite d  o r no v a lu e . A  fa ir  in su la tin g  b o a rd  h a s  
b een  p re p a re d  a t  th e  la b o r a to r y  fro m  th e  b a r k  of th e  
re d w o o d  tre e . O th er p o ssib le  uses t h a t  su g g e s t th e m 
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selves are th e  u se  of sp ru ce  or b a lsa m  b a rk  fro m  th e  
dru m  b a rk in g  o f p u lp w o o d  w h ich  is to  b e  m ixed  w ith  
su lfite  screen in gs an d  ru n  in to  ca r liners. F u rth e r , 
w aste  h e m lo ck  an d  o a k  b a rk  m ig h t be used  in  th e  m a n u 
fa c tu re  of s h e a th in g , ca rp e t lin ers, b o ttle  w ra p p ers, 
d ead en in g  fe lts , ch ip  b o a rd  a n d  b o x  b o ard . A  sm a ll 
p ercen tag e  m igh t b e  used  fo r  b o a rd  u sed  in s ta n d  up 
bo xes w here no g rea t b e n d in g  q u a litie s  or h ig h  te s t  
are req u ired . F o r in d u ra te d  fiber w are, su ch  as 
p ails, e tc ., it  m ig h t be p o ssib le  to  s u b s titu te  a la rge  
p ercen tag e  of gro u n d  ta n  b a rk  fo r th e  m ore e xp en sive  
s to c k  u sed  a t p resen t.

T h e  a b o v e  re m a rk s  can  b e  lo o k ed  u p o n  as o n ly  
in d icatio n s  of w h a t  m ig h t be done, as each  m ill w ill 
h a v e  to  d eterm in e  w h eth e r t h e y  ca n  s u b s t itu te  b a rk  
in  p a r t  fo r  a  m ore in ex p en siv e  s to c k , an d  still m a in 
ta in  th e  q u a lity  an d  s ta n d a rd  of th e ir  p ro d u c t. W a ste  
b a rk  ca n  be lo o k ed  on  o n ly  as a  filler, an d  m u st be 
u sed  w ith  a  lo n g er fibered  s to c k  to  c a rr y  it  o v e r  th e  
m ach in e. Its  use w ill p e rm it a  d ecid ed  s a v in g  in 
m a n y  grad es o f p a p er p ro d u cts .

F o r e s t  P r o d u c t s  L a b o r a t o r y  
M a d is o n , W is c o n s in

T H E  P R O B L E M  O F C A T A L Y Z E R  P O IS O N S  W IT H  R E F E R 
E N C E  T O  T H E  H Y D R O G E N A T IO N  O F  F A T T Y  O ILS

By C a r l e t o n  E l l is  a n d  A. A. W e l l s  

Received June  19, 1916

O ne of th e  m ain  d ifficu lties  in th e  h y d ro g e n a tio n , 
b y  th e  a id  o f n ick e l c a ta ly z e r , o f m a n y  lo w -g ra d e  o ils, 
su ch  as som e of th e  fish a n d  w h ale  oils, is th a t  th e  life  
of th e  c a ta ly z e r  is re la t iv e ly  v e r y  sh o rt. U s u a lly  
the a c t iv i t y  of th e  c a ta ly z e r  b eco m es m u ch  slo w er 
a fte r  tw o  or th re e  b a tch e s  of oil h a v e  been h a rd e n ed  
an d  in som e cases it  is n ece ssa ry  to  p re p a re  fresh  
c a ta ly z e r  fo r e v e ry  b a tc h  of oil tre a te d . O n th e  o th er 
h an d , w hen h a rd e n in g  a  go o d  g rad e  o f oil, such  as 
refin ed, ed ib le  co tto n see d  oil, th e  life  o f a  c a re fu lly  
p re p a re d  c a ta ly z e r  is lik e ly  to  b e  v e r y  lo n g  an d  in som e 
cases an  e n tire ly  n ew  lo t  o f c a ta ly z e r  is n o t req u ired  
fo r  m o n th s in  th e  c o n sta n t o p eratio n  of a  h a rd e n in g  
p la n t. In  th ese  cases th e  c a ta ly z e r  is k e p t  in  a  s ta te  
of h ig h  a c t iv i t y  fo r co n tin u e d  u sage  b y  a d d in g  a  sm all 
a m o u n t of fresh  c a ta ly z e r  a t  in te rv a ls  of one or tw o  
w eeks.

T h e  fa c t  th a t  in  som e cases a  c a ta ly z e r  does n o t la st  
in d e fin ite ly  an d  th a t  its  life  is p ro lo n g ed  in  p ro p o rtio n  
to  th e  p u r ity  of th e  oil, in d ica te s  th a t  th ere  are p resen t 
in  som e f a t t y  oils ce rta in  su b sta n ce s  w hich u n fa v o r
a b ly  a ffe ct th e  c a ta ly z e r , a c tin g  as a  poison th e re to , 
a n d  so o n er or la te r  ca u sin g  th e  c a ta ly t ic  a g en t to  b e 
co m e in a c tiv e . I t  h as b een  o b serv e d  th a t  som e k in ds 
or grad es of oil m a y  be h y d ro g e n a te d  to  an  in c o m 
p lete  degree  b u t  t h a t  t h e y  ca n n o t b e  ca rr ie d  b e y o n d  
th is  p o in t, no m a tte r  h o w  lo n g  th e  tre a tm e n t is co n 
tin u ed , w ith o u t ch a n ge  of c a ta ly z e r . I f  to  th ese  
sem i-h ard en ed  oils a fresh  q u a n t ity  o f c a ta ly z e r  is 
ad d ed , th e  h a rd e n in g  w ill u s u a lly  p ro ceed  p ra c t ic a lly  
to  co m p lete  sa tu ra tio n . In  som e cases, a fresh  q u a n tity  
of oil m a y  be tre a te d  w ith  th e  se e m in g ly  sp en t c a ta ly z e r , 
w hen  p a rtia l h a rd e n in g  w ill o ccu r. A n  a d d itio n a l 
q u a n tity  o f fresh  c a ta ly z e r  w ill so m etim es c a rr y  th e

oil so tre a te d , to  co m p letio n , sh o w in g  t h a t  th e  s u b 
s ta n ce  w h ich  a ffects  th e  c a ta ly z e r  is a p p a re n tly  ta k e n  
up  b y  it  u n d er th ese  c ircu m stan ces, th u s  le a v in g  th e  
oil in co n d itio n  to  be re a d ily  h ard en ed . Som e o ils  
w h ich  o rd in a rily  ca n n o t be h a rd e n ed  w ith o u t a  p re 
lim in a ry  p u rify in g  tre a tm e n t, m a y  first be a g ita te d  
w ith  a sp en t c a ta ly z e r , th e  c a ta ly z e r  re m o v e d  an d  th e  
oil th e n  in co rp o ra te d  w ith  a  fresh  q u a n t ity  o f c a ta ly z e r  
w h en  h a rd e n in g  re a d ily  occurs.

E X P E R IM E N T A L

F ro m  tim e  to  tim e  w e h a v e  h a d  s u b m itte d  to  th is  
la b o r a to r y  v a r io u s  sam p les of lo w -g ra d e  oils to  be 
tre a te d  w ith  h y d ro g en . In  som e cases o b sta c le s  w ere 
m et w ith  in h a n d lin g  th e se  oils a n d  th e  o b se rv a tio n s  
here rep o rted  are som e of th e  ty p ic a l  ones w h ich  w ere 
p erfo rm ed  in th e  a tte m p t  to  o b v ia te  th e se  d ifficu lties.

c o n  o i l — A p p a r e n t l y  t h i s  o i l  w o u l d  h a v e  a  v e r y  

w i d e  u s e ,  e s p e c i a l l y  i n  t h e  l e a t h e r  i n d u s t r y ,  i f  s o m e  

c h e a p  m e t h o d  o f  t r e a t m e n t  c o u l d  b e  r e n d e r e d  a v a i l 

a b l e  s o  t h a t  t h e  o i l  c o u l d  b e  e a s i l y  h y d r o g e n a t e d .

A  sam p le  o f cru d e cod  oil w as freed  fro m  f a t t y  acids 
w ith  a  so lu tio n  of so d iu m  ca rb o n a te  an d  a fte r  w ash in g  
free  fro m  a lk a li a n d  soap w as tre a te d  w ith  h y d ro g en , 
u sin g  5 per ce n t c a ta ly z e r  p rep a red  fro m  n ick e l oxid e. 
In  m ost of th e  la b o r a to r y  w o rk  co n n e cted  w ith  th is  
in v e stig a tio n , a so m ew h a t la rg e r p ro p o rtio n  of c a ta ly z e r  
w as used th a n  is cu sto m a ry  in  co m m ercia l o p eratio n s. 
T h is  e n a b led  resu lts of a c o m p a ra tiv e  n a tu re  to  be 
m ore q u ic k ly  o b ta in ed . T h e  o xide  w as re d u ce d  in  
th e  oil a t  260° C . an d  th e n  s u b je c te d  to  the a ctio n  of 
h y d ro g en  a t 200° C . fo r 2 hrs. In  sev era l tr ia ls , th e  
o il e ith er d id  n o t h a rd en  a t a ll, or o n ly  to  a  v e r y  m inor 
degree. O th er fo rm s of c a ta ly z e r  w ere e q u a lly  in 
e ffe ctiv e .

T h e  oil w as th e n  a g ita te d  fo r 1 hr. a t  200° C . w ith  
fre s h ly  p rep a red  co p p er h y d r a te , filtered  to  re m o ve  
th e  co p p er co m p o u n d  an d  a g a in  tre a te d  w ith  h y d ro g en  
a n d  c a ta ly z e r  u n d er th e  sam e co n d itio n s as a b o v e . 
T h e  oil w as re a d ily  harden ed  b y  th is  tre a tm e n t. 
A n o th e r  sam p le  of th e  oil, refin ed  as a b o v e , w as tre a te d  
w ith  s per cen t fre sh ly  p rep ared  s ilv e r o x id e  a t  200° C . 
fo r  1 hr. T h e  s ilv e r  co m p o u n d  w as re m o v e d  b y  
filtra tio n  an d  th e  c le a r oil h y d ro g e n a te d . In  a  sh o rt 
t im e  th is  oil w as h a rd en ed  to  a  m eltin g  p o in t of 4 6 ° C . 
on h y d ro g e n a tin g  u n d e r th e  sam e co n d itio n s as a b o v e .

A  s lig h t  d isco lo ra tio n  of th e  oil du e to  th is  tre a tm e n t 
w as o b serv e d , so an o th e r p o rtio n  of th e  oil w as refin ed, 
u sin g  ca u s tic  so d a  in p lace  of th e  so d iu m  ca rb o n a te . 
T h e  co lo r o f th e  oil refin ed  w ith  th e  ca u s tic  so d a  w as 
b e tte r  th a n  t h a t  o b ta in e d  w ith  th e  ca rb o n a te .

A  sam p le  of th is  refin ed  cod  oil w as a g ita te d  fo r 
1 hr. w ith  s per ce n t F u lle r ’s e a rth  a t  15 0 -2 0 0 ° C ., 
filtered  an d  s u b je c te d  to  th e  h y d ro g e n a tio n  process, 
e m p lo y in g  5 p er ce n t o f c a ta ly z e r  p rep a red  fro m  n ick e l 
o x id e. T h e  o xid e  w as su sp en d ed  in  th e  oil a n d  tre a te d  
w ith  h y d ro g en  a t 260° C . u n til b la c k  in  co lo r. T h e  
te m p e ra tu re  w as th e n  lo w e re d  to  210 ° C . an d  m a in 
ta in e d  a t th is  te m p e ra tu re  fo r  3 hrs. T h e  oil d id  n o t 
h ard en . A  sam p le  of th e  refin ed  cod  oil w as  tre a te d  
w ith  a  g re a t excess of c a ta ly z e r  (10  per cen t) p rep a red  
b y  so a k in g  F u lle r ’s e a rth  in  n ick e l n itr a te  so lu tio n  in
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su ch  p ro p o rtio n s  t h a t  th e  re d u ce d  m a te ria l co n ta in e d  
20 p er c e n t n ick e l. T h is  m a te ria l w as d ry -re d u ce d  
in  a  cu rre n t of h y d ro g en  a t  360° C . a n d  im m e d ia te ly  
f lo o d e d ,w ith  oil to  a v o id  o x id a tio n . T h e  a p p lica tio n  
o f h y d ro g en  w as ca rried  o u t a t  200 to  210 ° C . fo r  2 
hrs. b u t  e v e n  w ith  th is  e x ce ssiv e  a m o u n t of c a ta ly z e r  
th e  oil w as n o t h a rd en ed . A  q u a n t ity  o f co d  oil w as 
tre a te d  w ith  a  co m m e rcia l sa m p le  of co p p e r o xid e  for 
1 hr. a t  160 to  17 0 °  C . an d  th e n  h y d ro g e n a te d  w ith  
c a ta ly z e r  p re p a re d  fro m  n ick e l oxid e. T h e  c a ta ly z e r  
w as re d u ce d  in  th e  oil a t  250° C . fo r  l/ 2 h o u r an d  
h y d ro g e n a tio n  w as ca rried  o u t a t  200° C . fo r  3 hrs. 
T h e  oil w as s lig h tly  h a rd en ed .

A  sam p le  of co d  oil (iod in e N o . 169) w h ich  w e h a d  
a tte m p te d  to  h y d ro g e n a te  w ith  n ick e l c a ta ly z e r  b u t  
w h ich  did  n o t re a d ily  h a rd en , w as filtered  fro m  th e  
c a ta ly z e r  a n d  a g a in  h y d ro g e n a te d  w ith  a d ry -red u ce d  
c a ta ly z e r  on a carrier, u sin g  1V 2 p er ce n t n ick e l. T h e  
oil h a rd e n ed  to  a m e ltin g  p o in t o f 40 to  4 2 0 C . T h e  
io d in e  n u m b e r w as 91. C o n tin u e d  h y d ro g e n a tio n  
fo r  se v e ra l h o u rs ra ised  th e  m e ltin g  p o in t  t o  44 to  
4 5 °  C . an d  th e  io d in e  n u m b e r d ro p p ed  to  8 1. T h e  
c a ta ly z e r  w as u n a b le  to  c a rr y  th e  h y d ro g e n a tio n  
fu rth er .

A  series of te s ts  w ere p erfo rm ed  to  d eterm in e  th e  
r e la t iv e  v a lu e  of fre s h ly  p re c ip ita te d  co p p er h y d r a te  
as a  d e to x ic a tin g  a g en t. In  one test, p o rtio n s of cod  
oil w ere a g ita te d  w ith  5 p er ce n t of fre s h ly  p rep a red  
co p p er h y d r a te , co m m e rcia l co p p er c a rb o n a te  and 
lea d  o xid e  a t  180 to  200° C . fo r 2 hrs. A fte r  filterin g , 
th e se  sam p les w ere tre a te d  w ith  h y d ro g e n  u sin g  5 
p er ce n t n ick e l o x id e  as a  so u rce  o f c a ta ly z e r . T h is  
w as re d u ce d  in  oil a t  250° C . fo r */2 hr. T h e  
h y d ro g e n a tio n  o p era tio n  w as ca rried  o u t a t  230° C . 
fo r 3 hrs. T h e  oil tre a te d  w ith  fre sh ly  p re c ip ita te d  
co p p e r h y d r a te  h a rd e n ed  to  a  m eltin g  p o in t o f 53 to  
54 ° C ., th e  oil tre a te d  w ith  co p p er ca rb o n a te  h a rd e n ed  
s lig h t ly , w h ile  th e  oil tre a te d  w ith  le a d  o xid e  did  n o t 
h ard en .

A s th e  co p p er h y d r a te  a t  tim e s  is n o t re a d ily  filtered  
fro m  th e  oil a fte r  p ro tra c te d  a g ita tio n  w ith  th e  la tte r , 
th e  h y d r a te  w as p re c ip ita te d  on  F u lle r ’s e a rth  in th e  
p ro p o rtio n  to  g iv e  20 per ce n t co p p er. C o d  oil w as 
a g ita te d  w ith  1 p er ce n t of th is  m a te ria l for 1 hr. a t 
110  to  120 ° C . T h e  oil w as th e n  filtered  an d  h y d r o 
g e n a te d , u sin g  c a ta ly z e r  p re p a re d  fro m  n ick e l oxid e. 
T h e  c a ta ly z e r  w as red u ced  in  th e  oil in  th e  o rd in a ry  
m an n er an d  h y d ro g e n a te d  a t  200° C . fo r  2V2 hrs. 
F ro m  th e  resu lts  o b ta in e d  th e  co p p er h y d r a te  d id  n ot 
a p p e a r  to  be as a c tiv e  in  th is  form .

T o  d eterm in e  th e  m o st e ffe c tiv e  tem p e ra tu re  fo r 
t r e a t in g  th e  oil w ith  co p p er h y d r a te  th e  fo llo w in g  
te s ts  w ere p erfo rm ed : C o d  oil w as a g ita te d  w ith
V2 p er cen t o f co p p er h y d r a te  fo r 1 hr. a t  ro o m  tem 
p e ra tu re , th e n  w as filte re d  a n d  s u b je c te d  to  th e  h y d r o 
g e n a tio n  process. A n o th e r  p o rtio n  o f th e  oil w as 
tr e a te d  in  a sim ilar m an n er, e x ce p t th e  te m p e ra tu re  
o f tre a tm e n t w ith  co p p e r h y d r a te  w as 500 C . O th e r 
p o rtio n s  w ere tre a te d  a t  7 5 0 a n d  a t n o  to  120 ° C . 
T h e  sam p les tre a te d  b e lo w  n o °  C . d id  n o t h ard en  
a n d  m e ta llic  m irrors w ere fo rm e d  on th e  w alls  o f th e

co n ta in er  d u rin g  the tre a tm e n t w ith  h y d ro g en . T h e  
sam p le  w h ich  w as a g ita te d  a t  ro o m  tem p e ra tu re  
e x h ib ite d  th e  m o st p e rfe c t m irror. T h e  oil tre a te d  a t 
n o  to  12 0 0 C . h a rd e n ed  re a d ily  w ith o u t th e  fo rm a tio n  
of a m irror.

T h e  e ffe ct of refin in g  cod  oil w ith  a lk a li befo re  
h y d ro g e n a tio n , w hen  th e  co p p e r h y d r a te  tre a tm e n t 
is u sed , is b en eficia l to  th e  c a ta ly z e r  as w as sh o w n  b y  
a g ita tin g  cru d e  co d  oil w ith  co p p er h y d r a te  a t  140 to  
15 0 ° C . fo r  x hr., filte rin g  an d  th e n  s u b je c tin g  i t  to  th e  
h y d ro g e n a tio n  process, u sin g  n ick e l o x id e. T h e  
c a ta ly z e r  w as fo rm ed  in th e  oil a t  250° C . an d  h y d r o 
g e n a tio n  w as ca rried  o u t a t  190 to  200° C . fo r 4 hrs. 
T h e  oil w as o n ly  s lig h tly  hard en ed .

A  sam p le  of refin ed  co d  oil w as tre a te d  w ith  F u lle r ’s 
ear.th to  im p ro v e  th e  co lo r. I t  w as th e n  tre a te d  w ith  
co p p er h y d r a te  an d  h y d ro g e n a te d  in  th e  u su a l m an n er. 
A s  a co n tro l a  p o rtio n  of th e  sam e oil w as tre a te d  w ith  
co p p e r h y d r a te  a n d  th e n  h y d ro g e n a te d , o m ittin g  th e  
F u lle r ’s e a r th  tre a tm e n t. T h e  sa m p le  w h ich  w as 
tre a te d  w ith  F u lle r ’s e a r th  h a rd en ed  s lig h t ly  m ore 
ra p id ly  th a n  th e  sam p le  w h ich  h ad  been  tre a te d  o n ly  
w ith  th e  co p p er h y d r a te .

A  q u a n t ity  of th e  oil u n d er e x a m in a tio n  w as b u rn ed  
in o x yg en  in a  co m b u stio n  b o m b . T h e  co n te n ts  of th e  
bo m b  w ere w ash ed  o u t a n d  e xa m in ed  q u a lita t iv e ly . 
S u lfa te s  a n d  a tra c e  o f io d in e  co m p o u n d s w ere  fo u n d  
to  b e  p resen t b u t no te s t  w as o b ta in e d  for e ith er 
ch lo rid es o r p h o sp h a te s. E ith e r  su lfu r  in  th e  su lfid e  
fo rm , or io d in e  co u ld  h a v e  been  re sp o n sib le  fo r th e  
p o iso n in g  a c tio n  on  th e  c a ta ly z e r  n o te d .

m e n h a d e n  o i l — A  sam p le  o f S o u th e rn  cru d e  fish 
(m en h ad en ) oil, w ith o u t refin in g, w as s u b je c te d  to  th e  
h y d ro g e n a tio n  p rocess, u sin g  n ick e l o x id e  red u ced  
in  th e  oil a t  250° C . a n d  th e  h y d ro g e n  tr e a tm e n t  w as 
carried  o u t a t  2000 C . fo r 4 hrs. T h e  oil w as n ot 
h a rd en ed . A n o th e r  p o rtio n  of th e  sam e oil w as 
a g ita te d  w ith  co p p er h y d r a te  a t  133 to  15 0 ° C . fo r  1 
hr. a n d  tre a te d  u n d er th e  sam e co n d itio n s  as a b o v e . 
T h e  oil w as h a rd e n ed , w ith o u t d iff ic u lty , to  a  m e ltin g  
p o in t of 45 to  4 6 ° C . A n o th e r  q u a n t ity  of th e  sam e 
cru d e  fish oil w as refined  a n d  th e n  tre a te d  w ith  co p p er 
h y d r a te . T h e  tre a te d  oil w as h y d ro g e n a te d  u sin g  a 
c a ta ly z e r  w h ich  h a d  p re v io u s ly  been used in cod  oil 
t h a t  h a d  been  d e to x ic a te d  w ith  co p p er h y d r a te . T h e  
o il h a rd e n ed  to  a m e ltin g  p o in t o f 52 to  5 3 0 C . T h e  
c a ta ly z e r  w as a p p a re n tly  n o t a ffe cted  b y  its  p rev io u s 
use in  co d  oil w h ich  h a d  b een  tre a te d  w ith  co p p er 
h y d ra te .

h e r r i n g  o i l — A n  oil w h ich  is a v a ila b le  in  q u a n tity  
a n d  w h ich  u p  to  th e  p resen t tim e  has h a d  a  v e r y  
lim ite d  field  o f u t i l i t y  is h errin g  oil. In  gen era l, th is  
oil re q u ires m ore ca re fu l d e to x ic a tin g  tr e a tm e n t th a n  
cod  or S o u th e rn  fish oil to  m a k e  it  a d a p ta b le  to  th e  
h a rd e n in g  p rocess.

A  sam p le  of h e rrin g  oil w h ich  co u ld  n o t be h a rd en ed  
b y  th e  u su al m eth o d s w as refin ed  to  free  i t  fro m  f a t t y  
a cid s and  a fte r  tre a tin g  w ith  co p p e r h y d r a te  fo r  1 
hr. a t  n o  to  12 0 ° C . w as s u b je c te d  to  th e  a ctio n  of 
h y d ro g e n  in  th e  p resen ce  o f a  c a ta ly z e r  p re p a re d  b y  
re d u c in g  n ick e l o x id e  in th e  oil a t  250° C . fo r  l / t  hr.
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T h e  oil w as h y d ro g e n a te d  a t 190 to  200° C . fo r 5 hrs. 
I t  h a rd en ed  to  a m e ltin g  p o in t of 45 to  4 6 ° C .

d o g f i s h  o i l — A  n u m b e r of sam p les of th is  oil h a v e  
been  e x a m in ed  in th is  la b o r a to r y  an d  h a v e  p ro v e d  
so m e w h a t d ifficu lt to  h y d ro g e n a te . In  one case, a 
sa m p le  of th e  oil w as a g ita te d  w ith  co p p e r h y d r a te  
fo r 1 hr. and  th e n  tre a te d  w ith  h y d ro g e n , u sin g  a 
c a ta ly z e r  p re p a re d  b y  p re c ip ita tin g  n ick e l h y d r a te  on a 
ca rrier an d  re d u cin g  a t  360° C . H y d ro g e n a tio n  w as 
co n d u cted  fo r s 1/* hrs. a t  180 to  190 ° C . T h e  oil 
d id  n o t h ard en . T h e  c a ta ly z e r  w as filtered  o u t an d  
S per ce n t of a  m ix tu re  of f in e ly -d iv id e d  n ick e l-co p p er 
h y d r a te  w as a d d ed . A  cu rre n t of h y d ro g en  w as passed

E f f e c t  o p  H a i,o g k n s , H a l o g e n  C o m p o u n d s , S u l p u r , E t c ., o n  H y d r o 
g e n a t io n  o p  C o t t o n s e e d  O il

C atalyzer: Nickel Oxide (5 per cent of the weight of the oil) reduced 
in oil a t  250° C. for */j hr.

Expt. Substance Per cen t Tem p. Tim e Effect on
No. Added Added ° C. Hrs. Oil

1 Bromine 1 . 0 200 2 N o hardening
1 (CH) 1 . 0 200 2
2 Iodine 1 . 0 200 2
2 (CH) 1 . 0 200 2
3 0 .5 200 2 »A
3 (CH) 0 .5 200 2 1/*
4 Antim ony Bromide 1.0 200 2
4 (CH) 1 . 0 200 2
5 Sodium Chloride 5 .0 2 1 0 2 1/» Oil hardened
6 Zinc Chloride 5 .0 21 0 2 */« Oil polymerized
7 1 . 0 200 2 l/ i S light hardening
7 (CH) 1 . 0 200 2 1/* Oil Hardened
8 0 .5 200 2 V*
9 Tin Chloride 1 . 0 200 2

10 Sulfur 0 .5 200 2 1/» Slight hardening
10 (CH) 0 .5 200 2 V* Oil hardened
11 1 . 0 200 2 1/* N o hardening
11 (CH) 1 . 0 200 2 V t Oil hardened
B lank 200 2V*
12 Sulfur <j]i 2 1 0 3 1/*
13 R ed Phosphorus 1 . 0 200 2 Slight hardening
13 (CH) 1 . 0 200 2 Oil hardened
14 0 .5 200 2 Slight hardening
14 (CH) 0 .5 200 2 Oil hardened
15 Sulfur Chloride 1 . 0 200 2 N o hardening
15 (CH) 1 . 0 200 2 Oil hardened
16 (AsiOj) 1 . 0 200 2 N o hardening
17 M ercury 1 . 0 200 2 Slight hardening
Blank 200 2 V* Oil hardened
18 Lead S tearate i.’ô 200 2 1/* N o hardening
19 Lead Oleate 1 . 0 200 2V*
19 (CH) 1 . 0 200 2 V*

(CH) a f t e r  a n  e x p e r im e n t  n u m b e r  in d ic a te s  t r e a tm e n t  w i th  c o p p e r  
h y d r a t e  b e fo re  h y d r o g e n a t io n .

th ro u g h  th e  oil, th e  tem p e ra tu re  of th e  oil b e in g  h eld  
a t  250° C . fo r V2 h r., th e n  lo w ered  to  190 to  200° C . 
a n d  m a in ta in e d  a t  t h a t  p o in t fo r  3 hrs. T h e  oil 
h a rd en ed  to a m e ltin g  p o in t o f 4 5 °  C .

P r o b a b ly  th e  m o st d ifficu lt to  h a n d le  of all th e  low - 
g ra d e  oils is t h a t  d e riv ed  fro m  c it y  g a rb a g e . T h e re  
are tw o  m eth o d s of rec la im in g  th is  grease, one b y  
b o ilin g  th e  g a rb a g e  w ith  w a te r  a n d  a llo w in g  th e  oil 
to  rise to  th e  to p  w h en  it  is d ra w n  o ff, th e  o th er b y  
e x tra c tin g  th e  oil w ith  so lv e n ts . T h is  oil is u su a lly  
d e n a tu re d  w ith  or co n ta in s  ta r , a n d  as it  is d e riv ed  
fro m  a ll m an n er of m a te ria ls  w h ich  w o u ld  v a r y  fro m  
d a y  to  d a y  it  is q u ite  p ro b a b le  t h a t  no fixed  m e th o d  of 
tre a tm e n t can  b e  e m p lo y ed . U p  to  th e  p resen t tim e  
no e n tire ly  s a t is fa c to r y  m e th o d  has been  fo u n d  to  
refine an d  s u cce ssfu lly  h a rd en  th is  m a te ria l in  a 
m an n er ca p a b le  o f gen era l co m m e rcia l a p p lica tio n .

E X A M IN A T IO N  OF C O P P E R  H Y D R A TE

T h e  co p p er h y d r a te  w h ich  h a d  been used  to  d e to x i
ca te  th e  co d  an d  o th er oils w as  e x a m in ed  to  d eterm in e  
w h a t b o d ies w ere ta k e n  up  fro m  th e  oils b y  th e  t r e a t
m en t. F a t t y  m a te ria l w as  re m o v e d  fro m  th e  co p p er 
h y d r a te  b y  e x tra c tio n  w ith  so lv e n ts  an d  th e  resid u e 
w as a n a ly ze d . S u lfa te s  w ere  fo u n d  b u t no ev id e n ce

o f th e  p resen ce  of p h o sp h a te s  or ch lo rid es w as o b ta in ed . 
A  b la n k  te s t  on th e  o rig in a l co p p er h y d r a te  sh o w ed  no 
su lfa te s  or s u lfu r  p resen t, in d ic a tin g  th a t  s u lfu r  co m 
p o u n d s are re m o v e d  fro m  f a t t y  oils c o n ta in in g  th e m , 
b y  tr e a tm e n t w ith  co p p er h y d r a te  in  th e  m an n er 
s ta te d .

OTHER C A T A L Y Z E R  POISONS

A s v a rio u s  bodies o th er th a n  th o se  m en tio n ed  
a b o v e  are k n o w n  to  poison  h y d r o g e n a tin g  c a ta ly s ts , 
a n d  as th e  tre a tm e n t w ith  co p p er h y d r a te  has been 
fo u n d  to  re m o v e  ce rta in  of th e se  p oison s or ren der 
th e m  n o n -to x ic  to  n ick e l c a ta ly z e r , th e  a cco m p a n y in g  
ta b le  h as been  co m p iled  fro m  an  e x te n siv e  series 
o f te s ts  w ith  su ch  bodies a n d  in som e cases th e  effect 
o f co p p er h y d r a te  th e re o n  is in d ica te d .

N e w  J e r s e y  T e s t in g  L a b o r a t o r ie s . M o n t c l a ir

E X P E R IM E N T A L  N O T E S  O N  T H E  P R E P A R A T IO N  OF 
F IR E -P R O O F  W R IT IN G  P A P E R

B y  R o l l in  G .  M y e r s  

R e c e iv e d  M a y  2 2 , 1916

T h e  w riter  m ade a  ca re fu l s tu d y  o f th e  m eth o d s 
fo r  th e  p re p a ra tio n  o f fire-p ro o f w ritin g  p ap er, as w ell 
as o f th e  ch a ra c te r  o f th e  p a p er o b ta in e d  b y  su ch  
p rocesses. H e e xte n d e d  th is  w o rk  to  in clu d e  th e  p ap er 
p ro d u ced  fro m  c ry s o tile  fib er w h en  th is  w as co m b in ed , 
as p u lp , w ith  w h ite  or l ig h t ly  t in te d  p re c ip ita te d  co m 
p o u n d s of th e  m eta ls . T h e se  p u lp s  w ere p re p a re d  a t 
a b o u t io o °  C .

T h e  m eth o d  u sed  in th e  p re p a ra tio n  of th e  p a p e r w as 
id e n tica l, in  m a n y  re sp e cts , to  t h a t  e m p lo y e d  b y  th e  
J ap a n ese  in  th e  p re p a ra tio n  o f th e ir  h a n d -m a d e  p ap er 
fro m  th e  v e g e ta b le  a n d  an im a l fibers. E a c h  sam p le  
p rep a red  w as te s te d  fo r p o ro s ity , ten sile  s tre n g th  an d  
p erm an en ce  to  te m p e ra tu re s  v a r y in g  fro m  90 0 -10 0 0 ° C . 
d u rin g  a  p erio d  of a b o u t 10 h o u rs: 80 or 90 sam p les 
of p a p e r w ere  p rep ared .

T h e  fo llo w in g  in feren ces a p p e a r to  be tr u th fu l in te r
p re ta tio n s  of th e  ex p erim en ta l stu d ies:

1— T h e  co m m e rcia l v a r ie tie s  of c ry s o tile  fiber used 
as ra w  m a te ria l in  th e  p re p a ra tio n  of th e  p a p e r w ere 
n o t to  be d istin g u ish ed  in  resp ect to  m u ta b ility  a t  
h ig h  te m p e ra tu re , p o ro s ity , ten sile  s tre n g th  and  
fle x ib ility .

2— W ith in  ce rta in  lim its , v a r ia tio n s  in th e  q u a n tity  
o f th e  ch em ica l re a gen ts  used  fo r  a  g iv en  w e ig h t of 
fiber p ro d u ced  no o b serv a b le  gain  in ten sile  s tre n g th  
a n d  th e  re d u ctio n  of p o ro s ity  in  th e  p a p er p re 
p ared .

3— T e n sile  s tre n g th  a n d  closen ess o f te x tu r e  o f th e  
p a p er p rep a red  a p p ea rs  to  b e  o b ta in e d  b e st fro m  p ulp s 
co n ta in in g  p re c ip ita te d  h y d ro x id e s , arsen ites , s ilica te s  
a n d  tu n g s ta te s . P e rh a p s  th e  b e st p a p er p rep a red , 
in re sp e ct to  th e  p ro p ertie s  re ferred  to , w as t h a t  o b 
ta in e d  fro m  a p u lp  co n ta in in g  a  co n sid e ra b le  excess of 
m agn esiu m  arsen ite  in  an  a lk a lin e  m ix tu re . T h is  
p a p er w as fa r  in  a d v a n c e  of a n y  of th e  co m m ercia l 
p ap ers e x a m in ed .

It  m igh t be w ell to  n o te  t h a t  m o st o f th e  a b o v e



O ct.,  19 16  T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 889

p re c ip ita te s  are flo ccu le n t in  c h a ra cte r , a n d  th a t  in 
crease in  closen ess of te x tu re  a n d  ten sile  s tre n g th  is n o t 
a lw a y s  co n cu rren t.

4— S u b sta n ce s  lik e  k a o lin  or p u lv e r iz e d  m ica , w h en  
in co rp o ra te d  w ith  th e  p u lp s, do n o t seem  to  a d d  a n y 
th in g  to  th e  p a p er p ro d u ced .

St— I n all th e  p u lp s, th e re  ex ists  a  ce rta in  a m o u n t of 
ad h esio n  b e tw ee n  th e  fib er a n d  th e  p re c ip ita te d  s u b 
sta n ce . T h is  a ttr a c t io n  is g re a te st  fo r  th e  p re c ip ita te d  
sa lts  o f th e  m ore b a sic  m eta ls  lik e  ca lc iu m  an d  m a g 
nesium , a n d  le a s t  fo r  th e  m ore a cid  m eta ls  lik e  s ilv e r  
or lea d . T h is  a d h e siv e  e ffe ct m a y  be due to  som e 
ch e m ica l a c tio n  b e tw e e n  th e  fiber a n d  th e  p re c ip i
ta te .

6— T h e  degree  of p o ro s ity  of all sam p les in creased  
r a p id ly  w h en  t h e y  w ere h e a te d  fo r  a n y  le n g th  of tim e  
a b o v e  io o °  C ., th e  cau se  o f th e  in crease  of p o ro s ity  
b e in g  u n d o u b te d ly  th e  c o n tra c tio n  in  b u lk  of th e  
p re c ip ita te d  su b sta n ce  in th e  p ap er.

7— T e n sile  s tre n g th , an d  sm o o th n ess of su rfa ce  o n ly , 
seem  to  be en h a n ced  b y  p ressin g  w ith  a  w a rm  iron.

8— F ro m  th e  id e n t ity  of c ry s o tile  to  “ tru e  a sb e s to s ”  
an d  th e  gen era l c h a ra cte r  of th e  fo re ig n  su b sta n ce s  
used, th e  in d ica tio n s  are p r e tt y  c le a r  th a t  no fo re ign  
su b sta n ce  e ith er a c tin g  b y  its e lf  or w ith  oth ers can  
in crease  th e  ch e m ica l s ta b ili ty  o f a sb e sto s  to w a rd s  
fire.

9— Under the experimental conditions set fo r  the heat 
or “ fire test,’ ’ i . c., a temperature varying from  900-  
1000° C. with a time interval of 10 hours, it seems 
probable that 110 paper composed o f  incombustible sub
stances containing molecular water is fire-proof or can be 
made fire-proof. T h is  in fe re n ce  can be extended to 
“ true asbestos”  on a c c o u n t of its  gen era l s im ila r ity  in 
p ro p erties  an d  co m p o sitio n  to  cry so tile .

I t  is  true, h o w ev er , t h a t  se v e ra l sam p les of p ap er 
p re p a re d  b y  th e  w rite r , w ere n o t serio u sly  im p a ired  
w hen exp o sed  to  a  d u ll re d  h e a t fo r  an  h o u r o r so. 
T h e se  sam p les s till  p ossessed  co n sid era b le  fle x ib ility  
a n d  co u ld  b e  h a n d led , if a  ce rta in  degree  of care  w as 
u sed . T h e re  are  som e v a r ie tie s  o f “ tru e  a sb e s to s ”  
w h ich  c lin g  to  th e ir  ze o litic (? )  w a te r  w ith  a g re a t deal 
m ore p ersisten ce  th a n  cry so tile . P a p e r m a d e  fro m  
a sb esto s of th is  so rt  w o u ld  of co u rse  b e  q u ite  w ell 
a d a p te d  fo r  th e  p re p a ra tio n  o f, e. g., fire-p ro o f re 
cord s. In  gen era l th e n , w hen  lo w er te m p e ra tu re s  and  
sh o rte r t im e  lim its  are  co n sid ered , it  is v e r y  p ro b a b le  
th a t  an  e n tire ly  s a t is fa c to r y  fire p ro o f p a p er ca n  be 
p rep ared .

10— In  re sp e ct to  fire-p ro o f in k s, so lu tio n s of ferric , 
ch ro m ic a n d  co b a lto u s  n itra te s  a n d  ch lo rid es w ere 
u sed . T h e y  s to o d  th e  “ fire t e s t ”  w ell. A c c o rd in g  
to  F ra n z  C irk e l in  th e  C a n a d ia n  G o v e rn m e n t b u lle tin  
“ Asbestos— Its Exploitation and Uses”  no in k s  up to  
th a t  t im e  p re p a re d  w o u ld  s ta n d  a red  h e a t— e x ce p tin g  
p erh a p s th o se  p ro d u ced  fro m  p la tin u m . F o r in k s  
o th er th a n  th o se  p re p a re d  fro m  p la tin u m , one co n d i
t io n  seem s to  be n ece ssa ry , th a t  th e  a cid  o xid es in  th e  
p a p er sh o u ld  be k e p t  in  excess.

T u l a n e  U n iv e r s it y  o p  L o u is i a n a , N e w  O r l e a n s

A  H IG H L Y  U N SA T U R A T E D  H Y D R O C A R B O N  IN  S H A R K  
L IV E R  O IL

By M it s u m a r u  T s u j im o t o  

Received M arch 21, 1916

A lth o u g h  u s u a lly  sm a ll in  th e ir  q u a n titie s , h y d r o 
ca rb o n s seem  to  o ccu r in  f a t t y  oils m ore fre q u e n tly  
th a n  h ith e rto  co n sid ered . Som e o f th e m  m a y  p o ssi
b ly  be u tilize d  fo r th e  id e n tifica tio n  of in d iv id u a l 
fa ts  an d  oils.

P . M a tth e s  a n d  0 . R o h d eck * iso la te d  a  h y d r o c a r
b o n  o f th e  co m p o sitio n  C30H48 fro m  ca ca o  b u tte r . 
I t  w as  co n sid ered  m o st l ik e ly  id e n tica l w ith  a m y rilen e . 
T h e  fo rm e r ch e m ist, to g e th e r  w ith  H . S a n d e r,2 o b 
ta in e d  a  h y d ro ca rb o n  fro m  la u re l oil an d  n am e d  it  
la u ra n e . I t  h a d  th e  co m p o sitio n  C20H42 an d  fo rm e d  
a fine n eed le  c r y s ta l of m . p . 69° C . fro m  its  a lco h o lic  
so lu tio n . A c c o rd in g  to  a n o th e r in v e stig a tio n  of 
M a tth e s  a n d  W . H e in tz ,3 a  h y d ro ca rb o n  of th e  co m 
p o sitio n  C20H.12 (m . p. 6 9° C .)  occu rs in  p a rs le y  seed 
oil an d  w as n am ed  b y  th e m  p etro silen e . A  h y d r o 
ca rb o n , C31H0J (m . p. 6 7 -6 8 °  C .) ,  is s ta te d  to  o ccu r 
in  k 6 sa m  seed oil (P o w e r an d  L ees).

In  th e  d o m a in  of a n im a l oils, e sp e c ia lly  in  in sect 
oils, h y d ro ca rb o n s  o ccu r in  co n sid era b le  a m o u n ts 
an d  are  c h a ra c te r is tic  o f th e m . So, fro m  ch ry sa lis  
o il, M e n o zzi an d  M o re sch i4 iso la te d  tw o  h y d r o c a r
b o n s: one o f th e m  h a d  th e  co m p o sitio n  C 28H58, m elted  
a t  6 2 .5 °  C . a n d  w as o p tic a lly  a c tiv e , w h ile  th e  o th er 
m elted  a t  4 1 -4 2 °  C . F u rth e r , h y d ro ca rb o n s  w ere 
o b ta in e d  fro m  ca n th a rid e  an d  M e lo lo n th a  o ils.5

T h e  s tu d y  of su b sta n ce s, b esid e  stero ls , in th e  un- 
sa p o n ifia b le  m a tte r  of oils a n d  fa ts , so -called  “ stea ro l- 
free u n sap o n ifia b le  m a tte r ,”  h as la te ly  m uch a ttr a c te d  
th e  in te re st o f th e  oil ch cm ist. T h e se  su b stan ces 
co n sist m a in ly  of h y d ro ca rb o n s , a lcoh o ls  an d  k eto n e s. 
T h a n k s  to  th e  classica l research es of W in d a u s, an 
e ffe c tu a l m ean s fo r  th e  se p a ra tio n  of stero ls  fro m  
th ese  su b sta n ce s  w as in tro d u ce d  in to  fa t  a n a ly sis  
b y  th e  use of d ig ito n in .

T h e  rep o rts  o f J . M a rcu sso n  an d  G . M e y e rh e im ,0 
as w ell as P . B e rg  a n d  J. A n g e rh a u s e n ,7 h a v e  s a tis 
fa c to r ily  co n firm ed  th e  im p o rta n ce  of th e  in v e s tig a 
t io n  o f a  stea ro l-fre e  u n sap o n ifia b le  m a tte r. T h e  
la tte r  ch em ists  h a v e  d e vised , on th e  gro u n d  o f th e  
e x a m in a tio n  of th is  m a tte r, a  d ifferen tia tio n  m eth o d  
of m o w rah  a n d  shea b u tte rs , th e  d is tin ctio n  of w h ich  
is n o t fea sib le  b y  o rd in a ry  fa t  a n a ly sis .

O f m arin e  an im a l oils, sh a rk  l iv e r  oil co n ta in s, as is 
w ell k n o w n , a  h igh  p ercen ta g e  of u n sap o n ifia b le  m a t
te r , an d  ap p ea rs to  fu rn ish  a  v e r y  su ita b le  m a te ria l 
fo r  th e  a b o v e-m en tio n e d  in v e stig a tio n . In  th e  l ite r a 
tu re  of fa ts , h o w ev er , w e find  b u t  m eagre d e sc rip 
tio n s of th e  o il; som e s ta te m e n ts  e v e n  a p p e a r t o  b e  
c o n flic tin g  a t  a  g la n ce.

■ Ber.. 1908, 41.
* Arch. d. Pharm., 1908, 165.
* Ber., 1909, 325.
* Rend, accad. dei Lincei, 1908, 95.
* M osquito  fa t is likely to  contain hydrocarbon (W. N orm ann, Chem. 

Rev., 1913, 187).
6 Z . angew. Chem., 1914, 201.
» Z. Nahr. Cenussm., 1914, Bd. 27, 723; Bd. 28. 73, 145.
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C . S ch a e d le r1 a n d  a lso  L . E . A n d e s 2 d escrib ed  th e  
sp. gr. o f s h a rk  l iv e r  oils to  be 0 .8 7 0 -0 .8 7 5  (h igh est 
0 .8 80 ) a t  1 5 °  C ., an d  to o k  oils of h ig h er sp. gr. to  be 
a d u lte ra te d . G . H e fte r ,3 on  th e  o th er h a n d , re je c te d  
th e  a b o v e  s ta te m e n t as in co rre ct, a n d  assign ed  th e  
v a lu e s  0 .0 1 0 -0 .9 1 6  a t  1 5 °  C . B o th  sta te m e n ts  
a re  co rrec t, h o w ev er , as, a cco rd in g  to  th e  a u th o r ’s 
exp erien ce , sh a rk  l iv e r  oils o f sp. gr. 0 .8 6 4 4  to  0 .9 3 2 3  
a t  1 5 °  C . w ere m et w ith , th e  v a lu e  v a r y in g  a cco rd in g  
to  th e  d ifferen ce  of th e  gen u s an d  sp ecies of sh a rk s. 
T h e  g re a t v a r ia tio n  on th e  o th er c h a ra cte r is tic s  of 
th e  oil reco rd ed  in  th e  lite r a tu r e  m a y  e a s ily  b e  u n d e r
sto o d  as w e ll.4 O f th e  n a tu re  of th e  f a t t y  acid s of 
sh a rk  liv e r  oil, no d escrip tio n  is fo u n d  eve n  in th e  
s ta n d a rd  w orks on oils an d  fa ts , su ch  as “ L e w k o - 
w its c h ”  a n d  “ B e n e d ik t-U lz e r .”

T h e  u n sap o n ifia b le  m a tte r  o f sh a rk  liv e r  oil is u su a lly  
s ta te d  to  co n sist of ch o lestero l. T h o u g h  ch o lestero l 
is in v a r ia b ly  fo u n d  in  th e  oil, th is  s ta te m e n t is n o t 
v a lid , since su b sta n ce s  besid es ch o le ste ro l, n o ta b ly  
h y d ro ca rb o n s , are fo u n d  in v e r y  la rg e  q u a n titie s  in 
som e sh a rk  liv e r  oils.

I t  sh o u ld  be m en tio n ed  t h a t  th e  o ccu rren ce  of 
h y d ro ca rb o n s in  s h a rk  liv e r  oil h as n o t y e t  b een  
reco gn ized  b y  th e  a u th o ritie s : b u t  in  A lle n ’s “ C o m 
m ercia l O rga n ic  A n a ly s is ,”  V o l. I I ,  P a r t  I (1899), p . 
201, th e  fo llo w in g  in te re stin g  n o te  is fo u n d : T h e
a u th o r ex a m in ed  fo u r sam p les of p re su m a b ly  a d u l
te r a te d  sh a rk  liv e r  oil (sp. gr. 0 .8 6 6 1 -0 .8 7 4 6  a t I S - 5° 
C .)  an d  o b ta in e d  6 9 .9 - 8 3 .5  p er ce n t of th e  eth er- 
e x tra c tio n  resid u e  (u n sap o n ifiab le  m a tte r). T h e  resi
due w as fo u n d  to  be a  b rig h t y e llo w  color lik e  th e  
o rig in a l oil. I t  w as free  fro m  n itro ge n  a n d  n e a rly  
free  fro m  o x y g e n , an d  g a v e  w hen  h e ate d  an  u n m is
ta k a b le  odor of p in e  resin . A lle n  to o k  it , a p p a re n tly  
erro n eo u sly , to  b e  a  m ix tu re  of lig h t  rosin  oil w ith  sh ale  
or p etro le u m  lu b r ic a tin g  oil, w h ich  h a v e  been  ad d ed  
to  th e  oil as an  a d u lte ra n t. In  m y  o p in ion , th e  s u b 
sta n ces  m u st h a v e  h y d ro ca rb o n s, n o rm a lly  presen t.

T h e  first rep o rt on th e  o ccu rren ce  o f h y d ro ca rb o n s  
in  sh a rk  liv e r  oil is, so fa r  as I k n o w , th e  one p u b lish ed  
b y  th e  a u th o r som e te n  y e a rs  a g o .5 T h e  sam p le  of sh jirk  
liv e r  oil used  fo r  e x a m in a tio n  w as so -called  “ K u ro k o - 
zam d ”  o il,6 o b ta in e d  fro m  th e  liv e r  of a sh a rk  ca u g h t 
in  th e  S a g a m i Sea. T h e  oil h a d  th e  sp. gr. 0.8806 
a t  1 5 .5 °  C .;  sa p o n ifica tio n  v a lu e  6 6 .8 5 , io d in e  v a lu e  
(W ijs) 2 8 1 .4 7 , a n d co n ta in ed  5 6 .1 3  p er ce n t of u n 
sap o n ifia b le  m a tte r. T h e  u n sap o n ifiab le  m a tte r  w as 
a  lig h t y e llo w  oil of io d in e  v a lu e  381, w h ich  on  bro m - 
in a tin g  in an e th erea l so lu tio n  y ie ld e d  a w h ite  p re 
c ip ita te  of b ro m in e a d d itio n  co m p o u n d . B y  e lem en 
t a r y  a n a ly sis , th e  la tte r  s u b s ta n ce  w as fo u n d  to  co n 
s ist o f 2 6 .9 3  P er ce n t C , 3 .9 4  p er cent H  a n d  6 9 .2 8  
per ce n t B r , co rresp o n d in g  a p p ro x im a te ly  to  an  em -

1 "Technologie der F e tte  und Oele,” 1883*
? “ Animal F a ts  and O ils /’ 1904.
3 "Technologic der F e tte  und Oele, **Bd. I I  (1 9 0 8 ).
4 T he variation m ay even be caused by  the age and h ab it of fish, and  

also by local conditions. Cp. O. Polim anti, Biochem. Z ., 1915, 145.
5 K 6 gy6 -Kwagaku Zasshi, J . Chtm. Ind., Tokyo, 1906, 9 5 3 . The 

report was published in Japanese only,
8 “ K uroko zam£” is probably a kind  of "K uro-zam d” (Black shark) 

of the genii Zatneus and  Lepidnrhtnus. B u t neither the  exact genus nor 
species is known. (Japanese: “Sam 6” or “ Zam 6” *» Shark.)

p irica l fo rm u la , C io H ig B n . F ro m  th is  resu lt th e  
a u th o r in ferred  th e  existen ce  o f a  h ig h ly  u n s a tu ra te d  
h y d ro ca rb o n  of th e  co m p o sitio n  C io H u  o r (C5H 9),,.

L a te ly , w h ile  e n g a g in g  in  th e  e x a m in a tio n  o f m arin e  
a n im a l oils, th e  a u th o r h as o fte n  m et w ith  sh a rk  
liv e r  oils of h igh  co n te n t of u n sap o n ifia b le  m a tte r. 
H en ce th e  p re v io u s  w o rk  w as a ga in  ta k e n  up  an d  
has sh o w n  t h a t  h y d ro ca rb o n s are im p o rta n t  a n d  c h a r
a cte ris tic  co n stitu e n ts  o f so m e sh a rk  l iv e r  oils.

In  th e  p resen t p re lim in a ry  re p o rt, th e  a u th o r d e 
scribes tw o  re m a rk a b le  J ap a n ese  sh a rk  l iv e r  oils 
(“ A i-z a m é ”  an d  “ H e ra tsu n o -za m é ” ) w hose co n te n ts  
of u n sap o n ifia b le  m a tte r  a m o u n t to  a b o u t 70-90 
per ce n t. B y  th e  p resen t in v e stig a tio n , th e  u n sa p o n i
fiab le  m a tte r  of th e  oils has b een  co n firm ed  to  co n sist 
ch ie fly  o f h y d ro ca rb o n s. T h e  oils are th e re fo re  n o t 
f a t t y  oils, b u t  h y d ro ca rb o n  oil, in  w h ich  a  co m p a ra 
t iv e ly  sm a ll q u a n tity  o f g ly ce rid e s  is p resen t.

E X P E R IM E N T A L  

SA M PLE S OF SH A R K  L IV E R  O IL  U SE D  FO R  E X A M IN A T IO N

S h a rk  l iv e r  oil (J ap a n ese: “ S a m é -a b u ra ” ) is o b 
ta in e d  fro m  th e  liv e r  of sh a rk s, fish  b e lo n gin g  to  
Selachoidei.  T h e re  are a  g re a t n u m b e r of sp ecies 
of sh a rk , b u t  th o se  w h ich  are  c a u g h t fo r  o il-y ie ld in g  
p u rp o ses are  c o m p a r a tiv e ly  lim ite d . T h e  m ore co m 
m on oil-sh arks of J a p a n  are as fo llo w s: C a t  sh a rk ,
D o g  sh a rk , P o rb ea g le , B a sk in g  sh a rk , th e  S q u a lo id

A i -z a m é  (Squalus m itsukurii, J o r d a n  a n d  S n y d e r ) 
Scale abou t Vio

sh a rk s  (th e  m o st im p o rta n t s h a rk  b e lo n gin g  to  th is  
class is “ A i-za m 6 ,”  Squalus m itsukurii)  a n d  th e  so- 
ca lle d  “ B la c k  s h a rk s ”  (G e n ii Zam eus, Lepidorhinus,  
e tc .).

A s  a re su lt of th e  a u th o r ’s exp erim en ts , it  h as been 
o b serve d  th a t  m ore or less h y d ro ca rb o n s  o ccu r in sh a rk  
liv e r  oils of sp ecific  g r a v ity  lig h te r  th a n  0 .900 a t 
15 °  C ., th e  co n te n t in cre asin g  as th e  sp ecific  g r a v ity  
becom es lig h te r. A i-zam 6  a n d  H e ra ts u n o -z a m i oils 
are th e  lig h te s t  sh a rk  liv e r  oils exa m in ed ; h e n ce, th e y  
co n ta in  th e  h ig h est p ro p o rtio n s of h y d ro ca rb o n s .

a i - z a m e  o i l  is o b ta in e d  fro m  th e  liv e r  of “ A i- 
zam 6 ,” 1 Squalus m itsukurii  (Squalidae), J o rd a n  an d  
S n y d er , one of th e  co m m o n  sq u a lo id  sh a rk s  of 
J a p a n . T h e  l iv e r  o f th is  sh a rk  is v e r y  rich  in  oil; 
h en ce, th e  fish is o fte n  ca lled  s im p ly  “ A b u ra -z a m d ”  
(A b u ra  =  oil, Z am e =  sh a rk ). T h e re  are  tw o  or 
m ore v a r ie tie s  o f Squalus mitsukurii.  “ A i-za m e ”  
is th e  n am e g iv en  to  a  v a r ie ty  w h ich  liv e s  in th e  sea  
n ear T o k y o , n o ta b ly  in  th e  S a g a m i an d  S u ru g a  Seas. 
T h e  fo llo w in g  sam p les of th e  oil w ere p ro cu red :

(1) T h is  oil w as p re p a re d  in  th e  la b o r a to r y  ( M a y  
7, 1 9 1 5 ), fro m  th e  fresh  liv e r  of an  “ A i-za m 6 ,”  ca u g h t

* T he meaning of "A i” in Japanese is no t exactly known. T he shark 
is known as "T okyo  dogfish."



O ct.,  1916 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

in  th e  S u ru g a  S e a .1 T h e  fish (m ale) w as 92 cm . in  
le n g th  (m easu red  fro m  tip  of sn o u t to  ro o t of u p p er 
lo b e  of ca u d a l) an d  w eigh ed  8 .5  k g . T h e  co lo r of th e  
b o d y  of th e  fish w as p in k ish  g ra y , b eco m in g  lig h te r  
o n  th e  u n d ersid e. T h e  sn o u t w as p o in ted , th e  sp ira 
c le s, la rg e , th e  sp in es in th e  tw o  dorsals ra th e r sm all. 
T h e  g r a y is h  w h ite-co lo red  liv e r  w as fo u n d  to  o c c u p y  
th e  g re a te r  p a rt of th e  in te rn a l c a v it y ,  th e  w eig h t 
re a ch in g  2120 g ., i. e., a b o u t 25 per ce n t of th e  to ta l 
b o d y  w eig h t. T h e  oil w as p rep ared  b y  c a re fu lly  
h e a tin g  th e  ch o p p ed  m a te ria l in a p o rccla in  basin  
on a  san d  b a th , u n til th e  m o istu re  h a d  been  n e a rly  
exp elled . T h e  y ie ld  o f th e  oil w as a b o u t 16 15  g. 
T h e  oil is a  p ale  o ra n g e-y e llo w  liq u id  of a  p ecu lia r, 
n o t u n p le a sa n t odor. W h en  sp rea d  on  th e  sk in , a 
fish y  sm ell w as n o tice d  in  a  l i t t le  w hile. W h en  s tirre d  
w ith  a  drop  o f co n ce n tra te d  su lfu ric  acid , a  fine re d 
dish  v io le t  co lo ra tio n  w as d eve lop ed .

(2) T h is  oil w as a co m m e rcia l oil, p ro cu red  fro m  a 
fish oil fa c to r y  a t  Y u i-c h ô , S u ru g a  (S h izu o k a  P re fe c 
tu r e ) . I t  w as a p ale  o ra n g e-y e llo w  oil of p ro p erties  
v e r y  s im ila r to  S a m p le  1. T h e  co lo ra tio n  w ith  
c o n ce n tra te d  s u lfu r ic  acid  w as y e llo w ish  b ro w n .

T h e  fo llo w in g  v a lu e s  w ere d eterm in ed  w ith  th e  
a b o v e  tw o  sam p les:

Ai -zamîî Oil  (1) (2)
i5p. gr. (15° C ./4 °  C .).......................  0.8644 0.8662
Solidifying p t ........................................ Below — 20° C. Below —  20 C.
Acid v a lu e .............................................  0 .0 0  0 .13
Saponification va lue........................... 22 .98  28.15
Iodine value (Wijs) (a ) ......................  344.63 330.35
Iodine value (Hiibl) (a ) .............   352.00 333.45
R efractive index (20° C .) ................  1.4930 1.4925
F a t ty  acids............................................ 10.62%  . . . .
N eutralization v a lu e ..........................  168.52 . . . .
Iodine value (W ijs)............................  119.25 . . . .
G lycerol.................................................. 0 .5 2 %  . . . .
U nsaponifiable m a tte r ....................... 90 .17%  87 .32%

(a) T he tim e of s tanding was 2 and  24 hrs. w ith  W ijs’s and H üb l’s solu
tions, respectively.

T h e  m ixed  f a t t y  acid s g a v e , in  e th er so lu tio n , 16 . 55 
p er ce n t' o f p o ly b ro m id e s , w h ich  tu rn e d  b la c k  w ith 
o u t m e ltin g  a t  a b o v e  2000 C . G ly ce ro l w as d e te r
m in ed b y  th e  b ich ro m a te  m e th o d ; it  w as a lso  q u a li
t a t iv e ly  iso la te d  b y  th e  a ceto n e  e x tra c tio n  m eth od  
(S ch u k o ff and  S ch e sta k o ff). S in ce  its  p ercen ta g e  
is a  l it t le  less th a n  th e  h a lf of t h a t  ca lc u la te d  fro m  
th e  sa p o n ifica tio n  v a lu e , a  sm a ll q u a n tity  of som e 
e steric  co m p o u n d s besid es g ly ce rid e s  is d o u b tless  
p re se n t in  th e  oil.

h e r a t s u n o - z a m é  o i l — “ H e ra tsu n o -za m é ,” 2 Deania  
cglanlina  (Jo rd an  an d  S n y d e r ) , is an o th e r sq u a lo id  
sh a rk  w h ich  co n ta in s  a  la rg e  q u a n tity  of liv e r  oil. 
T h e  sam p le  o f th e  oil u sed  fo r  exp erim en t w as o b 
ta in e d  fro m  a “ H e ra tsu n o -z a m é ”  c a u g h t also  in  th e  
S u ru g a  Sea. T h e  fish (m ale) h a d  a g r a y  sk in  an d  a 
p ecu lia r fla tte n e d  head . T h e  sp in e  in th e  seco n d  
do rsa l w as la rg e  a n d  cu rv e d  b a c k w a rd . I t  h a d  a 
b o d y  le n g th  of 7 1 .2  cm . and w eigh ed  1 .8 8  k g . T h e  
liv e r  w as of a  g ra y is h  p in k  co lo r and  w eigh ed  407 g. 
T h e  oil w as p re p a re d  in  th e  sam e w a y  as A i-za m é  
oil. T h e  y ie ld  w as 338 g. (N o v . 29, 19 15)- T h e  oil 
w as  a  lig h t  y e llo w  liq u id . I ts  o dor resem b led  th a t  
o f A i-za m é  oil. S tirred  w ith  a  d rop  of co n ce n tra te d

1 T he da te  has been m entioned, because the season appears to  influence 
the  properties of fish oils.

! “ H era” «  spatu la, in allusion to  the flat head of th e  fish. “ T suno” ■* 
spine; “Zam é” =  shark.

su lfu r ic  acid , a  v io le t-re d  co lo ra tio n  w as d e ve lo p e d . 
I t  h a d  th e  fo llo w in g  p ro p ertie s:

Sp. Kr. (15° C ./4 °  C.).. 0.8721 R efractive index (20° C.) 1.4850
Solidifying p t .................  A t 20° C., F a tty  acids.........................  26 .59%

solidified to  a viscous mass
Acid v a lu e .......................  0 .49  N eutralization  value. . . .  168.39
Saponification v a lu e .. .  52 .46  Iodine value (W ijs)  73.35
Iodine value (W ijs )... .  261'. 72 G lycerol................................  0 .3 9 %
Iodine value (H iib l). . .  259.16 Unsaponifiable m a tte r . . . 72 .88%

T h e  m ixed  f a t t y  acid s g a v e  a  v e r y  sm a ll q u a n tity  
of e th er-in so lu b le  b ro m in e  a d d itiv e  co m p o u n d s w h ich  
tu rn e d  b la c k  on h e atin g . T h e  g ly ce ro l w as fa r  less 
th a n  ca lcu la te d  fro m  th e  sa p o n ifica tio n  v a lu e .

D E T E R M IN A T IO N  OF U N S A P O N IF IA B L E  M A T TE R

I t  is d ifficu lt an d  n o t in  all cases p o ssib le  to  d e te r
m ine q u a n t ita t iv e ly  th e  co n te n t o f h y d ro ca rb o n s 
in  sh a rk  liv e r  oils. B u t  in th e  cases w h en  no o th er 
su b stan ce s  besid es ch o lestero l a re  p resen t in th e  u n 
sap o n ifia b le  m a tte r  to g e th e r  w ith  h y d ro ca rb o n s, th e  
la tte r  m a y  be in d ire c tly  d e te rm in e d  b y  d e d u ctin g  
th e  a m o u n t of ch o lestero l fro m  th e  to ta l u n sap o n ifia b le  
m a tte r. So fa r  as th e  p resen t sh a rk  liv e r  oils are 
co n cern ed , as w ill b e  seen  la te r, th e  so -ca lled  stea ro l- 
free u n sap o n ifiab le  m a tte r  m a y  be ta k e n  to  be p ra c 
t ic a lly  id e n tica l w ith  h y d ro ca rb o n s.

(a) D E T E C T IO N  OF H Y D RO C A R BO N S— T h e  fo llo w in g ' 
m eth o d , e sse n tia lly  a  co m b in a tio n  of th e  w ell-k n o w n  
S p itz -H ô n ig ’s a n d  B ô m e r ’s m eth o d s of d e term in a -

H e r a t s u n o -z a m £ ( Deania eglantina, J o r d a n  a n d  S n y d e r )
Scale abou t l/a

tio n  of th e  u n sap o n ifia b le  m a tte r  in f a t t y  oil, h as been  
tr ie d  w ith  success to  decid e  w h eth e r a  g iv e n  sam p le  
of sh a rk  liv e r  oil co n ta in s  h y d ro ca rb o n s  or n o t, a n d  
to  d eterm in e  th e ir  co n te n ts  a p p ro x im a te ly . A s  ch o 
leste ro l is v e r y  in c o m p le te ly 'e x tr a c te d  b y  p etro leu m  
e th er fro m  so ap  so lu tio n , th e  residue of th e ' e x tr a c 
t io n  co n sists  ch ie fly  of h y d ro ca rb o n s . W h en  th e  
resid u e has b een  fo u n d  to  b e  an  oil, th e  p resen ce  of 
h y d ro ca rb o n s  m a y  be s ta te d  w ith  a  p o ssib le  c e rta in ty . 
T h e  absen ce  of h y d ro ca rb o n s  m a y  b e  u s u a lly  con firm ed 
b y  a  resid u e o f a sm all q u a n tity  o f c ry s ta ls  of m e lt
in g  p o in t a b o v e  io o °  C .

T h e  o p era tio n  a d o p te d  w as as fo llo w s:

5 -1 0  g. of th e  sam p le  w ere sap o n ified  w ith  50 cc. 
o f a b o u t n orm al (96 p er ce n t) a lco h o lic  K O H  in a 
fla sk  w ith  a  reflux  con d en ser on a  w a ter  b a th  fo r a b o u t 
30 m in u tes to  1 h our. O n co o lin g , th e  c o n te n ts  of 
th e  fla sk  w ere w ash ed  o u t in to  a  se p a ra tin g  fun n el 
w ith  50 cc. o f d istille d  w a ter  and sh a k en  w ith  100 cc. 
o f p e tro le u m  e th e r  (b o ilin g  p o in t b e lo w  6 5° C .)  fo r 
1 m in u te.

T h e  em u lsion  sep a ra te d  q u ic k ly  in to  tw o  la y e rs . 
A fte r  sta n d in g  fo r a b o u t one h our, th e  lo w er la y e r  
of th e  so ap  so lu tio n  w as d raw n  off in to  a  b e ak e r. 
T h e  p etro leu m  e th er la y e r  w as w ash ed  su cce ssiv e ly  
w ith  20 cc. o f 50 p er ce n t a lcoh o l an d  d istilled  
w a te r , each  tw o  tim es, and  th e  a lco h o l w ash in gs a d d ed  to
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th e  so a p  s o lu tio n ; th en  th e  p etro le u m  e th er la y e r  
d ra w n  off in to  a  sm all ta r e d  flask , th e  e th er d istilled  
off an d  th e  resid u e  dried  to  a  co n sta n t w e ig h t a t  10 5 ° C . 
in  a  cu rre n t of d r y  ca rb o n  d io xid e  gas. T h is  residue 
co n sisted  m a in ly  of h y d ro ca rb o n s .

T h e  so ap  so lu tio n  in  th e  b e a k e r w as h e a te d  on  a 
w a te r  b a th  (to  exp el th e  g re a te r  p a rt o f a lco h o l), 
th e n  tra n sfe rre d  in to  a  s e p a ra tin g  fu n n el a n d  e x 
tr a c te d  w ith  e a ch  100 cc. o f e th er th re e  tim es. I f  an 
em u lsion  fo rm s, it  m a y  be e a s ily  su b sid e d  b y  th e  a d 
d itio n  of a lco h o l. T h e  e th e r  e x tra c ts  w ere u n ite d  
a n d  w ash e d  w ith  d is tille d  w a te r ; th e  e th e r w as th e n  
d is tille d  off in  a  ta r e d  flask , th e  resid u e  d ried  and  
w eigh ed  as a b o v e .

A s a lre a d y  s ta te d , since ch o le ste ro l is e x tra c te d  
o n ly  to  a  sm a ll e x te n t b y  p e tro le u m  e th er fro m  th e  
soap  so lu tio n , th e  resid u e of th e  seco n d  e x tra c tio n  
b y  e th er co n ta in s  th e  m ain  p a rt of ch o le ste ro l. A s  a 
m a tte r  o f fa c t , h y d ro ca rb o n s  are n o t c o m p le te ly  e x 
tr a c te d  b y  a  sin g le  e x tra c tio n  w ith  p etro le u m  eth er, 
as m a y  be e x p ec te d  fro m  th e  d is tr ib u tio n  la w . In  
th e  case of th e  o il o f lo w  s a p o n ifica tio n  v a lu e , th e  
p etro le u m  e th er e x tra c t  g iv es  th e  ro u gh  co n te n t of 
h y d ro ca rb o n s . B u t  if th e  q u a n t ity  o f sap o n ifia b le  
m a tte r  is la rge , co n sid era b le  p ro p o rtio n s  o f h y d r o c a r
bo n s are  re ta in e d  in th e  so ap  so lu tio n , so t h a t  th e  
a b o v e  n u m b er is n o t e x a c t  e v e n  a p p ro x im a te ly . T h e  
t o ta l  u n sap o n ifia b le  m a tte r  is th e  su m  o f th e  tw o  
e x tra c tio n  resid u es. S in ce  a  sm a ll q u a n t ity  of p ro b a 
b ly  h y d r o ly z e d  so ap  is so m etim es e x tr a c te d  b y  e th er 
to g e th e r  w ith  ch o le ste ro l, th e  re su lt is lia b le  to  g iv e  a 
l it t le  h ig h er p ercen ta g e  of u n sa p o n ifia b le  m a tte r  w ith  
re sp e ct to  th e  e th e r  e x tra c t .

T h e  fo llo w in g  resu lts  (p ercen ta ges) w ere o b ta in e d  
w ith  th e  sam p les of s h a rk  liv e r  oil:

Petroleum  ether E th er T o tal unsaponi- 
OiL ex trac t ex trac t fiable m a tte r

Ai-zamć ( 1 ) . . . . ........................  87 .20  2.97 90.17
Ai-zamć (2 ) ................................  83.06 4 .2 6  87.32
H eratsuno-zam ć.......................  58 .20  14.68 72.88

T h e  p etro le u m  e th er e x tra c ts  w ere fa in t ly  y e llo w  
to  n e a rly  co lorless liq u id , so m etim e s w ith  a  sm all 
d e p o sit o f a p p a re n tly  ch o le ste ro l c r y s ta ls . T h e  e th er 
e x tra c ts  w ere  a  p a le  y e llo w  cr y s ta llin e  m ass a d m ix ed  
w ith  m ore or less liq u id  co n stitu e n ts  (h y d ro ca rb o n s). 
A  fe w  p ro p ertie s  o f th e se  e x tra c ts  w ere  as fo llo w s:

P e t r o l e u m
E t h e r  E x - M ix e d  w it h

t r a c t s  A l c o h o l ic  D i g i -
I o d in e  v a lu e  L ie b u r m a n n ’s  t o n in  S o l u -

O il  ( H i ib l )  T e s t  t io n
Ai-zame (1) . 370.80 Bluish gray, finally Alm ost no pp t.

d irty  yellowish 
orange

Ai-zamć (2) . 378.17 . . . . . .  A lm ost no pp t.
H eratsuno-zam ć.... 360.82 Bluish violet, finally P p t. formed

d irty  orange

E t h e r  E x t r a c t s

Ai-zame ( I ) . . ........................  Reddish violet, P p t. formed
finally dark  green

Ai-zamć (2)...............  187.95   P p t. formed
H eratsuno-zam ć.... 119.80 Violet-red, P p t. formed

finally bluish 
green

T h e  e x c e p tio n a lly  h ig h  io d in e  v a lu e  o f th e  p etro le u m  
e th er e x tra c ts  is v e r y  ch a ra c te r is tic . I t  in d ica te s  
th e  o ccu rren ce, in  th e se  oils, of a  h y d ro c a rb o n  fo u n d  
b y  th e  a u th o r in  “ K uroko-zam < |”  oil fo r  th e  first tim e  
( Loc. cit.).  A s  m a y  be seen b e lo w , th is  w as a c tu a lly  
th e  case w ith  th e  sam p les of th ese  s h a rk  l iv e r  oils.

T h e  p resen ce  of stea ro l in  th e  e th er e x tra c ts  h as b een  
co n firm ed  b y  th e  L ie b e rm a n n  an d  d ig ito n in  te sts .

D E T E R M IN A T IO N  OF C H O L E S T E R O L  C h o le ste ro l w as
d e te rm in e d  b y  th e  d ig ito n in  m eth o d . I t  has been  
sh o w n  b y  M . K lo s te rm a n n  an d  H . O p itz 1 t h a t  a  p a r t  
of th e  ch o lestero l in co d  liv e r  oil o ccu rs in th e  fo rm  of 
e sters; th is  w as also  fo u n d  to  b e  th e  case  w ith  s h a rk  
liv e r  oil.

F o r  .the d e te rm in a tio n  of th e  to ta l co n te n t of ch o le s
tero l, xo g. o f A i-za m ó  oil, or 5 g. o f H e ra tsu n o -za m ć 
oil w ere sap o n ified  w ith  a lco h o lic  K O H , th e  so ap  d e 
co m p o sed  w ith  d ilu te  su lfu r ic  a c id  a n d  sh a k e n  w ith  
e th er. T h e  e th er la y e r  w as w ell w a sh e d  w ith  w a te r  
and  th e n  d e h y d ra te d  b y  m ean s o f a n h y d ro u s  so d iu m  
su lfa te . T h e  resid u e  le f t  in  a  fla sk  b y  e v a p o r a tin g  
off th e  e th er w as  m ixed  w ith  50 cc. of 1 p er ce n t d ig i
to n in  so lu tio n  in  90 p er ce n t a lco h o l an d  v ig o ro u s ly  
sh a k e n  w h ile  h o t fo r  se v e ra l m in u tes. A fte r  s ta n d 
in g  fo r  tw o  or m ore ho u rs, th e  co n te n t of th e  flask  
w as filtered  in  a  ta r e d  G o o ch  cru cib le  co n ta in in g  
la y e rs  of filte r p a p er a n d  co tto n . A s  th e  d ig ito n id e  
fo rm e d  an  e m u lsio n -lik e  m ix tu re  w ith  th e  h y d r o 
ca rb o n s, a b o u t 10 cc. o f ch lo ro fo rm  w ere  n e x t  a d d ed  
to  d isso lv e  th e  la tte r  su b sta n ce s. W h en  th e  p re c ip i
t a te  h a d  been  tra n sfe rre d  in to  th e  cru cib le , it  w as 
w ash ed  w ith  90 p er ce n t a lco h o l an d  fin a lly  w ith  e th er. 
T h e  w h o le  w as d ried  a t  10 5 0 C . a n d  w eigh ed . F ree  
ch o le ste ro l w as d e te rm in e d  b y  a  s im ila r m e th o d  b y  
d ir e c t ly  tre a tin g  th e  o rig in a l oils w ith  d ig ito n in  so lu 
t io n . T h e  w e ig h t of ch o lestero l w as c a lc u la te d  fro m  
th e  w e ig h t of th e  d ig ito n id e  b y  m u ltip ly in g  b y  th e  
fa c to r  0 .2 4 3 1 . T h e  resu lts  o b ta in e d  w ere as fo llo w s:

P e r  c e n t  C h o l e s t e r o l : Free Com bined T o tal
Ai-zamć oil (1 )........................ 0 .0 9  0 .46  0 .55
H eratsuno-zam ć o il............... 0 .61 0 .63  1.24

C h o le stero l a c e ta te  o b ta in e d  b y  tr e a t in g  th e  d ig i
to n id e  w ith  a ce tic  a n h y d rid e  m elted  a t  1 1 2 - 1 1 3 0 C .

I f  w e assu m e th e  u n sap o n ifia b le  m a tte r  of th e  sh a rk  
liv e r  oils to  co n sist o f ch o le ste ro l a n d  h y d ro ca rb o n s  
o n ly , th e n  th e  co n te n t o f th e  h y d ro ca rb o n s  is o b 
ta in e d  b y  d e d u ctin g  th e  co n te n t o f ch o le ste ro l fro m  
th e  to ta l  u n sap o n ifia b le  m a tte r , as fo llo w s:
Ai-zamć oil (1), 89.62 per cent H eratsuno-zam ć oil, 71 .64  per cent

S E P A R A T IO N  O F H Y D R O C A R B O N S

T h e  p etro le u m  e th e r  e x tra c ts  o b ta in e d  in  th e  p re 
v io u s  e x p erim en ts w ere p re su p p o sed  to  b e  a  h y d r o 
ca rb o n  or h y d ro ca rb o n s . In  o rd er to  d eterm in e  
w h eth e r t h e y  re a lly  co n sisted  o f a  h y d ro ca rb o n  or a 
m ix tu re  o f h y d ro ca rb o n s , a n d  if a n y  o th er co n 
s titu e n ts  a re  co n ta in ed  in  th e m , th e  fo llo w in g  e x p e r i
m ents w ere p erfo rm ed . E s s e n tia lly , th e  v o la t i l it y  
o f th e  su b sta n ce s  u n d er a re d u ce d  p ressu re  w as u tilize d  
fo r  th e ir  iso latio n  an d  id e n tifica tio n .

Alr-ZAM E o i l  ( i )

F R A C T IO N A L  D IS T IL L A T IO N  OF S T E R O L -F R E E  U N 

S A P O N IF IA B L E  m a t t e r — O ne h u n d red  g. o f th e  oil 
w ere sa p o n ified  w ith  10 g. o f K O H  in  10 cc. o f w a te r  
a n d  90 cc. o f 96 p er ce n t a lco h o l in  a flask . T h e  sa p o n i
fied  so lu tio n , co n sistin g  of tw o  la y e rs  (th e  u p p er h y d r o 
ca rb o n  a n d  th e  lo w er, ch ie fly  so ap  s o lu tio n ), w as 

1 Z. Nahr. Genussm., Bd. 27, H eft 10.
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tra n sfe rre d  in to  a  s e p a ra tin g  fu n n e l b y  w ash in g  th e  
fla sk  w ith  100 cc. o f d is tille d  w a ter. I t  w as th e n  
e x tra c te d  w ith  200 cc. of lig h t  p e tro le u m  e th er. T h e  
lo w er so ap  so lu tio n  w as d ra w n  o ff, th e  e th e r la y e r  
w ell w ash ed  w ith  50 per ce n t a lcoh o l an d  w a te r , and  
th e n  th e  p e tro le u m  e th e r d istille d  off.

T h e  cru d e  h y d ro ca rb o n  th u s  o b ta in e d  w as m ixed  
w ith  20 cc. o f 1 per ce n t d ig ito n in  so lu tio n  in  95 per 
c e n t  a lco h o l an d  a llo w ed  to  s ta n d  o v e r  n ig h t. T h e  
lo w e r la y e r  o f h y d ro ca rb o n  w as th e n  d raw n  o ff; fro m  
th e  u p p er a lco h o lic  la y e r , in  w h ich  th e  sep a ra te d  
d ig ito n id e  w as ch ie fly  su sp en d ed , th e  a lco h o l w as 
e v a p o r a te d ; th e  resid u e w as tre a te d  w ith  200 cc. 
o f e th e r  an d  m ixed  w ith  th e  p re v io u s ly  d ra w n  h y d r o 
ca rb o n . S in ce  d ig ito n id e  an d  d ig ito n in  are  in so lu b le  
in e th er, th e y  w ere d e p o sited  fro m  th e  e th er so lu tio n  
as w h ite  p re c ip ita te s ; th e se  w ere filtered  off. F in a lly , 
th e  e th er w as e v a p o r a te d  fro m  th e  c lear e th erea l so lu 
tio n , a n d  th e  stea ro l-fre e  h y d ro ca rb o n , a  p ale  y e llo w  
o ily  liq u id  of fa in t  p ecu lia r o dor, w as le ft . T h e  y ie ld  
fro m  xoo g. o f th e  oil w as 79 g. (79 per ce n t b y  w eigh t) 
o f a  co lorless liq u id .

F i f t y  gram s of th e  h y d ro ca rb o n  th u s  o b ta in e d  
w ere p u t  in  a  d is tilla tio n  flask  of a b o u t 100 cc. c a p a c ity , 
a n d  fra c tio n a lly  d istille d  u n d er 8 m m . pressure.

T h e  first drop  of th e  d is tilla te  w as o b serve d  a t 280° 
C . b a th  te m p e ra tu re ; the co n tin u o u s d istilla tio n  
b e g a n  a t  240° C . (te m p e ra tu re  of th e  b a th , 288° 
C .) , th e  th e rm o m e te r  soon risin g  to  256° C . T h e  
sp ecific  g r a v it ie s  an d  re fra c tiv e  in d ices of th e  o rig in a l 
s u b sta n ce , as w ell as th ese  fra ctio n s , w ere d e te r
m in ed:

F r a c t io n  1 2 3  4  5 T o t a i,
T em perature  Oil

B a th ......................  291 289 289 288 286-7° C.
T em perature  D is

tilla tio n ................. 256 256 256 256 256° C.
Yield, gram s  8 .0  9 .7  9 .7  10.4 11.5 49.3
Specific grav ity  (Original)

(15 /4° C .) .........  0.8540 0.8580 0.8589 0.8584 0.8589 0.8570
R efractive Index

(20° C .) ..............  1.4925 1.4963 1.4963 1.4962 1.4962 1.4955

T h u s , th e  su b sta n ce  h a d  a co n sta n t b o ilin g  p o in t 
a n d  its  fra c tio n s  sh o w ed  n e a rly  co n co rd a n t v a lu e s  w ith  
re sp e ct to  sp ecific  g r a v it ie s  a n d  re fra c tiv e  in d ices. I t  
a p p ea rs, th e re fo re , to  co n sist m a in ly  of a s in g le  ch e m 
ica l co m p o u n d , a lth o u g h  a sm a ll q u a n tity  o f a  s u b 
sta n ce  of lo w e r b o ilin g  p o in t is l ik e ly  to  b e  p resen t 
in  th e  first fra c tio n .

T h e  e le m e n ta ry  a n a ly sis  o f th e  su b sta n ce  an d  of 
F ra c tio n  3 g a v e  th e  fo llo w in g  re su lts :
0.1785 g. original substance gave 0.5741 COi, 0.1972 H :0 ; C =  87.71 per 

cent, H =  12 .36 per cent.
0.1816 g. Fraction  3 gave 0.5817 COî, 0.1979 H îO; C -  87 .36  per cen t, 

H  =  12.19 per cent.
M olecular weight of Fraction  3 (freezing point m ethod, benzene as solvent, =* 

413.
CjoHio requires C =  87 .72 per cent, H  =  12.28 per cent, mol. w t. -  410.40. 
C10H 4B requires C «  88.17 per cent, H  “  11.83 per cent, mol. wt. «  408.38.

T h e  a b o v e  resu lts  agree  m ore c lo se ly  w ith  th e  fo r 

m u la  C30H50.
f r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  o i l — B y  th e  la te r  

ex p erim en ts , it  has been  fo u n d  th a t  in  order to  o b ta in  
th e  h y d ro c a rb o n  in  p ure s ta te , th e  p revio u s s e p a ra 
tio n  of stea ro l-fre e  u n sap o n ifia b le  m a tte r  is n o t n eces
s a r y , a n d  th e  o rig in a l oil or cru d e u n sap o n ifia b le  
m a tte r  m a y  be d ir e c tly  d istille d  fo r th is  p urp ose, 
s in ce  ch o lestero l is n o n v o la tile  a t  th e  tem p e ra tu re

an d  p ressu re  a t  w h ich  th e  h y d ro ca rb o n  d istils  o v e r. 
H en ce  th e  fo llo w in g  exp erim en t w as tr ie d : 50 g.
of A i-za m é  oil (1) w ere fr a c t io n a lly  d is tille d  un d er 
10 m m . p ressu re. T h e  d is tilla te s  w ere co lorless an d  
co n ta in e d  a sm all q u a n t ity  o f free  f a t t y  acid s, as  m a y  
o b v io u s ly  b e  e x p e c te d ; th e  la te r  fra c tio n s  w ere  of 
f a ir ly  p u re  q u a lity .

F r a c t io n  1 2 3  4  5 T o t a l

T em perature  Oil
B a th ............... . .  290 292 292.5 295-8 293-303° C

T em pera tu re  D is
tilla tio n   262-4 264 264-5 265 265° C.

Yield, gram s  7 .6  8 .0  9 .0  9 .0  7 .2  40 .8
Acid value  0 .9 9  0 .21  . . . .  . . . .  . . . .
R efractive Index

(20° C .)............  1.4940 1.4963 1.4965 1.4965 1.4965

e L e m e n t a r y a n a l y s i s o f t h e  f r a c t i o n  (4). 0 .1 6 2 2 g . 
g a v e  0 .5 18 3  C 0 2 an d  0 .1 7 6 5  H 20 : . ' .C  =  8 7 .1 5  per 
ce n t, H  =  1 2 .1 8  per cen t.

T h e  a b o v e  co m p o sitio n  co rresp o n d s to  th e  fo rm u la  
C30H50.

A I -Z A 11É o i l  (2)

T h e  stea ro l-fre e  su b sta n ce  w as p re p a re d  b y  th e  
sam e m eth o d  as fro m  A i-z a m í oil (1 ) . F i f t y  gram s 
of th e  p ale  y e llo w  su b sta n ce  w ere fr a c t io n a lly  d is
t ille d  a t  11 m m . p ressu re. T h e  first d rop  w as o b 
se rv e d  a t 256° C . (b a th  2940 C .) ;  th e n  th e  th e rm o m e 
te r  ra p id ly  rose to  a b o v e  260o C . T h e  d is tilla te s  
w ere colorless.

F r a c t io n  1 2 3 4  5 T o t a l

T em peratu re  Oil
B a th ......................  304 300 294 294 295-306° C.

T em peratu re  D is
tilla tio n   265-268 268 368 268 268° C.

Yield. G ra in s .. .  . 10.6 10.6 10.5 10.8 6 .5  4 9 .0
Specific g rav ity  (Original)

(15/4 C .)........... 0.8574 0.8584 0 .8586 0.8587 0.8546 0.8586
Refractive Index

(20° C .)............  1.4955 1.4965 1.4965 1.4965 1.4968 1.4960

T h e  e le m e n ta ry  a n a ly s is  g a v e  th e  fo llo w in g  re su lts : 
0 .19 4 3  g. o rig in a l su b sta n ce  g a v e  0 .6 2 58  C 0 2, o . 21 21 

H 20 : C  =  87. 84 p er ce n t, H =  1 2 .2 1  p e r c e n t ;
o . 1932 g. of fra c tio n  3 g a v e  o . 6230 C 0 2, o . 2079 H 20 : 
C  =  8 7 .9 4  per ce n t, H  =  1 2 .1 4  p er cen t.
H en ce, th e  su b sta n ce  co n sists  o f th e  h y d ro c a rb o n  

C30H50.
IIE R A TS U N O -Z A M É  OIL

T h e  d irect d is tilla tio n  m e th o d  w as a d o p te d  w ith  
th is  oil. B u t , since H e ra tsu n o -za m é  oil co n ta in s  
a fa r  h ig h er p ercen ta g e  of e ste ric  co m p o u n d  th a n  
A i-za m é  o il, th e  se p a ra tio n  of h y d ro c a rb o n  w as 
b e tte r  a cco m p lish e d  b y  re so rtin g  to  re d is tilla tio n : 
100 g. o f th e  oil w ere  d is tille d  u n d er 4 .5  to  5 m m . 
p ressu re: th e  y ie ld  of th e  d is t illa te  w as 58 g. 
T h e  m ain  p a r t  d istille d  a t  2 50 -2 6 0 ° C ., b u t  it  
w as fo u n d  th a t  a  sm a ll fra c tio n  d is tillin g  a t  a 
te m p e ra tu re  b e lo w  250o C . a t  5 m m . w as a lso
p resen t. T h e n , th e  d is tilla te  w as w ell w ash ed  
w ith  a lk a li to  re m o v e  th e  a d m ix ed  f a t t y  a c id s: 40 g. 
o f th is  refined  su b sta n ce  w ere fra c tio n a lly  d is tille d  
u n d er 5 m m . p ressu re. T h e  d is tilla te s  w ere  co lo r
less.

F r a c t io n  1 2  3  4  5  6  T o t a l

T em p. Oil B a th   285 288 286 284 285 287° C.
Tem p. D istillation to  248 248-52 252 252 252 252
Yield, g ram s............... 1 .4  6 . 6  7 .2  7 .2  7 .2  7 .5  37.1
S p .g r . (15 /4° C .) . . .  0.8189 0.8581 0 .8589 0 .8589 0.8589 0 .8590
Ref. Index (20° C .). 1.4633 1.4950 1.4955 1.4962 1.4961 1.4960

F ra c tio n  i  h a d  a  lo w e r b o ilin g  p o in t an d  co n sid e ra 
b ly  lo w er sp ecific  g r a v it y  an d  re fra c tiv e  in d ex. T h e



p ro p ertie s  o f th e  o th er fra c tio n s  n e a rly  co in cid ed  
w ith  th o se  o f th e  h y d ro c a rb o n  C30H50, iso la te d  fro m  
A i-za m é  oil.

T h e  e le m e n ta ry  a n a ly sis  an d  m o lecu lar w e ig h t d e
te rm in a tio n  of F ra ctio n s  i  an d  4 g a v e  th e  fo llo w in g  
re su lts : 0 .1 5 6 5  g. F ra c tio n  1 g a v e  0 .4 9 2 5  C 0 2,
o . 1928 H 20 : .'. C  =  8 5 .8 2  per ce n t, H  =  13 . 78 per 
ce n t; M o l. w t. =  288.

C 28H38 req u ires C  =  8 6 .2 4  per c e n t , H  =  1 3 .7 6  
per ce n t; M o l. w t. =  2 78 .3 .

F ra c tio n  1 w as th u s co n firm ed  to  be a h y d ro ca rb o n , 
b u t th a t  it  r e a lly  co n sists  o f a  sin g le  co m p o u n d  re 
quires fu rth e r  co n firm atio n .

0 .18 8 0  g. F ra c tio n  4 g a v e  0 .6 0 2 4  C 0 2, 0 .20 66 
H 20 : C  =  8 7 .3 9  per ce n t; H =  1 2 .3 1  per cen t.

T h is  fra c tio n  w as th u s  co n firm ed  to  be th e  h y d r o 
ca rb o n  C soH bo.

A s th e  resu lt o f th e  a b o v e -d e scr ib e d  e x p erim en ts , 
it  h as been  co n clu d ed  th a t  th e  s te a ro l-fre e  u n sa p o n i
fiab le  m a tte r  of A i-za m é  a n d  H e ra tsu n o -za m é  oils 
m a in ly  co n sists  of a  n ew  h y d ro ca rb o n  of th e  em p irica l 
fo rm u la  C30H60. B esid es th is  h y d ro ca rb o n , a  sm a ll 
q u a n t ity  o f a h y d ro ca rb o n  or h y d ro c a rb o n s  of lo w er 
b o ilin g  p o in t is also  p resen t in  th ese  o ils, e sp e c ia lly  in 
H e ra tsu n o -za m é  oil.

P R O P E R T IE S  o r  T H E  H IG H L Y  U N S A T U R A T E D  H Y D R O 

CARBON

So fa r , it  has been  sh o w n  th a t  a  h ig h ly  u n s a tu ra te d  
h y d ro ca rb o n , C30H50, o ccu rs  in  A i-za m é  a n d  H era tsu n o - 
zam é  oils in  h igh  p ro p o rtio n . S in ce  th e  o ils  co n sist 
m a in ly  of u n sap o n ifia b le  m a tte r, th e  h y d ro ca rb o n  
is in r e a lity  th e  ch ie f c o n stitu e n t of th e se  oils. A  
closer s tu d y  of th is  in te re stin g  h y d ro c a rb o n  w ill be 
v e r y  im p o rta n t fro m  te ch n ica l, a n d  p a r t ic u la r ly  fro m  
p h y sio lo g ica l p o in ts  of v ie w , as th e  o ccu rre n ce  of a 
la rg e  q u a n t ity  of a  h y d ro c a rb o n  in  a n im a l oils is a 
m a tte r  of r a r ity . T h e  e x p erim en ts  w ith  th is  h y d r o 
ca rb o n , im p e rfe c t as th e y  are, are  d e scrib ed  b e lo w :

T h e  sam p le  of th e  h y d ro c a rb o n  w as o b ta in e d  fro m  
A i-za m é  oil ( 1 ) :  100 g. of th e  oil w ere sap o n ified
a n d  th e  cru d e h y d ro c a rb o n  e x tra c te d  b y  p e tro le u m  
e th er (y ie ld , 11 7  g .) ;  108 g. o f th is  su b sta n ce  w ere' 
tre a te d  w ith  0 .5 ' g. of d ig ito n in , a n d  101 g. o f th e  
stea ro l-fre e  su b sta n ce  w ere o b ta in e d ; 100 g. of th e  
la tte r  su b sta n ce  w ere d is tille d  u n d e r 10 m m . p ressu re. 
D isca rd in g  th is  first fra c tio n , th e  d is tilla te s  o f b o ilin g  
p o in ts of 2 6 2 -2 6 4 ° C . (te m p e ra tu re  of th e  oil b a th , 
2 9 4 -2 9 6 ° C .)  w ere co llecte d  (y ie ld , 8 3 .5  g .) :  80 g. 
of th is d is t illa te  w ere re d istille d  u n d er 9 .5  m m . p re s
sure. D isca rd in g  a g a in  th e  first fra c tio n , th e  d is
t illa te s  of b o ilin g  p o in ts  of 2 59 -2 6 4 ° C . (te m p e ra tu re  
of th e  b a th , a b o u t 300° C .)  w ere co llecte d  (y ie ld , 
7 0 .3  g .). T h is  su b sta n ce  w as u sed  as th e  sam p le  
fo r  in v e stig a tio n . T h e  d iscre p a n cy  o f th e  b o ilin g  
p o in ts  is p ro b a b ly  d u e  to  th e  ra p id  h e a tin g  of th e  
oil b a th .

T o  co n firm  th e  co rrectn ess of th e  fo rm u la  C30H50, 
th e  fo llo w in g  e le m e n ta ry  a n a ly sis  an d  m o lecu la r w eig h t 
d e te rm in a tio n  w ere re p e a te d .

(1) 0.1886 s u b s ta n ce  g a v e  0.6033 C 0 2, 0.2093 H 20 .
(2) 0 .1553  su b sta n ce  g a v e  0.4994 C 0 2, 0 .170 9  H 20 .
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C  =  87.43 p er cen t, 87.70 p er ce n t; H  =  12 .4 1 per 
ce n t, 12.30 per cen t.

C30H50 re q u ires C  =  87.72 p er ce n t, H  =  12.28 
p er ce n t.

0.4020 su b sta n ce  in  11 .7 4 7 0  b e n z o lg a v e  d =  0 .42° C . 
M o l. w t. =  408. M o l. w t. of C30H50 =  4 10 .4.
T h e  h y d ro ca rb o n  is a  co lo rless, o ily  liq u id  w h ich  re 

fra c ts  lig h t  s o m ew h a t s tro n g ly . In  th e  p u re  s ta te , 
it  is n e a r ly  o d o rless; but. th e  d istille d  sam p le  p o s
sesses a  fa in t  o d o r, a p p a re n tly  of d e co m p o sitio n  
p ro d u cts , w h ich  ca n  be re m o v e d  b y  w ash in g  w ith  a lk a li. 
On k e ep in g , i t  in v o lv e s  an  o dor w h ich  re ca lls  som e 
terp en es. Its  ta s te  is p e cu lia r, b u t  n o t so u n p le a sa n t. 
I t  is re a d ily  so lu b le  in e th er, p etro le u m  e th er, ca rb o n  
te tra ch lo r id e  an d  a ceto n e ; in co ld  a lcoh o l a n d  g la c ia l 
a c e tic  a c id , i t  is s p a r in g ly  so lu b le . W h en  h e a te d  
o v e r  a  flam e, th e  h y d ro ca rb o n  b u rn s w ith  a  sm o k y , 
lu m in o u s flam e, e m itt in g  a  resin ous sm ell.

b o i l i n g  p o i n t — U n d er o rd in a ry  p ressu re, th e  h y d r o 
ca rb o n  ca n n o t b e  d istille d  w ith o u t d e co m p o sitio n . 
B o ilin g  p o in t (10 m m . p ressu re), 2 6 2-26 4 ° C .;  (5 m m . 
p ressu re) 2 5 2 -2 5 4 ° C .

s o l i d i f y i n g  p o i n t — K e p t  a t  — 20° C . fo r  one h o u r, 
it  re m a in ed  c le a r; a t  — 75 ° C ., i t  so lid ified  to  a  w h ite  
w a x -lik e  m ass.

S P E C IF IC  G R A V ITY— A t  I 5 ° / 4 ° C ., 0 .8 5 8 7.
i o d i n e  v a l u e — 3 8 8 .12  (W ijs ) , 3 9 8 .7 0  (H u b l). 
T h e o r y  req u ires fo r  C30H50I12, io d in e  v a lu e  =  

3 7 1 .1 0 .
r e f r a c t i v e  i n d e x — (20° C .) 1 .4 9 6 5 . 
o p t i c a l  r o t a t i o n — in a ctiv e .
h e a t  o f  c o m b u s t i o n — (H e m p e l’s ca lo r im e te r) , 

10 ,773  c a l- P er S-
c o l o r  r e a c t i o n — B y  L ie b e rm a n n ’s te s t  (so lu tio n  

in  -acetic a n h y d r id e  an d  a d d itio n  o f a  d rop  of co n cen 
tr a te d  su lfu r ic  a c id ), th e  fresh  h y d ro c a rb o n  g a v e  o n ly  
a  fa in t  p in k  co lo ra tio n  in th e  lo w er (a ce tic  a n h y d rid e ) 
la y e r .

d r y i n g  p r o p e r t y — T h e  h y d ro ca rb o n  dries lik e  th e  
v e g e ta b le  d r y in g  oils. T h e  p u re  h y d ro c a rb o n  re 
quires a  lo n g  tim e  to  d ry  a t  th e  o rd in a ry  te m p e ra 
tu res . T h a t  w h ich  h a d  been tre a te d  w ith  1 p er ce n t 
of co b a lt  res in a te , d ried  in  a b o u t 10 d a y s  (in w in ter) 
to  a  co lo rless, sm o o th  film  w h ich  p ossessed  a firm n ess 
su p erio r to  th o se  of th e  f a t t y  oils. A t  100° C ., a th in  
la y e r  o f th e  h y d ro ca rb o n  d ried  in  a b o u t 2 hours.

a c t i o n  o f  a c i d s — C o n c e n tra te d  su lfu r ic  a c id  a t 
ta c k e d  th e  h y d ro ca rb o n  v io le n t ly  w ith  e v o lu tio n  of 
h e a t, ch a n g in g  it  to  a  d a rk  red d ish  b ro w n  m ass. C o n 
c e n tra te d  n itr ic  a c id  a c te d  n o t so v io le n tly . A  v e ry  
v io le n t re a ctio n  w as o b serve d  b y  a m ix tu re  o f co n 
c e n tra te d  n itr ic  an d  su lfu r ic  acid s.

a c t i o n  o f  a l k a l i e s — E v e n  c a u s tic  a lk a lie s  h a d  p ra c 
t ic a lly  no a c tio n  a t  100° C .

a c t i o n  o f  s u l f u r  c h l o r i d e — A  y e llo w  so lid  m ass 
w as o b ta in ed .

p i c r a t e  c o m p o u n d — -No d e fin ite  co m p o u n d  w as o b 
ta in ed .

B R O M ID E  A D D IT IV E  C O M PO U N D  O .6326 g. of th e
h y d ro ca rb o n  w as d isso lv ed  in  10 cc. of e th e r  in  a  flask , 
th e  so lu tio n  cooled  w ith  ice , a n d  0 .5 5  cc. of b ro m in e 
w as a d d ed  drop  b y  drop . A fte r  s ta n d in g  fo r  2 h o u rs,
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th e  p re c ip ita te  w as filtered  on a ta re d  filte r  p a p er , 
w a sh e d  w ith  a b o u t 70 cc. o f e th e r  and  dried  in  vacuo, 
o v e r  s u lfu r ic  acid , u n til th e  w e ig h t b e cam e  co n sta n t.

T h e  y ie ld  of th e  in so lu b le  b ro m id e  w as 0 .5 6 3 0  g .,
i. e., 89. 00 p er ce n t of th e  sam ple.

o . 1467 su b sta n ce  g a v e  o . 1413 C 0 2, o . 0496 H 20 . 
o . 1587 su b sta n ce  g a v e  o . 2600 A g B r  (C a r iu s  m eth o d ). 
C  =  2 6 .2 7  per c e n t , H =  3 .7 8  per c e n t, B r  =  

69. 75 p er cen t.
C 3oH6oBri2 requ ires C  =  2 6 .78  per ce n t, I i  =  3 .7 2  

p er ce n t, B r  =  6 9 .5 0  per cen t.
T h e  filtr a te  fro m  th e  a b o v e  p re c ip ita te  w as tre a te d  

w ith  so d iu m  th io s u lfa te  so lu tio n , in  o rd er to  re m o v e  
th e  excess of b ro m in e, w ashed  w ith  w a ter  an d  dri&d 
w ith  a n h y d ro u s  so d iu m  su lfa te . On e v a p o ra tin g  off 
th e  e th er, a  v isco u s so lid  w as le ft , w h ich  b ecam e a 
w h ite  p o w d e r on grin d in g . T h e  y ie ld  w as 1 .6 0 7 0  
g., i. e., 254.00 per ce n t of th e  orig in al sam p le . T h e  
so lu b le  b ro m id e  w as th e n  tre a te d  w ith  a  few  cc. of 
e th er to  re m o v e  a d m ix ed  im p u ritie s, a n d  a n a ly ze d . 

0 .1 1 5 7  s u b s ta n c e -g a v e  0 .1 1 1 7  C 0 2, 0 .0 3 9 1 H 20 . 
o . 1664 su b sta n ce  g a v e  o . 2710 A g B r .
C  =  2 6 .3 3  p er ce n t, H '=  3. 78 per cen t, B r  =  6 9 .3 0  

per ce n t.
T h is  su b sta n ce  is, th erefo re , id e n tica l w ith  th e  in 

so lu b le  p o rtio n .
T h e  to ta l  y ie ld  of th e  b ro m id e is th u s  333 p er cen t. 

T h e o r y  req u ires 3 2 7 .6 0  per ce n t, n ea rly  a good acco rd . 
T h e  b ro m in e a d d it iv e  co m p o u n d  is a  w h ite  p o w d er, 
tu rn in g  b la c k  a t  a b o u t 17 0 ° C . a n d  d eco m p o sin g  a t  
1 7 6 - 1 7 7 °  C . I t  is sp a r in g ly  so lu b le  in o rg an ic  so l
v e n ts , e sp e c ia lly  w hen  dried.

T h e  b ro m id e  o b ta in e d  fro m  “ K u ro k o -z a m 6 ”  oil 
d e scrib ed  in th e  in tr o d u c to ry  n o te , is th e  sam e s u b 
s ta n c e  as th is  b ro m in a te d  h y d ro ca rb o n . T h e  a n a 
ly t ic a l  resu lts  g iv en  th e re  corresp on d  m ore c lo s e ly  
w ith  C 3oH 5o B r12 th a n  C i 0H iSB r 4. T h e re fo re , th e  h y 
d ro c a rb o n  in th e  a b o v e-n a m ed  sh a rk  liv e r  oil m u st 
h a v e  been  th e  h y d ro ca rb o n  C 3oHEo.

h y d r o g e n a t i o n  c o m p o u n d — 3 .3 1 1 5  g- th e  h y d r o 
c a rb o n  w ere d isso lv ed  in 30 cc. of e th er in  a  sh a k in g  
b o ttle . T o  th is  so lu tio n , 0 .5  g. o f L o e w ’s p la tin u m  
b la c k  w as a d d ed . T h e  b o ttle  w as th e n  co n n ected  to  
a  ga s  b u re tte , w h ich  in tu rn  w as co n n ected  w ith  a  
h y d ro g e n  h o ld er. H y d ro g en  w as p rep ared  fro m  pure 
z in c  (M e rck ) an d  d ilu te  su lfu ric  a cid , and  befo re  e n 
te r in g  in to  th e  b u re tte , it  w as w ash ed  a n d  dried  b y  
b o ttle s  co n ta in in g  a so lu tio n  of p o ta ssiu m  p erm a n 
g a n a te  an d  co n ce n tra te d  su lfu r ic  acid . B y  v ig o r
o u s ly  sh a k in g  th e  b o ttle , h y d ro g en  w as co n d u cted  
in to  it  u n d er th e  m e rcu ry  pressure. A fte r  2 hrs. 
40 m in s., th e  ab so rp tio n  en d ed ; th e  vo lu m e of h y d r o 
gen a b so rb ed , to g e th e r w ith  a lit t le  le a k a g e , w as 112 0  
cc . T h e  h y d ro g e n a te d  co m p o u n d , le ft  on e v a p o r a tin g  
o ff e th er, w as fo u n d  to  be a  colorless oil, resem b lin g  
in  its  a p p ea ra n ce  th e  so -called  liq u id  p araffin . I t  h a d  
th e  fo llo w in g  p ro p ertie s: Sp. gr. a t  15 / 4 °  C ., 0 .8 12 5 ;
b. p . (10 m m . p ressu re), 274° C .;  s o lid ify in g  p t .:  a t 
— 20° C . i t  re m a in ed  clear and  m o b ile; a t  — 8o° C ., 
so lid ified  t o  a tra n sp a re n t je lly  w h ich  a t  — 3 5 ° C . 
re ga in ed  its  m o b ility ; ref. in d ex a t  20° C ., 1 .4 5 2 5 . 
I t  w as n o t  re a d ily  a c te d  on b y  co n cen tra te d  su lfu r ic  
acid , eve n  a t  io o °  C .

e l e m e n t a r y  a n a l y s i s : ( i )  0 .16 10  s u b s ta n c e  g a v e  
0.5022 C 0 2, 0 .2 114  H 20 .

(2) 0 .19 10  s u b s ta n ce  g a v e  0.5959 C 0 2, 0.2523 H 20 .
C  =  85.07, 85.09 p er c e n t; H  =  14.69 p er ce n t,

14.78 p er cen t.
C3oHe2 re q u ires C  =  85.21 p er ce n t, H =  14 .79  

p er ce n t.
M o le cu la r  w e ig h t d e te rm in a tio n , b y  fre e z in g  p o in t 

m e th o d , 0.2982 s u b s ta n c e  in  11 .10 3 0  b e n zo l, d =  
0 .3 1 °  C . M o l. w t. =  433.

C3oH 62 req u ires m o l. w t. =  422.5.
T h e  su b sta n ce  h as th e re fo re  b een  co n firm ed  to  be 

a  co m p o u n d  of th e  e m p irica l fo rm u la  C30H62. A s 
C3oH62 is of a  ty p e  o f th e  gen era l fo rm u la  C „H 2 „+ 2 , 
i t  a p p ea rs  t h a t  th e  h y d ro ca rb o n  C30H60 be lo n gs to  

1 th e  a lip h a tic  co m p o u n d s.

P R E P A R A T IO N  AND A P P L IC A T IO N  OF T H E  H Y D R O C A R BO N

A i-za m é  an d  H era tsu n o -zam 6  oils are  p ro d u ced  in  
s o m e w h a t la rg e  q u a n titie s  in ce rta in  d is tr ic ts  of J a p a n , 
e sp e c ia lly  in  S h iz u o k a  P re fe c tu re . S o  th e  p re p a ra 
tio n  of th e  h y d ro ca rb o n  is p ra c tic a b le  eve n  fo r co m 
m ercia l p u rp o ses; all th e  m ore so, as th e  a u th o r  has 
la te ly  a sc erta in e d  th e  p resen ce  of th e  h y d ro c a rb o n  in  
o th er sh a rk  liv e r  oils besid es th e  a b o v e  m en tio n ed  
ones. (See b elo w .)

T h e  p re p a ra tio n  of th e  h y d ro c a rb o n  is, a cco rd in g  
to  th e  a u th o r ’s exp erien ce , b e st co n d u cted  b y  d is tillin g  
th e  oil u n d er re d u ce d  p ressu re, or b y  m eans of s u p e r
h e a te d  s te a m .1 S in ce  ch o lestero l is c o m p a r a t iv e ly  
n o n v o la tile , th e  d is tille d  h y d ro ca rb o n  co n ta in s  m ore 
or less a d m ix ed  f a t t y  acid s. T h e re fo re , b y  su b se 
q u e n t w ash in g w ith  a lk a li, it  ca n  be o b ta in e d  in n e a rly  
p u re  s ta te .

A s  to  th e  use o f th e  h y d ro ca rb o n , o n ly  a  fe w  e x 
p erim en ts  h a v e  b een  tr ie d  as y e t , an d  e x a c t  d e scrip 
tio n s ca n n o t b e  g iv en  h ere. I t  m a y  b e  m e n tio n ed , 
h o w ev er , th a t  fo r te ch n ica l p u rp o ses, th e  h y d r o c a r 
bon  m a y  b e  u sed  fo r p a in ts , va rn ish e s, lith o g r a p h ic  
in k s, a n d  oil co lors. T h e  h y d ro g e n a te d  p ro d u ct,' 
w h ich  in  its  a p p ea ra n ce  is v e r y  sim ilar to  so -ca lle d  
liq u id  p araffin s an d , a t  th e  sam e tim e, fa r  m ore s ta b le  
fo r  co ld , w ill b e  a  u sefu l m a te ria l fo r  lu b r ic a tio n  o f 
m achin es.

T h e  m ed icin a l use of th e  h y d ro ca rb o n , p o ssib le  fo r  
th e  sam e p u rp o se  as cod  liv e r  oil, w ill p erh a p s be m o st 
in te re stin g , b u t  ca re fu l resea rch es a re  n e ce ssa ry  to  
s e tt le  th is  q u estio n .

C O N C L U S IO N S

T h e  resu lts  of th e  p resen t in v e stig a tio n  h a v e  co n 
firm ed th a t  tw o  J ap a n e se  sh a rk  liv e r  oils, A i-za m 6  
an d  H era tsu n o -zam 6  oils, c o n ta in  v e r y  h ig h  p ro p o r
tio n s  of u n sap o n ifia b le  m a tte r  w h ich  m a in ly  co n sist 
o f a  n ew  h ig h ly  u n s a tu ra te d  h y d ro ca rb o n  of th e  fo r 
m u la  C30H60. I t  w ill be ra th e r p re m a tu re  to  m a k e  
a n y  fu rth e r  s ta te m e n t, b u t  c e r ta in ly  a  re m a rk a b le  
q u a n t ity  of a  h y d ro ca rb o n  w h ich  in  r e a lity  is th e  es
sen tia l c o n stitu e n t of th e  o il itse lf, o ccu rs in  oils of 
su ch  v ita l  organ s as th e  liv e r  o f th e  fish. I t  m a y  b e  
a d d ed  here fro m  th e  a u th o r ’s la te s t  e x p erim en ts  t h a t  
th e  h y d ro ca rb o n  a lso  o ccu rs in  th e  liv e r  oils o f so- 
ca lled  “ B la c k  s h a rk s ,”  b a sk in g  sh a rk s  an d  a n o th e r

1 Japanese P a ten t, No. 28,143, Aug. 4, 1915.
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sh a rk  (p ro b a b ly  T riakis  scyllium— J ap a n e se ; “ K o ro - 
z a m é ” ). S h a rk s  b e lo n gin g  to  S q u a lid a e  a p p e a r to  
co n ta in  th e  h y d ro c a rb o n  m ore fre q u e n tly . B u t , th e  
d a ta  o b ta in e d  h ith e rto  are y e t  to o  s c a n ty  to  a llo w  a  
ge n era liza tio n  as to  th e  gen u s an d  sp ecies of s h a r k s .1

T o  s o lv e  th e  q u estio n , w h y  su ch  a  h y d ro ca rb o n  
is p resen t in  th e  l iv e r  of som e fish, is  p ro b a b ly  v e r y  
d ifficu lt, a n d  p resen ts an  im p o rta n t  p ro b lem  fo r 
p h y s io lo g ica l ch e m istry . I t  is in te re stin g  to  n ote  
th a t  th e  b ro m in e  co n te n t of th e  b ro m in e  a d d it iv e  co m 
p o u n d  o f th e  h y d ro ca rb o n  is n e a rly  id e n tica l w ith  
th o se  of th e  p o ly b ro m id e s  of th e  h ig h ly  u n s a tu ra te d  
f a t t y  a c id s 2 in  m arin e  a n im a l oils, vis., a b o u t 70 per 
cen t.

In  th e  case of th e  p re se n t sh a rk  liv e r  oils, th e  p lace  
of th e  h ig h ly  u n s a tu ra te d  f a t t y  acid s is ta k e n , as it  
w ere, b y  th e  h y d ro ca rb o n  of a n e a rly  e q u a lly  h ig h  u n 
s a tu ra tio n . T h e  liv e r  is a  sto ra g e  o rg an  fo r fa t  and  
co n se q u e n tly  a  so u rce  of e n e rg y  of th e  fish. I f  a 
sp e cu la tio n  m a y  b e  a llo w ed , th e  h y d ro c a rb o n , w h ich  
e v o lv e s  fa r  m ore h e a t  o f o x id a tio n  th a n  th e  g ly ce rid e s , 
m u st h a v e  been  fo rm ed  in  th e  l iv e r  o f th e  fish  fro m  
th e  n e ce ssity  of lo ca l co n d itio n s . L it t le  as th e  h a b it  
of th e  sh a rk s is k n o w n , i t  is p r e t t y  c e rta in  t h a t  th e y  
are c o m p a r a t iv e ly  deep  sea  d w ellers.

F o r te ch n o lo g is ts , th e  h y d ro c a rb o n  is n o t less im 
p o rta n t. T h e  “ d r y in g ”  p ro p ertie s  of g ly ce rid e s  
(v e g e ta b le  d ry in g  oils) a n d  ce rta in  p h en o ls, su ch  as 
U ru sh io l, C20H30O2, th e  ch ief co n stitu e n t o f J ap a n ese  
la cq u e r , are w ell k n o w n , b u t  y e t  th o se  of th e  h y d r o 
ca rb o n s h a v e  n o t b een  in v e stig a te d .

In  a  seco n d  p a p er on th is  s u b je c t, th e  a u th o r  h op es 
to  p u b lish  th e  re su lts  o f th e  la tte r  ex p erim en ts , p er
fo rm ed  on  o th er s h a rk  l iv e r  o ils, a n d  an e x a m in a tio n  of 
th e  fu r th e r  p ro p ertie s  of th e  h y d ro ca rb o n .

a d d e n d u m — A fte r  th e  fo re g o in g  re p o rt h a d  been  
w ritte n , th e  a u th o r  read  a p a p er b y  H . M a stb a u m  
(L isb o n ), e n tit le d  “ H y d ro c a rb o n  in  F ish  L iv e r  O ils ,”  
th r o u g h  Chemical Abstracts,  10 , N o . 2, ju s t  a rriv ed . 
T h e  a u th o r h as e x a m in ed  tw o  liv e r  oils fro m  Cenlro-  
phorus granulosus  a n d  Scy m n us lichia,  a n d  fo u n d  80- 
90 p er cen t of oil w ith  th e  c h a ra c te r is tic  o f m in eral 
o il. T h e  u n sap o n ifia b le  p o rtio n  of th e  oil fro m  
Scym n us lich ia  is sa id  to  h a v e  bo iled  a t  205—330° C . 
(u n der th e  o rd in a ry  p ressu re?). A s  no a n a ly tic a l 
re su lt  of th e  u n sap o n ifia b le  m a tte r  is g iv e n , i t  is n o t 
p o ssib le  to  d ecid e  w h eth e r th e y  co n ta in e d  th e  h y d r o 
ca rb o n  C30H50 or n o t. B u t , as th e  fo rm er sh a rk  b e 
lo n gs to  Squalidae,  th e  h y d r o c a r b o n  in  th e  oil is 
d o u b tless  th e  sam e. F ro m  th is  re p o rt, i t  m a y  b e  seen  
t h a t  th e  liv e r  oil o f fo re ig n  sq u a lo id  sh a rk  also  co n 
ta in s  h y d ro ca rb o n . A lth o u g h  n o t th e  o n ly  one of

1 Oils prepared from the following sharks have been found no t to  con
ta in  the  hydrocarbon. C at shark (Heterodontus japónicas), Blue shark 
(Isuropsis glauca), Porbeagle (Lam na cornubica). Saw shark (Prisiiophorus 
japonicus), Ham m er-headed shark  (Sphyrna zygaena), and Angel-fish 
(Squatina japónica). N or has the  hydrocarbon been found in the  liver 
oils from the  following rays: R ay  (Raja kenojei), S ting-ray  (Dasyalis
akajei), Eagle-ray (M yliobatis lobici), and  Discobatus sinensis (Japanese; 
“ Uchiwa-zamé”).

Shark  liver oils from probably  Squalus sucklii contained 12.00 to  21 .64 
per cent of unsaponifiable m atter, no t volatile a t  300° C. under 10 mtn. 
pressure. The na tu re  of the substance has no t y e t been ascertained. D e
ta ils will be published in a next report.

J Acids of the series C «H 2n— 80s and CnH 2«— 10Oj.

th e  k in d , th e  fa m ily  Squalidae  seem s to  h a v e  a  m ore 
im p o rta n t re la tio n  to  th e  h y d r o c a r b o n  th a n  o th er 
fa m ilie s . F ro m  su ch  reaso n s, a n d  p a r t ic u la r ly  fro m  
th e  fa c t  th a t  th e  a u th o r  has d isco v e re d  th e  h y d ro c a rb o n  
first in  th e  liv e r  oils of th e  sq u a lo id  sh a rk s, he p rop oses 
th e  n am e “ Squalcnc”  fo r th e  h y d ro ca rb o n .

I m p e r ia l  I n d u s t r ia l  L a b o r a t o r y  
Y ij t c h iu -S h im a , T o k y o , J a p a n  

February , 1916
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By B. S . D a v is s o n , E. R. A l l e n  a n d  B. M . S t u b b l e f ie l d  
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In v e s tig a tio n s  in soil b io lo g y  req u ire  fre q u e n t e x a c t  
d e te rm in a tio n s  o f a m m o n ia  in  th e  p resen ce  of o rg a n ic  
n itro ge n o u s co m p o u n d s. T h e  p ro b lem  is th e re fo re  
th e  sam e as t h a t  e n co u n tered  in  gen era l b io lo g ica l 
c h e m is try  w ith  th e  a d d itio n a l d iff ic u lty  t h a t  la rge  
a m o u n ts  o f so lu tio n s  m u st b e  u sed  in  soil b io lo g ica l 
w o rk  b e cau se  o f th e  sm a lle r p e rce n ta g e  o f a m m o n ia  
in  th e  m a te ria l - u n d er e x a m in a tio n . F o r in sta n ce , 
in  b io lo g ica l c h e m istry , in  th e  d e te rm in a tio n  of a m m o n ia  
in  u rin e , 25 to  50 cc. p o rtio n s of u rin e  are ta k e n , w h erea s  
in  soil b io lo g y  250 cc. o f soil e x tra c t  o r o f p h y s io lo g ic a l 
so lu tio n  are fre q u e n tly  n e ce ssa ry  to  g iv e  a  m easu rab le  
a m o u n t of a m m o n ia  n itro ge n .

T h e  m a tte r  o f th e  se p a ra tio n  of a m m o n ia  fro m  
o rg a n ic  n itro g e n  h as b een  th e  s u b je c t  o f a  v e r y  la rg e  
a m o u n t of s tu d y  b y  b io lo g ica l ch e m ists. T h e  te n d e n c y  
o f a ll re ce n t w o rk  h as b een  to w a rd  th e  u se  o f an  a ir  
cu rre n t to  tra n s fe r  th e  a m m o n ia  fro m  cold  a lk a lin e  
so lu tio n  in to  a cid  re ce iv e rs  a n d  d e te rm in a tio n  of th e  
am m o n ia  b y  t it r a tio n  (or N e ss le riza tio n ) o f th e  re 
ce iv e r  co n te n ts . T h e  use o f la rg e r  a m o u n ts  of so lu 
tio n s  n a tu r a lly  ren d ers th e  re m o v a l b y  th e  a ir  cu rre n t 
slo w er. M o re o v e r  th e  m a tte r  o f th e  k in d  an d  co n 
c e n tra tio n  of a lk a li is s t ill  a  m a tte r  of c o n tr o v e rs y  
a m o n g  w orkers in  th is  field. O b v io u s ly , th e  lo w e st 
h y d r o x y l ion  co n ce n tra tio n  co m p a tib le  w ith  co m p le te  
re m o v a l o f a m m o n ia  u n d er w o rk a b le  co n d itio n s  is 
d e sirab le  sin ce  d e co m p o sitio n  of th e  o rg a n ic  n itro g e n o u s  
m a te ria l is ro u g h ly  p ro p o rtio n a l to  i h e  c o n c e n tra tio n  
o f h y d r o x y l as ion.

T h e  use o f d ifferen t a lk a lie s , a n d  th e ir  e ffe ct on  th e  
ra p id  re m o v a l o f a m m o n ia  fro m  la rg e  a m o u n ts  (250 
cc.) o f so lu tio n  b y  m ean s of a  v ig o ro u s  a ir cu rre n t, 
a n d  its  su b se q u e n t q u a n t ita tiv e  co lle c tio n  a n d  m easu re
m e n t c o n stitu te s  th e  e x p e r im e n ta l w o rk  re p o rte d  in 
th is  p a p er . I t  w a s  d esired  to  o b ta in  a  m e th o d  b y  w h ich  
th e  a m m o n ia  ca n  b e  re co v e re d  in a  p e r io d  of 21/ 2 
to  3 hrs. a n d , if  p o ssib le , th e  u se  of an  a lk a li im p a rtin g  
a  lo w  co n ce n tra tio n  o f h y d r o x y l as ion  to  th e  so lu tio n .

H ISTO R ICA L

F o lin 1 o u tlin e d  a  m e th o d  fo r  d e te rm in in g  a m 
m o n ia  in  u rin e: 25 cc. o f u rin e  w ere  a e ra te d  fo r  1
to  1 V s  hrs. o v e r  1 g. o f so d iu m  c a rb o n a te  an d  8 to  
10 g. o f so d iu m  ch lo rid e. T h e  ra te  of a ir u sed  w as 600 
to  700 liters  p er h o u r. T h e  a m m o n ia  w as ab so rb ed  
in  s ta n d a rd  a c id  a n d  t it r a te d  w ith  s ta n d a rd  a lk a li. 
H e d e v ise d  th e  w ell-k n o w n  F o lin  a b so rp tio n  tu b e  b y  
w h ich  he w as a b le  to  g et co m p le te  a b so rp tio n  o f th e  
am m o n ia . H e u sed  M g O  fo r  so m e d e te rm in a tio n s

■ Folia, Z . physiol. Ckem., 37 (1912). 161.
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of a m m o n ia  in  p u re  so lu tio n s  an d  co m p lete  r e c o v e ry  
w as o b ta in ed . H o w e v e r , no d a ta  are  re p o rte d  fo r  
a e ra tio n  of u rin e  o v e r  M g O . S te e l1 p ro p o se d  th e  use 
of so d iu m  h y d ro x id e  an d  s a tu r a tio n  of th e  s o lu tio n  
w ith  so d iu m  ch lo rid e , b u t  th is  a lk a li has b een  su b se 
q u e n tly  sh o w n  to  b e  stro n g e r in  its  a c tio n  on o rg a n ic  
n itro ge n o u s co m p o u n d s th a n  th e  so d iu m  ca rb o n a te .

K o b e r 2 reco m m en d ed  th e  use of th e  a ir cu rre n t fo r 
th e  tra n s fe r  o f a m m o n ia  fro m  th e  s tro n g ly  a lk a lin e  
so lu tio n  of th e  K je ld a h l m eth o d , to  • th e  s ta n d a rd  
a cid . H e does n o t  re p o rt th e  ra te  of a e ra tio n  b u t  
s ta te s  t h a t  th e  ra te  is in cre a se d  as m uch as p o ssib le  
w ith o u t  lo s in g  a n y  o f th e  a b so rb in g  a c id  in th e  c y l in 
d er. T h e  d is tilla tio n  is c o m p le te  in  one h our. A fte r  
th e  a e ra tio n  is co m p lete  th e  a c id  is t i tr a te d  w ith  
s ta n d a rd  a lk a li. K o b e r  an d  G ra v e s 3 re p o rt fu r th e r 
w o rk  on  th is  sam e p o in t. T h e  ra te  of a e ra tio n  u sed  
w as 500 liters  p er h o u r. T h e  ra te  w as m easu red  b y  
d isp la ce m e n t of a  k n o w n  v o lu m e  of w a te r  b y  th e  
a ir  cu rre n t d ra w n  b y  th e  p u m p . T h e y  w ere  a b le  to  
re m o v e  la rg e  q u a n tit ie s  o f a m m o n ia  in one h o u r.

P e n n in g to n  a n d  G re en lee 4 re p o rt som e d e te rm in a 
tio n s  on  ch ick e n  m eats. T h e y  d e te rm in e d  th e  lo o se ly  
b o u n d  n itro g e n  in p ro te in -rich  tissu es  of m eats. T h e  
w o rk  re p o rte d  w as done on  ch ick en  m eats w h ich  h ad  
u n d ergo n e  so m e b a c te r ia l an d  e n z y m e  d e co m p o si
t io n . T w e n ty - f iv e  gram s of ch ick en  m e at w ere s u s
p en d ed  in  250 cc. w a te r  a n d  5 g. o f M g O  a d d ed . T h e  
su sp en sion  w as a e ra te d  a n d  th e  am m onia" a b so rb ed  
in  s ta n d a rd  a c id . T h e  ra te  o f a eratio n  wras a b o u t 
1,250  lite rs  o f a ir p er h o u r th ro u g h  e a ch  a era tio n  
flask .

P o tte r  a n d  S n y d e r5 re p o rt on th e  d e te rm in a tio n  
o f a m m o n ia  in soils b y  a e ra tio n  o v e r  so d iu m  ca rb o n a te . 
T h e y  sh o w  c o n c lu s iv e ly  t h a t  th e  a lk a li  as reco m m en d ed  
b y  S te e l6 fo r d e te rm in in g  a m m o n ia  in u rin e, deco m po ses 
o rg a n ic  n itro ge n o u s co m p o u n d s of th e  soil a n d  g iv e  
a m m o n ia . T h e y  a scrib e  th is  la rg e ly  to  th e  d e co m p o 
s itio n  of a c id  am id es. A c e ta m id e  fa ile d  to  g iv e  a  v e r y  
a p p re c ia b le  a m o u n t of a m m o n ia  w h en  a e ra te d  w ith  
s o d iu m  ca rb o n a te . T h e y  co n clu d e  t h a t  so d iu m  c a r
b o n a te  w ill n o t d eco m p o se  a cid  am id es to  y ie ld  a m 
m o n ia  as does so d iu m  h y d ro x id e . T h e y  a e ra te d  25 
g . o f so il in  50 cc. of a m m o n ia -fre e  w*ater a n d  a b o u t 
2 g. o f so d iu m  c a rb o n a te  fo r  a  p erio d  of 19  h rs. T h e  
ra te  re p o rte d  in  t h i s . w o rk  w as 250 liters  per h o u r. 
A t  th e  en d  o f th e  a e ra tio n  p erio d  th e  a c id  so lu tio n s  
w ere  t it r a te d  w ith  s ta n d a rd  a lk a li. T h e  re su lts  are 
re p o rte d  fo r  100-g. sam p les of soil. T h e  a v e ra g e  
a m o u n t o f a m m o n ia  fo u n d  w as a b o u t 1 to  1.4  m g. 
p er 100 g. o f soil. T h e y  a d d ed  q u a n tit ie s  of a m m o n ia  
to  soil a n d  in  m ost cases t h e y  w ere ab le  to  re co v e r  
b e tte r  th a n  99 p er ce n t o f th e  a d d ed  am m o n ia . T h e  
a d d itio n  of th e  s a lts  N a C l an d  K2C2O1 d id  n o t a id  
in  th e  r e c o v e ry  o f th e  a m m o n ia  o f th e  soil.

W e fin d  v e r y  l it t le  a tte n tio n  has b een  g iv e n  to  th e  
lib e ra tin g  of a m m o n ia  fro m  so lu tio n s  b y  M g O . O th er

■ Steel, J .  Biol. Chem.. 8 (1910). 365.
* Kober. J . A m . Chem. Soc„ 30 (190S), 1131.
* K ober and Graves, Ibid., 35 (1913), 1594.
* P e n n in g to n  a n d  G re e n le e ,  Ibid., 3 2  (1 9 1 0 ), 5 6 1 .
6 P o t t e r  a n d  S n y d e r ,  T h is  J o u r n a l , 7 (1 9 1 5 ), 2 2 1 .
* Loc. cil.

a lk a lie s  h a v e  b een  used  an d  it  is w ell e sta b lish e d  
t h a t  la rg e  q u a n titie s  o f a m m o n ia  can  b e  d e te rm in e d  
b y  a e ra tio n  a n d  in  a  c o m p a r a t iv e ly  sh o rt t im e  w h en  
th e  ra te  o f a e ra tio n  is h ig h . T h e  ra te  o f a e ra tio n  h as 
been  slo w  in  m o st cases an d  th e  q u a n t ity  o f so lu tio n  
a e ra te d  h a s  b een  sm a ll e x ce p t in  K je ld a h l d e te rm in a 
tio n s . T h e  la c k  o f a  u n ifo rm  m eth o d  o f m easu rin g  
th e  ra te  o f a e ra tio n  m akes a n y  co rre la tio n  of th e  w o rk  
fro m  d ifferen t la b o ra to r ie s  h ard .

E X P E R IM E N T A L

a m m o n i a - f r e e  w a t e r — T h e  d is tille d  w a te r  u sed  
in  th is  w o rk  w a s  p re p a re d  b y  d o u b le  d is t illa t io n  o f 
l iv e  s tea m  th ro u g h  d ilu te  C u SO *, a n d  th is  th e n  p assed  
th r o u g h  a  scru b b er b efo re  co n d en sa tio n . T h e  w a te r  
sh o w ed  n o  tra ce s  w h a te v e r  of a m m o n ia  w ith  N e ss le r ’s 
re a g e n t, a n d  w as n e u tra l to  m e th y l red.

a m m o n i a - f r e e  m a g n e s i a — T h e  m a g n esiu m  o xid e  
w as ca lc in e d  b efo re  b e in g  used.

a m m o n i a  s o l u t i o n s — T h e  a m m o n ia  so lu tio n s  w ere 
p re p a re d  fro m  a m m o n iu m  s u lfa te  an d  s ta n d a rd iz e d  
b y  d is tillin g  o v e r  M g O . F o r  sm a ll q u a n tit ie s  of 
a m m o n ia  N /50 H 2S O i w as u sed  an d  fo r  la rg e r  q u a n 
tit ie s  N / 1 0  H 2SO j w as used .

i n d i c a t o r — M e th y l red  w as used  as th e  in d ica to r  
in  all t itra tio n s . T h e  CO2 w as exp elle d  fro m  a l l  
so lu tio n s  b e fo re  t it r a tin g . ■

T h e  m e th o d  of m easu rin g  th e  ra te  o f a e ra tio n  is 
t h a t  su g g e ste d  b y  K o b e r .1 A tte n tio n  is ca lle d  to  th e  
f a c t  th a t  th e  tu b e  th ro u g h  w h ich  th e  w a te r  passes 
sh o u ld  b e  s u ffic ie n tly  la rg e  t o  p re v e n t th e  sp eed  o f th e  
p u m p  b e in g  ch e ck e d  a t  a n y  tim e . T h e o r e t ic a lly , 
th e  fr ic t io n  o f th e  w a te r  p a ssin g  th r o u g h  a n y  tu b e  
w o u ld  re ta rd  th e  ra te  of flo w . H o w ev er , in  th e  a p 
p a r a tu s  u sed  in  th is  w o rk  tu b e s  of n  m m . in te rn a l 
d ia m e te r  w ere e m p lo y e d , a n d  w h en  th is  a p p a ra tu s  
o p e ra te d  in  series w ith  th e  a e ra tio n  flask s, th e re  w as 
no p e rce p tib le  d ecrease  in  th e  ra te  o f b u b b lin g  in  th e  
la tte r .

T h e  m e asu rem e n t of th e  a ir  sh o u ld  g iv e  th e  a m o u n t 
w h ich  a c tu a lly  p asses th r o u g h  th e  a p p a ra tu s  a n d  n o t 
t h a t  a m o u n t w h ich  th e  p u m p  is ca p a b le  o f p u llin g  
w h en  th e re  is no lo ad . T h e  ra te  as m easu red  b y  som e 
w o rk e rs  does n o t g iv e  th e  a m o u n t of a ir  w h ich  passes 
th r o u g h  th e  a p p a ra tu s . T h e y  m easu re  th e  c a p a c ity  
of th e  p u m p  a n d  ta k e  th is  v a lu e  fo r  th e  ra te  of a eratio n  
used . M e a su red  th r o u g h  th e  a p p a ra tu s , th e  ra te  w ou ld  
be fo u n d  v e r y  m u ch  lo w e r. T h is  im p o rta n t p o in t 
has b een  o v e r lo o k e d  b y  w o rk e rs  in  th is  field  an d  re n 
ders im p o ssib le  th e  co m p ariso n  of re su lts  fro m  d if
fe re n t la b o ra to rie s .

T h e  ra te  of a era tio n  re p o rte d  in  th is  w o rk  g iv es  
t h e  a m o u n t of a ir w h ich  p assed  th ro u g h  th e  a p p a ra tu s . 
T h e  C ro w e ll p u m p , w h ich  w as used , w as ca p a b le  of 
h a n d lin g  2100 liters  o f a ir p er h o u r, w ith  no lo ad . 
H o w e v e r , w h en  d ra w in g  a ir th ro u g h  th e  a p p a ra tu s , 
th e  ra te  w as  re d u ce d  to  1080 liters  p er h o u r, b e ca u se  
of th e  re sista n ce  of th e  so lu tio n s  in  th e  te n  flask s.

T h e  first w o rk  w as ca rried  on  w ith  so d iu m  c a rb o n a te  
as th e  a lk a li. F iv e  h u n d red  cc. K je ld a h l flask s w ere  
used  as a e ra tio n  flask s a n d  th e  re g u la r  F o lin  tu b e s

1 Loc. cil.
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a n d  c y lin d e rs  as re ce ivers. T h e  resu lts  w ere  h ig h ly  
u n s a tis fa c to ry . M r. J. J. K e n n e d y , w o rk in g  in  th is  
la b o r a to r y , o b ta in e d  re su lts  w h ich  le a d  h im  to  b e 
lie v e  e n tra in e d  a lk a li  w as b e in g  ca rr ie d  o v e r  in to  th e  
re ce iv in g  flask s. T h is  p o in t  w as co n firm ed  b y  la te r  
w o rk . T h e  resu lts  a p p e a r  in  T a b le  I .  A fte r  a eratio n  
w as co m p le te  an d  th e  excess a c id  t it r a te d  th e  t ite r  
so lu tio n s  w ere th e n  d is tille d  o v e r  M g O  in to  s ta n d a rd  
a cid  a n d  th e  excess a c id  a g a in  t it r a te d .

T a b l e  I
N itrogen by: D irect T itra tion

Mg.
 1...................................  24.12
 2...................................  25.00
 3...................................  24.69
 4...................................  24.77

D istillation over MgO 
Mg.

24.44 
24.48
24.45 
24.40

A n  a tte m p t w as m ad e to  p re v e n t th e  c a rr y in g  o ve r 
of th e  a lk a li. M a n y  d ifferen t k in d s  of tra p s  w ere used  
b u t  n on e su fficed  to  cau se  th e  co m p lete  d ep o sitio n  of 
th e  a lk a li. F u r th e r  w o rk  w ith  so d iu m  c a rb o n a te  
w as a b a n d o n e d  an d  a tte n tio n  w as th e n  p a id  to  th e  
use o f M g O . B y  u sin g  M g O  w e h o p ed  t o  re m o ve  
d a n g ers fro m  e n tra in e d  a lk a li, a t  th e  sam e t im e  red u ce  
th e  h y d r o x y l ion  co n ce n tra tio n , an d  tliu s  red u ce  
th e  d a n g er of d eco m p o sitio n  of o rg a n ic  n itro gen o u s 
co m p o u n d s of th e  soil.

T ro u b le  w as e xp erien ce d  fro m  in co m p le te  a b so rp 
tio n . T h e  F o lin  tu b e  w as fo u n d  t o  be of no v a lu e  for 
su ch  a  ra p id  ra té  o f a era tio n  as wras u sed  in  th is  in 
v e s tig a tio n  T h e  a ir p a ssed  fro m  th e  b o tto m  of th e  
b e ll in  la rg e  b u b b le s  an d  esca p ed  fro m  th e  so lu tio n  
w ith o u t co m p le te  w ash in g .

A  y 8 in . b u lb  p e r fo ra te d  w ith  l/ 2 m m . holes, th e  use 
of 225 cc. of a p p ro x im a te ly  N / i o  H 2S 0 4 c o n ta in e d  in 
a 500 cc. K je ld a h l fla sk  an d  th e  d is tilla tio n  of th e  
re ce iv e r  c o n te n ts  o v e r  M g O  g a v e  fa r  b e tte r  resu lts , 
b u t a b so rp tio n  w a s  as y e t  n o t q u ite  co m p lete .

T h is  sh o w ed  t h a t  co m p le te  a b so rp tio n  co u ld  n o t be 
o b ta in e d  w ith o u t  th o ro u g h  scru b b in g  o f th e  a ir as it  
p assed  th ro u g h  th e  a cid  so lu tio n , an d  th is  can  n o t be 
o b ta in e d  w ith o u t th e  use of a  to w e r. C a rb o n  d io x id e  
to w e rs , b o th  th e  R e is e t an d  C a m p  fo rm s, w ere tr ie d  
b u t  th e  d ia m ete r  o f th ese  to w e rs  w as  to o  sm a ll. T h e  
ra p id  a ir  cu rre n t je r k e d  th e  a b so rb in g  liq u id  o u t a t 
th e  to p .' L a rg e r  to w e rs , i ' / 2 in. in  d ia m ete r, w ere

p re p a re d  an d  used . T h e  
a c id  so lu tio n  w as d raw n  u p  
on to p  o f th e  co lu m n  of 
bead s w'here i t  sp a tte re d  
b a d ly . T h e  a b so rp tio n  w as 
co m p lete  b u t  th e  s p a tte r in g  
cau sed  a loss in  som e cases. 
G la ss  rods a b o u t 1 V2 in. in  
le n g th  w ere th en  s u b s titu te d  
fo r th e  b ead s. T h e  a cid  did  
n o t d ra w  up on to p  of th is  
co arse  m a te ria l.

T h e  to w e r  fin a lly  a d o p te d  
fo r th e  w o rk  is sh o w n  in 
F ig . I . T h e  m ain  p a rt of 
th e  tu b e  is i ’ / j  in. in  d ia m 

e te r an d  15 in . lo n g . I t  is c lo sed  a t  th e  b o tto m  
w ith  a glass  s to p c o c k  of 3 m m . b o re . T h e  side a rm  
h as a  bo re  of 8 m m . C  a n d  E  are  glass rods h e ld  in

p lace  b y  baffles m ade fro m  ru b b er g a sk e t. T h e  p u r 
pose of th e  baffle  a t  E  is to  s to p  a n y  a c id  w h ich  s p a t
ters  fro m  th e  lo w er p a r t  of th e  to w e r. T h e  to w e r  is 
co n n e cted  w ith  th e  a era tio n  fla sk  as sh o w n  in  th e  
figu re. T h e  a eratio n  b u lb  D  sh o u ld  b e  w e ll p e r fo ra te d  
so t h a t  co m p lete  s tirr in g  o f th e  so lu tio n  w ill b e  o b 
ta in e d , an d  sh o u ld  e x te n d  w ell to  th e  b o tto m  o f th e  
flask . T h e  tu b e s  co n n e ctin g  th e  flask  are 5 m m . 
bore.

p r o c e d u r e — In  th e  to w e r  are p la ce d  15 cc. o f a p 
p ro x im a te ly  N /10  H 2S 0 .i a n d  15 cc. d is tille d  w a ter. 
T h e  a m m o n ia  so lu tio n  is p la ce d  in  th e  K je ld a h l flask  
an d  m ad e to  a  v o lu m e  of 250 cc. A  fe w  d rop s of oil 
an d  th e  M g O  are th e n  a d d ed . D e te rm in a tio n s  
are ru n  in a  series of fo u r. T h e  ra te  of a e ra tio n  is 
m easu red  a t  th e  b e g in n in g  of each  d e te rm in a tio n .

T h e  a ir w as w ash ed  th ro u g h  25 p er ce n t H 2SO j. 
T ro u b le  w as e xp erien ce d  in  secu rin g  co m p le te  re c o v e r y  
of th e  a m m o n ia  fro m  th e  first flask  w h ich  th e  a ir e n 
tered . I t  seem ed  th is  m ig h t b e  d ue to  th e  C 0 2 
of th e  a ir sin ce  it  w o u ld  re a c t  w ith  th e  m a g n esiu m  
o xid e  in so lu tio n  a n d  th e  r a p id ity  o f a m m o n ia  lib e r a 
tio n  w o u ld  b e  th u s  g r e a t ly  ch e ck e d . D u rin g  th e  a e ra 
tio n  e n o u g h  C 0 2 w o u ld  b e  d raw n  in to  th e  so lu tio n  to  
re a ct w ith  a b o u t 1 g. of M g O . W h en  30 per ce n t so lu tio n  
of N a O H  w as u sed  to  re m o v e  th e  C 0 2 fro m  th e  a ir no 
fu rth e r  tro u b le  w as exp erien ced . T h e  a ir is w ash ed  
w ith  th e  N a O H  b efo re  w a sh in g  w ith  acid .

S e v e ra l "d eterm in atio n s  sh o w ed  th e  b e st p erio d  o f  
a era tio n  to  be 21/ . hrs. W h en  th e  a e ra tio n  is c o m 
p lete  th e  a ir cu rre n t is re d u ce d  an d  th e  sto p p ers  
lo o sen ed , b eg in n in g  a t  th e  flask s fa r th e s t  fro m  th e  
p u m p .

A  K je ld a h l fla sk  is p la ce d  u n d e r th e  tu b e  of th e  to w e r  
and  th e  a cid  so lu tio n  is e m p tie d  in to  it . T h e  to w e r  
is th e n  w ash ed  w ith  a b o u t 150 cc. d istille d  w a te r , 
u sin g  a b o u t 50 cc. p o rtio n s. T h e  s to p c o c k  is clo sed  
b efo re  each  w a sh in g  in o rd er to  a llo w  th e  w a te r  to  
ru n  b a c k  in to  th e  side arm . T h re e  su ch  w ash in gs  
w ere fo u n d  to  re m o v e  a ll tra c e s  of a m m o n ia , a  fo u rth  
sh o w in g  no a m m o n ia  w ith  N e ss le r ’s re a g en t.

T h e  so lu tio n  is th e n  d istille d  o v e r  M g O  in to  s ta n d a rd  
a cid  a n d  th e  excess a c id  t it r a te d . T h e  b o ilin g  sh o u ld  
b e  co n tin u e d  fo r  30 m ins. T h e  liq u id  in  th e  t it r a tio n  
flask , w h ich  b ecom es h o t fro m  th e  ste a m , is co o led  
u n d e r ru n n in g  w a te r  b e fo re  t itra tio n . In  m a k in g  
th is  d is tilla tio n  o v e r  M g O  it  h as b een  fo u n d  t h a t  d ir e c t  
d is tilla tio n  in to  th e  a c id  w dthout th e  use of a  co n d en ser 
is m ore s a t is fa c to r y  th a n  u sin g  th e  K je ld a h l d is tillin g  
a p p a ra tu s  p ro v id e d  w ith  b lo ck -tin  co n d en sin g  tu b es. 
Q u a r tz 1 tu b e s  w ere  u sed  in  th is  w o rk . H a rd  g lass  
tu b e s  w ell seaso n ed  w ill su ffice  fo r  m a n y  d e te rm in a 
tio n s. I t  is o n ly  w h ere  one w o rk s  w ith  sm a ll q u a n tit ie s  
o f a m m o n ia  a n d  th e  u s e ,o f  N / 50 a c id  t h a t  th e  v e r y  
in so lu b le  q u a rtz  tu b e s  are n ece ssa ry .

Som e d e te rm in a tio n s  w ere  m ad e to  a sc e rta in  th e  
a m o u n t of M g O  n e ce ssa ry  t o  lib e ra te  a ll th e  a m m o n ia . 
I t  w as fo u n d  t h a t  0.2 g. o f M g O  w as su ffic ien t to  l ib 
e ra te  25 m g. a m m o n ia  n itro gen  w h en  th e  C 0 2 is re 
m o v e d  fro m  th e  a ir b e fo re  e n ter in g  th e  flasks. I t  

1 A lle n ,  T h is  J o u r n a l , 7  (1 9 1 5 ), 2 5 1 .
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is n o t n e ce ssa ry  t h a t  an  e x a ct a m o u n t of M g O  be a d d ed  
an d  fo r  m o st d e te rm in a tio n s  0.5 of a g ra m  is e n tire ly  
su ffic ien t. L a rg e  q u a n tit ie s , as 10 g ., w h ich  are  o fte n  
used  in d is tilla tio n  o v e r  M g O , are  n o t n e ce ssa ry  and  
sh o u ld  b e  a v o id e d .

T h e  re su lts  o b ta in e d  fro m  a  n u m b e r o f  d e te rm in a 
tio n s  are re p o rte d  n T a b le  II . F o r  q u a n tit ie s  of

T a b l e  I I — M il l ig r a m s  A m m o n ia  N it r o g e n  F o u n d , a n d  E r r o r s

T a k e n , 23.92 T a k e n , 5.045 In  soil. 12.84 ) 17 
Added, 5.040 J i / *,-------*--

Found E rror Found Error Found E rro r
23.91 — 0 . 0 1 5.001 — 0.044 17.88 0 .00
23.88 — 0.04 5.010 — 0.035 17.89 +  0 . 0 1
23.88 — 0.04 5.048 +  0.003 17.85 — 0.03
23.91 — 0 . 0 1 5.035 — 0 . 0 1 0 17.89 +  0 . 0 1
23.90 — 0 . 0 2 5.080 +  0.035 17.85 — 0.03
23.93 +  0 . 0 1 5.054 + 0 .0 0 9 17.85 — 0.03
23.90 — 0 . 0 2 5.045 — 0. 0 00 17.91 +  0.03
23.89 — 0.03 5.054 + 0 .0 0 9 17.92 +  0.04
23.90 — 0 . 0 2 5.001 —0.044 17.84 — 0.04
23.95 —0.03 5.015 —0.030 17.92 +  0 .04

D eviation . .. . — 0.013 — 0.0117 0 . 0 0 0
Probable error =*=0.018 ±0 .0195 ± 0 . 0 2

5 m g. or less, N /50 H2SO4 w as u sed  an d  fo r q u a n titie s  
a b o v e  5 m g ., N / 1 0  H 2SO< w as used . T h e  resu lts  
n eed  no d iscu ssio n  an d  th e y  sh o w  th e  a c c u r a c y  o f th e  
m e th o d . T h e  a m m o n ia  in  250 cc. of th e  soil e x tra c t  
w as first d e te rm in e d  a n d  th e n  a  k n o w n  q u a n t ity  of 
a m m o n ia  a d d ed  and  th e  to ta l a m m o n ia  d eterm in ed .

SUM M ARY

I— A m m o n ia  ca n  be d e te rm in e d  b y  a era tio n  o v e r  
M g O .

I I — A  s ta n d a rd  m e th o d  of m easu rin g  th e  ra te  of 
a e ra tio n  sh o u ld  b e  a d o p te d .

I I I — T h e  F o lin  tu b e s  are  of no v a lu e  fo r a era tio n  
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w o rk .

I V — C o m p le te  a b so rp tio n  ca n n o t be o b ta in e d  u n less 
th e  a ir is s cru b b e d  w ell as it  p asses th ro u g h  th e  a b 
so rb in g  liq u id .

V — T h e  a b so rb in g  to w e r  as u sed  in  th is  w o rk  g iv e s  
co m p lete  a b so rp tio n .

V I — O n e-h a lf g ra m  of M g O  g iv e s  as s a t is fa c to r y  
re su lts  as la rg e r  q u a n tities .

V I I — T w o  a n d  o n e -h a lf h o u rs is su ffic ien t to  re co v e r 
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T h e  d e te rm in a tio n  of o x y g e n  d em an d  in  sew a ges 
b y  th e  so -ca lle d  s a ltp e te r  m eth o d  depen d s up on  th e  
o x y g e n  v a lu e  a scrib ed  to  th e  n itro gen  in  th e  n itra te  
ra d ica l. T w o  v a lu e s  h a v e  so fa r  been p ro p o sed , one 
b y  L e d e re r1 an d  one b y  H a le .2 T h e  fo rm e r assu m es 
th a t  i  n itra te  n itro g e n  is e q u iv a le n t  to  2.3 a to m s of 
o x y g e n , w h ile  th e  la tte r  a ssu m es th a t  1 n itra te  n itro ge n  
is e q u iv a le n t  to  4 a to m s of o x yg en .

T h e  p rocess of n itra te  re d u ctio n  is a  b io lo g ic  one, 
a n d  in o rd er fo r  i t  t o  go on s u cce ssfu lly  th re e  co n d itio n s  
m u st p re v a il:  n a m e ly , p resen ce  of o rg a n ic  m a tte r, 
n itra te s  an d  b a c te r ia . T h e  p ro d u c ts  of re d u ctio n  
dep en d  u p o n  th e  k in d  of b a c te r ia  p resen t. T h e  re-

« J . Infect. Dis., 14, 488.
•  T h is  J o u r n a l , 7 (1 9 1 5 ) , 7 6 2 .

d u ctio n  m a y  be su ch  t h a t  ( i )  th e  n itra te s  are re d u ce d  
to  n itr ites  o n ly ; or (2) th e  o x y g e n  is ta k e n  fro m  th e  
n itr a te s  an d  n itr ite s  fo r th e  fo rm a tio n  o f a m m o n ia ; 
or (3) th e  n itra te s  an d  n itr ite s  are re d u ce d  w ith  
e v o lu tio n  o f N O  a n d  N 20 ; or (4) th e  n itra te s  and  
n itr ite s  a re  re d u ce d  to  gaseo u s n itro g e n .

T h e  e n e rg y  fo r  c a rr y in g  on  th e  re d u ctio n  is o b ta in ed  
fro m  e a s ily  a ss im ila te d  ca rb o n  co m p o u n d s a n d  th e  
a m o u n t of re d u ctio n  is d ir e c t ly  p ro p o rtio n a l to  the 
o rg a n ic  m a tte r  p re se n t. A  n u m b e r o f su ch  co m 
p o u n d s so re a d ily  u tilize d  b y  d en itrifiers  are p ro d u ced  
b y  th e  a c tio n  o f p u tr e fa c t iv e  o rg an ism s u p o n  th e  
co m p lex  in so lu b le  co m p o u n d s in  a n im a l a n d  v e g e ta b le  
tissu es, h u m u s an d  u n d ig e ste d  m a te ria l in feces.

A n y  e q u a tio n s, th e re fo re , d e v ised  to  e x p la in  th e  
re d u ctio n  of n itra te s  m u st n ece ssa rily  co n sid er c a rb o n 
aceo u s m a tte r. S u ch  e q u a tio n s, th e re fo re , as th e  fo l
lo w in g 1 h a rd ly  re p re se n t th e  tru e  co u rse  o f th e  re 
a c tio n  sin ce  t h e y  do n o t ta k e  in to  co n sid e ra tio n  th e  
re d u c in g  a c tio n  of th e  ca rb o n  co m p o u n d s:

( 1 )  H N O 3  +  H 20  =  N H ,  +  2 0 2
(2) 2K N O j  +  H 2C 0 3 +  2 H 20  =  

K 2C 0 3 -f- 2 N H 3  -f- 4 0 2

T h e se  e q u a tio n s  m ig h t p o ss ib ly  re p re se n t th e  p a r t  
n itr a te s  p la y  in  th e  e le c tro ly t ic  a c tio n  in  th e  co rro sio n  
of iro n , b u t  t h e y  h a rd ly  a p p ly  to  th e  b io lo g ic  re d u ctio n  
of n itra te s  in  sew ages.

I f  it  is n ece ssa ry  to  re p re se n t th e  b io lo g ic  re d u ctio n  
b y  a  ch e m ica l e q u a tio n  th e  fo llo w in g 2 ca n  b e  used  to  
p ic tu re  th e  fa c ts  in  th e  case, a lth o u g h  th e  e x a c t  n a tu re  
of th e  re a ctio n  in  a c tu a l co n d itio n s  m ig h t b e  a lto 
g e th e r  d ifferen t.
(3) 5C  +  4 K N O 3  +  2H0O =  4 K H C O 3  +  2 N 2 +  C 02
(4) 4 C  +  2 K N O 3  +  3 H 20  =  2 N H 3  +  3 C 0 2 +  K 2C 0 3

A n a ly z in g  th is  la s t  e q u a tio n  b y  s p lit t in g  i t  in to  its
su p p o sed  su cce ssiv e  re a ctio n s  as t h e y  m ig h t o ccu r we 
g e t  th e  fo llo w in g :

( 5) 2 K N O 3  +  C  =  s K N O *  +  C 0 2
(6) 2 K N 0 2 +  3 C  +  3 H 20  =  2 N H 3  +  2 C O 2 +  K 2C O 3

In  E q u a tio n  5, 2 n itro g e n s g iv e  u p  2 o x y g e n s . In  
E q u a tio n  6, 2 n itro ge n s g iv e  up  o n ly  3 o x y g e n s  (one 
of th e m  s ta y in g  w ith  th e  p o ta ss iu m  to  fo rm  th e  K 2C 0 3 ), 
a n d  3 o x y g e n s  are ta k e n  fro m  th e  w a te r  in o rd er to  
c a rr y  th e  re a ctio n  to  co m p letio n . In  th e  co m p lete  
re d u ctio n , th e re fo re , 8 o x y g e n s  a re  re q u ired ; th a t  is, 
1 n itro g e n  is e q u iv a le n t  to  4 o x yg en s.

T h e  sa m e  co n clu sio n  ca n  b e  o b ta in e d  w ith o u t th e  
a id  o f e q u a tio n s  an d  w ith o u t reco u rse  to  th e  id e a  th a t  
o x y g e n  m u st a lw a y s  b e  asso ciated  w ith  o x id a tio n  an d  
re d u ctio n . O x id a tio n  can  be defin ed  as an  in crease  
in  p o s it iv e  v a le n c e  or a  d ecrease  in  n e g a tiv e  v a le n ce  
on th e  e le m e n t o x id ize d ; re d u ctio n  as th e  c o n v e rs e .3 
In  go in g  fro m  N 0 3 to  N 0 2 or N H , ,  n itro ge n  ch a n ges  
in  v a le n c y . T h e  n itro ge n  in  n itr a te  has 5 p o sitiv e  
v a le n ce s; in  a m m o n ia  3 n e g a tiv e ;  in n itr ite  4 p o s it iv e ;  
a n d  in  n itro g e n  gas no v a le n ce . T h e  ch a n g e  fro m  
n itr a te  to  a m m o n ia  is 8, to  n itr ite  is 2, a n d  to  n itro gen  
S, w h ich  b e in g  in te rp re te d  in  term s of o x y g e n  w ith  2

1 Hale, T h is  J o u r n a l , 7 (1915), 763.
* M arshall, “ M icrobiology,”  1912, 264.
* C ady, “ Inorganic C hem istry ,” 1912, 255.
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va le n ce s  m ean s 4, 1 a n d  2l/i\ th a t  is, if th e  re d u ctio n  
a ll p ro ceed ed  to  gaseo u s n itro g e n  th e  e q u iv a le n ts  of 
o x y g e n  a v a ila b le  fo r  each  n itro g e n  in  n itr a te  is 2V2; 
if  o n ly  a m m o n ia  w as fo rm e d , 4 e q u iv a le n ts  w o u ld  be 
a v a ila b le ;  an d  if o n ly  n itr ite s  1 e q u iv a le n t.

A ssu m in g  t h a t  th e  re d u ctio n  goes to  n itr ite s  an d  
a m m o n ia , th e  o x y g e n  a v a ila b le  w ill be d e p en d en t 
u p o n  th e  q u a n t ity  of n itr ite s  a n d  o f a m m o n ia  p ro 
d u ced . I f  w e s ta r t  w ith  one e q u iv a le n t  o f n itro ge n  
as n itr a te , a n d  assu m e v a r y in g  p e rce n ta g e s  o f N 0 2 
fo rm e d  w e can  g e t th e  o x y g e n  v a lu e  fo r  th e  d ifferen t 
p e rce n ta g e  co m b in a tio n s  of N 0 2 a n d  N H S p resen t.

T a b l e  I

E q v t. N O t form ed  0 .0  0.1 0 .2  0 .3  0 .4  0 .5  0 .6  0 .7  0 .8  0 .9  1.0
E q v t. NI-Ij fo rm ed   1 .0  0 .9  0 .8  0 .7  0 .6  0 .5  0 .4  0 .3  0 .2  0.1  0 .0
E q v t. O availab le ...............  4 .0  3 .7  3 .4  3.1  2 .8  2 .5  2 .2  1.9 1.6 1.3 1.0

I f  50 p er ce n t of th e  n itro g e n  goes to  N H S, th e  o x y g e n
e q u iv a le n t  is 2.5.

S in ce  b a c te r ia  in  sew a ge  v a r y , th e  p e rce n ta g e s  of 
re d u ctio n  p ro d u c ts  o b ta in e d  w ill n o t o n ly  v a r y  w ith  
d ifferen t sew a ges  b u t  w ill v a r y  fro m  d a y  to  d a y  w ith  
th e  sam e sew a g e . T h a t  th is  is tru e  is sh o w n  b y  th e  
e x p erim en ts  of v a r io u s  in v e stig a to rs . L e t ts , B la k e , 
a n d  T o tt o n 1 fo u n d  t h a t  n itro g e n  is e v o lv e d , so m etim es 
free  an d  so m etim e s as n itr ic  o x id e. G u th  an d  K e im 2 
re p o rt th e  sam e p ro d u c ts . B o th  of th e se  in v e stig a to rs  
w ere u n a b le  to  d e m o n stra te  an  in crease  in  free  a m m o 
n ia. H o o v e r3 re p o rts  an  in cre ase  of free  a m m o n ia  an d  
n itr ite s . L e d e re r4 re p o rts  an  in crease  of n itr ite s  an d  
free  a m m o n ia , th e  la t te r  v a r y in g  fro m  20 to  50 per 
cen t.

T a b l e  I I — F o r m a t io n  o f  F r e e  A m m o n ia  D u r in g  S a l t p e t e r  O x y g e n  
C o n s u m p t io n  (a )

Tem p, of T im e of N  as free N H j P er cent 
N o. Incubation  Incubation  Before A fter Increase

 1...................  37° C. 3 7 .2  9 .2  30
 2 ...................  37 3 8 . 8  12.4 41
 3 ...................  37 3 12.4 14.4 16
 4 ...................  37 3 10.8 15.2 40
 5 ...................  37 3 14.0 16.4 15
 6...................  37 3 12.0 14.8 23
 7 ...................  20 5 7 .2  10.0 40
 8...................  20 5 8 . 8  11.6 24
 9 ...................  20 5 12.4 12.8 3

1 0 ...................  20 5 10.8 15.2 50
1 1...................  20 5 14.0 18.0 29
1 2 ...................  20 5 12.0 17.6 47

(a) Lederer, A m . J .  Pub. Health, 5, 358.

U n fo rtu n a te ly , th e  q u a n t ity  o f n itr ite s  a n d  in itia l 
n itra te s  w ere  n o t g iv e n , so th e  v a lu e  o f th e  n itro g e n  
in  term s of o x y g e n  co u ld  n o t be ca lc u la te d  fro m  th ese  
p ro d u cts .

In  o u r la b o r a to r y , w e h a v e  been  u n a b le  to  d e m o n 
s tr a te  th e  p resen ce  o f a n y  free  n itro g e n  o r n itr ic  o xide. 
N itr ite s  an d  a m m o n ia  w ere fo u n d  to  be th e  o n ly  
p ro d u c ts  of re d u ctio n .

T a b l e  I I I — R e d u c t io n  P r o d u c t s  o f  S a l t p e t e r  T r e a t m e n t  
S e r i a l  N o . 1 2 3 4 5 6 7 8 9  10

Incubation  T em p ..................................  37 37 37 37 37 20 20 20 20 20° C.
Incubation  T im e .................................... 5 5 5 5 5 0 10 10 10 10
P E R  C e n t  I n c r e a s e : N itrogen  0 0 0 0 0 0 0 0 0 0

A m m onia.............................................  40 51 47 46 52 49 45 42 51 47

T h e  in crease  in  a m m o n ia , h o w e v e r , m a y  co m e fro m
th e  h y d r o ly s is  of p ro tein s  a n d  o th e r co m p lex  n itro g -

■ Chem. News, 88 (1903). 182.
* Gesundh. Ing., 35 (1912), 52.
5 Engineering News, 6 8 , 192, 452.
* Amer. J . Pub. Health, 5, p. 357.

en o u s o rg a n ic  co m p o u n d s p resen t in sew a ges, so t h a t  a n y  
ca lcu la tio n s  based  on  th e  in crease  in  free  a m m o n ia  
are  n o t v e r y  d e p e n d a b le . I f , h o w ev er , w e ca n  g et 
co m p a ra b le  re su lts  on  th e  re d u ctio n  of n itr a te s  an d  th e  
re d u ctio n  of a v a ila b le  o x y g e n  in  ab sen ce  of n itra te s , 
w e w ill h a v e  d e p e n d a b le  d a ta  fro m  w h ich  th e  o x y g e n  
e q u iv a le n t  of n itro g e n  in  n itra te s  ca n  b e  ca lcu la te d . 
S u ch  co m p arison s h a v e  been m ad e b y  H a le  a n d  M e lia ,1 
b y  L e d e re r2 a n d  b y  th e  w r ite r .3

H a le  a n d  M e lia  co u ld  g e t co n sisten t resu lts  w ith  th e  
sew a g e  on w h ich  th e y  w ere w o rk in g  o n ly  b y  a ssu m in g  
t h a t  one n itro ge n  w as e q u iv a le n t  to  4 o x y g e n s , b a sin g  
th e ir  a ssu m p tio n s on E q u a tio n s  1 a n d  2 a b o v e . F ro m  
th e  co n sid e ra tio n s  h e re w ith  p re se n te d , th e  n itr a te  
m u st h a v e  been  a ll re d u ce d  to  N H a, no n itr ite s  b e in g  
fo rm e d , in  o rd er fo r th is  v a lu e  to  be tru e .

L ed e re r, h o w e v e r , co u ld  g e t ch e ck in g  re su lts  w ith  
th e  d ilu tio n  an d  n itra te s  m eth o d , b y  a ssu m in g  t h a t  1 
n itr a te  n itro g e n  w as e q u iv a le n t  to  2.5 o x y g en s . T h is  
is s tr ic t ly  in  acco rd  w ith  h is  o b s e rv a tio n s  th a t  b o th  
n itr ite s  a n d  a m m o n ia  are  fo rm e d  in th e  n itra te  re 
d u c tio n . H e fu rth e r  a ssu m ed  th a t  on e n itr ite  n itro g e n  
w as e q u iv a le n t  to  i ' / s a to m s of o x y g en s . A c c o rd in g  
to  th e  co n sid e ra tio n  t h a t  th e  n itro g e n  is th e  o x id iz in g  
a g e n t, one n itr ite  n itro g e n  is e q u iv a le n t  to  one 
o x y g e n .

R id e a l4 in  his t e x t  b o o k  a llo w s 2.5 a to m s of o x y g e n  
fo r  one a to m  of n itro g e n , a n d  H o o v e r a t  th e  C o lu m b u s  
S e w a g e  T e s tin g  S ta tio n  h as e m p lo y e d  th e  sam e v a lu e .

T h e  w e ig h t of e v id e n ce , th e re fo re , seem s to  be in  
fa v o r  o f 2.5 a to m s of o x y g e n  fo r  e v e r y  n itr a te  n itro ge n . 
T h e  co n clu sio n , h o w ev er , ca n  n o t b e  d ra w n  t h a t  this 
v a lu e  is a p p lic a b le  to  a ll sew a ges. T h e  m o st t h a t  can  
be sa id  is th a t  th e  p e rce n ta g e s  of re d u ctio n  p ro d u c ts  
in  each  of th e  sew a ges  so fa r  w o rk e d  on w ere a b o u t th e  
sam e, n a m e ly , a b o u t a  50 p er ce n t in crease  in  free  
N H j. O th er in v e stig a to rs  m ig h t fin d  a  d ifferen t 
o x y g e n  v a lu e  fo r  n itro g e n .

T h a t  is, each  s e w a g e , d e p e n d in g  u p o n  th e  b a c te r ia  
an d  o rg a n ic  m a tte r  p re se n t, w ill re d u ce  n itra te s  
d iffe re n tly . T h e  s a fe s t  th in g , th e re fo re , in  o x y g e n  
d e m an d  w o rk  is to  d e term in e  e x p e r im e n ta lly  th e  o x y g e n  
v a lu e  fo r  th e  n itro g e n  in  n itr a te s  fo r th e  se w a g e  in  
q u estio n . T h is  ca n  b e  don e b e st b y  c o n d u c tin g  v e r y  
c a re fu lly  p a ra lle l d e te rm in a tio n s , u sin g  n itra te s  in  one 
a n d  o x y g e n  in  th e  o th er, as th e  o x id iz in g  a g en t. A ll 
th e  p re ca u tio n s  m e n tio n ed  b y  L ed e re r6 a n d  o th e rs6 
sh o u ld  be fo llo w e d  in ru n n in g  th e  “ D ilu t io n ”  m eth o d .

F ro m  th e  d a ta  th u s  o b ta in e d , th e  o x y g e n  e q u iv a le n t  
of n itro g e n  in n itra te  can  be re a d ily  d e te rm in e d , a n d  
fro m  th e  e v id e n ce  so fa r  p re se n te d  th e  v a lu e  o b ta in e d  
sh o u ld  n o t  d iffer fa r  fro m  2.5.

W a t e r  a n d  S e w a g e  L a b o r a t o r y

U n iv e r s it y  o f  K a n s a s , L a w r e n c e

1 T h i s  J o u r n a l , 7  (1 9 1 5 ), 7 63 .
* J . Infect. Dis., 14 487.
J T h is  J o u r n a l , 8  (1916), 403.
« "Sew age,” 3rd E d., 1906, 131.
* T h i s  J o u r n a l , 6 (1914), 882.
« Bruckmiller, Ibid., 8 (1916), 403; 7 (1915), 762.
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A s th e  q u a n tita tiv e  d e te rm in a tio n  of n ick e l an d  
c o b a lt  in  th e  p resen ce  o f one a n o th e r is d ifficu lt, th is  
in v e stig a tio n  w as u n d e rta k e n  to  fin d , if p o ssib le , 
s im p ler m eth o d s th a n  th o se  co m m o n ly  u sed . I t  
w as h o p ed  t h a t  v o lu m e tr ic  m eth o d s m ig h t b e  fo u n d  
w h e re b y  e ith er o f th e se  m e ta ls  m ig h t be e a s ily  d e 
te rm in e d  in  th e  p resen ce  of th e  oth er. A  v e r y  s a t is 
fa c to r y  m eth o d  fo r c o b a lt  has been  fo u n d , b u t in  th e  
case  of n ick e l n o th in g  b e tte r  th a n  th e  m eth o d s a lre a d y  
in use has so fa r  b een  d isco ve re d .

In  th e  p resen ce  of so d iu m  or p o ta ssiu m  h y d ro x id e  
b o th  n ick e l a n d  c o b a lt  a re  o x id ize d  to  t r iv a le n t  o xides 
o r h y d ro x id e s  b y  v a r io u s  o x id iz in g  a g en ts , b u t  n eith er 
tr iv a le n t  n ick e l n or c o b a lt  fo rm s s ta b le  s a lts  w ith  
a cid s. B o th  n ick e lic  a n d  c o b a lt ic  h y d ro x id e s , w hen  
tre a te d  w ith  acid s an d  p o ta ssiu m  io d id e, lib e ra te  
io d in e  a n d  fo rm  th e  n ick e lo u s  or co b a lto u s  sa lts , 

e- g
C o (O H )3 +  K I  +  3 H C I =  C0CI2 +  I +  K C 1 +  3 H 20 .

O f th e se  tw o  m eta ls , c o b a lt  is th e  m ore e a s ily  o x i
d ized , an d  w h en  o xid ize d , fo rm s th e  m ore s ta b le  co m 
p o u n d s. F o r  e x a m p le , c o b a lt  su lfa te  tre a te d  w ith  
p o ta ss iu m  h y d ro x id e  an d  h y d ro g en  p ero xid e  g iv e s  
c o b a ltic  h y d ro x id e , w h ile  n ick e l u n d er th e  sam e 
tre a tm e n t is n o t ch a n g e d  e v e n  a t  th e  b o ilin g  p o in t. 
A . M e tz 1 uses th is  fa c t  as a  b asis  fo r th e  d e te rm in a 
tio n  of co b a lt. T h e  d iff ic u lty  in  c o m p le te ly  re m o v in g  
th e  excess of h y d ro g e n  p ero xid e  e ith er b y  b o ilin g  
or filte rin g  an d  w a sh in g , is an  o b je c tio n  to  th is  m eth o d . 
A fte r  tr ia l  o f a n u m b e r of o x id iz in g  a gen ts , so d iu m  
p e rb o ra te  p ro v e d  to  b e  th e  b e st, b o th  b ecau se  it  co m 
p le te ly  o x id izes th e  c o b a lt  w ith o u t a ffe ctin g  th e  n ick e l 
an d  also  b e cau se  a n y  excess of th e  re a g e n t is re a d ily  
d e co m p o sed  b y  b o ilin g .

T h e  m e th o d  re co m m e n d e d  is as fo llo w s: T h e  ore,
or o th er m a te r ia l, m a y  be d isso lv ed  w ith  acid s and  
th e  m e ta ls  of th e  co p p e r and  iron  gro u p s a n d  also  
m a n g an ese  re m o v e d  b y  s ta n d a rd  m eth o d s. T h e  so lu 
tio n  so o b ta in e d  m a y  co n ta in  n ick e l an d  c o b a lt, z in c , 
an d  th e  m eta ls  of th e  a lk a lie s  a n d  th e  a lk a lin e  e a rth s, 
b u t  m u st b e  free  fro m  a n y  su b sta n ce s  c a p a b le  of 
lib e ra tin g  io d in e  fro m  an a cid  so lu tio n  of p o ta ssiu m  
io d id e . T h is  so lu tio n , w ith  a v o lu m e  of a b o u t 100 
cc ., is m ad e a c id  w ith  d ilu te  su lfu r ic  acid , u sin g  a b o u t 
S cc. in  excess, an d  i or 2 g. of d ry  so d iu m  p e rb o ra te  
a d d ed . A fte r  a g ita tio n  an d  so lu tio n  of th e  p e rb o ra te , 
so d iu m  h y d ro x id e  is a d d ed  to  s tro n g  a lk a lin e  re a c 
tio n  a n d  th e  m ix tu re  bo iled  fo r 10 m in. to  d eco m p o se 
th e  excess o f p e rb o ra te . T h e  so lu tio n  is n o w  co o led  
to ro o m  te m p e ra tu re  a n d , a fte r  1 g. p o ta ssiu m  io d id e  
has b een  a d d ed , a cid ified  w ith  d ilu te  su lfu r ic  acid . 
A fte r  so lu tio n  of th e  p re c ip ita te , th e  lib e ra te d  io d in e  
is t it r a te d  w ith  a  s ta n d a rd  so lu tio n  of so d iu m  th io - 
s u lfa te , u sin g  s ta rc h  p a ste  as an  in d ica to r.

A s  it  is d ifficu lt to  secu re  a  c o b a lt  co m p o u n d  of 
k n o w n  c o b a lt  co n te n t, it  is reco m m en d ed  t h a t  th e

1 Z . anal. Chem., 63 (1914), 537.

so d iu m  th io s u lfa te  so lu tio n  b e  s ta n d a rd iz e d  b y  m eans 
o f p o ta ssiu m  d ich ro m a te  in  th e  u su a l m ann er. S in ce  
i K 2C r 207 =  61 =  6 C o , th e  K 2C r 207 fa c to r  of th e  
th io s u lfa te  so lu tio n  m u ltip lie d  b y  1 .2 0 2 7  g iv es  its  
c o b a lt  fa c to r .

I f  a c o b a lt  co m p o u n d  of k n o w n  p u r ity  is a v a ila b le , 
it  m a y  b e  used  to  s ta n d a rd iz e  th e  so d iu m  th io s u lfa te  
so lu tio n  b y  ta k in g  a  w eigh ed  q u a n t ity  a n d  tre a tin g , 
as in th e  re g u la r  m eth o d , w ith  so d iu m  p erb o ra te  
a n d  so d iu m  h y d ro x id e . A fte r  b o ilin g  fo r 10 m ins., 
cool, a d d  p o ta ssiu m  io d id e  a n d  a c id ify  w ith  d ilu te  
s u lfu r ic  a c id ; t it r a te  th e  free  io d in e  w ith  th e  t h io 
s u lfa te  so lu tio n  and  co m p u te  its  fa c to r . B y  th is  
m e th o d  0 .1 6 1 3  E- o f c o b a lt  as c o b a lt  s u lfa te  req u ired  
3 5 .2 5  cc. of th e  so d iu m  th io s u lfa te  so lu tio n , m a k in g  
its  fa c to r  0 .0 0 4575 w h ile  its  fa c to r  as d e te rm in e d  b y  
th e  p o ta ss iu m  d ich ro m a te  m eth o d  w as 0.0 04568.

T h e  re su lts  o f a  fe w  o f th e  a n a ly se s  of m ix tu res  
o f c o b a lt  a n d  n ick e l are  g iv e n  in  T a b le  I. T h e  co b a lt  
u sed  w as a  so lu tio n  o f p u re  c o b a lt  s u lfa te  co n ta in in g  
o . 00978 g. of c o b a lt  p er cc. T h e  n ick e l used  w as a  so lu 
tio n  of n ick e l s u lfa te  free  fro m  c o b a lt  a n d  co n ta in ed  
0.00908 g. o f n ick e l p er cc. T h e  t itra tio n s  ch e ck e d  
one a n o th e r w ith in  a  0 .1  cc. an d  w ide v a r ia tio n s  in 
th e  a m o u n ts  of th e  su lfu r ic  a c id , so d iu m  p erb o ra te , 
e tc ., u sed  d id  n o t a ffe c t th e  re su lts . I t  m a y  be n o ted  
t h a t  th e  p ro cess is a c c u ra te  fo r  w id e ly  d ifferen t am o u n ts  
o f c o b a lt  an d  a lso  in  th e  p resen ce  of la rg e  q u a n titie s  
o f n ick e l.

T a b u ;  I — D e t e r m in a t io n  o p  C o b a l t  i n  t u b  P r e s e n c e  o p  N ic k e l  
G r a m  N i c k e l  G r a m  C o b a l t

K x p t .  No. P r e s e n t  P r e s e n t  Found
 1............................................... 0.0454 0 .000  0.000
2 ............................................... 0 .0908 0 .000  0.000
3  . .    0.0000 0.0489 0.0492
4   0 . 0 0 00  0 .0489 0.0487
5  . 0.0908 0.0489 0.0490
6 . . . . ; ..................................  0.0454 0.0489 0.0491
7 . . .  0 .4540 0.0489 0.0491
8  '   0 .4540 0.0489 0.0495
9  .   0.0908 0.0978 0.0977

10   0.0908 0.0978 0.0982
11   0 .0000 0.1467 0.1470
12 . .  0.0908 0.1467 0.1466
13' . ! .................................  0.0000 0.1956 0.1950
14 . . . .  0 .2270 0.1956 0.1955
15 . . . . .  0 .0000 0.2445 0.2439

T h e  fo llo w in g  p o in ts  in  th is  a n a ly sis  m u st be c a re 
fu lly  o b se rv e d  to  o b ta in  a ccu ra te  re su lts : I t  is n eces
s a r y  to  a d d  th e  so d iu m  p e rb o ra te  to  th e  a cid  so lu tio n  
a n d  th e n  m a k e  a lk a lin e . A tte m p ts  to  a d d  th e  p e r
b o ra te  to  th e  a lk a lin e  s o lu tio n  re su lted  in  in co m p le te  
o x id a tio n  of th e  c o b a lt  w h en  th e  a m o u n t p re se n t 
w as m ore th a n  0 .0 50  g. I t  is n ece ssa ry  to  a d d  th e  
p o ta ss iu m  io d id e  b e fo re  a d d in g  th e  d ilu te  s u lfu r ic  
a c id  fo r  th e  so lu tio n  of th e  c o b a lt ic  h y d ro x id e , o th e r
w ise  th e  resu lts  w ill be lo w . T h is  m eth o d  does n o t 
re q u ire  th e  filtra tio n  o f th e  c o b a lt ic  h y d ro x id e , w h ich  
is im p o rta n t  n o t o n ly  in  s a v in g  tim e, b u t  in  in creasin g  
th e  a c c u r a c y , as th is  co m p o u n d  te n d s  to  p ass th ro u g h  
th e  filte r d u rin g  th e  la st  p a r t  o f th e  w ash in g .

I t  w as  a tte m p te d  to  d e te rm in e  n ick e l a n d  c o b a lt  
to g e th e r  b y  an  a n a lo go u s m e th o d  u sin g  m ore p o w e r
fu l o x id iz in g  a g en ts  s u ch  as b ro m in e  w a te r  an d  so d iu m  
p e rsu lfa te . T h e se  e x p erim en ts  w ere n o t su cce ssfu l, 
d u e to  th e  d iffic u lty  of c o m p le te ly  re m o v in g  th e  e x 
cess o f th e  o x id iz in g  a g en t. T h e  n ic k e lic  a n d  c o b a lt ic  
h y d ro x id e s , w h ich  are re a d ily  fo rm e d , re q u ire  f iltr a 
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tion  a n d  e x ce ssiv e  w ash in g  and  eve n  a fte r  p ro lo n g ed  
w ash in g th e  resu lts  w ere u s u a lly  h ig h . C o b a lt  free 
fro m  n ick e l g a v e  go o d  resu lts  w h en  o x id ize d  w ith  
b ro m in e w a te r , b u t  eve n  here th e  w a sh in g  re q u ired  
w as e x ce ssiv e  an d  th e  m eth o d  is m u ch  in ferio r to  th e  
one g iv en  a b o v e  u sin g  so d iu m  p erb o ra te .

In  co n clu sio n  w e w o u ld  s ta te  th a t  c o b a lt  m a y  b e  
d e term in ed  in th e  p resen ce  o f n ick e l b y  o x id a tio n  in 
a lk a lin e  so lu tio n  w ith  so d iu m  p erb o ra te , re m o v in g  
th e  excess o f th e  p e rb o ra te  b y  b o ilin g , and  a fte r  th e  
a d d itio n  of p o ta ss iu m  io d id e  a n d  d ilu te  s u lfu r ic  acid , 
t itra tin g  w ith  a  s ta n d a rd  so d iu m  th io s u lfa te  so lu tio n .

C h e m ic a l  L a b o r a t o r y , U n iv e r s it y  o f  D e n v e r  
D e n v e r , C o l o r a d o

T H E  C O M P O S IT IO N  O F  SO U N D  A N D  F R O Z E N  L E M O N S  
W IT H  S P E C IA L  R E F E R E N C E  T O  T H E  E F F E C T  O F 

S L O W  T H A W IN G  O N  F R O Z E N  L E M O N S
B y  H. S. B a il e y  a n d  C. P. W il s o n  

Received M a y  29, 1916

IN T R O D U C T O R Y  

T h e  w o rk  d escrib ed  b e lo w  w as u n d e rta k e n  as a  re 
s u lt  of th e  fre eze  o f J a n u a ry  6, 19 13 , w h ich  d e stro y e d  
a  p o rtio n  of th e  c itru s  crop  of S o u th e rn  C a lifo rn ia  
an d  w as e sp e c ia lly  sev ere  on lem on s.

W h ile  no te m p e ra tu re  ch a rts  w ere  m ad e a t S an  
D im a s, th e  d is tr ic t  fro m  w h ich  th e  m a te ria l w as c o l
le c te d , M r. W o o d s, fo re m an  o f th e  S a n  D im a s  lem on  
house, s a y s :  “ O n th e  6 th  of J a n u a ry , th e  d a y  p re 
ced in g  th e  fre eze , th e re  w as a  v e r y  h ig h  w in d  an d  th e  
te m p e ra tu re  w en t b e lo w  th e  fre e z in g  p o in t  e a r ly  in th e  
e ve n in g . A  lo w  te m p e ra tu re  w as  m a in ta in e d  u n til 
6.30 n e x t m o rn in g, w h en  it  b e g a n  to  m o v e  u p .”

T h a t  th e  in ju r y  to  lem on s, w h ich  a lm o st a lw a y s  
fo llo w s a  h e a v y  fre eze , is due to  a  ra p id  th a w in g  of 
th e  fro zen  fru it , ra th e r  th a n  to  th e  lo w  te m p e ra tu re  
to  w h ich  th e y  h a v e  been  s u b je c te d , seem s to  b e  th e  
gen era l op in ion  of c itru s  gro w ers. T h is  a ssu m p tio n  
is a p p a re n tly  s u b s ta n tia te d  b y  th e  fa c t  th a t  in  g ro ve s  
w h ere  a  n ig h t o f fro s t  is fo llo w ed  b y  a  w arm , b r ig h t  
d a y , th e  d a m a g e  is g re a te r  th a n  in  o rch ard s  w h ich  
h a v e  su ffered  an  e q u a lly  lo w  te m p e ra tu re  d u rin g  th e  
n ig h t b u t  w a rm ed  up  m ore s lo w ly  th e  fo llo w in g  d a y . 
In  o th e r w ords, w h en  a c lo u d y  m o rn in g  or a  h e a v y  
sm u d g e  b la n k e t  k eep s th e  g ro ve s  cool u n til to w a rd  
n oo n , th e  fru it  is less in ju re d  b y  a  fre e z in g  n ig h t  th a n  
if  th e  su n  com es o u t h o t e a r ly  in th e  d a y . T h is  is in  
h a rm o n y  w ith  th e  w ell-k n o w n  fa c t  t h a t  liv in g  an im a l 
tissu es su ffer g re a te r  in ju r y  fro m  fre e z in g  if th e  t h a w 
in g o u t be ra p id  th a n  w hen  i t  ta k e s  p la ce  g r a d u a lly .

In  th e  ho p e of o b ta in in g  fu rth e r  d a ta  u p o n  th e  
e ffe ct o f g ra d u a l th a w in g  u p o n  fro ste d  c itru s  fru it, 
M r. H o rsfo rd , M a n a g e r of th e  S^n D im a s  L em o n  
A sso cia tio n , h a d  a q u a n t it y  of th e  fru it  w h ich  w as 
frozen  on  th e  n ig h t  o f J a n u a ry  6, 19 13 , p ick e d , b e 
g in n in g  a t  7 o ’c lo ck  th e  fo llo w in g  m o rn in g  a n d  co n 
tin u in g  n e a rly  a ll th a t  d a y . T h is  w as sto red  as fa s t  
as g a th e re d  in  th e  p a c k in g  house a t  a  te m p e ra tu re  of 
45 to  50° F ., w h ere  it  w o u ld  th a w  s lo w ly . A t  th e  
tim e th e  freeze  o ccu rre d  th e re  w as a lre a d y  in s to ra g e  
in his h ouse a  q u a n t ity  of so u n d  lem on s p ic k e d  tw o  
d a y s  p re v io u s ly  an d  se v e ra l b o x es of th ese  w ere  set

aside fo r  co m p ariso n  la te r  w ith  fro zen  fru it . T o  
s u p p ly  th e  th ird  set o f sam p les, t h a t  of fro zen  fru it  
th a w e d  ra p id ly , se v e ra l trees w ere le ft  u n p ick e d  in  
th e  o rch ard , fro m  w h ich  w ere g a th e re d  th e  fro ste d  
lem on s fo r  sto ra g e . A n  o p p o r tu n ity  w as th u s  a ffo rd ed  
to  m a k e  a  c o m p a r a tiv e  s tu d y  of fr u it  p ick e d  b efo re  
th e  fro st, an d  th e re fo re , n o rm a l; fru it  p ick e d  an d  
s to red  im m e d ia te ly  a fte r  th e  fro s t; a n d  fro zen  fr u it  
re m a in in g  on th e  trees. A ll th is  fru it  ca m e fro m  th e  
sam e g r o v e  of E u r e k a  lem on s.

D E S C R IP T IO N  OF SA M PLE S A N A LY ZED

O ne p a c k in g  b ox of fru it  p ick e d  J a n u a ry  4, tw o  d a y s  
b efo re  th e  freeze , a n d  one b o x  p ic k e d  J a n u a ry  7, th e  
d a y  a fte r  th e  fre eze , w ere s e le cted  a n d  p la ce d  sid e  b y  
sid e  in sto ra g e  a t  a  te m p e ra tu re  o f 45 to  50° F . B e 
g in n in g  J a n u a ry  16, a  sa m p le  o f a  d o zen  or m ore 
lem on s w as ta k e n  a t  ra n d o m  fro m  each  b o x  an d  
a n o th e r d ozen  p ick e d  fresh  fro m  th e  g ro v e . T h e se  
w ere w ra p p e d  in  th e  re g u la r  tissu e  p a p e r w ra p p e rs , 
p a c k e d  in  a  w o o d en  b o x , a n d  se n t b y  exp ress to  th e  
C itru s  B y -P r o d u c ts  L a b o r a to r y  in  L os A n g ele s, an d  
a n a ly z e d  as soon  as p o ssib le  a fte r  b e in g  re ce iv e d . 
S im ila r  series of sam p les w ere ta k e n  a t  in te rv a ls  of 
a b o u t a  w ee k  u n til th e  first of M a y  fo llo w in g .

M ETH O D S OF A N A LY SIS

s p e c i f i c  g r a v i t y  o f  f r u i t — W h en  re ce iv e d , th e  
lem on s w ere w eigh ed  on a to rsio n  b a la n ce  a n d  im 
m e d ia te ly  p u t  in  a  b a t t e r y  ja r  filled  w ith  w a te r  an d  
c o v e re d  w ith  a  gro u n d  glass p la te  to  re m o v e  a ll su rp lu s  
w a te r . T h e  fr u it  w as th e n  ta k e n  o u t a n d  th e  ja r  re filled  
w ith  w a te r , th e  a m o u n t th u s  re q u ired  b e in g  e q u a l to  
th e  v o lu m e  of th e  fru it . F ro m  th e  w e ig h t of th e  fru it  
an d  v o lu m e  o f w a te r  it  displaced,- th e  sp ecific  g r a v it y  
w as ca lcu la te d .

a p p e a r a n c e  o f  f r u i t — T h e  lem on s w ere c u t  in 
h a lv e s  w ith  a sh a rp  k n ife  a n d  th e  co n d itio n  of th e  cell 
s tru c tu re  n o te d . P e rfe c t  lem o n s, sh o w in g  no e v i
den ce  o f h a v in g  been  fro sted , are  d e sig n a te d  as 
“ S o u n d ,”  th o se  in  w h ich  a b o tit 20 p er ce n t of th e  
cells a p p ea red  d e sic ca te d , th a t  is, d ried  a n d  sh riv e le d , 
d u e  to h a v in g  been  in ju re d  b y  th e  fro s t or th e  re 
s u ltin g  th aw 'in g  o f th e  fro zen  tissu es, “ S lig h t ly  fr o z e n .”  
T h e  re m a in d er, w h ere  th e  c u t  s u rfa ce  sh o w ed  m ore 
th a n  20 p er ce n t o f th e  ce lls  a ffe c te d , w ere co n sid ered  
b a d ly  fro ze n  a n d  so d en o ted .

p e r c e n t a g e  o f  j u i c e — A fte r  th is  e x a m in a tio n  th e  
h a lf lem on s w ere  w ra p p e d  in  a  h e a v y  c a n v a s  press 
c lo th , 24 in . sq u a re , a n d  sq u e ezed  in  a  h y d r a u lic  press 
w ith  a b o u t 1500 lbs. pressu re. T h e  ju ic e  a n d  p u lp  
w ere co lle c te d  an d  w eigh ed  s e p a ra te ly  an d  th e  p e r 
ce n ta g e  of each  o b ta in e d . O w in g  to  th e  fa c t  t h a t  an 
a p p re cia b le  a m o u n t o f ju ic e  w as  a b so rb ed  an d  re ta in e d  
b y  th e  press c lo th , th e  m ore e x a c t  figu re  fo r  th e  q u a n t ity  
a c tu a lly  p re se n t in th e  fru it  w as o b ta in e d  b y  d e d u c tin g  
th e  w e ig h t of th e  p u lp  fro m  th a t  of th e  o rig in a l le m o n s.' 
T h is  figu re, d iv id e d  b y  th e  w e ig h t o f fr u it  p ressed , 
g iv e s  th e  c a lc u la te d  p e rce n ta g e  of ju ic e  an d  is th e  v a lu e  
so ta b u la te d . T h e se  figu res w ere used  in c a lc u la tin g  the 
p e rce n ta g e  o f c itr ic  a cid  in  th e  fru it , w h ich  p ro b a b ly  
m a k es  th e se  la tte r  v a lu e s  a  l it t le  h ig h er th a n  w o u ld  
be o b ta in e d  h a d  th e  sam p les been  la rger.
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s p e c i f i c  g r a v i t y  o f  j u i c e — T h e  sp ecific  g r a v it y  
of th e  ju ic e  w as  d e te rm in e d  a t 200 C . b y  m ean s of a 
sp in d le .

a c i d i t y  o f  j u i c e — Im m e d ia te ly  a fte r  ta k in g  th e  
sp ecific  g r a v it y  10 cc. of th e  ju ic e  w ere p ip e tte d  fro m  
th e  c y lin d e r  an d  t it r a te d  a g a in st N /2 so d iu m  h y d ro x id e  
so lu tio n , p h e n o lp h th a le in  b e in g  u sed  as an  in d ica to r. 
F ro m  th e  sp ecific  g r a v it y  a n d  th e  a cid  e q u iv a le n t  th u s  
o b ta in e d , th e  p ercen ta g e  of a c id  as c itr ic , p lu s one 
m o lecu le  o f w a te r , w as c a lc u la te d .

s o l i d s  i n  j u i c e — S olid s w ere d e te rm in e d  in th e  
ju ic e  b y  d r y in g  10 cc. in  lea d  dishes fo r  8 hrs. in an 
a ir b a th  a t  a b o u t 95 to  io o °  C . O w in g  to  th e  diffi
c u lty  in c o n tro llin g  th e  o ve n  and th e  a ctio n  of th e  
a c id  on th e  m e ta l d ishes, th e  so lids d e te rm in a tio n s  
are  p ro b a b ly  o n ly  a p p ro x im a tio n s .

a n a l y t i c a l  r e s u l t s  

T h e  resu lts  are g iv en  in  th e  a c c o m p a n y in g  ta b le s  
an d  sh o w  th e  e ffe ct o f th e  fro st on th e  s to red  an d  u n 
sto re d  fru it . I t  is tru e  t h a t  th e  so u n d  lem o n s w ere in  
sto ra g e  tw o  d a y s  e arlier th a n  th e  fro zen  ones, b u t  th is  
w o u ld  h a v e  v e r y  lit t le , if a n y , e ffe ct u p o n  th e  re la tiv e  
co n d itio n  o f th e  tw o  lo ts  a t  th e  tim e th e  first a n a ly s is

T a b l e  I — A n a l y s e s  o f  U n f r o z e n  L e m o n s . F r o z e n  L e m o n s  T i i a w e d  
S l o w l y  a n d  F r o z e n  L e m o n s  A l l o w e d  t o  R e m a in  o n  t h e  

T r e e s

F ruit D ate of T ime
Sp. Gr. 

of

P e r  c e n t  
o f  J u ic e  

Ob- Calcu-
Sp. Gr. 

of

P er cent 
in  J uice  

C itric

P er
cent
C itric

Acid
in

(a) Picking (6). Lemons tained lated Juice Acid Solids F ru it
SU Jan . 4 15 days 0.933 9 .0 49 .6 1.041 6 .5 8 . 8 3 .22
FS 7 Jan . 21 0.914 23.1 42.4 1.041 6 . 8 9 .5 2 .92
F T
SU

16
4 19 days

0.837
0.913

29 .4
27 .0

41.1
3 7 .4

1.037
1.040

5.1
7 .2

8 . 8
9 .5

2 . 1 0  
2.69

FS 7 Jan . 25 0 . 8 8 6 30 .0 39 .5 1.040 6 . 6 9 .5 2.61
F T
SU

24
4 28 days

0 .789
0.920

24 .9
27 .6

31 .9  
42.1

1.036
1.038

5 .3
7.1

8 .9
9.1

1.69
2.99

FS 7 Feb. 3 0 . 8 8 6 22.7 35 .9 1.041 7 .3 9 .8 2 .62
F T Feb. 1 0.779 19.1 26.5 1.038 5 .3 9 .9 1.40
SU Jan . 4 32 days 0.940 37. 1 44 .8 1.036 6 . 8 9 .6 3 .05
FS 7 Feb. 7 0.923 31.1 34 .3 1.037 6 .9 9 .0 2.37
F T Feb. 6 0.710 26.2 28.7 1.032 4 .5 8 . 0 1.29
SU Jan. 4 38 days 0.952 28.7 41 .4 1.040 7 .0 9 .0 2.90
FS 7 Feb. 13 0.920 27.8 33 .9 1.038 6 . 8 9 .4 2.30
F T Feb. 12 0.729 21  .2 25.3 1.032 4 .7 8 .3 1.19
SU Jan . 4 40 days 0.951 37.1 46.2 1 .041 7.3 9 .5 3.37
FS 7 Feb. 15 0.904 2 1 . 1 45 .5 1 .038 7.2 9 .3 3 .28
F T Feb. 14 0.701 19.9 29 .8 1.032 4 .8 7 .9 1.43
SU Jan . 4 50 days 0.944 33. 1 42.8 1.040 7 .2 9 .1 3 .08
FS 7 Feb. 25 0.870 35 .2 1.040 6 . 6 9.1 2 .32
F T Feb. 20 0.724 ¿41 i 28.4 1.030 4.1 8 .4 1.16
SU Jan . 4 52 days 0.931 30 .6 40.1 1.042 7 .4 9 .6 2.97
FS 7 Feb. 27 0.898 30.3 35 .6 1.040 6 . 8 9 .2 2 .42
F T Feb. 26 0.773 28.5 31 .6 1.031 4 .9 7 .6 1.55
SU Jan . 4 57 days 0.926 41.4 1.044 7 .3 9 .9 3 .02
FS 7 M ar. 4 0.882 23.6 36 .9 1.045 7 .6 9 .9 2 .80
F T M ar. 3 0.730 2 1 . 6 26.3 1.033 4 .8 7 .6 1.26
SU Jan . 4 60 days 0.967 27.6 42.7 1.042 7 .3 9 .5 3 .12
FS 7 M ar. 7 0.894 26.2 32 .4 • 1.044 7 .2 9 .9 2.33
F T M ar. 7 0.714 2 1 . 1 26.3 1 .028 3 .7 6 .5 0 .97
SU Jan. 4 64 days 0.913 25.4 40.2 1.042 7 .4 9 .3 2 .97
FS 7 M ar. 11 0.870 25.0 36 .7 1.045 7.1 9 .9 2.61
F T M ar. 10 0.713 33.3 1.032 4.1 7.3 1.36
SU Jan . 4 67 days 0.949 27 . i 40.7 1.042 7 .4 8 . 1 3.01
FS 7 M ar. 14 0.879 23.2 35 .3 1.046 7 .3 8 .4 2 .58
F T M ar. 12 0.682 19.0 30.0 1.030 3 .7 6 . 8 1 . 1 1
SU Jan . 4 93 days 0.954 27.7 39.7 1.046 8 . 2 9 .7 3 .26
FS 7 Apr. 9 0.920 33.4 37.3 1.046 7 .8 9 .6 2.91
F T Apr. 7 0.713 23.7 26.1 1.032 4 .7 6 .9 1.23
SU Jan . 4 100 days 0.934 31 .8 44.1 1.050 8.3 1 0 . 2 3 .6 6
FS 7 Apr. 16 0.840 30.3 33 .9 1.046 7 .3 9 .4 2 .47
F T Apr. 15 0.753 32 .4 34 .8 1.031 4.1 6 . 8 1.43
SU Jan . 4 109 days 0.968 35.3 48 .3 1.048 7 .6 10.5 3 .67
FS 7 Apr. 25 0.918 37.8 39 .4 1.046 7 .6 1 0 . 2 2 .99
F T Apr. 23 0.766 27.5 35.0 1.026 4.1 6 . 8 1.43
SU Jan . 4 116 days 0.991 32.3 33.3 1.046 8 . 1 9 .3 2 .70
FS 7 M ay 2 0.889 31.7 36.5 1 .045 7 .4 1 0 . 0 2 .7 0
F T M ay 1 0.722 30.2 31 .6 1.030 4.3 7 .2 1.37

figu res o b ta in e d  fo r  th e  e n tire  sam p le . T o o  m uch 
im p o rta n ce  m u st n o t be g iv e n  to  th e  in d iv id u a l d e 
te rm in a tio n .

A s h as a lre a d y  been  in tim a te d  th is  w o rk  w as u n d e r
ta k e n  w ith o u t p re v io u s  p re p a ra tio n , o n  th e  sp u r of 
th e  m o m en t, w h en  th e  m a te ria l b e ca m e  a v a ila b le . It  
is p e r fe c tly  o b v io u s  th a t  in ste a d  of th e  sm a ll sam p les 
of a  d ozen  lem on s, a t  le a st  an  e n tire  b o x  sh o u ld  h a v e  
been  u sed  fo r  each  a n a ly sis , b u t  u n d e r th e  c ircu m 
stan ces  sam p les o f th is  s ize  w ere o u t of th e  q u estio n .

D ate S p e c i f i c  G r a v it ie s
Anal o f F r u i t
ysis S U F S F T
1 /2 1 0.933 0.914 0. 837
1/25 0.913 0 . 8 8 6 0. 789
2 /  3 0.920 0 . 8 8 6 0. 779
2 /  7 0.940 0.923 0. 710
2/13 0.952 0.920 0. 729
2/15 0.951 0.904 0. 701
2/25 0.944 0.870 0. 724
2/27 0.931 0.898 0..773
3 /  4 0.926 0.882 0.,730
3 /  7 0.967 0.894 0 , 714
3/11 0.913 0.870 0..713
3/14 0.949 0.879 0,.682
4 /  9 0.954 0.920 0,.713
4 /16 0.934 0.840 0,.753
4/25 0.968 0.918 0..766
5 /  2 0.991 0.889 0..722

P e r  c e n t  C it r ic  A c id
In  Juice In  F ru it

SU FS F T SU FS F T
6 .5 6 .9 5.1 3 .2 2 .9 2 . 1
7 .2 6 . 6 5 .3 2 .7 2 . 6 1.7
7.1 7.3 5 .3 3 .0 2 . 6 1.4
6 . 8 6 .9 4 .5 3 .0 2 .4 1.3
7 .0 6 . 8 4 .7 2 .9 2.3 1 . 2
7.3 7 .2 4 .8 3 .4 3 .3 1.4
7 .2 6 . 6 4. 1 3 .0 2 .3 1 . 2
7 .4 6 . 8 4 .9 3 .0 2 .4 1.5
7 .3 7 .6 4 .8 3 .0 2 . 8 1.3
7 .3 7 .2 3 .7 3.1 2 .3 1 . 0
7 .4 7.1 4.1 3 .0 2 . 6 1.4
7 .4 7 .3 3 .7 3 .0 2 . 6 1 . 1
8 . 2 7 .8 4 .7 3 .3 2 .9 1 . 2
8 .3 7 .3 4.1 3 .7 2 .5 1.4
7 .6 7 .6 4.1 3 .7 3 .0 1.4
8 . 1 7 .4 4 .3 2.7 2 .7 1.4

(а) SU. stored unfrozen fru it; FS, frozen stored fru it; F T , frozen fru it 
le ft on tree (picked generally 1 o r 2 days before analysis).

(б) T im e between freeze and  analysis, and da te  of analysis.

w as m ad e, 15 d a y s  a fte r  th e  freeze. O w in g  to  th e  
sm a ll sa m p le s  u sed  fo r  a n a ly sis , p ecu lia ritie s  in 
in d iv id u a l lem on s h a d  an  u n d u e  in flu en ce  u p o n  th e

T a b l e  I I — C o m p a r is o n s  o f  S p e c i f i c  G r a v it ie s , J u ic e s  a n d  
A c id  C o n t e n t s  

J u ic e  Y ie l d  
P er cent 

SU FS  F T
4 9 .6  42 .4  41.1
3 7 .4  39 .5  31 .9
42.1 35 .9  26.5
44 .8  34 .3  28.7 
41 .4 33 .9  25.3
46 .2  45 .5  29 .8
4 2 .8  35 .2  28.4
40.1 35 .6  31 .6
41 .4  36 .9  26.3
42 .7  3 2 .4  26.3
40 .2  36 .7  33.3
40 .7  35 .3  30 .0
39 .7  37 .3  26.1
44.1 3 3 .9  34 .8
48 .3  39 .4  35 .0
33 .3  36 .5  31 .6

D isre g a rd in g  th e n  th e  g re a t irre g u la r itie s  in  th e  
in d iv id u a l figu res, it  is e v id e n t th a t  th e  fro zen  fru it  
s to re d  im m e d ia te ly  a fte r  fre e z in g  is m u ch  m ore lik e  
th e  u n fro zen  fru it  th a n  lik e  th e  fro zen  fru it  le ft  on th e  
tre es . T h e  sp ecific  g r a v it y  of th e  fr u it  a n d  th e  p er
ce n ta g e  o f a c id  in th e  ju ic e  are  n e a rly  th e  sam e fo r 
the tw o  lo ts  in  s to ra g e , w h ile  th e se  v a lu e s  fo r fro zen  
fr u it  le ft  on  th e  trees are co n sid e ra b ly  lo w er. T h e  
p e rce n ta g e  of ju ic e  in th e  fro zen  fru it  in  sto ra g e  is 
a b o u t a  m ean  b e tw e e n  th a t  o f th e  u n fro zen  fru it  in 
sto ra g e  an d  th e  fro zen  fru it  on th e  trees.

T h e  figu res sh o w  t h a t  th e  fro zen  fru it  w h ich  re m a in e d  
in  th e  o rch a rd  is n o t  n e a rly  so rich  in  c itr ic  a cid  as 
th e  so u n d  fru it  or as th a t  fro zen  b u t  im m e d ia te ly  p la ce d  
in  co ld  s to ra g e . T h is  fact' is of sp ecia l im p o rta n ce  to  
th o se  in te re ste d  in  th e  m a n u fa ctu re  of c itru s  b y 
p ro d u c ts , and  is fu lly  co n firm ed  b y  th e  w o rk , on  a 
m u ch  la rg e r  sca le , o f th e  B y -P r o d u c ts  L a b o r a to r y  in 
th e  m a n u fa ctu re  of c itr ic  a cid  fro m  th e  fro zen  fru it  
of th e  1913  crop . T h e  a m o u n t o f c itr ic  a c id  in  th e  
ju ic e  o f one ton  o f fro zen  lem on s, ta k in g  th e  figures 
fro m  tw e lv e  ru n s o f fru it  b e tw ee n  J a n u a ry  18, 19 13 , 
to  M a y  19, 19 13 , v a r ie d  fro m  14.03 lb s . to  30.14 lb s ., 
w ith  an  a v e ra g e  o f 20.16 lbs. C o rre sp o n d in g  figures 
on fo u r ru n s o f so u n d  lem on s fro m  A p ril 18, 19 14 , to  
J u n e  8, 19 14 , w e re -4 2 .7 s , 49-44, 46.56 lbs. c itr ic  a cid  
in  ju ic e  of one to n  of lem on s. In  th is  co n n e ctio n , 
h o w e v e r , i t  sh o u ld  b e  m e n tio n ed  t h a t  th e re  is a p 
p a r e n t ly  no d ecrease  in  th e  oil co n te n t o f lem on s due 
to  fre e z in g , an d  t h a t  to n  fo r  to n  th e  m o re  fro z e n  a n d  
c o n se q u e n tly  lig h te r  th e  fru it  th e  g re a te r  th e  y ie ld  
o f oil. I t  h as been  p o in ted  o u t t h a t  th e  fro zen  fru it  
re m a in in g  on th e  tre es  d e creased  in sp ecific  g r a v it y  
a n d  its  ju ic e  in p e rce n ta g e  o f so lids a n d  a c id ity . T h u s  
th e  in cre a sin g  lig h tn ess  in  th e  o rch a rd  fru it  is e v i
d e n tly  d u e  b o th  to  th e  d ecrease  in th e  a m o u n t of 
ju ice  a c tu a lly  p re se n t a n d  th e  p e rce n ta g e  o f to ta l 
so lids in  th e  ju ice .
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T h e re  is b u t  l it t le  ch a n g e  in th e  sp ecific  g r a v it y  
of th e  fru it  h e ld  in s to ra g e  d u rin g  th e  first 60 to  70 
d a y s, a n d  e v e n  u p  to  th e  en d  o f th e  e x p e rim e n t th e  
in crease  is s lig h t  a n d  m a y  be a cco u n te d  fo r b y  a  
n o rm a l d ry in g -o u t or w ith e r in g  of th e  fru it . B u t  
w ith  th e  fru it  t h a t  re m a in e d  on  th e  tre e  th e re  is a t  
first a  v e r y  m a rk e d  d ecrease  in sp ecific  g r a v it y  an d  
th e n  a p p a re n tly  a  g ra d u a l in crease . I t  w as  n o tice d  
in  c u tt in g  th is  o rch a rd  fr u it  t h a t  d u rin g  th e  la tte r  
h a lf  o f th e  o b s e rv a tio n  p erio d  th e  lem on s a p p ea red  
to  b e  fillin g  o u t a  little .

SUM M ARY

In  so fa r  as a  p re lim in a ry  e x p erim en t of th is  k in d  
ca n  b e  co n sid ered  as g iv in g  d efin ite  re su lts , th e  fo l
lo w in g  co n clu sio n s m a y  b e  d raw n :

I— T h e  lem on s th a t  rem a in ed  on  th e  tre es  a fte r  b e in g  
fro zen  re ta in e d  less ju ic e  an d  co n sid e ra b ly  less a c id  
th a n  th e  fru it  p ick e d  im m e d ia te ly  a fte r  b e in g  fro zen  
a n d  s to red  a t a  te m p e ra tu re  o f 45 to  50° F .

I I — T h e  fro zen  fr u it  le ft  on  th e  tre e s  d e creased  
r a p id ly  in sp ecific  g r a v it y  du e to  th e  loss of ju ic e  an d  
a c id  an d  th e  fo rm a tio n  of th ic k , p u ffy  sk in s, dried -u p  
ce lls  a n d  h o llo w  cen ters.

I I I — L em o n s p ick e d  im m e d ia te ly  a fte r  b e in g  fro zen  
a n d  s to red  u n d e r o rd in a ry  p a c k in g  h o u se  co n d itio n s  
re ta in e d  so m e w h a t less ju ic e  th a n  th e  u n fro zen  fru it, 
b u t  th e  co m p o sitio n  of th e  ju ic e  w as n e a rly  th e  sam e, 
a n d  in w e ig h t an d  a p p e a ra n ce  th e  s lo w ly  th a w e d  
lem on s co m p a red  w ell w ith  n o rm a l fru it.

W e w ish  to  a ck n o w le d g e  o u r in d eb te d n e ss  to  M r. 
G . W . H o sfo rd  of th e  San  D im a s  L em o n  A sso c ia tio n  
fo r  his v a lu a b le  su g g estio n s  a n d  h e a r ty  co o p era tio n , 
a n d  to  th e  a sso cia tio n  fo r  so g e n e ro u sly  s u p p ly in g  us 
w ith  th e  fru it  used  in  th is  in v e stig a tio n .

B u r e a u  o p  C h e m is t r y , W a s h in g t o n

A N  IM P R O V E D  M E T H O D  F O R  T H E  D E T E C T IO N  O F 
A R A C H ID IC  A C ID

B y  R o b e r t  H .  K e r r  

R e c e iv e d  M a y  16, 1916

T h e  m e th o d  d escrib ed  b e lo w  fo r  th e  d e te ctio n  of 
a ra ch id ic  a c id  in  p e a n u t oil an d  m ix tu re s  of oils co n 
ta in in g  p e a n u t oil h as been  fo u n d  to  offer ce rta in  
a d v a n ta g e s  o v e r  th e  R e n a rd  m eth o d  a d o p te d  b y  th e  
A sso c ia tio n  of O fficia l A g r ic u ltu ra l C h em ists . T h e se  
a d v a n ta g e s  co n sist in  g re a te r  co n v e n ie n ce , lessen in g 
of th e  n u m b e r o f o p era tio n s, re d u c in g  th e  a m o u n t of 
a tte n tio n  re q u ired , an d  a v o id a n c e  of th e  use o f e th er.

r e a g e n t s

Potassium  Hydroxide Solution— -D issolve 100 g. 
of s t ic k  p o ta ss iu m  h y d r o x id e  in  100 cc. o f w a te r .

M a gnesiu m  Acetate Solution— D isso lv e  xo g . o f m a g 
n esiu m  a c e ta te  in a  m ix tu re  o f 100 cc. d is tille d  w a te r  
an d  100 cc. o f 95 p er ce n t a lco h o l.

Acetic  A c id  Solution— M ix  50 cc. g la c ia l a c e tic  a cid  
w ith  150 cc. o f 95 p er ce n t e th y l a lcoh o l.

Su lfu r ic  A c id  Solution— M ix  50 cc. c o n ce n tra te d  
s u lfu r ic  a c id  w ith  150 cc. o f d is tille d  w a te r .

go per cent E thyl  Alcohol  (b y  v o lu m e ).

M ETH O D

W e ig h  o u t 20 g. of th e  oil to  be te s te d  in  a  300 cc. 
E r le n m e y e r  flask , p o u r in  200 cc. o f 95 p er ce n t e th y l  
a lco h o l, an d  h e a t to  b o ilin g  on th e  s te a m  b a th . W h en  
th e  a lco h o l is b o ilin g  a d d  10 cc. o f th e  p o ta ss iu m  h y 
d rox id e  so lu tio n . S a p o n ifica tio n  b eg in s  im m e d ia te ly  
a n d  is soon  co m p lete . A fte r  th e  sa p o n ifica tio n  h a s  
been  c o m p le te d  a d d  a  fe w  d rop s of p h e n o lp h th a le in  
a n d  n e u tra liz e  th e  excess a lk a li  w ith  th e  a lco h o lic  
so lu tio n  of a c e tic  acid . N e x t  a d d  50 cc. o f th e  5 per 
ce n t m a g n esiu m  a c e ta te  so lu tio n  a n d  h e a t th e  w h o le  
m ix tu re  to  b o ilin g . A llo w  to  cool to  ro o m  te m p e r a 
tu re  w ith  o cca sio n a l s h a k in g  a n d  th e n  p la ce  in a 
re fr ig e ra to r  a t  a  te m p e ra tu re  o f 10 to  1 5 0 C . and  
le a v e  u n til n e x t  d a y . F ilte r  off th e  so lu tio n , w ash  
th e  p re c ip ita te  tw ic e  w ith  50 p er c e n t a lco h o l a n d  th re e  
tim es w ith  d is tille d  w a te r , an d  re tu rn  to  th e  flask  
in  w h ich  p re c ip ita tio n  to o k  p la ce . P o u r 100 cc. of 
h o t d is tille d  w a te r  in to  th e  fla sk  a n d  a d d  su ffic ien t 
d ilu te  s u lfu r ic  a c id  to  d eco m p o se th e  m a g n esiu m  sa lts . 
H e a t  u n til th e  se p a ra te d  a c id s  fo rm  a  c le a r  la y e r . 
C o o l th e  flask , p o u r off th e  a c id  so lu tio n , a d d  100 cc. 
of h o t w a te r . W h en  th e  f a t t y  a c id s  h a v e  m e lte d  an d  
so lid ified , p o u r off w a te r  as b e fo re . F re e  th e  ca k e  of 
ac id s  o f w a te r  as fa r  as p o ssib le  b y  d ra in in g ; d isso lve  
in  100 cc. o f 90 p er ce n t a lco h o l a n d  s e p a ra te  th e  
a ra ch id ic  a c id  b y  c r y s ta lliz a tio n , a cco rd in g  to  th e  
p re se n t p ro v is io n a l m e th o d  of th e  A ss o c ia tio n  o f O ffi
cia l A g r ic u ltu ra l C h e m ists  as g iv e n  in  Bulletin  10 7, 
R e v is e d , B u re a u  of C h e m is try , p . 146. .

T h e  m e th o d  as o u tlin e d  a b o v e  h as b een  u sed  on 
a  n u m b e r of sam p les o f p e a n u t oil a n d  m ix tu re s  of 
p e a n u t an d  o th er v e g e ta b le  oils. T h e  re su lts  o b ta in e d  
a re  q u a lita t iv e  o n ly , no a tte m p t  h a v in g  b een  m ad e to  
a p p ly  th e  m eth o d  fo r  q u a n t ita t iv e  p u rp o ses. I t  h as 
been  fo u n d  to  b e  c a p a b le  of d e te c tin g  5 p er ce n t of 
p e a n u t oil in  o liv e  oil, co tto n s e e d  oil, s o y  b e an  oil 
a n d  corn  oil. T h e se  re su lts  are  q u ite  as g o o d  as th e  
b est w h ich  h a v e  e ve r b een  o b ta in e d  w ith  R e n a r d ’s 
m eth o d .

B u r e a u  o p  A n im a l  I n d u s t r y , W a s h in g t o n

T H E  H Y D R O L Y S IS  O F  E T H Y L -S U L F U R IC  A C ID  A N D  T H E  
A S S A Y  O F A R O M A T IC  S U L F U R IC  A C ID , U. S . P .

By W . B. D. P e n n i m a n ,  W. W. R a n d a l l ,  C. O. M i l l e r  a n d  L .  H . E n s l o w  

Received Septem ber 1, 1916

A ro m a tic  s u lfu r ic  a c id  is a  m ix tu re  of s u lfu r ic  acid , 
e th y l-s u lfu r ic  a c id , ce rta in  a ro m a tics  a n d  a lco h o l. 
I t  is p re p a re d  b y  b rin g in g  to g e th e r , a cco rd in g  to  th e  
U . S. P h a rm a co p o e ia , m  cc. o f c o n c e n tra te d  su lfu r ic  
a c id  a n d  700 cc. a lco h o l, a n d , a fte r  th e  m ix tu re  has 
co o led , a d d in g  50 cc . o f t in c tu re  o f g in g e r, x cc. of 
oil o f c in n a m o n , a n d  su ffic ien t a lco h o l to  b rin g  th e  
t o ta l  v o lu m e  u p  to  one lite r . T h e  p ro p o rtio n  of 
e th y l-s u lfu r ic  a c id  p re se n t d ep en d s u p o n  th e  s tre n g th  
of th e  s u lfu r ic  a c id  a n d  a lco h o l u sed  an d  u p o n  th e  
le n g th  o f t im e  th e  m ix tu re  re m a in s  h o t, a n d  p ro b a b ly  
in cre ase s  th e  lo n g er th e  liq u id  s ta n d s , e v e n  w h en  
cold .

T h e  P h a rm a co p o e ia  (E ig h th  R e v is io n ) is n o t co n 
ce rn ed  w ith  th e  e th y l-s u lfu r ic  a c id : its  o n ly  d e m an d  
is th a t  th e  m ix tu re  sh a ll c o n ta in  n o t less th a n  20
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p er ce n t, b y  w e ig h t, o f s u lfu r ic  acid , H2SO4, a fte r  th e  
e th y l-s u lfu r ic  a c id  h as b een  c o m p le te ly  h y d r o ly z e d  
b y  th e  a ctio n  of w ater.

T h e  m e th o d  of a ss a y  m ad e  s ta n d a rd  b y  th e  P h a r m a 
co p o eia  h as v a r ie d  in  so m e of its  d e ta ils  w ith  e a ch  of 
th e  re ce n t ed itio n s. In  -the E ig h th  R e v is io n  (S e p 
te m b e r, 1905) th e  a n a ly s t  w as d irected  to  m ix 10 g. 
of a ro m a tic  s u lfu r ic  a c id  w ith  30 cc. of w a te r  an d  
to  b o il th is  m ix tu re  “ fo r se v e ra l m in u te s ,”  a fte r  w h ich  
th e  t o ta l  a c id  p resen t (assu m ed  n o w  t o  b e  su lfu ric ) 
w as to  b e  d e te rm in e d  b y  m ean s of t itr a tio n  w ith  a 
s ta n d a rd  so lu tio n  of a lk a li. In  th e  S u p p le m e n ta ry  
R e v is io n  o f 1907 th e  o n ly  ch a n ge  m ade w as t h a t  th e  
w ord s “ fo r fo u r h o u rs”  w ere s u b s titu te d  fo r “ fo r se v e ra l 
m in u te s .”  In  th e  N in th  R e v is io n , a b o u t to  a p p ea r, 
th e  re q u irem e n t w ill be “ free  s u lfu r ic  a c id  an d  e th y l-  
su lfu r ic  a c id  to g e th e r  e q u iv a le n t  to  n o t less th a n  19 
per ce n t n or m ore th a n  21 p er c e n t of H2SO4 (9 8 .0 9 ).”  
T h e  m e th o d  of a ss a y  is a lso  ch a n g e d  an d  d irects  t h a t  
a  k n o w n  w e ig h t (w h ich  w ill b e  a b o u t 9 gram s) of a ro 
m a tic  s u lfu r ic  a c id  sh a ll b e  m ixed  w ith  six  t im e s  its  
v o lu m e  of w a te r , b o iled  fo r  six  hours in a  fla sk  fitte d  
w ith  a  reflu x  co n d en ser, an d  la te r  t it r a te d  w ith  s ta n d 
a rd  so lu tio n  of a lk a li.

In  an  a rtic le  p u b lish ed  fo u r y e a rs  ago, L . A . B r o w n 1 
ca lle d  a tte n tio n  to  th e  fa c t  t h a t  th e  m eth o d s of a ss a y  
g iv en  in th e  U . S. P h a rm a co p o e ia  (8th R e v is io n , 
1905, an d  S u p p le m e n ta ry  R e v is io n , 1907) fa il to  d e
term in e  a ll th e  s u lfu r ic  a c id  p resen t. A c c o rd in g ly , 
B ro w n  a d v o c a te d  a  m e th o d  in  w h ich  a ll free  a cid  
p re se n t (su lfu r ic  a n d  e th y l-s u lfu r ic )  is first d e te rm in e d  
b y  t it r a tio n ;  b y  th e  a c tio n  of h y d ro ch lo ric  a c id  an d  
b a riu m  ch lo rid e  th e  a lk a li  s u lfa te  an d  e th y l-s u lfa te  
th u s  fo rm e d  a re  c o n v e rte d  in to  b a riu m  su lfa te  an d  
th e  y ie ld  of th e  la tte r  sa lt  d e term in ed  b y  w eigh in g . 
I t  is th u s  p o ssib le  to  d eterm in e  th e  to ta l  a c id  p resen t, 
c a lc u la te d  as su lfu r ic , a n d  also  th e  p ro p o rtio n  of e th y l-  

s u lfu r ic  acid .
In  tr y in g  o u t th is  m eth o d , B ro w n  a n a ly z e d  a  “ s ta n d 

ard  sa m p le  of a ro m a tic  s u lfu r ic  a c id ,”  b u t  does n o t 
in fo rm  us w h a t its  a c id  s tre n g th  a c tu a lly  w as. B y  
th e  U . S . P h a rm a co p o e ia  m e th o d  th e  p ercen ta g e  
fo u n d  w as 18.40 in  e a ch  of tw o  d e te rm in a tio n s; b y  his 
m e th o d  th e  p e rce n ta g e s  fo u n d  w ere  2 0 .18 , 1 9 .7 3 , 
a n d  19 .8 0 , re s p e c t iv e ly . A g a in , he reco rd s th e  re 
su lts  o b ta in e d  on a n a ly z in g  b y  b o th  m eth o d s a  series 
of co m m e rcia l sa m p le s, b u t  as w e h a v e  no m ean s of 
k n o w in g  th e  a c tu a l s tre n g th  of a n y  of these, th e  o n ly  
sa fe  co n clu sio n  w e ca n  d raw  is t h a t  th e  U . S. P h a r m a 
co p o eia  m eth o d  is f a u lty  a n d  t h a t  B r o w n ’s m e th o d  
is m ore n e a rly  a c c u r a te ; w e  are n o t in  a  p o sitio n  to  
s a y  th a t  a  s a t is fa c to r y  m eth o d  h as b een  fo u n d . O n ly  
w h ere  a  series of a ssa y s  up o n  a sam p le  of k n o w n  
s tre n g th  y ie ld  c lo se ly  a gre e in g  re su lts  are  w e to  c la im  
t h a t  th e  go a l h as been  a tta in e d .

B ro w n  co n clu d es fro m  h is  w o rk  t h a t  d ie th y l su lfa te  
is one o f th e  co n stitu e n ts  of a ro m a tic  s u lfu r ic  acid , 
a t  a n y  ra te  a fte r  lo n g  sta n d in g . I f , as seem s to  th e  
p resen t w riters , th is  co n clu sio n  h as fo r  its  b asis  th e  
fa c t  t h a t  his a n a ly tic  m e th o d  fa ile d  to  sh o w  th e  p re s
ence of a ll th e  s u lfu r ic  a c id  o r ig in a lly  u sed , it  rests

1 T h i s  J o u r n a l ,  i  ( 1 9 1 2 ), 5 12 .

u p o n  a  d o u b tfu l fo u n d a tio n . T h e  w o rk  of C la c s s o n 1 
a n d  t h a t  o f V illie r s 2 seem  to  p ro v e  th a t, in o rd er th a t  
d ie th y l s u lfa te  sh a ll be fo rm e d , a b so lu te  a lco h o l an d  
v e r y  c o n c e n tra te d  su lfu r ic  a c id  m u st b e  e m p lo y e d , 
a n d  t h a t  d ie th y l s u lfa te  d eco m p o ses c o m p a r a t iv e ly  
re a d ily  w hen  h e a te d  w ith  e ith e r  w a te r  or a lco h o l. 
T h e  fa c t  t h a t  it  y ie ld s  a lco h o l a n d  e th y l-s u lfu r ic  a cid  
w h en  h e a te d  in  th e  p resen ce  of w a te r , w o u ld  a p p ea r 
to  d isp ro v e  B r o w n ’s a ssu m p tio n  t h a t  su ch  p a rt of th e  
s u lfu r ic  a c id  as co u ld  n o t be re co v e re d  as su ch , w as 
lo ck e d  up  in  th e  fo rm  of d ie th y l s u lfa te  a t  th e  en d  of 
th e  b o ilin g  p rocess.

I t  fe ll to  th e  ch e m ists  o f th is  b u rea u  th is  su m m er 
to  d e te rm in e  th e  s tre n g th s  of a  la rg e  n u m b e r of sam p les 
o f a ro m a tic  s u lfu r ic  acid  p u rch a se d  fro m  re ta il d ru g g ists . 
M a k in g  use of th e  U . S. P h a rm a co p o e ia  (1907 R e 
v is io n ) m e th o d , i t  w as  soon  fo u n d  th a t  fe w  of th e  s a m 
p les w o u ld  sh o w  re su lts  w h ich  co u ld  b e  co n sid ered  as 
s a t is fy in g  th e  d e m an d s of th e  P h a rm a co p o e ia . T a b le  
I g iv e s  th e  p e rce n ta g e  figu res fo r a  series of sam p les 
of v a r io u s  s tre n g th s  as fo u n d  b y  th is  m e th o d  a n d , 
b e lo w  th e m , th e  figu res o b ta in e d  b y  th e  m eth o d  soon  to  
b e  d e sc rib ed .
T a b l e  I — P e r c e n t a g e s  o p  T o t a l  A c id  A s s u m e d  t o  b e  S u l p u r i c , b y  T w o  

M e t h o d s

Sample 11297 11300 11388 11391 11393 11394 11395 11396 11397 11398

U '(?907)} 2 3 , 6 8  17 , 1 3  1 6 , 7 7  1 1 , 8 6  1 5 , 9 2  1 4 , 3 0  1 5 , 0 0  1 5 , 7 6  1 2 - 9 5  1 7 , 3 4
M aryland  25.58  19.08 19.76 14.24 21 .74  17.76 18.09 19.91 16.79 20.29
Diflf. . 1.90 1.95 2 .99  2 .38  5 .82  3 .46  3 .0 9  4 .15  3 .83  2.95

I t  w ill b e  seen  t h a t , if ju d g e d  b y  th e  U . S. P h a r m a 
co p o eia  m eth o d , o n ly  on e o u t of th e  te n  sam p les is 
s a t is fa c to r y , a n d  th a t  th e  o th er n ine g iv e  figu res 
fro m  2 .6 6  to  8 .1 4  p er ce n t to o  lo w . O n th e  o th er 
h a n d , ju d g e d  b y  th e  im p ro v e d  m e th o d , th re e  sam p les 
are s a t is fa c to r y , tw o  a p p ro x im a te  20 per ce n t, an d  
th e  w o rst is 5. 76 p er ce n t sh o rt o f th e  re q u ired  a m o u n t.

O u r a tte n tio n  h a v in g  b een  ca lled  to  th e  re v is e d  
m e th o d  to  b e co m e  sta n d a rd  w ith  th e  p u b lic a tio n  
o f th e  N in th  R e v is io n  o f th e  P h a rm a co p o e ia , a  series 
o f a ssa y s  up o n  sam p les  o f u n k n o w n  s tre n g th  w as 
ca rried  o u t, th e  a m o u n t o f a d d ed  w a te r  b e in g  in 
crea sed  to  6 v o lu m es  a n d  th e  t im e  of b o ilin g  w ith  re 
flu x  co n d en ser len g th en ed  to  6 hrs. U n d e r “ N in th  
R e v is io n  M e th o d ”  in  T a b le  I I  are  g iv e n  th e  resu lts  
o f d u p lic a te  a ssa y s  a n d  th e  d ifferen ces b e tw e e n  th e m , 
w h ile  a n o th e r co lu m n  co n ta in s  th e  figu res fo u n d  b y  
o u r re v ise d  m e th o d :

T a b l e  IX— P e r c e n t a g e  ok  T o t a i , A c id , A s s u m e d  t o  b e  S u l f u r ic

Lab. N i n t h  R e v i s io n  U. S. P . M e t h o d M a r y l a n d
N o . A B Diff. M e t h o d

11051 10.39 11.49 1 . 1 0 12.47
11092 15.89 20.70 4.81 23.22
1 1 1 0 1 16.48 18.45 1.97 20.41
11108 15.82 17.65 1.83 18.56
1 1 1 1 2 22.72 23.00 0 .18 23.97
1 1 1 2 2 13.66 14.50 0 .84 15.24
11125 17.90 18.75 0.85 20.59
11128 26.19 26.90 0.71 27.57
11139 17.60 18.40 0.80 19.84
11148 24.52 24.30 0 . 2 2 25.53
11151 30.92 31.80 0 . 8 8 32.72
11166 14.24 14.60 0.36 17.01
11175 16.74 17.25 0.51 19.40
11184 11.85 14.75 2.90 16.16
11190 22.90 23.00 0 . 1 0 25.26
11195 27.02 27.80 0 .78 28.52

I t  w ill b e  n o te d  th a t  p a ra lle l d e te rm in a tio n s  b y  th e  
n ew  U . S . P h a rm a c o p o e ia  m e th o d  r a r e ly  sh o w ed

1 J . prakt. Chem., [2] 19, 257; Bcr., 13, 1699.
* Bull. soc. chim., 34, 26.
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s a t is fa c to r y  a g re em en t, an d  t h a t , ju d g e d  b y  o u r m eth o d , 
a ll th e se  re su lts  are to o  low .

F o r  a  th o ro u g h  s tu d y  of th e  tw o  s ta n d a rd  (U . S. P .) 
m eth o d s of a ss a y , th e re  w as p re p a re d  a s ta n d a rd  a ro 
m a tic  su lfu r ic  a c id , in  a cco rd a n c e  w ith  th e  P h a r m a 
co p o eia . A  ca re fu l sp ecific  g r a v it y  d e te rm in a tio n  
w as m ad e  in  th e  case o f th e  a c id , o f th e  a lco h o l a n d  o f 
th e  fin al p ro d u c t; a n d  a  w eigh ed  a m o u n t of th e  s u l
fu r ic  a c id  u sed  w as t it r a te d  a g a in s t s ta n d a rd  a lk a li 
so lu tio n . F ro m  th e se  d a ta  th e  p ercen ta g e  of to ta l 
a c id , assu m ed  to  b e  s u lfu r ic , in th e  p ro d u c t  w as  c a l
c u la te d  to  be 2 0 .1 4 .  W ith  th is  s ta n d a rd  m a te ria l 
th e  th re e  series of e x p erim en ts  in d ica te d  in T a b le  
I I I  w ere  co n d u cted .

T a b l f , I I I — E f f e c t  o f  V a r io u s  T r e a t m e n t s  
R e s u l t s  in  P e r c e n ta g e s  T o t a l  A c id , A s s u m e d  t o  b e  S u lfu r ic  

(1) B o il e d  u n d e r  (3 )  B o il e d  u n d e r
R e f l u x  C o n d e n s e r  (2 )  S l o w  E v a p o r a t io n  R e p l u x  C o n d e n s e r

W ater Added in  t h e  C o l d C c . W ater
No. Hrs. 3 Vols. 6  Vols. No. Hrs. Results No. Added R esults

1 V* 17.23 17.23 1 24 17.23 1 10 19.05
2 l 17.56 17.67 2 48 17.23 2 20 19.33
3 2 17.67 17.83 3 72 17.23 3 25 18.85
4 4 18.32 18.27 4 144 19.64 4 30 19.36
5 6 18.81 18.70 5 40 18.93
6 12 19.41 19.63 6 50 18.96
7 18 19.63 19.85 7 60 19.53
8 24 19.79 19.90 * 8 70 19.41

I t  w ill b e  seen  th a t in  Series i a ll th e su lfu r ic a cid
w as n o t re co v e re d  eve n  a fte r  24 h o u rs ’ b o ilin g . W h ile , 
on  th e  w h o le, b e tte r  re su lts  w ere o b ta in e d  w h en  a 
la rg e r  p ro p o rtio n  of w a te r  w as a d d ed  to  d eco m p o se 
th e  e th y l-s u lfu r ic  acid , th is  o u tco m e  m a y  b e  ch a rg e 
ab le  to  som e o th er cause.

In  Series 2, w eigh ed  a m o u n ts  of th e  s ta n d a rd  a ro 
m a tic  s u lfu r ic  a c id  (to  each  o f w h ich  6 v o lu m es  o f w a te r  
h a d  been  a d d ed ) w ere  p la ce d , co ld , in  a  v a c u u m  
d e sic ca to r  o v e r  s u lfu r ic  a c id  an d  le ft  fo r  d ifferen t 
p eriod s of tim e  b efo re  t itra tio n . T h e  re su lts  seem  to  
sh o w  t h a t  th e  d e co m p o sitio n  of th e  e th y l-s u lfu r ic  
a c id  b egin s o n ly  a fte r  a  ce rta in  co n ce n tra tio n  h as been  
re a ch ed , an d  th e n  p ro ceed s s lo w ly  to w a rd s  co m p le 
tio n . T h is  w ill be re ferre d  to  again .

Series 3 h a d  to  do w ith  th e  e ffe c t  o f v a r y in g  p ro p o r
tio n s  of w a te r  to  acid , t im e  of h e a tin g  re m a in in g  c o n 
s ta n t . In  each  case  5 g. o f a ro m a tic  s u lfu r ic  a c id  
w ere b o iled  fo r  6 hrs. in a  fla sk  u n d e r a  reflu x  con d en ser, 
a fte r  th e  a d d itio n  o f th e  q u a n tit ie s  of 'w ater in d ica te d . 
T h e  resu lts  fa il  to  sh o w  t h a t  a n y  a p p re c ia b le  a d v a n 
ta g e  is to  b e  secu red  b y  th e  a d d itio n  o f 6 v o lu m es  of 
w a te r  in  p la ce  o f 3.

F in a lly , tw o  5-gram  q u a n tit ie s  of th e  s ta n d a rd  
a ro m a tic  s u lfu r ic  a c id  w ere  e a ch  m ix ed  w ith  15 cc. 
o f w a te r: one w as t it r a te d  a t  o n ce, th e  o th er a fte r  
s ta n d in g  in th e  co ld  fo r 48 hrs. In  e a ch  case  th e  p e r
ce n ta g e  of to ta l  a c id , assu m ed  to  b e  su lfu r ic , w as 
16 . 96.

A s a  re su lt  o f th ese  v a r io u s  e x p erim en ts , th e  fo llo w 
in g  co n clu sio n s a p p e a r  t o  b e  ju s tifie d :

1— T h e  e th y l-s u lfu r ic  a c id  in  a ro m a tic  s u lfu r ic  
a c id  is n o t a p p re c ia b ly  h y d r o ly z e d  on  s ta n d in g  m ixed  
w ith  co ld  w a te r .

2— T h is  e th y l-s u lfu r ic  a c id  is s lo w ly  h y d r o ly z e d , 
a fte r  d ilu tio n  w ith  w a te r , as a  re su lt o f p ro lo n g ed  
b o ilin g  u n d er a  re flu x  con d en ser, th e  d eco m p o sitio n  
n ev er , h o w e v e r , b e co m in g  co m p lete , no m a tte r  h o w  
m u ch  w a te r  m a y  h a v e  been  a d d ed . H en ce  th e  P h a r m a 

co p o eia  m e th o d  w ill a lw a y s  g iv e  lo w  resu lts , th e  a c tu a l 
figu re  o b ta in e d  b e in g  a p p a r e n tly  d e p e n d en t la rg e ly  
u p o n  th e  ra te  of b o ilin g  a n d  th e  efficiency of the con
denser.

T h e se  sam e co n clu sio n s m ig h t b e  d ra w n  as th e  re 
s u lt  o f th e  fo llo w in g  co n sid e ra tio n s: T h e  re a ctio n
b e tw ee n  s u lfu r ic  a c id  an d  a lco h o l is exp ressed  b y  th e  
e q u a tio n

H 2S 0 4 +  C 2H 5.O H  =  C 2H 5.H S 0 4 +  H 20  (a)

T h e  a c id  m u st be a t  lea st fa ir ly  s tro n g  a n d  th e  a lc o 
hol m u st n o t co n ta in  m u ch  w a te r . A g a in , e th y l-  
s u lfu r ic  a c id  is d eco m p o sed , to  som e e x te n t  p erh a p s 
in th e  co ld , to  a la rg e  e x te n t w h en  h e a te d , in  c o n ta c t  
w ith  w a te r , w ith  th e  fo rm a tio n  o f su lfu r ic  a c id  a n d  
a lcoh o l,

C 2H 5.H S 0 4 +  H 20  =  C 2H 5.O H  +  H 2S 0 4 (b)

T h e  re a ctio n  is reversible, a n d  sh o u ld  be exp ressed  
as fo llo w s:

C 2H 5.O H  +  H 2S 0 4 C 2H 5.H S 0 4 +  H 20  ( c)

R e a c tio n  (a) b eg in s  u p o n  m ix in g  th e  a c id  w ith  a lc o 
hol, an d  co n tin u e s. T h e  a c c u m u la tio n  of w ater, 
h o w e v e r , soon s ta r ts  re a ctio n  (6), w h ich  d e v e lo p s  
u n til, in  a  g iv e n  p erio d  of t im e , as m u ch  e th y l-s u lfu r ic  
a c id  is b e in g  d eco m p o sed  as is b e in g  fo rm e d . A fte r  
th is  p o in t has been  re a ch ed , th e  co m p o sitio n  o f th e  
m ix tu re  rem ain s co n sta n t an d  e q u ilib riu m  is e s ta b 
lish ed  a m o n g  th e  fo u r re a c tin g  su b sta n ce s. T h e  re la 
t iv e  a m o u n ts  of s u lfu r ic  an d  e th y l-s u lfu r ic  a cid  in  
th e  re su ltin g  m ix tu re  w ill th e re fo re  d ep en d , p h y s ic a l 
co n d itio n s  b e in g  th e  sam e, u p o n  th e  a m o u n t o f w a te r  
o r ig in a lly  p re se n t in  th e  s u lfu r ic  a cid  a n d  in  th e  a lco 
hol. I t  is a  w ell-k n o w n  fa c t  t h a t  fu m in g  s u lfu r ic  
a c id  an d  a b so lu te  a lco h o l y ie ld  a  h ig h  p ro p o rtio n  of 
e th y l-s u lfu r ic  a cid  a n d  t h a t  d ilu te  s u lfu r ic  a c id  h as 
l it t le  or no, e ffe ct u p o n  a lc o h o l.1 C o u ld  w e re m o v e  
th e  w a te r  as fa s t  as it  is fo rm e d  in a cco rd a n c e  w ith  
re a ctio n  (a), w e sh o u ld  be a b le  to  secu re  a  100 p er 
ce n t y ie ld  of e th y l-s u lfu r ic  a c id . S im ila r ly , w ere w e 
ab le  to  re m o v e  th e  a lco h o l fo rm e d  in  re a ctio n  (£>) 
as fa s t  as it  is p ro d u ced , w e sh o u ld  secu re  a  co m p le te  
d e co m p o sitio n  o f th e  e th y l-s u lfu r ic  a c id  p resen t. 
N o w  th is  is ju s t  th e  p ro b lem  b e fo re  us. T h e  U . S. 
P h a rm a c o p o e ia  a ss a y  m e th o d  is n o t su cce ssfu l, b e
cau se  it  fa ils  to  b rin g  a b o u t th e  re m o v a l o f th e  a lco h o l 
a lre a d y  p re se n t as su ch  in  th e  a ro m a tic  s u lfu r ic  acid , 
or t h a t  is b e in g  fo rm e d  th r o u g h  h y d r o ly s is  of e th y l-  
su lfu r ic  acid . T h e  reflu x  co n d en ser, in  so fa r  as i t  is 
e ffic ien t, p re v e n ts  th e  esca p e  of th e  v e r y  re a g e n t 
w hose p resen ce  ren d ers im p o ssib le  th e  co m p letio n  o f 
th e  re a ctio n .

E v e n  th e  b e st o f o u r w a te r - ja c k e te d  co n d en sers 
p r o b a b ly  a llo w s th e  esca p e  o f s lig h t  q u a n tit ie s  o f a lco- 
h o l-v a p o r, a n d  h en ce  in  p rocess o f t im e  th e  h y d r o ly s is  
m a y  be co m p lete . T h e  e x p erim en ts  re p o rte d  in  
T a b le  I V  w ere u n d e rta k e n  to  see  if e v id e n ce  of a  s ta te  
o f e q u ilib riu m  a m o n g  th e  fo u r r e a c tin g  su b s ta n ce s  
co u ld  b e  secu red . F iv e -g r a m  q u a n tit ie s  o f a ro m a tic

1 T hus in one of ou r experim ents dilu te  sulfuric acid (1 of acid to  36 
of w ater, by  volume) was boiled continuously for 6 1/* hrs. w ith a  m ixture 
of alcohol and ex trac t of ginger; sam ples were rem oved from tim e to  tim e 
and  titra te d . N ot the  slightest change in the  streng th  of the  acid could be 
detected.
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su lfu r ic  a c id  w ere h e a te d  w ith  3 v o lu m es  of w a te r  in  
sea led  glass tu b e s, in  a  b a th  of b o ilin g  w a te r , fo r 
d ifferen t p eriod s of t im e , a fte r  w h ich  th e  tu b e s  w ere 
co o led  a n d  o p en ed  a n d  th e ir  co n te n ts  t itr a te d . (T h e  
p e rce n ta g e  of a c id  in  th is  p re p a ra tio n , a fte r  c o m 
p lete  h y d ro ly s is , w as 2 4 .9 4 .)

T a b l e  I V — T im e  R e q u ir e d  f o r  E q u il ib r iu m

1 2 3 4 5 * 6  7 8
H rs. heated 0 4 6 8 10 12 14 16
% Acid found 18.57 21 .66  21.77 22.60  24.08 24.10 24 .08  24 .10

“held  recoverab le} 7 4 4 6  86  85  8 7 , 2 9  9 0 , 6 1  9 6 , 5 5  9 6 , 6 3  96  5 5  9 6 , 6 3

A p p a r e n t ly ' e q u ilib riu m  in  th e  s y ste m — su lfu ric  
acid , e th y l-s u lfu r ic  a c id , a lco h o l, w a ter— fo r th e  co n 
ce n tra tio n s  p e cu lia r  t o  th ese  exp erim en ts  an d  a t  th e  
te m p e ra tu re  of b o ilin g  w a te r , w as a tta in e d  a fte r  te n  
h o u rs ’ h e a tin g . P ro m  th is  t im e  on a b o u t 3 .4  p er 
c e n t of th e  s u lfu r ic  a c id  p resen t rem a in ed  in  th e  fo rm  
o f e th y l-s u lfu r ic  acid , in  s p ite  o f th e  p resen ce  of a 
r e la t iv e ly  v e r y  la rg e  v o lu m e  o f w ater.

T h e  p ro b lem  is, th e re fo re , a fte r  a ll v e r y  s im p le . 
W e h a v e  o n ly  to  h e a t  a  w eig h ed  q u a n t ity  o f a ro m a tic  
s u lfu r ic  a cid , a fte r  d ilu tio n  w ith  w a te r , in su ch  fash io n  
t h a t  th e  a lco h o l v a p o rs  m a y  esca p e, an d  fo r  su ch  a  
tim e  t h a t  a ll e th y l-s u lfu r ic  a c id  sh a ll h a v e  b een  d e 
co m p o sed .

In  T a b le  V  are  g iv e n  th e  resu lts  of a  series of e x 
p erim en ts  in  w h ich  so m e of th e  id eas exp ressed  a b o v e  
w ere te s te d . In  e a ch  case 5 g. of th e  s ta n d a rd  a ro m a tic  
su lfu r ic  a c id  (2 0 .1 4  P er ce n t) w ere h e a te d  w ith  30 cc. 
o f w a te r , th e  p eriod  of h e a tin g  ra n g in g  fro m  2 to  8 
hrs.
T a b l e  V — C o m p a r is o n  o f  R e s u l t s  U s in g  R e f l u x  C o n d e n s e r s  o r  

W a t c h  G l a s s  C o v e r s  o n  F l a s k s , a n d  H e a t in g  b y  F r e e  F l a m e  o r  
o n  W a t e r  B a t h

H eated  R e f l u x  C o n d e n s e r s  W a t c h  G l a s s  C o v e r s
H rs. Free Flam e W ater B ath  W ater B ath

2 ..........  18.74 18.73 17.53 17.58 18.76 18.79
4 ..........  18.97 19.18 17.88 17.86 20 .14  19.25
6 ..........  19.46 19.34 17.86 18.01 20.16 20.13
8 ..........  19.61 19.44 18.50 19.14 20.05 19.77

I t  is c le a r t h a t  m u ch  b e tte r  resu lts  are o b ta in e d  b y  
th e  w a tc h  glass  m e th o d , th a n  w h ere  a  co n d en ser is 
u sed ; a lso  t h a t  co n tin u o u s h e a tin g  fo r m ore th a n  tw o  
ho u rs w as n e ce ssa ry , in  th is  m eth o d , to  b rin g  a b o u t 
th e  h y d r o ly s is  o f a ll th e  e th y l-s u lfu r ic  acid .

A  w eigh ed  a m o u n t of th e  s ta n d a rd  a ro m a tic  su lfu r ic  
a c id  w as  m ixed  w ith  3 v o lu m es  o f w a te r  a n d  s lo w ly  
b o iled  fo r  3 hrs. in a  fla sk  fitte d  w ith  a  H em p el tu b e  
a n d  co n d en ser. T h e  a lco h o l w as th u s  s lo w ly  d is
tille d  of! an d  th e  w a te r  v a p o r, co n d en sed  in  th e  H e m 
p el tu b e , re tu rn e d  to  th e  flask . T itr a tio n  of th e  re s id 
u a l liq u id  g a v e  fo r  th e  t o ta l  a cid  p ercen ta g e , c a lc u la te d  
as su lfu r ic , 1 9 .9 4 , in ste a d  of 2 0 .1 4 , a c tu a lly  p resen t.

T w o  flasks, each  fitte d  w ith  a  w ide tu b e  a b o u t 15 
in . lo n g , w h ich  se rv e d  as a  con d en ser, an d  e a ch  co n 
ta in in g  a  w eig h ed  a m o u n t of th e  s ta n d a rd  a ro m a tic  
s u lfu r ic  a c id  d ilu te d  w ith  6 vo lu m es of w a te r , w ere  
e a ch  h e a te d  o v e r  a  sm a ll flam e in  a  K je ld a h l ra ck . 
T h e  a lco h o l v a p o rs  s lo w ly  d is tille d  off, w h ile  th e  w a ter 
v a p o r  w as fo r  th e  m o st p a r t  co n d en sed  in  th e  glass 
tu b e s  an d  ran  b a c k . O n t itr a tin g , th e  liq u id  w hose 
v o lu m e  h a d  been  re d u ce d  to  a b o u t 15 cc. g a v e  20.06 
p er c e n t; th e  o th er, re d u ce d  to  a b o u t 25 cc ., g a v e  
1 9 .8 8  p er ce n t, a c id  ca lc u la te d  as su lfu r ic . R e p e a tin g  
th e  e x p erim en t in  su ch  fa sh io n  t h a t  th e  liq u id  vo lu m e

w as re d u ce d  in  each  fla sk  to  n o t m ore th a n  a b o u t 10 

cc., th e  figu res o b ta in e d  w ere 2 0 . 1 2  p er ce n t in  each  
case. T h e se , as w ell as m a n y  o th e r  resu lts  o b ta in e d  
la te r , sh o w , as w as  fo u n d  b y  K a s tle  a n d  F ra s e r1 an d  
b y  B r o w n ,1 t h a t  th e  h y d ro ly s is  o f e th y l-s u lfu r ic  a cid  
p ro ceed s m ore r a p id ly  w h en  th e  so lu tio n  is co n cen 
tr a te d  th a n  w h en  it  is d ilu te .

T h e se  e x p erim en ts  in d ic a te d  t h a t  s a t is fa c to r y  re su lts  
m ig h t be lo o k e d  fo r  if th e  h e a tin g  w ere so co n d u cted  
t h a t  a ll free  a lco h o l p re se n t m ig h t q u ic k ly  e v a p o ra te  
an d  the a q u eo u s so lu tio n  of e th y l-s u lfu r ic  a cid  
le ft  be k e p t c o n c e n tra te d  a n d  h o t, u n til h y d ro ly s is  
is co m p lete . A  la rge  excess o f w a te r  serves no u sefu l 
p u rp o se, as th e  fo llo w in g  e x p erim en ts  (T a b le  V I )  
su g g e s t: T h re e  p o rtio n s  of an a ro m a tic  s u lfu r ic
a c id , w h ich  co n ta in e d  2 4 . 9 5  per ce n t o f to ta l  a cid  c a l
c u la te d  as su lfu r ic , w ere d ilu te d  w ith  la rg e  q u a n titie s  
o f w a te r  a n d  d istille d  ra p id ly . T h is  p rocess re m o v e d  
th e  free  a lco h o l, o f co u rse, b u t  fa ile d  to  b re a k  dow n  
th e  e th y l-s u lfu r ic  a cid  s a t is fa c to r ily .

T a b l e  VI
Aromatic Acid and R atio  acid
sulfuric W ater D istil W ater Vol. to T o ta l acid

acid added Tim e late R esidue W ater in Found Calc.
Gram s Cc. M in. Cc. Cc. Residue as H jSO«

10 160 30 100 70 1 : 6 19.43
10 115 25 100 25 1: 1.5 19.71
5 160 45 150 15 1 : 2 20.31

T h e  le a s t  s a t is fa c to r y  re su lt w as o b ta in e d  w h ere  
th e  la rg e st p ro p o rtio n  of w a te r  re m a in ed  a t  th e  en d  
o f th e  e x p erim en t. A lth o u g h  th e  co n ce n tra tio n  w as 
u lt im a te ly  g re a te r  in ( 2 ) th a n  in  (3), y e t  th e  la s t  re 
s u lt  w as  th e  b e st, p ro b a b ly  b e cau se  m u ch  m ore t im e  
h a d  b een  g iv e n  fo r  h y d ro ly s is  to  ta k e  p lace.

METHOD AD OP TED

E ig h t  5-gram  p o rtio n s  of o u r s ta n d a rd  a ro m a tic  
s u lfu r ic  a c id  ( 2 0 . 1 4  p er ce n t) w ere d ilu te d  e a ch  w ith  
6 vo lu m es o f w a ter an d  h e a te d  in op en  b e a k e rs  u p o n  a 
s tro n g ly  h e a te d  w a te r  b a th  fo r  d ifferen t p eriod s of t im e . 
T h e  resu lts  a p p e a r in  T a b le  V I I .  E v id e n tly , as soon  as

T a b l e  V II
No. 1 2 3 4 5 6  7 8

Tim e. hrs. ■/, 1 I ' / j 2 2>/j 3 3 '/ i  4

T °Ca1lclCas H,SO< } 1 7 , 2 3  1 7 , 2 3  1 7 , 2 3  1 7 , 4 5  2 0 , 1 4  2 0 , 1 4  2 0 , 1 4  2 0 , 1 4

th e  p ro p er concentration  o f acid s a n d  w a te r  is secu red , 
th e  h y d r o ly s is  o f th e  e th y l-s u lfu r ic  a c id  is fa ir ly  
ra p id  a n d  soon  b ecom es co m p lete , p ro v id e d  th e  w a te r  
in  th e  b a th  is k e p t  v ig o ro u s ly  b o ilin g . I f  th e  b e a k e rs  
are co v e re d  w ith  w a tc h  glasses, n a tu r a lly  m ore tim e  
w ill be re q u ired  fo r co m p le tin g  th e  re a c tio n  th a n  if 
th e  esca p e  of v a p o r  is u n im p ed ed .

I t  m a y  as w ell be p o in ted  o u t h ere  t h a t ,  a lth o u g h  
e th y l-s u lfu r ic  a c id  m a y  b e  q u a n t ita t iv e ly  c o n v e rte d , 
in th e  p resen ce  of w a te r , in to  su lfu r ic  a c id  a n d  a lco h o l, 
a  s im ila r s ta te m e n t m a y  n o t b e  m a d e  w ith  re sp e ct 
to  its  a lk a li  sa lts . A q u e o u s  so lu tio n s  o f th e  la tte r  
are b u t  s lig h t ly , if  a t  a ll, a ffe c te d  b y  b o ilin g . E v e n  
w h en  h e a te d  in  th e  p resen ce  of s u lfu r ic  a cid  a n d  w a te r , 
th e  d e co m p o sitio n  o f a lk a li  e th y l-s u lfa te s  in to  s u lfu r ic  
acid , s u lfa te  an d  a lco h o l, is v e r y  s lo w . O stw a ld  p o in te d  
o u t m a n y  y e a rs  a g o 2 t h a t  e th y l-s u lfu r ic  is a  fa r  stro n g e r 
ac id  th a n  s u lfu r ic ; a n d  o u r w o rk , in  so fa r  as i t  m a y  be

1 T h i s  J o u r n a l , 4 (1 9 1 2 ) ,  5 1 2 .
5 J . prakt. Chem., \2] 28, 4 4 9 ; 29, 385.
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said  to  fu rn ish  e v id e n ce  on th is  p o in t, b ears  o u t th is  
s ta te m e n t. O ne o f th e  m eth o d s of a ss a y  w h ich  we 
a tte m p te d  to  e m p lo y  w as th is : A  k n o w n  w e ig h t of
a ro m a tic  su lfu r ic  acid , d ilu te d  w ith  w a te r , w as titra te d  
w h ile  co ld ; an a m o u n t of s u lfu r ic  a c id  e x a c t ly  e q u iv a 
len t to  th e  a lk a li used  in th e  t itr a tio n  w as th e n  a d d ed , 
an d  th e  liq u id  h e a te d  in  an  op en  b e a k e r on th e  w a te r  
b a th . A  seco n d  t itra tio n , it  w as h o p ed , w o u ld  n ow  
sh o w  th e  to ta l  a cid  p re se n t to  be su lfu ric , an d  a co m 
p ariso n  of th e  tw o  t itra tio n s  w o u ld  te ll  us w h a t  a m o u n t 
of e th y l-s u lfu r ic  a cid  w as  o r ig in a lly  in th e  m ix tu re . 
B u t  in  th is  w e w ere d isa p p o in te d . T h e  o rig in a l 
d ilu te d  a ro m a tic  s u lfu r ic  a c id  co n ta in e d  5 .1 2  per 
ce n t to ta l  a c id  c a lc u la te d  as free  su lfu r ic . T h e  first 
t itra tio n  sh o w ed  4 .3 7  p er ce n t; a fte r  h e a tin g  2V2 
h rs., th e  seco n d  t itr a tio n  sh o w ed  4 .5 0  p er ce n t; a fte r  
3V2 h rs ., 4 .9 4  p er c e n t; a n d  a fte r  4V2 h rs., 4 .9 4  per 
c e n t. T h e  p resen ce  of a lk a li e th y l-s u lfa te  th u s  g r e a t ly  
re ta rd e d , if it  d id  n o t a lto g e th e r  p re v e n t, th e  c o n v e r
sion  of a ll th e  a c id  p resen t in to  su lfu ric .

I t  is d ifficu lt to  s a y  h o w  lo n g  a  g iv en  sa m p le  o f a ro 
m a tic  s u lfu r ic  a c id  m u st b e  h e a te d  in  th e  p resen ce  of 
a d d ed  w a te r  in  o rd er t h a t  th e  h y d ro ly s is  o f th e  e th y l-  
su lfu r ic  a c id  m a y  b e  a ssu m ed  to  be co m p lete . In  
a d d itio n  to  th e  p h y s ic a l co n d itio n s  of th e  e x p erim en t, 
w e m u st n a tu r a lly  ta k e  in to  a c c o u n t th e  p ro p o rtio n  
o f e th y l-s u lfu r ic  a c id  p re se n t in th e  m ix tu re . C e r 
t a in ly  in  m o st cases fo u r h o u rs ’ h e a tin g  in an  open  b e a k e r 
on a  w a te r  b a th , in w h ich  th e  b o ilin g  is v ig o ro u s, 
w ill be fo u n d  a m p le . In  T a b le  V I I I  are  som e resu lts  
o b ta in e d  w ith  sam p les of u n k n o w n  s tre n g th , w h ere  th e  
p eriod s of h e a tin g  w ere n o t th e  sam e. T h e  figures 
re p resen t th e  p e rce n ta g e  of t o ta l  acid , assu m ed  to  be 
su lfu r ic , as fo u n d  b y  t itra tio n .

T a b l e  V III
U . S. P. (1916) F l a s k  w it h  A i r  C o n d e n  O p e n  B e a k e r  o n

Lab. M e t h o d s e r  o v e r  F r e e  F l a m e W a t e r  B a t h
No. Tim e R esults Tim e R esults Tim e R esults
11038 6  hrs. 2 2 . 2 0 l 3/< hrs. 24.54 4 hrs. 24.83
11047 2 2 . 16 I s/« 24.57 4 24.63
11051 10.39 3»/t 11 .83 3*/* 12.47
11085 20.90 1 */< 22.25 4 21.96
11092 1 20.70 I V * 2 2 . 2 2 4 23.22
11190 23.00 1 V i 24.95 4 25.26
11195 27.80 I V * 28.37 4 28.52
11261 28.58 4V j 32.49 4V * 32.53
11563 35.28 4 35.81 4 35.77

I t  w ill b e  n o te d  t h a t , sp e a k in g  g e n e ra lly , 1V 4 h o u rs ’ 
b o ilin g  in  a  flask  w as n o t su ffic ien t. In  th e  case of 
N o . 11 0 5 1 , th e  b o ilin g  w as lo n g e r c o n tin u e d  b u t  w as 
so slo w  t h a t  th e  v o lu m e  a t  th e  en d  o f 3V2 h o u rs ’ 
h e a tin g  w as o n ly  s lig h t ly  re d u ce d  a n d , h en ce, th e  re 
a c tio n  wras in co m p le te . T h e  U . S. P . m e th o d  g a v e  
lo w  figu res in  e v e r y  case.

I t  seem ed  to  us d e sirab le  to  s tu d y  th e  h y d ro ly s is  
o f e th y l-s u lfu r ic  a c id  in  th e  case o f sam p les o f a ro m a tic  
su lfu r ic  a c id  w h ich  h a d  n o t been  re c e n t ly  p rep a red . 
A c c o rd in g ly  a  series  of sam p les, p u t  a t  o u r d isp osal 
b y  an  im p o rta n t d ru g  m a n u fa ctu r in g  h o u se, w ere 
a ssa y e d , w ith  th e  resu lts  g iv e n  in  T a b le  I X .

A p p a r e n t ly  th e  age  of th e  sam p le  a ffe c ts  v e r y  s lig h t ly , 
if a t  a ll, th e  h y d ro ly s is  of th e  e th y l-s u lfu r ic  a c id  p re s
en t. I t  w o u ld  a lso  a p p e a r t h a t , in  o rd er to  m eet 
th e  U . S . P . a ss a y  re q u ire m e n t, m ore su lfu r ic  a c id  h a d  
been  u sed  in  th e  m a n u fa c tu re  o f th e se  p re p a ra tio n s  
th a n  co rresp o n d s to  20 per ce n t b y  w eigh t.

T a b l e  I X — A n a l y s e s  o p  a  S e r i e s  o p  M a n u f a c t u r e r s ’ S a m p l e s

A— Percentages obtained  by the  chem ists of the  m anufacturing firm 
a t  the  tim e of the  preparation  of the  sam ples in question, the  U. S. P . m ethod 
having presum ably been used. B—Figures obtained b y  us by  the  use of the 
same m ethod.

C and  D— R esults obtained w ith open beakers on the w ater ba th , 
according, respectively, as 3 or 6  volum es of w ater were added for hy 
drolysis.

E— R esults of direct titra tions, m ade afte r dilution with w ater b u t 
w ithout previous heating.

F— Percentages of the to ta l sulfuric acid which have been converted 
in to  ethyl-sulfuric acid in the respective samples.

No. Age A B C D  E  F
 1.................. 4 P / 2  n io s . 1 9 .9 0  2 5 .4 0  2 7 .5 6  2 7 .5 6  1 9 .1 1  1 5 .3
 2.................  37  V* 1 9 .0 0  2 5 .8 5  2 7 .4 9  2 7 :4 3  1 9 .9 3  1 3 .7
 3.................. 3 5  1 9 .6 0  2 7 .3 0  2 8 .3 8  2 8 .6 5  2 1 .3 4  1 2 .6
 4.................  331/2 1 9 .7 0  2 6 .5 1  2 7 .6 9  2 7 .6 9  2 0 .0 5  1 3 .8
 5.................  27  2 0 .1 0  2 3 .8 9  2 6 .0 2  2 5 .9 5  1 8 .6 7  1 4 .0
 6.................  25 2 0 .4 0  2 7 .2 5  2 8 .4 9  2 8 .6 5  2 0 .8 5  1 3 .5
 7.................  22  2 1 .0 0  2 7 .4 1  2 8 .8 6  2 8 .8 6  2 0 .9 5  1 3 .7
 8.................  16 1 9 .8 0  2 6 .3 2  2 7 .8 6  2 7 .9 0  2 0 .0 0  1 4 .1
 9.................  13 1 9 .5 0  2 6 .2 4  2 7 .0 7  2 6 .9 5  1 9 .5 3  1 3 .8

1 0 .................  8 2 1 .0 0  2 5 .6 7  2 6 .7 1  2 6 .6 5  1 9 .4 1  1 3 .6
1  1 .................  IV *  2 0 .0 0  2 3 .7 8  2 5 .0 5  2 5 .0 0  1 8 .2 1  1 3 .6

In  co n clu sio n , w e h a v e  th o u g h t i t  w ell to  p u t  on 
re co rd  th e  resu lts  of a  p ro g ressive  d is tilla tio n  of a ro 
m a tic  su lfu r ic  a c id  w h ich  h a d  been d ilu te d  w ith  o ve r 
th re e  tim e s  its  v o lu m e  of w a te r . O u r o b je c t  w as to  
sh o w  t h a t  h y d ro ly s is  h a r d ly  b eg in s u n til a fte r  th e  
re m o v a l o f th e  a lco h o l p re se n t as su ch  in  th e  m ix 
tu re , a n d  th a t  th e re a fte r  th e  in crease  in  th e  p ro p o rtio n  
o f free  su lfu r ic  a c id  k eep s p a ce  w ith  th e  re m o v a l 
of a lco h o l b y  d is tilla tio n .

A s  th e  a p p a ra tu s  u sed  p o ss ib ly  e x h ib its  som e p o in ts  
of n o v e lty , a  sh o rt d e sc rip tio n  of it  m a y  n o t b e  o u t of 
p la ce . T h e  b o ilin g  liq u id  w as co n ta in e d  in  a  ro u n d - 
b o tto m e d  fla sk  th ro u g h  th e  s to p p e r  of w h ich  w ere 
fitte d :

(1 )— A  th e rm o m e te r  w h o se  b u lb  w as in  th e  b o ilin g  
liq u id .

(2)— A  tu b e  th ro u g h  w h ich  an  a liq u o t  o f th e  liq u id
co u ld  b e  w ith d ra w n  b y  m ean s of a  p ip e tte , an d

(3)— T h e  d is tillin g  tu b e  sh o w n  in  th e  figure.

T h e  in n er tu b e  B  (a b o u t 27 X  2 cm .), c losed  a t 
th e  b o tto m  an d  p ro v id e d  w ith  a  re flu x  co n d en ser, E ,  
a t  th e  to p , has an  o u tsid e  d ia m e te r  a b o u t 4 -5  m m . 
less th a n  th e  bo re  of th e  o u te r  tu b e  A ;  th e  la tte r  is 
p ro v id e d  a t  A '  w ith  th ree  
“ d im p les”  w h ich  h o ld  B  in 
p lace , a n d  a  s id e-tu b e , C, 
w h ich  co n ta in s  a  th e rm o m e 
te r  an d  co n n e cts  w ith  a  co n 
den ser, D.  T h e  tu b e  B  is 
p a r t ly  filled  w ith  th e  sam e 
liq u id  w h ich  it  is p ro p o sed  
to  d istil off fro m  th e  flask—  
in  th is  case  a lco h o l. T h e  
m ixed  v a p o rs  o f a lco h o l an d  
w a te r  rise  in to  th e  a n n u la r 
sp a ce  b e tw e e n  A  a n d  B ,  w here 
th e  w a te r  is co n d en sed  on ^ 
co m in g  in  c o n ta c t  w ith  B  a n d  
flow s b a c k ; as soon  as th e  
a lco h o l in  B  is h e a te d  to  
b o ilin g  th e  a lco h o l v a p o r  fro m  
th e  fla sk  p asses in to  C  an d  so 
to  th e  co n d en ser D.  T o  secu re  a  co n sta n t  b o ilin g  
te m p e ra tu re  fo r  th e  co n d en sin g  tu b e  B ,  a  b u n d le  of
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c a p illa ry  tu b e s  c losed  a t th e  to p  a n d  p ro je c tin g  a b o v e  
th e  liq u id  su rfa ce  are  p la ce d  in  B.

In  o rd er to  g iv e  an  id e a  of th e  e ffic ie n cy  o f th is  a p 
p a ra tu s , th e  fo llo w in g  m a y  be s ta te d :

R e d is tille d  a lco h o l w as p u t  in B  an d  a  m ix tu re  of 
10 cc. a lco h o l a n d  240 cc. w a te r  w as b o iled  in  th e  flask ; 
w h en  10 cc. o f d is t illa te  h a d  b een  co llecte d , th e  o p e ra 
tio n  w as s to p p e d . T h e  d is t illa te  p ro v e d  to  b e  9 5 . 6- 
per ce n t a lco h o l a n d  th e re  w as no a lco h o l in  th e  
resid u a l liq u id  in  th e  flask .

A  m ix tu re  of 180 cc. a ro m a tic  su lfu r ic  a c id  a n d  580 
cc. w a te r  w as  p la ce d  in  th e  fla sk  an d  b o iled . O rd in a ry  
a lco h o l w as p la ce d  in  B .  A t  th e  e n d  of each  h a lf-  
h o u r th e  th e rm o m e te r  re a d in g s  an d  th e  v o lu m e  of 
th e  d is t illa te  w ere n o te d , a fte r  w h ich  5 cc. o f th e  m ix
tu re  w ere w ith d ra w n  fro m  th e  flask , co oled , d ilu te d  
a n d  t it r a te d , w h ile  th e  d is tilla tio n  w as resu m ed . In  
T a b le  X  are  g iv e n  th e  re su lts . T h e  re s p e c tiv e  w eig h ts

T able X

D istil Therm om  Reading W eights of H 2SO4 
in 2 cc. of Liquid

R atio  of 
Free to T o tal

Tim e late e ter in in boiling HjSO<
Hrs. Cc. vapor liquid Free Combined P er cent
0 .0 0 .0 78° 89.10° 0.0488 0.0343 79.35
0 .5 43.50 78 91.40 0.0532 0.0328 79.51
1.0 80.00 78 93.50 0.0593 0.0314 82.70
1.5 109.20 78 95.90 0.0652 0.0304 84.10
2 .0 129.60 78 97 .90 0.0721 0.0255 86.93
2 .5 141.80 78 99.30 0.0758 0.0231 88.34
3 .0 148.70 78 99.80 0.0821 0.0181 91.44
3 .5 152.20 78 100.10 0.0870 0.0152 92.56
4 .0 154.30 74 100.30 0.0888 0.0147 92.89
4 .5 155.80 69 100.50 0.0917 0.0118 94.31
5 .0 156.30 60 100.70 0.0939 0.0093 95.49
5.5 156.90 60 100.85 0.0956 0.0088 95.77
6 .0 157.20 50 101.00 0.0964 0.0073 96.46
6.5 157.50 48 101.15 0.0991 0.0050 97.64
7 .0 157.70 48 101.30 0.1003 0.0034 98.34
7 .5 157.80 48 101.45 0.1005 0.0029 98.58
8 .0 158.40 48 101.70 0.1010 0.0019 99.05
8 .5 158.80 48 101.85 0.1020 0.0015 99.52
9 .0 159.00 48 101.90 0.1033 0.0003 99.86
9 .5 159.00 48 102.05 0.1040 0.0000 100.00

10.0 159.00 41 102.10 0.1040 0.0000 100.00
10.5 159.00 40 102.10 0.1040 0.0000 100.00

of “ free  H2SO4”  a n d  “ co m b in ed  H2SO4”  w ere  o b ta in e d  
in  th is  w a y :  th e  5 cc. of liq u id  w ith d ra w n  fro m  th e  
flask  w ere  m ad e  up  to  25 cc. w ith  w a te r ; o f th is  d ilu te  
s o lu tio n  10  cc. w ere t i tr a te d  a t  o n ce  an d  10 cc. w ere 
c o m p le te ly  h y d r o ly z e d  in  a n  o p en  b e a k e r  on  th e  w a ter  
b a th  a n d  th e n  t it r a te d . F ro m  th e  d a ta  th u s  secu red  
th e  a m o u n t o f free  su lfu r ic  a c id  a n d  t h a t  o f th e  e th y l-  
su lfu r ic  a c id  p re se n t in  e a ch  2 cc. of th e  liq u id  in  th e  
flask  are ca lcu la te d .

I t  w ill b e  n o te d  t h a t  th r o u g h o u t th e  d is tilla tio n  
th e  te m p e ra tu re  o f th e  v a p o r  in  th e  s id e-tu b e  C  n ev er 
rose a b o v e  78 °; a fte r  th e  b u lk  of th e  a lco h o l h a d  been 
re m o v e d , th e  re a d in g  o f th is  th e rm o m e te r  s lo w ly  
fe ll, s in ce  th e  q u a n t ity  o f v a p o r  p a ssin g  th r o u g h  C 
b e cam e  less an d  less an d  th e  loss o f h e a t  th ro u g h  
ra d ia tio n  fro m  th e  th e rm o m e te r  b u lb  w as n o t  co m 
p en sa te d  fo r. A t  th e  sam e tim e  th e  te m p e ra tu re  of 
th e  b o ilin g  liq u id  s lo w ly  rose as a lco h o l w as  d is tille d  
off. T h e  su m  o f th e  “ fre e ”  and  th e  “ c o m b in e d ”  
ac id  a lso  s lo w ly  in creases, fo r  th e  p e rce n ta g e  o f to ta l  
a c id  in  th e  b o ilin g  liq u id  rises as th e  a lco h o l is re 
m o ve d . F in a lly , w e  m a y  n o te  t h a t  u n d e r th e  co n d i
tio n s o f th e  e x p erim en t o v e r  9 h r s .’ b o ilin g  w as n eed ed  
fo r  th e  co m p lete  h y d r o ly s is  o f th e  e th y l-s u lfu r ic  a cid  
p resen t.

L a b o r a t o r y  o f  t h e  M a r y l a n d  S t a t e

D e p a r t m e n t  o p  H e a l t h , B a l t i m o r e

RENNIN— A N O TE AND A CORRECTION
By H o w a r d  T. G r a b e r  

Received M ay 27, 1916

R e n n in  is n o t o fficia l in th e  sen se t h a t  i t  is re co g n ize d  
b y  e ith e r  th e  U n ite d  S ta te s  P h a rm a c o p o e ia  or th e  
N a tio n a l F o rm u la r y , h en ce  th e re  is a  w id e  v a r ia t io n  
in  th e  a rtic le  as fo u n d  u p o n  th e  m a rk e t, as w ell as in  
th e  m eth o d s u sed  fo r  its  s ta n d a rd iz a tio n . I t  is u n i
v e r s a lly  re co g n ize d  as a  m ilk  c o a g u la n t  an d  all m eth o d s 
u se  m ilk  as a m ed iu m  fo r  s ta n d a rd iz a tio n .

In  1 9 1 1 I p u b lish ed  an  a r t ic le 1 e n tit le d  “ Som e 
O b se rv a tio n s  u p o n  th e  A s s a y  of D ig e s tiv e  F e r m e n ts .”  
In  th is  a rtic le  I in c lu d e d  th e  a ss a y  u sed  b y  m e in  th e  
s ta n d a rd iz a tio n  of ren n in . T h e re  w as an  erro r in  
th is  s c r ip t w h ich  h as sin ce  b een  co rrecte d . T h is  
erro r to  w h ich  I w a n t to  ca ll e sp e cia l a tte n tio n  w as 
in  th e  a m o u n t of m ilk  sp ecified  to  b e  u sed  fo r  th e  te st. 
I t  w as  ju s t  tw ic e  th e  v o lu m e  in te n d ed , so t h a t  th e  
re su lts  b y  th is  erro r w ere ju s t  h a lf w h a t t h e y  sh o u ld  
be, or in  o th e r w ord s th e  ren n in  seem ed  to  b e  ju s t  
h a lf  its  re a l s tre n g th . I h a v e  tr ie d  o th er m eth o d s 
p ro p o sed , b u t  I reco m m en d  th e  m e th o d  as p u b lish ed  
b y  m e b o th  fo r  its  s im p lic ity  o f o p era tio n  an d  th e  
r e lia b ility  o f th e  re su lts  o b ta in e d  w h en  one uses a  
s ta n d a rd  o f k n o w n  v a lu e  as co n tro l.

T h e  e n z y m e  ren n in , lik e  all o th er e n zy m e s, is  d is
t in c t ly  sp ecific  in  its  re a c tio n  a n d  it  sh o w s its  s e le c tiv e  
c h a ra c te r is tic s  as to  th e  n a tu re  of th e  p ro te id , te m 
p e ra tu re  an d  re a ctio n  of th e  m ed ia  as w ell as  th e  
p resen ce  or ab sen ce  o f o rg a n ic  an d  in o rg a n ic  sa lts , 
e sp e c ia lly  th o se  of ca lc iu m  a n d  th e  p h o sp h a te s . R e 
su lts  o fte n  v a r y  w h en  sam p les of m ilk  are  u sed  fro m  
d ifferen t co w s, as w ell as d ifferen t lo ts  fro m  th e  sa m e  
cow , an d  th e  b e st resu lts  are  o b ta in e d  w h en  u sin g  a  m ix 
tu re  fro m  th e  m ilk in g  o f m a n y  co w s. T h e re  a lso  seem s 
to  b e  a  seasonal variation in th e  a b ility  of th e  m ilk  to  
co a g u la te .

T h e  fo llo w in g  ta b le  g iv e s  th e  re su lts  o f m a n y  of th e  
tests:

M o n t h l y

M in.

1 0 -5

1 0 .5

11

7 . 5

M o n t h l y

A s s a y A v e r a g e A s s a y

1:30,000 in 1:30.000 ii
D a t e M in. Sec. M in. D a t e M in. Sec.

4 /  1 to 7 .5 11/ 5 /15 10 30
4 /1 5 /1 4 12/ 3 /15 10 30
8 /  7 /14 10 30 22 11 30

8 10 30 9 23 8
10 7 30 24 10
15 7 30 27 13 30

9 /  1/14 
1/24/15

9 9 28 7 30
16 13.75 29 11

21 11 30 30 11
2 /16 /15 8 30 9.25 31 11

3022 10 1 / 3 /16 10
3 /  8/15 10 11 4 11

31 11 5 10
5 /  5/15 8 30 6 11 30

13 11 10 7 11
17 11 10.3 8 10
27 10 45 2 /14 /16 11
29 10 45 3 /  6 /16 10

4530 10 10 7 9
6 /  1/15 9 5 8 7 30

7 11 9 7 30
12 8 30 10 5 30
17 10 15 10.6 11 9 30
22 12 12 9 30
22 12 14 8
29 11 30 23 11 15

7 /  2 /15 8 45 24 7
7 8 28 4
9 8 9 .3 29 6

10 8 45 30 4
21 12 31 7
22 10

S e v e ra l y e a rs  a go  I s e le cted  a  ren n in  to  b e  u sed  as 
a  s ta n d a rd  in  th e  a ss a y  of th is  e n z y m e , a n d  I h a v e

‘ T h i s  J o u r n a l , 3 (1 9 1 1 ), 9 1 9 .



9 i o T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  S, No. 10

fo llo w ed  it  q u ite  co n sis te n tly  e v e r  since. In  th e  
sp rin g  of th e  y e a r  19 14  it  w as te s te d  fo r  a  p erio d  of 
14 d a y s  a n d  w as fo u n d  to  a ss a y  1 : 30,000 in  7V2 
m in. an d  w as a c c e p te d  as su ch . In  e v e r y  a ssa y  
m ad e  sin ce  th e n  it  h as b een  run as a  ch e ck  u p o n  th e  
u n k n o w n  sam p le.

T h e re  are 74 a ssa y s  here en u m era ted  e x te n d in g  
o v e r  a  p eriod  of a b o u t 2 y e a rs . A  series of 14 a ssa y s  
in  A p r il, 19 14 , a v e ra g in g  7V2 m in .; a seco n d  series of 
14 in  D e cem b er, 19 15 , an d  J a n u a ry , 19 16 , a v e ra g in g  
10V2 m in ., an d  a th ird  series o f 14 a ssa y s  in M a rch , 
19 16 , a v e ra g in g  7 x/2 m in.

T h is  is c e r ta in ly  a  v e r y  in te re s tin g  s ta te  o f a ffa irs  
a n d  th e  n a tu r a l q u e stio n  to  be a sk ed  is, “ W h a t is th e  
cau se  of th is  v a r ia t io n ? ”  T h e re  are m a n y  ca u ses: 
so m e are  k n o w n  a n d  so m e w e are s till s tu d y in g .

M y  exp erien ce  seem s to  sh o w  t h a t  th e  ren n in  c o a g u 
la te s  m ore q u ic k ly  in th e  fa ll a n d  sp rin g  th a n  in  th e  
w in te r  an d  su m m er, an d  th is  fa c t  seem s to  p ro v e  m y  
c o n te n tio n  th a t  th e re  is a sea so n a b le  v a r ia tio n  in  
th e  m ilk.

T h e re  m a y  b e  se v e ra l e x p la n a tio n s  o f th is  p h e 
n om en o n . T h e  c a tt le  m a y  g e t m ore e xe rc ise  an d  m ore 
o rg a n ic  a n d  in o rg a n ic  sa lts  in  th e  sp rin g , su m m er 
an d  e a r ly  fa ll, th a n  in  th e  w in ter, h en ce  th e ir  m ilk  
s u p p ly  m a y  v a r y ’, e sp e c ia lly  in re la tio n  to  its  c o a g u la 
b ility . I f  th is  b e  so, th e  q u e stio n  rises, w h y  does n o t 
th e  su m m e r s u p p ly  sh o w  th is  sam e in cre m en t in 
c o a g u la b ility ?  M y  a n sw er is t h a t  i t  w o u ld  if w e 
co u ld  re g u la te  th e  s u p p ly , b u t  d u rin g  th e  h o t su m m er 
m o n th s th e  m ilk  is so p ro n e  to  te m p e ra tu re  ch a n ges 
th a t  th is  o ffsets  th e  o th e r  a d v a n ta g e s . T h e n , to o , 
th e  p eriod  of la c ta t io n  is an  im p o rta n t-c o n sid e ra tio n  
a n d  m ilk  w ill sh ow  g re a t v a r ia tio n s  in  co m p o sitio n  
d u rin g  th is  tim e.

I t  is an  e sta b lish ed  fa c t  t h a t  th e  re n n e t c o a g u la tio n  
p ro ceed s in  th r e e 1 s ta g e s : (1) T h e  ca lc iu m  casein
is ch a n g e d  in to  th e  p a r a  ca sein ; (2) th e  re n n e t e n z y m e  
seem s to  a c t u p o n  th e  in so lu b le  ca lc iu m  sa lts  of th e  
m ilk , c o n v e rtin g  th e m  in to  a fo rm  s u ffic ie n tly  so lu b le  
to  e n a b le  th e m  to  c o a g u la te  th e  ca lc iu m  p a ra  ca sein ;
(3) th e  tru e  co a g u la tio n .

I t  is th e  seco n d  ch a n g e  or co n v e rsio n  of in so lu b le  
ca lc iu m  sa lts  to  so lu b le  s a lts  w h ich  seem s to  re ta rd  
th e  p ro gress o f c o a g u la tio n , a n d  I h a v e  n o tice d  t h a t  
in  th o se  cases w h ere  th e  t im e  o f c o a g u la tio n  w as p ro 
lo n g ed , th e  v is c o s ity  o f th e  m ilk  g r a d u a lly  ch a n ge s; 
it  seem s to  th ic k e n  an d  a cts  as if i t  a lm o st w a n ts  to  
co a g u la te , b u t  so m e th in g  seem s to  h o ld  it  b a c k —  
e ith e r  ca lc iu m  sa lts  are la c k in g  or th e  in so lu b le  ca lc iu m  
s a lts  ,are w ith  d iff ic u lty  m ad e so lu b le  a n d  a v a ila b le . 
I h a v e  a lso  n o tice d  t h a t  if  a  m ilk , a c tin g  in  th is  m an n er, 
is d iv id e d  in to  tw’ o p o rtio n s, to  one of w h ich  a  so lu b le  
c a lc iu m  s a lt  is a d d e d , th e  c o a g u la tio n  p eriod  is m uch 
a d v a n c e d  in  th is  p o rtio n  w h en  co m p a red  w ith  th e  
p o rtio n  to  w h ich  no so lu b le  ca lc iu m  sa lt  h as been  a d d ed . 
H e n ce  m y - s ta te m e n t  t h a t  th e  seaso n al v a r ia t io n  in  
m ilk  is an  im p o rta n t  fa c to r .

T h e re  are  o th e r fa c to r s  w h ich , w ith o u t a  d o u b t, 
in flu en ce  th is  co a g u la tio n  p erio d . V a rio u s  sam p les 
of m ilk  w ill sh o w  a v a r ia t io n  in  th e  fa t  c o n te n t and

1 A llen’s “ Commercial Organic Analysis,” 8 , 126.

.a lth o u g h  th e  la rg e  crea m eries  s ta n d a rd iz e  th e  p er 
ce n t o f fa t  in  th e ir  m ilk , th e  sm a lle r  crea m eries do 
n o t, an d  th e  in c lu sio n  o f a su p e ra b u n d a n ce  of fa t  g lo b 
ules in  o n e  sam p le  of m ilk  u n d o u b te d ly  w ill h a v e  so m e 
b e a r in g  u p o n  th e  ease o f co a g u la tio n .

T h e  e ffe ct o f b a c te r ia l co n te n t is an  im p o rta n t 
fa c to r . T h e  m ilk  e xa m in ed  b y  th e  D e tr o it  B o a rd  of 
H e a lth  ran ges in  b a c te r ia l co u n t fro m  3,000 to  1,500,000 
b a c te r ia  p er cc ., w h ich  v a r ia tio n  m u st c e r ta in ly  
e x e rt so m e in flu en ce  u p o n  re n n e t a c tio n .

T h e  ra n ge  of re a c tio n  of th e  m ilk  w ith in  th e  p e r
c e p tib le  lim its  of litm u s  te s t  is an  im p o rta n t ite m  fo r  
co n sid e ra tio n . In  so m e cases I h a v e  fo u n d  t h a t  a 
m ilk  w h ich  h as s ta r te d  to  so u r an d  th u s  h a d  d e v e lo p e d  
a c id ity  a b o v e  n o rm a l, seem s to  a cce le ra te  th e  c o a g u la 
tio n  p erio d  of ren n in ; in  o th er cases it  h as in h ib ite d  
it.

T h e  “ h y d ro g e n -io n ”  co n c e n tra tio n , a  fa c t  o v e r 
lo o k e d  in th e  p a s t  b y  m o st of us b u t  re c e iv in g  m o re  
or less co n sid e ra tio n  a t  p re se n t, m a y  h e lp  us c le a r  
u p  so m e of th ese  p e cu lia ritie s  in e n z y m e  a c t iv i t y .  
I lo o k  fo rw a rd  to  th e  tim e  w h en  w e ca n  e v e n t u a lly  
a d o p t a  s ta n d a rd  m ilk  o f n o rm a l h y d ro g e n -io n  co n 
c e n tra tio n  an d  a d ju s t  o u r e n z y m e  so lu tio n  to  a  h y - 
d rogen -io n  co n ce n tra tio n  fo u n d  to  g iv e  its  o p tim u m  
a c t iv i t y ,  a n d  th u s  h a v e  o u r m e th o d  u n d e r a b so lu te  
an d  sc ien tific  co n tro l.

U n til su ch  tim e  as th is  a rriv es , th e  resu lts  h ere  
e n u m e ra te d  le a d  m e to  s a y , “ K n o w  y o u r  s ta n d a r d .”  
D o  n o t  a d o p t it  on a  sin g le  te s t  or eve n  a  s in g le  series 
of te sts , b u t  fo llo w  it  th ro u g h  a series o f m o n th s as 
I h a v e  m ine, th e n  a ssign  a s tre n g th  w h ich  seem s a 
fa ir  a v e ra g e .

T h e  m eth o d  I use fo r  te s t in g  fo llo w s, w ith  th e  
co rre c tio n  befo re  c ite d .

(1) O n ly  fresh , w h o le , u n p a s te u riz e d  m ilk  is to
be u sed , p re fe ra b ly  fro m  a h erd  of m a n y  cow s.

(2) M i lk — H e a t 2 q ts. g r a d u a lly  to  4 3 ° C . ;
m ix w ell a n d  ta k e  1 q t. fo r  th e  u n k n o w n  sa m p le  an d  
th e  o th e r fo r  th e  s ta n d a rd . D o  n o t  o v e rh e a t  th e  m ilk  
a n d  if b y  ch a n ce  it  h as b een  h e a te d  h ig h  e n o u g h  to  
p ro d u ce  a th in  sk in , d isca rd  a n d  use a  n ew  lo t.

(3) R e n n in  Solution— D isso lv e  0.4843 g. ren n in  
in  150 cc. d is tille d  w a te r , m ix th o ro u g h ly  b y  in v e rs io n  
g e n tly , an d  ta k e  10 cc. fo r  a  te s t  (10  cc. u p o n  1 q t. 
o f m ilk  g iv e s  a  p ro p o rtio n  o f 1 : 30,000). D o  n o t 
sh a k e  th e  ren n in  so lu tio n  v io le n t ly  or th e  a g ita tio n  
w ill in ju re  th e  s tre n g th  of ren n in .

(4) M e a su re  10 cc. re n n in  s o lu tio n  in to  a  w ide- 
m o u th  p re c ip ita tin g  ja r  of a b o u t l/t  g a l. c a p a c ity ;  
a d d  1 q t. o f m ilk  a t  4 2 0 C ., m ix  th o r o u g h ly  b y  p o u rin g
ren n in  so lu tio n  an d  m ilk  3 tim e s  fro m  o n e  ja r  to
a n o th e r, ta k in g  t im e  w ith  s to p w a tc h  a fte r  th e  first 
p o u rin g . T h e  m ilk  sh o u ld  n o w  b e  ju s t  4 0 0 C . K e e p  
th e  te m p e ra tu re  a t  th is  p o in t  a n d  te s t  t h e  m ilk  fo r  
cu rd  fo rm a tio n  a t  h a lf-m in u te  in te rv a ls  b y  t ip p in g  
t h e  p r e c ip ita tin g  ja r  fo rw a rd  g e n tly ;  n o te  th e  tim e  
re q u ired  to  s e p a ra te  th e  ca sein  fro m  th e  liq u id  w h e y ; 
re p o rt th e  sa m p le  as 1 : 30,000 in  th is  t im e.

R e s e a r c h  L a b o r a t o r y , D i g e s t i v e  F e r m e n t s  C o m p a n y  

D e t r o i t , M i c h i g a n
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P E P S IN — A R E S U M E  O F  T E S T S
B y  H o w a r d  T .  G r a b e r  

R e c e iv e d  M a y  27 , 1916

In  a  p re v io u s  a r t ic le 1 e n tit le d  “ S o m e O b se rv a tio n s  
u p o n  th e  A s s a y  of D ig e s tiv e  F e r m e n ts ,”  I ca lled  
a tte n tio n  to  th e  g re a t v a r ia tio n  in th e  a p p a re n t s tre n g th  
of a  sam p le  o f p ep sin  d ue to  th e  a ge  o f th e  egg  used  
in  th e  te s t , an d  sh o w ed  t h a t  e ggs  b e tw e e n  th e  a ges of 
5 to  7 d a y s  le a v e  th e  le a s t  resid u e w h en  used  in  te s t in g  
th e  s tre n g th  of th e  p ep sin . I th e re fo re  re co m m en d ed , 
fo r u n ifo r m ity  in  re su lts , th a t  ch em ists  a d o p t age  
lim its  fo r th e ir  eggs w h en  te s t in g  p ep sin , a n d  it  is 
in te re s tin g  to  n o te  t h a t  th e  R e v is io n  C o m m itte e  of 
th e  P h a rm a c o p o e ia , h a v in g  co n firm ed  th e se  fin d in gs, 
h a v e  a d o p te d  th is  e g g  lim it in  th e ir  rev ise d  te s t  fo r 
p ep sin . T h e  re v is e d  w o rd in g , w h ich  I h a v e  e v e ry  
reaso n  to  b e lie v e  w ill a p p e a r in  th e  U . S. P . I X  te s t  
fo r  p ep sin , w ill s ta te :  “ Im m erse  a  h e n ’s e gg, w h ich
sh o u ld  n o t be less th a n  5 n or m ore th a n  12 d a y s  o ld .”

A fte r  h a v in g  d e te rm in e d  th e  la rg e  fa c to r  w h ich  th e  
a ge  of th e  egg  b ears in  th e  a ss a y  of p ep sin , it  w as of 
in te re st to  m e to  k n o w  h o w  m y  re su lts  w o u ld  v a r y  
w h en  ch o o sin g  m y  eggs as to  a ge  an d  w h en  go in g  
in to  th e  open  m a rk e t an d  b u y in g  “ s t r ic t ly  fresh  e g g s ”  
fro m  a re lia b le  d ealer.

I h a v e  co m p iled  th e  re su lts  fro m  a series of m a n y  
te s ts . P a r t  o f th e se  te s ts  w ere  m ade w ith  e ggs  of 
k n o w n  age  (5 to  12 d a y s ) , an d  th e  b a la n ce  w ith  so- 
ca lle d  “ s t r ic t ly  fre sh  e g g s .”  T h e  p ep sin  used  in  all 
th e se  te s ts  w as a  sa m p le  fo u n d  to  le a v e  a  resid u e  of 
a b o u t 1 cc. u n d e r id e a l co n d itio n s  a n d  w as ch o sen  
b ecau se  of th e  fa c t  t h a t  i t  is easier to  n o te  s lig h t 
d ifferen ces in  s tre n g th  w ith  a resid u e  of 1 cc. th a n  w ith  
a sm a lle r residue.

T a b l e  I — P e p s i n  T e s t s  o n  E c.c s  o p  K n o w n  A g e

T a b l e  I I - -P e p s i n  T e s t s  o n  E g g s  o p  U n k n o w n  A g e  b u t  G u a r a n t e e d  
" S t r ic t l y  F r e s h ”

Assay Age of 
Eggs

R es Assay Age of Res Assay Age of R es
D ate idue D ate Eggs idue D ate Eggs idue
1915 D ays Cc. 1915 D ays Cc. 1915 D ays Cc.
2/13 7 1.25 4 /  3 8 0.75 6 /  2 10 0 . 6

15 7 0 . 6 8 9 0 .75 7 /  2 10 0 .4
19 7 0 .9 9 10 0 .45 24 12 0 .4
20 7 1.25 10 8 1.5 8/  2 10 1 . 0
22 7 1.25 12 8 1 . 0 4 10 0 .95
25 10 1 . 0 13 9 0 . 6 6 10 1 . 0
26 5 1 . 0 14 8 0 .5 10 7 0 . 8

4 10 1.25 15 9 1.5 9 /  3 7 0 .75
5 9 1 . 0 26 7 0 .3 6 7 0 . 8
8 7 0 .5 27 8 0 .25 9 7 1 . 0

29 9 0 .4 10 8 1 . 0
10 9 1 . 0 5 9 0 .35 14 9 0 . 8
12 6 1 . 0 7 10 0 .5 16 8 0 . 8
17 9 1 . 0 8 8 1.25 17 7 0 .9
20 8 1 . 0 14 11 1.25 18 7 1 . 0
26 6 1.5 21 11 0.65 20 8 0.65
31 7 0.55 22

26
7

10
0.55
0.25

T a b le  I in c lu d es a  series o f 50 a ssa y s  fro m  eggs of 
k n o w n  a ge, a n d  o f th is  series w e  fin d :

28 assays (56 per cent) below 1 cc.
40 assays (80 per cent) n o t more than  1 cc.

10 assays (20 per cent) above 1 cc. Of the  la tte r 10, ju s t 2 are I 1/* cc.
» T h is  J o u r n a l  3  (1 9 1 1 ). 9 1 9 .

Assay R es Assay Res- Assay Res Assay Res Assay R es
D ate idue D ate iduc D ate idue D ate idue D ate idue
1915 Cc. 1915 Cc. 1915 Cc. 1916 Cc. 1916 Cc.
9 /23 1 . 0 10/25 0 .7 12 /  2 0.85 1 / 1 0 1 . 0 2 / 1 0 1 . 0

28 1 . 0 29 0 . 6 3 0 .4 13 0 . 6 11 1 . 0
10/ 4 0 .9 11/15 0 .5 8 0 .4 14 0 .9 14 1.75

5 2.25 9 0 .5 9 0 .9 17 1.25 15 2
' 7 2 .25 11 0 .5 10 0.3 19 0 .3 18 1

8 2 .5 16 0 .7 17 0 .5 28 0 .65 21 1.75
13 2.25 17 2 . 0 20 0 .7 2 /  5 2 .5 23 1
14 1.25 22 0.45 23 0 . 8 7 3 25 2.25
17 1.75 26 0 .3 28 2 . 0 4 2 28 0 .9
20(a) 0 .75 29 0 . 2 29 1.25 6 1 . 0

31 0 .3
(a) Source of supply changed.

T a b le  I I  in c lu d e s  a  seco n d  series o f 50 a ssa y s  fro m  
e ggs  s u p p o s e d ly  fresh , b u t  of u n k n o w n  age. H ere  w e 
fin d :

25 assays (50 per cent) below 1 cc.
32 assays (64 per cent) not more than  1 cc. 
18 assays (36 per cent) above 1 cc.

O f th e se  la st  18 a ssa y s  w ith  a  resid u e m ore th a n  
i  cc ., th e  la rg e s t  resid u e  re co rd ed  w as 3 cc. W h e th e r 
th e  eggs u sed  in  th is  te s t  w ere  to o  fre sh , or, on  th e  
o th e r h a n d , o ld er th a n  th e  a ge  lim it  p re v io u s ly  d e
scrib e d , I  d id  n o t d eterm in e .

T h e  tw o  ta b le s  sh o w  w ell th e  a d v a n ta g e  a ccru in g  
in ch o o sin g  eggs of k n o w n  a ge, an d  in  th e  te s t in g  of 
p ep sin  as w ell as w ith  ren n in , I re p e a t  m y  ca u tio n —  
“ K n o w  y o u r  s ta n d a rd .”  A lw a y s  use a  s ta n d a rd  
p ep sin  as co n tro l, w hose s tre n g th  y o u  h a v e  te s te d  
u n d e r d ifferen t co n d itio n s  as to  a ge  of e ggs, e tc ., an d  
d ra w  y o u r  co n clu sio n s as to  th e  s tre n g th  o f th e  u n 
k n o w n  sa m p le s  fro m  th e  d e p o rtm e n t o f sa id  co n tro l.

In  co n clu d in g , I w ish  to  s ta te  t h a t  in  th e  a b o v e  a ssa y s  
th e  co n d itio n s su ch  as te m p e ra tu re , a g ita tio n , r e a c 
tio n , e tc ., w ere u n d er a b so lu te  co n tro l, an d  th e  erro r 
du e to  th e  p erso n a l e q u a tio n  h as b een  e lim in a te d  as 
fa r  as p ossib le .

A n o th e r  fa c t  b ro u g h t o u t in  th is  co n n e ctio n  w h ich  
I h a v e  n o t h e ard  d iscu ssed  is th is : I f  w e ca n  d e
term in e  th e  s tre n g th  of p ep sin  b y  th e  a ge  o f th e  egg , 
th e  c o n tr a r y  is also  tru e . W e  ca n  a p p ro x im a te ly  
d e te rm in e  th e  a ge  o f a  n u m b e r of eggs b y  te s t in g  
a g a in st a  p ep sin  of k n o w n  s tre n g th . I f  th e  resid u e  
is m u ch  m ore th a n  exp erien ce  h a s  sh o w n  th e  co n tro l 
to  ru n  w ith  e ggs  5 to  12 d a y s  o ld , i t  is n a tu r a l to  assu m e 
t h a t  it  is due to  one of tw o  ca u ses: E ith e r  t h e  eggs
are  a b so lu te ly  fresh , o r th e y  a re  m ore th a n  12 d a y s  
old . I f  t h e y  are to o  fresh  a n d  on e h as s u p p ly  e n o u g h , 
t h e y  ca n  b e  k e p t  fo r 5 o r 6 d a y s  a n d  a n o th e r a ssa y  
m ad e. I f  w ith  th is  seco n d  a ss a y  a  m a rk ed  d ecrease  
in  th e  a m o u n t of resid u e  is sh o w n , th e  eggs ca n  be 
co n sid ered  as s t r ic t ly  fresh . I f  th e  resid u e  co n tin u e s  
to  in crease , th e y  w ere  m ore th a n  th e  a ge  lim it  to  s ta r t  
w ith  an d  h ence n o t s tr ic t ly  fresh .

R e s e a r c h  L a b o r a t o r y . D i g e s t i v e  F e r m e n t s  C o m p a n y  
D e t r o it , M ic h ig a n

LABORATORY AND PLANT
A R T IF IC IA L  G A S -F IR E D  F U R N A C E  IN S T A L L A T IO N

B y  C h a r l e s  E . R ic h a r d s o n  
Received A ugust 14, 1916

O n e of th e  la rg e s t, if n o t th e  la rg e s t  a rtif ic ia l gas- 
fired  fu rn a c e  in sta lla tio n  in  th is  c o u n try  h as b een  
m ad e in  th e  p la n t of th e  E d d y s to n e  A m m u n itio n  
C o rp o ra tio n , E d d y s to n e , P a ., fo r  th e  p u rp o se  o f h a rd 

e n in g  an d  te m p e rin g  (or d ra w in g ) 3-in . sh e lls . T h e  

in sta lla t io n  co n sists  o f th re e  h a rd e n in g  fu rn a ce s  a n d  

th re e  te m p e rin g  fu rn a ces. O ne h a rd e n in g  a n d  one 

te m p e rin g  fu rn a ce  are a t  p re se n t u n d e r co n stru ctio n  

a n d  tw o  e a ch  a t p re se n t in  o p e ra tio n . T h e  fu rn a ce s  

are  a rra n g e d  in  u n its— one h a rd e n in g  a n d  on e te m 
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F ig . I l l
Sam e view as Fig. I, b u t taken  from opposite side, showing on left (inside 

of railing) the  contro l pu lp it. N ote  indicating  and  recording pyrom 
eters. valves and flashers.

. T h e  b u rn ers  are  in serted  a t  th e  sides o f th e  fu rn a ces  
a n d  in clin e  d o w n w a rd . T h e  h o m o g en eo u s m ix tu re  of 
a ir a n d  gas fro m  th e  in sp ira to r  is fo rce d  th r o u g h  th e  
b u rn e rs  a t  a  v e lo c ity  g re a te r  th a n  th e  ra te  o f flam e 
p ro p a g a tio n  a n d  e a ch  flam e s tr ik e s  a  baffle  co n sistin g  
o f ca rb o ru n d u m  or o th er re fr a c to r y  m a te ria l re stin g  on  
th e  b o tto m  of th e  fu rn a ce . T h is  m a te ria l a tta in s  
an  in ten se  h e a t  w h ich  is ra d ia te d  v e r y  e v e n ly  u p o n  
th e  sh e lls , fro m  off th e  a rch e d  to p  o f th e  fu rn a ce .

E a c h  fu rn a ce  is a p p ro x im a te ly  22 f t .  lo n g , 8 ft . 
w id e  a n d  7 f t .  h ig h  (o u tsid e  d im en sio n s) a n d  is se t 
on a  s lig h t slo p e . T h e  fu rn a ces  a re  en ca sed  in  ca s t 
iron  ca sin gs h eld  to g e th e r  b y  h e a v y  t ie  rods an d  are 
m o u n ted  on co n cre te  fo u n d a tio n s . T h e  h e a v y  fire b r ic k  
lin in gs are b a c k e d  up  b y  S il-O -C e l, g iv in g  p le n ty  of 
in su la tio n . T h is  cu ts  dow n  th e  ra d ia tio n  losses and  
p ro te c ts  th e  o p e ra to rs  fro m  th e  h e a t. T h e  fu rn a ce s  
are  as a ir-t ig h t  as p o ssib le . T o  p re v e n t le a k a g e  in  of 
co ld  a ir, w h ich  w o u ld  p ro d u ce  an  o x id iz in g  e ffe ct a n d , 
b y  its  co o lin g  a c tio n , lo w e r th e  fu rn a c e  e ffic ie n cy , 
a  s lig h t  fu rn a c e  b a ck -p re ssu re  is m a in ta in e d . A s  in 
a ll s u rfa ce  co m b u stio n  w o rk  th e  fu rn a ce s  are so 
d e sig n e d  as to  d e v e lo p  a n d  u tiliz e  th e  m a x im u m  p o ssi
b le  a m o u n t o f ra d ia n t  h e a t. T h e  flues a re  a rra n g e d  
so as to  d is tr ib u te  th e  h o t  ga ses u n ifo r m ly  a n d  to  
re lease  th e m  a t  th e  lo w e st p o ssib le  te m p e ra tu re . T h e  
h a rd e n in g  fu rn a ces  are  e q u ip p e d  w ith  22 h ig h -p re ssu re  
b u rn ers, a n d  th e  te m p e rin g  fu rn a ces  w ith  18. A ll  
p ip in g  is la id  in  c o n d u its  h a v in g  re m o v a b le  co v e rs , 
t h e r e b y  e lim in a tin g  a ll o v e rh e a d  w o rk . T o  g iv e  an  
id e a  of th e  s im p lic ity  o f th e  s y s te m  th e  la rg e s t  p ip e  
u sed  is a  2 in . E a c h  b u rn e r is fe d  b y  a '/2-in. p ip e  
fro m  a  i- in . m a n ifo ld .

T h e  fu e l is a  580 B . t . u . gas (a  m ix tu re  of w a te r  and  
co a l g a s ), s u p p lie d  b y  th e  P h ila d e lp h ia  S u b u rb a n  G as 
a n d  E le c tr ic  C o m p a n y , C h e s te r , P a . T h e  ga s  is d e 
liv e re d  a n d  m ete re d  u n d e r a  p ressu re  o f 25 lb s . I t  is 
m e te re d  b y  a  R o t a r y  p ressu re  m e te r a n d  a  B a ile y  flo w  
m eter. E a c h  u n it co n su m es an a v e ra g e  of 3,300 cu . ft . 
o f gas p er h r., tu r n in g  o u t 240 sh ells  p er h r ., or 8

F i g . I — V i e w  T a k e n  f r o m  C o n t r o l  P u l p i t  
Showing front (or charging end) of H ardening  Furnaces, w ith pushes in 

place. T em pering  furnaces can be seen in cen ter on left behind H arden
ing Furnaces w ith  oil-quenching tan k s  betw een. N ote  red flash lights 
in front of furnaces, covered conduits for piping and pyrom eter locations.

p erin g  fu rn a ce  co m p ris in g  a  u n it. E a c h  u n it  is d e 
sig n ed  to  tu rn  o u t 5,000 sh ells  in a  20-hr. d a y . T h e  
fu ll c a p a c ity  of th e  in s ta lla t io n  (3 u n its) w o u ld  be
15,000 sh ells  p er 20-hr. d a y .

T h e  fu rn a ce s  a re  o p e ra tin g  a t  th e  h ig h  a v e ra g e  
e ffic ie n cy  of 32 p er ce n t— fu rn a ce  e ffic ie n cy  m ean in g  
th e  p e rce n ta g e  o f a v a ila b le  h e a t  u n its  in  th e  fu e l co n 
su m e d  w h ich  a re  a c tu a lly  a b so rb e d  b y  th e  w o rk  b e in g  
d on e, in  th is  case  h e a tin g  stee l.

T h e  fu rn a ce s , d esign ed  a n d  in sta lle d  b y  th e  S u rfa ce  
C o m b u stio n  C o m p a n y  of N e w  Y o r k  C it y ,  are  fired 
b y  th e  s u rfa ce  co m b u stio n  h ig h -p re ssu re  s y s te m — a 
p ro ccss w h e r e b y  ga s  u n d er p ressu re  is m ad e, b y  m ean s

of a  sp e c ia l g o v e rn o r, to  
in sp íra te  a ll th e  a ir  n ece s
s a r y  fo r  co m p le te  a n d  
p e r fe c t  co m b u stio n , m a in 
t a i n i n g ,  a u to m a tic a lly , 
co n sta n t  m ix tu re  p ro p o r
t io n s  a n d  e lim in a tin g  a ll 
m o to rs, b lo w ers an d  air 
p ip in g  (F ig . I I ) .

G a s  u n d e r a  p ressu re, 
ra n g in g  fro m  10 to  25 lbs. 
p er sq . in . p asses co ck , 
A , c o n t i n u e s  t h r o u g h  
s tra in e r , B , a n d  en ters 
n o zz le , C . A  p o rtio n  of 
th e  p ressu re  e n e rg y  o f th e  
gas in  p a ss in g  fro m  
n o zz le , C , in to  th r o a t , D , 
is tra n s fo rm e d  in to  v e lo c 
i t y  e n e rg y . T h e  p ressu re 
h e a d  on  a ir  o p en in g . E , is 
th e r e b y  re d u ce d , ca u sin g  

a ir to  flow  first in to  a ir-ch a m b e r, F , a n d  fro m  th e n c e  in to  
th r o a t , D , w h ere  it  jo in s  w ith  th e  g a s. T h e  h ig h  
v e lo c ity  a t  th e  th r o a t , D , m ixes th e  a ir  a n d  ga s  
th o ro u g h ly  a n d  th e  v e lo c it y  h e ad  o f th e  m ix tu re  is 
tra n sfo rm e d  b a c k  in to  p ressu re  h e a d  b y  th e  p ressu re  
tu b e , G . T h e  m ix tu re  th e n  co n tin u e s  to  th e  b u rn e r.
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F ig . IV
R ear (or discharge end) of H arden ing  Furnace. H o t shells pop o u t of 

opening, covered by iron flap on hinge, in to  oil-quenching tank . T hey  
are rem oved from tan k  by e levator conveyor to  drain  tables, and are 
then fed in to  T em pering  (or drawing) Furnace.

sh ells  e v e r y  2 m in u tes. T h e re fo re , w h en  a ll th ese  
u n its  are  ru n n in g  a t  c a p a c ity , 9,900 cu. f t .  o f gas per 
hr. w o u ld  b e  co n su m ed , an d  fo r  a  d a y  of 24 h rs., 237,- 
000 cu . f t .  o f gas, an d  fo r  300 su ch  d a y s  a p p ro x im a te ly
70,000,000 cu. f t .  o f g a s . (W h ile  sh e lls  are tu rn e d  o u t 
d u rin g  o n ly  20 h rs ., th e  fu rn a ces  are  k e p t  h o t th e  e n 
tire  24 h rs.) T h e  co st o f ga s  in  th is  case  is b a se d  
o n  a  s lid in g  sca le  ra te . T h e  a p p ro x im a te  a v e ra g e  
ra te  fo r  th is  w o rk  is 43 c. p er M . cu . ft .

METHOD OF O P E R A T IO N

T h e  sh e lls  m a d e  are  3 in . in  d ia m e te r  a n d  a p p ro x i
m a te ly  8V j in- lo n g . T h e y  v a r y  in  w e ig h t  fro m  8 
to  11 lb s . T h e  h a rd e n in g  is don e a t  an  a v e ra g e  
te m p e ra tu re  o f 150 0 ° F ., an d  th e  te m p e rin g  (or d ra w 
in g) a t  an  a v e ra g e  o f n o o °  F . E a c h  sh ell is in  e a ch  
fu rn a c e  fo r  a  p erio d  o f a p p ro x im a te ly  one h our.

R u n n in g  th r o u g h  each  fu r n a c e  a re  8 stee l a n g les 
w h ich  a c t  as tro u g h s  to  c a r r y  th e  sh e lls . A n  a ir 
c y lin d e r  w ith  an  a rm  a tta c h e d  to  th e  p isto n  ro d  a c ts  
as a  p u sh er. A  m an  s ta n d s  in  fro n t o f e a ch  fu rn a c e  
a n d  feed s sh e lls  in to  th e  a n g le  tro u g h s . E v e r y  2 
m in u tes th e  p u sh e r p u sh es th e  sh e lls  a h e a d  th e  le n g th  
of a sh ell. T h is  ca u ses 8 sh e lls  to  d isch a rg e  in to  th e
o il-q u e n ch in g  b a th  lo c a te d  a t  th e  d isch a rg e  en d  o f th e  
h a rd e n in g  fu rn a ce s , fro m  w h ich  t h e y  a re  ta k e n  w h en  
s u ffic ie n tly  cool a n d  fe d  in to  th e  te m p e rin g  fu rn a ces  
in  e x a c t ly  th e  sam e m an n er.

F r e q u e n t  flue gas a n a ly se s  h a v e  sh o w n  o x y g e n  =  
0 .0 , c a rb o n  m o n o x id e  =  0 .0 , a n d  an  a v e ra g e  of 1 5 .2  
ca rb o n  d io x id e . T h is  sh o w s t h a t  th e  h e a t  is g e n e ra 
te d  w ith  100 p er ce n t e ffic ie n cy  h a v in g  no excess air 
or u n b u rn e d  gases. F o r  th e  p u rp o se  of m in im izin g  
th e  sc a lin g  of th e  sh e lls  a n d  t o  le n g th e n  th e  life  o f th e  
a n g le  tro u g h s  th e  fu rn a c e  is o p e ra te d  w ith  a  s lig h t ly  
re d u c in g  a tm o sp h e re -ca rb o n  m o n o x id e  re a d in g  b e 
tw e e n  0 .3  a n d  0 .5  p er ce n t. T h is  is d o n e  to  be on 
th e  sa fe  s id e, as an  o x id iz in g  a tm o sp h e re  w o u ld  b e  
v e r y  in ju rio u s  in  th is  o p era tio n .

CO N TR O L

A ll o f th e  fu rn a ces  are  c o n tro lle d  fro m  a ce n tra l 
co n tro l p u lp it. E a c h  fu rn a ce  is co n tro lle d  b y  a  s in 

Fio. v
R ear (or discharge end) of T em pering  (or drawing) Furnaces. Shells pop 

o u t of tubes w ith flap covers to  keep out air.

gle  v a lv e  w h ich  re g u la te s  th e  p ressu re  su p p lie d . T h e  
m a x im u m  p ressu re  is 25 lb s . an d  th e  m in im u m  5 lbs. 
T h e  a v e ra g e  o p e r a tin g  p ressu re  is 15 lb s . A ll p y r o m 
e te rs , b o th  in d ic a t in g  a n d  re co rd in g , are  a lso  lo c a te d  
in  th is  p u lp it. T h is  a llo w s on e m an  to  o p e ra te  e a s ily  
a ll o f th e  fu rn a ce s . T h is  fe a tu re  h as re su lted  in  co n 
s id era b le  s a v in g  of la b o r , sin ce  fre q u e n tly  as m a n y  as 
8 m en h a v e  b een  n e ce s sa ry  to  care  fo r  b u rn ers an d  
th e  c o n tro l o f te m p e ra tu re s  on a  s im ila r n u m b e r of 
fu rn a ces  o f th e  sa m e  s ize , fired  b y  oil. T h is  fe a tu re  
a lso  a llo w s m u ch  m o re  a c c u r a te  a n d  ca re fu l co n tro l 
as e v id e n ce d  b y  th e  p r a c t ic a lly  s tr a ig h t  lin e  p y ro m e te r  
c h a rts  w h ich  are  secu re d  d a ily . T h e re  is also  lo c a te d  
in  th is  p u lp it  th e  e le c tr ic  flash er, w h ich  tim es th e  
ch a rg in g  o p era tio n . T h is  m a ch in e  flashes a  re d  l ig h t  
in  fro n t  o f e a ch  fu rn a ce  e v e r y  2 m in u tes , w h ich  flash  
is th e  s ig n a l fo r  th e  m en  to  o p era te  th e  p u sh ers. T h e  
fu rn a c e  o p e ra to r  in th e  co n tro l p u lp it, e a ch  s h ift , 
re ce iv e s  h is te m p e ra tu re  a n d  t im e  in stru ctio n s  an d  is 
a b le  to  fo llo w  th e se  in stru c tio n s  w ith  th e  g r e a te s t  
a c c u r a c y  w ith o u t  m o v in g  a  s te p .' T h is  p u lp it  is th e  
b ra in s an d  h e a rt o f th e  h e a t-tr e a tin g  b u ild in g , c lo c k , 
b e lls , e tc ., a ll b e in g  lo c a te d  th e re .

C O M PA R ISO N  W ITH  F U E L  OIL

T h e se  fu rn a ces  a re  in sta lle d  in  th e  fa ce  o f th e  c o m 
p e titio n  of fu e l oil co stin g  0 .0 4 5  P er Sa -̂ S e v e ra l oil- 
fired  fu rn a ces  of p r a c t ic a lly  th e  sam e s ize  a n d  d o in g  
t h e  sam e w o rk  w ere  in  o p e ra tio n  p rio r to  th e  in s ta lla 
t io n  of th ese  fu rn a ces. O ne o f th e se  o il-fired  fu rn a c e s  
w as c a re fu lly  te s te d , o v e r  a  p erio d  o f s e v e r a l d a y s, 
th e  oil b e in g  m easu red  in  a  c a lib ra te d  ta n k . S u b s e 
q u e n t te s ts  of th e  gas-fired  fu rn a ce s  h a v e  p ro v e n  co n 
c lu s iv e ly  (as w as b e lie v e d  in  th e  b e g in n in g ) t h a t  th e  
o p e ra tin g  co st of th e  g a s-fired  la y o u t  is v e r y  co n sid 
e r a b ly  lo w e r th a n  t h a t  o f th e  oil. W h ile  i t  is n o t a rg u ed  
t h a t  a ll fu rn a c e  o p era tio n s  ca n  b e  don e m o re  e co n o m 
ic a lly  w ith  th is  s y te m  of ga s-firin g , s t ill  it  h as b een  
p ro v e n  b e y o n d  d o u b t t h a t  q u ite  a  p e rc e n ta g e  of la rg e  
fu rn a ce  w o rk  ca n  b e  d o n e  c o n sid e ra b ly  m o re  e co n o m 
ic a lly  th a n  w ith  oil. G e n e r a lly  s p e a k in g , 600 B . t . u . 
g a s  a t  50 c. p er M . co m p ares  v e r y  f a v o r a b ly  w ith
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0 .0 4  p er ga l. oil in  a go o d  m a n y  cases, u sin g  th e  s u r
fa c e  co m b u stio n , h ig h -p re ssu re  s y s te m  in  p ro p e r ly  
e n g in e ered  a n d  d esig n ed  fu rn a ces.

F o r  a  p la n t p u tt in g  in  n ew  fu rn a ce s  w h ere  
a ll th e  n e ce ssa ry  e q u ip m e n t m u st be p u rch a se d , th e  
in itia l co st of in sta lla t io n  of th is  s y ste m  of g a s-firin g  
w ill b e  fo u n d  fu lly  30 p er ce n t  less th a n  th e  co st o f th e  
n e ce ssa ry  e q u ip m e n t, in c lu d in g  fu rn a ce s , fo r  an  oil- 
fired  in s ta lla t io n . T h is  s y ste m  of g a s-firin g , e lim in a 
tin g , as it  does, a ll a ir  or s te a m  s u p p ly  a n d  th e  co n se 
q u e n t e q u ip m e n t fo r su ch , ca n  be co m p a red  v e r y  
fa v o r a b ly  w ith  e v e n  c o n sid e ra b ly  h ig h er p rice d  fu e ls , 
as a ir  a n d  s te a m  a n d  th e  h a n d lin g  of th e m  co st m o n e y , 
w h ich  is ju s t  as v a lu a b le  ás th e  m o n ey  p a id  o u t fo r  
th e  a c tu a l fu e l. T h e  a b o v e  figu res, h o w e v e r , do n o t 
in c lu d e  a n y  of th e se  co n sid e ra tio n s  b u t  a re  b a se d  
on  s tr a ig h t  fu el a g a in s t fu e l co sts.

L o n g  I s l a n d  C i t y  

N e w  Y o r k

S O M E  F E A T U R E S  O F  S W IM M IN G  P O O L  C O N T R O L 1
B y W . L e e  L e w i s 2 

Received June  19, 1916

T h e  re s p o n s ib ility  fo r  ca re fu l s a n ita r y  su p erv is io n  
o n  th e  p a r t  o f th o se  in  ch a rg e  of in d o o r sw im m in g  
p o ols is in cre a sin g  w ith  th e  ra p id  in crease  in  th e  n u m 
b er a n d  p a tro n a g e  of th ese  p o ols. T w e n ty  y e a rs  
ago  th e re  w ere fe w  in d o o r ta n k s . T o -d a y , e v e r y  u p - 
to -d a te  g y m n a siu m  g iv e s  a  la rg e  p la ce  to  th is  sp le n d id  
fe a tu re  o f p h y s ic a l tra in in g . A lm o st  e v e r y  m e n ’s 
c lu b , m a n y  la rg e  h o te ls  a n d  som e of th e  la rg e r  p assen ge r 
stea m ers, m a in ta in  sw im m in g  p ools. M o re o v e r , th e re  
is a  g ro w in g  te n d e n c y  a m o n g e d u c a tio n a l in stitu tio n s  
to  re q u ire  sw im m in g  as a  p a r t  o f th e  cu rricu lu m . 
T h is  is tru e  a m o n g th e  se co n d a ry  sch o o ls  o f N e w  
Y o r k  S ta te  a n d  p r a c t ic a lly  so a t  N o rth w e ste rn  U n i
v e r s ity . T h e  U n iv e r s ity  of Illin o is  re q u ires  o f its  
m en s tu d e n ts  th e  a b ility  to  sw im  f i f ty  y a r d s . P r in c e 
to n  a n d  W isco n sin  re q u ire  one h u n d red  y a r d s , a n d  
th e  n a v y  a  q u a rte r  of a  m ile. O b v io u s ly , en fo rce d  
u sa g e  m ean s d e fin ite  leg a l re s p o n s ib ility  fo r  a c c id e n ta l 
in fe c tio n  tra c e a b le  to  fa u lty  s a n ita r y  co n tro l.

L ik e w is e , it  m u st b e  n o te d  t h a t , th r o u g h  h e a lth  
d e p a rtm e n ts , sch o o l in stru c tio n , g o v e rn m e n t p u b lic a 
tio n s , th e  p ress, e tc ., th e  gen era l p u b lic  is g a in in g  a 
n ew  k n o w le d g e  o f s a n ita r y  m a tte rs , a n d  s a n ita r y  
s ta n d a rd s  in  a ll th in g s  are  r is in g  ra p id ly .

T h e  p o ss ib ilit ie s  o f an  in d o or sw im m in g  t a n k  b e 
co m in g  u n h y g ie n ic  are  a p p a re n t w h en  on e co n sid ers  
th e  in te n siv e  u sa g e  o f a  r e la t iv e ly  sm a ll b o d y  of w a te r  
an d  th e  a b se n ce  o f su n lig h t, fresh  air, se d im e n ta tio n  
a n d  th e  v a r io u s  fo rce s  o p e r a tiv e  in  th e  se lf-p u rifica - 
t io n  of o u td o o r  w a te rs . F u rth e rm o re , th e  co u g h in g  
a n d  s p itt in g  o f th e  a v e ra g e  sw im m er is m o st fa v o r 
a b le  to  c o n ta m in a tio n  of th e  w a te r  w ith  th o se  d isease  
germ s ty p ic a l  o f th e  r e s p ir a to r y  tr a c t , as th o se  of 
to n s ilit is , p n e u m o n ia , co m m o n  co ld s a n d  so re  th r o a t.

P o ss ib le  sw im m in g  p o o l in fe c tio n s  m ig h t b e  gro u p ed

1 Presented  a t  th e  52nd M eeting of th e  American Chem ical Society. 
U rbana-C ham paign, April 18 to  21, 1916.

* A ssistant Professor of C hem istry, N orthw estern  U niversity , and  C ity 
Chem ist, E vanston , 111.

u n d er th re e  h ead s: g a s tro -in te s tin a l, r e s p ir a to r y  an d  
v e n e r e a l.1 T o  th e  seco n d  gro u p  sh o u ld  be a d d ed  e y e  
in fe ctio n s  an d  p o ssib le  in fe ctio n s  of th e  sk in  an d  
o u te r  ear. O rgan ism s ca u sin g  su ch  tro u b le  w o u ld  
in c lu d e  staphylococcus, streptococcus, pneumococcus, B .  
coli, B . typhosus, gonococcus, e tc.

In  re sp e ct to  in te stin a l in fe c tio n s , i t  h as been  re 
p e a te d ly  esta b lish ed  t h a t  th ese  m a y  fo llo w  b a th in g  
in  co n ta m in a te d  w a te r .2 A n  e x ce lle n t re v ie w  of th e  
lite r a tu r e  b e a rin g  u p o n  th is  p o in t  m a y  be fo u n d  in 
a  re ce n t a rtic le  b y  M a n n h e im e r .3 In  v ie w  of th e  
d e m o n stra tio n  of B . coli in  sw im m in g  p o ol w a ters  
b y  p r a c t ic a lly  e v e r y  w o rk e r  in  th e  field , th e  p o ssi
b i l i t y  o f tra n sm issio n  of g a s tro -in te s tin a l d iseases is 
a p p a re n t. O ne p o in t, in  th is  co n n e ctio n , is th e  in 
crea sin g  re co g n itio n  of ty p h o id  ca rriers. S in ce  th e  
d is c o v e ry  of th e  fa m o u s  “ T y p h o id  M a r y ,” 4 w h o  in 
fe c te d  26 person s, som e fa ta lly , stu d ies  h a v e  been  
m ad e sh o w in g  th e  p re v a le n ce  of su ch  ty p e s .

R o sen a u 5 s ta te s  th a t  “ 4 p er c e n t of a ll ty p h o id  
fe v e r  p a tie n ts  co n tin u e  to  d isch a rg e  ty p h o id  b a cilli 
in  th e  urin e  an d  feces d u rin g  a n d  a fte r  c o n v a le s c e n c e .”  
A lb e r t  s ta te s  t h a t  1 p erson  in e v e r y  1000 o f p o p u la tio n  
is a  carrier. S tu d ie s  b y  L u m sd en  a n d  A n d e rs o n ,0 
on  th e  W a sh in g to n  p o p u la tio n  d u rin g  w h ich  th e  feces 
o f 1000 h e a lth y  p erso n s w ere  exa m in ed , led  th e m  to  
co n clu d e  th a t  0.3 p er ce n t of th e  gen era l p o p u la tio n  
d isch a rg e  ty p h o id  b a c illi.

T h e  A m e rica n  lite r a tu r e  reco rd s no cases t h a t  h a v e  
co m e to  th e  a u th o r ’s n o tice  of a c tu a l d iseases o f th is  
gro u p  p ro v e d  to  h a v e  o rig in a te d  in  sw im m in g  p o o ls .7 
K le in  an d  S c h ü t z ,3 h o w e v e r , re p o rte d  cases o f ty p h o id  
fe v e r  in 6 so ld iers  w h o  h a d  b a th e d  in  w a te r  close to  
th e  m o u th  o f a  c it y  d ra in a g e  c a n a l; 34 cases of e n 
te r ic  fe v e r  -were re p o rte d  a m o n g  so ld iers  w ho h a d  
b a th e d  in  a  sw im m in g  pool w h ich  d e riv ed  its  w a te r  
fro m  a p o llu te d  s o u rc e .3 A b o u t  10 p er ce n t o f th e  
m en u sin g  th e  pool b e ca m e  in fe c te d , w h ile  o n ly  1 case 
d e v e lo p e d  a m o n g  th o s e  w h o  d id  n o t use th e  p o ol. 
B a g in s k y 10 d e m o n stra te d  6 cases of ty p h o id  in fe c t io n  
as co m in g  fro m  a sw im m in g  ta n k .

T h e  e p id e m io lo g y  of sw im m in g  p o ols o ffers m ore 
d ire c t e v id e n ce  of in fe c tio n  fro m  d iseases in  th e  seco n d  
g ro u p . B a g in s k y 11 re p o rte d  se v e ra l cases of rh in itis  
fro m  a  sw im m in g  ta n k . F e h r 12 re p o rte d  a n u m b e r 
of cases o f c o n ju n c t iv itis  a m o n g  users o f a  p u b lic  
b a th  in  B e rlin . B u r r a g e 13 n o te s  m ild  e p id e m ics  of

I A tkins, Proc. III. Water S u p p ly  A ssn ., 1911.
«Jager, Z . H yg., 12 (1 8 9 2 ). 5 2 5 ;  Pfuhl, Deutsche, M ilitärärztl. Wochen- 

sehr., 17 ( 1 8 8 8 ) , H eft 9 ;  Schäfer, Ibid., 17 (1 8 8 8 ), H eft 5 ; L enhartz , M ünch. 
Med. Wochschr., 21 (1 8 9 2 ) , 8 9 8 ;  Klein and  Schütz, Wiener med. Wochschr., 
6 (1 8 9 8 ), 2 3 8 ;  Drescher, SanitätsbericfUe über die Kgl. Preuss. Armee, 1898/99, 
I  Teil. C . I .  G ruppe 10 U nte rab t.

* M annheim er, J . Infect. Dis., Ju ly , 1914.
4 Parks, ' ‘Pathologic B acteria and P ro tozoa.”
8 Rosenau, “ Preventive  M edicine and  H ygiene,” p. 83.
• Lum sden and  Anderson, Bull. Hyg. Lab., U. S. P. H . S., 78 (1 9 1 1 ).
7 Cf. R ettger and  M arkley, Eng. News, 6 6 , 6 3 6 ; W hipple and  B unker,

M unic. J ., 31, 5 2 6 .
* K lein and Schütz, Weiner med. Wochschr.. 6 (1 8 9 8 ), 2 3 8 .
• M air, Proc. Roy. Soc. Med.. 2 ( 1 9 0 8 -9 ) ,  P t. 2, 2 2 7 .

10 B a g in s k y ,  Hyg. Rundschau, 6 (1 8 9 6 ) , 5 9 7 .
II Loc. cit.
1! Fehr, Berlin klin . Wochschr., 37 (1 9 0 0 ) , No. 1.
w Burrage, Proc. Ind . Acad, o f Science, 1909; cf. Eng. News, 63 [2 5 ], 740.
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sore th r o a ts  an d  co ld s a t  th e  P u rd u e  g y m n a siu m  p ool. 
T h e  a u t h o r 1 “ n o te d  a  p re v a le n ce  of co ld s, sore th ro a ts  
an d  som e cases of la  g r ip p e  an d  p n e u m o n ia , ra th e r  
s tr ik in g ly  re stric te d  to  th e  users o f the sw im m in g  
ta n k  in N o rth w e ste rn  g y m n a s iu m .”  T h a t  w as, h o w 
e v e r , b e fo re  ch em ical s te r iliz a tio n  w as in tro d u ce d  and  
it  is o n ly  fa ir  to  s ta te  th a t  s in ce  t h a t  t im e , d u rin g  
w h ich  p eriod  th e  w a te r  has b een  c a r e fu lly  w a tch e d  
and  tre a te d  w ith  h y p o c h lo rite , no in fe ctio n  of a n y  
k in d  h as b een  tra c e a b le  to  th e  p ool.

B u n k e r 2 s ta te s  t h a t  a t  B ro w n  U n iv e r s ity  no e p i
d em ics o f a n y  so rt co u ld  be d ir e c t ly  a ttr ib u te d  to  th e  
p o o l, b u t  a ffe c tio n s  of th e  nose an d  ear w ere o cca sio n a lly  
fo u n d  a m o n g  m em b ers of th e  sw im m in g  te a m . 
W h ip p le 3 n otes th e  o ccu rre n ce  of s im ila r  m ild  in fe c
t io n s  fro m  th e  B r o o k ly n  P o ly te c h n ic  sw im m in g  p ool. 
T u l l y 4 co n clu d e s  th a t  th e  “ W isco n sin  U n iv e r s ity  p o ols 
a re  k e p t  in e x ce lle n t s a n ita r y  co n d itio n  an d  th e re  is 
l it t le  d a n g e r of d isease  tra n s m is s io n .”  L e v in e 6 s ta te s  
t h a t:  “ D u rin g  th e  tw o  y e a r s ’ s crv ice  of th e  ta n k  
a t  th e  Io w a  S ta te  C o lle g e , th e re  has been no e p id e m ic  
o f a n y  k in d  tra c e a b le  to  th e  p o ol, b u t  th e re  h a v e  
b een  sp o ra d ic  c o m p la in ts  of co ld s a n d  so re  th r o a ts . 
T h e  d a n g er o f in fe c tio n  in  p o ols h as p ro b a b ly  b een  
o v e re m p h a siz e d .”

D r. C o b b 15 s a y s  he h as h a d  o cca sio n  to  t r e a t  “ q u ite  
a  n u m b e r o f cases o f e th m o id itis  a n d  a cu te  o titis  m ed ia  
w h ich  a p p a r e n t ly  w ere ca u sed  b y  d iv in g  in  a  sw im m in g  
t a n k .”  H e s ta te s  t h a t  a  sw im m in g  ta n k  ca n  n o t be 
k e p t  sterile . “ E v e n  if w e su cce ed e d  in s te r iliz in g  it , 
th e  first p erson  w h o  e n tered  w o u ld  c o n ta m in a te  th e  
w a te r  a n e w .”  D r. C o b b  o b je c ts  t o  d iv in g  e sp e c ia lly  
a n d  s ta te s  t h a t  p eo p le  do th is  “ b e cau se  th e y  are d e
c e iv e d  b y  th e  o s te n ta tio u s  m e th o d s w h ich  a re  e m 
p lo y e d  a n d  b e lie v e  th e  w a te r  is c le a n .”  O ne of his 
cases, H . J ., 17  y e a rs  o ld , m a d e  five  v is its  to  a  sw im m in g  
ta n k  a n d  re tu rn e d  w ith  a c u te  e th m o id itis . T h e  
d isease  d isa p p ea re d  w h en  th e  p a tie n t  re fra in e d  fro m  
d iv in g . T w o  o th e r ca ses, one s u b -a c u te  o titis  m ed ia, 
th e  o th e r o titis  m ed ia , arose  fro m  a la k e  b o y ’s ca m p . 
J. S ., a g ed  14 , h a d  d o u b le  e th m o id itis . T h e  a u th o r  
co n clu d e s: “ T h e se  cases are  se le c te d  o u t o f a  la rg e
n u m b e r o f s im ila r cases o f in fe c tio n  a cq u ire d  in  th is  
w a y . T h e  d a n g er is a  v e r y  rea l on e a n d  it  w o u ld  seem  
t h a t  th e  so o n er th o s e  w h o  p a tro n iz e  th e se  sw im m in g  
ta n k s  re a lize  th e  d a n g er of it , th e  b e tte r  it  w o u ld  be 
fo r  th e  h e a lth  of th e ir  u p p e r re s p ir a to r y  t r a c t .”

I n  th e  a b sen ce  of s ta te m e n ts  as to  th e  h y g ie n ic  
p re ca u tio n s  ta k e n  a t th ese  p a r tic u la r  ta n k s , ch a rg e d  
w ith  h a v in g  p ro d u c e d  ear an d  n ose  in fe c tio n s , i t  w o u ld  
n o t  seem  w a rra n ta b le  to  assu m e t h a t  t h e y  w ere  t y p ic a l  
a n d  fh a t ,  th e re fo re , th e se  a re  re su lts  to  b e  e x p e c te d  
fro m  a n y  sw im m in g  ta n k . D e fin ite  p ro o f as to  th e  
o rig in  of th e  in fe c tio n , as w ell as th e  m eag ern ess of 
th e  d a ta , w o u ld  n o t  w a r ra n t  a n y  sw e ep in g  g e n e ra liz a 
tio n s  su ch  as t h a t  w ith  w h ich  th e  a u th o r  co n clu d e s. 
M o re o v e r , i t  is h a r d ly  fa ir  to  a ccu se  th o se  in  ch a rg e

1 Lewis, Eng. News, June 8 , 65 (1911) [233, 689.
* B unker, A m . J .  Pub. IIyg ., N . S., 6 (1910), 810.
a W hipple, M unic. J .  Engr., 30 (1911), 577.
* Tully . A m . J .  Pub. Health, M arch, 1912.
* Levine, J . Infect. Dis., 18 (1916), 3, 293.
•*Cobb, Boston Med. and Surg. J ..  159 (1908), 9.

of sw im m in g  ta n k s  w ith  h a v in g  in v ite d  a  fa lse  sen se 
o f s e c u r ity  th r o u g h  “ o s te n ta tio u s  m e th o d s”  of k e e p in g  
th e  w a te r  c lean . F in a lly , th e  a rtic le  w as w ritte n  in  
1908 an d  ca n n o t co n sid er th e  g re a t p ro g ress  m ad e  in 
sw im m in g  ta n k  h y g ie n e  d u rin g  th e  p a s t e ig h t y e a rs . 
T h e  a rtic le  w as q u o te d  as one of a  fe w  go in g  d ir e c t ly  
on reco rd  in th e  m a tte r  of sw im m in g  p ool e p id e m io lo g y .

D a n g e r fro m  g o n o rrh ea l in fe c tio n  th ro u g h  sw im m in g  
p o ols seem s le a st p ro b a b le  as th e  sp ecific  o rg an ism  
is v e r y  s h o rt-liv e d  in  w a ter. N o  cases o f su ch  in fe c 
tio n  are on reco rd  a lth o u g h  th e  p o ssib ilities  u n d er 
ca re less  ta n k  co n tro l a re  e v id e n c e d  in  th e  a rtic le s  of 
H e r t z k a ,1 S te ik e r ,2 S lcu tsch ,3 a n d  B e n d in g .4

T u r n in g  n o w  to  th e  m ean s of s a fe g u a rd in g  th e  
sw im m in g  p o o l, th e  fo llo w in g  item s are in p o in t: 
(1) co n stru ctio n  a n d  e q u ip m e n t, (2) d is in fe ctio n ,
(3) su its , (4) th e  p re lim in a ry  sh o w er, (5) in sp e ctio n  
a n d  exclu sio n , (6) s a n ita r y  e d u c a tio n  of p ool users,
(7) b a c te r io lo g ic a l co n tro l.

p o o l  c o n s t r u c t i o n  is n o w  fa ir ly  w ell s ta n d a rd iz e d . 
A ll.  p o ols sh o u ld  h a v e  sm o o th  w alls  an d  b o tto m s  an d  
be  free  fro m  all o b stru ctio n s. T h e  m a x im u m  of air, 
l ig h t  an d  v e n tila t io n  sh o u ld  b e  p ro v id e d . I t  is u n 
fo r tu n a te  t h a t  cu sto m  an d  p lu m b in g  e x ig en cies  h a v e  
to o  o fte n  re le g a te d  th e  sw im m in g  p o ol to  th e  b a se 
m en t. T h e re  sh o u ld  b e  a  ra ised , b ro a d  fla t  led g e  
a b o u t th e  p o ol to  p ro te c t  it  fro m  flo or d ra in ag e . T h e re  
sh o u ld  a lso  b e  a  co m b in e d  life  ra il a n d  o v e rflo w  g u tte r , 
so m etim e s ca lled  a  scu m  g u tte r . A m o n g  o th e r th in g s , 
su ch  a  d e v ic e  p ro te cts  th e  w all fro m  d isco lo ra tio n  b y  
la p p in g  w a te r . V a c u u m  c le a n in g  sh o u ld  be p ro v id e d  
fo r  th e  re m o v a l of th e  m ix tu re  of h a ir, lin t , ru st a n d  
co a g u lu m  t h a t  a c c u m u la te s  in  e v e r y  ta n k . W h ile  
n o t  a  m en a ce  to  th e  h e a lth  of th e  sw im m ers, th is  
m a te r ia l sh o u ld  be re m o v e d  fo r  a e s th e tic  reaso n s a t  le a st.

U n d e r th e  h e a d in g  o f co n stru ctio n  a n d  e q u ip m e n t 
com es th e  q u e stio n  o f in te rm itte n t  c le a n sin g  a n d  
fillin g  vs. co n tin u o u s re -filtra tio n  w ith  co in p le te  c le a n s
in g  a n d  re fillin g  o n ly  a t  w id e  in te rv a ls .

A t  first th o u g h t, a  t a n k  c le an sed  a n d  re-filled  w e e k ly  
or b i-w e e k ly  w o u ld  seem  to  offer a  sa fe r w a te r  th a n  
t h a t  in  w h ich  th e  sa m e  w a te r  h a s  b een  ro ta te d  se v e ra l 
w ee k s. A s  w ill b e  sh o w n  la te r , h o w e v e r , th e re  is no 
d ire c t re la tio n  b e tw e e n  th e  n u m b e r o f pool fillings 
p er w ee k  a n d  th e  s a n ita r y  co n d itio n  o f th e  w a te r .5' 
A  p o o l is c o n ta m in a te d  v e r y  q u ic k ly  an d  n o rm a lly ; 
th e  c o n ta m in a tio n , as in d ex ed  in  th e  b a c te r ia l co u n t, 
in creases u n til th e  th ir d  d a y  w h en  it  fa lls  so m e w h a t.6 
O n th e  o th er h a n d , if th e  p o ol w a te r  is b e in g  filtered  
c o n tin u o u s ly  w h ile  b e in g  u sed  a n d  a  ce rta in  a m o u n t 
o f fre sh  w a te r  a d d e d  e v e r y  d a y , o th er th in g s  b e in g  
e q u a l, i t  w ill n o t re a ch  th e  sam e degree  of p o llu tio n  
as in  th e  in te r m itte n t  s y ste m . T h e  la tte r  s y s te m  also 
s a v e s  h e a t  a n d  w a te r  a n d  m a in ta in s  th e  p o ol a t  a  m ore 
u n ifo rm  te m p e ra tu re . A s  a  m a tte r  o f fa c t , n e ith e r  
s y s te m  is a d e q u a te  w ith o u t d a ily  ste r iliz a tio n .

1 H ertzka, Monalsschr. f .  Geburl u. GynSkologie, 16 (1902), 3.
J Sticker, Z . Geb. u. Gyn., 45 (1901), 510.
» Skutsch, Cent. f .  B ad ., 12 (1892). 309.
‘ Bending, M ilnch. M ci. Wochschr., 56 (1909), 1864.
i Hesse, Z. Ilya .. 25 (1897), 482; Selter, Ilyg. Rundschau, 18 (1908), 
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(1911), 689.
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M o s t  c o n tin u o u s  filters  a re  fa u lty  in  n o t p ro v id in g  
a  d e v ic e  fo r  th e  a d d itio n  of th e  a lu m  q u a n t ita t iv e ly  
or u n d e r e x a c t ly  c o n tro lle d  co n d itio n s.

T h e re  sh o u ld  a lso  b e  p ro v id e d  as an a d ju n c t  to  th e  
filte r, a  se d im e n ta tio n  o r c o a g u la tio n  b a sin  o f su ch  size  
in  re la tio n  to  th e  filte r  c a p a c ity  as to  p e rm it th e  sto ra g e  
of th e  w a te r  a t  le a s t  a  h a lf  h o u r a fte r  th e  a d d itio n  of 
th e  a lu m . T h is  p erm its  c o m p le te  re a c tio n  a n d  c o a g u la 
tio n  of th e  a lu m  an d  s a v e s  th e  filte r. A s  m u ch  as 80 per 
ce n t  p u rifica tio n  m a y  t a k e  p la ce  in su ch  a  p re lim in a ry  
b a sin  th r o u g h  s e tt lin g . A n y  o th e r  a rra n g e m e n ts  m a y  
re su lt in c a rr y in g  so m e a lu m  in to  th e  t a n k , e sp e c ia lly  
d u rin g  p eriod s o f ra p id  filtr a tio n  o r a fte r  th e  w a te r  
has b een  re filte re d  fo r  so m e t im e  a n d  its  n a tu ra l 
a lk a lin ity  m u ch  re d u ce d  b y  re p e a te d  tr e a tm e n t  w ith  
a lu m . T h is  a lu m  m a y  la te r  re a c t in  th e  p o o l, m a k in g  
th e  w a te r  ir r ita t in g  a n d  m u rk y .

d i s i n f e c t i o n  is n o t a  s u b s t itu te  fo r  re filtra tio n  or 
in te rm itte n t  fillin g j b u t  a  d a ily  n e c e s s ity  u n d er e ith er 
s y ste m . C e m m e rc ia l h y p o c h lo r ite  o f lim e  seem s to  
h a v e  w o n  its  p la ce  as an  a g e n t, th o u g h  liq u id  ch lo rin e  
is u sed  s u c c e s sfu lly  a n d  e v e n tu a lly  u ltra -v io le t  lig h t, 
n o w  b e in g  u sed  in  a  few  in sta n ce s , m a y  s u p p la n t 
ch e m ica ls  fo r  th is  p u rp o se.

T h e  a m o u n t a n d  m e th o d  o f a d d in g  h y p o c h lo rite  
m u st v a r y  w ith  th e  n a tu re  of th e  w a te r  a n d  w ith  th e  
u sa ge . A s  a  ro u gh  c r ite r io n , a  ta n k  o f 60,000 to  70,000 
g a l. c a p a c ity  n eeds 1 lb . p er d a y . T h e  ch e m ica l 
sh o u ld  b e  s u p p lie d  in  p o u n d  can s o n ly , as it  r a p id ly  
d e te rio ra te s . T h e  s y s te m  of a d d in g  in  so lu tio n  b y  
m ean s o f a  s y n ch ro n o u s  p u m p  w o rk in g  w ith  th e  
c ir c u la tiv e  p u m p  in  th e  co n tin u o u s  filtr a tio n  s y ste m , 
h a s  th e  a d v a n ta g e  of m e ch a n ica l c o n tro l a n d  u n ifo r m ity  
of fee d . I a m  y e t  to  b e  c o n v in ce d , h o w e v e r , o f its  
a d v a n ta g e  o v e r  th e  s im p le  e x p e d ie n t of a d d in g  th e  
ch e m ica l b y  h a n d  a t  th e  en d  o f th e  d a y ’ s u sa g e . W h en  
a d d e d  g r a d u a lly  d u rin g  re filtra tio n , th e  co n c e n tra tio n  
is n e v e r  so h ig h  as w h en  th e  w h o le  a m o u n t is p u t  in  
a t  o n ce. T h e  g e rm ic id a l a c tio n  is, th e re fo re , n o t so 
g r e a t. M o re o v e r , w h en  a d d ed  c o n tin u o u s ly , th e  sw im 
m ers a re  in  c o n ta c t  w ith  th e  fresh  so lu tio n  a n d  m a y  co m 
p la in  o f o d o r a n d  ta s te s . I f  a d d e d  a t n ig h t i t  has 
fu lly  re a c te d  a n d  b y  m o rn in g  is fu lly  d iss ip a te d  le a v in g  
a s te r ile , w h o leso m e w a te r  w ith  w h ich  to  s ta r t  th e  d a y . 
A n  e ffe c tiv e  a n d  s im p le  m e th o d  of a d d in g  h y p o c h lo r ite  
is to  tra n s fe r  th e  c h e m ic a l t o  a  th o ro u g h ly  p e r fo ra te d  
ca n  a n d  d ra g  it  b y  m ean s of a  w ire  a n d  a  p o le  o v e r  th e  
su rfa ce  of th e  p o o l u n til i t  h as gon e in to  so lu tio n . 
C la r k  a n d  G a g e 1 in  te s ts  u p o n  th e  A n d o v e r  p o ol o b 
ta in e d  m ore s a t is fa c t o r y  re su lts  b y  th e  p erio d ic  a p 
p lica tio n  o f b le a c h  d ir e c t ly  to  th e  t a n k . T h e  co n 
tin u o u s  a d d itio n  of 0.3 p a r t  p e r  1,000,000 a v a ila b le  
ch lo rin e  to  th e  w a te r  p a ssin g  th r o u g h  th e  filte rs , re 
s u lte d  in  a  p u rifica tio n  o f o n ly  68 p er ce n t. T e s ts  
m ad e b y  th e  a u th o r  u p o n  th e  w a te r  o f th e  p o o l a t  th e  
N e w  T r ie r  h ig h  sch o o l, w h ich  is e q u ip p e d  w ith  a 
co n tin u o u s filte r  a n d  s y n ch ro n o u s  p u m p  fo r a d d in g  
h y p o c h lo rite  o f lim e, sh o w ed  th e  w a te r  to  ru n  h ig h  in 
b a c te r ia  w ith  7 to  8 tu b e s  fe rm e n tin g  o u t  of 10 w h en  
in o c u la te d  w ith  x cc. q u a n tit ie s  o f w a te r . A  ch a n g e

1 C lark and  Gage, A n n - Rep. M ass. StaU Bd. o f Health, 1912, p. 347.

to  th e  s y s te m  of a d d in g  th e  c h e m ica l in  i- lb . q u a n t i
tie s  a t  n ig h t, co n d itio n s  o th erw ise  re m a in in g  th e  sa m e, 
sh o w ed  m a rk e d  a n d  im m e d ia te  im p ro v e m e n t.

T h e  p re lim in a ry  sh o w er w ith  so ap  sh o u ld , be r ig id ly  
en fo rced . I t  m u st b e  re m e m b ered  t h a t  m o st of th e  
co n ta m in a tio n  com es fro m  th e  b u tto c k s  a n d  p erin eu m . 
A s  a  m a tte r  o f fa c t  a  s itz  b a th  w ith  a  p e r fo r a te d  rin g  
d e v ice , w o rk in g  a u to m a t ic a lly  w h ile  th e  b a th e r  s its  
on it , w o u ld  b e  d esirab le . T h e  a v e ra g e  in d iv id u a l 
g iv e s  th e  m a tte r  l it t le  th o u g h t  a n d  fe w  re a lly  u n d e r
s ta n d  th e  p u rp o se  of th e  p re lim in a ry  sh o w er. W o m e n  
are th e  w o rst o ffen d ers, n e g le c tin g  th e  re q u irem e n ts  
th r o u g h  in d iffe re n ce  o r fa lse  m o d e sty . C h e c k in g  u p  
th e  co n d itio n s  a t  N o rth w e ste rn , w e fo u n d  th e  w om en  
w ere  m o s tly  ta k in g  th e  sh o w er w ith  th e ir  su its  on. 
T h e  sw im m in g  in stru c to r  sh o u ld  e d u c a te  su ch  p erso n s 
to  th e  id e a  t h a t  a  sw im m in g  p o ol is n o t  a  p la ce  for 
c le a n sin g  th e  p erso n , b u t  a  k in d  o f g y m n a siu m  fo r  a  
sp e c ia l so rt o f exe rc ise  sh a re d  b y  m a n y  as a  m ean s of 
re cre a tio n  a n d  in stru c tio n  in  life -sa v in g .

s u i t s  a re, o f co u rse, no p ro b le m  w ith  m en, b u t  it  
is a  v e r y  serio u s p ro b le m  w h ere  w o m en  sh a re  th e  p o ol, 
o n  a c c o u n t of c o n ta m in a tio n  a n d  d isco lo ra tio n  o f th e  
w a te r  th r o u g h  fa d in g . In  g en era l, fa s t  b la c k  c o tto n  
o r w oo l su its  w h ich  h a v e  b een  p re v io u s ly  so a k e d  in  
s a lt  so lu tio n  g iv e  th e  b e st  re su lts . I t  w o u ld  b e  d e
s ira b le  to  s te r iliz e  th e se  in  so m e m a n n er e a ch  t im e  a fte r  
use.

A fte r  th e se  p re lim in a ry  p re ca u tio n s  h a v e  b een  ta k e n , 
a  rig id  in sp e ctio n  of th o se  u sin g  th e  p o o l sh o u ld  b e  
e xercised , a n d  a ll th o se  e x c lu d e d  sh o w in g  sign s of in 
fe c tio n . T h is  sh o u ld  a p p ly  n o t o n ly  to  th e  grosser 
sk in  a n d  v e n e re a l d iseases, b u t  to  co u g h s, co ld s, sore 
th r o a ts , ru n n in g  noses, e tc . T h e  p rin cip le  of in sp e c
tio n  an d  exc lu sio n  is b e in g  a p p lie d  to  sch o o ls  as a  
su p p le m e n t to  a ll o th e r h y g ie n ic  p re ca u tio n s . In  
th e  m ore p ro g re ss iv e  sch o o ls  fo r  y o u n g  ch ild ren , es
p e c ia lly , n o t o n ly  sy m p to m s  of th e  re co g n ize d  d iseases 
su ch  as s c a r le t  fe v e r , m u m p s, w h o o p in g  co u g h , e tc ., 
a re  gro u n d s fo r  exc lu sio n , b u t  s im p le  co ld s as w ell. 
A  ru n n in g  n ose is on e of th e  e a r lie st  s y m p to m s  o f a 
la rg e  n u m b e r o f co n ta g io n s.

M u c h  can  b e  a cco m p lish e d  in  p o o l m a n a g e m e n t b y  
e d u c a tio n a l e ffo rts  d esig n ed  t o  c re a te  a  k n o w le d g e  of 
p ro p e r s a n ita r y  c o n d u c t, a n d  a  sen se of re s p o n s ib ility  
fo r  th e  w h o leso m en ess of th e  p o ol. F lo o r  t a lk s  or 
in stru c tio n  sh eets  a n d  p la c a rd s  sh o u ld  b e  e m p lo y e d  
sh o w in g  th e  reaso n s for th e  re q u ire m e n ts , th e  d a n g er 
fro m  e x p e c to r a tin g  in  th e  p o ol, th e  n eed  of th e  th o ro u g h  
so a p  sh o w er, th e  d e s ir a b ility  o f e m p ty in g  th e  b la d d e r  
b e fo re  e n te r in g  th e  p o o l, e tc .

F in a lly , e v e r y  d ire c to r  o f a  sw im m in g  p o ol sh o u ld , 
as one of h is p erso n a l r ig h ts , in sist on th e  . a id  o f b a c 
te r io lo g ica l te s ts  in  d e te rm in in g  th e  e ffic ie n cy  o f h is 
m eth o d s. T h e  a p p e a ra n ce  o f a  p o o l is n o t  in  th e  
s lig h te st  sen se a n y  cr ite rio n  as to  its  s a fe ty . B a c 
te r io lo g ic a l te s ts  a lo n e  ca n  te ll th is . C h e m ic a l te s ts  
a re  o f l i t t le  v a lu e  as th e  c o n ta m in a tio n  w ith  o rg a n ic  
m a tte r  fro m  b a th e rs  m a k es  in te rp re ta tio n  d ifficu lt. 
E v e n  th e  b a c te r io lo g is t  h a s  d iff ic u lty  as th e  s u b je c t  
is n ew  a n d  th e re  is an  a b se n ce  of s ta n d a rd s . T h e
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a u th o r ’s o p in io n  is t h a t  a  sw im m in g  p o o l ca n , a n d  
sh o u ld  be, m a in ta in e d  u p  to  th e  s ta n d a rd s  o f a  d r in k 
in g  w a te r . C e r ta in ly  i t  sh o u ld  b e  k e p t  free  a t  all 
t im es fro m  co lo n  b a c illi.

A L K A L I N I T Y  I N  T H E  R O T A T IN G  S Y S T E M  A s  is W e ll

k n o w n , th e  re a c tio n  of a lu m  w h en  a d d ed  to  w a te r  fo r 
p u rp o ses of p ro d u c in g  a  “ flo e ,”  d ep en d s u p o n  a lk a lin e  
s a lts  in  th e  w a te r . P r a e t ic a lly  a ll n a tu ra l w a te rs  
co n ta in  a lk a lin e  s a lts  as ca rb o n a te s  a n d  b ica rb o n a te s  
of th e  a lk a lin e  e a rth s, less fre q u e n tly  of th e  a lk a li  
m eta ls . T h e  a m o u n t of su ch  a lk a lin ity , h o w e v e r , 
v a r ie s , fro m  w h ich  it  is a p p a re n t t h a t  th e  a m o u n t 
of a lu m  t h a t  v a r io u s  w a te rs  m a y  c o n v e rt  in to  “ flo e ,”  
as w e ll as th e  sp eed  of th e  re a ctio n , w ill a lso  v a r y .

T h e  re a c tio n  o f a lu m  w ith  th e  n a t iv e  sa lts  in  a  w a te r  
resu lts  in  th e  co n v e rs io n  of a lk a lin e  c a lc iu m  c a rb o n a te  
in to  its  e q u iv a le n t  of n e u tra l c a lc iu m  s u lfa te  as sh o w n  
b y  th e  fo llo w in g  e q u a tio n :

2K A l( S 0 4)2. i 2H 20  +  3 C a C 0 3
— ^ A 12( C 0 3) 3 +  3 C a S 0 4 +  K 2S 0 4 +  i 2H 20

T h e  a lu m in u m  s u lfa te  im m e d ia te ly  u n d e rg o e s  h y 
d ro ly s is . T h e re fo re , w h en  a  w a te r  has re a c te d  w ith  
a lu m , its  a lk a lin ity  is re d u ce d  to  a  co rresp o n d in g, e x 
te n t , w h ile  its  h a rd n e ss  re m a in s u n ch a n g ed . I t  is 
p la in , th e re fo re , t h a t  if th e  w a te r  in  a  sw im m in g  p o ol 
w ere  ro ta te d  th r o u g h  a  filte r, an d  tre a te d  w ith  a lu m  
e a ch  t im e  w ith o u t a d d in g  fre sh  w a te r  or a lk a lin e  c h e m 
ica ls , th e re  w o u ld  co m e a tim e  w h en  a “ flo e”  w o u ld  fo rm  
so s lo w ly  t h a t  th e  re a c tio n  m ig h t n o t ta k e  p la ce  b e 
tw e e n  th e  a lu m  c h a m b e r a n d  th e  filte r bed . E v e n tu a lly , 
w ith  c o m p le te  e x h a u stio n  of th e  n a t iv e  a lk a lin ity , 
no re a c tio n  w h a te v e r  w o u ld  o ccu r. T h e  m a tte r  of 
th e  sp ee d  of th e  re a c tio n  is o f sp ecia l im p o rta n c e  in 
sw im m in g  p o ol filtr a tio n  as th e  t y p e  of filte r  u sed  does 
n o t p e rm it a  fo re -p e rio d  fo r  “ flo e”  fo rm a tio n  su ch  as 
th e  c o a g u la tin g  a n d  s e tt lin g  b a sin s  s u p p ly  in  large, 
f iltra tio n  p la n ts . M o re o v e r , th e  t u r b id ity  pf th e  re 
filte re d  w a te r  in  a  sw im m in g  p o ol is n e v e r h ig h , a n d  
tu r b id ity  a id s flo ccu la tio n .

A p p ly in g  th e se  co n sid e ra tio n s  to  L a k e  M ic h ig a n  
w a te r  a n d  th e  E v a n s to n  Y .  M . C . A . p o o l, th e  w a te r  
sh o w ed  a  m e th y l o ra n g e  a lk a lin ity  of 118 .3  p a r ts  p er
1,000,000 as it  e n tered  th e  s y ste m  a fte r  h a v in g  b een  
filte re d  a t  th e  c i t y  filtr a tio n  p la n t. N o rm a l c a rb o n a te  
a lk a lin ity  w as  a b se n t.

T h e  a b o v e  e q u a tio n  sh o w s t h a t  948 p a rts  o f p o ta s 
siu m  a lu m  (th e  k in d  in  u se  a t  th e  t im e  th e se  o b s e r v a 
tio n s  w ere  m ad e) w ill re q u ire  300 p a rts  o f ca lc iu m  c a r 
b o n a te  fo r  co m p le te  re a ctio n . In  o rd er to  d e te rm in e  
h o w  m a n y  ro ta tio n s  of th e  w a te r  in  th e  p ool th is  a l
k a lin ity  w o u ld  p e rm it, i t  w as n e ce ssa ry  to  k n o w  h o w  
m u ch  a lu m  w as a d d ed  p er g a llo n  to  th e  w a te r  b e in g  
filte re d . S in ce  th e  filte r u sed  s u p p lie d  th e  a lu m  fro m  
an  a lu m  ch a m b e r a tta c h e d  to  th e  filte r  in le t  p ip e  a n d  
th e  a m o u n t is re g u la te d  b y  th e  o p e ra to r  a c c o rd in g  to  
th e  a p p e a ra n ce  o f th e  w a te r , th e re  w as  n o  d ire c t m e th o d  
of d e te rm in in g  th e  a m o u n t of a lu m  b e in g  u sed . O b 
s e rv a tio n s  o v e r  se v e ra l w ee k s  sh o w ed  t h a t  th e  filte r  
w as ru n  on an  a v e ra g e  o f 11  h o u rs p er d a y  a t  a  c a p a c ity  
of 5000 ga l. p er h o u r. B y  w e ig h in g  th e  a lu m  p la ce d

in  th e  ch a m b e r d u rin g  th e  sam e p eriod  it  w as fo u n d  
to  a v e ra g e  5 lb s . per d a y , o r 0.64 g ra in  p er ga l. A s 
th e  c a p a c ity  of th e  t a n k  is  65,000 g a l., th e  e q u iv a le n t  
in v o lu m e  o f th e  p o o l’s c a p a c ity  w o u ld  b e  re filte re d  
e v e r y  13 hrs. E a c h  re filtra tio n  w o u ld  re q u ire  0.2025 
g ra in  p er g a l. of a lk a lin ity  e x p ressed  as C a C 0 3, th is  
b e in g  th e  e q u iv a le n t  o f 0.64 g ra in  of p o ta ss iu m  a lu m . 
S in ce  th e  w a te r  c o n ta in s  o r ig in a lly  6.902 g ra in s of 
a lk a lin ity  per ga l. e x p ressed  as C a C 0 3 it  is a p p a re n t 
t h a t  th e o r e t ic a lly  34.0 c o m p le te  ro ta tio n s  w o u ld  be 
p o ssib le , o r in  o th e r w ord s th e  sam e w a te r  co u ld  be 
u sed  u n d e r th e  r o ta tin g  s y s te m  6.7 w eeks.

In  p ra c tic e , h o w e v e r , th e  co n d itio n s  v a r y  fro m  th e  
a b o v e  in  th e  fo llo w in g  re sp e cts . T w ic e  a  w ee k  th e  
s e d im e n t in  th e  b o tto m  of th e  t a n k  is re m o v e d  b y  a  
s u c tio n  hose a tta c h e d  to  a  sp ecia l re tu rn  p ip e  of th e  
p u m p . T h is  n e ce s sa rily  rem o ve s, co n sid e ra b le  w a te r . 
F u r th e r m o re , th e re  is loss fro m  s lo p p a g e  a n d  e v a p o r a 
tio n . F re sh  w a te r  is a d d ed  tw ic e  a  w ee k  to  resto re  
th e  le v e l in  th e  p ool. C a re fu l o b s e rv a tio n s  o v e r  a  
p er io d  o f t im e  e sta b lish e d  t h a t  th e  a m o u n t of fresh  
w a te r  a d d ed  to  s u p p ly  th is  loss fro m  th e se  v a r io u s  
so u rces  a v e ra g e d  7,220 ga l. per w eek . In  o th e r w o rd s, 
a  v o lu m e  o f fresh  w a te r  e q u iv a le n t  to  th e  c a p a c ity  of 
th e  p o ol w as a d d ed  e v e r y  n in e  w ee k s. T h e  e x te n t  to  
w h ich  th is  a d d itio n  of fresh  w a te r  w o u ld  in crease  th e  
n u m b e r of p o ssib le  ro ta tio n s  th r o u g h  d isp la c in g  w a ter 
o f lo w e re d  a lk a lin ity  b y  an  e q u a l v o lu m e  o f fre sh  w a te r  
o f o rig in a l a lk a lin ity  m a y  b e  fig u red  as fo llo w s: T h e re
w o u ld  b e  a d d e d  e a ch  3 V 2-d a y  p erio d  3 ,6 10  ga l. of 
fre sh  w a te r  of an  a lk a lin ity  o f 6.902 g ra in s p er g a l.:  
3V 2 d a y s  w o u ld  re p re se n t 38.5 hrs. o f re filtra tio n  an d  
s in ce  th e  65,000 g a l. o f w a te r  in  th e  t a n k  a re  ro ta te d  
e v e r y  13 hrs. th is  w o u ld  co rresp o n d  to  2.9 co m p lete  
r o ta tio n s . T h e  a lk a lin ity  w o u ld  b e  re d u ce d  b y  0.5872 
g ra in  p er g a l. fo r  e a ch  su ch  p eriod .

F u rth e rm o re , th e re  w as a d d ed  to  th is  p o o l e a ch  n ig h t, 
S u n d a y  e x c e p te d , 1 lb . o f h y p o c h lo r ite  o f lim e. L u n g e  
g iv e s  th e  fo llo w in g  ty p ic a l  a n a ly s is  (p erce n ta g es) of 
co m m e rcia l ch lo rid e  o f lim e:

A vailable chlorine ..............................  37 .00  38 .30
Chlorine as chlorides........................ 0 .35  0 .59
Chlorine as ch lo rates....................    0 .2 5  0 .08
L im e........................................................  44 .49  43 .34
Iron  oxide............................................  0 .05  0 .04
M agnesia .............................................. 0 .4 0  0.31
A lum ina................................................ 0 .4 3  0.41
Carbon dioxide..................................  0 .1 8  0.31
Silica, e tc .............................................. 0 .4 0  0 .3 0
W ater and loss (by d ifference).. .  16.45 16.33

H o o k e r in  his “ C h lo r id e  o f L im e  in  S a n ita t io n ”  
s ta te s  t h a t  fro m  th e se  a n a ly se s  th e  fo llo w in g  a p p ro x i
m a te  fo rm u la  m a y  b e  assu m ed :

4C a0C li.2C a(0H )i.l5H > 0 , analyzing
45.1  %  CaO 6 8 .00%  CaOCli
16.85 H jO 20 .00  C a(O H )i
38 .05  Cl or 12.00 HjO

100.00 100.00

T h e  C a O C l2 fu n c tio n s  th r o u g h  in te ra c tio n  w ith  th e  
fre e  ca rb o n ic  a c id  a n d  p r o b a b ly  b ic a rb o n a te s  as fo llo w s: 

2C a O C l2 +  H 2C 0 3 — >  2 C a C 0 3 +  2 H C I +  2 H O C I 
2 H O C I — 2 HC I  +  O 

4 H C I +  2 C a C 0 3 2 C a C l2 4 * 2 H 2C 0 3 

fro m  w h ich  it  is a p p a re n t t h a t  th e  a lk a lin ity  of th e
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w a te r  is n e ith e r in cre ase d  n or d e cre ase d  b y  th is  co m 
p o n e n t o f th e  “ b le a c h .”

W h ile  h y p o c h lo r ite  is so lu b le  in  a b o u t tw e n ty  tim es 
its  w e ig h t o f w a te r , le a v in g  a  sm a ll re s id u e , m o stly  
C a ( O H ) 2, it  w o u ld  b e  c o m p le te ly  so lu b le  u n d er th e  
co n d itio n s . T h u s  th e  a lk a lin ity  of 65,000 ga l. of 
w a te r  ga in s d a ily  b y  th e  a d d itio n  of 0.2 lb . o f  ca lc iu m  
h y d ro x id e , co rresp o n d in g  to  0.0290 g ra in  per ga l. 
e x p ressed  as ca lc iu m  c a rb o n a te . T h e  a lk a lin ity  per 
g a llo n  a t  th e  en d  o f th e  first h a lf  w e e k  w o u ld  th e n  be 
d e te rm in e d  as fo llo w s:

(61,390 X 6.3157) +  (3.610 X 6.9029) +  (65,000 X 0.0870) ,
 6^000 "  6-4353-

T h e  a lk a lin ity  a t  th e  en d  of th e  seco n d  h a lf-w e e k  
p eriod  w o u ld  b e  c a lc u la te d  in  th e  sa m e  m a n n e r s a v e  
t h a t  th e  resid u a l 61,390 ga l. w o u ld  h a v e  an  a l
k a lin ity  of 6.4353 —  0.58.72 g ra in s p er g a l. T h is  m eth o d  
lea d s to  th e  fo llo w in g  series  o f v a lu e s  fo r  th e  a lk a lin ity  
p er ga llo n  a t  th e  en d  o f su cce ssiv e  p erio d s.

(1) 6 . 4 3 5 3
(2) 5 .9936
(3) 5.5765
(4) 5.1825
(5) 4 .8104
(6 ) 4.4590

( 7) 4.1271 
( 8) 3 .8136 
( 9) 3.6175
(10) 3.2375
(11) 2.9734
(12) 2.7240

(13) 2.4885
(14) 2 .2660
(15) 2.0559
(16) 1.8575
(17) 1.6701
(18) 1.4931

(19) 1.3259
(20) 1.1680 
(21) 1.0189

1 0.8781 
0.7451 
0.6194 

I 0.5007

(22)
(23)
(24)
(25)

S u m m a riz in g , it  a p p ea rs  th a t  a  pool o f th e  c a p a c ity  of
65.000 ga l. filled  w ith  w a te r  of a n  o rig in a l a lk a lin ity  
o f 6.902 grain s p er ga l. a n d  tre a te d  w ith  0.64 g ra in  of 
a lu m , if  filte re d  a t  su ch  a  ra te  as  w o u ld  p e rm it a  co m 
p lete  ro ta tio n  of th e  w a te r  e v e r y  1.2  d a y s , co u ld  be 
ro ta te d  6.7 w ee k s  so fa r  as its  a b ili t y  to  r e a c t  w ith  
a lu m  is co n cern e d . I f  fresh  w a te r  is a d d e d  tw ic e  a  
w e e k  in  a m o u n ts  su ffic ien t to  d isp la ce  th e  o rig in a l
65.000 ga l. in  9 w eek s, an d  “ b le a c h ”  a d d e d  in  i- lb . 
q u a n titie s  6 d a y s  a  w ee k , th e  a lk a lin e  life  o f th e  p ool 
w o u ld  b e  e x te n d e d  to  X2V2 w eeks. T h e se  co n clu sio n s 
do n o t  ta k e  in to  co n sid e ra tio n  th e  o b v io u s  fa c t  t h a t  
b e fo re  th e  a lk a lin ity  b e ca m e  zero  th e  re d u ce d  co n cen 
tr a t io n  w o u ld  so lessen  th e  sp eed  of “ flo e”  fo rm a tio n  as 
to  sh o rte n  th e  a b o v e  p eriod s in a c tu a l p ra ctice .

In  th e se  ca lcu la tio n s  a  p e r fe c t m ix in g  of th e  w a te r  
is a ssu m ed  a n d  th e  e ffe ct o f w a te r  lo st b y  e v a p o r a tio n  
is n o t d is tin g u ish e d  fro m  t h a t  o f w a te r  lo s t  b y  s lo p p a g e  
o r in  c le a n in g  th e  p o o l b y  th e  su ctio n  m e th o d . T h e  
first a ssu m p tio n  is p ro b a b ly  n o t fa r  fro m  th e  f a c t  as 
th e  sw im m ers  a n d  th e  re filtra tio n  k eep  th e  p o o l w a te r  
ra th e r  th o ro u g h ly  m ixed . W a te r  lo st b y  e v a p o r a tio n  
"would n o t  cau se  a  loss of a lk a lin ity  b u t  w o u ld  co n 
c e n tra te  th e  s a lts . I t  w o u ld , h o w e v e r , b e  an  in v o lv e d  
p ro b lem  to  d ise n ta n g le  th is  fa c to r , a n d  th e  erro r in  d is
re g a rd in g  it  is p r o b a b ly  w ell w ith in  th e  lim it  o f erro r 
o f th e  m e th o d s e m p lo y e d  in  th e  e n tire  ca lcu la tio n s . 
A s  a  m a tte r  of fa c t , th e  w a te r  lo s t  b y  v a c u u m  c le a n in g  
w as o b se rv e d  to  b e  th e  p rin c ip a l so u rce  of loss. In  
a  p o ol p ro v id e d  w ith  a  sid e  w a ll g u tte r  n ea r th e  su rfa ce , 
th e  s lo p p a g e  loss w o u ld  b e  g r e a te r  th a n  in  th e  case 
stu d ied .

A  series of six  w e e k ly  a lk a lin ity  d e te rm in a tio n s  
on th e  p o ol w a te r  g a v e  th e  fo llo w in g  re su lts : 5 .S649, 

S -55°7, 5-3280, 5-0517, 4-5066, 4.2996 gr. p er g a l. 
as C a C O j. In  a n o th e r series of d a ily  d e te rm in a tio n s  
th e  fo llo w in g  re su lts  w ere  o b ta in e d : 5.53S, 5.352,

5 .12 4 , 4-985, 4 -95° ,  4 -732 , 4-623, 4 -4 9 0 , 4 -44 5 , 4 -525 , 
4 .249, 4 .734. T h e se  re su lts  sh o w  th e  fa ll in  a lk a lin ity  
a cco rd in g  to  th e  th e o r y . T h e  d e p a rtu re  fro m  th e  
th e o r y  in  th e  ra te  o f d ecrease  re su lts  fro m  th e  fa c t  th a t  
th e  a m o u n t of a lu m  a d d ed  a n d  th e  a m o u n t of w a te r  
d isp la ce d  in c le a n in g  h as v a r ie d  fro m  th e  q u a n tit ie s  
used  in  th e  ca lcu la tio n s .

A fte r  sw im m in g  m eets, w h en  th e  w a te r  w as  u n u s u a lly  
tu r b id  an d  th e  sed im en t g re a te r , th e  a m o u n t o f a lu m , 
fre sh  w a te r , a n d  th e  p erio d  o f f iltra tio n  h a v e  b een  in 
creased .

If  free  ch lo rin e  w ere u sed  as a  s te r iliz in g  a g e n t, it  is 
o b v io u s  t h a t  in ste a d  o f co n tr ib u tin g  to  th e  a lk a lin e  
life  of th e  p o ol th is  w o u ld  sh o rte n  it  b y  c o n v e rtin g  an  
e q u iv a le n t  of a lk a lin ity  in to  n e u tra l ch lo rid e.

S te r iliz a tio n  b y  th e  e le c tro ly s is  o f so d iu m  ch lo rid e  
w o u ld  p re se n t ce rta in  a d v a n ta g e s  of e co n o m y  a n d  
w o u ld  s u p p ly  a  n eed ed  so u rce  o f a lk a lin ity  as a  b y 
p ro d u c t. A  m e th o d  of s a v in g  a lu m  a n d  co n se rv in g  
th e  a lk a lin e  life  of th e  p o ol h a s  b een  p ra ctise d  in  so m e 
cases b y  fe e d in g  a lu m  ra th e r  fr e e ly  fo r  an  h o u r a t  th e  
b e g in n in g  of th e  f iltra tio n , th e n  s h u ttin g  it  off d u rin g  
th e  re m a in d e r of th e  filtra tio n .

H A R D N E S S  IN  TH E  R O T A T IN G  S Y S T E M

F ro m  th e  fa c t  t h a t  th e  a d d it io n  of a lu m  to  a  w a te r  
does n o t a ffe c t  its  h ard n ess sin ce  ca lc iu m  is m e re ly  
ch a n g e d  fro m  a  c a rb o n a te  to  a  s u lfa te , it  fo llo w s  t h a t  
u n d e r th e  r o ta tin g  s y s te m  th e  h a rd n ess o f th e  p o ol 
w a te r  w o u ld  in cre ase  b y  th e  a m o u n t of ca lc iu m  in  th e  
a d d ed  ch e m ica l. E x p re sse d  in  te rm s of C a C O j th is  
is e q u iv a le n t  to  a b o u t 80.5 p er ce n t o f th e  t o ta l  w e ig h t 
of h y p o c h lo rite . A d d e d  d a ily  a t  th e  r a te  of 1 lb . to  
65,000 g a l., th is  w o u ld  a m o u n t to  in cre a s in g  th e  
h a rd n ess b y  0.0863 g ra in  p er ga l. W ith  an  o rig in a l 
h ard n ess of 6.2964 g ra in s p er g a l. exp re ssed  as CaCC>3, 
a n d  w ith  th re e  a d d itio n s  o f 1 lb . o f h y p o c h lo r ite  th e  
h a rd n ess o f th e  p ool w a te r  in  grain s p er ga l. a t  th e  en d  
of th e  first h a lf-w e e k  w o u ld  b e  c a lc u la te d  as fo llo w s:

(61,390 X  6.555) +  (3,610  X  6.2964)
-------------------------    =  6.540

65,000

T h e  h a rd n ess a t  th e  e n d  of th e  seco n d  h a lf-w e e k  w o u ld  
b e  c a lc u la te d  in  th e  sa m e  m a n n er s a v e  th a t, th e  h a rd 
ness of th e  re s id u a l w a te r  w o u ld  b e  (6.540 +  0 .2589).

T h e  v a lu e s  fo r  su cce ssiv e  h a lf-w e e k  p erio d s  are :

6.296
6.540
6.770
6.988

7.174
7.388
7.571
7.744

7.908
8.063
8.209
8.347

8.477
8.600
8.716

T h e  ro ta tio n  o f L a k e  M ic h ig a n  w a te r , u n d er th e  
a b o v e  co n d itio n s, w o u ld  in  th re e  m o n th s  p ro d u c e  an  
a p p re c ia b ly  h a rd  w a te r  th r o u g h  th e  c u m u la t iv e  e ffe ct 
o f th e  a d d ed  “ b le a c h .”

In  a  series of h a rd n ess d e te rm in a tio n s  co m m e n cin g  
th e  s ix th  w ee k , th e  fo llo w in g  re su lts  w ere  o b ta in e d : 
8-745, 9-390, 10 .332, 10.000, 10.062, 10.228, 10 .359, 
10 .768, 11 .1 8 S  g ra in s p er g a llo n .

TH E  S A N I T A R Y  C H E M IC A L A N A L Y S IS  I N  SW IM M IN G 

P O O L CO N TR OL

I t  is a p p a re n t fro m  th e  p rin cip le s  o f in te rp re tin g  a 
s a n ita r y -c h e m ic a l w a te r  a n a ly sis  t h a t  th is  m e th o d  h as 
l it t le  or n o  p la ce  in  s tu d y in g  th e  s a n ita r y  co n d itio n  of



O ct.,  19 1 6  T E E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 919

sw im m in g  p o ol w a te r .1 T h e  sm a ll a m o u n ts  of o rg a n ic  
m a tte r , a m m o n ia , ch lo rid es, e tc ., d e te rm in e d  in  su ch  
an  a n a ly s is  are  h a rm le ss  in  th e m s e lv e s , b u t  are  ta k e n  
as an  in d ex  to  th e  b a c te r ia l p ro cess b y  w h ich  n itro ge n o u s 
o rg a n ic  m a tte r  is o x id ize d  u lt im a te ly  to  n itr a te s . In  
a  sw im m in g  p o ol, th ese  sam e su b sta n ce s  m a y  co m e in  
v a r io u s  fo rm s fro m  th e  b o d ies of th e  sw im m ers an d  
so w o u ld  n o t c o r r e c tly  in d ex  th e  b a c te r ia l p ro cess 
o ccu rrin g . B y  th e  sam e p rin c ip le , th e  a u th o r  has 
n o te d  h e a v y  in d o l te s ts  on  sw im m in g  ta n k  w a te r  u n 
re la te d  to  c h a n g in g  b a c tc r ia l co u n ts.

A  series of 6 d a ily  a n a ly se s  o f th e  t a n k  w a te r  a t  th e  
N o rth w e ste rn  p o ol g a v e  th e  fo llo w in g  re su lts , exp re ssed  
in  p a r ts  p er m illio n :

M on. Tues. W ed. T hurs. F ri. S at.
T o tal solids................. 134.8 152.4 176.0 133.2 132.0 179.2
Volatile m a tte r   13.6 18.0 2 4 .0  20 .0  28 .4  15.6
C hlorine .......................  9 .809  9 .809  8.583 9.809 11.079 12.262
N itr i te s ............... . . . .  N one T race  T race  Trace T race  Trace
N itra te s .......................  0 .116  . . .  . . .  0 .120  0.112 0 .116
Free N H a....................  0 .030  0 .019  0.052 0.075 0 .098  0.091
Album inoid N H j . . . .  0 .042  0 .060  0.071 0 .074  0.087 1.228

T h e pool, a t th e tim e of these analyses, w as em ptied, 
cleaned and refilled each S atu rd a y. I t  was being used 
each w eek b y  an average of abou t 500 persons, one- 
fifth  of whom  were wom en.

A  fa ir ly  c o n sis te n t rise  in  ch lo rid es, v o la t ile  so lid s, 
“ fre e ”  an d  “ a lb u m in o id ”  a m m o n ia  is n o tice a b le .

T h e  fo llo w in g  ta b le  g iv e s  an  a n a ly s is  o f th e  E v a n s to n  
Y .  M . C . A . ta n k -w a te r  a fte r  s ix  w eeks of ro ta tio n , 
to g e th e r  w ith  a  t y p ic a l  a n a ly s is  o f E v a n s to n  c ity  w a te r  
fo r  co m p ariso n . T h e  la tte r  is f ilte re d  a t  th e  m u n ic ip a l 
p la n t  a n d  is v e r y  p u re  a t  all t im es . ■

T an k  W ater C ity  W ater
Albuminoid am m onia .. .  0 .087  0.047
Free am m on ia..................  0.011 0.015
N itr i te s ...............................  0 .026  0 .000
N itra te s ..............................  1 .64  0 .08
C hlorides............................  12.5 5 .00
A lkalin ity ........................... 8 2 .0  118.0
H ardness ............................  149.0 108.0
T o ta l solids........................ 206 .0  147.0

T h e  d e cre ase  in  a lk a lin ity , in crease  in  h ard n ess, 
ch lo rid es, t o ta l  so lid s a n d  n itro g e n  fo rm s is su ch  as 
on e w o u ld  e x p e c t, b u t  a ffo rd s no in fo rm a tio n  as to  
th e  s a n ita r y  s ta te  o f th e  p o ol a t  th e  tim e, s in c e  m o st 
of th e se  v a r ia tio n s  fro m  th e  o rig in a l w a te r , w ith  w h ich  
th e  p o ol w as filled , h a v e  a  p u re ly  ch e m ica l o rig in .

A CO M PA R ISO N  OF TH E  E F F I C I E N C Y  OF TH E  R O T A T IN G  

AN D TH E  I N T E R M I T T E N T  S Y S T E M S 2

T h e  tw o  E v a n s to n  p ools o ffered  o p p o r tu n ity  fo r  a 
c o m p a r a tiv e  s t u d y  o f th e  b a c te r ia l e ffic ie n cy  o f th e  
tw o  p re v a ilin g  s y ste m s  u sed  in sw im m in g  ta n k s , th e  
r o ta tin g  or co n tin u o u s filtra tio n  a n d  th e  in te rm itte n t. 
T h e  N o rth w e ste rn  p o ol is e m p tie d , c le a n ed  a n d  refilled  
once a  w e e k  d u rin g  th e  w in te r  a n d  tw ic e  a  w ee k  d u rin g  
th e  m ore in te n s iv e  su m m e r use. T h e  Y .  M . C . A . 
p o ol is u sed  th e  y e a r  ro u n d  b y  a la rg e r  n u m b e r o f p er
sons, b u t  th e  N o rth w e ste rn  pool is a lso  u sed  b y  w om en , 
w h o  are  h a rd e r on a  pool th a n  m en. O n th e  o th er 
h a n d , m ore y o u n g  b o y s  p a tro n iz e  th e  Y .  M . C . A . p o ol, 
a n d  th e se  are n o t so c o n tro lla b le  in  th e  m a tte r  o f p re 
c a u tio n a ry  m easu res as o ld er person s. T h e  fa c to r  
of p a tro n a g e , th e re fo re , in  th e  tw o  cases, m ig h t b e  con -

1 A tkin, Proc. III. Water S upp ly  Assoc., 1911, 3, 73; M annheim er, 
A m . Phys. Ed. Rev., 17 (1912), 669.

1 Angel, Proc. Incorp. A ssn . M unic. &  Co. Engin., 34 (1908); Bunker, 
A m . J .  Pub. Ilyg ., 20 (1910), No. 4.

sid ered  b a la n ce d . B o th  p o ols a re  of m odern  c o n str u c 
t io n , h a v e  th e  sam e c a p a c ity , th e  w a te r  is m a in ta in e d  
a t  th e  sam e te m p e ra tu re , an d  e a ch  re ce iv e s  i  lb . of 
h y p o c h lo r ite  a t  n ig h t. E a c h  p o o l is in ch a rg e  o f a 
c o m p e te n t  sw im m in g  in stru cto r. P r e lim in a ry  so ap  
sh o w ers are  en fo rce d  in  b o th  cases and  ex clu sio n  in 
th e  case of p erson s o b v io u s ly  a ffe cted  w ith  co u gh s 
or co ld s. I t  is b e lie v e d , th e re fo re , t h a t  d ifferen ces 
in th e  b a c te r ia l co n d itio n  of th e  w a te r  m a y  fa ir ly  be 
a ttr ib u te d  to  d ifferen ces in  th e  tw o  sy ste m s  e m p lo y e d , 
th e  ro ta tin g  a n d  th e  in te rm itte n t. O v e r 200 a n a ly se s  
h a v e  been m ad e  on e a ch  p o ol a n d  th e  r o ta tin g  s y ste m  
has c o n sis te n tly  sh o w n  a  b e tte r  co n d itio n  o f th e  w a ter. 
B e lo w  are su m m a rize d  th e  re su lts  of 22 a n a ly se s  m ade 
u p o n  each  p ool d u rin g  th e  su m m er of 19 15 , each  p air  
of sa m p le s  b e in g  ta k e n  u p o n  th e  sam e d a y . T h e  s a m 
ples w ere ta k e n  fro m  th e  sp rin g  b o a rd  in e a ch  case, 
an d  a b o u t 6 in . u n d er th e  su rfa ce . T h is  u n ifo rm  
m e th o d  o f s a m p lin g  w as a d o p te d  a fte r  fa ilu re  th ro u g h  
re p e a te d  te s ts  to  d e te c t  a n y  co n sis te n t v a r ia tio n  in 
b a c te r ia l c o n te n t a t  d ifferen t p o in ts  in  th e  sam e p o o l. 
A tk in s 1 re m a rk s  th is  sam e la c k  in  d a ta  co lle c te d  b y  
h im  on th e  C h ic a g o  p o ol. L e v in e 2 s ta te s  th a t  sam p les 
ta k e n  fro m  d ifferen t p a rts  o f th e  ta n k  sh o w ed  som e 
d ifferen ces in  b a c te r ia l c o n te n t, b u t  th e se  v a r ia tio n s  
w ere  n o t o f su ffic ien t m a g n itu d e  to b e  of a n y  s a n ita r y  
sig n ifica n ce . H e  re m a rk s  t h a t  in  th e  Io w a  p ool, 
s tra tif ic a tio n  of th e  w a te r  m igh t re su lt  w ith  th e  co o ler 
a n d  p u re r filte re d  w a te r  a t  th e  b o tto m  of th e  p ool. 
H o w e v e r , th is  p o ol w as  id le  20-22 hrs. e a ch  d a y .

T h e  sa m p le s  ta k e n  w ere, in  a ll re sp ects, h a n d led  
in  th e  sa m e  m a n n er. V a rio u s  d ilu tio n s  w ere m ad e 
a n d  th e  sa m p le s  p la te d  u p o n  p la in  a g a r  w ith  4 d a y s ’ 
in c u b a tio n  a t  20° C ., a n d  litm u s la c to s e  a g a r w ith  2 
d a y s ’ in c u b a tio n  a t  3 7 .5 °  C . F o r  th e  gas p ro d u c tio n  
te s t  1 cc. o f th e  u n d ilu te d  sa m p le  w as p la c c d  in  each  
o f 10 fe rm e n ta tio n  tu b e s  of la c to se  b ro th  a n d  in c u b a te d  
2 d a y s  a t  3 7 .5 °  C . T ra n s fe rs  fro m  tu b e s  sh o w in g  
o v e r  20 p er ce n t ga s  p ro d u ced  gas in  la c to s e  b ile  
in  o v e r  90 p er ce n t  o f th e  cases.

T a b l e  I — R e s u l t s  O b t a i n e d  i n  22 A n a l y s e s  E a c h  u p o n  N o r t h w e s t e r n  
G y m n a s i u m  P o o l  W a t e r  ( I n t e r m i t t e n t  F i l l i n g ) a n d  E v a n s t o n  

Y .  M .  C .  A .  P o o l  W a t e r  ( C o n t i n u o u s  F i l t r a t i o n )

N o .  o f  T ests  and P er cent o f  T ests Falling w ithin L im its Ind ica ted
B acteria 

per 
Cc.

0-100 
101-500 
501-1000

1.001-5000
5.001-10,000 

10,001- 100.000
100.001-500,000
500.001-o v er 

L ost

R ed Colonies G as
2 days L. L. A. Y . M . C. A. N ’w. Producers Y. M . C. A. N ’w. 
a t  37.5° C. N o. %  No. %  in 10 cc. No. %  N o. %

0 22 100 10 45 0 17 77 11 50
0-50 . . . . 6  27 0 to  2 . . . .  2 9

51-100   2 to  4 1 5  1 5
101-1000 . .  . .  2 9  4 to  6 1 5  1 5
L ost . .  . . . . . .  6  t o 8 . . . .  1 5

8 to  10 3 14 6  27

In  re sp e ct to  th e  r e la t iv e  co st o f r o ta tin g  th e  w a te r  
fo r  a  p er io d  o f 3 m o n th s  a n d  th e  in te r m itte n t  s y ste m , 
fillin g  th e  p o ol a fresh  e a ch  w ee k , th e  s a v in g  u n d e r th e  
fo rm e r s y s te m  w as fo u n d  to  be 3 1.7 per ce n t  a t  th e

1 A tkins, Proc. III. Water S u p p ly  A ssn ., 1911.
* Levine, J .  Infec. Dis., 18 (1916).

4 days P . A. a t  20° C. 
Y. M . C. A. N 'w estem

2 days L. L. A. a t  37.5° C.

No.
10
3
3
3

%
45
14
14
14

N o. %

9
14
32
23

5

Y. M . C. A.
No.

19
1

‘ i

%
86

5

N ’w.
No.

2
2
2
4 
6
5 
1
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E v a n s to n  Y .  M . C . A . T h e re  is a  s a v in g  in  th e  co st 
o f w a te r  an d  of h e a tin g , w h ich  is re d u ce d  so m e w h a t 
b y  th e  e x tra  co st fo r a lu m  an d  p o w er.

H Y P O C H L O R IT E  V S. C O P P E R  S U L F A T E  AS A S T E R IL IZ IN G  

A G E N T  IN  SW IM M IN G  PO O LS

C o p p e r s u lfa te  h as re c e n tly  b een  reco m m e n d e d , 
an d  in a  n u m b e r of in sta n ce s  a d o p te d , as a  s u b s t itu te  
fo r  “ b le a c h ”  in  sw im m in g  ta n k  s te r iliz a tio n . I t  has 
th e  a d v a n ta g e  of e co n o m y  a n d  ease  o f a d d itio n . 
C o p p e r  s u lfa te  h as lo n g  h e ld  a  p la ce  in  d r in k in g  w a te r  
p u rifica tio n  as an  a g a ecid e , b u t  its  b a c te r ic id a l p o w ers 
in  sa fe  a m o u n ts  h a v e  n e v e r  b een  u rg e d . S to k e s 1 
o b ta in e d  s a t is fa c to r y  re su lts  in sw im m in g  ta n k  d is
in fe ctio n  w ith  co p p e r s u lfa te  in  a d ilu tio n  o f i  in 100,000. 
M a n n h e im e r2 n otes its  u se  in th re e  N e w  Y o r k  p ools 
s tu d ie d  b y  h im . R e t t g e r 3 a b a n d o n e d  s u lfa te  of 
co p p er b e ca u se  of th e  h a rd n ess o f th e  re su ltin g  w ater. 
T h o m a s 4 fo u n d  0.4 p a r t  p er m illio n  of co p p e r s u lfa te  
m ore effic ien t th a n  2.5 p a rts  p er m illio n  h y p o c h lo rite . 
L e v in e 6 o b ta in e d  v e r y  s a t is fa c to r y  re su lts  w ith  co p p er 
s u lfa te  in  a m o u n ts  of 1.5  to  3 p a rts  per m illio n  a d d ed  
in te r m itte n t ly . H e co n sid ers it  p re fe ra b le  t o  “ b le a c h ,”  
to  w h ich  he a ttr ib u te s  an  irr ita tin g  e ffe ct u p o n  th e  
e y e s  a n d  p o ssib le  h a rm fu l in flu en ce  on  th e  te e th . T h e  
la s t  o b je c tio n  seem s to  th e  a u th o r  ra th e r  stra in e d .

In  T a b le  I I  a p p ea rs  th e  re su lt  o f a n a ly se s  m ad e  u p o n  
th e  w a te r  o f th e  E v a n s to n  Y .  M . C . A . pool fo r  a  ty p ic a l  
o n e -w ee k  p erio d  fo llo w e d  b y  a  15 -d a y  co p p e r s u lfa te  
tre a tm e n t. O ne p o u n d  of h y p o c h lo rite  w as ad d ed  
e a ch  n ig h t in  th e  u su a l m a n n er, w h ile  th e  co p p e r su l
fa te  w as u sed  in  th e  p ro p o rtio n  of 0.4 p a r t  p er m illio n . 
D u rin g  th e  h y p o c h lo rite  ré g im e  th e re  w as an  a v e ra g e  
of 106 p erso n s u sin g  th e  t a n k  p er d a y , w h ile  d u r in g  th e  
co p p e r s u lfa te  t r e a tm e n t  th e  a v e ra g e  w as 12 5. T h e re  
w as so m e c o m p la in t  d u rin g  th e  la tte r  p erio d  of th e  irr i
ta t in g  e ffe c t  of th e  w a te r  u p o n  th e  e y e s . T h is  la tte r  
w as n o te d  a lso  in  a  series of e x p e rim e n ts  up o n  th e  
N o rth w e ste rn  p o ol w a te r  w h ere  0.5 to  0.6 p a rt p er 
m illio n  o f co p p e r s u lfa te  w as u sed . I f  c o p p e r  su lfa te  
in th e se  q u a n tit ie s  is  ir r ita t in g , i t  is o b v io u s  t h a t  its 
use in  th e  r o ta tin g  s y ste m  is q u e stio n a b le , o w in g  to  
th e  c u m u la t iv e  e ffe ct.
T a b l e  I I — R e s u l t s  O b t a i n e d  u p o n  E v a n s t o n  Y .  M .  C .  A. P o o l  W a t e r  

d u r i n g  a  H y p o c h l o r i t e  T r e a t m e n t  F o l l o w e d  b y  C o p p e r  
S u l f a t e  T r e a t m e n t  

P e r  c e n t  o f  T e s t s  F a l l i n g  w it h in  t h e  L i m i t s  I n d i c a t e d

B acteria  4 day  P . A. a t 20° C. 2 day  L. L. A. a t 37.5° C.
per C 11SO4 H ypo. C 11SO4 Hypo.
Cc. 0.4 p t. 1.9 p ts . 0.4 p t. 1.9 pts.
0 -100 6   6 6 .6  83.3

101-500 6 .6  _ 6 .6  16.6
501-1000     6 .6  ----------------

1.001-5,000   50 6 .6  -----
5.001-10,000   16.6 13.3 . . . .

10,001-100,000 53 .3  3 3 .3  -----  -----
100.001-500,000 2 6 .6  -----  -----  -----
500.001-over 6 .6  . . . .  . . . .  . . . .
R ed Colonies CuSO* H ypo. G as CuSO* Hypo.
2-day L. L. A. 0 .4  1.9 Producers 0.4 1.9
a t  37.5° C. P . p. m. P . p. m. in 10 cc. P . p . m. P . p. m.

0 100 6 6 .6  0 73 .3  83 .3
0-50  . . .  33 .3  0 to  2 2 6 .6  16.6

In  b o th  series  o f e x p e r im e n ts  w ith  co p p e r s u lfa te  its  
e ffe c tiv e n e ss  in  re m o v in g  g a s  p ro d u cers  a n d  red  co lo n ies 
■was n o tice a b le . D u rin g  a  p erio d  of 22 d a y s  a t  th e

> Stokes. A m . M ed.. 10 (1905). 1075.
* M annheim er, J . Infect. D is., 1 5  (1914), 159.
* R ettger, Eng. N ew s , 66 (1911), 636.
4 Thom as, T in s  J o u r n a l , 7  (1915), 496; Jour. A . M . A .,  6 5 , 1104.
» Levine J .  Infect. D is., 1 8  (1916), 3, 293.

N o rth w e ste rn  p o o l ga s  p ro d u cers  w ere n o te d  o n ly  on  
6 d a y s , w h ich  in  th is  re sp e ct is a  b e tte r  s h o w in g  th a n  
u n d e r th e  h y p o c h lo rite  a d m in is tra tio n .

In  a  series o f b o ttle  e x p erim en ts  u p o n  p o o l w a te r  
u sin g  co p p e r s u lfa te  in a  d ilu tio n  o f 0.5 p a r t  per 
m illio n  an d  33 p er ce n t h y p o c h lo r ite  in  a  d ilu tio n  o f
1.9  p a rts  p er m illio n , th e  a u th o r ’s re su lts  w ere  co n 
flic tin g . In  th e  m ain  th e  “ b le a c h ”  g a v e  b e tte r  co u n t. 
A  t y p ic a l  re su lt  in  th is  series is g iv e n  in  T a b le  I I I .
T a b l e  I I I — R e s u l t s  o f  B o t t l e  E x p e r i m e n t s  u p o n  a  S a m p l e  o f  N o r t h 

w e s t e r n  P o o l  W a t e r

“ B leach '’ Copper
1.9 Sulfate

Contro l per million 0.04 P. p. m.
B a c t e r i a  p e r  C c .;

Plain agar. 4 days, 20° C   27,750 900 26,250
L. L. agar, 2 days, 37.5° C   3 5 .0  11 20

R e d  C o l o n i e s , L. L. a g a r............... 0 . 0 '  0 0
G a s  P r o d u c e r s :

1 cc. each of 10 tubes (no. fer
m enting) ........................................  6 0 7
Five cc. of sam ple in a  ferm enting tube showed 40 per cent of gas in the 

control and  copper su lfa te-treated  sam ple and none in the  sam ple receiving 
“ bleach.”

T ransfers from  the ferm ented tubes ferm ented lactose bile vigorously.

S o m e 8 lite rs  o f p o ol w a te r  w ere ta k e n  in th e  e v e n in g  
ju s t  b e fo re  th e  a d d it io n  of “ b le a c h .”  C o n tro l te s ts  
w ere  run a t  o n ce  up o n  th e  u n tre a te d  w a te r  fro m  w h ich  
tw o  4 -lite r p o rtio n s  w ere  th e n  ta k e n , tre a te d  re s p e c 
t iv e ly  w ith  th e  a g e n ts  in  th e  a b o v e  a m o u n ts , w ell 
sh a k e n  an d  a llo w ed  to  s ta n d  o v e r  n ig h t.

T h e  a u th o r ’s co n fid en ce  in  th e  a d v is a b ility  o f a p 
p ly in g  co n clu sio n s  d e d u ce d  fro m  b o ttle  e x p e rim e n ts  
on  w a te r  s te r iliz a tio n  to  la rg e  sca le  co n d itio n s , has, 
h o w e v e r , b een  so m e w h a t sh a k e n  b y  s im ila r  a tte m p ts  
in co n n e ctio n  w ith  c i t y  f iltra tio n  p la n t  c o n tr o l.1 I t  
is o b v io u s , fro m  th e  co n flic tin g  o p in io n s on  th is  p o in t 
of th e  r e la t iv e  v a lu e  o f co p p e r s u lfa te  an d  h y p o 
c h lo r ite  in  sw im m in g  ta n k  s te r iliz a tio n , t h a t  m ore 
e x p e rim e n ta l resu lts  b y  d ifferen t w o rk ers are  g r e a t ly  
n eed ed . N o  d o u b t th e  v a r y in g  a lk a lin ity  of p ool 
w a te r  w o u ld  be a  m o d ify in g  fa c to r  in  co p p e r s u lfa te  
e ffic ie n cy .

A s  p o in te d  o u t b y  L e v in e 2 s ta n d a rd  m e th o d s of 
p o ol a n a ly se s  lo o k in g  to w a rd  p ro p er b a c te r ia l s ta n d 
ard s are  g r e a t ly  n eed ed  in th e  w h o le  fie ld  of sw im m in g  
p ool s a n ita tio n .

S A F E T Y  OF SW IM M IN G POOLS

T h e  q u e stio n  is o fte n  a sk ed , “ Is a  ce rta in  pool 
absolutely s a fe ? ”  T h e re  is b u t  on e a n sw er: “ N o ,
n or ca n  it  be m a d e  a b s o lu te ly  s a fe .”  T h e re  is no 
p ra c tic a l e n v iro n m e n t w h erein  an  in d iv id u a l is “ a b 
s o lu te ly  s a fe .”  In  re co g n itio n  of th is , a  ce rta in  firm  
re c e n tly  d e v ised  a  n e c k tie  a tta c h m e n t  w h ich  a u to 
m a tic a lly  s p ra y e d  fo rm a ld e h y d e  in fro n t of th e  w e a re r ’s 
v isa g e , tr u ly  a  “ reductio ad absurdum ”  o f g e rm a p h o b ia .

I t  is p ro b a b ly  n o t  d e sira b le  t h a t  an  in d iv id u a l 
sh o u ld  liv e  in an  a b s o lu te ly  a se p tic  o r a n tis e p tic  e n 
v iro n m e n t. I t  is v e r y  re a so n a b le  to  su p p o se  t h a t  th e  
p erso n a l e q u ip m e n t w h ich  w e ca ll in d iv id u a l re s is ta n ce  
to  d isease  is a cq u ire d  in p a r t  th r o u g h  re p e a te d  exp o su re  
to  d ifferen t m ild  c o n ta g io n s  re su ltin g  in  slo w  b o d y  
im m u n iza tio n .

T h is  p o ss ib ility  o f in fe c tio n  is a lw a y s  g r e a te r  in 
cro w d s a n d  g re a te r  in  w in te r  w h en  th e  p o p u la tio n

1 Lewis, Proc. III. Water S u p p ly  A ssn ., 1 9 1 2 .
* Levine, J .  Infect. Dis.. 1 8  (1916), 3, 293.
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co n g re g a te s  in  sch o o ls, th e a tre s  a n d  assem b lies  of 
v a r io u s  k in d s. T h e  s ta t is t ic s  o f e v e r y  h e a lth  d e
p a r tm e n t b e a r  th is  o u t. T h e  cro w d -co n ta g io n  d a n g er 
is u n d o u b te d ly  g re a te r  in a  sw im m in g  p o ol t h a n  u n d e r 
o rd in a ry  co n d itio n s  fo r  tw o  rea so n s: first,  w a te r  is 
a  b e tte r  tra n s fe r  m ed iu m  fo r b a c te r ia  a n d  in fe c tio u s  
m a te ria l th a n  a ir; second,  in  sw im m in g  p o ols  th e re  is 
co u g h in g , c le a r in g  of n o str ils , so m etim e s s p itt in g , t o 
g e th e r  w ith  th e  p r o b a b ility  t h a t  so m e one w ill sn u ff 
th e  w a te r  or e v e n  sw a llo w  it. T h e re  is no s y s te m  of 
filtr a tio n  or s te r iliz a tio n  y e t  k n o w n  t h a t  w ill a b s o lu te ly  
s a fe g u a rd  th is  c o n tin g e n c y . In fe c tio u s  m a tte r  fro m  
th e  m o u th  or n o str ils  m ig h t  b e  p a ssed  b e tw e e n  a d 
ja c e n t  sw im m ers e v e n  if  th e  w a te r  w ere a  d ilu te  so lu tio n  
o f d is in fe c ta n t.

Is th is  a  serious in d ic tm e n t a g a in s t th e  sw im m in g  
p o ol?  I b e lie v e  n o t, fo r  th e  rea so n  t h a t  s ick  p eo p le  
do  n o t  v is it  sw im m in g  p o o ls  as o fte n  as t h e y  m ig h t 
m in gle  in  cro w d s, fo r  e x a m p le . F u rth e rm o re , th o se  
u s in g  sw im m in g  p ools are  u s u a lly  a th le t ic a lly  in c lin e d  
a n d  n o t  e a s ily  su sce p tib le  to  in fe ctio n . N o  d o u b t th e  
e x h ila ra tio n , q u ick e n e d  c ircu la tio n , e tc ., in c id e n t to  
s u ch  exercise  m akes fo r  sp e c ia l re s ista n ce  a t  th e  tim e . 
T h e  p o s s ib ility  of “ d isease  ca rr ie rs ”  in n o c e n tly  m in g lin g  
w ith  th o s e  u sin g  su ch  p o ols  m u st be co n ced ed . C e r 
t a in ly  i t  is th e  d u ty  o f th o se  h a v in g  ch a rg e  of in d o or 
sw im m in g  p o ols  to  ta k e  e v e r y  p re ca u tio n  to  p ro te c t  
th e ir  p a tro n s . R e filtr a tio n  an d  s te r iliz a tio n , to g e th e r  
w ith  th e  s tr ic t  e n fo rce m en t of th e  p re lim in a ry  sh o w er 
w ith  so ap , are  th e  a c c e p te d  p rim a ry  m easu res. In  
a d d it io n , th e  ta n k  ro o m  sh o u ld  b e  k e p t  sc ru p u lo u s ly  
c le a n  .an d w e ll v e n tila te d . T h e re  sh o u ld  b e  su ffic ien t 
e q u ip m e n t fo r  e x p e c to ra tio n , a n d  floor ta lk s  sh o u ld  be 
fr e q u e n tly  g iv e n , e x p la in in g  th e  n e c e s s ity  o f co 
o p e r a tin g  in  k e e p in g  th e  p o o l c le an  a n d  w h o leso m e. 
T h e  d a n g ers  of ca relessn ess sh o u ld  be p o in te d  o u t and  
a gro u p  co n scio u sn ess on  th e  m a tte r  of th o ro u g h  p re 
lim in a r y  sh o w ers a n d  th e  p ro p er u se  o f cu sp id o rs  
sh o u ld  be cre a te d . W h en  a ll th is  has b een  d o n e, th e re  
sh o u ld  b e  e sta b lish e d  a  s tr ic t  in sp e ctio n  an d  exc lu sio n  
ré g im e . E v e r y  co u g h  or sk in  in fe c tio n  sh o u ld  b e  fo r
b id d e n  e n t r y  to  th e  ta n k .

W ith  th e se  p re ca u tio n s , co n sc ie n tio u s ly  e n fo rce d , 
th e  sw im m in g  p o ol is c e r ta in ly  as safe  as  a n y  o th e r 
fe a tu re  of g y m n a s t ic  or a th le t ic  a c t iv i t y .  I f  th e  
re co rd s  p ro v e  a n y th in g , in d o o r sw im m in g  co m p a re s  
m o st fa v o r a b ly  in th e  m a tte r  of in ju r y  a n d  m o r ta lity  
s ta t is t ic s  w ith  su ch  a cc e p te d  sp o rts  as fo o tb a ll, h u n tin g , 
b o a tin g , e tc .

A c k n o w le d g m e n t is h e re w ith  m ad e to  M r. A . P . 
W h ip p le , fo rm e r g r a d u a te  s tu d e n t a t  N o rth w e ste rn  U n i
v e r s ity , fo r p a r t  of th e  a n a ly tic a l d a ta  u sed  in th is  p ap er.

E v a n s t o n . I l l i n o i s  _ _ _ __________ _

E X T E N D IN G  T H E  U SE F U L N E S S  O F  A  S H A K IN G  
M A C H IN E 1

B y  R o b e r t  M . C h a p i n  a n d  J a c o b  M . S c h a f f e r  

R e c e iv e d  M a y  2 7 . 1916

A  s h a k in g  m a ch in e, if n o t  a  n e c e s sity , is a t  t im e s  a 
g r e a t  co n v e n ie n ce  in  a n y  la b o r a to r y . B u t  th e  p ur- 
ch a se a b le  ty p e s  of m a ch in es a re  in  gen era l e a ch  a d a p te d  
to  o n ly  a  s in g le  k in d  of w o rk , so t h a t  a  co m p le te  e q u ip -

1 Published by  permission of th e  Secretary  of Agriculture.

m en t d em an d s tw o  or m ore d ifferen t m ach in es, w h ich  
m a y  e a s ily  d e te r  one fro m  th e  p u rc h a se  of a n y . T h e  
p u rp o se  of th is  p a p e r is to  d e scrib e  s im p le  a t t a c h 
m en ts w h e re b y  on e m a ch in e  m a y  h a v e  its  usefu ln ess 
a t  le a s t  d o u b led .

T h e  m a ch in e  re ferre d  to  is o f a  w e ll-k n o w n  t y p e ,1 
in  w h ich  an  o s c illa tin g  p la tfo rm  is d r iv e n  b y  a  v e r t ic a l 
b e n t a x le , th e  p la tfo rm  b e in g  p re v e n te d  fro m  r o ta tin g  
b y  co gs in  its  s le e v e  m esh in g  w ith  co gs  fixed  to  th e  
fra m e. T h e  p la t fo rm  is co n stru c te d  to  c a rr y  6 flask s, 
th e  n eck s  o f w h ich  are h e ld  in  6 sp rin g  c la m p s ra d ia tin g  
fro m  a c e n tra l co lla r  a b o u t th e  sleeve .

T h e  firs t d isco v e re d  e x te n sio n  in  th e  p o ssib ilities  
o f th is  m a ch in e  w as its  use as a  s iev e  sh a k e r. T h e  
c o lla r  h o ld in g  th e  sp rin g  c la m p s is ra ised  a n d  fa ste n e d  
so t h a t  th e  p la n e  of th e  ra d ia tin g  lim b s of th e  c la m p s  
is s l ig h t ly  a b o v e  th e  en d  of th e  s lee v e . U p o n  th e  
ce n te r  of th is  sk e le to n  p la tfo rm  is p la c e d  th e  ch a rg ed  
s ie v e  or s iev es, w ith  c o v e r  a n d  re ce iv e r. In  th e  siev e  
its e lf  m u st be p la ce d  a  co u p le  o f p e b b le s  or b a lls  of 
flin t, iro n  or p o rce la in , th e  m o tio n  of w h ich  w ill p re 
v e n t  c lo g g in g . B u t  s lig h t  in g e n u ity  is th e n  n eed ed  
to  la sh  th e  w h o le  d o w n  w ith  co rd , o r w ith  w h a t  is 
m u ch  b e tte r , a  le n g th  o f */« in . ra w h id e  b e lt- la c in g .

F ro m  s a t is fa c to r y  re su lts  as a  s ie v e  s h a k e r, th e  u se  of 
th e  m a ch in e  as a  sh a k e r  fo r  liq u id s  n a tu r a lly  d e v e lo p e d . 
A  cra d le  m u st b e  c o n s tr u c te d  of a p p ro p ria te  fo rm  fo r 
th e  w o rk  in  v ie w . T h e  one i llu s tr a te d  in  th e  figu re, 
m ad e  o f h a rd  w o o d  a n d  fa c e d  w ith  le a th e r, w ill c a rr y  
s e p a ra to r y  fu n n e ls  o r b o ttle s  u p  to  2 lite rs  c a p a c ity . 
W h e n  th e  cra d le  is s e t  on th e  ra d ia tin g  c la m p s, th e  
c o lla r  c a rr y in g  th e  la t t e r  b e in g  fa s te n e d  in  its  lo w e s t 
p o ssib le  p o sitio n , th e  p ro je c tin g  en d  o f th e  s le e v e  
e n te rs  th e  h o le  in  th e  ce n te r  o f th e  b ase  of th e  cra d le , 
w h ile  th e  tw o  tr a p e z ia  b e n e a th  th e  b ase  fit  b e tw e e n  
a d ja c e n t  c la m p s. T h e n  p ass a  b ig h t  a t  th e  m id d le  of 
a  le n g th  o f ra w h id e  b e lt- la c in g  u n d e r th e  c la m p  p r o 
je c t in g  a t  e ith e r  A  or B , c a r r y  th e  d o u b le d  la c in g  o v e r  
th e  b a se  o f th e  crad le , o n ce  or tw ice  a ro u n d  th e  o p p o s ite  
c la m p , p ass b e tw e e n  th e  sp rin g  le a v e s  of th e  c la m p , 
a n d  d ra w  t ig h t . N o w  p la ce  in p o sitio n  th e  b o tt le  o r s e p 
a r a to r y  fu n n e l, a n d  p ass th e  la c in g  b a c k  a n d  fo r th  o v e r  
it  an d  a ro u n d  th e  tw o  cla m p s, f in a lly  se cu rin g  th e  en ds 
as b e fo re . I f  th e  c o n ta in e r is 
a  g lo b u la r  s e p a ra to r y  fu n n el 
th e  la c in g  is b e st p assed  
o v e r  th e  n e ck  a n d  th e  th r o a t  
ju s t  a b o v e  th e  s to p -co ck .

T h e  id e a  is th e  im p o r
t a n t  th in g  here p re se n te d ,
a n d  h en ce  th e  s im p le st p ossi-  --------------- s-
b le  t y p e  of f ittin g s  has 
b een  d e scrib ed . O n e m a y  
e la b o ra te  on th e  id e a  as m u ch  
as c ircu m sta n ce s  w a r ra n t. In  
th is  la b o r a to r y  th e  cra d le  n ow  
in  use h a s  th e  la rg e  h o le  in  
th e  b a se  b o re d  o n ly  a b o u t h a lf 
w a y  th r o u g h  fro m  th e  b o tto m , ^
w h ere  i t  is m et b y  a  */* in .-h o le , b o re d  on  th e  sam e cen-

1 I t  is con tra ry  to  th e  policy of the  D epartm en t of A griculture under 
such  circum stances to  refer to  a  p rop rie tary  article by  nam e.
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ter . T h r o u g h  th e  la t t e r  h ole  p asses a  w in g -h e a d e d  
screw  b o lt w h ich  en ters  a fe m a le  scre w  th re a d e d  in to  
th e  oil h ole  fo u n d  a t  th e  u p p e r en d  o f t h e  slee ve . 
T h e  h ead  of th e  b o lt  p la y s  on a  co u n te rsu n k  iron  w ash er. 
T h e  c o n ta in e r to  b e  sh a k e n  is secu re d  in p la ce  b y  a 
le a th e r  b a n d  a n d  c la m p  p e r m a n e n tly  a tta c h e d  to  th e  
crad le .

W ith  p ro p er sp ee d  a d ju s tm e n t th e  s h a k in g  is th o r
o u g h ly  e ffe c tiv e , w h ile  e ith e r  fo rm  of cra d le  is q u ic k ly  
d e m o u n ta b le  if  th e  m a ch in e  is w a n te d  fo r  its  o r ig in a lly  
in te n d e d  use as a  flask -sh ak er.

A  m in or d ra w b a c k  to  th is  ty p e  o f  m a ch in e  is a  te n 
d e n c y  to  p o u n d  so m etim e s u n d e r an  im p e r fe c t ly  b a l
a n ce d  h e a v y  lo ad . I t  w o t Id seem  t h a t  th is  m ig h t be 
o v e rco m e  b y  b e tte r  d e sig n in g  of th e  co gs. M e a n w h ile  
th e  p o u n d in g  m a y  be c o n sid e ra b ly  lessen ed  if a  cu p  
m ad e fro m  a p ip e  ca p  is fit te d  a ro u n d  th e  lo w e r cogs, 
an d  filled  w ith  grea se  m ixed  w ith  s a w d u s t  or g ra n u la te d  
co rk . In  e x tre m e  cases a c la m p  o r o th e r w e ig h t  m a y  
be fa s te n e d  to  th e  lig h t  s id e  o f th e  p la tfo rm .

B i o c h s u i c  D i v i s i o n , B u r e a u  o p  A n i m a u I n d u s t r y ,

U. S. D e p a r t m e n t  o p  A g r i c u l t u r e . \V

ADDRESSES
A C ID -R E S i S T IN G  A L L O Y S 1

By W. C. Ca r n eu .
Receiver! June 19, 1916

T h e developm ent and progress of the Chem ical Industry is 
v ita lly  dependent on the developm ent of m aterials out of which 
the plant equipm ent m ay be constructed. A  process th at is a 
success in the laboratory will be a success in the f a c t o r y ,  if 
conditions are duplicated. Platinum  and glass are available 
in the laboratory, b u t m ay be prohibitive in the factory. 
Platinum  a t S30.00 per T ro y  oz. was used for the m anufacture 
of concentrating stills for sulfuric acid; platinum  a t S95.00 per 
oz. cannot be considered. G lass has its place, b u t a t best is 
unsafe for extensive processes.

T h e branch of the chem ical industry th at suffered m ost for 
m aterials out of which to  construct apparatus was the mineral 
acids division.

F or m any years various m etals and alloys were offered for 
which more or less acid-resisting properties were claim ed. T h ey  
had their uses bu t as com plete acid-resisting m aterials th ey were 
n ot successful. W ith the adven t of fused silica a  decided a d 
van ce was made, and it successfully replaced platinum  in a 
num ber of processes.

In  1911 a basin of fused silica w as tried out a t the factory 
w ith which the w riter w as connected; so successful were the 
results th a t a io-ton cascade concentrating plant for sulfuric 
acid w as erected to replace a platinum  outfit. T h e  results 
w ere all th at could be desired. T h e acid m ade w as even better 
than th at made in platinum . Fused silica is brittle  and costly 
and m ust be handled w ith as m uch care as glass.

In 1913 a m aterial under the trade nam e of "F era lu n ”  was 
tried out. T his w as a  m ixture of cast iron and an abrasive, 
the abrasive being an  a lloy of alum inum  and silicon. T h e 
surface of the iron was covered w ith the abrasive. T h e abrasive 
w as acid-resisting, b u t the acid soon destroyed the iron, leaving 
a  porous mass. H ow ever, we found “ F eralun ”  useful for nipples 
on acid tank cars.

f u s e d  s i l i c o n — Silicon has acid-resisting properties th at are all 
th a t could be desired for sulfuric acid, bu t it is more brittle  than 
fused silica, and its  use has not been very  extensive.

" k e r r o  c h r o m e ” — T h is a lloy is m ade b y  the E lectro M etal
lurgical Co. of N iagara  Falls, and is a very  promising product. 
G lacial acetic acid does not attack  it; 56 and 28 per cent acetic 
acid attacked  it slightly. Strong and w eak nitric and sulfuric 
acids have practically  no effect on the alloy. H ydrochloric 
acid a ttacked  it readily. T h e experim ents were carried ou t in a 
bow l iS  in. in diam eter and 6 in. deep.

s i l i c o n  a n d  i r o n  a l l o y — T h e m aterials thus far mentioned 
are valu ab le  for specific purposes. T h e real dawn of acid- 
resisting alloy cam e w ith the use of “ silicon iron”  alloy. T h e 
beginning of the use of this alloy was abou t 6 yrs. ago. T h e

1 Read before th e  E ighth  Sem i-Annual M eeting, American In s titu te  
of Chem ical Engineers, C leveland. June  16, 1916.

first advertisem ent the writer observe.i oi this alloy was in the 
Journal of the Society o f Chemical Industry, January 15, 1912. 
T his w as of a silicon iron alloy, "ta n tiro n ,”  put out b y  the 
Lennox Foundry Co., L td ., of London, England.

In M a y , 1912, after a  year of experim enting, the first silicon 
iron a lloy in the U nited S tates w as p u t on the m arket under the 
nam e of “ D uriron.”  b y  the D uriron C astin gs Co. of D ayton , 
Ohio. In 1913 the Am erican rights for “ T an tiron ”  were taken 
over b y  the Bethlehem  F oundry and M achine C o., of South 
B ethlehem , Fa.

“ Ironac”  is another trade nam e for a silicon iron a lloy made 
b y  the H oughton Co., L td ., of London, England. W hile these 
arc all a lloys of iron and silicon, their com position is not the 
same.

Silicon iron a lloy as put out under the above nam es is v ery  
resistant to  all strengths of sulfuric acid, and apparatus made of 
this a lloy is used in all forms of concentrating vessels and cool
ing devices for the concentration of sulfuric acid. B y  the use of 
the so-called “ cascade basins”  set in a  proper furnace, full 
strength oil of vitriol is m ade from 50 0 Be. acid. If all the 
fittings and coolers are m ade from this a lloy the resulting oil of 
vitriol is practically free of iron after the plant has been in 
operation a  few weeks. W here brim stone acid is used the re
sulting oil of vitriol should not contain over 0.0002 per cent 
iron. F or sulfuric acid concentration, the a lloy is durable and 
the breakage is v ery  sm all. A  plant properly handled w ill run 
for m onths w ithout a shut-down. T h e  success of the m odem  
tower system  for concentrating sulfuric acid has been due largely 
to the use of pipes and fittings m ade of this alloy.

Silicon iron allov castings have extensively replaced stoneware 
parts for the m anufacture of n itric acid. E a rly  in 1916 the 
demand for nitric acid increased to enorm ous proportions; ex
tensions to old nitric acid plants and the erections of new and 
larger plants w as im m ediately demanded. T h e capacities of the 
stoneware factories of the country were soon taxed to  their 
lim it. D eliveries could not be m ade under 6 months, if a t all. 
H ad the production of n itric acid been dependent upon stone
ware as it was a  few years previous, the production of n itric acid 
would have been greatly  curtailed and the story of the W o rld ’s 
W ar would probably be different.

T h e silicon iron alloy is resistant to  n itric acid of various 
strengths. It can be cast into all the various forms required for 
nitric acid apparatus. C astings can be m ade as readily and as 
qu ickly  as can those made of cast iron. Here was the ideal su b
stitu te  for stonew’are. N ecessity  com pelled its use and to-day 
it has largely superseded stoneware for n itric  acid production. •

A  large n itric acid p lant equipped entirely w ith this a lloy in 
the form of “ D uriron”  w as in service for 8 mo. and th e alloy 
showed no indications of corrosion or deterioration. T here was 
practically no breakage. Fire destroyed the building housing 
the plant and m ost of the supports for the apparatus. T h e  fire 
did not harm  the castings, though th ey  were exposed to intense
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heat Eighty, per cent of the castings were recovered and put 
into service and are in use a t the present tim e. N in ety  per cent 
n itric acid m ade in a plant equipped w ith “ D uriron”  castings 
showed an average iron content of 0.0014 per cent iron while 
36 B6. nitric acid (52.30 per cent) showed 0.0042 per cent iron.

T h e  silicon iron alloy was developed to resist acid. I t  not 
on ly resists acid, b u t it is resistant to  erosion and to rust. 
G round surfaces, representing the true alloy, arc practically  
immune from rust. T h e  rough casting m ay show some rust 011 
exposure, bu t this is due to  im purities in the surface caused by 
con tact of th e alloy with the m olding sand; this is a surface rust 
only arid will not penetrate. T h e a lloy is also heat-resisting, 
when m ade of suitable design. F or very  high tem peratures, 
the walls m ust not lie too thick. C astings do not distort on 
heating bu t hold their form up to the m elting point.

T h e following data  are given for “ D uriron ” :

T a d l e  I — A n a l y s i s  ( A p p r o x i m a t e ) o p  D u r i r o n

Per cent
Silicon 14.00 to 14.50
M anganese 0.25 to 0.35
T otal carbon 0.20 to 0.60
Phosphorus 0.16 to 0.20
Sulfur Under 0.05

M elting point 2500° to  2550° P.
Specific grav ity  7.00
Compression streng th  70,000 lbs. per sq. in. 
Tensile streng th  25 per cent less than

cast iron

A bar of "D u riro n ”  was com pared w ith a bar of equal size 
of the best grade of chem ical pottery, under equal conditions; 
the earthenware test bar broke so qu ickly th a t the testing 
m achine gauge did not record any pressure. T h e "D u riron ” 
bar broke under a load of 1000 lbs. B y  using a  suspended 
vessel on an earthenware bar and gradually loading it w ith 
small pieces of metal and sand, a  breaking test of 100 lbs. was 
obtained for the earthenw are bar.

t a n t i r o n — T antiron  was first produced b y  M r. R obert W . 
Lennox of the Lennox Foundry C o., of London, England, about 
1908. In 1913 the rights for the use of this alloy in the U nited 
States, C an ada and M exico were acquired b y  the Bethlehem  
F oundry and M achine Co. of South Bethlehem , Pa

T a i i l e  I I — A n a l y s i s  ( A p p r o x i m a t e ) o p  T a n t i r o n

Silicon
Sulfur
Phosphorus
M anganese
Carbon (graphite)

Per cent 
14.00 to 15.00 
0.05 to 0 .15 
0.05 to 0.10 
2.00 to 2.50 
0.75 to 1.25

M elting poin t a b o u t 2550° F. 
Specific grav ity  6.8
Tensile s treng th  6 to 7 tons per

sq. in.

T he a lloy is not suitable for apparatus in which high internal 
pressures are to  be used, unless it is strengthened b y  a protecting 
jacket. F o rty  to fiftv lbs. is given as the m axim um  working 
pressure for an autoclave m ade of Tantiron.

in general, silicon iron alloy cannot be cast in rectangular 
shapes or flat surfaces T he chem ical engineer should 
collaborate with the foundrym an in order to design shapes which 
can l>e produced in the foundry, and still serve the purpose of 
the operating conditions required.

CONCLUSION

W hile there is still opportunity for im provem ent and while 
there is m uch more to  l.e desired in an acid-resisting m aterial 
out of which to construct apparatus for the acid industry, yet, 
the silicon iron a lloy  nr silicide of iron, as it has been called, 
has proven a boon to the acid industry; w ithout it  m any things 
could not have been accom plished. It  is more efficient than 
stoneware. A t best, chem ical stoneware if m ade properly 
should ta k e  io  to  12 w eeks for its  production. C astin gs of this 
alio .- can be m ade and delivered in the sam e tim e it tak es to  
m ake castings ou t of cast iron. T h e  lim itation  to  castings made 
of this a lloy  are those of shop and foundry alone. One com pany 
has a foundry w ith a furnace ca p a city  of 72 tons per day. To- 
dav thousands of tons of castings m ade of th is a llo y  are in use. 
f t  is finding its w ay  in all ( ranches of chem ical industry. Since 
its introduction new chem ical processef h ave  been started which 
vere im possible before, I ecause of lack o f suitable apparatus.

Silicon iron a lloy  is being im proved upon rapidly and th e tim e 
docs not seem far distant when all sorts of vessels w ill be m ade 
of this or a  sim ilar alloy th at w ill give to  the chem ical industry 
the ideal non-corrosive m aterial th at m ay be fabricated into 
all the shapes peculiar to the needs of the industry.

1108 S . 4 6 t h  S t r e e t  
P h i l a d e l p h i a

C O K E -O V E N  A M M O N IA  F O R  M U N IT IO N S
B y  J . W . T u r r e n t i n e  

I t  is a  very  healthful reconnaissance th at the nation is now 
m aking of its resources and industries in relation to national 
preparedness for defense. F or the first tim e it has become 
recognized in this cou ntry th at successful w ars are to  be fought 
as m uch w ith mine, factory  and skilled labor as w ith gun, b a ttle 
ship and armies. T h e  nation finds itself peculiarly independent 
of foreign sources of m aterials essential to  a state  of preparedness: 
of food m aterials, the m etals, fuels, fabrics and— w c hope to 
show— explosives.

Since for the m anufacture' of the various explosives for muni
tions purposes we have been using nitric acid obtained exclusively 
from sodium nitrate im ported from C hile, the impression has 
com e to  prevail th a t w e have no dom estic source of n itric acid, 
and, therefore, th a t in case of w ar w ith a nation of sufficient 
m aritim e strength to  enforce a blockade, w e would be seriously 
embarrassed.

Upon investigation  it develops th a t w e have a  dom estic 
source of raw m aterials from w hich n itric acid m ay be pre
pared: th a t this source is now large and rapidly growing, and 
th a t it is susceptible of a  practica lly  unlim ited developm ent 
should necessity or public exigency demand. T h e  source m eant is 
the am m onia recovered as a by-product in the distillation of 
coal for the production of coke and gas. T h a t it has n ot be
come more generally recognized as a source of n itric  acid is 
because it has found a ready m arket in th a t other great industry 
dependent on cheap nitrogen com pounds, the fertilizer industry, 
to  which it  contributes abou t 40 per cent of the nitrogen now 
consumed therein, and because com m ercial m ethods of con
vertin g am m onia into n itric acid are new and im perfectly under
stood. T h e explosives industry has been content w ith its abun
dant and convenient supply of raw  m aterials obtainable from 
Chile and, therefore, has not dem anded the developm ent of 
an additional supply. T h e question has never before arisen 
in a popular w ay; hence, th e popular misconception.

In tim e of blockade, w ith C hilean nitrate  no longer available, 
am m onium  sulfate would be the m ain nitrogenous com pound 
availab le in this country for m unitions and fertilizer purposes. 
T o  w h at extent would this be adequate to  m eet the demands 
of the country in such an em ergency?

PRESENT DOMESTIC PRODUCTION OF AMMONIA 

T h e present production of am m onia in this country is from 
tw o m ain sources: (1) B y-product coke ovens, and (2) coal-gas
and bone carbonizing works. T h e  production of by-product 
am m onia has developed from  an ou tp u t of 13,800 tons in 1900 
to  153,000 tons in 1913. T h e  details of the record are set forth 
in T ab le  I ; likewise are presented, figures showing th e produc
tion of am m onia from coal-gas and bone-carbonizing works. 
From  these figures it is evident th a t the by-p rod uct oven is 
not only the chief source of dom estic am m onia, b u t th a t it is 
rapidly overshadow ing the other tw o sources.

B itum inous coal contains 1.2 to  1.34 per cent com bined 
nitrogen. B y  ordinary m ethods of coking and from  the average 
coal, a  yield of 20 lbs. am m onium  sulfate is expected per ton of 
coal. T his is realized w hen th e coking is done in the so-called 
by-products oven, th a t typ e  of oven which m akes possible th e 
recovery and utilization  of the surplus gas (i. e., th e gas not 
needed in the process itself to  produce th e  heat for th e coking).
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B y-product Coal-Gas & Bone Total^ P er cent 1
Y ear Coke Ovens Carbonizing W orks Production Coke 0 \
1900 13,800 13.800(a) 27,600 50
1901 15,279 14.000(a) 29,279 52
1902 18,483 17.641(a) 36,124 51
1903 24,098 17.775(a) 41,873 57
1904 32,653 22.011(a) 54,664 60
1905 41,864 23.432 65,296 64
1906 7 5 ,000(a)
1907 62]700 36^609 99,309 62
1908 50,073 33,327 83,400 60
1909 75,000 31.500(a) 106,500 70
1910 86,000 30.000(a) 116,500 74
1911 95,000 32.000(a) 127,000 75
1912 130,000 35.000 165,000 79
1913 153,000 42.000(a) 195,000 78.5
1914 183,000
1915 220,000
1916 234,000
1917 376,000

(a) Estim ates.

T h e surplus gas am ounts to from 4,000 to  6,000 cu. ft. per ton 
of coal. M ost of th e coal coked, how ever, is coked in the so- 
called beehive ovens, a  typ e of oven which m akes no provision 
for the recovery of the surplus gas. or other by-products. T he

am m onia produced in the process, in am ounts per ton of coal 
potentially as great as in the by-product recovery process, is 
evo lved w ith  the surplus gas and w ith  th at is destroyed. L ike
wise, other by-products, such as coal tar, th e source of various 
substances essential to  th e m odern dye  industry, toluol, of im 
portance in the explosives industry, and benzol, of great value 
as a  substitute for gasoline as a m otor fuel and in other w ays, 
are lost. These h ave  a  to ta l valu e  of $1.50 a  ton of coal coked. 
T h e  coke is the on ly product realized from  the coking in beehive 
ovens. F or every  ton of coal so coked, then, w e m ay com pute 
the loss as $1.50.

In th e year 1914, approxim ately 52,000,000 tons of coal were 
coked in the U nited States, yielding 35,000,000 tons of coke. 
O f this coal, 35,000,000 tons, or 68 per cent, were coked in bee

hive ovens, while only 17,000,000 tons, or 32 per cent, were 
coked in by-product ovens. From  the latter were obtained as 
by-products approxim ately 61,000,000,000 cu. ft. of surplus 
gas, valued a t  $6,000,000; 110,000,000 gal. of tar, valued 
a t $3,000,000; am m onia in various forms of a to ta l value of 
$7,700,000; and other by-products, principally benzol, valued 
a t  $1,000,000; a  to ta l valu e of $18,000,000, in am ount only 32 
per cent of those recoverable from  th e to ta l coal coked.

These figures show th a t the by-products recovered in 1914 
h ave  a  valu e of $1.13 per ton of coal. R ecen t developm ents 
in th e industry and m arket have advanced th is value to $1.50 
per ton of coal. On the basis of the la tter figure, the by-products 
producible, b u t lost, from the coal coked in beehive ovens in 
1916 w ill be approxim ately $55,000,000. T h e  ratio  of value 
of coke to  th at of by-products is $2.37 (the value in 1914 of the 
coke produced from a  ton of coal) to $1.50 (the-valu e of b y 
products).

T h e increase in the am ount of coal coked in the by-prod uct 
ovens is due to  tw o causes: (1) the increase in the tota l am ount 
of coal coked, and (2) the substitution  of the by-products oven 
for the beehive. T h e  form er increase is slower th an  the latter. 
I t  also fluctuates, due to  the v ary in g  prosperity of the steel 
and other industries using coke. Its  increase, of course, is 
due to  the grow th of these, and to  th e introduction of the use 
of coke into other industries. In  th is connection F ig. I shows 
th e rate of increase in production of coke. T h e  estim ate for 
1916. 55,000,000 tons, indicates th a t during this y ear approxi
m ately 80,000,000 tons coal will have been coked. T h e  trend 
of the increase, fluctuations being averaged, is shown b y  the 
dotted line. T h is indicates th a t b y  1920, th e production will 
be 60,000,000 tons of coke, requiring the coking of approxim ately
90.000.000 tons of coal.

T h e substitution of the one form for the other is undoubtedly 
induced b y  the greater profits to be  realized from  coking in the 
by-products oven. N o t only is a  higher yield  of coke realized, 
but, as has been shown, the by-products represent increased 
revenue. T h is transition p robably has been gauged to  keep 
pace w ith the dem and for the by-products. Am m onium  sulfate, 
for exam ple, while being produced in increasingly great quantities, 
has not suffered an y  m arked decrease in price. C oal tar is 
finding increasingly wide application in road building. T h e  
reported developm ent of the A m erican dye  industry, if existent, 
w ill undoubtedly increase the revenue realized from the sale 
of coal tar, the source of m ost of the dyes. T h e  sudden dem and 
for toluol for use in the explosives industry has drawn atten tion  
to  th at valuable product. T h e high price of gasoline has given 
im petus to  the production of benzol, a product now only p artia lly  
developed, which can be produced cheaply and which constitutes 
an ideal m otor fuel. From  the by-product ovens now in operation
54.000.000 gal. of this com m odity could be produced.

T h e  rate  of substitution of the by-prod uct for the beehive 
oven is illustrated b y  F ig. II . T h e dotted  portion of the line 
is an extrapolation to  show when this substitution  will approxi
m ate 100 per cent. T h e  present rate  of increase indicates th a t 
this approxim ation w ill be realized in abou t 5 yrs.

In  T ab le  II are set forth figures showing roughly the general 
developm ent of the coking industry and the ou tp u t of b y 
product am m onia in the U nited States.

T a b l e  I I — D e v e l o p m e n t  o f  t h e  C o k in g  I n d u s t r y  a n d  B y - p r o d u c t  
A m m o n ia  P r o d u c t io n  (S h o r t  T o n s ) in  t h e  U n it e d  S t a t e s

T o ta l T o ta l B y-products Ammo-
Coal Coke Beehive Coke nium

Y ear Coked Produced Coke T ons P er cent Sulfate
1 9 0 1 3 3 , 0 0 0 ,0 0 0  2 1 ,7 9 5 ,8 8 3  2 0 ,6 1 5 .9 8 3  1 ,1 7 9 ,9 0 0  5 .4 1
1 9 1 1 5 3 , 2 7 8 ,2 4 8  3 5 ,5 5 1 ,4 8 9  2 7 ,7 0 3 ,6 4 4  7 ,8 4 7 ,8 4 5  2 2 .0 7  9 5 ,0 0 0
1913 6 9 ,2 3 9 ,1 9 0  4 6 ,2 9 9 ,5 3 0  3 3 ,5 8 4 .8 3 0  1 2 ,7 1 4 ,7 0 0  2 7 .4 6  1 5 3 ,0 0 0
1916  8 0 ,0 0 0 ,0 0 0  5 5 ,0 0 0 ,0 0 0  3 7 ,0 0 0 ,0 0 0  1 8 ,0 0 0 ,0 0 0  3 2 .7  2 3 4 ,0 0 0
1917     3 3 ,0 0 0 ,0 0 0  . . .  3 7 6 ,0 0 0

E sp ecia lly  notable is the fact th a t the production cap acity  of 
the by-prod uct plants com pleted and operating on A pril i .

A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  8, N o .  10
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1916 is 18,000,000 tons of coke, and those now built, under con
struction and determ ined upon, b y  the close of the year 1917 
will produce 33,000,000 to n s of coke; correspondingly, the am 
monia, reckoned as am m onium  sulfate, produced during 1915 
was 220,000 short to n s;1 th a t which can be produced b y  the b y 
product ovens com pleted and operating on A pril 1, 1916, w as
234,000 short tons; and finally, th a t to  be expected b y  th e end 
of 1917, is 376,000 short tons.

THE OUTPUT FOR THE IMMEDIATE FUTURE 

T h e present rapid increase in the rate of transition from  the 
beehive to  the by-product coke oven perm its no other con
clusion than th a t shortly  the transition w ill have been realized. 
W e can predict, then, w ith confidence, the am ount of com bined 
nitrogen w hich the im m ediate future will m ake availab le  for 
dom estic arts and industries. A lready the m arket exists for 
the coke, the m ain product, and- undoubtedly the demand for 
it will continue. I f  the demand for coke does not increase, we 
can still confidently expect the recovery of the bulk of the am-
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F ic . II — S u b s t i t u t i o n  o f  B y -p r o d u c t  C o k e  i n  t h e  U n i t e d  S t a t e s

monia now liberated in the coking industry. On the basis of 
figures obtaining in 1014, th at would bring the total production of 
by-product am m onia to  520,000 tons ammonium sulfate; and 
on the basis of the estim ate for 1916 (80,000,000 tons of coal), 
the total would be 800,000 tons am m onium  sulfate. T h is will 
be realizable b v  th e bv-product oven alone. In addition there 
will be a  further am ount of am m onia from coal-gas and bone- 
carbonizing works, certain ly  an increased am ount over present 
production.

This, then, is the production of am m onia which we m ay look 
forw ard to w ith  confidence. T his is the developm ent w hich is 
taking place normall in response to  ordinary econom ic and 
business laws, w ithout apparent stim ulation or artificiality. 
T h is is w h at we have availab le  for norm al conditions. T h is is 
supplem ented, it m ust be remembered, b y  Chilean nitrate. 
T h e supply appears entirelv adequate for any developm ent now  
contem plated. It  is probable th a t C hilean n itrate  will continue

1 T h is represents approxim ately  85 per cent of the  to ta l production 
of am m onium  sulfate of the country , the rem aining 15 per cent, or 40,000 
tons, coming from coal-gas and bone-carbonizing works.

to  supply the m unitions industry, and am m onium  sulfate the 
fertilizer industry. T h e  conversion of am m onia into n itric 
acid for application to  the explosives industry, however, is a 
distinct possibility of th e future, which m ay result in a  keener 
com petition betw een the two com m odities and a reduction in 
their price to  th e consumer.

OUTPUT POSSIBLE UNDER EMERGENCY CONDITIONS

In tim e of em ergency the bulk  of the am m onia produced 
would be im m ediately availab le for conversion into n itric acid 
for m unitions purposes. A ll of th a t norm ally entering t h e , 
fertilizer trade could be so applied, since, be it remembered, 
the staple food and forage crops on wrhich a nation depends in 
tim es of em ergency are produced in this country w ithout th e 
aid of fertilizers. A gricu ltural production would even be re
stricted in case of blockade, since we norm ally produce a  great 
deal more than w e consume. N o t more th an  7 per cent of the 
am m onia produced now enters the refrigeration industry; this 
could n ot be w ithdraw n entirely w ithout inconvenience, though 
it could be reduced. T o  this sum could be added th a t obtained 
from  the other sources, coal-gas and bone-carbonizing works.

In  contrast w ith the foregoing is the situation in G erm any 
where the norm al production of by-product am m onia is 550,000 
tons ammonium sulfate (1913). T h is w as applied to  agriculture. 
Conditions made necessary a stim ulated agricultural production 
instead of a  restricted one, so th a t it w as n ot possible to  w ith 
draw the am m onia from agriculture for m unitions purposes 
w ithout im pairing an already inadequate food supply. T h ere
fore, extrem e measures had to  be adopted to  increase the supply 
of ammonia.

B y  m ethods to  be described later, w hereby am m onia is con
verted into n itric acid, one p art am m onium  sulfate would pro
duce n itric acid equivalent to  1.16 parts of sodium nitrate, from  
w hich it follows th a t the am m onium  sulfate produced at the 
norm al rate  of output obtaining on A pril 1, 1916 (234,000 
tons) would yield  n itric acid equivalent to  271,000 tons sodium 
nitrate; th a t estim ated for 1917 (376,000 tons am m onium  sulfate),
436,000 tons sodium nitrate.

T h e  im portations of sodium nitrate  during th e year 1911 
were 547,000 tons, and during 1915 were 577,000 tons. N or
m ally, it is estim ated th a t 40 per cen t of the am ount im ported 
enters the explosives industry of the cou ntry; th a t would be 
about 220,000 tons sodium nitrate, an am ount decidedly less 
than th a t which could be produced from our present output of 
by-product am m onia.

I f  th e above quantities of am m onia were not adequate, the 
first step would be to  replace all beehive ovens w ith  the b y 
product form, w hereby the am m onia now  lost from these would 
be saved. T h is would be efTecting a t  once (by the G overnm ent) 
th at w hich is now  being accom plished more slow ly b y  the in
dustry' itself. Since the am m onia so produced could be regarded 
as a  by-product, its cost would be negligible, the sale of the 
other products being a t  such a  price as to  cover all costs of opera
tion. T h e  size of the investm ent required, then, would have 
no significance, since am ple interest could be assured.

T o  erect by-product ovens requires not more th an  $1,500 
per daily  ton coal cap acity. O perating 360 days per year, the 
yearly  cap acity  would be 360 tons coal. T h e proceeds from the 
sale of th e products would be $540 for the by-products and 
$850 for the coke, from  w hich m ust be deducted, of course, 
the cost of th e coal, operating expenses and overhead charges.

One of the by-products obtained from  the proposed b y 
product ovens would be com bustible gas, abou t 5,000 cu. ft. 
per ton of coal coked. I f  so desired, and if additional am m onia 
were required, this gas could be used w ith  gas engines to  generate 
electrical energy for the electrical fixation of atm ospheric ni
trogen b y  any approved method. T h e surplus gas from  a ton 
of coal, when so used, generates electrical energy equivalen t to
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160 kilow att hours; the gas produced from  coking 35,000,000 
tons coal (1914) would yield over 800,000 continuous horse 
power, which would be sufficient for the fixation of an am ount of 
nitrogen equivalent to  an additional 1,400,000 tons ammonium 
sulfate. T h e gas, being a  by-product, is produced a t slight cost 
and the installation for th e developm ent of the power is lim ited 
to com paratively inexpensive gas engines.

A s a  concrete proposition, in case the normal production of 
by-product am m onia w as not sufficient for the em ergency at 
hand, it would be possible for the G overnm ent to  install b y 
product ovens and use the gas for the generation of electrical 
energy for the fixation of nitrogen. T h is could be p u t into opera
tion quickly and a t  a com paratively sm all cost. Am m onia 
would be produced as a  by-product a t the same tim e, and use 
could be made of the coke and other products.

W ere the em ergency postponed to  a tim e when all the coke 
was produced in by-product ovens and a m arket had been found 
for the gas, use could be made of the enormous quantities of 
waste and low-grade coals, the lignites and even the peats avail
able, all of which 011 distillation yield am m onia and com bustible 
gas suitable for use in gas engines. Or should it be desired to 
effect a perm anent and large production of ammonium sulfate, 
the use of coke could be encouraged b y  restricting the use of 
bitum inous coal where coke can be used as advantageously. 
T h e G overnm ent itself could produce coke and sell it a t  the 
same price as coal, reserving to itself the am m onia and other 
by-products. N o t only would by-products worth S i .50 per 
ton of coal be conserved, b u t an increase of about 20 per cent 
in the efficiency of the coal as a  producer of power would be 
effected. Likewise, the sm oke nuisance would be abated. I t  
is reported th at such a restriction has been in effect in G erm any 
since 1914. T his is a measure which would have to  be in 
augurated b y  the people, for the producer of coal is interested 
in the use of more coal, not in its more economical use; and the 
producer of coke is more interested in the m aintenance of good 
prices for by-products than a larger production. I t  is a  sug
gestion which is deserving of v ery  careful consideration, for, 
w ith the coal now w astefully used, is lost enormous quantities of 
am m onia and benzol (and power). T h is rigid conservation 
would afford agriculture the best of fertilizers and the public as 
a  whole an excellent m otor fuel, a t a  fraction of their present cost.

T h e basis of practically all explosives is n itric acid. This, 
usually, is prepared from sodium nitrate. I t  m ay be prepared

also from ammonia. W hen am m onia gas and air, mixed in the ' 
proper proportions, are allowed to flow through platinum  gauze 
or other suitable materials, known as cata lytic  agents, heated 
to  th e proper tem perature, the am m onia is converted into 
n itric acid. W hile the chemical reaction involved has long been 
understood, its recent modifications and com m ercial applica
tion have come to  be known as the Ostwald process for m anu
facturing nitric acid. V

I t  is reported th at this process is in successful operation both 
in England and G erm any ; th at in the latter cou ntry all the nitric 
acid being produced is obtained b y  means of it. If, in our coun
try , it could be developed to a degree of efficiency where nitric 
acid obtained b y  means of it from by-product am m onia could be ■ 
made to compete so successfully w ith  Chilean nitrate as to ex
clude it from Am erican industries, the large sum now annually 
expended for th at com m odity in a foreign m arket could be re
tained for the domestic m arket.

Obviously the Ostwald process is of prime im portance. Steps 
should be taken a t once to determ ine all the conditions sur
rounding its best performance. I t  is claim ed th at already it 
has been developed to the stage where 53 per cent nitric acid 
can be produced by means of it  a t a cost of $0.03 per lb., inclusive 
of cost of the ammonia. I t  should be investigated thoroughly 
in order to establish the best technique of the operation, to  fur
ther reduce the operating cost, to further increase the yields, 
to  develop new and cheaper cata lytic  agents and to m ake such 
modifications as would render the people free of p atent restric
tions.

B y  w ay of sum m ary it should be added th a t for tim es of 
peace A  pi erica has a supply of nitrogen com pounds adequate 
for both fertilizer and munitions purposes. T his supply includes 
imported nitrate w hich is adequate for the munitions indutry, 
and domestic by-product am m onia which contributes to  the 
fertilizer industry. In  time of em ergency, should im portation 
be prohibited, the by-product am m onia could be w ithdraw n at 
once from the fertilizer industry and applied to  the munitions 
industry. This source, b y  norm al processes, is being developed 
to a degree where no longer w ill a n y  doubt rem ain as to  its entire 
adequacy for all emergencies. A ccom panying this developm ent 
a  conservation is taking place w orth m any millions annually to 
the Am erican people.

D e p a r t m e n t  o k  A g r i c u l t u r e  

W a s h i n g t o n

THE CHEMIST IN RELATION TO FOOD CONTROL
Papers presented a t  the  52nd M eeting ot the  A M E R IC A N  C H E M IC A L  SO C IE TY , U rbana-C ham paign, A pril 18 to 21, 1916

T H E  C H E M IS T  IN  F O O D  C O N T R O L  A S  R E L A T IN G  T O  
T H E  E N F O R C E M E N T  O F  L A W

By I.. M. T o l m a n  

Chief, U . S. Food and  D rug Inspection, C entra l D istric t

T h e w ork of the chem ist in food control, in so far as it relates 
to  the enforcem ent of regulatory laws, is largely th e obtaining 
of scientific evidence w hich m ay be of value in detecting the 
adulteration or m isbranding of food products. H e m ust not, 
however, be lim ited to  the use of chem istry in obtaining this 
evidence, b u t will find th a t chem istry is on ly one of th e m any 
tools th at he m ust use and his effectiveness and the value of his 
evidence will be  very  much restricted unless he brings to  bear 
upon the question the assistance of bacteriology, botany, physics, 
and other of the sciences and arts.

T h e adulteration of food products, in a  general w ay, con
sists in the debasing or im itation of recognized food products, 
and the Food and D rugs A c t defines these various form s of 
adulteration  as follows:

‘ ‘T he mixing of a n y  substance, which reduces or injuriously 
affects the qu ality  or strength of the article; such as the addition 
of w ater in milk.

“ T h e substitution of foreign m aterial, in whole or in p art; 
such as the m ixing of distilled vinegar w ith cider vinegar.

“ The rem oval of any valuable constituent of the article, in 
whole or in part; such as extracting the essential flavoring oil 
from  cloves.

“ T h e coloring of an article, so as to  conceal its inferiority; 
such as coloring noodles yellow  so as to  im itate the color of eggs 
and conceal the fact th at there is a  lack  of this m aterial.

"T h e  addition of a  deleterious or poisonous substance; such as 
the addition of salicylic acid to preserves in such quantities as 
m ight render the article injurious to  health.

"T h e  using of spoiled or decomposed products; such as m oldy 
tom atoes in catsup.”

A ll of these form s of adulteration above enum erated assume 
the existence of an unadulterated or genuine product, and the 
basis of most of the work in the obtaining of evidence of such 
adulteration depends largely on comparison of the genuine w ith 
the adulterated article. T h e greatest difficulty in the w ork 
is to  get an accurate standard w ith  which w e can com pare or 
measure the article under exam ination. I t  is com paratively 
easy to  detect and measure adulteration if we have the article 
before it is adulterated to  compare exactly  w ith  the article after
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it has been adulterated. F or instance, if we have a pure cider 
vinegar, before its m ixing w ith  distilled vinegar, to com pare 
w ith the m ixture, we can tell w ith accuracy arid measure alm ost 
exactly  the am ount and kind of the adulteration.

If w e have a sam ple of th e cloves before the extraction  has 
been made, to  compare w ith  the extracted product, we can 
measure accurately th e am ount of oil th a t has been rem oved. 
I f  we have a sample of the m ilk before it is watered, to  com pare 
w ith  the watered sample, the detection of the adulteration is 
simple and conclusive; and so on through the various forms of 
adulteration.

T h e  best and m ost accurate standard or measuring rod is the 
product itself before it  has been adulterated. Such standards, 
however, are not alw ays, or often, available for the food chemist. 
In  fact, his chief w ork m ight be said to  be to  obtain the best 
possible standard to  use as a  m easuring rod, and he should 
bear in m ind th at the farther he departs from the thing itself 
the more subject to criticism  becomes his evidence.

In general, there are several kinds of standards or measuring 
rods which are em ployed, and I am giving them  in the order 
of their value as it seems to  me;

(1) T h e  product itself, before adulteration.
(2) Records of analyses of similar products, as nearly as 

possible representative of the th ing itself.
(3) T h e  general literature 011 the class of products and com

pilations of data.
T h e chem ist finds, when he starts to  use any of the other 

standards than the product itself, th a t there is such a natural 
variation  in products th a t his standard of com parison m ust 
become either a  m axim um , minimum, or average, so th at, while 
he m ay be able to prove th at the product is adulterated, the 
accuracy of his estim ation of the am ount of the adulteration 
is v ery  much diminished. I f  he is compelled to  use only the 
d ata  published in the books and literature as to the composition 
of the product under consideration, he w ill find th a t there is 
probably such a wide variation  as to  th e com position of th e 
product th at his accuracy of m easurem ent is v e ry  slight. H e 
also finds this condition to  exist— th at records have been made 
of m any samples regarding which there m ust be doubt as to their 
genuineness and of which there is little  inform ation as to  their 
e xact kind.

STEPS IN ANALYSIS OF A FOOD

T h e skill of the food chem ist, therefore, depends largely 
on his a b ility  to  classify the article under exam ination, and 
then to  obtain a proper standard of comparison, and, finally, 
to  m ake an accurate comparison. Assum e, for instance, th at 
the problem  presented to the chem ist is a  sam ple o f ground 
black pepper which the inspector has collected and which, for 
reasons he has obtained from th e trade and from a  general 
knowledge of th e situation, he believes has been mixed w ith 
some m aterial w jiereby its price has been reduced. T h e  chem ist 
takes the sample and examines it  for clues, and his first work 
should be to classify th e article as closely as possible. In  order 
to  do this, he m ust first know who is the m anufacturer, where 
the product is produced, and, if possible, from w h at it w as pro
duced. A t  least these should be th e lines of th ough t tow ard 
which he should direct his attention. T hen  he should consider 
th e product itself, as to  its color and appearance in cdmparison 
w ith samples of known origin and of the various kinds, since this 
color or appearance m ay be sufficiently decisive to  give an indica
tion  as to  the v arie ty  of pepper used in its m anufacture o r as 
to the presence of probable adulterants. A fter he has v ery  
carefully  considered the article itself from  the standpoint of 
appearance, taste, smell, and character, he should then m ake 
his analysis, and, a fter this has been com pleted, w e m ay be  able 
to  say  th at the product has the appearance of a black 
pepper, th at the microscope does n ot show- a n y  foreign ma
terial, th a t th e product has an abnorm ally high ash and crude

fiber, and is som ewhat peculiar in color and appearance; b u t we 
m ust still further classify the product w e are w orking w ith be
fore w e can obtain a proper measuring rod with w hich to  com
pare.

W e know th a t there are 011 the m arket a t  the present tim e a t 
least four kinds of black pepper used com m ercially, and this 
product m ay be m ade from any one or from a m ixture. I f  b y  
any means we can  show th at it  is m ade from one special variety , 
we have classified the product to a  v ery  considerable extent, 
so th at w e can elim inate from comparison the data, analyses 
and inform ation regarding th e other three varieties. For, 
if w e go to  the published results of analyses, w e find th a t there 
is a  wide variation  in the compositions of these four varieties 
of pepper com m ercially 011 the m arket. W e also find that, 
unless b y  some means we can exclude from consideration at 
least one of these varieties, w e will not be able to  show' th at the 
product is adulterated, for we find th a t the data  on Acheen 
peppers show an especially high crude fiber and ash, and, in 
all probability, w e will find analyses of supposedly genuine 
products which w ill have a  higher ash and higher crude fiber 
th an  the sample under consideration. On the other hand, if 
w e can exclude this grade of pepper from  consideration b y  some 
means, we find th a t the other peppers v ary  only w ithin rather 
narrow limits, and we will have a  fairly  satisfactory standard or 
m easuring rod w ith  which to  com pare our sam ple under con
sideration, and from which comparison we w ill p robably be able 
to  prove the adulteration. If w e now com pare our analysis 
w ith  the d ata  on Singapore, A lleppey and T ellecherry peppers, 
w e find the crude fiber and ash in our sam ple are excessive, 
probably due to the adm ixture of pepper shells on account of 
the fact th a t no foreign ingredients were found. In  order, 
however, to further lim it our standard, and in order to  be able 
to  estim ate approxim ately th e am ount of adulteration, which 
is a  v ery  desirable thing to  do, we m ust develop if possible a 
still more accurate standard of comparison. T his w e m ay be 
able to  do if w e can lim it our standard to  a single varie ty . In 
order, however, to get such a standard, i t  is necessary for us 
now' to  go back to  a consideration of th e m anufacturer, w hat 
w e know of him or of the raw  m aterials he is using, w h at peppers 
he has on hand, and whether or not he has purchased or has in 
his possession pepper shells.

In order to  get such inform ation, we have to  depend on other 
m ethods th an  pure chem istry, and work w ith  the inspectors, 
w ithout whom  our w ork would be exceedingly difficult. If 
then we can find th at a certain  grade or kind of pepper is ex
clusively used and th a t this m anufacturer has purchased pepper 
shells from  tim e to  tim e and sam ples of these can be obtained, 
w e have a  possibility of preparing a  standard for measuring 
our product which w ill give us a  very  m uch greater accuracy, 
especially in a quan titative idea. I f  w e had been compelled 
to  depend upon the literature as a standard, or upon our know l
edge of the composition of various kinds of peppers, or practical 
standards adopted b y  regulation or law, we would have been 
v ery  m uch in the dark in regard to  w h at our results m eant, but, 
b y  classifying our product and elim inating from our standard 
everyth in g except w h at is tru ly  com parable, we are able not 
only to  show' th a t adulteration  has taken place b u t approxi
m ately  the qu an tity.

A fter we have reached our conclusion and go back  over the 
evidence, we find th a t w e have used the eye, the taste, the 
microscope, knowledge of trade conditions, and stud y of factory  
m ethods com bined together w ith a little chem istry.

ADVANTAGES OF INDIVIDUAL STANDARDS

T h e chem ist in reality  m ight be considered as a  scientific 
detective w ho m ust follow' every clue until he m akes out his 
case and obtains a  true and correct standard w ith w hich he can 
com pare th e unknown. T h e possibilities of this m ethod of
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m aking an individual standard for each case are m uch greater, 
I  think, than most food chem ists have realized or have used. 
T ake, for instance, the question of w atering and skim m ing of 
m ilk. If our analytical data  indicates the possibility of the 
addition of w ater and we turn to  the literature for inform ation, 
we find a m ost confusing condition. Thousands and thousands 
of analyses of m ilk, w idely varyin g, have been published, and 
it  is doubtful if any of the m ixing would be detected if these 
records were perm itted to  be used as a  standard, b u t it is rec
ognized th at different breeds of cows give m ilk of entirely 
different composition, so th at the first th ing th a t should occur 
to us is to  determ ine from w h at breed of cattle  the m ilk which 
we have analyzed comes. T hen  it is possible for us to  elim inate 
from our comparison all of the d ata  which has been published 
or recorded on cows of other breeds, b u t it is alm ost alw ays a 
practicable and feasible proposition to get a sample of the milk 
under consideration before it has been adulterated. B y  going 
out to  the farm , we can find out th e kind of cattle  which are 
being milked, we can stay  there during th e m ilking periods and 
obtain samples of the m ilk under our personal supervision in 
such a  w ay th a t w ater could not be added. W hen w e have ob
tained an average sample of the milk of the night and morning 
and have obtained the analysis, w e then have an accurate stand
ard with which to com pare the product under consideration. 
If it  is not possible to  get such a sample, w e can a t least narrow 
our standard down to  determ ining the breed of cattle. If 
it  is necessary for the chem ist to  take a sample of m ilk and 
analyze it w ithout any inform ation as to  its source and he is 
unable to  obtain any inform ation as to  its source, we have a 
very  unsatisfactory and inaccurate standard or m ethod of 
proving adulteration. W e m ust then tak e  into consideration 
the wide variations recorded in the literature, and our final 
conclusion m ust be a more or less accurate guess.

I t  would be possible to  go on and outline a num ber of other 
cases where it is possible and feasible practically  to  obtain the 
product itself before adulteration as a standard for comparison, 
b u t 1 think these tw o illustrate a general principle tow ard which 
the intelligent and thoughtful m an m ust work in every  case. 
W e know from our experience th at the com position of natural 
products varies from  tim e to tim e, from season to  season, and 
from location to  location. T h e  article n o w o n  the m arket may 
not have existed a year or ten years ago.

T ak e, for instance, the grapes of a  certain section, which are 
peculiar in th at th ey have certain qualities, and a  grape juice 
m ade from them  has certain peculiar characteristics as to  acid, 
sugar, and color. T h e grape juice m ade from the same variety  
of grapes, grown in another section, m ight be m aterially differ
ent, so th at, in our classification and comparison of grape juices, 
we m ust tr y  to  elim inate from  consideration grape juices which 
were not m ade under the sam e conditions and in the same 
location.

T h e  first thing the an alyst should do in exam ining grape 
juice is to determ ine, b y  taste  and appearance if possible, the 
kind of grapes from which m anufactured, and, if possible, the 
place of production. Then he is in a fairly  good position to 
elim inate from consideration the analyses and data  which have 
been published on other varieties.

I t  has seemed to me, during the consideration of this paper, 
th a t some results published in the past have been of com 
parative little  value, because exact detailed descriptions of the 
samples are n ot given. I t  seems to  me th a t data, in order to 
have the greatest valu e as a  standard for comparison, m ust 
describe exactly  in m inutest detail the kind, place of production, 
and every other factor which would have an effect upon the 
composition of the product.

T he idea w as spread abroad some years ago th at it w as im
possible to  determ ine b y  an analysis whether Am erican beers 
were made from m alt or m alt substitutes, because the recorded

analyses of foreign beers made from  a certain kind of m alt were 
similar in analyses to  Am erican beers m ade from m alt and m alt 
substitutes. Of course it  was impossible to  determine, b y  
analyses of Am erican beers and com paring them  w ith  data  on 
Germ an beers, th a t there was an y  substitution for m alt, b u t 
w h y should we do so unscientific and inaccurate a  thing as to 
perm it ourselves to  use for a standard for comparison a  product 
which is not a true standard? T h e  proper standard for com
parison of Am erican beers would be Am erican beers produced 
from the m alt used in this country and under the conditions 
prevailing in this country. T h e point th at I wish to  make, 
and to  reiterate, is th at it is not scientific or proper to use, 
as a basis of comparison, d ata  or records or analyses of products 
which are not the same as the product w ith  which w e desire to 
m ake the comparison.

W e have in our literature m any, m any analyses of maple 
sugars and maple products, and we find th at maple products 
coming from certain sections are quite different in composition 
from those produced in other parts of the country. I t  is im
possible, in some cases, to reach any conclusion as to  w hether 
or not a maple product is adulterated if we m ust consider in our 
comparison the wide range of variations which have been found 
in these products made all over the country, but, if we can lim it 
ourselves to maple products m ade in Ohio, or maple products 
m ade in Verm ont, or maple products m ade in C anada, for the 
basis of our comparison, if w e can classify our unknow n suffi
ciently to elim inate certain kinds of products, w e m ay be able 
to get a  fairly  accurate standard or measure. In  other words, 
the first thing to do w ith an unknown is to  classify the product 
b y  smell, taste, appearance, analysis, m ethod of m anufacture, 
and knowledge of varieties on th e m arket. T hen, when we 
have classified our product as far as possible, w e m ust lim it our 
standards so th at w e do not include in them  anything b u t the 
products properly com parable, and, finally, we m ust m ake 
our comparison as accurately as possible.

I t  is perfectly obvious, it seems to  me, th a t our measuring 
rods or standards of comparison m ust be really measuring rods, 
and we m ust not deceive ourselves into thinking th a t th ey are 
real when as a m atter of fact th ey are not.

I recently read an article in which the m an’s success had 
depended upon his being able to  see things as th ey  were, and 
to  do the obvious thing, b u t to  do the obvious thing requires 
tw o things— knowledge of the situation and thought regarding 
it, and it seems to me th a t these are the tw o things which every 
food chem ist should apply to  the question of a  proper standard 
of comparison.

C h i c a g o

F O O D  C O N T R O L  F R O M  A  S T A T E  V IE W P O IN T
By D a v i d  K u k i n  

Chem ist. Illinois S ta te  L aboratory

T h e chem ical aspect of state  food control work is so intim ately 
connected w ith the inspection and field investigation phases 
of the problem th a t it is not possible to  lim it the province of the 
chem ist and to  confine the discussion w ithin such bounds. 
T o  be sure, the chem ist is supposed to analyze the samples sent 
in b y  the inspectors, and to  render an opinion upon their com 
pliance w ith th e provisions of the law. B u t the chem ist’s 
greater contribution to  food control lies in a field not circum 
scribed b y  the w alls of a la b oratory: his sphere of a ctiv ity  should 
be co-extensive w ith the boundaries of the state. I refer to the 
application of scientific principles in the regulation of food in
dustries, for the m ethod em ployed in investigating and con
trolling an industry should differ in no essential from the course 
pursued in carrying out an investigation of some highly theoreti
cal subject in the university. Just as every research problem 
has its characteristics to  which the general principles of scientific 
procedure m ust be adapted, so has each state  its characteristics 
which m ust be taken into consideration. Am ong these m ay be
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mentioned geographical features (size, clim ate, location, topog
raphy), population and food produ ctivity  (kinds and am ount), 
and transportation facilities.

T h e distribution of population is an im portant item . T h e 
problems of controlling the food supply increase in more th an  a 
direct ratio to the population gathered into cities. T h e larger 
the c ity , the greater the need for vigorous supervision. I t  m ay 
be argued th at the control of c ity  food supplies should be per
form ed b y  m unicipal officers. T heoretically, this condition m ay 
be the m ost desirable. Practically, the plan has n ot been 
generally successful. T h e larger cities are bending their efforts 
tow ards controlling m ilk and a  few  other foods. T he sm aller 
com m unities as a  class have n ot been sufficiently impressed w ith 
the need for local food control. L ack  of funds, inefficient 
health departm ents, indifferent public opinion and local politics 
are the comm on causes for failure to  supervise the food supply 
of the m unicipality. U nder such conditions, the state  food 
commissions have a  splendid opportunity for municipal surveys, 
having for their object the educating of the com m unity in 
m atters pertaining to the food supply.

W ork of this character was attem pted last year b y  th e Illinois 
Pood D epartm ent, upon th e question of sm all m unicipality milk 
supplies. In  a  tem porary laboratory established in th e town 
to be surveyed, chem ical and bacteriological analyses were made 
of th e m ilk in various stages of its progress from the cow to  the 
consumer. First, the m ilk w as exam ined as delivered b y  the 
dealer to  th e housewife. T hen  samples were obtained as served 
a t  the restaurants and cafeterias, and as sold b y  grocers. 
T h e condition of the m ilk as received b y  the c ity  dairies or as 
delivered b y  th e railroads w as also investigated. F inally, 
inspections w ere m ade of the farm s a t m ilking tim e, where 
samples of m ilk from the individual cows were obtained, as well 
as composite tests. In  several instances, the pasteurization 
process was studied in detail, in order to  point ou t to the owner 
the causes of th e very  unsatisfactory product th at he wras offer
ing under the label “ pasteurized m ilk.”  T hroughout the 
work, the findings w ere n ot based on a  single sam ple; second, and 
often, more samples were obtained upon which to  base our 
conclusions. T hu s th e survey was a  more or less com plete 
picture of the condition of the m unicipal m ilk from the tim e of 
m ilking to  the consumer.

T h e purpose of th e survey w as .not solely regulatory: the 
educational aspect w as n ot neglected. T h e  conditions sur
rounding the m ilk production on the farm  were carefully  noted, 
especially of the sources th at cause the greatest contam ination. 
T h e essentials of cleanliness and cold were continually impressed 
upon the farm ers, w ith surprising im provem ent of the m ilk— at 
least as long as the survey lasted. In  m any instances, where 
pasteurization was practiced b y  the dealer, the m ilk w as worse 
after pasteurization than before. B acteriological investigation 
easily detected the cause, w ith the gratifyin g result th a t the milk 
w as properly pasteurized.

Surveys such as outlined above are expensive financially, 
and extrem ely arduous to  the men doing the field work. T h e 
results were comm ensurate w ith  the efforts expended on the 
work. Public sentim ent is of slow' grow th, and official reform 
is often slower. Hence, a single su rvey could not be expected 
to  be productive of great improvem ents. This m uch has been 
achieved. One c ity  established a  well equipped laboratory to 
continue the work. A nother c ity  is agitating a  new milk 
ordinance, of a very  comprehensive nature. A  third c ity  is 
conducting a su rvey of its own. In  m ost cases, m uch public 
interest w as evinced, which only requires further stim ulus to 
assume tangible form. R equests for similar surveys have been 
m ade b y  other cities.

I have dw elt a t some length upon this work because it 
emphasizes a m ethod of state  food control tending tow ards the 
perm anent im provem ent of the food supply in the large cities

along scientific lines. W ith  the knowledge acquired from the 
data, it w as possible to fix the responsibility of each person who 
had to  do w ith the milk. C on trast such a  plan w ith one where 
a  few samples of unknown history picked up a t random are 
sent to  a  laboratory several hundred miles aw ay, for exam ina
tion. N o t only is it difficult to  form correct judgm ents, b u t 
the results of such efforts m ake little  impression. T h e  law of mass 
action is ju st as applicable in im proving food conditions as in 
m aking reactions go in the laboratory.

A nother exam ple of intensive control m ay be found in the 
alm ost revolutionary changes in the egg industry. A  detailed 
historical developm ent of the situation w ould be too tim e- 
consuming. Beginning w ith an investigation of th e traffic 
in rotten eggs am ong unscrupulous bakers in Chicago, the 
scope of the inquiry in evitab ly  widened to  include the entire 
m ethod of handling eggs, down to  th e farm  house. Then it 
passed state  bounds and becam e national, so th at to-day the 
perm anent im provem ent of the egg industry is more than a 
dream  of the conservationist. T his again is merely a case of 
finding the cause, for the observed effect; of getting to the real 
source of the evil and beginning th e correcting there.

In  the past, m uch of the efforts of state  officials has been 
devoted to  the regulation of th e food entering the state  from 
another state  or even a  foreign country. W here the product 
is n ot of local origin, the securing of the necessary evidence, other 
than analytical inform ation, is v ery  difficult, if not impossible. 
T h e  attem p t of a state  official to regulate, a t  long range, a  food
stuff whose production is entirely beyond his jurisdiction, often 
results in em barrassm ent to  the official and discredit to  food 
control work. M ore profitable would be the intensive surveys 
of home industries. T here would be th e opportunity to  study 
intim ately the various steps in th e preparation of the product; 
to detect intentional or accidental adulteration or m anipulation; 
to determ ine to  w h at extent deviations from an alytical stand
ards are inherent in the process; to  investigate seasonal v aria
tions in natural products. Such a  study could easily lead to 
im proved sanitary handling of the food and to utilization of 
w asted m aterial. Hom e industry would be  fostered and de
veloped, w'ith the result th a t the products w-ould enter inter
state  commerce in better condition, w ith  p ractically  no super
vision b y  the officials of the states in which the product is to  be 
sold. I t  would place the food official in an auth oritative posi
tion w ith  respect to  the foods produced in his state. C ontrol 
at the source would become a  reality.

T h e  place of th e chem ist in such a scheme w ould be one of 
im portance. T h e present v ery  vexing question of the inter
pretation of analytical results would be answered w ith much 
more assurance and accuracy. F acto ry  practice would be com 
bined w ith laboratory exam ination. In  form ulating rules for 
san itary equipm ent and conduct of an industry, there would 
be a solid basis of fact for each regulation, w ith  a  clear distinction 
between essentials and non-essentials. In  every  industry there 
are m any who have developed the sales end of the business w ith  
p ractically  no regard to  the m anufacturing side. T here are 
m any who have b u t little  knowledge of the nature of th e prod
ucts dealt in, or of the sources of contam ination, m uch less any 
idea of control. H ere is an opportunity for applied science 
th at th e state  officials have not utilized to  th e greatest ad
vantage. T h e  educational phase cannot be disassociated from 
the law enforcem ent side of food control work. T h e educational 
project m ust alw ays be augm ented b y  the force of the law. 
W ithout it, th e w'hole plan will soon become useless, because 
of the debasing influence of unfair com petition. Education 
and im provem ent mean nothing to  the unscrupulous food 
m anufacturer. B u t he thoroughly understands th at it  is up to  
him to  sta y  in th e procession because the law can compel him to  
remain there, if he shows a  disposition to  fall out of line.

In this brief outline I have tried to  indicate the possibilities
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of chem istry and the allied sciences in the service of food law 
enforcement and control. A  plea is m ade for the application 
of the elem entary principles of scientific a ttack  to  the large 
complex problems of food production and distribution. T h e 
food control chem ist is, or should be, som ething more than a 
laboratory analyst. H is spheres of labor and of usefulness are 
co-extensive w ith  th e food industries of his state.

C h i c a g o

F A C T O R Y  C O N T R O L  IN  T H E  M A N U F A C T U R E  O F  C O R N 
S T A R C H  AN D  C O R N  S Y R U P

B y  A. P. B r y a n t  

Chem ist, C linton Sugar Refining Com pany

T he num ber of industries in which a certain am ount of chemical 
control is exercised is constantly increasing, and in those in
dustries which have a more or less elaborate system  the nature 
of this varies w ith the nature of the m anufacturing process 
and even in the same line there w ill be considerable variation  
in its extent and details.

I h ave  been asked to  tell you  in a Tew words som ething about 
the chemical control in the m anufacture of corn-starcli and com  
syrup, an industry which annually uses over 50,000,000 bushels 
of shelled corn and produces from it a large v arie ty  of products, 
of which starch and com  syrup arc the chief. T h e  object to be 
obtained in an industry of this sort is the recovery of as much 
of the starch of the corn as possible and th e utilization of the 
rem ainder of the grain to  the best advan tage and w ith the 
least possible loss.

T he different steps in the process of obtaining the starch 
separated from the rest of the corn are all mechanical, bu t the 
completeness of separation is controlled only b y  analyses of the 
m aterials at different stages, the results of which analyses serve 
as a  guide for factory operations. In fact it m ay be said th at 
these operations are based alm ost entirely upon the data  fur
nished b y  the laboratory. I t  follows, therefore, th at it is neces
sary' to  have not on ly accurate and representative samples, but 
also quick and accurate methods of analysis.

In different factories the details and extent of control will v ary  
som ewhat, b u t the general character is the same. In w h at 
follows I shall a ttem p t to descrihe v ery  briefly the methods 
more particularly as practiced in one factory.

T h e chem ical w ork w ill naturally fall under four divisions: 
(1) Exam ination of supplies and raw p roducts.' (2) Control 
of factory operations. (3) Exam ination and standardization 
of finished products. (4) Special and research work.

EXAMINATION OP SUPPLIES AND RAW PRODUCTS

T he extent to  which supplies are analyzed and their quality  
or strength thus controlled will depend upon the extent of 
laboratory equipm ent and force; the analyses m ay be more 
or less com plete and will follow to  a considerable extent similar 
control in other industries. T here will be analyses of coal, 
lubricating oils, and general m anufacturing supplies, which in 
this case include sulfur, soda ash, bone-black, m uriatic acid, etc.; 
and finally the exam ination of the corn, i. e., the raw product. 
Each, car of com  is carefully  sampled and the moisture de
term ined. Also, from tim e to  tim e, com plete analyses are made 
of average samples of corn to  determ ine the am ount of protein, 
oil, starch, w ater soluble m atter, fiber, and ash present. Upon 
these determ inations are based the com parison of the yields 
actu ally  obtained w ith  w h at should have been obtained, as 
well as the variation in treatm ent which m ay be required for 
m ost satisfactory operation.

CONTROL OF FACTORY OPERATIONS

T he m anufacture of com -starch and com  syrup m ay be 
divided into three parts: the soaking of the com ; the separation 
of the different parts of the com  kernel (germ and oil, hull.

gluten, and starch) and the m anufacture of the finished products 
from these.

T he control in the soaking or steeping process consists in the 
regulation of the strength of the steep w ater, i. e., the very 
w eak sulfurous acid obtained b y  burning sulfur in a  draft of 
air and dissolving the sulfur dioxide in a large qu an tity  of water. 
T he am ount of sulfur dioxide is determined a t frequent intervals 
and the relative am ount of sulfur burned and w ater used regu
lated according to these tests. L ater in the process further 
tests are made to assure the to ta l elimination of the sulfur 
dioxide in the finished products. T his sulfur w ater is used to 
keep the corn sw eet during the period of between one and two 
days, while it is soaking in warm  w ater prelim inary to the 
subsequent operations. These involve first the tearing ap art 
of the soft, soaked com ; then the floating o f the germ on a 
mixture of starch and w ater and its rem oval from the rest of the 
com ; next the grinding of the rem aining portion of the corn and 
the separation of the bran or hull from the starch and gluten b y  
means of silk covcred shakers or reels; and finally the settling 
of the starch from the gluten on starch tables.

These successive steps are all in th e w e t and are governed by 
the grav ity  of the m ixture of starch, gluten and water, and 
controlled b y  frequent observation. T h e completeness of each 
separation is determined b y  the analyses of samples, either 
taken autom atically and continuously or a t  frequent intervals 
b y  a  sample carrier.

A s an example of the w ay the laboratory results are used a 
few illustrations m ay be given. T he completeness of the separa
tion of the germ from the rest of the com  is determ ined by takin g 
a measured am ount of germ-freed corn and adding it to  a m ixture 
of salt and w ater h eavy enough to float any germ  which m ight 
not have been rem oved in the factory process. T h e  presence 
of floating germ indicates th a t the starch and w ater w as not 
sufficiently h eavy in the factory operations and the grav ity  is 
then increased. On the other hand the presence of germ which 
will not float because it is weighted down w ith  starch and hull 
indicates th at the degerm inating mills are n ot working properly 
and should be attended to.

A gain, a sample of the bran from the shakers or reels is tested 
for its starch content. T his indicates the satisfactory or un
satisfactory operation as a whole. A  duplicate sample thoroughly 
washed over silk bolting-cloth and then tested for starch 
shows w hether any im provem ent th at ought to be obtained 
should be sought for at the mills b y  closer grinding, or a t the 
shaker and reels b y  more thorough washing, or. both.

T h e satisfactory separation of the starch and gluten is tested 
b y  determining the protein in the starch on the one hand and 
the starch left in the gluten 011 the other. Some light im m ature 
starch granules w ill of necessity be carried aw ay in suspension 
w ith the gluten, b u t this m ust be reduced to  the lowest possible 
amount.

T h e starch, which is obtained as the final result of the opera
tions already alluded to, is used for the preparation of the 
various kinds of starch (such as pearl, lump, powdered, laundry, 
etc.), for roasting to produce dextrin, or is sent to  the refinery 
to  be made into com  syrup, or com  sugar. T h e gluten and 
bran are united, filter-pressed and m ade into gluten feed. ' T h e  
germ is sent to  the oil house from whence, a fter due time, it 
emerges as com  oil and com  oil cake or com  oil cake meal.

T h e  control work thus far outlined has to  do sim ply w ith the 
completeness of the m echanical operations involved in the 
separation of the different com ponent parts of the corn. In  the 
refinery' on the other hand a chem ical change is involved in the 
hydrolysis of the starch under pressure and in the presence of a  
trace of hydrochloric acid. In  the m anufacture of com  syrup 
the hydrolysis is carried only to  a  point where from 40 to  50 
per cent of the starch has been actu ally  hydrolyzed, the re
m ainder being split up into dextrins. There are found both
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dextrose and m altose in the hydrolyzed products, b u t for con
trol work it is sufficient to determ ine the reducing value of the 
product and report this as dextrose.

T h e acidified starch m ilk of th e desired gravity , usually 
22 0 B6. for syrup conversions, is run into a  converter and cooked 
w ith live steam  until the color reaction of a  test sample drawn 
from the converter coincides w ith  th at of a  sim ilar sample tested 
in the laboratory and found of the desired degree of conversion 
or dextrose ratio. T h e  operations of the converter are thus 
controlled directly b y  the laboratory. T h e charge, once having 
been brought to the desired test, is released into a neutralizer 
where sufficient sodium carbonate is added to  neutralize exactly 
the hydrochloric acid in the syrup. T h e completeness of the 
neutralization is determined a t frequent intervals, bu t cannot 
v a ry  one w a y  or the other more than a trifle for this reason: 
there still remains in the starch a minute am ount of gluten 
after all the previous treatm ents and this is kept in solution in 
the hot slightly acid syrup. Once neutrality  has been reached, 
th is trace of gluten, carrying w ith it a trace of oil and pentosans, 
separates, causing a  "b reak .”  A t  this point the liquid can be 
filter-pressed and this residue rem oved, b u t cither a trace of 
acid or of alkali prevents this; consequently, the neutralization 
in a w ay is fool-proof although there is a  fine point of exact 
n eu trality  th at can be determined only b y  laboratory tests.

In the m anufacture of corn sugar, the operations are similar 
to the above excepting th a t the action is carried further, until 
from 85 to 95 per cent of the starch has been hydrolyzed, de
pending upon the kind of sugar. T h e  neutralization and subse
quent purification, however, are practically the same as with 
corn syrup.

T he purification of the syrup is obtained b y  means of charred 
bone or bone-black and throughout the process until the refined 
and concentrated liquors arc finished and ready for shipment 
great care m ust be taken to see th at all conditions are the most 
favorable; th at the gravities of the liquors are kept constant; 
th a t no contam ination b y  dirt or entrance of wild yeast is al
lowed; in short, th a t all conditions are as ideal as possible. 
T his is brought about b y  means of laboratory tests on average 
or special samples taken a t all stages of the refining and finish
ing processes. In this w ay  it is possible to  detect and rem edy 
trouble or irregularities, which, if allowed to persist, m ight 
affect the color or general appcarance or even the qu ality  of the 
finished product. F or example, a leaking va lv e  m ight allow raw 
starch to  escape from the converter before it had had a  chance 
to  be hydrolyzed, b u t a  test w ith iodine wTould reveal this. Or 
the sides of some of the tanks m ight bccom e infected b y  wild 
yeast, b u t as tests would show this long before an y  real trouble 
could be experienced, the source of the irregularity is thus 
discovered and remedied. T h u s b y  constant watchfulness 
and frequent tests it  is possible to  m aintain uniform ity and 
satisfactory operations in this m ost im portant departm ent, 
b u t this eternal vigilance m ust not let up day or night.

T h e finished corn syrup is concentrated in  vacuo to  a grav ity  
of 42, 43, 44 or 4 5 0 B6. based on a  tem perature of io o °  F. 
These gravities are taken a t the vacuum  pans, b u t samples taken 
to  the laboratory serve as a check and keep the pan m an lined 
up.

T h e gluten and the bran separated as already outlined arc 
united, the concentrated soluble m atter rem oved from the 
com  during the steeping added, and in due tim e we get corn gluten 
feed. T h e chief function of the laboratory in connection w ith 
this is to determ ine the moisture in the finished product, and 
thus keep the product up to  standard in this respect.

T h e germ of the com , rem oved in the first m echanical separa
tion, is sent to  the oil house where it is dried, ground, cooked 
and the oil expressed, the residue form ing com  oil cake or com  
oil cake meal as the case m ay be. A  determ ination of the oil 
le ft in the cake or meal shows the satisfactory or unsatisfactory 
operation of the hydraulic presses or oil expellers.

In  w h at has been said, account has been taken only of the 
m aterial actu a lly  in process and recovered. It  is necessary, 
however, to look out for losses. These are sought in the sewers. 
Inasm uch as the milling process requires a great volum e of 
w ater, it  is necessary to  get rid of this a t various places. 
W herever there is an outlet to the sew^er a continuous autom atic 
device is or should be placed and the samples tested for solids 
in suspension and solution. Solids in suspension are unneces
sary loss and require im m ediate steps to  rem edy or obviate the 
condition perm itting this. Solids in solution m ay indicate 
avoidable loss or a loss too small in am ount or too diluted in 
q u an tity  to  recover. In  the refinery there is possibility of 
entrainm ent during boiling in the vacuum  pans and the slight 
am ount of syrup which would be carried over can be detected 
and roughly estim ated colorim etrically, if desired, by use of the 
alpha naphthol test. Leaks in the steam tubes of the vacuum  
pans which m ight perm it syrup to  leak through when the 
vacuum  is broken can be detected by th is same test in samples 
of th e condensed steam from the tubes. Sim ilar tests will show 
w hether th e filter presses and the bone-black filters have been 
sweetened off properly before being washed to the sewer.

B y  m aking tests of these waters, d ay and night, a very  accu
rate  control is possible of the conditions in the refinery, and, 
in fact, in the whole plant, which m ight lead to avoidable losses.

SPECIAL METHODS AND TESTS

In order properly to  guide factory operations it will be seen 
th a t the laboratory m ust m ake m any tests and th at the results 
m ust b e.ob ta in ed  in the shortest tim e conducive to a satis
factory degree of accuracy. T his means th at short-cuts and 
quick m ethods are required and th at these shall give essential 
agreem ent w ith  official methods. A  few examples will illus
trate :

M oisture determ inations m ay be made in a vacuum  bath 
heated b y  steam  jack et a t atm ospheric pressure in three hours.

In determ ining oil in various products carbon tetrachloride 
m ay be used as an extractive reagent and the total tim e of 
extraction reduced to  2V2 hours, the results agreeing very closely 
indeed w ith official 'results b y  ether extraction by the official 
m ethod. T h is m ethod has been used b y  the writer for m any 
years and w as described in the Journal of the A merica 11 Chemical 
Society, 26 (1904), 568. A nother advantage of this solvent is its 
freedom from danger of combustion. Starch m a y  be determined 
indirectly b y  m alting in the usual manner, filtering on weighed 
filters and determ ining the loss of w eight after thorough dry ing. 
T his loss of w eight corrected for moisture and water-soluble 
m atter in the original m aterial and for insoluble solids in the 
m alt extract used m ay be taken as starch and is .perhaps as 
accurate as the official determ ination of starch b y  the reducing 
valu e of hydrolyzed m alted extract, and the tim e consumed is 
much less.

R educing valu e is determ ined volum etrically b y  a  Fehling 
solution standardized b y  C . P . dextrose so th a t 25 cc. solution is 
com pletely reduced b y  12 '/ j cc. of 1 per cent dextrose solution.

Protein is determ ined b y  the modified K jeldahl m ethod using 
copper sulfate. W here practicable 0.875 g- m aterial is taken 
and the final titration  with N / 10 alkali gives percentage directly, 
1 cc. being equal to 1 per cent protein in the sample.

T h e  above are the more im portant control tests, bu t special 
tests suggest them selves for special cases. C olorim etry plavs 
an im portant p art in com paring colors of starch, syrup, and other 
m aterials w ith standards. In controlling the strength of the 
w eak sulfurous acid used for soaking the corn and testing for 
its subsequent rem oval, considerable am ounts of iodine solution 
are required. Owing to  the increasingly high cost o f iodine 
and potassium  iodide, the w riter has been using for routine work 
a  solution of potassium perm anganate standardized through sulfur 
dioxide against iodine solution. T h is solution w orks adm irably 
for control work and yields a m arked saving in expense.
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T h e results furnished b y  the laboratory show w h at is taking 
place a t different steps of the process through the factory. 
These results, however, m ust be coordinated and applied in 
order to m ake them  of value. From  the results of th e routine 
tests the foremen in the different departm ents of the p lant can 
correct their respective operations so as to im prove the results. 
A t  other tim es some unusual condition or com bination of condi
tions m ay bring abou t unfavorable results, which will require 
special tests and analyses and perhaps more or less research 
work in order to  avoid them . Once a  certain kind of trouble 
has been experienced it becomes easy to  avoid  this a second time, 
b u t in the m anufacture of com -starcli and com  syrup, as of 
course, in other industries, it is the unexpected th a t usually 
happens. Consequently, th e one in charge of operations m ust 
not only keep in constant touch w ith  the laboratory results, 
b u t carry on such additional tests and experim ents as seem 
necessary in order to obtain the inform ation w hich w ill permit 
getting the m ost satisfactory results from the plant.

EXAMINATION AND STANDARDIZATION OF FINISHED PRODUCTS

A  com plete analysis of the different finished m aterials serves 
as a  guide for standardization. F or example, the gluten feed 
and corn oil cake meal m ust be guaranteed to  contain not less 
than a stated minimum of protein and fa t and not more than a 
stated m axim um  of fiber. These lim its w ill n aturally  be put 
a t  such values th at under the individual factory conditions 
th ey  can a lw ays be attained unless for some very  unusual cause. 
I t  is the function of the laboratory to  prove w hether or not these 
guarantees are m et, although for th at m atter the process control 
will give a very  definite idea as to  this. T h e crude oil is analyzed 
for its con tent of free fa tty  acids: if the oil is refined, a  still 
further control m ust be exercised, both over process and finished 
product. T h e  starch is tested for moisture and for impurities, 
which in this case are the other norm al constituents of the corn, 
viz., protein, oil and fiber, which should be present in the merest 
trace. Corn syrup w ill be tested for g rav ity  and perhaps acid ity. 
I t  is interesting to note th at pure com  syrup has a trace of acid ity, 
using phenolphthalein as indicator, due apparently  to  some 
slight acid ity  of the dextrins or other inversion products formed 
in the hydrolysis of the starch. I t  also has a trace of alkalin ity, 
using m ethyl orange as an indicator, due to traces of sodium 
phosphate present in the ash of the syrup. W ith  rosolic acid 
as indicator, it  is practically  neutral. In  addition the syrup 
m ay be tested for its boiling properties as used w ith  sugar in 
can d y m aking, and its resistance to discoloration when heated. 
T his latter would be noticeably affected were the refining process 
insufficient to rem ove all b u t the m ost infinitesimal traces of 
gluten, etc.* In  short, it is th e d u ty  of the laboratory to devise 
and execute the m ost rigid and severe tests in order th at the 
syrup m ay be brought to the very  highest state  of purity.

SPECIAL AND RESEARCH WORK

N o  industry is in a really health y condition unless it is ad
van cin g along the lines of im provem ent of its  products or de
velopm ent of new fields for their use. In  the starch and com  
syrup industry there is still opportunity for abundant research 
work and there will be found m any new* uses for the products 
already m ade and m any new products discovered which can be 
m anufactured from the constituents of the com  kernel. T he 
num ber of different products is already large, including pearl 
and powdered starch, various kinds of lum p starches, modified 
starches, soluble starches, dextrins of various kinds, com  syrup, 
several preparations of com  sugar, refined oil for table  uses, 
rubber substitute, cattle  foods and m any other products.

A s regards im provem ents in qu ality, it  m ay be said th at the 
pure food law, which some ten years ago abolished the bleaching 
o f com  syrup w ith sulfur dioxide, has been most beneficial as it 
necessitated im provem ents in the refining process so as to  get a

more highly refined product, and to-day com  sy m p  is whiter 
even than in the old days of bleaching sym p, and much better. 
In fact, it is one of the most, if not the m ost highly purified 
food product th at we have.

In  conclusion we m ay repeat th at the m anufacture of corn
starch and com  syrup, while alm ost entirely a m echanical 
process in its execution, can be guided and controlled intelli
gently only b y  the most thorough, rigid and comprehensive 
system  of chemical supervision.

C l i n t o n . I o w a

T H E  C H E M IC A L  C O N T R O L  O F  G E L A T IN E  
M A N U F A C T U R E

B y  J . R .  P o w e l l  

Chem ist, A rm our Glue W orks

Previous to the present decade, chem ical control in the gelatine 
industry was rather limited. T h e m anufacturer bothered him 
self chiefly about producing a  product th at w'ould give a  suffi
ciently strong jell, and be brilliant enough in appearance to 
satisfy a trade which w as critical about these points only. 
W ith the recent awakening to  the possibilities of better m anu
facture and control of all food products, a more exacting chemical 
control of gelatine m anufacture becam e a com m ercial necessity. 
Once this control was established, it becam e, and still is proving 
of real assistance to the m anufacturer, in addition to  develop
ing a product acceptable to  the trade. Im proved methods 
introduced have tended to  increase yields, im prove w h at is 
com m ercially known as test, and conserve by-products, all of 
which gives the producer greater returns. A s a result, w h at was 
once looked upon as a  necessary nuisance will soon come to  be 
accepted as a necessary source of help.

H owever, in outlining the precautions taken  in this industry, 
m any things w ill be mentioned under chem ical control, that, 
while properly so designated, are the outgrow'th of long practical 
experience, and cannot be directly credited to  the introduction 
of chem istry. I t  is rem arkable, however, as others h ave  ün- 
doubtedly noticed in other industries, how m any processes or 
tests practical men sometimes use, which, on first inspection, 
seem to  be w ithout rhym e or reason, are found to be based on 
v ery  sound principles, when given a thorough study.

Control w ork naturally divides itself into three classes: ( i)  
inspection of raw m aterials and chem icals, (2) control of the 
m anufacturing process, (3) inspection of the finished product.

RAW MATERIALS AND CHEMICALS

R aw  m aterials for the m anufacture of gelatine, being b y 
products of other industries, have been far from being stand
ardized, and the qu ality  has been extrem ely variable. W hen 
the supply of m aterials was great, corresponding to the demand, 
and as a consequence, the price w as correspondingly low, this 
variation  did not worn," the m anufacturer so m uch. M argins 
were great, enough th at some variation  in yield could be over
looked. A s the demand for this m aterial comes to  exceed the 
supply, and it becomes necessary to  bu y on a  com petitive basis, 
the possible yield from such m aterial becomes a v ita l point. 
A s a result, inspection of such m aterial for its actual valu e to  the 
manufacturer is continually becom ing more im portant. If the 
stock is to be used only for glue m anufacture, exam ination ends 
a t this point, but th at used for the m anufacture of gelatine 
should be exam ined for im purities th at would render it unfit for 
m aking an edible product. F or instance, arsenic and other 
h ea vy  m etals th at are not permissible in the finished gelatine 
m ay be present in such quantities th at the stock cannot be used, 
so it m ust be turned to  the m anufacture of glue or technical 
gelatine. O ther stock m ay contain only such im purities as can 
be rem oved b y  proper processing, and subsequent treatm ent 
must, a t least in part, depend upon the results of the exam ina-
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tion. Still other stock m ay be found th at shows no im purities 
and m ay be processed w ithout any such special provisions being 
made.

In the exam ination of chemicals, it is such im purities as ju st 
mentioned th at require the greater attention, as m ost of these 
products have been standardized, and variations in qu ality  are 
lim ited. I t  is easy to  conceive how' acid used in the process 
m ay contain objectionable quantities of the tabooed metals. 
W ater is so com m on th at it is not usually considered a chemical, 
bu t in certain m anufacturing processes would rightly  be con
sidered as such. A lthough a t first thought it seems easy to 
obtain  a  w ater supply th at is free from objectionable impurities, 
it would be interesting to consider the effect the total solids 
in a  w ater of ordinary purity  would have on a  finished product, 
when this w ater is used for boiling out the gelatine. G elatine 
liquor leaves the boiling v ats a t  a  concentration of from 2 to  3 
per cent. If the w ater in question contained 15 grains of total 
solids as mineral m atter per gallon, this would add about 1 
per cent of an ash in the dry gelatine obtained to  th a t extracted 
from the stock and coming from the other sources.

MANUFACTURING PROCESSES

T h e chem ical control of the various processes of m anufactur
ing can be made very  elaborate. F or the sake of economical and 
convenient operation, however, this control work usually is, 
as far as possible, worked out to  a system  of simple tests th at 
can be made b y  the operators who handle the routine of the 
m anufacture. These operators m ay not understand the mech
anism of the tests, or know w h at th ey are really testing for, 
but are trained to  expect certain reactions, and if th ey  do not 
obtain them , th ey  know all is not well, and the attention  of the 
proper p arty  m ay be called to  the trouble.

T his control of the m anufacturing process begins w ith the 
first treatm ent of the raw  m aterial, w hich is usually the so- 
called liming. A s this is usually conducted in a  saturated 
solution of lime-water, the strength of the solution requires no 
control. On the other hand, th e stock m ust be w ell watched, 
as over-lim ing will reduce the yields very  m aterially, while 
under-liming will likely leave behind certain im purities th at 
should be rem oved, and, a t the same time, require such drastic 
treatm ent in boiling th at the test will be decidedly injured.

Follow ing the lim ing comes the washing, wherein the excesses 
of alkali m ust be rem oved to  w ithin certain lim its, together 
w ith other im purities th a t the lime has dissolved. A s it is 
usually customary' to  boil slightly acid, this is usually followed 
b y  an acid wash, which neutralizes the residual alkali and gives 
the required acid ity. I t  can be readily  seen th at, w ithout some 
control, large am ounts of acid m ay be w asted, unnecessary tim e 
and labor consumed in washing, or im purities le ft behind th at 
should be removed.

T h e boiling of the stock follows the proper preparation in the 
wash-mills. T he chem ical control here is rather limited, the 
points of interest being chiefly the reaction and the tem pera
tures. High tem perature and excessive acid ity  or alkalin ity 
rapidly hydrolyze gelatine into products of considerably less 
value.

From  this point on through the process, the chem ical control 
diminishes in importance, unless the liquors are to be clarified, 
or subjected to  some other treatm ent for rem oval of impurities. 
H owever, as the im portance of th is control decreases, the im 
portance of bacteriological control increases. T his is another 
ty p e  of control which w ill be but mentioned here, th at offers 
a v ery  w ide field of application to  all points in th e m anufacture 
of gelatine, and the possibilities of which we are ju st beginning 
to appreciate. B u t it is especially while gelatine is in these 
com paratively dilute solutions, and varyin g  in tem perature 
from  boiling through an ideal incubating state to  the necessary

refrigeration required for its congealing, it becomes an ideal 
breeding place for bacteria. Hence all possible precautions 
m ust be taken to  prevent infection and get the m aterial past 
the danger stage as rapidly as possible.

A nother item  of im portance is the air used in the drying of 
the gelatine. T his is especially so where? the air m ust be drawn 
from the bad ly  polluted atm osphere of our larger cities. Impure 
air offers three possibilities: First, the dirt th a t m ay be col
lected, giving a  gelatine th at w ill dissolve w ith  great tu rb id ity; 
second, infections are frequently picked up in the drying alleys, 
from this dirt, although the product m ay have entered them  
p ractically  sterile; third, the chemical contam ination due to the 
absorption of chem ical fum es in the air.

A s has been m entioned, one of the points th a t m ust be care
fully  w atched is the reaction of the m aterial throughout the 
process; and to see how' far-reaching the effects of a n y  one 
factor m ight be, w e will consider this more in detail.

T h e  well-known influence of a cid ity  on the swelling of gelatine 
and like colloids points to  the im portance of such control. T h e 
points of m axim um  and minimum swelling of the stock m ust be 
definitely related to  the extraction of th e gelatine and the 
properties of the resulting product. T h e  fact th a t salts again 
m odify this action of a cid ity  only adds other com plicating 
factors. T h e possible detrim ental hydrolyzing action of acid or 
alkali has, already been mentioned. A lthough the process of 
boiling out of the gelatine is m ost probably one of hydrolysis, 
it  m ust be done under such control as will insure the action 
going only so far, or the product is deteriorated.

Likew ise the wonderful probabilities for the form ation of 
undesirable precipitates m ust be considered. W e m ay have 
alm ost any com bination of acid, or alkaline album inates, mucins, 
and such substances, together with the inorganic compounds, 
especially th e uncertain phosphates. There are conditions 
where a very  slight change in a cid ity  m ay bring down any one 
of these, or more likely, a com bination of several. M uch 
work has been done on the preparation of colloidal precipitates 
along other lines, and the operators have gone to great pains 
and trouble to  obtain  such precipitates. Here the conditions 
are som ewhat reversed, and great care m ust be taken to  avoid 
the form ation of precipitates in the colloidal state. One of the 
great factors in this is th at gelatine is a  p rotective colloid, and 
the tendency is for all precipitates to  separate in the colloidal 
form. T his is the case even w hen precipitation is intentionally 
produced under careful control, for purification or clarification, 
m aking it easier, in m ost cases, to keep im purities out, rather 
than to  attem pt to  rem ove them.

Besides the principal product, gelatine, the by-products 
m ust also be considered, and given their proper attention. 
There m ay be, depending upon the nature of the stock, a re
covery of more or less fat, which is to  be properly collected 
and graded. T here will be the residual tankage which has its 
definite value as fertilizer, which valuation  m ust be made on 
su itable analy'sis.

THE FINISHED PRODUCT

A n y  control work done on the finished product sim ply am ounts 
to  such analytical w ork as is necessary to  check up the work 
previously done during the process of m anufacturing. Physical 
tests such as the rig id ity  of jell, the viscosity of a solution, 
together w ith  the appearance of the product gives data upon 
which the comm ercial value is fixed. Besides this, of course, 
the im purities m ust be checked up to  show its suitability for 
edible purposes. F requently, other special tests are demanded, 
depending upon the use to  which the gelatine is to  be put, b u t 
each case of this sort is a  law unto itself, these tests being the 
outgrow th of some special demand m ade b y  th e consumer.

C h i c a g o



934 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  8, N o . 10

F L O U R  M IL L IN G  P R O B L E M S

B y H a r r y  S n y d e r  

Chem ist, Russell-M iller M illing Com pany

In responding to  the request to present a  paper on “ Flour 
M illing Problem s,”  a t this m eeting of the Am erican Chem ical 
Society, I shall discuss briefly some of th e problems w ith  which 
the flour m anufacturer has to  deal, w h at is being done to solve 
them , the aid C hem istry renders in their solution, and the di
rection w heat and flour investigations should take in order to 
be of the m ost use to  all concerned: the producer, the m anu
facturer and the consumer. B y  flour I mean the fine bolted 
product of w heat— as this is w h at is usually  understood b y  the 
term when one purchases flour in the m arket.

T h e flour m illing industry is of large proportions. T h e U . S. 
Census num bers the m ills b y  the thousands. A lthough m any 
of those included are old grist mills, b y  force of circum stances 
idle, it is estim ated th at th e to ta l num ber of flour m ills either 
in active  operation or capable of being operated is approxi
m ately 7,500, w ith  a  to tal daily  cap acity  of about 1,000,000 
barrels. T h e industry is w idely distributed, no one state having 
over 15 per cent of the total flour-m aking cap acity  of the country, 
and no one m anufacturer over 4 per cent.

WHEAT

T h e U nited States produces annually from 600,000,000 to
1,000,000,000 bushels of wheat, from 50 to 70 per cent being 
raised in the w inter w h eat states, the balance being spring 
wheat. T h e w h eat yield in the U nited S tates fluctuates from 
12.3 to  16.6 bu. per acre, the average for the past 17 years being 
abou t 14.2 bu. T h e yield per acre com pared b y  10-year periods 
does not appear to  be decreasing. T here has been a  tendency 
for a decrease in w heat acreage (if we om it the past tw o years 
which have stim ulated w heat production). T h e  average con
sum ption of w heat in this country is about 5.3 bu. per capita.

T h e U nited States is a wheat-exporting country, but how 
long she w ill continue to  be so no one can accurately  predict. 
W hile no large areas of virgin  land rem ain to be brought under 
w heat culture, it is estim ated th at nearly one-fifth of the land 
area of this country now classed as “ non-tilled agricultural”  
is suitable for agriculture.

W ith  the application of im proved methods of farm ing the 
w heat yield  could easily be increased 20 per cent or more. Speak
ing of the agricultural phase of the w heat-supply question as it 
deeply concerns the miller, I  believe we are reaching a  point 
in our agriculture where w h eat m ust be raised as a regular farm 
crop under good system s of rotation rather than be produced as 
a v irgin  soil crop. I f  the U nited States is to m aintain lier 
prestige for wheat production, it m ust be  through a  continuance, 
or even an  im provem ent, in the production of the best types 
of w heat for flour and bread-m aking purposes. T h e miller 
occupies an interm ediate position betw een the producer and 
the consumer. H e bu ys the w heat, m akes the flour, sells it 
to the distributor or consumer and has to shoulder a n y  respon
sib ility  as to  lack of qu ality.

T here are a num ber of flour m illing problems w hich are inter
esting, but of w hich on ly brief mention will be made, as varia
tions in th e character of w h eat from  year to year, due to  cli
m atic conditions. Some years the miller has to  use w heat 
which contains 14 to  16 per cent of m oisture and th is results 
in h e a vy  losses in m illing; then again th e w h eat is dry and more 
norm al conditions prevail. W eeds have become very  prevalent, 
causing m uch trouble in cleaning the w heat. S m ut and fungus 
diseases, some of which can be  largely prevented b y  proper 
treatm ent of th e seed wheat, present difficult milling problems. 
R u st is a  factor th at some years m ust be reckoned w ith. The 
tendency of wheats a t  tim es to  become starch y as in yellow 
berry, the influence of storage upon the q u ality  of th e grain and 
the effect of different m ethods of storage are other problems

w ith  which the m iller m ust be more or less conversant. M an y 
of these problems are w orth y of the best attention  of our N ational 
and S tate  D epartm ents of A griculture and Experim ent Stations.

T h e  miller, as a  m anufacturer, has entirely different conditions 
to contend w ith than the m anufacturer where the raw  m aterial 
is absolutely uniform from  year to year and where only the 
process of m anufacture needs to be considered in order to m ake 
a  uniform product. A t  tim es, if he secures his raw  m aterial 
a t not prohibitive cost, he m ust obtain it  from different states 
or localities. T his he is privileged to do, as is right, provided 
he m aintains h is'flou r qualities and m akes no deceptive claim s 
as to the origin of the wheat used. D uring the past year the 
v ery  w et harvest time spoiled more or less of the w h eat in some 
of the southwestern states. A s a result an appreciable volum e 
of strong w heat has been shipped from the northw est to  the 
southwest, and consequently flour qualities were m aintained. 
In  other years, w ith  reverse conditions, the hard southwestern 
w heats find their w ay  to northw estern points. T h is is regulated 
largely b y  transportation charges and local conditions. M an y  
sm all mills, too, in the eastern and central states, find it  ad
vantageous to use some northw estern and southw estern w h eat 
to  blend w ith their local wheat. In other countries th e blending 
of w heats is more extensively practiced than in the U nited States, 
particularly where there is but little  home-grown w h eat and the 
country is dependent upon the surplus of other countries.

PROCESS OF MANUFACTURE

F lou r milling is d istin ctly  a  m echanical industry, the object 
being to rem ove from  the w heat berry the outer, coat or wheat 
bran and the other offal, and to  reduce the w heat to  a  fine state  
of division, thereby m aking a  product th a t is in a better physical 
condition for bread-m aking and also in a  form  th a t is more com 
pletely digested and absorbed b y  the body.

Since the advent of the bleaching processes, suggestions have 
been made th a t flour m illing is both a  m echanical and a  chem ical 
industry, b u t this is not a  correct view, because flour m illing is 
in no w a y  prim arily dependent upon bleaching processes no 
m atter w h at the status of bleaching m ay prove to  be. T here 
are no chemical processes involved in the separation of the 
bran and the w heat offals and in the reduction of th e  flour, 
nor are there chemical reagents of any kind em ployed; hence 
the problems which arise are necessarily different from those 
in a m anufacturing plant where chem ical reagents are used and 
where a series of chemical changes occur.

T h e principal features of the m illing process are cleaning the 
wheat, rem oving the offal, and then the gradual reduction of 
the stock into flour. B y  means of "b reak  rolls”  the w heat 
kernels are partially flattened and crushed, m aking a m echanical 
m ixture of various sized particles: a  little  break flour, inter 
m ediate particles (called Flour M iddlings), and larger sized 
crushed or flattened portions of w h eat kernels. A ll of these 
particles are separated b y  means of sieves of different sizes 
ranging from fine silk w ith 15,000 or more meshes per sq. in. to  
coarse wire cloth. T h e middlings are conveyed to the middlings 
purifying machines and the coarser stock to  another break roll. 
T h e  purified middlings are in turn gradually reduced to  flour 
b y  means of sm ooth rolls. T here is no sharp line of division 
between the flours obtained a t th e break and the m iddlings rolls. 
Som e of the middlings are no more free from  fiber and debris 
particles than the best of the break flours. M uch depends upon 
the system  of milling em ployed and th e skill of the miller in 
m aking the m echanical separations. T h e break and reduction 
rolls and the middlings purifier are am ong the essential features 
of the gradual reduction process. I f  a  short break system  of 
m illing is em ployed w ith a  minimum of purification, the flour 
is not so free from  dust, fiber, and debris particles. In  general, 
the cleaner and purer the flour, the better its  baking qualities.
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APPLICATION OF CHEMICAL TESTS

T h e task  of distinguishing betw een flours of various degrees 
of comm ercial qu ality  is com plicated b y  three sets of factors:
(1) Variations in w heat qualities not susceptible to chem ical 
determ inations, (2) lack of uniform ity as to milling processes, 
and (3) lack of sufficiently refined m ethods to  distinguish differ
ences in proportion to  comm ercial values.

One of the methods proposed for determ ining the mechanical 
grade of a flour is from the ash content. So far as I am aware 
I w as the first to  propose this method, abou t 25 years ago. I, 
therefore, feel a t  liberty to discuss the subject fu lly . A s I have 
published a num ber of articles relative to the ash content and 
the grade of a flour, there is b u t little  to add a t  this tim e other 
than to say  th at m y v iew  now' is substan tially  the same as ex
pressed in m y  w ritings.1

“ F lou r m ade from fu lly  m atured w heat has the minimum 
ash content because high m atu rity  is usually accom panied by 
low ash. T h e ash determ ination, alone, cannot be used to 
establish the com parative value of tw o samples of flour contain
ing, respectively, 0 .36 and 0 .40  per cen t ash; the one w ith the 
lower per cent ash is n ot necessarily the better flour. If, how
ever, tw o sam ples of flour contain 0.42 and 0 .55 per cent ash, 
respectively, the form er is a  p atent and the latter a  straight 
grade flour. W hen m aking comparisons, however, too strict 
an application of the results is not adm issible, p articularly  when 
the ash determ inations are m ade in different laboratories and 
b y  different analysts, as the results then are not alw ays strictly  
com parable. W hen the ash determ inations are made under 
sim ilar conditions the results are of m uch value in determ ining 
the grade of a flour.”  (M inn. E xp t. S ta., Bull. 85, p. 192.)

In m y published w-orks I have placed the ash content of patents 
as ranging from 0.3s to 0.48 per cent, straigh t grade from 0.48 
t<3 0.55 and clears from 0.60 to  1.80 per cent. In  m y “ Hum an 
Foods,”  p. 145, I state:

“ P aten t grades of flour rarely  contain more than 0.55 per 
cent ash, the better grades less than 0 .5  per cent. T h e more 
com pletely the bran and offals are rem oved during the process 
of milling, the lower the per cent of ash. T he ash content, 
however, cannot be taken as an absolute guide in all cases as 
noticeable variations occur in the am ount of mineral m atter or 
ash in different wheats. S tarch y w heats th a t have reached 
full m atu rity  often contain less than hard w heats grown upon 
rich soils where the growing season has been short, and from  
such w h eat a soft, straight flour m ay have as low a per cent of 
ash as a hard first p atent flour. W hen only straight or stan d 
ard p atent flour is m anufactured b y  a  mill, all the flour is in
cluded which would otherwise be designated as first and second 
patents and first clear.”

A s these quotations are from  m y published works of years 
ago, and prior to  m y becom ing a miller, or identified w ith the 
milling industry, a n y  sim ilar statem ents th a t I m ay now m ake 
concerning the application of ash tests in determ ining the 
grade of flours can  not be regarded as biased. A s previously 
stated , ash determ inations m ade in different laboratories and 
b y  different analysts are not a lw ays com parable.

T o  w h at extent do variations in the ash content of a  flour 
occur when the same sam ple is tested in different laboratories 
and b y  different analysts? Such a test w as made b y  the A ssocia
tion of Official A gricultural Chem ists and is reported in B ureau 
of C hem istry Bulletin  152 (Proc. 29th Annual Convention, 
A ss ’n of Agr. Chemists, p. 107). "Sam p le  A  was a  straigh t 
flour from F ife  w h eat.”  T h e w h eat w as stored and milled at 
" th e  mill a t the N o rth  D ak o ta  A gricu ltural Experim ent S tation .”

P e r c e n t a g e s  A s h : M e t h o d  A  M e t h o d  B  M e t h o d  C
Addition

Electric Muffle Calcium
A nalysts Muffle Furnace A cetate

Leila D unton, M an h a ttan , K a n s .............. 0 .708 0.706
F . M . T hom as, Ag. Col., N . D . . . . 0.647
H. L. W essling, Chicago, 111........... Ó .72
B. R . Jacobs, W ashington, D. C . . 0 .70 0.695
R . B. Beard, Ag. Col., N . D .. . .  . 0.695
H . L. W hite, Ag. Col., N . D ......... ! Ó.*7Í
C. K . G lycort, S t. Paul, M in n . . . . 0.678 0Í673 0.663

1 E arly  reports M innesota Experim ent S ta tion ; also Bull. 101, O. E . S., 
U. S. D ep t, ef Agr.

In  com m enting upon the tests, M r. A . S. M itchell, then in 
charge of the St. Paul L aboratory of the U . S. D epartm ent of 
A griculture, a p tly  states: "S in ce  A  and B  give practically  the 
same results, there seems to be no necessity for distinguishing 
betw een a m ethod in which an ordinary muffle is used and one 
where an electric muffle is used.”

A s all of these m ethods are used b y  chem ists it is fair to  
draw conclusions as to  the variations which m ay occur when 
a  num ber of chem ists test the same sam ple of flour. T h e  m axi
mum result is 0.72, the minimum 0.663 per cent. H ence it 
would seem fair to  say  th at in well controlled analytical work 
variations of 0.05 to  0.06 per cent in the ash content of a flour 
m ay occur betw een the results of different analysts. These 
extrem es were found respectively in the C hicago and St. Paul 
Laboratories of the U . S. D epartm ent of A griculture. W ith  less 
experienced analysts th e differences undoubtedly would be even 
greater. Since we m ust allow a t least 0.06 per cent tolerance 
in an ash te s t of flour for uncontrollable analytical errors, serious 
difficulties m ay arise in the practical application of the results.

Suppose a  m iller sells to  a  flour dealer 100,000 bbls. of flour, 
n ot an unusual order. I t  w as agreed th at the flour should con
tain  a certain percentage of ash. Suppose the flour declined 
$0.50 or S i .00 per bbl., as has been th e case the past year, and 
th e purchaser w as facing a  loss of $50,000 or $100,000. N ow  
if the flour w as received and a sample was tested b y  another 
chem ist and found to  have 0.04 or 0.06 per cent more ash th an  
w as agreed, the purchaser could claim  th a t he had received a 
poorer grade of flour than  the con tract specified. If there really 
w as an actu al difference of 0.05 per cent ash, the flour shipped 
would be worth from 30 to  40 cents a  barrel less than the con
tra ct grade. On th e basis of a difference of 0.05 per cent ash 
a claim  for $30,000 to  $40,000 could be m ade for dam ages b y  
the purchaser and there w ould be an excuse for litigation, when, 
in fact, there is no basis for any dispute because the 0.05 per cent 
difference in ash is w ithin the lim its of error when flour is tested 
in separate laboratories b y  different chemists.

R everse th e conditions— suppose the flour advanced in price. 
I f  th e m iller wished to  take advan tage of th e facts, know ing th at 
tw o chem ists would differ b y  0.06 per cent in ash, and knowing 
th a t such a  factor of tolerance m ust be allowed, there w ould be 
nothing to  prevent the order being filled w ith  an inferior flour 
th a t would pass the ash test and would not be the qu ality  th at 
the purchaser supposed he w as getting.

FLOUR GRADES

T h e sample tested b y  the Official Chem ists is a straigh t grade 
flour milled a t  the N orth  D ak o ta  A gricu ltural Experim ent S ta 
tion, and contains 0.66 to  0.72 per cent ash. I t  is a typ e  of flour 
m ade b y  w h at m ight be term ed a  m ill of v ery  lim ited or of 
minimum cap acity. H ow would such a sam ple com pare in 
ash content w ith  a  straight flour m ade b y  another mill? T h a t 
would depend upon the character of th e w h eat used and the 
n ature of the m achinery em ployed. D r. Ladd, as chairm an 
of the F lou r Standards Com m ittee, D epartm ent of Agriculture, 
proposes "stra ig h t flour from hard spring w h eat 'contains’ 
n ot more th an  0.52 per cent of ash.”  I f  such a  standard were 
adopted D r. L a d d ’s flour mill, along w ith a  large num ber of 
others, w ould have to stop m aking flour, as such a  m ill’s product 
would be illegal, being a  straigh t flour w ith 0.66 to  0.72 per cent 
of ash, determ ined b y  tw o separate U . S. D epartm ent of A gri
culture Laboratories and w ith  0.14 to  0.20 per cent excess of 
ash over and above the lim it of 0.52 per cent. On such a  basis 
the flour w ould be adulterated or m isbranded, probably the 
latter.

Various attem p ts have been m ade to  define flour grades. W hat 
is p atent flour? W ho can tell? A s well try  to  answer the ques
tion: “ H ow  old is A n n?”  In  discussing flour topics in a  recent 
hearing before the W ay s and M eans Com m ittee of the House 
of R epresentatives on the proposed M ixed Flour L a w  and the
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am endm ents to  the Pure Food L aw , D r. W iley  a p tly  answered 
the question from a chem ical point of view  (page 374, H . R . 
9409).

M r . R a i n e y : “ I n  w h a t  w a y  a r e  th e  d if fe r e n t  g r a d e s  o f  f lo u r  
d e s ig n a t e d ? ”

D r . W rL E Y : " I  a m  n o t  a  m ille r  a n d  I  d o  n o t  k n o w . I
k n o w  th e  c o m m o n  n a m e s  t h a t  a r e  a p p l ie d .”

T h e difficulty is th at mills do not have w h eat of uniform  char
acter from year to year. T h e  w heats differ w idely in different 
parts of the country, and furtherm ore the equipm ent in mills 
is necessarily so varied, in order to mill the different kinds of 
wheats, th a t the products designated as patents, straights, or 
clears are not adm issible to classification on a  hard and fast 
basis of ash content, or on the basis of a n y  other constituent or 
quality.

If these chem ical tests are not as y e t sufficiently accurate to 
determ ine the grade and qu ality  of a  flour, are baking or other 
tests any more accurate and reliable? T his question can best 
be answered b y  reference to  the A ssociation R eport previously 
quoted. T h e  straight flour testing 0.66 to  0.72 per cent ash, 
as noted, was subjected to  baking tests in different S tate  and 
G overnm ent Laboratories. T h e results showed a range in volum e 
from 1990 to  2520 cc., a difference of 530 cc. T h e  largest loaf 
volum e was 25 per cent more th an  the sm allest loaf. T h e color 
values ranged from 90 to  101. T h e absorption of w ater for the 
340 g. of flour used in baking ranged from 50.2 to 57.3. I t  would 
seem then th a t allowances of 7 per cent in absorption, 25 per 
cent in volum e and 10 points in color and texture m ust be allowed 
for differences in the w ork of individuals, testing flour b y  baking 
tests. A s to the comparisons of gluten tests, b u t few figures 
are available, b u t th ey  show a  range from  33.7 to 37.57 for moist 
gluten and 13.1 to  13.82 for dry gluten. T h e tota l nitrogen 
content ranged from 2.34 to  2.505, a  difference of 0.165 Per cent 
or about 1.0 of protein. In  another report (Aug. 15, 1915, 
Journal of the Association of Official Agricultural Chemists), the dry 
gluten of tw o analysts working on the same samples ranged from 
10.81 to 14.63 per cent on one sample, to  10.95 and 13.32 per cent 
on another sample.

In interpreting the com parative results of either chem ical or 
bread-m aking tests of tw o persons working on the same sample 
of flour and w ith  the same methods, b u t in different laboratories, 
a  range of 10 to  25 per cent m ust be allowed for uncontrollable 
errors, depending upon the feature under comparison. These 
differences betw een the results of investigators are well established 
b y  the w ork of th e A ssociation of Official A gricultural Chem ists. 
I t  is better for chem ists fran kly  to  adm it these lim its of error 
than to  attem pt to  condone them .

I do not wish to  leave the impression th at chem ical and 
baking tests of flour are of b u t little  value. T heir greatest value 
comes w hen the “ personal error”  is reduced to th e minimum b y  
the skilled flour technologist who is m aking the same tests day 
after d a y  in the same w ay, under absolutely uniform conditions 
and when his results are com pared one w ith  another. W hen 
millers and bakers get such w idely divergent results on the 
same sam ple of flour tested b y  different chem ists in different 
laboratories, th ey  are confused and there n aturally  arises more 
or less a feeling of lack of confidence for the whole system  of 
flour testing. I  heard one mill m anager express him self thus: 
" I f  you  have a  flour tested, be sure and have it  tested b y  a  num 
ber of chem ists so as to  have a  v arie ty  of results to  pick from .”

A  mill owner, M r. K rafts, of S t. Louis, a t the hearing before 
the F lour Standards Com m ittee last June, said in part (p. 168):

" B u t  I don’t  remember ever having a n y  flour analyzed. 
O n ly once I heard of it. Once m y partner said to  me th at some
body said his 95 per cent flour w as better than ours, and th a t he 
had this thing and th at tiling in it. I  said, ‘M ayb e  it  has: 
W h a t are those things?’ I knew  w e did n ot p u t anythin g 
like ’em in ours, th a t’s all I knew, and he said, ‘Suppose we get 
some of our samples analyzed, and see.’ I said, ‘G o ahead, I 
don't m ind,’ and so he sent some to  some fellow— somebody

told him about— and it  cam e back, and he cam e in and showed 
me the returns from the doctor. And he said: ‘W h a t’s this 
mean— do you  know?’ and I said: ‘Chris, look a t  that, will 
you! Look w h at you have got in the flour.’ I knew we hadn’t  
put anything like th at in there and th a t’s all I  knew. I said: 
‘W h at are all these things anyhow ?’ T h e y  didn’t  con vey 
to  m y mind anything a t all. I rolled it up and threw it  in the 
w aste basket, and th a t’s how I know we had it analyzed on ce."

A nother m ethod occasionally em ployed b y  practical millers 
to  determ ine the valu e of chem ical or baking tests is to  send 
separate portions of the same sam ple of flour, under different 
names, to  the same laboratory for tests. A t  the hearing to  re
peal the M ixed Flour Law  such an incident is given b y  M r. 
Shoening, a  miller of Illinois:

"N o w , no man has more respect for a chem ist than I have. 
I  have a chem ist in m y fam ily now. M y  son is a graduate of
t h e  U niversity. He took a special course in chem istry
and has a diploma. W hen he cam e back I p u t him to  work. I 
bought him a pair of overalls and made a practical m iller out 
of him. He w anted to run the m ill. T his is his hobby. Then 
he began to  analyze the flour as he m ade it. I knew th a t the 
flour was uniform, but he got a  different result every tim e he 
made an analytical test.”  T hen  M r. Shoening tells how he 
took a sample of flour, divided it into three parts, sent the sam 
ples from different express offices to  the same laboratory. "W ell, 
sir, when those reports came back— and I have the docum entary 
evidence now in m y desk a t Colum bia, although I have never 
said anything abou t it— th ey were such th at if those laboratory 
tests would govern the price of flour, I would have to  sell the 
same flour, made out of the same w heat— 90 cents a  barrel 
less for one sam ple than I would have to  take for the other.”

These quotations are n ot given w ith an y  v iew  of discouraging 
flour testing b y  chem ical or baking methods, but rather to  show 
how m any millers actu ally  regard such tests. T h e  fact is, 
millers in general do not consider flour-testing, as it  is ordinarily 
practiced, of a n y  great value. I th ink much of this view  "is 
due to the chem ist not perfecting his m ethods of investigation, 
n ot thoroughly studying the questions involved and attem pting 
to draw definite conclusions on insufficient data. In  the case 
of the ash test, too m uch is le ft to the individual judgm ent of 
the chem ist as to ju st how far the refining process should be 
carried so as to secure an ash of definite characteristics. T h e 
old distinction betw een crude ash and pure ash seems to  have 
been discarded. In  discussing the ash content of cereals and 
flours, the Chem ical D ivision of the U. S. D ept, of A griculture, 
years ago,1 stated some general principles which are particularly 
applicable to  the question. A t  th a t tim e the Official M ethod was

“ T h e charring of the m aterial a t a  low tem perature, the ex
traction of the char w ith  hot, distilled w ater to  rem ove the solu
ble ash therein and the final com bustion of the carbonaceous 
residue a t as low a  tem perature as possible until an ash fairly  
free of carbon is secured. W hile this m ethod can be applied 
w ith a fair degree of success to sm all quantities of cereal flours, 
and for the purpose of determ ining sim ply the percentage of 
ash therein, the a ttem p t to  ap p ly  it  to considerable quantities 
for the purpose of securing an am ount of ash for the com plete 
analysis is attended w ith  difficulties.”

These difficulties are enum erated under four headings, showing 
w hereby excessive tem peratures m ay bring abou t losses and un
balanced com binations of the ash constituents, and incom plete 
oxidation on the other hand m ay leave a  considerable am ount of 
carbon. " A t  best the ashes are of a light gray  color and in some 
cases, owing to  the excess of carbon, inclined to be black. T h e 
application of sufficiently high tem perature to  secure com plete 
oxidation produces serious changes in the com position of the 
ash, rendering com plete oxidation difficult.”

A  crude ash determ ination cannot be le ft to  the novice. T h e 
ash should be granular, and as free from  carbon as possible. 
I f  fused, a  glassy coat of phosphates m ay be form ed causing a 
dark ash due to  occlusion of carbon. C onstant w eigh t is not 
necessarily a  criterion of an accurate ash test. M an y  flour 
ashes apparently  pure are found upon exam ination w ith  a  low- 
power microscope to  contain innum erable unburned carbon 

> Bull. 13 . Part 9 , p. 1210.
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particles, appearing like unburned coal in coal ashes. P articu 
larly  is the ash rich in carbon if too m uch flour has been burned, 
say over 2 g., in a dish th a t is not sufficiently exposed to  the air, 
and where the ash forms £n appreciable layer. T h e best ash 
results are obtained b y  long com bustion a t a low tem perature to 
insure reasonable oxidation of carbon. Such an ash can a t the 
close of the operation be fused, if desired, w ithout loss of weight, 
provided the tem perature is not raised m uch above 675 0 C . A n 
ordinary set of analytical weights of the first class when checked 
against special standardized weights of the Bureau of Standards 
m ay show variations sufficient to  cause a difference of nearly 
0.02 per cent in an ash test. W hen we consider all of the possible 
sources of error in an ash test, it  is not surprising th at tw o analysts 
m ay show a  difference of 0.06 of a  per cent when testing the same 
sam ple of flour. Errors in draw ing samples also occur: these 
I have discussed in a  previous paper and w ill not consider a t 
this tim e.1

NEW  ACIDITY TESTS 

In  considering acid ity , difficulties arise which are v e ry  con
fusing. T h e per cent of acid obtained from  a  sample of flour 
varies directly  w ith  the tim e of extraction  and the tem perature 
em ployed; hence it  is essential th a t these tw o factors be uniform ly 
m aintained to  secure concordant results. T h e  acid ity  is a  m eas
ure of a  num ber of things— soluble proteins, certain soluble 
ash constituents and a n y  free lactic  and sim ilar acids th at m ay 
be present. In  the Official T ests as previously m entioned, a  
variation  of 0.10 per cent m ay occur betw een the results of differ
ent investigators working on the sam e sam ple (see page 108 
for results: 0.29, 0.275, 0.258, 0.198 and 246 per cent acid o b 
tained b y  different official workers).

L a st y ear or the y e a r previous the A ssociation of Official 
A gricu ltural Chem ists adopted as a provisional m ethod a  tem 
perature of 40° C . and a tim e lim it of one hour(?). T his m ethod, 
until further tests are made, should be considered no more than 
provisional, as i t  appears to  have been tried b y  only tw o co
operating chem ists although w ith  quite satisfactory results. 
T h is m ethod gives som ewhat higher figures th an  obtained for
m erly where 1 7 0 C . was th e tem perature em ployed for extrac
tion. A  flour w ith 0.09 per cent acid ity  b y  form er tests m ay 
show 0.11 per cent or so b y  the present provisional m ethod w ith  
a  higher tem perature for extraction, and hence this year where 
m illers and bakers have had a cid ity  tests m ade and higher re
sults reported, some have been unnecessarily alarmed, fearing 
th a t the excess of acid indicated unsoundness of the flour, when 
in fact the higher acid ity  is n ot due to  unsoundness b u t to  changes 
in m ethods of analysis. T his is confusing to  the laym an  and 
difficult to  explain to  him.

FLOUR BL E A C niN G  

I  am not discussing the color of flour, or flour bleaching in 
th is paper, because this m atter is still in litigation  and its dis
cussion now would be inopportune. T here are certain general 
facts, however, w hich appear to  be established b y  the U . S. 
Suprem e C ou rt decision in directing a  retrial of th e case.

" I f  it cannot b y  an y  possibility, when the facts are reasonably 
considered, injure the health of any consumer, such flour, though 
having a sm all addition of poisonous or deleterious ingredients 
m ay not be condemned under the a ct,”  and " I t  is not required 
th a t the article of food containing added poisonous or other 
added deleterious ingredients m ust affect the public health, 
and it  is not incum bent upon the G overnm ent in order to  m ake 
out a case to  establish this fa c t.”  * * “ the added poisonous
or deleterious substance m ust be such as m ay render such a rti
cle injurious to  health. I f  the testim ony introduced on the 
p art of the respondent was believed b y  the ju ry  th ey  m ust 
necessarily have found th a t the added ingredient, nitrites of a 
poisonous character, did not have the effect to  m ake the con
sum ption of the flour b y  a n y  possibility injurious to the health 
of the consum er.” 2

H ence it  would appear th at the question as to  possibility of
1 8th Intern. Congr. A p p l. Chem., 18, p. 323.
* U. S. Suprem e C ourt Decision No. 548, October Term , 1913.

in jury  to  the health of the consum er b y  the use of bleached 
flour has been disposed of b y  the Suprem e C ou rt decision. T his 
would leave, however, other phases of the question unsettled. 
I t  would seem then th a t bleaching of flour is not to be pro
h ibitive on th e basis of a n y  possible in jury to health, b u t if a n y 
th ing is to  be done it w ill be of a regulatory nature. In  con
sidering flour bleaching, each m ethod of bleaching, nitrogen 
peroxide, chlorine, etc., should be considered upon its own m erits 
or dem erits as the case m ay be. T h e full legal status of flour 
bleaching should be settled for the general good of the flour 
trace, and a uniform  practice be followed in all parts of the U nited 
States.

A s a  rule, flour made b y  m echanical processes is not su bject 
to adulteration. T h e M ixed  F lour L aw  passed b y  Congress in 
1898, put a  stop b y  regulatory measures to  indiscrim inate m ixing 
of corn and wheat flours and introducing into flour com -starch 
and other m aterials, which practice a t th a t tim e w as quite 
threatening to  the flour industry. D uring the past year it  has 
been proposed to  repeal this law and amend the present N ational 
Pure Food Law , so as to  perm it the blending of corn-starch and 
w heat flour w ithout the present regulatory measures— the m ixture 
to be sold under the name of flour. I t  is a  measure w hich the 
flour industry opposes p ractica lly  as a unit.

Unless the miller m akes some m isstatem ent in labeling his 
packages of flour, he has b u t little  to  do w ith  food laws, as the 
fine bolted m aterial made from w h eat is flour and there is no 
possibility for adulteration to  occur. In  the case of the feeds 
and w h eat offals, a  statem ent of protein content, crude fa t  and 
crude fiber is generally given on th e package, also a statem ent 
as to  an y  screenings present, as m ost states have law s calling 
for th is data. U su ally  the labeling of his feeds gives the m iller 
b u t little  trouble, as he generally aim s to  m ake th e guarantee 
low  enough to  cover ordinary fluctuations. H owever, errors in 
sam pling and analysis arise and sometim es the sam e goods 
m ade from identical w h eat on the sam e d ay w ill be tested and 
reported on favorably  b y  one state  inspection and reproved b y  
another as deficient in  some constituents, and the miller is 
warned. T his brings up the question as to how m uch tolerance 
should be allowed for uncontrollable errors in analysis of a sample 
of feed. If, say  a dozen or more state  chem ists were all working 
upon the same sam ple, to  w h at extent would their results vary? 
Such tests have been m ade b y  the A ssociation o f  Official A g ri
cultural Chem ists.

A n interesting report on cooperative tota l nitrogen tests upon 
which protein content is calculated is recorded in  Jour. Assn. 
Official Agricultural Chemists (N ov. 15, 1915), p. 380. Sixteen 
Official Chem ists took part in the w ork, all testing the same sample 
for to ta l nitrogen. T h e  Associate Referee who conducted this 
com parative w ork rem arked: "T h e  figures for to ta l nitrogen
are, w ith  the exception of one result, quite satisfactory.”  O m it
ting this high result the difference betw een th e low est and 
highest nitrogen tests (2.46-2.76) is 0.3 per cent nitrogen, which 
calculated into protein  is equivalen t to  1.87 per cent. On the 
basis of the low est test 15.37 per cen t protein w as found, and on 
the highest 17.25 per cent.

Som e state  chem ists fran kly adm it th a t a t  least 1.0 per cen t 
or more can be allowed in a  protein test for uncontrollable errors. 
O ther state  chem ists w ill n ot adm it an y  tolerance and stand 
read y  to  consider m ill feeds below th e guarantee if th ey  fall 
short of 0.50 per cent. T here should be a  uniform  practice 
followed in all states, and a fair tolerance allowed as chem ical 
analyses o f feeds have b y  no m eans reached a  position where the 
results of one chem ist can be absolutely duplicated b y  another.

FUNCTION OF TIIE CHEMIST IN A  FLOUR M ILL

A  sm all or medium-sized mill cannot afford to  em ploy a  chem 
ist regularly. A  flour technologist, a person fam iliar w ith  the 
m anufacture of flour from  the m echanical or m illing point of
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view , will be of the m ost service in such mills. Such a person 
m ust have a  practical knowledge of bread-m aking and of the 
general w orking qualities of flour. In  a large flour mill organiza
tion there is a place for the chem ist provided he is properly- 
equipped for the position. He m ust have a  fair knowledge of 
flour milling from the m cchanical side, and also a  thorough 
knowledge of technical bread-m aking, along w ith his chem ical 
training. T h e broader his chem ical training the better equipped 
he is for his work. T here are m an y chem ical engineering prob
lems in a m ill to investigate, as cost of fuel, reduction of boiler 
scale, lubricants, strength of cloth used for flour containers, 
etc. If the chem ist can help reduce the cost of a  barrel of flour 
even a fraction of a cent, he is assisting m aterially  in the general 
econom y of production.

FLOUR RESEARCH

T h e main part of the chem ist’s w ork should be research. 
M an y  of the possible problems are of such a  character as to 
escape entirely the notice of chem ists not intim ately connected 
w ith a flour m illing plant. Such a  problem is w h eat storage in 
its relation to flour qualities. T h e  w heat kernel undergoes a 
cycle of interesting changes from the tim e of harvest until it  
reaches w h at m ight be term ed its old age. These are largely 
cell respiration changes. T h e a ctiv ity  of the germ and the 
products which it forms are interesting questions. Our ordinary 
methods of analyses are not sufficiently refined to investigate 
m any of the problems. Some of the methods em ployed in 
measuring changes in physical chem istry are promising. A  
slight increase in soluble constituents, as changes preceding 
germ ination, are reflected in the con du ctivity . T he chemist 
and flour technologist can closely cooperate in the stud y of 
m any questions, b u t the chem ist m ust not get the m istaken idea 
th at his analyses will point the w ay  to the solution of all of a 
m ill’s problems. l i e  must cooperate w ith  all departm ents. 
If, along w ith the necessary equipm ent for his position, he has 
a  fair business knowledge, he m ay occasionally m ake suggestions 
th at w ill be of some value. A  little  of the tim e of the chem ist 
w ill necessarily be given to routine work, but this he can well 
afford to  reduce to  the minimum as the flour technologist can 
generally give more and better inform ation than can the chem ist 
from the chem ical analysis alone. A  good flour technologist 
often makes a poor chem ist, and a good chem ist often proves a 
poor technologist. Chem ical and technical knowledge are some
tim es possessed b y  the same individual to a fair degree.

M an y  of the problems in connection w ith  w heat and flour 
are of a  biochem ical nature. I use this term  advisedly as it is 
becoming such a  popular one th at there is a  tendency to use it 
indiscrim inately, and I fear some of the courses of instruction 
in biochem istry th at have sprung into existence “ over n ight,”  
as it were, will need to be greatly  strengthened in order to prove 
satisfactory.

I t  is as difficult in w h eat and flour work to  measure life pro
cesses b y  chem ical analysis as it  is elsewhere in the anim al and 
vegetable world. T w o  flours m ay have practically  the same 
percentage com position in protein, starch, and other constituents 
and ye t have w idely different values for bread-m aking purposes. 
I t  is not possible to  take a  flour of high protein content, dilute 
it w ith starch from a n y  cereal so th at it will show the same 
am otm t of protein or crude gluten as some other flour and have 
the tw o alike in their bread-m aking qualities. T here is an 
in dividuality  to wheats and flours which is not as ye t susceptible 
to exact measurements b y  chem ical methods. I t  is not only a 
question of the per cent of constituents in a  flour, b u t also of 
their interrelationship and the w ay in w hich the flour responds 
in bread-m aking. Some of the factors which im part quality  
to flour for bread-m aking purposes are well known, others are 
not; some even im part a n egative value. I t  is th e sum or total 
of all of the factors, positive and negative, which m ust be con
sidered in reaching a  conclusion, rather than a n y  one factor.

Sincc the m odem  reduction process of flour m illing is of such 
recent developm ent, much of the literature and the traditions 
of flour m aking ap p ly  to  the old mill-stone days when a less 
refined product was made. There are some who still argue with 
vehem ence th at the old grist mill and millstone flour is superior 
to  the modern product. A  few facts w ill, I believe, help to 
place before you the difference betw een the tw o flours so th at 
comparisons can be made. In the old gristm ill days little  or 
no attention was paid to  the cleaning of the w heat, and in the 
m illing process some of the bran and fiber were reduced w ith the 
flour, and the flour middlings were not com pletely rem oved from 
the bran and offal. T h e flour was dark in color, m ain ly on a c
count of its dirt content, and if used a t once made very  good 
bread, b u t soon developed a so-called " n u tty  flavor.”  T he 
flour had poor keeping qualities because it w as poorly m illed 
and w as not made from thoroughly cleaned w heat. T he n u tty  
flavor was due to  the first stages of b u tyric  acid ferm entation, 
the ferments being associated w ith the dirt and im purities in 
the flour. M odern, well-m illed flour has good keeping qualities; 
in fact, it gradually im proves w ith  m oderate age. In  modern 
flour there is a larger percentage of the tota l w heat kernel present, 
although som ewhat less of the dirt, bran and fiber. T h is is due 
to im provem ents in the milling system . M od em  flour is much 
cleaner and contains less im purities than the old gristm ill prod
uct and from a san itary point of v iew  is a better food product.

T h e flour chem ist m ust be fam iliär w ith  nutrition investiga
tions as problems relating to the n utritive  valu e of flour are 
continually arising. T h e general public is not well informed 
upon the n utritive valu e of foods and frequently is imposed 
upon b y  the statem ents of the uninform ed or those who wish to 
be pecuniarily benefited b y  the prom ulgation of such ideas as 
th at ordinary w hite flour and the bread m ade from it arc de
ficient in nourishment. G raham  L u sk 1 briefly notes this lack 
of knowledge as to the valu e  of foods: " E v e n  am ong educated 
persons one m ay hear the grossest error of judgm ent regarding 
the n utritive value of a  hen’s egg, and few of those who cat in 
restaurants realize th at the greatest quota of nourishm ent which 
is brought to them  lies not in the specific dish served, b u t in the 
bread and butter which ostensibly is presented as a  g ift.”

T h e  miller is som etim es v io len tly  censured for rem oving the 
bran from his flour. I t  is said th a t he robs the flour, takes out 
the m ost valu able  and nourishing part and sells a depleted article 
to  the public. I t  would be m ade to appear th at the miller w as 
doing this for his own profit. W h at are the facts? T h e bran and 
w heat offals sell for i l/t to i '/ j  cents per lb., while his flour sells 
for 2 l/2—3 cents per lb. I t  certain ly would be financially to 
the benefit of the m iller to sell bran a t  flour prices. W here, 
then, is there any gain to the miller for the so-called robbing of 
the flour of its m ost nutritious part? T h e  general public do 
not w ant and w ill not bu y flour containing bran, and the public 
cannot be coerced in m atters concerning food a n y  more than 
th ey can in religion or politics. T hen, too, there is sound reason 
in the public demand for w hite flour bread in preference to  bread 
w ith bran. T h e extensive experim ents conducted b y  the U . S. 
D epartm ent of A griculture, covering a series of years, have plainly 
dem onstrated th a t the flours w ith  the larger particles containing 
the bran are not so com pletely digested and absorbed b y  the 
body as the fine flours containing no bran. T h e bran lowers 
the digestib ility and the a va ilab ility  of the nutrients in the bread. 
There are cases where this m ay be an advantage, b u t not in  
the case of normal persons as the average m echanic or laborer. 
There are also individuals who are benefited b y  the m echanical 
action of the bran during digestion, but these cases form  no valid  
basis for reasoning th at all persons of norm al digestion should 
eat on ly bread containing the bran.

England, a  short tim e ago, w as vio len tly  agitated  b y  the 
B read Reform  League’s ad vo cacy of standard bread, bread made 

1 “ T he F undam ental Basis of N u tritio n ,” p . 1.
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from standard flour containing bran. A  Com mission of Parliam ent 
finally had to investigate the subject and w isely  reported th at 
w h at was m ost im portant was increasing the protein con
ten t of w heats and encouraging the use of flours w ith  the m axi
mum of gluten or protein.

A nother accusation occasionally m ade against bread is th at 
it is deficient in phosphates and mineral m atter. T h e  chief 
function of flour is to  furnish protein and carbohydrates chcaply 
and in liberal and well proportioned am ounts, b u t it furnishes 
also, liberal am ounts of mineral m atter. In a stud y of the ques
tion some years ago, Dr. H. W . W iley 1 in discussing the mineral 
m atter of flours says: "E n ou gh  is left, however, not on ly to 
supply the need of the body for mineral constituents, b u t also 
for the condim entary purposes mentioned above.”  G raham  
L u sk  says: "H ow ever, those who live on the usual mixed diet
rarely  suffer sa lt hunger.”  T h e  term  salt being used in the 
broad sense to  indicate mineral m atter. “ Salts, therefore, 
scarcely enter into the food as an economic question.”  T h e 
laym an fails to appreciate th a t phosphates are included in the 
mineral m atter and "sa lts”  along w ith inorganic or ash con
stituents as a group.

PROTEINS IN FLOUR

T h e more recent investigations of th e proteins, particularly  
of their derivative and com ponent parts, show th at not all 
proteins have the same n utritive value. Some contain a  larger 
num ber of typ ical substances necessary for growth and m uscular 
construction and others are deficient'even  in ccrtain derivative 
products. T o  call a substance a protein does not necessarily 
signify its absolute food value. T h is brings up the question: 
W h a t of the proteins of flour? G enerally speaking, a  flour w ith 
12 per cent protein has about 5 per cent each of gliadin and 
glutenin, and about 2 per cent collectively  of a  num ber of other 
proteins, albumins, globulins and proteoses. T h e  gliadin is 
th e glue-like body particularly  . characteristic of w h eat and 
which' serves as the "b in d er”  of the gluten. T h e  glutenin has 
all the essential com ponents for purposes of nutrition, and ranks 
equ ally  w ith a n y  protein as casein, or m eat proteins, or ov a l
bum in for "a ll sufficient sources of protein supply.” 5 T here 
is present in flour approxim ately 6 per cent of these proteins of 
th e A  or highest grade, which is tw ice as much as is 'fo u n d  in 
m ilk, and besides these there are 6 per cent more of gliadin and 
sim ilar proteins to serve for general conservation purposes. T he 
proteins of corn, the zeins, are not the equals of the w heat pro
teins, as the zeins do not contain in their m ake-up certain com 
ponent substances necessary for growth. R ecen t investigations 
and th e view s advanced in regard to  the n utritive value of the 
proteins in no w a y  affect the high position which flour and bread 
occupy in the dietary, because flour contains so much of the 
grow th prom oting proteins combined w ith  the conservation 
proteins.

T here are other substances, such as vitam ines, which are re
ceivin g deserved attention  in the study of foods. These protein 
derivative  substances, the products of cell activ ities of both 
p lant and anim al substances, tak e  a v ery  im portant p art in 
nutrition since in their absence neurotic conditions arise from 
m alnutrition. T h e  vitam ine bodies are particularly  lacking 
in such foods as rice and corn which are deficient in protein. 
Beriberi and pellagra are diseases caused b y  the use of large 
am ounts of foods which are deficient in protein and vitam ines. 
P ellagra occurs m ainly in those localities of the U nited States 
where the average consum ption of w h eat per cap ita  falls below 
4.6 bu., and not in the states consuming the average of 5.3 or 
more. A ccording to statistics pellagra is p ractica lly  absent where 
a  liberal diet is used in which bread forms an essential part.

In  this connection it  is interesting to  note th a t vitam ines are 
produced from the a ctiv ity  of the yeast plant, and hence bread

1 "F ood  and Food A dulteran ts ,"  Bull. 13, P a r t  9, p. 1217.
« G. I.usfc, p. 22.

made w itli yeast contains not only the vitam ine of the flour bu t 
also th a t made b y  the action of the yeast plant during bread- 
m aking. In  fact. F un k of the Lister Institute in the stu d y  of 
beriberi and its cure obtained the vitam ine principle from 
yeast. W hether the tem perature in baking is sufficient to 
destroy com pletely vitam ine products has not been dem onstrated, 
b u t it would appear th at it is not, as the interior of the m oist 
loaf in baking docs not reach a  particularly high tem perature. 
In  the case of polished and unpolished rice in the pellagra ques
tion, 110 study appears to have been m ade of the vitam ine prod
ucts contributed b y  the wild yeast present on th e surface of 
the rice and a  constituent of the rice polish.

VITAMINE CONTENT OP OLD AND MODERN FLOURS

Illogical com parisons are sometimes attem pted as to the 
v itam ine content of old m illstone and modern flour. It  is as
serted th at the old flour contained the vitam ines in abundance 
while the modern flour contains none. W h at are the facts? 
In  the absence of cxact qu an titative  methods for determ ining 
vitam ines, indirect m eans are em ployed. I t  is argued th at as 
more of the bran and fiber are rem oved from the modern flour 
it m ust of necessity contain less vitam ines. B u t here is one 
fallacy  of argum ent; bolting-cloths and sieves were used in 
m aking the old flour long before the adven t of modern m illing. 
T h e difference in bran content betw een the tw o is altogether 
too slight to ascribe special vitam ine v irtues to  the one and not 
the other. Furtherm ore, in modern m illing the flour layers 
supposedly richest in vitam ines are now more com pletely re
covered than in the old gristm ill product when much of these 
flours w en t w ith  the feeds. N ow  in the end the tw o flours, 
old and new, stand on the same basis as to vitam ine content.

B read enters into the dietary to a greater extent than would 
appear from a  superficial view  of the subject and is ju s tly  desig
nated "th e  staff of life .”  T h e Eastern, N orthern, C entral and 
W estern S tates all consume more flour than the Southern States. 
T h e U . S. D epartm ent of A griculture estim ates the consum ption 
of w h eat per capita  as ranging from 4 to  4V2 bu. in Georgia, 
Florida, N orth  and South Carolina, A labam a, M ississippi, 
K e n tu ck y  and Tennessee, and from 6 to  7.2 bu. per capita  in all 
of the states w est of the R ockies except California, also in 
M innesota, the D akotas, Colorado, W yom ing and O klahom a. 
T h e  rem aining states consume from 4 V 2  to 6  bu. per capita, 
the general average being 5.3. Assum ing the w heat to weigh 
60 lbs. per bu. and to  yield  72 per cent of flour, it would be equ iva
lent to 240 lbs. of flour consumed per capita  in the U nited States.

I t  is interesting to look a t  the economic aspect of the question. 
A  fam ily  of five persons, tw o adults and three others, either 
children or elderly persons, consuming respectively  0.27, 0.24, 
0.19, 0.12, 0.10 lb. of protein per day in accord w ith our dietary 
standards, would require a  total of 0.92 lb. of protein. T h is 
fam ily  of five consum ing the average of 240 lbs. per cap ita  of 
flour would use 1200 lbs. of flour per year. Assum ing this 
average flour (the to ta l flour from th e wheat) to  contain 11.50 
per cent protein, the 1200 lbs. of flour would, therefore, contain 
about 138 lbs. of protein. T h e average dietary of the fam ily 
called for 0.92 lb. of protein per day, or 336 lbs. per year; th at 
is to  say, over 40 per cent of the m ost expensive and most im
portant nutrient in the daily  d ietary of the average individual 
of the U nited States is supplied in th e flour. In  the states 
consuming 6 bu. and more per cap ita  of w heat, 45 per cent or 
more is thus supplied. Calculations made b y  the w riter a  few  
years ago and based upon the am ounts of foodstuffs consumed 
b y  the average fam ily, according to  statistics o f the U . S. B ureau 
of Labor, show th a t flour costs abou t one-tenth as m uch as a ll 
other foods combined, although it furnishes over 40 per cent of the 
total protein and over 50 per cent of the energy of the d a ily  ration.

T h e per cap ita  consum ption of flour in the U nited States is 
not as large as in some countries where cheap foods are neces
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sary. A  barrel of the best flour rarely retails for upw ards of $8.50. 
D uring the past tw en ty  years it  has been much below  this figure. 
E ven if flour should be sold a t  retail in sm all lots a t  5 cents per 
pound it  would still be the cheapest and best food to  form  the 
basis of a  dietary.

T here are other econom ic phases of the flour question th a t de
serve brief mention. T here are upwards of 66,000 persons en
gaged in various w ays in the m illing industry, over 40,000 as 
daily  w age earners, 11,000 clerks and salaried officers and about
15,000 proprietors and firm members. T h e tota l pay-roll is 
over $35,000,000 annually. T h e flour mills represent a  capital 
investm ent of over $400,000,000, p ay over $2,000,000 in taxes, 
and m anufacture nearly a billion dollars’ w orth of products in 
a year, and over 95 per cent of this sum is paid out for raw' m aterial 
and cost of m anufacture and sales. T his and sim ilar data  pre
viou sly  given are taken from U . S. Census Reports, abstracted 
and com piled in the M illers’ Alm anac, 1916, published b y  the 
N orthw estern M iller, M inneapolis, M inn.

I t  is very  essential th at the export flour m arket be kep t open, 
otherwise m any flour mills w ill be idle. If all the flour mills of 
the country were operated to  full cap acity  for a  little  over three 
m onths (100 days), th ey  w ould m ake enough flour for home 
consumption. T here is no industry in which there is ficrcer 
com petition for trade— both dom estic and foreign— than in 
flour m illing, and it  is safe to  say th at the average profits per 
year are m aterially less than 10 cents per barrel. A  num ber of 
years ago m y attention  w as called to  the singular fact th at a 
com pany w as saved from having a  deficit b y  using a barrel con
taining tw o less hoops than form erly. I t  is right th a t the 
chief food of a nation should be made not only as cheaply as 
possible, b u t also as good as possible.

W h at is m ost needed a t  the present tim e is th a t more atten 
tion be paid to the production of good wheats, particularly  those 
of high protein content. Since flour enters so largely into the 
dietary it  cannot be m ade too good. Professor M endel1 a p tly  
says: " O f all the food stuffs the proteins offer the m ost serious 
problem. T h e y  represent the indispensable staple for tissue con
struction; th ey  are produced a t  the. greatest expense.”  W hile 
in the case of some persons too m uch protein m ay be consumed, 
as when m eats are used to excess, a n y  trouble would be obviated 
and a  better balanced and cheaper ration secured b y  the use 
of more bread and less m eat. I t  is not intended to convey 
the idea th at one "should live on bread alone,”  any more than 
th a t w e should live  on a n y  single food m aterial, b u t if a person 
had to  live  on an y  one food, bread would be the best to  use. 
A n y  a ttem p t to  lessen the protein content of flour and increase 
its starch or carbohydrate content m ust be regarded as a  serious 
menace to  the n utritive  valu e of our chief article of diet. P ro
fessor M en d el1 notes a  tendency for a  bread and potato diet to 
be deficient in  protein. In  speaking of the industrial workers 
com ing from  th e  country to  the city , he sa y s: " T h e y  cannot well 
g et along w ith  their form er simple diet, because the cheap food 
m aterials which one easily obtains, as bread and potatoes, con
tain  too little  protein. T h e y  undoubtedly need an increase of 
proteid m aterial.”  T here is certain ly no need for any increase 
in starch y m aterials to  com bine w ith  bread.

BREAD-MAKING

A nother im portant need is a  better understanding of the prin
ciples o f bread-m aking, and a  w ider diffusion of our present 
knowledge of th e subject. T here is too m uch poor bread and 
this is due to  a lack  of knowledge. Bread-m aking is an art 
founded upon scientific principles. Rule-of-thum b methods 
for bread-m aking should give w a y  in our D om estic Science 
Courses to  a  stud y of principles, so th a t th e m anipulator will 
v a ry  the m ethod of procedure and the am ount of ingredients to 
conform to  the character of the flour used. I t  is ju s t  as neces-

1 “ Changes in the Food Supply  and T heir R elation  to  N u tritio n ,”
p. 20.

'  hoc. cii., p. 25.

sary to  m ake slight variations in the process of bread-m aking 
as it  is to  m ake slight changes in butter-m aking.

G enerally the qu an tity  of bread consumed is regulated b y  its 
qu ality. Good bread is eaten w ith  a relish, poor bread w ith 
indifference or not a t all. I f  it is desired to economize in the 
cost of living, the am ount of bread used in the dietary m ust be 
increased, because there is no food a t  ordinary m arket prices 
th a t furnishes such a large am ount of valu able  nutrients in a 
balanced form and a t  such a low cost as flour. H ence it  is 
econom y to  encourage in every  w a y  a  wider use of bread and 
flour in the dietary. T here arc other gains beside economy. 
M endel1 quotes R ubuer as saying: “ Long ago the medical pro
fession started an  opposition to the exaggerated m eat diet, long 
before the vegetarian popaganda w as started. I t  w as m ain
tained th at flour-foods, vegetables and fruit should be eaten 
in place of the over-large quantities of m eat.”

Flour milling problems and nutrition questions are closely 
related and demand the best thought and attention th at science 
can give. These questions m ust be approached in a  broad w ay 
and in the right spirit. T h e y  are not questions for the charlatan, 
or the zealot food reform er to  to y  w ith. T h ey  are of such im 
portance th at th ey  are destined to be studied until correct scien
tific conclusions are obtained. Science cannot be fooled perm a
nently. A dulterated science has been attem pted, b u t like other 
forms of adulteration it  is detectable. Chem ists m ust keep up 
the ethics of their profession. There should be b u t one scien
tific standard for all things. A n y  business or practice w hich is 
not right, or which w ill not stand the closest scrutiny has no 
claim to continue its existence.

I t  is to be regretted th at occasionally men possessing some 
scientific knowledge are w illing to  use it  for selfish ends. Such 
persons cannot be called scientists, because true science will 
not be polluted. Scientists m ay, and often do, differ, bu t when 
a person w ill distort facts, disregard the welfare or general good 
of the public, or b y  stealth or cunning injure an industry and 
know ingly com m it unethical acts, such a person righ tfu lly  for
feits the respect of scientists. B oth  governm ent experts and 
those em ployed b y  m anufacturers should be above such prac
tices. T h ey  should leave those who wish to follow  such lines,
in the language of K ip lin g:—  "S w eatin g  and stealing a
year and a half behind.”

M i n n e a p o l i s , M i n n e s o t a

M A N U F A C T U R E D  F E E D S  F O R  L IV E  S T O C K
B y C. S. M iner

M anufactured fefcds for live  stock are known in  the trade b y  a 
v arie ty  of names, viz., Horse, D airy , S tock, Horse and M ule, 
Hen, Chick, and Scratch Feeds and usually are composed of 
m ixtures of by-products, m ixtures of grains, or m ixtures of 
grains w ith by-products. T h e  industry is one whose growth 
has been so recent and so rapid th a t m ost of us neither appreciate 
its m agnitude nor realize th e p art which chem ists h ave  come to 
p lay in its control. T h e annual output of m anufactured feeds 
has grown steadily until now it  is measured in millions of tons 
and since practically all of it m ust be  produced under chem ical 
supervision this industry is an im portant one from the stand
point of the chemist.

T h e question of chem ical control, as it  happens, is b y  no 
means optional w ith th e m anufacturer. In  the feed industry 
in its early  days there were m any abuses of public confidence. 
T h e use of improper ingredients, deceptive labeling, and other 
fraudulent practices indulged in b y  th e unscrupulous resulted 
in the passing of S tate Feed C ontrol Law s designed to  protect 
n ot only th e consumer b u t th e honest m anufacturer as well. 
There are now laws of th is sort in over forty  states— which means 
in all the states where there is any m arket for m anufactured 
feeds— and the large m ajority  of them  are ably and energetically 
adm inistered. A lthough the variations in th e details of these 

1 Loc. cit., p. 24.
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laws are such as to  constitute a  source of considerable annoyance 
to m anufacturers the essential requirements in all of them  are 
substantially the same. T h e y  require th a t each bag of feed 
shall be labeled to  show the ingredients of which it  is composed 
and the minimum per cent of crude protein, crude fat, and 
m axim um  per cent of crude fiber which it is guaranteed to con
tain. A  v ery  few states require the label to  show the guaranteed 
per cent of carbohydrates and there are isolated cases where 
guarantees of nitrogen-free extract or starch and sugar are re
quired. In  consequence it has become the alm ost universal 
custom  of m anufacturers to  stam p on their bags the per cent 
of crude protein, crude fat, crude fiber, and carbohydrates and 
the list of ingredients. T his is done in order to  be able to  use 
one bag  for all states. I t  m ay seem to  some of you th at the 
determ ination of carbohydrates presents so m any difficulties 
as to  m ake it practically impossible as a routine determ ination. 
This difficulty is avoided b y  a  ruling of the D epartm ent of 
A griculture which perm its the sum of the crude fiber and nitrogen- 
free extract to  be considered as carbohydrates for the purpose 
of th e guarantee. T h a t this saves w ork for the chem ist and 
w orry for the m anufacturer is true— b u t it is equally true th at 
it is highly inaccurate from a  chem ical standpoint. Since the 
literature previously recognized th e  term  "nitrogen-free ex
tract,”  which is at least definite in its meaning, and covers the same 
constituents w ith the exception of crude fiber as are now perm itted 
b y  this rule to  be called carbohydrates, the recognition of this in
accurate use of the term  carbohydrates appears ill-advised a t least.

In  this connection it is of interest to  note how th e Federal 
authorities have acquired jurisdiction over the feed guarantees. 
T h e  Federal Food and D rug A c t  does not require an y  more of 
an anim al feed th an  of hum an food, m erely th at both shall be 
truthfully  labeled and free from poisonous or deleterious in
gredients. I t  does not require any statem ent of chcm ical 
com position or list of ingredients. T h e  S tate  L aw s do and the 
m anufacturer m ust label his feed to  conform to  their require
ments. Consequently he becomes responsible under th e Federal 
Food and D rug A c t for the truthfulness of this label the instant 
his product is shipped across a  S tate  line. Since m ost of his 
shipments are interstate, the result is substantially the same 
as though the requirements of the S tate  L aw s had been w ritten 
into the Federal law and the w eight of Federal authority is 
added to  th at of the States to  compel the m anufacturer of feeds 
to  m aintain the standard which he sets for himself b y  his label. 
I t  w ill be evident from th e foregoing th at the chem ist’s position 
in the feed industry is the consequence of laws which practically  
m ake it  obligatory upon the m anufacturer to  utilize his services. 
Com petition forces him to  m ake high guarantees for his feeds and 
the law s compel him to  keep them  alw ays up to  these guarantees. 
Since the standard is a  chem ical one, the chem ist’s services are 
indispensable. T h e problem of the feed chem ist is, therefore, 
so to  control the m anufacturing process as to  keep th e finished 
feeds in variably above guarantee and y e t  not so far above as 
to m ake th e cost prohibitive from th e standpoint of com petition. 
T o  do this there m ust be accurate analyses of all the raw m a
terials going into the feed and of all the finished feeds. T he 
problem consequently resolves itself into the production of the 
largest possible num ber of accurate determ inations of crude 
protein, crude fat, and crude fiber, in the shortest possible 
space of tim e and to  accomplish this the routine of the laboratory 
m ust be worked out w ith the sam e regard for efficiency th at 
obtains in a  well regulated factory, for the laboratory where 
thousands of samples are analyzed annually does in fact become 
a  factory for the m anufacture of analyses.

F ortunately, since the whole question is one of routine analysis, 
there are available the m ethods of the A . O. A . C. which are 
accepted and used b y  practically all chem ists connected w ith the 
industry and where these m ethods are rigidly adhered to  there is 
surprisingly little  variation  in the results obtained b y  different 
laboratories. T here are, of course, exceptions to  this condition

b u t most of them  are due to  the apparently inevitable book
keeping errors which occur where thousands of sim ilar samples 
are analyzed, and to  differences in the samples for which the 
chem ist is not responsible. T h e A . O. A. C . m ethods are on the 
whole excellent b u t th ey  are not fool-proof, especially when 
applied to  a wide range of m aterials on which th ey were not 
tested before being made official.1 B y  simple expedients, 
however, it is possible to  apply the official methods satisfactorily 
to  all of the very  numerous m aterials w hich are used for the 
m anufacture of feeds.

Since the m anufacturer m ust guarantee n ot only crude protein, 
crude fat, and crude fiber, b u t also ingredients, the feed chem ist 
is expected to be something of a  microscopist, bu t in actual 
practice it  is only the official chem ist who examines large numbers 
of feeds m icroscopically. T h e  m anufacturer's chem ist knows 
w h at goes into the feed and it is not necessary for him  to examine 
it. H e should, however, m ake certain th at the raw materials 
arc true to  name and while norm ally this is the case there are 
plenty of instances where m aterials purchased by m anufacturers 
in good faith have been used in m anufactured feeds and later 
found b y  state  officials to have been adulterated. Screenings 
in m alt sprouts, bran, or linseed meal constitute one of the 
comm onest examples of such a  possibility. Since screenings 
are alm ost in variably present in such products the question of 
determ ining whether to  accept or reject a  shipm ent oftentim es 
becomes a difficult one especially because of the lack of quan
tita tive  methods of m icroscopic analysis. T his situation is a 
typ ical one and the result is th a t in m ost cases the chem ist m akes 
v ery  little  effort to control the raw m aterials b y  other than 
chem ical means or visual examination, and adulteration unless 
gross is therefore not likely to  be detected.

Y o u  m ay have judged from w h at I have said th at the feed 
industry demands only routine w ork of its chemists. I do not 
w ant to leave th at impression. In  this industry as in others 
routine analysts are valuable as a  class. A s individuals th ey  
are readily replaceable and not h ighly valued. W hat is highly 
valued here as elsewhere is th e a b ility  to  apply specialized train
ing and experience to  the solution of practical problems and the 
chem ist who can do this will find himself v ery  soon occupying 
the position, not of routine analyst, but of chcm ical director 
to  his com pany. H e w ill be consulted on all chem ical phases 
of the business ju st as the attorn ey is consulted on all legal 
phases. H e w ill pass upon th e scientific accuracy of the ad
vertising m atter, upon the wording of contracts for raw  m a
terials, upon the value of new raw m aterials, and he will be 
expected to  evolve new form ulas or pass judgm ent upon those 
suggested. In  fact it w ill be his business to  give an expert 
judgm ent upon every problem involving chem istry which arises 
in connection w ith  the m anufacture and m arketing of feeds.

T h e future of this industry holds even greater possibilities for 
chemists. Our rapidly increasing fund of inform ation con
cerning the factors involved in nutrition and growth, such as 
the amino acids, the mineral constituents of foods, and the 
accessory diet factors— vitam ins and the like— is certain to 
be applied in the developm ent of th e feed industry w ith  the 
result th a t a  much more com plete and accurate form of chemical 
control will become necessary. A nd not only routine control 
b u t research as well, for the feed m anufacturer will not alw ays 
be content to  depend upon S tate  institutions for research as at 
present. T h e industry, therefore, both for its present and future 
possibilities is one w hich I can conscientiously recommend to  the 
consideration of the youn g chem ist looking for his place in 
technical chem istry.

C h i c a g o , I l l i n o i s

1 To cite a  single exam ple we have found th a t p ea t or feeds containing 
considerable percentages of it give e rra tic  results for crude fiber because of 
the  slow filtration. B y the  simple expedient of centrifuging, decanting, or 
otherw ise pa rtia lly  separating  the  dissolved from the  suspended m a tte r 
before filtration and passing th e  nearly  clear liquor th rough  the  filter before 
th e  suspended m a tte r is added, satisfactory  results are obtainable.
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CURRENT INDUSTRIAL NEWS
L E A T H E R  T R A D E  I N  N IG E R IA

T he demand for leather in Nigeria, says the Leather World, 
8 (1916), 388, is lim ited to the varieties used for slippers and 
saddler}'. T h e southern districts are not so well adapted for 
tanning m aterials b u t in the marshes along the coast there is an 
abundance of m angrove and its exploitation would, it seems, be 
rem unerative, considering th a t labor is cheap. T h e natives 
w ork well in their w a y  for 12 to  24 cents per day, b u t resent being 
ordered about too much. T h e population of N igeria is about
6 ,0 0 0 ,0 0 0 .— A . M c M i l l a n .

N E W  IN S T IT U T IO N

According to Engineer, 122 (1916). 33, w h at is described 
as an "experim ental workshop and industrial laboratory,”  
has been established b y  the recently founded A eronautical In 
stitute of G reat B ritain. T h e laboratory is situated a t  45 
H orseferry R oad, W estm inster, and according to information 
received concerning it, is intended to form a link betw een "an  
invention in its prim itive stage and its scicntific application 
and com m ercial developm ent.”  I t  has, further, been gathered 
th a t its w ork w ill not possess the m inute accuracy of exact 
scientific investigation b u t w ill aim  sim ply a t  ascertaining 
whether an y  practical purpose would be served b y  subm itting 
a new device to  system atic and frequently delicate and costly 
scientific research. I11 short, the laboratory, it  is claimed, will 
afTord means of producing and testing under good conditions, 
new ideas, and of qu ickly obtaining results which can give re
liable indications as to the p racticability  of the proposed de
vices. I t  w ill specialize on aeronautical w ork b u t will be open 
to deal w ith  inventions outside this sphere.— M .

V E G E T A B L E  D Y E S

Sam ples of dyes have been received a t  the B oard of Trade, 
London, from the Consul at Szechuan, as follows:

R e d : Lithospermum officiate L ;  Rubia cordifolia I , ;  a n d  Carthamus line-
torius I. (Safilower).

ISi. u i : : Strobilanlhes jlaccidifolius; Nees (Tndigo).
G r e e n : Polygonum orienlale.
Y e u .o w : Curcuma longa L  ( t u r m e r ic ) :  Sophora Japonica; a n d  Gardenia

Jlorida L.
B l a c k : Rhus Semialata Afurr; Quercus. Mongolica o r  Sinensis ( s i lk w o r m

o r  c h e s t n u t  o a k )  a n d  Stilltngia sebifera ( t a l lo w  t r e e ) .

Inform ation regarding preparation and em ploym ent of above 
m ay be obtained a t B oard of T rade Offices, London.— M .

P A R A F F IN  A S  A  P E T R O L  S U B S T IT U T E

In view  of the abnorm ally high price of petrol and the diffi
c u lty  of obtaining it, an article in Engineer, 122, No. 
315S, will be read w ith  interest. A  description is given of the 
B inks vaporizer and carbureter, b y  the use of which paraffin 
m ay be  substituted for petrol in m otor-driven vehicles. A  
sm all tan k is fitted for the supply of petrol for startin g the en
gine and paraffin is used a fter the vaporizer has become suffi
cien tly  hot. T h e  carbureter has tw o float chambers, one 
for petrol and the other for paraffin and has a main je t  and tw o 
pilot jets. T h e sprayed paraffin enters the vaporizer which 
consists of tw o concentric tubes, between which the exhaust 
gases from the engine pass and thus heat the w alls of the inner 
tube. T h e  latter tube contains a worm  which causes the mixed 
air and paraffin to whirl as th e m ixture transverses the inner 
tube. T here is thus a tendency to  throw  any unvaporized 
paraffin into contact w ith  the hot walls where vaporization is 
com pleted. W ith  present prices, application of this and sim
ilar devices m ay reduce the cost of fuel for m otor engines b y  
50 per cent.— M .

S W IS S  D Y E  IN D U S T R Y

A  report has been issued b y  the Basle C ham ber of Com m erce 
dealing briefly w ith the position of the d y e  m anufacturing in
dustry in Switzerland. I t  seems th at all the firms form erly 
engaged in the production of coal-tar dyes have had to enlarge 
their plant in order to  m anufacture the interm ediate products 
used in the industry, m ost of which had previously been im
ported from G erm any. T h e supply of raw  m aterial seems to 
be the chief cause of anxiety, b u t reference is m ade to  the assis
tance given b y  the British B oard of T rade in facilitatin g th e 
transport of crude tar products from th a t country to  Sw itzer
land. T h e various color makers are m aking negotiations w ith 
a view  to  erecting a  large plant for the production of mineral 
acids. T h e report further states th at syn thetic indigo has 
been produced on a  small scale only, owing to  the difficulty of 
obtaining raw m aterials, b u t it has been found possible, n ot
w ithstanding, not only to  supply the demands of the Swiss 
m arket b u t also to export a m oderate am ount. Owing to  
com plaints raised b y  Sw iss dyers th at th ey  were not receiving 
a fair share of the output, the dyestuff m anufacture has been 
placed under the control of the governm ent to some extent 
and export licenses are now necessary. These are granted only 
to countries which are supplying raw  m aterial to Sw itzerland 
and the am ount of color exported is in proportion to the am ount 
of raw m aterial supplied. A t  the present tim e and under 
these conditions, England is the only country receiving dyes in 
any quantity.— M .

L A C  E X P O R T S  F R O M  B R IT IS H  IN D IA

T he Indian Trade Journal of M a y  19 contains a com m unique, 
issued b y  the Com merce D epartm ent of India, which states 
th at the Collectors of Custom s have been instructed to perm it 
exports of lac to  all allied countries under license. Permission 
has also been granted, under license, for the exportation of lac 
in normal quantities to  the usual consignees in neutral countries 
outside Europe. A pplications to export to  neutral countries 
in Europe should be subm itted to  the G overnm ent of India 
through the Collector of Custom s a t the port of shipment.— M .

J A P A N E S E  C H E M IC A L  P R O D U C T IO N

Official returns of the production of chem icals in Japan during 
1915 contain the following figures (lbs.):
Benzol.....................  128,000 N ap h th a len e ................... 1 ,170,000
E ther. ..........................  549,000 Alcohol.............................  7 ,600 ,000
A spirin...........................  50,000 Hydrochloric acid   4 ,819 ,000
Sulfuric acid .................  153,420,000 Acetic ac id ......................  723,000
Caustic soda ................. 240,000

T he exports of cam phor last year am ounted to  5,044,000 
lbs. valued a t  $1,737,500 and showing a  steady increase.— M .

C O P P E R  IN D U S T R Y  IN  A U ST R A L IA

Considerable interest, says Engineering, 102 (1916), 104,
is attached to  th e recent developm ents in the copper industry 
in A ustralia. T h e  H am pden Cloncurry copper mines instead 
of sending m etal overseas for conversion into the pure m etal 
as heretofore, now sends the whole of its  output to  be refined a t 
the w orks of the E lectro lytic  Refining and Sm elting Co. of 
A ustralia  at P ort Kem bla. T h e  refinery is not y e t  able to  refine 
the whole of the com pany’s output electrolytically  and the ex
cess is pre-refmed and is being disposed of a t  satisfactory prices. 
A  com pany has also been form ed to  m anufacture all classes 
of copper wire, copper tubes, sheets, etc., w ith  w orks adjoining 
the electrolytic works a t  P o rt K em bla. T h e consum ption of 
m anufactured copper goods is a growing one and after exhaustive 
investigation and on assurances of support from  the comm on
w ealth authorities, its inauguration seems to be com m ercially 
justified. T h e  capital of the C om pany is $1,000,000.— M .
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SCIENTIFIC SOCIETIES
FIFTY-THIRD MEETING AMERICAN CHEMICAL SOCIETY 

NEW YORK, SEPTEMBER 25 TO 30, 19 16  
PROGRAM OF PAPERS 

PUBLIC M EET IN G S 
A ddresses of W elcome. D r . H a d e n  E m e r s o n , H ealth  Commissioner 

of New Y ork Citj% and N ic h o l a s  M . B u t l e r , President of Columbia 
U niversity.

Response. C h a r l e s  H .  H e r t y , President of American Chem ical 
Society.

Outline of Colloid Chem istry. W . D. B a n c r o f t .
Coal and Coke B y-Products as a  Source of Fixed N itrogen (Illustra ted).

H . C . P o r t e r .
Chem istry and the N ational W elfare. G e n . W il l ia m  C r o z ie r , 

Chief of Ordnance, W ar D epartm ent.
C hem istry and Banking. J . E. 'G a r d in , Vice-President of N ational 

C ity  Bank.
C hem istry and Conservation. G i f f o r d  P in c h o t , P resident of 

N ational C onservation Association.
Expanding R elations of Chem istry in America. C h a r l e s  II . H e r t y .

INDUSTRIAL CONFERENCES 
Electric Furnace S teels and Alloy S teels. J .  A . M a t h e w s , Chairm an. 
Am erican Dyestuff M anufacture. C . H .  H e r t y , Chairm an. 
A m erican-M ade Chem ical G lass and Porcelain. A . H .  T h o m a s , 

Chairm an.
Industria l Alcohol, Acetone, and Acetic Acid. A r t h u r  D .  L i t t l e . 

Chairm an.
M anufacture of Paper Pulp and B y-Products. R . B . W o l f , Chairm an. 
M edicinal Chem icals. H a r o l d  H i b b e r t , Chairm an.
M iscellaneous Chem ical Industries : Convertibility of P lan t. W . II.

G r o s v e n o r , Chairm an.
Oils and M otor Fuels. R. F. Bacon, Chairm an.

AGRICULTURAL AND FO O D  CH EM ISTRY  DIVISION
L. M . T o l m a n , Chairman G. F. M a s o n , Secretary

1. Chem ical Factors in the D eterioration of R aw  Sugars. C. A.
B r o w n e .

2. M aple Products, IX: On the Composition of the  Soluble and
Insoluble Portions of the Ash of M aple Syrup. J .  T .  S n e l l  a n d  M r .
V a n  Z o e r e n .

3. An Increase  in the  Sucrose Content of Sugar-B eets a fter Their 
Rem oval from the Soil. D r . F .  G .  W i e c h m a n n .

4. D eterm ination  of M inute Q uantities of M etal in Organic Sub
stances w ith Special R eference to Lead in Urine. H a l s e y  D u r a n d . 
D eterm ination  of Added W ater in M ilk.

5 . The Relation of the  F a t in M ilk to the Solids-not-Fat. L u c iu s  
P. B r o w n  a n d  C l a r e n c e  V. E k r o t h .

G. Chem ical Quality of New York City M ilk. L u c iu s  P . B r o w n

a n d  C l a r e n c e  V . E k r o t h .
7. The Use of H ard  W ater for Cannery Purposes. W . D . B ig e l o w  

a n d  F .  F .  F it z g e r a l d .
8. D etection of W atered M ilk, by M eans of Sim plified M olecular 

Concentration C onstants. L. W. F e r r i s .
9. The Estim ation of Total Solids in Evaporated M ilk by M eans of

the Babcock Form ula. O. L . E v e n s o n .
10. D etection  of A dded W ater in M ilk by M eans of the  Freezing

Point. J. T .  K e is t e r

BIOLOGICAL CH EM ISTRY  D IV ISIO N
C . L . A l s b e r g , Chairman I .  K .  P h e l p s , Secretary

P a rt I — Colloid C hem istry Symposium (Theoretical and  Applied) 
Irreversib le Adsorption of D yes. D . B . L a k e .
P hase Relations in Biological System s. G. H . A. C l o w e s . 
D isplacem ent of Equilibrium  by Catalytic Agents. W. D. B a n c r o f t . 
Stabilization. E . F .  F a r n a u .
Shower Proofing. E .  L . M a c k .
Selective Adsorption and  D ifferential Diffusion. J .  A l e x a n d e r .
T he Photographic Developer. J .  M . B a l l .
Structu re  of Liquids with Particu lar Reference to Surface Tension.

I .  L a n g m u i r .

Electrical Endosm ose. T .  R .  B r ig g s .
T he R eaction betw een Potassium  P erm anganate  and Ferrous Chloride. 
A New M ethod for P reparing  Colloidal H ydrous Ferric  Oxide. 

M a r k s  N e i d l e  a n d  J o h n  H .  C r o m b ie .
Studies in Dialysis. II . T he Dialysis of the  Chlorides of Iron , Chro

m ium  and  A luminum, Particularly  in the H ot. M a r k s  N e i d l e  a n d  J a c o b  
B a r a b .

The Colloid M aterial of Clay. G u y  C . G iv e n .

Terminology in Colloid Chem istry. A .  W .  T h o m a s .

Refining of Oils. C .  B a s k e r v i l l e .
R elation betw een Chem ical Composition and Electrical Resistance. 

C. G . F i n k .

Paints. T .  R .  B r i g g s .

Yellow Bricks. L . A. K e a n e .

Vulcanization of R ubber. D .  S p e n c e .

T he Splitting of F ats . W . D. R i c h a r d s o n .

Adsorption of Chromium by H ide Pow der. A. W . D a v i s o n .

Asphalt. C. R i c h a r d s o n .

P laste r of P aris . L .  A. K e a n e .

Em ulsions and Suspensions with M olten M etals. H . W .  G i l l e t t . 

The Purification of Kaolin. C .  L .  P a r s o n s .

Colloids in G lass. A l e x a n d e r  S i l v e r m a n .

Fritting  and Fusing. W . D .  B a n c r o f t .

P a rt I I —Additional Papers Not R ead in Symposium

1. Carbon M onoxide, O ccurrence F ree in K elp (Neurocyslis Leut- 
kcatta). S . C .  L a n g d o n .

2. The O xidation of Sulfur by M icro-organism s. J . G . L i p m a n .

3. A Comparison of B arbituric Acid, Thiobarbituric Acid and M alonyl- 
guanidine as Q uantitative Précip itan ts for Furfural. A .  W . D o x  a n d

G . P .  P l a i s a n c e .
4. An Accurate Aeration M ethod for the D eterm ination  of Alcohol in 

Ferm entation  M ixtures. A. W . D ox a n d  A. R. L a m b .

5. A D irect R eading Poten tiom eter for M easuring  H ydrogen Ion 
Concentrations. F .  E. B a r t e l .

6. T he Separation and  E stim ation of Butyric Acid in Biological P rod
ucts. I. K .  P h e l p s  a n d  II. E. P a l m e r .

7. Investigations of the  K jeldahl M ethod for D eterm ining Nitrogen. 
A Q ualitative Study of th e  Hydrolysis of Amines. I. K .  P h e l p s , H . W .  

D a u d t , C .  jL . A l s b e r g  a n d  H. E. W o o d w a r d .

8. O n the  P roteins of the  P eanu t, Arachis Ilypogaea: 1. The 
Globulins A rachin and Conarchin. C .  O. J o h n s  a n d  D .  B .  J o n e s .

9. O n K afirin, an  Alcohol-Soluble P ro tein  from  K afir, Andropogon 
Sorghum. C .  O. J o h n s  a n d  J . F .  B r e w s t e r .

10. On a Saponin from  Yucca Filamentosa. L .  H .  C i i e r n o f f , 

A .  V i e h o e v e r  a n d  C .  O. J o h n s .
11. On a  Saponin from  Agave Lechiguilla. C .  O. J o h n s , L-. II. 

C i i e r n o f f  a n d  A .  V i e h o e v e r .
12. On the  C hem istry of the  Cotton P lan t, with Special Reference 

to the Upland Variety. Gossypium hirsutum  (F irst Paper). A .  V i e 

h o e v e r , L .  H .  C i i e r n o f f  a n d  C .  O. J o h n s .
13. U rease of the Soy Bean and  of th e  Jack  B ean. I. F .  H a r r i s .

14. N eeds and  R equirem ents of M odern Toxicology. E . E. B u t t e r 

f i e l d .
15. A Rapid M ethod for the  Removal of Organic M atte r in  Blood, 

Feces, T issue and  Foods. H . H. W i l l a r d  a n d  C. H . L a w s .

16. T he Availability of th e  Insoluble Calcium P hosphates w hen P resen t 
as a C onstituent of In fan t's  Food. A . W .  B o s w o r t h .

17. T he Chem ical Changes Produced by the  Addition of Lim e W ater 
to M ilk. A. W . B o s w o r t h .

18. C hem istry of th e  Liver in  Acute Yellow Atrophy. M . K a h n  a n d  

V .  L .  A n d r e w s .
19. A M ethod of Testing  the Function of the  Liver by M eans of Sulfo- 

Conjugation of Thymol. M. K a h n  a n d  C .  S .  F o s t e r .
20. An Im proved N ephelom eter-Colorim eter (a dem onstration).

P .  A .  K o b e r .
21. Im provem ents in the  Copper M ethod for Estim ating  Amino Acids 

(a dem onstration). P . A .  K o b e r .
22. The Efficiency of the  Aeration M ethod for D istilling Ammonia; 

in  Answ er to C ertain Criticisms (a dem onstration). P. A .  K o b e r .

23. Cholesterol and Cholesterol E ste rs  in H um an Blood. W . R .  

B l o o r  a n d  A. K n u d s o n .

24. T he Form ation of a Phenol by Aspergillus ntger. C .  L .  A l s b e r g  

a n d  J .  F .  B r e w s t e r .

25. A New R eagent for Volatile Amines and a  New R eagen t for Volatile 
T ertiary  Am ines. C .  L .  A l s b e r g  a n d  H .  E. W o o d w a r d .

26. E lim ination of M alates Following the  Subcutaneous In jection of 
Sodium M alate. L .  E. W i s e .

27. Isolation of Cyanuric Acid from Soil. L .  E. W i s e .
28. T he Isolation of an  Organic Colloid of th e  Gel Type from  a Soil. 

A Complex Carbohydrate. E. C. . L a t h r o p .
29. T he C arbohydrate of Thym us Nucleic Acid. G e o r g e  P e i r c e .

30. T he  Inosite-Phosphoric Acids of Cottonseed M eal. J . B. R a t h e r . 

(By Title.)
31. Gossypol, the  Toxic Principle of Cottonseed. W , A .  W i t h e r s  

a n d  F .  E. C a r r u t h .
32. A Device for M easuring the R eaction of Solutions (L antern).

W .  T .  B o v i e .



944 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  8, N o .  10

FERTILIZER  CH EM ISTRY  D IVISION 
J .  E .  B r e c k e n  r id g e , Chairman F .  B . C a r p e n t e r , Secretary

1. The Utilization of City W aste for the  M anufacture of Fertilizers. 
J . W . T u r r e n t i n e .

2. Variation in the Composition of City G arbage. W . J .  O ’B r ie n  
a n d  J o h n  R .  L in d e m u t h .

3. T he availability of Nitrogen in G arbage Tankage. J a m e s  P. 
S c h r o e d e r .

4. T he Availability of N itrogen in Fertilizers: Som e M odern Lights
Thereon. C h a r l e s  B . L ip m a n .

5 . Fertilizer Sampling M ethods in the  United S tates. F .  S . L o d g e .
 -------« 0. Note on the R esults of Analysis on Sam ples T aken  with D ifferent

Styles o f Sam plers. F .  B . C a r p e n t e r .
7 . R esults of F u rth er Co-operative W ork on the  D eterm ination of 

Sulfur in Pyrites. H . C . M o o r e .
8 . A Sum m ary of the P o tash  Situation. H . A . H u s t o n .
9. N ote on the Recovery of M olybdic Acid. P a u l  R u d n ic k .

10. T he Action of Calcium Carbonate on Acid Phosphate. E. W. 
M a g r u d e r .

11. T he Effect of Changes in T em perature  and  th e  Sulfuric Acid 
Radical on the Pem berton  Volumetric M ethod for D eterm ining Phosphoric 
Acid. P. M cG. S iiu ey .

12. T he Volumetric D eterm ination  of Phosphoric Acid by the  M olyb- 
da te  Cold Precipitation M ethod. W. P . H e a t i i .

13. The P repara tion  of C oncentrated Fertilizers. A l b e r t  R .  M e r z  
a n d  W . H . R o s s .

14. R esu lts  of R ecen t Investigations with M ethods of Analysis on 
Sam ples of Commerical Wood A shes. R . E. R o s e .

15. T he R elative Availability of Acid Phosphate  and Raw Rock P hos
phate in Ind iana  Field T ests. S. D. C o n n e r .

INDUSTRIAL C H E M IST S AND CHEM ICAL E N G IN E ER S D IVISION 
H .  E .  H o w e , Chairman S. H .  S a l is b u r y , J r ., Secretary

P a rt I — Symposium on Occupational D iseases in  the  Chemical T rades
1. Introduction. P r o p . C h a s . B a s k b r v il l E, C hairm an, C om m ittee 

on Occupational Diseases in the  Chem ical Trades.
2. T he Occupational H azard  in the  Chem ical Industry ; the  Need 

for Prophylaxis. D r. J. W. S c h e r e s c h e w s k y , Surgeon, U. S . M arine 
H ospital Service, P ittsburgh, Pa.

3. Aniline and O ther Coal T ar Products. G e o r g e  P. A d a m s o n , 
Baker & Adamson Chem ical Co., E aston , Pa.

4. Som e Abnorm al Effects on W orkm en Engaged in  the  M anufacture 
of P o rt Orford C edar Lum ber. D r .  H . K . B e n s o n , Professor of Chem istry, 
U niversity  of W ashington, Seattle , W ash.

5. B ureau of M ines S tudies on Occupational D iseases. D r .  W. A. 
L y n o t t , B ureau o f  M ines, W ashington, D. C.

6 . D angers o ther than  Accidents in the  M anufacture of Explosives.^ 
D r. A l ic e  H a m il t o n , U nited S ta tes B ureau of Labor S tatistics, Chicago, III.

7. D iscussion. D r . W. G il m a n  T h o m p s o n , Professor Physiology, 
Cornell U niversity  M edical College; D r . F r e d e r i c k  L. H o f f m a n , S ta 
tistician P rudential Insurance Co. of America; M r . J o h n  B . A n d r e w s , 
Secretary  American Association for Labor Legislation; and others.

P a rt I I —The N itrogen Industry

1. Conditions Affecting the E stablishm ent of th e  N itrate Industry  
in the  U nited S tates. L a w r e n c e  A d d ic k s .

2. B y-Product Ammonia for Fertilizers and M unitions. J. W.
T u r r e n t i n e .

3. T he Oxidation of Ammonia. J .  W. T u r r e n t i n e , W. J . O 'B r ie n  
a n d  H a r r y  B r y a n .

P a rt I I I—Additional Papers
1. W hy the  Brewing Industry  D em ands Recognition by th e  Uni

versities. C a r l  A . N o w a k .
2. The P resen t S ta tus of the  Potash-from -K elp Industry  of the 

Pacific Coast. J .  W . T u r r e n t i n e .
3. T he P reparation  of Oxalic Acid and Citric Acid by Ferm entation. 

J ames N . C u r ie .
4. T he M anufacture of Benzaldehyde and Benzoic Acid. II. D. 

G i b b s .
5. Noviol, a New G lass for Absorbing Ultraviolet R adiation. W. C. 

T a y l o r .
6. Single and M ultiple Effect Evaporators. O t t o  M a n t iu s .
7. T he Problem  of the  Cheap Production of Alcohol. A r t h u r  N .  

B r e c k l e r .
8 . T he Specific H ea t and  the  H eat of H ydration of W heat Flour. 

F a r r i n g t o n  D a n i e l s ,  B. H. K e p n e r  a n d  P. P. M u r d i c k .
9. T he U se of th e  Cottrell P recipitator in  Recovering the Phosphoric 

Acid Evolved in the  Volatilization M ethod of T rea ting  Phosphate  Rock. 
W . H . R oss, J . N . C a r o t h e r s  a n d  A. R. M e r z .

10. T he Influence of M oisture on th e  Yield of Products in th e  D e
structive D istillation of Hardw ood. R . C . P a l m e r  a n d  H .  C l o u k e y . 
(B y Title.)

11. The Effect of Incom plete D istillation on the  Yield of Products 
in  the Destructive D istillation of B irch. R .  C . P a l m e r . ( B y  Title.)

12. The Effect of Catalyzers on the Yield of Products on the  D estructive 
D istillation of H ardw oods. R .  C .  P a l m e r . ( B y  Title.)

13. Teaseed Oil, Properties, T ests, and Possibilities. C h a r l e s  V. 
B a c o n .

14. P ean u t Oil as  a Southern  Asset. C h a r l e s  V. B a c o n .
15. T he Recracking of a  C racked Oil. G u s t a v  E o l o f f  a n d  T h o m a s  

J . T w o m e y .
10. The Effect of T em perature and the  Tim e Factor in  the  Form ation 

of Gasoline in  the Gas P hase a t C onstant P ressu re . G u s t a v  E g l o f f , 

T .  J. T w o m e y  a n d  R. J. M o o r e .
17. An Experim ent in the Training of Chem ical Engineers; the  25th 

Anniversary of the Audubon Sugar School. C h a r l e s  E. C o a t e s .

ORGANIC DIV ISIO N
C. G . D e r i c k , Chairman H . L .  F i s h e r , Secretary

1. T he Hydrazion D iacids. J . R .  B a i l e y .
2. T he Use of Cyanic Acid in  Glacial Acetic Acid. J .  R. B a i l e y .

3. T he 5,5-Dim ethyl-3-R-2-thiohydantoins. J . R. B a i l e y .

4. T he Form ation of Cyclopentadiopyridazines and  Proof of Their 
S tructure. W i l l i a m  J . H a l e .

5. The Form ation of A rom atic H ydrocarbons from  the  T herm al and 
P ressure  Decomposition of P en tanes and  H exanes. G u s t a v  E g l o f f .

G. Application of the  N itrom eter for the D eterm ination  of Constitu
tion and Estim ation of Nitrogen in a Class of N itrocom pounds (N itroam ines). 
W . C .  C o p e  a n d  J .  B a r a b .

7. T he Preparation  and  Ionization of the  Isom eric Benzenedisulfonic 
Acids. W . A .  D r u s h e l .

8 . Carbon M onoxide, O ccurrence F ree in Kelp (Nereocystis Luet- 
keana). S e t h  C .  L a n g d o n .

9. Studies on Derivatives of Trihalogen T ertiary  B utyl Alcohols.
I. T he Acetic E ste r of T ribrom otertiary Butyl Alcohol or B rom etone Acetic 
E ster. T . B .  A l d r i c h  a n d  C .  P. B e c k w i t h .

10. T he Constitution of Xanthogallol. F. J . M o o r e .
11. D i-£-nitro-benzoyl M alonic E ster. C. G . D e r i c k  a n d  F .  C. H a h n .

12. T he Scale of Influence of Substitution. T he D iad Oxygen Atom. 
C. G. D e r i c k , S t . E l m o  B r a d y  a n d  R .  W .  H e s s .

13. T he Scale of Influence of Substitution. T he P henyl Radical. 
C. G. D e r i c k  a n d  P .  M . D e a n .

14. T he Electronic Form ula of B enzene and the  M olecular Volumes 
of the  Chlorobenzenes. H . S. F r y . (B y T itle.)

15. A C orrelation betw een the  Electronic Form ulas of M onosubsti
tu ted  Derivatives of B enzene and the  Q uantities of th e  Isom ers O btained 
upon N itration. H . S. F r y . (By T itle.)

16. On the  M echanism  of R eplacem ent Reactions in the Benzene 
Nucleus. H . S. F r y . (By T itle.)

17. The P repara tion  of Alkyl H ydroxyurea Chlorides and Their R ela
tion to E sters of Carbon D ioxide Oxime, R —  O —  N «=* C =* O. L a u d e r  

W . J o n e s  a n d  L e o n o r a  N e u f f e r . ( B y  T itle.) .
18. Hydroxam ic Acids R elated  to a-H ydroxy Acids and to Acrylic 

Acid and  a  Study of Their R earrangem ents. L a u d e r  W .  J o n e s  a n d  

L e o n o r a  N e u f f e r . ( B y  Title.)
19. A Study of /3-Benzylformhydroxamic Acid and  H ydroxam ic Acids 

of Substitu ted  Acetic Acids. L a u d e r  W . J o n e s  a n d  M . C a n n o n  S n e e d . 

(By Title.)
20. U nnecessary U se of P o tash  Compounds in M aking O rganic P repara

tions. H e r b e r t  C o i t h  a n d  J a m e s  R. W i t h r o w .
21. T he D eterm ination of Small Am ounts of N itrogen and  Its  Presence 

in Petro leum . C .  F .  M a b e r y .
22. Some M easurem ents with a  New 4-R ange V ariable Inductance. 

F. M . B e e g l e , S. F. A c r e e  a n d  E d w a r d  B e n n e t t .
23. A Correction Form ula for Conductivities M easured  a t  D ifferent 

Frequencies in Cells with Bright E lectrodes. H . P .  H a s t i n g s , W . A .  

T a y l o r , E d w a r d  B e n n e t t  a n d  S .  F .  A c r e e .
24. Som e Corrections for Conductivity M easurem ents w ith K ohlraush 

Slide-W ire Bridges. F. M . B e e g l e , E d w a r d  B e n n e t t  a n d  S. F. A c r e e .

25. Some Spectrophotom etric M easurem ents on Sulfonphthaieins 
and the  Quinone Phenolate  Theory of Indicators. J . S a m  G u y  a n d  S .  F .  

A c r e e .
26. T he Influence of the  P artia l P ressu re  of H ydrogen on the Potential 

of the H ydrogen Electrode. N .  E .  L o o m i s  a n d  S. F. A c r e s .

27. A Study of Tipase. H i l t o n  I r a  J o n e s .

28. Identification of Phenols. E .  E m m e t  R e i d .
29. T he Isom eric O ctacetates of G entiobiose. C .  S .  H u d s o n  a n d  

J . M. J o h n s o n .
30. R esearches on the  Action of Sulfuric Acid on Certain Nitrocarbocyclic 

Compounds. M . L. C r o s s l e y .
31. T he Use of G eneral Form ulas in  Teaching Organic Chem istry.

M . L. C r o s s l e y .

32. A H ydrate of A nthraquinone 2.7 Sodium  Sulfonate. M . L. C r o s s l e y .

33. On the  Use of the Oscillograph for M easuring  th e  R esistance 
and  Capacity of Conductivity Cells. G .  H. G r a y , E d w a r d  B e n n e t t  a n d  

S .  F .  A c r e s .
34. The Action of Butyl Chloral on Benzene and  Its  Hom ologues in 

th e  P resence  of A lum inum  Chloride. G . B .  F r a n k f o r t e r  a n d  E .  A. 
D a n i e l s .
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PHARM ACEUTICAL C H EM ISTRY  D IVISION 
J o h n  H. L o n g , Chairman G uo. D. B e a l , Secretary

1. Arom atic Sulfuric Acid, U. S. P . W. B. D. P e n n i m a n ,  W. W. 
R a n d a l l , ,  C . O . M i l l e r  a n d  L . H . E n s l o w .  (P rin ted  in this issue.)

2 . T he R egistration  of P roprie tary  R em edies. L ou is H o g r EFB.
3. A Bill to R egulate the  Use and R egistration  of Professional D egrees 

in New York S tate. L ou is H o g r e p e .
4. Chem icals Adm itted into U. S. P ., IX. O t t o  R a u ii e n h e i m e r .
5. A D em onstration of S tandardized  Colored Fluids. H . V. A r n y .

PHYSICAL AND INORGANIC CH EM ISTRY  D IVISION 
I r v in g  L a n g m u ir , Chairman J a m e s  K e n d a l l , Secretary

1. The Calculation of th e  Vapor P ressu re  of a Liquid. J . E. M i l l s .
2 . The Specific H e a t o f  the  E lem ents. J .  E .  M i l l s .
3. The Action of Ammonia on Arsenic Iodide (with L antern). 

C h a r l e s  H .  H e r t y  a n d  C . B . C a r t e r .
4. The Therm odynam ic Properties of Silver and Lead Iodides. 

H . E. T a y l o r .
5 . The Inconstancy of the  Solubility Product, II. A r t h u r  E. H i l l .
0 . S tudies on Catalysis, n. J .  E .  B o o g e  a n d  J a m e s  K e n d a l l .
7. The Catalytic R eduction and  O xidation of Solutions of Iron  Sulfate 

by Colloidal P la tinum  (with L antern). F a r r in g t o n  D a n ie l s  a n d  R. H . 
K i e n l b .

8 . The Laws of P lastic  Flow (with L antern). E u g e n e  C . B in g h a m .
9. D eterm ination  of Silver from Cyanide Solutions (with Lantern). 

A. S . M c D a n ie l  a n d  L. S c h n e id e r .
10. T he Influence of P ressu re  on Solubility. H e r b e r t  F .  S i l l .
11. Experim ental Physical Chem istry (with dem onstration of apparatus 

in Room 605, H avem eyer H all, by J .  E. Booge; K . P . M onroe and J .  C. 
Andrews). J a m e s  K e n d a l l .

12. Em ulsions. R .  E. O e s f b r  a n d  L e o  R o o n .
13. T he  D isgregation C onstant of S a tu rated  Vapors. F . P. S i e b e l .
14. T he T horium -M esothorium  Ratio. H e r b e r t  N . M c C o y  a n d

H . M . H e n d e r s o n .
15. T he Evidence of Physical Properties of Isotopes on the N ature  of 

the  Atom. C h a r l e s  W a dsw ' o r t h , 3 d .
16. T he D eterm ination of the  Specific H eats  of Some Cadm ium  Salts 

a t Low T em peratures and Their Use in the  Calculation of Electrom otive 
Force. F . M . S e i b e r t , G. H . H u l e t t  a n d  H .  S . T a y l o r .

17. Inflam m ability  of Carbonaceous D usts. H . H. B r o w n . (B y  
T ide.)

18. Inflam m ability  of Carbonaceous D usts in A tm ospheres of Low 
Oxygen C ontent. H . H . B r o w n  a n d  J . K . C l e m e n t . ( B y  Title.)

RUBBER SECTION 
J .  E . W e b e r ,  Chairman J. B. T u t t l e ,  Secretary

A Revision of W esson’s M ethod for the  D irect D eterm ination  of 
R ubber. J . B. T uttle  a n d  L. Y urow .

W et Com bustion in  the  N itrosite Com bustion M ethod for th e  D irect 
D eterm ination  of. R ubber. L. G. W e s s o n .

T he Aniline M ethod for the  D eterm ination  of Fillers in R ubber Goods. 
O t t o  H .  K l e i n .

Increase  of R esins in the  Vulcanization. L. E. W e b e r .
T he Second R eport of the  Jo in t R ubber Insulation  Committee. 

W i l l ia m  E. D e l  M a r , Secretary.
T he R ubber Industry . H . C. P e a r s o n .
A sym posium  on “ The Accelerated Life T est of R ubber Com pounds.” 

Discussion to  be opened by W . C. G e e r , w ith  contributions from C. D. 
Y o u n g , C. R . B o g g s , L. E . W e b e r , D o r r is  W h i p p l e , J. B . T u t t l b , 
and  others.

W ATER, SEW AGE AND SANITATION D IVISION 
E d w a r d  B a r t o w , Chairman H . P .  C o r s o n , Secretary

1. Value o f  the  Sanitary  Survey. W . P. M a s o n .

2. T he P resen t S ta tu s of the  M ineral W ater Industry . (L antern.) 
F . L. R e c t o r .

3. T he A lternate Use of Bleaching Pow der and  of Copper Sulfate 
for Sterilizing the  W ater of Swimm ing Pools. (L antern .) F r e d e r i c  
B o n n e t , J r .

4. Storage Reservoirs as  a Factor in the Purification of Surface 
W aters. S. T . P o w e l l .

5. R eaeration  as a  Factor in S tream  Pollution. E a r l e  B . P h e l p s .
6 . T he Chem ical Composition of th e  W ater of th e  Yukon River, 

A laska. R . B . D o l e  a n d  A . A . C h a m b e r s .
7. Therm ocline S tudies a t Kensico R eservoir. F r a n k  E. H a l e  

a n d  J o h n  E. D o w d .
8 . T he  Relation .of M icro-organism s to the  Loss of H ead in Rapid 

Sand Filters. J. W. E l l m s  a n d  S . J . H a u s e r .
9. T he T rea tm en t of Sewage Sludge with F ilter Effluent. H . W. 

C l a r k .
10. Is the  Recovery of the N itrogen in Sewage Sludge Practicable? 

W . R .  C o p e l a n d .
11. T he T rea tm en t of R esidential and Small Community Sewage. 

L. C . F r a n k .
12. W ater M eters  in T heir Sanitary R elations. H e n r y  L e f f m a n n .

13. A Source of E rro r in the  S tandard  M ethods for the D eterm ination  
of N itra tes in Sewage and  Sewage Effluents. S t e p h e n  D e M . G a g b  a n d  

H e n r y  H . A n d e r s o n .

14. The D eterm ination of Sm all Amounts of M ethyl Alcohol Vapor 
in Air. E l i a s  E l v o v b .

15. An Experim ental S tudy of M uscicides. A .  F .  S t e v e n s o n .

10. Some R em arks on the  Biochemical T rea tm en t of Sewage, with 
Especial Reference to the  Activated Sludge M ethod. G e o r g e  T . H a m m o n d .

17. A New B attery Ferm entation  T ube H older. W . F . W e l l s , U .  S. 
Public H ealth  Service.

A M E R IC A N  E L E C T R O C H E M IC A L  S O C IE T Y , T H IR T IE T H  
G E N E R A L  M E E T IN G , N E W  Y O R K  C IT Y  

SEPTEMBER 27 TO  30, 1916

T h e T hirtieth  General M eeting of the Am erican Electrochem 
ical Society w as held a t  N ew  Y o rk  C ity , Septem ber 27 to 30, 
1916, w ith  headquarters a t  the H otel Astor. In  order th a t as 
m any members as possible m ight get together a t the Exposition, 
W ednesday, Sept. 27th, w as set aside as Electrochem ical D a y  
and the morning session w as held a t  G rand Central Palace. 
T hu rsd ay and F rid ay  mornings the technical sessions were held 
a t  the H otel Astor. A bo u t 500 mem bers and guests were 
registered.

T h e social features of the m eeting held were in conjunction with 
the Am erican Chem ical Society.

PR O G R A M  O F P A PE R S
T he Protection  of Iron  by Electroplating. O. P . W a t t s  a n d  P. L. 

D e V e r t e r .
Atm ospheric Corrosion of Commercial S heet Iron. E .  A .  a n d  L. T . 

R i c h a r d s o n .

The Electrolytic Recovery*of Lead from Brine Leaches. O. C. R a l s t o n  

a n d  C. E . S i m s .

Electrolytic Zinc D ust. H . J . M o r g a n  a n d  O . C .  R a l s t o n . 

Electrolysis of V anadium  Salts. S .  F i s c h e r .

T he Electro-deposition of Nickel. L. D . H a m m o n d .

C urrent Efficiencies in Nickel P la ting  B aths w ith R otating C athodes. 
F . C. M a t h e r s  a n d  F . G . S t u r d e v a n t .

Deposition of Copper in Electrotype B aths. W . B l u m , II . D.
H o l l e r  a n d  H . S .  R a w d o n .

C haracteristics of Sm all Dry Cells. C .  F .  B u r g e s s .

Effect of T em perature on the  Perform ance of the Edison Storage 
Battery. L. C .  T u r n o c k .

^ H igh T em perature H ea t Developed during Electrolysis. C a r l

► H b r i n g .
T he Possibilities of Developing Super-refractory M aterials for In 

candescent Lighting. F .  A .  F a h r e n w a l d . •

Composition of the  Ionization C urrents D ue to E qual Q uantities of
R adium  Em anation. T . H . L e a m i n g , H. S c h l u n d t  a n d  J u l i u s  U n d e r 

w o o d .
A New M ethod for the  Study of Silver Peroxynitra te. M . J . B r o w n . 

The Equilibrium  betw een Brom ine and P otassium  Bromide Solutions 
a t  0°. G r i n n b l l  J o n e s  a n d  M .  L. H a r t m a n n .

T H E  C H E M IC A L  S O C IE T IE S  IN  N E W  Y O R K  C IT Y
1 9 1 6 - 1 9 1 7  SEASON— R U M F O R D  HALL, T H E  C H E M IS T S ' CLUB

O ctober 13— Am erican Chem ical Society. Joint M eeting 
w ith  Society of Chem ical Ind ustry and A m erican E lectro
chem ical Society.

N ovem ber 10— Am erican Chem ical Society.
N ovem ber 24— Society of Chem ical Industry.
D ecem ber 8— Am erican Chem ical Society. Joint M eeting 

w ith  Society of Chem ical Industry and Am erican E lectro
chem ical Society.

January 19— Society of Chem ical Industry. Perkin M edal 
Aw ard.

February 9— Am erican Electrochem ical Society. Joint M eet
ing w ith Am erican Chem ical Society and Society of 
Chem ical Industry.

M arch  9— Am erican Chem ical Society. Nichols M edal A w ard.
M arch  23— Society of Chem ical Industry.
A pril 20— Society of Chem ical Industry.
M a y  25— Society of Chem ical Industry. Joint M eeting with 

Am erican Chem ical Society and Am erican Electrochem ical 
Society.

June 8— Am erican Chem ical Śociety.
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SYMPOSIUM ON OCCU PATIO N AL DISEAS E.S IN CHLMICAL TRADES
A bstracts of Papers and Discussions a t  53rd M eeting of th e  American Chem ical Society, New Y ork C ity

Occupational D iseases in the Chem ical T rades. D r .

C h a s .  B a s k e r v i l l e ,  Chairm an of the Com m ittee on O ccupa
tional Diseases in the Chem ical Trades. Dr. B askerville  ou t
lined the w ork done so far, beginning w ith the F irst Congress in 
M ilan  in 1906. G reat Britain  is v ery  much in advance of th e  
U. S. in industrial disease investigations. T h e  A. C . S. C om 
m ittee has been as active since its appointm ent as the entire ab
sences of funds would perm it. T h e establishm ent of a 
N ational M useum  of S afety  in W ashington was suggested.

T h e O ccupational H azard in the Chem ical Industry; T he 
N eed for Prophylaxis. D r . J. W . S c i ie r E S C H E w s k y ,  Surgeon, 
U. S. M arine H ospital Service, Pittsburgh, Pa. T h e specific 
hazards provided b y  the nature of chem ical substances add to 
the com plications of the chemical industries. T he value of the 
products of these industries increased 53 per cent in the period 
from 1909 to 1914. T he industry has been little  studied in this 
country from the point of industrial hygiene. T h e  Illinois 
Com mission on Occupational Diseases and the N ew  Y o rk  
S tate  F acto ry  Investigation are notable, however, in the face of 
discouraging conditions. Some of the ordinary hazards of the 
industries are classed under superficial poisons, blood poisons 
and poisons of remote, delayed and cum ulative effect. P o i
sonous fumes and dusts are a  danger n ot to be neglected.

Aniline and O ther Coal T ar Products. D r .  G e o r g e  P. 
A d a m s o n , General Chem ical Co., Easton, Pa. T his paper 
brought out the necessity of handling aniline w ith unusual 
precautions since the poison is absorbed through the skin, 
through open sores and from fumes; even leather shoes permit 
infection. A bsolute cleanliness and special carc of the health 
are essential for those w orking w ith it. A  w eak solution of acetic 
acid has been found to rem ove the m aterial from the skin better 
than any other wash, the oil being alm ost insoluble in water. 
Poisoning is ordinarily indicated b y  a bluish appearance of the 
mucous membranes b u t occasionally even this sign is not evi
dent, so th at a factory physician and close w atch of the em
ployees is absolutely essential. Poisoned patients, if properly 
cared for, recovcr in a short time.

B ureau  of M in es Studies on Occupational D iseases. D r . 
W . A. L y n o t t ,  U . S. B ureau of M ines, W ashington. This 
paper was abstracted from recent Bureau of M ines bulletins.

D angers O ther than A ccidents in the M anufacture of E x
plosives. D r . A l i c e  H a m i l t o n ,  U. S. D epartm ent of Labor, 
spoke of the extrem e lack  of statistics concerning the 
dangers and accidents due to  occupational diseases in this 
country. In her investigations D r. H am ilton has encountered 
from 30 to  35 poisonous substances; th ey include the mineral 
acids, benzene and toluene and their m any derivatives, the 
arom atic nitro-com pounds, phenol and phenolic compounds, 
nitrophenols, ammonium picrate and a great m any of the dye 
m aterials. A ls o  quite a  num ber of the explosive m aterials are 
dangerous from the poisonous side as well as the explosive. 
T here is an increasing num ber of deaths from  hydrogen sulfide. 
D eaths from nitrogen oxides are also increasing. T h e dangers 
from nitrous fumes is particularly  great as th ey  arc neither 
irritating nor corrosive as are other acid fumes, and men m ay 
easily obtain  fatal poisoning w ithout realizing th at anything 
dangerous is happening. Picric acid as m anufactured in this 
country is p articularly  dangerous, p robably due to the hastily 
and poorly constructed tem porary plants in which the men are 
working. T h e  sym ptom s of various poisons were described.

DISCUSSIONS

D r .  W . G i l m a n  T h o m p s o n , Professor of M edicine, 
Cornell U n iversity  M edical College, N ew  Y o rk  C ity , com 
plim ented the Am erican Cheirfical Society on taking up this

question, as it is the first organized scientific body to  do so 
and is only about three years behind the special consideration 
b y  even the medical profession for occupational diseases.

D r . F . L . H o f f m a n ,  C hief Statistician, Prudential 
Insurance C om pany of Am erica, N ew ark, N . J., called attention  
to the m istakes th at can be m ade b y  ignorant treatm ent of the 
subject of occupational diseases, as is especially illustrated b y  
the findings of the Selby Sm elter Commission.

D r .  F r a n c i s  D . P a t t e r s o n ,  D epartm ent of Labor 
and Industry of the S tate  of Pennsylvania, suggested th a t much 
could be brought about at the present tim e b y  requiring p hysi
cians to report to the state  the details of occupational poisonings, 
which would necessitate, of course, p a y  for the physicians if 
the work is to be properly done. In the S tate  of Pennsylvania 
there are 1000 industrial accidents for every  working day.

D r .  L e s t e r  L .  R o o s ,  M edical Inspector of the D ivision  
of Industrial H ygiene, N ew  Y o rk  S tate  Industrial Com mission. 
T h e fallacy of the statem en t b y  capitalists th at labor is unw illing 
to use hygienic safety devices is indicated b y  the fact th at cases of 
poisoning and illness were decidedly cut down when a ‘ ‘com 
fort house”  accom m odating 50,000 men w as installed in a large 
w hite lead plant. T he necessity for the study of occupational 
diseases b y  physicians w as illustrated b y  cases. A n  am end
m ent to the labor laws requiring occupational illnesses to  be 
reported b y  law  is now being considered.

M r . N e w e l l  T .  G o r d o n ,  D epartm ent of Labor of N ew  
Jersey (in place of M iss Erskine), plead for frankness between 
the m anufacturer and em ployees and stated th at m any m anu
facturers did not explain the dangers of their industries to 
employees because th ey were afraid to  do so.

D r .  T r a c y  H . C l a r k ,  M edical D irector, T h e  N ational Union, 
Chicago, suggested th at the Am erican Chem ical Society  should 
bring about cooperation between insurance inspectors and plant 
physicians, as this would be the quickest w ay  to  secure results.

M r .  M e e k e r ,  U . S. Com mission of Labor, called attention 
to  the v ery  lim ited facilities of his departm ent and prim e need 
for revision of the list of industrial poisons given in Bulletin  1 0 1  
of the Labor Bureau. A ll the poisons need to  be listed by  
Industry and O ccupation and the cooperation of every physician 
and chem ist in the U nited States is necessary.

M r .  C . I. J o h n s o n ,  G oodyear T ire  and R ubber Com pany, 
stated th at th ey had changed from a 12- to  an 8-hr. day in their 
aniline m anufacture and had found th at the health of their em 
ployees was greatly  im proved. Alcoholics are more susceptible 
to the poisoning than others. T h e  speaker thinks there should be 
some w ay  to separate the extrem ely susceptible people from others 
and p u t them where there would be less danger of infection.

M r . G o o d w i n  called attention to the use, suggested b y  a  G er
man, of a  few drops of chloroform  in a glass of w ater as an anti
dote for n itric oxide fumes. H e criticized an Italian book for 
saying th at the m anufacture of T .  N .  T . is not dangerous and 
reported his own experience in being poisoned b y  working on 
this. He also called attention to the dangers from  nickel car
bonyl poisoning.

D r .  J o h n s o n  stated th a t the poisonings from the arom atic 
nitro-acids cam e from the lower nitrated compounds th at were 
form ed during the process and were volatile.

M r .  W i l l i a m  P. M a s o n  testified concerning bona fide cases of 
im m unity and said th ey  are of 110 subsequence w hatever in 
treatm ent of the occupational diseases subject.

[A vote  of thanks w as extended b y  the D ivision of Industrial 
Chemists and Chemical Engineers to Dr. B askerville  for arranging 
the sym posium . T h e papers of the sym posium  w ill appear 
in full in our n ext issue.— E d i t o r .  ]
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INDUSTRIAL CONFERENCES
A bstracts  of Discussions a t  th e  53rd M eeting  of th e  A m e r i c a n  C h e m i c a l  S o c i e t y ,  N ew  Y ork C ity

E L E C T R IC  F U R N A C E  S T E E L S  A N D  A L L O Y  S T E E L S
J o h n  A .  M a t h e w s , Presiding  

G rand C entral Palace, Septem ber 27, 1916

T h e  C h a i r m a n :  D r. Burgess, who is unable to  be  here to
day, suggested th at this conference state  in w h at w a y  the B ureau 
of Standards in their m etallurgical division can be m ost useful 
to  the industry and in w h at line of investigation th ey would be 
m ost likely  to get valuable and im portant results along iron and 
steel lines.

P r o f e s s o r  R i c h a r d s :  I  would suggest first of all th a t D r 
Burgess determ ine some of the new physical constants of pure 
iron. T h e y  should include not only the mere com position but 
also the latent heats of fusion, the specific heats in the solid and in 
the liquid states, so th a t we m ay know  the heat required for super- 
fusion, the electrical con du ctivity  in the solid state  and in the 
liquid state  and the latent heats of fusion.

T h e  C h a i r m a n :  T h e B ureau is already working along th at 
line and has made elaborate arrangem ents for the m anu
facture of pure iron and the stud y of its properties. N ever
theless, the industry w ants to know  a great deal about the 
properties of alloys, and it will be a long w ait for us if we have 
to  determ ine the properties of pure iron first; it would, perhaps, 
be better to  go along w ith the investigation of these tw o m atters 
side b y  side rather than to  w a it for the com plete inform ation, 
regarding pure iron.

r e l a t i v e  q u a l i t y  o f  e l e c t r i c  f u r n a c e s  a n d  t h e  c r u c i b l e

OR OPEN-HEARTH, AND HOT A S COMPARED TO COLD REFINING

P r o f .  R i c h a r d s :  T h e electric steel industry has nearly 
doubled itself within the last tw o years, and it is probably going 
to proceed a t  th at ra te  until the electric furnace steel industry 
will equal in size some of the other large steel propositions. 
One serious question is of getting the refractory m aterial best 
suited for the electric furnace. Those which use the arc are 
continually troubled w ith  the m elting of the roof. A ttem p ts 
to  find more refractory m aterial than silica for the roof are 
being m ade in a num ber of places. Chrom ium  oxide is being 
tried as substitute for silica, and perhaps other m aterials. U n
doubtedly D r. M athew s does n ot agree as to its entirely monop- 
olyzing the field for a lloy steels, because I have heard him  say 
th a t some steels can be m ade better in a crucible than in an 
electric furnace. M y  own view  is th at it is largely a m atter of 
skill in pouring. T h e  difference betw een the present qu ality  
of alloy steel made 111 the electric furnace and in the crucible 
is in m any cases the result of the pouring of the steel very  care
fu lly  from the crucible, and not so carefully from a large ladle 
when it is m ade in an electric furnace.

A nother phase of the question is the use of the liquid m etal; 
because of the usually high cost of power, the use of liquid 
m etal saves an immense am ount of the pow er required to  m elt 
the cold charges. T h e  extension of the electric furnace as an 
adjunct to the Bessem er and open-hearth for the final refining 
of the liquid m etal a t  a minimum cost is a v ery  rapidly growing 
use of the electric furnace. N o t only will w e have the electric 
furnace used in connection w ith the Bessem er and open-hearth, 
bu t already I  believe it  is being used in the triple process of 
first the Bessemer, where the m etal is commenced in process, 
and then the open-hearth, and finally the transferring 
to  the electric furnace, which is known as the triplex process 
to  get the electric furnace to the point where it  can be used to 
the best advantage. T h e tim e is probably com ing w ithin a  not 
distant future when nearly all the steel made will be p u t through 
the electric furnace before it is put into ingots.

P r o f .  H o w e :  I would like to  ask you if you think th at for

certain purposes crucible steel is still decidedly better than the 
electric steel because of the higher heat of the cruciblc m ethod.

T iiE C h a i r m a n :  In the paper already referred to, I say  th at 
in the furnace the conditions are such th a t the m etal in the 
ladle, ready to  pour, is not m aterially different from well-m elted 
cruciblc steel. T h e principal difference, as Prof. R ichards has 
pointed out, is that one is made in sm all quantities— in sm aller 
ingots— and th at the second has not the advan tage of the small 
ingots th at the crucible-m akcrs m ake. I do not consider th at 
the m etal itself, ready for pouring, is superior to the electric 
steel.

T h e triplex process is being tried out a t South Chicago 
b y  the U . S. Steel Corporation. A  15-ton furnace
has been in operation, and there are three additional 
furnaces— the 15-ton furnace to receive the open-hearth m etal. 
I t  will take the product of the 20-toil furnace and is actually  
in construction a t  the present time.

M r .  H o f f m a n :  W hat is the percentage of loss in the alloy 
compared, say to  the tungsten and chrome and to the crucible 
method?

P r o f .  R i c h a r d s :  I  have no direct experience, bu t i t  has 
been said to me that there is less loss in the rare alloy metal 
in the electric than ill the crucible. In  fact in some cases, if the 
rare m etal becomes oxidized and gets into the slag, it can be 
reduced back again into the m etal in the electric furnace, which 
is impossible in the crucible.

ALLOY STEELS EM INENTLY SUITED TO THE ELECTRIC FURNACE

T he C h a i r m a n :  T h e crucible furnaces are prim arily not 
suitable for m aking a lloy  steels and as y e t w e ca n 't get out the 
high carbon alloys; in the electric the cost is m aterially low er 
and you  can add w h at is necessary in the furnace itself. Y o u  
can heat it  as long as you  wish w ithout a n y  m aterial loss. Y o u  
couldn’t do th at in a furnace w ith exposure to the atmosphere.

M r .  S m i th :  T hen  it would be particularly  su itable for 
hyper-chrom e?

P r o f .  R i c h a r d s :  I s it  n ot true th a t all the a lloy steels which 
have been m ade in the crucible are being made w ith equal 
facility  in the electric furnace?

T he  C h a i r m a n :  I think it  is.

P r o f .  H o w e :  M r. Chairm an, would you  consider high
speed steel m ade in an electric furnace equally as efficient as 
the same steel made in the crucible furnace.

T h e  C h a i r m a n :  I h ave  seen no test running side b y  side, 
b u t I know  th at half the high-speed steel is m ade one w a y  and 
half the other, and I would hate to pick out which was made 
which w ay. T h e advantage the electric m ethod has for m aking 
high speed is not as m arked as in the cheaper alloys.

M r .  J o h n s o n :  Concerning the triplex process a t South 
Chicago, I m ight say th a t last month I w ent through the Illinois 
Steel plant there and the second furnace had been operating 
about a month. B oth th at furnace and the old 15-ton furnace 
are running on triplex when th ey  caii get enough open-hearth 
to run them , otherwise th ey  give the product to  the Bessemer. 
T h e y  are also using chrome brick w ith good success.

MELTING COLD CHARGES IN THE ELECTRIC FURNACES

T h e  C h a i r m a n :  W e h ave had very  little experience on th at 
because our original furnace was not suitable for m elting cold 
product; i t  was intended as a  refining process and we h ave  only 
recently started on cold product. B u t a  large percentage are 
operating on cold charges. G reater power is p u t on the 
old style  furnace, b u t no higher voltage.

M r .  H u b b a r d :  Practically  all the sm aller furnaces use cold
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m elting— 2, 3, 6, and 1 ton are on cold m elting. T h e bigger 
furnaces, like the 15- and 20-ton, are working on the liquid.

Trouble in getting started  on cold m elting depends upon the 
charge. M an y  furnaces can regulate it  at the very  beginning, 
a t the starting of the current, and the regulators have taken 
care of the current v ery  well.

P r o f .  R i c h a r d s :  In  a  Norwegian plant, steel ships are 
broken up and m elted in an open-hearth furnace and then the 
charge is transferred to  the electric furnace and although they 
found th at th ey  could get electric power a t $6.40 per H . P .  per 
year th ey found it cheaper to operate w ith coal a t $6 a ton and 
to m elt in the open-hearth furnace and refine in the electric.

M r .  T u c k e r :  I t  has generally been conceded th at the
product th at is made from cold charges is better than th at made 
from hot charges. W h y should this be so, provided you can 
heat to  the same tem perature and under the same conditions?

T h e  C h a i r m a n : I  don’ t think there would be a n y  difference 
between the finished product w hether it  is started from a  cold 
charge or a liquid charge; if it  is deoxidized it w ill get deoxidized 
ju st as well one w ay  as the other. W e have several furnaces 
working on coal scrap and on h o t m etal and so far as I have been 
able to find out there is no difference betw een the tw o finished 
products.

M r .  J o n e s :  In ordinary carbon steel, w ith the same analysis, 
the statem ent has been made th a t steel m ade in an electric 
furnace is of much superior qu ality  as regards physical quality  
compared w ith steel m ade in an open-hearth furnace. Can 
anyone tell m e w h at the scientific reason for th at is, if th at is 
true?

P r o f .  R i c h a r d s :  I think the solution of th a t has been 
found, and it  is because there is a chance to  deaden up the steel 
in the open furnace; you  can keep the steel m elting in an electric 
furnace w ithout oxidizing it, b u t it  is kep t m elting under oxidiz
ing conditions in the open-hearth. T here is also opportunity 
during dead m elting in an electric furnace for the settlem ent 
of the slag inclusions in the steel. T h a t is the real difference 
between crucible m etal and the open-hearth, the sm all am ount 
of slag and foreign m atter included or suspended or diffused or 
emulsified in the steel. Crucible steel and the electric furnace 
steel are alike in th at th ey are freer from foreign m aterials 
than either open-hearth or Bessemer.

T h e  C h a i r m a n :  E lectric furnace steel, when properly 
m elted, pours fu lly  as qu ietly  as the best crucible steel you  ever 
saw poured, even down to eight or ten carbons. I t  is quiet 
in the ladle and it  is quiet in the furnace. I t  can be agitated 
in the furnace b y  various means, b u t it  doesn’t  h ave  to  be. 
I t  is quiet in the ladle and in the ingot. One gentleman, a 
large consumer as well as maker, wrote me a t considerable 
length on this subject.

"W h eth er it is oxygen or som ething else provided— there are 
those who w ill not adm it the injurious effects of this elem ent 
— there certain ly is a  difference between open-hearth and elec
tric  furnace steels in three respects: First: E lectric furnace
steels are generally freer from non-m etallic inclusions than open- 
hearth or Bessemer. I t  is not necessary to  go into the reasons 
for this beyond the fact th a t it is held for a longer tim e in the 
final finishing stages a t tem peratures which m aintain the bath 
in so thin a  state  as to allow the slag and non-m etallic compounds 
to  rise to  the surface.

“ Second: T h e electric furnace steels seem to  have a considerably 
w ider forging range, th at is, th ey  can be p u t through forging 
operations a t  a  higher tem perature than open-hearth steels 
w ithout perm anent injury.

"Third:  E lectric furnace steels seem to  have a wider har
dening range than open-hearth or Bessem er steels, th a t is, th ey  
m ay be reheated for their quenching to  higher tem peratures 
in the la tter grades w ithout becom ing overly coarse-grained. 
Ju st w h y  these tw o latter conditions hold true, I am  a t  a  loss 
to  say. It  has some tim es appeared to  me th a t the oxygen or 
w hatever is n ot rem oved in the open-hearth process acts as a 
cata lyzer or as a  stim ulator to  grain grow th.”

T his gentlem an (M r. Zim m ersheath of the G en eraljM otors

Com pany) is responsible for the specifications in use for a very  
large qu an tity  of a lloy steel.

M r . J o n e s : M r .  C h a ir m a n , m a y  I  in q u ir e  h o w  la r g e  a

c h a r g e  is u s e d  in  a n  e le c tr ic  fu r n a c e ?

T h e  C h a i r m a n :  From  1/i to 20 tons, which is the largest
now being installed.

M r . J o n e s : Assum ing an average ton w h y couldn’ t you  
get the same in the one as in the other?

T h e  C h a i r m a n :  T e n t a t i v e l y  y o u  w i l l— b u t  10 to n s  o f  c r u c i

b le  s te e l  is  v e r y  c o n s id e r a b ly  m o r e  t h a n  10 to n s  o f  e le c tr ic .

M r .  W a t e r h o u s e :  I  don’t  th ink I understood w h at P ro
fessor Richards said about electric pouring b u t I do understand 
his other proposition about the con tin uity or elongation of the 
production period. W e have in our laboratory a  decidedly 
large tonnage of electric steel and w e have never found the 
difference he speaks of. W h a t particular visible property or 
change takes place, provided the test is of the same steel? W hat 
is the visible property th at changes w hen you m ake the same 
steel w ith an electric furnace?

T h e  C h a i r m a n :  Principally in advancing the du ctility;
n ot in the m axim um  strength. Since th at has been done in the 
electric steels it  has been done in the open-hearth as well and the 
open-hearth is a  great deal better than it  used to be, since the 
electric steel cam e into the field.

M r .  W a t e r h o u s e :  W h a t would you  expect of 25 elongation 
carbon, open-hearth steel? In  steel m ade as well as it can be 
made in the open-hearth and made as well as it can be made 
in the electric, would you  expect the elongation to  be different, 
or the chem istry? W e have found practically  no difference.

T he C h a i r m a n  : I  have no experience w ith it in plain carbon 
steel and I cannot tell you  w h at elongation you  will get. M r. 
Zim mersheath has dem onstrated th a t b y  a range of tem pera
tures w ithout destroying the ductility.

M r .  W a t e r h o u s e :  Professor Richards some years ago took 
out a patent on the use of an acid lining in electric furnaces. 
I remember some years ago a  gentlem an who claim ed great 
things for acid linings and I would like v ery  much to  know  if 
th at has been followed up recently. Perhaps Professor R ich 
ards can tell us ju st how  the acid lining is com ing on. I t  seems 
to me there is a great chance for it  in the triplex process if it is 
going to work. W e can start w ith the basic as there is need for 
a basic lining to rem ove sulfur and phosphorus.

P r o f .  R i c h a r d s :  M ost electric furnaces have been run w ith
basic lining because it is econom y of refining im proper m aterial 
in the furnace and m aking high grade steel from low grade 
m aterial. B u t, where good m aterial which does not need re
fining is to be p u t in the furnace, a slag lining is quite practicable 
and is being used to a large extent. I m ust disclaim  m y patent 
for a  lining— th at m ust have been someone else— b u t the acid 
lining is in considerable use a t the present time.

POWER COSTS

M r .  M o r g a n s m i t h  : I t  is the am bition of the D etroit Edison
Com pany to furnish electric power for steel plants a t a  price 
th at will p u t the w ater pow'er people out of business. I  don’ t 
know  how w e are going to  do it, b u t w e are on the w ay. W e 
have on paper boilers w'hich exceed 45,000 kilow att capacity. 
W h at horse powrer a  year can th e electric furnace industry 
stand?

P r o f .  R i c h a r d s :  I t  is generally understood th at the power 
cost in running a  sm all furnace and m aking steel castings is a 
minor part of the cost of m aking the steel. T here is an electric 
furnace where I live  in Easton, Pa., th at I think had been run
ning for about four years m aking steel castings from  cold charges. 
T h ey  b u y the power for m elting the charges and p ay 1 cent 
per K .  W . hour or $S8 per k ilo w att year. T h a t  firm is m aking 
a  profit and is satisfied w ith  the business. T here are firms 
refining m etal or m aking steel on a  large scale wrho need powder 
m uch cheaper than th a t to  operate. B u t  I think the power
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q u e s t io n  is a  s e c o n d a r y  o n e  w i t h  m o s t  e le c t r ic  fu r n a c e s . T h e  

h o r s e  p o w e r  is  p r a c t ic a l ly  n e g lig ib le . B u t  if  y o u  a r e  m a k in g  

lo w  c a r b o n s , p la in  s te e l  t o  c o m p e t e  w i t h  o p e n - h e a r th  s t e e l ,  th e n  

th e  c o s t  h a s  t o  b e  c o n s id e r e d  a n d  I  t h i n k  t h a t  p o s s ib ly  s o m e w h e r e  

a r o u n d  1/ j  t o  '/ i  c e n t  p e r  k i l o w a t t  h o u r  o r  lo w e r  m a y  b e  r e 

q u ir e d .

M r .  B e r r y :  I think the figures are about correct. I think 
one of the great m istakes of the power companies in this de
partm ent is lack of appreciation of the valu e of this industry to  
them. I am  only a consumer of electric furnace steel and I 
would like to  speak in a neutral w ay. In  the first place it is an 
ideal load for a n y  power plant. A ll alternating current plants 
need contracts to  tide them  over certain periods in the d a y  and 
b y  well-m ade contracts I think the power com pany, w h atever 
th ey  charge, would get most of th e m oney if the p lant was in
stalled w ithout any cost of installation to them. I know  of 
three instances due to the lack of appreciation of this v ery  fact 
where the steel m anufacturer is building his own power plant, 
which is a  great economic waste.

M r .  C r o s b y :  T h e question of the electric furnace situation 
is one th at has been thoroughly covered. I think the"central 
stations throughout the country in the past three or four years 
have been bending every effort to get all the inform ation possible 
upon this class of business w ith the idea of m aking a rate com 
mensurate w ith the service. W e have in D etro it tw o H eroult fu r
naces, one a  6-ton and the other a  3-ton, operating on our system , 
and another 15-ton and a  io-ton  K ron holdt com ing in. T his 
has supplanted the converter process and the operators are 
perfectly  satisfied w ith  the result and I  believe th a t w e are 
convinced th at th ey are producing a superior casting a t a much 
lower cost than th ey did b y  the converter process— in fact, the 
com pany m aking the steel ingots a t the K ron lio ld t'fu rn ace  is 
erecting a p lant which will have room for five ingots eventually. 
These consumers all have a  rate betw een ’ /* and 1 cen t per 
k ilow att hour. T h e  larger the consum ption and the greater 
the num ber of furnaces the lower the rate  per k ilow att hour. 
B u t  the idea of operating electric furnaces is an aw fu lly  big 
schedule. T h e theory th at the furnaces should get the power 
cheaper because th ey use it a t  a tim e when others do not use it, 
is wrong. A  m anufacturer has no right to expect a cheaper 
price because the other fellow  pays the overhead.

P r o f . H o w e : M o s t  o f  u s  k n o w  t h a t  th e r e  is  a  d iffe r e n c e  b e 

tw e e n  l ig h t  a n d  p o w e r — w h y  n o t  c h a r g e  t w o  r a te s ?

M r .  C r o s b y :  T h e people who are using central station  
pow er to-day on the basis of w h at the traffic w ill bear w ill n ot 
be doing it  5 years from to-day. T here is no distinction be
tw een light and power other than a  distinction betw een classes 
of service. A  m an who is utilizing lighting under the Edison 
service 10 hours a d ay can get the power rate. A s a m atter of 
fact th ey  have lighting circuits in their plants directly con
nected w ith the power meters. T h e  distinction comes only 
in the load of the factory  and the character of th e service. 
E lectric  lighting service has to be regulated and the distribution 
cost is infinitely greater than the distribution cost of power. 
Consumers of large am ounts of pow er up to 10,000 kilow atts 
involving less overhead expense and no transm ission expense can  
get i t  a t  a  lower rate, b u t there is no distinction betw een light 
and pow er and none betw een power and heat. T h e electric 
furnace load is n ot necessarily better than an industrial load 
and some industrial loads are better than  the electric. T here 
are large factories in D etro it which use from tw o to  five thousand 
k ilow atts perhaps throughout the tw enty-four hours w ith  no 
m ore than tw en ty  to tw enty-five per cent variation, w hile the 
electric furnace goes from  no load to  1500 or 2000 kilow atts. 
T here are several central stations throughout the country 
supplying the m odem  arc furnaces, and of course, if the modern 
arc furnace is properly installed, it  should be better than the 
average m otor proposition.

RELATIVE QUALITY OF ELECTRIC FURNACE STEEL WITH REF

ERENCE TO CRUCIBLE STEEL USING MUCK IRON

T h e  C h a i r m a n :  W hen the electric furnace w as first in
troduced the impression obtained th at you  could start with 
anything and m ake first-class steel. I do n 't think th a t is the 
case. In  order to get good steel out of an electric furnace you  
have got to  use good m aterial and you  are taking a chance when 
you  start w ith  inferior steels. I think the wrong impression 
w as created a t  the start th a t you could m ake tool steel out of 
anything.

P r o f .  R i c h a r d s :  I w ant to m ake one prediction, and th at 
is th a t w hen the steel workers who arc working on electric 
furnace steel have accum ulated as large an experience as has 
been accum ulated in the m aking of crucible steel, there will be 
no more crucible steel made. (Laughter.)

M r .  B e r r y :  I  would like to say  something on th e A rm y and 
N a v y  question. W e have got from  W ashington all of the 
specifications for steels used b y  the arm y and n a v y  and as a  
starting point are m aking a  v ery  careful study, w ith these 
specifications as the basis, to see w h at special preparation we 
can m ake to  m eet the demands of the governm ent inspectors.

M r .  W a t e r h o u s e :  C an  you  control an electric furnace 
more uniform ly than the open-hearth? I t  is well known to the 
men on the furnace— in the open-hearth— th at you  never have 
a n y  one tem perature.

M r .  Y o u n g :  I th ink it  is a  little  easier to  control your 
source of h eat w ith  electric furnace than it  is w ith either a  gas 
furnace or an oil. I t  can be done quicker. I t  is largely a  
question of the skill of the operator in observing tem peratures 
and w atching the conditions.

M r .  W a t e r h o u s e :  Is n ot th a t th e reason th e one typ e of 
furnace sells better than another?

M r . Y o u n g : T h a t  is  a  s e ll in g  p o in t  fo r  e le c t r ic  fu r n a c e s .

USE OF URANIUM

T h e  C h a i r m a n :  W e have all heard more or less about 
uranium  steel, b u t I have done nothing personally.

M r .  H o f f m a n :  T h e A m erican Steel C om pany a t  P ittsburgh 
has been experim enting w ith  uranium  steel. Possibly our 
experim ents w ould coincide w ith  those of others. T h e  uranium 
flux calls for 5 per cent tungsten and 3 or 4 per cent chrome—  
in other words, the sam e high speed com position, w ith  the 
exception of, say, 12 per cent less tungsten, to  do the same work. 
Our experience was th at it made a very  good tool and did very  
good work, say  for tw o grindings. T h e  second or third tim e we 
used the tool w e would have to get it  hardened again— in other 
words, it didn’ t seem to  hold its efficiency.

T h e  C h a i r m a n :  T w o-tenths uranium  was supposed to  take 
the place of 12 per cen t tungsten?

M r . H o f f m a n : Y e s ,  s ir.

D r .  C . M . J o h n s o n :  I have had some little  experience in the 
m anufacture of experim ental uranium  steel— a little  only. Our 
own experience w as th a t in preparing the uranium  so th at we 
have a  strictly  uranium  steel as the starting point, a fter con
siderable experim entation w e were able to  produce from the 
ore a  uranium  cast of less than  1 per cent, the tungsten 5 per 
cent, chrom e 3 or 4 per cent, the other constituents being iron. 
T hen  the next step was in alloying the uranium  with the iron 
in the ordinary m ethod of m aking crucible steel. T h is was 
found to be quite difficult. T h e  extrem e affinity of uranium 
for oxygen caused in the first experim ents the entire loss of the 
uranium. T here w as none there a t  all, p u t in in the ordinary 
w ay. B u t w e finally  succeeded b y  protecting it  in th e  crucible 
b y  diffusing the ferro-manganese and other particles; we actually  
succeeded in getting uranium  steel—-the carbon under 40, the 
manganese betw een 30 and 40 and the uranium about 0.3; the 
steel w as v e ry  disappointing. I t  w as short of the ordinary 
forging heat and altogether uninteresting from  a  practical
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standpoint. I t  seems to  me th at the m ost interesting part 
of the whole thing is the extraordinary affinity of uranium  for 
oxygen, so much so th at I think it  is p retty  safe to  class it as 
having the strongest affinity for oxygen of a n y  elem ent alloyed 
with steel th a t w e know  of in the groups of ordinary alloys of 
steel. In  endeavoring to m ake m etallic uranium b y  the therm ic 
m ethod w e soon found th a t there was 110 reaction betw een the 
m etallic alum inum  and uranium — 110 therm ic reaction. T h e 
gist of the whole thing is th at a uranium steel containing only 
0 .3 per cent did n ot promise to  be of any value.

In  this connection I h ave  seen quite a few advertisem ents in 
which uranium  steel is spoken of as the last word. Of course 
th at is an advertisem ent. I t  is like the claim for liquid heating 
in an electric furnace. T h e furnace sellers claim  everything 
and the m anufacturers of uranium  seem to do the same thing. 
Our tests were very  disappointing as far as th ey went, though 
w e had to  stop to tak e  up other m atters, b u t as far as we w ent 
first-class chrom e-tungsten steel w as better b y  200 per cent 
than the tests we made. Of course th a t does not show  th at there 
m ay not be some com bination of percentages of uranium  a t 
ordinary high-speed characteristics which m ay prove a  benefit, 
bu t so far as we were concerned we did not feel encouraged. 
Such low carbons as between 30  and 4 0  apparently do not 
harm the steel and we succeeded in m aking a  v ery  good set, 
but it was a p retty  expensive set, and in th at respect w as a 
“ set b a ck ” also.

In  this connection 1 have in m ind this, th at w e have a con
ference here from which we hope to have some good results and 
undoubtedly already have had— w e h ave  gotten together, if 
nothing else— and w h at occurs to  m e is th a t we are here for 
each other’s good rather than to carry aw ay  inform ation w ithout 
giving any. C an  w e not consult as to how we can m ake stand
ard high-speed steel better th an  it is being m ade a t  the present 
tim e? N ow , those of us who are interested in high-speed steel 
have com binations and analyses of uranium, tungsten and so 
forth, and w e m ight see which is best. N ow , w h at can w e do 
to im prove this best, w h at alloys can we add? A t  the present 
time I don’t  feel encouraged w ith the conditions of uranium for 
high-speed w ork. W ith the other alloys w hich are cheaper, 
is there not one th a t w e have which will give us an imm ediate 
im provem ent in high-speed steel? One th a t is n ot 50 hard to 
get as uranium. Uranium , I believe b y  recent quotations in 
sm all lots, is something like $7 per lb. and Am erican tungsten 
has been rising in price b u t it won’ t  sta y  there. I  m ight say, 
too, in this connection th at there is a  p a rty  going about rep
resenting w h at is supposed to  be a reputable firm in Chicago 
whose one am bition seems to be to find uses for tungsten, be
cause th ey  claim  th at th ey have such large deposits of it. Of 
course w e all have heard these claim s for tungsten; someone 
comes along and says he has found a big deposit, so big th at it 
w ould becom e a drug on the m arket. N ow , these parties are 
claim ing som ething along th at line and m aking statem ents th at 
tungsten ore in large quantities is in sight and th at th ey can get 
it if there is a sufficient m arket for it, and can m ake a large 
profit b y  selling it  a t  $5 a unit, which we all know is probably 
the lowest price ever m ade for tungsten concentrates. Their 
aim  and w orry and hustle a t the present tim e is to find a wider 
m arket for tungsten and th ey say th at th ey are not worried 
about where th ey  arc going to get the tungsten from. I told 
the p a rty  th a t I d id n 't believe he had it and his answer was 
"N o , I don’t  suppose you do, for nobody ever produced such 
a qu an tity  before.”  A t any rate  I don’t  believe it, bu t they 
are still traveling around. T h e theory I have is th a t the best 
w a y  to im prove high-speed steel is to  w ork 011 some of those 
elem ents which we know im prove high-speed steel. T h e ele
m ent in m y mind is tungsten, and th a t is the thought th at 
I w anted to  bring out in this connection, if we are going to get 
an y  good out of this congress, if we are all to  take aw ay  an

idea, and none of us w ill carry som ething off w ithout benefit
i n g  the other.

T h e  C h a i r m a n :  T h e question is on high-speed steel, the 
kind of m aterials to be used.

M r .  J o n e s :  I s h o u ld  l ik e  t o  in q u ir e  i f  a n y  o f  t h e  g e n t le m e n  

p r e s e n t  h a v e  h a d  a n y  e x p e r ie n c e  w i t h  a n  a l lo y  s t e e l  r e c e n t ly  

p u t  011 th e  m a r k e t  w h ic h  r u n s  fr o m  16  t o  17  p e r  c e n t  c h r o m e  a n d  

h a s  110 t u n g s t e n  w h a t e v e r .  I h a v e  r e c e n t ly  h a d  a  r u n - in  w i t h  

i t  a g a in s t  h ig h -s p e e d  s te e l .

T h e  C h a i r m a n :  I have know n of som ething of th at kind. 
I t  was first introduced a num ber of years ago. W e haven ’ t 
heard v ery  m uch of it  since. If anyone has had a n y  experience 
w ith it I would like to  hear from  him. T h e  cobalt m ethod has 
been abandoned b y  alm ost eve ry  m aker. I t  caused quite 
a  controversy in Sheffield running in com petitive tests w ith 
the best Sheffield steels, b u t it w as finally found th at cobalt 
w as not worth while and it was abandoned.

D r .  J o h n s o n :  M r. Chairm an, in the m atter of cobalt 
steel you  w ill find some people who insist on it  em phatically 
a t  this time, bu t others seem to  have lost interest. I t  seems to 
m e that the cobalt high-speed steel has a special field and will, 
perhaps, continue to have it for some time to come.

T h e  C h a i r m a n :  I  don’t  mean to say th a t it  has altogether 
been discontinued, b u t it is n ot the great im provem ent it was 
expected to  be.

M r  B e r r y :  T o w h at exten t has the electric furnace been 
used for the recovery  of deleterious elements? A nd w h at 
furnace is considered best for that? A nd another point is the 
effect of these deleterious elem ents on the product.

D r .  J o h n s o n :  I can say  in regard to  electric tin th at the 
effects are, to render the steel red-short, and the use of i t  seems 
to m ake the steel brittle  if it  is there ifl sufficient quantities. 
I f  I  were m aking specifications I w ould insist th at the tin con
ten t should not be more than 10  per cen t a t  the outside, and 
you know th at copper is som ething along the sam e line. M y  
theory is t h a t  the higher the m elting point of the added 
the better the results. I f  we w ent on the basis of using a  whole 
lo t of good m aterial w e would get better re:u lts still, as, for in
stance, m olybdenum  and a higher per cent of tungsten—  
would be a fine proposition, for instance, w ith  20 per cent of 
tungsten, and I think th at really the only reason th a t we don’t  
p u t in 18 or 20 per cen t of tungsten is th at it  costs too much 
m oney. A t  the present tim e m y pet theory is to p u t more 
tungsten in steel.

T h e  C h a i r m a n : Y o u  w o u ld  h a v e  t o  s t a r t  c le a r  o f  s o m e  o f  

th e  h ig h  o n e s, i f  y o u  w a n t  u r a n iu m .

D r .  J o h n s o n :  Y es, I  suppose we m ust take good things 
in sm all doses. I t  w ill not do to  go too far; if we carry it too 
high, we m ay get i t  to  where w e w on ’t  speak of the m elting point 
but rather of volatilization.

M r .  W a t e r h o u s e :  C an  you  say an yth in g  abou t m y ques
tion as to furnaces?

T h e  C h a i r m a n :  I  have had no experience m yself in regard 
to  the m atter of recovery in sm elting operations of any kind.

A M E R IC A N  D Y E S T U F F  M A N U F A C T U R E
C h a r l e s  H . H e r t v , Presiding. Chem ists’ C lub, Septem ber 27, 1916

T h e  C h a i r m a n :  W h a t are w e going to  do about the
dyestuff legislation th at w as passed recen tly  a t  Congress? 
W e w ant in this case a  common council. L e t the chem ists 
and comm ercial m anufacturers of this country show th a t 
th ey  have the same v iew  and prove to  the cou ntry th a t th ey  
are entitled to  cooperation. T here m ay be quite a wide dif
ference of opinion on certain points, y e t a t  the end le t us feel 
th at w e have taken a definite decisive step th at w ill mean some
thing to us.
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M r .  W i g g l e s w o r t h :  T h e first consideration in the dyestuff 
problem this country has had to  face since the w ar w as w hether 
the economic conditions perm itted the establishm ent of the 
industry. A broad quite a large num ber of m anufacturers had 
found it  impossible of m anufacturing and disposing of their 
goods profitably w ithout some understanding, and various 
m ethods were em ployed to  control prices enabling them  to 
have a  great power, n ot only in their own country, b u t in the 
entire world, and w h atever methods were necessary in the various 
'countries were taken b y  th e citizens of those countries. In  
England and France it  was done b y  m aking certain concessions 
to  F rance and other countries, b u t in this country we have 
n ot established the industry and it  was n ot necessary to  m ake 
a n y  concession. T h e  tariff was the one serious factor th a t m ight 
be m ade to  w ork in favor of the establishm ent of the industry 
and prevent a  m onopoly of the A m erican m arket.

W e have to  recognize th a t a business of $15,000,000, which 
is the am ount of dyes im ported in the U . S., is a v ery  trifling 
sum of money, and when we read the am ounts of the European 
purchases in A m erica it seems alm ost infinitesimal, and it  would 
not offer any great comm ercial inducem ent to  the large m anu
facturer. W e have been given the privilege since the Exposition 
opened of exam ining the D epartm ent of Com m erce’s analyses 
and statistics covering the im porting of dyes previous to  the war. 
D r. N orton estim ates in the neighborhood of 6000 of these dyes 
and as near as I could get a t  it, it  comprises n ot less than 2000 
difficult com m ercial processes th a t would involve 9, 10 or a dozen 
steps in each process and various com plete apparatus, much of 
which is n ot m anufactured in this country. A fter the dye- 
stuffs bill w as passed b y  the Senate an exception w as introduced, 
we understand, and D r. H erty  has reason to  know  th at this 
was a t  the instigation of one single consumer, the largest buyer 
of indigo in the world. F or some reason he w as not satisfied to 
lim it the exception to indigo, b u t m ust include other articles.

D r . N o r t o n :  Personally, I feel th a t the tariff has a slight
role in this connection. I t  w ill be a help to  us tem porarily, 
b u t w e m ust be absolutely certain of freedom from unfair com 
petition in order to  build up our dyestuff industry. I am sure 
th at our President, and th at D r. Hesse and M r. W igglesw orth 
will feel th at I am violating no confidence when I state  th at in 
the U. S . there áre n ot three other men who have had more 
influence in crystallizing public sentim ent in the form  of this 
revenue bill. A  census of dyestuffs has been com piled for 
you r use. I t  is the first instance in any country th a t there has 
been an attem p t to p u t in com plete form this question of quan
tity , and classification of our dyestuffs. In  the course of a  few 
weeks it  w ill be entirely a t  the service of the gentlemen who were 
planning for the rational economic evolution of our Am erican 
dyestuff industry.

M r  S c i i o e l l k o p f :  W hen the European w ar broke out we 
were fortunate in having enough im ported interm ediate prod
ucts on hand to  keep our p lant running for abou t three months. 
D uring this period w e hastily  im provized tem porary plants for 
m aking im portant interm ediates such as benzidine, H . A cid, 
and D initro Benzol. W ith  the aid of these we were able to 
continue the m anufacture of such im portant colors as D irect 
B lack, D irect Blue, A cid B lack  and a num ber of others. Pre
vious to  the w ar we produced approxim ately 120 colors. A s 
our stock of interm ediates gradually becam e depleted w e were 
soon only m aking about 15.

In  the spring of 1915, a fter the English blockade becam e 
effective, there w as a  panic am ong the users of dyestuffs, and 
th ey  a ll turned to the A m erican m anufacturers and expected 
them  to fill their w ants on v ery  short notice. Our C om pany 
proposed to  m eet the dem ands made upon it  b y  erecting the 
necessary p lant and selling the ou tp u t on contract. On this 
basis we w'ent ahead and b y  January 1, 1916, were producing 
colors a t the rate of about one million pounds per m onth. T o

give you an idea of w h at this means I  wish to  say th at before 
the w ar we were capable of producing only 3,000,000 pounds 
annually. So th at in the short space of a year and one-half 
w e had quadrupled our output.

E a rly  this year, w e proposed not on ly to  increase our produc
tion b u t also to increase the variety  of colors on the same basis 
as w e did in 1915. T h e consumers again responded in a  most 
encouraging w ay with the result th at we now  have in the course 
of erection in B uffalo a p lant which w ill be capable of producing 
approxim ately 30,000,000 pounds annually or one-half of the 
tonnage which governm ent statistics say is used in this country 
under normal conditions. T o  sum m arize them , we h ave  in
creased our production from 3,000,000 to 30,000,000 since the 
w ar began, and will m ake after January 1st approxim ately 
fifty  colors, whereas early in 1915 we were m aking on ly fifteen.

W e, as well as the other m anufacturers of dyes, have been 
criticized for not m aking a greater variery  of dyes. Some 
people seem to  have an idea th at it is so very  simple to produce 
alm ost a n y  shade or q u ality  desired. T o  those people I say 
th ey  h aven ’ t  the slightest idea of w h at th ey  arc talking about 
and usually I am right. T o  be perfectly frank I think the prog
ress both as to qu ality  and v arie ty  made in the last tw o years 
is tru ly  rem arkable if one stops to  consider the difficulties which 
it  has been necessary to surm ount. In tim e and w ith the proper 
encouragem ent the Am erican m anufacturer w ill produce every 
color th at is necessary and do it ju st as well as our foreign com 
petitors ever did.

In qu ality  our products are absolutely identical w ith those 
form erly im ported from the other side and in some cases better. 
A s to  the poor qu ality  of Am erican dyes, the 50 or 75 dyes th at 
are m ade in this country cannot possibly do the work of the 300. 
or more which were form erly im ported. T he m anufacturers 
do not claim  th ey will, b u t m any dyers try  to  m ake them  do th at 
work. T he results are bad and the dyer blam es the q u ality  of 
the dyes when as à m atter of fact he knows better.

F or purposes of N ational Defense it  is absolutely v ital th at this 
industry should be developed. I t  is n ot ju st newspaper ta lk  
about dye factories being converted into am m unition plants on 
short notice. I t  is a  fact, and a very  reasonable one, too, because 
th e sam e m aterials arc used in producing dyes and ammunition. 
A fter the w ar I believe you  will sec the industry established in 
all of the warring countries, and the governm ents will, if nec
essary, even subsidize the m anufacturers in order to  keep the 
plants in operation. England and Japan have already done 
this and the others are  sure to  follow.

W e have established a  research laboratory under the able 
direction of Prof. C . G . D erick. Laboratories such as this have 
been a source of m uch of the success achieved b y  the large fac
tories abroad. N o research w ork such as this has ever been 
done in this country' because the industry has been, as I have 
said, unable to support it. Conditions having now changed, 
le t us hope th at so v ita l a necessity to  the success of the industry 
m ay be accomplished.

T he T ariff B ill, passed a few  weeks ago b y  Congress, is far 
from  perfect for a num ber of reasons:

First: I t  does n ot provide for the duties as recomm ended b y  
you r Com m ittee in th a t it provides for a surtax o f only 5 c. 
instead of 7V2 c. 011 finished colors, and on ly 2 '/i c . instead of 
33/< c. on interm ediates.

Second: I t  exem pts alizarin colors and indigo. These colors 
have never been m ade in this cou ntry before because th ey were 
a lw ays on the free list, bu t if w e are to  have a self-contained 
dye  industry we m ust also m ake these. U nder the new law 
I do n ot th ink this developm ent w ill take place.

Third: W h y should the duties be gradually  reduced after 
five years? T h e bill provides for a  T ariff Commission. W h y  
n ot le t the Com m ission decide when and how much the duties 
should be reduced or even raised? Isn ’t  th a t w h at the C om m is
sion is for? Furtherm ore there is the clause which states th at 
if 60 per cent in valu e is not produced in this cou ntry w ithin 
five years th a t th e surtax shall be rem oved. T his is highly
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objectionable particularly  inasmuch as A lizarin  and Indigo 
colors are exempted, because these colors m ake up 29 per cent 
in value of the im ported colors and the rem aining 10 per cent 
is taken  care of b y  patented colors which cannot be made here 
under any circumstances. Unless these la tter are m ade here 
it w ill be difficult if n ot impossible to  fulfill th is p art of the law . 
T h e  unfair com petition clause is in m y  opinion very  weak. 
I t  puts the burden of proof on the Am erican m anufacturer and 
n ot on the im porter as it  should be. Furtherm ore, if goods are 
dum ped in this country it  is necessary to prove th a t it  is done 
w ith  the intent of destroying or injuring an industry in the 
U nited States. D oesn’t  it  seem impossible to  prove such in
tention if it  is denied?

T aken  all together, I  do not think th a t this bill w ill encourage 
v ery  m any people to invest their capital in the dyestufT industry, 
p articularly  if they have had any experience in it.

M r .  D o w :  T h e omission of the specific five-cent d u ty  from 
indigo, w hereby the on ly rem aining protection is 30 per cent 
ad valorem, puts indigo-m akers in a v ery  unenviable position 
as com pared w ith the other dye-m akers, for the reason th a t a 
specific d u ty  autom atically loses its p rotective feature a t  the 
v ery  tim e it is m ost w anted because a  lowering of the price 
abroad during trade w ar also lowers the am ount of d u ty  and 
makes it relatively  easy for the foreigner to  com pete, and put 
the unexperienced, new Am erican industry out of business.

M r. D ow  also explained the present status of their indigo 
p lant a t M idland, M ichigan, and stated th a t the p lant would be 
turning out indigo com m ercially about the first of the year.

RESOLUTIONS ADOPTED

On motion b y  D r. Alexander, a  com m ittee w as appointed, 
consisting of D r. Alexander, M r. W igglesw orth, D r. M athews, 
M r. Sclioellkoph and D r. Beckers, to express th e sentim ent of 
the m eeting on the recent D yestuffs Revenue B ill. T h e  reso
lutions follow:

W h e r e a s ,  the Revenue B ill (T itle  V ,  DyestulTs), which re
cen tly  passed the Senate after hearings of representatives of 
producers and consumers, accorded to  all classes of dyestuffs 
w ithout exception an ad valorem du ty  of 30 per cent and a 
specific d u ty  of 5 cents per lb., and

W h e r e a s ,  in the final conference betw een the House W ays 
and M eans Com m ittee and the Finance Com m ittee of the Senate, 
and w ithout further hearings, ‘ ‘N atural and S yn th etic A lizarin  
and dyes obtained from Alizarin, Anthracene and Carbazol, 
N atu ral and S yn th etic Indigo and all Indigoids whether or not 
obtained from Indigo, and m edicinals and flavors”  were made 
exceptions and to carry no specific d u ty  and to  have only the 
30 per cent ad valorem du ty;

T h e  D yestuff Conference of the Am erican Chem ical Society, 
in a  m eeting held in N ew  Y o rk  Sept. 27th, w ithout a  single 
dissenting vote, condemns the exception of these dyestuffs 
from this specific d u ty  as this exception undermines the very  
foundation upon which it was hoped th a t th e A m erican D ye- 
stuff Ind ustry m ight be built. I t  m akes it  impossible for the 
Am erican m anufacturer to  m eet the requirem ents of this B ill 
‘ ‘ if, a t  the expiration of five years from  the date of the passage 
of the A ct, the President finds th at there is n ot being m anufac
tured or produced w ithin the U nited States as m uch as 60 per 
cent in value of the domestic consum ption of these articles, 
he shall b y  proclam ation so dcclare, whereupon the special d u ty  
imposed b y  the Section on such articles shall no longer be as
sessed, levied, or collected;”  and

W h e r e a s  t h e  v a lu e  o f th e s e  e x c e p t e d  c la s s e s  o f  d y e s  a m o u n ts  

t o  a p p r o x im a t e ly  3 0  p e r  c e n t  o f  th e  d y e s  c o n s u m e d  in  t h e  U . S. A .,  

w i t h o u t  c o n s id e r in g  t h e  d y e s  p a t e n t e d  b y  fo r e ig n  m a n u fa c t u r e r s ;

Therefore, be it Resolved th at we condemn the rem oval of these 
dyestuffs from the special tariff accorded then b y  th e Senate as 
detrim ental to  the establishm ent and developm ent of the 
Am erican D yestuff Industry and subversion of the best interests 
of the Am erican people.

D r .  D o w :  Cooperation am ong the m anufacturers of dye- 
stuffs would be against the Sherman law. I t  could not be done

am ong Am ericans. Foreigners can do it to  Am ericans, bu t 
Am ericans cannot do it  to Am ericans them selves.

T h e following resolutions, read b y  D r. M athew s, were adopted: 
W h e r e a s ,  D irector Ralph, of the G overnm ent Bureau of E n 

graving and Printing, declares in a  statem ent to  the Oil, Paint 
and Drug Reporter, in the issue of O ctober 2, 1916, th a t while 
he is in sym p athy w ith the idea of purchasing dyes for the use 
of his B ureau from Am erican m anufacturers, he has found it 
"im possible to  obtain  supplies, although during the past two 
years he has made every  effort to get them ;”  and 

W h e r e a s ,  D irector R alp h  declares himself ready to-day to 
purchase large quantities of reds if he could get them ; and 

W h e r e a s ,  D irector R alph has placed an order w ith  a  Germ an 
m anufacturer for the delivery of “ Printing R ed ”  (Lake R ed 
N o. 1), 40,000 lbs.; "Perm an en t R e d ”  (Lake R ed  N o. 6), 20,000 
lbs.; “ Chinese B lu e,”  25,000 lbs.; and “ Prussian B lu e ,”  60,000 
lbs., which can only be delivered b y  auth ority  of the British 
Governm ent in tem porarily raising the em bargo now existing 
to  allow such shipm ents from  G erm any to the U nited States 
Governm ent;

Be it Resolved: T h a t we believe it  the province of the 
Am erican Chem ical Society to  investigate the status of the 
Am erican dyestuffs m anufacturers as possible source of such dyes 
for governm ent use, and th a t the m atter be referred to the previ
ously appointed “ Legislation C om m ittee”  for investigation and 
reported as a guide to  the Am erican chem ical dyestuffs indus
tr y  in thus m eeting the demands of the U nited States Bureau of 
E ngraving and Printing.

M r .  W i g g l e s w o r t h :  T h e G overnm ent has never inquired 
whether they can get those colors or not.

M r .  M a t h e w s :  These colors are no doubt alizarin lakes. 
T h e  G overnm ent w ants 145,000 lbs., a  considerable item , 
and quite a  line for the Am erican dyestuff industry to go into.

T h e  C h a i r m a n :  Ju st a t the time the D yestu ff Revenue Bill 
legislation a t Congress w as pending there suddenly appeared in 
the papers of m y state in big headlines an article regarding a 
trem endous developm ent th at was going on in N o rth  Carolina, 
a $5,000,000 dyes and m unitions p lant w as to  be erected within 
the n ext tw elve months, and the rem arkable th ing abou t it 
was that, a week a fter th a t statem ent appeared in the papers, 
th e same published statem ent w as used on the floor of the 
Senate as an evidence th at we needed no particular legislation 
for this industry in this co u n try !! T h a t we w ere com ing along 
fine! T h e com pany has already failed and y e t  th ey had this 
influence in the U. S. Senate.

A M E R IC A N -M A D E  C H E M IC A L  G L A S S  A N D  P O R C E L A IN
A r t h u r  H . T h o m a s , Presiding 

D r . F r e a s :  Porcelain and glassware for laboratory work 
has been in a  rather bad w ay  for tw o years now since the w ar; 
practically v ery  little  has com e through since F ebru ary after 
the war began, and the stock th a t has been on hand has been 
p retty  well used up. T here was considerable for the first half 
year scattered in the warehouses of th e country, b u t in the 
last y ear and a  half th a t stock has been usedup. Institutions in 
m ost cases have had a good stock on hand so th at the situation has 
n ot been as critical as it  m ight have been otherwise. T h e  qu ality  
of glassware used in the laboratories is quite different from  the 
qu ality  used elsewhere for other purposes. I t  m ust be resistant 
to alkali, to chem ical use, to h eat and to  ordinary laboratory 
bumps. Chem ical porcelain and glassware has been put out 
b y  some m anufacturers similar to th at found in cheap restaurants, 
in all respects— sim ply something to  hold solids. A t  Colum bia 
U niversity we were fortunate enough to get in a $20,000 ship
m ent before the w ar began. W e have not had in any of our 
laboratories an y  of the new porcelain and v ery  little  of the 
glassware. I would state  th a t the glassware situation is one 
of the m ost encouraging things to  me th at we h ave  had in the
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past tw o years, ill the w a y  the m anufacturers have im proved 
the situation, b u t th ey  h ave  not gone far enough yet. Quantities 
are rather lim ited y e t and deliveries are not prom pt. V ariety  
will, of coursc, as you  know, be extended as tim e goes along. 
I t  is foolish to say th a t w e can start out and m ake porcelain 
w ithout any training scientifically. Y o u  have got to come back 
to the laboratory and laboratory men; th ey h ave  got to have 
control of it. A s you  know, all educational instructions arc 
entitled to duty-free im portation of glass. W ith  the institutions 
dollars are dollars. W e will im port the thing from abroad, 
regardless of w h at the cflect m ay be 011 the neighboring factory 
th a t would like to get the business to  build up th a t business. 
A rc  the men th a t have started in the m anufacturing of these 
goods going to  be protected after the w ar ends? T here certain ly 
should be some m ethod b y  which w e could encourage the in
dustries and not handicap knowledge.

T here is a  great deal of knowledge required for the building of 
microscopes. D uring peace tim es instrum ents of th a t kind are 
n o t; for m ilitary purposes b u t for educational and m edical 
purposes. I t  is w orth while to  foster these industries, sim ply 
because when the tim e comes w e cannot get these things from 
abroad. I am ju st as much in favor of building the industry 
for building microscopes and it  is ju s t as im portant as our N i
trate  industry.

M r .  E .  C . S u L U V A ii,  Chief C hem ist Corning Glass W orks: 
I  think it  is w ithin the possibilities th a t the Am erican m anu
facturer can com pete w ith the Germ ans in time. A lthough 
th at you  cannot do to-day. M anufacturers are m aking very  
vigorous efforts to  m eet the dem and and w ithin a  reasonable 
tim e we shall catch  up. In  the case of the firm w ith which I 
am  connected w e have increased our facilities largely, and it is 
only a  question of tim e. W e cannot p a y  a high rate a t 8 hours 
per d a y  in com petition w ith the foreign labor, and expect to 
give our ware to the universities on the same basis th a t foreigners 
can  im port it. Industries are in the business of m aking m oney.

M r .  C o o p e r ,  Syracuse U n iversity: U niversities are w ar
ranted in buyin g liberally. W e are going to be educated up to 
buyin g a b etter qu ality  of glassware, finding th at breakage is 
less and th a t it  really p ays us. W e ought to be in a position 
to  com pete w ith Jena glassware. Glassware im ported from 
G erm any is cheap and fragile.

D r . F r e a s :  Y o u  cannot p a y  40 cents an hour for help to 
turn ou t the sam e product at the sam e price th at you  can when 
you  p ay 8 or 10 cents an hour. I do not agree w ith D r. Cooper 
th a t the glassware w e have been im porting from  G erm any is 
cheap and fragile. W e had been getting a v ery  fair q u ality  of 
glassware before the war. T here is considerable doubt w hat 
will be the actual conditions after the w ar. W e m ust control 
duties or bounties. W h a t the conditions will be abroad depends 
on how long the w ar lasts.

M r .  S m it h ,  Case School of Applied Science: Our Technical 
School has had to bu y quite some apparatus, b u t are free to  
b u y  w hatever th ey  w an t to. I t  is a  fact though th a t a  great 
m any state universities are compelled to get com parative bids 
and get the goods from the lowest bidder. W e should have those 
law s changed so th at th ey  would read "th e  cheapest Am erican- 
m ade goods.”  W hen the war is over I intend to  keep on buying 
all apparatus th at i t  is possible to  get from Am erican makers. 
B u t these state  universities cannot do this, and I think th ey are 
legally  prevented.

D r .  F r e a s :  I w ould like to  know  if Prof. Sm ith four years
ago had w anted $1000 worth of glassware, w h at he would have 
done, if Am erican glassware had cost him  S i 300 and imported 
would have cost $1000?

P r o f . S m i t h : F o u r  y e a r s  a g o  I  w a s  n o t  a w a r e  o f  t h e  la c k  o f  

p a t r io t is m  I  w a s  e x h ib it in g , b u t  I  a m  t o - d a y ,  a n d  e x p e c t  t o  b e  

in  t h e  fu tu r e .
M r .  D a v i s ,  E li L illy  &  C o .: M ost of us have tried at various

tim es to blow glass in  the laboratory, and I have seen several 
skillful chem ists try  so simple a thing as welding of tw o pieces 
of tubing together and say  " I  cannot do that. T h a t is some
thing for a  professional;”  also, "Som ething I w as never ex
pected to do in m y w ork.”  These things I regard as fallacies, 
and it is tim e th at w e rid our minds of them. Some think 
th at glass blowing has to be taught over a period of years; th at it 
requires a large outfit; th at we m ust have special glass. I know 
th at glass blowing can be taught. In  teaching glass blowing 
I  should start the student w ith  some v ery  simple problems. 
F or instance, the bending of glass tubing. A fter he had learned 
the bending of a  tube, m ight try  bending of larger tubing; then 
I should give him the blowing of a  bulb. Then he can learn 
to  close the end of the tube. W ith  a  w eek’s practice he can 
become perfect in any one of these operations. T hen  he can 
put the lip 011 the tube; blow a bulb in  the center of a tube; 
tr y  an internal joint. A  w eek’s practice will m ake the student 
practically  perfect in that. H e m ay then learn to m ake a 
base so as to  p u t a base on a test tube. T h e student will shortly 
find out he is then able to m ake any piecc of glassware th a t is 
demanded. I see no reason w hatever w h y the student in the 
average college could not take up glass blowing and learn it. 
There is no necessity for a  large ou tlay  of glass tubes for glass 
blowing. M y  equipm ent consists of a  blast lamp, old pair of 
scissors and an old file. There are no blue bottles made in 
Am erica from  which you can blow tubing and blow  glass.

M r .  W e i s s ,  Chief Chem ist, B arrett C o .: W e h ave  had p retty  
good luck in getting m ost everyth in g we need as far as our re
quirem ents are concerned. T h e  Am erican grade of glassware is 
equal to others, equal to  if n ot better than Bohem ian. One gentle
man said th a t th ey  have been having a lot of trouble in getting a 
creosote oil retort. W e have not found anybody in the U nited 
States who can m ake them ; th ey do not seem to  know  how or do 
n ot w an t to  m ake them . T here w ill not be a stock of retorts 
to  last another tw o months. W e are anxious to get som e one 
who would m ake them  or could m ake them.

D r .  T h o m a s :  I am interested in the advisability  or prac
ticab ility  of having our Am erican training schools take up the 
question of glass blowing as a trade. N o  m atter how much 
m oney there is a t  the present minute, there is nobody to do the 
Work. Someone in the G erm an laboratories has done something 
on the order of w h at M r. D av is has shown us.

D r . E l d r e d g E :  I think th at D r. T hom as’ suggestion in re
gard to  training schools a  v ery  good one. Before M r. D avis 
cam e into our laboratory it was quite an undertaking for an y
body to  m ake anything. Probably half a  dozen or more of 
our chem ists now th ink nothing a t all about blowing glass since 
M r. D avis has come. H e blows all his own glass th at he cannot 
bu y. A fter the w ar consumers will continue to  b u y  American- 
made apparatus, even though foreign ware will be m ade more 
cheaply.

D r .  F r e a s :  I believe there is foreign-m ade apparatus in
considerable am ount being sold in Am erica to-day, and in com 
petition w ith  the men who are try in g  to  get out Am erican 
apparatus a t this very  time. I do not believe th at any am ount 
of reasonable appeals to  the purchaser is going to  avail very  much.

Dr. D avis when asked how long a  tim e was required for a  man 
to  become a  glass blower, said: "tw e lv e  w eeks’ time, devoting 
one-half hour to  an hour each day, would m ake a  man pro
ficient in the tw elve first stages, and w ith these stages you  can 
work up the other pieces of apparatus.”

D r . S c h o i .E S , F ry  G lass C o., P ittsburgh: T here are a  num ber 
of points in connection w ith duty-free im portation. One 
thought is th at a large part of the income of the colleges and uni
versities is on m anufacturers’ profits, and it  seems only fair th at 
the universities should help to  foster the industries all possible. 
I t  seems to  me entirely inconsistent th at universities and col
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leges should get their scientific apparatus (very sm all p art of 
their expenditure) duty-free, whereas th ey do p ay the regular 
price for everyth ing else th ey use. If the university is building 
new chemical laboratories th ey m ake a  great ou tlay  for steel, 
b u t it has never been suggested th at steel should be furnished 
to  them  duty-free, or th a t paper should be furnished d u ty 
free to schools and colleges. I t  is rather inconsistent th at the 
schools should expect to get their glassware a t a  reduced price 
and a t  the sam e time pay regular prices for the large num ber of 
other supplies th ey are made to pay d u ty  on, th at are higher in this 
cou ntry than they are abroad. Regarding the m anufacturing 
of glassware, a great deal depends upon experience before starting 
out. G erm any has had various experiences. Our experience 
dates from the beginning of the war. Users should be lenient 
w ith us a year or tw o until we are able to train our m en. W e 
value criticism. W e arc glad to  know wherein w e fail so th at 
w e can m ake im provem ent. T here is no reason w h y Am erican 
glassware cannot be made as good as it can any place in the world. 
B u t we are back on experience.

D r ,  D a v i s :  O f all the tubing I have ever worked I prefer 
the blue lined Jena. I t  w orks best in the fire. I t  is a special 
glass and it  is very  difficult to  obtain it in a ll sizes. I t  is alm ost 
impossible to  obtain it  now. Before the w ar our glass was 
alm ost exclusively G oulak. Since the w ar I have been getting 
Goulak. Am erican concerns are puttin g out a glass th at is 
equal to  Goulak. Specializing in particular lines of glass blowing 
is being carried out in this country, one m an doing a certain 
thing, and another a  different sort. I  visited a  factory  here in 
N ew  Y o rk , and as I w as being shown around I w as interested 
to  note th at here was a man winding coils, and was to ld  th at 
" T h is  m an winds a ll our coils. Here is another th at m akes all 
our stopcocks.”

W . A . L o n g ,  Corning G lass W o rk s: One of the m ost particular 
things in this country in the m atter of glassware is the optical 
glass. How’ m uch would the 14 in. gun am ount to  if w e had no 
field telescopes or range finders? A t  the present tim e in the 
U . S. we have practically  no m anufacturer who is able to turn 
out sufficient glass to cover this field or to m ake it  of sufficient 
quality, because th ey  have no protection.

M r .  T h o m a s :  T h e porcelain problem has so far proved diffi
cult. I t  seemed to  a  num ber of m anufacturers th a t a good 
chemical porcelain can be produced very  quickly. I t  took the 
Germans (?) 150 years. Japanese have been m aking porcelain 
for 4000 years, one kind or another. I t  is a  very  com plicated 
adventure and w e m ust not claim too m uch before we get 
there. T here is no question bu t th at the w ork is going to  be 
done and it  deserves support. W e have not m ade porcelain 
equal to  th at in Berlin.

IN D U S T R IA L  A L C O H O L , A C E T O N E , A C E T IC  ACID
A r t h u r  D. L i t t l e , Presiding, C hem ists' Club, Septem ber 28, 1916

T h e  C h a i r m a n  : I  suppose it is not too m uch to  say th at 
those of us who expected an imm ediate enormous developm ent 
of alcohol consum ption in the arts have been disappointed by 
the com paratively slow' w a y  in which its introduction has grown. 
One obvious reason, perhaps the only v ita l one, is th at the price 
of industrial alcohol has never rcached a  point which has made 
it  broadly available, especially as a fuel. I believe th at the great 
developm ent of industrial alcohol which we still feel sure of for 
the future is bound necessarily to  come. T h e production of 
denatured industrial alcohol for the year ending June 30, 1912 
was 8,094,000 wine gal.; in 1913 this had risen to 9,831,000 
gal; in 1914, a  to ta l of 10,404,000; and in 1915, 13,987,000 
gal.

A nother reason for lagging developm ent is undoubtedly still 
the governm ent restrictions. Y o u  can ’t  do in this country as 
th ey  do in G erm any, arrange things so th at any sm all farm er

m ay set up a still and run his product over into a sealed tan k  in 
which it  remains until the governm ent finds it  convenient to 
come around and denature it. A n y  m odification of those 
restrictions which would tend to greater sim plicity would be of 
v a st help in this particular industry and it  would seem th a t 
there ought to  be some possible w ay, although I have never 
heard one suggested, of denaturing the mash so th a t there need 
be 110 subsequent supervision.

I believe th a t the great developm ent in industrial alcohol 
will not come until it reaches a price of 35 c. per gal., w hich I 
believe is well w ithin the range of our vision.

T h e raw  m aterials for alcohol production in a  large w a y  are 
com , potatoes, molasses, wood w aste, and w aste sulfite liquor. 
T h e last tw o, although in some respects the m ost suggestive 
and interesting of all, are a t present of alm ost w holly negligible 
importance. I t  is worth m entioning however th at w ith  the 
exception of the wood waste and the w aste sulfite liquor, all the 
other m aterials m entioned arc substances th at are h igh ly  v a lu 
able as human food and it is, I believe, and I  th ink it  w on’t  be 
long before it is realized, th at to  use m aterial which is valuable 
as food for the production of alcohol is an economic, if not a 
comm ercial waste.

T h e potato distilleries are located principally in Europe, 
very  largely, as you  know, in G erm any. T he distilleries using 
com  are found principally in our middle w estern states. T he 
molasses distilleries are along our southern seaboard and the 
eastern coast of the United States. T h e production of alcohol 
from wood w aste is carried along com m ercially, so far as I 
know, only a t  Georgetown, South Carolina, and a t  Fullerton, 
Louisiana, and the production from  the w aste liquors of the 
sulfite process for pulping wood, which w as originally in itiated 
com m ercially in Scandinavia, is now carried on a t  on ly one 
p lant in this country, which is a t M echanicsville, New' Y o rk —  
the p lant of the W est V irginia Pulp &  Paper Com pany.

I  m ight say  in passing and as showing how slow ly these 
things develop, even when th ey are obvious, th a t I remember 
very  well th a t a t  the C hicago Exposition in 1893 the W aldorf- 
Zelsdorf F abrique in its v ery  fine exhibit there had a  five gallon 
bottle, or more, filled w ith  a high grade of alcohol derived from 
its waste liquor. T hen, because of its rather unique character 
I w an t to  call attention to the great plant of the C urtis B a y  
Chem ical C om pany a t Baltim ore, w’hich I  understand to be 
connected w ith the U nited States Industrial Alcohol C om pany 
where th ey  are producing on a large scale alcohol m ade from 
molasses m erely as an interm ediary product for the production 
of acetone b y  w ay of acetic acid.

T h e w ar has, of course, proved an enormous stim ulus to  the 
production of acetone and to a  v ery  considerable extent to  the 
production of'alcohol as a  solvent for the m anufacture of sm oke
less powder.

Some years ago the electrical testing laboratories in this c ity  
carried on an interesting series of tests in w hich th ey  showed 
th at gallon for gallon, burning the alcohol in a m antle lam p 
and the kerosene in an A rgand burner abou t a little  more than 
twice as m any candle power hours were derived from the alcohol 
as from the gallon of kerosene. T h a t w as not a  d irectly  com 
parable test, b u t y e t in each case the fuels were burned under 
the conditions which give the best results.

T hen  there is a  growing use of alcohol as a  heating agent in 
special cases. Y o u  arc all fam iliar w ith  the v ery  wide in tro
duction of solid alcohol, so called, "Steero”  and the other prod
ucts of th at kind, w'hich find their m arket because of their con
venience. I w as told not long ago th at every  buffet car com ing 
into the Pennsylvania Term inal was required to  use no other 
fuel than alcohol. A lso in the case of m any of the heaters used 
for heating freight cars, it has been found in m an y classes of 
freight th at alcohol is the best fuel for those heaters, because the
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products of com bustion do not tend to contam inate the m a
terials in transit.

ALCOHOL AS FUEL, PRIMARILY IN INTERNAL COMBUSTION 
ENGINES— T h e num ber of autom obiles in the country is I 
suppose not far below 3,000,000. A t  24 H . P. per car, which is 
certain ly low enough, you have about 60 million horsepower in 
gasoline internal com bustion engines. T h a t is more than the 
total potential horsepower in w ater power in the U nited States, 
and it is v ery  m uch more th an  th e total steam  horsepower. 
O bviously there is n ot going to  be enough gasolene to go around. 
Some people speak of the possibility of replacing gasolene w ith 
benzol. Benzol would not keep the cars going more than a 
few  days. Kerosene is never going to  come into use in pleasure 
cars, because of its tendency to crawl and leave an oily surface 
over its container and everyth in g around.

So we m ust come, I believe, to  the conclusion th at the only 
fuel in sight which promises to replace gasolene and to hold 
down the price of gasolene, which has already risen in some 
parts of C anada to 39 c. per gal., is alcohol, and fortunately 
it  has already been dem onstrated th at in those processes having 
the production of alcohol from waste cellulosic raw m aterials, 
w e h ave  a m ethod which promises b y  its developm ent to furnish 
alcohol u ltim ately a t a  price which will enable it to com pete w ith 
gasolene.

In  this connection-it m ay be interesting to  hear a telegram  
which has ju st reached me from  M r. G roves who has been in 
chargc of the p lant of the du P on t Pow der Com pany, m aking 
grain alcohol from yellow  pine wood waste.

“ Y o u r letter forwarded to  me from  W ilm ington did not reach 
me until yesterday. Sorry I did not receive it in tim e as it would 
have been a pleasure to  have been present. T ru st th at those 
interested in eth yl alcohol from  wood w astes realize th a t the 
process is a  great com m ercial success and th at the interest in 
this subject will grow accordin gly.”

(Signed) J. S t u a r t  G r o v e s

T h a t is intensely agreeable to me and I hope will be of interest 
to  m any of you.

I  have already a t different tim es pointed out the enormous 
am ount of wood waste which is available for the production of 
ethyl alcohol in th e yellow  pine districts alone and referring 
on ly to  yellow  pine waste and elim inating all the larger waste 
which m ight be available for paper m aking or other purposes, 
there is still enough left there and w asted every day to  m ake
600,000 ga'.s of. 95 per cent ethyl alcohol from th at one raw 
m aterial, and of course the process is one which lends itself to 
m any forms of cellulosic waste.

I t  is claim ed, b u t w ith w h at right I have not determined, th at 
yields approxim ating those of wood m ay also be obtained from 
peat and th at straw  is also availab le  as cellulosic raw  m aterial. 
A t  an y  rate, I  think it  is safe to say  th a t nature produces some
thing like ten billion tons of such m aterial every year and th at 
our future supply of alcohol would seem to be reasonably secure.

T h e  particular process to  w hich I am  referring has since 1819 
developed from the use of 141 parts sulfuric acid to  1 part 
cellulose down to  somewhere about 2V2 per cent acid; the tim e 
of treatm ent has also been greatly  reduced. In its elem ents the 
process now consists in taking saw -dust or wood waste and spread
ing it over w ith diluted sulfuric acid, preferably putting it  into a 
digester or converter which has a  p rotective lining, a  heat insulat
ing lining, and then bringing it  quickly up to the, critical tem 
perature, corresponding to  about 85 lbs. pressure. A pproxim ately 
25 per cent of the wood is converted into saleable products, 
a  considerable proportion of which are sugars and of those sugars 
a  large p art are ferm entable. T h e  cooked chips are extracted 
w ith  w ater and lim e added to  neutralize the acid; the sulfate of 
lime settles and the liquor is drawn off and then treated alm ost 
precisely as w ith molasses. T h e  process is really one for pro
ducing ferm entable sugars from  wood, and the rest of the opera
tion is th at of the molasses distillery w ith special ferments.

I  have not been able to  obtain the exact figures of the acetone 
production. I t  has been enorm ously stim ulated b y  the war 
and it  m ust be in the neighborhood of 10,000 tons or more per 
annum. T h e  raw m aterials for its m anufacture are the hard 
woods, acetone of lime and calcium  carbide through the inter
vention of sulfuric acid and m ercury salt, and a  special bacillus 
{bacillus maccrans) which has been analyzed in a work in G er
m any. T here are a num ber of methods of wood distillation and 
the separation of the acetone from the alcohol distilled.

D ry  distillation with lime is the regular and m ost prac
ticed m ethod. Steam  injection is som etim es used a t  the end 
of the process.

I t  has been found th at acetic acid even when diluted in the 
form of pyroligneous acid, can be easily converted into acctonc 
b y  passing through a tube or a cham ber heated to  about 500° 
C .  over a  catalyzer. D r. Squibb, as you m ay remember, did 
this fifteen years or more ago. A nother process for m aking 
acetone passes the pyroligneous acid over a tube heated to  575 
Benson and D arrin, of Seattle, have studied this process and 
in a  recent article in T h e  J o u r n a l  o f  I n d u s t r i a l  a n d  E n g i 

n e e r i n g  C h e m i s t r y  claim  the following advantages .for 
this m ethod: H igher yields, lower operating expenses, the
elim ination of the large consum ption of lime, under-drying of the 
acetate, continuous operation, low cost of apparatus, easier 
control.

F in ally  we have the process for the m anufacture of acetone 
from carbide, the carbide being first converted into acetate, 
the acetate then being oxidized to  acetic acid, and the acetic 
acid then converted into acetone either b y  the cata lytic  process 
or b y  the distillation of the acetate of lime.

T h e Freer C om pany have patented a  process for acting on 
sugars in the presence of inert and neutral m aterial b y  the 
bacillus macerans and thereby producing ethyl alcohol and ace
tone. T his process w as mentioned a t  the time of the Eighth 
International Congress of Chem ists here.

A cetone is used principally in the m anufacture of smokeless 
pow der as a  solvent, particularly, in the cordite m anufactures 
and it has various other solvent uses, which yo u  m ay call 
“ peace”  uses in connection with cellulose nitrates. I t  is used 
as a  basic raw  m aterial in the m anufacture of chloroform, for 
low grade as an absorbent for acetylene, and for other minor 
uses. T h e use first mentioned is the m ost im portant one and 
has been tcm endously increased b y  the war. T h e  others have 
not been appreciably affected, if w e except the m anufacture of 
chloroform, and so far as the use of acetone as a solvent for 
acetylene goes, there has been a great dim inution owing to  the 
substitution of electric lighting on autom obiles, in place of the 
acetylene being carried in the Prestolite tanks, where, as you 
know, it is dissolved in acetone. A lso a certain  cheaper class of 
acetones have been substituted.

T here have been as a result of the w ar large additions to  the 
m anufacturing cap acity  for acetone; particularly the great 
p lant of the C urtis B a y  Chem ical Com pany a t  Baltim ore, and 
there has been an especially interesting developm ent through D r. 
M atthew son of the Shananigan Falls Pow er Co. in the synthetic 
production of acetone from calcium  carbide by  w ay of acetylene.

I  have here a  resolution passed b y  the Canadian M an u
facturers Association a t  its last meeting at Ham ilton, which is of 
interest in connection w ith the subject of industrial alcohol.

"W H E R E A S  alcohol in pure or denatured form is a  necessary 
raw  m aterial for a large v arie ty  of industrial processes, and

" W h e r e a s  some of the processes for which it  is a  necessity are 
already being carried on in Canada, but w ith only m oderate 
success, due to  the lower cost and easier conditions under which 
m anufacturers in other countries can obtain this m aterial, and

“ W h e r e a s  the equalizing of conditions would not only stim ulate 
the growth of existing industries, b u t would lead to  the es
tablishm ent of new ones to the obvious advantage of the country 
as a whole; and

“ W h e r e a s ,  m any other countries have found it to be to  their
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advantage to  reduce greatly  and sometim es to rem ove altogether 
the excise on alcohol when em ployed for industrial, scientific 
and hum anitarian purposes, and

" W h e r e a s ,  w e  believe th at the legislation and regulations 
governing this m atter should be so form ed as to encourage the 
distillation of alcohol in C anada b y  m aking it profitable for the 
com m unity to use the dom estic rather than the im ported article; 
Therefore be it

“ Resolved: T h a t the Canadian M anufacturers’ Association 
place itself on record w ith  the federal governm ent as requesting 
the rem oval of the excise d u ty  or the inland duty, provided the 
alcohol alw ays is under suitable regulations and restrictions: 

“ (a) W hen em ployed for m anufacturing purposes under 
which the alcohol would be lost or unrecoverable;

“ (b) W hen used b y  hospitals and asylum s and infirmaries 
for bathing purposes;

“ (c) W hen used b y  laboratories or educational institutions 
for purposes of scientific research;

"(d)  W hen used b y  hospitals and museums for the preserva
tion of specim ens.”

D r . M a t t h e w s o n :  W e have been working on the process
for 8 months now in an experim ental w a y  and it  has been success
ful so far. W e are m aking now in the neighborhood of io o  lbs. 
of formalin per d ay and an equivalent am ount of acetic acid 
and acetone. ' A  large p lant is fairly well finished and w e hope to 
start operating in about three w eeks’ time.

W e have m et principally m echanical difficulties in the pro
cess, and have finally gotten a m aterial to stand the action of 
sulfuric acid.

In  the oxidation of the form aldehyde w ith acetic acid w e 
found v ery  m any difficulties. W e experim ented there with 
oxygen, and w e found th at both arc fairly  successful. One 
of the greatest difficulties there is is the danger of explosion 
of the form aldehyde, bu t w ith  proper regulations and 
proper m aterial for the containing vessel, the danger of ex
plosion is alm ost entirely eliminated. B oth  in the first and the 
second stages w e are able to get over 90 per cen t yields in the 
third stage; we are m aking cata lytically  acetate of lim e b y  
passing it through hot tubes. W e expect to  turn out b y  C hrist
m as tim e 10 or 15 tons of acetone per day.

I t  is doubtful if the process is likely  to  be persistent under 
peace conditions. Of course, as far as acetone is concerned we 
know it  w on’t b e . . T h e over-production of acetone has been 
too much. T h e acetone will h ave  to go, b u t I  believe we can 
com pete successfully, as raw m aterials are quite cheap and our 
m ethod of production is com paratively developed.

D r . B a t e s :  T here is one process which D r. L ittle  om itted 
and which is now being placed on a  com m ercial basis in Canada 
a t  Toronto. A s you  know Ontario lias recently gone dry and 
th at has le ft the w hiskey distilleries w ithout much to do. One 
of these distilleries has been transformed and is now m anufactur
ing acetone, using com  as a raw material.

Y o u  referred to  the bacterial action on sugar, producing 
eth y l alcohol and acetone. T his process is also a bacterial 
action on com  or starch, as raw m aterial, giving alcohol even in 
larger am ount than acetone along w ith CO2 and hydrogen. This 
is a most interesting process and one th at could not be predicted 
theoretically. I t  originated in England with the Syndicate 
Products C om pany and has now been practically established 
in Canada on a comm ercial basis. T he process of using acetylene 
as the raw  m aterial generated from  calcium  carbide— if it turns 
ou t to  be a com m ercial success as expected— will be a real 
technical trium ph for D r. M atthew son in particular and for 
C anada in general. In the past C anada has not had the privilege 
o f developing m any new processes and industries along the 
chem ical line. T h e w ar is not w h at you  m ight consider a 
benefit to C anada or anybody else takin g p art in it, but it has 
been a stim ulus to  several branches of chem ical m anufac
ture.

A s to the acetone business after the war, I  am not big enough 
to  predict anything about it. W e w an t acetone and more 
acetone. N atu rally  the tendency is to produce as m uch as

possible in C anada and to m ake C anada and the rest of the 
Em pire as independent of outside sources as possible; b u t if 
w e have to  bu y a n y  elsewhere it will be from the U nited 
States.

One other process which I spent some time on developed in the 
fertile brain of a certain Freiicli-Canadian who claim ed th at b y  
m ixing starch and lime in certain proportions and heating this 
under pressure ill a retort he could obtain a  very  high yield of 
acetone; in fact the yield of acetone claim ed w as 70 per cent—  
more than the theoretical possibility w ith the use of starch as a 
raw  material. N othing has ye t been done w ith  the io-ton  order 
which was given him. I m ight say, however, th at I tried the 
distilling of a  m ixture of starch and lime, and there was actual 
acetone produced in sm all amounts.

D r .  C omEy : Alcohol and acetone is practically  altogether 
used as a solvent for gun cotton in the explosives industry.

T h e C h a i r m a n :  There is a use for acetic acid anhydride 
which promises to  become im portant enough to be of interest and 
th at is in connection w ith the production of cellulose acetate. 
Cellulose acetate has m any of the physical properties of nitrate 
of cellulose and would undoubtedly replace n itrate of cellulose 
for m any purposes were it  n ot for the fact th a t it  is som ewhat 
more expensive. Nevertheless, some w ar uses for cellulose 
acetate have been found, for exam ple it is being used 
in the m anufacture of a  varnish for aeroplanes. I t  has the 
advantage of giving a surface which is non-inflamm able and 
waterproof and I  presume preservative. W e have seen in the 
newspaper accounts of aeroplanes w ith  transparent wings and 
those wings, if such aeroplanes ever flew, w ere undoubtedly of 
some special form  of cellulose acetate, probably the form known 
as collate, b u t cellulose acetate is finding a  current demand in 
special lacquers and the cellulose acetate sheets are com ing into 
use in situations where the explosive q u ality  or a higher degree of 
inflam m ability of the n itrate would m ake it  dangerous. F or 
example, autom obile goggles are now being m ade w ith  cellulose 
acetate, the upper portion of the goggle being stained a  fairly 
deep brown so that the wearer of the goggle, ir he suddenly comes 
upon an autom obile w ith blinding light, m erely inclines his 
head a little  so as to look through the upper portion of the 
shield and have the light cu t down to som ething th at does not 
disturb liis vision.

Still more recently the production of a  waterproof artificial 
silk from  cellulose acetate has been accomplished on a  com 
m ercial scale and a  plant of considerable size, which w ill m ake 
in itially 100 lbs. per d ay of such artificial silk, is now under 
construction in South Boston, M assachusetts. A  possible de
velopm ent of its use m ay call for rather large quantities of 
acetate anhydride. Cellulose acetate ought to  be and would be 
the basis of every  m oving picture shown in the world if the 
public were sufficiently enlightened to demand it, because the 
film has been proved w holly suitable for this purpose. I t  
has been m ade in v ery  large amounts, and several hundred 
million feet have been p u t out, b u t it is slightly a  little  more 
expensive— and it  is th at slight increased cost per foot which 
still exposes our theatre audiences to the danger of theatre fires 
from the explosion of m oving picture films.

I t  is made b y  treating purified cellulose w ith acetic anhydride 
and a  little  sulfuric acid. If nothing else is present except acetic 
acid as a  diluent, the acetate is formed and goes into solution 
and then when the m ixture is poured into w ater the acetate 
separates ou t in a  sort of curd which is broken up and washed 
and dried. T h e  great disadvantage is th a t the dry curd is 
heavy and holds on to particles of acetate and it is alm ost im
possible to get it out. In  the process invented b y  M errick, the 
one this silk com pany uses, the product is formed in the presence 
of benzol and, being insoluble, preserves all the characteristics 
of the original cotton  ju st as it  does in th e usual process of 
nitration.
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C an we hear from som ebody who represents the C urtis B a y  
Chem ical Com pany?

P r o f .  W h i t a k e r :  I was som ewhat surprised to  hear our 
concern referred to as a  producer of acetone because for several 
months I have been listening to  the consumers and the inference 
is th at we are not producing any.

I don’t  know  th at there is anything new of interest, technically, 
about the plant. T h e  m anufacture of vinegar is carried out 
in the usual w ay. T h e  building used for this purpose covers 
som ething over ten and a half acres of ground and the vinegar 
is neutralized in the form of calcium  acetate which is retorted 
in the usual rotary  retorts.

T h e  C h a i r m a n :  I  have no definite knowledge regarding 
the process used b y  the W est V irginia Pulp &  Paper C om pany 
b u t I understand th a t the usual sulfite liquors contain a  very  
sm all proportion, less than 1 per cent, of ferm entable sugar, 
and th at a fter the liquors are neutralized w ith lime the yeast 
is added and ferm entation carried forw ard and the distillation 
then of the beer and the high wines is carried out in the usual 
w ay. I do not know the technical details of the process, how
ever, w ith any degree of accuracy.

D r . W i l l c o x  (o f P e n n s y lv a n ia ) :  X m ig h t  a d d  t h a t  th e

s u lf it e  liq u o r s  u n d e r  p r o p e r  c o n d it io n s  o f  p r o d u c t io n  r u n  s o m e 

t h in g  o v e r  2 p e r  c e n t  s u g a r  a n d  i t  is  p o s s ib le  w i t h  p r o p e r  c o n d i

t io n s  a n d  p r o p e r  t e c h n ic a l  h a n d lin g  o f  t h e  l iq u o r  t o  g e t  a  b e e r  

c o n t a in in g  a b o u t  1 p e r  c e n t  o f  a lc o h o l, w h ic h , o f c o u r s e , b r in g s  

i t  w i t h in  t h e  r a n g e  o f  p r o b a b le  c o m m e r c ia l u se.

T h e  C h a i r m a n :  I have been v ery  much struck w ith the 
q u ality  of the alcohol produced b y  th at process. In  N orw ay 
the reports were th at i t  was alw ays seriously contam inated with 
sulfur— th at does not seem to  be the case here.

D r . W i l l c o x : I t  varies from one cook to  another. A t
tim es a liquor will give all sorts of sulfur com pounds and even 
free sulfur, b u t it is possible in the still to  get rid of it.

T he  C h a i r m a n :  If a purely personal reference is to  be for
given, it  m ay interest you  to  know  th at I began m y career as a 
chem ist, and a  little  later was superintendent of the first sulfite 
pulp mill in Am erica. W e struggled along to  m ake 4 tons a  
d ay w ith a io-ton plant and finally failed for $2,000,000. M r. 
John Luke w as superintendent of the paper mill a t  th a t time, 
and w ith his brothers organized a  com pany w ith  about sixty 
thousand dollars of real m oney and took a  p lant th a t cost $137,- 
000, and made $90,000 in the first 6 mo., and for a  long tim e 
I th ink th at out of every two dollars th ey received one dollar was 
profit, and the prediction to-day is th at th ey arc producing
6,000 tons a day. I would like to  give you  a resume of the 
trials and tribulations th at attended the developm ent of the 
sulfite process— it would sound like an Odyssey.

D r . P h i l l i p s :  Reference w as made a little  while ago to
acetic anhydride. I  remember a good m any years ago th at 
acetic anhydride w as being used for the extraction of essential 
oils, and it  w as found to be very  effective. I  wonder if th at 
method is being used, or if it has been developed further? I 
have heard nothing of it in recent years.

T h e  C h a i r m a n :  I don’t  know  anyth in g of that. Of course
i t  is often used in the m anufacture of vanillin.

D r .  G i b n e y :  A s a  representative of the Ordnance D epartm ent 
of the U nited States A rm y, I  am interested in the subject of 
alcohol, and I was interested in your account of the synthetic 
m anufacture of alcohol from  cellulose waste. I would like to 
ask w ith regard to the p u rity  of the alcohol which is produced. 
F or our purpose the alcohol should be of the highest degree of 
p u rity  and the highest degree of strength. I  would like to  ask 
as to the p u rity  of th a t alcohol and also as to the possibility of 
producing an alcohol com m ercially higher than 95 per cent.

T h e  C h a i r m a n :  I t  is perfectly feasible to  produce from 
wood waste a 95 per cent alcohol which is of the grade of cologne 
spirits. Y o u  can readily see th a t you  are m uch less lik ely  to

get ferm entations than when dealing w ith a thing like corn. 
There is no more difficulty in producing alcohol of a n y  strength 
b y  th a t process than in the case of any other raw  material.

D r .  K y r i d e s :  I have been interested for several years in
alcohol and acetone, not as an adjun ct of w ar bu t rather as the 
means of carrying out pacific trades. I believe th at if you  can 
produce alcohol as cheaply as gasolene you  would be able to 
prepare rubber synthetically. I  have worked on it about 
three years. I know if you had acetone cheap enough you  
would be able to. I  w as talking to  a  gentlem an yesterd ay who 
said he w as working on magnesium and he said th at it would be 
possible to  obtain magnesium for 14 c. per lb. and on th a t basis 
the price of magnesium could be brought down to about 4 or 5 c. 
— if you  can get alcohol you can get acetone— if you can obtain 
alcohol a t  a reduced cost. A s to when we can obtain alcohol 
cheaper, it  is up to  the chemists. T w enty-five cents would be 
fairly  cheap.

T h e  C h a i r m a n :  D o  you  see any prospect for the production
of syn th etic rubber a t  a  pricc below th at which it  is now  being 
grown a t  on the plantations, which I understand is not over a 
shilling a  pound?

D r .  K y r i d e s :  I have not thought of th a t proposition very  
deeply. A t  the tim e I w as w orking the price of acetone was 
rather high, b u t I think it can be produced for less than 25 c. 
a  pound.

M r .  B r e c k l E R  (of Louisville, K e n tu c k y ): I have been
associated w ith the alcohol business now for about tw elve 
years and have been very  much interested in some of these facts 
th a t have been brought out to-day. I t  is not generally known 
th at one of the greatest troubles in the alcohol industry is the 
fact th a t there are so m any intem al-so-called-political troubles 
th at actu ate  the different distillers in their dealings. F or in
stance, one of the large alcohol concerns which was mentioned 
to-day is now obtaining molasses from C ub a for the m anufacture 
of alcohol. M olasses to-day on the open m arket is selling for 
about fourteen cents, when you  can get it, b u t the trouble seems 
to be that it is n ot to  be had. T his concern, very  frequently at the 
tim e when the C uban planters were in a great deal of difficulty, 
obtained molasses a t quite a  low figure. N ow  the total molasses 
produced in the U nited States and C ub a would supply about 
50 per cent of the present dem ands for all purposes. This 
molasses, of course, gives the concern th at can use it  a  big 
weapon in the hands of a  few distillers against the distilling 
industry. T h e possibility of producing alcohol a t  a  lower price 
prim arily m ust come from the distilling industry, I  believe, 
because w ith  all due respect to the Ew ing and Tom linson pro
cess it  has been operated for about seven years and there is only 
one plant th a t produces it  and it has n ot played a very  great 
figure y e t  in the alcohol m arket, though of course the future 
possibility is still a  m atter of some doubt. B u t the concern 
th at can produce this alcohol has a  club over the heads of the rest 
of the industry, and they m ight think it  desirable a t  tim es to 
furnish alcohol m om entarily a t  quite low prices. Of course 
I don 't say it  will be done or has been done, but the situation 
has sim ply become this, th at the rest of the industry w aits on 
w h at the molasses alcohol people are going to do. N ow, then, 
there is only one hope for alcohol th a t I can see, and I have 
figured the question over very  frequently, and th at is, as was 
mentioned, the sulfite liquors. Here we have a  liquor th at 
contains 2 per cent of ferm entable m atter and very  possibly 
could be made b y  evaporation to  contain 6 or 8 per cent, a 
medium which would produce alcohol very  econom ically. On 
the other hand, the unfortunate part of th at industry has been 
th a t the process requires spccial skill and training to operate. 
T h e  Swedish process requires the acclim ation of the yeast to  the 
liquor and th at is a  m atter of some little  difficulty. T h e N or
wegian process carries difficulties, as it  prim arily depends 
upon the casein from skimmed m ilk for nitrogenous m atter.
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and the percentage is too sm all to have the ferm entation take 
place in regular fashion. W ith  the high price of nitrogen, or 
nitrogenous m atter in this country, th at in itself is som ewhat of 
a problem. H owever, I m ust say, th at after seeing a process 
of this kind in operation [ feel a great deal more confident in the 
process itself than  I ever did before and it  is absolutely the only 
hope because it is the only process w ith interested parties, and 
w h at I mean by th at is th at parties interested in foreign pro
cesses cannot hope to  control. T h a t is som ething where as 
m any mills as w ant to p u t in the alcohol process are a t  liberty 
to put them in. A n y  other process is bound to be shut up sooner 
or later b y  interested concerns. A s regards denatured alcohol, 
outside of the fuel industry there were about 25,000,000 proof 
gals, of denatured alcohol, of which an estim ated quan tity  of
5,000,000 gals, w ent into the explosive industry for export. 
N ow, had th at paid taxes the adm inistration in W ashington 
m ight have found a little  redress from their present deficit. 
T h e Com missioner of Internal Revenue has suggested th at some 
effort should be made to tax  it because the industries in which 
it hits been used have not cheapened their price to the ultim ate 
consumer, and the G overnm ent is suffering a loss in gauging 
this alcohol. I m ight mention, of course, the industry w e see 
the most— the ether industry. It  has resulted in great reduc
tions, but th at form s a com paratively small part of the con
sum ption.of alcohol.

T h e C h a i r m a n :  I would like to bring out one or two points 
in reply. I am rather sure th at if the representative of the 
W est V irginia Pulp and Paper C om pany had been present he 
m ight not have agreed w ith  the last speaker in the wide-open 
situation as to  patents. I have made some rough figures here 
which m ay be of value— th ey m ay be a  little  off— they are made 
on the basis of 6,000 tons a day, 25 gals, of waste liquor per ton 
and 2 per cent of sugar. T here would seem to be, roughly, 
enough waste liquor in the country to produce about 200,000 
gals, of alcohol a day. Some of the mills, of course, are com 
paratively small.

I do not think there is any probability th at molasses will ever 
again be as cheap as it  used to be before the war, because of the 
possibility of its consum ption in m aking alcohol, and before the 
w ar there was a  rapidly increasing diversion of molasses into 
th at field.

I would like very  much to inquire how cheaply molasses 
alcohol can be produced, say w ith  molasses a t 4 1/* c.

M r . B r e c k l e r : Y o u  c a n  a d d  3 c . fo r  o v e r h e a d , p e r  p ro o f 

g a llo n . T h i s  d o e s  n o t  a l lo w  fo r  c o n t a in e r s  a n d  f r e ig h t s  c a r r ie d  

t h r o u g h  c o n t a in e r s , o r  fo r  o v e r h e a d  a n d  in te r e s t  a n d  d e p r e c ia 

t io n — in c lu d in g  t h a t ,  I  s h o u ld  s a y  a b o u t  10  c . p e r  p r o o f  g a llo n  o r  

t w e n t y  c e n t s  r o u g h ly  fo r  w in e  g a llo n s .

A  V o i c e :  T h e people who say  th at alcohol can be produced 
a t  25 c. absolutely are dreaming.

M r .  B r e c k l e r :  T h a t is m y opinion. I would like to say 
something else in regard to  that. M y  figures arc based on the 
production of 4 billion pounds of sugar per year. T h a t rep
resents I billion tons of hydrocarbon th at was not used for 
sugar and could be utilized. T h a t only produces 650,000,000 
proof gallons per year or about 5 per cent of w hat the production 
m ust be to  supplant gasolene.

T h e  C h a i r m a n :  Here is an interesting fact in connection 
w ith  the sugar industry. One-eighth of the entire sugar crop of 
Louisiana is sent to  the burners w ith the back ash; so th at one- 
seventh of the w orld’s production of sugar is burned up. N ow  
th at sugar is there in the cane perfectly available for ferm enta
tion to  alcohol. Furtherm ore the cane itself is there suitable 
for conversion to alcohol b y  a process like the Ew ing &  Tom lin
son process; if it  is permissible I would like to correct the last 
speaker to  this extent th at there are now tw o plants running 
under the Ew ing &  Tomlinson process and the plant a t Fullerton 
is producing about 2,000 gals, a  day, and sometimes 2,500 or more.

M r .  B r e c k l e r :  H ow long can it run w ith the modern prices 
of alcohol?

T h e  C h a i r m a n :  T h a t is w h at we are trying to  find out. 
W e have faith enough in its possibilities to  keep calling upon 
our friends for more money. I t  is one of those things which is 
certain, however, for it has gone so far th a t the other alcohol pro
ducers m ay ju st as well m ake up their minds th a t the people 
who are back of it are going to keep a t it  until there 
is 110 question about its commercial success. I don’ t know how 
m any of you m ay have read th at inspiring book of R obert K en 
nedy D uncan’s on the Chem istry of Com m erce as to the bene
fits th at cheap alcohol would afford the com m unity. T h e d ay is 
coming when alcohol can be had b y  the sm all user at 25 c. per 
gal., and when th at day comes the consum ption is going to be 
m ultiplied b y  a very  great factor. I  have referred to the use of 
alcohol in internal com bustion engines. N ow , of course, nobody 
claims th at alcohol has the same potential energy th at gasolene 
has, but 011 the other hand it  m ay be used under far more favor
able conditions and up to a pressure of 180 lbs. w ithout back
firing. There is no danger of explosion. T h e fire risk is re
duced alm ost to nil, because a bucket of w ater will p u t i t  out at 
once. So th at 011 the basis of equal prices, I believe th at alcohol 
will begin to displace gasolene.

D r .  J o h n s o n :  I would like to  ask a question. I have been 
surprised to hear nothing said about wood alcohol for an y  pur
pose for which wood alcohol is used. A re there any uses of ethyl 
alcohol th at cannot be replaced b y  m ethyl alcohol? T he 
gentlem an representing the U nited States A rm y spoke of m aking 
alcohol of 100 per cent purity. It  is v ery  well known th at 
ordinary industrial ethyl alcohol cannot be produced a t more 
than 95 per cent, and you  can produce m ethyl alcohol a t 100 per 
cent, or practically chem ically pure. I have great curiosity to  
know w h at is the field of uses of those tw o m aterials in w hich 
one is lim ited from the other.

T h e  C h a i r m a n :  I s  it  not a  fact th a t the normal price of 
wood alcohol is so much greater than th at of denatured ethyl 
alcohol that the wood alcohol would not be likely  to replace the 
ethyl?

D r .  J o h n s o n :  T h a t I do not know— whether it is for some 
chemical reason or sim ply a m atter of price.

T h e  C h a i r m a n :  I  think it  is sim ply a  m atter of price. I 
wonder if D r. Reese would say anything.

D r .  R e e s e :  I think it is largely a  m atter of price, not of 
purity.

M A N U F A C T U R E  O F P A P E R  P U L P  A N D  B Y -P R O D U C T S
R o b e r t  B .  W o i, f ,  Presiding  

G rand C entral Palace, Septem ber 29, 1916 

T h e  C h a i r m a n :  Chairm an Fletcher in asking me to open 
this meeting suggested th at a discussion on the scientific control 
of industries would, perhaps, be the best tiling to start w ith. 
I would like to m ake a plea for a more definite control of organ
izations from the scientific point of view , and a scientific effort 
to  organize and study the problems of m anagem ent scientifically.

T he mill as a whole should be one v a s t laboratory for doing 
qualitative and quan titative work. Processes should be so 
recorded throughout the entire organization th at all the variables 
th at enter into m anufacture have to do w ith the qu ality  and 
qu an tity  of the output should be recorded, and so recorded th at 
comparisons can be made easily.

In th e m anufacture of wood pulp in our own organization 
we have been able to effect a saving of 17 per cent in the yield 
from a cord of wood by sim ply studying and applying the laws 
th at had to do with the structure of the cellulose; the reason 
w e could do th at in a com paratively short tim e w as th at the 
organization as a unit was doing this work, and not a group of 
individuals. T he organization as a  whole had a definite memory
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• and the d ata  of things th at had to do w ith organization were 
recorded in such a w a y  th at those laws could be studied.

Y o u  m ust have an organization mem ory apart from 
the individual memory. E veryth in g  affecting the organization 
must be recorded a t  a  definite central point in such graphic 
form th at results can be studied and used b y  everyone.

R etention is a  thing th at can be plotted daily  in the mill. 
Y o u  know the am ount of filler th at is being furnished, and if 
there is an accurate record kep t of the retention and then plotted 
alongside of th at figure, say, plotting it  m athem atically, the 
percentage of retention, 30 or 40 or 50 per cent, plotting in all 
these things, the percentage of calcium  carbonate in the filler, 
the kind of filler used, the am ount of lime, the am ount of sizing 
used and the character of the sizing, all th at could be plotted in a 
definite w ay with relationship to the retention and in a short 
tim e the organization w ould find itself in possession of an 
enormous am ount of information, and then, when w e come to 
the February meeting we w ill have something worth talking 
about.

M r .  C a r r u t h :  T here are so m any variables in any considera
tion of the retention of clay, some of which M r . W olf has touched 
upon and some of which he has not, th at under the present 
organization of our mills (as m ost of them are organized) cannot 
be recorded. B u t m y belief is th at th at is the only w ay to do 
it; but it takes time to convince those who have been brought 
up in another school th at th at is the w ay  to accomplish results 
and in the end to m ake the biggest profits.

One phase of the filler retention problem th at was n ot yester
d ay touched upon a t all, and in one w ay it has nothing to do with 
filler retention, y e t  111 another w ay it is a v ery  im portant phase, 
and th at is the other ash-form ing ingredients th at go into the 
paper. W e have, for instance, so much china clay  added to 
100 per cent of stock. In a simple case of th at kind it is easy to 
determ ine the retention; but, if in addition to th at hundred per 
cent of fiber w e had as a  part of th at fiber, we will say, 10, 20 or 
30 per cent of old paper, which in itself contains varyin g 
quantities of filler, we have introduced a variable which is 
very  hard to control. T his results in very  curious retention 
figures. W e arc getting now in our mill a retention figure on 
every lo t of paper made th at contains any filler a t all, and it  is 
not a t  all unusual to find 160 or 180 per cent of filler in it. A nd 
of course we know where it  comes frorli and w ithout a great deal 
of very  careful work, bu t w ith these old papers coming into the 
stock, the retention figures which we obtain are alm ost utterly  
valueless.

M r .  G r i f f i n :  If you  are going to m ake a large and uniform 
product, you  can control it  v ery  easily. A  large corporation 
m aking a  com paratively simple num ber of products cannot 
very  well undertake to m ake small quantities of specialties. 
T h e  sm all mills will have to add to the selling price of their 
goods in order to m ake a profit. A  large mill should n ot under
take the m aking of small orders and specialties.

Inequalities will exist in the paper business as long as we m ake 
paper, because the paper m aker w ill necessarily alw ays be obliged 
to use paper from back orders and slutches, as we m ay call 
them , the clay  slutches or the filler slutches, and unless we use 
filler papers you  would hardly be able to  m ake the same kind of 
finish. I t  is no discredit to  have an order sent back because 
of the am ount of c lay  in it— if there is a paper th at contains a 
large am ount of filler for a super-calendared paper, the m anu
facturer is bound a t tim es to  get a  larger am ount than he planned.

B u t the real thing to do is for the mill to  study its own problems 
and develop its own individuality and to  keep the records and 
keep the m em ory of these records and it will soon work ou t the 
best scientific controi for the retention of filler th at I  know 
anything about.

T he C h a i r m a n :  M r. Griffin m ade a statem ent awhile ago
about the finding of fau lt w ith  a  m an for w h at lie  w as supposed 
to  have for finish. I  have found th at the v ery  best thing to 
do is not to find fau lt w ith the man but to  give him the record 
of w h at he is doing and let him  find fault with himself. If we 
can do th at, the desire 011 the p art of men to do good work is 
w h at prevents your organization from  having down hill slips, 
as I heard a m an express it.

M r .  P o p e :  I  hope th at the m anufacturers of paper in trying
to perfect their industrial problems in the plant will not lose 
sight of the finished product. I t  seems to me th at a uniform 
industrial organization which w ill have control of the finished 
product and make the finished product alw ays of uniform qu ality  
would be a problem solved th at would be gratifying to the 
printer,

M r . N i x o n :  M r. Pope says th at the object of all this work
th at w e are putting our time in is th a t th ey m ay benefit b y  the 
things th at we intend to benefit b y  in the mill. If it were other
wise we would not be having this conference. W e are endeavor
ing to m ake the mill 100 per cent perfect so th at there will be a 
return to the man who is using the product, and w e hope to do it.

T he C h a i r m a n :  I t  m ay interest M r. Pope to know th at the
more w e organized, the less the paper-users kicked abou t the 
product. Our pulp has alw ays presented a color problem in
volving much discussion and dispute between buyer and seller. 
P articu larly  is this true of sulfite pulp. T he usual custom  is to  
refer to the standard or contract sam ple; but this is unsatis
factory, because such samples change and fade. A nother 
difficulty has been the texture of our pulp which made it difficult, 
if not impossible, to produce a perm anent standard which could 
be used b y  comparison. T he disc idea has been modified and 
developed b y  the Burgess Sulfite F iber C om pany b y  replacing 
paper discs which I have in mind by brass discs surfaced w ith 
mixtures of plaster of Paris and various shades of m aterial made 
of bichloride of potash. These discs have been worked up into a 
standard system  for checking the color of their birch bark pulp 
and now constitutes an original controlled m ethod in their mill. 
Our own laboratory has adopted their system  and we are now 
checking the color value of all birch pulp received. T he system  
seems to have worked perfectly satisfactorily and it m ay be of 
interest to you th at since w e have started this schim e we have 
been able to  recover quite a sum  of m oney from the dealers 
who have supplied us w ith a  low  grade pulp which we would not 
have been able to do under the old system . T h e y  said th ey were 
giving us the same thing th at th ey w ere before, b u t the last 
sample didn’t  show it. W e are trying to w ork back to  pulp 
paper discs in place of the Burgess brass and plaster discs for 
our soda pulp tests and unbleached sulfite. T h e reason we 
are doing it  is because the Burgess m ethod requires a very  large 
num ber of discs and a considerable outlay of m oney, space and 
power, which our laboratory space does not allow us to  m ake.

T here seems to be a possibility of getting aw ay from this 
difficulty and confusion. Professor Ira H . M onsel, of Boston, 
has given his life to the perfection of a system  of color, or a 
nom enclature for color.

Professor M onsel’s system  states color in three dimensions: 
hue, valu e  and chroma. Hue (e. g., the difference betw een red 
and green) depends upon the w ave length of light; value de
pends upon the quantity' of the light irrespective of its color; 
chroma is the intensity of the ligh t and the intensity of the 
color and depends upon the height of the w ave crest. These 
three dimensions should be susceptible of experim ental dem 
onstration. Professor M onsel has placed on the m arket a 
tintom eter: ours expresses values to within 2 per cent. T h e 
other dimensions are not so easily made. T h e hue can be ob
tained accurately w ith the spectroscope, and the chroma value
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b y  some arbitrary scale, I am  a  little  h azy  abou t th at. I t  
would seem th at som ething is needed to m ake this system  of 
universal valu e and if the demand arises undoubtedly this 
instrum ent would be forthcom ing. Prof. M onsel’s charts are 
being used as the basis of color stud y in  a num ber of our public 
school system s, of which I believe N ew  Y o rk  C ity  is one.

T here are other instrum ents on the m arket for the determ ina
tion of color. T h e  Ives tintom eter is one. T h is system  should 
have a v ery  large field of usefulness. Our experience w ith it  is 
too slight to w arrant an y  attem p t a t discussion.

D r .  K r e s s :  A t  the F orest Products L aboratory we are of 
course interested in determ ining as closely as w e can all of the 
physical qualities of the papers th at run over our machines. 
W e h ave done a  little  w ork w ith Iv e s ’ tintom eter. W e started 
out b y  m aking dyes in which w e use a  varyin g  am ount of colors 
per thousand pounds of stock, and b y  m aking our readings 
through the- red, green and blue, and plotting the results, we 
found th at we could give a num erical expression to color, 
accurate within 4 per cent. T w o  m atches m ade from dissim ilar 
colors com pared under the Ives tintom eter gave the same result. 
W e then made a few  dyes on different com binations of color 
under natural light, and th ey changed under artificial light. 
I t  is interesting th a t under the Ives tintom eter both of these 
papers which m atched under ordinary dayligh t m atched while 
under the Ives tintom eter.

T h e difficulty w ith any color instrum ent so far is not to  get 
the readings b u t to  interpret the results.

M r .  C a r r u t h  : T h e M onsel charts which have been produced, 
of course, are not com plete. I t  is alm ost inconceivable for a n y
one to m ake out a  set of com plete charts; there would be an in
finitude of shades. B y  taking these charts even as th ey  arc to-day 
you  can very  nearly state the color of any sam ple which you 
have. T h e difficulty for the paper men is th at these charts are 
n ot com plete in the higher values wherein paper values lie. 
T h e  paper man who is going to use the chart will have to do 
some w ork on his own account to give num erical expression to 
color— b u t the hue will hold absolutely no m atter w h at the 
color m ay be.

M r .  K i n g :  I  would like to say  a  few words about coopera
tion between the m anufacturers of color as it is m anufactured 
more or less to-day and the users. W e are com ing to a point 
now where w e are having to  use anything th a t w e can get. I 
would like to  see if some form  of com m ittee could n ot be ap
pointed b y  this association w ith, say, a couple of members from 
our Am erican dyestuff m anufacturers, and m embers of the 
Germ an firms who have m ade color in the past, and also men 
from the mills where a great deal of color is used, th at would 
help us to know  more about the new colors. W e knew  about 
the G erm an dyes before, w e know the proportion of the strong 
basic dyes, and we know  about the sulfite— b u t you  m ight bring 
out m y point th at you  should n ot hide the effect of hydrolysis 
on Am erican dyes if th ey are to  be used in the future— we should 
come together and try  to  find out as m any points as possible 
about these dyes and thus prom ulgate the use of them  in our 
mills in the next tw o or three years while these chaotic conditions 
exist.

J u d g e  M o o r e :  I  found when the question cam e up of pro
tectin g the dye  industry’ in A m erica th at there were scarcely a 
dozen voices raised am ong the paper m anufacturers as to  the 
wisdom and advisability  of doing so. I hope you  w ill not think 
of me as suggesting politics. So far as the paper industry is 
concerned, both parties are alike, so th at there is nothing 
political about it. In  the first place our product is p u t on the 
free list; w e have got to  m eet the com petition of the w orld in 
selling our paper. On the other hand, the tilings we b u y th ey 
are proposing to  protect. Now’, has it  n ot occurred to  you  th at

the foreign m aker of paper can take these foreign dyes and p u t  
them  in his paper and send them  in free of d u ty  and beat us in 
our home product; th at a t the same tim e w e m ust com pete w ith 
him in his colored papers, b u t are not perm itted to bu y the cheap 
dyes? I do not say th at dyes should not have protection, but 
I do say  th at w e are obliged to  com pete w ith the world in 
selling our product and w e ought to  have the privilege of the 
w orld’s m arket in buying our m aterials.

D r .  S c h ü t z :  I  k n o w 'th a t some mills have a  set of enamelled 
plates for an y  kind of m aterial, white in different tints or shades, 
some of them more or less blue or pink: and th ey use the plates 
as factory  standards. T h ey  use them  as well in the bleaching 
plants as in the paper plants. T h e y  áre absolutely reliable 
because th ey do not change. Bleached sulfite will change very  
quickly, say  w ithin  a few  months, if the particular pulp should 
contain even a sm all percentage of lignum.

M r .  H a t c h :  Some four years ago the mill th a t I am con
nected w ith was using in the v icin ity  of 60 colors to  produce 
about 16 shades. So I started a little  investigation; w e re
duced our num ber of colors from the v icin ity  of 60 to probably 15.

EFFECT OP TIIE TEMPERATURE OF THE WATER USED IN TIIE 
BEATING o f  p a p e r  s t o c k

Cellulose is a colloid and as such is affected b y  the general 
reactions or processes which affect colloid substances. I11 
general, we know  th a t pure cotton cellulose when treated w ith 
alkalies tends to h yd rate and swell up. T h is is the action which 
is desired in the process of treating cellulose in the m anufacture 
of paper. T h e m echanical rubbing of the cellulose in the pres
ence of w ater produces a  certain am ount of hydration  which 
aids in the rem aining together of the fiber and in the pro
duction of a  stronger sheet of paper.

W e are situated on the C onnecticut river and have the diffi
cu lty  of loss in strength in our paper in the summer.

W e plotted curves showing the strength of our paper over the 
entire year, and the tem perature of the w ater w e use; we found 
th at as the tem perature of the w ater in the river rose above 
7 5 0 P ., the strength of our paper began to  take a decided drop. 
B y  arranging a  source w ith  uniform w ater tem perature under 
75 0 w e succeeded in straightening out th at curve greatly.

T h e  C h a i r m a n :  I would like to  ask M r. H atch w hether he
attributes this loss or gain in strength to the tem perature of the 
w ater or w hether it  is d irectly  or indirectly caused b y  the weather, 
or w hether he made an y  tests on the sizing qualities of the paper 
when m ade w ith  colder or warm er w’aters.

M r .  H a t c h :  W e found th at as the tem perature rises the 
sizing is n ot so good. W e attribu ted th at in p art to  the fact 
th at cellulose hyd rate is not so rapidly form ed a t  the higher 
tem peratures and w e get less of the cem enting qu ality  of the 
cellulose h yd rate which is in itself to a  certain  extent the sizing 
agent.

T h e  C h a i r m a n :  W e took some pulp th at w as m ade in the 
w inter tim e and used th at pulp in the sum m er and got the same 
falling off in strength as when using the summer pulp.

M r .  C a r r u t i i :  I m ight possibly add th at in m aking a  paper 
where the hydration  effect is carried to the lim it, w e have noticed 
th at a pulp m ade in the w inter w ill produce apparently a  parch- 
mentized effect more rapidly th an  a pulp m ade in the sum m er 
and th a t effect w e found and proved to be due to the pulp, not 
all of it, b u t in part, to the pulp, because some pulp of the same 
m anufacturer who had n ot been running in the summer b u t 
which had been stored and was actu ally  made the previous 
winter, gave us more nearly the desired results. O f course there 
m ight have been other elem ents in th at— there m ight have been 
a difference in the m anufacturing process although it was pulp 
of the same m anufacture. B u t there is no question th at the 
results as given b y  M r. H atch are absolutely correct.
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WASTE SULFITE UTILIZATION

M r .  W a l t e r  H . D i c k s o n :  T h e utilization of refuse from in
dustrial processes lias of course attracted a great deal of a t
tention within the last tw o years since the w ar started ill 
Europe, and the scientific world in this country and the 
scientific societies and mining technologists have been looking 
into it and I do not think it w as appreciated w h at was 
going to waste in this country, not alone b y  the laym an. 
L a st year som ething like 9,000,000 lbs. of sulfite pulp were 
produced per day. T w o causes bring about the utiliza
tion of w aste m aterial or refuse. T h e  pollution of w ater 
courses and streams m ay force mills to do som ething w ith their 
liquors, or some phases of the w ar have necessitated the utiliza
tion of w h at was form erly waste, such as the recovery of the 
products of the distillation of coal in this country. T his condi
tion of absolute necessity of utilizing refuse in this country is 
really  not pressing the paper mills all over the country b u t in 
some places it is, and I believe th at was the condition in 
one or tw o mills, which w as the beginning of the use of sulfite 
liquor in this country. T h e  Robinson Process C om pany people 
were the first to use the liquor w aste in this country'. A nother 
w as the Rogers p lant and a  third the C ovington p lant of the 
W est V irginia Pulp and Paper Com pany. T heir first work was 
the utilization  of these liquors in binding com pounds or ad
hesives, and from  th at followed the developm ent of tanning 
extracts. N ext, m y own com pany developed tanning extracts 
and also binding compounds. Som e five different com panies 
in this country a t  the present tim e are interested in this, 
more or less. T h e  M uskegon E x tract C om pany and the Inter
national Paper C om pany have done some work. T h e W est 
V irgin ia Pulp and Paper C om pany have developed some work 
for the recovery of alcohol and the C um berley-C lark people 
h ave  also taken up the alcohol recovery problem. T h e  u tiliza
tion of the w aste liquors in Europe did n ot find v ery  rapid 
progress until v ery  recent years. T h e y  w ere forced to become 
more active  in this because of stream  pollution and there are 
qu ite  large developm ents abroad now. T h ey  are producing 
v ery  large quantities of th e m aterial know’ll as cell-pitch which 
is concentrated sulfite liquor brought down to the solid mass. 
T his product is shipped in v ery  large quantities, and is being 
used for various binding purposes. T h e tanning industry abroad 
is using v ery  large quantities of this m aterial. T h a t has been 
brought abou t because of the necessity of utilizing low  grade 
fuels. T here is v ery  little in this country of th at production, 
b u t there are certain  developm ents now which m ay open up 
som e use for it in this country, as you all know' who have kept 
in  touch w ith  it. In  Sweden there is quite a large developm ent 
in the w'ay of producing alcohol. B u t the production of alcohol 
from  sulfite liquor does n ot take care of the pollution of the 
stream  conditions which some of the mills are confronted w ith. 
I t  is only a partial result, and it is m y inform ation th a t the best 
results can be obtained where alcohol is produced in connection 
•with the production of other products.

In  Europe recently there has been considerable work on 
producing cattle  food from  this m aterial, w ith more or less 
success. I t  contains, as you  know, the basis of food, the ques
tion being the getting rid of the sulfur compounds. I t  has also 
been proposed in the m anufacture of explosives— I cannot say 
w ith  w h at success— and I understand th a t abroad th ey are 
using large quantities as a substitute for resin in the charging 
o f shrapnel shells.

T h e  principal products being produced in this cou ntry to-day 
a re  tanning extracts and binding com pounds. I t  w as a  long, 
hard fight to establish these products on the m arket but th ey  
a re  now thoroughly established. I th ink the failures in the 
beginning for road w ork and adhesive purposes have been due 
more or less to  n ot having analyzed the conditions under which 
th e y  had to  be used.

The possible products which can be produced of w aste sulfite 
liquor are quite numerous. W e have in sulfite liquor all the 
chem ical elem ents to produce a numerous range of products. 
I t  is a  question of w ork and a lo t of it. I m ight mention with 
good auth ority  th a t the Robinson Process C om pany before th ey 
got to their turning point spent som ething over $500,000, and I 
know that m y own com pany spent $200,000 before w e got to 
th e turning point. T here are to-day being produced quite  a 
large am ount of color compounds and dye compounds from waste 
sulfite liquors, and it has great possibilities. T here has recently 
been a num ber of patents taken out disclosing a m ethod of 
precipitating out certain of the elem ents in the sulfite liquor as 
solids, and th ey have been used in com bination w ith  oxychloride 
cem ent, as loading. I have seen such floors which looked very  
good indeed. I, myself, have recently succeeded in separating 
the sugars com pletely from the sulfite liquor, from  the rest of the 
organic compound. A lso I have been able to obtain, b y  com 
bining certain other m atters, a resinous compound absolutely 
resistant to  all acids and alkalies. I t  is in a v ery  crude condition 
and it w ill require a  great deal of w ork to get it in com m ercial 
shape.

P r o p .  M c C u e : T here is another possibility in connection w ith  
the use of waste liquor. I have been educated as a  lumberm an and 
having had considerable experience in th at before I w'ent into 
chemistry' I feel th at some use m ust be created for this m aterial 
which will not require such an enorm ous effort and expenditure of 
m oney in the w ay  of introduction and th at tliis consum ption m ust 
be exceedingly large. If w e take the figures of the total production 
of sulfite and see w h at is running down the stream s in the form 
of organic m atter, w h atever use can be developed th a t can 
generally be adopted m ust require an enormous consum ption. 
I t  is n ot the fau lt of the paper m anufacturer th at he is n ot re
covering it. I do not doubt th a t to-day there are other sulfite 
m anufacturers in the country who would be gathering this 
m aterial if you  could show them  a m arket. T here m ust be an 
enormous developm ent possible in its use b y  roads, or some other 
use m ay be developed.

N ow , if the stum page valu e of our tim ber goes on and in
creases a t  its present ratio from year to  year and approaches 
anyth in g like the stum page values in other countries, th en  
there may’ be the possibility of our using less valuable trees, 
such as the hem lock and the quick-growing pines of the South, 
b y  transferring the organic m atter and p u ttin g it  into these 
inferior woods. I t  m ay not alter the structure, the wood structure, 
b u t the mere fact of filling the pores and solidifying it entirely 
alters the w’orking properties of th e m aterial. Y e t  th a t is n ot a 
chem ical problem or an engineering problem ; it  is really  a 
lum bering problem.

I do n ot know w hether you are aware of it or not, bu t the m anu
facturers of K r a ft  papers in Europe, as far as I know, a lw ays 
select m etallic sulfite for hydration  and give it  very  m uch less 
tim e for hydration than the ordinary sulfite; b u t n ot only th at; 
even if it is hy'drated to  the game extent, i t  m akes a  more trans
parent paper. W e all know th at sulfite makers m ake a  pulp 
more hydrated a t  one tim e than another. One m aker can m ake 
the cellulose if it  is fresh, b u t if it  is kep t for six m onths and 
dries ou t until it becomes dehydrated it  becomes more difficult. 
M anufacturers of dressed pulp a lw ays go t the best results w ith  
fresh m aterial w-hich had n ot been dried. T he difficu lty of 
hydrating and drying pulp im ported into this cou ntry is ex
ceedingly great com pared w ith the demand for th at price of 
m aterial, and the problem  of hydration  and dehydration is 
such a variable one. T h e  m anufacturers use such various 
methods— I have seen m anufacturers m aking K r a ft  paper 
p u t steam  into the beater and expect to  benefit in th a t wayr 
— they' w anted to  m ake it  free and w anted it dehydrated. T h e  
problem is one w hich has to be considered under a  num ber of 
conditions.
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M r .  D i c k s o n :  T h e norm al sulfite production in this country 
is from 4500 to 5000 tons a  d a y  w ith  a total solid m aterial in 
the w aste sulfite liquor between 75,000,000 and 100,000,000 
tons a day. T h a t  has to  be taken care of. W hatever use or 
uses arc going to  solve this problem, it is not going to be the dyeing 
industry or the high-class adhesives, b u t some use or uses which 
w ill consume a large tonnage a t a  v ery  sm all margin of profit.

A  V o ic e : W h at is the ratio in the finished sulfite liquor be
tw een the sulfite itself and the organic solids in the waste liquor?

M r . D i c k s o n :  In the am ount of production of sulfite,
I believe the figures are surprising, something like 15 per cent 
cellulose: 47 per cent is thrown aw ay.

T h e  C h a i r m a n :  W h a t can be recovered is 47 per cent.
M r .  D i c k s o n :  T o  a ton of sulfite you  ought to  recover 

1200 to  1500 lbs. of solids from the w aste liquors.

M r .  M c N a u g h t o n :  In the waste sulfite liquor, w hich is
the com bination of the sulfite m aterials in the wood together 
w ith the inorganic chemicals used in the digesting process, 
I  think it  could be taken as a  safe figure th at approxim ately 
180 to 200 lbs. of sulfur per ton of pulp produced could be found 
present in the w aste liquor, and from 150 lbs. and upward of 
lime com bined in various w ays, depending on the q u an tity  of 
lime used in the m anufacture or cooking of the liquid for the 
reason th a t in the cooking process the sulfur retained is th at 
com bined w ith  the lime and organic m aterial, whereas the lime 
is n ot volatile  and is retained in the w aste liquor regardless of 
how great a  quan tity  is used in m aking the cooking liquor. 
F ro m  w h at I have been able to read and gather from  
conversation the preparation of the w aste sulfite liquor for use 
as road binder is a  case of straight evaporation, where the in
organic m atter is evaporated w ith  the ligneous; in case of the 
tanning process the inorganic particles such as lime and m ag
nesia m ust be separated out. T he difficulty in preparing a 
good tanning is in getting the lime and magnesia precipitated 
out, leaving the resultant m aterial of a nature w hich does n ot 
injure the texture of the leather.

M r .  B e n j a m i n  H o r n e r :  I  have some sam p les, of wire—  
perhaps you  would like to look a t them— sixty-five mesh. Y o u  
w ill notice th at in the cracks formed there is a  spot of some 
m aterial which is probably caused b y  the crack. T h e  practical 
paper-m akers in our mill a ttribu te  it to  pitch. I t  does n ot seem 
to be th at because other spots th a t are sm aller than th a t would 
be more likely to be pitch and still th ey have? not caused the 
cracks as indicated b y  larger spots. Perhaps some of the men 
here have had some experience on that line and can explain that. 
I t  is a  problem th at has caused a  great deal of difficulty w ith  us.

T h e  C h a i r m a n : I  a m  g la d  t o  h e a r  h im  s a y  t h a t  h e  d o e s  n o t  

t h in k  th e s e  s p o t s  a r e  c a u s e d  b y  p it c h , b e c a u s e  w e  a l w a y s  g e t  

b la m e d  fo r  th e m .

M r .. G r i f f i n : I  w o u ld  a s k  t h is  g e n t le m a n  if  h e  h a s  m a d e

a n y  a t t e m p t  t o  a n a ly z e  t h e  s u b s t a n c e  in  th o s e  s p o ts ?

M r .  H o r n e r :  N o  attem pt has been made to  analyze them  at 
all. Y o u  will notice th at the spots have been steamed off so th at 
there is practically none of the m aterial which caused the spots 
originally.

M r . G r i f f i n : I  t h in k  i t  w o u ld  b e  v e r y  in s t r u c t i v e  i f  y o u  

w o u ld  m a k e  a n  in v e s t ig a t io n  o f  w h a t  y o u  fin d  in  t h e  s p o t s . 

S o m e tim e s  s o m e t h in g  h a s  h a p p e n e d  a s  t h e  p r o c e s s  w e n t  a lo n g .

M r . L i p s c i i u t z  (Sugar C hem ist): I  would like to know 
w h at loss is sustained in the separation of the mineral elem ent 
of the sulfite waste from  the organic m atter. T h e organic m atter 
in the solution, is valuable and the inorganic m atter is not. 
H as anything been done for the separation of the elem ents?' I 
am efigaged in the sugar industry. I  think th e subject should 
be investigated separately from  the mineral side, especially in 
sugar refining.

In  the sugar industry the molasses is circulated in stills 
form ed b y  parchm ent paper outside of which there is

a  circulation of warm  w ater. Supposing the m ineral ele
m ents are carried off b y  the w ater and th at there is a  con
centration of the organic m atter in the stills form ed of parch
m ent paper. T he other industries are am plifying the system  
for treatm ent of this kind. I never saw  a  sam ple of sulfite 
w ater bu t I th in k  it  w ould be v ery  interesting. If the m embers 
of the Chem ical Society have access to  the solution th ey m ight 
work on the subject and interest the paper-m akers in their line. 
O f course you  m ust have the chem ical section interest the 
paper section, i t  seems to me, b u t I do not w an t to tak e  you r 
tim e. I t  is a  subject th a t cam e to  m y mind, th a t it  m ight be 
interesting in th a t line. I  m yself have tried to  th ink of a m ethod 
sometimes, although I am  not a  paper-m aker, b u t a  chem ist—  
tried to find a  m ethod of separating ink from paper. I  have 
succeeded in getting a  process for the m echanical separation of 
carbon— of the ink from the bulk— a m echanical process, and 
working on th a t line, I cam e into the m eeting of the paper in
du stry  to  see if I  could find some inform ation about th a t  
point.

M r . M i l l s p a u :  I think you paper people have a problem
a great deal more im portant to  you  than some of you r chem ical 
problems. M r. W olf has spoken abou t the hum an elem ent in 
your mills. I t  is very  easy to  get a  cost system  and a  ratin g 
system  th at tells you  you r cost, b u t it is n ot w orth  th e tim e taken 
unless it is taken intelligently. Y o u  have in y o u r  own ranks, 
every one of you, one or tw o young fellows, w ho h ave  some edu
cation, high-school or otherwise, w hom  you  could send some
where for special training, to  some college where th ey have a  
system  of scientific m anagem ent and training, where th ey  could 
get all the details of how' to p u t the system  into th e p lant, and 
who would know  how to operate it a fter it  go t there. W e  have 
a splendid system  of cost-keeping, b u t to  get the men for it th at 
know  som ething abou t the business in itself is another m atter. 
I  am  going to m ake a  suggestion th a t you  start a  scholarship—  
each mill— and provide every year for one or tw o of you r young 
fellows, who will come back  to  you  under contract. I  have 
been following the paper mills for a great m any years and I 
am  frank to say  th a t I never saw such a  sloppy m ethod of con
ducting costs as the average paper mill has— th ey sim ply hope 
th ey  are getting ahead.

M r .  G r i f f i n :  I th ink the paper-m akers should p ay their
chem ists more before th ey  establish scholarships. I have 
no com plaint to  m ake, b u t I  am speaking for a lo t of others.

M r .  M i i . i .s p a u :  I t  is not the technical man, the chemist, he is
more able to tak e  care of his end of the gam e, it  is the fellow who 
graduates out of the ranks into a  clerical position who is able to 
analyze and keep track of your costs and show' the other fellow how 
he is com ing out— not m erely a  recorder of w h at is on the time card.

T h e  C h a i r m a n :  Follow ing M r. M illspau ’s suggestion I
found it  profitable to look upon our organizations as a  whole as 
an educational institution. If you  can ’t  tak e  the men a t  the 
plant and teach each m an to  do his jo b  more intelligently you 
have failed in one of the main requisites.

M r . S t e v e n s o n :  I w an t to  endorse heartily th e last point
th at M r. W olf has made th a t it is up to the mill to educate its 
m en and from  m y own experience I w an t to state  this simple 
instance. I cam e p retty  nearly getting fired from one position 
because I w as found in another departm ent seeing how the 
m aterial was handled before it cam e to  mine. I  th ink attention 
paid to  giving the men in one departm ent an  idea o f the 
processes, no m atter how simple th ey  m ay be, will help them  to  
carry out their own end of the shop more intelligently-

T h e  C h a i r m a n :  I f  w e are going to  m ake progress in the
plant each m an m ust know the whole schem e of the thing. If 
he knows on ly one departm ent he can ’t  help the organization 
ahead. W e encourage this in our organization and a  great 
m any other organizations are doing the sam e thing. E v ery  
m an knows his place in the organization.
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M E D IC IN A L  C H E M IC A L S  IN  A M E R IC A
H a r o l d  H i b b u r t , Presiding 

C hem ists’ C lub, Septem ber 29, 1916

T iiE C h a i r m a n :  T h e list of articles placed on the prohibited 
list early  in the w ar b y  the British G overnm ent em braces the 
m ajority  of the products which we, in this country, would be 
compelled to replace b y  home m anufacture in the even t of war.

If we examine the situation th at confronted us in the chemical 
field in 1914, the outstanding feature is th a t the q u an tity  and 
q u ality  of highly trained chemists, and especially of chemical 
engineers, w as quite inadequate. F or the rapid developm ent 
of a new chem ical industry, even one in regard to which consid
erable data  is availab le in the literature, there is required h ighly 
developed research ability, enabling the w orks m anager to  be 
placed in early  possession of the scientific information necessary 
for the erection of a sem i-industrial installation. This, in 
turn, dem ands the services of an efficient chemical engineer, 
thoroughly conversant w ith  sound engineering practice and 
possessed especially of p lenty of common sense. T here has 
n ever been a tim e when the Am erican capitalist w as more willing 
to  invest his m oney, or, so to  speak, "ta k e  a chance”  011 the de
velopm ent of some one or other chemical industry. I t  is to  be 
regretted that, in a num ber of cases in this particular field, 
such failures as have occurred are, it is to  be feared, directly 
a ttribu tab le to the poor training received, either b y  the chem ist 
in the scientific research w ork or b y  the chemical engineer on 
the industrial side.

A  true cooperation betw een the university  and industry can 
find no better exem plification than th a t shown in the develop
m ent of the m anufacture of salvarsan b y  the Syn th etic  D rug 
C om pany of Toronto. Im m ediately 011 the outbreak of the 
w ar, the T oronto G eneral H ospital found itself practically  w ithout 
a n y  of this m aterial, and a t  once applied to  Prof. M cC allum , 
professor of biology in the U n iversity  of Toronto, for his as
sistance in this predicam ent. T h e  m atter w as taken up b y  M r. 
M cC allum , Jr., w ith  the assistance of the u niversity  and of 
financial backing obtained in Toronto, and thanks to  the fine 
spirit of cooperation shown b y  the u niversity  m edical staff, 
the hospital force and the chem ical workers, a fter some tw elve 
m onths th ey  were in a position to  place on the m arket a product 
called b y  them  diarsenol, which is claim ed to  be the equal 
of the G erm an product. I t  is in this sense th a t we m ay look 
forw ard confidently to  an increased cooperation betw een the 
medical departm ents of the universities and the workers in the 
industrial field. Furtherm ore, it is surely n ot an unreasonable 
request to  m ake th a t those firms whose profits have been so 
abnorm ally swelled b y  the prevailing conditions of the last 
tw o years, should now com e forward and subsidize such uni
versities as are willing to  devote some portion of their tim e and 
equipm ent to  the developm ent of the purely scientific, as con
trasted w ith the com m ercial side.

A t  the outset, there were m any difficulties to  be overcom e 
before progress could be m ade in th e m anufacture of new prod
u cts in this field, b u t thanks to  the efforts of several firms 
a  supply of equipm ent (glass-lined autoclaves, containers, etc.) 
suitable for this purpose was soon available. I t  m ay, however, 
be noted incidentally th at the price of such apparatus will 
have to  be reduced very  m aterially, if these firms expect to  be 
able to  com pete w ith foreign m anufacturers a fter the war.

W h a t then is to  be the future of the industry? I t  m ust a t 
once be adm itted th a t here also w e shall have a case of the sur
v iv a l of the fittest, and it would seem th at such su rvival will 
be conditioned b y  several factors: (1) T h e a b ility  to  m anu
facture all the raw products required. (2) A  h ighly  efficient 
technical staff. (3) A '  capable sales organization. (4) T he 
existence of adequate home or foreign m arkets, or both. (5) 
Suitable tariff protection.

W ith  regard to  the first item , there ought to be no question, 
in  v iew  of the enorm ous increase in the ou tp u t of coke oven b y 

products, of obtaining an adequate supply of raw m aterials a t 
a  nominal price, and the industry m ight w ell begin to  consider 
if it is assured of satisfactory safeguards along these lines.

M r .  T . N a r o d n y :  N o  country, w ith the exception of the 
U nited States, has so favorable conditions for chem ical industry 
as Russia, as there is hardly a  raw product th a t is not to be 
found in abundance in its territory. There are v a st am ounts 
of G lau ber’s salt, saltpeter and alum inates unexploited in the 
Caucasus, U ral and A lta i M ountains. T here is no mineral or 
m etal th at cannot be found there. Russia has im ported, im ports 
now, and will im port chem icals of d istin ctly  foreign origin, 
m edicinal novelties, m ostly all the patent medicines, m edical 
instrum ents, hospital supplies and products of this nature. 
R ussia will continue to  im port dyes and dye  substances, drugs 
of tropical nature and novelties. R ussia has a  high protective 
tariff on certain chemicals, expensive drugs, m edicinal instru
ments, p atent medicines, etc., while the tariff is low in fertilizers, 
chem icals needed for industrial purposes, etc., vary in g  from 
15 cents to  $5.00 per lb. T he export of general chem icals to 
R ussia is p retty  simple, b u t th at of medicines requires a special 
perm it if the same is not handled b y  a R ussian wholesale drug 
store or agent of chemicals.

A s to  the possibility of Am erican chem ical trade w ith R ussia, 
I  should think th at the export of medicines, high-priced chemicals, 
p atent medicines, novelties, dyes, surgical instrum ents and hos
pital supplies would pay. I do not believe th a t an Am erican 
m anufacturer of low-priccd chem ical products can stand the high 
ocean freight, the slow delivery, and the tariff, as com pared w ith  
Russian-owned or European m anufacturer. I t  requires a t  least 
three w eeks for a  shipm ent to reach Russia from  here. E ven  
should the freight become $10.00 a ton from N ew  Y o rk  to a 
Russian port and $3.00 from a port to M oscow, it certain ly cannot 
com pete w ith  the freight of $3.00 from G erm an y or $6.00 from 
England, to  M oscow, th at can be delivered in a  week.

I f  the A m erican m anufacturers of certain medicines are able 
to keep down the price, supply first-class goods, and com ply 
w ith the Russian trade traditions, they, to m y mind, have the 
biggest chance for a future trade w ith  Russia. I f  started right 
aw ay and carried on system atically, the Am erican m anufac
turers of medicines, surgical instrum ents, hospital supplies and 
patented novelties could establish a perm anent and large trade 
w ith Russia. F or the com ing ten or tw en ty  years, Russia will 
be internally more interested in developing the steel and m a
chinery industry, or the in dustry of such commercial chem icals 
as soda, ammonia, sulfur, etc., b u t w ill hardly have an oppor
tu n ity to  pay due attention  to  the production of medicines and 
goods connected w ith it.

A s Russia has v a st resources of all kinds of raw m aterials 
th at are needed for chem ical industry, cheap fuel and labor, it 
would be perhaps m ost profitable th a t the Am erican firms es
tablish branch factories over there. T here are certain  lines of 
chemical products which it would p ay to  undertake, particularly  
those of the coal-tar, crude oil, wood, etc.

A  Russian drug store is quite a different establishm ent from 
an Am erican. I t  looks more a  semi-official than a private 
business concern. Instead of glaring signs, the Russian drug 
stores— aptekas— have the gilded eagle of the official establish
ments, and the nam e of the firm in sm all letters 011 the door or 
the window. E v e ry  drug-store m anager m ust be a graduate of 
the pharm aceutical facu lty  of a  university, and is considered 
a highly respectable public functionary, like a  doctor or a judge. 
H e sells nothing bu t actual drugs either to  the prescription of a 
physician or independently. H e cannot deal in stationery, 
soda water, cigars, dyes or products used for industry.

T h e  Russian wholesale drug trade is carried on through large 
jobbers, commission houses or agents in the first place, and then 
through the provincial and district wholesale houses, in the 
second and third places. A  country w ith 180,000,000 in
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habitants offers a large field of trade for the drug industry. 
M edicines are perhaps the m ost lucrative items of the chemical 
industry to export to Russia. T h e Russian drug and chemical 
m arket is now all exhausted and, as soon as the w ar is over, and 
the freight and exchange conditions get normal, there will be 
a  rush for those drugs which the country needs most. I f  the 
U nited States and C anada are ready to  grasp the opportunity 
of the Russian chem ical trade right now, they can absolutely 
control it. T he Russian M edical D epartm ent is ready to fur
nish the list of w h at is m ost urgently needed, and cooperates with 
the foreign im porter of drugs and chemicals. I t  is said th at 
Russia needs now most of all medicines connected with war 
hospitals.

Russia offers a special opportunity for the sale of surgical and 
clinical instrum ents, thermometers, rubber goods and hospital 
supplies. These were m ostly imported from G erm any and 
France, though there arc a few establishm ents in Russia who 
produce some surgical instrum ents.

T here is a big m arket for the rarer alkaloids such as atropine, 
scopolam ine, aconitine, etc., in Russia.

Russia has very  much crude oil but the oil industry is very 
prim itive. T he machines in the factories are driven by crude 
oil. T h ey  also need paraffin and gasolene.

E d i t o r  o f  t i i e  O i l ,  P a i n t  a n d  D r u g  R e p o r t e r  (Paper read 
by the Chairman): T he drug producing trade of the United 
States is in the m idst of a transition period, the full extent of 
which cannot be realized until there shall have been made some 
comprehensive and definitive census of the num ber of establish
ments engaged, the num ber of workmen employed, the amounts 
of m aterials used and the valuation of the output, particularly 
for the past tw o years, or since the beginning of the European 
w ar in August, 1914.

I t  is perhaps unfortunate th at the latest obtainable summarized 
statistics of the industry are those of the census of manufacturers 
of the U nited States for 1914— the first war year— but up to 
th at tim e the growth registered in the ou tp u t' of druggists’ 
preparations, p atent and proprietary medicines, and compounds, 
and similar articles coming within the scope of the term  "drug 
trade” was persistent. From  a  truly "in fan t industry”  in 1850—  
sixty-six years ago— with 143 establishments, 827 workmen, 
$1,427,375 invested, and an output of $3,508,465 in products, 
the industry has grown to the more than respectable total of 
4,082 establishm ents w ith a valued product of $172,008,946 in 
1914.

T h e  fact th at our m anufacturers can not only supply their 
domestic demands— which have increased a t least proportionally 
w ith the decrease of foreign im portations since consumption has 
continued on an increasing scale here— bu t have .been enabled 
to  ship during the fiscal year ending June 30, 1916, $129,666,580 
worth of chemicals and drugs to foreign buyers is am ply indica
tive  of the new im portance of the industry to this country.

Conditions have been abnorm al, i t  is true, b u t such was the 
normal growth of the drug trade prior to the war, and so great 
have been the changes and developm ent of productive ab ility  
during the tw o w ar years, th at it can be deduced with perfect 
safety th at when the w ar shall be brought to its conclusion, 
products of Am erican m anufacturers for the drug trade will 
be m arketed in every country' in this hemisphere, Latin  and Pan- 
American, Asia, A frica and even C ontinental Europe.

D r .  C o b l e n t z :  T h e Food and D rugs A c t has not succeeded 
in curbing the patent medicine trust. Trem endous lots of con
coctions are consumed bu t th ey have received a very  serious set
back since the Food and D rugs A ct. T h e  values sold total a 
greater am ount than  foodstuffs consumed.

M r .  C . E . V a n d e r k l E E d :  T h e sale of biological products 
such as serums, antitoxins, etc., w ould greatly  exceed $6,000,000 
in 1913.

M r .  H i b b e r t :  A n examination of the papers contributed to 
scientific literature discloses the astounding fact th at 46 per 
cent of the total contributions were on biological subjects. 
Thus the need of cooperation of the medical schools w ith the 
industry. T here is considerable difficulty in getting suitable con
tainers and glassware for storing drugs.

D r .  C o b l e n t z :  There was no line of industry th at w as so 
hard hit by the war as the manufacture of medicinal chemicals. 
As soon as the supply ran out there was a general division of 
w h at was left in order to supply the demands. T h e m arket 
was soon supplied with a lot of low-grade and highly adulterated 
raw materials. T he Central Powers took up all the barium and 
strontium  in sight. R ecently there w as a lot of strontium  offered 
on the m arket, which was found 011 exam ination to contain 
50 per cent clay. Barium  peroxide was on the m arket b u t could 
not be used, cxcept in making a  low-grade technical peroxide. 
In  attem pting to supply the wants, some of our Am erican m anu
facturers are inclined to underrate the value of high-grade 
clicm icals and without the aid of chemists will slam together 
anything and think that will answer. W e have to be ju st as 
careful as the foreigners. T he Germans are able to  supply high- 
grade material, and w e cannot afford to supply low-grade quality.

Belladonna and digitalis should be cultivated in this country 
a t  a  profit. A nother difficulty we encounter in endeavoring to 
supply organic medicináis is to get the m anufacturer to  m anu
facture raw materials, such as phenol and salicylic acid. W hat 
will become of us after the w ar comes to an end? W ill we have 
tariff protection? W e need phosphorus compounds. W here are 
we going to get these? W e cannot get bromine. T here are 
quantities of bromine in this country. If our own m anufac
turers could manufacture and im port less w e m ight be 
able to establish this line of chemicals and relieve some of the 
prices. T his w ar has brought out chemical glassware superior 
to Jena ware, not only in resistive powers b u t in regard to weight. 
W e are receiving to-day Am erican ware th at can be made of any 
degree of thinness and will stand any am ount of rough usage. 
W e are to-day doing better than Germ any was ever able to  do 
before. B u t we deal with m any alkali substances and all 
have an erosive action on glass. Here are some results of some 
tests I have made:

Area in sq. nim. converted into sq. decimeters. Alkali content given as 
NaiO in milligrams per sq. decimeter surface. Tim e 50 hrs. T em p. 90° F .
Ampoules, Resistive G lass......................................................... 0 .2 3  to  32 mg.
Ampoules, Unknown................................................................... 1.7
Amber, U nknow n......................................................................... 1 . 1
Resistive T ub ing ..........................................................................  0 .43  to  0 .47
Resistive Glass Tube, Am poule...............................................  0 .36
Amber Packers.............................................................................. 1.2 to 1 .6  mg.
Amber Packers, after washing w ith dilute a c id . . . . . . . . .  0 .6  to  0 .72  mg.
Amber Packers, another lo t  .......................................... 6 .0  mg.
Amber B ottles ...............................................................................  1.2 to 1.5
Amber B ottles .................................................................... .. 3 .6
Amber Bottles, washed with ac id ...........................................  0 .13  to  0 .8
Green Packers............................ .................................................. 1 to 2 to  9 .2
F lin t Packers................................................ .. .............................  2 .0

M r .  P i e r c e :  If bromine is so much desired, w h y is the price 
so low a t the present time?

M r ,  C o b l e n t z :  T ry  to buy it.

M r .  P i e r c e :  I had the experience of having been called in 
in the preparation of bromine. W e got the bromine all right 
only to  find th at the price had dropped to $1.15, which is the last 
quotation I know of.

M r .  R a u b e n i i e i m e r :  A m ber ware is really more soluble 
than the flint ware. Am ong chemists it is so understood. T h e 
m anufacturers in this country do not pay as much attention  to 
the alkalin ity of glassware as th ey  do in other countries. E very  
ampoule before using should be washed w ith diluted hydro
chloric acid. Regarding supply of chemicals, I have frequently 
had the same experience. Y o u  cannot get bromine, even in small 
quantities. T he same thing holds true with a great m any chem 
icals. A  short time ago I w anted 100 lbs. of precipitated sulfur 
and could not find a firm in greater N ew  Y o rk  who could supply it.
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M r .  M i n e r :  W hen an effort w as made to m eet the demands 
of the canning industries in this country b y  furnishing glass 
enamelled ware, it  w as usually the case th at the first demands 
were rather arbitrary. S light changes in design would result 
in less cost. If an effort is made in this country to protect this 
industry in which we are all interested a standardization of proc
ess is necessary to  perm it the establishm ent of the apparatus 
industry. W hen you  come to  a tonnage basis you get down to 
figures th at are satisfactory. F or apparatus made on a jobbing 
basis, you  m ust p ay the price.

M r .  M c K e e :  Investm ent has been so h e a vy  in m any cases
th a t the m anufacturers have stopped. I t  is n ot worth while to 
go into the m anufacture in a case where you r units have to be 
large and where you  h ave  to m ove aw ay from a  com m unity in 
order to  avoid nuisances, such as in the case of sulfur dioxide. 
I t  requires a  large investm ent if we are going to use our b y 
products, and it is questionable w hether it  be w orth the fight 
in some of these cases.

D r . C o b i . e n t z :  I t  is the d u ty  of Congress to take some action 
in regard to protecting these em bryonic industries in this coun
try , b u t no one is willing to  invest tim e or m oney or trouble 
because of the everlasting question of tariff and protection. If 
the trade had been assured th at there w ould be sufficient tariff 
to allow for a  m arginal com pensation, the various factories now 
would increase their output and add to  the num ber of articles 
produced. M ost factories are puttin g up very  cheap places and 
w ith an idea of using them  to  some other purpose after the war.

M r .  Y o c u m :  I t  is difficult to establish w h at the commercial 
valu e of some of the supplies are. There is no reason th at we 
should be dependent upon anybody outside of such a country 
as this. W e have been in a  hurry. T h e price of creosote oils 
has advanced greatly  w ith no apparent reason. A t  the present 
tim e we are not im porting in all probability as much as we did 
in 1914-

D R . C o b i . e n t z :  I t  has interested me for some years w h y we
im ported so much and did not m ake more. T here is no longer 
a n y  beechwood creosote brought in from abroad. I t  is im
possible to get a creosote th a t w ill come up to  the U . S. Pharm a
copoeia. W e would like to  see a  real beechwood creosote once 
more.

M r .  Y o r k :  T h e specific grav ity  as given is v ery  difficult 
to  ascertain in the U . S. P . N othing specifies w h at apparatus 
should be used or where the therm om eter should be placed or 
anyth in g about it. T h e  next writing be more explicit in regard 
to  this particular line.

M r . H i b b e r T : I s i t  n o t  p o s s ib le  fo r  a  m a n u fa c t u r e r  t o  c o m 

p e t e  a f t e r  f iv e  y e a r s  w i t h  o th e r  c o u n t r ie s  i f  t h e y  h a v e  s u c c e e d e d  

in  g e t t in g  o u t  a  g o o d  m a te r ia l?

D r .  C o b i . e n t z :  W e have cheap raw m aterials. I t  is a  ques
tion of labor.

M IS C E L L A N E O U S  C H E M IC A L  IN D U S T R IE S : C O N V E R T I
B IL IT Y  O F P L A N T

W i l l i a m  H . G r o s v e n o r , Presiding 
G rand C entral Palace, Septem ber 30, 1916 

T h e  C h a i r m a n  : T he men criticising the works, those planning 
the works, and those utilizing the m aterial from the works 
have a  broader perspective frequently than the chem ist who is 
engaged in some particular phase of the p lant work, or than the 
corporate officer who is engaged in the overhead. E ach of us 
can glean som ething from the other.

C on vertib ility  of p lant m eans convertibility not only to  a 
pacific occupation, b u t such con vertibility  to a pacific occupa
tion as will perm it, if possible, the re-convertibility into the 
munitions of war. Our G overnm ent is taking v ery  much more 
active steps, largely through non-Governm ental agency a t first, 
b u t taken up now  b y  a definitely appointed G overnm ent Bureau 
— to preserve so far as possible and to  develop as far as possible

the plants which are necessary for this country to  have to pre
serve itself in case of trouble, so th at con vertib ility  from  the 
w ar basis to the peace basis m ay expect to have such cooperation 
from the G overnm ent as can reasonably be expected in a dem oc
racy.

W h a t we are all interested in, perhaps, is the specific instance, 
and as this is an experience meeting, it rests w ith the Chairm an 
to confess first. In one com pany in which we are interested 
the con vertibility  problem cam e up alm ost sim ultaneously w ith 
the creation of the work. In planning the work it  was 
remembered th at this w ar m ight last b u t a  few months. Our 
friends in W all Street had told us th at it would last b u t 8 months; 
the bankers said th at it could n ot possibly last longer because 
there w as not enough m oney to  keep it going. N evertheless, we 
felt it would be desirable so to  plan the w ork th at it could be 
run for some time, on the one hand, and th at it could be as rapidly 
and easily shifted to  a non-war basis as possible. C on verti
bility, therefore, presented less difficulty for us, and perhaps 
less difficulty than for m any, because our work w as not carried 
far beyond the raw  m aterial stage.

T h e industries other than those m aking new raw  materials 
are faced w ith much more serious difficulty, b u t there are a 
great m any of those industries, m ost of them sm all, th at are 
very  essential to our own national life if we are to  be independent. 
W e of a dem ocracy are so a p t to say  th at we are free people. 
A s a  m atter of fact we are more absolutely enslaved, or were 
becoming more hopelessly enslaved to G erm an y,. F rance and 
E ngland than we would have been had any one of them possessed 
and adm inistered our governm ent. T h a t m ay seem surprising, 
but men who have been professionally into the detail of the inetal 
business far more than I have been able in the last tw o and a 
half years to tell me th a t in less than ten years G erm any 
would have controlled absolutely the m etal industry of the 
U nited States; th at th ey were deliberately reaching out to 
obtain the control d irectly or indirectly of the m etal indus
tries, and we have since th at tim e seen m any evidences of it 
— not in any hostile spirit was this control sought, b u t purely 
as a  m atter of comm ercial existence— just as a  country selects 
one or tw o products to  be developed as a part of its policy.

T h e U nited States is planning to  go so far as to  give to  certain 
firms different orders for different quantities of m aterial, any 
m aterial th at enters directly or indirectly into the necessary 
w ar munitions and it is covering alm ost everyth ing th at is used 
in life, and giving these orders w ithout bidding and w ithout 
w h at would ordinarily be recognized as com petition in order to 
preserve the a b ility  and possibly the v ery  iden tity  of forms of 
business or methods of process th at would be wiped out, perhaps, 
under norm al com petitive methods from abroad w hether or not 
the tariff is in existence. T here is, therefore, a t  W ashington 
a  rather clear recognition of the fact th at w e m ust hold together 
the nucleus of some of these industries th at h ave  been developed 
here or we will have to p ay a  v ery  terrible price for our over
sight when th e tim e comes.

T h e country could not possibly consume in time of peace the 
explosives nor the autom obiles w e are m aking here to-day, 
although we arc getting to  be p retty  strong on the consumption 
of autom obiles. I was noticing some statistics in the automobile 
business the other day, because it touched our business a little 
and there is a surprisingly sm all am ount going abroad to-day in 
spite of the railroad tracks th at are lined w ith them on the wes
tern side of the c ity . T h e m etallurgical industry has taught 
us chem ists a little . T h e y  got together and not only told 
their problems b u t told their solutions and the m etallurgical 
industry has advanced rapidly. W e are altogether too 
secretive for the best interests of the business.

M r .  H . A . L e v y :  C an you  propose a  more reasonable w a y  
of cooperation to  m ove aw ay from the secret methods which 
have been prevalent am ong chemical workers?
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T h e  C h a i r m a n :  T h a t has been proposed, bu t it w ill be
necessarily a m atter of growth. T his organization, the C hem 
ical Society, is a step in th at direction, necessarily a hesitating 
step. It  is something you  cannot force. T he Am erican In 
stitute of Chem ical Engineers is perhaps more aggressive be
cause the men who are members of the Institute  have a  certain 
greater degree of freedom as a consequence of the m eans of 
selection. T h ey  are men who are either running the industries 
in one capacity  or another, owning them  or m anaging them.

A lso the A rm y and N a v y  B ureau has collected all this line of 
information. W e have about 16,000 plants th at are m anufactur
ing m aterial actually  required or supposed to be required for 
m ilitary purposes. T h e  G overnm ent is now able, w ithout 
any red tape w hatever, for the United States G overnm ent 
to step into any plant of the U nited States and take 
it  over w ithout any legal proceedings or anything else and 
m ake any of the necessary adm inistrators of th at plant offi
cers of the U nited States A rm y and put the firm to work. W hat 
th ey are trying to  do is to find out w h at can be done in the plant.

M r .  L e v y :  T he point th at I  had in mind broadly, is that 
there are a num ber of concerns w orking along the same lines in 
different research work, laboratory work, and some of them are 
perhaps duplicating their w ork in their laboratories. I mean 
concerns having different research laboratories. T h e General 
K lcctric C om pany has avoided th at b y  putting up a  plant in 
C leveland and purchasing a  lot of plants in connection with it, 
and they are doing research w ork a t one point. T h ey  are taking 
up research work where the other men left off.

T h e  C h a i r m a n :  And y e t it remains for an entirely indepen
dent organization having nothing w hatever to do with either the 
Lam b Laboratory or the General E lectric Laboratory or the 
W cstinghouse, or any one of those companies, to turn out the 
work which has to do with replacing platinum  wire in every lamp 
th ey m ake and I don’ t know how m any thousand dollars they paid 
the people for the patents, but it was quite well up.

One of the large companies is getting into condition for nitra
ting a  great deal of cotton, particularly linters for m aking 
nitrate cellulose. T here is some talk of an effort to m ake a 
high-grade paper mill out of th at plant later on.

M r .  C l a u s e n :  T h e question of cleanliness is of param ount 
im portance and you  couldn’t  use linters for th at reason.

I have never seen linters cleansed from any possible speck 
a t  all.

T h e  C h a i r m a n :  M y  understanding of their plan is th at it  is 
not so much to  continue the use of linters as to continue the use 
of the p lant on other grades of cotton or other grades of pulp 
for the m anufacture of paper, leaving the plant as a  whole earn
ing some sort of interest on the investm ent, or running it for the 
purpose of paying taxes and em ploying the people th ey have 
been using and keeping them together as a unit. H ow far back 
into the lower grades of cotton they will go, or whether they will 
use linters a t all, I do not think has been so much the discussion 
as it has been as to w hether th ey can use the plant in some w ay  ■ 
and keep it a live and prevent it from going to  rack and ruin.

M r .  M o l o w i T z :  I s  the governm ent also looking after the
supply of the manual labor that w ill be necessary to  m anufacture 
the various products? H ave you any idea of the percentage of 
men em ployed a t present in the m anufacture of munitions th at 
m ight have to go back to peaceable em ploym ent again?

T h e  C h a i r m a n  : I t  would be rash, perhaps, for any one man 
to m ake an estim ate even though he had studied the question 
very  carefully, b u t it hardly seems possible th at the ratio should 
be less than 60 or 70 per cent, if b y  m unitions you  include all 
the parts which are now going into shells; bu t don’t forget th at 
the same machine th at to-day is turning a screw for the nose of 
a trap, is perfectly capable of turning a screw for a  typew riter or

a sewing machine, and m any were m aking screws for typewriters 
who are now m aking screws for shrapnel, and will turn back to 
m aking screws for typewriters or sewing machines after the war, 
Of course there are the lathes, the particular processes and the 
turners, all th at typ e of machinery, w h at we call m achining tools; 
m any of the special machines th a t are n ot so special th at they 
cannot be used except for munitions, can also be continued in 
use after the war.

M r . M a s s i e : M a y  I  a s k  a lo n g  t h a t  lin e , is  th e r e  a n y

b u r e a u , c i t h e r  p r iv a t e  o r  g o v e r n m e n ta l,  w h ic h  m a k e s  a n y  e f fo r t  

t o  c la s s ify  th e  m e n  so  t h a t  s k il le d  p e o p le  c a n  k n o w  w h e r e  t h e y  

a r e  n e e d e d ?

T h e  C h a i r m a n :  N o t yet, but I hope to see the tim e in the 
near future when either under the Bureau of Com merce and Labor 
something of that kind will be done, or else under this Com 
mittee.

M r .  J o r d a n :  A s President of the B oard of Education in 
m y town I conceived the idea a great m any years ago th at we 
should supplement our manual training and dom estic science 
and th at class of things taught in the school, first w ith  a  prim ary 
industrial school, which would take the children and educate 
them naturally into differentiating colors and sizes and shapes 
of things, taking textiles generally. I devoted more tim e to the 
things connected with textiles, dyes, spinning, and things like 
that, and then I established and got the C ity  Council to agree 
to support, if we furnished the building and the m aterial, an 
Industrial High School. T his Industrial H igh School commenced 
a  three years’ course, devoting four hours each d ay to  academ ic 
work, and four hours each day to manual work and it was for 
both men and women, coeducational. And a t the end of th at 
time if they had worked for some institution for a m onth, and we 
have had daily reports of their work, th at entitled them  to a 
graduate’s certificate. So far our w aiting list has been very  
crowded— through these efforts w e have taken boys, some of 
them who have failed to move up in grades in the academic 
high school, who upon their graduation have received as much as 
three dollars a day the first day.

I think something should be done all over the U nited States 
to  ascertain from everywhere w hat the people are doing, so th at 
we can say to these graduates th at th ey will have an oppor
tunity. F or instance, I get m y gardener through the govern
ment, through the Labor D istribution Bureau. He is a 
foreigner, I am sorry to say— either an Englishm an or a 
Frenchm an or a German or a Swede— bu t he comes from the 
Governm ent— I wrote to the Labor Bureau D epartm ent for 
him. I t  helps the man, and it helps me. N ow, that ought 
to be carried by the G overnm ent to a higher plane than it  is 
on now. I think th at supplemental to th a t there should be 
an investigation b y  this Association, or by  someone, to  find 
and ascertain all over the country if there are capable natives 
— capable citizens, whether foreign born or n ative— and th at 
they should receive the first consideration for em ploym ent b y  
all manufacturers in the positions of profit and advancem ent.

M r . M o L o w r T z :  W il l  th e  p a y  o f  th e  m u n it io n  w o r k e r s  b e

g o v e r n e d  b y  th e . G o v e r n m e n t  in  c a s e  o f  w a r ?

T h e  C h a i r m a n :  T h a t has not in any w ay  been touched 
upon, except th at the statute says th at these orders m ay be 
placed w ithout bidding and a t a  fair price, and th at it shall be 
obligatory' on the people to m ake the stuff and it will be fine 
and imprisonment if they do not.

I don’t feel th at any question of th at kind would ever come up. 
There are no more patriotic men than our laboring men in this 
country. T he difficulty as I see i t  is not w ith the laboring man, 
but it is his w alking delegate who is peculiarly lacking in any 
idea of patriotism  in so many eases. I  do not think it  is the fau lt 
of the laboring man, and I think it  is no criticism  adverse to  the



O ct. ,  1916 T U E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 967

members of the unions th a t we find the unions in the aggregate 
so diabolically arrayed against law, order, patriotism , the m ilitia 
and everything else.

M r . A d a m s : I s  n o t  th e  A m e r ic a n  L e a g u e  d o in g  s o m e t h in g  ¡11

t h a t  lin e?

T h e  C h a i r m a n :  I t  was the Am erican League I had in mind, 
and they are doing a  great deal in th a t line, although lacking 
G overnm ent cooperation and driving support, as yet, b u t I 
think it  definitely planned to co-ordinate that w ith  the Federal 
movem ent.

M r .  A d a m s :  T h e y  have no connection w ith  the G overnm ent 
as yet.

RESOLUTIONS ADOPTED (OFFERED B Y  MR. JORDAN)

Recognizing the laudable and growing m ovem ent throughout 
the Union to educate the youths of the country industrially and 
scientifically, and believing th at Am ericans should be encouraged 
in securing and filling the more im portant responsible positions 
in the establishm ents desiring such employes, and knowing this 
would in turn be serviceable to the industrial establishm ents 
them selves;

Be it Resolved, T h a t this Society urge upon the G overnm ent 
and will co-operate w ith it in m aking a  thorough investigation 
along this line to  the end—

(1) A scertaining the extent of the m ovem ent nam ed; and
(2) T o  assist both the em ployer and the em ployed in bringing 

them together on the lines indicated above.
(3) T h a t this Society urge upon the G overnm ent to  co-operate 

w ith it  in m aking investigations to accom plish the purposes o f 
this resolution.”

(OFFERED B Y  MR. MASSIE)

W h e r e a s ,  T he perm anent and efficient grow th of Am erican 
industries requires a constant and growing su p p ly  of specially 
trained em ployees, and

W h e r e a s ,  T he proper assim ilation of the cou n try ’s personal 
talent, both native and foreign, equally require the proper placing 
of individuals in localities and in w ork where their training and 
ability  w ill be most productive to  them selves and to  the general 
welfare of the country.

Resolved, Therefore, T h a t we earnestly urge the U nited 
States G overnm ent to  provide an adequate special Bureau, 
the d u ty  of which shall be to  investigate the demands and needs 
for em ployees of all kinds, to  inventory and classify so far as pos
sible all persons, both native and foreign, needing or seeking 
em ploym ent, and to assist in bringing the em ployers and possible 
em ployees in con tact w ith each other.

M r .  P o t t e r :  W hile the resolution offered covers w h at we 
wish to  convey to the G overnm ent, if the Society expects to go 
forw ard w ith  it, it seems to  me th a t besides passing this resolu
tion it  is v ery  essential th at a  Com m ittee be appointed who are 
com petent to  handle the m atter, confer w ith the proper offi
cials and follow it  up— otherwise it  is ap t to  be “ gratefully  re
ceived”  and filed am ong the archives and nothing heard of it 
again. B u t if there is a Com m ittee to present the m atter and 
ready to  co-operate and advance definite suggestions as to  w h at 
is to  be done, perhaps there is a chance of getting somewhere 
w ith  it, and I suggest th at such a  Com m ittee be appointed after 
deliberation, and th at men be chosen who are best in a position 
to  give their tim e and some w eight of authority to  the proposi
tion.

T h e  C h a i r m a n :  Y o u  have heard the suggestion. I t  m ay 
be considered as placed in the form  of a resolution for action, 
th a t such a com m ittee be appointed. I think a  simple m otion that 
such a Com m ittee be appointed would cover it. D o you  so move?

M r .  P o t t e r :  I so move.

T his motion being duly seconded, was unanim ously carried.

T h e  C h a i r m a n :  I  take it  th at you would prefer in this case, 
from  the form  of your statem ent, th at the usual practice be not 
adhered to of appointing the m aker of the motion the Chairm an 
of th at Com m ittee, or of appointing the Com m ittee a t  this time.

M r .  P o t t e r :  T h a t is correct. I  personally would not be 
in  a position to  undertake it, and I think the Com m ittee should

be appointed after careful consideration and should be a  C om 
m ittee appointed to really  do something in behalf of the Society.

T h e  C h a i r m a n :  A nd preferably, th at the Com m ittee be 
appointed b y  the Council of the Society so th a t it  would have 
official recognition.

O IL S  A N D  M O T O R  FU ELS

R . F. B a c o n , Presiding, C hem ists’ C lub, Septem ber 30, 1916

R . F . B a c o n ,  Chairman: Some of the problems th at we w ant 
to ta lk  about are: relation to  m otor fuels; lubricating oils; petrol 
industry. T h e great problem is flexibility in refining. T he 
ideal situation would be one where the refiner could take any 
crude and m ake from th at crude ju st exactly  the products 
demanded. Our biggest need is for gasoline. There has been 
a  tendency late ly  to increase the production of casing head 
gasoline, b u t there is a feeling th at such blended gasolines are 
not as good as straight cut.

D r .  M a b e r y :  C rude oils m ust be thoroughly understood.
L aboratory m ethods have proceeded abou t as far as they 
can go. Refining is necessary. W e need funds to  carry 
ou t the affair. W e shall find things in petroleum th a t we 
do n ot know about. W e need to know w h at the refiner is doing, 
his methods, etc. T h e  general public does not care how  the 
crude oil is refined so far as it answers the purpose. T h e con
sumer does n ot know  how to  select the product th at is used in 
the machine. W h at is necessary to  bring out th at work? There 
should be a  line of individual investigation of motor oils and fuels 
carried out on a broad scale. A ll products should be taken up 
and examined thoroughly, including frictional tests. M achines 
should be constructed th at will show these tests. In th at w ay 
every  product th at is placed on the m arket can be standardized, 
and there should be a  regulation b y  law  ju st as with fertilizers. 
A fter the man is instructed as to the different grades of lubricating 
oils he should know  b y  the oil he selects th at he is getting the 
most suitable oil, so th at he will get the best value out of his 
product. Institutions ought to  take up this investigation. 
A  laboratory is needed th at can follow out these investigations 
on a large scale, to become public property. So far as refining 
is concerned, it depends to  a  large extent on the w a y  the re
fining is carried out. N o t altogether on the composition of the 
oil b u t w h at has been learned b y  actual experience. (D isplay 
of three or four lubricants. One sam ple sold for $100 per gal.) 
T h e  im portant poin t in lubricants is the wearing qu ality  and I 
am convinced th at the theoretical end of it  is first. T here should 
be broad investigations concerning the qu ality  of every lubricant 
th at is on the m arket. A nd the results should be stated in such 
a  w a y  th at the laym en can understand them . T h e tim e has come 
now when research has got to  take hold of the petroleum  industry 
from start to finish. N oth ing leads to  th a t better, than com pe
tition. W here there is com petition we m ay be able to  introduce 
products th a t w ill determ ine their value. W e need a larger sup
p ly  of gasoline th a t will hold the price where it is now for there 
are indications of the price going higher unless we have something 
on hand to  cu t it down.

T h e  C h a i r m a n :  I would suggest th at students in the uni
versities be put on some one phase of the petroleum  field. In 
crude oils w e have thousands of compounds th at have never been 
found out about. Refining companies would be w illing to m^ke 
the prelim inary fractionation and the products could be turned 
over to laboratories.

D r .  M a b e r y :  R egarding lubricating oils— we cannot de
pend on the specific grav ity  or viscosity. T h e  best test th at 
can be made of any oil is to  distill it in vacuum  to  avoid decompo
sition and then determ ine the specific grav ity  of the distillates. 
T here has got to  be some standard. In  the first place, the general 
public is entitled to  know the source of the oil. General tests



968 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  8, N o . 10

of the oil should be m ade; then wdrlced out in a  practical w ay on 
a starting m otor ear w ith a testing machine running along w ith 
it, to  show its actual value. T h a t should be adopted as a stand
ard from which to valu e any particular oil referred to. I t  thus 
comes down to determ ining the durability practically and sci
entifically.

D r .  D a y  : Shall w e get out a governm ent report, describing 
in detail standard products for comparison? In the past more 
has been accomplished through means of specific brands guaran
teed b y  private m anufacturers.

D r .  S a l i s b u r y ;  Standardization should begin w ith the raw 
m aterial and not w ith  the finished product.

T h e  C h a i r m a n :  O n ly from  good crudes can be made good 
lubricating oils.

D r .  S a l i s b u r y :  There are better lubricating oils to  be made 
from certain crudes. W h a t are those crudes? W h at is their 
character? C an other crudes be brought to the point where 
these crudes are brought? Y o u  w ill get a different product from 
every crude. C an  anybody tell me how to get a better emulsion? 
I am using sim ply finished products. T h e standardization we 
get is a  comm ercial one and n ot a standardization of service.

D r . K e l l e y : D r . M a y b e r y  d id  n o t  s a y  a n y t h in g  a b o u t  th e

te m p e r a t u r e  a t  w h ic h  th e  v is c o s it ie s  a r e  t o  b e  t a k e n  o r  c h a n g e  o f  

t h e  v is c o s i t y  w i t h  th e  te m p e r a t u r e  in  t h e  e x a m in a t io n  o f  t h e  

d if fe r e n t  c u ts . O il  lo s e s  v is c o s i t y  r a p id l y  w i t h  th e  r is e  in  te m p e r a 

tu r e .

D r .  M a b e r y :  T h e value of an oil depends on its elastic 
quality. V iscosity determ inations of the oil are the only w ay  it 
can be done, to  get the consistency of the lubricant and see w hat 
the oil should be considered to  do. T h e m atter of color has to 
do m uch w ith  the same principle.

D r .  D a y :  W h a t lubricants hold up best?

D r .  M a b e r y :  I do not know  positively.

D r .  B a k e r :  T ests on lubricants do not tell you anything, 
D r. B acon has said. I cannot agree w ith  th at. T ests do infer 
something in so far as their application to  lubricating goes. 
M an y people m ake tests and are unable to interpret the tests. 
D r. M ab ery  has suggested standardization. This would be al
right if our crude oils were uniform and if the refiner could alw ays 
get the crude he w ants. Frictional tests are good, bu t if we con
sider frictional tests th ey would have to be based on one specific 
purpose. C ylin der oil and gasoline would not be tested on the 
sam e machine. Dr. D a y  says brands are not uniform. Brands 
do run p ractically  uniform  in our experience.

D r .  D a y :  H ow would you  iden tify  the oil?

D r .  B a k e r :  There are certain characteristics in the oils, 
and if this oil is run under one condition it m ay be possible to 
get one result, where if it  is run under another condition 
you  m ay get another result. I was called in to  see w h at was 
causing an emulsion in a  certain system . T h e  oil was used for 
engines and emulsified. I examined the original oil, and they 
had used about iooo barrels in the system . B u t the system  had 
n ot been cleaned for 6 or 7 months. T h e emulsion was due to 
organic substances getting into the oil.

M r . W . F. P a r i s h :  (Brought up points th at would tend to
show th a t specifications covering the product for use of lubrication 
oil are o f disadvantage, entirely on account of the fact th at me
chanical conditions of the machine area  constantly varying factor.) 
D ifficulty is alw ays experienced in getting machine users to  use 
exactly  the proper oil or to m aintain the use of the proper oil 
a fter it  has once been dem onstrated th at a  fixed lubricant w ill 
give the highest results. T h e  m achine or m otor user is not pri
m arily interested in the question of lubrication even if he is 
to ld  th a t a  certain standard would be necessary for his motor. 
T h e  difficulty would be th at the m otor would v ery  likely  change 
very  rapidly, which w ould require a  different standard.

D r .  C o n r a d :  D r. M ab ery ’s suggestions are all right. W hen 
you come to the refiner’s point of view , w h at arc you  going to 
do? Refiners a t Franklin try  to get the fuels as uniform as 
possible. Oncc in a while you get an oil th a t is supposed to  be 
the same, but sometimes th ey miss it. D urab ility  and lasting 
qu ality  is necessary. In turbine service th ey need an oil th at 
lasts longest, sometimes weeks, months and years. T h e oil 
th a t lasts longest is the cheapest. T here is a  great field for the 
universities and schools, also the B ureau of Standards, in this 
line. Oils from different fields show different characteristics. 
H ow  will you ascertain which is the best? T here has been great 
improvem ent in the refining processes since ten years ago. In 
fact, ten years ago we did not know m uch about lubricating 
oils.

T h e  C h a i r m a n :  A re there any processes th a t m ake gasoline 
other than the pressure process in which one obtains a product 
th at is not too unsaturated to refine?

D r .  G r a y :  G rav ity  has nothing w hatever to  do w ith 
the properties of a crude oil. G rav ity  of the gasoline varies w ith 
the crude. The distillation test is the same for every  one of the 
gasolines so that distillation tests should be used instead of grav ity  
tests.

M r .  R o b b i n s :  Gasoline of high specific g rav ity  has more 
power than gasoline of ligh t Baum e grav ity . Pow er back of a 
light grav ity  gasoline is greater per pound than the heavy.

M r . R i t t m a n :  D r. Bacon asked abou t gasoline savers. T h e 
gas savers used are kerosene vapor or a  h ea vy  gas vapor, w ith  
added materials such as camphor, naphthalene, nitrobenzene, 
and some even use the explosives nitroglycerine and trinitro
toluol. T he eastern p art of the U nited States are using a  v ery  
inferior quality  compared w ith other parts of the country. 
T h e end-point m ay be as high as 450 to  500° F . T he m id-conti
nent insist on an end-point under 425 0 F ., whereas the Pacific 
C oast insist on an end-point under 375° F . T h e tendency 
throughout the country as a  whole is to  use heavier gasoline. 
In  other words, the gasoline can is chiefly filled w ith  kerosene.

T h e design of the engine is  extrem ely im portant in the use of 
gasoline. The old typ e  of manifolds had a  lo t of exposed surface 
before the fuel reached the engine. T his was very  inefficient 
because the heavy parts of the gasoline would condense and ho t 
be available for consumption. N ew  types of autom obiles a ll 
have com pact manifolds in w hich the vapors are not condensed 
once th ey have vaporized.

T h e oils from different countries v a ry  w idely. A  gasoline made 
b y  cracking K ern  R iver crude contained as high as 25 per cent 
arom atic hydrocarbons and under careful auto test gave a mileage 
of 30 per cent greater than a straight run gasoline w ith  paraffins. 
Argentine R epublic oil, on the other hand, produced a gas v ery  
low in arom atic and high in paraffins. Japanese oils were differ
ent from either of these.

M otor fuels are of comm ercial value. M a n y  experts through
out the country are working on this problem, using every  con
ceivable kind of apparatus and processes. T heir efforts are 
earnest and the result can on ly be success. I  absolutely believe 
th at the m otor fuel problem is a thing of the past for several 
years to  come a t least, despite the fact of the great increase 
in the number of automobiles.

D r .  R . E . H u m p h r e y s :  W e are using 300 stills a t W hiting, 
Ind., w ith  a charge of 250 lbs. each. M uch tim e has been spent 
on the by-product asphalt which is produced in connection w ith 
the use of the Burton process. T h is asphalt approaches very  
closely the asphalt produced in South Am erican countries. I t  
is not greasy, and, all told, has been found superior to the asphalt 
form erly produced b y  blowing air through the residuum from 
mid-continent oils. This material is largely used in the vicin ity  
of Chicago from oils produced in the m id-continent field. I 
do not believe th at we need fear a  shortage in m otor fuels.
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5ŁCOND EXPOSITION OF CHEMICAL INDUSTRIES
T h e Second Exposition of N ational Chem ical Industries took 

place Septem ber 25th to 30th, occupying tw o floors in the 
G rand C entral Palace, N ew  Y o rk  C ity .

A t the opening meeting M r. Charles F . R oth , one of the very 
efficient managers responsible for th e organization of the ex
position, introduced the speakers.

D r, Charles H . H erty, President of the A m erican Chem ical 
Society, explained th at it had been the fixed determ ination 
of the managers and advisors of the exposition to  m ake the 
chemical show a  place for earnest men of the country to  bring 
together their products, not for the purpose of boasting, b u t to 
dem onstrate their ability  to  meet the situation and thus to 
afford inspiration for the future. In  other words, the exposition 
was planned to  be not only a showing of w hat had been accom 
plished, bu t also the assem bling of resources of the nation con
cerning which expert representative men of the various industries 
could consult and give and obtain expert advice. Such dis
plays will undoubtedly bring about cooperation of state govern-

ments, railroads and national governm ent b y  setting forth  how 
the resources of the nation m ay be best p u t under chemical 
direction, for the prim ary responsibility for the developm ent 
of these resources rests chiefly upon the chemists of the country; 
th at the necessity of such cooperation is required b y  other 
nations is indicated b y  the recent unification of the dyestuff 
industries of G erm any and the chemical conference of the allies, 
during which th ey  agreed to  interchange technical knowledge 
in place of continuing individualistic efforts as heretofore.

D r. Lawrence Addicks, President of the Am erican E lectro
chemical Society, called attention to  the developm ent of the 
electrochemical industries from the m odest beginning of electric 
batteries to m anufacturing processes th at require the highest 
typ e  of chemical engineering. E lectrochem istry has the peculiar 
character of forming the m eeting place for electro chemists, 
physicists, m etallurgists and physicians, thus helping to break 
down the barriers between so-called pure science and engineering. 
T h e high prices of the present tim e are constantly bringing about 
fields of new uses for materials and especially the lower grade 
materials which m ust necessarily replace the shortage of the 
higher priced ones. In  the great awakening th at has 
brought about coordination of industrial resources for national 
defense, D r. A ddicks considers the accomplishments up to  the 
present as m erely an earnest of w hat is to come.

M r. Thom as J. Keenan, Secretary of the Technical Associa
tion of the Pulp and Paper Industry and E d itor of Paper, spoke 
in place of President Daniels of the Am erican Paper and Pulp 
Association.

“ T he paperm aker stands next to  the highest place in the

industrial world, for the latest census of m anufactures shows 
th a t in Am erica the m anufacture of paper is second in im
portance only to  the steel industry. T h e total invested capital 
is estim ated a t $500,000,000, in round numbers, while the annual 
value of the m anufactured product— pulp and paper— am ounts to 
$350,000,000."

D r. Ira  Remsen, form erly president of Johns H opkins U ni
versity, was enthusiastically received b y  the audience, and 
expressed his desire to  have it thoroughly .understood th at he 
had alw ays been interested in chemical industry in spite of the 
numerous statem ents th at had been made to the contrary. T he 
truth of the m atter was th at his contributions to  chem istry had 
been a t the other end of the line, since it had alw ays been his 
belief th at industry grows only when science grows.

M r. A driaan N agelvoort, co-m anager of the exposition with 
M h  R oth , called attention to  the fact th at the industrial de
velopm ents of the last year were possible only in such a  country 
as Am erica, a notable instance being the fact th at the dyestuff 
firms of the country are now m aking 75 per cent of the quan tity  
needed in 1913. T h e audience was then invited to v isit the 
various exhibits of the "Second Chem ical Show .”

U nusually attractive  features of the exposition were the moving 
pictures, shown every  afternoon and evening, illustrating the 
processes of m anufacturing a  wide range of products. A cknow l
edgm ent was made to the B ureau of Com m ercial Econom ics for 
their collaboration in this program. These pictures included the 
following :

M anufacture of Iron  and Steel Tubing.^ Black Powder, Fertilizers, 
Iron , Silk, B lotting Paper, Varnish, Silver M ining, A sphalt (B arber A sphalt 
C o .) .

American Chemical Society, April, 1916, M eeting. Leaving Danville,
III., C ham ber of Commerce Building.

Industria l P lan ts  on th e  Clinchfield R oute  (Carolina, Clinchfield & 
Ohio Railw ay).

Bureau of M ines.— Iron M ining Operations, M anufacture of Coke. 
M ine to  M older. Safe M ethod of B itum inous Coal M ining. M ining 
M agnetic Iron  Ore. T he Shooting of the  ‘‘Lake View Crusher.” The 
M anufacture of Portland  Cem ent. Zinc M ining, M illing and Smelting. 
Dredge Gold M ining. Copper M ining, M illing and Sm elting. M ining 
and E xtraction  of R adium  from C arnotite  Ore.

W estinghouse Electric & M anufacturing Co.
M ining and  Sm elting of Copper (U nited S tates Sm elting Co., Inc.).
M otor M anufacture (General Electric Co.).
D istillation A pparatus (E . B. Badger & Sons Co.).
F iltra tion  of the C ity  W ater Supply and  Disposal of the  C ity  Sewage, 

C ity  of Baltimore.
W ater Powers on the  Pacific (G reat W estern Power Co.).
Petroleum  from a M exican Oil Well, accompanied by  discussion by 

I. C. W hite, S ta te  Geologist, W est Virginia.
M anufacture of Paper. Do i t  Electrically.
M aking of Fine Tools. Telling the Forest.
D ynam iting the  F arm  with Profit. Safety F irst.
F irs t Aid in the  Home. L ight from the Rocks.
Sands T h a t Serve. S trik ing  a L ight— M atchcs.
Tim e from the S tars. Irrigation  in Southern Alberta.
M anifold Uses of Concrete. Queen of Y um a— W ater Power.

E X H IB IT S

P aul O. A bbé— G rinding machines (ball or pebble mills), 
heavy, ligh t and sifting mixers, im proved rotary  cutter.

A bbé Engineering Co.— W orking models of the A bbé tube 
mill showing “ Ideal”  spiral feeder, double porcelain ja r  mill, 
special com bination porcelain ja r  m ill; section of pebble mill 
showing rem ovable manhole frame w ith detachable flanges.

A lberene Stone Co.— A  laboratory installation of bench, gas 
hood, and sink made of Alberene stone, various samples of cu t 
stone, soapstone linings for pulp furnaces.

Am erican Apparatus Corporation— A n  exhibit of laboratory 
furniture, laboratory apparatus and glassware in general, and 
Am erican-m ade porcelain ware. A lso R iche calorimeters, 
Lenzm an-K ober colorimeter, Stokes w ater still, cem ent and oil 
testing apparatus, electric heating appliances, autoclaves, 
thermometers, hydrom eters, etc. B y  w a y  of n ovelty, a  50-gal., 
oval-shaped glass flask w ith Vis-inch wall.

Am erican Chem ical Society— Journals published b y  the 
Society, charts indicating growth, and a  dum m y of the 3-voî. 
decennial index to Chemical Abstracts now in course of preparation.
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Am erican Coal and B y-Product Coke Co.— M odel of flueless 
oven, a  wall brick, illustrations of certain by-product apparatus, 
and colored, diagram m atic sketch of the Roberts method of 
destructive distillation of coal and m ethod of by-product re
covery.

Am erican Electrochem ical Society— -An automobile, stripped, 
w ith descriptive placards attached to various parts, purporting 
to  show the economic effect of electrochemical products on 
m odem  industry.

Am erican Institute of M ining Engineers— A  booth for visitors.
Arnold, Hoffm an &  Co.— Products of the M athieson A lkali

W orks, C astner E lectro lytic  A lkali W orks and the Nitrogen 
Products Co., for whom  th ey  are sales representatives.

Atlantic G ulf &  Pacific Co.— A n inform ation booth.
E. B . B adger &  Sons Co.— Exhibited photographs and 

draw ings of different installations and chemical plants designed 
and m anufactured b y  them ; also a sample copper apparatus.

J. T . B aker Chem ical Co.— "A n a lyzed  Chem icals,”  C . P.
City of Baltim ore— -A m iniature reproduction of the c ity  show

ing its harbor and dock facilities.
B arber Asphalt Paving Co.— Showed a com plete line of the 

B arrett refined coal-tar distillation products, synthetic products 
made therefrom, useful to  the dye, pharm aceutical and photo
graphic trades; also numerous specimens of custom ers’ manu
factured articles. Different grains, growth of which had been 
prom oted b y  using their sulfate of ammonia w ith potash and 
phosphate.

Bausch &  Lom b Optical Co.— A pparatus for micro-photog
raphy, lanterns for lectures, and samples of their made-in- 
Am erica optical glass.

B each-R uss Co.— Exhibited jo in tly  w ith  the A bbé E n gi
neering Co. D e R y ck e  centrifugal steam separator and grease 
extractor, acid pump, and a showing of interior of their rotary 
vacuum  pum p. A  N o. 4 rotary pressure blower in operation, 
pum ping up a  pressure of 10 lbs.; model of a  filter press. A  
dem onstration of their high vacuum  pump, exhausting a  red 
liquid and pulling it  up a 34}4  ft. graduated glass tube to within 
0.1 in. of the barom eter reading.

W . B eck er’ s Aniline & Chem ical W orks— A n  exhibit of all 
the most im portant aniline dyes and intermediates as well as 
textiles, carpets, leather, headwear, paper and other goods 
dyed exclusively w ith Am erican dyes made b y  them from 
Am erican raw  materials.

Bethlehem  Foundry & M achine Co.— N itric  acid condensing 
apparatus, fum e pipes, anodes and cathodes all made of tant- 
iron; also gray  iron apparatus such as nitric acid retorts, nitra- 
tors, reducers, sulfonators and acid eggs.

T he Bristol Company— Com plete line of indicating and re
cording instrum ents and pyrom eters, thermometers, etc., 
featuring their new continuous flow w et and d ry  bulb recording

thermometer or psychrom eter and dem onstrating their autom atic 
temperature compensator for B ristol’s electric pyrom eters.

Brown Instrum ent Co.— Stationary and portable electric 
pyrometers, recording thermometers and autom atic heat- 
control instrum ents for furnaces, retorts, etc.

Buffalo Foundry & M achine Co.— A  vacuum  drum dryer in 
operation reducing a sulfite waste liquor of 50 per cent moisture 
to a  dry powder, and bottles of various materials made w ith 
the dryer. F acto ry  size of nitrator, caustic pot, sulfonator, 
evaporator, vacuum  shelf dryer, fusion kettle, crystallizing pan 
also built for vacuum, nitric acid retort and condenser; autoclave, 
1000 lbs. working pressure; laboratory size autoclave.

Butterworth-Judson Corporation— A  line of heavy chemicals, 
oxide of alumina, iron nitrate, tin crystals, sodium phenylate, 
benzol sulfonate, etc.

The Carborundum Co.— A  line of m anufactured products 
showing the uses of carborundum, including grinding wheels 
for all purposes, sharpening stones, abrasive paper and cloth, 
cast silicon chemical ware, carborundum pyrom eter protection 
tubes, dental wheels and goods for dental purposes.

Carolina, Clinchfield & Ohio Railway— Products made and 
natural resources located along the "Clinchfield R o u te.”  In  the 
same booth was the exhibit of the Federal D yestuff & 
Chemical Corporation.

Carrier Engineering Corp.— A  "C arrier”  air conditioning and 
drying equipment in operation.

Celluloid Zapon Co.— D ifferent applications of "Z ap o n .”  
Lacquers and enamels applied. Leather d o th  was displayed in 
the same booth by the Zapon Leather C loth Co.

Central Foundry Co.— "U niversal”  cast-iron pipe, bolts, etc.
Chem ical Catalog Co.— Showed the 1916 edition of the 

"C hem ical Engineering C atalog.”
C hem ists’ Club— A  booth for visitors.
Coatesville Boiler W orks— E xhibit of materials used in their 

tanks, boilers and stacks. Photographs of their steel plate 
work for chemical manufacturers.

E. J. Codd Co.— Chain screen doors dem onstrated.
Condensite Company of Am erica— A  display of printing 

plates, auto ignition apparatus, the Edison disc phonograph

record, miscellaneous electrical ignition apparatus, moulded 
Condensite parts as applied to various apparatus.

Contact Process Co.— Exhibited a  line of their products 
including mixed acid HNOs (42°), Aqua fortis (41 ><°), oleum 
(50 per cent), salt and nitre cake, etc.

Corning G lass W orks— A  complete line of glassware including 
“ Pyrex”  chemical ware and transparent oven ware, lenses, 
optical glasses, lamp chimneys, lantern glasses, tubes, etc.

Corn Products Refining Co.— -A line of various corn products 
such as dextrines, starches, corn syrup, Karo, etc.
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J. H . D ay Co.— H unter’s N ew  Sifter and M ixer; Pony 
mixer (8 gal.); models of sifters, mixers and pulverizers.

D eLaval Separator Co.— T h e  D eL aval Clarifier and Filter; 
specimens of unclarified and clarified oils, medicines, grease, etc.

D enver F ire  C lay Co.— A  com plete line of assayers’ and 
chem ists’ supplies including crucibles, muffles, scorifiers, a

pulverizer, crusher, cupel and laboratory flotation  machines, 
assay and m elting furnaces, etc.

D etroit Range B oiler Co.— A  line of m etal bilge barrels.
J. P . D evine Co.— E xhibited the first vacuum  double drum 

dryer made in Am erica, in operation; working models of a dry 
vacuum  pum p and a surface condenser; also a  high pressure 
(1000 lbs.) autoclave and a n itrating kettle.

T he D orr Com pany— W orking model of three-deck washing 
classifier operating on a  com bination of silica sand and indigo 
dye; also models of a thickener or continuous settler and an 
agitator or leaching tank.
► T h e D ow  Chem ical Co.— Chemicals, including syn thetic 
indigo, dye interm ediates, chlorides, bromides, etc.

Downington M anufacturing Co.— A  model of the M iller 
duplex beater for pulp or nitrocellulose, in operation, and a 
sm all beater, laboratory size; also some yellow-pine products 
of the Em pire C hem ical'C o. recovered b y  the Clope process.

D river-H arris W ire Co.— "N ichrom e” products; castings, 
carbonizing and heat-treating boxes, pyrom eter protection 
tubes, and baskets of various sizes for m etal cleaning, dipping 
and heat-treating processes.

E . I. du Pont de N em ours & Co.— Chem icals and mixtures 
for industrial, medicinal and laboratory uses. In  the same 
booth Fabrikoid, a leather substitute, and also the topping 
fabrics of the Fairfield Rubber Co.

D uriron Castings Co.— A cid, alkali and rust proof castings 
and apparatus; agitator kettle, nitric acid condenser. D em on
stration of a 1 ‘ /2-in. centrifugal pump.

Thom as A. Edison— Organic and inorganic chem icals; coal-tar 
products; m otor-truck size of alkaline battery.

Eim er &  Am end— A  com plete exhibit of laboratory supplies 
including the Barnstead autom atic w ater still electrically 
heated, Freas electric oven and vacuum  oven, Em erson adiabatic 
calorim eter, Zeiss photom icrographic outfit and a line of m ultiple 
replaceable unit electric furnaces of the muffle, crucible, tube and 
organic com bustion types; also F ry  and Pyrex laboratory glass
ware and Coors Colorado porcelain ware.

Electro Bleaching G as Co.— C hlorinating apparatus, samples 
of caustic potash, m uriate of potash, para-dichlorbenzol, 
monochlorbenzol, etc., and fabrics bleached w ith liquid chlorine.

Electro Chem ical Co.— An exhibit which dealt w ith electrolytic 
bleaching showing finished and unfinished bleached products 
such as paper, hole-proof hosiery, ctc. M odels of a  laundry 
unit and a paper mill unit.

Electrolytic Zinc Co.— Sam ples of electrolytic  zinc, magnesium 
powder (99.5 per cent pure) and aluminum dust.

Electron Chem ical Co.— Photographs of installations of the 
Allen-M oore electrolytic cells.

Elyria  Enam eled Products Co.— Enam el lined mixing kettle 
w ith spccial oil jack et for high tem perature work, enamel lined 
apparatus for experim ental and industrial use. M odels of high
speed agitators. Dem onstration of resistance of enamel to 
sudden tem perature changes.

T h e Fabra Co.— Inform ation booth.
Foote M ineral Co.— A n exhibit of the “ unusual”  ores, i. c., 

ores of the rarer elem ents such as molybdenum , zirconium, 
tungsten, tantalum , uranium, thorium, etc. L aboratory  ware 
manufactured from zirconium oxide. Stereom otorgraph views 
of various mines including new Am erican monazite deposits.

T he Foxboro Co.-— Recording and indicating instruments.
Franco-Sw iss Colours Co.— D yestuffs, and a  dem onstration 

of actual dyeing to prove their qualities.
Freeport Sulfur Co.— Sam ples of crude sulfur mined b y  

the Freeport Sulfur Co. Sectional view s of samples of sulfur- 
bearing rock showing the sulfur in its native form.

Chas. F. G arrigues Co.— Sam ples of chemicals used in con
nection w ith m anufacture of explosives. Steel barrels of 
D raper M anufacturing Co.

G eissinger Regulator Co.— D em onstration of industrial 
tem peraturc-control system  for heat-control w o rk ; conveyor 
type ovens and large flue dampers in super-heaters.

G eneral B akelite  Co.— Initial ingredients and various raw 
B akelite compounds prepared from  same. Electrical and 
m echanical applications of Bakelite.

G eneral Chem ical Co.— Com plete line of atmospheric nitrogen 
products, B ak er &  Adam son C. P . chemicals, and dye inter
m ediates of the Benzol Products Co. T h e R yzon B aking Powder 
Co. exhibited their baking powder and its three ingredients.

G eneral E lectric Co.— A  booth for inquiries.
G erm an-Am erican Stonew are W orks— A  full line of chemical 

stoneware including stirring and m ixing apparatus, M eyer 
condensing tourill, 520 gal. storage vessel, and cellarius tourill. 
A lso exhibited autom atic acid elevator, suction filter for vacuum , 
chlorine generator, centrifugal pum p, condensing coil, armored

exhauster (stoneware lined), revolving damper, gas cocks, 
pipe, and some magnesia ware.

G lens F alls M achine W orks— A  Trom blee &  Pauli rotary 
sulfur burner.

Golden C hest M ine— -Tungsten ore from M urray, Idaho.
G reat W estern  P ow er Co.— Photographs and information 

relating to the hydroelectric developments and possibilities of 
the electrochemical industries on the Pacific coast.

T he Em il G reiner Co.— Scientific instruments, chemical glass
ware, thermometers, hydrom eters, volum etric apparatus.
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H ardinge Conical M ill Co.— A  working model of their con
tinuous ball and pebble m ill; a  stereom otorgraph showed 
pictures of various installations.

H arrison Bros. &  Co.— A  display of chem icals used in the 
m anufacture of pigm ents, dyes and paints for fire works, lino
leums and textiles.

S . F. H ayw ard &  Co.— E xhibited  a  line of fire extinguishers, 
chemical engines, “ H ayw ard”  respirator, M axw ell Peerless

em ergency fire hood, gas helmet, sa fety  goggles, pure air supply 
apparatus to work in poisonous gases an y  length of time, and an 
oxygen reviving outfit.

Frank H em ingw ay, Inc.— Industrial chemicals, coal-tar prod
ucts.

H erold China &  Pottery Co.— Coors U . S. A . chemical porcelain 
for laboratory testing.

H erm an A. H olz— Beighlee pyrom eter equipm ent (:8 o° 
deflection angle— 12 in. scale) and portable Brinell meter. 
Sam ples of rhotanium  as a substitute for platinum .

H ooker Electrochem ical Co.— Samples of caustic soda, 
bleaching powder, monochlorbenzol and m uriatic acid.

H uff Electrostatic Separator Co.— Electrostatic ore separator 
for minerals of all kinds; plum b pneum atic jig  for same purpose.

F . C. H u yck & Sons— A dvertised Kenw ood Felts b y  pictures 
and pamphlets. Showed samples of woven woolen filter cloths.

Industrial Filtration Corporation— R o tary  continuous vacuum  
filter in operation; model of the m ovable cell typ e  applied to  open 
tank filtration; working model of rotary thickener and clarifier.

International Equipm ent Co.— Laboratory centrifuges.

International G lass Co.— A  full line of their Am erican-m ade 
"In so l”  beakers and flasks; also glass tubing, burettes, pipettes, 
weighing bottles, condensers, condenser tubes, stopcocks, 
separatory funnels, and special blown ware.

K ieselgu hr Com pany of Am erica— "Sil-O -C el”  in brick and 
powdered form w ith a practical dem onstration b y  means of 
the torch test. T here were stereom otorgraph view s of the 
mining and preparation of “ C elite.”

F. K leinschm idt &  Co.— A  model rotary evaporator.
A. K lipstein  &  Co.— Coal-tar dyes (indigo, sulfur shades, 

rhodamine, etc.), potash, varnish gums, oils, tanning m aterials 
including their "O xi-tan ,”  samples of leather, etc.

H . K oppers Co.— A  model coke oven, and the prim ary b y 
products of coke made from various coals.

L. O. K oven & Bro.— A  450 sq. ft. K e lley  filter press.

T h e Laboratory Supply Co.— A  complete line of laboratory 
porcelain and glassware; Ohio P o ttery  C o .’s “ Circle S ”  porcelain 
and also "Solno”  chemical glassware.

Lead Lined Iron Pipe Co.— A n  exhibition of lead-lined iron 
pipe, valves and fittings for use w ith  acids. A  16-in. lead-lined 
iron pipe used for hot sulfuric acid w as of particular interest.

Leeds &  Northrup Co.— A  display of the following: Vree- 
land Sine w ave oscillator; electrolytic con ductivity  apparatus; 
electrom etric titration apparatus for determination of chromium 
and vanadium  in steel and other alloys, in operation; indicating 
and recording pyrom eters; complete bridge equipm ent for 
measuring electrolytic conductivities; apparatus for determ ina
tion of hydrogen-ion concentration; portable wheatstone bridge, 
galvanom eter; sensitive galvanom eter w ith lam p and scale; 
constant speed high frequency generator.

Lehigh Car, W heel and A xle W orks— Sam ples of car wheel 
steel after different treatm ents. A  model of the Fuller-Lehigh 
pulverizer. Fuller Engineering Co., and Lehigh Stoker Co., 
design and construction of grinding plants; Lehigh F oundry 
Co., acid-resisting casting.

Life-Saving D evices Co.— D em onstration of "L u n gm otor.”
Arthur D . Little, Inc.— Picture and blue-print floor plans 

of the new A rthur D. L ittle  Laboratory a t Cam bridge, M ass.
Luzerne R ubber Co.— Various articles in hard rubber to 

resist chemicals, piping, acid buckets, acid tanks, fittings, 
tonic combs, dictaphone boxes, insulators and specialties.

M adero Bros., Inc.— Exporters of chemicals.

M anufacturers’ Record— C itations from the magazine. 
C hart showing the U. S. in 1880 and the South of to-day.

M arden, Orth &  H astings Co., Inc.— A line of chem icals and 
dyes; a  380-lb. sample of M exican logwood; a  large sam ple of 
H em atoxylon Cam pechianum ; wall cabinets containing a  large 
collcction of dyed wool, silk and cotton yarns.

M erck  & Co.— “ Blue L abel”  reagents and jars of hydro- 
quinone, synthetic carbolic phenol acid, aniline oil, etc.

M etallurgical and Chem ical Engineering— A  booth for 
visitors and exhibitors. Program s of the Exposition.

M etals Disintegrating Co.— Samples of powdered metals.
B. Mifflin Hood Brick Co.— Sam ples of H ood’s p ottery  tile, 

and acid tower packing. Blue-prints and photos.
M ine &  Sm elter Supply C o.— Heusser analytical and assay 

balances, Lindsay oil furnace, Sam son laboratory crusher, 
M cC ool pulverizer and Colorado clay  products.

M ississippi River Pow er Co.— Photos of power stations, 
coal gas plants and maps.

M onsanto Chem ical W orks— Saccharin (U. S. P. and soluble), 
chloral hydrate, caffeine, coumarin, calcium , manganese, 
phthalic anhydride, and vanillin, etc.

M ulti-M etal Separating Screen Co.— M odels of screens 
used in industries; screens for sifting, straining and filtering; 
safety device and testing sieves.

N ash Engineering Co.— H ydro-turbine w et vacuum  pump 
in operation. X yloform  chemical products: paint, varnish 
and grease-proofing compound.
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N ational Aniline and Chem ical Co.— A  splendid line of goods 
colored or dyed exclusively w ith  Am erican aniline colors manu
factured b y  Scliocllkopf A niline &  Chem ical W orks, Inc.: 
hosiery, yarn, cloths, inks, rugs, leather, plush, linings, threads, 
shoes, shoe laces and shoe polishes, dressings and creams, artificial 
silks, em broidery, pencils, etc. Some aniline colors.

N ational G um  and M ica  Co.— M ik al tallow , cold w ater 
paste, glues and gums, paper boxes made w ith M ikal cold glues, 
string finished w ith  M ik al sizing. In the same booth was a 
display of logwood, chips and extracts b y  the Obex Laboratories 
Co. T h e T ay lo r Chem ical Co. also exhibited their carbon- 
bisulfide and "F u m a ”  earbonbisulfide. An ultram icroscope was 
displayed for the benefit of the Am erican R ed  Cross.

City of N ew ark, N. J.— M ap s and photos of Term inal.
N ew port Chem ical W orks, Inc.— "N ew p o rt”  rosin with 

transparency was demonstrated. Benzol (first runnings and 
finished), toluol, solvent naphtha, am m onia liquor, etc.

N iagara A lkali Co.— M odel of autom atically and m anually 
controlled apparatus. Liquid chlorine. E laborate display of 
cotton, raw  to bleached.

The J. L. North Iron W orks— A  practical demonstration of 
the N orth  kettle; cast iron, steam  jacketed and porcelain lined 
mixers and kettles.

Norton Co.— A n  exhibit of the N orton A lundum  and Crystolon 
refractories and laboratory ware showing the applications of the

more ordinarily used apparatus in laboratory construction, the 
display of refractory products including alundum  cement, 
pyrom eter tubes, extraction thimbles, filtering crucibles, com 
bustion boats and R  R  Alundum .

T h e Palo Co.— Line of chemical and metallurgical apparatus: 
fiuorescope, microscope, microscopical lamps, Brinell meter, 
Lovibond tintom eter, Sochocky-W illis radioscope, radium 
watches, etc. Assortm ent of P alo glass and porcelain 
ware.

Paper— The Technical Organ of the Paper and Pulp Co. 
H eadquarters for m eeting of the Technical Association of the 
Pulp and Paper Industry.

T h e Paper T rade Journal— Copies of their three regular 
publications, annual trade directory, and books published.

Patterson-A lien Engineering Co.— Various sizes of the " E v e r
lasting”  va lv e  and photographs of it on various machines.

Pennsylvania Salt M fg. Co.— A n exhibit of their products 
including Greenland kryolith , various alums, caustic soda, 
bleach, cylinders of liquid chlorine, and samples of h eavy acids. 
Also a  display of custom ers’ goods dem onstrating the uses of 
the products; a  working model of a salt well.

T h e P faudler Co.— Exhibited a 350-gal. jacketed m ixing tank 
w ith  enameled steel propeller ty p e  agitator; a  one-piece inner 
tan k w ith bottom  of jack et bolted on to adm it steam  coils; a 
one-piece glass-enameled steel closed tan k (850 gals.); a  one-

piece glass-enameled steel evaporator or crystallizin g tank 
(open); one sectional lead lined steel tank; and a  one-piece 
steel tank lined w ith vulcanized rubber, w ith lead lining secured 
b y  Pfaudler process.

P ittsburgh T estin g Laboratory— A  few chemical products, 
and data showing nature of the work being carried on.

Precision Instrum ent Co.—-G as analysis apparatus. B oiler 
control gauges Jo r forced d raft and natural draft; differential 
gauge; various types of recorders and recording gauges.

P rest-o-L ite  Co., Inc.— Bunsen burners, various size storage 
batteries, lead-burning equipm ent and soldering, brazing, w eld
ing and cutting torches.

P rocess Engineers, Ltd.— Rosin sizing process for paper mills.
Product S ales Co.— Exhibited samples of crushed quartz, 

dry ground silica and crude kaolin.
Pyrolectic Instrum ent Co.— A  "P y ro vo lte r”  pyrom eter for 

actual measurement of temperature.
Raritan Copper W orks— T heir new "A n aco n da” electro

ly tic  zinc, the first on the m arket; N . K. C . electrolytic 
copper. T he refining of copper w as shown in all its stages—  
from the blister, anode, cathode to the commercial shapes—  
and by-products of the same, including white arsenic, blue 
vitriol, nickel sulfate; selenium in three allotropic modifications, 
tellurium  and gold and silver bars. Uses of selenium were 
shown in ru by glass and selenium electric cells.

T he Raym ond Bros. Im pact Pulverizer Co.— Sam ples of 
product, ground and air separated, from  stone to radium . Views 
of different types of pulverizers and air-separating machines.

R esearch Corporation— A  working outfit of the C ottrell 
electrical precipitation processes for rem oving dust from gases.

Richm ond W aterproof Products Co.— "M onarch cem ent”  for 
cem enting linoleums to  concrete.

R oessler & H asslacher Chem ical Co.— A ll grades of cyanide, 
" T r isa ly t”  for electroplating, and chemicals.

R uggles-C oles Engineering Co.— Exhibited a working model 
of their Class A , double shell, direct heat dryer.

Schaeffer &  Budenberg M anufacturing Co.— Instrum ents for 
indicating and recording temperature, pressure, speed and power, 
consisting of gauges, indicating and recording thermometers, 
tachom eters and tachoscopes; dial thermometer demonstration.

Schaum  &  Uhlinger, Inc.— Photographs of their centrifugals.
Schutte & Koerting Co.— A pparatus for lifting acids, w ater 

spray used in acid condensing plant, spray nozzles, strainers, 
K-line of valves, exhausters, steam  je t  chim ney ventilator, 
noiseless heater, oil and tar burners, lead fittings, etq.

Scientific M aterials Co.— A  line of F ry  resistance glass and 
Nonsol and Pyrex glassware. A  Scim atco-Brinell hardness 
testing m achine; Scim atco recorders; a Scim atco fine grinder in 
operation; and other apparatus of the "Scim atco” brand. A lso 
a Fieldner m olybdenum  wound furnace (max.-temp. 1700°).

E rn est Scott &  Co.— Sam ples of C. P. glycerine, oil extracted 
from cotton waste, and other recovered trade wastes. B lue
print of the S co tt evaporator and photos.

Seydel M anufacturing Co.— Synthetics, textile chemicals and 
coal-tar derivatives; sizings; aeroplane cloth sized w ith "S izo l.”

Sfiarples Specialty Co.— A  small laboratory super-centrifuge 
operating a t a  maximum speed of 40,000 r. p. m. and a com 
mercial size of super-centrifuge. Sam ples of fish oil, crude 
sugar medicine, extract, phenol, varnish, etc., showing both 
original and clarified material.

T . Shriver &  Co.— Practical dem onstration of the "A tkin s- 
Shriver”  filter press; electrolyzer and regular filter press.

Sidio Com pany of Am erica— A  com plete line of "S id io”  pure 
fused silica products, “ made in A m erica.”

Solvay Process Co.—-Exhibited all grades of soda ash and 
caustic soda, also bicarbonate of soda and modified sodas used 
for all washing purposes. A  display of products made from 
or b y  the help of alkalies. In  a join t exhibit the Sem et-Solvay
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showed some by-product coke oven ammonia products and 
derivatives, also designs of by-product coke ovens.

Sow ers M anufacturing Co.— A  “ D opp”  seamless, steam 
jacketed kettle; section of a kettle showing construction; a 
vacuum  pan; photos.

E. R. Squibb &  Sons—-Analyzed reagents brought out since 
the war. A lso a  line of medicinal chemicals.

Stam ford M anufacturing Co.— Specimens of* dry woods and 
die extracts therefrom. A  collection of dyed textiles, furs, etc.

Standard Aniline Products, Inc.— E xhibited  their dyes, 
resinates and other chemicals.

Stevens-A ylsw orth Co.— M odels showing proper and im
proper tank agitator; sections of their tin, copper, lead, etc., 
coated tanks; pipe coils.

Stone &  W eb ster Engineering Corporation— A photographic 
exhibit of their plant construction work.

T he Stuart &  P eterson Co.— M odels of steam  jacketed 
kettles, evaporating dish, still, autoclave, retorts, storage cans.

Sturtevant M ill Co.— E xhibited their ring roll mill, N ew aygo 
separator, autom atic coal crusher and sampler, sample grinder, 
laboratory roll-jaw  crusher, and laboratory roll.

Sw eetland F ilter P ress  Co.— Sm all Sw eetland clam  shelf 
filter equipped w ith their m etallic filter cloth, in operation on a 
sludge; a  standard clam  press w ith  cotton leaves; a  new ratable 
leaf typ e  filter press; samples of the m etallic filter cloth.

Swenson Evaporator Co.— A  dem onstration of the standard 
double-effect Swenson evaporator and a display of materials 
handled in Swenson evaporators.

S w iss Colours Co.— Exhibited textiles, leathers, felts, etc., 
dyed w ith  products of the Am erican Aniline Products Co.

Takam ine Laboratory, Inc.— Exhibited a diastatic extract, 
"P o lyz in e ,”  and N ew m alt, a  substitute for m alt extract; 
samples of imported Japanese chemicals.

T aylor Instrum ent Co.— Com plete line of “ T yco s”  recording 
thermometers, recording and controlling instruments, therm o
electric and meteorological instrum ents.

Technical A ssociation of Paper and Pulp Industries— A  
place for registration of members.

Ten n essee Coal, Iron & R . R . Co.— D isplay of iron ore and 
by-products; coal and source of its by-products: washed coal, 
dom estic coke, crude tar, benzole and toluol, crude light and 
h ea vy  naphtha, etc.

T en n essee  Pow er Co.— View s of their hydroelectric power 
house and equipm ent. N ow  supplying 56,000 H. P . to  chemical 
and m etallurgical industries.

T extile  Colorist— A  set of bound volumes of the publication.

Therm al Syndicate Co., Ltd.— Exhibited pure fused silica 
apparatus for laboratory and large scale industrial work. A lso 
parts of "V itreo sil”  H 2SO< concentrators, nitric acid condensers, 
spent acid denitrators and H C 1 cooling equipment, together 
w ith  drawings showing construction of the com plete installa
tions. T o  dem onstrate its resistance to  extraordinary tem 
perature changes a  “ V itreosil”  crucible was taken from an 
electric furnace at 1000° C . and plunged into cold water, w ithout 
breaking.

Thw ing Instrum ent Co.— Electrical pyrom eters, high re
sistance and m ultiple recording m achines; radiation thermometers.

T och Brothers— A  line of barium products mined and made in 
Am erica. D ryers, enamels, water- and acid-proofing paints, 
cem ent colors, waterproofing cem ent compound, and leather 
and moleskin finished w ith  their Japanner’s Prussian blue. 
Pictures of m any prom inent buildings painted w ith their prod
ucts.

Tolhurst M achine W orks— Centrifugals of the following

types were shown: suspended, self-balancing (in operation), 
acid wringer, laboratory, and solid curb, open-top type.

Uehling Instrum ent Co.— Fuel saving equipm ent: power 
p lant economy apparatus, draft, vacuum  and CO2 recorders, 
and recording barometers.

The Union Sulfur Co.— Arsenic-free sulfur, guaranteed 99% .

United Cast Iron Pipe &  Foundry Co.— A  splendid showing 
of all shapes and sizes of gray iron castings.

United D yestuff and Photochem ical Co., Inc.— E xh ib it of 
sulfur black paste and powder, benzoic acid, monochlorbenzol, 
dinitrochlorbcnzol, dinitrophenol and photographic developer 
"H ydron o.”

United G as Improvement Co.— Residual products, such as 
refined water-gas tar, waterproofing p itch  and brick filler. 
Distillates: carbolic acid, crude dead oil (light) and C . P. benzol.

U nited Lead Co.— Pieces of iron, steel, brass or copper pipe 
either lead, tin, brass or copper lined or covered; lined and 
covered fittings; lead and tin covered sheets and acid valves. 
Kem ctaline. A  small piece of lead pipe about 2,000 years 
old, from  Rome.

U. S. Bureau of Census— Bulletins, maps, and charts giving 
data on chemical plants and related subjects.

U. S. Bureau of Foreign and D om estic Com m erce— Publica
tions, maps and charts.

U. S. Bureau of M ines— F ive  dummies equipped w ith different 
kinds of the latest devices for rescue work. A  display dealing 
w ith the governm ent work on radium. Scientific instrum ents, 
autom atic mine door, etc.

U. S. Bureau of Standards— A  table of B ureau Bulletins, a  
large display of scientific apparatus em ployed b y  the Bureau 
in its investigations; charts.

U. S. Sm elting Co., Inc.— E lectro lytic  copper-refining tank 
¡11 operation. Refined coppcr slabs. Products from its sub
sidiary companies: copper, spelter, zinc ores and concentrates, 
blast furnace slag, copper m atte, cadm ium  (99.70), ores, silver 
and gold, etc.

T he Universal Fibre Co.— E xhibit of seamless pulp packages * 
and containers.

V alley Iron W orks Co.— Exhibited two 250-lb. Vesuvius 
oxidizing sulfur burners, one of which was dismantled.

Virginia Sm elting Co.— Specialists in glycerin, acids, quick
silver, wood pulp, nitrating cotton, etc.

W eiller M fg. Co.— A  working model of a diazotizing and 
precipitating machine. A lso displayed samples of a  finished 
product called "Su dan.”

W erner & Pfleiderer Co.— Vacuum  and laboratory types of 
the Universal kneading and mixing machine; outfit used for 
making fulminates for cartridges; laboratory size rubber m asti
cator used for making rubber compounds; copper bowl, rapid 
dissolver was in operation.

W estinghouse Electric & M fg. Co.— M odels of autom atic 
control panel, and type " C  S ”  m otor for chemical plants. 
Voltm eter; D . C . ammeters; fans; T h u ry  autom atic regulating 
system  for electric furnace control; models of especially insulated 
coils for chemical plant installation.

W hitall-Tatum  Co.— "N on sol”  glass beakers and flasks; 
also filter papers.

W illiam sburg Chem ical Co., Inc., B rooklyn, N . Y .,  showed 
samples of its monochlorbenzol, dinitrochlorbenzol, dinitro
phenol and sulfur black paste and powder. A lso exhibited 
H ydronol of the United D yestuff &  Photochem ical Co., Inc., 
of B rooklyn, which is similar to the Germ an Am idol.

Zarem ba Co.— Showed a portion of a 40-in. single-effect 
evaporator w ith  horizontal tubes. Parts and accessories for 
evaporator. Photographs of large installation, and detailed 
design of a crystallizing evaporator.
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NOTES AND CORRESPONDENCE.
P A P E R  AN D  P U L P  T E C H N O L O G Y  C O U R S E S  A T  T H E  

U N IV E R S IT Y  O F  M A IN E

Editor of the Journal of Industrial and Engineering Chemistry:
I enclose a clipping from  The Chemical' Engineer for A ugust, 

purporting to be an extract of a letter b y  A . D . L ittle  in the 
Philadelphia Ledger. T h e date of its appearance in the Ledger 
is not given.

"T h ere  is no school of paperm aking in the country, and one 
of our most urgent industrial needs is the establishm ent of special 
schools in this and other industries for the adequate training 
of foremen who shall possess a sufficient knowledge of fundam ental 
scientific principles and methods to appreciate the helpfulness 
of technical research. T he P ratt Institute  a t B rooklyn  is fully 
alive to  this demand and has shaped its courses adm irably to 
meet i t .”

M r. L ittle  is the author of this statem ent, as it appeared in 
his annual report in February, 1913, as official chem ist of the 
Am erican Pulp and Paper Association. This statem ent is no 
longer true. I t  has not represented the facts since it  was made, 
for in th at same month of February, 1913, the U n iversity  of 
M aine offered its first course in Pulp M ill Chem istry. Since 
th at tim e this university has introduced ten courses, both class
room and laboratory, in Paper and Pulp Technology. Last 
year more than forty  students in Chem ical Engineering elected 
these courses.

The effort of the U niversity of M aine to provide instruction 
in the principles and practice of paper and pulp m anufacture 
has m et w ith such success th at this field has since been en
tered b y  several other institutions. Some graduate w ork has 
already been done a t the U niversity of M ichigan and work in 
this field is contem plated b y  Syracuse U niversity, M assachusetts 
Institute  of T echnology and M cG ill U niversity.

I t  should be understood th at the work a t the U niversity of 
M aine is not m erely the following out in the laboratory of a  few 
set form ulas and their explanation in the classroom, as a trade 
school m ight do. T h e curriculum  at M aine embraces instruc
tion in the fundam entals of chem istry, physics, engineering, 
m athem atics and languages.

Am ong the students in the Pulp and Paper curriculum  have 
been men from N ew  Y o rk , W est V irginia, M ichigan, W isconsin, 
M innesota, and even from China and India. G raduates are 
already widely scattered in the U nited States and Canada.

It, is, therefore, quite incorrect to say th at there is 110 school 
of paper m aking in this country, even though we lack some ex
pensive equipment and have not the extensive support and en
couragem ent (compared w ith the schools of G erm any and France) 
th at ought to  come from the Paper and Pulp Industry.

U n i v b r s i t y  o p  M a i n e  J. NEW ELL STEPHENSON
O r o n o , Septem ber 1. 1916

A . C . S . P R O F E S S IO N A L  IN D E X

Editor of the Journal of Industrial and Engineering Chemistry : 
In  you r editorial "Som ething to  T hin k A b o u t”  in T h i s  J o u r 

n a l ,  9  (1916), 768, you  suggest th at the A. C. S. m aintain a 
card catalog showing the professional status of its members. 
T he application of some such idea as this to  the entire member
ship list of the society would undoubtedly be of much value to 
a  large num ber of the members. A s you point out, it is very 
easy to  become a  member of the society. A lso there are institu
tions in the country which consider membership in the A. C. S. 
sufficient ground on which to extend their courtesies, and accept 
this qualification as an indication of personal responsibility.

A s you  probably know, the U . S. D epartm ent of Agriculture 
does m aintain such a  card catalog of all those em ployed in agri
cultural work under its jurisdiction.

T his suggestion of yours is one w orth y of serious considera

tion, not only b y  the industrial chem ists bu t b y  every member 
of the Am erican Chem ical Society, whether he be industrial, 
educational, or research chemist. Personally, I  trust the idea 
will be followed out, and th a t w e shall have such a  directory 
available to  all members ju st as our present directory is.

G r i f f i n , G e o r g i a  F r e d  H . S m i th
Septem ber 11,1916

C H E M IS T S ’ P R O T E C T IV E  A SS O C IA T IO N

Editor of the Journal of Industrial and Engineering Chemistry:
W hile I  feel th at nothing is to be gained b y  a prolonged 

polemic discussion of the m erits of M r. Rollin G . M yers’ proposal 
to form  a "C h em ists’ Protective A ssociation,” 1 I would like 
to close m y discussion by pointing out th a t the keynote of m y 
criticism  of his proposal is th at the efficiency of the individual 
worker and his a ttitude toward his work should be the basis of 
advancem ent. A s a corollary to this proposition, I would add 
th at I conceive it  to be the d u ty  of every  chem ist in charge of a 
laboratory to a ct as an inspiration to  his men; to point out to 
those of promise who lack college training, b y  w hat means 
this lack can be made up (such means being for instance, work 
in C om pany schools where these are provided; the taking up 
of correspondence courses; evening stud y such as is afforded 
in m any cities by  the various evening schools, the extension work 
of Colum bia U niversity in N ew  Y o rk  C ity  being a notable ex
ample; or where possible, actual attendance a t some university 
or college, if for no longer a  period than a  summ er session per 
year for several years) and, finally to  encourage all their men, 
college-trained or otherwise continually to stud y and thus keep 
abreast of progress in chemical science. Here is where the effect 
of th e Am erican Chem ical Society on the efficiency of the worker 
is felt. B y  becom ing a member he gets the opportunity to meet 
men who are doing things well in chem ical lines and through read
ing the journals he receives, he has an opportunity of keeping 
in touch with chemical progress all over the world. T he use 
he makes of these opportunities depends solely on the man and 
if he m akes the right use of them , I  cannot see how he can fail 
to advance— measure his worth in any w a y  you  will.

On the other hand, M r. M yers in his first article distinctly 
states in the second paragraph of the first column, p. 798, that 
the ends for which he advocates a "C h em ists’ Protective Associa
tion” are: "T h e  first, to increase the financial return of chemists; 
the second, to raise chem istry to its rightful and ju st place 
am ong the professions.”  H e then goes on to  say: "T h e  first 
end is the more im portant and cogent. F or this reason the 
writer will m ake it  p lay  a predominant part in the discussion 
to  follow .”  In  view  of the emphasis he thus places on the 
financial return to chemists, and the relation between personnel 
and wages, I  hardly see how he can attribute to  me the sentim ent 
th at “ worth is expressed in earning cap acity.”  M oreover, 
nothing of the sort was expressed in m y form er note, the nearest 
approach to  such an idea being the statem ent th at men capable 
of doing nothing b u t low-grade routine work should ju stly  re
ceive low salaries. This, of course, does not im ply th at all 
routine work is low-grade, for such is m anifestly not the case. 
All routine work should be under the supervision of a com 
petent and, preferably, a well trained man.

I have no objection to a broad definition of "C h em ist”  but I 
do object to  one such as M r. M yers proposes: one which b y  its 
very  nature disheartens the am bitious young fellow, who, while 
lacking college training, is a t work in a  laboratory and meanwhile 
is m aking use of every chance to  im prove himself.

April 10, 1916 W i l l i a m  C . M o o r e

I T h i s  J o u r n a l . 7  (1 9 1 5 ) , 7 9 8 ; 7  (1 9 1 5 )  100. a n d  8  (1 9 1 6 ). 3 8 3 .
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PERSONAL NOTES
T he Fairm ont Chem ical Com pany, Fairm ont, W . V a ., w ill 

erect on T y g a rt V a lley  R iver a sulfuric acid plant, costing 
approxim ately $80,000, w ith a cap acity  of 10,000 tons per annum, 
to be operated b y  T h e M ultiple-Tangent-System . A n  auxiliary 
plant for the m anufacture of nitric acid will also be erected. 
T h e plans were b y  Ludw ig A. Thiele, Colum bus, Ohio, who 
will be the engineer in charge of construction.

Dr. H. S. Adam s, of the departm ent of physiological chem
istry in the U niversity of Chicago, has accepted a position as 
research chem ist and pharm acologist a t the biological labora
tories of E . R. Squibb &  Sons, N ew  Brunsw ick, N . J. Dr. 
Anderson, recently chief pharm acologist of the government, 
is director of the laboratory.

Prof. Clarence W . B alk e  has resigned his professorship of in
organic chem istry a t  the U n iversity  of Illinois and is now in 
full charge of the research w ork of the Pfanstichl Com pany 
a t N orth Chicago.

A rthur M arion Bruinback, professor of chem istry in Denison 
U niversity since 1905, and a member of d ie  Am erican Chem ical 
Society, died on A ugust 12th, aged forty-seven years.

T h e Sixty-eighth Assem blage of d ie  E astern N ew  Y o rk  
Section of d ie  A . C. S. took place on Septem ber 23rd, and was 
in the nature of a  fall outing. Various points of geochemical 
and geological interest were visited and expositions and explana
tions given b y  Prof. J. H. Stoller.

D r. L. H. Baekeland will represent the Am erican Chem ical 
Society 011 die N atural Research Council being organized b y  a 
com m ittee of the N ational A cadem y of Sciences.

T h e 129th R egular M eeting of the Pittsburgh Section of the 
A . C . S . was held a t the M ellon Insdtu te on Septem ber 21st, 
w ith the following program: “ Revision of Our Chem ical Im 
port Statistics”  and “ T en -Y ear Index to  Chem ical A bstracts,”  
b y  Secretary W . C . Cope; "T h e  Properdes of Some European 
Bonding C la y s ,"  b y  A. V . Bleininger, U . S. B ureau of Standards.

W . C. Phalen has resigned his position as geologist in the 
U. S. Geological S urvey and entered on his new dudes as a 
mineral technologist in the Bureau of M ines, with headquarters 
in W ashington.

Sir Charles Bedford has been appointed secretary of the 
Association of B ridsh  Chem ical M anufacturers. Address: 
B roadw ay Cham bers, W estm inster, S. W .

Dr. A rthur Lederer has resigned his position as chief chemist 
of the Sanitary D istrict of Chicago, and will take up the course 
for healdi officers a t H arvard Technology, Boston.

T h e following appointm ents, of interest to chemists, have 
been made a t the M assachusetts Insdtu te of Technology: 
Frederick G . K eyes, associate professor of physico-chemical 
research; C. K . Reim an, instructor in inorganic chem istry; 
E . W . W estcott, research associate in applied chem istry; R . E . 
W ilson, research associate in applied chem istry; C. L. Burdick, 
research associate in physical chem istry.

A t  the Throop College of Technology the following appoint
ments have been made in the chem istry departm ent for the 
next year: W . N . L acey, U n iversity  of California, instructor 
in inorganic and industrial chem istry; J. H . Ellis, University' 
of Chicago and M assachusetts Institute  of Technology, research 
associate in physical chem istry; and Ludw ig Rosenstein, U ni
versity  of California, professor in inorganic chem istry.

T he regular Septem ber meeting of d ie C hicago Section of 
the A. C. S. took place on Septem ber 15th, with the following 
program: "T h e  M anufacture of Synthetic Phenol,”  b y  Prof. 
H arry M cCorm ack, Arm our Institute, Chicago; "Syn th etic  
Phenol Resins' for Printing Plates— A  Special A pplication of 
Anhydrous Resins,”  b y  L. V . Redm an, A . J. W eitii and F . P. 
Brock.

M r. A. B. Carter, form erly curator a t the U n iversity  of Chicago, 
is now associated with the C entral Scientific Com pany.

T he honorary degree of D octor of Science was conferred upon 
Dr. O tto K . Folin, the Ham ilton K u h n  professor of biological 
chem istry at H arvard, b y  the U niversity of Chicago a t the 
Summ er Convocation.

Dr. Jean Felix Piccard, of the U niversity of Lausanne, Sw itzer
land, has accepted the assistant professorship of organic chem 
istry a t die U niversity of C hicago for the coming year.

D r. Charles L . Parsons sails soon for Europe, where he will 
spend tw o months visiting plants in connection w ith  the U . S. 
work preparatory to  constructing a  nitrate plant

Fire has wrecked the plant of the H ydrocarbon Products 
Com pany at Lorillard, tw o miles from K eansburg, N . J. There 
were between 15,000 and 20,000 gallons of gasolene in the. plant 
in tanks, and two of these blew up. T he loss is in excess of 
$50,000.

T h e body of Prof. Charles S. Prosser, head of d ie  geology de
partm ent of Ohio S tate U niversity, and a well-known scientific 
writer, was found floating in the O lentangy R iver, near the 
U niversity campus, on Septem ber 12th. Prof. Prosser, bora 
in Columbus, N . Y ., M arch 24, i860, was a graduate of Cornell 
U niversity and before coming to Ohio S tate  had been instructor 
a t Cornell, W ashburn College and U nion College. H e was an 
assistant geologist of the U . S. Geological S u rvey  and of the 
State Geological Surveys of Kansas, N ew  Y o rk , Ohio and 
M aryland; also a fellow in the Geological Society of Am erica 
and a member of m any other scientific societies.

Dr. Leroy C lark Cooley, professor of physics in V assar College 
from 1874 to 1907, died a t his home in Poughkeepsie, N . Y ., 
on Septem ber 20th, aged 82 years. He was born in Point 
Peninsula, N . Y ., and was graduated in 1855 from the N ew  
Y o rk  S tate  Norm al College, and in 1858 from Union College. 
He was the author of a  textbook on physics, which was long used 
in colleges, and of m any other scientific and literary works. 
Dr. Cooley leaves a widow, five daughters and a son.

D r. Frank M altauer, form erly of the Cincinnati B oard of 
H ealth, has accepted an appointm ent as associate professor 
of bacteriology and public health at the College of M edicine, 
U niversity of Tennessee.

The Council of the Am erican Leatiier Chem ists’ Association 
has oudined the following work which w ill be subjects for C om 
m ittee investigation during the winter 19 16 -17 : A n alysis of 
Tannery Effluent; D y e  Testing of Leather w ith  A rtificial and 
N atural D yestuffs; Solubility of H ide Substance in S a lt (N aC l) 
Solutions and E ffect of Alkali on the Soaking of Dry' Hides; 
D eterm ination of the Ash of Tanning M aterials and Leather; 
D isinfection of Hides; Analysis of Sulfonated Oils; Com parative 
A nalysis of Tanning M aterials b y  the A . L . C . A .; Official 
M ethods; E ffect of H ard W aters on Tannin; D eterm ination of 
Free Sulfuric A cid in Leather.
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G O VERNMENT PUBLICATIONS
B y R . S. M c B r i d b ,  B ureau of S tandards, W ashington

N O T IC E — P u b l ic a t io n s  fo r  w h ic h  p r ic e  is  in d ic a t e d  c a n  b e  

purchased from the Superintendent o f D ocum ents, G overnm ent 
Printing Office, W ashington, D . C . O ther publications can 
usually be supplied from  the B ureau or D epartm ent from which 
they originate. Com m erce R eports are received b y  all large 
libraries and m ay be consulted there, or single num bers can be 
secured b y  application to the B ureau of Foreign and D om estic 
Commerce, D epartm ent of Com m erce, W ashington. T he regu
lar subscription rate  for these Com m erce Reports m ailed daily is 
$2.50 per year, payable in advance, to  the Superintendent of 
Docum ents.

G E O L O G IC A L  S U E V E Y

Structure of the Vicksburg-Jackson A rea, M ississippi (W ith 
Special Reference to Oil and Gas). O l i v e r  B . H o p k in s .  B ulle
tin 6 4 1-D , from Contributions to Econom ic G eology, 1916, 
P art II, pp. 93-120. Published Ju ly 18, 1916. “ T h e object 
of this report is to show which of the areas in west-central M is
sissippi th at were examined b y  the S urvey are considered favor
able and which unfavorable for the accum ulation of oil, to  dis
courage drilling in the unfavorable localities and thus to aid 
those interested in m aking conclusive tests to determine the 
presence or absence of oil and gas in the region.”

An Anticlinical Fold near Billings, Noble County, Oklahom a. 
A. E . F a t h .  B ulletin  6 4 1-E , from Contributions to Econom ic 
G eology, 1916, P a rt II, pp. 121-138 . A  description of the anti
clinical fold and a  discussion of the possibilities of developing 
an oil and gas field here are given in this report.

P ottery in 1 9 1 5 . J e f f e r s o n  M i d d l e t o n .  Separate from 
M ineral Resources of the U nited States, 1915, P a rt II. P u b 
lished Ju ly  26, 1916. A  stud y of the tables shows th at the pot
tery  industry has made much progress, th at the value of the 
dom estic ou tp u t has nearly doubled in the last 15 years, th at 
from  an industry of minor im portance, both as to  qu ality  and 
value, the pottery industry has risen to  great importance, both 
as to  qu ality  and value, supplying large quantities of wares of 
ever-increasing excellence, and th at this country has reached 
a state where it is practically independent of the old world 
in m anufacture of pottery, more than four-fifths of the wares 
now sold being domestic. T h e  imports of pottery, which have 
a lw ays been a large factor in consumption, reached their max
imum value in 1907 and have declined since th at date, the ac
celeration of the decline in the last tw o years being doubtless 
due to the European war. In 1915 th ey  were valued a t  less 
than half as m uch as in 1907.

T h e exports of pottery have never been v ery  great, especially 
of wares of the highest grade, bu t the latter have been increas
ing and in 1915 showed their maximum value.

" T h e  value of all domestic pottery m arketed in 1915 was 
$37,325,388, an increase of $1,927,227, or more than 5 per cent, 
over 1914. This value w as the largest on record except th at 
for 1913, which exceeded it  b y  about 2 per cent. T h e pottery 
imports decreased 51,770,507, or 21 per cent, and the ratio of 
production to  consumption was the highest recorded. E v e ry  
product, as classified in this report, except one— China— in
creased in value in 1915, compared w ith 1914. W hite ware, 
the product of largest value and the one of m ost general interest, 
reached its maximum value in 1915, as did also the comm onest 
of p ottery products, red earthenware.

“ T he value of w hite ware, including china, b u t excluding 
san itary ware and porcelain electrical supplies, was $17.654,- 
398 in 1915, an increase of $301,633 over 1914. I f  the value 
of sanitary ware and porcelain electrical supplies be added, 
the total for 1915 would be $30,318,816, or more than 81 per

cent of the value of all p ottery  products and an increase of 
$961,512.”

Feldspar in 1 9 1 5 . F r a n k  J. K a t z .  M ineral Resources of 
the U nited States, 1915, P a rt II, pp. 43 to  53. Published 
June 26, 1916. “ T h e m arketed production of feldspar in 1915 
w as nearly 16 per cent less in qu an tity  than in 1914. On the 
other hand, the decrease in value w as very  slight because of the 
small increase in the price per ton of crude spar and a material 
increase in the price per ton of ground spar; also, because of 
a  larger proportion of spar first m arketed in ground form. The 
qu an tity  and value for 1915 were also less than for 1913, but 
much greater than for former years.

"T h e  average price for spar sold •crude in 1915 was $3.46 
per long ton as com pared w ith $3.43 in 1914 and $3.41 in 1913. 
The average price in 1915 of ground spar was $8.33 per short 
ton as com pared with $7.40 in 1914 and $8.31 in 1913. T h e 
average price per short ton for the entire production in 1915, 
th at is, combined sales of both crude and ground spar was 

$5-54-”
This report also includes a discussion of the composition and 

properties of feldspar, geology and m ineralogy, commercial 
availab ility, methods o f mining, and milling, and the uses of 
feldspar.

Silica in 1 9 1 5 . F r a n k  J. K a t z .  M ineral Resources of the 
U nited States, 1915, P a rt II, pp. 55-60. Published June 13, 
1916. "Q uartz from quartz veins, pegm atite, and quartzite, 
am ounting to 112,575 short tons, valued a t $273,553, was sold 
in 1915. T his w as a  decrease of 27 per cent in quan tity  and of 
24 per cent in value, as com pared w ith 1914. T h e decrease 
was in both crude and ground m aterials, b u t greater for the 
latter.

"T h e  average price of crude quartz in 1915 (exclusive of large 
quantities for m etallurgical purposes, which were valued at 
50 to  85 cents per ton) was $3.30, as compared with $2.44 in 
1914. Prices of ground quartz ranged from $6 to $20 per ton 
and averaged $10.56, as compared w ith $9.09 in 1914.

"S o  far as can be learned no flint (proper) or chert was pro
duced for consumption as crushed or ground silica or for use 
as pebbles in grinding mills in the U nited States in 1915.”

T h e  statistics of tripoli and diatom aceous earth are given in 
more detail in the chapter on abrasive materials.

T alc  and Soapstone in 1 9 1 5 . J. S. D i l l e r .  M ineral R e 
sources of the U nited States, 1915, P art II, pp. 61-4 . P u b
lished June 27. 1916. "T h e  United States leads the world in 
the production and use of ta lc and soapstone, and in 1915 the 
production in this country w as greater than ever before.

"T h e  domestic output of talc and soapstone for the last 15 
years has ranged from a  minimum of 86,901 short tons, valued 
at $840,060, in 1903, to  186,891 short tons, valued a t $1,891,582 
in 1915, and the developm ent has been approxim ately uniform.

" I n  1915 there were 166,336 short tons of ta lc produced and 
m arketed in the U nited States, a t a value of $1,401,197. This 
exceeded the output in 1914 b y  15,248 short tons and $60,323 
in value.

" I n  the production of soapstone the U nited States has first 
rank among all countries. T h e  output in 1915 was 20,555 
short tons, valued a t  $490,385, a  decrease o f 653 short tons, 
or 3 per cent, in qu an tity  and of 6 per cent in value as compared 
w ith the production of 1914.”

A brasive M aterials in 1 9 1 5 . F r a n k  J. K a t z .  M ineral 
Resources of the U nited States, 1915, P art II, pp. 65-80. Pub
lished June 27, 1916. "T h e  tota l value of the abrasive m aterials 
which are considered in this chapter and which entered trade
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increased about 22 per cent in 1915, as com pared w ith 1914. 
There was an increase in domestic production of natural and 
artificial abrasives, but a  decrease in imports. T he value of 
natural abrasives produced increased about 33 per cent; of arti
ficial abrasives, about 32 per cent; and imports decreased about 
26 per cent.

"T h e  value of abrasive m aterials imported for consumption 
in the U nited States in 1915 was:

M illstones and burrstones.................................................  S 17,027
G rindstones..........................................................................  68,892
Hones, oilstones, and  w hetstones.................................  14,247
Em ery and corundum   ........................................... 271,649
Diatom aceous earth , tripoli, and ro tten s to n e   27,333
P um ice...................................................................................  65,691
D iamond dust and b o r t .   ............................................. 75 ,944

T o ta l.............................................................................. 540,783

“ T h e value of natural abrasives produced and m arketed in 
the U nited States in 1915 was:

M illstones................................................................................ $ 53,480
G rindstones and pulpstones...........................................  648,479
Oilstones and scythestones.............................................  115,175
E m e r y .................................................................................................... 3 1 ,1 3 1
G aru e t.................................................................................... 139,584
Abrasive quartz  and  fe ldspar........................................  (a)
Diatom aceous (infusorial) earth  and tripo li............  611,021
P u m ice .................................................................................. 63,185

T o ta l .........................................................................  $1,662,055
(a) See chapter on quartz.

“ T h e artificial abrasives here considered include carborundum 
and crystolon, which are carbides of silicon; alundum and aloxite, 
which arc crystalline aluminum oxides; and crushed steel and 
steel shot. So far as known to the Survey, these are the only 
artificial abrasives m anufactured in the United States. A rti
ficial abrasives w ith  other names are either special forms of the 
above-nam ed products m arketed under trade names or are im 
ported products. A rtificial abrasives sold in the U nited States 
in 1915 am ounted to 37,684,000 pounds valued a t $2,248,778.”

Graphite in 1915. E d s o n  S. B a s t i n .  M ineral Resources 
of the U ni ed States, 1915, P art II, pp. 81-93. Published 
June 26, 1916. “ T h e  production of natural graphite in the 
U nited States in 1915 was approxim ately 19 per cent, b y  value, 
of the graphite imported. In addition to natural graphite, 
this country produced a  considerable qu an tity  of m anufac
tured graphite in the electric furnaces a t  N iagara Falls. The 
im ports came m ainly from the Island of C eylon .”

Potash Salts, 1915. W . C. P h a le n . W ith Sim ple T ests 
for Potash. W . B . H ick s. M ineral Resources of the U nited 
States, 19x5, P a rt II, pp. 95-133. Published June 30, 1916. 
“ T he year 1915 was an epoch-making one in the domestic pot
ash industry. There was produced in this country th at year 
soluble potash salts valued a t $342,000. Q uantities are not 
given for the reason th at the product sold cam e from diverse 
sources and contained varyin g proportions of potash. Though 
this figure for value is of interest as a sm all beginning in the 
domestic potasli-salts industry, it is practically  of no importance 
in comparison w ith the total needs of the country, as the quantity 
it represents is consumed in less than a week in normal time.

“ The price of potash salts has increased greatly since the 
domestic scarcity  began to  be felt. From  a normal price of 
$35 to  $40 a ton for high-grade agricultural salts, prices have 
advanced until in the spring of 1916 chloride and sulfate were 
quoted a t ten tim es those figures or more. In  April, 1916, 
chloride w as nom inally quoted a t $425 a  ton and sulfate from 
$350 to $400 a  ton.

“ Experim ental work on the production of potash salts from 
different sources was m ost active during 1915, and in some 
places experim ent has passed into active construction of works 
for the production of soluble potash salts.”

There are included in this paper brief descriptions of the 
various methods of potash recoveries as investigated b y  the 
Geological Survey and the Bureau of Soils, including recovery

from bittern, Nebraska lakes, alunite, silicates, kelp, cem ent 
industry by-product, and numerous miscellaneous sources.

There is also included a section describing simple tests for 
potash both for qualitative and quan titative determ inations.

Gypsum  in 1915. R a l p h  W . St o n e . M ineral Resources 
of the U nited States, 1915, P art II, pp. 151-9. Published 
July 19, 1916. “ Although the output of gypsum  mined de
creased in 1915, the decrease was only a  little more than 1 per 
cent, and the decrease in value of products m arketed was only 
about 4 per cent. A s a m atter of fact, the qu an tity  mined ex
ceeded th at of all previous years except three, 1912, 1913, and
1914.”

T his pam phlet includes a summ ary of the trade and m anufac
turing conditions, imports, exports, production statistics, 
methods for preparing gypsum  for m arkets and the uses of un
calcined and calcined products.

Secondary M etals in 1915. J. P. D u n l o p .  M ineral R e
sources of the United States, 1915, P art I, pp. 21-8. P u b 
lished Ju ly 15, 1916. “ 'Secondary' m etals are those recov
ered from scrap metal, sweepings, skimmings, and drosses, 
and so called to distinguish them from the m etals derived from 
ore, which are term ed 'prim ary m etals.’ ”

Secondary metals recovered in the U nited States in 1915 
amounted to the following figures:

Q uantity  
(short tons) Value

Secondary copper, including th a t in al
loys o ther than  brass.............................  99,937 $33,498,882

Rem elted b rass...............................................  137.500 40 .788,000
Secondary lead ............................................. 36 ,400 ) 7 41 a  600
Recovered lead in alloys........................... 42 ,500 ) ’ '
Secondary spelter........................................ 52 ,900 }
Recovered zinc in alloys o ther than  \ 14,433,600

brass ............................................................ 5 ,300 j
Secondary t in ...............................................  5 ,2 5 0 ) lsn
Recovered tin  in alloys.............................  8,400 1 ibu
Secondary an tim ony..................................  2 1 1 « 11
Recovered antim ony in alloys..................  3 ,1 0 0 ) . 0 0
Secondary alum inum .................................  5,7001 r Rn9 inn
Recovered alum inum  in a lloys................ 2 ,8 0 0 ) ¿»ou *

T o ta l...........................................................  $114,304,930

M anganese and M anganiferous O res in 1915. D . F. H e w e t t . 
M ineral Resources of the United States, 1915, P a rt I, pp. 29-43. 
Published Ju ly 2.s, 1916. "T h e  year 1915 was eventful in the 
manganese industry of the United States. T here has been great 
increase in the production of each variety  of ores, although the 
tota l qu an tity  is still far below the country’s need. N ew  de
posits th at m ay become im portant sources of production have 
been explored in several states and old mines have been re
opened. In the manganese alloy industry several new produ
cers of ferromanganese have entered the field and several com
panies th at have not attem pted to m ake alloys for some years 
have again become producers.

“ T he domestic production of manganese ore during 1915 
was 9,709 long tons, about four tim es the production for 1914 
and the greatest output since 1901.

“ T he production of manganiferous iron ores was 801,290 
tons, m ost of which came from established sources. Of this 
quantity, 69,416 tons contained more than 15 per cent m an
ganese and m ost of this w as used in the m anufacture of low- 
grade ferromanganese, whereas those ores which contained 
less than 15 per cent manganese were used largely in m aking 
high manganese pig iron.”

There is also included a discussion of general sources of m an
ganese, data  as to the production, imports, and world trade 
conditions in this industry, and interesting m etallurgical sec
tions regarding manganese ores, manganiferous zinc residuals, 
ferromanganese and spiegeleisen both in this country and 
abroad.

Silver, Copper, Lead and Zinc in the Central S tates in 1915.
J. P. D u n l o p  a n d  B .  S. B u t l e r .  M ines Report, M ineral R e
sources of the United States, 1915, P art I, pp. 4 5-137. P u b
lished Ju ly 28, 1916. “ T he production of silver in the Central
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States 111 1915 was 647,553 fine ounces, which, a t the average 
price of 5.07 per fine ounce (4.6 cents lower than in 1914), was 
valued a t $328,309, as com pared w ith 482,983 fine ounces 
valued a t $267,089, in 1914. N early  all the silver th at is pro
duced in the C entral S tates is recovered identically in the pro
duction of other metals.

"T h e  mine production of copper in the Central States in 1915 
was from M ichigan and M issouri, the first-named S tate, as in 
other years, contributing nearly the entire output, which 
am ounted to 265,685,538 lbs.

"T h e  mine production of lead in the Central States in 1915 
was 222,548 short tons, which, rated a t the average N ew  Y o rk  
price for the m etal for the year of 4.5 cents a  lb. ($94 a ton), 
was valued a t $15,899,910 in 1914.

"T h e  production of zinc in the C entral States in 1917, based 
011 mine returns w ith a deduction for separating and sm elting 
losses, was 215,889 short tons, valued a t $53,540,472. T he 
value is com puted a t 12.4 cents per lb. of spelter ($248 per ton), 
the average sales reported b y  the sm elters for the m etal.”

SA N IT A R Y  L E G ISL A T IO N

T h e following items from the Public H ealth Reports (on the 
pages of Volum e 31, indicated in parenthesis) relate to  recen tly  
enacted sanitary legislation of chemical interest:

Production, Care, and Sale  of M ilk . Ordinances covering 
various phases of the subject and including standards for m ilk 
qu ality  or p u rity  are to  be found as follows:

San Antonio, Texas, Ordinance adopted June 24, 1915. (1567.)
R egulation of the Toledo, Ohio, B oard of H ealth, adopted- 

June 10, 1915. (1580.)
Tulsa, Oklahom a, Ordinance N o. 1403, adopted Ju ly  17,

1915. (1661.)
N ew  Y o rk  S tate  Legislative A ct, C hapter 144, adopted 

A pril 6, 1916. (1814.)
W est V irginia Public H ealth Council Regulations N o. 43-68, 

adopted January 25, 1916. (1884-7.)
Bakersfield, California, Ordinance adopted A pril 3, 1916. 

(1899-1901.)

Laboratory S ervices in Anim al Industry. Chapter 155 of 
the M assachusetts Legislative A c t adopted A pril 26, 1916, 
authorizes the S tate  D epartm ent of H ealth to perform neces
sary services in its laboratory for the D epartm ent of Anim al 
Ind ustry under conditions m utually agreed upon b y  the tw o 
departm ents. (1806.)

C O N G R E S SIO N A L  C O M M IT T E E S

T he following reports rendered b y  Congressional Com m ittees 
bear upon subjects of chemical interest.

Virus, Serum , and Toxin Act. House R eport 814, presented 
June 9. 7 pp. Paper, 5 cents. R eport b y  the Com m ittee 011
Agriculture to accom pany House B ill 15914, which authorizes 
the Secretary of A griculture to license establishm ents for and to 
regulate the preparation of virus, serums, toxins, and analogous 
products for use in the treatm ent of dom estic animals.

Importation of V irus, Serum s, Toxins. House R eport 845, 
from the Interstate and Foreign Com merce Com m ittee, was 
presented June 24 to accom pany House B ill 199. 2 pp.

N atural R esources U seful for Chem ical Products. R eport 
of House Com m ittee on Industrial A rts and Expositions on 
House B ill 10650 to develop and prom ote the industries utilizing 
natural resources for chemical products b y  an exhibit of certain 
G overnm ent bureaus a t  the Second N ational Exposition of 
Chem ical Industries. T his is the report on the hearings held 
M a y  11. T h e bill has not ye t been reported.

G rain G rades. Com m ittee on A gricu lture and Forestry of 
the Senate hearings on House B ill 12717 (Agriculture Aj)- 
propriation Bill) which includes regulations for the grading of 
grains. T h e hearings reported in this pam phlet of 86 pages 
are those held M ay  19 and 20.

Coal and A sphalt D eposits. T w o reports, one on hearings 
and one to accom pany House B ill 12544, have been prepared: 
T h e first in tw o parts, one of which was reported in an earlier 
number. P a rt 2 of the report 011 hearings covers 15 pages re
garding the sale of coal and asphalt deposits and segregated 
mineral lands in the C hoctaw  and C hickasaw  nations. T he 
report on this bill w as presented June 29 as House R eport 888.

L ea ses of Oil and G as Lands. R eport b y  the Indian Affairs 
Com m ittee on H ouse Bill 16396, subm itted Ju ly  14. 3 pp.
T h e Senate R eport on the same general subject b y  the Senate 
Com m ittee 011 Indian A ffairs in Senate R eport 712 subm itted 
Ju ly 22 to  accom pany Senate Bill 638.

Standard Lim e B arrels. H earing minutes and report to 
accom pany Senate B ill 5425 have been presented b y  the Coinage, 
W eights and M easures Coinm ittee of the House. D ated 
respectively June 1 and June 8.

NAVAL C O N S U L T IN G  BOARD

Industrial R esearch Stations. Senate D ocum ent 446, dated 
M a y  24. 25 pp. Paper, 5 cents. T his is a letter of W . R .
W hitney, Chairm an of the Coinm ittee on C hem istry and Physics 
of the N aval Consulting Board, transm itting a circular letter 
to various scientists and including extracts from replies received. 
T h e subject discussed is the p ro p osal. to  establish industrial 
research stations in connection w ith  land grant colleges in the 
several states.

SM IT H S O N IA N  IN S T IT U T IO N

Annual Report. 544 pages. C loth, 85 cents. Publication 
N o. 2410. T his report includes am ong other articles the follow
ing three of some chemical interest:

(1)— Constitution of M atter and Evolution of Elem ents. 
S i r  E r n e s t  R u t h e r f o r d .

(2)— Place  of Forestry am ong Natural Sciences. H e n r y

S . G r a v e s .

(3)'— Vaccine. L . R o g e r .

Sources of Nitrogen Com pounds in the U nited States. 
C h e s t e r  G .  G i l b e r t .  Publication N o. 2421, issued June 30. 
12 pp. Price on application. T he same publication which in
cludes as a  sub-title “ N atural Occurrence o f N itrogen and its 
A d ap tability  to  U se”  is available as Senate D ocum ent 471. 
D ated  June 22.

N A TIO N A L M U SEU M

H andbook and D escriptive Catalogue of M eteorite  Collections 
in N ational M useum . G e o r g e  P. M e r r i l l .  207 pp. and 40 
plates. Bulletin  94. Paper, 55 cents.

BU REA U  O F F IS H E R IE S

Fairport F isheries Biological Station: Its Equipment, O r
ganization, and Functions. R o b e r t  E. C o k e r .  B ureau of 
Fisheries D ocum ent 829, issued July 7. 25 pp. and 7 plates.
Paper, 20 cents.

O F F IC E  OF PU B L IC  ROADS

T he R esu lt of P h ysical T ests of Road-Building Rock. P r é 

v o s t  H u b b a r d  a n d  F r a n k  H . J a c k s o n .  A g r ic u l t u r a l  D e p a r t 

m e n t B u l le t in  370, is s u e d  J u ly  20. 100 p p . P a p e r , 15 c e n ts .

D E P A R T M E N T  O F A G R IC U L T U R E

T h e following articles in the Journal of A gricultural Research 
are of chem ical interest:

Rape as M aterial for Silage. A . R . L a m b  a n d  J o h n  M . 

E w a r d .  Journal of A gricultural Research, 6 (July 3), 527-533.
Effect of A utolysis upon M uscle  Creatin. R a l p h  H o a g l a n d  

a n d  C. N . M c B r y d E .  Journal of A gricultural Research, 6 
(July 3), 535-546.

D igestib ility  of V ery  Young V eal. C . F . L a n g w o r t h y  a n d  

A . D . H o l m e s .  Journal of A gricultural Research, 6 (July 17), 

577- 587 -
Influence of Calcium  and M agnesium  Com pounds on P lant 

Growth. F . A . W y a t t .  Journal of A gricultural Research, 6 
(July 17), 589-616.

D igestibility of H ard P alates of Cattle. C. F . L a n g w o r t h y
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a n d  A . D . H o lm e s .  Journal of A gricultural Research, 6 (July- 
24), 641-648.

Som e Properties of the Virus of the M osaic D isease  of Tobacco.
H . A . A l l a r d .  Journal of A gricultural Research, 6 (July 24), 
649-672.

BU REA U  O F M IN E S

Report of the S elb y Sm elter Com m ission. J .  A . H o lm e s ,  
E d w a r d  C . F r a n k l i n  a n d  R a l p h  A . G o u l d .  B ulletin  98. 
538 pp. and 41 plates. Paper, $1.25. See T h i s  J o u r n a l  7  
(1915), 41.

A  Bibliography of the Chem istry of G as M anufacture. W . F.- 
R i t t h a n  a n d  M . C . W h i t a k e r .  Com piled and arranged b y  
M . S. H o w a r d .  Technical Paper 120. 29 pp. This is a
bibliography of 274 entries (including some duplicates) of articles 
on carbonization or distillation of coal and various other phases 
of the gas generating processes in use, together w ith articles on 
some of the physical-chem ical phases of the subject.

BU REA U  O F F O R E IG N  AND D O M E ST IC  C O M M ER C E

Potash Production in California and Potash from  Kelp. 
T h o m a s  H. N o r t o n .  R eprint from Com m erce Reports. 13 
pp. This account gives the sum m ary of the efforts which have 
been made to  relieve the potash shortage in this country.

Japanese Cotton G oods Industry and T rade. G e o r g e  N. 
W e s t .  Supplem enting the Special A gents Series 86. 12 pp.
Paper, 5 cents. T his is a  collection of recent consular reports 
on the cotton goods business in Japan.

C O M M ER C E R E P O R T S —A U G U ST I  TO  29 1916

Exportation of caustic soda from Japan, formerly prohibited, 
is again perm itted owing to a great increase in domestic pro
duction. (P. 439.)

Ammonium sulfate, made, from synthetic am m onia prepared 
b y  the H aber process, is now being used extensively in fertilizers 
in G erm any. T h e estim ated output for 1916 is 300,000 tons of 
ammonium sulfate, against 30,000 tons in 1913. B y  1917 it is 
estim ated th at the Germ an production of nitrogenous fertilizers, 
viz., am m onia from coke, synthetic ammonia, and calcium 
nitrate, will be more than equivalent to the normal German 
import of Chilean nitrate. (Pp. 440-2.)

In spite of increased exports of m atches, the supply of potas
sium chlorate in Japan now exceeds the demand. T here are 
33 m atch factories in operation. (P. 538.)

T he following dye-producing plants are found in the Philip
pines, usually however not in large quantities. Indigo, sappan 
(which contains the same dye as does brazil wood), mangrove, 
bancudo, mango, bcrberine, and turm eric. (P. 566.)

T h e Japanese production of gold, silver, copper, antimony, 
and zinc shows m arked increases. (P. 575.)

T h e chief fertilizers used in India consist of oil cake, fish  
m anure, and plant ashes. (P. 596.)

Pepsin is being used in Canada as a  substitute for rennet in 
cheese m aking. (P. 599.)

Arrangem ents are being made for the developm ent of bauxite 
deposits in British G uiana. (P. 602.)

T h e Spanish cultivation  of peanuts, chiefly for oil, is in
creasing. (P. 613.)

The production of uranium  ore, and uranium  and radium 
compounds in Bohem ia in 1915, shows an increase over 1914. 
T h e radium  compounds in 1915 contained 1.75 g. radium. 

(P. 627.)
T h e Argentine governm ent will erect a p lant for the pro

duction of aluminum sulfate, used extensively for clarifying 
water. (P. 631.)

Sansevieria fiber, from Porto R ico and H aiti, is now available 
for rope, etc., b u t requires special m achinery to  handle it. 
(P- 637.)

Efforts are being made to establish a plant for the extraction 
of quebracho wood in Paraguay, to  produce 15,000 tons of 
extract per year. (P. 643.)

T he N ew  Zealand governm ent is to engage in the kauri gum 
industry. M ost of this gum is exported to the United States.

(P. 645.)
Efforts are being made to increase the use of fish  offal as 

fertilizer in Canada. (P. 647.)
A  stud y of kelp harvesting has failed to  show any evidence 

qf damage to  fish or shell fish. (P. 655.)

T he production of bleaching m aterials in the United States 
in 1914 including chlorine, chloride of lime, sodium hypochlorite, 
hydrogen peroxide, sodium peroxide, sulfur dioxide, etc., shows 
a m arked increase (54 per cent) over 1909. (P. 677.)

Copper m ines in N ew  Brunswick, Canada, th at have been 
idle 16 years, are to be reopened. (P. 683.)

T h e figures for the United States production of acids in 1909 
and 1914 are given, showing in most cases an increase in both 
am ount and value in 1914. (P. 694.)

A conference was held in Yorkshire, England, to arrange 
for textile research in the U niversity of Leeds and technical 
schools. (P. 700.)

E xport of tungsten and m olybdenum  ores from Japan has 
been subjected to restrictions. (P. 741.)

Extensive deposits of kaolin believed to  be suitable for china, 
etc., have been found in Paraguay. (P. 746.)

Various processes for using the residue from the su lfate paper 
pulp industry are discussed. In G erm any the waste liquor is 
neutralized w ith lime, filtered through coke, and evaporated 
to  a  nearly dry pitch-like resin known as "zellp ech”  (or "cel- 
pcch” ). T his material is used as a binder in coal briquets, ore 
briquets, artificial stone and molding sand; and for filling cotton 
goods; and impregnating sail cloth, cords, nets, etc. In Sweden 
alcohol is being made successfully from the waste sulfate liquor. 
(P. 782.)

Production and export of nitrate from C hili is increasing 
though still below former maximum output. (P. 788.)

T he use of copra (coconut oil in margarin) in N etherlands has 
increased, owing to ' shortage of vegetable and anim al oils. 
(Supplem ent 9b.)

S p e c i a l  S u p p l e m e n t s  I s s u e d  i n  A u g u s t , 1916 
G r e e c e — 7 a  M e x i c o — 3 2 a
N e t h e r l a n d s — 9 b a n d  c A d e n — 4 9 a
S p a i n — 15 d  C h i n a — S2¿
U n i t e d  K i n g d o m , G l a s g o w — 19» P o r t u g u e s e  E a s t  A f r i c a — 7 6 a

E x p o r t s  
S w a n s e a , W a l e s —

(482)
Oxalic acid 
Nickel salts 
Copper m atte 
Hides 
Tin plate
M a l a y  S t a t e s — (516)
Rubber 
Tin 
Gold
T ungsten ore 
R o t t e r d a m — Sup. 9 c 
Beeswax 
Carbolic acid 
Formic acid 
T artaric  acid 
Cream  of ta r ta r  
Dextrin 
Fusel oil 
Glycerin 
Gum copal 
Gum dam ar 
M adder 
M agnesite 
Artificial musk 
Potassium  cyanide 
Sodium cyanide 
Quinine sulfate 
Fibers 
Glue 
Hides 
Rubber
M anganese ore 
Oleostearin 
Paints 
Paper
Paper stock 
Paraffin 
Saccharin 
Starch 
Tin

to Tnii United  S tates. (P p .)
Bolivia— (485) M exico— Sup. 32a
Tungsten ore Hides
A ntim ony ore Oil cake
H onduras— (651) R ubber
Sugar Sesame
Hide* Copper
Rubber Lead 

Zinc ore
Spain—Sup. 13 d Arsenious oxide
Copper Cottonseed oil
Copper ore Clycerin
Hides G raphite
Iron  ore Sugar
Pyrites Alcohol
Lead A ntim ony ore 

Beeswax
Glasgow—Sup. 19» Bones
Aluminum Guayule rubber
Aluminum sulfate Tin
Bone char Vegetable wax
Corundum M ercury
Creosote oil Chicle
Tanning extracts Petroleum
M agnesite Onyx
F ire brick Copra
Fertilizers G re e c e — Sup. 7a
Hides Licorice
M anganese ore Gum mastic
Paper stock M arble
Sperm oil Olive oil
Sum ac extract Opium

Chrom ite
N o r t h e r n  C h i n a — Emery

Sup. 52c M agnesite
Soya bean oil Pain ts
Talcum Hides
Hides Amyl alcohol

Soap
SaffronH o n g k o n g — (760)

Tin M o z a m b i q u e — Sup.
Cassia 76 a
Antim ony M angrove bark
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~ NEW PUBLICATIONS
By I rene  D eM atty, L ibrarian. M ellon In s titu te  of Industria l Research, P ittsbu rgh

Analysis: E lem entary Qualitative Analysis; A Laboratory G uide. A. B .  

D a l e s  a n d  0 . L. B a r n e b e y . 16ino. 205 pp. Price, $1.25. John 
Wiley & Sons, New York.

Centrifugal Pum ps and Suction D redges. E . W . S a r o e a n t . 8vo. 190 
pp. Price, 10 s. 6 d. Charles Griffin & Co., London.

Cereals: Die Chem ie der Ceralien. F . R o e h m a n n .  8 v o . 28 pp.
Price, M 1.50. F . Enke, S tu ttg art.

Chemical P lan ts: A M anual o f  Chemical P lan t. P a rt V . S. S. D y s o n .

8 v o . Price, 2  s. 0  d. T he Dover Prin ting  & Publishing C o ., Dover. 
E arth  P ressu re , R etaining Walls and Bins. W i l l i a m  C a i n .  8vo. Price, 

10 s. ß d. Chapm an & H all, London.
Economic Geology. H e i n r i c h  R i e s . 4th  Ed. 8vo. 800 pp. Price, 

$4.00. John Wiley & Sons, New York.
Engineering: Bibliography on “ English for Engineers”  with Selected

Lists of Technical Books for G raduates in Civil, Electrical, M echanical 
and Chem ical Engineering. W . O . S y p h ERD. 12mo. 6 3  p p .  Price,
$0.25. Scott, Foresmun & Co., Chicago.

Engines: Practical H andbook of Gas, Oil and S team  Engines, S tationary, 
M arine, T raction; Gas B urners, Oil B urners, etc. J . B. R a t h b u n . 
12mo. 370 pp. Price, $1.00. C. C. Thom pson Co., Chicago.

Foods: Preservatives and O ther Chem icals in Foods. O t t o  F o l i n .

18ino. Price, 2 s. 0 d. Clarendon Press, London.
H ydraulics: A Textbook of Practical H ydraulics. J a m e s  P a r k . 8 v o .

300 pp. Price, 12 s. 0 d. Charles Griffin & Co., London.
Illum ination: M odern Illum ination, Theory and  Practice. 10mo. 273

pp. Price, $1.00. Frederick J . D rake & Co., Chicago.
Indicators: D er Indikator -und die Indikatordiagram m . W . W i l k e .

8vo. Price, M 7.50. O tto  Spam er, Leipzig.
Inorganic C hem istry: Laboratory M anual of Inorganic Chem istry. L. C.

N e w e l l . 12mo. 240 pp. Price, $0 60. D. C. H eath  & Co., New York. 
Light and Pow er M ains: The Localization of Fau lts in Electric Light and

Pow er M ains. F . C. R a p h a e l . 3rd Ed. 8vo. 217 pp. Price, 8  s. 
0 d. “ The Electrician.”

M achine Shop Library. 9 vol. 8vo. M cGraw-Hill Book Co., New York. 
M otor W heels: D as m oderne M otorrad, seine K onstruktion, etc. G. O.

C a e s a r . 8vo. 139 pp. Price, M  2.80. R. C. Schm idt & Co., Berlin. 
Organic Compounds: Analyse und K onstitutionserm ittlung organischer

V erbindungen. H a n s  M e y e r . 8vo. 323 pp. Price, M  44.80. Julius 
Springer, Berlin.

Petro leum : The American Petroleum  Industry . R . F . B a c o n  a n d  W. A.
H a m o r .  2  vol. 8vo. 9 7 5  p p .  Price, $ 1 0 .0 0 . M cGraw-Hill B o o k  C o . ,  

New York.
P lan t Physiology: Som e R ecent R esearches. W. R. G. A t k i n s . 12mo.

323 pp. Price, $2.40. T he M acmillan Co., New York.
S team  Pow er. C. F . H i r s h p e l d  a n d  T . C. U l b r i c h t . 8 v o . 4 2 8  pp.

Price, $2.00. John Wilcy & Sons, New York.
S teel: The H eat T reatm ent of Steel. H a r r y  B r e a r l Ey . 2nd Ed.

8vo. 223 pp. Price, $3.50. Longm ans, Green & Co., New York. 
Tables: E lectrical Tables and Engineering D ata. H . C. H o r s t m a n n  

a n d  V. H .  T o u s l e y . 16mo. 331 pp. Price, $1.50. Frederick J. 
D rake & Co., Chicago.

Therm odynam ics: E infuehrung in der technischen W aerm elehre.
R ic h a r d  V a t e r . S v o . 112pp. Price, M  1.25. B . G . T eubner, Leipzig. 

T ransform ers: Fortschritte  im  Transform atorenbau. R . E d e r . S v o .
SS pp. Price, M  2.50. H achm eister & Thal, Leipzig.

Y east: Die w irtschaftliche B edeutung der H efe als N ahrungs-, Fu tter-,
und H eilm ittel. M a x  W i n c k e l .  8 v o . Price, M  0 .7 0 . C arl Gerber, 
M unich.

R E C E N T  JO U R N A L A R T IC L E S

Aluminium: How Aluminum S heets  a re  Rolled. Iron Trade Review,
Vol. 59 (1916), No. 9, pp. 423-424.

A sbestos: S tudien  ueber A sbest. F r i t z  B a y e r . Kunststoffe, Vol. 6

(1916), No. 12, pp. 146-149.
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WHOLESALE PRICES PREVAILING IN THE

IN O R G A N IC  CH EM ICALS

Acetate of L im e,................................ ................. 100 Lbs. 5 .00
Alum, lum p am m onia ........................................100 Lb9. 4»/j @ 4»/j
Aluminum Sulfate, high-grade..................................Ton 65.00 @ 100.00
Ammonium C arbonate, dom estic........................... Lb. 9»/i @ 10
Ammonium Chloride, g ray ........................................Lb. 10 <§) 12
Ammonium Phosphate, commercial, 98-100% . .L b. 14 (§> 15
Aqua Ammonium, 26°, d ru m s.................................Lb 5»/* @ 6
Arsenic, w hite................................................................ Lb. 57/a  @ 6
Barium C hloride........................................................... Ton 100.00 @ 105.00
Barium N itra te .............................................................. Lb. 15
Barytes, prime white, foreign...................................Ton 26.00 <§> 28.00
Bleaching Powder, 35 per cen t.............. . . . .  100 Lbs. 4 @ 4»/«
Blue V itriol......................................................................Lb. 8»/j @ 9 ‘/ t
Borax, crystals, in bags .............................................. Lb. 71/* @ 7 V i
Boric A cid, powdered crystals .................................. Lb. 11*/« @ 12*/t
Brimstone, crude, dom estic..............................Long Ton 35.00
Bromine, technical, bu lk ............................................Lb. 1.20 @ 1.30
Calcium Chloride, lum p, 70 to  75%  fused .’. . . .  Ton 28.00 @ 32 .00
Calcium Chloride, g ranu la ted ..................................Ton —  @ —
Caustic Soda, 74 per c en t.........................................Lb. 3*/* @ 4
Chalk, light p recip ita ted ............................................Lb. 4»/i @ —
China Clay, im ported ................................................. Ton 18.00 @ 30.00
Feldspar.......................................................................... Ton 8 .00  @ 12.00
Fuller’s E arth , foreign, pow dered............................Ton $35.00
G lauber’s Salt, in bbls..................................... . 100 Lbs. 60 @ 65
Green Vitriol, b u lk ........................................... 100 Lbs. 95 @ 1 .00
Hydrochloric Acid, commercial, 1 8 ° ............ IV« 2
Hydrochloric Acid, C. P., conc., 2 2 ° .......... 100 Lbs. 2 <S> 2‘/4
Iodine, resublim ed............................................. .Lb. 4 .25 4 .30
Lead Acetate, white c rystals......................... Lb. 15*/» 15»/*
Lead N itra te ....................................................... .Lb. 15»/a 16
Litharge, Am erican........................................... .Lb. 9*/« 9 s/*
Lithium C arbonate ........................................... .Lb. I .02 @ 1 .05
Magnesium C arbonate .................................... .Lb. 19 22
Magnesite, “ Calcined” . ................................... .Ton — @ —
Nitric Acid, 3 6 ° .................................. .................. Lb. 4»/j V*
N itric Acid 4 2 ° ....................................................... .Lb. 6»/< @ 6*/«
Phosphoric Acid, sp. gr. 1.750........................ .Lb 30 —
Phosphorus yellow............................................ .Lb. 1.2 0 <3> —
Plaster of P aris .................................................. . Bbi. 1.50 1.70
Potassium Bichromate, casks........................ , Lb. 37 (Ś 39
Potassium Bromide (g ran u la r) ................... . 100 Lbs. ? ! .35
Potassium Carbonate, calcined, 80 @ 85% Lb. 50 55
Potassium Chlorate, crystals, sp o t.............. Lb. 48 @ 49
Potassium Cyanide, bulk, 9 8 -99  per cent. . . . M ixture 44 46
Potassium H ydroxide...................................... 55 @ —
Potassium  Iodide, bu lk ................................... . Lb. ' 3 .95
Potassium N itra te ............................................ Lb. — —
Potassium Perm anganate, bulk .................... 1,.55 <S> 1 .65
Quicksilver, flask. 75 lbs................................. 75 .0 0
Red Lead. American, d r y ............................... .Lb. 9*/< © —
Salt Cake, glass m akers’................................. .Ton 10..50 @ 12 .00
Silver N itra te ...................................................... .07. 41 7 * @ 42 1/ :
Soapstone in b a g s .............................................. .Ton 8 .00 12..00
Soda Ash. 48 per cent...................................... 100 Lbs. 3*/» 3*/«
Sodium A cetate ................................................. Lb. 12 @ 14
Sodium Bicarbonate, dom estic..................... 100 Lbs. 11.65
Sodium Bicarbonate, English........................ .Lb. 3 V* 3V
Sodium B ichrom ate.......................................... .Lb 27 @ 29
Sodium C h lorate ............................................... .Lb. 27 28
Sodium Fluoride, com m ercial........................ .Lb. — @ —
Sodium H yposulfite.......................................... 100 Lbs. 1.25 1 .30
Sodium N itra te , 95 per cent, sp o t............... 100 Lbs. 2 .95 © 3 .00
Sodium Silicate, liquid..................................... Lbs. 1 .00 3 .0 0
Sodium Sulfide ,3 0 % , crystals, in bb ls----- .Lb. I7/  » @ 2
Sodium Bisulfite, pow dered........................... .Lb. 5V< 5 V*
Strontium  N itra te ............................................. .Lb. 48 @ 50
Sulfur, flowers, sublim ed.................................. 100 Lbs. 2 .30 @ 2 .70
Sulfur, ro ll............................................................ Lbs. 1 .95 @ 2 .25
Sulfuric Acid, cham ber, 6 6° B e......... . Ton 20 .0 0 @ 21 .00
Sulfuric Acid, oleum (fum ing)...................... Ton 45.,00 @ 50 .00
Talc, American w hite ...................................... Ton 9..00 @ 12 .00
Terra Alba. American, No. 1........................ 100 Lbs. 75 @ 80
Tin Bichloride, 5 0 ° .............................................. 13»/î @ 14
Tin Oxide............................................................. 43 @ 44
White Lead, American, d r y ........................... 8»/i @ —

Zinc C arbonate ................................................... 26 @ 28
Zinc Chloride, com m ercial.............................. Lb 13 @ 15
Zinc Oxide, American process X X .............. 9*A @ 10
Zinc Su lfate ......................................................... Lb 6V* 7V*

O R G A N IC  C H EM ICALS

Acetanilid, C. P.. in b b ls .. ........................................ Lb. 55 60
Acetic Acid. 56 per cent, in b b ls .............................Lb.
Acetic Acid, glacial. 99»/i% . in c a rb o y s .............Lb. 20

8V*
@ 22

Acetone, drum s............................................................. Lb. 30 —
46 48

NEW YORK MARKET ON SEPTEMBER 21.

Alcohol, grain, 188 proof.............................. 2.64 @ 2.66
Alcohol, wood, 95 per cent, refined........... 63 65
Amyl A cetate................................................... 4 .75 4.85
Aniline Oil......................................................... ........... Lb. 25 28
Benzoic Acid, ex-toluol.. ............................. ........... Lb. 9 .00 10.00
Benzol, 90 per c e n t........................................ 60 @ 62
Cam phor, refined in bulk, bbls................... ........... Lb. 69»/*
Carbolic Acid, U. S. P., crystals, d ru m s .. .......... Lb. 55 60
Carbou Bisulfide............................................. ............Lb. 7 @ 8
Carbon Tetrachloride, drums, 100 gals— ........... Lb. l6»/i 17
Chloroform ....................................................... ........... Lb. 48 @ 50
Citric Acid, domestic, crystals................... ............ Lb. 62 @ 67
Cresol, U. S. P ................................................. 65 @ 70
Dextrine, corn (carloads, bags).................. . . 100 Lbs. 3 .95 @ 4 .0 0
Dextrine, imported p o ta to .......................... ........... Lb. 14 @ 16
Ether, U. S. P., 1900..................................... ............ Lb. 15 @ 20
Formaldehyde, 40 per c en t....................................... Lb. 10 11
Glycerine, dynam ite, drums included........ ...........Lb. 43 @ 43 V»
Oxalic Acid, in casks............................... ...........Lb 60 61
Pyrogallic Acid, resublimed bu lk ................. 2.85 © 2 .90
Salicylic A cid..................................................... ...........Lb. 1.50 ® 1.75
Starch, cassava.................................................. ...........Lb. 3*/« © 4»/*
Starch, corn (carloads, bags) p earl............. ,.100  Lbs. 2.65 @ 2 .70
Starch, p o ta to . .................................................. ...........Lb. 7 @ 7 V  •
Starch, rice.....................................................................Lb. 8 © 9
Starch, sago........................................................ ...........Lb. 3 V* @ 4
Starch, w heat..................................................... ...........Lb. 6*/* © 8
Tannic Acid, commercial............................... ......... Lb. 65
T artaric  Acid, c rystals.................................... .........Lb. 66 © 68

O ILS, W AXES, ET C .

Beeswax, pure, w hite ................................ ................Lb. 40 © 45
Black M ineral Oil, 29 g rav ity ................ ................Gal. 13V* © —
Castor Oil; No. 3 ........................................ ................Lb. 13»/*
Ceresin, yellow............................................ ................Lb. 10 © 11
Corn Oil, c rude.......................................... . . . .  100 Lbs. $9 .00
Cottonseed Oil, crude, f. 0. b. m ill........ ...............Gal. normal
Cottonseed Oil, p. s. y .............................. 10 © —
Creosote, beechwood................................. ................Lb. 2 .75  @ 3 .0 0
Cylinder Oil, light, filtered...................... ................Gal. 21 @ —
Fusel Oil, crude.......................................... ................Lb. 4.25 @ 4 .50
Japan W ax................................................... 14 »/« © 15
Lard Oil, prime w inter............................. ................Gal. 1 .08 @ 1.10
Linseed Oil, raw (car lots)....................... ................Gal. 69 © —
M enhaden Oil, crude (southern)........... ................Gal. 47 @ 48
N aphtha. 68 ©  72°................................... ................Gal 33 V« @ 34
N eat’s-foot Oil, 20°.................................... . _______Gal. 1.05
Paraffine, crude, 120 m. p ........................ .................Lb. 5 © —
Paraffine Oil, high viscosity.................... ................Gal. 29»/» @ 30
Rosin, “ F ” Grade, 280 lbs....................... ................Bbl. 6.65
Rosin Oil. first ru n ..................................... ................Gal 33
Shellac, T. N ................................................ 33 @ 34
Spermaceti, cake......................................... ................Lb. 24 @ 25
Sperm Oil, bleached winter, 3 8 ° ............ ................Gal. 80 @ 82
Spindle Oil, No. 200.................................. ................Gal 24 @ 25
Stearic Acid, double-pressed................... ................Lb. 13 @ 13»/i
Tallow, acidless........................................... 88 @ '9 0
T ar Oil. distilled......................................... 35 @ 40
Turpentine, spirits o f ................................ ................Gal. 46 @ 46*/*

M ETALS

Aluminum, Ne. 1, ingots................................ ......... Lb. 61 63
Antimony, o rd inary ......................................... ......... Lb. 14 @ 16
Bismuth, N. V ................................................... 3.05 @ 3 .1 0
Copper, electrolytic.......................................... ......... Lb. 28 @ 28»A
Copper, lake....................................................... ......... Lb. 28 @ 28»/«
Lead. N . Y ............................................... .100 Lbs. $7.10
Nickel, electrolytic........................................... ......... Lb. 45 @ —
Nickel, shot and ingots................ ......... Lb. 50 @ —
Platinum , refined........................ 85 .00
Silver....................................................... 68«/*
T in .................................................................... 38»/*

9 .7 0Zinc. N. Y ........................................................... .100 Lbs.

F E R T IL IZ E R  M A TER IA LS

Ammonium Sulfate.......................................... .100 Lbs. 3 .00 @ 3 .1 0
Blood, dried F O B  C hicago......................... 3 .20
Bone. 4*/i and 50. ground, raw .................... 28.50
Calcium C yanam id ........................... U nit of Ammonia 2.55
Calcium N itra te , N orwegian......................... .100 Lbs. —
Castor M eal................................................... —
Fish ScraD, domestic, dried, f. 0 . b. works...........Unit 3 .6 0 & 10
Phosphate, acid ................................................. 10.00 @ 12.00
Phosphate rock; f. 0 . b. mine:

Florida land pebble, 68 per c en t......... 2.75 3.00
Tennessee, 78-80 per cen t..................... .........Ton 5.00 5.50

Potassium “ m uriate.” basis 80 per c e n t . .. .........Ton • 300.00
Pyrites, furnace size, im p o rted ................... 15»/» @ —
Tankage, high-grade; f. 0. b. Chicago. . . . 2 .90 & 10


