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S a n b o r n
M U L T I P L E  E F F E C T

ILv a p o r a t o r

U nder this system, true film evaporation is obtained 
w ithout the aid of any m echanical devices, by means of 
the shape and grouping of the heating elements. T h is 
gives an extrem ely high efficiency under commercial 
operating conditions, maintained indefinitely because 
of the sim plicity of the apparatus and its freedom from 

parts subject to wear.

N O TE:—T h e Sanborn System is applicable to many types of 
existing installations at small expense, reducing up-keep costs 
and increasing the efficiency from 5 0  to 100  per cent.

Send for the Bulletin

SANBORN EVAPORATOR COMPANY
81 W A L L  S T R E E T , N E W  Y O R K  C IT Y



I N  the race for supremacy, w hether mental, physical or 
commercial, “ quality” is the deciding factor.

T h at w e  have reached the point w here w e  supply more 
than one-half the M etallic  Bismuth sold in this country can 
only be attributed to the superiority of our product to other 
brands. ^  t a. _

fc\5 MUTfy
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M A D E IN U .S.A .

Highest P u r ity -A r s e n ic  F r e e
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T h e  most rigid tests have shown M anufacturing Chemists that (U .S .M .R .C O .) B rand 
Bismuth saves considerable expense in the production of Bismuth subnitrate and other 
Bismuth salts because arsenic and other deleterious ingredients difficult to eliminate are 
not present in U .S .M .R .C O . B rand Bismuth.

Hence (U .S .P .) standards are reached at a minimum cost of production.
M anufacturing Chemists should insist upon (U .S .M .R .C O .) B rand Bismuth at all 

times because its uniformity in purity and refinement are always guaranteed.

UNITED STATES METALS REFINING COMPANY 
42 Broadway, New York

FITNESS
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ANY LIQUORANY CAPACITY

S in g le  a n d  M u lt ip le  e ffec ts  d e s ig n e d  to  m e e t  
c o n d it io n s  as w e find  th e m .

S ta r t th e  n ew  year  b y  p la n n in g  a c a m p a ig n  
to  red u ce  y o u r  c o s t  o f m a n u fa c tu r e  (sa v in g  co a l, 
lab or, rep a irs, e tc .)  b y  th e  in s ta l la t io n  o f m o d e r n  
e q u ip m e n t  d es ig n ed  for  y o u r  w ork  b y  ev a p o ra tio n  
e n g in e e r s  w h o  h a v e  th e  ex p er ien ce  n e c e ssa r y  to  
w a rra n t y o u r  c o n fid en ce .

S T A N D A R D  S W E N S O N  E V A P O R A T O R S  for
straight concentration. Hundreds of installations have proved 
the merit of this design.

P A T E N T E D  SECO B A SK E T  T Y P E  EV A PO R A T O R S for crystallizing solutions. 
Also used where scale is apt to form on heating surface. M aximum circulation of b o th  steam and 
liquor. Easily cleaned. For salt caustic, calcium chloride, glycerine, distilled water, etc.

S T A N D A R D  V E R T IC A L  T U B E  P A N S for large installations, equipped for crystallizing 
solutions, also for straight work. A ll pans fitted with our patented vapor and steam controlling device,
giving a perfect and uniform distribution of vapor to a ll the tubes, thereby increasing the amount of
work possible w ith a given tube area.

SPE C IA L  LEA D  E V A PO R A T O R S (patent granted) for acid concentration. A  design 
w hich is durable and efficient. N ot lined or coated, but a substantial lead pan built for hard  and con­
tinuous service.

E V A PO R A T O R S FO R  SPE C IA L  SO L U T IO N S m ade of bronze, copper, aluminum,
steel, cast iron, etc. Any of our standard type pans can be lined w ith brick, tile, cement or metal—a
proven success for a good m any years.

A NEW  E V A PO R A TO R  FO R  H IG H  D E N S IT Y  WORK
— our latest and most important improvement. W ith this apparatus you can 
economically concentrate solutions (w hether crystallizing or not) much 
heavier than is possible in any commercial equipment previously offered. 
W e have successfully and continuously boiled down in this equipment 
calcium chloride to a 68  per cent solution w ith steam. Sim ple operation, 
easy cleaning, uniform results and small repairs make this an ideal design 
for high density work.

E c o n o m y , d u r a b ility , a c c e s s ib ility , low  rep a irs, easy  
o p e r a tio n  a n d  m a x im u m  s im p lic ity  in  d e s ig n  (c o n s is te n t  
w ith  th e  a t ta in in g  o f th e s e  r e su lts )  c h a r a c te r iz e  S w enson  
Service. W e ca n  refer  to  m o r e  th a n  600 in s ta lla t io n s — 
fu lly  h a lf  o f  w h ic h  h a v e  b e e n  “ r e p e a t” orders. A ssistan ce  
g iv en  in  p ro cesse s  u t i l iz in g  w a ste  s o lu t io n s  or n e w  ch em i­
ca l p r o d u c ts .

Let us send one o f our engineers to look over your conditions to determ ine  
the type best su ited  to your requirem ents

^ W E N S D N ^ W A P O R A T O R  f o ?

945 Monadnock Bldg. CHICAGO, ILL.
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Z A R E MB A  
E V A P O R A T O R S

O F  A N Y  SIZE— F O R  A N Y  S E R V IC E

Customers have found our policy of build­
ing expressly to suit their conditions to be 
far more satisfactory and more profitable to 
them than is the all too frequent policy of 
disregarding conditions in order to sell an un­
suitable type of apparatus. Our method of 
operation is made possible by having radically 
different types of evaporator construction from 
which to choose. Whatever the conditions—  
be they incrustation or crystallization, foam­
ing liquor, extreme viscosity, high concentra­
tion necessary, or acid condition of liquor—  
we can provide the proper apparatus.

E q u ip m e n t  bui l t  for handling

Black Liquor 
Copperas 
Distillery Slop 
Glue
Tankwater 
Steepwater 
Glucose 
Glycerin 
Malt Extract 
Milk Whey 
Tanning Extract

Caustic Soda
Chlorides
Chromâtes
Nitrates
Phosphates
Sulphates
Electrolytic Solutions 
Water Distillation  
Wood Distillation  
By-products & Waste 

Liquors of all Kinds  l_ij_
M a n t i u s  C r y s ta l l i z in g  E v a p o r a to r

HAVE YOU AN EVAPORATOR PROBLEM?
Let us P rovide the Solution

WE COMBINE THE BEST RESULTS OF OLD PRACTICE WITH 
THE LATEST IMPROVEMENTS OF VALUE

Z A R E M B A  CO.
D. S. Morgan Building BUFFALO, N. Y

H. E. JACOBY, New York Agent ,  95-97 Liber ty  St.
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PROVEN BEST 
|BY PERFORMANCE

one piece— 
Seam less !500 GAL. PAN, with m ixer, save-all, 

condenser and pump

The fact th at there is 57 years’ experience back of our product m eans 
that when you buy DOPP SEAMLESS STEAM JACKETED Apparatus— 
K ettles—Vacuum  Pans and Mixers—you get a guarantee of service that 
is anything b ut a fly-by-n ight affair.

SE A M L E SS-L E A K L E SS-SM O O T H - 
STRO N  G—EFFICIENT

m eans to you, that you get a finished product that will stand any 
and all tests, and to us th at we are giving the right SERVICE in our 
DOPP products, but it  does not stop there.

Our guarantee is so broad th at we stand back of every b it of work 
that leaves our plant as long as it  stays in  use.

Would you not like to know a little  more about our products? Cata­
logue No. 5 will tell you.

Sowers Manufacturing Co.
1303 N iagara  S t .,  B U FFA L O , N . Y . 39 C o r tla n d t S t .,  NEW  Y O R K  CITY
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What Material Do You Grind
or want to grind to powder?  

How fine do you want to grind it?

Just give us tha t information, and then let it be “ up to us” to demonstrate w hat, 
if anything, w e can do to save or make money for you w ith the

RAYMOND P U L V E R I Z I N G -  
AIR SEPARATING SYSTEM

It is a literal fact that in 
many cases a manufac­
turer’s statem ent to us 
on these two points has 
led to a thorough inves­
tigation and demonstra­
tion resulting in instal­
lations of the Raym ond 
System. A n d  these in­
stallations have proven 
extremely profitable to 
such manufacturers in 
every ca se .

In many other instances 
our investigations have 
shown th a t  the R ay ­
mond System could not 
be profitably a d o p te d  
and we have been quick to say so. T h e  Raym ond System is not a ready-made 
affair, but is susceptible of great elasticity of application. T his is proven by the great 
variety of materials handled by it. W herever the Raym ond System is applicable, it 
produces tremendously profitable results.
It certainly ought to be worth your w hile to know  w hether w e can make money 
for you or not, w hen it is so easy for you to make sure.
And bear in mind that wherever the Raym ond System is installed, the results we 
promise are absolutely guaranteed.
Just write us your answer to the above questions. It may lead to big profits for you. 
Clip out the reminder coupon now, and write us at once.

T h e  R a y m o n d  S y s t e m  i n  a  B ig  C e m e n t  P l a n t

We design special m achinery and  
methods for Pulverizing, Grinding, 
Separating and Conveying all pow­
dered products. We m anufacture  
A utom atic Pulverizers, Roller 
Mills, V acuum  Air Separators, 
Crushers, Special Exhaust Fans  
and D ust Collectors.

S e n d  for our B ook

C U T O U T  T H IS  CO U PO N
As a R em in d er to Write

Raymond Bros. Impact Pulverizer Co.
1308 North Branch St., Chicago 

about the Raym ond System  o f Grinding and Separating
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CRUSHERS and GRINDERS
W H EN  IN  NEED OF C R U SH E R S, G R IN D E R S or SH R E D D E R S

C o a l C r u s h e r s  
f o r  

C o k e  O v e n s  
G a s  P l a n t s  

a n d  a l l  
I n d u s t r i a l  

P l a n t s

S h r e d d e r s  
B a r k ,  C h ip s  
W o o d  P u lp  
L ic o r ic e - R o o t  

a n d  a l l  
F ib r o u s  

M a te r i a l

S o a p  P o w d e r  
A ll D ru g  

M a te r ia l  
P a p e r  S to c k  

a n d  a l l  
C h e m ic a ls

S to c k  F o o d  
C e re a ls  
A lf a l f a  

a n d  a l l  
B y  P r o d u c t s  

f r o m
F lo u r  M ills

O il C a k e  
L in s e e d  
C o t t o n  S e e d  
C a s to r ,  N i t r e  
S a l t  C a k e  ' 
S o y  B e a n ^  
C o p r a ,  E tc .

T a n k a g e
B o n e
S h e l l s
P o u l t r y  F o o d  

a n d  a l l  
F e r t i l i z e r  

M a te r ia l

S h a le  
C la y  
A s p h a l t  
S a n d  
A ll C la y  

M a te r i a l

L i m e s to n e
L im e
G y p s u m
C o a l
O c h re s
D ry  C o lo r s

The Williams Pat. Crusher & Pulverizer Co.
Old Colony Bldg., Chicago, Illinois 

Offices:  NEW Y O R K  C IT Y , PH ILADELPH IA, PITT SB U R G H , SAN FRANCISCO

OVER 3000 WILLIAMS 
GRINDERS IN USE

W »rks:  ST. LOUIS, M ISSOU RI

Room Temperature Regulator

= ^ “ S A R C O ” = ^
W ith  p o sitive  an d  re lia b le  a ctio n , th is  R oom  T em p e ra tu re  R e g u la to r  
gives a p e rfe c t m e d iu m  o f control.^

S u c h  a n  e ffic ie n t in s tr u m e n t as  th is  is req u ired  in  d ry in g  room s, 
g a s-m ix in g  ro o m s, p a in t an d  varn ish  room s, p aste  room s, an d  in  
o th er p laces w h ere  s im ila r  co n d itio n s  are e n co u n tered .

It  p reven ts  o v e rh ea tin g  or u n d e rh e a tin g , co n tro llin g , as it  does, 
w h a te v e r u n ifo r m ity  of te m p e ra tu re  th e  p ro p o sitio n  a t  han d  
d em an d s.
S im p le  a n d  stro n g  m e ta l co n stru ctio n . Its  p erfo rm an ce  is based 
on  th e  sam e th c r m o sta tic  a ctio n  as th e  T a n k  T e m p e ra tu re !R e g ­
u la to r  “ S a rc o .”  It  does n o t re q u ire  e le c tr ic ity  or com p ressed  
a ir, and  h as n o  c lo ck -w o rk  m e ch a n ism  or d ia p h ra gm s, b u t  o p erates 
by  th e  exp an sion  of oil th ro u g h  th e  m e d iu m  of a s p ira lly  co rru gated  
tu b e .
T h e  R o o m  T e m p e ra tu re  R e g u la to r  “ S a rco ”  is a deserved ly p o p u la r 
in s tr u m e n t a m o n g  m a n u fa c tu re rs  w h o  liave need fo r a device of 
th is  n a tu re . I t  h elp s im m e a su ra b ly  tow ard  effic ien cy  an d  
eco n o m ica l p ro d u ctio n .

W e w il l  be p le a se d  to  s e n d  y o u  p r in te d  m a tte r  d e sc r ip tiv e  o f th is  R o o m  T e m p era tu re  R e g u la to r  a n d  its  opera tion .

Sarco Engineering Company
South Ferry Building, NEW YORK

Chicago Office: Old Colony Building
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E D IT O R IA L S

THE SEATTLE M EETING

T h e  F ifty - f ir s t  M e e tin g  o f th e  A m e r ic a n  C h e m ica l 
S o c ie ty , to  co n v e n e  in  S e a tt le  on  A u g u s t  3 1 s t , w ith  
th e  fin al social, session  in  S a n  F ra n c isc o , o ffers u n ­
u su a l in d u ce m e n ts  fo r  a  la rg e  a tte n d a n c e . T h e  
it in e r a r y  a rra n g e d  o v e r  th e  G re a t  N o rth e rn  R a ilw a y , 
w ith  a  sp ecia l tra in  w est o f C h ic a g o , w as  o u tlin e d  in 
o u r la st  issue. T h e  o p p o r tu n ity  to  o b serv e  su ch  
n a tu r a l sce n e ry , in c lu d in g  e x te n s iv e  g la c iers , n u m b e r­
less la k e s , n o  en d  o f m o u n ta in s, an d  a rea l liv e  v o l­
can o— all “ m ad e  in  A m e r ic a ” —  is a lon e a m p le  reason  
fo r  th e  tr ip .

T h e  E x p o s itio n  in  S a n  F ra n c isc o , w h ich  m em b ers 
ca n  v is it  a t  th e ir  ow n  co n v e n ie n ce  a fte r  th e  m e e t­
in g, h as b een  e sp e c ia lly  p la n n e d  to  p re se n t in  d e ta il 
a  b ro a d e r ra n g e  o f in d u stries  th a n  h a s  e v e r  b een  a t ­
te m p te d  a t  a n y  p re v io u s  e x h ib it . S c ie n tis ts  and 
te ch n o lo g is ts  o f a ll c lasses w ill fin d  it  b o th  in s tr u c ­
t iv e  a n d  su g g e s tiv e .

T h e  p ap ers  p re se n te d  a t  th e  m e e tin g  w ill o f course  
be in te re s tin g  a n d  v a lu a b le :  t h e y  a lw a y s  are. S in ce 
th e  m a jo r ity  w ill e v e n tu a lly  a p p e a r  in  th e  J o u rn als  
o f th e  S o c ie ty , h o w e v e r , th e  m ain  o b je c t  of th e ir  p re ­
s e n ta tio n  is to  b r in g  o u t  d iscu ssio n . T h e  e x te n t  
a n d  v a lu e  o f th is  d ep en d s u p o n  th e  a tte n d a n c e .

T h e  m u ltitu d e  of p ro b lem s b ro u g h t fo rw a rd  b y  th e  
E u r o p e a n  w a r h as q u ick e n e d  a n e w  th e  ch e m ica l in ­
d u strie s  o f A m e r ic a ; th e se  p ro b lem s m u st b e  so lv e d ; 
a n d  t h e y  w ill n o t b e  un less th e  A m e ric a n  ch em ists  
co -o p era te . O n ly  b y  clo ser in te rco u rse  a m o n g  th e m ­
se lv e s  ca n  th e y  k n o w  e v e n  th e ir  o w n  s tre n g th . T h e  
in fo rm a l co n feren ces m ad e  p o ssib le  b y  th e  m e etin g s  of 
th e  S o c ie ty  o ffer one of th e  m o st v a lu a b le  m ean s of 
g e ttin g  in to  to u c h  w ith  th e  v a r ie d  ta le n ts  of o u r m a n y  
S ectio n s.

H u n d red s of o u r m em b ers h a v e  n e v e r a tte n d e d  a 
ge n era l m e etin g  o f th e  S o c ie ty . A n d  y e t  no m em b er 
has e v e r  a tte n d e d  a m e etin g  w ith o u t b e in g  g la d  of it  
a fte rw a r d s , b e cau se  he re a lizes  t h a t  he h a s  b een  
b e n e fite d  b y  th e  in v a lu a b le  exp erien ce s  of t r a v e l, in ­
s tru c tio n  in  h is  s p e c ia lty , p erso n a l c o n ta c t  w ith  his 
co -w o rk e rs  a n d  th e  g e n era l b ro a d e n in g  of v ie w  t h a t  
is th e  b a sis  o f a ll p ro gress.

N o w  t h a t  ch e m ists  are a c tu a lly  re c e iv in g  som e p u b ­
lic  re co g n itio n , it  b e h o o v e s  th e m  to  t a k e  an  a d d ed  
in te re st in  th e  a c t iv it ie s  o f th e  S o c ie ty . In  th is  w a y  
t h e y  ca n  a tta in  th e  re co g n itio n  t h a t  is th e irs  b y  rig h t, 
a m o n g  th e  p ro fessio n s o f th e  n a tio n .

T h e  S e a tt le  a n d  S a n  F ra n c isc o  S e ctio n s  are  m a k ­
in g  p re p a ra tio n s  fo r  th e  la rg e s t  m e etin g  o f th e  S o c ie ty  
to  d a te . A re  y o u  g o in g  t o  be th e re ?

THE EXPOSITION OF CHEMICAL INDUSTRIES

N o  b e tte r  p ro o f t h a t  c h e m is try  a n d  ch e m ists  “ h a v e  
a r r iv e d ”  is n ee d ed  th a n  th e  fa c t  t h a t  a  N a tio n a l E x ­
p o sitio n  of C h e m ic a l In d u s tr ie s  w ill be h e ld  in  N e w  
Y o r k , S e p te m b e r 20th to  2 5th . T h e  m a n a g e rs  re ­
p o rt t h a t  re q u e sts  fo r  sp a ce  a re  a rr iv in g  d a ily  a n d  t h a t

th e  lis t  o f e x h ib ito rs  is  a lr e a d y  re p re se n ta tiv e  of the 
m a n y  g re a t d iv is io n s  of A m e ric a n  in d u stry . The 
U n ite d  S ta te s  B u re a u  of F o re ig n  a n d  D o m e stic  Com­
m erce  is  c o n te m p la tin g  an  e la b o ra te  a n d  com prehen­
siv e  e x h ib it , w h ich  a lon e w ill a t t r a c t  thousands of 
m a n u fa c tu re rs  a n x io u s  t o  le a rn  th e  n eed s of th e  many 
m a rk e ts  a t  p re se n t a b a n d o n e d  b y  th e  w a rrin g  nations 
of E u ro p e .

T h e  tim e  is a t  h a n d  w h en  th e  p u b lic  m u st be taught 
t h a t  ch e m ists  a re  m o st o fte n  not d ru g g ists  and that 
th e re  are  o th e r  ch e m ica ls  th a n  d ru g s , d y es  and ex­
p lo siv es . F u r th e r m o re , th e re  are in d ee d  m an y who 
s till  n eed  t o  be c o n v in c e d  o f th e  t r u th  of President 
H e r t y ’s s ta te m e n t t h a t  “ C h e m is try  is no ‘ b la ck  a rt ’.”

T h e  a ll-a b so rb in g  n a tu re  of th e  p u rs u it  of chemis­
t r y  as a  p ro fessio n  is resp o n sib le  fo r  th e  p resent con­
v ic tio n  of th e  p u b lic  t h a t  th e  sc ien ce  is incom prehensi­
b le  a n d  in acce ssib le  to  th e  la y  m in d. U n til th e y  act­
u a lly  see ch e m ica l p ro cesses tu r n in g  o u t useful and 
d e sirab le  a rtic le s  a n d  ca n  g e t  so m e c le ar id e a  of the 
p a r t  th e  ch e m ist p la y s  in  th is  o p e ra tio n , it  is useless 
to  e x p e c t p u b lic  s u p p o rt a n d  s y m p a t h y  fo r  our pro­
fessio n . T h o s e  w h o  lik e  th e  s e c re tiv e  m ethods of 
th e  p a st are p ro te s tin g , n a tu r a lly , a g a in s t th is  invasion 
o f th e ir  re a lm s, b u t  t h e y  w ill h a v e  to  su b m it, for it 
is  n o w  n e ce ssa ry  to  g iv e  th e  p eo p le  co n cre te  examples. 
S in ce  t h e y  c a n n o t go  in to  th e  fa c to r ie s  fo r  th is  informa­
t io n , i t  m u st be b ro u g h t to  th e m . T h e  exposition 
m e th o d  is c e r ta in ly  th e  q u ic k e s t  a n d  m ost effective 
m a n n er o f a cco m p lish in g  th is  re su lt. T h e  value of 
th e  ch e m ist is  n o t a p p re c ia te d  b e ca u se  so few  people 
re a liz e  t h a t  he re a lly  w o rk s; t h e y  th in k  his results 
are  a tta in e d  b y  ch a n ce  o r in sp ira tio n .

P ro v is io n  is b e in g  m a d e  fo r  th e  illu s tra tio n  of pro­
cesses b y  m ean s of w o rk in g  m odels of machinery, 
p ro d u c t  d is p la y s , m o tio n  p ic tu re s  a n d  la n tern  slides. 
R o o m s h a v e  also  b een  p ro v id e d  fo r m eetings of 
ch e m ica l a n d  e n g in e erin g  so cie ties .

A n o th e r  p h a se  o f sp ecia l im p o rta n c e  in  th is  exhibit 
is t h a t  ch e m ica l in d u strie s  are  so in te rlo ck e d  th a t all 
p ro d u cers  a re  co n su m ers a n d  vice versa. A lso , many 
in d u strie s , b e tw e e n  w h o se  p ro d u c ts  th e re  is no rela­
t io n , m a k e  use o f s im ila r  m a ch in e ry , so th a t  even the 
n a rro w e st s p e c ia list  ca n n o t a ffo rd  to  n e g le c t th e  study 
of th e  m e th o d s o f o th e r w o rk e rs .

C o n ce rn in g  th e  re lu c ta n c e  o f m a n y  to  dem onstrate 
th e ir  p ro cesses, w e v e n tu re  t h a t  no m anufacturer 
w ill d isclo se  as m u ch  as he lea rn s  a n d  t h a t  m any will 
be su rp rise d  to  fin d  t h a t  so m e o f th e ir  m ost cherished 
“ s e c r e ts ”  a re  a lr e a d y  co m m o n  p ro p e rty .

In  v ie w  of th e  p re se n t p u b lic  in te re s t in  th in gs chem­
ica l a n d  th e  in h e re n t v a lu e  of th e  e x h ib its  being pre­
p a red , w e p re d ic t  t h a t  th is  first N a tio n a l Exposi­
t io n  o f C h e m ic a l In d u s tr ie s  w ill b e  successfu l from 
e v e r y  s ta n d p o in t, a n d  w e see no rea so n  w h y  it  should 
n o t  m o ve  on  to  o th e r la rg e  c ities  w ith  profit to  its 
e x h ib ito rs  a n d  th e  v a r io u s  co m m u n ities  sufficiently 

p ro g ressiv e  to  w elco m e  it.
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A STUDY OF TH E QUALITY OF PLATINUM WARE WITH  
SPECIAL REFERENCE TO LOSSES ON HEATING1

B y  G e o r g e  K . B u r g e s s  a n d  P . D . S a l e  

There w as p re se n te d  a t  th e  4 9 th  M e e tin g  o f th e  A m e r­
ican C h em ica l S o c ie ty  an  a c c o u n t2 of th e  e x a m in a tio n  
of the p u r ity  o f a  n u m b e r of p la tin u m  cru c ib le s  b y  
a th erm oelectric m e th o d  in  w h ich  th e  cru c ib le  fo rm s 
one elem ent of a th e r m o c o u p lc . T h is  m e th o d  h a s  b een  
found usefu l b y  o u rse lv e s  a n d  o th ers  fo r  th e  re a d y  
classification of p la tin u m  u te n sils  o f v a r io u s  k in d s  
and esp ecially  fo r  th e  d e te rm in a tio n , in  th e  case of 
purchases of p la tin u m  w are, w h e th e r  or n o t  su ch  a r t i­
cles con form  to  s p e c ifica tio n s  as to  p la tin u m  p u r ity . 
This th e rm o e le ctric  te s t , w h ich  in  no w a y  m a rs th e  
crucible or o th e r a rtic le  e x a m in e d , is n o w  a  p a r t  of 
the routine of th e  B u r e a u  of S ta n d a rd s  a n d  m a n y  
samples of p la tin u m  h a v e  b een  so te s te d  th e  p a s t  y e a r ;  
these were secu re d  fo r  th e  m o st p a r t  th r o u g h  D r. W . F . 
Hillebrand, C h a ir m a n  o f th e  C o m m itte e  of th e  A m e rica n  
Chemical S o c ie ty  on  “ Q u a lity  o f P la t in u m  U te n s ils .”  

In T ab le  I is sh o w n  th e  q u a lity  o f p la tin u m  u te n ­
sils of va r io u s  so rts  e x p re ssed  in  te rm s of e q u iv a le n t  
iridium co n te n t as m e asu red  th e r m o e le c tr ic a lly  a t 
this B ureau. O f th e  164 p ieces e x a m in e d  it  is seen

T able I — C l a s s if ic a t io n  o p  P l a t in u m  W a r e  S u b m i t t e d  t o  B u r e a u  
o p  S t a n d a r d s  p o r  T h e r m o e l e c t r i c  P u r it y  T e s t

C la ss  o p  W a r e  1 C ru ­ C rucib le T o t a l
I n v estig a ted  J cib les  covers D ishes M isc. N o .
No pieces of each  c la s s .......................... , , , 84 47 11 22 164
Equivalent I r -c o n te n t— p er c e n t P e r  ce n t in  each  class
0.0 to 0 .5 ................................................ , . . 36 26 9 0 26
0.5 to 1 .0 ................................................ 17 23 36 18 20
1.0 to 2 . 0 ................................................ 34 38 19 9 31
2.0 to 4 .0 ................................................ . . .  13 13 36 27 17
4.0 to 2 5 .0 ................................................ 0 0 0 45 6

that n early  75 p er ce n t  h a v e  im p u rit ie s  e q u iv a le n t  
to over 0 .5  p er ce n t  of ir id iu m , a n d  o f th e  c ru c ib le s , 
65 per cen t h a v e  o v e r  0 .5  e q u iv a le n t  irid iu m  c o n ­
tent. D ishes a n d  m isce lla n eo u s  wrare , in  w h ich  s t iff­
ness is u su a lly  re q u ire d  a n d  w h ich  are  o fte n  n o t s u b ­
ject to  h e a tin g  a n d  w e ig h in g , a re  h e a v ily  c h a rg e d  
with im p u rities, u s u a lly  ir id iu m , th e  m isce lla n eo u s 
ware show ing, fo r  e x a m p le , n e a r ly  h a lf  of th e  sa m p le s  
with over 4 p er c e n t  irid iu m .

In ad d ition  ter d a ta  on  th e  p u r ity  o f p la tin u m  w are  
now in use, m o re  e x a c t  in fo r m a tio n  w a s  d esired  b y  
the co m m ittee  c o n ce rn in g  th e  losses on  h e a tin g . 
The exp erim en ts h ere  o u tlin e d , i t  is b e lie v e d , fu rn ish  
information co n ce rn in g  losses s u s ta in e d  b y  p la tin u m  
crucibles of s e v e r a l g ra d e s  of p u r ity  w h en  s u b je c te d  
to continued h e a tin g . B y  s u ita b le  a c id  t r e a tm e n t  
after h eatin g, i t  h a s  b een  p o ssib le  to  g iv e  an  e stim a te  
of the' re la tiv e  a m o u n t of iro n  p re se n t, a n d  th e  c r u c i­
bles have a lso  been  e x a m in e d  m ic r o s c o p ic a lly , a n d  
through th e  k in d n ess  of D r . B u rro w s , m a g n e tic a lly .

As w ill be sh o w n , a  c o m b in a tio n  o f th e se  s e v e r a l 
methods, or som e of th e m , u s u a lly  g iv e s  su ffic ien t d a ta

1 P aper read  a t  th e  5 0 th  M ee tin g  of th e  A m erican  C h em ica l S oc ie ty ,
Orleans, M arch  31 to  A pril 3, 1915. I't. w ill be p u b lish ed  in  full as  a  

Scientific P ap er of th e  B u re a u  of S ta n d a rd s .
1 “ A T h e rm o ele c tric  M e th o d  fo r th e  D e te rm in a t io n  of th e  P u r i ty  of 

Platinum W are ,”  b y  G eorge K . B u rgess  a n d  P . D . S ale , T h i s  J o u r n a l ,  
6 (1914), 452.

fo r  th e  re a d y  c la ss ifica tio n  of v a r io u s  g ra d e s  of p la t ­
in u m  w are.

M E T H O D  O F  D E T E R M I N I N G  L O S S E S  O N  H E A T IN G -----

F o r  an  e x a c t  d e te rm in a tio n  of th e  loss in  w e ig h t o f a  
cru c ib le  on h e a tin g , ig n it io n  o v e r  th e  b la s t  la m p  is 
n o t s a t is fa c to r y . A  p re lim in a ry  series o f e x p e rim e n ts , 
u sin g  e le c tr ic  re s is ta n ce  fu rn a c e s  w ith  p la tin u m  an d  
o th e r  m e ta ls  as h e a tin g  co ils, c a rr ie d  o u t b y  m em b ers 
o f th e  ch e m ica l s ta ff o f th is  B u r e a u , sh o w ed  t h a t  one 
co u ld  n o t e x p e c t  to  o b ta in  c o n sis te n tly  re lia b le  re ­
su lts  in  a  fu rn a c e  c o n ta in in g  m e ta l. A  co n sid e ra b le  
n u m b e r o f m e a su rem e n ts  o f lo sses on  h e a tin g  a t  sev -

T h « rm o c o * * ir

F i g . 1— H e a t in g  F u r n a c e

C — P la t in u m  C ru c ib le  H — G ra p h ite  H e a te r  P — B o tto m  C o v e r  P la te
D — W a te r  D ra in  J — W a te r  J a c k e ts  S— C ru c ib le  S u p p o r t
E — S a n d  E m p ty in g  L — C u r r e n t  L e a d s  T — M a r q u a r d t  P ro te c t-

D o o r in g  T u b e

e ra l te m p e ra tu re s  w ere  so ta k e n , b u t  no v e r y  d efin ite  
co n clu sio n s  ca n  be d ra w n  fro m  th e se  p re lim in a ry  
o b s e rv a tio n s , w h ich  w ere  o b ta in e d  b e fo re  th e  th e rm o ­
e le c tr ic  m e th o d  of c la ss ific a tio n  w as p u t  in to  p r a c ­
tice .

T h e  m e th o d  f in a lly  a d o p te d  fo r  d e te rm in in g  h e a t 
losses in  cru c ib le s  is b a se d  on th e  use o f a  m e ta l-fre e  
e le c tr ic a lly  h e a te d  fu rn a c e , s im ila r  to  one w h ich  h a d  
b een  in  use fo r  o th e r  p u rp o ses  a t  th e  G e o p h y s ic a l 
L a b o r a to r y , a cco m p a n ie d  b y  e x a c t  w e ig h in g s  of th e  
cru c ib le  b e fo re  a n d  a fte r  e a ch  h e a tin g  of 2 h o u rs 
d u r a tio n  a t  120 0 ° C ., to g e th e r  w ith  a  w e ig h in g  t o  d e ­
te rm in e  th e  iro n  loss a fte r  w a s h in g  in  a c id .
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T h e  e sse n tia ls  o f th e  fu rn a ce  are  sh o w n  in  F ig . I. 
T h e  h e a tin g  sp ira l H  is o f g r a p h ite  se t in to  b ra ss 
w a te r-co o le d  te rm in a ls . T h e  cru c ib le  C  is s u p p o rte d  
on  a M a r q u a r d t  p o rce la in  s ta n d , S ,  as sh o w n  a n d  
e n clo sed  w ith in  a  tu b e , T,  o f th e  sam e m a te ria l. T e m ­
p e ra tu re s  w ere  m e asu red  b y  a p la tin u m  p la tin u m - 
rh o d iu m  th e rm o co u p le  e n clo sed  in  M a r q u a r d t. T h e  
fu r n a c e  ta k e s  a b o u t 3 .5  k w . A . C . a t  1200° C .

F o r  a  re g io n  of a b o u t th re e  cru c ib le  h e ig h ts  a t  th e

a c i d  t r e a t m e n t — Iro n  a n d  o th e r  so lu b le  materials 
w ere  re m o v e d , a n d  d e te rm in e d  b y  w eigh in g , after 
ea ch  h e a tin g . F o r  s e v e r a l o f th e  cru cib les  examined, 
th e  c h a ra c te r is tic  re d d ish  co a tin g  du e to  iron oxide 
a p p e a re d  a fte r  each  h e a tin g . T h e  a c id  treatment 
co n sis te d  in  b o ilin g  th e  cru c ib le  fo r  5 m in . in 25 per 
c e n t  h y d r o c h lo r ic  a c id  c o n ta in e d  in  a  la rge  covered 
p o rce la in  cru c ib le . T h e  iro n  w as d e te rm in e d  by pre­
c ip ita t io n  w ith  a m m o n ia  up o n  ash less filter paper,

T a b l e  I I — H e a t in g  a n d  A cid  T r e a t m e n t  on  P l a t in u m  C r u c ib l e s  (M il l ig r a m s  P e r  C m ’.)— (Se e  T a b l e  I I I  fo r  K e y  to  C r u c ib l e s)
E . M . F . m e asu rem en ts : M illiv o lts  a t  1100° C ., c ru c ib le  vs. p u re  P t  ( I , I ')

I-Icat t r e a tm e n t  loss: M illig ram s p e r  100 c m 3, fo r 2 h rs . h e a tin g  a t  1200° C . ( I I ,  I I I ,  IV )
A cid  t r e a tm e n t  loss: M illig ram s p e r  100 cm*, fo r 5 m in . b o iling  in  25 p e r  c e n t HC1 ( I I ' ,  I I I ' ,  IV ')

R ec o v ered  FC2O1 : M illig ram s p e r  100 c m 3, p e r  t r e a tm e n t  w ith  N H iO H  a n d  ig n itio n  on  ash le ss  p a p e r  ( IX , X , X I ,  X I I )
C ru c ib le  re fe re n ce  le t te r  a b c d  e f  g h i  j k l m n

I  E . M . F . a t  b e g in n in g .................................  0 .1 0  0 .5 0  0 .6 5  0 .7 0  0 .7 0  1 .9 0  2 .8 0  3 .0 0  6 .4 0  6 .7 0  7 .0 0  7 .3 0  9 .3 0  9.70
I '  E . M . F . a t  e n d ..............................................  0 .0 7  0 .5 0  0 .6 2  0 .7 0  0 .7 0  1 .85  2 .8 0  2 .9 5  5 .9 5  6 .1 0  6 .0 0  6 .5 0  9 .3 0  9.70

E . M . F . m ean  I  a n d  I ' ..............................  0 .0 9  0 .5 0  0 .6 4  0 .7 0  0 .7 0  1 .8 8  2 .8 0  2 .9 8  6 .1 8  6 .4 0  6 .5 0  6 .9 0  9 .3 0  9.70
I I  1st h e a t.  2 h r . a t  1200° C .........................  2 .1 8  1 .9 8  2 .1 6  1 .27  2 .4 6  2 .0 0  1 .0 8  1 .3 8  7 .4 7  1 .9 4  6 .2 4  2 .1 6  1.74 0.61
I I '  1 s t ac id , 25 p e r  c e n t  H C 1 ..........................  0 .0 5  0 .2 4  0 .0 6  0 .1 9  0 .8 3  0 .1 6  1 .7 6  3 .8 2  0 .8 1  9 .5 0  1 .1 4  5 .3 3  0 .46  0.02

I I  +  I I ' ....................................................  2 .2 3  2 .2 2  2 .2 2  1 .4 6  3 .2 9  2 .1 6  2 .8 4  5 .2 0  8 .2 8  1 1 .4 4  7 .3 8  7 .4 9  2 .2 0  0.63
I I I  2 n d  h e a t, 2 h r. a t  1200° C ........................ 0 .8 4  0 .9 6  1 .93  1 .3 6  0 .2 6  2 .2 0  2 .1 8  0 .4 3  4 .4 2  4 .9 3  5 .4 5  2 .3 2  1.08 1.44
I I I '  2 nd  ac id , 25 p e r  c e n t H C 1 ........................  0 .3 0  0 .3 5  0 .1 8  0 .1 7  0 .5 6  0 .0 9  0 .9 9  1 .2 4  0 .1 6  1 .8 4  0 .3 9  2 .4 7  0 .1 3  0.13

I I I  +  I I I ' ................................................  1 .1 4  1 .31  2 .1 1  1 .5 3  0 .8 2  2 .2 9  3 .1 7  1 .67  4 .5 8  6 .7 7  5 .8 4  4 .7 9  1.121 1.57
IV  3 rd  h e a t ,  2 h r. a t  1200° C ........................  1 .85  2 .0 4  1.61  1 .6 5  2 .0 2  2 .1 6  2 .3 6  0 .7 5  4 .3 8  3 .2 3  2 .9 4  5 .0 8  1.00  1.21
I V ' 3 rd  ac id , 25 p e r  c e n t H C 1 .........................  0 .0 6  0 .1 5  0 .1 1  0 .0 9  0 .2 6  0 .0 7  0 .4 0  0 .3 4  0 .0 8  0 .6 6  1 .01  2 .7 9  0 .1 0  0.04

IV  +  I V ' .................................................  1 .91  2 .1 9  1 .7 2  1 .7 4  2 .2 8  2 .2 3  2 .7 6  1 .0 9  4 .4 6  3 .8 9  3 .9 5  7 .8 7  1 .10  1.25
V  2  I I ,  I I I ,  IV , h e a t lo s s ................................ 4 .8 7  4 .9 8  5 .7 0  4 .2 8  4 .7 4  6 .3 6  5 .6 2  2 .5 6  16 .1 7  1 0 .1 0  14 .6 3  9 .5 6  3 .8 2  3.26

V I S  I I ' ,  I I I ' ,  I V '.  ac id  lo s s ...........................  0 .4 1  0 .7 4  0 .3 5  0 .4 5  1 .6 5  0 .3 2  3 .1 5  5 .4 0  1 .05  1 2 .0 0  2 .5 4  10 .59  0 .6 9  0.19
V II  S  V , V I, to ta l  lo s s . ....................................... 5 .2 8  5 .7 2  6 .0 5  4 .7 3  6 .3 9  6 . 6 8  8 .7 7  7 .9 6  1 7 .2 2  2 2 .1 0  17 .1 7  2 0 .1 5  4 .51  3.45

V I I I  T o ta l  c h a n g e  E . M . F .................................  0 .0 3  0 .0 0  0 .0 3  0 .0 0  0 .0 0  0 .0 5  0 .0 0  0 .0 5  0 .4 5  0 .6 0  1 .0 0  0 .8 0  0 .0 0  0.00
I X  I ro n  a s  F e jO j a f te r  I I ' ................................ 0 .1 4 7  0 .1 2 5  . .  0 .0 9 9  0 .5 4 4  0 .0 0 5  1 .0 8 0  0 .7 9 4  0 .0 5 2  2 .5 2 0    0.090

X  I ro n  a s  F c iO j a f te r  I I I ' .............................. 0 .2 1 6  0 .2 0 2  . .  — 0 .0 2 2  0 .3 5 7  0 .1 1 3  0 .2 7 2  0 .7 1 4  0 .0 2 6  0 .6 0 3    0.168
X I  I ro n  a s  F e iO , a f te r  I V ' ............................... 0 .1 0 3  0 .1 0 2  . .  0 .1 2 3  0 .6 2 8  0 .2 7 0  0 .0 7 2  0 .4 5 4  0 .0 5 7  0 .2 9 5    0.004

X I I  T o ta l  iro n  a s  F e iO j....................................... 0 .4 6 6  0 .4 2 9  . .  0 .2 0 0  1 .5 2 9  0 .3 8 8  1 .4 2 4  1 .962  0 .1 3 5  3 .4 1 8    0.262
X I I I  T o ta l  iro n  c o m p a re d  to  T . L. in  % _ 8 .8 2  7 .5 0  . .  5 .1 6  2 3 .9 5  5 .8 1  16 .25  2 4 .6 5  0 .7 8  1 5 .4 6    7.59
X IV  T o ta l  iro n  c o m p ared  to  ac id  L . in  % . . 10 0 .0 0  5 8 .0 0  . .  5 3 .3 0  9 2 .6 0  10 0 .0 0  4 5 .4 0  3 6 .3 5  12 .8 7  2 8 .4 5    100.00

X V  T o ta l  a c id  co m p ared  to  T . L . in  % _ 7 .7 6  12 .93  . .  9 .5 0  2 5 .8 0  4 .7 8  3 5 .9 5  6 7 .8 0  6 .1 0  5 4 .3 0    5.51

c e n te r  o f th e  fu rn a c e , th e re  w as  m a in ta in e d  a  p r a c ­
t ic a l ly  u n ifo rm  te m p e ra tu re , 1200° C ., a n d  th is  in n er 
p o rtio n  o f th e  fu r n a c e  n e v e r  b e ca m e  b la c k e n e d . A  
s lig h t  cu rre n t of a ir  w as  m a in ta in e d  a b o u t th e  c r u c i­
b le , as  sh o w n , b u t  g r e a t  ca re  w as  ta k e n , b y  m ean s of 
a  sa n d  a n d  p araffin e  sea l, a t  P ,  to  p r e v e n t  v a p o rs  
p a ss in g  fro m  th e  h e a tin g  s p ira l in to  th e  in n e r ch a m b e r. 
T h e  cru c ib le  w as n o t  p la ce d  in  th e  fu rn a c e  u n til th is  
h a d  re a ch e d  io o o °  C .;  a  te m p e ra tu re  o f 1200° C . w as

ig n ite d  in  p la tin u m  fo r  1 m in . a t  a b o u t 1200° C., and 
w e ig h e d  as fe rr ic  o x id e.

e x p e r i m e n t a l  r e s u l t s — F o u rte e n  cru cib les were 
c a rr ie d  th r o u g h  a series of id e n tic a l op erations con­
s is tin g  of a d e te rm in a tio n  of th e ir  e q u iv a le n t  iridium 
o r rh o d iu m  c o n te n t  b y  th e  th e rm o e le c tr ic  method1 
(see lin es I , I '  o f T a b le  I I ) ;  th e  d e te rm in a tio n  of losses 
of w e ig h t a fte r  e a ch  of th r e e  h e a tin g s  of tw o  hours 
e a ch  a t  120 0 ° C . (see lin e s  I I ,  I I I ,  I V , each  followed

T a b l e  I I I — C l a s s i f i c a t i o n  o p  W a r k  b y  E . M .  F ..  V o l a t i l i z a t i o n ,  C h e m i c a l ,  M a g n e t i c  a n d  P h o t o g r a p h i c  D a t a
E q u iv a le n t E q u iv a ­ W t. of F e M a k e r ’s

C l a ssiC ru c ib le M ean c o n te n t le n t F e re m a in in g ch em ica l R e l a t iv e  F e  b y
re fe ren ce E . M . F . P e r  c e n t (m a g n e tic ) m a g n e tic s ta te m e n t V I su sc ep ­ w ith  rel

le t te r m illivo lts I r R h P er  c e n t te s t P e r  c e n t T a b le  I I t ib i l i ty F ig . I I
a ................. ___  0 .0 9 0 .0 5 0 .0 5 0.000 1 0 .0 1 8 1 . 0 1 . 0 P t
b .................. 0 .5 0 0 . 1 0 0 .1 9 0.0022 0 .5 7 6 1 . 8 2 6 .0 R h  o r  P t
c .................. . . . .  0 .6 4 0 .2 0 0 .2 9 ✓ 0 .9 P t - I r
d ................. 0 .7 0 0 . 2 1 0 .3 0 0 .ÔÔ12 0 Ü 9 4 < 0 .  2 I r 1 . 1 1 4 .0 P t - I r  o r  R h
e .................. 0 .7 0 0 . 2 1 0 .3 0 0 .0 0 0 7 0 . 1 1 2 4 .0 8 . 0 P t - I r

.......... . . . .  1 . 8 8 0 .5 5 0 .8 5 o !70 I r 0 . 8 P t - I r
R.................. 2 .8 0 0 .9 0 1 .2 9 7 .7 P t- I r -F e
h ................. ___  2 .9 8 1 . 0 0 1 .4 0 0 . 6 Ô10 0 . iÔ6 8 .5 ii!o P t- R h
i .................. 6 .1 8  * 2 .3 0 « 3 .5 3 2 l3 7  I r 2 . 6 P t - I r
j .................. ___  6 .4 0 2 .4 0 3 .7 0 0 . 0 1 1 0 I '.859 0 .5  to  1 .5  I r 2 9 .0 1 2 5 .0 P t- I r -F c
k ................. ___  6 .5 0 2 .4 2 3 .7 5 6 .3 P t- I r -F e
I ................... ___  6 .9 0 2 .6 5 4 .1 5 0 .6 0 5 0 O '.\9S 2 6 .0 ¿!o P t- I r -F e
m ................ . . , , • 9 .3 0 3 .7 5 7 .3 0 ’ ‘ * i . „ i 1 0 .0  R h 1 .7 P t- R h
n ................. . . . .  9 .7 0 3 .9 5 7 .9 5 ‘ ■\ 1 0 .0  R h 0 .5 P t-R h

P re v io u s ly
K e y  t o  C r u c i b l e s  B o u g h t h e a te d

H era e u s  n o rm a l th e rm o e le m e n t p la tin u m  1911 17 h r.
J o h n so n , M a t th e y  & C o ., b e s t  c ru c ib le  w a re  1911 67 h r.
Jo h n so n , M a t th e y  & C o ., b e s t  c rucib le  w are  1913 20 h r.
A m erican  P la t in u m  W o rk s , "T ie g e l P la t in ”  (H eraeu s) 1911 24 h r .
J .  B ishop  & C o ., sp ec ia lly  re fined  w are  1911 31 h r.
B a k e r  & C o m p a n y , spec ia l a n a ly z e d  m a k e  1912 12# h r.
Q uenessen  D e  B e lm o n t, L e g en d re  & C ie 1911 10 h r .

P h o to m ic ro g rap h s
P t
P t-R h
P t- I r
P t-Ir-F e
P t-Ir-F c
P t- I r
P t-Ir-F c
?-Fe
P t- I r
P t-Ir-F e
P t- I r
P t-Ir-F e
P t-R h
P t-R h

Previously 
B o u g h t heated

1909 3 y r. lab. use
1912 0 hr.
1911 11 hr.
1908 10 h r.
1908 20 hr.
1913 50 ignitions,

b isu lfa tes  and  cleaning
1913 0 hr.

th e n  a tta in e d  in  a b o u t 10 m in . a n d  h e ld  c o n s ta n t fo r 
e x a c t ly  2 hrs. a n d  c u t  o ff, th e  c ru c ib le  b e in g  re m o v e d  
10 m in. la te r  or a t  a b o u t 9 0 0 0 C .

C ru c ib le  w e ig h in g s  w ere m a d e  on an  en clo sed  p r e ­
cision  b a la n c e , a t  first to  0 .0 0 1 m g. a n d  la te r  to  0 .0 1  
m g. as th is  la tte r  w as fo u n d  su ffic ien t. A ll w e ig h ts  
are  re d u ce d  to  a  co m m o n  b a sis  o f loss p er 100 c m 2, 
o f to ta l  c ru cib le  su rfa ce .

h B a k e r  & C o m p a n y
i  B a k e r  & C o m p a n y , sp ec ia l a n a ly z e d  m ake 
j  A m erican  P la t in u m  W o rk s , co m m erc ia l w are  
k  B a k e r  & C o m p a n y , co m m erc ia l w are  
I B a k e r  & C o m p a n y , co m m erc ia l w are  
m B a k e r  & C o m p a n y , sp ec ia l R h o d iu m  w are

n  B a k e r  & C o m p a n y , spec ia l R h o d iu m  w are

b y  d e te rm in a tio n  o f lo ss  b y  a c id  tre a tm e n t, lines 
I I ' ,  I I I ' ,  I V ' ,  a n d  of iro n  c o n te n t, lin es I X , X , XI). 
A s  seen  fro m  T a b le  I I I ,  th e se  fo u rte e n  crucibles range 
in  e q u iv a le n t  irid iu m  c o n te n t fro m  0 .0 5  (a) to  2.65 
(I) p er c e n t; c ru c ib le s  m a n d  n w ere supposed to be 
90 p la t in u m -10 rh o d iu m ; b u t  as m easu red  thermo- 
e le c tr ic a lly , t h e y  c o n ta in  7 .3 0  a n d  7 .9 5  Per cent

1 Loc. cit.
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rhodium, re s p e c t iv e ly , th e  fo rm e r h a v in g  b een  u sed  
considerably a n d  th e  la tte r  an  u n u sed  c ru c ib le ; som e 
of the others are of u n k n o w n  co m p o sitio n  a n d  th e  n o n ­
platinum co n te n t o f e a ch  is exp re ssed  b o th  in  te rm s  
of iridium a n d  rh o d iu m  (see lin es 2 a n d  3 o f .T a b le  
III). In T a b le  I V  th e  h e a tin g  a n d  a c id  losses are g iv e n  
for four cru cib les  w h ich  u n d e rw e n t a d d it io n a l h e a tin g .

The m icrosco p ic o b s e r v a tio n s  w ere  h e lp fu l in  f in a lly  
classifying th e  cru c ib le s  in  te rm s  of th e ir  m ain  im ­
purity— irid iu m  o r rh o d iu m  (see la s t  lin e  o f T a b le  
III), as it  w as fo u n d  t h a t  th e  c r y s ta llin e  s tru c tu re s
T a b le  IV — L o s s e s  i n  W e i g h t  D u e  t o  H e a t i n g  a n d  A c id  T r e a t m e n t  

o n  F o u r  C r u c i b l e s  i n  M i l l i g r a m s ,  p e r  100 C m 2., a f t e r  
S u c c e s s i v e  2 - H o u r  H e a t i n g s  a t  1 2 0 0 °  C  

C r u c i b l e  n  C r u c i b l e  I C r u c i b l e  k  C r u c i b l e  c

a cV U u C
K 

1st 
2nd 
3rd 
4th 
5th 
6th 
Total 7 
Av. 1

3  -2
P5 <  
98  0 .00  
30  0 .18  
61 0 .0 2  
44 0 .13  
21 0 .0 4  
81 0 .06  
.35 0 .43  
23 0 .07

0 .9 8
2 .4 8
0 .63
1.57
1.25
0 .87
7 .7 8
1.30

4 .3 0
2 .3 2
5 .0 8
7 .4 0
4 .0 4

•O «
'Z o
< H

0 .7 7  5 .0 7
2 .4 7  4 .7 9
2 .1 9  7 .27
2 .6 0  1 0 . 0 0  
2 .3 7  6 .41

w <
6 .2 4  1 .14  
5 .4 5  0 .3 9  
2 .9 4  1.01 
3 .7 8  0 .6 0

2  a 3  3O u O
H S  C  H

7 .3 8  2 .1 6  0 .0 6  2 .2 2  
5 .8 4  1 .93  0 .1 8  2 .11  
3 .9 5  1.61 0 .11  1.72
4 .3 8  2 .3 4  0 .0 9  2 .4 3

2 3 .1 4  1 0 .4 0  3 3 .5 4  18 .41  3 .1 4  2 1 .5 5  8 .0 4  0 .4 4  8 .4 8  
4 .6 3  2 .0 8  6 .71  4 .6 0  0 .7 9  5 .3 9  2 .01  0 .11  2 .1 2

characteristic of th e se  a llo y in g  m e ta ls  im p a r te d  th e ir  
appearance to  th e  u n e tc h e d  cru c ib le  e v e n  w h en  p re s ­
ent in sm all p e rc e n ta g e s . O n fre sh  p la tin u m  w are  
containing co n sid e ra b le  rh o d iu m  a c h a r a c te r is t ic  b lu ish  
color will u su a lly  a p p e a r a fte r  h e a tin g  to  a d u ll red .

The p resence o f iro n  a p p e a rs  to  m a n ife st  its e lf  in th e  
m icrophotographs b y  p itt in g  a fte r  h e a tin g . T h e  
relative am o u n ts  of iro n  in  s e v e r a l c ru c ib le s  w ere  a lso  
determined, a fte r  th e  la s t  h e a t in g  a n d  w a sh in g , b y  
measurement o f th e  m a g n e tic  s u s c e p t ib il ity  b y  a 
solenoid and b a la n c e  m e th o d  in  a  fie ld  o f 60 ga u sses, 
the crucibles b e in g  a rra n g e d  o n ly  a p p r o x im a te ly  in  th e  
same order b y  ch e m ica l a n a ly s is  fo llo w in g  h e a tin g  
and by th e  m a g n e tic  m e a su re m e n ts  (see T a b le  I I I ) .  
It is also of in te re s t  to  n o te  t h a t  iro n -fre e  p la tin u m  
appears to  h a v e  a  s u s c e p t ib il ity  o f z ero , a n d  t h a t  th e  
susceptibility of “ p la t in u m ”  ra n g e s  fro m  1 to  125. A  
value of a b o u t 20, in  th e  sam e u n its , h a s  u s u a lly  b een  
found for th e  s u s c e p tib il ity  of p u re  p la tin u m , due 
undoubtedly to  th e  p re se n ce  of iro n . T h e  to ta l  
amount of iro n  in  a  cru c ib le  ca n n o t be d e te rm in e d  
readily from  th e  m a g n e tic  m e a su re m e n ts , a s  is seen  
by com parison o f th e  m a g n e tic  a n d  ch e m ic a l d a ta  of 
Table I I I ;  an d  th e  iro n , w h ich  is  su p p o s e d ly  in  s o lu ­
tion in the p la tin u m , on h e a tin g  d iffu ses  to  th e  s u r­
face as fa s t  as re m o v e d  b y  o x id a tio n , th u s  te n d in g  
to establish an  e q u ilib r iu m  b e tw e e n  th e  iro n  o x id e, 
oxygen and th e  iro n -p la tin u m  so lu tio n  a t  th e  te m p e r­
ature of the e x p e rim e n t. T h e  iro n  w a s  fo u n d  n o n -u n i- 
formly d is tr ib u te d  in  som e of th e  c ru c ib le s . T h e  iro n  
washed o u t in  th re e  a c id  tr e a tm e n ts  is seen  to  be 
greater th a n  th e  to ta l  iro n  c o n te n t  c a lc u la te d  as iro n  
from the m agn etic ' d a ta , sh o w in g  t h a t  th e  F e - P t  a llo y  
containing o n ly  a fe w  h u n d re d th s  p er ce n t  iro n  is p a r a ­
magnetic an d  a lso , fro m  th e  d a ta , t h a t  th e  s u s c e p ti­
bility is n ot p ro p o rtio n a l t o  th e  iro n  c o n te n t.

C onsidering fu r th e r  th e  in fe re n ces  to  be d ra w n  
from the resu lts  re co rd e d  in  T a b le s  I I ,  I I I  a n d  I V , 
it is seen t h a t , t a k in g  th e  E . M . F . as a  cr ite rio n  of 
purity, there is a  p u rific a tio n  of a ll c ru c ib le s  c o n ta in - 
mg over 0 .5  per ce n t  ir id iu m  a fte r  h e a tin g . T h e

p la tin u m -rh o d iu m  cru c ib le s  (m a n d  n ) do n o t ch a n ge  
co m p o sitio n  on- h e a tin g ; th a t  is, th e  irid iu m  p asses 
o u t  o f th e  cru c ib le  a n d  th e  rh o d iu m  does n o t a p p re ­
c ia b ly .

T h e  losses on h e a t in g  a n d  a fte r  a c id  tr e a tm e n t  
a re  seen  to  b e  f a ir ly  u n ifo rm  fo r  e a ch  cru c ib le . F o r  
so m e o f th e  less p u re  c ru c ib le s  th e  loss in  w a sh in g  is 
g r e a te r  th a n  th e  h e a tin g  loss (n o ta b ly  fo r  cru c ib le s  
h, j ,  a n d  I). T h e  t o ta l  h e a tin g  losses p er 100 cm 2, 
ra n g e  fro m  4 .2 8  to  1 6 .1 7  m g- f ° r 6 hrs. a t  12 0 0 °, 
a n d  th e  t o ta l  a cid  lo sses (du e m a in ly  to  iro n ) fro m  0 .3 2  
to  12 .0 0  m g ., fo r  th e  cru c ib le s  c o n ta in in g  irid iu m . 
F o r  th e  p la tin u m -rh o d iu m  c ru c ib le s , m  a n d  11, c o n ta in ­
in g  7 to  8 p er ce n t  rh o d iu m , th e  t o ta l  lo sses on  h e a t­
in g  a n d  w a sh in g  to g e th e r  are o n e -fo u rth  less th a n  fo r  
th e  h e a tin g  loss alone fo r  p u re s t p la t in u m  (cru c ib le  a). 
In  g e n e ra l, th e re  is no re la tio n  b e tw e e n  th e  a c id  loss a n d  
loss on  h e a tin g  o f c ru c ib le s  c o n ta in in g  b o th  irid iu m  
a n d  iro n , sh o w in g  th e  in d e p e n d e n ce  of th e  d e te rm in a ­
tio n  of lo ss  of so lu b le  a n d  in so lu b le  m a te r ia ls  b y  th e se
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L o s s  In  W t. (rtS.) P e r  100 C e i P e r  <0 H r .H e c t

F i g . 2— V o l a t il iz a t io n  v s . T h e r m o e l e c t r i c  F o r c e

m e th o d s , a lth o u g h  r e la t iv e ly  la rg e  a m o u n ts  o f iro n  
a p p e a r  t o  lo w e r so m e w h a t th e  losses on  h e a tin g  th a t  
w o u ld  o th erw ise  b e  o b se rv e d  (see c ru c ib le s  h, j ,  I). 
T h e  a c id  lo sses are  seen  to  v a r y  fro m  a ll iro n  to  o n ly  
13 p er ce n t iron .

T H E  P R E D I C T I O N  01’ H E A T IN G  L O S S E S  T h e  q u e s ­
t io n  a rises, can  th e  p ro b a b le  loss on  h e a tin g  of a  g iv e n  
cru c ib le  of u n k n o w n  co m p o sitio n  be p re d ic te d  fro m  
th e se  d a ta ?  A lth o u g h  a d efin ite  a n sw er c a n n o t be 
g iv e n , n e v e rth e le ss  th e  o b s e r v a tio n s  p o in t to  a  r e a ­
so n a b le  p r o b a b ility  o f a ffirm a tiv e  re p ly .

C o n s id e r  F ig . 2, in  w h ich  th e  h e a tin g  losses a re  
p lo tte d  a g a in s t  E . M . F . a t  n o o °  C . a g a in s t  pure  
p la tin u m  fo r  e a ch  o f th e  14 c ru c ib le s . T h e  p u re s t 
c ru c ib le s  a, b, c, d a n d  e a ll lie  c lo se  to g e th e r  a t  5 
m g. loss a n d  less th a n  1 m illiv o lt . T h e  p la tin u m - 
rh o d iu m  c ru c ib le s  m  a n d  n  lie  o n  a  lin e  in c lin e d  to  
th e  le ft  o f s m g ., a n d  w h ich  w o u ld  re a ch  t o  th e  h e a t  
loss fo r  p u re  rh o d iu m  as a  lim it . T h e  p la tin u m -
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irid iu m  c ru c ib le s  /  a n d  i ,  c o n ta in in g  n e g lig ib le  iro n , 
lie  o n  a  lin e  in c lin e d  to  th e  r ig h t  o f 5 m g. T h e  p la ti-  
n u m -ir id iu m  cru c ib le s  c o n ta in in g  co n sid e ra b le  iro n , 
h, I, j  a n d  k, lie  to  th e  le ft  o f th e  irid iu m  lin e ; h m a y  
a lso  co n ta in  rh o d iu m .

I t  w o u ld  fo llo w , th e re fo re , t h a t  one w o u ld  e x p e c t  a 
cru c ib le  n e a rly  free  fro m  iro n  (w h ich  fa c t  is  r e a d ily  
te s te d  b y  h e a tin g  o v e r  th e  b la s t  la m p ) w ith  a  m e asu red
E . M . F . o f s a y  8 m illiv o lts  a g a in s t  p u re  p la tin u m , 
to  lose 4 m g. p er 100 cm 2, o f s u rfa ce  in  6 h o u rs a t  1200° 
C . if  m ad e  o f a  rh o d iu m  a llo y  of p la tin u m , an d  w o u ld  
e x p e c t  i t  to  lose a b o u t  20 m g. if o f an  irid iu m  a llo y . 
T h e  d is t in c tio n  b e tw e e n  th e se  ir id iu m  a n d  rh o d iu m  
a llo y s  m a y  u s u a lly  b e  m ad e  m ic r o s c o p ic a lly , th e  fo rm e r 
h a v in g  d e fin ite  sm o o th  c r y s ta ls  w ith  h e a v y  b o u n d a rie s  
a n d  th e  la tte r  a  less p ro n o u n c e d  a n d  m ore irr e g u la r  
t y p e  of c r y s ta ls . W h en  iro n  is p re se n t th e se  h e a t 
losses w ill be re d u ce d  s o m e w h a t a n d  m a y  be h a lv e d , 
s in ce  th e  e ffe c tiv e  d is in te g r a tio n  a re a  is re d u ce d  b y  th e  
la y e r  of iro n  o x id e. F ig . 2 m a y  th e re fo re  be used , a t 

■least a p p r o x im a te ly , as a  b a sis  fo r  e s t im a tin g  losses 
on h e a tin g  of p la t in u m  cru c ib le s  fo r  th e  u su a l p ro d ­
u c ts  fourfd  on th e  m a rk e t  a n d  F ig . 2 is p r o b a b ly  
re lia b le  fo r  p r a c t ic a lly  iro n -fre e  cru c ib le s  c o n ta in in g  
up  to  40 p er ce n t  rh o d iu m  or to  p e rh a p s  10 per 
ce n t irid iu m .

In  v ie w  o f th e  fa c t  t h a t  a  s a t is fa c to r y  d e te rm in a ­
tio n  o f th e  loss on  h e a tin g  fo r  a n y  t y p e  o f c ru c ib le  
ca n  b e  m ad e  o n ly  b y  e la b o ra te  e x p e r im e n ta tio n , it  
is  e v id e n t ly  o f in te re s t to  be a b le  to  s u b s t itu te  th e  
s im p le  th e rm o -e le c tr ic  te s t  a n d  m icro sco p ic  e x a m in a ­
tio n .

s u g g e s t i o n s  a s  t o  s p e c i f i c a t i o n s — W h a t  is d e­
s ire d  in  a  c ru c ib le  fo r  e x a c t  a n a ly t ic a l  w o rk  is a  m a ­
te r ia l w h ich  w ill s t r ic t ly  m a in ta in  its  w e ig h t  on  h e a t ­
in g  a n d  on  tr e a t in g  w ith  s tro n g  a c id  a fte r  h e a tin g ; 
w h ich  w ill n o t exu d e  a n y  o x id iza b le  or so lu b le  m a tte r  
on  h e a t in g ; w h ich  w ill n o t c r a c k  or d e v e lo p  o th e r m e ­
c h a n ic a l d e fe c ts ; a n d  w h ich  is s tiff  e n o u g h  to  h a n d le  
c o n v e n ie n t ly  w ith  to n g s . S o m e o f th e se  re q u ire m e n ts  
a p p e a r  to  b e  s im u lta n e o u s ly  d ifficu lt o f re a liz a tio n  
in  th e  p re se n t s ta te  o f o u r scien ce  a n d  of th e  a r t  of 
w o rk in g  p la tin u m  a n d  its  a llo y s .

Ir id iu m , w h ich  a d d s s tiffn e ss  to  p la tin u m , ren d ers 
th e  cru c ib le  s u b je c t  to  p ro p o r t io n a lly  g r e a te r  losses 
o f w e ig h t  on  h e a tin g . T h e  p re se n ce  of iro n  a p p e a rs  
to  lo w e r m a te r ia lly  th e  h e a t  lo sses b u t  is v e r y  o b je c ­
t io n a b le  on a c c o u n t of th e  fo rm a tio n  of a  so lu b le  
o x id e  c o a tin g . T h e  p u re s t p la tin u m  is  u s u a lly  n o t  
stiff  e n o u g h , a lth o u g h  tw o  o r th re e  of th e  a p p a r e n t ly  
p u re st c ru c ib le s  h ere e x a m in e d  w ere  u n a c c o u n ta b ly  
s tiff, p e rh a p s  b e ca u se  of th e  p re se n ce  of a  sm a ll a m o u n t 
o f o sm iu m  o r s ilica . R h o d iu m  b o th  s tiffe n s  th e  c r u c i­
ble  a n d  lo w e rs  th e  h e a t  a n d  a c id  lo sses a n d  is m u ch  
to  b e  p re fe rre d  t o  ir id iu m  as a n  a llo y in g  e le m e n t, a n d  
c ru c ib le s  c o n ta in in g  sm a ll a m o u n ts  of rh o d iu m , s a y  
fro m  3 to  s p er ce n t, are  to  b e  p re fe rre d  t o  c ru c ib le s  
of p u re  p la tin u m . A s  th e  rh o d iu m  c o n te n t is in cre a se d  
th e  cru c ib le  m a y  d e v e lo p  c r a c k s  in  se rv ice .

A  re q u ire m e n t w h ich  m ig h t re a s o n a b ly  b e  m e t, a t 
n o t to o  g r e a t  exp en se  fo r  h ig h e st g ra d e  c ru c ib le s , 
w o u ld  b e : p la tin u m  c o n ta in in g  3 to  5 p er ce n t rh o d iu m ,

p r a c t ic a lly  free  fro m  iro n  a n d  ir id iu m , a n d  containing 
no o th e r d e te c ta b le  im p u ritie s . F o r  m o st purposes, 
th e se  re q u ire m e n ts  co u ld  be ch e c k e d  b y  assuring 
o n e ’s se lf t h a t  th e  E . M . F . a t  i i o o 0 C . against pure 
p la t in u m  w a s  less th a n  8 a n d  g r e a te r  th a n  5 milli­
v o lts ;  t h a t  th e  c h a r a c te r is t ic  c r y s ta l  s tru ctu re  was 
t h a t  o f rh o d iu m  a n d  n o t  ir id iu m ; a n d  th a t  no iron 
h y d r o x id e  p r e c ip ita te  w a s  o b ta in e d  a fte r  ignition for 
tw o  h o u rs o v e r  s tro n g  b la s t  a n d  a p p ly in g  the acid 
tr e a tm e n t  as a b o v e  d e scrib ed . I f  p u re  p latin u m  were 
p re fe rre d , th e  E . M . F . a t  u o o °  C . sh o u ld  be less than 
1 m illiv o lt . I f  o th e r s tiffe n in g  in g re d ie n ts  than  rho­
d iu m  b e a llo w e d , th e  1 m illiv o lt  E . M . F . requirement 
sh o u ld  be m a in ta in e d .

S U M M A R Y  A N D  C O N C L U S IO N S

I— T h e re  w ere e x a m in e d  b y  th e  thermoelectric 
m e th o d  164 p ieces of p la tin u m  w are  of w hich  26 per 
ce n t  c o n ta in e d  less th a n  0 .5  p er ce n t  irid iu m  and 67 
p er ce n t less th a n  2 p er ce n t of ir id iu m . O f 84 cruci­
b les  36 p er ce n t c o n ta in e d  less th a n  o . 5 p er cent iridium 
a n d  87 p er ce n t less th a n  2 p er ce n t irid iu m .

I I — A  m e th o d  h a s  b een  d e v e lo p e d  fo r  determina­
tio n  of th e  e x a c t  loss o n  h e a tin g  of p la tin u m  crucibles, 
b y  m ean s o f a  s u ita b le  e le c tr ic  fu rn a ce  containing 
no h e a te d  m e ta l p a rts .

I I I — F o u rte e n  cru c ib le s  of v a r io u s  m akes and 
g ra d e s  w ere e x a m in e d  fo r  loss in  w e ig h t on heating 
a n d  a fte r  a c id  t r e a tm e n t  fo llo w in g  each  heating. 
T h e ir  m a g n e tic  s u s ce p tib ilit ie s  w ere  a lso  determined. 
T h e  s u s c e p t ib il ity  o f p u re  p la tin u m  is zero and the 
ra n g e  of s u s c e p tib ility  fo r  se v e n  c ru c ib le s  is 1 to 125.

I V — T h e  h e a tin g  lo sses p er 100 c m 2, of practically 
iro n -fre e  cru c ib le  su r fa c e  a t  120 0 ° C . ran ged from 
o . 71 m g. to  2 .6 9  m g. p er h o u r, th e  lesser losses being 
fo r  c ru c ib le s  c o n ta in in g  rh o d iu m  a n d  th e  greater 
losses b e in g  a ss o c ia te d  w ith  ir id iu m .

V — Iro n  a p p e a rs  to  lessen  so m e w h a t th e  loss of 
w e ig h t on  h e a tin g  b u t  its  p re se n ce  is  objectionable 
on a c c o u n t of th e  so lu b le  o x id e  fo rm e d  on th e  crucible 
s u rfa ce . T h e  c h e m ic a l a n a ly se s  a n d  m a gn etic  meas­
u re m e n ts  p la ce  th e  c ru c ib le s  in  o n ly  a p p ro x im a te ly  the 
sam e o rd er as to  iro n  c o n te n t;  th e  m a g n e tic  suscepti­
b i l i t y  is n o t, h o w e v e r , p ro p o rtio n a l to  th e  iron  content.

V I — I t  a p p e a rs  to  be p o ssib le , fro m  a thermoelectric 
a n d  m icro sco p ic  e x a m in a tio n  of a  c ru c ib le , to  predict 
its  p ro b a b le  lo ss  of w e ig h t  on h e a tin g  w ith in  limits 
close e n o u g h  fo r  a n a ly tic a l  p u rp o ses.

V I I — S u g g e stio n s  are  o ffered  co n cern in g  the speci­
fica tio n s  of h ig h e s t  g ra d e  p la t in u m  cru cib les , including 
th e  s u b s t itu tio n  o f rh o d iu m  to  5 p er c e n t for iridium, 
a n d  th e  p r a c t ic a l e lim in a tio n  o f iro n .

V I I I — W h e th e r  c ru c ib le s  h a v e  b een  lo n g in use 
o r n o t, a fte r  th e  first tw o  o r th r e e  h e a tin g s  and acid 
w a sh in g s, a p p e a rs  to  h a v e  l i t t le  or no effect in their 
b e h a v io r  as to  losses on  h e a tin g  a n d  w ashin g.

W e w ish  to  e x p re ss  o u r o b lig a tio n  to  D r. W. F. 
H ille b ra n d  w h o  h a s  fu rn ish e d  m a n y  v a lu a b le  sugges­
tio n s  w h ich  h a v e  a id ed  th e  p ro g ress  o f th is  investiga­

tio n .
B u r e a u  o f  S t a n d a r d s ,  W a s h i n g t o n ,  D . C .
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THE PREPARATION, PROPERTIES AND COM POSITION  
OF SILUNDUM

B y  S a m u e l  A . T u c k e r  a n d  A l e x a n d e r  L o w y  

R ec e iv ed  M a y  3, 1915

Silundum is a  p ro d u c t  o f th e  e le c tr ic  fu rn a ce , a n d  
was d iscovered  b y  B o llin g ,1 a t  F ra n k fo rt-o n -th e -  
Main, G erm an y . A s  e a r ly  as  1900 he b e g a n  th e  s tu d y  
of the use of th e  v a r io u s  s ilico n  ca rb id e s  as re sisto rs, 
being led to  th is  w o rk  b y  th e  fa c t  t h a t  th e se  ca rb id e s  
can be su b jecte d  to  h ig h  te m p e ra tu re s  w ith o u t  u n d e r­
going d eco m p o sitio n . H is m e th o d  w as to  m ix th e  
silicon carb ide p o w d e r w ith  v a r io u s  b in d ers  in  o rd er 
to hold th e  in d iv id u a l p a rtic le s  to g e th e r . T h e  m ass 
is a n on -con ductor a t  lo w  te m p e ra tu re s , b u t  a t  a b o u t 
700-800° C . it  b e co m es c o n d u c tiv e , th u s  b e in g  u se ­
less at a h igh er te m p e ra tu re .

By 1904 a  p ro cess w as  w o rk e d  o u t a n d  p a te n te d  
by which it  is p o ssib le  to  c o n v e rt  a n y  p iece  o f ca rb o n , 
e. g., a cru cib le, b ric k , ro d , e tc ., in to  s ilico n  ca rb id e . 
By this m eth o d  re sisto rs  w ith o u t  a n y  b in d in g  m a ­
terial are o b ta in e d , w h ich  w ill s ta n d  te m p e ra tu re s  
as high as 16 5 0 -17 0 0 °  C . P r e v io u s  to  1904, s ilico n  
carbide h ad  b een  k n o w n  in  tw o  c o n d itio n s  o n ly —  
amorphous a n d  c ry s ta llin e — an d  it  w as  su p p o se d  to  
be formed b y  th e  in te ra c tio n  of su b lim e d  ca rb o n  a n d  
sublimed silicon. B o llin g , h o w e v e r , d isco v e re d  t h a t  
silicon p en etrates ca rb o n  w h en  b o th  a re  in  a  h ig h ly  
heated co n d itio n , b u t  a t  to o  lo w  a te m p e ra tu re  fo r  
the carbon to  h a v e  a n y  a p p re c ia b le  v a p o r  ten sio n . 
He claim ed t h a t  s ilico n  a t  a b o u t 1600° C . e x is ts  in  
the forfn of v a p o r . . C a rb o n  a t  th is  te m p e ra tu re  h as 
an extrem ely sm a ll v a p o r  p ressu re . A c c o rd in g  to  
Bolling’s d efin itio n , s ilu n d u m  is th e  p ro d u c t  t h a t  is 
obtained w hen ca rb o n  is h e a te d  in  an' a tm o sp h e re  of 
silicon vap or.

An electric fu rn a c e  su ch  as is u sed  fo r  th e  m a n u ­
facture of ca rb o ru n d u m  w as u sed  fo r  th e  p re p a ra tio n  
of silundum. P ie ce s  o f ca rb o n  p ressed  to  th e  d esired  
shape were in tro d u ce d  in to  a  m ix tu re  of sa n d  an d  
carbon, and th is  w as  h e a te d  b y  u s in g  as a  re sisto r a 
granular core of co k e . T h e  sa n d  w a s  re d u ce d  a n d  th e  
silicon, v o la tiliz in g , p e n e tr a te d  th e  ca rb o n  o b je c ts  
and thus “ s ilu n d u m iz e d ”  th e m .

M oyat2 cr itic iz e d  B o llin g ’s w o rk , a n d  c la im ed  t h a t  
silundum w as n o t a  n ew  ch e m ica l in d iv id u a l, b u t  
merely a new  v a r ie ty  o f s ilico n  ca rb id e .

Acheson’s p a te n t3 N o . 8 95 ,531 is in te re s tin g , in a s ­
much as it  d eals w ith  a  s im ila r  p ro d u c t. In  o rd er 
to protect cru cib les , tu y è r e s , b r ic k s , m uffles, an d  
other articles of ca rb o n  fro m  d e stru c tio n  a t  h ig h  te m ­
peratures in th e  p resen ce  of o x y g e n , or w h en  exp o sed  
to molten m eta ls, A ch e so n  p ro p o ses to  c o v e r  th e m  
with a co a tin g  of a  h ig h ly  r e fr a c to r y  s ilo x ico n , or 
silicon o x ycarb id e. T h is  p ro lo n g s  th e ir  life  a n d  p re ­
vents d isin tegratio n . A  p o rtio n  of th e  ca rb o n  on  th e  
surface of th e  a rtic le  its e lf  is u t iliz e d  in  p ro d u c in g  th e  
siloxicon ■ co a tin g . A ft e r  h a v in g  b een  sh a p e d  to  th e  
form desired, th e  ca rb o n  or g r a p h ite  a r t ic le  is e m ­
bedded in a  m ix tu re  of s ilica  a n d  ca rb o n  in  th e  p ro ­
portion of tw o  p a rts  o f sa n d  to  fiv e  of ca rb o n , a n d  is

1 F. Balling, Chem , Z tg ., 32 , 1104; Elcctrochem . a n d  M e t. In d ., 7 , 24.
’ M oyat, Chem. Z tg ., 32, 1166.
'  Acheson. U . S. P a te n t  N o . 895,531; Eleclrochem. a nd  M et. In d . ,  6 , 379.

e x p o sed  to  th e  p ro p er te m p e ra tu re  a t  w h ich  silico n , 
o x y g e n , a n d  c a rb o n  co m b in e  to  fo rm  silo x ico n .

T h e  p ro d u c t  o b ta in e d  b y  th is  m e th o d  resem b les 
in  a p p e a ra n ce  th e  lig h te r-c o lo re d  s ilu n d u m , w h ich  
is to  b e  d iscu ssed  la te r  in  g r e a te r  d e ta il.

T u c k e r  a n d  his c o -w o rk e rs 1 in  1909 m ad e  an  e x p e r i­
m e n ta l s tu d y  of th e  fo rm a tio n  of s ilu n d u m . In  
th e ir  e x p e rim e n ts  th e  ch a rg e  w as m ad e  u p  a cco rd in g  
to  th e  p ro p o rtio n  SiC>2 : 2 S iC . T h is  ch a rg e  w as 
h e a te d  in  a  ca rb o ru n d u m  fu rn a c e , th e  co re  of w h ich , 
in ste a d  of b e in g  o f g ra n u la r  ca rb o n , co n sis te d  of a 
n u m b e r o f sm a ll ca rb o n  p la te s , p ressed  to g e th e r  b e ­
tw e e n  tw o  h o r izo n ta l g ra p h ite  e le c tro d e s . A ro u n d  
th e  co re  w as  p la ce d  a  ch a rg e  o f sa n d  a n d  c a rb o ru n ­
d u m , in  w h ich  w ere e m b e d d e d , a t  v a r y in g  d ista n ce s  
fro m  th e  co re , th e  ca rb o n  a r tic le s  to  b e  s ilu n d u m ize d . 
T h e se  w o rk e rs  a lso  in v e s t ig a te d  th e  re a c tio n s  b e tw e e n  
sa n d  a n d  ca rb o n . T h e ir  e x p e r im e n ts  sh o w e d  t h a t  
s ilu n d u m  ca n  be p ro d u c ed  b y  e ith e r  o f th e  a b o v e  re ­
a c tio n s , i. e., b y  th e  re a c tio n  of sa n d  a n d  ca rb o n  or 
o f sa n d  a n d  c a rb o ru n d u m . T h e y  a lso  sh o w ed  th e  r e la ­
t iv e  d iff ic u lty  of o x id iz in g  s ilu n d u m . T w o  p la te s , 
s ilu n d u m iz e d  on th e  su rfa ce , w ere  h e a te d  to  a  h ig h  
te m p e ra tu re  b y  m ean s of an  e le c tr ic  cu rre n t. T h e  
g ra p h ite  cores w ere  c o m p le te ly  o x id ize d , le a v in g  o n ly  
b o x -lik e  sh e lls  o f s ilu n d u m .

A m b e r g -B o d io 2 a lso  p re p a re d  s ilu n d u m , a n d  s ta te s  
t h a t ,  “ A c c o rd in g  to  th e  te m p e ra tu re  a n d  th e  t im e , 
th e re  is o b ta in e d  a g r a y -  to  m e ta llic -a p p e a r in g  s ilico n  
ca rb id e , w ith  a  c o n te n t  o f s ilico n  g r e a te r  o r less th a n  
t h a t  w h ich  co rresp o n d s to  th e  fo rm u la  S iC . T h e  
p ro ce ss  m a y  b e  in te rr u p te d  a t  a n y  t im e  a n d  a  c o a tin g  
o f s ilu n d u m  of a n y  d esired  th ic k n e ss  p r o d u c e d .”

W ith in  th e  p a s t fe w  y e a rs , F . J . T o n e 3 h as o b ­
ta in e d  fo u r  p a te n ts  fo r  th e  p re p a ra tio n  a n d  m a n u fa c ­
tu re  o f d en se, c o m p a c te d  s ilico n  ca rb id e . F ro m  his 
d e sc rip tio n , th e  te rm  “ den se c o m p a c te d  s ilico n  c a r ­
b id e ”  is s y n o n y m o u s  w ith  th e  te r m  “ s ilu n d u m .”

E g ly ,4 e a r ly  in  19 13 , p a te n te d  a  s u b s ta n c e  ca lle d  
“ S il i t ”  w h ich  is p re p a re d  b y  h e a tin g  to  a  fa ir ly  h ig h  
te m p e ra tu re  silico n  ca rb id e , s ilico n , a n d  a b in d er, 
u n til a  h o m o g en eo u s m ass re su lts . “ S i l i t ”  is a go o d  
re sisto r an d  h as m a n y  in d u s tr ia l a p p lic a tio n s .

F . J. T o n e 5 d e scrib es  a  s ilic id iz e d  ca rb o n  w h ich  
h e  ca lls  “ S ilfr a x .”  In  o rd e r to  sh o w  th e  in te rio r  
s tru c tu re  of th e  m a te r ia l, he g iv e s  m icro p h o to g ra p h s  

o f it .
A  s u r v e y  o f th e  l ite r a tu r e  a n d  a ca re fu l p re lim in a ry  

e x a m in a tio n  o f s e v e r a l sa m p le s  o f s ilu n d u m , in d ic a te d  
to  th e  w rite rs  t h a t  in  a ll p r o b a b ility  th e  m a te ria l 
k n o w n  as s ilu n d u m  e x is ts  in  tw o  m o d ifica tio n s. T h e  
cru d en e ss  of th e  a n a ly t ic a l  m e th o d s u sed  in  d e te rm in ­
in g  th e  co m p o sitio n  of th e se  re fr a c to r y  m a te ria ls  
m a d e  it  im p o ssib le  to  d ra w  a n y  d e fin ite  co n clu sio n  
fro m  th e  w o rk  a lr e a d y  p u b lish ed . M o re o v e r , l it t le  
o r no d a ta  a re  a v a ila b le  on su ch  im p o rta n t  co n d itio n s  
fo r th e  p re p a ra tio n  o f s ilu n d u m  as te m p e ra tu re ,

1 T u c k e r , K u d lic h  a n d  H e u m a n n , T rans. A m . Eleclrochem. Soc., 16, 207.
2 A m berg -B od io , Z . E leklrochem ., 15, 72 5 -7 2 7 ; Chem . A b s., 4, 149.
* T o n e , U . S . P a te n ts  N o s. 913,324, 992.698, 1,013,700, 1,013,701.
« E g ly .  Elektro techn. Z e it ., 3 4 ,  263 -2 6 7 ; Chem . A b s ., 6 , 536 ; 7 , 1142,

2357.
* T o n e , T ra n s . A m . Eleclrochem. Soc., 26 , 181.
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p ro p o rtio n s  of r e a c tin g  m a te ria ls , a n d  t im e  o f h e a tin g . 
I t  seem ed , th e re fo re , t h a t  b y  a  ca re fu l in v e s tig a tio n  
in to  th e  b e st co n d itio n s  of te m p e ra tu re  fo r  p re p a rin g  
s ilu n d u m , w ith  an  im p ro v e d  m e th o d  of a n a ly s is  a n d  
a  ca re fu l e x a m in a tio n  of p ro p e rtie s , co n sid e ra b le  
lig h t  m ig h t be th ro w n  u p o n  th e  q u e stio n  o f th e  co m ­
p o sitio n  of s ilu n d u m . W ith  th is  p u rp o se  in  m in d  th e  
p re se n t in v e s tig a tio n  w as u n d e rta k e n .

S ilu n d u m , a cco rd in g  to  th e  co n d itio n s  u n d e r w h ich  
it  is fo rm e d , e x is ts  in  tw o  m o d ifica tio n s. O ne o f th ese , 
a  s te e l-g ra y  v a r ie t y ,  is fo rm e d  a t  a  te m p e ra tu re  of 
a b o u t 1900° C . an d  a n a ly z e s  v e r y  c lo se ly  to  th e  fo rm u la  
S iC ;  th e  o th er, a  s la te -g ree n  v a r ie t y  fo rm e d  a t a b o u t 
1600° C ., is an  o x y c a r b id e  of s ilico n  of th e  fo rm u la  
S ijC jO . I t  h a s  b een  d e te rm in e d  t h a t  s ilu n d u m  does 
n o t  d eco m p o se  b e lo w  2200° C . A t  h ig h er te m p e ra ­
tu res s ilico n  d istils  off, le a v in g  a  g ra p h ite  sk e le to n  
o f th e  sam e fo rm  as th e  o rig in a l s ilu n d u m , w h ich  
a c tio n  w o u ld  in d ic a te  t h a t  th e  g r a p h ite  does n o t 
v a p o r iz e  a t  th e  te m p e ra tu re  of d e co m p o sitio n , an d  
w o u ld  sh o w , fu r th e r , t h a t  s ilu n d u m  is fo rm e d  b y  th e  
re a ctio n  of s ilico n  v a p o r  a n d  so lid  ca rb o n , th e  te m p e r a ­
tu re  of fo rm a tio n  b e in g  lo w e r th a n  th e  te m p e ra tu re  
o f d e co m p o sitio n .

T h e  a c tio n  w h ic h  ta k e s  p la ce  in  th e  p ro cess of 
s ilu n d u m iz a tio n  m a y  b e  s u m m a riz e d  as fo llo w s: 
T h e  s ilico n  w h ich  is lib e r a te d  fro m  s ilica  b y  th e  re ­
d u c in g  a c tio n  of co k e- or s u g a r-c a rb o n  p e n e tra te s  
th e  so lid  ca rb o n  o r g r a p h ite  o b je c ts , a n d  th e re  re a c ts  
w ith  th e  ca rb o n , fo rm in g  a  s te e l-g ra y  v a r ie t y  o f s il­
u n d u m . T h is  ta k e s  p la ce  a b o v e  1800° C . B e lo w  
th is  te m p e ra tu re  th e  s la te -g re e n  v a r ie t y  is fo rm e d , 
m o st l ik e ly  b y  th e  p e n e tr a tio n  of th e  c a rb o n  b y  th e  
s ilico n  v a p o r  a n d  ca rb o n  m o n o x id e .

T h e  s tu m b lin g  b lo c k  in  th e  a n a ly s is  o f s u ch  r e fr a c ­
t o r y  su b s ta n c e s  as s ilu n d u m  h a s  b een  th e  d iff ic u lty  
of c o m p le te ly  d e co m p o sin g  th e  m a te ria l a n d  b u rn in g  
a ll th e  ca rb o n  to  ca rb o n  d io x id e. T h e  s ilico n  m a y  be 
d e te rm in e d  e a s ily  b y  m ean s of th e  w e ll-k n o w n  so d iu m  
ca rb o n a te  a n d  p o ta ss iu m  n itr a te  fu sio n . In  o rd er, 
th e re fo re , to  o v e rco m e  th e  d ifficu ltie s  h ith e rto  e n ­
c o u n te re d  in  th e  ca rb o n  d e te rm in a tio n , v a r io u s  flu xes 
a n d  o x id iz in g  a g e n ts  w ere  tr ie d , w ith  th e  o b je c t  o f 
r e p la c in g  th e  in a d e q u a te  so d iu m  p ero xid e  a n d  m a g ­
n esia  m e th o d 1 p re v io u s ly  u sed . A ft e r  co n sid e ra b le  
e x p e r im e n ta tio n  l ith a rg e  w as fo u n d  to  b e  a n  e x c e lle n t 
flu x  fo r  d e co m p o sin g  th e  m a te r ia l a n d  p a r t ia l ly  o x id iz ­
in g  it , c o m p le te  o x id a tio n  b e in g  e ffe c te d  b y  m ean s of 
a  s tre a m  o f o x y g e n . U sin g  th is  m e th o d  on ca r­
b o ru n d u m  c r y s ta ls , re su lts  w ere  o b ta in e d  t h a t  w ere 
a c c u r a te  w ith in  0.3 p er ce n t of th e o r e tic a l. C o n ­
sid erin g  th e  n a tu re  of th e  m a te ria l tre a te d , th is  w as 
s a t is fa c to r y . A n a ly s e s  o f s ilu n d u m  sa m p le s  w ere 
m ad e b y  th is  n ew  m e th o d , a n d  th e  re su lts  ch e ck e d  
on d u p lica te s . T h e re fo re , w e co n sid e r th is  to  be 
a go o d  m e th o d  fo r  th e  a c c u r a te  d e te rm in a tio n  of 
c a rb o n  in  r e fr a c to r y  c a rb o ru n d u m -lik e  su b sta n ce s.

D E S C R IP T I O N  O F  E X P E R I M E N T S

p r e p a r a t i o n  o f  s i l u n d u m — In  o rd er t o  o b ta in  
su ffic ien t a m o u n ts  of th e  s u b s ta n c e  fo r  th e  fu r th e r  
s tu d y  o f its  p ro p e rtie s  a n d  c o m p o sitio n , s ilu n d u m

1 F itz g e ra ld , Electrochem. In d .,  2 , 443.

w as p re p a re d  in  a  co k e  re s is ta n ce  fu rn a ce  (Experi­
m e n ts  i  to  7). S in ce  th is  t y p e  of fu rn a ce  does not 
len d  itse lf  to  a c c u r a te  te m p e ra tu re  m easurem ents, 
th e  te m p e ra tu re s  o f fo rm a tio n  an d  decom position 
w ere m easu red  in  a s e p a ra te  series o f experiments 
(8 to  13) in th e  A rse m  v a c u u m  e le c tr ic  fu r n a c e .1

T h e  co k e  re s is ta n ce  fu r n a c e 2 w as ch osen  because 
w ith  it  a  ra n g e  of te m p e ra tu re s  u p  to  a b o u t 2600° C. 
ca n  be -obtain ed  b y  v a r y in g  th e  a m o u n t of electrical 
e n e rg y . T h e  fu rn a ce , d ia g r a m m a tic a lly  represented 
in  F ig . 1, co n sists  e ss e n tia lly  o f a  co k e  resistor en­
clo sed  b y  ce m e n te d  fire -c la y  b r ic k  w a lls  w ith  magnesia 
lin in g . T h e  g ra p h ite  e le c tro d e s  e x te n d  th rou gh  the 
w alls  in to  th e  co ke.

T h e  g ra p h ite  cru cib le  co n ta in in g  th e  charge and 
th e  a rtic le s  to  be s ilu n d u m iz e d  w ere  em bedded in 
th e  co k e  core. T h e  e n e rg y  w as su p p lie d  b y  a 50 
k w . A . C . g e n e ra to r. T h e  m e asu rem e n ts  and the

4---1 »0---------------------------------  1 *0--->

   4 4 4 -----------------
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F ig . 1— R e s is t a n c e  F u r n a c e  ( D im e n s io n s  in  M m s .)

e x a c t  d e ta ils  of co n stru c tio n  of th e  fu rn a ce  are indi­
c a te d  in  th e  d ia g ra m .

C a rb o n  a n d  g ra p h ite  ro d s v a r y in g  in  diameter 
fro m  1/8 to  V s  in ., a n d  2 in . in  le n g th  w ere used. In 
a  fe w  e x p e r im e n ts  ca rb o n  tu b e s  w ere used. The 
ch a rg e  co n sis te d  of c le an  sa n d  a n d  co k e . For the 
sa m p le s  t h a t  w ere  to  b e  a n a ly z e d , sp ecia l charges, 
c o n sis tin g  of p re c ip ita te d  s ilica  a n d  sugar-carbon 
w ere  u sed , in  o rd er t o  o b ta in  a  p u re  p ro d u ct. The 
o b je c ts  to  b e  s ilu n d u m iz e d  in  th e se  cases were also 
m a d e  of g r a p h ite  o f th e  h ig h e st p u r ity .

e x p e r i m e n t s  i n  c o k e  r e s i s t a n c e  f u r n a c e

E x p e r im e n ts  1 to  7 w ere  c o n d u cte d  in order to 
find o u t  h o w  th e  v a r ia t io n  of th e  d ifferen t factors 
of t im e , e n e rg y  co n su m p tio n  a n d  com position  of 
ch a rg e  w o u ld  a ffe c t  th e  n a tu re  of th e  p ro d u c t formed.

1 A rsem , T ra n s . A m . E lectrochem. Soc., 9 , 153.
2 T u c k e r . Ib id ., 11, 307.
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The readings ta k e n  d u rin g  th ese  e x p e rim e n ts  a p p e a r  s till  h ig h e r te m p e ra tu re s  th a n  w ere used  in th e  p re v io u s  
in Table I. e x p e rim e n ts . A  ch a rg e  lik e  t h a t  in  E x p e r im e n t 1

T a b l e  I — R e a d in g s  T a k e n  d u r in g  E x p e r i m e n t s  in  C o k e  R e s is t a n c e  F u r n a c e

E x p e r im e n t  N o . 1 E x p e r i m e n t  N o . 2 E x p e r i m e n t  N o . 3
Time A m peres V olts T im e  A m p eres  V olts T im e A m p eres  V o lts
10 .0 0 0 4 0 1 .3 0 0 35 9 . 3 0 0 3 4
1 0 . 1 0 75 3 8 1 .4 5 2 0 0 3 0 9 .4 5 2 0 0 32
10 .2 0 1 0 0 3 6 1 .5 5 3 0 0 3 0 9 .5 5 3 1 0 3 0
10.30 150 3 4 2 . 0 0 4 0 0 3 0 1 0 . 0 0 4 0 5 25
10.40 150 34 2 . 1 0 4 0 0 26 1 0 .1 5 4 0 0  ' 25
10.50 150 34 2 . 2 0 4 0 0 26 1 0 .3 0 4 1 0 25
11.00 2 0 0 28 2 .3 0 4 0 0 26 1 0 .4 5 4 1 0 25
1 1 . 1 0 270 26 2 .4 0 4 1 0 26 11.00 4 0 0 25
1 1 . 2 0 300 26 2 .5 0 4 1 0 2 6 1 1 .3 0 4 0 0 25
11.30 300 2 6 3 .0 0 4 1 0 2 6 1 2 . 0 0 4 0 0 25
12 .0 0 300 26 1 2 .3 0 4 0 0 25

1.00 4 0 0 25

e x p e r i m e n t  i — A  ch a rg e co n sis tin g  of a  m ix tu re
of 60 g. coke a n d  150 g. sa n d  (th e  th e o re tic a l a m o u n t 
to produce silico n ) w as p la ce d  in  a  g ra p h ite  c ru c ib le . 
Four carbon ro d s x/\ in. in  d ia m e te r  an d  2 in . lo n g  w ere 
then em bedded in  th e  ch a rg e  an d  th e  cru c ib le  t ig h t ly  
covered .with a  g ra p h ite  co v e r. C r u c ib le  an d  co n ­
tents were p lace d  in  th e  fu rn a c e  w ith in  th e  co k e  re ­
sistor, and th e  e le c tr ic  c u rre n t tu rn e d  on. A fte r  tw o  
hours the fu rn a ce  w as a llo w ed  to  cool, a n d  e x a m in a ­
tion of the c o n te n ts  o f th e  cru c ib le  sh o w ed  t h a t  th e  
rods were n ot s ilu n d u m iz e d . T h e  sa n d  w as fu se d  
around the g ra p h ite  rods. T h is  e x p e r im e n t in d ic a te d  
that a higher te m p e ra tu re  w as n e ce ssa ry  fo r  th e  a c ­
complishment of th e  d esired  re a ctio n .

e x p e r i m e n t  2 w as co n d u c te d  in  o rd er to  s tu d y  
the effect of h ig h er te m p e ra tu re  on th e  re a ctio n . 
The electrical e n e rg y  c o n su m p tio n  w a s  in cre ase d , as 
indicated a b o v e , w ith  th e  o b je c t  o f o b ta in in g  th is  
desired h igher te m p e ra tu re . T h e  co m p o sitio n  of th e  
charge was th e  sam e as in  E x p e r im e n t 1. T h e  g ra p h ite  
rods upon fra c tu re  w ere  fo u n d  to  be s ilu n d u m iz e d  
half w ay th ro u g h . T h e  lin e  o f d e m a rc a tio n  b e tw e e n  
the silun dum ized p o rtio n  a n d  th e  p o rtio n  n o t a c te d  
upon was v e r y  sh a rp  (see th e  m icro p h o to g ra p h , 
Fig. 2 ) .  T h e  co lo r o f th is  p ro d u c t  w as  s la te -g ree n .

e x p e r i m e n t  3 w as in te n d e d  to  p ro d u c e  s ilu n d u m  
extending th ro u g h  th e  e n tire  cro ss-sectio n  o f th e  rods. 
The charge w as m a d e  up  e x a c t ly  as in  E x p e r im e n t 1, 
and the tem p e ra tu re  co n d itio n s  w ere  a lso  d u p lic a te d  
as closely as p o ssib le . T h is  e x p e rim e n t, h o w e v e r , 
was carried on tw o  h o u rs lo n g er th a n  E x p e r im e n t 2. 
The rods w ere c o m p le te ly  s ilu n d u m ize d , a n d  no g r a p h ­
ite core w as v is ib le . T h e  co lo r of th e  rods w as  s la te - 
green. T h e y  w ere c o n d u cto rs  of e le c tr ic ity  e v e n  a t 
ordinary tem p e ra tu re s.

e x p e r i m e n t  4  w as ca rr ie d  o u t  in  o rd e r to  d e te rm in e  
whether th ere  is a n y  d ifferen ce  in  th e  n a tu re  o f th e  
product o b ta in ed  w h en  th e  ro d s  a re  e m b e d d e d  in  th e  
charge and w h en  t h e y  a re  e x p o sed . T h e  ch a rg e  in 
this experim en t co n sis te d  of 120 g. s ilica  a n d  4 8  g. 
coke. T h e rod w as p la ce d  in  th e  ch a rg e  w ith  th e  u p p er 
half extendin g a b o v e  th e  su rfa ce  o f th e  ch a rg e . T h e  
other con dition s of th e  e x p e r im e n t w ere  th e  sam e as 
in Experim ent 2. T h e  p ro d u c t  w as  of a  s la te -g ree n  
color. F ra ctu re  sh o w e d  t h a t  th e  p a r t  e m b e d d e d  in  
the charge w as s ilu n d u m iz e d  a b o u t h a lf w a y  th ro u g h , 
while the p a rt e x p o sed  h a d  o n ly  a su p erfic ia l c o a tin g  
of silundum. T h is  e x p e r im e n t sh o w s t h a t  m ore c o m ­
plete s ilu n d u m izatio n  ta k e s  p la ce  w h en  th e  ro d s  are 
embedded in th e  ch a rg e  th a n  w h en  th e y  are exp o sed . 

e x p e r i m e n t  5  w as in te n d e d  to  sh o w  th e  e ffe c t  of

E x p e r i m e n t  N u m b e r  5 E x p e r im e n t  N o . 7
T im e  A m peres  V o lts  T im e  A m peres  V o lts  T im e  A m p eres  V o lts

9 .5 5 0 35 1 0 .5 0 5 5 0 28 1 0 . 0 0 0 4 0
1 0 .0 5 75 3 4 1 0 .5 5 525 28 1 0 . 1 0 1 0 0 3 6
1 0 . 1 0 1 0 0 3 0 11 , 0 0 5 5 0 28 1 0 . 2 0 2 0 0 3 0
1 0 .1 5 2 0 0 29 1 1 ..0 5 5 5 0 28 1 0 .3 0 5 0 0 2 8
1 0 . 2 0 2 5 0 3 0 1 1 . 15 555 28 1 0 .4 0 5 0 0 2 6
1 0 .2 5 3 5 0 29 1 1 . 25 5 5 0 28 •1 0 .5 0 5 5 0 25
1 0 .3 0 4 5 0 2 8 11 .3 5 5 5 0 28 1 1 . 0 0 6 5 0 25
1 0 .3 5 5 5 0 28 1 1 ..4 5 5 5 0 28 1 1 . 1 0 6 5 0 25
1 0 .4 0 5 5 0 28 1 1 ..5 5 5 5 0 28 1 1 .3 0 6 5 0 25
1 0 .4 5 5 5 0 28 1 2 ,. 0 0 5 5 0 28 1 2 . 0 0 6 5 0 25

1 2 .3 0  6 5 0  25

w as used . T h e  rods u p o n  fra c tu re  w ere fo u n d  to  be 
s ilu n d u m iz e d  a b o u t h a lf w a y  th ro u g h . T h e  co lo r 
o f th e  p ro d u c t w as  s te e l-g ra y , re se m b lin g  c a rb o ru n d u m . 
C le a r ly  defin ed  c h a ra c te r is tic  ca rb o ru n d u m  c r y s ta ls  
w ere  fo u n d  on th e  su rfa ce s  of th e  s ilu n d u m iz e d  rods.

e x p e r i m e n t  6 w as .s im ila r to  E x p e rim e n t 5 e x c e p t  
t h a t  th e  h e a tin g  w as ca rr ie d  on  fo r  fo u r ho u rs. S u b s e ­
q u e n t e x a m in a tio n  of th e  ro d s sh o w ed  th a t  c o m p le te  
s ilu n d u m iz a tio n  h ad  ta k e n  p lace . T h e  ro d s w ere  
s te e l-g ra y  in  co lo r, a n d  h a d  sm all c a rb o ru n d u m  cry s-

F ro . 2

ta ls  on th e  su rfa ce . T h e y  w ere co n d u cto rs  of e le c ­
t r ic i t y  e v e n  a t  o rd in a ry  te m p e ra tu re s .

e x p e r i m e n t  7 w as d esig n ed  to  s tu d y  th e  e ffe ct of 
h ig h  te m p e ra tu re s . A  ro d  of s ilu n d u m  of th e  stee l- 
g r a y  v a r ie t y  w as  p la ce d  in th e  g ra p h ite  cru cib le  a n d  
h e a te d  fo r  tw o  h o u rs u n d e r e le c trica l co n d itio n s  as 
g iv e n  in  T a b le  I. T h e  s ilu n d u m  ro d  w as fo u n d  to  
h a v e  lo st a ll its  c h a ra c te r is tic  p ro p ertie s , a n d  on  fu r ­
th e r e x a m in a tio n  p ro v e d  to  b e  g ra p h ite .

E x p e rim e n ts  w ere a lso  ca rried  o u t in  o rd er t o  d e ­
term in e  w h a t w o u ld  b e  th e  e ffe ct o f v a r y in g  th e  c o m p o ­
sitio n  of th e  ch a rg e  u sed . I t  w as fo u n d , h o w e v e r , 
t h a t  no a p p re c ia b le  d ifferen ce  in th e  n a tu r e  o f th e  p ro d ­
u c t  re su lted  fro m  su ch  v a r ia t io n . So m e of th e  sa n d  
in  th e  ch a rg e  sin k s  to  th e  b o tto m , a n d  th e  co k e , b e ­
ca u se  of its  lo w e r sp ecific  g r a v it y ,  re m a in s  a t  th e  to p . 
T h e re  is n ev er , th e re fo re , a n y  v e r y  in tim a te  m ix tu re  
o f th e  in g re d ie n ts . I t  is n o t su rp risin g , in  co n se q u e n ce , 
th a t  sm a ll d ifferen ces in th e  ra tio  of th e  co m p o n e n ts  of 
th e  ch a rg e  sh o u ld  p ro d u ce  no d ifferen ces in  th e  re su lts .
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E X P E R I M E N T S  I N  A R S E M  E L E C T R I C  V A C U U M  F U R N A C E

e x p e r i m e n t s  8 t o  13— A s  te m p e ra tu re  d e te rm in a ­
tio n s  ca n n o t be m ad e w ith  a n y  degree  of a c c u r a c y  
in th e  e le c tr ic  fu rn a ce  u sed  a b o v e , E x p e rim e n ts  8 
to  13 w ere ca rried  o u t in an  A rse m  e le c tr ic  v a c u u m  
fu r n a c e ,1 in o rd er to  d e te rm in e  th e  te m p e ra tu re  of 
fo rm a tio n  an d  d e co m p o sitio n  o f s ilu n d u m . D e ta ils  
o f th e  co n stru ctio n  of th is  fu rn a ce , w h ich  is co m p lex , 
are o u t o f p lace  in th is  a rtic le , a n d  th e  re a d e r is re ­
ferred  to  th e  re feren ce  b e lo w . T h e  te m p e ra tu re  w as 
m easu red  w ith  a  W a n n e r o p tic a l p y ro m e te r . A s 
p y ro m e te r  rea d in g s  are u n tr u s tw o r th y  in  th e  p re s­
ence of fu m e s, b la n k  ru n s w ere  first m ad e  w ith o u t a n y  
m a te ria l in th e  fu rn a ce , n o tin g  a t  th e  sam e t im e  th e  
e n e rg y  co n su m ed  an d  th e  te m p e ra tu re  a tta in e d . T h e se  
te m p e ra tu re s  w ere th e n  ta k e n  as th e  te m p e ra tu re s  
w h ich  w o u ld  e x is t in  th e  e x p e rim e n ts  m a d e  u n d er 
th e  sam e co n d itio n s  of t im e  an d  e n e rg y  co n su m ed .

A  g ra p h ite  cru cib le , 3A  in. d ia m e te r  a n d  2V2 in. 
h ig h , w as  u sed . T h e  ca rb o n  ro d  to  b e  s ilu n d u m ized  
w as p la c e d  in th e  ce n te r  o f th is  cru c ib le  a n d  w as su r­
ro u n d e d  w ith  th e  ch a rg e , co m p o sed  as u su a l o f s ilica  
a n d  co k e . T h e  e n e rg y  co n su m p tio n  w as re co rd ed  b y  
a w a ttm e te r . T h e  resu lts  o f th ese  e x p erim en ts  are  
g iv e n  in T a b le  II .

T a b l e  I I — R e s u l t s  o f  E x p e r im e n t s  i n  A r s e m  E l e c t r ic  V a c u u m  
F u r n a c e

R a t io  of
E x p . T e m p . S iO i to  C  C o lo r of
N o. 0 C . in  ch a rg e  p ro d u c t R em a rk s

 8......... 1300 30 : 12   N o  s ilu n d u m  fo rm ed 9......... 1606 30 : 12 S la te -g reen  S u rface  s ilu n d u m iz a tio n
1 0 ......... 1712 30  : 12 S la te -g reen  S u rface  s ilu n d u m iza tio n
1  1......... 1845 30 : 12 S tee l-g ra y  1 S u rface  s ilu n d u m iz a tio n —
1 2 ......... 1900 3 0 :  12 S tee l-g ra y  i m o s t of ch a rg e  v o la tilized
1 3 ......... O v e r 2200 30 : 12 P ro d u c t decom posed

O w in g  to  th e  fa c t  t h a t  a  h ig h  v a c u u m  w as m a in ­
ta in e d  as th e  te m p e ra tu re  rose , som e o f th e  s ilico n  
d is tille d  fro m  th e  ch a rg e  a n d  th e  d e p th  o f s ilu n d u m iz a ­
tio n  w as v e r y  sm a ll, b u t  th e  s u rfa ce  la y e r  w as  su ffi­
c ie n t ly  c h a ra c te r is tic  to  d e te rm in e  th e  n a tu re  of th e  
p ro d u c t.

C O N C L U S IO N S  F R O M  E X P E R I M E N T S

I— -The te m p e ra tu re  of fo rm a tio n  of s ilu n d u m  is 
a b o v e  1300° C . (see E x p ts . 1 an d  8).

I I — U p  to  a b o u t 1800° C . th e  green ish  s la te -co lo red  
v a r ie t y  of s ilu n d u m  is fo rm e d  (see E x p ts . 2, 3, 4, 9 an d  
10).

I I I — A b o v e  1800° C . th e  s te e l-g ra y  co lo re d  v a r ie ty  
of s ilu n d u m  is fo rm e d  (see E x p ts . 5, 6, 11 a n d  12).

I V — C o n tin u e d  h e a tin g  a b o v e  2200° C . re su lts  in 
d e co m p o sitio n  o f th e  s ilu n d u m  w ith  fo rm a tio n  of 
g ra p h ite  (see E x p ts . 7 a n d  13).

V — T h e  e x te n t  o f p e n e tra tio n  o f s ilu n d u m iz a tio n  
d ep en d s u p o n  th e  d u ra tio n  of h e a tin g  (see E x p ts . 

2> 3, 4, 5 a n d  6).
V I — M o re  c o m p le te  s ilu n d u m iz a tio n  ta k e s  p la ce  

w h en  th e  o b je c t  is .em b ed d ed  in th e  ch a rg e  (see E x p t . 4).

P R O P E R T I E S  O F  S IL U N D U M

A c c o rd in g  to  B ö llin g ,2 s ilu n d u m  is a  fo rm  of s ilico n  
ca rb id e , an d  possesses p ro p ertie s  s im ila r  to  th o se  of 
ca rb o ru n d u m . I t  is c a p a b le  o f b e in g  m a in ta in e d  
for a  lo n g  tim e  a t  te m p e ra tu re s  u p  to  1600° C . w ith o u t

1 A rsem , T rans. A m . Electrochem. Soc., 9, 153.
* B ölling , Loc. cit.

ch a n g e , a n d  m a y  be h e a te d  fo r  a  sh o rt tim e  to 1700° C. 
w ith o u t d e te rio ra tio n . I t  is a  co n d u cto r of elec­
t r ic it y ,  its  re s is ta n ce  b e in g  a b o u t six  t im e s  th a t of 
ca rb o n . A t  io o o °  C . its  re s is ta n ce  is o n e -h a lf to  two- 
th ird s  of th a t  a t  ro o m  te m p e ra tu re . T h e  electrical 
re s ista n ce  is v a r ia b le , a n d  d ep en d s u p o n  th e  variety 
an d  h a rd n e ss  of th e  ca rb o n  used  in  th e  preparation, 
t h a t  m ad e fro m  p o ro u s ca rb o n  h a v in g  a  h igher resis­
ta n c e  th a n  t h a t  m ad e  fro m  c o m p a c t. S ilu n d u m  can­
n o t be m e lte d ; in th is  re sp e ct i t  re sem b les carbon. 
I t  m a y  be n ic k e l-p la te d , or co v e re d  w ith  a layer of 
p la tin u m . I t  is a re fr a c to r y  m a te ria l, b u t  it  is attacked 
b y  m o lten  m e ta ls  a t  h ig h  te m p e ra tu re s . I t  .m ay be 
h e a te d  to  a w h ite  h e a t  a n d  p lu n g e d  in to  cold water 
w ith o u t c ra ck in g .

B r ie fly , th e  re su lts  o f th e  p re se n t in vestig atio n  of 
th e  p h y s ic a l a n d  ch e m ica l p ro p ertie s  of silundum 
m a y  be su m m a rize d  as fo llo w s:

1— S ilu n d u m  is a  go o d  co n d u c to r  of electricity, 
w ith  a  n e g a tiv e  te m p e ra tu re  co effic ie n t fo r  its  resistance.

2— S ilu n d u m  is a  v e r y  h a rd  su b sta n ce — w ith  a hard­
n ess on M o h r ’s sca le  o f a b o u t 9.

3— T h e  sp ecific  g r a v it y  o f s ilu n d u m  is 2.9 to 3.
4— S ilu n d u m  is n ot a tta c k e d  b y  h y d ro g e n , oxygen, 

or n itro g e n  e v e n  a t 110 0 ° C .
5— S ilu n d u m  is a tta c k e d  b y  so m e fu sed  salts.
6— S ilu n d u m  is n o t a tta c k e d  b y  acid s.
e l e c t r i c a l  c o n d u c t i v i t y — T h e  fo llo w in g  is the

m e th o d  fo r d e te rm in in g  th e  e le c tr ic a l . con ductivity  
o f s ilu n d u m : A  c y lin d ric a l ro d  o f u n ifo rm  diameter
w as used . In  o rd er to  d im in ish  th e  c o n ta c t  resistance 
as m u ch  as p o ssib le  th e  en d s w ere  copper-plated, 
th u s : th e  rods w ere d ip p e d  in to  p araffin e , the ends 
scra p e d  c lean , c o a te d  w ith  a  v e r y  th in  la y e r  of graphite, 
a n d  th e n  co p p e r-p la te d  e le c tr o ly t ic a lly . C o p p er wires 
w ere  so ld ered  on , a n d  th e  ro d s  w ere  clean ed . The 
re s is ta n ce  w as d e te rm in e d  a t  v a r io u s  tem peratures 
w ith  a v e r y  a c c u r a te  W h e a tsto n e  b r id g e .1

T h e  ro d  o f th e  s la te -g re e n  v a r ie t y  w as 1.871 cm. 
lo n g  and  0.635 c m - 111 d ia m ete r. T h e  ro d  of the steel- 
g r a y  v a r ie ty  w as  2.078 cm . lo n g  a n d  0.348 cm . in di­
a m ete r. O w in g  to  th e  fu sio n  of th e  so ld er, measure­
m en ts co u ld  n o t b e  m ad e  a b o v e  2 2 5 0 C . T h e rods 
w ere h e a te d  in  a  sm a ll H o sk in s  e le c tr ic  fu rn ace, and

T a h l e  I I I — R e s i s t a n c e s  o p  t h e  T w o  V a r i e t i e s  o f  S i lu n d u m  
S l a t e - g r e e n  V a r i e t y  

R o d  1.871 C m . L ong  an d  
0.635 C m . in  D ia m e te r

S t e e l - g r a y  V a r i e t y  
R o d  2 .078  C m . Long and 

0 .348  C m . in  D iam eter 
Specific 

resistance 
O hm s per cc. 

0.2391 
0.2374 
0.2278 
0.2205 
0.2118 
0.2022 
0.1958 
0.1901 
0.1850 
0.1809

th e  te m p e ra tu re  w as  re a d  b y  m ean s o f an ordinary 
th e rm o m e te r  w ith  its  b u lb  in  th e  h e a tin g  c h a m b e r .  

T a b le  I I I  sh o w s th e  m e asu red  re sista n ces  and the 
sp ecific  re s is ta n ces  in  o h m s a t  th e  v a r io u s  tempera­
tu res . T h e  sp e c ific  re s is ta n ce s  are p lo tte d  against the 
te m p e ra tu re s  in  F ig . 3.

1 T h is  w as d one in  th e  E le c tric a l T e s t in g  L a b o ra to ry  o f Colum bia 
U n iv e rs ity .

M easu red S pecific M easu red
T em p . re s is ta n ce re s is ta n ce re s is ta n ce
0 C . O hm s O hm s p e r  cc. O hm s

20 0 .9 1 4 5 0 0 .1 5 4 6 5 .2 2 5 0
25 0 .9 1 2 7 0 0 .1 5 4 3 5 .1 8 8 6
50 0 .9 0 0 0 0 0 .1 5 2 2 4 .9 7 8 6
75 0 .8 9 0 9 2 0 .1 5 0 6 4 .8 1 8 6

100 0 .8 8 1 9 2 0 .1491 4 .6291
125 0 .8 7 2 1 2 0 .1 4 7 4 4 .4191
150 0 .8 6 2 0 2 0 .1 4 5 7 4 .2791
175 0 .8 5 3 9 2 0 .1 4 4 3 4 .1541
200 0 .8 4 5 2 2 0 .1 4 2 9 4 .0441
225 0 .8 3 5 3 0 0 .1 4 1 2 3 .9541
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A tte m p ts  w ere m ad e  to  s p ra y  th e  en d s o f th e  ro d s 
according to  th e  S ch o o p 1 m eth o d , b u t w h en  t h e y  w ere 
heated, th e  b ra ss c o n ta c ts  b e cam e  lo o sen ed  fro m  th e  
ends of th e  rods.

It is e v id e n t fro m  th e  a b o v e  re su lts  t h a t  th e  re ­
sistance is p r a c t ic a lly  a  lin e a r  fu n c tio n  of th e  te m p e ra ­
ture. T h e  te m p e ra tu re  co effic ien t of re s ista n ce  is 
negative. T h e  sp ecific  re sista n ce  is m u ch  less th a n  
that for ca rb o ru n d u m , b e in g , a t  2 5 0, 0 .1543 oh m  
per cubic ce n tim e te r  fo r  th e  s la te -g ree n  v a r ie ty , a n d  
0.2374 ohm  p er cu b ic  ce n tim e te r  fo r th e  s te e l-g ra y  
variety, w hile  th a t  o f c a rb o ru n d u m  is 50 oh m s per 
cubic ce n tim e te r a t  2 5 0.2

It w as a tte m p te d  to  m easu re  th e  o h m ic re sista n ce  
of the a b o v e  ro d s a t  h ig h e r te m p e ra tu re s  b y  c la m p in g  
them b etw een  p la tin u m  p la te s . T h e  re s is ta n ce  v a r ie d  
from 75 ohm s to  a fra c tio n  of an  o h m , d e p e n d in g  u p o n  
the pressure e x e rte d  u p o n  th e  p la tin u m  p la te s , so th a t  
m easurem ents o f th e  sam e o rd e r of a c c u r a c y  as th o se
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determ ined a b o v e  w ith  p la te d  en d s co u ld  n o t be m ad e 
above 225° C .

h a r d n e s s  a n d  sp ecific  g r a v it y  m e asu rem e n ts  are 
given in T a b le  I V  fo r  th e  tw o  v a r ie t ie s  o f s ilu n d u m  
and for T o n e ’s a n d  B o llin g ’s p ro d u cts .

s p e c i f i c  g r a v i t y  w as d e te rm in e d  b y  m ean s of a 
specific g r a v ity  b o ttle , care  b e in g  ta k e n  to  e xp el a ll air 
bubbles b y  ca re fu l h e a tin g  an d  s u b s e q u e n t co o lin g . 

T a b l e  IV — H a r d n e s s  a n d  S p e c i f i c  G r a v i t y  o f  S i l u n d u m

Specific g ra v i ty
T one 's "S ilif rax ” .............................................  2 .9 6
Bdllitig's s i lu n d u m ..........................................  2 . 9 7
Greenish v a r ie ty  s ilu n d u m .........................  2 .9 2
S teel-gray v a r ie ty  s ilu n d u m ....................... 2 .9 4

H ard n ess  
(M o h r’s scale) 

9  p lu s  
9
8 to  9
9 m inus

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

a c t i o n  o f  g a s e s — O x y g e n , n itro g e n , a n d  h y d ro g e n  
have no a ctio n  on s ilu n d u m  h e a te d  to  te m p e ra tu re s  
up to i i o o 0 C . A n  a tte m p t  w as m ad e  to  o x id ize  s ilu n ­
dum in a b o m b  c a lo r im e te r  u n d e r a  p ressu re  of 25

‘ H e  I. I n d . ,  1914, p. 4 5 7 . T h i s  J o u r n a l ,  4, 8 5 3 ; 5, 7 7 6 ; 7, 72.
- P am ph le t, “ C h em ica l a n d  P h y sica l P ro p e rtie s  of C a rb o ru n d u m ,"  

Published by T h e  C a rb o ru n d u m  C o .. N ia g a ra  F a lls . N  Y .. 1913

a tm o sp h e re s  of o x y g e n , in  a  g e la tin e  ca p su le  co n ­
ta in in g  a  m ix tu re  of b e n zo ic  a cid  an d  s ilu n d u m . T h e  
g e la tin e  a n d  th e  b e n z o ic  a c id  w ere c o m p le te ly  o x id ize d , 
b u t th e  s ilu n d u m  w as u n a tta c k e d .

a c t i o n  o f  f u s e d  s a l t s , e t c .— S ilu n d u m  is n ot 
d eco m p o sed  b y  th e  fo llo w in g  fu se d  sa lts : so d iu m  sili­
ca te , b o ra x , a  m ix tu re  of p o ta ss iu m  ch lo ra te  and  
p o ta ss iu m  n itr a te , p o ta ss iu m  a c id  s u lfa te , c r y o lite , 
p o ta ss iu m  d ich ro m a te .

S ilu n d u m  is d eco m p o se d  b y  fu sed  so d iu m  ca rb o n a te , 
so d iu m  h y d ro x id e , a n d  p o ta ss iu m  h y d r o x id e  in p res­
en ce  o f a ir, y ie ld in g  th e  co rresp o n d in g  s ilica te s  and  
ca rb o n  d io xid e.

a c t i o n  o f  a c i d s — S ilu n d u m  is n o t  a c te d  u p o n  b y  
h y d ro c h lo ric , n itr ic , o r s u lfu r ic  acid s, n or b y  a  m ix tu re  
of h y d ro c h lo ric  a n d  n itr ic  ac id s, a  m ix tu re  o f ch ro m ic  
a n d  su lfu r ic  acid s, n or b y  fu sed  b o ric  a cid . C o m ­
m e rcia l s ilu n d u m , h o w e v e r , is s lig h t ly  a tta c k e d  b y  
h y d ro flu o r ic  a c id  an d  b y  a  m ix tu re  of n itr ic  a n d  h y d r o ­
flu o ric  ac id s, b e ca u se  o f th e  p resen ce  o f free  s ilico n  and  
silico n  d io x id e; b u t  p u re  sam p les  of s ilu n d u m  are not 
a tta c k e d  b y  th e se  acids.

a c t i o n  o f  o t h e r  s u b s t a n c e s — 'M o lte n  s u lfu r  has 
no a c tio n  on s ilu n d u m . S o d iu m  p ero xid e  o x id izes  
it  to  so d iu m  s ilica te  p lu s so d iu m  c a rb o n a te . L ea d  
o x id e  a lso  o x id ize s  it , p ro d u c in g  m e ta llic  lea d  an d  ca r­
bon  d io x id e  (pp. 566 a n d  570). F u se d  so d iu m  in p re s­
en ce  of a ir  d eco m p o ses silu n d u m , y ie ld in g  so d iu m  
s ilic a te  a n d  so d iu m  ca rb o n a te . T h e  a c tio n  in  th is  
case  is m o st l ik e ly  du e to  th e  p resen ce  of so d iu m  p e r­
o x id e  fo rm e d  fro m  th e  so d iu m .

C O M P O S IT IO N  O F  S IL U N D U M

In  o rd er to  o b ta in  s ilu n d u m  as p u re  as p o ssib le  
fo r  a n a ly sis , g r a p h ite  ro d s w ere  s ilu n d u m iz e d  a c c o rd ­
in g  to  th e  p re v io u s ly  d escrib ed  m eth o d s, in a  ch a rg e  
co n sis tin g  of s u g a r-ca rb o n  a n d  p re c ip ita te d  s ilica . 
T h e  re s u lt in g  s ilu n d u m  w as b ro k en  up  in to  sm all 
p ieces in a  stee l m o rta r, a n d  s u b s e q u e n tly  gro u n d  to  
a v e r y  fine p o w d e r in an a g a te  m o rta r. T h e  p o w d e r 
w as  th e n  p u rified . D e p e n d in g  up o n  th e  co n d itio n s  
of p re p a ra tio n , th e  p ro d u c t o b ta in e d  w as e ith e r  silico n  
ca rb id e  or s ilico n  o x y c a r b id e , w ith  p ro b a b le  im p u ritie s  
e ith e r  fro m  th e  ch a rg e  o r fro m  th e  re a ctio n , or fro m  
th e  m o rta r  in w h ich  th e  m a te ria l w as  g ro u n d . T h e  
im p u ritie s  m a y  b e  silico n , s ilica , ca rb o n , an d  iron . 
S ilico n  w as re m o v e d  w ith  b o ilin g  p o ta ss iu m  h y d ro x id e  
s o lu tio n , a n y  re m a in in g  s ilica  b y  m ean s of h y d r o ­
flu o ric  a c id , an d  th e  u n co m b in ed  ca rb o n  b y  lo n g  o x id a ­
tio n  w ith  a stro n g  b la st  la m p . F in a lly , in  o rd er to  
assu re  co m p lete  o x id a tio n  th e  m a te ria l w as  b o iled  
w ith  ch ro m ic  an d  s u lfu r ic  acid s, a n d  th e n  w ith  h y d r o ­
ch lo r ic  acid  in o rd er to  re m o v e  a n y  p a rtic le s  of iron  
w h ich  m a y  h a v e  b een  a b ra d e d  fro m  th e  m o rta r. 
T h e  m a te ria l w as th e n  th o ro u g h ly  w ash e d , a n d  w h en  
dried  w as r e a d y  fo r  a n a ly sis .

F o r th e  silico n  d e te rm in a tio n  0.3 to  0.4 g. of th e  
a b o v e  p u rified  s u b s ta n ce  w as w eigh ed  in to  a  p la tin u m  
cru cib le . T o  th is  w ere a d d ed  4 g. o f c h e m ic a lly  p u re  
so d iu m  c a rb o n a te  a n d  a  sm a ll c r y s ta l of p o ta ss iu m  
n itra te . T h e  c o n te n ts  w ere th e n  w ell m ixed  a n d  th e  
co v e re d  cru cib le  h e a te d , g re a t c a u tio n  b e in g  used  to
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a v o id  s p a tte r in g . T h e  h e a tin g  w as co n tin u e d  u n til 
a  q u ie t fu sio n  re s u lte d , th e n  s tro n g ly  in cre a se d  u n til 
a ll th e  ca rb o n  p a rtic le s  w ere o x id ize d , le a v in g  a  c le a r 
m elt. T h is  u p o n  co o lin g  g a v e  a  c lear, w h ite  m ass, 
w h ich  w as d isso lv ed  in  h y d ro c h lo ric  a c id  an d  e v a p o ­
ra te d  to  d ryn e ss, d e h y d ra te d  th re e  tim es , an d  th e  d e ­
te rm in a tio n  of s ilica  m ad e as in  ro ck  a n a ly sis . T h e  
s ilica  w as w eigh ed  b y  d ifferen ce  a fte r  re p e a te d  e v a p o r a ­
tio n  w ith  h y d ro flu o ric  acid . D u p lic a te  a n a ly se s  
c h e ck e d  w ith in  0 .15 p er ce n t. F ro m  th e  a m o u n t of 
s ilica  o b ta in e d  th e  p e rce n ta g e  o f silico n  w as ca lcu la te d . 
T h e  re su lts  a rc  g iv e n  in T a b le  V .

T a b l e  V — A n a l y s e s  o f  S il u n d u m  f o r  S il ic o n

P e r  C e n t  S i l i c o n  F o u n d  
S tee l-g ra y  S la te -g ray
s ilu n d u m  s ilu n d u m

6 9 .4 6  6 3 .1 6
6 9 .5 9  6 3 .2 8

T h e o r e t i c a l  P e r  C e n t  S i l i c o n  
in  silicon  In
c a rb id e  S Ù C 4O
7 0 .2 2  6 3 .8 8

T h e  m e th o d 1 fo rm e rly  e m p lo y e d  fo r th e  d e te rm in a ­
t io n  of co m b in ed  ca rb o n  in ca rb o ru n d u m -lik e  s u b ­
sta n c e s  w as to  fu se  a b o u t 0.3 g. o f th e  su b sta n ce  w ith  
3 g. o f ca lc in e d  m a g n esiu m  o xid e  an d  6 g. o f so d iu m  
p ero x id e  in  a  n ick e l cru cib le . A  b la n k  te s t  h a d  to  
b e  ru n  a t e a ch  set o f e x p e rim e n ts  to  d e te rm in e  th e  
a m o u n t of ca rb o n  d io x id e  p re se n t in th e  m a g n esia  an d  
s o d iu m  p ero xid e . F u rth e rm o re , it  w as  n e ce s sa ry  to  
h e a t  th e  cru cib le  w ith  a  h y d ro g e n  flam e u n til a v ig o r ­
o u s  re a ctio n  o ccu rre d , an d  th e  cru cib le  w h ile  still h o t 
w as  tra n s fe rre d  to  a  d e sic ca to r  ch a rg ed  w ith  so d a- 
lim e  an d  a llo w ed  to  cool. T h e  ca rb o n  d io x id e  w as th e n  
d e te rm in e d  b y  a n y  s u ita b le  m eth o d .

T h is  sch em e is s u b je c t  to  g r a v e  erro r, o w in g  to  th e  
a p p re c ia b le  a m o u n ts  o f ca rb o n  d io x id e  p re se n t in  th e  
m a gn esia  an d  so d iu m  p ero xid e . T h e  ca rb o n  d io x id e  
c o n te n t  of th e  so d iu m  p ero x id e  c o n tin u a lly  in creases, 
a n d  th e re fo re , e v e n  w ith  th e  b la n k  co rrec tio n s , th e  re ­
s u lts  a rc  s u b je c t  to  error. T h e  re a c tio n  is g e n e ra lly  
so  v io le n t th a t  s p a tte r in g  is a lm o st u n a v o id a b le . 
M o re o v e r , th e  p rocess is lo n g , a n d  in v o lv e s  to o  m a n y  
o p e ra tio n s  to  y ie ld  a b s o lu te ly  q u a n t ita t iv e  re su lts  
u n d er th e  co n d itio n s  g iv en .

T h e  m e th o d  w o rk e d  o u t in th is  p a p er a v o id s  th ese  
d ifficu lties .

A fte r  p re lim in a ry  e x p erim en ts  w ith  v a r io u s  o x id es, 
su ch  as p u re  cu p r ic  o x id e, ferric  o x id e, a n d  m a n g an ese  
d io x id e , as o x id iz in g  a g e n ts , it w as fo u n d  th a t  o n ly  
m o lten  lith a rg e  g a v e  go o d  re su lts  on  ca rb o n  d e te rm in a ­
tio n s  in c a rb o ru n d u m -lik e  su b sta n ce s. M o lte n  lith a rg e  
d is in te g ra te s  th e  p a rtic le s  of s ilu n d u m , an d  a t th e  sam e 
t im e  o x id ize s  th e  ca rb o n  to  ca rb o n  d io x id e. T h e  re ­
a c tio n s  m a y  be w ritte n  as fo llo w s:

S iC  +  4 P b O — * -S i0 2 +  4 P b  +  C 0 2,
P b O  +  S iO »— >  P b S i0 3, an d  s P b  +  0 2— * -2 P b O . 

p r o c e d u r e — 0.20 to  0.25 g. o f th e  sa m p le  w as 
w eig h ed  o u t in a w a tc h  g lass. T h is  w as th o r o u g h ly  
m ixed  w ith  5 g. o f lith a rg e  w h o se  ca rb o n  d io x id e  
c o n te n t  h a d  b een  d e te rm in e d  in a  b la n k  te s t  ca rried  
o u t  u n d er t h e 's a m e  co n d itio n s  as th e  a n a ly sis . T h e  
m ix tu re  of lith a rg e  a n d  sa m p le  w a s  p la ce d  in a  C . M . 
J oh n so n  co m b u stio n  b o a t  m ad e, of v itr ifie d  c la y , 
120 m m . lo n g  a n d  15 m m . w id e .2 E x p e rim e n ts  w ere

1 F itz g e ra ld , Loc. cit.
2 E im e r a n d  A m end . N ew  Y ork

also  m ad e  w ith  co m b u stio n  b o a ts  of p o rce la in , alun- 
d u m , n ick e l, iro n , a n d  co p p e r, b u t  a ll e x ce p t th e  vitri­
fied c la y  w ere  a tta c k e d  a n d  fu sed  b y  th e  m o lten  litharge. 

T h e  b o a t  w ith  its  ch a rg e  w as p la ce d  in  th e  silica 
tu b e  o f an  e le c tr ic  co m b u stio n  fu rn a ce , and  the air 
in th e  fu rn a ce  d isp la ce d  b y  o x y g e n  t h a t  h ad  been 
th o ro u g h ly  d ried  in  a 'd r y in g  tra in . T h e  cu rren t was 
tu rn e d  on  a n d  th e  te m p e ra tu re  ra ised  s lo w ly  enough 
to  a v o id -to o  ra p id  d e co m p o sitio n , w h ich , if it  occurred, 
w o u ld  b lo w  th e  ch a rg e  o u t  o f th e  co m b u stio n  boat. 
A  g e n tle  s tre a m  of o x y g e n  w as p assed  th ro u g h  the ap­
p a r a tu s  th r o u g h o u t th e  d e te rm in a tio n , a n d  th e  course 
of th e  re a c tio n  w as fo llo w e d  b y  o b s e rv in g  th e  rate at 
w h ich  th e  b u b b le s  o f ga s p assed  th ro u g h  th e  absorp­
tio n  a p p a ra tu s . A s  soon  as th e  e v o lu tio n  of carbon 
d io xid e  te n d e d  to  b ecom e ra p id , th e  e le c tric  current 
a n d  th e  flow  of o x y g e n  w ere  tu rn e d  off u n til th e  reaction 
su b sid e d , an d  no m ore b u b b le s  o f g a s  p a ssed  through 
th e  a b so rp tio n  a p p a ra tu s . T h e n  th e  curren t was 
tu rn e d  on a g a in , an d  a slo w  s tre a m  o f o x y g e n  passed 
th ro u g h . T h e  te m p e ra tu re  in side  th e  fu rn ace  was 
k e p t  a t  a b o u t 6000 C .  fo r  a b o u t 45 m in u tes , and then 
g r a d u a lly  ra ised  to  a b o u t 1000°. T h is  w as done to

A D* 4oda-li»n*
T -  C ô r n b u * I ïo r v  T v r ^ « c * •- £ll««T >»c.
Op H, éOA
M* Mt 60„ w _
K~ Co. />b«orfr>r.on Qulb:-VaTy'tT* iyp« '

— A p p a r a t u s .» C arbon DcLTitftnnNATioN.-
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e lim in a te  a n y  p o s s ib ility  o f ca rb o n  d io x id e  remaining 
in  th e  m o lten  m ass. T h e  ca rb o n  m o n oxid e  th a t may 
be g iv e n  off a t  th is  te m p e ra tu re  is co n ve rted  into 
ca rb o n  d io x id e  b y  p a ssin g  o v e r  a  h e a te d  coil of cupric 
o x id e. T h e  ca rb o n  d io x id e  e v o lv e d  w as absorbed in 
a  V a n ie r  K O H  a b so rp tio n  a p p a ra tu s.

T h e  a rra n g e m e n t of th e  a p p a ra tu s  as se t up  is indi­
c a te d  in  F ig . 4. A n a ly s e s  m a d e  b y  th is  m ethod are 
g iv e n  in  T a b le  V I .

T a b l e  V I — C a r b o n  i n  C a r b o r u n d u m  a n d  S i lu n d u m  
C o rrec tio n  fo r CO - in  P b O  *= 0.0175 G ram

Theo-
W e ig h t G ra m s  W e ig h t P e r  ce n t retical 
S am p le  C O : C 0 2 C  in P er cent

S a m p le  G ram s  evo lved  c o rrec ted  sam ple  Carbon
I  artre c a rb o ru n d u m  c ry s ta ls  1 0 .2 0 0 4  0 .2 3 3 0  0 .2 1 5 5  29 .3 3  in SiCL a rg e  c a rb o ru n d u m  c ry s ta ls .. 1 0 21 42  0 2488 0 .2 3 1 3  29 .4 5  29.78

„  , , (0 .2 5 0 9  0 .2 9 2 5  0 .2 7 5 0  2 9 .8 9  In
S tee l-g ra y  s ilu n d u m ..................... ^ 0 .2 2 1 4  0 .2 6 0 9  0 .2 4 3 4  2 9 .9 5  SiC

(0 .2 1 8 7  0 .2 5 8 6  0 .2 3 9 3  2 9 .8 4  29.78
., , (0 .2 0 8 2  0 .2 3 0 8  0 .2 1 3 3  2 7 .9 4  in

S la te -g reen  s i lu n d u m ................. -¡0 .2 4 1 3  0 .2 6 3 3  0 .2 4 5 8  2 7 .7 6  £>»C«0
(0 .2 2 6 5  0 .2 4 8 8  0 .2 3 1 3  27 .8 5  27.09

F ro m  th e  e x a m in a tio n  of th e  d a ta  in  T a b le s  V and 
V I  as su m m a riz e d  in  T a b le  V I I ,  it  is evid en t that 
th e  p e rc e n ta g e  of ca rb o n  a n d  th e  p ercen ta g e  of silicon 
in  th e  s te e l-g ra y  v a r ie ty  of s ilu n d u m  a d d  up nearly 
to  io o  p er ce n t, in d ic a tin g  th a t  th e  a ccep ted  formula
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SiC is co rrect fo r  th is  m o d ifica tio n  or v a r ie ty . On 
the other h a n d  th e  silico n  a n d  ca rb o n  in  th e  s la te- 
green v a r ie ty  o f s ilu n d u m  a d d  up  to  o n ly  9 1.0 7 p er
cent. T h is  v a r ie t y  e v id e n t ly  does n o t co rresp o n d  to
the form ula S iC .

T a b i . ii V I I — S u m m a r y  o p  A n a l y s e s

C a rb o -  S tee l-g ray  S la te -g reen
ru n d u tn  s ilu n d u m  s ilu n d u m

Tek C e n t  F o u n d  j

T o t a l ..................................

P e r  C e n t  T h e o r e t i c a l  j q 

T o t a l ...................................

It m ay be a ssu m ed  fro m  th e  ca re fu l m e th o d  of 
preparation, in w h ich  o n ly  p u re  s ilica , su g a r-ca rb o n , 
and grap h ite  w ere u sed , t h a t  th e  co m p o u n d  ca n  co n ­
tain only silico n , ca rb o n , a n d  o x y g e n . S in ce  a  te m p e ra ­
ture of a p p ro x im a te ly  160 0 ° C . m u st be a tta in e d  fo r 
tjie reaction  to  b eg in , p r a c t ic a lly  a ll th e  a ir is e x p elle d  
from the co v e re d  cru c ib le ; an d  fu rth e r , s in ce  ca rb o n  
monoxide gas is fo rm e d  b y  th e  re a c tio n  a n d  sw eep s 
out the la st  tra c e s  o f a ir, th e  re a ctio n  p ro d u c t  ca n  co n ­
sist only o f ca rb o n , s ilico n , a n d  o x y g e n , a n d  th e ir  
compounds. T h e  re m a in in g  8.93 p er ce n t m a y  le g it i­
mately be assu m ed  to  b e  o x y g e n . T h e  p e rce n ta g e  of 
oxygen co rresp o n d in g  to  th e  fo rm u la  SUC4O is 9.03 
per cent; o x y g e n  b y  d ifferen ce  is 8.93 per ce n t, w h ich  
is good a greem en t.

A ttem p ts w ere m ad e  to  d e te rm in e  th e  o x y g e n  co n ­
tent of th e  s la te -g ree n  v a r ie t y  d ir e c tly . T h e  sam p le  
was p laced w ith  a  p u re  m e ta l, su ch  as lea d , stee l, 
or copper in a  v itr ifie d  c la y  b o a t  in a  co m b u stio n  
tube of a p la tin u m -w o u n d  e le c tr ic  fu rn a c e , in  w h ich  
a tem p eratu re of 1300° C . ca n  b e  e a s ily  a tta in e d . 
The air in th e  a p p a ra tu s  w as d isp la ce d  b y  e x tre m e ly  
carefully p u rified  n itro g e n , p re p a re d  fro m  a m m o n iu m  
nitrite. T h e  id e a  in  v ie w  w as t h a t  th e  m o lten  m e ta l 
would d issolve th e  s u b s ta n c e  a n d  ca rb o n  m o n o x id e  
or carbon d io xid e  m ig h t be lib e r a te d . A rra n g e m e n t 
was made fo r th e  m o n o x id e  to  b e  o x id ize d  to  d io x id e  
by passing th ro u g h  a h o t tu b e  c o n ta in in g  cu p r ic  o x id e. 
Owing to  th e  fa c t  t h a t  th e  sam p le  in  e a ch  case  flo a te d  
on the su rface  of th e  m o lten  m e ta l, no re a c tio n  o c ­
curred, as e v id e n ce d  b y  th e  fa c t  t h a t  th e  K O H  a b ­
sorption a p p a ra tu s  d id  n o t ga in  in w e ig h t.

As regard s th e  re la tio n sh ip  of s ilu n d u m  to  c a r ­
borundum, resu lts  o b ta in e d  in  th is  p a p e r in d ic a te  th a t  
the steel-gray  v a r ie t y  is a  fo rm  o f ca rb o ru n d u m . T h e  
following fa c ts  m a y  b e  m e n tio n e d :

1— S ilun dum  h as th e  sam e ch e m ica l co m p o sitio n  as 
carborundum .

2— T heir ch e m ica l p ro p ertie s  are  s im ilar .
3— T h e te m p e ra tu re s  o f fo rm a tio n  a n d  d e co m p o si­

tion are p ra c t ic a lly  th e  sam e.
4— Som e of th e  p h y s ic a l p ro p e rtie s  m e asu red  v a r y  

from those g iv e n  in  th e  l i t e r a t u r e .1 T h is  d ifferen ce  
most lik e ly  is du e to  th e  f a c t  t h a t  th e  o th e r  w o rk e rs  
used different m e th o d s fo r  th e ir  m e asu rem e n ts .

S U M M A R Y

1— T w o d is t in c t  v a r ie t ie s  o f s ilu n d u m  w ere  p re p a re d .

1 P am ph le t, " C h e m ic a l a n d  P h y s ic a l P ro p e rtie s  of C a rb o ru n d u m ,"  
published by T h e  C a rb o ru n d u m  C o ., N ia g a ra  F a lls . N . Y ., 1913.

1— T h e  s la te -g ree n  v a r ie ty :  fo rm u la  S i4C 40 .
2— T h e  s te e l-g ra y  v a r ie t y :  fo rm u la  S iC .

I I — E x p e rim e n ts  w ere  m ad e  to  d e te rm in e  th e  effect 
o f v a r y in g  th e  te m p e ra tu re , d u ra tio n  o f h e a tin g , an d  
co m p o sitio n  of ch arge.

I I I — T h e  te m p e ra tu re s  o f fo rm a tio n  an d  d e co m p o si­
t io n  o f th e  tw o  v a r ie t ie s  of s ilu n d u m  w ere  d e te rm in e d .

I V — T h e  p h y s ic a l a n d  ch e m ica l p ro p e rtie s  of b o th  
fo rm s of s ilu n d u m  w ere  in v e stig a te d .

V — R e s u lts  o b ta in e d  in  th is  in v e s t ig a t io n  te n d  to  
sh o w  th a t  th e  s te e l-g ra y  v a r ie t y  o f s ilu n d u m  is a  v a ­
r ie ty  of ca rb o ru n d u m .

V I — A  q u a n t ita t iv e  m e th o d  fo r  ca rb o n  d e te rm in a ­
tio n  in c a rb o ru n d u m -lik e  su b s ta n ce s  h a s  b een  d e v ised .

E l e c t r o c h e m ic a l  L a b o r a t o r y

C o l u m b ia  U n iv e r s it y , N e w  Y o r k  C i t y

THE CONSTITUTION OF CHINESE W OOD OIL 
VARNISHES

B y  E . E . W a r e  a n d  C . L .  S c h u m a n n 1 
R ec e iv ed  A p ril 19, 1915

T h e  m odern  v a rn ish  o p e ra to r  is  w ell a c q u a in te d  
w ith  th e  gen era l ch a ra c te r is tic s  o f C h in e se  w o o d  oil, 
p a r t ic u la r ly  th o se  d e v e lo p e d  d u rin g  th e  h e a t t r e a t ­
m en t n e ce ssa ry  to  th e  m a n u fa c tu re  o f h ig h -g ra d e  
rosin  v a rn ish e s . H e is, h o w e v e r , so m etim e s p u zzle d  
to  a c c o u n t fo r  th e  irre g u la ritie s  e x h ib ite d  b y  th e  
d iffe re n t sh ip m en ts  o f ra w  oil, w ith  w h ich  he is s u p ­
p lied . T h e re  h a s  a lw a y s  b een  co n sid e ra b le  d iffi­
c u lt y  in  d e te rm in in g  w h e th e r th e  p e c u lia r itie s  o f th e  
p a r t ic u la r  oil in  q u e stio n  a re  due to  u n a v o id a b le  
irre g u la r it ie s  o f th e  oil o r to  an  a d u lte r a tio n  t h a t  
h a s  n o t m ad e  its e lf  m a n ife st  d u rin g  th e  la b o r a to r y  
e x a m in a tio n  o f th e  sh ip m en t.

T h e  p a s t  d iff ic u lty  in  th e  d e te c tio n  o f tu n g  oil 
a d u lte r a tio n  is b e in g  o v e rco m e , du e to  th e  d e v e lo p ­
m e n t of m e th o d s of e x a m in a tio n  t h a t  w ill d e te c t c o m ­
p a r a t iv e ly  sm a ll a m o u n ts  of a d d e d  m a te ria l. T h e  
19 15  re p o rt  of C o m m itte e  D i ,  A m e r ic a n  S o c ie ty  
fo r  T e s t in g  M a te ria ls , w ill, no d o u b t, do m uch t o ­
w a rd  s ta n d a rd iz in g  th e  a n a ly tic a l  m e th o d s fo r  th is  
oil, a n d  b y  so d o in g, w ill be o f co n sid e ra b le  a ssista n ce  
to  th e  v a r n is h  m a k e r in  th e  re g u la tio n  of h is  p ro d u c t.

T h e  m o st c h a ra c te r is tic  p r o p e r ty  e x h ib ite d  b y  
ch in a w o o d  oil is its  ra p id  b o d y in g  a t  te m p e ra tu re s  
c o n sid e ra b ly  b e lo w  th o se  u sed  fo r  o th e r oils. T h is  
in cre a se  in  v is c o s ity  c o n tin u e s  to  th e  p o in t o f c o m ­
p le te  so lid ifica tio n , e v e n  a t a  te m p e ra tu re  as lo w  as 
15 0 ° C . T h e  le n g th  of tim e  n ece ssa ry  fo r  c o m ­
p lete  so lid ifica tio n  d ep en d s u p o n  th e  te m p e ra tu re  
a n d  ra n g e s  fro m  30 h o u rs h e a tin g  a t  15 0 °, to  i c  
m in u tes  a t  280°. T h is  so lid  m a te ria l, p a r t ic u la r ly  
w h en  fo rm e d  a t h ig h  te m p e ra tu re s , is a  n o n -ta c k y , 
re s ilien t b o d y , p r a c t ic a lly  in so lu b le  in  th e  o rd in a ry  
s o lv e n ts . I t  is sa p o n ifie d  o n ly  w ith  d iff ic u lty , an d  
e x h ib its  o th e r c h a ra c te r is tic s  th a t  d e n o te  a c o m ­
p le te  ch a n g e  in  th e  o rig in a l g ly c e r id e . A lth o u g h  
in so lu b le  in m o st s o lv e n ts , th is  m a te ria l is c o m ­
p le te ly  so lu b le  in  a  n u m b e r of th e  o rg a n ic  acid s, 
in c lu d in g  rosin .

T h e  p resen ce  o f a ir  h a s  a  d e c id e d  e ffe c t  u p o n  th e  
ra te  of so lid ifica tio n , a lth o u g h , as h a s  b een  d em o n -

1 H o ld e r  of A cm e W h ite  L e ad  & C o lo r C o m p a n y  F ellow sh ip .
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s tra te d  a t  d ifferen t t im e s ,1 a ir  is n o t esse n tia l to  
so lid ifica tio n , w h ich  ta k e s  p la ce  p e r fe c t ly  w ell in  a  
sea led  ve sse l, th o u g h  a  lo n g er t im e  is re q u ire d  fo r 
th e  fo rm a tio n  of th e  c o m p le te ly  so lid  p ro d u c t. T h e  
s ta te m e n t o f S ch a p rin g e r t h a t  th e  e ffe c t  o f o x y g e n  
is e n tire ly  c a ta ly t ic , an d  t h a t  no o x y -co m p o u n d s  
are fo rm e d  is d ifficu lt to  v e r ify  b y  e x p e rim e n t. In  
a ll cases s tu d ie d  b y  th e  a u th o rs  th e re  h a v e  been  
p ro g re s s iv e ly  in cre a s in g  a m o u n ts  of o x id ize d  m a ­
te r ia ls  fo rm e d , w h e n e v e r w o o d  oil or w o o d  oil m ix ­
tu re s  h a v e  been  h e a te d  in  th e  a ir. A lso , if th e  a c tio n  
of o x y g e n  be e n t ire ly  c a ta ly t ic ,  b lo w in g  a ir th ro u g h  
th e  h e a te d  m ass w o u ld  h a r d ly  sh o w  su ch  a  d e cid ed  
e ffe ct on th e  ra te  of so lid ifica tio n  in co m p a riso n  
to  th e  ra te  d u rin g  u n a g ita te d  o p en  a ir  co o k in g . A t  
16 5 °  C ., o il in  an  o p en  d ish  w ill s o lid ify  in  fro m  20 
to  24 h o u rs, w h ile  a t  th e  sam e te m p e ra tu re  b lo w n  
oil w ill s o lid ify  in  4 h o u rs.

V a rio u s  a tte m p ts  h a v e  b een  m ad e  to  p re v e n t or 
c o n tro l th is  s o lid ifica tio n  a t  h igh  te m p e ra tu re s , fo r 
it  is q u ite  g e n e ra lly  a gre ed  t h a t  ch in a w o o d  oil sh o u ld  
im p a rt th e  sam e su p erio r q u a lity  to  g u m  va rn ish e s  
t h a t  it  h a s  g iv e n  to  ro s in -ch in a w o o d  v a rn is h e s  as 
co m p a red  to  ro sin -lin seed  v a rn ish e s . T h e  h ig h  c o o k ­
in g  te m p e ra tu re  of g u m  v a rn is h  h a s  d isco u ra g ed  
a n y  e x te n s iv e  use of ch in a w o o d  oil in  th is  p ro d u c t, 
as th e  te m p e ra tu re  is b e y o n d  th e  ra n g e  to  w h ich  
th e  oil m a y  b e  h e a te d  w ith o u t so lid ifica tio n , an d  
th e  fo ssil gu m s do n o t p ossess th e  s o lv e n t p o w e r fo r 
th e  so lid  m a te ria l t h a t  is .s h o w n  b y  rosin .

S e v e ra l p a te n ts  h a v e  been  ta k e n  o u t  c o v e rin g  
p ro cesses to  p re v e n t s o lid ifica tio n . O ne, e v id e n t ly  
re co g n iz in g  th e  v e r y  d e c id e d  a c c e le ra tin g  e ffe c t  of 
o x y -a c id s  on  th e  t im e  fo r  so lid ifica tio n , reco m m e n d s 
th e  in tr o d u c tio n  of a  s tro n g ly  re d u c in g  m e ta l.2 A n ­
o th er , p o ss ib ly  in  an  a tte m p t  to  m a k e  use of th e  
s o lv e n t  p o w e r o f free  f a t t y  acid , s u p e rh e a ts  th e  oil to  a 
te m p e ra tu re  o f p a r tia l d e co m p o sitio n , a fte r  w h ich  it 
does n o t s o lid ify  e v e n  w h en  h e a te d  fo r  a  lo n g  t im e .3

I n v e s t ig a to r s  a re  p r e t t y  w ell a gre ed  t h a t  th e  so lid i­
fica tio n  of w o o d  oil co m es as a  m ore or less d irect 
re su lt o f th e  p o ly m e riz a tio n  o f th e  g ly c e r id e  of e laeo- 
m a rg a r ic  a c id , w h ich  is th e  m a jo r c o n stitu e n t  of 
th e  ra w  oil. T h is  p o ly m e riz a tio n  ta k e s  p la ce  th ro u g h  
a jo in in g  a t  th e  u n s a tu r a te d  lin k in g s . T h is , h o w ­
e v e r , is n o t a cco m p a n ie d  b y  a  c o m p le te  s a tu ra tio n , 
fo r a  s tu d y  of th e  io d in e  a b so rp tio n  o f th e  ra w  an d  
h e a t- tr e a te d  p ro d u c ts  sh o w s a d ifferen ce  of o n ly  
a b o u t o n e -th ird . T h e  p o ly m e riz a tio n  is n o t re ­
v e rse d  b y  sa p o n ifica tio n  a n d  s u b s e q u e n t a c id ifi­
ca tio n . In a sm u ch  as th e  p o ly m e riz e d  g ly c e r id e  is 
in so lu b le  in  th e  s o lv e n ts  s u ita b le  fo r  m o lec u la r  w e ig h t 
d e te rm in a tio n s , th e  b e st e v id e n ce  w e h a v e  t h a t  p o ly m ­
e riza tio n  h as re a lly  b een  e ffe c te d  is t h a t  th e  f a t t y  
a c id  fro m  th e  so lid ifie d  p ro d u c t  h as a p p ro x im a te ly  
d o u b le  th e  m o lec u la r w e ig h t o f th e  a c id  fro m  th e  
ra w  oil.

M o rre ll4 h as s tu d ie d  th e  b o d y in g  of lin se ed  a n d  
p o p p y se e d  oils, an d  h a s  sh o w n  t h a t  th e re  o ccu rs  a

1 Jen k in s , J .  Soc. Chem . In d .,  16 (1897), 193.
3 G e rm an  P a te n t  219,715, 1910.
1 G e rm an  P a te n t  211,405, 1908.
4 J .  Soc. Chem . In d ..  34 (1915), 105.

s im ila r h e a t  p o ly m e riz a tio n  w ith  th e se  oils, but that 
th e re  is  no s o lid ifica tio n , a n d  t h a t  th e  polym eriza­
tio n  is b y  no m ean s co m p lete .

V a rio u s  e x p la n a tio n s  h a v e  b een  o ffered  for the 
s o lid ifica tio n  of ch in a w o o d  oil w h en  su bjected  to 
th is  h e a t  t r e a tm e n t. So m e ex p erim en ters  believe 
t h a t  th e  so lid  is a  u n ifo rm  p ro d u c t  of a chemical 
re a c tio n  w h ich  ta k e s  p la ce  a t  a  ra te  d ep en d en t upon 
th e  te m p e ra tu re  of h e a tin g  a n d  go es to  completion 
u n d e r th e  p ro p er co n d itio n s . O th ers  ta k e  th e  stand 
t h a t  th e  s o lid ifica tio n  is r e a lly  th e  develop m en t of 
a  c o llo id a l ge l, a n d  is n o t n e ce s sa rily  a  product of 
co m p le te  p o ly m e riz a tio n .

W o lff1 c la im s to  b e  a b le  to  e x tr a c t  th e  unpolym- 
e rize d  oil fro m  th e  d r y  p o ly m e riz e d  p ro d u ct, and 
he sh o w s in  his e x p e rim e n ts  t h a t  th e  e x tra cted  ma­
te r ia l h as n o t in cre a se d  in  m o lec u la r  w eigh t, and 
t h a t  th é  p o ly m e riz e d  m a te ria l c o n stitu te s  only a 
m in or p o rtio n  of th e  gel.

S c h a p r in g e r2 s a y s  t h a t  th e  so lid  is a  final product 
o f a  d o u b le  re a ctio n , a n d  t h a t  th e  p o ly m e r is well 
d e v e lo p e d  in th e  p r im a r y  re a ctio n , b u t  rem ains solu­
b le  u n til  th e  seco n d  re a c tio n  s ta r ts , w h en  there is 
a  su d d e n  e x o th e rm ic  fo rm a tio n  of th e  gel.

T h e  a u th o rs  a re  led  to  b e lie v e  fro m  th e ir  experi­
m en ts, t h a t  th e  so lid ifica tio n  is du e  to  th e  forma­
t io n  of a  co llo id a l ge l, a n d  a lth o u g h , in  th e  case of 
h e a te d  o ils, a  d ire c t re su lt  o f th e  p resen ce  of the 
p o ly m e r, th e  gel fo rm a tio n  does n o t n ecessarily  ac­
c o m p a n y  th e  p o ly m e riz a tio n . T h e  m eth o d s for con­
tro l o f so lid ifica tio n  are s im p ly  m ean s fo r hinder­
in g  th e  ge l fo rm a tio n , a n d  e x e rt co m p a ra tiv e ly  little 
e ffe ct u p o n  th e  p o ly m e riz a tio n .

A  s o m e w h a t s im ila r co llo id a l ge l m akes its ap­
p e a ra n c e  w h en  th e  oil is tr e a te d  w ith  a solution of 
su lfu r  ch lo rid e  or io d in e. T h e  t im e  fo r  gel forma­
tio n  m a y  b e  re g u la te d  b y  a d ju s tin g  th e  strength 
of so lu tio n  used . In  th e  case  of th e  iodine-china- 
w o o d  ge l, th e  so lid ifica tio n  m a y  be e n tire ly  pre­
v e n te d  b y  th e  in tr o d u c tio n  of a  c o m p a r a tiv e ly  small 
a m o u n t of a lco h o l. T h is  does n o t in terfere  with 
th e  fo rm a tio n  of th e  io d in e  a d d itio n  p roducts, but 
a c ts  to  k e ep  th e  c o llo id  in so lu tio n .

T h e  d e co m p o sitio n  p ro d u c ts  fo rm e d  du rin g  super­
h e a tin g  o f th e  oil m u st a c t  s im ila r ly  to w a rd  the oil 
in  p re v e n tin g  so lid ifica tio n  d u rin g  su b seq u en t heat­
in g . I t  is p o ssib le , b y  h e a tin g  ch in a w o o d  oil to 
350 ° C . fo r  o n ly  a sh o rt t im e, to  p re v e n t solidifica­
tio n  fro m  h e a t, e v e n  th o u g h  th e  oil m a y  be subjected 
to  h e a tin g  a t  th e  o rd in a ry  s o lid ifica tio n  tempera­
tu re s  fo r lo n g  p eriod s. T h is  s t ill liq u id  product 
of h e a t tre a tm e n t  e x h ib its  m o st of th e  character­
is tic s  o f re g u la r ly  p o ly m e riz e d  oil. I t  contains a 
la rg e  a m o u n t o f g ly c e r id e  of h ig h  m o lecu lar weight, 
to g e th e r  w ith  so m e free a c id  a n d  a considerable 
q u a n t it y  o f u n sa p o n ifia b le  m a tte r . T h is  unsapom- 
fiab le  m a te ria l m u st e x e rt som e in flu en ce  in prevent­
in g  th e  n a tu r a l s o lid ifica tio n  of th e  oil, for it seems 
h a r d ly  p o ssib le  th a t  th e  sm a ll a m o u n t of free acid

i Farben Z eitu n g , 18 (1913), 1171.
- D is se r ta tio n . T ra n s la te d . A rm itag e  a n d  S tev e n s , “ Chinawood 

O il."  .
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present sh o u ld  a c t  in  a n y  d ifferen t m a n n er fro m  
the sam e a m o u n t o f free  a c id  a d d e d  to  th e  o rig in a l 
oil. I t  ta k e s  c o n sid e ra b ly  m ore a d d e d  f a t t y  a c id  to  
prevent gel fo rm a tio n  th a n  h as b een  sh o w n  in a n y  
of the su p erh e a ted  p ro d u c ts  w ith  w h ich  th e  a u th o rs  
have w orked.

U n d o u b ted ly  th e  e ffe ct o f rosin  u p o n  h e a te d  oil 
is also one of so lu tio n  or ge l p re v e n tio n  ra th e r  th a n  
one of su sp en sion  of re a ctio n . I t  s h o u ld , th e n , be 
possible to  sh o w  th e  p ro gress of p o ly m e riz a tio n  as 
influenced b y  tim e , te m p e ra tu re , a n d  o th e r co n ­
ditions, a n d  e n t ir e ly  in d e p e n d e n t of th e  rosin  p re s ­
ent. T h ere  m ig h t a lso  b e  o th e r re a g e n ts  t h a t  w o u ld  
exhibit th e  sam e a b ili t y  to  co n tro l. T h e  d e v e lo p ­
ment of a n o n p o ly m e riz in g  w o o d  oil w ill p ro b a b ly  
be along th ese  lines.

To keep th e  fin ish ed  p ro d u c t  lig h t  in  co lo r, a n d  
to avoid u n d u e  loss fro m  d e co m p o sitio n  a n d  v o la ­
tilization o f th e  gu m , it  is co m m o n  p ra c tic e , in  v a rn ish  
m anufacture, to  s u b je c t  th e  oil to  a  p re lim in a ry  h e a t 
treatm ent, to  b r in g  it  to  a  b o d y  a t  w h ich  th e  fin al 
cook m ay b e  c o m p a r a t iv e ly  sh o rt. In  th e  case  of 
chinawood oil, th e  p o ly m e riz a tio n  d u r in g  th is  p re ­
liminary h e a tin g  m u st b e  co n sid e ra b le , a n d  in a s ­
much as th is  p o ly m e riz a tio n  re a c tio n  is n o t  o rd i­
narily co n sid ered  to  b e  re v e rs ib le , th e  fu n c tio n  of 
rosin in these m ix tu re s  m u st be on e of gel p re v e n tio n .

In the e x p e r im e n ta l w o rk , o f w h ich  th is  p a p e r is 
a p relim inary d iscu ssio n , th e  h e a tin g  w as ca rr ie d  
out on th e  m ix tu re s  ra th e r  th a n  on  th e  in d iv id u a l 
constituents. T h e  m a tte r  o f co lo r w as  o f l i t t le  co n se ­
quence, an d  in  o rd er to  g e t a  m ore u n ifo rm  set o f re ­
sults it  w as th o u g h t  a d v is a b le  to  p e rm it th e  rosin  
to exert its  in flu en ce  d u rin g  th e  w h o le  t im e  of h e a tin g .

The first p ro b le m  in  th e  s t u d y  o f th e  p o ly m e r iz a ­
tion of ch in a w o o d  oil in  th e  p resen ce  o f rosin  w as th e  
developm ent of a  s a t is fa c to r y  m e th o d  o f se p a ra tio n  of 
the various p o ssib le  c o n s titu e n ts  o f th e  final m ix tu re .

An a tte m p t w a s  m ad e  to  use a  m o d ifica tio n  of th e  
Twitchell se p a ra tio n , b y  fo rm in g  th e  e th y l e sters  
of the f a t t y  acid s, a n d  th e ir  s u b s e q u e n t se p a ra tio n  
from the rosin  a n d  fro m  e a ch  o th er. T h is  m e th o d  
gave a m ore or less s a t is fa c to r y  s e p a ra tio n  of th e  
oils from th e  ro sin , b u t  th e  e ste rs  o f th e  p o ly m e r­
ized and u n p o ly m e riz e d  o ils  d id  n o t sh o w  s u ffic ie n tly  
pronounced d ifferen ces u p o n  w h ich  to  b a se  a  m e th o d  
for their sep a ra tio n .

A m odification  o f th e  m e th o d  s u g g e ste d  b y  th e  a u ­
thors1 for th e  se p a ra tio n  o f ra w  ch in a w o o d  oil fro m  
adulterating oils, s e r v e d  th e  p u rp o se  q u ite  w ell.

The sodium  so ap s of th e  f a t t y  a c id s  o f b o th  th e  ra w  
and h eat-trea ted  o ils  a re  in so lu b le  in  a b so lu te  a l­
cohol, w hile so d iu m  re sin a te  is so lu b le  in th a t  m e n ­
struum. I f  p ro p er p re c a u tio n s  b e  ta k e n  fo r th e  co n ­
trol of te m p e ra tu re  a n d  c o n c e n tra tio n , th e  so ap s of 
the fa tty  a cid s p re c ip ita te  in  a s u ffic ie n tly  g ra n u la r  
form to p erm it o f re a d y  filtr a tio n  a n d  w ash in g .

ih e  su b s e q u e n tly  fre e d  f a t t y  a c id s  m a y  be d is­
solved in w arm  a lco h o l o f a b o u t  80 p er c e n t c o n ce n ­
tration, from  w h ich  th e  c o m p a r a t iv e ly  in so lu b le  
elaeom argaric a cid  m a y  be c r y s ta lliz e d  b y  co o lin g .

1 T h is  J o u r n a i , .  6  ( 1 9 1 4 ).  8 06 .

T h e se  c h a ra c te r is tic  c r y s ta ls  o f e la e o m a rg a ric  a cid  
m a y  be filte re d  a n d  w eig h ed , o r th e  re sid u e  acid s m a y  
b e  w eigh ed  a n d  th e  e la e o m a rg a ric  a c id  c o m p u te d  
b y  d ifferen ce. T h e  o x y -a c id  p re se n t m a y  be se p a ra te d  
fro m  th e  re sid u e  b y  p re c ip ita tio n  fro m  p e tro le u m  e th er. 
In  th is  w a y  i t  is p o ssib le  to  g e t  an  e stim a tio n  o f th e  
t o ta l f a t t y  acid , th e  u n p o ly m e riz e d  a c id , th e  o x y - 
a c id , th e  p o ly m e riz e d  a c id  a n d  th e  u n sa p o n ifia b le .

A n  .exten sive s tu d y  of ch in a w o o d -ro sin  h e a t-tr e a te d  
m ix tu re s , th e  re su lts  o f w h ich  a re  n ow  b e in g  t a b u ­
la te d , d e m o n s tra te s  q u ite  c o n c lu s iv e ly  t h a t  rosin  
e x e rts  no in h ib it in g  e ffe ct u p o n  th e  p o ly m e riz a tio n  of 
ch in a w o o d  oil, e ith e r  a t  h ig h  or a t  lo w  te m p e ra tu re s .

U n iv e r s it y  ok  M ic h ig a n , A n n  A r b o r

STUDIES ON THE PRESSURE DISTILLATION OF 
PETROLEUM HYDROCARBONS

B y  A . P .  B j b r r e g a a r d  

R ec e iv ed  M a rc h  26, 1915

T h e  in v e s tig a tio n  here re p o rte d  u p o n  w as ca rried  
o u t d u rin g  the. su m m e r of 19 14  fo r  th e  p u rp o se  of d e ­
v e lo p in g , if p o ssib le , a  fe a sib le  a n d  safe  p ro ce ss  fo r  
th e  p ro d u c tio n  on a  co m m e rcia l sca le  o f lig h t  g r a v it y  
h y d ro c a rb o n s , su ch  as ga so lin es a n d  n a p h th a s , fro m  
th e  h e a v ie r  a n d  less v a lu a b le  fra c tio n s  of p etro le u m . 
I t  'h as b een  k n o w n  fo r  m a n y  y e a rs  t h a t  th e se  h e a v ie r  
h y d ro c a rb o n s , on b e in g  s u b je c te d  to  h e a t  a n d  p res­
su re, u n d e rgo  a  d e co m p o sitio n  or b re a k in g  d o w n  in to  
lig h te r  p ro d u c ts . T h is  d e co m p o sitio n , w h e th e r u n d er 
p ressu re  or n o t, has re c e iv e d  th e  n a m e  “ c r a c k in g ”  
in  th e  p e tro le u m  in d u s try . I t  is n o t th e  p u rp o se  here 
to  go  in to  th e  h is to ry  of th e  p ro cess, fu r th e r  th a n  to  
s a y  t h a t  an  a p p a ra tu s  so m e w h a t s im ila r  to  th a t  
h ere in  e m p lo y e d  w as d e scrib ed  in  U . S. P a te n ts  N os. 
342,564 a n d  342,565, d a te d  M a y  25, 1886, issu ed  to  
G eo . L . B e n to n . In  th o se  e a r ly  d a y s , ga so lin e  w as  an 
u n d e sira b le  b y -p ro d u ct,, a n d  B e n to n ’s p ro cess w as 
in te n d e d  t o  in cre ase  th e  k e ro sen e  fra c tio n . W h a t  it  
a c tu a lly  a cco m p lish e d  is n o t reco rd ed , so fa r  as I 
am  a w a re .

A P P A R A T U S

T h e  a p p a ra tu s  w h ich  w as e m p lo y e d  (see F ig . 1) co n ­
s is te d  o f a  re a ctio n  co il b u ilt  o f one in ch  d o u b le  e x tra  
s tro n g  iron  p ip e , a b o u t 63 ft . lo n g , in te rio r  d ia m ete r  
0 .6 0  in . w ith  w alls  0 .3 6  in . th ic k . T h is  coil w as m ad e 
u p  o f fiv e  le n g th s, e a ch  12 ft . lo n g , w ith  th e  n ece ssa ry  
cross p ieces a t  th e  en ds, e a ch  9 in . lo n g , to  m a k e  one 
c o n tin u o u s  co il. E x tr a  s tro n g  u n io n s w ere  u sed  in 
e a ch  cross p iece , a n d  a t th e  en ds o f e a ch  12 f t .  le n g th , 
so t h a t  th e  w h o le  co u ld  r e a d ily  be o p en ed  up  fo r  in ­
s p ectio n  a n d  c le a n in g . T h is  coil w as  e n clo sed  in  a 
fu rn a ce  c o n stru c te d  of fire -b rick , a sb e sto s  a n d  sh e et- 
iro n . I t  w a s  h e a te d  b y  fo u rte e n  la rge  B u n sen  b u rn ers, 
e a ch  co n sis tin g  of a  h o r iz o n ta lly  d isp o sed  s lo tte d  
p iece  of 2 in . p ip e , 3 f t .  lo n g , fit te d  a t  on e en d  w ith  
g a s  a n d  a ir in le ts , a n d  clo sed  a t  th e  o th e r  en d . T h e se  
b u rn e rs  w ere  a rra n g e d  u n d e r th e  re a c tio n  co il so th a t  
th e  fla t sh e ets  o f flam e issu in g  fro m  th e m  im p in g ed  
le n g th w is e  o n to  th e  p ip es of th e  re a c tio n  co il. E a c h  
b u rn e r w as c o n tro lle d  b y  a  s e p a ra te  g a s  v a lv e . T h e  
fu e l w as  n a tu r a l ga s. F ig . 2 is a  gen era l v ie w  of p a rt 
o f th e  fu rn a ce , sh o w in g  so m e of th e  g a s-co n tro llin g
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3 w as e v o lv e d , an d  th is  a p p e a rs  to  be s a t is fa c to r y . 
A fte r  le a v in g  th e  p ressu re-re lease  v a lv e , th e  p ro d u c ts  
of re a c tio n  p assed  in to  a  s e p a ra to r y  ch a m b e r, k e p t 
h o t e n o u g h  to  a llo w  th e  lig h te r  v a p o rs , w h ich  m ig h t 
be p re se n t, to  p ass o u t th ro u g h  an  o p en in g  in  th e  to p  
in to  a  co n d en ser, w h ile  th e  ta r , e tc ., p a ssed  o u t th ro u g h  
th e  b o tto m . A  s lig h t p ressu re  (a b o u t 20 to  30 lb s., 
n ev er m ore th a n  40 lbs. p er sq . in .) w as  m a in ta in e d  
in  th e  s e p a ra to r y  ch a m b e r a n d  co n d en ser to  fa c il i­
ta te  th e  liq u e fa c tio n  of th e  m o st v o la tile  co n stit-

th e  gen era l a rra n g e m e n t of th is  p a r t  o f th e  apparatus. 
B y  m ean s of th e  s e p a ra tin g  c h a m b e r II  (F ig . 1), the 
cru d e  m ix tu re  o f re a ctio n  p ro d u c ts  w as  sep a ra te d  into 
tw o  p a rts , a n d  co lle c te d  s e p a ra te ly . T h e  lighter, 
here ca lle d  transformation distillate , to g e th er with 
w h a te v e r  p e rm a n e n t ga ses w ere  p ro d u ced , flowed 
fro m  th e  co n d en ser K  (F ig . 1) , th r o u g h  th e  va lve  M, 
a n d  th e  h e a v ie r  p a rts , h ere ca lle d  tar, flow ed from 
th e  s te a m  tr a p  N ,  a n d  co o lin g  co il 0 . T h e  transform a­
tio n  d is t illa te s  w ere a ll y e llo w  in  co lo r an d  when re-

T a b l e  I — D e s c r ip t io n  o f  O il s  U s e d  i n  E x p e r im e n t s

K in d  
of oil 

A 
B 
C  
D

E
F
T a r

S ource  
of oil 

111. c ru d e  
111. c ru d e  
111. c ru d e  
P a . c ru d e

111. c ru d e  
P a . c ru d e

C olor
D esc rip tio n  of oil of oil

O rd in a ry  300 o il ............................................................  N e a r ly  w h ite
U n p resse d  ac id  refined , n e u t r a l ............................  P a le  yellow
U n refined  h e a v y  d is t i l la te ........................................ D a rk  b row n
M ix tu re .o f  c o m p o n en ts  from  end  o f ke ro sen e  

to  h e a v ie s t d is tille d  o v e r  in  m ak in g  cy lin d e r
s to c k s ............................................................................. L ig h t b row n

R efined  k e ro s e n e ...........................................................  W a te r  w h ite
R efined  k e ro s e n e ...........................................................  W a te r  w h ite

T h e  ta r  p ro d u ced  in  ex p e rim e n ts  2708 an d  2712 (see T a b le  I I )

u e n ts . A  b ra ss p re ssu re-re lie f v a lv e  w as a tta c h e d  to  
th e  lo w e r e n d  of th e  co n d en ser to  p e rm it th e  c o n ­
d en sed  v a p o rs  a n d  th e  p e rm a n e n t ga ses to  esca p e. 
T h e  co n d en ser w as  a  coil of i- in . p ip e  im m e rsed  in a 
ta n k  of w a ter. T h e  p ressu re  in  th e  co o lin g  s y ste m  
d escrib ed  n e ce s sita te d  th e  use o f a  s te a m  tr a p  fo r  th e  
issu in g  s tre a m  of ta r ;  th is  w as of th e  o rd in a ry  flo a tin g  
b u c k e t  p a tte r n , an d  p e rfo rm e d  its  d u t y  e x c e lle n tly . 
T h e  h o t t a r  w as p assed  th r o u g h  a coil of p ipe  im m ersed  
in a ta n k  of w a te r  to  cool i t  b e fo re  f in a lly  a llo w in g

F la s h  
te s t  

110° C. 
155° C .

F ire
te s t

135° C. 
175° C.

B eg ins 
to  boil 

210° C. 
A b o u t 3 0 0 ‘ 
A b o u t 3 0 0 '

S p . V iscosity  C o ld  te s t  
g r. (S ay b o lt)  so lid  a t  

0 .8 5 2  38 — 5 °  C.

C .
C.

260'
170
155

C .
C .
C .

0 .8 7 3
0 .8 8 0

0 .8 2 0
0 .7 8 8

65 10°
V ery  w axy

V ery  w axy

A m ount of 
d istilla te

L itt le  below 320°C. 
L itt le  below 330*C.

10%  below 310° C. 
3 1 %  up  to  220® C. 
5 0 %  up  to  220 C.

d istille d  th e  first fra c tio n s  w ere  co lo rle ss; u su ally  by 
a b o u t 15 0 ° C . th e  fra c tio n s  b e g a n  to  be s lig h tly  yel­
lo w  a n d  b y  200 ° v e r y  d is t in c t ly  y e llo w .

T h e  ta r s  w ere a ll d eep  b ro w n ish  red  b y  transm itted 
lig h t  an d  th e y  a ll h a d  a  dense green  fluorescence, 
s im ila r to  t h a t  o f P e n n s y lv a n ia  cru d e  oil. N o effort was 
m ad e  to  a sc e rta in  th e  n a tu r e  of th e  su b stan ce s  which 
im p a r te d  th e se  c h a ra c te r is tic s  to  th e  t a r .1 W hen re­
d is tille d , th e  d is t illa te s  fro m  th e  ta r  w ere a lw a y s  yellow.

1 See B ro o k s a n d  B acon , T h i s  J o u r n a l ,  6  (1 9 1 4 ), 6 2 3 .

v a lv e s . T h e  oil to  b e  s u b je c te d  to  th e  p re ssu re - 
c r a c k in g  p rocess w as  fo rce d  in to  one en d  of th e  ‘ coil 
b y  m ean s of a  h y d r a u lic  p u m p , ca p a b le  o f e a s ily  
d e v e lo p in g  a p ressu re  o f 4,000 lbs. p er sq. in . A  
p ressu re  g a u g e  re a d in g  to  2,000 lbs. w as a tta c h e d  to  
th e  p ip e  lea d in g  fro m  th e  p u m p  to  th e  co il. A t  th e  
o th e r end  o f th e  re a c tio n  coil w as  a  p ressu re-re lea se  
v a lv e  co n tro lle d  b y  a  sp rin g. V a r io u s  fo rm s of 
v a lv e s  w ere tr ie d . F in a lly , th e  one illu s tra te d  in  F ig .

i t  to  flow  in to  an  a p p ro p ria te  re c e p ta c le . T h e  hy­
d ra u lic  p u m p  w as th e  sm a lle st  t h a t  co u ld  be bought, 
b u t  w as  m u ch  to o  la rg e  fo r  th e  p u rp o se  intended. 
I t  w as n e ce ssa ry , th e re fo re , to  ru n  it  e x tre m e ly  slowly. 
T h is  w as  a cco m p lish e d  b y  a  s y s te m  o f p u lley s  and 
gears. B y  v a r y in g  th e  sizes  o f th e  p u lle y s , different 
sp eed s co u ld  be g iv e n  to  th e  p u m p  w h e re b y  the oil 
co u ld  be fed  to  th e  re a ctio n  co il a t  d ifferen t rates: 
an  e le c tr ic  m o to r w as th e  d r iv in g  fo rce : F ig . 4 shows

/ V  o r e a m  T r a p  r o r  r e m o v / n e j  7 & r  /  r o m  c  o r /a c .f /o < z r  

O Coo/ing co'// fo r  fa r  
A/o/e: Kane/ O ore /sr?merged /s? 'fanAs o f co/c/ w afer not S^own

F i g . 1— D ia g r a m  S h o w in g  A r r a n g e m e n t  o f  R e a c t io n  C o il  a n d  A u x il ia r y  A p p a r a t u s

A Hydraulic pu m p
J3 Pressure gouge fo r  SReocf/on Co// m
C  n5ofe ty vo/ve 
D  Overf/ow fro m  C  
£  F t e o c  t / o r t  c o / /
f  Thermometer poc.Ae/  for rrjease*-/tem pera to/-£ o f  of/ 

/3$u/ng fro m  ¿ET 
C  f^rej's ure • re.//e f  vo/vc 

H  >3eparat/ng cham ber
I  ThermometerpocAet for meosur/rrg fempcrafzsr-e o f  

vapors tjsu/ng f r o m  f i
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On a cco u n t of th e  fre q u e n t s to p p a g e s  b y  th e  co ke 
deposits d e scrib ed  fu r th e r  on  in  th is  re p o rt, th e  i- in . 
pipe w as re m o v e d  a fte r  m o st of th e  e x p erim en ts  h erein  
were p erfo rm ed , a n d  a p iece  o f 2l/i-in.  d o u b le  e x tra  
strong p ipe, 12 f t .  lo n g , w as  s u b s t itu te d ; its  in te rn a l 
diam eter w as 1/ 7 7  in ., its  w a lls  0 .5 5  in. th ic k . O n ly  
one tria l w as  m ad e  in  th is , n a m e ly , N o . 2750.

T he v a rio u s  oils u sed  in  th e  e x p e rim e n ts  a re  d e ­
scribed in T a b le  I. A ll  v is c o s ity  te s ts  m en tio n ed  
were m ade w ith  th e  o ld  s ty le  S a y b o lt  v isco s im e te r. 
All flash an d  fire te s ts  w ere m ad e  in  th e  o p en  cup.

T a b l e  I I — R e s u l t s  o p  E x p e r im e n t s

R a te  A v erage  A ver- P e r  c e n t y ie ld  T o ta l
of feed p r e s s u r e a g e o f  f r a c t io n y ie ld P e r

K in d G a ls ,  p e r lb s . p e r  te m p .. u p  t o 150 to to  2 2 0 ° c e n t
No. o f o il h r . s q . in . °  C . 1 5 0 °  C,. 2 2 0 ° P e r  c e n t lo ss

1— H ig h  B o i l i n g  P o i n t  O i l s
2701 A 3.7 275 3 5 0 2 3 .0 17.3 4 0 .3
2717 C 3.7 4 0 0 3 5 0 2 4 .0 8 .6 (0 ) 3 2 .6
2750(6) D 3 .7 4 5 0 4 4 0 18.5 15.0 3 3 .5 '7 .8
2699 A 3.7 700 3 4 0 2 1 .4 10.4 3 1 .8
2729 D 3 .7 9 0 0 3 6 0 17.7 13.4 3 1 .1 i 6.8
2702 A 3.7 9 0 0 3 4 0 2 3 .3 1 1 .2 (a) 34 .5 15.7
2730 D 3 .7 1 0 0 0 39 5 2 7 .9 14.4 4 2 .3 15.0
2716 C 11.5 4 0 0 4 3 3 4 .8 1 .5 (a ) 6 .3
2715 T a r 11.5 5 5 0 4 3 0 4.5 1 .7 (a ) 6.2
2725 D 11.5 875 4 3 0 3 .4 8.6 1 2 . 0
2712 B 11.5 1300 4 3 0 6.7 3 .8 (a ) 10.5 ' i .6
2708 A 11.5 1375 4 3 0 8.6 5 .4 (a ) 14 .0
2711 B 11.5 1400 4 3 0 8.2 3 .9 (a ) 12.1 ’ i .9

I— N o  Y ie l d  o p  L ig h t  H y d r o c a r b o n s
2706A A 12.25 8 0 0 3 5 5 0 0 0
2706B A 12.25 1400 3 6 0 0 0 0

'— K e r o s e n e s
2732 F 3 .7 1000 3 6 0 2 4 .8 2 1 .5 4 6 .3 2 9 .6
2736 F 3 .7 775 3 6 5 22.0 3 3 .6 5 5 .6 15.4
2739 F 3 .7 775 3 6 5 10.0 4 2 .0 5 2 .0 11.4
2728 R 3 .7 9 0 0 3 6 0 15.7 36.1 5 1 .8 10.2
2727 E 11.5 875 4 3 5 3 .3 3 1 .5 3 4 .8 1.9

(a) T a r  n o t exam ined  fo r low  b o iling  co m p o n en ts .
(b) 2 l/s  *n. rea c tio n  coil.

T able II  g iv e s  a  s u m m a ry  of th e  e x p e rim e n ts  tr ie d , 
together w ith  a  b rie f s ta te m e n t of th e  re su lts  o b ­
tained.

It will be n o tice d  t h a t  th re e  ra tes  of fee d  w ere e m ­
ployed, an d  t h a t  th e re  is a sh a rp  d is t in c tio n  b e tw e e n  
the tem p era tu res u sed  w ith  th e  tw o  sp eed s of T a b le  
II A. A t  th e  fa s te r  ra te , i t  w as  fo u n d  n e ce ssa ry  g r e a t ly  
to increase th e  te m p e ra tu re  in o rd er to  d e v e lo p  a n y  
“ crack in g .”  T h is  is p la in ly  sh o w n  b y  c o m p a rin g  
Table I I B  w ith  A . A g a in , fo r  so m e reaso n  n o t c lear, 
the larger s ized  p ip e  u sed  in  N o . 2750 re q u ire d  th e  
higher te m p e ra tu re , a lth o u g h  th e  sp ee d  w as s e t  a t  
the slower ra te . I t  is a lso  n o tic e a b le  t h a t  th e  y ie ld s  
of low b o ilin g  p o in t h y d ro c a rb o n s  a n d  th e  g a s  loss 
was ve ry  m uch g r e a te r  a t  th e  s lo w e st sp eed . N e ith e r  
the kind of oil n o r th e  p ressu re  seem s to  h a v e  a n y  
pronounced in flu en ce  on  th e  y ie ld  o f lo w  b o ilin g  
hydrocarbons in  th e  tr ia ls  a t  th e  s lo w e r ra te  o f feed . 
But at th e  h ig h er ra te , th e re  seem s to  b e  a  lit t le  b e t ­
ter y ield  a t  th e  g r e a te r  p ressu res. E v e n  o n ce-ru n  
tar when re-run  y ie ld e d  th e  sam e re su lts  as fresh  oil 
run under th e  sam e co n d itio n s— co m p are  N o s. 2 715 
with 2716.

In respect to  th e  a p p a re n t la rg e  y ie ld s  fro m  th e  k e ro ­
senes (T a b le  I I C ) ,  i t  is to  b e  n o te d  t h a t  th e  oil used  
in the first th ree  cases c o n ta in e d  b e fo re  use 50 p er 
cent boiling b e lo w  220°, w h ile  th e  o th e r  oil co n ta in e d
3.1 per cent.

The p ercen tag es  of y ie ld s  in  all cases (e x c e p t th o se  
where th e  ta r  w as  n o t e x a m in ed ) is th e  su m  of w h a t  
was found in  b o th  th e  tra n s fo rm a tio n  d is t illa te  a n d  
the tar. T h e  la tte r  ra re ly  co n ta in e d  a n y th in g  b o ilin g  
below 150°.

57 5

T h e  figu res in  T a b le  I I  show' p la in ly  t h a t  th e  tim e  
fa c to r  is a  m o st im p o rta n t  one, a n d  t h a t  th e  y ie ld  
is a t  le a st  r o u g h ly  p ro p o rtio n a l to  th e  t im e  th e  oil 
is s u b je c te d  to  th e  in flu en ce  of h e a t  a n d  p ressu re , 
sin ce  th e  s lo w e r th e  ra te  o f fee d  o f th e  rawr m a te ria l, 
th e  lo n g er th e  oil is in  th e  re a c tio n  coil.

In  tw o  e x p e rim e n ts  an  a tte m p t  w as m ad e  to  a p p ly  
c a ta ly z e rs , or a t  le a s t to  see if th e  s u b sta n ce s  e m ­
p lo y e d  w o u ld  h a v e  a n y  e ffe ct o n  th e  re a ctio n s  in v o lv e d . 
In  N o. 2736, one p o u n d  o f h ig h ly  m a g n esiu m  ca lc iu m  
h y d ro x id e  to  50 ga ls, oil w a s  u sed . In  N o . 2739 z in c  
o xid e  w as s im ila r ly  used . N e ith e r  in cre a se d  th e  y ie ld  of 
ga so lin e ; in d eed , b o th  a p p e a re d  to  d ecrease  b o th  t h a t  
a n d  th e  ga s loss, th e  z in c  o x id e  m ore so th a n  th e  lim e. 
T h e  la rg e r a m o u n ts  of fra c tio n  1 5 0 0—220° in  th e se  tw o

F i g . 2— C o n d e n s e r  i n  F o r e g r o u n d , W a l l  o p  F u r n a c e  t o  R ig h t  
w i t h  G a s  S u p p l y  C o c k s  a n d  L a r g e  R o u n d  L i g i it i n g - U p  D o o r s .

A s b e s t o s  C o v e r e d  P i p e  is  p o r  L e a d in g  t i i e  H o t  T a r  p r o m  
t h e  S e p a r a t i n g  C h a m b e r  ( N e a r  T o p ) t o  t h e  S t e a m  T r a p

tr ia ls  a lso  in d ic a te  less c r a c k in g  a c tio n , s in ce  th e re  
a lre a d y  w as 50 p er ce n t o f th is  fra c tio n  p re se n t in th e  
ra w  m a te ria l.

A  den se d e p o sit of so -ca lle d  co k e  fo rm e d  on th e  in ­
n er su rfa ce s  of th e  p ip e s  in th e  re a c tio n  co il. B e ­
ca u se  o f th e  s to p p a g e  ca u se d  b y  th is  co k e  p lu g g in g  
u p  th e  p ip es, p ro lo n g e d  use of th e  p ip es w as  im p o ss i­
b le. T h is  ca rb o n  is q u ite  h a rd , m o d e ra te ly  b r itt le  
a n d  b re a k s  w ith  a  g lo ssy  co n ch o id a l fra c tu re  lik e  
g ilso n ite  or a n th ra c ite . C a rb o n  b isu lfid e  e x tra c ts  
o n ly  a  v e r y  sm a ll p a rt o f it ,  fo rm in g  a  d eep  b ro w n ish  
re d  s o lu tio n  h a v in g  a  d eep  green  flu o rescen ce. T h a t  
w h ich  is in so lu b le  in  ca rb o n  b isu lfid e  is h e a v ie r  in 
g r a v it y  th a n  t h a t  liq u id ; it  is in so lu b le  in  b o ilin g  
a q u a  re g ia  a n d  a lm o st in c o m b u s tib le  w h en  ig n ite d  
on  p la tin u m  foil. T h e  a q u a  re g ia  e x tr a c t  g iv e s  fa in t
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re a ctio n s  fo r  iro n . T h e  ca rb o n  a d h e res  w ith  g re a t 
t e n a c ity  to  th e  iro n  o f th e  p ipes.

T h e  ca rb o n  set free  n o t  o n ly  a c c u m u la te d  in  th e  
fo rm  of co k e , b u t  som e seem ed  t o  be fo rc e d  in to  
c o m b in a tio n  w ith  or in to  so lid  so lu tio n  in  th e  iro n  of 
th e  p ipes. A t  a n y  ra te , w h a te v e r  m a y  b e  th e  ca u se  
of it , th e  iron  b e ca m e  b rittle  so th a t  w h en  a fte r  a b o u t 
15 ru n s an  a tte m p t  w as m ad e to  u n scre w  a f it t in g  
fro m  on e of th e  p ip es, th e  p ip e  b ro k e  off w ith  a  c r y s ­
ta llin e  fra c tu re . B u t  lit t le  to rs io n  h a d  b een  a p p lie d  
before th e  b re a k  to o k  p la ce . S h o r t ly  a fte r  t h a t , 
one of th e  d o u b le  e x tr a  s tro n g  i- in . p ip es b u rst d u rin g  
an  e x p e rim e n t, a t  a  t im e  w h en  o n ly  400 lbs. p ressu re  
w as b e in g  a p p lied . T h e re  w as no e v id e n ce  th a t  th is  
p a rt of th e  p ip e  h a d  b e e n  g r e a t ly  o v e rh e a te d  a n d  th u s  
w ea k e n e d . I t  d id  n o t lo o k  b u rn t, nor w as it  sw e lled  

a s .th o u g h  it  h a d  been  s o ft; on  th e  
c o n tr a r y , a  s c a rc e ly  p e rce p tib le  
c r a c k  a b o u t 1V2 in . lo n g  o p en ed  
u p . T h e  coil w as  a lw a y s  te s te d  
b e fo re  e a ch  ru n  to  2,000 lb s . p re s­
su re, co ld . A c c o rd in g  to  U . S. 
P a te n ts  822,460 a n d  1 ,0 1 3 ,1 9 1 , 
d a te d  Ju n e 5, 1906, an d  J a n u a r y  2, 
19 12 , re s p e c tiv e ly , issu ed  to  A . W . 
M a c h le t, iro n  a rtic le s  are  c a se -h a rd ­
en ed  b y  s u b je c tin g  th e m  to  th e  
a c tio n  of lig h t  p e tro le u m  h y d r o ­
ca rb o n  v a p o rs  u n d e r h e a t an d  
p ressu re. A  s im ila r a c tio n  m u st 
h a v e  go n e on  in  th e se  tr ia ls , b u t  
p e n e tr a tin g  in to  th e  iro n  of th e  
p ip es to  a  m u ch  g r e a te r  d e p th  
u n d er th e  in flu en ce  of a  v e r y  
m u ch  lo n g er tim e  of exp o su re .

In  se v e ra l o f th e se  ru n s, m e asu re ­
m en ts w ere m ad e  of y ie ld s  d u rin g  
th e  ru n  for' th e  p u rp o se  o f fin d in g  
o u t w h e th e r th e  ra te  of p ro d u c ­
t io n  of tra n s fo rm a tio n  d is t illa te  
w as u n ifo rm  th r o u g h o u t th e  ru n . 
I t  w as fo u n d  t h a t  in e v e r y  case 
th e re  w as a  d is t in c t  fa llin g  off in

Fl£' 3— pressure- ¿ y j- ju g  th e  tim e  of th e  ru n .
R e l i e f  V a l v e  15

T h is  is a ttr ib u te d  to  th e  p a r tia l 
c lo sin g  u p  of th e  p ip e  b y  th e  co k e  fo rm e d , ca u sin g  a 
m ore ra p id  flo w  of th e  oil th r o u g h  th e  re a ctio n  coil 
an d  th u s  d im in ish in g  th e  t im e  d u rin g  w h ich  th e  oil 
w as a c te d  u p o n  b y  th e  h e a t  a n d  p ressu re .

T h e  y e llo w  co lo r o f th e  tra n s fo rm a tio n  d is tilla te  
is n o t re m o v e d  b y  tr e a tm e n t  w ith  c o n c e n tra te d  su l­
fu r ic  a c id  in  th e  u su a l p e tro le u m  re fin in g  process. 
C o n sid e ra b le  h e a t is g e n e ra te d  w h en  th e se  d is tilla te s  
are  sh a k e n  w ith  th e  acid . T h e y  b eco m e v e r y  d a rk , 
b u t a fte r  re m o v in g  th e  a c id  a n d  w a sh in g  w ith  w a te r , 
th e  y e llo w  co lo r is re sto red . O n n ow  d is tillin g  th e  
liq u id , it  p asses o v e r  a lm o s t w h ite  e v e n  u p  to  220°.

M e rcu ro u s n itra te  so lu tio n  a d d e d  to  th e  y e llo w  
tra n sfo rm a tio n  d is t illa te  ca u ses th e  fo rm a tio n  of an  
a b u n d a n t b r ig h t  y e llo w  p re c ip ita te ;  in d ee d  w ith  
su ffic ien t m ercu ro u s so lu tio n  th e  w h o le  m ass b eco m es 
a y e llo w  p a s te ; la rg e  p ro p o rtio n s  of d e fin e s  m u st,

th e re fo re , b e  p re se n t. A m m o n ia c a l s ilv e r  nitrate 
w as  n o t  re d u ce d  a n d  g a v e  n o  p re c ip ita te ;  acetylenes 
a re , th e re fo re , a b se n t. Io d in e  a n d  b ro m in e  are freely 
a b so rb e d  fro m -th e ir  a q u e o u s  so lu tio n s  b y  transform a­
tio n  d is tilla te s ; th is  g r e a t ly  m o difies th e ir  odor, but 
n o t th e ir  color.

In  o rd er to  find o u t ju s t  h o w  tra n sfo rm a tio n  dis­
t i l la te  w o u ld  a c t  u n d er th e  u su a l re fin e ry  process for 
p ro d u c in g  o rd in a ry  g a so lin e , 24V2 ga ls , w ere distilled 
w ith  liv e  o p en  s te a m  fro m  a  la b o r a to r y  still of about 
50 ga ls, to ta l  c a p a c ity , no o th e r  h e a t  b e in g  applied. 
T h e  first 39 per c e n t th a t  ca m e o v e r  w as  colorless and 
h a d  sp. gr. 0 .7 2 1  ( 6 4 .6 °  B d .); it  le ft  a  residue of 5.2 
per ce n t a t  15 0 ° C ;  it  w as, th e re fo re , a go o d  gasoline. 
T h e  n e x t 1 2 .3  per c e n t t h a t  ca m e o v e r  w as fain t yel­
lo w : it  h a d  sp . gr. 0 .7 6 1  ( 5 4 .5 0 B 6.) an d  distilled 
b e tw e e n  90° a n d  200° C . ,  a n d , e x c e p t fo r  the color, 
w as a  g o o d  n a p h th a . T h e  n e x t  1 7 .4  per cent that 
ca m e  o v e r  w as  d is t in c t ly  y e llo w , h a d  sp. gr. o . 784, and 
d is tille d  b e tw e e n  13 0 ° an d  220° C . ;  its  flash  point was 
3 6 ° C . T h e  resid u e  le ft  in  th e  s till, am ountin g to
4 1 . 5  p er ce n t (b y  d ifferen ce) o f th e  ch a rg e , was dark 
y e llo w , sp. gr. 0 .8 3 5 , a n d d is tille d  betw een  1800 
a n d  320° C.

In  a n o th e r tr ia l 17 ga ls , w ere s im ila r ly  distilled.

F i g .  A— G e n e r a l  V ie w  o p  H y d r a u l i c  P u m p  ( t o  L e f t ) ,  E l e c t r i c  M o to r  
( t o  R i g h t )  a n d  P u l l e y ,  S p r o c k e t  a n d  G e a r  A r r a n g e m e n t  

f o r  O p e r a t i n g  t h e  P u m p  S l o w l y  E n o u g h

T h e  first fra c tio n , 50 p er ce n t o f th e  w h o le, w as white, 
h a d  sp. gr. 0 .7 2 0  (6 5 .0 °  B é .) , a n d  d istilled  between 
40° a n d  17 0 ° C .  T h e  seco n d  fra c tio n , 25 per cent 
of th e  w h o le , w a s  y e llo w  in  co lo r, sp. gr. 0 .7 7 1 , and 
d is tille d  b e tw e e n  1x 0 ° a n d  2 10 ° C . T h e  residue left 
in  th e  still w as deep  y e llo w , sp. gr. 0 .8 0 4, and dis­
t ille d  b e tw e e n  13 0 ° a n d  250° C.

T h e  tra n s fo rm a tio n  d is t illa te  u sed  in  both cases 
h a d  n o t  been  tre a te d  in  a n y  w a y  w ith  chem icals to 
d e co lo r ize  o r o th erw ise  ch a n g e  it . T h e se  distilla­
tio n s  sh o w ed  t h a t  tra n s fo rm a tio n  d is tilla te  behaves 
p e r fe c t ly  n o r m a lly  in th e  u su a l ga so lin e  distilling 

p rocess.
S e a rch  w a s  m a d e  fo r  a ro m a tic  co m p o u n d s in the 

tra n s fo rm a tio n  d is t illa te  b y  an  e ffo rt to  isolate the 
x y le n e s . T h e  m e th o d  e m p lo y e d  w as as follows: 
T h e  fra c tio n  of b o ilin g  p o in t 13 0 ° to  220° obtained 
in  s te a m -d is t illin g  th e  tra n s fo rm a tio n  d istilla te  was 
fr a c t io n a te d  in  a  co p p e r s till-h e a d  s till and  the frac­
t io n s  u p  to  14 0 ° a n d  14 0 ° to  15 0 °  co lle c te d  separately. 
T h e  re sid u e  le ft  in  th e  s te a m  still w as s u b j e c t e d  to 
th e  sam e p ro cess, a n d  th e  co rresp o n d in g  fractions 
w ere m ix ed . L o ts  o f 1600 cc. e ach , o f th ese  fractions,
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were then fu r th e r  fra c t io n a te d  fro m  a 2000 cc. ro u n d - 
bottomed fla sk  p ro v id e d  w ith  a  g la ss  12 -b u lb  p ea r 
still-head an d  an  A n s c h u tz  n o rm a l th e rm o m e te r. 
The fractio n s 1 3 5 0 to  1 4 5 0 w ere  c o lle c te d  a n d  m ixed . 
A total of 117 0  cc. w ere  o b ta in e d  o r ig in a tin g  fro m  
the 24V2 ga ls , tra n s fo rm a tio n  d is tilla te . T h is  w as 
again fra c tio n a te d , as b e fo re , c o lle c tin g  th is  tim e  
between 138 . 5 0 a n d  14 2 . 3 °. O f th is  la s t  fra c tio n , 
only 125 cc. w ere o b ta in e d . A  l it t le  of th is  w as  tre a te d  
with co n cen tra te d  n itr ic  a c id , firs t co ld , f in a lly  b o il­
ing, but it  y ie ld e d  no n itro  co m p o u n d s. H en ce , no 
xylene is p resen t. S in ce  x y le n e  is a b se n t, it  is a ssu m ed  
that no a ro m a tic  h y d ro c a rb o n s  are p resen t.

Several d is tilla tio n s  w ere m a d e  of th e  ta r s  o b ta in e d  
in these e x p erim en ts  w ith  th e  o b je c t  in  v ie w  o f iso ­
lating a n y  v isco u s  h y d ro c a rb o n s  of v a lu e  as  lu b r ic a tin g  
oils th a t m igh t b e  p re se n t. T h is  w as a lw a y s  don e 
with live open  ste a m , w ith  th e  s im u lta n e o u s  a p p lic a ­
tion of fire h e a t to  th e  b o tto m  of th e  s till  in  th e  m an n er 
usual in th e  p e tro le u m  in d u s try . In  one case, 30 ga ls , 
of tar w ere s u b je c te d  to  th is  tre a tm e n t. I t  is u n ­
necessary to  go  in to  d e ta ils  a b o u t  th e se  tr ia ls , since 
nothing of v a lu e  w as fo u n d . T h e  h ig h  h e a t a n d  g re a t 
pressure seem s n o t o n ly  to  h a v e  b ro k e n  d o w n  w h a t­
ever viscous h y d ro c a rb o n s  w ere  o r ig in a lly  p re se n t, 
but also to  h a v e  p re v e n te d  th e  fo rm a tio n  of o th ers, 
either b y  b a la n ced  re a ctio n s  or o th erw ise . T h e  o rig in a l 
tars were all o f h e a v ie r  g r a v it y  th a n  th e  oils fro m  
which th e y  w ere  m ad e, o f g o o d  co ld  te s t , a n d  v e r y  
thin in v is c o s ity . A ll th e  re s id u a l o ils  le ft  a fte r  s te a m  
distillation w ere s im ila r , b u t  th e  co ld  te s t  w as  n o t so 
good; th a t  is to  s a y , th e re  w as  p re se n t su ffic ien t 
crystallizable p araffin e  to  re n d er th e  oil m ore s u sce p ­
tible to  cold. A ll t h a t  is sa id  a b o v e  a p p lies  e q u a lly  
to tars d e riv ed  fro m  lig h t  o rig in al oils— n a m e ly , 300 
oil ■ and kerosen e, a n d  to  th o se  fro m  h e a v y , w a x y  
original oils— n a m e ly , w a x  d is tilla te , e tc . T h e  o rig in a l 
crystallizable p araffin e , w h en  p re se n t, w as  a lm o st 
totally d e stro ye d  b y  th e  h e a t an d  p ressu re  a n d  so 
were all v isco u s co m p o n e n ts .

Credit is due to  m y  son, J a m e s A . B je r re g a a r d , 
for co n stru ctin g  an d  o p e r a tin g  th is  a p p a ra tu s . M y  
thanks are due to  th e  C a n fie ld  O il C o m p a n y , of C le v e ­
land, Ohio, fo r p erm issio n  to  p u b lish  th is  re p o rt.

C l e v e l a n d , O h io

THE TEMPERATURE COEFFICIENT OF EXPANSION  
OF PETROLEUM RESIDUUMS

B y  H .  R o s s b a c h k r  

R e c e iv e d  M a r c h  2 9 , 1915

In the p u rch ase  o f re sid u u m  oil th e  m e a su rem en t 
of volum e is u s u a lly  m ad e a t an  e le v a te d  te m p e ra tu re  
and the vo lu m e is th e n  re d u ce d  to  som e s ta n d ­
ard tem p eratu re, u s u a lly  6 0 ° F . E n g le r 1 h as sh o w n  
that this co effic ien t is n o t a  co n sta n t  fo r all ra n ges 
of tem perature b u t  m u st be d e te rm in e d  fo r  ra n ge s  
closely a p p ro x im a tin g  th o se  to  w h ich  it  is to  b e  a p ­
plied. E v e n  fo r a  d efin ed  te m p e ra tu re  ra n ge  th e  
value will v a r y  w ith  th e  c o n sis te n cy  of th e  m a te ria l 
and the ty p e  of cru d e  p e tro le u m  fro m  w h ich  it  is p re ­
pared. A  closer a tte n tio n  to  th is  v a lu e  m ig h t p ro v e  
°f com m ercial a d v a n ta g e  in m a n y  cases. W ith  th is

1 "D as E r d o d r  Vol. 1 , p. 95.

id e a , th e  fo llo w in g  d e sc rip tio n  is g iv e n  o f an  e a s ily  
a p p lie d  m e th o d  fo r  d e te rm in in g  th e  te m p e ra tu re  
co effic ien t of e x p a n sio n  o f a  p e tro le u m  re sid u u m  o v e r 
a n y  d esired  te m p e ra tu re  ra n ge .

d e s c r i p t i o n — T o  co n sid er th e  m o st co m p lica te d  
case, it  is a ssu m ed  t h a t  th e  sam p le  is sem i-so lid  a t 
th e  s ta n d a rd  te m p e ra tu re . W h en  th e  
sa m p le  is s u ffic ie n tly  flu id  to  a llo w  th e  
s e a tin g  of th e  s to p p e r  a t  th is  t e m ­
p e ra tu re , th e  fo llo w in g  o p e ra tio n s  an d  
c a lc u la tio n s  ca n  be so m e w h a t s im p li­
fied . T h e  sp ecific  g r a v it y  a t  th e  
s ta n d a rd  te m p e ra tu re  is d e te rm in e d  
in a  H u b b a rd  p y c n o m e te r .1 T h e  
p y c n o m e te r  is th e n  filled  w ith  th e  
sam p le , w a rm e d  s u ffic ie n tly  to  a llo w  
th e  s to p p e r  to  be s ea ted , a n d  s u s ­
p en d ed  in  a  w ire  slin g  in  a g ly ce rin e  
b a th , th e  to p  of th e  s to p p er p r o je c t­
in g  s lig h t ly  fro m  th e  su rfa ce  of th e  
g ly ce rin e . A  th e rm o m e te r  is p lace d  
in  th e  b a th  w ith  its  b u lb  o p p o site  
th e  m id d le  of th e  p y cn o m e te r . T h e  
b a th  is h e a te d  s lo w ly , w ith  s tirr in g , 
th e  s to p p e r  b e in g  k e p t  f irm ly  se a te d  an d  w ip ed  c le an  
as th e  re sid u u m  e xp a n d s. W h en  th e  d esired  te m ­
p e ra tu re  is re a ch e d  it  is k e p t  co n sta n t  u n til th e  
a b se n ce  of fu r th e r  e x u d a tio n  o f th e  sa m p le  fro m  th e  
c a p illa r y  in d ic a te s  t h a t  th e  sam p le  h as re a ch ed  th e  
te m p e ra tu re  o f th e  b a th . T h e  p y c n o m e te r  is th e n  re ­
m o ve d , w ip e d  c le a n , a llo w ed  to  cool a n d  w eigh ed .

C a l c u l a t i o n  
L e t a  =  W e ig h t of p y cn o m e te r , em p ty .

b =* W e ig h t of p y cn o m ete r , -f* w a te r  a t  s ta n d a rd  te m p e ra tu re . 
c — W e ig h t of p y c n o m e te r  +  sam p le  a t  s ta n d a rd  te m p e ra tu re . 
d =  W e ig h t of p y c n o m e te r  +  sam p le  +  w a te r  a t  s ta n d a rd  te m p e ra tu re . 
e «s W e ig h t of p y c n o m e te r  +  sam p le  a t  e le v a te d  te m p e ra tu re .
/  =* C oeffic ien t of cu b ica l ex p an sio n  of p y cn o m e te r , a ssum ed  0 .0000156 

p e r  °F . in  th is  c a se .1 

1 " C h c m ik e r  K a le n d a r ,” Vol. I I  (1912), p. 89.

F ro m  v a lu e s  a, b a n d  c, ca lc u la te  W s, th e  w e ig h t 
of sam p le  in  th e  p y c n o m e te r  a t  th e  s ta n d a rd  te m p e ra ­
tu re . T h e  sp ecific  g r a v it y  o f w a te r  a t  T 5 m a y  b e  ta k e n  
as u n ity  fo r  th e  p u rp o ses o f th is  ca lc u la tio n . F ro m  
a a n d  b fin d  Vs,  th e  vo lu m e  o f th e  p y c n o m e te r  a t 
th e  s ta n d a rd  te m p e ra tu re . A p p ly in g  /, find th e  
v o lu m e  a t th e  e le v a te d  te m p e ra tu re , V e, in term s

of V s .

v  _ i +  3T ,( / ) V ,

" i +  s T s ( f )
F ro m  a a n d  e find  W „, th e  w e ig h t of sam p le  in  th e

p y c n o m e te r  a t  T e. — —- =  W » , w e ig h t a t  T« fo r 
v e

W «  —  W s
v o lu m e  co rresp o n d in g  to  V 5. -------— — -  =  Ie, th e

W 5
loss in  w e ig h t o f V s in  in cre a s in g  T ,  —  T s d egrees 
in  te m p e ra tu re .

 —-----  =  m. co effic ien t of exp a n sio n  in  th e  fo rm u la'P __  *p5

V ,  =  V , [ i  +  m ( T e —  T j)  ]
S o m e re su lts  o b ta in e d  b y  th is  m e th o d  are  of in te re st 

in illu s tra tin g  th e  e ffe ct of te m p e ra tu re  ra n g e  on  th e  
co efficien t.

* “ D u s t P re v e n tiv e s  a n d  R o ad  B in d e rs ,” pp . 329 -30 .
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S p e c i f i c  G r a v i t y  
6 0 /6 0 °  F . 
1 .0957

7 7 /7 7 °  F .
1 .0887

" S t a n o l it e ”

C o e f f i c i e n t  o f  E x p a n s i o n  p e r  °F . 
6 0 -2 1 2 °  P . 0 .0 0 0 3 6 4
6 0 -2 6 4 °  P .

7 7 -2 1 2 °  P . 
7 7 -2 6 4 °  F .

0 .0 0 0 3 7 8
0 .0 00337
0.000343

B y  W e iss ’ m e th o d  of c a lc u la tio n 1 th e  co effic ie n t of 
exp a n sio n  fo r th e  ra n g e  6 0 -7 7 °  F . on th is  sa m p le  is 
0.000412.

A  sa m p le  of M e x ica n  re sid u u m  h a v in g  a  sp ecific  
g r a v it y  o f 1.0104 a t  7 7 / 7 7 °  F . g a v e  th e  co effic ien t 
0.00032 fo r  th e  ra n ge  77—16 0 ° F.

C h e m ic a l  L a b o r a t o r y  o f  M o r r is  & C o m p a n y  
C h ic a g o

RELATIONS AM ONG THE PHYSICAL CONSTANTS 
OF THE PETROLEUM DISTILLATES2
B y W a l t e r  P . R i t t m a n  a n d  G u s t a v  E g l o f f  

R ece ived  J a n u a r y  4, 1915

In  th e  in d u s tria l s tu d y  of p e tro le u m  a n d  p e tro le u m  
p ro d u c ts  s tr ic t ly  ch e m ica l m e th o d s of id e n tific a tio n  
are o f s e c o n d a ry  im p o rta n ce . T h e  n u m b e r of re a c ­
tio n s  in  use is lim ite d , a n d  th e se  p ro cesses are  n o t 
p a r t ic u la r ly  c o n v e n ie n t a n d  s a t is fa c to r y . T h e y  fa il 
to  g iv e  th e  so rt o f in fo rm a tio n  m o st n eed ed . F o r 
in sta n ce , th e  su lfo n a tio n  te s t  fo r  d e fin e s  g iv e s  th e  
sam e re su lts  w h e th e r  th e  h y d ro c a rb o n s  h a v e  a  b o il­
in g  p o in t of. io o °  or 300°, a n d  in d ica te s  l i t t le  r e g a r d ­
in g  th e  co m m e rcia l use or p o ss ib ilities  o f an  o il. L ik e ­
w ise a  liq u id  su lfu r d io x id e  e x tra c tio n  does n o t a id  
in d iffe re n tia tin g  a  g a so lin e  fro m  a kero sen e.

T h e  im p o rta n t  in fo rm a tio n  in  th e  s tu d y  of p e tr o ­
leu m  d is tilla te s  is o b ta in e d  fro m  d e te rm in a tio n s  of

th e  lim its  o f e x p e r im e n ta l erro r no m a tte r  w h at de­
v ic e  is e m p lo y e d  to  secu re  th e m .

V is c o s ity  co effic ie n ts  fo r  cru d e  oils a n d  refined prod­
u c ts  are co m m o n ly  d e te rm in e d . M a n y  ch em ists meas­
u re  re fra c t iv e  in d ices, th o u g h  th e  use of th is  valuable 
m e th o d  o f id e n tifica tio n  is ra th e r  lim ited . Other 
p h y s ic a l co n sta n ts  su ch  as s u rfa ce  ten sio n , capillary 
rise  a n d  m o lec u la r w e ig h t h a v e  b een  determ in ed  in 
o n ly  a  lim ite d  n u m b e r o f cases a n d  th e ir  practical 
a p p lic a tio n s  h a v e  n ot b een  g iv e n  e x te n s iv e  consid­
e ra tio n  b y  p e tro le u m  te ch n o lo g is ts .

F o r  th e  p u rp o se  o f d e te rm in in g  p ossib le  simple 
re la tio n sh ip s , m e asu rem e n ts  w ere m ad e  of the fol­
lo w in g  series of c o n sta n ts :

A — .D is tilla tio n  ra n g e  E — 'S u rfa ce  ten sio n
B — S p ecific  g r a v it y  F — C a p illa r y  co n stan t
C — R e fr a c t iv e  in d ex  G— M o le c u la r  w eigh t
D — V is c o s ity  H— U ltim a te  a n a lysis

S A M P L E S  A N D  D E T E R M IN A T IO N S  

A s th e  p re se n t w o rk  d eals w ith  a  com parsion of 
c o n sta n ts , ra th e r  th a n  o ils, it  w as  n o t considered 
n e ce ssa ry  to  secu re  an  a b s o lu te ly  com prehensive 
series of sam p les. R e p r e s e n ta t iv e  o ils  fro m  a num­
b er of d iffe re n t fields w ere  o b ta in e d , a n d  the selec­
tio n  w as m ad e  w ith  th e  v ie w  of in c lu d in g  crude petro­
leu m s of d ifferen t ty p e s .

T h e  lis t  in c lu d e s  fiv e  c a r e fu lly  se le c te d  sam ples of 
C a lifo r n ia  cru d e  oils, fiv e  fro m  O k la h o m a , four from 
P e n n s y lv a n ia , tw o  fro m  R u ss ia  a n d  on e fro m  Mexico. 
F ro m  th e  w o rk s  o f M a b e r y  a n d  o th e r investigators, 
it  is k n o w n  th a t  w id e  d ifferen ces  e x is t  am ong the 
ty p e s  of h y d ro c a rb o n s  fo u n d  in  oils fro m  th e  different

T a b l e  I — S o u r c e s  a n d  P h y s ic a l  C o n s t a n t s  o f  C r u d e  O i l  S a m p l e s

N o .  F ie l d  D is t r ic t

269 C al. 
273 C al. 
587 C al. 
591 C al. 

H eald
764 P a . )
765 P a . J
815 P a . i
816 P a . |

1280 O kla.
1281 O kla. 
1336 O kla. 
1339 O kla.

P iru
P iru
M id w ay
M id w ay

J . S . S loan  
F a rm
B ra n d c u  ; 
F a rm
C ollinsv ille
C ollinsv ille
C ollinsv ille
C o llin sv ille

S a m p le d  L o c a t i o n  S t a t e  
1 2 / 6 /0 7  T 3 N , R 1 8 W  C al. 
1 2 / 4 /0 7  T 4 N , R 1 8 W  C al. 
1 0 / 8 /1 0  T 3 1 S , R 2 2 E  C al. 
1 0 /1 8 /1 0  T 3 1 S, R 2 2 E  C al.

C o u n t y  L e a s e  
V e n tu ra  U n ion  O il C o .
V e n tu ra  M od e lla , 7, 19 ,21 , 22, 28, 29 
K e rn  M a n c h u ria , M id w ay  
K e rn  B ea r  C reek

W e l l  N o .  
15

P h y s ic a l  C o n s t a n t s  o f  C r u d e  P etro leu m s  
A r r a n g e d  i n  O r d e r  o f  T h e ir  

S p e c i f i c  G r a v it ie s

j 9 /7 /1 1  
1 9 /7 /1 1  
9 /2 1 /1 1  
9 /2 1 /1 1  
M a y / 13 
M a y / 13 
5 /2 4 /1 3  
5 /2 4 /1 3

E m len to n  
E m lc n to n  
P le a sa n tv ille  
P le a sa n tv ille  
T 2 2 N , R 1 5 E  
T 2 2 N , R 1 5 E  
T 1 4 N , R 1 8 E  
T 1 4 N , R 1 8 E

P a.
P a .
P a .

oL ,
O kla.
O kla.
O kla.

V enango  B o u ld e r S a n d : 1195 f t.
V en an g o  S econd  S a n d : 1050 f t.

F ir s t  S a n d : 580 ft.
S econd  S a n d : 650 ft.
C la rcm o re  P ool 
S ellers  L ease , C la rem o re  P ool 
G . C a lla h a n  L ease , M uskogee  P ool 
S te v e n s  L ease, M uskogee  P oo l

S. M a ria
R . R . R u ssian — P ro v id e d  b y  th e  k in d n e ss  of C . I . R o b in so n  of th e  S ta n d a rd  O il C o. of N . J .
R . M . R u ssian — P ro v id ed  b y  th e  k in d n e ss  of P ro f. C . F . M a b e ry , T h e  C ase  Schoo l, C le v e la n d , O. 
M ex. M ex ican— P ro v id e d  b y  th e  k in d n e ss  of D r. D . T . D ay , U . S. B u re a u  of M ines , W ash in g to n ,

1 • S a m ­ S p. V iscosities Surf. Cap.
3 p le G r. Spec. Sec. T ens. Const.

815 0 .7 9 9 1 .30 6 7 .5 24 .07 6.17
9 764 0 .8 0 0 1 .29 67 25 .12 6.44
3 816 0 .8 0 8 1.32 6 8 .5 24.81 6.30

11 765 0 .8 1 6 1 .40 73 25 .44 6.38
6 1336 0 .8 2 5 1 .44 75 24.78 6.15

1339 0 .8 3 8 1.71 89 26. 19 6.40
' i
3

1280 0 .8 4 6 1 .70 8 8 .5 25.03 6.06
H eald 0 .8 6 5 2 .7 7 144 26 .59 6.30

I 1281 0 .8 7 0 3 .3 5 174 26.59 6.26
269 0 .8 7 6 2 .31 120 25 .70 6.00

R . R . 0 .8 7 6 2 .61 136 27.55 6.43
R . M . 0 .8 7 8 3 .2 2 167 .5 27.82 6.49

273 0 .891 2 . 11 110 26 .0 8 5.99
D . C . S. M . 0 .901 4 .9 2 256 26.13 5.94

v a r io u s  p h y s ic a l c o n sta n ts . In  v ie w  of th e  c o n v e ­
n ien ce  w ith  w h ich  th e y  ca n  be m e asu red , a n d  th e  w ide 
u t i l i t y  o f th e se  co n sta n ts , i t  h as b een  th o u g h t d e s ira ­
b le  to  s tu d y  re la tio n s  e x is t in g  a m o n g  th e m . T h e  
w o rk  d e scrib ed  in th is  co m m u n ica tio n  d eals  w ith  a  
co m p re h e n siv e  series of m e a su rem e n ts  an d  fu rn ish es 
d a ta  w h ich  are h e lp fu l in  in d ic a tin g  h o w  th e  resu lts  
of v a r io u s  e x p e rim e n ts  m a y  be in te rp re ted .

T h e  tw o  p rocesses m o st u n iv e rs a lly  e m p lo y e d  an d  

b e st u n d e rsto o d  are d is tilla tio n  an d  m e a su rem en t 

of sp ecific  g r a v ity . D is t illa t io n  figu res are  m ore or 

less re la tiv e , d e p e n d in g  up o n  th e  m e th o d  u se d .3 

G r a v it y  m e asu rem e n ts  a re  a b so lu te  a n d  agree  w ith in

1 Jo h n  M o rris  W eiss, " T h e  C oefficien t of E x p a n sio n  of T a r ,”  J .  F rank. 
In s t . ,  S ep t., 1911.

2 P u b lish ed  w ith  th e  perm ission  of th e  D ire c to r  of th e  B u re a u  of M ines.
5 See R it tm a n  a n d  D ean , T h i s  J o u r n a l ,  7 (1915), 185.

fie ld s. T a b le  I g iv e s  th e  so u rces a n d  p h ysical con­
s ta n ts  o f th e  oils s tu d ied .

v i s c o s i t i e s  of th e  cru d e  o ils  w ere m easured  in the 
S ta n d a rd  E n g le r  V isco s im e te r  a t  a  tem p eratu re  of 
20° C . R e s u lts  are e x p ressed  in  E n g le r  degrees, 
w h ich  re p re se n t ra tio s  of th e  r a te s  of flow  of the oil 
a n d  w a te r . W h en  e x p ressed  in  th is  m anner the 
re su lts  in d ic a te  sp e c ific  v is c o s ity . T h is  is in contrast 
to  e m p ir ica l re fin e ry  p ra c tic e  u sin g  th e  S a y b o lt ma­
ch in e, w h ich  sh o w s th e  t im e  re q u ire d  fo r  a  g iven  quan­
t i t y  o f o il to  p ass a  g iv e n  o rifice  a n d  o m its  comparison 
w ith  th e  s ta n d a rd  liq u id , w a te r .

T h e  co n v e rs io n  fa c to r s  fro m  E n g le r 1 to  Redwood 
a n d  S a y b o lt  a re : _______ ■

T r =  I 9 2 . 2 K ( i  +  ^  i  +

1 Chem . R ev. F ilt-H a rz. In d .,  19 (30, 33), (44 to  49).
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T s ^!K(, + A/.+o"r)
K  =  o .o 8 o i9 E  —

0.07013

E

T he va lu e s  c a lc u la te d  fro m  th e  fo rm u la s  agree  w ith  
those a c tu a lly  o b se rv e d  w ith in  4 p er c e n t b y  R e d ­
wood and 2 p er c e n t b y  S a y b o lt . B y  d iv id in g  th e  
readings fo r R e d w o o d  an d  S a y b o lt  in stru m e n ts  b y  
the resp e ctive  re a d in g s  fo r  w a te r , c o m p a r a tiv e  a c c u r a c y  
for these in stru m e n ts  is in creased .

d i s t i l l a t i o n s  w ere co n d u c te d  a cco rd in g  to  a m eth o d  
which w as d esig n ed  to  g iv e  a  h ig h  d egree  o f s e p a ra ­
tion. In  a cco rd a n c e  w ith  th e  resu lts  of som e rc ce n t 
in vestigations c o n d u cte d  u n d e r th e  d irectio n  o f one 
of the a u th o rs ,1 a  H em p el co lu m n  o f d e fin ite  h e ig h t 
was p ro v is io n a lly  a d o p te d  as s ta n d a rd  fo r  th is  se t o f 
experim ents. T h e  degree  of e ffic ie n cy  a tta in e d  w as 
ap p ro xim ate ly  t h a t  of th e  s ta n d a rd  creo so te  fla sk 2 
of the F o re s tr y  D iv is io n  o f th e  D e p a r tm e n t o f A g r i­
culture. T h e  flasks h ere u sed  w ere  of th e  fo llo w in g  
dim ensions:
Initial charge 400 cc. H e ig h t from  b u lb  to  o u t le t  6 in.
C apacity  of bu lb  500 cc. H e ig h t from  o u tle t  to  to p  1 l/ i  in .
Cuts a t  50° in te rv a ls  100 to  30 0 °  C . D ia m e te r  of neck  of b u lb  6/ s  in. 
F rac tionating  co lu m n : 5 in . a lu m in u m  b e a d s  (b e tw een  */< an d  3/ t  in .)

T h e resu lts  of d is tilla tio n , sh o w n  in  T a b le  I I ,  n eed 
no d iscussion  in th e  p re se n t co n n e ctio n . T h e  K e rn  
R iver an d  M e x ica n  O ils w ere em u lsified  a n d  fro th e d  
badly, an d  to  o v e rco m e  th is  d if f ic u lty  it  w as n e ce ssa ry  
to ap p ly  h e a t to  th e  n e c k  o f th e  flask , w h ich  o b v io u s ly  
altered the e ffe ct o f th e  fra c t io n a t in g  co lu m n .

a c u t  is se le c te d , it  w ill be n o te d  th a t  d en sities  of 
P e n n s y lv a n ia  p ro d u c ts  a re  le a st a n d  th o se  of C a li­
fo rn ia  an d  R u ss ia n  g re a te s t. T h is  is in a cco rd  w ith  
o b s e rv a tio n s  o f o th e r in v e s tig a to rs  a n d  is a  s tr ik in g  
e v id e n ce  of th e  d ifferen ce  a m o n g  th e  h y d ro ca rb o n s  
co n ta in e d  in  p etro le u m s fro m  d ifferen t fields. P e n n ­
s y lv a n ia  oils c o n ta in  p araffin s w h ich  h a v e  a lo w  
g r a v it y  fo r  a  g iv e n  b o ilin g  p o in t: C a lifo r n ia  an d  R u s ­
sian  oils c o n ta in  c y c lic  co m p o u n d s w h ich  a re  h e a v ie r  
fo r th e  sam e b o ilin g  p o in t: O k la h o m a  oils, c o n ta in ­
in g  b o th  ty p e s  of h y d ro c a rb o n s , g iv e  in term ed iate- 
g r a v it y  v a lu e s .

r e f r a c t i v e  i n d i c e s  w ere m easu red  b y  m ean s of a 
P u lfr ic h  R e fra c to m e te r . D e te rm in a tio n s  w ere made- 
a t ro o m  te m p e ra tu re , m a in ta in e d  a t 20° C .

T h e  use o f r e fr a c t iv e  in d ex  as a  m ean s of id e n ti­
ficatio n  of oils is to  be re co m m e n d e d . T h e  m e th o d  
is s im p le , ra p id , a n d  o n ly  a  fe w  d rop s of liq u id  are 
n ece ssa ry  fo r a  d e te rm in a tio n . C o m p a r a t iv e ly  lit t le  
h a s  been  don e in  th e  use of r e fr a c t iv e  in d ex  b y  
p e tro le u m  tech n o lo g is ts , d e sp ite  its  w id e  u t i l i t y  in 
id e n tify in g  esse n tia l oils. T h e  p r o p e r ty  is an a d d i­
t iv e  one a n d  w ith in  ce rta in  lim its  w e ca n  assign  t o  
e a ch  a to m  in  th e  m o lecu le  a  ce rta in  sh a re  in th e  re ­
fr a c t iv e  in d ex  of th e  m o lecu le.

T h e  a b o v e  p ro p e r ty  is e m p h a sized  b y  th e  p re se n t  
e x p e rim e n ts . T h e  v a lu e s  in crease  in  th e  a sc e n d in g  
o rd er w ith  in cre ase  o f sp ecific  g r a v it y  o f a  series  of 
o ils: th is  is c le a r ly  sh o w n  w h en  th e  oil is g r a p h e d  
a g a in s t  sp e c ific  g r a v i t y  an d  r e fra c t iv e  in d ex.

T a b l e  I I — R e s u l t s  ó f  F r a c t i o n a l  D i s t i l l a t i o n s  o f  P e t r o l e u m  O i l s  a n d  C o n s t a n t s  o f  V a r i o u s  D i s t i l l a t i o n  C u t s
Source C al. C al. C al. C al. Cal. P a . P a . P a . P a . O kla. O kla. O kla. O kla. O kla. R u ssian M exican
Sample 269 273 587 591 S. M . 764 765 815 816 1280 1281 1336 1339 H eald R . R . R . M .
Tem p. 
To 100° 8 .0 0 5 .2 5 0 .3 8 6 .7 5 5 .1 9

V o l u m e — P e r c e n t a g e s  
6 .2 5  6 .2 5  8 .2 5  3 . 2 5 0 .3 1 8 .3 8 5 . 5 0 5 . 0 0 0 .6 2 1.12

100-150° 10.50 15.50 0 .5 0 13.25 7 .3 8 13.75 6 .6 3  14 .2 5  14 .25 3 .3 8 12.50 12.25 8 .6 2 11.13 7 . 3 8 11 Í2
150-200° 8 .2 5 10.25 1 .5 0 i l  25 8 .6 2 6 .0 6 11 .5 0  6 . 0 0  12 .75  10 .38 10.75 11 . 12 9 . 5 0 7 .3 8 11.50 8 .6 2 2 .5 0
200-250° 11 .00 12.63 5 .2 5 5 .2 5 11.12 6.  12 11 .5 0  5 . 2 5  11 .75  13 .88 14. 12 11. 12 11.75 10.25 13.75 12.75 8 . 2 5
250-300° 11 .25 12.0 0 16.0 0 10.63 15 .00 6 .1 9 1 2 .5 0  5 . 7 5  11 .75  14 .8 8 16.75 12.63 15.00 17.00 15.25 15.62 2 5 .7 5

To 100° 0 .6 8 8 0 .7 0 6 0 .7 0 6 0 .6 8 6
S p e c i f i c  G r a v i t i e s  

0 .6 8 2  0 .67 1  0 . 6 8 6  0 .7 0 5 0 .6 8 0 0 .6 8 9 0 .6 9 0 0 .7 3 3
100-150° 0 .7 5 6 0 .7 6 2 0 .7 6 2 0 .7 3 6 0 .7 4 8  0 .7 3 7  0 .7 4 0  0 .7 4 6 Ol 757 0 .7 4 9 0 .7 5 2 0 .7 5 4 0 .7 67 0 .7 6 9 0 . 7 5 9
150-200° 0 .7 9 2 0 .8 0 5 o! 820 Ol 826 0 .8 0 6 0 .7 6 6 0 .7 8 0  0 .7 6 7  0 .7 71  0 .7 81 0 .7 8 5 0 .7 8 3 0 .7 8 5 0 .7 9 1 0 .8 0 4 0 .8 0 6 0 . 7 9 8
200-250° 0 .8 2 5 0 .8 51 0 .8 5 8 0 .8 6 0 0 .8 4 6 0 .7 8 9 0 . 7 9 9  0 . 7 9 2  0 . 7 9 3  0 .8 1 4 0 .8 1 5 0 .8 0 9 0 .8 1 2 0 .8 1 8 0 .8 3 6 0 . 8 3 6 0 . 8 4 3
250-300° 0 .8 5 5 0.8 91 0 .8 8 7 0 .8 9 0 0 .8 7 8 0 .8 1 2 0 . 8 1 8  0 . 8 1 5  0 .8 1 3  0 .8 3 9 0 .8 3 9 0 .8 31 0 .8 3 6 0 .8 3 9 0.8 61 0.8 61 0 .8 7 1

To 100° 1 .386 1.3 90 1.4 23 1.392 1.385
I n d i c e s  o f  R e f r a c t i o n  

1 .385 1 .375 1 .3 8 6  1 .3 89 1 .409 1.385 1.387 1.3 88 1.401 1.4 03
100-150° 1 .418 1.419 1.434 1 .420 1.407 1 .4 1 6  1 .4 08  1 .410  1.413 1.4 19 1 .4 1 6 1 .417 1 .4 18 1.421 1 .423 114 Í 9
150-200° 1.4 36 1 .440 1.445 11448 1.444 1.425 1 .4 3 0  1 .4 26  1.427 1.431 1 .435 1 .432 1.434 1 .435 1.439 1.441 1 .4 3 9
200-250° 1.455 1 .465 1.465 1 .465 1.465 1.437 1.4 43  1 .438  1 .4 39  1 .4 49 1 .450 1 .448 1.448 1 .451 1.457 1 .457 1 .4 6 4
250-300° 1 .472 1.493 1.484 1.484 1.483 1.4 49 1.452  1 .449  1 .4 49  1 .464 1.4 64 1.459 1.461 1.465 1 .472 1.474 1.481

To 100° 19.54 18.92 2 0 .78 18.81
S u r f a c e  T e n s i o n s  

18 .87 19 .11  19 .5 3  19 .9 9 19.85 18 .9 2 19.71 2 1 . 1 9
100-150° 22 .12 2 2 .3 3 2 2 .47 2 0 .9 5 2 1 .8 7  2 1 .6 7  2 0 .9 8  2 2 .0 5 2 2 .6 9 2 2 .0 9 2 1 .5 3 2 2 .3 4 2 2 .7 5 2 2 .8 0
150-200° 2 2 .7 0 2 4 .5 5 25 ’. 25 25136 25.31 2 3 .2 9 2 4 .0 0  2 3 .7 5  2 2 . 6 4  2 4 .2 5 2 4 .3 5 2 4 .0 7 22.91 2 3 .9 8 2 4 .8 5 2 4 .9 3 2 4 .6 2
200-250° 23 .47 2 6 .4 3 2 8 .6 2 2 7 .2 2 2 6 .2 8 2 5 .0 4 2 5 .2 9  2 5 .4 2  2 3 .6 7  2 6 :1 3 2 6 .1 2 25.6 1 23.9 1 2 4 .99 2 6 . 5 0 26.71 2 6 .3 6
250-300° 23.81 28 . 18 29.5 1 2 8 .0 3 2 8 . 0 4 2 6 .4 7 2 6 .8 4  2 6 . 8 0  2 4 .4 8  2 7 .4 8 2 7 .3 7 2 7 .0 2 2 4 .45 26.01 27.  15 28.0 1 2 7 . 2 6

T o  100° 5 .8 4 5 . 5 0 6 .0 4
C a p i l l a r y  C o n s t a n t s  o r  S p e c i f i c  C o h e s i o n s  

5 . 6 4  5 . 6 9  5 . 8 6  5 . 8 4  5 . 8 2  . . .  6 .0 0 5 .6 4 5 . 8 6 5 .9 3
100-150° 6 .0 0 6.01 6 .0 6 5 .8 4 6 . 1 3  6 . 0 3  5 .8 1  6 . 0 6 6 .1 5 6 .0 5 5 . 8 8 6 .0 7 6 . 0 8 6 .0 8
150-200° 5 .87 6 .2 5 6 .3 0 6 .2 9 6 .4 4 6 .2 3 6 .4 6  6 .3 5  6 .0 2  6 .3 2 6 .3 6 6.31 5 . 9 9 6 .2 1 6 .3 4 6 .3 4 . ¿133
200-250° 5 .8 2 6 . 3 6 6 .8 3 6 .4 8 6 . 3 6 6.51 6 .61  6 .5 8  6 .1 2  6 .5 7 6 .5 6 6 .4 9 6 .0 3 6 .2 6 6 .4 9 6 .5 5 6 . 3 9
250-300° 5.71 6 .4 7 6.81 6 .45 6 .5 4 6 . 6 8 6 . 7 9  6 .7 3  6 . 1 6  6 .7 1 6 .6 8 6 .6 6 5 . 9 9 6 . 3 4 6 . 4 6 6 .6 7 6.41

150-200° 133.3 125 .8 131.4 142 .9 125.9
C r y o sc o p i c  M o l e c u l a r  W e ig h t s  

1 3 7 .6  121.7 139 .8  130 .3  132.2  138.3 130.6 130.7 127.8 127 .6 119.1 1 42 .7
200-250° 166 .7 152.7 151.5 179.2 140 .0 164 .5 159 .4  167.3  149 .0  158.4 170. 1 165.9 153.9 159 .8 146 .4 140.7 178.3
250-300° 191.6 173 .2 181 .8 193.9 179.6 2 0 2 .6 184 .2  2 0 5 .8  180 .9  195.7 2 1 2 .3 2 1 4 .3 190 .6 192.5 171.3 180.5 197.7

s p e c i f i c  g r a v i t y  d e te rm in a tio n s  w ere m ad e  a t 
15° C. b y  th e  use of a  sp ecia l sm a ll W e s tp h a l B a la n ce  
with a p lu m m e t of 1 cc. d isp la ce m en t.

A  s tu d y  of th e  sp ecific  g r a v it ie s  sh o w n  in T a b le  II  
brings o u t one fa c t , w h ich , th o u g h  w ell k n o w n , is 
w orthy of co m m e n t. I f  fo r  a n y  g iv e n  te m p e ra tu re

1 Loc. cil.
! D ean an d  B a tem a n , B u ll. 112, F o re s t S erv ice  of th e  U . S. D e p a r tm e n t

of A griculture.

s u r f a c e  t e n s i o n — U p  to  th e  tim e  of b e g in n in g  th is  
resea rch  b u t  l it t le  a tte n tio n  h as b een  g iv e n  to  th e  d e ­
te rm in a tio n  of su rfa ce  ten sio n  an d  c a p illa r y  c o n s ta n ts  
of p e tro le u m  an d  its  p ro d u c ts . T h is  p h e n o m e n o n  is  
im p o rta n t  to  th e  g e o lo g is t1 as w ell as t o  th e  ch e m ist.

S u rfa ce  ten sio n  is a  d ire c t re su lt  o f u n b a la n c e d  
in te r-m o le cu la r  fo rce s  a t  th e  b o u n d a r y  b e tw e e n  th e  
liq u id  an d  gas p h ase , an d  is m a n ife ste d  b y  th e  a p p a re n t

' B ull. A m . In s t. M in . E ng ., 1914, p. 2365.
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fo rm a tio n  of an  e la s tic  sk in . T h e  , fa m ilia r  e x p e r i­
m en t of flo a tin g  a  g re a sy  stee l n eed le  on  w a te r  is th e  
s im p le st a n d  m o s t . im p re ssiv e  w a y  of d e m o n s tra tin g  
th e  e x isten ce  o f a  ten sio n  a lo n g  th e  su rfa ce  of a  liq u id . 
T w o  co m m o n  re su ltin g  e ffe cts  are  th e  te n d e n c y  of 
all liq u id s  to  fo rm  sp h erica l d rop s w h e n e v e r p o ssib le  
a n d  th e  rise in tu b e s  o f a ll liq u id s  w h ich  are a b le  to  
w et th e  m a te ria l o f w h ich  th e  tu b e  is co m p o sed .

S u rfa ce  ten sio n  m e asu rem e n ts  w ere  m a d e  b y  th e  
use of th e  M o rg a n 1 d rop  w e ig h t a p p a ra tu s . T h e  
m e th o d  e v o lv e d  b y  M o r g a n 2 a n d  his co -w o rk e rs  
is s im p le , ra p id  an d  h ig h ly  a c c u ra te . I t  h a s  in  a d d i­
tio n  th e  a d v a n ta g e  of b e in g  p a r t ic u la r ly  a d a p te d  to  
liq u id s  w h ich  are  m ix tu re s  of se v e ra l c o n stitu e n ts  
of d ifferen t v o la t ilit ie s — w h erea s  th e  c a p illa r y  rise  
m e th o d  fa ils  u t t e r ly  u n d e r th e se  co n d itio n s.

T h e  m e th o d  g iv e s  d ir e c t ly  a n d  a c c u r a te ly  th e  w e ig h t 
of th e  d rop  of th e  liq u id . F ro m  th is  th e  v a lu e  of 
su rfa ce  ten sio n  ca n  b e  c a lc u la te d  b y  th e  fo llo w in g  re ­
la t io n :3

7  =  S u rfa ce  T e n s io n  (d y n es  p er cm .) =  K W
w h ere  K  =  T h e  c o n s ta n t  fo r  th e  a p p a ra tu s  used  
an d  W  =  W e ig h t o f a  d rop  in  m illigram s.

I t  w ill b e  n o te d  fro m  th e  re su lts  sh o w n  in  T a b le  
I I  t h a t  su rfa ce  ten sio n  is a p p a r e n tly  an  a d d it iv e  p ro p ­
e r t y  as fa r  as th e  d is tilla tio n  c u ts  of a n y  one oil are 
co n cern e d , b u t  t h a t  a d d it iv i t y  va n ish e s  w h en  th e  re- 

. la tio n s  of d ifferen t p e tro le u m s are  co n sid ered . A n  
e x p la n a tio n  is n o t d ifficu lt to  fin d , fo r  it  h as b een  d e m o n ­
s tr a te d  b y  M o rg a n 4 t h a t  sm a ll a d d itio n s  of ce rta in  
s u b s ta n ce s  in flu en ce  g r e a t ly  th e  s u rfa ce  ten sio n  of a 
s o lv e n t. T h u s  in th e  p resen ce  of 1 p er ce n t of a m y l 
a lco h o l th e  su rfa ce  ten sio n  o f w a te r  d ecreases 48 p er 
ce n t, w h ile  1 p er c e n t of p h e n o l5 in w a te r  p ro d u ces  
a 17 p er ce n t d ep ressio n  o f s u rfa ce  ten sio n .

A ll th is  in d ica te s  th e  p o ssib le  o ccu rre n ce  in  cru d e  
p e tro le u m  of sm a ll q u a n tit ie s  o f su b sta n ce s  w h ich  
h a v e  a  la rg e  in flu en ce  on su rfa ce  ten sio n  a n d  w h ich  
are  d is tr ib u te d  th r o u g h o u t th e  v a r io u s  cu ts  of a  d is­
tilla t io n . O n th is  b a sis  it  is e a s y  to  u n d e rs ta n d  w h y  
th e  a p p a re n t a d d it iv e  n a tu re  of th is  co n sta n t  va n ish e s  
w h en  re la tio n s  of d ifferen t o rig in a l oils a re  co n sid ered . 
W ith  p u re  h y d ro c a rb o n s , o f h o m o lo g o u s series, s u r­
fa ce  ten sio n  is an  a d d it iv e  p ro p e r ty .

T h a t  p h en o ls, creso ls, m e rca p ta n s  a n d  o th e r  su lfu r  
a n d  o x y g e n  co m p o u n d s e x is t  in  cru d e  p e tro le u m s 
has b een  c le a r ly  sh o w n  b y  th e  w o rk  of M a rk o w n ik o ff  
and  O g lo b lin ,5 P e b a l a n d  F re u n d ,7 H a ll ,8 T h ie le ,3 
and  M a b e r y .10

T h e  a b o v e  m e n tio n e d  o b s e rv a tio n s  on  s u rfa ce  t e n ­
sion  h a v e  in d ic a te d  in te re s tin g  p o ss ib ilit ie s  fo r  re ­
search . I t  is h o p ed  t h a t  in  th e  n e a r  fu tu r e  in v e s t ig a ­
tio n s  a lo n g  th ese  lin es m a y  be c o n d u cte d  a n d  k n o w l­
edge o f m ore sp ecific  c h a ra c te r  o b ta in ed .

'  J .  A m . Chcm. Soc., 32 (1911), 349.
5 Z . physik . Chcm ., 1915; Jo u r. A m . Chcm . Soc.. 1911-1915  (rcsum £).
• J .  A m . Chcm. Soc., 33 (1911), 658.
< Ib id ., 35 (1913). 1860.
1 R esu lts  on  p heno l n o t p u b lish e d — M o rg an  a n d  liglofT.
• Bcr., 16 (1883), 1873; Chcm. Z lg ., 1881, p . 609.
7 L ieb ig 's  A n n .,  115 (1860), 19.
1 J .  Soc. Chcm . In d ..  1907, p . 1223.
• Chcm. Z lg ., 175 (1901), 433.

>• Proc. A m  Acad.. 36 (1901), 255; 40 (1904). 348.

C A P IL L A R Y  C O N S T A N T  O R  S P E C I F IC  C O H E S IO N  The
c a p illa r y  co n sta n t  is a  d e riv ed  fu n c tio n  of su rface  ten­
sio n  a n d  sp ecific  g r a v it y .  I t  h a s  b een  la rg e ly  used 
in  th e  p a s t  a n d  m a n y  v a lu e s  in  th e  lite ra tu re  are 
e x p ressed  in  te rm s of th is  c o n sta n t. F o r  purposes 
of co m p ariso n  th e  s u rfa ce  ten sio n  v a lu e s  o b ta in ed  by 
th e  drop  w e ig h t m e th o d  h a v e , b een  co n v e rted  into
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R e l a t io n s  a m o n g  P h y s ic a l  C o n s t a n t s  o f  P e t r o l e u m  D is t il l a t b s

c a p illa r y  co n sta n ts . T ra n s fo rm a tio n s  w ere m ade by 
th e  use o f th e  fo llo w in g  fo r m u la :1 .

=  2Lg.Sd
a 2=  C a p illa r y  C o n s ta n t  y  =  S u rfa c e  Tension 

d =  S p ecific  G r a v it y
1 M o rg an , “ P rin c ip les  of P h y sica l C h e m is try ,”  1914, p. 100.
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Values of d fo r  20o w ere c a lc u la te d  (see T a b le  II) 
from those m e asu red  a t 1 5 °  b y  co n v e rs io n  figu res 
given b y  M a rk o w n ik o iT -O g lo b lin 1 fo r A m e ric a n  oils, 
and b y  M e n d e le je ff2 fo r  R u ss ia n .

CRYOSCOPIC “ m o l e c u l a r  w e i g h t ” -— T he a v e ra g e  
“ m olecular w e ig h ts ”  o f th e  50° cu ts  b e tw e e n  1 5 0 o 
and 300° w ere  d e te rm in e d  b y  th e  c ry o s c o p ic  m e th o d , 
using ben zol as a  s o lv e n t. N o  m e a su rem e n ts  w ere 
made on fra c tio n s  b o ilin g  b e lo w  15 0 ° b e cau se  o f th e  
possible p resen ce  of b e n zo l in  th e se  d is tilla te s .

T he co n ce n tra tio n  of so lu te  w as k e p t  p r a c t ic a lly  
constant an d  to  e lim in a te  p o ssib le  v a r ia t io n s  du e to  
association so as to  m a k e  a ll d e te rm in a tio n s  c o m p a r a ­
ble. T h e  v a lu e s  o f so lu te  w ere b e tw e e n  0 .1 2  to  0 .1 5  
of a gm ., w h erea s  th e  s o lv e n t  w eigh ed  fro m  13 to  iS  
gms. T h e  te m p e ra tu re  re a d in g s  w ere  m ad e  w ith  a 
R eich san stalt ce rtified  B e c k m a n n  th e rm o m e te r. T h e  
solvent used  w as K a h lb a u m ’s th io p h e n -fre e , re c r y s ­
tallized b en zo l. T h e  b en zo l w as  fu r th e r  p u rifie d  b y

S a m p le  815 1
S p .g r ..........................0 .670  0.
Ref. in d ................  1.375 1.
Sur. te n ................. 19.11 19.
Cap. co n s t  5 .86  6 .

S am ple 764 8
Sp. s r ..................... 0 .736  0.
Ref. in d ................  1.407 !•■
Sur. te n ................. 21.95 21 j
Cap. const  5 .84  6 .

Sample 764
Sp. g r ..................... 0 .766
Rer. in d ................  1.425
Sur. te n ................. 23.29
Cap. co n s t  6.23
Mol. w t ................. 138

Sample 764
S p .g r .....................  0 .789
Ref. in d ................  1.437
Sur. te rt................. 25.04
Cap. c o n s t  6.5 i
Mol. w t................. 165

S a m p l e  764
S p .g r ..................... 0 .812 0J
Ref. in d ................  1.449 I .1
Sur. te n ................  26.47 24.
Cap. co n s t  6.68  6 .
Mol. w t ................  203 1!

the m ethod a d v o c a te d  b y  R ic h a r d s 3 a n d  S h ip le y  
for freezing p o in t in  th e rm o m e tr y .

E v e ry  e x p e rim e n ta l p re c a u tio n  w as ta k e n  to e lim in a te  
errors due to  im p u rity  of s o lv e n t, w eig h in g  vessels  
and th e rm o m eter. T h e  a v e ra g e  “ m o lec u la r w e ig h t s ”  
as determ in ed are g iv e n  in T a b le  II .

It app eared  fro m  th e se  e x p e rim e n ts  t h a t  “ m o le c ­
ular w e ig h ts ”  d id  n o t e x h ib it  an  a g re em en t w ith  th e  
values for sp ecific  g r a v it y  a n d  re fra c t iv e  in d ex. 
Neither w as th e re  a n y  a g re em en t b e tw e e n  “ m o lec­
ular w e ig h ts ”  a n d  s u rfa ce  ten sio n  or c a p illa r y  c o n ­
stant.

It also a p p ea red  th a t  “ m o lecu la r w e ig h ts ”  w ere 
lower th a n  w o u ld  be in d ic a te d  fro m  ca lcu la tio n s  
concerning h y d ro ca rb o n s  b o ilin g  b e tw ee n  th e  g iv en  
tem perature lim its . T h is  d is c re p a n c y  is p ro b a b ly  
due to the fa c t  t h a t  th e  a c tu a l a v e ra g e  b o ilin g  tem -

1 « « . .  16, 1873.
1 R akusin , U nlersuch. d. Erdols.
1 J . A m . Chem. Soc., 36 (1914), 1825.

p e ra tu re  of a c u t  o b ta in e d  on d is tillin g  a  cru d e  oil 
is lo w er th a n  th e  a v e ra g e  in d ic a te d  b y  th e  g iv e n
lim its.

u l t i m a t e  a n a l y s i s — E ig h t  sa m p le s  of d is t i lla te s ’ 
o f b. p. 2 0 0 -2 50 ° w ere a n a ly z e d  fo r th e  ca rb o n  an d  
h y d ro g e n  co n te n t. T h e  re su lts  a p p e a r in  T a b le  I I I

T a b l e  I I I — U l t i m a t e  A n a l y s e s  o p  C e r t a i n  2 0 0 -2 5 0 °  B . P . F r a c t i o n s  

S am ple  N o . 269 1281 816 K e rn  S. M . M ex . R . M . R . R .
P e r  c e n t h y d r o g e n . . 13 .62  1 3 .9 0  14 .5 7  1 3 .4 0  13 .07  1 3 .3 4  13 .4 2  1 3 .3 !
P e r  c e n t c a r b o n   8 6 .3 6  8 5 .3 7  8 4 .9 9  8 6 .2 7  8 5 .4 2  8 5 .0 0  8 6 .3 4  8 4 .4 9

an d  in d ic a te  fo r  a  n u m b e r of A m e ric a n  oils, p r a c t ic a l ly  
p u re  h y d ro c a rb o n s  w ith  sm a ll a m o u n ts  of o x y g e n , 
n itro g e n  o r s u lfu r  co m p o u n d s, w h erea s  on e R u ss ia n  
a n d  th e  M e x ic a n  oil sh o w  a  r e la t iv e ly  h igh  p er ce n t 
of o x y g e n , n itro g e n  or s u lfu r  co m p o u n d s, w h ich  m igh t 
b e ar o u t th e  s ta te m e n t as to  sm a ll a m o u n ts  of ce rta in  
e x tra n eo u s  su b s ta n ce s  g r e a t ly  c h a n g in g  th e  su rfa ce  
ten sio n s of p u re  h y d ro ca rb o n s .

T h e  re la tio n s  e x is t in g  a m o n g  th e  v a r io u s  sets

591 M ex .

. K e rn  591 

I 1.434

[. K e rn  591
16 0 .820  0 .826
4 1.445 1.448

25.25  25.36
6 .30  6.29
131 143

K e rn  591
1 0 .858  0.860
5 1.465 1.465

28.62 27.22
6.83 6.48
151 179

591 273
0.890  0.891
1.484 1.493

28.03 28.18
6.45 6.47
194 173

o f co n sta n ts  are  sh o w n  b y  tw o  co m p a riso n  ta b le s . 
T a b le  I V  re p re se n ts  c u ts  b o ilin g  up  to  io o ° ,  fro m  10 0 - 
15 0 °, fro m  15 0 -2 0 0 °, fro m  2 0 0 -2 50 °, an d  fro m  2 5 0 - 
300°. T a b le  V  re p re se n ts  d a ta  on  co m b in ed  c u ts  
up  to  150 °, g e n e ra lly  c la ssed  b y  p e tro le u m  te c h n o lo ­
g is ts  as “  n a p h th a ,”  a n d  co m b in ed  c u ts  fro m  15 0 - 
300°, g e n e ra lly  c la sse d  as 11k e ro s e n e .”

C o m p a riso n s  are  b e st m ad e b y  th e  use of th e  a c ­
c o m p a n y in g  g ra p h s  p lo tte d  fro m  th e  v a lu e s  fo r  th e  
la st  th ree  series in  T a b le  I V . T h e se  are  re p re se n ta tiv e  
of th e  resu lts  o f a ll th e  o th e r ta b le s  a n d  w ere s e le c te d  
b ecau se  t h e y  in c lu d e  th e  m o st c o m p re h e n siv e  lis ts  of 
co n sta n ts .

T h e  g ra p h s  are p lo tte d  u sin g  as  a b sc issa s  e q u i­
d is ta n t  p o in ts , e a ch  re p re se n tin g  a  d ifferen t oil. T h e  
oils a re  a rra n g e d  in  su ch  o rd e r as  to  g iv e  an  a scen d in g  
cu r v e  fo r  sp ecific  g r a v it ie s . A n  in sp e ctio n  o f th e  
g ra p h s  sh o w s t h a t  th e  o n ly  co n sta n t  b e a r in g  a n y  clear- 
c u t  re la tio n  to  sp ecific  g r a v it y  is re fr a c t iv e  in d ex.

T a b l e  IV — P h y s i c a l  C o n s t a n t s  o f  D i s t i l l a t i o n  C u t s  i n  O r d e r  o f  S p e c i f i c  G r a v i t i e s

F r a c t i o n  B . P . u p  t o  100° C .
*36 765 764 816 269 1339 H ea ld 1280 1281 273 S. M . R . R . R . M .
680 0.682 0.686 0.686 0.688 0.689 0.690 0.705 0.706 0.706 0.733
385 1.385 1.385 1.386 1.386 1.387 1.388 1.398 1.390 1.392 1.401 1.403
85 18.87 18.81 19.53 19.54 18.92 19.71 19.99 18.92 20.78 21.19
00 5.69 5.64 5.84 5.84 5.64 5.86 5.82 5.50 6.04 5.93

F r a c t i o n  B. P . BETWEEN 100° AND 150°
15 816 1280 765 1336 1339 H ea ld 269 1281 M ex. 273 S. M . R . R .
737 0.740 0.746 0.748 0.749 0.752 0.754 0.756 0.757 0.759 0.762 0.762 0.767
408 1.410 1.1413 1.416 1.416 1.416 1.418 1.418 1.419 1.419 1.419 1.420 1.421
67 20.98 22.05 21.87 22.09 21.53 22.34 22 .12 22.69 22.33 22.47 22.75
03 5.81 6.06 6.13 6.05 5.88 6.07 6.00 6.15 6.01 6.06 6.08

F r a c t i o n  B. P . b e t w e e n  150° a n d  200°
15 816 765 1280 1336 1281 1339 H eald 269 M ex. R . R . 273 R . M . S. M
767 0.771 0.780 0.781 0.783 0.785 0.785 0.791 0.792 0.798 0.804 0.805 0.806 0 .8 0
426 1.427 1.430 1.431 1.432 1.434 1.434 1.435 1.436 1.439 1.439 1.440 1.441 1.44
75 22.64 24.00 24.25 24.07 24.35 22.91 23.98 22.70 24.62 24.85 24.55 24.93 25.31
35 6.02 6.46 6.32 6.31 6.36 5.99 6.21 5.87 6.33 6.34 6.25 6.34 6.44
10 130 122 132 131 138 131 128 133 143 128 126 1 19 126

F r a c t i o n  B. P . b e t w e e n  200° a n d  250°
15 816 765 1336 1339 1280 1281 H eald 269 R . R . R . M . M ex. S. M . 273
792 0.793 0.799 0.809 0.812 0.814 0.815 0.818 0.825 0.836 0.836 0.843 0.846 0.85
438 1.439 1.443 1.448 1.448 1.449 1.450 1.451 1.455 1.457 1.457 1.464 1.465 1.46:
42 23.67 25.29 25.61 23.91 26.13 26.12 24.00 23.47 26.50 26.71 26.36 26.28 26.43
58 6. 12 6.61 6.49 6.03 6.57 6.56 6.26 5.82 6.49 6.55 6.39 6.36 6.36
67 149 159 166 154 158 170 160 167 146 141 178 140 152

F r a c t i o n  B . P . b e t w e e n  250° a n d  300°
16 815 765 1336 1339 1280 1281 H eald 269 R . R . R . M . M ex . S. M .
813 0.815 0.818 •0.831 0.836 0.839 0.813 0.839 0.855 0.861 0.861 0.871 0.878
449 1.449 1.452 1.459 1.461 1.464 1.464 1.465 1.472 1.472 1.474 1.481 1.483
48 26.80 26.84 27.02 24.45 27.48 27.37 26.01 23.81 27.15 28.01 27.26 28.04
16 6.73 6.79 6.66 5.99 6.71 6.68 6.34 5.71 6.46 6.67 6.41 6.54
81 206 184 214 191 196 21 2 193 192 171 181 198 180

8:
0.
1.

23.
6 .
U

i8
0.
1.*

25.-
6 .,
1(
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T h e  cu rv e  fo r su rfa ce  ten sio n  is d e c id e d ly  irreg u la r 
b u t sh o w s a te n d e n c y  to slope u p w a rd s . T h is  in d i­
ca te s  th a t  a m o n g  p etro le u m  h y d ro ca rb o n s  su rfa ce  
ten sio n  v a r ie s  in th e  sam e d irectio n  as sp ecific  g r a v ­
i ty . T h is  c o n sta n t is, h o w e v e r , so s tro n g ly  a ffe cted  
b y  sm all v a r ia tio n s  in ch e m ica l co m p o sitio n  t h a t  it  
is a t  present, o f lit t le  v a lu e  as a  m ean s of id e n tific a ­
tio n . I t  is h o p ed , h o w ev er , th a t  la te r  th ese  irre g u ­
la r itie s  m a y  be u n d e rsto o d  w ell e n o u g h  to  fu rn ish  
sc ien tific  as w ell as u sefu l in d u s tr ia l in fo rm a tio n .

C a p illa r y  co n sta n t cu rv e s  sh o w  th e  sam e irr e g u ­
la r itie s  as th o se  o f su rfa ce  ten sio n  b u t la c k  th e  slope 
u p w a rd . T h is  is to  be e x p e c te d  w h en  th e  m e th o d  of 
d e r iv a tio n  of th is  co n sta n t is co n sid ered .

In  co n sid e rin g  th e  “ m o le c u la r -w e ig h t”  gra p h , it 
a p p e a rs  th a t  th e  a g re e m e n t o f th is  co n sta n t  w ith

T a b l e  V — P h y s i c a l  C o n s t a n t s  o f  
C u t s  o f  O i l s  

N a p h t h a — B . P .  u p  t o  1 5 0 °  C . 
S a m p le  S p . R cfr. S u rf. C ap .

N o. gr. index  te n s, const.
S 15 0 .7 0 6  1 .392  19 .9 6  5 .8 2
764 0 .7 1 6  1 .3 9 8  2 0 .5 4  5 .8 8
816 0 .7 2 2  1 .4 0 0  2 0 .0 2  5 .6 9

1336 0 .7 2 6  1 .4 0 2  2 0 .5 2  5 .7 9
765 0 .7 3 1  1 .405  19 .3 4  5 .5 7
269 0 .7 3 3  1 .4 0 6  2 1 .1 2  5 .9 2

H ea ld  0 .7 3 4  1 .4 0 6  2 0 .3 8  5 .6 9
1339 0 .7 3 6  1 .407  19 .41 5 .41
1280 0 .7 4 1  1 .4 1 0  2 0 .2 8  5 .61
S . M . 0 .7 4 4  1 .4 1 0  2 1 .3 4  5 .8 7

273 0 .7 5 0  1 .412  2 0 .7 4  5 .6 7
R . M . 0 .7 6 5  1 .4 1 8  2 2 .3 7  5 .9 9

" N a p h t h a ”  a n d  “ K e r o s e n e ”  
S t u d ie d

K e r o s e n e — B . P .  150° t o  3 0 0 °
S am ple

N o.
815
764
816
765 

1336 
1281 
1339 
1280
269 

H eald  
R . R . 
R . M .

273 
S. M . 
M ex. 
K ern  

591

S p.
gr.

0 .7 8 9
0 .7 9 0
0 .7 9 2
0 .7 9 5
0 .8 0 8
0 .811
0 .8 1 4
0 .8 1 5
0 .8 2 0
0 .8 2 4
0 .8 3 6
0 .8 4 1
0 .8 4 2
0 .8 4 9
0.861
0 .8 7 8
0 .8 7 8

R efr. 
index  

1 .437 
1 .438  
1 .439  
1 .440  
1 .445  
1 .448  
I .449  
1.451 
1 .452  
1 .454  
1 .458  
1 .459  
1 .463  
1 .466  
1 .475
1 .476
1 .476

S urf. C ap . 
te n s, const.
2 4 .7 3  
2 5 .0 7
2 3 .9 6  
2 4 .6 6  
2 5 .5 9  
2 6 .8 0  
23 .91  
2 5 .0 4  
23 . 18 
2 5 .2 7  
2 6 .3 4  
2 6 .5 7  
2 5 .5 0  
2 6 .4 0
2 6 .9 6  
2 7 .7 9  
2 6 .8 7

6 .4 4  
6 .5 0  
6.20 
6 .4 3  
6 .4 9  
6.66 
6.02 
6 .3 0  
5 .7 7  
6 .2 8
6 .4 5
6 .4 6  
6 .2 0  
6 .3 7  
6 .4 0  
6 .4 8  
6 .2 6

sp ecific  g r a v it y ,  th o u g h  th e o r e t ic a lly  to  be e x p e c te d , 
is co n sp icu o u s b y  its  ab sen ce. N o  s a t is fa c to r y  e x ­
p la n a tio n  a p p ea rs  e x c e p t  th a t  th e re  is som e in h eren t 
erro r in th e  m eth o d  here e m p lo y e d  fo r th e  d e te rm in a ­
tio n  of m o lecu la r w e ig h ts. P re se n t exp erien ce  in d i­
c a te s  t h a t  th e  m e a su rem en t o f th is  co n sta n t  b y  th e  
c ry o s c o p ic  m eth o d  w ith  b en zo l as a  so lv e n t  is o f d o u b t­
fu l v a lu e  in  th e  id e n tifica tio n  of p e tro le u m  d is tilla te s . 
T h e  e x p e rim e n ta l v a lu e s  are  reco rd ed  w ith  a  fu ll 
k n o w le d g e  of th e ir  b e in g  “ so -ca lle d  M o le cu la r  
W e ig h ts .”

C O N C L U S IO N S

I— T h e  p resen t series of e x p erim en ts  has te n d e d  
t o  ju s t ify  th e  m e th o d s o f id e n tific a tio n  (d is tilla tio n , 
s p e c ific  g r a v it y  a n d  re fra c t iv e  in d ex) u s u a lly  e m ­
p lo y e d  in p etro le u m  te s tin g  la b o ra to rie s .

I I — V o la t i l i t y  a n d  sp ecific  g r a v it y  are  th e  tw o  
m o st im p o rta n t c o n sta n ts  a n d  a k n o w le d g e  of th ese  
t w o  is g e n e ra lly  su ffic ien t fo r  th e  id e n tifica tio n  of an 
o il.

I I I — R e fr a c tiv e  in d ices  v a r y  in th e  sam e d irectio n  
as sp ecific  g r a v it ie s . W h en  o n ly  sm a ll q u a n tit ie s  o f 
d is t illa te s  a re  a v a ila b le , d e te rm in a tio n s  of th e  fo r ­
m er are m ore co n v e n ie n t th a n  m e asu rem e n ts  of sp ecific  
g r a v it ie s .

I V — S u rfa ce  ten sio n  is a  c o n sta n t  n o t y e t  o f v a lu e . 
T h is  is on a c c o u n t o f o u r la c k  of k n o w le d g e  re g a rd in g  
•variations ca u sed  b y  th e  p ro b a b le  p resen ce  o f sm a ll 
q u a n titie s  of ce rta in  su b s ta n ce s  in  cru d e  p etro le u m s. 
S u rfa ce  ten sio n s in gen era l seem  to  in crease  w ith  sp ecific  
g r a v it y  w h en  re la tio n s  a m o n g  p e tro le u m  h y d r o c a r ­
b o n s are co n sid ered .

V — C r y o s c o p ic  “ m o lecu lar w e ig h ts ,”  as measured 
b y  th e  c ry o s c o p ic  m e th o d  w ith  b en zen e  as a  solvent, 
are  of q u e stio n a b le  v a lu e  in th e  s tu d y  o f m ixtures of 
p e tro le u m  p ro d u c ts .

' T h e  e x p e rim e n ta l, w o rk  co n n e cte d  w ith  th e  deter­
m in atio n s  re p o rte d  in  th is  p a p er w as  carried  out in 
th e  la b o ra to r ie s  of th e  D e p a r tm e n ts  o f Physical 
C h e m is try  a n d  In d u s tr ia l C h e m is tr y  of Columbia 
U n iv e rs ity , N e w  Y o r k .

C h e m i c a l  S e c t i o n  o f  P e t r o l e u m  D i v i s i o n  
U. S . B u r e a u  o f  M in e s ,  P i t t s b u r g h

THE SPECIFICATION OF VULCANIZED RUBBER GUM BY 
VOLUME AND ITS DETERM INATION BY A 

NEW S.OLUTION METHOD
B y  F r a n k  G o t t s c i i  

R ece ived  A pril 21, 1915 4

T h e  fo llo w in g  m e th o d s  fo r  th e  ch e m ica l analysis 
o f ru b b e r  g o o d s are th o s e  in  use a t  M t. Prospect 
L a b o r a to r y , D e p a r tm e n t of W a te r  S u p p ly , G as and 
E le c tr ic ity , C i t y  of N e w  Y o r k . T h e se  m eth ods con­
ta in  c e rta in  m a tte r  o rig in a l w ith  th e  au th o r, under 
th e  h e a d in g s  of “ m i n e r a l  f i l l e r s , ”  “ f o r e i g n

A L C O H O L IC  P O T A S H  E X T R A C T ,”  “ V U L C A N IZ E D  RUB­

B E R  G U M  B Y  W E I G H T ,”  an d  “ V U L C A N IZ E D  RU BBER

g u m  b y  v o l u m e . ”  T h e  m e th o d  for “ f r e e  s u l f u r ”  

is n o v e l in  th e  a p p lic a tio n  of a  w ell-k n o w n  method 
fo r  to ta l  su lfu r  to  th e  free  s u lfu r  d e te rm in a tio n .

M E T H O D S  O F  T E S T

s a m p l e s — Samples shall be taken representative of the lots 
to be tested.

b l a n k s — Blanks shall be run and deductions made accord­
ing to the lots of reagents.

c h e c k s — In the event of any.determination not falling within 
the limits given in the specifications, a check test shall be made 
before the report is sent out.

p r e p a r a t i o n  OF SOFT r u b b e r — -Prepare a sample of not 
less than 25 grams, taking pieces from various parts of the origi­
nal sample. The backing of fire hose shall be buffed off be- ■ 
fore grinding; in all other hose, separate samples of tube and cover 
shall be made, without removing the backing or friction com­
pound. Other rubber goods built up with friction fabric shall 
have the rubber layers ground up without removal of the ad­
hering rubber friction.

g r i n d i n g — The sample shall be cut into small pieces and then 
run through the grinder, taking for analysis only such material 
as will pass a standard 20 mesh sieve. Care must be taken to 
see that the grinder does not become appreciably warm during 
the grinding. If the nature of the material is such that it gums 
together so that it will not pass through the sieve, as would be 
the case with undcrvulcanized samples, it will be sufficient 
to pass the material through the grinder^ twice and accept all 
the material for the final sample. Crude rubber shall be cut 
with scissors.

Pass a strong magnet through the sample to remove any 
metal from the grinders, mix thoroughly, and put in tighdy stop­
pered bottles. Do not expose to sunlight or heat.

h a r d  r u b b e r — Samples of this material shall be prepared 
for analysis by  rasping.

r e a g e n t s -—-Acetone shall be distilled not more than 10 days 
before use over anhydrous potassium carbonate, using the frac­
tion 56 to 5 7 0 C.

Alcoholic potash shall be of normal strength, made by dissolv­
ing the required amount of potassium hydroxide in absolute
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alcohol the day before use, and allowing to settle. Only the 
clear solution shall be used.

Barium cldoridc solution shall be made by dissolving 100 grams 
of barium chloride in one liter of distilled water, and adding two 
or three drops of concentrated hydrochloric acid. If there is 
any insoluble matter or cloudiness, the solution shall be heated 
on the steam bath over night, and filtered through S. &  S. 589 
blue-ribbon filter paper.

Turpentine shall be redistilled.
All reagents shall be of C. P. quality.

A N A L Y S IS

a c e t o n e  e x t r a c t — Place a two gram sample, which has 
been ground- not more than 24 hours before, in an acetone ex­
tracted paper thimble, and insert in a glass syphon cup (E. &  A. 
1913, No. 2846) under a condenser (E- & A. 1913, No. 2848). 
Dry and weigh, by means of a wire loop, a clean 8 in. X i ‘/< in. 
test tube weighing between 20 and 40 grains, pour in 50 cc. ace­
tone, connect the apparatus, and extract continuously for 7 
hours in such a manner that the drops of condensed solvent fall 
directly on to the ground rubber, and the syphon cup fills be­
tween 2V2 and 3V2 minutes, that the discharge of the syphon 
cup does not appreciably interrupt the boiling, that the condensed 
solvent filters rapidly through the paper thimble, and that no 
fine particles of rubber or fillers arc carried over. If the solu­
tion in the cup is colored after seven hours’ extraction, the ex­
traction shall be continued for four hours the next day. E vap­
orate off the acetone from the tube in a slanting position over 
live steam, wipe off the outside with a clean linen cloth, and dry 
to constant weight in the water oven at 95 to ioo° C., or until 
the weight increases, cooling in a desiccator. Calculate and 
record as “ total acetone extract.”

FREE S u l f u r — Entirely transfer the residue from the tube 
to a 60 cc. iron or nickel crucible (E. & A. 1913, No. 2366) by 
acetone, chloroform, or benzol, evaporate off the solvents on 
the steam bath and add six grams of potassium carbonate and 
four grams of sodium peroxide. M ix by rotating the crucible, 
cover, heat at a low temperature over an asbestos shield to avoid 
sulfur fumes, until the mixture fuses, then bring to quiet fusion 
for 15 to 20 minutes. Avoid rapid heating and explosions. 
Rotate the melt while solidifying. When cool, put the crucible 
and cover into a casserole containing 200 cc. of water, add 5 to 
10 cc. of bromine water, and boil until the melt is dissolved. 
Allow to settle, decant, filter and wash through a thick filter 
with hot water. Cool,, acidify the filtrate with dilute hydro­
chloric acid, using Congo red paper, make up the volume to 
400 cc., and precipitate boiling with 10 cc. of a 10 per cent 
solution of barium chloride, keeping the beaker covered with 
a watch glass. Allow the precipitate to stand over night, fil­
ter on an asbestos m at in a Gooch crucible, wash with hot water, 
ignite and weigh, cooling in a desiccator. Calculate to sulfur 
(factor 0.1372), and record as “ free sulfur.”

o r g a n ic  a c e t o n e  e x t r a c t — When waxy hydrocarbons 
arc not to be determined, subtract the percentage of free sulfur 
from the percentage of total acetone extract above, and record 
the difference as "organic acetone extract.”

m i n e r a l  f i l l e r s — E xtract a one gram sample as under 
“ acetone extract”  above for 4 hours and dry the rubber in the 
water oven at 95 to ioo° C. until the odor of acetone is gone. 
Transfer the sample to a 100 cc. beaker, burn the thimble to 
ash, and add the residue to the beaker. Add 50 cc. of clear 
molten salol, and heat the beaker on the hot plate at a tem­
perature of not less than 120° nor more than 150° C., stirring 
occasionally until the rubber is apparently dissolved. After 
settling a few minutes, carefully transfer the liquid to a 200 cc. 
beaker and examine the residue in the bottom of the smaller 
beaker for particles of undissolved rubber. If found, more 
salol is added and solution completed. Stir two cc. of a 1 per

cent solution of soluble cotton in amyl acetate into the united 
warm liquids in the 200 cc. beaker, cool and add redistilled tur­
pentine until a good "flo ck ” has formed, adding at least 75 cc. 
of turpentine with constant stirring. Allow the liquid to stand 
until the flock has settled. The supernatant liquid is de­
canted and filtered by suction through an alundum crucible 
(Norton R. A. 84— B. P. 5204) placed in the Spencer holder 
(E. & A. 1913, No. 2384). Wash tlie flock by decantation with 
turpentine, filtering the latter, transfer the whole to the cruci­
ble, then dissolve carefully in a few’ cc. of acetone, and wash the 
fillers with acetone, being careful not to allow the fillers to cover 
up the sides of the crucible and so cause clogging. Wash thor­
oughly all beakers and crucible with acetone, using an acetone 
extracted policeman. D ry to constant weight at 105 0 to n o 0 C., 
cooling in a desiccator. Evaporate all the filtrates and wash­
ings, transfer to a weighed porcelain dish, burn off the organic 
matter, cool in a desiccator and weigh. Add this weight found 
to the fillers in the crucible, and calculate and record as "m in ­
eral fillers.”

t o t a l  s u l f u r — M ix a five-tenths (0.5) gram sample with 
six (6) grams of potassium carbonate and four (4) grams of 
sodium peroxide and proceed exactly as under "free sulfur.” 
Calculate the results in the same manner and record as "to ta l 
sulfur.”

f o r e i g n  a l c o h o l i c  p o t a s h  e x t r a c t — When the presence 
of tar, pitch or asphalt is not indicated, spread out the rubber 
residue from the acetone extraction and dry in the water oven 
at 95 0 to 100° C., until the odor of acetone is 110 longer apparent. 
Transfer to a 100 cc. pressure flask (E. & A. 1913, No. 1064), 
fitted with washers previously extracted with alcoholic potash. 
Add 50 cc. of alcoholic potash, stopper and heat in an air oven 
kept between 1050 and n o °  C. for four hours. Cool the flask, 
filter and wash the residue with hot absolute alcohol until the 
washings are no longer colored. M ake the filtrate strongly 
acid with concentrated hydrochloric acid to precipitate potas­
sium chloride, allow to settle, filter and wash with hot chloro­
form into a small casserole. Place the casserole on the steam 
bath and evaporate until the odor of hydrochloric acid just 
disappears. Take up the residue with chloroform, filter and 
wash with hot chloroform into a beaker, evaporate the chloro­
form and examine the residue. If the residue is not oily or 
greasy to the touch, no report shall be made. If the residue is 
oily or greasy to the touch, it shall be washed with small por­
tions of warm 88° Beaume naphtha, filtered through a washed 
plug of cotton into a small weighed beaker, the naphtha evap­
orated, and the beaker dried in the water oven at 95 0 to ioo° C. 
in 15-minute periods until the weight is constant, or increases, 
cooling in a desiccator. Calculate and record as “ Foreign 
Alcoholic Potash Extract.”

f o r e i g n  c h l o r o f o r m  e x t r a c t — If the compound is light 
in color, tar, pitch and asphalt shall be considered absent. If 
the compound is dark or black in color the residue after the 
acetone extract determination above, without removing the 
acetone, and before the alcoholic potash extraction is made, 
is extracted with chloroform for four hours in the same, manner 
and by the same procedure as for the acetone extraction. If 
the chloroform extract is very dark in color, or the residue is 
tarry, from its calculated amount shall be subtracted 3 per cent 
of the weight of vulcanized rubber gum as determined below, 
and the balance recorded as “ Foreign Chloroform E xtract.”

p r e c a u t i o n s — When the chloroform extraction is made the 
day after the acetone extraction, the rubber residue shall be 
covered with acetone over night. When the alcoholic potash 
extraction is made the day after either the acetone extraction 
or the chloroform extraction, the dried rubber residue shall 
be covered with the alcoholic potash over night.

c a r b o n a c e o u s  f o r e i g n  m a t t e r — Heat about a one gram 
sample with 30 cc. of concentrated nitric acid and 15 cc. water.
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A black, insoluble residue indicates the presence of carbon as 
lampblack, graphite, etc. Examine the ground rubber under 
the microscope and observe the residue of fillers in the mineral 
fillers determination. If fibers or carbon are seen except as a 
trace proceed as follows:

The crucible containing the fillers is washed with hot dilute 
hydrochloric acid and hot water to decompose carbonates and 
sulfides, dried to constant weight at 1050 to n o °  C., and desic­
cated until cool. The crucible is then gently ignited to constant 
weight and the loss calculated and recorded as "Carbonaceous 
Foreign M atter,”  and shall be subtracted from the per cent of 
“ mineral fillers” recorded above.

s p e c i f i c  g r a v i t y — M ake the determination on a strip or 
strips of not less than five grams weight. Weigh to 1 milligram 
in air, and then thoroughly wet with water, pressing and squeez­
ing with the fingers under water to remove bubbles or films of 
air. Weigh to 1 milligram in water at 200 C. (taken as 1.00), 
calculate to 0.001, and record as "Specific G ravity.”

C A L C U L A T IO N S  

v u l c a n i z e d  r u b b e r  g u m  b y  w e i g h t — Subtract the sum 
of the percentages of free sulfur, organic acetone extract, min­
eral fillers, and corrected foreign matter from 100 per cent and 
record the balance as "Vulcanized Rubber Gum by W eight.” 

The correction applied to the foreign chloroform extract re­
ported shall be based on the vulcanized rubber gum calculated 
as above except that the value for foreign matter shall be taken 
uncorrected.

v u l c a n i z e d  r u b b e r  g u m  b y  v o l u m e — M ultiply the per­
centage by  weight of vulcanized rubber gum by the specific 
gravity, recording the result to 0.01 per cent.

This product shall be that which is specified by the term 
"Vulcanized Rubber Gum by Volume.” 

r a t i o s — Free sulfur, total sulfur, and organic acetone extract 
shall be separately calculated and recorded as percentages by 
weight of vulcanized rubber gum present.

D IS C U S S IO N

g e n e r a l — D e d u c tio n s  fo r b la n k s  are a lw a y s  m ad e. 
T h e  g r in d er m e n tio n e d  is a  N o . o E n te rp r is e  C o ffee  
M ill, f it te d  w ith  a b a ll-b e a rin g  w ash e r on th e  c r a n k  
end  of th e  s h a ft .

I f  th e  a lco h o lic  p o ta sh  is m a d e  u p  th e  d a y  b efo re  
use, th e  d ifficu lties  co n cern in g  a ld e h y d e  or d e co m p o si­
tio n  are a v o id e d .

a c e t o n e  e x t r a c t — T h e  a ce to n e  e x tra c tio n s  are 
m ad e  on  an  e le c tr ic  h o t p la te  (S im p le x , 110  V ., D . 
C ., 4 A .) ta k in g  a  b a t t e r y  of six  tu b e s. T h e se  are 
s u p p o rte d  b y  F o r g ’s b ra ss  to o l h o ld e rs  b o lte d  to  an 
a sb e sto s  c y lin d e r  b y  s to v e  b o lts . T h e  tu b e s  re st 
d ir e c t ly  on th e  p la te . T h e  co n d en sers a rc  su p p lie d  
b y  in d e p e n d e n t s y p h o n s  fro m  a c o n sta n t  w a te r  lev el 
as sh o w n  in th e  illu s tra tio n .

T h e  h y d r a u lic  h e a d  is a b o u t s ix  in ch es. T o o  g re a t 
a h e ad  o f to o  co ld  w a te r  w ill co o l th e  d is t illa te  in  th e  
cu p  b e lo w  th e  b o ilin g  p o in t, as w ell as c a u s in g  a n n o y ­
in g  co n d e n sa tio n  of d ew  d u rin g  th e  su m m e r m o n th s.

A  g r e a t  e co n o m y  of sp a ce  is secu re d . T h e  w h o le  
a rra n g e m e n t as sh o w n  h a r d ly  o ccu p ie s  m o re  th a n  one 
sq u a re  fo o t  of sp a ce . B y  th is  a p p a ra tu s  th e  e x tr a c ­
tio n s a re  m ad e  u n d e r e x a c t ly  th e  sam e co n d itio n s , 
h e a te d  a t  th e  sam e te m p e ra tu re , a n d  co o led  b y  th e  
sam e v o lu m e  of w a te r  a t  th e  sam e te m p e ra tu re .

T h e  so lv e n t is q u ic k ly  e v a p o r a te d  fro m  th e se  tu b e s  
w h en  p la ce d  in  a  s la n tin g  p o sitio n  in  a  w ire  fra m e  
on th e  s te a m  b a th , w ith o u t  d a n g e r o f loss b y  s p u rtin g

a t  th e  en d . W h en  p la ce d  n e a rly  h o rizo n ta l in the 
w a te r  o v e n , th e  v a p o r  p o u rs  o u t  r a p id ly  and drying 
is q u ic k ly  e ffe c te d  a n d  co n sta n t or in cre a sin g  weight 
a lw a y s  o b ta in e d  a fte r  tw o  h a lf-h o u r p eriod s.

D u p lic a te s  sh o w  fo r  e x a m p le  2 .9 9  per cent and 
3 .0 3  p er ce n t. T h e  b la n k  a p p ro x im a te s  one milligram 
o f to ta l  a ce to n e  e x tr a c t .

f r e e  s u l f u r .— W a te r s  an d  T u t t le 1 h a v e  shown 
t h a t  p ro lo n g e d  d ig e stio n  w ith  n itr ic  a c id  g iv e s  low re­
su lts  in  d e te rm in a tio n  of to ta l  su lfu r . F . W . Hin- 
rich sen  h a s  sh o w n  t h a t  h ig h  re s u lts  are ca u sed  b y  pre­
c ip ita t io n  o f b a riu m  re s in a te s , w h ich  w e h a v e  confirmed 
in  d e a lin g  w ith  h ig h  o rg a n ic  a ce to n e  e x tr a c ts  b y  nitric 
ac id  m e th o d s. W e h a v e  u sed  th e  fo llo w in g  methods:

1— N itr ic  ac id  a lone , 3— N itr ic  ac id  a n d  ch lo rate ,
2— N itr ic  ac id  a n d  b ro m in e , 4— B ro m in e  a n d  w ater.

A ll o f th e se  w e h a v e  fo u n d  h a v e  c e r ta in  disadvan­
ta g e s  a n d  te n d e n c ie s  to  erro r, du e m a in ly  to  occlusion 
of s u lfu r  w ith  o rg a n ic  m a tte r  w 'hich h as not been 
c o m p le te ly  d isso lv e d  o r to  p re c ip ita tio n  of barium 
re s in a te s , w h en  o rg a n ic  m a tte r  h a s  been  com pletely 
d isso lv e d . T h e se  erro rs  are  so m e tim e s  v e r y  appre­
c ia b le .

T h e  m e th o d  a d o p te d  fo r  free  s u lfu r  is designed to 
a b s o lu te ly  r e m o v e  
th e  in flu en ce  of o r­
g a n ic  m a tte r  b y  its  
co m p le te  d e s t r u c ­
tio n . D u p lic a te s  of 
free  s u lfu r  in a hose 
tu b e  sh o w ed  b y  th is  
m e th o d  1 .7 5  an d  
1 .7 7  p er ce n t as 
co m p a re d  w ith  1 .7 8  
p er ce n t  o b ta in e d  
b y  o x id a tio n  w ith  
b ro m in e  an d  w a te r  
as re co m m e n d e d  b y  
th e  B u re a u  of S ta n d ­
a rd s , in W a s h in g to n . O n e -ten th  of a g ra m  of pure 
flo w ers o f s u lfu r  g a v e  b y  th e  fu sio n  m eth o d  adopted
0 .10 0 0 6  g ra m . T h e  b la n k  a p p ro x im a te s  2 .5  milli­
g ra m s of s u lfu r  w ith  a  n ick e l c ru c ib le  an d  3 .0  with 
an  iro n  c ru c ib le , a n d  is c o n s ta n t  fo r  a  g iv e n  crucible 
a n d  lo t  o f re a g e n ts . N ic k e l cru c ib le s , a lth o u gh  more 
e x p e n s iv e , o ffer an  a d v a n ta g e  o v e r  iron  inasmuch 
as p e rm a n g a n a te  is so m etim e s fo rm e d  fro m  new iron 
cru cib les .

m i J i e r a l  f i l l e r s — In  th e  m in era l fillers deter­
m in a tio n , th e  ru b b e r  c o m p o u n d  is e x tr a c te d  w ith ace­
to n e  to  re m o v e  free  s u lfu r  an d  a n y  f a t t y  o ils  t h a t  m ay be 
p re se n t, b o th  o f w h ich  w o u ld  co m b in e  w ith  the me­
ta llic  o x id e s  a n d  th u s  m a k e  th e  fillers to o  high and 
th e  v u lc a n iz e d  ru b b e r  g u m  b y  d ifferen ce  too low. 
S a lo l w ill • d isso lv e  s o ft  ru b b e r  in  less th a n  an hour, 
v u lc a n ite  i t  fro m  tw o  to  th re e  h o u rs. M a n y  of the 
m in era l fillers u sed  in  ru b b e r  co m p o u n d in g  are in an 
e x tre m e ly  fine s ta te  o f s u b d iv is io n  a p p ro a ch in g  the 
o rd er of th e  w a v e  le n g th s  o f lig h t  (th e  so -called  “ fume 
p ig m e n ts ”  e sp e c ia lly )  an d  w ith o u t  a  co a g u la n t it is a 
p ro lo n g e d  o p e ra tio n  to  fiR er th e m  off e v e n  through an

* T in s  J o u r n a l ,  3 ( 1 9 1 ! ) ,  7 34 .
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alundum  cru c ib le . S u c h  a  c o a g u la n t  is fo u n d  in  so lu b le  
cotton d isso lv ed  in  a m y l a c e ta te . T h is  is  a d d e d  to  
the w arm  liq u id  n o t o n ly  in  o rd er to  secu re  th o ro u g h  
mixing b u t a lso  on  a c c o u n t of th e  fa c t  t h a t  th e  co ld , 
undiluted salo l c r y s ta lliz e s  on  s t irr in g . C o o lin g  is 
necessary b efo re  a d d it io n  o f th e  tu r p e n tin e , as  th e  t e x ­
ture of th e  flo ck  is co a rser a n d  th e  s e tt lin g  m ore 
rapid. T h e  flo ck  s e ttle s  in  a b o u t fifte e n  m in u tes . 
After w ash in g b y  d é c a n ta tio n  a n d  tra n s fe rr in g  w ith  
turpentine th e  flo ck  is d is s o lv e d  b y  c a re fu lly  a d d in g  
acetone. A b o u t  20 m g. of ash  are  re co v e re d  fro m  th e  
filtrates: th e  b la n k  a p p ro x im a te s  6 m g. D e te r m in a ­
tions m ade on c o m p o u n d s  of k n o w n  co m p o sitio n  
follow:

P e r  C u n t  P e r  C e n t  
C o m p o u n d  F i l l e r s  U s e d  F i l l e r s  F o u n d

M edium  h a rd  v a lv e .........................  6 4 .2 3  6 3 .1 2
S h ee t r u b b e r ........................................  5 4 .8 1  5 5 .0 4
H ard  v a lv e ...........................................  6 1 .2 3  6 1 .4 0
M ed ium  h a rd  v a lv e .........................  5 2 .7 8  5 2 .2 0
H ose tu b e .............................................  4 9 .0 0  5 1 .0 1
H ose tu b e .............................................  6 1 .0 0  6 1 .2 9

A sam ple of sm o k e d  C e y lo n  crep e  w ith  ash  o.'gS 
per cent g a v e  1 . 2 1  p er ce n t b y  th e  M in e ra l F ille rs  
method. I t  w o u ld  seem  t h a t  a n y  p ro te id  m a tte r  
present w as a lm o st e n t ir e ly  so lu b le .

For m a n y  y e a rs  m a n y  in v e s t ig a to rs  h a v e  e n d e a v o re d  
to develop a  s a t is fa c to r y  a n d  a c c u r a te  so lu tio n  m e th o d  
for d e term in a tio n  of th e  a m o u n t o f ru b b e r  g u m  in 
rubber co m p o u n d s. T h e  m e th o d  o f d e te rm in a tio n  
by ashing a t  p re se n t in  v o g u e  is u n iv e r s a lly  co n ced e d  
to be in a ccu ra te . S u ch  fillers as  c a rb o n a te s , e sp e c ia lly  
magnesium c a rb o n a te , lose ca rb o n  d io x id e , su lfid es 
such as a n tim o n y  p e n ta su lfid e  e n tire ly  v o la tiliz e , 
other sulfides ch a n g e  to  o x id es  o r s u lfa te s , w a te r  of 
crystallization  or o f co m p o sitio n  is  lo st. T h e  a b o v e  
errors are a v o id e d  b y  th e  n ew  m e th o d  d e scrib ed .

Am ong th e  s o lv e n ts  tr ie d  b y  th e  a u th o r  a n d  fo u n d  
un satisfactory b e fo re  th e  d is c o v e r y  of th e  p re se n t 
solvent, salol, w ere  th e  fo llo w in g : n itro -b e n zo l, n itro - 
naphthalene, gu m  ca m p h o r, c a m p h o r oil, k ero sen e , 
paraffin an d  o th e r  m in era l o ils, tu rp in e o l, tu rp e n o l, 
tcrebene, f a t t y  oils a n d  a c id s  su ch  as  p a lm  oil, o leic  
acid, e tc ., m e th y l s a lic y la te , th y m o l, m e n th o l, a m y l 
acetate, a m y l a lco h o l, b e n z o l, x y lo l, to lu o l, n a p h th a ­
lene, aniline an d  m a n y  o th ers .

E ven a fte r  c o m p le te  so lu tio n  of th e  v u lc a n iz e d  r u b ­
ber gum d ifficu lty  w as  e x p e rie n ce d  in  fin d in g  a  s u ita b le  
diluting a g e n t w h ich  w o u ld  n o t re p re c ip ita te  th e  
rubber. E th e r , ch lo ro fo rm  a n d  tu r p e n tin e  w ere th e  
only s a tis fa c to ry  ones fo u n d  a m o n g  m a n y  tr ie d . O f 
these on ly  tu rp e n tin e  s a t is fa c to r ily  re p re c ip ita te s  th e  
soluble co tto n  u sed  t o  fo rm  a flo ck  s u ita b le  fo r  f iltr a ­
tion. T h e  a d v e n t o f th e  a lu n d u m  c ru c ib le  a n d  la te r  
of the Sp en cer h o ld e r a id ed  in  th e  su cce ssfu l d e v e lo p ­
ment of the m eth o d .

t o t a l  s u l f u r — In  th e  t o t a l  s u lfu r  d e te rm in a tio n  
there is no d a n g er of o cc lu sio n  of s ilica  in  th e  b a riu m  
sulfate p re c ip ita te  if th e  co ld  d ilu te  s o lu tio n  is a c id i­
fied w ith d ilu te  a c id , as re co m m e n d e d  b y  H ille b r a n d .1

f o r e i g n  m a t t e r — T h e  m e th o d s  fo r fo re ig n  m a tte r  
are designed p r im a rily  to  d e te c t  th e  p resen ce  of su ch .

1 A nalysis of S ilica te  a n d  C a rb o n a te  R o c k s ,”  B u lle tin  305 , U . S. 
Geol. Survey, p. 160, firs t p a ra g ra p h , a n d  p . 190. first p a ra g ra p h .

N o  lim itin g  a m o u n ts  a re  fixed  on  th e se  e x tra c ts . T h e  
c h a ra c te r  o n ly  of su ch  resid u e s  is  ta k e n  in to  co n sid ­
e ra tio n  in  d e te rm in in g  th e  p re se n ce  o f fo re ig n  m a ­
te r ia l. M o s t  o f th e  t a r  o r a sp h a ltu m  w ill b e  in  th e  
a ceto n e  e x tr a c t  as w ell as  free  f a t t y  o ils  fro m  s u b s t i­
tu te s . A s  th e  m e th o d s  of a n a ly s is  are fo rm u la te d  fo r 
sp e c ifica tio n s  to  c o v e r  c o m p o u n d s  m ad e  up  of ru b b e r , 

.su lfu r  a n d  m in era l fillers  o n ly , an  e x ce ss iv e  o rg a n ic  
a ce to n e  e x tr a c t  a b o v e  th e  lim it  o f th e  sp e c ifica tio n  
as w ell as th e  m ere  p resen ce  of fo re ig n  m a tte r  w o u ld  
co n d em n  th e  go o d s. N e v e rth e le s s  th e  a n a ly s t  is e x ­
p e c te d  to  re p o rt on  th e  a m o u n ts  of su ch  fo re ig n  m a t­
te r , as w ell as th e  a m o u n t of v u lc a n iz e d  ru b b e r  gu m  
p re se n t. H o w e v e r , th e  d e te rm in a tio n  o f ’ th e  c o m ­
b in ed  to ta l  a m o u n t o f su ch  fo re ig n  e x tr a c ts  is n ece s­
s a r y  in  o rd er to  fin d  th e  a m o u n t o f v u lc a n iz e d  ru b b e r 
g u m  p re se n t.

T h e  ch lo ro fo rm  e x tra c tio n  is n o t  v e r y  s a t is fa c to r y . 
S o ft  co m p o u n d s sw ell up e n o rm o u sly  an d  th e  a sp h a ltu m  
is n o t e n tire ly  e x tra c te d .

W e  a re  n o w  w o rk in g  u p o n  a m e th o d  fo r  th e  d ire c t 
d e te rm in a tio n  of t a r r y  or a sp h a lt ic  m a tte r .

S a p o n ifica tio n  un d er p ressu re  w a s  s e le c te d  in  th e  
m e th o d  fo r  o ily  fo re ig n  m a tte r  to  d e co m p o se  tr e a te d  
o ils  w h ich  a re  d ifficu lt  to  s a p o n ify  in  th e  o rd in a ry  
w a y . T h e  r e c o v e r y  o f th e  e x tr a c te d  m a tte r  b y  
ch lo ro fo rm , as d e scrib ed , is ra p id , a c c u r a te  a n d  c le a n . 
T h e  u n p le a sa n t, lo n g  a n d  d a n g ero u s  e th e r  m e th o d , 
re q u ir in g  a  sp ecia l ro o m , is n o t  n e ce ssa ry . A  re sid u e  
•of ru b b e r  is a lw a y s  o b ta in e d  du e to  th e  s o lu b ility  of 
th e  ru b b e r  in  a lco h o l, as p re v io u s  e x tr a c t io n s  w ith  
a b so lu te  a lco h o l a lon e h a v e  sh o w n . T h e  a m o u n t 
th u s  e x tr a c te d  d ep en d s u p o n  th e  q u a lity  of th e  n ew  
or o ld  ru b b e r  used  a n d  th e  m e th o d  o f v u lc a n iz in g . 
T h is  ru b b e r  resid u e  is n o t so lu b le  in 88° B . n a p h th a , 
w h ile  a n y  f a t t y  a c id s  d e riv e d  fro m  oil s u b s t itu te s  are 
d isso lv ed .

W h en  n e ce s sa ry  to  ig n ite  th e  a lu n d u m  cru c ib le  
co n ta in in g  th e  u n d isso lv e d  re sid u e  o f fillers a fte r  
t r e a tm e n t  w ith  h y d r o c h lo r ic  a c id  to  d e te rm in e  c a r ­
b o n a ce o u s  fo re ig n  m a tte r , a loss o f co m b in e d  w a te r  in 
the m in era l m a tte r  m a y  o ccu r a n d  m a k e  th e  re su lt  
fo r  fo re ig n  m a tte r  to o  h ig h  a n d  m in era l fillers co rre ­
s p o n d in g ly  lo w . T h is  e rro r w ill ra re ly  a m o u n t to  
m o re  th a n  one per ce n t  o f th e  co m p o u n d  and  w ill n o t 
o f co u rse  a ffe c t  th e  re s u lt  fo r  v u lc a n iz e d  ru b b e r  gu m  
p re se n t as th e  su m  o f ca rb o n a c e o u s  fo re ign  m a tte r  
a n d  m in era l fillers is u n a lte re d .

V U L C A N IZ E D  R U B B E R  G U M  B Y  W E IG H T  V u lc a n iz e d
ru b b e r  gu m  b y  w e ig h t as  c a lc u la te d  b y  d ifferen ce  
re p re se n ts  th e  p u re  g u m  (resin , a sh , m o istu re  a n d  a ir 
free) p lu s its  c o m b in e d  s u lfu r . I t  is th is  v u lc a n iz e d  
ru b b e r  g u m  a n d  n o t  th e  u n cu re d  o rig in a l ru b b e r  t h a t  
g iv e s  ru b b e r  g o o d s th e ir  sp e c ific  a n d  d e sira b le  p ro p e r­
t ie s . I t  is th e re fo re  e n t ir e ly  ra t io n a l to  s p e c ify  th is  
su b s ta n c e . T h e  a m o u n t of resin s o r o rg a n ic  a ce to n e  
e x tr a c t  fo u n d  v a r ie s  g r e a t ly  w ith  th e  k in d  of ru b b e r  
u sed  or m a y  c o n sis t  o f a d d ed  m a te r ia l, an d  is  b e st  re ­
p o rte d  b y  its e lf . So m e w ill q u e stio n  h o w  th e  re s u lts  
o f th e  a n a ly s is  w ill co rresp o n d  to  th e  m a te r ia ls  c o m ­
p o u n d e d , e sp e c ia lly  th e  ru b b e r , a n d  w ill s a y  t h a t  it
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is b e tte r  to  s p e c ify  th e  a m o u n t o f th e  o rig in a l m a ­
te r ia ls .

T h e  e x p erien ce  of tw o  y e a rs  h a s  sh o w n  p ro p e r co rre ­
sp o n d e n ce  of a n a ly s is  to  in g re d ie n ts  u sed , ta k in g  in to  
a c c o u n t ch a n g e s  p ro d u ced  b y  p ro ce ss  of m a n u fa c tu re  
a n d  v u lc a n iz a tio n , w h en  a d u lte r a n ts  h a v e  n o t  been  
in tro d u ce d . T h e  m a n u fa c tu r e r  ca n n o t ta k e  ch a n ces  
w ith  m a te ria ls  o f u n k n o w n  co m p o sitio n  u n d e r o u r 
m eth o d s.

In sp e c ifica tio n s  re a d in g  “ I t  sh a ll c o n ta in ,”  th e  b e st 
e v id e n ce  t h a t  ce rta in  m a te r ia ls  h a v e  been  used  in  th e  
co m p o u n d  is to  h a v e  an  in sp e c to r  a t  th e  fa c to r y  to  
see th e m  p u t  in . W e th in k  w e are sa fe  in  s a y in g  
th a t  ru b b e r  m a n u fa c tu re rs  h a v e  h a d  e n o u g h  of th is  
s y ste m . W e b e lie v e  t h a t  “ I t  shall sho w ”  sh o u ld  be 
sp ecified , t h a t  th e  m e th o d s of a n a ly s is  a n d  te s ts  sh o u ld  
be s ta n d a rd iz e d  a n d  th e  sp ecific  ite m s  defin ed . T h is  
seem s b y  fa r  th e  b e tte r  m e th o d  a n d  o ffers fe w e r o p ­
p o rtu n itie s  fo r  d isp u tes .

S P E C I F IC A T I O N  O F  V U L C A N IZ E D  R U B B E R  G U M  BY

v o l u m e — T h e  p h y s ic a l p ro p e rtie s  of a  ru b b e r  co m ­
p o u n d  a n d  th e  q u a lity  are  m o re  p ro p e r ly  re la te d  to  th e  
p e rce n ta g e  b y  v o lu m e  of v u lc a n iz e d  ru b b e r  g u m  p re s­
e n t th a n  to  th e  p e rc e n ta g e  b y  w e ig h t. T h e  la rge  
m a jo r ity  o f ru b b e r  g o o d s a re  sold  b y  b u lk  a n d  used 
b y  b u lk  ra th e r  th a n  b y  w e ig h t. T h is  v o lu m e  co n ­
ce p tio n  is n e ce s sa ry  to  an  u n d e rs ta n d in g  of ru b b e r  
m ix in g s.

N o w  th e  sp ecific  g r a v it y  of th is  v u lc a n iz e d  ru b b e r  
g u m  (resin -, ash -, and  a ir-free) is  v e r y  n e a r ly  u n ity . 
T h e  sp ecific  g r a v it y  o f th e  p u re s t w ash e d  a n d  d ried  
ra w  ru b b e r  is g r e a t ly  in flu en ced  b y  th e  m ode of p re p ­
a ra tio n  in  re g a rd  to  m in u te  a ir b u b b le s  e n clo sed  in 
th e  ru b b e r , a n d  v a r ie s  fro m  0 .9 0  to  0 .9 5 .

A c c o rd in g  to  P h ilip  E . Y o u n g , in v e n to r  o f Y o u n g ’s 
G ra v ito m e te r , th e  b e st v a lu e  fo r  th e  p u re  a ir-free  
ru b b e r  g u m  is 0 .9 8 . W ith  30 p er c e n t of coim biried 
s u lfu r  w ith o u t m in era l fillers, th e  sp ecific  g r a v i t y  of 
th e  v u lc a n iz e d  ru b b e r gu m  h as been sh o w n  to  be 1 .0 0 . 
T h e  v a r ia t io n  in  th e  sp ecific  g r a v it y  fo r  v a r io u s  d e ­
gree s  of v u lc a n iz a t io n  is in  a n y  case a sm a ll one a n d  fo r 
p u rp o ses  of c a lc u la tio n  th e  sp ecific  g r a v it y  of a ll v u l­
ca n iz e d  ru b b e r  g u m  m a y  b e  ta k e n  as u n ity . B y  
m u lt ip ly in g  th e  p e rc e n ta g e  b y  w e ig h t o f v u lc a n iz e d  
ru b b e r  g u m  p re se n t b y  th e  sp ecific  g r a v it y  o f th e  
c o m p o u n d  a  p ro d u c t  is o b ta in e d  w h ich  re p re se n ts  
th e  p e rce n ta g e  b y  v o lu m e  of v u lc a n iz e d  ru b b e r  gu m  
p re se n t. T h is  v o lu m e  w o u ld  be s tr ic t ly  c o rre c t  if 
d iv id e d  b y  th e  tru e  sp ecific  g r a v it y  o f th e  v u lc a n iz e d  
ru b b e r  gu m  p re se n t. H o w e v e r , i t  is  n o t in te n d ed  
to  d e te rm in e  th e  tru e  v o lu m e , b u t  a fa c to r  o b ta in e d  
as sp ecified . A s  th is  is v e r y  n e a r ly  th e  tru e  v o lu m e  of 
v u lc a n iz e d  ru b b e r  g u m  p re se n t i t  h as b een  so ca lled  
in  th e  m e th o d s. N o  clo ser m e th o d  fo r  d e te rm in in g  
th e  tru e  v o lu m e  is p o ssib le , or n e ce ssa ry .

I t  w ill a t  o n ce  b e  seen  t h a t  h a rd  ru b b e rs  w ill sh o w  
m ore v u lc a n iz e d  ru b b e r  g u m  b y  w e ig h t th a n  th e  o rig in a l 
ru b b e r p u t  in ; a n d  t h a t  fo r  so ft  ru b b e r  o f go o d  q u a lity  
t h a t  w h ich  is ta k e n  a w a y  a n d  re p o rte d  as o rg a n ic  
a ceto n e  e x tr a c t  w ill a b o u t e q u a liz e  th e  co m b in ed  
su lfu r.

T h e  m in im u m  v u lc a n iz e d  ru b b e r  gu m  b y  v o lu m e

t h a t  w ill g iv e  a  so u n d  a rtic le  can  h a r d ly  be less than 
55 p er ce n t if m ad e  up of ru b b e r , s u lfu r  and  mineral 
fillers o n ly . L ess th a n  th is  a m o u n t n eeds som ething 
to  fill th e  p o res b e tw e e n  th e  p a r tic le s  of fillers in the 
w a y  of resin s, o ils, w a x e s  or a sp h a ltu m . A s  the per­
c e n ta g e  o f v u lc a n iz e d  ru b b e r  g u m  b y  v o lu m e  decreases 
in a  co m p o u n d  m ad e up of ru b b e r , s u lfu r  an d  mineral 
fillers o n ly , th e  l ia b ili ty  o f d e c a y  b y  o x id a tio n  due to 
p o ro s ity  b e co m es g r e a te r .

E v e r y  m a n u fa c tu re r  k n o w s t h a t  w ith  a fixed per­
c e n ta g e  b y  w e ig h t of ru b b e r  p u t  in to  a  compound 
a n d  m ad e  in to  an  a rtic le  w ith  fix e d  d im ension s, like 
a  hose tu b e  o r v a lv e , th e  lig h te r  he ca n  m a k e  the spe­
cific  g r a v it y ,  th e  m ore m o n e y  he sa v e s . T h is  is due 
to  a  re d u c tio n  in th e  v o lu m e  of ru b b e r  p resen t. By 
s p e c ify in g  a  m in im u m  p e rc e n ta g e  b y  v o lu m e  of vul­
ca n iz e d  ru b b e r  g u m  th e  ch o ice  o f fillers is le ft  entirely 
to  th e  m a n u fa c tu re r , as i t  sh o u ld  be. W h ether he 
uses lig h t  or h e a v y  fillers is im m a te r ia l as lo n g as the 
v o lu m e  sp ecified  is o b ta in e d , a n d  th e  chem ical and 
p h y s ic a l re q u ire m e n ts  are m e t: F o r  e xa m p le, let us.
su p p o se  a  m in im u m  o f 75 p er ce n t o f v u lca n ized  rub­
b er g u m  b y  v o lu m e  is sp ecified . T h e  m anufacturer 
ca n  m e et th is  b y  a  c o m p o u n d  w ith  a sp ecific  gravity 
of 1 .2 2  sh o w in g  6 1 . 5 p er ce n t  v u lc a n iz e d  ru bber gum 
b y  w e ig h t o r b y  a  co m p o u n d  w ith  a  sp ecific  gravity 
o f 2.'27 sh o w in g  3 3 .0  p er ce n t  v u lc a n iz e d  rubber gum 
b y  w e ig h t, or b y  v a r io u s  c o m b in a tio n s  betw een  these 
e x tre m e s. T h e  sam e re s u lt  ca n  b e  o b ta in e d  by fix­
in g  a m in im u m  sp ecific  g r a v it y  a n d  a m inim um  per­
ce n ta g e  b y  w e ig h t o f v u lc a n iz e d  ru b b e r gu m  present 
b u t  th e  k in d  of fillers w o u ld  th e n  be lim ite d  to  a few 
o r a m ix tu re  of a  fe w  h a v in g  a  c e rta in  d e n sity .

T h e  m e th o d  sp ecified  p e rm its  a n y  m anufacturer 
to  m a k e  as g o o d  a  c o m p o u n d  as he k n o w s how , using 
g o o d  ru b b e r  a n d  a n y  fillers he th in k s  best. He will 
b e  on an  e q u a l b a sis  o f c o m p e tit io n  w ith  a n y  other 
m a n u fa c tu r e r  as fa r  as th e  q u a lity  of th e  finished arti­
c le  is co n cern e d . H e m u st n e ce s sa rily  also deliver 
a n  e q u a l w e ig h t  of v u lc a n iz e d  ru b b e r  gu m  of quality 
re q u ire d  to  m e et th e  p h y s ic a l te s ts .

In  th e  fe w  ca ses w h ere  i t  is  a d v is a b le  to specify 
t o ta l  s u lfu r  i t  is no e x tr a  h a rd sh ip  fo r  th e  manufac­
tu r e r  to  s p e c ify  t o t a l  s u lfu r  in  a ll fo rm s. I t  is imprac­
t ic a b le  to  d e te rm in e  s u lfu r  p re se n t as bariu m  sulfate,, 
w h en  o th e r  fo rm s o f b a riu m  are p re se n t. A s a rule, 
th e  o th e r ch e m ica l a n d  p h y s ic a l te s ts , in cludin g an 

a g ein g  te s t , can  be m a d e  a d e q u a te  a n d  sufficient to- 
en sure  th e  d e liv e r y  of g o o d s m a d e  up  fro m  new rub­
b er. T h e  a m o u n ts  of s u lfu r  an d  o rg an ic  acetone 
e x tr a c t  are sp ecified  as p e r c e n ta g e s  of th e  w eight of 
v u lc a n iz e d  ru b b e r g u m  p re se n t as th e y  are functions 
of th e  a m o u n t of ru b b e r  p re se n t. T h e  specification 
of fixed  lim its  fo r  th e se  as p e rce n ta g e s  o f th e  c o m p o u n d  
does n o t m a k e  du e a llo w a n ce  fo r  su ch  c o r r e s p o n d i n g  

v a r ia t io n  o f th e se  c o n s titu e n ts  w ith  th e  am ount of 

ru b b e r  used .
T h e  q u a lity  o f th e  ru b b e r  used  as w ell as the suita­

b il i t y  o f th e  fillers a n d  th e  p ro p er vu lcan izatio n  are 
fixed  b y  p h y s ic a l te s ts  w h ich  w ill be d escrib ed  in an arti­

cle  to  fo llo w .
M t . P r o s p e c t  L a b o r a t o r y ,  B r o o k l y n ,  N e w  Y o r k
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THE SPECIFIC ABSORPTION OF REAGENTS FOR GAS 
ANALYSIS

B y  R .  P .  A n d b r s o n  

R cce ivcd  F e b r u a r y  10, 1915

A kn o w le d ge  o f th e  a b so rb in g  p o w e r  of th e  re a g e n ts  
that are co m m o n ly  u sed  in  g a s  a n a ly s is  fo r  th e  ga ses 
absorbed b y  th e m  a n d  fo r th e  co n d itio n s  u n d e r w h ich  
they are o rd in a rily  e m p lo y e d  w o u ld  b e  o f co n sid e ra ­
ble v a lu e  to  th e  g a s  a n a ly s t . D e fin ite  in fo rm a tio n  
of th is n a tu re  is fo r  th e  m o st p a r t  la c k in g . H e m p e l1 
has p ro p o sed  th e  te r m  “ a n a ly tic a l  a b so rb in g  p o w e r ,”  
a su itable  exp re ssio n  fo r  th is  p ro p e r ty , b u t  h is  m e th o d  
of d eterm in in g  i t  seem s o p en  to  o b je c tio n . A c c o r d ­
ing to  his m e th o d , an e xcess o f p u re  g a s  w as p la c e d  in  
con tact w ith  i  cc. of re a g e n t o v e r  m e rc u ry  a n d  sh a k e n  
with the re a g e n t as lo n g  “ als n och  sch n elle  A b s o r p ­
tion e rfo lg te , so d a ss in  L a u fe  e in er M in u te  m in d e- 
stens m ehrere K u b ik z e n tim e te r  v e r s c h w a n d e n .”  T h e  
decrease in  v o lu m e  th u s  o b ta in e d  w as d iv id e d  b y  fo u r 
and th is  v a lu e  te rm e d  th e  a n a ly tic a l  a b so rb in g  
power. N o  a tte m p t  w as m a d e  to  d e te rm in e  th e  
absolute a b so rb in g  p o w e r of th e  re a g e n t, n or w as th e  
reagent re q u ired  to  re m o v e  th e  ga s  c o m p le te ly  as it  
must in a c tu a l se rv ice . T h e  r a p id ity  w ith  w h ich  a 
reagent a b so rb s a p u re  ga s  th a t  is p re se n t in  e xcess 
is quite d ifferen t fro m  t h a t  w ith  w h ich  it  c o m p le te ly  
rem oves th e  ga s  fro m  it s  m ix tu re  w ith  o th e r gases. 
In the first case, th e  p re ssu re  t h a t  is e x e rte d  b y  th e  
gas is p re su m a b ly  t h a t  o f th e  a tm o sp h e re , w h ile  in 
the secon d case, th e  p a r t ia l  p ressu re  of th e  ga s  b e co m es 
less and less u n til it  e q u a ls  zero  or is so sm a ll as to  
be n eg lig ib le  fo r te c h n ic a l p u rp o ses. In  g e n era l, 
as the p ressu re  b eco m es less, th e  r a p id it y  o f th e  a b ­
sorption d ecreases, th e  la s t  tra c e s  o f th e  g a s  b e in g  
absorbed w ith  d iff ic u lty , o r n o t a t  a ll. I t  is e v id e n t, 
therefore, t h a t  th e  v a lu e s  t h a t  are o b ta in e d  b y  H em - 
pel’s m eth o d  h a v e  l i t t le  b e a r in g  u p o n  th e  e ffic ie n cy  of 
the va rio u s re a g e n ts  fo r  q u a n t it a t iv e  a b so rp tio n s, 
and th a t th e y  a ffo rd  th e  a n a ly s t  no c e r ta in ty  t h a t  his 
reagents m a y  b e  u sed  u n til t h e y  h a v e  a b so rb e d  th e  
q u an tity  of ga s  in d ic a te d  b y  th e  a n a ly t ic a l  a b so rb in g  
power n ow  a ssig n e d  to  th e m  w ith o u t  p o s s ib ility  of 
the in co m p lete  r e m o v a l o f th e  co n stitu e n ts .

T he d e te rm in a tio n  of th e  v o lu m e  of a  ga s  w h ich  a 
certain re a g e n t w ill a b so rb  up  to  th e  p o in t a t  w h ich  
the gas is n o t c o m p le te ly  re m o v e d  fro m  its  m ix tu re  
with o th er g a ses  is n ee d ed  b y  g a s  a n a ly s ts . I t  is 
here p ro p o sed  to  e x p re ss  th is  v a lu e  in  cc. o f g a s  p er 
cc. of re a g en t a n d  te r m  it  th e  specific absorbing power, 
or the specific absorption, o f th e  re a g e n t. T h e  s t a t e ­
ment of th e  sp ecific  a b so rp tio n  o f a  re a g e n t fo r  a gas 
must co n ta in  th e  n a m e  of th e  a p p a ra tu s  t h a t  is e m ­
ployed, th e  m e th o d  of its  m a n ip u la tio n , a n d  th e  
tem p eratu re of th e  re a g e n t, s in ce  th e se  c o n d itio n s  a f ­
fect the resu lts . A lso  th e  v o lu m e  o f g a s  t h a t  is  a b ­
sorbed a t a t im e  m a y  h a v e  an  e ffe c t  u p o n  th e  sp ecific  
absorption a n d  fo r  th is  re a so n  th e  m ix tu re  to  b e  e m ­
ployed in th e  d e te rm in a tio n  of- th is  v a lu e  sh o u ld  co n ­
tain an a m o u n t o f th e  g a s  to  be re m o v e d  su ch  as w o u ld  
most fre q u e n tly  b e  m e t w ith , a n d  th is  a m o u n t sh o u ld  
be g iven  in s ta t in g  th e  sp e c ific  a b so rp tio n  of a  re a g e n t.

1 "G asan a ly tisch e  M e th o d e n ,” 4 th  E d ., p . 128.

F o r  e x a m p le , th e  sp ecific  a b so rp tio n  a t  ro o m  te m ­
p e r a tu r e  of a  c e rta in  so lu tio n  o f a lk a lin e  p y ro g a llo l 
fo r  o x y g e n , o b ta in e d  b y  sh a k in g  a  m ix tu re  o f ga ses  
co n ta in in g  z i  p er ce n t  o x y g e n  w ith  th e  re a g e n t fo r 3 
m in u te s  in  th e  H e m p el d o u b le  p ip e tte , w as fo u n d  to  
b e  5. B y  th is  is m e a n t t h a t  s u cce ssiv e  sa m p le s  of a 
gas m ix tu re  of th e  a b o v e  co m p o sitio n  w ere a n a ly z e d  
fo r  o x y g e n  b y  p y ro g a llo l in  th q  m a n n er a b o v e  in d i­
c a te d  u n til th e  re a g e n t w a s  no lo n g er ca p a b le  of r e m o v ­
in g  a ll o f th e  o x y g e n  in  th e  ti'm e a llo tte d . T h e  to ta l  
a m o u n t of o x y g e n  a b so rb e d  u p  t o  t h a t  p o in t w as 
fo u n d  to  be 5 tim e s  th e  v o lu m e  o f th e  re a g e n t t h a t  
w as e m p lo y e d .

D e te rm in a tio n s  of sp ecific  a b so rp tio n  a re  b e in g  m ad e  
in th is  la b o r a to r y  in  c o n n e ctio n  w ith  in v e s t ig a t io n s  
on th e  m o st d e sira b le  c o n c e n tra tio n s  of th e  v a r io u s  
re a g e n ts  an d  th e  m o st d e sira b le  co n d itio n s  fo r  th e ir  
use. T h e  re su lts  on  a lk a lin e  p y ro g a llo l are  g iv e n  in  
th e  fo llo w in g  a rtic le .

C o r n e u , U n iv e r s it y , I t h a c a , N e w  Y o r k

REAGENTS FOR USE IN GAS ANALYSIS
I. ALKALINE PYROGALLOL

B y  R . P . A n d e r s o n  
R eceived  F e b ru a ry  10, 1915

H IS T O R IC A L  R E S U M E  A N D  IN T R O D U C T IO N

T o  D o b e re in e r1 is  a ttr ib u te d  th e  d is c o v e r y  o f th e  
a b so rp tio n  of o x y g e n  b y  an  a lk a lin e  s o lu tio n  o f p y r o ­
g a llo l. L ie b ig 2 w as th e  first to  u tilize  th is  re a c tio n  
fo r th e  q u a n t ita t iv e  re m o v a l o f o x y g e n  fro m  its  m ix ­
tu re  w ith  o th e r  gases. H e e m p lo y e d  a  so lu tio n  of 
p o ta s s iu m  h y d ro x id e  o f i . 4 sp ecific  g r a v it y  a n d  a d d ed  
to  i t  o n e -h a lf its  v o lu m e  o f a  s o lu tio n  o f p y ro g a llo l 
co n ta in in g  1 g . to  5-6  cc. o f w a te r . M u c h  la te r  
W e y l a n d  Z e itle r3 s tu d ie d  th e  e ffe c t  up o n  th e  a b s o r b ­
in g  p o w e r of th e  re a g e n t of v a r y in g  th e  c o n c e n tr a ­
tio n  of th e  a lk a li. In  th e ir  w o rk , a  d e fin ite  v o lu m e  
of a ir w as a sp ira te d  th ro u g h  a U -tu b e  t h a t  c o n ta in e d  
b ro k e n  g la ss  a n d  a m easu red  v o lu m e  of th e  a lk a lin e  
so lu tio n  o f p y ro g a llo l. T h e  a m o u n t of o x y g e n  t h a t  
re m a in e d  in  th e  a ir a fte r  th is  t r e a tm e n t  w as d e te r ­
m in ed  b y  t it r a t io n  w ith  a  so lu tio n  o f so d iu m  h y p o -  
su lfite , u sin g  in d ig o  as th e  in d ic a to r . T h r e e  s o lu ­
tio n s  of p o ta ss iu m  h y d r o x id e , o f sp ecific  g r a v it ie s  

1 .0 2 5 , 1 . ° 5 °  an(l  i - S ° ° j w ere  e m p lo y e d , a n d  th e  re ­
a g e n t w as  p re p a re d  b y  a d d in g  0 .2 5  g. o f p y ro g a llo l 
to  10 cc. of one of th ese  so lu tio n s . T h e  o x y g e n  th a t  
w as  n o t  a b so rb ed  u n d er th e  a r b itr a r y  co n d itio n s  o f 
th e  e x p e rim e n ts  a m o u n te d  to  1 .5 6 ,  0 .8 8  a n d  2 .9  
p er ce n t fo r  th e  so lu tio n s  in  w h ich  th e  sp ecific  g r a v it y  
of th e  a lk a li w as  1 .0 2 5 , 1 .0 5 0  a n d  1 .5 0 0 , re s p e c ­
t iv e ly .  F ro m  th e se  d a ta  th e  a u th o rs  c o n c lu d e  t h a t  
th e  so lu tio n  of p o ta ss iu m  h y d r o x id e  of sp ecific  g r a v it y  
1 .0 5 0  g iv e s  th e  re a g e n t w ith  th e  h ig h e st a b so rb in g  
p o w e r a n d  t h e y  s ta te  a lso  t h a t  th e  p y ro g a llo l p r o b a b ly  
is q u ic k ly  d e str o y e d  b y  th e  s o lu tio n  of p o ta ss iu m  
h y d ro x id e  o f sp ecific  g r a v it y  1 . 5 .  W e h l a n d  G o th 4 
p erfo rm ed  s im ila r e x p e r im e n ts  s u b s t itu tin g  so d iu m

> G ilb e r t’s A n n .,  74 (1823), 410.
- L ieb ig 's  A n n .,  77 (1851), 107.
'  Ib id ., 205 (1880), 255.
< Ber., 14 (1881). 2659.
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h y d ro x id e  a n d  so d iu m  c a rb o n a te  fo r  th e  p o ta ss iu m  
h y d ro x id e .

S o o n  a fte r  L ie b ig ’s e x p e rim e n ts , it  w a s  fo u n d 1 
t h a t  ca rb o n  m o n o x id e  w as fo rm e d  u n d e r c e rta in  c o n ­
d itio n s  on  th e  o x id a tio n  of a lk a lin e  p y ro g a llo l. L e w e s 2 
s ta te s  t h a t  a  s o lu tio n  p re p a re d  b y  a d d in g  10 g. o f 
p y ro g a llo l to  150 cc. o f a  20 p er ce n t so lu tio n  o f so d iu m  
h y d ro x id e  m u st n o t b e  e m p lo y e d  fo r  th e  a b so rp tio n  
o f o x y g e n  m o re  th a n  fo u r or five  tim e s  on a c c o u n t 
o f th e  fo rm a tio n  o f ca rb o n  m o n o x id e . C lo w e s 3 
s tu d ie d  th e  b e h a v io r  o f a lk a jin e  p y ro g a llo l w ith  
e sp e c ia l re feren ce  to  th e  fo rm a tio n  o f ca rb o n  m o n o x id e . 
H e fo u n d  t h a t  a lth o u g h  a re a g e n t c o n ta in in g  10 g. 
o f p y ro g a llo l a n d  24 g . o f p o ta ss iu m  h y d r o x id e  to  100 
cc. o f so lu tio n  ca n  b e  u sed  in  d e te rm in in g  o x y g e n  
w h en  i t  d o es n o t  e x ce e d  28 p er c e n t of th e  t o ta l  v o l ­
u m e, c a rb o n  m o n o x id e  is fo rm e d  on th e  a n a ly s is  of 
ric h er m ix tu re s . H e re co m m e n d s t h a t  th e  a m o u n t 
o f p o ta ss iu m  h y d r o x id e  be in cre a se d  to  120 g. w h e n ­
e v e r  g a ses  t h a t  co n ta in  m ore th a n  28 p er ce n t of 
o x y g e n  a re  t o  b e  a n a ly z e d . A n  a tte m p t  to  d e te rm in e  
o x y g e n  in  a  g a s  m ix tu re  c o n ta in in g  90 p er ce n t of it , 
w ith  th e  re a g e n t c o n ta in in g  o n ly  24 g. o f p o ta ssiu m  
h y d r o x id e  to  100 cc. o f so lu tio n , re s u lte d  in  th e  fo rm a ­
tio n  of 6 p er ce n t ca rb o n  m o n o x id e , w h ile  n o  m ore 
th a n  a tra c e  w as  fo rm e d  w h en  th e  s tro n g e r  so lu tio n  
of a lk a li  w as e m p lo y e d . B e r th e lo t4 fo u n d , fro m  a 
s tu d y  o f th e  v a r io u s  fa c to r s  t h a t  m ig h t a ffe c t  th e  
fo rm a tio n  o f ca rb o n  m o n o x id e , t h a t  a lk a li  in  la rg e  e x ­
cess a n d  p y ro g a llo l su ffic ien t to  a b so rb  fo u r o r five  
tim e s  th e  a m o u n t of o x y g e n  p re se n t a re  n e ce ssa ry  
in  o rd e r to  p re v e n t th e  fo rm a tio n  of m o re  th a n  a n e g li­
g ib le  a m o u n t of th is  u n d e sira b le  p ro d u c t  of th e  r e ­
a ctio n . H e a lso  in v e s t ig a te d  th e  b e h a v io r  o f th e  re ­
a g e n t w h en  th e  p o ta s s iu m  h y d r o x id e  w a s  re p la ce d  
b y  so d iu m  h y d r o x id e , b a r iu m  h y d r o x id e  a n d  a m ­
m o n iu m  h y d ro x id e . T h e  to ta l  a m o u n t of o x y g e n  
t h a t  w as  a b so rb e d  b y  th e  so lu tio n  c o n ta in in g  so d iu m  
h y d r o x id e  w as fo u n d  to  be p r a c t ic a lly  th e  sam e as 
w ith  th e  use of p o ta ss iu m  h y d r o x id e , w h ile  th e  s o lu ­
t io n  in  w h ich  b a riu m  h y d r o x id e  w as used  g a v e  a sm a lle r 
a b so rp tio n , a n d  th e  on e in  w h ich  a m m o n iu m  h y d r o x id e  
w as u sed  g a v e  a  la rg e r  a b so rp tio n . T h e  e ffe c t  of th ese  
s u b s t itu tio n s  u p o n  th e  fo rm a tio n  of ca rb o n  m o n oxid e  
w as sm all.

B e n e d ic t5 fo u n d , fro m  p recise  d e te rm in a tio n s  of 
th e  o x y g e n  c o n te n t o f th e  a tm o sp h e re , t h a t  th e  re ­
s u lts  t h a t  w ere  o b ta in e d  d e p e n d ed  u p o n  th e  c o n c e n ­
tra t io n  of th e  a lk a li  t h a t  w as  e m p lo y e d . T h e  a v e r ­
age  o f 14 d e te rm in a tio n s  m ad e  w ith  H a ld a n e ’s6 s o lu ­
t io n  c o n ta in in g  1 g. o f p y ro g a llo l to  10 cc. of p o ta s ­
s iu m  h y d ro x id e , 1 .5 5  sp ecific  g r a v it y ,  w as  2 0 .9 5 6 ; 
th e  a v e ra g e  o f s im ila r  d e te rm in a tio n s  m a d e  w ith  a 
s lig h t ly  m o d ified  H a ld a n e  re a g e n t w h ich  c o n ta in e d  
so m e w h a t less a lk a li  th a n  th e  o rig in a l, w as  2 0 .9 3 8 ;

1 See C a lv e r t, C om pt. rend., 57 (1863), 873; C loez, Ib id ., p . 875; B ous- 
s in g au lt, p . 885; a n d  P o leck , Z . anal. C hem .. 8 (1869), 451.

* J .  Soc. Chem. In d . ,  10 (1891). 407.
s C hem . N ew s, 72 (1895), 288; J .  Soc. Chem . In d . ,  15 (1896), 170; 

Chem. N ew s, 74 (1896), 199.
4 A n n . ch im . phys ., [7] 15 (1898), 294; C om pt. rend ., 126 (1898), 1066, 

1459.
6 “ T h e  C o m p o sitio n  of th e  A tm o sp h e re ,”  p. 113.
• “ M e th o d s  of A ir A n a ly s is ,” 1912 E d ., p. 13.

a n d  o th e r  s o lu tio n s  c o n ta in in g  less a lk a li  g a v e  still 
lo w e r re su lts . B e n e d ic t  su g g e s ts  t h a t  th e  discrepan cy 
in th e  re su lts  o b ta in e d  fro m  th e  v a r io u s  solutions 
m a y  be d ue to  th e  fo rm a tio n  of ca rb o n  m onoxide. 
H a ld a n e  s ta te s  t h a t  th e  so lu tio n  p re p a re d  according 
to  h is d ire c tio n s  y ie ld s  no ca rb o n  m o n o x id e  on  th e  ab­
so rp tio n  o f o x y g e n .

A n  in sp e ctio n  o f th e  p ro p o rtio n s  o f p yrogallol, 
p o ta ss iu m  h y d r o x id e , a n d  w a te r  t h a t  h a v e  been recom ­
m en d ed  b y  v a r io u s  ga s  a n a ly s ts  fo r  th e  preparation  
of a lk a lin e  p y ro g a llo l sh o w s t h a t  th e re  is lit t le  uni­
fo r m ity  as re g a rd s  e ith e r  th e  co m p o sitio n  o f the re­
a g e n ts  o r th e  te rm s  in  w h ich  th e ir  d escrip tio n s are 
c o u ch ed . In  th e  a c c o m p a n y in g  lis t, fo r  purposes of 
co m p a riso n , an  a tte m p t  h a s  b een  m a d e  to  standardize 
as fa r  as p o ssib le  th e  s ta te m e n t  of th e  com position 
o f th e  re a g e n t b y  e x p re ss in g  w ith  su ffic ien t accuracy 
th e  a m o u n t o f p y ro g a llo l a n d  of p o ta ss iu m  hydroxide 
in  io o  cc. o f th e  so lu tio n :

G ram s  p e r  100 cc. of so lu tion  of
A u t h o r  P y r o g a u . o i ,  K O H

L ieb ig 1...............................................  6 to  7 37*
C low es1. . . . - ....................................  a 10 24

b 10 120
W in k le r2...........................................  5 22*
H cm p e l3............................................ 3 .5  84
B e r th e lo t4........................................  15 25
F ra n z e n 5...........................................  8 70
G ill«....................................................  a 4 .9  43

b 4 .9  81
H a ld a n e 1..........................................  9 .4  74*
B en e d ic t7.......................................... 9 .4  66*

1 Loc. cit.
2 " L e h rb u c h  d e r  te ch n isch en  G a s a n a ly se ,”  1901 E d ., p . 81.
3 “ M e th o d s  of G as  A n a ly s is ,”  1902 E d ., p . 149. In  th e  fo u rth  edition 

of th is  w ork  (1 9 1 3 ), H em p e l reco m m en d s  p ra c t ic a lly  th e  sam e proportions 
a s  a re  g iv en  b y  B en e d ic t.

4 “ T ra i té  P ra t iq u e  d e  L ’A naly se  des G a s ,”  1^906 E d ., p . 185.
5 " G a s a n a ly t is c h e  Ü b u n g e n ,”  1907 E d ., p . 4.
• “ G as a n d  F u e l A n a ly s is ,” 1912 E d ., p . 54 .
7 “ T h e  C o m p o sitio n  of th e  A tm o sp h e re ,”  1913 E d ., p . 80.

F o u r  of th e  so lu tio n s  w ere p re p a re d  b y  using p otas­
s iu m  h y d ro x id e  o f a  d e fin ite  sp ecific  g r a v ity . The 
a m o u n t o f water-free p o ta ss iu m  h y d ro x id e  is given 
in  th e se  ca ses a n d  is m a rk e d  b'y an  a ste risk  to  distin­
gu ish  it  fro m  th e  a m o u n ts  u sed  in  th e  o th e r solutions 
w h ere  o rd in a ry  p o ta s s iu m  h y d r o x id e  of unknown 
w a te r  c o n te n t  w as  e m p lo y e d . T h e  w a te r  co n ten t of 
p o ta s s iu m  h y d r o x id e  t h a t  is so ld  in  s t ic k  fo rm  varies 
b e tw e e n  ra th e r  w id e  lim its  a n d  th e  a m o u n t of alkali 
in  H a ld a n e ’s so lu tio n  w o u ld  o rd in a r ily  be found to 
e x ce e d  t h a t  re co m m e n d e d  b y  a n y  o th e r auth ority  
w ith  th e  p o ssib le  e x c e p tio n  of C lo w e s ’ s tro n g er solution.

In  v ie w  o f th e  c o n flic t in g  re s u lts  t h a t  h a ve  been 
o b ta in e d  b y  e a r lie r  in v e s t ig a to r s  o f a lk a lin e  p yrogallol, 
a n d  b e ca u se  o f th e  a p p a re n t  la c k  o f a n y  e ffo rt to  de­
term in e  w h a t c o n s titu te s  th e  m o st d e sira b le  reagent 
fro m  a co n sid e ra tio n  of th e  v a r io u s  determ ining 
fa c to r s , it  w as  d e c id e d  to  a tte m p t  a  s y ste m a tic  in­
v e s t ig a tio n  o f th e  re a g e n t. A  s tu d y  o f th e  effects 
u p o n  th e  sp ecific  a b s o r p tio n 1 o f th e  re a g e n t of varia­
tio n s  in  th e  a m o u n ts  o f p o ta s s iu m  h y d ro x id e  and 
p y ro g a llo l w as  m a d e  th e  s ta r tin g  p o in t  o f th e  experi­
m e n ta l w o rk  a n d , in  o rd er to  e lim in a te  as m uch un­
n e ce s sa ry  w o rk  as p o ssib le , an  a p p a ra tu s  w as con­
stru c te d  in  w h ich  th e  sp ecific  a b so rp tio n  of various 
so lu tio n s  of a lk a lin e  p y ro g a llo l co u ld  be e a s ily  deter­
m in ed.

1 See p rece d in g  a rtic le , T h i s  J o u r n a l ,  7 (1 9 1 5 ), 5 8 7 .
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S P E C IA L  A P P A R A T U S  F O R  E X P E R I M E N T A L  W O R K

In th e  a p p a ra tu s  in  F ig . 1 , a rtif ic ia l m ix tu re s  o f 
oxygen a n d  n itro g e n  w ere s h a k e n  w ith  th e  a lk a lin e  
pyrogallol o v e r  m e rcu ry  a n d  th e  re a d in g s  w ere  m ad e  
under co n sta n t  v o lu m e  (a p p r o x im a te ly ) , i .  e., th e  
am ount of o x y g e n  a b so rb e d  w as d e te rm in e d  b y  th e  
change in  th e  p re ssu re  t h a t  w as  e x e rte d  b y  th e  g a s  as  in ­
dicated b y  th e  ch a n g e  in  a m a n o m e te r  re a d in g  d u rin g  
the ab so rp tio n . A  n ew  sa m p le  w as not. t a k e n  a fte r  
each d e te rm in a tio n , n e a rly  th e  sam e re su lt  b e in g  o b ­
tained b y  th e  a d d it io n  o f o x y g e n  to  ta k e  th e  p lace  
of th a t w h ich  h a d  b een  p re v io u s ly  a b so rb ed .

The c o n ta c t  b e tw e e n  th e  g a s  m ix tu re  c o n ta in in g  
oxygen an d  th e  a lk a lin e  p y ro g a llo l w a s  e ffe c te d  in  
the p ip e tte  P  w h ich  co n n e cts  b y  m ean s of a lo n g , 
enam eled ru b b e r  tu b e  w ith  th e  le v e lin g  b u lb  L .  T h e  
pipette is c lo sed  a t  th e  to p  b y  a  tw o -w a y  s to p c o c k , A ,  
by m eans of w h ich  c o n n e ctio n  m a y  be m a d e  e ith e r

with th e  b u re tte  B  o r w ith  on e a rm  o f m a n o m e te r  M  
through s to p c o c k  F ,  a n d  w ith  th e  o x y g e n  re se rv o ir  R  
through s to p c o c k s  K  a n d  Z .  R e v e rs a l o f th e  p o s i­
tion of K  p e rm its  co n n e ctio n  o f th e  p ip e tte  w ith  th e  
atm osphere a t  II. T h e  o th e r  arm  o f th e  m a n o m e te r  
bends d o w n w a rd  a n d  te r m in a te s  in  th e  e n la rg e m e n t1 
E  and s to p c o c k  T.

To su p p o rt th e  a p p a ra tu s , a  ta ll ,  n a rro w , re c ta n g u la r  
iron fram e w as c o n s tr u c te d  of iro n  ro d s  a n d  c la m p s  
and the u p p er a n d  lo w e r en d s of th e  p ip e tte  P  w ere 
fastened to  h o r izo n ta l cross p ieces n ea r th e  b o tto m  
of the fram e. In  tu r n , th e  fra m e  w as su sp en d ed  a t a 
point a b o u t m id w a y  b e tw e e n  th e  to p  a n d  b o tto m  
(corresponding a p p ro x im a te ly  to  K  on th e  a p p a ra tu s )  
to a h o rizo n ta l iro n  ro d  in  su ch  fa sh io n  t h a t  th e  a p p a ra -

1 T h is  e n la rg em e n t w as m a d e  of su ch  size t h a t  a  ch a n g e  of p ressu re  
of Vs a tm osphere  in s id e  th e  p ip e t te  w ould  p ro d u ce  a s  la rg e  a  m o v e m en t 
of the w ate r in th e  m a n o m e te r  as  w as perm issib le .

tu s  m ig h t  b e  ro ck e d  b a c k  a n d  fo r th  w ith  th e  ro d  as an  
a x is  b y  m ean s of a  h o t-a ir  en g in e  a n d  th e  p ro p er co n ­
n ectio n s. A  g la ss  ja r  c o n ta in in g  w a te r  w as  b ro u g h t 
up  a ro u n d  th e  a p p a r a tu s 1 u n til R, P  a n d  E  w ere c o v ­
ered , in  o rd e r to  m a in ta in  a  u n ifo rm  te m p e ra tu re  in 
th e  s e p a ra te  c o m p a r tm e n ts  w h ere  g a s  w as co n fin ed . 
T h e  e n a m ele d  ru b b e r  tu b in g  p a ssed  fro m  th e  p ip e tte  
o v e r  th e  ed ge  of th e  ja r  to  th e  le v e lin g  b u lb  w h ich  
w as s u p p o rte d  b y  a  s e p a ra te  s ta n d .

T h e  a p p a ra tu s  w as  p re p a re d  fo r use b y  p o u rin g  
m e rcu ry , su ffic ien t in  a m o u n t to  fill th e  p ip e tte  P ,  
in to  th e  le v e lin g  b u lb  L ,  d ra w in g  w a te r  in to  th e  
m a n o m e te r  M  th ro u g h  N  b y  lo w e rin g  L  w ith  A  and  
F  in  th e  p ro p er p o sitio n s, a n d  fillin g  th e  re s e rv o ir  R  
th ro u g h  Z  an d  W  w ith  o x y g e n  u n d er p ressu re . T h e  
a ir in  R  w as p r e v io u s ly  d isp la ce d  b y  o x y g e n  b y  o p e n ­
in g  V  an d  a llo w in g  th e  o x y g e n  to  b u b b le  th ro u g h  
th e  w a te r  in  th e  ce ll. A fte r  th e se  o p e ra tio n s  w ere 
p erfo rm ed , th e  m a n ip u la tio n  o f th e  a p p a ra tu s  w as 
c a rr ie d  o u t in  th e  fo llo w in g  fa s h io n :

M A N IP U L A T IO N  O F T I I E  A P P A R A T U S

W ith  F  c lo sed , m e rc u ry  fro m  th e  p ip e tte  w as d r iv e n  
up  to  H  b y  ra is in g  th e  le v e lin g  b u lb . C o n n e c tio n  
w as m ad e  a t  th is  p o in t w ith  a  c a p illa r y  tu b e , also  
filled  w ith  m e rcu ry , to  a H e m p el b u r e tte  c o n ta in in g  
n itro g e n  fro m  a p h o sp h o ru s p ip e tte , a n d  20 cc . o f th is  
ga s  w as d ra w n  in to  th e  p ip e tte , fo llo w in g  it  w ith  
m e rc u ry  fro m  th e  b u r e tte  o v e r  to  K ,  w h ich  w a s  th e r e ­
u p o n  clo sed . T h e  p ro p er a m o u n ts  o f s o lu tio n s  of 
p y ro g a llo l a n d  p o ta ss iu m  h y d r o x id e  w ere  th e n  in tr o ­
d u ced  s e p a ra te ly  in to  th e  p ip e tte  th r o u g h  th e  b u r e tte  
B.  T h is  w as  a cco m p lish e d  w ith o u t  d a n g e r  o f a d ­
m issio n  of a ir  p ro v id in g  th e  m e rc u r y  in  th e  le v e lin g  
b u lb  w as a t  a  s lig h t ly  lo w e r le v e l th a n  th a t  in  th e  
p ip e tte  a n d  ca re  w as ta k e n  in  th e  m a n ip u la tio n  of A .  
C o n n e c tio p  w ith  th e  m a n o m e te r  w as n e x t  m ad e  b y  
tu r n in g  A a n d  F ,  a n d  th e  le v e lin g  b u lb  w as th e n  lo w ­
e red  u n til th e  w a te r  s to o d  a t  som e d e fin ite  poin t, on 
th e  sca le  n ea r th e  u p p er en d  of th e  le ft-h a n d  arm  
o f th e  m a n o m e ter. X  w a s  th e re u p o n  clo sed . A t  
th is  p o in t th e  en g in e  t h a t  ro ck s  th e  p ip e tte  b a c k  a n d  
fo rth  w as s ta r te d  in o rd er to  o b ta in  a  th o ro u g h  m ix ­
tu re  of th e  s o lu tio n s  of p y ro g a llo l an d  p o ta ss iu m  
h y d ro x id e  in  th e  p ip e tte  a n d  to  fa c il ita te  th e  a b so r p ­
tio n  o f th e  sm a ll a m o u n t of o x y g e n  t h a t  w as u s u a lly  
p re se n t in  th e  sp a ce  b e tw e e n  A  a n d  th e  w a te r  in th e  
m a n o m e ter. T h is  a b so r p tio n  o f o x y g e n  d ic r e a s e d  
th e  p ressu re  in  th e  p ip e tte  a n d  n e c e s s ita te d  th e  r e ­
a d ju s tm e n t  o f th e  le v e l o f th e  w a te r  in  th e  m a n o m e ter . 
O x y g e n  w as n e x t  a d m itte d  fro m  th e  re s e rv o ir  R  in to  
th e  p ip e tte  u n til th e  m a n o m e te r  re a d in g  in d ic a te d  
t h a t  th e  d e sired  q u a n t it y 2 h a d  been  a d d e d . S h a k in g  
w as s ta r te d  a t  th is  p o in t  a n d  co n tin u e d  fo r  5 m in u tes , 
a t  th e  e n d  of w h ich  tim e  th e  m o to r w as s to p p e d , 
th e  m a n o m e te r  re a d in g  ta k e n , o x y g e n  a d d e d  to  th e  
sam e m a n o m e te r  re a d in g  as b e fo re , a n d  th e  s h a k in g

» T o  m ake th e  a p p a ra tu s  m ore c o m p ac t, th e  c a p illa ry  co n n e c tio n s  w ere 
b e n t  so th a t  R  a n d  E  w ere  s itu a te d  b e h in d  / J.

5 T h is  q u a n t i ty  w as u su a lly  5 cc., th u s  g iv ing  an  a rtif ic ia l m ix tu re  
co n ta in in g  20 p e r  c e n t of oxygen . T h e  m a n o m e te r  re a d in g  t h a t  co r 
re sp o n d ed  to  th e  ad m issio n  of 5 cc . of oxygen w as o b ta in e d  b y  ru n n in g  in  
5 cc. of n itro g en  w ith o u t ch an g in g  th e  level of th e  m e rcu ry  in  th e  p ip e tte .
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co n tin u e d . T h is  w as  re p e a te d  u n til th e  re a g e n t 
b e ca m e  e x h a u s te d .

E F F E C T  O F  A M O U N T  O F  P O T A S S IU M  H Y D R O X ID E  O N  T H E  

S P E C I F I C  A B S O R P T IO N  O F  T H E  R E A G E N T  

F iv e  s o lu tio n s  of p o ta ss iu m  h y d r o x id e  w ere  e m ­
p lo y e d . T h e se  co n sisted  o f a  so lu tio n  (of sp ecific  
g r a v it y  1 .5 5 )  c o n ta in in g  a b o u t 1 . 5 p a r ts  o f p o ta s ­
s iu m  h y d ro x id e  in s t ic k  fo rm  to  1 p a r t  of w a te r , an d  
fo u r o th e r  so lu tio n s  t h a t  w ere  p re p a re d  fro m  th e  
first in  th e  p ro p o rtio n s  o f 4 v o lu m e s  of a lk a li  to  1 v o l­
um e of w a te r , 3 v o lu m e s  to  2 v o lu m e s, 2 v o lu m e s  to  
3 v o lu m es, a n d  1 v o lu m e  to  4 v o lu m e s, re s p e c tiv e ly . 
T h e  so lu tio n  o f p y ro g a llo l w as  p re p a re d  b y  d isso lv in g  
1 p a r t  o f p y ro g a llo l in  1 . 5  p a r ts  o f w a te r : 0 .4 3  cc. of 
th is  so lu tio n  (c o n ta in in g  0 .2  g. o f p y ro g a llo l)  w as 
e m p lo y e d  in  e a ch  ca se  a n d  to  i t  w as a d d e d  5 cc. of 
one o f th e  so lu tio n s  o f a lk a li. T h e  s a tu r a tio n  of 
e a ch  re a g e n t w as ca rr ie d  o u t as p re v io u s ly  o u tlin e d  
a n d  th e  re s u lts  are  sh o w n  in F ig . 2 in  w h ich  m a n o m e te r  
re a d in g s  t h a t  w ere o b ta in e d  a fte r  th e  a b so rp tio n  of 
o x y g e n  fro m  its  m ix tu re  w ith  n itro g e n  are p lo tte d  
a g a in s t th e  n u m b e r of sa m p le s  fro m  w h ich  th e  o x y g e n  
h a d  b een  a b so rb e d . C u r v e  I w as  o b ta in e d  fro m  th e
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so lu tio n  c o n ta in in g  th e  m o st a lk a li, C u r v e  I I  fro m  
th e  n e x t  w e a k e r , e tc .

T h re e  or m o re  d e te rm in a tio n s  w ere  m a d e  o n  each  
of th e  fiv e  so lu tio n s . O w in g  to  d ifficu ltie s  in  a d ­
m itt in g  to  th e  p ip e tte  e x a c t ly  th e  p ro p er a m o u n t of 
re a g e n t a n d  in  m a in ta in in g  a  u n ifo rm  ra te  o f s h a k in g , 
d u p lic a te  m a n o m e te r  re a d in g s  d id  n o t  a lw a y s  agree  
as c lo s e ly  as seem ed  d e sira b le , b u t  su ffic ien t d e te r­
m in a tio n s  w ere m a d e  to  e sta b lish  w ith  th e  n e ce ssa ry  
a c c u r a c y  th e  r e la t iv e  p o sitio n s  o f th e  c u r v e s  co rre s p o n d ­
in g  to  th e  d iffe re n t so lu tio n s  w ith  th e  e x c e p tio n  o f 
th e  la t t e r  p o rtio n  o f C u r v e s  I V  a n d  V . T h e  d iffe r­
e n t  d e te rm in a tio n s  fa ile d  t o  sh o w  d e fin ite ly  th e  p o s i­
t io n s  of th e  b re a k s  in  th e se  tw o  cu rv e s . T h e  b re a k  
in  C u r v e  V  fa lls  a t  th e  le f t  o f th e  b re a k  in  C u r v e  I V  
a n d  b o th  lie  b e tw e e n  th e  b re a k s  in  C u r v e s  I a n d  I I I .  
I t  w as  n o t  d eem ed  o f su ffic ie n t im p o rta n c e  t o  lo c a te  
th e m  m ore a c c u r a te ly .

T h e  d o w n w a rd  slo p e  of th e  first p o rtio n  of e a ch  of 
th e  c u rv e s  is du e  to  th e  p re se n ce  o f a b o u t o n e  p er 
ce n t of n itro ge n  in  th e  o x y g e n . T h is  ca u sed  a  g r a d u a l 
d ecrease  in  th e  a m o u n t o f o x y g e n  t h a t  w as  a d d e d  
a t  a  t im e , an d  a co rre sp o n d in g  d rop  in  th e  m a n o m e te r  
re a d in g . T h is  fa c t  p ro v e d  to  be of l i t t le  co n se q u e n ce  
in  th e  s tu d y  of th e  v a r io u s  so lu tio n s  sin ce  it  d id  n o t 
o b scu re  th e  su d d e n  b re a k  w h ich  w as o b ta in e d  w h en

th e  re a g e n t b e ca m e  n e a r ly  e x h a u s te d , a n d  consequently 
no e ffo rt w as  m a d e  to  free  th e  g a s  fro m  th e  im purity.

I t  w ill b e  n o te d  t h a t  th e  la rg e s t  m a n o m e ter  readings 
w ere  o b ta in e d  w ith  th e  s o lu tio n  t h a t  co n ta in ed  the 
m o st p o ta ss iu m  h y d r o x id e ; in  o th e r  w o rd s, th e  greater 
th e  a m o u n t o f a lk a li, th e  la rg e r  th e  a p p a re n t oxygen 
co n te n t o f th e  ga s  sam p le . T o  d e te rm in e  whether 
th e  a m o u n t o f a lk a li  p re se n t in  S o lu tio n  I w as sufficient 
fo r  th e  r e m o v a l o f a ll o f th e  o x y g e n  fro m  a mixture 
of th is  n a tu re , s im ila r  d e te rm in a tio n s  were made 
w ith  a  so lu tio n  c o n ta in in g  still m ore p otassiu m  hy­
d r o x id e 1 a n d  th e  sam e a m o u n t of p y ro g a llo l. A s far 
as co u ld  be d e te rm in e d  fro m  th e  a p p a ra tu s  th a t was 
e m p lo y e d , th e  c u r v e  o b ta in e d  fro m  th is  solution  oc­
cu p ie d  p r a c t ic a lly  th e  sam e p o sitio n  as C u rv e  I, thus 
sh o w in g  t h a t  p ra c tic a lly , co m p le te  a b so rp tio n  is ob­
ta in e d  w ith  S o lu tio n  I. T h e  s ta te m e n t of Weyl 
a n d  Z e itle r 2 re g a rd in g  th e  e ffe c t  on p y ro g a llo l of a con­
c e n tra te d  so lu tio n  o f p o ta ss iu m  h y d ro x id e  does not 
a p p e a r  to  be s u b s ta n tia te d  b y  th e se  re su lts . Further, 
th e  re s u lts  w h ich  t h e y  g iv e  in s u p p o rt of th e  use of a 
so lu tio n  c o n ta in in g  a lk a li o f sp ecific  g r a v ity  1.05 
sh o w  o n ly  t h a t  m ore ra p id  a b so rp tio n  is o b ta in ed  with 
th is  so lu tio n , n o t  t h a t  th e  a b so r p tio n  is com plete or 
t h a t  th e  so lu tio n  h a s  a  h ig h er a b so rb in g  p ow er than 
one c o n ta in in g  m ore a lk a li.

T h e  b re a k  in  C u r v e  I o ccu rs  a t  a b o u t th e  ninth 
a b so rp tio n , in  II  a t  th e  e le v e n th , a n d  in  I I I  at the 
th ir te e n th  a b so rp tio n . T h e  rea so n  fo r  th is  apparent 
in cre ase  in  sp ecific  a b so rp tio n  w ith  d ecreasin g  con­
te n t  o f a lk a li  is no d o u b t d u e  in  p a r t  to  th e  failure 
of th e  s o lu tio n s  sh o w in g  th is  in cre ase  to  absorb all 
o f th e  o x y g e n  fro m  th e  m ix tu re s  w ith  w h ich  th e y  were 
tr e a te d  as is sh o w n  b y  lo w e r m a n o m e te r  readings. 
W ith  s till  lo w e r c o n c e n tra tio n s  o f a lk a li, as in Solu­
tio n s  I V  a n d  V , th e  b re a k  in  th e  c u r v e  occurs before 
th e  b re a k  in  I I I ,  in d ic a t in g  t h a t  in  th is  case  th e  break 
is d ue to  in su ffic ie n t a lk a li  ra th e r  th a n  to  exhaustion 
of th e  p y ro g a llo l. T h e  re m a in d e rs  of C u rv e s  IV  and 
V  are n o t sh o w n  on a c c o u n t o f th e  u n ce rta in ty  of 
th e  p o sitio n s  o f th e  b re a k s , b u t  th e se  p ortion s are 
m u ch  m o re  n e a r ly  v e r t ic a l  th a n  is th e  case w ith the 
o th e r  cu rv e s .

E F F E C T  O F  A M O U N T  O F  P Y R O G A L L O L  O N  T H E  S P E C IF IC  

A B S O R P T IO N  O F  T H E  R E A G E N T

F iv e  so lu tio n s  of p y ro g a llo l w ere e m p lo y e d . These 
co n sis te d  of a s o lu tio n  c o n ta in in g  0 .6 2 5  g. of pyro­
g a llo l p er cc ., w h ich  w as o b ta in e d  b y  d isso lv in g  pyro­
g a llo l in  an  e q u a l w e ig h t  o f w a te r , a n d  fo u r other 
so lu tio n s  t h a t  w ere p re p a re d  fro m  th e  first, contain­
in g  0 .5 , 0 .3 7 5 , O ’ 25) a n d  0 .1 2 5  g- o f p y ro ga llo l per 
cc . I t  w as  d e sired  to  k e ep  th e  c o n c e n tra tio n  of potas­
siu m  h y d r o x id e  in  th is  series  o f e x p erim en ts  as high 
as in  S o lu tio n  I o f th e  p re v io u s  series3 an d, at the 
sam e tim e , in tr o d u c e  as m u ch  as p o ssib le  of th e  solu­
t io n  of p y ro g a llo l in  o rd e r t o  o b ta in  a  w id e  variation 
of th is  c o n s titu e n t. A c c o r d in g ly , a  so lu tio n  of potas-

1 T h e  a m o u n t of p o ta ss iu m  h y d ro x id e  w as su ffic ien t to  p lace the  solu- 
tio n  in  th e  ze ro  po s itio n  in  th e  seq u en ce  0, I ,  I I ,  I I I ,  IV , V.

5 hoc. cit.
* S o lu tio n  I  co n ta in e d  5 cc. of a  so lu tio n  of K O H , sp . gr. 1.55 (4 g- 

K O H ), to  a b o u t  5 .4  cc. a lk a lin e  p y rogallo l.
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sium h y d ro x id e  w as p re p a re d  o f su ch  s tre n g th  t h a t  
4.45 cc. c o n ta in e d  as m u ch  p o ta s s iu m  h y d ro x id e  
as 5 cc. of th e  a lk a li  in  S o lu tio n  I, a n d  w a s  e m p lo y e d  
in this series of e x p e r im e n ts  in  th e  p ro p o rtio n  of 4 .4 5  
cc. of a lk a li t o  1 cc. o f on e of th e  s o lu tio n s  o f p y r o ­
gallol. T h e  c u r v e s  t h a t  w ere  o b ta in e d  fro m  th e  t r e a t ­
ment of th ese  v a r io u s  so lu tio n s  in  th e  sp e c ia l a p p a r a ­
tus are sh o w n  in  F ig . 3, S o lu tio n  I c o n ta in in g  th e  
most p y ro g a llo l a n d  S o lu tio n  V  th e  le a st.

From  th e se  c u r v e s  it  is e v id e n t  t h a t ,  w ith in  th e  lim its  of 
this series an d  w ith  th e  a m o u n t of p o ta s s iu m  h y d ro x id e
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that w as e m p lo y e d , th e  sp ecific  a b so rp tio n  in cre a se s  w ith  
the am oun t of p y r o g a llo l w h ich  th e  re a g e n t co n ta in s. 
TH E M A X IM U M  S P E C I F IC  A B S O R P T IO N  O F  A L K A L IN E  

P Y R O G A L L O L

The tw o  series of e x p e r im e n ts  t h a t  h a v e  been  d e scrib ed  
show th a t a h ig h  co n c e n tra tio n  of p o ta ss iu m  h y d r o x id e  in 
alkaline p y ro g a llo l is n e c e s sa ry  fo r  th e  q u a n t ita t iv e  a b ­
sorption of o x y g e n  in  g a s - a n a ly t ic a l  w o r k  a n d  a  h ig h  c o n ­
centration o f p y ro g a llo l is n e c e s sa ry  to  o b ta in  a  high  
specific a b so rp tio n . A n y  e ffo rt  to  in cre a se  th e  sp ecific  
absorption of th e  re a g e n t b y  in cre a s in g  th e  c o n c e n tra tio n  
of pyrogallol ca n n o t b e  ca rr ie d  to o  fa r  w ith o u t d a n g e r of 
incom plete a b so rp tio n  as a  re su lt  o f th e  u n a v o id a b le  d e ­
crease in th e  c o n c e n tra tio n  of p o ta ss iu m  h y d r o x id e . In  
this co n n ection , th e re fo re , w a te r , th e  th ird  c o n stitu e n t  
of the reagen t, is o b v io u s ly  u n d e sira b le  in  an  a m o u n t 
larger th a n  is n e ce ssa ry  to  p r e v e n t  th e  re a g e n t fro m  
crystallizin g a t  o rd in a ry  te m p e ra tu re s .

To d eterm in e w h a t  p ro p o rtio n s  of p y ro g a llo l, 
potassium  h y d ro x id e , an d  w a te r  g iv e  th e  m a x im u m  
specific a b so rp tio n  fo r  th is  re a g e n t, a  th ird  series  of 
experim ents w as p erfo rm ed . O ne s e t of so lu tio n s  
was p repared  b y  d is s o lv in g  10, 20, 40 a n d  50 g ra m s 
of p yrogallo l in  100 cc. p o rtio n s  of a  so lu tio n  of p o ta s ­
sium h y d ro x id e , sp e c ific  g r a v it y  1 .5 5 ,  a n d  a s im ila r 
set was p rep a red  u sin g  a lk a li  o f sp ecific  g r a v it y  1 .6 0 , 
the n ecessary  p re c a u tio n s  b e in g  ta k e n  to  p re v e n t 
their d ete rio ratio n  th r o u g h  c o n ta c t  w ith  th e  o x y g e n  
of the air. A  d e fin ite  a m o u n t of re a g e n t (a b o u t 25 
cc.) was tra n sfe rre d  to  a  H e m p el p ip e tte  fo r  use w ith  
mercury w ith o u t a llo w in g  o x y g e n  to  co m e in to  co n ­
tact w ith it  a n d  w a s  tr e a te d  a t  ro o m  te m p e r a tu r e 1

1 H em pel h as  show n t h a t  th e  ab so rp tio n  of o xygen  b y  a lk a lin e  py ro g a llo l 
1'  much less ra p id  a t  te m p e ra tu re s  below  15° C . th a n  a t  ro o m  te m p e ra tu re . 
It was found th a t  a  te m p e ra tu re  ch a n g e  from  2 0° to  2 4° C . ca u sed  li ttle , 
if any, v a ria tio n  in th e  specific a b s o rp tio n  of th e  r e a g e n t a n d  n o  an a ly se s  
wcrc made if the  room  te m p e ra tu re  fell o u ts id e  th e se  lim its . T e m p e ra tu re s  
below 21° o r above 2 3° w ere u n u su a l.

w ith  i o o  cc. sa m p le s  o f a ir 1 u n til th e  a b so rp tio n  of 
o x y g e n  w as no lo n g e r  s u ffic ie n tly  co m p le te  fo r  te c h n ic a l 
p u rp o se s2 a t  th e  e n d  o f th re e  m in u tes . T h e  a b so r p ­
tio n  w a s  e ffe c te d  b y  g e n t ly  ro c k in g  th e  p ip e tte  a n d  
s ta n d  b a c k w a r d  a n d  fo rw a r d  a t  th e  ra te  o f tw o  or 
th re e  tim e s  a  seco n d , u sin g  th e  fro n t  e d g e  of th e  b ase  
of th e  p ip e tte  s ta n d  as a n  a xis.

T h e  t o ta l  v o lu m e  o f o x y g e n  t h a t  h a d  b een  a b so rb e d , 
d iv id e d  b y  th e  v o lu m e  of th e  so lu tio n , g a v e  th e  sp ecific  
a b so rp tio n  o f th e  p a r t ic u la r  re a g e n t fo r  th e  co n d itio n s  
u n d er w h ich  th e  d e te rm in a tio n s  w ere  m a d e. T h e  
v a lu e s  of th e  sp ecific  a b so rp tio n s  fo r  th e  v a r io u s  
a m o u n ts  of p y ro g a llo l in  io o  cc . o f a lk a li  a re  sh o w n  in 
F ig . 4. C u r v e  I w as  o b ta in e d  fro m  th e  so lu tio n s  
c o n ta in in g  th e  a lk a li  of sp ecific  g r a v it y  i . 60 a n d  C u r v e  
I I  fro m  th o se  c o n ta in in g  a lk a li  o f sp e c ific  g r a v it y  

1 • 5 5 -

In  th e  case  o f S o lu tio n  I, th e  sp e c ific  a b so rp tio n  is 
a p p ro x im a te ly  p ro p o rtio n a l to  th e  a m o u n ts  of p y r o ­
g a llo l to  100 cc. o f a lk a li, a n d  th e  la c k  of s tr ic t  p ro ­
p o r t io n a lity  m a y  be im p u te d  to  tw o  ca u ses. F ir s t , 
o w in g  to  th e  in cre ase  in  v o lu m e  t h a t  re s u lts  w h en  
p y ro g a llo l d isso lv e s  in  a  so lu tio n  o f p o ta ss iu m  h y ­
d ro x id e , th e  co n ce n tra tio n  o f p y ro g a llo l in  th e  v a r io u s  
s o lu tio n s  is n o t p ro p o rtio n a l to  th e  a m o u n t o f p y r o ­
g a llo l t h a t  w as e m p lo y e d , e. g., th e  so lu tio n  t h a t  w as 
p re p a re d  b y  d isso lv in g  20 g . o f p y ro g a llo l in  100 cc. 
o f p o ta ss iu m  h y d ro x id e  does n o t c o n ta in  tw ic e  as 
m u ch  p y ro g a llo l as th e  one p re p a re d  b y  d isso lv in g  
10 g. o f p y ro g a llo l in th e  sam e a m o u n t of alkali^ an d  
c o n s e q u e n tly  th e  v a lu e  th a t  is o b ta in e d  fo r th e  sp ecific  
a b so rp tio n  of th e  s tro n g e r so lu tio n  sh o u ld  be less 
th a n  tw ic e  t h a t  of th e  w ea k e r. S e c o n d ly , th e  c o n c e n ­
tra t io n  of th e  a lk a li is g r a d u a lly  lessen ed  b y  th e  fo rm a -
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t io n  o f ca rb o n  d io x id e  a n d  w a te r3 d u rin g  th e  o x id a ­
tio n  of th e  p y ro g a llo l, th u s  c a u s in g  a n  e a r lie r  la c k  o f 
co m p le te  a b so rp tio n  th a n  w ou ld  b e  e x p e c te d  fro m  
th e  a m o u n t of p y ro g a llo l in  th e  so lu tio n . T h e  e ffe ct

1 W hen  i t  w as kn o w n  t h a t  th e  re a g e n t w as s til l c a p a b le  of rem o v in g  
th e  o xygen  from  m a n y  sam p les  of a ir  be fo re  b ecom ing  e x h a u s te d , p u re  
oxygen w as a d d e d  fro m  a  b u re t te  to  lig h te n  th e  ro u tin e  w ork  o f th e  e x p e ri­
m e n t. C a re  w as ta k e n  t h a t  th e  h e a t of th e  re a c tio n  b e tw e en  th e  oxygen  
an d  th e  a lk a lin e  p y ro g a llo l d id  n o t cau se  m ore th a n  a  s lig h t rise  in  th e  
te m p e ra tu re  of th e  reag e n t.

2 I t  w as assu m ed  th a t  th e  a b s o rp tio n  w as co m p le te  a s  long  a s  th e  a p  ­
p a re n t  oxygen  c o n te n t of th e  sam p le  am o u n te d  to  20.8 p e r  c e n t o r m ore .

8 See B e rth e lo t, A n n . chim . phys ., [7] 15 (1898), 294.
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of th is  g r a d u a l d im in u tio n  in  th e  a m o u n t of p o ta ss iu m  
h y d r o x id e  is e s p e c ia lly  n o tice a b le  in  C u r v e  I I ,  w h ere  
th e  sp ecific  a b so rp tio n  of a  so lu tio n  c o n ta in in g  40 g. 
o f p y ro g a llo l to  100 cc. o f a lk a li, sp ecific  g r a v it y  1 . 5 5 ,  
is b u t  l it t le  m ore th a n  t h a t  o b ta in e d  fro m  a so lu tio n  
co n ta in in g  o n e -h a lf o f t h a t  a m o u n t of p y ro g a llo l.

T h e  h ig h e st sp ecific  a b so rp tio n  t h a t  w a s  o b ta in e d  
fro m  th e  s o lu tio n s  of th e se  tw o  series  is a b o u t  75 
fo r  th e  co n d itio n s  t h a t  h a v e  a lre a d y  been  s ta te d . 
T h is  p r o b a b ly  d o çs n o t  a c tu a lly  re p re se n t th e  m a x im u m  
sp e c ific  a b so rp tio n  t h a t  m ig h t b e  o b ta in e d , b u t  is no 
d o u b t a clo se  a p p ro x im a tio n  to  it . T h e  s o lu tio n s  
t h a t  c o n ta in e d  50 g . o f p y ro g a llo l to  100 cc. o f a lk a li 
fa ile d  to  g iv e  an  a b so rp tio n  s u ffic ie n tly  c o m p le te  fo r  
te c h n ic a l use, e v e n  w h en  n ew , a n d  th u s  th e ir  sp ecific  
a b so rp tio n  e q u a ls  zero . T h is  w as no d o u b t d ue to  
th e  in cre ase  in  v o lu m e  w h ich  a cco m p a n ie d  th e  so lu ­
t io n  of th e  p y ro g a llo l a n d  lo w e re d  th e  co n ce n tra tio n  
o f a lk a li  b e y o n d  th e  lo w e r lim it  fo r th e  p ro d u c tio n  
o f co m p le te  a b so rp tio n . I t  m ig h t  b e  p o ssib le  t o  in ­
crea se  th e  sp ecific  a b so rp tio n  b y  u sin g  a  h ig h er co n ­
c e n tra tio n  of p y ro g a llo l in  a s o lu tio n  o f p o ta ss iu m  
h y d r o x id e  of h ig h e r sp ecific  g r a v it y  or b y  p re p a rin g  
th e  so lu tio n  b y  a d d in g  a m in im u m  of w a te r  to  a  m ix ­
tu re  of so lid  p y ro g a llo l a n d  so lid  p o ta ss iu m  hyd ro xid e ', 
b u t  su ch  re a g e n ts  w o u ld  c e r ta in ly  n e v e r  be a c tu a lly  
e m p lo y e d  on a c c o u n t o f h ig h  v is c o s ity  a n d  a te n d e n c y  
to  fo a m  on s h a k in g , a n d  c o n s e q u e n tly  no a tte m p t  
w as m ad e  to  d e te rm in e  m ore a c c u r a te ly  th e  m a x im u m  
sp ecific  a b so rp tio n .

E F F E C T  O F  T IM E  O F  S H A K IN G  U P O N  T H E  S P E C I F IC  

A B S O R P T IO N  O F  T H E  R E A G E N T

T h e  q u e stio n  as to  th e  e ffe c t  o f th e  t im e  of sh a k in g  
u p o n  th e  sp ecific  a b so rp tio n  of a lk a lin e  p y ro g a llo l

- T / m e  o r S h a k / n g  - M  / n .-
. _____ i—i—i 1 1 1 1 .................... ....
O /  £  3  4

n e x t p re se n te d  its e lf  fo r  co n sid e ra tio n . R e a g e n ts  
w ere  p re p a re d  c o n ta in in g  10, 15 an d  20 g ra m s of 
p y ro g a llo l to  100 cc. o f a  so lu tio n  o f p o ta ss iu m  
h y d ro x id e  o f sp e c ific  g r a v it y  1 . 5 5 ,  a n d  th e  sp ecific  
a b so rp tio n  o f e a ch  w as d e te rm in e d  in th e  m a n n er 
d e scrib ed  u n d e r th e  p re v io u s  h e a d in g  e x c e p t  fo r  th e  
tim e  o f s h a k in g . T h is  w as  m ad e  one m in u te  fo r  e a ch  
re a g e n t a t  th e  s t a r t , .le n g th e n e d  to  tw o  m in u te s  w h en  
th e  a b so rp tio n  of o x y g e n  w as no lo n g er p r a c t ic a lly  
co m p le te  fo r  th e  s h o rte r  in te r v a l, a n d  f in a lly  in cre ase d  
to  th re e  m in u tes  fo r  s im ila r  la c k  of c o m p le te  a b so r p ­
tio n  fo r th e  tw o -m in u te  p erio d . In  th is  fa sh io n , 
th re e  v a lu e s  of th e  sp ecific  a b so rp tio n  co rresp o n d in g  
to  th e  th re e  p erio d s of s h a k in g  w ere  o b ta in e d  fo r  e a ch  
so lu tio n . In  F ig . 5 th e se  v a lu e s  are  p lo tte d  a g a in s t 
th e  t im e  of s h a k in g . T h e  n u m b e rs  b e lo w  th e  cu rv e s

re p re se n t th e  a m o u n ts  of p y ro g a llo l t h a t  w ere used 
in  th e  p re p a ra tio n  of th e  v a r io u s  so lu tio n s.

In  th e  case  o f th e  re a g e n t t h a t  co n ta in s  th e  least 
a m o u n t o f  p y ro g a llo l, th e  sp ecific  a b so rp tio n  fo r i-min- 
u te  s h a k in g  is n e a r ly  as la rg e  as t h a t  fo r  3-minute 
s h a k in g , th e  d ifferen ce  a m o u n tin g  to  o n ly  3 units. 
T h e  sp ecific  a b so rp tio n  fo r  i-m in u te  s h a k in g  does not 
in cre ase  as r a p id ly  as th e  v a lu e  fo r  3 -m in u te  shaking 
w h en  th e  a m o u n t of p y ro g a llo l is m a d e  larger, as 
sh o w n  b y  th e  d ifferen ces in  th e  sh a p e s  o f th e  curves 
fo r  10, 15  a n d  20 g ra m s o f p y ro g a llo l to  100 cc. of a 
so lu tio n  o f p o ta s s iu m  h y d r o x id e . T h is  b e h av io r of 
th e  so lu tio n s  in d ic a te s  a  less ra p id  a b so rp tio n  as the 
a m o u n t of p y ro g a llo l is in cre a se d  (a t le a s t  fo r  th e  con­
d itio n  o f th e  re a g e n t co rre sp o n d in g  to  incom plete 
a b so rp tio n  a t th e  e n d  o f 1 -m in u te  sh a k in g ) and is 
p r o b a b ly  du e to  th e  sm a lle r  excess  of a lk a li.

T H E  H O S T  D E S IR A B L E  R E A G E N T  F O R  T E C H N IC A L  USE 

A N D  I T S  S P E C I F IC  A B S O R P T IO N  I N  T H E  I I E M P E L  

P I P E T T E  F O R  U S E  W I T H  M E R C U R Y

In  a sc e rta in in g  th e  d e s ir a b ility  o f a  reagen t for 
te c h n ic a l use, th e  ease  o f p re p a ra tio n , th e  convenience 
o f m a n ip u la tio n , a n d  th e  sp ecific  a b so rp tio n  must 
each  be ta k e n  in to  co n sid e ra tio n .

T h e  re a g e n ts  c o n ta in in g  a  s o lu tio n  of potassium  
h y d r o x id e  o f 1 . 6 0  sp ecific  g r a v it y  are  less sim ple to 
p re p a re  a n d  less c o n v e n ie n t  to  m a n ip u la te  th a n  those 
c o n ta in in g  a lk a li  o f 1 . 5 5  sp ecific  g r a v it y .  T h e  greater 
d iff ic u lty  of p re p a ra tio n  is ca u se d  b y  th e  fa c t  th a t a 
so lu tio n  of p o ta ss iu m  h y d r o x id e  of i . 6 o s p .  gr. crystal­
lizes  a t  o rd in a ry  te m p e ra tu re s  (20 0 C .)  a n d  consequently 
m u st be h e a te d  fo r  th e  p re p a ra tio n  o f th e  reagen t.1 
T h is  is n o t tru e  of th e  so lu tio n  o f 1 . 5 5  sp ecific  gravity. 
T h e  g r e a te r  d iff ic u lty  of m a n ip u la tio n  is  caused by 
th e  h ig h  v is c o s ity  o f th e  so lu tio n  t h a t  co n ta in s the 
g r e a te r  a m o u n t o f a lk a li. In  th e  case  of th e  reagents 
p re p a re d  fro m  a lk a li  o f 1 . 6 0  sp ecific  g r a v ity , the 
v is c o s ity  ca u ses  a  c o m p a r a t iv e ly  th ic k  film  of the re­
a g e n t to  re m a in  on th e  w alls  o f th e  c a p illa ry  tubing 
w h en  a sam p le  of g a s  is p a ssed  in to  th e  p ip e tte , the 
film  b e in g  of su ch  th ic k n e ss  as to  re n d er op aque the 
b o re  of th e  c a p illa r y , e v e n  w ith  o n ly  m oderately 
la rg e  a m o u n ts  of p y ro g a llo l in  th e  re a g e n t. T h is  opaque 
film  m a k e s  it  d ifficu lt to  a s c e rta in  th e  p o sitio n  of the 
re a g e n t in  th e  c a p illa r y  w h en  th e  sam p le  is drawn 
b a c k  in to  th e  b u r e tte .

T h e  re a g e n ts  t h a t  c o n ta in  a  h ig h  co n cen tratio n  of 
p y ro g a llo l sh o w  a  g r e a te r  te n d e n c y  to  fo a m  th a n  those 
o f lo w  c o n c e n tra tio n . T h is  te n d e n c y  first becomcs 
n o tic e a b le  in  re g a rd  to  its  e ffe c t  u p o n  th e  ease of manip­
u la tio n  in  th e  case  of th o se  s o lu tio n s  t h a t  con tain  20 
g ra m s o f p y ro g a llo l to  100 cc. o f a lk a li  an d  becomes 
d e c id e d ly  o b je c tio n a b le  in so lu tio n s  co n ta in in g  twice 

as m u ch  p y ro g a llo l.
T h u s  it  is seen  t h a t  h ig h  c o n c e n tra tio n s  of potassium  

h y d r o x id e  a n d  p y ro g a llo l, th e  im p o rta n t  facto rs in 
o b ta in in g  a  re a g e n t w ith  a h ig h  sp ecific  absorption, 
are re sp o n sib le  fo r  u n d e sira b le  fe a tu re s  such  as diffi-

1 T h e  re a g e n t itse lf  is s ta b le  in  liq u id  fo rm  a t  o rd in a ry  tem peratures 
on  a c c o u n t of th e  inc rease  in  v o lu m e t h a t  ac co m p an ies  th e  solution of 
py ro g a llo l a n d  a lso  on  a c c o u n t of th e  re p la c e m e n t o f a  p a r t  of th e  potassium 
hyd ro x id e* b y  w a te r  in th e  fo rm a tio n  of p o ta ss iu m  p y ro g a lla te .
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culty  of p re p a ra tio n  a n d  m a n ip u la tio n . T o  e lim in a te  
these u n d e sirab le  fe a tu re s  n e c e s sita te s  lim itin g  th e  
specific g r a v it y  o f th e  s o lu tio n  of p o ta s s iu m  h y d ro x id e  
to 1. 55 a n d  th e  a m o u n t o f p y ro g a llo l t o  less th a n  20 g. 
to 100 cc. of th e  a lk a li. T h is  in v o lv e s  a  sacrifice  in 
specific a b so rp tio n  o f a b o u t 40 u n its  (see F ig . 4), 
but it  is fe lt  t h a t  th e  lim its  t h a t  h a v e  b een  m e n tio n e d  
should n o t be e x ce e d e d  in  ch o o sin g  th e  m o st d e sira b le  
reagent fo r te c h n ic a l use.

It w as fo u n d  t h a t  fo a m in g , su ch  as w as  n o tice d  in  
the so lu tio n  c o n ta in in g  20 g ra m s of p y ro g a llo l to  100 
cc. of a lk a li o f sp ecific  g r a v it y  1 . 5 5 ,  d u rin g  th e  a n a ly s is  
of sam ples of a ir, d isa p p e a re d  a lm o s t e n tire ly  w h en  
only 15 g ra m s o f p y ro g a llo l w ere e m p lo y e d . F u r th e r , 
the specific a b so rp tio n  of th e  la tte r  re a g e n t fo r  i-m in u te  
shaking is n e a r ly  as la rg e  as t h a t  o f th e  m o re  c o n ce n ­
trated so lu tio n  (see F ig . 5). I t  th u s  a p p e a rs  t h a t  th e  
reagent p re p a re d  b y  d is s o lv in g  15  g ra m s of p y ro g a llo l 
in 100 cc. o f a  so lu tio n  of p o ta s s iu m  h y d r o x id e  of 1 . 55 
specific g r a v it y  h as p r a c t ic a lly  th e  h ig h e s t  sp ecific  
absorption t h a t  ca n  b e  o b ta in e d  in  a  s o lu tio n  s a t is fa c ­
tory in o th er re sp e cts  a n d  t h a t  it  is th e re fo re  th e  m o st 
desirable fo r te c h n ic a l u s e .1 T h e  v o lu m e  of th e  s o lu ­
tion o b ta in e d  a b o v e  is a p p r o x im a te ly  n o  cc. an d  
there are th e n  1 3 . 6  g . of p y ro g a llo l a n d  7 1 . 5  g. of 
potassium  h y d ro x id e  to  100 cc. of s o lu tio n . T h e  
specific a b so rp tio n  of th is  re a g e n t is  a b o u t 27 w h en  
em ployed a t ro o m  te m p e ra tu re  in  25-cc. p o rtio n s  in  
a H em pel p ip e tte  o v e r  m e rc u ry  a n d  tr e a te d  w ith  100- 
cc. sam ples of a ir w ith  i-m in u te  s h a k in g . T h e  sam e 
reagent m a y  b e  u sed  s till fu r th e r  to  e ffe c t  th e  a b so r p ­
tion of o x y g e n  fro m  a ir  if th e  a n a ly s t  p re fe rs  a  lo n g er 
time of sh a k in g  to- d is ca rd in g  th e  o ld  a n d  p re p a rin g  
a new re a g e n t. T h e  sp ecific  a b so rp tio n  fo r  2-m in u te  
shaking is a b o u t  30, a n d  t h a t  fo r  3 -m in u te  sh a k in g  
about 31. N o  m a te r ia l in cre a se  in  th e  sp ecific  a b ­
sorption of th is  so lu tio n  can  be e ffe c te d  b y  in cre a sin g  
the tim e of s h a k in g  b e y o n d  th re e  m in u te s . E x p e r i­
ments h a v e  sh o w n  t h a t  th e  sp ecific  a b so rp tio n  t h a t  is o b ­
tained w ith  a  re a g e n t p re p a re d  fo u r  m o n th s  b e fo re  
the tim e w h en  it  w a s  fo u n d  to  b e  no lo n g e r  a b le  to  
give co m p lete  a b so rp tio n  is as  g r e a t  as  t h a t  o b ta in e d  
with one e x h a u s te d  s h o r t ly  a fte r  it  w a s  p re p a re d . It  
thus ap p ears th a t  th e  p ro p o se d  re a g e n t is s ta b le  o v e r  
an in defin ite p e r io d  of t im e , a lth o u g h  co n c lu s iv e  re­
sults h a ve  n o t y e t  b een  o b ta in e d  on th is  p o in t.

T he re a g e n t t h a t  h a s  b een  p ro p o se d  h a s  th e  d is a d ­
vantage o v e r  u s in g  s e p a ra te  so lu tio n s  o f p y ro g a llo l 
and p o ta ssiu m  h y d r o x id e  t h a t  i t  m u s t b e  p re p a re d  
outside th e  p ip e tte , th u s  a llo w in g  so m e o x id a tio n , 
due to  c o n ta c t  w ith  th e  o x y g e n  o f th e  a ir , u n less sp e c ia l 
precautions a re  in tr o d u c e d  w h ich  w o u ld  c o m p lic a te  
its p re p a ra tio n . H o w e v e r , th e  sp e c ific  a b so rp tio n  
that m a y  b e  o b ta in e d  w h en  p y ro g a llo l is d is s o lv e d  
directly in a so lu tio n  of p o ta ss iu m  h y d r o x id e  of 1 . 5 5  
specific g r a v it y  is g r e a te r  th a n  is p o ssib le  w h en  s e p a ra te  
solutions of th e  tw o  c o n s titu e n ts  a re  e m p lo y e d , an d  
this fa c t  m ore th a n  o ffse ts  th e  d e te r io ra tio n  th a t  
cannot re a d ily  b e  a v o id e d  in  u sin g  th e  fo rm e r m e th o d

1 A t le as t, in  th e  p a r t ic u la r  a b so rb in g  dev ice  in  q u es tio n . O th er 
absorbing devices, w ith  w idely  d iffe re n t m e th o d s  of m a n ip u la tio n , m ig h t 
perhaps o pera te  m ore  successfu lly  w ith  a  so lu tio n  p re p a re d  in  a  d iffe ren t 
fashion.

o f p re p a rin g  th e  re a g e n t a n d  in  tra n s fe rr in g  it  to  a 
p ip e tte .

W h en  th e  sp ecific  a b so rp tio n  31 h a s  been  re a ch e d , 
e a ch  m o lecu le  o f p y ro g a llo l in  th e  re a g e n t h a s  th e n  
ta k e n  up  a b o u t 2.3 a to m s  of o x y g e n . B e r th e lo t1 o b ta in s  
3 a to m s  of o x y g e n  fo r  e a ch  m o lecu le  o f p y ro g a llo l 
fo r  c o m p le te  s a tu r a tio n  of th e  re a g e n t.

O f th e  v a r io u s  so lu tio n s  t h a t  h a v e  p re v io u s ly  been 
e m p lo y e d  fo r  th e  a b so rp tio n  o f o x y g e n  (see I n t r o ­
d u c tio n ), th e  on e d e sc rib e d  b y  H a ld a n e  m o st c lo se ly  
re sem b le s  th e  one t h a t  h a s  ju s t  b een  p ro p o se d . T h e  
sp ecific  a b so rp tio n  of a  re a g e n t p re p a re d  a cco rd in g  
t o  H a ld a n e ’s d ire c tio n s  is g iv e n  on th e  lo w e r cu rv e  
of F ig . 5.

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

I N  T H E  H E M P E L  D O U B L E  P I P E T T E  F O R  L IQ U ID  

R E A G E N T S

T h ir t y  g ra m s of p y ro g a llo l w as w e ig h e d  in to  an  
E r le n m e y e r  flask  of 300 cc . c a p a c ity , a n d  w as d isso lv e d  
in  200 cc. o f a  so lu tio n  of p o ta s s iu m  h y d r o x id e  o f 1 .  55 
sp ecific  g r a v it y :  185 cc. o f th is  so lu tio n  w as th e n
tra n s fe rre d  to  a  H em p el d o u b le  p ip e t te 2 fo r  liq u id  
re a g e n ts . U n n e ce ssa ry  d e te r io ra tio n  o f th e  re a g e n t 
w as  a v o id e d  b y  s to p p e r in g  th e  fla sk  w h ile  th e  p ro cess 
o f s o lu tio n  w as ta k in g  p la ce  an d  b y  tra n s fe rr in g  it  
to  th e  p ip e tte  as e x p e d itio u s ly  as p o ssib le .

D u rin g  th e  p ro cess o f e x h a u s tin g  th e  re a g e n t a n d  
d e te rm in in g  th e  sp ecific  a b so rp tio n  o f it  fo r  v a r io u s  
p erio d s of s h a k in g  w ith  100 cc. sa m p le s  o f a ir, th e  
a n a ly s is  o f a ir  w as  a lte rn a te d  w ith  th e  a d m issio n  of 
n e a r ly  p u re  o x y g e n  fro m  a  c a lib ra te d  g a s  h o ld e r. In  
o th e r w o rd s, th e  g r e a te r  p o rtio n  o f th e  o x y g e n  n ece s­
s a r y  to  e x h a u s t th e  re a g e n t w as  s lo w ly  a d m itte d  to  
th e  re a g e n t fro m  a ga s  h o ld e r in  o rd er to  s a v e  t im e  an d  
la b o r , an  o cca sio n a l a n a ly s is  o f a ir  b e in g  p e r fo rm e d  to  
m a k e  sure th a t  th e  re a g e n t w a s  s t i ll  g iv in g  c o m p le te  
a b so rp tio n  fo r  a  ce rta in  p e rio d  o f s h a k in g . W h en  
t h e  re a g e n t w as n e a rly  e x h a u s te d  ( ju d g in g  fro m  th e  
re su lts  o b ta in e d  in  th e  H e m p el p ip e tte  fo r  use w ith  
m e rcu ry ) th e  su cce ssiv e  a d d it io n s  o f o x y g e n  w ere 
m a d e  sm a ll to  a v o id  m o re  th a n  a n e g lig ib le  erro r in  
th e  d e te rm in a tio n s  of sp ecific  a b so rp tio n . U n d u e  
h e a tin g  of th e  re a g e n t w as p re v e n te d  b y  p la y in g  a 
b la st  of a ir  on  th e  o u ts id e  o f th e  p ip e tte  a n d  b y  co n ­
tro llin g  th e  ra te  a t  w h ich  th e  o x y g e n  w as a d m it te d .3 
T h e  sp ecific  a b so rp tio n  of th e  re a g e n t a t  ro o m  t e m ­
p e ra tu re  fo r  100 cc. sa m p le s  of a ir  w as  fo u n d  to  be
2 5 . 1  fo r i-m in u te  s h a k in g , 29 . 4  fo r  2 -m in u te  s h a k in g  
a n d  3 1 . 3  fo r 3 -m in u te  s h a k in g .

U n ifo rm ity  of p ro ce d u re  ca n  r e a d ily  b e  o b ta in e d  
w ith  d ifferen t p ip e tte s  e x c e p t fo r  th e  a m o u n t of re ­
a g e n t th a t  is le ft  in  th e  firs t b u lb  o f th e  p ip e tte  w h en  
th e  g a s  sam p le  is in tr o d u c e d . T h is  w ill v a r y  w ith  
th e  size  of th e  b u lb  a n d  th e re  is ’ f r e q u e n tly  a  co n sid ­
e ra b le  v a r ia t io n  in  th is  p a r t ic u la r  in  d iffe re n t p ip e tte s . 
I t  seem s lik e ly , h o w e v e r , t h a t  a n y  ch a n g e  in  th e  sp ecific

1 h o c . cit.
3 A m odified  fo rm  w as em p lo y ed . See T i n s  J o u r n a l ,  6  (1914), 237.
3 T h e  effect of th e  ra p id  adm issio n  of oxygen w ith o u t p ro p e r  cooling  

is ta k e n  u p  in  a  la te r  sec tion . I n  each  case a f te r  th e  ad m issio n  of oxygen , 
th e  re a g e n t w as a llow ed  to  cool to  room  te m p e ra tu re  be fo re  th e  an a ly s is  
of a  sam p le  of a ir  w as a t te m p te d .
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a b so r p tio n  of th e  re a g e n t d ue to  th is  ca u se  w o u ld  be 
so sm a ll as to  be n eg lig ib le .

T I I E  E F F E C T  O F  H IG H  P E R C E N T A G E S  O F  O X Y G E N  O N  

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

T h e  sp ecific  a b so rp tio n  o f th e  p ro p o se d  s o lu tio n  
o f a lk a lin e  p y ro g a llo l w as  d e te rm in e d  fo r  th e  H e m p el 
pipette; fo r  use w ith  m e rc u ry  a n d  fo r  th e  H em p el 
d o u b le  p ip e tte  fo r  liq u id  re a g e n ts , u sin g  m ix tu re s  
c o n ta in in g  a b o u t 90 p er ce n t  o x y g e n .

In  th e  case o f th e  H e m p el p ip e tte  fo r  use w ith  m e r­
c u r y , 25 cc. o f th e  p ro p o se d  so lu tio n  w as e m p lo y e d  
a n d  th is  w as tr e a te d  w ith  100-cc. ga s  sa m p le s  c o n ­
ta in in g  a b o u t 90 p er ce n t o x y g e n  u n til th e  a b so rp tio n  
fa ile d  to  be c o m p le te  fo r  d ifferen t tim e s  of s h a k in g . 
T h e  sp ecific  a b so rp tio n  u n d e r th e se  co n d itio n s  w as 
fo u n d  to  be a b o u t 21 fo r  1 -m in u te  s h a k in g  a n d  a b o u t
24 fo r  2- a n d  3 -m in u te  sh a k in g s . T h e se  re su lts  are  
o n ly  a p p ro x im a te  sin ce  th e  a m o u n t of o x y g e n  in  each  
sa m p le  re p re se n ts  n e a r ly  fo u r  tim e s  th e  v o lu m e  o f th e  
re a g e n t.

In  th e  case  of th e  H em p el' d o u b le  p ip e tte  fo r  liq u id  
re a g e n ts , 185 cc. o f th e  re a g e n t w as  e m p lo y e d  a n d  th is  
w as  tr e a te d  w ith  100-cc. ga s  sa m p le s  o f a  m ix tu re  
co n ta in in g  a b o u t 90 p er ce n t o x y g e n , a lte rn a te d  w ith  
a d m issio n  of p u re  o x y g e n , u n til th e  a b so rp tio n  fa ile d  
to  be c o m p le te  fo r  d iffe re n t tim e s  of s h a k in g . T h e  
sp ecific  a b so rp tio n  u n d e r th e se  co n d itio n s  w as fo u n d  
to  b e  zero  fo r  i-m in u te  s h a k in g , 2 6 . 9  fo r  2-m in u te  
s h a k in g , 2 9 . 9  fo r 3 -m in u te  s h a k in g , 31'. 1 fo r  4 -m in u te  
s h a k in g , a n d  3 2 . 5  fo r  5-m in u te  sh a k in g .

T h e  s tr ik in g  d ifferen ces  in  th e  sp ecific  a b so rp tio n s  
fo r  th e  tw o  fo rm s of a p p a ra tu s  in  th e  ca se  of 1 -m in u te  
s h a k in g  m a y  b e  d u e , in  a  m easu re  a t  le a s t, to  th e  fo l­
lo w in g  ca u ses: (1) T h e  h e a t  of c o m b in a tio n  o f o x y ­
g e n  a n d  p y ro g a llo l w o u ld  ca u se  a g r e a te r  e le v a tio n  
o f te m p e ra tu re  w h en  th e  v o lu m e  of th e  re a g e n t is
25 cc . th a n  w h en  it  is 185 cc ., w h ich  in tu r n  w o u ld  
te n d  to  in cre a se  th e  v e lo c ity  o f th e  re a c tio n  as H e m p el 
h as sh o w n . (2) T h e  s h a k in g  p ro ce ss  w o u ld  p r o b a b ly  
re su lt  in  a  m o re  in tim a te  c o n ta c t  o f th e  ga s  an d  re ­
a g e n t  w h en  a sm a ll v o lu m e  of th e  re a g e n t is co n fin ed  
o v e r  m e rc u ry  th a n  w h en  th e  re a g e n t fills  th e  p ip e tte , 
du e  to  th e  m o m e n tu m  o f th e  m e rcu ry  w h en  th e  d ir e c ­
t io n  of its  m o tio n  is s u d d e n ly  ch a n g e d .

O T H E R  C O N S ID E R A T IO N S  T H A T  M A Y  A F F E C T  T H E  S P E C I F IC  

A B S O R P T IO N  U N D E R  W O R K IN G  C O N D IT IO N S

C o n d itio n s  w h ich  a ffe c t  th e  sp ecific  a b so rp tio n  of 
a lk a lin e  p y ro g a llo l, su ch  as th e  co m p o sitio n  of th e  re ­
a g e n t (c o n c e n tra tio n s  of p y ro g a llo l a n d  p o ta ss iu m  
h y d ro x id e )  a n d  th e  m e th o d  of its  m a n ip u la tio n  (th e  
a p p a ra tu s  e m p lo y e d , te m p e ra tu re  of th e  re a g e n t, 
t im e  an d  c h a ra c te r  o f s h a k in g , a n d  p e rce n ta g e  of 
o x y g e n  in  th e  sa m p le ), h a v e  b een  ta k e n  in to  co n sid ­
e ra tio n  in  th e  p re v io u s  d iscu ssio n . O th e r  fa c to r s  
t h a t  m a y  in flu en ce  th e  sp ecific  a b so rp tio n  u n d e r e x ­
c e p tio n a l c irc u m s ta n c e s  are  th e  d e le te r io u s  a c tio n  of 
h ig h  te m p e ra tu re  on  th e  re a g e n t, a n d  th e  fre q u e n c y  
w ith  w h ich  a n a ly se s  are  m ad e.

The Deleterious A ction of High Temperatures— T h e  
e ffe c t  o f th e  te m p e ra tu re  of th e  re a g e n t u p o n  th e  sp ee d  
o f a b so rp tio n  of o x y g e n  h a s  a lre a d y  b een  m e n tio n e d .

A t  te m p e ra tu re s  m u ch  a b o v e  t h a t  of th e  room , this 
e ffe ct is a lso  a cco m p a n ie d  b y  a d ecrease  in  th e  specific 
a b so rp tio n  of th e  re a g e n t, i . e., th e  re a g e n t becomcs 
e x h a u ste d  e a r lie r  th a n  one t h a t  is e m p lo y e d  only at 
o rd in a ry  te m p e ra tu re s .

T h is  d ecrease  in  th e  sp ecific  a b so rp tio n  of the re­
a g e n t w as n o tice d  p a r t ic u la r ly  in  th e  case  of a reagent 
w h ich  w as p la ce d  in  a  H e m p el d o u b le  p ip e tte  for liquid 
re a g e n ts  a n d  w h ich  w as tr e a te d  w ith  o x y g e n  in such 
fa sh io n  t h a t  its  te m p e ra tu re  rose to  a b o u t 50° C . After 
th e  a b so rp tio n  of 1500 cc. o f o x y g e n , th is  reagen t re­
m o v e d  th e  o x y g e n  c o m p le te ly  fro m  a sam p le  of air 
w ith  i-m in u te  s h a k in g , b u t  a fte r  th e  ab sorption  of 
an  a d d itio n a l 2000 cc ., it  fa ile d  to  re m o v e  th e  oxygen 
c o m p le te ly  fro m  a sa m p le  of a ir, e v e n  w ith  3-minute 
s h a k in g . T h e  to ta l  v o lu m e  o f o x y g e n  up  to  th is  point 
w o u ld  co rresp o n d  to  a  sp ecific  a b so rp tio n  o f abou t 19 
w h ile  th e  sp ecific  a b so rp tio n  o f a n o th e r reagen t pre­
p a re d  in  th e  sam e m a n n er an d  e x h a u s te d  w ith ou t al­
lo w in g  th e  te m p e ra tu re  to  rise  m u ch  a b o v e  th at of 
th e  ro o m , w as, as b e fo re  s ta te d , 3 1 . 3  fo r  3-minute 
s h a k in g . I t  seem s p ro b a b le  t h a t  th is  decrease in 
sp ecific  a b so rp tio n  is  th e  re s u lt  o f a  ch a n g e  in the char­
a c te r  of th e  re a ctio n s  t h a t  t a k e  p la ce  b e tw ee n  oxygen 
a n d  p y ro g a llo l as th e  re a g e n t is h e a te d , ra th er than 
th e  re s u lt  o f th e  d ire c t a c tio n  o f h e a t  u p o n  th e  reagent. 
W h a te v e r  m a y  b e  th e  ca u se , th e  d rop  in  specific ab­
so rp tio n  ca u sed  b y  h e a tin g  o f th e  re a g e n t w ould not 
b e  o f im p o rta n c e  u n d e r o rd in a ry  co n d itio n s  unless 
m a n y  sa m p le s  c o n ta in in g  h ig h  p e rce n ta g e s  of oxygen 
w ere  b e in g  a n a ly z e d  in  ra p id  su ccessio n .

The Frequency with which A nalyses  A rc  M a de— It was 
fo u n d  t h a t  th e  r a p id ity  o f th e  a b so rp tio n  of oxygen 
fro m  a g iv e n  sa m p le  d e p e n d ed  u p o n  w h eth er or no 
th e  re a g e n t h a d  b een  u sed  a s h o rt tim e  before, 
th e  a b so rp tio n  ta k in g  p la ce  m o re  r a p id ly  w hen  the re­
a g e n t h a d  b een  ju s t  p r e v io u s ly  u sed . T h is  state of 
a ffa irs  w as  fo u n d  to  e x is t  in  th e  a n a ly s is  o f the gas 
sa m p le s  c o n ta in in g  a b o u t  90 p er ce n t  o xyg en . As 
h a s  p r e v io u s ly  b een  s ta te d , th e  sp ecific  absorption 
o f th e  p ro p o se d  re a g e n t in  th e  H e m p el d o u b le  pipette 
w as  fo u n d  to  be zero  fo r  sa m p le s  o f th e  a b o v e  com posi­
tio n  fo r  i-m in u te  s h a k in g . A fte r  th e  rea gen t had 
been  e m p lo y e d  fo r  a fe w  a n a ly se s , h o w ev er, it  was 
fo u n d  t h a t  co m p le te  a b so rp tio n  of th e  o x y g e n  was ob­
ta in e d  in  one m in u te  a n d  th is  c o n tin u e d  fo r  a few  ab­
so rp tio n s , a fte r  w h ich  2 -m in u te  s h a k in g  w as again 
n e c e s sa ry  fo r  c o m p le te  a b so rp tio n . F u rth e r , when 
th e  re a g e n t h a d  b een  so fa r  e x h a u s te d  th a t  3-minute 
s h a k in g  w as n e ce s sa ry  fo r  th e  c o m p le te  absorption 
of o x y g e n  fro m  a 100 cc. sa m p le , th e  re a g e n t was al­
lo w e d  to  s ta n d  fo r  a b o u t  24 h o u rs w ith o u t  bein g used; 
w h en  th e  t r e a tm e n t  of th e  re a g e n t w as resum ed, it 
w as  fo u n d  t h a t  c o m p le te  a b so rp tio n  w as n o t obtained 
w ith  3 -m in u te  s h a k in g  o f th e  first sa m p le , although it 
w a s  in  th e  seco n d . T h is  o ccu rre d  a secon d time 
w ith  th e  sam e re a g e n t u n d e r s im ila r  co n d itio n s. '1 he 
c a u se  o f th is  b e h a v io r  o f th e  re a g e n t m a y  be due to 
a  s lig h t  rise  in  te m p e ra tu re  ca u se d  b y  th e  first analysis 
o r i t  m a y  b e  du e to  th e  p resen ce  of som e interm ediate 
p ro d u c t  of th e  re a c tio n  w h ich  h a ste n s  th e  absorption 
a n d  w h ich  d isa p p e a rs  on  s ta n d in g . A t  a n y  rate, it
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is of im p o rta n ce  o n ly  w h en  th e  re a g e n t h a s  n e a rly  
lost its a b ili t y  to  a b so rb  o x y g e n  c o m p le te ly  fro m  a 
sample un d er th e  c o n d itio n  of its  use , a n d  th e n  o n ly  
when it  h as n ot b een  u sed  p re v io u s ly  fo r  se v e ra l 
hours.

THE F O R M A T IO N  O F  C A R B O N  M O N O X ID E  O N  T H E  O X ID A ­

T IO N  O F  A L K A L IN E  P Y R O G A L L O L

No s y s te m a tic  s tu d y  of th e  co n d itio n s  t h a t  a ffe c t 
the fo rm a tio n  o f c a rb o n  m o n o x id e  w as a tte m p te d . 
However, sa m p le s  of a ir  t h a t  w ere p la c e d  in  c o n ta c t  
with th e  p ro p o se d  re a g e n t a fte r  i t  w as  no lo n g er 
capable of re m o v in g  th e  o x y g e n  c o m p le te ly  d u rin g  
several m in u te s ’ s h a k in g  w ere  e x a m in ed  fo r ca rb o n  
monoxide a n d  n on e w as fo u n d . In  e a ch  ca se, sh a k in g  
the sam e sa m p le  w ith  a so lu tio n  o f a lk a lin e  p y ro g a llo l, 
still in go o d  co n d itio n , re s u lte d  in  th e  in d ic a tio n  of 
the p rop er p e rc e n ta g e  o f o x y g e n , a n d  su b se q u e n t 
treatm ent w ith  an  a c id  so lu tio n  of cu p ro u s  ch lo r id e , 
freshly p re p a re d , h a d  no e ffe ct up o n  th e  v o lu m e  of 
the sam ple. I t  is th e re fo re  e v id e n t  t h a t  th e  fo rm a ­
tion of ca rb o n  m o n o x id e  a tte n d a n t  u p o n  th e  use o f 
the reagen t t h a t  h as b een  p ro p o se d  is n o t su ffic ien t 
in am ount to  be o b je c tio n a b le , e v e n  w h en  th e  re a g e n t 
is alm ost e x h a u ste d .'

TH E U S E  O F  P O T A S S IU M  H Y D R O X ID E  P U R I F I E D  B Y  

A L C O H O L

H em pel1 h as ca lle d  a tte n t io n  to  th e  fa c t  t h a t  p o ta s ­
sium h y d ro x id e  p u rifie d  b y  a lco h o l sh o u ld  n o t be 
em ployed in  th e  p re p a ra tio n  of a lk a lin e  p y ro g a llo l, 
and m a n y a u th o rs  h a v e  m e n tio n e d  th is  p re ca u tio n  
in their d e sc rip tio n  of th e  re a g e n t. H e m p el d id  n o t 
state w h erein  th e  u n s u ita b ility  of th is  p re p a ra tio n  
lay, and in  an a tte m p t  to  e x p la in  w h y  its  u se  is u n d e ­
sirable, th e  fo llo w in g  e x p e r im e n t w a s  p erfo rm ed :

F ive g ra m s2 of p y ro g a llo l w as d is s o lv e d  in  50 cc. 
of a so lu tion  of p o ta ss iu m  h y d ro x id e  p u rifie d  b y  
alcohol of 1 . 5 5  sp ecific  g r a v it y ;  25 cc. o f th e  re s u lt­
ing reagen t w as  in tr o d u c e d  in to  a  H e m p el p ip e tte  
for use w ith  m e rc u r y  a n d  th e re  tr e a te d  w ith  100 cc. 
samples of a ir  in  th e  m a n n er p re v io u s ly  d e scrib ed . 
It was fo u n d  t h a t ,  w ith in  th e  lim its  of a c c u r a c y  of 
the a p p a ra tu s, th e  a b so rp tio n  o f o x y g e n  w a s  c o m p le te , 
and th a t th e  o n ly  n o tic e a b le  d ifferen ce  b e tw e e n  th is  
reagent and  one p re p a re d  b y  u sin g  p o ta ss iu m  h y d ro x id e  
not purified b y  a lco h o l is in  th e  sp ecific  a b so rp tio n , 
which is a b o u t 18 in  th e  first case  an d  a b o u t 21 in  th e  
second.

The a p p a re n t d is c re p a n c y  b e tw e e n  th e  re su lts  of 
this e xp erim en t a n d  H e m p e l’s s ta te m e n t m a y  p e r­
haps be e x p la in e d  b y  th e  a ssu m p tio n  e ith e r  t h a t  th e  
method o f m a n u fa c tu r e  of p o ta ss iu m  h y d ro x id e  
purified b y  a lco h o l h a s  b een  ch a n g e d  in  su ch  a  m a n n er 
since the p u b lic a tio n  of H e m p e l’s re s u lts  t h a t  th e  o b ­
jection to  th e  use o f th is  s u b s ta n c e  no lo n g er h o ld s, 
or that H e m p e l’s o b je c tio n  w as m ad e  on th e  g ro u n d  
of in com plete  a b so rp tio n , a p p a re n t in  his a p p a ra tu s  
for exact a n a ly sis , b u t  n o t n o tic e a b le  in  th e  use o f th e  
Hempel a p p a ra tu s  fo r  te c h n ic a l a n a ly sis .

1 B tr., 20 (1887), 1865.
• This e x p e rim en t w as  m a d e  befo re  th e  q u es tio n  of th e  m o s t des irab le  

reagent for te ch n ica l use h a d  been  s e tt le d .

T H E  U S E  O F  S O D IU M  H Y D R O X ID E  I N  P L A C E  O F  P O T A S ­

S IU M  H Y D R O X ID E

F ro m  th e  e x p e r im e n ts  o f W e y l1 a n d  his c o -w o rk e rs  
a n d  of B e r th e lo t ,1 it  is n o t c le a r  b u t  w h a t so d iu m  h y ­
d ro x id e  m ig h t be used  to  re p la ce  p o ta s s iu m  h y d ro x id e  
in  th e  p re p a ra tio n  of a lk a lin e  p y r o g a llo l, a  s u b s t itu ­
t io n  t h a t  w o u ld  re s u lt  in  a  m a te ria l d e crease  in  th e  
co st o f th e  re a g e n t. A c c o r d in g ly , a  so lu tio n  w as 
p re p a re d  b y  d isso lv in g  5 g. o f p y ro g a llo l in  50 cc. 
o f a  so lu tio n  of so d iu m  h y d r o x id e  of 1 . 475 . sp ecific  
g r a v it y  p re p a re d  b y  d isso lv in g  8 7 . 5 g. o f s t ic k  so d iu m  
h y d ro x id e  in  900 cc. o f w a te r :  25 cc. o f th is  re a g e n t
w as tra n s fe rre d  to  a  H em p el p ip e tte  fo r  use w ith  
m e rcu ry  a n d  it  w as  th e n  tr e a te d  w ith  a  100 cc. sam p le  
of a ir. I t  w as fo u n d  t h a t  th e  a b so rp tio n  a t  th e  en d  
of 3 -m in u te  sh a k in g  a m o u n te d  to  o n ly  10 p er ce n t, 
b u t  a t  th e  en d  of 12 m in u tes  a b so rp tio n  w as c o m p le te . 
F ro m  th is  e x p e rim e n t i t  seem s t h a t  su ch  a re a g e n t 
w o u ld  s c a rc e ly  be s a t is fa c to r y  fo r  g e n e ra l use as  an 
a b so rb e n t fo r o x y g en .

S U M M A R Y

I— A fte r  a  co n sid e ra tio n  of th e  v a r io u s  fa c to r s  t h a t  
d e te rm in e  th e  d e s ir a b ility  of a s o lu tio n  o f a lk a lin e  
p y ro g a llo l fo r g e n era l use, i t  w as d e cid ed  t h a t  th e  s o lu ­
t io n  p re p a re d  b y  d isso lv in g  15 g. o f p y ro g a llo l in  100 
cc. o f a  so lu tio n  o f p o ta ssiu m  h y d ro x id e  o f sp ecific  
g r a v it y  1 . 5 5  is th e  m o st d e sirab le . F o r th e  p r e p a r a ­
t io n  of th is  so lu tio n  o f a lk a li  th e re  is  n ee d ed  fro m  1 . 5 
to  2 p a r ts  o f p o ta ss iu m  h y d ro x id e  in  s t ic k  fo rm  to  1 
p a r t  o f w a te r , th e  a m o u n t d e p e n d in g  u p o n  th e  w a te r  
co n te n t o f th e  p re p a ra tio n . T h e  v o lu m e  o f re a g e n t 
t h a t  is o b ta in e d  is a b o u t 110  cc. an d  th e re  a re  th u s
1 3 . 6  g . o f p y ro g a llo l a n d  7 1 . 5  g. o f p o ta ss iu m  h y ­
d ro x id e  to  100 cc. o f s o lu tio n . I f  a n y  ca rb o n  m o n ­
o x id e  is fo rm e d , th e  a m o u n t is to o  sm a ll to  h a v e  a n y  
b e a r in g  up o n  th e  use of th e  re a g e n t fo r  te c h n ic a l 
p u rp o ses.

I I — D iffe re n t v a lu e s  o f th e  sp ecific  a b so r p tio n  of 
th is  re a g e n t fo r  d ifferen t c o n d itio n s  are  g iv e n  in  ro u n d  
n u m b e rs  in  th e  fo llo w in g  ta b u la t io n . I t  is  u n d e r ­
sto o d  t h a t  th e  te m p e ra tu re  o f th e  re a g e n t w as  b e tw e e n  
2 0 -2 4 ° C ., t h a t  th e  m e th o d  of sh a k in g  p re v io u s ly  
d e sc rib ed  w as c lo se ly  fo llo w e d , t h a t  th e  in itia l v o lu m e  
of th e  g a s  sam p le  w as a lw a y s  100 cc., a n d  t h a t  th e  
v o lu m e  o f th e  re a g e n t w a s  25 cc. fo r  th e  first p ip e tte  
a n d  185 fo r  th e  seco n d .

S p e c i f i c  A b s o r p t i o n I i n  H e m p e l  P i p e t t e  p o r  U s e  w i t h  M e r c u r v  
N o. of M in u te s  S am p les  w ere S h a k e n .........................................  1 2 3 4

(а) F o r  gas sam p le s  c o n ta in in g  20.9 p e r  c e n t o x y g en . . . .  27 30  31 . .
(б) F o r  g as  sam p les  co n ta in in g  a b o u t 90 .0  p e r  ce n t oxygen . 21 24 24 . . . .

S p e c i f i c  A b s o r p t io n  i n  H e m p e l  D o u b l e  P i p e t t e  p o r  L iq u i d  R e a g e n t s

(a) F o r  gas  sam p les  c o n ta in in g  20.9 p e r  c e n t o x y g en   25 29 31 . .  . .
(b ) F o r  g a s  s a m p le s  c o n ta in in g  a b o u t  90.0  p e r  c e n t  o x y g e n  0 27 30  31 32

In  th e  a p p lic a tio n  o f th e se  figu res to  ro u tin e  ga s  
a n a ly se s , th e  co n d itio n s  t h a t  h a v e  b een  sp ecified  
sh o u ld  be fo llo w e d  a c c u r a te ly , o th e rw ise  p ro p er a l­
lo w a n ce  sh o u ld  be m a d e  fo r  a n y  d e v ia tio n . P r o b a b ly  
th e  g r e a te r  p o rtio n  of th e  sa m p le s  t h a t  are  a n a ly z e d  
fo r  o x y g e n  c o n ta in  less th a n  20. 9 p er ce n t  of i t ,  an d  
th e  sp ecific  a b so rp tio n s  fo r sa m p le s  of th is  c o m p o si­
tio n  a re  a p p lic a b le  to  a ll sa m p le s  c o n ta in in g  less  o x y g e n .

1 L o c . c il.
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T h e  sp e c ific  a b so r p tio n  fo r  s a m p le s  c o n ta in in g  9 0 .0  
p er ce n t  o x y g e n  are a p p lic a b le  to  a ll sa m p le s  c o n ta in ­
in g  less th a n  th is  a m o u n t of o x y g e n  a n d  p r o b a b ly  
a re  a p p lic a b le , fo r  a ll p ra c t ic a l p u rp o se s , t o  th e  a n a ly s is  
o f n e a rly  p u re  o x y g e n . D u e  a llo w a n ce  sh o u ld  be 
m ad e  in th e  use of so lu tio n s  t h a t  are  n e a r ly  e x h a u s te d  
if t h e y  are n o t used  fr e q u e n tly , or if t h e y  h a v e  p re ­
v io u s ly  been  e m p lo y e d  a t  te m p e ra tu re s  c o n sid e ra b ly  
a b o v e  2 4 0 C .

I I I — T h e  o b je c tio n  to  th e  use of p o ta s s iu m  h y d r o x ­
id e  p u rifie d  b y  a lco h o l does n o t a p p e a r  to  b e  v a lid .

I V — T h e  s u b s t itu tio n  of so d iu m  h y d r o x id e  fo r  p o ta s ­
siu m  h y d r o x id e  is n o t  p ra c tic a b le .

D e te r m in a tio n s  of th e  sp ecific  a b so rp tio n  of th e  
p ro p o se d  re a g e n t in  so m e o f th e  o th e r  fo rm s  of a b so r b ­
in g  a p p a ra tu s  a re  b e in g  m a d e  a t  th e  p re se n t tim e  
a n d  i t  is p la n n e d  to  p re se n t th e  re s u lts  t h a t  are  o b ­
ta in e d  as a  s u b s e q u e n t a r t ic le  o f th is  series.

C o r n e l l  U n iv e r s it y . I t h a c a . N e w  Y o r k

THE INDICATOR IN PYROLIGNEOUS ACID
B y  J .  M . J o h u n  

R ec e iv ed  A pril 26, 1915

T h e  fa c t  t h a t  p y ro lig n e o u s  a c id  c o n ta in s  its  ow n  
in d ic a to r  h a s  lo n g  b een  a w e ll-k n o w n  fa c t  e m p lo y e d  
in  th e  w o o d  d is t illa t io n  in d u strie s , a n d  w as re c e n tly  
re ferre d  to  in  T h i s  J o u r n a l . 1 T h e re  seem s to  b e  no 
th e o r y  o r e x p la n a tio n  o ffered  in  th e  l ite r a tu r e  re ­
g a rd in g  th e  n a tu re  o f th e  in d ic a to r  w h ich , w h en  th e  
n e u tra l p o in t is re a ch ed , tu r n s  p y ro lig n e o u s  a c id  
“ a  p ro n o u n c ed  w in e -re d .”

T h e  a u th o r  h a s  o b se rv e d  t h a t  w h eñ  m ilk  o f lim e  
p re p a re d  fro m  c h e m ic a lly  p u re  lim e  is a d d e d  to  p y r o ­
lig n e o u s  a c id  th is  co lo r re a ctio n  does n o t  t a k e  p lace . 
I t  seem ed  e v id e n t  th e n  t h a t  th is  re a c tio n  m u st be 
d u e  t o  im p u ritie s  in  th e  lim e  as w ell a s  in  th e  p y r o ­
lig n eo u s  acid . T r ia l  e x p e r im e n ts  sh o w e d  t h a t  m ilk  
of lim e , to  w h ich  tra c e s  of fe rric  s a lts  h a d  b een  a d d ed , 
g a v e  w ith  p y ro lig n e o u s  a c id  th e  co lo r re a c tio n s  n o te d .

T h e  co lo r th u s  p ro d u c ed  is n o t u n lik e  t h a t  ca u sed  
b y  th e  a d d it io n  o f fe rr ic  s a lts  to  s o lu tio n s  c o n ta in ­
in g  ta n n in s . T e s ts  sh o w ed  t h a t  ta n n in s , g a llic  a c id  
a n d  p y r o g a llic  a c id  d is s o lv e d  in  d ilu te  a c e tic  a c id  p ro ­
d u c e d , w ith  m ilk  of lim e  c o n ta in in g  tra c e s  of iron  
sa lts , co lo r re a c tio n s  c o m p a ra b le  to  th o se  p ro d u c e d  
b e tw e e n  p y ro lig n e o u s  a c id  an d  th e  sam e sa m p le  of 
m ilk  of l ;m e.

S in ce  ta n n in s  are  n o n v o la tile  a n d  ca n n o t b e  d is ­
t ille d  it  does n o t seem  lik e ly  t h a t  a n y  o f th e se  sh o u ld  
b e  fo u n d  in  p y ro lig n e o u s  a c id . P y r o g a llic  a c id  b o ils  
clo se  to  30 0 o a n d  is n o t v o la t ile  w ith  s tea m . I t  is 
n o t p ro b a b le  th e n  t h a t  th is  co m p o u n d  sh o u ld  b e  p re s­
e n t in  re d is tille d  p y ro lig n e o u s  acid .

G u a ia c o l an d  its  h o m o lo g u es , m e th y l- , e th y l- , an d  
p ro p y l-g u a ia c o l h a v e  b een  fo u n d 2 p re se n t a m o n g  th e  
p ro d u c ts  o f d e s tr u c t iv e ly  d is tille d  w oo d . T e s ts  m ad e 
w ith  g u a ia co l a n d  m ilk  o f lim e  c o n ta in in g  iro n  fa ile d  
to  g iv e  a n y  co lo r re a c tio n s , th o u g h  th e  sam e sa m p le  
o f m ilk  o f lim e  g a v e  d e cid ed  co lo r  re a ctio n s  w ith  
p y ro lig n e o u s  acid . G u a ia c o l or its  h o m o lo g u es  sh o u ld

1 T h i s  J o u r n a l ,  7 (1 9 1 5 ), 47 .
2 C f. B eilste in , "O rg a n isc h e  C b em ie .”

n o t th e n  be h e ld  a c c o u n ta b le  as th e  in d ica to r  pres­
e n t in  p y ro lig n e o u s  acid .

T h e  e th e rs  of p y r o g a llic  a c id  as w ell as those of its 
h o m o lo g u es, m e th y l- , a n d  p ro p y l-p y r o g a llic  acid  have 
b een  fo u n d 1 b y  H o fm a n n  to  b e  p re se n t in  w ood tar. 
A s  a  ru le  th e se  are co m p o u n d s w h ich  are re a d ily  vola­
tile  w ith  s te a m  a n d  g iv e  co lo r re a ctio n s  w ith  ferric 
s a lts  s im ila r to  th o se  re fe rre d  to . M a n y  of these 
e th ers  h a v e  b een  s y n th e t ic a lly  p re p a re d  an d  similar 
co lo r re a ctio n s  w ere  n o te d . T h e  a u th o r  has syntheti­
c a lly  p re p a re d  th e  d im e th y l e th e r  o f p y ro g a llic  acid 
a n d  fo u n d  t h a t  e v e n  m in u te  tra c e s  o f th is  ether dis­
s o lv e d  in  w a te r  g a v e  w ith  m ilk  of lim e, k n o w n  to con­
ta in  iro n , co lo r re a ctio n s  co m p a ra b le  to  those ob­
ta in e d  w ith  p y ro lig n e o u s  acid .

I t  seem s n o t a t  all im p ro b a b le  th e n  th a t  th e  indicator 
p re se n t in  p y ro lig n e o u s  a c id  co n sists  of th e  volatile 
e th e rs  o f p y ro g a llic  a c id  an d  its  h o m o lo gu es.

S y r a c u s e  U n iv e r s it y , S y r a c u s e , N e w  Y o r k

ON THE KAMBARA EARTH AND ITS BLEACHING 
ACTION ON OILS

B y  S e i i c h i  U e n o  

R ec e iv ed  J a n u a r y  4, 1915

K a m b a r a  e a rth  is ca lle d  “ a c id  e a r t h ”  or “ acid  c la y ” 
in  J a p a n  a n d  is w id e ly  u sed  in  oil fa cto r ies  as the 
b le a c h in g  a n d  re fin in g  a g e n t o f m in era l an d  fa tty  oils. 
O n a c c o u n t o f th e  s im p lic ity  o f th e  d e co lo rizin g  method 
a n d  th e  ch e a p n ess  of th e  w o rk s, th is  use of the earth 
h a s  g r e a t ly  in cre ase d . T h is  e a r th  w as re c e n tly  studied 
b y  K . K o b a y a s h i2 b u t , as fa r  as  I k n o w , no reports on 
th e  b le a c h in g  a c tio n  of th e  e a rth  on  f a t t y  oils have 
b een  p u b lish ed .

O C C U R R E N C E ,  P R O D U C T IO N ,  M IN IN G  A ND PREPARATION

T h e  so -ca lle d  “ K a m b a r a ”  a n d  sim ilar earths are 
w id e ly  d is tr ib u te d  in  J a p a n . A lth o u g h  the acidic 
e a rth s  o ccu r in  s e v e r a l lo c a lit ie s , th e  m ost effective 
m a te r ia l fo r  th e  b le a ch in g  a n d  re fin in g  of oils is found 
a t K a w a h ig a s h i v illa g e , K it a k a m b a r a  d istric t, Echigo 
p ro v in ce . K a w a h ig a s h i is  an  in la n d  v illa g e  situated 7 
m iles s o u th e a s t  o f th e  to w n  S h ib a ta .

T h e  s tr a ta  of th e  e a rth  m in e are  b ro w n ish  orange, 
lig h t  y e llo w  a n d  b lu ish  green . T h e  e a rth  is worked 
m u ch  th e  sa m e  as a n y  c la y  b a n k : first a b o u t 2 to 3 ft. 
o f th e  s u r fa c e  m u st b e  re m o v e d  w ith  p ic k  and shovel, 
th e n  th e  e a rth  is d u g  in  m u ch  th e  sam e m anner.

T h e  m a ssiv e  e a r th  is b ro u g h t to  a  sm a ll fa cto ry  by 
h a n d -ca rs  a n d  is cru sh ed  in to  fis t-s ize d  lu m p s th a t are 
th e n  d ried  in  a f la t, iro n  p a n  w ith  d ire c t fire and ground 
to  b e a n -size d  gra in s, ca u s in g  th e  loss o f a b o u t 40 per 
ce n t in  w e ig h t on  a c c o u n t of th e  e v a p o r a tio n  of water. 
T h e  d ried  e a rth  is b ro u g h t to  a  w a te r-m ill barn  where 
i t  is gro u n d  to  v e r y  fine p o w d e r a n d  p assed  through a 
s ilk  s iev e. T h e  p o w d e re d  a n d  re fin ed  e a rth  is put in a 
p a p e r s a c k  co v e re d  w ith  a  s tra w  b a g . T h e  w eight of a 
b a g  is 20 K w a n  (16 5 .6  lb s .)  a n d  th e  e a rth  fa cto ry  can 
p ro d u ce  130 b a g s  p er d a y . O ne b a g  of earth  costs 

a b o u t $0.50 n et.

P R O P E R T I E S  AN D  C O M P O S IT IO N S  OF T H E  EARTHS

T h e  fa c t o r y  does n o t  so rt  th e  e a rth s  according to
1 C f. B e ils te in , “ O rg an isch e  C h e m ie .”
2 T h i s  J o u r n a l ,  4 ( 1 9 1 2 ), 8 91 .
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color, so t h a t  th e  co m m e rcia l K a m b a r a  e a r th  is a 
mixture of th e  th re e  k in d s d e sc rib ed  a b o v e . A n  a c id ic  
earth is also  fo u n d  in  th e  p ro v in ce  o f Ig a . T h is  e a rth  
is used to  b lea ch  oils in th e  v ic in ity , b u t  its  b le a ch in g  
power is n o t as g re a t as t h a t  o f th e  K a m b a r a  e a rth . 
Analyses of th e se  e a rth s  a p p e a r  in  T a b le  I.

T a b l e  I — A n a l y s e s  o f  B l e a c h in g  E a r t h s

T h r e e  V a r i e t i e s  o f  K a m b a r a  E a r t h  I ga
B lu is h  B ro w n is h  '  L ig h t  E a r t h

Per c e n t g r e e n  o r a n g e  y e llo w
SiOs.................................. 7 0 .9 9  6 8 .4 2  6 3 .7 6  4 9 .9 0
F ciOj ...............................  2 . 8 6  4 .4 8  2 .2 7  4 .8 9
AliO*................................ 1 5 .7 6  1 5 .3 6  1 4 .3 3  1 9 .8 3
M n O ..................................................  1 .0 7  ------  ------
C aO .................................  1 .8 2  1 .2 7  1 .5 4  0 .8 4
M g O ................................ 2 . 3 8  2 .3 8  2 .2 8  3 .0 8
N a tO ...............................  0 .4 3  0 . 3 8  0 .2 9  0 .4 0
K iO ..................................  0 . 1 2  0 .1 0  0 .1 4  0 .2 7
Ig n itio n  lo s s ................ 5 . 7 5  6 .5 7  1 5 .5 5  2 0 .9 7

T o ta l ..........................  1 0 0 .0 7  1 0 0 .0 3  1 0 0 .1 6  1 0 0 .1 9

The K a m b a r a  e a rth  is an  a m o rp h o u s a n d  s lig h t ly  
plastic su b sta n ce  a n d  g iv e s  an  a c id ic  re a c tio n  to  litm u s  
paper. I t  is u se fu l n o t o n ly  fo r  oil b le a ch in g  a n d  re ­
fining p u rp o ses, b u t  m a y  a lso  be u sed  in ste a d  of 
kieselguhr as a  c a rr ie r  fo r  n ick e l c a ta ly s ts  in  th e  oil- 
hardening in d u s try .

B L E A C H IN G  A C T IO N  O F  T H E  K A M B A R A  E A R T H  

I — E X P E R IM E N T S  O N  T H E  B L E A C H IN G  0 1 ' F A T T Y  O IL S  

The m eth o d  used  in  tr e a t in g  oils in  th e  fo llo w in g  
experim ents co n sis te d  e s s e n tia lly  in  h e a tin g  a  m ix tu re  
of oil and e a rth . T h e  b le a ch in g  a c tio n s  of th e  v a r io u s  
earths were te s te d  b y  w e ig h in g  a c c u r a te ly  in to  p o rce lain  
basins, i ,  2.5, a n d  5 g. o f e a ch  d ried  e a r th : 100 g. of 
crude rap e-seed  oil (A ) w ere th e n  ru n  in to  e a ch  b a sin . 
Each m ixtu re  w as h e a te d  o n  th e  sa n d  b a th  a  few

T a b l e  I I — B le a c h i n g  A c t io n  o p  V a r io u s  E a r t h s  
C olor of o rig inal rap e -sec d  oil (A ), re d  2.00, yellow  65.10 

S am ple N o . (1) (2) (3)
Weight op E ar th  U s e d  1 g r a m  2.5 g ram s  5 gra ins

R ed  Y ellow  R e d  Y ellow  R e d  Y ellow
Light yellow e a r t h ................ 1 .05  2 6 .2  0 .6 0  5 .2 0  0 .0 7  1 .40
Brownish o range e a r t h   1 . 0 0  12 .05  0 .7 0  5 .2 0  0 .3 4  2 .5 0
Pale bluish green e a r t h . . . .  1 .65  2 6 .0 0  0 .7 0  5 .5 0  0 .0 4  1 .40
Commercial e a r t h ................. 0 .5 2  4 .7 0  0 .4 0  2 .3 0  0 .0 4  1 .65

minutes, k e ep in g  th e  m ass w ell s tirre d . W h en  th e  
decolorization w as th o u g h t  to  be c o m p le te , th e  co n ­
tents were a llo w ed  to  cool a  l i t t le  an d  th e n  th e  oil w as  
im m ediately p o u re d  o n to  a  filte r  p a p er , to  re m o v e  th e  
spent earth . T h e  b le a ch e d  o ils  w ere th e n  co m p a red  
by means of a  J. W .  L o v ib o n d  T in to m e te r  th r o u g h  a 
5 mm. th ick n e ss  of oil.

From T a b le  I I  it  w as  co n c lu d e d  t h a t  th e  th re e  co lo rs 
of the earth  co u ld  n o t  be d is tin g u ish e d  b y  th e ir  b le a c h ­
ing action s; in d ee d , th e  th re e  e a rth s  w h en  d ried  an d  
powdered are s im ila r  in co lo r a n d  a p p e a ra n ce .

When th e  e a rth  is m ix ed  w ith  oils an d  w a rm ed , its
T a b l e  I I I — C o l o r s  o f  

K in d  o f  N u m b e r  (1)
O r ig in a l  E a r t h  W e t  s t a t e  D r y  s t a t e

L ig h t y e l lo w .........................................  D a r k  b r o w n  L i g h t  b r o w n
B row nish  o r a n g e ...............................  B l a c k -b r o w n  D a r k  b ro w n
Pale  b lu ish  g r e e n ..............................  B la c k -b r o w n  B r o w n is h  y e llo w
C o m m e rc ia l ..........................................  D a r k  b r o w n  L ig h t  b r o w n

color is ch a n ged  fro m  b ro w n ish  b la c k  to  d eep  b la c k , 
due to the a b so rp tio n , o r a d so rp tio n , of th e  co lo rin g  
matters of th e  oils.

The e arth  w h ich  h a d  b een  u sed  to  b le a c h  th e  oils, 
was term ed “ sp en t re sid u a l e a r th .”  T h e  sp e n t re sid u a l 
earth w as filte re d  an d  w a sh e d  w ith  e th e r  th re e  tim es 
and then dried . T h e  co lors o f th e se  re sid u a l e a rth s  
were com p ared, w ith  th e  re su lts  sh o w n  in T a b le  I I I .

T h e  co lo r o f th e  sp e n t resid u a l e a r th  is re la te d  to  th e  
d egree  of o il-b le a ch in g  o f th e  o r ig in a lly  u sed  e a rth , an d  
th e  m ore d e e p ly  co lo re d  e a rth  s e rv e d  as a b le a ch in g  
a g e n t m ore e ffe c tiv e ly  th a n  th e  lig h te r  co lo re d  e a rth . 
T h e  b ro w n ish  b le a ch e d  b e tte r  th a n  th e  g reen ish , so 
t h a t  one ca n  e a s ily  fo re te ll th e  b le a c h in g  p ro p ertie s  
o f an u n k n o w n  e a rth  a n d  a lso  d is tin g u ish  th e  en d  p o in t 
of th e  b le a ch in g  a c tio n .

2 R E L A T IO N  B E T W E E N  T I M E  AND T E M P E R A T U R E  OF

T R E A T M E N T

A tte m p ts  w ere m ad e to  find  th e  g e n era l re la tio n  b e ­
tw e e n  th e  tem p e ra tu re  an d  t im e  of t r e a tm e n t. W h en  
th e  e a r th  is m ixed  w ith  ra p e-se ed  oil (A ), a t  o rd in a ry  
te m p e ra tu re , it  soon  a b so rb s  or a d so rb s  th e  co lo r o f 
th e  oil an d  b eco m es d a rk  b ro w n . A s  a te s t  40 g. o f 
ra p e-se ed  oil (A ), m ixed  w ith  5 p er c e n t (b y  w e ig h t)  
o f th e  e a rth , w ere g e n tly  h e a te d  on th e  sa n d  b a th  w ith  
co n tin u o u s  s tirr in g , k e p t  a t  15 0 0—160 ° C . fo r  th e  in te r ­
v a ls  o f t im e  n o te d  a n d  co m p ared  w ith  th e  co lo r o f th e  
b le a ch e d  oils, w ith  th e  result's sh o w n  in T a b le  IV .

T a b l e  I V — E f f e c t  o f  T im e  o n  B l e a c h in g  o f  R a p e -S e e d  O il

R ed  Y ellow
O rig ina l rape-seed  oil (A ) .........................  2 .0 0  6 5 .1 0
H e a te d  to  160° C .........................................  0 .0 4  1 .40
A fte r  s ta n d in g  5 m in u te s ........................ 0 .1 7  1 .90
A fte r  s ta n d in g  10 m in u te s ........................ 0 .2 4  2 .2 0
A fte r  s ta n d in g  30 m in u te s ........................ 0 .4 0  3 .4 0
A fte r  s ta n d in g  60 m in u te s ........................ 0 .5 8  4 .8 0

A l s o , , s o y a  bean  oil w as  m ixed  a n d  tr e a te d  as
in d ic a te d  in  T a b le  V , w ith  th e  resu lts  th e re  g iv e n

T a b l e  V — E f f e c t  o f  T im e  a n d  T e m p e r a t u r e  o n  B l e a c h i n g  o f  S o y a  
B e a n  O il

T e m p e ra tu re  T im e  B leached  oil S p e n t re s id u a l e a r th
° C . (M in .) R ed  Y ellow  (D ry  s ta te )
22 30 1 .35  3 9 .6 6  L ig h t b lu ish  yellow
60 1 1 .65  4 8 .2 0  B row n

8 5 -9 0  1 0 .7 6  3 1 .5 0  L ig h t b ro w n ish  yellow
92 1 1 .65  2 9 .0 0  D a rk  b lu ish  b row n

9 2 -9 4  60 0 .5 8  6 .0 0  L ig h t b ro w n ish  yellow
9 2 -9 4  150 0 .5 2  3 .9 0  L ig h t b ro w n ish  yellow

110 14 0 .8 4  2 0 .0 0  L ig h t b ro w n ish  yellow
110 30 0 .7 0  9 .6 0  B row n ish  yellow
110 60 0 .5 0  7 .0 0  B row n
130 1 0 .5 2  5 .0 0  B row n
130 60 0 .3 8  3 .6 0  B row n
140 1 0 .0 9  1 .65  B row n

150-160 10 0 .1 8  1 .9 5  B row n
150-160 30 0 .3 8  2 .6 0  B row n
170-180 10 0 .3 8  2 .4 5  D a rk  b row n
190-200 10 0 .4 0  3 .0 5  D a rk  b row n
200-210  10 0 .7 0  4 .7 0  D a rk  b row n

w h ich  in d ic a te  t h a t  th e  o il-b le a ch in g  a c tio n  of th e  e a rth  
in creases, w ith  rise o f te m p e ra tu re , to  a  m a x im u m  a t 
a b o u t 14 0 ° C . a n d  th e n  g r a d u a lly  d ecreases. T h e
b le a ch in g  a ctio n  in cre ase d  w ith  th e  tim e  fo r  te m p e ra ­
tu re s  u n d e r 130 ° C . b u t d e cre ase d  fo r  te m p e ra tu re s  
a b o v e  a b o u t 15 0 ° C . T h e  o p tim u m  te m p e ra tu re
v a r ie d  a cco rd in g  to  th e  k in d  of o ils  a n d  fa ts ;  d r y in g

S p e n t  R e s id u a l  E a r t h s

N u m b e r  (2) N u m b e r  (3)
W e t s ta te  D ry  s ta te  W et s ta te  D ry  s ta te

D a rk  b row n  D a rk  b row n  D a rk  b ro w n  R ed d ish  b row n
B lack -b ro w n  D a rk  b ro w n  B la ck -b ro w n  B lack -b ro w n
B la ck -b ro w n  B row n ish  b row n  B la ck -b ro w n  B row n
D a rk  b row n D a rk  b ro w n  D a rk  b ro w n  R e d d ish  b row n

oils, fish  oils, e tc ., w ere b le a ch e d , g e n e ra lly , a t  lo w e r 
te m p e ra tu re s  th a n  s o y a  b e an  oil.

3  I N F L U E N C E  OF A T M O S P H E R I C  G ASES

In  th e  a p p a ra tu s  sh o w n  in  F ig . i ,  100 g ra m s o f oil in 
A  w ere m ixed  w ith  5 p er ce n t o f th e  e a rth  a n d  v io le n t ly  
a g ita te d ; th e  gas, k e p t  a t  th e  re q u ire d  te m p e ra tu re , 
p assed  th r o u g h  th e  oil fo r  a b o u t 15 m in u tes . T h e  
re su lts  o b ta in e d  a p p e a r in  T a b le  V I  a n d  sh o w  t h a t  a ir,
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e sp e c ia lly  o x y g e n , in ju re s  th e  co lo r o f o il; ca rb o n  
d io x id e  a ffe c ts  i t  b u t  l it t le  a n d  h y d ro g e n  a p p e a rs  to  
h e lp  th e  b le a ch in g  a c tio n . I t  is  e a s ily  seen  a t  th e  sam e 

T a b l e  V I

S o y a  B e a n  O il - - R  « 1.95 AND Y  = 22.59 R
R a p e  O il  

=  1.65 Y  *=»53.
T e m p . A ir H y d ro g en C arb o n diox ide H y d ro g en

0 C. R  Y R Y R Y R  Y
120 0 .3 0 3 .0 1
140 0 .3 1  1 ! ¿0 0 ! \2 K 3 0 0 . 2 1 2 .6 0 O. 6 1  0 .3 3
150 0 .0 7  0 .3 7
160 O'. Í3 1 *56 0 Ü 5 l! ¿ 5 0 .0 3  0 .3 6
170 0 .0 2  0 .3 4
180 0 . Í5 1 .45 0 . Í3 1 .4 3 0 .0 1  0 .3 2
190 0 .0 4  0 .3 8
200 0 ! Í5 1 .55 o ! i i i l  30 0 .0 5  0 .4 2
220 0 . 1 0 1 . 1 0 0 .1 3 1 .4 0

tim e  t h a t  th e  b le a ch in g  a c tio n  o f th e  e a r th  is n o t 
in flu en ced  v e r y  m u ch  b y  th e  fa c to r s  o f t im e  a n d  te m ­
p e ra tu re , in  th e  cu rre n ts  o f in a c t iv e  a n d  re d u c in g  gases.

4  B L E A C H IN G  A C T IO N  O N  V A R IO U S  O IL S

T a b le  V I I  sh o w s so m e in te re s tin g  co m p a riso n s o f th e  
b le a ch in g  a c tio n  of th e  e a rth  
on v a r io u s  oils. I t  a p p ea rs  
t h a t  th e  d egre e  o f th e  
b le a ch in g  a c tio n  of t h e  e a rth  
d ep en d s u p o n  th e  p ro p ertie s  
an d  co m p o sitio n s  of th e  oils 
an d  also  u p o n  th e  im p u ritie s  
in  th e  o ils; n itro g e n o u s  m a t ­
ter, m u cila g e , e tc ., h in d e r th e  
b le a ch in g  a c tio n  o f th e  e a rth .

I t  h as b een  p o in te d  o u t 
b y  o th ers  t h a t  th e  e a rth  
b le a ch in g  m e th o d  does n o t 
g iv e  su ch  go o d  re su lts  w ith  
ch ry s a lis , r ice  a n d . s o y  o ils ,1 
s in ce  th e se  oils c o n ta in  la rg e  
q u a n tit ie s  o f im p u ritie s , b u t  

t h e y  to o  can  be w ell b le a ch e d  b y  th e  e a rth  m e th o d , 
a fte r  th e  r e m o v a l o f im p u ritie s  w ith  s u ita b le  ch e m ica ls.

5  P R O P E R T I E S  O F  B L E A C H E D  O IL S

T h e  w ell b lea ch e d  oil is n e a r ly  co lo rless. W ith  
re g a rd  to  th e  ch e fn ica l ch a ra c te r is tic s  o f th e  b lea ch e d  
oils, a c c o rd in g  to  a  n u m b e r o f m y  e x p e rim e n ts , th e  
v a lu e s  are. n o t e ss e n tia lly  d ifferen t fro m  th o se  of th e

B  -  -

Oil bath
F ig . 1

5 g ra m s of th e  e a rth , a d d in g  100 g ra m s of rap e oil (B) 
a n d  tr e a t in g  a t  14 0 0 C . fo r a  d e fin ite  num ber of 
m in u tes.

T a b l e  V I I I — E f f e c t  o f  W a t e r  o n  B l e a c h i n g  A c t io n
P e r  ce n t w a te r  a d d e d   5 10 25 50  100 200
T in t  of b leach ed  o il . . . . R - J 0 . 3 2  0 .3 8  0 .5 0  1 .65  2 .1 0  2.10

1  Y 2 . 80  2 .9 0  7 .0 0  4 5 .7 0  4 9 .5 0  66.50

T a b le  V I I I  sh o w s t h a t  th e  p resen ce  o f w a te r  affects 
th e  b le a ch in g  a c tio n  of th e  e a rth . I t  w as  also found 
t h a t  th e  b le a c h in g  p o w e r d e cre ase d  w ith  th e  moisture 
c o n te n t  o f th e  e a rth . I t  is v e r y  im p o rta n t, therefore, 
in  oil b le a ch in g , to  h a v e  th e  e a r th  c o m p le te ly  dry.

7 I N F L U E N C E  O F  A C ID S  A N D  A L K A L IE S

a c i d s — T h e  e ffe c ts  o f h y d ro c h lo ric , p h osph oric  and 
th re e  o rg a n ic  a c id s  on th e  b le a c h in g  a c tio n  of K am bara 
e a rth  w ere s tu d ie d  b y  m ean s o f th e  exp erim en ts out­
lin e d  in  T a b le  I X .  F ro m  th e se  a n d  p re vio u s  results 
i t  is e v id e n t th a t  th e  p resen ce  o f s tro n g  in organ ic acids

T a b l e  I X — E f f e c t  o f  A c id s  o n  B l e a c h i n g  o f  R a p e  O i l  (B) 
T re a tm e n ts  of 100 g ram s of O il a t  140° C . as desc rib ed  in  Section I 

E a r t h  A c id
U s e d  U s e d

50 g ram s (a ) ......... HC1 (sp . gr. 1.2) (a)
20 g ra m s ................  2 cc. HC1 (sp. gr. 1.2)

5 g ra m s ................  2 cc. H 3P O 4 (sp. gr. 1.7)
50 p e r  c e n t of i G lac ia l ac e tic  

ac id  m ixed  w ith  < O xalic 
th e  e a r t h   ( S te a r ic

B leached  oil C o lo r of spent 
R  Y  R esidua l earth

B lack  brown 
B lack brown 
B row nish black

0 .5 8  3 .6 0  
1 .35  4 .2  
0 .3 4  3 .6 0  
0 .2 8  1 .85  
0 .2 6  1 .85  
0 .2 8  1 .95

(a) F if ty  g ram s  of th e  e a r th  a n d  50 cc. o f c o n c e n tra te d  hydrochloric 
ac id  (sp. gr. 1.2) w ere m ixed , e v a p o ra te d  on  th e  sa n d  b a th , pow dered, and 
sieved . T h e n  50 g ram s of th is  p re p a re d  e a r th  w ere  a d d e d  to  100 grams of 
r a p e  oil (B ) a n d  tr e a te d  a t  140° C . a s  abo v e .

d ecreases th e  b le a ch in g  a c tio n  of th e  e a rth , but that 
w e a k  a c id , su ch  as p h o sp h o ric , does n o t a ffe ct it. The 
p resen ce  of 50 p er ce n t o f o rg a n ic  a c id  in th e  oil does 
n o t a ffe c t  th e  b le a c h in g  p o w er.

a l k a l i e s — I t  h as b een  p o in te d  o u t b y  o th er authors 
t h a t  th e  b le a ch in g  a c tio n  o f fu lle r ’s e a r th  is affected 
b y  a  p re v io u s  t r e a tm e n t  w ith  a lk a lie s , b u t no state­
m en t is fo u n d  w ith  re g a rd  to  th e  a c tio n  o f a lkalies on 
th e  K a m b a r a  e a r th ; th is  w as a c c o rd in g ly  tested  as 
fo llo w s:

(a) A  5-gram  p o rtio n  of th e  e a rth , 10 cc. of N/s  
so d iu m  c a rb o n a te  so lu tio n  a;nd a su ita b le  q u a n tity  of 

• w a te r  w ere m ix ed  in to  a  p a ste  in  a  p o rcelain  dish. 
T h e  p a s ty  m ass w as  e v a p o r a te 4  on a  w a te r  b ath  and 
th e  d ried  e a rth  w ell s iev ed .

T a b l e  V II— A c t i o n  o f  5  P e r  C e n t  o f  K a m b a r a  E a r t h  o n  V a r i o u s  O i l s  a t  1 5 0 °  C .
R a tio  of o rig inal color

T in t  of o rig in a l oil 
K in d  o f  O il  R  Y

P e r i l l a . ! ......................................................................................  1 .3  16 .2
L in se e d ...................................................................................  1 . 0  6 .0 0
S o y a  b e a n ..............................................................................  3 . 2 0  4 8 .5
R a p e  seed  (A ) .....................................................................  2 . 0 0  65 .  10
R a p e  seed (B ) .......................................................................... 2 . 6 0  6 8 .5
R a p e  seed  ( t r e a te d  a t  140° C . ) ......................................  2 . 6 0  6 8 .5
A p rico t k e rn e l.....................................................................  0 . 3 8  1 .6 8
T s u b a k i .................................. •................................................... 0 . 0 0  0 . 4 0
T s u b a k i (co m m e rc ia l) .....................................................  0 . 1 0  2 . 8 0
S a rd in e ........................................................................................ 8 . 2  3 9 .5
M ach in e  (m in e ra l) ...............................................................  2 9 . 0  1 2 .0
E n g in e  (2 sa m p le s )  .................................................... D eep  b row n
C ru d e  g ly c e r in e ..........................................................   B lack
O le in ............................................................................................ D a rk  b row n

o rig in a l oils. On a c c o u n t of th e ir  h a rm less e ffe ct on 
n ick e l c a ta ly z e r , o ils  b le a ch e d  b y  th e  e a rth  m e th o d  ca n  
be re co m m e n d e d  fo r  use as th e  ra w  m a te ria ls  in  oil- 
h a rd e n in g  p la n ts .

6— i n f l u e n c e  o f  w a t e r  

T h e  in flu en ce  o f w a te r  o n  th e  b le a c h in g  a c tio n  of 
K a m b a r a  e a rth  w as d e te rm in e d  b y  m ix in g  w a te r  w ith

1 S oy  oil is a  b y -p ro d u c t of S oy  m ak in g  in J a p a n  a n d  is  ca lled  "S h o y u  
o il ."  I t  is of a lm o s t n o  valu e .

T in t  of b leach ed  oil
R

1 .05  
0 . 12 
0 .51  
0 .0 4  
0 .0 8  
0 .0 4  
0.10 
0.00 
0.00 
4 .7  

1 9 .0

Y
5 .6 7
2 .5 0  
3 .0 0  
1 .40
1 .50  
1 .30  
0 .0 7  
0 .0 8  
0.20

3 7 .0
3 0 .8

to  b leached  color

A lm o st u nb leached  
A lm ost u n b leach ed  
A lm o st u n b leach ed

R
1 .24
8 .2 8
6 .2 8

5 0 .0
3 2 .6
6 5 .2

2 .3 8

1 .74  
1 .52

Y  
2.86 
2 .4 0  

16 .17
4 6 .6
4 5 .7  
5 2 .6
2 4 .0  

5 .0
1 4 .0

1 .65  
M o re  co lored

Color of 
residua l ea rth  

(w et) 
B lack-brow n 
B row nish  black 
B lack-brow n 
B lack-brow n 
B lack-brow n 
B lack-brow n 
D a rk  brow n 
B row n 
B row n 
B lack-brow n 
B row nish  black 
D eep  b lack  
Brow nish black 
B row nish  black

(b) A  seco n d  p o rtio n  of e a r th  w as m ixed  w ith 2 
g ra m s of ca lc iu m  h y d ro x id e  a n d  w a te r  and after 

e v a p o r a tio n , th e  d ried  m ass w as  p o w d ered .

(c) A  th ird  p o rtio n  o f e a r th  w as m ixed  w ith  a dilute 
sodium - h y d ro x id e  s o lu tio n , b o ile d  a n d  filtered; then 
w ash e d  w ith  h o t  w a te r , d ried  on a  san d  b ath  and 
p o w d e re d .

F iv e -g r a m  p o rtio n s  of e a ch  of th e  a b o v e  specially 
tre a te d  e a rth s  w ere  th e n  a d d e d  to  100-gram  portions
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of oil an d  tre a te d  a t  14 0 ° C . T h e  re su lts , g iv e n  in 
Table X , sh o w  t h a t  a lk a lie s  d ecrease  th e  b le a ch in g  
action of K a m b a r a  e a r th  co n sid e ra b ly .

T a b le  X — A c t i o n  o f  A l k a l i e s  o n  B l e a c h i n g  P o w e r  o p  K a m b a r a  E a r t h  
E a rth  t re a te d  Oil T in t  of b leach ed  oil

w ith  used  R  Y
NaiCCh R a p e  oil (B )  1 .0 0  1 9 .5 0
C a(O H )a R a p e  oil (B )  0 .6 4  9 .0 0
N aO H  so lu tio n  S o y a  oil 1 .5 5  3 0 .8 0
(O riginal t i n t  of S o y a  oil) 1 .9 5  2 2 .5 0

8 — E A R T H  T R E A T E D  AT H I G H  T E M P E R A T U R E

Portions o f K a m b a r a  e a r th  w ere  h e a te d  to  th e  
tem peratures in d ic a te d  in  T a b le  X I :  5-gram  sam p les
of this h e a te d  e a rth  w ere  m ix e d  w ith  100 g ra m s of 
rape oil (B ) a n d  th e  b le a ch in g  a c tio n  te s te d  w ith  th e  
results g iven .

T a b l e  X I
T e m p e ra tu re  to  w hich  e a r th  B leach ed  oil

h a d  been h e a te d  R  Y
3 0 0 °  C ..............................................................  0 . 3 4  2 .5 0
4 0 0 °  C ..............................................................  0 . 4 0  2 .9 0
A bou t 6 0 0 °  C ....................................................  0 . 5 4  3 .0 0
D ull red  h e a t ................................................  0 .6 4  3 .1 0
B rig h t red  h e a t  .............................. 1 .6 4  21 .6 5  .
O rd in a ry  e a r t h .............................................  0 .0 8  1 .5 0

T he earth s w h ich  w ere  h e a te d  to  a  h igh  te m p e ra tu re , 
still tu rn ed  th e  b lu e  litm u s  p a p e r t o  red . O n re f­
erence to  T a b le  X I  it  w ill b e  seen  t h a t  th e  e a rth  w h ich  
was h e ated -to  a  v e r y  h ig h  te m p e ra tu re  lo s t  its  b le a c h ­
ing pow er c o n sid e ra b ly , n o tw ith s ta n d in g  its  a c id ic  
behavior to  litm u s  p a p er . A c c o rd in g  to  th is  fa c t , th e  
bleaching a c tio n  m a y  n o t be d e riv e d  fro m  th e  a c id ic  
property o f th e  e a rth . T h is  s ta te m e n t is fu r th e r  
corroborated b y  fa c ts  re p o rte d  b elo w .

9— THE R E L A T IO N  B E T W E E N  T H E  N U M B E R  OF T R E A T ­

M ENTS AND T H E  COLOR OF T H E  B L E A C H E D  OILS

(a) A  io o -g ra m  sa m p le  of o il w as g iv e n  tw o  t r e a t ­
ments w ith  5-g ram  p o rtio n s  of e a rth .

. ( 4) A  io o -g ra m  sam p le  of o il w as g iv e n  th ree  s u c ­
cessive tre a tm e n ts  w ith  2 .5-gram  p o rtio n s  o f e a r th  
and a final 5-g ram  tre a tm e n t.

T able X I I— E ffect  of N umber of T reatments  on R ai-e Oil  (B) 
T re a tm e n t G ra m s  of B leached  oil

n u m b e r e a r th  u sed  R  Y
l a ............................................  5 . 0  0 .0 4  1 .3 0
16.................................................. 5 . 0  0 .0 2  1 .3 0
2 a .................................................  2 . 5  0 . 4 0  2 .3 0
2 b .................................................. 2 . 5  0 . 3 0  2 .1 0
2 c ..................................................  2 . 5  0 . 2 8  1 .7 0
2 d .................................................  5 . 0  0 . 0 4  1 .0 5

The resu lts of th e se  te sts , as g iv e n  in T a b le  X I I ,  
show th e  in e ffe c tiv e n e ss  of re p e a te d  tre a tm e n ts  in 
com parison w ith  th e  a m o u n t of la b o r  req u ired .

1 0 — P R O P E R T I E S  O F  S P E N T  R E S I D U A L  E A R T H

The sp en t re sid u a l ■ e a rth  h as an  a c id  re a ctio n  to  
litmus p ap er: it  is a  b ro w n ish  b la c k  to  b la c k  m u d d y  
substance in  th e  w et s ta te  in  oil, a n d  in  su ch  co n d itio n  
does not d eco lo rize  oil a p p re c ia b ly . F o r  exa m p le , 
io  gram s of th e  sp en t' re s id u a l e a r th  (c a lc u la te d  to  
the oil-free basis) m ix ed  w ith  100 g ra m s of ra p e  oil 
(B) and tre a te d  g a v e  an  oil re a d in g  R  2.60, Y  68.50.

A fter th e  oil h a d  b een  e x tr a c te d  fro m  th e  sp en t 
residual e a rth  w ith  s o lv e n t, a n d  th e  e a rth  d ried  an d  
powdered, rap e  oil (B ) w as b le a ch e d  b y  th e  tr e a tm e n t 
of 5 per ce n t of th is  sp en t e a rth  to  R  1 .5 5 , Y  30.63.

N ext th e  fo llo w in g  e x p e rim e n ts  w ere  tr ie d :
(a) R a p e  oil (B ) w as  b le a ch e d  b y  a d d in g  10 per ce n t 

of the earth . R e s u lt:  R  0.10 , Y  2.10.

(¿1) T h e  resid u a l e a rth  o f (a) w ash e d  w ith  so lvent,, 
ad d ed  to  100 g ra m s of ra p e  oil an d  tre a te d . R e s u lt: 
R  0.38, Y  2.80.

(c) T h e  resid u a l e a r th  of (b) w a sh e d  w ith  s o lv e n t, 
a d d ed  to  100 gram s of ra p e  oil a n d  tre a te d . R e s u lt: 
R  0 .72, Y  3.90.

I t  w ill b e  seen  fro m  th e  e x p e r im e n ta l re su lts  t h a t  
th e  sp en t re sid u a l e a r th  m ix ed  w ith  oil h as no b le a ch in g  
p o w er on oils, b u t  if i t  is w ash e d  w ith  s o lv e n t  an d  th e  
a b so rb ed  oil re m o v e d , th e  b le a ch in g  p r o p e r ty  is re ­
co v e re d  to  a co n sid e ra b le  e x te n t.

I I  F R A C T IO N A L  D I F F U S I O N  O F  O IL S  A N D  F A T T Y  A C ID S

B Y  T R E A T IN G  W IT H  T H E  E A R T H

(a) E x p e rim e n ts  w ere  m ad e on  lin seed  oil. A l ­
th o u g h  ca rried  o u t w ith  care , th ese

Q C /C fS

F i g . 2

tHUUgil L-clillUU. UUL VY1LI1 LilIU, bJlt-bU
ex p e rim e n ts  g a v e  o n ly  n e g a t iv e  re- 
su its .

{b) E x p e rim e n ts  on th e  f a t t y  
a c id s  of lin seed  o il w ere m ad e b y  
ta k in g  u p  100 cc. of th e  m ixed  f a t t y  
a c id s  o b ta in e d  fro m  lin seed  oil, in to  a 
ta p  fu n n e l, as sh o w n  in F ig . 2, an d  
filte rin g  in  a  s tea m  o ve n  in  a  c u r ­
re n t o f h y d ro g en .

T h is  e xp erim en t, h o w ev er , w as p r o b a b ly  n o t  an  
e n tire ly  s a t is fa c to r y  one, since it  is d ifficu lt  t o  p r e v e n t  
th e  o x id a tio n  an d  p o ly m e riz a tio n  of h ig h er u n s a tu r a te d

< T ab l e  X I I I
E a ch  10 cc. of th e  frac tio n a l f il tra te  w ere ta k e n  a n d  iod ine  v a lu e  and  

re fra c tiv e  index  d e te rm in ed .
l> 20°

Io d in e  N o. (Zeiss b u ty ro -
(W ijs) re fra c to m e te r)

1st f i l t r a te .................................................  188 .73  72
2 nd  f i l t r a te ................................................ 189 .90  71
3 rd  f i l t r a te ................................................  1 8 6 .2 0  71
4 th  f i l t r a te ................................................  180 .27  75
O rig ina l f a t ty  a c id s ..............................  191 .67  70

f a t t y  a c id s  a t  th e  so m e w h a t h ig h  te m p e ra tu re . B u t  it  
a p p ea rs  t h a t  th e  f a t t y  a cid s h a v e  b een  fr a c t io n a lly  
d iffu sed  b y  tre a tin g  w ith  th e  K a m b a r a  e a rth , in so m e 
p o rtio n .

1 2  A C T IO N  F O R  S O M E  O R G A N IC  C O L O R IN G  M A T T E R S

m e t h y l  v i o l e t — 2 g ram s of th e  e a rth  w ere m ixed  
w ith  an  a lco h o lic  so lu tio n  of m e th y l v io le t  (R  49 -5» 
Y  30.6) sh a k e n , a llo w ed  to  s e tt le  a n d  fd tered .

T ab l e  X IV — E f f e c t  o p  V a r i o u s  E a r t h s  on  M e t h y l  V i o l e t  
C o lo r C olo r of a d so rb ed  e a rth

S olu- of w ashed  w ith  a lcoho l
K i n d s  of  tio n  f il tra te  D ried  D ried  in a

E a r t h  C c. R  Y  W e t in  a ir  s te a m  oven
K a m b a ra .... 20 2 0 .0  10 .4  
K a m b a ra ....
S am p le  of :H iK a m b a ra .... 10 3 .3  3 .3  V B ea u tifu l p u rp le
S am ple  of (

E c h ig o .. .. 10 1 5 .0  8 . 4 ;
I g a . . .   10 3 3 .5  1 4 .0
B itch u , red . 10 3 6 .5  1 7 .0  
B itch u , ye l­

lo w   10 18 .5  2 .7

V iole t

V iolet

1 B ea u tifu l 
v p u rp lish  
I b lue

G reen  D eep  green

I G ray ish  1 L ig h t g reen ish  b lue  
( v io le t j L ig h t p u rp lish  b lue

M e th y l v io le t  so lu tio n  is green  w ith  in o rg a n ic  a c id s  
a n d  b lu e  w ith  v e r y  w e a k  acid s. I t  is a  cu rio u s  th in g  
th a t  th e  B itc h u  a n d  I g a  e a rth s  w h ich  h a v e  th e  w e a k  
b le a ch in g  p o w e r on oil, tu rn  green , a n d  a sam p le  of 
E c h ig o  e a r th , w h ich  h a s  no a c id ic  p ro p e r ty , is s im ila r  
to  th e  K a m b a r a  e a rth  in  re sp e ct to  co lo ra tio n .

a l k a l i - b l u e — T h e  K a m b a r a  e a r th  a b so rb s  a lk a li-  
b lu e  an d  tu r n s  to  v io le t-b lu e . T h e  so lu tio n  is 
a lm o st d eco lo rize d . W h en  th e  co lo re d  e a rth  is w a sh e d  
w ith  a lco h o l se v e ra l tim e s  th e  a lco h o l d isso lv es  so m e of
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th e  a b so rb ed  co lo r. T h e  co lo r of th e  d r y  co lo red  e a rth  
is n o t a lte re d  b y  m ix in g  w ith  lin seed  oil, b u t  th e  d r y in g  
p ro p e r ty  of th e  oil is d ecreased .

m e t h y i . o r a n g e — A  d ilu te  so lu tio n  is a lm o st d e­
co lo rized  b y  an  e a rth  and th e  e a rth s  th e m s e lv e s  
ch a n g e  co lo r as fo llo w s:

K a m b a ra  e a r th  P in k
Ig a , E c h ig o , B itc h u  B row n  to  re d d ish  b row n .

A  c o n ce n tra te d  so lu tio n  ch a n g e s  all th e  e a rth s  to  
o ra n ge-red .

c r u d e  c h l o r o p h y l l — C ru d e  c h lo ro p h y ll so lu tio n  
is p re p a re d  b y  e x tr a c t in g  green  le a v e s  w ith  e th e r an d  
m ix in g  w ith  b le a ch e d  ra p e  oil (R  0.0, Y  0.42) a n d  th e  
t in t  of th e  so lu tio n  is R  0.74, Y  20.42, B 0 .16 . F iv e  
g ra m s of th e  e a rth  w ere m ixed  w ith  100 g ra m s of th e  
ch lo ro p h y ll oil so lu tio n , tre a te d  a t  n o °  C ., filtered , 
co o led ; th e  re su lt w as R  0.70, Y  4.5, B  0.00.

A L C O H O L IC  S O L U T IO N  O F  C R U D E  C H L O R O P H Y L L  ( Y  2.3,
B 0.86)— 100 g ra m s of th e  c h lo ro p h y ll so lu tio n  w ere 
m ixed  w ith  5 g ra m s o f th e  e a rth  a n d  tre a te d  a t 2 2 0 C ., 
10 m in u tes; th e  resu lt w as  Y  1 .7 5 , B  0.16.

A N  O IL  D Y E S T U F F  G R E E N  C 0 R I  B A S E  ( Y  1 .9,
B  3 .1) w as  d isso lv ed  in b lea ch e d  rap e  oil, tre a te d  w ith  
5 per ce n t of th e  e a rth  a t  a te m p e ra tu re  of 2 2 0 C . fo r
10 m in u tes: th e  re su lt w as  Y  1 .7 5 , B  0.10.

I t  a p p ea rs  t h a t  th e  b le a ch in g  a c tio n  o f th e  e a rth  is 
n o t s im ila r in th e  cases of th e  oil d y e s  a n d  th e  d y e- 
stu ff so lu tio n s  te s te d . A lth o u g h  th e  e a rth  h as an  
e ffe c tiv e  b le a ch in g  p o w er on a  d y e s tu ff  so lu tio n , it  
d id  n o t b lea ch  th e  oil so e ffe c tiv e ly .

13— A C O L O R  R E A C T IO N  O N  CO D  L IV E R  O IL

A  few  g ra m s o f th e  e a rth  w ere m ixed  w ith  co d  liv e r
011 in a  te s t  tu b e  a n d  th e n  s h a k e n : th e  e a rth  b e ca m e  a  
b e a u tifu l b lu ish  green  co lo r. T h e  co lo ra tio n  seem s due 
t o  th e  p resen ce  of co lo rin g  p rin cip le s  in  th e  oil a n d  is a 
v e r y  c h a ra c te r is tic  one. A c c o rd in g  to  m y  e x p erim en ts  
m o st o th e r  o ils  h a v e  n o t su ch  a co lo ra tio n , so t h a t  th is  
co lo ra tio n  w o u ld  seem  a p p lic a b le  to  th e  d e te c tio n  o f cod 
l iv e r  oil.

S U M M A R Y  A N D  C O N C L U S IO N S

T h e  fo re g o in g  in v e s tig a tio n s  seem  to  h a v e  e sta b lish e d  
th e  fo llo w in g  co n clu sio n s:

1— T h e  K a m b a r a  e a r th  h as a re m a rk a b le  b le a ch in g  
a c tio n  on f a t t y  oils.

2— T h e  b le a ch in g  a ctio n  of th e  e a rth  is a ffe c te d  b y  
th e  p resen ce  o f im p u ritie s  in  oils.

3— T h e  b le a ch in g  p o w e r of th e  e a rth  on oils v a r ie s  
w ith  th e  tim e  a n d  te m p e ra tu re  of th e  tre a tm e n ts . A t  
lo w  te m p e ra tu re s  th e  lo n g er tre a tm e n t  is m o re  e ffe c tiv e  
th a n  th e  sh o rte r. In  th e  case  of h ig h  te m p e ra tu re s , 
sh o rte r  tre a tm e n t  is b e tte r  th a n  lo n ger.

4—— T h e  p resen ce  o f a ir w h ile  th e  oil is u n d e r t r e a t ­
m en t in flu en ces th e  co lo r of th e  b le a ch e d  oil.

5— C o n ta c t  w ith  h y d ro g e n  o r ca rb o n  d io x id e  w h ile  
th e  oil is u n d e rg o in g  tr e a tm e n t  does n o t lessen  th e  
b le a ch in g  p o w er of th e  e arth .

6— In  th e  cu rre n t of h y d ro g e n  or ca rb o n  d io x id e  
gas, th e  b lea ch e d  oil is v e r y  lit t le  a ffe c te d  b y  tim e  and  
tem p e ra tu re .

7— T h e  p resen ce  o f free w a te r  w ith  th e  e a rth  s e r io u s ly  
d ecreases its  b le a ch in g  po%ver.

8— T h e  p resen ce  o f s tro n g  in o rg a n ic  a cid  w ith  the 
e a r th  lessens th e  b le a ch in g  p o w e r, b u t  p h osph oric acid 
does n o t a ffe c t it.

9— T h e  b le a ch in g  p o w er of th e  e a rth  is g re a tly  de­
crea sed  b y  th e  p resen ce  of a lk a lie s .

10— K a m b a r a  e a rth  h e a te d  to  d u ll redness loses 
so m e of its  b le a c h in g  p o w er. E a r th  h e a te d  to  a bright 
red  c o n d itio n  loses its  b le a c h in g  p o w e r en tire ly .

11— T h e  a c id  v a lu e  a n d  o th e r ch e m ica l characteristics 
of th e  b lea ch e d  oil are  n o t d ifferen t fro m  th o se  of the 
o rig in a l oil.

12— O il b le a ch e d  b y  th e  e a rth  m e th o d  is a  desirable 
ra w  m a te ria l fo r  th e  m a n u fa c tu re  of h a rd en ed  oil.

13— T h e  co lo r o f th e  sp e n t resid u a l e a rth  depends 
up o n  th e  degree  of b le a ch in g  a cco m p lish e d .

14— S p en t resid u a l e a rth s  h a v e  no b lea ch in g  power, 
b u t  if w ell w a sh e d  w ith  s o lv e n t, th e y  b le a ch  oil effec­
t iv e ly . W ell w ash ed  sp en t resid u a l e a r th  has an 
a c id ic  re a ctio n  to  litm u s  p ap er.

15— W h en  K a m b a r a  e a rth  is m ix ed  w ith  cod liver 
oil, th e  e a rth  soon  assu m es a b e a u tifu l b lu ish  green 
co lo r. T h is  co lo ra tio n  a p p ea rs  to  be a p p lica b le  for the 
d e te c tio n  of co d  l iv e r  oil.

T h e  a u th o r ’s b e st th a n k s  are d ue to  M r. M . Tsuji- 
m o to , fo r k in d  a d v ic e  in  co n n e ctio n  w ith  the work 
re p o rte d  in  th is  a rtic le .

T h u  I m p e r ia l  L a b o r a t o r y  ( K o g y o  S h i k e n j o )
Y b t c h u -s h i m a , K y o b a s h i  

T o k y o , J a p a n

THE DETERMINATION OF SULFATES IN WATER BY 
BENZIDINE HYDROCHLORIDE

B y  F. W . B r u c k m i l l e r  

R ece ived  M a rc h  25, 1915

B e n z id in e  h y d ro c h lo rid e  w as first u sed  in  the de­
te r m in a tio n  of su lfa te s  b y  R a s c h ig 1 w h o  thoroughly 
d e v e lo p e d  th e  te c h n ic  o f th e  m e th o d  fo r its  use in 
co a l a n a ly sis . F r ie d h a m  an d  N y d e g g e r 2 in vestigated  
th e  erro rs  in  th e  m e th o d  w ith  som e th o ro u gh n ess and 
co n c lu d e d  t h a t  th e  m e th o d  w as q u ite  as accu rate  for 
d e te rm in in g  so lu b le  s u lfa te s  as th e  q u ic k  precipita­
t io n  b y  m ean s of b a riu m  ch lo rid e . J a co b s o n ,3 in a 
sea rch  fo r  a  ra p id  m e th o d  fo r  s u lfa te s  in  connec­
tio n  w ith  th e  c o n tro l o f w a te r  s o fte n in g , w as the first 
to  use th e  m e th o d  in  w a te r  a n a ly s is . H is  conclusions 
w ere t h a t  th e  m e th o d  w as q u ite  a ccu ra te  enough 
fo r  ra p id  b o ile r  w a te r  a n a ly s is . H is  d a ta , however, 
are  m e a g er, th e  re s u lts  o f o n ly  six  determ inations 
b e in g  g iv e n  w ith  an  erro r o f 8 p er ce n t on  an average 
o f 135 p a rts  p er m illio n  o f SO4. W ith  th e  idea in 
m in d  o f fu r th e r  in v e s t ig a t in g  th e  m eth o d  and ob­
ta in in g  m ore d a ta  on  its  use in  w a te r  a n a ly sis , this 
w o rk  w as u n d e rta k e n .

T h e  m e th o d  co n sists  in p re c ip ita t in g  the sulfate 
b y  m ean s of b e n zid in e  h y d ro c h lo rid e , as benzidine 
s u lfa te , w h ich , b e in g  in so lu b le  in  w a te r , is filtered off 
su sp en d ed  in  w a te r  a n d  t it r a te d  in  th e  h o t w ith  stand­
ard  a lk a li, u sin g  p h e n o lp h th a le in  as in d ica to r. This 
t it r a tio n  is re n d ered  p o ssib le  b y  th e  v e r y  w eak basic 
p ro p e rtie s  o f b e n zid in e .

1 Z .  angew. C hcm ., 1903, p p .  6 1 7 , 8 1 8 .
* Ib id ., 1907, p. 9.
5 I llino is  W a te r  S u rv ey , B ull. 8 (1911), p . 112.
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T h e m e th o d  of p ro ce d u re  a t  firs t u sed  w as th e  sam e 
as th a t e m p lo y e d  b y  J a co b so n . T o  250 cc. o f th e  
w ater to  be te s te d , 1 5 0  cc. o f th e  b e n zid in e  h y d r o ­
chloride so lu tio n  (2 g ra m s b e n zid in e  p er liter) w ere 
added. T h e  so lu tio n  w as s tirre d , a llo w e d  to  se ttle , 
filtered ra p id ly  b y  m ean s of su ctio n , a n d  w ash ed  
with a b o u t 25 cc. o f w a te r . T h e  p re c ip ita te  w as re ­
turned to  th e  b e a k e r  a n d  w a te r  a d d e d ; th e  m ix tu re  
was h e a te d  to  b o ilin g  a n d  t it r a te d  w ith  0.05  N  N a O H , 
using p h e n o lp h th a le in  as th e  in d ic a to r . R a p id  f iltr a ­
tion w as b e st a cco m p lish e d  b y  filte rin g  on a  d isc of 
filter p ap er (p re fe r a b ly  S ch le ich e r-S ch u ll N o . 5 S9) 
placed in a  G o o ch  cru c ib le  a n d  p ro te c te d  b y  a  W it t  
plate.

T he in flu en ce  of c o n c e n tra tio n  of b e n zid in e  h y d r o ­
chloride w as  firs t d e te rm in e d . F o r  th is  w o rk  a 0 . 1 0  

N  so lu tio n  o f so d iu m  s u lfa te  w as  u sed , b e in g  p re ­
pared b y  e x a c t ly  n e u tr a liz in g  a  g iv e n  q u a n t ity  of 
0.2 N  su lfu r ic  a c id  w ith  0.2 N  so d iu m  h y d ro x id e . S u it ­
able p o rtio n s o f th is  s o lu tio n  w ere d ilu te d  w ith  d is­
tilled w a te r  to  g iv e  fiv e  so lu tio n s  c o n ta in in g  th e  sp e c i­
fied a m o u n ts  of SO4. U sin g  a  v a r ia b le  e xcess of 
benzidine h y d ro c h lo rid e , a  series o f s u lfa te  d e te rm in a ­
tions w ere m a d e  on  e a ch  o f th e  a b o v e  so lu tio n s , 250 

cc. bein g ta k e n  fo r  e a ch  d e te rm in a tio n . T a b le  I 
contains th e  a v e ra g e  of th re e  d e te rm in a tio n s  in each  
series. J u d g in g  fro m  th e se  re su lts , an  excess o f n o t 
less th a n  25 p er c e n t  o f b e n zid in e  h y d ro c h lo rid e  a p ­
pears s a t is fa c to r y  in  o b ta in in g  a  c o m p le te  p r e c ip ita ­
tion.

T a b l e  I — E x c e s s  ok  B e n z i d i n e  H y d r o c h l o r id e  R e q u ir e d  
T o ta l v o lum e, 500  cc ., b e n z id in e  h y d ro ch lo r id e , 2 g. p e r  li te r .

Excess b enz id ine  P a r ts  p e r  m illion  SO«
hydroch lo ride

P er ce n t P re s e n t
0 48 96 192

F o u n d
384 480

10 26 80 180 300 400
15 38 88 186 375 460
25 48 96 192 384 480
35 48 96 192 384 480
45 48 96 192 384 480
60 48 96 192 384 480

so lu tio n  w as a d d ed  in  th o se  w a te rs  th a t  co n ta in ed  
fe rric  iro n . F e rric  iron , as p o in te d  o u t b y  R a s c h ig , 1 

r e a c ts  w ith  th e  b en zid in e  h y d ro ch lo rid e  in  such  a 
m a n n er as to  g iv e  lo w  re su lts . F e rro u s  iro n , h o w e v e r , 
does n o t h a v e  th is  d is tu rb in g  in flu en ce . B y  u sin g 
h y d r o x y la m in e  h y d ro c h lo rid e  th e  fe rric  iro n  p re se n t 
can  be re a d ily  re d u ce d  to  th e  ferro u s  co n d itio n . T h e  
h y d r o x y la m in e  w ill n o t r e a c t  w ith  th e  b e n zid in e  
h y d r o c h lo rid e . 2

U sin g  b a riu m  ch lo rid e , th e  p ro ce d u re  w as as  fo llo w s: 
250 cc. o f th e  w a te r  t o  b e  te s te d  w ere  e v a p o r a te d  
to  d ry n e ss  in  a  cassero le . T h e  re sid u e  w as m o isten ed  
w ith  5 cc. o f c o n c e n tra te d  H C 1, d ilu te d  w ith  h o t 
w a te r  a n d  filte re d . T h e  filtr a te  w as  m ad e  u p  to  200 
cc. an d  a fte r  h e a tin g  to  b o ilin g  10  cc. of b a riu m  
ch lo rid e  ( 50  g . p er liter) w ere a d d ed  a t once w ith  
v ig o ro u s  stirr in g . A fte r  a llo w in g  th e  p re c ip ita te  to  
s e ttle  o v e r  n ig h t, th e  B a S O i w as  filtered  off on to  a 
G o o ch  c ru c ib le , dried  a t  1 8 0 ° C ., ig n ite d  5 m in u te s  on 
a M e k e r b u rn e r an d  w eigh ed .

T a b le  I I I  c o n ta in s  a  fe w  t y p ic a l  re su lts . T h e  re ­
s u lts  o b ta in e d  b y  b o th  m e th o d s agree  c lo s e ly  e n o u g h  
fo r a ll p ra c t ic a l p u rp o ses. T h e  b e n z id in e  h y d ro -
T a b l e  I I I — C o m p a r is o n  o f  R e s u l t s  O b t a in e d  w it h  B a r iu m  C h l o r id e  

a n d  w it h  B e n z id in e  
P a r ts  p e r  m illion  SO 4 P a r ts  p e r jn il l io n  SO*

L a b .
N o .
6678
6682
6723
6729
6742
6804
6887
6942
7081
7082

B a C h
8 0 .6
7 6 .5

2 5 4 .2
8 7 .6
6 8 .7  
4 5 .4

5 8 4 .7
6 2 .2
2 9 .6

173 .2

B enz i­
d ine
8 4 .5
8 0 .6  

2 5 7 .3
9 6 .0
7 6 .8
4 0 .3  

5 8 3 .7
6 3 .4  
3 2 .6

180 .5

DifF. 
+ 3 . 9  
+  4 .1  
+  3 .1  
+  8 .4  
+ 8.1 
— 5.1 
—  1 . 0  
+ 1.2 
+  3 .0  
+  7 .3

L ab . 
N o. 

7084 
7087 
7114 
7128 
7139 
7142 
7144 
7148
7155
7156

B aC lj
3 4 3 .9
101.2
5 1 .0
1 9 .8
3 8 .8
2 4 .7
4 8 .0  
16 .2  
2 6 .3
5 1 .8

B en z i­
d ine  

341 .5 
107 .5
4 6 .0
15 .4
3 8 .4  
19 .2
4 6 .0
21.0 
2 5 .0
6 3 .4

DifF. 
— 2.4 
+  6 .3
—  5 .0  
— 4 .4  
— 0 .4  
— 5.5 
— 2.0  
+  4 .8
—  1 .3  
+ 1 .6

W ith th e  id e a  of re d u c in g  th e  v o lu m e  of liq u id
to be filtered , a  s tro n g e r s o lu tio n  of b e n zid in e  h y d r o ­
chloride (8 g . b e n zid in e  p er liter) w as tr ie d  w ith
the results as sh o w n  in  T a b le  I I .
T a bi.b  I I — S u l f a t e  in  S o d iu m  S u l f a t e  b y  M e a n s  o f  B e n z id in e  H y d r o ­

c h l o r id e

B enzidine h y d ro ch lo r id e , 8 g. p e r  1. 30 p e r c e n t excess used  in each
d eterm ination . T o ta l  v o lu m e, 300  cc.
P arts  pe r m illion SO< P a r ts  p e r  m illion  SO 4 P a r ts  p e r m illion  SO*

Present F o u n d  E r r o r  P re s e n t F o u n d  E r ro r  P re s e n t F o u n d  E r ro r
10 1 0 .0  0 .0 0  100 10 0 .2  + 0 .2 0  300  2 9 8 .0  — 0 .7 0
30 3 0 .0  0 .0 0  150 150.1 + 0 .0 1  350 3 5 1 .0  + 0 .3 0
50 5 0 .0  0 .0 0  200 1 9 9 .8  — 0 .1 0  400 4 0 1 .0  + 0 .2 5

T he resu lts  seem  to  be q u ite  as a c c u r a te  as th o se  
obtained w ith  th e  w e a k e r  so lu tio n , so t h a t  in a ll of 
the su b seq u en t w o rk  th e  s tro n g e r so lu tio n  of b e n z i­
dine h y d ro ch lo rid e  w a s  used .

For the p u rp o se  o f in v e s t ig a t in g  th e  a d a p ta b ility  
and a cc u ra c y  o f th e  m e th o d  in  d e te rm in in g  su lfa te s  
in n atural w a te rs , th e  m e th o d  w as u sed  in p a ra lle l 
with th e  q u ick  p re c ip ita tio n  of s u lfa te s  b y  b a riu m  
chloride on a b o u t 100  w a te rs  o f v a r y in g  co m p o sitio n .

T he p ro ce d u re  w ith  b e n z id in e  h y d ro c h lo rid e  w as 
the sam e as p re v io u s ly  o u tlin e d  w ith  th e  e x ce p tio n  
that the s tro n g  b e n z id in e  h y d ro c h lo rid e  so lu tio n  
(8 g. b en zid in e  p er liter) w as  u sed , an d  t h a t  10 
cc. of a 1 per ce n t  h y d r o x y la m in e  h y d ro ch lo rid e

ch lo rid e  m e th o d , h o w e v e r , h as th e  a d v a n ta g e , s in ce  
w ith  i t  resu lts  can  b e  h a d  in 30  m in u te s  w h ile  w ith  
th e  b a riu m  ch lo rid e  m eth o d  6 h o u rs an d  m o re , g e n e ra lly  
1 2 , are  req u ired .

T a b le  I V  co n ta in s  a co m p le te  a n a ly s is  of th e  w a te rs  
used in  T a b le  I I I ,  an d  w ill g iv e  so m e id e a  o f th e  c h a r ­
a c te r  of th e  w a te rs  on  w h ich  th e  m e th o d  w as used.

T a b l e  IV — C o m p o s it io n  o f  W a t e r  A n a l y z e d  ( P a r t s  p e r  M il l i o n )
L a b . T o ta l F e
N o. C ity solids (ic) C a

6678 A tch ison 342 4 .0 4 7 .6
6682 A rk an sas  C ity 800 0 .3 116 .9
6723 W aldo 873
6729 P it t s b u rg 329 s ! o 66 Í5
2742 H u tc h in so n 915 9 .5 1 0 7 .0
6804 O sborne 464 2 .5 1 0 9 .0
6887 W a sh in g to n 1297 15 .2 154.7
6942 S t. M a ry s 582 0 .5 5 8 .5
7081 S t. F ra n c is 268 1 .4 5 6 .7
7084 C im aron 844
7087 M in e ra l 1005 i ! o ¿ Í  .3
7114 W infield 241 8 .4 5 5 .0
7128 K an o p o lis 301 1 .0
7139 J u n c tio n  C ity 332 1 .2 5 2 .0
7142 E llis 373 1 .2 7 8 .0
7144 T u ro n 803 1 .0
7148 N eo d esh a 184 1 .2 59 !o
7155 A bilene 215 1 .2 4 0 .5
7156 B lue R a p id s 394 1 .2 3 7 .0

M g N a  
1 9 .8  . . .
2 0 .3  207

2 .0  Í4 Í
3 1 .7  243
1 4 .4  31
2 2 .7  . . .
2 6 .8  71

9 . 1 28

3 2 .2
10.8

1 9 .8
1 4 .6

\ 3 .0
9 .8

2 3 .0

273

Cl
10.0

2 4 0 .0  
4 .4

88.0
4 0 6 .0

1 9 .0
4 4 .0
4 6 .0
3 0 .0
5 2 .0

3 4 4 .0
20.0 
10.0
3 4 .0
12.0

3 2 0 .0  
20.0
1 4 .0
1 8 .0

IIC O 3
119 .5  
2 6 8 .0
3 0 7 .8
3 3 0 .0
2 6 4 .0
3 9 3 .0
2 6 6 .0
3 7 6 .0
2 2 4 .5
2 4 4 .0  
391 .0
1 7 6 .0
1 8 7 .8
2 9 5 .5
3 1 2 .5
2 4 6 .5  
2 1 4 .7
1 5 6 .0
3 3 0 .0

SO*
8 0 .6
7 6 .5

2 5 4 .2
8 7 .6
6 8 .7
4 5 .4  

5 8 4 .7
6 2 .2
2 9 .5  

3 4 3 .9
101.2
5 1 .0
1 9 .8
3 8 .8  
2 4 .7
4 6 .0
21.0 
2 5 .0  
6 3 .4

NOi
0 .5
2.0
1 .5

0 .5
4 .0  
1 .0
6.0  
1.2 
0 .0

ÓÍ5 
10.0 
0 .5  
1.0 
1 .0 
0 .7  
1 .0 
0 .7

F o r o rd in a ry  ro u tin e  w a te r  a n a ly s is  th e  fo llo w in g  
p ro ce d u re  is re co m m e n d e d : T o  250  cc. o f th e  w a te r
(less if th e  SO4 c o n te n t is g r e a te r  th a n  500  p a r ts  , p er 
m illio n ) a d d  10  cc. of a  1 p er c e n t so lu tio n  of h y d r o x y l­
am in e h y d ro ch lo rid e  (m ore if th e  iro n  c o n te n t o f th e  
w a te r  is v e r y  h ig h ) a n d  20 cc. o f b e n z id in e  h y d r o c h lo ­
rid e. S tir  v ig o ro u s ly  an d  a llo w  th e  s ilk y  w h ite  p re ­
c ip ita te  to  s e tt le . F ilte r  on  a d isc o f b la c k  rib b o n

1 Loc. cit.
2 R asch ig , Loc. cit.
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filte r p a p e r in  a  G o o ch  cru cib le  w ith  su ctio n . W a sh  
tw ic e  w ith  co ld  d is tille d  w a te r  w ith o u t a llo w in g  th e  
p re c ip ita te  to  b e co m e  d r y . T ra n s fe r  th e  p re c ip ita te  
to  th e  o rig in a l b e a k e r, a d d  w a te r  a n d  h e a t  to  b o ilin g . 
T it r a te  w ith  0.0 5 N  N a O H , u sin g  p h e n o lp h th a le in  
as th e  in d ica to r.

9.6 X  cc . 0 . 0 5 N  N a O H  =  p a rts  p er m illio n  SO i.
T h e  b e n zid in e  h y d ro ch lo rid e  so lu tio n  is m a d e  up 

a s fo llo w s: P la c e  8 g . o f b e n zid in e  in  an  a g a te
m o rta r  an d  a d d  e n o u g h  w a te r  to  m a k e  a p a ste . W ash  
th e  p a ste  in to  a  1 lite r  flask , a d d  10  cc. c o n c e n tra te d  
H C 1, an d  m a k e  u p  to  th e  m a rk . F ilte r , if n ece ssa ry . 
1 cc. =  0. 0026  g. S O 4.

C O N C L U S IO N S

I— T h e  b e n zid in e  h y d ro c h lo rid e  m e th o d  is  a p p lic a b le  
fo r  th e  d e te rm in a tio n  of s u lfa te s  in  w a te r .

I I — T h e  re su lts  w ith  th e  use of b e n zid in e  h y d r o ­
ch lo rid e  co m p a re  fa v o r a b ly  w ith  th o se  o b ta in e d  w ith  
th e  use of b a riu m  ch lo rid e.

I I I — T h e  b e n zid in e  h y d ro ch lo rid e  m e th o d  is m uch 
m ore ra p id  th a n  th e  b a riu m  ch lo rid e  m e th o d , fo r 
w h ich  reaso n  it  is v e r y  w ell a d a p te d  to  ro u tin e  w a te r  
a n a ly sis .

W a t u 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

EXAMINATION OF TOM ATO PULP
B y  \V . D . B ig e l o w  a n d  F . F .  F it z g e r a l d  

R ece iv ed  J u n e  1, 1915

T o m a to  p u lp  is p re p a re d  in  v e r y  la rg e  q u a n tit ie s  
fo r  th e  m a n u fa c tu re  of k e tc h u p  a n d  p u lp . W h ile  
a  co n sid e ra b le  a m o u n t o f p u lp  u sed  fo r  th is  p u rp o se  
is m ad e  b y  th e  k e tc h u p  m a n u fa ctu re rs , th e  p re p a ra ­
tio n  of p u lp  for sale  as su ch  h a s  re a ch ed  co n sid e ra b le  
p ro p o rtio n s. T h e re  is also  an in cre a s in g  a m o u n t of 
th is  p ro d u c t p lace d  on  th e  m a rk e t  in  sm a ll co n ta in ers  
fo r  h o u seh o ld  use in  th e  p re p a ra tio n  of soup .

W h ile  th e  g re a te r  p a r t  of th e  p u lp  p la ce d  on  th e  
m a rk e t is m ad e  fro m  w h o le  to m a to e s, th e re  are  a 
n u m b e r o f p la n ts  t h a t  m a n u fa c tu re  p u lp  fro m  tr im m in g  
s to c k  in co n n e ctio n  w ith  th e  ca n n in g  of to m a to e s . 
S in ce  th e  la t t e r  p ro d u c t is g iv e n  a  lo w e r g ra d e  c o m ­
m e rc ia lly  th a n  w h o le  to m a to  p u lp  a n d  h as a  s o m ew h a t 
d ifferen t c o m p o sitio n , it  b eco m es im p o rta n t to  be 
a b le  to  d is tin g u ish  th e  tw o  b y  e x a m in a tio n  in th e  
la b o r a to r y .

I t  is fo u n d  t h a t  th e  re su lts  o f th e  sa m p le s  e xa m in ed  
in th is  la b o r a to r y  d u rin g  th e  la st  seaso n  a ffo rd  a  
b a sis  fo r  th is  d is tin ctio n . T h e y  a lso  m a k e  it  p o ssib le  
to  s im p lify  th e  e x a m in a tio n  w h ich  w e h a v e  h e re to fo re  
fo u n d  n e ce ssa ry .

C O M P O S IT IO N  0 1 ' W H O L E  T O M A T O  P U L P

T h e  re su lts  o b ta in e d  b y  th e  e x a m in a tio n  of 33  sam p les 
of w h ole  to m a to  p u lp  are g iv e n  in  T a b le  I. T h e  co n ­
c e n tra tio n  of th e  sam p les v a r ie s  fro m  u n c o n c e n tra te d  
p u lp  as it  ru n s fro m  th e  c y c lo n e , to  p u lp s  of v e r y  h e a v y  
co n sis te n cy . T h is  ta b le  co n ta in s  th e  d a ta  fro m  w h ich  
T a b le  I I I  a n d  I V  w ere  c a lc u la te d , a lth o u g h  d u rin g  
th e  season  a p a r tia l a n a ly s is  w as  m ad e  o f a la rg e  n u m ­
b er o f o th er sam p les, a n d  th e  d a ta  secu re d  th e re fro m  
w ere in a ll re sp e cts  c o n fir m a to r y  o f th e  re la tio n s  c a l­
c u la te d  fro m  T a b le  I.

In  a d d itio n  to  th e  d a ta  o b ta in e d  b y  th e  various 
d e te rm in a tio n s , T a b le  I g iv e s  th e  re la tio n  between 
th e  re su lts  o f th e  d e te rm in a tio n s  fo r  each  individual 
sam p le . F o r  in sta n ce , th e  ra tio  of p u lp  solids to fil­
t r a te  so lids (p u lp  so lid s d iv id e d  b y  filtra te  solids) 
v a r ie s  in  th e  d ifferen t sa m p le s  fro m  1 . 0 91  to  1 . 154 , 
a n d , w ith  th e  e x ce p tio n  of tw o  sam p les, it  va ries  from 
1 . 1 00  to  1 . 1 4 5 . T h e  a v e ra g e  of th e  33  sam ples was 
1 . 1 2 . T h e  re la tio n  of in so lu b le  so lid s to  to ta l solids 
(exp ressed  as p er ce n t of in so lu b le  so lid s in to ta l  solids) 
is  sh o w n  in T a b le  I. C o n sid e rin g  th e  variations 
in th e  m e th o d s e m p lo y e d  b y  d ifferen t m anufacturers 
in th e  p re p a ra tio n  of to m a to  p u lp , th e  per cent of 
in so lu b le  so lid s in  th e  to ta l  so lid s as sh o w n  b y  this 
co lu m n  is clo ser th a n  w e m ig h t e x p e c t, v a ry in g  in 
m o st of th e  sa m p le s  fro m  1 1  to  14  p er cen t.

T h e  p er ce n t o f su g a r in th e  so lu b le  so lid s, as shown 
b y  T a b le  I, v a r ie s  in m ost o f th e  sa m p le s  from  50 to 
55  p er ce n t. T h is  figu re  ca n n o t b e  e x p e c te d  to be 
c o n sta n t  in  d ifferen t lo c a litie s  a n d  in  d ifferen t years.

T h e  a c id , e s t im a te d  as c itr ic , c o n stitu te s  in most 
of th e  sa m p le s  fro m  9 to  10  per ce n t o f th e  soluble 
solids.

O f e sp e cia l in te re s t is th e  r e fra c t iv e  co n stan t of 
th e  filte re d  liq u o r, sh o w n  in th e  la st  co lu m n  o f T able  I. 
T h e  r e fra c t iv e  co n sta n t  o f th e  v a r io u s  sam ples is 
m uch m ore u n ifo rm  th a n  m ig h t be e x p ec te d  from  a 
p ro d u c t  of th is  n a tu re .

O n th e  w h o le , T a b le  I is c h ie fly  in te re s tin g  as afford­
in g  th e  d a ta  fro m  w h ich  T a b le s  I I I  an d  I V  were cal­
cu la te d . T h e  u n ifo r m ity  of th e  re la tio n s  shown 
in  T a b le  I V  is su ch  t h a t  it  is u s u a lly  p o ssib le  from  one 
d e te rm in a tio n  on  th e  filtr a te  a n d  th e  determ ination  
o f so lid s in  th e  p u lp  b y  d r y in g  to  d istin g u ish  pulp 
m ad e  fro m  w h o le  to m a to e s  fro m  th a t  m ad e  from  trim ­
m in g  s to c k . F o r  in sta n ce , if th e  sp ecific  g r a v ity  or 
in d ex  of re fra c tio n  of a  f iltr a te  p re p a re d  fro m  a pulp 
o f u n k n o w n  o rig in , an d  th e  p er ce n t  o f solids in the 
p u lp  b y  d r y in g , do n o t a g re e  w ith  th e  re la tio n  between 
th e se  d e te rm in a tio n s  as  sh o w n  in  T a b le  I V . it  m ay be 
a ssu m ed  th a t  th e  sa m p le  w as  n o t p re p a re d  from  whole 
to m a to e s , or t h a t  so m e o th e r  s u b sta n ce , su ch  as salt, 
h as b een  a d d ed . M o re o v e r , tr im m in g  sto ck  pulp 
ra r e ly  co n fo rm s to  th e  re la tio n s  fo u n d  in  w h ole  tom ato 
p u lp . F o r  in sta n ce , th e  in so lu b le  so lid s are usually 
h ig h e r a n d  th e  a c id  lo w e r in  tr im m in g  s to c k  pulp.

C O M P O S IT IO N  O F  T R IM M IN G  S T O C K  P U L P

In  T a b le  I I  are  g iv e n  th e  re s u lts  o f th e  exam ination 
o f 21  t y p ic a l  sa m p le s  of tr im m in g  s to c k  pulp pre­
p a re d  a t  d iffe re n t p la n ts  a n d  in  d ifferen t localities. 
T h is  ta b le  is o f e sp e cia l in te re s t  in  sh o w in g  th a t the 
re la tio n s  b e tw e e n  th e  re s u lts  o f th e  various- analytical 
d e te rm in a tio n s  d iffer fro m  th o se  o f w h o le  to m a to  pulps 
as g iv e n  in  T a b le  I V . F o r  in sta n ce , in  N o . 1 47 0  the im­
m ersion  re fra c to m e te r  re a d in g  is 4 3 .9 0 , an d  th e  per 
ce n t o f  so lid s is 9 . 5 4 , w h erea s, a c c o rd in g  to  T a b le  IV, 
th e  p er ce n t of so lid s in  th e  p u lp  corresp on d in g to 
an  in d e x  of re fra c tio n  o f 4 5 . 9 0  sh o u ld  b e  8 . 5 7 . The 
sp e c ific  g r a v it y  of th e  p u lp  is 1 .0 3 7 3 , w h ich , a ccord in g  

to  T a b le  I V , sh o u ld  co rresp o n d  to  8.98 in ste a d  of 9-54- 
O f co u rse  it  c a n n o t b e  sa id  d e fin ite ly  th a t  a pulp
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which on e x a m in a tio n  is fo u n d  to  co n fo rm  to  a ll th e  
relations sh o w n  in  T a b le  I V  is n e ce ssa rily  w h o le  t o ­
mato p ulp . I t  is e n t ire ly  p o ssib le  fo r an  o cca sio n a l 
sample of tr im m in g  s to c k  p u lp  to  co n fo rm  to  a ll th e  
relations sh o w n  in  t h a t  ta b le ;  m o re o ve r, th e  e x te n t  to  
which d ifferen t sa m p le s  of tr im m in g  s to c k  p u lp  w ill 
vary fro m  th e  re la tio n s  sh o w n  in  T a b le  I V  differs 
with the m a n n er o f p re p a ra tio n . F o r  in sta n ce , if a 
portion of th e  ju ic e  is d isca rd e d  in  th e  m a n u fa ctu re  
of trim m in g s to c k  p u lp , as is s till  th e  p ra c tic e  o f so m e 
m anufacturers, th e  v a r ia tio n  fro m  w h o le  to m a to  
pulp will b e  g r e a te r  th a n  o th erw ise  an d  th e  v a r ia tio n  
will increase w ith  th e  a m o u n t of ju ic e  d isca rd e d .

M E T H O D S  O F  A N A L Y S IS  

The m eth o d s g iv e n  m a y  a lso  b e  a p p lie d  to  th e  e x ­
am ination of ra w  to m a to e s  a n d  ca n n e d  to m a to e s. 
In a p p ly in g  th e  re la tio n s  g iv e n  b e lo w  to  th e  re ­
sults o b ta in ed  b y  th e  e x a m in a tio n  o f to m a to  p u lp

or cu p  fo r  th e  d e te rm in a tio n  of sp ecific  g r a v it y ,  a ir 
b u b b le s  are  in tro d u c e d  w h ich  it  is fo u n d  im p o ssib le  
to  re m o v e  w ith o u t th e  a id  o f a  ce n trifu g e . T h e se  
ca n  be c o m p le te ly  re m o v e d  b y  w h irlin g  th e  sp ecific  
g r a v it y  fla sk  in  a c e n tr ifu g e  fo r a b o u t on e m in u te  
a t  a  sp eed  of a b o u t 1000  r. p. m . A  h a n d  B a b c o c k  
m ilk  te s te r  is s a t is fa c to r y  fo r  th is  p u rp o se. T h is  
ca u ses th e  p u lp  to  s e ttle  in to  th e  fla sk , b e ca u se  of th e  
e lim in a tio n  of th e  a ir b u b b le s . T h e  fla sk  is a g a in  filled  
a n d  c e n tr ifu g e d ; th is  is c o n tin u e d  u n til th e  su rfa ce  
of th e  p u lp  re m a in s a t  th e  to p  of th e  flask . A  few  
d rop s o f p u lp  a re  a d d e d  to  b r in g  th e  c o n te n ts  a b o v e  
th e  to p  of th e  flask  a n d  th e  p u lp  is th e n  " s tr u c k  o ff”  
w ith  a  s tra ig h t  ed ge , th e  o u ts id e  of th e  flask  w ash ed  
a n d  d ried  a n d  th e  fla sk  a n d  c o n te n ts  w eig h ed .

A  ta b le  ca n  be c o n stru c te d  re a d ily  g iv in g  in p a ra lle l 
co lu m n s th e  w e ig h t o f fla sk  a n d  co n te n ts  a n d  th e  sp ecific  
g r a v it y  o f th e  p u lp . F o r  th e  use of T a b le  I V , th e

T a b l e  I — C o m p o s it io n  o p  W h o l e  T o m a t o  P u l p s  

F il t r a t e  f r o m  P u l p s
C o m p o s it io n  o p  P u l p s R a t io P e r  c e n t

I m m e rs io n o f  p u lp n s o lu b lc S o l id s  o p  F il t r a t e R e f r a c t iv e
P e r  c e n t P e r  c e n t '  S p .  g r . P e r P e r P e r  c e n t r e f r a c - s o lid s  to s o lid s  in c o n s t a n t  o f

S p . g r .  a t to ta l in s o lu b le a t c e n t c e n t a c id to m e te r f i l t r a te t o t a l P e r c e n ta g e s R a t io  s u g a r  f il te re d
Sa m ple  N o . 2 0 °  C . s o lid s (a )  s o lid s 2 0 °  C . s o lid s  (ö) s u g a r ( d ) a s  c i t r ic 1 7 .5 °  C so lid s so lid s S u g a r A c id to  a c id l iq u o r ( / )

1290.............. . . .  1 .0 2 5 2 5 .9 4 0 .6 6 1 .0 2 3 3 5 .2 4 2 .4 1 0 .5 8 3 6 .2 4 1.133* 1 1 .1 4 6 . 0 1 1 .1 4 .1 0 .2 0 5 5 6
1291.............. . . .  1 .0 2 7 3 6 .5 4 0 .7 8 1 .0 2 5 2 5 .7 1 3 .1 0 0 .5 3 3 7 .8 0 1 . 145 1 1 .9 5 4 .3 9 . 4 5 . 8 0 .2 0 5 5 0
1292.............. . . .  1 .0 2 3 4 5 .5 0 0 .8 0 1 .0 2 1 1 4 .8 8 2 .4 8 0 .4 9 3 4 .5 1 1 .1 2 7 1 4 .6 5 0 .8 1 0 . 1 5 . 0 0 .2 0 5 6 4
1293.............. . . .  1 .0 2 9 3 7 .0 2 0 .7 4 1 .0 2 7 6 6 .2 8 3 .3 5 0 .6 1 4 0 .0 4 1 .1 1 8 1 0 .5 5 3 .4 9 .7 5 .5 0 .2 0 5 4 8
1294.............. . . .  1 .0 2 7 2 6 .4 8 0 .6 9 1 .0 2 5 6 5 .8 2 3 .2 0 0 .5 5 3 8 .2 7 1 .1 1 3 1 0 .6 5 5 .0 9 . 5 5 . 8 0 .2 0 5 2 5
1295.............. . . .  1 .0 3 6 1 8 .6 7 0 .9 5 1 .0 3 4 0 7 .6 9 4 .3 6 0 .6 7 4 6 .0 3 1 .1 2 7 1 1 .0 5 6 .8 8 .7 6 . 5 0 .2 0 5 3 4
1296.............. . . .  1 .0 3 8 0 9 . 0 0 1 .0 6 8 .0 5 4 .4 7 0 .6 6 4 6 .8 6 1 . 117 1 1 .8 5 5 .5 8 .2 6 . 8
1297.............. . . .  1 .0 4 6 5 1 1 .2 0 1 .1 9 1 .0 4 4 6 1 0 .2 7 5 .6 1 0 .8 9 5 6 .7 0 1 .0 9 1 1 0 .6 5 4 .6 8 . 9 6 .3 0 .2 0 5 4 4
1299.............. . . .  1 .0 4 1 7 1 0 .0 7 1 .2 3 1 .0 3 9 4 9 .0 9 4 .9 6 0 .8 1 5 1 .7 5 1. 108 1 2 .2 5 4 .6 8 . 9 6 . 1 0 .2 0 5 5 0
1300.............. . . .  1 .0 3 2 2 . 7 .7 0 0 .9 3 1 .0 3 0 4 6 .8 8 3 .5 5 0 .6 7 4 2 .8 4 1 .1 1 9 12. 1 5 1 .6 9 .7 5 . 3 0 .2 0 5 4 6
1301.............. . . .  1 .0 3 1 2 7 .3 6 0 .9 1 6 .6 8 3 .2 7 0 .6 9 41 .5 6 1 . 102 1 2 .4 4 8 .9 1 0 .3 4 . 8
1302.............. . . .  1 .0 3 1 0 7 .4 5 0 .9 1 1 .0 2 9 3 6 .6 1 3 .4 3 0 .6 4 41 .7 6 1 .1 2 7 1 2 .2 5 1 .9 9 . 7 5 . 4 0 .2 0 5 5 1
1303.............. . . .  1 .0 3 4 0 8 .  17 0 .9 1 1 .0 3 2 3 7 .2 9 3 .7 7 0 .7 1 4 4 .6 5 1 .1 2 0 1 1 .1 5 1 .7 9 . 7 5 . 3 0 .2 0 5 4 9
1304.............. . . . .  1 .0 2 9 2 6 .8 8 0 .8 8 1 .0 2 7 4 6 .2 0 3 .0 3 0 .6 4 3 9 .7 4 1 .1 1 0 1 2 .8 4 8 .9 1 0 .4 4 .7 0 .2 0 5 4 6
1305.............. . . .  1 .0 3 7 1 9 .0 3 1 .1 9 7 .9 8 4 .  14 0 .8 2 4 7 .3 0 1 . 132 1 3 .2 5 1 .9 1 0 .3 5 .0
1306............. . .  1 .0 3 7 0 8 .9 5 0 .9 8 8 .0 1 4 .7 1 0 .6 9 4 7 .6 0 1 .1 1 7 1 1 .0 5 8 .8 8 .7 6 . 8
1307(6)___ . .  1 .0 3 2 8 7 .8 6 1 .0 1 1 .0 3 0 8 6 .9 7 3 .7 9 0 .6 6 4 3 .  15 1 .1 2 6 1 2 .9 5 4 .4 9 . 5 5 .7 0 .2 0 5 4 4
1481.............. . . .  1 .0 4 4 9 1 0 .8 2 1 .0 4 2 1 9 .6 4 5 .1 5 0 .9 9 5 4 .2 0 1 . 123 5 3 .4 1 0 .3 5 .2 0 .2 0 5 4 5
1482.............. . . .  1 .0 4 4 4 1 0 .8 3 1 .0 4 2 2 9 .8 6 5 .6 2 0 .9 4 5 4 .7 5 1 . 100 5 7 .0 9 . 6 6 . 0 0 .2 0 5 5 4
1483.............. . . .  1 .0 4 6 4 1 1 .2 1 1 .0 4 4 1 1 0 .1 9 5 . 6 7 ' 0 .9 8 5 6 .4 5 1 . 100 5 5 .6 9 . 6 5 . 8 0 .2 0 5 5 0
1484.............. . . .  1 .0 4 2 3 1 0 .2 7 1 .0 3 9 6 9 .2 3 5 .4 2 0 .8 1 5 2 .1 0 1 .1 1 4 5 8 .7 8 . 8 6 .7 0 .2 0 5 4 4
1485.............. 8 .5 5 1 .0 3 3 2 7 .7 3 4 .3 5 0 .7 2 4 5 .8 5 1 .1 0 6 5 6 .3 9 .3 6 . 0 0 .2 0 5 2 9
14 7 7 (c)..'. . . . .  1 .0 6 1 0 1 3 .8 6 1 .0 5 7 9 1 2 .7 5 6 .5 5 0 .9 7 6 7 .1 5 1 .1 1 1  (c) 5 1 .4 7 .7 6 .7
1479.............. . . .  1 .0 4 1 1 1 0 .0 0 1 .2 1 1 .0 3 8 6 8 .9 6 5 1 .5 7 1 . 116 9 . 8 0 .2 0 5 5 4
1486.............. . . .  1 .0 1 6 9 4 .3 4 0 .6 2 1 .0 1 5 8 3 .7 6 1 .1 5 4 1 4 .3
1491.............. . . .  1 .0 1 9 8 4 .9 7 0 .6 3 1 .0 1 8 8 4 .4 0 3 2 .6 7 1 .1 2 8 1 2 .7 0 .2 0 5 6 5
1496.............. 8 .2 7 1 .1 5 1 .0 3 1 8 7 .3 1 4 4 .8 6 1. 131 1 3 .9 0 .2 0 5 5 4
1515.............. . . .  1 .0 3 5 2 8 .5 6 1 .1 5 1 .0 3 3 1 7 .6 1 4 6 .2 0 1 .1 2 5 1 3 .5 0 .2 0 5 5 6
1529.............. 5 .1 1 0 .8 9 1 .0 1 9 5 4 .5 4 3 2 .9 6 1 .1 2 5 1 7 .4 0 .2 0 5 5 6
1530.............. . . .  1 .0 2 5 2 6 .2 1 0 .9 8 1 .0 2 3 1 5 .4 2 3 6 .3 1 1 .1 4 5 1 5 .8 0 .2 0 5 5 3
1531.............. . . .  1 .0 2 9 1 7 .1 7 1 .0 8 1 .0 2 7 3 6 .2 7 4 0 .0 9 1 .1 4 3 15. 1 0 .2 0 5 4 7
1 2 2 4 (c ) . . . . 1 1 .2 2 0 .9 1 1 .0 4 6 8 1 0 .3 3 5 7 .6 2 1 . 124(c) 1 1 .8
1325.............. . . .  1 .0 3 2 7 7 .8 6 0 .9 3 6 .9 9 4 3 .8 0 1 .1 2 3

(a) D e te rm in e d  b y  d r y in g  i n  va cu o  a t  7 0 ° C . (c) T h i s  s a m p le  c o n ta in e d  s a l t . (c) S a l t- f r e e  r a t io . >i2 —  1
(i>) C o m p o s ite  o f  1290 t o  1306 in c lu s iv e . (d )  K x p re s s e d  a s  in v e r t . ( / )  C a lc u la te d  b y  f o r m u la  o f  L o r e n tz - L o re n z ,  ; 2 ~4l

or canned to m a to e s, it  is a ssu m ed  t h a t  no s u b ­
stance such as s u g a r or s a lt  h a s  b een  a d d ed . I f  so d iu m  
chloride is fo u n d  to  be p re se n t in  excess  of th e  a m o u n t 
normal to  to m a to e s  (fro m  0.05  to  0. 1  per c e n t) , it  is 
necessary to  d e te rm in e  th e  a m o u n t of s a lt  an d  m a k e  
correction th e re fo r  b e fo re  a p p ly in g  th e  re la tio n s  g iv e n  
below.

In exa m in in g  ra w  to m a to e s , care  m u st b e  ta k e n  to  
secure a re p re se n ta tiv e  sa m p le  of th e  ju ic e . T h is  c a n ­
not be done b y  a p p ly in g  p ressu re  d ir e c t ly , as th e  ju ic e  
of the seed re c e p ta c le s  is o f d iffe re n t co m p o sitio n  
from th a t of th e  f le sh y  p a r t  o f th e  to m a to . I t  is  n eces­
sary, th erefo re, to  cru sh  th e  sa m p le  a n d  th o ro u g h ly  
cook it in a fla sk  su rro u n d e d  b y  b o ilin g  w a te r  a n d  co n ­
nected w ith  a  re flu x  co n d en ser.

D E T E R M IN A T IO N  O F  S P E C I F I C  G R A V IT Y

In p ourin g th e  sa m p le  o f to m a to  p u lp  in to  a  fla sk

sp ecific  g r a v it y  sh o u ld  be d e te rm in e d  a t  2 0 ° C . I f  
th e  te m p e ra tu re  v a r ie s  fro m  th is , th e  sp ecific  g r a v it y  
m a y  be co rrec te d  b y  th e  co rre c tio n  ta b le  fo r  B r ix  
h y d ro m e te rs , ch a n g in g  th e  B r ix  d egrees in  t h a t  ta b le  
to  th e  co rresp o n d in g  sp ecific  g r a v it y ,  a n d  a lso  a llo w ­
in g  fo r  th e  fa c t  th a t  th e  co rre c tio n  ta b le  m e n tio n e d  
is b a se d  on 1 7 V 20 in ste a d  o f 2 0 ° C .

D E T E R M IN A T IO N  O F  S O L ID S

I .  B Y  T H E  E X A M I N A T I O N  O F  T H E  P U L P  T h e  to ta l
so lid s in  to m a to  p u lp  m a y  be d e te rm in e d  b y  d r y in g  
in  vacuo a t  7 0 ° C .;  b y  d r y in g  a t  a tm o s p h e ric  p ressu re  
a t  th e  te m p e ra tu re  of b o ilin g  w ater'; b y  c a lc u la tio n  
fro m  th e  sp ecific  g r a v it y  o f th e  p u lp ; or fro m  th e  p e r­
ce n t o f so lid s, sp ecific  g r a v it y  o r in d e x  of re fra c tio n  
o f th e  f iltra te . T h e  so lid s o b ta in e d  b y  d ifferen t 
m eth o d s on 3 1  sa m p le s  o f p u lp  a re  g iv e n  in  T a b le  I I I .

(a ), b y  d r y i n g — B y  d r y in g  e ith e r  in  vacuo or a t
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a tm o s p h e ric  p ressu re, i t  is o u r exp erien ce  th a t  a fte r  
th e  sam p le  h as re a ch ed  a p p a re n t d ryn e ss, fo u r  h o u rs ’ 
d r y in g  g iv e s  co m p le te  re su lts . F ro m  2 to  4 g ram s 
sh o u ld  b e  ta k e n  fo r  th e  d e te rm in a tio n , an d  e n o u g h  
w a te r  a d d e d  to  d is tr ib u te  th e  sam p le  u n ifo rm ly  o v e r  
th e  b o tto m  of th e  fla t-b o tto m e d  dish.

T h e  so lid s as d e te rm in e d  b y  d r y in g  in  vacuo a t  7 0 0 C . 
a re  a b o u t 108.5  P er ce n t  th e  re su lt o b ta in e d  b y  d r y ­
in g  a t  th e  te m p e ra tu re  of b o ilin g  w a te r  a t  a tm o sp h e ric

o n ly  one case  d id  it  e xce ed  0.20  p er ce n t. The re­
s u lts  o b ta in e d  b y  th e  s u b s e q u e n t exa m in atio n  of a 
co n sid e ra b le  n u m b e r o f o th e r  sam p les confirm  this 
re la tio n .

( b ) .  B Y  C A L C U L A T IO N  F R O M  T H E  S P E C I F IC  GRAV ITY

o f  t h e  p u l p — T h e re  is a  v e r y  e x a c t  re latio n  between 
th e  sp ecific  g r a v it y  of p u lp  (d e te rm in e d  b y  th e  method 
g iv e n  a b o v e )  a n d  th e  per ce n t o f to ta l solids as de­
te rm in e d  b y  d ry in g . T h e  so lid s correspond in g to

T a b l e  I I — C o m p o s it io n  o f  T r im m in g  S t o c k  P u l p s  

C o m p o s it io n  o f  P u l p s  C o m p o s it io n  o f  L iq u o r  O b t a in e d  b y  F i l t e r i n g  P u l p s  R a tio P e r  c e n t P er
P e r Im m ers io n of pu lp in so lub le ce n t P e r  cen t

Specific 
g ra v i ty  a t

P e r  c e n t c e n t in ­ Specific P e r P e r  c e n t refrac - so lids to solids s u g a r  in acid  in Ratio
to ta l so luble g ra v i ty  a t P e r  c e n t c e n t ac id  as to m c te r  a t fil tra te in  to ta l so lids solids acid to

S a m pl e  N o . 20° C . so lids (a) solids 20° C. so lid s(a) sugar(e) c itr ic 17.5° C . so lids so lids of liq u o r of liquor sugar
1470............... . .  1 .0373 9 .5 4 1.0337 7 .6 8 4 .1 1 0 .5 8 4 5 .9 0 1.241 5 3 .5 7 .6 7 .0
1471............... 1 .0385 9 .4 0 1.0334 7 .6 2 4 .0 5 0 .5 9 4 5 .7 5 1.233 5 3 .2 7 .7 6.9
1470-1 .......... , 1 .0349 8 .5 6 1 .0302 7 .11 4 2 .8 7 1.203
1 4 7 0 -2 .......... 1 .0316 7 .8 8 1.0279 6 .5 5 4 0 .7 5 1.203
1 4 7 0 -3 .......... 1 .0284 7 .0 0 5 .8 3 3 7 .8 0 1 .201
1 4 7 0 -4 .......... 1 .0258 6 .6 2 1 .0232 5 .5 3 3 6 .4 0 1.197
1 4 7 1 -1 ........... , 1 .0334 8 .1 2 1 .0288 6 .8 6 4 1 .6 0 1.184
1 4 7 1 -2 .......... 1 .0258 6 .4 1 1.0227 5 .41 3 6 .1 0 1. 184
1 4 7 1 -3 .......... , ,  1 .0299 7 .4 8 1.0275 6 . 14 3 9 .2 5 1.218
1 4 7 1 -4 .. . . '* . . .  1.0191 4 .7 4 1.0168 3 .9 4 3 0 .3 5 1.203
1572............... 1 .0424 10 .2 8 1.0400 9 .2 8 52 .4 7 1 .1 0 9
1573............... 1 .0392 9 .5 3 i ! 22 1.0369 8 .5 3 4 9 .3 3 1.117 12 .8
1574 ............... 1 .0427 10 .29 1 .17 1.0401 9 .2 9 5 2 .4 0 1.109 1 1 .4
1575 ............... 1 .0386 9 .7 3 1 .29 1.0369 8 .2 8 4 9 .3 7 1. 175 13 .3
1662(6) 1 .0204 4 .8 5 0 .1 8 1.0201 4 .6 5 3 3 .2 7 1.042 * 3 .7
1664 (c)........ 1.0577 1 3 .2 0 .6 2 1 .0566 12 .70 6 6 .9 2 1 .040 4 .7
1665............... 1.0331 7 .7 4 1 .10 1 .0304 6 .8 9 4 2 .6 5 1.123 14.3

7 0 1 ............... 1 .0200 4 .8 9 0 .7 2 1 .0184 4 .2 9 2 ‘.35 6130 3 2 .0 9 1 .1 4 0 14 .7 5 4 .8 7.Ó 7'.8
703(d) 1 .0180 4 .2 4 0 .1 0 1 .0178 4 .1 5 2 .3 2 0 .2 9 3 2 .0 9 1.022 2 .4 5 5 .9 7 .0 8 .0
7 0 5 ............... 1 .0388 9 .8 5 1 .83 1 .0359 8 .0 8 4 .0 7 0 .5 1 4 7 .8 5 1 .220 18 .6 5 0 .4 6 .2 8.0
7 0 6 ............... . .  1 .0333 8 .3 5 0 .9 8 7 .2 9 3 .5 1 0 .4 6 4 4 .6 9 1. 145 11.7 4 8 .3 6 .3 7.6

(a) D e te rm in e d  b y  d ry in g  in  vacuo a t  70° C.
(b) U n c o n c e n tra te d  to m a to  ju ice  from  pee ling  ta b le .
(<•) N o . 1662 co n c e n tra te d .

p ressu re. T h is  figu re  is th e  a v e ra g e  o f th e  re su lts  
o b ta in e d  b y  th e  e x a m in a tio n  of 20 sam p les of p u lp , 
in all o f w h ich  th e  p er ce n t o f so lid s o b ta in e d  b y  d r y ­
in g  in  vacuo agree  q u ite  c lo s e ly  w ith  th e  per ce n t

T a b l e  I I I — C o m p a r is o n  o f  M e t h o d s  f o r  t h e  D e t e r m i n a t i o n  a n d  
C a l c u l a t io n  o f  S o l id s  in  W h o l e  T o m a t o  P u l p

P e r  C e n t  S o l id s  i n  P u i .p
FROM

D r y in g
F i l t e r e d  P u l p  

C a lc u l a te d  f ro m
B y

d r y in g
C a l c u l a t e d  f r o m  

R e fr .  S p e c if ic  g r a v i t y  o f
in R e f r . S p . S p . in in d . F i l t e r e d  P u lp  F i l t e r e d

S a m ­ vacuo in d .
1 a b le

g r. vacuo in l iq u o r in l iq u o r
p l e a t T a b le S e e a t T a b le T a b le T a b le S e e
N o . 70° C . 4 4 («) 7 0° C . 4 4 4 (&)
1290 5 .2 4 5 .31 5 .3 5 5 .3 5 5 .9 4 5 .9 5 6 .0 0 5 .9 7 5 .9 9
1291 5 .71 5 .6 7 5 .7 8 5 .8 0 6 .5 4 6 .3 6 6 .4 8 6 .4 7 6 .5 0
1292 4 .8 8 4 .8 7 4 .8 5 4 .8 5 5 .5 0 5 .4 7 5 .4 4 5 .5 2 5 .4 3
1293 6 .2 8 6 .2 1 6 .3 3 6 .3 5 7 .0 2 6 .9 6 7 .1 0 6 .9 8 7 .11
1294 5 .8 2 5 .7 9 5 .8 7 5 .8 9 6 .4 8 6 .4 9 6 .5 8 6 .4 5 6 .6 0
1295 7 .6 9 7 .6 7 7 .8 2 7 .8 2 8 .6 7 8 .5 9 8 .7 7 8 .6 3 8 .7 6
1296 8 .0 5 7 .8 8 9 .0 0 8 .8 3 9 .1 1
1297 10.27 10.27 l6 !  25 10 .2 6 11 .20 11 .50 1 i ! 47 11 .20 1 i ’.49
1299 9 .0 9 9 .0 6 9 .0 5 9 .0 6 10.07 10. 15 10. 14 10.02 10.15
1300 6 .8 8 6 .9 1 6 .9 8 6 .9 9 7 .7 0 7 .7 5 7 .8 2 7 .6 8 7 .8 3
1301 6 .6 8 6 .5 9 7 .3 6 7 .3 8 7 .4 3
1302 6 .6 1 6 .6 4 6 .7 3 ¿ !7 4 7 .4 5 7 .4 4 7'.54 7 .4 0 7 .5 5
1303 7 .2 9 7 .3 4 7 .4 2 7 .4 3 8 . 17 8 .2 3 8 .3 3 8 .1 2 8 .3 2
1304 6 .2 0 6 .1 6 6 .3 0 6 .3 0 6 .8 8 6 .9 0 7 .0 6 6 .9 5 7 .0 6
1305 7 .9 8 7 .9 8 9 .0 3 8 .9 4 8 .8 8
1306 8 .01 8 .0 5 8 .9 5 9 .0 2 8 .8 6
1307 6 .9 7 6 .9 6 7.Ô 8 7 !08 7 .8 6 7 .81 7 .9 3 7 .8 3 7'.93
1481 9 .6 4 9 .6 7 9 .6 8 9 .6 8 10.82 10.83 10 .8 4 10 .80 10 .8 4
1482 9 .8 6 9 .8 1 9 .7 0 9 .71 10.83 10 .98 10 .86 10 .7 0 10 .88
1483 10.19 10.21 10 .15 10 .1 4 11.21 11.43 11 .3 6 11.17 1 1 .36
1484 9 .2 3 9 .1 5 9 .1 0 9 .11 10.27 10.25 10 .19 10. 17 10 .20
1485 7 .7 3 7 .6 4 7 .6 3 7 .6 4 8 .5 5 8 .5 6 8 .5 5 8 .3 0 8 .5 6
1479 8 .9 6 9 .0 3 8 .8 7 8 .8 8 10 .0 0 10 .10 9 .9 4 9 .8 8 9 .8 5
1486 3 .7 6 3 .6 2 3 .6 3 4 .3 4 4 .0 5 3 .9 0 4 .0 7
1491 4 .4 0 4 !4 4 4 .3 0 4 .3 2 4 .9 7 4 ! 97 4 .8 2 4 .6 2 4 .8 4
1496 7.31 7 .3 9 7 .3 0 7 .31 8 .2 7 8 .2 8 8 . 18 8 . 15 8 .2 9
1515 7 .61 7 .7 0 7 .6 0 7 .61 8 .5 6 8 .6 3 8 .5 2 8 .4 0 8 .5 2
1529 4 .5 4 4 .5 2 4 .4 7 4 .4 9 5 .1 1 5 .0 6 5 .01 4 .9 0 5 .0 3
1530 5 .4 2 5 .3 2 5 .3 0 5 .31 6 .21 5 .9 7 5 .9 4 5 .9 7 5 .9 5
1531 6 .2 7 6 .2 5 6 .2 7 6 .2 8 7 .1 7 7 .01 7 .0 4 6 .9 2 7 .0 3
1325 6 .9 9 7 .1 3 7 .8 6 7 .9 9 7 .81

(a )  T h e  s o lu t io n f a c to r o f  O ’S u l l iv a n  (J . Chern. Soc., 1876, p . 129)
w as em p loyed  w ith  s lig h t m od ifica tio n . T h e  fo rm u la  em p loyed  w as
lOOOCrf 1-000) ^  p e r  ceQt s o lid s . In  th is  fo rm u la  d — specific g ra v i ty  of 

4.35
so lu tio n  a t  2 0° C.

(6) F o r  th e  figures in  th is  co lu m n  th e  fo rm u la  g iven  in  fo o tn o te  (a) 
w as em p lo y ed  a n d  th e  re su lts  m u ltip lied  b y  1.12.

o b ta in e d  b y  d r y in g  a t  a tm o s p h e ric  p ressu re  m u lti­
p lied  b y  1 .0 8 5 . !S  °£ th e  20 sam p les  e x a m in ed , 
th e  d ifferen ce  d id  n o t  e xce ed  0 . 1 0  p er ce n t, an d  in

(¿) C le a r  l iq u o r  s e p a ra te d  from  u n c o n c e n tra te d  p u lp  on  s tan d in g .
(e) E x p re sse d  a s  in v e r t .

p u lp s  o f v a r io u s  sp ecific  g r a v it ie s  are  g iv en  in Table 
I V , o r m a y  b e  o b ta in e d  fro m  th e  fo llo w in g  formula 
w h ich  is d e r iv e d  fro m  th e  sam e ta b le :
P e r  c e n t S o l id s

=  228 (sp. g r. of p u lp  — 1.000) -f- 19.1 (sp. gr. of pulp  — 1.015).

2 .  B Y  T H E  E X A M IN A T IO N  O F  T H E  F IL T R A T E —

If  a  sa m p le  o f p u lp  of co n sid e ra b le  size  be throw n on 
a  fo ld e d  filter, a  f iltr a te  is o b ta in e d  w hose composi­
tio n  h as a  d e fin ite  re la tio n  to  th a t  o f th e  whole pulp.

(a ), b y  d r y i n g — T h e  p er ce n t  of so lid s in the filtrate 
m a y  be d e te rm in e d  b y  d r y in g  in  vacuo at 70 0 C., 
or u n d e r a tm o s p h e ric  p ressu re  a t  th e  tem p eratu re  of 
b o ilin g  w a ter.

A s  in th e  case  of th e  d r y in g  of p u lp , a con stant re­
la tio n  is fo u n d  to  e x is t b e tw e e n  th e  p er cen t of solids 
as d e te rm in e d  b y  d r y in g  in  vacuo a t  7 0 ° C ., and the 
per ce n t o f so lid s as d e te rm in e d  b y  d ry in g  a t atmos­
p h e ric  p ressu re  a t  th e  te m p e ra tu re  of boilin g water. 
T h e  p er ce n t of so lid s in th e  f iltr a te  o b ta in e d  b y  drying 
a t  a tm o s p h e ric  p ressu re , m u ltip lie d  b y  1 . 1 25 , gives 
th e  p er ce n t o f so lid s o b ta in e d  b y  d ry in g  in vacuo. 
T h is  re la tio n  is sh o w n  in d eta il in  T a b le  IV .

T h e  per ce n t of so lid s in th e  filte re d  liq u o r obtained 
b y  d r y in g  in  vacuo, m u ltip lie d  b y  1 . 1 2 , g iv es  the per 
ce n t  of so lid s in th e  o rig in a l p u lp  o b ta in e d  b y  drying 
in  vacuo. T h is  re la tio n sh ip  is sh o w n  in Table I, 
in th e  co lu m n  h ead ed  “ R a tio  of p u lp  solids to  filtrate 
s o lid s ,”  a n d  a lso  in  T a b le  IV .

O f th e  33  sam p les  sh o w n  in T a b le  I. th e  result ob­
ta in e d  b y  m u lt ip ly in g  th e  p er ce n t o f solids in the 
filtr a te  (o b ta in e d  b y  d r y in g  in  vacuo) b y  the factor 
1 . 1 2  is v e r y  n e a rly  id e n tica l w ith  th e  per cen t of solids 
in th e  p u lp  (o b ta in e d  b y  d r y in g  in  vacuo). In 22 

of th e  33  sa m p le s  th e  d ifferen ce  b e tw ee n  these two 
figu res is less th a n  0. 1  p er ce n t. In  17  samples it
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is less th a n  o 06 per ce n t, a n d  in  13 sa m p le s  it  is less 
than 0.05 p er ce n t. In  o n ly  tw o  sam p les  does it  e x ­
ceed 0. 17  p er cen t.

(A). B Y  C A L C U L A T IO N  F R O M  T H E  S P E C I F IC  G R A V IT Y  O F

t h e  f i l t r a t e — T h e  sp ecific  g r a v it y  o f th e  filte re d  
liquor m a y  b e  d e te rm in e d  b y  m ean s o f an  o rd in a ry  
pycnom eter. F ro m  th e  sp ecific  g r a v it y  a t  2 0 ° C ., 
the per cen t of so lid s in  th e  f iltr a te  as d e te rm in e d  b y  
drying in vacuo a t  7 0 ° C ., m a y  be o b ta in e d  fro m

T a b l e  I V -

I t  is o f in te re s t to  n o te  t h a t  th e  ta b le  s u g g e ste d  b y  
W in d isch  fo r  th e  d e te rm in a tio n  of e x tr a c t  in  w ine 
(B u re a u  of C h e m is try , U . S . D e p t. A g r ., B u ll.  1 0 7 , 
re v ise d , T a b le  V )  m a y  b e  e m p lo y e d  to  d e te rm in e  
so lid s in  to m a to  p u lp  fro m  th e  sp ecific  g r a v it y  of th e  
filtered  liq u o r  fro m  th e  sam e. I f  th e  sp ecific  g r a v it y  
of th e  liq u o r b e  d e te rm in e d  a t  2 0 ° C ., th e  figu res in 
th e  a d jo in in g  co lu m n , u n d er “ E x t r a c t ,”  co rresp o n d  
v e r y  c lo se ly  to  th e  p er c e n t of to ta l so lid s in th e  o rig-

T o m a t o  P u l p  a n d  F il t e r e d  L iq u o r

F iltr a tu  f r o m  P u l p T o m a t o  P u l p
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3.05 2.71 26.9 1.0133 3.42 3.15 1.0150
3.10 2.75 27.1 1.0136 3.47 3.20 1.0152
3.15 2.80 27.3 1.0138 3.53 3.25 1.0155
3.20 2.85 27.5 1.0140 3.58 3.30 1.0157
3.25 2.89 27.7 1.0142 3.64 3.35 1.0159
3.30 2.93 27.9 1.0144 3.70 3.41 1.0161
3.35 2.97 28.1 1.0146 3.76 3.46 1.0163
3.40 3.02 28.3 1.0149 3.81 3.51 1.0166
3.45 3.07 28.6 1.0151 3.87 3.56 1.0168
3.50 3.11 28.8 1.0153 3.92 3.61 1.0170
3.55 3.15 29.0 1.0155 3.98 3.67 1.0172
3.60 3.20 29.2 1.0157 4.03 3.72 1.0174
3.65 3.24 29.4 1.0160 4.09 3.77 1.0177
3.70 3.28 29.6 1.0162 4.15 3.82 1.0179
3.75 3.33 29.8 1.0164 4.20 3.87 1.0181
3.80 3.38 30.0 1.0166 4.26 3.93 1.0183
3.85 3.42 30.3 1.0168 4.31 3.98 1.0185
3.90 3.46 30.5 1.0170 4.37 4.03 1.0188
3.95 3.51 30.7 1.0173 4.43 4.08 1.0190
4.00 3.55 30.9 1.0175 4.48 4.13 1.0192
4.05 3.60 31.1 1.0177 4.54 4.18 1.0194
4.10 3.64 31.3 1.0179 4.59 4.23 1.0197
4.15 3.69 31.5 1.0181 4.65 4.28 1.0199
4.20 3.73 31.7 1.0183 4.71 4.33 1.0201
4.25 3.78 31.9 1.0185 4.76 4.38 1.0203
4.30 3.82 32.1 1.0188 4.82 4.44 1.0205
4.35 3.86 32.3 1.0190 4.87 4.49 1.0208
4.40 3.91 32.5 1.0192 4.93 4.54 1.0210
4.45 3.95 32.7 1.0194 4.99 4.59 1.0212
4.50 4.00 32.9 1.0196 5.04 4.64 1.0215
4.55 4.04 33.1 1.0198 5.10 4.70 1.0217
4.60 4.09 33.3 1.0200 5.16 4.75 1.0219
4.65 4.13 33.6 1.0203 5.21 4.80 1.0222
4.70 4.18 33.8 1.0205 5.27 4.85 1.0224
4.75 4.22 34.0 1.0207 5.33 4.90 1.0226
4.80 4.26 34.2 1.0209 5.38 4.96 1.0228
4.85 4.31 34.4 1.0211 5.44 5.01 1.0230
4.90 4.36 34.6 1.0213 5.49 5.06 1.0233
4.95 4.40 34.8 1.0216 5.55 5.11 1.0235
5.00 4.44 35.0 1.0218 5.60 5.16 1.0237
5.05 4.49 35.2 1.0220 5.66 5.21 1.0240
5.10 4.53 35.4 1.0223 5.72 5.26 1.0242
5.15 4.58 35.6 1.0225 5.77 5.31 1.0244
5.20 4.62 35.8 1.0227 5.83 5.36 1.0247
5.25 4.66 36.0 1.0229 5.88 5.41 1.0249
5.30 4.71 36.2 1.0231 5.94 5.47 1.0251
5.35 4.75 36.4 1.0233 6.00 5.52 1.0253
5.40 4.80 36.6 1.0235 6.05 5.57 1.0256
5.45 4.84 36.8 1.0238 6.11 5.62 1.0258
5.50 4.89 37.1 1.0240 6.16 5.67 1.0260
5.55 4.93 37.3 1.0242 6.22 5.73 1.02635.60 4.98 37.5 1.0244 6.28 5.78 1.0265
5.65 5.02 37.7 1.0246 6.33 5.83 1.02675.70 5.06 37.9 1.0249 6.39 5.88 1.02705.75 5.11 38.1 1.0251 6.45 5.93 1.0272
5.80 5.15 38.3 1.0253 6.50 5.99 1.02745.85 5.20 38.5 1.0255 6.56 6.04 1.0*276
5.90 5.24 38.7 1.0257 6.61 6.09 1.02795.95 5.29 38.9 1.0259 6.67 6.14 1.0281
6.00 5.33 39.1 1.0261 6.72 6.19 1.0283
6.05 5.38 39.3 1.0263 6.78 6.24 1.02856.10 5.42 39.5 1.0266 6.84 6.29 1.02886.15 5.46 39.7 1.0268 6.89 6.35 1.02906.20 5.51 39.9 1.0270 6.95 6.41 1.02926.25 5.56 40.1 1.0272 7.01 6.46 1.0294

Table IV [t m a y also be ca lcu l
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6.30 5.60 40.3 1.0274 7.06 6.51 1.0297 9.30 8.27 52.7 1.0404 10.41 9.60 1.0433
6.35 5.64 40.6 1.0277 7.12 6.56 1.0299 9.35 8.31 52.9 1.0406 10.47- 9.65 1.0435
6.40 5.69 40.8 1.0279 7.17 6.61 1.0301 9.40 8.35 53.1 1.0409 10.52 9.70 1.0437
6.45 5.73 41.0 1.0281 7.23 6.66 1.0304 9.45 8.40 53.3 1.0411 10.58 9.75 1.0440
6.50 5.78 41.2 1.0283 7.28 6.71 1.0306 9.50 8.45 53.5 1.0413 10.64 9.80 1.0442
6.55
6.60
6.65
6.70
6.75

5.82
5.86
5.91
5.95
6.00

41.4
41.6
41.8
42.0
42.2

1.0285
1.0287
1.0290
1.0292
1.0294

7.34
7.40
7.45
7.51
7.56

6.76
6.82
6.87
6.92
6.97

1.0308
1.0310
1.0313
1.0315
1.0317

9.55
9.60
9.65
9.70
9.75
*9.80

8.49
8.53
8.58
8.62
8.67
8.71

53.7 
53.9 
54.1 
54.3 
54.5
54.7

1.0415
1.0417
1.0419
1.0422
1.0424
1.0426

10.70
10.75
10.80
10.86
10.91
10.97

9.86
9.91
9.96

10.01
10.06
10.11

1.0444
1.0447
1.0449
1.0451
1.0453
1.0456

6.80 6.04 42.4 1.0296 7.62 7.02 1.0320 9.85 8.75 55.0 1.0428 11.02 10.16 1.0458
6.85 6.09 42.6 1.0298 7.68 7.08 1.0322 9.90 8.80 55.2 1.0430 11.08 10.21 1.0461
6.90 6.14 42.8 1.0300 7.74 7.13 1.0324 9.95 8.85 55.4 1.0433 11.14 10.26 1.0463
6.95 6.18 43.1 1.0303 7.79 7.18 1.0326 10.00 8.89 554 1.0435 11.20 10.31 1.0465
7.00 6.22 43.3 1.0305 7.85 7.23 1.0329 10.05 8.93 55.8 1.0437 11.25 10.37 1.0467
7.05
7.10
7.15
7.20

6.26
6.31
6.36
6.40

43.5
43.7
43.9
44.1

1.0307
1.0309
1.0311
1.0313

7.90
7.96
8.02
8.07

7.28
7.33
7.38
7.43

1.0331
1.0333
1.0336
1.0338

10.10
10.15
10.20
10.25

8.98
9.02
9.07
9.11

56.0
56.2
56.4
56.6

1.0439
1.0441
1.0444
1.0446

11.30
11.36
11.41
11.47

10.42
10.47
10.52
10.57

1.0469
1.0472
1.0474
1.0476

7.25 6.44 44.3 1.0315 8.12 7.48 1.0340 10.30 9.15 56.8 1.0448 11.53 10.63 1.0478
10.35 9.20 57.0 1.0450 11.59 10.68 1.0481

7.30 6.48 44.5 1.0318 8.18 7.54 1.0342 10.40 9.25 57.2 1.0452 11.64 10.73 1.0483
7.35 6.53 44.7 1.0320 8.24 7.59 1.0345 10.45 9.29 57.4 1.0454 11.70 10.78 1.0485
7.40 6.58 44.9 1.0322 8.30 7.64 1.0347 10.50 9.33 57.6 1.0457 11.75 10.83 1.0487
7.45 6.62 45.1 1.0324 8.35 7.69 1.0349 10.55 9.38 57.8 1.0459 11.81 10.89 1.04907.50 6.66 45.3 1.0326 8.40 7.74 1.0352 10.60 9.42 58.0 1.0461 11.87 10.94 1.0492
7.55
7.60
7.65

6.71
6.76
6.80

45.5
45.7
45.9

1.0328
1.033-1
1.0333

8.46
8.52
8.57

7.79
7.84
7.89

1.0354
1.0356
1.0358

10.65
10.70
10.75

9.47
9.51
9.55

58.2
58.4
58.6

1.0463 
1.0465 
1.0467

11.93 
11.99 
12.05

10.99 
11.04 
11.09

1.0494 
1.0496 
1.0499

7.70 6.84 46.2 1.0335 8.63 7.95 1.0361 10.80 9.60 58.8 1.0469 12.10 11.15 1.0501
7.75 6.89 46.4 1.0337 8.68 8.00 1.0363 10.85 9.65 59.0 1.0471 12.15 11.20 1.0503

10.90 9.70 59.2 1.0474 12.21 11.25 1.0505
7.80 6.93 46.6 1.0339 8.74 8.05 1.0365 10.95 9.74 59.4 1.0476 12.26 11.30 1.0508
7.85 6.98 46.8 1.0341 8.80 8.11 1.0367 11.00 9.78 59.6 1.0478 12.32 11.35 1.0510
7.90 7.02 47.0 1.0344 8.86 8.16 1.0370 11.05 9.82 59.9 1.0480 12.37 11.40 1.0512
7.95 7.07 47.2 1.0346 8.91 8.21 1.0372 11.10 9.87 60.1 1.0482 12.43 11.45 1.0515
8.00 7.1 1 47.4 1.0348 8.96 8.26 1.0374 11.15 9.92 60.3 1.0484 12.49 11.50 1.0517
8.05
8.10

7.16
7.20

47.6
47.8

1.0350
1.0352

9.02
9.08

8.31
8.36

1.0377
1.0379

11.20
11.25

9.96
10.00

60.5
60.7

1.0487
1.0489

12.55
12.60

11.55 
11.60

1.0519
1.0522

8.15 7.24 48.0 1.0354 9.14 8.41 1.0381 11.30 10.04 60.9 1.0491 12.65 11.66 1.0524
8.20 7.28 48.2 1.0357 9.19 8.46 1.0383 11.35 10.09 61.1 1.0493 12.71 11.71 1.0526
8.25 7.33 48.4 1.0359 9.25 8.51 1.0386 11.40 10.13 61.3 1.0495 12.77 11.76 1.0528

11.45 10.18 61.5 1.0498 12.83 11.81 1.0531
8.30 7.38 48.6 1.0361 9.30 8.57 1.0388 11.50 10.22 61.7 1.0500 12.88 11.86 1.0533
8.35 7.42 48.8 1.0363 9.36 8.62 1.0390 11.55 10.27 61.9 1.0502 12.94 11.92 1.0535
8.40 7.46 49.0 1.0366 9.42 8.67 1.0393 11.60 10.31 62.1 1.0504 12.99 11.97 1.0538
8.45 7.51 49.2 1.0368 9.47 8.72 1.03$5 11.65 10.35 62.3 1.0506 13.05 12.02 1.0540
8.50 7.55 49.4 1.0370 9.53 8.77 1.0397 11.70 10.40 62.5 1.0508 13.10 12.07 1.0542

7.60
7.64
7.68
7.73
7.78

49.6
49.8
50.0
50.2
50.4

1.0372
1.0374
1.0376
1.0379
1.0381

9.58
9.64
9.70
9.75
9.80

8.83
8.88
8.93
8.98
9.03

1.0400
1.0402
1.0404
1.0406
1.0408

11.75 10.45 62.7 1.0511 13.16 12.12 1.0544
8.55
8.60
8.65
8.70
8.75

11.80
11.85
11.90
11.95
12.00

10.49
10.53
10.58
10.63
10.67

62.9
63.1
63.3
63.5
63.7

1.0513
1.0515
1.0517
1.0519
1.0521

13.22
13.27
13.32
13.38
13.44

12.18
12.23
12.28
12.33
12.38

1.0547
1.0549
1.0551
1.0554
1.0556

8.80 7.82 50.7 1.0383 9.86 9.09 1.0410 12.05 10.71 64.0 1.0523 13.50 12.44 1.05588.85 7.86 50.9 1.0385 9.92 9.14 1.0413 12.10 10.75 64.2 1.0525 13.55 12.49 1.0560
8.90 7.91 51.1 1.0387 9.97 9.19 1.0415 12.15 10.80 64.4 1.0527 13.60 12.54 1.0562
8.95 7.95 51.3 1.0389 10.02 9.24 1.0417 12.20 10.84 64.6 1.0529 13.66 12.59 1.0565
9.00 8.00 51.5 1.0392 10.08 9.29 1.0419 12.25 10.89 64.8 1.0531 13.72 12.64 1.0567
9.05 8.05 51.7 1.0394 10.14 9.35 1.0421 12.30 10.94 65.0 1.0533 13.78 12.70 1.0569
9.10 8.09 51.9 1.0396 10.19 9.40 1.0424 12.35 10.98 65.2 1.0535 13.83 12.75 1.0572
9.15 8.13 52.1 1.0398 10.25 9.45 1.0426 12.40 11.02 65.4 1.0537 13.89 12.80 1.0574
9.20 8.18 52.3 1.0400 10.30 9.50 1.0428 12.45 11.07 65.6 1.0539 13.95 12.85 1.0576
9.25 8.22 52.5 1.0402 10.35 9.55 1.0430 12.50 11.11 65.8 1.0241 14.01 12.90 1.0579

formula, w h ich  w as d e riv e d  fro m  th e  sa m e  ta b le :
P er c e n t  S o l id s  i n  F il t r a t e  *=» 2 3 0  (sp . g r .  o f  f i l t r a te  — 1 .0 0 0 ).

I'he per ce n t of so lid s  in  th e  p u lp  m a y  a lso  b e  a s ­
certained fro m  th e  sp e c ific  g r a v it y  o f th e  f iltr a te  a t  
20° C., from  T a b le  I V . T h e  sam e re s u lts  m a y  be 
obtained fro m  th e  fo llo w in g  fo rm u la , w h ich  w as d e­
rived from  T a b le  I I I :

in a l p u lp . A  s till  c lo ser a g re e m e n t is o b ta in e d  if th e  
figu re  0.05  b e  d e d u c te d  fro m  th e  p e r c e n ta g e  of e x ­
t r a c t  g iv e n  in  th e  ta b le .

( c ) .  B Y  C A L C U L A T IO N  F R O M  T H E  I N D E X  O F  R E F R A C ­

T IO N  o f  t h e  f i l t r a t e s — T h e  in d ex  of re fra c tio n  of 
th e  liq u o r o b ta in e d  b y  filte rin g  to m a to  p u lp  m a y  be 
d e te rm in e d  b y  m ean s o f e ith e r  th e  Z e is s-A b b é  re- 
fra c to m e te r , o r th e  im m ersio n  re fra c to m e te r  a t  th e

Per cent So lids in  Putp -  257.5 (sp. gr. of nitrate at 20° c . — l.ooo). te m p e ra tu re  o f  i 7 -S °  C . T h e  la t t e r  is  p re fe ra b le  as
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i t  p erm its  of m u ch  g re a te r  a c c u r a c y . T h e  co rre ­
sp o n d in g  p e rce n ta g e  o f so lids in  th e  f iltr a te  a n d  th e  
p e rc e n ta g e  o f so lid s in  th e  p u lp  fro m  w h ich  it  is p re ­
p a re d  m a y  be a sc e rta in e d  fro m  th e  in d ex  of re fra c ­
t io n  b y  T a b le  I V . T h e  p er ce n t of so lids in  th e  fil­
tr a te  m a y  also  b e  c a lc u la te d  fro m  th e  sca le  re a d in g  of 
th e  im m ersio n  re fra c to m e te r  a t  1 7 . 5 ° C ., b y  th e  fo l­
lo w in g  fo rm u la , w h ich  is d e riv e d  fro m  T a b le  I V :

P e r  c e n t  S o l id s  i n  F il t r a t e

=  0 .258 (scale r e a d in g — 15) — 0.0165 (scale read in g  —  26.4).

I f  th e  in d ex  o f re fra c tio n  h a s  been  d e te rm in e d  b y  
m ean s o f an  A b b 6 re fra c to m e te r , th e  per c e n t of so lids 
in  th e  filtr a te  m a y  b e  c a lc u la te d  b y  th e  fo llo w in g  
fo rm u la :

P e r  c e n t S o l id s  i n  F i l t r a t e  =  666 ( md — 1.3332) —  20.7 (wd — 1.3376).

T h e  per ce n t of to ta l  so lid s in to m a to  p u lp  m a y  also  
b e  a sc e rta in e d  fro m  th e  in d ex  of re fra c tio n  of th e  liq u o r 
p re p a re d  b y  filte rin g  th e  p u lp  as sh o w n  in  T a b le  I V ;  
or, it  m a y  be c a lc u la te d  fro m  th e  im m ersio n  re fra c ­
to m e te r  re a d in g  b y  th e  fo llo w in g  fo rm u la , w h ich  is 
d e riv e d  fro m  T a b le  I V :

P e r  c e n t  S o l id s  i n  P u l p

=t 0.289 (scale re a d in g  of f il tra te  — 15) —  0.0185 (scale  read in g  — 26.4).

I f  th e  in d ex  of re fra c tio n  of th e  f iltr a te  h as been  
d e te rm in e d  b y  m ean s of an  A b b d  re fra c to m e te r , th e  
per ce n t of so lid s in  th e  p u lp  m a y  be c a lc u la te d  b y  th e  
fo llo w in g  fo rm u la :
P e r  c e n t  S o l id s  i n  P u l p  =  748 ( wd — 1.3332) —  25.5 ( k d  — 1.3376).

I t  is o f in te re st to  n o te  t h a t  th e  re la tio n  b e tw e e n  
th e  in d ex  of re fra ctio n  of th e  liq u o r o b ta in e d  b y  
filte rin g  to m a to  p u lp  a n d  th e  p er ce n t o f so lid s in  th a t  
liq u id  is v e r y  s im ila r to  th e  re la tio n  b e tw e e n  th e  in d ex  
of re fra c tio n  a n d  d isso lv e d  so lid s  in  b eer a n d  w in e  e x ­
tr a c t , as sh o w n  in th e  ta b le  p re p a re d  b y  W a g n e r . 1

In  th e  fo rm u la  g iv e n  a b o v e , as w ell as in  T a b le  I V , 
it  is a ssu m ed  t h a t  s a lt  is a b se n t. I f  it  be d esired  
to  c a lc u la te  th e  p e rce n ta g e  o f so lid s in  a  sa m p le  co n ­
ta in in g  s a lt  fro m  th e  in d ex  of re fra c tio n  of th e  f iltra te , 
it  is n e ce s sa ry  first to  d e te rm in e  th e  a m o u n t of s a lt  
p re se n t a n d  m a k e  co rre c tio n  th e re fo r . F o r  th is  p u r ­
p o se  th e  ta b le  o f W a g n e r2 m a y  be e m p lo y e d .

T h is  co rre c tio n  is n e ce ssa ry , h o w e v e r , if th e  p e r­
ce n ta g e  of so lid s  b e  d e te rm in e d  b y  d r y in g , o r c a l­
c u la te d  fro m  sp ecific  g r a v it y .

D E T E R M IN A T IO N  O F  I N S O L U B L E  S O L ID S

Transfer 20 grams of the pulp to ail eight-ounce nursing 
bottle, nearly filled with hot water, mix by shaking, and centri­
fuge until the insoluble matter is collected in a  cake in the 
bottom of the bottle. Transfer the supernatant liquor onto a 
double, tared filter paper covering the bottom of a Büchner fun­
nel, using suction to facilitate filtration.

Again fill the nursing bottle with hot water, stir the cake 
of insoluble solids so that it  is thoroughly mixed with the water, 
centrifuge, and decant the supernatant liquor on the filter. 
Repeat the centrifuging and the filtration of the supernatant 
liquor once more, and then finally transfer the insoluble solids 
to the filter paper and thoroughly wash with hot water. Dry 
the paper and insoluble solids, and weigh. The insoluble solids 
are quite hydroscopic and the weight must be taken quickly.

1 " U e b e r  q u a n t i ta t iv e  B es tim m u n g e n  w ässe riger L ö sungen  m it den i 
Z eiss-schen E in ta u c h re f ra k to m e te r ,"  T a b le  X V II .

3 Ib id ., T a b le  I.

D E T E R M IN A T IO N  O F  S U G A R

T h e  s u g a r o f to m a to e s  is p r o b a b ly  a lw a y s  present 
as in v e r t  su g a r. If can e  s u g a r is e v e r  p resen t in the 
ra w  p ro d u c t  it  is  d o u b tle ss  in v e rte d  d u rin g  the con­
ce n tra tio n  of p u lp . T h e  p er ce n t o f su ga r given 
in  T a b le s  I a n d  I I  w as  d e te rm in e d  b y  th e  method 
of M u n so n  a n d  W a lk e r . 1

D E T E R M IN A T IO N  O F  A C ID IT Y

A c c u r a te  re su lts  ca n n o t b e  o b ta in e d  b y  th e  titration  
o f to m a to  p ro d u c ts  in th e  p resen ce  of th e  insoluble 
so lids. I f  it  be d esired  to  d e te rm in e  th e  ac id ity  in 
th e  e n tire  sa m p le  o f to m a to e s  or to m a to  pulp  rather 
th a n  in th e  e x p ressed  ju ice , th e  in so lu b le  solids should 
first be re m o v e d  b y  th e  m eth o d  g iv e n  in  th e  determ ina­
tio n  of in so lu b le  so lid s. T h e  p er ce n t of a cid  given 
in T a b le s  I an d  I I  w as  o b ta in e d  b y  t it r a t in g  th e  liquor 
o b ta in e d  b y  filte rin g  th e  p u lp . In  p ro d u c ts  of this 
n a tu re , th e  a d d itio n  of an  a lk a li  ca u ses  a  brownish 
co lo r w h ich  h a s  a te n d e n c y  to o b scu re  th e  end point 
sh o w n  b y  th e  in d ic a to r . T o  o b v ia te  th is , th e  sample 
sh o u ld  be d ilu te d  to  a t  le a s t  200 cc. an d  a larger 
a m o u n t of in d ic a to r  e m p lo y e d  th a n  is n ecessary  with 
a  c le a r  s o lu tio n . T h e  fo llo w in g  d e ta ils  are suggested:

Dilute 20 grams of the filtrate under examination with over 
200 cc. of water. Add at least l/i cc. of phenolphthalein solu­
tion (prepared by dissolving 1 gram of phenolphthalein in 
100 cc. of 95 per cent alcohol) and titrate with sodium 
hydroxide until the end point is obtained. Add 1 cc. of tenth- 
normal hydrochloric acid, heat the solution quickly to boiling 
and boil one minute to expel carbon dioxide. Cool the solution 
quickly to about room temperature, and then add tenth-normal 
sodium hydroxide until the end point is obtained. The volume 
of hydrochloric acid added must, of course, be taken, into con­
sideration in the final result.

N a t io n a l  C a n n e r s ’ A s s o c ia t io n , W a s h in g t o n , D .  C .

A CO N CISE GRO UP M E TH O D  FO R  TH E DETECTION 
OF G ELATINIZING A G E N TS, P A ST Y  MATERIAL 

AND T H IC K EN ER S, USED IN FOOD 
PR O D U CTS

B y L e o n  A . C o n g d o n  

R ece iv ed  J a n u a ry  12, 1915

T h e  e x tre m e  d iffic u lty  o f d e te c tin g  va rio u s  gelatin­
iz in g  a g en ts , p a s ty  m a te ria l a n d  th ick e n e rs  used in 
fo o d  p ro d u c ts , h as led  th e  w rite r  to  w o rk  o u t a group 
m e th o d , b y  w h ich  th e se  s u b s ta n c e s  ca n  b e  identified 
e v e n  if th e  u n k n o w n  co n ta in s  one or a ll o f the com­
m on su b sta n ce s  u sed  fo r g e la tin iz in g  agen ts, etc., 
su ch  as s ta r c h , dextrin ,' g e la tin e , a ca c ia , agar-agar, 
tr a g a c a n th , a lb u m en  a n d  p e ctin  b o d ies of th e  fruit 
ju ic e s . T h e  use o f th e se  s u b s ta n c e s  h as been quite 
gen era l in  re ce n t y e a rs . H en ce  a  s tu d y  of these 
m a te r ia ls  a n d  th e ir  d e te c tio n  in  fo o d  p ro d u cts  is im­
p o rta n t  to  th e  ch e m ist. T h ic k e n e rs , p a s ty  materials, 
a n d  g e la tin iz in g  a g e n ts  fr e q u e n tly  are  u sed  to  cheapen 
th e  ge n u in e  a rtic le s  o f fo o d . In  th is  class m ay be 
m e n tio n e d  a g a r-a g a r , w h ich  h a s  b een  fo u n d  in im ita­
t io n  lem on  s lices; s ta r c h , a g a r-a g a r , a n d  gelatine in 
im ita tio n  je l ly ;  d e x tr in  in im ita tio n  cocoa cubes. 
T h e se  m a te ria ls  a re  also  u sed  to  c o v e r  u p  inferiority. 
In  th is  class  m ig h t b e  m entioned, a lb u m en , or white

1 B u rea u  of C h e m is try , U. S . D e p t. A gr., B ull. 107, revised.
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T a b l e  I

G r o u p s  G r o u p  R e a g e n t s

G roup I ........................  Io d in e  so lu tion

Group I I ...................... M illo n ’s o r  S to k e s ’ re a g e n t (ac id  n i t r a te  of m ercu ry )

G roup I I I .................... C o n c e n tra te d  so lu tio n  of so d iu m  b o ra te

G roup IV ..................... S o lu tio n  of so d iu m  h y d ra te

Group V ....................... S o lu tio n  of m e rcu ric  ch lo ride

Group V I ....................  S ch w e itze r’s re a g e n t (so lu tion  of cu p ra -a m m o n ia )

of egg, w h ich  is so m etim e s u sed  to  g la ze  co ffee  b ean s 
to m ake th e m  a p p e a r  b e tte r  th a n  t h e y  r e a lly  are. 
A gain th e  th ic k e n e rs , e tc ., a re  u sed  in  su ch  p ro d u c ts  
as ice cream  a n d  cu sta rd s , p r im a r ily  to  a d d  b u lk  to  
the p ro d u ct, an d  to  g iv e  th e  m a te ria l in  w h ich  t h e y  
are used a  fr o th y  a p p e a ra n ce . T h e y  are also  u sed  in 
this co n n ectio n  to  m a k e  th e  ice  crea m  a n d  cu sta rd s  
“ stand u p .”  A  g re a t m a n y  ice  crea m  m a n u fa c tu re rs  
use a so -ca lled  “ ice  crea m  p o w d e r .”  T h e se  “ ice  
cream p o w d e r s ”  v a r y  in  c o m p o sitio n , b u t  g e n ­
erally  co n ta in  on e o r m ore of th e  fo llo w in g : d e x ­
trin, a ca c ia , t r a g a c a n th , g e la tin e , a lb u m e n , a n d  
starch.

T his p a p er d e a ls  m ore s p e c ific a lly  w ith  th e  d e te c ­
tion of th ese  g e la tin iz in g  a g e n ts , p a s ty  m a te ria ls , a n d  
thickeners in  fo o d  p ro d u c ts  b y  a  gro u p  m eth o d .

T h e a b o v e  ta b le , p re p a re d  a n d  w o rk e d  o u t  b y  
the w riter on a c tu a l e x p e rim e n ts  in  th e  la b o r a to r y , 
places th e  a b o v e -m e n tio n e d  m a te ria ls  in  s ix  gro u p s:
I— the io d in e  s o lu tio n  g ro u p ; I I — th e  a c id  n itra te  
of m ercu ry  g ro u p ; I I I — th e  c o n c e n tra te d  so lu tio n  of 
sodium  b o ra te  g ro u p ; I V — th e  so lu tio n  o f so d iu m  
h ydrate  gro u p ; V — th e  so lu tio n  o f m e rcu ric  ch lo rid e  
group; V I — th e  s o lu tio n  o f cu p ra -a m m o n ia  g ro u p . A  
careful s tu d y  of th is  gro u p  m e th o d  sh o w s t h a t  a  n ew  
means fo r te s t in g  a g a r-a g a r  h as b een  d isco v e re d . 
This test is b a se d  o n  G ro u p s  I I ,  I I I  a n d  I V . T h e  
ch aracteristic  re a ctio n s  fo r  a g a r-a g a r  d e p e n d  on  a 
new test fo r  a c a c ia  in  G ro u p  I I , t h a t  is, on e d ro p  of 
acid n itra te  o f m e rc u r y  p lu s  th e  u n k n o w n  w a te r  so lu ­
tion, w hich  te s t  y ie ld s  a  s tr in g y  g e la tin o u s  p re c ip i­
tate, soluble in  excess o f the reagent. S in ce  th e  re a g e n t 
in G roup I I I  p re c ip ita te s  o n ly  a g a r-a g a r  a n d  a ca c ia , 
it is s im p ly  a  te s t  to  p ro v e  w h e th e r  on e or b o th  are  
present in  th e  u n k n o w n  w a te r-s o lu b le  m ix tu re . T h e  
reagent in  G ro u p  I V  does n o t p re c ip ita te  a g a r-a g a r, 
and hence if no p re c ip ita te  is o b ta in e d  h ere, a g a r- 
agar is p re se n t in  G ro u p  I I I ;  if  a  w h ite , c lo u d y  p re c ip i­
tate  occurs, th e  u n k n o w n  is a c a c ia , a n d  if a  b ro w n ish  
yellow color o ccu rs  on  h e a tin g , th e  u n k n o w n  is t r a g a ­
canth. A c a c ia  m a y  b e  fu r th e r  te s te d  fo r  w ith  a  s o lu ­
tion of so lu b le  b a s ic  le a d  a c e ta te , w h ich  g iv e s  a w h itish  
gelatinous p re c ip ita te  a n d  a g a in  te s te d  fo r  b y  th e  a c id  
nitrate of m e rcu ry  te s t  in G ro u p  I I  as a lr e a d y  in d ica -

R e a c t io n s  w i t h  W a t e r -S o l u b l e  S o l u t io n s  o f  t h e  G e l a t in iz in g  A g e n t s  
P a s t y  M a t e r ia l s  a n d  T h ic k e n e r s  

B lue  co lo ra tio n  in d ica te s  starch. (S om etim es g reen  ap p le s  m a d e  in to  je lly  
w ill g ive  tra ce s  o f s ta rc h .)

P u rp le  co lo ra tio n  in d ic a te s  A  m ylo-dcxtrin .
R e d  co lo ra tio n  in d ic a te s  E rythro-dextrin .
N o  co lo ra tio n  m a y  in d ic a te  n e i th e r  s ta rc h  n o r  d e x tr in , b u t  m a y  b e  Achro- 

dexlrin .
M ix tu re , a f te r  sh a k in g  s u b s ta n c e  in  so lu tio n  w ith  r e a g e n t is  c lo u d y . Y ellow  

p re c ip ita te  w ith  p ic ric  ac id  so lu tio n  in d ic a te s  Gelatine.
D ro p  of th is  re a g e n t. G e la tin o u s  p re c ip ita te , so lu b le  in  excess of th is  

reag e n t, in d ica te s  A cacia .
A s lig h t w h ite  c lo u d y  p re c ip ita te  m a y  in d ic a te  c i th e r  A gar-agar or Tragacanth  

o r  b o th  ( te s t  fo r tr a g a c a n th  a s  in  G ro u p  IV ).
A  w h ite  g e la tin o u s  p re c ip ita te  in d ic a te s  c i th e r  A gar-agar or A cacia  o r both.
C. T . A cacia  w ill g ive a  g e la tin o u s , o p a q u e  w h ite  p re c ip ita te  w ith  so lu tio n  

bas ic  le ad  ac e ta te .
A cacia  m a y  be fu r th e r  te s te d  fo r a s  in  G ro u p  I I  o r  G ro u p  IV  o r  b y  a d d in g  

a  so lu tion  o f ta n n in  w hich  g ives a  b lu ish  b la ck  co lo ra tio n .
A  b row n ish  yellow  co lo r on  h e a tin g  in d ic a te s  Tragacanth.
A w h ite  c lo u d y  p re c ip ita te  in d ic a te s  A cacia .
A slig h t tu rb id i ty  m a y  in d ica te  D extrin .
A w h ite  p re c ip ita te  m a y  in d ic a te  A lbum en  a n d  G elatine.
If  a  c o n c e n tra te d  w a te r  so lu tio n  o f th e  u n k n o w n  is t r e a te d  w ith  th is  re a g e n t 

a n d  p laced  on g lass slide u n d e r  m icro scope, a  d e l ic a te  fram ew o rk  o f 
cu p ric  p e c ta te  is e v id en t, show ing  a  Pectin  of f ru i t  o r  v eg e ta b le  o rig in  
p resen t.

te d . T h e  re m a in in g  te s ts  in  th e  o th e r g ro u p s  g iv e n  
in th e  ta b le  are  ra th e r  w ell k n o w n , b u t  th e  w rite r  
th in k s  th a t  th is  gro u p  m eth o d  w ill be h e lp fu l to  th o se  
in te re ste d  in  fo o d  ch e m istry .

D iv is io n  o p  F o o d  a n d  D r u g s  
K a n s a s  S t a t e  B o a r d  o f  H e a l t h , T o p e k a

TAM ARIND SYRUP
B y  W . C . T abisri 

R eceived  M a rc h  25, 1915

A  s y ru p  p re p a re d  fro m  th e  p u lp  o f ta m a r in d s  w ith  
a d d e d  s u g a r has co m e in to  use in  th e  U n ite d  S ta te s  
as  a su m m e r b e v e ra g e  th a t  is h ig h ly  e ste em e d  b y  
Ita lia n s . A fte r  d ilu tio n  w ith  w a te r  th is  s y ru p  fo rm s 
a re fre sh in g  d rin k . T h e  m a k in g  of th is  s y ru p  a p ­
p a r e n tly  o rig in a te d  in  I t a ly  som e y e a rs  ago. T h e  
d is tr ic ts  of L o m b a r d y  an d  P ie d m o n t are  th e  I ta lia n  
sectio n s  m o st p ro m in e n tly  id e n tified  w ith  th e  m a k in g  
of th is  p ro d u ct.

T h e  ta m a rin d s  u sed  in  th is  c o u n tr y  are  p r a c t ic a lly  
a ll im p o rted . T h e y  are th e  fru it  o f a  le g u m in o u s  
tre e , T am arin dus in d ica , -which gro w s in  tro p ic a l a n d  
sem i-tro p ica l co u n tries. A  n a t iv e  p r o b a b ly  o f A fr ic a , 
i t  w as  e a r ly  in tro d u ce d  in to  th e  E a s t  In d ie s, W e s t 
In d ie s, B ra z il, M e x ico  a n d  m o st o f th e  tro p ic a l co u n ­
tries. T h e  fru it  is a  la rg e , fla t  p o d  fro m  4  to  8 in. 
lo n g , filled  w ith  an  a c id  p u lp , seed s a n d  a s tr in g y , fib ro u s 
m a tte r. In  th e  sam p les e x a m in ed  in  th is  la b o r a to r y  
th e  p u lp  c o n stitu te d  a b o u t s ix ty  p er ce n t of th e  w h o le  
fre sh  fru it  as re m o v e d  fro m  th e  pod.

T h e  re p o rte d  a n a ly se s  o f ta m a r in d s  are  n o t u n i­
fo rm . T h e  s ta te m e n ts  in  re g a rd  to  th e  p resen ce  of 
c itr ic  an d  m a lic  a c id s  are  q u ite  co n flic tin g .

V a u q u e lin ,2 w ho p u b lish e d  on e of th e  e a r lie s t  
a n a ly se s  o f ta m a rin d , re p o rte d  a  la rg e  a m o u n t o f c itr ic  
a c id  as one of th e  co n stitu e n ts . T h is  re p o rt ca n  h a v e  
lit t le  w e ig h t as th e  m e th o d  o f id e n tific a tio n  w as 
fa u lty . A fte r  co n ce n tra tio n , th e  a d d itio n  o f ca lc iu m  
ca rb o n a te  p ro d u c ed  a p re c ip ita te , w h ich , on d e c o m ­
p o sitio n , g a v e  an  a c id  p re c ip ita te  w ith  lim e  w a te r . 
T h is  w o u ld  n o t b e  su ffic ien t to  d is tin g u ish  b e tw e e n  
ta r ta r ic  a c id  a n d  c itr ic  acid .

1 A ss is ta n t C h em is t, B u re a u  of C h em is try .
2 A n n . de C h im ., [1] 5 (1790), 92.
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S c h m e y 1 q u o tes  N e v in n e y , w ho fo u n d  1 . 5  t o  6 p er 
ce n t of ta r ta r ic  a cid  a n d  u p  to  9.4  p er c e n t of c itr ic . 
T h e  m e th o d s o f a n a ly se s  u sed , h o w e v e r , a re  n o t g iv e n .

M u e lle r2 re p o rts  th e  e x a m in a tio n  of n ine sam p les 
of ta m a r in d  p u lp  fre ed  fro m  seeds. H e fo u n d  an  a v e r ­
age  o f 2 . 2 p er ce n t o f c itr ic  a c id , w h ich  figu re  in c lu d e d  
th e  m a lic  a cid  w h ich  m a y  h a v e  been  p resen t.

N e u m a n n 3 fo u n d  on th e  a v e ra g e  fro m  te n  E a s t  
In d ia n , m o stly  C a lc u tta , an d  one W e st In d ia n  v a r ie t y  
7 . 0 6 2  per ce n t of free  ta r ta r ic  acid , 3 . 0 5  per ce n t of 
c itr ic  acid , a n d  0 . 9 6 9  p er ce n t o f m alic  acid .

A d a m s 4 rep o rts  no c itr ic  a c id  in  th e  p u lp .
O c ta v e  R e m e a u d ,5 on e of th e  m ore re c e n t a n a ly sts , 

re p o rts  th e  re su lts  fro m  th e  p u lp  of a  k n o w n  sam p le  
of th e  fru it  a n d  fro m  tw o  co m m ercia l sam p les. H is 
a n a ly se s  sh o w  a to ta l a c id ity  as ta r ta r ic  o f 1 1 . 7 per 
ce n t on  th e  k n o w n  sa m p le , la rg e ly  d ue to  ta r ta r ic  acid , 
w ith  a  sm a ll a m o u n t of u n d e te rm in e d  acid . H is  
re su lt on in v e r t  s u g a r is h ig h , 4 2 . 3 0  per ce n t.

B ru n n e r6 a n a ly ze d  tw e n ty -o n e  sam p les o f w h ole  
ta m a rin d s  fro m  C a lc u tta , a n d  one fro m  th e  W e st 
In d ies, an d  fo u n d  on th e  a v e ra g e  1 . 7 6  p er ce n t  of 
c itr ic  acid , w ith  p o ssib le  tra ce s  o f m a lic  in  tw o  cases.

F ro m  a n a ly se s  m ad e  b y  C h a c e , T o lm a n  a n d  M u n ­
s o n 7 so m e y e a rs  ago , it  w as  seen  a g a in  t h a t  th e  fru it  
in its  n a tu r a l s ta te  is re m a rk a b le  fo r its  la rg e  a m o u n t 
of su g a r, o v e r  30  p er ce n t, w h ich  is m a in ly  re d u c in g  
su g a r, a n d  fo r  its  h ig h  d e gree  of a c id ity  w h ich  t h e y  
fo u n d  to  be a p p ro x im a te ly  1 0  p er ce n t. I t  h a s  been  
s ta te d  b y  P r a t t  a n d  del R o s a r io 8 t h a t  - th e  ta m a r in d  
c o n ta in s  m ore a c id  a n d  m ore s u g a r  th a n  a n y  o th er 
n a tu r a lly  o ccu rrin g  fo od . T h e se  a u th o rs 5 re c e n tly  
re p o rt th e  a n a ly s is  of P h ilip p in e  ta m a rin d s  in w h ich  
th e  to ta l su g a r as in v e r t  is 4 1 . 2 0  p er ce n t, w ith  less 
th a n  1 p er ce n t of su cro se , a n d  w ith  an  a c id ity  of 1 5 . 3 3  

per ce n t  as ta r ta r ic .
O th er re feren ces to  th e  lite r a tu r e  on  ta m a r in d s  m a y  

be fo u n d  in th e  a rtic le  liy  B r u n n e r , 10 b u t  th e y  are  of 
l it t le  im p o rta n ce .

T h e  p u b lish e d  a n a ly se s  agree  fa ir ly  w ell as to  th e  
a m o u n t of ta r ta r ic  a c id  p re se n t, w h ich  is th e  c h a ra c ­
te r is tic  a c id  of th e  fru it . T h e  su m  of th e  p o ta ssiu m  
ta r tr a te  a n d  ta r ta r ic  a c id  w as fo u n d  b y  B ru n n e r an d  
N e u m a n n  to  be on  th e  a v e ra g e  1 1 . 5 p er ce n t. M u e ller 
o b ta in e d  a s lig h t ly  h ig h er figu re  on th e  p u lp  freed  
fro m  seeds.

T h e  fru it  e x a m in ed  in  th is  la b o r a to r y , w h ich  w as 
p u rch a se d  in  th e  N e w  Y o r k  m a rk e t, h a d  an  a c id ity  
of a b o u t 10  p er ce n t, c a lc u la te d  as ta r ta r ic . A  la rge  
p a rt o f th e  a c id ity  w as d ue to  t a r ta r ic  a c id , as  fo u n d  
b y  th e  q u a n t ita t iv e  p re c ip ita tio n , an d  th e  re st to  
u n d e te rm in e d  acid s. N o  c itr ic  a c id  w as  fo u n d  in 
th e  s y ru p s  m a d e  fro m  th is  fru it , an d  v o la tile  a cid s 
o n ly  in  v e r y  sm a ll a m o u n ts . In v ie w  of th e  m e th o d

'  A llg . M ed . Centr. Z tg .. 65 (1896), 635.
'*  P harm . Centralhalle, 23 (1882), S93.
3 P harm aceul., (1891), p . 15.
4 Z ts . allg. Oestcrreich. apotll. V t r t in ,  A ug ., 1905.
‘ J .  pharm . ch im ., 23 (1906), 424.
• A po th . Z tg .. 6  (1891), 53.
1 U. S. D e p t. A gr., B u r. of C hem ., B u ll. 87 (1904), 15.
■ P hil. J .  S c i., 8 (1913), Sec. A, N o . 1.
* Ib id .

10 Loc. cit.

u sed  in  m a k in g  th e  s y ru p s  as o u tlin e d  b elo w , it may 
b e  d o u b te d  w h e th e r  a  su ffic ien t a m o u n t of citric  acid 
w o u ld  b e  e x tr a c te d  fro m  th e  ta m a r in d s  to  g iv e  a test, 
ta k in g  i t  fo r  g r a n te d  th a t  it  w as p re se n t in  th e  original 
f r u it  to  th e  e x te n t  o f 2 or 3 p er cen t.

T h e  fa c t  t h a t  th e  a c id ity  w as lo w e r th an  that 
fo u n d  b y  so m e a n a ly s ts  m e n tio n e d  a b o v e  m ay have 
b een  d ue t o  in co m p le te  rip en ess. G e e r lig s 1 has shown 
t h a t  th e  co m p o sitio n  o f th e  p u lp  v a r ie s  w ith  th e  differ­
e n t s ta g e s  of r ip e n in g . In  a  t y p ic a l  case  th e  tartaric 
a c id  c o n te n t in cre a se d  fro m  3 . 2 5  to  1 5 . 8  per cent 
d u rin g  sixte en  d a y s  of rip e n in g , a n d  th e  sugars from
o . 73 to  1 5 . 2  p er ce n t.

T h e  m a n u fa c tu r in g  p rocess e m p lo y e d  in making 
co m m e rcia l ta m a r in d  sy ru p s  co n sists  s im p ly  in mak­
in g  a w a te r  e x tr a c t  o f th e  ta m a r in d s  b y  a d d in g  water 
to  th e  fru it , h e a tin g  th e  m ix tu re  fo r  a  fe w  hours, fil­
te r in g  it , a n d  a d d in g  s u g a r  u n til a so lid  content of 
a p p ro x im a te ly  60  p er ce n t is o b ta in e d . T h ere  are, 
h o w e v e r , on  th e  m a rk e t a rtif ic ia l or im ita tio n  tamarind 
s y ru p s  w h ich  a re  p re p a re d  fro m  c itr ic  or tartaric 
a c id s  an d  co lo red  w ith  ca ra m el to  g iv e  th e  product 
th e  a p p e a ra n ce  of a  s y ru p  c o n ta in in g  a  la rge  amount 
o f ta m a r in d , a n d  so m etim e s a  sm a ll a m o u n t of the 
ta m a rin d  m a y  b e  a d d ed , v a r y in g  fro m  i to  5 per cent. 
G lu co se  is a lso  a d d e d  in  so m e ca ses an d  o ther fruit 
ju ic e s  su ch  as p ru n e  or ra s p b e rry .

T h e  fo rm u la e  u sed  fo r  m a k in g  th e  tru e  tam arind 
s y ru p  v a r y  so m e w h a t in  th e  a m o u n t of fru it used, 
so m e m a n u fa ctu re rs  u sin g  as m u ch  as 30  to  35  per 
ce n t. In  th e  o p in io n  o f m a k e rs  o f h igh -class goods, 
ta m a r in d  s y ru p  sh o u ld  be a  p re p a ra tio n  containing 
a  su ffic ien t a m o u n t o f th e  e x tra c t  o f ta m a rin d  to im­
p a r t  to  it  th e  d esired  a c id ity  an d  fla v o r. T h e y  ap­
p a r e n t ly  agree  th a t  a t  le a s t 2 p o u n d s of the whole 
ta m a rin d  to  th e  g a llo n  o f th e  fin ish ed  p ro d u ct, or ap­
p ro x im a te ly  20 per ce n t, is n e ce s sa ry  to  im p art the 
d is t in c t iv e  fla v o r  a n d  th e  degree  o f a c id ity  desired.

S ix  s y ru p s  o f ta m a r in d s  w ere  p re p a re d  in the labo­
r a to r y  in  th e  fo llo w in g  m an n er:

T h e  p u lp , s e p a ra te d  fro m  th e  seed s a n d  other ex­
tra n e o u s  m a tte r , w as  used  in  m a k in g  the extract. 
T h e  a m o u n t o f w h o le  fru it  w as  c a lc u la te d  from  the 
p u lp , w h ich  in  th is  sam p le  w as 60  p er ce n t of the whole 
fru it . T h e  p u lp  w as co v e re d  w ith  w a te r , p laced on 
th e  s te a m  b a th  fo r  se v e ra l ho u rs, a llo w ed  to stand 
o v e r  n ig h t, filte re d  th ro u g h  a  lin en  filte r, and  washed 
w ith  h o t w a te r . S u g a r w as a d d ed  u n til the per­
ce n ta g e  of so lid s w as  b e tw e e n  50  a n d  6 0 , an d  the solu­
tio n  f in a lly  filte re d  fo r  a n a ly sis . T h e  la rge  am ounts 
of in v e r t  s u g a r  p re se n t in  S a m p le s  5 and  6 m ay be 
a c c o u n te d  fo r  b y  th e  fa c t  t h a t  t h e y  w ere evaporated 
on th e  s te a m  b a th  a fte r  th e  a d d itio n  of sugar.

T h e  ta b le  sh o w s p la in ly  th e  g r a d u a l in crease with 
in cre a sin g  a m o u n ts  o f fr u it  of th e  n o n -su g ar solids, 
so lid s o th e r  th a n  su g a r a n d  a c id s , a c id ity , to ta l acid 
as  ta r ta r ic , a sh , a lk a lin ity  of a sh , p h o sp h o ric  acid, 
a n d  co lo r. T h e  co lo r in  S a m p le s  5 a n d  6 w as increased 
b y  th e  e v a p o r a tio n  of th e  s y ru p  on th e  stea m  bath, 
w h ich  re su lte d  in  c a ra m e liz a tio n . A  su b seq u en t sam­
ple of th e  sam e c o n c e n tra tio n  as S a m p le  6 showed a

> In te rn . S ugar J . .  10 (1908), 372.
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color v a lu e  less th a n  o n e -h a lf as m u ch . T h e  te s t  of 
Denig^s’ 1 re a g e n t in  th e  a b o v e  sa m p le s  d id  n o t in d i­
cate citric  a cid . W h ile  it  m a y  b e  q u e stio n a b le  w h eth e r

An a l y s is  o f  T a m a r in d  S y r u p s  P r e p a r e d  i n  t h e  L a b o r a t o r y

S am p le  S am p le  S am p le  S am p le  S am p le  S am ple
D e t e r m in a t io n  

Amount of w hole . f r u i t
1 2 3 4 5 6

(per c e n t) .............................
Total solids b y  re frac -

2 .0 4 .1 8 .0 12.1 1 6 .0 2 4 .0

tom eter (per c e n t ) ...........
Reducing sugar befo re  in ­

5 0 .9 5 0 .6 5 3 .3 5 2 .0 5 6 .8 5 6 .7

version (per c e n t) ............
Sucrose, by  co p p e r (p er

4 .1 9 .6 9 .7 1 4 .4 4 2 .3 4 3 .8

cen t)...................................... 4 5 .6 3 8 .8 4 1 .3 3 5 .4 11.5 8 .8
Total sugar (per ce n t)  . . . .  
Non-sugar so lids (per

4 9 .7 4 8 .4 5 1 .0 4 9 .8 5 3 .8 5 6 .5

cen t)......................................
Solids o th e r th a n  su g ar

1 .2 2 .2 2 .3 2 .2 3 .0 4 .1

and acid (per c e n t ) . . . 
Total ac id ity  c a lcu la ted  as

1 .08 1 .79 1 .86 1 .60 2 .1 8 2 .9 9

ta rtaric  (per c e n t ) ...........
Acidity (cc. N / \ 0  p e r  100

0 . 12 0 .2 1 0 .4 4 0 .6 0 0 .8 2 1.11

g ) ............. .. • • • --------
Tartaric acid , b y  w ine

16 .3 2 8 .2 5 9 .3 8 0 .5 109 .2 147 .9

method (per c e n t) ........... 0 .3 1 0 .3 4 0 .51 0 .5 8
Ash (per c e n t) ........................
Alkalinity of ash  (cc. Ar/1 0

6104 o’. io 0 . 15 0 . 19 0 .2 3 0 .3 3

per 100 e . ) .......................... 6 .8 1 0 .4 1 7 .6 2 3 .5 3 0 .3 4 3 .0
Phosphoric acid (p er c e n t)  T ra c e  
Color in ‘A  in . ce ll (de-

0 .0 0 4 0 .0 0 8 0 .01 0 .0 1 6 0 .0 1 8

grees B rew er’s  s c a le ) . . . 1 .5 3 .0 6 .0 8 .0 2 8 .0 5 4 .0
Citric ac id ................................ N o n e N o n e N one N o n e N one N one

there is c itr ic  a c id  p re se n t in  ta m a rin d s  e ith e r  rip e  
or unripe, th e re  is a t  le a st  a p p a r e n t ly  n o t a  la rg e  
amount.

O rgan olep tic te s ts  on th e  sa m p le s  g a v e  th e  fo llo w ­
ing results:

The sam p le  c o n ta in in g  2 p er ce n t of fru it  h as no 
perceptible ta s te  o th e r  th a n  t h a t  du e to  su g a r. T h e  
sample co n ta in in g  4 p er ce n t o f th e  fru it  d id  n o t d iffer 
p erceptibly fro m  th e  first s y ru p . In  th e  s y ru p  w ith  
8 per cen t of fr u it  so m e a c id ity  w a s  n o tice a b le , w h ile  
in the 12 per ce n t p ro d u c t  th e re  w as  a  m a rk ed  a c id ity , 
as well as a s lig h t  tra c e  of th e  c h a ra c te r is tic  fla v o r, 
although n o t e n o u g h  fo r  a  go o d  p ro d u c t. In  th e  
syrup co n ta in in g  16  p er c e n t of fru it  th e  liq u o r m ore 
nearly a p p ro a ch e d  in  gen era l q u a litie s  th e  s ta n d a rd  
of a good ta m a r in d  s y ru p . T h e  la st  s y ru p , h a v in g  
a con cen tration  of 24 p er ce n t, fo rm e d  th e  m o st s a t is ­
factory p ro d u ct o f th e  series. T h e se  te s ts  agree  c lo se ly  
with th e  op in io n s of th e  b e st m a n u fa c tu re rs , th a t  
2 pounds of w h o le  ta m a rin d s  to  th e  g a llo n , or n e a r ly  
20 per cen t of fru it , are  n e ce ssa ry  to  p ro d u c e  th e  d is ­
tinctive fla v o r a n d  d e sira b le  d egree  of a c id ity .

The in te rp re ta tio n  of a n a ly tic a l  re su lts  on  co m m e r­
cial sam ples, w h en  a d d e d  su b s ta n ce s  are  p re se n t, is 
not so sim ple a m a tte r . T h e  re su lts  g iv e n  a b o v e  m a y , 
however, be of v a lu e  in som e ca ses, in  fo rm in g  an  
opinion as to  th e  a m o u n t of ta m a r in d  fru it  u sed  in a 
syrup, and p o ss ib ly  in re g a rd  to  its  a d u lte ra tio n .

B u r e a u  o f  C h e m is t r y  
D e p a r t m e n t  o f  A g r ic u l t u r e  

W a s h in g t o n , D .  C .

THE H YD RO LYSIS OF SU GAR SO LU TIO N S UNDER 
PR E SSU R E 2

B y  W . S. H u b b a r d  a n d  W . L . M i t c h e l  
R ec e iv ed  M a rc h  22, 1915

In the p a st fe w  y e a rs  th e re  h a v e  co m e on th e  m a rk e t 
several sy ru p s u n d e r v a r io u s  tr a d e  n am es fo r  th e  use 
of the m a n u fa ctu re r  o f fo u n ta in  su p p lie s , ca n n ed

1 -4bb. chim . phys., 18 (1899), 415.
1 This t i t le  m ig h t b e t te r  be " T h e  H y d ro ly s is  of S u g a r S o lu tio n s  a t  

Elevated T e m p e ra tu re s / ' b u t  to  th e  m a n u fa c tu re r  th e  p re se n t t i t le  b e t te r  
conveys the  idea of th e  process u sed .— A u t h o r s .

fru it  a n d  s im ila r lin e s  re q u ir in g  a  h e a v y  s y ru p . I t  
is c la im e d  fo r  th e se  sy ru p s  t h a t  th e y  are  b e tte r  th a n  
o rd in a ry  su g a r s y ru p  in  t h a t  t h e y  w ill n o t c r y s ta lliz e  
o u t an d  som e e v e n  c la im  t h a t  t h e y  a re  sw e ete r. I t  
is q u ite  w ell k n o w n , h o w e v e r , t h a t  th e se  s y ru p s  are 
in v e rt  su g a r a n d  w h en  t h e y  h a v e  b een  c o rr e c tly  
p re p a re d  w ill n o t  c r y s ta lliz e  o u t a n d  do m a k e  a  su p erio r 
a rtic le  to  use in  m a n y  fo o d  p ro d u cts .

T a r ta r ic  a c id  is used  in  th e  p re p a ra tio n  of a t  le a st  
one of th e se  sy ru p s  on th e  m a rk e t, a n d  th e re  is no rea so n  
w h y  a c e tic  a c id  sh o u ld  n o t b e  u sed , fo r  i t  co u ld  be 
g o tte n  rid  of e a s ily . T h e  s y ru p  in  w h ich  ta r ta r ic  
a c id  h a d  been  used , h o w e v e r , c r y s ta lliz e d  o u t in to  
a  so lid  m ass a fte r  s ta n d in g  tw o  o r th re e  m o n th s. . O ne 
in w h ich  w e w ere u n a b le  to  d e te c t  a n y  c a ta ly t ic  a g e n t 
w as  a t  th e  en d  of six  m o n th s in  as go o d  co n d itio n  as 
a t  th e  b eg in n in g . T h e  la tte r  co n ta in e d  a b o u t  46  p er 
ce n t in v e rt  su ga r w h ile  th e  fo rm e r h a d  a b o u t 75 p er 
cen t.

T h a t  b a cte ria , e n zy m e s, acid s, sa lts , e le v a te d  t e m ­
p e r a tu r e s 1 an d  ca rb o n  d io x id e 2 b rin g  a b o u t h y d r o ly s is  
of su g a r so lu tio n s is k n o w n . O rd in a ry  h e a tin g  b rin g s  
a b o u t h y d ro ly s is , b u t a cco rd in g  to  L u n d 3 if th e  a ir 
is e x c lu d e d  or th e  ca rb o n  d io x id e  in  th e  a ir  e lim in a te d , 
no in v e rsio n  o ccu rs  e v e n  on h e a tin g  24 h o u rs a t  io o °  C . 
L ip p m a n 4 an d  S h e ib ler5 fo u n d  th a t  it  w as n e ce ssa ry  
to  h a v e  m o istu re  p re se n t w ith  th e  ca rb o n  d io x id e. 
T h e y  re p o rt th a t  b y  ra is in g  th e  te m p e ra tu re  a n d  
in cre a sin g  th e  p ressu re a  co m p lete  in v e rs io n  co u ld  
be b ro u g h t a b o u t. P o lle n e n iu s5 c la im s  to  h a v e  o b ­
ta in e d  a  v e r y  p u re  in v e rt  su g a r b y  in je c t in g  a  b o ilin g  
s u g a r so lu tio n  in to  a  vessel o f ca rb o n  d io x id e  a t  a 
p ressu re  of 1 . 25  to  1 . 5  a tm o sp h e re s; o th e r s ,5 h o w e v e r , 
w ere n o t a b le  to  a ch ie v e  su ch  g o o d  re su lts . W h en  
s u g a r  so lu tio n s  are  h y d r o ly z e d  b y  h e a t a lo n e  or b y  
su p e rh e a te d  s te a m 6 a  ce rta in  a m o u n t o f co lo r7 d e ­
ve lo p s  w h ich , of cou rse, is o b je c tio n a b le  in  a  c o m ­
m ercia l a rtic le . T h is  in v e stig a tio n  w as ta k e n  u p  w ith  
th e  id e a  of fin d in g  u n d er w h a t  c o n d itio n s  h y d r o ly s is  
ca n  be s u cce ssfu lly  carried  on  w ith o u t ca ra m e liz a -  
t io n . U n fo rtu n a te ly , h o w ev er , w e h a v e  n o t been  
a b le  to  c a rr y  th e  w o rk  to  th e  p o in t w e sh o u ld  desire  
b efo re  p u b lish in g , b u t  du e  t o  th e  fa c t  t h a t  b o th  o f us 
h a v e  sin ce  e n g a g ed  in  o th e r fie ld s a n d  see n o  v e r y  im ­
m e d ia te  p ro sp ects  of co m p le tin g  th e  w o rk , w e h a v e  
d ecid ed  to  p u b lish  o u r re su lts . W e  co n sid e r o u r d a ta  
o f su ffic ien t im p o rta n ce  a n d  v a lu e  to  m a n y  m a n u ­
fa c tu re rs  %vho h a v e  been  p a y in g  a  h ig h  p rice  fo r a  
tra d e  n am e, to  w a rra n t p u b lic a tio n .

A n  a u to c la v e  in  th e  b a c te r io lo g ic a l la b o r a to r y  w as  
u sed  fo r o b ta in in g  th e  e le v a te d  te m p e ra tu re s  a n d  p re s­
su re: 250  cc. E r le n m e y e r  flask s of J en a  g lass of as
n ea r th e  sam e sh a p e  a n d  a ge  as p o ssib le , w ere  e m p lo y e d . 
T h e y  w ere sto p p e re d  w ith  co tto n . I t  w as d esired  to  
h a v e  a glass  as in so lu b le  as p o ssib le  a n d  free  fro m  im ­
p e rfe ctio n s  to  a v o id  in tro d u c in g  o u tsid e  fa c to r s :  
o u r final resu lts  m a y  h a v e  ju s tifie d  th is . In  th e  first

1 L ip p m a n , “ C hem ie  d e r  Z u c k e ra r te n ,” 2 , 1225-1226.
* L ip p m a n , Ib id .,  2 , 1240.
* L u n d , Ber., 9. 277.
4 L ip p m an , Ib id ., 13, 1823.
* L ip p m a n , Ib id ., 2 , 1240.
* O. L oew , Zlschr. C hem ., 1867, p . 510.
7 E e k leb en , L ip p m a n , “ C hem ie  d e r  Z u c k e ra r te n ,” 2, 1225.
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set o f e x p erim en ts  o rd in a ry  d is tille d  w a te r  w as  used  
h a v in g  a  c o n d u c t iv ity  o f a b o u t 6 X  io~6. T h e  in ­
v e r t  s u g a r w as d e te rm in e d  b y  t it r a tio n  w ith  F e h lin g ’s 
so lu tio n  w h ich  h a d  b een  s ta n d a rd iz e d  a g a in st c h e m ­
ic a lly  p u re  d e xtro se . T h e  re su lts  o f th e  e x p erim en ts  
are g iv e n  in  T a b le  I.

T h e  p ressu res are  e x p ressed  in  k ilo g ra m s p er sq u a re  
ce n tim e te r  a b o v e  a tm o sp h e ric  p ressu re.

T a b l e  I — E x p e r im e n t a l  R e s u l t s  
P r e s s u r e  C o n c e n t r a t io n  P e r  C e n t  I n v e r s io n

A bove a tm o sp h e ric T e m p . T im e G . Cc. B ee t C an e
K g . p e r  s q .  cm . ° C . H rs. S u g a r  W a te r S u g ar S u g a r

1 120 1 50 50 0 .7 8 1 .3 3
1 120 2 50 50 3 .4 0 1 0 .2 5
1 120 3 50 50 1 2 .3 8 3 1 .9 8
1 .2 5 1 2 3 .5 I 150 150 5 .9 7
1 .2 5 1 2 3 .5 1 100 20 0 8 .4 6
1 .2 5 1 2 3 .5 2 75 50 3 8 .7 6
1 .2 5 1 2 3 .5 2 50 20 0 4 2 .  18
1 .5 127 1 25 25 9 .6 5 1 5 ‘.2 9
1 .5 127 2 25 25 5 4 .4 0 7 5 .7 2
1 .5 127 3 25 25 9 1 .0 2 9 3 .7 2

A n  a n a ly s is  o f th e  re su lts  in  T a b le  I lea d s one to  
b e lie v e  t h a t  th e  can e  s u g a r so lu tio n s  h y d r o ly z e  m ore 
re a d ily  th a n  b e e t su g a r, b u t  fro m  a n o th e r series  o f 
e x p e r im e n ts  w h ich  w e ra n  w e w o u ld  s a y  t h a t  i t  d e ­
p en d s u p o n  th e  p u r ity  o f th e  su g a r u sed . C a n e  s u g a r 
is p erh a p s m ore l ik e ly  to  be p u re, a n d , th e re fo re , less 
l ik e ly  to  c o n ta in  n e g a tiv e  c a ta ly z e rs . O f co u rse , 
if b e et su g a r c o n ta in s  im p u ritie s , on e m ig h t e x p e c t 
it  to  c o n ta in  a  c a ta ly z e r , b u t  su ch  does n o t  seem  to  
be th e  case, a t  a n y  ra te  w ith  th e  sa m p le s  w e e xa m in ed . 
I t  w ill be n o tice d  t h a t  b y  in cre a s in g  th e  te m p e ra tu re  
an d  p ressu re  th e  in v e rs io n  in cre ase s  a n d  b y  le n g th e n in g  
th e  t im e  s u ffic ie n tly  100  p er c e n t co u ld  be p ro d u ced . 
F ro m  th e  1 2 3 .5 “ ru n s it  seem s e v id e n t t h a t  c o n c e n tra ­
tio n  p la y s  a  p a r t  a n d  w ith in  ce rta in  lim its  it  m ig h t be 
said  t h a t  th e  m ore d ilu te  th e  g r e a te r  th e  h y d ro ly s is .

W e a lso  ran  a s e t  o f e x p e rim e n ts  in w h ich  th e  te m ­
p e ra tu re  w as 1 2 4 ° C . a n d  th e  p ressu re  1 . 3 7 5  k g . 
W e u sed  can e  su g a r, b e e t su g a r, a n d  ro ck  c a n d y . 
T o  d isso lv e  th e  su g a r, o rd in a ry  ta p  w a te r  w h ich  w as 
s lig h t ly  a lk a lin e , th e  d istille d  w a te r  a lre a d y  m en ­
tio n ed  and  d is tille d  w a te r  w h ich  h a d  been  r e c e n tly  
b o iled , w ere used . H ere  w e fo u n d  th a t  in e a ch  case 
w h ere  th e  ta p  w a te r  w as u sed  th a t  th e  h y d r o ly s is  
h ad  b een  re ta rd e d  v e r y  c o n sid e ra b ly  a n d  th e  re su ltin g  
so lu tio n  w as b ro w n , sh o w in g  co n sid e ra b le  ca ra m e liza - 
t io n ; th is  w as n o t sh o w n  in a n y  of th e  o th er ru n s. 
T h e  b e et s u g a r sh o w ed  th e  sam e a m o u n t of in ve rsio n  
as th e  ca n e  (b o th  of th ese  sam p les w ere  d ifferen t fro m  
th e  m a te ria l u sed  in  th e  first se t o f e x p e rim e n ts), 
an d  th e  ro c k  c a n d y  sh o w ed  c o n sid e ra b ly  g re a te r  in ­
v e rsio n  in e v e r y  case. T h is  w o u ld  seem  to  in d ica te  
th a t  th e  p u re r th e  s u g a r th e  g re a te r  th e  in ve rsio n .

T h e  in v e rs io n  is u n d o u b te d ly  d ue to  th e  h y d ro g e n  
ion  co n ce n tra tio n  of th e  so lu tio n s  a n d  w e h a d  h o p ed  
to  m a k e  su ch  m e asu rem en ts. K u llg r e n 1 s ta te s  th a t  
th e  in v e rsio n  o f a  su g a r so lu tio n  m a y  b e  a lm o st co m ­
p le te ly  a c c o u n te d  fo r  b y  th e  d egree  o f d isso cia tio n  of 
w a te r  a n d  s u g a r w ith  th e  rise o f te m p e ra tu re .

W e b e lie v e  t h a t  a  co n ce n tra tio n  of 1 s u g a r : 5 
w a te r  w ill g iv e  th e  m o st s a tis fa c to ry , re su lts  w h en  a 
pressu re  of 1 . 3 7 5  k g . a n d  a te m p e ra tu re  of 1 2 4 ° C . 
is used; th e  tim e  ca n  b e  a d ju s te d  to  s u it  th e  n eeds. 
S in ce  a  sy ru p  co n ta in in g  85  s u g a r : 100  w a te r  is

1 Z . physik . Chem ., 41, 415 .

u s u a lly  n eed ed  in  p re se rv in g  a n d  th e  a m o u n t of in­
v e r t  s u g a r in  th e  s y ru p s  on th e  m a rk e t is abou t 50 

p er ce n t th e n  a  m ore d ilu te  s o lu tio n  m ig h t be started 
w ith , th e  in v e rs io n  ru n  to  go p er ce n t or m ore if de­
sire d  a n d  th e  n e ce s sa ry  su g a r to  b r in g  i t  up  to  th e  proper 
co n ce n tra tio n  a d d e d  la te r. I t  is n e ce ssa ry  to avoid 
to o  g re a t co n ce n tra tio n  w h en  in v e rtin g  and  also too 
g re a t a te m p e ra tu re  a n d  p ressu re  or th e re  w ill be some 
ca ra m e liz a tio n , a  th in g  w h ich , o f co u rse, m ust be 
a v o id e d . I t  is o b v io u s  t h a t  th e  m a n u fa c tu re r  in making 
th e se  in v e rt  s u g a r so lu tio n s  m u st ch o o se  sugar and 
w a te r  w ith  co n sid e ra b le  care.

L a b o r a t o r y  o p  F o o d  a n d  D r u g  A n a l y s is  
U n iv e r s it y  o p  M ic h ig a n . A n n  A r b o r

REDUCTION OF CO PPER  OXIDE IN ALCOH OL VAPOR 
IN REDUCING SU GAR DETERM INATION S 

AND CO PPER  ANALYSIS
B y  A .  W U D D lv R B U R N  

R ece ived  J a n u a ry  14, 1915

In  th e  u su a l g r a v im e tr ic  in v e r t  su g a r determ ina­
tio n , th e  re d u ce d  co p p e r is w e ig h e d  as C u 20  or after 
ig n itio n  as C u O . In  w eig h in g  e ith e r  o xide  there is 
a lw a y s  so m e d o u b t as to  th e  a c c u r a c y  o f th e  result. 
I t  is d ifficu lt to  d r y  th e  cu p ro u s o x id e  w ith  certainty 
t h a t  so m e o x id a tio n  does n o t o ccu r a n d  fu rth er the 
o xid e  is  lia b le  to  be c o n ta m in a te d  w ith  organ ic mat­
te r , g iv in g  a  h ig h  re su lt. I f  ig n ite d  to  th e  higher 
o x id e, g r e a t  ca re  is n e ce s sa ry  t h a t  th e  oxid atio n  be 
co m p le te  a n d  t h a t  th e  cru c ib le  be n o t  h e ld  in the re­
d u c in g  flam e, th e  a c tio n  o f w h ich  w o u ld  cause a par­
t ia l re d u ctio n .-  E v e n  if th e  cu p ro u s o x id e  is heated 
in a  m uffle fu rn a ce  co n sid e ra b le  t im e  an d  care are 
n e ce s sa ry  to  in su re  a  c o m p le te  o x id a tio n  to  CuO. 
T h e  h y g ro s c o p ic  n a tu re  of cu p r ic  o x id e  m akes it diffi­
c u lt  to  w eig h  w ith  a c c u r a c y . In  th e  h an ds of the 
o rd in a ry  la b o r a to r y  a ss is ta n t I h a v e  fo u n d  a differ­
ence o f as h ig h  as  12  m gs. a fte r  ca re fu l re-ignition  of 
th e  w e ig h e d  cu p r ic  o x id e.

T h e  id e a l m e th o d  is to  w eig h  th e  co p p er in the 
m e ta llic  s ta te . In  a c c u r a te  w o rk  th e  m eta l is ob­
ta in e d  b y  th e  e le c tr o ly t ic  m e th o d  or b y  red u cin g the 
o x id e  in h yd ro gfin . B o th  of th e se  m eth o d s require 
co n sid e ra b le  m a n ip u la tio n  a n d  tim e , also  sp ecial ap­
p a r a tu s  n o t a v a ila b le  in  m o st su g a r-h o u se  laboratories.

W ith  th e  p u rp o se  o f s im p lify in g  th e  electrolytic 
m e th o d  a n d  a v o id in g  th e  use o f e x p e n siv e  platinum  
ca th o d e s , I m ad e som e e x p e rim e n ts  in e le ctro ly tica lly  
d e p o sitin g  th e  co p p e r d ir e c t ly  fro m  a lu n d u m  cruci­
bles on  co p p e r ca th o d e s , w ith  p a r tia l success. I 
fo u n d  som e d iffic u lty  in  c le a n in g  th e  co p p e r cathodes 
p e r fe c tly , p rio r to  w eig h in g . M r. G . L . Spencer1 

a d v is e d  t h a t  th e  co p p e r co u ld  be re a d ily  cleaned 
b y  h e a tin g  to  red n ess an d  im m e rsin g  in  stro n g alco­
hol. T h is  su g g e stio n  led  to  th e  re d u ctio n  method 
d e scrib ed  b elo w .

T h e  c le a n in g  a c tio n  of th e  a lco h o l is m ere ly  th e  re­
d u c tio n  of th e  film  of o x id e  to  m e ta llic  co p p er and it 
in te re s te d  m e to  k n o w  to  w h a t e x te n t  a  p re c ip ita te  

of co p p e r o x id e  co u ld  b e  re d u ce d  b y  th e  sam e means. 
A  p re c ip ita te  of cu p ro u s o xid e  w as co llecte d  on an

1 C hie f C h em is t of th e  C u b an -A m e rican  S u g a r  C o m p a n y .
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alund um  cru cib le , w a sh e d  w ith  h o t w a te r , th e  c r u c i­
ble h e a te d  to  red n ess a n d  im m ersed  in 95  p er cen t 
alcohol. T h e  re d u ctio n  w as co m p lete , th e  d ep o sit 
of m eta llic  co p p e r a d h e rin g  v e r y  firm ly  to  th e  w alls 
of th e  cru cib le . A  n u m b e r of tria ls  w ith  so lu tio n s  
of kn ow n  s tre n g th  g a v e  v e r y  a c c u ra te  re su lts , b u t th e  
shock to  th e  c ru c ib le s  w as  to o  g r e a t, m a n y  o f th e m  
crackin g a fte r  b e in g  u sed  tw o  or th re e  tim es.

T o  a v o id  th e  b re a k a g e  o f cru cib les  th e  re d u ctio n  w as 
next tr ie d  in  th e  v a p o r  of a lco h o l a n d  w ith  en tire  
success. T h e  d e ta ils  o f th e  m e th o d  fo llo w .

C o lle ct th e  su b o x id e  of co p p e r on an  a lu n d u m  fil­
tering cru cib le , u sin g  S p e n c e r ’s filte rin g  fu n n e ls  w ith  
suction. T h o r o u g h ly  w a sh  w ith  h o t w a te r  fo llo w ed  b y  
alcohol. H e a t  th e  cru cib le  to  red n ess a  su ffic ien t tim e 
to burn off a n y  o rg a n ic  m a tte r  t h a t  m a y  a c c o m p a n y  
the cop per o xid e. A llo w  th e  cru cib le  to  cool u n til 
the redn ess ju s t  b eg in s  to  d isa p p e a r a n d  th e n  im m erse  
it in an a tm o sp h e re  of a lco h o l v a p o r  as fo llo w s:

B en d th e  w ire en ds of a  sm a ll p ipe  s te m  or silica  
covered tr ia n g le  so as to  fo rm  a tr ip o d  s u p p o rt  fo r 
the cru cib le  a n d  set th e  tr ip o d  on  th e  b o tto m  of a 
400 cc. b e a k e r, p re fe ra b ly  o f m e ta l. P u t  in to  th e  
beaker su ffic ien t s tro n g  a lco h o l (d e n a tu re d  a lco h o l 
will answ er) to  c o v e r  th e  b o tto m  to  th e  d e p th  of a b o u t 
1 cm. a n d  c o v e r  th e  b e a k e r  w ith  a w a tc h  glass. H e a t  
the a lcoh ol to  b o ilin g  a n d  c o n tin u e  h e a tin g  u n til th e  
vapors b eg in  to  co n d en se  on  th e  u n d e r side of th e  
cover glass, th e n  p la ce  th e  h o t cru cib le  on  th e  su p ­
port a b o v e  th e  a lco h o l a n d  re p la ce  th e  c o v e r  glass. 
If the cru cib le  is to o  h o t th e  a lco h o l m a y  ta k e  fire 
but th e  flam e m a y  b e  r e a d ily  e x tin g u ish e d  b y  b lo w in g  
d irectly  on to p  'of th e  c o v e r  g lass, a n d  no h a rm  is 
done. A llo w  th e  a lco h o l to  co n tin u e  to  b o il a  m o m en t 
after p u tt in g  in  th e  c ru c ib le , th e n  re m o v e  th e  b e a k e r 
from  th e  so u rce  of h e a t. T h e  h e a t r a d ia te d  fro m  th e  
crucible w ill p re v e n t a n y  fu r th e r  co n d en sa tio n  of 
alcohol on th e  c o v e r  glass. T h e  cru c ib le  sh o u ld  re ­
main in th e  co v e re d  b e a k e r  u n til co o led  to  a  te m ­
perature a  lit t le  a b o v e  t h a t  o f th e  a lco h o l v a p o r  to  
prevent o x id a tio n  of th e  co p p e r. A b o u t  3 o r 4 m in ­
utes is su ffic ien t. I t  m a y  th e n  be ta k e n  fro m  th e  
beaker ■ an d  th e  co o lin g  b e  fin ish ed  in a  d e sic ca to r, 
p relim in ary  to  w eigh in g . I f  th e  cru c ib le  is q u ite  co ld  
when ta k e n  fro m  th e  b e a k e r it  sh o u ld  be m o isten ed  
w ith a  lit t le  p u re  a lco h o l a n d  th is  be b u rn e d , h o ld in g  
the cru cib le  in  an  u p r ig h t  p o sitio n . A fte r  th e  a lco h o l 
burns off th e  cru c ib le  is re a d y  fo r  co o lin g  in th e  d e sic­
cator. A  p o rce la in  G o o ch  m a y  be u sed  if p re ferred .

T h e  re d u ctio n  to  m e ta llic  co p p e r is a lm o st in s ta n ­
taneous an d  is co m p lete . T h e  re su lts  are  id e n tica l 
w ith those b y  re d u ctio n  in  h y d ro g e n , c lo se ly  a p p ro x i­
m ating th e  e le c tr o ly t ic  m eth o d .

T h is  m e th o d  m a y  be u sed  in  co p p e r a n a ly sis , th e  
separations b e in g  m ad e  in  th e  u su a l w a y  a n d  th e  
copper co llecte d  in  a n y  fo rm  r e a d ily  b u rn e d  to  th e  
oxide. I f  in  fo rm  of co p p e r su lfid e  th e  p re c ip ita te  
form s in c lo ts  a n d  is b u rn e d  to  th e  o x id e  w ith  d iffi­
cu lty . I t  is p re fe ra b le  to  d r y  th e  su lfid e, ro a s t it  
gen tly, an d  th e n  w ith  a  g la ss  rod fla tte n e d  a t one en d , 
crush it  to  a  p o w d e r. T h e  ro d  sh o u ld  b e  w ip e d  off 
w ith a p iece o f ash less filte r p a p e r an d  th e  p a p e r  b u rn e d

in th e  cru cib le . T h e  h e a tin g  m a y  th e n  be co n tin u e d  
to  d r iv e  off a ll s u lfu r  a n d  th e  o xid e  re d u ce d  in a lcoh o l 
va p o r.

T h e  C u b  a n -A m e r ic a n  S u g a r  C o m p a n y

C e n t r a l  " T in g u a r o , ”  P e r i c o , C u b a

TH E D ETERM IN ATIO N  OF LIN T IN CO TTO N SEED - 
M EAL

B y R . N . B r a c k e t t  
R ece ived  J a n u a ry  7, 1915

W h ile  a t  first s ig h t  it  m ig h t a p p e a r  an  e a s y  m a tte r  
to  d e te rm in e  th e  a m o u n t o f lin t  in  co tto n se e d -m e a l 
b y  p u re ly  m e ch a n ica l m ean s, it  h a s  b een  fo u n d  im ­
p ra c tic a b le  to  do so w ith  a n y  d egree  o f a c c u r a c y . 
T h e  fo llo w in g  ch em ica l m e th o d  of e s t im a tin g  th e  lin t 
w as w o rk e d  o u t a n d  fo u n d  to  g iv e  v e r y  s a t is fa c to r y  
re su lts :

A s  p re lim in a ry  to  th e  w o rk  it  w as first a sc e rta in e d  
t h a t  a lk a li a n d  a cid  of 1 . 2 5  p er c e n t s tre n g th , as u sed  
fo r cru d e  fib e r 1 d e te rm in a tio n s , w as p r a c t ic a lly  w ith ­
o u t a ctio n  on  lin t.

A  su ffic ien t a m o u n t o f co tto n s e e d  w as th e n  fre ed  
fro m  lin t  b y  first p ic k in g  a n d  f in a lly  s in g e in g  th e  la s t  
p o rtio n s  c a r e fu lly  to  a v o id  in ju r y  to  th e  seed. T h e  
seeds w ere th e n  c u t  op en  an d  th e  m e a ts  re m o v e d  
c o m p le te ly  fro m  th e  hulls.

C ru d e  fib e r2 w as  p rep a red  fro m  b o th  th e  h u lls  a n d  
th e  m e ats , b y  th e  m e th o d  a b o v e  re ferre d  to . T h e  
cru d e  fib er th u s  p re p a re d  w as tre a te d , in  0 . 2-g ra m  
p o rtio n s  sid e  b y  sid e  w ith  th e  sam e w e ig h t of lin t, 
on  a  b o ilin g  w a te r  b a th , w ith  25 cc. of a  s o lu tio n  of 
z in c  ch lo rid e  fo r th re e  m in u tes , th e  tim e  re q u ired  to  
d isso lv e  th e  lin t. In  th is  w a y  th e  a c tio n  o f th e  z in c  
c h lo r id e 3 so lu tio n  on th e  cru d e  fiber w as d e te rm in e d , 
a n d  th e  n e ce ssa ry  co rrec tio n  m ad e  in c a rr y in g  o u t a  
d e te rm in a tio n  of lin t  in  o rd in a ry  co tto n se e d -m e a l. 
T h e  z in c  ch lo rid e  so lu tio n  w as p re p a re d  b y  d is s o lv ­
in g  m e ta llic  z in c  in  c o n c e n tra te d  h y d r o c h lo r ic  a c id , 
c o n c e n tra tin g  u n til th e  so lu tio n  so lid ified  on  co o lin g , 
a n d  th e n  a d d in g  tw ice  th e  w e ig h t  o f 40  p er ce n t h y d r o ­
ch lo ric  acid . O n tre a tin g  th e  cru d e  fib er a n d  lin t  w ith  
th e  z in c  so lu tio n , th e  co n te n ts  o f th e  b e a k e rs  w ere 
s tirre d  v ig o ro u s ly  d u rin g  th e  th re e  m in u tes  n e c e s sa ry  
to  d isso lv e  th e  lin t, an d  filte re d  h o t th r o u g h  w eig h ed  
p o rce la in  G o o ch  cru cib les  w ith  a sb e sto s  m a ts ; th e  
resid u es in  th e  case  of th e  fibers w ere  w a sh e d  w ith  
25 cc. o f th e  z in c  s o lu tio n , th e n  w ith  w a te r  a n d  fin a lly  
w ith  a  lit t le  95  p er ce n t a lco h o l d ried  a n d  w eig h ed .

e x a m p l e — O n tr e a t in g  0 . 2-gm . p o rtio n s  of (a) 
cru d e  fib er fro m  h u lls , (b) cru d e  fiber fro m  m e ats , 
a n d  (c) “ cru d e  f ib e r ”  fro m  a c o tto n se e d -m e a l, w ith  
25 cc. o f a  z in c  ch lo rid e  so lu tio n  fo r  th ree  m in u tes , 
th e  a m o u n t d isso lv ed  w as as fo llo w s: (a) 0 . 0 6 8 7  g-,
(b) 0 . 0 6 7 8  g. an d  (c) 0 . 1 0 0 0  g . T h e  co rrectio n  w as, 
th e re fo re , 0 . 0 6 8 2 5  g ram . H en ce  th e  a m o u n t of 
lin t in  th e  “ cru d e  f ib e r ”  fro m  th e  co tto n se e d -m e a l 
w as 0 . 1 0 0 0  —  0 . 0 6 8 2 5  =  0 . 0 3 1 7 5  g ram . B u t  th e

1 M e th o d s  of A naly sis , A. O. A. C ., B ull. 107, rev ised , p . 56.
2 T h is  c ru d e  fibe r inc ludes  a sh  in g re d ien ts  of th e  fiber. T h e  a sh  is, 

how ever, so sm all in  a m o u n t a s  to  be neglig ib le, u n le s s .a  la rg e  p ro p o rtio n  
of h u lls  is  co n ta in e d  in  th e  co tto n seed -m e a l. O n ly  in th e  la t te r  case w ould 
i t  b e  n ecessa ry  to  ta k e  th e  a sh  of th e  fibe r in to  a c c o u n t in ca lc u la tin g  th e  
a m o u n t of lin t  in  th e  m eal.

* "C ro s s-B e v a n ’s M e th o d  for C ellu lo se”— C o h n ’s " T e s t s  a n d  R e a g e n ts ,’* 
p . 52.
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m eal, on a n a ly sis , g a v e  10  p er ce n t of “ cru d e  fib e r ,”  
w h ich  g iv e s  1 . 5 8 7 5  as th e  p er ce n t of lin t  in  th e  co t- 
to n se ed -m e a l, sin ce  2 g ram s of th e  co tto n se e d -m e a l 
c o n ta in e d  0 . 0 3 1 7 5  g ra m  lin t.

T o  fu r th e r  te s t  th e  m e th o d  th e  fo llo w in g  m ix tu re s  
w ere  m a d e:

(a) 1 gm . o f co tto n se e d -m e a l w ith  o . 1 g ra m  of lin t.
(b) 1 gm . o f co tto n se e d -m e a l w ith  0 . 2  g ra m  of lin t. 
T h e  cru d e  fib er a n d  lin t  a m o u n te d  in  (a) to  0 . 2 0 0 1

g ra m  a n d  in  (6) to  0. 3032  g ra m . T h e  fa c to r  fo r a  n ew
zin c ch lo rid e  so lu tio n  b a se d on th e  use of 50 cc. fo r
th ree  m in u tes w as 0 . 0 5 1 2 5  g ram .

(0) (b)
C ru d e  fiber a n d  l i n t .................................. __  0.2001 g. 0.3032 g.
C ru d e  fiber re s id u e .................................... 0.0393 0.0323

0.1608 0.2709
C o rre c t io n ...................................................... __  0.05125 0.05125

L in t ................................................................... __  0.10955 0.21965
H ence, p e r  ce n t lin t  in  m ix tu r e ........... __ 9.96 18.30
C alcu la ted  p e r c e n t lin t  in  m ix tu re . . __ 10.53 17.99

T h e  m eth o d  as g iv e n  w as w o rk e d  o u t u n d er th e  im -
m e d ia te  d irectio n  o f A ss is ta n t  P ro fesso r J. H . M itc h e ll 
b y  tw o  s tu d e n ts  of th e  la s t  sen io r class, as a  th e sis . 
W ith  m ore ca re fu l w o rk  a n d  e x p erien ce , no d o u b t 
m u c h  m ore a c c u r a te  re su lts  co u ld  be o b ta in e d .

A t  th e  co m m e n ce m e n t o f th e  w o rk  S c h w e itz e r ’s 
re a g e n t (an  a m m o n ia ca l so lu tio n  of co p p e r h y d ro x id e ) 
w as  tr ie d , b u t  th e  s o lu tio n  as p re p a re d  b y  th e  s tu ­
d e n ts  fa ile d  to  d isso lv e  lin t.

A c k n o w le d g m e n ts  are due M r. M itc h e ll  fo r s u p e r­
v is in g  th e  w o rk , a n d  to  M essrs. J. M . M c I n to s h  an d
E . R . G ilm o re , th e  tw o  s tu d e n ts , fo r th e ir  ca re fu l 
a n d  fa ith fu l p ro secu tio n  o f th e  w o rk .

C l e m s o n  A g r ic u l t u r a l  C o l l e g e  
C l e m s o n  C o l l e g e . S. .C

SO M E  IM PO R TA N T CO N STITU EN TS IN TH E  FRU IT OF 
TH E O SAG E O RANGE

B y  J .  S . M c H a r g u e  

R ec e iv ed  F e b ru a ry  8 , 1915

T h e  O sa ge  o ra n ge  ( M a clura  p om iferum )  is a  sm a ll 
tre e  w h ich , w h en  first d is co v e re d , w as  g ro w in g  w ild  
in  th e  s o u th w e s te rn  p o rtio n  of th e  U n ite d  S ta te s  
b e tw e e n  th e  A rk a n sa s  a n d  M isso u ri r iv e rs . T h is  
p a r tic u la r  sectio n  o f th e  c o u n tr y  w as  fo r  m a n y  y e a rs  
th e  h o m e a n d  h u n tin g  g ro u n d s o f th e  O sa ge  In d ia n s. 
T o  th e m  th is  tre e  w as  of e co n o m ic  im p o rta n c e  fo r 
tw o  reaso n s— fro m  th e  tr u n k  th e y  m a d e  b o w s w h ich  
possessed  su p erio r e la s t ic ity , a n d  fro m  its  fr u it  th e y  
■obtained a  ju ic e  w h ich  p o ssessed  a ll th e  n e ce ssa ry  
a d h e siv e  p ro p e rtie s  fo r  m a k in g  th e ir  w a r p a in t. O n 
a c c o u n t o f th is  a sso c ia tio n  w ith  th is  tr ib e  of In d ia n s  
a n d  fro m  th e  re se m b la n ce  o f th e  fr u it  to  th a t  o f th e  
tru e  o ra n g e , th e  tre e  h a s  re ce iv e d  th e  p o p u la r  n am e 
■of O sa ge  o ra n g e , a lth o u g h  th e re  is no b o ta n ic a l re la ­
tio n  b e tw e e n  th e  tw o  p la n ts .

T h e  ch ie f so u rce  of v a lu e  of th is  p la n t  to  th e  w h ite  
m an  h as been , first, fo r  g ro w in g  ru ra l h e d g e s, a n d  s e c ­
o n d ly , fo r  a  cru d e  y e llo w  d y e  w h ich  is o b ta in e d  fro m  
th e  ro o ts. O w in g  to  its  a d a p t a b il i t y  to  th e  c lim a tic  
co n d itio n s  e x is tin g  in  th e  M ississ ip p i v a l le y  i t  m a y  be 
fo u n d  g ro w in g  in a lm o st a n y  p a r t  o f th is  a re a  t o d a y , 
a lth o u g h  its  use as a  h e d ge  is b e in g  a b a n d o n e d .

T h ro u g h  C e n tr a l K e n t u c k y  m a n y  fa rm e rs  h a v e

a llo w e d  th e ir  h e d g e s  to  go  u n tr im m e d  or p erm itte d  the 
p la n t  to  g ro w  in  o u t-o f-th e -w a y  n o o k s u n til no small 
a re a  is co v e re d  w ith  th is  tre e . T h e  y o u n g  tree  grows 
r a p id ly  on go o d  la n d  a n d  th e  fe m a le  tre e s  begin  bearing 
la rg e  q u a n tit ie s  o f fr u it  a t  fro m  six to  te n  y e a rs  of age.

A t  m a tu r ity  th e  fr u it  h a s  a  green ish  y e llo w  color, 
an a v e ra g e  d ia m e te r  o f 3 V 2 in ch es  a n d  an  average 
w e ig h t of one to  one a n d  a  h a lf  p o u n d s. T h e  fruit, 
or h ed ge  b a lls , as t h e y  are c o m m o n ly  ca lled , consists 
of a  den se p e a r-sh a p e d  core a t  th e  ce n te r  fro m  which 
ra d ia te  ra th e r  lo n g , irre g u la r  s ize d  ce lls  t h a t  term inate 
in  an  e n la rg e d  or c lu b  fo rm , th u s  m a k in g  an irregular 
su rfa ce . T h e  ce lls  arc m ad e  u p  of tw o  p a rts , the milk 
sa c k s  a n d  th e  seed  sa c k s . T h e  m ilk  sa c k s  fo rm  about 
tw o -th ir d s  of th e  e n tire  le n g th  o f th e  ce ll and ex­
te n d  to  th e  su rfa ce . T h e  seed  sa c k s  lie  b en eath  the 
m ilk  s a c k s  an d  are  a tta c h e d  to  th e  core a t  th e ir  base. 
T h e  m ilk  sa c k s  c o n ta in  a  m ilk y , m u cila g in o u s fluid 
w h ich  in  th e  rip e  fr u it  is n e u tra l to  litm u s, reacts 
o n ly  s lig h t ly  w ith  a  t in c tu re  o f g u a ia c u m  fo r  oxidases, 
h a s  an  in sip id  ta s te  a n d  an  o d o r s im ila r  to  th a t  em itted 
b y  th e  cru sh e d  tw ig s  of ce d a r.

In  1 9 1 2  co n sid e ra b le  in te re s t  w as  a ro u sed  through 
n e w sp a p e r d is p a tc h e s  e m a n a tin g  fro m  P ro fesso rs E m ­
erso n  a n d  R o e ss  o f th e  U n iv e r s it y  o f Kansas, 
w h o  s ta te d  t h a t  t h e y  h a d  d isco v e re d  in  th e  fru it of 
th e  O sage o ra n g e  a  n ew  a n d  ch e a p  so u rce  of India 
ru b b e r . T h is  a n n o u n ce m e n t, a cco rd in g  to  F o x , 1 cre­
a te d  co n sid e ra b le  in te re s t a m o n g  th e  ru b b e r factories 
g e n e ra lly  a n d  p erh a p s m o re  in  p a r t ic u la r  a m o n g those 
a t  A k ro n , O h io . A c c o r d in g ly , F o x  re a d  a  rep o rt ot 
his p re v io u s  in v e s t ig a t io n s  on th e  O sa ge  oran ge be­
fore  T h e  E ig h th  In te r n a tio n a l C o n g re ss  of Applied 
C h e m is tr y , a t  N e w  Y o r k ,  in  1 9 1 2 . H is in vestig a ­
tio n s  sh o w  t h a t  th e  O sage  o ra n ge  does n o t contain 
ru b b e r  of a n y  co m m e rc ia l im p o rta n ce .

So fa r  as  th e  l ite r a tu r e  sh o w s, th e  a b o v e  sum m arizes 
th e  w o rk  t h a t  h a s  th u s  fa r  b een  don e on  th e  Osage 
o ra n g e  fro m  a n y  s ta n d p o in t.

R e c e n t ly  th e re  a p p e a re d , in  on e of our leading 
fa r m  jo u rn a ls , an  in q u ir y  as to  th e  ch e m ica l com po­
sitio n  of th e  O sage o ra n g e . T h is  p a p e r  also  stated 
t h a t  ce rta in  fa rm e rs  in  Illin o is  h a d  been  feed in g the 
o ra n g es  to  th e ir  s to c k  an d  fo u n d  t h a t  th e y  ate  them 
w ith  co n sid e ra b le  relish .

In  o rd er to  find o u t m ore d e fin ite ly  co n cern in g the 
co m p o sitio n  of th is  fr u it ,  a n u m b e r of o ran ges were 
co lle c te d  in  N o v e m b e r  of 1 9 1 4  a n d  a n a ly ze d  (see 
T a b le s  I an d  I I ) .

T h e  o ra n g es  w ere p re p a re d  fo r  a n a ly s is  as follow s: 
th e  o u ts id e  m ilk y  ce lls  w ere  p a re d  off t o  th e  seeds; 
th e  p a r t  c o n ta in in g  th e  seed s w as p a re d  off to  th e  core, 
a n d  each  p o rtio n  dried  an d  k e p t  s e p a ra te ly . A fter 
d r y in g , th e  m ilk y  p o rtio n  w as g ro u n d  fine fo r  analysis.

T h e  a ce to n e  e x tr a c t  is a  b ro w n ish , sem i-solid  resin, 
a t  o rd in a ry  te m p e ra tu re .

T h e  o ra n g es  c o n ta in  a  ra th e r  la rg e  a m o u n t of o va l­
sh a p e d  seeds, th e  k e rn e ls  o f w h ich  are ap p ro xim ate ly  
3/s in . lo n g  a n d  '/ s  in . th ic k . T h e y  are e a s ily  separated 
fro m  th e  h u lls  w h en  d r y . K e rn e ls  w ere separated 

fro m  th e  h u lls  a n d  d ried  a t  io o °  C .

1 O rig . C om m . 8 th  In te r . C ong . A pp . C h e ra ., A ppend ix , pp . 593- 597.
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T h e oil fro m  th e  k e rn e ls  h as a v is c o s ity  s lig h t ly  
less th a n  th a t  of e ith e r  refin ed  co tto n se e d  oil or lin seed  
oil. I t  a b so rb s  its  m a x im u m  a m o u n t o f o x y g e n  in

T a d l e  I — A n a l y s i s  0 1 '  t h e  O s a g b  O r a n g e  ( P e r c e n t a g e s )

HiO in r ip e  f r u i t .............. 8 0 .0 0
G um s an d  re s in s  in  d ry  p u lp  (ace to n e  e x t r .) ............................. 2 9 .3 0
N itro g en  in  d ry  p u lp . .  . 2 .81
P ro te in  in  d ry  p u lp  (N  X  6 .2 5 ) ........... 17 .56
N  in pu lp  a f te r  a c e to n e  e x t r a c t io n . . . . 3 .4 2
P ro te in  in  p u lp  a f te r  ac e to n e  e x tra c tio n  (N  X 6 .2 5 ) ............ 2 1 .3 4
Oil in seed  (e th e r  ex tr .) 4 2 .0 4
N  in o il-free m e a l........... 10 .80
P ro te in  in  o il-free rneal (N  X  6 .2 5 ) . .  . 6 7 .5 0

M i n e r a l D ry D ry  p u lp  a f te r  ex­ O il-free
d n s t i t u e n t s pu lp t r a c t in g  w ith  ac e to n e m eal

C a O ...................................... ___  0 .1 6 0 .2 3 0 .2 4
M gO ...................................... 0 .2 8 0 .7 3
K jO ................................................. . . .  3 .8 2 5 .4 0 1 .32
N a jO .................................... ___  0 .1 3 0 . 18 0 . 19
P s O i.................................... ____ 0 .6 7 0 .9 4 0 .6 0
Ash (c ru d e ) ...................... 9 .3 3 4 .6 0

from fifteen  to  t w e n ty  h o u rs, a t  io o °  C . a n d  th ic k e n s
to a resin -lik e  m ass. D a ta  o b ta in e d  b y  a n a ly s is  are
given in T a b le  I I  w ith  th o se  o f o ils  h a v in g  s im ila r sp e ­
cific g r a v ity , io d in e  n u m b e rs  a n d  s a p o n ific a tio n  v a lu e s  
as given  in A lle n ’ s “ C o m m e rc ia l O rg a n ic  A n a ly s is .”

T a b u ? I I — A n a l y s e s  o p  O s a g e  O r a n g e  S e e d  O il  a n d  S im il a r  O il s

S a p o n i-  S apon ifi- 
Spccific  Io d in e  fica tion  c a tio n
g ra v i ty  n u m b e r v a lu e  e q u iv a le n t

Osage o range seed  o i l   0 .9 2 9  134-136  192 . . . .
Linseed o il ..................................  0 .9 3 1 -0 .9 4 1  175-201 190-201
Sunflower s e e d ..........................  0 .9 2 4 -0 .9 2 6  123-136  188-193  ---------------
C ottonseed  o i l ........................... 0 .9 2 2 - 0 .9 2 5  108-110  191-196  ---------------
P eanut o il ...................................  0 .9 1 7 -0 .9 2 1  8 5 -103  190-197 2 9 1 .9 7

From  th e  a n a ly se s  in  T a b le s  I a n d  II  i t  m a y  be 
seen th a t  th e  p u lp  a n d  seed  o f th e  O sa ge  o ra n ge  co n ­
tain v a lu a b le  fe e d , fe r t iliz e r , o il, a n d  resin  c o n s t it ­
uents. T h e  d ried  p u lp  o f th is  fr u it  co n ta in s  29.30 
per cen t resin s a n d  g u m s a n d  in  a d d itio n , m o re  n itr o ­
gen and m ore th a n  tw ic e  as m u ch  p o ta sh  as w h e a t 
bran.

From  th e  seed  a  n ew  oil is o b ta in e d  w h ich  h as n o t 
been p re v io u s ly  d e scrib ed . T h is  oil h a s  a  lig h t  lem on  
color, a v is c o s ity  b e lo w  t h a t  o f re fin ed  co tto n s e e d  a n d  
linseed oils, a  v e r y  p le a s a n t o d o r a n d  an  in sip id , o ily  
taste. I ts  p h y s ic a l p ro p e rtie s , su ch  as sp ecific  g r a v it y ,  
iodine n u m b er, s a p o n ific a tio n  v a lu e  a n d  o x y g e n  a b ­
sorption ra te , e tc ., sh o w  t h a t  i t  is a  s e m i-d ry in g  oil 
belonging to  th e  lin se ed  oil c la ss . T h e  y ie ld  o f th is  
oil is equ al to  t h a t  o f lin se ed  an d  p e a n u t, a n d  1 . 7  

times th a t  o f co tto n se e d .
T he a n a ly sis  o f th e  o il-free  c a k e  sh o w s t h a t  it  

contains 10. 80  per ce n t of n itro g e n , w h ich  is e q u iv a ­
lent to  6 7 . 5 0  p er ce n t o f p ro te in . T h is  is 1 .8 a n d  1.5 

times m ore n itro g e n  th a n  is c o n ta in e d  in  lin seed  an d  
cottonseed m eal, r e s p e c t iv e ly . M e a t  scra p  co n ta in s  
about 1 per ce n t  m ore n itro g e n  th a n  th e  o il-free  ca k e  
of Osage o ra n ge  seed.

It is also  w ell k n o w n  t h a t  th e  w o o d  of th e  O sage 
orange possesses e x c e lle n t p ro p e rtie s  o f e la s t ic ity , 
d u rab ility  an d  fin en ess o f g ra in . T h e se  v a lu a b le  
properties, in  co n n e ctio n  w ith  t h a t  of th e  fr u it ,  sh o u ld  
make th is  tree  a  p o ssib le  e co n o m ic  fa c to r  in  th e  re ­
forestation  of a b a n d o n e d  fa r m  la n d s. I t  is a lso  q u ite  
likely th a t  th e  fo lia g e  of th is  tre e  w o u ld  p ossess an  
additional fe r t iliz in g  v a lu e  w ith  re sp e ct t o  n itro g e n  
and p o tassiu m  o v e r  m a n y  of o u r co m m o n  fo re st trees.

T h is tre e , u n d e r fa v o ra b le  c o n d itio n s , p ro d u ces 
a tru n k tw o  fe e t in  d ia m e te r, an d  g ro w s to  a h e ig h t 
of s ix ty  fe e t; d u rin g  its  p eriod  of g ro w th  th e  fem ale

tre e  p ro d u ces  m a n y  to n s  o f fru it . T h e re fo re , i t  is 
q u ite  p ro b a b le  t h a t  w ith  d u e  ca re  a n d  in te llig e n ce  
th is  tre e  co u ld  be m a d e  th e  so u rce  o f a  p ro fita b le  in ­
d u s try  th ro u g h  the. u tiliz a tio n  of its  t im b e r  a n d  th e  
d ifferen t p ro d u c ts  o f its  fru it .

K e n t u c k y  A g r ic u l t u r a l  E x p e r i m e n t  S t a t io n  
L e x in g t o n

ETH ER-SOLUBLE M A TTER  IN TH E NITROGEN-FREE.
EXTRACT OF FEED -STU FFS

B y  J .  B . R a t h e r 1 

R ec e iv ed  O c to b e r 27, 1914

I t  h as lo n g  b een  k n o w n  t h a t  th e  e x tra c t io n  of d r ie d  
sa m p le s  of p la n t  a n d  a n im a l p ro d u c ts  w ith  e th e r  fo r  
1 6 h o u rs , as in th e  d e te rm in a tio n  of fa t , does n o t c o m ­
p le te ly  re m o v e  e th er-so lu b le  m a te r ia l. T h e  e x tra c tio n  
h a s, h o w e v e r , been  co n sid e re d  co m p le te  e n o u g h  fo r  
p ra c tic a l puirposes. A n y  e th e r-so lu b le  m a tte r  in  e x ­
cess o f th a t  o b ta in e d  fro m  th e  u su a l e th e r  e x tr a c t , 
a fte r  d e d u c tin g  a n y  p o ssib le  n itro g e n o u s  m a tte r  a n d  
ash , w o u ld  fa ll  w ith in  th e  gro u p  k n o w n  to  a g r ic u ltu ra l 
ch e m ists  as “ N itro g e n -fre e  e x t r a c t .”

B ro w n e 2 s ta te s  t h a t  u p o n  p ep sin  d ig e stio n  of s te e r  
fece s  a n d  w a te r  d ig e stio n  of m o lasses fe e d s , e t c .r 
co n sid e ra b le  m a te ria l is  re n d ered  so lu b le  in e th e r , 
in  excess o f th e  o rd in a ry  e th e r e x tr a c t .

F ra p s  an d  R a th e r 3 sh o w  t h a t  c h lo ro fo rm  e x tr a c ts  
fro m  h a y s  a n d  fo d d ers , p re v io u s ly  e x tra c te d  w ith  e th e r , 
m o re  or less m a te ria l w h ich  is so lu b le  in  e th er . G e n ­
e r a lly  th is  is c o n sid e ra b ly  less th a n  the- p re v io u s  e th e r 
e x tr a c t  o f th e  sam e sam p les.

E X P E R IM E N T A L

T w e lv e  sam p les  of c o n c e n tra te d  fe e d in g -s tu fls  a n d  
tw e lv e  sam p les of h a y s  a n d  sh eep  e x cre m e n ts  fro m  
th e m  w ere stu d ied .

A M O U N T OF E T H E R -S O L U B L E  M A T T E R  IN  T H E  N IT R O G E N -

F R E E  E X T R A C T

T h e  d e te rm in a tio n s  lis te d  below' w ere m ad e  an d  th e  
re su lts  re co rd ed  in T a b le  I.

1 . e t h e r  e x t r a c t — T h e  m a te ria l so lu b le  in  e th e r , 
th e  “ cru d e  f a t , ”  w as d e te rm in e d  b y  th e  o ffic ia l m e th o d 4 

o f th e  A . O. A . C .
2 . e t h e r - s o l u b l e  m a t t e r  i n  a l c o h o l i c  s o d a  

e x t r a c t — T h is  is th e  su m  of th e  u n sa p o n ifia b le  m a tte r , 
f a t t y  acid s, and  sa p o n ified  re sid u e , o f th e  a lc o h o lic  
so d a  e x tr a c t  o f th ese  sam p les d e te rm in e d  b y  th e  a lc o ­
h o lic  so d a  m e th o d .5

3 . E T H E R -S O L U B L E  M A T T E R  N O T D IR E C T L Y  E X T R A C T E D

b y  e t h e r — T h is  is th e  re m a in d e r o b ta in e d  b y  s u b ­
t r a c t in g  th e  re su lts  b y  ( i )  fro m  ( 2).

4 . e t h e r - s o l u b l e  n i t r o g e n  X  6 . 25-— T h e  s a m p le s  
w ere e x tra c te d  w ith  e th e r  a n d  th e  e th e r-so lu b le  m a tte r  
o b ta in e d  in  th e  re sid u e , b y  th e  a lco h o lic  so d a  m e th o d . 
N itro g e n  w as d e te rm in e d  in  th is  b y  th e  K je ld a h l 
m eth o d . T h e  fa c to r  6. 25  w as used  b e c a u s e  t h a t  is  
th e  fa c to r  w ith  th e  a id  o f w h ich  th e  o rd in a ry  n itro g e n - 
free  e x tr a c t  is o b ta in e d , an d  n o t b e ca u se  a n y  of th e

1 U n d e r  th e  g en e ra l d ire c tio n  of G . S . F ra p s , c h e m is t. A b s tra c te d  
by  th e  a u th o r  from  T e x as  E x p e r im e n t S ta t io n , B u ll. 169.

5 P ro c . 2 0 th  C on v . A. O. A. C.
3 T e x as  E x p e r im e n t S ta t io n , B u ll. 162.
1 (U . S. D . A ., B u rea u  C h em is try , B ull. 107, rev ised .)
6 T h i s  J o u r n a l ,  7 (1915), 218.
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n itro g e n  w as th o u g h t  to  be p re se n t in  th e  fo rm  of 
p ro te in . ■'

5 . n i t r o g e n - f r e e  e x t r a c t — T h e  p e rce n ta g e  of ni- 
tro g e n -fre e  e x tr a c t  w as  o b ta in e d  in  th e  u su a l m a n n er 
b y  s u b tr a c t in g  th e  su m  o f th e  p e rc e n ta g e s  o f p ro te in , 
e th e r  e x tr a c t , cru d e  fiber, w a te r  a n d  ash fro m  100  per 
ce n t. T h e  a n a ly se s  w ere fu rn ish e d  th ro u g h  th e  c o u r­
te s y  of D r. G . S. F ra p s.

6 .  e t h e r - s o l u b l e  m a t t e r  i n  t h e  n i t r o g e n - f r e e  

e x t r a c t — T h is  re p re se n ts  th e  d ifferen ce  b e tw e e n  th e  
re su lts  b y  (3 ) a n d  (4 ) a b o v e , c a lc u la te d  in  p e rc e n ta g e  
o f n itro g e n -free  e x tr a c t .
T a b u ? I — P e r c e n t a g e  E t h e r - S o l u b l e  M a t t e r  i n  F e e d - S t u f f s  b y  

V a r i o u s  M e t h o d s

N - F r e e  E x -  
E t h e r  S o l u b l e  t r a c t

•—* *e 3 u
* £ 0*2 U (N 3 0-2
“ j S  M j  -  ¿ s  i f
5 -35 2 S S . X s'*

No. Maticriai.s Tiisthd a  .g S c Si? ¡5 < 2  W3.5
1 W h e a t s h o r ts ....................................... 3 .7 9  5 .3 8  1 .59  . .  5 7 .6 5  2 .7 6
2 C o rn  c h o p s ...............................  4 .3 1  4*.79 0 .4 8  . .  6 8 .0 1  0 .7 1
3 C o tto n se e d -m e a l ...............................  15 .23  15 .15  0 .0 0  . .  5 2 .0 0  0 .0 0
4 R ice  b r a n ..............................................  7 .7 5  9 .6 6  1.91 . .  4 9 .7 0  3 .8 4
5 M ilo  m aize  c h o p s ................... . . . .  3 .2 2  3 .3 2  0 .1 0  . .  6 8 .7 0  0 .1 5
6 C o ld -p re ssed  c o t to n s e e d   7 .2 6  7 .8 1  0 .5 5  . .  3 1 .7 0  1 .7 4
7 K afir  c h o p s ........................................... 3 .2 0  3 .6 8  0 .4 8  . .  6 8 .7 4  0 .7 0
8 C o rn  b r a n .............................................. 8 .5 9  9 .0 6  0 .4 7  . .  6 1 .2 3  0 .7 7
9 R e d  r ic e .................................................. 1 .6 4  2 .3 6  0 .7 2  . .  6 7 .3 0  1 .0 7

10 W h e a t b r a n .......................................... 4 .1 0  5 .6 7  1 .5 7  . .  5 1 .0 7  3 .0 7
11 W h e a t b r a n .......................................... 2 .6 5  3 .3 8  0 .7 3  . .  6 4 .2 2  1 .1 4
12 R ice  p o lis h ........................................... 10 .3 8  11 .49  1.11 . .  5 7 .7 6  1 .9 2
13 T o b a sa  g r a s s ........................................ 0 .9 2  2 .6 2  1 .7 0  0 .1 9  4 6 .1 8  3 .2 7
14 E x c re m e n t from  13.........................   1 .0 6  3 .5 0  2 .1 4  0 .2 2  4 3 .0 4  4 .4 6
15 P ra ir ie  h a y . .........................................  2 .3 0  3 .8 9  1 .5 9  0 .2 4  4 7 .8 2  2 .8 2
16 S u d a n  g ra s s ..........................................  1 .4 6  3 .2 3  1 .17  0 .1 6  4 8 .1 5  3 .3 4
17 E x c re m e n t from  1 5 . . . . . . . . . . .  2 .8 3  6 .2 5  3 .4 2  0 .2 4  4 3 .2 8  7 .3 5
18 E x c re m e n t from  16........................... 1 .9 0  5 .7 3  3 .8 3  0 .2 1  4 7 .4 0  7 .6 4
19 S u d a n  s t r a w .........................................  1 .4 4  3 .6 9  2 .2 5  0 .2 4  4 7 .1 2  4 .7 7
20 S o rg h u m  h a y .......................................  1 .83  3 .3 2  1 .5 0  0 .2 4  4 6 .2 5  2 .7 2
21 E x c re m e n t from  19 ..........................  1 .71  5 .3 7  3 .6 6  0 .2 4  4 3 .8 1  7 .81
22 M o th  b ea n  h a y .................................  1 .55  3 .9 8  2 .4 3  0 .2 8  3 4 .8 5  6 .1 7
23 E x c re m e n t from  2 0 ........................... 1 .7 8  5 .8 2  4 .0 4  0 .7 4  4 3 .5 0  8 .7 4
24 E x c re m e n t from  2 2 ..........................  3 .0 3  7 .01  3 .9 8  0 .3 7  2 9 .1 4  12 .39

A v erage  fo r c o n c e n tra te s   6 .0 1  6 .8 1  0 .8 0  . .  5 8 .1 7  1 .49
‘A v erage  fo r h a y s  a n d  ex c re m e n ts . . 1 .8 2  4 .5 3  2 .7 1  0 .2 4  4 2 .9 6  5 .9 7

T h e  e th e r-so lu b le  m a tte r  in  th e  a lco h o lic  soda 
e x tr a c t  in e xcess of t h a t  in th e  e th e r  e x tr a c t , v a r ie s  
in  th e  c o n c e n tra te s  fro m  zero  in  co tto n se e d -m e a l to  
i . 9 1 p er ce n t in  rice  b ra n , a n d  a v e ra g e s  0.80  p er ce n t. 
In  th e  h a y s  a n d  e x cre m e n ts  fro m  th e m , it  v a r ie s  fro m
1 . 5 0  p er ce n t in so rg h u m  h a y  to  4. 04  p er ce n t  in e x ­
c re m e n t fro m  so rg h u m  h a y , a n d  a v e ra g e s  2 . 7 1  p er 
c e n t , a b o u t 15 0  p er ce n t  of th e  a v e ra g e  fo r  th e  e th e r 
e x tr a c ts  of th e  sam e sa m p le s  (see T a b le  I , co lu m n  1 ).

In  c a lc u la tin g  th e  e th e r-so lu b le  m a tte r  of th e  n i­
tro g e n -fre e  e x tr a c t , w e h a v e  a ssu m ed  th a t  th e  e th er- 
so lu b le  m a tte r  of th e  c o n c e n tra te s  in  c o lu m n  3 in  th e  
ta b le  c o n ta in e d  no n itro g e n . T h e  m a te r ia l m a y  n o t 
be c o m p le te ly  n itro g e n -fre e , b u t  if i t  h a d  as m u ch  n i­
tro g e n , r e la t iv e ly , as th e  e x tr a c ts  o f th e  h a y s , w h ich  
d e riv e  th e ir  n itro g e n  in  p a r t  a t  le a s t  fro m  c h lo ro p h y ll, 
th e  a v e ra g e  n itro g e n  c o n te n t w o u ld  b e  o n ly  0.07  p er 
ce n t  c a lc u la te d  as p ro te in .

T h e  e th e r-so lu b le  m a tte r  in  th e  n itro g e n -fre e  e x ­
tr a c t  o f th e  c o n c e n tra te s  v a r ie s  fro m  zero  in  co tto n se e d - 
m eal to  3. 84  p er ce n t in  rice  b ra n  a n d  a v e ra g e s  1 . 49 

p er ce n t. T h e  e th e r-so lu b le  m a tte r  in  th e  n itro g e n - 
free  e x tr a c t  o f h a y s  a n d  e x c re m e n ts  fro m  th e m  v a r ie s  
fro m  27.2  p er c e n t in  so rg h u m  h a y  to  1 2 . 3 9  P er ce n t 
in  e x cre m e n ts  fro m  m o th  b e a n  h a y , a n d  a v e ra g e s  
5. 97  p er ce n t.

T H E  N A T U R E  O F  T H E  E T I I E R - S O L U B L E  M A T T E R  I N  T H E  

N IT R O G E N -F R E F .  E X T R A C T

B y  s u b tra c t in g  th e  p e rce n ta g e s  of th e  v a r io u s

c o n s titu e n ts  of th e  e th e r  e x tr a c t  fro m  th o se  of the
e th e r-so lu b le  p o rtio n  o f th e  a lco h o lic  so d a  extract
(resu lts  are  g iv e n  in  a p re ce d in g  a rt ic le )  a n d  calculating 
th e  re m a in d e r in  p e r c e n ta g e  o f n itro g e n -free  extract, 
th e  g e n era l n a tu re  o f th e  e th e r-so lu b le  p o rtio n  of the
n itro g e n -fre e  e x tr a c ts  o f th e se  sa m p le s  m a y  be de­
te rm in e d . T h is  h as b e en  don e a n d  th e  a vera ged  re­
su lts  are  sh o w n  in  T a b le  I I :

T a b l e  I I — P e r c e n t a g e  C o m p o s i t i o n  o f  E t h e r - S o l u b l e  C o n s t i t u e n t s  
o f  t h e  N i t r o g e n - F r e e  E x t r a c t

H a y s  a n d

C o n c e n t r a t e s  E x c r e m e n t s  
D e t e r m i n a t i o n  M ax . M in . A v . M ax . M in . Av.

U n sa p o n if ia b le ............................ 22 0 2 15 0 3
T o ta l  f a t ty  a c id s ................... 100 71 98 44 17 30
S ap o n ified  re s id u e ....................  49 0 0 80 40 67

W h ile  th e  m in im u m  figu re  is g iv e n  in  T a b le  II as 
zero , in  fa c t  so m e of th e  re s u lts  w ere  n e g a tiv e . The 
a v e ra g e s  sh o w n  w ere  o b ta in e d  fro m  th e  algebraic 
su m s o f th e se  d ifferen ces.

In  th e  c o n c e n tra te s  th e  e th e r-so lu b le  m a tte r  in the 
n itro g e n -fre e  e x tr a c t  co n sists  on an  a v e ra g e  almost 
e n t ir e ly  o f f a t t y  acid s. T h e  v a r ia t io n s  are  considerable 
in  case  o f th e  sa p o n ifie d  re sid u e  a n d  th e  unsaponified 
m a tte r .

In  th e  h a y s , a n d  e x cre m e n ts  fro m  th e m , th e  principal 
c o n s titu e n ts  of th e  e th e r-so lu b le  m a tte r  in  the ni­
tro g e n -fre e  e x tr a c t  co n sist o f sa p o n ifie d  residue (in­
c lu d in g  c h lo r o p h y ll p ro d u c ts )  w ith  som e f a t t y  acids 
a n d  a l it t le  u n sa p o n ifia b le  m a tte r , p ro b a b ly  wax 
a lco h o ls.

T H E  U T IL I Z A T IO N  V A L U E S  O F T H E  E T IIE R -S O L U B L E  

M A T T E R  O F  N I T R O G E N - F R E E  E X T R A C T

D ig e s tio n  e x p e r im e n ts  on th e  six  h a y s  stu d ied  above 
w ere m a d e  w ith  s h e e p . 1 T h e  re su lts  are show n in 
T a b le  I I I :

T a b l e  I I I — P e r c e n t a g e  U t i l i z a t i o n  V a l u e s  o p  S o m e  E t h e r - S o l u b l e  
C o n s t i t u e n t s  o p  t h e  N i t r o g e n - F r e e  E x t r a c t

M ax im u m  M in im u m  A verage
F a t t y  a c id s ........................................... 3 6 .7  0 .0  11.2
S ap o n ified  r e s id u e . . . . .................... 3 7 .8  1 2 .6  21 .7
E th e r  e x t r a c t ....................................... 5 9 .5  1 9 .3  3 5 .5

In th e  h a y s  e x a m in e d  th e  f a t t y  a c id s  h a d  a utilization 
v a lu e  of zero  in  fo u r ca ses, a n d  a v e ra g e d  on ly  11.2 
p er ce n t a v a ila b le . T h e  s a p o n ifie d  residue was 
u tiliz e d  to  a  g r e a te r  e x te n t , w ith 1 an  a v e ra g e  of 21.7 

p er ce n t. T h e se  figu res are  c o n sid e ra b ly  low er than 
th e  a v e ra g e  fo r  th e  u t iliz a t io n  o f th e  e th er extract 
(“ cru d e  f a t ” ) o f th e  sam e h a y s  (3 5 . 5  p er cen t). The 
f a t t y  a c id s  in  th e  n itro g e n -fre e  e x tr a c t  o f th e  hays 
e x a m in e d  w ere o n ly  s lig h t ly  a v a ila b le  to  sh eep , and the 
sa p o n ifie d  resid u e  w as u tiliz e d  o n ly  a b o u t 60 per cent 
as w ell as th e  e th e r e x tr a c t  o f th e se  h a y s .

S U M M A R Y

T h e  n itro g e n -fre e  e x tr a c t  o f t w e lv e  concentrated 
fe e d in g -s tu ffs  c o n ta in e d  fro m  o to  3. 84  per cent of 
e th e r-so lu b le  m a te r ia l, a n d  a v e ra g e d  1 . 49  per cent. 
T h e  n itro g e n -fre e  e x tr a c t  o f six  h a y s  a n d  six  excrem ents 
fro m  th e m  c o n ta in e d  fro m  2.72  p er ce n t to  12.39  per 
c e n t of e th e r-so lu b le  m a te r ia l, an d  a v e ra g e d  5.97 per 
ce n t.

In  th e  c o n c e n tra te s  e x a m in e d , th is  ether-soluble 
m a te r ia l co n sis te d  on an  a v e ra g e  o f 2 p er cent un-

1 F o r  th e  m e th o d  of c o n d u c t i n g  th e  e x p e r i m e n t s  see T e x as  E x p e r im e n t  

S ta t io n , B ull. 147.
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saponified a n d  98 p er ce n t f a t t y  acid s. In  th e  h a y  
and excrem e n ts  fro m  th e m  it  co n sis te d  on an  a v e ra g e  
of 3 per ce n t u n sap o n ifie d , 30  p er ce n t  f a t t y  acid s, an d  
67 per ce n t s a p o n ifie d  re sid u e .

T he f a t t y  a c id s  in  th e  n itro g e n -fre e  e x tr a c t  of six  
hays w ere u tiliz e d  b y  sh eep , 1 1 . 2  p er c e n t  on an  a v e r ­
age, and th e  n o n -fa t o rg a n ic  a c id s  2 1 . 7  p er ce n t. O f 
the sam e h a y s  3 5 . 5  p er ce n t of th e  e th e r  e x tr a c t  (“ cru d e 
fa t” ) w ere u tilize d .

T e x a s  E x p e r i m e n t  S t a t io n  
C o l l e g e  S t a t io n , T e x a s

COMPOSITION OF CERTAIN FISH  FERTILIZERS FRO M
THE PACIFIC CO AST AND TH E FERTILIZER VALUE 

OF DEG REASED FISH  SCRAP
B y  J o h n  R .  L i n d e m u t h 1 

R ec e iv ed  F e b ru a ry  4, 1915

T he a v a ila b ili ty  o f th e  fish  w a s te  o f th e  P a c ific  
Coast as a  fe r t iliz e r  is one of th e  in v e s t ig a t io n s  n o w  
being carried  on b y  th is  B u r e a u  in  its  sea rch  fo r  p o ss i­
ble sources of fe r t iliz e r  m a te ria l u n d er th e  d ire c tio n  
of D r. F . K .  'C a m e ro n . In  th is  co n n e ctio n  D r . J. 
W. T u rren tin e , d u rin g  th e  su m m e r o f 1 9 1 3 , v is ite d  th e  
fishing and  fish -ca n n in g  in d u strie s  a lo n g  th e  co a st 
of C a lifo rn ia , O rego n , W a s h in g to n , a n d  A la s k a . T h e  
results o f h is in v e s tig a tio n s  a p p e a re d  as a b u lle tin  
of th is D e p a r tm e n t. In  c o n ju n c tio n  w ith  th is  
work a n u m b er of sa m p le s  o f fish scra p  p re p a re d  .fro m  
various fish w ere co lle c te d  a n d  se n t to  th is  la b o r a to r y  
for an alysis.

The lis t co m p rises sa m p le s  o f th e  ra w  c u tt in g s  
from H u m p b a ck  sa lm o n , th e  p re p a re d  scra p  fro m  
H um pback, C h in o o k  sa lm o n , S a rd in e , T u n a , W h a le , an d  
Dogfish. T h e  H u m p b a c k  c u tt in g s  fro m  A la s k a  w ere  
made up of th e  ra w  h ead s, fins, ta ils  a n d  roe. 
T h ey were sh ip p e d  in  a  sea led  t in  b o x  w h ich  w as 
broken open in tr a n s it . F o rm a ld e h y d e  h a d  been 
added to  p re v e n t d e co m p o sitio n  b u t  so m e p ieces o f 
the scrap w ere b a d ly  d e co m p o se d , w h ile  o th e rs  w ere 
in a fa ir ly  go o d  s ta te  of p re se rv a tio n . T h e  a lte re d  
pieces w ere se p a ra te d  as  fa r  as p o ssib le  a n d  d isca rd e d .

T a h i . 1! i-

in ch . S a m p le s  of 2 g ra m s e a ch  w ere th e n  d ried  fo r 
a b o u t s h o u rs or m ore, a c c o rd in g  to  th e  k in d  of fish, 
in a  v a c u u m  o ve n  a t  a  te m p e ra tu re  ra n g in g  b e tw e e n  
7 5 ° a n d  8 5 o. S o m e ty p e s  o f fish re q u ire  lo n g e r d r y ­
in g  th a n  o th ers  to  re m o v e  a ll th e  m o istu re  a n d  secu re  
a co n sta n t  w e ig h t. T h e  loss in  w e ig h t  w a s  re co rd ed  
as m o istu re . In  th e  ca se  o f th e  s a m p le  of ra w  H u m p ­
b a c k  c u ttin g s , m o istu re  w as  d e te rm in e d  b e fo re  g r in d ­
in g  b y  d r y in g  to  a  co n sta n t w e ig h t  in  a w a te r-o v e n . 
In  th is  o p era tio n  it  is  p ro b a b le  t h a t  som e of th e  lo w e r 
v o la tile  o ils  w ere  lo st. In  fa c t , th e  p o in t  w h ere  all 
th e  m o istu re  is re m o v e d  w ith o u t  a n y  lo ss o f o il h a s  
been  v e r y  h a rd  to  e sta b lish , a n d  fu r th e r  w o r k  on th is  
s u b je c t, to g e th e r  w ith  a  s tu d y  of e x tra c t io n  a g e n ts , 
is e x p e c te d  to be d o n e in  th e  n ea r fu tu r e  b y  th e  a u th o r. 
O il w as d e te rm in e d  b y  e x tr a c t in g  w ith  e th e r  a  2 g ra m  
sam p le  w h ich  h a d  been  p re v io u s ly  d ried  to  co n sta n t  
w e ig h t. N itro g e n  w as d e te rm in e d  a c c o rd in g  to  th e  
o fficia l m e th o d  b y  M r. T . C . T r e s c o tt , o f th e  B u r e a u  
o f C h e m is try . P h o sp h o ric  a c id  w as  d e te rm in e d  b y  
th e  officia l g r a v im e tr ic  m e th o d . T h e  re su lts  a p p e a r  
in  T a b le s  I a n d  I I .

O n th e  b asis  of th e  a n a ly s is  re p o rte d  in  T a b le  I 
th e  v a lu e  of th e  ra w  c a n n e ry  w a s te  is d e r iv e d  b e lo w .

T h e  p e rce n ta g e  of n itro gen , 3 . 0 2 , is e q u iv a le n t  to  
3 . 6 7  p er ce n t a m m o n ia , N H 3. T h is , in  th e  re ta il 
m a rk e t, m a y  b e  e x p e c te d  to  b rin g  $3 . 2 0  p er u n it ;  
b o n e p h o sp h a te  is v a lu e d  a t  10  ce n ts  p er u n it , an d  
oil a t  30 ce n ts  p er g a llo n . T h e n :

3.67 p e r  c e n t N H i a t  $3 .20  p e r  u n i t ..................................... $ 1 1 .7 4
3 .46  p e r  c e n t b one  p h o s p h a te  a t  10 c. p e r  u n i t ............... 0 .3 5
27.05 gallons  oil a t  30  c. p e r  g a l lo n .......................................  8 .1 2

T o t a l  V a l u e  p e r  R a w  T o n ............................................  $ 2 0 .2 1

B y  p re se n t m e th o d s in v o g u e , th e  m a n u fa c tu re rs  
o f fe r t iliz e r  an d  oil fro m  th is  m a te r ia l e x p e c t  to  re ­
c o v e r  a b o u t $ 1 5 . 0 0  in  v a lu e s . P re s e n t  m e th o d s , 
th e n , ca n  be co n sid ered  as o n ly  75  p er ce n t e ffic ie n t.-  
In  fu rth e r  s u b s ta n tia t io n  o f th is  co n clu sio n  are th e  re ­
su lts  p u b lish ed  b y  T h o m a s 1 q u o te d  b e lo w :

" T h e  averages of all experiments show the following facts: 
Each ton of salmon oflal treated produced 800 lbs. of mixed

S a l m o n■An a l y s e s  o p  S a m p l e s  o p  t h e  R a w  M a t e r ia l  P r o d u c e d  a s  W a s t e  i n  t h e  M e c h a n ic a l  D r e s s i n g  o f  “ H u m p b a c k  
M a te r i a l  T a k e n  f ro m  t h e  F lo o r  o f  t h e  C a n n e r y  o f  t h e  P u r e  F o o d  F i s h  C o . ,  K e tc h ik a n ,  A la s k a ,  J u ly ,  1913

P e r  C e n t  C a l c u l a t e d  t o  B a s is  o p  W e t  S c r a p

M o is tu re  
Roe (l/ j  m ale a n d  Vs fe m a le ) .. .  6 8 .7
H e a d s . . . ............................................ 6 3 .2
Fins and ta i ls ..................................  6 3 .2 6

N itro g e n  P h o sp h o ric  ac id  B one p h o s p h a te
N  P jO b C a 3(P O 02  Oil

3 .6 8  1 .0 8  2 .3 5  3 .1 8
2 .6 5  1 .5 4  3 .3 6  13 .7 0
3 .1 1  2 .2 0  4 .8 0  11 .1 6

P e r  C e n t  C a l c u l a t e d  t o  M o i s t u r e - F r e e  B a s is

G a l l o n s  O i l  N itro g e n  P h o sp h o ric  ac id  B one p h o s p h a te
CaaCPOO*p e r  T o n  

8 .2 4  
35 .5 1  
2 8 .9 4

A v e r a g e .............................  6 4 .6 3 .0 2 1 .5 9 3 .4 6 10.43 2 7 .0 5

N
1 1 .7 6
7 .2 0
8 .4 6

8 .6 5

PsOs
3 .4 4  
4 . 18 
5 .9 8

4 .4 4

Oil
7 .5 0  1 0 .1 6
9 .1 3  3 7 .2 2

1 3 .0 6  3 0 .3 7

9 .7 0 2 8 .7 4

The sam ples of d r y  scra p  w ere  co lle c te d  fro m  th e  re­
spective m a n u fa cto rie s  a n d  w ere  s h ip p e d  in  c a n v a s  
sam ple sacks. M e th o d s  of p re p a ra tio n  of fish  scra p  
are described in  B u lletin  2 o f th is  D e p a r tm e n t .2

m e t h o d s  o f  a n a l y s i s — T h e  m e th o d s  o f a n a ly s is  
m  the m ain w ere th e  sam e as d e scrib ed  b y  th e  a u th o r 
in a jo in t a rtic le  w ith  E . G . P a rk e r , of th e  B u re a u  
staff, on th e  s u b je c t, “ S o m e A n a ly s e s  o f F ish  S c r a p .” 3 

Before a n a ly sis  th e  sa m p le s  w ere gro u n d  t o  a  p o w d e r 
that w ould p ass a  s ie v e  of 16  a p e rtu re s  p er lin e a r

1 Scien tis t in  F e r ti liz e r  In v e s tig a tio n s , B u re a u  of Soils, U . S. D e p t, of 
Agriculture.

! Bull. 2, B u rea u  of Soils, U . S . D e p t. A gr.
1 T h is  J o u r n a l , 8 (1 9 1 3 ), 3 88 .

oil and fertilizer. Of this amount 200 lbs. was salmon oil and 
600 lbs. oil-free fertilizer. The average analysis of the fertilizer 
thus produced was:

A m m o n ia  14.3 p e r  c e n t B o n e  p h o s p h a te . . .  13.0 p e r  c e n t

"Estim ating the 200 lbs. of oil as being 25 gal., at a price of 
$0.32, which seems a fair average, we have then for each ton 
of oflal treated an oil value of $8, and, estimating the value of a 
unit of ammonia at $3.20 and bone phosphate at 10 cents 
per unit, we have a fertilizer value at:
14.3 p e r  c e n t a m m o n ia  a t  S 3 .2 0 .............    S 4 5 .7 6  ) T o t a l
13 p e r  c e n t b one  p h o s p h a te  a t  $ 0 .1 0 ...............................  1 .3 0 J  M 7 .0 6 p e r to n

"Then at 600 lbs. of fertilizer of this quality to the short ton of 
offal treated, we have $47.06 X  0.3 =  $14.12, the fertilizer 

1 A. M . T h o m a s , " W a s te  in  S a lm o n  C an n in g  I n d u s t r y ,"  P acific F isher­
m an, [2] 12 (1914), 26.
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value of one ton of offal, which gives an available value for 
one ton of offal o f:
F e r ti l iz e r   S 1 4 .1 2  O il....................... S 8 .0 0  T o t a l  V a l u e . . .  3 2 2 .1 2 ."

In  T a b le  I th e  a v e ra g e s  are  c a lc u la te d  b y  d o u b lin g  
th e  p e rce n ta g e s  g iv e n  u n d e r h ead s, s in ce  th e  h e ad s 
c o n s titu te  a p p ro x im a te ly  tw ic e  as m u ch  o f th e  b u lk  
of th e  scra p  as e ith e r  th e  roe or th e  fins an d  ta ils . T h e  
n u m b e r of g a llo n s  of oil p er to n  o f w et scra p  w as co m ­
p u te d  fro m  th e  p e rce n ta g e s  o f o il, u s in g  0 . 9 2 5  as th e  
sp . gr. o f fish oil.

T a b le  I I  g iv e s  th e  a n a ly se s  o f th e  sam p les of p re p a re d  
scra p . S a m p le s  6 to  10  are  of th e  m o st im p o rta n t  fish, 
o u tsid e  of sa lm o n , u sed  in  th e  fe r t iliz e r  in d u s try  o n  th e  
P a c ific  C o a s t. T h e  w h a le  scra p  re su lts  co m p a re  f a v o r ­
a b ly  w ith  th o se  g iv e n  b y  H . T . O ffe r d a h l-T a r v ik 1 of 
a  g e n era l w h a le  fe r t iliz e r  c o n ta in in g  xo to  12  p er ce n t 
n itro g e n  an d  14  to  15  p er ce n t p h o sp h o ric  a c id , an d  
a lso  w ith  th e  re su lts  g iv e n  b y  S to c k h a r d t .2 A n a l­
y ses o f d o g  fish w ere m ad e  b y  th e  P a c ific  P r o d u c ts  
C o m p a n y  of P o r t  T o w n se n d , W a s h in g to n , on som e 
scra p  ta k e n  a few  d a y s  la te r  fro m  th e  sam e b in  as 
S a m p le  1 0 . T h e  re su lts  re p o rte d  b y  th e m  co m p are  
fa v o r a b ly  w ith  th o se  o f th e  a u th o r  a n d  are  as fo llo w s 
in p e rce n ta g e s:

N H i. 15 PiO s, 3 .6  M o is tu re , 8 O il, 6.8

T h e  tw o  sa m p le s  of an  E n g lis h  p ro d u c t  w ere e x a m in ed  
fo r c o m p a r a tiv e  p u rp o ses. T h e  q u a n t ity  of th e  s a m ­
p les, h o w e v e r , w as  in a d e q u a te  fo r c o m p le te  a n a ly sis , 
a n d  th e  p e rce n ta g e s  are  lo w  b e cau se  th e  sam p les

scra p , T a b le  I I I  is re p rin te d  fro m  th e  analyses ap­
p e a rin g  in  “ So m e A n a ly s e s  of F ish  S c r a p .” 1

T h e  sa lm o n  scra p  h a s  a  lig h te r  co lo r and a more 
p le a s a n t o d o r th a n  th e  m e n h a d e n  scra p . T h is , again, 
p o ss ib ly  does n o t  co n cern  th e  fe r t iliz in g  v a lu e , though 
th e re  is a  p o s s ib ility  t h a t  i t  m a y  a ffe c t  its  demand 
in  th e  tra d e . I t  is sa id  th a t  so m e a gricu ltu rists  ap­
p ra ise  th e  v a lu e  of fe r t iliz e r  m a te ria ls  b y  th e  disagree­
a b len ess  a n d  s tre n g th  of th e ir  o d o r. O n th e  contrary, 
i t  is a  b e tte r  e sta b lish e d  fa c t  t h a t  co n sid erab le  prej­
u d ice  e x is ts  a g a in s t  fish scra p  on  th e  p a rt of common 
ca rriers  a n d  th e  p u b lic  in  g e n era l b e cau se  o f its odor. 
S in ce  n o th in g  is to  be lo st a n d  so m eth in g  is to be 
g a in ed  b y  re d u c in g  th e  d isa g re e a b le  o d o rs of fish fer­
tilize rs , th e  p o in t m e n tio n e d  is fa v o ra b le  to  the sal­
m on scra p . T h e  b e tte r  sm ell o f th e  la tte r  is due 
m o st p r o b a b ly  in  g r e a te s t  m easu re  to  th e  fa c t  that it 
is d ried  a t  m o d e ra te  te m p e ra tu re s  a n d  is n o t scorched, 
as in e v ita b ly  m u st h a p p e n  in  th e  h o t a ir driers as 
n o w  o p e ra te d  on  th e  A t la n t ic  C o a s t. I t  is also true 
t h a t  th e  m e n h ad e n  scra p  is  d ried  in  a  stream  of hot 
ga ses g e n e ra te d  in  a  so ft-c o a l fire; th e  so o t from  this 
u n d o u b te d ly  c o n tr ib u te s  lik e w ise  to  th e  dark color 
of th e  p ro d u c t.

A n o th e r  p o in t o f d ifferen ce  b e tw ee n  th e  salmon 
a n d  m e n h a d e n  scra p  is in tro d u ce d  b y  th e  occasional 
a c id u la tio n  of th e  la tte r . T h e  a d d itio n  of sulfuric 
a c id  to  th e  scra p  is p ra c tic e d  m o st g e n e ra lly  to disin­
fe c t th e  u n d rie d  b u t  fre s h ly  co o k e d  a n d  w arm  “  pom ace,”

T a b l e  I I — P e r c e n t a g e  A n a l y s e s  o f  P r e p a r e d  F i s h  S c r a p

N o . L o ca tio n  a n d  C o m pa n y D e s c r ip t io n N PiO s M oistu re Oils(a)
1 K law a c k , A lask a : N o r th  P acific  F ish in g  a n d  T ra d in g  Co. S am p le  fro m  tr i a l  ru n  w ith  s te a m  d rie r 9 .3 9 5 .3 2 5 .3 6 14.96
2 A n aco rte s , W a sh .: R o b in so n  F ish e rie s  C o. D ry  sc rap  fro m  s te a m  d r ie r 8 .2 6 7 .91 5.21 17.36
3 A n aco rte s , W a sh .: R u ss ia  C e m e n t Go. D ry  sc ra p  from  h o t-a ir  d r ie r 9 .4 9 9 .2 6 5 .2 6 8.32
4 S e a ttle , W a sh .: B ra n d e l C h em ica l Co. D ry  sc ra p  from  s te a m  d rie r 8 .7 6 7 .0 0 3 .91 20.02
5 A sto ria , O re .: D eF o rce  O il W o rk s D ry  sc ra p  from  h o t-a ir  d r ie r 7 .6 3 12 .0 8 5 .11 10.96
6 M o n te re y , C a l.: M o n te re y  P a c k in g  Co.

V ic to ria , B . C .: C a n a d ia n  N o r th  P ac ific  F ish e rie s , L td .
S a rd in e  sc ra p 7 .9 7 7 .11 5 .57 8.42

7 W ha le  m eal 11 .5 9 0 .9 4 5 .41 12.70
8 V ic to ria , B . C .: C a n a d ia n  N o r th  P ac ific  F ish e rie s , L td . W h a le  bon e-m ea l 3 .0 1 2 6 .0 8 2 .5 3 Trace
9 S an  P ed ro , C a l.: S an  P e d ro  F e r ti l iz e r  Co. T u n a  sc rap 8 .5 4 7 .2 5 4 .21 13.27

10 P o r t  T o w n sen d , W a sh .: P ac ific  P ro d u c ts  Co. D og-fish  sc rap 12 .15 (6 ) 3 .5 9 6 .3 5 7.89
11 L o n d o n , E . C .: H . W isk e m an n  W ool E x c h an g e F ish  m eal 6 .5 4 4 .7 8
12 L o n d o n , E . C .: H . W isk e m an n  W ool E x c h an g e M e a t  m eal 8 .5 7 4 .5 6

13.83 Trace13 K e y  W e st, F lo r id a S h a rk  w aste 9 .3 4 1 .99

(a) M o re  a c c u ra te ly , e th e r  e x tra c t.  T h is  co n s is ts  p rin c ip a lly  of oils.

c o n ta in e d  a la rge  q u a n t ity  o f san d  or cru sh e d  q u a rtz . 
S im ila r ly  a  sa m p le  of u n ed ib le  s h a rk  fro m  th e  A t la n tic  
C o a s t  w as  e x a m in ed . In  th is  case th e  liv e rs  a lon e 
are u sed  fo r  th e ir  oil an d  th e  re m a in d e r th ro w n  a w a y .

c h a r a c t e r  o f  p r o d u c t — T h e  scra p  p ro d u c e d  fro m  
sa lm o n  w a ste  is o f a v e r y  h ig h  q u a lity , a n d  is o p en  to  
cr itic is m , fro m  a fe r t iliz e r  p o in t, o n ly  on  th e  fa c t  of 
its  h ig h  c o n te n t  o f o il. T h is  a m o u n t of oil does 
h a v e  a m a rk ed  in flu en ce  on  th e  fe r t iliz in g  p ro p ertie s  
of th e  scra p  as is sh o w n  in  th e  fo llo w in g  p o t  e x p e r i­
m en t w o rk . I t  is fu r th e r  d is a d v a n ta g e o u s  in  t h a t  it  
is so m u ch  in e rt m a te ria l o f no fe r t iliz e r  v a lu e . H o w ­
e v e r , th e  fa c t  t h a t  th e  oil, o f h ig h  v a lu e  if  e x tra c te d , 
here p la y s  th e  rô le  o f a  w o rth le ss  d ilu e n t o f a  less 
v a lu a b le  p ro d u c t, h a s  n o t as m u ch  b e a r in g  on  th e  
v a lu e  of th e  scra p  as a  fe r t iliz e r  as i t  h a s  on th e  e co n o m y  
o f th e  p ro cess b y  w h ich  th e  m a te r ia l is p re p a re d . .

c o m p a r i s o n  w i t h  m e n h a d e n  s c r a p — F o r th e  sak e  
of co m p ariso n  b e tw e e n  th e  sa lm o n  a n d  m en h ad en

'  Ber. d. deulsch P k a rm . Ces., 23 (1913), 558-559 .
5 Chem. A ckersm antt, 16 (1870), 52.

(6) E q u iv a le n t to  14.77 p e r  c e n t am m o n ia , N H i.

a n d  to  re n d er i t  u n fit as a  b re ed in g  p lace  for flies. 
T h is  is re so rted  to , as  a  ru le , o n ly  w h en  the scrap is 
b e in g  p ro d u c ed  a t  a  ra te  g r e a te r  th a n  t h a t  a t which 
it  ca n  b e  d ried . T h e  a c id u la tio n  fre q u e n tly  is fol­
lo w e d  b y  d ry in g . T h e  a d d it io n  of su lfu ric  acid to 
th e  scra p  is  su p p o se d  to  be b e n e fic ia l in  th a t  it “ fixes 
th e  a m m o n ia ”  a n d  ren d ers so lu b le  th e  phosphoric 
a c id  of th e  ca lc iu m  p h o s p h a te  c o n s titu tin g  the bones. 
W h ile  i t  in d u ce s  a  d is in te g ra tio n  a n d  pulverization 
of th e  scra p , an d  e n a b les  th e  p ro d u c e r to  sell the bone 
p h o sp h a te  p re se n t as  so lu b le  p h o sp h o ric  acid, at 
th e  sam e tim e  it  a c ts  as  a  d ilu e n t of s lig h t (if any) 
fe r t iliz e r  v a lu e , w ith  no ra tin g  on  a  fe r tiliz e r  basis.

In  th e  fo re g o in g  co m p a riso n  of scra p  from  salmon 
a n d  m e n h a d e n , re s p e c t iv e ly , it  is n o t  in tend ed  that 
th e  id e a  sh a ll b e  c o n v e y e d  t h a t  th e  m enh aden  scrap 
fo r  fe r t iliz e r  p u rp o ses  is in fe rio r  to  t h a t  from  the sal­
m on . I t  is b e lie v e d  t h a t  th e  a m m o n ia  a n d  phosphate 
of th e  one is as v a lu a b le  as  t h a t  o f th e  other.

F I S H  S C R A P  A S C A T T L E  A N D  P O U L T R Y  F E E D  To 

1 hoc. cit.
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discuss fish scra p  fro m  a n y  p o in t  o f v ie w  o th e r th a n  
that of fe r tiliz e r  p e rh a p s  is b e y o n d  th e  p ro v in c e  of 
this paper. I t  sh o u ld  b e  p o in te d  o u t h ere , h o w e v e r , 
that in co n n e ctio n  w ith  su ch  fe r t iliz e r  m a te ria ls  as 
dried b lood, a b a tto ir  t a n k a g e  of h ig h -g ra d e , c o tto n - 
seed-meal, an d  fish scra p , it  is b e tte r  a g r ic u ltu ra l p r a c ­
tice to feed  th ese  to  s to c k , p ro v id e d , o f co u rse, th a t  all 
barn-yard m an u res b e  co n se rv e d  c a re fu lly , th a n  to  
apply th em  d ir e c t ly  to  th e  so il. I t  ca n  be ta k e n  as 
thoroughly w ell e s ta b lish e d  t h a t  b o th  th e  n itro g e n  
and the p h o sp h o ric  acid , a fte r  p e rfo rm in g  th e ir  rô le  
in the life p rocesses o f th e  a d u lt  a n im a l, are  e lim in a te d . 
Then th e  h ig h  fo o d  v a lu e  o f th e se  r ich  fo o d s  is u t i l ­
ized and a t th e  sam e t im e  th e  fe r t iliz in g  e le m e n ts  
are still a v a ila b le  fo r  use on  che g ro w in g  cro p s. F ro m  
the point o f v ie w  o f c a tt le  an d  p o u ltr y  fee d , th e  s a l­
mon scrap m u st be co n sid e re d  su p erio r to  th e  m e n ­
haden. In  th e  first p la ce  th e  a c id u la te d  scra p  is 
totally u n fit fo r  fe e d in g  p u rp o ses. I t s  use in  t h a t  
manner u n d o u b te d ly  w o u ld  re s u lt  in  d isa ste r. A n d  
in sm aller d egree, th e  g re a te r  ca re  e x p en d e d  in  d ry in g  
the salm on scra p  m a k e s  it  a  m ore d e sira b le  a rtic le  
of food. In  fa c t , w h en  th e  n a tu r e  o f th e  ra w  m a te ria ls  
and the s a n ita ry  co n d itio n s  u n d e r w h ich  it  is tre a te d , 
obtaining in ce rta in  m a n u fa c to rie s , a re  co n sid e re d , 
it m ight also  be re g a rd ed  as fit fo r  m a n ’s co n su m p -

tion. It  w ou ld  be in te re s tin g  to  lea rn  w h e th e r  th e  
oil rem aining in  th e  sa lm o n  scra p  is n o t o f a  m ore 
digestible n a tu re  th a n  t h a t  in  th e  m e n h a d e n  scra p . 
No exp erim en tal d a ta  is a t  h a n d  in  s u b s ta n tia tio n  
of such a b e lie f; b u t  su ch  a p p e a rs  p la u sib le  w h en  it  
is recalled th a t  th e  sa lm o n  oil is l ig h t  an d  sw e e t an d  
partakes m ore n e a rly  of th e  n a tu r e  o f th e  e d ib le  oils, 
while th a t  fro m  m e n h a d e n  is d a rk , h e a v y  a n d  v isco u s  
and has a d isag re ea b le  o d o r. T h e re  are  n o  d ifferen ces 
in the m eth ods o f re n d erin g  s u ffic ie n tly  g r e a t  to  a c ­
count for th e  d ifferen ce  in  th e  n a tu re s  of th e  re sp e c­
tive oils; th e ir  d ifferen ces  m u st b e  re g a rd ed  as in ­
herent.

The su b ject o f th e  s u it a b il i t y  o f fish scra p  fo r  c a t ­
tle and p o u ltry  feed  a n d  th e  e x p e rim e n ts  p erfo rm ed  
relating th e re to  h a v e  been  d iscu ssed  in  an  e a r lie r 
publication o f th is  D e p a r tm e n t  a n d  th e re fo re  w ill 
not be re p ea ted  h ere. In  a ll o f th e  e x p e rim e n ts , 
records of w h ich  h a v e  co m e to  th e  a tte n t io n  of th e  
writer, th e  resu lts  h a v e  been  a ffirm a tiv e  a n d  of su ch  a 
nature as to  ju s t i fy  th e  fu r th e r  e x p lo ita tio n  of th is  
food m aterial fo r  t h a t  p u rp o se . T h e  re a d er in te r­
ested in th is p h ase  o f th e  s u b je c t  is re ferre d  to  B u lle-  
‘*H 2> U. S. D e p a r tm e n t  o f A g r ic u ltu re , “ T h e  
Menhaden F ish  F e r tiliz e r  In d u s tr y  of th e  A tla n tic  
Coast.”

0IL T h e  lite ra tu re  co n ta in s  lit t le  h a v in g  to  do w ith

sa lm o n  oil. T h e  a m o u n t a c tu a lly  p ro d u c e d , 2S 6 ,ooo 
ga llo n s, is to o  sm a ll to  g iv e  i t  v e r y  g r e a t  im p o rta n c e  
in  th e  in d u stries . I t  is ra te d , h o w e v e r , as a  h ig h -g ra d e  
fish oil. T h e  m a rk e t  p rice , 30  ce n ts  p er g a llo n , a g a in st 
23 ce n ts  fo r m en h ad en  oil as q u o te d  in  1 9 1 2 , is su ffic ien t 
e v id e n ce  o f th a t  fa c t . T h e re  is no rea so n  to  d o u b t 
t h a t  it  is d e stin ed  to  p la y  an  im p o r ta n t  p a r t  as an  
a n im a l oil w h en  th e  sa lm o n  scra p  in d u s tr y  is fu l ly  
d e v e lo p e d  a n d  th e re  is e n o u g h  o il a v a ila b le  to  m a k e  
its  s tu d y  a n d  e x p lo ita tio n  p ro fita b le .

In  th e  a b sen ce  o f m ore d e ta ile d  in fo rm a tio n  c o n ­
ce rn in g  th e  p h y s ic a l an d  ch e m ica l p ro p e rtie s  o f s a l­
m on oil, i t  m u st suffice  to  s a y  t h a t  it  is m e re ly  a  h ig h - 
g ra d e  fish oil. T h e  cru d e  sa lm o n  oil is lig h te r  in  co lo r 
th a n , p erh a p s, th e  refin ed  m e n h ad e n . I ts  p ro p e rtie s , 
as n ow  u n d e rsto o d , a d a p t i t  to  th e  uses to  w h ich  m e n ­
h a d en  oil h a s  b een  su cce ssfu lly  a p p lie d , co n sp icu o u s  
a m o n g  w h ich  is its  u tiliz a t io n  as a  lu b r ic a n t , a n d  e sp e ­
c ia lly  in th e  p a in t  an d  e n a m el in d u s tr ie s . 1

g l u e — F is h  g lu e  m ad e  fro m  sa lm o n  is re g a rd e d  as lo w - 
g ra d e  a n d  of p ro p o rtio n a te ly  s lig h t  v a lu e . In  th is  p a r ­
t ic u la r  i t  d iffers  m a rk e d ly  fro m  t h a t  p re p a re d  fro m  
co d  sk in s. I t  is a p p lied , w ith  su ccess, to  th e  p re p a ra ­
t io n  o f “ s iz in g s ”  an d  a llied  m a te ria ls .

p o t  e x p e r i m e n t s — Series of p o t a n d  p lo t  e x p e r i­
m en ts  w ere u n d e rta k e n  b y  J. J. S k in n e r , o f th is

P e r  c e n t

N  P jO* M o is tu re  O ils
8 .9 3  6 .1 7  6 .4 8  5 .9 1
8 .9 6  7 .7 5  6 .1 8  6 .8 1

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

B u re a u , to  d eterm in e  w h eth e r th e  re sid u a l oil in  th e  
fish scra p  h a d  an  in ju rio u s  e ffe ct on  th e  fe r t iliz e r  
v a lu e , a n d  th e  p re lim in a ry  re su lts  are  so v e r y  In­
te r e s tin g  fro m  se v e ra l s ta n d p o in ts  t h a t  he h a s  been  
k in d  en o u g h  to  a llo w  m e to  p u b lish  th e m  in  p a r t . 
F ish  scra p  is u n d o u b te d ly  an  e ffic ien t fe r t iliz e r  as 
sh o w n  b y  th e  a c c o m p a n y in g  p h o to g ra p h s  a n d  green  
w e ig h ts . In  e v e r y  case w h ere  scra p  w a s  a p p lie d  th e re  
w as  a  d ecid ed  in crease  in  g ro w th  a n d  w h en  oil- 
free  scra p  w as a d d ed  a s t ill g r e a te r  g ro w th  w as 
n o tice a b le . T h is  re s id u a l oil a p p e a rs  to  h a v e  a 
la rg e  in flu en ce  on th e  fe r t iliz e r  p ro p e rtie s  a n d  s u re ly  
w a rra n ts  fu r th e r  s tu d y  a n d  a c o n se q u e n t in v e s t ig a ­
tio n  o f th e  e ffic ie n cy  of p resen t m e th o d s of re m o v in g  
th e  oil.

T h e  e ffe ct of th ese  fish scra p  fe r tiliz e rs  in  so ils  w as 
te s te d  b y  g ro w in g  w h e a t  p la n ts  in  th e  tre a te d  soil in  
p araffin e d  w ire  p o ts . T h e  p la n ts  g rew  fro m  M a y  5th  
to  28th . T h e  p a ra ffin e d  w ire  p o t m e th o d  is d e sc rib ed  
in  C ircula r  1 8  o f th is  B u re a u . F ish  scra p  w a s  a d d e d  
a t th e  ra te  o f 700  lb s . p er a cre  a n d  d u p lic a te s  w ere 
m ad e in  e v e r y  case. T h e re  w ere  tw o  ty p e s  o f soil 
u sed , th e  on e a  lo a m  an d  th e  o th e r  a  s a n d y  lo am . 
T h e  a n a ly se s  of th e  fish s cra p  sa m p le s  u sed  a re  g iv e n  in 
T a b le  I V .

1 F o r  a  b rie f  d iscussion  of m e n h ad en  o il see U . S. D e p t. A gr., B ull. 2 , 
p . 46, el seq.

T a b l e  I I I — M e n h a d e n  S c r a p  

No. L o c a t i o n  a n d  C o m p a n y  D e s c r i p t i o n

1 K ilm arnock, V a .: Iv u b an k s T a n k a rd  C o. D ry  sc rap  (from  6 sacks)
2 T a ft, V a.: T a f t  F ish  C o. D ry  sc rap  (sam p le  from  525 tons)
3 Irv ington , V a.: C a r te r ’s  C reek  F is h  G u a n o  Co. D ry  sc rap , d rie d  in  h o t  a ir  a n d  s te a m  d rie rs  (from  one sack) F a ll p ro d u c t 7.70
4 Cape C harles, V a.: A tla n tic  F ish  & O il C o. D ry  sc rap , g ro u n d  (from  3 sacks)
5 Cape C harles, V a.: A tla n tic  F ish  & O il C o. D u s t  from  g rin d e rs
6 Beaufort, N . C .: B e a u fo rt F ish  S crap  & Oil C o. D ry  sc rap , h y d ra u lic  p resses , s am p le  from  heap
7 M orehead C ity , N . C .: R . \V . T a y lo r  D ry  sc ra p  from  o pen  heap
8 M orehead C ity , N . C .: C h as . S . W a llace  S crap , d ry , from  h y d ra u lic  p resses
9 Lenoxville, N . C .: C . P . D ey  G ro u n d  sc rap , su n -d ried , h y d ra u lic  p resses. S am p le  from  heap

10 Lenoxville, N . C .: C . P . D ey  S c rap , d ry , g ro u n d , h y d ra u lic  p resses . S am p le  from  heap
A v e r a g e s ..........................................................................................................................................................................................................................................................................
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T h e  green  w e ig h ts  o f th e  p la n ts  are  g iv e n  in T a b le  
V . I t  w ill be n o tice d  t h a t  th e  H a g e rs to w n  lo am  
w as th e  b e tte r  p ro d u c in g  so il. T h e  tu n a  scra p  w as n o t 
T a b l e  I V — P e r  c e n t  A n a l y s e s  o k  S a m p le s  U s e d  i n  P o t  E x p e r i m e n t s

F i s h N P j0 6 M o is tu re O il
S a lm o n  .......... , , .  9 .3 9 5 .3 2 5 .3 6 14 .9 6
S a rd in e ............ . , .  7 .9 7 7 .11 5 .5 7 8 .4 2
T u n a ................. 8 .5 4 7 .2 5 4 .21 13.27
M e n h a d e n ----- , 8 .2 2 5 .9 5 6 .1 3 8 .5 7

v e r y  e ffe c tiv e  in th e  case  of th e  O ra n g e b u rg  s a n d y  
lo am  b u t sh o w s m u ch  b e tte r  re su lts  w h en  a d d ed  to  
th e  H a g e rsto w n  lo am .

T a b l e  V- - G r e e n  W e i g h t s  ( G r a m s ) o p  W h e a t  P l a n t s

O ra n g e b u rg
L o a m  U s e d  H a g e r s to w n  s a n d y

Soil u n t r e a te d ..............................................................................  2 .4 5  1 .65
S oil -f- S a lm o n  fish s c ra p — o il-free ..................................... 4 .0 0  3 .1 5
S oil 4* S a lm o n  fish s c r a p .   ................................................ 3 .0 5  2 .0 5
S oil +  S a rd in e  fish sc rap — o il-f ree ..................................... 3 .2 5  3 .0 4
S oil 4- S a rd in e  fish s c r a p ........................................................  2 .5 5  2 .7 0
S oil 4 - T u n a  fish sc rap — o il-free ........................................ 3 .5 2  2 .0 0
Soil 4- T u n a  fish s c r a p ............................................................. 3 .2 5  1 .9 0
S oil 4- M e n h a d e n  fish sc ra p — o il-free ..............................  3 .6 0  2 .7 0
S oil 4- M e n h a d e n  fish s c r a p .................................................  3 .1 0  2 .5 0

r e m o v a l  oi? r e s i d u a l  o i l — T h e  re c o v e ry  of th e  
re sid u a l oil can  u n d o u b te d ly  be a cco m p lish e d  b y  an  
e x tra c tio n  w ith  ga so lin e , s im ila r to  th e  p ro cess n o w  in 
v o g u e  in  th e  d e g re a sin g  o f g a rb a g e  ta n k a g e . In  th is  
p ro cess th e  ta n k a g e  is p u t  in a  la rg e  c y lin d r ic a l ta n k  
a n d  w a sh e d  w ith  ga so lin e  u n til th e  ga so lin e  d ra w n  off 
is co lo rless. T h e  re sid u a l ga so lin e  is d r iv e n  off b y

W . J. S p rin g b o rn , o f th e  N e w  B e d fo rd  Extractor 
C o m p a n y , o f N e w  B e d fo rd , M a ss. B o th  estimate 
th e  o u t la y  fo r  b u ild in g s  a n d  e q u ip m e n t to  be S25,- 
000  fo r  a  p la n t  w ith  a c a p a c ity  of a b o u t 10 tons per 

T o  h ouse th e  d e g re a sin g  p la n t a fire-proofd a y .

F i g . I — H a g e r s t o w n  L o a m  a n d  O i l - F r e e  F i s h  S c r a p

1— U n tre a te d  S o il 3— S oil +  O il-free  S a rd in e  S c ra p
2— S oil +  O il-free S a lm o n  S c ra p  4— S oil 4- O il-free  T u n a  S c ra p

5— S oil +  O il-free  M e n h a d e n  S c ra p

s tea m , an d  th e  ga so lin e  an d  oil s e p a ra te d  b y  d is t illa ­
t io n . T h é  e q u ip m e n t co n sists  of one r o ta r y  p e rc o la ­
to r  or w a sh in g  t a n k , one co n d en ser, one s till  fo r  d is ­
t illin g  th e  g a so lin e  fro m  th e  o il, on e o il-fin ish in g  ta n k , 
tw o  s e p a ra tin g  ta n k s  fo r  s e p a ra tin g  th e  s o lv e n t  fro m  
w a te r , on e h e a te r  fo r  h e a tin g  s o lv e n t, th ree ' p u m p s, 
th e  n e ce ssa ry  s to r in g  ta n k s  fo r  s to r in g  th e  fin ish ed  
o il an d  ga so lin e , tw o  co n v e y o r s  (one fo r  d e liv e rin g  th e  
m a te ria l to  th e  p e r c o la to r  a n d  th e  o th e r  fo r  re m o v in g  
th e  sa m e ), b o ilers , m o to rs , p ip in g , e tc .

T h e  re m o v a l o f th e  re s id u a l oil in  fish scra p  w ill 
n o t  o n ly  in cre ase  to  a  g r e a t  e x te n t  its  v a lu e  as a  fe r ­
tilize r, as sh o w n  in  th e  p re ce d in g  e x p e rim e n ts , b u t  
w ill se e m in g ly  a lso  m ore th a n  p a y  fo r  its e lf  in  th e  oil 
re co v e re d .

T h e  fo llo w in g  e stim a te s  of th e  co st of d egre a sin g  
m e n h a d e n  scra p  h a v e  b een  m ad e. C o n sid e ra tio n  
h a s  b een  g iv e n  to  th e  oil re c o v e re d  o n ly  a n d  n o t  to  
th e  en h a n ced  v a lu e  of th e  fish scra p . T h e se  figu res 
are  b a se d  on w o rk s  d a ta  o b ta in e d  in th e  d e g re a sin g  
o f g a rb a g e  ta n k a g e . T h e  d a ta  h a v e  b een  secu red  
th ro u g h  th e  k in d n ess  of M r. T . D . B a n k s , o f th e  M u ­
n ic ip a l R e d u c tio n  P la n t  of C o lu m b u s , O h io , an d  M r.

F i g . I I — O r a n g e b u r g  S a n d y  L o a m  a n d  O i l - F r e e  F is h  S c ra p

1— U n tre a te d  3— S oil ■+■ O il-free Sardine Scrap
2— S oil -f* O il-free  S a lm o n  S c ra p  4— S oil -j- O il-free T u n a  Scrap

5— S oil 4- O il-free  M e n h a d e n  S c rap

b u ild in g  w o u ld  p r o b a b ly  be re g a rd ed  as essential. 
T h e  co st o f th is  w o u ld  be d e te rm in e d  b y  local condi­
tio n s. F o r  a  fish scra p  p la n t  it  w o u ld  n ot be neces­
s a r y  to  e re c t a  b u ild in g  as e x p e n siv e  as th a t  required 
b y  a  m u n ic ip a l g a rb a g e  re d u c tio n  p la n t such as that 
m ad e  th e  b a sis  o f th e  a b o v e  e stim a te .

T h e  o p e ra tio n  o f th e  p la n t  w o u ld  require the ser­
v ic e s  of tw o  m en, w ho d u r in g  th e  a c tu a l operation 
w o u ld  d e v o te  a ll o f th e ir  tim e  th e re to ; if the steam 
re q u is ite  is s u p p lie d  fro m  th e  b o ilers  a lre a d y  installed 
an d  o p e ra te d , o n ly  a  p o rtio n  o f th e  firem an ’s time 
n eed  be ch a rg e d  to  th e  d e g re a sin g  p la n t. In the de­
g re a s in g  o f g a rb a g e  ta n k a g e  th e  loss in gasoline aver­
ages 6 g a llo n s  p er to n  of p ro d u c t  w h ile  the bulk of 
th e  ga so lin e  is re d is tille d  an d  u sed  o v e r  and  over again. 
T h e  fo llo w in g  e stim a te  o f th e  o p e ra tin g  expenses 
o f an  e ig h t-h o u r d a y  m a y  th e n  be m a d e:

O ne o p e ra to r , 25 c e n ts  a n  h o u r ..................................... v  . . $ 2 .00
O ne la b o re r, 20 c e n ts  an  h o u r ........................................ .... . .  1.60
60 gallo n s  of g aso lin e ....................................................................  7 .20
3 to n s  of c o a l....................................................................................  4 .50
Vs of f ire m an ’s t im e ......................................................................  0 .32
R e p a irs  a n d  m isce llaneous ex p e n se s .....................................  1.00

T o t a l  p e r  D a y .................................................................  516.62
T o t a l  p e r  T o n ........................................................................  1 .66

In te r e s t  on in v e s tm e n t, $ 2 5 ,0 00 , a t  6 per cent, is 
$ 1 , 500 , or per to n , on  b a sis  o f 1 ,000  to n  season ’s out-

Oil.

F i g . I l l — O r a n g e b u r g  S a n d y  L o a m  a n d  F i s h  S c r a b

W IT H  A N D  W IT H O U T  O l L

1— U n tre a te d  Soil 3— Soil -f- S a rd in e  S c rap  Containing
2— S oil +  O il-free  S a rd in e  S c ra p  4— Soil 4- O il-free S a l m o n  Scrap

5— S oil +  S a lm o n  S c ra p  C o n ta in in g  Oil

p u t, $ 1 . 50 . I t  sh o u ld  b e  re ca lled  in th is  c o n n e c t io n  

t h a t  th e  o u t la y  fo r  e q u ip m e n t an d  b u ild in g  may be 
re d u ce d  m a te r ia lly  below ' th is  figure. Hence the 
to ta l  co st o f d e g re a sin g  w o u ld  be S3 . 1 6  per ton.
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Since th e  a n a ly se s  o f d ried  m e n h a d e n  scra p  m ad e  
in this B u re a u  sh o w  th e  a v e ra g e  c o n te n t  o f oil to  be 
a p p ro xim ately  6. 99  p er ce n t, it  m a y  be ta k e n  t h a t  each  
ton of scrap  w o u ld  y ie ld  1 3 9 . 8 0  lbs. o f o il, w h ich , a t  
7 . 7 1  lbs. p er g a l., is e q u iv a le n t  to  1 8 . 13 ga ls , p er to n . 
This a t 23 ce n ts  p er g a llo n 1 h a s  a  v a lu e  o f S 4 . 1 7  per 
ton. T h e  co st o f p ro d u c tio n  b e in g  $3 . 1 6 , th e  p ro fit  
per ton in oil re co v e re d  w o u ld  be $ 1 . 00 , or fo r th e  
season’s p ro d u c tio n  o f 1000  to n s , $ 1 ,0 00 .

If such a  p ro cess w ere a p p lie d  to  scrap  fro m  sa lm o n  
which, i t  is re ca lled , c o n ta in s  1 2 . 6 9  p er c e n t o il, th e  
profit w ou ld  be $ 6 . 7 2  p er to n , on th e  b a sis  o f th e  
same o p e ra tin g  e x p en ses as a b o v e  a n d  of 30  ce n ts  
per gallon  fo r oil. S in ce  th e  o u tp u t  of th e  in d iv id u a l 
plants on th e  P a c ific  C o a s t  is n o t, on th e  a v e ra g e , 
1,000 to n s p er sea so n , c e n tra l re c e iv in g  s ta tio n s  co u ld  
be erected  in  th e  v a r io u s  sectio n s  and  th e  d e g re a sin g  
done there.

All the a b o v e  e stim a te s  sh o w  t h a t  th e  oil re co v e re d  
would p a y  fo r th e  p ro cess w ith o u t a n y  co n sid e ra tio n  
being g iv en  to  th e  en h a n ced  fe r t iliz e r  v a lu e  o f th e  
product. W h en , h o w e v e r , th is  fe a tu re  is co n sid ered , 
it is seen fro m  th e  p re ce d in g  p o t e x p e rim e n ts  t h a t  on 
the a vera ge  th e  fe r t iliz in g  q u a litie s  of th e  fish scrap  
are in creased b y  a p p ro x im a te ly  23 per ce n t.

C O N C L U S IO N S

The fish w aste  of th e  P a c ific  C o a s t  is v e r y  h igh  in 
fertilizer v a lu e . I t  a v e ra g e s  h ig h e r th a n  m e n h ad e n  
in its co n te n ts , as fo llo w s:

M e n h a d e n : N itro g e n , 8 . 4 3  p er ce n t; p h o sp h o ric
acid (PoOs), 6 . 6 9  p er c e n t;  a n d  o il, 6 . 9 9  p er ce n t.

S a lm o n , E t c . :  N itro g e n , 9 . 3 1  p e r c e n t ;  p h o sp h o ric- 
acid (P2O5), 6 . 7 2  p er c e n t; an d  oil, 1 2 . 6 9  P er ce n t.

The m en h ad en  in d u s tr y  is m u ch  la rg e r  a n d  o ld er, 
but there is no d o u b t b u t  t h a t  th e  sa lm o n  scra p  in ­
dustry w ill gro w  r a p id ly  a n d  soon  e q u a l th e  m e n h ad e n . 
This is e sp e c ia lly  tru e  b e ca u se  of th e  in cre a s in g  d e ­
mands for n itro g e n o u s  fe r t iliz e r s  an d  th e  a v a ila b ili ty  
of salm on c a n n e ry  w a ste .

The A m erica n  F e r tiliz e r  H a n d b o o k  fo r  1 9 1 4 , in  
reviewing th e  fish  scra p  fe r t iliz e r  in d u s try , g iv e s  th e  
following co n clu sio n s: “ P r o b a b ly  th e  m o st im ­
portant fe a tu re  to  th e  fish m a n u re  b u sin ess d u rin g  th e  
past y ea r w as th e  u n u s u a lly  la rg e  n u m b e r o f n ew  c o m ­
panies fo rm ed  to  o p e ra te  in  th is  lin e . T h e  in d u s try , 
which w as o n ly  a fe w  y e a rs  ago  a  c o m p a r a t iv e ly  u n ­
im portant one, is n o w  on e t h a t  is a t tr a c t in g  th e  a tt e n ­
tion of fin a n cia l m en g e n e r a lly .”

B u r e a u  o p  S o il s , W a s h in g t o n , D . C .

NOTES ON TH E CO LO RIM ETRIC DETERM IN ATIO N  
OF PH O SPH O R U S IN SO IL EXTRACTS

B y  C . E . M il l a r  a n d  F . A. G a n g l e r  

R e c e iv e d  M a r c h  3 , 1915

The co lo rim e tric  m e th o d  fo r  th e  d e te rm in a tio n  of 
phosphorus s u g g e s te d  b y  V e it c h 2 a n d  p e r fe c te d  b y

1 T his figure is th e  n o rm a l p ricc  q u o te d , b u t  d u r in g  th e  la s t  tw o  y ea rs  
the price has ad v a n c e d  ra p id ly  b ecause  of p o o r  fish ing  seasons. T h e  ca tch  
in 1913 was on ly  60 to  70 p e r  c e n t o f th e  n o rm a l, a n d  figures a v a ila b le  th u s  
far for th is y ea r show  th e  c a tc h  to  b e  s til l low er. A t th e  p re s e n t t im e  c ru d e  
menhaden oil is scarce , a n d  th e  l i t t l e  t h a t  is o b ta in a b le  b rin g s  from  37 to  
39 cents a gallon. I f  th e se  p rices w ere ap p lied  to  th e  ab o v e  e s tim a te s , th e  
Profit would be in c reased  g re a tly , b u t  since th e y  a re  n o t n o rm a l, i t  w ould 
he unfair to  m ake g en e ra l s ta te m e n ts  b ased  u p o n  th em .

! J . A . C. S .,  25 (1903), 169.

S ch re in e r a n d  B r o w n 1 h as been  u sed  to  som e e x te n t  fo r 
a  n u m b e r of y e a rs . L it t le  or no d a ta  w h ere  th is  m e th o d  
h a s  been  a p p lie d  to  so il so lu tio n s  h a v e  b een  p u b lish e d  
a n d  th e  gen era l fe e lin g  h a s  p re v a ile d  t h a t  it  w as  so m e ­
w h a t  in a c c u ra te  in  su ch  w o rk .

T h e  w riters  w ere in  n eed  o f a  re lia b le  m e th o d  for 
d e te rm in in g  sm a ll a m o u n ts  of p h o sp h o ru s in  soil 
e x tra c ts  an d  c o n se q u e n tly  an  in v e s t ig a t io n  o f th is  
m e th o d  w as u n d e rta k e n . A  series o f te s ts  e m p h a ­
s ized  th e  p re ca u tio n s  b ro u g h t o u t b y  V e itc h :  ( i )  U se
filte r  p a p e r as free  o f s ilica  as p o ssib le  su ch  as S ch le ich e r 
an d  S c h u ll’ s N o . 5 8 9 .* (2) U se e x a c t  a m o u n ts  of n itr ic  
a cid  a n d  m o ly b d a te  so lu tio n . T h e  use o f a  p o orer 
g rad e  o f p a p e r ca u sed  a  re a d in g  a lm o st d o u b le  th a t  
o b ta in e d  w h en  b la n k  d e te rm in a tio n s  w ere  ru n  w ith  
th e  b e tte r  p ap er. B y  v a r y in g  th e  a m o u n t of n itr ic  
a cid  it  w as  fo u n d  th a t  q u ite  a  d is t in c t  co lo r co u ld  
be a lm o st e n tire ly  d iss ip a ted . V a r y in g  a m o u n ts  of 
m o ly b d a te  so lu tio n  also  a ffe ct th e  co lo r.

W ith  th e  g re a te s t ca re  in  th e  p u rific a tio n  a n d  use 
of a ll re a g e n ts  it  w as fo u n d  im p o ssib le  to  ge t b la n k  
d e te rm in a tio n s  w ith o u t a  tra c e  o f co lo r a n d  in  co n se ­
q u en ce  a sm a ll fa c to r  of co rrectio n  w as used .

T h e  sa m p le s  of soil w ere  ta k e n  w ith  a  1 in . soil 
tu b e  to  a d e p th  of 3 f t .,  e v e r y  fo o t  co m p o sin g  a  s e p a ra te  
sam p le . T h e  sam p les w ere ru b b e d  th r o u g h  a 1/ i in. 
s iev e  a n d  th e  soil th o ro u g h ly  m ix ed  b y  ro llin g  in  an  
oil c lo th . T h e  sa m p le  w’ as th e n  q u a rte re d  w ith  a  
la rg e  s p a tu la  an d  tw o  1 00-g ra m  sa m p le s  w eig h ed  
o u t. E a c h  sam p le  w as o b ta in e d  b y  ta k in g  p o r ­
t io n s  fro m  o p p o site  q u a rte rs . E a c h  1 0 0 -gra m  sam p le  
wras ru b b e d  w ith  500 cc. o f w a te r  fo r  3 m in u tes  in a 
m o rta r. A fte r  s ta n d in g  fo r 40  m in u tes  th e  su sp e n ­
sion  w as filte re d  in  a  C h a m b e rla n d  filte r: 50 cc. of
th e  filtr a te  w ere ta k e n  fo r  a n a ly sis . T h is  p ro ce d u re  
g a v e  tw o  so lu tio n s  fro m  se p a ra te  p o rtio n s  o f a  w ell 
m ixed  sam p le . T h e  d u p lic a te s  sh o w n  in T a b le  I 
are  d e te rm in a tio n s  on th ese  s e p a ra te  so lu tio n s  an d  do 
n o t re p re se n t d e te rm in a tio n s  on d ifferen t p o rtio n s  of 
th e  sam e so lu tio n .

T a d l e  I — P a r t s  p e r  M i l l i o n  PO* i n  F i l t r a t e s  p r o m  S o i l s

P lo t D e o th  PO< in P lo t D e p th  VOi1 in P lo t D e p th  PO<, in
N o . F e e t  d u p lica te s N o. F e e t d u p lica te s N o. F e e t d u p lic a te s
1 1 3 .0 0 3 .0 0  • 6 1 0 .7 5 0 .5 0 10 1 2 .5 0 2 .0 0

2 3 .0 0 3 .0 0 2 1 .00 1 .00 2 2 .5 0 2 .5 0
3 3 .0 0 3 .5 0 3 1 .25 1 .25 3 2 .5 0 2 .5 0

2 1 5 .0 0 4 .5 0 11 1 1 .25 1 .25
2 3 .5 0 4 .0 0 7 1 2 .0 0 2 .5 0 2 1.25 1 .25
3 2 .5 0 2 .5 0 2 2 .5 0 2 .0 0 3 1 .5 0 1 .5 0

3 1 2 .5 0 2 .5 0 3 2 .0 0 2 .0 0 12 1 0 .5 0 0 .5 0
2 2 .5 0 2 .5 0 2 0 .5 0 0 .5 0
3 1 .50 1 .50 8 1 “2 .5 0 3 .0 0 3 0 .7 5 0 .7 5

4 1 2 .0 0 2 .0 0 2 2 .0 0 2 .5 0 13 1 0 .0 0 0 .0 0
2 2 .0 0 2 .0 0 3 2 .0 0 2 .0 0 2 0 .2 5 0 .2 5
3 2 .0 0 2 .0 0 3 0 .5 0 0 .5 0

5 1 1 .00 1 .00 9 1 2 .5 0 2 .5 0 14 1 1 .00 1 .0 0
2 0 .7 5 0 .7 5 2 2 .5 0 2 .0 0 2 1 .25 1 .25
3 1 .0 0 1.25 3 2 .5 0 2 .5 0 3 1 .25 1 .25

F ro m  T a b le  I it  w o u ld  a p p e a r  t h a t  if su ffic ie n t ca re  
is g iv e n  to  th e  p u r ity  o f re a g e n ts  a n d  to  th e  m e a su rin g  
o u t  o f a ll re a g e n ts , d e te rm in a tio n s  o f sm a ll a m o u n ts  
of p h o sp h o ru s m a y  b e  m ad e  in  so il e x tr a c ts  w ith  co n ­
sid era b le  a c c u r a c y .

A g r o n o m y  E x p e r i m e n t  S t a t i o n  

K a n s a s  S t a t e  A g r i c u l t u r a l  C o l l e g e  

M a n h a t t a n

1 J. A. C. S., 26 (1 9 0 4 ), 1463.
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A NOTE ON TH E FO R M A TIO N  OF TRI-CALCIUM  
PH O SPH A TE ON M IXING GROUND L IM E - .

STO N E W ITH  ACID PH O SPH A TE
B y  R . N . B r a c k e t t  a n d  B e n j a m i n  F r e e m a n  

R eceived  J a n u a ry  4, 1915

A b o u t  tw o  y e a rs  a go  one of us, w h ile  v is it in g  a  fe r ­
tilize r  p la n t, w as a ttr a c te d  b y  a  la rg e  p ile  o f gro u n d  
lim e sto n e , w h ich , u p o n  in q u iry , w as  fo u n d  to  b e  u sed  
as a  filler in p re p a rin g  lo w e r g ra d e  a c id  - p h o sp h a te  
fro m  .h igh er g rad e . I t  a p p e a re d  so m e w h a t stra n g e  
th a t  m a n u fa ctu re rs  sh o u ld  d e lib e ra te ly  re v e r t  th e  
w a te r-so lu b le  p h o sp h o ric  a c id , w h ich  t h e y  h a d  been 
a t so m u ch  p ain s  a n d  exp en se  to  p ro d u ce . B e sid es, 
it  seem ed  n ot. im p ro b a b le  t h a t  th e re  w o u ld  b e  som e 
in so lu b le  p h o sp h o ric  a c id  fo rm e d  w ith  a  co n se q u e n t 
d a n g er o f th e  m a n u fa c tu re r  fa llin g  b e lo w  his g u a r a n ­
te e  of a v a ila b le , if he to o k  no a c c o u n t o f th is  p o ss i­
b il ity . T h e  ch e m ist o f th e  p la n t  s ta te d , h o w ev er , th a t  
th e re  w as no su ch  d a n g er, as he h a d  tr ie d  e x p e rim e n ts  
an d  d id  n o t  fin d  a n y  in so lu b le  p h o sp h o ric  a c id  fo rm ed .

In  a  re ce n t d iscu ssio n  of th e  a d v is a b ility  o f u sin g  
g ro u n d  lim e sto n e  as a  filler in  fe r tiliz e rs  ca rried  on 
in A t la n ta , G a ., an d  p u b lish e d  in  “ T h e  A m e rica n  
F e r t i l iz e r ”  d u rin g  th e  p a s t  tw o  y e a rs , th e  s ta te m e n t 
h as been  m ad e  t h a t  no in so lu b le  p h o sp h o ric  a c id  is p ro ­
d u ced  on m ix in g  gro u n d  lim e sto n e  w ith  a c id  p h o sp h a te .

In  v ie w  o f th e se  s ta te m e n ts , a n d  b e cau se  w e h ad  
n o t b een  a b le  t o  fin d  a n y  p u b lish e d  e x p e rim e n ts  g i v ­
in g  figu res, it  seem ed  w o rth  w h ile  to  m a k e  a  c a re fu lly  
c o n d u c te d  set of e x p erim en ts  to  d e te rm in e  w h eth e r 
a n y  in so lu b le  p h o sp h o ric  a c id  is p ro d u c ed  a n d , if so, 
w h e th e r th e  a m o u n t w o u ld  b e  su ffic ien t to  e n d a n g er 
an  a v a ila b le  p h o sp h o ric  a cid  g u a ra n te e . In  th e  
sp rin g  o f 1 9 1 3 , th e re fo re , w e p ro cu red  100  lb s. each  
o f a c id  p h o s p h a te  an d  g ro u n d  lim e sto n e , a n d  a fte r  
m a k in g  a ca re fu l a n a ly s is  of e ach , p re p a re d  m ix tu re s  
as fo llo w s:

N o. 1 2  3 4
L bs. ac id  p h o s p h a te ................................................  1 4 .0  1 5 .5  1 7 .0  1 0 .0
L bs. g ro u n d  lim e s to n e ............................................  6 .0  4 .5  3 .0  1 0 .0

T h e  m a te ria ls  w ere, a fte r  g r in d in g  s e p a ra te ly , 
w e ig h e d  as a c c u r a te ly  as  p o ssib le  on a g ro c e r ’s sca le ,

m ixed  th o r o u g h ly  on p a p e r an d  f in a lly  in wooden 
b o x es; th e  c o n te n ts  o f th e  b o x es  w ere  th e n  ru n  through 
a sm a ll g rin d er, a n d  sa c k e d . S a m p le s  w ere drawn 
fro m  th e  sa c k s  w ith  an  In d ia n a  fe r t iliz e r  sampler, 
su ch  as is u sed  b y  o u r F e r t iliz e r  In sp e cto rs  in  taking 
sa m p le s. T h e  4 - or 5-p o u n d  sam p le  th u s  draw n was 
q u a rte re d  d o w n  to  a b o u t 8 oz. a n d  b o ttle d  fo r  analysis.

O n m a k in g  th e  m ix tu re s  a  co n sid e ra b le  rise of tem ­
p e ra tu re  w as  n o te d , th o u g h  i t  w as  n o t measured. 
E v o lu tio n  of ca rb o n  d io x id e  to o k  p la ce  im m e d ia te ly  and 
co n tin u e d  fo r  m a n y  d a y s , as w as  sh o w n  b y  connecting a 
b o ttle  o f on e of th e  m ix tu re s  w ith  a  b o ttle  containing 
lim e -w a te r . T h is  e x p e r im e n t w as n o t ca rried  to  comple­
tio n , o w in g  to  an  u n a v o id a b le  a c c id e n t. T h e  mix­
tu re s  w ere a n a ly z e d  a t  se t in te rv a ls  as sh o w n  below.

P e r  G r o u n d  Per
A c id  P h o s p h a t e  c e n t  L im e s t o n e  cent

T o ta l p h o sp h o ric  a c id ...................................  16 .8 4  L im e ..................... 43.62
W a te r-so lu b le  p h o sp h o ric  a c id .................  13 .5 5  P h o sp h o ric  acid Trace
In so lu b le  p h o sp h o ric  a c id ...........................  1 .33

P e r c e n t a g e  A n a l y s e s  o p  M ix t u r e s

N o . 1 N o . 2 N o . 3 No. 4
M ix tu re  W -S  In s . W -S  In s . W -S  In s . W-S Ins.

A pril 21st, im m ed ia te ly
a f te r  m ix in g ................  6 .15 1.07 8 .30  1.15 10.50 1.24 2.40 0.83

M ay  1 0 th ..........................  3 .05 1.30 5 .84  1.26 8.66 1.37 0.99 0.98
J u n e  1 2 th ..........................  3.31 1.39 6 .39  1.66 8.15 1.59 1.10 1.11
S ep t. 1 3 th .......................... 3.38 1.46 3 .31 (a) 1.33 8.05 1.46 0.87 1.08

(a) T h is  is  p ro b a b ly  an  e r ro r  a s  a n  an a ly s is  in N o v em b e r, 1913, gave 
a b o u t  five p e r  c e n t w a te r-so lub le .

A ll figu res are th e  m ean  of c lo se ly  a g re e in g  duplicates.
T h e se  re su lts  seem  to  w a rra n t th e  fo llo w in g  con­

clu sio n s:
I— T ri-c a lc iu m  p h o s p h a te  is p ro d u c e d  on mixing 

a c id  p h o sp h a te  a n d  gro u n d  lim esto n e.
I I — T h e  fo rm a tio n  of th e  tr i-c a lc iu m  phosphate 

b e g in s  im m e d ia te ly  on  m ix in g , b u t  in creases slightly 
on  s ta n d in g , sh o w in g  t h a t  th e  a m o u n t form ed is a 
fu n c tio n  of b o th  t im e  a n d  te m p e ra tu re .

I I I — C o n sid e rin g  th e  c lo sen ess w ith  w h ich  manu­
fa c tu re rs  g u a ra n te e  to d a y , it  a p p e a rs  n ecessary  that 
th e  fo rm a tio n  o f in so lu b le  in  su ch  m ix tu re s  be taken 
a c c o u n t of in  m a k in g  g u a ra n te e s .

C l e m s o n  A g r ic u l t u r a l  C o l l e g e  
C l e m s o n  C o l l e g e , S o u t h  C a r o l in a

L A B O R A T O R Y  A N D  P L A N T

APPARATU S FO R  TH E D ETERM IN A TIO N  OF SULFUR 
IN G A S 1

B y  E . R . W e a v e r  a n d  J .  D . E d w a r d s  
R ec e iv ed  A pril 8, 1915

T h e  s u lfu r  a p p a ra tu s  w h ich  is sh o w n  in  th e  a c c o m ­
p a n y in g  illu s tra tio n  is th e  sam e in  p rin c ip le  as  th e  
w e ll-k n o w n  D re h sc h m id t a p p a ra tu s  a n d  its  m a n y  
m o d ifica tio n s, th e  ga s  b e in g  b u rn e d  a n d  th e  o x id es 
of s u lfu r  c o lle c te d  b y  p a ssin g  th e  p ro d u c ts  o f c o m b u s ­
tio n  th r o u g h  an  a lk a lin e  a b so rb in g  so lu tio n . T h e  
n o v e l fe a tu re s  o f th e  a p p a ra tu s  illu s tra te d  are  th e  
b u rn er an d  th e  co m b u stio n  ch a m b e r.

T h e  b u rn e r is s im ila r to  one d e scrib ed  in  a  te c h n o ­
lo g ica l p a p e r o f th is  B u r e a u .2 T h e  m e th o d  of ig n it in g  
th e  gas an d  th e  a rra n g e m e n t of th e  se co n d a ry  a ir  in-

1 P u b lish ed  b y  p erm ission  of th e  D ire c to r  of th e  B u rea u  of S ta n d a rd s .
1 " D e te rm in a t io n  of S u lfu r in  I llu m in a tin g  G a s ,”  M cB rid e  a n d  W eaver. 

T ech . P aper  N o . 20, B u rea u  of S ta n d a rd s .

le ts , h o w e v e r , a re  d ifferen t. T h e  p la tin u m  spiral 
w h ich  w as h e a te d  to  in ca n d e sce n ce  in  o rd er to  ignite 
th e  gas h as b een  re p la ce d  in  th e  n ew  ty p e  of burner 
w ith  a  p a ir  o f p la tin u m  te rm in a ls  fo rm in g  a spark 
g a p . T h e  in co n v e n ie n ce  ca u sed  b y  th e  occasional 
b u rn in g  o u t o f th e  p la tin u m  w ire  is th u s  avoided. 
T h e  p la tin u m  te rm in a ls  are  sea led  to  th e  porcelain 
b u rn e r tu b e  b y  m ean s of “ sea lin g  i n ”  glass. Only 
a sh o rt le n g th  o f p la tin u m  w ire is n ecessa ry , nickel 
le a d s  b e in g  so ld ered  to  th e  p la tin u m  term in a ls, just 
b e lo w  th e  p o in t w herd th e  la tte r  are sea led  to the 
p o rce la in  tu b e . T h e  s to p p e r  w h ich  closes th e  lower 
en d  of th e  co m b u stio n  c h a m b e r a lso  serv e s  as a con­
n e cto r, th e  p o rce la in  b u rn e r tu b e  a n d  th e  glass I 
p iece  b e in g  firm ly  fa s te n e d  in to  it  b y  m eans of Kho- 
t in s k y  or sea lin g  w a x . T k e  sm a ll t ip  th ro u g h  which 
th e  ga s  en ters  ju s t  a b o v e  th e  p r im a ry  a ir in let is also
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held in w ith  K h o t in s k y  ce m en t. T h e  t ip  ca n  be 
easily re m o v e d  fo r c le an in g , o r t ip s  of v a r io u s  sizes 
adapted to  th e  ga s  to  b e  b u rn e d  ca n  b e  in se rte d . T h e  
air n ecessary fo r  co m p lete  co m b u stio n  a fte r  b e in g  p u ri­
fied b y  p assa ge  th r o u g h  th e  la rg e  so d a  lim e to w e r  is
supplied to  th e  flam e in  tw o  p o rtio n s. T h e  p rim a ry
air is d raw n  in  b y  th e  g a s  as i t  p asses th ro u g h  th e  
small tip ; th e  se c o n d a ry  a ir e n ters  th r o u g h  th e  tw o  
inlets a t th e  sid e  of th e  co m b u stio n  ch a m b e r.

The co m b u stio n  ch a m b e r, m ad e  of J e n a  g lass t u b ­
ing, is a b o u t 360  m m . lo n g  a n d  a b o u t 25  m m . in  in ­
ternal d ia m eter. T h e  n a rro w  tu b e  a t  th e  to p  m a y  be 
used for in tro d u c in g  w a te r  w h en  it  is d esired  to  rin se 
out the a p p a ra tu s; w h en  in  o p e ra tio n  th is  tu b e  is 
closed w ith  a  sm a ll co rk . S a t is fa c to r y  d ra in a g e  is

p ro v id e d  b y  th e  slo p in g
la y e r  of p araffin  or sea lin g  
w a x  c o v e r in g  th e  sto p p e r
a t  th e  b o tto m . W h en  th e  
b u rn e r is lig h te d  th e  seco n ­
d a r y  in le t  a ir  k e ep s  th e  base 
o f th e  a p p a ra tu s  co o l, b u t 
th e  re st o f th e  co m b u stio n  
c h a m b e r up  to  th e  side 
tu b e  is h e a te d  so th a t  no
co n d en sa tio n  ta k e s  p la ce  on
th e  w a lls . F o r  t h a t  rea so n  
it  is u s u a lly  u n n e ce ss a ry  to  
rin se o u t th e  co m b u stio n  
ch a m b e r. B y  m ean s o f a 
co rk  c o n n e cto r  th e  first of 
a  series o f w ash  b o ttle s  is 
a tta c h e d  to  th e  a p p a ra tu s. 
O n ly  one w ash  b o ttle  is 
sh o w n  in  th e  illu s tra tio n , 
b u t  th re e  are  u s u a lly  re q u ired  
fo r  s a t is fa c to r y  o p e ra tio n . In  
o rd er t h a t  th e  su ctio n  m a y  
p u ll th e  ga s  s te a d ily  th ro u g h  

the wash b o ttle s  it  is n e ce s sa ry  t h a t  th e  end  of th e  
inlet tu b e of th e  first b o ttle  be p e r fo ra te d  w ith  a 
number o f sm a ll holes. W ith  a sin g le, la rg e  o p en in g  
the operation  of th e  b u rn e r is n o t s te a d y .

Experience h as sh o w n  t h a t  co m b u stio n  of th e  su lfu r 
to oxides is in co m p le te  w h en  th e  flam e, b ecau se  of to o  
little p rim a ry  air, is s m o k y  or e v e n  s tr o n g ly  lu m in o u s 
without sm oke, as w ell as w h en  th e  s u p p ly  of se c o n d a ry  
air is not su ffic ien t. T h is  la tte r  c o n d itio n  is sh o w n  
by a flam e w ith  an  in d efin ite  o r “ r a g g e d ”  o u tlin e . 
When the gas a n d  a ir  e n te r in g  th e  b u rn e r a re  so re g u ­
lated th a t th e  flam e is n o n -lu m in o u s an d  c le a r-cu t, 
combustion is co m p le te  an d  th e  re su lts  o b ta in e d  h a v e  
been more co n co rd a n t th a n  th o se  o b ta in e d  w ith  a n y  
other a p p a ra tu s in  use in  th is  la b o r a to r y .

The a d v a n ta g e s  o f th e  a p p a ra tu s  a re  its  sm a ll co st, 
sim plicity of co n stru ctio n , a n d  th e  fa c t  t h a t  th e  d iffi­
culty of lig h tin g  a n d  re g u la tin g  th e  b u rn e r u s u a lly  
experienced in  th e  use of a p p a ra tu s  of th is  t y p e  is 
entirely o verco m e. T h e  p la tin u m  w ires b ecom e h e a te d  
by the gas flam e a n d  p re v e n t th e  flam e fro m  go in g  o u t 
when the p ressu re flu c tu a te s . W ith  a  sin g le  a d ju s t-  
ment it has been fo u n d  p o ssib le  to  keep  th e  flam e

b u rn in g  w ith  gases v a r y in g  in  c o m p o sitio n  fro m  p u re  
h y d ro g e n  to  p u re  a c e ty le n e  an d  a t p ressu res ra n g in g  
fro m  tw o  to  te n  in ch es  o f w a te r . O f co u rse, co m b u s ­
tio n  w as n o t co m p le te  w ith  su ch  e x tre m e  v a r ia tio n s . 
I t  is, h o w ev er , e a s y  to  a d ju s t  th e  a p p a ra tu s  to  b u rn  
c o m p le te ly  a n y  gas w h ich  ca n  be b u rn e d  in a n y  B u n - 
se n -ty p e  b u rn er.

B u r e a u  o f  S t a n d a r d s  
W a s h i n g t o n ,  D .  C . __________________

A M O DIFIED PIPE T T E
B y  S i d n e y  B o r n  

R e c e iv e d  F e b r u a r y  1, 1915

T h e  a c c o m p a n y i n g  s k e t c h  
sh o w s a  fo rm  of p ip e tte  w h ich  
has b een  fo u n d  v e r y  u se fu l in 
ou r la b o r a to r y . I t  is m a d e  b y  
fu s in g  a  s to p c o c k  a n d  a p iece  of 
b e n t g lass  tu b in g  to  a  p ip e tte .
T h e  a d v a n ta g e s  o v e r  th e  o rd in a ry  
p ip e tte  are:

x. S a fe ty — T h e re  is no d a n g er 
of s u c k in g  up  a c id  or d a n g ero u s 
liq u id s .

2 . E a se  of M a n ip u la tio n — T h e  
s to p c o c k  en su res t ig h te r  c lo sin g  
a n d  g re a te r  a c c u r a c y  th a n  use of 
a finger.

3 . A c c u r a c y — T h e  lin e  o f d e ­
m a rca tio n  is  le v e l w ith  e y e  w h en  
usin g.

4  . T h e  p ip e tte  ca n  be ca rried  
a ro u n d  fu ll w ith o u t lo sin g  a n y  
liq u id .

L a b o r a t o r y  o f  t h e  W m . J. L e m p  B r e w i n g  C o .
S t . L o u is

AN APPARATUS F O R  TH E CONTINUOUS E X TR ACTIO N
OF A LIQUID B Y  ANOTHER, AND H EAVIER LIQUID

B y  I s i d o r  G r e b n w a l d  

R eceived  M a rc h  23, 1915

T h e  n eed of a  co n v e n ie n t a p p a ra tu s  fo r th e  c o n tin ­
u o u s e x tra c tio n  of a  liq u id  w ith  a n o th e r, h e a v ie r  liq u id , 

h a s  b een  fe lt  fo r som e tim e . T h e  a p p a ra tu s  
sh o w n  in th e  a c c o m p a n y in g  s k e tc h  is  s im p le , 
co m p a c t an d  can  r e a d ily  b e  m ad e b y  a n y  
g la ss-b lo w e r a t  lit t le  co st. F o r  use, so m e o f 
th e  e x tra c tin g  liq u id  is p la ce d  in  th e  tu b e  A ; 
T h e  liq u id  to  b e  e x tra c te d  is th e n  a d d e d  u n til 
th e  e x tra c tin g  liq u id  is fo rce d  u p  th e  tu b e  C  
a lm o st to  its  o p en in g  in to  B . T h e  a p p a ra tu s  
is  th e n  co n n e cted , in  th e  u su a l m a n n er, to  a 
flask  co n ta in in g  th e  e x tr a c t in g  flu id  a n d  to  a  
co n d en ser. W ith  th e  a p p a ra tu s  sh o w n , 
ch lo ro fo rm  e x tra c te d  th e  ca ffe in e  fro m  a 2 . 5 

p er ce n t so lu tio n  w ith in  th re e  h o u rs. F o r  
su b sta n ce s  e x tra c te d  %vith d iff ic u lty , th e  
a p p a ra tu s  m a y  b e  m ad e  in  a n a rro w er, a n d  
lo n g er, fo rm . T h e  a p p a ra tu s  m a y  be 
m o d ified  b y  th e  use o f g ro u n d -g la ss  or 

m e rcu ry -sea led  co n n e ctio n s  a n d  a lso  b y  th e  in se rtio n  of a  
s to p c o c k  in e ith e r  A  or C  fo r  th e  p u rp o se  of re m o v in g  
a sam p le  of th e  e x tra c te d , or th e  e x tr a c t in g , flu id .

H a r r im a n  R e s e a r c h  L a b o r a t o r y

R o o s e v e l t  H o s p i t a l , N e w  Y o r k
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A D D R E S S E S

SANITARY FEATURES OF TH E  L O S A N G E LES 
AQU EDU CT1

B y  E . O'. S l a t e r 3

A  paper upon this subject is of special interest at this time 
because of the recent termination of two suits brought to enjoin 
the Los Angeles Bureau of W ater Works and Supply from deliv­
ering water from the Aqueduct to consumers in Los Angeles, 
alleging that it is unsafe and unfit for human consumption.

It  is not the purpose of this paper to review the testimony 
presented in the suits, but rather to endeavor to present the 
salient sanitary features of the system. While time did not 
permit of a long series of examinations, and although several 
special studies, such as effect of holding samples, effect of pres­
sure upon bacteria, etc., were made and are not presented here, 
the results of the principal sanitary studies made to date of 
this water system are given in this paper.

The examinations were made in September, October, and N o­
vember, 1914, and January, 1915.

DRAINAGE BASIN

The Aqueduct receives water from the Owens River, and 
from creeks, wells and springs west of the Aqueduct between 
the intake and Haiwee Reservoir.

The headwaters of Owens River consist of several creeks, 
the most important of which is Deadman Creek, having its 
source in the Sierra Nevada Mountains on the east slope of San 
Joaquin Peak, at an elevation of about 11,000 ft. It  flows 
through Long Valley, and in its course is fed by several creeks. 
The area of this portion of the drainage basin is 444 sq. mi. 
There are 110 permanent inhabitants in this region. During 
the summer months campers and cattlemen frequent the place, 
and several thousand head of cattle are pastured on the grassy 
meadow land during the warm months.

The river leaves Long Valley by w ay of the Owens River gorge. 
Stream gaugings at the mouth of this gorge show an average 
flow of 295 cu. ft. per second, from 1903 to 1908, inclusive. 
The river then flows through Round Valley, and in an easterly 
direction across the northern end of Owens Valley. Turning 
south near Laws, a railway station, it flows about three miles 
east of Bishop, and continues in a southerly direction about 
65 mi., emptying into Owens Lake.

The only industries in all this region are agricultural and 
stock-raising and the most thickly settled part of the district 
lies about Bishop, a town of about 1,300 inhabitants, which is 
sewered, the sewage passing through a septic tank, and the 
effluent emptying into a slough which flows sluggishly toward 
Owens River, empties into the river during the flood season, 
but disappears before reaching the river the rest of the year. 
Bishop is the only sewered town in the drainage basin. About 
14 mi. south of Bishop and 3 mi. west of Owens River is located 
the town of Big Pine, having about 300 inhabitants.

The Owens River between the intake and the gorge receives 
the drainage from an area of 737 sq. mi. west of the river, which 
area contains a majority of the inhabitants within the drainage 
basin. While the Inyo Mountain region east of the river has 
an area of 1922 sq. mi., there is very little drainage, and the dis­
trict is sparsely populated because of lack of water’.

The Aqueduct intake is about 40 mi. north of Owens Lake. 
A  low diverting dam extending across the river controls the 
water entering the Aqueduct. The total area tributary to the 
Aqueduct south of the intake is 479 sq. mi. This region is vefy

1 P re se n te d  befo re  th e  S o u th e rn  C a lifo rn ia  S ec tio n  o f th e  A m erican  
C h em ica l S oc ie ty , L os  A ngeles, A pril 15, 1915.

* M a n a g e r  S m ith , E m e ry  & C o m p a n y ’s L os A ngeles L a b o ra to r ie s .

sparsely populated. Independence, lying 2 mi. west of the 
Aqueduct with a population of about 280, is the only town, 
and there are a few large stock ranches.

South of the intake and west of the Aqueduct there are 
several creeks which had an average total discharge for the 
years 1906, 1907 and 1908 of 198 cu. ft. per second, of which 
about 50 per cent is discharged into the Aqueduct. In this 
area also, Black Rock Spring has a constant flow of 18 cu. ft. 
per second into the Aqueduct. The unlined Aqueduct receives 
considerable water from the underdrainage. Test wells have 
been sunk and it is estimated1 that 140 cu. ft. per second may 
be developed from underground storage.

The records of the gauging station at Charlie’s Butte on the 
Owens River, about 3 mi. north of the intake, show an average 
of 442 cu. ft. per second for the years from 1904 to 1911, in­
clusive. The high water period in this region is in midsummer 
and is caused by the melting of the snows in the high Sierra 
Nevada Mountains. The rushing torrent of water coming 
from the melting snows is discharged over large deltas of coarse 
material, a great portion of the water disappearing beneath 
the surface of these fans and again emerging in springs further 
down near the river, or coming to the surface of the valley floor, 
is lost by evaporation and transpiration. This has a great 
leveling effect upon the discharge of the flood waters.

Owens Valley is cut off from the supply of moisture on the 
east and south by a long stretch of desert, and on the west by 
high mountains. The moisture-laden winds from the Pacific 
Ocean lose much of their moisture in passing over the Sierra 
Nevada Mountains before reaching the Owens Valley Region. 
The result of these conditions is the heavy precipitation near 
the top of the range, while desert conditions prevail in the val­
ley only a few miles to the east. The precipitation varies almost 
directly with altitude over most of the western portion of the 
drainage basin under consideration. It varies from about 5 in. 
in the valley at elevations from 3700 ft. to 4000 ft., increasing 
to about 40 in. at 12,000 ft. The precipitation in the eastern 
portion of this basin is slight.

While the precipitation in this region occurs over a short 
period, the snows in the mountains act as a storage reservoir, 
the water from the melting snow furnishing a run-off over a 
relatively long period of time. This enables the engineers in 
charge to predict from four to six months in advance the amount 
of water that will become available for storage in Haiwee Reser­
voir. This is an important feature in this system, for it allows 
time for the development of the wells and for the pumping of 
the well-water in the region near Independence.

Studies of the supply of surface water available for storage 
in Haiwee Reservoir show that during years of normal rainfall 
the reservoir can be maintained half full while supplying a con­
stant draft of 420 cu. ft. per second. These same studies show 
that in the period of most severe drought during the 10 years 
on record, 1904 to 1914, namely the years of 1912 and 1913. 
the wells would be called upon to supply 32,500,000,000 gal­
lons during 14 months, or an average supply of 120 cu. ft. per 
second.

The total area tributary to the Aqueduct is 2782 sq. mi. and 
the population is 4775, making an average population of 1.7 
persons per sq. mi. Of this area 12.7 per cent is agricultural land 
and 4.3 per cent of the area is irrigated. Irrigation is probably 
nearer its ultimate acreage in this section than in any other 
mountainous section of the state, and it is safe to state that 
there will never be a marked increase of population within the 
drainage area.

1 See U . S . G . S. W a te r  S u p p ly  P a p e r  294 . 1
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The temperature of this basin is subject to great and sudden 
changes, due to the wide variations in altitude. The regions

of agricultural land have hot summer weather, the temperature 
often exceeding t o o 0 F., and cold winters, the mean tempera­

ture of the months from November to March, inclusive, usually 
being below 500 F.

PHYSICAL FEA TU R ES OP TH E  AQUEDUCT

The Aqueduct intake on the Owens River is at an elevation 
of 3812 ft. For 21 mi. below the intake the Aqueduct is fenced, 
open and unlined, with a capacity of goo cu. ft. per second. Its 
bottom is about 8 ft. below the natural ground level, and it is 
in this section that the normal water level is above the bottom 
of the Aqueduct, so that water seeps into it.

From the north end of the Alabama Hills to Haiwee Reser­
voir, 40 mi., the Aqueduct is fenced, open and concrete lined, 
with a capacity of goo cu. ft. per second. A  waste gate is loca­
ted at the beginning of this section, and another one where C ot­
tonwood Creek reaches the Aqueduct about 16 mi. north of 
Haiwee Reservoir. Through these gates undesirable water 
can be wasted.

The Aqueduct discharges water into the north end of Haiwee 
Reservoir. This reservoir, the most notable feature of the 
Aqueduct from a sanitary standpoint, is 7 .5 mi. long, has a capac­
ity of 20,843,000,000 gallons, has steep sides, is located in an 
almost rainless region, receives practically no water from its 
own natural basin, which is entirely uninhabited; when half 
full it is divided into three basins by very narrow constrictions, 
and when full it is divided into two basins. Its total area 
when full will be 2100 acres. It has a maximum depth of 81 
ft. and an average depth of 30 ft. During the period of this 
investigation it was half full.

The effluent of Haiwee Reservoir is controlled by gates at 
varying elevations in a concrete tower. After passing through 
a short tunnel, the water is discharged into a temporary, open, 
concrete-lined canal, 2 mi. long, of 420 cu. ft. per second capacity. 
It  is planned to replace this open canal with pipe for power 
development. From here the water flows through covered 
conduits, tunnels, syphons and flumes of 420 cu. ft. per second 
capacity, for 135 mi., and discharges into Fairmont Reservoir. 
A t present the crest of Fairmont dam is at an elevation of 3024 
ft., and the reservoir has a capacity of i,8go,ooo,ooo gallons. 
It  is planned to raise this dam to elevation 3035 ft., a total height 
of 115 ft., for power development. This acts as a safeguard, 
as a storage reservoir, and as a means for regulating the fluctua­
tions of draft through the power plants to be located below in 
San Francisquito Canyon. The natural drainage basin of this 
reservoir is uninhabited.

From here the water is carried through Elizabeth tunnel, 
26,870 ft. long, with a capacity of 1000 cu. ft. per second. The 
capacity is large in this section to accommodate the draft at 
the peak load of the power plants. A t present the water dis­
charges from this tunnel into San Francisquito Canyon and 
flows down it for g mi., but in a few weeks tunnels will 
be complete so that the water will flow directly through 
tunnels into Dry Canyon Reservoir, with a capacity of 
342,000,000 gallons. This reservoir will serve to regulate 
the irregular flow that will be discharged through the power 
plants to be located in San Francisquito Canyon. It is 17 mi. 
between Fairmont and D ry Canyon Reservoirs. The natural 
basin of Dry Canyon Reservoir is uninhabited.

Tunnels and syphons, 12 mi. long, of 420 cu. ft. per second 
capacity, carry the water to the “ Cascades”  1020 ft. long, 
located near San Fernando. These cascades serve to aerate 
the water. From here'a fenced, open, concrete-lined canal 8775 
ft. long carries the water to San Fernando Reservoir outlet 
tower. The San Fernando dam, one of the largest hydraulic 
earth fill dams in the world, will not be complete for another 
year. The water is carried by a steel syphon of 150 cu. ft. per 
second capacity, 12 mi. to Upper Franklin Canyon Reservoir. 
This reservoir has a capacity of 42 million gallons and its basin 
is uninhabited. Lower Franklin Reservoir, two miles below.
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is not completed. A t present the water flows from Upper 
Franklin Reservoir directly to the distributing mains at Third 
Street and Western Avenue, a distance of about 12 mi.

BACTERIOLOGICAL EXAMINATIONS

The samples were iced and shipped to the laboratory so that 
they were plated within 48 hours and usually within 24 hours 
from the lime of sampling. They were taken and examined in 
duplicate.

The samples were plated in standard agar using y 2, 2/io and

principle. This knowledge has been made certain through the 
excellent work of Professors Russell, Jordan and Zeit at the time 
of the Chicago drainage canal case, and the more recent work 
of Dr. A. C. Houston.

The period of storage required to accomplish self-purification 
depends upon conditions. Two weeks' storage under the nor­
mal conditions at Haiwee Reservoir would doubtless serve to 
purify the water, and it is a certainty that thirty days’ storage 
will produce an epidemiologically sterile water. Under present 
conditions, the Aqueduct water will be subjected to 470 days’

D a t e  S a m p l e d

W h e r e  S a m p l e d

I n ta k e  of A q u e d u c t ..............................  140 0 .1
C o n d u it  a t  A la b a m a  w as te  g a te   160 . . .
I n le t ,  H aiw ee  R e s e rv o ir .................  105
C o n s tr ic tio n  in  H a iw ee  R e s e rv o ir . .  140 0 .5
O u tle t ,  H aiw ee  R e s e rv o ir ...................  60 . . .
In le t ,  F a irm o n t  R e s e rv o ir ..................  84 . . .
O u tle t ,  F a ir m o n t  R e s e rv o ir ...............  150
In le t ,  D ry  C an y o n  R e s e rv o ir   300 . . .
O u tle t, D ry  C an y o n  R e s e rv o ir   200
C a s c a d e s ......................................................  525
S an  t r a p  a t  S an  F e rn a n d o  D a m . . . 375

T a b l e  I — B a c t e r i o l o g i c a l  E x a m i n a t i o n s  
9 /3 - 1 4 /1 4  9 /1 5 -1 8 /1 4  9 /2 3 -2 6 /1 4  9 /2 7 -2 9 /1 4  

1st s am p lin g  2 nd  sam p lin g  3 rd  sam p lin g  4 th  sa m p lin g  I

o p  A q u e d u c t  
1 0 /1 2 -1 6 /1 4  
5 th  sam p lin g

C o u n t B . colt C o u n t B . colt C o u n t B . colt C o u n t B . coli C o u n t B . coli 
P e r  G ro u p  P e r  G ro u p  P e r  G ro u p  P e r  G ro u p  P e r  G ^oup 
C c. C c. C c. C c. C c. C c. C c. Cc. Cc. Cc.

170
160
65

4000
4500
4000
1000
580

2000

0. 1 
0. 1

0 . 1

5200 
4600 
2100 
2000 . . .  
1800 . . .  
1300 . . .
1500 . . .
8000 1 0 .0  
7500 . . .
6700 . . .
8200 . . .

1800
1500
1700
1900
6500
6200
7400
7500

6100
5300
2100
1000
1300
1700
2500
3200
3100
2800

0.1 
0.1 
1 .0 

10.0

0.1
1.0

10.0

W a t e r  
1 1 /1 5 -1 8 /1 4  
6 th  sam p lin g  

C o u n t B . coli 
P e r  G ro u p  
C c. Cc. 

3430 
2 2 1 0  
1790 
840 
750 
600 
600 
830 
620

630

1
10
10
10

. 10

11 /1 9 -2 1 /1 4  
7 th  sam p lin g  

C o u n t B . coli 
P e r  G ro u p  
C c. C c. 
2260 
1530 
1740 
900 
830 
870 
710 
880 
950

730

1
1

10

. 10

1/22-23/15 
8 th  sampling 
C o u n t D. coli 

P e r Group 
Cc. Cc.

40

36 . . .
52 . . .
68 ... 

1460 10

335

Vio cc. dilutions, and lactose-bile fermentation tubes were in­
oculated with */io. i and 10 cc. of water sample. The tubes 
showing acid and gas formation were inoculated on to litrnus- 
lactose agar or endo plates, and characteristic colonies fished 
and transplanted to peptone solution for indol production, ni­
trate solution for nitrate reduction, lactose milk for acid and 
clot, and gelatine for liquefaction. In Table I, the count is 
given as the average number of colonies per cc. on the six plates 
after incubation at 37° C. for 48 hours, and in the column “ B. 
coli Group, cc” the smallest sample giving characteristic tests 
for B. coli is reported.

A t first glance, the most striking feature of the bacteriological 
counts is the variation in total counts at a given station. This 
is caused by the fact that the end of the vegetative season 
comes suddenly in this region and that it and the fall “ turnover” 
of the reservoir water took place during the period of examina­
tion.

The finding of Bacillus coli in samples taken at the inlet of 
D ry Canyon Reservoir is attributed to contamination in San 
Francisquito Canyon, where a road crosses the creek channel 
thirty-three times. The absence of Bacillus coli in all sam­
ples smaller than 10 cc. and in the great m ajority of 10 cc. sam­
ples taken below Franklin Reservoir, indicates that the two 
weeks’ storage in D ry Canyon and Upper Franklin Reservoirs 
purified the water. As noted above, this is a temporary condi­
tion and there will be no chance for pollution to enter the water 
after leaving Haiwee Reservoir, except the accidental pollution 
by stragglers about the small reservoirs, which is guarded against 
b y  caretakers.

Below D ry Canyon Reservoir, the finding of Bacillus coli 
in occasional samples m ay be attributed to ducks, which were 
numerous on these reservoirs during the time of our work. 
In order to prove that the duck carried Bacillus coli, the fecal 
matter of duck killed 011 these reservoirs was examined and 
found to contain 50,000,000 typical Bacillus coli colonies per 
gram.

During the period of examination, the effluent from Haiwee 
Reservoir was 50 cu. ft. per second. It  is estimated that the 
full capacity of 420 cu. ft. per second will not be required for 10 
years. B ut it is the policy of the W ater Department to always 
keep Haiwee Reservoir half full, thus providing at least 30 days’ 
storage. Carefully prepared statistics for the ten years from 
1904 to 1914 indicate that this storage can be provided when the 
constant effluent of Haiwee Reservoir is 420 cu. ft. per second, 
even through periods of drought, by  the aid of pumped wrater.

The self-purification of stored water is a generally accepted

storage. It is estimated that for the next five years the draft 
will not exceed one-half the capacity of the system, during which 
period the water will be subjected to 120 days’ storage. When 
operating full capacity the storage period will be 65 days, thus 
providing a good margin of safety.

The chief argument of plaintiffs in the cases referred to in tl

T a b l e  I I — S a n it a r y  C h e m ic a l  A n a l y s e s  o p  A q u e d u c t  W athk
R e s u l t s  in  P a r t s  p e r  M il l io n

D a te  s a m p le d ............. 1 1 /1 7 /1 4 1 1 /2 0 /1 4 1 1 /1 6 /1 4 1 1 /1 5 /1 4 11/12/14
W h e re  s a m p le d S .  H a iw e e

R e s e rv io r D r y  F ra n k lin
I n t a k e H a iw e e s u r f a c e C a n y o n tu n n e l

o f R e s .  c u t n e a r R e s . S o u th
A q u e d u c t b e tw e e n to w e r in le t P o r ta l

C o l o r ................................ 1 0 .0 2 0 .0 2 0 .0 1 0 .0 2 2 .0
T u r b i d i t y ...................... 2 .0 3 .0 6 .0 2 .0 2 .0
D is s o lv e d  s o l i d s ------ . .  3 2 0 .0 2 2 0 .0 2 5 0 .0 4 4 0 .0 430 .0
V o la ti l e  a n d  o r g a n ic

m a t t e r .......................... 1 0 0 .0 8 0 .0 6 0 .0 100 .0 8 0 .0
C h l o r in e ........................ 1 5 .0 1 5 .0 2 3 .0 5 0 .0 48 .0
N it r o g e n  a s :

F r e e  a m m o n i a . . .  . 0 .0 4 0 0 .0 4 8 0 .2 7 0 0 . 110 0.046
A lb u m in o id  a m ­

m o n ia ......................... 0 .0 5 4 0 . 100 0 .2 6 0 0 .1 0 2 0.200
N i t r i t e s ........................ 0 .0 0 6 0 .0 0 7 0 .0 0 2 0.001
N i t r a t e s ...................... 0 .0 8 3 0 .0 7 6 0 .0 8 3 0 .6 7 0 0.340

O x y g e n  c o n s u m e d . . 2 .8 0 2 .5 2 3 .5 0 2 .8 0 2.40
H a r d n e s s :

3 5 .0P e r m a n e n t ................ 1 2 .0 1 5 .0 14 .0 5 0 .0
T e m p o r a r y ................ 8 9 .0 8 0 .0 9 1 .0 134 .0 140.0
T o t a l ............................. 10 1 .0 9 5 .0 10 5 .0 184 .0 175.0

introduction of this paper was that water would be carried 
from inlet to outlet of Haiwee Reservoir in as short a time as 3 
days, by winds. This argument was based upon the work of 
Ackermann, at Owasco Lake, N. Y . It is not to be expected, 
however, that sufficient ice will form on Haiwee Reservoir to

W a th kT a b l e  I I I — I n d u s t r i a l  A n a l y s i s  o r  A q u e d u c t  
R e s u lts  in  G ra in s  p e r  U . S . G allon

D a te  s a m p le d ...................................  9 /2 6 /1 4  9 /2 6 /1 4
W h ere  s a m p le d ................................ In ta k e

to
A q u ed u c t 

0 .7 5  
T ra c e  

6 .5 5  
0 .5 1

S ilic a ..............................................
I ro n  a n d  aluininunY  ox ides .
C a lc iu m  c a rb o n a te .................
C a lc iu m  s u l f a t e . ......................
C a lc iu m  c h lo r id e ............................. N o n e
M ag n es iu m  c a rb o n a te .................. 1 .73
M ag n es iu m  s u l f a te ......................... 0 .3 6
M ag n es iu m  c h lo r id e ...................... N o n e
S o d iu m  c a rb o n a te ..........................  2 .6 0
S o d iu m  s u lf a te .................................  1 .74
S o d iu m  c h lo r id e ............................... 2 .5 1
V o la tile  a n d  o rg an ic  m a t t e r . . . .  5 .0 3

A q u e d u c t 
a t  A lab a m a  

w as te  g a te  
0 .5 9  

T ra c e  
4 .9 2  
0 .4 6  

N o n e  
I .67  
0 .3 6  

N one 
I .98  
I .79  
2 .0 3  
4 .5 6

T o ta l  s o lid s ..............................  2 1 .7 8 18 .3 6

8 /24 /14  
A q u e d u c t  a t 

'r a n k l in  C anyon 
p o w e r  house 

0 .8 0  
T race 

5 .85  
1 .02  

N o n e  
2 .59  
1.64 

N o n e  
1.24 
5 .54  
5.41 
8 .07

32 .16

b r e a k  u p  a n d  b e  c a r r ie d  a c r o s s  th e  re s e r v o i r .  F u r th e rm o re , 
t h e  c o n s t r i c t io n s  a n d  th e  t o r t u o u s  s h a p e  o f t h e  re s e rv o ir  m ake 
i t  im p o s s ib le  t h a t  t h i s  a c t io n  c o u ld  t a k e  p la c e .

CnEMICAL ANALYSIS 

Since our time was limited and there seemed but little need
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for chemical analysis a t the trial, we did only enough w ork m ont, D ry  C an yon  and Franklin  Reservoirs, three other basins
to give us an insight into the character and am ounts of dissolved having some value for storage purposes.
substances in the w ater. T h e  sanitary chem ical analyses, “ A  large portion of the testim ony during the trial has been
Table II, and the mineral analyses, T ab le III , indicate th at the directed to the question of the efficacy of the entire system
water being delivered through the A qu ed uct is softer and con- mentioned, and especially of H aiwee Reservoir, as a  purifying
tains less solids than the w ater from the present Los Angeles agency, and m any experim ents have been conducted in the
River supply. Also, it is to be expected th at when the more w aters of the reservoir in order to determ ine the problem. It
soluble salts are' leached from the reservoir beds and the con- is not necessary now to state  the n ature of these experim ents,
crete, and the w ater is not run through San Francisquito C anyon, nor to  analyze the theories and argum ents advanced b y  the
the water will contain less solids than a t  present. various expert witnesses who have testified concerning them .

I t  is sufficient to say  th a t the great w eight of the evidence demon- 
b io l o g ic a l  e x a m in a t io n  strates th at H aiw ee R eservoir is rem arkably efficient as a  great

To conclude this paper w ithout reference to this su bject purifying unit in the A qu ed uct system . T h is  imm ense basin
would leave it incom plete. Y e t  there has been no system atic is over seven miles in length, w ith th a t distance betw een its
work done to  date which w ill w arrant a public statem ent. I t  is inlet and outlet, and impounds, for a  long period of tim e, cer-
to be expected th a t algae w ill flourish in th e reservoir w ater tain ly not less than th irty  days, all w aters which enter it. T h e
during the summ er months. T h e  system  does not provide for reservoir is peculiarly adapted to  the use for which it w as prin-
filtering the w ater, bu t chem ical treatm ent of the stored w ater cipally  designed. One of the leading expert witnesses in the
is contemplated. A eration  is provided a t present w ith  the case characterizes it  as unique am ong the storage, reservoirs of
"Cascades”  near Sail Fernando. the world. B eing in a region in which there is a rainfall of not

to  exceed five inches per annum, a region of porous, sandy soil, 
co n clu sio n  an£j en(jreiy  uninhabited, it is the recipient of no run-off from

A conclusion of this subject can best be m ade b y  statin g its own water-shed and it is therefore free from  the contam ina-
tlie quality of w ater delivered through the A qu ed uct to the tion of such a  run-ofl. T h e only influent of the reservoir is
consumer. A  portion o f  the decision of Judge Lew is R . W orks, the Los Angeles A queduct, containing w aters brought from
rendered after hearing expert testim ony for forty  actual trial the Owens R iver. T he intake gates on the river m a y  be closed

T a h i.h  IV— T im e  F a c t o r  in  S e l f - P u r i f i c a t i o n  op  A q u e d u c t  W a t e r  

Rates of Forward Travel of Water Estimated with Haiwee Reservoir !/l full and Other Reservoirs s/a Full
T im e  in  T r a n s i t  o r  S t o r a g e  in  D a v s  

With maxi- 272 m. g. d. 136 111. g. d. With pres- 
From T o  S t a t i o n  a t  mum flow draft draft ent flow

Intake of Aqueduct Cottonwood Creek.................................................. 0.907 1.242 1.565 2.930
Cottonwood Creek Intake, Haiwee Reservoir.....................................  0.279 0.362 0.465 0.798
Intake, Haiwee Reservoir Outlet, Haiwee Reservoir...................................... 38.300 38.300 76.600 402.500
Outlet, Haiwee Reservoir Inlet, Fairmont Reservoir.....................................  1.549 1.549 1.888 3.098
Inlet, Fairmont Reservoir Outlet, Fairmont Reservoir..................................  4.750 4.750 9.500 47.900
Outlet, Fairmont Reservoir Inlet, Dry Canyon Reservoir................................ 0,113 0.113 0.138 0.226
Inlet, Dry Canyon Reservoir Outlet, Dry Canyon Reservoir.............................  1.050 1.050 2.100 10.600
Outlet, Dry Canyon Reservoir Inlet, San Fernando Reservoir.............................  0.139 0.139 0.169 0.278
Inlet, San Fernando Reservoir No. 1 Outlet, Sail Fernando Reservoir No. 1................ 11.992 11.992 23.975 0.055(a)
Outlet, San Fernando Reservoir No. 1 Inlet Upper Franklin Reservoir  ................  0.106 0.106 0.106 0.775
Inlet. Upper Franklin Reservoir Outlet, Upper Franklin Reservoir........................ 0.718 0.718 0.718 2.154
Outlet. Upper Franklin Reservoir Inlet, Lower Franklin Reservoir..........................  0.008 0.008 0.008
Inlet, Lower Franklin Reservoir Outlet, Lower Franklin Reservoir........................  6.180 6.180 6.180 0.174(a)
Outlet. Lower Franklin Reservoir Third St. & Western Ave., Los Angeles City  0.080 0.080 0.080

Total................................................................ 66.171 66.589 123.492 471.488
(a) Reservoirs by-passed at present.

days in the above cases, states this ab ly  and concisely, as fol- a t  will and there are frequent waste gates along the course of
lows: the Aqueduct, from the river to the reservoir, through which

"T h e  scientific principles governing the selection and opera- the waters of the great ditch m ay be entirely  cast aw ay. These
tion of a w ater system  intended to furnish a  dom estic supply instrum entalities conduce to a perfect control of the H aiwee
from,surface stream s requires a treatm ent of the w ater in order influent and the waters m ay be diverted and w asted in periods
to rid it of the contam ination which is in ev itab ly  incident to  of flood or a t any other tim e of possible undue contam ination
such a source of supply. T h is treatm ent consists in either the from  w hatever cai’se.
use of chemicals, the installation of infiltration plants, or in the “ T his peculiarly advantageous location  of H aiw ee is men-
storage of the w ater in reservoirs for a  period of tim e requisite tioned in passing, only, as the period of storage, which is allowed
to its purification. b y  its size and shape, is alone sufficient to  guarantee to  the peo-

“ If it be granted th a t the w aters of Owens V a lley  are contam - pie of Los Angeles a positive im m unity from dangers residing
inated like all other surface w aters, the density of population in the waters before th ey leave Owens V alley, conceding th at
of its drainage area being the true index of contam ination, such dangers are there present, and w ithout regard to  the use
and if it be granted th at, for th a t reason, those w aters would not of the waste gates mentioned, which furnish b u t an  added fac-
be proper for dom estic use a t  the intake of the Los A ngeles tor of safety to a system  safe enough w ithout them .”
Aqueduct, in the valley, does it follow that the water has not ■ ______________
been purified when it  reaches the point of delivery in Los Angeles,
tw o  h u n d r e d  a n d  e i g h t y - s i x  m i l e s  f r o m  t h e  i n t a k e ?  I n  o t h e r  T H E  R E V I V A L  O F  T H E  U S E  O F  N A T U R A L  D Y E S T U F F S 1

w o rd s, is  t h e  w a t e r ,  d u r i n g  i t s  t r a n s m i s s i o n  f r o m  t h e  i n t a k e  t o  B y  E d w a r d  S . C h a p i n

the city, subjected to  either of the m ethods of treatm ent above Im agine, if you  can, the following situation: T h e supplies
mentioned as requisite to the purification of a surface w ater 0f artificial dyestuffs have becom e exhausted. T h e European
supply? blockade of em bargo, call it  w h at you  will, has continued in

“ Ninety miles from the A qu ed u ct intake is located H aiwee uninterrupted force. C ap ital has been too tim id to  m anufac-
Reservoir. From  .the ou tlet of th a t reservoir to Los Angeles is ture artificial dyestuffs in this country. T h is situation  we will 
one hundred and n inety miles. D uring this progress over , Address be,ore the 98th Mecting of the Nationai Association of
that distance, the w ater supply is halted, even if briefly, in Fair- Cotton Manufacturers, Boston, April 28 and 29. 1915.
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now consider. "N othing but black and white,”  says one; 
"T h e  country will have to wear white,”  cries another; a third 
asserts: "T h e  mills of the country will have to shut down!” 
W hat is the truth? The truth is that natural dyestuils can 
keep the mills of the Nation in operation, producing a diversifica­
tion of shades and giving fast colors.

This paper does not propose to consider the question of the 
relative merits of natural dyestuffs versus artificial dyestuffs. 
The present is no time for controversy. I t  demands coopera­
tion and construction. W e must remember that before the 
days of the modern artificial dyes people wore colored garments. 
Ladies were gay and gallants tried to please long before Perkin 
discovered mauve. A  careful reading of any of the works of 
the masters of detailed description of the past century— of 
Dickens, Thackeray, Victor Hugo, or Goethe— will reveal in­
teresting evidence of color and colored fabrics. Even more so 
the standard text-books on dyeing, of fifty  or seventy-five years 
ago, consider the whole range of the spectrum. It  is truly re­
markable the multi-colored and fast effects that the dyers of 
the old school achieved with limited means and facilities. It  is 
quiet within the memory of many of this audience, when the 
earlier aniline colors were distrusted by the general public be­
cause of their comparative fugitiveness, and it took much in­
dustrious advertising and scientific development of new and 
better products to overcome this prejudice.

The dyers and chemists of today are in a position to secure 
with natural dyestuffs better results than the dyers of former 
days. The forms of natural dyestuffs were not so perfect 
formerly as today. Then the dyer was forced to use the dye- 
stuffs in the form of chips or ground bark or ground leaves; 
today he has ready at hand the essential coloring matter of the 
natural dyestuffs in the form of extracts, pastes, or powders, 
and in many instances the coloring matters have been worked 
up by chemical treatment so that they dye more readily and 
give brighter and faster results. The march of chemical and 
mechanical science contributes to the solution of the task. 
Chemical science in recent years has found the exact chemical 
composition and nature of the natural dyestuffs, so that they 
can now be dyed most intelligently and in accordance with the 
highest development of the theory and the practice of dyeing. 
N ew and improved chemicals and dyeing assistants are a t the 
disposal of the dyer. New forms of dyeing apparatus and 
improved mechanical devices help further. Improved dyeings 
are to be expected in response to persistent and intelligent work, 
and during the past months such results have been secured in 
many instances.

A VAILABLE NATURAL DYESTUFFS

For the dyeing of cotton the following natural dyestuffs are 
available: logwood, fustic, bark or quercitron, flavine, hypernic 
and the various redwoods, catechu or cutch, gambier, sumac, 
madder, Persian berries, and indigo. Of these dyestuffs all 
except madder, Persian berries, and indigo are available in large 
quantities.

Logwood is the product of a large tree known botanically as 
Hematoxylon campechtanum; which grows abundantly in the 
W est Indies and Mexico. The supply of logwood is not peter­
ing out as some have erroneously imagined; the logwood forests 
have not all been cut off There are well-nigh limitless virgin 
forests of logwood in Haiti, Jamaica and Mexico. Reforesta­
tion and cultivation are the simplest of operations. The log­
wood tree is a veritable weed-— it spreads itself; twelve years 
alone elapses between the seed and the tree ready for cutting 
for commercial purposes. Cultivation consists in keeping the 
forests thinned out, so that the luxuriant tropical growth will not 
form an impenetrable jungle. It  m ay fairly be said that never 
before has there been available more logwood than today.

Fustic, also known as old fustic, Cuba wood and yellow wood,

comes from a tree known botanically as Morus tinctoria or Maclura 
tinctoria. It  is a native of Brazil, Mexico, and several of the 
W est Indian Islands. Quercitron bark is the inner bark of a 
species of oak, the Quercus nigra or Quercus tinctoria, a native of 
America. It  grows abundantly in Pennsylvania, Georgia, 
and the Carolinas. Flavine is the name given to a preparation 
of quercitron bark. It  contains the principal coloring matter 
of quercitron bark, quercetin, in nearly chemically pure state. 
Hypernic is the name given to the color extracted from the 
various soluble redwoods. These are principally Brazil wood, 
peach wood, sapan wood, and lima wood. Brazil wood grows 
in the forests of Brazil. Peach wood is a native of Mexico. 
Sapan wood grows in Siam, Japan, and the E ast Indies. Lima 
wood is imported from Peru. Catechu or cutch and gambier 
closely resemble each other in properties. They are obtained 
from various species of acacia, areca, and uncaria, growing in 
India. Sumac consists of the leaves, leaf-stalks and small twigs 
of several species of Rhus. This shrub is remarkably common 
and widely spread, growing in Sicily, Tuscany, France, Spain, 
Algeria, Canada, and the United States, particularly in Vir­
ginia.

The various regions from which these natural dyewoods come 
are with unimportant exceptions outside the inhibiting influ­
ence of the war. Accordingly, they are all available. Even 
prior to the war these dyestuffs were in large general use- 
much more extensively than is generally realized— so that the 
present additional demands from the textile mills find an indus­
try well fitted to take 011 extra burdens and to perform needed 
services.

BLACK DYEING OF COTTON

Black is the color most widely demanded by the trade, and 
will accordingly first engage our attention. For black dyeing 
logwood has been and still is the most generally all-round 
useful black dyestuff. It can be used not only for the coloring 
of cotton but also of wool and silk and a great variety of fibers. 
There are three methods of applying logwood on cotton: (1) the 
stuffing and Saddening; (2) the Milestone soda ash; (3) the mor­
danting methods.

T H E  STU FFIN G  AND SADDENING METHOD

In this method of dyeing, the cotton, as piece goods, yarn, 
or raw stock, is first impregnated with the logwood by passing 
it through or boiling it in a concentrated logwood extract solu­
tion; it is then dried or whizzed to fix the logwood or remove 
an excess not taken up by the fiber; finally it is passed through 
a bath of chemicals, usually chrome, or chrome and bluestone, 
or copperas, to develop the black. Two illustrations of this 
process will be given: one on piece goods, and the other 011 raw 
stock.

l o g w o o d  b l a c k  o n  p i e c e  g o o d s — This process makes use of 
two boxes and has been in constant successful use for the past 
four years in the dyehouse of a large producer of black dyed cot­
ton piece goods.

The apparatus consist^ of a stock tank for the logwood liquor 
and a logwood dye-bath, three sets of drying cans, a stock 
tank for the chrome liquor and a chrome bath, a steam box, a 
wash mangle, and a washer. The logwood box and the chrome 
box are provided with guide rolls, and above the center of each 
box are three squeeze rolls. The guide rolls and the squeeze 
rolls are so related that the cloth in its passage through both 
the logwood and the chrome baths is twice immersed and twice 
squeezed.

The dry bleached pieces arc run into the dye-bath and over 
the first four rolls, squeezed and given a second run in the dye- 
bath over the second four rolls, followed by another squeeze. 
From the dye-bath the pieces are dried over three sets of drying 
cans. The passage through the chrome batli follows imtne-
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diately and here, as in the dyeing, there are two immersions and 
two squeezes. After the chroming, the goods are steamed, and 
then washed. The washing is very thorough, first by passage 
through a wash mangle, and then through a washing machine. 
After washing, the goods are again dried and then finished.

St oc k  L iq u o r  C iir o m k  L iq u o r

125 gallons w a te r  125 gallons w a te r
110 lbs. logwoo'd c x tra c t,  5 1 °  T w . 49 lbs. b ic h ro m a tc  so d a  

5 gallons ac e tic  ac id  N o . 8  3 lb s . so d a  ash , 5 8°
T em perature of d y e -b a th — n e a r  T im e  of im m ersio n — a b o u t 2 sec-

boil onds
Time of im m ersion— 10 seconds T im e  of s tea m in g — a b o u t 10 seconds

The speed of the machine, 45 to 50 yards a minute, corresponds 
to a production of about 3,000 yards an hour; but a speed of 
75 yards to the minute (4,500 yards an hour) is possible.

The goods are used as linings for suitings, overcoats, and the 
like, where a black is needed that will not stain white when wet 
hot-pressed. The logwood process is preferred because of the 
low cost of production, and the excellent fastness of the result.

lo g w o o d  b l a c k  o n  r a w  s t o c k — The following method is 
being employed in a Klauder-Weldon dyeing machine, coloring
1,000 pounds of cotton to a batch.

Rim for one hour at a boil in a 10 per cent solution of log­
wood extract, prepared by dissolving 10 pounds logwood ex­
tract 51 0 Tw. to every 12 gallons of water. This solution will 
stand 40 Tw. at 70 °. Take out of machine and whizz. Repack 
in machine, and strike with 4 .5  per cent bluestonc and 1.5  per 
cent soda chrome. Run in striking bath ¡ l/t hours; wash well. 
Soap in a 0.5 per cent solution of soap; wash and dry. The 
logwood bath is saved and brought up to 4 0 Tw. for further 
dyeings. This method gives a remarkably full and rich black 
on stock of excellent fastness to fulling and of moderate fastness 
to light.

TH E  BLU ESTO N E SODA ASH METHOD

The Milestone soda ash method of dyeing cotton, or the ash 
black as it is commonly called, is a favorite method because of 
its simplicity.

The following recipe is a slight modification of a bluestone soda 
ash logwood black formula used in a large mill for the coloring 
of raw cotton, and illustrates well the general principles and 
practice that are obtained in the successful dyeing of cotton 
with logwood in the single b ath :

D yk-B a t h s  fo r  
100 Lns. R aw  C otto n

Logwood c x tra c t, 5 1 ° .
Soda ash , 5 8 ° ..................
B luestone..........................

3 rd  o r
S ta r t in g S econd s ta n d in g

b a th b a th b a th
Lbs. L bs. L bs.
60 40 20

6 4 3
3 2 1 .5

T h ird  o r
S ta r t in g S econd s ta n d in g

D y e - B a t h s  f o r b a th b a th b a th
100 L b s .  C o t t o n  Y a r n L bs. L bs. L bs.

B lack  d y e ...................................... ............... 50 25 20
S o d a  a s h ........................................ ............... 20 8 3
B lue  v i t r io l ................................... ............... 10 4 1 .5

Boil i '/ 2 to 2 hours, lift and oxidize 2 or 3 hours. B y  after- 
treating with 1 per cent chrome at 150° to 160° for 20 minutes, 
the fastness to washing is made excellent.

d y e i n g  c o t t o n  w a r p s — For 650 pounds warp, prepare a 
bath containing:

130 lbs. logw ood e x tra c t.  51 0 18 lb s . s o d a  ash  12 lbs. b lue  v itr io l

Give four runs, boiling. Sadden in another tub with 6 lbs. 
copperas, at 120° F.; finish. This gives a very good black.

The following recipe is an example of a successful applica­
tion of the use of salt in the bluestone soda ash logwood black. 
A Klauder-Weldon machine was used in dyeing.

For 800 pounds raw cotton prepare a starting bath contain­
ing:

370 lbs. logw ood e x tra c t, 51° 
18 lbs. b lu e  v itrio l

18 lbs. so d a  ash  
10 lbs. com m on  s a lt

Boil the cotton for 2 hours. Oxidize for 2 hours. A fter­
wards wash in:

8 lb s . soap  
5 lb s . com m on  sa lt

15 lbs. sa l soda  
1 q t.  a m m o n ia

Boil i 1/. hours. Throw out the stock and allow to drain. 
Oxidize for two hours, or until the full shade is developed, turn­
ing occasionally.

After the standing bath is obtained, enter the first lot for a 
second dip in the standing bath. After this, one immersion is 
usually sufficient. If extra heavy shades of black are required, 
give two immersions or increase the amount of dyestufl and 
chemicals in the standing bath. If a  jetter shade of black is 
desired, use an ounce of cutch extract for every pound of log­
wood extract. Some dyers find it advantageous to use also an 
ounce of sumac extract for every pound of logwood extract.

I lie bluestone soda ash logwood black can be utilized for 
the dyeing of other forms of cotton, as cotton yarn, cotton 
warps and the like; and for the dyeing of a wide variety of 
cotton fabrics. The following series of formulae are taken 
from practice:

d y e in g  c o t t o n  y a r n — For dyeing cotton yarn, black dye is 
usually preferred. Black dye is a logwood extract, which con­
tains a proportion of tannin-bearing material, such as chestnut ex­
tract. It gives a very good deep black at an exceedingly low- 
cost.

Dissolve the chemicals for the washing in about three-quarters 
of a barrel of water, and feed onto the cotton at 120°. Continue 
washing one-half hour.

For a standing bath, gradually reduce the amount of dyestufl 
and chemicals above given during four or five baths to one-half 
the quantities.

The bluestone soda ash logwood black can be used for all pur­
poses where fastness to fulling is not required. It is faster 
to light than the stuffing and saddening black.

TH E MORDANT M ETHODS

B y  mordant methods is meant those methods in which the 
mordant is fixed on the cotton previous to the logwood treat­
ment. Two of these methods will engage attention: (1) the 
iron; (2) the chrome.

1 . TH E  i r o n  m o r d a n t  b l a c k — The iron mordant logwood 
black has always been employed when a black of special fast­
ness to fulling and light is required. The following recipe is 
for coloring warps in a four-box machine:

l o g w o o d  b l a c k  o n  w a r p s — Boil up 25 per cent extract of 
sumac in the boxes, run in the yarn, and leave over 1 day 
(36 hours, or more). Treat to two runs in clear lime-water, 
followed by two runs in pyroliguite of iron, 3 0 Tw.

In practice the volume of liquor in the iron liquor machine 
is so small that the readings of the hydrometer are not of much 
value. It  is best to add between 20 per cent and 25 per cent 
iron liquor, one-half before each run, and to squeeze the warps 
lightly. Much of the liquid is removed from the bath, and it is 
generally necessary to add some water on every set. W ait 
twenty to thirty minutes before washing. Then treat to 1 run 
in clear lime-water and wash again.

15 p e r  c e n t coric. c x tra c t logw ood: 3 p e r  c e n t conc . c x t r a c t  fu s tic :
1 p e r  ce n t co p p e r su lfa te

Add one-half the logwood and one-half the fustic, bring the 
temperature of the bath to 140° F., and make one run. Add 
the remainder of the logwood and fustic, raise the temperature 
to  170° F., and make one run. Raise the temperature to a 
boil and make six runs. Add the copper sulfate in solution, 
half on the fifth and half on the sixth run, there being eight 
runs in all. Then wash with 1 run.

O ne p e r  c e n t p o ta ss iu m  b ic h ro m a te

Add one-half the bichromate to make one run a t 180° F. 
Add the remainder and make one run a t the same tempera­
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ture. Wash with 2 runs. Finish with 3 per cent lard oil and 
3 per cent soft soap (one run).

The above process can be shortened considerably with equally 
satisfactory results, by the use of the machinery constructed 
for the dyeing of sulfur colors. These machines give longer 
immersions than the old Scotch tubs, and have heavier nips.

F o u r - B o x  M a c h i n e  
F irs t  box : 50 p e r  c e n t su m ac  e x tra c t,  180° F .;  n ip  
S econd box : 30  p e r  c e n t n i t r a te  of iro n ; co ld ; n ip  

1 b T h ird  b ox : L im e so lu tio n ; co ld ; n ip
F o u r th  bo x : W a te r

i T h re e  boxes of logw ood
3 0 -4 0  p e r  ce n t to  each  box, bo iling  

F o u r th  box: W ash

Practically the same processes may be used for pieces.
2 . t h e  c h r o m e  m o r d a n t  b l a c k — The chrome mordant 

black came into being in response to the request to dye log­
wood blacks on raw stock in a vacuum dyeing machine In 
this machine the methods above described, except the iron 
mordant method, do not give any results at all.

The use of a chrome mordant to develop and to fix logwood 
on wool is a well-known dyeing process. It  yields blacks of 
excellent fastness to fulling, light, and various other agencies, 
and of exceptional beauty. The idea to adapt this method of 
dyeing wool to obtain equally fast and handsome results on cot­
ton has long been alluring. Various methods of mordanting 
the cotton with chrome that have been tried in the past have 
not met with wide or permanent success.

The trouble has always been either that the chrome would 
not go on the cotton fiber or was deposited so loosely that in 
washing it nearly all came off.

These difficulties have recently been overcome by the use 
with the chrome of a compound (invented by a well known 
chemist) which causes the chrome to exhaust onto the cotton 
and to be deposited so firmly that even severe washing will not 
strip it off.

The preliminary studies for the practical use of this new 
method of mordanting cotton were made in the model labora­
tory of the American Dyewood Company. This laboratory is 
fully equipped with small size dyeing machines of latest inven­
tion. Through the courtesy of Mr. W . A. Mitchell the work 
has passed beyond the laboratory stage. M r. Mitchell gener­
ously offered the use of the dyehouse of the Massachusetts 
Cotton Mills for trials on a practical scale; and the results ob­
tained in the laboratory of the American Dyewood Company 
have thus had the benefit and the test of the splendid personnel 
and equipment of M r. M itchell’s plant.

The following recipe was employed in the coloring of 150 
pounds of raw cotton in a vacuum dyeing machine:

b l a c k  o n  r a w  c o t t o n — After loading the machine, fill with 
water and bring to a boil. Boil ten minutes to ensure thorough 
wetting out of the cotton. Add 6 lbs. of soda chrome dissolved 
in three pails of water, and after the chrome liquor has well 
circulated, add slowly 3 lbs. of chrome assistant dissolved in 
2 pails of cold water. Boil one hour; wash. Fill the machine 
with water and bring to a boil. Prepare a half barrel of log­
wood extract liquor 15 0 Tw. containing 10 per cent fustic, and 
six pails of clear lime-water. Boil the logwood liquor well. 
Add slowly to the machine, and boil one hour. Wash. Strike 
cold with 1 lb. of bluestone and 8 oz. of chrome. Wash and 
finish as usual. Soaping improves the beauty of the shade, 
but is not essential.

The more concentrated the chrome liquor the more quickly 
the cotton takes up the chrome and the less the time required 
for boiling. From two-thirds to five-sixths of the chrome is 
exhausted on the fiber. The logwood liquor is not exhausted, 
but should be run off and kept for use in subsequent baths. 
The heavier the black required, the more concentrated should 
be the logwood liquor.

This process gives a black of excellent fastness to fulling and 
to light. The stock cards readily and the feel is especially 
satisfactory.

The process has been tried practically only 011 raw cotton. 
It  has given good results in the laboratory on yarn and pieces. 
As the coloring of raw cotton in a vacuum dyeing machine is 
the hardest test of a process, there is good reason to believe 
that the new chrome mordant method can be adapted ¡11 prac­
tice to the coloring of the other forms of cotton and in the various 
other dyeing apparatus.

3. f a s h i o n  s h a d e s  o n  c o t t o n — -Next in importance to black 
come the fashion shades. M any artificial colors are so brilliant 
that the great fear of many people has been that without these 
the consuming public could not be satisfied. A few illustra­
tions will show that besides blacks the natural dyewoods can 
be made to yield a wide variety of fashion shades.

In dyeing the fashion shades, the stuffing and saddening 
method and the mordant method are applicable.

c a t e c h u  o r  c u t c h  a n d  g a m b i e r  b r o w n s — These valuable 
dyestuffs yield browns of specially pleasing tone and satisfac­
tory fastness. The following recipc represents the method 
of dyeing a medium shade of cutch brown 011 pieces ¡11 a jiggei: 

For 100 lbs. of goods use 50 lbs. of good extract cutch. Enter 
goods nearly at a boil. Add the color in two ends. Then add 
5 lbs. of bluestone. Bring to a boil, and boil one hour; shut off 
steam and allow to run from one-half to three-quarters of an 
hour. Draw off liquid and run in 2 lbs. of chrome. Run twenty 
minutes at 140° F. Rinse and dry. For a standing bath the 
amount m ay be reduced one-third. Gambier may be used in 
place of cutch and acts similarly.

For the toning of browns, fustic, bark and flavine are avail­
able as yellows, and hypem ic as a red. Logwood, sumac, and 
copperas can be used for darkening.

Two illustrations follow: a light, bright brown dyed in a four- 
box machine, and a dark brown dyed in a jigger.

l i g h t  s h a d e  o f  b r i g h t  b r o w n — Prepare gambier, bark, and 
chrome solutions at 10° Tw. The gambier and the bark are 
divided between the first two boxes. Use fifteen pails of gam­
bier and nine pails bark. The third box contains cold water, and 
the fourth box the chrome. Use eight quarts of chrome liquor. 
A fter leaving the chrome bath the goods are well washed in 
a water mangle. Repeat the process. D ry and size.

d a r k  b r o w n — Prepare a solution in the jigger containing for 
100 lbs. of goods: 10 lbs. hypem ic crystals; 5 lbs. logwood ex­
tract, 5 1 0 Tw .; 15 lbs. extract of'fustic, 5 1 0 Tw .; and 15 lbs. ex­
tract of bark, 5 1 0 Tw . Add the color in two ends. Boil one-half 
hour; shut off steam. Add 1 lb. of bluestone. Run fifteen 
minutes. Add 2 lbs. chrome. Run fifteen minutes. Wash.

The use of logwood for blacks has so overshadowed the other 
natural dyestuffs that the thought of violets, oranges, reds, 
bright yellows and blues does not come easily to mind when 
natural dyestuffs are mentioned. For this particular purpose, 
the new mordant process is especially adapted. On the table, 
in addition to sample dyeings of the other processes described, 
are a range of bright fashion shades colored by the new mordant 
process from natural dyestuffs.

In discussing this process earlier in tlie paper, mention was 
made only of the ability of the new assistant to exhaust chrome 
on the fiber. This chemical is also able to fix other mordants— 
aluminum sulfate, tin crystals, copperas, and blue vitriol, on 
cotton, and so firmly that washing will not strip the mordants. 
These mordants then react with the natural dyestuffs to produce 
a diversification of shades. Thus fustic on a tin or aluminum 
mordant produces brighter yellows than on a chrome mordant. 
Logwood on a tin mordant gives violet to bordeaux shades of 
excellent brightness.

5 1 6  A t l a n t ic  A v e n u e . B o s t o n
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C U R R E N T  1 N D U 5 T R 1 A L  N L W 5
B y M . h .  H A M L IN

THE CHEM ICAL TRAD E OF TH E UNITED STA TES 
IN’ 1 9 1 4

The following list of the imports and exports of chemicals 
and related products to and from the United States in 1913 
and 1914, taken from the Z. angew. Chem., 28 (1915), III, 125, 
shows clearly the effect of last year’s economic depression and 
the war. Of 118 items of imports, 70 show a decrease in value 
from last year. The total imports of "chemicals, drugs, dyes and 
medicines” , according to official federal statistics, fell from 
$101,300,000 in 1913 to $87,700,000 in 1914, a decrease of 13.4 
per cent. Of this amount $49,400,000 represented duty-free 
imports in 1914 as against $62,200,000 in 1913; dutiable im-

IM F O R T S  1913 1914
1000 lbs. S1000 1000 lbs. $1000 

« n it s  u n i ts  u n i ts  u n its

ports amounted to $38,300,000 in 1914 and $39,100,000 in 
1913. •

The list of exports is based on export manifests and is not as 
accurate as the list of imports. Under the official class “ chemicals 
drugs, dyes and medicines/1 the values for the exports of 1914 
and 1913 are given as, respectively, $29,000,000 and $26,800,000, 
1914 thus showing an increase of 8.2 per cent. This increase, 
taken together with the fact that of 73 items, 54 show a falling 
off, indicates that there is a concentration of effort towards 
exporting certain classes of goods; the exports of gasoline show 
an increase, for example, of overt $2,400,000, gas and fuel oil 
more than $8,000,000, cartridges, $3,500,000, etc.

IM P O R T S  1913 1914
1000 lb . $1000 1000 1b. $1000

u n its  u n its  u n its  u n its
c h e m i c a l s :

Potassium c a rb o n a te   .................
Potassium hyd ro x id e , n o t in  s tic k s 1 
Potassium h y d ro x id e  w ith  n o t ov er

15 per ce n t N a O H 2............................
Potassium c y a n id e ...................................
Potassium c h lo r id e ..................................
Potassium s u lf a te .....................................
Potassium n it r a te ,  r a w ..........................
All o ther p o ta sh  s a lts , d u t ia b le ...........
Sodium c y a n id e ........................................
Sodium n it r a te  (1000 to n s ) .................
All o ther soda s a lts , d u t i a b le .............
The same, d u ty - f re e ...............................
Ammonium c h lo r id e ...............................
Ammonium s u lf a te ..................................
Arsenic c o m p o u n d s .................................
Chloride of lim e ........................................
Potassium c i t r a t e .....................................
Iodine............................................................
M agnesite, n o t p u r if ie d .........................
Carbolic a c id ..............................................
Oxalic a c id ...................................................
Other acids, d u t ia b le ..............................
Other acids, d u ty - f r e e ............................
Sulfur, raw  (1000 to n s ) .........................
Sulfur ore w ith  ov er 2 5 %  S  (1000

to n s)..........................................................
T a rta r ...........................................................

DRUGS AND M E D IC IN E S :
China b a rk ..................................................
Quinine su lfa te  a n d  all o th e r  C h in a

bark p ro d u c ts  (1000 07. . ) .................
Opium, a t  le a s t 9 p e r  c e n t m o rp h in e .
Medicinal p re p a ra t io n s .........................
Fusel oil or am y l a lc o h o l......................
Hops..............................................................
Licorice roo t (1000 to n s ) ......................
Vanilla b e a n s .............................................
Mineral w a te r (1000 doz. q t s . ) .........

DYES AND T A N N IN G  M A T E R I A L S !
Alizarine and  a liza rin e  d y e s ...............
Coal-tar d y e s ..............................................
Paints, p igm en ts  an d  la c q u e r s ..........
Indigo............................................................
Aniline s a lt s ................................................

Logw ood .................
Quebracho w o o d . 
Other dye w oods, 
Mangrove b a r k . .

Sumach..........................................
All other ta n n in g  m a te r i a l s .  ..........
Dye and ta n n in g  e x tra c ts :

From q u e b ra c h o ................................
All o th e rs ..............................................

Lead pencils ............................
gums and  r e s i n s :

Camphor, raw , n a tu r a l .......................
Camphor, refined a n d  s y n th ............
Chicle...................
Copal, K au ri an d  D a m m a r ..............
ciarii r  (Terra ja p o n ic a ) ...................
Shellac.........................................
Other resins, d u ty - f r e e . . . ! ! ! ! ! ! . !  
Other resins, d u t ia b le ..........................

R ubber a n d  r u b b e r  s u b s t i t u t e s :  
xlalata.............
Guajule ! . . . . .  . . . . . . . . ’ . ‘ . *
G utta ju le tong  . . . ! ! !
G utta p e rc h a . . . . . . . ! .................
Caoutchouc..............................................
Caoutchouc w a s te ...................
S u bstitu tes ,..............................................

1 To O ctober 3, 1913.
1 From O ctobe r 4, 1913.

2 1 ,4 3 7 653 15,891 287
6 ,3 2 6 246

2 ,2 6 4 89 7 ,1 9 7 287
1,023 144 1 ,246 80

4 2 7 ,5 2 4 7 ,1 2 0 337 ,081 5 ,7 4 1
7 9 ,0 7 6 1 ,633 7 2 ,5 2 8 1 ,569

9 ,8 7 7 263 2 ,2 3 0 75
6 ,1 1 5 555. 5 ,2 1 4 482

2 ,4 2 3 367
626 21 ,631 544 15 ,229

1 1 ,176 325 629
26

9 ,0 1 9 466 7 ,8 4 2 395
116 ,562 3 ,9 5 7 148 ,242 4 ,4 7 6

6 ,6 8 8 286 4 ,0 7 9 165
61 ,6 0 5 510 3 4 ,5 4 0 333

3 ,3 0 1 500 4 ,3 5 9 725
240 526 463 951

3 3 5 ,8 6 8 1,669 2 4 1 ,1 6 6 1 ,298
7 ,5 0 2 558 6 ,9 0 2 394
7 ,4 2 3 365 8 ,1 6 5 423

533 1 ,147
383 242

1 4 .6 278 22 . 8 410

849 3 ,6 1 1 977 4 ,7 0 6
2 9 ,0 6 6 2 ,7 8 0 2 7 ,4 3 6 3 ,0 2 8

2 ,8 0 9 307 3 ,9 4 5 538

2 ,9 7 1 562 2 ,9 6 8 703
553 2 ,3 9 1 416 1 ,9 7 6

1 ,4 3 0 753
5 ,9 8 3 1 ,087 3 ,5 3 1 525
7 ,3 1 3 2 ,9 4 6 7 ,4 8 3 2 ,5 8 4

4 9 .7 1 ,775 5 1 . 6 1 ,872
1 .034 2 ,5 3 0 835 2 ,1 8 4
1 ,188 993 951 874

5 ,9 1 8 1 ,493 4 ,2 4 9 1 ,217
7 ,111 6 ,8 4 5
2 , 160 2 ,2 4 3

8 ,3 4 5 1 ,138 7 ,9 2 7 1 .189
4 ,4 7 9 322 2 ,2 4 5 181
1000 ton 1000 to n

u n its u n its
38 469 41 522
80 985 72 919

6 86 8 123
11

1000 lb . 
u n its

250 6
1000 lb. 
u n its

150

9 ,8 6 3 218 13 ,533 337
401 456

8 5 ,7 1 8 2 ,221 114 ,326 3 , 100
8 ,5 1 3 314

599
8 ,3 8 0 270

567

4 , 190 1 ,1 1 8 3 ,4 8 8 950
644 211 1,054 369

13,401 5 ,1 2 0 5 ,8 9 7 2 , 178
3 1 ,7 0 9 3 , 193 2 8 ,6 4 7 2 ,9 6 3
16 ,330 658 13 ,706 494
2 0 ,4 6 3 3 ,0 5 8 19,637 3 ,0 2 7

1,615  
269

1,172
828

1 ,509 792 2 ,0 1 5 880
4 ,8 7 0 2 , 130 2 ,2 7 6 790

36 ,4 2 1 1 ,766 18 ,664 857
873 200 1 ,923 337

115,881 76,821 143 ,065 70 ,4 7 3
3 6 ,7 3 8 3 , 193 19 ,1 1 9 1 ,357

97 63

f e r t i l i z e r s :
G u a n o ..................................................
K a in i te ................................................
S a l t s ......................................................
B one m eal a n d  ash  m a te r ia ls . . .  
A ll o th e r  fe rtiliz in g  m a te r ia ls . . 

o i l s ,  w a x e s ,  e t c . :
E th e re a l oils:

O il of le m o n .................................
O th e r  e th e re a l oils, d u ty -fre e  
O th e r  e th e re a l oils, d u tia b le . 

P la n t  o ils:
C ocoa b u t t e r ................................
C o c o n u t o i l ...................................
C o tto n se e d  o i l .............................
L inseed  o i l ....................................
C h inese  n u t  o i l ...........................
P e a n u t  o i l .....................................
O live oil, fo r te ch n ica l u s e . . .  
O live oil, fo r d o m e stic  u s e . . .
R ap e se ed  o i l .................................
P a lm  o i l ..........................................
P a lm  n u t  o i l ................................
S o y a  b ea n  o i l ...............................

A n im a l oils:
C o d liv e r o i l ...................................
A ll o th e r s ......................................

M in e ra l o ils:
R a w  m in era l o i l ..........................
B enz ine , gaso line, e tc ...............
A ll o th e r s ......................................

M in e ra l w a x . ...................................
V eg e tab le  w a x .................................
S u lfu r  oil (o live re s id u e s ) ...........
A ll o th e r  s im ila r oils a n d  f a t s . .

m i s c e l l a n e o u s :
A sb e s to s ...................
A sbesto s  p ro d u c ts
G r a p h i te ...................
C o k e ..........................

M ica

P la t in u m , u n w o rk e d .....................
P la t in u m , in  b locks, sh ee ts , e tc . 
P la t in u m , c rucib les , d ishes , e tc .

C oal t a r  p re p a ra tio n s , n e i th e r  d y es
n o r  m ed ic inal, d u t ia b le .....................

C o a l ta r  p re p a ra tio n s , n e i th e r  d y es
n o r  m ed ic in a l, d u ty - f r e e ..................

C reo so te  o il .................................................

G lu e ....................................................
G lue , raw  m a te r ia ls ....................
P e rfu m e s  a n d  to ile t a r t i c l e s . . .
H o rse  h a ir , a r t if ic ia l...................
S ilk , a rt if ic ia l:

T h re a d , e tc .................................
O th e r  fo rm s ................................

S o ap , M arse il le s ...........................
S oap , a il o th e r ...............................
P h o to g ra p h ic  p a p e r ....................
P h o to g ra p h ic  film s a n d  p la te s
E x p lo siv es  an d  f ire w o rk s.........
M a tc h e s ............................................
G e la tin e ............................................
G ly ce rin e , r a w ...............................

E le c tric  la m p s:
A rc la m p s ..........................
C a rb o n  filam en t la m p s  
M e ta l filam en t l a m p s . .

19 538 26 763
466 2 ,2 0 7 330 1 ,551
223 2 ,1 5 0 168 1 ,843

35 837 36 891
4 ,9 9 6 5 ,0 5 5

371 721 486 897
2 ,8 0 4 26
1 , 196 2 ,0 6 3

4 ,4 1 3 1 ,223 1,244 349
7 2 ,1 9 6 6 ,2 5 8 5 8 ,0 1 2 5 ,1 4 7
11,407 724 16 ,017 869

162 87 580 263
5 ,6 7 8 2 ,3 7 0 4 ,0 1 8 1 ,503
1 ,502 1 ,0 3 8 982 675

564 369 748 475
5 ,1 7 9 6 ,7 7 7 6 ,7 1 8 8 ,421
1 ,149 712 1 ,490 732

5 4 ,0 7 2 3 ,6 3 1 4 9 ,0 9 2 3 ,1 5 5
2 7 ,7 4 6 2 ,4 4 5 2 1 ,0 8 9 1 ,869
14,221 693 12 ,555 657
1000 gal. 1000 gal.

u n its u n its
751 305 1 ,893 684

1 ,582 530 1 ,459 464

7 1 3 ,1 0 0 10 ,945 9 1 0 ,351  110,023
15 ,483 1 ,472 12,751 1, 121
2 ,7 7 7 580 1 ,345 357

P o u n d s P o u n d s
7 ,2 5 5 555 6 ,8 1 2 442
5 ,2 9 4 1 ,146 5 , 160 1 ,0 9 9

10 ,450 717 13 ,045 853
8 ,4 4 4 439 11,665 530
1000 to n 1000 ton

u n its u n its
87 1 ,929 64 1 ,408

390 360
26 2 ,1 1 0 * 2 0 1 ,398
94 443 121 556

1000 lb 1000 lb .
u n its u n its

2 ,8 8 7 981 846 205
1000 07.. 1000 oz.

u n its u n its
5 1 .4 1 ,979 3 2 . 1 1 , 155
6 6 .6 2 .9 6 0 4 0 .2 1 ,780

105 39
1000 gal. 1000 gal.

u n its u n its

782 1 ,1 1 8

1,035 256
6 9 j 022 4 ,081 4 8 i 839 3 ,0 2 4
1000 lb . 1000 lb .
u n its u n its
9 ,5 3 0 907 2 0 ,6 5 2 1 ,637

1 ,852 2 ,081
2 ,0 4 4 2 ,3 6 0

107 90

2 ,3 0 5 2 ,8 7 7 2 ,9 2 3 3 ,6 5 5
655 412

4 ] 532 348 4 *, 289 345
402 503

1 ,275 1 , 122
1 ,056 1 ,8 9 8

723 628
758 911

2 ,0 1 5 624 2 ’,541 750
3 8 .2 7 0 4 ,6 9 5 2 4 ,7 8 7 3 . 123

1000 p iece 1000 p iece
u n its u n its

2 .4 43 0 .3 5
1 ,011 64 562 33
5 ,6 8 8 481 7 ,2 4 3 628
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E X P O R T S  1913
1000 lb . $1000 

u n its  u n its
C a lc iu m  c a rb id e ..............................................  3 2 ,3 6 2  946
C a lc iu m  a c e ta t e .................    7 4 ,0 5 6  2 ,1 5 8
C o p p e r  s u l f a te ................................................  4 ,1 6 9  212
S o d iu m  c o m p o u n d s .  ..............................................  . . . .
A cid s:

S u lfu r ic .........................................................  9 ,6 8 9  104
A ll o th e r s ...............................................................................  381

T o n s
S u lfu r, r a w .......................................................  89 1 ,6 0 0

1000 gal. 
u n its

M e th y l a lc o h o l................................................. 1 ,951  827
D y e s ....................................  357
T a n  b a rk  e x t r a c t ..............' ............................................... 508

1000 lb . 
u n its

G in se n g ...............................................................  182 1 ,4 8 0
R o o ts , h e rb s , b a rk s , e tc ................................................. 476
M ed ic in es , p a t e n t  a n d  p ro p r ie ta r y ..........................  6 ,9 6 6
B ak in g  p o w d e r ................................................  2 ,9 5 6  866
W a sh in g  p o w d er, e t c . . ................................  1 1 ,2 2 4  506
P e tro le u m  je lly , v a se lin e , e tc ...................................... 635
SOAP AND TOILET ARTICLES:

T o ile t  s o a p s ....................................................................  2 ,1 8 5
O th e r  s o a p s ..................................................  5 5 ,5 2 8  2 ,6 7 2
P erfu m e s  a n d  to i le t  p r e p a r a t io n s ........................ 1 ,5 7 5
S o ap  m a te r ia ls  (fa t , e t c . ) ......................................... 5 ,1 1 7

e x p l o s iv e s :
C a r t r id g e s ........................................................................ 3 ,0 1 5
D y n a m i te ......................................................  1 3 ,3 1 0  1 ,4 9 8
G u n p o w d e r ................................................  1 ,2 8 4  360
O th e r  e x p lo siv es ...........................................................  652

o il s : V eg e tab le  oils, fixed a n d  p ressed :
C o tto n se e d  o i l  *...........................  2 6 4 ,7 7 9  17 ,991
C o rn  o i l .....................................................  1 7 ,7 8 9  1 ,219

1000 gal. 
u n its

L inseed  o i l ...............................................  1 ,591  784
O th e r  fixed o ils ........................................................  418

A n im a l o ils ( t o t a l ) ...................................  2 ,5 0 7  1 ,2 5 0
In c lu d in g : F ish  o i l .............................  1 ,1 8 7  319
L a rd  o i l ....................................................  88 102

M in e ra l oils:
R aw  o il ......................................................  1 9 4 ,5 7 0  8 ,4 4 8
I llu m in a tin g  o i l .......................................1,119,441 7 2 ,0 4 2
L u b r ic a tin g  o i l .......................................  2 0 7 ,6 3 9  2 9 ,6 0 9
G a s o lin e ....................................................  1 1 7 ,7 2 8  17 ,419
O th e r  lig h t d is t i l la te s .........................  7 0 ,3 2 9  1 0 ,6 7 4
G as  o il a n d  fu e l o il..............................  3 5 9 ,0 0 9  9 ,9 9 1
A ll o th e r s .................................   6 7 ,8 5 0  1 ,1 3 4

P ara ffin  a n d  para ffin  w ax ..................... 2 3 6 ,0 4 6  8 ,1 7 7
1000 lb .

E th e re a l o ils: u n its
P e p p e rm in t o i l .  .................................  112 367
O th e r  e th e re a l o ils .................................................. 254

1000 bb l.
NAVAL STORES. U nits

R o s in  ................. . . . . .....................  2 ,6 0 5  13 ,563
T a r ,  tu rp e n tin e  a n d  p i t c h ...................  179 526

1000 gal. 
u n its

T u rp e n tin e  o i l ............................................ 2 0 ,0 2 4  8 ,1 6 1
1000 to n

f e r t il iz e r s : u n its
P h o sp h a te  ro ck :

H ig h -g rad e  h a rd  ro c k ........................ 473 4 ,7 3 5
L a n d  p e b b le ...........................................  891 5 ,2 5 5
O th e r  g r a d e s .............................    2 6
O th e r  fe r t i l iz e rs .................................... 73 1 ,667

m is c e l l a n e o u s :
G r a p h i te .......................................................  5 ,3 8 4  392
C o k e ...............................................................  882 3 ,3 1 0

1000 lb . 
u n its

M e rc u ry  ...................................................  86 44
C e llu lo id ...........................................................................  1 ,317
C a o u tc h o u c :

W a s te ........................................................  6 ,5 6 0  768
R e c la im e d ...............................................  4 ,9 8 8  837

1000 to n  
u n its

W ood  f lo u r ................................................... 1 7 .7  738
1000 lb . 

u n its
H o p s ...............................................................  2 5 ,7 0 1  7 ,4 8 4
G lu e ................................................................  2 ,3 6 2  260
C a n d le s ....................................................   2 ,6 8 3  253

1000 p iece
E le c tric  la m p s : u n its

A rc .......................................................................  7 .7  134
C a rb o n  f i la m e n t ...................................  1 ,8 4 4  255
M eta llic  f i la m e n t.................................  1 ,091  302

R u n n in g
fee t

P h o to g ra p h ic  film s fo r  c in e m a to ­
g ra p h  (u n e x p o s e d )..............................  1 1 4 ,1 2 4  3 ,0 5 6

O th e r  sen s itized  p ro d u c ts ........................................  2 ,1 0 7
V u lcan ized  fab ric s , e tc ..............................................  777

1000 bb l. 
u n its

C e m e n t..........................................................  2 ,9 6 4  4 .2 7 1

1914 
1000 lb . 
u n its  

3 2 ,7 5 0  
4 7 ,8 9 7  

7 ,3 8 7

13 ,176

T o n s
98

1000 gal. 
u n its  

,161

000  lb . 
u n its  

155

2 ,8 5 8
12 ,683

$1000
u n its

989
833
328
735

140
620

1,807

479 
538 

1 .084

1 ,265  
410 

6 ,5 2 1  
779 
533 
640

1,801 
5 9 ,5 1 4  2 ,8 6 3

1 ,5 1 4  
4 .4 2 1

  6 ,5 6 7
,303  1 ,2 1 4
867 290

  1 ,967

2 1 6 ,3 0 9
1 6 ,204

1000 gal. 
u n its  

266

14 ,684
1 ,127

871
155
102

1 2 4 ,736
1.010,449

191 ,648
162 ,669
4 7 ,0 2 4

6 3 4 ,2 9 7
6 9 ,2 1 0

188 ,823

1009 lb . 
u n its  

119

154 
393 

„ 542
47 
81

4 ,9 5 9  
6 4 ,1 1 3  
2 6 ,3 1 6  
1 9 ,898  
5 ,391  

1 8 ,019  
1 ,205  
6 ,4 3 5

1000 b b l. 
u n its  

1 ,749  
419 

1000 gal. 
u n its  

1 1 ,1 1 8  
1000 to n  

u n its

309
229

8 ,0 6 8
541

5 ,1 8 9

282 2 ,8 1 8  
681 3 ,9 4 8

1.1  5 .5
64 1 ,311

3 ,9 2 1
592

1000 lb. 
u n its  

108

277
2 ,2 3 4

71
1 ,1 0 9

4 ,1 8 7
6 ,2 5 0

1000 to n  
u n its  

11
1000 lb . 

u n its
1 1 ,0 5 6  

2 ,2 4 8  
3 ,1 5 3

1000 p iece 
u n its  

2.1 
608 

1 ,3 4 8

R u n n in g
fe e t

88 ,401

409
872

484

2 ,9 2 6
243
308

43
88

278

2 ,5 8 1  
1 ,4 9 8  

652

E X P O R T S  1913
1000 lb.

p a i n t s  a n d  v a r n i s h e s :  u n its
W h ite  l e a d ...................................................  15 ,062
Z inc o x id e ...............................................: . . 2 8 ,9 3 3
L a m p b la c k ....................................................................
O th e r  p ig m e n ts .............................................................

1000 gal 
u n its

R e a d y  m ixed  p a in t s ................................ 907
L a c q u e rs  a n d  v a rn ish e s ........................  1 ,1 3 0
S im ila r  p ro d u c ts ..........................................................
P r in te r s ’ in k ...................................................................
O th e r  in k s .......................................................................
B la c k in g ................... .......................................................
P e n c i ls ..............................................................................

1914
S I000 1000 1b. siooo
u n its  un its  units
905 17 ,646 1,017

1 ,1 3 6  31 ,183  1,409
470   389
724   684

1000 gal. 
un its

1, 167 772 974
1 .1 0 7  863 834
1 .8 1 9    1,596

435   421
197   152
698   546
611   500

TH E  GERM AN LEAD IN D U STR Y

A  number of German works, members of the German Sales 
Bureau for Rolled and Pressed Lead Manufacturers, have, 
according to Engineering 99 (1915), 247, formed a combine 
under the name of the United Lead and Tin Works, Limited, 
Cologne, and have also entered into an agreement with the 
Rhenish-Nassau Mining Company, Stolberg. A central rolling- 
mill will be erected in direct connection with the works. The 
new firm, after the erection of the central works, will remain 
a member of the above-mentioned sales bureau, an agreement 
having been arrived at to this effect. The new company, however, 
will not only manufacture goods for the sales bureau, but also 
specialties, which the different works hitherto have manufac­
tured for their own account. The Gelsenkirchen Lead Works, 
which is at present idle, will be extended and maintained as a 
kind of center for the coal district. The capital of the new com­
pany amounts to 3,150,000 marks.

1000 b b l. 
u n its
2 ,1 4 0  3 ,0 8 9

A NEW  T Y P E  OF OIL CARRIER, TH E CYLINDRICAL 
TA N K  STEA M ER  “ RICARDO  A. M ESTR ES”

A  new type of oil-carrying steamer has recently beeii built 
in England; in it the oil, instead of being carried in ordinary holds 
with straight bulkheads, is contained in large vertical cylindrical 
tanks, so that there is a freedom from webs and stiffeners on the 
internal surface, the consequence being that the process of cleans­
ing is greatly expedited and more effective. The tanks are of 
sufficient capacity to take the full dead-weight load of heavy 
oil, and ordinary cargo or light oil can be shipped in the spaccs 
between the outer walls of the cylindrical tank and the sides of 
the ship, this space being divided up into a number of com­
partments by water-tight bulkheads.

A  vessel of this type, the “ Ricardo A. Mestres,”  is illustrated in 
a recent issue of Engineering; she was constructed for the Trans­
continental Petroleum Company, and is the third of her type to 
be put into service.

This vessel has a length between perpendiculars of 365 ft., 
a breadth extreme of 50 ft. 9 in., and moulded of 50 ft. 6'/«in., 
while the depth moulded is 29 ft. 3 in. She is built with a double 
bottom extending throughout the full length of the ship, with the 
usual fore peak, in which oil fuel may be carried in supplement 
to the oil fuel in the athwartship bunker immediately in front 
of the boiler compartment, which, with the engine-room, is 
placed in the after part of the ship. There are five tanks for the 
carrying of heavy oil. The forward tank has a capacity of 
32,850 cu. ft., the other four of 38,025 cu. ft. each; the hold- 
tanks, at the side of and between the cylindrical tanks, on the 
port as well as the starboard side, are of a capacity each of 10,642 
cu. ft. In addition, oil may be carried in the five double-bottom 
tanks, as marked on the longitudinal section; and these, including 
the accommodation of the expansion trunks formed in connec­
tion with the decks, make the total capacity of the cargo spaces 
up to 285,793 cu. ft. Excluding the expansion trunks, the total 
capacity is 263,968 cu. ft. In addition, there is bunker capacit) 
of 26,183 cu. ft.
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TRANSVAAL GOLD-M IN IN G

The fact does not appear to be generally recognized, accord­
ing to Engineering, 99 (1915), 380, that since September last 
year the production of gold in the Transvaal has on the whole 
shown a greater output than in the corresponding months of 
the previous year. The output in October was valued at 
$15,100,000, as compared with $14,800,000 in October, 1913;
in November at $14,800,000, as compared with $13,900,000;
in December at $14,350,000, as compared with $13,900,000;
in January at $14,900,000, as compared with $13,400,000;
and in February at $11,500,000, as compared with $12,900,000. 
Transvaal gold-mining is, however, threatened with a special 
war tax by the South African Union.

THE CANADIAN CH EM ICAL M ARKET

According to Chemisette Industrie, 38 ( 1915), 74, prohibition 
of the exportation of chemicals from England combined with the 
stoppage of German exports has made Canada dependent al­
most entirely on American chemical products. Among those 
chemicals which are especially sought for in Canada are car­
bolic, salicylic, oxalic, citric and tartaric acids, camphor, cocaine, 
morphine, codeine, glycerine, hydroquiuone, menthol, vegetable 
oils, potassium permanganate, sodium benzoate and salicylate, 
and santonine. The prices of these articles have reached from 
200 to 900 per cent of their normal values.

MONOPOLY FO R  NITROG EN  PR O D U CTS IN GERM AN Y

The German Government has introduced a measure of great 
importance to the chemical industry— viz., a proposal for the 
establishment of a trade monopoly for various nitrogen prod­
ucts, to remain in force until March 31, 1922 [Engineering, 99 
(>915). 455]- After that date the A ct can be prolonged by 
fresh legislation. The measure is described as having been due 
to the present emergency, and comprises: (a) Inorganic
minerals containing nitrogen; (b) nitrogen products manu­
factured synthetically, as well as natural products; (c) manures, 
containing nitrogen, coming under (a) and (b). The monopoly 
will affect the different kinds of saltpeter, nitride of sodium, 
ammonium products, guanidine, nitric acid, etc. I t  will affect 
both the Norwegian and the Swedish industries within that 
branch, which have a market of some importance in Germany.

TIN  M IN IN G  IN SIAM

A feature of the tin mining industry which centers around 
the Straits is the increased production obtained from Siamese 
Malaya and Siam itself. [Mining Journal, 4157 (1915)] 
Nowhere has the tin dredging industry had so much success, 
and the scale of operations at the present time is the most 
extensive anywhere. For the last financial year, 1913-1914, 
eight dredges were at work, which produced black tin yielding 
1,800 tons of metal from 4,700,000 yards of gravel treated. 
This number has been added to since, and there are now thirteen 
dredges at work and more under construction. Apart from the 
dredging industry the output of metal would probably show a 
declining tendency. The output for the last four years in metal 
is as follows :

1 9 1 1 -1 9 1 2 ......................... 5 ,900  to n s
1 9 1 3 -1 9 1 4 ......................... 6 ,800  to n s

I« !? '} ? } !......................... 4 ,900  to n s
^ 1 3 .........................  6 ,600  to n s

D. G. A n d e r s o n

CHINA CLAY IN ENGLAND

The present state of the China clay trade in Cornwall is, ac­
cording to the Paper Makers' Journal, No. 3 (1915), exceedingly 
inet. Comparatively little business is being done in any 
pade. Many of the China d a y  works are shut down entirely, 

others are working short time.

The demand for China clay from America has fallen off con­
siderably, and the scarcity of. shipping, combined with high 
freights and insurance, is proving very detrimental to the home 
trade. The industry on the whole is badly hit, and most of the 
works at present working are engaged in development work. 
Stocks are accumulating and in many cases the drys are closed. 
— A.

ENAM ELLED W IRE 

During the past few months enamelled wire has obtained a 
very great popularity for very many purposes, and considerable 
success has been achieved in its manufacture by w ay of eliminat­
ing the early defects which manifested themselves. Even now, 
however, there are complaints that for certain purposes diffi­
culties arise owing to the apparent inability to coat the wires 
absolutely evenly with the enamel in the enamel bath. The 
particular complaint which has just come under notice [Mechan­
ical World, 1475 (1915) ] has reference to the use of this wire for 
telephone purposes, especially in tropical countries, but it is 
not altogether certain that the complaints may not be due to 
isolated instances rather than to there being a generally un­
satisfactory result. That such wires are giving satisfaction is 
indicated by their use in the Post Office Telephone Department, 
where very stringent tests are imposed. The practice of the
G. P. O. is to insist that such wires shall be able to withstand an 
electrical pressure of 1000 volts after immersion in caustic soda, 
sulfuric acid, nitric acid, and hydrochloric acid, for 48 hours, 
and potash for 35 minutes. It  is also a fact that more than one 
manufacturer of telephone apparatus in which enamelled wire 
is used is quite satisfied with the product he is obtaining; but 
manufacturers of this wire will probably welcome having their 
attention drawn to the fact that complaints are even now made. 
It  is suggested that simple enamel insulation is not suitable 
for very fine-gauged wires, and it is more or less to these that 
such complaints as are made relate.— A.

LIQUID FUEL FO R  INTERNAL CO M BU STIO N  EN G IN ES

According to The Engineer, No. 3095 (1915), 408, one of the 
problems which will shortly have to be faced in a thorough manner 
by the chemists of Great Britain, is that of providing an al­
ternative fuel for the class of engines that are now dependent 
for their operation on petrol and benzol. In 1914 the world's 
output of crude oil amounted to 57 million tons and the highest 
possible yield of petrol from the whole quantity is placed by 
Professor Lewes at 1,700,000,000 gallons, of which amount 
the United States, alone, last year used 1,200,000,000 gallons 
and Great Britain over 200,000,000.

The two fuels from which petrol is likely to receive the chief 
opposition in the future are, of course, benzol and alcohol. 
The yield of the former is, however, almost infinitesimal, and 
there is not much likelihood of any material increase in the pro­
duction. Taken at 1.8 gallons per ton of coal, the total amount, 
from the whole of the coal carbonized in Great Britain last year 
would be only 9,000,000 gallons. T hat the Germans had been 
alive to the valuable properties of benzol is shown by the fact 
that nearly all the benzol produced in the coke ovens in England 
has been exported to Germany, chiefly for use in the dye in­
dustry.

The Germans also commenced to replace all the old beehive 
ovens by recovery ovens, free of cost, and took payment in benzol. 
Recognizing the necessity for economy in this class of fuel at 
the present time, the Germans are now said to be employing for 
military transport purposes a mixture containing 80 per cent 
alcohol and 20 per cent benzol, to which is added 200 grains of 
naphthalene. The last-named ingredient is first dissolved in 
the benzol, which, in turn, is mixed with the alcohol and, accord­
ing to- Professor Lewes, the resulting mixture gives five-sixths 
of the power of petrol. Unfortunately, much of the benzol now
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on the market, and especially that produced by gasworks, has 
an injurious effect upon the engine, owing largely to the presence 
in it of sulfuric acid.

One of the leading motor car manufacturing firms has taken 
the pains to investigate the effects of poor quality benzol upon 
lubricating oil and has found that when sulfuric acid is present 
in the benzol a semi-solid deposit is formed in the crank case, 
due to the leakage of benzol past the pistons. This deposit 
consists of carbon and sulfuric acid and the acid rusts the valves 
and stems. The best remedies for this state of things are more 
thorough washing of the spirit or, failing this, the mixing of the 
benzol with petrol in the proportion of 65 per cent benzol and 
35 per cent petrol, the alkaline ingredients in the latter neutraliz- 

■ing the acid content of the benzol.
Everything, however, points to alcohol as the fuel of the future. 

The thermal value of alcohol is only about one-half that of 
petrol or benzol, but whereas it is not advisable to use a higher 
compression pressure with the last-mentioned fuels than about 
80 lbs. per sq. in., with alcohol the compression m ay be raised 
to a pressure of 200 lbs. without fear of preignition, and the 
quantity of air required to complete combustion is little more 
than one-half. Last year the Royal Automobile Club appointed 
a committee to investigate and report on alcohol as a fuel. The 
report has not yet been published, but the most important prob­
lem which this body will have to investigate is that of finding 
a suitable denaturant which will satisfy the excise authorities. 
If the efforts of this committee result in the abatement of the 
duty and some modification of existing restrictions on the manu­
facture of alcohol, capital will no doubt be readily found to pro­
vide factories for the production of the fuel in such quantities 
as will, at any rate, serve to prevent the further rise in price of 
petrol on which so much of the nation’s welfare depends.— A.

BRITISH  BOARD OF TRADE

During the month of M ay the British Board of Trade have 
received.enquiries from firms in the United Kingdom and abroad 
regarding sources of supply for the following articles:
A lu m in u m  w are  
A rtific ia l h o rse  h a ir  
B e lts  a n d  b e ltin g  
C ellu lo id  boxes 
S lip  lid  zinc tin s  
C am el h a ir  b ru sh es  
B ro n ze  p o w d er 
C ellu lo id  b u tto n s  
C ase -h a rd e n in g  com posi­

tio n s  *
C ellu lose1 e x t ra c t  
A c e ta te  o f le ad  
A niline oil 
A n tim o n y  ox ide  
C h lo rid e  of m ag n es ite  
C reso l 
P h th a l im id e  
R ed  p h o sp h o ru s  
S a licy la te  of soda  
S alicy lic  ac id  
Z inc ox ide 
C o llapsib le  tu b e s  
L a c to m e te rs  
B ism u th  s u b n itr a te  
C afT ein-sodium  b en z o a te  
G uaiaco l 
P h e n y l sa licy la te  
S o d iu m  b ro m id e  
F u s t ic  e x tra c t 
L ogw ood  e x tra c t 
C a rb o n  fo r a rc  la m p s  
P o rce la in  in su la to rs  
B ro w n  w are  
L an o lin e
G a la lith  s u b s t i tu te
G e la tin e
L ith o p o n e
L ocks fo r t i n  tru n k s  
M irro rs  
O live o il soap  
B a ry te s
C ru d e  a n t im o n y  ore 
S acks
P rese rv ed  egg  p re p a ra tio n  
T a n n in g  m a te r ia ls  
S p rings  (sp ira l stee l)
S tee l th im b le s

B im e ta llic  s tr ip s  fo r u se  a s  co m p en sa tin g  
d ev ices  in  reco rd in g  * th e rm o m e te rs , in  
b ra ss  a n d  36 p e r  c e n t n ickel s tee l o r  s im ila r 
co m b in a tio n s  

B lack -lead  penc ils  (cheap)
M e ta l ink  b o tt le s  fo r cove ring  w ith  le a th e r  
N ick e l in k  b o tt le s  fo r a t ta c h e  cases 
W h ite  g lass b o ttle s , to  ta k e  scr^ 7 c t  
B ra ss -h ead ed  c h a ir  na ils
C a rn a u b a  w ax ( f a t ty  g ra y  q u a l ity  it am p s) 
C ellu lo id  dev ice  fo r h o ld ing  p a p e rs  sc ra ig h t, 

fo r use w ith  ty p e w ri tin g  m ach ines  
C a s t iron  cy lin d e rs  fo r ca rb o lic  ac id  
C ellu lo id  in solid  ro d s  a n d  tu b e s  
B u ty r ic  ac id , 90 p e r  ce n t 
E p so m  s a lts  (B . P. a n d  com m ercial)
S o d iu m  n i t r a te  (refined)
X y len e  (o, m , a n d  p)
E n a m e lled  iron  clock  d ia ls  
V u lcan ized  h a ir  com bs 
P ressed  b one dom inoes 
G lue , d ry , fo r b o o t a n d  shoe  tra d e  
F ilte r in g  p u lp  as  used  in b rew eries 
O pal sh ad es  fo r e lec tric  lig h ts  
L e a th e r  a n d  im ita tio n  le a th e r  
M a c h in e ry  fo r m a k in g  le a th e r  c lo th  
M a c h in e ry  fo r m o ld in g  ce llu lo id  in to  rings 

a n d  hooks
M a c h in e ry  fo r p r in t in g  p o tte ry  tra n sfe rs  
S k e in in g  m a ch in es  fo r s p li t t in g  rods  
M ach in e  fo r w ire s titc h m g  
M a la c c a  ca n es  (a b o u t 15 fee t long) fo r use as 

d ra in  ro d s  in  c o n d u it  w ork  
M e ta l fo il— B rass  foil a n d  D u tc h  m e ta l foil 
M e ta l tu b e s , seam less, in  v e ry  fine gauges  fo r 

m a k in g  h y p o d e rm ic  need les 
P a p e r— c ig a re tte  p a p e r, a n d  p a p e r  fo r p o t te ry  

tra n sfe rs
S tee l sh e e ts  c o a te d  w ith  b ra ss , co p p e r an d  

nickel 
S p e n t an im a l ch a rco a l 
T h e rm o m e te rs  (clin ical a n d  d a iry )  
T y p e w ritin g  su p p lie s  ( r ib b o n s , e tc .)
W a ste  liq u o rs  from  w ood p a s te  
V eg e tab le  iv o ry  in  tu b e s  
V u lca n ite  b ea d s  
T u n g s te n  p ow der

Firms who may be in a position to supply any of the above 
articles are asked to communicate with the Director of the

Commercial Intelligence Branch, Board of Trade, 73 Basinghall 
Street, London, E. C .— A.

IRON PRO D U CTIO N  OF TH E U. S.— M AY, 1915

The total pig-iron output of the United States in May was 
2,263,470 tons, or 73,015 tons a day, against 2,116,494 tons in 
April, or 70,550 tons a day. W ith 205 furnaces in blast June 
1st, or ten more than on M ay 1st, the active capacity was 
74,343 tons, against 71,385 tons one month previous. Pig-iron 
production is now at the rate of 27,*400,000 tons a year. On 
April 1st it was at 26,000,000 tons, and on January 1st at 18,000,- 
000 tons a year.

Comparison of last month’s iron output with previous months 
of the past three years (figures here representing .gross tons) 
is as follows, according to the Iron Age:

1915 1914 1913
May............................................  2,263,470 2,092,686 2,822,217
April........... ................................  2 , 116,49 4 2,269,995 2,752,761
March.........................................  2,063,834 2,347,867 2,763,563
February.....................................  1,674,771 1,888,670 2,586,337
January....................................... 1,601,421 1,885,054 2,795,331

1914 1913 1912
December....................................  1,515,752 1,983,607 2,782,737
November...................................  1,518,316 2,283,603 2,630,854
October.......................................  1,778,186 2 ,546,26 1 2,689,933
September...................................  1,882,577 2 ,505,927 2,463,839
August........................................  1,995,261 2,545,763 2,512,431
July............................................. 1,957,645 2,560,646 2,410,889
June............................................  1,917,783 2,628,565 2,440,745

OUTPUT OF PO RTLAN D CEM EN T IN U. S.— 1915

The output of Portland cement last year, according to the 
New Y ork Evening Post, totaled 88,230,170 barrels, valued at 
$81,789,368. This was a decrease in quantity of 3,866,961 
barrels, and a decrease in value of $10,768,249, compared with 
1913. Pennsylvania and Indiana held first and second places, 
respectively, as producing States.

U. S. TRAD E IN  APRIL

The following table from the monthly report of the Bureau 
of Foreign and Domestic Commerce, Department of Commerce, 
shows a gain in trade in all classes of merchandise.

Exports, April 1915 1914 1913
Crude material..................  $ 44,355,870 § 37,627,006 $ 47,556,871
Foodstuffs, crude...............  59,414,365 6,328,730 13,209,610
Foodstuffs, partly prepared. 46,618,860 19,590,417 26,178,111
Partly manufactured  38,451,343 31,844,607 37,044,590
Manufactures, complete... 90,503,475 62,557,755 70,664,000
Miscellaneous......................  9,693,543 1,021,188 1,580,524
Total domestic....................  $289,037,456 $158,969,703 S196,233,706
Foreign exp.......................... 5,708,661 3,582,867 3,579,732
T otal Exports..................  $294,746,117 $162,552,570 $199,813,438

Imports, April
Crude material....................  61,714,060 $ 65,868,163 $ 52,987,666
Foodstuffs, crude................. 22,685,047 20,414,438 15,991,013
Foodstuffs, partly prepared 33,806,036 25,064,922 18,243,578
Partly manufactured  19,227,750 27,164,602 29,278,333
Manufactures, complete... 21,775,507 34,082,964 28,937,438
Miscellaneous......................  1,367,706 1,167,025 756,436
T otal Imports...................  $160,576,106 $173,762,114 $146,194,461

T A R  D E H Y D R A T IO N  A N D  T O L U O L  RECO VERY

T h e question of the dehydration  of tar has lately  attracted 
considerable atten tion  in England, since prepared tar is being 
generally adopted for road construction and the light oils driven 
o il in the process of dehydration  contain all the toluol and phenol 
originally in the tar, products now in urgent demand for the manu­
facture o f explosives. One ton of average crude gas-works 
tar yields, when dehydrated, 160 gallons of prepared tar, 30 gal­
lons of ligh t oils, and 10 gallons of am m oniacal liquor. An 
average sam ple of 200 cc. of the such ligh t oil, washed with caustic 
soda, g a v e  18 per cen t of tar acids; on fractionating the washed 
oil, the following results were obtained:

Temp. Per cent product Temp. Per cent product
Up to 100° C. 35 Benzol 120° to 125° C. 28 Solvent naphtha
100° to 120° C. 10.5 Toluol Residue 40.5 Creosote

T he oil also contained 6 per cent of very  good pyridine. The 
quantities of fuel required per ton of tar distilled are with plants 
actu a lly  a t work, 67 lbs. of breeze or 450 cu. ft. of gas of 500
B . T . U . [/. Gas Lighting, 130 (1915), 330].
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S C I E N T I F I C  5 0 C I L T I L S

TH E SEATTLE M EETIN G

The 51st Annual Meeting of the American Chemical Society 
will be held at the University of Washington, Seattle, August 
31st to September 2nd. The Hotel Frye, corner 3rd Avenue 
and Yesler W ay, has been chosen as headquarters. Cowen 
Park and Ravenna cars, which pass headquarters on 3rd 
Avenue, lead, without transfer, to the University grounds, 
reaching the 40th Street entrance to the Campus in 35 minutes.

R e g i s t r a t i o n  will take place in the lobby of Hotel Frye on 
August 30th and in Bagley Hall, University of Washington, on 
August 31st and September 1st. All members and guests should 
register on arrival and are requested to secure banquet tickets 
on registration. Special excursions to points of interest m ay be 
arranged for at the registration desks, and guides will be pro­
vided.

PROGRAM OF M EETING
August 30 , 7 .3 0  p .m .— C o m p l i m e n t a r y  d i n n e r  t o  t h e  C o u n c i l ,  a t  

th e  H o te l F ry e , b y  th e  S cience F a c u l ty  of th e  U n iv e rs ity  
of W a sh in g to n ; follow ed b y  business  m e e tin g .

August 31 , 10 .00  a . m .— O p e n in g  m e e t i n g  a t  M e a n y  H all.
A d d r e s s e s  o f  W e lc o m e — H o n . E r n e s t  L i s t e r , G o v e r ­

n o r  o f  S t a t e ,  a n d  P r e s i d e n t  H e n r y  S u z z a l o , o f  th e  
U n iv e r s i ty  o f  W a s h in g to n .

R e s p o n s e —D r . H .  K .  B e n s o n .
A d d r e s s ,  “ C h e m ic a l  I n d u s t r y , ” — D r .  L e o . H .  B a e k e ­

l a n d .
1 .30  p .m .— D iv is io n  M e e t in g s ,  B ag ley  a n d  S cience  H alls .
3 .0 0  p .m .— C o m p l i m e n t a r y  R e c e p t i o n  a n d  T e a ,  fo r  

la d ie s ,  U n iv e r s i ty  C a m p u s .
8 .0 0  p .m .— C o m p l i m e n t a r y  S m o k e r  b y  S e a t tle  C o m m er­

c ia l C lu b .
8 .0 0  p .m .— C o m p l i m e n t a r y  O r g a n  R e c i t a l ,  fo r l a d ie s .  

Septem ber  1, 10 .00  a .m . a n d  1 .30  p .m .—D iv is io n  M e e t in g s .
10.00  a .m .— C o m p l i m e n t a r y  a u t o m o b i l e  r i d e ,  fo r lad ies.
4 .3 0  p .m .— C o m p l i m e n t a r y  a u t o m o b i l e  t r i p  from  U n i­

v e rs ity  C a m p u s  to  H o te ls  via  b o u le v a rd  sy stem .
8 .0 0  p .m .— P r e s i d e n t ’s  A d d r e s s — P r e s i d e n t  C h a r l e s  

H o l m e s  H e r t y ; follow ed b y  b u sin ess  m eeting .
Septem ber  2— E x c u r s io n  o n  P u g e t  S o u n d  fo r  in s p e c t io n  o f  h a r b o r  f a c i l i ­

t ie s  a n d  t h e  f is h in g  in d u s t r y .
8 .0 0  p . m .— S u b s c r i p t i o n  B a n q u e t  (P rice , $ 3 .0 0 ) .

11.55 p .m .— Specia l t r a in  le av es  S e a t tle  fo r M t.  R a n ie r  
P a rk  (See T h is  J o u r n a l , 7  (1 9 1 5 ) , 5 4 5 ) .

LOCAL COM M ITTEES (SEA TTLE)

The following local committees are in charge of the arrange­
ments for the meeting:
.. H . G . B yers , C ha irm an;  E . J .  B a rte lls , V ice-C ha irm an;

T rum bull, Secretary; J . E . B ell, T reasurer;  H . K . B enson , C ouncilor. 
F in a n c e — H .  K .  B enson , C h a irm an;  j r .  J .  F a lk e n b u rg , C .  A .  N ew h all, 

K« Smith, C. E . B o g ard u s , J .  H . L in to n , H . M asc lim ed t, E . J . B arte lls .
E x c u r s i o n s — E . J .  B a rte lls , C h a irm an;  C . E . B o g a rd u s , E . A. D ie te rle , 

George Grindortl,
P r e s s —Lee A. W h ite , C ha irm an;  E . E . H u r ja , I .  F . Lauelcs, E . O. H c in - 

nch. Frank S te rnbe rg .
R e c e p t i o n  a n d  R e g i s t r a t i o n — } .  H .  L in to n , C ha irm an;  M .  T . F a lk e n -  
i? ’ T ru m b u ll. S . C . L a n g d o n .
B anque t—R . W . C lo u g h , C h a irm an;  H . K . B enson , A. L . K n ise ly . 

Jacob>KIiR— ^  ^ F a lk e n b u rg , C ha irm an;  J .  H . L in to n , R ex  S m ith , A.

L a d i e s ’  E n t e r t a i n m e n t — M rs. C . A. N ew h all, C h a irm an;  M rs . H . 
Maschmedt. M rs. C . E .  B o g ard u s , M iss  G leno la  B eh ling , M iss  R u b y  C lift, 
sirs. Ray C lough, M rs. H . G . B yers.

R a t e s  a t  t h e  H o t e l  F r y e  (European plan) are as follows:
S i n g l e  W ith o u t b a th ,  S I .50 to  S2.00  W ith  b a th ,  S2.00 to  S3.00 
D o u b l e  W ith o u t b a th ,  S2 .00  to  S2.50 W ith  b a th ,  S3.00 to  S4.00

Rates at other hotels convenient of access are.
New W ash ing ton  S ingle , S3 .00  to  S5.00  D o u b le , S4.00 to  $7 .00  
Ja™>’ S ing le , S I .00 to  S3.50  D oub le ,
5.ut|er S ingle, S I .00 to  S3.00 D o u b le , S1.50 to  S2.00
Washington A nnex S ing le , S I .50 to  S2.50 D oub le , S2.00 to  S4.00 •

The A rctic  C l u b , located across Prefontaine Square from 
' headquarters, will keep open house to delegates with dining­

room and ladies’ dining-room open all day. A  limited number 
°f rooms are available, and delegates m ay secure the same by 
"Titing M. J. Falkenburg, Pioneer Square, Seattle.

THE DETERM INATION OF M O ISTU RE IN SHELLAC

For these reasons the usual methods of determining water by 
heating in the air bath at ioo° to n o °  C. are not applicable in 
the analysis of shellac.

s a m p l i n g — Bleached shellac is sold in three forms, as hanks 
or bars containing approximately 25 per cent water, as ground 
bleached in pulverized form with about the same water content, 
and as bone-dry or kiln-dried shellac. The latter is prepared 
by drying the ground bleached shellac in the air or in vacuum 
driers at moderate temperatures: it may contain, depending 
upon the completeness of the drying and weather conditions, 
up to 10 per cent or more of water.

In sampling bone-dry bleached shellac a fairly large portion 
(about a pound) should be taken from different parts of the barrel 
and finely ground by running quickly through a coffee mill. 
No attempt must be made to sieve it. It  should be rapidly mixed 
and transferred to a Mason jar provided with a screw cap and 
rubber ring seal; the jar should not be more than two-thirds 
full, leaving room for a thorough mixing by shaking the contents; 
it must be kept in a cool place and tested as promptly as possible. 
If too warm the shellac may become partly caked, in which case 
the lumps must be broken up by shaking the bottle.

In sampling bars or hanks it is recommended that a  whole 
hank be taken. It  should be crushed and ground as rapidly as 
possible. ■ Ground bleachcd may be treated as above, bearing 
in mind that the large amount of moisture present makes rapid 
handling imperative.

m o i s t u r e  d e t e r m i n a t i o n — Method. 1:  From 5 to 10 grams 
of the sample should be weighed in flat-bottomed dishes about 
four inches in diameter or in watch glasses ground to fit and pro­
vided with a clamp. The shellac is then placed in a desiccator 
freshly filled with concentrated sulfuric acid. The contents of 
the dish should be spread out in a thin layer to expose as large 
a surface as possible The desiccator is exhausted by a vacuum 
pump as completely as possible. W ith a good vacuum (3 mm. 
pressure or better) constant weight will be obtained in between 
24 and 48 hours. Absolutely dry bleachcd shellac is quite 
hygroscopic and the final weight should be taken as rapidly 
as possible.

Method 2: The same results may be obtained by drying the 
shellac in a well ventilated air bath from 3 to6hours at io o ° - n o °
F. (38°-43°C.). One or two electric light bulbs provide a con­
venient source of heat. The temperature should not be allowed 
to rise above 43° C., otherwise sintering may occur and retard 
drying. W ith poorly ventilated ovens the drying may take 
much longer. Completeness of drying should be ascertained 
by continuing the treatment to constant weight. It is recom­
mended that analysts check the accuracy of results obtained in 
the oven by comparison with a test made in a vacuum desiccator 
before relying exclusively on the oven.

n o t e — When the determination of alcohol-insoluble matter 
in bleached shellac is required, the sample must be dried if in 
the form of bars or ground bleached, as the water present dilutes 
the alcohol to a point where solution may not be complete. Pro­
longed heating at the temperatures of 38°-43° C. stated above 
may render the shellac partly insoluble and it is recommended 
that in preparing shellac for this determination a separate por­
tion be dried by exposure to the air in a thin layer without the 
application of heat.

A p p r o v e d  b y

Both orange and bleached shellac give off volatile matter
te®peratures approaching 100° C. Bleached shellac alters 

c ^mically at these temperatures losing its solubility in alcohol.

B e r r y  B r o t h e r s , I n c . 
K a s e b i e r - C h a t e ie l d  S h e l l a c  C o . 
T h e  M a c - L a c  C o .
M a r x  &  R a w o l l e  
P i t t s b u r g h  P l a t e  G l a s s  C o . 
R o g e r s - P y a t t  S h e l l a c  C o .
W m . Z in s s e r  &  C o .

S i g n e d  b y  C o m m i t t e e  
A . C . L a n g m u i r ,  C hairm an  
G . F . A s h b y  
C . T . B r a g c  
E . F . H i c k s  
P. C . M c I l i i i .n e y  
J . W . P a i s l e y  
A. G . S t i l l w e l l
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RESU LTS OF SO M E CO -O PERATIVE W O R K  ON D E- committee on sulfur determination in pyrites, blends, etc., to
TERM IN ATION  OF SULFUR IN PYR ITES; SO M E the 6th International Congress of Applied Chemistry.' The

OBSERVATIONS ON DETAILS OF M ANIPULA- methods followed were those of Lunge and of Silberberger.
TION, SOURCES OF ERROR, AND ON The maximum difference by each method was nearly 1 per cent.

BARIUM SULFATE AS PR E CIPI- M any investigators, and especially Allen and Johnston,2 have
TATED UNDER DIFFEREN T pointed out several causes, or sources of error, accountable for

CO N D ITIO N S1 differences in results obtained by the Lunge method. Allen
B y H . C . M o o r e  and Johnston determined quantitatively the effect of these errors

After several experiences, when we had submitted portions an‘l found the greatest to be due to the presence of ammonium 
of the same ground laboratory sample to several laboratories salts in the solution in which barium sulfate is precipitated,
for sulfur analysis, we found that a good general agreement of the a's0 made a quantitative study of this error and our results,
results reported was quite unusual. Since it generally appeared, Table IV, confirm closely the results of Allen and Johnston,
upon investigation, that all laboratories had followed practically an<̂  show that by the modified Lunge method this error affects
the same details of analysis, the cause of these disagreements *-he results by  from 0.3 to about 1 .0  per cent sulfur,
was not apparent We then decided to make a study of this W e also made a study of the methods of effecting oxidation 
matter and the best plan seemed to be that of co-operative work and solution of the sample (Results, Table II), and found two
on carefully prepared samples. Accordingly, two large samples sources of error following the Lunge method: (1) loss of sulfur
were ground to pass 80 mesli and were separately mixed. Sealed presumably by volatilization and (2) loss due to incomplete
portions of these samples were sent to several laboratories oxidation. In Sample 15,095 free sulfur separated when treated
with the request that they determine sulfur by their usual with the nitro-hydrochloric acid: in such a case another error

T a b l b  I — S u l f u r  R e s u l t s  R e p o r t e d  b y  t h e  S e v e r a l  L a b o r a t o r i e s  o n  t h e  T w o  S a m p le s  o f  P y r i t e s  
P e r  c e n t S— D ry  b asis  

L a b . N o . N o .
N o . A n a ly s t 15095 15096 M e t h o d  o p  A n a l y sis

1 ?  5 5 '? ?  ) M od ified  L u n g e  m e th o d , (a) T w o  p re c ip ita tio n s  of iro n  b y  N H <O H . I ro n  re s id u e  n o t  te s te d  fo r su lfu r.
A 3 8 .6 3  4 6 .7 9  )

2 3 8 .6 0  4 6 .6 3  S am e a s  N o . 1.
3 3 8 .7 4  4 7 .0 6  A v. of sev e ra l m od ifica tions  of L unge .
4 3 8 .9 3  4 6 .6 0  P ra c t ic a l ly  sam e  a s  N o. 1, e x c ep t iron  re s id u e  w as d isso lved  a n d  s u lfu r  p re c ip ita te d  b y  B aC Ii.
5 W  3 8 .7 3  4 7 ,0 0  M od ified  L u n g e . M a d e  2 nd  e v a p o ra tio n  w ith  H N O j-H C l m ix tu re . O ne p re c ip ita tio n  of iro n  b y  N H 4O H . Iron residue

B  3 9 .2 4  4 7 .0 6  n o t te s te d  fo r su lfu r.
L  3 9 .2 1  4 7 .3 4

6 3 9 .5 0  4 7 .6 3  L u n g e . BaSO< d rie d  a t  130° C.
7 A  3 9 .4 1  4 7 .3 8  A llen a n d  B ishop  m e th o d .(b )

B  3 9 .5 4  4 7 .4 0
C  3 9 .4 3  4 7 .3 2

8 4 0 .0 0  4 7 .8 8  L u n g e . O ne p re c ip ita tio n  of iron  b y  N H 4O H . S u lfu r  p re c ip ita te d  in  iro n  res id u e . BaC la so lu tio n  ad d e d  all a t  once.
9 3 9 .2 3  4 7 .6 2  M odified  L unge . O ne p re c ip ita tio n  of iro n  b y  N H 4O H . I ro n  re s id u e  n o t  te s te d  fo r su lfu r.

10 3 9 .4 8  4 7 .6 3  M e th o d  n o t  rep o rted .
• 11 3 9 .5 5  4 7 .6 2  M od ified  L u n g e . A llen a n d  B ishop  m e th o d  of so lu tio n . O ne p re c ip ita tio n  of iron  b y  N H 4O H . I ro n  residue dissolved

in  HC1 a n d  s u lfu r  p re c ip ita te d .
3 9 *2?  4 7 .7 6  |  M odified  L unge . O ne p re c ip ita tio n  of iron  b y  N H 4O H . I ro n  re s id u e  d isso lved  in  HC1 a n d  s u lfu r  p rec ip ita ted .

13 3 9 .5 6  4 7 .4 5  M odified  L u n g e . T w o  p re c ip ita tio n s  of iro n  b y  N H 4O H . I ro n  re s id u e  d isso lv ed  in  HC1 a n d  s u lfu r  p rec ip ita ted . Beaker
c o n ta in in g  p re c ip ita te d  B aS 04  le f t  on s te a m  b a th  o v e r n ig h t b e fo re  filtering ;

3 9 .5 4  4 7 .5 9  A llen a n d  B ishop  M eth o d .
14 3 9 .3 7  4 7 .2 8  M odified  L u n g e . O ne p re c ip ita tio n  of iro n  b y  N H 4O H . I ro n  re s id u e  d isso lve  in  HC1 a n d  su lfu r p rec ip ita ted .

3 9 .2 1  4 7 .3 8  E lec tro c h em ica l m e th o d  of A. M . S m oo t.(c )
3 9 .7 0  M e th o d  o f S m o o t, e x c ep t co ld  p re c ip ita tio n  of B aS 04  ac co rd in g  to  A llen a n d  B ishop .

15 3 9 .1 9  4 7 .1 9  M odified  L u n g e . T w o  e v a p o ra tio n s  w ith  H N O a-H C l m ix tu re .
3 9 .5 9  4 7 .4 4  A llen a n d  B ish o p  m e th o d .

16 3 9 .1 9  4 7 .8 8  L u n g e  m e th o d .
3 9 .1 5  4 7 .8 7  A llen a n d  B ishop  m e th o d .

S um m ary  o p  A b o v e  R e s u l t s  (excep ting  th o se  of L a b o ra to ry  10 a n d  14)
M o d if ic a t io n s  o p  L u n g b  M e t h o d  A l l e n  an d  B is h o p  M eth o d

S am p le  N o . 15095 S am p le  N o . 15096 S am p le  N o . 15095 S am p le  N o . 15096
M ax . p e r  c e n t s u lf u r ............................................................  4 0 .0 0  ‘ 4 7 .8 8  3 9 .5 9  4 7 .8 7
M in . p e r  c e n t s u lfu r .............................................................  3 8 .6 0  4 6 .6 0  3 9 .1 5  47 .31

A ver, p e r  c e n t s u lfu r .............................................  3 9 .1 8  4 7 .2 8  3 9 .4 7  4 7 .4 9
(а) B y  m odified  L u n g e  m e th o d  is m e a n t som e one of th e  n u m e ro u s  m od ifica tions . B y  m o st of th e se  m o d ifica tio n s  B aS 04  is p rec ip ita ted  by the slow 

a d d itio n  of B aC Ii so lu tio n .
(б) " A n  E x a c t  M e th o d  fo r D e te rm in a tio n  o f S u lfu r  in  P y r ite s  O re ,”  8 th  In te rn a tio n a l Congress o f  A p p lie d  C h em is try , 1, 33.
(c) E ngineering  and  M illin g  Jo u rn a l, 94 , N o . 9.

method and when reporting their results to describe briefly would be introduced unless this free sulfur were oxidized and
their details of analysis. Results have been received from seven- brought into solution.
teen laboratories and appear in Tables I, II and III; these re- The most general method for determining sulfur in pyrites
suits present about the usual disagreement. has been either that of Lunge or some modification of this method.
The following laboratories and analysts participated in the work: Allen and Johnston5 have shown that accurate results are ini
McCandless Laboratory..............................................  Atlanta, Ga. possible by  any modification of the Lunge method, or when
StuLeHr&G^addirng°ry: " i ! !  i ! ! ! ; i ! ! ! ! ! ! ! ! !  ! Ne^York^N. Y. barium sulfate is precipitated in solutions containing ammonium
Pennsylvania Salt Manufacturing Company..............  Philadelphia, Pa. salts, unless as the result of a nice balancing of the plus and
A. M . S m o o t. L ed o u x  & C o m p a n y ........................................ N ew  Y o rk , N . Y . . , , . . . • • 1 „,-»,-*.00* inns
W . S . A llen , G en era l C hem ica l C o m p a n y .........................  N ew  Y o rk , N . Y . m i n u s  e r r o r s ,  o r  b y  a p p l y i n g  c e r t a i n  e m p i r i c a l  co rrec tio n s .

Compau>° mPany:-: £Scamgo?dihVa- The fact- however- that s0“ e laboratories, by certain modifier <
C . W . B la ck m a n , S w ift F e r ti l iz e r  C o m p a n y ................ A tla n ta , G a. t i o n s  o f  t h i s  m e t h o d ,  g e t  r e s u l t s  w h i c h  a g r e e  w i t h  tllOSe 01 tilC

a  j?  B it“ ^tern^ioniTAiicu°tTrarcoipiratjin.'.! Atlanta! Ga. later and more exact methods, either that of Allen and Bishop'

: : Sw O ^ c'an'ria. that detaUS °[  « f t *
P a u l R u d n ic k , A rm o u r F e r ti l iz e r  W o rk s ............................ C h icago , 111. w h ic h  h a v e  p r o d u c e d  c o n d i t i o n s  f a v o r a b l e  t o  a  n ic e  b a lan c in g
H . G . H a c k m a n , A rm o u r F e rti liz e r  W o rk s .......................  C h ro m e , N . J . . . .  , , .
R . N eu , A rm o u r F e rti liz e r  W o rk s .........................................  Jack so n v ille , F la . t h e  p l u s  a n d  m i n u s  e r r o r s .
R. D. Caldwell and H. C. Moore. Armour Fertilizer Works. Atlanta, Ga. Laboratory 6 seems to have effected a compensation of errors

R e s u l t s  o f  s i m i l a r  c o - o p e r a t i v e  w o r k  w e r e  r e p o r t e d  b y  t h e  i A lso p u b lish e d  in  Z eit. fu r  angew  Chem ie, 1905, p. 449.

1 P re se n te d  a t  th e  5 0 th  M ee tin g  of th e  A m erican  C h em ica l S oc ie ty , ! Chem . Soc., 32 (1910), 588.
N ew  O rleans, M a rc h  31 to  A p ril 3, 1915. R ec o m m e n d ed  fo r p u b lica tio n  1 ^ oc• c^ ‘
b y  th e  C o m m ittee  on R esea rc h  a n d  M e th o d s  of A nalysis , P iv is io n  of 4 &th In te rna tiona l Congress o f A p p lie d  C hem istry, 1» 33.
F e rtiliz e r C h e r n i y .  'E ng ineering  and  M in in g  J q u m q I, 94 , N o . 9.
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by drying the barium sulfate at 1300 instead of igniting. Our 
investigation shows that under certain conditions (see Table 
IV) very good results are obtained by this practice.

Attention is called to the results of Analyst 14, M r. A. M.
Smoot, to whom credit must be given for some very interesting 
observations relative to the co-precipitation of calcium sulfate 
with barium sulfate. He found that his results on Sample 
15096 by the modified Lunge method1 and his electrochemical 
method were normal, but that results on Sample 15095 by the 
same methods were unusual in that higher results were obtained

T a b l e  I I — R e s u l t s  b y  A n a l y s t  A  o f  O u r  L a b o r a t o r y

an aliquot for analysis. The result of this procedure did not 
agree quite so well for some reason as those by  the regular 
method. The method of Smoot also appears to be an excellent 
one except that suitable electrical apparatus is not available 
in all laboratories.

From the foregoing and from the results in Tables I to IV, 
we might conclude that the disagreement in results in Tables 
I, II and III is due partly to the different methods of analysis 
and partly to the personal factor or different ways of handling 
the same method.

P e r  c e n t s u lfu r  on  d ry  basis  
N o . 15095 N o . 15096M e t h o d

(1)—Modified L unge . 0 .5-g. sam p les  tr e a te d  w ith  10 cc. n itro -h y d ro c h lo r ic  ac id (a ) (also  K ClO a on  S am p le  15095) a n d  a f te r  15 
minutes p laced  on s te a m  p la te  a n d  e v a p o ra te d . E v a p o ra te d  ag a in  w ith  10 cc. HC1 an d  to o k  u p  res id u e  w ith  I cc. HC1 a n d  
100 cc. w ate r. O ne p re c ip ita tio n  of iron  b y  N H *O H  a n d  f il tra te , 350 -4 0 0  cc., bo iled  to  expel excess N H a b efo re  p re c ip ita tin g .
Iron residue d isso lved  in  d il. HC1 a n d  su lfu r p r e c ip i ta te d ....................................................................................................................................................... 3 9 .1 9

(2)—Same as (1) excep t sam p le  a n d  ac id  m ix tu re  s to o d  one  h o u r  in  cold befo re  h e a tin g  on s te a m  p la te ...........................................................  39 .2 1
(3)—Same as (2) ex c ep t sam p le  a n d  ac id  m ix tu re  s to o d  a b o u t  12 h o u rs  in  cold befo re  h ea tin g  on  s te a m  p la te .........................................   3 9 .3 4
(4)—Same as (1) ex c ep t t h a t  sam p le  a n d  ac id  m ix tu re  s to o d  from  on e-h a lf to  one  h o u r  co ld  a n d  th e n  a f te r  e v a p o ra tio n , m ade

six successive e v a p o ra tio n s  w ith  5 cc. n itro -h y d ro c h lo r ic  a c id ..............................................................................................................................................  3 9 .2 4
(5)—Same as  (3) m ak in g  o n e  e x tra  e v a p o ra tio n  w ith  5 cc. n itro -h y d ro c h lo r ic  a c id .......................................................................................................  3 9 .4 8
(6)—Same as (5) ex c ep t t h a t  sam p le  a n d  ac id  m ix tu re  s to o d  in  co ld  10-15 m in u te s  befo re  p u t t in g  on  p la te .........................................................
(7)—Same as (1) ex c ep t u s ing  A llen a n d  B ishop  m e th o d  of s o lu tio n .....................................................................................................................................  39
(8)—Allen an d  B ishop  m e th o d ...................................................................................................................................................................................    3 9 .5 7

(a) 3 p a r ts  b y  v o lu m e of conc . H N O j a n d  1 p a r t  conc . HC1.

3 9 .1 9 47 . 13
39 .2 1 4 7 .1 6
3 9 .3 4 4 7 .2 6

3 9 .2 4 47 .3 1
3 9 .4 8 4 7 .3 4

4 7 .0 8
39 .2 1 4 7 .2 8
3 9 .5 7 4 7 .5 3

by the modified Lunge method than by the electrochemical 
method. He then found that this sample contained a consid­
erable amount of carbonate- of lime and found on further in­
vestigation that quite an appreciable error had resulted from 
the co-precipitation of calcium sulfate with barium sulfate. 
He then combined the barium sulfate precipitates from two de­
terminations (averaging 39.21 per cent), made by the electro­
chemical method and determined the per cent of CaO. His 
results follow:
Weight of th e  com bined  p re c ip ita te s  of BaSO* 2 .8 5 4 4  g ram s
Weight of CaSO<................................... .......................  0 .0 4 7 8  g ram
Weight of ac tu a l BaSO<.............................................  2 .8 0 6 6  g ram s

T o t a l

1 .1 3 %  S 
3 8 .5 5 %  S

3 9 .6 8 %  S

The error therefore due to co-precipitation of calcium sulfate 
amounted to 0.47 per cent sulfur. He then made two deter­
minations by the same method except that precipitation of 
barium sulfate was made by the method of Allen and Bishop. 
The results of these two determinations checked perfectly at 
39.70 per cent sulfur. The two precipitates were combined 
and tested as before with the following results:

Weight of com bined  p re c ip ita te s  o f B aS O * .. . .  2 .8 8 9 6  g ram s
Weight of CaSO<.............................................................  0 .0 1 3 6  g ram
Weight of ac tu a l BaSO «...............................................  2 .8 7 6 0  g ram s

0 .3 2 ^  
3 9 .5 0 *

T o t a l

Some chemists have claimed that some pyrites samples, even 
when kept in tightly stoppered bottles, undergo oxidation, 
thus reducing the per cent of sulfur in the sample. While this 
is doubtless true in some cases, yet it will hardly help to explain 
the disagreement of results in Tables I, II and III, since some

T a b l e  I I I — R e s u l t s  b y  A n a l y s t  B , O u r  L a b o r a t o r y  
T h e  re su lts  in  th is  ta b le  w ere  o b ta in ed  ov er a  period  of a  l i t t l e  o v e r  tw o  

m o n th s  a n d  sev e ra l of th e  sea led  p o rtio n s  of each  sam p le  w ere  used  
in  th is  w ork . U n d e r  M e th o d  1, S am p le  15096, fo r ex am p le , th e  firs t 
tw o  re su lts  lis ted  w ere o b ta in e d  6 /4 /1 4  a n d  th e  la s t  th re e  re s u lts  in  
th e  sam e lis t on 8 /1 0 /1 4 . T h e  o th e r  five re s u lts  in  th is  l is t w ere o b ­
ta in e d  be tw een  th e se  d a te s . T h is  w ould  in d ic a te  t h a t  th e se  sam p les  
d id  n o t ch a n g e  o r  oxidize on s tan d in g .

(D-
M e t h o d  

-A llen  a n d  B ishop  ( a ) .

P e r  c e n t s u lfu r  on  d r y  b asis  
N o . 15095 N o . 15096

3 9 .5 0  
3 9 .4 4  
3 9 .5 6  
3 9 .5 4  
3 9 .5 2  

A v ., 3 9 .5 1
(2)— A llen a n d  B ishop , excep t t h a t  so lu tion  

w as filte red  from  in so lub le  res id u e  befo re 
red u c in g  w ith  a lu m in u m ..................................

4 7 .4 1  4 7 .4 9
47 .4 1  4 7 .4 5
4 7 .4 4  4 7 .3 6
4 7 .4 0  4 7 .4 8  
4 7 .4 9  4 7 .4 3

A v., 4 7 .4 3  
4 7 .4 3  4 7 .4 7
4 7 .4 7  4 7 .4 6
4 7 .4 5  4 7 .4 8  

A v ., 4 7 .4 6

3 9 .8 2 %  S

The error in this case amounted to only 0.12 per cent sulfur, 
indicating that the co-precipitation of calcium sulfate is much 
less on cold precipitation by the method of Allen and Bishop 
than by hot precipitation.

Allen and Bishop showed that, by  their method, 1 per cent 
calcium had no appreciable effect on the results. I t  is likely, 
however, that Sample 15095 contains calcium2 in excess of this 
amount. A t any rate, M r. Smoot seems to have made a  very  
interesting observation.

It will be noted from an examination of the results in Tables 
1, II and III that those obtained by the Allen and Bishop method 
are much more concordant than those obtained by the modifica­
tions of the Lunge method. The objections to the Allen and 
Bishop method are the large amount of barium sulfate to filter 
and wash; also the enormous beakers in which precipitation is 
made. This objection, however, we have successfully removed 
by using a smaller sample and correspondingly smaller beakers, 
as indicated under Methods 3 and 4, Table III. We also made 
a number of determinations by using a larger sample and after 
reducing with aluminum in a flask, made to volume and took 

1 Eng. M in . J . ,  94, N o . 9.
* One com plete  an a ly s is  co v e rin g  o n e  m o n th 's  s h ip m e n t of th is  sam e 

k»nd of ore shows 2.48 p e r  c e n t ca lc ium .

(3 )— A llen  a n d  B ishop , ex c ep t used  0.5495 3 9 .5 6
g ram  sam p les. T re a te d  w ith  6 -8  cc. B r- 3 9 .5 6
CCl« m ix tu re  a n d  th e n  10 cc. H N O j a n d  3 9 .5 4
e v a p o ra te d . A dded  10 cc. HC1 a n d  A v ., 3 9 .5 5  
ag a in  e v a p o ra te d . T re a te d  res idue  w ith
1 cc. conc . HC1 a n d  5 0 -1 0 0  cc. h o t w a te r.
A d d ed  0.1 g. A1 pow der to  red u ce  iron , fil­
te re d  a n d  w ashed . A d d ed  2.4 cc. conc.
HC1 a n d  d ilu te d  to  a b o u t 640 cc. a n d  p re ­
c ip ita te d  w ith  50 cc. 5 p e r  c e n t BaGU sol. 
co ld  a n d  w ith o u t s tirr in g .

D ried  Ig n ite d ( t)  D rie d  Ig n ite d
(4)— A llen a n d  B ishop , ex a c tly  like (3), ex- 4 0 .5 5  3 9 .6 9  4 8 .4 1  4 7 .5 2

c e p t t h a t  BaSO< w as d ried  fo r 8 h rs . a t  40 .5 1  
130° C . a n d  w eighed befo re  ig n itio n . 4 0 .4 0

3 9 .6 4
3 9 .5 7

4 8 .6 1
4 8 .5 9

4 7 .5 6
4 7 .5 6

A v erag e , 4 0 .4 9  3 9 .6 3  4 8 .5 4  4 7 .5 5

D ried  I g n ite d  D rie d  Ig n ite d
(5)— A llen  a n d  B ishop , ex a c tly  as  d e sc rib ed  4 0 .3 7  3 9 .5 6  4 8 .4 1  4 7 .4 3

b y  a u th o r  (1.3738 g .) ex c ep t t h a t  BaSO< 4 0 .1 9  3 9 .4 5  4 8 .4 2  4 7 .4 6
w as d ried  fo r 18 h rs . a t  130° C . a n d  4 0 .2 9  3 9 .5 2  4 8 .4 2  4 7 .4 8
w eighed  befo re  ign itio n . 4 0 .2 3  3 9 .5 2  ---------  ---------

A v .. 4 0 .2 7  3 9 .5 1  4 8 .4 2  4 7 .4 6

D ried  I g n ite d  D r ie d  Ig n ite d
(6)— M odified  L u n g e : 0 .5495 g. sam p le , 3 9 .3 9  3 9 .0 7  4 7 .8 3  4 7 .3 1

A llen a n d  B ishop  m e th o d  of so lu tio n  w ith  3 9 .5 0  3 9 .0 8  4 7 .8 3  4 7 .3 2
final t r e a tm e n t  l ik e  M e th o d  1, T a b le  I I .  3 9 .6 3  3 9 .2 4  4 7 .8 5  4 7 .3 7
BaSO< d ried  fo r 18 h rs . a n d  w eighed  be- 3 9 .4 3  3 9 .0 9  4 7 .7 3  4 7 .3 0
fo re  ig n itio n . ---------  --------- ---------  ---------

A verage , 3 9 .4 9  3 9 .1 2  4 7 .8 1  4 7 .3 2 5
(а) Loc. cit. . . , . .
(б) I g n ite d ; h e a te d  to  c o n s ta n t  w e ig h t o v e r h ig h  te m p e ra tu re  b u rn e r , 

of the results obtained by the Allen and Bishop method, more 
than a year ago, agree almost perfectly.

The fact that such disagreements in results are not unusual 
is a matter of considerable inportance to the fertilizer industry 
since it is the largest single user and manufacturer of sulfuric 
acid.1 This clearly proves the need of some standard method

1 A. M . F a ir l ie , in  “ A m erican  F e rti liz e r  H a n d b o o k ,”  1914, p . 35.
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for determining the sulfur in pyrites. Such a method need 
not be used, unless desired, but it would at least provide a basis 
for standardizing other methods and be the method of final 
reference in case of disputes.

A few observations with reference to barium sulfate may be 
of interest. The barium sulfate precipitates from a hot and a 
cold solution differ in appearance and some results would indi­
cate that their compositions also differ. When barium sulfate 
is precipitated in a hot solution and especially in solutions con­
taining ammonium salts it is very fine while barium sulfate
T a b l e  I V — R e s u l t s  b y  A n a l y s t  B , O u r  L a b o r a t o r y ,  o n  H jS O « S o l u t i o n  
T h e  s u lf u r ic  a c id  s o lu t io n  w a s  s ta n d a r d iz e d  b y  t i t r a t i o n  a g a in s t  C . P .  N a jC O a ’ 

u s in g  t h e  s a m e  a l i q u o t  a s  u s e d  in  (2) t o  (8) b e lo w . C a lc u la t in g  t h e  
'N a jC O j  v a lu e  i n to  t e r m s  o f  s u l f u r  e q u a ls  45.18 p e r  c e n t  S , a g re e in g  
a lm o s t  p e r f e c t ly  w i th  t h e  r e s u l t s  b y  t h e  m e th o d s  (1) a n d  (2 ) b e lo w . 

P r e c i p i t a t e s  o f B aSO < s to o d  o v e r  n ig h t  b e fo re  f i l te r in g ;  t h e y  w e re  t h e n  
d r ie d  f o r  18 h r s .  a t  130° C .,  w e ig h e d , ig n i te d  a n d  w e ig h e d  a g a in .

P e r c e n t a g e  S u l f u r  
D r ie d  I g n i t e d

(1)— A liq u o t of H 2SO 4 so lu tio n  (co rresp o n d in g  to  a b o u t  4.5 g. 4 5 .9 9  4 5 .1 6
BaSO O  d ilu te d  to  1600 cc., a d d e d  10 cc. conc . HC1, a n d  p re- 4 5 .9 6  4 5 .1 5
c ip ita te d  cold w ith o u t s tir r in g , b y  a d d in g  125 cc. 5 p e r 4 5 .9 8  4 5 .1 5
c e n t B aC li so lu tio n , a s  d e sc rib ed  b y  A llen a n d  B ishop , (a) ---------  ---------

A v .. 4 5 .9 8  4 5 .1 5
(2)— A liq u o t of H 2SO 4 so lu tio n  (co rre sp o n d in g  to  a b o u t  1.8 4 6 .0 4  4 5 .1 7  

g. BaSO<) d ilu te d  to  640 cc., a d d e d  4 cc. conc . HC1 a n d  46 .1 1  4 5 .1 6
p re c ip ita te d  a s  in (1) w ith  50 cc. 5 p e r  c e n t B aC li so lu tio n . 4 6 .1 1  4 5 .1 9

4 6 .1 0  4 5 .1 9

A v., 4 6 .0 9  4 5 .1 8
(3)— S am e  a l iq u o t a s  (2) d ilu te d  to  3 5 0 -4 0 0  cc. w ith  w a te r, 4 5 .2 9  4 5 .0 9

h e a te d  to  bo iling  a n d  p re c ip ita te d  b y  a d d in g  25 cc. h o t 4 5 .3 4  4 5 .1 3
10 p e r  c e n t B aC lt so lu tio n  d ro p  b y  d ro p , s tir r in g  con- 4 5 .3 4  4 5 .1 2
tin u o u sly . ---------  ---------

A v ., 4 5 .3 2  45 .1 1
(4)— S am e a l iq u o t as  (2), d ilu te d  to  3 5 0 -4 0 0  cc. w a te r, a d d e d  4 5 .4 8  4 4 .9 0

m e th y l o ran g e , a n d  m a d e  n e u tra l w ith  N H 4O H , th e n  a d d e d  4 5 .4 8  4 4 .9 4  
3 d ro p s  conc. HC1 a n d  p re c ip ita te d  as in  (3). ---------  ---------

A v ., 4 5 .4 8  4 4 .9 2
(5)— S am e a s  (4) ex c ep t 1 g. N H «C l w as a d d e d  befo re  p re - 4 5 .2 6  44 .8 1

c ip ita tio n  of B aS 04 . 4 5 .1 6  4 4 .8 7

A v., 4 5 .2 1  4 4 .8 4
(6)— S am e  as  (5) e x c ep t t h a t  2 g. NH4CI w ere a d d e d ..............  4 5 .2 6  4 4 .8 8

4 5 .2 3  4 4 .8 5

A v., 4 5 .2 4 5  4 4 .8 6 5
(7)— S am e  as  (5) excep t t h a t  4 g. NH4CI w ere a d d e d . 4 5 .1 7  4 4 .7 4

4 5 .0 2  4 4 .6 3
.  4 5 .0 7  4 4 .6 2

4 5 .1 2  4 4 .6 6

A v ., 4 5 .0 9 5  4 4 .6 6
(8)— S am e  a s  (5) ex c ep t th a t  6  g. NH4CI w ere a d d e d . 4 5 .1 1  4 4 .6 5

4 4 .9 6  4 4 .5 2
4 4 .9 6  4 4 .5 3
4 4 .9 2  4 4 .4 7

A v., 4 4 .9 9  4 4 .5 4
(o) “ A n E x a c t  M e th o d  fo r  D e te rm in a t io n  of S u lfu r  in  P y r ite s  O re ,”  8th 

In te rn a tio n a l Congress o f A p p lie d  C hem istry , 1, 33.

precipitated in a cold solution, by the method of Allen and 
Bishop, is coarse and of crystalline form. Some results (Table 
IV) indicate that barium sulfate, whether precipitated in a hot 
or cold solution, holds water in combination. If this is true it 
would explain the statement of Allen and Johnston1 that barium 
sulfate holds water up to 500 °. We found (Tables III and IV) 
that when barium sulfate precipitates were dried at 130° and 
weighed, the results agree quite as well as when the precipi­
tates were fully ignited and again weighed. The average loss 
on ignition for precipitates formed in cold solution was 2.02 
per cent (average of four results) and the corresponding average 
loss (average of four results, Table III) for the two samples of 
pyrites was 2.01 per cent. The average loss on ignition for 
precipitates formed in a hot solution, no ammonium salts pres­
ent, was 0.48 per cent (average of two results). We also found 
that where the precipitate had been made in hot solution and in 
the presence of ammonium chloride that the loss on ignition 
amounts to very close to 1 per cent. If it is permissible to as­
sume that this loss in weight is due to water of crystallization, 
which is only an assumption, then the formula for barium 
sulfate precipitated in a cold solution, by  the method of Allen 
and Bishop, would be isB a S O ^ H jO  and for barium' sulfate 
precipitated in a hot solution, no ammonium salts present, 
would be i 6BaS0 <.H20 .

1 J .  A m . C h tm . Soc., 32 (1910), 559.

From the results of this work, the following conclusions may 
be drawn:

I— The disagreement of results reported by the different 
laboratories on these samples of pyrites, and determined by some 
modification of the Lunge method, is about in line with past 
experiences.

II— The results by  the Allen and Bishop method show a much 
better agreement.

III— The sources of error in the Lunge method brought out 
in this work are (1) loss of sulfur presumably by volatilization, 
(2) loss of sulfur in the insoluble residue due to incomplete 
oxidation, (3) loss due to presence of ammonium salts, (4) co­
precipitation of calcium sulfate which is greater in hot precipi­
tation than in cold.

IV — Barium sulfate precipitated under different conditions 
appears, from some results obtained, to have varying composi­
tions both physically and chemically.

The writer wishes to express here his thanks to all those who 
have participated in this work and especially to Mr. A. M. Smoot 
for the account of his interesting observations.

A r m o u r  F e r t i l i z e r  W o r k s , A t l a n t a , G a .

AM ERICAN IN STITU TE OF CH EM ICAL ENGINEERS 
SEVENTH  SEM I-ANN UAL M EETING 

L O S A N GELES AND SAN FRAN CISCO , AUGUST 18 AND 
2 5-2 8 , 1 9 1 5

The Seventh Semi-annual Meeting of the American Institute 
of Chemical Engineers will be held in Los Angeles and San 
Francisco, California, on August 18 and 25-28, respectively. 
The tentative itinerary published in T h i s  J o u r n a l ,  7 , 448, 
has been accepted with a few minor changes. The complete 
program m ay be obtained by writing to Secretary J .  C. Olsen, 
Cooper Union, New Y ork City.

PROGRAM OF PAPERS
A N ow E le c tro ly t ic  P ro ce ss  o f S ew age D isp o sa l. J. C. Olsbn 

a n d  W m .  H .  U l r i c h .

T h e  I m p r o v e m e n t  o f H ig h  B o ilin g  P e t ro le u m  Oils, and the 
M a n u f a c tu re  o f G a so lin e  a s  a  B y -P r o d u c t  T h e re fro m , by  th e  Action 
o f A lu m in u m  C h lo rid e . A. M. M cAf e e . t

W ine  M a k in g . A r t h u r  L .  L a c h r a n .

C o sts  a s  A p p lie d  to  P ro fe s s io n a l B u s in e sse s . R .  A. G o u i d .

R eso u rc e s  a n d  P o s s ib il i t ie s  o f C h e m ic a l I n d u s t r y  in  th e  South­
w e s t. E d g a r  B a r u c h .

M a n u f a c tu re  o f C re a m  of T a r t a r .  O t t o  B e s t .

P r e s e n t  S ta te  of th e  T h io g e n  I n d u s t r y .  S. W. Y o u n g .

T h e  P u r if ic a t io n  o f Sew age by  A e ra t io n  in  th e  Presence of 
A c tiv a te d  S lu d g e . E . B a r t o w .

E le c tr ic a l  P r e c ip i ta t io n  M e th o d . W. A. S c h m i d t .

PROGRAM OF EXCURSIONS
In addition to points of local and geographic interest the 

following plants will be visited:
l o s  a n g e l e s — Oil-burning Power Plant; Salt Plant; Kelp 

Industry; Beet Sugar Factory; Orange, Walnut and Fruit 
Orchards; W hittier and Fullerton Oil Fields (Wells, Casing­
head Gas Plants, etc.); Oxnard Beet Sugar Factory; American 
Olive Co. Plant; Bishop &  Co. Plant (candy making, fruit 
preserving, etc.).

s a n  Fr a n c is c o — O il Gas Works (Mr. Edward C. Jones will 
e x p la in  the p ro c e s s ) ;  Vineyard and Wineries at W inehaven. 

c o s t  o f  t r i p

Transportation for entire round trip (22 days), Pullman lower 
berth, Grand Canyon side trip, sight-seeing trips at Colorado 
Springs, Pike’s Peak, Santa Barbara and Del Monte, all meals 
on trains (estimated at $1.00 each), berth and meals on steamer, 
San Francisco to Astoria and Duluth to Buffalo— $249.0°.

The following items are not included in the above figure. 
Yosem ite Valley trip (meals, lodging and transportation)— 
$52.35; Yellowstone Park trip (meals, lodging and transporta­
tion)— $53 .5 0 ; Hotel accommodation and other expenses in 
San Diego, San Francisco, Seattle, Butte, Anaconda, St. Paul 
and Duluth (17 days).
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N O T E S  A N D  C O R R E S P O N D E N C E

CONDITIONS OF TH E RUSSIAN TREASU R Y D EPAR T­
MENT CO M PETITIO N  ON TH E INDUSTRIAL 

USES OF ALCOH OL

r e a g e n t s  f o r  d e n a t u r i n g  a l c o h o l

Iii order to encourage the wide-spread utilization of alcohol 
(wine spirits), for technical purposes, an international com­
petition is announced consisting of three prizes, viz., 30,000,
15,000 and 5,000 rubles ($15,000, $7,500 and $2,500) for the 
discovery of new dénaturants or for the improvement of present 
denaturing processes, which, while assuring the free circulation 
of denatured alcohol, will make impossible its use for drinking 
purposes. The new denaturing agents must satisfy the fol­
lowing conditions:

1— The denaturing agents must convert the alcohol into a 
liquid which is absolutely unsuitable for drinking purposes by 
imparting an unpleasant taste to the alcohol or by having a 
violent physiological action on the organism (nausea, vomiting, 
diarrhea).

2— The denaturing agents must not give rise to a suffocating 
odor which would make the utilization of the alcohol for the 
needs of every-day life difficult or injurious.

3— The denaturing agents must not leave a residue after 
combustion nor contain substances which would be injurious 
to the apparatus in which the alcohol is burned.

4— Separation of the denaturing agents of the alcohol by 
simple means, such as removal by water, salting out, filtration 
through carbon, simple distillation, etc., should be impractical.

5— The primary materials used in the preparation of the de­
naturing agents should be among such as can be obtained in 
Russia in sufficient amounts.

The period fixed for the presentation of the statements of 
competitors expires January 1, 1916.

The statements should be presented, written in Russian or 
French, to the General Bureau of Indirect Contributions and 
the Alcoholic Commission (Glavnoé Oupravlenié Neocladuich 
Sborow i Casennoïj Prodagy Piteïj à Pétrograd) in packages 
bearing an assumed name; in a separate envelope, bearing the 
same assumed name, the name and address of the competitor 
should be indicated.

In the statement of discoveries the composition of the proposed 
denaturing agent, the quantity necessary per “ vedro”  (12.3 
liters) of alcohol and its value should be stated.

Samples of the denaturing agents should be added to the 
statement mentioned above and the quantities of these should 
not be less than one kilo.

The offerings made will be examined by a Competition Com­
mission made up of persons designated by the Minister of Finance. 
Included in this Commission will be representatives of the Minis­
tries and General Bureaus interested as well as representatives 
of science and industry.

In case of an invention or improvement of especial value, 
the Commission will have the right to assign several or all prizes 
of the competition to one individual.

The examination of the statements presented and the as­
signment of prizes will take place July i, 1916, at the latest.

The decisions of the Competition Commission will be con­
firmed by'the Minister of Finance.

The Government reserves the right to utilize the methods of 
denaturing which receive the above-mentioned prizes without 
indemnifying the inventors in any other way.

N EW  i n d u s t r i a l  a p p l i c a t i o n s  o f  a l c o h o l

An international competition is announced to encourage the 
extensive development of the application of alcohol or its de- 
nvatives for heating, lighting and for the production of motor

power as well as to stimulate the utilization of alcohol in the 
various industrial branches of chemical technology. For this 
purpose the following prizes are offered:

1— Three prizes of 60,000, 30,000, and 10,000 rubles ($30,000 
$15,000 and $5,000) for the invention of a new process for the 
utilization of alcohol in the preparation of a product which would 
be absolutely different in nature than the alcohol used in its 
production. As examples of such products m ay be mentioned 
vinegar, ether, and chloroform, etc.

2— Three prizes of 50,000, 20,000 and 5,000 rubles ($25,000, 
$10,000 and $2,500) for the invention of a new process for the 
utilization of alcohol in the preparation of a product in which 
the alcohol or its derivatives (e. g., sulfuric, ether, etc.) con­
stitutes one of the component parts of the products or the sol­
vent but under such conditions that the alcohol can not be re­
covered economically from the product in question. As ex­
amples of such products may be mentioned pharmaceutical and 
perfumery preparations.

3— Three prizes of 30,000, 15,000 and 5,000 rubles ($15,000, 
$7,500 arid $2,500) for the invention of a new process for the 
utilization of alcohol in an industry in which the alcohol or its 
derivatives (e. g., sulfuric, ether, etc.) would serve as the inter­
mediary and provisional solvent or as the extractive agent or 
precipitant. As examples of such applications may be men­
tioned the production of smokeless powder, the manufacture 
of artificial silk, etc.

4— Four prizes of 75,000, 50,000, 30,000 and 20,000 rubles 
($37,500, $25,000, $15,000 and $10,000) for the invention or 
improvement of apparatus for the utilization of alcohol for 
feeding internal combustion motors.

5— Four prizes of 75,000, 50,000, 30,000 and 20,000 rubles 
($37,500, $25,000, $15,000 and $10,000) for the invention or 
improvement of apparatus having as their object the utilization 
of alcohol or its derivatives for heating.

6— Four prizes of 50,000, 30,000, 15,000 and 5,000 rubles 
($25,000, $15,000, $7,500 and $2,500) for the invention or 
improvement of apparatus in which alcohol is used for lighting.

The period fixed for the presentation of statements of com­
petitors expires January 1, 1916.

The statements should be presented written in Russian or 
French to tire General Bureau of Indirect Contributions and the 
Alcoholic Commission (Glavnoe Oupravlenie Neodadnich 
Sborow i Casennolj Prodagy Pitelj) in packages with an assumed 
name; in a separate envelope bearing the same assumed name, 
the name and address of the competitor should be given.

The statement mentioned above should contain detailed 
descriptions of the conditions for the application of the alcohol 
with figures on the economics of the application calculated on 
the basis of an alcohol cost of 2 copecks per unit of alcohol 
(123 cc. absolute alcohol at a temperature of 15.5 0 C.).

The statements referring to the prizes indicated in Sections 
1 to 3 should include samples of the products and the amount 
of these should be at least one kilogram.

The statements referring to the prizes indicated in Section 4 
should be accompanied by a complete motor and detailed draw­
ings of the parts of the motor which represent the nature of the 
invention, at the same time indicating the necessary dimensions.

The statements referring to Sections 5 and 6 should be pre­
sented with specimens of apparatus for using the alcohol (burner 
distributors, aeolipiles, lanterns, lamps, etc.) and with detailed 
drawings showing the dimensions of the apparatus.

As regards the classes indicated in Sections 4, 5, and 6, the 
object of the prizes to be assigned will be (conjointly or sep­
arately) not only the inventions or improvements relative to the 
construction itself of the apparatus using the alcohol, but also
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the mixtures of alcohol with other substances and the methods 
of utilization of these mixtures to increase the calorific power of 
the alcohol.

The samples of substances to be added to the alcohol, if not 
found on the Russian market, should be sent in sufficient amounts 
to make detailed trials; in any event, not less than five kilograms.

In estimating the improvements relating to internal com­
bustion motors the preference in the assignment of the prizes 
will be given to such separate improved parts as can be readily 
adapted to internal combustion motors and which belong to 
existing' types and make possible the advantageous utilization 
of alcohol or its mixtures in place of other kinds of fuel.

The statements presented will be examined by a Competition 
Commission made up of persons designated by the Minister 
of Finance. Taking part in this Commission will be repre­
sentatives of the Ministries and General Bureaus concerned as 
well as representatives of science and industry.

The prizes will be assigned only to those inventions or im­
provements of which it may be assumed that they would imply 
an appreciable consumption of alcohol.

In the case of inventions or improvements of especial value 
the Commission will have the right to assign several or all prizes 
in that class to one person.

The examination of the statements made and the assignment 
of prizes will take place July 1, 1916, at the latest.

The decisions of the Competition Commission will be con­
firmed by the Minister of Finance.

The inventor reserves the right to exploit his invention and to 
protect it by taking out a certificate of protection.

NOTE ON FERMENTATION OF FOODS CONTAINING  
BENZOIC ACID1

Occasionally it is observed that foods to which sodium ben­
zoate has been added undergo fermentation. While working 
with apple juice during the last few seasons, sodium benzoate 
was added while the juice was running from the press. The 
juice was then transferred to casks holding 2500 gallons where 
it was clarified to a  degree of perfect brilliancy and then drawn 
oil into new freshly paraffined kegs. Sometimes a few of these 
kegs would soon show signs of a very vigorous fermentation 
while all of the others would remain in perfect condition for 
several months. Thus it appeared that there are yeasts that 
will grow in the presence of benzoic acid, and that such cells 
had found their w ay into the kegs that were showing evidences 
of fermentation. To determine this, some fresh apple juice 
was sterilized and the action of benzoic acid on several yeasts 
noted. With a pure wine yeast and Fleischmann’s baker’s 
yeast, o . 1 per cent of benzoic acid would inhibit the growth 
of the yeast as well as completely check the fermentation where 

1 A u th o r ’s  a b s tr a c t  of p a p e r  p re se n te d  befo re  th e  S t. L o u is  S ec tion  
of th e  A m erican  C hem ica l S oc ie ty , M a rc h  8, 1915.

Sir Arthur Herbert Church, formerly professor of chemistry 
at the Royal Academy of Arts, London, and known for his 
contributions to chemistry and mineralogy, has died at the 
age of eighty-one years.

Robert Stewart, professor of chemistry in the Utah Agri­
cultural College, has been appointed associate professor of 
soil fertility and assistant chief in soil fertility in the Agricultural 
Experiment Station at the University of Illinois.

Jacob Lund, chemist, Christiania, Norway, has received 
the "Polyteknisk Forening’s”  gold medal for his work on fats, 
an abstract of which may be found in C. A ., 8 (1915), 1516.

In an infringement suit brought by the General Bakelite Co.

the yeast has been permitted to become very vigorous before 
adding the benzoic acid (a more or less common belief pre­
vails that benzoic acid will not prevent fermentation after the 
yeast has been permitted to become active). W ith the yeast 
taken from the kegs, however, o . 1 per cent of benzoic acid 
had no inhibiting effect whatever; 0.2 per cent had a weak 
retarding action, while 0.3 per cent had a complete inhibiting 
effect.

3601 S a l e n a  S t r e e t , S t . L oots G e o . L a n g , J r .
M a rc h  24, 1915

PAPER PULP AS AN AID IN FILTRATION

T o prepare the pulp, make a mixture of one part strong 
HNO3 with four parts -water in a wide mouth bottle. Add 
ordinary filter paper. Shake vigorously till the mixture is re­
duced to a fine smooth pulp. Throw the mass on a Buchner 
funnel, wash free of acid, then mix the pulp with water to form a 
thin liquid that will pour easily for use.

This pulp has been found most indispensable for the filtra­
tion of the ammonium citrate solution from the digestion of 
phosphates for the determination of available P2O5 which is 
done as follows: F it a filter paper (9 cm. S. &  S. 595) into a
2-in. filter cone. Fill full with paper pulp, and after part of 
the water has run through, press the mass against the sides of 
the cone extending above the edge of the filter paper. In fil­
tering, the cone m ay be filled full, as the paper pulp prevents 
leaking at the top of the filter paper. The complete filtration 
and washing to a volume of 400 cc. or more is usually complete 
in five minutes or less, instead of the half an hour or more which 
is frequently required without the paper pulp.

If ashless paper pulp is used it may replace asbestos for use 
with Gooch crucibles. After ignition nothing remains but the 
precipitate.

U n i v e r s i t y  o p  C a l i f o r n i a ,  B e r k e l e y  P. L. H i b b a r d
F e b ru a ry  8. 1915

KNOW LEDGE AND RESEARCH— CORRECTION

Editor of the Journal of Industrial and Engineering Chemistry:
M y address on “ Knowledge and Research,”  delivered before 

the University of Pittsburgh, at the dedication of the new 
building of the Mellon Institute, and reported in your issue for 
April [7 (1915), 328] contains an erroneous statement, which 1 
desire to correct; namely, I said, in passing, and by way of 
illustration, that M r. Edison had received, in perfecting his 
inventions, certain aid from Dr. Ira Remsen. This was not 
true; and I wish to withdraw the statement. To go further, 
and explain how I was misled to make it, would be giving too 
much importance to a slip of memory which did not in the least 
affect my argument, and which is only worth notice because 
any error, however small, ought to be corrected at once.

2 9  W e s t  3 9 t h  S t r e e t .  N e w  Y o r k  R- W. R a y m o n d
A p ril 2 9 , 1915

against George J. Nikolas, of Chicago, for infringing the Baeke­
land patents Nos. 954,666, April 12, 1910, 1,018,385, Feb. 20, 
1912, and 1,037,719, Sept. 3, 1912, decision was rendered in the 
United States District Court, Eastern District of New York, on 
June 12th, by  Judge Thomas Chatfield, holding all three patents 
valid and infringed. The decree covers about 60 pages and 
carefully reviews the details of the testimony of both plaintiff 
and defendant, and discusses at length the prior art as disclosed 
in this case. The trial was held in open court under the new 
rules of patent practice, and lasted for 23 days, beginning on De­
cember 9, 1913. The testimony filled 1396 typewritten pages. 
T he defendant submitted 47 prior patents and many literature 
references which were alleged to contain prior disclosures. All

P E R S O N A L  N O T E 5
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of these citations were carefully considered by Judge Chatfield 
and rejected.

The June 15th meeting of the Southern California Section 
of the A. C. S. took the form of a joint dinner with the technical 
societies of Los Angeles— Civil Engineers, Electrical Engineers, 
Mechanical Engineers, Mining Engineers, Architects, and 
Engineers and Architects. The meeting was addressed by 
Wm. Mulholland and by Dr. James A. B. Scherer, president of 
Throop College of Technology, on the subject, "Service of the 
Technical M an to the Community.’ ’

Mr. Will H. Coghill wishes to announce that after seven 
years in the practice of ore testing at Chicago he has removed 
his laboratory to 3705 Hueco Street, E l Paso, Texas, where he 
will continue in the same line of work.

Dr. Francis Clifford Phillips and Mrs. Phillips were the guests 
of honor at a testimonial dinner given on June 3rd at the German 
Club, Pittsburgh, Pa., by  one hundred former students and 
friends who desired to show their love and esteem upon the 
occasion of Dr. Phillips’ retirement from active service as pro­
fessor of chemistry in the University of Pittsburgh. Dr. 
Phillips, who is well known professionally because of his con­
tributions to the chemistry of gases and his active participation 
in the interests of the American Chemical Society, has occupied 
the Chair of Chemistry at Pittsburgh since 1875 and is retiring 
under the terms of the Carnegie Foundation. Among the speakers 
at the dinner were Drs. W alther Riddle, Albert E. Frost, R. B. 
Carnahan and J. H. James, and Professor Alexander Silverman. 
As an expression of their high regard for his devotion to the 
University of Pittsburgh, the former students of Dr. Phillips 
presented him with a check for $1000.00.

The annual spring excursion of the Northeastern Section of 
the American Chemical Society, on June the n th , consisted of 
a visit to the chocolate and cocoa factory of the W alter M . 
towney Company in Mansfield, Massachusetts, followed by 
a dinner at the Mansfield Tavern, at which M r. Lowney ad­
dressed the Section on the "Story of Chocolate and Cocoa.”  
About seventy-five members and guests were present.

The Hoskins Manufacturing Company announces the ap­
pointment of M r. W. C. Tharp as District Manager in charge 
of its Pittsburgh office, to succeed M r. I. J. Shults, resigned. 
Mr. Tharp has formerly been associated with the Republic 
Iron and Steel Company, the Scientific Materials Company 
and the Metallurgical Testing Laboratory of Pittsburgh.

A monument to the late Professor J. H. van’t Hoff was unveiled 
at Rotterdam on April 17th. I t  consists of a bronze statue,

double life-size, in sitting position, and has been placed in front 
of the school at which Professor van’t Hoff was educated.

Dr. Edward Kohman, who has been an instructor in Chemistry 
at Yale, has just been appointed Chief D airy Chemist at the 
University of Illinois.

Albert Plaut, president of Lehn and Fink and one of the most 
prominent figures in this country’s drug trade for many years, 
died in his fifty-eighth year, in New York, on June 17th.

The Spring Meeting of the American Society of Mechanical 
Engineers was held in Buffalo, New York, June 22iid-25th, 
with headquarters at Hotel Statler. An appropriate program 
of papers was given and excursions were conducted to Niagara 
Falls, via the Gorge Route trip, where the power plants both on 
the American and Canadian sides were inspected; visits were 
also made to the Shredded W heat Company's factory, the Palls 
Chocolate Company, and various manufacturing plants in and 
around Buffalo.

Prof. Charles Baskerville addressed the Interstate Cotton 
Seed Crushers Association at their annual convention in B ir­
mingham, M ay 18th, on his new process for refining vegetable oils.

John D. Lewis, manufacturer of dyestuffs at Providence, 
R. I., died at his home in that city on Thursday, M ay 20th, 
in his seventieth year. Mr. Lewis studied at Brown University 
with the class of 1868 and later entered upon the manufacture 
of dyestuffs with his father. In addition to his activities as a 
manufacturer Mr. Lewis was also the representative of several 
foreign dye and chemical companies.

Two anonymous gifts of $150,000 and $100,000 have been 
made to the Massachusetts Institute of Technology for dormi­
tories. Funds with which to construct the mining building, 
some $225,000, have been offered to the Institute by Charles 
Hayden, 'go, of Boston, and T. Coleman du Pont, ’83, and S. 
Pierre du Pont, ’90, of Wilmington, Del., past and present 
presidents of the du Pont de Nemours Powder Co. T . Coleman 
du Pont, it will be remembered, with his gift of $500,000, made 
the purchase of the Technology site in Cambridge possible. 
Charles A. Stone, ’88, and Edwin S. Webster, ’88, of Boston, 
will provide a residence for the president.

Herbert M. Wilson, engineer in charge of the Pittsburgh 
Experiment Station of the United States Bureau of Mines, has 
resigned from the government service to become the director 
of the Coal Mine Insurance Association. This organization is 
.a newly formed combination of ten American and British in­
surance companies associated for the joint underwriting of coal­
mine accident insurance.

G O V E R N M E N T  P U B L I C A T I O N S
By R . S. M cB r id e , B ureau of S tandards, W ashington

n o t i c e —-Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Department from which 
they originate. Consular Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu­
lar subscription rate for these Consular Reports mailed daily is
&.50 per year, payable in advance, to the Superintendent of 
Documents.

BU REA U  OF T H E  CENSUS 

Cottonseed Crushed and Linters Obtained. Preliminary R e­
port, post-card form dated March 18, 1915. This card gives 
a statement of the number of establishments crushing cotton­
seed from the crops of 1912, 1913, and 1914 with a statement 
of the quantity of seed crushed and the quantity of linters 
obtained. The summary is as follows:

N o . of co tto n seed - C o tto n se ed  c ru sh ed  W inters o b ta in e d
Y e a r  oil m ills  T o n s  R u n n in g  bales
191 2 .................... 857 4 ,5 7 9 ,5 0 8  6 0 2 ,3 2 4
191 3 .................... 870 4 ,7 6 7 ,8 0 2  6 3 1 ,1 5 3
191 4 .................... 880 5 ,4 9 3 ,899(a) 7 7 2 ,2 7 0 (a ) j

(a) In c lu d es  681,315 to n s  of seed  e s tim a te d  to  be c ru sh ed  a n d  95,360 
bales of lin te rs  to  be o b ta in e d  a f te r  th e  d a te  of th e  M a rc h  can v ass .

BU REA U  O F F IS H E R IE S

The Menhaden Industry of the Atlantic Coast. R o b  L.
G r e e r .  Document No. 8 n , Appendix III to the report of the 
U. S. Commissioner of Fisheries for 1914. 27 pp. Paper, 10
cents. This report gives a history and a statistical summary 
showing the extent of the menhaden fisheries up to the end of 
1912. The methods of fishing and the apparatus employed are 
described and the fishing grounds and season summarized. 
The processes used for cooking, pressing and drying of the ma­
terial as well as the properties of the oil and scrap are described 
in detail. Prices are given for the various parts of equipment 
required in each process and summaries of costs included.
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B U REA U  O F STA ND A R D S

Methods of Measuring the Inductances of Low-Resistance 
Standards. F r a n k  W e n n e r ,  E r n e s t  W e i b e l  a n d  F .  B .  

S i l s b E E .  Scientific Paper 246. 21pp.  •
A  Study of the Atterberg Plasticity Method. C h a r l e s  S . 

K i n n i s o n .  Technologic Paper 46. 18 pp. The practical
significance of the Atterberg factor and the rating of clays based 
on shrinkage or water of plasticity are discussed. The A tter­
berg factor when used alone is of little significance but when 
coordinated with the water of plasticity, as recommended in this 
paper, it appears to be possible to differentiate between the non- 
sticky or safe working clays and the sticky varieties which are 
difficult to work.

G EO L O G IC A L SURVEY

The Production of Lead in the United States in 1914. C. E. 
S iK b E n T i i a l .  Preliminary Report. 1 large sheet, dated April 
2, 1915. This advanced statement is prepared in order to give 
at the earliest practicable date reliable figures of the lead pro­
duction in the United States in 1914. The data given are pre­
pared on confidential reports from each lead smelting and re­
fining company in operation in the United States during that 
year. The import and export data are taken from records of 
the Bureau of Foreign and Domestic Commerce. The report 
shows that the production of primary refined lead (that is, 
lead smelted from ore) in the United States in 1914 was 542,122 
short tons, or an increase of 17 per cent over the preceding year. 
The primary lead refined and available for consumption in the 
United States was approximately 450,000 tons, an increase of 
7 per cent over 1913. The production of the United States in
1913 is reported as 32.4 per cent of the world production for 
that period. The report includes price curves for a 3-year 
period, giving the average weekly price of lead in New York and 
London. There is also included a list of all the lead smelters 
and refineries in the United States, Canada, and Mexico. The 
exports of domestic lead are reported as 20,000 tons during the 
period M arch to June, 1914 and 38,500 tons during July to 
December, 1914. During 1914 the imports of lead in all forms 
amounted to approximately 57,000,000 lbs., more than 46, 
000,000 lbs. coming from Mexico. These imports are less than 
50 per cent of the amount for the preceding year which in turn 
was less than any year preceding since 1906 or earlier.

Advance Statement of the Production of Copper in the United 
States in 1914. B. S. B u t l e r .  Unnumbered leaflet, dated 
April 5, 1915. 4 pp. The production of primary and secondary
copper by the regular refining plants in the United States during
1914 is given (in pounds) as follows:

P r im a r y  S e c o n d a r y
D o m estic  F o re ig n

E le c t ro ly t ic ........................... 9 9 1 ,5 7 3 ,0 7 3  323*358 ,205  2 7 ,7 0 2 ,9 2 8
L a k e .........................................  1 5 8 ,0 0 9 ,7 4 8  ............... ............
C a s t in g ...............................  2 1 ,5 0 6 ,3 2 5    4 ,2 2 4 ,0 5 2
P ig .............................................. 3 9 ,3 3 4 ,0 4 3  ............... ............

T o t a l ............................... 1 ,2 1 0 ,4 2 3 ,1 8 9 (a) 3 2 3 ,3 5 8 ,205 (a) 3 1 ,9 2 6 ,9 8 0
1 ,5 3 3 ,7 8 1 ,3 9 4  ------------------------

T o t a l  O u t p u t ......................................................................................  1 ,5 6 5 ,7 0 8 ,3 7 4
(a) T h e  d is tr ib u tio n  of refined  co p p e r of d o m e stic  a n d  fo reign  o rig in  

is o n ly  ap p ro x im a te , as  a n  a c c u ra te  s e p a ra tio n  a t  th is  s tag e  of m a n u fa c tu re  
is n o t  possib le.

If the output of plants treating purely secondary material 
is added to the production of the regular refining companies, 
the contribdtion of domestic plants of the United States to the 
world’s supply of copper for 1914 is found to be 1,790,000,000 
lbs. In addition to the output of metallic copper the regular re­
fining companies produced bluestone with a copper content of 
8,602,861 lbs.

The apparent domestic consumption of refined new copper 
during 1914 was 711,600,000 lbs. If to this quantity of new re­
fined copper is added the 256,000,000 lbs. of secondary copper 
and copper in alloys produced during the year, it is found that a 
total of about 968,000,000 lbs. of old copper was available for 
domestic consumption.

The Production of Sand-Lime Brick in 1 9 1 4 . J e f f e r s o n  
M i d d l e t o n .  Separate from Mineral Resources of the United 
States 1914. Part II. 7 pp. Production of sand-lime brick in 
1914 is summarized as follows:
N u m b e r  of a c tiv e  firm s re p o r t in g .................. 68

C om m on  b rick  [F ro n t brick
Q u a n ti ty  ( th o u s a n d s ) ..........................................  178 ,352  11,307
V a lu e ............................................................................  S I ,  118 ,402  £119,923
A v erage  p rice  p e r  M ............................................  $ 6 .2 7  $10.61

T o t a i,  V a l u e .....................................................  S I , 2 3 8 ,3 2 5

This summary indicates that the value of the output decreased 
14.5 per cent as compared with the 1913 output.

A Gold-Platinum-Palladium Lode in Southern Nevada. 
A d o l p h  K n o p f .  Bulletin 6 2 0 - A .  18 pp. (Separate from Con­
tributions to Economic Geology 1915.) The ore of the Boss gold 
mine in the Yellow  Pine mining district, Clark County, Nevada, 
has recently been shown to be rich in platinum and palladium. 
The occurrence of platinum and palladium in this Nevada gold 
ore is of some interest, inasmuch as a review of the known dis­
tribution of platinum in veins shows that the Boss vein is one of 
the few primary deposits in which metals of the platinum group 
are present in more than traces, and, with one possible exception 
— the New Rambler deposit in Wyoming— it is the only primary 
deposit of economic importance in which these metals are the 
constituents of predominant value.

The report includes a description of the Ideation, the history, 
die geology and the general mineralogic features of this district. 
Analyses of the ore are reported and there is given a general dis­
cussion of the known lode occurrences of platinum throughout 
the world and a comparison of the Boss deposit with those pre­
viously known.

The Coalville Coal Field, Utah. C a r r o l l  H. W e g e m a n n .  
Bulletin 581-E. Separate from Contributions to Economic 
Geology, 1913. Part II. Pp. 161-187. The purpose of this 
study was to work out in detail the rock structure, correlating 
so far as possible the coal beds exposed at the several localities, 
outlining the probable productive area, and making estimates as 
to the depth of the beds within, it. The general character of the 
coal is considered and the beds are discussed by townships.

M ineral Deposits of the Santa Rita and Patagonia Mountains, 
Arizona. F. C. S c h r a d e r ,  with contributions by J .  M. Hill. 
Bulletin 582. 373 pp. and 25 plates. The purpose of this paper
is to furnish a general idea of the character, occurrence, dis­
tribution, and development of the mineral resources of a desert 
area comprising about 1,400 sq. mi. in Pima and Santa Cruz 
counties, Arizona, 26 mi. southeast of Tucson. The physiog­
raphy, geology, and water supply of the area are briefly dis­
cussed and the mining districts, camps, and properties are con­
sidered in detail. The deposits include gold, silver, copper, lead, 
zinc, tungsten, molybdenum, and building materials. Topo­
graphic and geologic maps of the area discussed and of parts of 
it, maps, plans, and sections of some of the mines and their work­
ings, and halftone plates showing geologic features, make up the 
illustrations.

Geology and Coal Resources of North Park, Colorado. A. L. 
B e e k l y .  Bulletin 596. 121 pp. 12 plates. This bulletin de­
scribes the geography, stratigraphy, structure, and economic 
geology of North Park, a great natural depression in the Rocky 
Mountains of northern Colorado, sharply defined as a topo­
graphic unit by its prominent, almost continuous rim of mountain 
crests 2,000 to 5,000 ft. above the bottom of the basin. On 
account of its remoteness from frequented routes of travel, very 
little has been known of the geology of this basin until recent 
years. As coal is the most valuable knowii mineral resource of 
North Park, this report calls special attention to the coal de­
posits, discussing their occurrence and development and the pro­
duction and estimated tonnage of the mines. The illustrations 
consist of a geologic map and sections of North Park, sections of 
coal beds, and photographic views of geologic features.
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Contributions to Economic Geology, 1 9 1 3 . Part I. M etals 
and Nonmetals Except Fuels. F .  L. R a n s o m e  a n d  H. S . G a l e .  
Bulletin 580. 462 pp. This bulletin is made up of 16 brief re­
ports 011 investigations of mineral deposits made in 1913. In 
each case items of economic interest are reported, but little 
material of purely scientific significance is given. The more 
important of the reports have already been reviewed in T in s 
J o u r n a l .

BUREAU O F M IN E S

Metallurgical Treatment of the Low-Grade and Complex 
Ores of Utah. D. A . L y o n ,  R. H. B r a d f o r d ,  S. S. A r e n t z ,  

0 . C. R a l s t o n  a n d  C. L. L a r s o n .  A  preliminary report issued 
jointly by the Bureau of Mines and the Department of M etal­
lurgical Research of the University of Utah, Engineering Station. 
Technical Paper 90. 40 pp. Paper, 5 cents. The principal
topics discussed in this report are the following: Methods of
mining and mining conditions in Utah, (gold, silver, lead, copper 
and zinc); situation and extent of the low-grade ores; metal­
lurgical treatment of the ores; processes having a possible ap­
plication for Utah ores; availability of certain raw materials for 
use as reagents; discussion of the allied problems, especially 
fuel supply and electric energy costs.

Mining and Milling of Lead and Zinc Ores in the Wisconsin 
District, Wisconsin. C l a r e n c e  A .  W r i g h t .  Technical Paper 
95- 39 PP- Paper, 10 cents. This report gives a description 
of the zinc and lead mining districts, the ore deposits and their 
field relations, together with an elaborate discussion of the mining 
and ore-dressing practice, and the labor, cost, accident, and other 
factors of operating interest.

Permissible Explosion-Proof Electric Motors for Mines; 
Conditions and Requirements for T est and Approval. H. H. 
C l a r k .  Technical Paper 1 0 1 . 1 4  pp. Paper, 5  cents. The
Bureau of Mines has applied the term “ explosion proof” to 
motors constructed so as to prevent the ignition of gas surround­
ing the motor by any sparks, flashes, or explosions of gas or of 
gas and coal dust that may occur within the motor casing. This 
paper mentions the details of construction that the bureau con­
siders essential for satisfactory service and describes tests of an 
explosion-proof mining-machine motor and accessories approved 
by the bureau.

The conditions under which motors may be labeled as approved 
by the Bureau are described and the "caution” and “ approval” 
plates which are permitted are illustrated. One satisfactory 
make of motor has already been examined. The test proved 
that the protection of the motor, starting rheostat, and cable 
reel was adequate at the time of testing. It  is, therefore, con­
sidered that with reasonable care the equipment can be main­
tained permanently in an explosion-proof condition. The equip­
ment has therefore been approved by the Bureau as permissible 
for use in gaseous mines.

The Condensation of Gasoline from Natural Gas. G e o r g e  

A. B u r r e l l ,  F r a n k  M .  S e i b e r t  a n d  G .  G .  O b e r f e l l .  Bulletin 
88. 106 pp. Paper, 15 cents. “ This report treats of a method
for preventing some of the waste of the natural gas incidental to 
oil mining. This method, the condensation of gasoline from 
natural gas, offers to the oil operator and others a profitable 
means of utilizing some of the oil-well gas now being wasted. 
The most desired constituent of crude oil is obtained, the pro­
duction of oil is not hindered, and the gas, after extraction of 
gasoline, can be returned to the leased area to drive pumps or 
into -pipe lines for uses to which natural gas is ordinarily put, 
usually with its fuel value lessened only in slight degree.”

In discussing these subjects the growth of this industry is 
described, and a general discussion given of the constituents of 
natural gas, their properties and the factors which affect the 
yield of gasoline from natural gas. Methods of determining the 
probable yield and flow of gas with the pilot tube and methods

of gas analysis are described. The conditions under which the 
life of wells is sufficient to justify the installation of recovery 
plants is discussed and data are given as to methods of com­
pression and costs both for installation and operation of the 
plants. Scientific data are given as to the properties of various 
gases and their constituents.

A Primer on Explosives for M etal Miners and Quarrymen. 
C h a r l e s  E. M u n r o e  a n d  C l a r e n c e  H a l l .  Bulletin 80. 125 
pp. Paper, 25 cents. This report is an elementary discussion 
of combustion and explosion; blasting and mine explosives; fuse, 
detonators, and electric detonators; and the proper methods for 
the use of explosives in quarrying, excavation work, metal min­
ing, and tunneling; including a discussion of the storage, hand­
ling, and thawing of explosives and a list of permissible explosives. 
The report covers metal mining and quarrying giving informa­
tion which corresponds to that published in Bulletin 17 of this 
Bureau as applying to the coal mining industry.

BUREAU or F O R E IG N  AND D O M E S T IC  C O M M ER C E

European M arkets for Fish. Miscellaneous Series 25. 36 pp.
Paper, 5 cents.

Some Aspects of Iron and Steel Industry in Europe. Special 
Consular Reports 71. 48 pp. Paper, 5 cents. (Review to be
given next month.)

C O M M ER C E R E P O R T S —M AY, 1915

Ireland produces annually 47,000 tons of salt and imports
33,000 tons, the imports being chiefly from Spain and Italy. 
The chief salt works is at Antrim where there is a vein 80 feet 
thick, the salt being obtained partly as rock salt, and partly 
from brines. (P. 528.)

Export of natural indigo from England is now permitted. (P. 
561.)

Pocahontas coal is about to be used on Brazilian railways. 
(P. 565.)

A t Kingston, Canada, talc is quarried from open pits, and is 
crushed and reduced to 200 mesh, for use in paper making and 
foundry purposes. (P. 569.)

The American Peat Society whose object is the furtherance 
of the use of peat in this country, will meet in Detroit, September 
20-22,1915. (P. 571.)

In Moscow, there is a marked increase in the demand for 
chemicals including carbolic acid and chloride of lime for disin­
fectants, potassium ferrocyanide, cottonseed oil, citric and acid 
nitrate of soda. (P. 572.)

Argentina is having some difficulty in finding a market for 
linseed, quebracho logs, bones, fertilizers, sugar and wine. 
(Pp. 580-8.)

Of the large amount of soda ash and soda crystals made in 
Germany in 1913, only a small portion was exported, viz., 
$36,000 worth to Austria-Hungary and Switzerland. (P. 588.)

A  new tin foundry is to be erected at Santiago, Chili, to smelt 
Bolivian ores. (P. 594.)

Under the title “ British Solution of the Dyestuff Problem,”  
commercial agent Thos. H. Norton discusses in detail the or­
ganization of "British Dyes (Ltd.),”  the new company organized 
to develop the dyestuff industry in Great Britain. The govern­
ment has subscribed nearly half the capital and also $500,000 
for a research laboratory. M ost of the stock has been sub­
scribed. Shareholders will have priority in receiving available 
supplies. The largest existing plant, that of Read, Halliday, 
and Sons has been acquired. A  proposal to pledge stockholders 
to use only dyes from the new company for five years after the 
war, was abandoned. The government has permitted all manu­
facturers to use all patents the property of persons in belligerent 
countries, suitable royalties to be paid after the war. All alcohol 
to be used in the dye industry is untaxed. Efforts are being made 
to cooperate with the Swiss factories. There is some criticism 
because there is 110 chemist on the Board of Directors. No
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means has yet been provided for protecting the industry from 
German competition after the war. (Pp. 596-602.) (See also 
T h i s  J o u r n a l ,  7  ( 1 9 1 5 ) .  5 3 8 .)

Owing to a greatly increased demand in England for high­
speed steels, the price has advanced greatly, as well as that of 
ferrotungsten and ferrochrome, while ferrovanadium has re­
mained stationary. (P. 609.)

An export tax on boric acid and borates has been levied in 
Chili. The nitrate industry is slowly improving. (Pp. 618-9.)

A report on the oil, seed, and cake trade of Hull, England, in­
cludes statistics of the manufacture and prices in 1913, 1914 and 
1915, of linseed, cottonseed, castor beans, rape seed and soya 
beans, and the corresponding oils and cake. (Pp. 629-31.)

In order to stimulate the production of coke oven by-products 
required for explosives, fuel, and fertilizer the German govern­
ment is seeking to extend the use of coke as fuel on railways and 
in manufacturing. (P. 637.)

Export of coal from Great Britain except to colonies and 
allies, has been forbidden. (P. 641.)

Owing to the increased price of copper, the mining industry 
of British Columbia is improving. (P. 658.)

Efforts are being made to conduct the washing of wool in 
Argentine instead of abroad, and obtain the wool-grease as a 
by-product. (P. 717.)

The market in China for American and other ginseng still 
continues, in spite of the conclusion of many doctors that it has 
no therapeutic value. (P. 728.)

The Second Pan-American Scientific Congress will be held in 
Washington, D. C., from December 27, 1915 to January 8, 1916. 
The United States Government has appropriated $50,000 toward 
the Congress. (P. 739.)

Among the principal resources of Alaska are gold, copper, 
silver, coal, fish oils, gypsum, marble, and tin. (P. 740.)

Almost no sugar beet seed is raised in the United States. The 
principal producer is Germany, which exports 30,000 tons 
annually. The "mother beet seed,”  i. e., the seed used to plant 
beets for the production of seed, is mostly raised in Holland. 
(P- 750.)

Paraguay produces 70 per cent of the world’s output of 
“ petitgrain oil,”  the essential oil extracted from the leaves of the 
wild orange, from $20,000 to $50,000 worth being annually ex­
ported to the United States for use as a drug. (P. 755.)

The price of aniline dyes in Japan is ten times the normal 
price. (P. 769.)

In a review of the “ Dyestuff Situation in the United States,”  
Commercial Agent Thomas H. Norton states that the existing 
supplies are so low that the stock of foreign dyes will be prac­
tically exhausted by July 15, 1915. The two cargoes of dyes, 
whose shipment was permitted by the British Government, have 
not been sent from Germany although there is an ample stock 
there. While the recovery of coke oven by-products in America 
is being greatly increased, the demand for benzol and toluol for 
explosives is restricting the amounts available for dyes. The 
American output of aniline is now sufficient to meet the needs 
of the dyestuff industry. M ost of the contracts are for three 
years, at a  price to be determined by the market price. All the 
American dyestuff plants have enlarged their plants, and most 
of the important intermediates are now being made here. There 
is a marked increase in the demand for natural dyestuffs, espe­
cially “ quercitron”  extracted from the black oak, the only natural 
dyestuff indigenous to the United States. No provision has yet 
been made for the manufacture of alizarin or synthetic indigo in 
the United States. It  is believed that a self-contained Ameri­
can coal tar industry is possible under existing tariff condi­
tions, provided there is protefction against “ dumping.”  (Pp. 
770- 9.)

The world’s output of copper in 1914 was 10 per cent less than 
in 1913. (P. 797.)

Japan is importing some phosphate rock from the Marshall 
Islands, now under Japan, in place of part of the American 
supply. (P. 811.)

S t a t is t ic s  o f  E x p o r t s  t o  t u b  U n it e d  S t a t e s  ( P p .)

F r a n k f o r t  D i s t r ic t .
G e r m a n y — 708
C hem ica ls
D yestu ffs
P a p e r
S tee l a n d  iron
P la t in u m
H ides
Z inc  d u s t
S p e lte r
C o p p er
B a ry te s
C olors
B ronze

A u s t r ia  -  H u n g a r y —  
S u p p le m e n t la  

B eer 
B rass  
C h in a w a re  
U ran iu m  
E a r th e n w a re  
G lassw are  
G lue  
H ops 
K ao lin
M in e ra l w a te r  
R e n n e t 
M in e ra l s a lts  
Z inc  ox ide 
B a riu m  ch lo ride  
P o ta s s iu m  p e rm a n ­

g a n a te  
E n a m e l p a in ts  
F u sib le  enam el 
H ides  
S od  oils 
S tee l tu b in g  
A lum inum  
A n tim o n y  
P araffin

H a m b u r g  —  S u p p le ­
m e n t 6 a 

C em en t 
C eresin  
S te a r in  
P araffin  
A cids
C oal ta r  p re p a ra tio n s
E a r th e n w a re
C h in a w a re
G lassw are
M e ta ls
E s s e n tia l  oils
F u se l oil
M in e ra l oil
P a lm  oil
P a lm  k e rn e l oil
P a in ts
P a p e r
T a r
V arn ish
W ood  p u lp
A lbum en
S u g a r
A n tim o n y
C a n th a r id e s
C arm o n ile
C o ria n d e r
D yew oods
E rg o t
L y  copod ium  
C la y
C oal, e tc .
F e r ti liz e r
F ib e rs
T in
G lue  s tock  
W ool g rease  
G um s
G u t ta  p e rch a
H id es
R u b b e r
Iv o ry  n u ts
J u te  a n d  sisal
M ica
R e n n e t

B a v a r ia — S u p . 6b
A lu m in u m  p ow der
B eer
B rass
B ronze
E le c tric  lig h t c a rb o n s
C ellu lo id
E a r th e n w a re
C h in a w a re
G lassw are
G o ld  a n d  s ilv e r leaf 
H ops
L a v a  s to n e
P a in ts
P a p e r
B u rg u n d y  p itch
L ith o g ra p h ic  s to n es
T in  foil
G lue
M a tc h e s
P u m ic e  s to n e
G e la tin e  •
M an g an ese  ox ide 
R ag s
S tee l ba lls

H a w a ii— 790 
S u g a r 
M o lasses  
H ides

B r is t o l  E n g l a n d —  
S u p p le m e n t 19» 

A n im a l ch a rco a l 
A m m o n iu m  ch lo ride  
B leach in g  p ow der 
F u lle r ’s e a r th  
H ides  
G lue  
Iro n  o re

G r e e c e — S up . 7a
O live oil
S oap

L i v e r p o o l — S u p . I9 h
A lu m in u m
D ried  blood
B ones
C arb o lic  ac id  
A m m o n iu m  su lfa te  
S a l am m on iac  
B leach ing  p ow der 
C a lc iu m  ch lo ride  
G ly ce rin e  
G u m  tra g aso l 
S o d a  ash  
S o d iu m  cy a n id e  
S o d iu m  s ilica te  
S o d iu m  sulfide 
C oal a n d  coke 
C o p p er
E a r th e n w a re , e tc .
F e r ti liz e r
F ib e rs
G lassw are
G lue
H ides
C ru d e  ru b b e r  
F e rro m a n g an ese  
T in  p la te  
O il c ak e  
C o c o a n u t oil 
P a lm  o il 
P a lm  k e rn e l oil 
S o y a  b ea n  oil 
O leo stea rin  
P a in ts ,  e tc .
P a p e r  s to ck  
S a lt
A rtif ic ia l s ilk
T in
W ax
P o ta s s iu m  c a rb o n a te  
P o ta s s iu m  c h lo ra te  
P o ta s s iu m  h y d ra te  
A n tim o n y  
T a n n in g  e x tra c ts

C a n a d a — 767 
P u lp  w ood

S a x o n y — S up . 6c 
B eer
C h in aw are  
E a r th e n w a re  
D ru g s, e tc. 
E sse n tia l oils 
W ood  p u lp  
B one m eal 
C a u s tic  p o ta sh  
C o lo rs  a n d  inks 
F e rti liz e r  
H ides  
O il o f roses 
O xalic  ac id  
P ep to m a n g a n  
M o n ta n  w ax 
W ool grease 
E n a m e led  w are 
T u n g s te n  pow der

B r it is h  H o n d u r a s—  
S u p p lem en t 21a 

C hic le  
R u b b e r

O n t a r io — S up. 23d
C o ru n d u m
A lum inum
A sbestos
B eesw ax
B ones
B rass  „
C a rb o n  
A cetone  
A ce tic  ac id  
A rsenic
H y d ro ch lo ric  acid 
N itr ic  ac id  
S u lfu ric  a d d  
T a r ta r ic  acid 
W ood  alcohol 
A m m on ium  sulfate 
A niline  dyes 
C alc ium  
C asein  
C reo so te  oil 
C o b a lt  oxide 
F u se l oil 
G lycerine  
C h ic le  
G a m b ie r  
K a u r i
C a lc iu m  ac e ta te  
M en th o l
P o ta s s iu m  h y d ra te  
P o ta s s iu m  cyanide 
C oal, e tc .
C y a n a m id
F ib e rs
G old  a n d  silver 
W ool grease 
H ides  
R u b b e r  
I ro n  ore 
I ro n  a n d  steel 
M an g an ese  ore 
M ercu ry  
M ica  
F e ld s p a r
N ick e l o re  and  m atte
C o ttonseed -o il
O leo oil
K e to n e  oil
P a p e r  s tock
P la t in u m
G ra p h ite
D iam o n d s
S ilicon
A rtific ia l silk
M a rb le
P y r ite s
T a lc
T a n  b a rk
T in
W ax
Z in c  scrap

D e m a n d s  f o r  A m e r ic a n  G o o d s  ( P p .)

P a l e r m o , I t a l y -  
C oal 
F u e l oil 
C y p r u s — 571 
G lass 
C h in a w a re  
T u r k e y — 80 4  
C em en t

-570 E n g l a n d — 622
G lass:

P la te  
S h ee t 
F lin t  
B o tt le  

C a n a r y  I s l a n d s — 669 
F e rti liz e r

I r e l a n d — 710 
A nim a l fa ts  
G lue
C o l u m b ia — 7 44
Iro n
S tee l
C h in a — 758 
P a in ts

N o t e — T h e  a b o v e  ite m s  a re  fo r M a y  1 to  21 in c lu s iv e ; th e  re s t of the 
M a y  re p o r ts  w ill b e  co v e re d  n e x t m o n th .
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The manufacture of “ asbestos slates”  for roofing, has been 
started in Japan. (P. 813.)

The French Government has created a special bureau in the 
Department of Commerce to foster the production and supply of 
chemical and pharmaceutical products. Supplement 5b. (P. 15.)

Special Supplements published during the month follow. In 
general they contain discussions of the manufacturing and trade 
conditions and in most cases, import and export statistics.

B ritish  H o n d u ra s—  P a n a m a — 35a.
B raz il— 40a.

B ritish  G u ian a— 44a.

A ustria-H ungary— la . 
France— 56.
G erm any —  H a m b u rg  

6a; B a v a ria — 66; 
Saxony— 6c.

Greece —  P a tr a s  —  7 a. 
United K in g d o m  —  

Liverpool —  19 h; 
B ristol— 19».

21a.
C a n a d a  —  O n ta r io  —  

23 d.
C a n a d a — 231.
C u b a — 25a.
M exico  —  S an  L u is  

P o to s i— 32a.

H o n g k o n g  -C h in a  -  
52 a.

A u stra lia— 606.

D E P A R T M E N T  O F  A G R IC U L T U R E

Soils of M assachusetts and Connecticut with Especial R ef­
erences to Apples and Peaches. H e n r y  J. W i l d e r .  D e­
partment Bulletin 140. Contributions from the Bureau of 
Soils. 73 pp. Paper, 25 cents. This report is largely of 
agricultural interest as the character of the soil is discussed only 
in its relation to fruit production.

Tests of Wood Preservatives. H o w a r d  F. W e i s s  a n d  C.
H. TE E S D A L E . Department Bulletin 145. Contributions from 
the Forest Service. 20 pp. Paper, 10 cents. The following 
summary of the investigation indicates the scope of the report.

"The practical value of a preservative depends very largely 
upon the conditions under which it is used, and investigations to 
determine its value must necessarily be broad. The following 
points were considered in the tests:

"1— The important chemical and physical properties of the 
preservative.

“ 2— The effect of the preservative on the strength of the wood 
treated with. it.

"3— The ability of the preservative to penetrate and diffuse 
through wood.

“4— The permanency of the preservative after its injection into 
wood. This involves a study of its volatility and leachability.

‘ 5— The combustibility of wood treated with the preservatives.
“ 6— The toxic efficiency of the preservative in preventing the 

growth of wood-destroying fungi.
“ 7— The corrosive action of the preservative on steel.
“ 8— The effect .of the preservative on paint applied to the wood 

subsequent to treatment.
No systematic tests were made on the effect of the preservative 

as an electrolytic or in contaminating drinking water, nor were 
any tests made which relate to a special or limited use.”

Soil Erosion in the South. R. O. E. D a v i s .  Department 
Bulletin 180. Contribution from the Bureau of Soils. 23 pp. 
Paper, 10 cents. Only the mechanical effects and the mechanical 
means of prevention are discussed. The chemical influences 
on the soil due to erosion are not described.

Morphology of the Barley Grain with Reference to Its Enzym- 
Secreting Areas. A l b e r t  M a n n  a n d  H .  V. H a r l a n .  De­
partment Bulletin 183. Contribution from the Bureau of Plant 
Industry. 32 pp. Paper, 15 cents. The discussion given in 
this paper is of particular interest as indicating the desirable 
and undesirable properties of barley in connection with malting. 
There is included a discussion as to the source of diastatic 
ferments and as to the location of diastase secretion. This 
Bulletin is of interest to agronomists, brewery chemists, 
maltsters, and others.

Loss in Tonnage of Sugar Beets by Drying. H a r r y  B. 
S h a w . Department Bulletin 199. Contribution from the 
Bureau of Plant Industry. 12 pp. Paper, 5 cents. The 
conditions which affect the moisture content in sugar beets as 
well as the sugar losses which occur during storage of beets are 
discussed. A  number of suggestions are given as to the relation 
of the shrinkage to the price of the beets and methods for ad­
justing prices on the basis of sugar making value.

Field Studies of the Crown-Gall of Sugar Beets. C . O. 
T o w n s e n d .  Department Bulletin 203. Contributions from the 
Bureau of Plant Industry. 8 pp. Paper, 5 cents. This paper 
is summarized as follows:

1— There are at least two distinct types of sugar-beet galls.
2— The crown-gall of sugar beets is caused by a bacterium or 

a number of closely related bacteria.
3— Sugar-beet galls appear to have an injurious effect upon 

the quality of the roots.
4— The galls themselves are low in purity and therefore detri­

mental in the milling processes.
5— Sugar-beet galls sometimes cause the beet roots to decay, 

but, so far as general field observations can determine, they do 
not appear otherwise to affect the tonnage.

6— This disease may be held in check by a proper system of 
crop rotation with grain-producing plants.

W eeds Used in Medicine. A l i c e  H e n k e l .  Farmers’ 
Bulletin 188. Contribution from the Bureau of Plant Industry. 
45 PP- "Some of the plants coming within this class are in many 
States at present subject to antiweed laws, and farmers are re­
quired to take measures toward their extermination. It  seems, 
therefore, desirable to make these pests sources of profit where 
possible. In many cases, when weeds have been dug, the work 
of handling and curing them is not excessive and can readily 
be done by women and children.

"T he prices paid for crude drugs from these sources are not 
great and would rarely tempt anyone to pursue this line of work 
as a business. Y et, if in ridding the farm of weeds and thus 
raising the value of the land the farmer can at the same time make 
these pests the source of a small income instead of a dead loss, 
something is gained. In order to help the farmer to obtain the 
best possible prices for such products, instructions for collecting and 
preparing crude drugs derived from weeds are here briefly given.”

This subject is of more than usual interest under the present 
conditions when the drug market is so largely affected by the 
failure of certain European supplies.

Leguminous Crops for Green Manuring. C . V . P i p e r .  

Farmers’ Bulletin 278. Contribution from the Bureau of Plant 
Industry. 27 pp. Largely of agricultural interest.

Cottonseed-Meal for Feeding Beef Cattle. W . F. W a r d .  

Farmers’ Bulletin 655. Contribution from the Bureau of 
Animal Industry. 8 pp. The conditions under which cotton- 
seed-meal is a valuable and economic feedingstuff are discussed, 
but the bulletin gives little of direct chemical interest except 
indicating the proper conditions for the utilization of this product 
of the cottonseed industry.

Manufacture and Use of Unfermented Grape Juice. G e o r g e
C. H u s m a n n .  Farmers’ Bulletin 644. Contribution from the 
Bureau of Plant Industry. 16 pp. This bulletin gives in­
structions for making grape juice for home use as well as the 
directions for commercial operation.

Effect of Fertilizers on the Physical Properties of Hawaiian 
Soils. W i l l i a m  M c G e o r g e .  Bulletin 38 of the Hawaii 
Agricultural Experiment Station. 31 pp. Paper, 5 cents.

Notes on Hydrocyanic-Acid Content of Sorghum. J. J. 
W i l l a m a n  a n d  R. M . W e s t .  Journal of Agricultural Research, 
4 (1915), 170-85; also available as a separate. A contribution 
from the Agricultural Experiment Station of the University of 
Minnesota.

Effect of Soil Moisture on Changes in Surface Tension of Soil 
Solution Brought About by Addition of Soluble Salts. P. E. 
K a r r a k e r .  Journal of Agricultural Research, 4 (1915), 186- 
92. A Preliminary Report.

Manual of Procedure for Guidance of State Health, Food, 
and Drug Officials. Compiled by J. S. A b b o t t .  12 pp. Ob­
tainable only through the Bureau of Chemistry.

Rules and Regulations Governing Importation of Cotton Lint 
into the United States. 'Adopted by the Federal Horticultural 
Board, Dated M ay 14, 1915. 10 pp. Paper, 5 cents.
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B O O K  R E V I E W S

Chemistry of Familiar Things. B y  S a m u e l  S c h m u c k e r  S a d t -
l e r ,  S.B, xiii +  320 pp. Illustrations: 23 plates and 6 fig­
ures. Philadelphia and London: J. B. Lippincott Company,
1915. Price, $1.75.

A  number of books have been written foi; the instruction of 
the reader possessing little or no chemical knowledge. Some of 
these "demochemical”  works have neither simplicity of style 
nor clearness of expression; in others the authors failed to ex­
ercise ingenuity in the selection of subject material, in the elimina­
tion of irrelevant matter, or in the presentation of the essentials, 
while still others are not free from incautious and extravagant 
statements, likely to create false impressions. To serve happily 
their intended purpose, such treatises should be entertaining 
in exposition; the chapters thereof should be consecutive and 
clear, and the points emphasized therein should be the important 
ones. Thesfc criteria of excellence arc very exacting indeed, 
which accounts for both the number of popular works on chem­
istry which have been prepared in the endeavor to meet the re­
quirements of the "intelligent”  lay-reader and the poor recep­
tion accorded so many of these. The great difficulty has been 
to give a presentment of facts garbed in an interestingly at­
tractive style, since it is quite simple, owing to the availability 
of the literature of chemistry, for one experienced in teaching 
the science and possessing mature judgment, to select suitable 
material; and the writings of few authors, and among these the 
three books of the late Dr. Robert Kennedy Duncan merit first 
mention, are touched with a certain largeness and attraction 
of form and are yet without perissology.

The twenty-two chapters of Sadtler’s book deal with many 
diverse subjects (historical development of chemistry; the peri­
odic system; light; heat; combustion and insulation; air, oxida­
tion and ventilation; water; alkalies and salts; metals; gold and 
silver; the earth’s evolution; soil and its conservation; food ele­
ments and food classes; individual foods; animal feeding; fermen­
tation; chemistry of the body; soaps, solvents, and paints; 
paper and textiles; leather and rubber; silicious substances and 
glass; and definitions) and contain a fund of carefully selected 
information; but they are merely wholesome without being either 
artistic or adapted to arouse the reader’s interest. In other 
words, the book will serve a useful purpose if it is read, for 
while the author is not Iiterose, his composition is one of the most 
comprehensive popular expositions of every-day practical chem­
istry which has been brought to the reviewer’s attention, and 
accuracy prevails throughout. r AYMOn d F . B a c o n

Methods in Metallurgical Analysis. B y  C h a r l e s  H .  W h i t e .

D. Van Nostrand Co. Price, $2.50 net.

Professor W hite has written a book that is very good of its 
kind, but of a kind of which we already have more than enough. 
W hy will not some of our colleges teach - analytical chemistry 
instead of schemes of analysis? To be sure it would involve 
more work for the instructors, but they are not in the least 
afraid of work or at all unwilling to undertake it if it will im­
prove results. The majority of the analysts turned out yearly 
know only definite schemes, but are utterly lost if asked to check 
the accuracy of a method or to devise a new one. Routine 
analyses in most works are made not by chemists but by boys 
trained for the particular purpose and working under the direc­
tion of a chemist. To obtain suitable chemists for this pur­
pose is very difficult, largely owing to the methods of instruction 
in vogue.

The book starts with a clear and very condensed statement 
of the definitions and descriptions of the principal operations. 
This is followed by detailed directions fpr the analysis of the 
common metallurgical materials and products. The methods

are clearly described and the illustrations are adequate. The 
plan of the work involves a great deal of repetition, but there 
is no more of this than is unavoidable under the circumstances. 
The methods described have the sanction of practice, nearly 
all being in common use, though in some cases well-known 
sources of error are not pointed out. For instance, the great 
danger of the contamination of precipitates of the hydroxides 
of iron and alumina with silica derived from the ammonia, 
or the certainty of high results in the volumetric determination 
of zinc when the ores contain cadmium. Where several alter­
native methods are given, no criticism of them is made, and their 
relative accuracy and suitability for different purposes is not 
pointed out.

Prof. White rightly insists on the necessity of testing weights 
and volumetric apparatus— a matter that is frequently neglected. 
He also repeatedly points out the necessity of standardizing 
volumetric solutions under identically the same conditions 
in all respects as are present when the unknown solution is 
titrated.

The book, like all of its kind, will be useful in many cases
as it brings together a great deal of information now scattered
through many journals and books. „  „  „

G e o .  C. S t o n e

Leavening Agents. B y  R i c h a r d  N. H a r t ,  B.S. Published by
the Chemical Publishing Company, Easton, Pa. 90 pp. 13
illustrations. Price, $1 .00.
This book, in which yeast and baking powders are briefly 

discussed from the manufacturer’s point of view, will be found 
helpful to any one seeking information as to the method of yeast 
manufacture. The work could to advantage be enlarged on the 
biochemical side so that the chemist having a yeast problem to 
investigate might be able to obtain suggestions as to how to 
proceed.

A little over a page is given to "Tests for Yeast,”  the Metzler 
test being proposed. This test is misleading, particularly if a 
flour is used having low fermenting value, or one encouraging 
abnormal fermentation.

A  concise description of baking powders is given and the 
author does not hesitate to express his views 011 the subject. 
"I11 a baking powder it is not a question of whether alum is 
harmful, or phosphate and cream of tartar wholesome, but of
whether their residues in bread are deleterious,”  "there
is no record as yet of injurious results from using any baking 
powder well made by any of the standard formulae.”  If a 
writer had expressed such an opinoin a few years ago, it would 
have invited much controversy and some would have condemned 
him to the “ scrap heap.”  Happily, however, the time has come 
when manufacturing problems relating to foods can be looked 
at from a rational view-point. Some of the subject matter in 
the book could have been more judiciously selected, as on page 
60 the test referred to is in reality a test of recipe rather than a 
test of flours.

I11 the chapter 011 milk powder only meager mention is 
made of skim milk powder and 110 analyses are given. Many 
bakers use skim milk powder, supplying the fat in forms cheaper 
than the butter fat in the more expensive whole milk powders.

In the discussion of "Salt-Rising Fermentation” it is quite 
apparent why the culture methods have come into use with the 
manufacture of cleaner flours which are less likely to contain 
as a natural constituent the gas generating ferment.

The book is well printed on good paper and is quite free from
typographical errors. It is to be commended and the author
encouraged to get out a larger and more complete edition at some
future time. _

H a r r y  S n y d e r
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N E W  P U B L I C A T I O N S
B y I r e n e  D e M a t t y , L ib ra r ia n . M ello n  I n s t i t u te  of I n d u s tr ia l  R e se a rc h , P i t t s b u r g h

A nalysis: M ik ro c h e m isc h e  A n a ly se . B y  P . D . C . K l e y .  504 pp .
Price, $6.00. L eopo ld  V oss, L eipzig .

C em en t: Z e m e n t  u n d  B e to n  im  T ie fb a u . B y  H . G a m a n n .  8 v o .
299 pp . P rice , $2.00. T o n in d u s tr ie -Z e itu n g , B erlin .

C olloids: D er K o llo id e  Z u s ta n d  d e r  M a te r ie .  B y  L e o n a r d o  C a s s u t o .
8vo. P rice , $2.00. T h e o d o r  S te inkop ff, Leipzig .

C om pressed  A i r : D ie V e rw e n d u n g  v o n  P r e s s lu f t  im  B e rg b a u b e tr ie b e .
By A. E . L i e v e h r .  8 v o . 258 p p . P rice , $1 .25 . C . S te in e r t ,  W eim ar. 

C oncrete : R e in fo rc e d  C o n c re te . B y  A. A. S c o t t .  8 v o . 186 pp .
Price, $1.00. S c o tt ,  G reenw ood , L ondon .

D y n a m o m e to r s :  B y  F . J . J e r v i s - S m i t i t .  8vo. 267 p p . P rice , $3.50.
D. V an N o s tra n d , N ew  Y ork .

E lec tric ity : M e c h a n ic s  o f E le c tr ic i ty .  B y F . J . B . C o r d i e r o .  8vo.
Price, $1.25. E . a n d  F . N . S pon , L ondon .

F e rro m a n g a n e s e : F e r r o m a n g a n  a ls  D e s o x y d a tio n s m itte l  im  fe s te n
u n d  flu e ss ig e n  Z u s ta n d  u n d  d a s  F e r r o m a n g a n s c h m e lz e n .  B y 
W. R o d e n i i a u s e r .  8vo. 127 pp . P rice , $1.75. O. L e in er, Leipzig . 

F o u n d ry : L e i t f a d e n  f u e r  G ie ss e re ila b o ra to r ie n . B y B. O s a n n .
8vo. P rice , $1.00. J . S p rin g e r, B erlin .

F urnace  E ffic iency , C o m b u s t io n  a n d  F lu e  G ases. B y  J . C . P e e b l e s .
8vo. P rice , $1.00. J . G . B ra n c h  P u b lish in g  C o., C hicago.

G earing : S p ira l a n d  W o rm  G e a r in g . 8vo. P rice , $2.75. E . an d
F. N . S pon , L ondon .

H ydrogen: D ie K o n s t i tu t io n  des W assersto ff M o lek u e ls . B y  P.
D e b y e .  8vo. P rice , $0.50. G . F ra n z , M u n ich .

L ign ite : U eb er V e rw e r tu n g  d e r  L ig n itk o h le .  B y J . H u i j b e r s .  8vo.
Price, $0.50. V erlag  fu e r  F a c h l ite ra tu r , B erlin .

M aterials  of C o n s tr u c t io n .  B y A. P . M i l l s .  8 v o . P rice , $4.75.
C hapm an  a n d  H a ll, L o n d o n .

M olecules: P ro b le m e  k o m p le x e r  M o lek u e le . B y P . L e n a r d .  8vo.
Price, $1.00. G . F ra n z , M u n ich .

M inerals: D ie g e s te in b i ld e n d e n  M in e ra l ie n . B y  E r n s t  W e i n s c h e n k .
3rd E d . 8vo. 261 p p . P rice , $2.50. H e rd e r, F re ib e rg .

O ptics: E le m e n ts  of O p tic s . B y  G . W . P a r k e r .  12mo. 122 pp .
Price, $0.75. L o n g m an s , G reen  a n d  C o .. N ew  Y ork .

Ore A n a ly sis : T e c h n ic a l  M e th o d s  of O re A n a ly sis . B y  A l b e r t
H. L ow . 7 th  E d . 8vo. 376 p p . P rice , $2.75. J o h n  W iley  an d  
Sons, N ew  Y ork .

Organic C h e m is try :  E x p e r im e n ts  in  O rg a n ic  C h e m is try .  B y  F . J .
M o o r e .  8vo. P rice , $0.50. Jo h n  W iley  & S ons, N ew  Y ork .

P e tro leu m — N o m e n c la tu r e :  D ie N o m e n c la tu r  in  d e r  E rd o e lw is- 
s e n sc h a f t. B y  H . H o e f e r .  8 v o .  P rice , $ 0 .2 5 . V erlag  fu e r  F a c h ­
lite ra tu r. B erlin .

Physical C h e m is tr y :  P r a c t ic a l  P h y s ic a l  C h e m is try .  B y  J .  B.
F i r t h .  8 v o . 190 p p .  P rice , $0.75. M e th u e n  a n d  C o.. L ondon .

Soil A n a ly s is : U e b er d ie  B e d e u tu n g  u n d  d ie  M e th o d e  d e r  c h e m ­
isch e n  B o d e n a n a ly s e  m i t  s ta r k e r  h e is s e r  S a lz sa e u re . B y  D . J. 
H is s in k .  8 v o . P rice , $ 0 .5 0 . V erlag  fu e r F a c h l ite ra tu r , B erlin .

S team  B o ile rs  a n d  C o m b u s t io n . B y  J o h n  B a t e y .  8 v o . 2 2 0  p p .
Price, $1.50. S c o tt , G reenw ood , L ondon .

Steel: C ase H a rd e n in g  of S tee l. B y  H a r r y  B r e a r l y .  8 v o .  169 p p .

Price, $2.50. S p o n  a n d  C o ., N ew  Y o rk .
T esting : A S h o r t  C o u rse  in  t h e  T e s tin g  o f E le c tr ic a l  M a c h in e ry . 

By J . H . M o r e c r o f t  a n d  F . W . I I e h r e .  3 rd  E d . 8vo. 91 pp . P ricc , 
$1.50. M acm illan  C o., N ew  Y ork .

Textile C olor M ix in g . B y  D a v i d  P a t t e r s o n .  2nd  E d . 8 v o . 140 p p .
Price, $2.00. S c o tt , G reenw ood , L ondon .

V olum etric  A n a ly sis . B y  A. J . B e r r y .  8vo. 146 pp . P rice , $1.75.
C am bridge U n iv e rs ity  P ress.

W ater A n a ly s is : K o m p e n d iu m  d e r  b io lo g is c h e n  B e u r te i lu n g  des
W assers. B y  J . W i l h e l m i .  8 v o .  6 6  p p .  P rice , $ 1 .0 0 . G . F isch er, Jen a .

RECEN T JOURNAL ARTICLES 
A lcohol: E s t im a t io n  of M e th y l A lcoho l in  P re se n ce  o f E th y l A lcoho l.

By G. C . J o n e s .  T he  A n a ly s t, Vol. 40 (1915), N o . 470, p p . 218-222 . 
Blast F u r n a c e :  P ro g re ss  in  B la s t  F u r n a c e  P ra c t ic e .  B y A. E .

M a c c o u n .  Iro n  T rade Review . Vol. 56  (1915), N o . 22, pp . 1129-1130. 
Blast F u rn a c e  P l a n t  A u x ilia rie s . B y  J .  E .  J o h n s o n ,  J r .  M etallurgical 

and Chem ical E ng ineering , Vol. 13 (1915), N o . 6, pp . 373-378 .
Blowpipe A n a ly s is : Q u a n ti ta t iv e  B low p ipe  A n a ly sis  in  t h e  F ie ld .

By G e o r g e  D e l i u s .  M in in g  and Scien tific  Press, Vol. 110 (1915), 
No. 19, pp. 725-726.

Boiler P la te :  T e s ts  o n  th e  D ia g o n a l S t r e n g th  of B o ile r P la te .
By G. W . F . M a c D o n a l d .  P ow tr, V o l. 41 (1 9 1 5 ), N o .  23 , p p .  7 7 9 -7 8 0 . 

Cellulose: C au se s  o f D e fe c ts  in  S u lf ite  C ellu lo se . B y  R . R . O l i v e r .
Paper, Vol. 16 (1915), N o . 11. p . 11.

Chem ical E n g in e e r in g  in  N itro -C e llu lo s e  M a n u f a c tu re .  B y S. L. 
S t a d e l m a n .  M etallurgical and  C hem ical E ng ineering , Vol. 13 (1 9 1 5 ), 
N o. 6, p p .  3 6 1 -3 6 6 .

C olloids: T h e  A c tio n  of C e r ta in  C ollo id s o n  Io n s  d u r in g  E le c tro ly s is .

B y  A. M u t s c h e l l b r .  M etallurgical and  Chem ical E ngineering , Vol. 13 
(1915), No. 6, p p . 353-357.

C o p p e r : P h y s ik a lis c h -C h e m is c h e  S tu d ie n  a m  K u p fe r .  B y  E r n s t
C o i i e n  a n d  W . D . H e l d e r m a n .  J o u rn a l fu e r  P hysika lische  Chem te,
Vol. 89 (1915), No. 5, p p . 638-639.

C o rro s io n : T e s ts  fo r  C o rro s io n  R e s is ta n c e . B y  D a n i e l  M . B u c k .
Iron  T rade Review , Vol. 56 (1915), No. 22, p . 1124.

C o rro s io n : R e c e n t  P ro g re ss  in  C o rro s io n  R e s is ta n c e . B y  D a n i e l
M . B u c k .  Steel and  Iro n , Vol. 19 (1915), No. 18, p p . 582-586.

C y an id e  P ro cess . B y  F r a n k  S . W a s h b u r n .  T he  Chem ical Engineer, 
Vol. 21 (1915), No. 5, p p . 177-184.

C y an id e  S o lu t io n :  A ssay  of C y an id e  S o lu t io n s .  B y  C . E . R o o d -  
h o u s e .  M in in g  a nd  S c ien tific  P ress, Vol. 110 (1915), No. 20, p . 760.

C y an id in g  P ra c tic e  of C h u rc h i l l  M illin g  C o., W o n d er , Nev. B y
E . E .  C a r p e n t e r .  B u lle tin  o f the A m erica n  In s titu te  o f M in in g  E ngineers, 
No. 102 (1915), pp. 1317-1332.

E lec tr ic  L a m p  I n d u s t r y .  G . F .  M o r r i s o n .  G eneral E lectric Review, Vol.
18 (1915), No. 6. p p . 497-503.

E lec tr ic  P o w er I n d u s t r y .  D a v i d  B . R u s h m o r e .  General E lectric 
Review , Vol. 18 (1915), No. 6, p p . 427-439.

E n a m e ll in g :  A n lag e  u n d  B e tr ie b  e in e s  M o d e rn e  E m a ill ie rw e rk es .
D ie Glashuette, Vol. 45 (1915), No. 11/12, pp . 71-72.

F a t s :  U eb er d ie  B e s ta n d te ile  t ie r is c h e r  F e t te .  B y  J .  K l i m o n t  a n d
K. M a y e r .  M onatshefte fu e r  Chem ie, Vol. 36 (1915), No. 4, pp. 281-287. 

F a t ty  A c id s: U eb er d ie  V e rb in d u n g e n  des C a lc iu m s  u n d  M ag ­
n e s iu m s  m i t  h o e h e re n  F e t t s a e u r e n .  B y J u l i u s  Z i n k  a n d  R i c h a r d  
L iE R E . Zeitschrift fu e r  angewandte Chem ie, Vol. 28 (1915), No. 36, 
p p . 229-232.

F e r t i l iz e r :  A M u n ic ip a l  F e r t i l iz e r  P l a n t  a t  L os A n g e les . B y  B u r t
A. H e i n l y .  E ng ineering  N ew s, Vol. 73 (1915), No. 22, pp . 1063-1064. 

F ib ro x — A N ew  I n s u la t in g  M a te r ia l .  B y E . W e i n t r a r t .  E ngineering  
M agazine, Vol. 49 (1915), No. 3, p. 415.

F u r n a c e :  C o m p a ra tiv e  F u r n a c e  E ffic iency . B y  R . J .  W e i t l a u e r .
M etallurgical and  Chem ical E ng ineering , Vol. 13 (1915), No. 6, p p . 357-361. 

G as E n g in e :  H is to ry  of th e  L a rg e  G as E n g in e . B y  H .  H u b e r t .
Iro n  T rade Review , Vol. 56 (1915), No. 22, pp . 1011-1016.

G as P re s s u re s :  T h e  E q u i l ib r iu m  T h e o ry  o f G as P re s su re s .  B y
R .  H . J o h n s o n  a n d  L. G . H u n t l e y .  N a tu ra l Gas Jo u rn a l, Vol. 9 
(1915), No. 5, p p . 240-242.

G as R e a c t io n s :  Z w ei G a s re a k tio n e n . B y  M a x  T r a u t z .  Z eitschrift
fu e r  E lektrochem ie, Vol. 21 (1915), No. 7 /8 , p p . 118-122.

H e a t :  T h e  D iff icu lty  of M e a s u r in g  H e a t .  B y  A. IT. B a r k e r  a n d
F . C . B r e n d a l .  H eating  and  V en tila tin g  M agazine, Vol. 12 (1915), 
No. 5, p p . 21-24.

I n d u s t r i a l  R e s e a rc h . B y  L. A. H a w k i n s .  G eneral E lectric Review , 
Vol. 18 (1915), No. 6, p p . 416-427.

I n d u s t r i a l  A p p lic a tio n s  o f E le c tr ic i ty .  B y  A. R . B u s h .  General 
Electric R eview , Vol. 18 (1915), No. 6, p p . 460-482.

I r r ig a t io n :  T ra n s m is s io n  L osses in  U n lin e d  I r r ig a t io n  C h a n n e ls .
B y  S a m u e l  F o r t i e r .  E ngineering  N ew s, Vol. 73 (1915), No. 22, pp. 
1060-1063.

M e rc u ry : W et M e th o d s  o f M e rcu ry  E x tra c tio n . B y  E . B r y a n t
T h o r n h i l l .  M in in g  and  Scien tific  Press, Vol. 110 (1915), No. 23, pp. 
873-874.

M in e ra l  A c id s: B e r ic h t  u e b e r  d ie  I n d u s t r i e  d e r  M in e ra ls a e u re  im
J a h r e  1914. B y  K . R a u s c h .  C hem iker-Z eitung, Vol. 39 (1915), No. 54, 
p p . 342-343.

P a l la d iu m :  Z u r  T r e n n u n g  v o n  P a l la d iu m  u n d  Z in n  d u r c h  e le k ­
tro ly t is c h e  A b s c h e id u n g  des P a l la d iu m s .  B y  A. G u t b i e r .  Z eit­
schrift fu e r  analy tische Chem ie, Vol. 54 (1915), No. 4, p p . 208-213. 

P a p e r :  P r a c t ic a l  A sp e c ts  o f P a p e r  T e s tin g . P aper, Vol. 16 (1915),
No. 11, pp. 17-18.

R u b b e r :  R e c e n t  A dv an ces  in  th e  A n a ly sis  a n d  E v a lu a t io n  o f R u b ­
b e r  a n d  R u b b e r  G oods. B y  . P h i l i p  S c i i n i d r o w i t z .  T he  A n a ly s t, 
Vol. 40 (1915), No. 470, pp . 223-233.

R u s t  R em o v a l b y  C h e m ic a l R e a g e n ts .  B y  J .  N. F r i e n d  a n d  C . W .
M a r s h a l l .  Iron  T rade Review , Vol. 56 (1915), No. 22, pp . 1023-1024. 

S e le n iu m : U eb er d ie  G e w ic h ts a n a ly tis c h e  B e s t im m u n g  d e s  S e len s.
B y  A. G u t b i e r  a n d  F .  E n g e r o p f .  Zweitschrift fu e r  analy tische Chem ie, 
Vol. 54 (1915), No. 4. p p . 193-205.

S te a m : C o m m e rc ia l  V a lu e  of E x h a u i t  S te a m . B y  A. J .  J o h n s t o n ,
J r .  E ngineering  M agazine, Vol. 49 (1915), No. 3, pp . 327-335.

S u lf u r  G as R e c la im in g  S y s te m . B y  C . B. T h o r n e .  P aper, Vol. 16 
(1915), No. 10, p p . 11-13.

T h e rm o d y n a m ic s  o f S a tu r a te d  V ap o r. B y J .  E . S i e b e l .  Ice  and  
R efrigeration , Vol. 48 (1915), No. 6, pp . 363-366.

Z i n c : R e c e n t  Im p r o v e m e n ts  in  th e  M e ta llu rg y  o f Z in c . Engineering  
and M in in g  Jo u rn a l, Vol. 99 (1915), No. 21, p. 896.

Z in c  O re : E le c tro m a g n e t ic  Z in c -o re  T r e a tm e n t .  B y L. E . I v e s .
E ng ineering  and M in in g  Jo u rn a l, Vol. 99 (1915), No. 23, p p . 979-980.
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R E C E N T  IN V E N T IO N S
UNITED STA TES PA TEN TS

B y  C. L . P a r k e r  

S o lic ito r of C hem ica l P a te n ts ,  M cG ill B u ild in g , W a sh in g to n , D . C .

Treating Oil. J. A. Dubbs, Jan. 5 ,19 15 . U. S. Pat. 1,123,502.
Finely divided particles of water are removed from emulsified 
oil by subjecting a body of such oil to a pressure materially above

atmospheric pressure, such pressure being produced by heating 
the oil to a temperature above that required for boiling water 
at such pressure and removing the steam and oily vapors generated 
during such treatment.

Hydrogenating Fats, Oils and W axes. T. B. W alker, Jan. 5, 
1915. U. S. Pat. 1,123,962. Hydrogenation is effected by sub­

jecting the material under treatment, in a comminuted con­
dition, to the action of hydrogen gas under superatmospheric 
pressure and a catalytic body, in the presence of heat and an 
electric discharge.

Magnesium Perborate. W . W eber, Jan. 5, 1915. U. S. 
Pat. 1,124,081. A  mixture of magnesium sulfate and sodium 
perborate are melted, with constant stirring.

Electrolytically Refining Tin. G. Michaud and E. Delasson, 
Jan. 12, 1915. TT. S. Pat. 1,124,315. An electric current is 
passed from an anode of impure tin to a cathode through an 
electrolyte of high conductivity composed of protochlorid 
of tin, 100 k g .; sulfuric acid, 10 k g .; magnesium chlorid, 1 kg.; 
boric acid, 1 kg.; and the requisite quantity of distilled water 
to bring the solution up to 20° Baume.

Light Hydrocarbons, etc. P. Sabatier and A. Mailhe, Jan. 
12, 1915. U. S. Pat. 1,124,333. Crude petroleum, heavy pe­

troleum oils, etc., are converted into hydrocarbons distilling 
below 3000 F. by passing their vapors over catalyzing metals 
in a state of division in contact with metals or alloys of metals 
of the nickel series maintained at a temperature varying from 
300° F . to dark red and to bright red by the passage of an elec­
tric current.

Effecting Dissociative Reactions upon Carbon Compounds. 
W . O. Snelling, Jan. 12, 1915. TJ. S. Pat. 1,124,347. The
process comprises heating a carbon compound capable of under­
going a reversible reaction in which hydrogen is one of the prod­
ucts and separating and withdrawing the hydrogen in an un­
combined state during the progress of the reaction.

Saturating Unsaturated Acids and Their Glycerides by Com­
bining Them with Hydrogen. E. Utescher, Jan. 12, 1915. 
U. S. Pat. 1,124,560. Hydrogenation of oil is effected by sub­
jecting the oil to the action of hydrogen, a catalyzer and silent 
electrical discharges.

Dry Fat and Oil Compounds. M . Hamburg, Jan. 12, 1915. 
U. S. Pat. 1,124,611. The composition is produced by emulsi­
fying not less than 25 parts of materials having the physical 
properties of oil with approximately 75 parts of highly con­
centrated diastatic starch conversion products without addition 
of a  foreign emulsifying agent, and drying and granulating the 
resultant mixture.

Explosive. C. A. Woodbury, Jan. 12, 1915. U. S. Pat. 
1,124,679. This is an explosive having a relatively low velocity 
of detonation comprising nitrate of ammonia, nitroglycerin 
and an absorbent, the nitrate of ammonia being in the form of 
relatively large globular grains.

Extracting Potassium from Flue-Dust. S. Peacock, Jan. 12, 
1915. II. S. Pat. 1,124,798. Flue-dust containing potassium 
salts is treated with a solution of non-calcium phosphate to re­
act with potassium silicates present and also with an acid to 
react with any potassium salts which m ay be mechanically 
held by  such silicates.

Reclaiming Rubber. H . W . Kugler, Jan. 12, 1915. U. S. 
Pat. 1,124,920. Vulcanized rubber is simultaneously treated,

. under suitable conditions of temperature and pressure, with a 
carbo-cyclic amido compound, such as anilin, toluidin, xylidin, 
or the like and a substance capable of combining with or absorb­
ing sulfur, such as caustic alkali solution.

Making Arsenic and Arsenical Compounds. G. P. Fuller, 
Jan. 19,1915. TJ. S. Pat. 1,125,086. Arsenious acid is suspended 
in an aqueous solution of an alkali metal halid and subjected 
to electrolysis. The product of the reaction is filtered and the 
filtrate treated to recover its arsenical compounds.

Copper. W. M . Page and W . Tassin, Jan. 19, 1915. U. S. 
Pat. 1,125,164. Copper in a highly heated molten condition 
is treated with iron in excess of an amount sufficient to react 
with the oxygen and oxids present; the excess of iron is burned out 
under conditions precluding re-oxidation of the copper.

Casein from Buttermilk. R. Eilersen, Jan. 26, 1915. U- S. 
Pat. 1,126,429. Buttermilk is heated to from 40° to 65° C. to 
separate the whey and the curd. The curd is washed with cold 
water adding sufficient cold water to replace the separated whey. 
The casein is dissolved in an alkaline bicarbonate, separated and 
precipitated by a mineral acid, the precipitate being washed with 
cold water.
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BR ITISH  PA TEN TS
B y  D . G e d d e s  A n d e r s o n  

C hem ica l E n g in e e r  a n d  P a te n t  C h e m is t, G lasgow , S c o tla n d

The following abstracts are taken direct from the patent 
specifications as soon as these are published by the British 
patent office. The date given at the end of the abstract is the 
date of acceptance.

Apparatus for Carburetting Air. H. A. Taylor, and The 
British and Colonial Lighting Co., 
Ltd., Application, Nov. 5,1913. 
Brit. Pat. 25,271. This invention 
relates to apparatus of the type 
wherein travelling pivoted buckets 
pick up hydrocarbon and deliver 
it to a carburetter. The primary 
feature is the adjustable bucket 
tipping obstruction. In the sec­
tional view shown, the bucket 6 
with lug 11 travels, filled with hy­
drocarbon, to the top of chamber 
and is there tipped by adjustable 
post 12 into receiver 7, from which 
the hydrocarbon passes to the car­
buretting chamber through open­
ing 8.— Accepted Feb. 25, 1915.

Purification of Gases for Heat­
ing or Power Purposes. E. Howl 

and F. Perry, Feb. 26, 1914.
Brit. Pat. 5,051. T ar and tar fog 
are separated from industrial gases 
by subjecting the gases to a spray 
of electro-statically charged water.
"0” is a metal tower with gas in­
let "c," and gas outlet "/ .”  “ b”
is a liquid sump for the collec- 
lion of tarry deposits. The water 
in the receptacle "d "  is electrified 
negatively and issues through suit­
able jets "c.” — Feb. 26, 1915.

Recovery of Sulfuric Acid from 
Waste Pickle. E. Howl and F.
Perry, March 7, 1914. Brit. Pat.
5,830. The acid liquor from operations in which iron and 
steel have been treated with sulfuric acid is run into lead-lined

tanks and evaporated to a con­
centration of 75 per cent acid. 
A t this concentration the ferrous 
sulfate in the liquor is precipi­
tated in an anhydrous form and 
separated with a centrifugal 
separator.— M arch 4, 1915.

Mixing Devices for the Hydro- 
genization of Oils. G. Calvert, 
March 9, 1914. Brit. Pat. 5,967.
Oil and catalyst are fed in 
through 27, and hydrogen through 
"g". The co-mingling device in 
the container "a "  comprises a pro­

peller, 39, at the base, and rotary agitators 20 in the form of a 
comb; 29 is a yoke to support bearing 42 for shaft “ b."— Feb. 
J5, 1915 -

A New Explosive. F. E. M atthews, March 13, 1914. Brit. 
Pat. 6,447. This invention relates to a new explosive sub­
stance, nitroisobutyl glycerol trinitrate, having the chemical 
formula:

^ C H ,.0 N 0 2 

N O j— C — CH2.ONO2

'Sssc h 2.o n o 2

For its preparation solid nitroisobutyl glycerol is brought into 
contact with "mixed acids” (equal vols. concentrated sulfuric 
and strong nitric acids) at a low temperature. The new product 
separates 011 the surface as a yellow oil. It is insoluble in 
water and has great stability towards heat.— March 11, 1915.

Metallic Paint. The British Patent Surbrite Co. Ltd., and
E. G. Meadway, March 20, 1914. Brit. Pat. 7,087. Metallic 
powder, 2 lbs.; gum mastic, 320 grams; India rubber dissolved in 
naphtha, 2 fluid ounces; celluloid dissolved in amyl acetate, 113 
fluid ounces; amyl acetate, 45 fluid ounces. The gum mastic is 
first dissolved in the rubber solution and this mixture added to 
the other ingredients.— March 18, 1915.

Accelerating the Vulcanization of Rubber. S. J. Peachey, 
March 24, 1914. Brit. Pat. 7,370. Vulcanization is carried 
out in the presence of a compound resulting from the interaction 
of an amine of the cyclic (aromatic or benzenoid) series, with 
an aldehyde of the aliphatic or of the cyclic series; or of an 
aldehyde of the cyclic series with ammonia. Two examples 
of such compounds are formaldehyde aniline, and benzylidene 
aniline.— Feb. 25, 1915.

Utilizing Waste Rubber. H. Gare, April 23, 1914. Brit. 
Pat. 10,030. Old or waste vulcanized India rubber is ground 
with sufficient water to bring the mass to a pasty condition 
and this semi-fluid mass is then molded under a pressure 
varying from 10 to 15 tons per pound of rubber used.— March 11, 
I9I5-

Accelerating Vulcanization of Rubber. S. J. Peachey, May 
2, 1914. Brit. Pat. 10,833. In this process the vulcanization 
is carried out in the presence of a small quantity of paranitroso- 
diphenylamine, or of the reduction product of paranitroso- 
dimethylaniline, namely dimethyl-paraphenylenediamine.—  
M arch 4, 1915. ■

Cement. J. F. Goddard, June 3, 1914. Brit. Pat. 13,542. 
Relates to a process for making Portland cement waterproof. 
Plaster of Paris is allowed to set with tannic acid (1 acid to 5 
plaster) and is then ground to a powder and added to the cement 
clinker during the grinding process. About 0.8 per cent by 
weight of this treated plaster is added to the clinker.— M arch 11, 

1915-

Insecticides. Wilkie and Soames, Ltd., and W . F. Soames, 
July 1, 1914. Brit. Pat. 15,765. Material consists of powdered, 
dried soap and sulfur. I t  is made up with water and sprayed, 
or else used in powdered form.— March 4, 1915.

Antiseptic and Germicides. G. T. Morgan and G. E. Scharff, 
Aug. 31, 1914. Brit. Pat. 19,253. Peat tar is dried at ioo° C., 
and distilled in suitable retorts. Three fractions are made (1) 
ioo° C. to 200° C., (2) 200° C. to 250° C.; (3) 250° C. to 
360° C. This separation leads to the segregation of the cresols 
in the least germicidal fraction boiling at 100° C. to 200° C. 
The distillates are extracted with a 10 per cent caustic soda 
solution and the acidic oils then set free by neutralizing with 
sulfuric acid.— March 11, 1915.

Improved Absorbent for Carbon Dioxide in Breathing Ap­
paratus. E. J. Bevan and R. H. Davis, Nov. 18, 1914. Brit. 
Pat. 22,719. The absorption chamber of breathing apparatus, 
such as is used in mine rescue work, is chargcd with a material 
made by grinding cellulose with a strong solution of caustic 
soda; 3 lbs. of caustic soda liquor (1 of caustic to 2 of water) 
are ground with 2 lbs. of ground wood pulp. The resulting 
material resembles bread crumbs in form, and does not del­
iquesce.— M arch 11, 1915.
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M A R K E T R E P O R T -J U N E , 1 9 1 5
a v e r a g e  w h o l e s a l e  p r i c e s  i n  TH E  N EW  YORK m a r k e t  f o r  l a r g e  q u a n t i t i e s  o f  s t a n d a r d  c h e m i c a l s

IN O R G A N IC  C H E M IC A L S  A lcohol, d e n a tu re d , 180 p ro o f ...................................... G al. 38 ©  39

A c e ta te  of L im e, g r a y ........................................... 100 L bs. 3 .5 0 © 3 .5 5
A lum , lu m p ................................................................ 100 L bs. 2 .5 0 © 3 .0 0
A lu m in u m  S u lfa te , h ig h -g ra d e .......................... 100 L bs. 1 .25 © 1 .50
A m m o n iu m  C arb o n a te , d o m e s tic .................... . . .  .L b . 8V* @ 9 7 *
A m m o n iu m  C hloride, g r a y ................................. . . .  .L b . 6V* © 6 72
A q u a  A m m on ium , 16°, d ru m s .......................... . . . . L b . 2»A © 2 72
A rsen ic, w h ite ........................................................... 3*A
B ariu m  C h lo r id e ...................................................... . . . .  T o n 8 0 .0 0 ® 9 0 .0 0
B a riu m  N i t r a te ........................................................ . . . .L b . 15
B ary te s , p rim e  w h ite , fo re ig n ............................ 19 .0 0 ® 2 3 .0 0
B le ach in g  P ow der, 35 p e r  c e n t ......................... 100 L bs. 1 .40 «g 1 .50
B lue V itr io l................................................................ 7 »A
B orax , c ry s ta ls , in  b a g s ........................................ . . . .  Lb. 41/4 ® 4 7 2
B oric A cid, p o w dered  c ry s ta ls .......................... . . . .  L b . 7 y 2 @ 77«
B rim sto n e , c ru d e , d o m e s t ic ................................ L ong  T o n 2 2 .0 0 © 2 2 .5 0
B rom ine, te chn ica l, b u lk ...................................... 85 @ 87
C alc ium  C hloride , lu m p ....................................... . . . .  T o n — © 11.78
C alc iu m  C hloride , g r a n u la te d ........................... . . . . T o n — @ 14 .78
C au s tic  Soda, 60 per ce n t dom estic , in d ru m s, 100 L bs. 2 .3 5
C au s tic  S oda, 70 ©  76 p e r c e n t ....................... . 100 Lbs. 2 .2 5
C au s tic  S oda, pow dered  o r  g ra n u la te d , 7 6 %  100 Lbs. 3 .0 0
C h a lk , lig h t p re c ip i ta te d ..................................... . . . . L b . 4 7 j % 4 7 «
C h in a  C lay , im p o r te d ........................................... 3 0 .0 0 © 3 3 .0 0
F e ld s p a r ................ . .................................................... 8 .0 0 © 12.00
F u lle r ’s  E a r th ,  foreign , p o w d e re d ................... 100 L bs. 80 © 85
G la u b e r’s S a lt , in b b ls ........................................... 100 L bs. 60
G reen  V itrio l, b u lk ................................................. 100 L bs. 90 @ 1 .00
H y d ro ch lo ric  A cid, co m m ercia l, 1 8°.............. 100 L bs. 1 .50 © 1 .75
H y d ro ch lo ric  A cid, C . P ., conc., 2 2 ° ............ 100 Lbs. 2 .0 0 © 2 .2 5
Iod ine , re su b lim e d ................................................... . . . . L b . 3 .7 5 © 3 .8 0
L ead  A ce ta te , w h ite  c ry s ta ls ............................. . . . . L b . I I 8/« © 1 1 7 s
L e a d  N i t r a t e .............................................................. . . . . L b . 11 © 1172
L ith a rg e , A m e ric a n ................................................ . . . . L b . 874
L ith iu m  C a rb o n a te ................................................. . . . . L b . 1 .00 © 1. 10
M ag n esiu m  C a rb o n a te .......................................... . . . . L b . 5 7* © 6
M ag n es ite , " C a lc in e d ” .......................................... ____T o n 2 5 .0 0 © 3 0 .0 0
N itr ic  A cid, 68 p e r  ce n t, sp. g i. 1 .42 ............. ____L b . 5 7 s © 67<
N itr ic  A cid, fu m in g ................................................ . . . .  Lb . 7 7 s @ 87«
P h o sp h o ric  A cid , sp. gr. 1.750.......................... . . . . L b . 28 © 31
P h o sp h o ru s ................................................................. ......... L b . 35 ® 90
P la s te r  of P a r is ......................................................... . . . .B b l. 1 .5 0 @ 1 .7 0
P o ta s s iu m  B ich ro m ate , c a sk s ............................ . . . . L b . 207*
P o ta ss iu m  B ro m id e ................................................ ......... L b . 1 .1 0 @ 1.11
P o ta s s iu m  C a rb o n a te , ca lc ined , 80 ©  8 5 % ... 100 L bs. 20
P o ta ss iu m  C h lo ra te , c ry s ta ls , s p o t ................. ___ L b. 34
P o ta s s iu m  C y an id e , bu lk , 9 8 -9 9  p e r  c e n t . . . . .  .L b . 25 @ 29
P o ta ss iu m  H y d ro x id e ............................................ ___ L b. 25 @ 30
P o ta ss iu m  Io d id e , b u lk ......................................... . . . .L b . 3 .1 5 @ 3 .2 0
P o ta s s iu m  N itra te , c r u d e .................................... ___ L b. 12 © —
P o ta ss iu m  P e rm a n g a n a te , b u lk ........................ 70 @ 7272
Q uicksilver, flask, 75 lb s ...................................... 9 5 .0 0 @ 100.00
R ed  L ead , A m e ric a n ....................................................... L b . 872 ® 874
S a lt  C ake , g lass m a k e rs ’...................................... 100 L bs. 55
S a ltp e te r , c r u d e ........................................................ 100 L bs. 2 .3 5
S ilv e r N i t r a t e ............................................................ 3172 @ 33
S o ap s to n e  in  bags , N a îO .................................... 10 .00 ® 12 .0 0
S o d a  A sh, 48 p e r  ce n t. N a îO ............................ . 100 Lbs. 6772 @ 727 'j
S od ium  A c e ta te ........................................................ 4 ® 4 7 2

S o d iu m  B ic a rb o n a te , d o m e s tic ......................... 100 L bs. 1. 0 0 @ 1 . 1 0
S o d iu m  B ic a rb o n a te , E n g lis h ............................ . . . .  Lb . 3 7 2 @ 3 7 4
S o d iu m  B ic h ro m a te ................................................ . . . .  L b . 1072
S od ium  C a rb o n a te , d r y ........................................ 100 L bs. 1 . 1 0 © —
S o d iu m  C h lo ra te ...................................................... ......... Lb . 15 © 17
S od ium  H y d ro x id e , 60 p e r  c e n t ....................... 100 L bs. 2 .2 5
S o d iu m  H ÿ p o su lf ite ............................................... 100 Lbs. 1 .80 © 2.0 0
S o d iu m  N itra te ,  95 p e r ce n t, s p o t .................. 100 L bs. 2 .3 5
S o d iu m  S ilica te , l iq u id ..........................................,100 Lbs. 85 @ 1 . 2 0
S od ium  Sulfide, 3 0 % , c ry s ta ls , in  b b ls ......... ......... Lb . W * © 2 7  4
S o d iu m  S ulfite , c ry s ta ls ........................................ 2 7 2 © 2 7 s
S tro n tiu m  N i t r a t e ................................................... ......... L b. 1772 © 18
S u lfu r, flow ers, s u b lim e d .................................... .100  Lbs. 2 . 2 0 @ 2 .6 0
S u lfu r, r o l l ................................................................ . 100 Lbs. 1 .85 @ 2 .1 5
S u lfu ric  A cid, ch a m b er, 6 0 ° ............................... 100 L bs. 85
S u lfu ric  A cid, conc ., sp . gr. 1 .842 .................... 100 L bs. 1 .25 @ 2.0 0
S u lfu ric  A cid, o leum  ( fu m in g ) .......................... 100 Lbs. 1 .50 @ 2 .0 0
T a lc , A m erican .................................................... ......... T o n 9 .0 0 @ 1 3 .0 0
T e r ra  A lba, A m erican , N o . 1 ............................. 100 L bs. 75 © 80
T in  B ichloride , 5 0 ° ................................................. ____L b . 147-» © 15
T in  O x id e . .................................................................. ____ L b. 45 © 47
W h ite  L ead , A m erican , d r y ............................... ......... L b . 772 © 73/4
Z inc C a rb o n a te ......................................................... 10 @ 12
Zinc C hloride, g r a n u la te d ................................... . . . . L b . 9
Zinc O xide, A m erican  p ro cess ........................... . . . . L b . 15 © 17
Zinc S u lfa te ................................................................ 100 L bs. 47<

O R G A N IC  C H E M IC A L S
A cetan ilid , C . P ., in  b b ls ..................................... . . . . L b . 65 @ 70
A cetic  A cid, 28 per cen t, in  b b ls .......................100 Lbs. 2 .5 0 © 2 .6 5
A ce tic  A cid, g lacial, 99»/j%, in c a rb o y s___......... L b . 2 .5 0 © 2 .7 5
A cetone, d ru m s ........................................................ 28

A lcohol, g ra in , 188 p ro o f ................................ ............G al. 2 .5 4 © 2 .5 6
A lcohol, w ood, 95  p e r  ce n t, re f in e d ........... ............G al. 45 © 47
A m yl A c e ta te ........................................................ ............ G al. 2 .6 0 © 2 .7 5
A niline O il.............................................................. ............ L b . 1. 0 0 © 1.20
B enzoic A cid, e x -to lu o l.................................... ............ Lb . 2 .7 5 - @ 3 .0 0
B enzol, 9 0  p e r  c e n t ............................................ 90 © —
C am p h o r, refined  in  b u lk , b b ls .................... ............L b . 43 © 45
C arb o lic  A cid, U . S. P ., c ry s ta ls , d r u m s . . ........... L b . 1 .5 0 @
C arb o n  B isu lfid e ................................................. ............ Lb . 7 7 2 @ 8
C arb o n  T e tra c h lo r id e , d ru m s, 100 g a l s . . . ............L b . 16 © 17
C h lo ro fo rm ............................................................ 30 ©  • 35
C itr ic  A cid, dom estic , c ry s ta ls ..................... .............L b . 55 @ 55»/*
C resol, U . S. P ...................................................... 1 .4 0 © 1 .50
D ex trin e , co rn  (carloads, b a g s ) .................... . . 100 Lbs. 3 .1 0 © 3 .2 0
D ex trin e , im p o rte d  p o ta to ............................. ............Lb. 10 @ 12
E th e r , U . S. P ., 1 9 0 0 ............................................... ............Lb . 15 © 20
F o rm a ld eh y d e , 4 0  per c e n t ............................ ............Lb . 8 7 2 © '9V j
G lyce rine , d y n a m ite , d ru m s  in c lu d e d ......... 2 1 7 * @ 22
O xalic A cid, in  c a sk s ......................................... ............Lb. 23 @ 25
P y ro g a llic  A cid, resu b lim ed  b u lk ................ ............Lb . 1 .3 5 @ 1.55
S alicy lic  A c id ........................................................ ............L b . 2 © 2»/j
S ta rc h , c a s s a v a .................................................... ............ Lb . 3 7 4 © 4
S ta rc h , co rn  (carloads , b a g s ) ........................ . . 100 L bs. 2 .4 3
S ta rc h , p o ta to ........... ........................................... ............ L b . 5 7 4 © —
S ta rc h , r ic e ............................................................ 7 @ 8
S ta rc h , s a g o ........................................................... ............Lb. 3 7 4 © 4
S ta rc h , w h e a t ........................................................ ............Lb. / @ 7*/*
T a n n ic  A cid, co m m erc ia l................................ ..............L b . 65 © 66
T a r ta r ic  A cid, c ry s ta ls ....................................... .............Lb . 48 © 50

O IL S , W A X E S , E T C .

B eesw ax, pu re , w h ite ................................... ................. Lb . 42 © 45
B lack  M in e ra l O il, 29 g r a v i ty ................. .................G al. 127s © 13
C a s to r  Oil, N o . 3 ............................................ .................Lb. 974 © 10«/4
C eresin , y e llo w ................................................ ................. Lb . 10 © 25
C o rn  O il............................................................. ___ 100 L bs. 6 .2 6 © —
C o tto n se ed  O il, c ru d e , f. 0 . b . m ill ......... ................ G al. 38 © 39
C o tto n se ed  Oil, p . s. y ................................. .................L b . 6 .1 5
C reoso te , beech  w o o d ................... ................ 90 © 95
C y lin d e r Oil, lig h t, f il te re d ........................ ................. G al. 20 © 25
F u se l Oil, c r u d e .............................................. ................. Lb . 2 .4 0 © 2.50
J a p a n  W a x ........................................................ 12 © 12*/*
L a rd  Oil, p rim e  w in te r ................................ 88 © 90
L inseed  Oil, r a w ............................................. ................. G al. 57 © —

M e n h ad en  Oil, c ru d e ................................... 37 © —
N a p h th a , 68 @ 7 2 ° ...................................... .................G al. — © 12
N e a ts fo o t Oil, 2 0 ° ......................................... 93 © 94
P ara ffine , c ru d e , 120 & 122 m . p ............ ................ L b . 27* © 3
P araffin e  Oil, h ig h  v isc o s ity ...................... ................. G al. 22 © 23
R osin , “ F ”  G rad e , 280 lb s ......................... ................. Bbl. 3 .8 0
R osin  Oil, firs t r u n ........................................ ................. G al. —: © 25

S hellac, T . N .................................................... 14 @ 14'/*
S p erm a ce ti, c a k e ............................................ .................Lb. 25
S p erm  Oil, b leach ed  w in te r, 3 8 ° ............. .................G al. 70 © —
S p in d le  Oil, N o . 2 0 0 ..................................... 17 © 18
S tea ric  A cid, d o u b le -p re ssed ..................... ................. L b . 12 © 12»/*
T allow , ac id le ss ............................................... ................. G al. 62 © 63
T a r  O il, d is ti lle d ............................................. ................. G al. 30 © 31
T u rp e n tin e , s p ir its  o f ................................... ................. G al. 45 © 45»/*

M E T A L S

A lu m in u m , N o . 1, in g o ts .................. ...........................L b . 29 @ 31

A n tim o n y , H a lle ts ’ .............................. ........................ .'Lb. 44 © 46

B ism u th , N ew  Y o rk ........................... ...........................L b . 3 .0 0
B ronze  p o w d e r ....................................... 45 © 3.15

C opper, e le c tro ly tic ............................. 20 © 20*/«
20 */ 4 © 20*/«

L ead , N . Y ............................................... .................100 L bs. 5 .7 5
42 (a) 45

P la tin u m , re fin ed .................................. 4 5 .0 0 © 50.00
49»/«

T i n ............................................................... ................. 100 L bs. 40 .7 5
Z inc. N . Y ................................................ 18»/4

F E R T I L IZ E R  M A T E R IA L S

A m m o n iu m  S u lfa te ................................................. 100 L bs. 3 .37»/«
B lood, d r ie d ......................................................................... U n it  2 .6 5
B one, 4 l/s  a n d  50, g ro u n d , r a w ..................................T o n  3 0 .0 0
C alc ium  C y a n a m id ..............................U n it  of A m m o n ia  2 .3 0
C alc iu m  N itra te , N o rw e g ia n ..............................100 L bs.
C a s to r  M e a l .........................................................................U n it
F ish  S crap , d o m estic , d ried , f. o. b . w o rk s ........... U n it  2 .52*/*
K a in i t ,  m in im u m  12.4 per c e n t K 2O, b u lk ...........T o n  3 5 .0 0
P h o sp h a te , ac id , 16 p e r  ce n t, b u lk ...........................T o n  8 .0 0  @ 9 .0
P h o sp h a te  ro ck ; f. o. b . m ine:

F lo r id a  la n d  p ebb le , 68 p e r  c e n t ......................T o n  2 .25
T en n essee , 7 0 -8 0  p e r  c e n t ...................................T o n  5 .0 0  @ 5 .50

P o ta ss iu m  “ m u r ia te .” bas is  80 p e r  c e n t ................T o n  2 0 0 .0 0  ©  216.
P y rite s , fu rn ace  size, im p o r te d ...................................U n it  14 ^
T a n k a g e , h ig h -g ra d e ....................................................... U n it  2 .6 0  &
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HYDROGEN AND NITROGEN ABSOLUTELY PURE 
Are you interested in the manufacture of hydrogen or 

nitrogen or both? I can furnish you with the simplest and 
cheapest method possible to produce same free of carbon, 
so important for many industrial purposes. For particulars 
address “P. O. Box 217, North Diamond Str. Station, Pitts- 
burgh, Pa.”______________________________ 944-7-15

ENGINEERING CHEMIST AND METALLURGIST with 
25 years’ experience in a special line, and owning patented 
improvements therein reducing cost of plant and manufacture 
of products of highest quality from cheaper ores by simpler 
methods than heretofore employed— results are obvious. 
Object, to secure capital or interest in established concern. 
Can be started with a nominal investment. For particulars 
address “P. O. Box 217, North Diamond Str. Station, Pitts­
burgh, Pa.” 945- 7-15

SITUATIONS W ANTED
GERMAN CHEMIST, graduate, desires position. Ex­

perience: 2 years in Germany, 2l/a years in United States. 
Young, efficient and inventive. Capable of research and 
library work. Professional references and publications on 
request. Address “ Box 17,”  care This Journal, Easton, Pa.

946-7-15

CHEMIST, young lady,university graduate, desires position 
in chemical laboratory, or as teacher of chemistry. Has 
had five years’ experience in analytical and research work. 
Excellent references. Address "G. L. E. M .,” care This 
Journal, Easton, Pa. 947-7-15

YOUNG CH EM IST, single, university graduate, ex­
perienced in cement-, glass-, alkali-, and bleach-industry, 
wishes position as chemist in any branch of chemical industry. 
Will go anywhere. Salary no object. Address “ 1910, care
C. F. Adams & Co., 942 Market St., San Francisco, Cal.”

948-7-15

CHEMICAL ENGINEER. College and university graduate. 
Varied experience in plant design, construction and operation 
in furnaces, electrothermics and heavy chemicals. Have 
directed commercial research and factory operation. Have 
started several new processes. First-class record. Engage­
ment as chief chemist, superintendent or works manager. 
Address “Box 32,”  care This Journal, Easton, Pa. 959-7-15

CHEMIST AND BACTERIOLOGIST, Ph.D., European 
university graduate, twenty-one years’ experience in U. S., 
thorough analyst and research chemist, used to supervising 
laboratory work, large experience in literary work and tech­
nical correspondence, linguist, is looking for permanent, 
remunerative position. Address “ Chiffre,” care This Jour­
nal, Easton, Pa. 949-7-15

EXPER IEN CED  CH EM IST wants position in California 
— neighborhood of San Francisco or Los Angeles preferred. 
Address "California," care This Journal, Easton, Pa.

956- 7- 15  I

P A IN T  TECH NOLOGIST, graduate industrial chemist 
with executive ability and over four years’ experience, de­
sires position as foreman or assistant superintendent in a 
paint and varnish plant. Age 26V 2, weight 168 lbs., single, 
healthy, willing to go anywhere but prefers the northeastern 

I part of U. S. Excellent references from former employers. 
Address "W. N. C.,” care This Journal, Easton, Pa.

950-7-15

YOUNG MAN, B.S., Michigan, 1914, desires position in 
chemical laboratory. Has had seven months’ experience in 
a state experiment station and is a skilled analyst. Can 
furnish first-class references. Address “ S. M .,” care This 
Journal, Easton, Pa. 953-7-15

WANTED by 1915 B. S. in chemical engineering, graduate, 
Class A, eastern university, position in manufacturing plant 
or laboratory. Have good references and some experience 
as laboratory assistant. Willing to start at the bottom. 
Address “Box 915,”  care This Journal, Easton, Pa. 954-7-15

G R A D U ATE  CH EM IST, age 24, with experience in the 
analysis of cement and cement materials, foods, drugs, 
fertilizers, ores, plaster, etc., and at present employed as 
chemist in western state food and drug laboratory, desires 
change to industrial chemical position with possibilities for 
advancement. Best of references furnished on request. Ad­
dress “T. F. B .,” care This Journal, Easton, Pa. 955-7-15

CHEMIST, Ch.B., 28, with best training in bacteriology, 
desires position in manufacturing plant or commercial 
laboratory. Four years’ experience as analytical chemist. 
At present employed. Moderate salary where there is a 
chance for advancement. Can furnish excellent references. 
Address “Box 191,”  care This Journal, Easton, Pa. 957-7-15

CHEMICAL ENGINEER, now employed as chemist in 
works laboratory, with five years’ analytical and research 
experience, both chemical and electrical, wishes a change of 
location and prefers work in factory or research laboratory. 
Excellent references. Address “M .,” care This Journal, 
Easton, Pa. 934“ 7- i 5

CH EM IST, 23 years old, having advanced college training 
in analytical chemistry, desires position in Holyoke, Mass., 
or vicinity where conscientious, efficient service will bring 
advancement. Four years’ successful experience in industrial 
laboratories. Able first-assistant. Special knowledge of 
alkali and acid, refractories and paper chemistry. Can 
furnish references. Address “ 71 P.,” care This Journal, 
Easton, Pa. 958-7-15

FOOD AN D  M IL K  CH EM IST, age 24, M.S. Univ. 
Calif., 1915, desires at once position, preferably on Pacific 
Coast, in industrial work or in a health control laboratory. 
Thorough training in all chemical branches and bacteriology. 
Specialized for last two years on food work, including 
research on milk analytical methods. Hard work expected 
and salary secondary to opportunity for advancement. 
Address “Sig,” care This Journal, Easton, Pa. 960-7-15

A  Directory o f  
Chemical Equipment and Laboratory Supplies
which we plan to make a concise Directory of the principal manufacturers of Chemical Equipment and 
Laboratory Supplies has been started in the Journal of the American Chemical Society.

The large number of inquiries that we receive from members of the American Chemical Society 
for addresses of manufacturers of special classes and makes of Chemical Equipment and Supplies, 
indicates the need of some such quick reference list.

The co-operation of manufacturers is invited, to the end that the Directory may be made as 
completely representative as possible. It will therefore become an invaluable aid to chemists, chemical 
engineers, works managers and others in charge of chemical operations. For information concerning 
representation, address *

The Am erican Chem ical Society, Advertising Office, 42 West 39th Street, New York
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Ovens of small and large sizes are 

available, equipped with large or small 

baskets and with analytical or regular 

type balances.

Descriptive pamphlet upon request

Sole D is tr ibu tors

(FOUNDED 1851)

NEW Y O R K , N. Y
and Pittsburgh, Pa.

The rear of the oven showing equipment for 
creating a circulating atmosphere. This oven is 
provided with ten.m etal baskets. An ingeneous 
arrangement allows each basket to be attached to 
the balance for weighing without theTWen being 
opened.

Freas’ Conditioning Oven
Electrically Heated and Controlled

D esig n e d  p r im a r ily  for  d e te r m in ­

in g  m o is tu r e  in  te x t ile  fabrics, 

y a rn , p ap er, e t c . ,  a n d  to  ascer­

ta in  th e  c o u n t  o f c o t to n , w oolen  

a n d  w o r s te d  y a rn s  o n  th e  “ dry 

b o n e ”  b a s is .

C an b e u sed  to  m u c h  ad van tage, 

h ow ever , for  a g rea t m a n y  ch em ­

ic a l p u rp o se s  w h ere  i t  is  desirab le  

to  dry  sa m p le s  a t  a n  a ccu ra te  

c o n s ta n t  te m p e r a tu r e  an d  to  

w e ig h  th e  d r ied  sa m p le s  in  th e  

o v en  w ith o u t  b r in g in g  th e m  in  

c o n ta c t  w ith  th e  ex ter io r  I a tm o s­

p h ere .


