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EDITORIALS
T H E  F O R T Y -E IG H T H  A N N U A L  M E E T IN G  O F T H E  

A M E R IC A N  C H E M IC A L  S O C IE T Y

T o  the m em bers who h a ve  learned from  experience 
th e v a lu e  of our general m eetings no appeal need be 
m ade to  continue in  th e ir  atten d an ce. T o  those who 
go in term itten tly  or who h a ve  n ot as y e t  a tten d ed , 
we w ould em phasize th e im portan ce of these m eetings 
and of th e R och ester m eeting (Sep tem ber 9 -1  z) in 
p articu lar. Our general m eetings afford benefits of 
several kinds. M o st im p ortan t is th e o p p o rtu n ity  
to  m eet the forem ost m en in  th e chem ical profession 
and to  ta lk  over m atters of m utual in terest. T h en  
there is th e discussion of papers w hich is freq u e n tly  
of m ore va lu e  to  us th an  th e papers th em selves, and 
th e  discussions are not published. A gain , th e S o ciety  
visits m an u factu rin g in stitu tion s of in terest to  th em , 
and each c ity  offers som ething unique. F u rth er, the 
social features, th e get-togeth er sessions, th e  renew al 
of friendships, all add their q u ota  of a ttractio n .

T h e chem ist going to  th e  general m eeting for the 
first tim e is liab le to feel him self am ong strangers. 
H e m akes a few  friends, m eets som e men from  th e  
old school and gets en joym en t from  th e  m eetings, 
b u t is a p t to  th in k  th a t th e trip  w as h a rd ly  w orth  th e 
cost and is doubtfu l abou t going to  th e n ext m eeting. 
A  m istake is m ade if this is follow ed ou t, for th e  men de­
riv in g  th e greatest benefits from  th e A m erican  C h em ­
ical S o ciety  m eetings are those w ho go regu larly .

W e are abou t to  hold our first annual m eeting as a 
sep arate society  on th e plan now in force w hich puts 
us on our ow n feet as an independent organization , 
stan din g ou t as th e largest chem ical so ciety  in th e world. 
E v e r y  effort is being m ade b y  the R och ester Section 
to offer attractio n s w hich w ill gu aran tee an atten d an ce 
in proportion  to  th e im portance of th e m eeting. R o ch ­
ester is w ith in  easy  d istance of a large m a jo rity  of our 
m em bers and has excellent tran sp o rtatio n  facilities. 
B o th  academ ic and industria l men w ill be w ell cared 
for, th e  general m eeting being scheduled a t th e great 
w orks of th e E astm an  K o d a k  C o. and the sectional 
m eetings a t the U n iversity  of R ochester. F a c to ry  
excursions w ill be a special feature coverin g a field 
from  th e  production  of th e in stru m en ts used b y  th e 
chem ical profession to w orks m akin g th e m ost m odern 
application  of ch em istry  to  in d u stria l problem s. 
F actories, the duplicates of w hich do n ot exist in  this 
cou n try  or abroad, w ill be visited . Social features 
w ill be prom inent and a good program  has - been ar­
ranged for th e ladies.

W e urge m em bers to  be in atten dan ce th e first d ay, 
for such a unique program  has never been planned 
for th is S ociety , T h e general m eeting a t K o d a k  P ark  
w ill be follow ed  b y  a com plim en tary  luncheon a t th e 
K o d a k  W orks and an inspection  of th e p lan t, th is b e­
in g th e  only op p o rtu n ity  of m akin g th e inspection. 
In  th e  evening com es th e  sm oker, fu ll of n o ve lty , 
am usem ent and good fellow ship . A  live  com m ittee 
has been w orking on th is ev en t for m onths for you r 
benefit.

L e t th e m em bers of th e  A m erican  Chem ical Society 
descend upon R o ch ester in un precedented numbers 
for th e first d a y , Sept. 9th, and m ake th e forty-eighth 
m eeting th e  best ever! A ll w ill be am p ly  repaid.

W OOD  ALCO H O L

Since m an b egan  h andling fire he has been utilizing 
dangerous substances to his ow n good purposes. Also 
th e chem ist has d iscovered  m an y substances and shown 
how  th e y  m ight be used for th e  benefit of mankind; he 
has dem on strated  th e va lu e  of cyan id es for extracting 
gold; how  strych n in e m a y serve as a  heart stimulant; 
he has p roved  the va lu e of phenol as a disinfectant; 
and how  su lfuric acid  m ay be used in  multitudinous 
w ays. A ll these substances are dangerous to handle, 
in  fa c t  m a n y  of th e  com m oner reagen ts used in the 
hundreds of lab oratories and factories are poisons. 
W ere p a rtia l fa cts  on ly  presented, it  is conceivable that 
th e y  m ight assem ble them selves in  astounding array, 
w hich, if  n ot p rop erly  in terpreted , w ould serve for a 
cause of im peachm en t of th e  entire chem ical profession, 
whose d a ily  routine is one of handling poisons of all 

kinds, excep t for th e fa c t th a t th e chem ist is supposed 

to  know  his business as w ell as th e  substances he 
handles, and to  ta k e  som e precaution s for s a fe g u a rd in g  

him self and th e people w orkin g w ith  him . I t  is a mat­
ter of business, even  if it  presented no humanitarian 
features.

Our atten tio n  has recen tly  been directed to attacks 
m ade upon m eth yl alcohol, th e  production  a n d  sale of 
w hich con stitu tes a leg itim ate  chem ical business in­
v o lv in g  th e annual m an ufacture and use of about 

10,000,000 gallons of th a t  sub stance w ith  a c a p i ta l  in­
vestm en t in th is co u n try  of a b ou t $12,000,000, a n ‘i1’ 
d u stry  w hich em p loys over 3,000 w orkin g people. e 
find in curren t literatu re , read b y  th e  m any, assertions 

m ade b y  u n d o u b ted ly  honest, b u t overzealous andpri- 
su m a b ly  m isinform ed persons, or persons n o t  sufficient 
inform ed of th e fa cts  to .b e  com p eten t to  judge accor 
ing to  p rop o rtio n a lity , such as the follow ing: I t lS un
safe to  burn w ood alcohol or use it  in  a n y  w ay in ar0°® 
w here th e air is close. The bottle should never be uncore 
unless the windows are wide open.”  (I ta lic s  ou *• 

W here w ould  all th e n early  7,000 m em bers of the Amen 
can C h em ical S o ciety  be if th e  la tter  were really true

T h ere is no doubt abou t w ood alcohol being a poison 
if ta k en  in tern a lly  (a lthough we know  of cases, Per â . 
accoun ted  for b y  id iosyn crasy , w here no evil e e  ̂
h a ve  resu lted  from  d rin kin g it) and if breathed 
va p o r in  a  con cen trated  form  for un usually  long per 
of tim e. In fa ct, n early  a thousan d  cases of p°ison^  
attr ib u te d  to w ood alcohol (m o stly  due to drinking1 
h ave been reported  in  th e literatu re  since i 899> 
tim e w hich m arked  th e  a d ven t of such p r e p a r a t i o n s   ̂
“ C olum bian  S p irits ,”  “ C olon ial S p irits ,”  etc. t a 
to  sa y , m eth yl alcohol of a high grade of purity. 
due to  a gen era l'a g ita tio n  for a tax-free, denature ^ 
alcohol, hearings were held before the W ays and -
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and the Finance C om m ittees of th e F ed eral Congress. 
The injurious action  of w ood alcohol on th e  general 
health and eyesight of w orkin g people h andling it in the 
industries was stron gly em phasized  a t these hearings b y  
manufacturers em p loyin g it, w orkm en and experts.

The United States and p ra ctica lly  e v e ry  state  in the 
union have specific law s again st th e sale of wood alco­
hol as a beverage, or as an addition  to beverages. In 
thickly populated com m unities th e  fear of detection  is 
lessened, hence cases of. adulteration  are more num erous, 
especially where there is foreign cheap labor. T h a t fa ct 
(especially in N ew  Y o r k  and  N ew  Jersey) coupled w ith  
a few cases of serious poisoning b y  w ood alcohol in 
varnishing brew ers’ v a ts , w hich are n ot p rop erly  v e n ti­
lated, caused the N ew  Y o r k  S ta te  F a c to ry  In vestiga tin g  
Commission to look in to  the wood alcohol situation . 
The Commission in v ited  Professor B ask erville  of th e 
College of the C ity  of N ew  Y o rk , then  C hairm an  of the 
Committee on O ccup ation al D iseases in th e C hem ical 
Trades of the N ew  Y o r k  Section  and chem ical adviser 
of the Com m ittee on O ccup ation al Diseases of the N ew  
York State L abor A ssociation  and now  C hairm an  of 
the Committee on O ccu p ation al D iseases of th e A m eri­
can Chemical S ociety , to  m ake a report on “ W ood 
Alcohol.”  This report, based on a thorough in v estig a ­

THE M IC R O S T R U C TU R E  O F S T E E L  C A S T IN G S
B y  W i r t  T a s s i n  

Received Ju ly  23, 1913

IN T R O D U C T IO N  

This paper deals w ith the results of som e m etallo- 
graphic investigations of steel castings. A ll of the 
micrographic w ork w as done in th e m achine shop on 
the castings them selves, n ot on sm all sections cut from  
them.

. work was un dertaken  during th e course of w hat 
>s planned to be a fa ir ly  com prehensive s tu d y  of the 
relation between stru ctu re  and p h ysica l properties of 
steel in the mass, and in ten ded  for use as a guide b y  
the Inspector and E ngin eer of T ests.

"Ihe present paper g ives th e  results of th e w ork on 
ropenas steel castings, and is in ten tio n a lly  m ade as 

non-technical as possible.

i n f l u e n c e  o f  a n n e a l i n g  o n  s t r u c t u r e  

A steel casting in th e  “ g ree n ,”  esp ecially  w hen of a 
complicated shape, is a lw a ys liable to  be under internal 
strain. In order to  relieve these strain s annealing is 
resorted to. T h is process has a m arked  effect upon 
we structure of th e m etal.

The structure of a steel castin g  in th e “ green ,”  i. e., 
as it leaves the m old, is coarsely  crysta llin e and ex- 

1 its to a greater or less degree a regu larly  arranged 
network, the m eshes of w hich u su a lly  in tersect at 
some angle of an octahedron (F ig . i) . T h is stru ctu re 
1S i now« as “ in gotism .”

_ eat-treating such a castin g breaks down th is original 
stallization and, if  p rop erly  carried out, effaces it. 

‘ Ushi a properly annealed castin g th e  coarse c ry sta l­

tion of th e literature and extensive inspection  of w orks 
of a ll kinds where wood alcohol is m ade an d  used in 
various w ays, we have been privileged  to  a b stra ct p re­
vious to  final publication  b y  th e S ta te , w hich a b stra ct 
appears elsewhere in this issue. T he fu ll report m ay 
be secured b y  w riting to the Com m issioner of L ab or, 
A lb a n y , N . Y .

W ood alcohol presents a unique case for legislation , 
n ot only on account of its general resem blance to e th yl 
alcohol, b u t esp ecially  on accoun t of th e  w ord “ a lco h o l,”, 
w hich has a definite m eaning to th e chem ist, b u t is 
more associated in the la y  m ind w ith  “ d rin k .”

M e th y l alcohol is used exten siv ely  as a va lu a b le  sol­
v e n t and in th e m anufacture of m an y im p ortan t 
m aterials. Its  legitim ate use should n ot be th ro ttled . 
T h e present law s in regard to its  use as an a d u lteran t 
of beverages or in an y preparation  inten ded  for internal 
use or external application  on the hum an b o d y  are in 
m ost states now adequate, b u t th e y  sh o u ld i be more 
rig id ly  enforced. W here in adeq uate, we tru st th a t 
reasonable legislation, such as is recom m ended in  th e  
report referred to  above, m ay be enacted. A t  present, 
how ever, we insist upon th e  rigid  execution  of 
the law s as th e y  exist before fu rth er encum bering 
the codes.

line structure gives place to  another w hich is fine­
grained and of a uniform  distribution  (F ig. 2):

T h e degree to  which th is change takes place is lim ­
ited  b y  the tem perature reached, its  u n ifo rm ity, th e 
tim e th a t it is m aintained, th e rate of cooling, and the 
size and shape of th e casting.

G iven  the proper tem perature, b u t let the tim e be 
too short to  perm it of a com plete re-arrangem ent, 
th e structure w ill be analogous to  th a t  seen in F ig . 
3, in which the original stru ctu re is readily  traced  b y  
th e parallel grouping of th e new crysta llization . W ith  
a still shorter tim e period there is on ly  a p artia l re- 
crysta llizin g, and m ore or less of the original n etw ork  
is visib le (Fig. 4).

L et the tim e be long enough, b u t th e tem p eratu re be 
too low, there w ill be again  a p artia l re-grouping w ith 
m ore or less of th e original crysta lliza tio n  present 
(Fig. s).

L et th e tem perature be righ t b u t the tim e period 
be too  long, all traces of th e original stru ctu re w ill be 
destroyed, b u t in place of th e  fine granular stru ctu re 
seen in  F ig. 2 there w ill be a  m uch coarser one (F ig. 6) 
characterized  b y  th e large-sized areas of a certain  kind.

L et th e tem perature be too  high and the increase 
in size of certain  areas becom e m arked (F ig. 7).

R E L A T IO N  O F S T R U C T U R E  TO P H Y S IC A L  P R O P E R T IE S

T h e character of the stru ctu re bears a relation  to 
th e ph ysical properties of th e  m etal in th e  casting, the 
finer th e grain, th e more uniform  its  d istribution  and 
th e freer it  is from  occluded foreign  m atter as slag, 
sulfide, oxide, etc., th e  b ette r  w ill be th e ph ysical 
properties.

ORIGINAL PAPERS
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y  ^e noted th a t these structures are all refera- 
e to one or the other of. the ty p e s p reviou sly  shown as 
u tlng from the conditions of annealing, 

flue ^ow ever> is not th e on ly  fa cto r th a t in-
near°eS ^  Physical properties, for, g iven  good an- 

lng practice, it is n ot in freq uen t to find a casting

and th a t these cracks start in and follow  the line of 
th e 'im p u rities. In F ig. 23 th e cause of the rupture is 
clearly  indicated.

C O N C L U S IO N

One, more, or all of the several structures here illu s­
trated  m ay. be found in a n y  one steel casting.
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The following exam ples (F igs. 9-15) g iv e  the ty p e  of 
the structures as ob tain ed  from  fou r or m ore different 
places on each casting. T h e  p h ysica l va lu es g iven  were 
obtained from  a coupon 5.5" X  3.5" X  1 .5 ' ca st on 
and part of the castin g and  placed, it  w as believed, so 
as to represent n either th e b est nor the w orst o f th e 
casting but to g ive  the average of th e  piece.

The castings were sp ot polished, etched and ph oto­
graphed in the shop w ith  th e  po rtab le  m etallographic 
outfit (Fig. 8) described b y  th e w riter in Metallurgical 
uni Chemical Engineering, I I ,  56—8.

AH the photographs are of the sam e am plification

w ith a  low  resistance to  shock and to  sudden ly  ap ­
plied loads. T h e m icrostructure of such castings 
com m only shows the presence of slag, sulfides, oxide 
and other im purities. T y p ic a l illustration s of th is  are 
to  be seen in  Figs. 16 and 17.

T h e follow ing exam ples (F igs. 18-20) give the ty p e  of 
the structures as obtained from  four or m ore places on 
th e casting. T h e ph ysical values were ob tain ed  from  
coupons cast on and part of the casting.

T h e photographs are of the sam e am plification  w ith 
a m agnification of 150.

T hese im purities p la y  an im p ortan t p a rt as a cause

Mark 
Fis. 9. 
Fig. 10. 
Fig. f l .  
Fig. 12. 
Fig. 13. 
Fig. 14.

Tensile Yield poin t Elong.

T able I 

Red C M n

Analysis

Si S P
. 71,356 38,832 23.75 34.72 0.31 0.63 0.27 0.071 0.044
. 70,991 38 ,489 19.25 23.26 0.31 0.61 0 .29 0.073 0.043
. 70,791 39,502 16.75 18.00 0.31 0.59 0.29 0.072 0.040
. 70 ,620 39,216 14.00 15.75 0.37 0.60 0.29 0.069 0.040
- 69 ,980 39,205 12.00 14.50 0.31 0.60 0 .28 0.069 0.043
. 72,000 33,000 10.75 11.50 0.31 0.67 0.28 0.065 0.040
. 73,000 40 ,000 8.50 10.00 0.31 0.62 0 .28 0.054 0.044

with a magnification of 150 and are d irectly  com para- of failure. T hus in Figs. 21 and 22, from  castings
ble with one another. which have failed in service, and w hich are areas som e

The castings were m ade b y  the sam e process b u t in distance a w ay  from  th e point of actu al rupture, it
widely separated heats. will be noted th a t there are m inute cracks in th e grain



in  fa ct, th e average valu e of th e  casting m ay be such in eight or m ore different places w ith  b u t little, if sc
th a t  it  will h ave b u t little  resistance to  sudden strains, m ore expense and  tim e th a n  it  takes to prepare

I t  has been in dicated  th a t there is a relation  betw een  stan dard  test bar.
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T a d u ! I I
Analysis

M ark Tensile Yield poin t Elong. R ed C M n Si s p

Fig. 18. . ......................  70,000 36,500 12.50 16.25 0 .35 0.65 0 .29 0.070 0.040
Fig. 19. . ......................  71,400 37,480 10.50 13.25 0.38 0 .6 8 0 .29 0.065 0.042
Fig . 20. . ......................  70,900 35,150 13.75 17.40 0.32 0 .64 0 .28 0.071 0.045

If, as is generally  th e case, th e coupon be ga ted  to the m icrostructure of th e  casting and its physica
the casting, or be cast on the h ea v y  p a rt, or on th e  drag, va lu e.
it  w ill represent the best values of th e m etal, w hen, I t  can be show n th a t  a castin g m ay be spot polished
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It follows th a t, g iven  sufficient experience and a set 
of standards, th e m etallograph ic  m ethod w ill g ive in ­
formation th a t can n o t be ob tain ed  con ven ien tly  b y

F ig . 23.

any other m anner of test. I t  becom es, therefore, an 
additional safeguard in th e inspection  of im portan t 
castings.

1423 R S t., N. W. 
W a s h i n g t o n , D .  C .

LUBRICATION W ITH  OILS, AND W ITH  COLLOIDAL  

GRAPH ITE  

By C h a r l e s  F . M a b h r y  

R eceived Ju ly  14, 1913

In a paper1 published three years ago, an accoun t 
was given of some results on th e  com p arative efficiency 
in lubrication of oil lu b rican ts, and  oils carryin g 
colloidal2 graphite. I t  appeared  in all th e tests therein  
described th a t a low er coefficient of friction  w as given  
by the use of graph ite th a n  b y  th e use of oils alone, 
that oils supported a m uch greater pressure w ith  the 
aid of graphite, and esp ecially  th a t the graph ite film 
was capable of sustain in g th e friction  of a h ea v y  
pressure for a long period a fter th e  sup ply  of lubrican t 
was shut off. M uch a tten tio n  has since been given  
to various features of lu b rication  w ith  colloidal graphite, 
especially in a ttem p ts to  ascertain  th e actu al econom y 
of its use in replacin g oil lu brican ts. T h e observations 
to be described in th is  paper present high econom ic 
efficiency and a rem arkab le  d u ra b ility  of a graphoid 
surface. (For a definition of th is term  see page 722.)

It has long been fe lt th a t  lu brication  w ith  oils under 
heavy pressures is an artificial system , for th e friction  
is supported b y  a th in  film  of oil which m ust separate 
completely and con tin u ou sly  th e bearing surfaces. 
If this film be in th e lea st broken, even  in m inute 
places, there will be a catch  betw een  th e  m etal sur­
faces with grea tly  increased friction , as shown b y  
higher tem peratures as w ell as b y  higher coefficients. 
This uncertainty in oil lu brication  depends on an 
inherent weakness of th e h ydrocarb on s which con­
stitute the main b o d y  of petroleum  lu brican ts, assum- 
mg that th ey h a ve  bebn sep arated  from  th e crude oil 
without decom position in  th e process of refining; 
they are few in num ber, and m em bers of a lim ited  series 
represented m ainly b y  th e general form ulas C hH™, 
C»H?n j, and C nH *,,-* T h e  lim ited  num ber of h yd ro ­
carbons in these series is show n b y  th e fa c t th a t th e y  
may be collected w ith in  co m p a ra tiv e ly  narrow  lim its 
°f temperature during d istillatio n , provided , of course,

1 T h is  J o u r n a l , 2 ,  115; Journal o f the Am erican Society o f Mechanical 
engineers, January, 1 910.

At the tim e of th e  fo rm er pu b lica tio n  th e  te rm  "defloccu lated”  was 
USe designate th is  form  of carbon  w hich h ad  been found to  be a lto - 
F* '’J  t̂ eren* in its  p roperties  from  th e  o th e r well know n form s.

Ur 1 r stydy d em onstra ted  its  colloidal q u a lity .

th a t decom position is avoided. T h e sta b ility  of these 
hydrocarbons dim inishes in a som ew hat regular m an ­
ner w ith the increase in com p lexity  of com position, 
until a  point is reached where th e oils can not be dis­
tilled w ithout crackin g even  in  vacuo. T h is va riatio n  
in sta b ility  appears in their use as lu brican ts, esp ecially  
under irregular conditions of friction  and tem perature. 
B u t so long as the tem peratu re is k ep t dow n and the 
bearings have a prop erly  even  surface, th e h y d ro ­
carbons of suitable visco sity  serve as durable lu b ri­
cants. U nder uneven conditions of frictio n  th e y  are 
liable to  im m ediate decom position even  to  carbo n iza­
tion. T h is com plete decom position is freq u e n tly  
observed especially in  th e extrem ely  va riab le  condi­
tions of autom obile lubrication . In fa c t th e dem ands 
of m odern locom otion w ith  un precedented high speeds, 
such as in autom obile racing, uneven loads, and the 
variable changes of h igh w ay traffic, h a v e  reached a 
burden of lubrication  th a t no oils, m ineral, vegetab le, or 
anim al, are capable of supporting. C arb on ization  in 
autom obile lubrication  is an occurrence of com m on 
observation, and oils are rated  on th e basis of a so- 
called carbon test, which shows certain  differences in 
sta b ility  depending on a difference in th e com position 
of th e oils, and also on the m ethod of' refining. N o 
oils can w ithstan d  the irregular operations of certain  
autom obile practice w ith ou t carbonizin g to  a greater 
or less extent.

L ubrication  with oils is based on th e q u a lity  o f 
oiliness, or greasiness th a t is inherent in th e h y d ro ­
carbons poorer in hydrogen  m entioned above. I t  is. 
not str ictly  defined b y  v isco sity  as ord in arily  deter­
m ined. W hile th e m olecules h ave a certain  freedom  
of m otion w ithin th e b o d y  of the oil a tten d ed  w ith  a  
consequent inherent friction, th e y  h ave also an a t­
traction  for external surfaces on w hich th e y  m a y form  
an attach m en t, b u t preserving their co n tin u ity  and 
freedom  of m otion even under high pressures and high 
speeds, thus form ing, under con stan t conditions, a 
continuous and a durable film.

E n gler1 in referring to  oil lu b rican ts stated  th a t  
“ D as Schm ierm ittel par E xce llen ce”  is n ot know n , b u t 
th a t for every  special use a lu b ricatin g  oil m ust be 
selected on the basis of its  v isco sity ; th a t since for 
variable com binations of pressure and speed, there is 
no definite standard, the v isco sity  m ust be determ ined 
for an y set of conditions in p ra ctica l operation. I t  
m ay be said further th a t v isco sity  as ord in arily  de­
term ined is not a lw ays reliable for determ ining th e 
q u ality  of a lu bricatin g oil for a n y  stated  condition, 
for the reason th a t it  is possible to  prepare an oil 
lubrican t b y  com pounding a h e a v y  d istillate  w ith  a 
lighter one, leavin g out th e m iddle fraction , in such 
a m anner as to g ive a n y  v isco sity  desired as deter­
m ined b y  the viscosim eter. B u t in th e use of such a 
lubrican t there is a ten d en cy of the ligh ter con stitu en ts 
to creep and evap orate , leavin g th e h e a v y  con stituen ts 
betw een th e bearing surfaces. I t  is ev id en tly  possible 
to determ ine th e presence of a n y  considerable am oun t 
of the lighter constituen ts b y  determ ining th e  flashing 
point of th e oil, b u t this test is scarcely  sufficient to

i D as Erdocl. Leipzig, 1912» p .  83*
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in d icate  w ith  precision th e presence of such pro­
portions of the ligh ter constituen ts as m ay be used to 
g iv e  th e desired visco sity . A  m ore a ccu rate  m eans 
of control is d istillation  w hich, if conducted  in vacuo, 
should show  th e  sm allest proportion  of ligh ter oils. 
A  fu rth er aid from  a p ractica l point of view , and one 
th a t is h igh ly  desirable if prop erly  conducted  w ith  
reference to  fa cto ry  use and conditions, is the tr ia l of 
an oil on a suitable bearing provided  w ith  th e m eans 
for ascertain in g th e coefficient of v isco sity  and for 
readin g tem peratures.

On accou n t of th e inherent w eakness in  oil lu b ri­
can ts referred to  above, th e  need is ev id en t of a solid 
lu b rican t cap able of eq ualizin g th e in equalities of the 
m etal surfaces and of such a d eq u ate lu b ricatin g  
q u a lity  as to  avoid  interm olecular friction . Of all 
know n m aterials th e substance grap h ite  alone possesses 
th e q ualities of a norm al lu b rican t. In  its  ord inary 
n atu ral condition  it  is n ot possible to m ech an ically  
subdivide it  so com pletely  th a t  it  can p en etrate  th e 
fine interstices of m etallic  surfaces and a t th e sam e tim e 
form  a persisten t coherent lu b ricated  su r fa c e ; but 
in a form  of com plete p u rity , free from  th e  m ineral 
con stituen ts of n atu ral graph ite and in a condition  of 
m inute subdivision , such as is form ed b y  th e con­
version of A ch eson ’s electric furnace grap h ite  into  its 
collo idal condition, there is availab le  a solid lu b rican t 
th a t fulfills th e requirem ents of econom ic lubrication . 
I t  is so finely d ivided th a t  it readily  perm eates m etals 
and b y  reason of its  un ctuous q u a lity  its  ow n friction  
is reduced to a p ra ctica lly  negligible q u a n tity , thus 
escapin g th e internal friction  of oil lu b rican ts th a t  
is an im p ortan t fa cto r in the losses of pow er in  fa c to ry  
operation.

T h e action  of colloidal graphite is tw o -fo ld : its 
perm anent suspension in oil as o ildag or in w ater as 
aq u ad ag renders it  capable of conven ien t application  
and  it in v a ria b ly  reduces th e visco sity  of the oil as a 
m edium  of application  as shown b y  m any tests  w ith  
a great v a r ie ty  of oils; its  greatest va lu e, how ever, 
depends on its  readiness to form  a graphoid  condition  
on b earin g surfaces. I t  is on ly  necessary th a t it  be 
suspended in a su itab le m edium  free from  a n y  kind of 
e lectro lyte  to g ive th e  finely d ivided particles freedom  
of m otion. W hen ev en ly  spread in an oil m edium  
over a bearing surface such, for exam ple, as a B a b b itt  
bearing of the proper q u a lity , th e colloidal particles 
im m ed iately  enter th e  fine m etallic interstices and 
a ccu m u latin g  form  a com bin ation  som ew hat analogous 
to an am algam ated  surface, w hich needs on ly  to  be 
p rop erly  renew ed b y  regular additions of the lu b rican t 
to  present a bearing surface capable of supporting any 
reasonable pressure and w ith  the low est friction  th a t 
it  is possible to  obtain.

In  the description  of th e C arp en ter m achine on w hich 
th e tests presented in th is paper were m ade, in thg 
form er paper referred to  above, th e  n ecessity  of using 
a hard  B a b b itt  bearing w as m entioned. T h e con­
dition  of the jou rn al and of th e bearing h ave been more 
carefu lly  considered in th e recent w ork, esp ecially  
w ith  reference to  the hardness of the B a b b itt, the 
sm oothness of surface, and th e even  d istribution  of the

lu b rican t b y  the groo ved  bearing. It  is evident that 
ob servation s of th is n atu re are a ltogether relative, 
esp ecially  as it  is p ra ctica lly  im possible th a t inde­
p endent b earin g surfaces are precisely  in the same 
condition. B y  th e  use of a stan dard  lu b rican t it is of 
course possible to  com pare tests m ade under different 
conditions.

In  th e  w ork herein described an especially  hard 
B a b b itt  w as selected, and th e  bearin g surfaces were 
m illed dow n to  true co n tact in th e beginning, and by 
lon g-contin ued  use were w orn to  as extrem e a condi­
tion  of fine sm oothness as it  is possible to obtain by 
ord in ary  m echanical operation. C om p arin g the ex­
trem ely  low  coefficients and tem peratures recently 
ob ta in ed  w ith  those form erly  presented, th e difference 
in th e condition  of th e bearings is evid en t. While 
these conditions are n ecessary in show ing sm all differ­
ences of friction , ev id e n tly  no such str ict adherence is 
n ecessary in fa c to ry  operation, a lthough the more 
closely  th e y  are applied  in p ractice  th e less will be 
th e  loss in pow er. U nder a n y  reasonable condi­
tion s of op eration  the use of collo idal graphite as 
lu b rican t is certain  to  reduce th e  friction  very  ma­
te ria lly  and to  serve as an im p o rta n t econom ic element 
in  fa cto ry  m aintenance.

F or th e purpose of ascertain in g w ith greater pre­
cision th a n  fo rm erly  the influence of colloidal graphite 
in  red u cin g friction , ob servation s were m ade under a 
v a r ie ty  of conditions, m ore esp ecially  for the purpose 
of com parin g its superior econ om y over th a t of oil 
lu b rican t. F irst in  the series of tests one of the best 
autom obile lu b rican ts w as selected  for a test of its 
frictio n a l c a p a c ity  alone, and then  w ith  different 
percen tages of grap h ite . T h e  oil w as allow ed to run 
from  th e cup a t th e rate  of e igh t drops per minute for 
tw o  hours, w ith  a therm om eter inserted  in a hole in 
th e b earin g for th e purpose of readin g th e temperatures. 
T h e pressure selected  w as 200 lbs. per sq. in. or a 
to ta l of 1500 lbs. T h e  speed w as 450 revolutions per 
m inute (r. p. m .).

F ig . 1 shows th e coefficients of friction  extending 
th rough  th e period  of th e te st, tw o  hours, and also 
th a t  the oil film  b roke seven teen  m inutes after the 
su p p ly  was sh ut off.

I t  should also b e m entioned in connection  with this 
ob servation  th a t a su p p ly  of e igh t drops per minute 
of the lu b rican t is the m inim um  am ount of this oil 
th a t w ill sup port th e friction  of th is pressure under 
these conditions. T h is w as determ ined in another 
experim ent, w herein th e flow of oil w as reduced to six 
drops per m inute; th e  oil film  b roke soon after the 
te st w as sta rted  show ing th a t th is q u a n tity  of oil was 
insufficient, a resu lt precisely  sim ilar to  w h a t was ob­
served in th e w ork th ree yea rs  ago w ith  the same oil 
and w ith  other oils. T h e low  coefficient of friction in 
this te st is w o rth y  of n ote, and also its  evenness after 
norm al conditions were established , and until the oil 
film  broke.

F ig. 1 also presents th e cu rve for th e sam e oil carry­
ing 0.35 per cen t grap h ite  under th e sam e elements, 

of pressure, speed, and su p p ly  of oil to  th e bearing- 

T h e low  coefficient of frictio n  is a p p aren t which, with
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Chart for Motor Oil with and without 0.35% Colloidal Graphite

Tirne in M in u te s.

a corresponding low er tem peratu re, indicates clearly  
the influence of th e grap h ite  in reducin g th e v iscosity  
of the oil, b u t th e ob servation  of especial interest 
m this test is the perm anence of th e graphoid surface 
after the sup ply of lu b rican t w as discontinued. I t  
appears th at th is surface sup ported  a pressure of 
200 lbs. per sq. in. w ith  an extrem ely  low  and even 
coefficient of friction  th a t  continued  unchanged during 
five hours and w ould p ro b ab ly  h a v e  continued m uch 
longer.

For the purpose of ascertain in g w hether larger or

pressure of 150 lbs. per sq. in. T h e  results of th is test 
are not essen tially  different from  those of F ig . 2 w ith  
0.35 per cent graphite, a lthough th e coefficients are 
som ew hat low er w ith  th e  larger percen tage. There 
is therefore little  to  choose betw een these percen tages 
in establishing the in itia l graphoid  surface; b u t as 
will be shown later a suitable surface can be perm an en tly  
m aintained when it  is once established b y  a m uch sm aller 
addition  of lubrican t, w hether it  be used as a sm aller 
percentage of graphite, or b y  a dim inished su p p ly  of 
oil carryin g the norm al proportion.

Chart for Motor O il w ith 0 .2 5 %  Colloidal G rap hite

T im e in M in u t e s .

smaller percentages of grap h ite  are advan tageous, 
se'eral runs were m ade w ith  lu b rican ts carryin g 0.5 
Per cent and sm aller percen tages to  0.1 per cen t, 

neither of these extrem es were sa tisfa cto ry . F ig. 
2 presents the results as to  coefficient w ith the 
u ncant carrying 0.25 per cen t of graph ite under a

For the purpose of ascertain in g the m inim um  
am ount of graph ite th a t w ill m ain tain  a graphoid  
condition when once form ed on th e  bearings, a series 
of tests were m ade grad u ally  reducin g th e su p p ly  of 
lu brican t all under the sam e conditions of pressure 
and speed. F ig. 3 gives th e curves a fter th e flow of
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Chart tor Endurance Tests. Oil and 0 .35% Colloidal Graphite

Time, in P/ours.

oil was reduced from  eight to  four drops per m inute, 
th e  oil contain ing 0.35 per cen t graphite. I t  will be 
observed th a t th e oil ran for six hours w ith  th e coeffi­
cien t of friction  p ra ctica lly  unchanged a fter norm al 
conditions were established.

I t  seems ad visable to give in detail th e  results of 
these tests in order th a t their connection w ith the final 
resu lt m ay appear. F ig. 3 also gives th e resu lts of a

were allow ed to  run on th e sam e surface and under the 
sam e conditions as before, excep t a reduction  in the 
su p p ly  of lu b rican t from  tw o drops to  one drop per 
m inute. F ig . 3 presents th e results of th is test with 
no change in the coefficient.

F ig . 4 presents another te st of th e graphoid 
surface under th e sam e conditions as to  pressure and 
speed, b u t w ith  th e flow of oil reduced to  one drop in

Chart for E n d u ran ce T ests. O il a n d  0 .3 5 %  Colloidal G ra p h ite

*  b 7  0  3  10 H !Z  13 14- I S  /€,

T im e in H o u r s .

fu rth er te st of the sam e graphoid  surface w ith  th e 
flow of oil reduced from  four to  tw o drops per m inute; 
as before, th e coefficients rem ained p ra ctica lly  th e sam e 
d urin g fifteen hours w ith  slight breaks due to  stoppin g 
and startin g .

S till continuin g the endurance tests, th e bearings

tw o  m inutes. D u rin g th is run of sixteen hours it 
w ill be observed th a t  th e coefficient of friction remains 
con stan t and there w as no change in t e m p e r a tu r e .  

Since the coefficient of frictio n  in th is test was un 
chan ged a t th e  end of sixteen  hours, even a g rea ter 

reduction  in th e flow of lu b rican t w ould e v id e n tly
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C hart fo r  E n d u ra n ce T est on Colloidal G rap hite A lo n e

T im e In H o u r s .
have maintained th e graph oid  surface, b u t this flow 
was practically at th e low est point w here it  could be 
accurately m easured from  th e  oil cup.

It appears, therefore, th a t the sam e result in lubrica-

it  w as shown th a t a flow of eight drops per m inute 
is the m inim um  su p p ly  of oil alone th a t w ill support 
th e friction  under these conditions.

F or the purpose of testin g still fu rth er the q u a lity  of

T im e in  M i n  v fe  S.

*10n obtained b y  ,the use of one-sixteenth of th e the graphoid surface, at the end of the last te st th e
quantity of oil th a t is n ecessary to  m aintain  the sam e flow of lubricant was suspended and th e  m achine
lubrication w ithout the use of colloidal graph ite; for allow ed to  run until th e bearing cau gh t. T h e



results of th is test are shown, in F ig. 5 where it 
appears th a t th e pressure w as sup ported  for n early  
ten  hours and w ith  a coefficient on ly  s lig h tly  higher 
th an  in th e preceding tests. I t  should be borne in 
m ind th a t a b reak in the co n tin u ity  of the lu b ricated  
surface is in d icated  sudden ly b y  a great rise on the 
friction  arm  and it  is caused b y  th e first point or 
section  how ever m inute w herever th e grap h ite  becom es 
worn through, y e t there m a y still be a large section  
of lubricated  surface. T h is appeared in th e n ext 
experim ent.

The m anner in w hich collo idal graph ite is able to 
sup port such h e a v y  pressures w ith  low  friction  has al­
rea d y  been explained. A fter  the m etallic  surface 
becom es com pletely  satu rated  w ith  graph ite e v id e n tly  
w ith ou t renew al continued friction  w ould  be n ecessary 
to rem ove it  com p letely. I t  therefore seem ed of 
interest to ascertain  how  readily  it  could be rem oved. 
A  series of runs were m ade on th e sam e surface after 
it  broke in the last test, w ith  the addition  of oil alone 
at the rate of e igh t drops per m inute, to  determ ine 
ju st the point where the graphoid surface could no 
longer assist in lubrication . In  each of th e runs the 
oil w as allow ed to  flow for th ir ty  m inutes, and the 
bearings were then carefu lly  w iped. F ig . 6 shows the 
effect of the graphite in assisting the oil lubrication  
w ith ou t change during six runs, and also th a t it  b e­
cam e exhausted  and broke in th e seven th  run show ing 
th a t a ltogeth er ap p roxim ately  three and one-half 
hours were required to w ear off the graph ite un til it  
w as no longer an aid in lubrication .

A G R A P H O ID  S U R F A C E  A N D  T H E  C O N D IT IO N S  OF IT S  

F O R M A T IO N

In  th e form er paper on th is su b je c t1 the effect of 
colloidal grap h ite  (then referred to as a “ deflocculated  
fo r m ’ ) appears th e follow ing s ta te m e n t: “ One of 
th e  m ost characteristic  effects is th a t of a surface- 
evener,, b y  form ing a veneer, equalizin g th e  m etallic  
depressions and projections on the surfaces of journ al 
and b earin g.’ ' A fter  four years experience w ith 
grap h ite  lubrication  it appears th a t  th e form er ex­
p lan ation  falls short of defining th e  in tim a te  relation  
of colloidal graph ite to  m etallic bearings. N o doubt 
in  building up th e graphoid  surface the entire de­
pressions and projection s are sa tu rated  w ith  graphite 
w hich doubtless enters in to  a closer sta te  of com bin a­
tion  w ith  the m etallic  surface th an  th a t m erely of a 
m echanical veneer.

In the use of colloidal graph ite as a lu b rican t it 
appears th a t b y  reason of the te n u ity  or fineness of its 
particles, it  is capable under th e conditions of lu b rica ­
tion  of pen etratin g  th e porous surface of m etals, and 
com ing into such close con tact in  th eir interm olecular 
stru ctu re , of approaching a condition  of grap h itic  
com bin ation. I t  th en  continues to  accu m u late  until 
a continuous satu rated  surface is form ed, w hich ex­
tends eq u a lly  o ver the depressions and  protuberances 
1 * e k ear|ng is n ot in th e best condition  of sm ooth- 
ness; b u t in its  best condition  th e graphoid  surface 
form ed seem s to  be n early  frictionless.

Since th is relation  of m etal and carbon is n ot de- 
1 Loc. cit.
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fined b y  a n y  term  now  in use, th e w ord graphoid used 
ab ove m ay serve to  distin guish  it  from  the term//« 
th a t expresses th e sta te  o f an oil lu b rican t on a bearing 
surface.

A s to  th e greater efficien cy of th e graphoid surface 
over an oil film under a n y  conditions of lubrication 
there seem s to  be no question. I t  all depends on 
estab lish in g the conditions w h ereb y  this surface may 
be rea d ily  form ed. A n  oil m edium  in which the 
colloidal grap h ite  is p erm an en tly  suspended can evi­
d en tly  ca rry  it  to  a n y  form  of b earin g surface that 
needs lu brication . W h a tev er the condition of the 
m etallic  bearin g th e  grap h ite  soon combines with it, 
and th e sm oother th e  surface th e m ore readily will a 
continuous graph oid  surface be form ed. In all tests 
it  has appeared th a t  th e in tern al frictio n  of an oil.is 
dim inished b y  collo idal grap h ite , a lthough its larger 
effect is a ltogeth er indepen den t of oils except as a 
m edium  of applicatio n . A fte r  a graphoid surface is 
form ed on ly  a sm all continuous addition  is necessary 
to  replace the w ear w hich, as show n in the tests, re­
duces th e consum ption  of oil to  a sm all fraction of what 
is n ecessary in th e use of oil alone. W hile eliminating 
the in tern al frictio n  of oils and  rendering viscosity 
of secon d ary im p ortan ce, th e graphoid  surface is 
cap able of ta k in g  care of ligh t and  h ea v y  pressures 
eq u ally  well and w ith  a m inim um  loss of power.

R E L A T IO N  O F C O E F F IC IE N T  O F F R IC T IO N  AND VISCOSIXV 

TO T E M P E R A T U R E  

Since th e cu rves for tem p eratu res were founds to 
follow  closely  those of friction  p ra ctica lly  unchanged, 

it  w as n ot th o u g h t n ecessary to  p lot them . In all the 
ob servation s described in th is paper, it was observed 
th a t th e  tem p eratu re g ra d u a lly  increases with the 
duration  of the test un til it  reaches a practically con­
sta n t va lu e  n ot exceeding 65 o F ., and th a t  for the most 
p a rt th e tem p eratu res were considerably lower. It 
appears th a t  th e friction  generates a certain amount 
of h eat un til it  reaches a norm al w hich is practically 
con stan t, and th a t b eyon d  th is  p o in t the increase if j 
a n y  is so sligh t th a t it  is d issipated. In  general the 
low er th e coefficient o f friction , th e  low er will be the 
tem peratu re. T h is  is show n in F ig . 1, where the 
tem perature and th e coefficient for oil alone were 
con sid erably  higher th a n  those for oil carrying 0.35 
per cen t graphite. I t  also appears in  the other charts 
esp ecially  in th e  endurance tests, w ith  a small supply 
of oil. T h is  is doubtless explained, in  part at.least, 
b y  th e internal v isco sity  of th e  oil which is of course 
less w ith  th e sm aller su p p ly  o f oil aided by the 
graphite, and it dem on strates a superior quality of the 
graphoid  condition  o ver an oil film , in eliminating 
p ra ctica lly  in tern al v iscosity.

A U T O M O B IL E  L U B R IC A T IO N

There is p ro b a b ly  no v a r ie ty  of lubrication  in which 
colloidal graph ite shows its  econom ic value to better 
a d va n ta g e  th an  in reducin g th e friction  on automobile 
bearings. On th e  B a b b itt  bearings of the cylinder 
sh aft it  rea d ily  form s a graphoid  surface that wears 
indefin itely, and th e self-lu b ricatin g q u ality  of this 
surface reduces frictio n  to  th e sm allest possible value-
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I t  e l im in a te s  a l s o  a n y  p o s s i b i l i t y  o f  h e a t i n g  d u e  t o  a n  

ir r e g u la r  f l o w  o f  o i l .  I n  t h e  w i d e  a n d  s u d d e n  v a r i a ­

tions  o f  h i g h w a y  a u t o m o b i l e  t r a f f i c  t h e  b e a r i n g s  a r e  

o ften  s u b j e c t e d  t o  g r e a t e r  s t r a i n  t h a n  a n  o i l  f i l m  c a n  

s tan d , b u t  n o t  a  g r a p h i t i z e d  s u r f a c e  w h e n  o n c e  w e l l  

fo rm ed . S u c h  p r o t e c t i o n  f r o m  u n d u e  w e a r  a n d  

su d d en  s t r a i n s  t h a t  c a n n o t  b e  a v o i d e d  i n  h i g h w a y  

lo c o m o tio n  a d d  g r e a t l y  t o  t h e  s a f e t y  a n d  l e n g t h  o f  

serv ice  o f  t h e  f i n e l y  a d j u s t e d  m e c h a n i s m .  A s s u m i n g  

p ro p e r ly  s e l e c t e d  m a t e r i a l s  i n  c o n s t r u c t i o n ,  n o  d o u b t  

th e  m o s t  u n c e r t a i n  e l e m e n t  i n  t h e  p r o p e r  o p e r a t i o n  a n d  

in th e  e c o n o m i c  d u r a b i l i t y  o f  a n  a u t o m o b i l e  i s  t h e  

f r ic t io n  o f  i t s  m o v i n g  p a r t s .  I t s  s u r e  c o n t r o l  p r o ­

tec ts  t h e  m e c h a n i s m  o f  t h e  m o v i n g  p a r t s  a n d  m a ­

te r ia lly  r e d u c e s  t h e  e x p e n s e  o f  o p e r a t i o n .

Case Sena or. of Ap p l ie d  Scien ce  
Cleveland , O hio

THE. ACTION OF VARIOUS SUBSTANCES ON CON CRETE1

B y  R ichard  K - M eade

T h e  f o l l o w i n g  e x p e r i m e n t s  o n  t h e  a c t i o n  o f  v a r i o u s  

s u b s ta n c e s  o n  c o n c r e t e  w e r e  b e g u n  s o m e  f i v e  o r  s ix  

y e a rs  a g o .  a b o u t  t h e  t i m e  t h a t  t h e  a g i t a t i o n  o v e r  

th e  d e s t r u c t i o n  o f  c o n c r e t e  b y  t h e  a l k a l i n e  w a t e r s  o f  

the  W e s t  w a s  f i r s t  s t a r t e d  a n d  w a s  u n d e r t a k e n  n o t  

o n ly  t o  s e e  i f  s u c h  a c t i o n  w a s  r e a l l y  l i k e l y  t o  t a k e  

place b u t  a l s o  t o  d e t e r m i n e  w h i c h  o f  t h e  s a l t s  o r d i ­

n a r i ly  f o u n d  i n  g r o u n d  w a t e r s  w e r e  t h e  c a u s e  o f  s u c h  
d e s t r u c t io n ,

A aaaxsis and  T ests  of  t h e  Cem ent  E mployed

Silica ............................................................................  20 .20
Oxide of iro n .......................................................................  2 .5 0
Alumina................................................................................  6 .96
Cnne....................................................................................... 62 .40
Itaffnesia..............................................................................  3.01
Sulfur dicrade...................................................................... 1.60
toss on. ign ition .................................................................. 2 .38

P h y s ic a l  T e s t s  
Soundness—  S team  O .K . Cold w ater O .K .

Boiling O .K . A ir O .K.
Fineness—  Passing No. 100 .......................................... 9 4 ,3 %

Passing Xo. 200 .......................................... 97 .8%
Setting; Tim e-—In itia l set— 2 hrs. and  15 min.

F inal set— 6 hrs. an d  30 min.
¿ensile Sirtngtk—  1 day  n e a t ................................ 315 lbs.

7 days n e a t .............................. 765 "
7 days  s a n d .............................  245 '*

28 days  n e a t .............................. 876 *'
28 days  s a n d .............................  340 “

3 mos, n e a t . . . . .....................  885 "
3 mos. s a n d .............................  415 '*
6 days  n e a t .............................. 855 "
6 days s a n d .........................   435 **
1 y r, n e a t .................................  890 **
1 y r. s a n d ................................. 510 "

"•'Hi s a l t s  u s u a l l y  f o u n d  i n  t h e  s o - c a l l e d  “ a l k a l i  

* a; e rs  or" ^ e  W e s t  a r e  a l s o  t h o s e  w h i c h  o c c u r  i n  s e a  
a r a n d  a r e  t h o s e  p r e s e n t  i n  l a r g e s t  a m o u n t s  i n  m a n y  

a n d  r i v e r  w a t e r s .  T h e y  a r e  s o d i u m  c h l o r i d e ,  
s g n e s i i rm  s u l f a t e ,  c a l c i u m  s u l f a t e ,  s o d i u m  s u l f a t e  

s o d iu m  c a r b o n a t e .  I n  o r d e r  t o  t e s t  t h e  e f f e c t  o f  

io n s  o f  t h e s e  s u b s t a n c e s  o n  c e m e n t  m o r t a r s ,  a  

a n ^ f v  ° C n o r m a  ̂ L e h i g h  V a l l e y  c e m e n t  w a s  s e l e c t e d  

® "de Dm l t  a  ^a r g e  n u m l ) e r  s a n d  b r i q u e t t e s  w e r e

a t  A nnual M eeting  of the  Am erican Society for
Materials, A tlantic C ity . Ju n e  26. 1913.

A ll briquettes were m ade from  a m ixture of one part 
cem ent and three parts stan dard  O ttaw a  sand. T h ey  
were allow ed to  harden 28 d ays in air and then im ­
mersed in a solution of the salt. T h e briq uettes were 
piled in such m anner th a t the solution had access to 
alm ost their entire surface.

T h e solutions in all cases except th a t  of th e  calcium  
sulfate, which w as a satu rated  solution, were m ade up 
of one part of the salt to  100 p arts of w ater, to  form  
p ra ctica lly  a one per cent solution. A t first th e solu­
tions were changed every  few  d ays, b u t a fter th e  first 
m onth th e solutions were changed w ee k ly  and after 
t h e ' first year less often. T h e results obtained  are 
given  in the table below :

A c tion* o p  V a r io u s  S a l t s  o n  C e m e n t  M o r t a r s  

A g e  in a ir ...............................................  2 8  days
Age in the  so lu tio n . . .  0  days 7 days 2 8  days 3  mos. 6 mos. 1 yr. 2 yr.

T e n s i l e  S t r e n g t h  

in 'M g S O t ..........................  2 1 9  2 6 8  2 7 2  2 8 7  196 D isinte­
g ra ted  D isinte-

In  M gC l .............................  2 1 9  2 4 5  3 0 0  3 1 5  2 0 2  115 grated

In  CaSO i............................ 2 1 9  2 2 7  3 0 0  3 3 4  3 1 4  20 9
In  Na^30< .......................... 2 1 9  2 5 7  3 3 4  3 5 4  3 7 8  271 141
In  N a C l .............................. 2 1 9  2 3 6  2 6 8  2 9 9  2 8 7  3 1 0  3 2 5
In  N ajC O j......................... 2 1 9  22 5  2 7 7  3 2 4  3 2 0  3 3 7  3 6 0

First, it should be rem em bered th a t the 2S-day 
strength of briquettes k ep t in air is m uch less th an  
th a t of those k ep t in w ater. A s w ill be seen from  th e 
results g iven  in th e table , the sulfates h ave a m arked 
action  on concrete w hich seems to  be m ost ap paren t 
in the case of the m agnesium  salt. T h e action  of m ag­
nesium  sulfate on cem ent m ortars has been discussed 
quite volum in ously of late, and I w ill not go into it 
to  a n y  length in this paper beyond th e fa c t  th a t  we 
carefu lly  analyzed  the affected  portion and the u n af­
fected  portion of a sand b riq u ette  which has been 
stored in a solution of m agnesium  sulfate. T hese 
analyses follow :

A fter immersion

Before U naffected Affected 
Percentages immersion portion  portion

S i l i c a . . . . ............................................  7 5 .1 2  7 3 .9 6  6 0 .4 0
Oxide of iro n ............................................  0 . 5 2  0 . 6 0  0 .3 0
A lum ina..............................................  1 .1 5  1 .3 0  0 .6 4
L i m e ............................................................... 1 4 .8 0  1 4 .5 0  1 4 .2 1
M agnesia............................................  0 . 7 0  1 .6 6  3 .6 4
Sulfur trioxide .........................................  0 . 3 3  0 .8 3  5 .7 8
Loss on ign ition   ...............................  7 . 0 2  7 .1 4  1 4 .9 7

T h e large increase in the m agnesia and sulfur 
trioxide and the decrease on th e oxides of iron and 
alum ina indicate th e elem ents w hich react w ith  each 
other. T h e loss in silica m ay be due to  chem ical a c­
tion  also, but as the surface of th e b riq u ettes w as v e ry  
m uch atta ck ed  and th e sand grains could be scraped 
aw ay w ith the finger, I am  inclined to  th in k  th a t  the 
low er silica in  the disintegrated  portion is p rob ab ly  
due to  m echanical causes rath er th a n  chem ical action.

I t  will be noted th a t  in alm ost all cases the first ef­
fect of the solution w as to increase th e stren gth  of the 
briquettes and th a t signs of disintegration  in no cases 
becam e evid en t un til a fter a period of three m onths 
in  the solution.

Som e of the briq uettes were even  boiled in  a  5 per 
cent solution of m agnesium  sulfate for several days 
and in all cases the briq uettes were m uch stronger



a fter boiling th a n  th e y  were before and fu lly  as stron g 
as briq uettes boiled in pure w ater, show ing how  slow  the 
action  of the sulfates is.

T h e b riq u ettes w hich failed  were m uch sw ollen 
and presented m uch th e appearance of a b aked  p o ta to  
w hich had b urst its  jack et.

V arious authorities h a ve  proposed a t different 
tim es th e use of d ivers ingredients in concrete exposed 
to  sea w ater w ith a v iew  to  reactin g  w ith  th e salts of 
th e la tter  to  form  insoluble com pounds w hich w ould 
p ro tect th e concrete. M ost persisten tly  suggested  
of these are th e salts of barium  w hich form  w ith  su l­
fa tes insoluble barium  sulfate. I tried  b oth  b arium  
chloride and barium  carbonate. T hese were ground 
v e ry  finely and m ixed w ith  the cem ent. I  em p loyed  
2 per cent of barium  chloride w ith  th e  cem en t and also 
2 per cent and 5 per cen t of b arium  carbon ate, resp ect­
iv e ly . Sand briq uettes were m ade from  these m ix­
tures and the te st pieces stored in a m agnesium  sul­
fa te  solution  containing 10 gram s of th e  sa lt to  th e 
liter. M y  results follow  and, as w ill be seen, none of 
these com pounds arrest in a n y  w a y  the destruction :

A c t io n  o f  M a g n e s iu m  S u l f a t e  o n  C e m e n t  M o r t a r s  C o n t a i n i n g  
B a r iu m  C o m p o u n d s

ASC in a ' r .............................  14 days
Age in 1 per cent MgSO«

so lu t,on .............................  0 days 7 days 28 days 3 mos. 6 mos. 1 yr.
1  e n s i l e  S t r e n g t h  o f  B r iq u e t t e s  C o n t a i n i n g
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5 per cent BaCO i..............  166 257 346 346 274

Som e years ago an E n glish  chem ist suggested  th e 
use of finely ground b urn t red b rick  as an adm ixture 
for concrete w hich w as to be used in sea w ater. A fter  
reading th is paper it occurred to  m e th a t th e resistance 
to  sea w ater claim ed for high iron cem ents m ight be 
due to  th e presence of oxide of iron in th e cem ent. 
I, therefore, had sand b riq uettes m ade up contain ing 
oxide of iron in various form s and conditions, viz., 
red or ferric oxide,^ m agnetic oxide of iron, Venetian 
red (an im pure oxide of iron m ade from  low -grade 
iron ores, so-called “ p ain t o re s”  of th e Lehigh D is­
trict) and finely ground red brick, using 5 per cent of 
the w eight of the cem ent of these in  each case and 
placin g the briquettes in a 1 per cen t solution  of m ag­
nesium  sulfate. T h e results follow :

A c t io n  o f  M a g n e s iu m  S u l f a t e  o n  C e m e n t  M o r t a r s  C o n t a i n i n g  I r o n  
O x i d e s , E t c .

Age in so lu tion ...................  o days 7 days 28 days 3 mos. 6 mos. 1 year
T e n s i l e  S t r e n g t h  o f  B r iq u e t t e s  C o n t a i n i n g  

5 per cent ferric oxide.. , .  218 275 310 355 310 125
5 per c en t m agnetic oxide. 225 280 340 340 280 105
5 per cent Venetian red ..  165 225 300 345 215 D isinte-

5 per cent brick d u st  970 220 275 310 205

A s w ill be seen, th e additions of iron com pounds 
are in no w a y  beneficial to  cem ents to  be em p loyed  in 
sea w ater.

I n ext tried  w aterproofing the m ortar on the th e o ry  
th a t if the circulation  of w ater through th e pores of 
the m ortar could be stopped no chem ical action  could 
ta k e  place. I em ployed for th is purpose b oth  a high

calcium  and  a m agnesium  h y d ra te d  lim e, road oi! as 
recom m ended b y  P age, a m ixtu re of solution of sili­
cate of soda and  fish oil (a w ell-know n waterproof 
com pound) and lim e soap (the basis of m any water­
proofing com pounds). I  also tried  dipping the bri­
q u ettes first in a h o t solution  of soap and then in one 
of alum  (S y lv e ste r ’s P rocess). T h e result of sand bri­
q u ettes m ade from  these m ixtures and stored in mag­
nesium  su lfate  solution  (10 gram s to  th e liter) will be 
foun d below :

A c t io n  o f  M a g n e s i u m  S u l f a t e  S o l u t io n  o n  W a t e r p r o o f e d ;?) Mo«-
t a r s

Age in a ir ...................................................  14 days
Age in 1 per cen t m agnesium

sulfate  so lu tion ....................  0 days 7 days 28 days 3 mos. 6 mos. 1 year

A N D  E N G I N E E R I N G  C H E M I S T R Y  V ol. 5, No. 9

T e n s i l e  S t r e n g t h  o f B r iq u e t t e s C o n t a in in g

15 per cen t hyd ra ted  lime 
(C a )........................................ 215 215 315 245 200 120

15 per cen t hyd ra ted  lime 
(M g )....................................... 215 225 320 260 245 105

10 per cen t road  o il............... 165 200 210 260 210 140
2 per cen t lim e so ap .............. 185 210 250 275 230 180
2 per cen t oil-silicate of soda 160 200 245 260 225 165
T rea ted  w ith  alum  and  soap. 220 235 275 265 215 185

I t  w ill be noted th a t w hile th e disintegration is evi­
d en tly  ta k in g  p lace in these test-pieces, all of these 
com pounds seem  to  arrest it  to  som e extent at any 
rate  and in  th e case of th e  lim e soap th is is quite marked.

I also in v estig a ted  th e action  of magnesium  sulfate 
solution  on cem ents high in  silica. F or this purpose 
a sam ple of com m ercial cem en t high in  silica and low 
in alum in a and one low  in  silica  and high in alumina 
were selected  and sand b riq u ettes were made of this 
and im m ersed in  a solution  of m agnesium  sulfate 
con tain in g 20 gram s to  th e  liter, or practically  a 1 per 
cen t solution. T h e cem ents selected  had the follow­
ing analyses:

L o w -a lu m in a  High-alumina
Percentages cem ent cement

Silica ................................. 19.86
Iro n  ox ide.................... 2.56
A lum ina................................ 7.60
L im e ....................................... 63.12
M agnesia .......................... 3.10
Sulfur triox ide ....................... 1.66

A s w ill be seen b y  th e  fo llow in g results, the low- 
alum in a cem en t resists th e  actio n  of magnesium sul­
fa te  m uch b ette r  th a n  th e high -alum ina one:

A c t io n  o f  M a g n e s i u m  S u l f a t e  S o l u t io n  o n  H ig h -  a n d  L ow -Alumi*4 
C e m e n t s

Age in a ir

Age in so lu tio n   0 days 7 days 28 days 3 mos. 6 mos. 1 yr. 2 jrs-
H igh-alum ina cem ent. 242 318 404 402 230 Disintegratsd
Low -olum ina cem ent.. 225 307 430 476 472 500 423

In  th e ab o v e experim ents both  cem ents were com­
m ercial cem ents, b u t th e  high -alum ina cem ent when re­
ceived  w as n ot quite so fin ely  groun d as the other one, 
so it  w as ground to  p ra ctic a lly  th e sam e degree of fine' 
ness in a sm all ja w  m ill (or to  86. 2 per cent passing 
the N o. 200 sieve) so th a t  th e  fineness of the two sam­
ples m ight, in no w a y, influence th e  results. Both these 
cem ents w ere m ade from  cem en t rock  and limestone.

In  connection  w ith  th e  use of concrete for m1116 
props, w here it  is often  exposed to  th e action of dUute 
solutions of sulfuric acid , th e follow ing expericicfl' 
w as tried : San d b riq u ettes w ere allow ed to harden-’
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days and then were p laced in  a solution  contain ing 250 
grams of sulfuric acid  (H 2S 0 4) to  th e gallon. T h e  solu­
tion was changed freq u e n tly  and th e b riq u ettes broken 
at regular intervals. T h e  disin tegration  of concrete 
by such acid w ater is show n b y  th e  follow ing:

Age in the solu tion .. 0 days 7 days 28 days 3 mos. 6 raos. 1 year 
Tensile strength  226 299 300 280 176 D isin tegrated

Several years ago th e  question  of th e action  of oil 
on concrete was b ro u g h t up a t one of th e  m eetings 
of this society in connection  w ith  a paper b y  P rof. 
Carpenter. In his experim ents oil w as m ixed in w ith  
the concrete. In  th e  discussion w hich follow ed th e 
reading of the paper, a n um ber of gentlem en  suggested 
that what was needed m ost w as in form ation  re lative  
to the action of oil on concrete w hich had alread y 
hardened, in view  of th e  em p lo ym en t of concrete for 
machinery foundations, engine room  and fa cto ry  floors, 
etc., where it is su b jected  to  th e  oil w hich leaks from  
the bearings of th e m achin ery. I w ent hom e from  
this meeting and h ad  a lo t of sand b riq u ettes m ade 
and allowed them  to  harden  2 w eeks in air. These 
were stored in air, in engine oil, in  cylin der oil, and in 
black oil. T h e y  were th en  b roken  a t sta te d  periods 
with the following results:

A c t io n  o p  O i l  o n  C o n c r e t e

Agein a i r . . . 14 days
Age in o il.. . ___ 7 days  28 days  3 mos. 6 mos. 1 year

T e n s i l e  S t r e n g t h  o f  B r i q u e t t e s  K e p t  i n

Engine oil.. . ...............................  253 240 251 232 231
Cylinder oil. ................................  235 273 221 209 203
Black oil.. . . 222 181 131 Broke in

clips
Air............... 233 287 303 293

It will be noted th a t  th e  engine oil and  th e cylin der 
oil have practically  no effect upon concrete. One 
would think th a t as th e  la tte r  has a considerable p ro­
portion of anim al oil in  its  com position  it  w ould be 
apt to effect ap p reciab ly  concrete exposed to  it. On 
the other hand, th e action  of th e  b la ck  oil seem s strange 
in view of the fa ct th a t  it  is a stra ig h t m ineral product. 
AH of these b riq u ettes had absorbed considerable oil, 
the actual gain in w eigh t of each set a t th e end of the 
year being as follow s:

P er cent

Set in engine o il.................................................  10.6
Set in cylinder o il..............................................  10.0
Set in black o il...................................................  12.0

The briquettes in  th e  b la c k  oil h ad  n ot sw ollen per- 
ceptibly and seem ed m erely  to  be w eak.

The experim ents g iven  ab o v e  were all m ade upon 
very small test-pieces and hence th e  action  of th e solu­
tions upon them  were m uch m ore rap id  th a n  th e y  w ould 
be upon a large m ass of concrete, and w hile in  m ost 
°f the above cases a y ea r  w as sufficient to  com pletely  
disintegrate the test-pieces, in  a large b o d y  of con- 
crete, such as a pier or w all, m an y years a t least w ould 
be required to bring ab ou t th is result. T h e experi­
ments merely serve to  show  th a t even  v e ry  d ilute 
solutions of the salts of m agnesium  and th e  su lfates in 
general do have a d estru ctive  action  on concrete and 
that the generally proposed rem edies do n ot appre- 
ciably retard this. T h e y  in d icate  th e d esirab ility  of

em p loyin g low -alum ina cem ents for sea-w ater co n ­
struction. T h e experim ents w ith  th e oils show  th a t  
no de'structive action  is lik e ly  to  ta k e  place w here 
cem ent is used for floors in m achine shops and engine 

rooms.
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B a l t im o r e

TH E DECOMPOSITION OF FELDSPAR AND ITS USE IN TH E  
FIXATION OF ATMOSPHERIC NITROGEN

By W njjA M  H. R o ss1 
Received Ju ly  21, 1913

IN T R O D U C T IO N

T h e extensive search for sources of potash  salts 
which has been u n dertaken  in th is co u n try  during th e 
past tw o  years has n atu ra lly  led to  renew ed efforts 
in devising m ethods for its extractio n  from  feldspar 
and other silicate rocks. T h e in vestigation s in th e 
use of feldspar as a source of potash h ave, how ever, 
n ot been confined to th e past few  years, b u t d ate b ack  
to th e tim e when th e p a rt p la y ed  b y  potash  as a fer­
tilizer in th e production  of crops w as first recognized. 
E ven  as early  as 1847 a B ritish  P aten t, No. i x , 5 5 5 i was 
issued to  R ichard  A lb ert T ilgh m an  for a process_ of 
obtaining potassium  sulfate from  feldsp ar b y  heatin g 
to brigh t redness for 8 hours, 2 parts of feldspar w ith 
1 part each of lim estone and gypsum . W ith in  a few  
years a num ber of other p aten ts appeared in E n g ­
lan d and other countries outlin ing m ethods for o b ­
tain in g potash n ot only from  feldspar, b u t also from  
leucite and other eru p tive m inerals.

T h e d iscovery of the im portance of potash  salts in 
agriculture too k  place also sim ultaneously w ith  th e 
d iscovery in 1851 of the great sa lt beds a t S tassfu rt, 
G erm an y, and in 1861 th e first fa cto ry  for refining 
crude potash m inerals w as established. T h e d iscovery 
at th is tim e of such an enorm ous source of soluble 
potash salts n atu ra lly  d etracted  from  th e in terest 
w hich was being taken  in th e extractio n  of potash  from  
th e refractory  silicates, and as a result no in v estig a ­
tions for obtaining potash from  these m inerals were

paten ted  for 29 years.  ̂ ,
T h e increasing dem and in  th is co u n try  for potash 

fertilizers has again  turn ed  a tten tion  to  th e silicate 
rocks as a possible source. O w ing to  th e com m ercial 
application  of an y successful m ethod w hich m ight be 
devised, m ost of the in vestigation s h a ve  been carried 
on in secret, and before the p u b lication  of a n y  results, 
paten ts have been applied for in alm ost ev e ry  case 
covering processes w hich h a ve  been proposed for th e 
extraction  of potash from  th is source. T h e  num ber of 
paten ts of th is kind  w hich h a ve  been issued during the 
past few  years is surprisingly large. N o less th a n  
seven have been issued during 1912 alone, and it  is 
know n th a t a num ber of other p aten ts h ave been ap ­
plied for, b u t h ave n ot y e t  been issued, so th a t the 
processes to w hich th e y  relate are still k ep t secret.

P R O C E S S E S  F O R  T H E  D E C O M P O S IT IO N  O F S IL IC A T E  R O C K S

T h e to ta l num ber of paten ts w hich are concerned 
w ith the extraction  of potash  from  silicate rocks num -

1 Scientist in Soil L abora to ry  Investigations, B ureau  of Soils, U . S. 

D ept. Akt.
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ber at least 40. T h a t so m an y p a ten ts should relate 
to  processes all d istin ct from  each other is n ot to  be 
exp ected , and it  is therefore n ot surprising to  find th a t 
m an y h ave been issued w hich describe essen tially  th e 
sam e process for th e extractio n  of potash from  insolu­
ble silicates.

F01 convenience, these various processes m a y be 
considered in 3 groups as fo llow s: (1) Processes which
y ield  potash as the on ly  p ro d u ct of value. (2) P ro ­
cesses w hich y ield  potash and som e other salab le m a­
terial as a b y-p rod u ct. (3) Processes in w hich tw o 
or more operations are com bined in one, y ie ld in g  a 
fertilizer con tain in g tw o or more of th e essential p lan t
foo ds-p otash , phosphates and nitrogen  in ava ila b le  
form .

Of the 40 p a ten ts w hich h ave been referred  to, 
abou t 50 per cen t m ake no reference to  a n y  products 
of valu e w hich can be recovered  other th a n  the potash. 
F rom  th e results obtained  in a previous p u b lica tio n 1 
it  is sa fe ,to  conclude th a t  processes of th is kind can not 
p rove econom ical for the reason th a t  th e va lu e of the 
p rod u ct ob tained , if based on th e  percen tage of potash 
present, as is now  u n iversa lly  done in the fertilizer 
in d u stry , could n ot cover th e cost of th e  raw  m aterials, 
and the expense of operation.

The d esirab ility  of devising som e m ethod of tr e a t­
in g feldspar w hich w ould produce a t th e sam e tim e 
some p roduct of va lu e  in addition  to  th e potash w as 
ea rly  recognized, and about one-half of the p a ten ted  
processes referred to claim  to  h a ve  m et th is requ ire­
m ent. A m ong  ̂ th e various b y-p ro d u cts w hich are 
considered possible of reco very  in these processes m ay 
be m entioned alum ina, silica, pigm en t, raw  m aterials 
foi th e m anufacture of glass, and h yd ra u lic  cem ent.

I t  has been show n 2 th a t when 1 p a rt of feld sp ar and 
3 parts of calcium  carbonate are ign ited  to  1300-1400° 
th e alkalies^ in  th e feldsp ar are com p letely  vo latilized  
and th e residue has th e com position required  of P o rt­
lan d  cem ent. Since th e shale or c la y  used in th e m anu­
fa ctu re  of cem ent contain s sm all q u an tities of alkalies, 
it  should fo llow  th a t th e percen tage of a lkalies in th e 
dust w hich escapes from  th e kiln  during the process 
of burning should be considerably greater th a n  in the 
raw  m aterials. T h is  w as foun d to be the case in m ost 
p lan ts and in  th e case of several th e concen tration  
of th e potash in  th e flue dust w as v e ry  m arked. In  one 
p la n t exam ined th e con ten t of potash in  th e fine flue 
dust collected  b y  the C o ttre ll precip itators, recen tly  
installed , am ounts to  as m uch as 40 per cent, m ostly  
in th e form  of the oxide. E xp erim en ts are now  being 
un dertaken  w ith  a  sm all cem ent m ill to  ascertain  th e 
p ra ctic a b ility  of recoverin g potash  as a b y-p rod u ct 
in th e m an ufacture of cem ent b y  th e su b stitu tio n  of 
feldsp ar for c la y  or shale.

I t  has also been fou n d 3 th a t when 1 p a rt of feldsp ar 
and 1 .6 8  p a rts  of lim e are digested  w ith  w ater under 
pressure of abou t 17 atm ospheres, upw ards of 90 per 
cent of the potash in  th e  feld sp ar passes in to  solution

» B ureau of Soils, U. S. D ep t. Agr., Circ. 71.
2 Loc. eit.
3 An article en titled "T he  E xtraction  of P o tash  from Silicate Rocks ”

tn  h S * u r T - j ' T ,U',d aCCOlmt ° f the rcsults here referred to. is expected to  be published shortly .

in th e  form  of th e hydroxide. In  th is form  the potash 
is w orth  per un it a b ou t i . 8 tim es th e value it com­
m ands in th e form  of th e chloride. T he residue re­
m aining insoluble has th e  com position  required of 
P ortlan d  cem en t and  w ould  sim p ly  require ignition for 
its  m an ufacture. T h e cost of th e  raw  materials re­
quired for th e  process is estim ated  to  be about $6.70 
per ton  of feldspar, w hile the products obtained would 
h a ve  a va lu e  of a b o u t $ 13 .9 0 , assum ing for the 
feldspar an avera ge  potash  con ten t of 10 per cent.

T h e  percen tage of silica in  feld sp ar is usually about 
double th e com bin ed percen tages of potash and alumina 
present. W hen consideration  is ta k en  of the other 
reagen ts added in a n y  trea tm en t of the feldspar, it 
therefore follow s th a t th e in soluble residue remaining 
at th e  end of th e process w ill am oun t to  several times 
th e q u a n tity  of potash , or potash  and alum ina present; 
con sequ en tly , in  order th a t th e residual material may 
find a m arket, w hen a n y  considerable amount of pot­
ash is produced, it  m ust be of such a nature that it 
can be used on a v e ry  large scale. Such may be said 
to  be th e case of th e  raw  m aterials used in the manu­
fa ctu re  of glass, of w hich upw ards of one and a half 
m illion ton s are required  a n n u a lly , b u t the process 
w hich  produces cem en t as a p rod u ct in the extraction 
of potash  from  feld sp ar has th e  ad va n ta ge  in that the 
q u a n tity  of cem en t used in th is co u n try  is more than 
10 tim es as great. Several of th e patented  processes 
of th e second group w hich offer m ost promise are now 
being tested  ou t on a co m p a ra tiv e ly  large scale under 
th e direction  of the paten tees. T h e results of these 
tria ls  w ill determ ine con clu sive ly  th e practicability 
of recoverin g potash  from  feldsp ar b y  these methods.

Som e experim ents h a ve  also been made in this 
la b o ra to ry  on several of th e rem aining processes of 
th is group, b u t th e  p relim in ary  results obtained did 
not offer sufficient prom ise to  ju s tify  continuing the 
w ork a n y  fu rth er.

T h e first U. S. P a te n t (N o. 1 6 ,111 )  dealing with the 
decom position  of feldsp ar w as issued to Charles 
B ickell for a process w hich consisted in heating in a 
reve rb erato ry  or oth er su itab le  furnace to a light red 
h eat for ab ou t 2 hours, 1 p a rt feldspar, o. 5 part phos­
p h ate of lim e, and 3 or 4 p arts of air-slaked lime, all 
in a fin ely  pow dered condition. According to the 
p a ten t, both  th e potash and th e ph osphate become avail­
able b y  this trea tm en t. T h is process thus belongs 
to  th e th ird  group in to  w hich processes for decom­
posing feld sp ar h a ve  been d ivid ed , and at first sight 
seem ed to  be p a rticu la rly  a ttra c tiv e , for if both the 
potash  and phosphoric acid  were rendered soluble as 
claim ed b y  th e p a te n t, th e m ethod m ight be an eco­
nom ical one since, when used as a fertilizer, no separa­
tion  of th e co n stitu en ts w ould be necessary and the 
m ixture w ould  be of value for its  phosphoric acid as 
w ell as for its potash conten t.

I t  w as foun d, how ever, th a t  th e calcium  phosphate 
has a passive effect in  th is trea tm en t of the feldspar 
and th a t no greater decom position  w as produced in 
th is w a y  th a n  w hen it  w as trea ted  w ith calcium car­
b onate alone.

T h e process w as fu rth er in vestig ated  by W.
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Waggaman of th is la b o ra to ry  w ho has shown in 
work soon to be published th a t w hen th e ign ition  was 
made in an open vessel a b o u t 56 per cent of the 
potash was lost b y  vo la tiliza tio n , and of th a t which 
remained very  little  w as w ater-soluble. None of 
the phosphoric acid  w as lost b y  v o la tiliza tio n  under 
this treatment, b u t on ly  40 per cen t w as rendered 
citrate-soluble. A  b etter result w as obtained  when 
there was added to th e  m ixture ab ou t 0 .2  p a rt each 
of hematite and m anganese dioxide for each part 
of feldspar, and the w hole ign ited  to  ab ou t 1400° for 
three-quarters o f an hour. A  lim pid fusion resulted 
which, on cooling, w as found to  contain  all of the 
potash and phosphoric acid  in a citrate-soluble state, 
but neither was w ater-soluble.

F IX A T IO N  O F N IT R O G E N

The object of th e present in vestig atio n  w as to  test 
the efficiency of ign ited  feld sp ar in b rin ging abou t the 
fixation of nitrogen through the agen cy of th e com ­
bined alumina or silica present, w hile there w as the 
possibility th a t the potash w ould be set free a t the 
same time. T his w ould  th u s con stitu te  a process 
which, like the foregoing, belongs to  th e th ird  group.

Experiments in th e fixation  of n itrogen  m a y be said 
to date back to th e  y ea r  1785, w hen C aven dish  first 
noted that an acid  w as form ed when electric sparks 
were passed through a confined vo lu m e of air. T h e 
nature of the reaction, how ever, w as a t th a t tim e un­
known. Fifteen yea rs la ter  Sir H u m p h ry D a v y  ob­
served the form ation  of n itric  oxide when air was 
passed over platinum  w ire h eated  b y  an electric cur­
rent. The function  of the p latin u m  in th is reaction  
m acting as a c a ta ly tic  agen t w as dem onstrated  b y  
Gay-Lussac in 1864. Since th en  an im m ense am ount 
of work has been done along th is line. T h e popular 
literature on the su b ject is v e ry  exten sive and a sur­
prisingly large num ber of p aten ts h a ve  been issued in 
Germany, N orw ay, U n ited  States, and other coun­
tries, on processes and eq uipm en t for fixing nitrogen 
by different m ethods.

lh e  various processes recom m ended m ay be con­
veniently divided into  four groups accordin g as there 
1S Produced: (1) n itrates or n itrites; (2) am m onia; 
U) mtrids; and (4) cyan ids, or related  com pounds, as
cyanamid.

, Processes represen tative of all these groups have 
een or are being carried ou t on a large scale. T h e 

and fourth h a ve  a lread y  developed  into large in ­
dustries. E xtensive experim ents are now  being ear­
ned out in this and other countries on processes which 
^  ate to the third  group, and there is a p o ssib ility  

^  fixation of n itrogen  in  th e form  of n itrids m ay
11 Ornately prove m ore profitable than  in a n y  other 
way.

That certain m etals, w hen heated , w ill com bine w ith 
nurogen to form nitrids has long been know n. L ith ­
ium is the most m arked in its action  in this respect, 

ta^es up nitrogen to  form  L i3N even  when ex- 
?sed to moist air. W hen h eat is applied in an atm os- 

^ ere °/ nitrogen a v io len t reactio n  tak es place. 
coag,nesiuin ranks n ext to  lith iu m  in th e ten d en cy  to 

‘■’me nitrogen. T h is p ro p erty  of m agnesium

is m ade use of in  the w ell-know n m ethod of rem ovin g 
nitrogen in the preparation  of argon from  th e air. 
A m ong other m etals w hich possess a m arked affin ity  
for nitrogen m ay be m entioned calcium , titan iu m , 
silicon and alum inum .

In stead  of using the m etal d irectly  in the fixation  of 
nitrogen, there m ay be used in preference a m ixture of 
the oxide and carbon. In  th is w a y  reduction  of the 
oxide and fixation of nitrogen m ay be b rough t about 
in th e sam e operation. T h e m ost n otew o rth y experi­
m ents in th is direction h ave been m ade b y  O ttokar 
Serpek, who has w orked out a techn ical process for 
fixing nitrogen on a large scale b y  ign itin g b au xite  
w ith carbon at 1S00-20000 in an atm osphere of n itro­
g en .1 F or this purpose a furnace w as devised som e­
w hat a fter the fashion of a ro ta ry  kiln  h avin g an elec­
tric  furnace inserted in one section. T h e rotation  of 
the kiln, while con veyin g th e m ixture to  the electrical 
p art of the furnace where the reaction  takes place, 
acts also to bring th e b au xite and carbon in tim a te ly  
together. T h e current of n itrogen under sligh tly  
increased pressure is passed through th e kiln in an 
opposite direction to the m ixed alum ina and carbon. 
A s the la tter  reaches the heated  p a rt of the furnace 
the reaction takes palce, w hereb y there is form ed 
alum inum  nitrid  (A IN ) and carbon m onoxide. I t  is 
supposed th a t the alum inum  carbide which first has a 
tenden cy to form  reacts w ith  th e alum ina to form  
carbon m onoxide and free alum inum  which in the 
nascent state, at th e tem perature used, rea d ily  com ­
bines w ith nitrogen.

T h e com pound thus form ed is of a bluish g ra y  
color and on issuing from  the furnace m ay contain  up­
w ards of 26 per cent of n itrogen. W hen boiled w ith  
alkalin e hydroxide or sodium  alum in ate solution, or 
w ith  w ater under pressure, th e n itrogen present m ay 
be liberated  as am m onia, while the alum inum  is changed 
to  hydroxide. T h is m ay be used over again, b u t a t 
present the use of fresh b au xite  seems to be more 
econom ical. In either case th e m aterial is rendered 
anhydrous before passing into th e e lectrica lly  heated 
kiln  b y  calcining in a separate kiln  w ith th e carbon 
m onoxide evolved  from  the reaction  in  the furnace 
kiln  and which m ay be enriched w ith other com busti­
ble gases if necessary.

In some of his p aten ts Serpek suggests th a t there 
should be added to  th e m ixture of alum ina and car­
bon about 5 per cent o f som e m etal such as copper or iron 
which is capable of form ing an a lloy  w ith  alum inum . 
In other patents an increased yield  of n itrid  is re ­
ported to  be brought abou t b y  m ixing w ith  th e n itro ­
gen abou t o. 1 per cent of some acid gas such as h y d ro ­
chloric acid or sulfur dioxide. I t  is further stated  th a t in ­
stead  of using pure or im pure alum ina, such as n atural 
bauxite, alum inum  borates or silicates m ay be used for 
carryin g out th e process, b u t no results are given  on 
the use of these m inerals as in th e case of bauxite .

E xperim ents along the sam e line as those outlin ed 
in S erpek ’s paten ts on th e use of alum in a for fixing

1 U .S . P a ten ts  867,615; 884,423; 888,044; 987,408; 996,032; 1,007,495; 
1,016,526; 1,030,929; 1,040,439; 1,044,927; 1,044,928; 1,057,286; 1,060,509; 
1,060,640.
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n itr o g e n  h a v e  b e e n  m a d e  b y  T u c k e r  a n d  R e a d . 1 T h e  

r e a c t io n s  w e re  c a r r ie d  o u t  in  a  s t a t i o n a r y  g r a p h it e  

e le c t r ic  r e s is ta n c e  fu r n a c e .  A t  te m p e r a t u r e s  b e lo w  

16 0 0 °  th e  y ie ld  o f  c o m b in e d  n it r o g e n  w a s  s m a ll,  

a m o u n t in g  t o  le ss  t h a n  3 p e r  c e n t .  T h e  a d d it io n  o f  

h y d r o c h lo r ic  a c id  g a s  o r  o f  s u l f u r  d io x id e  t o  t h e  n i t r o ­

g e n  in  th e  f u r n a c e  g a v e  lo w e r  r e s u lt s  t h a n  w h e n  p u r e  

n it r o g e n  w a s  u s e d , f r o m  w h ic h  i t  w a s  c o n c lu d e d  t h a t  

th e s e  g a s e s  a r e  h a r m fu l  r a t h e r  t h a n  b e n e f ic ia l .  T h e  
la r g e s t  y i e ld  o f  n it r id ,  a m o u n t in g  t o  22 .7  p e r  c e n t  

c a lc u la t e d  a s  n itr o g e n , w a s  o b t a in e d  a t  a  t e m p e r a ­

tu r e  b e tw e e n  190 0  0 a n d  20 0 0 °.

EXPERIM ENTAL RESULTS

I n  u n d e r t a k in g  a n  in v e s t ig a t io n  o n  t h e  u se  o f  f e l d ­

s p a r  in  f ix in g  n itr o g e n  a  c y l in d r ic a l  g a s  fu r n a c e  w a s  
u s e d  in  th e  p r e l im in a r y  e x p e r im e n ts .  T h i s  w a s  p r o ­

v id e d  w it h  h o le s  in  o p p o s it e  s id e s  t h r o u g h  w h ic h  w a s  

p a s s e d  h o r iz o n t a l ly  a  g la z e d  R o y a l  B e r lin  p o r c e la in  

t u b e  60 c m . lo n g  w it h  a n  in te r n a l  d ia m e te r  o f  2 c m . 

'W ith  th is  a r r a n g e m e n t  th e  p o r t io n s  o f  t h e  t u b e  in ­

s id e  t h e  fu r n a c e  c o u ld  b e  r e p e a t e d ly  r a is e d  t o  12 0 0 ° , 

in s id e  te m p e r a tu r e ,  b u t  a s  t h e  t e m p e r a t u r e  w a s  in ­

c r e a s e d  t o  a b o u t  1 4 0 0 ° , t h e  t u b e  s o o n  b e c a m e  b r i t t le  

a n d  c r a c k e d .  T h e  t u b e  w a s  c o n n e c te d  a t  o n e  e n d  

w it h  a  h a r d  g la s s  c o m b u s t io n  tu b e, c o n t a in in g  c o p p e r  

g a u z e  o v e r  w h ic h , w h e n  h e a te d  t o  re d n e s s , t h e  n i t r o ­

g e n  w a s  le d  u n d e r  s l i g h t l y  in c r e a s e d  p r e s s u r e  in  o r d e r  
t o  r e m o v e  t h e  la s t  t r a c e s  o f  o x y g e n .  T h e  o t h e r  e n d  

o : t h e  t u b e  w a s  c lo s e d  w it h  a  s t o p p e r  t h r o u g h  w h ic h  

p a s s e d  a  g la s s  t u b e  t h a t  d ip p e d  in t o  a  f la s k  c o n t a i n ­
in g  w a te r .  T h i s  s e r v e d  a s  a  t r a p  t o  p r e v e n t  a n y  b a c k  

f lo w  o f  a ir  a n d  a ls o  in d ic a t e d  th e  r a te  o f  f lo w  o f  n i t r o ­
g e n  t h r o u g h  th e  a p p a r a t u s .

T h e  n it r o g e n  u s e d  in  th e  e x p e r im e n ts  w a s  p r e p a r e d  

b y  d r o p p in g  a  s t r o n g  s o d iu m  n i t r i t e  s o lu t io n  in t o  a  

h o t  s a t u r a t e d  a m m o n iu m  c h lo r id e  s o lu t io n . T h e  g a s  

t h u s  fo r m e d  w a s  s t o r e d  in  a  g a s o m e te r  a n d  b e fo r e  u s in g  

w a s  d r ie d  b y  c a lc iu m  c h lo r id e  a n d  s u lf u r i c  a c id .

T h e  f e ld s p a r  u s e d  in  th e  e x p e r im e n ts  w a s  g r o u n d  t o  
p a s s  a  100 m e sh  s ie v e  a n d  a n a ly z e d  a s  f o l lo w s :

SsOj.................  61.32%
AUOs............................................................  19,64
FcsQi...................................................................... trace
C a O .,...............................................    0 ,!6
M sO..........................................    o.os
KjO..............................................................  13.72
NaiO  .................................    2 . 1S

100.10

T his w as m ixed w ith  sugar cane carbon  in d ifferen t 
proportions, w rapped in  filter paper a n d  inserted in the 
p ortion  o: the tu b e w ith in  the furnace, and then ignited  
in a current of n itrogen  at tem peratures u p  to abou t 
1 4 0 0 Th e  fixation ob ta in ed  in  a n y  case w as slight, 
am o u n tin g  a t m ost to  abou t 1 per cent o f the feldsp ar 
in the m ixture.

Since, as a lread y  sta ted , the potash in feldsp ar m ay 
b e set iree b y  ign iting w ith calcium  carbo n ate, a num ­
b er of experim ents vrere m ade in which th is com pound 
w as added  to  the m ixture of feldsp ar and carbon. 
\\ hen th is w as done, not on ly  w as potash set free b v  
v o la tiliza tio n  irom  th e  feldspar, b u t the am ount o f nitro-

1 T k i  A v u s ite x  Ftriuizr?, ST. X<v 9. p . 39.

g e n  f ix e d  a t  th e  s a m e  t im e  w a s  g r e a t l y  in c r e a s e d . The 

p o r c e la in  t u b e  in  w h ic h  th e  ig n i t io n  w a s  m a d e  extended 

f o r  a b o u t  13 c m . o u ts id e  t h e  f u r n a c e ,  a n d  th is  portion 

wra s t h e r e fo r e  c o m p a r a t i v e l y  c o o l.  T h e  volatilized 

p o t a s h , h o w e v e r ,  w a s  f o u n d  t o  e x t e n d  a s  a  deposit 

n o t  o n ly  a lo n g  t h is  le n g t h  o f  t h e  t u b e ,  b u t  a  portion 

e v e n  p a s s e d  b e y o n d  th e  t u b e  a n d  w a s  c o lle c te d  in the 
w a t e r  t r a p  th r o u g h  w h ic h  t h e  c u r r e n t  w a s  le d ; as the 

w a t e r  c o n ta in e d  a  l i t t le  p h e n o lp h t h a le in  i t  acquired 

a  d e e p  p in k  c o lo r  a s  t h e  p o t a s h  c o lle c t e d .

T h e  p e r c e n t a g e  o f  t h e  t o t a l  p o t a s h  in  fe ld s p a r  which 

is  v o la t i l i z e d  w h e n  t h e  la t t e r  is  ig n it e d  in  an open 

v e s s e l  fo r  a n  h o u r  a n d  a  h a l f  a t  a b o u t  1400° with 

v a r y i n g  a m o u n t s  o f  l im e  is  g iv e n  in  th e  following 

ta b le :

Proportion  of 
feldspar to  lime

5 to  3 ..........
5 to  4 ..........

Percentage of 
po tash  volatilized

  6
  16

5 to  5 ..........................................................................  27
5 to  6 ..........................................................................  61
5 to  7 ........................................................................... '  83
5 to  8 ..........................................................................  95

W h e n  c a r b o n , h o w e v e r ,  w-as a d d e d  t o  t h e  m ixtu re  of 

f e ld s p a r  a n d  c a lc iu m  c a r b o n a t e ,  o r  i t s  e q u iv a le n t of 

l im e , a n d  t h e  ig n i t io n  m a d e  in  a  c u r r e n t  o f  nitrogen, 

in s t e a d  o f  in  a n  o p e n  v e s s e l ,  t h e  p r o p o r t io n  o f  potash 

v o la t i l i z e d  w a s  f o u n d  t o  b e  v e r y  g r e a t l y  increased. 

T h u s ,  w h e n  a  m ix t u r e  o f  5 p a r t s  o f  fe ld s p a r ,  5.4 Parts 

o f  c a lc iu m  c a r b o n a t e ,  o r  3 p a r t s  o f  l im e , a n d  2.5 parts 
o f  c a r b o n  w e r e  ig n it e d  in  n it r o g e n  fo r  o n e  hour at 

1 2 0 0 0, u p w a r d s  o f  50 p e r  c e n t  o f  t h e  p o t a s h  in  th e feld­

s p a r  w a s  v o la t i l i z e d ,  w h ile  a t  1 4 0 0 °  t h e  lo ss o f  potash 

b y  v o la t i l i z a t i o n  w a s  fo u n d  t o  b e  c o m p le te . The 

a m o u n t  o f  n it r o g e n  f ix e d  a t  t h e  s a m e  t im e  in this and 

o t h e r  m ix tu r e s  w a s  k i n d l y  d e t e r m in e d  b y  M r. T. C. 

T r e s c o t t  o f  t h e  B u r e a u  o f  C h e m is t r y ,  usin g the 

K j e l d a h l  m e th o d . T h e  r e s u lt s  g iv e n  in  th e  following 

t a b le  r e p r e s e n t  t h e  m e a n  o f  s e v e r a l  d e te rm in a tio n s:
N it ro g e n  fixed in

KV

cu
a

IB
S
a

• cu 0
3
0 2  
„ « 5

0
0u3
2 J

w S3 -2 a v 0
o Z> 4*

percei

b

*3
0
Z

|  *
uIX

3 5.c *-
w O 

0

= C i  - “ A
U

0 2
^ zz 
5 «

a
** — «a r, 0 u
g

1  5

HH
1 4 0.0 about 1200° 5 .0 0.20
2 , 6 3 6.4 about 1200 0.83
3 ., 4 2 4.3 about 1200 55.7 1.27
4 2 1 2.15 about 1200 1 .44
5 4 4,3 about 1200 1.40
6 ... 4 2.15 about 1200 38-0 1.45
7 ____  4 -> 2.15 about 1200 0.50
S .., . 4 -•> 12.0 about 1200 78.0 0.44
9 4 0,0 about 1400 41 .3 1.00

10, 4 2 2,15 about 1400 9S .0 1 .6S
11 , . ..  . 4 2 4.3 about 1400 100.0 6.10
12 . . 4 6.0 about 1400 100.0 5.21

I i3  V.

<
1.9
S.O

12 .2

13.8
13.4 
13 9
4.5 
4.2
9.6 

16.1
55.5
50.6

the
does

I t  w o u ld  s e e m  f r o m  th e s e  r e s u lt s  t h a t  v a ry in g  

p r o p o r t io n  o f  c a r b o n  b e t w e e n  t h e  l im it s  g iv e n  1 
n o t  h a v e  m u c h  e f f e c t ,  u n d e r  t h e  c o n d it io n s  o* t e

e x p e r im e n ts ,  o n  t h e  a m o u n t  o f  n it r o g e n  f ix e d . T h e n .^  

im u m  q u a n t i t y  o f  c a r b o n  t a k e n  w a s  s u f f ic ie n t  t o  com 1 

w i t h  a l l  t h e  o x y g e n  in  t h e  fe ld s p a r -  D u p lic a te  re»*1 ^  

h o w e v e r ,  d id  n o t  a g r e e  c lo s e ly .  T h is  w a s  
d u e  t o  t h e  f a c t  t h a t  i t  w a s  n o t  p o s s ib le , vrith ^

a r r a n g e m e n t  in  h a n d ,  t o  m a in t a in  a  u n ifo r m  tefflpera
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ture at all times and a co m p a ra tiv ely  sm all rise in te m ­
perature produced a considerable change in th e am ount 
of nitrogen fixed.

The calcium eq u ivalen t to  th e silica, as found b y  
analysis, in 4 parts o f the feldspar is equal to  4.3 p arts of 
calcium carbonate. T h is proportion  seems b est suited 
in the fixing of n itrogen  since sm aller yields were 
obtained when the proportion  o f lim e to  feldspar was 
increased or decreased b eyon d  th is lim it. T h e sam e 
results were obtained startin g w ith  th e oxide of calcium  
as with the carbonate. O nly a v e ry  slight am ount of 
nitrogen was fixed w hen a m ixture of lim e and carbon 
were ignited at 1400° in th e absence of feldspar.

The increase of fixation  w ith  tim e of ign ition  is shown 
in the following ta b le , w hen 4 p arts of feldspar, 2 
parts of carbon and 4 .3  parts of calcium  carbonate 
were ignited for different len gth s of tim e.

Potash N itrogen fixed in
volatilized in percentage of

Time of percentage      '
ignition of to ta l feldspar alum inum  in
Hours Tem perature present taken  feldspar

 1............  about 1200° 55 .7  1.27 12.2
 2............  abou t 1200° 6 8 .9  1 .34  12.9
4............  about 1200° 83 .0  1 .68  16 1
 1............  about 1400° 100.0 6 .1 0  58 .5
 2............  about 1400° 100.0 7 .44  71.5

Since the nitrogen in  alum inum  n itrid  am ounts to 
51,6 per cent of th e alum inum , it  follow s th a t the 
nitrogen fixed in th e  last tw o  experim ents is greater 
than what would correspond to  th e alum inum  in the 
feldspar. No d irect experim ents h ave y e t  been m ade 
to determine in w h a t form  th e  nitrogen is com bined, 
whether as nitrid or carbo-nitrid  of silicon or alum inum . 
When boiled w ith w ater th e m aterial ga v e  off am m onia 
very slowly, and even  slow ly  w hen boiled w ith  sodium  
hydroxide solution a lthough in th is case th e am m onia 
was evolved more ra p id ly  th a n  when th e digestion was 
made with w ater alone.

Equipment is now  being installed  to  carry  on th e 
experiments on a larger scale and a t higher tem p era­
tures. In the m eantim e it  w as th o u g h t advisable 
to publish the p relim in ary  results obtained.

B u r e a u  o p  S o i l s

U. S. D e p a r t m e n t  o p  A g r i c u l t u r e  

W a s h i n g t o n

THE LEACHING OF POTASH FROM FRESH LY CUT K E L P

By A .  R . M e r z 1 a n d  J . R . L i n d e m u t h 2 

Received June  27, 1913

Drift kelp u su ally  has a v e ry  low  con ten t of potash

T a b l e  I — S a m p l e  T a k e n  N e a r  C o r o n a d o  I s l a n d s

or rath er potassium  chloride. I t  has been cur­
ren tly  reported  th a t th e loss of potassium  chloride 
from  th e fresh ly  cu t p lan t proceeds quite rap id ly. 
T h eo retica lly , there should be a d istribution  of th e 
base betw een  the p lan t and the w ater in  w hich it lies, 
and th is red istribution  m ight reason ab ly  be expected  
to  com m ence a t once, and even to  be m uch augm ented 
or accelerated  because of the re la tiv e ly  high conten t 
of sodium  chloride in  sea w ater. T h is problem  is one 
of considerable econom ic im portance, since it  has been 
proposed in th e h arvestin g  of kelp as a raw  m aterial 
for th e production  of potassium  salts, to  to w  th e cut 
kelp from  th e groves to  the lan din g and th us avoid  
liftin g  th e  m aterial upon a barge or boat.

In  order to  ob tain  som e inform ation  and d a ta  b ear­
ing d irectly  on th is econom ic question, Professor W .
C . C ran dall, of th e S crip p ’s B iological Station , a t La 
Jolla, C alifornia , collected  tw o large sam ples of Macro- 
cystis on a recent cruise of the ya ch t, “ A gazzi” , of th a t 
station , tow in g these sam ples and ta k in g  subsam ples 
from  tim e to  tim e w hich were forw arded to th e lab ora­
to ry  of th e B ureau  of Soils, in W ashington, for a n a ly ­
sis. One of the large sam ples for th e leaching experi­
m ent w as collected  n ear P t. L om a and the other near 
C oronado Island. T h e subsam ples, on th eir receipt 
in W ashington, had com m enced to  ferm ent. T his 
fa ct, how ever, could n ot h ave a n y  p articu lar influence 
on th e d a ta  here given. T h e tables w hich follow  are 
self-exp lan atory. T h e an a lytica l m ethods em ployed 
h ave been described in  T h i s  J o u r n a l ,  4 > 431 b y  
T urren tin e, and ackn ow ledgm ent is here m ade to  
M r. T .  C . T resco tt, of th e B ureau  of C hem istry , who 
k in d ly  m ade the nitrogen determ inations for us.

F rom  th is exam ination  it  is ev id en tly  a m atter of 
considerable d ifficu lty  to  obtain  a fa ir average sam ple 
of w et kelp. I t  also appears th a t fresh ly  cut kelp, 
when im m ersed in sea w ater, does n ot, at least at firs tX ^ v  
lose its  potash  conten t v e ry  rap id ly.

A tten tio n  is called to  th e analysis of “ sea lettucd 
in T a b le  II . T h is  is n ot a kelp b u t a rock  weed rathe»^- 
com m on on the P acific  coast. A lgae other th an  t h e \ 5  S V 
g ian t kelps h a ve  n ot u su ally  shown a high potash con­
ten t, b u t th is analysis indicates th a t th e m atter is 
w o rth y  of fu rth er in vestigation . T h e difficulties to 
be apprehended in h arvestin g  rock  weeds, how ever, 
do not leave  m uch prom ise for their econom ic im ­
portan ce at present, even  though th e y  should be found 
to  h ave a high conten t of potash or other valuable

P er cent Per cent Per cent Per cent Per cent P er cent P er cent
No. T im e exposed K 2O sol. salts org. m a tte r ash KC1 N I R em arks

lm...... f fresh cu t N one )
12.48 31.46 65.38 3 .16 19.72 0 .98 0.16 Dried and  sen t by  mail

lex......... 13.47 31.26 65.98 2 .76 21.28 0 .79 0 .14 W et, sent by  express in ja r
1A.......... 3 hrs. 15.56 34.00 62.38 3 .62 24.59 0.95 0.13 W et, sent by  express in ja r
IB.......... 6 hrs. 17.30 38.26 58.66 3.08 27.33 1.00 0.13 W et, sen t by  express in ja r
1C.......... 17.64 38.30 58.30 3 .40 27.87 1.07 0.06 W et, sent by  express in ja r
ID........... 13.35 31.96 54.96 3 .08 21.10 0.83 0.10 W et, sent b y  express in ja r
IE............ 20 hrs. 10.74 26.36 70.66 2 .98 16.97 0 .90 0.13 W et, sent by  express in ja r
IF............ f fresh cu t •18.28 36.78 60.86 2 .36 28.89 0.51 0 .13 Stem s only, dried and  sen t by  mail
1G........... 9 .9 0 25.94 70.18 3 .88 15.64 0.84 0.07 Leaves only, dried and sen t by  mail

»Scientist in Soil L abora to ry  Investigations, B ureau of Soils, U. S. constituen t, and th e im portance of the m atter prob ab ly
Dept.Agr. T T a r v i - a ™  lies in showing th a t their occasional or acciden tal* Scientist in Fertilizer Investigations, Bur. of Soils, U. S. D ept. Agr. °



730 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l. 5, No. 9

Tim e 
No. exposed

2A    N one
2 B     3 */a hrs.
2 C ....................  151/* hrs.
2 D ....................  18‘/ i  hrs.
2 E .................. 21V* hrs.
2 F ..................... 241/* hrs.
2 G    . 27 V i hrs.
2 H .................  39 V* hrs.
21...................  42»/* hrs.
2 J , . . . . ......... 45V* hrs.
2 K .................  48 l/s  hrs.
2 L ..................  51 Vs hrs.
2 M    63 V* hrs.
2 N . ...............  66 V* hrs.
2 0 .................. 721/» hrs.
2 P .................. 75 V* hrs.
2Q .................. 87 '/*  hrs.
2 R .................  90V« hrs.
2 S ..................  93 V* hrs.
2 T .................. 96 V« hrs.
2 U .................  99 V* hrs.
2V .................  I ll* /«  hrs.
2W ................  135'/* hrs.
2* ................  I l l 1/» hrs.
M , P ........

value of the kelp.
B u r e a u  o f  S o il s  

U . S . D k f a r t m u n t  o f  A g r ic u l t u r k  
W a s h in g t o n

T a b l e I I —S a m p le f r o m  N e a r PT. IyOMA
P er cent Per cent P er cent P er cent P e r cent P er cent P er cent

KaO sol. sa lt org. m a tte r ash KC1 N I
15.82 40.88 47.32 11.80 25.00 2 .77 0 .1813.43 34.82 56.54 8 .64 21.22 2 .66 0 .1914.96 37.66 52.76 9 .5 8 23.64 2 .40 0 .1513.05 34.34 60.12 5 .54 20.62 1.77 0 .1511.00 30.22 62.52 7 .26 17.38 1.85 0 .1611.59 30.52 59.92 9 .5 6 18.31 2 .10 0 .14
13.68 38 .94 50.56 10.50 21.62 2.22 0 .2 410.31 27.84 62.38 9 .78 16.29 1.97 0 .14
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kelp is n ot detrim ental to the titan iu m varies w■idely (

A POSSIBLE COMMERCIAL UTILIZATION OF NELSONITE 

By William h . Waggaman1 
Received June 23. 1913

IN T R O D U C T IO N

In Nelson C o u n ty , V a ., there are large bodies of 
rock  lo cally  know n as N elsonite which consist essen­
tia lly  of the tw o m inerals ilm enite and ap a tite . T h e 
m aterial is n ot on ly  of scientific interest b u t in the ligh t 
o f some recent experim ents perform ed in  th is lab ora­
to ry  m ay be of considerable com m ercial im portance.

T h e  r o c k  o c c u r s  in  th e  f o o t h i l ls  o f  t h e  B lu e . R id g e  
n e a r  R o s e la n d . V a . ,  a b o u t  7 m ile s  n o r t h w e s t  o f  A r ­

r in g t o n ,  a  s t a t io n  o n  t h e  S o u th e r n  R .  R . ,  a n d  24 m ile s  

n o r th e a s t  o f  L y n c h b u r g .  A c c o r d in g  t o  W a ts o n *  i t  is  

p r o b a b l y  o t p r e - C a m b r ia n  a g e  a n d  o c c u r s  in  d ik e s  
w lu c h  a r e  in  p la c e s  o v e r  65 f e e t  t h i c k  a n d  2,100 fe e t  

m  le n g th  a s  e x p o s e d  o n  t h e  s u r fa c e .  T h e  fo r m a t io n  c a n  

b e  t r a c e d  m  a  g e n e r a l n o r t h e a s t  s o u t h w e s t  d ir e c t io n  
f o r  a b o u t  7 m ile s . W a ts o n  d e s c r ib e d  i t  a s  “ a  h a r d  

r o c k  c o m p o s e d  o f  g r a n u l a r  w h ite  a p a t i t e  a n d  b la c k  

i lm e n ite .  A f t e r  w e a t h e r in g ,  h o w e v e r ,  t h e  r o c k  c a n  

b e  r e a d i ly  d is in t e g r a t e d  a n d  a  m o r e  o r  le s s  c le a n  s e p a ­
r a t io n  m ade- o f  t h e  t w o  m in e r a ls  b y  e i th e r  o f  th e  m e th o d s  
d e s c r ib e d  f u r t h e r  o n  in  t h is  p a p e r .

IL M E N IT E

I lm e n it e  o r  t i t a n i c  ir o n  is  a  b la c k  c r y s t a l l i n e  m in e r a l 
h a v in g  t e e b ly  m a g n e t ic  p r o p e r t ie s .  I t  h a s  a  s p e c if ic  

g r a v i t y  w h e n  p u r e  o f  4.5 t o  5 .0  a n d  t h e  f o l lo w in g  f o r m u la  
a n d  c o m p o s it io n :

FeT iO t > «Sd«- C T fc»........................  5 : . 7 p « « «
t Ir«s (Ke0).....................  47 .3 p«

According to D ana .5 how ever, th e  ratio  of iron  to
■ Sefentesia Kertit««- lawstig^tioas. Battaa of Soils. V . &  Dept. \rr 

v  ** V5rSiai»-'" tSOT. fL 3 0 0 ;  “ Ew m oiEicG ioiogy -I . ix G*ct Survey. 1M9, °  '
‘ A S3«**« of 1SSS. j p ,  217-219.

R em arks 
W et, sen t in ja r  
W et, sen t in ja r  
W et, sent in ja r  
W et, sent in ja r  
W et, sent in ja r  
W et, sent in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sent in ja r  
W et, sent in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
W et, sen t in ja r  
Dried and  sen t by  mail 
Sea le ttuce from Marrowstone Point

form ula M F e T i0 3.N F e 20 3.
Ilm en ite is rath er w id ely  d istributed  in nature, 

occurring in beds in gneiss and other crystalline rocks; 
also in sm all particles in m an y crystallin e rocks and 
freq u en tly  associated  w ith  m agn etite . I t  is used 
in the m anufacture of ferro-titan ium  for the steel 
industry. In 1 9 1 1 there were 5 1.17  tons of ferro- 
titan iu m  im ported  into  th is  co u n try  va lu ed  at $22,700, 
which gives an average price of $443.61 per ton.

A P A T IT E

A p a tite  or ph osphate rock  is a b rittle  crystalline 
m ineral which varies in  color from  alm ost white to 
dark green-red and brow n. T h ere are tw o main varie­
ties of this m ineral; nam ely, ch lor-apatite and fluor- 
a p a tite , the la tter  being m uch m ore plentiful than 
the form er. T h e specific g r a v ity  of apatite varies 
from  3.17 to  3.23 and th e form u la  and composition 
of th e  tw o varieties accordin g to  D an a, are as fol­
lows:

f  P2O5 =  41.0 per cent
Chlor-apatite, C a C l.C a 4(P 0 4) j=  j C aO  =  53.8 percent

[ C l =  6.8 per cent
f P2O5 =  42.3 per cent 

F lu or-ap atite , C a F .C a 4(P 0 4)3 =  1 C aO  =  55.5 percent
I F  = 3.8 per cent

A p atite , how ever, is seldom  found absolutely Pure 

and though w id ely  d istribu ted  in n ature does not often 
occur in m inable q u an tities. On treatm en t with sul- 
lu ric  acid it y ield s a v e ry  high-grade superphosphate, 
and if  it  were n ot for th e fa c t  th a t the better deposits 
are rath er inaccessible and  th a t careful picking or 

cobbing is n ecessary before a  p roduct sufficiently 
high-grade fo r  the m arket is obtained, this mineral 
^ ould be more exten sively  used in th e fertilizer industry.

S E P A R A T IO N  O F A P A T IT E  A N D  IL M E N IT E

A t first sight th e association  o f a p a tite  an d  ilmenite 
in  a rock  would seem  to seriouslv affect the commercial 

va lu e  o f both o f these m inerals. In  the manufacture



Sept. ,  1 9 x 3  T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 731

of steel, phosphorus is the m ost dreaded im p u rity  
which can occur in th e iron or iron ore used, so th a t 
ilmenite containing over 1 or 2 per cen t of th is elem ent 
would be rejected  as dangerous.

On the other hand, th e  presence of com p a ra tiv ely  
small percentages of iron in ph osphate rock  n early  
always causes troub le in the acid  ph osphate produced 
therefrom, and when th is elem ent is present in  large 
amounts it often  renders the acid  ph osphate unfit 
for use.

According to  W a tso n 1 th e ratio  of a p atite  to ilm enite 
in nelsonite varies w id ely  from  rock  consisting large ly  
of the form er m ineral to th a t  in w hich ilm enite pre­
dominates. B efore such a deposit can be econom ically 
worked, therefore, it  seem s essential th a t a m ethod be 
devised for m aking a clean separation  of th e tw o  m in­
erals.

There are tw o m ethods w hich suggest them selves 
for effecting such a separation . T h e first is based 
on the difference in th e specific gravities  of th e m inerals, 
and the second on the m agn etic properties of the il­
menite. The ratio  of th e specific g ra v ity  of apatite 
and ilmenite is as 3.2 to  4.5. T h is difference is suffi­
ciently great to  w arran t a fa ir ly  clean separation  pro­
vided the rock is crushed to  uniform  size. Unless it 
is ground very  fine, how ever, a prelim inary screening 
is necessary before suspending the m aterial in w ater. 
The various m odifications of th e m ethods of separa­
ting substances b y  the difference in  their specific g ra v i­
ties are well know n and need n ot be en um erated 
here.

A separation of th e tw o  m inerals b y  m eans of a m ag­
netic separator has also p roved  feasib le b u t ow ing to 
the rather feeble m agn etic properties of the ilm enite 
it is not entirely rem oved  from  the ap a tite , b y  th is 
method, and th o u gh  a p relim in ary  h eatin g enhances 
somewhat this m agn etism , such a procedure w ould 
probably prove too  expensive in com m ercial practice.

Prom a num ber of experim ents w ith  nelsonite it 
has been p retty  w ell dem on strated  th a t  w hile ilm enite 
can be fairly easily  rem oved  from  ap a tite  b y  either 
of the methods outlin ed  ab ove it  is p ra ctica lly  im possi­
ble to effect a clean separation  b y  m echanical m eans, 
since the nature of the rock  is such th a t  there will 
always be particles of th e tw o  m inerals which adhere 
strongly to each other.

We must, therefore, resort to  chem ical m eans to  
bring about th is desired end. In  th e experim ents 
described below it  is shown th a t ilm enite m ay be 
almost com pletely freed from  a p a tite  b y  m eans of 
sulfuric acid, w ith  a m inim um  am ount of w aste and 
Without in volvin g a n y  great expense. M oreover, 
all of the products ob ta in ed  during the process can 
be utilized com m ercially.

EXAMINATION A ND S E P A R A T IO N  O F T H E  M IN E R A L S  IN  

N E L S O N IT E

A typical sam ple of th e  rock  w as su b m itted  to  a 
microscopic exam ination  b y  M r. W . H. F ry  of this 

Jreau and found to  consist essen tially  of crysta l- 
'zed ilmenite and p a rtia lly  decom posed ap a tite . 
“e material -was then crushed to  pass a l/? m m .

Mineral Resources of V irginia.”  1907.

sieve and a separation  m ade b y  m eans of a strong 
m agnet. O w ing to  the rath er feeble m agn etic q u ali­
ties of part of the ilm enite this separation  w as m ade 
a t the expense of th e a p a tite  w hich w as afterw ard s 
foun d to  contain  a considerable am oun t of th e form er 
m ineral in a finely d ivided  state.

T h e results of th is separation  are g iven  below :
P er cen t

N elsonite as separated  by  m agnet in the  
laborato ry  con tained ................................. ( A p a tite   23 .8

( I lm e n i te . . . .  76 .2

B oth  th e ilm enite and ap a tite  thus sep arated  were 
an alyzed  b y  M r. C . F . M iller of this B ureau, w ith the 
follow ing results:

Ilm enite  as separated  by  m agnet in the  ( FeO. 
laborato ry  c o n ta in e d .................................\  TiO*

P er cent
FeO ............ . 44 .2
T iO ............ . 44 .5
P iO ,........... . 0 .8
F e jO i......... . 6 .5
P jOi ........... . 33 .3
Cai(PO<)».. . 72 .8

A lth o u gh  th e am ount of phosphoric acid  rem aining 
in th e separated  ilm enite w as less th a n  i per cent, 
such a clean separation  could h a rd ly  be a tta in ed  in 
actu al w orks practice. E v en  th is am ount of ph os­
phoric acid  is ob jection ab le  and w ould p ro b ab ly  seri­
ou sly  affect the sale of th e m aterial.

P relim in ary  experim ents show ed th a t  ilm enite is 
alm ost en tirely  u n attack ed  b y  d ilute sulfuric acid, 
while it  is well know n th a t a p a tite  is acted  upon quite 
en ergetically  b y  th e sam e acid: so 3 sam ples of the sepa­
rated  ilm enite of 10 gram s each were trea ted  w ith  su l­
fu ric  acid  of different stren gths. T h e m ixtures were 
warm ed sligh tly  and stirred  in term itten tly  for 20 
m inutes. A t  th e end of th a t tim e th e acid  w as di­
lu ted  w ith  w ater, filtered and w ashed. T h e  filtrate  
was m ade up to  200 cc. and th e percen tages of iron 
and phosphoric acid  th u s dissolved  determ ined in the 
tw o solutions. T h e residual ilm enite w as again  w eighed 
and also a n alyzed  for phosphoric acid.

T h e results of these an alyses are g iven  in T a b les 
I and II.

T a b l e  I — A n a l y s i s  o p  S u l f u r i c  A c id  E x t r a c t s  o f  I l m e n i t e  

3 samples of 10 gram s each trea ted  w ith 50 cc. of sulfuric acid of various 
strengths.

S treng th  of 
HsSO« used 

50° B. 
32° B. 
25° B.

A m ount of 
PzOt ex tracted  

b y  a d d  
P er cen t 

0.22 
0 .4 4  
0-41

A m ount of FejO i 
extracted  
Per cent 

0 .1 9  
0 .2 9  
0 .32

T a b l e  I I — A n a l y s i s  o p  I l m e n i t e  a f t e r  E x t r a c t i o n  w it h  S u l f u r i c

A c id

S treng th  of 
acid used 

in extraction 
50° B. 
32° B. 
25 5 B .

Loss  in w eight 
of ilm enite 

P e r cen t 
1 .04 
1.75 
1,5*

A m ount of P*C* 
rem aining in 

ilm enite 
P er cen t 

0 .47  
0 .31  
0 .3 6

F r o m  t h e  d a t a  g i v e n  in  T a b l e s  I  a n d  I I  i t  w ill  b e  

s e e n  t h a t  t h e  a p a t i t e  r e m a in in g  in  i lm e n it e  a f t e r  t h e  
m e c h a n ic a l  s e p a r a t io n  c a n  n e a r l y  a l l  b e  e x t r a c t e d  b y  

m e a n s  o f  d i lu t e  s u l f u r i c  a c id  ( 3 2 5 B .)  w it h o u t  a p ­
p r e c i a b l y  a f f e c t in g  th e  i lm e n it e .  T h e  a m o u n t  o f  ir o n
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th u s dissolved is too sm all to low er the valu e of the 
acid  extra ct w hich can be used in treatin g the separated  
a p a tite  to produce superphosphate.

W hile this acid extra ct is considerably w eaker th an  
th a t em ployed in the m anufacture of acid  phosphate 
i t  could be readily  b rought to  the desired concen tra­
tion, either b y  evap oration, or b y  m ixing it  w ith  the 
sulfuric acid which is shipped in ta n k  cars; th is la tter  
acid  has a strength of 600 B.

The a p atite  as separated in the lab o rato ry  contained 
a considerable am ount of iron, b u t this im p u rity  should 
cause no trouble in the m aking of superphosphate 
since on ly th e com pounds of th is elem ent w hich are 
soluble in sulfuric acid cause th e ob jectionable rever­
sion to  ta k e  place or render th e acid phosphate too 
stick y  for use.

EC O N O M IC  C O N S ID E R A T IO N S  

If both the ilm enite and a p atite  can be disposed 
of a t a fair price the m ining of nelsonite should prove 
quite profitable. U n fortu n ately  the m arket for il­
m enite is rath er lim ited  at present, and it  is doubtful 
w hether th e steel industry w ould handle th e large 
ton n age which extensive developm ent could produce. 
If  nelsonite could be depended upon to y ield  an average 
of 50 per cen t of a p atite  th e exploitation  of th e rock 
for this m ineral alone would be well w orth while, b u t 
it  is doub tfu l if the general mine run contains such 
a high percentage of apatite.

T h e production of apatite from  nelsonite would 
un doubtedly be more expensive th an  th e m ining and 
p reparation  of F lorida phosphate, since the rock is 
quite hard and would require rather fine grinding 
before a separation could be m ade. On the other 
hand, the average content of phosphate rock in  nelson­
ite  is considerably higher th an  it  is in th e F lorida 
deposits. T h e am ount of phosphate rock actu ally  
m arketed  from  th is la tter  state  is p rob ab ly  not more 
th an  15 per cen t of the to ta l m aterial taken  from  th e 
m ines; in other words, every  ton of phosphate produced 
in volves the handling of over 6 tons of w aste m aterial.

T h e follow ing figures, w hile approxim ate, are con­
serva tiv e  and give some idea of the cost of m ining and 
sep arating the tw o m inerals in nelsonite:

T a b l e  I I I — C o s t  o p  M in i n g  N e l s o n i t e  a n d  M a k i n g  a  M e c h a n i c a l  
S e p a r a t i o n  o p  t h e  T w o  M i n e r a l s , A p a t i t e  a n d  I l m e n i t e  p e r  T on

C ost of rain ing ................................................................... $1 .00
C ost of g rind ing ................................................................  0 .50
C ost of m echanical sep a ra tio n .  ............................... 0 .25

T o ta l c o st  .............................................................  $1 .75

A ssum ing th a t i ton  of nelsonite w ill y ield  1/2 
ton  each of ilm enite and a p a tite  then  the cost of pre­
p arin g th is am ount of ilm enite for the m arket will 
be as follow s:

T a b l e  I V — C o s t  o f  P r e p a r in g  O n e -h a l f  T o n  o f  I l m e n i t e  f o r  t h e

M a r k e t

1/ i expense of m ining and  separating  m inerals................................. $0 .88
1/a  ton  of sulfuric acid (60° B.) a t  $8.00 per to n   .............  4 .00
C ost of w ashing ilm enite (!/ j  to n ) ........................................................  0 .30
C ost of d ry ing ilm enite (*/* to n ) ...........................................................  0.15

T o ta l cost of V* ton  ilm enite .............................................................. §5.33

T h e su lfu ric  acid  ex tra ct a fter concen tration  can

be used in m aking acid  ph osphate b y  m ixing it with 
an equal w eigh t of the sep arated  a p atite .

T h e cost off m an u factu rin g th is product would be 
ap p roxim ately  as follow s:

T a b l e  V — C o s t  o f  M a k i n g  O n e  T o n  o f  A c i d  P h o s p h a t e  fr o m  O ne-half 
T o n  o f  A p a t i t e  S e p a r a t e d  f r o m  N e l s o n i t e

j / j  expense of m ining and separating  m inerals ................................ $0.88
a/fi ton  of sulfuric acid  (60° B.) (cost included in expenses for

cleaning ilm en ite )................................................................................................
C ost of d ry ing  ap a tite  (V* to n ) .............................................................  0.15
C ost of mixing and  hand ling ...................................................................  0.50

T o ta l cost of 1 ton  acid p h o sp h ate ................................................... §1.53

T h e to ta l cost of m ining i ton of nelsonite (having 
th e ab ove com position) and producing therefrom V s 

ton of ilm enite (p ra ctica lly  free from  phosphorus), 
and i  ton  of acid  ph osphate (16 per cen t P2O5) would 
be (exclusive of interest on in vestm en t, insurance 
and taxes) abou t $6.86 per ton — an am ount which 
w ould be m ore th an  covered b y  th e  value of the acid 
ph osphate produced.

B u r e a u  o f  S o i l s  
U. S . D e p a r t m e n t  o f  A g r i c u l t u r e  

W a s h in g t o n

QUANTITATIVE DETERM INATION OF ROSIN IN PAPER

By C. F r a n k  S a m m e t

R eceived Ju ly  7, 1913

As th e n ecessity  for securing record papers so free 
from  chem icals and deleterious substances that they 
m ay be preserved indefin ite ly  becom es more apparent, 
the im portance of th e  determ in ation  of the sizing ma­
terials in th e papers, p a rticu la rly  rosin, increases. 
O b viously , the resistance of th e  cellulose fibers to the 
action  of ligh t, heat, m oisture and fum es is greatest 

in  paper free from  harm ful m aterials. In carefully 
prepared specifications for durable papers it is cus­
to m a ry  to  lim it th e percen tage of rosin which may 
be present, as this substance, esp ecially  when used m 
large quan tities, m a teria lly  hastens discoloration and 
deterioration. L im its for rosin are now includedjm  

governm ent paper specifications.

A L C O H O L  M E T H O D S

Of the num erous m ethods used for estimating the 
am ount of rosin in paper, m an y are based on its ex­
traction  w ith  alcohol, m odifications being introduce 
in the subsequent trea tm en t of th e solution contain­
ing th e extracted  rosin.

Turbidity M ethod.— T h e tu rb id ity  produced by the 
precip itation  of rosin from  solution, on diluting the 
alcoholic ex tra ct w ith w ater, is com pared with the 
tu rb id ity  produced in a like  m anner in an alcoho ic 
solution, the rosin con cen tration  of which is known. 
A lth ough  in m any cases 0.0002 gram  differences m 
th e sam e solution m ay thus be detected, it  wa|^oun 
th at in some papers the determ inations varied ?5 

or even 50 per cent from  the actu al am ount of r°s,n 
present. Since m ore th a n  0.006 gram  of rosin Pre 
c ip itated  in too  cc. of w ater interferes with the delic3-  ̂
of the com parison, th e q u an tities  used must be s 
sm all th a t the percen tage error is greatly  a!TeCt̂  
b y  th e u n ifo rm ity  of p recip itation , which dep<-n  ̂
upon such factors as th e  sequence of operation, ‘ 
a llow ed for p recip itation  and subsequent cornp*'-nS 1
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the amount of alcohol present, the foreign  m aterials 
extracted by. alcohol, and th e undeterm ined factors 
influencing the size of th e p recip itated  rosin particles. 
It is probable, how ever, th a t  if the alcoholic ex tra ct 
were freed from  foreign m aterials b y  evap oration, 
extraction w ith ether, and w ashing w ith w ater, as 
described below , the tu rb id ity  m ethod w ould give 
more accurate results.

Acidified Alcohol M ethod.— T h e rosin is precip itated  
from the alcoholic ex tra ct b y  dilution  w ith  acidulated  
water, filtered off, w ashed, dried, and weighed. T h e 
sources of error here are incom p lete p recip itation  in 
the presence of collo idal m aterials, th e escape of m inute 
suspended particles th rough  th e filter, and th e con­
tamination of th e rosin b y  th e co-precipitation  of for­
eign materials.

Direct Evaporation M ethod .— T h e acid u lated  alcoholic 
solution with w hich th e rosin is ex tra cted  is evap orated  
directly and the residue w eighed. T h is m ethod gives 
results which, in som e instan ces, m ay be too high b y  
60 per cent, because of th e con tam in ation  b y  such 
foreign substances as glue, in v ert starch , cellulose, 
soda, aluminum salts, fa ts  and greases, w hich are also 
removed from the paper b y  the acidified alcohol.

Schumann’s M ethod .'— T h e rosin, h avin g been ex­
tracted by a d ilute solution  of a lkali, is precip itated  
from the extract, filtered  off, w ashed, dried, and w eighed. 
The difficulty of rem ovin g th e alkali resinate, especially  
from soft papers w hich are easily  pulped b y  the action  
of the alkali, and th e con tam in atio n  of th e precipi­
tated rosin b y  foreign  substances extracted  b y  the 
alkali renders th is m ethod u n satisfactory . W ere 
this precipitate of rosin taken  up in ether and the ether 
extract washed w ith  w ater, then  evap o rated  and w eighed, 
more accurate results could be obtained, although 
the loss from incom p lete extractio n  and w ashing 
would still occur.

A C ID IF IE D  E T H E R  M ETH O D

Acidified e th e r  is  t h e  s o lv e n t  in  t h is  m e th o d , t h e  
ether e x tra c t  o f  t h e  p a p e r  b e in g  d ir e c t ly  e v a p o r a t e d ,  

dried, coo led  a n d  w e ig h e d . I t  is  o p e n  t o  t h e  o b je c ­

tion th a t th e  r e s in a te s  a re  n o t  r e a d i ly  e x t r a c t e d  b y  
ether.

a l c o h o l - e t h e r  m e t h o d  

Because of th e  o b je c t io n s  t o  th e  c u r r e n t  m e th o d s , 
a procedure r e a s o n a b ly  a c c u r a t e  a n d  a t  t h e  s a m e  t im e  

simple in e x e c u t io n  w a s  s o u g h t .  T h e m o d if ic a t io n s  

® the m e th o d  a s  f ir s t  d e v i s e d ,2 w h ic h  h a v e  b e e n  

eloped b y  e x p e r ie n c e ,  a r e  in c o r p o r a t e d  in  th e  fo l-  
lowing p ro ce d u re  :

(-'ut 5 grams of paper in to  strips ap p roxim ately  
one-half inch wide and fo ld  th em  in num erous sm all 
Crosswise folds. P lace th e  fo lded  strips in a Soxhlet 
estractor and fill w ith  acid u lated  alcohol d iluted  to  
approximately 83 per cent, m ade b y  addin g to  100 

CCl 95  per cent alcohol 13 cc. of a cid u lated  w ater 
containing 5 CC- 0f  g i a c ; a i acetic  acid  to  10 0  cc. of dis- 

boil' " a*'er' th e  Soxh let flask d irectly  in the
mg water of a steam  b ath  and ex tra ct b y  siphoning 

111 six to tw elve tim es, accordin g to the n ature of
 ̂Sind all. Elem entary M anual Paper Technology." 1910.

Dept. Agr., Office of th e  Secretary , Report 89» 1909.

the paper. W ash th e alcoholic ex tra ct of rosin, w hich 
m a y contain  foreign m aterials, into a beaker and ev a p o ­
rate  to  a few  cubic centim eters on a steam  b ath . Cool, 
ta k e  up in abou t 25 cc. of ether, tran sfer to  a 300 cc. 
sep aratory  funnel contain ing abou t 150 cc. of distilled 
w ater to  which has been added a sm all q u a n tity  of 
sodium  chloride to  preven t em ulsion, shake th o r­
oughly, and allow  to separate. D raw  off the w ater 
into  a second sep aratory  funnel and rep eat th e tr e a t­
m ent w ith  a fresh 25 cc. portion of ether. Com bin e 
th e ether extracts  which contain  th e rosin and a n y  
other ether-soluble m aterials and wash tw ice, or un til 
th e ether layer is p erfectly  clear and th e line betw een  
the ether and w ater is sharp and distin ct, w ith  100 
cc. portions of distilled w ater to  rem ove salts and fo r­
eign m atter. (Should glue, w hich is ex tracted  from  
the paper b y  alcohol, interfere b y  em ulsifying w ith  
th e ether, it  m ay be readily  rem oved b y  addin g a strong 
solution of sodium  chloride to  th e  com bined ether 
extracts, shaking th o rou gh ly  and draw ing it  off, re­
peatin g if necessary, before w ashing w ith  distilled  
water.) Tran sfer the washed ether ex tra ct to  a w eighed 
platinum  dish, ev ap orate  to dryness and d ry  in  a w ater 
oven at from  98° to :o o °  C . for ex a ctly  one hour, cool,, 
and weigh. T his len gth  of tim e is sufficient to  insure 
com plete dryin g; prolonged h eatin g causes a continual 
loss of rosin.

It  m ay be noted th a t an y alcohol- and ether-soluble 
fa ts, waxes or other foreign m aterials present in the 
paper will be extracted  w ith  the rosin. These sub ­
stances, how ever, if present at all, occur in such sm all 
am ounts in high-grade papers th a t their influence 
on the result is negligible. It  has been foun d th a t the 
q u a n tity  of rosin obtained  from  5 gram s of paper is 
sufficient for accurate w ork, and th a t a greater am ount 
of paper m aterially  interferes w ith com plete ex tra c­
tion  w ithin  a reasonable tim e. T h e fo ld ing of the 
strips is im portant, as it  preven ts th e stick in g togeth er 
of the pieces when w et and consequent incom plete 
extraction  w hich results when th e paper is m erely 
torn or cut into sm all pieces. I t  is well, a lthough 
not essential, to satu rate  th e fo lded  strips w ith  acid u ­
lated  alcohol when th e y  are p laced in  the S oxhlet 
flask, as this hastens th e breaking up of th e resinates.

If the alcohol is too  dilute, th e extractio n  of rosin 
from  th e paper is incom plete, and large q u an tities of glue 
interfere w ith  the subsequent separation  w ith  ether. 
I f  acidulated  alcohol of 95 per cent concen tration  
is used, the acid does not b reak up the resinates w hich, 
therefore, will not be extracted . B y  placin g the Soxh­
let flask d ire c t^  in the boiling w ater of a steam  b ath , 
distillation is hastened and th e solven t in th e ex tra c­
tion  cham ber is k ep t hot b y  th e surrounding steam , 
which com pletes the extractio n  in a m inim um  len gth  
of tim e.

I t  w as found th a t neutral 93 per cen t alcohol does 
not com pletely  rem ove the rosin w ith in  a reasonable 
tim e, p rob ab ly  because resinates are not readily  solu­
ble. A  represen tative instan ce occurred  -when 10 gram s 
of paper were extracted  in a Soxhlet flask w ith  125 cc. 
portions of 95 per cent n eutral alcohol b y  th e alcohol- 
ether m ethod, the follow ing results being ob tained:



734  T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l. s , No. 9

T a b l e  I— R o s in  O b t a i n e d  f r o m  N e u t r a l  A l c o h o l  S o l u t io n  

Tim e of extraction Rosin obtained 
N o . o f  extraction H ours P e r ccnt

1 4 1.786
2 3 0.138
3 3 0.094
4 3 0.066
5 4 0 .040

It  was also found th a t the percen tage rem oved in 
successive extractions w ith  neutral 95 per cent alcohol 
varies w ith the am ount of rosin origin ally  present and 
w ith  the n ature of the paper extracted .

T he alcohol-ether m ethod has been sub jected  to 
tests, which m ay best be illu strated  b y  the follow ing 
typ ica l exam ples taken  from  num erous determ in ations:

Ten gram s of rosin were dissolved in  a solution of 
sodium  carbonate and m ade up to  1000 cc. T w en ty - 
five cubic centim eters, representing 0.25 gram  of rosin, 
were w ithdraw n  from  this solution, the rosin precipi­
ta ted  b y  the addition  of alum inum  sulfate and acetic 
acid, and the whole then extracted  w ith  tw o  25 cc. 
portions of ether. T h e ether extract w as w ashed w ith 
distilled w ater, as directed in the m ethod, evap orated , 
dried at io o °  C . for one hour, cooled, and weighed. 
T h e dried m aterial w eighed 0.2509 gram , agreeing 
closely w ith  th e  am ount of rosin taken.

1 he m ethod w as further tested  b y  extra ctin g  m any 
different kinds of paper and determ ining the- am ount 
of rosin present. A  second extractio n  w as m ade on 
th e sam e sam ple of paper and the rosin then ta k en  up 
in ether and determ ined, w ith the results show n in 
T a b le  II. Ih ird  and fourth  extractio n s w ith 83 per 
cent alcohol have n ot given , in a n y  case, more than  0.04 
per cent of rosin.

T a b l e  I I — D e t e r m in a t io n  o f  R o s in

A m ount of rosin extracted

F irst
extraction

K ind of paper P er cent
L edger............................................................................... j 72

............................................................................... 1.90
W ritin g .......................................................................... l 20
Sized and  supercalendered p rin tin g ....................  o .S l

.................................................. 1.48

.................................................  1.57

M anila 
Double coated

Second 
extraction 

P er cent 
0.02 
0.01 
0 .06  
0 .04  
0 .03  
0 .05

T h e effect of the concentration  of acidified alcohol 
on the extraction  of rosin is shown in the follow ing 
table . N in ety-five  per cent alcohol diluted to the ap ­
proxim ate percentage given  was used in the determ ina- 
tion :

T able I I I

A m ount of rosin extracted

E xtraction  No. 
Ledger paper:

1 ..................................................

2 ..................................................

3 ..........................

86 per cent 83 per cent 79 per cent 73 per cent 
alcohol alcohol alcohol alcohol

T o ta l . . .  
W riting  paper:

1 .............................

2 .................
3 ...................

1.67
0.02
0 .01

1.70

2 .1 7
0 .0 7
0.01

T o ta l ......................   2 .25

1.70
0.02
0.01

1.73

2.03

0.03

2 .06

1.63
0.03
0.02

1.68

1.96
0.06
0 .03

2.05

1.53
0.09
0.01

1.63

2 .00
0 .12
0 .09

2.21

83 per cent is preferable to  one of 79 or 73 per cent, 
w hich gives s lig h tly  low er results. E ven  at these 
la tter  concen trations, how ever, th e results are within 
th e experim ental error of 0.20 per cent, except in the 
case of th e 73 per cent concen tration  in the first ex­
traction  of the wTritin g  paper where the percentage 
error is 0.21.

T h e variation s in results due to sam pling are shown 
b y  th e fo llow ing figures, obtained  b y  extractin g differ­
ent sheets of th e sam e sam ple of ledger paper as that 
reported  in T a b le  II I .

T a b l e  IV

A m ount of rosin extracted

E x traction  No. 8 6  per cent 83 per ccnt 7 9  per cent 73 per ccnt
Sam ple I :  alcohol alcohol alcohol alcohol

 1.....................' ....................................  1 .6 6  1 .6 7  1 .5 6  1.65
 2........................................................... 0 . 0 9  0 .0 2  0 .0 7  0 .0 4
 3...........................................................  0 .0 1  0 .0 1  0 .0 4  0 .08

T o ta l ............................................ 1 .7 6  1 .7 0  1 .6 7  1.77
Sam ple I I :

1 ...........................................................  1 .7 9  1 .7 9  1 .7 0  1.75
 2........................................................... 0 . 0 4  0 .0 4  0 .0 2  0 .02
 3...........................................................  0 . 0 2  0 . 0 4  0 .0 3  0 .03

T o ta l ...........................................  1 .8 5  1 .8 7  1 .7 5  1.80

T hese results are en tirely  w ith in  the experimental 
error of 0.20 per cent, as far as th e 86 and 83 per cent 
concen trations are concerned.

A  com parison of the results ob tain ed  b y  the alcohol- 
ether m ethod w ith  th e results ob tain ed  b y  the alcohol 
evap oratio n  and acidified ether m ethods, in which the 
to ta l ex tra ct is dried, w eighed and calcu lated  as rosin 
in each case, ga v e  th e fo llow in g results:

T a b l e  V

A m ount of rosin extracted

M eth o d : 
Acidified alcohol direct

evapo ration .....................
Acidified e ther direct

evapo ration .....................
Acidified alcohol-ether... .

w o .
<3 Öp*

bo
J .5
£  a

P
2.87

2 .65
2 .47

<3
P*

£
1.39

1 . 22  
1.18

►4
1.85

0 .94
1.70

& b *  g 
§ ü 
«
2.82

a *o c- o
O t-i 

3 0 .6  2.61

2 . 8 6  1.66  
0 .9 2  1.25

1.90
2.00

1.79

1.20
1.22

These resu lts show  th a t a concen tration  of S6 or

This ta b le  shows th a t th e acidified alcohol extract 
follow ed b y  d irect evap o ratio n  gives results which 
are too high, due to th e presence in the extract of 
both  soluble and insoluble foreign m aterial. In the 
alcohol-ether m ethod these m aterials are eliminated 
through p recip itation  and w ashing.

A cidified  ether does n ot e x tra ct as much rosin in 
the sam e num ber of siphonings as acidified alcohol. 
T he m ethod has a ten d en cy  to  yield  low results. 
In some instan ces, how ever, insoluble material is 
separated  from  th e paper, th ereb y  g iv in g results which 
are too high.

l h e  am ount of m aterial w hich m ay be extracted 
from  coated  paper b y  acidified alcohol is indicated 
when the ex tra ct is evap o rated  d irectly . To repo!<• 
such m aterial as rosin is ob viou sly  erroneous. The 
acidified alcoholic e x tra ct w as v e ry  opalescent aD“ 
ga v e  positive tests for glue and casein. Ordinaril'i



of course, one would n ot report such results as rosin.
In those cases, how ever, w here th e error is less obvious 
the analyst m ay freq u e n tly  fa il to d etect it.

C O N C L U S IO N S

The alcohol-ether m ethod has con sisten tly  given  the 
most accurate and concordan t results in th is lab o ra ­
tory in all com p arative w ork. C o n tra ry  to our first 
experience w ith it, when an insufficient am ount of 
acid was used, ex tractio n  w ith  one portion  of acidified 
alcohol, m aking from  six to  tw e lv e  siphonings, has 
been found to be sufficient for all p ractica l pui poses. 
The results, w hen 83 per cen t alcohol is used, are 
within the experim ental error of 0.20 per cent, as are 
the variations due to sam pling. N o other procedure 
tried has proved eq u a lly  sa tisfa cto ry .

Le a t h e r  a n d  P a p e r  L a b o r a t o r y  
B u r e a u  o f  C h e m is t r y  

W a s h in g t o n

COLORIMETRIC M ETHOD FOR TITANIUM  IN IRON AND 

STEEL

B y C. R . M cC abe 
R eceived M arch  6, 1913

In the colorim etric m ethod for titan iu m , th e color 
is usually produced in a su lfuric acid  solution of the 

, iron or steel. T h e color of th e ferric  su lfate is in most 
eases much more intense th a n  th a t of the titan iu m . 
The color em p loyed  for com parison is therefore a 
blend of tw o colors in w hich th e  color on w hich we 
base our m ethod is th e subordin ate one. If the 
quantities of iron present in  stan dard  and te st are 
the same, it follow s th a t  so fa r as iron is concerned 
the two solutions h a ve  th e  sam e color at equal volum es.
If comparison be a ttem p ted  a t un equal volum es, 
even though the d ivergence be slight, th e m ore con­
centrated solution con tain s a m ore intense iron color 
than the other. H ence, we m ust h ave a stan dard 
which contains th e sam e p ercen tage of titan iu m  as 
the test sample, w ith in  v e ry  narrow  lim its.

This consideration led th e w riter to seek some plan 
whereby a stan dard w ould  be a lw ays a vailab le  p re­
cisely like the te st sam ple. T h e plan  adopted  is to 
produce the color in a su lfu ric  acid  solution of the iron 
or steel and then im ita te  it  in a solution  of a non­
titanium steel b y  adding a stan dard  solution of titan iu m  
from a burette.

PREPARATION O F T IT A N IU M  ST A N D A R D  SO L U T IO N

Place about 100 gram s of ferro-titanium  in a dish 
and pour over it  ab ou t 50 cc. of stron g H C 1. H eat, 
and when the so lven t action  has progressed for a few  
moments add 5 cc. of n itric  acid  (sp. gr. 1.2). C on ­
tinue heating un til th e  acid  is abou t half evap orated , 
dilute with 15 or 20 cc. w ater and filter through a 
large filter paper. T re a t th e  ferro-titanium  again  
ffith hydrochloric and n itric  acids, d ilute, and filter 
in this manner a dozen tim es or more un til th e desired 
Quantity of ferro-titanium  has been dissolved. S i­
multaneously w ith th e  solution  of the ferro-titanium  
the' combined filtrates are ev ap o rated  in  a large beaker 
0n a hot plate. E v a p o ra te  un til separation  of titan ic  
acid is observed. Pour into several sep aratory  fun- 

and add to  each 50 cc. ether. M ake repeated
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ether extractions of the iron un til the tita n ic  acid  is 
free of iron as shown b y  th e potassium  sulfocyan ide 
test. C om bine th e several acid  solutions and place 
in a 400 cc. beaker. T o  th e  tita n ic  acid  em ulsion add 
150 cc. sulfuric acid  (1 : 3). H eat and filter from  th e 
insoluble portion, w hich is u su ally  slight. D ilu te  
the filtrate  to  about 700 cc., in a liter beaker, add 
am m onia in excess, boil and allow  the p recip itate  to 
settle. D ecan t or siphon a w a y  th e sup ern atan t 
solution and wash th e h yd rated  tita n ic  acid  free of 
chlorides b y  decantation .

D issolve th e tita n ic  acid  in 50 cc. of su lfuric acid 
( 1 : 1 )  and d ilute to  a liter. D eterm ine th e stren gth  
of this sto ck  solution b y  precip itation  of 100 cc. w ith  
am m onia. C alcu late  th e dilution  required to  yield  
a stan dard  solution containing 0.0002 gram  of titan iu m  
per cc. R em ove th e requisite q u a n tity  of th e stock  
solution and dilute according to  the calculation. 
F in a lly  check th e  stren gth  of th e stan dard  solution 
b y  precipitation  of 100 cc. w ith  am m onia.

T IT A N IU M  IN  IR O N  A ND S T E E L

W hen titan iu m  exists in iron or steel ab ove 0.02 
per cen t it  m ay be readily  determ ined in less th a n  l/ 2 
hour b y  the color m ethod to  be described. W hen 
present in sm aller am ount it  m ay be determ ined w ith  
great precision b y  the w riter’s more refined color m ethod 
requiring an ether separation  of iron.

P R O C E D U R E  F O R  T IT A N IU M  A B O V E  0 . 0 2  P E R  C E N T

P u t tw o gram s each of the tita n iu m  steel and a non­
titan iu m  steel into 300 cc. E rlen m eyer flasks. Pour 
into each flask 80 cc. of sulfuric acid  (1 : 3) and heat 
on a hot p late to com plete solution. T o  each add 
4 cc. of n itric acid  (sp. gr. 1.2) and continue b oilin g 
until the solutions are free of fum es; cool. Tran sfer 
th e solution of n on-titan ium  steel to a com paring 
tu b e, using as little  wash w ater as possible. Pour 
the test sam ple into  the com panion tu b e and dilute 
to  the sam e volum e as the other. N ow  observe if 
th e tw o solutions h ave colors of th e sam e ch aracter 
and depth, as th e y  should. If  th e  test sam ple be 
cast iron, filter the solution into  th e tub e, p referably  
using a sm all w ad of absorbent cotto n  because of 
gelatinous silica. M atch  th e  color w ith  th a t of th e 
n on-titanium  steel solution. O w ing to the fa c t th a t  
cast iron contains a m uch larger percen tage of m etal­
loids th an  steel, it  is u su ally  foun d th a t  th e volum e 
of th e iron solution is a trifle less th a n  th a t of the non- 
titan iu m  steel when th e colors m atch. In th is case 
discard sufficient of th e non-titanium  steel solution 
to  m ake th e volum es equal.

H avin g obtained solutions show ing the sam e color 
in equal volum es, introduce into each 2 cc. of 3 per 
cent hydrogen peroxide. M ix, and observe closely 
if the test solution shows a n y  deepening of color. If 
titan iu m  be present in as sm all an am ount as 0.02 
per cent, th is deepening w ill be in  evidence. I t  m ay 
even be detected  w ith  0.01 per cent present, b u t in 
th a t case it  is b etter to re ly  on the m ore refined m ethod

to be described.
T itan iu m  if shown to  be present in n otable q u a n tity  

is determ ined b y  adding from  a b u rette  a sufficient
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736 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l. s, No. 9

am ount of standard titan iu m  solution to th e solution 
of n on-titanium  steel to  im ita te  the color of th e test 
solution. I f  b u t tw o  or three cc. are required, the 
amount, used m ay be accep ted  as representing the 
am ount in the test solution w ith ou t fu rth er concern. 
B u t if more is required, th e eq u a lity  of volum e of the 
tw o solutions, so v ita l to  accurate results, m ust be 
restored before final com parison. W hen colors m atch 
at equal volum es, the am ount of standard titan iu m  
solution used indicates th e am ount of tita n iu m  in the 
te st sam ple.

W hen the m aterial an alyzed  is cast iron ,1 the in ­
soluble residue retains a sm all am oiint of titan iu m . 
F or ordinary technical purposes th is m ay be neglected. 
B u t if an accurate determ ination is desired, burn the 
insoluble in  a p latinum  crucible, vo la tilize  silica w ith  
hydrofluoric acid  and S drops sulfuric acid  (1 : 1), 
fuse residue w ith 1 gram  sodium  carbon ate, dissolve 
out in d ilute sulfuric acid  and add to  the m ain solution.

P R O C E D U R E  F O R  T IT A N IU M  B E L O W  0 . 0 2  P E R  C E N T

T h e fa ct th a t titan ium  does n ot a lloy  readily  w ith  
iron often results in th e  production  of a m aterial in 
which titan iu m , though em ployed in  the process of 
m anufacture, exists in m inute q u a n tity . T h is cir­
cum stance led th e  w riter to  cast abou t for som e b etter 
m eans of determ ining these sm all am ounts th a n  has 
heretofore been a%Tailable. T h e m ethod below  re­
quires about an hour and a quarter, b u t is v e ry  useful 
when a report more sa tisfactory  th an  th e con ven tion al 
“ trace”  is desired.

W eigh 2 gram s of a  non-titan ium  steel and th e 
sam e q u a n tity  o f th e test sam ple. P lace in dishes, 
ad d  50 cc. strong hydrochloric acid  and heat to  com ­
p lete  solution. A dd to  each 4 cc. n itric  acid  (sp. gr.
1.2) to oxidize iron. E va p o rate  each solution to  ab ou t 
10 cc., pour into  sep aratory  funnels, and w ash the 
dishes w ith  hydrochloric acid (2 parts stron g acid, 
1 part w ater). T h e to ta l solution  in th e funnels 
should be in each case about 25 cc. A d d  cau tio u sly  
to  each, 50 cc. ether (free of alcohol), shake under a 
h yd ra n t, and allow  th e tw o  solutions to  separate. 
D raw  off th e low er solutions in to  400 cc. beakers, 
m akip g th e  separation w ith  care so th a t n ot more 
th a n  a drop of the ethereal solution passes into  the 
b eaker in either case. It  is essential to  conduct these 
ether separations w ith the tw ofo ld  purpose o f h a vin g  
th e  m im m um  am ount o f iron in th e acid  solutions 
and of h a vin g  the iron content of th e acid  solutions 
n early  equal.

D ilu te  each solution w ith  225 cc. hot w ater, add 
am m onia in  slight excess, and boil. A llow  th e  pre­
cip ita tes to  settle  and filter through 11 cm . filter 
papers. W ash th o rou gh ly  w ith  hot w ater to  rem ove 
chlorides.

Open th e tw o  filter papers in to  dishes, tearin g off 
th a t portion  of the filter paper w hich holds no pre­
cip ita te . P o u r over each 10 cc. of sulfuric acid  (1 : 3). 
R o c k  th e dishes until the p recip itate  has a ll dis­
so lved . F ilter  each into 30 cc. com parison tubes, 
usin g sm all funnels and 7 cm. filter papers. T h is 
filtration  m a y  be dispensed w ith , b u t it  is best to  re-

1 C ast ito a  sasspies should be p isse d  tfcroosk a  «3-i=esh sieve.

m ove paper fiber. W ash th e dishes and pass the 
w ashings through th e  filters. T h e to ta l solution and 
w ashings in each instan ce should be equal in volume, 
betw een  15 and 18 cc.

T h e solutions now  h a ve  a ligh t m aroon color, de­
pending on th e am ount of iron present. Into each 
tu b e introduce 3 cc. 3 per cen t hydrogen  peroxide 
and m ix. T h e m aroon color is discharged, leaving 
th e solution p ra ctica lly  colorless in  th e case of the 
n on-titan ium  steel. B u t if th e  te st solution contains 
th e m ost m inute q u a n tity  of titan iu m , its presence 
is revealed  b y  a residual lem on -yellow  color. Even 
though the am ou n t present is so extrem ely small 
th a t  the usual m anner of com parison leaves the operator 
un certain  of its presence, a glance through the solution 
from  th e top, holding the tub e ab ou t */* inch above 
a w hite surface, in s ta n tly  dispels all doubt. If there 
is as little  as 0.001 per cen t tita n iu m  present, the 
con trast betw een  th e pale green of th e  non-titanium 
solution and th e yellow ish  tin ge of the test clearly 
indicates th a t fact.

B y  adding the stan dard  tita n iu m  solution to the 
solution of n on -titan ium  steel th e  percen tage of tita­
n ium  is readily  determ ined.

I f  th e sam ple is cast iron, d issolve it  in hydrochloric 
acid, filter and burn th e residue in a  platinum  crucible. 
V olatilize  silica w ith  h ydrofluoric acid  and a few 
drops sulfuric acid, fuse residue w ith  1 gram  sodium 
carbon ate, dissolve ou t in hydrochloric acid, add to 
th e  m ain solution, and proceed w ith  th e  ether separa­
tion. T h e insoluble residue can n ot be neglected when 
m aterial is being exam ined for sm all amounts of 
titan iu m .

L im a  L o c o m o t iv e  C o r p o r a t io n  
L i m a , O h io

VANADIUM  IN STE E L B Y  T H E  H YD RO GEN  PEROXIDE 

COLOR M ETH OD

B y C. R- M cC abe  
Received M arch  6» 1913

In  1 9 1 1, th e  w riter published th e d etails of his original 

colorim etric m ethod for van ad iu m  in  iron and steel 
a m ethod carefu lly  devised  to  m eet th e difficulties 
occasioned b y presence o f  tita n iu m  or m olybden u m . 

Since these conditions are rarely  e n c o u n te r e d , a 
m ore d irect a n d  exp editious plan  has been su b stitu te  

for general use. I t  requires on ly  tw en ty  minutes 

when chrom ium  is a "b s e n t , a n d  abou t double tlut 
tim e when it  is present. R esu lts  are entirely satis 
fa cto ry , as m an y experim ents h a ve  shown.

T h e know n  rules go vern in g all color m e t h o d s  a.e 
of unusual im portance in  th e colorim etric v a n a d iu m  

determ in ation. T h e large sam ple necessary render» 
th e iron color deep enough to  influence the vanadium 
color v e ry  m a teria lly . T h e  determ ination  is furt er 
lim ited  b y  th e  sen sitive  ch ara cter of the vanadiu® 
color w ith  hydrogen  peroxide, it  being affected b> 
a cid ity  of th e  solution. W ith  th e  strength of r‘° ^  
com m on ly used in  a n a ly tic a l w ork, the acidity ma>  ̂
sa tisfa cto rily  controlled  b y  m eans o f the ordin 
m easuring ap p aratu s. A n  excess of hydrogen Pê  
oxide p a rtia lly  b leaches th e  color a fter having F

1 Cheat, E ng., IS, 243-
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duced it. A lso it is o n ly  when van ad iu m  is in the 
quinquivalent sta te  th a t  h yd rogen  peroxide im parts 
to its solution an im m ediate lastin g  color.

It is im possible to  em p loy stan dard  steels for the 
colorimetric van ad iu m  determ in ation  w ith  sa tisfa cto ry  
results. For th is reason th e w riter has devised a 
plan which consists in trea tin g  a non-van adium  steel 
precisely like th e test, then  im ita tin g  th e color of the 
test by addition of a stan dard  van ad iu m  solution to 
the solution of n on-van adium  steel, final com parison 
being made at equal volum es.

ST A N D A R D  V A N A D IU M  S O L U T IO N

The vanadium  pentoxide em p loyed  in m aking up 
the standard van ad iu m  solution  m ay be prepared 
in the laboratory, th o u gh  it  can now be obtained 
in the m arket.

Select a good grade of v a n a d a te  of iron containing 
about 60 per cen t V2O5, 38 per cen t F e 20 3, and 2 per 
cent Si0 2; put 5 gram s of it  into  a beaker, add 100 cc. 
strong hydrochloric acid, and h eat until dissolved. 
Add 20 cc. w ater and 1 cc. hydrofluoric acid. F ilter 
from the slight insoluble residue, using a large filter 
paper and ribbed funnel. Pour into a sep aratory  
funnel, add 50 cc. ether, and shake under a h yd ran t. 
Allow the tw o layers to  sep arate com pletely. D raw  
off the acid solution into  a beaker, and discard the 
ethereal solution. C on tin u e th e extractio n  un til th e 
solution is free of iron as show n b y  th e potassium  
sulfocyanide and ether test. D ilu te  to  400 cc., filter 
into an 800 cc. beaker and pass air through to rem ove 
the ether. B oil on a hot p late  and add abou t 10 
grams of potassium  chlorate to  oxidize th e van adium  
reduced by the h ydroch loric acid. T hen  add in sm all 
quantities sufficient potassium  carbon ate to  n eutralize 
the greater p art of th e  acid. W hen th e proper degree 
of acidity is reached, a h e a v y  p recip itate  of h yd rated  
'‘anadic acid is th row n  down. F ilter  through an 
‘ i cm. filter paper, w ash w ith  h o t w ater, and a p p ly  
suction. R em ove th e cake, place on a w atch  glass 
and dry at 100° C . Several hours m ay be necessary 

affect com plete deh yd ratio n . P u lverize  th e v a ­
nadium pentoxide and preserve in a via l.

Place about 0.2 gram  of th e  van adium  pentoxide 
■n a small beaker. A d d  30 cc. n itric  acid  (sp. gr. 1.2) 
and warm until dissolved. D ilu te  so th a t 1 cc. con­
tains 0.0002 gram  van ad iu m , or an am ount correspond- 
*nS to a 0.01 per cen t when a tw o-gram  sam ple is 
taken for analysis.

v a n a d i u m  i n  t h e  a b s e n c e  o r  C H R O M IU M  

Place 2 grams of th e van ad iu m  steel and th e sam e 
Quantity of a non-van adium  steel in  300 cc. Erlen- 
meyer flasks. A d d  e x a ctly  40 cc. n itric  acid  (sp. gr. 

to each and h eat un til th e steel is dissolved, 
0 each add abou t 0,1 gram  potassium  perm anganate 

and digest for tw o  m inutes. T h en  add d ilute am - 
nwmum bisulfite in  sufficient q u a n tity  to c la rify  the 
solution, an  ̂ continue h eatin g un til SO j is all expelled: 
J t is operation carbon is oxidized.

°°1 solutions in  running w ater and transfer 
a° comParing tubes. B rin g to  equal vo lu m es if th e y  
•e not already so, and m ix. O bserve th e colors,

which should be of the sam e character and depth.
In to  each tub e introduce e x a ctly  1 cc. 3 per cent 

hydrogen peroxide. M ix  the test solution, and  o b ­
serve the van adium  color to  gain  an approxim ate idea 
of the van adium  conten t of th e test.

T o  the solution of non-van adium  steel add, from  a 
b urette, as m uch of th e stan dard  van ad iu m  solution  
as it is th o u gh t m ay be safely  used w ith ou t passing 
the am ount existing in the test solution. T o  the 
test solution add an equal am ount of w ater. M ix 
th e solutions and com pare colors. If  the te st solution 
appears darker, as will be the case if the proper p re­
caution  has been observed, add a fu rth er q u a n tity  
of stan dard van adium  solution  to  the non-vanadium  
steel solution. A d d  an equal q u a n tity  of w ater to 
the test solution to m aintain  the eq u a lity  of volum e. 
M ix, and again com pare. C on tinue in th is m anner 
until th e colors m atch a t equal volum es. T h e am ount 
of stan dard  van adium  solution  used in dicates the 
result. Thus, if 20.5 cc. stan dard  van ad iu m  solution 
are used, the result is 0.205 Per cent van adium .

V A N A D IU M  IN  T H E  P R E S E N C E  O P C H R O M IU M

W hen a van adium  steel contains chrom ium  its 
color m ust be com pensated to  secure a sa tisfa cto ry  
.comparison. T h e uncertain  color o f chrom ium  salts, 
which varies w ith  th e a cid ity  of th e solution and other 
causes not readily  determ ined, renders w orthless some 
ap p aren tly  sim ple m ethods of com pensation. T h e 
on ly  plan w hich proved sa tisfa cto ry , a fter m an y ex ­
perim ents, is as follow s:

W eigh 2 gram s of th e  chrom e-vanadium  steel and 
an equal am ount of a plain  steel, p lacin g in 400 cc. 
beakers. W eigh w ith great care an am ount of p o tas­
sium  bichrom ate corresponding to  the chrom ium  
con ten t of the test steel and place it  in the beaker 
containing the plain  steel. T o  each add 80 cc. sul­
furic acid (1 : 3), and heat.

W hen n early  in  solution, ad d  to each 25 cc. of 
strong nitric acid  and heat for ten  m inutes. V an adium  
is not com pletely  oxidized b y  a sm all am ount of n itric  
acid  such as w ould oxidize th e iron.

Cool th e tw o solutions in  running w ater, introduce 
into  com paring tubes, and bring to  equal volum es. 
M ix, and observe th e colors. O w ing to  possible error 
in the chrom ium  determ ination  it  is d o u b ly  im p ortan t 
to know  th a t th e solutions show  colors of th e sam e 
character and depth a t eq ual volum es before proceed­
ing w ith th e analysis.

T h e determ ination  is now  finished as when chrom ium  
is absent.

For van adium  steels as th e y  com m on ly occur, th is 
m ethod as described is en tire ly  satisfactory . B u t 
when th e determ ination  is em barrassed b y  presence 
of titan iu m  or m olybdenum , or when th e eq u a lly  
troublesom e case of a steel contain ing a sm all am ount 
of van adium  w ith  m uch chrom ium  presents itself, 
the more elaborate m ethod m entioned in th e  first 
section of th is  paper m a y be em ployed. T h a t 
m ethod, though it  requires m ore tim e, has been foun d 
to be th o rou gh ly  reliable under adverse conditions.

L im a  L o c o m o t iv e  C o r p o r a t io n '
L im a , O h io
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T H E  DETERM INATIO N OF ZINC IN T R E A T E D  TIES

By F r a n c i s  C. F r a r y  a n d  M . G o r d o n  M a s t in  

Received June  16, 1913

I t  w as recen tly  stated  in T h i s  J o u r n a l  th a t over 
nine m illion ties were treated  w ith  zinc chloride in 
19 11. T h e railroads are said to  be h avin g excellent 
results w ith these in practice, and are b u yin g large 
quan tities of them , m ostly  on a specification of one- 
half pound of zinc chloride per cubic foot, which 
m eans abou t 0.5 per cen t of m etallic zinc.

T h e determ ination of th is sm all am ount of zinc in 
such m aterial necessitates th e use of a rath er large 
sam ple and the com plete destruction  of th e  organic 
m atter. T h e m ethod com m on ly used is said to  h ave 
originated in th e laboratories of th e  U nion P acific  
R y ., and consists in  charring th e sam ple b y  heatin g 
w ith a sm all am ount of concen trated  sulfuric acid, 
and then  adding nitric acid, a few  drops a t a tim e, 
continuing the heatin g u n til all organic m a tter is 
destroyed  and nitrous fum es driven  off. T h e solution 
is then diluted, iron rem oved, th e zinc precip itated  
as sulfide and determ ined in th e  usual m anner as oxide.

T his m ethod is said to g ive  satisfa cto ry  results w ith 
ties excep t those of oak. R ed  oak  ties in  p articu lar 
are im possible to an alyze b y  th is m ethod, for th e 
treatm en t w ith  acids, no m atter how  prolonged, w ill 
n ot destroy all th e organic m atter, b u t leaves th e 
solution dark colored, and th e precip itation  of th e 
zinc is so incom plete th a t'le ss  th an  h alf of th a t  present 
is found. In  some determ inations which we m ade b y  
th is  m ethod on th e red oak shavin gs used in th e w ork 
herein described, we found th a t th e zinc sulfide w as 
precip itated  in such a finely d ivided  form  th a t it  was 
n ot retained b y  tw o thicknesses of C . S. & S. w hite 
band N o. 589 paper, one thickness of which w ill retain  
b arium  sulfate com pletely.

T h is d ifficu lty  w as b rought to  our a tten tion  b y  M r:
H. M . N ew ton, of the K e ttle  R iv er  C o., to  w hom  we 
are indebted  for the details of the m ethod of analysis 
g iven  above and the m ethod of M r. Stenger, described 
later. W e are also indebted to  him  and to  th e K e ttle  
R iv e r  C o. for furnishing us h alf of an u n treated  red 
oak tie  and another half-tie w hich had  been trea ted  
“ to  re fu sa l”  w ith  a 4 per cent solution of zinc chloride. 
The stan dard  m ethod of sam pling such m aterial is b y  
b oring w ith a fine one-inch b it, a t a point tw o feet 
from  th e end of the tie. T o  obtain  a large q u a n tity  
of m aterial of abou t the fineness of such a sam ple, we 
saw ed th e half-tie in tw o, and reduced half of one 
of these pieces to  shavin gs b y  m eans of a shaper in the 
u n iversity  shop. Sim ilar shavin gs were ta k en  from  
th e un treated  half-tie for use w ith  know n am ounts of 
zinc.

It  is a w ell-know n fa ct th a t oxalic acid  is m ade b y  
heatin g wood shavin gs or saw dust w ith  cau stic  alkali, 
and th a t care m ust be taken  in th e process n ot to  
allow  th e tem perature to reach too  high a point, 
or the reaction  w ill be too vio lent and th e acid  w ill be 
destroyed. I t  w as believed th a t it  w ould be possible 
to  com pletely  destroy the organic m atter in red oak 
shavin gs in this w ay, and it w as found th a t such de­
stru ctio n  w as both  easy  and rapid  if  the process was

prop erly  con ducted  and a little  potassium  nitrate 
added tow ard  th e last. T h e fusion  can n ot be made 
sa tisfa cto rily  in an iron dish, as som e ferrocyanide 
is u su ally  form ed from  th e iron of th e  dish during the 
fusion, and so m uch iron goes into solution that its 
separation  becom es tedious. B y  using a nickel dish, 
v e ry  little  of th e m etal is d issolved, and th a t can be 
easily  and q u ick ly  rem oved.

T h e process w hich has g iven  us th e  b est results is as 
follow s: T w o  gram s of th e dried sh avin gs are weighed
into  a 200-300 cc. n ickel dish, m oistened w ith a little 
w ater, and h eated  g e n tly  to insure thorough saturation 
w ith  the w ater. T w o  stick s (abou t 30 gram s) of pure 
potassium  hyd ro xid e are now  added, and the mixture 
h eated  cau tio u sly  un til th e hyd ro xid e is melted. 
T h e mass m ust now be stirred  th o ro u g h ly  with a pure 
n ickel wire, and th e  h ea t increased so th a t it boils 
v igorou sly . A s th e  w ater is boiled off, the fusion 
becom es alm ost a salm on-pink (w ith  red oak) and 
lum ps of a gu m m y sub stance appear on the surface. 
A s the boiling is continued, these masses disappear, 
seem ing to  dissolve, and th e color changes to a yellowish 
brow n. T h e fusion now begins to foam  a good deal, 
and m ust be co n tin u ally  stirred. W hen spurts of 
inflam m able gases appear, and th e m ass is rather 
viscous, th e addition  of th e n itra te  is begun. A 
piece of potassium  n itra te  th e size of a grain of wheat 
is added, and the h eatin g and stirrin g continued about 
a m inute, repeatin g th e addition, h eatin g and stirring 
as often  as m a y be necessary. T h e fusion becomes 
m ore fluid and ligh ter in color as th e n itrate  is added. 
U sually  abou t half a gram  of n itra te  w ill be required.

W hen all organic m atter is oxidized, the fusion be­
com es p e rfe ctly  tran sp aren t, colorless, and quiet; the 
dish is th en  inclined so as to  w ash down the sides 
w ith  th e fused m ass and get a n y  m aterial th at might 
be lodged there and escape oxidation. A fter cooling, 
th e  m ass is d issolved in w ater, 15 to  20 cc. of bromine 
w ater added, and th e whole boiled  abou t a minute. 
T h e nickelic oxide th u s p recip itated  is filtered off on a 
G ooch crucible, and the filtrate  and washings trans­
ferred to a 750 cc. casserole and m ade b arely  acid with 
concen trated  hydrochloric acid. Sodium  sulfite is 
added, a little  at a tim e, until th e first violent effer­
vescence ceases, and  then enough hydrochloric acid 
added to  m ake th e am ount of free concentrated acid 
from  2 to  6 per cen t of th e final volum e. Dilute to 
about 400 cc., h eat to  boiling, and titra te  with potas­
sium  ferrocyanide, using a satu rated  solution of 
uranium  n itrate  on a spot p late  as an indicator. lhe 
conditions for th e titra tio n  are th e sam e as for an> 
such determ ination  of zinc; th e  n ecessary blank must 
be determ ined and su b tracted  from  th e burette read­
ing.

F o r  use w ith  a sam ple of th e size m e n tio n e d , 

prefer a solution of abou t 5 gram s potassium  ferro­
cyan id e per liter, w hich is eq u iva len t to a b o u t 1 
m g. of zinc per cc. T h e b lan k  w ith  such a solution waS 
found to  be a b ou t 4 cc., the end point being 
satisfa cto ry .

E nough sulfite m ust be used to  reduce all oxidiziQS 
com pounds present, to  p rev en t th em  from  decom­
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posing the ferrocyan ide, and care should be ta k en  to 
keep the volum e of the solution  and its a c id ity  abou t 
as above stated . W ith  p ra ctice  th e fusion can be 
made in about ten  m inutes and  th e  whole deter­
mination in h alf an hour. W e prefer to  stan dardize 
our solutions w ith  zinc oxide, m ade b y  evap oratin g 
a little of a solution  of c. p. zinc su lfate  in a w eighed 
platinum dish, b la stin g  a few  m inutes to  rem ove all 
sulfur com pounds, cooling and w eighing. T h e  sam e 
volume should be used in  th e stan dardization  as in the 
regular determ ination, and ab ou t 10 gram s of am m o- 
mum chloride or 40 gram s of potassium  chloride added 
to make the conditions th e sam e, for it  is w ell know n 
that variations in  th e  conditions change th e va lu e 
of the ferrocyanide solution.

Using this m ethod, on th e dried sh avin gs from  th e 
treated tie, we ob tain ed  the fo llow in g results in eight 
consecutive determ in ations: 0.881, 0.901, 0.891, 0.905,
0.896, 0.886, 0.901, 0.891 per cen t m etallic  zinc. 
Using the u n treated  sh avin gs, and adding to  each 
determination a solution  contain ing 0.0255 gram  of 
zinc as chloride, th e fo llow in g am ounts of zinc were 
found: 0.0253, 0.0251, 0.0250, 0.0252, 0.0253 gram . 
There is ap p aren tly  a sligh t loss of zinc, p rob ab ly  
due to sp atterin g during fusion, being on ly  abou t
0.02 per cent b y  w eigh t of th e  original sam ple of 
shavings.

It is not essential to th e  success of th is m ethod 
that the zinc be determ ined b y  titra tio n ; after rem ovin g 
the nickel and th e brom ine it  m ay, of course, be deter­
mined by any oth er m ethod if  desired.

So far as we were able to  determ ine a t th e  tim e this 
work was taken  up, th e on ly  oth er sa tisfa cto ry  m ethod 
for this determ ination w as an e lectro ly tic  one devised 
by Mr. L. A. Stenger, of th e T w in  C ity  R a p id  T ran sit 
Co., of this c ity , and  used in  their lab o rato ry . M r. 
Stenger describes his m ethod as follow s:

“ Five to 10 gram s of borings or saw dust are taken , 
about 150 cc. pure w a ter added, then  6 to  8 gram s of 
sodium hydroxide. T h e m ixture is h eated  n early  to 
boiling for a few  m inutes, then  e lectro lyzed  w ith a 
rotating platinum  anode and silver-p lated  copper 
cathode for about fo r ty  m inutes. T h e cathode area is. 
about 250 sq. cm ., and a curren t of abou t 5 am peres 
at six volts is em ployed. A  ta ll 400 cc. beaker is 
used to allow som e space for froth in g, w hich can be 
Prevented b y addition  of ether if desired. T h e cathode 
"ith the zinc deposit is rem oved  q u ick ly , w ashed w ith 
hot water and alcohol and dried. A fte r  w eighing, it  is 
replaced in the solution  and th e electrolysis continued 
for five to ten m inutes. I f  little  or no increase in 
"eight is found, deposition  is considered com p lete.”

H r. S te n g e r  v e r y  k i n d l y  d e te r m in e d  z in c  in  a  s a m p le  
0l our d ried  s h a v in g s  b y  t h e  a b o v e  m e th o d , a n d  fo u n d  

°-88 per c e n t, w h ic h  is  in  g o o d  a g r e e m e n t  w it h  o u r  

results. H e  a ls o  t r ie d  o u r  m e t h o d  a s  a b o v e  o u t l in e d  

° n the sa m e s a m p le ,  a n d  o n  t a m a r a c k  a n d  r e d  o a k  
hes, one 0f w h ic h  h a d  b e e n  t r e a t e d  w it h  b o t h  c r e o s o te  

and zinc c h lo r id e , a n d  s t a t e s  t h a t  t h e  m e th o d  w o r k e d  
Very well.

^hile we were w orkin g on th is m ethod, it  w as found 
111 laboratory of th e K e ttle  R iv e r  Co. th a t com plete

oxidation  of the w ood could be obtained, even  w ith  
red oak, b y  using potassium  chlorate w ith  th e n itric  
and sulfuric acids in the ord inary m ethod. M r. 
N ew ton v e ry  k in d ly  had their lab o rato ry  m ake tw o 
determ inations on. our sam ple b y  th is m ethod, the 
results being obtained 0.91 and 0.92 per cen t zinc. 
I t  is ev id en t th a t the agreem ent is as close as could be 
expected.

W e believe th a t this m ethod of fusion  w ith  alkali 
is ad ap ted  for the determ ination  of m inute am ounts 
of m etals in th e presence of large am ounts of organic 
m atter of a n y  sort, and h ave tried  it  on th e determ in a­
tion  of tin  in canned goods, w ith  success. A  larger 
sam ple can, of course, be used if a larger n ickel dish is 
a t hand.

U n i v e r s i t y  o f  M i n n e s o t a  
M i n n e a p o l i s

H ICKORY HUTS AND H ICK O R Y NUT OIL

B y  G e o r g e  O . P e t e r s o n  a n d  E. H . S. B a i l e y  

Received Ju n e  26, 1913

Since th e h icko ry  n ut crop of the U n ited  S tates is  
a large one, although no accurate sta tistics exist in 
regard to  it, it  has seem ed to  us w orth  w hile to  m ake a  
prelim inary stu d y  of th e properties of th e oil. T h e  
genus carya of th e w aln u t or juglandaceac fa m ily  
com prises eight species, on ly  tw o  of w hich, the carya 
ovala or shellbark h icko ry  and th e carya amara or 
sw am p h icko ry  are here considered. T h e shellbark  
n uts are of such com m ercial va lu e  th a t th eir oil could 
h ard ly  be extracted  w ith  profit if intended for ord inary 
table use. T h e sw am p h icko ry  nuts and those called 
“ pig n u ts ”  are abu n d an t and a t present n ot utilized, 
excep t as food for hogs and squirrels.

W ork on th e com position of n uts has been carried 
on especially  in the Io w a ,1 C alifo rn ia 2 and M ain e3 
A g ricu ltu ral E xp erim en t Station s, and from  tw o of these 
th e analyses of h icko ry  n uts (presum ab ly C. ovata) 
are presented for com parison w ith our own analysis.

T a b l e  I — C h e m ic a l  C o m p o s it io n  or H i c k o r y  N u t s

Iow a S ta. P . and  B.
M aine Sta. m eats m eats

R efuse............................................ 62 .2 (a) 68 .0 62 .8
E dible p o rtion ............................. 37 .8 30 .0 3 7 .2
W a te r ............................................. 1.4 3 .97 3.45
P ro te in ........................................... 5 .8 20.5 13.2
F a t ..................................................... 64 .6 70.2
C arbohydrates, ........................... 4 .3
A sh .................................................. 0 .8 2 .2 1.73
Fuel value per pound in cal­

ories. ...................................... 1265 3226 (calc.) 3310 (calc.)
C rude fiber.................................... 2 .3 2 .0
N-free e x tra c t.............................. 6 .40 9 .42

(a) P er cents in th is  colum n refer to  whole nu ts .

T h e m ethods of analysis used were in general those 
of th e “ Official and P rovision al M ethods of A n a ly s is ,”  
B ull. 107, Bur. of C hem ., U. S. D ep t, of A gr., w ith  
such m odifications as seem ed expedient. A ll desicca­
tions were carried o u t in air in stead  of hydrogen.

H IC K O R Y  N U T  O IL

In  extractin g  th e oil from  th e m eats it  w as decided 
to use the pressure m ethod rath er th a n  th e extractio n

* "T h e  Chem ical Com position of N u ts  Used as F ood ,"  Proc. Ia . Acad. 
Set., 10, 108-11.

* ' ‘N u ts  and T heir Use as Food/* Farmers' Bull. No. 332.
* M aine Agr. ExpL Sta., 1899, 87.



T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l. 5, No. 9

m ethod, as the form er is the com m crcial m ethod, and the 
only one used for extractin g  edible oils. F or extractin g  
the oil a  cylin drical press w as constructed  b y  using an 
iron cylin der w ith  an inside diam eter of 3V4 inches 
and a height of 7 inchcs into w hich w as fitted  a close- 
fittin g piston. T he cylin der w as set on an iron p late  
perforated w ith several ’ /s inch holes, and holes were 
drilled in the cylinder near the low er end to  fa cilita te  
the running ou t of the oil. W hen h yd rau lic  pressure 
w as applied to the piston th e oil exuded from  the holes 
and collected in a m etal pan in w hich th e press had 
been placed. A  pressure of 150 to 300 atm ospheres 
w as applied to the piston. A  second pressure w as 
applied to the m aterial after b reaking up the press 
cake and heatin g the press and th e press cake to 
50-60° C . T h e follow ing ta b le  shows th e y ield  of 
oil from  the various sam ples, the to ta l per cen t of oil 
present, and th e  actu al per cent of oil extracted :

T a u l b  I I
T o ta l P er cent

per cent of of oil present
K ind of sam ple Yield in per cent oil p resen t ex tracted

C. Ofiita—W hole, cracked, cold-
presscd..................... 15.8 26 .5  5 9 .5  .

H ot-pressed................  2 .0  . .  7 .5
C . 'Ora#®-—M eats alone cold-

pressed..................... 3 0 .6 (a) 70 .2  42 .7
H ot-pressed................  17,5 . .  23 .2

C . .V warch—-Whole, cracked, cold-
pressed ...................  22.1 ’

H o t-p ressed .. . . . . . .  3 .S
(a) Only 100 atm ospheres pressure.

T h e oils, as a t first obtained, were cloudy, and the 
hot-pressed were darker th an  th e  cold-pressed. A fter  
filtration  through filter paper the oils becam e b righ t 
and clear, and were of th e appearance and consisten cy 
of Ita lian  olive oil. T h e y  possessed an agreeable 
h icko ry  n u t odor and flavor.

T h e  follow ing table g ives the constan ts as obtained  
from  both these oils and for com parison those obtained  
at the M aine E xperim ent S ta tio n .1

T a k u s  I I I — C o n s t a n t s  o f  H i c k o r y  N u t  O i l s

M aine
C. pma/xt C. wciki Expt. Sta.

Specific gravity  a t  C . .  ...........................  0 .9119 0 .9164
R etractive  index a t  20® C    1 1 . 4 6 9 9  1,4696
H ehner num ber.................... .................... 9 5 .6  9 5 ,7  ............
Reichert-M eissJ n u m b e r ,   0 .4S  0 .47  ............
Iodine v a lu e . ........... ............................... 105,2 IW is  102 .S
S apoaiS ca tkA  v a l u e ,  ............ 190.0  1S9.6 ............

The s im ilarity  o f th e tw o oils is v e ry  evident. P er­
haps th e m ost im p ortan t fa cto r  for com parison of the 
ditTexent classes o f oils is  th e iodine va lu e, fo r  th is  is a 
m easure o: the un satu rated  glycerides present, and  thus 
determ ines w hether th e  oil is d ry in g , sem i-dryin g or 
n on-dryin g. T h e  iodine va lu e  here ob tain ed  for 
h ick o ry  n u t oil seems to  cla ssify  it w ith  th e  sem i- 
d ry in g oils. H ere belong cottonseed  oil, corn oil. 
rape seed oil. Brass! nut oil, and  beech n ut oil. In  the 
fo llow in g ta b le  is show n a com parison o f con stan ts of 
h icko ry  n ut oil w ith  those o f cottonseed  oil and  those 
of th e n on -dryin g oil. m „  o liv e  oil.

T h ese ig u r e s  show  th a t h icko ry  n ut oil resem bles 
v e ry  closely  cottonseed oil, and  w ould be d ifficu lt to  
d istin guish  from  it.

The hickory nut oil is very agreeable as a salad oil.

T ablb IV
H ickory n u t oil C ottonseed oil Olive oil

Specific grav­
i t y ......................  0 .9119 a t  24° C. 0 .9203 a t  19° C. 0.9100 at 24° C.

R efractive in ­
d ex ......................  1.4699 a t  20° C. 1.4748 a t  15° C. 1.4670 at 20° C.

Iodine va lue .. 106.0 106.0 82.0
Saponification $

v a lu e   190.0 192.0 190.0
R eichert- 

Meissl num ­
b e r .....................  0 .4 8  ............ 0 .6

H ehner num ­
b e r ..................... 9 5 .7  9 5 .6  9 5 .4

so th a t if  it  can be obtained  a t a sufficien tly  low cost, 
it  can be used for th is purpose. T h e C. amara or the 
C. porcine (pig n u t), w hich are now  considered as 
a b so lu tely  of no valu e, w ould y ield  a t least a gallon 
and a half of oil per bushel and th e  n u ts need only be 
crushed before th e y  are pressed.

SU M M A R Y

I. T h e food va lu e  of h icko ry  n uts is high.
II. T h e oils from  the tw o  species of hickory nuts, 

C. ovata and C. amara, are p ra ctic a lly  identical and 
are sim ilar to  cottonseed oil.

II I . T h e oil retain s th e flavor of th e hickory nut, 
and is p ra ctica lly  equal to  o live  oil.

IV . T h e p o ssib ility  of ex tra ctin g  th e oil on a com­
m ercial basis should be fu rth er in vestigated .

C h e m i c a l  L a b o r a t o r i e s  
U n i v e r s i t y  o p  K a n s a s  

L a w r e n c e

T H E  A N A LYSIS O F M A P L E  PR O D U CTS I

A N  E L E C T R IC A L  C O N D U C T IV IT Y  T E S T  FO R  PU R IT Y  OF 
M A P L E  S Y R U P '

B y  J . F . Sn e u ,

T h e  m o s t  c o m m o n ly  u s e d  a d u l t e r a n t  o f  m a p le  sugar 

is  g r a n u l a t e d  s u g a r ,  w h ic h  is , o f  c o u r s e ,  chem ically 

id e n t ic a l  w i t h  t h e  p r e d o m in a t in g  c o n s t i t u e n t  of the 

p u r e  m a te r ia l .  F o r  t h e  d e t e c t io n  o f  s u c h  adultera­

t io n  w e  a r e  d e p e n d e n t  u p o n  m e a s u r e m e n t s  o f  th e  small 

q u a n t i t i e s  o f  t h e  n o n - s u g a r  c o n s t i t u e n t s ,  th e  per* 
c e n t a g e s  o f  w h ic h  in  t h e  s y r u p  a r e  n e c e s s a r ily  de­

c r e a s e d  b y  t h e  a d d it io n  o f  t h e  p r a c t i c a l l y  p u r e  sucrose, 

t o g e t h e r  w i t h  t h e  p r o p o r t io n a l  q u a n t i t y  o f  water 

n e c e s s a r y  t o  c o n v e r t  i t  in t o  a  s y r u p .  T h e  ash, the 

s o lu b le  a n d ' in s o lu b le  a s h , t h e  a lk a l in i t ie s  o f  these, 

t h e  m a lic  a c id  v a lu e ,  a n d  t h e  a m o u n t s  o f  p re c ip ita te  

p r o d u c e d  b y  le a d  s u b a c e t a t e  a n d  b y  n o rm a l lead 

a c e t a t e  a r e  a l ik e  lo w e r e d  b y  s u c h  a d u l t e r a t io n ,  though 

n o t  n e c e s s a r i ly  in  p r o p o r t io n  t o  t h e  a m o u n t  o f  adul­

t e r a t i o n .1
S u c r o s e  b e in g  a  n o n - c o n d u c t o r  o f  e le c tr ic it y ,  an 

th e  s a l t  c o n s t i t u e n t s  c o n d u c t o r s ,  i t  is  r e a s o n a b le  to

1 This te s t w as described a t  th e  W ash ing ton  mcetiBS of the 
Chem ical Society  in D ec tm lx r , 1911, b u t pub lication  was deferred . 
fu r th e r experim ents could  be  m ade, p a rticu la rly  (1 upon the ctt^ fcn 
ad u lte ra tio n  on  th e  con d u ctiv ity  va lue  an d  (2> upo n  th e  relation 
th e  co nductiv ity  o f th e  syrup» and  th a t  o f its  a sh  solution, 
experuuen tai work h as  been carried  o u t u n d e r m y  direction by Mr. 
S co tt. tv> w hoci Kvy tiunfcs ax« due  for very  com peten t assistance. ^  
assistance w as rendered possible b y  the  D om inion Governm ent Gra 
th e  A dvancem ent o f A griculture, T h rough  th e  courtesy  of Pro ■
Y- S h u ts . M*A., th e  p resen t p ap er w as  read  before t  e
Society  ©£ C anada a t  O ttaw a, M ay 2S, 1913. raIycs

* The- effect o f such  ad u lte ra tio n  upon  th e  various analy tk  v 
v S l  be discessed in  a  la te r  paper.
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anticipate th a t m aple syrup s a d u ltera ted  w ith  gra n u ­
lated sugar in m ore th a n  v e r y  sm all q u an tities w ill 
show m aterially  low er co n d u ctiv ities  th a n  pure m aple 
syrups. Since w ith  su itab le  ap p a ratu s a m easure­
ment of electrical c o n d u c tiv ity  can  be m ade in a few  
seconds, a m ethod based upon such a  m easurem ent 
would have a decided a d v a n ta g e  in p o in t of rap id ity  
over any of th e m ethods now  in v o g u e . 1

The m ost rap id  m ethods h ith erto  proposed h ave de­
pended upon p recip itatio n  w ith  lead su b acetate  and 
measurement of th e vo lu m e of th e  cen trifu gally-settled  
precipitate. 3 N o g rea t d e lica cy  has been claim ed for 
these methods, and  even th e y  require m ore tim e than  
a conductivity m easurem ent.

THE C O N D U C T IV IT IE S  O F U N D IL U T E D  P U R E  S Y R U P

Measurements o f th e  co n d u ctiv ities  of th e  undiluted  
syrup have been m ade upon 43 sam ples, all of Canadian 
origin. E leven  pairs o f ea r ly  and  late  p roducts from  
the same or ad join in g w oods w ere sent m e b y  th e m akers 
from various p a rts  of th e P rovin ce of Q uebec in th e 
season of 1 9 1 1 .  T h irteen  sam ples from  O n tario  and 
six from Quebec, a ll of th e  season of 1 9 1 1 ,  w ere k in d ly  
forwarded b y  D r. A n th o n y  M cGill, Chief A n a ly s t of 
the Inland R e ven u e  D ep artm en t, O ttaw a, as fa irly  
representative of th e  4 5 0  odd sam ples collected  b y  
the D epartm ent for th e  purpose of establish ing a 
standard of p u r ity  for m aple syrup . E a ch  of these w as 
accompanied b y  a  d eclaration  of genuineness signed b y  
the maker. 3

The rem aining tw o sam ples of th e  43 w ere m ade 
from identical sap, one b y  rap id  boiling in a  m odern 
evaporator h a vin g  a corru gated  pan, th e  oth er in an 
iron kettle, n ot en tire ly  free from  rust, w ith  v e ry  slow 
boiling.

T a b le  I— S u m m a ry  o p  D e n s i t i e s  a n d  C o n d u c t i v i t i e s  o f  42 G e n u in e  
C a n a d ia n  M a p l e  S y r u p s

C onductivity  
S p .  g r .  k X  105 
15° C. 25° C.

M« n .....................................................................................  1.333 18.7
Minimum.............................................................................  1.305 9 .6
Maximum............................................................................  1.355 33 .6
Percentage deviation  of m inim um  from m e a n .. . .  — 2 .1  — 49
Percentage deviation  of m axim um  from  m ean. . . + 1 .6  + 8 0

A summary of th e va riatio n s of the specific g ra v ity  
and of the electrical c o n d u c tiv ity  of 42 of these 43 

syrups is given  in T a b le  I. T h e  syru p  om itted  from  
this summary is one o f th e In lan d  R even u e D ep art­
ment samples, w hich  w as of ex trem e ly  low  d en sity . Its 
specific g ra v ity  w a s 1 . 2 7 9 ,  its m oisture con ten t 
(according to th e an a lysis  m ade in th e In lan d  R even u e

1 As long ago as 18S9, E . R eichert, Zeit. anal. Chem., 28, 14 (1899), 
and more recently, H ugh  M ain, International Sugar Journal, 11, 334 (1909);

Vcr. Zuekcrind. 69 , 783 (1909); Chem. A lstr ., 3, 2249 (1909) and  A. E 
a,leo- Z - Ver. Zuekcrind.. 60 , 359; Chem. Abslr., 4, 1554 (1910) have p ro ­

posed methods of estim ating  th e  ash of sugars and  syrups from th e ir  clec- 
cal conductivities. These m ethods appear to  have given good results 

p l  ^an(k  of the ir au tho rs b u t h ave  been adversely criticized by  o thers— 
««chert's, by Fock and  P la th , Zeit. Ver. Zuekcrind.,3 9 ,  710 (1889); M ain’s 
n Lange's, by A. Trenklcr, Oesterr- und Zeit. Zuckerind., 39, 437; Chem. 

gfflgr-  308 (1910).
S r /  HortVct' J - A m - chem . Soc.. 26, 1543 (1904); B ureau  of Chem.. U. 

■ A zt., Bulletin 107 . 72; Tones, V erm ont Agr. E x p t. S ta ., 18 th A n n u a l
K'lvrt, 1906, 322.

(191 ^ vlIel,n 228 of th e  L ab o ra to ry  of th e  In lan d  R evenue D epartm en t
!?' syrups exam ined were Nos. 184-191, 193-195, 211-214 , 263, 

• 81 and 284 of this bulletin .

L ab o rato ry) 38 .59  per cent, and its c o n d u c tiv ity  
(k X ios) 45.0 .

A s  a general rule, th e syru p s of high d en sity  showed 
low  con d u ctiv ities and those of low  d en sity  showed 
high con d u ctiv ities. T h is indicates th a t in undiluted  
syrup s th e con cen tration  of th e sugar has m ore in­
fluence upon th e c o n d u ctiv ity  th an  has th e con cen tra­
tion  o f th e electro lyte  com ponents.

T h e syru p  m ade in th e iron k e ttle  had a  specific 
g r a v ity  of 1 .3 2 6 , and a c o n d u c tiv ity  o f 2 5 .9 , w h ile 
th a t m ade from  th e sam e sap b y  rapid, shallow  b o il­
ing in an evap orato r showed a specific g r a v ity  of 
1 .3 3 4 , and  a c o n d u ctiv ity  of 22 .4 . T h is is in har­
m ony w ith  th e general rule of low er c o n d u c tiv ity  a c ­
com pan yin g greater d en sity . T h e m inim um  conduc­
t iv it y  (9 .6 ) w as shown b y  th e syru p  of m axim um  
d en sity  (1 .3 5 5 ), while th e m axim um  c o n d u ctiv ity  (33.6) 
w as found in a syru p  of d en sity  1 .3 1 1 .

T H E  E F F E C T  O F D IL U T IO N

T h e results of th e a b o ve m easurem ents indicate 
th a t as th e w ater-con ten t of m aple syru p  increases, 
th e co n d u ctiv ity  increases. In  oth er w ords, th e m ore 
d ilu te  the solution th e  greater th e  c o n d u ctiv ity . 
T h is is n ot in line w ith  th e  usual b eh avior of aqueous 
solutions of electrolytes. In  gen eral, th e specific con­
d u c tiv ity  of such solutions decreases w ith  dilution. 
T h e th ought, therefore, suggested itself th a t if one 
continued to  d ilute m aple syru p  w ith  w ater, a po in t 
o f d ilution  m ust ev en tu a lly  b e reached a t w hich  the 
c o n d u ctiv ity  w ould cease to  increase and  begin to 
decrease— a  p o in t of m axim um  co n d u c tiv ity . T h is 
proved  to  be the case, th e  m axim um  occurring a t  a  d i­
lution  of one volum e of syru p  to  tw o of w ater, i. e., 
in a  m ixtu re  contain ing 33*/* per cen t o f syru p  b y  
volum e, or 39 .6  per cen t of syru p  of norm al d en sity  
(1.32 0 ) b y  w eight.

T a b l e  I I — E f f e c t  o f  D i l u t i o n  u p o n  C o n d u c t i v i t y  o f  S y r u p

S y ru p  I

cen t m aple sy rup  P e r  cen t m aple  sy rup
b y  volum e by  weight C onductiv ity

5 6 .6 62
10 13.0 100
20 25.1 147
25 30 .9 163
30 36.5 171
33 V3 40. 1 175
40 47 .2 169
50 57 .3 153
60 66.8 123
70 75.8 99
80 84 .3 63
90 92 .3 44

100 100.0 32

S y ru p  I I  
P e r cen t m aple syrup by weight 

20 
30
3 9 .9
40
60
83»/a

100

C onductiv ity  value 
127 
141 
148 
147 
127 
69 
26

T a b le  II  and D iagram s I and  II  g iv e  results ty p ic a l 
o f the effect of d ilution  upon th e specific con d u ctiv i­
ties o f m aple syrups.
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On each side of th e p o in t of m axim u m  c o n d u c tiv ity  
there is a  considerable range of concen trations, w ith in  
w hich  the c o n d u c tiv ity  differs v e r y  litt le  from  th e 
m axim um . This renders it  possible to  m easure the 
m axim um  c o n d u c tiv ity  of d iluted  m aple sy ru p  w ith ­
o u t ob servin g m uch precision in  m akin g up th e m ix­
ture o f m aple syru p  and  w ater. T h is  is a p o in t of 
grea t p ractica l a d va n ta g e  in re latio n  to  th e ra p id ity  
of the m ethod described below . It  is n ot n ecessary to 
"  eigh the syru p nor to reduce it to a definite d en sity .

D ia g r a m  I I

A n  o rd in ary  25 cc. gra d u a te  can be used to m easure the 
syrup , th e tw o p o rtio n s o f w a ter  sub seq uen tly  m easured 
from  the sam e gra d u a te  servin g to rinse o u t th e syru p  
w h ich  adheres to  the sides. '

T h e  range of va riatio n  of the c o n d u c tiv ity  of pure 
m aple syru p s th us d ilu ted  w ith  tw o vo lu m es of water 
is m uch n arrow er th a n  th a t of th e conductivity  of 
th e undiluted  syrups. T h e m ean con d u ctiv ity  at 
25° C. (k X 10s) of the d iluted  solutions of the 42 
syrups of T a b le  I w as 153, or o ver 8 tim es the mean 
c o n d u c tiv ity  of the sam e syru p s in the undiluted 
state . T h e m inim um  w as 120, the m axim um  203, 
the la tter  being th e c o n d u c tiv ity  v a lu e  of the syrup 
m ade in the iron k ettle . T h e m inim um  deviates from 
the m ean b y  21 p er cent, as a gain st 49 per cen t in the un­
d iluted  sy ru p ; the m axim um  b y  33 per cent, as against 
80 per cen t for th e un diluted  syrup . W e have thus a 
to ta l range of 54 per cen t for th e d iluted  as against 
129 p er cen t for th e un diluted  syrup . The forty- 
third  syrup , o m itted  from  th e su m m ary  in Table I, 
on a ccou n t of its ex trem e ly  low  d en sity  and high con­
d u c tiv ity , g a v e  a p e rfe ctly  norm al co n d u ctiv ity  value 
(167) w hen d ilu ted  w ith  tw o  vo lu m es of water.

The m axim um  c o n d u c tiv ity , or m ore str ictly  speak­
ing, the c o n d u c tiv ity  of th e  m ixtu re  of one volume of 
syru p  w ith  tw o vo lu m es of w a ter  is, accordingly, made 
the basis of the m ethod here proposed.

M E T H O D

M easure o u t into a sm all b eaker (or d irectly into 
the c o n d u c tiv ity  cell) a su itab le  q u a n tity  (15 cc.) 
of the syrup, a llow in g thorough draining. Using the 
sam e grad u ate , add  tw o successive portions of water, 
each equal in vo lu m e to  the sy ru p  taken . Mix thor­
oughly, po u r into c o n d u c tiv ity  cell, bring to 250 C., 
and m ake th e m easurem ent. D iv id e  the constant 
of the cell b y  th e ob served  n um ber of ohm s and multi­
p ly  the result b y  100,000.

G enuine syru p s h a ve  g iv en  va lu es o f n o  to 200, 
b u t fu rth er experience m a y  exte n d  these lim its a little.1

Syrup s g iv in g  c o n d u c tiv ity  va lu es  d istin ctly  out­
side these lim its m a y  be condem ned. Those giving 
norm al va lu es are n ot n ecessarily  pure and should be 
fu rth er exam ined b y  w ell-estab lish ed  tests.

A P P A R A T U S

1  he essential featu res o f the a p p a ratu s a re :
1. A  low  v o lta g e  e lectrica l curren t operating an 

induction  coil.
2. A  c o n d u c tiv ity  cell o f a form  suitab le for liquids 

o f low  co n d u c tiv ity , and  w ith  electrodes not easily 
displaced.

3. A  W h eatsto n e b ridge w ith  telephone.
4 - A  d evice for e x a c t regu lation  of tem perature.

In  the present w o rk  a K o h lrau sch  U niversal Bridge 
bearing th e nam e p la te  of Messrs. P h ilip  Harris & Co.. 
B irm ingham , E n g la n d ,2 has been used. The induc­
tion  coil w ith  w h ich  this b ridge is fitted  w as operated 
b y  tw o lead accu m u lators con n ected  in series. A  small 
D evea u  telephone w as foun d to g iv e  better results 
th a n  a B ell. W ith  th is v e ry  con ven ien t bridge and 
telephone there w as no d ifficu lty  in ob tainin g a sharp 
m inim um  of sound. T h e c o n d u c tiv ity  cell used at 
first w as o f th e  form  represented  in F ig . 295 (p- 40- 1

1 I have collected nearly  13Q sy rups of th e  season of 1913, direct 
th e  sugar bushes of O ntario  and  Quebec and  in tend  determ ining the limits 
o f conductiv ity  value in these  b o th  a t  25° an d  a t  20° C.

- Xo. 70^2 in th is firm’s Fhysics catalogue. Vol. 1.
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of Ostwald an d  L u th e r ’s “  P h ysik o-ch em ikcr Mes- E im er &  A m end, of N ew  Y o rk . T h e p la tin u m  clec-
sungen,” 2nd ed ition  (1902). Its  c a p a c ity  w as ab ou t trodes of th is special cell are of B . &  S. gau ge N o. 27,
50 cc. I t  h ad  electrodes of 2 .5  cm . d iam eter set 1 cm . and are 3 .2  cm . in diam eter. T h e y  are ad ju stab le
apart, which m ain tain ed  th e ir  position  satisfa cto rily , as to  d istance, b u t are firm ly held in position  b y  set-

T a b l e  I I I — S y r u p s  M a d e  i n  L a b o r a t o r y  S e a s o n  o f  1912

D ry A B D E G II
m a tte r Con­ Conduc­ C Sol­ Insol- F  A lkalin ity  A lk a lin ity

D ate D ensity from d uc tiv ity tiv ity T o tal ash uble ash uble ash A lkalin ity Sol- In so l­
No. made Saps 15° C. density value value, ash D ry  basis D ry  basis D ry  basis T o tal ash  ub le  ash uble ash

1 Apr. 6 H ard  and  soft 1.329 66.5 150 0 .95 0 .44 0.51 1.18 0.45 0 .73
2 Apr. 7 H ard  and  soft 1.329 66.5 164 61 0 .99 0 .6 6 0 .33 1 .42 0 .5 0 0 .9 2
3 Apr. 10 H ard  and  soft 1.326 66.0 144 57 0 .88 0 .38 0 .50 1.46 0 .4 6 1.00
4 Apr. 11 H ard  and  soft 1.327 66.2 153 56 0.95 0 .57 0 .3 8 1.42 0 .4 6 0 .8 6
5 Apr. 12 H a rd  and soft, evaporated

on s team  ba th 1.333 67.1 145 61 1.00 0 .58 0.42 1.30 0 .47 0 .8 3
6 Apr. 12 H a rd  and  soft, evaporated

over flame 1.320 65 .0 135 58 0 .88 0 .5 9 0 .29 1.19 0 .4 6 0 .73
7 Apr. 13 H ard  and  soft 1 .325 65.8 138 50 0 .85 0.35 0 .5 0 1.30 0 .48 0 .82
8 Apr. 15 H ard  and so ft 1.325 65.8 152 68 0.91 0 .52 0 .3 9 1.11 0 .45 0 .6 6
9 Apr. 18 H ard  and  soft 1.327 66.2 135 50 0 .88 1.41 0 .43 0 ,98

10 Apr. 23 H ard  and  soft 1.320 65.0 119 48 0 .95 0 .43 0.52 1.18 0 .3 6 0 .82
11 Apr. 25 H ard  and  soft 1.329 66.5 126 54 0 .98 0 .5 0 0 .48 1.31 0 .47 0 .8 4
12 Apr. 29 H ard  and  so ft 1.327 66.2 155 58 1.09 0 .4 6 0 .63 1 .61 0 .49 I . 12

Average results fo r m ixed sa p s ....................... 143 56 0 .94 0 .50 0 .45 1.32 .0.46 0 .8 6
Percentage dev ia tion  m axim um  from  m ean 14.7 21.4 15.9 32 .0 40 .0 10.6 8 .7 30 .2
Percentage dev iation  m inim um  from  m ean 16.8 14.3 6 .4 30 .0 3 5 .6 15.9 21.7 23 ,3

13 Apr. 15 H ard 1.322 65.4 145 48 0 .87 0.41 0 .4 6 1. 17 0 .41 0 .7 6
14 Apr. 16 H ard 1.327 66.2 152 . 57 1.00 0 .49 0 .51 1 .29 0 .4 6 0 .83
15 Apr. 20 H ard , evaporated  over

flame 1.322 65 .4 146 54 1.02 0 .47 0 .55 1.39 0 .5 0 0 .8 9
16 Apr. 20 H ard , caram elized in

boiling 1.319 64.9 148 50 0 .97 0 .6 0 0.37 1.28 0.45 0 .8 3
17 Apr. 22 H ard 1.330 6 6 .6 148 1.05 0 .48 0.57 1 .55 0.52 1.03
18 Apr. 24 H a rd 1.325 65.8 141 57 0 .96 0 .45 0*51 1.45 0 .47 0 .9 8
19 Apr. 24 H ard 1 .325 65.8 137 52 0 .94 0 .3 8 0 .56 1,23 0.42 0.81

Average results for h a rd  sap  sy ru p s ................ 145 53 0 .97 0 .47 0 .5 0 1 .34 0 .4 6 0.88
Percentage deviation  m axim um  from m ean. 4 .8 7 .0 8 .2 27.7 14.0 15.7 13.0 17.0
Percentage deviation  m inim um  from  m ean, . 5 .5 9 .4 10.3 19.1 26 .0 12.7 10,9 13.6

20 Apr. 16 Soft 1.321 65.2 134 54 0 .90 0 .47 0 .43 1.18 0 .4 0 0 ,7 8
21 Apr. 20 Soft 1.322 65 .4 135 58 0.81 0 .42 0 .3 9 1 .10 0 .4 4 0 .6 6
22 Apr. 22 Soft 1.330 66 .6 148 0 .92 0 .54 0 .3 8 1 .27 0 .55 0 .7 2

Average results for so ft sap  sy ru p s .................. 139 56 0 .88 0.48 0 .4 0 1,18 0 .4 6 0 ,72
Percentage deviation  m axim um  from m ean . 6 .5 3 .6 4 .4 12.5 7 ,5 7 .5 19.6 8 .3
Percentage deviation  m inim um  from  m e a n .. 3 .6 3 .6 8 .0 12.5 5 .0 6 .8 13.0 8 .3

General average.............................. ........................ 143 55 0 .94 0 .49 0 ,4 6 1.31 0 .4 6 0 .8 5
Maximum........ 164 68 1.09 0 .6 6 0 .63 1.61 0.55 1,12
Minimum........ 119 48 0.81 0.35 0 .2 9 1.10 0 .3 6 0 .6 6
Percentage deviation  m axim um  from  m ean . 14.6 23 .6 16.0 3 0 .6 37 .0 2 2 ,9 19.6 31 ,8
Percentage deviation  m inim um  from  m ean . 16.8 12.7 13.8 28 .6 3 7 ,0 16,0 21.7 22 .4

Number
1
2
3
4
5
6
7
8 
9

10
11
12

R un
E arly
E arly
E a rly
E arly
E arly
E arly
E arly
Early-
L ate
L a te
L ate
L ate

Av‘erage.,

mean.........
g eeilt deviation of m inim um  from 
mean.......

T a b l e I V — F u l l  A n a l y t ic a l  D a t a  f o r  T w e l v e  S y r u p s  o f  T a b l e  I

A C D E F G H
M o d if ie d  
W in  to n

C o n d u c t iv i ty T o t a l  a s h S o lu b le  a s h I n s o lu b le  a s h A lk a l in i ty A lk a l in i ty A lk a lin i ty ' C a n a d ia n L e a d

v a lu e D r y  b a s is D r y  b a s is D r y  b a s is T o t a l  a s h S o lu b le  a s h I n s o lu b le  a s h L e a d  S o , N o .  (a)

133 0 .8 0 0 .4 6 0 .34 1.04 0 .4 6 0 .5 8 3 .3 6 1 .74
149 0.82 0 .59 0.23 1.01 0 .5 8 0 .4 3 3 .1 0 2.11
152 0 .8 9 0.61 0.28 1.05 0 .5 3 0 .5 2 2.95 2 ,0 4
139 0 .8 6 0.61 0.25 0 .93 0 .48 0 .45 2 .8 2 1.85
147 0 .7 8 0 .5 0 0.28 0 .8 9 0-45 0 .4 4 2 .9 3 1.96
145 0 .89 0 .5 8 0.31 1.08 0 .5 6 0 .52 3 .3 0 2 ,1 8
139 1.09 0.61 0 .48 1.03 0.51 0 .5 2 2 .6 4 1 .56
162 1.14 0 .7 9 0 .35 1.20 0 .6 4 0 .5 6 3 ,3 9 2 .3 3
187 1.38 0.93 0.45 1.63 0 .91 0 .7 2 3 .2 9 2 .0 4
149 0 .8 6 0.57 0 .29 1.12 0 .5 6 0 ,5 6 3 ,4 4 2 .4 0
138 0 .8 9 0 .6 0 0 .29 1,01 0 .5 0 0 ,51 2 .7 0 2 .1 0
158 1.14 0 .62 0 .52 1 .1 4 0 ,5 4 0 ,0 0 3 .62 1.88

0 .9 6 0,62 0 ,34 1,10 0 .5 6 0 ,5 3 3 .13 2 ,0 2
f ro m

43 .8 5 0 .0 .52.9 48 .2 62.5 3 5 .8 15 ,6 1 8 .8

11,3 18,8 2 5 .8 3 2 .4 1 9 ,1 17,9 18.9
(“) Determined upon 25 z . d ry  m a tte r  instead  of upon 25 g. sy rup . B utt. 228, L abora to ry  o f th e  C anad ian  In la n d  R w « n *  D tp a rtra en t.

a;> was dem onstrated b y  repeated  determ in ations o f screws. T h e  therm om eter ran ge is  2 0 ' to  3 0 ', grad -
| e Cel1 constant. L ate r, a special cell o f th e  sam e u a tcd  in tenths. T h is  ty p e  o f ce ll has p ro v e d  p er-
ype with extra  h e a v y  electrodes and w ith  a ther- fe c tly  sa tisfa cto ry  lo r  th e  purpose.

®ometer set in the c o v e r  w as m ade for m e b y  Messrs. In  routine w ork i t  m igh t b e a d v isa b le  to  h a v e  a
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considerable num ber of cells fittin g  th e sam e p a ir  of 
electrodes. T hese could be filled w ith  th e  different 
sam ples and set in a th erm ostat to  com e to th e  re­
quired  tem perature, w hen m easurem ents of all could 
b e  m ade in rapid  succession. I  h ave n ot used a th er­
m ostat in th is w ork, b u t h ave regulated  the tem pera­
ture b y  placin g th e co n d u ctiv ity  cell in a  b eaker of 
w a ter  of a  su itab le tem perature, a fraction  of a  degree 
a b o v e  or below  th a t desired, and  stirring the conten ts 
of th e cell w ith  th e electrodes un til th e therm om eter 
w ith in  th e cell showed th e correct reading.

T he cell con stan t w as determ ined b y  use o f o . 1, 
0.02 and  o . o t  M potassium  chloride solution, m ade up 
a t  18 0 C. from  the ignited C. P . salt, assum ing for th ese1 
a t  25° C. the con d u ctiv ities 1289, 276.8  and  1 4 1 .2  X 
io~B.

R A N G E  O P V A R IA T IO N  O P T H E  C O N D U C T IV IT Y  V A L U E  IN  

G E N U IN E  SY R U P S

In  addition  to  the 43 syru p s referred to  above, the 
c o n d u c tiv ity  valu e has been determ ined on 22 syrup s 
m ade in th is lab o rato ry  in th e season of 19x2 (see 
T a b le  I I I ) . T hese syrups were all m ade from  th e sap 
of ten  trees in the woods of the M acdonald College 
farm — six  hard and four soft m aples. T h e y  rep­
resent th e  runs of different d a ys from  A p ril 6th to 
A p ril 29th; som e w ere m ade from  th e  sap of th e soft 
m aples alone, others from  th e hard  m aples only, 
th o u gh  th e m a jo rity  represent th e  m ixed  sap of the 
ten trees. T h e y  w ere boiled dow n in basins on gas 
sto ves w ith  the excep tion  of one (N o. 5), w hich w as 
ev ap o rated  on th e steam  b ath . These 22 syrups 
show  a  range of 119 to  164, average 143. T h is  is a 
to ta l range of 3 1 .4  per cent. T h is is a b ou t th e sam e 
ran ge of va riatio n  as is shown b y  th e  to ta l ash, and a 
m uch low er range th an  those show n b y  th e  soluble 
ash, th e insoluble ash and th e alkalin ities.

T a b le  I V  includes a n a lytica l d a ta  for tw e lv e  of 
th e  Q uebec syrups included in th e su m m ary g iv en  in 
T a b le  I. These w ere exam ined  to  determ ine w hether 
th is ap p aren t a d va n ta ge  of th e c o n d u c tiv ity  m ethod 
held for syrup s of various origin, as w ell as for those 
from  a single bush. I t  w ill be seen th a t  am ong these 
12 syru p s th e range of th e c o n d u ctiv ity  va lu e  is m uch 
n arrow er th a n  th a t of th e to ta l ash and  narrow er also 
th an  th a t of a n y  of th e oth er d a ta  excep t th e  Canadian 
lead  num ber.

If th is narrowness of range shall be .found to  be 
ch aracteristic  of th e c o n d u c tiv ity  va lu es o f pure 
m aple syrup s in general, it  w ill be a point of a d va n ta ge  
fo r  th is m ethod.

I h a ve  also exam ined  three syrup s m ade a t the V er­
m on t A g ricu ltu ra l E xp erim en t Station  under th e 
sup ervision  of Prof. C. H. Jones, w ho ad vised  m e th a t  
th e y  were prepared w ith  grea t care, " e v e r y  o p p o rtu n ity  
b ein g  g iv e n  for the m alate of lim e to  settle o u t.”  These 
syru p s w ere excep tion ally  light in color. A s  received, 
th e y  w ere of excep tio n ally  high den sity, as indicated  
b y  P rof. Jon es’ refractom eter readings, viz., N o. 1 a t 
2 4 ,7 5 °  C-> r -4632; No. 2 a t 2 1 .5 °  C., 1 .4 6 5 1 ; No. 3 
a t  2 4 .7 5 0 C., 1.46 23. F or m y  ow n an alyses th e y  
w ere d i'u ted  w ith  w ater, boiled to a  boiling p o in t of

1 O stw ald-L uther, Physico-chemische Messungen* 2nd edition, p . 407.

219-220 ° F ., and  filtered  th rou gh  double S. & S. No. 
597 filters.1 T h eir  densities a t  15 °  C. were then
1 .3 2 5 , r .3 2 1  and  r . 332, resp ective ly . T w o of these 
V erm o n t syrup s g a v e  low er c o n d u c tiv ity  values than 
a n y  of th e  C an adian  syrups, viz., n o  and 115. The 
th ird  g a v e  a va lu e  of 122. T h e ash  va lu es of these three 
syrup s w ere also ex cep tio n a lly  low . Com plete data 
for these syrups, as ob ta in ed  b y  P rofessor Jones and 
m yself, are 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  T h r e e  V e r m o n t  S y r u p s  d y  C. H . J o n e s  and  by 
J .  F . S n e l l

P e r cen t A lka­ A lka­
P e r cen t Insoluble lin ity lin ity Conduc- Malic
T o tal ash ash  Soluble Insoluble  tiv ity acid

No. A nalyst D ry  basis D ry  basis ash ash value value

1 Jones 0 .7 0 0 .37 0 .35 0.45 0.44
Snell 0 .71 0 .5 9 0 .37 0 .4 4 115

2 Jones 0 .68 0 .33 0 .3 9 0 .4 4 0.45
Snell 0 .33 0 .3 2 0 .42 0 .5 0 122

3 Jones 0 .64 0 .25 0 .36 0.35 0.39
Snell 0 .7 0 0 .23 0 .37 0 .3 8 110

T h e m inim um  va lu e  y e t  foun d in a  genuine syrup 
is n o .  T h e  m axim u m  of 203 obtained  w ith  the syrup 
prep ared  in th e  iron k e ttle  has n o t been reached in 
a n y  other pure syrup. T h e h igh est va lu e  y et found 
in a  syru p  a c tu a lly  prep ared  for th e  m arket is 197. 
T h e lim its o f va ria tio n  of genuin e syru p s m ay, there­
fore, be te n ta tiv e ly  set a t  n o  to  200.

T h e m ean c o n d u c tiv ity  of th e  68 syrup s m ay most 
fa ir ly  be estim ated  b y  g iv in g  th e m ean of the 22 
syru p s m ade from  th e  trees on th e  M acdonald College 
farm  a  w eig h t of 2— th e sam e as one p air of early and 
la te  run syrups. W e th u s ob tain  for th e  48 syrups 
46 a ctu a l and 2 th eoretical— a m ean conductivity 
v a lu e  of X50. T h is  is a p p ro x im a te ly  equal to the 
electrical c o n d u c tiv ity  o f an o . o x M aqueous solution 
of po tassiu m  chloride (1 4 1 .2 ) .

T H E  R E L A T IO N  O F T H E  C O N D U C T IV IT Y  V A L U E  TO THE 

A SH  DATA

Since th e  sa lt com ponen ts of m aple syrup are un­
d o u b ted ly  responsible for th e  electrical conductivity, 
relations betw een  th e  c o n d u c tiv ity  va lu e  and the ash 
d a ta  are w o rth y  of in vestigation . F rom  the investi­
gation s of H o rtv e t,3 Jones^ and  Bryan-* it is clear that 
m aple syru p  ash consists larg e ly  (v iz .,  to  the exten t 

of a b o u t 85 per cent) o f th e  carb o n ates of calcium and 
potassium , th e  tw o m etals b ein g present in about 
ch em ically  eq u iva len t q u an tities. T h e three investi­
gato rs are in close agreem ent as regards the lime con­
te n t w hich is in th e neighborhood of 22 per cent. 
B ry a n  finds an avera ge  of 38 p er cen t of potash in 
100 syrups, Jones one of n ea rly  35 per cen t in 6 syrups, 
tw o  of w hich  w ere com posites of a  num ber of sam 

pies, w hile H o rtv e t finds a b o u t 31 p er cen t in each 0 
tw o syru p  ashes. H o rtv e t a lone has determined car­
bonic acid. H is results show  an average o f  about 
30 per c e n t  in th e  tw o  s a m p le r  T h e p r o p o r t io n s  0 
these three co n stitu en ts of th e  ash  m a y  a c c o rd in g  

be p laced  a t  th e  fo llow ing figures as a  rough estim ate-

1 J o n e s ,  V t. A gr. E x p t. S ta ., 18 th A n n u a l Report, 1905, 328, 
B ulletin  187, 470 (1 9 1 2 ).

2 J .  A m . Chent. Soc., 26, 1541 (1904).
3 V t. Agr. E x p t. S ta ., 1 8 th A n n u a l Report, 1905, 331.
* B u r. of Chem., U . S. D ep t. Agr-, B ulletin  134 (1910).
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Ka0.
CaO.
C02..

Sum.

P e r c en t Molecules 
. 35 0 .37
. 22 0 .39
. 30 0 .68

. 87

sum, 0.76

These results in d icate th a t  organic salts of p o tas­
sium and calcium  are th e chief e lectro lytes of the sy ru p .1 
Potassium, h a vin g  a  higher ionic c o n d u ctiv ity  than  
calcium, m ay be exp ected  to  co n trib u te a  little  m ore 
than an equal share to  th e con d u ctin g pow er of the

Considered b y  them selves, th e ratios of T a b le  V I  
w ould  indicate th a t  th e closer relationships are those 
b etw een, on th e one hand, c o n d u c tiv ity  an d  weight 
of th e total ash and  on th e oth er hand c o n d u c tiv ity  and 
alkalinity  of soluble ash. I t  is to  be rem em bered, how ­
ever, th a t  these syrup s w ere a ll from  th e  one bush, and 
w ere m an ufactured  on a sm all scale in th e lab o rato ry . 
A s  w ill be pointed ou t later, th e y  are also p ecu liar in 
their ratios of the a lka lin ities of soluble and insoluble 
ash. T a b le  V II , w hich refers to  m ore represen tative

T a b l e  V I— R a t i o s  o f  t h e  a n a l y t i c a l  D a t a  f o r  22 S y r u p s  M a d e  in  L a b o r a t o r y  ( S e e  T a b l e  I I I )

from mean.

from  1

from m ean........

from 1

from mean........
*er cent deviati< 

from mean........

Maximum.

Minimum....
Per cent devi 

from mean.

from wean...

A /B A /C A /D A /F A /G A /H B /D B /G
C onduc­ Conduc­ Conduc­ Conduc­ Conduc­ Conduc­ Conduc­ Conduc­ E /G G /H

tiv ity tiv ity tiv ity tiv ity tiv ity tiv ity tiv ity tiv ity Alkal. Alkal.
sy rup  -*• sy rup syrup  -f- syrup -T- syrup syrup ash-f- ash-i- to ta l ash-î- sol. asli-*-
C onduc­ T otal Soluble A lkalinity A lkalin ity  A lkalinity Soluble A lkalin ity Alkal. Alkal.

N um ber tiv ity  ash ash ash to ta l ash sol. ash insol. ash ash sol. ash sol. ash insol. ash
1 158 341 127 333 205 2.62 62
2 2 .52 166 248 115 328 178 92 122 2 .84 54
3 2 .53 164 379 99 313 144 150 124 3 .17 46
4 2 .73 161 268 108 333 178 98 122 3 .09 53
5 2 .38 145 ’ 250 112 309 175 105 129 2.77 57
6 2 .33 153 229 113 293 185 98 126 2 .59 63
7 2 .76 162 394 106 288 168 143 104 2.71 57
8 2 .24 167 292 137 338 230 131 151 2.47 68
9 2 .70 153 96 314 138 116 3 .2 8 44

10 2 .48 125 277 101 * 331 145 112 133 3 .28 44
11 2.33 129 252 96 268 150 108 115 2 .79 56
12 2.67 142 337 96 316 138 126 118 3 .29 44

2 .52 152 297 109 314 170 116 124 2.91 0.54
of m axim um

9.5 9 .9 32.7 25.7 7 .6 35.3 29 .3 21 .8 13.0 9 .7
of m inim um

11.1 17.8 22.9 11.9 14.6 18.8 20.7 16.1 15.1 29 .2

13 3 .02 167 354 124 354 191 117 117 2 .85 54
14 2 .66 152 310 118 330 183 116 124 2 .80 55
15 2 .70 143 311 105 292 164 115 108 2 .78 56
16 2 .96 152 247 116 329 178 83 111 2 .84 54
17 141 308 95 285 144 2 .98 50
18 2.4S 147 313 97 300 144 127 121 3 .09 48
19 2.63 146 361 111 326 169 137 124 2 .69 52

2 .74 150 315 109 317 168 116 118 2 .8 6 53
of m axim um

10.2 11.3 14.6 13.8 11.7 13.7 18.1 5.1 8 .0 5 .7
of m inim um

9.5 6 .0 21 .6 12.8 10.1 14.3 2S.4 5 .9 5 .9 9 .4

20 2 .48 149 285 114 335 172 115 135 2.95 51
21 2.33 167 321 123 307 205 138 132 2 .50 67
22 161 274 117 269 206 2.31 76

2.41 159 293 118 304 194 127 134 2 .59 65
of m axim um

2 .9 5 .03 9 .6 4 .2 10.2 6 .2 8 .7 0 .7 13.9 16.9
o f m inim um

3 .3 6 .3 6 .5 3 .4 11.5 11 .3 9 .4 1.4 10.4 21.5

2.5S 154 302 110 313 172 117 123 2 .85 0 .55
3 .02 167 394 137 354 230 150 151 3 .2 9 76
2 .24 125 229 95 268 138 92 104 2.31 44

of m axim um
17.1 S .4 30 .5 24.5 13.1 33 .7 28.2 22 .8 15.4 26 .7

of m inim um
13.2 18.8 24.2 13.6 14.4 19.8 21.4 15.4 18.9 26.7

s>’rup. B u t its preponderance is n ot such as to jus- 
W>' a confident p red iction  th a t th e c o n d u c tiv ity  valu e 
"■>11 be more closely  related  to  th e  soluble ash (con­
sisting m ainly of po tassiu m  carbonate) or its alka- 
lnity than to th e  to ta l ash or its a lk a lin ity .
■ I have, therefore, m ade calcu latio n s of th e ratios 

° ‘ several of th e d a ta  of T a b les I I I  and I V  and present 
se ratios in T a b les V I  and  V II .

Magnesium and  sodium  salts  are p resen t in m inor proportions.

sam ples, shows no m aterial difference in th e  v a r ia ­
b ility  of the ratios of th e c o n d u c tiv ity  va lu e  to  the 
different ash d a ta. I f  an yth in g , th e  c o n d u c tiv ity  is 
m ore closely  related  to  th e to ta l a lk a lin ity  th a n  to 
th e sep arate a lkalin ities of eith er th e soluble or the 
insoluble ash. T h e range of va riatio n  of a n y  o f these 
ratios is som ew hat w ider th an  th a t  of th e  ratios of 
th e t o t a f  a lk a lin ity  to th e  soluble a lk a lin ity .
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T a b l e  V II— R a t i o s  o f  t h e  A n a l y t i c a l  D a t a  f o r  t h e  12 Q u e b e c  S y r u p s

OF Table  IV
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1 166 289 128 289 229 2 .26 79
2 182 253 148 257 347 1.74 135
3 171 249 145 287 292 1.98 102
4 162 228 149 290 309 1.94 107
5 188 294 165 327 334 1.98 102
6 163 250 134 259 279 1.93 108
7 128 228 135 273 267 2 .02 98
8 142 205 135 253 289 1.88 114
9 136 201 115 205 260 1.79 126

10 173 262 133 266 266 2 .0 0 100
11 155 230 137 276 271 2 .02 98
12 139 255 138 293 263 2.11 90

A verage..................... 159 245 139 273 284 197 105
P e r cen t deviation

of m ax. from m ean 18.2 18.0 18.7 19.8 22 .2 14.7 2 8 .6
P er cen t deviation

of m in. from m ean 19.5 18.0 17.2 24 .9 19.4 11.7 24.8

C O N D U C T IV IT Y  V A L U E  O F T H E  ASH

A m o n g th e d a ta  of T a b les I I I  and V I  is included 
for 19 syrup s a figure designated “ C o n d u ctiv ity  
V alu e  of th e A sh .”  T h is w as determ ined accordin g 
to th e follow ing m ethod: s gram s of syru p  are ashed 
in a p latin u m  dish. T h e ash is boiled w ith  30 cc. 
w a ter for tw o  m inutes, filtered through a  7 cm . filter 
and  w ashed w ith  hot w a ter to  a  vo lu m e of n early  
50 cc. (the residue is ign ited  and w eighed as th e in­
soluble ash). T h e cooled filtrate is m ade up to e x ­
a c t ly  50 cc. and  th e c o n d u ctiv ity  m easured a t  250 C. 
T h e solution  is w ashed ou t of th e c o n d u c tiv ity  cell 
and titra te d  for a lk a lin ity  of soluble ash.

T h is m ethod dep arts from  the con ven tion al one for 
determ in ation  of soluble and insoluble ash in m aple 
p rod u cts in using on ly  50 cc. of hot w a ter  on th e ash 
of 5 gram s of syrup, instead of 100 cc. P ossib ly  it  
m ight be preferable to  adhere to  th e  con ven tion al 
m ethod of sep aratin g soluble and insoluble ash and 
to m ake th e determ ination  of c o n d u c tiv ity  va lu e  of 
ash  in a  vo lu m e1 of 100 cc. instead of 50 cc.

T o  determ ine w hether there is a n y  m aterial difference 
betw een  th e  resu lts  obtained w ith  th e tw o different 
q u an tities of w ash w ater, Mr. S co tt has repeated  
the determ inations upon syrups Nos. 2, 5 and  n ,  
using 100 cc. of w ash w ater. T h e results ob ta in ed  
b y  the tw o m ethods are com pared below :

A lkalinities us determ ined w ith use of

50 cc. w ash w a ter 100 cc. wash w ater

S yrup Sol. Insol. Sol. Insol.
No. D ate  m ade ash ash R atio ash ash R atio

2 A pr. 7-9 50 92 0 .54 46 82 0 .5 6
5 Apr. 12 47 S3 0 .57 52 86 0 .60

11 A pr. 25 47 84 0 .56 52 84 0 .62
Average, 0 .56 0.59

I infer from  these results th a t the difference betw een
the tw o  m ethods of w ashing is o f litt le  consequence.

1 In  the  A. O. A. C. provisional m ethod for saccharine p roducts  in 
general, only 60 cc. of w ater are used. See B ur. of Chem.. B ulletin  107, 
6S (190S). H o rtv e t followed th is  m ethod.

A s in tim ated  ab ove, th e  syru p s upon w h ich  the de­
term in ation  of th e c o n d u c tiv ity  of th e ash was made 
are p ecu liar in th eir low  ratio  o f a lk a lin ity  of soluble 
to  th a t  of insoluble ash. T h e y  a vera ge  0.54. On 
th e 94 syrup s exam in ed  b y  Jones, th e  average value 
of this ratio  is 0 .9 4 ; on th e  13 upon w hich Hortvet 
m ade these determ in ations it  is 0 .8 5 ; B ry a n ’s general 
avera ge  for 481 syru p s is 0 .7 7 , a lth o u g h  for the 100 
syru p s selected  b y  him  for ash analysis, I find the aver­
age to  be 0 .8 7 ; an d  th e  a v era ge  for th e  12 syrups of 
T a b les I V  and  V I I  of th e  p resen t p ap er is 1.0 5. It is 
clear, therefore, th a t  th e  syru p s m ade in th e laboratory 
(T ables I I I  and  V I )  are of excep tio n a l character. 
U n der these conditions I do n o t feel ju stified  in draw­
ing a n y  conclusions from  th e  resu lts obtained in the 
determ in ation  of th e  electrica l c o n d u c tiv ity  of the ash 
solution. T h is p ro p e rty  is, how ever, w orthy of 
fu rth er stu d y.

T a b l e  V I I I — C o n d u c t i v i t y  V a l u e s  o f  N o n -M a p l e  S y r u p s

S p e c if ic  C on d u ctiv ity
N um ber D escription g rav ity value

1 C om  syrup 1.40 2.51
2 Golden syrup 1.44 414
3 Molasses 656

S yrups D ilu ted  to D ensity  o f  Maple: Syrup
1 dilu ted Corn syrup 1.339 253

4 Corn syrup 1.320 359
5 Corn syrup 1.320 209

2 d ilu ted Golden syrup 1 .320 427
6 Golden sy rup 1.320 392
7 Golden syrup 1.320 403
8 Molasses 1.320 1121
9 Molasses 1.320 1280

10 Molasses 1.320 604
11 Molasses 1.320 1250
12 Cane sugar sy rup  from  g ran ­

u la ted  sugar 1.314 0.5
13 Cane sugar sy rup  from  pale 

brow n sugar 1.329 178
14 Cane sugar sy rup  from  pale 

brow n sugar 1.333 185

T H E  C O N D U C T IV IT Y  V A L U E S  O F N O N -M A P L E  SYRUPS

T a b le  V I I I  g iv es  th e  c o n d u c tiv ity  va lu es of a num­
b er of non-m aple syrups. I t  w ill be seen th at syrup 
m ade from  gra n u la ted  sugar is p ra ctic a lly  a non­
conductor, th a t  syru p s from  p a rtia lly  refined cane 
sugar m a y  g iv e  va lu es w ith in  th e lim its found for pure 
m aple syrups, and th a t  a ll of th e others g iv e  conduc­
t iv ity  va lu es d istin ctly  ab o v e  th e lim its for maple. 
I t  is clear, therefore, th a t va lu es eith er ab ove or be­
low  th e lim its for genuin e m aple syru p  m a y be pro­
duced b y  adu lteration . S yru p s y ie ld in g values either 
a b n o rm ally  high or ab n o rm ally  low  m a y  be condemned 
w ith o u t fu rth er exam in ation . B u t it  is clear that the 
possession of a  norm al c o n d u c tiv ity  va lu e  is not in 
itself ad eq u ate evid en ce o f the p u r ity  of a  syrup.

U S E F U L N E S S  O F T H E  M ETH O D

In T a b le  I X  are g i v e n  th e results of analysis of 34 
syru p s a s  foun d upon th e m arket in the P r o v in c e s  of 
S askatch ew an , A lb e rta  an d  B ritish  C olum bia in i 9 ir 
and  1912. T h e  m odified W in to n  lead  num ber was de­
term ined upon th e  q u a n tity  of sy ru p  c o n ta in in g  J 5 

gram s of d ry  m atter.
I t  w ill be seen th a t  th e  c o n d u c tiv ity  m ethod would 

condem n 15 o f these sam ples, and  th a t  ev ery  one of
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T a b l e  IX — S y r u p s  P u r c h a s e d  i n  t h e  Ca n a d i a n  W e s t

Number Sold as Specific grav ity
P e r cent 
M oisture

P er cent 
T o tal ash 
D ry  basis

P e r cent 
Insoluble ash 

D ry  basis
A lkalinity 

soluble ash

Modified W inton 
A lkalin ity  Lead N um ber 
insoluble ash (D ry  basis)

C onductivity
value

1 Pure 1.309 36 .8 0.13 0.03  . 0 .11 0.11 0 .4 6 23
2 Pure 1.337 32 .2 0 .09 0.05 0.06 0 .13 0 .1 0 24
3 Pure 1.304 37 .6 0 .67 0.29 0 .34 0 .4 6 1.15 113
4 Pure 1.315 35 .8 0 .62 0.31 0 .34 0 .52 1.37 114
5 Pure 1.332 33 .0 0 .76 0.34 0.47 0 .60 1 .99 134
6 Pure 1.315 35 .8 0.95 0 .50 0.42 0 .58 2 .38 150
7 Pure 1.323 34 .4 0 .84 0 .44 0 .46 0 .70 1.96 143
8 Pure 1.318 35 .3 0.91 0.43 0.42 0 .74 2 .09 159
9 Pure 1.326 . 34 .0 0.41 0 .20 0.23 0 .38 0 .80 79

10 Pure 1.332 33 .0 0 .82 0 .42 0 .50 0 .6 6 1 .92 133
11 Pure 1 .316 35 .6 0.07 0 .04 0.08 0 .10 0 .23 21
12 Pure 1 .326 34 .0 0.85 0 .30 0 .38 0.42 1.40 123
13 Pure 1 .344 31.1 0 .64 0 .18 0.28 0.28 0 .99 90
14 Pure 1.352 29.8 0 .72 0 .30 0.35 0.45 1.61 117
15 Pure 1.340 31.7 0 .93 0 .33 0 .48 0 .50 1 .58 142
16 Pure 1 .323 34.5 0 .93 0.38 0 .49 0.61 2 .06 152
17 Pure 1 .330 33.4 0 .33 0.14 0 .20 0 .26 0.84 60
18 Pure 1.335 32.5 0 .43 0 .19 0 .23 0.32 0 .83 66
19 Pure 1.315 35 .8 0 .50 0.22 0 .29 0 .38 1.09 85
20 Pure 1.320 35 .0 1.09 0 .40 0 .50 0 .72 2 .25 160
21 Pure 1.333 32 .9 0 .7 0 0 .33 0 .38 0.58 1.68 128
22 Pure 1 .327 33 .8 0.74 0.21 0.31 0 .46 1 .33 93
23 Pure 1.331 33 .2 0 .54 0.28 0 .32 0 .42 1.41 97
24 Pure 1.340 31.7 0.59 0 .23 0 .3 0 0 .46 1.29 94
25 Pure 1.324 34 .3 1.22 0 .43 0 .49 0.72 2.33 145
26 Pure 1.325 34 .2 0.93 0.52 0 .47 0.83 2 .56 149
27 Pure 1.326 3 4 .0 0.85 0.33 0 .50 0.57 2.11 146
28 Pure 1.329 33.5 0 .62 0.21 0 .32 0 .48 1 .26 94
29 Pure 1.335 32.5 0.65 0 .25 0.40 0 .57 1.36 113
30 Pure 1.329 33.5 0 .3 5 0.15 0 .16 0 .33 0 .8 6 64
31 Compound 1.337 32.2 0 .10 0 .04 0 .09 0 .09 0 .20 24
32 Compound 1.351 30 .0 0 .56 0 .14 0.31 0 .23 0.72 136
33 M aple flavor 1.351 30 .0 0.21 0.13 0.15 0 .17 0 .47 48
34 M aple flavor 1.339 31 .9 0 .30 0.25 0 .36 0 .42 1 .68 129

Standards of purity :
C anada............................... 35 .0 0 .60 0 .12 1 .20
V erm ont 0 .77 0 .23

Ordinary limits for genuine syrup: 
M inimum.................................... 0 .75 0 .23 0 .30 0 .3 6 110
M axim um.......................... 1.35 0 .80 0 .66 0.94 200

these 15 is a ls o  c o n d e m n e d  b y  a  c o m p le t e  a n a ly s is .  TH E COMPOSITION OF D IF F E R E N T  V A R IE T IE S  OF R E D

Syrups 32 and 34, how ever, w h ich  w ould  pass the con- PE P P E R S1

d u ctiv ity  te s t ,  a r e  c o n d e m n e d  b y  t h e  o t h e r  d e te r m in a -  By l . m . T o l m a n  a n d  l . c . M i t c h e l l

tions, and Nos. 3, 4 and 29, w hich  are n ear th e Received May 26. 1913
li m it  i n  c o n d u c t i v i t y  v a l u e  a n d  w h i c h ,  b e i n g  o f  t h e  c a y e n n e  o r  c h i l l i

same brand as Nos. 9, 19, 21, 22, 24 and 28, are prob a- General Description .— C ayen n e or chilli is a sm all
My adulterated, are also n ear the lim its of th e C an adian  fru ited  pepper, a v a r ie ty  of Capsicum  Jrutescens L .,
standard in respect to  th e  oth er a n a ly tic a l d a ta  and  a species of Capsicum , w hich is a genus of th e fa m ily
are below the V erm o n t stan dard  on to ta l ash. W hen  Solanaceae, indigenous to  the A m erican  tropics, b u t
one considers th a t  all the o rd in ary  a n a lytica l w ork  now grow n or cu ltiva ted  in n early  all tropic and sub-
on the 15 sam ples m igh t be om itted , th e usefulness tropic countries. I t  is characterized  b y  its extrem e
oi the co n d u ctiv ity  m ethod is ap paren t. pun gency and the sm all size of the pods. T h e leading

com m ercial varieties (19 11) are A frican  and Japanese. 
s u m m a r y  rpjie A frican  cayen ne or chillies com e ch iefly  from

!• A rapid m ethod  of d etectin g  a d u lteration  of th e ports of M om basa and Z anzibar, B ritish  E a st
maple syrup w ith  com m ercia lly  pure sucrose is de- A frica , and are usually  designated in th e trad e b y  the
scnbed. nam e of the port from  w hich shipped; th e y  are from

2. The “ c o n d u ctiv ity  v a lu e ”  is defined as 100,000 10 to  15 mm. in len gth , dark, dull red in color, and
times the specific c o n d u c tiv ity  a t  25° C. of a  m ixtu re extrem ely  pun gent; th e y  are ground for use. A  few
of one volum e of syru p w ith  tw o  vo lu m es of w ater. of th e sam ples contained som e u n attach ed  stem s and

3 ’ The lim its of c o n d u c tiv ity  v a lu e  for pure m aple calyxes.
syrup are te n ta tiv e ly  set a t  n o  to  200. T h e Japanese chillies com e from  th e port of K ob e,

. 'ru , . , . . .  , , , Tapan; these are from  15 to  40 mm. in len gth , brigh t
4 - T h e  r e la t io n  o f  c o n d u c t i v i t y  v a lu e  t o  a s h  d a t a  , , , , . . .  c . .

is disciissed. r  in  c o ' o r ’ c ' e a n > c o n t a in in g  v e r y  fe w  s t e m s  o r  c a ly x e s ,
' ’ and are used chiefly in the unground condition  for the

5- The usefulness o f th e te st is illu strated . preparation  of th e so-called “ chilli sau ce.”

Macdonald C o l l e g e  C ayen n e or chilli contains a fixed, b lan d oil, found
Q u e b e c  i  A uthors ' ab strac t of Bull. 1 6 3 , Bureau of Chem ., D ept, of Agr.
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in both  pods and seeds, b u t more a b u n d an tly  in th e A nalyses .— In  addition  to  th e A frica n  and Japanese
latter, considerable resinous and m ucilaginous m a- varieties w hich m ake up th e m ajor portion  of the im-
teria l, a red coloring m atter confined to the shell, p o rtation s, tw o  other a p p a ren tly  different varieties
and th e a ctiv e  principle, capsaicin, to  w hich the were exam ined. N . Y .  25482 is a n early  round cayenne
pun gen cy is due. T h e capsaicin  is present in b oth  or chilli from  In d ia, 15 to  25 mm . in length and 10 to

T a b u s  I — R e s u l t s  o p  A n a l y s e s  o p  C h i l l i e s , o r  C a y e n n e  P e p p e r s

O riginal Sifted
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N . Y . 2 4 5 8 4 .... 6 .45 1.56 4 .89 17.91 26.41 5 .9 8 0.82 5 .16 18.34 26.75
N . Y . 2 4 6 0 5 .... 5 .34 0 .44 4.90 18.59 27.26 5.51 0.46 5.05 18.45 27.97
N . Y . 2 4 6 0 6 .... 7 .38 1.73 5.65 17.70 28.45 5.71 0 .72 4 .99 18.60 28.11
N. Y . 2 4 6 1 0 .... 7 .44 1.03 S .41 19.00 26.13 6.16 0 .72 5 .4 4 18.46 27.44
N . Y . 24701... . 4 .88 0.45 4.43 0 .24 19.36 25.26 4.80 0 .52 4 .28 0.28 19.02 26.21
N . Y . 24802... . 7.72 2 .59 5 .13 0.41 16.43 27.25 5.80 0 .72 5 .08 0.47 16.41 27.22
N . Y . 2 4 8 0 3 .... 5.51 0.52 4 .99 0 .7 4 17.03 28.81
N . Y. 24855... . 5.81 1.00 4.81 1.21 18.60 27.39 5.71 0 .64 5 .07 0.85 18.63 27.63
N. Y. 24885... . 5 .48 0.55 4.93 0 .89 18.60 27.86 5.18 0 .4 4 4 .7 4 1.11 18.14 28.03
N. Y. 2 5 0 2 7 .... 5.51 0.78 4.73 0.51 16.81 26.57 5 .13 0 .50 4 .63 0.49 17.28 26.77
N. Y. 2 5 0 2 8 .... 6 .96 1.63 5.33 0.49 15.88 26.70 5 .64 0 .74 4.90 0 .56 16.87 27.08
N . Y . 2 5 0 2 9 .... 5.83 0.76 5.07 0 .73 16.21 26.54 5 .5 9 0.65 4 .9 4 0.65 16.59 26.48
N . Y . 2 5 0 3 1 .... 7.45 2.25 5 .20 0 .52 17.93 24.98 5.86 0.85 5.01 0 .2 6 17.33 26.98
N . Y . 2 5 1 9 0 .... 5 .9 4 0.93 5.01 0.65 16.09 27.27 5 .5 6 0.77 4 .79 0 .4 4 16.82 26.72
N . Y . 2 5 1 9 5 .... 5 .72 0.65 5.07 0 .54 15.90 28.00 5.31 0.50 4.81 0 .58 16.07 27.72
N . Y. 2 5 2 4 5 .... 5 .64 0 .86 4 .78 0 .7 4 17.95 25.48 5 .33 0 .66 4.67 0 .75 17.40 27.25
N . Y . 2 5 3 4 8 .... 5 .76 0.73 5.03 0.75 16.22 26.59 5 .19 0 .5 4 4.65 0.72 16.53 26.44
N . Y. 2 5 3 9 9 .... 5 .53 0.73 4 .80 1.09 17.14 26.73 5 .38 0.59 4.79 0 .7 4 17.83 25.87
N . Y . 2 5 4 7 0 .... 7.07 1.95 5 .12 1.59 16.52 26.30 5 .75 0 .59 5 .1 6 0 .63 17.41 26.80
N . Y . 2 5 4 8 1 .... 6.21 1.19 5 .02 1.72 15.91 26 .16 5 .66 0 .74 4.92 1.37 16.40 27.40
N . Y. 2 5 5 6 6 .... 8.41 3 .03 5.38 0.73 16.00 25.21 , 5 .55 0 .62 4 .93 0 .7 6 17.01 26.12
N . Y . 25634... . 5.35 0 .50 4 .85 0 .28 16.89 26.12 4 .86 0.37 4 .49 0.25 16.81 25.39
I. S. 3817-C ... . 6 .66 1.42 5.24 1.15 17.60 28.70 5.24 0 .55 4 .69 0.71 19.68 28.85
I. S. 3819-C .. .  . 5.77 0.87 4 .9 0 0.97 18.76 27.93 5.58 0 .73 4.85 0 .4 0 18.38 28.16
I .  S. 3820-C .. . . 6 .18 1.09 5 .09 0.91 16.99 27.97 5 .38 0.55 4.83 0 .66 18.13 28.00
I. S. 3822-C .. . . 17.62(a) 11.38(a) 6 .24 (a) 0 .76 (a) 14.73(a) 24 .50(a) 5 .7 4 0 .72 5 .02 0 .5 0 18.34 27.55
I. S. 3823-C .. . , 7.31 2 .26 5.05 0 .96 16.65 28.24 5 .73 0 .73 5 .00 0 .82 16.65 29.46

A verage......... 6,31 1.24 5.07 0.81 17.26 26.86 5.51 0.63 4 .8 8 0 .6 4 17.52 27.23
M axim um ... . 8.41 3.03 6.41 1.72 19.00 28 .70 6 .16 0.85 5 .44 1.37 19.68 29.46
M in im u m ... . 5 .34 0 .44 4.73 0 .28 15.88 24.98 4 .8 6 0 .37 4 .49 0.25 16.07 25.39

Japanese (Kobe)
chillies or cayenne:

N . Y. 24819... . 5 .08 0 .38 4 .7 0 1.59 20.41 24.89
N . Y . 2 5 0 0 4 .... 5.21 0 .58 4 .63 0 .32 19.04 25.17 5 .06 0 .38 4 .68 0 .3 4 19.54 24.91
N . Y. 2 5 0 1 0 .... 5 .69 0 .53 5 .16 0.35 20.51 24.84 5 .4 4 0 .49 4 .95 0 .25 20.00 24.42

* N . Y. 2 5 0 1 1 .... 5.41 0 .77 4 .64 0 .29 18.08 23.66 5 .08 0 .4 8 4 .60 0 .32 18.15 24.72
N . Y. 25 0 1 2 .... 5 .18 0 .66 4.52 0 .20 18.39 25.32 5 .12 0.51 4.61 0 .22 17.67 25.87
N . Y. 2 5 0 1 3 ,... 5 .76 0.73 5.03 0 .19 20.17 24.39 5 .3 4 0 .4 6 4 .8 8 0 .2 0 19.09 24.06
N . Y . 2 5 0 14 .... 6 .20 1.07 5.13 0 .28 20.26 24.11 5 .70 0.51 5 .19 0 .25 20.57 25.05
N . Y . 2 5 0 2 6 .... 5 .86 0.57 5 .29 0 .88 23.21 24 .18 5 .79 0 .53 5 .26 0 .97 22.89 24.65
N . Y . 2 5 3 9 8 .... 5 .26 0.41 4 .85 0 .24 20.77 22.83 5 .10 0 .3 0 4 .80 0 .10 20.14 22.85
N . Y . 25408-... 5 .55 0.41 5 .14 1 .01 18.51 24.60 5 .3 4 0 .32 5 .02 0 .88 18.88 24.35
N . Y . 2 5 4 0 9 .... 5 .45 0.31 5 .14 0 .72 21.11 24.00 5 .50 0 .27 5 .23 0 .9 6 20.73 24.95
N . Y . 2 5 4 1 0 .... 5.41 0.33 5 .08 0 .75 20.68 23.58 5 .26 0 .33 4 .93 0 .60 20.39 23.70
N . Y. 25567... . 5 .32 0.57 4 .75 0 .09 19.43 23.89 5 .15 0 .37 4 .78 0 .05 19.21 23.86
N . Y . 2 5 6 7 8 .... 5 .40 0 .36 5 .04 0 .59 17.10 24.28 5 .3 6 0 .39 4.97 0 .2 0 17.81 24.07
N . Y. 25679-A. 5 .52 0 .54 4 .98 0.27 20.14 22.82 5 .40 0 .47 4.93 0 .2 0 19.10 24.44
N . Y . 25679-B. 5 .9 0 0 .4 0 5 .50 0 .40 19.44 23.80 5 .82 0 .47 5.35 0 .25 20.01 23.13
I. S. 38 1 8 -C ... . 5.71 0.44 5.27 1.39 21.69 25.96 5 .40 0.37 5 .03 1.14 21.20 26.08

A verage......... 5 .52 0.53 4 .99 0 .56 19.94 24.25 5 .37 0.42 4.95 0.43 19.71 24.45
M axim um ... . 6 .20 1.07 5.50 1.59 23.21 25 .96 5 .82 0 .53 5.35 1.14 22.89 26.08
M in im u m ... . 5 .0S 0.31 4.52 0 .09 17.10 22.82 5 .06 0.27 4 .6 0 0 .05 17.67 22.86

Cherry:
25.77N. Y . 2 5 4 8 2 .... 6 .62 1.23 5 .39 I . I S 16.17 26.20 5.82 0.51 5.31 0.77 17.56

Sweet, red pepper:
24.90B. 4484............... 6 .04 0 .40 5.64 0 .72 12.80 25.31 5 .93 0 .42 5.51 0.75 13.64

Siftings:
I. S. 3821-C .. . . 62.63 51.53

(a) N ot included in average, maxim um , and  minimum .

th e seeds and th e shell, b u t the larger p a rt is found in 15 mm. in w idth , belonging to  C. frulescens baccaiu»•
th e placentae. T h e red coloring m atter is soluble in L ., and know n to  th e trad e under th e nam e “ cherry’
ether, petroleum  ether, carbon bisulfid, and chloro- T h e  color of the pods varies from  dark red to a
form , b u t v e ry  s ligh tly  soluble in alcohol. brow nish yello w ; the sam ple w as clean and had n°
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stems or calyxes. B . 4484 is a capsicum  from  Japan 
and is from  45 to  65 mm. in len gth , b righ t red in color, 
clean, and had the stem s and calyxes atta ch ed  to the 
pods. A n alysis in dicates th is  to  be a ,  sw eet, red 
pepper.

In order to  determ ine th e characteristic  taste, and 
flavor and to  find out defin itely  w h at p a rt or parts of 
the pod contained th e capsaicin, pods from  different 
samples were b roken  up in to  the follow ing parts: 
shells, seeds, and placentae. T h e  shells from  the 
Japanese chillies h a ve  a sligh tly  b itter, s lig h tly  acid, 
bland taste (sim ilar to  th a t  of pim enton) and are 
mildly pungent; th e seeds, a sw eetish, bland, m ildly 
pungent taste; and th e  p lacen tae extrem ely  pungent, 
containing n early  all th e activ e  principle, capsaicin; 
the ground product has a v e ry  pungent taste. T h e 
shells from  th e A frican  chillies h ave a sligh tly  acid, 
pungent ta ste; th e seeds, a sw eetish, b land, pungent 
taste; and th e placen tae, extrem ely  pun gent; the 
ground product has a v e ry  pun gen t taste.

The samples were ta k en  from  the various im ports as 
they were received  b y  th e regular U nited  States 
Treasury sam plers b y  m eans of coffee triers which 
were inserted into th e packages or bales and th e  sam ­
ples allowed to  flow out into  paper bags.

In each instance an an alysis w as m ade of th e origi­
nal and of th e p a rt w hich has been carefu lly  sifted 
with an ordinary coarse 3 mm . hand sieve to  rem ove 
as much sand as possible. T h e tw o analyses are 
placed on the sam e line, so th a t  a rea d y  com parison 
may be made.

The A frican  or M o m basa chillies h a ve  th e appear­
ance of being d irty  or san d y, and the an alyses p la in ly  
show this condition. T h e y  are said to  grow  w ild 
in the interior of trop ica l E a st A frica  and are gathered 
by sem icivilized people. T h e y  are dried on the ground 
and roofs of th e h u ts or houses, thus sub jected  to 
the various conditions of th e  w eather. T h e y  contain  
dirt, sand, stem s, etc., and necessarily  need cleaning 
before being ground for use. A tten tio n  is called to 
one sample, I. S. 38 22-C , showing a m ost rem arkable 
amount of sand and d irt present, w hich ap p aren tly  
could readily be sifted  ou t, as th e analysis of the 
sifted product shows a norm al condition. T h e re­
sults on the sifted  portions are rem ark ab ly  uniform , 
showing only sligh t variation s betw een  the m axim um  
and the minim um .

The Japanese or K o b e  chillies differ in appearance, 
being very clean-looking and of a m uch brigh ter color. 
I  he results p la in ly  show  th is difference, as th e  am ounts 
of sand and ash are m a teria lly  low er. M a n y  sam ples 
contained less th a n  one-half per cent, of sand, while 
m the M om basa chillies p ra ctica lly  none of the 50 
samples ran as low  as th a t.

I- S. 3S22-C  is so abn orm al in its ash and ash insolu­
ble in acid th a t none of th e  results are included in the 
average, m axim um  and m inim um  results. N ote how 
the sifting reduces the m ineral m atter and increases 
the nonvolatile ether e x tra ct and crude fiber, m aking 
them normal.

P A P R I K A

General Description.— P ap rik a  is a large-fru ited

pepper, grow n in H un gary, a v a r ie ty  of Capsicum  
annuum L ., a species of Capsicum , which is a genus 
of th e fa m ily  Solanaceae. W hen pow dered, it  has a 
deep red color and a sw eetish, m ild ly  pun gent flavor. 
Its  o r ig in . is som ew hat obscure, b u t it  a p p a ren tly  
originated in A m erica, w hence it  can be traced  from  
Spain, through Greece and T u rk e y , to H u n gary. It. 
has been vario u sly  designated as T u rkish  pepper o r 
paprika, H ungarian pepper or p ap rik a, or gard en  
pepper.

A ccordin g to  C son ka and V a ra d i,1 there are five 
grades of H ungarian  p ap rik a  know n to  com m erce, as. 
follow s:

R osen paprika or R 6 zsapaprika.
K on igsp ap rik a  or K ir& lypaprika.
M erkan tilpaprika.
K ran zp ap rika .
G eschnittener P ap rika.

T h e tw o last grades are p ra ctica lly  unknow n in 
the U nited  S tates, as all of th e p ap rik a  com ing into  the 
U n ited  S tates is ground.

R osen paprika, or R 6 zsapaprika, is th e best grade of 
paprika' m ade in  H u n gary, and has been know n un­
der this nam e since i860, ob tainin g its  nam e from  its. 
b eau tifu l red color. I t  is produced w ith  th e utm ost 
care from  special, selected  pods, the sp otted  and dam ­
aged parts being cu t o u t; the placentae, th e sta lks, and. 
the stem s rem oved, and the seeds and shells washed 
m any tim es before being ground. T h e ground prod­
u ct has a brigh t red color and is distinguished b y  its- 
p leasant taste. I t  w ill be n oted th a t  even  in  the 
h ighest grade of paprika  the seeds are ground w ith  the 
shells.

T h e second grade, or K on igsp ap rika , is prepared b y  
grinding the whole pod w ith ou t selecting a n y  of the 
pods, and includes n ot on ly  th e seeds, b u t also th e  
stem s, in th e  am ount n a tu ra lly  occurring w ith  th e 
pod.

T h e M ercantile  grade is produced from  the spotted, 
pods rem aining from  the selection for the finer grades 
and from  th e pods contain ing flaws, the low er grades- 
of th e  M ercantile being ground w ith the sta lks, stem s, 
and other w aste parts. T h is grade has, as a rule, a. 
m uch more pun gent ta ste  and has a pale yellow  color.

Szigeti2 classes paprika  in four grades, m akin g a. 
special grade above th e R 6 zsapaprika, w hich he calls. 
E ctes pap rika; otherw ise, .he classifies them  in p ra c­
tica lly  the sam e m anner as the previous authors. 
He calls atten tion  to the fa c t th a t th e M ercantile 
grade consists of scraps and w aste from  the other 
grades, and th a t th e p roduct is m ore pun gent and has a 
yellow  color, as distinguished from  th e higher grades.

Analyses.— T h e sam ples w hich were exam ined b y  
the authors, the results of w hich are given  in T a b le  
I I I , were received  under the seal of the R o ya l H un ­
garian  M in istry  of A gricu ltu re through th e  D ep art­
m ent of State. T h ey  consisted, of large w reaths, w ere 
of a brigh t red color, sound, from  6 to  10 cm . in  len gth  
and from  2 .5  to  4 .0  cm . in d iam eter, and of a con ical 
shape.

1 Der Szegeder paprika  und d tr  Stegeder Paprikahandcl, 1907.
2 Zls. Landw. Versuchsw. Oesterr., 5, 1208-22 (1902).
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In  order to get a t th e com position of the different 
p a rts  of the paprika, each sam ple was subdivided  into 
five different portions, as follow s: First, ground
shells, stem s,seeds and p lacentae; second, ground shells, 
seeds, and p lacen tae; third, ground shells alone; fourth, 
ground seeds and placentae alone; fifth, ground stem s 
alone. In  the preparation  of these products, th e y  were 
ground sep arately  and passed through a 0 .5  mm. 
sieve, w ith the exception  of th e seeds, w'hich were passed 
through a 1 mm . sieve.

T h e results of th is separation  in percen tage of shells, 
seeds and placentae, and stem s, are as follow s:

T a b l e  I I — S e p a r a t i o n  o p  H u n g a r i a n  P a p r i k a s  f o r  A n a l y s i s

Seeds and 
Shells p lacentae Stem s 

(21 samples) Per cent Per cent Per cent
A verage..............................................  5 6 .4  36.1 7.5
M axim um ..........................................  63 .7  4 3 .2  9 .4
M in im um ........................................... 50 .5  28.1 6 .0

T h e percentage -was determ ined so th a t the effect 
of the addition  of an y of the parts in excess of the 
norm al m ight be calcu lated , and thus a check had on 
the actu al determ inations m ade on the various grind­
ings.

T h e percentage of these various parts is also of valu e 
in  the m icroscopic exam ination  of the ground product, 
in order to determ ine w hether or not there is an a b ­
norm al percentage of seeds or stem s present. It  will 
be seen from  th is table th a t the percentage of stem s 
never exceeds 10 per cent.

T ab le  II I  contains the results obtained  b y the au ­
thors on the various sam ples of H un garian  paprika, 
separated  into their various parts and ground.

given  in C ircu lar I 9 > Office of th e S ecretary , would be 
classified, when ground, as p aprika. T h e succulent 
pericarp of th is pepper is m uch used for stuffing of 
olives, while th e  dried pod is ground as a spice. A 
large q u a n tity  of this pepper im ported  to the United 
States is used large ly  on accou n t of its  high coloring 
properties. T h e taste  and flavor are quite different 
from  the H u n garian  paprika.

T h e sam ples w^hich were exam ined during this study 
were received under seal from  the Am erican consul- 
general at B arcelona, Spain, and consisted of large 
w reaths, th e pods of w hich were of a b rig h t red color, 
sound, and from  2.5 to 4 cm. in len gth , and from 4 cm. 
to  6 cm . in diam eter, h a vin g  a n early  round shape.

Analyses .— F iv e  different grindings were made from 
each set of peppers. In  th e  first case, th e shells, seeds 
and placentae, and stem s, were ground together; in 
the second, the shells, seeds and p lacen tae; in the third, 
the shells alone; in th e fourth, th e shells and placentae; 
in  the fifth, the stem s alone. T a b le  I V  gives the per­
cen tage com position of the various parts of the pods 
used in the above ground sam ples:

T a b l e  IV.— S e p a r a t i o n  o p  S p a n i s h  P i m e n t o n  p o r  A n a l y sis

Serial No. Shells
-(18 sam ples) Per cent

A verage.................................................. 55 .3
M ax im um .............................................  58.1
M in im um ..............................................  53.1

Seeds and 
placentae 
Per cent 

36 .0  
3 7 .4  
34 .9

Stems 
Per cent 

8.7 
10.9 
6.0

T a b l e  I I I -

T h e percentage w as determ ined so th a t  the effect 
of an addition  of a n y  of th e p arts in excess of the nor­
mal m ight be calcu lated  and th us a check had on the 
a ctu al determ in ations m ade on the various grindings. 
T h e percen tage of these p arts is also of value in the

A n a l y t i c a l  R e s u l t s  o n  G r o u n d  H u n g a r i a n  P a p r i k a
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A verage........... 3.47 5.63 0.28 5 .36 14.49 14.04 0 .42 21.93 12.61 132.6
M axim um ........ 3 .76 6.03 0.33 5 .73 16.56 16.43 0 .89 22.76 15.00 134.0
M in im um ........ 3 .29 5 .08 0 .24 4 .82 12.87 12.21 0 .08 20.69 10.86 129.8

Shells, seeds and  placentae:
A verage............ 3.51 5 .22 0 .26 4.96 15.62 15.28 0 .34 21.56 13.91 131.9
M axim um ........ 4 .16 5.56 0.31 5.25 17.43 17.35 0 .90 23.18 15.08 133.2
M in im um ........ 3.11 4 .66 0 .2 0 4.41 14.50 13.94 0 .07 20.47 12.64 129.0

Shells:
A verage........... 3 .63 6 .60 0 .28 6.33 6 .34 6.07 0.28 23.19 4.68 140.1
M axim um ........ 4 .00 7.11 0.37 6.84 7 .19 6.90 0 .44 24.07 5 .26 149.5
M in im um ........ 3 .44 6 .29 0.22 6 .04 5 .38 5 .14 0 .16 22.20 4 .14 133.2

Seeds and placentae:
A verage............ 3 .97 3 .63 0 .26 3 .38 27.02 26.96 0 .06 20.76 23.53 133.5
M axim um ........ 4 .23 3 .80 0 .30 3 .59 27.71 27.56 0 .15 21.60 24.96 134.0
M in im um ........ 3 .73 3 .38 0.21 3.13 25.99 25.97 0.00 20.89 22.53 133.1

Stem s:
A verage............ 5 .22 10.59 0 .85 9.74 2.77 2.54 0.23 30.67
M axim um ........ 5 .78 11,35 1.20 10.67 3 .40 3.05 0 .35 32.86
M inim um ........ 4 .6 6 9 .84 0 .66 9.18 2.25 2.11 0 .15 29.34 /

(a) N o t read.
P IM E N T O N , OR P IM IE N T O 1 m icroscopical exam ination of

a. a
o o

1.4806
1.4854
1.4758

1.4799
1.4834
1.4756

7 samples

7 samples

(a) 
(a) ,

7 samples

1.4696
1.4699
1.4691

7 samples

7 samples

General Description .— T h e pim enton, or pim iento, 
is a large-fru ited  pepper, a v a rie ty  of Capsicum  an- 
nuum  L ., grow n in Spain, and, under the stan dard

1 “ P im enton" should no t be confused w ith "p im en to ” or "p im en ta "  
which are applied to  Jam aica  pepper o r allspice. “ P im enton”  is the definite 
term  used to  designate the  Spanish p roduct when ground. T he  usual 
term  in the  trade  is Spanish paprika.

norm al percentage of a n y  of the parts.
T ab le  V  gives the a n a lytica l results on the various 

ground sam ples.
C O N C L U S IO N S  

Cayenne.— T h e first point of special interest to be
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Serial No.
Shells, seeds and placentae, 

and stems:
Average...............................
Maximum............................
Minimum............................

Shells, seeds and  placentae:
Average..............................
Maximum...........................
Minimum............................

Shells:
Average..............................
Maximum............................
Minimum............................

Seeds and placentae:
Average..............................
Maximum............................
Minimum............................

Stems:
Average..............................
Maximum...........................
Minimum............................

Ü cvo o

* 2  
d 0 
a 2 ~ o -2 c

J3 « o '** 
>
5 .06
5 .9 8  
4.31

4.83 
5 .09  
4 .52

4.83  
5 .02  
4 .74

3 .92
4.12
3 .5 9

5 .35
5 .98  
4 .8 6
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7 .39 0 .35 7 .04 12.34 11.87 0.47 20.13 10.34 136.7 1.4805
7 .86 0 .48 7 .54 13.06 12.58 0 .69 20.59 10.81 137.3 1.4818 7 sam ples
6 .98 0.29 6 .69 11.93 11.30 0.10 19.53 9.81 136.0 1.4776

6 .98 0 .32 6 .66 12.91 12.47 0.44 19.49 10.67 136.1 1.4801
7 .35 0.40 6.98 13.85 13.34 0 .60 20.34 11.30 137.2 1.4810 8 sam ples
6 .6 0 0 .24 6 .26 11.83 11.58 0.25 18.76 9 .8 0 134.5 1.4792

7.99 0 .32 7.67 7.02 6 .30 0.71 18.04 4.46 141.0 1.4963 '
8 .46 0.37 8.09 7.52 6.81 1.05 18.70 4.67 143.7 1.4968 8 sam ples
7.55 0 .26 7.29 5.85 5 .44 0.41 17.26 4.26 136.7 1.4958 .

4 .7 9 0 .27 4 .52 23.32 23.10 0.21 22.37 19.99 129.9 1.4699
5 .02 0.31 4 .76 24.89 24.58 0 .42 24.08 21.35 130.8 1.4702 8 sam ples
4 .43 0 .22 4 .12 22.15 21.82 0 .05 19.90 19.11 128.1 1.4695

14.53 0 .73 13.81 1.76 1.44 0.31 29.43
15.77 1.07 14.91 2.45 2.05 0.49 30.98 8 sam ples
13.00 0 .58 12.36 1.48 1.22 0 .15 27.66 : : : :

noted is the fa c t th a t  the M om basa, or A frican , chillies 
now coming into th is co u n try  are exceedin gly d irty, and 
must necessarily be v e ry  carefu lly  cleaned before th e y  
are ground. T h is  condition  is un do u bted ly  b rought 
about by the fa c t th a t th e y  grow  w ild in the interior 
of Africa, and are gathered  b y  sem i-savage tribes and 
dried under various conditions.

It is also lik e ly  th a t th e conditions which control the 
production of th is p rod u ct m ay v a ry  in th e course 
of a number of years, so th a t th e cayenne on the 
market m ay v a r y  from  tim e to tim e as th e source of 
the chillies varies.

At the present tim e, a considerable am ount of sm all, 
round-shaped chillies, know n as “ cherries,”  grow n in 
India, is being b rough t into th is cou n try , and p rac­
tically none of th e tru e Z an zib ar chillies is being re­
ceived, although som e chillies are still shipped from  
Zanzibar which are u n d o u b ted ly  the sam e as those 
coming from M om basa, and their source is th e in­
terior of A frica and n ot th e islan d of Zanzibar.

The sand present in these p roducts appears to  be en­
tirely of an extraneous n ature, and th e y  can be sifted  
so that an en tirely  uniform  p rod u ct is obtained. A n 
examination of th e tab les shows th a t th e sand-free 
ash of these products, regardless of source, is extrem ely 
uniform, and as a criterion  of th e p roduct it  would ap ­
pear that this figure w ould be of great value.

The Kobe, or Japanese, chillies are com p a ra tively  
clean and need b u t little  siftin g to  produce a satisfac­
tory product. These, how ever, arc used in the prep ara­
tion of “ chilli sa u ce ,”  and n ot for grinding purposes.

A careful stu d y  of th e various tables shows th a t in 
Judging the various varieties  of cayenne— A frican , 
Japanese, and In dian — th e y  should be com pared w ith 

ata obtained upon chillies from  th e sam e source. 
Hungarian P aprika .— F ro m  a s tu d y  of the literatu re 

ar>d the inform ation a va ila b le  in th e  coursc of this 
investigation, it  w ould appear th a t th e w ord “ p a p r ik a ”  

as generally referred in the past to  a p rod u ct m ade in 
ungary, but now  it  is applied to  sim ilar products 

Produced in Spain and A m erica; it  is clear th a t the

term s “  R osen p ap rika”  and “ R ó zsap ap rik a ”  are lim ited 
to a well-defined p roduct w hich has been m ade in H un ­
ga ry  for a long period of tim e and consists of the h igh­
est grade of pods ground w ith ou t the stem s.

F urther, it  is clear th a t th e grinding of th e  stem s 
w ith a product of this kind is sim p ly  for th e purpose 
of producing more w eight and actin g  as a filler, and th a t 
it  does n ot add a n y  va lu ab le  q ualities to  th e product, 
as it  contains no flavoring principles. I t  is also clear 
th a t the grinding of th e seeds and placentae w ith the 
pods produces an im proved  prod u ct, and all of th e 
facts seem to  indicate th a t it  is a well recognized and 
leg itim ate process.

T h e results show th a t paprika m ust be ju d ged  from  
d a ta  obtained upon sam ples of p ap rik a  from  a know n 
source.

jPimentón, or Spanish P ap rika .— It appears from  
this investigation  th a t th is p roduct is com m only know n 
as “ Spanish p a p rik a,”  or “ p im en to n .”  It  is quite 
different in its flavoring qualities and va lu e  from  
H ungarian paprika, and should be prop erly  d istin ­
guished from  it. I t  has v e ry  little  pun gen cy and its  
flavor is different from  th a t of th e H ungarian  product.

F urther, th e an a lytica l results upon the pim enton 
show th a t th e different conditions under w hich it  is 
grown have affected, to  a greater or less exten t, the 
am ount of ash and other ingredients present, clearly  
showing th a t in the judgin g of these p roducts it  is 
necessary to com pare the H ungarian  paprikas w ith 
d ata  upon H ungarian  paprikas, and th e Spanish 
pim entons w ith  d ata  upon Spanish pim entons. ’

I t  is shown th a t it  is possible to distinguish b y  
a n alytica l m ethods and b y  ch aracteristic  properties, 
such as taste  and odor, betw een th e H ungarian  p ap rikas 
and the Spanish pim entons. T h e y  h ave different uses, 
the pim enton being largely  used for its  coloring va lu e, 
rather than  for its  flavor.

B u r e a u  o f  C h e m is t r y  
U . S . D e p a r t m e n t  o f  A g r i c u l t u r e  

W a s h in g t o n
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SOM E DISTINCTIONS B E T W E E N  PEPSIN  AND P E P T A S E 1 

B y  D u .  E .  W a h l

T h e far-reachin g influence of peptonizing ferm ents 
in  th e brew ing ind u stry  on th e s ta b ility  of th e product, 
togeth er w ith the fa c t th a t v e ry  little  has been p u b ­
lished on the n ature and properties of th e vegetab le  
ferm en t, has led me to  in vestigate  th e peptase of b arley  
m alt. A lth o u gh  I shall not a ttem p t to go into  ex­
perim ental details and d ata  to -d ay, th e tim e being 
sh o rt and som e of our experim ents being still in com ­
plete, I w ill state  in a general w a y  only som e of the 
differences betw een pepsin and peptase, which have 
becom e apparen t in th e course of m y w ork.

One of the chief differences betw een  these tw o is 
th a t while pepsin (the p roteo lytic  ferm en t derived 
from  th e anim al organism ) is co m p a ra tiv ely  easy to 
ob tain  in a dry form  approxim ating p u rity , th e sam e 
does n ot hold true of the vegetab le  peptase. So far, 
to  m y know ledge, the peptase has not been isolated, 
and  our own experim ents dealing w ith the ob tainin g 
of dry, stab le, peptic  preparations of vegetab le  origin 
h a ve  n ot been v e ry  successful. A lth o u gh  I h ave 
devised  a process w hich enables me to  produce m alt 
ex tra cts  of high peptic stren gth , as outlin ed in m y 
com m unication  to the E ig h th  In tern ation al Congress 
of A p plied  C hem istry , Septem ber, 1912, w hich has 
proven  of great p ractical valu e to the brew ing in ­
d u stry, all a ttem p ts to  reduce th e e x tra ct to a d ry  
form  w ith ou t the sacrifice of th e greater p a rt of the 
peptic  stren gth , h ave failed.

A n other interesting difference is th a t w hile pepsin 
acts  best in the presence of m ineral acid— p referab ly  
hydrochloric— the peptonizing pow er of th e peptase 
of m alt is grea tly  enhanced b y  the presence of lactic  
acid , preferably  of a bacteria l nature. I t  seems e v i­
den t th a t the peptic enzym e contained in m alt is 
locked up (com bined w ith  some base, presu m ab ly  of 
album inous nature) and becom es a ctiv e  through 
liberation  b y  bacteria l acid ity . T h e d igestive  pow er 
m ust be generated, as it were, and I find th a t  b acteria l 
lactic  acid  is the specific a ctiv ato r, h avin g tried  a 
large num ber of other acids, both  m ineral and organic, 
b u t w ith  com p aratively  little  effect. T h e rem arkable 
fa c t is th a t the lactic  acid  n ecessary to  a ctiv a te  the 
peptase is provided  during the grow th  of th e m alt, 
h avin g been introduced into  th e steepin g w ater w ith  
th e b arley. T he secretion in th e anim al organism  
of pepsin and its specific a ctiv ato r, hydrochloric acid, 
w hich has even led some authors to the b elief th a t 
activ e  pepsin is not pepsin in the free state , b u t a 
com pound of pepsin w ith  hydrochloric acid, is thus 
seen to offer quite a close parallel.

1  he optim um  tem peratures of these tw o p roteo lytic  
ferm en ts, th a t is, the tem perature at w hich the 
p ro teo ly tic  action  proceeds m ost fa v o ra b ly , also differ. 
W hile this tem perature lies in the v ic in ity  of 500 C . 
in th e case of pepsin, I have foun d the m ost favo rab le  
tem peratu re for the m ost thorough d igestive action  
of th e peptase to  be as low  as 35-40 ° C . A gain , 
peptase in solution is rap id ly  destroyed  a t 600 C .

1 P resented a t  the  m eeting of the  Chicago Section of the American 
Chem ical Society, June 13, 1913.

while pepsin is not. Furtherm ore, th e peptase of the 
b arley  grain  is cap able of in v ertin g  album en a t the low 
tem perature of sa y  2° C . w hile th e p roteo lytic  action 
of the pepsin a t th a t tem peratu re is practically  nil. 
A ll of the heat-coagulable album en contain ed in a cold 
w ater m alt e x tra ct w ill be com p letely  peptonized, 
w hich m eans, con verted  in to  th e  non-coagulable form, 
b y  perm ittin g th is e x tra ct to stan d  for a few  days at 
th is tem peratu re, viz., 2 0 C .

F in a lly , m ost of th e  cu stom ary  tests employed in 
ph ysio lo gical ch em istry  to  m easure the proteolytic 
a c t iv ity  of ga stric  and ^similar ju ices, g iv e  no satis­
fa cto ry  results w hen applied  to  the peptase of barley 
grain. I h ave reference to such m ethods as those 
devised b y  J aco b y , V olh ard , etc., and the well-known 
fibrin digestion  test. So fa r th e gelatin  test depending 
upon th e liq u efaction  of gelatin e b y  proteolytic fer­
m ents, suggested  b y  S ch id row itz, and which I have 
sligh tly  m odified, has p roven  th e one m ost applicable 
and m ost reliable in jm ea su rin g  th e  peptic  action of 
m alt extracts.

A n oth er alm ost eq u a lly  : reliable criterion of the 
peptic  stren gth  is auto-digestion — th e amount of 
coagulable album en rem aining in a m alt extract after 
th e sam e had been su b ject to the action  of the peptoniz­
ing en zym e for a g iven  period and a t a given  tempera­
ture being determ ined b y  m eans of h eat coagulation.

A t  the begin nin g of th is paper I h ave mentioned the 
application  of these p ep tic/m alt ex tra cts  to practical 
brew ing, and w ould like to  add th a t b y  means of this 
principle the sensitiveness of th e b o ttled  product to 
low  tem peratures is m inim ized. Influences that have 
such detrim en tal effects on beer w hich has not attained 
s ta b ility  to  a  high degree, are high tem peratures, like 
pasteu rization  and sum m er tem peratures, low tem­
peratures, and ligh t. A ll these effects are due to the 
presence, in un stable beer, of collo idal album en, *. e., 
album en in a  sem i-soluble or un stable condition, and 
this album en is influenced and gra d u ally  broken down 
b y  l i g h t  or h eat v ib ration s, and reverts  to  an in so lu b le  

sta te , as shown b y  chilling. B y  em p loyin g the diges­
tive  principle contain ed  in m alt, th e  colloidal a lb u m en  

rem aining in th e  beer a fter proper storage and natural 
treatm en t th rou gh ou t, can  be tran sform ed before the 
beer reaches the b ottle , in to  album enoids that are 
desirable in ev ery  w a y, th a t  is, into th e p e r m a n e n t ly  

soluble and stab le  form s know n as albumose and 
peptones.

A t  som e fu tu re  tim e I will m ake public the ex­
perim en tal d ata  and details of these tests, which I 
h ave now  been con ductin g for a num ber of years.

1135 F u l l e r t o n  A v e .
C h ic a g o

D ETER M IN A TIO N  OF T O TA L F O R M A L D E H YD E  IN FUMI- 
GATO RS AND CO M M ERCIA L SOLUTIONS1

B y  J a c k  J .  H in m a n , J r .

M a n y  m ethods h a ve  been devised  for the estimation 
of form aldeh yde, m ost of w hich are designed for small 
am ounts or m ere traces, a lth ou gh  th e m ethods for the

1 R ead  before th e  In d ia n a  Section  of th e  A. C. S., Indianapolis, J uoe 
13, 1913.
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determination of form ald eh yd e in considerable am ount 
are by no m eans few .

Ih a v e  extended C ra ig ’s ta b le  of m ethods intending 
to give the principal ones w hich are said to  be a p ­
plicable to th e analysis of stron g solutions and solid 
polymers.

F o r m a l d e h y d e  M e t h o d s  

Class I — Specific reactions:

a. Ammonia to  hexam ethylcnetctraraine:
Legier, Der., 32, 2841 (1899).
T rilla t, Compt. rend., 116, 891 (1893); M . K lar, Pharm. Zeit., 

40, 438 (1895).
Cirelli, Arch, farm-, 8 , 581-93.
H erm ann, Chem. Ztg., 35, 25.
Schiff, Chem. Ztg., 27, 14 (1903); Gaillot, A nn . chim. anal., 18, 

17-18 (1913); M alle, Pharm. J .,  June, 1905, p. 844.
b. Potassium cyanide:

G. R om ijn, Z . anal. Chem., 36, 18-27 (1897).
c. Sodium hydroxide: .

Legier, Der. d. deut. Ges., 16, 133.
d. Hydrazine sulfate:

E. Ricgler, Z . anal. Chem., 36, iii, 115 (1887).
Rimini and  Jo n a , Giorn. Farm. Chem., 61, 49-56.

e. 4,4/-D ihydrazinodiphenyl hydrochloride:
Lebbin, Pharm. Zeit., 42, 18 (1897).

f. Catechin:
Clauser, Der., 36, 106 (1903).

g. Sodium bisulfite:
C. K leber, Pharm. Rev., 22, 1894 (1904).
M. R ipper, Dull. soc. chim., [3] 31, 691 (1904).

h. Sodium sulfite:
Seyewetz and  Gibello, Chem. News, 91, 135, 2365.
Lemmc, Chem. Zeit., 27, 896 (1903).

Class II— Addition products with elimination o f water: 

a. Hydroxylamine:
Brochet and  Cam bier, Compt. rend., 120, 449 (1895). 

b Aniline:
T rillat, Compt. rend., 116, 891 (1893).
M. K lar, Pharm Zeit., 40, 548 (1895).

c. Hydrazine hyd ra te :
Curtius and  Pulverm acher, Chem. Zeit., 26, 701 (1902).
A. Pfaff, Der., 36, 2360 (1903).

d. Phloroglucin:
Clowes and  Tollens, Der. d. chem. Ges., 32, 2841.

Class II I— Oxidation and reduction:

a. Acid silver n itrate :
Grützner, Arch. Pharm ., 234, 634 (1896).

b. Alkaline silver n itra te :
L. Vanino, Z . anal. Chem., 40, 720 (1901).

c. Acid potassium  perm anganate:
L. Vanino an d  E . Zeiter, Z . anal. Chem., 40, 587 (1901).

d. Alkaline potassium  perm anganate:
H. M . Sm ith, Analyst, 21, 148 (1896).

e. Sodium hydroxide and  hydrogen peroxide:
Blank and  Finkenbeiner, Der., 31, 2979 (1898).
Haywood and  Sm ith , J . A m . Chem. Soc., 27, 1183 (1905). 
Fresenius and G rünhu t, Z . anal. Chem., 44, 13 (1905). 

f* Iodine:
Romijn, Z . anal. Chem., 36, 18 (1897).
Fresenius and  G rü n h u t, Z. anal. Chem., 44, 13 (1905).

S- Calcium oxychloride:
W. B rautigam , Pharm. Zcntr., 51, 9156. 

b- Potassium bichrom ate:
Nicloux, D ull soc. chim., [3] 17, 839.

Class IV — Physical methods: 

a- Refractometer:
Richter and  Jansen , Chem. Weekblad., 9, 1049. 

b Specific gravity .

Investigations b y  A . G . C ra ig ,1 B . H. S m ith ,2 
^allnitz,3 R o m ijn ,4 and others h ave show n m any of 
these to be u n tru stw o rth y. T h e general conclusions 
seem to be th a t of these m ethods th e preferable ones 
a.re the potassium  cyan id e, iodine, am m onia, hydrogen

1 a. G. Craig, J . A m . Chem. Soc., 23, 638 (1901).
1 B. H. Smith, Ibid., 25, 1028 (1903).
1 ^allnitz, Deut. Gerber Ztg., 1, 4, 6, 8, 12; th rough  J . Chem Soc. 
'R om ijn. Zeit. anal. Chem., [1] 36, 18-24.

peroxide, and sulfite typ es. T h e potassium  cyan id e 
m ethod is best ad ap ted  for d ilute solutions and R .
H. W illiam s1 has shown the iodine m ethod to  be m ost 
readily  influenced b y  norm al im purities. F o r these 
reasons I chose m ethods from  th e three rem aining 
typ e s, since the solutions and polym ers I w ished to 
an alyze were both strong and im pure. U nder th e 
am m onia ty p e  I used L egler’s and Schiff and M a lle ’s 
procedures and repeated  the la tter , using am m onium  
sulfate instead of am m onium  chloride. I also used 
the B lan k  and F inken beiner hydrogen  peroxide m ethod 
of th e U. S. P ., and H ayw ood  and S m ith ’s m odification 
as g iven  in  Bulletin  107 (revised) of the U. S. B ureau  
of C hem istry . T h e sulfite m ethods were those of 
S eyew etz and G ibello and C . K leber. I also com pared 
th e refractom eter tables of B . W agn er2 and the calcu la­
tion  form ula of R ich ter and Jansen based upon th e 
refractom eter reading. T h e references to these m eth ­
ods are given  in th e ta b le  above.

These m ethods were used in the an alyses of four 
sam ples of com m ercial form aldeh yde solutions, e ight 
typ e s of form aldeh yde fu m igators and a sam ple of 
M e rck ’s trioxym eth ylen e. In  addition  to  norm al 
im purities the fum igators contain ed various other 
substances such as naphthalene, phenol, g lycerin e and 
fa ts  and all were more or less con tam in ated  b y  rust. 
T h e y  were prepared for analysis, a fter rem oval from  
the tin  cases, b y  sep aratin g th e paraffin  covering, 
and cu ttin g  into sm all pieces a fter scrapin g off as 
m uch iron rust as possible. T h e sm all pieces were 
m ixed and preserved in rubber-stoppered b ottles.

T h e am m onia m ethod is based upon th e reaction  
betw een am m onia and form aldeh yde to  form  hexa- 
m ethylene tetram ine and w ater:

6CH2O +  4 N H 3 =  (C H 2)„N 4 +  6 H 20

T h e gravim etric  m ethod has been foun d to  be 
w orthless as th e tetram in e loses w eight indefin itely.

Legier's Method.— W eigh a b ou t 2 cc. of th e solution 
(or 0.5 to  0.7 gram  of polym ers) into  a glass-stoppered 
E rlen m eyer flask and add 56 cc. a p p roxim ately  norm al 
am m onium  hydroxide. G rease th e stopper and let 
th e t ig h tly  closed flask stan d  over n ight. Prepare 
tw o blanks using th e sam e am ount of the am m onium  
hydroxide solution and allow  to  stan d  th e sam e len gth  
of tim e under th e sam e conditions. R u n  in a slight 
excess of norm al sulfuric acid  and titra te  b ack  w ith  
norm al sodium  hydroxide, using rosolic acid  as th e 
indicator. T h e difference betw een th e am oun t of 
norm al acid  used to n eutralize the b lan k  and the 
am ount used in th e  case of th e sam ple gives th e am ount 
of true norm al am m onium  hydroxide. C orrect for 
th e a cid ity  of th e sam ple.

1 cc. norm al N H 4OH  =  0.045 gram  form aldeh yde.

T h is m ethod is know n to give low  results. R osolic
acid is not a sa tisfa cto ry  indicator. Loesekann rec­
om m ends m ethyl orange titra ted  to  fu ll red.

S ch iß  and M alle's M ethod.— In troduce 20 cc. of 
n eutral 20 per cent am m onium  chloride solution into 
a glass-stoppered E rlen m eyer flask. M ake a 1 to  10

* R. H . W illiams, J . A m . Chem. Soc., 2 8, 596 (1905)
2 B. W agner, Sonderhausen, 1903 : booklet accom panying Zeiss' im ­

mersion refractom eter.
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dilution  of form aldeh yde and add 20 cc. to th e  am m o­
nium  chloride in th e  flask. F ollow  b y  25 cc. of norm al 
sodium  hydroxide, grease th e stopper and close tig h tly . 
A llow  to stan d one hour and titra te  excess alkali w ith 
norm al sulfuric acid , using rosolic acid  as indicator. 
C orrect for the a cid ity  of the sam ple. W hen a n alyzin g 
th e solid form aldehyde use 0.5 to  0.7 gram  and allow 
to  stan d  over n ight.

1 cc. norm al N aO H  consum ed =  0.045 gram  form ­
aldehyde.

T his m ethod gave higher results th an  did th e  Legler 
m ethod. Solution of the polym ers in th e liquid  was 
not a lw ays com plete a fter 12 hours’ stan din g, how ever.

T h e hydrogen peroxide m ethods are based upon the 
oxidation  of form aldeh yde to  form ic acid  and the 
n eutralization  of sodium  hydroxide b y  it. T h e re­
action  which takes place is

2H .C H O  +  2N aO H  +  H 20 2 = a H C O O N a  +  H 2
+  2 H 20

A ccordin g to  H ayw ood and Sm ith another reaction  
m ay accom p an y th is one, viz.:

2H C H O  +  N aO H  =  H C O O N a  +  C H 3OH

T h is secon dary reaction  th e y  claim  leads occa­
sion ally  to  incorrect results and their m ethod is intended 
to a void  this error. A s a rule th is m ethod ga v e  no 
low er results.

Blank and Finkenbeiner’s Method ( TJ. S . P .).— T hree 
cc. of the solution or abou t 1 gram  of th e solidified 
form aldeh yde is w eighed 'into a glass-stoppered E rlen- 
m eyer flask of abou t 500 cc. c a p a c ity : 50 cc. of norm al
sodium  hydroxide solution and 50 cc. of hydrogen  
peroxide of know n a cid ity  are added, th e la tte r  run in 
slow ly  and through a funnel restin g in th e m outh of the 
flask. A fter  foam ing has ceased (about 10 m inutes) 
rinse th e funnel and w alls of th e flask w ith  recen tly  
boiled distilled w ater and titra te  th e excess of a lka li 
w ith norm al sulfuric acid  and litm us indicator. C o r­
rect for a c id ity  of sam ple and th e hydrogen  peroxide 
used.

1 cc. norm al N aO H  consum ed =  0.03002 gram  form ­
aldehyde (on 0  = 16 basis).

Haywood and Sm ith’s Method (B ull. 107).— P u t 
e x a ctly  50 cc. norm al sodium  h ydroxide into a 500 cc. 
E rlen m eyer flask and add 50 cc. of pure hydrogen  
peroxide of know n a cid ity . A dd  3 cc. of form aldeh yde, 
whose specific g ra v ity  has been determ ined, through a 
p ip ette havin g an upper and low er graduation, holding 
th e p ip ette so th a t it alm ost reaches th e liquid  in  the 
flask. P u t a funnel in the neck of the flask and heat 
on w ater b ath  for five m inutes, shakin g th e flask 
occasion ally. C ool to  room  tem perature, wash 
funnel and sides of flask w ith  recen tly  boiled distilled  
w ater and titra te  w ith  norm al sulfuric acid, using litm us 
indicator. C orrect for the a cid ity  of the sam ple and 
the hydrogen peroxide. W hen exam ining polym ers 
use abou t 1 gram  and heat on b ath  5 m inutes or until 
d issolved. T h is usually  w ill not exceed the five 
m inutes.

1 cc. norm al N aO H  consum ed =  0.03002 gram  
form aldeh yde.

T h e hydrogen  peroxide m ethods have been recom ­

m ended as am ong th e b est for com m ercial solutions. 
T h e B lan k  and F inken beiner procedure usually giyes 
results som ew hat higher th a n  th e H ayw ood and 
Sm ith, how ever. T h e end point is fa ir ly  sharp.

T h e sulfite m ethods are based on th e formation of 
th e addition  prod u ct, form ald eh yd e sodium  bisulfite, 
when form ald eh yd e and sodium  bisulfite are allowed 
to  in teract.

Scyewets and Gibello’s M ethod.— Prepare a 20 per 
cen t solution  of (d ry  basis) sodium  sulfite and titrate 
20 cc. to  find th e  a lk a lin ity . D issolve 0.5 to 0.7 
gram  of th e po lym eric  form  in another 20 cc. of the 
solution  in th e cold and titra te  w ith  norm al sulfuric 
acid  to th e disappearan ce of th e  red color. For the 
liquid  form  w eigh ab ou t 2 cc. into  a flask. Correct 
for th e a c id ity  of th e  sam ple and th e  a lka lin ity  of the 
sodium  sulfite solution. Use no m ore phenolphthalein 
th an  is necessary.

1 cc. norm al acid  =  0.03002 gram  formaldehyde.
C. Kleber’s M ethod.— P rep are a strong solution of 

com m ercial sodium  bisulfite and add sodium  hydroxide 
n early  C 0 2 free, un til the odor is destroyed. Dilute 
th e solution so th a t 30 cc. equals 50 cc. norm al sodium 
hyd ro xid e, using ph enolp hthalein  as indicator.

Use 5 cc. of form ald eh yd e solution, the specific 
g r a v ity  of w hich is know n , and titra te  w ith  the bisul­
fite solution, using ph enolphthalein  un til the red color 
ju st van ishes. W arm  if necessary.

W hen exam ining polym ers, w arm  abou t 2 grams in a 
little  w ater and run in  th e  b isu lfite  solution until the 
substance is en tirely  dissolved and the red color has 
disappeared.

1 cc. b isulfite solution  =  0.05 gram  formaldehyde.
T h ese tw o sulfite m ethods are rapid, cheap and 

accurate. T h e y  approach th e H ayw ood  and Smith 
m ethod quite closely. T h e S eyew etz and Gibello 
m ethod resem bles th e Lem m e m ethod and the method 
of th e 5th G erm an  P h arm acop oeia  which have been 
h igh ly  recom m ended b y  H am pshire and Furnival, 
D o b y,2 and Y a m o to  and N a k a jim a .3

T h e refractom etric  m ethods for form aldehyde solu­
tions are n ot so accu rate  as th e chem ical methods on 
accou n t of th e interference of m eth yl alcohol and the 
polym ers.

Richter and Jan sen ’s M ethod.— T h e immersion re- 
fractom eter should read 15.5 a t 15 ° C . M a k e  a  one- 
to-one d ilution  of the form ald eh yd e solution with 
distilled  w a t e r .  T a k e  th e im m ersion re fr a c to m e te r  

readin g of th is solution a t 15 ° C ., su b tract 15.5 r̂om 
it ,  d ivide b y  3.17 and m u ltip ly  b y  two. This 
gives gram s per 100 cc. D iv id e  b y  the specific gravit) 

to  get per cen t b y  w eight.
B . Wagner’s Table.— T h e  im m ersion r e f r a c t o m e t e r  

should read 15.0 a t 1 7 .5 0 C . D ilu te  as in p re c e d in g  

m ethod. T a k e  im m ersion readin g a t 17 .5 ° C. L00̂  
up on table and ob tain  gram s per 100 cc. D iv id e  by 
specific g r a v ity  to  ob tain  per cen t b y  weight.

T h e d ilution  w as n ecessary to  get th e reading within 
th e  scale of th e in strum en t. T h e results were in g°°

1 H am pshire and F urn ival, Pharm. J .,  89, 133 (1912).
1 D oby, Zeit. angcw. Chem., 20, 353-6 (M arch 1). ^
* Y am oto  and  N akajim a, J .  Pharm . Soc. Japan, 1910, 871, t ouk 

U. S. H ygienic L ab., Bull. 84.
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agreement am ong them selves. T h e result on the first 
sample was higher th a n  the B la n k  and Pinkenbeiner 
result, however.

No attem p t w as m ade to  allow  for errors introduced 
by the added substances, naphthalene, phenol, etc. 
The fats in sam ple L . 214 caused such variation  
in results th a t I did n ot com plete th e  w ork w ith  it.

The strength of solutions, th e  va riatio n  in m easure­
ment of volum es, th e sm all am ount of substance and 
the loss in w eight during w eighing ten d  to  introduce 
inaccuracies. A  difference of 0.1 cc. of norm al solu­
tion means a difference of from  0.13 to  0.19 per cent 
in the result.

instead of titration s of excess m aterial. F or form alde­
hyde solutions th e y  require th e m inim um  of tim e, 
b u t when polym ers are to  be titra te d  the K leb er 
m ethod is the m ost rapid  of all. Sulfite m ethods are, 
of course, n ot applicable to  th e p olym ers gam m a and 
delta  p o lyoxym eth ylen e and alpha trio xym eth ylen e 
as described b y  A uerbach  and B arsch all.1

F or an occasional analysis, th e m ethods of H ayw ood  
and Sm ith and S eyew etz and G ibello  seem to be p ref­
erable, while in a p lan t producing form ald eh yd e or 
where a large num ber of sam ples are to be an alyzed , 
K leb er ’s m ethod w ould be th e m ost desirable.

L egler’s m ethod gives too low  results and B la n k  and

P e r c e n t a g e  o f  F o r m a l d e h y d e  a s  D e t e r m i n e d  b y  t h e  D i p f e r e n t  M e t h o d s

Schiff A m m o­ B lank Haywood Seyewetz R ich ter
and nium and and and and

No. C ondition Legler M alle sulfate F inken’r  Sm ith Gibello C. K leber W agner Jansen
Old stock Liquid Slightly polymerized 36.11 36 .57 36.05 37.20 37.09 35.67 36 .44 37.42 37 .34
X. 40 Liquid C lear 36.30 37 .98 37.95 38.31 37.70 37 .50 37 .90 37.83 37.65
X. 43 Liquid C lear 35.46 36 .79 36.42 36.73 36.27 36.17 36.74 36.25 36.28
X. 46 Liquid Clear, greenish Blk. sed. 36.88 37 .16 37.16 37.67 37.02 36 .84 37.45 37 .60 37.52

Trioxymethylene Pow der 90.10 94.81 94.52 95.55 95 .42 94 .14 94.43
I. 208 Solid H ard N aphthalene 87.46 89.30 89.51 91.55 89.86 88.81 90.39
L. 209 Solid Soft, waxy Phenol and glycerine 61.94 64.00 64.06 64.90 64.63 63.96 63.84
L. 210 Solid Soft, w axy 61.73 62.95 62.91 64.75 63.69 63.01 63.45
I .  211 Semi-solid M ushy M uch rust 32.61 32.87 32.73
I . 212 Solid Soft, waxy A 62.78 62.93 63.16 64.43 63.45 63.08 62.97
1. 213 Solid H ard 91.09 93.32 93.81 95.71 94.41 94.29 94.37
L. 214 Solid Soft, greasy F a ts 46.32 40.53 45.12 45.71
L. 215 Solid Soft, waxy 64.73 66.32 66.64 66.46 66.51 66.59

The end point w ith  rosolic acid  is difficult; the 
ammonia m ethods require stan din g for a considerable 
period of tim e and in the case of th e Legler m ethod the 
preparation of b lan ks is necessary.

The litm us end point is b etter th a n  th a t of rosolic 
acid. The tim e required for th e hydrogen  peroxide 
methods is m uch less and th e results are easily  checked.

The end point in th e  sulfite processes is sharper than  
in either of the other typ es. T h e titra tio n s are d irect

F inken beiner’s ga v e  me the h igh est ones. H ayw ood  
and S m ith ’s m ethod ga v e  s ligh tly  low er percentages 
th an  B lan k  and F in ken bein er’s, closely follow ed b y  
K leb er’s and th e rem aining m ethods.

M y  thanks are due to  M r. R ex  R udicel w ho assisted 
me in m aking the analyses.

C h e m i c a l  L a b o r a t o r y  

C i t y  B o a r d  o f  H e a l t h  

I n d i a n a p o l i s

LABORATORY AND PLANT

AN AU TO M ATIC P IP E T T E

B y C .  H . M c C h a r l e s  

Received Ju ly  7, 1913

A description of an au to m a tic  p ip ette was given , in 
T h is  J o u r n a l  b y  T . 0 . Sm ith  (Vol. IV , p. 4 7 ) .  The 
apparatus described there has been used for a num ber 
01 years in the lab oratories of th is station , b u t for a 
Purpose quite different from  th a t for which it was 
originally recom m ended. T h e low er end of tu b e C  
"as placed above th e zero m ark on the b u rette  and the 
tube C acted as a safeguard  again st overflow  in case 
the three-way cock should be accid en tally  le ft p a rtly  
°Pen into A and B.

Smith’s statem ent th a t “ it is ob vious th a t if the 
capillary tube is draw n out as fine as possible and the 

urette and contain er b rough t near th e sam e level, 
e accuracy of th e p ip ette  is p ra ctica lly  th a t of the 

urette”  should be som ew hat am plified. T h e a u to ­
matic feature of th is  ap p aratu s rests in the fa ct th a t 
'quid will rise in C to  a point on a level w ith  the 

Sur ace of the liquid in A. T h is  la tter  is not a t all con­

stan t in use, and its  va riatio n  am ounts to  as m uch as 
six inches in  sm aller stock  bottles and a foo t in larger 
ones. If  th e tu b e C  be draw n out so sm all th a t the 
volum e of liquid contained in  six inches to  one foot 
of it shall be negligible in accu rate  p ip ette  m easure­
m ents, it  would be so sm all th a t cap illa rity  and clean ­
liness of its inner w alls w ould influence th e a u tom atic  
level; and passage of air through it, esp ecially  when 
w et, would be a ltogether too  slow for p ractica l purposes.

T he au tom atic  p ip ette shown here in F ig . 1 differs 
from  the above m entioned one on ly  in th a t th e point 
to which the liquid  rises in  C  is constan t. W hen 
liquid rises in D  to  the level H, th e air su p p ly  to  the 
syphon betw een A  and B is closed and no m ore liquid  
enters D .

T he dim ensions g iven  were foun d to  be convenient, 
b u t th e on ly required ones are:

1. E  should be long enough to include th e levels 
F  and G as shown.

* A uerbach and  Barschall, A rb. K ais. Gcsundkcitsamt, 27, 183-230; 
Chemical Abstracts, 2 , 1125.
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2. E  should be o f sufficient volum e below  G to  preven t 
air from  entering the syphon betw een  A  and E  w hile 
id lin g the burette.

3. T h e side Opening I preven ts air bubbles from  
entering the syphon.

4. D  should be of sufficient vo lu m e below  H to 
p reven t breaking the syphon betw een D  and B . A  
four or six ounce salt-m outh b ottle  serves th e purpose.

5. C  m ust extend above H.

deterioration. T h is could be ob tain ed  from any 
glass-blow er.

0
\  /

\J
n)

Ti y2.

Fig. i represents an arrangem ent for use of liquids 
w hich m ust not be perm itted-to  com e in con tact w ith 
rubber. A  silver stopcock perm its th e use of lye. 
W hen th is precaution  is not n ecessary the contain er 
A  m ay be stoppered w ith a one-hole stopper bearing 
a glass tub e corresponding to th e low er end of E , 
w hich in turn  is inserted in D in verted . A  and D 
are now in verted  and placed on a sup port and B con ­
n ected  as in F ig. 1. T h is elim inates E  and its  con­
nections.

In  order to  fill the syphon shown in F ig. 1, the air 
passage is disconnected at J and pinched. A p p ly  
suction  to  a rubber tube connected to K , and bearing 
a pinch-cock, till D is filled. Close th e pin ch-cock, 
connect J, fill B b y  suction applied to C , and rem ove 
th e  rubber tub e from  K .

B y  regu latin g the height of the low er end of C , the 
b u rette  m ay be ad ju sted  to  deliver a n y  desired volum e.

F ig . 2 represents a form  of ap p aratu s w hich w ould 
elim inate tw o rubber stoppers and all inconvenience 
arising from  th e leaks which th e y  develop upon

N u t r it i o n  L a b o r a t o r y  
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

IM PROVED GOOCH CRUCIBLE HOLDER

B y  L o r i n  H. B a i l e y  

R eceived Ju n e  30, 1913

T h ere h ave been developed in  th e B ureau of Chem­
istry  several form s of G ooch crucible holders. Each 
form , while differing som ew hat in detail from  the others, 
has for its  fou n d atio n  principle th e substitution of 
a  solid rubber holder for the rubb er-covered  glass Gooch 
holder which has been in a lm ost un iversal use. The 
p articu lar form  show n in th e accom p an yin g illustra­
tion  has been in use in th e P la n t 
C h em istry  L a b o ra to ry  for abou t a 
y ea r  and has given  good satisfactio n .
I t  has also m et th e ap p roval of a ' 
num ber of visitin g  chem ists.

T h is holder is m ade to  fit an ord i­
n a ry  2-inch funnel w hich is inserted 
in a one-hole rubber stopper in  a 
regular suction  flask. T h e  upp er edge 
of th e holder p ro jects  o v er th e edge 
o f the funnel and th u s m akes th e  seal.
T h e  low er edge of th e holder rests 
on th e side of the funnel and supports 
th e holder w hen the suction  is on 
the flask. T h e opening is m ade to  conform  to the 
size of the 25 cc. porcelain  G ooch crucible, and the 
low er surface of th e  crucible p ro jects  beyond the 
holder so th a t th e  filtra te  does n ot com e in contact 
w ith  it. T hese holders can be cut from  N o. 12 rubber 
stoppers, w hich w as a t first done, or th ey  can be ob­
tain ed  alread y m olded from  som e of th e  large chemical- 
ap p aratu s su p p ly  houses.

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

NOTE ON PRODUCER GAS ANALYSIS

By J a m e s  G. V a i l  

Received J u n e  26, 1913

In  th e analysis o f producer gas w ith  the Williams 
m odification of th e O rsat a p p a ratu s' or with More- 
head ap p aratu s th e  residual gas a fter the absorption 

of CO2, illu m in an ts, 0  and C O  in th e usual manner 
is often  too lean to  be exploded w ith ou t the addition 

of hydrogen . A s there m ay be a certain  amount of 
inconvenience and som e u n ce rta in ty  as to  the purity 
of the hydrogen , I h ave foun d th e follow ing procedure 

more sa tisfa cto ry  for enriching the gas to a point 
where it  m ay readily  be m ade to  explode. After the 
usual absorptions CO2, illu m in an ts, 0 , C O , th e residua 

gas is passed into  the CO« absorption  pipette or into 
the reservoir p rovided  for th e purpose in the More 
head ap p aratu s and th e m easuring b urette filled tu 
w ater (acidified w ith  su lfuric acid) w hich has previous 5 

been cooled to  room  tem perature. A  current 0 

6 or S vo lts  passed betw een  th e electrodes use 
for the explosion will q u ick ly  produce enough 0.
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a mixture of h yd rogen  and oxygen  in m olecular propor­
tions to sufficiently enrich th e gas. T h is volum e is 
read off and a sam ple added and th e whole d iluted  w ith 
air and, after thorough m ixture, exploded in th e usual 
manner.

This simplifies th e calcu latio n  of results as th e volum e

of hydrogen -oxygen  m ixture added m ay be su b ­
tracte d  from  th e to ta l con traction  due to  explosion 
and the H and C H 4 and N  ca lcu lated  as though it had 
n ot been necessary to  enrich th e  gas.

CussTifR, P a .

ADDRESSES
THE CHEM ICAL IN D U STR IES AND T H E  U N IV E R SIT IE S1 

B y  M a r s t o n  T a y l o r  B o c e r t  

Before this audience it  is w h olly  unnecessary to  dwell upon 
the tremendous im portance of chem istry to  th e m aterial growth 
and prosperity of the nation, or its v ita l bearing upon the health 
and happiness of the individual. Suffice it to  point out th a t the 
amount of a cou n try ’s appreciation of the valu e of chem istry 
in its development and th e exten t to  which it  fosters the manifold 
applications of this science in its every-d ay life is generally a 
measure not on ly of the industrial progress and suprem acy of 
that country, b u t also of its real civilization.

Two of the most important factors in the advancement of 
chemistry are the universities and the chemical industries, and 
it is consequently a matter of concern to all of us whether they 
are working together at present to the best advantage or not. 
My own observation leads me to believe that they are not, and 
this address is intended primarily to indicate some of the lines 
along which it seems to me there might be much closer coopera­
tion.

As the majority of my fellow-members are themselves manu­
facturers, or are connected in one way or another with our chem­
ical industries, I shall endeavor to present the case principally 
from the university side, and I trust that what I shall have to 
say will be judged from this point of view.

Robinson has defined education as “ the process of fittin g the 
individual to take his place and do his p art in the life of his age 
and nation,”  and no educational institution  a t the present day 
can discharge its responsibilities faith fu lly  unless it accords, in 
its equipment and in its curricula, adequate recognition to  so 
comprehensive a science as chem istry, which in its w ide sweep, 
in one way or another, touches alm ost e ve ry  phase of hum an life 
and endeavor. T h a t our universities are realizing this more 
clearly every day seems evidenced b y  the frequent construction 
of new laboratories and th e steadily  increasing size of the chem ­
ical staff. I t  is w orth  noting th at, alm ost w ithout exception, 
additional laboratory accom m odations are im m ediately taken 
UP by an increased num ber of students. A s indicative of the 
extent to which chem istry enters into our m odern university  
curricula, I  m ay be perm itted to  refer to  m y own A lm a M ater, 
Columbia U niversity, where th is su bject is ta u g h t under seven 
of the eleven constituent faculties; and, as proof of the demand 
for higher education in th is sam e field, I  would call attention  to 
the doctorates conferred in 1911 (the la test com pilation I  have 
^ n ; Science, N . S., 36, 129, A ug. 2/12) b y  the leading uni­
versities of the U nited States, w hen more th an  tw ice as m any 
^ere awarded in chem istry as in a n y  other subject (78 out o f a  
total of 492), the nearest com petitor being English (with 34).

The universities are active in everything which concerns the 
jife and welfare of the nation, and it can be truly said of them, 
m the words of Terence, “ humani nil a me alienum puto.” So 
fer as the chemical industries are concerned, it should not be 
overlooked that the universities, in addition to training chemists, 
also educate men for the non-chemical positions, whether clerical, 
financial, or commercial; and that everything which they accom-

1 President’s address a t  the  thirty-second annual general meeting of 
1 e Society of Chemical In d u stry , Liverpool, E ngland, Ju ly  16, 1913. R e­
produced from the Journal o f the Society o f Chemical Industry , 14. 720.

plish to increase the security of the rights of the individual or of 
property, or which ministers to the general prosperity, comfort 
and happiness of the nation, is obviously of direct advantage to 
the chemical manufacturer as well, and in all such matters there­
fore the universities have the right to expect cordial and active 
cooperation on the part of our chemical industries.

In the training of men for the chemical profession we are all 
immediately interested, and in this direction the universities are 
doing the best they can with staff and equipment available and 
with the raw material represented by the student body. Equip­
ment and staff are increased as funds are provided and entrance 
and graduation requirements steadily advance.

The chemical industries can and do cooperate by giving em­
ployment to properly trained and qualified graduates; and higher 
training, as represented for example by a higher degree should, 
other things being at all approximately equal, secure for a man 
a higher initial salary. It goes without saying that the salary 
should in any event be a fair one, commensurate with the service 
the man is expected to render, and with good chance of promo­
tion for demonstrated efficiency and ability. In many cases, 
chemists employed by manufacturing concerns are required to 
execute iron-clad contracts by which they definitely waive all 
patent rights to anything they may discover while in the employ 
of the company. These discoveries then become the property 
of the employer, who is under no legal obligation to remunerate 
his chemist therefor. Employers, however, who are really 
desirous of assisting the universities in their work of training 
chemists, will see to it that their chemists are well rewarded for
all discoveries of value.

Many of our leading chemical manufacturers have cooperated 
with the universities very helpfully with advice and suggestions 
in arranging the most effective curriculum for the training of 
the industrial or engineering chemist. But the curriculum is 
not everything, and even with the best one possible it is not an 
easy matter to turn out men who, in addition to adequate 
scientific training, are clear-headed and masterful, honorable 
and dependable, sober and of high moral tone, of broad and cre­
ative scholarship and conspicuous inventive ability, of unweary­
ing energy, and with the necessary health and physique to stand ' 
plenty of hard work. Of course, such paragons are scarce and 
much sought for in all lines of human activity. Nor is it ordi­
narily feasible for a university to turn out men who are experts 
in the manufacturing details of the various lines of chemical 
industry. The best they can do is to give their men the neces­
sary broad, theoretical and practical foundation upon which all 
lines of chemical manufacturing rest. Munitiae can be learned 
only in special schools or, preferably, in the plant itself, and 
manufacturers can help here by giving a good man a chance 
to learn these details. Many a high-class university graduate 
has lost his first position because of his employer s impatience 
in this respect. And yet, if the manufacturer but knew it, he 
is often throwing away gold and accepting dross in exchange. 
The properly trained chemical graduate is, in the vast majority 
of cases, a far more valuable man t o  a chemical concern than the 
employee who knows only mechanical details and has not had 
the benefit of any real scientific education. A t first the latter 
may appear to greater advantage because of his familiarity with
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the processes involved, b u t he w ill be v ery  speedily outstripped 
b y  the university  m an given a t all a  sim ilar initial endowm ent. 
One is lik ely  to  be a  mere rule-of-thum b m an, whose actions are 
determ ined w holly  b y  previous experience and w ho is com pletely 
lost when anything new and to ta lly  unexpected occurs. T h e 
other is the more resourceful, and will seek the underlying cause 
of the difficulty and independently endeavor to  w ork ou t a 
rem edy. E ach has his place in our industrial life, b u t the scien­
tifica lly  trained m an has surely the brighter and more promising 
future before him, and will rise to  higher levels of usefulness.

On the other hand, u niversity  teachers often appear insuffi­
cien tly  posted on the typ e  of men needed in chem ical industry, 
and ignorant of the fact th a t a m an adm irably suited for the 
research laboratory is n ot necessarily equ ally  well fitted for the 
career of an engineering chem ist or w orks m anager. T o  m y 
mind, no greater unkindness can be done to  a  student th an  to  
secure for him a position for which he is n ot properly qualified, 
only to sec him  struggle along through the best years of his life 
and aw aken finally, perhaps too la te  to  begin another career, 
to  a keenly painful realization o f th e fact th at he is b u t a square 
peg in a round hole. I t  is a h e a vy  burden of responsibility, 
and one not to  be shirked or avoided, this advising of students 
about to em bark upon the uncertain sea of life's w ork for which 
port to steer, bu t it is also a splendid opportunity for high personal 
and public service and should be so esteemed. F ew  talents are 
more valuable to the teacher than the a bility  to gauge accurately  
a stud en t’s character and capabilities, and this genius is likewise 
potent in the business world, for I have heard more than one 
great captain  of industry say th at he owed his success to  his 
knowledge of men more than to any other one thing. Em ployers 
are entitled to  a perfectly  frank and accurate statem ent con­
cerning an applicant’s qualifications— a statem ent w hich sets 
forth the candidate’s w eak points as well as his strong ones, and 
it does not take them  v ery  long to find out from whom th ey  m ay 
expect such statem ents.

B u t I would not have you overlook, nor do I intend to  dismiss 
quite so briefly, the im portance of m anual training, for it is a  
subject v ery  much to the fore w ith  us in the U nited S tates ju st 
now and of v ita l concern to all m anufacturers. E v e ry  factory, 
in addition to capable m anagem ent, up-to-date m echanical 
equipm ent and suitable research laboratories, m ust have in its 
em ployees technical skill equal to th at of its com petitors, dom es­
tic  and foreign, or it cannot hope to win in the struggle. T o  
obtain in our workm en this high degree o f m anual dexterity  
and industrial efficiency, there is need for active cooperation 
betw een our educational institutions, our factories and our 
labor unions. I t  is far better to  m arket the results of high-grade 
labor than m erely to realize on raw  m aterial. T o  illustrate 
the point, let me quote from a recent report of a special com m ittee 
of the N ational M anufacturers’ Association of the U nited States, 
citing conditions now obtaining th ere :

“ W e sell our cotton to  Switzerland a t  14 cents a pound, w ith  
scarce any labor in it. W e b u y it back  in the form  of fine hand­
kerchiefs a t 540 a pound, all labor. W e export bar iron and 
im port razor blades; export hides and im port gloves; export 
copper and im port art bronzes.”  In the year 1911, 56 per cent 
of the total exports of m anufactured articles from the U nited 
States carried only from  3 to 15 per cent of factory labor.

Perhaps the greatest opportunity of all for cooperation be­
tween the universities and the chem ical industries, and the one 
where in m any countries such cooperation is conspicuously lack­
ing, is in extending the boundaries of hum an know ledge b y  
original investigation and research. Here, too, the universities 
and technical schools are doing w h at th ey  can, w ith  insufficient 
funds and equipm ent, and w ith  an overburdened staff, to  serve 
the com m unity and the chem ical industries, both b y  conducting 
original research them selves, and b y  throw ing open their great 
libraries and occasionally certain of their laboratories for the

solution of problem s of financial value to  the manufacturer. 
T h e latter, in return, can assist b y  supplying raw material, 
additional funds, and know ledge gained in the laboratories of 
the plant.

W hen a chem ical industry has problem s to  be solved, these 
problem s can be a ttack ed  either inside or outside of the plant 
If the policy  of the m anagem ent is th at all chemical problems 
are to  be studied on ly w ithin the establishm ent, a research 
laboratory' or a t  least a research chem ist m ust be provided for 
the p lant or for the com pany. A t  present, in the United States, 
probably not more than 75 or 100 m anufacturing establishments 
h ave  research laboratories or em ploy research chemists. In 
G erm any, and perhaps also here in England, such research 
laboratories in association w ith  chem ical industries are much 
m ore common. T h e  great laboratories of the Badische Anilin 
und Soda F ab rik  and of the E lberfeld C om pan y are good ex­
am ples of the im portance attach ed to  such research work in 
G erm any, and it would be difficult to  adduce an y  stronger argu­
m ent in support o f its value than the m arvellous achievements 
of these huge concerns.

A  frequent difficulty encountered in the employm ent of re­
search chem ists or the establishm ent of a research laboratory 
is th at m any a m anufacturer does n ot appear to  grasp the need 
or im portance of such work, nor know  how to  treat the men in 
charge so as to  secure the best results. T h e  owner may not 
even fu lly  understand ju st w h at is the cause of his manufacturing 
losses or to  whom  to  turn for aid. I f  he finally engages a chemist 
he is ap t to look upon him  as a  sort of necrom ancer who should 
be able to accom plish wonders, and if he cannot see results in 
the course of a few  m onths is lik ely  to  consider the investment 
a  bad one and regard chem ists as a  class as a poor and useless lot 
I t  is not unusual for the chem ist to be to ld  to stick  to his labora­
to ry  and not go prowling abou t the works, and he must also face 
the natural opposition of workm en to an y  innovations and reckon 
w ith the jealousies of foremen and of various superior officials 
so th at, like the policem en in the "P ira te s  of Penzance,”  often 
his “ lot is n ot a  h ap p y one.”

From  the standpoint of the m anufacturer, one weighty ad­
van tage  of the policy of having all problem s worked out within 
the p lant is th at the results secured are not divulged, but are 
stored aw ay in the laboratory archives and become part of the 
assets and w orking capital of the corporation which has paid 
for them ; and it  is usually  not until p atent applications are filed 
th at this knowledge, generally on ly p artia lly  and imperfectly, 
is m ade known to the public. W hen it  is n ot deemed necessary 
to take ou t patents, such knowledge rem ains buried.

In this matter of the dissemination of knowledge concerning 
industrial chemical practice, it must be evident to all that there 
is but little cooperation between the manufacturers and the uni­
versities. The crux of the difficulty lies just here. Chemical 
manufacturers, as just stated, are quite naturally averse to 
publishing any discoveries made in their plants, since "knowledge 
is power” in manufacturing as elsewhere, and new knowledge 
gained in the laboratories of the corporation may often very 
properly be regarded as among the most valuable assets of the 
concern. The universities, on the other hand, exist for the 
spreading of knowledge, and from their standpoint the great 
disadvantage of the above policy is this locking up of knowledge, 
for it effects a serious retardation of the general growth and de­
velopment of the science in its broader aspects, and renders it 
much more difficult for the universities to train men properl) 
for such industries, since all textbooks and general knowledge 
available would, in all probability, be far behind the actu 
manufacturing practice. I believe that all familiar with the 
situation will admit that this is a real problem and one con 
stituting a serious handicap to those endeavoring to give up-t°" 
date instruction in industrial chemistry. One immediate > 
harmful effect that the above policy has upon the universit'cs
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is that it not infrequently results in some of their m ost capable 
investigators spending m an y of th e best years of their lives and 
considerable sums of m oney in a ttem p ts to solve problems, the 
dues or answers to  w hich had been discovered and filed aw ay 
long before in the laboratory records of the factories.

Of course, the universities m ust also contend w ith  the fact 
that the larger m anufacturing establishm ents can usually  offer 
much better salaries to skilful chem ical investigators, and thus 
withdraw from university w ork some of the best men.

All who have had any experience in such m atters know  how 
diffiult it is to secure papers for the program s of our Sections, 
or for our Journal, from men engaged in  industrial chem istry, 
the usual reply the m anufacturer gives to  such solicitations being 
to the effect th at he is in business to  m ake m oney an d  is not 
running an educational institution.

It is not to be expected th at the m anufacturers will prom ptly 
publish to the world, upon dem and, their m ost cherished "trade 
secrets,”  and it w'ould of course be useless to  m ake any such 
request. B ut in alm ost all great chem ical industrial establish­
ments which have been in operation for any length of time, 
information has been accum ulated in the course of the work 
which could be m ade know n w ith o u t in jury  to the firm 
concerned, and to  the considerable advan tage of the chem ical 
world-at-large. F or exam ple, it  not infrequently happens th at 
a corporation perm anently abandons one line of work, either 
because local conditions have m ade it  no longer profitable or 
•»cause it wishes to  devote itself to  other more lucrative ones. 
In such cases there seems 110 good reason w h y  the knowledge 
gained in connection w ith  the abandoned process or product 
should not be made public. Or, it  m ay be, the analytical lab­
oratory finds some convenient rapid m ethod to take the place 
of a more laborious one, or devises new apparatus for old la b ­
oratory processes. O ther cases m ight be cited were there time.

A very welcome form  of cooperation, therefore, would be th at 
of keeping the university  teachers better posted 011 present-day 
manufacturing practice, so th a t th ey  could point ou t more clearly 
the applications to in dustry of th e principles th ey  were en­
deavoring to inculcate, and call attention  to  the rapid approx­
imate commercial analytical processes and short cuts used in the 
factories in addition to  the longer and more accurate m ethods 
generally taught in an alytical laboratories. W ere the teacher 
more familiar w ith industrial w astes and by-products, he could 
often select problems for his advanced research students with 
reference thereto and thus considerably heighten their interest 
w the work.

It is well said in the R eports of the T w elfth  Census of the 
United States th at "P ro b a b ly  no science has done so m uch as 
chemistry in revealing the hidden possibilities of the w astes and 
J)’-products in m anufactures. T his science has been the most 
mitful agent in the conversion of the refuse of m anufacturing

operations into products of industrial v a lu e ..................  C hem istry
4 intelligence departm ent of in du stry.”  Y e t  the teacher is 
often uninformed concerning the character and am ount of the 
.'-products going to waste in his im m ediate neighborhood, a 

?*fu l study of which m ight lead not only to financial reward 
,or the manufacturer as well as for him self, b u t m ight also save 
** muc*1 °f the present pollution of our stream s and of the air 
"■e breathe.

h ¡s not only now v ery  desirable, b u t will soon becom e im ­
perative for our m anufacturers to  avail them selves more freely 
0 the assistance of th e experts in our universities and technical 
 ̂ _°ols. That nation will unquestionably m ake the longest 

des m commercial developm ent which sells goods carrying 
e maximum of brains and the minimum of raw m aterial. 

Many has already learned this, and is rapidly forging ahead 
i*S e natural result. E ngland and A m erica m ust follow th at 

tiie 0f them selves far in the rear. A n y  country,
c own, thanks to a  w onderful endowm ent of natural re­

sources, and to p rotective tariff walls, m ay, for a  tim e, appear to 
be holding its own in the w orld ’s trade w ithout adopting the 
above policy; but it is only because of these peculiar local con­
ditions th at w e have been spared the em barrassm ent of close 
international comparisons. Our tariff w alls are already tottering, 
and the lavish use of natural resources is b u t a spendthrift 
squandering of a priceless and irreplaceable heritage, and the 
end of th at, too, is in sight w ith  a continuance o f  present methods. 
T h e d ay is already at hand, for Am erica a t least, when m anu­
facturers m ust scrutinize more closely the efficiency of their 
plants w ith  reference to  raw  m aterial consum ed, for hum an 
intelligence is the one resource which increases w ith  use, forever 
and im m easurably, and the cultivation  of which furnishes the 
only substantial basis of prosperity, progress and happiness.

In  the U nited States we have been w ont to  boast o f our huge 
agricultural exports, but, as President W allace said a t  a recent 
Conservation Congress, " th e  nineteenth cen tu ry farm er w as 
no farm er a t all; he was a miner, mining the fertility  of the soil, 
and selling it for the bare cost of the m ining;”  since every  bushel 
of wheat exported carries w ith it approxim ately 27 cents worth 
of phosphorus, every  bushel of corn 13 cents, every  pound of 
cotton  3 cents, figures which equal the supposed profits of the 
transaction. H ow we are to  replenish our stock of phosphorus, 
if once exhausted, is not ye t clear, although, so far as we now 
know, the race itself m ust perish w ithout an adequate supply of 
this element.

There are b u t four great m anufacturing nations in the world—  
England, G erm any, France, and the U nited States. Outside 
these four, and looking to them  for their m anufactured articles, 
stand the one and a half billion hum an beings in the rest of the 
world. T h e  prizes to be won in this international trade are 
beyond compare. T h ey  are to be measured n ot on ly in m oney, 
bu t also in intellectual advancem ent, in closer bonds of inter­
national friendship, m utual respect and esteem, in national 
spirit, and in heightened civilization.

A n y m anufacturer who feels unable to  cooperate as suggested 
above, should a t least be willing to  support generously those 
agencies upon whom now  falls the chief burden of dissem inating 
knowledge— notably our educational institutions and our chem ­
ical journals, such as the Journal of this Society.

Or, if he still demurs, there are other lines open. F ew  m anu­
facturing concerns feel inclined or called upon to establish ex­
tensive libraries w ithin their plants, and it would appear, there­
fore, to  be to  their own im m ediate interest to provide w hatever 
funds m ight be needed to supply the library of the nearest 
university or technical school w ith  all books lik ely  to be of 
service to  the various experts of the plant. T h is also would 
bring them  into closer personal touch and sym p ath y w ith the 
officers of instruction there.

A n y  m anufacturer having an im portant chem ical problem to 
solve in connection w ith  his business, and w ithout the proper 
staff or equipm ent to  a tta ck  it  w ithin th e plant, m ust look outside 
for assistance, and he then has the choice of the p rivate  com ­
m ercial or research laboratory on the one hand, or the universities 
and technical schools on the other.

T he advantages and disadvantages of the private research 
laboratory, a t  least in so far as the}' relate to the ava ilab ility  
of the new knowledge thus discovered, are much the same as 
those already pointed out for the factory research laboratory.

If the m anufacturer elects to refer his problem to  the uni­
versity  or technical school, such reference is most likely to  take 
the form of an industrial fellowship and there is m uch to be said 
in favor of these fellowships. T h e y  allow the donor to  keep 
secret for tw o or three years the results secured, a fter which they 
can be published. T h e y  also secure to him  p atent rights. 
T h ey  give h ighly specialized training to  good men and often 
secure for them perm anent em ploym ent and a  share in the profits 
of their discoveries. I t  should be obvious a t the outset th a t a
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fellowship of this character can be successful only when there 
are close confidential relations subsisting betw een the m anu­
facturer and the officer in charge of the research. N o  cooperation 
can be really effective unless based upon a  thorough m utual 
fam iliarity w ith conditions and an abiding faith  in the 
in tegrity  and sincerity of purpose of each other. I t  is lik ely  to  
prove a poor investm ent for a m anufacturer to  seek the aid of 
an investigator if he is unw illing to  tak e  such expert into his 
confidence. I  have occasionally had m anufacturers ap p ly  to 
me for the solution of a problem affecting their industry and, 
when I asked how th ey were actu ally  carrying out the process 
in the factory, h ave  had them  say p olitely  th a t th ey  preferred 
not to answer any questions concerning the operations of their 
factory and th at all I  w as asked to do w as to  see w h at I could 
accom plish in m y own laboratory. O f course the answer to such 
a  proposition should be a decided negative, since its acceptance 
would alm ost in variably result to  the m utual dissatisfaction of 
both parties concerned.

It would seem m anifest th at no one m an is com petent to direct 
original research in all lines of industrial chem istry, and th at the 
wisest course for a  m anufacturer to  pursue w hen contem plating 
the establishm ent of a research fellowship w ould be to  secure 
the aid of the particular u niversity  officer whose experience and 
personal achievem ents entitle him  to  be considered an expert 
in th at special field, and w ho lias the necessary equipm ent and 
location to  a tta ck  such a  problem w ith good chances of success, 
and then to arrange to provide him  w ith such funds as m ay be 
required for assistants or for raw  m aterial.

In the case of divergent reports from chemical experts, the 
university laboratory is the natural court o f appeal for an im­
partial verdict.

T h e  m ost urgent need of the d ay is, in m y judgm ent, the 
endowm ent of chem ical research, either b y  the establishm ent 
of research professorships or, still better, b y  founding great 
chemical research institutes in affiliation w ith our chief univer­
sities for the stud y of problems both  in pure and in applied 
chem istry. T h e  splendid K aiser W ilhelm  In stitu te  for C hem ­
istry, recently opened in Berlin, thanks to  the a ctiv e  and generous 
assistance of H is M ajesty  the G erm an Em peror, is the first of 
its kind in the world, and its adven t should be hailed w ith  delight 
as indicating the dawn of a new' and brilliant era for our science. 
I t  is worth noting th at the policy of this research in stitute  is 
the m an first, the equipm ent afterw ards, and the group of dis­
tinguished investigators now gathered together there witnesses 
to  the wisdom  of this plan. I f  we w ould n ot be outstripped b y  our 
friends across the water, w e m ust have sim ilar "establishments 
here in E ngland and th at, too, speedily. T h e benefits which 
w ill accrue to  the nation from the labors of such research insti­
tutes manned b y  our keenest investigators are tru ly  inestim able, 
and it is to be hoped th at this rem arkable opportun ity w ill appeal 
to  the im agination and the generosity of other far-sighted 
benefactors of m ankind. M uch has been done, and w orthily  
done, in all of our great cities for the catise of medicine, for ex­
am ple, whereas chem istry, except in G erm any, still appeals in 
vain  for sim ilar recognition. Y e t  the dependence of medicine, 
and of life itself, upon chem istry is seen more clearly  every  day, 
and he who now still h a sd o u b tsu p o n th esu b jecth asb u tto re ad th c  
recent rem arkable presidential address of D r. Shafer before the 
D undee m eeting of the B ritish  Association for the A dvancem ent 
of Science (1912), in which, after calling attention  to  the few 
elem ents and simple inorganic com pounds m aking up living 
substance, he says: " T h e  com bination of these elem ents into 
a  colloidal com pound represent the chem ical basis of life; and 
when the chem ist succeeds in building up this compound, it will, 
w'ithout doubt, be found to exhibit the phenom ena w hich we are 
in the habit of associating w ith the term  ‘life .’ ”  H e further 
suggests the possibility " th a t  heredity also is one of the questions, 
the eventual solution of which w e m ust look to the chem ist

to  provide,”  and, as already indicated, the maintenance of any 
hum an life w h atever upon this planet of ours depends absolutely 
upon the labors of the chem ist.

Til the sphere of industrial chcm istry such a research institute 
m ight well take the form  of laboratories “ especially equipped 
w ith  the standard appliances for executing industrial operations, 
and provided w ith  a l l . the m eans for the prom pt, proper and 
accurate determ ination of experim ental d atą , in a  w ay and on a 
scale w hich w'ould m ake this d ata  availab le  for factory applica­
tion ,”  as has been suggested already b y  Professor Whitaker, 
th e C hairm an of our N ew  Y o rk  Section ( T h i s  J o u r n a l ,  3,797), 

and since, as he points out, few' if any laboratories 
now exist where researches can be undertaken “ which involve 
single and m ultiple effect distillation, evaporation, filtration, 
calcination, condensation, absorption, drying, - controlled tem­
perature reactions, vacuum  and special atm osphere reactions,’’ 
and the like.

T h e  really  im portant thing is to  bring together the problem 
and the m an com petent to solve it. Skilfu l investigators are 
often w holly unaware of m an y of the im portant industrial 
problem s calling for solution, and the great manufacturing 
concerns are often equ ally  ignorant concerning the men in the 
country best qualified to solve these problems. 1 f it were possible 
to  establish some sort of a  clearing-house comm ittee, composed 
of representatives of the universities and of the manufacturers 
to  bring investigator and problem together, it could render 
immense service to the country. I f  the research institutes pro­
posed above were established, their B oards of Direction might 
perhaps perform  such a  function. In  fact, the matter is so 
im portant th at there would seem am ple justification for the 
general G overnm en t itself to  take cognizance of it, since it con­
cerns the prosperity of th e whole nation, and refer it to an ap­
propriate com m ittee or board, in conjunction w ith its other 
activ ities for the benefit of our m anufacturing industries.

Som e of our w’isest and m ost far-sighted manufacturers feel 
th a t there is urgent need for w h a t m ight be term ed an Industrial 
Efficiency Corporation, w ith  a staff of experts in all lines °( 
chem ical m anufacturing, to  whom  a n y  manufacturer might 
refer for solution all problem s affecting his plant. If the details 
of such an organization can be satisfactorily  worked out, this 
corporation can render much of the service indicated above, 
b u t it too w'ill have to overcom e the reluctance ot many manu­
facturers to  allow an y  other m an, or group of men, to know what 
th ey  are actu a lly  doing in their factories.

T here is room also for better cooperation in the matter of 
patents. T h e u niversity  teacher is usually a t  a heavy disadvan­
tage in endeavoring to  obtain  a fair trial of his inventions and a 
reasonable share in the profits. In  this connection the establish­
m ent here o f the L etters P a te n t Insurance C o., Ltd., and in l'ic 
U nited  S tates of th e R esearch Corporation, are of interest.

T h e  la tter is described as “ an experim ent in the public admin­
istration o f p aten t righ ts”  (P. G . C ottrell, T h i s  J o u r k a ł .  4> 

864). I t  w as incorporated F ebru ary  26, 1912. as  ̂
stock com pany, under the law s of the S tate  of N ew  York, vrrt! 
offices a t 6 3 W all S treet, N ew  Y o rk  C ity , its declared purposes 

being :
(o) T o  receive b y  g ift and to  acquire b y  purchase or othcnvis«. 

inventions, p atent rights and letters p atent either of the Unit 
States or of foreign countries, and to  hold, manage, use, develop, 
m anufacture, instal, and operate the same, and to con uc 
com m ercial operations under or in connection w ith the dc'f OP 
m ent of such inventions, p atent rights and letters patent, ą11 
to  sell, license, or otherwise dispose of the same, and to co 
royalties thereon, and to experim ent w ith  and test the vali 1. 
and value thereof, and to render the sam e more available a® 
effective in the useful a rts  and m anufactures and for scien 1 1 

purposes and otherwise. . j
(b) T o  p rovid e m eans for the advancem ent and extenf>on
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technical and scientific investigation, research and experim en­
tation, by contributing the n et earnings of the Corporation, over 
and above such sum or sums as m ay be reserved or retained and 
held as an endow m ent fund or w orking capital, and also such 
other moneys and property belonging to  the C orporation as the 
Board of Directors shall, from  tim e to tim e, deem  proper, to the 
Smithsonian Institution, and such other scientific and educa­
tional institutions and societies as the B oard of D irectors m ay, 
from time to time, select in order to enable such institutions and 
societies to conduct such investigation, research and experim enta­

tion.
(c) To receive, hold and m anage, and dispose of such other 

moneys and property, including the stock of this and of any 
other corporation, as m ay, from tim e to  tim e, be given to  or 
acquired by this Corporation in the furtherance of its corporate 
purposes, and to ap p ly  the same, and the proceeds or income 
thereof, to the objects specified in th e preceding paragraph.”

To summarize briefly, th e purposes of the Corporation are to 
control patents for the benefit of the public, and to  aid research.

It is expected th at the duties of the Corporation w ill be largely 
administrative, the actual practical w ork in connection w ith the 
patents being conducted cither in cooperation w ith  the m anu­
facturing plants or w ith  the universities and technical schools. 
These administrative expenses for the first year are estim ated 
at $10,000, and have been provided for b y  subscriptions to  the 
stock of the Corporation, w hich stock it  is expressly stipulated 
shall pay no dividends w hatever, b u t m ay be repurchased at 
any time at par b y  the B oard of D irectors, and no stock can be 
disposed of w ithout first giving th e B oard an  opportunity to 
Exercise this option. A fter the first year, i t  is expected th at the 
undertaking will be self-supporting.

It appears to be the intention of the Corporation for the first 
few years to consider on ly such patents as m ay be offered as 

■outright gifts, and D r. C ottrell, in the article cited, says, “ present 
indications are th at the la tte r (the Corporation) w ill find itself 
well occupied even b y  these offers alone.”  In  other cases, 
patentees may be willing, it  is hoped, to assign to the Corporation 
their patent rights w ithin  certain  geographical boundaries, 
retaining the rest for them selves; or perhaps present to the C or­
poration the rights to  use the patents in connection w ith  certain 
lines of manufacturing and retain for them selves the rights for 
other lines.

The real actuating cause in the establishm ent of this C or­
poration has been the fine self-sacrificing generosity of D r. C o t­
trell himself in turning over his own valu able  patents on the 
electrostatic collection of sm oke and fumes, thus voluntarily  
Relinquishing w hat promises to  be large profits. T oo much 
cannot be said in praise of such a splendid exam ple of altruism , 
and it is to be hoped th a t m an y others m ay be found to follow 
gus example of real patriotism . I t  has been urged th at had 
such an organization been in existence a t  the tim e the D iam ond 
■'latch Company generously threw  open to all its sesquisulfide 
Patents, it might have been w illing to  turn  them  over to  this 
Research Corporation for the benefit of chem ical investigation.

The experiment is an exceedingly interesting one and surely 
"e all wish it the greatest m easure of success.

True, in the United S tates (P aten t A c t  of M arch  3rd, 1883) 
Jn<1 Perhaps also here in England, patents m ay be form ally 
'$ucd as free to the public w ithout ro y a lty  of any kind, and for 
êsc patents the G overnm ent collects no fees. One reason 

such regulations have not accom plished as much as their 
-locates hoped for is th at th ey  fail to  provide adequate pro- 
tection to the m anufacturer who invests the large sums necessary 
ln Plant, equipment and advertising, to m arket successfully a
"«»'article.

I'tare is also need for cooperation in some countries in securing 
n efficient and equitable system  of p atent laws, and in obtaining 
llr and impartial legislation where our chem ical industries are

concerned; cooperation  w hich, on the one hand, shall protect 
our m anufacturers from  unju st laws or regulations and which, 
on the other hand, shall effectually safeguard the com m unity 
against any inroads upon their rights b y  the m anufacturers.

F or exam ple, a G overnm ent m ight propose legislation classing 
as adulterated a n y  foodstuff containing 10  per cent of arsenic. 
I f  the university experts knew  th at such a percentage of arsenic 
was norm ally present in certain  perfectly wholesome and un ­
adulterated natural foods, it would be their d u ty  to  call the 
attention  of the law -m aking body to the fact, th a t the proposed 
legislation m ight be amended accordingly.

T o  tak e  the other side: if it appeared th a t a n y  line of industry, 
b y  com binations a t hom e and th e erection of a tariff w all against 
im ported articles, was effectu ally  stifling all com petition in 
order th a t it m ight continue old-fashioned, w asteful and ineffi­
cient m ethods of m anufacture, and charge the public high priccs 
for their goods, th a t public is entitled to redress and w ill surely 
obtain  it  sooner or later, and it would be the d u ty  of the university  
officers to  m ake clear to  the com m unity the exten t to  which 
th ey  were being imposed upon b y  the offending m anufacturers.

In  the building up a t our larger universities of museum s illus­
trating the developm ent and present s ta tu s of industrial chem ­
istry, there is afforded a  field for cooperation n ot y e t very  ex­
tensively m ade useof. T h e  exhibits them selves must, in th en atu re 
of the case, be contributed chiefly b y  the m anufacturers, and 
should include full sets of sam ples of all products— initial, inter­
m ediate and final— as w ell as working models of the mechanical 
parts of the process, so th at the student m ay see represented 
before him  all the various steps in the m anufacture: the univer­
sity , on its part, to  provide suitable housing and display cases, 
to look after the proper assorting, arrangem ent, distribution 
and labelling of the m aterial, and the necessary care and upkeep 
of the same. W h a t such collections mean to  the teacher of 
chem istry, no one appreciates better than the Colum bia U n i­
versity  m an, for there w e have had for more than a  generation 
the extensive Chandler M useum  of C hem istry, contributed 
largely b y  our chem ical m anufacturers, and gathered together 
p atiently  and w ith  tireless energy and enthusiasm  b y  th at 
N estor of A m erican chem ists, the first Am erican President of 

this Society, our own dear D r. Chandler.
Such museums are not only for the benefit of the university  

b u t are for public exhibition as well, and in addition to these 
university  museums, or replacing them , are the great industrial 
museums of the w orld like the D eutsches M useum  of M unich 
and the South K ensington of London, and it  is a genuine in­
spiration to  see these places thronged w ith young and old w atch ­
ing closely the operation of the working models exhibited, ex­
am ining critically the various products, or listening to  the 
explanatory rem arks of an accom panying teacher or of an 
attendant B u t w c need to  add to the equipm ent of those 
museums w e now have and to  assist in the creation of others, 
for they illustrate m ost graphically the com m ercial and industrial 
resources of the country and provide a telling object lesson of 
the significance of chem istry in the utilization  and developm ent

of those resources.
W hen the laym an sees before him a barrel of coal tar, it is to 

him only a black, evil-sm elling viscous mass; b u t when he sees 
grow ing out of th at barrel, a  tree-like arrangem ent of the in ­
numerable substances obtainable therefrom — first the prim ary 
products, then the secondary, and so on, until a t the ends of the 
branches he surveys all the wonderful dyestuffs, drugs and per­
fumes m anufactured from  this sam e foul m ass— it takes on for 

him a w holly new aspect and interest.
A  block of wood is a  v ery  com m onplace article, b u t when th at 

block of wood stands side b y  side w ith some of the beautiful 
and useful products which chemistry' can conjure therefrom , 
the observer begins to  have some inkling of the m agic of science 
and its potent influence in the progress of civilization.
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Lest I w eary you, I will but touch upon one other opportunity 
for cooperation, and th at is in the organization of chem ists’ 
clubs, where the members of the profession m ay regularly  fore­
gather and the university  man n ib  shoulders w ith  his m anu­
facturing brother. A  chem ists’ club is a  m ost excellent reagent 
for blending together in one homogeneous, harm onious w hole 
all brands of chemists, and it is quite tm e th a t a h ap p y union of 
theoretical and practical chem ists can often be accom plished 
m ost pleasantly b y  clubbing them  into it. O ur C hem ists’ 
C lub in N ew  Y o rk  has brought together, in one big contented 
fam ily, all the chem ists of th a t m etropolitan district, and its 
influence has extended over the length and breadth o f the U nited 
States. A fter all. friendship is the m ain th ing between brother 
chemists, and I had rather have a colleague’s intim ate and w arm ­
hearted friendship for me personally than m erely his respect 
and adm iration for m y scientific achievem ents.

l o  recapitulate briefly, the u niversity  exists for the com ­
m unity, and its supreme desire is to render ever b etter and more 
efficient service. I t  is the servant of our chem ical industries 
and their agent in the training of the men needed b y  these in­
dustries. I t  seeks closer cooperation from them  in dissem inating 
knowledge and in extending its boundaries, in endowing chem ical 
research and chem ical publications, in aiding our chem ical 
libraries, in the m atter of patents and legislation, in the creation 
of great museums of peaceful arts, in the organization o f chem ­
ists clubs and the provision of suitable buildings therefor, and 
in countless other w ays, and if this short and v ery  im perfect 
presentation of the subject serves in any w a y  to arouse increased 
interest in these m atters, it  w ill have been w'orth while. E ffi­
ciency is the on ly sure path to suprem acy in a n y  field of hum an 
endeavor, and closer cooperation betw een our universities and 
our industries will go far to assure increased efficiency to  both.

C o l u m b i a  U n i v e r s i t y  
N e w  Y o r k  C i t y

D E P R E C IA T IO N  A N D  O B S O L E S C E N C E  1
B y  R ic h a r d  K .  M e a d e

The capital invested in any manufacturing enterprise may be 
appropriately distributed among the following items*

(1) Plant.
(2) Working capital.
(3) Good will and patent rights.
(4) Laboratory and office buildings and their equipment.
(5) Mill site, real estate, mines, quarries, etc.
(6) The cost of financing.
Of these various items, a few may be expected to increase in 

value as time goes on without any special provision other than 
that ordinarily attended with successful operation of the busi­
ness. Other items become less even under the most careful 
management. “ Good will” of course increases in value under 
successful management. The working capital may or may not 
be increased according to the policy of those at the head of the 
organization. The real estate will increase or decrease in value 
according to local conditions. The value of patent-rights grows 
less as the time of the monopoly granted under them dimin­
ishes. On the other hand, where processes are employed under 
a royalty, the expiration of the life of the patent will allow 
these to be used without such expense. The deposits of raw ma­
terial, of course, decrease in value as they are drawn on to sup­
ply the plant. That portion of the capital which was devoted 
to raising the rest represents nothing of actual tangible value, 
although it is something with which practically all manufacturing 
enterprises have to reckon.

The value of the plant unquestionably gets less as time passes 
and the only way in which it can be maintained at anything like 
its original value, is by continually repairing the machinery and 
apparatus and by replacing worn-out parts by new ones. Even

1 Paper read a t  the  B oston m eeting of the American In s titu te  of Chem ­
ical Engineers, June  27, 1913.

when this is done, howaver, there com es a  tim e when such re­
placem ent of parts will not be sufficient to  keep the plant oper­
atin g econom ically either because th e cost of the repairs them­
selves is too great or else because the p lant has reached that 
point of general dissolution when the breakdowns are so con­
tinual th a t the loss of tim e and ou tp u t occasioned thereby is 
too great a handicap to be overcom e.

In every  p lant the expense of keeping the machinery in satis­
factory  w orking condition is taken care of b y  the current ex­
penses, b u t v ery  few  plants have m ade an y  provision against 
the tim e when the entire p lant m ust be rebuilt. Unquestion- 
ab ly , such a fund should be provided, or, in other words, if the 
p lant is to be self-perpetuating, a  fund should be set aside dur­
ing the life of the p lan t for its replacem ent when it goes out of 
commission.

M ost m anufacturing enterprises frequently meet with extraor­
dinary expenses, due to the breaking down of individual units. 
1  hesc breakdow ns m ay come w ithin  a y ear or so of the start­
ing up of a new plant, whereas th e actu al life of the plant itself 
m ay be m any tim es this. I f  these expenses are allowed to come 
in the ordinary m on thly cost sheets, these latter will show ir­
regularities and will not serve so well as an indication of the opera­
tion  of the p lant during the period in w hich th ey occur; conse­
quently  it is desirable to have a  certain  fund available which can 
be used for such unit renewals.

These two funds, one for replacing units as they go out of com­
mission and the other for rebuilding the entire plant, constitute 
the depreciation account. The former may be termed “cur­
rent depreciation” and the latter 41 plant renewal depreciation.” 
The former is to be used for the replacement of any individual 
units and the latter for the replacement of the entire plant.

T o  draw  a parallel from  the cem ent industry, let us take, for 
exam ple, a cem ent kiln : th is is a  long, horizontal cylinder, re­
v o lv in g  slow ly on rollers and heated b y  a  je t  of pulverized coal1 
or oil so th a t a  tem perature is m aintained in it of about 2500° F. 
T h e  lower p art of the lin in g .is  subjected to the scorifying 
action of the charge, and this p art needs to  be replaced about 
once a year. T h e  cylinder itself, how ever, w ill last at least fif­
teen to  tw en ty  years. T h e  replacem ent of the lining of the kiln 
should be taken care of b y  the current depreciation. There 
comes .a tim e, how ever, w hen the outside shell of the kiln be­
com es w orthless and when the entire apparatus must be re­
placed, and for this purpose w e should be able to draw on a plant 
renew al fund. T h e  proper plan, therefore, would be to estimate 
the average cost per y ear o f repairing the lining and set aside 
a sum  sufficient to cover this, creditin g this sum to the current 
depreciation account. A t  the sam e tim e the life of the shell 
should be calculated and a  sum  sufficient to cover the replace­
m ent o f this a t  the end of its usefulness should be set aside and 
credited to  the p lan t renew al fund. In  the purely chemical in­
dustries, the lead cham ber offers an illustration of a pie# 
p lant apparatus which m ust be replaced some day practical^ 

in toto.
Som etim es a  m achine is renew ed p art b y  part, as these wear 

out, so th a t a t  the end of a  period of years there is probably, in 
its make-up, n ot one p art originally  present in the machine when 
it w as first p u t on its foundations. C ertain  types of pulverizing 
m achinery offer a good illustration of this. F or example, wfth 
m ills of the ty p e  of the G riffin and the Fuller-Lehigh n *  
which are su bject to con stan t repair, it  is a fact that any of these 
m ills which have been properly k ep t in repairs will be practically 
as good a t  th e end of ten years’ continuous operation as they 
were on the d a y  on w hich th ey  were installed. On the othe* 
hand, w ith the tube mill, for exam ple, the cost of repairs is mu 
lighter, b u t there w ill com e a d a y  when the entire mill must be 
replaced and the cost o f such replacem ent will practically reptf 
sent the cost of a new tube mill. .

D epreciation  of the valu e of a m achine m ay also be can-
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by the working o u t of other and m ore im proved machines, by  
the discovery of a, m ore econom ical process for the w orking out 
of the finished product from  the raw  m aterials in which this m a­
chine is not used, or even  b y  the dem and of the trade for a  prod­
uct that the original m achine is n ot capable of producing. Such 
depreciation is now generally considered as a  separate and dis­
tinct item known as “ Obsolescence.”

Where enlargem ent of the p lant is m ade necessary b y  an in­
crease in the demand of the product, this can be properly financed 
by increasing the capital if necessary. Such enlargem ents are 
in no way concerned w ith  depreciation because for depreciation 
the original plant m ust actu a lly  depreciate in value. W hen 
new apparatus takin g the place of the old has a  greater cap acity  
than the original apparatus p art of the valu e of the form er m ay 
properly be added to the capita l account, b u t a  part of it should 
certainly be taken care of b y  depreciation.

At the present tim e, com petition in practically  all industries 
is much keener th an  it w as ten years ago and profits are much 
less. The introduction of the cost system  has enabled m anu­
facturers to determ ine accurately  the factory  cost of producing 
their goods, and m any large m anufacturers have been willing 
to undertake business using this system  as a basis and figuring 
Irom this the prices of their product, allow ing a fair return on 
the capital invested. A s  a  result of this blind following of the 
cost system and the failure to take into consideration depre­
ciation, etc., prices have often  been figured far too low. I t  can 
be safely said th at one of th e first effects of keen com petition 
has been to m ake m anufacturers rely too closely upon the cost 
system in fixing prices. O rdinarily installed as a  m ethod of 
furthering the economic operation of the plant, it has of late years 
become the basis of prices them selves. O f course, the mill 
cost is an item in fixing the price a t  which a product m ay be 
sold but if a m anufacturer considers only the cost of labor, 
fuel and supplies in m aking his prices he w ill sooner or later 
come to grief.

In many concerns, the fa ilu re ’to  carry  a depreciation account 
and the distribution in dividends to  stockholders of m oney which 
should have been set aside for p lant renew al has resulted in their 
ultimate financial distress.

Replacements are  often m ade necessary b y  fire, floods, storms, 
«plosions, etc. Such replacem ents can be properly made from  
•he depreciation fund because new  apparatus is installed and 
4 e opportunity can be taken  to  equip w ith im proved form s of 
the latest design in p la ce  of th e older type.

Obsolescence cannot b e  stated  and figured so scientifically 
as depreciation. C ertain  things, however, can be borne in 
mind in considering this. Obsolescence, as a  general thing, 
Srows less as a process grows older. In  every  industry, the 
change and improvem ents w hich occur in, its early  years are much 
¡neater than those which occur later. M uch of the obsolescence 
wMch has occurred to  plants in the last few years has been due 
rather to need for greater ou tp u ts th an  to  any actual efficiency 
of the earlier apparatus itself as com pared w ith  the later forms. 
In many industries, the general concession seems to  be th at 
Plants have now  reached the m ost econom ic size for a  unit.

I might express m y idea of obsolescence in the form of a  
curv’e in which one ordinate is the rate  of obsolescence 
and the other time. Such a  curve w ill take the form  of a hyper- 

It is easy to  conceive, how ever, th a t there m ay be a 
break in thig curve due to  some discovery which would revo­
lutionize the art of m anufacture in th is industry. Such discover- 

however, have seldom been of such a nature as to  p u t out 
of business old established concerns which could n ot adopt them  
1 "'mediately. Tim e is required to  perfect the w orkings of a 
Ee" Process and m ost plants w hich are under com petent m anage- 
®nt are informed of the discovery in sufficient tim e to m ake 
Separation for its adoption should it  becom e universal.

Samples of radical changes in processes and the slowness

of the newer and theoretically m uch more efficient process 
to  displace the older process, m ay be m entioned the electrolytic  
m ethod for soda and the con tact process for sulfuric acid. In 
spite of its apparent sim plicity and m arked advan tages over the 
older methods, the electrolytic  process for soda has n ot y e t 
overtaken the older S o lv ay  process. T h is la tter process is fifty  
years old, and although it has now displaced the Le B lan c 
process to a great extent, it  has required half a cen tu ry in which 

to do it.
In  the case of the con tact process, the im provem ents in lead 

cham ber practice seem to keep pace w ith  the advances m ade in 
the operation of the former, so th a t am ple tim e w ill be given 
m anufacturers to change from  the older process to the new 
should the la tter prove to  be the more efficient.

M ost processes change detail b y  detail. M uch  apparatus 
in the old one could be used in the new ; n otably  buildings, power 
plant equipm ent, conveying m achinery, etc. T h e  m ost radical 
change which could occur would probably be the substitution 
of a furnace process in place of a  w et reaction one, or from a  sim ­
ple chem ical process to  an electrochem ical one.

A s an exam ple of such a possible change, processes are being 
investigated a t the present tim e for rendering availab le  the 
phosphoric acid in phosphate rock b y  furnace methods. This, 
if successful and universally adopted, would decrease the con­
sum ption of sulfuric acid fifty  per cent and cause the sulfuric 
acid plant, now a  prom inent p art of m an y large fertilizer works, 
to  become worthless and necessitate the installation of rotary 
kilns and pulverizing mills in its place.

T h e  scarcity  of labor m ight a t  a n y  tim e cause m achinery 
to become obsolete, owing to  the need of replacing men by 
machines. In  certain  sections where labor is now cheap, it is 
easy to  foresee conditions where an increase in wages m ight 
necessitate the entire reconstruction of a plant.

Obsolescence generally determ ines the value of the mill site 
since this is of course subject to  no physical deterioration and 
is afTected only b y  the need of m oving the plant to a more ad­
vantageous site relative to  clim ate, m arkets, raw m aterials, 
labor or transportation facilities. In  certain  industries, such, 
for example, as the m anufacture of Portland cem ent, the extinc­
tion of the raw’ m aterials would affect the value of the mill site 
because when the raw  m aterials are exhausted it will be necessary 
to  m ove the plant to some other location. T his form  of obso­
lescence, however, can be calculated w ith the same degree of 

accuracy as depreciation.
H ow to handle depreciation best is a question which is open 

to considerable discussion. T h e ideal plan is unquestionably 
to set aside from the profits a certain  sum each year. This 
am ount should be derived b y  a  v ery  careful study of m achinery 
and buildings and other appliances and assets of the com pany, 
including the p atent rights. In  every  business, there are good 
years and bad years and it will be found, therefore, to  be im prac­
ticable to  set aside a fixed sum each y ear because there are 
tim es when even the m ost careful m anagem ent will fail to  m ake 
both ends meet, so th a t the good years m ust bear the h e a vy  

burden.
T h e depreciation account, as we have said, should be divided 

into tw o parts, one for use im m ediately and one as a  reserve. 
T h e former should be used to repair breakdowns and m ake re­
newals of m achinery of an extraordinary character and the la t­
ter for the renewal of the entire plant. T h e  first is designed 
principally in order th at the m anufacturer’s cost sheets m ay not 
vary  too w idely from  m onth to  month, ow ing to unusual repair 
items, and m ay serve as a reliable guide to  the operation of the 
p lant during various periods. In  some industries, the repairs are 
sm all and the replacem ents are light, and in these, such a draw ­
ing account m ay n ot be necessary, b u t in m ost chem ical, m etal­
lurgical and mining plants there should be set aside such a  fund. 
T here should also be set aside a sum representing the depre-
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ciation of the raw m aterial deposits if there are any.
In  plants w hich are financed entirely b y  the use of bonds, 

there is usually a clause in these la tter which provide for a  sink­
ing fund sufficient to retire the bonds after a certain length of 
tim e. P lan ts which are financed in this w a y  do not need a 
" p la n t  renew al depreciation fund,”  because if their bonds have 
been retired, new securities can be issued and in this w a y  sufficient 
funds m ay be raised to  cover the cost of the p lant renewal.

If depreciation is placed a t  too high a  figure, m anufacturers 
will be inclined not to  consider it  or, if th ey  do, stockholders 
w’ill be cut off from dividends which are righ tfu lly  theirs. T h e 
fact th at the surplus is an asset of the com pany and conse­
quently  the value of its securities is increasing is not to  be con­
sidered as answering this argum ent because m any tru st funds, 
etc., arc invested w ith a  view  to  bringing in steady revenues 
to the investors.

T h e question of depreciation is not sim ply one for the B oard 
of D irectors and the financial com m ittee only. I t  is also a  prob­
lem for the p lant superintendent, the engineer, the chem ist, and 
the geologist. I t  is on ly b y  a careful and scientific stu d y  of 
the subject th at a proper figure can be arrived a t. N o  tw o in­
dustries present the same conditions and p robably no tw o plants 
m anufacturing the same com m odity will have the sam e life; 
hence depreciation is his particular problem w ith  every  m anu­
facturer.

Obsolescence is a lw ays an unknow n qu an tity  and in a new in­
dustry it is m uch harder to gauge the rate  of this than in an 
old one. G enerally speaking, in m ost established industries 
the am ount set aside for depreciation will also cover obso­
lescence.

W henever the successful w orking of the plant is dependent 
upon a  lim ited supply of raw  m aterials, the life of the p lant is 
fixed by the length of tim e the raw m aterials will last rather 
than b y  the wearing q u ality  of the m achinery. T h e  deprecia­
tion fund in this case is, of course, the cost of replacing the plant 
and property.

A s the first step in fixing the depreciation fund, the expert 
should consider the question of raw  m aterials. I f  a local sup­
ply, how long will it last? E ven  if brought from  a distance, the 
possibility of having to go still farther for it  should be consid­
ered. C an  new property be had a t  the cost of old? I f  the 
qu ality  of the raw  m aterials is decreasing, m aking it  less easy to 
fashion the finished product as tim e goes on and possibly caus­
in g increased equipm ent, this should also be considered and pro­
vided for.

N ext, the present equipm ent of the p lant should be consid­
ered. Is it  efficient and how soon w ill it have to  be replaced? 
Is it a lready obsolete or does it  represent present-day efficiency? 
E ach piece of apparatus should be tabulated according to  its 
probable life and value. A p paratus w hich needs to  be re­
placed a t the end of a  year or so should be classed under the 
current renewal fund, and th at w ith  a longer life under the plant 
renewal fund.

From  the plant renewal fund list should be excluded all a p ­
paratus w hich breaks down part b y  part, such, for exam ple, as 
bucket-elevators, screw-conveyors, Griffin-m ills and all sm all 
apparatus whose replacem ent represents a com paratively  sm all 
sum, such, for exam ple, as acid-eggs, cast iron evaporating pans, 
n iter pots, etc.

M ost apparatus has a salvage value even if sold only for its 
m etal to  the jun k dealer. T he am ount of this m ay be calculated 
and deducted from the cost of- new apparatus or it m ay be neg­
lected altogether and considered m erely as furnishing a  m argin 
o f safety.

L et us take, for exam ple, a cem ent plant of 3,000 bbls. daily  
cap acity  built, say, in the last year or tw o, and equipped w ith 
ball and tube m ills for grinding the clinker and Fuller-I.ehigh 
m ills for grinding the raw m aterials, electrical drives, etc.

T h e  capita l rasied for this will p robably be distributed as fol­
lows:

P lan t and q u arry  eq u ip m en t.....................................  SI ,000,000
P ro p e r ty .............................................................................  ' 100,000
Office and  lab o ra to ry ..................................................... 15,000
W orking capital, bags, e tc ..........................................  235,000
C ost of financing...................................................................  150,000

T o ta l ................................................................................ $1,500,000

I . e t  u s  c o n s id e r  t h e  a m o u n t  o f  r a w  m a te r ia l  to  b e  sufficient 
to  l a s t  a t  l e a s t  f o r t y  y e a r s .  I n  c o n s id e r in g  t h e  a m o u n t to be 
c h a r g e d  o ff fo r  t h e  e x t in c t io n  o f  t h e  r a w  m a te r ia ls ,  th e  question 
is  n o t  m e re ly  o n e  o f  p r e s e n t  v a lu e  b u t  r a t h e r  o f  t h e  cost of re­
p la c in g  t h e  p r o p e r t y  b y  a  n e w  o n e  a t  t h e  e n d  o f  i t s  usefulness. 
S in c e  t h e  life  o f  t h e  p r o p e r t y  is  f a r  g r e a t e r  t h a n  t h a t  o f th e  plant, 
t h e  l a t t e r  w ill  p r o b a b ly  h a v e  b e e n  r e b u i l t  s e v e ra l  tim e s  before 
t h e  e x t in c t io n  o f  t h e  r a w  m a te r ia l s .

I n  t h e  p l a n t  i ts e lf  u n q u e s t i o n a b ly  m u c h  o f th e  apparatus 
w o u ld  h a v e  b e e n  r e p la c e d  p ie c e  b y  p ie c e  in  t h e  c o u rse  of current 
re n e w a ls .

T h e  e s t i m a te  o f t h e  c o s t  o f  s u c h  a  p l a n t ,  s h o w in g  th e  distri­
b u t io n ,  is  g iv e n  b e lo w ':

C o s t  o f  B u ild in g s  a n d  E q u ip m en t, 3,000 B b l. p e r  
C em e n t P l a n t

B uild ings..............................................................................
C rushers, screens, e tc . ................................................
D riers, coal and  raw  m ateria ls .................................
R aw  mills (Ball m ills and Fuller m ills)................
K iln  and  eq u ip m en t......................................................
C oolers................................................................................
C linker mills (Ball and  T u b e  m ills)........................

■ Coal mills (Rolls and  Fu ller m ills)..........................
E levato rs  and  conveyors.............................................
Bins and stock  boxes....................................................
Shafting, pulleys an d  b e l t in g ....................................
F oundations, tunnels  and  concrete w ork ..............
Pow er p la n t e q u ip m e n t ..............................................
M o to rs ................................................................................
W iring and  electrical w o rk   ........................... ..
M achine shop, carpen ter shop and  b lacksm ith

shop eq u ip m en t..........................................................
M iscellaneous equ ipm en t.............................................
Q uarry  equ ipm en t..........................................................
T racks, coal trestle  and  yards...................................

$1,000,000

T h e  a b o v e  e s t i m a te  in c lu d e s  t h e  c o s t  o f  in s ta l l in g  th e  machinery 
a n d  a ls o  i t s  p r o p o r t i o n  o f t h e  e n g in e e r in g  w o rk ,  superintendence, 
c le r ic a l  w o rk ,  a c c id e n t  l i a b i l i ty ,  in s u r a n c e  a n d  o th e r  items 

in c id e n t  t o  c o n s t r u c t io n .
I f  t h e  m ill  a n d  k i ln  b u i ld in g s  a r e  o f  s te e l ,  i t  w ou ld  be sa c 

to  e s t i m a te  t h e i r  l ife , if  p r o p e r ly  p a in t e d  a n d  ta k e n  care o , 
a t  f r o m  f o r ty  t o  f i f ty  y e a r s .  D e p r e c ia t io n  o n  s te e l  mill bui 
in g s  is  u s u a l ly  c o n s id e re d  a t  2 t o  2 * /i P e r  c e n t .  I f  the  stone 
h o u s e  a n d  th e  s to c k - h o u s e  a r e  o f  c o n c r e t e  w i th  s te e l  roof trusses, 
t h e i r  lif e  s h o u ld  b e  e v e n  lo n g e r .  T h e  ro o fs  a n d  s id ings to c 
b u i ld in g  w o u ld  p r o b a b ly  n o t  h a v e  a  l o n g e r  life  th a n  fifteen 
tw e n ty  y e a r s ,  s o  t h a t  t h e  a v e r a g e  life  o f  t h e  b u ild in g  coul 
s a f e ly  p la c e d  a t  t h i r t y  y e a r s .  I t  is  h a r d ly  l ik e ly  t h a t  they " 
b e c o m e  o b s o le te  a s  m o d e m  m a c h in e r y  g e n e r a l ly  is more com 
p a c t  a n d ,  e v e n  if  o th e rw is e ,  s te e l  b u i ld in g s  c a n  b e  very  rea i . 

e n la rg e d .
N o  f ig u re s  a r e  o b t a in a b le  u p o n  t h e  life  o f k iln s .  Some se\en 

o r  e ig h t  y e a r s  a g o  t h e  s iz e  o f  t h e  k i ln  w a s  c h a n g e d  so  tha t * 
lo n g  k i ln s  n o w  in  u s e  a r e  n o n e  o f t h e m  o ld e r  t h a n  about 
y e a r s .  T h e s e  k i ln s  d o  n o t  s h o w  s ig n s  o f g o in g  general 
p ie c e s , a l th o u g h  in  s o m e  c a s e s  a  lo w e r  s e c t io n  (2 5 ')  in ay . 
to  b e  r i v e t e d  o n .  I  t h i n k  t h a t  2 0  y e a r s  w o u ld  b e  a  safe estwu  

o f t h e  l ife  o f a n  8 '  X  1 2 5 '  k i ln .  jn j
T h e  d r ie r s  a n d  c o o le rs  a r e  s u b j e c t  to  c o n s id e ra b le  wear 

t e a r — t h e  l a t t e r  p a r t i c u l a r ly  a n d  t h e  ro ta r y ' c o o le rs  wear 
t h a n  t h e  u p r i g h t  o n e s .  T h e  life  o f  a  s to n e  d r ie r  011 h ar

D a y  P o r t l a x d

J200.000
25.000
25.000
70.000
75.000
20.000
75.000
14.000
50.000
40.000 
20,000
40.000

175.000
40.000
30.000

10.000
41.000
30.000
20.000



stone is g e n e ra l ly  a b o u t  f i f te e n  y e a r s  a n d  o f  a  c o a l d r ie r  n o t  o v e r  Cost I tem s Arranged  accord. ng to P robable L tfe

ten years. T h e  c r u s h e r s  w ill  l a s t  a t  l e a s t  t w e n t y  y e a r s .  B a l l  PraeltcdUy IndeslrucUble
and tube mills should la st this long also. B oth , of course, need Concrete w ork ..................................................... 5401000 * '

lining f r e q u e n tly .  G r if f in , M a x e c o n ,  S t u r t e v a n t ,  H a m m e r  a n d  J0 Years
Fuller m ills a re  p r a c t i c a l l y  b u i l t  o v e r  e v e r y  few  y e a r s .  I  t h in k  B uildings................................................................... 5200,000
that w ith  th e  b a l l  a n d  tu b e - m i l l  i n s t a l l a t i o n  20  y e a r s  w o u ld  b e  Bins and  stock b o x e s .. ,  — .............................  40.000 $240 .000

liberal, as I know  of m ills still running efficiently w hich are
20 1 eats

nearly this old and w hich are p robably good for m any years crushers, screens, e tc ...........................................  $ 25.000
more. T h e  q u a r r y  e q u ip m e n t  is  s u b je c t  to  g r e a t  w e a r  a n d  t e a r  K ilns and  equ ipm en t............................................. 75.000

and I do not believe the life of steam  shovels, cars and engines Clinker m ills ..................................................... 75,000
will be much more than  ten years. b«U null».............................................. '2 ’000

O11 en g ines, b o i le r s  a n d  p o w e r  p l a n t  e q u ip m e n t  t h e  f ig u re s  M M h ta e ^ h ip  iij’u i p m m t . ' . V .   lo iooo
generally used are from  5 to  62/s Per cent., or a  life of from 16 wiring and electrical work.............................  30,000
to 20 years, and m otors in cem ent plants, where th ey  are su bject Shafting, pulleys and  belting (25 per cent). 5 ,000
to dust, cannot be expected to  h ave  m uch over 15 years of Elevators and conveyors (40 per c e n t)   20,000

1 M iscellaneous equipm ent (50 per cen t)  20,500 *¿1 / , ouu
efficient life . -------------

The bins and stock-boxes are quite an im portant item  in the /j Years
cost of a  c e m e n t  p l a n t .  T h e s e  a r e  n o t  s u b je c t  t o  a p p r e c i a b le  Power p lan t equ ipm en t........................................ $ 175,000

wear a n d  th e i r  life  c a n  s a f e ly  b e  f ig u r e d  a t  3 0  t o  4 0  y e a r s .  F u r -  s to n c ^ i r i- r s .............................................................  is ]o o o  230,000
therm ore, th e y  a r e  n o t  s u b je c t  to  o b s o le s c e n c e  a n d ,  in  m o s t  p l a n t s  ‘ tonc ‘ n c r s ..................  ..................
with w hose r e m o d e l l in g  I  h a v e  b e e n  c o n n e c te d ,  t h e  b in s  in  t h e  ¡0  Years
old plant have been used in the new one. Coolers............................................................  $ 20.000

Some of th e  c o n c r e te  is  in  t h e  f o u n d a t io n s  fo r  t h e  m a c h in e r y  Coalminers................................................................. ->o’ooo

and buildings and some of it  in dam s, retain ing w alls, tunnels, Q uarry  eq u ip m en t. ....................................  30,000 80,000
coal-trestles, e tc .,  a b o u t  t h e  p la n t .  O f  i ts e lf ,  i t  is  p r a c t i c a l l y  in -  -------------
destructible, b u t it is of course su bject to  obsolescence, particu- Taken Care o f by Current Renewal Fund
larly the foundations w hich m a y  not su it the new m achinery to F u l t o m i l l s ^ . , f 5'° 0°

be installed. Elevators and conveyors (60 per c e n t)   30,000
Machine shop tools are usually  figured as having a life of 20 M iscellaneous equipm ent (50 per c e n t)   20,500 132,500

years, and accurate figures are obtainable on these. T h e  tools oQ() om
in the cement p lant m achine shop are sim ple (lathe, drill-press,
planer, e tc .)  a n d  a r e  n o t  s u b j e c t  t o  v e r y  g r e a t  o b s o le s c e n c e . j n  t | le  a i ,o v c  c a s e  t h e  s u m s  t o  b e  s e t  a s id e  a n n u a l ly  a r e  a s  fo l-

W iring a n d  e le c t r ic a l  w o rk ,  if  s u b s t a n t i a l l y  d o n e , a s  i t  s h o u ld  ¡o w s ;
be, if the figure given on the estim ate is adhered to, m ay be ^  e $ go ooo -n years..................................  $ 6,360
safely a ss u m e d  a t  t h e  f ig u r e s  u s e d  b y  v a r io u s  e le c t r ic a l  r a i l -  To provide $230,000 in 15 years...................................  10,666

roads, etc., for indoor wiring, v iz . ,  20 years. T o provide $277,000 in 20 years .......................................... 8,392
Shafting, belting and pulleys w ill, for the m ost part, be taken T o provide $240,000 in 30 y ears .......................................... 3,612

care of by  repairs, b u t these are also su bject to obsolescence T o  provide $187.000 in 40 y ears...........................................    ’_.

in that they m ay not su it new  m achinery. Annual depreciation fu n d ........................................ $30,578
E lev a to rs  a n d  c o n v e y o r s  a r e  s u b je c t  to  r a p id  w e a r  a n d  t h e i r  

renewal w ill c o m e  u n d e r  r e p a i r s .  T h e  c a s in g s ,  m e ta l  t r o u g h s ,  ^ s  t h e  a b o v e  p l a n t  w ill p r o b a b ly  m a n u f a c tu r e  f ro m  900,000

etc., will h a v e  a  lo n g  life , c o n s e q u e n t ly  t h e y  s h o u ld  b e  t a k e n  I)o o o ,o o o  b b ls .  p e r  y e a r ,  th i s  s u m  w ill b e  e q u iv a le n t  to  f ro m  
care of in  th e  p l a n t  r e n e w a l  f u n d .  3 . 0 1  to  3 . 4  c e n t s  p e r  b b l .  o f  c e m e n t  p ro d u c e d .

T he m is c e lla n e o u s  e q u ip m e n t  is  m o s t ly  m a d e  u p  o f  s m a l l  Q u  t h e  e x t in c t io n  o f  th e  r a w  m a te r ia l s ,  tw o  c o u rs e s  a r e  o p e n ,
items, m a n y  o f  w h ic h  a r e  s u b je c t  to  r e n e w a l  a s  r e p a i r s ,  e tc .  e i t h e r  t o  r e t i r e  e n t i r e ly  f r o m  b u s in e s s  o r  to  s e c u re  s o m e  o th e r

R ea rran g in g  t h e  i t e m s  in  t h e  a b o v e  e s t i m a te  o f  t h e  c o s t  o f  s o u rc e  o f  th e s e  a n d  b u i ld  a  n e w  p l a n t  a t  t h e  n e w  lo c a t io n .  I f  t h e
the p la n t a c c o rd in g  to  t h e i r  p r o b a b le  life , w e  s ee  t h a t  f i r s t  c o u rs c  is  fo llo w e d , t h e  d e p r e c i a t io n  s h o u ld  b e  in c re a s e d  >y
in a rriv in g  a t  t h e  p r o p e r  f ig u re s  fo r  d e p r e c i a t io n  w e  a  s u m  s u f f ic ie n t to  r e t i r e  a ll  o f t h e  s e c u r i t ie s  a  e  e n  o  o r  >
must p ro v id e  fo r  $ 80,000  a t  t h e  e n d  o f  10  y e a r s ,  $ 230 ,0 0 0  y e a r s .  T h e  w o r k in g  c a p i t a l  a t  t h i s  t im e  w i m o s  o  1

a t the  en d  o f 15  y e a r s ,  $ 2 7 7 ,3 0 0  a t  t h e  e n d  o f 20  y e a r s ,  $ 240,000  s e n t  b il ls  r e c e iv a b le  a n d  h e n c e  n o  p ro v is io n  n e e d  b e  m a d e  fo r
a t the  e n d  o f 30  y e a r s ,  a n d  $ 18 7,0 0 0  a t  t h e  e n d  o f  4 0  y e a r s ,  w h e n  r e t i r in g  th is .  T h a t  p o r t i o n  r e p r e s e n te d  y  a g s  w i p r o  a
the raw  m a te r ia ls  b e c o m e  e x t in c t .  T h e  l a t t e r  s u m  in c lu d e s  t h e  b e  c u t  in  h a l f ,  b u t  t h i s  w ill  b e  o ff se t  i n m o s t  c a s e s  j > re c c ip  ^ ro m
value of th e  o ffice  a n d  l a b o r a to r y .  T h e  a m o u n t  t o  b e  s e t  a s id e  t h e  s a le  o f  l a n d ,  o ld  m a c h in e r y ,  b u i ld in g s ,  e  c .
each y e a r  is f o u n d  n o t  b y  d iv id in g  $ 8 0,000  b y  10 , e t c . ,  b u t  b y  T h e  a m o u n t  o f d e p r e c a t i o n  t o  b e  fix e d  u p o n ,  t h e r e f o r e  n
calculating the sum which, placed at compound interest, will case plans are made to go out of business, w )c
n̂ t $80,000 at the end of ten years. It is inconceivable that necessary to provide $250,000 in fort> >ears or an annui > o
such a  fu n d  s e t  a s id e  e a c h  y e a r  w o u ld  n o t  b e a r  i n te r e s t .  I f  $ 2 ,0 7 0 , e q u iv a le n t  to  f ro m  0 .2 3  t o  0 .2 1  c e n t  p e r  b a r r e l ,  m a k in g
invested in  th e  b u s in e s s  i t s e l f  in  t h e  fo r m  o f  e n la r g e m e n ts ,  e t c . ,  t h e  t o t a l  d e p r e c i a t io n  in  t h i s  e v e n t  f r o m  3 . 2 4  o  3 . 1

'he  d e p re c ia tio n  f u n d  s h o u ld  b e  c r e d i t e d  b y  i t s  e a r n in g s .  A  b b l .  . . . ...
depreciation f u n d  c o u ld  b e  s a f e ly  in v e s t e d  a t  5  p e r  c e n t  i n t e r e s t  I f  n e w  p r o p e r ty  is  to  b e  a c q u i r e d ,  i t  is  p r o b a b le  h a t  t l  s

and th e  in te r e s t  so  o b t a in e d  r e in v e s t e d  w i th  t h e  n e w  in s ta l l -  b e  p u r c h a s e d  a s  t h e  o p p o r tu m  > ’ r̂eSeI? S '■  • , ¡o n
«Wits to  th e  f u n d  a s  t h e y  a r e  s e t  a s id e . S o  i t  s e e m s  p e r f e c t ly  d e s ir a b le  d e p o s i t s  o f r a w  m a te r ia l s  r a t h e r  t h a n  a t t l e e x p r a t o i .
Proper in  s e t t in g  a s id e  s u c h  a  fu n d ,  t o  a s s u m e  t h a t  i t  w ill  b e a r  o f  t h e  life  o f p r e s e n t  h o ld in g s  a n d  i t  is  a ls o  P ™ b a b le  t h a t  t
W mpound in te r e s t  fo r  s a y  a t  l e a s t  5  p e r  c e n t .  t r a n s a c t io n  w o u ld  b e  f in a n c e d  b y  t h e  - p l u s  p ro f i t s  o f s o m e

A tab le  c a lc u la te d  b y  M r .  J o h n  W  H il l ,  a n d  f ir s t  p u b l is h e d  ^ w f e r ,  t h e  c o s t  o f  t h e  r a w
l ^ n e e n n g  N e w s ,  J u n e  2 5 , 18 9 4 . o r  c a l c u la t in g  t h i s  s u m . I n U t a m g a  P  ^  ^  ^  o f t h e  p r o p e r t y ,
J  1 be f°u n d  |  K e n t 's  " M e c h a n ic a l  E n g in e e r s  P o c k e t  B o o k ,  m a t e r  P  ^  ^  ^  , }fe o f  t h e  d e p o s i t  a s
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forty  years, or 40,000,000 barrels, 0 .2 s  cent should be added 
to the cost of production to  cover the " in  the ground v a lu e ”  
of the raw  materials.

In  m y estim ation, the sura of 10 cents per barrel urged b y  some 
cem ent m anufacturers recently is much too high. W hile it  m ay 
be the p art of wisdom to set aside some such sum  as a  " c o n ­
tingent fu n d ,”  there seems to  be 110 need of any such figure for 
depreciation alone.

202 N . C a l v e r t  S t.
B a l t im o r e

TH E CORROSION OF L E A D 1
B y  R ic i ia k d  H . G a in e s  

T h e problem to  determine w h at particular m etal or com bi­
nation of m etals is best suited for a given purpose in engineering 
construction is som etim es one of great difficulty. A  m istake 
in judgm ent m ay be a t the expense of econom y or durability 
or m ay even lead to  a disaster. T h e decision of the engineer, 
to be correct, m ust be based on a thorough knowledge of the 
physical properties of the m etals under consideration and this 
is generally gained b y  experience.

In  m any constructions, the choice of some of the m aterials 
is determ ined more b y  their durability under conditions of w ork­
ing than b y  their strength or other properties, a more expensive 
and w eaker m aterial being sometim es chosen in preference to 
a cheaper and stronger on account of superior resistance to 
corrosion. Exam ples of this are afforded b y  the frequent use 
of special bronzes in places where, except for their durability, 
the stronger and cheaper iron and steel would be preferable.

Incidental to  a  recent stud y to  aid in determ ining w hether 
it would be safe to  substitute lead-lined steel pipe for bronze 
pipe where a  m aterial of great durability w as required in portions 
of a w ater conduit, some experim ents were made, and facts col­
lected from the experience of others, bearing on the corrosion 
of lead. From  the data  obtained it  was concluded th at for the 
particular purpose in view , the relative m erits of bronze pipe 
and lead-lined steel pipe would barely adm it of comparison. 
U nder w hatever conditions lead w ithstands the action of 
w ater or acids, the bronzes are sim ilarly unaffected, while under 
other conditions of service in which the bronzes are p ractically  
untouched b y  corrosive action, lead would be destroyed. Lead- 
lined steel pipes no doubt have their uses in the chem ical m anu­
factures, and m ay also fmd extensive application for the con vey­
ance o f hard waters, or acid waters of a certain character in 
mines, b u t th ey  cannot be recomm ended for use in connection 
w ith c ity  w ater supplies. O w ing to its peculiar physical and 
chem ical properties, lead affords a doubtful protection to iron 
or steel conduits from  corrosion, and under some conditions 
m ight prove an absolute disadvantage if n ot an actu al menace 
to the life of the pipe.

THE ACTION OP ALKALIES 

A  peculiarity of lead is th at it  m ay be corroded either by 
alkalies or acids. T hus, lime m ortar, lim e p u tty  and lim e w ater 
w ill a tta ck  lead; if  the m ortar is v ery  alkaline the effect w ill 
be greater. Proof of this w as established b y  experim ent as 
well as from observation of lead service pipes in w et concrete.

T h e following experim ent w as m ade to  test the effect of an 
alkaline seepage w ater on lead. A  weighed sam ple of lead was 
immersed for a period of eight days in seepage w ater th a t leaked 
through the concrete walls of a  tunnel. T h e  sam ple w as taken 
out daily, washed, dried and weighed, and the loss in w eight 
noted. A t  the end of the test period, it  was found th a t progres­
sive corrosive action had taken place, am ounting to  0.132 
per cen t in eight days, or a t  the rate of abou t 6 per cen t a year.

Several exam ples of th e corrosion of lead service pipes in w et 
concrete were observed, one of which it  w ill suffice to  men-

1 P aper presented before the New Y ork Section of the American 
Chem ical Society, C hem ists’ Club, M ay  9 th , 1V13.

t io n  h e re .  I n  a  b a th in g  e s ta b l i s h m e n t  in  B ro o k ly n  tw o lead 
p ip e s  p a s s e d  u p  t h r o u g h  a  c o n c r e t e  f lo o r— o n e  o f  t h e  p ipes was 
fo r  h o t  a n d  t h e  o th e r  fo r  c o ld  w a te r .  O w in g  t o  t h e  free  use of 
w a te r  o n  th e  flo o r  t h e  c o n c r e t e  w a s  w e t  m u c h  o f t h e  tim e . Here 
t h e  le a d  p ip e  fo r  t h e  c o n v e y a n c e  o f  h o t  w a t e r  w a s  n e a r ly  destroyed 
b y  c o r ro s io n  in  f iv e  y e a r s ,  w h ile  t h e  c o ld  w a t e r  p ip e  w as also 
d e e p ly  c o r ro d e d .  N o  e v id e n c e  w a s  fo u n d  o f  le a k in g  electric 
c u r r e n t s  in  t h e  b u i ld in g  t o  a g g r a v a t e  t h i s  a c t io n .

CORROSION IN  CONCRETE 
A  s e r ie s  o f e x p e r im e n ts  w a s  m a d e  t o  d e te r m in e  w h a t loss 

l e a d  s u f fe rs  f r o m  c o r ro s io n  a s  c o m p a r e d  w i th  s te e l ,  a n d  some 
o t h e r  m e ta l s  w h e n  e m b e d d e d  a lo n e ,  o r  in  c o n ta c t ,  in  v e ry  damp 
c o n c r e te .

S p e c im e n s  o f  t h e  fo llo w in g  m e ta ls  w e re  w e ig h e d  an d  em­
b e d d e d  s in g ly  a n d  in  c o n t a c t  in  d a m p  c o n c r e t e  a n d  allowed 
to  r e m a in  t h e r e in  f o r  tw o  m o n th s .  A t  t h e  e n d  o f  t h e  t e s t  period 
t h e  c o n c r e t e  b lo c k s  w e re  b r o k e n  u p  a n d  t h e  m e ta ls  ta k e n  out, 
c a r e f u l ly  c le a n e d ,  d r ie d  a n d  re w e ig h e d ,  t h e  lo s s  in  w e ig h t repre­
s e n t in g  th e  a m o u n t  o f  c o r ro s iv e  a c t io n  in  e a c h  s p e c im e n .

S in g le  Specim ens

G ram s W eight
. *------------- —, Loss

Jan . 2, M ar. 4, Gram s in grams 
-Metals: 1912 1912 lo s s  2 mo. persq.ft.

M anganese b ronze ................. 73.6655 73.6475 0.0180 0.32
S tee l............................................  39.1556 39.1481 0.0075 0.135
L e a d ............................................ 92.3806 91 .7146 0.6660 U . 99
C opper.......................................  73.7630 73.7272 0.0358 0.64
M onel m e ta l............................  62.9667 62 .9646 0.0021 0.04

M etals in  Contact:
S tee l............................................  37.0380 37.0270 0 .0110 0.20
M anganese b ronze ................. 70.6864 70.6700 0.0164 0.30
S tee l............................................  38.1746 38 .1700 0.0046 0.08
L ead ............................................ 90.0399 89.5408 0.4991 908
S tee l............................................  38.8055 38.8031 0.0014 0.03
C opper.......................................  70.1913 70.1348 0.0565 1-04
S tee l............................................  38.6396 38.6271 0.0125 0.23
M onel m e ta l............................  60.1092 60.1074 0.0018 0.30
S tee l............................................  34.5625 34.4626 0.0999 2.48
L ead ............................................ 83.8596 83.5163 0.3433 6.77
C opper.......................................  68.9752 68.9626 0.0126 0.31
S tee l............................................  34.7072 34.8026 0.0676 1-63
F ib e r ..............................................................................   . .  • • • • * *
C opper........................................ 64.1247 64.1122 0.0125 0.31

T h e  r e s u l t in g  lo s se s  s h o w  b u t  s l ig h t  d if f e r e n c e s  w h e n  in con­
t a c t  a n d  a lo n e ,  a n d ,  th e r e f o r e ,  g iv e  n o  e v id e n c e  o f  e lectro ly te  
a c t io n  w h e n  t h e  m e ta l s  a r e  c o u p le d  in  c o n c r e te .  W ith  the 
e x c e p t io n  o f  t h e  l e a d  t h e  c o r ro s io n  lo s s  o f a l l  t h e  m e ta ls  was 

s m a l l ,  t h a t  o f  th e  m o n e l  m e ta l  a lm o s t  n il .
T h e  a c t io n  o f  t h e  le a d  c o n f irm s  r e s u l t s  o b ta in e d  from  actual 

e x p e r ie n c e  a n d  s h o w s  t h a t  t h i s  m e ta l  m a y  s u f fe r  v e ry  appre­
c ia b ly  in  a n  a lk a l in e  a s  w e ll a s  a c id  m e d iu m .  T h e  corrosive 
a c t io n  in  t h i s  c a s e  w a s  o b s e r v e d  t o  b e  s o lv e n t  in  c h a rac te r, uo 
p r o te c t iv e  c o a t in g  b e in g  f o r m e d  t o  h in d e r  f u r th e r  change.

THE EFFECT OF ACIDS 
S ir  W il l ia m  C ro o k e s  o n c e  s a id  t h a t  le a d  w a s  t h e  f irs t cousin 

o f  t h a l l iu m  w h ic h  L o t h a r  M e y e r  c a l le d  t h e  o rn ith o rh y n c u s  o 
t h e  m e ta ls .  T h i s  s t r a n g e  ju r a s s ic  a n im a l ,  a s  s o m e  of >olj 
m a y  k n o w , p o s se ss e d  t h e  b o d y  o f  a  m a m m a l  a n d  th e  beak o 
a  b i r d .  W h e t h e r  s u c h  a  d o u b t f u l  o r d e r  o f  r e la t io n s h ip  in  ̂
f a m ily  o f  e le m e n ts  is  t r u e  o r  n o t ,  i t  is  a  f a c t  t h a t  t h e  chemi 
p r o p e r t i e s  o f le a d  a r e  v e r y  p e c u l ia r  a n d  t h e y  p re s e n t  some re 
m a r k a b le  c o n t r a s t s .  W h ile  le a d  r e s i s t s  t h e  a c t io n  o f sulfur'1- 
a n d  h y d ro c h lo r i c  a c id s  in  a  f a r  h ig h e r  d e g re e  t h a n  iro n , zinc °r 
t in ,  i t  is  r e a d i ly  a t t a c k e d  b y  w e a k  o rg a n ic  a c id s  a n d  is slow ) 

d is s o lv e d  e v e n  b y  p u r e  w a te r .
W i th  r e s p e c t  t o  c o r ro s io n  t h e  b e h a v io r  o f  le a d  is decide > 

in c o n s i s te n t .  N o tw i th s t a n d in g  t h a t  l e a d  i s  v e r y  s lig h tly  act 
o n  b y  s o m e  o f  t h e  s t r o n g  m in e r a l  a c id s  in  t h e  c o ld , i t  is stwI1 

e x te n s iv e ly  c o r r o d e d  w h e n  e x p o s e d  t o  t h e  a c t io n  o f nioi»t 
in  t h e  p re s e n c e  o f  c a r b o n ic  a c id  a n d  b e c o m e s  e v en tu a lly  co
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verted into a mass of white lead. Since carbonic acid is pro­
duced abundantly in the decay of anim al and vegetable m atter, 
metallic lead is m uch affected when k ep t in con tact w ith such 
substances in the presence of air, the oxygen of which unites 
with lead to form an oxide which then com bines w ith  carbonic 
acid. The oldest process for the m anufacture of w hite lead 
depends upon th e corrosion of th e lead b y  con tact w ith  decay­
ing organic m atter in this m anner. B loxam , in his w ork "M e ta ls  
and their Properties,”  relates, “ In  breach loading cartridges 
where grease is em ployed as a  lubricator, th e bullets have som e­
times become p a rtly  con verted into w hite lead and thus increased 
so much in bulk as to  burst open the copper case of the cartridges, 
and render it useless.”

THE CORROSION OF LEAD IK THE SOIL 

The impression prevails am ong m an y engineers th at in the 
absence of stray  currents, the corrosion of lead in th e soil is 
negligible. T his is n ot alw ays true. W hile in some soils lead 
is very slowly affected b y  corrosion, in others an active chem ­
ical change or deterioration of one kind or another takes place; 
for example, "T h e  lead of old coffins is som etim es found to  have 
become almost entirely converted into an earthy-looking mass 
of basic carbonate of lead”  (Bloxam , "P roperties of M etals” ).

The Russian engineer, A . N . Schensnovitsch, of Odessa, 
recently sent b y  his governm ent to  N ew  Y o rk  to  exam ine our 
pier and dock system , to ld  the w riter o f an interesting case w ith  
which he was fam iliar of th e destruction of lead w ater pipes 
by corrosion, th a t occurred in St. Petersburg during the seventies, 
before the days of industrial e lectricity  or other conditions th at 
could give rise to  electrolysis. A ccording to this engineer, 
m 1860-61, or thereabouts, a  quarter o f the c ity  of St. Peters­
burg was served w ith  w ater b y  a  system  of lead mains. In  
from ten to fifteen years these pipes had becom e so pitted b y  
corrosion as to  necessitate extensive changes. T h e  cause of 
the trouble a t the tim e w as attribu ted  to  some local peculiarity 
of ^ e  soil, the exact nature of w hich w as never ascertained. 
Mr. S. stated th a t th e whole system  w as subsequently replaced 
by cast iron pipes, which had proved durable and satisfactory.

The superintendent of the w ater w orks o f a suburban town 
m this vicin ity told th e w riter th a t several years ago he had 
occasion to renew a num ber of lead service pipes on account of 
deterioration from  corrosion. A s he expressed it, " T h e  pipes 
were pretty well used up, presenting th e appearance of ju st 
having passed through a severe a tta ck  of sm all-pox. T h e lead 
moreover had the appearance of having lost all its v ita lity . 
There was no indication of electrolysis p laying any part here.”  

In several cases reported b y  recent engineering periodicals, 
accounts are given of the lead pipe in the earth "losing its v i­
tality, becoming brittle  and porous, rendering renewal necessary 
^ter a com paratively short period of service, or the substitu- 
t:orl some other kind of pipe.”  Cases are also reported 
"here it was deemed necessary to  la y  the lead pipe in wooden 
troughs, to surround it w ith pitch, or otherw ise protect it from 
the corrosive influences o f the soil.

t h e  c o r r o s i o n  o f  l e a d  i n  w a t e r  
_ 5>o far as ordinary atm ospheric corrosion is concerned, lead 
15 onc °f the most durable o f the com m on m etals, undergoing 

change in dry air or in w ater perfectly free from air. I t  is, 
Moreover, but sligh tly  affected b y  hard w aters or dilute solu­
tions of either hydrochloric or sulfuric acids. T he latter acids 
quickly form coatings on the surface of the m etal, which pro- 

it from further action. Lead, however, is readily dissolved 
> water high in n itrates and b y  dilute n itric acid. I t  is also 

more or less rapidly corroded b y  w eak organic acids in con tact 
UlUl moist air. C ertain  w aters which actively  corrode lead 

tilose with a slightly  acid reaction, from peaty  swam ps. 
ere are certain m icrobes associated w ith  peat which are acid- 

Producing, and im part acid ity  to  waters which have been in 
contact with peat.

S o ft w aters are particularly unsuited for conveyance in lead 
pipes, and in such w aters containing nitrates derived from de­
caying vegetation, the am ount of lead dissolved is large. E very  
plum ber knows th at pure soft w ater will a ttack , and som etim es 
destroy lead pipes. F or this reason it has often been found 
necessary to  line lead pipes w ith  tin.

W hen lead pipes are acted on b y  w ater the corrosion is more 
or less irregular, some portions being hardly a ttacked, while 
a t others, holes m ay be eaten through. This does n ot seem to 
be due to a n y  irregularity in the m etal, b u t rather to m erely 
accidental circum stances. One auth ority  quotes various ex­
periments to  show th a t lead w ater pipes should be kep t full 
of w ater all th e tim e to  prevent deterioration.

T h e corrosion of lead b y  pure aerated w ater takes place as 
follows:

P b +  O (dissolved) =  PbO
PbO  +  H 20  =  P b (O H )2 

If  exposed to  the action of clean, soft w ater containing the norm al 
qu an tity  of dissolved oxygen, the lead is oxidized to hydroxide, 
which dissolves. A fter a  tim e this is converted, b y  the action 
of the atm ospheric carbon dioxide, into the basic carbonate of 
lead, 2P bC O j,P b(O H )s. Lead hydroxide is then again formed, 
and thus the corrosive action m ay be continued.

Potable waters alw ays contain a  certain am ount of salts in 
solution, and the corrosive action depends to some exten t upon 
the nature and quan tity  of the salts present. T h e  w aters which 
a ct least on lead are those containing carbonate of lime, phos­
phate of lime, and in a less degree, sulfate of lime. T h e  w aters 
w hich are m ost liable to  a ct upon lead are those obtained from 
upland gathering grounds, w aters which are soft and usually 
of rem arkable purity. W hen h ighly oxygenated, the latter 
form no protective coating against solvent action. On account 
of the qu an tity  th at m ay be thus dissolved, lead has a lw ays been 
considered a  more or less dangerous m etal in connection with 
w ater supply for drinking purposes. A ctin g  as a cum ulative 
poison, its salts produce serious results if taken into the system  
even in very  m inute quantities for a length of tim e. A lthough 
indirectly related to  the subject of corrosion, the experience 
of certain of the towns of Lancashire and Y orkshire in E ngland 
should never be forgotten where the use of lead w ater pipes is 
under consideration. In  these towns, lead poisoning was 
prevalent for a considerable period, doing immense dam age to 
the health of the inhabitants before its real nature was recognized 
and its cause discovered. Incidentally it  m ay be said th a t the 
compounds of lead are poisonous practically in proportion to 
their solubility. T hu s the m etal itself and its sulfide being in­
capable o f absorption as such into the system , are practically  
innocuous, while the soluble salts, nitrate, chloride and acetate  
are active irritant poisons. T h e  oxide, sulfate and carbonate are 
much less active, b u t continued exposure to  lead fum es or to 
any atm osphere in which these substances are present in the 
form  of dust brings on first “ lead colic,”  and later, if exposure 
to  the dust or fum e is continued, a more chronic form  of poison­
ing called “ lead p a lsy”  accom panied b y  great em aciation.

THE CORROSION OF LEAD BY ELECTROLYSIS

Instances are com m only reported of the electrolysis of lead 
pipes. In  some of these cases, such as h ave  occurred a t  St. 
Paul, Om aha and Paterson, N . J., all the phenom ena of elec­
trolysis were no doubt present. In  others, dam age from stray 
currents has b y  no means been proved, while the observed phe­
nomena rather suggest ordinary chem ical corrosion. In several 
cases of lead pipe deterioration called electrolysis, it wTas found 
th at molecular changes of another character had taken place 
in the m etal, sim ilar to w hat M ilton  and Larke (Proc. Inst. 
C . E .) described as decay.

T h e electrolysis of either lead or lead-lined steel pipe, however, 
is a very  real trouble, and the interest attaching to it here is the 
ease w ith which it  m ay occur and th e rapidity  w ith which
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serious dam age m ay be done. A  few years ago the W estinghouse 
E lectric  C om pan y showed b y  experim ents a t Pittsburgh how 
readily buried lead pipes could be corroded b y  electrolysis. 
T h is com pany also m ade a series of tests in different soils to com ­
pare the corrosive action of stray  currents on em bedded lead and 
steel pipes. I t  was dem onstrated th at in some soils lead pipes 
were even more rapidly destroyed b y  electrolysis than steel. 
T h is accords w ith  actual experience reported from several cities. 
A t  St. Paul, where considerable dam age to  lead w ater pipe 
occurred, presum ably from  electrolysis due to  escaping current 
from electric ra ilw ay lines, cast iron pipes in the path  of the same 
currents are said to have been little  affected b y  corrosion. In  
N ew  Y o rk  C ity  an engineer connected w ith  the w ater depart­
m ent told the w riter th at in the few instances in  w hich there had 
been a n y  trouble from electrolysis of w ater pipes in M an h attan , 
" th e  lead joints were the first to go.”

147 V a r i c k  S t .
N ew  Y o r k  C it y

W OOD A LC O H O L1

T h e com prehensive report on the chem istry, technology and 
pharm acology of m ethyl alcohol b y  D r. C harles B askerville, 
the issuance of which b y  the N ew  Y o rk  S tate  F acto ry  In vestiga­
ting Com m ission is m ost opportune, owing to  the prevailing 
hysteria regarding the use of wood alcohol and the need of 
reasonable changes in the present laws, is divided into the 
following sections:

C hapter I :  "W o od  Alcohol: W h at I t  is;”  C hapter I I:
“ M anufacture of W ood A lcohol;”  C hapter I I I :  "T h e  Uses of 
M eth y l A lcohol;”  C hapter IV : " Is  M eth yl A lcohol a  Poison?”  
C hapter V :  “ Investigational E vidence and R ecom m endations;”  
C hapter V I :  “ Legislation Pertaining to  M eth y l A lcoh ol;”  C hapter 
V I I :  “ C onclusionsand Recom m endations;”  Appendix A : "A ffid a­
v its  of Em ployees as to  In ju ry  from W ood Alcohol Used asa  Solvent 
for Shellac in H at Stiffening;”  A ppendix B : “ Free A lcoh ol;”  
Appendix C : I. "Su m m ary of Cases of Poisoning b y  D rinking
W ood A lcohol and Preparations T hereof;”  II. “ Sum m ary of 
Cases of Poisoning b y  the Inhalation of W ood A lcohol;”  and 
A ppendix D : “ W ood Alcohol M anufacturers in the U nited 
S tates.”

THE GRADES OP WOOD ALCOHOL

T h e com m ercial wood alcohol on the m arket in 1896 was the 
same vile-smelling, greenish yellow, nauseous liquid as in 1850, 
and only quite recently w as the deodorized product placed upon 
the m arket. Purified m ethyl alcohol is now sold under various 
names b y  Am erican m anufacturers, viz.: “ Colum bian Spirits,”  
“ C olonial Spirits,”  “ M an h attan  S p irits;”  in C anada it appears 
under the names of “ Green W ood Spirits”  and "Stan dard  
W ood S p irits;”  in G erm any the new est v arie ty  is “ Pro S p irit.”  
1  he crude m ethyl alcohol of commerce is also term ed wood 
spirit, wood naphtha, or p yroxylic  spirit; it is a  complex 
liquid, containing variable proportions of m ethyl alcohol, acetone, 
m ethyl acetate and form ate, dim ethyl-acetal, a lly l alcohol, a lde­
hyde, m ethylam m e, oil, water, etc. T h e  "ta ilin gs”  contain 
furfural, m ethyl-ethyl ketone, and ally l acetate, w ith sm all 
quantities of paroxanthine. T h e  best com m ercial wood spirit 
contains about 95 per cent or more of real m ethyl alcohol, the 
common varieties from 75 to 95 per ¡cent, while some samples 
m ay contain  oidy 35 to  40 per cent. T h e crude alcohol is a 
greenish y ellow  fluid, possessing a characteristic odor and 
nauseous taste; it is generally sold of a specific g rav ity  of 
from  0.796 to  0.875 a t 6o° F . It  is a good solven t and its

1 A bstracted  from “ Wood Alcohol: A R eport on the  C hem istry, T ech­
nology and Pharm acology of and  the  Legislation P erta in ing  to M ethyl 
Alcohol,” prepared for the  New York S ta te  F ac to ry  Investigating  Com m is­
sion by  D r. Charles Baskerville, Professor of Chem istry and  D irector of 
the L abora to ry  in T he  College of the  C ity  of New Y ork, and  C hairm an of 
the C om m ittee on O ccupational Diseases, American Chem ical Society.

m iscibility w ith  w ater depends upon the am ount of impurities 
present.

D r. B askerville  indicates th at m ethyl alcohol is contained in 
the steam  distillates from  a num ber of plants, in the fermented 
ju ice of fruit, and in the products of certain  fermentations; 
and th at m ethyl esters occur v ery  frequently  in volatile  plant oils. 
H e considers th a t these occurrences m ight require more than 
passing significance in chem ically establish ing the origin of 
wood alcohol in a m a tter of law, especially in connection with a 
question as to the presence of m eth yl alcohol in flavoring ex­
tracts and m edicines intended for internal use.

THE MANUFACTURE OF WOOD ALCOHOL

T h e destru ctive distillation of wood is alm ost the only method 
of practical interest for obtaining m eth yl alcohol in the United 
S tates, although in Europe it is som etim es m anufactured by the 
destructive distillation of p e at1 and also as a by-product froiu 
vinasse.2 M eth y l alcohol m ay also be prepared b y  a variety 
of syn th etical reactions3 and recen tly  a process has been de­
veloped for obtaining it  as a by-prod uct in the manufacture of 
wood-pulp b y  a soluble sulfite1 process.

T h e production from  peat, vinasse and wood-pulp is incon­
siderable, and more or less incidental; and the synthetical 
m ethods are a t  present too expensive to  be practiced on a com­
m ercial scale. T h e  com m ercial dem and for m ethyl alcohol is, 
therefore, essentially m et b y  subm itting wood to destructive 
distillation, the m eth yl alcohol, together w ith  m any other prod­
ucts, being obtained from the liquor condensed from the vapors 
evolved. T h e  residue from  th e distillation is charcoal, which 
finds em ploym ent as a  dom estic fuel and in the smelting of van- 
ous ores.5

T h e  m anufacture of m ethyl alcohol in th e U nited States on 
a com m ercial scale is considered under the following heads:

A . T h e  m anufacture of the crude product.
(1) T h e  raw  m aterials and their preparation.
(2) T h e  process of destructive distillation of the wood.
(3) T h e  separation and distillation of the crude product.

1 For description of process, see W . A. G. von ITeideustam, English 
P a te n t 2,292, Feb. 5, 1900.

3 Vinasse is the residue rem aining after the  distillation of fermented 
beet-root molasses.

5 T he  chief m ethods proposed are:
A. From  m ethane: (1) By chlorination in reflected 3unlight (Ber-

thelot, Compl. rend., 45, 916); (2) Incom plete oxidation (Maumcni, Bull, 
soc. chim., [2] 19, 243); (3) O xidation w ith ozone a t  ordinary te m p e ra tu re s  

(O tto, A n n . chim. Phys., [7] 13, 77); (4) B y passing m ethane and air  over 
finely-divided copper (Glock, Ger. P a t. 109,014 of 1898; Coquilloii. £• 
Spiritusind ., 23, 182); (5) By oxidation w ith  hydrogen peroxide, ferrous
sulfate, nionopersulfuric acid, com bined or alone (Lance and Ehvorth) 
Eng. P a t. 7,297, M arch  26. 1906); (6) B y oxidation a t  30-50° C., usiaS
tan  bark  as a  con tact substance (H ausm aun & Co., Ger. Pat. 214, .
S e p t .  26, 1906).

B. By the  d ry  d istillation of calcium  form ate  (Lieben and ^ oSSI’ 
Gaz. chim. Hal., 1871, 164; Lieben and  Paterno , A n n ., 167, 293; l‘r»e e 
and  Silvia, Bull. soc. chim., [2] 19, 481.

C. By the  electrolysis of an organic sa lt: (1) From  potassium malonate
(Peterson, Z . phys. Chem., 33, 714); (2) From  potassium  acetate (Hoefer
and  M oest, Z . Elektfochem., 10, 833); (3) From  sodium acetate,
chlorate, sulfate and  potassium  carbonate  and  bicarbonate (Moest,
Centr., 7 4 ,1 ,3 7 0 ) .  ..

D. From  form aldehyde: (1) By th e  action of potassium hydrou ^
(Lieben, Monalsh., 22, 302); (2) By th e  action  of light on a mixture
i t  with w ater (Inghilleri, Z. physiol. Chem., 73, 144). .

E . From  glycerine and  glycerates: (1) B y distillation of glycen^
with soda (Fernbach, Bull. soc. chim., [2] 34, 146); (2) By the
carbon dioxide on sodium glycerate a t  180° C. (Loebisch and Looss,
A nz., 1881, 252). ^

F . From  prussic acid (L innem ann and  Siersch, Chem. Cenlr., »
G. From  acetone b y  satu ration  w ith  hydriodic acid or hyar0C 

acid (Friedel, Compl. rend., 46, 1165). tllCf
H. By th e  action of a  zinc salt [Zn(CiHi)] upon inonoch or e 

(H enry, Chem. Cenlr., 62, I I ,  680). .
4 See M eyer. U . S. P a t. 407,422, Ju ly  23, 1889; Stora K o p p ^ ^  

Bergslag A ktiebdag, French P a t. 402,331. A pril 23, 1909; B e r g s  

Papier-fabrikant, 8 , 970.
5 C hiefly  iron ores, for the  production of Swedish pig-iron.
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B. The refining of the crude product. Purification and 
rectification, especially the separation of the acetone.

Hard woods, preferably birch, beech, m aple, oak, elm, and 
alder, are best for the purpose, and recen tly  processes have been 
developed for the destructive distillation of saw dust and wood- 
waste.1

The wood used is thoroughly seasoned for 1 to  2 years 
and cut in 50-inch lengths.2

The destructive distillation is carried on in large iron retorts 
at a temperature5 of 400-5000 F . These retorts are usually  
made of steel of vary in g  dimensions, and are provided with 
large, tightly  fittin g doors, and are also provided w ith 
outlet pipes about 15 inches in diam eter, or the gasified prod­
ucts may be taken out through several delivery tubes on the 
side of each oven. T h e retorts are set in pairs in brickw ork 
and batteries of from 2 to  20 pairs are common. T h e  cord wood 
is fed through the door and carefully  stacked so as to com pletely 
fill the retort, or steel cars are loaded w ith  the wood and run 
into the retort. In  th e larger w orks the retorts are constructed 
of brick and are of 50 cords cap acity. T h e y  are provided w ith 
heavy iron doors, which m ay be sealed a fter opening. T h e  doors 
are tightly closed and the retorts are heated from below b y  
burning wood, coal, or charcoal, supplem ented b y  the tar, red 
oil, and gas which are by-products in the industry, or the ovens 
may be heated b y  burning natural gas.

The gasified products of th e distillation  are run through con­
densers. T h e non-condensed gaseous products are returned and 
burned under the retorts.

The products condensed are run into tanks, and the tar is 
allowed to settle out; th e pyroligneous acid containing acetic 
acid, methyl alcohol, acetone, a lly l alcohol, phenols, etc., re­
mains on top. T h e pyroligneous acid is a dark red-brown 
liquid, having a strong acid reaction and a peculiar em pyreum atic 
odor; its density varies from  1.02 to  1.05. I t  is used to a lim ited 
extent in the m anufacture of an im pure acetate  of iron, known 
as "black iron liquor”  or “ pyrolignite of iron,”  b u t is usually 
treated to separate th e m ethyl alcohol (of which it contains 
about 4 per cent.), acetone, and acetic acid. T his is done by 
fractional distillation. T h e  acetic acid is recovered b y  passing 
the vapors through m ilk of lime, w hereby “ gray acetate of lim e”  
!s obtained, or the pyroligneous acid is neutralized w ith lime 
before distilling off the alcohol, w hich la tter process is techni­
cally called "m ak in g a tu b .”  U su ally  three stills of about 
25oo gallons each are em ployed and from  them  are obtained 
distillates containing 15, 42 and 82 per cent wood alcohol, 
respectively. I t  is a closed process, b u t not necessarily a con­
tinuous one. T h e  com m ercial product thus obtained is of 82 
per cent strength b y  the T ralles alcoholom eter, and contains 
varying amounts of acetone and other substances.

A graphic presentation of the process is shown in the accom ­
panying diagram.

This crude m aterial is u su ally  shipped to  a  cen trally  located 
refinery in tank cars, iron drum s, or in barrels, for purification 
;i!'d rectification. T his is accom plished b y  further distillation 
from lime or caustic alkalies. T h e acetone cannot be rem oved 

simple distillation and various m ethods for its separation 
have been proposed, viz.: conversion into chloracetones of high 
boiling points; conversion into chloroform  and volatilizing by 
'¡¡stilling the m ixture w ith  chloride of lim e; crystallizing the 
methyl alcohol w ith calcium  chloride and separating; form ing 

e methyl ester, separating, decom posing b y  caustic potash 

‘ See Bergman, U. S. P a t. 504,264. Aug. 29. 1893; Fischer, Z. angrui. 
em'' 192; O rejavacer, Chem . Fabrik. M uller, French P a te n t 357,432.

2, 1905; W alker. J . Soc. Chem. Ind., 30, 934; N orton . U. S. Consular 
«'P.. Nov., 1911; Chim . Eng., 16, 1.

s 11 most distillation p lan ts , th e  wood is divested of its hark.
Xo decomposition occurs below 160° C .; between 160-275° C., the 

b Sneous acid is form ed; abou t 275" C „ the  yield of gaseous products 
[o7°™T n>arked; between 350-450° C „ liquid and solid hydrocarbons are 

me . aud above 450° C. little  change occurs.

and obtaining the alcohol b y  distillation. Various types of 
rectifiers are used. T h e  final product thus obtained is com m ercial 
wood alcohol, which is usually  sold a t 95 per cent strength by 
T ra lles ' alcoholom eter, b u t m ay contain from  10 per cen t to 
20 p er cent acetone and varyin g proportions of other organic 
im purities. Som etim es com m ercial wood alcohol is still more 
h ighly  rectified and refined up to strengths of from  97 to 98 
per cen t b y  volum e of re a l m ethyl alcohol, and is then sold 
under various trade names.

THE EXTENT OF THE INDUSTRY

T h e m anufacture of acetate  of lim e and m eth yl alcohol was 
started in the U nited S tates abou t 1867, b y  Jam es A . Em m ons 
and S. A . Saxon, of Craw ford C ou n ty, Pa., although the m anu­
facture of pyroligneous acid was begun b y  W ard a t N orth  A dam s, 
M ass., in 1830. In 1874, G eorge C. Edw ards established the 
B urcey Chem ical W orks a t  B ingham pton, N . Y .,  to  refine the 
crude wood spirit produced b y  various m anufacturers. In 
1900, there were 99 establishm ents in the U nited States pro­
ducing some of the crude substances enum erated above; of 
these, 84 were regular w ood-distilling establishm ents, and pro­
duced 4,191,379 gallons of crude alcohol, having a  valu e of 
$1,660,061; 81,702,000 pounds o f acetate of lim e, having a value 
of $926,358; and 14,428,182 bushels of charcoal, having a value 
of $612,009. These w orks em ployed $4,858,824 of capital 
and 1,268 w age earners. T here w ere nine establishm ents re­
porting the production of the crude m aterial and the refining 
of the alcohol in the sam e factory; and these establishm ents
produced 637,856 gallons of refined alcohol, having a  valu e of
$370,513; 5,134,000 pounds of acetate  of lime, having a  value 
of $54,928; and 2,726,120 bushels of charcoal, having a valu e  of 
$114,663. T h e y  em ployed $760,150 of capita l and 254 wage
earners. D uring the years 1909-10 there were 147 establish­
ments engaged in wood distillation in the U nited States, em ­
ploying 3,039 wage earners and $13,017,000 of capital. O f these, 
117 were engaged in wood distillation o f hardwoods, chiefly 
birch, beech, and maple. T h e  qu an tity  o f hardwood consumed 
during the year was 1,257,997 cords, or 86.7 per cen t of the 
total of all woods consumed in distillation, and the total value 
of the product was $9,737,000.

A t the present tim e there are 63 m anufacturers of wood alco­
hol in the U nited States.

T h e  larger p art of the export of wood alcohol for the past 
six years w ent to  G erm any, th e U nited K ingdom , and Belgium . 
D uring 1910, wood alcohol valued a t  $5,696 was im ported into 
the U nited States.

Am ong the European nations, A ustria-H ungary and Sweden 
are large producers of crude wood spirit, while G erm an y is the 
principal m arketer of purified wood spirit. T h e  crude wood
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C r u d e  M a t e r i a l s  P r o d u c e d , 1880 t o  19 10  

Wood alcohol A cetate of lime Charcoal

Year
No. of 

establishm ents Gallons Value Pounds Value
1880 17 $86,274 6,593,009 $156,892
1890 53 1,116,075 688,764 26,778,415 315,430
1900 93 4,945,963 1,976,986 86,826,000 981,286
1910 147 8.468,083 2,582,253 170,000,000 3,600,000

Bushels

17,154,302
42,000,000

Value
$31,770

726,672
2,700,000

K x p o r t a t i o n  o k  W o o d  A l c o h o l , 1900 t o  1911.
Year Gallons Value
1900 540,799 $320,306
1904 1 ,194,466 585,359
1905 1 ,097,451 603,385
1906 780,222 466,467
1907 2,150,311 862,819
1908 1 ,958,630 819,753
1909 1 ,100,495 383,788
1910 1 ,691.000 760,000
1911 2 .040,000 898,000

spirit im ported into G erm an y in 19 11 am ounted to  8,759,300 
kg., valued a t  5,694,000 m arks: 4,168,700 kg. cam e from 
A ustria-H ungary, 268,700 kg. from Sweden, and 4,318,800 kg. 
from the U nited States. In  1910, 8,726,900 kg. o f crude wood 
spirit w ere im ported. In  1911, G erm any exported 1,739,200 
kg. of purified wood spirit, valued a t 1,267,000 m arks. France 
took 919.300 kg., I ta ly  138,700 kg., H olland 236,300 kg., and 
Sw itzerland 170,500 kg. In  1910, 1,782,400 kg. of purified 
wood spirit were exported b y  G erm any. In  1910, France 
im ported m ethyl alcohol valued a t 1,819,006 francs, while the 
exportations for the sam e year were valued a t  106,480 francs. 
In  1911, 291,600 kg. o f m ethyl alcohol, valued a t 379,080 lira, 
were im ported b y  Ita ly , while b u t 500 kg., valued a t 650 lira, 
were exported.

THE USES OP METHYL ALCOHOL,

A. For Denaturing Ethyl Alcohol

B. In the Chemical Industries.
T h e chief uses of wood alcohol 111 the chem ical industries are 

as follows: (1) A s a  solvent; (2) as an extraction agent; (3) as
a raw m aterial for the production of form aldehyde; (4) in syn-

1 D enatured  alcohol is em ployed in large quan tities  in the  a rts  and 
crafts and in the  chemical industries; aud  in recent years it has displaced 
wood alcohol to  a  large extent. I t  is used as a solvent for shellac in the 
m anufacture  of all k inds of wood products, such as passenger cars, c a r­
riages, furn iture, pianos, organs, billiard tables, buria l caskets, toys, whips, 
trunks, pipes, etc. Shellac is used as a binding m aterial iu the m anufacture 
of lead pencils and  electric m otors aud generators. I t  enters intim ately  
in to  the  m anufacture of stiff, silk, straw  and  felt hats, in which cases the 
shellac is incorporated in the  body of the h a t by  the  aid of alcohol. S im ­
ilarly, it enters in to  the  m anufacture of lacquers, enam els, etc., used to  enam el 
the surface of m etals such as hardw are, iron, brass beds, gas and  electric 
fixtures, lam ps, brass musical instrum ents, b ird  cages, clocks, watches, 
toys, etc.

T he m anufacture of celluloid, xylonite, artificial silk, collodion, etc., 
are dependent upon the availab ility  of denatu red  alcohol. I t  is used in 
large quan tities in the m anufacture of smokeless powder, fu lm inate of 
m ercury, and  o ther explosives. An im portan t use of industrial alcohol is 
in the  m anufacture of e thy l e ther and  e thy l chloride. A nother u tility  of 
the  alcohol is in the  production of dyes, where it en ters as a  solvent, a 
m edium of interaction, or as a  chem ically active body. T here  is also the 
m anufacture of fine chemicals, a  very im p o rtan t industry  iu which alcohol 
enters.

T he  use of denatured  alcohol as an  illum inant, fuel and  in gas engines 
is of growing im portance. H undreds of p a ten ts  have been g ran ted  for all 
sorts of alcohol lam ps, and num erous alcohol heating m echanism s have 
been p u t on the  m arket, especially in Europe.

The w ithdraw als of alcohol in the  United S ta tes In the  fiscal year 
1910-11, for the purpose of denaturing, upon which no taxes were pa id , 
am ounted  to  11,062,060 proof gallons, and  there  rem ained a t  the  end of 
the year, in bouded warehouses, 2,213,390 proof gallons. In  1910-11, 
G erm any produced 91,765,078 gallons of alcohol, of which 37.141,633 
gallons were consumed in the  industrial a rts ; and  in 1910, 3.962,412 gallons 
of denatu red  alcohol were made in England. T he  Swiss im portations of 
denatu red  spirit am ounted  to  6.993.900 kg. in 1911; of this q u a n tity  6,246,500 
kg. cam e fruin A ustria-H ungary , a  large producer of m ethyl alcohol.

thetic chem istry for the introduction of the m ethyl (CIIj) 
group; and (5) as a reagent in chem ical laboratories.

(1) W ood alcohol is a good solvent for fats, volatile  oils, camphor, 
resins, gums, alkalies, and various salts. B ecause of its cheap­
ness, it is used as a solven t for varnishes, lacquers, staius, finish, 
and shellac. I t  is also used as a  solvent in the manufacture of 
certain  inks, photographic m aterials, celluloid, xylonite, and 
sim ilar products, and incidentally in the m anufacture of trans­
parent soap. In  celluloid, xylonite, etc., the alcohol does not 
appear in the finished product, while in varnish, shellac, etc., 
the wood alcohol rem ains as such and m ay produce its delete­
rious effects 011 workm en em ploying these in the industries.

(2) A s an extractive, wood alcohol is used in the manufacture of 
sm okeless powder, fulm inate of m ercury, nitrocellulose, and 
other explosives. T hus, dried, pulped m ilitary guncotton 
is freed from lower cellulose n itrates b y  extraction with wood 
alcohol.

(3) Form aldehyde, which has an extensive use, is produced from 
m ethyl alcohol b y  oxidizing w ith  air b y  the aid of a catalytic 
agent. I t  is prepared on a large scale b y  passing a mixture of 
m ethyl alcohol vap o r and air over a glowing platinum  spiral 
or heated copper gauze. Form aldehyde m ay also be prepared 
b y  the electrolysis of dilute m ethyl alcohol aud when ozone is 
passed through it. Com m ercial form aldehyde is a 40 per cent 
w ater solution, containing from 12 -15  Per cent of m ethyl alcohol.

(4) M eth yl alcohol is used in syn th etic  chem istry for the intro­
duction of the m eth yl group ( C H S) into various substances. 
In  the m anufacture of artificial ]>erfumes and flavors, it was 
discovered th at the presence or addition  of the m ethyl group 
converted certain odorless and tasteless bodies into those possess­
ing strong perfum es or flavors. T hus, m eth yl benzoate (C«Hi.- 
C O O C H 3 )  is prepared b y  distilling w ood spirit w ith benzoic 
and sulfuric acids; it is used in perfum ery, under the names 
“ Essence N io be”  and "P eau  d ’E spagne.”  M eth yl beta-naph- 
tholate ( C H j O . C i o H j ) ,  know n in com m erce under the names 
“ N erolin”  and “ Y a ra -y a ra ,”  is prepared b y  boiling beta-naph- 
thol w ith  m ethyl alcohol and zinc ch lo rid e ; it is one of the 
strongest sm elling perfum e m aterials. M eth yl cinnamate 
( C 6H 5. C H  : C H . C O O C H 3) is prepared b y  distilling methyl 
alcohol w ith  sodium  cinnam ate and sulfuric a d d ; it is used as a 
flavoring extract in  confectionery and as a  perfume. Methyl 
anthranilate, a v e ry  fragrant perfume, is prepared by con­
densing anthranilic acid w ith  m ethyl alcohol. M ethyl alcohol 
is also used in the preparation of vanillin , etc. I t  is used in a 
sim ilar m anner in the m anufacture of various aniline dyes, 
m's., m ethylene blue, green, and violet.

(5) M eth y l alcohol is used as a reagent in  chem ical laboratories 
for the detection of salicylic  acid, the determ ination of boric 
acid, in the preparation of grape-sugar, and as a substitute for 
eth yl alcohol for various purposes.

C. In Pharmaceutical and Medicinal Preparations.
M eth y l alcohol is em ployed in the preparation of s y n t h e t i c  

drugs (m ethylal, m ethyl esters, e tc .) ; solid medicinal prepara­
tions, surgical dressings, cattlc  medicines, p lant washes, and m 
capsules and other m edicinal appliances im properly in toilet 
preparations (bay rum, w itch  hazel, “ F lorida water,” etc.;.
and in  essences, extracts (extract of lemon, orange, etc.),

tinctures (tincture of iodine, etc.), linim ents, lotions and ernbro 
cations, p atent medicines, proprietary and domestic medicines-
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D. In the Arts and Crafts.
M'ethyl alcohol finds application as a solvent in the m anu­

facture of hats (stiff, silk and straw ), electrical apparatus, gas 
and electric fixtures, furniture, pianos and organs, cabinet 
work, picture molding, burial caskets, passenger cars, wagons 
and other vehicles, boots and shoes, toys, whips, lead pencils, 
brushes, rattan goods, brass beds, various kinds of m etal hard­
ware, incandescent m antles, artificial flowers; in dyeing estab­
lishments; in cleaning in laundries, etc., and in the painting 
industry.

E. Unclassified.
Other uses of m ethyl alcohol arc as a fuel and illum inant. 

It is also em ployed for a v arie ty  of dom estic purposes (cleaning, 
etc.).

THE ABUSES OP METHYL ALCOHOL 

The data collected b y  D r. B askerville  indicate th at the drink­
ing of liquors containing m eth yl alcohol is responsible for most 
of the deaths and blindness attribu tab le to m ethyl alcohol. 
The “ deodorized”  m eth yl alcohol resem bles ethyl alcohol so 
closely th at the ordinary laym an can hardly distinguish the 
difference between the two, and, as it  costs less than one-fourth 
as much as grain alcohol, people are tem pted to  use it as a  sub­
stitute for eth yl alcohol in adulterating w hiskey, essences, 
extracts, bitters, washes, linim ents, balsam s, perfumes, etc. T he 
victims are generally those who indulge in the comm oner forms of 
whiskey, rum and wine, although persons not addicted to the 
use of intoxicating drinks are undoubtedly often affected in­
nocently, from drinking Jam aica ginger, lemon extract, essences, 
bitters, medicines, etc., whose chief m enstruum  is "deodorized” 
wood alcohol. H ap p ily  these abuses are; growing less through 
the operation of the N ational Pure F ood  and D rugs A ct of June, 
1906.

THE POISONOUS NATURE OF METHYL ALCOHOL 

After critically review ing the ideas which h ave  prevailed a t 
various periods regarding the to xic ity  of m ethyl alcohol and 
the investigations w hich h ave  been conducted on this point, 
Dr. Baskerville is led to  conclude th at m ethyl alcohol is less 
poisonous to low er plants and infusoria than ethyl alcohol, 
but for higher anim als, and especially for m an, it  is a  severe 
toxic agent. Its  poisonous properties are doubtless due, first, 
to a specific action, and then to  its oxidation in the body, first 
to formaldehyde and then to  form ic acid. I t  is furtherm ore 
a cumulative poison. I t  produces to xic  effects whether it is 
taken internally or inhaled through the lungs.

It is a m atter o f little  practical im portance, he continues, 
as to whether chemically pure m ethyl alcohol is toxic or not, 
as economic reasons prohibit its extended use in the arts and 
manufacturing industries, although the purest m aterial is used 
m certain products. T h e  num erous cases of poisoning prove 
beyond doubt th at the m ethyl alcohol of com m erce is decidedly 
toxic.

CONCLUSIONS AND RECOMMENDATIONS

After a consideration o f the published cases o f poisoning by 
the use of m ethyl alcohol (a sum m ary of these is given); the 
evidence which has been presented b y  experts, physicians, m anu­
facturers and workm en as to  the injurious action  of wood alcohol 
"hen drunk, inhaled, or used externally; the recom m endations 
"hich have a t various tim es been m ade b y  individual experts 
and organizations to  lim it the sale and use of m eth yl alcohol; 
and the legislation, both  in the U nited S tates and in foreign 
countries pertaining to  m eth yl alcohol, D r. B askerville arrives 
at the following conclusions:

*• (a ) W h ile  t h e r e  m a y  b e  d if f e r e n c e s  in  o p in io n  a s  t o  th e  
actual to x ic ity  o f  a b s o lu t e ly  p u r e  m e th y l  a lc o h o l ,  t h e  p r e p o n d e r ­
ating ev id en ce  in d ic a te s  t h a t  i t s  p h y s io lo g ic a l  a c t io n  s p e lls  in ­
jury . T h e  to x ic i ty  o f  t h e  o r d in a r y  m e th y l  a lc o h o l o f  c o m m e rc e , 
com m only c a l le d  w o o d  a lc o h o l,  e v e n  th o u g h  i t  b e  o f  a  h ig h e r

grade of p u rity , is a recognized fact, whether its morbid action 
is due to  the concom itant im purities or not.

The use of methyl or wood alcohol in any food, condiment, flavor­
ing extract, or liquid capable of being used in whole or partially 
as a beverage, or internally as a medicine, should therefore be 
prohibited by law. T h is is covcrcd in part a t  present b y  A rticle 
8, A gricu ltural Law  201, 1909, S tate  of N ew  Y o rk .1

(6) In  connection w ith  the N ew  Y o rk  law, attention  is 
directed to a  lack  in clarity, and, in consequcncc, lik ely  in­
justice from attem pts a t  its execution. T h e  use of the word 
"m eth y la ted ”  is am biguous. In  the loose English sense it  means 
ethyl alcohol which has been denatured w ith  m ethyl alcohol, 
bu t it has an even wider m eaning from w h at m ight appear as 
its real intent. One instance is cited to  illustrate the point. 
M eth yl salicylate, oil of wintergreen, is a recognized product of 
m anufacture used for flavoring, which is a "m eth yla ted ”  prepara­
tion. I t  is identical w ith oil of wintergreen prepared from n at­
ural sources.. If the syn th etic preparation were properly labelled, 
it would not be a  case of m isbranding, m orally, w ithin the 
meaning of the section,* y e t a court could very  properly hold 
th a t it was, because syn th etic  oil of wintergreen is a "m e th y l­
ated preparation.”  T h e  wood alcohol is no longer present as 
such and the physiological action of the wood alcohol is no 
longer observed. T h e  above is true of m an y syn thetic per­
fumes, flavoring extracts, and drugs of recognized medicinal 
value which are welcom ed as legitim ate com m ercial products 
of the chem ist's art.

2. W ood alcohol should not be perm itted in preparations 
such as perfumes, w itch hazel, b a y  rum, eau de cologne, lin i­
ments, washes, etc., which are intended prim arily for external 
use on the hum an body. I t  is rem arked th a t " tip p lin g ” 
with these preparations is n ot uncommon.

T h e  question of allowing ethyl alcohol w hich has been de­
natured w ith  m ethyl alcohol to  be used for this purpose, nam ely, 
in liniments, etc., m ight appear as one open to  argum ent pri­
m arily on the basis of dilution. T h e  denaturing form ulas now 
in effect b y  Federal consent do not encourage b u t dincourage 
the use of industrial alcohol for such purposes. T h e  opinion 
is expressed th a t it would be better to  err on th e safe side and 
to  m ake the restriction on ly as the occasion arises.

3. In the m anufacture of wood alcohol the workm en arc 
liable to come into con tact w ith  the vap or on ly in neutralizing 
the acetic liquor w ith  lime and in filling the shipping containers. 
In  the case of the former, the com m on practice now is to carry 
out the operation in closed v a ts  which are opened only when 
the lime is added. G eneral requirem ents for ample ventilation 
should meet these difficulties, w hich, in fact, do not now exist 
in the works inspected in N ew  Y o rk  State.

4. W ood alcohol is a valu able solvent used as such extensively 
in the arts in tw o im portant w ays:

(a) I t  is used as a  solvent in the course of the manufacture 
of m any substances, bu t does not appear in the product when 
the latter is put upon the m arket. I t  is not destroyed but 
evaporates or is saved in part b y  condensation. I t  can exert 
its deleterious action during th e process

(1) b y  the workm en inhaling its vapor,
(2) b y  the workm en constantly  dipping their hands 

and arms into the liquor, or
(3) b y  the w orkm en drinking the wood alcohol.

Ample ventilation will m eet the first difficulty. Standards

1 This artic le  is as follows: "200. N o person, firm, association or cor­
poration shall, w ithin th is  s ta te , m anufacture, produce, sell, offer or expose 
for sale any  article of food which is m isbranded w ithin the  m eaning of this 
article.”

"201. Definition of adu lte ra ted  or m isbranded food: An article of
food shall be deemed to  be adu lte ra ted  if i t  contains m ethyl or wood alcohol, 
in any  of its  forms, or any  methylated preparation m ade from it .”

2 No. 200. he. cit.
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should be determ ined in each case b y  the B oard of H ealth or 
such board w ith  authority  as m ay be designated.

In the second case the workm en should be provided w ith 
im pervious long gloves or the processes should be operated 
m echanically; if a  closed process is used, the first difficulty 
is also largely met.

E ducation  only can solve the third problem.
(b) W ood alcohol serves as a solvent or m enstruum  of the 

m aterial which is placed on the m arket in a liquid  form  (va r­
nishes) and exerts its action upon the users, depending upon 
m ultiform  conditions. In w orks where these m aterials are used 
in large quantities and the solvent evaporates, ample ventilation 
should be required. In  m any cases, however, the workm en 
are more or less isolated. T h e y  m ay and should be warned 
of the danger attendant b y  suitable labels on the vessels con­
taining the liquid th ey are to apply.

5. A ll bottles or vessels used for transporting or selling prod­
ucts containing wood alcohol should be required to bear a prom ­
inent display label stating th at it  contains a  “ P oison .”  

RECOMMENDATIONS AS TO LAWS

T h e existence of the following law s is recomm ended:
1. A  law  prohibiting the presence of wood alcohol in any 

form of m aterial intended for internal use.
2. A  law  prohibiting the presence of wood alcohol in prepara­

tions intended for external use on the hum an body.
3. A  la w  requiring ample ventilation in works where wood 

alcohol is m ade or used in m anufacturing products wherein the 
wood alcohol remains as such ; the same law should ap p ly  where 
the products containing wood alcohol are used up, as, for 
exam ple, in varnishing v a ts  in breweries.

4. A  law  requiring containers in which wood alcohol is m ar­
keted to  bear suitable display labels of warning.

These law s should be so drawn as not to  inhibit use of wood 
alcohol in m anufacturing products in which m ethyl alcohol sup­
plies a  constituent part, b u t does not rem ain as wood alcohol 
therein.

S O M E  P E C U L IA R  F U N C T IO N S  OF T H E  R E T A IN E D  E X P E R T 1
B y  W . M . G r o s v k n o r

One dislikes to use the name " e x p e r t”  for three excellent rea­
sons. I t  is as m uch abused b y  careless use as the nam e la d y—  
likewise m ost applied where it least belongs. I t  savors of a 
holier-than-thou snobbery th at is obnoxious to the plain com ­
mon sense th a t recognizes every  man as expert in some direc­
tion, from ditch digging to  diplom acy. F in ally, in the legal 
sense experts have sometim es taken advan tage of their peculiar 
position as opinion witnesses to a  sinister extent. A n illustra­
tion from the files of the p atent office is not w ithout interest. 
In the early  d ays o f telegraphy an application was filed for a 
new kind of relay th at, to m ake it v ery  sensitive, possessed a 
long arm  pivoted near one end betw een strong electrom agnets 
and m aking relay contacts a t  the other. T h e exam iner found 
nothing to  anticipate it, b u t w rote the applicant to  know, be­
fore allowing the application, w h y  it w as entitled “  E xpert R e ­
la y .”  T h e applicant answered th at he called it  a relay because 
it w as for repeating forward telegraphic impulses and an expert 
because it possessed a tongue suspended in the middle and adapted 
to lie w ith  equal fac ility  in either direction according to the nature 
of the influence brought to  bear.

T his, however, is not the peculiar function of the expert th at 
I desire to  present. Aside from the so-called " e x p e r t”  notori­
ous chiefly for holding to one opinion or avoiding another, 
there is the real expert in getting, m arshalling and using facts—  
som etim es quite tangible facts, like the typ e  of m an nature made 
him, but natural selection draws the narrow er specialist into the 
em ploy o f some one com pany or p lant and further narrows

1 Paper read a t the Boston M eeting of the American In s titu te  of 
Chemical Engineers, June  25-28, 1913.

him, while selection likew ise urges the broader (sometimes shal­
lower) m an into general consultation w ork th a t further broad­
ens his a c tiv ity  and experience until the particular science in 
w hich he w as especially trained becom es b u t a  subordinate part 
of his a ctiv ity . I t  is the la tte r expert th a t interests us at the 
moment. T o  avoid the word " e x p e r t”  I suggest we call him 
a retainer— a  p erfectly  good English w ord im plying honorable 
and som ew hat independent service and lo ya lty .

F o r such w ork I  believe chem ical engineers to be peculiarly 
fitted, jud gin g b y  the num ber w ho have succeeded in this field. 
N o r is this surprising when w c consider th a t a general knowledge 
of C h em istry  to -d ay  begins a t  the v e ry  foundation of matter 
and energy and of necessity in volves the fundam entals of mathe­
m atics, physics, m ineralogy and biology, th a t as engineers by 
train ing or adoption the practical developm ent of all this theory 
has been m ade com pulsory and th a t all of this work has been 
done w ith th e insight and thorough understanding that the chem­
ical typ e  of m ind induces.

W e read these d ays of scientific detectives— some fiction— 
b u t there is a sufficient basis of scientific fact to satisfy certain 
dynam iters. T h e  scientific d etective has certainly arrived 
and is m aking good. W h a t I w ish to  point out and then to 
illustrate b y  a  few exam ples is th a t the retainer has practically 
the sam e functions for industrial life and uses practically the 
same weapons as the scientific detective. I t  is his privilege to 
foresee and prevent, or to  d etect and penalize the industrial 
waste, deceit, m isrepresentation, infringem ent, and forccd 
b an kru p tcy  th a t correspond to loss, fraud, blackm ail, theft and 
m urder in com m ercial and social life. Likew ise his chief weapons 
arc com m on sense, patience and experience and to him no 
knowledge com es amiss. B oth  men arc detectors of fact guided 
b y  com bined th eory  and experience and m u st check up by ex­
perim ent or test.

W h atever the em ployer’s problem , the retainer can bring to 
its solution tw o in valuable con trib ution s:/jrsi, the independent, 
im personal point of v iew  of one neither in volved in the petty 
detail o f th e business nor prejudiced b y  preconceived ideas or 
parental relation to  th e m atter; second, a  broad e x p e r i e n c e  with 
different m anagem ents and w a ys of gettin g  results, different 
plants and different branches of industry. I f  it  is also true, 
as of the Ita lian  bandit, " H e  had studied hum an nature and he 
knew  a  th in g or tw o,”  he can be alm ost invaluable to his em­
ployer— and quite valuable to him self. T o  illustrate:

A  retainer w as faced w ith  a problem  of d a ily  hoisting 3,000 
tons o f sulfuric acid abou t 80 ft., and because he had not grown 
up w ith  the problem  b u t m et it fresh w ith  other things in mind, 
he cu t the usual cost down 60 per cen t b y  p u ttin g in a balanced 
pair o f ten-ton m ine skips.

A nother retainer w ithout special foundry or crane experience 
w as asked to  reduce the excessive num ber of accidents in one 
foundry handling a  large num ber o f v ery  h eavy  castings; he 
studied the problem a  few  days and concluded it was a matter 
of tem peram ent; th a t the crane men were casually s e l e c t e d  from 
the m echanical force predom inating in nervous or energetic 
rather than cautious men. A  new gang w as carefully selected 
for cautious com bativeness from  various points in the plant 
and before trying them  out the duties and dangers were care­
fully  explained. So w ell were th ey  selected th at all the fir>t 
lot threw up the new  jo b  before try in g  it. Another lot with 
m ilder explanation took over the cranes and the accidents ceased 
alm ost im m ediately.

A  new typ e  o f shellac drier had ju st been installed and tested. 
I t  reduced the drying tim e from  48 hours to  3 hours and the floor 
space from 6000 square feet to  200 square feet, bu t the shellac 
packed and gradually  bu ilt up on the sides of the drier, making 
no end of trouble. T h e  retainer of the drier company, who 
knew  nothing abou t shellac and had n ot heard of this partie« 
lar drier, w as sent for, looked the drier over, felt of the shellac
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to be dried and in various stages of dryness b y  the old process, 
made a short prelim inary test, and then ordered the circuit opened 
for the first hour of each three-hour treatm en t to reduce the 
initial humidity. T h e  packin g prom ptly ceased.

A northern m anufacturer of m uriatic acid callcd up on the 
phone to say th at his p lant w as crazy . I t  took in  raw m aterial 
but did not produce acid, so th e absorption w ater grew w eaker 
and had to be sh ut off. T h e  retainer knew  the p lant, instructed 
pressure tests w ith a  d raft gauge to  be m ade a t certain points, 
and reported b y  phone. W hen th e report cam e in he asked, 
"How was the w eather last n ig h t? ”  “ B itte r cold, cam c the 
answer. “ Thaw  out th e crystallin e hydrochloric hydrate 
from your air prccoolcr w ith  w arm  w a ter,”  w as the advice.

A certain man was retained b y  one of the textile  coating firms 
and after making his first trip through the p lant asked for the 
largest single item s of expense for m aterial n ot actu a lly  pres­
ent in the finished goods. V o latile  solvents used w ith  the coat­
ing material were first m entioned to  the am ount of $400 a day.
In reply to his question w h y  th is w as not recovered it  w as stated 
that this had been tried  elsewhere and failed for tw o reasons,
i. c., only 30 per cen t recovery  h ad  been m ade but, far more im ­
portant, the qu ality  of the goods had been injured. H e offered 
reasons why the tests m u st h ave  been carricd ou t under improper 
conditions to show such results, and advised testing again. 
He condenses tw o years’ developm ent into a sentence and says, 
"The first little test box showed so  per cent recovery and im ­
proved the qu ality  of goods, and th e com m ercial installation 
on formal test showed 80 per cen t recovery, better quality  
and 25 per cent reduction in labor for the operation.’

A large garage com pany desired to  im prove their com petitive 
position and sought advice. On exam ination, no chance for 
considerable im provem ent appeared until petrol sales were 
examined and found to  be a source of considerable revenue 
and a possible draw ing card if the petrol were treated and care­
fully clarified. A  special high-grade petrol w as made a great ta lk ­
ing point thereafter and custom ers found it actu a lly  much more 
efficient— not surprising when th e p a ten t finally  explained th at 
a small but effective q u an tity  of organic nitrobody such as picric 

acid was dissolved therein.
The salesman of one of the glue com panies m et a  series of 

complaints regarding goods purporting to  be glued up w ith 
their product, m ade b y  som e of their custom ers, each of whom 
did not, however, b u y  enough glue to  account for his entire ou t­
put. Whenever any of th e ou tp u t of this group of custom ers 
went wrong in the hands of the final consumer, the fau lt was 
laid to this com pany’s glue and the trade nam e suffered. The 
fault was mentioned to  their retainer. C ertain  peculiarities 
of their extraction process w ere taken  advan tage of and a  sim­
ple color test devised for distinguishing their glue when in place. 
A small bottle of reagent and a pockct m agnifier in the hands of 
each salesman enabled him to  disprove the calum ny on the spot 
wherever he m et it  and q u ick ly  made it  a  dangerous statem ent 
to continue making.

In one instance the sam e com pany w as threatened with dam ­
ages on account of several large lots of bad goods m ade with 
their product. T h e first claim  was abou t $4,000. T h e retainer 
"'as asked w hat he th ough t th e trouble was. Exam ination at 
the factory of the record sam ples covering th is period indicated 
the shipments of glue to have been excellent in qu ality. E x ­
amination of a couplc of pieces o f the goods complained of, 
showed bad results and suggested dampness. Stained m icro­
scopic sections of standard and specially made join ts w ere com- 
Pared with sections of the bad w ork shipped out b y  the user 
°t the glue. M easurem ents and appearance . proved conclu­
sively that the jo in t w as too w et when made, either green wood 
or overwatered glue and alm ost beyond question the latter. 
On the evidence inform ally subm itted the claim  w as dropped.

A manufacturer of feather boas com plained b itterly  of the dye

used on the feathers he purchased. I t  m ade sore the satiny 
necks of the wearers, and their feelings, and the retailer. H is 
retainer showed him  th at the trouble la y  nearer home in 
the angle to which the feathers were trim m ed, sharp instead of 

square.
T h e m akers of a special grade o f treated rubber goods who 

had ju st had their p aten t allowed, were planning infringem ent 
suits, and through their counsel retained a  technical p atent 
adviser. T h e great econom y and advan tage lay  in th e a b ility  
to m inutely form  the goods before treatm ent, m aking allow ance 
for the alteration in size during treatm en t and avoiding all 
the difficulty of m echanically w orking the goods a fter tre a t­
ment. T h e process of treatm ent alone had been described in 
detail and claim ed, though the use of it to  m ake formed a rti­
cles had been described as one of the advantages. T h e  re­
tainer referred to  the literature and found more or less similar 
treatm ents though not ad justable as regards change of size 
produced. H e asked a  conference of principals and counsel, 
pointed out the possible confusion of the issue b y  expert testi­
m ony regarding the treatm ent process, com pared w ith  the great 
sim plicity of the case if the p atent had a  different underlying 
theory, suggested the th eory of a  process of producing formed 
articles of rubber, describing and claim ing the n ovelty  of the 
scries of steps, i. e., first roughly form ing them , precisely shaping 
them w ith allowance for change of size, then treating w ith  corre­
sponding conditions to  produce the desired change o f size as well 
as texture. T h e  special treatm ent claim s would be retained a t 
subsidiary to the general invention. B oth  principals and coun­
sel seized upon the new theory, decided to abandon and rcfile, 
deferred suit to  be brought under the new  p atent, and found 
suit unnecessary because in th e new form  of the p atent there 

was 110 chance for defense.
A  m anufacturer of h ighly polished sheets had occasionally 

found trouble w ith  the sort of bloom  th a t appeared irregularly 
w ithout apparent reason 011 the polished surfaces. Suddenly 
the trouble began to increase and he subm itted it to his retainer 
w ith samples of the bloom  sheets. T h e  sam ples arrived alm ost 
sim ultaneously w ith the telegram  sayin g th e trouble w as serious 
and still increasing. T h e samples were a t once p u t into the 
laboratory for analysis, tests and m icro exam ination, a  series of 
questions fram ed and dictated over the long distance phone. 
Some of these questions m ust have seemed ridiculous a t the 
factory. A m ong the scries of tw en ty  or th irty  were, “ H as the 
trouble been m ost noticcd in the past in summer, fall, w inter 
or spring?”  and “ D oes the present trouble seem to v a ry  w ith 
your w eather?”  T h e answers cam e back  after a  little  and 
among them  were "N o tice d  more in w in ter,”  "W o rse  011 sun­
shiny, w indy d a ys,”  w ith  the final em phatic com m ent th a t sec­
onds had reached S600 per day. M eanw hile, the w ork in the 
laboratory had developed a series of puzzles. T h a t n ight, after 
going carefully over the questions and answers, the retainer 
sent a night lettergram  instructing the factory  to  carefully ground 
electrically to  w ater or steam  pipes e ve ry  p art of one m achine and 
report results. N ex t afternoon, while still w orking 011 the puzzle 
in the laboratory, the retainer received the telegram — "  G round­
ing stopped trouble im m ediately; proceeding w ith  grounding 
of other m achines.”  Just w h y static  charges caused th e trouble 

is too much of a  story.
T h e legal and business representative of a  sm all com pany 

operating a secret and very  profitable process in the W est, came 
cast to sell out on a basis of $50,000 cash plus ro y a lty  to a larger 
com pany m anufacturing their chief raw  m aterial. T h e  busi­
ness was opening up much larger th an  the westerners had the 
means to handle and th ey were afraid of a rum ored com bina­
tion of the m akers of the raw  m aterial th a t m ight squeeze them  
hard. T h ey  shrewdly figured to  get their little  wedge into th at 
com bination in the nascent state. T h e president of th e Eastern  
C om pany w as im m ensely interested in the product, the sample
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correspondence and orders, b u t w as n ot bu yin g a pig-in-a-poke, 
and could get no secrets from the westerner. T h in k in g  it over 
in the evening, he called the com pan y’s retainer on the phone 
and asked him to take a hand, so it was arranged th a t the presi­
dent would turn over the westerner to  him for lunch the next 
day. T h e  retainer took him  ou t to  lunch and started to get 
acquainted, found th at he w as dealing w ith  a  law yer, and thought 
he saw a  w ay. So he discussed the difficulty of negotiating 
sales of secrets from some experience and carefully  avoided 
asking aw kw ard questions. F in ally  the western law yer began 
to realize the difficulty of the merchandise he had com e to 
m arket and asked the retainer if any arrangem ent could be sug­
gested to  overcom e the dead lock. " Y o u  m ight look up m y 
personal rating— th at of m y com pany you  probably h a v e -  
then if you w an t to  m ake me a director of you r com pany on one 
share of stock you could take m y acknow ledgm ent of all in­
form ation received b y  me in confidence as director of you r com ­
pany and have me and anyone to  whom  I revealed it p retty  well 
secured under recent decisions.”  N atu ra lly , the law yer jum ped a t 
the suggestion, telephoned to the president, and b y  four o ’clock 
the details were all agreed upon and an appointm ent m ade for 
the following w eek in the western city . T h e president and 
his retainer w ent w est as arranged, only to  find th at a t  the 
last m inute the other western man had waxed nervous over the 
possibility of having to  sue the bigger eastern com pany to re­
cover, and w ouldn’t  accede to  the director’s suggestions. A ll 
d ay th ey  discussed possibilities, w ith  no result, and a t 5 o ’clock 
the president said there was no use stayin g over. T h e  w est­
erners, too, were ready to  give up the deal. B u t  the retainer had 
a few  questions to ask. T h e westerners said th ey  could guar­
antee the m anufacturing cost, yes; and the selling price for 6 
months, yes; and gross sales for the first 6 m onths equal to the

TH E C A TA L Y T IC  PRODUCTION OF PE TR O L

Some particulars are given in the Tim es Engineering Sup p le­
ment of a cata ly tic  proccss for the conversion of petroleum  al­
m ost entirely into petrol. In this m ethod, which is controlled 
b y  Messrs. Planes, L td ., of Birkenhead, England, the petroleum  
is placed in a high still having a conical bottom  passing through 
the fire bars. A  continuous feed of petroleum  and of hydrogen 
under pressure is passed into the still from the bottom , and con­
tained in the still is the nickel used in Norm arin’s process for 
hydrogenating oleic acid. Strong agitation  is m aintained b y  
m eans of a stirrer in the still. T he still is heated to a little 
above the tem perature at which petrol or w h atever hydrocar­
bon is w anted becom cs a gas. The vapors of petrol or other 
ligh t hydrocarbon, as the ease m ay be, arc carried up b y  the 
hydrogen and the heavier hydrocarbons m echanically carried 
up are condensed in the upper part of the still and fall down, 
while the ligh t vapors, w ith the hydrogen, are passed to  the con ­
denser. T h e hydrogen from the condenser is returned to the 
still. T he petroleum , a saturated com pound, is thus split up 
into a saturated hydrocarbon, say, petrol, and a heavier un­
saturated hydrocarbon; the latter, it is claim ed, a t once takes 
up hydrogen in the presence of the cata lyst, and becom es satu ra­
ted, when it is again broken up into petrol and an unsaturated 
hydrocarbon, which is again hydrogenated. T he process is 
continued until the nickcl becom cs inactive and the petroleum  
in the still becom es overloaded w ith  tarry  m atters. T he tarry  
com pounds and the nickel are then rem oved, and the la tte r is 
regenerated.

TH E M AN U FA CTU RE OF COLD-PRO CESS SOAPS IN E G Y PT

N adalini (Chcm . Trade 52, 596) points ou t th a t if the cold 
proccss for soap-m aking has now fallen entirely into disrepute

full amount of cash payment demanded if they had the goods to 
sell; and they could together get an indemnity bond in that 
amount as security for this guarantee. The retainer then took 
the president outside and pointed out that if their sales forcc 
were put on his staff their guaranteed cost, selling price and 6 
months’ sales would yield a profit equal to half the purchase 
price— or the bond would forfeit— and that there was practically 
no chance of the second 6 months not showing as well as the first. 
The president stayed over and the deal was fixed that way.

I believe the general point has been sufficiently illustrated, 
t. e., that in retainer work the chemical engineer has open to him 
a sphere of activity in connection with industrial life for which 
he is peculiarly fitted by training and experience and which 
parallels in a fascinating way that of the solver of human prob­
lems in commercial and social life. One such chemical engineer 
exhibited to me what I would regard as a treasure, a comment 
forwarded by the president (whom he knows very well) from a 
company that has retained him for years.

“ The chemist says he doesn’t know as you help him so much, 
but you ask questions and suggest things that set him think­
ing, and somehow he gets first-rate results. The engineer says 
you ask more fool questions than anyone that comes around, 
and he doesn’t know how you figure it out. but he does something 
you suggested and the trouble stops.”

May we all be equally fortunate in effects and leave the chief 
chemists and engineers to their various conclusions. The men 
at the factory work far better if they feel that a large share of 
the success depends on them, as, indeed, it does. They arc 
welcome to think it and to their credit, as long as the employer 
gets the results.

50 E a s t  4 1 s t  S t ., N e w  Y o r k

in Europe and A m erica, in E g y p t it is v ery  much in vogue 
for the production of the cheapest qu ality  of household soaps. 
T his is due to  the fact th a t it  is possible to  produce a soap of 
good appearance containing m any different and cheap fillers, by 
means of a v ery  simple p lant and little  knowledge; the Egyptian 
production is now  v ery  great.

T he am ount of insoluble m atter which these soaps contain 
varies from  20 to 35 per ccn t and consists principally of talc, 
calcium  carbonate, clay, flour, and various earths. The em­
ploym ent of cottonseed oil is general; the use of c o c o a n u t  oil 
or other oils of th a t class containing glyccrides of the lower 
fa tty  acids has becom e rare. T h e caustic soda used is generally 
the ordinary 60 per cent, a t  a strength of from  30 to 38° Be. 
A n  ordinary crutcher, frames, a banjo slabber, a cutting machine, 
and a  very  sim ple wooden hand-stam p are used in the m an u fa c­

ture of these soaps, supposed to be an im itation of the Syrian 

soaps, so well know n to the n atives. T he m aterials are mixed 
at the sam e tim e into the crutcher, excep t th at gelatine is 
usually added at the end of the operation, this requiring one 
hour’s stirring. The soap once fram ed is slabbed after 3 to 4 
days, and then is cu t into tablets of about 150 grams. Soaps 
m ade in E g y p t either b y  the Syrian  or the cold process are nc' er 
neutral; the neutralizing m aterial used is gelatine, r a r e l y  sodium 

bicarbonate, and the use of am m onium  com pounds or bibasic 

phosphate is abso lu tely  unknown.

TH E PU LP-W O O D  CONSUM PTION IN C A N A D A

A ccording to Paper, June 18, 1913, p. 34, the bulletin no" 
being issued b y  the Forestry Branch on the pulp-wood consump 
tion in C anada for 1912 is a com pilation of statistics obtainc 
from the s ix ty  pulp m ills now  operating in Canada. Of the man.' 
facts revealed b y  these figures, there are a t least three points
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which should be of spccial interest to  the general public, to the 
forester, and to the trade, respectively.

In 1912, nearly tw o m illion cords of pulp-wood were cu t in 
Canada, 47 per cent of w hich w as m anufactured into pulp by  
Canadian mills, an increase of 3 per cen t over 1911. This means 
that over half the pulp-wood cu t in C anada is exported in unm anu­
factured form, principally to the U nited States. I t  is estim ated 
in the bulletin th at, had this exported pulp-wood been m anu­
factured into pulp in Canada, the increase in the national d iv i­
dend from this source would be over six  and a half m illion dol­
lars. Yet all the provinces, w ith  the exception of N o va  Scotia, 
have placed restrictions on the exports of raw  m aterial, and the 
fact that, in spite of these restrictions, the q u an tity  of wood e x ­
ported in the raw  state  increased from  1911 to 1912, as well 
as the falling off in C anadian prices for pulp-wood during this 
period, seems to indicate overproduction  on the local m arket.

Of perhaps spccial interest to  the forester are the statistics 
showing 40 per cent increase in the use of balsam  fir in the 
manufacture of wood pulp. W e quote from  the bulletin: 
"News print can be satisfactorily  m ade from  a m ixture contain­
ing over 40 per cen t balsam  fir and 60 per cent spruce, and the 
prejudice against balsam  fir is rap id ly  disappearing.”  B alsam  
fir is especially adapted for pulp, the wood being free from resin 
and having very long, strong fibers. I t  is, however, good for 
little else, and is a t present view ed b y  foresters as a  “ weed- 
tree. As it is one of the m ost comm on spccies of Canadian 
trees, the developm ent of a m arket for this wood will be viewed 
with satisfaction for both the forester and the private owner.

Of interest to the trade is the successful introduction of the 
sulfate process in the m anufacture of chem ical pulp. In  this 
process sulfate of soda is added as a source of alkali and to 
make good the m echanical losses— 10 per cent approxim ately—  
in the process of recover)’ of the soda. Three large Quebec m ills 
used this proccss in 1912 w ith excellen t results. Spruce, w ith  a 
small percentage of balsam  fir, w as the wood used.

SOME PRO BLEM S OF T H E  R U B B E R  IN D U STRY

Potts (J. Soc. Chem. Ind., 32, No. 11, 564) indicates four lcad- 
lng groups of problem s in the rubber industry: (1) Q u ality
°f natural raw rubber; (2) S yn th etic  rubber; (3) Vulcanization; 
and (4) Regeneration.

The viscosity of H evca  la tex  dim inishes on dilution w ith 
water in such a m anner as to suggest th at it is an emulsion rather 
than a suspension. Since, however, rubber is an cm ulsoid 
colloid, and therefore a lw ays a  liquid, this docs not enable us 
to draw any conclusion as to the state  of polym erization in the 
latex. The nature of coagulation  is not y e t  fu lly  elucidated, 
although it is of absolutely v ita l im portance as regards the 
quality of the rubber produced. On com paring a  sam ple of 

jantation rubber w ith fine hard Para, the latter is preferred.
10 Para appears harder and “ n ervier”  on the m ixing rollers, 

ai,d in any case it is usually  more consistent in qu ality . M any 
explanations of this have been advanced, such as the you th  of 

e trees on the Plantations, the acetic acid process of coagula- 
■oti as compared w ith  the sm oking process, e tc .;.b u t a t present 

no chemical explanation can be given. Research is also re­
quired to determine the nature of the factors affccting qu ality
0 raw rubber, and its v e lo city  of vulcanization.

1 h °^ S cmPhasizes the im portance of having a raw  rubber 
 ̂ lc. shall vulcanize a t a con stan t speed, and, if possible, of 

f e e i n g  th is,by  careful tests before buying. R ubber from
,c the resins or proteins h ave  been rem oved w ill not vul-

as readily as ordinary' techn ically  pure rubber, and the 
0; cusion has been draw n th at syn th etic  rubber will be bad 
"ill W ®r0Un  ̂ being too pure. T h e rubber m anufacturer 
and however, be in any w a y  em barrassed on th a t account 

will be able to add as m uch resin as is needed, consistent, of 
UrSC' » 5th specification work.

W ith  regard to the regeneration of waste vulcanized rubber, 
to P o tts ’ knowledge, so far it has not proved possible to obtain  
from waste vulcanized rubber a product like raw  rubber and 
containing no sulfur. The com bined sulfur is bound w ith  e x ­
traordinary strength. W hat can be accom plished is to rem ove 
the free sulfur, some or all of the m ineral fillers, and the fibrous 
m aterials, and the reclaim ed rubber thus obtained b y  m any 
processes is a valuable adjun ct in cheap m ixings.

TH E EXPORTATIO NS OF CAM PH OR FROM  JAPAN , 1 9 1 0  TO
ÏQÏ2

During the last three years, crude and refined cam phor valued 
at the following am ounts was exported from Japan (including 
Form osa), according to D ie Chcmische Industrie, 36, No. 11, 355:

D estination  1910 1911 1912
H ongkong........................ s 6,500 S 15,438 S 10,956
B ritish In d ia ..................  226,000 285,500 322,000
S traits  S e ttlem en ts .. . .  2 ,450 4,034 4 ,900
E n g land ...........................  327,700 327,700 362,000
F rance ..............................  434,000 39ft, 000 251,500
G erm any.......................... 178,000 260,000 244,500
U nited S ta te s ................. 393,000 358,000 228,500
C anada.............................  6 ,000 6 ,000  10,400
A ustra lia .....................  32 ,000 47 ,000 37 ,850
O ther C ountries  26 ,000 24,000 57 ,800

T o ta l........................  S I , 631,650 $1 ,725 ,672  $1 ,530 ,406

“ SILIT”  AND ITS A PPLICA TIO N S IN TH E CH EM ICAL IN­
D U STR IES

“ Silit I I ”  is regarded b y  H. Grossm ann (Chem. Ind., 361 
No. 10, 304) as a  m ost interesting product. It con sists essen­
tia lly  of silicon carbide, and is obtained, according to  Germ an 
P aten t 257,468, of Ju ly  21, 1911, in the following m anner: 
Silicon, carbon and a  binding m aterial, such as colophonium  or 
paraffin, arc made up into a  plastic mass, shaped in m olds of 
silicon carbide, and finally heated in an atm osphere of carbon 
m onoxide or carbon dioxide to from  1,400° to  1,500° C. A t  this 
high tem perature the silicon com bines w ith carbon m onoxide: 
S i +  CO +  C  =  SiCO +  C. T h a t SiCO  is form ed lias been 
a ctu a lly  dem onstrated b y  Schiitzcnbcrger and Colson. If the 
mass is heated to  from  1,600 to 1,700° C., or is heated in an e le c tr ic , 
furnace, the free carbon com bines w ith the oxygen of the SiCO 
and escapes as carbon m onoxide; there rem ains silicon carbide. 
I t  is obvipus that an excess of carbon is a lw ays necessary, for 
without this excess the reduction of the oxycarbide to carbide 
becomes possible only a t a  tem perature of 2,800° C ., and at 
this tem perature a  considerable am ount of the silicon is lost 
through volatilization  and the m olds fuse.

Owing to  its great stab ility  a t high tem peratures, even as 
high as 1,400° C., and other properties which perm it of its 
m echanical working, “ S i li t ”  m ay be em ployed successfully 
for heating purposes. L ike silundum , “ S ili t ” m ay be used for 
electrically heated radiators and hot-plates; a  high heat m ay be 
obtained from these radiators and hot-plates, w ithout any a t­
tending unpleasant odors or accidents. " S i l i t ” tubes have been 
successfully em ployed in the illum inating industry as rods in arc 
lam ps; th ey have also been used as com bustion tubes, and as 
furnaces for tem pering steel pens and other instrum ents.

U nder ordinary atm ospheric conditions, “ S i li t ”  furnaces re­
sist a tem perature of 1,200° C. for a * long period of time.
If the furnace is surrounded w ith  a  jack e t of carborundum , it 
will resist a tem perature of 1,250 to  1,300° C. and a  currcn 
of 45 volts and 7 am peres for 75 hours, and a  h eat of 1,400° to 
1,450° C. for 5 hours.

" S ili t  I I ”  and “ S ilit I I I ”  are resistant to  the action of chcm - 
ical reagents, p articularly  acids and chlorine. “ S ilit I I ”  can ­
not be em ployed as an electrode in the electrolysis of a lk a li 
chlorides bccause of the action upon the carbide of the nascent
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oxygen  liberated; it m ay, however, be used in the electrolysis 
of hydrochloric acid.

" S i l i t  I I I ”  consists of silicon carbidc and silicon carbonitride. 
A ccording to  Germ an P aten t 176,001, of Jan uary 4, 1905, it is 
obtained as follows: Silicon and carbon com pounds, or silicon, 
silicon carbidc and an agglutin an t containing carbon, arc th or­
ou gh ly m ixed and then heated in an atm osphere of nitrogen. 
T he product possesses extraordinary density, hardness and 
resistance to  fluctuating tem peratures. It  can replacc carbo­
rundum  in the m anufacture of whetstones.

T H E  SCHOOP M ETALLIZIN G  PROCESS

Som etim e ago the Sclioop m etallizer was described in this 
colum n (sec T h i s  J o u r n a l , 4, 853). A t  th at tim e no practical 
results w ere availab le; these arc, however, brought ou t in a 
paper b y  A lb ert Neuburger, read before the M ärkischer Bezirks- 
verein  (Z. angew. Chem., 26, No. 44, 384).

B y  the old process of galvanizing, not every  m etal can be m ade 
to  adhere to another m etal w ithout the previous application 
of a  binding m etal. In  case non-m etallic objects arc to be coated 
w ith  m etal b y  this process, they m ust first be coatcd w ith graphite

when a  su itable  m etal is used, rendered uncorrodible. This 
m etallizer draw s the m etal into w ire, fuses it, and, by the aid 
of an air turbine, converts it  into a  dust-like state; the metal 
m ist is then projected w ith  great velo city  upon the object to 
be coated. N cuburgcr reports th a t the fine m etal particles ad­
here to the bo dy and form  a solid layer. H e considers that 
Schoop’s advice m ay be used w ith  all m etals and for coating all 
kinds of objects. H e has found th a t the projected metal is 
very  h a rd ; for exam ple, the den sity of tin deposited by the Schoop 
m etallizer is 14 .2  as com pared w ith  the density of 9.5 in the 
case of ordinary fused tin. I t  is stated  th a t the device may be 
em ployed in the construction  of accum ulators, in the chcmical 
in dustry (in m etallizin g glass, qu artz glass or iron vessels, etc.), 
in the canning industry, in the textile  in dustry (for metallizing 
fibers), etc.

R E C E N T  A C T IV IT Y  IN T H E  EX PL O SIV E  PUMP ART

A  review  of the m ore recent internal combustion pumps 
appears in Scientific American, 108, No. 22, 496, from which the 
follow ing is taken.

The S m yth  pum p, as show n in the accom panying engravings,

I'iGS. I t o  5 — D e t a i l  o f  t h e  S m y t h  I n t e r n a l  C o m b u s t io n  P um p f o r  R a i s i n g  W a t e r  
F ig .  6— T h e  C y c l e  o k  O p e r a t i o n  o f  t h e  P u m p

and then placcd in baths in which the necessary operations of 
p latin g are perform ed. Structures such as iron bridges, ra ilw ay 
stations, ctc., arc rendered resistant to corrosion b y  galvan izin g 
or sherardizing, b u t th ey  rem ain open to  corrosion a t  the rivet 
holes. A ccording to  Ncuburgcr, b y  m eans of the Schoop 
m etallizer even  the rivets and rivet holes are m etallized, and,

is a  duplex one, both parts being alike. A  combustion c*iain^  
1, the low er end of w hich is m erged into a nozzle, 3, extends ib   ̂

a  casing, 4, w hich constitutes the suction  pipe of the pump- ^   ̂
lower end of this casing is provided w ith  a  chcck valve, 5, 3 
strainer, 6, and the upper end is separated from an air cham > 
8, b y  the ch cck  v a lv e  7. A s  seen in Figs. 1 and 2, the disc
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of the pump is through a  pipe, 20 •• ich connects w ith  each air 
chambcr, 8. T w o pipes, 9, having va. ’ S, 10, to  control the flow 
of air or water, connect the air ch a m b c: 8 w ith  the casings 4 
just below the valves 7. A  w ater piston, operated b y  the ex ­
plosive charge, is located in each cham ber, 1, and the tw o casings
4. Air is introduced into the air cham bcr b y  means of valves 5a.

To regulate the position of the w ater piston in the cham ber 1, 
an independent piston, 11, free to  m ove in response to heat pres­
sure, is provided in the pipe connecting the tw o casings 4. This 
piston is actuated b y  the power piston 19, .n the m otor cylinder 
15, through the link 18, lever 17 and rock sh aft 12 and link 16 
connected by the yok e 42 to  the rod 13, which passes through a 

stuffing box, 14.
As seen in Fig. 3, the m otive fluid for operating the m otor 

15 is introduced and exh austed to  and from  the cylinder b y  a 
iour-way valve, 43, through pipes 45, 44 and 46. T his va lv e  is 
operated by the link 16, carry in g  th e tap p et 53, w hich actuates 
the levers b y  riding over the cam  surfaces 52. These levers 51 
operate in turn, b y  m eans of the spring-operated tappets 50, 
the sliding tapper lever 48, w hich oscillates the lever 47 of the 
valve 43.

The apparatus for introducing an explosive m ixture is shown 

in detail in Figs. 4 and 5.
A fuel reservoir, 27 (see F ig. 1), is connected to a vaporizer, 

26, which com m unicates w ith the com bustion cham bers 1 b y  a 
pipe controlled b y  the p op p et-valve 24 and pipes 23 leading 
to a four-way valve,. 22. ■ T he sparking device, located in the 
chamber 29, consists of a .rock in g  w iper, 30, secured on the shaft 
31, which is provided w ith  an operating le v e r,32, an d a  flat spring, 
33, attached .to an insulated rod, 34. T h e .wires 40 and 41 con­
nect the sparking device w ith  a b a ttery  n ot shown. The tappet 
ann 28 on-the sh aft 12 operates both  the valves xo and the 
wiper 30 by means of the slotted lin k 36 carrying the pins 37 
and 38.

The valve 22, w hich controls the flow of gases to or from  the 
combustion chambers, is also operated from  the rock sh aft 12 
t>v the tappet 21, the la tte r having a . c a m  surface, 21 a, which 
operates one arm  of a  loosely pivoted bell crank tap p et lever, 
22c. This arm of the tap p et lever 22c engages w ith  the slotted 
link 226, which is loosely connected to the handle 22a on the stem  
ot the valve 22. T h e other arm  of the lever 22c constitutes a 
tappet which, b y  engaging the p art 216 of the tap p et 21, operates 
the spring-actuated va lv e  stem  25 of the check v a lv e  24, so th at 
the tappet 21 serves' the double function of reversing the valve 
22 and keeping the va lv e  24 open. T he operation is now e\ i- 
dent.

Motion is im parted to the piston 11 b y  the m otor 15, which 
causes the water piston to m ove in the cham ber 1 and m ake 
room for the charge in this cham bcr. T h e va lv e  22 being prop­
erly disposed, the action of the piston  11 and the travel of the 
"ater piston cause successive inflow of explosive charges and 
scavenging of the spent gases.

If the explosive charged is assum ed to  be in cham ber 1, the 
*ater piston will exten d n early to  the va lv e  7, separated from 
^e water and pressure in the air cham ber 8 b y  this va lv e  and by 
whatever air has been perm itted access through the valve  5a. 
At this point the va lv e  10 is opened b y  engagem ent of the tappet 
31711 28 with the lin k 36 and the com prcsscd air, or w ater under 
pressure from the air cham ber, consequently flows beneath the 
'alve 7. Thus the w ater piston is forced back  against the charge, 
compressing it to the pressure of th e air cham ber, w hich is, of 
c°wse, that of the head. T h e  charge is prevented from  escap- 
w? by the closing of va lv e  24.

ignition now takes place, resulting from  the engagem ent of 
tKe taPPct pin 37 w ith  the end of the slo t in the link 36, thus 
rocking the wiper 30 past the spring 33 b y  the connection of the 
llnk 36 to the wiper arm  32. T he slot in the link 36 permits 

valve 10 to close the m om ent the w iper arm  32 passes out of

engagem ent w ith the spring 33. T h e expansion of the gases in 
the cham ber 1 causes the w ater piston to  be driven w ith  great 
energy" and speed through nozzle 3.

The spaces vacated in the cham ber 1 and casing 4 are filled 
instantly' (practically  sim ultaneously w ith the expansion) b y  
air through valve  50. T h a t portion of the air adm ixed w ith  the 
spent gases in the casing 4 of the expansion cham bcr will be cu t 
off and separated from  th at in the chargcd cham ber 1 b y  the 
incoming w ater through valve  5. T he portion of air and gas in 
the casing 4 is thus trapped beneath valve  7, ready to be driven 
into the air cham bcr a t  the n ext operation of the w ater piston. 
T h a t portion of the spent gases and air in the cham ber 1 will 
pass out as exhaust. T he cycle  of operation of the S m yth  pum p 
is shown in Fig. 6, and described as follows:

1. E xplosive charge being taken in the left-hand cham bcr 
and discharging the spent gases from  the other cham ber, the 
piston 11 being m idw ay of its stroke, traveling to  the right.

2. A  fresh charge in the left-hand cham ber and the right-hand 
cham ber com pletely occupied b y  the w ater piston, the spent 
gases of the previous explosion having been driven ou t b y  the 

water.
3. Charge in the left-hand cham ber compressed to  less than 

half of its original bulk  b y  the adm ission of air pressure betw een 
the w ater piston and the chcck va lv e  7.

4. Expansion of charge due to  explosion and the travel of 
the w ater into the air cham bcr, preceded b y  the volum e of air 
from beneath the valve 7. T he inrush of the w ater through the 
lower check valve  5 induced b y  the injector, g ra v ity  and atm os­

pheric pressure is also shown.
5. Left-hand cham ber alm ost filled w ith  w ater.

F IO> 7  T h e  C h a n c e  A p p a r a t u s  f o r  O p e r a t i n g  I n t e r n a l
C o m b u s t i o n  P u m p »  a n d  C o m p r e s s o r s

6. Condition sim ilar to 1, b u t reversed as to direction of the 
flow of gases and th e m ovem ent of the w ater piston.

- Charge in the right-hand cham bcr. T h e left-hand cham ber 
is com pletely scavcngcd of spent gases from  previous explosion.

8. E xplosive chargc in the right-hand cham ber ready to  be 

ignited, thus com pleting the cycle.
° I t  has been the custom  in explosive pum ps having tw o com ­

bustion cham bers to cause the charge to  be draw n into one 
cham ber b y  the continued travel of the liquid piston after the 
waste gases in the other cham ber have dropped to low  pres­
sure In pum ps of this character the continued travel of the 
liquid piston m ust be sufficient to  draw  in the new charge; the 
expulsion of the w aste gases is accom plished b y  the return 
stroke of the piston and m ust be com pleted before the return 
stroke can com press the charge in the other cham ber.

The necessity for prolonging both the out stroke and the re­
turn stroke of the piston to perm it the draw ing in of the charge 
and the expulsion of the waste gases, introduces elem ents of
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closing the v a lv e  5 b y  the im p act of the liquid. The momentum 
of the liquid in the conduit 8 now causes the liquid to rise in the 
cham ber 2, com pressing the chargc in th a t chamber. Tbe cycle 
is then repeated.

I t  will thus be seen th a t a new charge of combustible mix­
ture is introduced while the products of combustion are being 
discharged, o b viatin g  the necessity for prolonging both out 
stroke and return stroke, and in this m anner increasing both 
the speed and the cap a city  of the pump.

In explosive pum ps it  has been the custom  to compress the 
com bustible charge in the sam e'cham ber in which it is exploded. 
A  recen t invention of C. E . W hite, of San Francisco, Cal., is a 
pum p in w hich the charge is first draw n into a separate chambcr 
and forced thence into the usual com bustion chamber by the 
pressure of the liquid in the d elivery pipe. B y  this means, it 
is claim ed, the full static  pressure is utilized in compressing the 
charge.

T he W hite  pum p, as show n in Fig. 8, com prises a combustion 
cham bcr, '2, connected to the su p p ly pipe 4 having the usual 
inlet valve  5, b y  the tee 3, w hich com m unicates with the delivery 
pipe 1 g through the pipe 6, in w hich is placed a check valve, 7. 
T his d elivery pipe 19 is connected to the gas chamber 9 by a 
pipe, 8.

T he gas su pply pipe 10, h avin g  the check valve  11, communi­
cates w ith the cham ber 9, the la tter being connccted with the 
cham ber 2 b y  the pipe 12 having a  chcck va lv e  12a.

T he exh au st va lv e  14 com prises a  cup, 20, provided with a 
bored extension, 21, and a  diaphragm , 22. This diaphragm 22 
is provided w ith  a valve, 23, adapted to  enter a seat, 24, the stem 
25 of the valve  23 is provided w ith  a c o n t a c t ,  2 6 ,  t o  bridge the 

term inals 27 and 28 to close th e circuit of the spark plug 
A  pipe, 18, connects the delivery  pipe 19 with the cup 20.

L e t it be assumed th at the pum p is f il le d  with liquid and an 
explosive m ixture, the con tact 26 closes the ignition circuit 

through the term inals 27 and 28 and the chargc is exploded. 

T he liquid is thus forccd through th e pipe 6, closing the val\c5 

and opening the v a lv e  7. T he liquid in the chamber 9 and pipe 

8 m oves dow nw ardly, creatin g a  suction in the cham bcr 9, 

w hereupon the va lv e  11 opens and causes a  fresh supply of gas 
to be draw n into the cham bcr 9. A s the liquid moves upwardly 

in the pipe 19, the pressure on the diaphragm  22 is rem oved, an 

th e con tact 26 is m oved dow nw ardly, perm itting the escapc 0 
the w aste gases.

A fte r  the explosive force is spent, the liquid in the pipe '9 
closes the v a lv e  7 and the liquid piston in the pipe 8 and t c 
cham ber 9 forces th e explosive m ixtu re  into the chamber^- 
and com presses the charge again st th e water, which has . 
th is tim e risen in the cham ber 2.

T h e cycle  is then  repeated. ,
In  internal com bustion pum ps it  has been necessary after cae 

explosion to  draw  in a fresh chargc of gaseous mixture from 
outside source. T his has necessitated gas and air connections 
which are im practicable w hen such pum ps arc used in >nin 
and in m an y other instances.

T o  ob viate  this difficulty, Poore and H arvey, of London, 
land, h ave  recen tly  constructed a  device which generates 
ow n gas b y  the electrolysis of w ater. N o pipe c o n n e c t io n s " 
ever excep t those used for suction  and delivery of the " 3 *■ 

arc th us needed. . ,
In  Fig. 9, th e currcnt for decom posing the. w ater is supp1 

b y  the dynam o L  to  the con tact L \  w hich m akes a sliding eon̂  
ta ct w ith the cham bcr G  a t prearranged periods of time, 
upper p a rt B  of the bo d y .4 of the pum p forms the exp a  1 
cham ber. T h e gases form ed b y  the electrolysis of the 
are m ingled w ith  air introduced in the cham ber B  throug 
air va lv e  M ,  and are exploded b y  the spark plug K l- ,

T he ignition circuit com prises a prim ary winding, J, *iaVÛ e 
batter)', J ' ,  and sw itch, J-, and a secondary winding, k-

tim e-by which the cap acity  and speed of operation of the pum p 
arc correspondingly reduced.

H. M. Chance and T . M. Chance, of Philadelphia, Pa., have 
devised a method of operating such pum ps w hereby the rap id ity  
of action is increased b y  decreasing th e tim e necessary for each 
stroke and return stroke.

T he apparatus, as seen in Fig. 7, com prises tw o com bustion 
cham bers 1 and 2 provided w ith  in let valves 3 and 4 for the in ­
troduction of the com bustible m ixture and tw o exh au st valves 
5 and 6 for the discharge of the waste gases.

A  spring-pressed valve, 7, which controls the com m unication 
between the tw o cham bers 1 and 2, is operated b y  the rod 15 
and piston 14 in the cylinder 16. T his cylinder com m unicates 
with the liquid in the cham bers 1 and 2 b y  the passage 17, and 
the connection 18 leads to  a  source of pressure sligh tly  greater 
than th at a t which it is desired to  exh au st the w aste products of 
com bustion. The usual conduit 8 is connected to the air cham ­
ber 9, d elivery pipe 10 and suction pipe 12 w ith  inlet v a lv e  i i .  
T his suction pipe 12 is connected w ith the source of su pply 13.

L e t it be assumed th at the cham bcr 1 contains a compressed 
com bustible chargc which, has ju s t been ignited, the va lv e  7 
being open, the liquid in the conduit 8 is given a high velocity.

I-10. - T h e  W h i t e  P u m p  f o r  U t i l i z i n g  F u l l  S t a t i c  P r e s ­

s u r e  i n  C o m p r e s s i n g  t h e  C h a r g e

W hen the pressure in th e cham ber 1 falls below the predeter­
mined pressure a t which it is desired to open the exhaust, the 
v a lv e  5 is opened and the va lv e  7 elosed by the piston 14, opera­
ted b y  a pressure sligh tly  greater th an  th a t now existin g in the 
cham ber .1, the scavenging tak in g  place a t atm ospheric pressure. 
T he liquid in the cham ber 2 now  falls b y  grav ity ; the inlet v a lv e
4 opens; and a new com bustible m ixture enters the cham bcr 2. 
A t  the same tim e the liquid rises in, the cham ber 1, expelling the 
w aste gases. T he va lv e  4 then fcloscs.

U pon com m enc ng the return stroke the liquid in the conduit
5 opens the valve  7, forcing the liquid into the cham ber 1 and
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0cat F, carried b y  the lever II, w hich is p ivoted a t  H \  operates 

to'closc the firing circuit.
The apparatus is operated b y  closing the sw itch J 1 and turn­

ing on the decom posing current. T h e  float F  is then in its 
lowermost position, and the con tacts L '  are in con tact w ith the 

chamber G.

F ig . 9— P o o r e  a n d  H a r v e y  D e v i c e  f o r  G e n e r a t i n g  I t s  O w n  

G a s  d y  t h e  E l e c t r o l y s i s  o f  W a t e r

As the water rises, the float F  m oves the cham ber G  out of 
contact with the con tact L '  and, rising still farther, causcs the 
lever H to contact w ith  the con tact J 3, thereby closing the pri­
mary circuit. T he charge is then fired b y  the plug K l.

The force of the explosion expels the w ater up the deliver) 
pipe £  into the tank O, and also draw s a  fresh supply of w ater 
through the suction pipe C. T h e return  m ovem ent of the u ater 
closes the check v a lv e  D  and compresses the new charge of e x ­
plosive mixture. T h e  cycle  is then repeated.

The pipe N  is used to form  a  sp ray for condensing the vapor 

caused by the explosion.

THE A L K A L I IN SP E C T O R ’S R E P O R T  FO R ^912 

The forty-ninth annual report of the C hief Inspector of 
Alkali, etc.. W orks for England, Ireland and W ales, which was 
issued during July, is review ed in The Chemical Trade Journal, 

53, 49-
The number of w orks registered under the A c t during 1912 

"as 1,305, of which 73 were “ alkali w orks.”  T h e  general aver­
age amounts of acid escaping from the exits for w aste gases in 
"orks under inspection showed slight variations from the pre- 
ceding year. T he acid ity  of gases of all chim neys, however, 
showed a distinct increase, being equ ivalen t to 1 .2 18  grains of 
sulfuric anhydride per cubic foot, as com pared w ith  1.19 2  
grains during 19 11. T h is increase w as m ainly due to those 
"orks wherein ores containing m etallic sulfides were calcined.

For many years past there has been a slow b u t c o n t i m i d  re­
duction in the number of w orks registered as sulfuric acid works. 
This has been due to the increase in aggregate production accom ­
panied by the closing of w orks of sm all cap a city , concurrently 
with increased productive cap acity  in other w orks already in 
operation. The various form s of m echanical burner came into 
more extended operation during 1912. T h e  use of fans also 
50 efficient in m aintaining constant w orking conditions becam e 
more widely adopted. T here is a  general tendency to appre­
ciate the advantages of increased G ay-L u ssac tow er space, and 
m many works this has been increased. T h e “ Opl system  
continued in constant use, and during 1912 a  second installa­
tion of this system w as p u t into successful operation. So far as 
regards the escape of noxious gases, both of these sulfuric acid 
Pbnts gave every satisfaction; b u t it is still too soon to express an 
“Pinion as to wear and tear. M ention  is m ade of a  fata lity  
*hich occurred in a sulfuric acid w orks during the rem oval 
°1 Packing from a  G ay-L u ssa c  tower, ow ing to  the presence 
°1 oxides of nitrogen.

T hose sulfuric acid w orks in which the cata ly tic  or contact 
processes were used were conducted during the year w ithout an) 
m arked change in methods of working, nor was there any change 
in the num ber of works, although extension of p lant effected 
an increase in the cap acity  for production. T h e methods pre­
viously in operation for the concentration of sulfuric acid con­
tinued in use. Undue escapes of acid gases w ere observed com ­
ing from over-heat pans on several occasions; these irregulari­
ties were associated w ith  the methods of firing and w ith  the dis­
position of the fireplaces. T h e  K essler system  continued to 
yield exit gases low in total acid ity  and to operate in a regular 
w ay. T h e use of fans instead of the original steam -jet form 
of draught-inducer w as further extended. T h e cascade system  
gained in favor and is now in w idely extended operation, silica 
ware and tantiron continued to  be used as m aterials of construc­
tion of the evaporating vessels. T h e G aillard tow er continued 
in use, generally w ith satisfactory results as to escaping gases, 
b u t in one works there was much trouble.

T h e chem ical manure w orks were kep t a ctiv e ly  in operation 
during 1912. 14 ,115 tons of guano, 520,270 tons of mineral
phosphates, and 123,580 tons of nitrate of soda were im ported 
during the year. T h e exports of am m onium  sulfate am ounted 
to 287,000 tons, as com pared w ith  a hom e consum ption of 90,- 
000 tons. T h e use of m echanical methods for dealing w ith prod­
ucts was extended during the year, and the direct m ethod of 
producing ammonium sulfate was p u t into more extended em ­
ploym ent. chiefly the coke-oven works. T h e loss of am m onia 
during the handling and storing of am m oniacal liquor is very  
considerable. A ttention  continued to be given during 1912 
to  the form ation of am m onium  sulfate from gases containing 
ammonia and hydrogen sulfide, w ithout the use of sulfuric acid, 
b u t so far as practical production in England is concerned it 
cannot be said th a t perm anent success has y e t been obtained.

T h e bulk of the chlorine was produced in alkali works, and, as 
these w orks w ere seriously affected from the tem porary scarcity  
of fuel, the production of chlorine was restricted for a  tim e. 
T he m echanical arrangem ents for the production of bleaching 
powder continued to w ork satisfactorily, and their use was

further extended.
A  further increase in the num ber of tinplate flux w orks was 

noted, the tota l registered being 73 - G reat a ctiv ity  w as apparent 
in the earlier part of 1912. b u t tow ards the end of the year the’ 
demand for tinplates w as decidedly lessened. T h e methods 
in use in the recent past for m inim izing the escapc of hydrochloric 
acid from these w orks proved satisfactory In all cases in which 
efficient means were provided for washing the furnace gases or 
for washing the scruft before this w as charged into the furnace 
for roasting. T h e  general average escape of hydrochloric acid 

fell from o .2 -i9  in 1911 to  0 .17 0  in 1912.
T h e  num ber of sulfide w orks under inspection increased from 

69 m 1911 to 78 in 1912. D uring the year four w orks in which 
certain sulfide colors were m anufactured cam e under considera­
tion and were found to require registration in this class. M uch 
im provem ent inside these w orks as well as to their im m ediate 
neighborhood has been effected as the result of inspection, and 
w hat w as form erly an objectionable escape of a noxious gas has 
been entirely rem oved. T his desirable result has been attained 
p artly  b y  the provision of means for preventing access to  the 
air of any hydrogen sulfide evolved, and p artly  b y  reducing the 
am ount of noxious gases requiring to be dealt w ith  through im ­
provem ents in methods of m anufacture.

T he total num ber of lead poisoning cases reported from  all 
industries in 1912 was 587, of which num ber 44 were fata l, as 
against 669 (37 fatal) in 1 9 « .  O nly 5 cases of arsenic poison­
ing occurred, and 3 of these were due to the handling of bird- 
skins im ported from the W est Indies; a fourth case occurred 
to  a  workm an em ployed in a  paper mill in dissolving block tin 
in concentrated hydrochloric acid. A lthough helm ets and air
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tubes, or sim ilar apparatus, w ith compressed oxygen or air, 
are supplied in m any works, folds of flannel still seem to  be the 
more general form of respirator.

W ANTED: NEW  USES FOR BROMINE

A  prize of $2,500 is offered b y  the D eutsche Brom konvention
G . in. b. H ., Leopoldshall-Stassfurt, G erm any, to  the discoverer 
of a process or com pound leading to a new  or an increased con­
sum ption of bromine. T h e following are some of the condi­
tions attached to this com petition: T h e new discovery m ust
represent a technical innovation and m ust n ot adversely affect 
existing uses of bromine. T h e process m ust be applied in prac­
tice a t the latest one year a fter the aw arding of the prize. T he 
process m ust, in the opinion of the ju ry , lead to  a  considerable 
increase in the European consum ption of brom ine at a suitable 
price. Com petitors m ust send in their processes b y  Jan uary 
1, 1914, a t the latest.

p latin g m ay thus be continued until the required thickness is 
obtained.

TH E RADIUM  M A RK ET

T here has recently been a  m arked reduction in the prices of 
radium  preparations. Earlier in the year radium  brom ide sold 
for $105.60 per m illigram  in G erm an y; and, in A pril, a N ew  
Y o rk  firm offered for sale any part of 800 m illigram s of radium  bro­
mide, gauging from 25 per cen t to  90 per cent pu rity, to  be de­
livered in tubes of 10 to  125 m illigram s cap acity, a t  $90 to $100 
per m illigram . In  Ju ly , howrever, the K . K . M ontan-G esell- 
schaft in W ien, which produces radium  salts from  pitchblende, 
made sales a t $43.20 to $52.80 per m illigram , depending upon 
the a ctiv ity . T he recent decrease in price is thus explained in 
Chemie, 6, N o. 1530: D uring the last three years, mesothorium ,
as well as radiothorium , began to be em ployed in place of 
radium , especially in medicine. M esothorium  is obtainable 
a t  a cost of $32.40 per m illigram  in  G erm any and, in addition, 
m ay be procured four tim es more active than radium . W hile 
the life of mesothorium is short, b y  m ixing it w ith  radium  salts 
a  preparation of long life m ay be obtained. T h e  tota l production 
of radium  brom ide per year is betw een 2 and 3 grams. In  1911, 
the radium  preparations produced b y  the A ustrian  R adium - 
praeparatefabrik am ounted to  14 .14 6  gram s, containing 2.647 
gram s of pure radium  chloride, valued a t  $214,900.

T h e  Radium  H ill C om pany conducted operations in 1912 in 
A ustralia  which resulted in 'th e  production of 2 .5  m illigram s 
of pure radium  brom ide; i t  is reported th at 350 m illigram s 
more are in the laboratory in various stages of purification. 
R ecen tly  tw o A m erican firms have been organized for the prepara­
tion of radium  salts, e tc .; these are the R adium  C om p an y of 
Am erica, of Philadelphia and Sellersville, Pa., and the R adium  
C hem ical Com pany, of P ittsburgh, Pa. T h e la tter com pany 
is m arketing radium  salts and applicators, radium  drinking 
water, radium  bath w ater, radium  compresses, and radioactive 
earth.

THE M ANUFACTURE OF COPPER W IR E BY E LE C TR O ­
DEPOSITION

According to the Brass World, W . E . G ibbs has devised a pro­
cess for the m anufacture of copper wire b y  electrode position. 
Previous attem pts to accom plish this ob ject have been unsuc­
cessful.

T h e G ibbs m ethod requires a  fine copper wire as a core for 
m aking the desired product, and the additional copper is de­
posited on it while it m oves through a tank containing the solu­
tion. T h e fine copper wire is m ade endless and passed through 
a regular plating solution containing sulfate of copper and a 
little  sulfuric acid. T h e w ire passes over grooved rollers opera­
ted  from outside while passing through the tank. A fter leav ­
ing the tank, the wire passes through a sm all rinsing tan k to  re­
m ove the solution, and then goes to  a reel around w hich it passes 
a num ber o f times, returning again to  the plating tank. T h e

THE MELTING POINTS OF ELEMENTS OF ATOMIC WEIGHT 
48 TO 59

B urgess and W alten berg1 have determ ined the melting points 
of the refractory  elem ents of the iron group b y  means of the 
m icropyrom eter,2 obtaining the following results:

M elting point 
w ith micro- 
pyrom eter 
j  1452°(o)

* ( 1449(6)
( 1477 *  2

' ( 1478 *  1 (c)
\ 1533 *  1(d)

* ( 1528(6)
1255 
1520

V anad ium .................  1720
T itan iu m ................. 1794 =*= 12

(o) Assumed value on p la tinum  s trip ; also observed value on iridium 
strip .

(6) C rucible m elts in electric furnace.
(c) Crucible m elts in electric furnace; also on iridium  strip with micro- 

pyrom eter.
(d) Five sam ples all agreeing to  w ithin 3°.

M etal

N ickel.

C obalt.

Iron .

M anganese. 
C h ro m iu m ..

P u rity  
Per cent.

Probable 
melting point 

of pure 
element

99.83« 1452° «*= 3

99 .95 i 1478° *  5

99 .98  *  01 1530° *  5

97 to  98
98 to  99 
97 to  98 
9 9 .9  +

1260° «*» 20 
1520° to >Fe 
1720° *  20] 
1795° *  15

TH E GRANULATION OF SLAG

R ecen tly  G . Juntzen  described a  m ethod of granulating slag 
b y  means of a je t  of air before th e G erm an M etallurgical Asso­
ciation. In  this procedure, w hich has been in use for over a 
year a t  the B uderus W orks, where abou t 100 tons are produced 
daily, the slag run from  the furnace is conducted through a 
conduit to  a  rotatin g drum  45 feet in length and 6 feet in diam­
eter. U pon entering this drum , it is m et b y  a  je t of compressed 

air, which throw s it  again st the sides, w hich are kept cooled by 
the exterior circulation of w ater; in this w a y  the disseminated

D e v i c e  f o p . G i u x u l a t i x g  M o l t e n  S la g

slag a lw ays encounters cool surfaces. Scrapers within tf* 
drum  preven t adhesion of the slag, w hich eventually is rem0' 
a t the bottom  end of the cylinder in sm all grains, said to 
w ithout lum ps. I t  is claim ed th a t the slag thus reduced is more 
satisfactory for cem ent-m aking than th a t granulated by 
it is dry and also more dense. Such granulated slag is sui •' 
for use as sand.

In the process of J. T . B ergw ith  for the granulation of bas 
furnace slag, the attem p t is m ade to produce a dry granu 3 
slag, notw ithstanding the em ploym ent of w ater.3

1 J .  W ajft. Acad. Set., 3, No. 13, 371.
* Bull. Bureau o f Standards, 9, 475.
3 Eng. M in . J ., 96, 55.
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This is done b y  delivering the stream  of m olten slag to the 
action of a rotary feeder, driven a t a high rate  of speed, the 
feeder members of which scrape or shear off extended portions 
of the stream of slag and pro ject it  upward into the air. Sim ul­
taneously w ith the separation of the portions of slag from the 
main stream b y  the feeders, it  is subjected to  the action of a 
small stream of w ater, which com bines w ith the feeders to pro­
duce the granulating action. D uring its flight through the air, 
it cools and dries, so th a t it is deposited in a nearly dry granu­
lated state. A s m ay be seen from  the accom panying illustra­
tion, the lower portion of the feeder wheel runs in a suitable 
trough or runner, the sides of w hich rise nearly to the hub of 
the wheel. A  guard bar, or shield, is arranged above the wheel. 
The trough, or runner, is approxim ately V-shaped in cross- 
section before it reaches the disintegrator, b u t broadens out 
to a flat-bottom trough in th a t portion which underlies the 
feeder blade. A t  a  point approxim ately central to the lower­
most part of the trough, a  wide, re la tively  thin w ater inlet 
communicates w ith  the trough. T h e  feeder wheel comprises 
a number of plates supporting rods, or bars, separated b y  a 
number of face blocks.

SOME INNOVATIONS IN T H E  P A P E R  IN D U STR Y

Philip B. Sadtler, of the Swenson E vap orato r Com pany, of 
Chicago, 111., has pointed ou t th a t b y  em ploying a b a ttery  of 
blow tanks to system atically  w ash the liquor ou t of the pulp, 
this may be accom plished w ith  the least expenditure of w ater 
and the highest cleansing effect. T h is is, m oreover, said to be 
one of the best m ethods for elim inating the objectionable odor 
of the sulfate pulp mill. P u lp  is blow n under pressure from 
the digesters directly  into the blow  tanks, the b attery  being 
used in countercurrent system  for washing. T h e  sm all expendi­
ture of water leaves a m inim um  of w ater to be evaporated.

An idea which M r. Sadtler has included in the design of the 
apparatus in the Chesapeake P u lp  &  Paper Com pany, a t  W est 
Point, Va., is the use of w aste h eat gases from the rotary  black 
ash furnaces to  produce the generation of steam  in the boiler; 
this steam is then used to  carry ou t the evaporation of the black 
liquor in the evaporator. T h is idea of em ploying waste heat 
from special furnaces to  generate steam  in boilers is a novelty, 
it is said, in the pulp field.

SOCIETY FOR PROM OTION OF EN GINEERING EDUCATION

The tw enty-first annual m eeting o f the Society for the P ro­
motion of Engineering Education  w as held a t the U n iversity  of 
Minnesota, M inneapolis, June 24 to  26. A m ong the conspicuous 
features of the program as reported b y  Engineering Record, Ju ly  12, 
■913, were a series of papers on the design and construction of 
buildings for technical schools, papers on hydraulic engineering 
education presented a t a jo in t session w ith the Am erican W ater 
Works Association, a sym posium  on highw ay engineering edu­
cation, a paper b y  a representative of the Pennsylvania R ailroad 
on cooperation betw een technical schools and the industries, 
and a paper b y  a  prom inent m anufacturer advocating a move- 
®ent in the direction o f standardization  of technical terms.

Last year a t the B oston m eeting of the society a num ber of 
experts on scientific m anagem ent showed th a t there w as a con­
nection between this subject and education. T his year D irector 
H- S. Person, of the T u ck  School of A dm inistration and Finance, 
Dartmouth College, w as requested to ap p ly  the principles of 
scientific m anagem ent to  college adm inistration. In  doing so 
he showed th at b y  functionalizing college w ork greater efficiency 
can be obtained than b y  present methods. T h e functions 
'nvolved in education are teaching, adm inistration, advising, 
and guiding non-classroom educative influences. A s teachers

TH E GAS AND E L E C T R IC  CONSUMPTION IN G R E A T E R  
NEW  Y O R K

The Coal and Coke Operator, 21, N o. 11, 231, reports th at there 
were 1,10 1,174  consumers of gas in G reater N ew  Y o rk  in 1912. 
T h e 13 different gas com panies which m ake and sell this product 
made and bought during the y ear 55,542,488 cubic feet of gas, 
of which 47,775,188 cubic feet were sold to consumers. T h e 
Consolidated G as C om pany had a to ta l of 483,727 consumers, 
while the B rooklyn  Union G as C om pany had 361,845.

T h e electric companies generated and bought 702,174,871 
kilow att hours of electricity  and sold 518,294,646 k ilow att 
hours. T h e reports of the six electric com panies serving G reater 
N ew  Y o rk  show th at there were 229,758 active meters in opera- 
tion; of these, the N ew  Y o rk  Edison C om pany had 168,814. 
active meters and the Edison Illum inating C om pany of B rook­
lyn  41,684.

TH E CONSUMPTION OF TH O R IU M  IN T H E  U N ITED  STA TES

I t  is noted in the Chemiker-Zeitung, 37, N o. 77, 776, th a t the 
only com pany in the U nited  States which produces thorium  
compounds from m onazite sand is the W elsbach Com pany, of 
Gloucester C ity , N . J., although there are tw o or three other 
concerns which obtain thoria from waste W elsbach m antles, 
T he mining of the m onazite deposits in the Carolinas, w hich sup­
plied i 1/« million pounds in 1912, has been discontinued, ow ing 
to the decrease in the im port tax  from  6 cents to 4 cents per 
pound. T h e  num ber of gas m antle factories has diminished 
from 89, in 1909, to 50, the m ost of which are found in the 
States of Ohio, N ew  Y o rk , Pennsylvania, and Illinois. In  alf, 
65 million m antles are m anufactured per year, of which 40 per 
cent are m ade b y  the W elsbach C om pany. T h e consum ption 
of thorium  compounds for this purpose am ounts to abou t 220,- 
000 pounds, more than half of which is im ported from  G erm any. 
T h e d u ty  on thorium  salts, gas m antles and spent m antles is 
40 per cent of their value. A ccording to  a  report m ade b y  th e 
G eneral G as M an tle  Com pany, of Cam den, N . J., the cost of 
1,000 incandescent gas m antles is $42.07 in N ew  Y o rk , and the 
Germ an m anufacturers can sell the sam e for $42.50, including 
the im port tax.

are not equally fitted for all functions, it is advisable to  assign 
to each on ly those for which he is best adapted.

A t a session held jo in tly  w ith the Am erican W aterw orks A s­
sociation, Prof. D . W . M ead, of the U n iversity  of W isconsin, 
and O. L .  W aller, of the S tate  College of W ashington, read papers 
covering the preparation of young men as hydraulic engineers. 
T h e authors showed th at the best preparation for a hydraulic 
engineer is th at which will teach him  to think. A s Professor 
M ead stated, the value of any education is not so much in the 
acquirem ent of knowledge as in the a b ility  to  acquire it. H e 
pointed out th at the tendency of educational m ethods is to dis­
courage the developm ent of judgm ent, for the students are apt 
to accept the dictum  of their teacher as infallible and hence 
not subject to  their critical inspection.

Professors Sherm an and Schlafiy, of the Ohio S tate  U niversity, 
explained how their students are encouraged to  get into com ­
mercial w ork in the summ er tim e. I f  this is im practicable, the 
instructors take comm ercial contracts and em ploy the students 
as assistants. These "p ra ctica l”  sum m er surveying cam ps 
take the places of "p ra ctice"  cam ps and are givin g excellent 
results. Under this plan the students feel and act more like 
engineers than under the old plan. Prof. F . P. M cK ibben , of 
Lehigh U niversity, gave details of the experience of his students

SCIENTIFIC SOCIETIES
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in obtaining sum m er em ploym ent and of the excellent results 
obtained therefrom. T h e discussion brought out a general 
sentim ent in favor of the use of the sum m er months in actual 
work and emphasized the d u ty  of future em ployers of the men 
to provide such work for them.

A  m arked tendency to  lengthen the college course to five or 
even six years has been conspicuous of late. A  num ber of schools 
have introduced longer courses, these being either required or 
optional. This tendency is opposed b y  some leading educators, 
and tw o of them , President A . C. H um phreys, of the Stevens 
Institu te  of Technology, and Prof. G . F . Swain, of H arvard 
U niversity, vigorously voiced their opposition at the M inneap­
olis meeting. T h ey  claim  th at four years cover a period long 
enough for a boy to remain from actu al work and th at the ex­
penditure of an extra year or tw o does not bring com m ensurate 
results. In cham pioning the other side the advocates of the 
longer course pointed out th at the extra tim e is not w anted for 
more technology b u t for studies selected to prepare for better 
citizenship, and th at on this basis its use is justified. O bviously 
no agreem ent was reached or could be reached as to  the proper 
length of a course, but the discussion served to keep the topic 
a live  and to put the authorities in charge of technical schools in 
a defensive a ttitude toward their present practice, w hatever 
th at m ay be.

A  subject which affects a ll engineers, because it relates to  the 
ease and understanding w ith  which th ey can read technical 
literature, is the standardization of technical terms. M r. D . M . 
W righ t outlined the results of his experience in a paper in which 
he recommended the appointm ent of a com m ittee to stud y the 
subject.

A t the request of the society a representative of the Pennsyl­
vania Railroad, M r. Iv y  L. Lee, gave the results of the expe­
rience of th at com pany w ith the m any technical graduates who 
have entered the com pany’s em ploy. T h e faults which th ey 
have noted are a  la c k . of practical experience and judgm ent, 
an idea th at th ey arc far superior to the rest of m ankind, and a 
certain narrowness of mind, inculcated through a too exclusive 
attention  in college to  m athem atics and theoretical science and 
to a too great neglect of those broader subjects such as political 
econom y, history and general literature.

M r. Lee believes th at these faults can be overcom e and th at 
b y  directing attention to the shortcom ings and lim itations as 
well as the strong points of the students, teachers can ,do much 
to assist them in elim inating their weaknesses.

O f all the difficult concepts which students have to  grasp 
th at of the relation of force, mass, weight and actcleration  is 
one requiring possibly the greatest m ental effort. Teachers of 
m athem atics, physics, mechanics and engineering struggle with 
it. T h e situation is aggravated b y  the use of m any different 
units for these quantities. Prof. E . V . H untington, of H arvard 
U n iversity , proposed a sim plification of these b y  elim inating 
m ost of these units and substituting w h at he calls the “ standard”  
weight and the “ local”  w eight for the usual "m ass”  and "w e igh t.”  
N atu ra lly  a proposition like this stirred up much discussion and 
the whole subject was referred to a special com m ittee on the 
teaching of m echanics to engineering students, w hich w as ap­
pointed forthw ith, w ith  Prof. E . R ..M a u re r, of the U niversity 
o f W isconsin, as chairm an.

T he cause of the m uch-discussed thesis, once an essential 
part of the engineering curriculum , was championed b y  Prof. 
H . W ade H ibbard, of the U niversity o f M issouri, and m any other 
teachers.

In  his presidential address Prof. W illiam  T . M agruder, of 
the Ohio S tate  U niversity, painted a  picture o f an ideal instructor.

A  num ber of com m ittees appointed last year to  stud y the 
im provem ent of instruction in the several branches of engineering 
reported progress and were continued for another year with 
instructions to carry out their own suggestions. T he chairmen

of these are Profs. F . P. M cK ib b en , of Lehigh University; C. F. 
Scott, of Y a le  U n iversity; A . M . Greene, Jr., of Rensselaer 
Polytech n ic In stitu te; and F . W . Sperr, of the M ichigan College 
of M ines. T h e com m ittee on college administration, which 
m ade a report covering such m atters as the salaries of professors, 
falling off in the num ber of technical students, leaves of ab­
sence, etc., w as continued. A  new com m ittee 011 the teaching 
of physics to  engineering students, w ith  Prof. G . V. Wendell, 
of Colum bia U n iversity, as chairm an, w as also appointed. 
A ltogeth er the society has a large am ount of committee work 
in progress, greater than a t a n y  other tim e in its history.

T h e  following elections occurred this year: President, G. C. 
A n thon y, T u fts  College, M ass.; V ice-P residents, H. S. Jacoby, 
Ithaca, N . Y .  and D . C . H um phreys, Lexington, V a .; Secretary, 
H . H . Norris, Ithaca, N . Y . ; Treasurer, W . O. W iley, New York, 
N . Y . ; Councilors, H . W . T yler, B oston  M ass.; J. F. Hayford, 
E vanston, 111.; A . S. Langsdorf, St. Louis, M o.; S. M . Wood­
w ard, Iow a C ity , la .;  M . S. K etchu m , Boulder, Col.; F. P. 
Spalding, Colum bia, M o.; and P . F . W alker, Lawrence, Kan.

Several im portant actions were taken  a t the meeting. The 
council voted  to take the steps necessary to bring before the 
m em bership a plan to m ake the secretaryship permanent. 
Princeton was recomm ended for the 1914 m eeting and California 
for the year following. T h e  secretary was instructed to confer 
w ith  the officers of other societies w ith a view  to reducing the 
conflict betw een convention dates.

IN T E R N A T IO N A L  E N G IN E E R IN G  CO NG RESS, 1915 

In connection w ith  the Panam a-P acific  International Ex­
position which w ill be held in San Francisco in 1915, there will 
be an International Engineering Congress, in which engineers 
throughout the w orld w ill be invited to  participate. The 
congress is to  be conducted under the auspices of the following 
five N ational Engineering Societies: Am erican Society of Civil 
Engineers, Am erican In stitu te  of M in in g  Engineers, The Ameri­
can S ociety  of M echan ical Engineers, Am erican Institute of 

E lectrica l Engineers, and T h e  S ociety  of N a va l Architects and 
M arine Engineers. T hese societies, actin g in cooperation, 

have appointed a  perm anent C om m ittee  on M anagement, con­
sisting of the Presidents and Secretaries of each of these 
Societies, and eighteen m embers resident in San Francisco.

T h u s constituted, the personnel of the Com m ittee is as fol­
lows :

F o r  t h e  A m e r i c a n  S o c i e t y  o f  C i v i l  E n g i n e e r s . — Geo. F  

Sw ain, President;  Chas. W arren H unt, Secretary; Arthur L. 
Adam s, W . A . C atte ll, C has. D erleth, Jr., C has. D. Marx.

F or  T iie  A m e r i c a n  I n s t i t u t e  o f  M i n i n g  E n g i n e e r s  —  

Charles F . Rand, Presiden t;  B rad ley Stoughton, Secretary; H. !'• 
Bain, Edw . H. B enjam in, N ew ton  C leayeland, W in. S. Noyes.

F or  T h e  A m e r i c a n  S o c i e t y  o f  M e c h a n i c a l  E n g i n e e r s — " .

F . M . Goss, Presiden t;  C alv in  W . R ice, Secretary; W . F. Durand, 

R . S . M oore, T .  W . Ransom , C . I t .  W eym outh.
F o r  T h e  A m e r i c a n  I n s t i t u t e  o f  E l e c t r i c a l  E n g i n e e r s . - 1 

R alph  D avenp ort M ershon, Presiden t;  F .  L . Hutchinson, Secre­

tary; J. F . D e Reiner, A . M . H unt.
F o r  T h e  S o c i e t y  o f  N a v a l  A r c h i t e c t s  a n d  M a r i n e  B*- 

g i n e e r s . — R obert M . Thom pson, Presiden t;  D. H. Cox, Seen 
tary; Geo. W . D ickie, W . G . D odd, W m . R . E ckart, H. P. F r«r-

T h e Com m ittee has effected a perm anent organization, with 
Prof. W m . F. D urand as C hairm an, and W . A . C atte ll as Seca- 
tary-Treasurer, and has established executive offices in the 
F oxcroft B uilding, 68 Post Street, San  Francisco.

T h e  Presidents and Secretaries of the five national societies 
will constitute a C om m ittee on participation, through whom a 
invitations to participate in the Congress will be issued to g ° ' trn 
ments, engineering societies, and individuals. ^

T h e actu a l m anagem ent of the Congress and the work 0 
securing and publishing papers w ill be in charge of the members
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of the Committee resident in San Francisco. T h e work of the 
Resident M em bers has been assigned to different sub-com ­
mittees, and Chairm an D urand has m ade the following ap­
pointments:

E x e c u t i v e  C o m m i t t e e :  W . F .  D urand, Chairman,, ex-officio; 
W. A. Cattell, Secretary, ex-officio; E . H. Benjam in, W . G . D odd, 
A. M. Hunt.

F in a n c e  C o m m i t t e e  : W . G . D odd, Chairman; N ew ton C leave- 
land, R. S. M oore.

P a p e r s  C o m m i t t e e :  A . M . H unt, Chairman; A. L . Adam s,
H. F. Bain, G. W . D ickie, W . R . E ck art, C . D. M arx, C . R. 
Weymouth.

P u b l i c i t y  C o m m i t t e e :  W . A . C atte ll, Chairman; C . Derleth, 
Jr., W. S. Noyes, T . W . Ransom .

L o c a l  A f f a i r s  C o m m i t t e e : E . H. B enjam in, Chairman; J.
G. De Remer, H. P. Frear.

The scope of the Congress has not as y e t  been definitely de­
termined, but it is hoped to m ake it w idely representative of 
the best engineering practice throughout the world, and it is' 
intended that the papers, discussions and proceedings shall 
constitute an adequate review  of the progress made during the 
past decade and an au th orita tive  presentation of the latest 
developments and m ost approved practices in the various 
branches of engineering work.

The Com mittee o f M an agem ent has extended a m ost cordial 
invitation to the officers and m em bers of the Am erican Chem ical. 
Society to attend and to  participate in the proceedings of this 
Congress. T he form al in vitation , handsom ely engraved, is 
now in the hands of Secretary Parsons and w ill be presented a t
the next meeting of the Council.

.  ;  O

AMERICAN EN GIN EERS EN TE R T A IN E D  IN G ERM AN Y

Upon invitation of the V erein D eutscher Ingenieure, three 
hundred American engineers and their lad y companions attended 
the Fifty-fourth M e e tin g  a t  Leipzig, G erm any. A  tour of in- 
sfection throughout G erm any w as arranged for the foreign 
guests by the society.

W IL LIA M  JAM ES EVANS

r e s o l u t i o n s  b y  t h e  c h e m i s t s ’ c l u b

On the occasion of the death of W illiam  Jam es E van s, the 
Board of Trustees of the Chem ists’ C lu b  of N ew  Y o rk  C ity  
passed the following resolutions in token of their esteem and 
respect:

T h e B oard of T rustees of the Chem ists’ Club, for itself and 
for the members of the Club, take this opportunity of record­
ing its sorrow and regret a t the passing of W illiam  Jam es E vans, 
a member of the B oard and former Treasurer.

T he kindly and friendly interest which M r. E van s took in the 
C lub and all its functions, his sincere and cordial m eeting w ith 
all its members, and his efficient and unflagging cooperation 
in forwarding the interests of the C lub  made him not only a 
member of unusual usefulness b u t also a warm, personal friend 
of each of us.

T h e Board of Trustees also takes this opportunity of extend­
ing to the fam ily of M r. E va n s its sym p ath y in the affliction 
th at has befallen them.

W a l k e r  B o w m a n

B . C .  H e s s e  

C h a s . B a s k e r v i l l e  

L .  H . B a e k e l a n d

E . G . L o v e
Committee.

MINE SANITATION SECTION OF U. S. B U R E A U  OF MINES

T he U n ited  States B ureau of M ines is about to  investigate 
the conditions under which a  m iner works, believing th at the 
unsanitary conditions which exist in some of the mines as well 
as in some of the mining towns are a factor in the death rate 
am ong the men. It is intim ated th at these conditions not only 
unnecessarily cause the death of miners through disease, but
are often responsible for accidents which m ight not happen if
the miners were in perfect health.

T he bureau has organized w h at is known as the M ine S an ita ­
tion Section, in charge of J. H. W hite, engineer.

NOTES AND CORRESPONDENCE
A CRITICISM  OF C H E M IC A L A B ST R A C TS

Editor of the Journal of Industrial and Engineering Chemistry:
In the July num ber of T h i s  J o u r n a l ,  in an editorial en- 

titled An Index to Chem icai L iteratu re,”  D r. L. H. B aeke­
land makes a criticism  of Chemical Abstracts which has the 
“ppearance of being so serious th at I  feel some reply m ust be 
made to it.

He quotes from a report 011 the P aten t Office in which the 
Government indexers state  th a t th ey com pared 6 pages of the 
index of the Journal of the (London) Chemical Society for 1909 
)"th *909 index of Chemical Abstracts and th at out of 256 articles 
indexed in the former th ey  failed to find 159 in Chemical Abstracts.

This certainly looks bad, and might lead the reader to con- 
cude that Chemical Abstracts is not half covering the field.

I have gone m inutely over three of the six pages referred to 
|*nd the following: O u t of 125 articles indexed in the Lon- 

on index, only 4 have n ot been found in Chemical Abstracts. 
One cause for failure to  find entries is th at in 1909 Chemical 
tracts was behind on m an y journals and struggling to  catch 

UP (Chemical Abstracts was on ly in its third year and ju st getting 
started), about 50 of the missing entries are to be found in the 
1910 v°lume and so would even tually  have com e into the card 

ex of the Paten t Office. B u t the principal discrepancy is 
^ne to different m ethods o f indexing. F or instance, the Lon- 

jounial indexes am inoacetanilide under acetanilide, while

Chemical Abstracts indexes it under A m . T he same applies to 
nitro and m any other com pounds. Furtherm ore, the English 
journal takes great liberties w ith  the nam es of organic com ­
pounds as th e y  appear in the article, renam ing them  if it thinks 
desirable. T his has advantages and disadvantages; Chemical 
Abstracts has never done so much renam ing.

This variance in indexing betw een th e  twro journals on ly em ­
phasizes, of course, the difficulties in th e  w ay  o f preparing a 
generat index.

A  letter received b y  us from  M r. W . F . W oolard, C hief C lerk 
of the Paten t Office, says:

“ I t  is probable th at no tw o chem ists, m aking this com pari­
son, would exactly  agree in the num ber of articles covered b y  
one index and not m entioned in the other, w ithout consulting 
the original monographs. D ifferent abstractors ■will treat the 
same article from different view  points, so th a t it becom es at 
times difficult to  say w hether or not an article has been abstracted 
b y  one journal and om itted  b y  the other, w ithout reference to 
and study of the original articles. F o r th is  detailed stud y there 
was neither tim e nor necessity in our investigation.

"T h e  object which the office had in m aking this com parison 
was not w ith a  view  to criticism  of the work o f the Am erican 
Society, b u t to  ascertain w hether su bject m atter appeared in 
the English work, which could n ot be found, in the Am erican 
in order to  decide whether or not i t  w as advisable to  index both 
w orks.”
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I t  is evid en tly  out of the question for Chemical Abstracts 
to  index so m inutely as to  cover all the entries in the English 
index. W e have a lread y three tim es as m any entries as it has, 
and it, as well as the index to  Chemisettes Zentralblatt, has, for some 
tim e, been regularly checked to  see th a t no article is om itted. 
W e do not pretend th a t of the articles in the 600  journals which 
w e now have listed, all have been abstracted quickly. M an y  
have been delayed and perhaps some missed altogether. P a rticu ­
lar journals are constantly falling behind for various causes and 
it is a continual struggle to  bring them  up-to-date. N evertheless, 
in 190 9  the abstracting was not in the state  th at D r. B aekelan d’s 
well-m eant criticism  m ight im ply, and a t the present tim e the 
m aterial in nearly all departm ents is reaching us very  prom ptly

in d eed . A u s t i n  M . P a t t e r s o n

J u ly  25, 1913

PAINTS FO R INDICATING TH E USES OF PIPE S 

Editor of the Journal of Industrial and Engineering Chemistry:
I  note w ith  interest, T h i s  J o u r n a l ,  p. 6 0 9 , Ju ly, 1 9 1 3 , the 

extract of an article from  Engineering th at in 1 9 1 1  G erm an 
engineers “ cam e to a  prelim inary understanding th at it w as 
desirable to  paint pipes so as to  avoid confusion, e tc .”

I do n ot know  whether this practice w as original w ith  me, 
but I instituted it in the la te  fall of 1 8 9 6 , and a t  the sam e tim e 
instituted a  m ethod of painting barrels so as to be able to  dis­
tinguish them  a t a glance. In 19 0 3 , w hen we bu ilt our present 
plant, the m ethod of painting pipes was carried out to a  n icety  
and color charts were distributed a t various places so th a t every 
workm an had the k e y  to the colors. E v e ry  year th at 
students in industrial chem istry v isit our plant, the superin­
tendent m akes it a  point to  show the various colored pipes 
and their meaning.

M y  object in w riting is, however, not to  claim  priority, although 
I never saw it anywhere until some years la ter I noticed it in 
one of our battleships. I wish, however, to  point out th at 
certain  kinds of paint are better than others for this purpose.
F or instance, it is stated th at steam  pipes should be white.
T his is a  m istake, because alm ost all w hite paints turn yellow ­
ish brown in tim e when subjected to continued heat. T h e 
varnish enam els of the D em ar m astic typ e  rem ain w hite bu t
even tually  become brittle  and flake. A t  the same tim e, all
steam  pressure pipes excepting those used for heating are usually 
insulated w ith  magnesia covering. In  our p lant we found th at 
alum inum  paint is ideal for all steam  pipes whether covered or 
uncovered like exhaust pipes and this alum inum  paint can 
be bought from  a n y  reputable m anufacturer. I t  should be 
com posed of a hard copal w ith  plenty of diluent in it and m ust 
n ot be of the collodion type.

T h e  other paints should be enamel paints and not oil paints. 
E nam el paints dry w ith  a sm ooth gloss and do not tak e  the 
dust readily. Oil paints tak e  dust and are difficult to  clean. 
N oth ing is more obnoxious in a factory than a fine artistic  layer 
of dust on the top and sides of painted pipe.

In addition to the enam eling of pipes, w e m ark each one w ith  
a k e y  num ber showing the contents.

T h is system  is carried out in our w orks to  other apparatus. 
F or instance, we have abou t tw en ty  eccentric ro ta ry  pum ps 
for handling volatile  and other liquids. T hese pum ps are all 
enam eled to  correspond w ith  the pipes and the chart. I  m en­
tioned the subject of barrels, and w e paint all insulating and 
w ater-proof paint barrels one color and all oil-paint another 
color, so th at there can never be a m istake in labeling them  
afterw ards.

T h e  color scheme is carried out in every  departm ent. T he 
factory orders which come from  the N ew  Y o rk  office are made 
ou t in quintriplicate of different colors. A ll station ery  and 
instructions to  the shipping office are on bright yellow' paper. 
A ll m anufacturing slips are blue, and so on. In  this manner.

w hen a yellow  order sheet is found in the manufacturing de­
partm ent it is a t once easy to see th at some one from the shipping 
departm ent is there investigating the date w hen an order was 
filled. I could continue this, b u t it would take too much spare. 
Suffice it to  say th at these sm all m atters go a great way toward 
m aking a  factory  "fo o l-p roo f.”

M a x i m i l i a n  Toch
9 t h  S t .  a n d  W e s t  A v e .

L o n o  I s l a n d  C it y  
A u g u s t  5 , 1913

ON M ETH ODS OF A N A LYSIS OF C R U D E GLYCERINE

Editor of the Journal of Industrial and Engineering Chemistry:
I  wish to  open a discussion on the present system  of the analysis 

of crude glycerine, and would say  a t the outset that I believe 
there is an unh ealth y condition existing somewhere. Let me 
m ention a  case, w ithholding the names. A  sells two car loads 
of Soap L y e  Crude to  B , w ith  C  nam ed as referee. A, upon 
careful analysis, finds 83.8 per cen t G lycerol b y  the International 
S tandard M ethod, and bills it  accordingly. B reports that his 
chem ists find 85.2 per cent G lycerol, b u t w ill split the differ­
ence. A  has been very  careful w ith his w ork (having been there 
before), and has his figures from  tw o chem ists, who arc expe­
rienced in carrying out the International Standard Method. 
A, therefore, has a third portion of the sealed sample, taken by 
a  public sam pler, sent to C  for analysis, requesting a detailed 
report, th a t he m ay check up the w ork of his chemists. In a 
few days the report comes in as follows:

Per cent

Residue a t  160° C ...................................................................  12.60
W ate r ................................................................................................. 5 .4

i  82.80
Glycerol by  th e  In te rn a tio n a l M e th o d ................. * . . . . .  s  82.85 Av. 82.87

(  82.95
C orrection for acetylizable im purities in the  residue a t

160° C .................................................................................  0.45
A nhydrous G lycerol............................................................ 82.42

T his is n ot a  full report. A ccordin g to  th e British Standard
Specifications and Recom m endations o f the Executive Com­
m ittee, the report should be as follow s:

P e r  cent

T otal A cetyl Value as G lycerol............................ .................................................
A cetyl V alue(o) of R esidue as G lycerol..............................................
Less Allowance.............................................................................................

Correction for Acetyl V alue of R esidue as G lycerol..........................
Glycerol (I . S. M ., 1911)..........................................................................
A sh ....................................................................................................................
O rganic R esidue ...........................................................................................

Free Acid in term s of  .........................................................................
A lkali H ydroxide, and  C arbonate, in term s of N a jO .......................

(o) N o t determ ined if T o ta l Organic R esidue is 2.5 per cent or under 
in the  case of Soap Lye Crude.

N o te  th a t in C ’s report there is no m ention of Ash, Organic 
Residue, or A cety l V alue of R esidue as G ly cero l. By the 
correction, w e take it  for granted th a t Organic Residue was 
over 2.5 per cent, and th at it w as a c e ty liz c d .

A , w ishing to  com pare results more fully, wrote the 
asking for th e percentage o f  Ash, O rganic Residue at 160 ■>
and the A cety l V alue of the R esidue as G lycerol. The rep! 
w as: " I t  is not custom ary to give a  detailed report.’ " * ’•' 
W e p a y  for it. A  insisted on a  detailed report and the rep) 
was as follows: " I t  is our custom  in m aking the analysis o
sam ples of C rude G lycerine to  m ake those determinations w 1 
are necessary to  enable us to report the to ta l glycerol figure- 
F or this reason the on ly determ inations we m ake are

T o ta l acetylizable m a tte r in the  sam ple as received.
T o tal residue a t  160° C.
A cetylizable m a tte r in the  residue non-volatile a t  160° C.

"O u r custom ary charge for the above determinations isSO* 
and when additional inform ation is desired there is an addition 

charge.”  ..
N ow  how can C  tell whether th e non-volatile organic resi
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at 160° C. is over 2.5 per cent unless th ey determ ine it, and 
how can it be found unless the A sh  is determ ined? I t  is w orthy 
of note that the report gives "C orrection  for A cetylizable  im­
purities in the Residue non-volatile a t 160° C. N o  mention is 
made of the A cety l V alue  of the Residue nor of the Allowance. 
Was the Allowance m ade? T h e  percentage of w ater is given, 
which is one of the m ost unsatisfactory of all tests, and which 
is not called for in the regular forms. C an  you  blam e A  for 
wondering if the International S tandard M ethod w as carried 
out at all, or feeling th a t he is being handed a  gold brick?

One "A u th o rity” (?) on the A n alysis of Soap L y e  Crude b y  
the International Stan dard M ethod  refuses to give anything 
but the final G lycerol C onten t. L e t us stud y the three differ­
ent results a  moment. Is it likely  th a t B  or B 's  chemists are 
going to m ake errors against their interests b y  three-quarters 
of a per cent? Is it lik ely  th at A ’s chem ists would both m ake 
an error of 1.38 per cent, know ing th at their figures were sure 
to be checked? T his is n ot an  isolated case. I can cite others 
like it in every detail, in w hich other parties were concerned. 
What is the Answer? D o our leading chem ists as referees, 
relying on their having the last w ord and their reputation, 
do careless work or leave th e w ork to  incom petent men? Do 
they carry out the International S tandard M ethod according 
to specifications, and, if th ey  do, W H Y  do th ey object 
to giving the result a t  every  step? I f  such a report were given, 
then we poor unskilful chem ists could check our w ork and find 
our errors. I f  w e have a  standard, le t us live  up to  it.

One who knows writes th a t in cases of sam ples being referred 
to a referee, the reports are "a lm o st alw ays in favor of the bu yer.”  
Why? Is there no w a y  to  obtain satisfaction in the m atter? 
If the work is done in order to  reach the final figure, w h at ob­
jection can be raised to  givin g th e figures according to the regu­
lar forms? I hope other chem ists and soap-makers will take 
up the discussion and see if we can start som ething in the right 
direction. E . A . R a y .

[I have in m y possession a  pound of the sealed sample (re­
ferred to above), taken b y  a  public sam pler, from the same m ix­
ture, and at the same tim e as w ere the other three samples, and 
am willing to  subm it a portion of it  to anyone wishing to ex­
amine it.— E . A. R  1

M a l d e n , M a s s .

July 26 1913

WHAT’S T H E  M A T T E R  W IT H  T H E  A M E R IC A N  C H E M IS T ?

Editor of the Journal of Industrial and Engineering Chemistry:
I feel the need uf expressing m yself on some of the ideas put 

forth in the address of M r. D aniel M . G rosh in T h i s  J o u r n a l ,  
5, 692.

Years ago I w as engaged w ith  other chem ists in prom oting 
the development of the A m erican  dyestufl industry, b y  sitting 
comfortably in the laboratory  and lam enting its com parative 
insignificance. I11 the m idst of our lam entations the boss walked 
in and started things b y  rem arking ' Q u it you r tin-canning and 
Set to work.”

What is the use in celebrating the ability, the energy and 
efficiency of the Am erican chem ist and dam ning the m anufac­
turer and capitalist?

The manufacturer and capitalist w on’t  be convinced of the 
error of their w ays, and their lost opportunities for fortune; by  
talk or printers’ ink. T h e y  m ust be shown and th ey won’t  need 
any more showing than their G erm an analogues, though, of 
wurse, Rene B ohn, for instance, w ill have less trouble in show- 

. lnS a German, than John Sm ith, A . C „  will have in showing an 
American.

John Smith, A . C ., is up again st certain  conditions th at he 
must meet, and "tin -can n ing”  isn’t  the best m ethod of approach. 
^ John Smith, A . C ., has a jo b  and will adap t himself to A m er­

ican m anufacturing conditions, he can m ake good if he has an y­
thing to m ake good on. B u t i f  he is infected w ith B. research 
tersanctus— God help him.

Cords of good white paper and millions o f cubic feet of air are 
used up annually in extolling research, b u t the average young 
chem ist doesn’t know  w h at the word means. A s nearly as I can 
judge, he thinks it means from $ 1 ,5 0 0  to $ 2,00 0  a year, a 
beautiful w hite laboratory, and plenty of tim e in which to read 
the morning paper and w ait for inspiration. If he will realize 
th at comm ercial research means a dollar sign and n ot a halo, 
and go to w ork on the problems th at present them selves w ith  
the means at his disposal, or th at can be obtained b y  the exercise 
of all his tact, he m ay know  w h at research m eans after a  year 
or two.

A s the Am erican dyestufï industry is generally taken as the 
"horrible exam ple”  in these lam entations, I  hope to be allowed 
to state  th at a  large num ber of useful dyes are made in this 
country and they are ju st as good as the same dyes of G erm an 
make.

Furtherm ore, if John Sm ith, A . C ., has any well-developed 
plan b y  which the Am erican C oal T a r  C olor industry can be e x ­
tended, I know where he can find all kinds o f financial support 
for it. I t  should be understood, however, th a t while R ene Bohn 
can probably get -backing for a test tube experim ent, John 
Sm ith, A . C ., will have to  show som ething more.

W . H . W a t k i n s

B u f f a l o ,  N . Y .
A ug. 8, 1913 _______________

W H A T ’S TH E M A TTER  W ITH  TH E A M ERICAN  CH EM IST?

Editor of the Journal of Industrial and Engineering Chemistry:
In M r. J. M . M atth ew s’ rep ly to  M r. G rosh’s article w ith  the 

above title  ( T h i s  J o u r n a l ,  5 , 6 2 6  and 6 9 2 , respectively), he 
states th at one of the main troubles w ith  the A m erican C hem ist 
is th at he w ants real m oney for his services, tru ly  a heinous 
condition, while his G erm an colleague is w illing to  w ork on 
"p rosp ects.”  W e have heard the dogm a preached from W all 
Street for m any years: " Y o u n g  man, don’t  w ork for m oney. 
W ork for experience and when you are old enough we w ill give 
you  a  nice little  pension.”

T h e  trouble is not w ith  the chem ist b u t w ith  the m anufac­
turer. Instead of regarding his research chem ist as a highly 
trained specialist, he regards him as a  d ay laborer, m akes him 
punch a tim e clock and thinks th a t if favorable results are not 
obtained im m ediately, the man is not w orth his hire. W ould he 
for one m inute think of puttin g his physician on such a basis—  
No Cure, No Pay?

In the case of the physician or law yer, even laym en can a p ­
preciate the difficulties w ith  which he struggles, b u t the chem ist 
battles only w ith  " th e  innate perversity  of inanim ate th in gs,”  
and that, as we all know, is absurdly easy!

Of course, the m anufacturer has had enough experience w ith 
"has-been,”  “ would-be”  and "an aly tica l”  chem ists who pretended 
to be " research"  chemists. I t  is this class w;ho have puttered 
aw ay the m anufacturer’s time, m oney and patience and preju­
diced him against research. These "has-been”  chemists, too, arc 
alw ays crying th a t there is a v a st difference betw een laboratory 
and factory research.

There is only one kind of research, and th at is research th at 
brings results to the person who com m ands it. T he skilled re­
search chem ist m ust have a large modicum of "horse-sense”  
which is acquired neither b y  experience nor association.

A nd a fter all, suppose a  youn g chem ist has worked for some 
tim e on "  prospects ”  and finally has achieved som ething for a 
m anufacturer. W h at guarantee has he th a t his work w ill be 
remunerated? W ill there not be hundreds of new chem ists 
w aiting eagerly in the bread line Lor some m anufacturer to  le t 
them  work on prospects?
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In  a great m any cases, having obtained the best products 
o f a m an’s brain, there would be no further inducem ent for re­
taining him.

B r o a d w a y  a n d  1 1 6 t h  S t . SIDNEY B o r n
N e w  Y o r k  C i t y  

A ueust 16 , 1913

A  R A PID  M ETHOD FO R T H E  D ETER M IN ATIO N  OF F A T  IN 
IC E  CREAM

Editor o f the Journal o f Industrial and Engineering Chemistry: 

From  tim e to time there have been published in various 
journals m any m ethods for the rapid determ ination of fat in 
ice cream. I have tried them all. Some required special ap­
paratus or expensive B abcock bottles w ith  glass stopcocks 
attached. Others required the rem oval of added sugar. These 
usually gave results too low. N one of them  seemed to be entirely 
satisfactory. Therefore, I decided to try some experim ents 
to  meet the following requirem ents: T im e for the com plete
test m ust not exceed io  minutes. T h e B abcock  centrifuge m ust 
be used because alm ost every  ice cream  factory  can boast of 
th at much of a laboratory. B abcock  m ilk  bottles should be 
used on account of finer graduations than cream  bottles.

A fter trying various acids and m ixtures in vary in g  quantities,
I finally hit upon the following simple m odification of the B a b ­
cock test which does not char the sugar and m eets all the re­
quirem ents aforementioned.

W eigh into-a io  per cent B abcock m ilk bottle, 9 gram s of m elted 
sample. A d d  20 cc. of glacial acetic acid (gra v ity  1.049). M ix  
well and add 10 c c .'o f  sulfuric acid (gravity  1.83). M ix  again 
and proceed as in the regular B abcock test. W ith  the aid of a 
pair of dividers, read the fat colum n (from one extrem e to  the 
other, in other words read the highest part of the meniscus which 1 
appears as a straight line when bottle is held on the level of the 
eye and aw ay from the source of light) a t a 'te m p , of 130° F. 
T h e result X  2 =  per cent fat.

I have used this method for about one year and have alw ays 
obtained a clear straw-colored fat colum n free from any char 
or undissolved casein.

H o e f l e r  I c e  C r e a m  Co. ^ 1 L ich tE N B E R G
B u f f a l o , N . Y.

July  30, 1913

PEA T PO W D ER  AS FUEL FO R  LO CO M O TIVE S

Consul D ouglas Jenkins, G oteborg. Sweden, reports th at the 
recent announcem ent th at Von Porat, a  Swedish engineer, had 
perfected a process for utilizing peat powder as fuel for loco­
m otives has awakened interest in the possibility of developing 
the extensive peat bogs'of Sweden.

T h e powder is m anufactured b y  the Ekelund process. A  factory

has been in operation several years a t  B ack  M oss, Sweden, 
under the m anagem ent of M r. H erm an Ekelund, inventor of 
the powder process. I t  does not appear th a t the process has 
m ade m uch headw ay as yet, but it is now predicted that in 
connection w ith the discovery of M r. V on Porat, the use of peat 
powder will in tim e becom e extensive.

In  the Von P o ra t system , the peat pow der is  fed by an auto­
m atic process into the furnace of the locom otive, which is specially 
arranged to consume it. T h e E kelund process is on the market 
in various countries, including the U nited States, bu t little has 
been made public concerning the Von P o rat method. According 
to  M r. V on P o rat the results obtained w ith  peat powder may be 
summ ed up as follows:

Substan tially  the sam e results can be had from i ‘ / j  tons of 
p eat powder th at 1 ton o f coal will produce. Peat powder 
m ay be burned w ith  an adm ixture of abou t 5 per cent of coal. 
A s to  firing w ith  peat powder, the work is alm ost nothing in 
com parison w ith  firing w ith  coal, because the powder is forced 
into the furnace b y  an autom atic process. N o change had to 
be made in the boiler and none in the fire-box, except installing 
the special apparatus. T here is no difficulty in bringing the 
pow der from the tender to the fire-box, as it passes through a 
conveyance pipe. A nother advan tage in using peat powder 
is th a t no cold air can get into the fire-box and neither smoke 
nor sparks escape from the sm okestack.

A s a result of this invention, it is reported th at a number of 
the Swedish railw ays are preparing to use peat powder instead 
of coal.

In  view  of the fact th at the Von P orat appliances have not 
y e t been patented, it is impossible to  obtain  any detailed de­
scription of his process or appliances.

TH E CH EM ICAL COM POSITION OF CO OKED  VEGETABLE 
FOODS. P A R T  III.— CORRECTION

In the article under the above title, T h is  J o u r n a l , S. 653. 
the following changes should be m ade:

Page 654, first colum n, 10th line from  bottom  should read
“ ----- 48.92 per cent of solid”  and the last line should be “ — 10.9
per cent of solid m atter.”

Page 655, T ab le  III , the heading over the first b r a c e  should be 
“ Proxim ate analysis of the water-free substance.”

K a t h e r i n e  I. W illia m s

PA PER  FRO M  SEAW EED
A  Liverpool newspaper states th at an English chemist has 

succeeded in m aking paper from  seaweed. T h e  product is said 
to be fireproof, w aterproof and odorless and is expected to have 
considerable effect on the present system  of wrapping perishable 
goods for transport.

BOOK REVIEWS
Chemical Works. Their Design, Erection and Equipment.

B y  S. S. D y s o n  a n d  S. S. C l a r k s o n .  204 pp., 80 illustrations
and nine plates. London: Scott, G reenwood and Son.
N ew  Y o rk : D .  V an  N ostrand C o .  Price, S7.50 net.

T h e v e ry  a ttractiv e  title  of this book is rather misleading. 
T he general m ake-up of the book is good, especially the illus­
trations, b u t the subject m atter is presented in a  decidedly 
elem entary and popular style. T h e eleven chapters include: 
choice of site, notes on construction, first principles in laying 
ou t of works, the power house, sulfuric, hydrochloric, and nitric 
acid plants, high explosives, sulfate o f am m onia, and artificial 
m anure plants, and the general p lan t. A  rather long appendix 
treats o f the English A lk a li W orks R egulation  A c t and general
w elfare work. . •

T h e authors state  th at their aim has been to present, in ea™ 
chapter, a sum m ary of sound practice in up-to-date construction, 

to  give practical details and to deal w ith  the subject of design111? 
new w orks as it would be dealt w ith  b y  a consulting chemica 
engineer.

T here are m an y general statem ents, such as “ T he w e ig h t  of 
lead, roughly speaking, is abou t eleven tim es that of w a te r  

and “ . . . . . . .  .cast iron is a substance which, in c o n s e q u e n t

of its varied com position and uncertain properties, it is most 
difficult to c lassify ,”  etc., etc., and furtherm ore there is an 
absolute lack  of cost tables. W hile the general idea and aim 
of the authors are excellent there is not enough new m a t e r  

presented to m ake the book of very  much value, particu ar 
in this country.
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The authors have om itted  m odern A m erican factory practice 
and that, together w ith  the high price charged for the book, 
will prevent its wide-spread use.

R . K .  M u r p h y

The M aterials U sed in Sizing. B y  W . F . A . E r m e n .  P u b ­
lished by D . V an  N ostrand C o. 126 pp., 6 illustrations. 
Price, $2.00. *

The author has brought together, in book form, the subject 
matter of a course of lectures delivered in the summer session 
of the M anchester School of T echn ology in 1911 on "T h e  M a ­
terials used in S izing.”

The scope of the book can be perhaps best understood b y  
naming the various chapters into which the book is divided: 
Introduction, C hapter I, T h e  Starches and other A gglutinants; 
Chapter II, W eighting M ateria ls; C hap ter III , Softening In ­
gredients; C hapter IV , A ntiseptics; C hap ter V , A nalysis of Sized 
Warp and C loth; C h ap ter V I , T h e Preparation of N orm al V o l­
umetric Solutions; C hapter V I I , T ables.

The various sizing agents are considered as to their use, par­
ticular physical and chem ical properties, tendering effect, ten­
dency to mildew, etc., and such m ethods of analysis are given 
as are of value for the rapid evaluation  of each particular sizing 
agent.

The various methods of analysis are considered more from 
the standpoint of rap id ity  than great exactness and are treated 
in an elem entary w ay.

The book w ill be of some interest to  the trained chem ist, bu t 
its greatest value is th a t the factory  foreman, w ith lim ited 
knowledge of chem istry, w ill be able to use the rapid tests of 
identification given.

O t t o  K r e s s

Fatty Foods, their P ractical Exam ination. B y  E . R i c h a r d s  

B o l t o n  a n d  C e c i l  R e v i s .  Philadelphia: P. B lakiston ’s 
Son & C o ., 1913. Sm all octavo , 371 pages. S3.50 net.

The subtitle states this to  be a handbook for the use of ana­
lytical and technical chem ists. T h e  point of v iew  from which 
the book is w ritten  is further indicated b y  the following from the 
preface: " T o  the more hum ble investigator in this difficult 
field we desire to  present the results of m any years’ experience, 
with the hope th a t m ethods and ideas which have brought suc­
cess to the authors m ay enable him  also to elucidate the prob­
lems with which he m ay have to  grapple, though w e cannot lay  
too much stress on the fact th at scientific and skilled adultera­
tion has sounded the death-knell of rough and ready methods 
of examination.”  T h e  reader is rarely offered more than one 
method for any given purpose, is not told which m ethods are 

official” either in the food or the drug industry, is not given 
the range of "co n stan ts”  recorded in the literature, but only 
what the authors consider the usual lim its, and is rarely given 
a reference to  the original publication o f either the methods or 
the data which are included in the book.

This willingness of the authors to  assume so com plete a con­
sol of the reader, both as to selection and detail of methods and 
interpretation of results, is the distinguishing feature of the book 
and makes it a significant expression of the authors’ experience. 
On the other hand, the professional chem ist, or even the reason­
ably advanced student, should know  the sources of his methods 
and of the data which he uses in the interpretation of his re­
sults, and should have com m and of a considerable range of con­
firmatory methods. In  this cou ntry it  is im portant th at he 
also know which m ethods have received "official”  sanction for 
U5C 'n f°od and drug inspection, and th at he be able to inter­
pret his data in the light of “ standards of p u rity ”  of the A ssocia­
tion of Official A gricu ltural Chem ists and of the United States
Pharm acopoeia.

Those who have to  do w ith  the exam ination of fa tty  foods

should exam ine this work and profit b y  the ripe experience of 
its authors, but should use it in conjunction w ith  other books, 
and not rely so exclusively upon it as the authors seem to con­
tem plate.

T h e book is abun dan tly  provided w ith good illustrations and 
its scope is •somewhat broader than m ight be expected from its 
title, since it includes chapters on cocoa and chocolate, feeding- 
stuffs and milk. I t  m ay also be noted th at the chapter on vege­
table oils and fats covers m any substances not prim arily regarded 
as foods. T he text is not strictly  confined to analytical m atters, 
b u t contains considerable inform ation as to botanical and com ­
mercial sources and yields of the fats and oils described.

H . C . S h e r m a n

G asanalytische M ethoden. V o n  W a l t h e r  H e m p e l .  V ie r t e

Aufláge, 1913. Friedrich V iew eg &  Sohn, B runsw ick S3.00.

T he fourth edition of H cm pel’s w ork on gas analysis contains 
considerable additional m aterial; not m uch has been elim inated 
from the older book.

T h e chapter on sam pling is essentially the same. H em pel’s 
well-known gas analysis apparatus and pipettes, some of which 
are much used in this country, are again described. A  form  of 
absorption w hereby only a small qu an tity  of liquid is brought in 
con tact w ith the gas sam ple is an addition. H em pel’s apparatus 
for exact gas analysis w ithout the use of rubber tubing connec­
tions betw een pipettes and the burette is again described. 
Although capable of giving exact results, the apparatus is 
probably used little  or not a t all in this country.

T he R otam eter for measuring the flow of gases is described. 
Its  lim itations are not dw elt upon. B rief mention is made 
of the gas interferom eter. T h is is another instrum ent which 
as yet has been little  used in this country. F or sm all am ount of 
carbon dioxide, methane, etc., in air, it gives very  accurate re­
sults.

T he chapter on the purification of m ercury remains essen­
tia lly  the same. A n additional form of pipette for gas purifica­
tion has been added.

T h e chapter on the com bustion of gases has been enlarged.

A  chapter has been added on the separation of gases b y  means 
of liquid air. R am sey’s and T ra vers’ experim ents are largely 
drawn upon.

T he determ ination of dust in gas m ixtures has been given a t­
tention.

T he chapter on the determ ination of different gases is enlarged. 
Reference is made to  P aul and H artm an ’s m ethod w hereby 
hydrogen is determ ined b y  absorption in palladium  solution. 
T h e convenient O rsat is again described. T w o  gas balances 
are again described. I t  is questionable whether th ey  are much 
used in this country. Some new m aterial has been added to  the 
chapter on coal gas. T h e  chapter on atm ospheric a ir remains 
good as in the other book.

T w o form s of bom b calorim eter for the determ inatiorf of the 
heating value of coal are described; also the Junker calorim eter 
for gases, and another one for which there is required only a 
sm all qu an tity  of gas. A  Scheme for the determ ination of sulfur 
in organic m aterial b y  com bustion is again included. H em pel’s 
gas lantern which he describes is not used in this country.

T he book constitutes the same excellent treatise on gas analysis 
as the former editions of the work. Some of H em pel’s ap­
paratus are probably still more used in this country than other 
forms, although the tendency to-d ay i s . to install Inore one- 
piece or built-up forms of apparatus, for convenience and speed. 
T he book is very  sim ilar to th at of L. M . Dennis recently issued. 
T he latter has elim inated some parts th at deal w ith m ethods in 
H em pel’s book th at are little  used in this country.

G e o r g e  A . B u r r e l l
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NEW PUBLICATIONS
B y D. D . B b r o l z h b i m b r , L ibrarian , C hem ists’ Club, New Y ork

A lk a li C h lo rid s , T h e  E lec tro ly t ic  D e c o m p o s it io n  of, w ith  S ta t io n a r y  
C a th o d e s . Vol. I I . J e a n  B i l l i t e r . 2 Vols. 8vo., pp. 180. Price, 
$2.50. W ilhelm K napp , Halle.

A m e ric a n  E le c tro c h e m ic a l S o c ie ty , T r a n s a c t io n s .  X X II I ,  1913.
8vo., pp. 432. Am erican Electrochem ical Society, S ou th  B ethlehem , Pa . 

A sp h a lts  a n d  B itu m e n s ,  N a tu r a l  R o ck . A. D a n b y . Cr. 8vo., pp.
254. Price, $2.25. C onstable & Co., London.

C o a l-D u s t E x p lo sio n  T e s ts , F i r s t  S e rie s  o f, in  th e  E x p e r im e n ta l  
M in e . G e o . S. R i c e , L. M . J o n e s , J . K . C l e m e n t  a n d  W . L. E g y . 
8vo., pp. 115. U. S. B ureau of M ines, Bulletin 56.

C o llo id a l S ta te  o f M a t te r .  L. C a s s u t o . L. 8vo., pp. 252. Price.
$2.25. Dresden. (T ransla tion  in to  Germ an.)

D is in fe c t io n  a n d  D is in fe c ta n ts .  M . C h r i s t i a n . 8vo., pp. 112. Price, 
$1.25. Scott, Greenwood & C o ., London. (T ranslation .)

D y estu f ls , T h e  S y n th e t ic ,  a n d  th e  I n te r m e d ia te  P r o d u c ts  f ro m  
w h ic h  th e y  a re  D erived . J . C . C a i n  a n d  J . F . T h o r p e . 2nd edition. 
8vo., pp. 442. Price, $4.00. C . Griflin & C o ., London.

E th e r e a l  O ils, T h e . I I .  G i l d e m e i s t e r  a n d  H o f f m a n . 2nd edition.
8vo. Price, $5.00. L. S taackm ann. Leipzig. (Germ an.)

G as, A n a ly tic a l  M e th o d s  fo r . W a l t h e r  H b m p e l . 4th  edition. Price, 
$3.00. F riedrich Vieweg & Sohn, B runswick. (G erm an.)

G as E n g in e e rs  a n d  M a n a g e rs , H a n d b o o k  fo r . T h o m a s  N e w b i g g i n g .
8th  edition. 8vo., pp. 578. Price, $4.75. W alter K ing, London.

G as M a n u f a c tu re ,  T h e  C h e m is try  of. H . M . R a y l e .  8 v o ., p p . 3 16 .
Price, S4.50. A. M . C allender & Co.. New York.

H e a t .  J. A. R a n d a l l . 8vo., p p . 345. Price, $ 1.50 . D . Van N ostrand  
Co., New York

O il, H eavy , a s  F u e l fo r  I n t e r n a l  C o m b u s t io n  E n g in e s . I r v i n g

C. A l l e n . 8vo., pp. 36. U. S. Bureau of M ines. Technical Paper No. 37. 
O il I n d u s t r ie s ,  C h e m is try  of th e .  J. E . D a u t i i c o m b e . 8v o ., p p . 209.

Price, $3.00. D. Van N ostrand  Co., New York.
O ils a n d  F a ts ,  C a rb o h y d ra te ,  E x a m in a t io n  o f. D . H o l d e . 4 th  edi­

tion. 8vo., pp. 612. Price, $4.50. Ju lius Springer, Berlin. (G erm an.) 
O ils , T h e  V o la tile . V ol. I .  E . G i l d e m e i s t e r . 2 vols. 2nd edition.

8vo., pp. 677. John W iley & Sons, New York. (T ranslation .)
O rg a n ic  C h e m is try ,  Y e a rb o o k  of. VI (fo r 1912). J. S c h m id t .

8vo. Price, $3.75. Johannes W oehrner, Leipzig. (G erm an.)
O rg a n ic  C o m p o u n d s , C h e m ic a l T e c h n o lo g y  of. R . O . H e r z o g .

L. 8vo., pp. 732. Price, $5.50. Heidelberg.
P o ta s s iu m  S a lts , T h e  O c c u r re n c e  o f, in  th e  S a lin e s  of th e  U n ite d  

S ta te s .  J . W. T u r r e n t i n e . 8v o ., pp. 96. U. S. D ept, of Agriculture, 
B ureau of Soils, B ulletin No. 94.

P u m p in g  a n d  H y d ra u lic  M a c h in e ry , M o d e rn . E d w a r d  B u t l e r .
8vo., pp. 473. Price, $4.50. Chas. Griflin & Co., London.

Q u a li ta t iv e  A n a ly sis  f r o m  th e  Io n ic  S ta n d p o in t .  W . B o e t t g e r .
3rd edition. 8vo. W ilhelm Engelm ann, Leipzig.

R u b b e r ,  T h e  C h e m is try  o f. B. D. P o r r i t t . 8 v o ., pp. 96. Price, 
$0.50. G urney & Jackson, London.

S te e l, I t s  S e le c tio n , A n n e a lin g , H a rd e n in g  a n d  T e m p e r in g . E . R.
M a r k h a m . 4th  edition. Cr. 8yo. Price, $2.75. Spoil & Co., London. 

S u g a r ,  B ee t a n d  C an e , T re a tis e  o n  th e  M a n u f a c tu re  o f. I I .  D e 
G r o b e r t , 2 vols. 8vb. Price, $12.00. J . R ousset, Paris.

W a te r  P u r if ic a t io n  a n d  Sew age D isp o sa l. J . T i l l m a n n s  a n d  H . S . 
T a y l o r . 8v o ., pp. 143. Price, 52.00. C onstable & Co., London. 
(T ranslation.)

R E C E N T  JO U RN AL A R T IC L E S

A ir F i l te r s .  By S. W il d i n g  C o l e . Journal o f the Institute o f Brewing, 
Vol. 19, 1913, No. 5, pp. 336-359.

A lu m in u m  C a rb o -N itr id .  By S. P e a c o c k . American Fertilizer, Vol.
39, 1913, No. 3, pp. 25-29.

A m m o n ia , O xid  of I r o n  P u r if ic a t io n  in  S u lf a te  of, W orks. A n o n y ­
m o u s . Journal o f Gas Lighting, Vol. 123, 1913, No. 2619, pp. 238-245. 

A rsen ic  a n d  A n tim o n y  in  C o n v e r te r  a n d  E le c tro ly t ic  C o p p er , T h e  
D e te r m in a t io n  o f. B y  E. E. B r o w n s o n . Bulletin o f the American  
Institute o f M ining  Engineers, 1913, No. 80, pp. 1489-1495.

A rsen ic  T r io x id  f r o m  F lu e  D u s t .  B y  J a m e s  O . E l t o n . Bulletin o f 
the American Institute o f M ining  Engineers, 19 13 , N o . 80, p p . 14 9 7-15 0 9 . 

B ra ss  A n a ly sis . B y  B e r t h o l d  K o c h . Chemiker Zeitung, V o l. 3 7. 19 13, 
N o . 87, pp . 8 73 -8 74 .

C o k e  O ven C a rb o n iz a t io n .  B y  W . C h a n e y . American Gas Light 
Journal, Vol. 99, 1913, No. 2, pp. 17-21.

C oke  O ven  P la n t ,  t h e  M o d e rn  B y -p ro d u c t,  R ecovery  o f B y -p ro d u c ts  
in .  B y  C . A . M e i s s n e r . Metallurgical and Chemical Engineering, 
Vol. 11, 1913, No. 8, pp. 454-458.

C o m b u s t io n , F la m e le ss  S u rfa c e . By F r i t z  K r u l l . Zeitschrift fuer  
angewandte Chemie, Aufsatzteil, Vol. 26, 1913, No. 55, pp. 401-404. 

C o p p e r  M in in g  I n d u s t r y ,  D e v e lo p m e n t o f t h e  W orld  s, in  th e  Y e ars

1898 t o  1 9 1 2 . By J o h n  B. C . K e r s h a w . Chemical World, Vol. 2 
1913, No. 7, pp. 228-232.

C o p p er , T h e  M e ta llo g ra p h y  o f R efin e d . B y  £ a r l  S . B ardwell. 
Bulletin o f the Am erica7i Institu te  o f M in ing  Engineers, 1913, No. 79, 
pp. 1429-1441.

E x p lo s io n  of G ases, T h e  E ffec t o f I n c o m b u s t ib le  D u s ts  on the.
By H . B. D ix o n  a n d  C o l in  C a m p b e l l . Journal o f the Society of Chemical 
Industry, Vol. 32, 1913, No. 13, pp. 684-687.

G as, C oal, D e c o m p o s it io n  o f C a rb o n  B isu lfid  in .  b y  H o t  Purification. 
B y  C h a r l e s  C l a u d e  C a r p e n t e r . Journal o f Gas Lighting, Vol. 123, 
1913. No. 2616, pp . 30-33.

G ases  in  S m e lte r  F lu e s ,  D e te r m in a t io n  of. B y  E d g a r  M . D uns. 
Bulletin o f the American Institu te  o f M in ing  Engineers, 1913. No. 80, 
pp. 2051-2092.

In d ig o  o n  W o o len  M a te r ia ls ,  E s t im a t io n  o f. B y  A . G . G r ee n , W. 
M . G a r d n e r , L . L . L l o y d  a n d  G . H . F r a n k . Textile Institute Journal, 
Vol. 4. 1913, No. 1, pp. 16-42.

I n d ig o , S y n th e t ic ,  a n d  i t s  D e riv a tiv e s . B y  E . d e  B a r r y  B arnbtt.
Chemical World, Vol. 2, 1913, No. 7, pp. 220-222.

O ils, L u b r ic a t in g .  B y  T . T . G r a y . National Petroleum News, Vol. 5, 
1913, No. 3, pp . 36-41.

M e ta ls , M ic r o s tr u c tu re  o f. By H . B. P u l s i f b r . Chemical Engineer, 
Vol. 17. 1913, No. 6 , pp . 228-233.

N itr ic  A cid  f r o m  A m m o n ia , T h e  O stw a ld  P ro ce ss  o f M ak in g . A n o n y ­

m o u s .  Metallurgical and- Chemical Engineering, Vol. 11, 1913, No. 8. 
pp. 438-442.

O il G as, M a n u f a c tu r e  o f. B y  E . C . J o n e s .  Gas Age, Vol. 32, 1913, 
No. 2, pp . 58-61.

O ils, T h e  O x id a tio n  of. B y  H a r r y  I n g l e . Paint, Oil and Drug Review, 
Vol. 56, 1913, No. 6. pp. 19-21.

O il, T e s t in g  L u b r ic a t in g .  By F . S c h w a r z  a n d  J . M a r c u s s o n .. Zeit­
schrift fuer angewandte Chemie, Aufsatzteil, Vol.' 26, 1913, No. 51, PP- 
385-389. • - -

O res, C o n c e n tr a t io n  o f S lim es  a t  A n a c o n d a , M o n t. By R alph 
H a y d e n . Bulletin o f the Am erican Institute o f M in ing  Engineers, 1913, 
No. 80, pp. 1443-1467. . .

P a in ts ,  Zinc', L i th o p o n e  a n d  L e ad . B y  H e n r y  A . G a r d n e r . Paint', 
Oil and Drug Review, Vol. 56, 1913, No. 5, pp . 10-13.

P e tro le u m , C h e m is tr y  a n d  T e c h n o lo g y  of, d u r in g  19 12 . B y L. 
G u r w i t s c i i . Zeitschrift fuer angewandte Chemie, Aufsatzteil, Vol. 26, 
1913, No. 51, pp. 377-385.

P e tro le u m , F r a c t io n a t io n  o f C a lifo rn ia ,  b y  D iffu sio n  through 
F u l l e r ’s  E a r th .  By J . E l l i o t t  G i l p i n  a n d  P. S c h n e e b e r g u r . Amer­
ican Chemical Journal, Vol. 50, 1913, No. 2, pp . 59-100.

P e tro le u m , T h e  O p tic a l  A c tiv ity  o f, a n d  i t s  S ig n ific an ce . By F. W* 
B u sh o n g . Science, Vol. 38, 1913, No. 967, pp . 39—44.

P e t r o le u m  R e f in in g . B y  C o l . P r a t t . Am erican Gas Light Journal.
Vol. 99, 1913. No. 2, pp . 27-28.

R u b b e r  L a tic e s , T h e  C h e m ic a l C o a g u la t io n  of. By F r e d e r i c k  

K a y e .  Ind ia  Rubber Journal, Vol. 45, 1913, No. 25, pp. 17-21. 
R u b b e r ,  S y n th e t ic .  By E . S t e r n .  Chemiker Zeitung, Vol. 37, 1913, 

No. 79, pp. 789-792.
S m e lt in g  C o p p er O res  in  t h e  E le c tr ic  F u r n a c e .  By D o r s e y  A. L yon 

a n d  R o b e r t  M. K e e n e y . Bulletin o f the Am erican Institute of Mining 
Engineers, 1913, No. 80. pp . 2117-2149.

S te a m , E c o n o m ic a l P r o d u c t io n  a n d  U se o f. By R. S t a n f i e l d .

Journal o f the Institute o f Brewing, Vol. 19. 1913, No. 5, pp. 361-368.
S u lf a te  of A m m o n ia ,  T h e  W a l th e r  F e ld  P ro ce s s  fo r  th e  M anufacture  

Of. B y  A . P a c c h i o n i . Journa l of Gas L ighting  and W ater Supply, \ol. 
122. 1913, No. 2614, pp. 808-811.

S u lf i te  P u lp  M il ls ,  T h e  W a s te  L iq u o r  f r o m . By W .  O. W a l k e r .

Paper, Vol. 11. 1913, No. 9, pp . 21-22 and  34.
S u lf ite  P u lp ,  T h e  M a n u f a c tu r e  o f. B y F. M. W i l l i a m s .  Journal 

of the Society of Chemical Industry, Vol. 32. 1913. No. 9, PP- 457-459. 
S u lf u r ic  A c id  P l a n t ,  C h a m b er1 T e s ts  In  a .  B y E . H . A r m s t r o n g .

Am erican Fertilizer, Vol. 38, 1913, No. 11, pp. 25-28.
T a r  a n d  I ts  B y -p ro d u c ts .  B y  S. R .  C h u r c h . Gas Age, Vol. 31, 1913, 

No. 10. pp. 497-501.
T o w ers , A b s o rp tio n  a n d  R e a c t io n , fo r  t h e  C h e m ic a l M a n u f a c t u r in g  

I n d u s t r y .  B y  R u d o l f  H e i n z . Zeitschrift fuer angewandte Chemie, 
Aufsatzteil, Vol. 26, 1913, No. 57, pp . 419-422.

T r a n s m u ta t io n  o f E le m e n ts ,  R e c e n t  W o rk  o n  th e .  By A. T.
k ro n . R ad ium , Vol. 1, 1913, No. 3, pp. 3 -5 .

W a te r  A n a ly sis  fo r  t h e  T e x tile  I n d u s t r y ,  M e th o d s  of. AN0N'lsî g ‘ 
Am erican Wool and Cotton Reporter. Vol. 27, 1913, No. 28. pp- 85 -  •

W a te r  D i s t i l l i n g  P l a n t ,  S a l t .  A n o n y m o u s . Lcuisiana Planter 0” 

Sugar M anufacturer, Vol. 50, 1913. No. 22, pp. 347-351. 
W a te rp ro o fe d  F a b r ic s ,  C o m p o s i t io n  o f. B y  J o s e p h  F . X. H a r o l d -  

Textile  M anufacturers’ Journal, Vol. 21, 1913, No. 29. pp. 21.
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RECENT INVENTIONS
B y  C. L . P a r k e r , Solicitor of Chemical P a ten ts , McGill B u ild in f, W ashington, D. C.

Production of Brom in or Brom ids. F. I. du Pont, June 10, 
1913- U. S. Pat. 1,064,460. Brine, containing the usual sm all 
content of bromin, is first electrolyzed to set free the brom in.

Precipitation of M ateria l from  Cyanid Solutions. C. W . 
Merrill, June 3, 1913. U. S . P at. 1,063,569. T h e solution is 
passed through a  com m inuting apparatus in which it is brought 
in contact with a precip itant of the m etals in solution having an 
inert non-metallic abrasive substance incorporated therewith.

Bleaching V egetable  F ib er and F ab rics. R . G ruter, June 3, 
1913. U. S. Pat. 1,063,678. T h e  fibers or fabrics to be bleached 
are saturated w ith  a h ot solution of hydrogen peroxid; after 
removing the excess of the solution from the m aterial it is ex­
posed to heated am m onia vapors.

Refining Brow n Sugar. Lundgren and Gierling, June 3, 
1913. U. S. P at. 1,063,708. A  sugar solution of a  density of 
20° Baume is subjected to  the action of ozone or ozonized air.

Preparing H ydrogenized P roducts from  U nsaturated Com­
pounds. A. Skita, June 3, 1913. U . S . P at. 1,063,746. The
hydrogenation is effected b y  th e action of hydrogen in the 
presence of a sm all am ount of a dissolved palladium  salt.

Magnetic Separation of O res out of Slim e. B. Schwerin, 
June 3, 1913. U. S . P at. 1,063,893. T h e slimes are brought 
into a colloidal state  and subjected to  m agnetic separation, 
with or without the addition of an electrolyte. *

"^e bromin is extracted from  the brine b y  means of a  liquid

gases are directly treated to  recover purified am m onia w ithout 
the usual prelim inary steps of washing and form ing am m oniacal 

liquor.
T h e  oven gases are passed through a satu rator containing 

sulfuric acid or acid su lfate  of am m onia. T h e  am m onia com ­
bines w ith the acid to form am m onium  sulfate.

T he combined gases are draw n off leaving the am m onia, 
together w ith the rem aining im purities, in the sulfate.

T his is quickly heated to drive off the am m onia w ith  the 
accom panying volatile  im purities and the am m onia is finally 
separated from these im purities.

substantially  insoluble in the brine and having a greater a v id ity  
for the brom in than the brine, such as carbon tetrachlorid. T he 
m ixture is allowed to stand until the carbon tetrachlorid collects 
in the bottom  of the vessel from which it is drawn off.

T h e carbon tetrachlorid w ith its brom in content is subjected to 
the action of a water-absorbing reagent such as calcium  chlorid 
which leaves the brom in and its solven t free from  water.

T he carbon tetrachlorid w ith  the brom in therein is then 
agitated  in the presence of some reagent as antim ony, which will 
combine w ith the brom in. T h e m ixture is then subjected to heat 
to  drive off the carbon tetrachlorid.

U tilizing W aste  G ases of Com bustion from  Portland Cem ent, 
Lim e and other K iln s. F . Schott, June 10, 1913. U. S . P at. 
1,064,550. T he waste gases from  the kiln A  are passed through 
a steam  boiler, B , and are therein cooled to a tem perature of from 
200° to 250° C . T he coarser particles of dust are collected in 
receptacles C  and C'.

Production of Coke from  W ood-T ar. F. W . Lefelm ann, 
June 10, 1913. TJ. S . P at. 1,064,350. T h e tar is first heated 
in a retort, a, to about 225 0 C . until constituents volatile  a t this 
temperature are driven off and condensed in condenser 4. T he T he waste gases are then draw n b y  a  fan or blower, E, through 

the cooling cham ber D, where they are. cooled below io o °  C . 
and are forced through the filtering cham ber F  where the fine 
dust and potassium and am m onia sa lts are collected. The 
purified gases are drawn off b y  the fan or .blow er I I  and dis­
charged into the chim ney.

Steel, Iron, E tc. A. W . M achlet, June 24, 1913. U. S . P at. 
1,065,379. T h e steel is exposed to  a  tem perature above 900° F. 
but below' the m elting point of steel, in an atm osphere of 
ammonia.

Obtaining P u rified  Am m onia from  Coal G as. C. G . T u fts, 
June 24, 1913. U. S . Pat. 1,065,566. In  this process the oven

residue is then heated to a  high tem perature and, having a 
tendency to foam, it boils over through siphon 6 into retort b 
where it is im m ediately exposed to  a tem perature of 400° C. 
or above and is coked w ithout further foaming.



MARKET REPORT
AVERAGE WHOLESALE PRICES 

O R G A N IC  C H E M IC A L S
A cetaniiid ............................................................................ Lb.
Acetic Acid (28 per cen t).............................................. C.
A cetone (d rum s)............................................................... Lb.
Alcohol, denatu red  (180 proof)................................... Gal.
Alcohol, grain (188 proof)............................................. Gal.
Alcohol, wood (95 per cen t)..........................................Gal.
Am yl A ceta te .....................................................................Gal.
A niline O il...........................................................................Lb.
Benzoic A cid ...................................................................... Lb.
Benzol (90 per c en t) ........................................................Gal.
C am phor (refined in b u lk ).............................................Lb.
Carbolic A cid (d rum s).................................................... Lb.
Carbon Bisulfide................................................................Lb.
C arbon Tetrachloride (d ru m s).....................................Lb.
Chloroform .......................................................................... Lb.
Citric Acid (dom estic), c ry s ta ls ...................................Lb.
D extrine (corn)..................................................................C.
D extrine (im ported p o ta to ) ..........................................L b.
E th e r (U. S. P ., 1900).................................................... Lb.
F orm aldehyde....................................................................Lb.
G lycerine (dy n am ite )......................................................Lb.
Oxalic A c id .........................................................................Lb.
Pyrogallic A cid (b u lk )....................................................Lb.
Salicylic A cid ..................................................................... Lb.
S ta rch  (cassava).................................................................Lb.
S tarch  (corn).......................................................................C.
S tarch  (p o ta to ).................................................................. Lb.
S ta rch  (rice)........................................................................ Lb.
S tarch  (sago).......................................................................Lb.
S tarch  (w heat)................................................................... Lb.
T annic Acid (com m ercial)............................................. Lb.
T artaric  Acid, c ry s ta ls ....................................................Lb.

IN O R G A N IC  C H EM IC A L S

A ceta te  of Lead (brown, b roken)...............................Lb.
A ceta te  of Lim e (g ray ).................................................. C.
A lum  (lum p)...................................................................... C.
A lum inum  Sulfate (high g rad e )................................C.
A m m onium  Carbonate, dom estic ............................... Lb.
A m m onium  Chloride, g ra y ..................*.........................Lb.
A qua Ammox^a (drum s) 16°....................................... Lb.
Arsenic, w h ite ..........................................................  Lb.
B arium  Chloride................................................................C.
B arium  N itra te ..................................................................Lb. «
B arytes (prim e w hite, fo re ign ),...............................  Ton
Bleaching Pow der (35 per cen t)............................... . C.
Blue V itrio l................................................. * .................... Lb.
B orax, c rystals (bags)......................... ...........................L b.
Boric Acid, c rystals (pow d.)...............4 ........................Lb.
B rim stone (crude, dom estic).............. . ........................Ton
Bromine, b u lk ....................................................................Lb.
Calcium Chloride, fused ................................................. C.
Chalk (light p rec ip ita ted ) . . . ......................... Lb.
C hina Clay (im ported)................. ’. ............! ..................Ton
F eldspar............................................................................... Ton
Fuller’s E arth , powdered, F o reign ............................Ton
Green Vitriol (bu lk ) ........................................ .C..
Hydrochloric Acid (18°). . ......................................... C.
Iodine (resublim ed)......................................................... Lb.
Lead N itra te .......................................................................Lb.
L itharge (A m erican)........................................................Lb.
L ith ium  C arbonate...........................................................Lb.
M agnesia (pow dered)...................................................... Lb.
M agnesite ( r a w ) . . ............................................................ Ton
N itric Acid. 3 6 ° .................................................................Lb.
Phosphoric Acid (sp. gr. 1.75).....................................Lb.
P hosphorus......................................................................... Lb.
P las te r of P aris ................................................................. Bbl.
Potassium  B ichrom ate, 50° ..........................................Lb.
Potassium  B rom ide....................................... ................. Lb.
Potassium  C arbonate (calcined) 80 @ $ 5 % ........  C.
Potassium  Chlorate, c ry sta ls........................................Lb.
Potassium  Cyanide (bulk) 98 -99% ........................... Lb.
Potassium  H ydrox ide .....................................................C.
Potassium  Iodide (b u lk )................................................Lb.
Potassium  N itra te  (crude)............................................Lb.
P otassium  P erm anganate  (bu lk )................................Lb.
Quicksilver, F lask ................................................... ..
R ed Lead (A m erican).....................................................Lb.
S alt Cake (glass-makers*)..............................................C.

OF STANDARD CHEMICALS, ETC., FOR THE MONTH OF AUGUST, 1 9 1 3

Silver N itra te ..........................................................................Oz. 37!/2 @ 39!/j
21 @ 23 Soapstone in b ag s .............................................................. Ton 10.00 @ 12.00

2 .0 0  @ 2 .15 Soda Ash (48 per c en t) .................................................... C. 65 @ 70
15V4 @ 163A  Sodium  A ceta te ................................................................. L b . 4 @ 4*/j
36 @ 39 Sodium  B icarbonate  (dom estic).................................. Lb. 1.50 @ 1.80

2 .4 6  @ 2 .48  Sodium  B icarbonate  (E ng lish )................................... Lb. 23/4 @ 3
45 @ 47 Sodium  B ichrom ate ..........................................................Lb. 4Va @ 47/g

2 .2 0  @ 2 .3 0  Sodium  C arbonate  (d ry )..................................................Lb. 60 @ 80
10l/ s  @ 10Vs Sodium  C hlorate ................................................................Lb. 8!/ 4 @ 9Vj
23 @ 27 Sodium  H ydroxide, 60 per cen t.................................C. 1 .57,!/ 2 @ 1.62Vi
21 @ 23 Sodium  H yposulfite ........................................................... C. 1.30 @ 1.60
421/*  @ 44 Sodium  N itra te , 95 p e r cen t, sp o t  .................C. 2 .35  @ 2.40
93A  @ Sodium  Silicate (liqu id )...................................................C. 65 @ 1.50
6V 2 @ 8 S tron tium  N itra te .............................................................. Lb. 67/s  @
7 3 A ®  8V 4 Sulfur. Flow ers (sublim ed)............................................. C. 2 .20  @ 2.60

25 @ 35 Sulfur, R o ll.......................................................................... '.C . 1.85 @ 2.15
46V* @ 47 Sulfuric Acid, 60° B ..........................................................C. 85 @ 1 .0 0

3 .1 2  @  3 .7 5  Talc (A m erican)..................................................................Ton 15.00 @ 20.00
6 (§> 7 T erra  A lba (A m erican), No. 1.......................................C. 75 @ 80

14 @ 20 T in  B ichloride (50°)..........................................................Lb. l l 3/4 @ 12
8V* @ 9l/a  T in  O xide.............................................................................. Lb. 44 @ 46

183A  @ 19 W hite  Lead (Am erican, d ry ) .........................................Lb. 51/* @ 6
7V s @ 8 Zinc C arbonate.................................................................... Lb. 9 @ 10

1.20 @ 1.40 Zinc Chloride (g ran u la ted )............................................. Lb. 4 1/* @ 5
28 @ 30 Zinc Oxide (Am erican process)....................................Lb. 5Vg @ 6Vs

31/4 @ 4 Zinc S u lfa te ......................................................................... Lb. 2*A @ 2V4
2 .3 4  @ 3 .0 0  O IL S, W A X E S , E T C .

4 1/*  @ 5 Beeswax (pure w h ite ).......................................................Lb. 42 @ 45
® ^ B lack M ineral Oil, 29 g ra v ity .........................................Gal. 13*/, @ 14
23/ s @  2 V 4 C astor Oil (No. 3 ) ..................................................................L b. 87/ s @ 10
5 @ 61/* Ceresin (ye llow ).................................................................Lb. 12 @ 22

35 ©  36 Corn O il.................................................................................. C. 6 .65  @ 6.70
30V 4 @ 303/4 C ottonseed Oil (crude), f. o. b. m ill............................ Gal. — @

Cottonseed Oil (p. s. y .) ................................................. Lb. 8 @
^  Cylinder Oil (light, filtered).......................................... Gal. 211/* @ 32

2 , / 4 S  ® Jap an  W a x ..........................................................................Lb. 9 @ 9«/,
^  7 L a rd  Oil (prim e w in te r)..................................................Gal. 95 @ 97

’ ' Linseed Oil (double-boiled)..........................................Gal. 54 ' @ 55
’ X  Qi/ M enhaden Oil (crude)......................................................G al. 29 @ 50

x ®  J ? " N eatsfoot Oil (20°)...........................................................Gal. 98 @ 1 .1 0
- j /4 j * Paraffine (crude, 120 & 122 m. p .) ................ ................L b. 3 1/ ,  @ W*

4 Js, 2 Paraffine Oil (high v iscosity ).........................................Gal. 26 @ 28
f  ' !  R osin (" F "  g ra d e )..........................................................B bl. 4 .4 0  @ 4.45

c i /  A  cw R osin Oil (first ru n )......................................................... Gal. 30 @ 34
19 0 0 4 I  23 50 ’ Shellac, T . N ........................................................................L b . 23 @ 23»/,

1 20 n  ‘75 Sperm aceti (cake).................. ...........................................Lb. 30 @ 55
_ ^  Sperm  O il (bleached w inter), 3 8 ° ...............................Gal. 72 @ 74
3 ®  Spindle Oil, No. 200.........................................................Gal. 18 @ I9

7  ̂ A  1  \ /  S tearic  Acid (double-pressed)........................................Lb. 9 .  @ 11
77 nn S '9 9  ca Tallow  (ac id less).. . . . .....................................................G al. 63 @ «

in  a  ! !  T ar  Oil (d istilled )..............................................................Gal. 30 @ 31
85 <fi 1 10 T urpen tine  (spirits o f).....................................................Gal. 39>/2 @ 1,(1

4 @ ' 4 V , M E T A L S
11.50 @ IS .00 A lum inum  (No. 1 inEOts)...............................................Lb. 2 2 '/i  ®  2
8 .0 0  @ 12.00 A ntim ony (H a lle t’s ) .   ......................................... .........L b . 73/ .  @

16.00 @ 1 7 .0 0  B ism uth  (New Y o rk ).............................................’------L b. 2 .1 0  @ 2.15
55 @ 60 Bronze p o w d e r. .......................................................... .L b .  50 @ 3 - 0

1.15 @ 1.55 Copper (e lectro ly tic).......................................................... L b. 15Vs ®  16
3 .05  ®  3 10 Copper (lake).........................................................................Lb. 15V. @ 1

8V , @ 8V 2 Lead, N . Y ............................................................................... L b. 4 .75  @ “
6Vs @ 7 " N ickel...............................v.......................................................L b - 50 ®  I I

65 @ 70 P la tin u m  (refined).............................................................. Oz. 46 00 @
5V , @ 6 S ilver........................................................................................ Oz. S 9 '/ ,  @

30 .00  @ 3 1 .0 0  T in .......................................................................................... C. 40.00 @ « .0 0
3Vg @ 41/« z in c ........................................................................................ Lb. 5 . / 0  @

21V j @ .25V 2 F E R T IL IZ E R  M A T E R IA L S
45 @ 1.00 Am m onium  S u lfa te .......................................................... C. 3 .00  @ ~

1.50 @ 1 .70  Blood, d rie d ...................' . .................................................. U n it —  @ 2'8U
63/ .  @ 7 Bone, 4V 2 and 50, ground, ra w ................. ................. Ton 27.50 @28.00

39 @ 40 Calcium N itra te  (N orw egian).......................................C. 2.05 @ 2.1
3 .4 0  @  3 .65  C astor m eal..........................................................................U n it 3 -0^

8l/ 4 ©  91/*  F ish  Scrap, dom estic, d ried ............................................U n it 2 .75 &
19 @ 24 M owrah meal.».................. ..................................................Ton nominal

3 .0 0  @ 4 .75  Phosphate, acid, 16 per c en t b u lk .............................. Ton 6.75 @
2.60  @ 2.65  P hosphate  rock; f. o. b . m ine:

43A  @ 5 F lo rida  land  pebble, 68 p er c en t..............................Ton 3 .0 0  ®
91/*  @ 11 Tennessee, 70-80 p e r cen t........................................... T on 5 .00  @ ^ '_

40 .00  @ —  Potassium , “ m u ria te ,” basis 80 per cen t................. Ton 38.55 @
^  6V 2 @  7 Pyrites, furnace size, im ported ......................................U n it 0 . 13l/*__ ©
55 @ 65 Tankage, h ig h -srad e ......................................................... f lJ n it  2 .7 2 1/*  @ 2.75


