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Does Quality Count?
If SO , use W. & P. Mixing Apparatus

W orking P o s itio n T ilted  P o sitio n

Made at our Saginaw, Mich., factory, in

3 STRENGTHS—thus suitable to any stiffness of mass.

10 TYPES—thus mixing any kind of m aterials and also m eeting  
local factory conditions.

11 SIZES—ranging from / 2 gal. to 3,000 gals., capacity thus suitable  
for any size of batch.

Any mixer may be jacketed for heating or cooling purposes.

Mixing blades may be revolved in either direction by suitable reversing 
apparatus provided.

We m anufacture : —

UNIVERSAL K N EA D IN G  AND M IX IN G  M ACH INES  
VACU UM  KN EADERS  
M A C A R O N I PRESSES  
R U BBER  M A C H IN E R Y

WERNER & PFLEIDERER COMPANY
M AIN O FFICE AN D  FACTORY

SAGINAW, W. S., MICHIGAN
NEW  Y O R K , 41 Park Row  SAN FRANCISCO, Pacific B u ild in g  PH ILADELPH IA, D rexel B u ild in g

Cannatatt-Stuttgart, Wuerttemburg, Berlin, Cologne, Hamburg, Frankfort, Dresden, Vienna, London, Peterborough, Pirii, Zurich, Hague, Milan, Moicovr, Bueno» Ayrei
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EVAPORATOR 
INSTALLATIONS 

OF MERIT
Any Size Any Service

ZA R EM BA P A TE N T QUADRUPLE E FFE C T 
FOR M E R C E R IZERS CAUSTIC R E C O VE R Y

Special Types for Special Work

ZAREM BA C O M P A N Y
BUFFALO, U .S .A .



Aug. ,  1916 T I I E  J O U R N A L  OF 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 5

SANBORN
Single and Multiple Effect

EVAPORATORS
FOR ALL DUTIES

S anborn  S ingle an d  M u ltip le  Effects for ev apora tion  and  d is tilla tio n ; a d ap ted  to 
an y  d u ty  an d  b u ilt  of m e ta l or alloy su ited  to  opera ting  cond itions; m ade in  any  
size an d  in  com binations securing  h ighest econom y. U nder th is  system , tru e  
film ev ap o ra tio n  is o b ta in ed  w ith o u t th e  aid of any  m echanical devices, by  m eans 
of th e  shape  an d  grouping of th e  h ea tin g  elem ents.

N o m oving  p a rts , few est jo in ts  an d  m inim um  cost of up-keep. G ases evolved 
d u ring  o p era tio n  can be en tire ly  rem oved and  utilized, if desired.

N O T E : — T h e  S anborn  S y stem  is applicab le  to  m any  typ es of 
existing  in sta lla tio n s a t  sm all expense, reducing up-keep costs and  
increasing  the  efficiency from  50 to  100 per cent.

F o r cond itions w hen film ev apora tion  is n o t desired, we b u ild  im proved  sub­
m erged tu b e  a p p a ra tu s  to  m eet the  p a rticu la r  requirem ents.

S E N D  F O R  C A T A L O G U E

ENGINEERS, DESIGNERS AND MANUFACTURERS 
of General Equipment

W R IT E  US

SANBORN EVAPORATOR COMPANY
50 BROAD STREET, NEW YORK CITY
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Why
are so m any Swenson 

Evaporators used in 

foreign countries?

One of the several Types of Swensons

Reasons —

T h ey  requ ire  few repairs, doing aw ay w ith  long 
sh u t  dow ns an d  “ W atchfu l w aitin g ” for 
parts .

T h ey  are b u ilt in  sections com pletely  boxed 
(n o t c ra ted ) for ex p o rt sh ip m en t w ith  s trong  
2 " lum ber. T h is also is especially ad v a n ­
tageous for in sta lla tio n  in  old factories w ith  
narrow  doors.

T h ey  a re  easy  to  in s ta ll— and  opera te , w ith  u n ­
skilled foreign labor.

T h e y  get th e  resu lt th a t  is the  o b jec t of your 
p lan t— s u b s t a n t i a l  p ro f i ts .

Other and more specific 
reasons upon  

request.

§ WENSONpyflPORflTOR |o!

Cable Address: Evaporator Chicago

TH E  BEN EFITS
of  CONCENTRATION

Why not get those Benefits ? At 
the same tim e let us relieve you of 
the responsibility of properly pro­
portioning your train of equipm ent.

We furnish Dryers, Evaporators, 
Stills, Filter Presses and all the Allied 
M achinery and Equipm ent.

We build Special 
Apparatus of 

any kind

HENRY E. JACOBY
Contracting Engineer

95-97 Liberty Street NEW YORK

W e Welcome 
Competitive Tests

I f  y o u  are in th e  m a rk e t for a  large, im p o rtan t 
filter  in sta lla tio n , w h y  n o t arran ge to  te s t  th e 
S w eetla n d  filter on y o u r  p ro d u c t in com parison 
w ith  a n y  oth er ty p e  filter— then  se lect th e  b est. 
C o m p e titiv e  tests h a v e  b ro u g h t us m a n y  of 
our larg e st orders.

Sweetland Self-Dumping 
Filter

Saves labor, is economical in filter cloth ,' has inter­
changeable filter leaves and requires the least floor
S p a c e . W rite  for C atalogue 12 an d  Sam ple of 

S w eetland’s P a te n t M etallic  F ilte r C lo th

Sweetland Filter Press Co., Inc.
36 FL A T B U SH  AVE. E X T E N S IO N  

B rooklyn, New Y o rk
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The Simplicity of a Pulverizing Machine which 
Gives You the Results You Require

TO  grind any material to an im palpable pow der it is first neces­
sary to have a mill w hich w ill produce the required fineness eco­
nom ically; second, an econom ical means of producing a uniform 

product w hich  contains no lumps or oversizes, and third, to have this 
finished product delivered to a convenient storage bin or conveyor.

THE RAYMOND aT S S  SYSTEM
com bines all these three requisites in the most econom ical w ay.

First, the R aym ond R o ller M ills and 
A u tom atic Pulverizers (w hich  type is 
used depends upon the character of the 
material) grind the material econom ically.

Second, by means of air and our patented 
Separators w e  produce any degree of fine­
ness desired, and third, this same air, w ith­
out additional power, is used as a means 
to convey the pow dered material to a 
convenient storage bin or conveyor.

If you have any grinding problem, read 
our next three advertisements and learn 
w hat the R aym ond System  is and w hat 
it can do. O r  better still, fill out the 
coupon today and obtain our book on 
grinding machinery.

TH E COUPON IS FO R YOUR C O N V E N IE N C E -----------------

See our Booth
a t  th e

N ational Exposition of 
Chemical Industries

September 25th

R A Y M O N D  B R O S . IM P A C T
P U L V E R IZ E R  C O M P A N Y

1308 N o. B ran ch S tree t, CHICAGO , ILL.

Please send us your literature.

N A M E .. . .

S T R E E T ..

CITY ...........STATE..............................................................
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E lectr ica l A p p aratu s for 
Electrochemical Plants

G-E apparatus only is being bought in certain localities 
for electrolytic plants. In one locality, during  1913 to 1915 
inclusive, consecutive orders have been received for 24 variable 
D-C. voltage rotary converters. These machines give eight 
separate companies an added capacity of 29,000 kw.

T h e  n e c e s s a r y  t r a n s f o r m e r s ,  s w i t c h b o a r d s ,  l i g h t n i n g ,  
arresters, etc., to make the equipm ent of these> plants complete 
have also been furnished by the General Electric Company.

x  /-w 1  M  n  1  .  1 1  1»  »-» 1 Art f  A  l r \  t r  n '  f  f- K 1 /•> f- *« i  /-■> 1O ur e 
equ ipm ent

engineers will be pleased to lay out the.electr ical 
it for any electrochemical plant.

General Office: Schenectady, N. Y. .̂ .c'ar.osr ° >ricc‘
For Michigan business refer to General Electric Company of.Michigan, Detroit 

For Texas, Oklahoma 'ami-Aruona business refer to Southwest General Electric Company (formerly. Hobson Ekrrrjc ' 
Co.), Dalla;, Kl Paso, Houston and Oklahoma City. For Canadian business refer to Canadian General Electric 

’•Company, Ltd., Toronto, Ont. ’ . - ^ V'V"'.’’’ v "

A tla n ta . G a. E ric. Pa. M em phis. T enh.
Baltixnore, M d. F o rt W ayne, In d . M ilwaukee, W is.
B irm ingham . Ala. H artfo rd , Conn. . M inneapolis. M inn.
B oston , M ass. Indianapolis. In d .  N ashville, Terin. /
Buffalo. N , Y. Jacksonville, F la . />
B u tte , M ont. Jop lin . Mo. d *B u tte , M ont. Jo p lin , Mo.
C harleston ,-W . Va. K ansas C ity . Mo.
C harlo tte , N. C. K noxville, fenn .
C hattanooga , T enn. Los Angeles. Cai.
Chicago. III. " Louisville, K y .____

New H aven, Conn, 
Xew O rleans.’ La. 
N ew  Y ork. N\ Y. 
X iagara  Falls. N. Y. 

O m aha. Neb, 
Philadelphia , Pa. 
P ittsb u rg . Pa.

Chicago. III. 
C incinnati, Ohio 
C leveland, Ohio 
C olum bus, Ohio 
D ayton . Ohio 
D enver. Colo.
D es M oines, Iow a 
D uluth , Minn..* 
E lm ira , N . Y.

L.OS Angeles, ^ a i. 
Louisville, Kv.

/ f e \' ' . - ■ // .-L'/ 1. \ f .  T ,

P ortland , û re .,‘%,; ;; 
Providence. R . I. 
R ichm ond, Va. 
R ochester. N .Y.
S t. Loüis, Mo. ' • • v 
S a lt Lake C ity , U tah  
San F rancisco , Chi.; 
Schenectady. N .Y . 
Seattle . W ash. 
Spokane. W ash,

. Springfield. M ass. 
Syracuse. N . Y. 
Toledo. Ohio 
W ashington. D C. 
Youngstown. Ohio

m
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Preferred 
in the

Great
Laboratories
f I ' H E  rea so n  is  e a s y  to  fin d — -W h a tm a n  

h a s  a  r e m a r k a b le  u n ifo r m ity , w e t  
s t r e n g t h  a n d  d e p e n d a b ility . I t  is th e  
p a p e r  th a t  c a n  b e  r e lie d  u p o n  a lw a y s  
to  d o  w h a t  i t  w a s  m e a n t to do.

Ask your dealer 
for prices 
and samples

II AX MAN"
FlUIRftPERSB i q h

Grade
Guaranteed Free from Chlorine and Starch

T h e r e  is  a W h a tm a n  F i l t e r  P a p e r  to  s u it  y o u r  p r e fe r e n c e — lo o k  o v e r  th e  l is t  a n d  
see  w h ic h  is  b e s t  a d a p te d  to  y o u r  w o r k  b e fo re  o r d e r in g  fro m  y o u r  u s u a l s u p p ly  h o u se.

No. 1 For general quantitative and
qualitative work. R e t a i n s  
Barium Sulphate.

Nos. 2-5 For general qualitative work. 
A sk for samples.

A cid -W a sh ed  Papers

No. 30 Hydrochloric acid treated. Low
ash, close texture. For quanti­
tative work.

No. 40 Hydrochloric and Hydrofluoric 
acid treated. Less ash than 
No. 30. For very accurate 
quantitative work. R e t a i n s  
finest precipitates.

No. 41 Treated as No. 40. Is more 
open and filters more quickly. 
N ot recommended for filtering 
very fine precipitates unless 
properly precipitated.

No. 42 Has same chemical qualities as 
Nos. 40 and 41, but is much 
harder and extremely close in 
texture. For use in filter pumps.

E v e n

l a u v c  w u ik . te x tu re , r o r u s e  m m

y o th e r  v a r ie t y  o f  h ig h -g r a d e  filte r  p a p e r  is  in  c o u rs e  o f  p r o d u c tio n .

H. REEVE ANGEL & CO., Inc.
120 LIBERTY ST. NEW YORK

Sole R e p resen ta tive s for U n ited  S ta te s  and C a n a d a
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Whether it be C R U S H E R S , G R IN D E R S , G R A N U L A T O R S , P U L V E R IZ E R S  or S H R E D D E R S ,
Williams equipment invariably leads to success. For 2 1 years Williams machines have been in successful operation 
reducing various materials ranging from feathers to limestone. Williams machines are suitable for reducing ma­
terial to most any degree of fineness and in quantities ranging from 200 lbs. per hour to 350 tons per hour. If 
confronted with a reduction problem, no matter w hat it may be, consult Williams. Williams can and will help 
you over your difficulty. Williams catalogs are subdivided as per table below; to insure receiving the proper 
catalog, specify by number when inquiring.

N O . 10-B N O . 10-C N O. 10-D N O . 10-E NO. 10-F S P E C IA L

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

a n d  a ll 
F e r t i l iz e r  

M a te r ia l

O il C ak e  
L in seed  
C o tto n  Seed  
C a s to r ,  N itre  
S a l t  C ak e  
Soy B ean  
C o p ra , E tc .

S to c k  F o o d  
C erea ls  
A lfa lfa  

a n d  a ll 
B y -P r o d u c ts  

f ro m
F lo u r  M ills

C oal C ru s h e rs  
fo r

C oke  O vens 
G a s  P la n ts  

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

P la n ts

S h re d d e rs  
B a rk , C h ip s  
W ood P u lp  
L ico r ice -R o o t 

a n d  a ll  
F ib ro u s  

M a te r ia l

S o a p  P o w d e r 
A li O ru g  • 

M a te r ia ł  
P a p e r  S to c k  

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

NO. 10-A

L im e s to n e
L im e
G y p su m
C oal
O c h re s
D ry  C o lo rs

S h a le  
C lay  
A s p h a lt  
S a n d  
All C lay  

M a te r ia l

THE WILLIAMS PATENT CRUSHER & PULVERIZER CO.
General Sales D ept.:

Works: ST . LOUIS OLD COLONY BUILD IN G , CHICAGO 268 M arket S t., SAN FRANCISCO

V I T R E O S I L  IS THE TRADE MARK OF 

PURE FUSED SILICA APPARATUS MADE 

BY THE PATENTED PROCESS OF 

THE THERMAL SYNDICATE Ltd.

VITREOSIL
IS PARTICULARLY 

SERVICEABLE IN THE  

CONSTRUCTION OF NITRIC 

SULPHURIC AND MURIATIC PLANTS

THE THERMAL SYNDICATE, LTD.
C h e m is t s ’ B u il d in g , 5 0 E a s t  41 s t  S t . 

N E W  YORK CITY

IT IS A TIM E-TRIED  

PRO DUCT BACKED  

TEN YEARS OF 

MANUFACTURING 

EXPERIENCE

WILLIAMS EQUIPMENT
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EDITORIALS
TH E  CH EM ICAL IN D U STR IES

A fter  th e w ar then  w hat? W h at is to  becom e of our 
n ew ly  developed chem ical industries? T hese questions 
seem  to be co n stan tly  on th e m inds of m any. T o -d a y  
we m ay be suffering for w an t of dyestuffs, potash, 
ph arm aceu tica ls and a great host of other chem ical 
p roducts— b u t we are hu stlin g a t b reak n eck  speed to  
rem ed y m atters.

In  our great rush in build in g plan ts to  ta k e  care of 
our hom e dem ands there h ave n ecessarily  been m any 
co stly  blunders. P la n ts h a ve  been erected  and torn  
dow n to be reb u ilt on th e experience of the first a ttem p t. 
Old processes, old m ethods h a ve  been called into use, 
on ly  to  be discarded again and replaced b y  new er and 
b etter ones. T h e co u n try  is suffering a dearth  of train ed  
and experienced chem ical engineers, b u t our co u n try  is 
you n g. W e lack ed  m any of th e chem ical industries b e­
cause we h ave heretofore been able to  ob tain  supplies 
cheaper abroad. The, n ecessity  Of d evelopin g com ­
p le te ly  our hom e chem ical industries w as not existin g 
before the w ar. N ecessity  still rem ains th e m other of 
in ven tion , and we are a race of inven tors.

T h e developm en t of certain  industries is large ly  a 
m atter of geograp h y— ju st as th e grow in g of oranges is 
larg e ly  a m atter of geograph y. T h e location  of th e 
necessary n atu ral resources determ ines the location  of 
industries for u tilizin g them .

W e are p ecu lia rly  fo rtu n ate  in our deposits of coal, 
sulfur, oil, sa lt, ph osphate rock, etc., etc. W e lead th e 
world in th eir production . N a tu ra lly  we should lead 
th e  w orld in th e industries depending on them  and this 
includes th e whole range of chem ięal in d u stry.

W e h ave had a w all more insurm oun table th a n  a n y  
tariff w all w ith  a b so lu te ly  no holes in it, for th e  last tw o 
years, which has resulted  in a v e ry  acu te fam ine in cer­
ta in  chem ical products. T h is condition  has g iven  us a 
trem endous o p p o rtu n ity  for build in g up som e chem ical 
in dustries we lack ed , roundin g ou t th e cycle  of our in­
dustrial a c t iv ity .

T h e  E xp osition  of C hem ical Industries th is fall will 
show  in a m easure w h a t A m erican  C hem ical E ngineers 
h a v e  accom plished. I t  w ill be a C learin g H ouse for 
ideas and plans for the fu tu re. A lre a d y  there are more 
exh ib its, and of greater v a r ie ty , prom ised than  h ave ever 
been b rought togeth er before. I t  w ill, w 'ithout d ou b t, 
be the w orld ’s largest and m ost im p ortan t exposition  
of s tr ic t ly  chem ical in d u stry, and w ill in d icate  clearly  
the position  we shall aim  to  assum e am ong th e C h em ­
ical In dustries of the world.

OUR R E SP O N SIB ILITIE S'

A dded o p p o rtu n ity  m eans increased resp o n sib ility. 
T h e holocaust now ragin g in E urope has forced  op ­
portun ities upon A m erican  chem ists and  has corre­
sp on din gly  increased our responsibilities. T h e w orld 
in general and our own public in p articu lar, has been 
th o ro u g h ly  aw aken ed  to  th e im p ortan t, th o u gh  un ­
ob tru sive , p a rt p la yed  b y  chem ical operations in al-

1 Address before the  Chicago Section of the  A. C. S., June  7. 1916.

m ost ev ery  phase of e v e ry -d a y  life; ch em istry  and 
chem ists h ave been draw n forth  into public view  and 
su b jected  to  such inspection  and exam ination  as has 
never before been accorded them . T h eir past efforts 
h ave been scrutin ized , th eir e v ery-d a y  vocation s have 
been studied, and lessons h a ve  been learned th e re­
through th a t  otherw ise w ould not h ave been learned. 
In  the enthusiasm  of a n ew ly  acquired  know ledge, 
im agination  was b y  m any given  free rein; flights into 
th e  realm s of fa n cy  becam e th e order of th e  d a y , and 
m iracles more fa n ta stic  th a n  a n y  th e  alchem ists ever 
claim ed, were con fid en tly  heralded as accom plished 
facts, and echoed and re-echoed b y  our d a ily  press.

P U B L IC  C O N F ID E N C E  N E C E S S A R Y

T h e adm irable counsel of courage and caution  b y  
Professor M . C. W h itak er [ T h i s  J o u r n a l ,  6  ( 1 9 1 4 ) ,  

7 9 4 ]  is as fittin g  to -d a y  as it w as in O ctober, 1 9 1 4 ,  when 
it w as given ; and its va lu e  and usefulness m ust in ­
e v ita b ly  grow  and becom e greater in the difficult 
d ays ahead. M isguided en thusiasm  m a y be as d et­
rim ental to progress as h ab itu al and ob stin ate  leth a rgy . 
C onfidence is of slow grow th ; it is q u ick ly  checked  b y  
adverse happenings and b y  prom ises unfulfilled. 
Our industrial progress in ch em istry  to -d a y  requires, 
more th a n  a n y th in g  else, solid and su b stan tia l public 
confidence in us. One unfulfilled, e x tra v a g a n t prom ise 
has po ten tia lities for greater retardation  upon the 
grow th  of th a t  confidence th a n  can be overcom e b y  a 
dozen m oderate, reasonable prom ises w h olly  redeem ed 
and com p letely  fulfilled. C o n stru ctiv e  ■work is slow 
and of lim ited  range of influence; d estru ctive  w ork is 
rap id  and of far-reachin g consequences; bad news 
trav els  far and fast.

r e s p o n s i b i l i t y  t o  t h e  p u b l i c

Our first respon sib ility  is to  check th e super-en- 
th u siastic , to p u t th e  bridle of reason upon un con ­
strain ed exp ectation , to bring b ack  th e  public from  
its in tellectu al o rgy  to  th e  stern  re a lity  th a t progress 
is n ot m eteoric and th a t  perm anent, su b stan tia l 
progress is, like confidence, of exasp eratin g ly  slow 
grow th ; if all th e chem ists in the w orld could accom ­
plish one real “ th rille r”  a year, th a t  w ould  be a m ost 
sa tisfa cto ry  and sa tisfy in g  record.

In  spite of m uch d iligen t and c o n v in c in g . teaching 
to  th e  co n tra ry , th ere are m an y who still b e lieve in 
th e p o ssib ility  of perp etual m otion; there are m any 
m ore w^ho still b elieve th a t  th e y  can get som ething 
for nothin g, and th eir m isadven tures in a p p ly in g  this 
doctrin e to  chem ical enterprises do more harm  over 
night th a n  m an y earnest men can undo in m any a 
m onth and y ea r of hard  and serious labor. W e can 
h ave  en thusiasm  w ith ou t ex tra va ga n ce, prudence 
w ith ou t pessim ism , courage w ith ou t foolhardiness, 
caution  w ith ou t tim id ity , and confidence w ith ou t 
b luster. Progress cannot be had w ith o u t ta k in g  
chances nor w ith ou t fa ilure, b u t th ere is a reasonable 
and an unreasonable kind  of each, and it is our first 
respon sib ility  to  teach  th is to  th e pub lic, how ever 
u n w illing a pupil it m ay be or m ay profess to  be.
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T h is is n ot only our first responsibility  b u t also the 
m ost difficult to  discharge. H osts of men and ph a­
lanxes of m inds are d aily  conten din g w ith  un told  num ­
bers of problem s; th e finished w ork of so m any is so 
frequ en tly  being b rou gh t to  pu b lic  a tten tion  th a t  con­
sideration  can not be g iven  to  w h at m ay, for lack  of a 
b etter expression, be term ed “ reports of progress;”  
progress alone does n ot arrest public atten tion  nor 
excite  public com m en t; conclusive, or a t least m oder­
a te ly  conclusive, achievem ents alone can engage 
the general public.

T o  bring th e n ature of th is problem  nearer hom e to 
us: H ow  m any of us chem ists d isplayed breathless
enthusiasm  in th e m on th ly  reports th a t used to come 
up from  P an am a settin g  forth  the num ber of cubic 
yards excav ated ?  H ow  m any of us open our m orn­
ing papers in haste to  find out w hat the balance in 
the Federal T rea su ry  was the d ay before? H ow m any 
of us w atch ed  w ith  n ervous interest the d aily  progress 
of the bridge over H ell G ate?  T h e on ly tim e we paid 
atten tion  to P an am a w as when th e C an al was opened; 
Hell G a te  B ridge is n ot y e t finished and has com e in 
for b u t little  com m ent, and th e  on ly  tim e we take 
an acute interest in th e  Federal T reasu ry  is when 
ta x -p a yin g  tim e rolls around. T h a t being so,' b y  w hat 
stretch of th e im agination  can we expect the public 
to w ork itself up into a fit of excitem ent because 
some chem ist has a new th e o ry  of solutions, or another 
has d iscovered a new  chem ical which he burdens 
w ith a b ap tism al appellation  th a t exhausts all the 
letters in th e a lp h ab et and then som e, or still another 
chem ist has a new  th eo ry  for th e constitution  of th e 
terpenes? T h e pub lic, how ever, will g ive atten tion  
to a new incandescent lam p th a t gives more light 
for less m oney, to a w ater purification  process th a t 
really  purifies, or to  a new  p ain t th a t stays put.

T his being th e  situation , w h at are we going to  do 
abou t it? T h is is a problem  th a t can p rofitab ly  en­
gage th e a tten tion  of each and ev ery  m em ber of the 
A m erican C hem ical S ociety . H ow shall he m ake 
his th o u gh t bear fru it?  A t th e  U rbana m eeting of 
our S ociety  a com m ittee on p u b licity  w as appointed 
to consider this v e ry  problem . L et each of our sec­
tions appoint a com m ittee of one, tw o  or three m em ­
bers to  act for th e section in connection with and 
under the direction of our parent society; when th a t 
parent com m ittee has determ ined, w ith the help of 
sectional com m ittees or otherw ise, upon th e  course to 
pursue, then le t all the m em bers of each section and 
each sectional com m ittee pitch  in w ith  a will and 
m ake th a t plan a success; w ith  49 p u b licity  centers 
in 32 states of the U nion and th e D istrict of C olu m ­
bia, beneficial results ought to  be forthcom ing. B ut 
in this connection  we too  m ust bear in mind th a t 
progress w ill not on ly  be difficult b u t also distressingly 
slow. W e m ust n ot exp ect too  much in a hurry and 
we m ust not lose heart.

R E S P O N S IB IL IT Y  TO P U B L IC  O F F IC IA L S

Our second responsibility  is to  those who m ake our 
laws and shape our public policies. Questions of this 
kind in v o lve  so m any elem ents th a t generally  a dog­
m atic or categorical answ er cannot be given ; more

often than not th e answers are of n ecessity  com prom ises 
and hence em brace both  a d va n ta ge  and d isa d v an ­
tage. T h e  best th a t our law m akers and our public 
officials can hope to  accom plish under those circum ­
stances, and the m ost we should exp ect of them , 
is to  select th a t course out of th e large num ber u su ally  
possible, where the preponderance of a d va n ta ge  to 
th e com m u n ity  or to th e cou n try  is th e largest. It 
is out of reason to expect no d isadvan tage at a ll. T h a t 
being so, it is our privilege and our responsibility  to 
see to it th a t in cases in volvin g chem istry all the 
elem ents needful to  th e determ ining of th e correct 
location  of th a t preponderance are p rop erly  p laced 
before those whose d u ty  it is to  decide and determ ine 
such questions for us. In  such presentation  of ele­
m ents we should, to  th e ve ry  best of our a b ility , 
present ev ery  essential fa ct or consideration  regard ­
less of our own in dividual po litical or econom ic b e­
liefs. D eterm in ing facts is one th in g; draw ing con clu­
sions from  fa cts  or basing law s or public p o licy  upon 
facts, is quite another th in g; correct conclusions and 
correct public policies can not be reached or a rrived  
a t if th e un derlyin g fa cts  be w rong or incom p lete in 
a n y  essential. H ow ever m uch latitu d e  we each and 
all of us do h ave and ta k e  in draw ing our own co n clu ­
sions from  facts, th a t la titu d e  ceases ab so lu tely  and 
in stan tly  the m om ent we presum e to  present fa cts; 
facts are not a lw ays agreeable to ascertain  or to  sta te , 
but th e y  are ab so lu tely  essential to  a correct answer. 
N o legislation  and no public po licy can be b etter 
than  the reasoning which led to  them , and this reason ­
ing can be no b etter th an  th e facts upon which it 
was based. A  statem en t of facts is essential to  all 
good legislation  and all good public p o licy ; such s ta te ­
m ent is not a lw ays easy to m ake, b u t it is a lw a ys a 
d istin ctly  w orth-w hile th in g to  provide.

R E S P O N S IB IL IT Y  TO B U S IN E S S  O F T H E  N A T IO N

O ur third responsibility  is to  the business of the 
nation. I t  is our d u ty  to produce as m any th in gs 
in th is cou n try, from  other th in gs in or out of this 
cou n try, as com m ercial conditions m ake possible. 
T h a t we are doing so and h a ve  been doing so to the 
best of our a b ility  and inform ation  is tru e beyond 
question. T h e one w eak point in our arm or is our 
in form ation ; th a t is reasonab ly com plete as to  pro­
duction  w ithin th e cou n try, b u t it  is u n reason ably, 
un pardon ab ly  and w oefu lly  incom plete as to  our 
business w ith other nations. E uropean  go vern ­
m ents dissem inate inform ation  b etter ad ap ted  and 
more useful to  their ow n chem ical industrials than  
does our own G overnm en t. Y e t  our G overnm en t 
is not to be blam ed. It  has done th in gs in its own 
w a y  and since we h ave n ot to ld  the G overn m en t 
th a t  we w ant and need b etter service and have not 
suggested how such b etter service could be obtained , 
w h y  blam e W ashington? W e ourselves are to blam e 
and we should face th e situation . T h e rem edy is 
a b so lu tely  and w holly  in our own hands, and it  has 
been indifference, lack  of tim e, or sheer indisposition  
to  labor, th a t has kept us from  te llin g W ashin gton  
w hat wte should have, in such a w a y  as to  m ake it 
clear th a t we rea lly  know  w h at we w an t and are in
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su b stan tia l agreem ent as to  th e  rem edy. L et no one 
th in k  th a t it  will be ea sy  to  get togeth er a list of 
item s th a t  w ill sa tisfy  th e  m akers of and dealers in 
th e p roducts of and for our in d u stry. E ach  m em ber 
of th e  C en tra l C om m ittee appointed  b y  th e  Am erican  
Chemical Society a t  th e S ea ttle  M eetin g in  Septem ber 
of last y ea r will h a ve  to  be prepared to  sacrifice tw o  
hundred or m ore hours of real hard lab or to  com plete 
his share in th e w ork; his w ork can be no b ette r  than  
the w ork of th e various sections of th e A m erican  C h em ­
ical S ociety , and when in n ext Sep tem ber these various 
sections get their allotm en ts of w ork, as sen t to  them  
from  th a t C en tra l C om m ittee, th e y  will h ave to  ta k e  
their coats off in earnest and w ork hard  to  see to  it 
th a t  each h a ve  all th eir suggestion s in on tim e. T his 
w ord of w arn ing of an im pending ava la n ch e of labor 
is g iven  th u s ea rly  th a t th ere m ay be no avoidable 
obstacle to  prom p t disposition of th e  w ork assigned. 
T h e C en tra l C om m ittee can not get dow n to  business 
u n til th e sections h a ve  finished. W hen norm al use 
of in tern ation al trad e  channels is availab le , th e  in ­
form ation  proposed to  be asked for will be of th e 
greatest help in preven tin g p roducts of foreign  m ake, 
and w hich can be m ade in  th is cou n try , from  gain in g 
such a foothold  th a t sudden dryin g-up  of foreign  
sources of su p p ly  can seriously  affect us. B u t this 
inform ation  w hen a va ila b le  w ill la rg e ly  fail of its p u r­
pose if our m akers of chem icals do n ot cu t loose from  
the trad itio n s of th e p a st th a t h a ve  enchained su b ­
s ta n tia lly  a ll our m anufacturers of all kinds— nam ely, 
a sort of con tem pt for sm all ou tp u ts or ton n ages. T o  
be able to  m ake a large num ber of different th in gs, 
each of re la tiv e ly  sm all annual ton n age, or even 
poundage, is q u ite  as essential to  our n atio n al b usi­
ness life, as is a b ility  to m ake large ann ual am ounts 
of re la tiv e ly  few  th in gs. T im es h a ve  chan ged and we 
w ill h a ve  to  chan ge w ith  them . A lso our industrials 
of all kinds, in clu sive  of our chem ical industries, w ill 
h a ve  to  learn th a t  q u a lity  and price do count, and 
th a t  there is no brand of p atriotism  th a t w ill, for long, 
w ith stan d  th e lure of a profit. W ith  in d ivid u als, 
p atriotism  is said  to  stop a t th e stom ach; w ith  business 
it  m a y  sim ilarly  be said  to  stop  a t th e  p o cket-n erve.

T H E  TH ER M A L D E C O M P O SIT IO N  OF T H E  PR O PAN E - 
BU TANE FRACTIO N  FR O M  NATU RAL GAS 

CO N D EN SATE
By J . E . Zanbtti 

R eceived Ju n e  10, 1916

P ra c tic a lly  e v e ry  fractio n  of petroleum  and m an y of 
its in d iv id u al con stitu en ts, from  n atu ra l gas to  the 
residues from  th e d istillatio n  of crude petroleum  have 
been su b m itted  to  decom position  a t h igh  tem peratures, 
so-called “ cra ck in g ,”  w ith  one n o tab le  excep tion: 
th e fraction  w hich  contains propane and  th e  butanes. 
T h e reason is n ot fa r to  seek; it  has n ot been u n til th e 
last few  years th a t  th e  sep aration  of th is fractio n  from  
“ w e t”  n atu ra l g a s1 and its use as a com m ercial product

1 F o r description of th is  process of separa tion  and  analyses of various 
fractions see U . S. B ureau of M ines, Bull. 88 and  Tech. Paper N o. 10.

R E S P O N S IB IL IT Y  TO  E D U C A T IO N A L  IN S T IT U T IO N S

Our fourth  resp o n sib ility  is to our ed u cation al in­
stitu tion s. I t  is in con ceivable  th a t  in  th e  w ealth  
of in form ation  and in th e  large a b ility  of our un i­
v e rs ity  men th ere is n o t m ore o p p o rtu n ity  for efficient, 
effective  and va lu a b le  cooperation  b etw een  them  
and our chem ical industrials for th e  benefit of th e 
nation. I t  is a k n o tty  problem , th ere is no den yin g it, 
b u t th e prospects of resu lts of a lm ost incalcu lable, 
p o ten tia l n ational va lu e  seem  so reasonable th a t it 
is w o rth y  of th e  m ost serious a tten tio n  of ev e ry  chem ­
ist, be he u n iv ersity  m an, tech n ica l m an, m erchant 
or banker.

R E S P O N S IB IL IT Y  TO A M E R IC A N  C H E M IC A L  S O C IE T Y

Our fifth  resp o n sib ility, and th e  last I shall tou ch  
upon in th is paper, b u t b y  no m eans th e  last of our re­
sponsibilities, is to  th e  Am erican Chemical Society 
itself. Our S o cie ty  places on our desks fou r tim es 
each m onth pub lication s w hich can challen ge com ­
parison w ith  a n y  sim ilar p u b lication s in th e w orld 
and can com e ou t of such com parison witjh credit to 
them selves and  honor to  th e  A m erican  chem ical 
profession; th is is done a t  an ann ual cost to  each m em ­
ber of ab ou t tw o-th ird s th e  cost of th e  sam e service 
abroad. H ow  is it  done? T h e  m ost of us ta k e  these 
pu b lication s as a m atter of course, b u t we are indebted  
for these m agnificent results to  an u n tirin g devotion , 
th e  u n stin tin g lab or, and th e  m ost generous lo y a lty  
of a re la tiv e ly  sm all n um ber of our fellow -m em bers; 
th e y  g iv e  of th e ir  tim e, th eir stren gth  and  th e ir  a b ility  
fa r b eyon d  th eir ju s t share. T a k e  lo ve  of lab or and 
pride of profession ou t of th e  m ake-up of th ese men, 
and th e q u a lity  and am ou n t of th eir w ork w ould  drop 
to  such a poin t th a t th e  net resu lt w ould  n ot be cred it­
able to  us nor to  our cou n try . T h e  real hard  w ork 
of th e Am erican Chemical Society is perform ed sub ­
s ta n tia lly  as a lab o r of lo ve ; th a t  condition  ough t not 
be perm itted  to  last one in stan t longer th a n  it  requires 
to  rem ed y it. W e w ill be asked  in  Sep tem ber n ext 
to  p rovide th e rem edy. L e t us n ot fa il th e  Am erican  
Chemical Society! She has served  us and our co u n try  
w ell! b . C .  H e s s e

25 B r o a d  S t r e e t , N e w  Y o r k  C it y

under th e  nam e of “ liquid  gas,”  “ ga so l,”  e tc., has 
becom e of com m ercial im portance.

T h is  fraction , w hich condenses a long w ith  th e  lower 
boiling pentan es, is u su a lly  allow ed to  escape in the 
air in  th e  process of “ rip en in g”  and is th e  so-called 
“ w ild gasolin e”  w hich, because of its  low  b oilin g point, 
is useless for th e purposes of “ b len d in g”  w ith  refinery 
n aphthas. In  som e places, b y  fu rth er com pression 
of th e  “ w et g a s”  a fter th e  first gasolin e condensate 
has been form ed, th is fractio n  is condensed togeth er 
w ith  ethan e and p u t up in steel cylin ders for use as 
an illu m in an t or for w elding w ith  oxygen.

F o r th e  s tu d y  of th e  decom position  p rod u cts, the 
“ p yro gen etic  rea ctio n s”  of h yd rocarb on s, th is fra c ­
tion  furnishes a v e ry  sa tis fa cto ry  m aterial. Being

ORIGINAL PAPE.RS
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a gas a t ord in ary  tem peratures its rate  of flow th rough  
a h eatin g cham ber can be regulated  w ith  n icety , no 
previous vap o rizer is n ecessary as w ith  higher boiling 
fraction s, th e  form ation  of low er un satu rated  com ­
pounds b y  sp littin g  off of hydrogen  as well as con­
densation  of these to  arom atics are exhibited, and 
fin ally, th e  products formed, outside the aromatics, are 
gases, and any undecomposed propane or butane passes off 
thus p reven tin g th e n ecessity  of sep aratin g th e arom atic 
from  th e undecom posed a lip h atic, as is th e case w ith  
higher boiling fraction s.

T h e  above reasons as well as the fa c t th a t this 
fraction  con stitu tes m ostly  a w aste p roduct h ave led 
th e w riter to  sta rt a s tu d y  of its decom position products 
w ith a  v iew  to  its possible u tilization  in other w ays 
th a n  as a ligh tin g  m aterial.

A  carefu l search of th e  literature has failed  to 
furnish a n y  w ork  th a t has been published on th e de­
com position of propane or butane. E ven  B eilstein, 
th a t can u su ally  furnish reference to  the products 
obtained  b y  passing vapors of alm ost a n y  organic 
com pound th rou gh  “ a red hot tu b e ,”  furnishes no ligh t 
on th e  su b ject.

T h e plan of th e w ork consisted in:
1— T h e determ in ation  of th e com position of- the 

“ crack ed ”  gases w ith  respect to  “ u n satu ra ted ”  and 
h ydrogen  form ation.

2— T h e determ in ation  of th e am ounts of ta r  form ed 
(arom atics) and its com position.

3— T h e com position of th e un saturated .
4— T h e influence of catalyzers.
One d ifficu lty  arises w ith  the in vestigation  of the 

b utane-propan e fractio n : being p u t up in a cylin der 
under pressure, on releasing it we h ave th e reverse 
of o rd in ary  distillation , th e tem perature being kept 
con stan t in th is case, w hile th e pressure changes. 
U nder these circum stances th e low er boiling fraction  
comes off first, th e com position of th e gas a lterin g as 
the pressure drops. F or th is reason one m ust w ork 
w ithin certain  pressures in order not to change th e 
com position of th e  gas betw een too wide lim its. T h e 
pressure dropped 5 lbs. during th e duration  of 
these experim ents and the percentage of butane rose, 
as one w ould exp ect. N o appreciable difference 
could be noted eith er in th e “ u n satu rated ”  or the h y ­
drogen con ten t, b u t th e  am ount of ta r  increased som e­
w hat w ith  th e  increase of butane.

T h e ap p aratu s em p lo yed 1 consisted m erely of a 
heating cham ber, th e  tem peratu re of w hich could be 
a ccu rate ly  controlled, a coil to  cool th e gases and finally  
a device to  settle  th e ta r  “ fo g .”  A ll who have w orked 
w ith th e decom position  of hydrocarbons a t high te m ­
perature are fam iliar w ith  th e  finely d ivided condi­
tion in w hich th e liquid  products deposit on cooling 
the gas, th e so-called ta r  “ fo g .”  B y  far th e largest 
proportion of th e  ta r rem ains in suspension in th is 
finely d ivid ed  condition  and requires considerable 
tim e for settlin g . On a  large scale, as in gas m anu­
facture, th is “ fo g ”  is rem oved b y  various form s of 
scrubbers, b u t th e w riter is not aw are of a n y  device 
for use on a sm all scale.

1 For full details see experimental part.

A fte r  m any unsuccessful a ttem p ts to  rem ove this 
“ fo g ”  b y  filtering th e gases th rough  num erous layers of 
glass wool th e principle of a w ell-know n p a te n t1 was 
fin ally  adopted. T h is w as th e deposition of these 
finely  d ivided  particles passing th e gases from  th e fu r­
nace betw een  tw o con d u ctin g  p lates m ain tained at 
a high difference of p o ten tia l. T h e results were 
v e ry  successful and w hereas o n ly  a few  drops of ta r  
were obtained  per cu. ft. of gas b y  rely in g sole ly  on 
condensation, as m uch as 10 cc. per cu. ft . of gas were 
obtained b y  electrical deposition. T h ere is, of course, 
no n o v e lty  in th is device b u t it  is surprising th a t it 
has n ot been em p loyed  before in sm all scale exp eri­
m en tation . T h e fa c t th a t alm ost all previous w ork 
on h ydrocarbon  decom position on a sm all scale 
has fa iled  to  ta k e  into accou n t th is carry in g off of m ost 
of th e  ta r  in finely  d ivid ed  form  b y  th e gas stream  m ay 
n ecessitate som e revision  of earlier w ork. T h u s 
N orton  and A n d rew s,2 w ith ou t a n y  ta r  depositing, 
passed th e gases from  th e decom position  of hexane, 
iso-hexane and pen tan e th rough  brom ine for ab-

F i g . I — D e c o m p o s it io n  o p  P r o p a n e - B u t a n e  F r a c t io n  
N o  C a t a l y z e r

sorption  of th e u n satu rated , and ob tain ed  o n ly  a 
q u alita tive  test for benzol w ith  no m ention of higher 
arom atics; th e y  obtained no benzol from  pentan e. 
H aber3 obtained b y  th e  decom position  of hexane 
“ a little  benzene.”  In  v iew  of th e w riter ’s experience 
w ith  and w ith ou t a  tar-settlin g  device, and ta k in g  into 
consideration th a t th e  higher h ydrocarb on s of pe­
troleum  distillates y ield  considerable benzol as well 
as to lu o l and higher arom atic hom ologues,4 as well 
as th e  additional fa c t th a t th e low er h yd rocarb on s 
in vestig ated  also give the sam e arom atics, it  seem s 
v e ry  u n lik ely  th a t these few  in term ed iate  h ydrocarb on s 
should not, and th e question should rem ain  an open 
one, a t  least un til th e deposition of th e  ta r  “ fo g ”  
should prove it  otherwise.

T h e  results of th e decom position of th e  gas a t 
various tem peratures are p lo tted  in F ig . I. T h e  rate  
of flow through th e heatin g ap p aratu s w as k ep t con­
sta n t th rou gh ou t all these experim ents, being m ain­
tain ed  a t 0.45 cu. ft. per hr. T h is rate  w as chosen

1 See F . G. C ottre ll, T h i s  J o u r n a l , 3 (1911), 542.
* A m . Chcnt. J .,  8, 1.
* Bcr.. 29, 2691.
« F o r a  very  com plete review  of the  lite ra tu re  on th is  sub jec t see Egloff 

and  Twom ey, Jour. Phys. Chem., 20 (1916), 121.
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as being sufficien tly  slow to perm it th e  gases to  be 
heated  to th e high tem perature. T h e per cen t of 
“ u n satu ra ted ”  increases gra d u ally  till a m axim um  
is reached in th e neighborhood of 750°. B eyon d  750°, 
when the arom atic  form ation  begins, th e “ u n satu ra ted ”  
decrease and becom e p ra ctica lly  nil near 1000 °.

F i g . I I — D e c o m p o s it io n  o f  P r o p a n e - B u t a n e  F r a c t io n , U s in g  C o p p i ïr  
a s  C a t a l y z e r

T h e hydrogen  cu rve rises slow ly  a t first b u t more 
rap id ly  as th e point of arom atic  form ation  is reached.

T h e n ature of th e “ u n satu ra ted ”  w as determ ined b y  
passing th e gases through brom ine and fractio n atin g  
th e brom ides. T h e  “ u n satu ra ted ”  consisted of a m ix­
tu re  of h yd rocarb on s in w hich eth ylen e predom in ated; 
propylene w as also doubtless present b u t ow ing to 
the sm all am ount it  could n ot be sep arated  b y  fra c ­
tion al d istillation  of th e brom ides. B uten es, h o w ­
ever, were present, as te trab rom o b u tan e w as isolated 
from  th e m ixed brom ides. T h e presence of butenes, 
whose iden tification  is an easy  m atter ow ing to  te tra ­
brom obutan e being a solid and readily  purified b y  c ry s­
ta llization , has been reported  before as a decom posi­
tion  product of th e low er h y d ro ca rb o n s.1

B enzol, toluol, and n ap hthalene were show n to be 
present in th e tar. In th e in term ediate fraction s other 
hom ologues are doubtless present, b u t ow ing to  the 
sm all am ount of m aterial could not be isolated.

It is interesting to note that aromatic formation has 
taken place here from  hydrocarbons of lower carbon con­
tent than benzene and that the form ation of aromatics is 
coincident with a lowering of the content of “ unsaturated,”  
the principal constituent of which is ethylene.

B y  using copper as a c a ta ly zer  a cu rve of th e  sam e 
n ature is ob tain ed  as m ay be seen in F ig. II . T h e 
a rom atic  form ation  takes place a t th e  sam e te m ­
perature and th e  am ounts at the rate of 0.45 cu. ft. 
per hr. are th e sam e.

T h e use of iron as ca ta lyzer  gives an a ltogeth er 
different result (F ig. I I I ) . T h e “ u n sa tu ra ted ”  conten t 
drops sudden ly  at a b ou t 7 25 0 and th e hydrogen  rises v e ry  
rap id ly . C oin ciden t w ith  these changes is th e  copious 
deposition of finely  d ivid ed  carbon. T here is no ta r  
form ation  n oticeable b eyon d  a v e ry  slight am ount of 
b luish “ fo g .”  I t  is of interest to  n ote th e  ra p id ity  
w ith  w hich th e  reaction  form in g carbon and hydrogen  
is ca ta ly zed  ab ove 72 5 0. B elow  th a t tem p eratu re 
the decom position  of th e gas proceeds in m uch th e

1 N orton  and  Andrews, Loc. til . , p, S.

sam e m anner as in th e tw o  previous cases w ith  th e 
excep tion  th a t  th e u n satu rated  con ten t is s ligh tly  low er 
and th a t  th e m axim um  is reached at a b o u t 725° 
instead  of 750°. T h ere can be no question of sim ple 
surface action. C opp er and iron gauzes of th e sam e 
m esh, cu t into  equal sizes, were used in both  cases and 
th e results are so w id ely  different as to  leave no doubt 
th a t we are dealing here w ith  a specific c a ta ly tic  action.

W ith  nickel as ca ta ly zer  the results were even  more 
d ivergen t from  *hc decom position cu rve of th e gas 
w ith ou t catalyzer. Here there w as p ra ctic a lly  no 
“ u n satu ra ted ”  form ed, th e  h igh est per cent being 4.9 
a t 630° w hereas th e h yd rogen  per cent rose sudden ly  
betw een  540 and 580° till a m axim um  of 83.2 per 
cen t w as reached a t 700°; ab ove th a t tem peratu re 
no readings could be tak en  as th e  carbon  deposited 
plugged up th e tu b e in a few  m inutes. N o cu rve is 
p lotted  for the decom position  w ith  n ickel as cata lyzer  
b u t the results are g iven  in T a b le  II . T h e fo rm a ­
tion of hydrogen  increases so rap id ly  and is so m uch 
affected  b y  such sligh t changes as a slight dim inution 
or increase in tem p eratu re as well as th e deposition 
of carbon  on the ca ta lyzer  th a t no cu rve  could be 
draw n th rough  th e points ob tain ed  th o u gh  th e y  in d i­
cate-a rap id  decom position  rate. T h e results ob tain ed  
are sim ilar to those of B u ga n a d se1 who b y  passing 
crude R ussian petroleum  over n ickel ob tain ed  a gas 
a n alyzin g 72 to 75 per cen t hydrogen.

E X P E R IM E N T A L

m a t e r i a l — T h e m aterial used w as so-called  “ liquid  
gas”  bough t in th e m ark et in a steel cylin der under 
100 lbs. pressure. I t  w as ob tain ed  b y  condensation  
from  n atural gas. T h e pressure q u ic k ly  dropped  to  
42 lbs. where it  m ain tained itse lf for a considerable 
tim e, fa llin g  to  37 tow ards th e  end of th e  experim ents 
presented. A t  th e beginning of th is w ork th e analysis 
of th e gas b y  explosion w ith  abou t nine vo lu m es of 
o xygen  ga v e  results th a t  in dicated  it to  be com posed

F i g . I l l — D e c o m p o s it io n  o f  P r o p a n e - B u t a n e  F r a c t io n , U s in g  iR O ii 
a s  C a t a l y z e r

of propane w ith  3 per cent butane. T o w ard s th e end 
th e proportion  of b u tan e increased con sid erably  as 
w ould be expected  from  th e decrease in pressure. 
T h e resu lts of th e  analyses are show n in T a b le  I. 
I t  is to  be n oted th a t  th e  proportion  of CO2 increases 
w ith  tim e, being a lw ays higher th an  th a t  required for

1 J .  Russ. Phys. Chem. Soc., 1910, 195; see also Brooks, Bacon, Padgett 
an d  H um phrey , T h is  J o u r n a l , 7 (1915), 182.
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pure propane, b u t never reaching th a t required b y  a m ix­
ture th a t w ould contain  more than  20 per cent butane.

T a b l e  I — A n a l y s e s  o f  G a s  d u r in g  C o u r s e  o f  E x p e r im e n t s  
T i m e  S a m p l e d : F i r s t  W e e k  E ig h t h  W e e k
• S a m p l e  N o .: I  I I  I I I  I  n  I I I
G as Sam ple, cc  9 .0  9 .3  9 .4  10.1 10.2 9 .8
C o iitra c tio n .c c   30 7 30 .7  3 1 .0  3 3 .2  3 2 .6  31 3
Volume COs, cc . . .  3 0 .2  3 0 .6  3 0 .7  3 4 .0  3 3 .4  32.1

T h e gas showed no “ u n satu ra ted ”  when these 
were determ ined b y  sh akin g with brom ine w ater. 
W hen shaken w ith  fum ing sulfuric in a gas pip ette 
for th e cu sto m a ry  3 min. a decrease in volum e 
of 3 to  4 per cent too k  place. As it was shown later 
th a t this difference betw een the absorption b y  brom ine 
and b y  fum in g su lfuric decreased as gases th a t cam e 
from  a higher and higher tem perature were an alyzed , 
it w as ev id en t th a t th is absorption  was due to the d i­
rect absorption  of th e propane and butane b y  th e fu m ­
ing acid. T h e gas showed no C 0 2 or hydrogen.

a p p a r a t u s — T h e ap p aratu s used is shown diagram - 
m atica lly  in F ig. IV . Since the pressure used was a t­
m ospheric, the gas was released from  the cylin der into a 
gas holder and then  passed through a m eter graduated  
to 1/1000 of a cu. ft. and provided w ith a w ater gauge. 
T h e gas passed through tw o ta ll d ryin g tow ers filled 
w ith gran u lated  calcium  chloride and then  into the 
heating cham ber, w hich consisted of a quartz tube

were led in through the m iddle openings, the end of 
the copper coil reaching ju st below the rubber stopper: 
th e y  passed out through one of the side openings, the 
ex it tu b e reaching to  w ithin  1/ i in. of th e b otto m  of 
th e b ottle . In fron t of th is exit tu b e  was a copper 
p late  connected b y  m eans of a fine wire to  one pole 
of an induction  coil. T hrough the opposite opening 
passed a carefu lly  insulated wire a ttach ed  to  another 
copper p late or a piece of copper gauze and conn ected  
to  th e other pole of th e induction  coil. T h e  gases 
com ing from  th e cooling coil had then to pass betw een  
the tw o plates before passing out, and if a sufficient 
difference of poten tia l was m aintained betw een  the 
tw o plates th e “ fo g ”  com pletely  settled  in the b o ttle , 
th e gases passing out p erfectly  clean. T h e difference 
of poten tial sufficient for these experim ents w as fu r­
nished b y  an induction  coil pow erful enough to  g ive  
a 2-in. sp ark, th e current being supplied b y  a set of six 
storage cells.' T h is ta r  separator w as also k ep t im ­
mersed in ice w ater th rou gh ou t the duration  of a 
determ in ation, th e  ob ject being to keep the vapo r pres­
sure of th e tar as low  as possible.

T he sam ples for analysis were ta k en  a t the exit of 
the ta r  separator. W hen sam ples were not being taken , 
a w ater trap was placed at th is ex it to  p reven t air

1
P i g . I V — A p p a r a t u s  U s e d  f o r  C r a c k in g  " L i Ou id  G a s ”

1— G as C ylinder 2— Gas H older 3— M eter 4.5— D rying Tow ers 6— H eating  A pparatus
7— Cooling Coil 8—T ar-S ettling  C ham ber 9— Induction  Coil 10— Storage B attery

30 in. long, 3/< in. internal diam eter, glazed on the 
inside, heated  in an electric furnace capable of giving 
a tem perature of 1200° C . T h e current was controlled 
b y  m eans of a rh eostat and the tem perature determ ined 
b y  m eans of a platinum -platin um -irid ium  th erm o­
couple atta ch ed  to  a m illivoltm eter carefu lly  sta n d ­
ardized. B y  m eans of th e rheostat the tem perature 
could be controlled  w ith in  5 0. C orrections were m ade 
from  th e tem peratu re read off on the m illivoltm eter 
b y  reference to  a correction  curve. These varied  from  
20 to  26° in th e  range of tem peratures em ployed.

A fter passing th rough  th e heatin g cham ber the gases 
were led th rough  a copper coil m ade of 3 ft. of '/ s-in. 
copper pipe. T h is coil w as k ep t im m ersed in ice 
w ater th rou gh ou t th e duration  of a determ ination. 
B u t little  ta r condensed in the coil, most of it passing 
along w ith  th e gases in the form  of a fine “ fo g .”  T o  
rem ove this “ fo g ”  the gases were passed into a 250 cc. 
W oulfe b o ttle  p rovided  w ith  three openings. T h e gases

from  passing into the apparatu s. W hen th e gases were 
being absorbed in brom ine for th e d eterm in aticn  of the 
nature of th e “ un saturated , ” a gas-w ashing b ottle  w ith  
brom ine and w ater w as placed beyond th e w ater trap .

T h e catalyzers were copper, iron and n ickel, 40- 
mesh wire gauzes cut into uniform  sizes 12 in. X  4 in. 
and rolled so as to  fit the q u artz tu b e snugly.- T hese 
rolls were pushed into th e tu b e  far enough so th a t 
th e y  would be en tirely  w ithin the heated  area. C opp er 
wool, copper and iron filings were also used, b u t for 
the sake of u n ifo rm ity  on ly the gauzes were used in 
the experim ents presented.

p r o c e d u r e — T h e modus operandi w as as follow s: 
T h e gas w as led through th e m eter at a m easured rate , 
in th e case of these experim ents th e rate being 0.45 
cu. ft. per hr. T h e rate  w as determ ined w ith  a stop 
w atch , the flow of gas being a d ju sted  b y  s lig h tly  op en ­
ing or sh u ttin g  th e in take cock of th e m eter. T h e 
gas was passed through th e cold ap p aratu s to  rem ove

V o l t m e t e r
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— A n a l y s e s  o f  G a s e o u s  P r o d u c t s  O b t a in e d  w i t h  a n d  w it h o u t  C a t a l y z e r sT a b l e  I I
N o  C a t a l y z e r  C o p p e r  a s  C a t a l y z e r

U nsat- H y ­ U nsat- H y ­
Tem p. ura teds drogen Tem p. ura teds drogen

0 C. P e r cen t P e r cent 0 C. P er cent P er cent
600 8 .9 625 15.0
650 25.7 i i i o 650 16.9 '6 .8
700 3 5 .9 10.9 700 2 8 .4 9 .9
750 38.5 15.2 755 3 8 .4 15.5
785 3 5 .8 800 36 .3 16.7
825 28 .4 2 \ A 835 2 9 .4
875 11 .8 37 .0 850 25 .8 24 ’.3
925 5 .7 50 .5 900 12 .6 38 .9
995 1.3 62 .9 955 7 .4 5 1 .0

1010 3 .2 6 1 .0

the air and th e  fu rn ace q u ick ly  b rou gh t up to  th e de­
sired tem p eratu re b y  p u ttin g  th e  fu ll curren t through 
it. As th e  tem p eratu re w as reached th e current was 
regulated  so th a t  th e readin g of th e vo ltm eter cor­
responded w ith  th e desired tem perature. T h e  te m ­
perature w as closely  w atch ed  during th e  experim ent 
and regu lated  b y  m eans of th e  rheostat. Once ad ­
ju sted  it  k ep t fa ir ly  constan t w ithin  5 0. T h e gas 
w as then  passed th rough  th e  heated  tu b e  for half an 
hour before a sam ple w as ta k en  for analysis. T h is  
tim e w as found to  be th e m inim um  n ecessary to  insure 
concordan t results. A fte r  th e  sam ple of gas had been 
ta k en  and w hile it w as bein g an alyzed , th e tem peratu re 
was q u ick ly  b rou gh t up to  th e n ext p o in t and th e gas 
passed through for another h a lf hour before th e  n ext 
sam ple w as taken .

W hen cata ly zers  were being used it w as found th a t 
th e y  ra p id ly  becam e coated  w ith carbon. T h is was 
esp ecially  th e case w ith  nickel and iron; copper w as 
not so m uch affected. W ith  iron th e gauze could n ot 
be used for m ore th a n  an hour at tem p eratu res b elow  
7000 or for m uch m ore th an  h alf an hour a t higher 
tem peratures. E ach  point on th e iron cu rve ab ove 700° 
had then  to  be determ ined w ith  a fresh piece of gauze, 
otherw ise no concordant results could  be obtained. 
W ith  n ickel th e  deposition  of carbon w as so rapid  above 
7000 th a t no determ in ation  could be m ade, as a w ad  of 
carbon form ed in a few  m inutes w ith in  one inch of the 
h eated  gauze and e ffe ctiv e ly  plugged  up th e  tub e.

g a s  a n a l y s i s — T h e gases were collected  and an a lyzed  
over w ater. For th e  absorption  of th e “ u n satu ra ted ” , 
brom ine w ater w as used, since, as m entioned above, 
fum ing sulfuric absorbed som e of th e  propane and 
b u tan e. T h e  fo llow ing are ty p ic a l results:
T e m p e ra tu re .............................................  Room  650° 700° 750° 800° C.
P e r cen t absorbed by  b rom ine   0 .0  14.2 2 3 ,4  3 6 .6  34 .5
A dditional per cen t absorbed by

sulfuric a c id ............................................ 4 .0  4 .0  2 .1  0 .3  0.1

T h ese show ed th a t as lon g as a n y  undecom posed p ro­
pane or b u tan e w as present som e w as absorbed b y  
th e fum in g su lfuric acid , and as th e  am ount of these 
decreased w ith  increasing tem p eratu re , th e am ount 
absorbed b y  th e  su lfuric acid  decreased also. T h e 
h yd ro gen  w as determ in ed b y  com bustion  over copper 
oxide a t 275° C . T h e  results of th e an alyses are shown 
in T a b le  II .

t h e  u n s a t u r a t e d — T h e gases com ing b etw een  800 
and  850° were passed th rou gh  brom ine till th e  la tte r  
becam e colorless. A fte r  d ry in g, 40 cc. w ere d istilled  
fra ctio n a lly  in a sm all d istillin g flask. A fte r  four 
fraction atio n s th e fo llow in g fraction s were ob tain ed : 
12 5 -12 9 °, s cc.; 1 2 9 -13 1° , 12 cc.; 13 2 -14 2 °, 6 cc.; 
14 3-14 4  °, 2 cc. T h ic k  fum es of H B r cam e over above 
145° so th a t th e  d istillation  w as stopped. On stan din g,

I r o n  a s  C a t a l y z e r N i c k e l  a s  C a t a l y z e r
U nsat- H y ­ U nsat- H y-

T em p. ura teds drogen Tem p. ura teds drogen
0 C . P e r cent P er cent 0 C . P e r cent P e r cent
580 5 .3 510 0.0 0 .4
630 12.2 2 .3 540 2 .1 4 .6
675 24 .8 3 .8 580 3 .0 4 5 .8
725 34 .5 12.5 630 4 .9 5 4 .0
725 36. 1 15.8 640 • 3 .9 75.1
750 26 .8 27.1 680 2 .6 6 8 .4
775 9 .4 54 .8 700 1.9 83 .2
775 8 .1 5 5 .6
825 4 .8 60.7
975 0.0 70.2

th e  residue in th e flask solidified into  a mass of dark 
colored crysta ls. D rained  from  abou t 3 cc. of m other 
liquor and crysta lliz in g  th ree tim es from  alcohol th e y  
cry sta llized  in sm all, colorless prism atic needles m elting 
a t 1 1 6 0.

T h e  fraction  1 2 9 -1 3 1 °  g a v e  a specific g r a v ity  of 
2.30 a t 20°.

a r o m a t i c s — N o arom atic form ation  w as observed 
below  700°. A t  th a t  tem p eratu re th e “ fo g ”  began 
to  m ake its appearance, a t first of a bluish tin ge, grow ­
ing d arker w ith  increasing tem p eratu re till it  becam e 
d ark  brow n a t abou t 850°. T h e  ta r  deposited  bet%veen 
Soo and 900°, w as dark in color and quite fluid. It 
show ed a specific g r a v ity  of 0.985 to  1.000. A b o v e  900° 
th e ta r  becam e quite th ick  and on stan din g solidified.

T h e  am oun t form ed varied  w ith  th e  rate. If  the 
la tter  w as 1 to i '/ s cu. ft. per hr. th e am ount varied  
around 5 cc. per cu. ft. of gas. A t  th e rate  of 0.45 cu. 
ft . per hr. as m uch as 10 cc. per cu. ft. were obtained.

N o tar  form ation  w as observed in th e  cases where 
iron and n ickel were used as cata ly zers, w hereas good 
yields were ob tain ed  w ith  copper.

T h ir ty  cc. of ta r  w ere d istilled  in a sm all flask and 
th e  fo llow ing fraction s collected: 8 0 -12 5°, 9.5 c c .; 
12 5 -17 3 ° , 5.5 cc.; 175-20 0 °, 3 cc. A t  200° n ap hthalene 
began to  com e over and solidified in th e  condenser. 
On fu rth er fractio n atio n  6 cc. were ob tain ed  below 
io o °  and ab ou t 3 cc. betw een  105 and n o ° .  T hese 
fraction s on n itration  yielded  n itroben zol and 2,4- 
dinitroto luol, m. p. 69° C.

s u m m a r y

I—— It has been show n th a t  m ixtures of propane and 
bu tan e are decom posed a t high tem peratures, g iv in g 
eth ylen e, buten e and other low er u n satu rated  com ­
pounds, hydrogen  and arom atics.

II— T h e percen tage of “ u n satu ra ted ”  increases 
w ith  increasing tem peratures to  a m axim um  in the 
neighborhood of 750° C ., then  decreases w ith  increas­
ing tem peratures. T h e  percen tage of h yd rogen  in ­
creases w ith  increasing tem peratures. T h e  arom atic 
form ation  begins at a b ou t 750 and is coinciden t w ith  
an increase of th e  rate  of h yd rogen  form ation.

I I I — T h e action  of copper, iron and n ickel as c a ta l­
yzers has been studied. Iron  and nickel p rev en t aro­
m atic form ation  and fa v o r  th e decom position  of the 
h yd rocarb on s to  free carbon and hydrogen .

IV — T h e electrical deposition  of ta r  “ fo g ”  in gases 
from  high tem p eratu re decom position  has been found 
to w ork v e ry  sa tisfa cto rily  for sm all scale experim ents.

F u rth er w ork  upon  th ese top ics is n ow  in  progress 
in th is lab o rato ry .

D e p a r t m e n t  o f  C h e m is t r y , C o l u m b ia  U n iv e r s it y  
N e w  Y o r k  C it y
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AN IN VESTIG ATIO N  OF C O M PO SITIO N  FLO O R IN G 1
By R. R. SiiiviXY3 

Received April 17, 1916
In 1867, Sorel3 found th a t a ve ry  hard m aterial 

m ight be produced b y  m ixing m agnesia and a solution 
of m agnesium  chloride and then allow ing the m ixture 
to stan d  for som e tim e. Sorel concluded th a t the 
com pound w hich w as form ed possessed the follow ing 
form ula: M g C U o M g O .12 H 2 O , or M g C 1.0 H .4 M g (0 H )2. 
12H2O. T h e in vestigation s of Sorel in itiated  con­
siderable in q u iry, m ostly  b y  French and G erm an 
chem ists, b u t there has been a d iversity  of opinion
regardin g th e exa ct com position of the prod u ct.4

D uring the past tw e n ty-five  years Sorel cem ent has 
been exten siv ely  em p loyed  w ith  success as a cem enting 
m aterial for so-called “ com position flooring.”  A c ­
cording to  E urop ean  p ractice, th e m agnesia, m ixed 
w ith  various “ fillers,”  such as saw dust, sand, terra  
alba, infusorial earth  or asbestos, and colored w ith 
different inorgan ic colors, is m ade into a “ m ortar” 
b y  th e addition  of a solution of m agnesium  chloride; 
the m aterial is th en  applied to th e floor and leveled, 
and, a fter stan din g several hours, it is carefu lly  tro w ­
eled. A fter  8 or 10 hrs. th e cem ent sets and the sur­
face of the flooring is then u su ally  treated  w ith  a coat 
of oil, a fter w hich th e com position is ready for use.

It has been found th a t su itab le preparations of this 
ty p e  m ake ideal com positions for floor, base, w ain ­
scot and stairs. W hen carefu lly  prepared, th e com ­
position is perm anent, fireproof and w aterproof, and 
it can be applied upon w ood, concrete or iron, base 
in a p lastic  form , g iv in g  a sm ooth, continuous surface. 
T h e w ainscot m ay also be m ade from  the sa'me m a­
teria l, th u s form irig a perfect seal betw een th e base 
and w ainscot and g iv in g  a floor devoid  of cracks. 
A n y  color shade m ay be produced w ith  the exception 
of pure w hite, and v e ry  a ttra c tiv e  effects m ay be o b ­
tained b y using borders of different colors, a mosaic 
design, or a narrow  strip  of another color around the 
floor a short distance from  the wall. M oreover, the 
m ixture is little  affected  b y  heat or cold, havin g a very  
low h eat c o n d u c tiv ity , and the floor produced th ere­
from  does n ot im part a feeling of coldness to  the feet; 
furtherm ore, its absorption  of w ater is ve ry  sm all and it 
is accep ted  b y  insurance com panies as fireproof.

T h e com position is u su ally  applied in tw o coats: 
an under fibrous coat, abou t 5/16 in. th ick , and an 
upper coat con tain in g less fiber, from  s/16  to 1/2 
in. th ick . T h e under fibrous coat im parts e lastic ity  
to the m aterial and renders the floor noiseless and 
pleasant to  th e tread . In fa ct, this com position does 
not g ive rise to  the fatigu e experienced from  the use 
of stone, cem ent, terrazo  or other hard floors. F u r­
therm ore, even  when trow eled  to  a ve ry  sm ooth surface, 
this com position, does not produce a slippery floor.

1 P resented  a t  th e  U rbana M eeting of the  A. C. S.. April 19, 1916.
2 This rep o rt presen ts  th e  results ot a p a rt of the work done during 

the a u th o r’s tenure  of th e  "H y d ro lith  Fellow ship" (Septem ber 21, 1911, to 
M arch 1, 1913), In d u stria l Fellowship No. 8 . a t  the  M ellon In s titu te  of 
Industria l R esearch of the U niversity  of P ittsburgh . The investigation 
was carried o u t under the  d irection of Dr. R aym ond F . Bacon.

5 Compt. rend., 65 (1867), 102.
* Bender (Z . anorg. Chenl., 4, 644) assigned the  form ula M gCl:.5M gO.- 

H H iO . o r M gClj.9M gO ,24H jO ; D avis (Chem. News, 25, 258) reported  
M gC l!.5M g0.13H j0 , while K rause (.4nn., 165, 38) decided upon M gCIj.- 
5M g0.181l20 as the  correct form ula.

T hese a d van tages, along w ith  the fa cts  th a t  the com ­
position costs less th an  tile, m arble, etc., and th a t it' 
w ill outw ear eight or ten applications of linoleum , 
h ave m ade it a v e ry  popular floor m aterial in E urope, 
esp ecially  in G erm an y and E ngland.

C om position  flooring of th e general ty p e  described 
ab ove w as introduced into th e U nited  S tates a short 
tim e after it cam e into fa v o r  abroad. A m erican  
m anufacturers have, how ever, experienced considerable 
d ifficu lty  in th e use of Sorel cem ent. Som e h ave a t ­
trib u ted  this to th e differences in th e c lim a tic-co n d i­
tions of E urope and A m erica, the conten tion  being 
th a t  the sudden changes of tem perature encountered 
in th e U nited  States are not experienced abroad, 
p a rticu la rly  in E ngland  and G erm an y. O thers h ave 
expressed th e opinion th a t  th e  principal cause of the 
fa ilure in this cou n try  is a ttr ib u ta b le  to  th e m ixtures 
em ployed: th e assertion has been m ade th a t  the m ix­
tures in use here have been neither scien tifically  
nor even carefu lly  prepared. Inasm uch as m an y of 
th e floors exam ined b y the author are as perfect as 
could be desired, he is inclined to  fa vo r th e la tter  
explanation. If th e troub le is due to  th e sudden 
clim atic changes, w h y should one floor be affected 
and not another in the sam e locality?

In  1 9 11— th a t is, a t  the tim e when th e author b e ­
cam e interested in this field— in N ew  Y o rk  C ity  alone 
there were at least tw e n ty  firms engaged in th e com posi­
tion-flooring business, and the com petition  w as v e ry  
keen indeed. A ll of th e com panies were cu ttin g 
prices in order to  secure business and m any of th e firms 
were p u ttin g  down th e cheapest m ixtures w hich th e y  
could conceive. In fa ct, ev eryth in g  possible was 
being done to  m inim ize the cost' of th e product, w ith ­
out m uch regard for the requirem ents of a co rrectly  
m ade m ixture. T h e com ponents of th e m ixtures 
were w eighed and mixed b y  ord in ary  laborers, so th a t 
it  w as quite im possible for the m ixtu res’ to  be of a 
definite consistent com position. C on seq u en tly , all of 
the m anufacturers were experiencing decided troub le 
w ith their floors. T o  illustrate, th e color freq u e n tly  
“ w ent b a d ;”  some floors w ould crack  or bulge, and a t 
no tim e could th e y  be assured of a sa tisfa cto ry  floor. 
A s a result, m any floors had to  be relaid. Then , too, 
the cost of m agnesite w as co n stan tly  increasing, 
labor costs were high, and the selling price w as so low  
th a t it was im possible to  m ake a reasonable profit 
out of th e business.

A t  th e tim e of th is in vestigation , th e red m ixture 
in use b y  th e  donors of the H yd rolith  F ellow ship  
was supposed to  contain:

Saw- R ed T e rra  Infusoria
I n g r e d i e n t s : M agnesite d u st color C lay a lba  earth

Percentages 50 9 10 11 10 10

Som e v e ry  good floors were m ade from  th is com posi­
tion and again som e could not h a ve  been worse. In 
som e cases the floors expanded, w hile in other cases 
th e y  contracted  and cracked b ad ly . T h en , in certain  
of the floors, th e color faded decidedly, so th a t in a short 
tim e the appearance becam e v e ry  u n a ttra ctiv e .

. E X P E R IM E N T A L

T h e in vestigation  conducted b y  th e  au th or a t the 
M ellon In stitu te  of In d u strial R esearch  included
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overcom in g the change in color, o b via tin g  the exp an ­
sion and con traction , and reducing the cost in a n y  
leg itim ate w ay.

T h e first experim ents carried out were for th e de­
term ination  of th e correct am ount of m agnesite and 
m agnesium  chloride to  be used, the effect of different 
fillers, and the results of w orkin g sam ples in various 
w ays. R ed  colored m ixtures were used in th is series, 
w hich consisted of iooo  sam ples. A ll of th e m aterials 
en terin g into  the com positions were carefu lly  weighed, 
m ade up into  500-g. sam ples and th o ro u g h ly  mixed 
before th e addition  of th e  m agnesium  chloride so lu ­
tion, the stren gth  and am ount of w hich were also 
v e ry  a ccu ra te ly  determ ined.

T h e results of this series of experim ents showed 
th a t w ith th e fillers em ployed it w as n ecessary to  have 
present n ot less th a n  8 or 9 per cen t of m agnesium  
chloride and from  20 to 30 per cen t of com m ercial 
m agnesia. W hen an extrem ely  hard  and durable 
flooring com position  w as desired, still larger am ounts 
were required. In sam ples w here more th an  1 part 
of m agnesium  chloride w as em p loyed  to  3 parts of 
m agnesia, there w as a lw ays a ten d en cy  for th e excess 
of m agnesium  chloride to  com e to the surface.

In a num ber of experim ents, terra a lb a  w as th e only 
filler em ployed w ith  th e exception  of saw d u st; in others 
infusorial earth  was used, w hile in still others c la y  
w as the on ly  filler besides saw dust. T hese tests were 
carried ou t in p aralle l, i. e., each d a y  sam ples were 
m ade contain ing the sam e percentage of m agnesium  
chloride and m agnesite w ith  the sam e percen tage of each 
of th e different fillers. T h is was done for th e purpose 
of stu d y in g  the re lativ e  effect of each filler and to  ascer­
tain  w hether all acted  in the sam e m anner. T he 
o n ly  n oticeable differences were in th e sam ples in 
w hich c la y  and infusorial earth  were em ployed. Since 
these substances are ligh ter th an  te rra  alba, it was 
found th a t  th e sam ples covered m ore space th a n  those 
in w hich terra  a lb a  alone w as used. I t  w as also 
learned th a t, on accou n t of the greater b u lk  of these 
sub stances, th e y  hardened more slow ly  and in v a ria ­
b ly  ga v e  less hard sam ples th an  those in w hich terra  
a lb a  alone w as em ployed. T h e  terra  a lb a sam ples 
hardened first, those contain ing infusorial earth  next, 
and  th e ones w ith  c la y  last. C la y  q uite ap p reciab ly  
retarded th e settlin g  of th e cem ent.

D eterm in ation s were m ade of the least am ount 
of color which could be used to obtain  the desired 
shade. V a ry in g  am ounts of V en etian  red were em ­
ployed, and it w as ascertained th a t 10 to  12 per cent 
were n ecessary. D eterm in ations were also m ade of 
the greatest am ount of saw d u st w hich could be used 
to obtain  a floor w hich w ould not be liable to  expand 
or con tract and w ould y e t  be of sufficient hardness. 
I t  was found th a t sam ples con tain in g 6 to  8 per cent 
of saw dust were v e ry  hard  and did not im p art the 
proper resistance or e la stic ity  to  th e floor; b u t th a t 
sam ples w ith 10 to  12 per cen t, accordin g to  th e  other 
fillers used, were v e ry  sa tisfa cto ry . Sam ples con ­
ta in in g a higher percen tage of saw d u st hardened v e ry  
slow ly  and those w ith  from  16 to  20 per cent of th is 
m aterial were a lw ays quite soft a fter d ryin g. I t  was

foun d, how ever, th a t th is large am ount of saw dust 
could be used w ith  a d va n ta g e  in the under fibrous coat.

F ollow in g the com pletion  of th is prelim in ary w ork, 
th e au th or superintended the la y in g  of a floor of 550 
sq. ft., fo llow ing th e form ula w hich had given  the 
b est results in th e lab o rato ry  experim ents, th e com ­
position being:

I n g r e d i e n t s : M agnesium  M ag- Saw- Red T erra
chloride nesia d u s t color C lay  alba

P ercen tages  10 40 10 12 20 8

T h e m aterials ivere carefu lly  w eighed and  th o ro u g h ly  
m ixed, th e  d ry  m ixture was th en  in corporated  w ith  the 
calcu lated  am oun t of m agnesium  chloride solution  and 
w ater w as added un til the proper con sisten cy w as a t ­
tained. T h e  m ixing w as continued  un til all lum ps had 
disappeared and the m ixture w as then  applied over 
m etallic  laths. It hardened slow ly, b u t, when hard, it 
gave a perfect floor which exhibited  no ph ysical changes 
a fter the exp iration  of 6 m onths.

A  second series of experim ents w as ta k e n  up in order 
to  determ ine th e effect of different fillers upon the 
hardness, color and surface of the floor and th e effect 
of various com binations of fillers. I t  w as th o u gh t 
th a t such an in vestig atio n  would su p p ly  in form ation  
w hich w ould en able one to  select th e m aterials g iv in g  
b est results, and th a t if there w as no difference in the 
results ob tain ed  b y  th e em p loym en t of various fillers, 
the cheapest th ereof could be selected.

It  w as foun d th a t in sam ples con tain in g sm all 
percen tages of m agnesium  chloride and oxide, th e 
hardening occurred m uch m ore slow ly  th a n  when a 
greater percen tage of the a ctu al cem en ting m aterial 
w as used. In sam ples contain ing high percentages 
of te rra  alba, infusorial earth  or c lay , th e  difference 
in the tim e of settin g  was q uite n oticeable: w ith ou t 
exception, th e sam ples con tain in g terra  a lb a  hardened 
first, those con tain in g infusorial earth  n ext, and those 
filled w ith  c la y  last. In  sam ples w ith  higher per­
cen tages of cem en t, this difference w as n ot so p ro ­
nounced, b u t still it  could  be observed. In  all exp eri­
m ents w herein these ingredients were added as th e 
on ly m ineral filler, the terra  a lb a  sam ples w ere h a rd ­
est, and th ere was little , if an y, difference betw een  
th e c la y  and the infusorial earth  sam ples. I t  is, of 
course, a question  as to  w hether this hardness will 
cause a floor to  w ear longer th a n  a floor w ith more 
resilience w hich gives, rath er th a n  w ears. If, how ­
ever, such hardness is desirable, it can be atta in ed  
b y  using greater percen tages of cem ent w ith  th e  clay 
and infusorial earth . In  none of th e sam ples could 
a n y  ap p aren t ob jection  be foun d to  a n y  of the fillers 
in reference to  th e ir  effect on the surface. A ll sam ples, 
w hether con tain in g b u t one filler or all three, appeared 
to  g ive  th e sam e finish. It  was foun d, how ever, th a t 
w hen th e sam ples contain ed a large p ercen tage of c lay 
or infusorial earth , it w as n ecessary to use more color.

R egard in g th e  am ount of m agnesite and m agnesium  
chloride n ecessary, th e  results of th is series of exp eri­
m ents show ed clearly  th a t n ever m ore th a n  40 per 
cen t of m agnesite or 12 per cen t of m agnesium  chloride 
could be em p loyed. In  tests w here m ore th a n  these 
percen tages were used, a v e ry  hard  floor was obtained, 
w hereas th e  sm aller am ount g a v e  a sufficien tly  hard
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com position. T h e o n ly  sam ples "in th is series of ex­
perim ents w hich show ed a ten d en cy  to  develop p h y s­
ical defects were those which contained .high per­
centages of m agnesite and m agnesium  chloride. In 
ev e ry  case when the percen tage of m agnesium  chloride 
was more th an  one-third th a t of th e m agnesite, there was 
a ten d en cy for th e  excess chloride to come to  the surface.

In a th ird  series of experim ents an effort was m ade 
to s tu d y  th e relation  of the mass of com position to 
the volum e of m agnesium  chloride solution sufficient 
to  m ake a m ixture of th e proper consistency for la y ­
ing. T h is was considered im portant, since, in pre­
paring th e m ixture, th e  w orkm en in v aria b ly  used a 
sufficient am ount of m agnesium  chloride solution 
of a certain  degree B aum e regardless of th e actual 
m agnesium  chloride contained therein. F or exam ­
ple, it  w as cu stom ary  to  use a 21° Be. solution in 
sum m er and an 18° B e. solution in w inter. A cco rd ­
in g ly , solutions of these stren gths were used in the 
experim ents. T h e  solid constituen ts of the m ixture 
were m ade up  to  250 g. and to  these sam ples enough 
m agnesium  chloride solution was added to obtain 
the proper consisten cy for layin g. From  the am ount 
of solution required, th e  actu al w eight of th e m agne­
sium  chloride used w as calcu lated , and from  this the 
percentage of m agnesium  chloride in the finished prod­
u ct w as com puted.

T h e average am ount of m agnesium  chloride solu­
tion required for 32 sam ples of th is com position was 
178 cc. w ith  a m axim um  of 225 cc. and a m inim um  
of 160 cc. T h e  average am ount of m agnesium  chlo­
ride added in per cent was 1 1 .1  for th e 18 0 Be. solution 
and 13 .3  for th e 21° Be. solution. T h e m axim um  
percen tage required for th e 18 0 Be. solution was 
13 .8  and th e  m inim um  10 .2 . It  was found th a t 
m ixtures con tain in g a large am ount of c lay  or saw ­
dust required enough of th e m agnesium  chloride solu­
tion in m ixing to  bring the percentage of m agnesium  
chloride ab ove th e 1 : 3 lim it; in such sam ples it was 
found th a t there w as a lw ays a ten den cy of th e floor 
to w arp on stan din g.

These experim ents dem onstrated th a t, in order to 
obtain  th e  b est results, the stren gth  of the m agnesium  
chloride solution  should be know n and ju st sufficient 
of it should be added to  secure th e correct percentage 
of m agnesium  chloride w ith  enough additional w ater 
to obtain  th e proper consistency.

In connection  w ith  the third  series of experim ents, 
slate was used as the coloring m aterial, b u t it  was 
fo u n d -to  g ive  v e ry  uncertain  results. T a lc  w as also 
tried as a filler and it w as found th a t, when used in 
m oderate am ounts, it  aided greatly  in g iv in g the 
floor a luster when prop erly  trow eled; m oreover, 
the tests show ed th a t  it sligh tly  decreased the absorp­
tion of th e m aterial. W hen too m uch ta lc  is used, 
how ever, it co n stan tly  com es to  the surface, especially 
after the sam ple is washed and allow ed to  d ry  slow ly. 
Some experim ents w hich were made to  determ ine th e ' 
largest am ount of saw d u st th a t could be used, showed 
th a t the greatest th a t could be safely  and successfully 
em ployed was 15 per cent. In these sam ples, it was 
necessary n ot to  h ave an excess of m agnesium  chloride,

for bad w arpin g occurred when too m uch w as used- 
Sand was also experim ented w ith  as a filler and i t  
was found th a t a ve ry  hard  com position  resu lted  
w ith a large percen tage of sand. W hile it is d ifficu lt 
to obtain  sand of such fineness as to perm it of the p ro­
duction  of a v e ry  sm ooth surface, it aids in producing 
a hard durable floor.

T h e results of ten other experim ental series m ay 
be briefly noted. E fforts to find a su b stitu te  for 
V en etian  red established the fa c t th a t while h em atite  
of desired color w ould cost, when using 25 per cent 
of color, a t least tw o-th irds as m uch as V en etian  
red, the color obtained was one th a t did not m eet 
w ith  general approval arid tw ice as m uch w as re­
quired to  produce th e  sam e color in ten sity  as th a t 
im parted  b y th e  prepared color. In connection  w ith 
reducing th e  cost of th e color, abou t 30 sam ples were 
m ade in w hich aniline dyes were used: none of these 
retained their color for a n y  len gth  of tim e.

In one series in w hich v a ry in g  am ounts of saw d u st 
and asbestos were used, it was found th a t  when used 
in too great quan tities, asbestos interfered som ew hat 
w ith  th e trow eling; the results obtained indicated  
th a t not more th an  5 per cent of asbestos should be 
em ployed, since greater am ounts interfered  w ith  th e 
p roduction  of a good surface.

A  series of experim ents w as carried ou t for th e p u r­
pose of stu d y in g  th e effect of adding oil to  th e com ­
position and then  com parin g th e absorption  of sam ­
ples m ade from  different fillers. T h e sam ples were 
all m ade on the sam e d a y  and an a ttem p t w as m ade to 
trow el each sam ple in th e sam e m anner. In  th e 
sam ples in w hich oil w as used, th e oil w as th o ro u g h ly  
m ixed th erew ith , and then these sam ples were b rough t 
to th e proper consisten cy b y  th e use of a calcu lated  
am ount of concen trated  m agnesium  chloride solu­
tion  and w ater. T h e sam ples were allow ed to  stand 
one week and then a part of each sam ple w as used 
for an absorption test. T he sam ples were w eighed, 
im m ersed in w ater for 24 hrs., and rew eighed. These 
sam ples were then placed aside for 4 m os., w eighed, 
im m ersed in w ater, and then rew eighed. T h e  abso rp ­
tion w as not proportional to  th e am ount of oil used, 
b u t, after the sam ples had stood for som e tim e, th e y  
all absorbed more w ater, w ith the exception  of those 
in which linseed oil was used. T hese showed no 
indication  of oil on th e surface, while those in w hich hard 
m ineral oil was used possessed an oily  appearance. 
T h e results indicated  th a t  the m agnesium  linoleate 
acted  as a binder betw een the particles, th u s low ering 
the absorption. T h e sam ples in w hich a sm all am oun t 
of oil was used were sufficien tly  hard; b u t, when a 
large am ount of oil was em ployed, several m onths of 
stan din g were n ecessary for the sam ples to  becom e sa tis­
fa cto ry  in th is respect. T h e sam ples w ith ou t oil faded  
b ad ly  a fter th e  absorption test, w hile little  change 
could be observed in the color of the sam ples w hich 
contained oil. In va ria b ly , th e  sam ples con tain in g 
oil set more slow ly.

E xperim ents were conducted  w ith  th e o b ject of 
reducing th e  cost of th e com position b y  em p loyin g 
other m aterials w ith reduced am ounts of m agnesite.
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P ortlan d  cem en t-m agnesite m ixtures had a bad 
color, absorbed a large am ount of w ater and shrank 
on dryin g; in general, th e y  resem bled more closely 
th e  cem ent th a n  th e  com position  floors. P laster of 
P aris ga v e  com positions w hich dusted  b ad ly , lacked  
hardness, and set too q u ick ly . L ikew ise, gyp sum  
w hich had been heated to  400° C . gave sam ples w hich 
set too q u ick ly  and were no harder than, the sam ples 
m ade from  ordin ary  p laster of Paris. Sam ples - p re­
pared w ith  th e  addition  of a cem en t m ade of m olecu­
lar q uan tities of m agnesia, m agnesium  sulfate and 
p laster of P aris, said to  form  a w hite, q u ick-settin g  
stron g cem ent, also set quite q u ick ly  and were v e ry  
hard, b u t th e  m aterial rubbed off easily.

In th e effort to  find the m aterial which would 
be a su itab le binder for fillers or one th a t could well 
be used as a surface m aterial, a num ber of experim ents 
were m ade w ith  asph alt, “ R e d m a n ite ,”  gelatin -glycero l 
m ixtures, “ G a la lith ,”  viscose and vegetab le  resins. N o 
results of com m ercial im portance were obtained.

F in a lly , it m ay be m entioned th a t in 1912 a sec­
tion  of a floor, 12 ft. b y  16 ft., w as laid  in a fa cto ry  
room  w hich w as in  con stan t use; th is floor w as put 
dow n in th e center of th e room  and was su b jected  
to  a great deal of w ear. It was scrubbed ev e ry  d ay 
w ith  a lkalin e cleansing m aterial and hot w ater. A t 
th e  end of 7 mos. th e floor was reported  to be en ­
tire ly  set and as good as terrazo . F u rth er experience 
w arran ted  th e conclusion th a t th e flooring, th e  com ­
position of w hich w as id en tical w ith  th a t laid  in 19 11 , 
n oted above, w as more desirable th an  a floor con­
stru cted  from  a hard, nonpliable, h igh ly  con d u ctive 
substance like  terrazo.

P R A C T IC A L  C O N C L U S IO N S

T h e successful w orkin g of com position flooring of 
th e ty p e  considered does not depend en tire ly  upon 
th e chem ical com position, b u t also upon th e.m ech an ical 
m anipulation. T h e  exercise of con stan t care is neces­
sa ry  in la y in g  th e floor and con sequ en tly  on ly  skilled 
w orkm en should be em p loyed  in p ractice; in p a rticu ­
lar, com position  flooring should not be over-trow eled, 
and th e necessary precaution s should  a lw ays 'be ta k en  
in la y in g  floors over surfaces w hich are su b jected  to 
h eat. T h e  com position should be depen dent upon 
the uses to  w hich th e  floor is to be p u t; b u t a form ula 
is given  w hich, when su ita b ly  m odified along th e  lines 
in d icated  and ex p ertly  used, w ill com p ly  w ith  th e con ­
ditions u su ally  encountered  in practice.

M e l l o n  I n s t i t u t e  o p  I n d u s t r ia l  R e s e a r c h

P it t s b u r g h

EM U LSIFIED  O R CUT PETR O LEU M
By C h a r l e s  K . F r a n c is  

Received A pril 25, 1916
A  large q u a n tity  of .em ulsified  or “ c u t”  oil is pro­

duced from  m an y w ells in th e C ush in g pool of O k la ­
hom a. Som e of th e pipe lines h ave refused to  accep t 
th is oil claim ing th a t it contain s too m uch sedim ent 
w hich does not sep arate well on stan din g, and the 
refineries com plain th a t it has a  b ad  action  on the 
stills.

I t  is th e  a u th o r’s inten tion  to  present p a rt of the 
d etails of an in vestig atio n  w hich w as u n dertaken

for th e purpose of determ in ing the n ature of these 
em ulsified oils and to su ggest m ethods for prop erly  
trea tin g  them .

T h e  oil selected  for special s tu d y  was produced 
from  the B artlesv ille  sand and had a specific g r a v ity  
of 0.8279 (39 -lC B e.). A fter 10 min. in th e cen tri­
fuge, w hich m ade 1450 r. p. m ., th e  to ta l residue a p ­
peared to be 1.6 per cent. Subsequen t exam in ation s 
proved  th a t th is residue contain ed b u t a v e ry  sm all 
am ount of solid m atter, th e larger p a rt being w ater. 
T h e  solid sub stance consisted of m inute p articles 
w hich, when m easured under th e m icroscope, were 
found to  v a r y  from  V-ioo mm . to  V20 mm. in diam eter, 
or from  98 m illionths to 19 ten -th o u san d th s of an inch.

A  portion  of th e oil was filtered  and w ashed w ith  
casing head gasoline, g r a v ity  84° B e. T h is  tr e a t­
m ent left an in s o lu b le . residue, eq u iva len t to  0.505 
per cen t, consisting of 0.277 Per cen t n on volatile  
m ineral m atter and 0.228 per cen t organic and vo latile  
substances.
A n a l y s is  o p  R e s i d u e  p r o m  C u t  O i l  p r o m  t h e  B a r t l e s v il l e  S a n d  

S u b s t a n c e  P e r  c e n t  B a s e d  o n
R esidue Oil

S a n d ........................................ 2 .6 9  0.007
G yp su m ................................. 13.35 0.037
Calcium  ch lo ride ...............  7 .60  0 .019

, M agnesium  ch lo ride   0.91 0 .002
S a l t .........................................  75.45 0 .209

T o ta l ......................... 100.00 0 .274

T h ere is b u t a trace, less th a n  0.5 per cent, of w ater 
in this oil, so th e  q u a n tity  of salts present is more 
th an  sufficient to  sa tu rate  it.

T h e  com m on m ethod for te stin g  an oil for suspended 
m atter, a t  th e  well or w hile in th e  sto ck  ta n k , is- to 
place som e of it  on a piece of glass and th en  look th rough  
it w hile holding it  to  th e ligh t. A n  experienced 
gauger can b y  m eans of th is sim ple m ethod quite 
a ccu rate ly  estim ate th e q u a lity  of an o rd in ary  oil, 
bu t th e te st gives no p o sitive  in form ation  concerning 
th e n ature of a n y  sedim ent w hich m ay be detected . 
Som etim es p articles of w ater and gas m a y  be th o u gh t 
to  be m ineral m atter; indeed, such m ixtures often 
h ave th e appearance of suspended m ineral m atter. 
Oils hold ing w ater and gas in suspension soon settle , 
w hereas oils tru ly  cu t or em ulsified h ave been allow ed 
to stan d  for w eeks w ith o u t clearing sa tisfa cto rily .

T h e n atu re of a n y  su b stan ce held in suspension in 
petroleum  m ay be q u ick ly  determ in ed b y  m eans of 
a m icroscope. G ood oils are represented in Figs. 
I and II— th e predom in atin g ob jects  are w ater and 
gas; b u t, under the sam e m agn ification  of th e  m icro­
scope, a cu t oil, th a t  is, em ulsified, w ill appear as 
show n in F igs. I l l  and IV . T h e  m ineral m atter in 
these oils is ch iefly  com m on salt. In  F ig . V  several 
of the more prom inent cry sta ls  of th is sub stance are 
in dicated  b y  an X  beneath . T h is p h otograph  illus­
trates how  th e m aterial show n in F ig . I l l  changed 
th rou gh  evap o ratio n  w hile exposed to  th e air for a 
few  m inutes, and brings out th e ch aracter of th e  m ineral 
m atter. In th e low er righ t-h an d  corner of th e  ph oto­
graph a cry sta l of sa lt m ay be seen encased in a globule 
of w ater.

T h e  analysis and th e  m icroscopical exam ination  
confirm  each other as to  th e  n atu re  of th e  solid m aterial 
present in th is oil. T h e  am ou n t of m ineral residue,



0.2 per cent, is su rprisin gly  sm all when com pared 
w ith  th e  1.6 per cen t found b y  m eans of the cen tri­
fuge, w hich is so exten siv ely  used for m aking this 
test. A  residue of 0.2 per cent would not be sufficient 
to cause th e oil to be rejected  b y  the average gauger 
representing th e  pipe line, b u t the chem ical properties 
of the salts are v e ry  serious if their behavior when
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M a n y  experim ents h ave been m ade to devise a 
m ethod which will cause em ulsified petroleum  to  sep ­
arate. A  p atented  process has been d escrib ed1 b y  
A . T . B easley  which is being used in C alifornia, con­
sistin g of a com bination  of e lectricity  and hot w ater. 
“ T h e action  of th e e lectricity  is to  create a v e ry  stron g 
electro static  field in w hich the in fin itely  sm all particles
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heated  is considered. T h e w ell-know n action  of 
chlorides, esp ecially  m agnesium  chloride, in boiler 
w aters m ay be used to  illu strate this:

M gCl» +  H 20  =  M gO  +  2HCI 
H ydroch loric acid (H C 1) m ay be form ed in the sam e 
w ay, certain ly  to  som e exten t, when calcium  chloride 
is heated. T h e  scale form ing and corrosive action

o f w a te r  w ill be fo rm e d  in to  ch a in s  fro m  e le c tro d e  
to  e le ctro d e . I f  th e  v o lta g e  be s u ffic ie n tly  h ig h  th e  
fine film s of n o n c o n d u c tin g  oil b e tw e e n  th e  w a te r  
p a rtic le s  w ill b e  p u n c tu re d , b rin g in g  th e  e n tire  ch a in  
to g e th e r  in  th e  fo rm  of one c o m p a r a t iv e ly  la rg e  d ro p . 
T h is  d rop  is n ow  fre e  w a te r  a n d  is d e p o s ite d .”  T h e  
s y s te m  is co m p o sed  of th ree  u n its— a w a te r  tra p ,

F ig . I X 83 F i g . I I  X 372
G o o d  O i l — S h o w in g  W a t e r  a n d  G a s

F ig . I l l  X 83
E m u l s i f ie d  O il — S h o w in g  W a t e r  a n d  M i n e r a l  M a t t e r

F ig . IV  X 372

of the group of salts reported in the analysis has often 
been a grave m atter in steam  boilers; so then, oils 
containing them  w ould  in a short tim e seriously 
injure th e  condensing tubes and the stills in the re­
finery. On a basis of 4000 bbls. of oil treated  each 
day, th e am ount of sa lt accum ulatin g d a ily  w ould be 
2400 lbs., ab ou t 240 lbs. of calcium  chloride and 24 
lbs. of m agnesium  chloride.

an electrical treater, and an a u to m a tic  oil and w ater 
separator. T h e oil in th e trea ter is m ain tained  a t 
a tem perature, w hich m ay v a r y  w ith  th e v isco s ity  of 
the oil and th e w eather conditions, b y  m eans of a 
steam  coil. N o doubt the h ea t has m uch to  do w ith  
th e b reaking dow n of th e oil globule when th is m ethod 
is used.

1 Oil Age, April, 1911; see Redwood. 1, 318.
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In th e O klahom a fields it is th e com m on p ractice  
to  tre a t th e em ulsified oils w ith w ater, th e tem peratu re 
of w hich  is m aintained a t 8o to  125° F ., depending 
upon th e q u a lity  of th e oil and th e w eath er con­
ditions. T h is trea tm en t is conducted  in a ta n k  
(F ig. V I ) , placed betw een the flow ta n k  and th e stock  
tan k s. I t  is sim ply one un it in addition  to  th e usual

P i g . V X 83 
S a l t  in  E m u l s i f i e d  O il

equipm en t on a lease. T h e  illu stration  in dicates all 
the essential features of th is m ethod. T h e flow of 
oil is continuous, being controlled  so th a t a co n stan t 
stream  is d istributed  upw ard  th rough  th e  w arm  w ater, 
passing out to  th e stock  tan ks.

M a n y  sam ples of crude oil from  th e C u sh in g field, 
w hich h ave been exam ined here, h a v e  had an in itia l 
boiling poin t of 130° F .; hence th is  trea tm en t, even

when conducted a t th e higher tem p eratu re , should 
not seriously  affect the g r a v ity  of th e  oil.

T here is a large q u a n tity  of salt in som e w ells in 
th e C ush in g pool, and it is th is substance, as noted 
ab ove, w hich is m ain ly th e cause of th e  em ulsified 
oils. In the w arm  w ater trea tm en t, th e sligh t ex ­

pansion causes th e  b reakin g of th e oil film ; then  the 
fine particles of sa lt are dissolved b y  th e extra  w ater 
present and carried to  th e b otto m  of th e  sto ck  ta n k  
w ithin  a short tim e after th e  trea ted  oil is delivered  
there. Som e sa lt is rem oved b y  the w ater during the 
trea tm en t, con sequen tly  th e w ater in th e trea tin g  
ta n k  should be renew ed occasion ally  or it  m a y  becom e 
sa tu rated  w ith th e sa lt and h ave no action  on th e oil 
being passed th rough  it.

O k l a h o m a  A g r i c u l t u r a l  a n d  M e c h a n ic a l  C o l l e g e  
S t il l w a t e r

TH E D E C O M P O SIT IO N  OF H YD R O CA R BO N S AND T H E  
INFLUENCE OF H YD R O G EN  IN CARBURETED 

W A TER  GAS M ANUFACTURE
By M . C. W h i t a k e r  a n d  E. H . L e s l i e  

Received June 1, 1916

{Concluded from  our previous issue)

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

F igs. 9 to  14 in d icate the proportions of th e various 
com ponents obtained  w hen th e  oil w as decom posed 
alone. F ig . 9 shows th a t  at 6 21° C . th e gases are 
com posed of ab ou t 10 per cen t h yd rogen  a t all oil 
rates ab ove 5 cc. per m inute. T h e reactions w hich 
con trib u te  to  th e form ation  of th is hydrogen , nam ed 
in order of th eir probable im portan ce, are:

(/) c ,H c C2H, +  H ,
(2) C,H., ^  C 2H , +  Ho
(3) C H 4 — ^ C  +  2H2
(4) C,H> — >  2C +  Ho

T h e  conditions are those w hich are know n to  be 
fa vo ra b le  to  th e condensation  of acetylen e. T h e 
m ethods for th e determ in ation  of acety len e  are so 
u n satisfacto ry  th a t  no effort w as m ade to  determ ine 
th e proportion  of a cety len e in th e  gases form ed. 
O ther in vestig ators h ave found th e  am oun t sm all in 
sim ilar experim ents.

T h e rapid increase in th e proportion  of hydrogen 
w ith  decreasing oil rates below 5 cc. per m inute is 
th o u gh t to  be due to  a m arked increase in th e exten t 
to  w hich reactions (3) and (4) ta k e  place. A t 723° C. 
o n ly  a s lig h tly  larger proportion  of hydrogen  is form ed 
th a n  a t 6 21° C ., in d icatin g th a t  reactions (3) and (4) 
do n ot becom e rapid  up to  th is tem peratu re . A  very  
m arked increase in th e hydrogen  production  takes 
place w hen th e tem peratu re is e leva ted  to 825° C ., 
chiefly due to  an increase in reactions (3) and (4), as is 
ev iden ced  b y  th e v e ry  large am ou n t of free carbon 
w hich w as liberated  and w hich tended to  stop the 
fu rn ace tu b e. N o troub le w as occasioned b y  this 
carbon  deposition a t 621 or 72 3 0 C.

F ig . 11 shows th e proportion  of illum in an ts, or com ­
ponents rem oved "by 20 per cen t fu m in g sulfuric acid, 
in th e oil gases m ade at the three tem peratures. T he 
percen tage of illum in an ts is h igh est in th e  gases made 
a t 6 2 1° C . a t all oil rates, and rem ains p ra ctica lly  
con stan t a t 52 per cent a t a ll oil rates ab o v e  10 cc. per 
m inute. T h e proportion  of illum in an ts form ed at 
72 30 C. is higher th a n  a t 825° C . excep t possibly  at 
h igh oil rates. I t  is th o u gh t, how ever, th a t  th e  pro­
portion  of illum in an ts a t high oil rates w ould not be 
g re a tly  different a t an y of these tem peratures.



Aug. ,  1916 T H E  J O U R N A L  OF 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 685

T h e fa ct th a t th e proportion  of illum inants is low er, faster speeds of such reactions as C 2H4 — >- C  -j- C H j 
the higher th e tem peratu re at m oderate to low  oil and C 2Hc +  H ; 2C H 4.
rates, is due to  the secon dary reactions of these hydro- I t  m ight reasonab ly be exp ected  th a t th e percentage 
carbons. E th y le n e  is decom posed into carbon and of saturateds in th e gases w ould be greater a t 825° C.
m ethane to som e exten t. C ondensation  to naphthenes th an  a t 72 30 C ., b u t it  can be seen from  F ig. 10 th a t
takes place. A t  these low  oil rates the proportion  of th is is n ot the case. A t low  oil rates th e proportion
hydrogen  present is considerable, and the higher th e of saturateds is low er a t 825° C. th a n  a t 72 3 0 C.
tem perature the higher th is percentage. H ence it  T h is is chiefly due ■ to the fa ct th a t the reaction

Oil R a te  - cc. p e r  minutem in u teOH R a te  - cc.

r  m inuteOH R a te  - cc,. p e r  m in u te

Oil R a te  - cc. p e r  m in u te  ----- -

would be exp ected  th a t  h ydrogen ation  reactions such 
as C 2H 4 +  H 2 C 2H 6 and C 2H 4 +  2H , ^  2CH4 
would ta k e  place.

The relation  betw een th e proportions of satu rated  
hydrocarbons form ed at different tem peratures is 
shown in F ig . 10. I t  can be seen th a t th e proportion 
of saturateds in th e  gas is higher a t 7230 C . th an  at 
621° C. at all oil rates. T h is no doubt is due to the

Oil R a t e  - cc. p e r  m inute  -

C H 4 — >■ C  +  2H 2 has an appreciable v e lo c ity  a t th is 
tem perature. A s the oil rate increases it w ould be 
reasonable to expect th a t th e effect of th is reaction  
w ould be less and less. H ow ever, th e  d ivergen ce be­
tw een  th e 825° C . cu rve  and th e 72 3 0 C. cu rve b e­
com es greater th e faster th e  oil rate. T h is sta te  of 
affairs is a p p a ren tly  due to  th e superim posed effect of 
another reaction. W hen the high paraffin  h y d ro ­
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carbons first b reak  down under these conditions the 
chief products are low  m olecular w eight paraffin 
h ydrocarbon s and high m olecular w eight olefins. A t 
621 and 723 0 C. a considerable proportion  of the 
high m olecular w eigh t olefins form ed pass on through 
th e tu b e into th e tar. T h e tars were larger in am ount 
th e low er th e tem peratu re , and when th e ta r  curves 
are studied  it will be seen th a t there is not a m arked 
difference betw een  the ta r  form ation  a t 621 and 
7230 C . b u t th a t a considerable difference is found at 
825° C . These low  tem p eratu re tars were trea ted  
w ith  concen trated  sulfuric acid  in th e cold, and it  was 
found th a t 20 to  25 per cent b y  vo lu m e w as rem ovab le in 
this fashion, th e greater portion of w hich w as d o u b t­
less olefins of high m olecular w eight. A t  825° C . the 
effect of th e heat is sufficient to  b reak  dow n these 
higher olefins a lm ost com p letely. In th e process 
eth ylen e and propylen e are form ed in large q u a n tity  
w ith the result th a t  th e p ercen tage of satu rated  
hydrocarbon s drops. T h e proportion  of illum in an ts 
and satu rated  h ydrocarbon s present in th e gases at 
825° C . is grea tly  low ered on accou n t of th e high 
percen tage of hydrogen  present in these gases.

F igs. 12, 13 and 14 show th e relations betw een the 
com ponent illum in an ts, satu rated s, and hydrogen  
at th e tem peratures 621, 723 and 825° C ., re­
sp ective ly . Of all th e proportions of these com ­
ponents those a t th e high oil rates a t 6 2 1° C . m ost 
n early  represent the p roducts of th e p rim ary decom ­
position of the oil. T h e hydrogen  is largely  th e re­
su lt of secon dary reactions. If th e  illum in an ts and 
satu rated s are calcu lated  to  a 100 per cent basis th e 
proportion  is 58 per cent illum in an ts and 42 per cent 
satu rated s. Such a ratio  as th is w ould be expected  in 
th e reaction  if the prim ary decom position of the 
paraffin w as:

C kH2m + 2 — C« — 1H2« — 2 +  C H 4 
P araffin  Olefin

and if then, th e  high m olecular w eigh t olefins in part 
broke dow n to  low er olefins.

T h e m echanism  of th e  reactions a t w ork can be 
ju d ged  som ew hat from  a consideration  of th e relations 
betw een th e curves for th e percen tages of illum in an ts, 
satu rated s, and hydrogen . T h u s, in F ig. 12, if it is 
assum ed th a t  th e illum in an ts are chiefly eth ylen e and 
th e satu rated s la rg e ly  m ethane, it can be seen th a t  the 
norm al form ation  of eth ylen e is 52, th a t of m ethane 
39, and th a t  of hydrogen  10 per cent.

C onsider th e proportions in th e gas a t an oil rate 
of 2.5 cC. per m inute. T h e y  are eth ylen e 34, m ethane 
50, and hydrogen  16 per cent. T h e decrease in 
eth ylen e has been iS  per cen t on th e basis of th e to ta l 
gas. If th is had been due to  the reaction  C2H4 — > 
C  +  C H 4 th e m ethane should h ave increased iS  per 
cent on th e basis of the to ta l gas. In  fa c t it increases 
on ly 11 per cent.

T h e hydrogen  increases 6 per cen t on th e to ta l gas 
basis. If  th is were due to  th e reaction  C H 4— >- C  +  2H5 
a 3 per cent decrease in th e m ethane should h ave taken  
place. B u t as has been seen, other reactions also g ive 
rise to  hydrogen. A ssum ing, how ever, th a t th e  ab ove 
reaction  was the sole change of th is sort, on ly  14 per

cent out of the 18 per cent increase in m ethane w hich 
should h ave been found, had th e eth ylen e reacted  
en tirely  w ith  form ation  of carbon and m ethane, w ould 
be accoun ted for. H ence th e ethylen e m ust be re­
m oved in other w ays, for exam ple, b y  th e condensation 
to  naphthenes.

I t  is n ot probable th a t th e 6 per cen t increase in th e 
hydrogen  is en tirely  due to th e decom position  of 
m ethane. D eh ydrogen ation  of n aphthen es, d issocia­
tion  of eth ylen e and ethan e, etc., m ay give rise to 
hydrogen . T hen , too , n ot all th e m ethane form ed 
com es from  the decom position  of eth ylen e. D eco m ­
position of higher olefins in such a m anner as

C H 3.C H 2.C H 2.C H = C H 2 — >
C H 4 +  C H o = C H —  C H = C H 2

and hydrogen ation  of olefins, C 2H 4 +  2H2 ,■ > 2 C H 4, 
m ay contribute.

A sim ilar argum en t m ay be w orked ou t for the rela­
tion  betw een  the illum in an ts, satu rated s, and hydrogen  
at 723 and 823° C.

T h e m arked decrease in illum in an ts w ith  decreasing 
oil rates a t 825° C. is notable. N o corresponding 
increase in satu rated s takes place. I t  is ap p aren t 
from  th e  high percen tage of hydrogen  th a t m ethane 
is decom posing exten sively  into carbon and hydrogen.

P R O P O R T IO N  OF IL L U M IN A N T S  A ND SA T U R A T E D  

H Y D R O C A R B O N S

In order th a t  th e  effect of hydrogen  on th e  com ­
position of th e gases as regards illum in an ts and sa tu ­
rated  hydrocarbon s m ay be seen, F igs. 15, 16, 17, 18 
and 19 are shown. T hese curves were draw n by 
calcu latin g  th e illum in an ts and sa tu rated  h yd ro ­
carbons to a basis of 100 per cent. In  th is m anner the 
proportions of th e t^ o  classes of com pounds can be 
seen.

It  m ight be expected  th a t  h yd rogen ation  reactions 
w ould p la y  an im p ortan t p a rt and th a t th e proportion  
of satu rated  h ydrocarb on s w ould be higher in th e oil- 
gas-hydrogen  runs th an  in th e  stra ig h t oil-gas runs. 
I t  w ill be shown later in th is paper th a t  h yd ro gen ation  
does ta k e  place to a considerable exten t.

I t  should be noticed th a t  a t low  tem p eratu res the 
presence of th e  hydrogen  has no influence on the 
re lativ e  am ounts of illum in an ts and satu rated  h yd ro ­
carbons a t high oil rates; i. c.. its presence has little  
effect on th e m echanism  of the p rim ary decom position 
and th e ea rly  stages of the secon dary decom position. 
B u t a t low  oil rates w here th e gases are exposed to  the 
effect of heat for a longer tim e, and w here extensive 
secon dary and te rtia ry  changes ta k e  place, the hydrogen 
has a considerable influence a t tem p eratu res of 723 
and 825° C . A t  6 21° C . th e  influence of the hydrogen 
is not m arked.

It will be rem em bered th a t  the first reaction  under­
gone b y  a paraffin h yd ro carb on  when it is th erm ally  
decom posed is th a t w hich gives rise to  a high m olecular 
w eight olefin and a low  m olecular w eigh t paraffin. 
I t  is probable th a t th e higher th e m olecular w eigh t of 
an olefin th e m ore readily  it is h yd ro gen ated .

If th e high m olecular w eight olefins are h yd ro ­
genated, paraffins w ould be form ed. T hese would
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again  decom pose into long chain olefins and low 
m olecular w eight paraffins. T his sequence of re­
actions“ m a y be represented as follow s:

C „ _ , H 2„ _ 2  +  C H ,
Olefin 

- C „ — i H 2„
Paraffin 

C n — 2H2« — 4 +  CH.|
Olefin

T h e net result of such a sequence of reactions would 
be an increase in th e proportion  of paraffins in the

C nH 2n + 2 '
P araffin

Cn — 1 H 2n — 2 +  Ho 
Olefin 

C „ — 1H2,! •
P araffin
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gas. B u t as can be seen in the figures, th e proportion 
of paraffins is less in the cases of the hydrogen-oil 
gases. H ow ever, a t  high oil rates where secondary 
reactions are not so im portant, and in the series of 
runs at 825° C . where the concentration  ratio was

3II2 : 1 Gas (F igs. 17 and 19), th e proportion  of 
satu rated  hydrocarbons is greater in the hydrogen-oil- 
gas runs. It  is probable, therefore, th a t  th e ab ove 
reactions ta k e  place in all cases b u t th a t th e effect of 
the hydrogen at low  oil rates on th e exten sive secon d ary 
changes is so great th a t  the result of the hyd ro gen ation  
is m asked.

A p p a re n tly  the low  m olecular w eight olefins are not 
h ydrogen ated  to  a large exten t, for were this th e  case 
th e proportion  of satu rated  hydrocarbon s present 
w ould be g rea tly  increased. T h is is n ot the case.

T h e increase in the proportion  of olefins in the 
h ydrogen-oil-gas runs at low rates of oil feed m ay be 
accoun ted for in tw o w ays:

(1)— T h e effect of the hydrogen m ay be to  increase 
those reactions w hich give rise to olefins.

(2)— T h e effect of the hydrogen m ay be to retard  
those reactions which tend to rem ove or d estroy the 
olefins.

T he largest proportion  of the eth ylen e and propylene 
present com es from  the direct sp littin g  up of high
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m olecular w eight olefins. If an olefin of fa ir ly  high 
m olecular w eight m ay be used to  illu strate , th is re­
action  m ay be represented:
C H 3CH >CH 2C H = C H 5— s -C H 3C H = C H 2 +  c h 2= c h 2 

It  will be noticed th a t th e result is an increase in
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volum e. T h e equilibriu m  point of th e reaction  w ould  
therefore be shifted  b y  a d im inution  of pressure in 
such direction as to fa v o r  the production  of eth ylen e 
and propylene. T h e in trod u ction  of, hydrogen  has the 
sam e effect as a reduction  in pressure, and would 
therefore have a sim ilar effect on th e equilibrium .

C h ief am ong th e  reactio n s w hich rem ove olefins
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such as eth ylen e and p rop ylen e are condensation  
and decom position. These reactions m ay be rep­
resented as 3C2H4 — >  CcHio and C 2H j — >  C +  C H j.

T h e presence of th e hydrogen  w ould  displace th e 
equilibrium  point of the first of these reactions in 
fa vo r of the ethylene. T h e la tter  reaction , in so far

as th e influence of volum e relationships on th e eq u ilib ­
rium  point is concerned, w ould n ot be affected.

W hether th e displacem en t of th e  equilibrium  points 
in a n y  of these reactions is sufficient to  be w o rth y  of 
m ention can not be said. In no case is the equilibrium  
condition  a tta in ed , b u t th e  speeds of th e various re­
actions w ould depend on th e difference b etw een  the 
actu al condition  of th e system  and the equilibrium  
condition; hence a n y  displacem ent of th e  equilibrium  
point w ould be im portant.

T h e increase in th e proportion  of olefins m ay be 
looked upon from  another angle. W hen hydrogen  is 
introduced  along w ith  th e  gas th e  tim e of co n tact of 
th e gas w ith  th e heated  tu b e  is dim inished, due to  th e 
increase in the to ta l volum e passing in un it tim e. If 
it  is th e case th a t  th e reactions w hich giv e  rise to the 
olefins eth ylen e and p rop ylen e are fa ir ly  rap id , w hile 
those w hich destroy th em  are slow er, th e sum m ation al 
effect of an increased gas rate  w ould be an increased 
proportion  of olefins. T h a t th e speed of th e re­
actions w hich produce olefins is fa irly  great can be 
seen b y  reference to  F ig . 22, w hich shows th e mean 
m olecular w eight of th e olefins form ed a t 825° C . 
T h e m ean m olecular w eigh t lies betw een 30 and 34. 
T h e  m olecular w eigh t of eth ylen e is. 28, w hile th a t of 
prop ylen e is 42. T h e  proportion  of olefins higher 
th an  prop ylen e can not be great, therefore, and it 
w ould seem  th a t th e y  b reak  dow n larg e ly  to  eth ylen e 
and prop ylen e. T h a t th e  reactions w hich cause a 
rem oval or destruction  of eth ylen e are on ly m oderate 
in speed has been seen under the discussion of the 
reactions of eth ylen e in th e firgt p a rt of this paper.

T h is la tter  exp lan ation  appears m ore probable than  
th e one concerning th e d isplacem en t of th e  eq u ilib ­
rium  points of reactions; how ever, b oth  of these 
effects m ay be concerned in th e production  of th e  re­
su lts observed.

It  w ill be noticed th a t th e  tw o  different hydrogen  
concen trations produce sim ilar results a t 72 30 C. b u t 
th a t a t 825° C . th e proportion  of olefins is m uch 
higher when the concen tration  ratio  is 211« : 1 Gas. 
T h e  rath er large difference in th is last case indicates 
th a t th e chief effect of th e hydrogen  is due to  its 
cu ttin g  dow n th e tim e of h eatin g, for at 825° C . the 
decom position  of th e  higher olefins to  eth ylen e is 
doubtless v e ry  rap id , and takes place exten siv ely  in 
spite of th e reduced tim e of heatin g in th e hydrogen - 
oil-gas runs.

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

C alcu latio n s from  th e a n a lytica l d ata  show th a t a 
considerable absorption  of h yd rogen  ta k es  place when 
th e oil is cracked  in an atm osphere of this gas. H aber 
was of th e opinion th a t  th e  oil produced no hydrogen 
b y  its own decom position  when it w as cracked  in an 
atm osphere of hydrogen . On th e other hand, it m ight 
be assum ed th a t there w ould be as m uch hydrogen  
produced under these conditions as when th e oil w as 
cracked  alone. T hese tw o assum ptions offer tw o  bases 
on w hich th e absorption  of hydrogen  m a y be calcu ­
lated.

(I)— If no h yd rogen  is produced b y  th e crackin g 
of th e oil, th e hydrogen  absorption  per cc. of oil w ould
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be eq ual to  the difference betw een the h yd rogen  added 
and th a t present in th e final gas d ivided  b y  the to ta l 
num ber of cc. of oil.

(II)— If the oil produces as m uch hydrogen  as when 
cracked  alone, the difference betw een the hydrogen 
added plus th a t norm ally produced from  th e oil a t the 
p articu lar oil rate and th e hydrogen  in th e final gas 
represents th e abso rp tion . T h is d ivid ed  b y  the to ta l 
num ber of cc. of oil g ives th e absorption  in cc. per 
cc. of oil.

Pig. 21 shows th e absorption  per cc. of oil calcu ­
lated  on basis (I) for th e several tem peratures and 
concen trations. F ig . 22 shows these absorptions calcu ­
lated  on basis (II).

It  will be seen th a t  th e curves of F ig. 22 are much 
sm oother and m ore regular th an  those of F ig. 21, not 
because th e y  are draw n more sm oo th ly , b u t because 
the points fa ll on sm oother curves. T h e general form  
of the curves, too , in  F ig. 22 is th a t which would be 
exp ected  from  a consideration  of th e  curves for the 
h yd ro carb on  com ponents form ed per cc. of oil. T h e 
curves of F ig . 21 show  no general s im ilarity  to  each 
other, w hile those of F ig. 22 show sim ilar general 
ch aracteristics. T h e curves representin g the form a­
tion  of all th e  other com ponents of the gases show 
regular variation s, and it  w ould  be expected  th a t this 
regu la rity  w ould exten d  to th e  curves for hydrogen 
absorption.

In  general, therefore, it seem s th a t th e basis on 
which th e curves of F ig . 22 are calcu lated  is more 
n early  correct th an  th e basis w hich assum es th a t no 
hydrogen  is produced from  th e oil when it is decom ­
posed in hydrogen . T h is view  is strengthened b y 
the fa c t  th a t in th e  case of th e 825° C. gases with 
hydrogen  con cen trates i l l 2 : 2 Gas, th e absorption  
cu rve  in F ig. 21 fa lls  below  th e 0.0 line, i. e., hydrogen 
m ust h a ve  been form ed from  the oil since there was 
more hydrogen  in th e final gas th an  w as added through 
the m eter.

It  is probable th a t  th e tru e v a lu e  for the hydrogen 
absorptions for a n y  set of conditions fa lls  betw een the 
tw o valu es as calcu lated  from  th e tw o lim iting as­
sum ptions. I t  is th o u gh t th a t  th e  true values are 
sligh tly  less th a n  th e  va lu es of th e absorptions as th e y  
would be read from  th e c u r v e s in  F ig. 22.

T h e curves of F ig. 22 show  th e  interestin g fa c t th a t 
a t a n y  p articu lar tem p eratu re th e hydrogen  absorption  
per cc. of oil decreases w ith  increasing oil rate. T h e 
great im portan ce of th e tim e fa cto r is well brought 
out here. A t  con stan t oil rate, and ap p roxim ately  
the sam e h yd rogen  concen tration  the absorption per 
cc. of oil is greater th e higher th e  tem perature. T h ere 
would, how ever, be an upper lim it to  th is on accoun t 
of th e excessive decom position  of all hydrocarbon s at 
eleva ted  tem peratures.

T h e effect of increasing th e concen tration  of h y ­
drogen is c learly  show n in F ig . 22 for th e cu rve for the 
2II1 : 1 Gas runs is ab ove th e  cu rve for th e  i l h  : 2 
'Gas runs a t both  723 and 825° C . T h e speed of 
hydrogen ation  reactions is greater the higher th e 
concen tration  of hydrogen.

I t  is interestin g to  note th a t th e  cu rve  for th e

1 II 2 : 2 Gas runs at 825° C . falls below the cu rve for 
the 2 H i : 1 Gas runs at 7230 C . T his shows th a t the 
increasing tem peratu re is ten d in g to  cause d eh yd ro­
genation  reactions or hydrocarb on  dissociations to  a 
m arked degree at 825° C. T h e effect of hydrogen 
in greater concen tration  in reversin g these dissocia­
tions is c learly  b rou gh t ou t when the position  of the 
2 l h  : i  Gas cu rve for 825° C . is considered in its 
relation  to the 1 II2 : 2 Gas curve at this sam e te m p era ­
ture.

M EA N  M O L E C U L A R  W E IG H T  OF T H E  O L E F IN S

In F ig. 23 th e mean m olecular w eight of the olefin 
h ydrocarb on s in gases m ade at 825° C . in oil-gas 
runs and in hydrogen-oil-gas runs w ith  the con cen tra­
tion  ratio  1 H i : 2 Gas can be seen.

It  should be k ep t in m ind th a t th e m olecular w eight 
of eth ylen e is 28 and th a t of propylene is 42. From  
the position of th e curves it  can be seen th a t a p ­
p roxim ately  one-third of the olefins is propylene. 
T h e curves lie v e ry  close together, and it  is im possible 
to  sa y  ju st w h at th e  influence of the hydrogen  is on 
th e form ation  of th e olefins.

If th e m ethod of calcu lation  of th e m olecular w eight 
of the olefins, as explained under th e discussion of the 
a n a lytica l m ethods, is considered, it is apparen t th a t 
all the a n a lytica l errors pile up and are b rou gh t out 
in th is calcu lation. T h is no doubt accoun ts for the 
irreg u larity  in th e cu rve, and also for th e fa c t th at 
there is no consistent difference in the position for the 
oil-gas runs and the hydrogen-oil-gas runs.

I t  w as th o u gh t th a t certain  differences m ight be 
brought to  ligh t b y  the curves for th e m ean m olecular 
w eights of the olefins. If th e higher olefins were more 
easily  h yd rogen ated  th an  eth ylen e th e  cu rv e  for the 
m ean m olecular w eigh t of th e olefins in the hydrogen - 
oil-gas runs w ould fall below  th a t of th e oil runs. 
If, on th e other hand, th e presence of the hydrogen , on 
accou n t of its causing a more rap id  passage of the gas 
th rough  th e  tu b e, resulted in a less exten sive decom ­
position  of th e  higher olefins, th e cu rve for th e  hy- 
drogen-oil-gas runs w ould lie a b o ve  th a t for th e oil- 
gas runs.

It  m ay be th o u gh t th a t these tw o  effects are b a la n c­
ing each other w ith  th e  result th a t th e curves are 
p ra ctica lly  the sam e. It  would h ave been desirable 
to  h ave carried out a sim ilar series of runs w ith  a high 
concen tration  of h ydrogen , b u t th e  calcu latio n  of the 
mean m olecular w eight of th e olefins can be m ade only 
when the per cent of benzene in th e gas is know n , and, 
as has been noted, th e  m ethod for th e determ in ation  
of benzene was found on ly  as th is exp erim en tal w ork 
w as d raw in g to a close.

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

F ig. 24 shows th e percen tage of a rom atic  h y d ro ­
carbons present in th e gases m ade a t 825° C . when 
oil is cracked  alone or in hydrogen  when th e  co n ­
cen tration  ratio  is 1 Hi : 2 (O il Gas +  Tar Gas). T h e  
m ethod of determ in ing these percen tages has been 
described under th e a n a lytica l m ethods.

T h e percen tage of arom atics appears to increase 
slig h tly  w ith  increase in oil rate. W h eth er this is
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a c tu a lly  th e  case  or n o t ca n n o t be d e fin ite ly  s ta te d . 
T h e  e x a c t  o p p o site  w o u ld  b e  e x p e c te d . I t  is th o u g h t  
t h a t  th e  a p p a re n t  in cre a se  m a y  b e  d u e  to  th e  fre e z in g  
o u t of h ig h  m o lec u la r w e ig h t h y d r o c a r b o n s  of o th e r 
ty p e s  th a n  th e  a ro m a tic  co m p o u n d s. H ig h  m o le c u la r  
w e ig h t  p araffin s  an d  o lefin s are  p re se n t in  g r e a te r
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proportion  in the gases m ade a t high oil rates th a n  in 
those m ade a t low  oil rates.

T h e sm aller proportion  of arom atic  hydrocarbon s 
present in th e gases m ade at low  oil rates m ay possibly  
be due to th e rem oval of benzene to  form  com pounds 
such as d iphenyl, n ap hthalene and anth racene, which 
pass large ly  into the tars.

T h e hydrogen  ap p aren tly  has little  effect on th e 
form ation  of arom atics a t low  oil rates, b u t decreases 
th e  arom atic  form ation  som ew hat a t h igher oil rates.

T h is is p ossibly  due to th e retardin g effect w hich the 
presence of hydrogen  w ould h ave on th e form ation  of 
arom atics or hyd ro arom atics b y  condensation  re­
actions. Less gas is form ed from  th e oil a t high oil 
rates th an  a t low oil rates, and as a consequence th e 
concen tration  of hydrogen  is greater a t high oil rates 
th an  a t low  oil rates.

TA RS

T h e tars were collected  from  th e ta r  drip and th e 
vo lu m e m easured. T h is vo lu m e d ivid ed  b y  the 
volum e of th e  to ta l oil used and m ultiplied  b y  100 
gives the percentages of ta r  form ed. F igs. 25 to 29 
show  these ta r percen tages for both oil-gas and 

' hydrogen -oil-gas runs p lotted  again st th e oil rate  a t the 
tem peratures indicated. I t  should be m entioned th a t 
at low  oil rates these percentages are not accu rate . 
T h e low -oil-rate tars are h e a v y  and viscous, and as a 
result do not run dow n th rough  th e condenser as 
easily  as th e  ligh ter high-oil-rate tars.

A s far as can be judged  from  th e  curves in Figs. 
25, 26, and 27, for tem peratures of 621 and 72 3 0 C ., 
there is no m arked regular difference betw een  th e ta r  
form ation  in th e oil-gas runs and th e hydrogen -oil- 
gas runs.

A t  825° C . the percen tage of ta r  in  th e oil-hydrogen 
runs is con sisten tly  less th an  in th e  oil runs excep t at 
low  oil rates where, as has been m entioned, th e ta r  
percentages as shown m ean little . T h is difference is 
more m arked in th e curves of F ig. 27 w here th e  co n ­
cen tration  ratio  w as 2 Hydrogen : 1 (Oil Gas +  Tar 
Gas) th an  in the curves of F ig. 28.

In general, tw o  classes of com pounds are contain ed  in 
th e  ta r: (1) unchanged or p a rtia lly  changed oil;
(2) sy n th etic  hydrocarbon s w hich are the products 
of exten sive change. It  m a y  be th o u gh t th a t  h y ­
drogen, on accou n t of its  decreasing th e  tim e of co n tact 
of th e  h yd ro carb on  vapors w ith  the heated  tu b e, 
w ould ten d  to increase the proportion  of ta r  since th e 
decrease in th e  tim e of h eatin g w ould cause a less 
exten sive decom position  of th e oil vapors. On th e 
other hand, this decrease in th e  tim e of h eatin g w ould 
also dim inish th e exten t to  which sy n th etic  reactions 
resu ltin g in th e form ation  of ta rry  products w ould 
ta k e  place. A lso the percen tages of th e hydrogen  
w ould  retard  these reactions, since th e y  are all re­
actions w hich result in decrease of vo lu m e. A p ­
p a ren tly  these effects are b alanced  at tem peratures 
of 723° C . or below . A t  825° C ., how ever, th e p er­
cen tage of ta r  is less. T h is leads to  th e belief th a t 
sy n th etic  reactions are responsible for a considerable 
proportion  of th e tars a t tem peratures in th e n eigh­
borhood of 825° C.

F ig. 30 shows clearly  th e effect of tem p eratu re on 
ta r  form ation , and also th e effect of increase of oil 
rate a t con stan t tem p eratu re . T h e  proportion  of ta r  
increases w ith  increasing oil rate  and m ost m arkedly 
so, a t tem peratures of 621 and 72 30 C . T h e 
largest proportion  of these tars a t m oderate to  high 
oil rates is undecom posed oil, as show n b y  d istillation  
and trea tm en t w ith  con cen trated  sulfuric acid . T h is 
is also in d icated  b y  th e  fa c t th a t a tem peratu re change 
from  621 to 72 30 C . produces no great difference
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in ta r  form ation, and also b y  the fa c t of th e v e ry  rapid 
increase in th e percen tage of ta r  w ith  increasing oil 
rate.

A t  825° C . th e proportion  of ta r  does not increase 
g re a tly  w ith  increasing oil rate, in d icatin g th a t these 
tars are largely  com posed of syn th etic  products,

£

-----
r / 6 2 8

825 X !H2 : 2 Gc 5

Oil
Oil

Ga
Gas * H

> 3 ____s 0- __ _-0—-

Oil R a t e  - cc. p e r  m in u te

w hich is fu rth er su b stan tiated  b y  other ph ysical 
ch aracteristics, such as d istin ct arom atic odor and 
their reactions w ith  concen trated  sulfuric acid.

A ll th e ta rs were stro n gly  fluorescent.

F O R M A T IO N  OF IL L U M IN A N T S , M E T H A N E , A ND E T H A N E , 

AN D  T H E  O B T A IN IN G  O F P A R T IC U L A R  E N D -P R O D ­

U C TS FR O M  A P A R A F F IN  H Y D R O C A R B O N  O IL

In F igs. 31 to  35 th e  cc. of illum in an ts, m ethane and 
ethane form ed from  1 cc. of oil are show n plotted  
against th e  oil rate  a t th e tem peratures and hydrogen -

gas concen tration  ratios indicated . I t  can be seen 
from  Fig. 31 th a t a t 6 2 1° C ., w ith  th e  exception  of the 
illum inants in the case of the stra ig h t oil-gas runs, the 
n um ber of cc. of all these hydrocarbon s form ed from  
1 cc. of oil increases w ith  decreasing oil rate. T here 
w ould be a lim it to  this, how ever, for, were th e oil rate
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m ade low  enough, a v e ry  exten sive decom position  of 
the hydrocarbon s w ould set in.

F ig . 31 shows th a t th e illum in an ts are th e  m ost 
easily  decom posed of th e gaseous h yd ro carb on s. T h e  
cu rve  for th e  illum in an ts in th e stra ig h t oil-gas runs 
has a m axim um  due to th e  fa c t th a t th o u gh  th e  
longer tim e of co n tact of th e oil vapors w ith  th e 
heated  tu b e a t low  oil rates causes a m ore exten sive 
form ation  of eth ylen e and other illu m in an ts, an oil 
rate  is reached where exten sive decom position  of th ese
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h ydrocarbon s takes place, w hich m ore th an  overcom es 
the more rapid illum inants form ation  at low  oil rates. 
Con densation  and hydrogen ation , which are more 
exten sive a t low  oil rates, are im p ortan t in th is con­
nection also.

No m axim um  is observed in the illum in an ts curve 
for the hydrogen  runs, doubtless because th e tim e of 
con tact of th e oil vapors w ith th e h eated  tu b e is less 
a t a n y  p articu lar oil rate th an  in th e case of the oil- 
gas runs. T h e cu rve for th e illum inants in the hy- 
drogen-oil-gas runs, for th is reason also, is a lw ays b e­
low  th a t for th e illum in an ts in th e oil-gas runs, excep t 
at low  oil rates.

Less m ethane is form ed per cc. of oil in the hy- 
drogcn-oil-gas runs th an  in the stra ig h t oil-gas runs 
excep t a t low  oil rates. T h a t the tim e of co n tact here 
is sufficient so th a t exten sive hyd ro gen ation  takes 
place is clearly  b rought out from  a consideration  of 
F ig. 22 in connection  w ith  Fig. 31. A t  all oil rates 
the decreased tim e of co n tact of th e gases w ith  the 
heated  furnace tub e, on accoun t of th e absorp tion  of 
hydrogen, results in a low er form ation  of m ethane.

T h e relationships for ethan e are m uch th e  sam e as 
for m ethane, and for th e  sam e reasons.

Figs. 32 and 33 show  th e  relationships betw een the 
hydrocarbon s a t 72 30 C . a t hydrogen  concen tration  
ratios of i U 2 : 2 Gas and 2 II2 1 Gas, resp ectively .
M ore of e.ach of th e  com ponents is form ed per cc. of 
oil at 72 30 C . than  a t 6 21° C . T h e m axim um  in the 
illum in an ts cu rve falls a t a higher oil rate  th an  a t 
6 2 1°  C . as w ould be exp ected , since th e higher te m ­
perature w ould cause a m ore rap id  decom position, 
condensation, and h yd ro gen ation  of th e  illum in an ts to 
ta k e  placé. A t  72 30 C . the m axim um  on th e illu ­
m inants cu rve for th e hydrogen  runs can be seen 
clearly . It  is interestin g to  note th a t this fa lls  to the 
left of th e m axim um  on th e  cu rve  for th e oil-gas runs. 
T h e decreased tim e of h eatin g on accou n t of th e 
hydrogen ation  adm ixture is responsible for this.

T h e effect on the illum in an ts of increasing th e con ­
cen tration  of hydrogen  is c learly  b rou gh t ou t in Figs. 
32 and 33. T h e  m axim um  on th e cu rve for the 
illum in an ts in th e hydrogen-oil-gas runs a t th e higher 
hyd rogen  concen tration  falls a t a s lig h tly  low er oil 
rate  th an  the m axim um  on th e cu rve for th e low er 
hydrogen  concen tration. T h e d ivergence betw een  the 
illum in an ts curves for th e oil-gas runs and .the hy- 
drogen-oil-gas runs is greater both a t low  and high oil 
rates a t th e higher hydrogen  concen tration  th a n  a t the 
low er hydrogen  concen tration  on the tim e of con tact 
o f the gases w ith  th e  heated  tu b e  surfaces.

T h e relationships in the case of th e m ethane and 
ethan e are exceed in gly  interestin g. T h e form ation  
of m ethane is less in th e  hydrogen -oil-gas runs than  
in the oil-gas runs at m oderate to  high oil rates, due 
to th e  decreased tim e of co n tact of th e gases w ith  th e 
heated  surfaces, and th is , effect is m ore p ro n o u n ced  
a t the higher hydrogen  concen trations, as w ould  be 
expected. A s th e  oil rate  decreases th e hydrogen ation  
effect becom es im p ortan t and th e  proportion  of 
¡methane form ed from  1 cc. of oil is greatest in the 
case of the hydrogen-oil-gas runs. T h e  cu rve for

m ethane in th e hydrogen -oil-gas runs crosses th e 
m ethane cu rve for the oil-gas runs. T h is crossing 
is a t a higher oil rate w ith  th e higher hydrogen  con­
cen tration , show ing c learly  th e effect of th e increase 
of concen tration  of h yd rogen  on th e h yd ro gen ation  
reactions. T h e form ation  of m ethane is s lig h tly  
greater in th e hydrogen-oil-gas runs th a n  in th e 
stra ig h t oil-gas runs when th e  h yd rogen  con cen tration  
ratio  is i l l 2 : 2 Gas. T h is difference is s lig h tly  
greater a t low  oil rates th a n  at high oil rates.

W hen th e hydrogen  concen tration  ratio  is 2II2 : 1 
Gas th e ethan e form ation  per cc. of oil is less in th e 
hydrogen -oil-gas runs th an  in th e oil-gas runs at 
high oil rates. T h is is th e effect of th e decreased tim e 
of co n tact due to th e adm ixture of a larger vo lu m e of 
hydrogen . B u t a t low  oil rates th e form ation  of 
ethane is m uch greater in th e hydrogen -oil-gas runs 
as can be seen in F ig. 33. T h e  ethane cu rve has a 
m axim um , too , w hich is in terestin g because it shows 
th a t at low  oil rates th e  reactions of th e h yd ro carb on  
ethane itself h a ve  an im p ortan t p a rt to  p lay.

F igs. 34 and 35 show  th e relationships betw een  these 
hydrocarbon s a t 825° C . A  m uch less pronounced 
decrease in th e form ation  of illum in an ts w ith  in ­
creasin g oil rate  is due to  th e  fa c t th a t th e tem peratu re 
of 825° C . is sufficient to  prom ote a c t iv e ly  th e  fo rm a­
tion  of illum in an ts. T h e  m axim a on th e illum in an ts 
curves for th e  oil-gas runs fa ll a t  th e higher oil rates, 
as w ould be exp ected  when th e  higher tem p eratu re is 
ta k en  into  consideration. T h e illum in an ts curves for 
th e h ydrogen -oil-gas runs are en tirely  ab o v e  th e 
illum in an ts curves for th e  oil-gas runs. T h is is again  
a result of th e decreased tim e of heatin g  when h y ­
drogen is adm ixed. T h e  effect is m ost m arked when 
the- higher concen tration  of hydrogen  is used.

T h e  curves for m ethane in th e h ydrogen -oil-gas runs 
fa ll ab ove th e curves for m ethane in th e oil-gas runs 
at all oil rates a t 825° C . T h is is due to tw o  effects: 
first, th e  less exten sive decom position  of th e m ethane 
in to  carbon and hydrogen  due to  th e decreased tim e of 
h eatin g in th e  hydrogen -oil-gas runs; second, the 
increased rate  of h yd ro gen ation  reactions such as 
C 2H.i +  2H2 2C H 4. T h e  effect of hydrogen  in
reversin g th e  reaction  CH< < > C  +  2H2 is p ro b ab ly  
n ot im p ortan t, as has been b rou gh t ou t in  th e d is­
cussion of th e  m ethane eq u ilib riu m  and th e  reactions 
of m ethane in th e  first p a rt of th is paper.

T h e  effect of th e greater con cen tratio n  of hydrogen  
on m ethane prod u ction  can be seen clearly  b y  com ­
parin g F igs. 34 and 35. T h e  d ivergence betw een  th e 
hydrogen -oil-gas and th e  oil-gas m ethane curves is 
greatest when th e  h yd rogen  con cen tratio n  ratio  is 
2U2 : .1 Gas, and th is is p ra ctic a lly  true a t low  oil 
rates w here h yd rogen ation  reactions are m ost im ­
portan t.

M ore ethan e is form ed when hydrogen  is m ixed with, 
th e  vapors of th e oil th a n  when it  is not added. T his 
is doubtless due to  th e  com bin ed influence of the 
hyd rogen  in dim inishing th e decom position  of the 
ethan e and to  its effect in h yd ro gen a tin g  th e olefins. 
These effects are p a rticu la rly  m arked when th e con­
cen tration  ratio  is 2II2 : 1 Gas.
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It  m ay h a ve  been noticed th a t th e curves for th e
oil-gas runs m ade a t the sam e tem p eratu re do not 
coincide e x a ctly , since the carbon tu b e used car­
bonizes som ew hat and becom es of sm aller internal 
diam eter, thus decreasing the tim e of co n tact of th e 
gas w ith  th e tu b e  and con sequen tly  a lterin g th e com ­
position som ew hat.

T h e effect of tem p eratu re on th e hydrocarbon  
p roducts of decom position of an oil can be seen v e ry
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clearly  from  F ig. 36. W ithin  th e tem perature range 
studied, th e  cc. of illum in an ts per cc. of oil increases 
w ith  tem peratu re, w ith  one exception. A t low' oil 
rates there are m ore illum in an ts form ed a t 72 30 C . 
than at 825° C . T h e effect of the higher tem perature 
in increasing th e speed of the reactions w hich de­
com pose eth ylen e more th a n  overcom es the effect of the

higher tem peratures in prom oting the decom position 
of th e long chain olefins to eth ylen e and propylene.

I t  is in terestin g to n ote the position  of the m axim a 
of the curves for th e illum inarits a t  th e  several te m ­
peratures. T hese m axim a indicate w here the balance 
betw een the reactions of form ation  and the reactions 
of decom position  falls.

W ithin  th e tem p eratu re range studied, th e fo rm a­
tion of m ethane is greater the higher th e tem p eratu re . 
A t  low  oil rates the difference in th e  m ethane pro^ 
duced b y  a 100“-tem p erature rise is greater in th e  
range from  621 to  723° C. than  from  723 to 825° C ., 
since a t low  oil rates 723° C . is a sufficien tly  high 
tem p eratu re to  b reak  dow n the original oil exten sively .
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T h e m ethane increase betw een 723 and 825° C . is 
large ly  due to  the decom position  and hyd ro gen ation  of 
olefins C2H4 — >  C  +  CH., and C ,H , +  2H ;
2CH1, as can be seen from  a consideration  of th e  
illum inants cu rve  for 825° C .

A t  high oil rates a tem peratu re of 825° C. is neces­
sa ry  to form  m ethane large ly , as can be seen from  th e
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position of th e cu rve for m ethane at 621, 723 and 
825° C.

T h é form ation  of ethan e per cc. of oil is not large at 
an y  tem peratu re studied, as shown in F ig. 36. T h e 
p rim ary decom position of th e oil therefore in volves 
chiefly a sp littin g  off of m ethane rath er th a n  ethane 
or higher paraffin. T h e  decom position and d issocia­
tion of ethan e are clearly  shown b y  the fa llin g off of 
the ethane cu rve as th e oil rate  decreases at a te m ­
perature of 825° C . On the other hand, a te m ­
perature of 825° C . is n ecessary t o  cause an extensive 
form ation  of m ethane and ethane per cc. of oil at high 
oil rates.

T O T A L H Y D R O C A R B O N S O B T A IN A B L E  FR O M  TIIF, O IL

T h e greater th e proportion  of th e carbon of the oil 
which can be obtained  in gaseous form  th e b etter the 
utilization  of th e oil for gas-m akin g purposes.

Fig- 37 shows th e  total cc. of illum inants  +  methane 
+  ethane o b tain able  from  1 cc. of oil under th e v a ry in g  
conditions. A t 6 21° C . more hydrocarbon s are o b ­
tained  per cc. of oil in the oil-gas runs th an  in the 
hydrogen-oil-gas runs, excep t a t low  oil rates where 
h yd ro gen ation  reactions becom e im portant. T h is is 
due to  th e  low er tim e of con tact of th e oil vapors w ith 
the furnace tu b e in th e case of th e hydrogen-oil-gas 
runs. T h e sam e relations hold a t 723° C. excep t 
th a t th e hydrogen -oil-gas curves cross th e  oil-gas 
curve at a higher oil rate because of th e greater effect 
of th e higher tem perature in hasten ing th e h yd ro gen a­
tion  reactions. T h e effect of th e higher concen tration  
of hydrogen  is c learly  shown. A t  825° C . th e h y ­
drocarbons form ed per cc. of oil are of greater vo lu m e 
in th e  hydrogen -oil-gas runs a t all oil rates studied. 
T h e higher tem p eratu re prom otes h yd ro gen ation  re­
actions a t all oil rates. T h e effect of the greater 
concen tration  of hydrogen  can be seen.

It  is interestin g to  note th a t  th e slope of th e cu rve 
for th e  hydrogen-oil-gas runs a t 723° C . is m uch 
steeper th a n  the slope of these curves a t 825° C . at 
low  oil rates, doubtless because a t 825° C ., and low  oil 
rates, dehydrogenation  reactions and reactions of de­
com position  of th e h ydrocarb on s becom e of im portance.

SU M M A R Y 1

i— A  critical review  of th e m ost im p o rtan t w ork on 
hydrocarbon  decom position and th e influence of 
hydrogen  on th e reactions in v o lved  has been given. 
T h is has concerned itself w ith: first, th e h ydrocarb on s 
of high m olecular w eigh t; second, th e products of the 
prim ary decom position; and third, th e reactions of the 
sim pler hydrocarbon s. Sum m aries h ave been in ­
cluded w hich sta te  concisely  th e p robable course of th e 
reactions of dissociation, decom position, and condensa­
tion in volved .
■ 2— T h e su b ject of th e m echanism  of h eat tran sfer 

in gas m achines has been discussed.
3-— D ifficulties in th e m easurem ent of th e true te m ­

perature of a gas h a ve  been pointed  out.
4— In  th e  experim ental w ork a paraffin  oil was 

th erm ally  decom posed alone and in hydrogen  at 
tem peratures of 621, 723 and 825° C. C on centra-

1 Sum m aries 1. 2 and 3 refer to the p rin ted  d issertation .

tion s of hydrogen  ap p roxim atin g i I I * : 2 Oil Gas and 
2H1 : 1 Oil Gas wrere those studied. It has been 
show n w h at results m ay be exp ected  in the d ecom ­
position of a hydrocarb on  oil when tem peratu re, rate  
of oil feed, and concen tration  of adm ixed hydrogen  
are carefu lly  controlled.

5— T h e relationship  betw een th e rate  of oil feed and 
the rate  of gas generation  has been b rought out.
' 6— T h e proportions of illum ina.nts, sa tu rated  h y ­
drocarbons, and hydrogen  resu ltin g a t v a ry in g  rates 
of oil feed, and at tem peratures of 621, 723 and 
825° C . h ave been show n gra p h ica lly  and discussed.

7— T h e effects of hydrogen  on th e  reactions w hich 
giv e  rise to  sa tu rated  hydrocarbon s and illum inants 
have been show n g ra p h ica lly  and discussed at som e 
len gth . Besides its effect in h yd ro gen a tin g  olefins 
and other hydrocarb on s, the h ydrogen , since its ad di­
tion  causes an increase in th e to ta l vo lu m e of th e gas 
passing th rou gh  th e heated zone of th e fu rn ace in a 
given  tim e, decreases the tim e of co n tact of th e gases 
w ith  th e heated  w alls of the resistor tube. T h e  
effects of th is are discussed in connection  w ith  th e  
curves show ing the relationships betw een  th e  com ­
ponents of th e  gas when the oil is cracked  in hydrogen .

8— T h e m ean m olecular w eigh t of th e olefins in a 
series of gases m ade at 825° C . has been determ ined, 
and also th e proportion  of a rom atic  h ydrocarb on s 
in these gases.

9— T h e form ation  of ta r was stu d ied  a t th e various oil 
rates, tem peratures and concen trations of hydrogen .

10— C u rves show in g th e num ber of cc. of illum in an ts, 
e than e and m ethane o b ta in ab le  from  1 cc. of oil h ave 
been shown.

11— In general th e  m anner of decom position  of a 
paraffin  h yd ro carb on  oil has been m apped ou t over a 
considerable range of tem peratu re , rate  of oil feed, 
and con cen tration  of hydrogen .

12— T h e results recorded in th is paper m a y serve 
as a guide to  th e ob ta in in g of more desirable results in 
com m ercial operations in v o lv in g  th e decom position  of 
oil for gas-m akin g purposes.

C O N C L U S IO N S

In addition  to  show ing th e  proportions of products 
w hich are o b ta in ab le  under a v a r ie ty  of conditions, 
w’hich relationships h ave been fu lly  set forth  in the 
figures show n and w hich it  is im possible to  b riefly  
sum m arize, it has been concluded as a result of th is in ­
v e stig atio n :

I— T h a t th e im portance of rad iation  insofar as it  is 
concerned in the furnishin g of the en ergy for th e p rod u c­
tion  of h yd ro carb on  reactions has been overestim ated .

II— T h a t effects often  ascribed to  cata lysis  are in 
re a lity  due to  e ffective  heat tran sfer b y  conduction  
and con vection  from  th e large heated  surfaces exposed 
to  th e gases.

I I I — T h a t the equilibriu m  condition  is not a tta in ed  
in a h yd ro carb on  system  when an oil is decom p o sed ’ 
b y  heat under conditions analogous to those of car­
b ureted  w ater-gas m anufacture.

I V — T h a t th e course of the changes in vo lved  in the 
b reaking dow n of a hydrocarb on  oil m a y  be rou gh ly  
traced.
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V— T h a t  hydrogen  is produced from  an oil even  when 
the crack in g takes place in hydrogen.

•VI— T h a t considerable absorptions of hydrogen take 
place when an oil is cracked in an atm osphere of 
h ydrogen , and this absorption is greater th e higher the 
con cen tration  of hydrogen , the higher th e tem perature 
(w ithin th e range studied), and the low er th e  oil rate.

V I I — T h a t propylen e and higher olefins constitute 
ap p roxim ately  one-third b y  vo lu m e of the illum in an ts 
of th e gas.

V I I I —— -That th e prop ortion  of ta r  increases w ith  d e­
crease in tem p eratu re , and w ith  increasing oil rate, 
p a rticu la rly  at the low er tem peratures.

I X — T h a t no m arked and consisten t difference in the 
am ount of tar form ed when an oil is decom posed alone 
or in hydrogen  a t tem peratures of 723 o C. or below  is 
noticeable. A t  825o C . less ta r  is form ed when the 
oil is cracked  in  hydrogen . T h e  tars form ed below 
723° C. are in large p a rt un chan ged or p a rtly  changed 
oil, w hereas those tars form ed ab ove 8000 C. are 
essen tially  com posed of sy n th etic  products.

X — -T hat th e  reactions w hich resu lt in decreasing 
th e proportion  of illu m in an ts are th e m ost rapid.

X I — T h a t th e  presence of hydrogen  during th e de­
com position of an oil has th e effect of increasing 
large ly  th e proportion  of th e carbon, of the oil' ap ­
pearing as h ydrocarb on s in th e  gas.

X I I — T h a t w ithin  th e tem p eratu re range studied 
the vo lu m e of illum in an ts produced per vo lu m e of oil 
increases w ith  th e tem p eratu re w ith  one slight ex ­
ception. T h e form ation  of m ethane is greater the 
higher th e tem perature. T h e form ation  of ethan e is 
not large at a n y  tem peratu re and therefore th e prim ary 
decom position  of an oil in volves ch iefly  a sp littin g  off 
of m ethane rath er th a n  ethane or higher hom ologues.
• X I I I — T h a t a tem p eratu re of 823 0 C .is  desirable in de­

com posing an oil p rovided  th a t too great op p o rtu n ity  for 
extensive secon d ary and te rtia ry  change is not given.

X I V — T h a t w ith  correct design of apparatu s, and 
proper ad ju stm en t of tem perature, rate of oil feed, 
and con cen tration  of hydrogen  it is possible to  obtain  
gases of w id ely  va ry in g , com positions.

T h e authors wish to exten d  to  Professor F lo y d  J. 
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P U R P O S E  O F W O R K

From  a tech n ica l v iew p oin t, the process of e x tr a c t­
ing rosin from  wood w ith  chem icals offers a prom ising 
possibility for th e  u tilizatio n  of “ fa t ”  stum ps and

1 C hem ist in Fo rest P ro d u cts ,-F o re s t P roducts L abora to ry , M adison, 
W isconsin.

s T h e  d a ta  ob tained  in these experim ents were subm itted  by  this 
au thor in p a rtia l fulfilm ent of th e  requ irem ents for the  degree of B.S. in 
C h.E . in the  U niversity  of W isconsin.

other w aste resinous wood. In the sim ple steam  
distillation  process on ly  th e vo la tile  con stituen ts of 
th e wood are recovered and th is m ethod is no longer 
in d u stria lly  feasible on th is accoun t. In the d e­
stru ctiv e  d istillatio n  process, the p roducts are ch ar­
coal, tar, and a turpen tin e m ore or less con tam in ated  
with products from  th e d estru ctive d istillatio n  of the 
rosin and w ood substance. T h is turpen tin e, at best, 
does not bring as high a m arket price as steam -dis­
tilled  wood turpen tin e, a lthough th e recent in tro d u c­
tion of tem perature-con trolled  processes has rem oved 
th is ob jection  to  a large exten t. C om pared w ith  these 
tw o processes, the so-called  solven t or extractio n  p ro­
cess affords the reco very  of wood turpentin e and pine 
oil com parable in q u a lity  and valu e w ith  the oils from  
steam  distillation  and also a m edium  grade rosin whose 
m arket va lu e, under norm al conditions, is p ra ctica lly  
equal to th e  com bined va lu e  of charcoal and ta r  from  
th e  d estru ctive  d istillation  process. H ow ever, th e 
m arket valu e is less lik e ly  to  flu ctu ate  for ta r  and 
charcoal th an  for rosin. S tr ic tly  speakin g, th e ex­
traction  and distillation  processes are not com parable, 
because th e  p roducts are quite different. T hese p ro ­
cesses represent th e tw o  ty p e s which taken  to g eth er 
cover m ost of the possible products to  be ob ta in ed  
from  resinous wood.

Of the several different processes proposed for 
treatin g wood, th e d estru ctive  d istillatio n  m ethod, 
which is b y  fa r th e oldest, is also a t th e present tim e 
a p p aren tly  the best estab lished  from  th e  stan dp oin t 
of profitable com m ercial op eratio n .1 T h e principal 
difficulties th a t have been encountered  in th e  ex ­
traction  process have been: ( i )  an un stable m arket 
price for rosin, and (2) high cost of op eration , due 
largely  to  an excessive loss of solven t. In a ttem p tin g  
a solution of these difficulties, there are th en  a t least 
tw o lines of a tta ck  w hich m ay give  th is process a 
b etter o p p ortu n ity  for com m ercial success: (1) o b ­
tain in g another product w hich w ould not be su b ject 
to  very  great m arket variation s, and (2) decreasing 
the op eratin g cost. T h e use of th e extra cted  w ood 
as a raw  m aterial for paper pulp has been suggested  
several tim es as a possible solution  of the problem  of 
obtainin g another product. E xtra ctio n  b y  th e usual 
m ethod requires wood so finely d ivid ed  (shredded 
wood) to  y ield  a high proportion  of th e rosin th a t  the 
extracted  m aterial is not suitable for pulp. If the 
wood is large enough for pulp, the y ield  of rosin is 
decreased. Considering th e high op eratin g costs as 
due largely  to  th e loss of solven t, it would seem  th a t 
th e problem  here is larg e ly  m echanical, and its so lu ­
tion  should not offer v e ry  great difficulties.

W ith  these ideas in m ind, it  w as fe lt th a t  a careful 
s tu d y  should be m ade of som e of th e  fu n dam en tal 
op eratin g variab les of th e process.

T h e experim ents wrere carried on a t th e F orest 
P roducts L ab o rato ry , M adison , W isconsin. T h e m a­
terial consisted of lon gleaf pine stum ps from  L ouisian a, 
don ated b y  th e L ong-B ell L um ber C o m p a n y  of K an sas 
C ity , M issouri. A ckn ow ledgm en t is m ade to  M r. S.
D. W ells, E ngineer in Forest P rod u cts, of th e  section

1 T h i s  J o u r n a l , 6 (1914), 151.
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of pulp and paper, for m aking th e experim ents on the 
su ita b ility  of ex tracted  chips for pulp.

D E S C R IP T IO N  O F PR O C E S S

A b o u t fifteen p aten ts h a ve  been gran ted  in the 
U nited  S tates for extractio n  processes and ap p aratu s 
since 1909, and one or tw o plan ts were b u ilt and had 
been operated before th a t  tim e. T h e different paten ts 
v a r y  ch iefly  in th e treatm en t of the w ood before and 
after a p p ly in g the solven t, in the m anner of ap p lyin g 
the so lven t, and in th e  so lven t itself. In  g e n e ra l,'th e  
process, as carried out in th e com m ercial p lan t, con­
sists in first steam in g th e finely d ivided  w ood to  re­
cover th e  vo la tile  con stitu en ts (turpentin e and pine 
oil), follow ed in som e cases b y  evap o ratin g  ou t of th e 
wood as m uch of the condensed steam  as possible. 
T h e so lven t is then  applied to  th e  w ood to  d issolve 
out the rosin. A fte r  extractio n , th e  wood is trea ted  
to  recover the so lven t adherin g to . or absorbed b y  the 
chips. E va p o ratio n  of th e  so lven t leaves th e rosin 
as a residue, the so lven t being recovered for sub se­
quent extractions.

E X P E R IM E N T A L

a p p a r a t u s — T h e ap p aratu s used in th e experim ents 
w as an extractio n  b a tte ry  com posed of th ree retorts, 
A , B , and C, show n in Fig. I. T h e  chips were p laced 
in th e perforated  b askets, D, each retort holding from  
30 to  35 lbs. of wood. T h e  b a tte r y  w as so arranged 
th a t th e solven t could be forced  b y  m eans of a pum p, 
E , to  a storage ta n k , F , from  w hich it  flowed b y  g ra v ity  
into  a n y  one of th e retorts and from  th a t reto rt to 
each one below  it. E ach  u n it w as indepen den t of the 
others so th a t different operations could be carried 
on a t the sam e tim e. E ach  retort w as also connected 
to  a vacu u m  pum p , G, th rough  a condenser, II, and re­
ceiver, I ,  and equipped w ith  an open coil for d irect 
steam  and closed coils for h eatin g  th e solven t.

A s it w as desired to boil th e so lv en t in co n tact w ith 
th e chips the ap p aratu s w as so arranged th a t  this 
could be done w ith ou t decreasing th e so lven t b y  
evap oratio n . T h is w as accom plished b y  connecting 
the vap o r ou tlet line of each u n it to  a condenser, J , 
and receiver or tra p , K ,  p laced ab ove th e b a tte ry . 
T h e trap  w as connected o th e  b o tto m  of each retort 
and th us allow ed th e vap o rized  so lven t, a fter it  w as 
condensed, to  flow con tin u ou sly  b ack  into th e retort 
as in a reflux condensing apparatu s. B y  connecting 
the top  of each retort to  th e top  of th e  trap , th e vap o r 
conditions were eq ualized  and th e  so lven t was pre­
ven ted  from  b ack in g  up. W ith  these “ eq u alizers”  
open, th e  solven t in a n y  reto rt could be boiled under 
pressure for an y desired len gth  of tim e w ith  a con stan t 
reflow of th e condensed vapors.

T h e sim ple still, L , was used for th e evap oratio n  of 
th e sa tu rated  so lven t to  recover th e rosin. T h e still 
w as equipped w ith  a steam  je t  and w as connected 
through th e receiver, M , to  th e va cu u m  pum p to  
fa cilita te  th e  rem oval of w ater and h e a v y  oils from  the 
rosin.

s o l v e n t —-S in ce a petroleum  distillate has been m ost 
freq u en tly  used com m ercially  as a so lven t th ere was 
selected for th e  experim ental w ork, a special gasoline 
furnished on a gu aran tee to  boil betw een  70 and 150° C.

It  w as foun d, how ever, th a t  th e m aterial contain ed a t 
least 20 per cent boiling under 70°, a portion  b oilin g 
as low  as 3 0 ° .1 T h e solven t was, therefore, fra c ­
tion ated  in a lab o rato ry  colum n (4 in. in d iam eter), 
th e fraction  below  70° C . being rem oved. B y  dis­
tillatio n  in a H em pel colum n th e so lven t used gave 4 
per cent boiling below  70° and 95 per cen t boiling b e­
low  150°.

e x t r a c t i o n — It w as desired to m ake th e  lab o rato ry  
s tu d y  as com parable as possible w ith  extractio n  in a 
continuous com m ercial extraction  b a tte ry . In an ex­
traction  system  of th is ty p e , all units receive ex a ctly  
the sam e trea tm en t and in no case is fresh so lven t run 
on to fresh m aterial, b u t th e solven t m ost n early  
satu rated  w ith th e  sub stance being extracted  is run on 
to  fresh m aterial and th e m ost n early  spent m aterial

F i g . I — E x t r a c t io n  B a t t e r y

receives a final trea tm en t w ith fresh so lven t. This, 
condition  w as ap proxim ated  in a lab o rato ry  test, 
p rovid in g a system  of four w ashes for each u n it by 
em p lo yin g six solven ts. T h ree of these were distilled 
at th e end of each run and three were used for the 
n ext run w ith ou t recoverin g th e rosin. T h e m ethod 
m ay be b etter explained d iag ra m m a tica lly  b y  re­
ferrin g to  T a b le  I.

Solven ts I, II  and II I  in each run were distilled 
for th e reco very  of rosin, h a vin g  extra cted  th e rosin 
from  th e wood in  four retorts, w hile S olven ts IV , V

1 In  purchasing  solvents of th is  type  com m ercially, th e  im portance 
of con trac ts  calling for extrem ely rigid specifications is indicated  by  this 
experience. W ith  such a  large proportion  of a  very  low boiling fraction 
in the  solvent i t  would be im possible to  p rev en t a high so lven t loss.
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T a b l e  I
/ — R u n  1 *   R u n  2 ---------------•

R e t o r t  1 2  3  1 2 3

t i
1 n  — it

in  — > h i — >■ u t
! iv  — >- iv  — >• iv  — > 1

S o l v e n t  i  V  ------- >■ V  ------->  t t  ------- >- I I
VI ------>• l i t  ------>■ I I I   >■ I I I

• IV ------ -> IV   >- IV
V ----- >■ V

I. VI

and V I becom e Solven ts I, II and III , respectively , 
for th e n ext run. S o lven t I, in R e to rt i ;  II, in R e to rt 
2; and I I I , in R e to rt 3, represent th e action  of nearly 
sa tu rated  (th eoretically) solven ts on wood w hich has 
not been p reviou sly  extracted . S o lven t IV , in R etort 
1; V , in R e to rt 2; and V I , in R e to rt 3, represent the 
final extractio n  of n early  spent, chips w ith  fresh sol­
ven t. B efore begin nin g the first run, a prelim inary 
run w as n ecessary in order to secure Solven ts I, II, 
and I I I , for th e first test. A fter  the retorts were 
charged  in these tests, th e y  were not opened until 
the dried extracted  chips were rem oved.

T h e procedure used in con ductin g a n y  test was 
briefly as follow s: T h e  chips were first steam ed
under 30 lbs. pressure1 un til no more turpen tin e and 
pine oil were ob tain ed ; th e  retorts were then  connected 
to  the va cu u m  pum p from  30 to  60 min. to rem ove 
as m uch of th e m oisture as possible, steam  being kept 
in the closed coils to  fa cilita te  evap oration . The 
so lven t w as then  in troduced  un til the chips were just 
covered  and w as then  b rought to  boiling b y  m eans of 
th e  steam  in th e closed coils. T h e reflux system  was 
open so th a t  th e vap o rized  so lven t w ould condense, 
and  flow b ack  into  the retort. In case th e extractio n  
was con ducted  under pressure th e va lve s  connecting 
the retort to th e  reflux were closed until the desired 
pressure in th e retort w as reached. The line con­
necting th e retort w ith  th e reflux was then opened 
an d  the pressure controlled  b y  th e am ount of steam  
passed into th e  closed coils. A fte r  extractio n  th e 
so lv en t was tran sferred  to  th e next retort, or in case 
it was the last extractio n  for th a t  so lven t, it was passed 
through a condenser w hich d elivered  it cold to the 
•container. W hen th e  extractio n  was m ade under 
pressure, it w as b etter to  relieve th e pressure before 
d ra w in g  out th e so lv en t; th is was readily  done b y  
turnin g off the steam  and allow in g condensation to 
con tin u e in th e reflux. W hen th e solven t was drained 
o u t a fter th e last extra ctio n , th a t  rem aining in th e 
•chips w as rem oved  b y  steam in g first a t atm ospheric 
pressure un til no m ore so lven t cam e off, and finally  at 
30 lbs. pressure for a few  m inutes. T o  insure th a t 
a ll the so lven t w as rem oved, th e retort was then  con­
nected to  th e va cu u m  pum p for abou t one hour. In 
■only a few  cases, how ever, w as an y more solven t 
recovered in this last step.

As soon as each so lven t was rem oved after final 
ex tra ctio n  it w as th o ro u g h ly  stirred, and a sam ple 
tak en . T h e w eigh t of each so lven t was taken  before 
it was used in a n y  run and after its final use in th a t 
run. T h e in term ed iate  w eights when a so lven t passed 
from  one retort to  th e  n ext were not taken . In other 
w ords, th e  to ta l am ount of wood in th e three units

'T h i s  J o u r n a l ,  i  ( 1 9 1 2 ) .  7 8 9 ;  also F . S. Bull. 109, "D is tilla tion  of 
Resinous Wood w ith  S a tu ra ted  S team .”

of th e b a tte ry  w as considered as th e charge for the run 
rath er th a n  th a t in each retort as a sep arate unit. 
Since o n ly  th ree solven ts were redistilled  in a n y  run 
and these contained som e rosin from  a previous run, 
it  was not possible to  determ ine th e rosin y ield  from  
th e actu al rosin recovered  b y  th e red istillation  of the 
solven t. T h e yields were determ ined b y  an analysis 
of the solven ts. T h e to ta l yields from  several runs 
checked v e ry  well w ith  th e analyses.

A N A L Y SE S

T h e efficien cy of a n y  extractio n  was based on a 
com parison of th e am ount of rosin in the so lven ts, as 
determ ined b y  an an alysis, and the am ount of rosin 
contained in th e charge, as determ ined b y  an analysis 
of an average sam ple of the w ood.

w o o d — A sam ple of th e charge was taken  b y  q u a rter­
ing the w ood in each retort un til the desired am ount 
(abou t l/ j lb.) w as obtained. A  portion of the sam ple 
from  each retort was then  ground to  the fineness of 
saw dust and a m oisture determ in ation  m ade b y  the 
xylo l m eth od ,1 gen erally  em ployed in estim atin g 
m oisture in w ood w hich contains a vo la tile  oil. A n 
equal portion of the finely ground sam ple from  each 
retort w as extracted  in a Soxhlet w ith chloroform . 
On dryin g th e extracted  sam ple to con stan t w eight a t 
i i o ° C. th e w eight of th e w ood free from  m oisture, 
rosin, a n d ' vo la tile  oil w as obtained. T h e e x tra ct 
from  the Soxhlet was then  evap orated  in an oil b ath  
kep t at 1 50° C. A fter  th e chloroform  had all d is­
tilled  off a sm all je t of steam  at s ligh tly  reduced pres­
sure was passed through th e  rosin. T h is was con ­
tinued for Vs hr. and the residue w as th en  dried b y  
using a m uch higher vacu u m  for Va-hr. in tervals , 
w ith ou t the steam , until th e  rosin show ed a loss of 
less th an  0.2 per cent for tw o  successive treatm en ts. 
C on tin ued  heatin g caused som e decom position, so 
th a t  dryin g could not be carried  to  constan t w eight. 
T h e final residue w as then  ta k en  as rosin. Since 
m oisture and rosin and the extracted  w ood were 
determ ined th e  vo la tile  oil w as estim ated  b y  difference. 
T h e m ethod is not en tirely  sa tisfa cto ry , b u t since it 
is not practicable to determ ine vo la tile  oil in so sm all 
a sam ple, and thus determ ine rosin b y  d ifference, it 
was felt th a t rosin could be determ in ed as th e n o n ­
vo latile  chloroform  extra ct. D u p licates ch ecked  w ith ­
in 0.003 to  0.005 per cent and errors th a t were large 
enough to  be of consequence to  th e exp erim ent fell 
b ack  on th e sam ple itself. I t  is, furtherm ore, not 
str ic tly  correct to  com pare the petroleum  extractio n  
w ith  th e  chloroform  control since there were p ro b ab ly  
sm all portions of th e rosin th a t were insoluble in 
petroleum  b u t were soluble in chloroform .2 T h e  ex ­
tractio n  efficiencies were, therefore, low er th an  if 
based on the to ta l petroleum  soluble rosin present in 
the wood.

e x t r a c t i o n — T h e yield  of rosin in th e  tests was 
determ ined, as sta te d  above, b y  an an alysis  of th e 
different extracts. T h e  am ount of rosin in a w eighed 
portion (about 200 g.) w as determ ined in p ra ctic a lly  
th e sam e m anner described for estim atin g th e rosin

1 F . S. Circ. 134, “ E stim ation  of M oisture in Creosoted W ood.”
5 Allen, "C om m ercial Organic A nalysis,”  ch ap ter on Colophony.
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Chip, »/is in. 
Pressure. 0 lbs.

P r e s s u r e  
Chip, 3/i* in. 

E x traction , 15 min.

o f  C h i p  
Pressure, 30 lbs. 

E x tractio n . 15 min.

M o is t u r e  
Chip, */»« in.; Pressure,

C o n t e n t  
C h ip ,  s/ i«  in . ;  P r e s s u r e ,

30 lbs.; E x traction , 15 m in. 30 lbs.; E x tractio n , 15 min.

in th e chloroform  extra ct, excep t th a t th e  residue 
w as n ot steam -distilled  because no appreciable am ount 
of high b oilin g oils, such as pine oil, w as le ft in the 
w ood and rosin after th e chips were thoroughly- 
steam ed.

S C O P E  O F E X P E R IM E N T S

T h e experim ents in this first series included a s tu d y  
o f'th e  m ore im p o rtan t fun dam en tal op eratin g variab les 
on the efficien cy of th e extra ctio n : ( i)  tim e, (2) pres­
sure, (3) size of m aterial, (4) m oisture, and (5) effect 
of rosin ’con ten t on the percen tage yield  of rosin, 
based on th e  am ount origin ally  present. T h e  tests 
also included a p relim in ary  s tu d y  of th e su ita b ility  
of th e  extracted  m aterial for paper pulp. T w o  sizes 
of chips, avera gin g  ‘ /u  in - an d 6/s in. w ith  th e  grain 
of th e w ood, were selected  for th e tests. T h e  3/i6-in. 
chip is larger th a n  th e usual com m ercial chip used 
in th e extractio n  process, b u t is considered th e m inim um  
size for m aking pulp . T h e m aterial w as prepared 
in a sem i-com m ercial pulp chipper. T h e  wood in 
each case com prised th e whole of th e  stum p including 
th e outer bark. A ll of th e  stum ps had th e roots re­
m oved and were p ra ctica lly  free from  earth  and sand.

T a b l e  I I — E f f e c t  o f  V a r i o u s  F a c t o r s  o n  E x t r a c t io n  o f  R o s in

P r e s - %  R o s in
E f f e c t  R u n  T im e  C h i p  s u r e  R o s in  Y ie l d

I l l u s t r a t e d  N o . M in .  I n .  L b s .  in  W o o d  P e r  c e n t
T i m e .................................................  1 15 3 / 1 6  0  2 9 .9 2  7 2 .6

2  4 5  3 / 1 6  0  2 5 .1 0  7 5 .0
3  15 3 / 1 6  3 0  2 3 .0 0  9 1 .6 0
4  4 5  3 / 1 6  3 0  2 5 .9 2  9 3 .7 0

11 15 5 / 8  3 0  1 2 .9 0  6 8 .5
12 4 5  5 / 8  3 0  1 2 .2 3  6 8 .9

P r e s s u r e ...................................... 1 15 3 / 1 6  0  2 9 .9 2  7 2 .6
6 15 3 / 1 6  3 0  2 7 .4 3  9 4 . 3
5 15 3 / 1 6  5 5  2 9 .3 5  8 5 .3
2 4 5  3 / 1 6  0  2 5 .1  7 5 .0
4 4 5  3 / 1 6  3 0  2 5 .9 2  9 3 .7

S iz e  o f  C h i p ............................  9  15 3 / 1 6  3 0  1 0 .7 3  8 8 .8
11 15 5 / 8  3 0  1 2 .9  6 8 .5

4 4 5  3 / 1 6  3 0  2 5 .9 2  9 3 .7
12 4 5  5 / 8  3 0  1 2 .5  6 8 .9

M o i s t u r e , H i g h ...................... 9  15 3 / 1 6  3 0  1 0 .7 3  8 8 .2
Low .......................  10 15 3 / 1 6  3 0  1 0 .7  7 2 .1

R o s in  C o n t e n t ...................... 7 15 3 / 1 6  0  1 3 .3 2  7 0 .8
1 15 3 / 1 6  0  2 9 .9 2  7 3 .6
9  15 3 / 1 6  3 0  1 0 .7 3  8 8 . 8
3 15 3 / 1 6  3 0  2 3 .0 0  9 1 . 6
6  15 3 / 1 6  3 0  2 7 .4 3  9 4 . 8

R E S U L T S

e f f e c t  o f  t i m e — Fig. I I ,  based o:i th e  results of 
R un s i and 2 (T a b le  II ) , shows the progress of th e  ex ­

tractio n . T h e  curve is obtained  b y  p lo ttin g  the per­
cen tages of rosin recovered as ordinates, and th e  tim e 
th e  so lven t w as in con tact w ith  th e w ood as abscissas. 
R eferrin g to  T a b le  I, w hich shows th e procedure 
used in th e  test, it  is seen th a t in a n y  run S olven t I 
is in con tact w ith  th e wood on ly for th e u n it tim e, 
w hich is i s  min. for R u n  1. S o lven t II , h ow ­
ever, is in co n tact w ith the wood tw ice  as long as 
S o lven t I, S o lven ts I I I  and IV  three tim es as long as 
S o lven t I, and Solven ts V  and V I  for th e sam e tim e 
as Solven ts I I  and I, resp ective ly . T h e units on the 
abscissa, therefore, represent th e  progress of e x tra c­
tion. Since each so lven t was an a lyzed  before its 
first and a fter its last ap p licatio n , th e  proportion  
of th e to ta l rosin extracted  b y  each so lven t in a n y  
run could be determ ined.

I t  w ill be seen th a t  th e  effect of increasing th e  tim e 
from  15 to  45 min. is sligh t for th e three sets of con di­
tions used, and for p ra ctica l purposes 15 min. is e v i­
d en tly  th e m axim um  tim e necessary. In R u n s 3 and 
4, w hich ga v e  th e  highest yields, th e efficiency was in ­
creased on ly  2.1 per cen t when th e tim e w as in­
creased threefold . In F ig. II it w ill be noticed th a t  
in th e 15-m in. extractio n  a larger proportion  w as re~ 
covered  w ith  th e first' tw o  solven ts th a n  when th e tim e 
w as 45 m in.. T h is sam e condition  w as show n in. 
corresponding curves for R un s 3 and 4 and n  and 12, 
b u t no logical exp lan ation  of th is w as m ade evid en t 
during th e experim ent.

e f f e c t  o f  p r e s s u r e — T h e progress of th e e x tra c­
tion  for R u n s 1, 5 and 6, show n in F ig. I l l ,  is ty p ic a l 
of th e effect of pressure. T h e  figure show s th a t the 
rosin recovered  w as increased from  7 2 .6  per cent 
to  9 4.3  per cen t b y  increasing th e  pressure from  
o to  30 lbs. A t  55 lbs. pressure there is an ap­
p aren t b reak in th e cu rve, and a decided decrease 
in per cent reco very  as com pared w ith  30 lbs. pressure. 
Since, in a s tu d y  of the penetran ce of creosote in long- 
leaf pine h eartw ood a t th e  F orest P rod u cts L ab o ra ­
to r y ,1 a decided decrease w as n oted as the pressure 
was increased from  50 to  75 lbs., th e cause of th e de­
creased efficiency of extractio n  m ay be a ph ysical

1 U . S. D ep t, of Agric., Bull. 101, “ R elative  R esistance of Various. 
Conifers to  In jec tion  w ith Creosote.'*
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one. It  seems m ore probable, how ever, th a t  the 
exp lan ation  is m ore of a chem ical n ature and m ay 
be due to  an increase of th e insoluble constituen ts 
of th e rosin a t th e  higher tem peratures, although 
th ere w as no a p p aren t effect of th e  higher tem pera­
tures on th e q u a lity  of th e rosin recovered. T h e 
effect of increasing th e pressure in th e 45-min. ex­
tractio n  w as p ra ctica lly  th e sam e as for th e shorter 
tim e.

e f f e c t  o f  s i z e  o f  c h i p — F ig. I V  shows th e curve 
of extractio n  for R un s 9 and 11 . Increasing the size 
of th e  chip to. V s  in. decreases th e efficiency of ex­
traction  from  ap p roxim ately  90 to  abou t 70 per cent, 
and th e  resu lt is p ra ctic a lly  indepen den t of th e  tim e 
of extractio n . In  th e studies of th e penetrance of 
creosote in lon gleaf pine heartw ood referred to  above, 
it  w as also shown th a t th e ratio  of lon gitudin al t o  
radial pen etration  w as 26 : 1, and of lon gitu d in al to 
ta n g en tial w as 100 : 1. For p ractica l purposes the 
actio n  of th e so lven t is, therefore, a lm ost en tirely  
in th e  lon gitu d in al direction, w hich is also th e  sam e 
direction  as m ost of th e  resin du cts, th a t  is, w ith  the 
grain  in th e  w ood. T h e decrease in th e rosin rem oved 
from  th e  longer chips is then  u n d o u b ted ly  a ques­
tion  of decreased pen etration  of th e so lven t into longer 
resin ducts. Since g iv in g th e  so lven t a longer tim e 
to pen etrate  does n ot increase th e y ield , as seen in 
R u n s 11 and 12 ,1 it  seem s safe to  predict th a t  addi­
tion al pressure is n ecessary to  pen etrate to  th e center 
of th e longer chips. A  con tin u ation  of those studies 
w ill determ ine th e a ccu racy  of th is supposition.

e f f e c t  o f  m o i s t u r e — A fter  steam in g th e chips 
for the rem oval of vo la tile  oil p rep ara to ry  to  ex tra c­
tion, it was th e usual procedure to  pull a vacu u m  of 
abou t 20 in. on th e reto rt for l/2 hr., the retort being 
k ep t hot b y  m eans of steam  in the closed coils in 
order to  rem ove as m uch as possible of th e  excess 
m oisture- caused b y  steam in g. In  general, th e w ater 
rem oved in th is w a y  w as eq u iva len t to abou t 30 
per cen t of the d ry  w eight of th e w ood, b u t th e ratio  
of th is am ount to  th e  to ta l m oisture in th e chips after 
steam in g w as not determ ined. As several patents 
call a tten tion  to  th is featu re of th e process it was 
desired to  determ ine its effect. A  run wras m ade, 
therefore, in w hich th e va cu u m  -was om itted  and the 
so lven t w as run d ire ctly  on to  th e chips a fter steam ­
ing. T h e results of th is run com pared to  a sim ilar 
run in w hich the va cu u m  w as used are given  in T a b le  
II and th e progress of th e extraction  for th e tw o runs 
is show n in F ig. V .

T h e effect of rem ovin g a co m p a ra tiv ely  sm all 
am ount of m oisture b y  th e va cu u m  treatm en t is more 
pronounced th a n  m ight be supposed, since th e  effi­
ciency is increased over 15 per cent. I t  w ill be noted 
in th e cu rve  th a t th e  extractio n  is m ost retarded at 
the s ta rt; and it  is, therefore, quite possible th a t the 
excess of m oisture is rem oved b y  the first w ash, after 
w hich the extractio n  proceeds more norm ally. W hen 
the w ater has once boiled off w ith  th e gasoline vapor

1 T h e  m ore pronounced effect of increasing the  tim e used in R un 4 to  
th a t used in R un  9 m ay be largely explained by  the  higher rosin con ten t 
of the  wood used in R un 4, as will be shown in th e  discussion to  follow.

and, on condensing In th e  reflux, flows b ack  into  the 
b o tto m  of th e retort, it p rob ab ly  does not interfere 
to  a n y  exten t w ith  th e extraction . B y  ta k in g  th e 
condensed so lven t from  th e top  of th e trap  in the 
reflux line it w ould  be possible to  get rid of this excess 
w ater in a short tim e, since th e  m oisture could be 
draw n off a t  th e  b o tto m  of th e  trap  and th u s be re­
m oved from  th e system . W ith  such an arrangem ent, 
increasing th e  tim e of extractio n  should then  give 
alm ost as high efficiency as when th e chips are dried 
b y  th e va cu u m  unless, in addition  to rem ovin g the 
surface m oisture, the va cu u m  has som e m echanical 
action  of opening up th e ends of th e exposed resin 
ducts and th us fa cilita tes th e  pen etration  of th e  sol­
v en t. I t  is desired to  te st th is point in fu tu re  exp eri­
m ents.

e f f e c t  o f  r o s i n  c o n t e n t — T hese tests on the 
effect of different variab les were m ade on sam ples 
of quite different rosin conten t, one lo t being co m p a ra ­
t iv e ly  rich and v a ry in g  from  23 to 30 per cen t rosin, 
and another lo t being co m p a ra tiv ely  low  in rosin 
and v a ry in g  from  i o 1/; to  1 3 V2 Per cent. A n  a n a l­
ysis of th e d a ta  (T a b le  II) from  runs m ade under the 
sam e extractio n  conditions b u t w ith  chips of different 
rosin conten t is of interest.

R un s 3, 6 and 9, m ade at 30 lbs. pressure and 15 
min. extractio n , are shown grap h ically  in F ig . V I . 
I t  is seen from  th e ta b le  th a t a higher percen tage of 
rosin is recovered from  woods of greater rosin con­
te n t and th e higher reco very  is ev id en t th rou gh ou t 
the progress of th e  extractio n  as show n in th e  figure. 
T h is is p rob ab ly  due to  th e  fa c t th a t  th ere is a larger 
proportion  of th e  rosin w hich has sa tu rated  th e  cells 
surrounding th e resin d ucts proper in th e richer wood 
and th is rosin is, therefore, m ade m ore accessible 
to th e action  of the solven t. T h e  wood contain ing 
1 3 .5  per cent rosin is abou t as low  in rosin as could 
be extracted  com m ercially.

s o l v e n t  l o s s

T h e apparatu s used in th e te st w as not found to  
be en tirely  su itab le for th e  s tu d y  of th e loss of sol­
ven t. B ecause of errors in construction  th e so lven t 
collected  in pockets in th e p ip ing and it  w as, th e re­
fore, n ot recovered un til an other run. T h ere were 
also noticeable leaks a t several points. In  general 
it w as apparen t th a t extractio n  under pressure tended 
to increase s lig h tly  th e am ount of so lven t retained in 
th e  chips b u t there w as no d ifficu lty  in recoverin g th is 
so lven t on subsequent steam in g. W ith  ev id en t leaks 
in th e apparatu s, increasing either tim e or pressure

T a b l e  I I I — S o l v e n t  L o s s e s  i n  V a r i o u s  R u n s

R u n  C h i p  P r e s s u r e  T im e  S o l v e n t  L o s s  R o s in  Y ie l d
No. In . L b s .  M in .  P er cen t P e r cen t

7 ........................  3 /1 6  0 15 2 .3 8  72 .6
2 ........................  3 /16  0 45 6 .87  7 5 .0
3. 6 , 9 (A v .).. 3 /1 6  30 15 3 .4 6 (a) 91 .5
 4........................  3 /16  30 45 4 .3 0  93 .7
 5........................  3 /1 6  55 15 3 .7 4  85 .3

1 1........................  5 /8  30 15 3 .4 6  68 .5
1 2 ........................  5 /8  30 45 3 .8 5  68 .9

(a) V aried from 3.16 to  3.79.

w ould, of course, increase th e so lven t loss. T h e 
am ount lost in several of th e  runs is show n in T a b le  
II I . W hile th e  d a ta  do n ot show  clearly  th e  effect 
of th e different tim e and pressure conditions on so l­
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ven t loss, it m ay be n oted  th a t a longer tim e seem ed 
to  give a greater increase in solven t loss th a n  a higher 
pressure.

It  was possible to  determ ine ap p ro x im ately  the 
proportion  of this loss th a t occurred in th e red istilla ­
tion  of th e  so lven t and th is a veraged  ab ou t io  per 
cent of th e to ta l. T h e so lven t loss will be ta k en  up 
in detail in a later stu d y.

FO R M A T IO N  O F A P R E C IP IT A T E

An in terestin g point th a t  cam e up in the exp eri­
m ents w as the d iscovery  of a p recip itate  in th e sol­
ve n t rem oved  from  the chips, esp ecially  a fter  e x tra c t­
ing wood of high rosin conten t. Y a r y a n 1 calls a t ­
tention  to  a b la ck  p itch y  sub stance w hich precip i­
ta tes  out of th e rosin solution  and which he says is 
due to th e action  of fire on th e stum ps or lightw ood. 
T h e p recip itate w as a t first dark  brow n, later b ecom ­
ing b lack; it w as q uite s tic k y , and w as first th o u gh t 
to be som e con stitu en t of th e rosin insoluble in p etro­
leum . F u rth er exam ination  in dicated  th a t it w as 
large ly  basic ferric a ce tate  w hich carried dow n a sm all 
am ount of rosin w ith  it. I t  w as no doubt form ed 
b y  the a tta c k  of th e iron retorts b y  the free acetic 
acid  occurring in th e  old w ood, th e  acetate  of iron 
form ed becom ing the. insoluble basic salt at th e high 
tem peratu re of th e  b oilin g so lven t. In som e of the 
runs th e  p recip itate  am ounted to  as m uch as i per 
cent of the d ry  w eight of th e wood.

S U IT A B IL IT Y  OF T H E  E X T R A C T E D  C H IP S  FO R  P U L P

O n ly p relim in ary  experim ents h a ve  been m ade 
w ith  th e extracted  chips. It  was desired first to  d e­
term ine th e q u a lity  of pulp th a t could  be obtained  
from  the ViG-in. chip a lthough it  seem ed th a t  this 
size would give too  short a fiber len gth  for good pulp. 
B y  using th e su lfa te  process th e unscreened chips from  
R un s 6 and 9 were cooked in a sem i-com m ercial 
digester. T h e tim e of cooking w as 1 hr. in gettin g  
up th e pressure, and 2 hrs. a t  100 lbs. pressure. T h e 
cooking liquor contain ed 1 5 .7  lbs. N aO H  and 7 .5  
lbs. N a 2S per 100 lbs. of w ood. T h e pulp yield  
was 43. 2 per cent of th e  d ry  chips. T w o  beater 
treatm en ts were m ade on th e  “ h alf s tu ff,”  th e  d u ra­
tion  of b eatin g being 5 hrs. in each case. In one run 
the b eater roll w as hard  dow n durin g th e last hour, 
while in th e second run th e sto ck  w as m uch more 
dilute and the roll w as set so as to  g ive a com para­
tiv e ly  ligh t brush. T h e pulp was run over th e m a­
chine and th e sheets from  th e  tw o  b eater treatm en ts 
ga v e  th e  fo llow ing stren gth  tests. T h e  figures from  
w h at m ay be considered a N o. 1 K r a ft  are given  
in the fo llow ing ta b le  for com parison.

S t r e n g t h  S c h o p p e r  T e s t  F o l d in g  W e i g h t  
F a c t o r  B r e a k in g  L e n g th  T e s t  p e r  R e a m  

P a p e r  P o i n t s  p e r  lb .  in  M e te r s  T im e s  L b s .
B eater R un  No. 1............  0 .7 2  5425 800 40
B eater R un  No. 2 ............. 0 .65  4730 367 38
N o. I K ra f t ......................... 1 .00 6000 1500 40

W hile R un  i was stron ger, R un  2 g a v e  a softer 
sheet. B o th  were a v e ry  fa ir grade of N o. 2 K ra ft . 
F u rth er tests w ill be m ade b y  using th e  larger chips, 
b u t since th e  sm all chip gives such prom ise of being

1 U. S. P a te n t 934,257.

su itab le  for pulp, th e y  are more desirable, since it 
is possible to get so m uch higher yields of rosin from  
them  b y  extraction .

C O N T U S IO N S  A ND T H E IR  C O M M E R C IA L  A P P L IC A T IO N

T i e  results of these experim ents seem  to  indicate 
th a t a solution of th e problem  of o b ta in in g another 
product in -the extractio n  of resinous wood b y  th e sol­
ve n t process m ay be found in using a larger chip, 
whose m inim um  size is 3/ir, in., and ex tra ctin g  under 
a m axim um  pressure of 30 lbs. b y  using four washes 
of 15 min. each. A  closed ty p e  of b a tte ry  in which 
th e vaporized  so lven t can be returned con tin u ou sly  
to  the retort is ad van tageou s for extra ctin g  under 
pressure. E xtra ctio n  under pressure for a short tim e 
is show n to  g ive m uch higher yields of rosin th a n  no 
pressure for a longer tim e.

A s n oted in the results given  ab ove, the yields b y  
petroleum  extractio n  are based on control analyses 
m ade b y  using chloroform  as solven t, f t  w as o b ­
served th a t certain  con stituen ts of the rosin are in ­
soluble in petroleum  but are soluble in chloroform . 
Since it is also show n th a t increasing the tim e of ex ­
traction  has no appreciable effect at 30 lbs. pressure, 
and since 9 4.8  per cent were recovered under those 
conditions, it would seem  possible th a t p ra ctica lly  
all of th e petroleum -soluble rosin w as extra cted  at 
th is pressure, f t  is prob ab le, therefore, th a t a low er 
pressure w ould be as efficient as 30 lbs.

Chips, as sm all as in. are a p p a ren tly  su itab le
for paper pulp as th e y  gave a good grade of N o. 2 
K r a ft  b y  th e su lfate  process. C hips of th is size 
could p ro b ab ly  be m ost a d va n ta g e o u sly  cooked com ­
m ercially  in a ro ta ry  ty p e  of digester. A  p la n t ex ­
tra ctin g  wood y ield in g abou t 2 50 lbs. or 1 .0 9  bbls. 
of “ F ”  grade rosin per ton  (89 per cent y ield  of 14 .0  
per cent rosin), which is a b ou t the m inim um  for 
p racticab le  com m ercial operation, w ould .p roduce 
extra cted  chips su itab le  for m akin g ab ou t 750 lbs. 
of pulp per ton of wood. A  50-ton extra ctio n  p lan t 
w ould then  su p p ly  a 2o-ton pulp mill, or since an ex ­
tractio n  p lant m ight require ab ou t three-q uarters of its 
ex tra cted  chips as fuel in case it were n ot ad va n ta geo u s 
to  b u y  other fuel, a  200-t0n p lan t w ould h ave chips for 
fuel and still could su p p ly  a com m ercial pulp mill of 
p racticab le  size.

It is difficult to g ive cost figures to cover th e v a rie ty  
of contingencies m et w ith  com m ercially , b u t th e fo l­
low ing estim ates of avera ge  p ractice show  clearly  
th e effect on the net returns of ob tain in g extra cted  
chips as an addition al va lu ab le  b y-p rod u ct.

C o s t  E s t im a t e  p e r  T o n  o n  2 0 0 - T o n  E x t r a c t io n  P l a n t  
C o s t  o f  O p e r a t io n  P r ic e s  f o r  p a s t  15 y r s .  R e t u r n s  a t  A v e ra g e

W o o d ............................................  S 2 .25  6 gals, tu rp en tin e  and  pine
Solvent: 7*/a gals, at 12 c.. 0.90 oil at 40 c.......................  $ 2.40
F u e l : V< to n  e x t r a c t e d  2 5 0  lb s .  r o s in  a t  1.5 c .

chips a t  no c o s t.................... 0 .0 0  (3.771/* per n e t bbl.
C o o p e r a g e ................................. 0 .6 5  of 2 3 0  lb s .) .................  3 . J 5
Superin tendence and  L abor. 0 .87  —— :—
Selling and  shipping, includ- S6 . 15

ing fre ig h t............................... 0 .7 2  C ost of o p era tio n ......... 5 .92
Taxes, insurance an d  depre- —--------

ciation over 15 years  0 .35  N e t p rofit........................  SO.23
R epairs an d  m iscellaneous... 0 .1 8  Selling price 250 lbs. ex-

---------- tra c ted  chips a t  $ 1.00 per
$ 5 .9 2  to n ............................................  0 .2 5

N et profit w ith chips as  b y ­
p ro d u c t...................................  S 0 .48
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T h e p lan t w ould p a y  5. 5 per cent on an in v e st­
m ent of 8250,000 w ith ou t th e  chips and 1 1 . 5 per cent 
assum in g the chips to  be w orth S i .  00 per ton  for 
pulp, w hich is a low  estim ate since the m aterial would 
be in condition  for im m ediate pulping.

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

S O M E  STU D IES OF SO AP SO LU TIO N S
B y  V ic t o r  L e n h e r  a n d  M a r y  V . R .  B u e l l  

R e c e iv e d  A p r i l  3 , 1916

T h e chem ical analysis of a soap shows only the con­
stitu en ts of w hich it  is com posed. T h e  results in d i­
cate th e con ten t of w ater, fa t ty  acid as soap, un- 
sapon ifiab le m atter, a lka li (com bined or free), g ly c ­
erin, salt, filler, etc. N o sa tis fa cto ry  m ethod has 
been proposed for th e determ in ation  of th e real valu e 
of a soap, n am ely, its  clean sin g pow er. From  the 
tim e of C h evreu l, one of th e  first to  s tu d y  soap, to  
th e present d a y , considerable literatu re has accu m u la­
ted  on th e cleansing pow er of soap. Som e of th e w ork 
is experim ental, and som e is p u rely  sp ecu lative, b u t 
w ith  all th e th o u gh t and en ergy w hich has been ex ­
pended on this su b ject it  m ust be confessed th a t 
we do n ot possess sufficient d a ta  to  explain  satisfa c­
to rily  th e phenom ena ord in arily  exhibited  b y  soap 
solutions, nor can th e  chem ist te ll th e lau n d ry  how 
m uch soap is required to  rem ove a definite am ount of 
d irt or wash a given  w eight of soiled clothing.

V ariou s phases of th e question  as to  how soap 
acts as a d etergen t h a ve  been studied  at different 
tim es. T hese studies are well sum m arized b y  B an croft 
in his papers on em ulsification, now running in the 
Journal of P hysical Chemistry.

T h e various m ethods w hich have been suggested 
from  tim e to  tim e for th e ev alu a tio n  of soaps, h ave 
depended larg e ly  on th e  use for w hich the soap is in ­
tended. H illy e r1 d ivides soaps into tw o  classes: 
those used w ith  cold or lukew arm  w ater, such as 
to ile t soaps; and those used w ith boiling w ater, as 
lau n d ry  soaps. H is m ethod for determ ining th e de­
tergen t va lu e of soap is b y  th e T rau b e stalagm om eter 
m ethod for determ in ing the surface tension of a soap 
solution again st a kerosene w hich he arb itra rily  
a dopted  as a stan dard . T h e num ber of drops form ed 
in a given  len gth  of tim e is regarded as a m easure 
of th e  am ount of soap in solution, the em ulsifying 
pow er of th e soap, and its cleansing pow er. T h e n um ­
ber of drops is referred to  a curve obtained b y  running 
stan dard  solutions of n eutral sodium  palm itate  through 
stan dard  kerosene and th e re lativ e  efficiency of the 
soap is th u s approxim ated . In testin g  soaps intended 
for use w ith  h ot w ater, th e  w hole of the ap p aratu s is 
surrounded b y  a w ater b ath  w hich is k ep t a t th e de­
sired tem perature.

L u ksch 2 a ttem p ted  to  determ ine th e efficiency 
of a soap b y  coloring pieces of chiffon of different 
sizes and w ashing them  under the sam e conditions 
in a w ashing m achine. T h e results varied  10 per cent, 
b u t were su ffic ien tly  accu rate  to  show th e  difference 
betw een different soaps. He also studied the w eaken-

1 J . A m . Chem. Soc.. 25, 1256.
5 SeifensUder-Zlg., 40, 413. 444.

ing effect of th e soaps on th e fibers b y  m aking tensile 
stren gth  determ inations.

s u r f a c e  t e n s i o n — in  m ost of th e theories which 
h ave been brought forth  to  explain  th e d etergen t 
valu e of soap, surface tension  has p layed  an im p ortan t 
p art, in  order to  s tu d y  th e  relation betw een  surface 
tension and con cen tration , a num ber of experim ents 
were m ade b y  m eans of the T rau b e sta lagm om eter. 
W hile th e T rau b e sta lagm om eter m ethod for surface 
tension  determ in ations possesses certain  objections, 
these errors are of m inor rath er th an  m ajor character. 
I t  w as foun d to  suffice in th is w ork, inasm uch as the 
results are com p arative.

A  b ulb  w as blow n in th e stalagm om eter so th a t  5 
cc. w ould be th e q u a n tity  delivered, and a device used 
w hereb y th e pressure could be regulated . T h e  w hole 
w as surrounded b y  a w ater b ath  and th e o u tle t a l­
low ed th e drops to  form  in the air or in a given  liquid . 
In th e  m easurem ents m ade b y  th is m ethod, th e  n um ­
ber of drops were counted and th e  tim e ta k en  when 
a definite volum e of liquid  w’as allow ed to  flow out 
through th e p ip ette.

Sodium  oleate solutions were prepared from  pure 
sodium  hyd ro xid e and v e ry  pure oleic acid. W hen 
soap solutions are m ade to  form  drops under th e sur­
face of an oil or of a liquid  im m iscible w ith  w ater, 
th e num ber of drops form ed is m uch greater th an  when 
an equal vo lu m e of w ater is m ade to  form  drops under 
sim ilar conditions, th a t is, th e surface tension  b e­
tw een  oil and w ater is m uch greater th an  th e surface 
tension betw een  oil and soap solution, or, th e surface 
tension  is in versely  proportional to  th e num ber of 
drops form ed. T h e relation  b etw een  concen tration  
of soap solutions and their surface tensions tow ard  
som e liquids im m iscible w ith  w ater is shown in th e  
accom p an yin g curves. In all cases th e tem p eratu re 
was controlled  at 25°.

T h e first point on each of th e  curves is not as a ccu rate  
as th e  others because at the N /10  con cen tration  
h yd ro lysis is fa irly  rapid. T h e  significan ce of th e  
points is th a t th e y  show  th e  general d irection  of th e 
curves. T h e error of th e observation s is considered 
to be ap p roxim ately  0 .5  per cent. T h eo re tica lly , 
the point of m inim um  surface tension  should be at 
th e point at wThich th e m axim um  num ber of drops is 
form ed. In all of th e cases in vestig ated , writh  th e 
single exception  of th e  exp erim ent w ith  air, th e  su r­
face tension was low er w ith th e con cen trated  solutions 
th an  w ith th e  d ilute solutions, and th e  general d irec­
tion  of th e curves is th e sam e.

It has been observed th a t th e  surface tension s 
of sodium  oleate solutions tow ard  air are increased 
w ith  th e d ilution. T h e a ctu al surface tension s of 
various concen trations of sodium  oleate solution  
to w a rd  air wTere found b y  th e T ra u b e  sta lagm om eter 
m ethod to  be at 25 0 as follow s, expressed in dynes 
per cen tim eter:

A 710 -V/20 N /4 0  N / 80 .Y/160 AT/320 N / 640 AT/1280
28 .20  26.21 25.33 24.17 24.77 24.91 25 .55  41 .28

B y  th e sam e m ethod w ater show ed 7 1 .7 8  tow ard  
air. I t  is in terestin g to  note th a t  w ith  N / 10  to  iV/320
sodium  oleate th ere is such a sm all va riatio n  in th e



702 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  Vol.  8, No.  8

surface tension, esp ecially  when th e surface tension 
is so different from  th a t of w ater. T h e  solutions in 
th is range of con cen tratio n  are th e ones w hich foam  
so w’ell. W hen a d ilution  of N / 640 is a tta in ed  the 
solutions com m ence to  ta k e  on a m ilky  appearance. 
T h e fa ct th a t  th e foam ing is so m uch m ore profuse 
betw een  N / 80 and iV/3 20 affords evidence to  th e  view  
th a t  in these concen trations we h a v e  th e  soap a ctin g 
as an em ulsifier to produce th e  foam  w hich is an 
“ em ulsion of air in soap so lu tio n .”

W hile th e ab o v e  observation s were ta k en  at 250, a 
s tu d y  w as m ade a t tem peratures of 20, 22, 24 and 25°, 
and it  w as foun d th a t  w ith in  th is range of tem p era ­
ture th e surface tension  m easurem ents if p lo tted  as a 
cu rve form  a stra ig h t line, show in g th a t th e rate of 
flow is d ire ctly  prop ortion al to  th e tem peratu re .

E M U L S IF Y IN G  A C T IO N  OF SO A P

Follow ing th e lines of our m odern m ethods of pre­
paring em ulsions, th e em u lsify in g pow er of soap was _

paratus found to  be best ad ap ted  for th e purpose 
w as a th in  stirrin g  paddle m ade of G erm an  silver 
in w hich a large num ber of holes were cut. 
T h e  paddle was electric  m otor-driven  and th e  jar  
in  w hich it w as revo lv ed  was im m ersed in a con stan t 
tem p eratu re b ath .

W henever possible, equal vo lu m es of w ater and 
im m iscible liquid  were used and th e am ounts of soap 
varied . In  the first exp erim ents, th e  o b ject w as to 
ascertain  th e m inim um  q u a n tity  of soap w hich w ould  
a ct as an em ulsifier under defin ite conditions. An 
em ulsion w as considered sa tis fa cto ry  if th ere w as no 
visib le sep aration  of eith er con stitu en t a t th e end 
of 5 m in., the tim e of stirrin g bein g 5 m in. T h is 
stan d ard  is not so a rb itra ry  as it m ight seem  at first 
sigh t, because in m ost cases if th e em ulsion sep arates 
a t all, it does so' in th e  first h alf-m in ute. T h is is 
esp ecially  true of th e  em ulsions produced a t th e low er 
tem peratures. A  test of th e a ccu racy  of th e  m ethod 
show ed th a t  a difference of 0 .1  cc. N / io -  sodium

studied. E m ulsions of kerosene and w a ter were m ade 
b y  sh ak in g kerosene w ith  an excess of soap solution  
in a w ide-m outhed, glass-stoppered b o ttle . A fter 
th e  m ixtures had  stood  for a few  m inutes, th e  excess 
of soap solution  sep arated  ou t a t the b o tto m  of th e 
b o ttle , lea v in g  all of th e  kerosene em ulsified in the 
upper layer. T h ese ' em ulsions rem ained perm anent 
for m onths. If insufficient soap is present w hen one 
a ttem p ts  to  m ake an ém ulsification  of th is ch aracter, 
eith er no ém ulsification  or o n ly  p a rtia l ém ulsification  
ta k es  place.

In order to  s tu d y  th is em u lsify in g  action, of th e  soap 
w ith  w ater and im m iscib le liquids, it  is n oted th a t, 
as w ith  oth er em ulsions, sim p ly  a uniform  sh akin g, 
such as g iven  b y  a sh akin g m achine, is insufficient. 
A  sh akin g m achine, even  w hen running a t high speed, 
g ives u n sa tis fa cto ry  results. In  fa ct, a sh akin g m a­
chine does n ot g ive  as sa tis fa cto ry  results as does 
th e je r k y  double m otion given  b y  hand. T h e  ap-

oleate solution, corresponding to  0 .0 015 g-> could  be 
rea d ily  d etected . In th e results g iven , th e  a ccu ra cy  
has not been w orked ou t to  such a high degree, b u t is 
a p p ro x im ately  o . 5 cc. N / 20 sodium  oleate, or, 0.0075 g- 
T h e experim ents were con ducted  a t 200 and th e w ater

was h igh ly  purified.
S o d iu m  O l e a t e  
N e c e s s a r y  f o r

W a t e r E m u l s i f ic a t io n
SUBSTANCR Cc. G ram s

5 0  cc. T u rp en tin e ............................ . . . .  5 0 0 .6 3 3 1
5 0  cc. C arbon T etrach lo ride . . . . . . . .  5 0 0 .1 1 4 0
5 0  cc. C h loroform ........................... . . . .  50 0 .7 8 2 4
5 0  cc. B enzol..................................... ____  5 0 0 .9 8 0 4
2 . 5  g . V aseline................................. . . . .  5 0 1 .5 2 0 0

It  is ob viou s th a t  en tire ly  different am ounts of soap 
are n ecessary to  em u lsify  under the sam e conditions 
th e  sam e volu m e of different sub stan ces w hich  a r e , 
im m iscible w ith  w ater. T h e exp erim en t w ith  vaselin e 
can h a rd ly  be com pared  w ith  th e  others, nor is its 
a ccu ra cy  so great on accou n t of th e  p h ysica l condition  
of th e  vaselin e, b u t is in trod u ced  sim p ly  to  show  its 
b eh avior under these conditions.
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E F F E C T  O F C O N C E N T R A T IO N  ON E M U L S IF IC A T IO N

T h e effect of th e re lativ e  am ount of w ater present 
in em ulsions w ith  tu rp en tin e was observed.

iV/20 S o d iu m T o t a l S o d iu m
O l e a t e V o l u m e O l e a t e

T u r p e n t i n e W a t e r N e c e s s a r y o f  W a t e r N e c e s s a r y
Cc. Cc. Cc. Cc. G ram
25 0 30 30 0.4560
25 25 18 43 0.2736
25 50 8 58 0.1216

I t  fo llo w s  fro m  th e se  re s u lts  t h a t  w e a k  .so lu tio n s 
of so d iu m  o le a te  are  m ore e co n o m ica l in  th e  é m u ls i­
fic a tio n  of tu r p e n tin e  w ith  w a te r  th a n  th e  m o re  c o n ­
c e n tra te d  so lu tio n s . I t  is, th e re fo re , a p p a re n t  t h a t  
th e  v o lu m e  o f w a te r  in  w h ich  a  g iv e n  a m o u n t o f so ap  
is d is s o lv e d  is an  im p o r ta n t  fa c to r  in  its  d e te rg e n t 
e ffe ct.

E f f e c t  o f  T e m p e r a t u r e  o n  E m u l s i f ic a t io n

T e m p e r a t u r e S u b s t a n c e
W a t e r

Cc.

S o d iu m
O l e a t e

N e c e s s a r y
Gram

20° C. 50 cc. Chloroform 50 0.7828
50° 50 cc. Chloroform 50 0.4636
20° 50 cc, Olive Oil 50 0.6384

100° 50 cc. Olive Oil 50 0.3040

I t  is e v id e n t  fro m  th e se  o b s e r v a tio n s  t h a t  a  d efin ite  
am oun t of sodium  oleate w ill em u lsify  m ore of these 
m aterials a t h igh tem p eratu res th a n  a t low tem p era­
tures. T h e  em ulsions produced are, how ever, not so 
sta b le  a t h igh  tem p eratu res as th e low  tem perature 
em ulsions. T h e em ulsions w ere, how ever, perm anent 
for 5 min. in all cases. For th is kind of a s tu d y  no 
ob jection  can be raised to  em ulsification  of this 
ch aracter, inasm uch as in th e actu al process of w ashing, 
as soon as th e  em ulsion is form ed, it is w ashed a w ay. I t  
is in general tru e th a t  sodium  oleate solutions wash more 
efficien tly  a t high tem p eratu res th a n  a t low. Soaps 
w'hich are re la tiv e ly  high in oleic acid con ten t are 
often  spoken of as cold w ater soaps. F rom  this it 
m ight be inferred th a t th e y  w ash b ette r  in cold wrater 
th a n  in hot. T h is  is n ot th e case. I t  is true th a t 
th e y  w ash b e tte r  in cold w ater th an  th e  stearate  or 
p a lm itate  soaps, w hich h a ve  on ly  a sligh t d etergen t 
action  in cold w ater. In  general, th e o leates wash 
b etter in hot w a ter th a n  in cold.

E F F E C T  OF A G E ON SO A P SO L U T IO N

Stron g solutions of sodium  oleate decom pose on 
stan din g w ith  th e  form ation  of a p recip itate  w hich in 
chem ical com position  is an acid  soap. T h is p recip i­
ta te  is r e la tiv e ly  insoluble and can not be en tirely  
b rou gh t b ack  into solution b y  boiling. E xp erim ents 
were m ade to  find the re lativ e  em ulsify in g pow er of 
fresh AT/ io  sodium  oleate solutions, and of N /10  
solutions in w hich  th is p recip itate  had form ed. T h e 
solutions were th o ro u g h ly  shaken  in order to  insure 
the p recip itate  bein g un iform ly suspended through 
the solution.

S o d iu m
W a t e r  a d d e d  t o  O l e a t e

m a k e  u p  t o  N e c e s s a r y
S u b s t a n c e  Ć c . A g e  G r a m

50 cc. C hloroform ............... 50 F resh  0.7828
50 cc. C hloroform ............... 50 3 mo 0 .7904
50 cc. C h loroform ..............  50 4 */j mo, 0 .7965

F r o m  th e se  e x p e r im e n ts  i t  is e v id e n t  t h a t  th e  e m u l­
s ify in g  powTer o f so d iu m  o le a te  so lu tio n s  is im p a ire d  
o n ly  v e r y  s lig h t ly  b y  th e  h y d r o ly s is , an d  a so a p  s o lu ­
t io n  w h ic h  h a s  s to o d  fo r  a  lo n g  t im e  w a sh e s  a p p a r ­

e n tly  as well as w ater in w hich the soap has been fresh ly  
dissolved.

C O M P A R A T IV E  E M U L S IF Y IN G  P O W E R S  O F T H E  SO D IU M  

SO A PS W H E N  U S E D  H O T

A  com parison of th e  em ulsify in g pow ers of pure 
sodium  oleate, stearate  and p alm itate  has been m ade. 
N /20  solutions of the three soaps were prepared 
from  th e  pure fa t ty  acids and pure sodium  hydroxide. 
T h e solutions of th e stearate  and p alm itate  were pre­
pared  hot. B oth  th e  stearate  and p a lm itate  solu­
tion s so lid ify  to a je lly  on cooling. It  is ob vious 
th a t  when a sufficient concen tration  is necessary to 
em ulsify  an im m iscible liquid  w ith  w ater, it is n ecessary 
th a t these soaps be used at a high tem perature. Such 
liquids as benzol, carbon tetrachloride and chloro­
form  as were used a t low er tem peratures wrere n ot 
serviceab le a t 100°. H ig h ly  inflam m able liquids 
could not be used in our a p p aratu s; hence o live  oil 
w as selected  as th e m ost sa tisfa cto ry  liquid  for th e  
purpose. T h e  end-points are n ot as definite a t high 
tem peratures as a t 25°. T h e oil w as w ell em ulsified 
b y  v e ry  sm all quan tities of soap, b u t a considerable 
excess of soap is necessary to  render th e em ulsions 
perm anent for 5 min.

O l iv e  W a t e r  t o  
O il  m a k e  u p  t o  - 

T e m p e r a t u r e  Cc. • Cc. R e q u i r e d  f o r  E m u l s i f ic a t io n  
100° C. 25 25 0 .1672 g. Sodium  O leate
100° 25 25 0 . 1390 g. Sodium  P a lm ita te
100° 25 25 0 .2250 g. Sodium  S te a ra te

In th is com parison it appears th a t at io o °  
sodium  p alm itate  em ulsifies o live  oil m ore effic ien tly  
th an  the oleate or th e  stearate/ T h ese d a ta  are v e ry  
su ggestive as to  th e re lativ e  detergen t values of th e  
three soaps a t th e boiling tem p eratu re , b u t m ore ex ­
perim ents should be m ade along th ese lines w ith  various 
substances before it is possible to generalize.

S U S P E N S IO N S

In stu d yin g  th e action  of soap solutions w ith  su s­
pended m atter, such as ferric oxide and m anganese 
dioxide, concen trations of sodium  oleate from  N / 20 
to  JV/1280 were used. 250 cc. of th e sodium  oleate  
solutions were shaken up w ith  th e  sifted  m inerals 
and allow ed to  stand from  5 d ays to  3 w eeks. T h e  
results w ith th e tw o  m inerals were of th e  sam e order, 
and though it was im possible to  m ake a ccu rate  q u an ­
t ita tiv e  m easurem ents, it w as n oted  th a t  th e  m a x ­
im um  suspension in v a ria b ly  occurred w ith  ab ou t 
N /320  solution.

F u rth er studies on soap solutions are in progress in 
this lab oratory .

U n iv e r s it y  o f  W is c o n s in , M a d is o n

VANILLA EXTRACT
By J . R . D e a n  a n d  J. O. S c h l o t t e r b e c k  

Received Jan u a ry  3, 1916

( Concluded from our previous issue) 

SE C O N D -G R A D E  E X T R A C T S

T h e conclusion reached in regard  to  th e use of a lka li 
w as en tirely  in regard  to  a first-class e x tra ct where 
th e arom a of th e  ex tra ct is of the grea test im portance. 
I t  is often desirable, how ever, to  prep are second-
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grade extra cts , eith er from  second-grade beans or from  
the dregs le ft in th e m an u factu re of the highest grade 
product. H ere it w ould seem  th a t th e use of a little  
a lka li m ight prove of value. T hese secon dary ex­
tracts  are n ever of as high a q u a lity  as th e first-grade 
extracts  and are u su ally  incorporated  in to  su b sti­
tu tes or im itation s w ith  coum arin or to n k a  extract. 
B y  th e careful use of alkali it w ould be possible to 
obtain  a n icely  colored p roduct and, a lthough its 
flavor w ould  n ot be equal to a pure ex tra ct, th e a d d i­
tion  of van illin , coum arin  or to n k a  extra ct, would 
tend  to  m ake up th is lack  of flavor. Such, an extra ct 
could n ot be sold as a pure ex tra ct of va n illa  and it is 
n ot a v e ry  d ifficu lt problem  to  p rove th a t such an ex ­
tra c t is not official.

It  is doub tless certain  th a t there are a great n um ­
ber of such extra cts  on th e m arket, som e of w hich are 
represented to  be stra ig h t extracts . T h eir  flavors 
differ grea tly , b u t som e are fa ir ly  good and are com ­
parable w ith  som e stra ig h t extracts . T h ere is a differ­
ence, how ever, and it w ill u su ally  m ake itself appar-

T h e b eh avior of th e ash in d icated  th a t an alka li had 
been used on exh austed  beans and th a t the e x tra ct 
had not been m ade from  prim e va n illa  beans. The 
flavor of this e x tra ct w as fa ir ly  good, b u t it w as far 
from  being equal to a pure ex tra ct of van illa.

S U G A R , SA N D  A ND G L Y C E R IN

Sugar and sand, ind ep en d en tly  and together, p acked  
w ith  the beans in th e  percolator, ten d  to m ake possi­
ble a m ore uniform  p a ck  and reduce th e chances of 
th e m enstruum  form ing canals th rough  th e p ack, 
lea vin g  part of th e  beans un touched. W e m ade 
several ex tracts  w ith  b oth  sugar and sand and  each 
sep a ra tely  to see if eith er w ould be of a n y  m ore ser­
vice  th an  the other in yield in g a more com p lete  e x ­
tra ctio n , b u t it  w as found th a t th e y  are of ab ou t the 
sam e value.

In  T ab le  I w e report th e results ob ta in ed  from  ex ­
tracts  m ade w ith  both , togeth er and  in d ep en d en tly. 
In som e of these, esp ecially  those m ade from  undried 
beans, there were n oticeable variation s, b u t th e v a r ia ­
tions were n ot con stan t and often  conflicting. T h is

T a b l e  I V — D i f f e r e n t  M e n s t r u a  w it h  a n d  w it h o u t  S u g a r , S a n d  a n d  G l y c e r i n  (a )
P e r c e n t a g e s L e a d E x t r a c t  C o l o r F il t r a t e  C o l o r R a t io  o f  R e d  t o  Y e l l o w

B e a n s A lc o h o l  V a n i l l in N o . R e d Y e llo w R e d Y e llo w E x t r a c t  F i l t r a t e R e m a r k s

M e x ic a n ........................ 6 0 0 .1 9 0 . 7 0 3 3 . 0 1 0 3 .0 1 .8 7 .1 1 : 3 .1  1 : 3 .9 A lc o h o l  a n d  s a n d
6 0 0 .1 9 0 .6 5 3 5 . 0 1 0 3 .0 2 . 0 8 . 6 1 : 2 .9  1 : 4 .3 A lc o h o l a n d  s u g a r
6 0 0 . 1 6 0 .6 9 4 1 . 0 1 2 3 .0 2 . 0 8 . 8 1 : 3 .0  1 : 4 .4 A lc o h o l a n d  g ly c e r in  (6)
35 0 .1 7 0 .8 2 3 1 . 0 7 5 .0 1 .8 6 . 6 1 : 2 .4  1 : 3 .7 A lc o h o l a n d  s a n d
35 0 .1 7 0 .7 9 2 8 . 0 7 5 .0 2 . 0 7 .5 1 : 2 .4  1 : 3 .8 A lc o h o l a n d  s u g a r
35 0 .1 8 0 .8 0 4 0 . 0 9 0 . 0 2 . 0 7 .5 1 : 2 .3  1 : 3 .8 A lc o h o l a n d  g ly c e r in

B o u r b o n ........................ . 6 0 0 .1 9 0 .6 1 3 4 . 0 1 0 8 .0 1 .9 8 . 2 1 : 3 .2  1 : 4 .3 A lc o h o l a n d  s a n d .
60 0 .  19 0 .5 7 3 9 .0 1 1 9 .0 2 . 4 1 0 .0 I : 3 .1  1 : 4 .2 A lc o h o l a n d  s u g a r
60 0 . 2 0 0 . 5 8 4 3 .0 1 3 3 .0 2 . 0 9 . 6 I : 3 .1  1 : 4 .8 A lc o h o l a n d  g ly c e r in
35 0 .1 7 0 .7 1 3 0 . 0 7 3 .0 1 .8 7 . 0 1 : 2 . 4  1 : 3 . 9 A lc o h o l a n d  s a n d
35 0 .1 7 0 .6 6 3 1 . 0 7 8 .0 2 . 2 8 . 0 1 : 2 .4  1 : 3 .6 A lc o h o l a n d  s u g a r
35 0 .1 9 0 . 6 8 5 0 . 0 1 1 0 .0 2 . 4 8 . 4 1 : 2 .2  1 : 3 .5 A lc o h o l a n d  g ly c e r in

T a h i t i ........................ . . . 6 0 0 .1 1 0 .4 3 1 3 .0 4 0 . 0 0 . 6 2 . 6 1 : 3 .1  1 4 .3 A lc o h o l a n d  s a n d
60 0 .1 1 0 . 4 4 1 5 .0 4 0 .0 0 . 6 3 .1 1 : 2 .7  1 : 5 .2 A lc o h o l a n d  s u g a r
60 0 .1 1 0 .4 3 2 4 .0 5 3 .0 0 . 7 3 . 3 1 : 2 .2  1 : 4 .7 A lc o h o l a n d  g ly c e r in
35 0 .0 9 0 .3 9 1 5 .0 3 0 . 0 1 .2 4 . 0 1 : 2 .3  1 : 3 .3 A lc o h o l a n d  s a n d
35 0 .0 9 0 .4 4 1 5 .0 3 3 . 0 1 .3 4 . 4 1 : 2 .2  1 : 3 .4 A lc o h o l a n d  s u g a r
3 5 0 . 1 0 0 .4 0 1 5 .0 3 3 . 0 0 . 9 3 . 3 1 : 2 .0  1 : 3 .6 A lc o h o l a n d  g ly c e r in

1 s t G r a d e ..................... 0 . 2 0 0 .4 9 2 4 . 0 7 7 .0 1 .5 6 .1 1 : 3 .2  1 : 4 .2
2 n d  G r a d e ................... 0 . 2 0 0 .5 3 3 1 . 0 9 2 . 0 1 .7 7 .2 1 : 3 .1  1 : 4 .4
3 r d  G r a d e .................... 0 . 1 9 0 .5 5 3 2 . 0 1 0 4 .0 1 .8 7 . 6 1 : 3 .3  1 : 4 .3
4 t h  G r a d e .................... 0 . 1 7 0 .5 8 3 5 . 0 1 1 3 .0 2 .1 8 .7 1 : 3 .2  1 : 4.1
5 t h  G r a d e .................... 0 . 1 5 0 .5 9 3 5 . 0 1 1 1 .0 1 .9 7 .5 1 : 3 .1  1 : 4 .0
2 0  t o  23  c m . l o n g . . 0 . 2 0 0 .5 2 3 0 . 0 9 9 . 0 1 .8 7 . 6 1 : 3 .3  1 : 4 .3
15 t o  19 c m . l o n g . . 0 .  18 0 .5 5 3 2 . 0 1 0 0 .0 1 .7 7 . 2 1 : 3 .2  1 : 4 .3
10 t o  14 c m . l o n g . . 0 .1 8 0 .5 6 3 3 . 0 1 0 4 .0 2 .1 S A 1 : 3 .2  I : 4.1

(a) U . S . D e p t . o f  A g r .. B u r .  o f  C h e m . . Bull. 1 5 2 , p . 157 . (b) T h e  b e a n s  in  t h e  g ly c e r in  e x t r a c t s  w e re  r u b b e d  u p  tw ic e  t h e i r  w e ig h t  o f  s a n d .  T h e
g ly c e r in  e x t r a c t s  c o n ta i n e d  2 0  p e r  c e n t  g ly c e r in .

ent on a close com parison w ith  a pure ex tra ct. T h e 
chief difference lies in th e d elicacy  of th e flavor and 
in th e w a y  in w hich these extracts  deteriorate w ith age.

T h e an alysis of som e of these ex tra cts  com pare 
v e ry  well w ith  th e  analyses of a pure ex tra ct in regard 
to van illin  and color, and often even  in th e lead  n um ­
ber va lu e. T h e  to ta l a c id ity  of an e x tra ct m ade w ith  
a lk a li is u su ally  low er and th e a lk a lin ity  of the ash 
is u su a lly  higher th a n  th a t of a pure ex tra ct. T hese 
cheap and alkali-m ade ex tra cts  y ield  an ash more 
q u ick ly  th a n  do th e pure extra cts  and  th e  n atu re of 
th e ash is often  v e ry  different.

W e had occasion to  exam ine an e x tra ct th a t  was 
called  “ E x tra ct of V a n illa ,”  “  N on -O fficia l,”  and which 
was claim ed to  h ave been m ade from  prim e v a n illa  
beans. T h e van illin  con ten t w as norm al, ab ou t 0 .18  
per cen t; the lead num ber w as low , about 0.300; 
the color w as norm al and th e ex tra ct w as p e rfe ctly  
clear. T h e  to ta l a cid ity , how ever, w as o n ly  half 
of th a t of a pure ex tra ct and it w as foun d th a t  the 
solids of th e  ex tra ct burned w ith  great ease, leavin g 
an ash th a t  contain ed a v e ry  large am oun t of iron oxide.

w as esp ecially  so in regard  to the dried bean extra cts  
where a b ou t th e sam e results were ob tain ed  from  three 
extra cts  m ade in all three w ays. T h u s in ex tra ct N o. 
16, th e lead num ber was 0.8034 and b o th  sugar and 
sand were used; in e x tra ct N o. 17, th e lead num ber 
w as 0 .8 0 11 and on ly  sand was used; and in ex tra ct 
N o. 24, th e lead num ber w as 0.8095, an d only sugar 
was used. T h e color va lu es of all of these three 
extracts  were ab ou t th e sam e. T h e sam ples co n ta in ­
ing th e sugar were a little  c lo u d y  and this w as foun d 
to  be the case in e v e ry  ex tra ct m ade b y  p a ck in g  the 
beans and sugar togeth er in th e percolator, and w ould, 
it seem s, p rove th a t sugar should n ever be p acked  
w ith  th e beans b u t should  be added to  th e percolate.

G lycerin , how ever, does tend  to increase the color 
of th e e x tra ct and  should  be added to  th e m enstruum . 
In  T a b le  IV  we h a ve  copied, in p a rt, th e results o b ­
ta in ed  b y  th e B ureau  of C h em istry  of th e D e p a rt­
m ent of A g ricu ltu re, in th eir w ork on va n illa  ex tra ct 
re lativ e  to  th e use and valu e of 35 and 60 per cent 
alcohol, w ith  and w ith ou t sugar, sand and  g ly c e r in .1

1 U . S . D e p t ,  o f  A g r . ,  B u r .  o f  C h e m ..  Bull.  1 52 . 158.



Aug. ,  1916 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 705

T hese results agree w ith  ours in th a t g lycerin  is of 
valu e in m akin g a d arker extra ct. A n d, also, th a t 
there is no preference betw een  sand and sugar.

G lycerin  also serves to  give th e desired “ b o d y ”  
or g ra v ity  to  th e extra ct and im parts a sw eet taste 
th a t is often  desired. Som e m anufacturers use both 
sugar and glycerin  in their extracts , th e glyccrin  
being added to  th e  m enstruum  and the sugar to  the 
perco la te .1

G R A D E A ND L E N G T H  O F B E A N S

In T a b le  IV  we h a ve  also included the results o b ­
tain ed  b y  th e ab ove observers on extracts  m ade from  
va n illa  beans of different grades and lengths. T hese 
figures show th a t, in general, th e h igh est grade beans 
of all th e various varieties contain  the m ost van illin , 
decreasing as th e grades becom e low er. T h e lead 
num bers and color values, on th e other hand, were 
found to increase as th e grades decreased.

T h e van illin  con ten t of th e  lon gest beans w as found 
to  be higher th a n  th a t  of th e shorter beans. T h e lead 
num bers and color values were th e sam e here as with 
th e different grades of beans, being increased as the 
beans were shorter. These differences, although slight, 
point to a sm all degree of in feriority  of th e Shorter 
b ea n s.2

T H E  S O L V E N T  A C T IO N  OF V A N ILL A  E X T R A C T  ON 

C E R T A IN  M ETA L S

T h e solven t action  of va n illa  ex tra ct on m etal: is of 
tw ofo ld  interest to  th e m anufacturer. In the first 
place th e deterioration  of th e containers used to  m anu­
fa ctu re  and store th e  ex tra ct is of great im portance 
from  a stra ig h t econom ical view p o in t and the presence 
of som e m etals in the e x tra ct is of no lesser im portance 
from  th e  v iew p oin t of th eir to x ic  effects. I t  is well 
know n th a t va n illa  ex tra ct has quite a solven t action  
on som e m etals,3 esp ecially  copper, and th a t th e food 
authorities ob vict seriously to  th e  presence of copper, 
lead, e tc., he.-iuse of their toxic  properties It  was 
for th e  p u r p l e  of determ in ing th e re lative  so lu b ility  
of certain  m etals in va n illa  ex tra ct th a t the follow ing 
experim ent was carried out:

Pieces of pure tin , copper, alum inum , zinc, lead, 
n ickel and silver 1 cm . sq. were placed in 25 cc. por­
tions of va n illa  e x tra ct and allow ed to rem ain at room  
tem peratu re for tw o  m onths. A t the sam e tim e a 
piece of gold foil and a piece of “  M onel m e ta l”  wire 
were treated  in th e sam e w a y. T h e original w eights 
of all th e m etals were know n. A fter  th e tw o m onths 
of exposure to  the e x tra ct, the m etals were again 
w eig h ed .in  order to  see how m uch of th e m etal had 
gone into  solution during th at period of tim e from  a 
surface of 2 sq. cm . in 25 ec. of th e extra ct. T h is 
equals a u n it square surface t o  12 .5  units of volum e 
or 4 .6 8  sq. in. to  one gal. T h e results are recorded 
in T a b le  V .

T h e o b je c t in try in g  out gold and silver was p a rtly  
to m ake th e experim ent more com plete, b u t chiefly

1 Special a tten tio n  is called to th is article on vanilla  ex tract, for it 
is by  far the  m ost com plete to  be found in the  lite ra tu re  on th is  subject. 
Especial a tten tio n  is given by  it to  the  analy tical d a ta  obtainable  from 
vanilla ex trac ts  m ade in various ways.

2 U. S. D ep t, of Agr.. Bur. of Chem ., B ull. 152, 156.
3 1914 M inu tes of the  F . E . M . A. C onvention, p. 42.

to  see if it w ould be p ractica l to  use either gold- or sil­
ver-p lated  containers in connection w ith  van illa  ex ­
tract. E ith er of these tw o m etals would be ideal if 
the cost of the p la tin g  is n ot prohib itive and if the 
containers are not sub jected  to  sufficient friction  to 
q u ick ly  wear a w a y  th e rath er thin  coating of th e 
m etal.

T h e n ext best m etal w as found to  be tin  and is no 
d oubt th e m ost p ra ctica l of all. T in  dissolves to 
som e exten t but, according to  our experim ents, a t a 
much slower rate th an  a n y  of the other m etals, ex­
cepting gold and silver.

T a b l e  V — M il l ig r a m s  o p  M e t a l  D is s o l v e d  b y  E x p o s u r e  o f  2  S q . C m . 
o f  S u r f a c e  t o  25  C c .  o f  V a n il l a  E x t r a c t  f o r  T w o  M o n t h s  

S i l-  A lu m i-  M o n e l
G o ld  v e r  T i n  n u m  L e a d  m e ta l  N ic k e l  Z in c  C o p p e r
0 . 0  0 . 0  1 .8  3 . 2  3 . 6  4 . 8  5 . 8  7 . 2  8 . 0

A lum in um  has th e peculiar prop erty  of becom ing 
p itted  when it  is exposed to van illa  e x tra ct. B oth  
of the sam ples of alum in um  w hich we experim ented 
w ith were soon eaten through, one on the edge and the 
other w ell tow ards the center of th e square. T his 
p ittin g  prop erty of alum inum  w ould m ake it  unfit 
for use in connection w ith va n illa  ex tra ct if th e sam e 
result is obtained where the surface of the m etal is 
exposed to th e extra ct on only one side, as w ould be 
the case in a container. t

The color of th e sam ples of ex tra ct w hich contain ed 
th e pieces of copper were v e ry  different from  th e  sam ­
ples containing th e other m etals; there w as a sugges­
tion of green in the color which m ade them  v e ry  u n ­
sig h tly . W e a ccid en tally  obtained  th is sam e th in g 
in a m uch m agnified form  in som e ex tra cts  prepared 
b y  suspending th e chopped beans in copper wire 
b askets in th e upper portion of the m enstruum . A t 
th e end of one m onth these extracts  had a greenish 
caste and were a v iv id  green a t the end of tw o  m onths. 
H alf of the extra cts  were prepared from  undried 
beans and half from  dried beans; and cu riou sly  enough, 
the dried bean extracts were the first to  show  th e  green 
colors. T h e rate of solution of copper w ould  m ake 
its use undesirable and all copper vessels w hich are 
used in connection w ith va n illa  ex tra ct should be 
h ea v ily  coated w ith pure tin  and  w a tch ed  closely  
in order to  preven t exposure, due to  th e  w earing a w a y  
of th e tin.

T h e sam ple of ex tra ct w hich contained th e piece of 
nickel seem ed to be darker th a n  th e rest and had a 
b lackish  appearance v e ry  sim ilar to th a t produced 
in va n illa  ex tra ct b y  m etallic  iron.

There was nothing of in terest excep t th e  so lven t 
action  of th e ex tra ct in th e cases of th e oth er m etals. 
I t  is certain  th a t copper, alum inum , lead  and zinc 
should n ot be used from  their so lu b ility, and copper 
and nickel are undesirable from  th e color view p o in t 
as well as from  their so lu b ility. T h e sam ple of “  M onel 
m e ta l”  did n ot alter th e color of th e e x tra ct and, in 
view  of th e fa ct th a t th is sam ple was in the form  of a 
wire w hich exposed a great am ount of its surface, it 
w ould  seem  th a t this a lloy  m ight prove of service. 
I t  is n oted for its n on-rusting a b ility  w hich would 
m ake it v e ry  easily  kept clean and bright.
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A G IN G  V A N IL L A  E X T R A C T

T h e aging of van illa  ex tra ct is a part of the m anu­
factu re of the extra ct th a t seems to have received 
all too  little  atten tion . M ost m anufacturers agree 
th a t  aging is beneficial b u t there is little  agreem ent 
as to  either th e period of agin g or the tem perature 
at w hich it should be done. In fa ct, th e literature 
contains nothing on th is su b ject beyond th e sim ple 
fa ct th a t the flavor is im proved if th e extra ct is aged.

It  is well know n th a t w h iskey is grea tly  im proved 
b y  agin g and a long stu d y  has been m ade on th is su b ­
ject. A n d, from  the sim ilarity  in the alcoholic con­
ten t and the fa ct th a t both of these substances owe 
their chief valu e to their arom a, it seem s logical to 
consider the problem s as being closely  related, and to 
apply, as best we can, the facts learned from  th is in­
vestigatio n  on w h isk ey .1

In  p art, th e conclusions of this in vestigation  are 
as follow s:

A  chem ical change takes place in w hiskey when 
stored in wood, for three or four years in which acids, 
aldehydes and esters are form ed and w hich reach a 
state  of equilibrium  a t th is age which is m aintained 
th ereafter, a n y  im provem en t' of th e flavor a fter this 
tim e being large ly  due to a concen tration  of the reduc­
tion of the volum e. T his reduction  of the volum e 
is also largely  due to  loss of w ater and accounts for 
the increase of the alcoholic con ten t of w h iskey after 
being stored. I t  is their opinion th a t the w ater passes 
through th e  w ooden barrels, b y  a process of osm osis, 
a t a m uch greater rate th an  does eth yl alcohol, and 
th a t th e sam e selective action  is shown w ith  the acids, 
aldehydes, and esters. I t  is evid en t th a t the changes 
ta k in g  place in the sp irit is dependent on the storage 
of th e sp irit in porous receptacles as none occur when 
the spirit is placed in glass, tin , or even barrels, the 
inside of w hich has been covered w ith  paraffin or glue. 
I t  is also ev id en t th a t th e condition  of th e outside of 
the barrel, as to  m oisture, tem peratu re, e tc., will 
h a ve  a decided influence on the rate of osmosis.

R E D U C T IO N  O F V O LU M E

T h e y  also found th a t w hiskies w hich had been 
aged a t low  tem peratures suffered a co m p a ra tiv ely  
low  loss in vo lu m e b u t a t th e sam e tim e th e y  were not 
m atured to a n yth in g  like  th e sam e degree as those 
w hich were stored at higher tem peratures and which 
lost considerable of their volum e.

R e d u c t i o n  i n  V o l u m e  o p  W h i s k i e s  D u r i n c  S t o r a g e

B o u r b o n  ( a )  R y e  (6)
V o l u m e  Gal. Loss— P er cen t Gal. Loss— Per cent
O rig inal..........................  4 7 .4  . . . .  46 .7  . . . .
F irs t y e a r ......................  4 3 .9  8 4 2 .8  8 .4
Second y e a r ..................  N o t given . . . .  4 0 .5  14.0
T h ird  y e a r ..................... 40 .5  15 3 7 .7  19.0
F o u rth  y e a r..................  3 8 .2  22 3 5 .2  27 .0
E igh th  y e a r ..................  32 .5  3 1 .5  24 .2  4 8 .0
(а) S tored  a t  80° F . in sum m er and  45° in w inter.
(б) S tored a t  80 to 85° F . during  entire  year.

. I t  was found th a t the greater p a rt of the chem ical 
changes had taken  place a t th e end of the first year 
and, w ith  th e  exception  of on ly  a few  cases, th e re­
m aining changes were sm all as com pared w ith  th a t 
of th e first year. T h e reduction  of th e “ new  s p ir it”  
taste  and th e production  of color are tw o item s of

1 C ram pton and  Tolm an. J . A m. Chem. Soc., 30 (1908), 9S.

great im portance in w hiskey aging th a t w ould not 
enter into van illa  ex tra ct agin g a t all and, since the 
larger am ount of th e chem ical changes ta k e  place in the 
first year, it  w ould seem th a t a one y ea r ’s agin g would 
be th e m ost profitable. F ro m  th e above evidence 
it would also seem  th a t th e ex tra ct ought to  be aged 
at room  tem peratu re and in wooden barrels, th a t  are 
not painted, in order to perm it th e process of osm osis.

M ETH O D S O F M A N U F A C T U R IN G  V A N IL L A  E X T R A C T

T h e m ethods of m an u factu rin g va n illa  ex tra ct are 
v e ry  num erous and varied  in character. T h e y  range 
from  plain  percolation  to hot m aceration under the 
influence of stron g agitation  and extend over periods 
of tim e v a ry in g  from  tw en ty -fo u r hours to  one year. 
E ach  different m ethod contains som e good and som e 
bad features, producing extracts  th a t  v a r y  quite a 
little  in their ph ysical and chem ical properties, as 
well as in their flavoring stren gths. T h ere is no one 
m ethod w hich all m anufacturers agree in calling 
th e best, in fa ct, fa vo ra b le  com m ent can be obtained  
for m ost a n y  of th e m ethods, som e preferring one 
and som e another. B ecause of th is great difference 
of opinion in regard  to  th is question , we th in k  th a t it 
w ill not be am iss to give a short description  of som e of 
the m ethods th a t are em ployed.

M A C E R A T IO N  AN D  P E R C O L A T IO N  T h is is po ssib ly
th e oldest and best know n of all of th e m ethods used 
b u t its va lu e  seems to  be v e ry  questionable. I t  is the 
m ethod em ployed in th e  U. S. P . and th e one com ­
m only used b y  the sm aller producers since it is b y  far 
th e m ost convenient.

T h e m ethod consists of a m aceration  of the beans 
in desired m enstruum  (65 per cen t in the 8th U. S. P.) 
which is follow ed  b y  percolation  of th e finished p rod ­
u ct. T h e period of m aceration  varies from  tw e n ty- 
four hours U. S. P ., to  one or m ore years, accordin g 
to  th e  personal opinion of the operator. T h e m ethod 
of packin g th e beans in th e  percolator also varies 
v e ry  greatly . Som e p a ck  the beans alone, som e use 
sugar either w ith or w ith ou t a prelim in ary m acera­
tion, and som e use various am ounts of sand, w ith  or 
w ith ou t sugar. T h e p ackin g of the chopped beans is 
the m ost im p ortan t part of the w hole process, for upon 
it depends w hether or not a good degree of extractio n  
will be obtained. T h is m ethod u su ally  results in a 
clear and b righ t ex tra ct, b u t one th a t, as a rule, does 
not contain  m uch color. I t  is also claim ed th a t it is 
n ot possible to  ex tra ct com pletely  th e  w hole of the 
beans in th e  percolator due to  th e rath er coarse su b ­
division  of the beans w hich m akes a firm  p ackin g im ­
possible, and w hich' tends to  a llow  th e  m enstruum  
to form  canals instead of passing th rough  the whole 
of the pack. A s in all other m ethods, an increase in 
tem perature seems to  increase th e color and other 
ex tra ctiv e  m atter.

c i r c u l a t o r y  d i s p l a c e m e n t — T h is is a m odifica- 
tion  of th e ab ove m ethod w here th e chopped beans 
are held in the upper portion of th e m enstruum  in ­
stead of in th e low er. T h e  usual m ethod is to  place 
th e chopped beans in a perforated  b ask et, suspended 
from  the sides of th e contain ing vessel in such a w ay
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th a t th e top of th e b asket is ju st below  th e  surface 
of the m enstruum , and, it  is claim ed, th a t a m uch 
b etter result w ill be obtained if th e b ask et is rem oved 
from  the m enstruum  once or tw ice during th e process 
and allow ed to drain before being replaced.

T h e principle of th is m ethod is the circu lato ry  
motion of th e  m enstruum  due to the a lw ays increasing 
g ra v ity  as th e soluble con stituen ts are dissolved. 
In th is w a y  th e bean is rep eated ly  exposed to th e  m en­
struum  because as th e  m enstruum  in con tact w ith 
th e beans becom es charged w ith soluble m atter, its 
g ra v ity  increases and it sinks, forcing fresh m enstruum  
up in its place. T h is action  w ill continue in this w ay  
until a state  of equilibrium  is reached th ro u g h o u t the 
entire container when the ex tra ct can be draw n off in a 
p erfectly  clear and bright condition. T h is m ethod is 
slow  in action, requiring at least three m onths, b u t it  is 
w ith ou t doubt one of the best know n and produces 
an ex tra ct th a t is v e ry  rich in delicate arom a as well 
as high in ph ysical constants.

T h e containers should be m ade of oak and be w ell 
painted  on th e outside to preven t undue evap oratio n . 
T h e b asket should be of oak or of h ea v ily  tin ned m etal 
and th e outlet should be ab ou t an inch ab ove the b o t­
tom  of th e contain er to  allow  th e  separation  of a n y  
solid m atter th a t  m ight have passed through the 
sm all holes in th e basket. B y  th is m ethod th e ex­
tra c t is m ade and p a rtly  aged a t the sam e tim e and 
need not require a n y  a tten tion  from  the tim e it is 
started  until it is finished. T h e  m ethod is u su ally  
em p loyed  a t room  tem peratu re b u t, ob viou sly , h igher 
tem peratures could be used b y  storing the contain ers 
in heated  room s.

a g i t a t i o n — T h is m ethod is in rea lity  a m aceration  
process in w hich th e  chopped beans and th e  m enstruum  
are k ep t in m otion b y  m eans of a m echanical a g itator 
and, as in all other m ethods, th e tim e of m aceration 
and the tem peratu re are regulated  to  su it th e various 
conditions. T h is m ethod has th e  a d va n ta ge  of ex­
posing the beans to th e so lven t action  of the m enstruum  
over and over, producing a h igh ly  colored product, 
especially  where the m enstruum  is kept w arm . T h e 
one big d isadvan tage of th e m ethod is th e  separation  
of th e finished product from  th e rath er fine pieces 
of the dregs. T his is done either b y  pressing ou t the 
extra ct or b y  tran sferrin g th e w hole to  a percolator 
and percolating. T h e  la tter , how ever, is to  be pre­
ferred in order to  reduce the evap oratio n  of the alcohol 
as far as possible. T h e  containers used are usually  
of m etal and should be k ep t w ell covered w ith  tin. 
W here th e ex tra ct m ade in th is w a y  is m ade cold 
and aged, it is com parable w ith  th a t m ade w ith  the 
circu lato ry  displacem ent m ethod b u t it seem s p ositive 
th a t an ex tra ct m ade w ith  a hot m enstruum  is in­
ferior because of th e lack  of th e  delicate arom a and 
excessive am ount of inert e x tra ctiv e  m atter w hich 
seems to cover up th e  delicate flavor so n oticeable in 
the ex tra ct prepared b y  cold m ethods.

f r a c t i o n a l  s o l u t i o n — T h is m ethod differs from  
those given  ab ove on ly in th a t th e m enstruum  is added 
in fraction s, one a fter the other. T h e  chopped beans 
are a gitated  or m acerated  w ith one-third or one-

fourth  of th e to ta l am ount of the m enstruum  for the 
desired length  of tim e and th en  draw n off as finished 
extra ct. T h e p a rtly  extracted  beans are then treated  
again in th e sam e m anner un til the to ta l am oun t of 
ex tra ct is obtained  from  th e  w eight of beans taken . 
I f  the different am ounts of m enstruum  are allow ed to 
rem ain in con tact w ith  the beans long enough to  b e­
com e saturated , this m ethod w ill no doubt produce 
th e  g fea test extraction  possible b u t on ly  long m acera­
tions will suffice, even if more m enstruum  is to be 
added, because the ex tra ctiv e  m atter in va n illa  beans 
is so d ifficu ltly  soluble, excep t va n illin , th a t it re­
quires a rath er long tim e to effect their solution and 
it  is possible th a t th e m enstruum  would be w ith ­
draw n before it has accom plished its purpose.

a g i t a t i o n  a f t e r  m a c e r a t i o n — -In this m ethod the 
chopped beans are allow ed to  m acerate w ith a portion 
of th e m enstruum , say  one-half, for the desired period 
of tim e and th e  liquid then draw n off as finished ex­
tra ct. T h e resulting p a rtly  extracted  beans are then 
a g ita ted  w ith  th e rem aining portion of the m enstruum  
heated  to ab ou t io o °  F . until the desired color is o b ­
tain ed  and the dregs are exhausted . T his liquid is 
then separated  from  th e dregs and added to the first 
portion to  form  th e  com plete extract.

It  would seem  th a t there are tw o objections to this 
m ethod and tw o  serious ones. In the first p lace, 
th e m aceration  is accom plished b y  allow ing the chopped 
beans to  stan d  in th e m enstruum  w ithout m otion 
and it is certain  th a t  th e beans settle  to the b otto m  
and becom e surrounded b y  a layer of satu rated  m en­
struum  and slow  diffusion m ust be depended upon 
to  bring the u n satu rated  m enstruum  in con tact w ith 
th e in com p letely  extracted  beans. A nd this is so 
slow  th a t it  is dou b tfu l if a v e ry  great portion of the 
m enstruum  is ever in con tact w ith the beans. T h e 
second ob jection  is the hot a fter-treatm en t w hich is 
believed  to  be detrim en tal to  a first-class ex tra ct of 
van illa.

It  is un fortun ate th a t we did not have the necessary 
apparatu s to  prepare extracts  b y  all of th e different 
m ethods so th a t we could report on their re lative  
values from  a ph ysical con stan t stan dpoint. W e did 
h ave an op p o rtu n ity , how ever, to  w atch the progress 
of an experim ent m ade w ith  the c ircu lato ry  d isp lace­
m ent m ethod and an alyzed  a sam ple of th e e x tra ct 
a t the end of three and six m onths. T h e results are 
given  in T a b le  I, ex tracts  Nos. 33 and 33A . These 
results show th a t the extraction  was a b ou t com plete 
a t th e  end of th e three m onths b u t it was found th a t  
th e ex tra ct had a m uch finer flavor at th e end of six 
m onths th an  it did a t th e end of three m onths, and will 
no doubt im prove in this respect for som etim e. T h e  
a n a lytica l d a ta  obtained from  extracts  m ade from  th ese 
sam e beans, b u t w ith  heat and agitation , are not o b ­
ta in a b le  now, b u t it is know n th a t'-th ey  did n ot ex ­
ceed those of th e c ircu lato ry  displacem ent ex tra ct 
to a n y  great exten t even in regard to the color.

q u e s t i o n s  a n d  a n s w e r s

In  order to  get the opinions of different m an u fac­
turers on som e of the m ost im p ortan t questions rela­
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tiv e  to van illa  extract, we sent out a list of such ques­
tions to tw e n ty  m em bers of the A ssociation for their 
answers. These questions were largely  ones th a t 
could not be answered b y  lab o rato ry  experim ents 
and which seem ed to  us as being of interest to the en ­
tire m em bership of the A ssociation. W e have received 
tw e lv e  sets of answers and wish to ta k e  ad va n ta ge  of 
this o p p ortu n ity  to th an k  'these mem bers for their 
kind cooperation in the preparation  of this report.

A  com posite of the questions and the num ber of 
like answers received for each question is " iv e n  below. 
T he letter1 >a the parentheses refer ^  Kit- c .io n s o f the 
different questions; the num ber: refer to the num ber 
of m anufacturers who gave like answers to th e sam e 
questions.

q u e s t i o n — Do vanilla beans improve with age?
Answers: Yes, 11. No, none. Doubtful, i. 

q u e s t i o n — If so, is the improvement due to (a) a change in 
the beans, or (b) is it clue to concentration caused by loss of 
moisture?

Answers: (a), 4. (6), 4. (o and b), 2. Doubtful, 1.

q u e s t i o n — W hat do you consider the best method of grind’ 
ing vanilla beans?

Answers: Sausage grinder, 1. Chopping machine, 9. Both,
1. Doubtful, 1.

q u e s t i o n — Do you ever dry your bean before extracting it, 
and if so, to what extent?

Answers: Yes, 3. No, 9. Two or three remove only the 
excess moisture; the other dries to constant weight at 70° C.

q u e s t i o n — In y o u r  e s t i m a t i o n  s h o u l d  v a n i l l a  e x t r a c t  b e  m a d e  
b y  (a) m a c e r a t i o n ,  (b) p e r c o l a t i o n ,  ( t )  a g i t a t i o n ,  o r  b y  s o m e  
c o m b i n a t i o n  o f  t w o  o r  m o r e  .of t h e s e ?

Answers: (a), 1. (6) ,  1. ( a  a n d  b), 6.  to ,  b a n d  c),  1. (c),  1. 

QUESTION— I n  y o u r  o p i n i o n ,  w h a t  is t h e  b e s t  m e n s t r u u m  fo r  
t h e  c o m p l e t e  e x t r a c t i o n  o f  v a n i l l a ?

Answers: 40 per cent, 1. 50 per cent, 5. 52.5 per cent, 1.
57 per cent, 1. 60 per cent, 3.

QUESTION— D o  y o u  p r e f e r  g l y c e r i n  t o  s u g a r  in  v a n i l l a  e x ­
t r a c t ?

Answers: Yes, none. No, 9. Use both, 3.
QUESTION— Does sugar interfere in the percolation of the ex­

tract?
Answers: Yes, 5. No, 3. Doubtful, 3.
q u e s t i o n — Will either one increase the color?
Answers: Yes, 3. No, 8. Doubtful, 1.
q u e s t i o n — Will either one prevent baking-out or freezing- 

out of the flavor?
Answers: Yes, 3. No, 4. Doubtful, 4.
q u e s t i o n — When sugar is used do you add it before or after 

percolation?
A ushers: Before, 3. After, 7.
q u e s t i o n — Does aging vanilla extract improve its flavor? 
Answers: Yes, 12. No, none.
q u e s t i o n — If so, will it improve in glass as well as in wood? 
Answers: Yes, 2. No, 8. Doubtful, 2.
q u e s t i o n — Should the extract be aged at, (a) room tempera­

ture, or (b) at reduced temperature?
Answers: (a), 7. (t), 2.
q u e s t i o n — How long do you think that the extract should 

be aged?
Answers: Six months, 4. One year, 4. Longer the better, 3.
q u e s t i o n — In, your experience what is the average loss due 

to evaporation when wooden containers are used?
Answers: 1 to 3 per cent, 2. 3 to 6 per cent, 1. 11 per

cent, 1. Doubtful, 5.

q u e s t i o n — Does the hot process impair the flavor of the fin­
ished extract?

Answers: Yes, 6. No, 1. Yes, if over 100° P., 1. Yes, if 
over n o °  F., 1. Doubtful, 2.

q u e s t i o n — Does the hot process yield a stronger extract than 
the cold process?

Answers: Yes, 5. No, 5.

T h is leaves b u t little  doubt in regard to  questions 
Nos. 1, 3, 4, 7, >9, 12 and 14. and shows an alm ost 
equal division of opinion in regard to  th e other ques­
tions. I t  is regretted  th a t more d ata  are not a v a il­
able in regard to the ’ o~« in volum e of the ex tra ct on 
aging. W e are, how ever, of the opinion th at ab ou t 
the sam e loss will result here th a t has been found in 
the case of w hiskey where the extract is stored under 
like conditions, nam ely, abou t 8 per cent in th e course 
of a year. T h is question seems to  h ave received  
all to o  little  atten tion  b y  m anufacturers and it  would 
seem to be a question th a t is w orth y  of great con­
sideration.

C O N C L U S IO N S

1— V an illa  beans are im proved on aging where the 
aging is conducted  under proper conditions.

2— V an illa  beans should be chopped and not ground.
3— V an illa  beans can be dried w ithout m aterial 

loss of flavor if th e d ryin g is carefu lly  carried out at 
room  tem perature (60 to  70° F .).

4— E xtra cts  m ade from  dried beans h ave higher 
color and lead num ber values th an  those m ade from  
the sam e b u t undried beans.

5— W here th e beans are not dried th e  m enstruum  
should be regulated  to  su it the m oisture present in 
the beans.

6— T h e ph ysical constan ts are n ot grea tly  affected 
b y  the various am ounts of alcohol in the m enstruum  
as long as the am ount of alcohol is sufficient to produce 
a clear extract. T h e color values are s lig h tly  increased 
and the lead num ber values are s ligh tly  decreased 
b y  an increase of alcohol up to a m axim um  of abou t 
65 per cent.

7—— T h e flavor of an extra ct prepared w ith  60 per cent 
alcohol is superior to th a t m ade w ith  50 per cent alcohol.

8— T h e resins of van illa  beans are of no value as 
flavoring agents b u t are of valu e as fixatives for the 
flavoring com pounds present and as coloring m atter 
for the extract.

9— A lkalin e m enstrua produce extracts  th a t are 
higher in color and lead num ber va lu es b u t the alkali 
im pairs th e n atural flavor of the beans.

10— Short m aceration  and percolation  will not pro­
duce th e m axim um  extra ct. T h e hot process pro­
duces an inferior extract, one th a t is lack in g in d elicate 
arom a. T h e m ost desirable ex tra ct is produced only 
b y  long m aceration  a t room  tem p eratu re as in the 
circu lato ry  displacem ent m ethod.

1 1— Sugar does not increase the color of th e ex­
tra c t and should be added to  th e percolate. G ly c ­
erin tends to increase the color and should be added 
to  th e m enstruum  before percolation  or m aceration.

12— V an illa  ex tra ct should not be le ft in  contact 
w ith  an y m etal th a t  is .n o t  com pletely  covered  w ith  
tin.
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13— V ap illa  extra ct is decidedly  im proved  b y  
agin g. T h e period of th e  agin g should be a t least 
one year and should be carried out at room  tem p era­
ture (60 to 70° F.) and in un pain ted, porous, wooden 
barrels. «
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RELATIVE OIL YIELD OF FLORIDA O RANGES
By S. C. H o o d  

Received April 22, 1916

In  connection w ith experim ents carried on to  d e­
term ine the com m ercial possibilities in the m an ufac­
ture of orange oil from  F lorida cull oranges, it  seem ed 
ad visable to determ ine how  early  in th e shipping season 
the oil was present in com m ercial quan tities, and 
also to secure som e d a ta  on the relative  oil yield  of 
different varieties and from  various localities. In 
the fall of 1915 a series of tests w as m ade beginning 
at the opening of th e shipping season of th e early  
varieties and extendin g until well into th e season 
for all except th e v e ry  late varieties. T h e w riter is 
indebted  to  M r. M . G. M astin  of th e B ureau of C h em ­
istry  for the m aterial used in this stu d y.

V A R IE T IE S  S E L E C T E D  

T h e Parson B row n was selected as being the principal 
com m ercial early  v a r ie ty , and a lthough m ature enough 
to ship a t th e  tim e the experim ents were begun, y et 
the color w as b righ t green. A t  th e close of the work 
this v a r ie ty  was well colored. A n other v a r ie ty  of 
v e ry  early  m a tu rity  is th e Ilsw orth  E a rly ; and on 
N ovem ber 12th it was fu lly  m ature and beginning to 
show  a sligh t yellow  color. T h e H om asassa was 
ta k en  as th e ty p e  of th e early  m id-season orange, 
and on th e d ate of the first tests was still green in 
color, a lthough fa irly  well m atured. T h e Pineapple 
being one of th e leading m id-season varieties, was 
taken  as th e ty p e  of th is group, and sam ples from  
three w id ely  sep arate localities were secured. These 
were still im m ature and green in color when th e ex­
perim ent began. Since th e com m on seedlings are 
still exten sively  grow n in F lorida, and there are wide 
differences in the fru it, sam ples were taken  from  eight
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T a b l e  I — P e r c e n t a g e s  o f  O i l  i n  F l o r id a  
P e r c e n t a g e s  C a l c u l a t e d  o n  W e i g h t  o f  F r u i t

O r a n g e s

P e r c e n t a g e s  C a l c u l a t e d  o n  W e i g h t  o f  P e e l

Variety L ocality
Nov.
1-6

Nov.
7—13

N ov.
14-20

Nov.
21-27

N ov. 28 
Dec. 4

Dec.
5-11

Dec.
12-18

Nov.
1-6

N ov.
7-13

Nov.
14-20

Nov.
21-27

N ov. 28 
Dec. 4

Dec.
5-11

Dec.
12-18

P arson Brown Lake W eir 0.41 0.35 0 .50 2 .74 2 .05 3.18
Ilsw orth Early W inderm ere 6!43 0 .2 4 6!46 6 .3 6 2 .5 \ i ! 52 2.35 i :* i
H oraasassa Florence Villa 0.51 6 .49 0.35 ô'.'sà 0.51 0 .50 2.63 2 ! 56 2 .00 3 .2 6 2 .94 2 .67
Jaffa

P a ła tka
P a ła tk a

0 .40 0 .25 2 .44  
2. 13

1.62 
1.74

C arlton Seedless W inderm ere 0.42. 6 .30 6 !4 i 6 !4 i 2 .47 Ü 78 2!42 2 .24
Pineapple New Sm yrna 6Ü 3 6 Ü 4 6'. i4 0 .15 l.ÓÓ i : i 4 i .20 0 .99

P a ła tka Ó'. i7 0 .3 0 i ‘42 1.83
Florence Villa 0 .3 0 0*32 6! 35 0 .32 6^35 6.’4i 2 .00 i * 88 2 .30 1.95 2.21 i ! ¿4

Seedlings P lan t C ity 6 .39 0 .37 2.02 2.27
New Sm yrna 0.25 ĆK28 ÔÏ27 6 .36 1.70 2 ! i 7 Ü95 2 ! i 8
Lakeland 0.21 0 .17 0 . 14 i ! 55 i ! Ś4 6* 83
T am pa 6 .1 6 Ö. 14 6 .27 1.00 0.88 i .'43
Ozona 0 .1 1 0 .25 0.34 0 .92 1.45 1.91
O rlando 0 .32 0 .25 6 !4 i 1.91 1.52 2 .5 Ï
W auchula 0 .4 0 0.35 6.36 2.53 2 .74 2 . Î5
Geneva 0.44 Ó'.4 \ 0.47 2 .46 2 ! 50 2 .68

Valencia Florence Villa 6 ‘.38 0.44 Ó!Ś6 o! 3 i 0 .4 6 0.35 0.53 2^46 2 ! 58 2 .50 i .95 2 .60 2.00 3 .04
Oakland 0 .32 0 .36 0 .43 2.20 2 .76
W inderm ere 0 .4 6 0*35 6! 24 2.47 2.00 i ! 4 i
M anatee 0 .37 6^38 0.41 2ÜÔ 2^38 2.27

localities. On N ovem ber is t , all of these were livid  
green in color, b u t a t th e  close of th e tests th e y  were 
m ature and w ell colored. Since th e V alen cias do not 
m ature u n til th e la tte r  p a rt of th e w inter, th e tests 
were n ot continued on th is va rie ty  to  m atu rity . M ost 
of th e sam ples of this v a r ie ty  were on ly  p a rtia lly  grow n 
at the beginning of th e tests, and a t th e close were 
of full size, b u t still v e ry  im m ature and green in color. 
E ach  series of. sam ples w as gathered from  th e  sam e 
tree at in tervals of one to  tw o  w eeks from  N ovem ber 
is t  to  D ecem ber 18th.

, M ETH O D S

E ach  sam ple consisted of 12 oranges picked  from  
th e tree set a p a rt for these tests. U su ally  1 to  3 d ays 
elapsed betw een th e date of p ickin g and th e date of 
th e tests. T h e oranges were peeled w ith  a knife and 
care was ta k en  to  rem ove all of the peel w ith ou t cu ttin g  
the pulp cells. C are w as also taken  to  preven t b reak ­
ing of the strip of peel and consequent loss of oil. 
T h e fresh peel was then finely ground in a food chopper 
an d  th e ground m aterial distilled w ith w ater in a 
R em in gton  still. T h e  colorless oil secured w as taken  
as the to ta l oil content. Since th is oil consisted alm ost 
en tirely  of lim onene, it  does not represent the actu al 
oil conten t of th e peel, b u t th e loss of th e oxygen ated  
constituen ts would be fa irly  con stan t in each sam ple, 
and th is m ethod m ay be used as a re lativ e  m eans of 
the to ta l oil determ ination. T h e  percentages, T ab le  
I, were ca lcu lated  on both th e w eight of the peel and 
the w eight of th e fresh fruit.

I t  w ill be noted from  T a b le  I th a t in th e case of 
m ost sam ples there w as a considerable increase in 
oil conten t as m a tu rity  ad van ced , b u t th a t th ere is 
a high percen tage of oil in the peel of th e fru it som etim e 
prior to  th e change in color. T his is esp ecially  m arked 
in the case of th e V alen cias. It w ill also be noted 
th a t there is a v e ry  wide difference in th e  oil conten t 
of the sam e va rie ty  from  different localities. From  
th is prelim inary in vestig atio n  it  is n ot possible to  
determ ine w hether this va riatio n  is due to soil and 
clim atic conditions, or to  th e degree of care w hich th e 
trees have received. From  th e appearance of the 
fru it as received, how ever, it is believed  th e la tter  is 
the case. E sp ecia lly  in th e case of seedlings this 
difference w as m arked, and fru it show ing b y  its form  
and textu re th a t th e  trees were h igh ly  fertilized  and

w ell cared for, showed a higher oil -content. T here 
was a m arked drop in  oil conten t in m ost sam ples 
during th e  tw o  w eeks from  N ovem ber 14th to  27th. 
D urin g this period there was an excessive rainfall 
th rou gh ou t th e entire state. T a b le  I I  gives th e rain ­
fall records of th e W eather B ureau  in th e localities 
where sam ples were secured during th e period of these 
experim ents.

T a b l e  I I — R a in f a l l  in  I n c h e s  i n  L o c a l it ie s  w h e r e  O r a n g e  S a m p l e s
WERE G a t h e r e d

N am es in Parentheses are W eather B ureau S ta tions N earest to Place
where O range Sam ples were Taken

Nov. Nov. Nov. N ov. 28 Dec. Dec.
7 -1 3 1 4 -2 0 2 1 -2 7 Dec. 4 5 -1 1 1 2 - 1 8

Lake W eir (L y n n )................... 1 .9 3 0 . 2 6 0 .1 6
W inderm ere (C lerm ont)........ 0 .0 3 3 . 4 6 0 .1 1 0 .1 0 0.26
Florence Villa (Lucerne Park) 1 .8 2 0 .5 8
P a la tk a  (Satsum a H eigh ts).. 6!64 0 .6 7 6!io 0 .0 5
N ew S m y rn a .............................. 0 .1 0 2 .3 4 0 .0 1 0.09
P lan t C ity ................................... 3 .  15 0.20 0 .3 0
L ak e lan d ..................................... 2 .  18 0 .1 2
T a m p a .......................................... 2 .8 9 6.09 0 .3 0
Ozona (T arpon Springs)........ 3 .7 7 0 .6 3 0 .6 5
O rlando ........................................ 2 .2 2 6.02 0 .0 5 0.20
W auchula (F o rt M ead e). . . . 3 .5 9 0 .1 5
G eneva (S anford).................... 0 . 0 8 1 .8 5 0 .  14
O akland (C lerm on t)............... 0 .0 3 3 . 4 6 0. ii 1. 10 0.26
M an a te e ...................................... 2 .6 2 0 . 1 0 6 . 2 6 0 . 6 6

In som e cases no observation s are a vailab le  from  the 
places w here th e sam ples were tak en , and the records 
of the nearest observer are given . It  w ill be noted 
th a t th is decrease in oil conten t im m ed iately  follows 
th e  period of rainfall, and th a t where th e rains ex­
tended over a longer period, th e  oil con ten t w as re­
tard ed  in its increase.

E F F E C T  OF R U ST  M IT E

It  has long been believed  th a t th e typ ica l brown 
coloring of th e orange skin know n as “ ru sset”  follow ing 
th e presence of large num bers of. the rust m ite, Erio- 
phyes oleivorous A sh m ., is due to the p u n ctu rin g of the 
oil cells. In order to  determ ine if this insect in ju ry  
decreased th e oil y ield  of th e fru it, tests were m ade 
on th e  fru it of th e sam e tree a t tw o  stages of m atu rity . 
T h e first test w as m ade on N ovem ber 26th while the 
fru it was im m ature and th e second on J an u a ry  25th 
a fter th e  oranges had reached full m a tu rity . E ach  
sam ple consisted of 12 b righ t and 12 russet fru it. 
T h e results are given  in T a b le  III .
T a b l e  I I I — O il  Y i e l d  o f  R u s s e t  a n d  B r ig h t  F r u i t  o f  S a m e  T r e e  

N o v e m b e r  2 6  J a n u a r y  25
P e r  c e n t  O i l  i n : F r u i t  P e e l  F r u i t  P e e l

B right F r u i t ............................... . . 0 . 2 0  1 .2 5  0 . 4 0  2 .2 6
R usset F r u i t .  ................................  0 . 1 0  0 . 6 0  0 . 4 0  2 .6 8

These results in d icate  th a t  early  in th e season there 
is a low er oil conten t on th e  fru it in fected  b y  rust m ite,
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b u t as the orange m atures a norm al am ount of oil 
is form ed. T h e results secured in th e com m ercial 
tests on large lots of b righ t and russet fru it also in d i­
cate th a t an equal am ount of oil m ay b e.secured from  
each kind of fru it.

C O N C L U S IO N S

T hese prelim inary results show  th a t there is a wide 
va riatio n  in the oil yield  of F lorid a  oranges under 
different clim atic  and cu ltural conditions, and th a t 
the question  of v a r ie ty  is lik e ly  to  h a ve  som e bearing 
on th e com m ercial production  of orange oil. T h e  
oil con ten t has n ot reached its m axim um  until the 
oranges are fu lly  m ature, b u t th e  oil is present in com ­
m ercial quan tities before th e fru it are ready for harvest.

T h e occurrence of h e a v y  rain fall during the season 
of h arvest will cause a considerable decrease in the oil 
content. T h e presence of rust m ite does n ot decrease 
th e  percentage yield  of oil of th e m ature fru it, b u t m ay 
show  som e effect early  in th e season.

B u r e a u  o f  P l a n t  I n d u s t r y , W a s h in g t o n

A NUM ERICAL EX PRESSIO N  FO R  CO LO R AS GIVEN BY 
T H E IVES TIN T  PH O TO M ETE R

B y  O t t o  K r e s s 1 a n d  G. C. M c N a u g h t o n 2 

Received M a y  27, 1916

T h e m atter of a num erical expression of a definite 
shade of color is one on which various investigators 
h a ve  expended considerable en ergy w ith  v a ry in g  de­
grees of success. In alm ost countless phases of com ­
m ercial and experim ental w ork it is extrem ely  de­
sirable th a t there be a m eans b y  w hich an exa ct shade 
of color m ay be com m unicated  to  others or so re­
corded th a t this shade m ay be m atch ed or referred to 
when the'-original is n ot availab le . One readily  com ­
prehends th e im portance and p ra ctica b ility  of an 
instrum ent w hich w ould g ive an accu rate  readin g of 
color. .

So far as th e authors know , th ere are b u t tw o in stru ­
m ents on th e  m arket, which w ould appear to be 
p racticable  from  a scientific and a possible m ill sta n d ­
point, for m easuring the depth of color of either 
liquids or solids. T hese instrum ents are know n as 
th e  Ives T in t P hotom eter and C olorim eter. T h e 
tin t photom eter, being th e  more sim ple instrum ent, 
w as used in these experim ents.
. T h e original purpose of th e experim ents follow ing 
was, (1) to  determ ine if color indications as shown b y  
th e Iv e s  tin t ph otom eter could be em ployed as a 
m eans of m easuring th e progress of b eatin g , and (2) 
to  o b se rv e . the relation betw een  th e num erical ex ­
pressions for depth of color as read from  th e  in stru ­
m ent and th e  relation  of th e shades as noted b y  the 
eye.

T h e t in t ph otom eter (F ig. 1) consists essen tially  
of a form  of telescope into which ligh t from  tw o sources 
is reflected, b y  m eans of a m irror (A ),  into tw o aper­
tures, and focused b y  a special lens in to  tw o sem i­
circular fields. E ach  sem icircle is u n ifo rm ly illu m i­
n ated b y  passing th e ligh t from  th e  apertures, or 
slits, th rough  a ro ta tin g  wheel (B ) m ounted w ith  lens,

1 In  charge. Section of P u lp  and Paper.
2 Engineer in Forest Products.

th e o b ject of w hich is to  blend the light. T h e  am o u n t 
of ligh t reflected through the left-han d  aperture is  
controlled b y  a sh u tter actu ated  b y  a long lever (C) 
th a t m oves over a scale (Z>) so d ivided  into 100 d iv i­
sions or parts th a t at zero reading th e slid ing sh u tter is 
en tirely  closed and a t 100 d ivision s is wide open.

B y  m eans of a th u m b  screw  (E ) th e second aperture 
m ay be adjusted  but through m uch narrow er lim its. 
T h e  base of th e eye-piece tu b e  is equipped w ith  a 
sliding carrier (F ) in w hich are m ounted red, green, 
and blue color screens, as well as one of colorless glass. 
T h e ligh t under w hich th e tests are m ade is received 
through a south w indow  covered w ith  tracin g  cloth.

In u sin g the in strum ent tw o m agnesia b locks are 
first p laced  d irectly  beneath  th e reflecting m irror and 
in fron t of a v ertica l m irror (G). T h e  lever op eratin g 
the sh u tter is set at 100, to  give fu ll opening of the 
left aperture, and the righ t-h an d  aperture a d ju sted  b y 
th e th u m b  screw  until th e tw o halves of th e field are of 
uniform  inten sity. T h is ad ju stm en t m ade, the. mag-

Fio. 1

nesia b lock on the righ t is rem oved and th e paper (H) 
to  be tested  is su b stitu ted . U sing each of th e  color 
screens successively  (i . e., red, green, arid blue) the 
am ount of ligh t entering th e left aperture is decreased 
un til it is of the sam e in ten sity  as th a t en terin g the 
right aperture from  th e  p aper sam ple, or until the 
tw o halves of th e field appear of one lum in osity. T h e 
position of th e lever when this m atched condition  of 
fields is obtained w ith  each screen indicates n um eri­
cally  th e proportion in which red, green, and blue 
ligh t are reflected b y  th e paper under test.

F or exam ple, th e w hite stan dards show  100 parts 
eaph of red, green, and blue, while a certain  sam ple of 
an un dyed  sulfite paper gives readings of 77 parts red, 
71 p arts green, and 67 p arts blue. T h e  sum  of th e 
th ree colors in th e  case of the w hite stan dard is 300, 
w hile in th e  case of the paper it  is b u t 215. F or pu r­
poses of convenience it  has been assum ed th a t  in the 
la tter  case there exists a d arken ing effect of 85 parts 
of b lack  (in 300). T h is factor of “ parts b la c k ”  which
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F i g . 2 F i g . 3 F ig .

is secured, not b y  d irect reading of the instrum ent, 
b u t b y  the subtraction  of the sum  of the three colors 
from  300, im m ediately  expresses th e re lative  brillian cy 
of the color exam ined although it con veys no idea 
of the tin t if the other three readings are not given. 
T h e authors have found no d ifficu lty  in checking 
w ithin  one division (or part) the values secured in 
previous tests. T h e in ven tor of the tin t photom eter 
claim s th a t  th e personal equation  becom es p ra ctica lly  
negligible in op eratin g this instrum ent, and th a t even 
a m arked color-blindness does not affect the readings 
of the instrum ent.

T h e tests were d ivided into tw o groups, (1) where 
depth of color w as secured b y  prolonged beatin g 
effect, using th e sam e am ount of dye, and (2) where 
depth of color w as obtained b y  different am ounts of 
d ye em ployed.

In th e first group unbleached spruce sulfite pulp 
was beaten .in an experim ental M arx beater of 50 
lbs. cap acity . T h e beater tu b  is of concrete con ­
stru ction , w ith  a sp ecia lly  form ed trough for rapid 
circu lation. T h e roll is 24 in. in diam eter b y  18 in. 
face, w ith  a cluster filling of iron bars, and w as operated 
th rou gh ou t th e experim ents a t a peripheral speed of 
2,000 ft. per min. A  ■very ligh t treatm en t was 
given  in order th a t th e co m p a ra tiv e ly  short sto ck  used 
would not be b a d ly  cu t before the end of the operation. 
T h e trea tm en t extended over a period of 24 hrs. 
R epresen tin g b y  z e r o ' th e position of the roll above 
th e bed p late when a v e ry  fa in t hum  could be heard 
as the roll turned in th e e m p ty  beater, the follow ing 
table shows the m anner in which the roll w as grad u ally  
low ered. E ven  a t the end of 24 hours th e sto ck  was

Tim e a t  which roll Position of beater
was lowered roll

A t s t a r t .......................................................... . .................. + 0 .1 0 "
A t end of 2 h rs ..................... ......................................... + 0 .05"

3 ..............................................................  + 0 .0 1 "
17  \ ............................................... + 0 .002"
20   + 0.000"
21   —0.002"
22 ..............................................................  — 0.004"
23 ..............................................................  — 0.006"
24 ..............................................................  roll raised

b u t s lig h tly  shortened and as it still was rath er far 
from  pergam yn stock  it is probable th a t greater 
differences in color tests would h ave been secured had

the s;tock  been su b m itted  to a more severe brush after 
th e first few  hours of beating.

In this group of tests a sam ple of th e sto ck  in the 
beater was rem oved ev ery  hour. For the various 
dyeings, pulp sam ples of 3 g. (dry) w eight were em ­
ployed w hich were secured as follow s: A large sam ple
of ab ou t 3.3 per cen t den sity  was pressed b y  th e palm  
of the hand on a 70-mesh screen until no w ater dripped 
from  it (abou t 12 per cent dry) and then thoroughly 
m ixed. A fter determ inations of m oisture con ten t of 
the pressed stocks were m ade, am ounts eq u iva len t to 
3 g. (dry) were weighed out and b o ttled  w ith  100 cc. 
distilled w ater. T h is m ethod presents th e d ifficulty 
of ob tainin g a hom ogeneous m ixture of the pressed 
stock, but w as b y  fa r th e best m ethod available'.

W hen rea d y  for th e  dyeing, the pulps were washed 
out of the b ottles w ith  250 cc. of w ater into enam el- 
w are cups 3V2 in- in d iam eter and 36/8 in. deep. In 
these the sto ck  w as ag ita ted  b y a m echanical stirrer 
for a to ta l of 20 min.— color, sizing and alum  being 
added in th e order nam ed.

In the cases of the red and green dyes, resp ectively , 
0.5 g. of R hodam ine B E x tra  and 0.5 g. of D iam ond 
Green G . N. were dissolved w ith the. addition  of a 
little  acetic  acid  in a liter of w ater and a volum e 
eq u iva len t to o. 1 per cen t of th e  d ry  w eigh t of the 
sto ck  used for each sam ple. T h is  ga v e  dyeings of 
1 lb. per 1000 lbs. of stock. T h e stren gth  of the 
C ry sta l V io let w as b u t h alf of th e others. D ilute 
solutions of size and alum  were stan dardized  and 
volum es eq u iva len t to 1 per cent of size (calculated  
as rosin) and i l/2 per cent of alum  em ployed.

T h e finished stocks were m ade into hand sheets on 
a special circular mold 63/ 4 in. in diam eter, pressed 
betw een  the press rolls of an experim ental paper 
m achine and dried betw een sheets of b lo ttin g  paper 
on one of th e driers. D urin g th e d ry in g the hand 
sheets were turn ed  freq u e n tly  to  a void  the burn ing' 
of the color to  the surface, and so cause an u n even ­
ness in depth of color on th e tw o sides of the sheet.

T h e w ire side of the sheet was in ev ery  case used 
for th e color tests w ith  th e tin t photom eter. In 
m aking these tests all sheets of one color were ob-
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served in consecutive order and continuously in order 
to avoid  a n y  great variation  in ligh tin g  conditions.

T h e results of th e tin t ph otom eter observations 
are shown grap h ically  in Figs. 2, 3, and 4, in which the 
readings of parts red, green, and blue, as g iven  b y  the 
instrum ent, are p lotted  again st the duration  of the 
beating treatm en t. T h e calcu lated  “ parts b la c k ” also 
have been p lotted  in these figures. W hen com paring 
the depth of tin t as determ ined b y th e t in t  ph otom eter 
w ith th e ratin gs exhibited  to the eye, it  was noted th a t 
an alm ost identical arrangem ent could be made. 
H ow ever, as the instrum ent does not distinguish as 
rea d ily  as does th e eye betw een v e ry  slight differences 
of shade, it  is neccssary to  be v e ry  exa ct in th e ad ­
justm en ts. R eference to  th e  curves in Figs. 2, 3, 
and 4 w ill give the reader an idea of the rather sm all 
differences in color betw een  consecutive papers. 
W hile it will be noted th a t m any of th e values ob­
tained do n ot fall upon the sm ooth curve, th is fa ct is 
not exceedin gly serious, since the paper sam ples when 
view ed b y  th e eye do n ot show an ab so lu tely  regular 
progressive d arken ing th a t should be expected. Such 
irregularities w ould occur if error had been m ade in 
the rath er in vo lved  m ethod of sam pling the stock, 
and where such a num ber of sam ples were taken' it  is 
not im probable th a t errors were occasion ally  in tro ­
duced. S ligh t variation s from  3 g. (dry) w eigh t 
would cause the stock  to assum e a deeper or lighter 
tin t, depending on w hether th e sam ples were too light 
or too h ea v y. U n fortu n ately , in trim m in g the colored 
sam ples to  fit th e special paper holder th a t com es 
w ith th e in strum en t, th e clippings were discarded—  
consequently  th e authors had no m eans of establishing 
the experim ental error.

The accelerated  hyd ration  and th e corresponding 
darkening of the sto ck , when the brushing becam e more 
severe n ear th e end of the b eatin g treatm en t, are clearly  
shown in all of th e figures. F ig. 2 is esp ecially  in ter­
esting in th a t curves for the un dyed  beaten  sto ck  have 
been p lotted  on the sam e scale as th a t used for the 
blue stock.

As is well know n, the longer th e sto ck  is beaten , 
causing increased h yd ration , th e less d yestuff will be 
required to produce the sam e depth of color. T h is 
is well shown in all of th e curves, as the sam e am ount 
of d yestu ff per 1000 lbs. of sto ck  was used, and the 
increased depth of color is due solely  to hydration .

T h a t a color m ay be expressed in num bers— even  
though th e num bers allow  a slight variation  in shade— - 
is far more sa tisfa cto ry  th an  to a ttem p t a description  
of th e  color. F or exam ple, a red m ay be on th e 
yellow ish cast tending to approach the orange, or 
m ay be on the bluish cast tending tow ards th e v io le t. 
T h e  addition  of an y other prim ary color such as 
green w ould, in the case of red, not form  a greenish 
red b u t would be a step tow ards darkness. I t  is 
ab so lu tely  im possible to record scien tifically  eith er a 
shade of red or th e in ten sity  of a red shade, b y  m erely 
describing it as either a light or dark bluish red or a 
light or dark orange shade. T h e addition  of color in 
all p ractical d ye work m ust be considered as a step 
tow ards darkness, and it is com m on p ractice in th e 
mill to  avoid m ixtures of colors if brillian t shades are 
desired, esp ecially  in view  of th e fa ct th a t th e p ra ctica l 
dyes used are never of a pure shade.

A second series of color tests w as m ade in order to 
observe the b ehavior of the Ives tin t ph otom eter w ith 
various colors and intensities of colors. I t  will be re­
m em bered th a t in th e first series d ifficu lty  w as m et 
w ith , due to  an alm ost exact s im ilarity  of m any of th e 
test papers. In th is second group of experim ents all 
of th e papers were m ade fro.m one mass of pulp th a t 
was rem oved from  the beater after a ligh t brush and 
tin ted  w ith  various am ounts of dye. T h e colors 
em ployed were “ D iam ond Green G. N .,”  “ R hodam ine 
B E x tr a ,”  “ C ry sta l V io le t,”  and “ Jet B la ck  2 R ,”  
which were m ade up to  strengths, of 0.5 g. d ye  in 1 
liter of w ater, sufficient acetic acid  being used to  pre­
ve n t h ydrolysis, and volum es of each used eq u ivalen t
to  ‘/ 8 1/t, 3/ t, i ,  1V2, 2, 5, and 10 lbs. of d ye per
1000 lbs. of d ry  stock. As before, th e 3 g. (dry) 
sam ples of the stock  were secured from  the w et stock,
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a fter it  had been squeezed b y  hand and its m oisture 
determ ined as described in th e previous tests. T he 
m anner in which th e color, size and alum  were added 
and m ixed w as sim ilar to th a t  form erly em ployed, 
w ith  th e exception  th a t th e to ta l tim e of stirrin g was 
increased to  30 min., and th a t an excess of size 
and alum  (2 and 2V2 per cent, respectively) were used 
in order to  set the h e a v y  shades. Up to abou t 2 
lbs. of d ye th e b ack-w aters were p ra ctica lly  color­
less. T h e m ethod of preparing the hand sheets from  
th e dyed  stock  w as iden tical w ith  th a t  used in the 
previous series.

T h e gradations in shade of these papers were ve ry  
d istin ct, and offered no d ifficu lty  in m aking a visual 
selection of th e sheets in the order of th e  stren gth  of 
dye em ployed. T h e tin t photom eter also ga v e  uni­
form  readings of color which are shown grap h ically  
in Figs. 5, 6, 7, and 8 where “ parts red, green and 
b lu e”  and also “ parts b la c k ”  are p lo tted  against the 
stren gth  of d ye used.

W hile we are not prepared to  sa y  ju st how the 
readings of th e  three colors should be in terpreted  or 
how  m atch in g a shade could be fa cilita ted  from  them , 
it is v e ry  ev id en t to us th a t  w ith this instrum ent a 
shade or tin t m ay be given  a definite num erical value.

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

N O TES ON TH E  D ETERM IN A TIO N  OF ALUM INUM
By C. F . S id e n e r  a n d  E a r l  P e t t i j o iin  

Received O ctober 14, 1915

T h e determ ination  of alum inum  in th e form  of 
alum inum  oxide, a fter precipitation  w ith am m onium  
hydroxide, is freq u en tly  m ade. As ord inarily  car­
ried out, th ere are several points in th e  determ in a­
tion  th a t m ight g ive rise to  variation s in results. 
T h e purpose of this piece of w ork is to  determ ine 
the best procedure w ith regard to  som e of these points.

In looking up th e literatu re on the su b ject of this 
precipitation , considerable difference o f opinion was 
found. T h e ord inary directions are to  boil until the 
liquid ju st sm ells of am m onia, though it w as v e ry  early  
d iscovered 1 th a t at this point am m onium  chloride 
m ay have h yd ro lyzed  to  such an exten t w ith  v o la ­
tilization  of am m onia th a t th e solution is a ctu a lly  acid. 
In this case, of course, alum inum  hydroxide w ould be 
redissolved and q u a n tita tive  results could not be 
obtained.

L. B lu m 2 w orked on th is precipitation  and found 
th a t am m onium  chloride was decom posed in solution  
a t io o °  C . w ith loss of am m onia; he advises filtration  
when the liquid  is still quite stron gly  am m oniacal. 
He also states, and m any others v e rify  his statem en t, 
th a t am m onium  hydroxide dissolves a certain  am ount 
of fresh ly  precip itated  alum inum  hydroxide, w hich 
am ount is considerably lessened b y  the presence of 
am m onium  salts. C . F. C ross,3 using am m onium  
hydroxide solutions of v a ry in g  stren gth , found th a t 
alum inum  hydroxide was dissolved a t th e m om ent 
of precipitation , th a t the am ount dissolved bore no

1 7 . anal. Chem., 2 , 394; 1, 69. ,
2 Ibid.. 27, 19.
3 Chem. News, 39, 161.

relation  to  th e concen tration  of th e am m onium  h y ­
droxide, and th a t  am m onium  salts lessened th e solu­
b ility  of the hydroxide. Penfield and H arp er,1 in 
testin g  for dissolved alum inum  hydroxide, found th a t 
it  w as not present in th e  filtrate  b u t was present in 
the wash w ater. T h e y  tried  using, instead  of boiling 
w ater, an am m onium  n itrate  solution, m ade b y  n eu­
tralizin g  2 cc. of pure n itric acid  w ith am m onia, and 
m aking up to  1 0 0  cc. W ith  th is w ashing solution 
th e y  claim  th a t the p recip itation  can be m ade from  
solutions contain ing larger or sm aller am ounts of 
am m onium  salts, and th a t no v e ry  great care is needed 
in adding am m onia.

On a num ber of points, e x a ctly  opposite opinions 
as to  procedure are held. H illebrand, in his “ A n alysis 
of S ilicate and C arb on ate R o ck s ,”  states th a t, con­
tra ry  to  th e usual belief, alum inum  hydroxide is not 
vo la tile  in presence of am m onium  chloride, and th a t, 
for th e determ in ation, w ashing free from  chlorides is 
unnecessary. W ashington, in his “ R o ck  A n a ly s is ,”  
and M ahin , “ Q u a n titativ e  A n a ly sis ,”  ta k e  th e opposite 
view , and sa y  th a t alum inum  hyd ro xid e m ust be 
washed free from  ev ery  trace of chloride or low  re­
sults will be obtained. W ith  regard to  boiling th e solu­
tion  for precip itation , th e sam e difference of opinion 
exists. W ashington  ad vocates boiling (for n ot more 
th an  i  min.) w ith  a slight excess of am m onia, 
w hile H a n d y 2 boils for 20 min. under th e sam e 
circum stances. For w ashing th e precip itate , a m ­
m onium  n itrate  is freq u en tly  recom m ended, T rea d ­
well, Penfield and H arper, W ashington  and others m a k ­
ing use of it. R e n z,3 how ever, foun d th a t when a lu m i­
num  hydroxide w as p recip itated  w ith am m onium  h y ­
droxide in presence of am m onium  n itrate, a sm all 
q u an tity  rem ained in solution. Fresenius, H a n d y and 
several others advise th e  use of h o t w ater.

T h ere is a sim ilar difference of opinion as to  th e ign i­
tion  of th e p recip itate. A llen  and G o ttsc h a lk 1 found 
th a t th e highest h eat of th e b last lam p w as required 
to  effect com plete d eh yd ratio n : precip itates heated 
to  1 1 0 0 °  C . and cooled for half an hour were still 
hygroscopic. H a n d y 5 also considers th e  oxide v e ry  
hygroscopic and advises intense ign ition . C arn elley  
and W alker,6 on th e  other hand, ob ta in ed  com plete 
dehydration  b y  gradual heatin g to  8 5 0 °  C.

T h e  points w hich this paper covers are as follow s:
1— T o  determ ine w hether t h e ' p recip itate  need be 

w ashed free from  chlorides before ignition.
2— T o  determ ine w hether an excess of am m onia 

has a n y  • solven t effect on th e  fresh ly  precip itated  
hydroxide.

3— T o  determ ine w hether w ater or am m onium  
n itrate  solution  is more su itab le  for w ashing th e pre­
cip ita te  free from  chlorides.

4— T o  determ ine a sa tisfa cto ry  tim e for ign ition  to 
constan t w eight.

An alum inum  chloride solution  w as m ade up fro m '

> A m . J .  Sci., 2 0 , 9 , 181.
» J . A m . Chem. Soc.. 1 8 , 7 6 6 -8 2 .
> J . Chem. Soc. (.London). 2 (1 9 0 3 ), 7 2 9 .
* A m . Chem. Jour.. 2 4  (1 9 0 0 ). 2 9 2 -3 0 4 .
5 J. A m . Chem. Soc., 1 8 , 7 6 6 -8 2 .
6 J . Chem. Soc. (London), T r a n s . .  5 3 , 8 7 .
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sheet alum inum  and hydrochloric acid. T h e a m ­
m onium  chloride used vo latilized  w ith ou t residue, as 
did th e am m onium  hydroxide. T h e am m onium  h y ­
droxide solution was filtered  into  a ceresin b o ttle : the 
specific g ra v ity  of th e solution w as 0 .955.

In all of th e precip itation s m ade w ith  these solutions, 
the follow ing general conditions were m aintained: 
T h e volum e of th e  solution from  w hich th e p recip ita­
tion was m ade was 250 cc. and in every  case 25 cc. 
of th e to ta l vo lu m e w as a 10 per cent solution of am ­
m onium  chloride. . A ll precip itation s were m ade in 
porcelain  casseroles, th e solution being boiled for 1 
min. and filtered hot. T h e precip itates were ignited 
m oist, in platinum  crucibles: th e ignited  precip itates, 
after cooling som ew hat in th e air, were left in th e 
desiccator for 20 min. before being w eighed: the
crucibles were covercd  while in the desiccator and on 
the balance. T w en ty-five ' cc. of alum inum  chloride 
solution  were used in ev ery  case. T h e filtrate and 
wash w ater from  each determ ination  were evap orated  
sep a ra te ly  and tested  for th e presence of alum inum .

S T R E N G T H  OF S O L U T IO N

T h e stren gth  of th e  alum inum  chloride solution 
was first determ ined in term s of th e oxide. T w o 
m ethods were used: (1) d irect evap oration  of the solu­
tion  and ignition  of th e residue; and (2) evap oration  
and ign ition  after addin g enough am m onium  h ydroxide 
to p recip itate  th e alum inum  hydroxide.

T a b l e  I— S t r e n g t h  o p  A l u m i n u m  C h l o r id e  S o l u t i o n .
(1) D irect E vapora tion  (2) E vapora tion  a fte r A ddition

of th e  Chloride of Am m onium  Hydroxide
0.2303 0 .2303 0 .2300 0 .2302 0.2303

T h e results in T a b le  I tend  to  show  th a t the 
sam e valu e is ob tain ed  if th e chloride solution m ade 
am m oniacal is evap orated  as if th e pure chloride is 
evap orated . T h is result w ould h ard ly  be expected 
if alum inum  chloride is vo latile  under the given  con­
dition, since th e am ount of alum inum  present as 
chloride is m uch less in the first case than  in the sec­
ond. A  sligh t loss m ight, how ever, occur in -both 
cases so th a t a second scries of test determ inations 
was m ade. T h e am ount of alum inum  in term s of 
alum inum  oxide w as determ ined in a sam ple of K ah l- 
b au m ’s crysta llized  alum inum  sulfate. A  second 
series w as run parallel to  th is one, using som e of th e

T a b l e  I I
P e r  C e n t  A I2O 3 i n  A h(S O «)*  E f f e c t  o f  N H *C 1 o n  A b (O H )'3

Sam ple
P er cen t 
A12Os Sam ple NH^Cl N H 4OH

P er cent 
Alj03

No. G ram s Found G ram s G ram Cc. Found
I 0.5841 17.24 0 .5336 0 .3 5 17.17
2 0.6435 17.17 0.7723 0 .3 5 17.17
3 0.7018 17.17 0 .9590 0 .3 5 17.18
4 0.9150 17. 18 1.1417 0 .3 5 17.18
5 0.9301 17.22 0.9561 0 .5 5 17.24
6 1.0571 17.17 1.2990 0 .5 5 17.21
7 1.2964 17.24 1.6290 0 .5 5 17.20

sam e sam ple, b u t, a fter solution  in a little  w ater, add-^ 
ing som e am m onium  chloride and enough am m onium  
h ydroxide to  p recip itate  th e alum inum  as hydroxide.

T h e results, in T a b le  II , show th a t there is no loss 
by vo la tiliza tio n  of alum inum  chloride when th e pre­
cip itated  hydroxide is ign ited  in presence of am m onium  
chloride.

E F F E C T  OF V A R Y IN G  A M M O N IU M  H Y D R O X ID E

T h e n ext point ta k en  up w as th e effect on the pre­
cip itation  of va ry in g  the am ount of am m onium  h y ­
droxide present. W ater w as used to  tran sfer th e pre­
cip ita te  from  the casserole "to th e filter paper, as 
sm all an am ount as possible being used. In  no case 
did th e  wash w ater show a te st for alum inum , while 
th e filtrate  from  those determ inations g iv in g low  re­
sults did give a te st for alum inum . T h e results a p ­
pear in T ab le  III .

T a b l e  I I I — E f f e c t  o f  E x c e s s  oi? A m m o n iu m  H y d r o x i d e  in  P r e c i p i t a ­
t i o n  o f  A l u m i n u m  H y d r o x i d e

Very Slight 10 cc. 15 cc. 20 cc.
Excess Excess Excess Excess
0 .2303 - 0.2281 0.2294 0.2288
0.2302 0.2271 0.2289 0.2305
0.2298 0.2282 0.2294 0.2302
0.2297 0.2304 0.2297 0.2287
0.2299 0.2304 0.2274 0.2291
0.2305 0.2283 0.2282 0.2265

T h e u n ifo rm ity  of results in the first colum n is 
v e ry  evid en t, as com pared w ith  th a t of the other 
three, a lthough th e u n ifo rm ity  there is not as great 
as desired. A n  excess of am m onia has a decided sol­
ven t effect, not proportional to  the excess of am m onia 
added. T h e va riatio n  in results obtained in each 
of the other three colum ns m ust be due to  v e ry  slight 
variation s in procedure, such as tim e of filtering. T he 
results in C olum n i check those obtained  in ev ap o ra ­
tin g  th e  solution in a platinum  crucible, as was to be 
expected.

E F F E C T  OF W A S H IN G  P R E C I P I T A T E  F R E E  OF C H L O R ID E S

On the effect of w ashing the p recip itate  free from  
chlorides, th e results in T a b le  IV  were obtained.

T a b l e  IV— E f f e c t  o f  W a s h in g  A l u m i n u m  H y d r o x id e  F r e e  f r o m  
C h l o r id e s  b y  V a r io u s  W a s h e s

1 P e r cen t 2 P er cen t 3 Per cent
H o t N I I 4N O 3 N H 4N O 3 N H 4N O 3

W ater Solution Solution Solution
0.2285 0.2277 0 .2262 0.2263
0.2281 0 .2286 0.2263 0 .2276
0 .2280  0 .2286 0 .2262 0.2282

F or the precipitation s, 5 cc. of am m onium  hydroxide 
were added, abou t 2 cc. of th is being in excess. In 
no case w as alum inum  h ydroxide foun d in the fil­
trate . In  th e first series, in all three cases, th e wash 
w ater gave a te st for alum inum  hydroxide. In the 
second experim ent th e p recip itate obtained  was fil­
tered  off, ignited, and found to w eigh 0.0022 g., which 
brings th e to ta l w eight of th e p recip itate  up to  the 
va lu e  o. 2303 g. form erly obtained.

In ev e ry  experim ent th e wash w ater w as tested  
for alum inum  and it  w as foun d to  be present, so th a t 
th e  final conclusion was th a t am m onium  n itra te  solu­
tion, as used, was u n satisfacto ry  for w ashing p u r­
poses.

E F F E C T  OF B L A S T IN G  I N  V A R IO U S  W AYS

F or h eatin g the precip itates to  con stan t w eight 
an ord in ary  b last lam p w as used. T h e  am oun t of 
air used and ty p e  of lam p m ight change th e  results 
obtained. T h e first p recip itates were b lasted  for 10- 
min. periods un til constan t w eight w as obtained.

T y p ic a l results appear in T a b le  V . T h e  w eights 
given  indicate th e  w eigh t in gram s of crucible and 
precipitate.

I t  is seen th a t th ree 10-min. periods or tw o  20-min.
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periods served to  effect a constan t w eight. S light 
differences are un do u bted ly  produced b y th e  size, 
w eight and thickness of the crucible.

T a b l e  V — T im e  R e q u ir e d  i n  H js a t in g  A l u m in a  t o  C o n s t a n t  W e ig h t  
Tim e No. N o. No. No. H e a t e d  i n  2 0 - M i n . P e r io d s
M in. 1 2 3  4 2 0  m in. 4 0  inin. 6 0  min.

10 3 6 .9 6 2 0  2 9 .6 6 7 0  2 1 .0 5 8 7  2 9 .6 6 4 7  2 9 .6 5 3 8  2 9 .6 5 3 0  2 9 .6 5 2 7
2 0  3 6 .9 6 1 5  2 9 .6 6 5 3  2 1 .0 5 7 0  2 9 .6 6 3 8  3 3 .7 6 3 5  3 3 .7 6 2 7  3 3 .7 6 2 5
3 0  3 6 .9 6 0 5  2 9 .6 6 4 3  2 1 .0 5 6 9  2 9 .6 6 3 8  3 3 .7 7 6 0  3 3 .7 7 6 0  ..............
4 0  Art OfiO.S   3 6 .9 6 2 1  3 6 .9 6 0 2  3 6 .9 6 0 2

One precip itate was given  a special series of b la st­
ings to  determ ine w hether or not th e alum ina was 
hygroscopic after th e b lastin g. T h e results (T ab le  
V I) indicate th a t this change in w eight was v e ry  largely

T a b l e  V I — S h o w in g  H y g r o s c o p ic  P r o p e r t y  o f  A l u m i n a

W eights
C onstan t weight obtained  (cruc. +  p p t . )   2 1 .0 5 9 8
Left 6 days in the  desicca to r ......................................... 2 1 .0 6 3 6
Blasted 10 m in .......................................................................... 2 1 .0 6 1 1
A fter 24  h-rs. blasted  20  m in ...........................................  21 .0 6 0 5
A fter 2 4  hrsi blasted  2 0  m in ...........................................  2 1 .0 6 0 4
A fter 2 4  hrs. blasted  2 0  m in ...........................................  21 .0 6 0 2
Blasted a second 2 0  m in ....................................................  2 1 .0 5 9 8
Left covered in the  balance case 24 h rs .................  21.0624 ,

due to  th e  p re c ip ita te , sin ce  a  p la tin u m  cru c ib le  tre a te d  
in m u ch  th e  sam e w a y  did  n o t ch a n g e  a p p re c ia b ly  
in w e ig h t.

C O N C L U S IO N S

I— B o ilin g  fo r  i  m in . c o m p le te ly  p re c ip ita te s  a ll 
a lu m in u m  p re se n t, a n d  lo n g er b o ilin g  m a y  lea d  to  a 
re-so lu tio n  of p a r t  o i  it.

I I — A lu m in u m  h y d ro x id e  n eed  n o t b e  w ash e d  free  
fro m  a m m o n iu m  ch lo rid e  b e fo re  ig n itio n .

I I I — T h e  excess o f a m m o n ia  p re se n t w h en  p re c ip i­
ta t io n  is m ad e  sh o u ld  b e  as sm a ll as p o ssib le  an d  n e v e r  
m ore th a n  i  or 2 cc. in  250 cc. o f so lu tio n .

IV — A lu m in u m  h y d ro x id e  fre s h ly  p re c ip ita te d  is 
so lu b le  to  a  s lig h t  e x te n t  in w a te r  an d  to  a b o u t th e  
sam e e x te n t in  d ilu te  a m m o n iu m  n itr a te  so lu tio n .

V — T h e  p re c ip ita te d  h y d r o x id e , w h en  la rg e , m u st 
b e  b la ste d  40 m in. t o  in su re  its  b e in g  re d u ce d  to  a 
c o n sta n t w e ig h t.

V I— T h e  ig n ite d  a lu m in a  is s tro n g ly  h y g ro s co p ic .

N o t e — Sin ce  th is  p a p er w as  w r itte n  a p a p e r has
been  p u b lish e d  b y  W . H . D a u d t , T h is  J o u r n a l , 7 
( 1 9 1 5) ,  S47,  co n firm in g  w h a t  w e h a v e  fo u n d  to  b e  tru e  
re g a rd in g  th e  p resen ce  o f a m m o n iu m  ch lo rid e  a t  th e  
tim e  of ig n itio n .

C h e m ic a l  L a b o r a t o r y , U n i v e r s i t y  o f  M in n e s o t a  
M in n e a p o l i s

TH E AN ALYSIS OF SO AP PO W D ER S
By L o u is  R o s e n b e r g  a n d  V ic t o r  L e n h e r  

Received Feb ruary  7, 1916

D urin g recent years great progress has been m ade 
in those industries w hich su p p ly  cleansing m aterials. 
T h e a d ven t of the m odern w ashing pow der has brought 
into the household a conven ien t, econom ical cleanser. 
T h e pow ders which to -d a y  are in com m on use divide 
them selves into three general classes:

I— So-called W ashing Pow ders, com posed of tr i­
sodium  phosphate, borax, or a m ixture of various 
proportions of sodium  carbonate and b icarb on ate: it 
is obvious from  th e com position of these pow ders 
th a t their m ain efficiency lies in their a b ility  to  soften 
the w ater used.

II— Soap Pow ders proper, a m ixture consisting of 
various proportions of sodium  carbonate and soap: 
th e soaps used are com m only prepared from  cottonseed 
soap stock  and h ave as a filler sodium  carbo n ate, 
w hich itself is a w ater softener of great value.

I I I — Scouring Pow'ders, which contain  an abrasive 
and soap either w ith  or w ith ou t the addition  of sodium  
carbonate.

In this article  are described various experim ents 
w hich h ave been conducted on th e soap pow ders proper. 
T h e basic schem e used is th a t given  b y Leffm ann in 
A lle n ’s “ C om m ercial O rganic A n a ly sis .”  D urin g our 
studies, D r. Leeds published a schem e for th e a n a l­
ysis of soap, w hich is quite sim ilar to  th e one used b y  
us for the analysis of soap powders. A ddition s and 
m odifications to the older schem es were m ade as th e 
w ork progressed, and it is to  aid th e  soap an a lyst 
th a t im p ortan t details are described.

Our purpose in presenting th is paper is to  offer our 
experience to  those interested in the analysis of soap 
pow ders, and we do so because th e p articu lar problem s 
we have found are n ot discussed in th e form  th a t is 
desirable for those w ho h a ve  sim ilar problem s to  solve.

M O IST U R E

T h e ord inary m ethods for determ ining w ater in soap 
are not sa tisfa cto ry  when applied to  w ashing powders. 
E xperim ents h ave rep eated ly  dem on strated  th a t h e a t­
ing a 10-g. sam ple a t 105° C . until the w eight becom es 
constan t is w orthless, for th e odor of decom posing 
soap is u su ally  observed before this tem p eratu re is 
reached. W hen heated for 1 hr. to  105 °, m ost of 
the soap powders give off a stron g odor of decom posed 
soap, hence the determ ination  is of little  va lu e. F u r­
ther, th e soap pow der upon heatin g to  105° freq u en tly  
form s lum ps w hich preven t com plete dryin g: even  if 
a w eighed glass rod is used to b reak up the lum ps, it is 
difficult to keep the sam ple from  cakin g. In powders 
which contain as high as 30-40 per cen t w ater, sp a t­
terin g freq u en tly  occurs. L effm an n ’s suggestion  for 
soap-*—th a t th e dryin g be done on a sand b ath — is 
useless w ith  m any pow ders, inasm uch as even w ith the 
greatest care, decom position ta k es  place. The m eth­
ods in use for the determ ination  of m oisture in a high- 
grade stearic acid soap are u n satisfactory , as th ey  
freq u en tly  fail en tirely  when applied to  soap pow ders 
containing cottonseed soap stock  or low -grade tallow  
soap.

T h e m ethod of F ah rion , in w hich th e  sam ple is 
heated w ith  three tim es its w eight of oleic acid  until 
a clear solution  is obtained, in d icatin g th e rem oval 
of th e w ater, was found to  be inapp licable, as diffi­
c u lty  w as experienced in determ in ing when the solu­
tion  becam e clear. T h e recom m endation  of Fahrion, 
to heat th e sam ple (to w hich has been added oleic 

•acid) in a p latin u m  dish over a free flam e, was also 
tried  w ith  the soap pow ders, b u t even w ith  th e greatest 
care decom position of the soap too k  place. On a 
sand b ath  the pow der soon decom posed. Sam ple 
1, contain ing a ctu ally  37.8 per cent of w ater, w as used 
in experim entin g w ith  oleic acid in order to  test this 
m ethod for m oisture. Six sam ples of 2 g. each were
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mixed w ith  6 g. of anhydrous oleic acid. On heating, 
the odor of decom posing soap was noticed from  all.
T h e tw o sam ples showing the clearest solution  and the
least odor in dicated  56.5 per cent and 60.3 per cent 
w ater, resp ectively , or an error of 50 to  60 per cent more 
w ater th an  th e y  a ctu a lly  contained.

T h e m ethod recom m ended is one in which the h ea t­
ing can be done a t low  tem perature. A  vacuum
drying oven is a d m irab ly  suited for this purpose. 
T h e  various pow ders exam ined in our studies were 
heated  betw een 60 and 6 5 o at a pressure of 60 mm. 
until th e w eigh t becam e constan t. In the 2-g. sam ples 
used, con stan t w eight was atta in ed  on ly  a fter 10 hrs.’ 
heatin g, and in som e cases 20 hrs. of heatin g were 
required. No odor w as observed and the sam ples 
did n ot cake. T h e results (percentages) were as
follow s:

N o. 1, 37.85 and 37.82; N o. 2, 23.75 and 23.99.

T h e recom m endations com m on ly g iven  to heat for 
12 hrs. are insufficient. No. 3, for exam ple, required 
20 h rs.’ heatin g  in the vacuum  oven before constan t 
w eigh t was attained.

P E T R O L E U M  E T H E R  E X T R A C T IO N

T h e usual procedure of extractio n  w ith  petroleum  
ether, w ith  a Soxhlet extracto r, was used in order 
to determ ine the unsaponified fa t, unsaponifiable 
m atter from  the fa t and free fa tty  acids. A  10-g. 
sam ple of th e soap pow'ders freq u en tly  required as 
much as 15 hrs. of extractio n  w ith  petroleum  
ether. T h e so lven t w as sub seq u en tly  evap orated  and 
the residue weighed. A ll of the pow ders exam ined 
were found to contain  less th an  1 per cent of unsaponi­
fied m atter.

FA T T Y  ACID D E T E R M IN A T IO N

T h e determ in ation  of the fa t ty  acids in the soap 
powders is, of course, of the greatest im portance, 
inasm uch as it m eans the soap content of th e powder. 
Of th e various m ethods which h ave been suggested 
for the determ ination  of the fa tty  acid  conten t in soaps, 
the m ost im p ortan t are: (1) D irect w eighing; (2)
petroleum  ether extractio n ; (3) potassium  soap; (4) 
volum etric. F en dler and F ra n k 1 have shown the 
inaccuracies of all of these m ethods.

In th e d irect w eighing m ethod, a piece of weighed 
paraffin or stearic  acid  is added to the liberated  fa tty  
acids, and th e cooled solidified mass is sub seq uen tly  
weighed. T h e results are freq u en tly  v e ry  high. 
E xtractio n  of the fa t ty  acids w ith  petroleum  ether and 
evap oration  of the solven t com m only gives low  results. 
T he variation  in the results depends large ly  on length 
of d ry in g of the fa t ty  acids obtained. In  one instance 
the percen tage of fa t ty  acids w as reduced n early  60 
per cen t b y  long dryin g. Fendler and F ran k  preferred 
for accu racy  th e potassium  soap m ethod, b u t inasm uch 
as the potassium  soap m ust be dried for 20 to 28 hrs. 
on a w ater b ath , th e m ethod is rather too tim e-con- 
sum ing for ord in ary  com m ercial analysis. V o lu ­
m etric m ethods can be said to give on ly fair results.

T h e cake m ethod is a sim ple, rapid m ethod; b u t 
unless due precautions are taken , d iscordant results

1 Z. ange-x. Chem., 22 (1909). 252-61.

are obtained. T h e  inaccuracies of the cake m ethod, 
according to N oerdlinger, are a ttr ib u ted  to the stearic 
acid  used to collect the fa t ty  acid. If the stearic acid 
is previously  heated to i6 o °  th e inaccuracies are 
avoided. In our experim ents the cake m ethod was 
adopted  as the m ost sa tisfa cto ry  procedure, and was 
carried out as follow s:

A 2-g. sam ple of the pow der is placed in a ta ll, narrow, 
200-cc. beaker 4 in. high, and the sam ple dissolved 
in hot w ater. A n excess of N / 2 nitric acid  is then 
added to sep arate th e fa t ty  acids. T h e solution, 
stirred  continuously, is heated for l/ 2 hr. in boiling 
w'ater, and a w eighed portion of 4 g. of stearic acid, 
p reviously  heated  to 160°, added. T h e solution is 
stirred rep eated ly  and w arm ed for another l/ 2 hr., 
a fter w hich the beaker and contents are allow ed to 
cool. T h e stirrin g rod, w hich should be about 1 in. 
longer th an  the beaker, is allow ed to  rem ain in the 
beaker. T h e fa t ty  acid  and the stearic acid on cooling 
solid ify, and can be easily  lifted  out of the beaker b y  
means of the stirrin g rod. T h e liquid  in th e beaker 
can be filtered in order to  collect a n y  solidified fa t 
which has not adhered to  the cake, b u t u sually  this 
am ount is sm all. T h e circle left b y  the cake around 
the beaker can be readily  scraped off and added to the 
cake. T h e cake is then  wiped w ith  filter paper and 
placed upon a w eighed cover glass, allow ed to d ry  for 
several hours, a fter w hich it  is weighed. T h e weighed 
cake less the w eight of the stearic acid added gives the 
am ount of fa t ty  acid  in the sam ple.

If the m elted fa t is allow ed to cool rather slow ly, 
a more uniform  cake is form ed, and the cake can be 
more easily  rem oved from  the beaker; whereas if the 
cake be cooled q u ick ly , the rapid solidification causes 
m oisture to  be enclosed in the cake. If cav ities  are 
form ed, these are lik e ly  to  enclose th e solution. A  200 
cc. beaker of the ta ll, narrow  ty p e  is a conven ien t size, 
inasm uch as a cake su ita b ly  fitted  to  th e balance 
pan is form ed. F urtherm ore, th e addition  of m ineral 
acid  to a w ashing pow der com m only causes m uch 
effervescence, due to large percentages of sodium  
carbo n ate: the use of a ta ll beaker lessens th e  danger 
of overflow  during this sudden effervescence.

T O T A L  A L K A L I D E T E R M IN A T IO N

Should the percentage of to tal alkali be required, 
th e excess of stan dard acid  required to  lib erate  the 
fa t ty  acid  ’can be titra ted  b ack  w ith  N /2 alkali. In 
w ashing powders, th e to ta l alkali reported does not h ave 
the significance th a t it does in soap. T h e  presence 
of sodium  carbonate m arks th e am oun t of alkali 
com bined as soap. A  to ta l a lk a li determ ination  can ­
not be used as a m eans for determ ining th e relative  
m erits of different powders, since th e pow der w ith  the 
highest per cent of sodium  oxide m ay be the one which 
contains the low est per cent of soap. A  to ta l-a lk a li 
d eterm in ation  is unnecessary, unless it is desirable to 
check the individual alkali determ inations.

S O D IU M  C H L O R ID E  D E T E R M IN A T IO N

In  our hands th e gravim etric  m ethod is preferable 
over th e vo lu m etric m ethod for th e  determ in ation  of 
chlorides in soap powders.
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A L C O H O L  E X T R A C T I O N

In order to separate th e soap conten t of th e powders 
from  such fillers as sodium  carbonate, sodium  silicate, 
borax, etc., it is n ecessary to  m ake an extractio n  w ith 
alcohol. D ue to  th e fa ct th a t  soap pow ders contain  
a high percen tage of w ater, it  is preferable to  use 
absolute alcohol. If, how ever, th e analysis is to  be 
m ade on a sam ple w hich has been dried in the vacu u m  
oven, 95 per cent alcohol is satisfactory .

A  2-g. sam ple of th e pow der can be extracted  in a 
250-cc. beaker w ith  100 cc. of alcohol for V2 hr. T h e 
alcohol becom es yellow  colored and a w hite residue of 
th e inorganic salts, such as sodium  carbonate, sodium  
silicate, and borax, separates ou t and can be filtered 
off and washed w ith  alcohol. In th is extract, phenol- 
phthalein  w ill show th e presence of caustic a lkali. 
N o free a lk ali w as found in a n y  of th e pow ders ex ­
am ined. On th e other hand, all of th e soap powders 
showed a trace of free fa t ty  acid. T h e alkali com ­
bined as soap is found b y  adding a large excess of w ater 
to the alcoholic solution and boiling off the alcohol, 
decom posing th e soap w ith  an excess of N / 2 n itric  
acid and titra tin g  b ack  w ith  N /2 alkali. T h e  alka li 
found is reported as N a 20 . No distinction  need or-

D E T E R  MI N A T IO N  OF S O D IU M  C A R B O N A T E  AND S I L IC A T E

T h e residue from  the .extraction w ith  alcohol is 
dissolved in w ater and d iluted  to  e xa ctly  250 cc. in a 
vo lu m etric  fiask. T h e residue from  all of the sam ples 
analyzed  w as com pletely  soluble in hot w ater. In 
one or tw o  pow ders a slight residue rem ained upon the 
filter paper, b u t th e am ount was too sm all to w arrant 
further exam ination . A liq u o t portions of 50 cc. are 
ta k en  for th e silica determ ination. T h e solution is 
acidulated  w ith  hydrochloric acid  and evap orated  to 
dryness, as in the ord inary m ethod for th e d eterm in a­
tion  of silica. T h e acid ification  and evap oratio n  are 
repeated. T h e soluble m atter is extracted  w ith  hot 
w ater and the residue when dried and ign ited  is w eighed 
as S i0 2. The percentage of silica  w as calcu lated  to 
sodium  silicate (N a 2S ij0 8). In the soap powders 
analyzed  the am ount of silica found w as so sm all th a t 
it w as p rob ab ly  present as an im p u rity  rath er than  as a 
real con stituen t of th e pow der. B orax  was n ot found 
to  be present in an y of th e pow ders an alyzed . In the 
absence of borates and w ith  less th an  1 per cen t of 
sodium  silicate, a fa ir determ in ation  of th e sodium  
carbon ate can be m ade b y  direct titra tio n  w ith N / 2 
hydrochloric acid, using m eth yl orange as th e indicator.

W eigh ou t a  2-gram sample.
T a b l e  I — S c h e m e  o p  A n a l y s i s  

D ry  in vacuum  oven a t  65° C. Loss in weight *= M oisture. E x trac t w ith petro leum  ether.
E x t r a c t  

C ontains Uncom bined 
F a t.

E vaporate  the  ether, 
d ry  a t  110° C. and 
weigh.

R e s id u e  consists of Soap and M ineral C onstituents. E x trac t w ith 9 5  per cen t alcohol.

Acid. Rem ove cake, 
d ry  anti weigh.

E x t r a c t  consists of Soap and  free Alkali.
(1) Add 2 or 3 drops of phcnolphthalein, and titra te  

with Ar/1 0  acid; the  am oun t used corresponds to  
free caustic alkali: calculate as NajO.

(2) N ext add  a large excess of w ater, boil off the 
alcohol, decom pose w ith excess of N  H N O i and 
boil: add  4 g. stearic acid, boil again, and  cool.

S o l u t io n  contains Soda C a k e  contains F a tty  
com bined as Soap. T i­
tra te  excess of acid back 
w ith N /2  N aO H . N  acid 
used corresponds to  NajO 
combined as Soap.

din arily  be m ade betw een th e sodium  and the p o ta s­
sium  in soap powders. T h e alcoholic ex tra ct should 
be d iluted  to  a t least 250 cc. before t itra tin g  in order 
to get a sa tisfa cto ry  end-point.

A  rapid m ethod for analysis of soap pow ders is 
based on the alcoholic extractio n  procedure: A  2-g.
sam ple is extracted  w ith absolute alcohol, th e  solution  
filtered and th e filtrate  tested  w ith  phenolphthalein  
for free a lkali. If  th e solution contains free alkali it 
is titra ted  w ith  N /2  n itric  acid: th e  alcohol is then 
evap orated  off, lea vin g  a residue of d ry  soap, w hich, 
if it has n ot been n ecessary to  add n itric  acid, can be 
w eighed and reported  as percen tage of to ta l soap. 
T o  determ ine the alkali com bined as soap, th e d ry  
residue of soap is d isso lved .in  w ater and th e solution 
titra ted  w ith  'N/2 n itric  acid, using m ethyl orange as 
the indicator. T h e residue from  th e alcoholic ex­
traction , w hich consists of sodium  carbonate, sodium  
silicate, borax, etc., can be tested  b y  the m ethods given  
below . T h e  percentage of to ta l soap plus, sodium  
carbonate, e tc., deducted  from  100 per cent w ill give 
the approxim ate am ount of w ater, or, an accurate 
w ater determ ination  can be m ade in th e vacuum  
d ryin g oven.

R e s i d u e  
Consists of S tarch  and 

Insoluble M atte r .

R e s i d u e  consists of N a2COs, N aC l, NaiSuOs, NasSOi, Naal^Oy, S tarch  and  
Insoluble M atter. Dissolve in ho t w ater, dilu te  to 250 cc. and  filter: 
divide the  filtra te  in to  five equal parts.

1— NaaCCh: T itra te  with N /2 HC1.
2— N aC l: P rec ip ita te  vrith AgNOa and weigh as 

AgCl.
3— NajSUOs: A dd HC1 and  evaporate  to  dryness; 

repeat. Add w ater, filter, dry , ignite and weigh 
as SiOa. C alculate to NajSitOa.

4— NaiSCh: P recip ita te  w ith B aC h and  weigh as 
BaSO<. C alculate to  NaiSO*.

5— B orates: If  present, determ ine by glycerol of 
m annitol method.

Should sodium  b icarb on ate be present in the pow der, 
the treatm en t of the residue insoluble in petroleum  
ether and in alcohol, w ould necessarily  need to be 
m ateria lly  m odified.

S C H E M E  OF A N A L Y S IS

T h e condensed schem e of analysis outlined in T a b le  
I is suggested for soap pow ders. I t  is based on the 
so lu b ility  of soap in alcohol and th e  in so lu b ility  of 
th e inorganic constituen ts. I t  possesses the a d va n ­
tage th a t  b u t one sam ple need be taken  for analysis, 
and th e soap itself is sep arated  at once from  th e other 
constituen ts of the pow der. In the sim ple schem e, as 
g iv e n , such substances as fluorides, rosins, glycerin , 
sugar, and sodium  b icarb on ate are n ot provided  for. 
Our experience w ith  the pow ders exam ined show ed them  
to  be of sim ple com position.

D IS C U S S IO N  OF R E S U L T S

T h e analyses of a num ber of rep resen tative  soap 
pow ders are given  in T ab le  II . T h eir com position 
in a num ber of cases differs m a teria lly  from  th a t given 
for th e sam e pow der b y  B ra g g 1. T h is difference is 
doubtless due to  th e in troduction  of th e  continuous

1 Chemical Engineer, 18 (1 9 1 3 ) . 73 .
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d ryin g apparatu s which has changed the form ula used 
b y  a num ber of th e larger m anufacturers. T h e con ­
tinuous dryin g apparatu s allow ed th e m anufacturer to

Sam ­
ple M ois­

tu re  
37 .82 
22.06 
23.75 
20.86 
18.52 
43.38 
30 .40

T a b l b  I I — T a b u l a t i o n  o p  R e s u l t s  ( P e r c e n t a g e s )

N o.
1
2
3
4
5
6 
7

F a tty  
'A nhy- NaîO 
dride as Soap 
18.39 2 .63
19.44 
21.63 
18.93 
20.34 
16.74 
21.46

3 .58
2.71
2.65
2.68
2.23
2.86

T otal
Soap
21.02
23.02 
24.34 
21.58
23.02 
18.97 
24.32

N a2CC>3 NaaSiiOa
39.37 
53.53 
50.35
55 .38  
56.45 
36 .30  
40 .00

0 .45
0 .99
0 .72
0 .90
0 .36
0 .72
0 .99

U nsa­
ponified 

N aCl M atte r 
0 .55  0 .69
0.75
0.35
0.86
1.32
0 .34
0 .72

0 .24
0 .85
0 .45
0 .74
0.87*
0 .79

T o tal
Per
cent
99 .90

100.59
100.36
100.03
100.41
100.58
97.22

increase the w ater con ten t of th e product and to lessen 
the am oun t of soap. P rev io u sly  this addition  of w ater 
resulted in an inferior caked  powder.

T h e determ inations m ade show th a t th e soap pow ders 
consist essen tially  of sodium  carbonate and soap. 
T h is should be the case from  th e m ethod of m anufac­
ture em ployed, i. e., th e  soap sto ck , caustic alkali and 
soda are incorporated  and th e  product prepared sim i­
lar to th a t of soap. A fter  hardening it  is ground into 
the pow der form  in w hich it appears on the m arket.

U n i v e r s i t y  o p  W i s c o n s i n . M a d is o n

TH E DETERM IN ATIO N  OF CH ROM IUM  AND VANADIUM  
IN STEEL B Y  ELECTRO M ETR IC TITRATIO N
B y  G e o r g e  L e s l i e  K e l l e y  a n d  J a m e s  B r y a n t  C o n a n t  

Received J a n u a r y  12, 1916

T h e m ethod to be described includes the solution 
of th e  steel in acid, th e oxidation  of th e  elem ents in 
question under suitable conditions, and the titration  
of th e solution  w ith  ferrous su lfate using th e electro­
m etric m ethod of determ ining th e end-point. T his 
m ethod of titra tin g  chrom ates has been described 
recen tly  b y  H ild eb ran d 1 and b y  Forbes and B a rtle tt ,2 
and has been applied b y  th e authors to  the determ in a­
tion of va n ad iu m .3 T h e ap p aratu s is in all respects 
identical w ith th a t described elsewhere for th e  d e­
term ination  of van ad iu m  and therefore will n ot be dealt 
w ith  here.

D E T E R M I N A T I O N  OF C H R O M IU M  I N  S T E E L  

It w as hoped th a t b y  th e application  of th e electro­
m etric m ethod to th e determ ination  of chrom ium , 
an accu rate  and rapid m ethod could be devised  for 
the determ ination  of th is elem ent. T o  this end the 
oxidation  of chrom ium  salts to  chrom ates was under­
taken  after th e m ethods suggested b y  W a lte rs ,1 R ic h 5 
and Tusker.® These m ethods were selected  because 
of their sim p lic ity  and because the}' in volve no filter­
ing. In  these m ethods am m onium  persulfate is used 
to oxidize ■ chrom ium  and m anganese to  chrom ate and 
perm anganate, som etim es w ith the addition  of silver 
n itrate. H ydroch loric acid, added in sm all am ounts 
to th e hot solution, serves to reduce the perm anganic 
acid, b u t is w ith ou t action  on th e chrom ates. On 
try in g  the different m odifications of this m ethod 
w hich h ave been published, extrem ely  variab le and 
u n satisfactory  results were obtained. T his experience

» J . A m . Chem. Soc., 35 (1913), 869.
35 (1913), 1527.

1 Ibid., 38 (1916), 341.
< M el. Chem. Eng., 12 (1914), 310. 
s Ibid.. 13 (1915), 239. 
s Chem.-Ztg.. 39 (1915), 122.

led us to  un dertake a m ore careful stu d y  of th e condi­
tions necessary to m ake th e m ethod w ork w ith  cer­
ta in ty .

I t  seem ed possible to us th a t th e follow ing errors 
m ight .interfere w ith  th e successful w orkin g of the 
m ethod: (a) In com plete decom position of am ­
m onium  persulfate, (b) incom plete oxidation  of ch ro­
m ium , (c) reduction  of part of the chrom ate b y  h y d ro ­
chloric acid  during th e  breaking up of perm anganic 
acid , and (d) incom plete reduction  b y  th e hydrochloric 
acid  of m anganese in th e higher states of oxidation, 
(a) and (d) would tend  to  m ake th e results too high, 
while (b) and (c) w ould have the opposite effect; 
th u s it  m ight be possible for som e of the errors to ex­
ist un detected  because of counterbalan cin g. W e th ere­
fore planned to  test each point sep arately .

D E C O M P O S IT IO N  OF A M M O N IU M  P E R S U L F A T E

E ig h t solutions of 300 cc. volum e, each containing 
0 .0102 g. of chrom ium  as chrom ate and 65 cc. of su l­
furic acid  (sp. gr. 1 .2 0 ), were heated to  boiling and 
5 g. of am m onium  persulfate added. T h e solutions 
were then  boiled in groups of tw o for 5, 10, 15 and 30 
m in., a fter which th e y  were cooled and titra ted  w ith 
ferrous su lfate, using the electrom etric end-point. 
T h e potassium  dichrom ate solution had been sta n d ­
ardized against ferrous su lfate electrom etrically  and 
th is in turn  had been com pared w ith  stan dardized 
potassium  perm anganate solution.

From  th e  experim ents shown in T ab le  I, it is evir 
dent th a t 5 min’ . boiling of such a solution does not

T a b l e  I — T h e  D e c o m p o s it i o n  o p  A m m o n iu m  P e r s u l p a t e  
0.0102 G. Chrom ium  Present in E ach Case

Tim e of Boiling (m in .)................................... 5 10 15 30
i 0 .0159 0.0101 0.0095 0 .0096

Chrom ium  Found (g .) ............................... ( 0.0196 0.0117 0 .0094 0 .0082

com pletely  rem ove the am m onium  persulfate and 
th e oxidizing agents into w hich it decom poses. 
E ven  io  min. is insufficient in some instances. 
B oilin g for a m uch longer tim e has th e apparent 
effect of reducing som e of th e chrom ate, for th e  values 
are un iform ly lower th a n  th e expected  values. It is
not im probable th a t  th is reduction  goes on from  th e
first, but its effect upon th e  titra tio n  is m asked b y  
th e  fa ct th a t other oxidizing agents h ave not been re­
m oved. T his m ay be explained as due to th e  b re ak ­
ing down of th e am m onium  persulfate in acid solu­
tion  to g ive C a ro ’s acid  and hydrogen  peroxide, both  
of which reduce chrom ium . W e believe th a t  an y 
m ethod depending upon am m onium  persulfate alone 
for its oxidizing action  can give correct results only 
b y  a  balancing of errors. T h is opinion is supported  
b y  other experim ents in which th e su lfuric acid  m en­
tioned above w as changed to  higher and lower, con­
cen tration s, and in w hich it was p a rtly  and com ­
p lete ly  replaced b y  n itric  acid.

D E C O M P O S IT IO N  OF A M M O N IU M  P E R S U L F A T E  I N  T H E  

P R E S E N C E  OF S I L V E R  N I T R A T E

M a rsh all1 suggested th e  use of am m onium  per­
su lfate and silver n itra te  in d ilute n itric  acid  as an 
oxidizing agen t for m anganese. E xp erim ents parallel

1 Chem. News, 83, 16.
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to those shown in T a b le  I were tried, using th e sam e 
volum e of solution and th e sam e am ounts of am m o­
nium  persulfate and potassium  dichrom ate, b u t adding 
in ev ery  case io  cc. of a solution of silver n itrate 
w hich contained 1 .3  g. of AgNC>3 in a liter. T h e 
sulfuric acid (sp. gr. 1.20 ) was replaced b y nitric 
acid (sp. gr. 1 .1 3 )  as indicated  in T ab le  II.
T a b l e  I I — D e c o m p o s it i o n  o f  A m m o n iu m  P e r s u l f a t e  i n  P r e s e n c e  o f

S i l v e r  N i t r a t e

In itia l Volume, 300 cc. 0.0102 G. Chrom ium  Presen t in E ach Case
Acid U sed .......................................  60 cc. HNOa 60 cc. H 2SO4 60 cc. HNOa
Tim e of B oiling ............................  5 min. 30 min. 30 min.
Chrom ium  Found (G .)................ { 0 .0103 n 'n lm  o 'o ln !

T h e variation s found in the experim ents recorded 
in T a b le  II  are w’ithin  th e  experim ental error of the 
m ethod and show th a t in th e presence of silver n itrate 
the course of th e decom position of am m onium  per­
su lfate is v e ry  different from  th a t w hich it  follows 
when th is sa lt is absent. T h is-fo llo w s from  th e fa ct 
th a t no oxidizing m aterials, except th e chrom ium , 
were present after 3 m in.’ boiling, and 30 m in.’ boiling 
did n ot result in th e reduction of a n y  chrom ate. T h e 
presence of n itric  acid  does not appear to  be neces­
sary, b u t since in th e analysis of steel the iron in the 
sulfuric acid  solution of the sam ple is m ost co n ve­
n ien tly  oxidized w ith  nitric acid, th e effect of n itric 
acid  w as determ ined.

T H E  R E D U C T IO N  OF O X ID IZ E D  M A N G A N E S E  W IT H  H Y D R O ­

C H L O R IC  ACID

Solutions contain ing 0.005 g- of m anganese as man- 
ganous su lfate, an am ount corresponding to 0 .5  per 
cent of m anganese, in a i-g . sam ple of steel, were 
treated  w ith  nitric or sulfuric acid, as specified in 
T ab le  I I I ,  and m ade up to  a volum e of 300 cc. T he
T a b l e  III-—E f f e c t  o f  S m a l l  A m o u n t  o f  C o l d  H y d r o c h l o r ic  A c id  o n  

T it r a t i o n  o f  M a n g a n e s e

Oxidizing 
M aterials Found 

HNOa H 2SO4 C h r o m iu m  in Term s
(Sp. Gr. 1.13) (Sp. Gr. 1.20) T aken  Found of Chrom ium

3 drops 300 cc. 0 .0010 0 .0010 0 .0000
60 cc. 0 .0069 0 .0070 0.0001

60 cc. 0.0081 0.0081 0.0000
60 cc. . .  0.0081 0.0081 0 .0000

solutions were heated to boiling and io  cc. of the silver
n itrate  solution added, follow ed b y  5 g. of am m onium  
persulfate. A fter boiling 7 m in., 1 cc. of d ilute h y d ro ­
chloric acid (1 acid : 2 w ater) was added, and boiling 
continued for 5 min. In all cases th e solutions had a 
red color a fter th e addition  of am m onium  p ersulfate; 
and th e y  becam e colorless a fter th e addition  of h y d ro ­
chloric acid. T o  d etect oxidizing substances left in 
the solution, a fter cooling, a m easured am ount of po tas­
sium  dichrom ate w as added and th e solution  titra ted  
w ith  ferrous su lfate  as usual.

U nder th e conditions of th e  experim ents shown in 
T a b le  I I I ,  th e oxidation  and reduction  of m anganese 
were en tirely  sa tisfa cto ry  for th e purposes of the m ethod, 
inasm uch as no unreduced m anganese com pounds 
were left in the solution after the trea tm en t w ith 
hydrochloric acid.

Subsequent w ork on th e m ethod as fin ally  esta b ­
lished for th e analysis of steel showed th a t the oxid a­
tion  of m anganese b y  am m onium  persulfate w as b y  
no means as sim ple as might_ be supposed. On the 
addition  of the oxidizing agen t to  th e hot solution, the

colors resulting after a few  m inutes’ boiling would 
v a r y  from  a ligh t pink, a deep red, a m u rky brown 
and finally  an actual p recip itate of m anganese dioxide, 
depending on the am ount of m anganese present. On 
th e addition  of hydrochloric acid to  such solutions, 
those h avin g a pink or red color w ould grow  yellow  
(in the presence of chrom ium ) or colorless, in the course 
of 2 min. T h e dark brown solutions would lose their 
color and tu rb id ity  on ly a fter boiling 5 to 7 min., 
w hile solutions containing precip itated  m anganese 
dioxide failed  to clear up, excep t on prolonged boiling 
w ith a larger am oun t of hydrochloric acid. In  spite 
of the fa ct th a t large am ounts of m anganese cause 
th e solution to becom e m u rky  and even to precipi­
ta te  m anganese dioxide, it  has been foun d possible 
to determ ine C r in a i-g . sam ple of steel when the 
am ount of m anganese corresponded to 3 per cent. 
T h is is possible for tw o  reasons: (a) W hen such a solu­
tion  is obtained in th e presence of the other products 
of solution of steel th ere is less ten d en cy  for the m an­
ganese to  p recip itate  as oxide; and (6) if th e acid  con­
cen tration  is k ep t reasonab ly high (60 cc. of sulfuric 
acid of sp. gr. 1. 20 to  300 cc. of solution) a v e ry  high 
percen tage of m anganese is n ecessary to  cause pre­
cipitation . H ow ever, th e la tter  condition  m ay be 
carried too  far, for if th e concen tration  of acid  am ounts 
to  as m uch as 100 cc. of sulfuric acid of th is stren gth , 
both  the chrom ium  and m anganese oxidize w ith  
greater d ifficu lty  and m ay n ot oxidize a t all.

T H E  O X ID A T IO N  O F C H R O M IU M  AN D  T H E  E F F E C T  OF 

B O IL IN G  W IT H  H Y D R O C H L O R IC  ACID

In  order to  test the usefulness of th e m ethod for the 
oxidation  of chrom ium , solutions contain ing va ry in g  
q uan tities of potassium  dichrom ate and 2 cc. of N/ 1 0  
potassium  perm anganate solution were reduced w ith 
an excess of ferrous su lfate in th e presence of 30 cc. 
sulfuric acid (sp. gr. 1 .4 0 ). T h e excess of ferrous 
iron w as oxidized b y  heatin g w ith  15 drops of concen­
trated  n itric  acid. T h e solution, now con tain in g a 
know n w eight of chrom ium  w ith  som e ferric salt 
and m anganese, was d iluted  to  300 cc. and trea ted  
w ith  10 cc. of d ilute silver n itrate solution and 5 g. 
of am m onium  persulfate as usual. A fter  boiling 10 
min.', 5 cc. of hydrochloric acid  (1 to 3) were added 
and th e solution boiled  5 min. longer. T h e  solution 
was then cooled and titra ted  e lectrom etrically .

T a b l e  IV — D e t e r m in a t io n  o f  C h r o m iu m  i n  t h e  P r e s e n c e  o f  
M a n g a n e s e  

0.0022 G. M anganese Added in E ach Case
Chrom ium  T aken  (G .).................................................  0 .0102 0 .0203 0.0404
Chrom ium  Found (G .).................................................  0.0101 0 .0203 0.0403

T he few  figures given  in T a b le  IV  are sufficient to 
illu strate th a t the oxidation  of chrom ium  b y  am ­
m onium  persulfate and silver n itrate  is a q u a n tita tiv e  
process and th a t hydrochloric acid  e ffe ctiv e ly  reduces 
the m anganese oxidized at" th e sam e tim e w ith ou t re­
ducing th e  chrom ium .

O B S E R V A T IO N S  C O N C E R N IN G  T H E  E L E C T R O M E T R IC  T IT R A ­

T IO N  O F C H R O M IU M

T h e apparatu s and m ethod used was identical 
w ith  th a t used b y  Forbes and B a r t le tt ,1 excep t as

1 Loc. cit.
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noted in our paper on the determ ination  of van adium . 
In titra tin g  pure chrom ate solution w ith ferrous 
su lfate, we noted th e anom alous rise first observed 
by- Forbes and B artle tt. T hus on settin g the needle 
of the galvan om eter on the m iddle of the scale and 
adding ferrous su lfate, a retrograde m otion of the 

' needle began at once, continuing until it had covered 
about seven  divisions on the scale. T h e m ovem ent 
becam e less and less as more ferrous su lfate was added 
until ju st before the end-point w as reached, when it 
rem ained sta tio n a ry  until a sligh t excess of ferrous 
su lfate caused it to  m ove rap id ly  in the direction o p ­
posite to  th a t in which it had been m oving. As soon 
as enough dich rom ate solution had been added to 
cause th e needle to  return  to  its sta tio n a ry  position 
the titra tio n  was considered com pleted.

It  was noted early  in the course of these exp eri­
m ents th a t  th e anom alous rise in poten tial either 
was absent or w as m uch less m arked in solutions 
which had been trea ted  w ith an oxidizing agent, 
such as am m onium  persulfate. D urin g th e titration  
of the solution  of a sam ple of steel w hich had' beea 
so oxidized, the. needle rem ained w ithin a few  divisions 
of th e original point during the addition  of the first 
portions of ferrous su lfate, and w ould rem ain abso­
lu te ly  s ta tio n a ry  during the addition  of the last por­
tions, when an excess w ould produce a decided m ove­
m ent. F erric iron likew ise seem ed to  inhibit this 
phenom enon. In one instan ce, a solution of chro­
mium  sulfate, a fter oxidation  w ith  potassium  perm an­
gan ate, was boiled w ith am m onia to decom pose the 
perm anganate. T h e solution  so obtained, when fil­
tered  to  free it from  m anganese dioxide, showed no 
anom alous rise on titra tin g . Our lim ited in v estig a ­
tion of this point leads us to believe th a t am ounts 
of oxidizing agents other th an  chrom ate, which are 
too sm all in am ount for detection  otherwise, are e f­
fectiv e  in suppressing th is anom alous b ehavior of the 
cell.

T H E  E F F E C T  OF F E R R IC  IR O N . ON T H E  A CCU RA CY  OF T H E  

T IT R A T IO N

H avin g noted th a t ferric salts interfered w ith the 
anom alous rise, we becam e interested  to know  how 
these salts w ould affect the titration  if th e y  were 
present in large am ounts. A ccordin gly, solutions 
containing 1, 2 and 3 g. of ferric iron were prepared 
and know n q uan tities of chrom ium  added. E ach  
solution had a vo lu m e of 250 cc. and contained 25 
cc. of su lfuric acid  (sp. gr. 1 .40 ) and 0.0253 g. of 
chrom ium  as chrom ate. T h e  ferrous su lfate solu­
tion w as of such stren gth  th a t one drop was e q u iv a ­
lent to  0.00005 g- of chrom ium . In T a b le  V  the

T a b l e  V — E f f e c t  o p  F e r r i c  I r o n  o n  t h e  T it r a t io n  
G r a m s  I r o n  G a l v a n o m e t e r  C h a n g e s  a f t e r
Added us G r a m  .— S u c c e s s i v e  D r o p s  FeSOi-------* A n o m a l o u s

Ferric C h r o m iu m  T otal R i s e  b e f o r e
A lu m  T aken  Found 1 2  3 - 4  5  (2 cc.) E n d - P o in t

None 0 .0253 0 .0253 0 1 3 4 4 12 7 divisions
1 0 .0253 0 .0252 0 0 .5  2 3 3 8 .5  2 divisions
2 0.0253 0 .0252 0 0 .5  2 2 3 7 .5  N one
3 N one N one   N one . . 1 division

N one 0.0051 . .  0 2 2 .5  3 3 10.5 Several div i­
sions

change of reading of the galvan om eter is shown for 
each drop of ferrous sulfate added im m ed iately  b e­

fore and after the end-point. A fter the final throw  
of the needle, enough potassium  dichrom ate solution 
was added to cause the needle to return to  the en d­
point and tw o drops additional.

T h e experim ents recorded in T ab le  V  indicate th a t the 
end-point is as sharp for large am ounts of chrom ium  
as for sm all am ounts (cf. electrom etric titra tio n  of 
va n ad iu m 1), -but is m uch affected  b y  the presence 
of ferric salts-, esp ecially  as regards the anom alous 
rise. T h a t the am ount of change for a given  incre­
m ent of ferrous salt w ould be less in the presence 
of a large am ount of ferric iron would be expected 
from  a consideration of the ferric-ferrous potential, 
although we should not exp ect the differences to be 
so large as those found. T h e expression,2

, R T  , F e++ + 
t  =  0.988 +  -  In -p~++-

gives the valu e of the poten tial which is established 
when the first drop of ferrous iron in excess is added. 
A  given  am ount of ferrous iron w ill ob viou sly  pro­
duce a greater change in th e value of 7r when th e con­
cen tration  of F e+++' is sm all than  when it is large. 
T h e effect upon the anom alous rise cannot be so 
readily  explained. T h e differences observed in the 
above experim ents show th a t there m ight be a te n ­
d en cy to  add more ferrous su lfate wrhen titration  is 
m ade in the presence, of large , am ounts of ferric sa\t, 
but if the titra tio n  is carefu lly  m ade the end-point 
is th e sam e.

T H E  S E N S IT IV E N E S S  OF T H E  E N D -P O IN T

It seem ed possible th a t while our m ethod of noting 
the p o ten tia l change was sim pler than  th a t used b y 
Forbes and B a rtle tt, perhaps it  was less sensitive. 
T o  te st th is point we d iluted  our solutions to ten  tim es 
the volum e and m ade titration s w ith these. T h e 
original solutions of potassium  dichrom ate contained 
0.001 g. of chrom ium  per cc. T h e d iluted  solution 
therefore contained o .o o o i g. per cc. In w orkin g 
w ith th is and an eq u iva len t solution of ferrous su lfate 
we had no d ifficu lty  in m aking du plicate titra tio n s 
on 30 cc. of solution w ithin 0.30 cc. T h is corresponds 
to an error of 0.000033 g. I t  w ould thus appear th a t 
our ap p aratu s w as sufficiently sensitive for p ractical 
purposes.
ACID C O N C E N T R A T IO N  AND T H E  E F F E C T  O F C H L O R ID E S  

N um erous experim ents on th e titra tio n  of chrom ium  
in steel failed to  show a n y  effect of tem peratu re oh 
th e a ccu racy  or position of th e end-point. T h e acid 
concen tration  should be quite high, p a rticu la rly  in 
th e presence of chlorides, as it preven ts irregular 
m ovem ents of the needle. Our experim ents on the 
titration  in th e presence of chlorides showed th a t 
sm all am ounts were w ith ou t effect, interm ediate 
quan tities gave irregular results, b u t cold solutions 
containing large am ounts of hydrochloric acid gave 
excellent titrations.

T H E  T IT R A T IO N  OF C H R O M IU M  A ND V A N A D IU M  

Since chrom ium  and van ad iu m  often  occur togeth er 
in steel, th e fa ct th a t a n y  device for oxid izing chrom ium

1 Loc. cit.
2 Peters, Z. physik. Chetn., 26 (1898). 205.
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oxidizes th e van adium  at th e sam e tim e, m ade it 
n ecessary to  ad ap t th e m ethod to  th e determ ination 
of both elem ents. W hen th e procedure em ployed 
for th e analysis of plain chrom ium  steel is applied 
to  th e analysis of a solution contain ing chrom ium  
as chrom ate and van ad iu m  as va n ad a te , both are re­
duced b y  titra tio n  w ith  ferrous su lfate. T h e end­
point obtained under these circum stances is less sharp 
than the one obtained  when chrom ium ' alone is t itr a ­
ted. T h e end-point observed is rea lly  th e van adium  
end-point, th e characteristics of w hich h ave been de­
scribed elsewhere.

T o  test th e  a ccu racy  of th is titra tio n , know n q u an ti­
ties of chrom ium  as chrom ate solution were m ixed 
w ith know n quan tities of van adium . T hese m ixed 
solutions were reduced w ith  excess of ferrous su lfate 
and oxidized w ith  n itric acid, silver n itrate and am ­
m onium  persulfate under th e conditions described 
above. T h e solutions were th en  boiled w ith  a sm all 
am ount of hydrochloric acid. A fter  cooling to  20° 
C . th e y  were titra te d  e lectrom etrically  w ith  ferrous- 
su lfate  in a vo lu m e of 250 cc. T h e chrom ium  w?as 
assum ed as th e am ount taken , the difference being 
tak en  as van adium .
T a b l e  V I — T it r a t i o n  o f  S o l u t io n s  C o n t a i n i n g  B o t h  C h r o m iu m  a n d  

V a n a d i u m

Chrom ium  Assumed (G .) ...............................  0.0203 0.0101 0.0203
V anadium  T aken  (G .).........................  0.0255 0 .1000 0 .0255 0 .1000 0.0255
V anadium  Found  (G .)......................... 0 .0254 0.1001 0 .0252 0.1005 0.0247

T h is titra tio n  gives th e  oxidizing va lu e  of both  ch ro­
m ium  and van adium . As th e percen tage of van ad iu m
in steels is often quite low , it is conven ien t to  ta k e  a
3-g. sam ple for th e  van ad iu m  d eterm in ation, of which 
an aliquot portion m ay be used for the to ta l chrom ium  
and van adium  determ ination.

T H E  A P P L IC A T IO N  OF T H E  M ETH O D  TO T H E  D E T E R M IN A ­

T IO N  O F C H R O M IU M  A ND V A N A D IU M  IN  S T E E L

P R O C E D U R E  IN  T H E  A B S E N C E  O F V A N A D IU M  A  I - g .

sam ple of steel is dissolved in 60 cc. of sulfuric acid 
(sp. gr. 1 .2 0 ), evap orated  un til salts separate, d iluted  
to a volum e of 60 cc. and w hile still h o t oxidized 
w ith  dilute n itric  acid. E va p o ratio n  u n til salts 
separate is recbm m ended here as a  device for b reaking 
up carbides: th e  com pleteness w ith  w hich th is has 
been accom plished m ay u su ally  be ju d ged  b y  an ex­
am in ation  of th e d iluted  solution, for, if carbides 
rem ain un destroyed , a  more or less w ell m arked tu r­
b id ity , possibly  accom panied b y  clearly  visible, dark 
particles, w ill be noted: w hen th is m ethod fa ils to 
break up carbides, a more vigorous a tta c k  m ay be 
had b y  dissolving in 60 cc. of d ilute hydrochloric 
acid  (sp. gr. 1 .1 5 )  a fter w hich th e  solution should be 
oxidized w ith  n itric  acid ; this solution, how ever, 
m ust be evap orated  w ith  60 cc. d ilute sulfuric acid  to 
the appearance of fum es to  g ive  com plete separation  
of hydrochloric acid. H ow ever prepared, th e solu­
tion (containing th e eq u iva len t of 60 cc. su lfuric acid 
of sp. gr. 1 .2 0 ) should be d iluted  to a volum e of 300 
cc. and heated  to  boiling. T o  th e  boiling solution 
are then  added 10 cc. of a solution  of silver n itra te ’ 
containing 2 .6  g. per liter and 5 g. am m onium  per­
sulfate, con ven ien tly  used in th e  form  of a solution 
containing 50 g. of th e  salt in a volum e of 250 cc.

T h e solution is boiled vigorou sly  for 10 m in., after 
w hich 5 cc. dilute hydrochloric acid  (1 : 3) are added 
and th e boiling continued for 5 min. A fter  cooling 
to  a conven ien t tem perature and th e addition of a 
little  more sulfuric acid , th e  solution is rea d y  to t itra te  
electrom etrically .

I t  is generally  possible to  tell if th e  process has 
failed  a t an y point b y  certain  readily  n oted  signs. T hus 
the* fa ilure to b reak  up carbides m ay be n oted b y 
exam ining th e  solution. I f  th e solution contains 
chlorides w hich w ould interfere w ith  th e catalysis  
of th e am m onium  persulfate oxidation  b y  th e silver 
n itrate, a p recip itate  of silver chloride w ill appear. 
If  the oxidation  of the chrom ium  is u n satisfactory , the 
deep red color of th e perm anganic acid w ill fail to 
appear. If th e decom position of th e  perm anganic 
acid  w ith  hydrochloric acid  is incom plete, the solution  
w ill not have a clear yellow  color. The chief p itfalls  
into w hich th e  a n a lyst m ay fa ll are, (1) incom plete 
b reaking up of carbides of chrom ium , (2) incom plete 
oxidation  of chrom ium  due to  high concen tration  of 
acid, p recip itation  of silver or th e presence of too 
little  am m onium  persulfate, (3) failure to  rem ove all 
of the products of th e decom position of th e  oxidizing 
agen t (w hich m ay be accom plished b y  boiling 10 m in.), 
and (4) failure to  rem ove th e chlorine liberated  b y 
th e action  of hydrochloric acid  on th e perm anganic 
acid  for w hich 5 min. boiling is necessary.

P R O C E D U R E  IN  T H E  P R E S E N C E  O F V A N A D IU M  A
2 or 3 g. sam ple of steel is dissolved  as in th e  above 
procedure, using up to  100 cc. of d ilute sulfuric acid  
w here th is is necessary. T h e  solution  is d iluted to 
200 cc., h eated  to  8o° C ., and after th e addition  of 
S g. of sodium  phosphate, is titra te d  w ith  N / 1 0  
potassium  perm anganate un til th e first “ g r a y ”  color 
appears. T h e solution  is th en  cooled to 10 to 200 
C . b y  adding ice, and m ore su lfuric acid  is added, 
when it  is rea d y  for th e  electrom etric titra tio n  w ith  
ferrous su lfate. A fter  the titra tio n , the stirrer and 
th e electrodes are rinsed into  th e solution, w hich is 
then  m ade up to definite vo lu m e and a portion repre­
senting 1 g. of th e steel is taken  for the chrom ium  
determ in ation. T h is portion  is d iluted to  300 cc., 
heated to  boiling and otherw ise trea ted  as described 
under th e procedure for chrom ium , excep t th a t  be­
fore th e titra tio n  w ith  ferrous su lfate, th e  solution 
should be cooled th o rou gh ly . T h e am ount of chrom ium  
present is ca lcu lated  from  th e am ou n t of ferrous sulfate- 
used, as corrected  for th e am ount of van ad iu m  present 
and th e  am ount of chrom ium  used in finding th e end­
point in th is and th e previous titra tio n .

W hen tu n gsten  is present th e  p r e c ip ita te 'o f  .W 0 3 
m akes it  difficult to  deal w ith  th e  carbide present. 
T h e addition  of 5 g. of sodium  ph osphate, as suggested  
b y  W d ow iszew ski,1 b y  keeping th e tu n gstic  oxide in 
solution, m akes this m uch easier.

T h e  fa c t th a t  potassium  perm anganate w ill oxidize 
chrom ic salts in hot acid  solution  causes th e end-point 
obtained  b y  oxidizing w ith  th is reagen t to  be som e­
w h at fleeting. U su ally  th e  end-point is visib le for 2 
min. In  general, there is v e ry  little  d ifficu lty  in find-

> Chem.-Ztg.. 34, 1365.



ing th e  end-point if th e solution is hot (70 to  8o° C .), 
fa irly  d ilute (200 cc.) and th e  chrom ium  content is 
not too high. T h e addition  of som e sodium  phos­
ph ate preven ts interference from  th e yellow  color 
of th e  fcrric iron, b u t green chrom ic salt is th e m ain 
cause of d ifficu lty. T h e first change of color which 
appears (from  green to  “ g r a y ” ) should be ta k en  as 
th e end-point. If too m uch perm anganate is added, 
a few  drops of ferrous su lfate  m ay be added and the 
end-point sought again.

T a b u ; V II— A n a l y s i s  o k  S a m p l e s  o f  S t e e l  f o r  C h r o m iu m  a n d

Aug . ,  1916 T H E  J O U R N A L  O F  I N D U S T R I A L
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1 P riv a te  S tandard 1 0 .5 0 1.46 1 .46
2 1 0 .8 0 1.46 1 .49
3 1 1.50 1.46 1.47
4 1 3 .1 0 1.46 1 .44
5 1 1.46 1 .44
6 1 1.46 1 .45
7 1 1.46 1 .40
8 1 1.46 1.45
9 1 1.46 1.44

10 1 1.46 1.44
11 1 1 .46 1 .43
12 2 1.46 1.46
13 2 1.46 1 .46
14 3 1.46 1 .47
15 3 1.46 1 .47
16 3 1.46 1 .47 0 .1 3  0 .13
17 3 1.46 1.47 0 .2 6  0 .26
18 3 1.46 1 .47 0 .53  0 .52
19 3 1.46 1.46 1.04 1.03
20 2 1.46 1 :47 1.57 1.55
21 2 1 .46 1 .46 2 .55  2 .58
22 2 1.46 2 !08 3 .54 2 .55  2 .58
23 2 1.46 3 .6 0 5 .08 2 .55  2 .58
24 B ureau of Stds. No. 32 1 0 .89 0.92
25 32 I 0 .89 0.93
26 32 1 0.89 0.92
27 32 1 0.89 0.93
28 31 1 3.51 3.51
29 31 1 3.51 3 .5 6
30 31 1 3.51 3 .54
31 31 1 3.51 3 .5 6
32 34 1 0.0* 0.01
33 . 34 1 0.01 0.003
34 34 1 0.01 2 ! 53 2.55
35 34 1 0.01 2 .53 2.55
36 10(6) 1 0.005 0.007
37 10(6) 1 0.005 2 ! 53 2 .54
38 10(6) 1 0.005 2.53 2 .54
39 16(a) 1 0.008 0.007
40 30 3 1.35 1.37 0.21 . .  0 .2 0
41 30 3 1 .35 1.36 0.21 . .  0 .2 0
42 30 3 1 .35 1.36 0.21 . .  0 .2 0

T h e results g iven  in Table. V II  were obtained  b y  
using the procedure given  above. Besides th e sta n d ­
ards issued b y  th e  B ureau of S tandards, a stan dard 
prepared in th is lab oratory , Having a • chrom ium  
con ten t of 1 .4 6  per cent, was an alyzed  w ith  and w ith ­
ou t v a ry in g  am ounts of added chrom ium , m anganese 
and van adium .

R e s e a r c h  D e p a r t m e n t , T h e  M i d v a l e  S t e e l  C o m p a n y  
P h il a d e l p h i a

P O M A C E  W IN ES: TH EIR  CO M PO SITIO N  AND 
D E T E C T IO N 1

B y  J o h n  R . E o f f , J r .

Received April 21, 1916

D esiring som e inform ation  on th e com position of 
various typ e s of A m erican wines, the lab o rato ry  of 
the In tern al R even ue Bureau undertook in 19 13 -14  
the collection  and analysis of a large num ber of these 
wines, and it p a rticu la rly  desired to  ascertain  the com ­
position of the so-called pom ace wines, a t  th a t tim e 
being rath er exten sively  m anufactured in certain  sec-

1 Published by  permission of the Com m issioner of In te rna l Revenue.

tions of the E ast. T h e result of th e in vestigation  of 
th e pem ace wines has been v e ry  g ra tify in g  and it has 
enabled us to recognize this product w ith  assurance. 
H avin g received from  various sources u rgen t and re­
peated requests for th e inform ation  obtained from  this 
w ork the author feels this dem and a sufficient reason 
for its publication . For the benefit of those who are 
not acq uain ted  w ith  th e m a n u fa ctu re 'o f pom ace wines 
a brief outline of the processes used is included in this 
paper w ith  the hope th a t it will aid in interpreting th e 
results.

I G R A P E  PO M A C E

F or the purposes of this article, grape pom ace m ay 
be defined as the residue of th e grape a fter the ju ice 
has been p a rtia lly  or th o rou gh ly  -rem oved, before or 
a fter ferm en tation. P om ace m ay be divided into tw o 
m ain divisions— w hite and red.

(a) w h i t e  p o m a c e — T h is pom ace is alm ost in v a ria b ly  
th a t from  the C a ta w b a  grape. T h e grapes are ground 
and th e ju ice  pressed from  the skins, seeds and pulp, 
th e ju ice so obtained being ferm ented sep arately. 
T h e residue (pom ace) can never be pressed en tirely  
free of ju ice and often contains as much as 8 per cent 
sugar. Som etim es the pom ace is im m ediately  used 
for pom ace wine, b u t oftener it is packed tig h t in to  
barrels and allow ed there to ferm ent. T h e len gth  of 
tim e the pom ace is kept in barrels before use varies 
from  a few  w eeks to  a year or more.

(b) r e d  p o m a c e — T h e principal grape from  w hich 
this pom ace is derived  is the Concord. T o  a lesser 
exten t C oncord and Ives mixed furnish th is ty p e  
of pom ace, and though in this in vestigation  th ere 
is no record of them , the w riter has seen used th e  
heavier colored varieties such as N orton and C lin ton . 
The red pom ace is obtained in three w ays: (1) In  
m akin g red wines the grapes are ground and th e  whole 
mass— juice, skins, pulp and seeds— is allow ed to fer­
m ent, and at the proper stage th e new w ine is pressed 
off and th e pom ace packed in b a rre ls ;-(2) instead of 
pressing off the wine th e pom ace is som etim es allow ed 
to  drain and, w ithout pressing, im m ediately  used for 
pom ace wine: th is procedure is infrequen t; (3) in the 
m anufacture of red grape ju ice  th e fru it is crushed, 
the mass heated  to  abou t 150° F ., and then  pressed.

I I — P O M A C E  W IN E S

For the purposes of this article, pom ace wine m ay 
be defined as the product obtained b y th e alcoholic 
ferm en tation  of sugar solution upon grape pom ace, 
accom panied b y  the usual cellar treatm en t. T h e 
Com m issioner of In tern al R e v en u e1 has held th a t  th e  
m anufacture of pom ace wine is prohib ited  b y  Section 
3282, U. S. R evised  S tatu tes, “ excep t in a b u ild in g 
or on prem ises of a d istillery duly  authorized  accordin g 
to  la w .”

G E N E R A L  M E T H O D  OF M A N U F A C T U R E  A  q u a n tity
of pom ace ran gin g from  650 to  1500 lbs., accord in g 
to  q u a lity  of pom ace and p roduct desired, is p laced  
in open ferm en tation  v a ts  of sufficient c a p acity , and 
upon th is are run 700 to  800 gals, of “ sugar w a te r ,”  
the m ash being yeasted  or not, as conditions require. 
T h e “ sugar w ater”  is prepared from  cane or corn sugar

1 T reasu ry  Decision 1949, 2 /16 /14 .
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and contains in the neighborhood of 20 per ccn t sugar. 
A m m onium  chloride is often added to the m ash to 
fa cilita te  ferm en tation , esp ecially  when old, d ry  pom ace 
is used. T h e tim e allow ed for th e ferm en tation  to 
proceed on th e pom ace varies from  4 to  16 days, after 
w hich th e w ine is draw n off and, if th e  ferm en tation  
is not com plete, allow ed to finish in closed casks. The 
wine is then alm ost im m ediately  clarified and placed 
on the m arket, often blended w ith  other wines, or it 
is aged in cellars for v a ry in g  periods. T h e red pom ace 
wines are often artific ia lly  colored, p lacin g m alvae 
flowers in the ferm en tation  va ts being a com m on m ethod 
of coloring.

I l l  C O L L E C T IO N  OF SA M P L E S

In order th a t the in vestigation  m ight deal w ith  a 
product m ade in a m anner iden tical w ith  th a t found 
upon the m arket, an officer of the In tern al R even ue 
B ureau w as detailed  to  collect sam ples of pom ace 
wines from  three wine cellars engaged in the com ­
m ercial m anufacture of this article. He was instructed

T a b i.
W h it e  P o m a c e  W i n e s

Col­ Wine S u g a r  S o l u t io n
Lab. lection S a m p l e s C ellar K ind of D egrees Tem p. 

Balling 0 F .No. No. T aken A nalyzed No. Sugar Gallons
61869 3 10/28/13 1 /5 /14 1 Ccrelose 800 19.4 92
61870 4 10/28/13 1 /5 /14 1 Cerelose 1600 19.3 91
61871 5 11/1/13 1/5 /14 1 Cerelose 1600 19.0 92
61872 6 11/6/13 1 /5 /14 1 Cerelose 800 19.2 86
61877 11 11/12/13 1 /5 /14 I- Cerelose 1600 19.4 70
61880 14 11/22/13 1/5 /14 1 Cane 800 18.7 90
61884 18 12/3/13 1 /14 /14 1 ' Cane 800 18.9 86
61873 7 11/3/13 1 /5 /14 2 Cane 700 19.3 65
61875 9 11/12/13 1 /5 /14 2 Cane 700 19.3 65
61876 10 11/13/13 1 /5 /14 2 Cane 800 19.4 70
61879 13 11/22/13 1 /5 /14 2 C ane 700 19.5 70
61883 17 12/1/13 1 /14/14 2 .Cane 700 19.2 70
61885 19 12/3/13 1 /14 /14 2 C ane 700 19.2 70
61887 21 12/8/13 1 /14/14 2 Cane 700 19.3 75
63032 32 12/17/13 2 /2 0 /1 4 2 Cane 800 19.2 70
63035 35 12/27/13 2 /2 0 /1 4 2 Cane 800 19.2 70
63039 39 1/8 /14 2 /2 0 /1 4 2 Cane 700 19.2 73
61882 16 11/29/13 1 /14/14 3 Cerelose 800 19.0 72
61890 24 12/8/13 1 /14 /14 3 Cerelose 800 24.2 72
61894 28 12/12/13 1 /14 /14 3 Cerelose 800 19.2 70
63031 31 12/13/13 2 /2 0 /1 4 3 Cerelose 700 19.2 70
63034 34 12/22/13 2 /2 0 /1 4 3 Cerelose 800 19.0 70
63038 38 1/6 /14 2 /2 0 /1 4 3 Ccrelose 800 24.6 70
R e d  P o m a c e W i n e s
61886 20 12/8/13 1 /14 /14 1 C ane 800 18.8 90
61896 30 12/13/13 1 /14/14 1 C ane 800 18.7 80
63033 33 12/22/13 2 /2 0 /1 4 1 Cane 800 18.7 82
61874 8 11/8/13 1 /5 /14 2 Cane 675 20.0 70
61878 12 11/19/13 1 /5 /14 2 Cane 800 19.4 70
61891 25 12/9/13

12/13/13
1 /14/14 2 Cane 700 19.2 70

61895 29 1 /14 /14 2 C ane 700 19.5 70
63037 37 12/30/13 2 /2 0 /1 4 2 Cane 800 19.3 70
63036 36 12/29/13 2 /2 0 /1 4 3 Cerelose 800 19.2 70

to  observe personally  the various steps in th e m anu­
factu re and to  m ake full records of them . T h is he 
has done m ost p ain stak in gly  and th o rou gh ly , and 
through the courtesy of th e wine m akers, has collected  
m any details. F or the purposes of th is B ureau it 
w as of especial im portance th a t th e wine should be 
collected  a t the tim e it w as draw n from  the pom ace, 
so most of th e  sam ples were secured as th a t stage. 
In  case of ferm en tations not h avin g been com pleted, 
th e sam ples were to  be sterilized  d irectly  after bottlin g. 
F or wines of th is character the conclusions draw n 
from  the follow ing analyses will hold for older wines 
of the sam e ty p e .

IV  H IS T O R Y  A ND A N A L Y S E S  OF P O M A C E  W IN E S

In  T a b le  I is included a brief h isto ry  of th e pom ace 
w ines collected, and the analyses of them  appear in 
T a b le  II . F or com parative purposes th e la tter  table 
also contains the analyses of tw o  pure C a ta w b a  wines 
m ade in the fall of 1913.

V D E D U C T IO N S

In  th e follow ing discussion it is presum ed th a t an 
a n a lyst desiring to establish pom ace origin in a wine 
is su ffic ien tly  fam iliar w ith  wines and wine analysis 
to enable him  to  recognize to  w h at general ty p e  his 
sam ple belongs, and th e characteristics of this ty p e , 
for w ith ou t such know ledge it were a hopeless under­
ta k in g  to  a ttem p t to  arrive at an intelligen t conclusion. 
T o  illu strate  th is, unfortified pure d ry  E astern  wines will 
rarely  contain  less th an  0.2 g, to ta l ta rta ric  acid  in 
100 cc., and in a n y  wine w hich contains a less am ount 
of to ta l ta rtaric  acid  and w hich belongs to th is general 
group one m ay be suspicious of pom ace origin. T here 
is another class of dry, or p ra ctica lly  d ry , wines whose 
ta rta ric  acid  con ten t is n orm ally  abou t o. 1 g. in 100 
cc., or less— the d ry  sherries. A n ovice m ight confuse 
the tw o; one w ith  experience, never.

n i t r o g e n — -Should the analysis show  a figure for 
this elem ent below  10 m g. per 100 cc., there is stron g 
indication  of pom ace origin, and should  the figure 

1; I
A m ount D ays
Pom ace 0:1 N H iC i
Lbs. C ondition of Pomace Pom ace Oz. K ind of Pom ace
1021 Fresh 6 N one C ataw ba
2010 Fresh 6 N one C ataw ba
2134 Fresh 4 N one C ataw ba

920 Fresh 5 N one C ataw ba
1896 Fresh 5 N one C ataw ba
951 Fresh 7 N one C ataw ba
953 Fresh 7 N one C ataw ba
693 Old, dry , pale 12 A bout 30 C ataw ba
693 Old, dry , pale 12 A bout 30 C ataw ba

1056 Old, dry , pale 14 A bout 30 C ataw ba
781 Old, d ry , pale 14 A bout 30 C ataw ba
700 Old, dry , pale 14 A bout 30 C ataw ba
700 Old, dry , pale 14 A bout 30 C ataw ba
728 Fresh ; poor color 16 28 C ataw ba
874 F a ir 13 32 C ataw ba

1052 Old, d ry , pale 15 32 C ataw ba
843 Old, d ry , poor 13 28 C ataw ba
641 M oist, fair 8 24 C ataw ba
938 M oist, fair 14 24 C ataw ba
665 M oist, fair 8 24 C ataw ba

1270 M oist, fair 5 24 C ataw ba
705 M oist, fair 10 24 C atw aba
691 M oist, fair 13 24 C ataw ba

1490 Good 6 N one Concord G rape Juice
1508 Good 5 None Concord G rape Juice
1528 Good 5 N one Concord G rape Juice
1078 D ry ; poor color 12 A bout 30 Concord and Ives
1440 D ry ; poor color 14 A bout 30 Concord

886 Fresh ; poor color 14 28 Concord
904 New, dry , poor color 14 28 Concord and Ives

1201 D ry; poor color 13 32 Concord and  Ives
1023 F a ir; p a rt w et; p a rt d ry 1 1 24 Concord and  Ives

fa ll to 5 or below  it  is alm ost a foregone conclusion
th a t one is dealing w ith  a pom ace wine. N itrogen
in the form  of am m onia or n itrate has never been
observed in a n y  wine analyzed  b y  the author.

c h l o r i n e — T h is con stituen t is of peculiar interest. 
Its determ in ation  not o n ly  aids in d etectin g spurious 
wines, b u t often furnishes evidence of their m anner of 
m anufacture. N atu ra l wines are in v a ria b ly  low  in 
chlorine conten t, the great m a jo rity  contain ing less 
th a n  5 mg. in 100 cc. Som e C aliforn ia  wines h ave 
been know n to exceed double th is am ount, b u t as a 
general rule a n y  chlorine conten t ab ove 10 mg. m ay 
be view ed  w ith  suspicion. T h e excess chlorine m ay 
be due to  either of tw o  causes, or to  b oth : (1) the use 
of am m onium  chloride as a ferm en tation  accelerator; 
(2) th e use of corn sugar solution  in th e  m an ufacture 
of th e wine. Since it is rarely  th e  custom  to  add am ­
m onium  chloride to  a norm al wine ferm en tation , its 
presence not being necessary, one is justified  in con-
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eluding th a t it is added in case of poor ferm entation, 
such as is the case w ith  sugar solution over old, dry 
pom ace. In this even t th e chlorine w ill be close to 
20-30 mg. per roo cc. W hen the chlorine figure 
approaches 100 mg. per 100 cc., w ith a corresponding 
increase in th e content of soda, one has practical proof 
th a t corn sugar has been used in the preparation  of the 
wine and, w ith  the aid of other determ inations, th a t 
it is pom ace wine. P olarization  a t 87° C . after in ­
version is useful in su b sta n tia tin g  the presence of corn 
sugar or corn-sugar residue. T h e p ractice of using 
corn sugar for sw eetening or gallizin g wines, once 
considerably in vogue, has g rea tly  decreased and it 
m ay often be disregarded.

s o d a — T h e ranges and in terpretation  of this figure 
are sim ilar to  those for chlorine.

t o t a l  t a r t a r i c  a c i d — P om ace wines are low  in 
to ta l ta rta r ic  acid  as com pared w ith  wines w ith which 
th e y  are like ly  to  becom e confused. A  figure of 20 
eg. per 100 cc. or under is suspicious, and a n y  u n ­
fortified  wine fallin g below  10 eg. of th is co n stitu ­
en t m ay u su ally  be deem ed spurious. T h e author 
has been inform ed of som e supposedly pure unfortified 
E uropean wines whose ta rtaric  acid conten t is below' 
10 eg. per 100 cc., but the h isto ry  of the wines 
proved to be incom plete.

f i x e d  a c i d  a s  t a r t a r i c — A n y  figure below  50 eg. 
per 100 cc. is ground for susp ecting pom ace origin.

a s h — F or w'hite d ry  wines an ash of 20 cgs. per 
100 cc. or over indicates pom ace. For red wines this 
figure is of b u t general value.

a l k a l i n i t y  o f  a s h — T h e a lk a lin ity  of the w ater- 
soluble ash of pom ace wines often  falls as low  as 8 
cc. N / 10 H C 1 per 100 cc. wine or under, w hich is 
unusual for A m erican  wines. W hen  the a lk a lin ity  
of the w ater-insoluble ash exceeds the a lk a lin ity  of 
the w ater-soluble ash the fa c t is v e ry  characteristic  
of pom ace wines.

n o n s u g a r  e x t r a c t — A n y  figure below 1.5 g. per 
100 cc. for w hite wines and 2.0 g. per 100 cc. for red 
wines is suspicious.

p e n t o s a n s — F or w'hite wines, a n y  figure below  5 0  

mg. per 1 0 0  cc., and for red wines, below' 1 0 0  mg. per 
1 0 0  cc., is suspicious.

p e r  c e n t  P 20 5 i n  a s h — H avin g this figure below  
10 is alm ost a constan t p ro p erty  of pom ace wines.

n e u t r a l i z a t i o n  t e s t — T h is test, w hich is com m uni­
cated  b y  D r. B . G. H artm an n, of th e  B ureau of C h em ­
istry , has been found v e ry  va lu ab le  as an aid in the 
detection  of w hite pom ace wines: “ S traigh t wines
or gallized wines, when n eutralized  w ith  sodium  
hydroxide, darken s lig h tly  and , acquire a brow nish 
pink tin t; pom ace wines acquire a brow nish color and 
v e ry  often contain  a sedim ent a fter sta n d in g.”

a d j u s t m e n t  o f  a s h  a n d  n o n s u g a r  e x t r a c t — In 
cases where corn sugar is indicated  in th e m anu­
factu re of th e suspected wine it  is ad visable to  ad ju st 
the figures for ash and nonsugar extra ct to  those of 
true grape m aterial, i. e., m ake allow ance for the effect 
of the corn-sugar residue on these constituen ts. T h e 
corrections to be m ade can be determ ined b y  referring

to  the analyses of pom acc wines given  above. N eces­
sarily  these corrections will be more or less a rb itra ry , 
b u t th e results obtained will be of valu e in d ifferen tiatin g 
betw een pom ace wines and wines gallized w ith  corn 
sugar.

T h e fo llow ing determ inations are of secon dary im ­
portan ce in ju d gin g pom ace origin, b u t th e y  are of 
value in sustain in g interpretation s of the cardinal 
determ inations given  above:

f r e e  t a r t a r i c  a c i d -— Pom ace wines contain  little  
or no free ta rtaric  acid.

c r e a m  o f  t a r t a r — B elow  15 eg. per 100 cc. is sus­
picious.

s u l f u r i c  a c i d  (S0 3)— Below’ 5 mg. per 100 cc. is 
suspicious.

m a g n e s i a -— For w hite wines, an y  strik in g variation  
from  10 mg. per 100 cc. is suspicious.

In searching for pom ace origin in wines th e deter­
m ination  of an y single con stituen t never closes th e prob ­
lem , and it is eq u ally  true th a t  few , if an y, pom ace 
whines w ill show all the peculiarities of this product. 
T h e organoleptic exam ination  is of great aid in m aking 
th e final decision and th e color of the wine is often 
helpful.

In  conclusion, the author wishes to  express his sin­
cere appreciation  to  M r. D . W . C am p bell, of S an dusky, 
Ohio, for th e  un tirin g interest shown in th e collection 
of th e wines.represented in the ab ove analyses. T h a n k ­
fu l ackn ow ledgm ent is also extended to  several col­
leagues in th e Internal R even ue L ab o rato ry  for 
tim ely  aid  in th e a n a lys is 'o f th e wines: to  M r. W . V . 
L in der for determ ining nitrogen, vo la tile  acids and 
pentosans in Sam ples 61882-96; M r. J. M . D oran , 
to ta l acid  and tannin, Sam ples 61882-96, and lim e 
and m agnesia, Sam ples 61869-80; M r. P. V alaer, 
specific g ra v ity  and tann in, Sam ples 63031-42.

U . S . I n t e r n a l  R e v e n u e  L a b o r a t o r y , W a s h in g t o n

CHEMICAL COMPOSITION OF ALFALFA AS AFFECTED
BY STAGE OF MATURITY, MECHANICAL LOSSES, 

AND CONDITION OF DRYING
B y C. O. S w a n s o n  a n d  W . L .  L a t s h a w  

Received April 17, 1916

T h is paper is a p artial report on the chem ical w ork 
done on alfa lfa  cu t at th e tim e of buddin g, one-tenth 
bloom , full bloom , and at seed form ation, in an ex­
perim ent carried on jo in tly  b y  th e departm en ts of 
ch em istry, agronom y, and anim al h u sb an d ry a t the 
K an sas E xp erim ent S ta tio n .1 T his paper^ discusses 
one phase of the w ork, viz., the chem ical, com position 
as affected  b y  variation s in m aturin g and curing.

T h e a lfa lfa  was cut from  du plicate and trip licate 
o .i  acre plots. A s soon as cut, a sam ple was taken  
from  the green m aterial and spread in an a ttic  room  
to  dry. W hen th e cut h a y  in the field w as d ry  enough 
to sta ck , it also was sam pled: this sam ple was weighed 
and taken  to  the sam e a ttic  room  to  d ry  th o rou gh ly. 
A fte r  th e green sam ple was p a rtia lly  w ilted  a sm all 
sub-sam ple was tak en  and th e re lativ e  am ount of

1 W e desire here to  express our appreciation  of the  h earty  codperation 
received from  Professors L. E. Call, R alph  K enney, and W. A. Cochel. 
T h e  expense of th is  experim ent was m et by  th e  Adam s Fund , K ansas 
A gricultural Experim ent S ta tion .
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leaves and steam  w as determ ined on an air-dry basis. 
Sam ples of a lfa lfa  cut at th e  sam e stages of m a tu rity  
were also obtained  at th e  tim e of feeding. These 
five different kinds of sam ples w ill be designated as: 
sampled when cut, sampled when stacked, leaves from  the 
material sampled green, stems from  the material sampled 
green, and sampled when fed.

T his experim ent has been carried on for tw o  years. 
T h e sum m er of 1914 w as m od erately  dry, w hile 1915 
was unusually ' wet. B y  a n alyzin g the sam ples from  
each cu ttin g, d ata  w'ere obtained in regard to  the change 
in com position during each of these seasons. I t  was 
foun d, how ever, th a t  th e stage of m a tu rity  so stron gly  
influenced the com position th a t it more th a n  offset 
a n y  effect due to  th e tim e of season. Therefore, only 
th e averages calcu lated  on a 10 per cent m oisture basis, 
for each stage of m a tu rity , are given  in the follow ing 
tables. T h ere were from  4 to  6 cuttin gs on th e first 
three stages, and 3 cu ttin gs on th e last stage.

T a b l e  I -

Y e a r
1914

■ C o m p o s i t io n  o k  A l f a l f a  C u t  a t  D i f f e r e n t  S t a g e s  o f  M a -  
' t u r i t y — S a m p le d  w h e n  C u t

1915

P o r t io n S t a g e  o f
C r u d e

P r o ­ C r u d e N - f rc e
E t h e r

E x ­
A n a l y z e d M a t u r it y A sh te in F i b e r  E x t r a c t t r a c t

W h o le  P l a n t B u d 1 0 .5 3 1 9 .6 5 2 2 .5 0 3 5 .0 6 2 .3 6
1 /1 0  B lo o m 9 .5 9 1 8 .3 8 2 3 .5 8 3 5 .4 1 2 .9 3
F u l l  B lo o m 8 .7 9 1 6 .3 0 2 5 .0 1 3 6 .0 7 3 .7 7
S e e d 7 .5 4 1 4 .9 7 2 6 .5 3 3 7 .3 7 3 . 5 4

L e a v e s B u d 1 0 .7 8 2 6 .1 7 1 3 .6 4 3 6 .0 1 3 .2 7
1 /1 0  B lo o m 1 0 .5 2 2 6 .1 6 1 4 .0 6 3 7 .4 0 4 .0 6
F u l l  B lo o m 9 .1 1 2 2 .1 0 1 3 .6 6 3 9 .3 2 5 .7 2
S e e d 8 .7 0 2 1 .2 5 1 4 .5 5 3 9 .6 6 5 .4 8

S te m s B u d 8 .7 8 1 2 .5 7 3 3 .5 4 3 3 .9 2 1 .2 3
1 /1 0  B lo o m 7 .9 7 1 0 .6 3 3 5 .1 2 3 2 .9 7 1 .3 3
F u l l  B lo o m 7 .6 2 9 .7 2 3 6 .3 3 3 5 .8 3 1 .2 2
S e e d 7 .1 2 1 0 .2 2 3 6 .4 1 3 4 .8 6 1 .3 9

W h o le  P l a n t B u d 1 0 .2 4 1 9 .9 4 2 6 .8 6 3 1 .2 9 1 .6 7
1 /1 0  B lo o m 9 .1 8 1 6 .1 2 3 0 .8 0 3 2 .0 8 1 .8 2
F u l l  B lo o m 8 .7 6 1 5 .7 0 3 0 .9 0 3 2 .6 2 2 .0 3
S e e d 8 .0 8 1 4 .4 8 3 1 .5 6 3 3 .9 5 1 .9 3

L e a v e s B u d 1 0 .6 3 2 7 .3 0 1 5 .5 8 3 2 .9 1 3 . 5 6
1 /1 0  B lo o m 1 0 .6 4 2 4 .6 0 1 8 .0 4 3 3 .4 4 3 .2 9
F u l l  B lo o m 1 0 .0 1 2 2 .7 0 1 5 .9 1 3 7 .7 8 3 . 6 0
S e e d 9 .4 9 2 2 .2 1 1 7 .2 8 3 7 .9 1 3 .1 1

S te m s B u d 8 .7 7 1 3 .0 4 3 6 .6 2 3 0 .5 8 0 .9 9
1 /1 0  B lo o m 6 .7 4 1 0 .8 0 4 0 .6 0 3 8 .8 5 0 . 9 6
F u l l  B lo o m 6 .3 8 9 .8 3 4 3 .3 7 2 9 .1 5 0 .9 7
S e e d 7 .0 7 8 .9 1 4 3 .2 1 2 9 .7 9 1 .0 2

average figures are given  in T a b le  II. In 1915, no 
sam ples were taken  at th e tim e of feeding, b u t instead 
th e average figures for th e sam ples obtained at the 
tim e of stackin g are given  in T ab le  II. A  com parison 
of th e figures in T a b le  II w ith  those in T a b le  I shows 
th a t there is less ash and crude protein, and more crude
T a b l e  I I — C o m p o s it io n  o f  A l f a l f a  C u t  a t  D i f f e r e n t  S t a g e s  o f  

M a t u r it y — S a m p l e d  a s  H a y  
C r u d e

Y e a r  
1914, w h e n  fed

1915 , when stacked

S t a g e  o f  
M a t u r it y  

Bud
1 /1 0  Bloom 
Full Bloom 
Seed 
Bud
1 /1 0  Bloom 
Full Bloom 
Seed

Ash
9 . 4 7
8 .5 6  
7 .5 3  
7 .2 8

10.21
8 .7 6
8 .2 5
7 .5 6

P ro ­
tein

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

E th er
Ex-C rude N-free 

F iber E x trac t tra c t 
2 4 .3 0  3 5 .9 8  2 .6 7  

3 8 .  19 
3 7 .7 0  
3 8 .8 4  
3 4 .0 0  
3 2 .7 2  
3 3 .5 6  
3 2 .7 9

2 4 .3 4  
2 7 .4 8  
2 8 . 14 
2 6 .1 7  
3 1 .5 3  
3 1 .6 4  
3 4 .8 7

2.86
2 .6 4
2 .3 6
1 .6 1
1 .5 3  
1 .7 9
1 .5 4

fiber and nitrogen-free ex tra ct in  th e  a lfa lfa  sam pled 
as h ay. T his difference is large ly  due to m echanical 
loss of leaves.

T h e re lative  am ount of leaves and-stem s in the m a­
terial sam pled when cu t w as determ ined b y ta k in g  
a handful selected from  different parts of th e large 
sam ple as soon as th e  a lfa lfa  was wrilted, and b y  sep­
aratin g th is sam ple into leaves and stem s. These 
were allow ed to  d ry  under the sam e conditions as th e 
rest of th e sam ple, and the relative  percen tage b y  
w eight was determ ined. T h e averages of all th e c u t­
tings are g iven  in T a b le  II I . In 1914 there was a 
larger percen tage of leaves in the first three stages, 
bu t in 1915 th e percen tage of stem s was larger in all 
of the stages. In  -both years the proportion of leaves 
decreased and th e proportion of stem s increased as 
th e p lan t m atured.
T a b l e  I I I — R e l a t iv e  P e r  c e n t  o f  L e a v e s  a n d  S t e m s  i n  A l f a l f a  

S a m p l e d  w h e n  C u t

, B u d  » 1 /1 0  B l o o m  F u l l  B l o o m    S e e d ------- -
Y e a r  Leaves Stem s Leaves Stem s Leaves Stem s Leaves Stem s
1 9 1 4 .
1 9 1 5 .

5 7 .5 7
4 7 .8 9

4 2 .4 3
5 2 .1 1

5 6 .4 0
4 1 .5 4

4 3 .6 1
5 8 .4 6

5 1 .5 4
3 7 .6 5

4 8 .2 2
6 2 .3 5

4 3 .5 0  5 6 .5 1  
3 6 .5 8  6 3 .4 2

T h e percen tage of feedin g constituen ts in th e whole 
p lant, leaves, and stem s for th e tw o  sep arate years 
is g iven  in T a b le  I. T h e ash and protein  decrease 
regularly  as th e p lan t m atures; crude fiber and nitrogen- 
free ex tra ct increase. Because of the large am ount of 
chlorophyll in th e  ether extra ct, th e figures do not 
give a n y  significan t data. T h e ash content of the leaves 
is un iform ly greater th a n  of th e stem s. T h e greatest 
difference betw een the leaves and stem s, how ever, 
is in th e con ten t of protein  and crude fiber. The 
leaves contain  from  2 to  2V2 tim es as m uch protein  
as the stem s, w hile the stem s contain  over 2V2 tim es 
as m uch crude fiber as th e  leaves. T h e sam ples of 
1915, in com parison w ith  those of 1914, h a ve  a sligh tly  
lower ash content, b u t a considerably higher conten t 
of crude fiber. These differences are m ost pronounced 
in th e stem s, and are p rob ab ly  due to  the larger 
grow th  in 1915.

In 1914 a lfa lfa  w'as cut from  a larger field a t th e 
sam e stages of m a tu rity . T his w as cured, baled, and 
stored in a barn, being sam pled a t th e tim e of feeding. 
A  sm all am ount w as ta k en  from  each bale on opening, 
and placed in large bags. In  th is w a y  three to  five 
com posites w'ere obtained  from  each stage of cuttin g. 
These com posites w'ere a n alyzed  sep arately , and the

T h e exact am ount of leaves lost in the process of 
h aym ak in g is im practicab le to  determ ine d irectly . 
H ow ever th e approxim ate am ount can be ca lcu lated  
if th e chem ical com position of a lfa lfa  leaves and of 
a lfa lfa  h a y  containing all of the leaves is know n , as 
well as th e com position of th e  h a y  w'hen there is a 
loss of leaves due to handling. T h e errors in vo lved  
depend on the correctness of the assum ptions m ade. 
Since the greatest difference in com position betw een 
the leaves and the w’hole p lan t is in protein, th e figures 
for protein are used in the calculations. I t  is assum ed 
th a t there is no loss of to ta l protein  in the process 
of curing, and th a t  change in com position  is solely  due 
to m echanical loss o f leaves which contain  a large 
am ount of protein. One source of error is in th e d e­
term ination  of th e relative  am ount of leaves, and stem s. 
T h e am ount of m aterial used in th is determ ination  is 
sm all in com parison w ith  the to ta l am ount of h a y  under 
consideration. A s th is determ ination  was m ade on 
a num ber of sam ples, how ever, the errors were large ly  
elim inated  in th e  average. T h e m ethod of calcu lation  
was as follow s:

L et x =  num ber of pounds of leaves lost.
a =  per cent of protein  in a lfa lfa  sam pled when cut. 
b = p e r  cent of protein in a lfa lfa  sam pled as h ay. 
c =  per cen t of protein  in th e leaves.

M ake th e calcu lation  on the basis of 100 lbs. a ir-dry
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hay. T hen  io o —  x = w eight of h ay after loss of leaves. 
T h e form ula for calcu lation  would then be: .b{io o  —  x) 
+  .cx = a. S u b stitu tin g  th e know n values for a, 
b and c, as obtained in the chem ical analysis of an y 
of the sam ples under consideration, as for bud stage 
sam ples of i g i 5, where a =  19 .9 4,6  = 18.01, c =  27.30, 
the eq uation  becom es 0.1801 (100 —  x) +  0.2730 x =  
19.94 (per cent loss of leaves b y  w eight). x =  20.77. 
U sing this m ethod of calcu lation, and th e figures for 
the percen tage am ount of leaves given  in T a b le  II I , 
T a b le  IV  is produced presenting the percen tage loss 
of leaves and crop.

T a b l e  IV — P e r c e n t a g e  L o s s e s  o f  L e a v e s  a n d  C r o p

M a t u r i t y  - B u d  * 1/10 B l o o m  F u l l  B l o o m  ✓ S e e d  *
Y e a r  Leaves C rop Leaves Crop Leaves Crop Leaves Crop

191 4 ..........  25 .04  14.35 19.67 11.00 23 .85  12.72 25 .77  11.67
191 5 ..........  20.77 9 .95  7 .22  3 .0 0  11.84 4 .4 6  13.82 5 .0 6

T h e figures in T a b le  IV  show th a t th e loss of leaves 
is an im portan t m atter. T h e re lative  am ount of 
leaves w as larger in 19 14 ,1 the drier year, and th e loss 
of leaves w as also greater th an  in 1915.

T h e to ta l am ount of nutrients produced per acre 
was one factor to  be determ ined in the present exp eri­
m ent. T h e pounds of n utrients per acre in th e to ta l 
a lfa lfa  crop as grow n, as well as in the leaves and stem s, 
m ay be obtained b y  using th e  d a ta  of yield  per p lot 
at tim e of stackin g, as obtained b y  the agronom y 
d ep artm en t (see T a b le  V ), the figures for d ry  m atter 
in th e sam ples taken  a t th is tim e, the figures in 
T ab le  IV  for loss in handling, and th e figures for 
com position in T a b le  I. In  1914 th e largest am ount of 
all n utrients was obtained in the bud stage. In 1915 
the largest am ounts were obtained a t full bloom .

T a b l e  V — P o u n d s  o f  N u t r i e n t s  P r o d u c e d  p e r  A c r e  i n  t h e  T o t a l  
C r o p , L e a v e s  a n d  S t e m s , 10 P e r  c e n t  M o is t u r e  B a s is

S t a g e  o f  C rude C rude N-free E ther
M a t u r i t y  Ash Protein  F iber E x trac t E x trac t

Bud 817.01 1483.66 1815.57 2674.92 186.75
1/10 Bloom 664.35 1235.92 1734.61 2399.51 251.00
Full Bloom 534.61 967.17 1589.52 2167.56 218.50
Seed 331.40 674.55 1310.24 1786.94 134.82
Bud 487.06 1145.44 582.41 1501.87 147.07
1/10 Bloom 405.43 946.55 556.12 1422.32 167.22
Full Bloom 281.07 693.07 429.39 1258.41 159.95
Seed 182.21 423.12 286.00 804.76 93.93
Bud 329.95 338.22 1233.16 1173.05 39.68
1/10 Bloom 258.92 289.37 1178.49 977.19 83.78
Full Bloom 253.54 274.10 1160.13 909.15 58.55
Seed 149.19 251.43 1024.24 982.18. 40.89
Bud 878.31 1710.30 2303.80 2683.76 143.25
1/10 Bloom 1066.34 1767.20 3376.50 3516.62 199.52
Full Bloom 1165.08 2088.10 4109.71 4338.46 269.99
Seed 792.31 1419.88 3094.71 3329.07 189.25
Bud 436.63 1121.35 639.95 1391.65 107.21
1/10 Bloom 484.55 1120.28 821.54 1522.86 149.80
Full Bloom 501.25 1136.69 796.69 1891.82 180.29
Seed 340.40 796.66 619.83 1359.82 111.55
Bud 441.68 588.95 1663.85 1292.11 36.04
1/10 Bloom 521.79 646.92 2554.96 1993.76 49.72
Full Bloom 663.83 951.41 3313.02 2546.64 89.70
Seed 451.91 623.22 2474.88 1969.25 77.70

T h e change in com position due to m echanical loss 
has been shown in the preceding paragraphs, b u t no 
a ttem p t w as m ade to  determ ine the to ta l loss of any 
chem ical constituen t. T h a t there are losses of chem ­
ical constituen ts during the process of h aym ak in g has 
been shown b y  F leishm ann ,2 these losses depending on 
the conditions of dryin g. He found th a t the greatest 
losses occur under u n favorab le w eather conditions and 
th a t the losses of • chem ical constituen ts fall m ost

1 T he  figures for pro tein  used in the  calculations, 1914, are found 
in Table  V I.

* Die Landw. Vers. Stat., 76, 237-447.

Y e a r

1914 W hole Crop 

Leaves 

S tem s
(by difference)

1915 W hole Crop

Leaves

Stem s
(by difference)

h ea v ily  on th e carboh ydrates, and to a m uch less ex­
te n t on th e ether extract. F leishm ann found also 
th a t there were v e ry  im p ortan t changes in th e form  
of phosphorus and nitrogenous com pounds. These 
changes, to  an im portan t exten t, also occurred under 
favo rab le  conditions of dryin g. H eadden 1 found th a t 
great losses of nutrients, due to  chem ical and b acterial 
action, occurred under u n favorab le d ryin g conditions. 
H oncam p2 also found th a t losses of chem ical con­
stitu en ts occur to som e exten t even under favo rab le  
conditions of dryin g in th e sun. He also found th a t  
th e d igestib ility  of h a y  depends to an im portan t ex­
te n t on the m ethod of curing. T h is has been shown 
b y  other in v estig a to rs.3

T h a t th e am ount of pure protein  as determ ined b y  
S tu tze r ’s m ethod is decreased b y  slow  dryin g w as 
found in th e present in vestigation . T h e nitrogen b y  
S tu tze r ’s m ethod11 was determ ined on all the sam ples 
taken  a t th e tim e of cu ttin g and a t th e tim e of stackin g. 
T h e results are sum m arized in T a b le  V I . T h e green 
a lfa lfa  sam ples ta k en  a t the tim e of cu ttin g  were u su ally  
brought to the chem ical lab o rato ry  in the evening. 
T h e tem peratu re in th e a ttic  room  w here th e y  were 
spread to  dry was a lw ays high in th e sum m er. N ever­
theless th e d ryin g here w as m uch slower than  in th e 
open field where there w as a free m ovem en t of air, 
and u su ally  sunshine.

T a b l e  V I— A v e r a g e  F i g u r e s  S h o w in g  R e l a t i o n s  b e t w e e n  T o t a l  a n d  
P u r e  (S t u t z e r ’ s ) P r o t e in  i n  A l f a l f a  S a m p l e s  w h e n  C u t , 

S a m p l e d  a s  H a y , a n d  in  t h e  L e a v e s  a n d  S t e m s  
M o i s t u r e -F r e e  f o r  1914

Alfalfa Stage of Percentages Pro tein  Pure  Protein
Y ear Sampled M aturity T otal Pure Diff. in %  of T o ta l
1914 W hen C u t Bud 22.27 15.96 6.31 71.96

1/10 Bloom 20.62 15.33 5 .08 74.55
Full Bloom 18.34 14.77 3 .58 80.55
Seed 17.16 14.40 2.77 84.00

As H ay Bud 20.01 17.24 2.77 86.09
1/10 Bloom 18.82 15.76 2.86 83.50

• Full Bloom 16.22 13.97 2.25 86.04
Seed 14.71 12.50 2.21 84.95

Leaves Bud 28.55 21.63 6.93 75 .79
- 1/10 Bloom 26.94 21 .04 5 .90 78.21

Full Bloom 25.21 20/42 4.79 80.98
Seed 23.94 19.86 4 .08 82.88

Stem s Bud 14.12 9 .5 6 4 .56 68.62
1/10 Bloom 12.09 8.68 3 .4 0 73.08
Full Bloom 11.25 8 .34 2.92 74.24
Seed 11.32 8 .93 2.39 79.64

T en  P er  C e n t  M oisture  Basis
1915 W hen C ut Bud 19.90 12.83 7.07 64.41

1/10 Bloom 16.73 11 .28 5 .4 6 66.55-
Full Bloom „ 15.38 10.89 4 .49 70.79
Seed 14.80 11 .2 1 3 .59 75.67

As H ay Bud 17.16 13.09 4 .07 75.92
1/10 Bloom 15.25 11.33 3 .92 74.22
Full Bloom 14.85 11 .26 3 .59 75.78
Seed 13.79 10.42 3 .37  ’ 75.55

Leaves Bud 26.59 19.23 7 .76 72.30
1/10 Bloom 24.50 18.18 6 .34 74.17
Full Bloom 22.58 17.09 5 .49 75.20
Seed 22.45 17.34 5.11 77. 16

Stem s Bud 12.81 7 .29 5 .52 56 .86
1/10 Bloom 10.91 6 .33 4 .58 58.05
Full Bloom 9.68 6 .1 1 3 .57 63.12
Seed 9 .05 6 .80 2 .25 75.07

A  stu d y  of th e  figures in T a b le  V I  brings out these' 
facts:

i — T h e per cen t of pure protein  in th e to ta l protein  
is less in the sam ples cured in th e shade th a n  in those 
cured in th e  sun, or open field. T h e greatest differ­
ence occurs in th e sam ples from  the bud stage, and 
there is a gradual decrease to  th e seed stage, where

1 Colorado Experim ent S ta tion , B ull. 110.
5 Die Landw . Vers. Slat.. 86, 215-275. ,
'I b id . .  75 (1911).
4 B ureau of C hem istry , Bull. 107.
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there is no significant difference; th a t is, th e  protein  
in the younger plants w as more profou ndly affected  
b y  th is condition  th a n  th a t from  the seed stage, w hich 
w as ve ry  little  changed.

2— T h e differences betw een to ta l and pure protein 
are greater in th e a lfa lfa  cured in the shade than  in 
th a t  cured in th e sun or open field; th a t is, the pro­
portion of pure protein  decreases during the process 
of dryin g. T his is m ost n oticeable in the earlier 
stages. T h e  hay. cured in th e sun contains a larger 
per cent of pure protein  th a n  th a t cured in the shade.

In com paring th e figures obtained on th e samples- 
for 19-14 w ith  those of 1915, im portan t differences 
are noticed. T h e per cent of pure protein  in th e total 
protein  is less in ev ery  instance in the sam ples of 1915, 
and  differences betw een th e a lfa lfa  cured in th e shade 
and th a t cured in the sun are less. T h e more un ­
favo rab le  d ry in g conditions of 1915, w ith  the necessity 
o f curing under cock  covers, allow ed a prolongation  
of the v ita l a c t iv ity  of the protoplasm , resulting in 
protein  cleavage. T h e per cent of pure protein  in 
the to ta l protein  is from  6 to 9 per cent less in th e a lfa lfa  
dried in the shade in 1915 than  in the sam e lot in 1914, 
while th e  1915 sam ples dried in th e  open field show 
a b o u t 9 per cent less th an  the 1914 sam ples. T h e 
larger, heavier plants of 1915 took  longer to dry. The 
stem s, w hich d ry  th e slow est, show  th e greatest differ­
ences. in com paring th e sam ples of the tw o  years, 
and  the leaves, w hich d ry  the fastest, show  th e least 
difference.

T hese fa cts  point to a v e ry  profitable line of in­
vestigatio n  in regard to the chem ical changes which 
ta k e  place under different conditions of h aym akin g. 
T h ese changes no doubt include not only th e proteins, 
b u t also the carboh ydrates, fa ts, and phosphorus 
com pounds. '•The feedin g va lu e  of h a y  is affected  not 
on ly  b y  m echanical losses due to handling, and the 
changes due to  bacteria l action, b u t also b y  chem ical 
chan ges w hich are little  know n or noticed.

SU M M A RY

I— T h e a lfa lfa  cut in th e  bud stage had the largest 
ash and crude protein  and th e sm allest crude fiber 
and  nitrogen-free extract.

II— In each successive stage the crude fiber and 
n itrogen-free ex tra ct increases, arid th e crude protein  
and  ash decrease. In pounds per ton  th e a lfa lfa  cut 
in the earlier stages has more of crude protein  and less 
o f crude fiber.

I I I — T h e to ta l am ount of a n y  or all n utrients pro­
duced per acre depends to a large exten t on th e y ield , 
as shown b y  the fa ct th a t in 1914 the greatest am ount 
o f nutrients w as obtained  in th e. bud stage, w hile in 
1915 th e  fu ll bloom  ga v e  the greatest am ount of to ta l 
n utrients.

IV — T h e leaves and stem s differ in con ten t of ash, 
ether extra ct, and nitrogen-free extra ct, b u t th e  greatest 
difference is in th e per cent of crude protein  and crude 
fiber. T h e leaves contain  over 2V2 tim es as m uch 
protein  as the stem s, while the stem s contain  over 
2V2 tim es as m uch crude fiber as the leaves.

V — In h arvestin g and handling there is a large loss 
of leaves, w hich loss affects th e com position of the h ay 
in an increase of crude fiber and a decrease of crude 
protein.

V I— T h e a lfa lfa  cured in the sun has a larger pure 
protein  conten t as determ ined b y  S tu tze r ’s m ethod, 
than  th a t cured in the shade. T h is difference is so 
great as to more than  offset the influence of the loss 
of leaves. T h e differences in respect to pure protein 
con ten t were m ost pronounced in the a lfa lfa  cut in 
the earlier stages.

C h e m ic a l  D e p a r t m e n t  
A g r i c u l t u r a l  E x p e r i m e n t  S t a t io n  

M a n h a t t a n , K a n s a s

TH E  VO LATILE OIL OF CALYCAN TH US O C C ID E N T A L S
B y  C h a r l e s  C .  S c a l t o n e  

Received April 11, 1916

Calycanthus occidenlalis, or Butneria Occident a lis , 
also po p u larly  know n as spice-bush, belongs to the 
fa m ily  Calycanlhaceae, 4 or 5 species of which are found 
in th e U n ited  States. T h e  species nam ed is lim ited  
to northern C aliforn ia  and southern Oregon and is 
rarely  foun d in large patches, b u t usually  scattered  
along stream  banks or river bottom s or-on th e low er 
slopes of hillsides. I t  is an unarm ed shrub, w hich 
som etim es reaches a height of 10 ft. It bears an 
abundance of o vate  to oblong lanceolate leaves, 
som ew hat scabrous and of a bright green color, and 
dark  red flowers from  1 to 1V2 in- long. T h e leaves, 
bark and wood are all stro n gly  arom atic; the flowers 
less so.

C onsiderable interest has been a ttach ed  to som e 
of the other species of th is genus on accoun t of their 
ph ysiological action.

A n alkaloid  was discovered in th e  seeds of C. glaucus 
C. fer lilis , b y  R . C. E cc les ,1 in 1S88, and n am ed b y  
him  C alycan th in e. This was confirm ed b y  H. W. 
W iley2 in 1889. H. M . G ord in ,3 in a num ber of 
papers, has shown the presence of tw o alkaloids, 
calycan th in e and isocalycan thin e.

T h e vo latile  oil of F loridus has been studied  b y 
M iller4 and his co-w orkers and found to  consist of 
pinene, cineol, borneol, born yl acetate, sa licylic  acid, 
possibly  linalool and som e other esters besides the 
born yl acetate. T h e  cineol predom inated.

e x p e r i m e n t a l

F our hundred pounds of leaves and tw igs from  
O riental, C alifornia, th a t had been k in d ly  supplied  
b y  officials of the U nited  States F orest Service, at 
San Fran cisco, were su b m itted  to steam  distillation  
under a pressure of 4 lbs. T h e yield  of oil obtained  
from  th e  united d istillates am ounted to abou t 0 .2 7 
per cen t of th e w eight of th e original m aterial.

In  tran sit considerable decom position of th e leaves 
had ta k en  place and th e  w ater d istillin g over with

1 Eccles, Proc. A m . Pharm. Assoc., 36, 84 and  382.
2 W iley, A m . Chcm. J 11, 557.
3 G ordin, Proc. A m . Pharm . Assoc., 52, 345; 53, 224.
* M iller, J .  A m . Chem Soc., 26, 2182.
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the oil w as stron gly  alkaline.. A fter rem ovin g the 
oil the alkaline d istillates were treated  w ith  an excess 
of hydrochloric acid and evap orated  to  dryness on 
the w ater bath. T h e residual salts were found to 
have an odor v e ry  suggestive of a lip h atic am ines; 
th ey  were crysta llized  from  absolute alcohol and the 
chlorine determ ined in both the alcohol-soluble sa lt and 
the alcohol-insoluble salt. T h e form er d eterm in a­
tion gave 3 7 .4 8  per cent chlorine, w hich corresponds 
w ith  th e  th eoretical percen tage of chlorine in tri- 
m ethylam ine hydrochloride (i. e., 3 7 .1 7  per cent). 
T h e alcohol-insoluble salt gave 66. 18 per cent chlorine 
which corresponds w ith  th e percen tage of chlorine 
in am m onium  chloride (i . c., 66 .3 7 per cent). A 
distillation  on som e fresh leaves fa iled  to  show  either 
of these constituen ts and w hether th e  trim eth ylam in e 
and am m onium  h ydroxide were due to  the decom ­
position of th e protein  m atter alone or w hether th e y  
were derived from  the protein  m aterial plus som e 
easily decom posable a lkaloid  has not been defin itely 
settled . Q u a litativ e  determ inations w ith  phospho- 
m olybdic acid dem onstrated th e presence of basic 
bodies in the leaves. T hese bodies failed  to  respond 
to  tests for tann ins: th e y  were p rob ab ly  a lka lo id al in 
character. T h e to ta l n itrogen conten t w as found 
to  be 3 .7 5  per cent b y  w eigh t of th e  d ry  leaf. T his 
n itrogen con ten t is abn orm ally  high if due to  protein  
m aterial alone.

A  second sam ple of th e p lan t, w hich w as grow n in 
a garden at B erkeley  and w eighed som e 30 lbs., was 
separated  into  tw igs and leaves and the tw o  portions 
distilled sep a ra te ly  w hile still fresh. T h e y ield  of 
oil from  th e leaves w as about o. 15 per cent and from  
the tw igs 0 .3 7  per cent.

PH Y S IC A L  C O N ST A N T S O F T H E  O IL

T h e oil had a greenish yellow  appearance, a b itter 
taste , and a cam phoraceous odor. T h e constants 
were as follow s:

D ensity  a t  25° C   0 .9295 F ree a c id ..................................  0 .05
R o ta tio n .............................  + 7 ° 2 8 ' Saponification va lue   54 .3on
Index of refraction  N  D 1.4713 A cetyl v a lu e .................. 33 .5

T h e oil is soluble in all proportions in 90 per cent 
alcohol, and in 15 to  16 volum es of 70 per cen t alcohol 
b y  volum e.

C H E M IC A L  E X A M IN A T IO N  O F T H E  O IL

a l d e h y d e s  a n d  k e t o n e s 1— T h e oil did not respond 
to  decolorized m agen ta or sodium  bisulfite solution. 
W hen tested  w ith  p h en ylh yd razin e a d istin ct c loudi­
ness was produced. T h is w ould indicate th e presence 
of a ketone th a t does not respond to th e  m agen ta  or 
bisulfite test, such as cam phor.

f r e e  a c i d — T h e free acid  va lu e  of the oil was so 
low  th a t it  was im possible to  id en tify  th e acid.

c o m b i n e d  a c i d s — -One hundred gram s of oil were 
saponified w ith alcoholic potassium  hyd ro xid e b y  
heatin g on th e w ater b ath  w ith  a reflux condenser 
for half an hour. W ater was added to  th e m ixture 
and th e oil layer separated  out. A fter  distilling off

th e  excess of alcohol on th e w ater b ath  the alkalin e 
solution w as extracted  w ith  ether to  rem ove any 
adhering oil. T h e  rem aining solution w as evap orated  
to  a sm all volum e, acidified w ith  sulfuric acid  and dis­
tilled w ith  steam . T h e d istillate  w as extracted  
w ith  ether. T h e ether w as evap orated  spontan eously, 
leavin g a reddish brow n crysta llin e residue. W hen 
tested  w ith  ferric chloride a purple color was form ed, 
in d icatin g sa licy lic  acid..

T h e aqueous portion rem aining after th e ether ex ­
traction  w as n eutralized  w ith  sodium  carbonate. 
A n  aliq uot of one-tenth of the original solution was 
concen trated  to a sm all b u lk  and precip itated  in three 
fractions w ith  silver n itrate. F raction  1 yielded 
1.0 560  g. of A g  sa lt; F raction  2, 0 .543 1 g. of A g s a lt ;  
F raction  3, 0 .2 11 4  g. of A g  salt. A  perceptible re­
duction  of th e silver n itrate showed th e presence of 
form ic acid. On ignition  th e fo llow ing percentages 
of silver were obtained  from  th e silver salt: F raction
1, 6 5.8 5 per cent A g, F raction  2, 5 3 .1  per cent A g, 
F ractio n  3, 3 9 .9  per cen t Ag. A cetic  acid  yields
6 4 .6  per cent A g, b u ty ric  acid  5 5.3  per cent A g, 
valerian ic 5 1 .6  per cent A g, and capric 38 .67 per 
cent Ag.

T h e com bined acids consisted m ain ly  of acetic 
and sa licy lic  w ith  traces of form ic, capric and possi­
b ly  b u ty ric , or valerian ic, or a m ixture of th e tw o.

f r a c t i o n a t i o n  o f  t h e  o i l

T h e oil was fraction ated  w ith  a 3-bulb Le B el 
fractio n atin g  colum n, th e results being given  in the 
table .

T a b l e  I — F r a c t io n a t i o n  o f  t h e  O i l  o f  C a l y c a n t h u s  O c c i d e n t a l s  
S h o w in g  P h y s i c a l  P r o p e r t i e s  o f  E a c h  F r a c t io n

F rac­ F rac tiona tion P e rcen t Specific Specific Index of
tion T em peratu res Distilled G ravity R o tation R efraction
No. °C. over i/i o p, a t  15° C. 15° C.

1 154-170 8.51 0.8810 ' +  16 .42° 1.4590
2 170-180 54.83 0.9119 -f  5 .85 1.4585
3 180-190 9 .47 0.9215 +  6 .56 1.4650
4 190-200 2 .48 0.9290 +  9 .52 1.4665
5 200-220 8.75 0.9635 -{-36.42 1.4817
6 220-o v e r 10.22 0.9365 +  18.85 1.4793
7 5.01 0.9171 1.4884
F ractions 5, 6 and 7 were m ade under reduced pressure a t  150-180°. 

T h e  boiling points of these fractions were redeterm ined a t  a tm ospheric 
pressure.

From  th e  fraction s in T a b le  I it w ill be seen th a t 
this oil contains 5 groups of constituen ts, th e first 
d istillin g betw een  .1 5 4 -17 0 ° , the second betw een 
170 -190 °, th e th ird  betw een 190-220°., the fourth  
betw een 220—230°, and the fifth  over 230° C.

C H E M IC A L  E X A M IN A T IO N  O F T H E  F R A C T IO N S

p i n e n e — F raction  1 consisted m ain ly of pinene. 
T h e  nitroso chloride w as prepared accordin g to  the 
m ethod of W a lla ch 1 and w as found to  m elt a t 10 2 .3 °; 
th e  pure nitroso chloride m elts at 10 2-10 3°. T h e 
m edium  va lu e  of th e specific ro ta to ry  pow er indicates 
th a t although the pinene is m ainly of th e d extro­
ro ta to ry  form  som e of th e laevo -ro ta to ry  form  is also 
present. A  q u a n tita tiv e  estim ation  of pinene in the 
original oil w as m ade b y  distilling off a fraction  be­
tw een  155 and 170° C . and placin g a portion of this, 
fraction  in a cassia flask and adding a 50 per cent.

1 W allach, L iebig’s A n n ., 245, 251; 253. 251.
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resorcinol solution, w hich absorbed th e cincol. From  
the residual volum e it w as estim ated th a t abou t 8 .3  
per cent of th e original oil consisted of pinene.

C IN E O L — F raction s 2, 3 and 4 com bined and refrac­
tion ated  betw een 175 and 180°. A fter  tw ice refraction- 
ating, th e portion  boiling a t 176 ° was collected. T h e 
ph ysical constan ts of th is fraction  and of th e m elting 
point of th e iodol show th a t th is fraction  is m ainly 
cineol.

F raction  Pure  Cineol
Boiling p o in t .........................................  176-177° 176°
D ensity  a t  20° C ..................................  0 .930  0:929
Index of refraction  a t  20° C   1.4561 1.4559
M elting po in t of iodol......................... 111 .2° 112°

A  q u a n tita tiv e  determ ination  b y  th e  resorcinol 
m ethod gave 60.32 per cent cineol b y  w eight of the 
original oil.

b o r n e o l  a n d  c a m p h o r — F raction s 4 and 5 were 
com bined and redistilled  under vacu u m . T h e y  had 
a stron g cam phoraceous odor and on freezin g crystals 
sep arated  out w hich were v e ry  difficult to  rem ove from  
th e adhering oil. A n  a ttem p t to  prepare the sem icar­
bazone b y  th e m ethod of T iem a n n 1 gave no results.

P h en ylh yd razin e produced a d istin ct cloudiness, 
show ing th e  presence of a ketone. W hen th e frac­
tion  was heated to  vap o rization , and th e vapor per­
m itted  to  cool on a m icroscopic slide, a w hite su b li­
m ate w as obtained  w hich w as found to  consist of tw o 
d istin ct substances, one crysta llizin g  in plates, th e 
other in sm aller irregular aggregates. T h is would 
point tow ard  a m ixture of borneol and cam phor. A 
portion of th is fraction  w as oxidized w ith  B eckm an n ’s 
chrom ic acid m ixture, th e acid  neutralized  and the 
m ixture d istilled  w ith  steam . T h e sem icarbazone 
w as prepared from  th e  p roduct and was found to  h ave 
th e  m elting point 2 3 5 .8 °: cam phor sem icarbazone 
m elts at 236-238°. T h is fa ct, as w ell as the evidence 
of a ketone in th e original oil, points to  a m ixture of 
borneol and cam phor. If  th e a ce ty l va lu e  be con­
sidered due to  borneol th en  there would be 9 .2 1  per 
cent borneol present. T h is valu e is a little  high, as 
som e of th e sesquiterpene alcohols present com bined 
to form  th e ester w ith  acetic  anhydride, th us raising 
this constant.

m e t h y l  s a l i c y l a t e — F ractio n  6  had a stron g pleas­
an t odor of esters. Since sa licy lic  acid  w as foun d in 
the original oil, m eth yl sa licy late  w as suspected. T his 
fraction  w as treated  w ith cold N / 5 potassium  h y d ro x­
ide solution  in order to  form  the soluble potassium  
m ethyl sa licy late  salt. A fter  extractin g  th e rem ain­
ing oil th e alkali solution  w as n eutralized  w ith  dilute 
acid and again  extracted  w ith  ether. On spontaneous 
evap oration  of th e ether a sm all q u a n tity  of oil re­
m ained, h a vin g  th e  ch aracteristic  odor of m ethyl 
sa licylate . Such a sm all q u a n tity  w as ob tain able 
th a t th e  index of refraction  alone was determ ined 
and found to  be 1.52 98 . T h e index of refraction  of 
pure m ethyl sa licy late  is 1..536 to  1 .5 3 8  at 20° C . A  
further am ount of th e  oil was saponified w ith  concen­
trated  hot a lka li solution. T h e solution w as acidified 
and extra cted  w ith  ether. T h e ether ex tra ct yielded

1 T iem ann’s Ber., 27, 1. 815.

a few  crystals w hich ga v e  th e characteristic  color re­
actions for sa licylic  acid. From  these d ata  and from  
th e  boiling point of th e  fraction  in w hich th is substance 
appears it can be safely  concluded th a t a sm all q u a n tity  
of m ethyl sa licy late  w as present in th e oil.

l i n a l y l  a c e t a t e — T h e rem ainder of F raction  6 

had a v e ry  pleasant bergam ot odor. W hen sapon i­
fied w ith alcoholic potash  th e saponification  num ber 
w as found to  be 2 77.9 . T h e alcoholic solution was 
d iluted  and the excess alcohol distilled off on th e w ater 
b ath . T h e solution was acidified and extracted  
w ith ether. S ilver n itrate  w as added to  th e solution; 
th e per cent of silver in the silver sa lt obtained was 
found to  be. 6 4 .12  per cent A g : acetic acid com bines 
w ith  64.46 per cent A g. T h e em pirical form ula 
for th e ester w ould then  be CioH nO O C.CH ^. T h e 
ether ex tra ct from  th is solution was evap orated  spon­
tan eo u sly  and the residual oil refraction ated. T h e 
greater proportion distilled betw een 197 to  198°. 
T h e specific g ra v ity  was found to  be 0 .S79 3; th e index 
of refraction  a t 20° C . w as 1 .4 6 9 1. If from  this 
d ata  the m olecular index of refraction  is calcu lated  
it is foun d to  be 4 8 .77 . T h e theoretical m olecular 
index of refraction  for a com pound of form ula CioH 17OH  
w ith tw o double bonds is 48.86. T his w ould indicate 
linalool. T h e on ly  other alcohol havin g th is s tru c ­
ture is geraniol w hich has a higher boiling point 
and a greater specific g ra v ity  than  linalool. T he 
presence of linalool was confirm ed b y  prep aring the 
phenyl urethane d erivative  w hich had a m elting point 
a t 65.4°: linalool ph enyl urethane m elts at 65 to  66°.

s e s q u i t e r p e n e  a l c o h o l s — These rem ained in the 
fraction s boiling above 230° C . O w ing to  th e  sm all 
q u a n tity  of m aterial and due to the fa ct th a t  consid­
erable polym erization  had taken  place, it was im ­
possible to  determ ine w hat th e y  were. T h e y  con­
stitu ted  less th an  5 per cent of th e original oil.

SUM M ARY

T h e vo latile  oil of Calycanthus occidentalis is m ade 
up of th e follow ing constituen ts in th e  prop ortion  given :

P er cent
Pinene (d  and I ) .......................................................  8 .30
C ineol........................................................................... 60 .32
B orneol........................................................................  9 .21
C am phor................................................................................ ..
M ethy l salicy la te ...................................................................
Linalyl a ce ta te ............................................................. 18.99
Sesquiterpene alcohols.........................................................

«

In  the above estim ation  of th e percen tages of co n ­
stitu en ts present, th e pinene and cineol were deter­
m ined d irectly. T h e borneol was calcu lated  from  
th e  a ce ty l value: this is perhaps sligh tly  in error, due 
to  th e presence of sesquiterpene alcohols. T h e  lin alyl 
a cetate  w as estim ated from  th e saponification  va lu e, 
and is s ligh tly  in error, due to  a sm all am ount of 
m eth yl sa licylate .

In conclusion, th e w riter wishes to  th a n k  P rofessor 
W . C . B lasdale, of the C h em istry  D ep artm en t of th e 
U n iv ersity  of C aliforn ia, for va lu ab le  suggestions in 
carryin g out this in vestigation .

C h e m ic a l  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
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LABORATORY AND PLANT
CO M M EN T S ON TH E KRE BITZ PR O C E SS OF SO AP- 

M A K IN G  AND G LYCERO L R E C O V E R Y1
B y G. A. W r i s l i JY 

Received M ay 6 , 1916

T h e process of soapm aking b y  boiling fats and oils 
(glycerides) w ith  cau stic  soda is, in general, considered 
the m ost p ractica l process since it yields soaps of u n i­
form ly good q u a lity , color and hardness, and at the 
sam e tim e a good am ount of glycerol m ay  be recovered 
b y  co m p a ra tiv ely  sim ple means. T h e yield  of glycerol 
from  the soap lye runs from  60 to 80 per cent of the 
total am ount form ed b y  the saponification  of the fats 
and oils. T h e loss depends upon the few  or m any 
washes th a t th e soap receives. H ow ever, it seems 
th a t no m atter how  careful one is to m ake the washes 
and changes on th e soap, there is a lw ays som e glycerol, 
V j  to  1 per cent, le ft in th e soap. It  has also been 
dem on strated  th a t in evap oratin g  down w aste lyes 
and h andling so m uch salt which cannot be p erfectly  
dried and freed from  glycerol, th a t there is recovered 
but abou t 90 per cent of the glycerol th a t is in the soap 
lye. H ence even  after th e  glycerol is in th e soap
lye, there is a losS in its recovery.

W ith  the con tin u ally  ad van cin g price of fats, oils,
and other raw  m aterials, it is becom ing more neces­
sa ry  for the soap m anufacturer to obtain  a large glycerol 
y ield ; in fa ct it is essential th a t he should recover all 
th e glycerol liberated  b y  the saponification. Then, 
too, the grade of fats and oils ob tain able for soapm aking 
is lower, because of increased u tilization  of the b etter 
grades for edible purposes, so th a t th e soap m anufac­
turer m ust strive  to  produce a good q u a lity  soap from  
a poorer grade of m aterial.

T h e K reb itz  process, here discussed, offers the possi­
b ility  of recoverin g the theoretical yield  of glycerol, 
w hile at th e  sam e tim e the caustic lim e exercises some 
p u rify in g action, esp ecia lly  in the case of a low -grade 
m aterial. T h e A llen  B. W risley C om p an y, of C hicago, 
is th e first in this co u n try  to  w ork th is process on a 
large scale w ith  good results.

T h e K re b itz  process is based on tw o sim ple chem ical 
reactions:

(1) 2C3H 5(C ,SH350 2)3 +  3C a (O H )2 =
3C a ( C I8H350 2)2 +  2C 3H 5(O H )3

(2) C a ( C 18H 350 2)2 +  N a2C 0 3 = 2Ci8H350 2N a +  C a C 0 3 
In practice a b atch  of 10,000 lbs. of fa t and oil m ay be 
con ven ien tly  handled. In a rath er shallow- ta n k  
1200 to 1400 lbs. of lim e are slaked  w ith  3700 to 4500 
lbs. of w ater, and th e mass is heated, if necessary, to 
abou t 70o C . T h en  the fa t and oil are run in while 
the entire mass is stirred vigorously. W ith  live steam  
the mass is heated  up slow ly  to 90-92° C ., and takin g 
abou t on e-ha'f hour to  gain th a t tem perature, w ith 
constan t stirring, a thorough em ulsion is obtained. 
T h e vessel is th en  covered to preven t loss of heat. 
T w o  or three hours after coverin g the mass is lik e ly  to 
boil and swell considerably. A fter  it has stood 8
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to 12 hrs., it has the appearance of a solid porous mass 
which is still sufficien tly  w arm  and soft to  allow  digging 
out th e lim e soap. T h is lim e soap is dropped through 
a trap door in the b otto m  of the ta n k  into  a hopper 
and then to the mill where it is ground to th e size of 
fine corn meal.

W ith  the lim e and w ater there will result betw een
15.000 and 16,000 lbs. of lim e soap from  10,000 lbs. 
of fa t and oil. T h e finely ground soap is carried on 
a con veyor and allow ed to  fall loosely into a circular, 
hopper-shaped tow er, a c a p a city  of abou t 25,000-
30.000 lbs. being necessary. F ou r w ashes, abou t 40,000 
lbs. of w ater, are required to  leach out the glycerol 
from  such a b atch . T h e first wash w ater contains 
10 to 12 per cent of glycerol, and is sent to th e glycerin  
works. T h e second, th ird , and fourth  w aters are 
p u t on a fresh b atch , on ly the last wash being m ade 
w ith  fresh w ater. In this w a y, there is no cause for 
evap o ratin g  glycerin  w ater contain ing less th an  10 
per cent of glycerol. W hen the p lan t is w orkin g satis­
fa cto rily  the w ater evap orated  averages 15 per cen t of 
glycerol.

A fter the glycerol has been obtained, the lim e soap 
is carried b y  a con veyor and introduced  slow ly  into 
the soap k ettle  contain ing a boiling solution  of soda 
ash. A fter th e lim e has been replaced b y  th e  soda, 
a stage which can be noticed b y  th e nonappearance 
of sm all lum ps on th e paddle, a sm all am ount of caustic 
soda is added, and sh o rtly  a fter th e soap is salted  out. 
T h e conten ts of the k ettle  are allow ed to  rest, when 
C a C 0 3 settles out at the b otto m  as a h e a v y  sludge, 
and the soap .gath ers on top, a salt solution contain ing 
an excess of alkali form ing an interm ediate layer.

A lth ough  K reb itz  claim s th a t the lim e sludge will 
settle  out and occlude or entangle b u t 4 to  7 per cent 
of soap, it has been im possible, so far, to  preven t the 
occlusion of less than  9 to 12 per cent of soap. Of 
course, this soap m ust be recovered. A t first this 
con stitu ted  quite a serious problem , because th e lime 
sludge could not be filtered w ith ou t leavin g 2 to 3 
per cent of soap in the lim e cake. A ttem p ts to wash 
out the soap b y  a series of washings and filtration  were 
unsuccessful, because so m uch soap was present as to 
fill up the pores of the filter cloth, m aking filtration  
slow  and u n satisfactory. A ttem p ts to  boil up the 
sludge w ith  a little  w ater and resalt out the soap were 
unsuccessful, because on sa ltin g  out, the lim e sludge 
settled  to  the b otto m  carry in g  m ost of th e soap w ith 
it again. B y  continued experim ent, it was found th at 
the addition  of enough w ater w ith heat and vigorous 
a g itation  caused the soap to  go into solution, and on 
allow ing th e mass to settle  th e lim e sludge, occluding 
b u t 3 to  5 per cent of soap, w ent to  th e b ottom , the 
soap rose to the top, and could be pum ped off and so 
recovered. T h e lim e sludge could then be easily 
filtered, and on ly  1 to 1.5 per cent of soap is lost in the 
lim e cake. T h is loss, though sm all, m ay perhaps still 
be reduced.

T h e q u a lity  and color of th e  finished soap obtained
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b y  th e K re b itz  process com pares fa v o ra b ly  w ith  the 
soap produced b y  an y other process. T h e am ount 
of lim e found in th e finished soap depends on the n um ­
ber of washes or changes m ade in th e k ettle . U su ally  
there was never less than  0.2 per cent of lim e and it  
m ay run as high as 0.5 to  0.7 per cent lim e. T h e process, 
how ever, claim s th a t  on ly  a few  thousan dths of one 
per cent should rem ain in th e finished soap.

A t the present tim e a yield  of about 95 per cent 
glycerol is being obtained b y  th is process. This, 
com pared to  the yield  of 60 to  80 per cent obtained 
b y  the recovery  of glycerol from  the soap lye in the 
case of soap m akin g b y  boiling the glycerides w ith  cau stic  
soda, w ould give th e K re b itz  process a decided ad ­
van tage. M oreover, we m ust recall th a t  soap lyes 
contain  a t best b u t 5 to  8 per cent glycerol, depending 
on the w ay in which the changes of soap lye are w orked 
up, and a t th e sam e tim e hold in solution m uch com m on 
sa lt, som e caustic soda, soda ash, and organic im ­
purities; w hereas th e K re b itz  w aters contain  12 to 
15 per cent glycerol and are com p a ra tiv ely  free from  
im purities, th e re b y  m aking purification  more sim ple 
and givin g less w ater to  handle and evap orate . Soda 
ash is cheaper th a n  cau stic  soda, and since soda ash 
is used in place of caustic soda another m aterial savin g 
is m ade.

W ith o u t doubt, th e K reb itz  process w ould be pre­
ferred a t this tim e, because of the high price of glycerol, 
b u t were glycerol 15 to  20 cents per lb. instead of 
55 to  60 cents per lb. there m ight be a shadow  
of d ou b t as to w hether it w ould be preferred to the 
soap-lye process ta k in g  into consideration  th e  m ani­
fold operations prior to the soapm aking proper, and 
the w ork necessary to  recover all th e entangled soap 
from  th e lim e sludge.

5 8 7 2  N in a  A v e n u e  
N o r w o o d  P a r k , C h ic a g o

TH E  DETERM IN ATIO N  OF BENZO L IN CO KE-O VEN  GAS 
B Y  BU RRELL’S VA PO R  APPARATU S

By L o u is  C. W h it o n  

Received April 18. 1916

T h e m ethod for determ ining benzol and its homo- 
logues in gas as proposed b y  the L ab o rato ry  of G as In ve s­
tigatio n s, U. S. B ureau  of M in es,1 has been tried  in this 
lab o rato ry  w ith  a view  to  determ ining th e  efficiency 
of benzol scrubbers u tilizin g coke-oven gas. The 
extraction  of benzol, toluol and solven t n ap h th a has 
becom e a t once such a profitable and im p ortan t ad di­
tion to  a b y-p rod u ct coke o v en ’s equipm ent th a t a 
rapid m ethod of determ ination  of scrubber efficiency 
seems im perative. T h e custom ary m ethod of a b ­
sorption of th e  vapors requires from  12 to 24 hrs. 
tim e and in this period m any dollars w orth of benzol 
and toluol m ay be lost, due to  fa u lty  operation 
of the scrubbers. Furtherm ore, esp ecially  when sta rt­
ing. up a p lan t, conditions m ay h ave a u to m a tica lly  
been im proved, w ith ou t the op erato r’s know ledge, 
tow ard th e end of th e test, w hich would m ean th a t a 
change in operation  as indicated  b y  th e  test would 
perhaps be a d isadvan tage rather th an  otherwise.

T h e m ethod as described in T h i s  J o u r n a l  did
'  T in s  J o u r n a l , 7 (1915), 669.

not g ive th e details of operation, w hich are extrem ely  
essential if accu racy  is to  be expected when determ ining 
such sm all traces of benzol vapors as are contained 
in debenzolized coke-oven gas.

B riefly , the apparatu s as described b y  B urrell and 
R obertson, of th e Bureau of M ines, consists essen tially  
of a bulb about 6 in. long w ith  a slight constriction  
in the center. T h e upper portion of th e  bulb  con­
tains glass wool m ixed w ith  phosphorus pent- 
oxide to  extra ct all the m oisture from  the gas. 
C onnected  w ith this bulb is a m ercury m anom eter 
and an en try  and exit tub e w ith  a ground glass 3-w ay 
cock. T h e air is first evacu ated  b y means of a vacu u m  
pum p, th e  gas to  be tested  is sucked in and th e 3-w ay 
cock turned when the gas is under barom etric pressure. 
T h e entire bulb is then  placed in liquid  air or in a m ix­
tu re  of CO-2-snow m ixed to a consistency of slush w ith  
alcohol or acetone. I t  is allowed to rem ain there 
10 m in., th e  tem perature being approxim ately  — 78° C. 
T h e benzol freezes out a t th is tem perature and th e  
C 0 2, 0 2, C O , H 2 ,  C H j ,  N2, and C 2 H . 1 ,  which have a high 
vap o r pressure at th is tem perature, are evacu ated  
b y  m eans of the vacu u m  pum p, the cock tu rn ed  to 
seal th e system  and the apparatu s brought up to  room  
tem perature. T h e p artia l pressure of the benzol vap o r 
is registered on th e m anom eter and this result d iv id ed  
b y  th e b arom etric pressure tim es 100 indicates the 
per cent benzol.

There were several difficulties w hich had to  be 
overcom e in order to term  the above a p ractica l m ethod 
for com m ercial •work.

1— T h e readings on the m anom eter ranged from  
10 mm. for benzolized gas to 1 mm. for debenzolized 
gas. W ith  an ord inary m anom eter it  is d ifficult to 
read m uch closer than  1 m m ., which was b eyon d  an 
allow able error.

2— In a vertica l position it was im possible to  sur­
round the apparatu s w ith the CO s-alcohol slush w ith  
econom y in th e use of the m aterial w hich w ith a l, as 
a com m ercial proposition, is expensive.

3— T h e P 2 O 5  in th e glass wool soon ceased to  be a 
good deh yd rato r and w ith  the suggested construction  
of the apparatu s it  was im possible to  charge it  again  
w ith  P 2 O 5 .

T hese difficulties were overcom e to  a certain  exten t 
in th e follow ing m anner:

I— T h e m ercury m anom eter w as connected b y 
m eans of a short, h ea v y  piece of rubber tu b in g  and 
w as placed a t a 10 to 1 slant, i. c., 10 on th e  hyp o th en u se 
to  1 of a ltitude. T h is w as p laced on a firm gauge 
stand and leveled  w ith  sp irit levels both  w ays. T h e 
gauge then gave a reading ten  tim es th e  actu al pres­
sure. T hus it was possible to  determ ine the pressure 
w ithin 0.1 mm. w hich w as sufficien tly  accurate.

II— T he bulb w as laid  h o rizon tally  in a trough 
w ith  a notch at the end through which th e stem  of th e 
apparatu s could pass. In  th is p o sitio n  it could be more 
easily  surrounded w ith  carbon dioxide slush w ith ou t 
danger of breakage of the bulb  and w ith  greater 
econom y in respect to  the slush. T h is trou gh  was 
8 in. long, 2V2 in. deep and 2V2 in. w ide, w ith  a hinged 
cover and dduble w alls w ith  th e air evacu ated . I t  w as
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found difficult to  m ake th is va cu u m  cham ber absolu tely  
tig h t so a p etcock  w as soldered on and freq u en tly  the 
vacuum  w as attain ed  again  b y  m eans of th e pum p. 
T his trough saved  considerable cost in CO2 and alcohol, 
p reven tin g th e  form er from  being m elted b y  the heat 
in the room  to  a considerable exten t and enabling 
one to  collect all of th e alcohol a fter the determ ination  
b y  allow ing th e CO» to  vaporize off.

I l l — T h e P 2 O 5 ,  w hich soon ceased to be activ e  in 
respect to  w ater vap o r, n ecessitated  c u ttin g  the tube 
leading from  th is bulb and connecting th e tw o pieces 
b y  m eans of rubber tubing. In th is w a y  fresh P 2 O 5  

and glass wool could be easily  inserted.

Several other points of operation m ay be of interest. 
A n  ord inary G eryk  va cu u m  pum p, single stroke, 
w as used and found effective. I t  m ight be well to 
state  the w ell-know n m ethod of m akin g C 0 2-snow 
econom ically. A  cylin der contain ing 50 lbs. C 0 2 
at high pressure is in verted  to  an angle of abou t 45° 
and the snow which issues forth  when th e v a lv e  is 
opened quite wide is cau gh t in a can vas bag abou t 
12 X  18 in. in size. T h e  snow keeps w ell.in  a card ­
board box.

It was found th a t more con stan t results were o b ­
tain ed  b y  bringing th e  bulb up to  room  tem perature 
after im m ersion in th e freezing m ixture, b y  means of 
inserting it in w ater for 10 min. A  more careful con ­
trol of the tem perature can th u s be m aintained.

A lth o u gh  th is article is intended on ly  to  g ive  cer­
tain suggestions for the operation of B urrell and 
R o bertso n ’s ap p aratu s it m ight be of interest to  show 
som e results obtained  w ith  it using coke-oven gas, 
to supplem ent the results obtained a t the B ureau of 
M ines on P ittsb u rgh  illum in ating gas.

G as A (duplicates) G as B (duplicates)
Bar. pressure, m m ........................  742 .0  742 .0  741 .0  741.0
P artia l press, benzol vapors  5 .4  5 .2  1 .8  1.9
P er cen t benzol in g as ................  0 .729  0 .702  0 .243  0 .256

T hese are ty p ic a l determ inations m ade b y  this m achine. 
B enzol scrubber efficiency does n ot call for absolute 
benzol determ inations, com p arative results before 
and after scrubber being sufficient. T herefore it is 
not n ecessary to  have th e  m anom eter as carefu lly  
leveled  as otherwise. E fficien cy of scrubbers w ith 
the ab ove results averaged  w ould  be determ ined 
thus:

i .S j N
i . o o ----------I X ' ioo  =  65.1 per cent

5-3  '

T h e extrem e results on th e above tests w ould indicate
66.7 and 63.7 per cent efficiencies, which is as good as 
can be expected  w ith  th is apparatus.

T h e result using th is m ethod as a determ in ation  of 
absolute benzol, toluol and so lven t n ap h th a is som e­
w hat low er th an  th a t  obtained  b y  absorption m ethods 
and averaged  24 per cent less th an  the am ount ob­
tained in actual practice. B enzol it is know n has 
a sufficiently low  vap o r pressure a t — 78° C . to assert 
th a t it is com pletely  condensed; abou t toluol there 
appears to be som e doubt, and abou t so lven t n ap h th a 
(a m ixture of xytol and higher hom ologues of the benzene

series) there appears to be little  know n  and w ith  reason 
as its com position varies in different plants.

W ith  an actu al recovery  during the period of one 
m onth of 2.20 gals, per net ton  of coal carbonized of 
benzol +  toluol +  solven t n ap htha, th e average of 
m any results determ ined b y  th is ap p aratu s indicated  
an am ount equal to  1.70 gals, per ton  coal or 22.7 
per cent low . T h e recovered  hydrocarbon s in p ractice 
consisted in th e  follow ing:

H y d r o c a r b o n : 90%  Benzol C rude Toluol Solvent N ap h th a  
Per cent recovered   67 .5  19.3 13.2

This would seem  to indicate th a t  all of th e benzol, 
part of the toluol, and little  if a n y  of th e  so lven t n ap h th a 
was condensed at the tem peratu re of — 78° C . : b u t 
this is m erely a suggestion  as it has n ot been as yet 
th o rou gh ly  in vestigated .

In  conclusion it m ight be added th a t  this m ethod is 
more difficult of operation  th an  it appears. T h e 
apparatu s is d elicate and th e conditions as stated  
above m ust be rig id ly  adhered to in order to  obtain  
consistent checks. As a m ethod for determ in ing 
benzol scrubber efficiency it is of. som e va lu e; as a 
m ethod of absolute determ in ation  of benzol, toluol 
and solven t n ap h th a  it  is of doubtfu l value, g iv in g  
results a p p aren tly  24 per cen t low er th an  those o b ­
tained in actu al practice. Furtherm ore, th e operation 
of the m ethod requires a man skilled  in h andling such 
apparatu s.

L a b o r a t o r y  o f  C h a t t a n o o g a  G a s  &  C o a l  P r o d u c t s  C o m p a n y  
C h a t t a n o o g a , T e n n e s s e e

AN AUTO M ATIC P IP E T T E 1

By A l e x a n d e r  L o w y  

Received M arch 28, 1916

Fig. x shows the entire p ip ette w ith  th e m odified 
stopcock  ad ap tab le  to  a n y  given  volum e. F ig. 2 
shows the position of the sto p cock  w hile th e liquid  
is being draw n up. Line A B  is th e  m ark of gra d u a ­
tion. II shows th e cham ber b elow  sto p cock  and G 
th e  cham ber above th e stopcock. F  is a cylin drical 
bore through th e  stopcock  connecting cham bers G 
and II  during th e process of suction. £  is a c y lin ­
drical bore ending b ack  of F  at an angle of 90°, of 
which C is a continuation  and ends a t a sligh t e lev a ­
tion  at D. F ig. 3 shows the position of stopcock 
a fter it has been tu rn ed  clockw ise 90° to th a t shown 
in Fig. 2. D  shows place closed b y  thum b. In th is 
position  channel C is connected w ith  cham ber II 
through opening E. In th is position channel G is 
sh ut off from  channel II.

W ith  suction  applied a t end of cham ber G (F ig. 2), 
the liquid  is draw n up through cham ber H  until it 
ju st passes th e  grad u ated  m ark A B .  T h e  thum b is 
then p laced on D  so as to  close opening D  a ir-tigh t. 
T h e stop-cock is then  rotated  clockw ise through 90° 
thus bringing opening E  (the continuation  of tu b e C 
and D) to  line of graduation  A B  and d irectly  in con­
ta c t w ith  th e  upper opening of cham ber II. T h e thum b 
is then  released. A ir pressure now  forces the exact

1 P a te n t applied for.
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m easured volum e of liquid  ou.t of cham ber II. A n y  
excess liquid  draw n up beyond line A B  w ill be en­
trap p ed  in either bore F , or in bore F  and in cham ber
G. T h is excess is returnable b y  revo lv in g  th e  sto p ­
cock counter-clockw ise th rough  90°.

T h e ad van tages of th is p ip ette  m ay be sum m arized 
as follow s:

1— It  enables th e operator to a u to m a tica lly , control 
an exa ct m easured volum e of liquid  draw n into  the 
p ipette.

2— It o b viates th e n ecessity  of a d ju stin g , m ain­
ta in in g and m anipulating the exact volum e of the 
liquid  once it has passed th e graduation  m ark, placed

Section aJt y-y

3W«j

w here th e  sto p cock  m eets the low er end of the v a lv e  
of th e pipette.

3— It perm its th e discharge of th e exact m easured 
vo lu m e of liquid  from  th e pipette.

4— It is exceedin gly easy  to  m anipulate.
C h e m ic a l , L a b o r a t o r y , C o m m e r c i a l  H ig h  S c h o o l  

B r o o k l y n . N e w  Y o r k

air. T h e m ixture w as first liquefied b y  m eans of 
liquid air, th e air being then  w ithdraw n  w ith  a T op ler 
m ercury pum p, and m easured. T h e residual gas was 
sub jected  to  a tem perature of — 78° C ., th e nitrous 
oxide being then  w ith d raw n  and m easured. F in a lly  
th e p artia l pressure of th e w ater 
va p o r w as m easured. T h is analysis 
is one of th e m an y gas analyses 
th a t  can be perform ed b y  m eans of 
th e  apparatu s shown in F ig . I.

T h e ap p aratu s is first exhausted 
of its air b y  m eans of a T op ler 
m ercu ry pum p, and the sam ple of 
“ laugh in g gas”  is introduced at a tm os­
pheric pressure. N ex t the bulb A is 
im m ersed in a D ew ar flask con tain ­
ing liquid  air. A fter  abou t 10 min. 
th e air is. w ithdraw n  from  the 
m ixture through . the pum p and 
m easured. T h e vapo r pressure of 
th e  air a t the tem perature of liquid 
air is of course v e ry  high, and th e 
air can be rea d ily  rem oved ' from  
th e m ixture. T h e vapo r pressure 
of n itrous oxide is 1 mm. a t a 
tem peratu re of — 144. i °  C .,1 hence 
its pressure at th e tem perature of 
liquid air is p ra ctica lly  negligible.

A fter  th e air has been rem oved 
and m easured, the bulb  A is im ­
mersed in a m ixture of solid carbon 
dioxide and acetone. T h is m ixture 
gives a tem p eratu re of 
T h e bulb  A is exposed tO  this tem - W ater V apor and N i- 

peratu re for abou t 10 m in., a n d ,ro# diinM" tur' s
. , . . , , or the  Three

th e n itrou s oxide is w ithdraw n 
through th e pum p and m easured. T h e norm al 
boiling point of n itrous oxide is — 8 8 .7 °  C .2 so it 
can be readily  rem oved from  the m ixture a t a 
tem peratu re of — 78° C . On th e other hand, the 
vap o r pressure of w ater is p ra ctica lly  nil a t  a te m ­
perature of — 78° C . so th a t it freezes and rem ains in 
th e bulb  A .

A fter  the nitrous oxide has been w ith d raw n  and 
m easured, the D ew ar flask contain ing th e solid car­
bon dioxide and acetone is rem oved from  around th e 
bulb  A . T h e  frozen w ater vapo r then  vapo rizes and 
exerts its p artial pressure on th e  m ercu ry in th e m an ­
om eter tu b e C. T h is pressure is, of course, prop or­
tion al to  th e percentage of w ater vap o r present.

T h e results of th e analysis of three sam ples of gas 
.ta k e n  from  the sam e ta n k  follow :

F io . I

q o  p  A ppara tu s for the  
- 7 0  v .̂. D eterm ination  of A ir,

TH E D ETERM IN A TIO N  OF AIR, W ATER VA PO R  AND 
N ITR O U S OXIDE IN M IXTURES OF TH ESE 

TH REE C O N STITU E N TS1
B y  G, A . B u r r e l l  a n d  G. W . J o n e s  

R eceived M a y  19, 1916

T h e authors of th is report had occasion recen tly  
to  exam ine som e sam ples of n itrous oxide (d en tists’ 
“ laugh in g gas” ) for th e presence of w ater vapo r and

1 Published w ith the  permission of the  D irector of th e  B ureau of M ines.

P e r c e n t a g e  A n a l y s e s  o f  N i t r o u s  O x i d e  

A irC o n s t i t u e n t

Sam ple 1...........................  2 .0
Sam ple 2 ........................... 2 .1
Sam ple 3 ........................... 2 .0

B u r e a u  o f  M i n e s , W a s h in g t o n

N iO
95 .9
9 5 .6
96 .2

HsO
2.0
2.0
2.0

T o t a l

99 .9
99.7100.2

1 G. A. B urrell and  I. W . R obertson , “ T h e  V apor Pressures of Sulfur 
Dioxide and  N itrous Oxide a t  T em pera tu res below T heir N orm al Boiling 
Points,.” J . A m . Chem. Soc., 37 (1915), 269.

2 G. A. B urrell and  I. W . R obertson, Loc. cil.
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ADDRESSES
TH E M ETALLU RG Y OF TH E RARER M E T A LS1

B y  J .  W . R ic h a r d s  

R e c e iv e d  J u n e  14, 1916

There arc many metals which may be called “ the rarer metals.” 
Among them the most interesting by far, to the metallurgist 
and to the economist, are those metals whose compounds are 
relatively cheap but which command a high price because of 
the difficulty of their reduction. These are the metals whose 
market p'ricc may at some time be reduced one-half, three- 
quarters, perhaps nine-tenths, by improved methods of reduc­
tion, and the discussion of how this might be accomplished and 
to what uses these metals at such low prices might be put, is 
interesting to the border of fascination.

If this article were being written thirty years ago, aluminum 
would be one of the metals to- be discussed. It is now out of 
that class, but in 1886 it was one of the rarer metals, selling at 
$10 per lb., although its ores were "as common as dirt.”  A t 
that time you could buy a ton of bauxite ore containing 0.6 
ton of alumina or 0.3 ton of aluminum, for S5.00, while the 0.3 
ton of aluminum was being sold for $3,000, at wholesale. Or, 
eliminating the purely chemical work, 0.6 ton of chemically 
purified alumina could then have been bought for S50, while 
the aluminum it contained was worth on the market 60 times 
that amount. Such were the metallurgical conditions in the 
aluminum industry thirty years ago, and so attractive were they 
to experimenters and inventors that the genius of the profes­
sion expended its best talents on the problem, with the result, 
in less than ten years, of reducing the market price to less than 
one-tenth its former figure.

The silicon industry furnishes another example in point. 
Silica is the most abundant and the cheapest material in nature, 
yet silicon was selling in 1900 as a chemical curiosity at over 
$100 an ounce. Imagine the stirring up which my metallurgical 
wits received, when in 1902, Mr. Tone, at Niagara Falls, showed 
me a barrel full, 100 lbs. perhaps, of silicon made in his electric 
furnace, and askeil me what uses it could be put to. A t the 
present time, j o  c . per lb. is a good market price for silicon,

. which is often sold by the carload.
It  is such seeming fairy tales as these which constitute the 

fascination of those metals which are abundant in nature but 
whose high cost rests on the difficult and costly methods of re­
duction employed. Such opportunities exist for our rising gen­
eration of chemists and metallurgists to make themselves famous 
and, incidentally, rich— but they will find their fame more of a 
reward than tlieir riches.

Among the metals at present of high price, but which b y  im­
proved metallurgical processes might be made very cheaply, 
are beryllium, boron, magnesium, calcium, strontium, zirconium, 
molybdenum, barium, titanium, chromium and cerium (mixed 
metals of the cerium group).

BERYLLIUM

Commencing with one of the light, alkaline-earth metals, 
its ore is not so rare as is ordinarily supposed. Most non­
mineralogists link it with beryl, and think of the latter as a very • 
pretty and very expensive gem— the emerald. But the emerald 
is only the clear green or aquamarine stone, while massive 
beryl, looking like massive green quartz, is much more common, 
and is even abundant in some localities. The beryl crystals of 
Acworth, N. H., are sometimes as large as a barrel, and the mas­
sive beryl at this locality is quarried like feldspar. Its com­
position is: SiOo, 67; AI2O3, 19; and BeO, 14 per cent.

It  is difficult to say what the price of this material would be

1 Presented a t the  8th  Sem i-Annual M eeting of th e  American In s titu te  
of Chem ical Engineers. Cleveland, Ju n e  14. 1916.

if it was desired by the ton, but it should not be expensive. 
When chemically treated, both the A 120 3 and the BeO which it 
contains could be separately obtained.

Up to the present, no one has succeeded in isolating the metal 
except by  reducing a halide salt of beryllium by potassium or 
sodium (Bussy, Wohler, Debray, Menier, Reynolds, Nilson 
and Petterson, Kruss and Moraht), or by  electrolysis of double 
chloride, bromide, or fluoride of beryllium and sodium or am­
monium (Borcliers, Warren, Lebeau, Liebmann).

These methods are tedious and costly for two reasons: First,
they require the conversion of the beryllium into an anhydrous 
halide salt, which is a difficult chemical operation; second, 
the electrolysis sets free the halogen, which is very destructive 
to electrodes and apparatus. It  is not to be expected that beryl­
lium can be made cheaply until someone masters the direct 
electrolysis of the oxide, dissolved or suspended into a more stable 
melted salt. This is by no means an impossibility; a similar 
solution was found for the aluminum problem, and systematic, 
determined search would in all probability find the answer for 
beryllium. In such a case, the cost of the metal would depend 
only on the cost of beryllium oxide, being probably not more 
than 20 c. per lb., plus the cost of the oxide. Since BeO is only 
36 per cent Be, it would require 3 lbs. of oxide to give one of 
metal; if the oxide cost 10 c. per lb., the total cost of the metal 
should not exceed 50 c., by such a suppositious process. Dealers 
in rare chemicals will charge you, at present, $300 per oz. for a 
specimen of it.

Lebeau has produced beryllium bronzes by reducing directly, 
in the electric furnace, a mixture of beryllium oxide, copper 
oxide and carbon: 0.5 per cent of beryllium makes copper hard
and sonorous, 1.5 per cent makes it yellow, and 5 per cent makes 
a fine, golden yellow bronze.

Beryllium, like any other rare metal, must find uses which 
justify its cost. Being white, malleable and unchanged in air, 
its specific gravity, 1.64, would make it particularly useful for 
objects where great lightness and permanence in air is the first 
consideration and cost secondary. So far we practically know 
nothing about its tensile strength or rigidity, about how it might 
be strengthened or stiffened by small additions of magnesium 
or aluminum or even of zinc, or copper, or manganese, or some 
other metal. We do not yet know the mechanical properties 
of its fine bronzes, except that they are somewhat similar to 
aluminum bronze, but in what respects they might be superior 
or perhaps unique, is unknown. Finally, the metal may easily 
possess special properties, now unknown, which may render it 
particularly useful for some specific purpose. Its specific heat, 
for instance, is the highest of any useful metal, and its latent heat 
of fusion must be abnormally high, possibly 300 calories, and its 
latent heat of vaporization probably higher than that of any 
known element, except carbon or boron. Such characteristics 
might give it special uses in electrical instruments, or for physical 
apparatus, where its cost would not exclude its use. Altogether, 
beryllium is a metal W’hich will well repay extended metallur­
gical research and minute physical and chemical study of its 
many unique properties.

MAGNESIUM

The metallurgist has been coquetting with magnesium for 
half a century, and has not, as yet, made a fraction of the prog­
ress which he should have made. We can get its oxide cheaply 
and in abundance, its salts are not very difficult to prepare, 
we know their properties to a considerable extent, we know 
almost all the properties of the metal which bear on its isolation, 
and yet the industry lags and halts as if there were no such thing 
as modern metallurgy. To prepare by tedious methods the auhy-
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drous double chloride, and then to electrolyze it about as Mat- 
thiesen did fifty years ago, is nearly all that can be said with cer­
tainty about its present metallurgy. A t any rate, using magne­
sium oxide costing a few cents per lb., the metal sells for about 
as many dollars per lb., and yet there is a great scarcity of the 
metal.

Dr. W . M . Grosvenor, in a recent paper before the American 
Electrochemical Society, summarizes the present methods of 
production and the uses of the metal. Happily he also suggests 
the great field open for improvement, especially for radically 
new metallurgical methods of production. W ith magnesium 
in its salts costing less than 8 c. per lb., he places the actual 
cost of the metal at $1.00 per lb. leaving over 90 c. per lb. 
for the cost of its extraction. “ Brethren, these things ought 
not so to be.”  Speaking with the enthusiasm born of past 
achievements in electrometallurgy, along entirely analogous 
lines, a modern, up-to-date attack on this problem ought to 
result in producing magnesium at 25 c. per lb.

The point of attack should be undoubtedly to reduce the 
oxide directly. The halogen salts are hygroscopic, and the 
halogen is destructive of the reducing apparatus. It  is almost 
certain that proper research will enable the electrometallurgist 
to feed magnesium oxide (MgO) directly into an electrolytic 
bath of fused salts, and take magnesium or magnesium alloy 
from it. The pure metal will float on almost any fused salt, 
but its alloy with heavier metals m ay be made such as to sink, 
and many of its alloys have immediate useful applications.'

Dr. Grosvenor make? suggestive remarks about the reduction 
of magnesia by carbon. If the boiling point is only 1200° C., 
then a process of reduction similar to that of zinc oxide might 
be practicable if we could (1) find a retort material which will 
stand the temperature required (1800 to 2000° C.), and (2) 
condense the vapors without contact with air. Fortunately, 
magnesium does not form carbide at high temperatures, so that 
its reduction is simpler by that much. Dr. Grosvenor speaks 
of a chemical process which will use cheap raw materials, a 
moderate amount of fuel, and give a fair efficiency of reduction. 
W ith all expenses added, he estimates a cost not over 35 c. per 
lb. This may be true, but whether it materializes or not, he 
and his colleagues have the right vision of the possibilities,
I may even call them the probabilities, of this field; they are 
truly “ absolutely fascinating.”

While the world war lasts, with its enormous demand for 
magnesium for military purposes, the price will remain in the 
dollars per lb. But experience in this line is being rapidly 
accumulated, and improvements are undoubtedly rapidly suc­
ceeding each other, although keen competition is keeping them 
secret as far as possible. After the w ar’s close, with normal 
industrial conditions reappearing, magnesium will undoubtedly 
sell at a price which will take it out of the class of the rarer 
metals and put it  among the common ones. As the price goes 
down its industrial uses will increase in geometric proportion, ' 
and instead of production being expressed in thousands of 
lbs. per year it Will reach thousands of tons. This will be another 
of the by-products of the great w ar’s stimulus to metallurgical 
industry.

The possibilities held out to the metal industry by reasonably 
cheap magnesium are extremely interesting. The stiffening 
of magnesium to produce strong alloys with specific gravity 
not over 2, has not been properly studied. It  is quite possible 
that alloys analogous to Dur-alumtn inay be discovered, as strong 
as soft steel and only 30 per cent of its weight, which will find 
extensive use in aeroplanes and dirigibles. Such alloys m ay also 
largely displace aluminum alloys, which are used by thousands 
of tons annually in the automobile industry, with a saving of 
one-third in weight, which will compensate for a higher first 
cost. The metallurgical uses of magnesium will also be greatly 
extended by its lower price, such as for deoxidizing brass, bronze,

nickel and Monel metal, since it is a much stronger deoxidizer 
than aluminum. In fact, aluminum has blazed the w ay into 
numerous uses for which magnesium, as soon as it becomes 
cheaper, will compete and replace its older sister. With sup­
plies of magnesium ore as plentiful as those of aluminum ore, 
and the metallurgist awake to his responsibilities and producing 
the metal cheaply, there will inevitably be a large future for 
magnesium as one of the common metals of every-day life.

CALCIUM, STRONTIUM, BARIUM

These form a trio of highly interesting elements, common 
enough in nature, but all scarce and of high price because of the 
metallurgists’ lack of efficient and cheap methods of reduction. 
W ith burnt lime, CaO, one of the cheapest of common materials, 
strontium sulfate, a mineral found in considerable -abundance, 
and barium sulfate, so common as heavy-spar that it is used 
as an adulterant for some cheap paints, the metallurgist is again 
faced with the demand for cheap methods of reduction. And 
yet, although calcium is sold at a few dollars per lb., strontium 
and barium cost several dollars per oz. Here is a twofold need: 
First, cheap production; second, a thorough study of these metals 
to find out their specific properties and their particular uses. 
Which should be undertaken first is an interesting topic for dis­
cussion. Historically, the metallurgist has usually produced 
the metal first and then studied its properties and possibilities; 
at present, with these metals already at hand, metallurgical 
activity might be greatly stimulated by extensive studies of 
the properties, alloys, and chemical uses of these elements. 
Our present information in this direction is fragmentary and 
partly unreliable as far as it goes. A Carnegie research scholar, 
or even the Bureau of Standards, by disclosing to us some of 
the unknown properties of these elements, might stimulate the 
experimenter to renewed efforts to find cheaper methods of re­
duction.

c a l c i u m , at the present time, is the best known of these three 
elements. The method of electrolyzing its fused chloride and 
lifting the metal away from the surface, as an irregular stick, 
has been fairly successful, and since the chloride is not difficult 
to dehydrate, the whole operation is not very expensive. Cal­
cium is therefore, at present, perhaps a semi-rare metal, which 
could be produced much cheaper even by present methods if 
made on a large scale to fill a large demand. The method of 
production is easily susceptible of minor improvements, and the 
chlorine is a valuable by-product to the manufacture. The 
principal hitch at present is in finding the uses for a large pro­
duction of calcium. Here is where extensive study of the prop­
erties and possible uses of calcium would greatly stimulate 
the metallurgical industry. W ith a specific gravity of 1.85, 
its possible alloys with other light metals should be exhaustively 
studied; quite possibly some of them are strong, resistant to 
air and water, perhaps even to acids. Calcium tarnishes easily 
in the air, and magnesium also, but it is quite possible that some 
alloy of the two does not tarnish, and may have valuable me­
chanical properties. Another large possible use is as chemical 
purifying agent in melting and casting metals. Calcium-silicon- 
aluminum alloy has already found application as a deoxidizing 
agent in steel, because while aluminum oxide and silicon oxide 
and their combination with each other arc infusible at steel- 
melting temperature and therefore are eliminated slowly from 
the metal, calcium oxide forms with these an easily fusible 
slag, which easily rises out of the molten metal. It is quite 
possible that a small addition of metallic calcium may in a 
similar manner reduce the amount of sulfur and phosphorus 
in steel, because it is either as calcium sulfide or calcium phos­
phate that these elements are eliminated in refining steel. Other 
metals and alloys, whose properties are damaged by sulfur or 
phosphorus, may be similarly refined or improved. The alloys 
of calcium with copper, tin, bronze, brass, Monel metal, and other 
commercial alloys have not been studied; until they are, no
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one knows how many useful mixtures may exist with particular 
properties of industrial value. The question of adding calcium 
to the light, stiff aluminum alloys, for instance, is worthy of 
attention, but has not been touched.

s t r o n t iu m  is a silvery white, very soft metal, with properties 
similar to calcium, density 2.54. Its ores cannot be called rare 
minerals, and it is a rare metal, therefore, only because of the 
difficulty of its isolation. It is chemically very active, and 
electrochemically extremely hard to manage. I t  has about 
the same specific gravity as its fused salts, so that it neither 
rises nor sinks in any of them quickly; it seems also to redissolve 
in its melted salts with great velocity, so that very high current 
density is required to obtain any metal at all. Its surface ten­
sion appears to be abnormally high, so that it separates out in 
more or less minute globules which are highly indisposed to run­
ning together into one mass. W hat an attractive subject this 
forms to the electrochemist who really wants to meet difficulties 
and taste the joys of overcoming them. And then, one may 
well ask: "T o  what purpose?”  Here again we do not know,
but we can feel confident that in the innumerable list of possible 
combinations of metals strontium might have properties different 
from any other element, which would lead to its employment on 
a large scale. These are all questions of the future which form 
the undiscovered country' open to the investigator and chemical 
pioneer. We may w’ell thank our stars that the world of science 
still holds unexplored areas to tempt the adventurous investi­
gator and to reward the wanderlust of the metallurgical pioneer.

b a r iu m  is common in its compounds and almost unknown in 
itself. Under electrolytic conditions where calcium comes 
out en masse, and strontium separates as small globules, barium 
is obtained only as a fine powder. Its density is 3.7s, but its 
salts are heavier than the corresponding strontium and calcium 
salts, so that the fine powder may sink or swim, largely according 
to the temperature. And yet the fused barium salts are very 
decent and manageable salts, easily obtained anhydrous and 
melting cleanly. Their electrolysis, however, is nearly the most 
difficult task that the electrometallurgist can take up. But it 
should be taken up and mastered, because a metal so common 
in its compounds could be obtained in large quantities if uses 
for it were developed, and if our modern electrometallurgists 
are worthy successors of Faraday, Bunsen and Castner, they 
should vigorously attack the problem of its cheap extraction. 
Even if their end was not reached, they would be whetting their 
metallurgical wits upon the finest of. chemical whetstones, and 
their experiences would be of value to themselves as well as to 
other lines of electrometallurgy.

b o r o n

As an intermediate element, semi-metal, cheap and abundant 
in its compounds, yet almost unknown as an element, boron is 
very interesting. Although quoted at several dollars per oz. 
y et there are possibilities of it being made for x  cents per lb., 
w'here x  may be anything over 25. It  is only the prophetic 
prescience of the enthusiastic metallurgist, however, that can 
discern the goal in the distant future.

Boron occurs in nature as its oxide, Sassolite, containing 31 
per cent of boron, as borax, containing 11.5 per cent of boron, 
and as colemanite, containing 1S.9 per cent of the metal. These 
sources are comparatively abundant, the oxide being found in 
volcanic districts, borax near dried up lakes, and colemanite 
(calcium borate), being literally a waste product of the borax 
mining, for which uses have only recently been developed.

Gay-Lussac and Thenard, Wohler and Sainte-Claire Devillc 
reduced the oxide by potassium or sodium, other chemists by 
phosphorus, magnesium, aluminum and calcium, while Duncan 
reduced boron chloride, gas by hydrogen. Chemically, its re­
duction does not appear to be of extraordinary difficulty. Elec­
trochemically, D avy electrolyzed fused boracic acid, Gore potas­

sium boro-fluoride, and Faraday fused borax. All describe 
having isolated boron. Quite recently, Weintraub has decom­
posed boron chloride by hydrogen in a high-tension arc, and ob­
tained purer boron and in larger quantity than any previous 
investigator. His classical paper is in the Transactions of the 
American Electrochemical Society, 16 (1909), 1C5.

The properties of the pure boron obtained by Dr. Weintraub 
are exceedingly interesting. Its fusing point is extremely high, 
between 2000 and 25000 C.; it was fused in a boron nitride 
crucible under the pressure of its own vapor. Its boiling point 
is near to its fusing point; it has considerable vapor tension 
as low as 1600° C. It  has a conchoidal fracture, and is nearly 
as hard as the diamond. A t room temperature it is electrically 
almost a nonconductor, but at 500° C. its conductivity has in­
creased 2,000,000 times; at iooo° C. its conductivity is of the 
order of that of the metals. Applying moderate voltages to a 
cold piece, it soon warms up and makes itself a good conductor. 
Such extraordinary properties suggest its use for many interesting 
electrical contrivances, which arc enumerated by Dr. Weintraub.

Other uses of boron, which have not yet been thoroughly 
investigated, are in the formation of boron steels and boronized 
copper. The former were investigated by Guillet, in France, 
with irregular results; in some respects, at times, the effects were 
similar to that of vanadium in the famous vanadium steels, 
at other times the results were different. The uncertainty may 
have been due to irregular composition of the ferro-boron alloy 
used.- A great amount of investigation should be done on this 
line, first in making a reliable quality of ferro-boron, and sccond 
in using it systematically in various qualities of steel. The 
question of boronized copper is in a still greater state of uncer­
tainty. Boron or even boron sub-oxide (B:0 , or perhaps, boron 
saturated with B«Os) added to melted copper enables a perfect 
copper casting to be obtained, of practically 100 per cent elec­
trical conductivity; a trade product sold as boronized copper 
has similar effects in producing sound copper castings. These 
results are only the beginning of an extensive field of inves­
tigation of the effects of small amounts of boron on metals and 
metallic alloys. T hey will certainly lead to important metal­
lurgical discoveries and improvements.

In metals and alloys boron can act chemically, as a purifying 
or refining agent to remove oxygen, nitrogen and perhaps sulfur, 
phosphorus, and dissolved oxides, while in larger amount it 
acts metallurgically as an alloying element. In the latter re­
spect it forms true alloys, such as the ferro-boron alloy, which is 
an article of commerce. The possibilities of extensive use in 
molten metals and alloys are great, but mainly dependent upon 
systematic metallurgical research in properly equipped labora­
tories.

The production of the metal and its alloys also needs expert 
attention. For use in steel, a good uniform quality of ferro- 
boron is needed, and the manufacture of this in satisfactory 
uniform quality has not y et been mastered. Some years ago, 
the Pacific Coast Borax Company offered a prize of $500 to be 
awarded b y  the American Electrochemical Society, for a prac­
tical electric furnace method of producing ferro-boron directly 
from calcium borate (Colemanite), a waste product of the borax 
mines. A  few years later the prize money was returned by the 
Society to the Company, as not having been earned, although 
several attempts were made for it. For use in copper, brass 
and bronze, cupra-boron alloy answers as well as having pure 
boron. One method of making this is being tried, and the prod­
uct is giving some very satisfactory results. Improved and more 
certain means of getting boron into copper are needed, and could 
probably be found by a  moderate amount of careful investiga­
tion. As for pure boron and the fascinating possibilities de­
pendent on its remarkable properties, Dr. W eintraub’s method 
makes the product, but at considerable expense, and a cheaper, 
easier method is a great desideratum. If such is found, boron
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will certainly occupy an important place among the useful 
metals.

CHROMIUM

This element is also common and abundant in nature, and 
rare and. expensive as a metal. Chromite, containing 34 per 
cent of chromium, costs normally $20 to $25 per ton, while the 
ferro-chroinium alloy produced from it sells at $100 to $550 per 
ton, according to the percentage of chromium and carbon con­
tained. B ut pure chromium, carbon-free, is produced only 
by reduction of chromium oxide by  aluminum, and commands 
75 c. per lb. The use of chromium in steel is rapidly extending 
to all varieties of extra hard and high-speed steel, but the use 
of pure chromium is limited by the high cost of its production 
and our lack of knowledge of how to handle it and of its possible 
useful effects. For example, chromium electroplating is white 
and durable, and for many purposes may be superior to nickel 
and almost equal to platinum plating, but the 'technique of al­
w ays getting perfect plating has not been satisfactorily mastered. 
Cobalt-chromium alloys have been made which have some of 
the remarkable properties arid uses of high-speed tool steel 
(Stellite alloy of Mr. Haines). This is an excellent example of 
totally imexpected and valuable physical properties being dis­
covered by systematic investigation. These alloys, however, 
must be made from pure chromium, and not from ferro-alloy. 
How many other remarkable alloys yet remain to be discovered 
b y patient and intelligent investigation, no one knows or can 
even guess.

As for the methods of reduction, ferro-chromium alloy carry­
ing high carbon (6 to 8 per cent) is produced quite cheaply 
in crucibles, cupola furnaces, blast furnaces, or electric furnaces. 
Low-carbon ferro-chromium commands three to five times as 
high a price, because of the difficulty of decarbonizing the raw 
product. It  is very much to be hoped that tests will be made 
in the electric shaft-fumacc to sec if it is not possible to produce 
directly from the ore a low'-carbon product. The thing has 
been done in the case of pig iron, producing a low-carbon product 
which is called pig .steel; there is no inherent impossibility in 
similarly mastering th e . conditions for producing directly the 
low-carbon ferro-chromium. The present prices of the two prod­
ucts, $100 and $500 per ton, respectively, would warrant great 
efforts in that direction.

Similarly, chromium is not a difficult metal to reduce to the 
metallic state, but it is a difficult question to find the proper 
flux, and to keep carbon out of it. Goldschmidt reduces it by 
aluminum; electrolysis of its fused salts is difficult because of 
their high melting points. If electrolysis of aqueous solutions 
of chromium salts could be satisfactorily controlled, so as to 
produce heavy deposits, this might open the door at once to cheap 
and pure chromium. Electrolysis of molten relatively fixed 
salts in which chromium oxides are dissolved (similar to the 
Hall aluminum bath) is not a  hopeless proposition. The chro­
mium would be plated solid, however, on chromium cathodes, 
since the working temperature would.be below the melting point 
of chromium.

The metallurgy of chromium is full of attractive possibilities, 
and the usefulness of pure chromium in the field of alloys is 
only beginning to be scratched; the scratching, however, is 
proving very much “ worth while.”

TITANIUM

Our friend, M r. A. J. Rossi and the Titanium Alloy M anu­
facturing Company of Niagara Falls are the alpha and omega 
of the titanium industry. Nearly 15 years ago m y first intro­
duction to M r. Rossi was in the. historic barn, at Niagara, the 
cradle of so many of the Niagara Falls industries. M r. Rossi 
was running the electric furnace and Mrs. Rossi was in the little 
laboratory, making the necessary analyses.

Everyone knows of the enormous masses of titanic iron ore 
in northern New York and Canada, which contains so much

iron and so little sulfur and phosphorus, that every blast fur­
nace would be glad to get it if it was not for the titanic oxide 
which makes it so unworkable that you could not give it to them. 
Mr. Rossi tried first to extract the iron only, throwing away 
the titanium in the slag, but that was not profitable. He then 
turned to producing ferro-titanium alloy, for use in steel and 
cast iron, and by indomitable perseverance has made that a suc­
cess. A  finely written booklet of over 100 pages, published by 
his company and to be had for the asking, tells the whole story, 
so w hy take up time to rehearse it here? G et the" booklet and 
read it. In addition to titanium treatment of steel, to de­
oxidize and denitrogenize, this company also makes a specialty 
of titanium-treated aluminum bronze, also of titanium-treated 
bronzes and brasses of various compositions.

W ith titanic iron ore carrying 10 to 15 per cent of titanium 
as cheap as iron ore, and if iron-free material is required, rutile, 
60 per cent titanium, at 5 to 7 c. per lb., there is no lack of cheap 
raw material. If uses are found for pure titanium, however, 
some other than the electric furnace must be used to reduce it, 
because, in absence of iron, titanium carbide would result. 
The methods for producing pure titanium are, like its prospective 
uses, still in the future, but they nevertheless are worth study and 
work. One can buy titanium metal now at about the price of 
silver, but if the problem were properly faced it could probably 
.be made as cheaply as chromium.

MOLYBDENUM
Molybdenum sulfide, MoS», 60 per cent molybdenum, looks 

almost exactly like graphite, and is about as widely distributed. 
Normally, it can be purchased as 90 per cent concentrates at 
25 c. per lb. This would make the raw material for 1 lb. of molyb­
denum cost nearly 50 c .; the selling price of the metal is about 
S2.00. This leaves a  large margin to pay for reduction. In 
fact, S i.00 per lb. of contained molybdenum ought to return 
the reduction works a good profit.

However, the principal need of the molybdenum industry is 
a better utilization of its sources of raw' material. The de­
posits have not been, in general, properly prospected or opened 
up, and then not properly worked. They are usually low-grade 
propositions, with 5 to 10 per cent of molybdenite disseminated 
through hard rock. This calls for careful study of crushing and 
concentrating methods, so as to minimize waste and loss. In 
most cases, the actual treatment falls far short of this, and 
possibly half the molybdenite in the ore is lost. The producers 
of the concentrates are being paid high prices for their material, 
but the market is limited and dull. If  molybdenite were sold 
cheaper, there is little doubt that ferro-molybdenum, 50 to 85 
per cent molybdenum, could be sold at half its present price, 
and the uses of molybdenum in steel correspondingly increased. 
New uses have also been found, such as the molybdenum wire 

.so useful in electric resistance furnaces. This wire is scientifically 
very useful in that it resists the alloying action of many liquid 
metals even at very high temperatures. Dr. C. G. Fink, of the 
Edison Lamp Works, has studied these notable physical and 
chemical properties, and has described them in the Transactions 
of the American Electrochemical Society, 17 (1910), 229.

ZIRCONIUM

We may mention this element, which, as metal, is rare enough, 
but whose oxide has recently been found in considerable abun­
dance. The familiar mineral Zircon is the silicate, containing 
nearly 50 per cent of zirconium, but it is found only in limited 
amount. In  the last ten years the oxide Baddeleyite has been 
found in large quantities in Minas Geraes, Brazil, running 
75 to 95 per cent pure, giving 50 to 75 per cent of the metal. 
This source is now so common that it  sells a t 4 to 5 c. per lb., 
and is being used in large quantities as a refractory material, 
on account of its high melting point (2000° C.), high resistance 
to all kinds of slags, lowr thermal conductivity and low' coeffi­
cient of expansion.
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The metal, however, is almost an unknown quantity. I t  has 
been obtained by the action of potassium or sodium on the 
anhydrous fluorides. Fused, it is white, density 6.4, melting 
point 1500° C., hard enough to scratch quartz. Ferro-zireonium 
has been made in the electric furnace, and used in small amounts 
in steel, with rather indefinite results. And yet, if some very 
useful properties of zirconium were discovered, the metal could 
undoubtedly be prepared at a reasonable price— only a fraction 
of the $5.00 per oz. now asked for it as a chemical curiosity. 
How it is to be obtained cheaply is one more of the interesting 
questions confronting the metallurgical pioneer.

CERIUM

There is a peculiar interest attaching to this metal and its 
close associates, from the fact that hundreds of tons of fairly 
rich cerium material is lying 011 the waste heaps of the incan­
descent mantle factories. The thorium ore used by these fac­
tories is Monazite— a phosphate of the cerium earths' plus 
thorium silicate. On extracting the thoria, the residue is worth­
less for mantle fabrication. It  is known as "Commercial Cerium 
Carbonate,” and contains cerium, lanthanum, neodymium, 
praseodymium, samarium, gadolinium, yttrium, ytterbium, a 
little thorium, and considerable alkalies, iron, phosphoric acid 
and silica. B y  treatment with acids, precipitation of the rare 
earths, and ignition, a chocolate-brown mixture of oxides of the 
rare earths is obtained, in which cerium oxide predominates, 
and which contains nearly 50 per cent of metallic cerium. When 
this mixture is reduced directly, without further separation, 
to the metallic state, an alloy of the rare earth metals is obtained 
which is known as mixed metal (Mischmetal), or impure or com­
mercial cerium. The composition of mischmetal naturally 
varies, but may be taken as approximately 30 to 50 per cent of 
cerium, 15 to 25 per cent of lanthanum, 10 to 15 per cent of the 
didymiums, up to 20 per cent of the yttrium  metals, and 1 to 5 
per cent of thorium.

An immense amount of laboratory and practical work has been 
expended on the production of mixed metal and of purer cerium. 
Professor Muthmann and his students in Munich, and Alcan 
Hirsch in the United States deserve particular mention for their 
articles, in Liebig's Annalen (1902 to 1910), and Transactions 
of American Electrochemical Society, 20 (1911), 1-102, respec­
tively. Dr. Auer von Welsbach was the pioneer in the commer­
cial manufacture and use of mischmetal. Annoyed by the sight 
of heaps of the cerium residues around his mantle factories, 
he experimented with their reduction to mischmetal and with 
the possible uses of the latter. Finding that it gave off sparks 
when scratched he conceived the idea of using it in automatic 
lighters, but found that it sparked far too feebly and unreliably 
to be practical. He then thought that if he purified the cerium 
it might, give sparks more freely, but on making the purest 
cerium he found it to spark less than the impure metal. Turn-- 
ing in the opposite direction, he took mischmetal and added to 
it alloying metals not of the rare earth class, and found that 
they increased the sparking property. Iron, for instance, 
when increased to 30 per cent gave an alloy with remarkable 
spark-giving properties, such as make it most efficient and re­
liable in automatic lighters. This has formed the basis of the 
"pyrophoric alloy”  industry, since although other metals have 
similar effects the 30 per cent iron alloy is probably the best 
sparking alloy, for general use, so far made.

The electrolysis of fused cerium salts, double chlorides or double 
fluorides, to give the melted mixed metal is carried on on a large 
scale in Austria at Treibach, in Germany near Berlin, and 
was commenced in the United States, in 1916, near New York 
C ity, by  Mr. Hirsch and his associates. The technique is not 
easy to master, and all the works keep their operations as secret 
as possible. The principal difficulties are the re-solution of 
deposited metal, metal fog, and scattering of the metal as fine 
globules or “ metal-mush” through the electrolyte, making it

difficult to unite the metal to one melted mass. Since the latter 
trouble is largely due to surface tension, a study of this property, 
particularly how it can be diminished, might help in overcoming 
the difficulty. As an example of the opposite effect, the cupelling/^^ 
of lead on a bone-ash muffle depends absolutely, for its success, 
on the »surface tension of the molten lead. But, metallic tel­
lurium in quite small percentage decreases the surface tension 
of the lead so greatly that the metal wets the cupel and cupella- 
tion is rendered impossible. Arsenic, on the other hand, in- 1/
creases the surface tension of melted lead, and is therefore pur- I]
posely added, about 0.25 per cent, to lead being made into lead /
shot, in order to make rounder shot. A  physical study of s u e lT ^ J 
effects on cerium might well assist in overcoming the scattering 
of the metal in globules in the electrolytes. Another direction in 
which improvement might be made would be the careful study 
of the eutectics of mixtures of cerium salts with barium salts, 
so as to find an electrolyte of lower melting point in which the 
losses by re-solution of deposited metal would be less than they 
are at present. Another possible improvement would be the 
finding of an electrolyte which would dissolve cerium oxide or 
the mixed oxides directly, and give metal by electrolysis. Such 
a bath has been discovered for aluminum oxide, and a long ex­
perimental search for a similar bath for the cerium oxides would 
be amply justified.

The possibility of using the 30 per cent iron alloy as a melted 
cathode, and enriching it in cerium by electrolysis, might be 
considered. If we had the fusing point curve of cerium-iron 
alloys we could draw some useful conclusions in this direction.
The addition of small amounts of other metals to the bath, 
so as to produce other useful cerium alloys directly, might 
facilitate the electrolytic operation. Further experience with 
the process, particularly by those familiar with the electrolysis 
of molten baths for sodium, magnesium or aluminum, will very 
probably lead to considerable improvements and reductions of 
cost.

The uses of cerium and particularly of its alloys are sure to 
increase, and may attain considerable proportions. I t  has been 
proposed by Borchers as an addition in small quantity to alumi­
num, to improve its properties. B ut the large use will always 
be the pyrophoric alloys, which have so largely replaced matches. 
Before the European war, over 3000 workers were employed in 
Austria in this industry of pyrophoric alloys and automatic 
lighters. Mistakes were made in the early days of the industry, 
and some alloys put into lighters which crumbled to pieces by 
the time the apparatus reached Australia, but continual improve­
ment was being made, until a satisfactory substitute for matches 
wras attained. The improvement most needed in the pocket 
lighting apparatus is to be able to dispense with alcohol or similar 
liquid; a wick impregnated with a solid combustible which can 
be ignited by a pyrophoric alloy, would give a great impetus to 
this art.

The author apologizes for making this paper so largely critical 
and prophetic. If it has sounded too prospective in tone, the 
excuse must be that it is inherent in the subject. Some of these 
elements arc among the most common in nature, yet they re­
main so rare in practical life that they are still chemical curiosi­
ties. But the chemical curiosities of one age have frequently 
become the chemical commonplaces of the next age, and even 
within a generation some of us have seen this happen, under our 
own eyes. Let us then be foresighted, forehanded, and an­
ticipate possible developments a little by such a general review 
as has just been given, so that when some wonderful changes and 
improvements are made in the next few years we m ay have the 
satisfaction of knowing that we glimpsed their shadows sometime 
before they arrived, and m ay even have assisted in hastening 
their arrival.

L e h ig h  U n i v e r s i t y  
S o u t h  B e t h l e h e m , P e n n s y l v a n i a
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R E SE A R C H 1
B y  A r t h u r  L . W a l k e r

Research does not necessarily mean delving into abstruse 
problems that it is impossible for the average man to under­
stand, neither does it mean work that is entirely governed by 
university regulations. Research is diligent investigation 
that will as a result improve our knowledge and condition 
whether it is in abstruse science or in the nature of an advance 
in the Arts which will add to the world’s welfare and the use­
fulness of mankind. It covers a multitude of fields arid may 
be carried on in numerous ways.

I remember a few years ago when I attended the initiation 
ceremonies of our sister chapter at Yale, George Borup was 
one of the initiates who had accomplished his work about as 
far away from the center of civilization as it is possible to get. 
But what could be more useful than the diligent investigation 
which helped to discover a w ay to an unknown portion of the 
W'orld, in this case the North Pole, which had been the goal of 
many explorers and the cause of much suffering for nearly a 
century.

A practical engineer approaches the study of a new problem, 
whether it is the examination of a property, the design of a 
plant, the development of the science, or a study of conditions 
with the idea of improvement, in a true scientific spirit. He 
obtains facts, physical, chemical, economic, etc., and he must 
assemble these facts in a logical manner in order that deductions 
and conclusions may be arrived at upon which he can base his 
recommendations, his designs, or the theories which he uses 
as a foundation for the improvement.

The wonderful development which in the last few years has 
been made in lead smelting operations is due to careful investiga­
tions of the theory of smelting operations and the chemistry 
involved therein, as well as to the study of the theory of roast­
ing ores preparatory to blast furnace operations. This w'ork 
extended over a period of many years and was conducted at 
several plants in the Far West, Southwest, and in Mexico. It 
is gratifying to know that the investigator who conducted this 
work is a graduate of our School of Mines and this society has 
seen fit to recognize his services by  admitting him into Sigma 
X i this evening. I refer, of course, to Arthur S. Dwight.

In another field of work our colleague, Robert M. Raymond, • 
has distinguished himself as an investigator of the conditions 
which surround mine development and mining operations. 
His success has won for him international fame of a high order, 
and we are glad to welcome him as one of our Brothers in Zealous 
Research.

While it can be truly said that the university is not the only 
place in which research can be conducted, it must be admitted 
that conditions which surround university life and university 
work are such that it should be the place where work of an 
investigative nature can be most successfully and effectively 
accomplished.

There never has been a time in the history of the world when 
the systematic investigation of problems, the solution of which 
will give us what we w’ant or what is really necessary, has 
attracted so much attention. Never until the present has there 
been a time in the history of this country when the question 
of systematic investigation has commanded any attention at 
all from the people at large.

The various nations of the world are realizing that in order 
to protect themselves they must not lay on their oárs and let 
others do the work of investigation which may result in the 
manufacture of what all the world needs. They too must work 
and improve and manufacture all products that they are depend­
ent on, in order to be prepared for any unforeseen emergency, 
and be independent when that time arrives.

1 In itia tio n  address before the  Society of Sigma X i. Colum bia U ni­
versity, April 18, 1916.

In this country we are beginning to awake to a realization of 
the extent of our dependence on others, and our attention is 
now brought to the fact that we should prepare to manufac­
ture what we need. There a r c  reasons w hy it has not been 
deemed necessary, in the past, for us to consider this question. 
The wonderful natural resources of the country have been con­
ducive to lax methods; but we now begin to realize that these 
resources should be conserved, the products which have formerly 
gone to waste should be utilized, and that a study should be 
made as to how we can manufacture that which even the wealth 
of our resources does not provide.

While we as a nation have not considered the question of.re- 
search as carefully as we should, and there has been a lack of 
the spirit of research as it is understood from the university stand­
point, there has been no lack of diligent investigation, which 
has resulted in the enormous improvements which have added 
to the world’s progress and the comforts of mankind.

Among the leading nations it is an undeniable fact that that 
nation which is supposed to have conducted the greatest amount 
of pure research is the nation which has shown the least amount 
of initiative in connection with the great discoveries of the 
world. And it can also be said, without boasting, that our 
own nation, which, up to the present, has done the least 
amount of pure research, has contributed more than any 
other to the great discoveries of the world. And as we 
look at the list of nations we see that the amount of pure 
research undertaken and original discoveries made are inversely 
proportional. This is an important consideration, something 
which should be thought of now and remembered in the future.

All of our large manufacturing establishments are either 
operating research laboratories on a large scale or are making 
plans for laboratories which will give them facilities for con­
ducting research. Our universities are establishing labora­
tories on very much more extensive lines than heretofore thought 
of, and the question of a very large research laboratory for the 
government is being discussed. This wave of enthusiasm is 
quite recent, but if the work is properly conducted and co­
ordinated it is bound to result in great benefit to this country, 
and to the world at large.

It  has been said that a university cannot compete with the 
industrial laboratories of our large corporations. Probably 
this has been more or less true in the past, as the situation is 
such that the investigator comes in actual contact with the 
operations at the industrial corporations and thereby sees a 
great deal which aids him in the work he is performing. But 
a greater reason than this is that in most of our university 
laboratories the investigators are so tied down by routine work 
that they cannot devote a sufficient amount of concentrated 
time to investigation. On the other hand, the works labora­
tories are at a great disadvantage in that there is a large amount 
of duplication in spite of the fact that, at the present time, 
there is a freer interchange of ideas than ever before. The ad­
vantages which the university laboratories should have com­
pared with the works laboratories are: (1) complete absence of 
secrecy; (2) the universal character of the work which can be 
done; (3) the facilities open to all; (4) the reduction of the ex­
pense of investigation,; (5) the fact that unsuccessful work 
accomplished is more apt to be recorded and the data open for 
future reference.

In the advance copies of papers to be presented at the meet­
ing of the American Electrochemical Society, in Washington, 
during the end of this month, on the subject of industrial re­
search, some of the most distinguished scientists have expressed 
their opinion from professional, university, government, and 
corporation standpoints. The keynote of these expressions 
is "cooperation,11 but how cooperation can best be obtained is 
not definitely determined or agreed upon.

Undoubtedly all of our research laboratories at the present
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time, whether they be in university or industrial plants, are 
operating under great disadvantages, either for lack of space 
or facilities in the case of the university laboratories, or for lack 
of time in the case of industrial laboratories. Will not these 
difficulties be properly solved by the creation of an industrial 
development laboratory under the auspiccs of some large uni­
versity like Columbia? W ith the proper technical staff un­
hampered by excessive academic duties, work could be conducted 
in such a laboratory with a thorough knowledge of w hat is being 
done in the field. •

Professional men with problems to solve could have them in­
vestigated, large corporations who have not the time to under­
take investigations, and small concerns which have neither the 
requisite time nor the money for research could confidently 
avail themselves of the facilities.offered by such a laboratory, 
and even the government might find it advantageous to utilize 
it for certain classes of work.

COAL-MINE FATALITIES IN THE UNITED STATES, 
1870 TO 1914

Detailed information concerning coal-mine fatalities in the 
United States from 1870 to the close of 1914 is given in Bulletin 
11S recently issued by the Bureau of Mines, Department of the 
Interior. In this bulletin more than 52,000 fatalities at coal 
mines have been classified by cause of accident, State, and calen­
dar year. For the first time all of the States are placed on a 
ealendar-year basis from the beginning of inspection in each 
State to the close of 1914. This report is a diagnosis of the mine- 
accident hazard and contains information that will be used as 
a basis of the study of accident prevention by operators, State 
and Federal officials and insurance companies.

Part I of the bulletin is devoted to the coal mines of the United 
States, in which the United States is treated as a unit by calendar 
years and by causes. I t  contains detailed information con­
cerning accidents due to falls of roof, haulage, explosives, and 
electricity; a  complete list of mine disasters in which five or more 
men have been killed since 1839; complete production figures, 
number of men employed and data relating to mining methods. 
There is also a study of mine accidents as related to machine 
mining, in which four groups of mines are maintained, namely, 
those in which 1 to 20 per cent of the coal is machine mined; 
20 to 40 per cent machine mined ; 40 to 60 per cent machine mined ; 
and 60 per cent and over machine mined. These groups are 
tabulated by States and by years covering a period of 18 years, 
and include the number of men employed; number killed and 
fatality rates per 1,000 employed for each group of machine 
mines according to the foregoing classification.

The bituminous coal mines of the United States are treated 
independently of the anthracite so that fatality rates for the 
bituminous mines may be obtained.

Part II takes up the mine-accident question by States. Under 
each State is given a brief paragraph 011 the area and distribu­
tion of the coal fields; character of the coal beds; mining methods; 
reportable accidents and the organization of the inspection service. 
D ata are given showing the production, number of men em­
ployed, number killed, number of machines in use in each State, 
and the percentage of coal mined by hand or shot off the solid, 
as well as the amount of coal mined per man, per day and per 
year. There is also under each State a list of the mine disasters 
that have occurred therein.— A . H. F a y .

QUALITATIVE AND Q UANTITATIVE E ST IM A T IO N  OF 
GUM  ARABIC

The most characteristic qualitative test for gum arabic is 
the precipitate with basic lead acetate. Mixtures of copper

The magnitude of an undertaking of this character is enormous, 
but so would be the bcneficial results obtainable in a proper 
industrial development laboratory, conducted on scientific, 
professional, and business lines. "  As Dr. W hitney’ facetiously 
suggests, to this laboratory could be brought "th e  poorest fur­
nace slag to be quickly tried for farm fertilizer, tested in cements, 
made into glass, ground into paints, calendered into writing 
paper, blown into thermal insulation, turned into asbestos, 
put into dynamite, or injected into medicine.”

No matter how much we may progress in research or indus­
trial development work, let us remember that this work should 
not be controlled in such a w ay that the initiative the people 
of this nation now possess is made subservient to every-day 
plodding and investigation work.

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

sulfate and caustic soda and of neutral ferric chloride and alcohol 
are of value as confirmatory tests. Basic lead acetate is con­
veniently made by the prolonged boiling of 40 g. crystallized 
lead acetate dissolved in 250 cc. water, with excess of litharge. 
The quantitative method adopted makes use of an alcoholic 
copper acetate-ammQnia solution made up as follows: 50 g. 
copper acetate are dissolved in water, excess of ammonia added 
and the solution made up to 1000 cc., using water and alcohol 
in such proportions that the final solution contains 50 per cent 
alcohol. For each determination a 50-cc. portion of a gum arabic ' 
solution representing 0.25 g. of gum arabic was pipetted into a 
beaker, an equal volume of alcohol added and then 25 cc. of 
copper reagent, with constant stirring. The precipitate was allowed 
to settle, filtered on tared paper, washed with 50 per cent alcohol 
containing ammonia, then 70 per cent and finally 95 per cent 
alcohol. I t  was afterwards dried to constant weight at 105 0 C., 
ignited and the ash weighed. The amount of ash is deducted from 
the original weight and the difference called "net gum arabic.”  
The amount of moisture in the gum originally must be allowed 
for; this is determined by drying in a current of hydrogen at 
1050 C. The method seems to give- accurate results.— A. 
M cM i l l a n .

ZINC ORES
The last two numbers of the Bulletin of the Imperial Insti­

tute, London, says the Mining World, contain an interesting 
paper on the known occurrences of zinc ores in all parts of the 
world. Although containing a good deal of information of a 
familiar character, the paper gives a good and complete account 
of all well-known sources of supply. Of special interest at the 
present time is the information in regard to the deposits within 
Germany itself and in adjacent countries from which Germany 
could, in future, draw supplies in the event of her being cut off 
from the mines in allied countries. The paper concludes with 
notes on the valuation and smelting of zinc ores and the chief 
products yielded.— M.

M O T O R S AND CA PSTA N  CO N TRO L GEARS
The Times Engineering Supplement gives a resume of the di­

mensions and other particulars of small-power motors for both 
continuous and single-pliase alternating current from a list pub­
lished by the British Thomson-Houston Company, of Rugby. 
The machines are made in two types. In one, standardized 
for 0.02 to 0.5 h. p., the continuous current motors are shunt 
wound up to 0 .1 h. p., and compound wound up to 0.5 h. p.; 
and those for alternating current are of the split-phase, induc­
tion type with rotating field, the primary winding being placed 
on the rotor and connected direct to the line while the secondary 
winding is on the stator. The machines of the second type,

CURRENT INDUSTRIAL NEWS



Aug. ,  1916 T H E  J O U R N A L  OF 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 7 4 3

which are made in two forms, one for alternating and the other 
for direct current and are rated between I/200 and ‘/is h. p., 
are designed with series characteristics and are suitable for 
cases in which the exact load to be connected is known. The 
same firm is also issuing a list describing control gears for elec­
tric capstans and winches which are designed to ensure that the 
motor is started up in the quickest time compatible with safety. 
The gear includes a pedal switch and an accelerating unit con­
sisting of a series of contactors or electrically operated switches. 
The pedal switches, which do not carry the main current, but 
when depressed close the operating coil circuit of the first or 
shunt contactor, causing it to close and complete the motor 
circuit through the starting resistance, arc made in two forms. 
One is intended for service in unexposed positions and the other 
for places where the switch is likely to be exposed to heavy 
rain or sea water or to be injured by vehicles passing over it. 
In the second form, the plunger passes through a water-tight 
gland and the pedal portion, when not in service, can be disen­
gaged from the operating mechanism and dropped down flush 
with the ground. The switches are made in various capacities 
up to 25 h. p. and for circuits up to 550 volts.— M .

K IESELG U H R  FRO M  AUSTRALIA

According to a report in the Mining Journal, there is at pres­
ent a large demand in the United Kingdom for kieselguhr (in­
fusorial earth) for use in the manufacture of dynamite, for 
metal cleaning and for sugar refining. The Imperial Institute, 
London, lately suggested to the Australian authorities that various 
samples of Australian diatomite should be forwarded for tech­
nical examination. Samples were sent from Victoria, New South 
Wales, Western Australia and Tasmania. Those from V ic­
toria and New South Wales proved to be of most promising 
quality. In particular, samples from the Lillicur deposits, 
northwest of Ballarat in Victoria, found special favor.— M.

EUROPEAN BEET-SU GAR PRODUCTION

According to an estimate of the European beet-sugar pro­
duction for 1915-16, the total yield is put down at 5,190,387 
tons. Germany is credited with 1,500,000 tons, Austria with 
1,011,400 tons, France with 140,000 tons, Belgium with 100,000 
tons, the Netherlands with 230,000 tons, and Russia with 1,588,- 
872 tons.— M .

ELECTRICAL CH ARG IN G-W AGO N S FOR COKE OVENS

According to the Journal of Gas Lighting and Water Supply, 
an installation of electrically driven wagons for charging 
coke ovens has been applied to a battery of 60 coke ovens, which 
can be kept charged by one man instead of 10 or 12 by the old 
system. The coal bins are not in a direct line with the axis 
of the track over the charging hoppers but through small curves 
down to 5 meters radius. The charging-set comprises 3 wagons 
of 3 tons capacity each. Each wagon is 4 meters long by 1.2 
meters wide and 1 .7  meters high and is divided into two parts 
with the usual drop bottoms. Between the two hoppers is the 
driving motor of 4 k. w. capacity which, together with the 
starting and the other switch gear, is enclosed in a dustproof 
compartment. Power is taken from an overhead trolley 
wire and the motor is controlled by a lever. After the three 
wagons have been filled at the coal bins, they are sent along in 
succession under their own power towards the ovens, the opera­
tor following on the last. When the wagons reach the coke- 
oven platform, the motors are switched off automatically and 
breaks applied by means of stops projecting from the track. 
These stops are placed by the operator at the particular oven 
it is desired to charge. The wagons are brought into the cor­
rect position and emptied. The operator then sends them along 
to the coal bins on their own power, closes the top of the filled 
oven and arranges the stop at the next oven to be filled.— M.

NEW  SOURCE OF PO TA SH

In a recent number of the Journal of the Society of Chemical 
Industry, Mr. R. H. Ellis gives the results of an analysis of 
banana stalks. It was found that the ash contained 110 less 
than 45.9 per cent potash while soda was practically absent. 
The dried matter of the stalk is as rich in potash as kainit. 
The author calculates from his analysis that one ton of banana 
stalks would yield 188 lbs. of dried material containing 13.7 
per cent of potash [KaO] or 54 lbs. of ash containing 47.5 per 
cent or 25 lbs. of pure potash. If one considers the very large 
quantity of banana stalks at present classed as waste material, 
it is evident that municipal authorities should investigate 
whether this material could not be advantageously used as a 
source of potash.— M.

RESEARCH  IN ILLUM IN ATING APPLIANCES

The Illuminating Engineering Society, London, says Nature 
(Vol. 97, No. 2429), has been considering the encouragement 
of researches of special utility at the present time and, at the 
annual meeting held recently, a report was submitted by the 
Committee on Research. A  number of problems were men­
tioned and among these the following were included: researches 
in the quality of glassware required for illuminating purposes; 
the study of lighting appliances (globes, shades, reflectors, 
etc.); investigation of the conditions of illumination required 
for various industrial processes. Attention is also directed to 
the need for a series of standard colors of specified tints and re­
flecting value, the standardization of so-called artificial day­
light, and the prescription of a standard method of testing the 
pcrmanence of colors, all of which problems are of interest in 
relation to the dyeing and coloring trades. The list submitted 
includes some thirty sections and it would appear that the study 
of the subjects will afford work for many years to come.— M.

QUEENSLAND SHALE OIL

A t last, says Gas and Oil Pouvr, the shale beds in Western 
Australia are to be exploited. A first-class man and a modern 
plant have been secured from America so that the enterprise 
starts under good auspices. The derrick is the largest in Aus­
tralia and is said to be better than any other oil derrick in the 
world. The cost of the experiment will be about $100,000 
and the bore is a state monopoly. Originally the Ronia bore, 
which was put down in search of oil or natural gas, was begun 
as long ago as 1907 but, after a depth of 3000 feet had been 
reached, it was found that the spot located was not the right 
one. The new bore is about half a mile from the original hole. 
It  was begun in November last and put down some 300 to 400 
feet when the official opening took place. The expert says that 
he expects to strike oil at about 4000 feet.— M.

RAM IE FIBRE EXPORTED FRO M  KU IKIAN G

Ramie fiber, says a consular report, is produced chiefly in 
Hupeh province though some is grown in the province of 
Kiangsi, notably in the Juichang district. The first crop is 
cut at the end of June and between then and November, two 
other crops are taken from the same roots, one in July-August 
and another in October-November. The fiber is divided into 
three qualities according to its length: (1) 30 to 40 in.; (2) 20 
to 30 in.; (3) below 20 in.; this latter is purchased by the Japanese. 
The fiber is tied up in bundles bound together by a rope of ramie. 
It receives no treatment except in sorting for length but shippers 
at Hankow and Shanghai use hydraulic presses for treating the 
fiber. Japan, Belgium and France are the principal consumers, 
and shipments are made by Chinese dealers on account of foreign 
firms. The quantity exported in 1914 amounted to 100,883 
cwts., being 15,024 cwts. less than that exported in 1913. The 
falling off is attributed to diminished shipments owing to the 
outbreak of the war and the absence of German buyers for the 
European market.— M.
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PA P E R  PU LP IN D U STR Y

According to the Paper Maker, exhaustive trials of New Zea­
land timbers— mainly from the W est Coast of the South Island—  
have recently been made and samples sent out of the Dominion 
to be tested by experts in Canada and elsewhere. These have 
satisfactorily proved that New Zealand timbers are eminently 
fitted for conversion into paper pulp and then into the paper 
used for newspapers. A company is about to be floated, which 
has secured the water rights of a large watershed as well as 
many thousands of acres of virgin bush covered with suitable 
timber, and much is looked for b y  experts from this new in­
dustry. Similar experiments on a substantial scale have been 
instituted by the Victorian (Australia) State M inistry regarding 
the production of wood pulp. The government printer uses, 
at least $400,000 worth of paper annually and the demand for 
private consumption is also considerable. There is, then, 
ample opportunity for the opening up of a  large industry if it 
can be shown that Australian woods can produce the raw ma­
terial.— M .

UTILIZATION OF W A STE PR O D U CTS— IRON SLAGS

A  fruitful direction, says The Times Engineering Supplement, 
in which national economy can be effected is the application of 
discarded refuse to industrial purposes. History affords numer­
ous examples of the accumulation of enormous quantities of 
practically indestructible waste products forming unsightly 
heaps which scientific progress has ultimately shown to possess 
an intrinsic value. Among such collections are the great banks 
of slag produced in the manufacture of iron. M any unsuccessful 
attempts have been made to use up this slag in the manufacture 
of bricks, slabs, and cement but, at last, a practical method 
adopted in Germany for some years is being introduced and 
developed in England. A  brick-making plant is working in full 
swing in South Wales and another one to utilize the slag banks 
in the neighborhood of Cleator Moor is being built. Again, 
the modem methods of road construction required to meet the 
demand of motor traffic have provided an increasing market 
for tar macadam for the manufacture of which broken slag is 
peculiarly suitable, and molded slag blocks are used both in 
Great Britain and in the United States in the construction of 
pavements.— M.

RU SSIAN  BENZO L PR O D U CTIO N

According to the Oil and Color Trade Journal, the cessation of 
the importation of benzol from Germany and other countries 
and the pressure of the strong demand of the Russian chemical 
industry have increased the production of this article in Russia 
during the last year and a half. The quantity produced in 1915 
was a little over 9647 long tons, against 806 for 1914 and 113 
in 1913. A t the beginning of the war in the Donetz basin, 
which was the chief and practically the only source of this product 
hitherto in Russia, only 3 installations with 358 coking furnaces 
out of 1,082 at work were provided with benzol-producing 
equipment. During the first year of the war new concerns 
gradually sprung up with benzol factories and, at the end of 
last year, there were over 1,200 furnaces fitted for production 
of benzol and about 800 more were under construction. The 
quantity produced, however, does not nearly supply the de­
mand of the market, which grows with the increase of chemical 
industry. The quantity produced in 1915 does not correspond 
to the capacity of the Russian equipment, some elements being 
able to work only up to 60 per cent of their capacity through 
want of labor, fuel, etc. In  the Kuznetz basin there are large 
reserves of coking coal, and furnaces are being built with benzol- 
producing equipment. I t  is, however, questionable whether 
the demand can be supplied even with these latter furnaces 
producing material at an early date.— M .

D R Y-PO W D ER  FIRE EXTINGUISH ERS

A  committee was recently formed, says the Journal of Gas 
Lighting and Water Supply, one of the members of which was 
Dr. J. A. Harker, F.R .S., of the National Physical Laboratory, 
London, to conduct experiments to test the value of dry-powder 
fire extinguishers as compared with water and other first-aid 
appliances for extinguishing fires caused by bombs. The 
broad conclusions arrived at may be given from the report which 
has been issued. The substances tested were a particular form 
of dry-powder extinguisher, water and liquid extincteurs. In 
one case, a supplementary test was carried oat with sand. It 
seemed that, while none of the agents employed had any material 
effect on the burning of the bomb itself, the spread of the fire 
caused was greatly limited and in some cases totally extinguished 
by the application of water whereas, after the application 
of the dry powder, the fire continued to bum  and seemed to be 
checked only temporarily. Dry-powder extinguisher generally 
contains as its main constituent bicarbonate of soda, which on 
being heated gives off carbon dioxide but, according to the re­
port, it is regarded as doubtful if the quantity produced is 
sufficient to have any material effect in the case of small fires. 
W ater was found to be far more effective and it appeared that 
a given volume of water applied as a jet from an extincteur was 
more effective than the same amount applied in buckets. The 
application of sand was, weight for weight, found to be less 
effective than the d o ' powder. In view of the results, the com­
mittee are confident that b y  far the best extinguishing agent is 
a plentiful supply of water applied in the manner most con­
venient.— M .

HIGH -EFFICEENCY L A M P S

The new' high-efficiency gas-filled lamp introduces variables 
not hitherto encountered in the photometry of incandescent 
electric lamps. On account of the comparative broadness of 
the filament spiral and the dissymmetry of the filament mounting, 
says the Engineer, there is considerable irregularity in the dis­
tribution of the light about the vertical axis. Consequently, 
when the lamp is rotated, as is commonly done in rating lamps 
at the factory, the light as seen in the photometer flickers so 
excessively as to render accurate measurements of candle power 
practically impossible without the use of an auxiliary' apparatus. 
However, as is sometimes done, if two mirrors inclined to each 
other be placed at the back of the lamp, the flickering is so much 
reduced as to permit accurate candle power measurements 
even at very low speeds of rotation.— M.

OIL-PRO D U CIN G  N U TS AND SEED S

The report of the committee on "edible and oil-producing 
nuts and seeds” of W est Africa just issued affords, says Nature, 
an interesting glimpse of the w ay in which the British Govern­
ment has changed its attitude towards science and industry' 
since the war broke out. The exports of oil seeds from British 
W est Africa in 1913 were valued at $35,140,000 and of this 
Germany took no less than $18,345,000 chiefly in the form of 
palm kernels,’ the crushing of which for oil and cake she had 
practically monopolized. W ith the outbreak of war, the West 
African exporters w'ere deprived of their best customer and a 
new British industry in the crushing of palm kernels has been 
set on foot. The committee, which has issued the report, 
makes four recommendations with a view to keeping the industry 
in British hands and two of these are to be put into force .im­
mediately. The first is the imposition of an export duty of 
$10 per ton on all palm kernels exported from W est Africa to 
ports outside the British Empire; the second is a recommenda­
tion for further cooperation between the W est African Branch 
of Agriculture and the Imperial Institute, London, with a view 
to continuing investigations on the palm oil.— M .
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SPAN ISH  CH EM ICAL AND COLOR IM PO R T S

The Oil and Color Trade Journal gives the following figures 
for the imports in chemical and color materials into Spain for 
the years 1914 and 1915, the figures denoting quantities in metric 
tons:

1915 1914
Alkaline carbonates, borates and  silicates........................... 3,213 2,022
C austic  soda and  p o ta sh ............................................................ 135 53
M ineral m anures, am m onium  su lfa te ...................................  123,353 100,277
S uperphosphate  of lime and s lag ............................................  116,897 63,013
Indigo  and cochineal...................................................................  70 184
D ye ex tracts  (vegetab le)...........................................................  3,653 5,852
Colors, artificial, d ry ...................................................................  1,221 339

   — M.

BO RN EO L IN AM BER

In a paper read recently before the French Academy of 
Sciences, M . Reutter gives an account of his studies on several 
samples of amber. Of the samples examined, all were found to 
contain free borneol, the alcohol present in rosemary and spike 
lavender oils. The residue from ambers of Italian origin— one 
from Sicily, the other from Bologna— was found after extraction 
with ether and alcohol to be amorphous while that from German 
amber treated in the same way, was crystalline. Amber of 
Italian origin contains i to 16 per cent succinic acid whereas 
German amber contains 65 to 80 per cent of the same acid.— M.

SICILIAN SULFUR PRODUCTION

The figures of the Sicilian Sulfur Consortium giving the pro­
duction of sulfur for the month of February, 1916, which are 
the latest official statistics, show a marked decline in the output. 
Sales, on the other hand, exceed those of the previous year, thus 
producing a reduction in the stocks. The production for Febru­
ary was 16,865 metric tons as against 24,799 for the corresponding 
month of 1915, while shipments for the month were 53,023 
tons as against 35,121 in 1915. There were marked increases 
in the exports this year to the following countries: France, 
Great Britain, Greece, Turkey, Spain, Portugal and South 
America. Stocks in hand at the end of February were 258,766 
tons as against 365,330 tons last year, being the lowest for sulfur 
stocks in Sicily since the consortium took over the industry.— M.

D ETECTIO N  OF CADMIUM

A  20 per ccnt solution of ammonium perchlorate in solution 
of ammonia of sp. gr. 0.90 is a sensitive reagent for cadmium 
which it precipitates as a white, crystalline double perchlorate 
of formula Cd(C10()2.4NH3. In applying the test to the mixed 
sulfides of Cu, Cd and Bi as precipitated in the 2nd group, the 
preeipitate is dissolved in nitric acid and the solution treated 
with excess of ammonia. Bismuth hydrate is filtered off and the 
blue filtrate treated with the perchlorate reagent which pre­
cipitates the cadmium even when five times as much copper is 
present.— M.

TR A D E O PEN IN GS IN SOUTH  CHINA

The British Consul at Kiung-chow (Hoi-how) reports that 
generally speaking the whole of the import business of Kiung- 
chow is done through importing firms in Hongkong, the center 
of supply for the South China market. Firms, therefore, who 
desire to place their products on the market and are not in a 
position to send out travelling agents of their own to push their 
sales direct, should endeavor to get into touch with importing 
firms in Hongkong through the Chamber of Commerce there 
or through the firm’s own home offices. There is a good demand 
in South China for hardware, small lamps, fancy globes and cheap 
novelties of every description. The Germans have hitherto 
been very active in the following (among other) lines: sulfate of 
soda, brass electroplated lamp bowls, lamp glasses, burners, 
lamp frames (gilded), wicks, hanging lamps, imitation gold 
varnish, soaps (laundry and toilet) and plate glass (silvered and 
unsilvered).— M .

INDIAN STA TISTICS

Vol. I of agricultural statistics for India, 1913-14, which deals 
with British India, shows a noteworthy steadiness of agricultural 
operations during recent years. In the last decade, the total 
area cropped— the areas sown with rice, millets, wheat, sugar, 
cotton, jute and oil-seeds— suffered slight fluctuations. The 
cropped area, which has been irrigated and the area devoted to 
food-crops have both increased, the former by  30 per cent. In 
the whole of India 80 million acres are sown with rice— an area 
which is ten times the acreage of Japan. The area under wheat, 
which measures 29 million acres, is only exceeded by the wheat 
acreage of the United States, while that devoted to the pro­
duction of cotton, viz., 25 million acres, covers a space equal to 
about two-thirds the cotton area of the United States. About 
one-eighth of the India area is cropped more than once a year. 
The exceptions to the general increase found are indigo and 
opium, the area for the cultivation of which has declined by about 
one-half since 1909. Recently the area devoted to cinchona 
was increased by one-tenth, this increase being due to a great 
extension of the cultivation in Bengal, the acreage having de­
clined in Madras, which is the other chief growing district. 
Nearly half of the sugar cane is produced in Agra where the area 
under cultivation is being increased. One-third of the cropped 
area in Madras and the United Provinces, onc-lialf in the Punjab 
and three-fourths in the district of the Sind depend upon irriga­
tion, canals, tanks or wells for their water supply.— M .

BO ARD OF TRADE

During the month of June, the British Board of Trade received 
inquiries from firms in the United Kingdom and abroad regarding 
sources of supply for the following articles. Firms which may 
be able to supply information regarding these things are requested 
to communicate with the Director of the Commercial Intelligence 
Branch, Board of Trade, 73 Basinghall St., London.

Alum inum  plates for dom estic use 
Asbestos pulp
Asbestos, m etallic yarn , three-ply 
Asbestos sheets 
Balances, pocket, cheap 
Balls, hollow or solid, in brass or 

copper, }J% in. to  */» in. in d i­
am eter

Boxes, tin , round, w ith m irror top 
Boxes, pill, cardboard  
Brushes, tooth , xylonite, tran sp aren t 
Candles in 1 lb. packets 
Cane pulp 
Capsules, m etallic 
Casein for glueing three-ply wool 
Cases, cigarette, torto ise shell 
Casks for soft soap in 28-lb. and 

56-lb. sizes 
C atgu t, raw
Celluloid, bangles and  rings 
C em ent, w hite for m anufacture  of 

tiles and  M osaic

C h e m i c a l s :
Acetic anhydride 
Alum
A rsenate of copper 
Benzyl alcohol
B eta-naphthol-7-sulfonic acid 
Borax
Calcium  phosphate 
M agnesium  ace ta te  
Oxalic acid
Sodium phosphate  and  perm an­

ganate 
T  etrachlorethane 
Triacetin  
W hite zinc oxide 

C hina and earthenw are: cheap
household goods; dinner, tea  and 
to ile t sets 

Cork dust
C utlery : Penknives

Pocket knives 
Razors, ordinary 

D rugs: Saponine
D yes: Aniline for soap, dark

brown. n u t brown, m aroon, 
purple, dark  green, navy  blue, 
pink, lea ther stains 

E lectrical apparatu s, 2- and 3-cell 
flash lam p batteries

F ilters, wine, vacuum  apparatu s, 
sim ilar to  Seitz make 

G l a s s  a n d  G l a s s w a r e :
A m ber disinfecting bottles 
F ru it preserving bottles 
Square screw cap bottles
1-oz. bo ttles  for boot cream  

G elatine, leaf, th in  for process 
prin ting

H andles, bone and  m etal, for shav­
ing brushes 

H inges, cabinet, small, */« in. to 
V* in.

K apok 
Locks, small

M a c h i n e r y  a n d  P l a n t  p o r : 
M aking condensed milk 
C utting  corks 
M aking capsules 
M aking dominoes 
E x tracting  tapioca 
M aking paraffin wax candles 
M aking ice
Electro ly tic production  of hydro- 

Ken
D ating  and  stam ping cans 
Crushing seeds 
M aking bu ttons 
Refining oil 

Ore, Caledonian, chrome 
Paper, carbon 
Paper, steel blue 
Paper, tissue, pink 
Pom ades 
Prussian blue
R ings, gas m antle, m agnesia or 

fire-clay 
R ivets, boo t electro-brassed 
S tarch : D extrine
Fecula
T ubing, voice, flexible, m etallic, a9 

used in steam ships 
T ar. pine 
T  wine
W hale-bone, th in  
Willows
W ire ropes, c as t steel, flat, w idth. 

90 X 100 m m .; thickness. 18 X 16 
m m .; breaking  stra in , 55 tons

— M.
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SCIENTIFIC SOCIETIES
A M A ST E R ’S COURSE IN CH EM ICAL ENG IN EERIN G

B y  W i l l i a m  H . W a l k e r

The splendid new buildings of the Massachusetts Institute 
of Technology, located in Cambridge on the banks of the Charles 
River, were formally dedicated last month, and will be occu­
pied at the opening of the school year next September. The 
greatly increased facilities for both instruction and research 
in all departments makes possible the execution of a number 
of plans for improvement which have been under considera­
tion at the Institute for some time. Of these none is more im­
portant than a new M aster’s Course in Chemical Engineering, 
including a School of Chemical Engineering Practice, which 
is now fully organized.

It is unnecessary to rehearse to the readers of T in s  J o u r n a l  
the rapid rise, within the last decade, of Chemical Engineering 
as a profession. The curve of progress has turned even more 
sharply upward since the beginning of the European war, and 
the recognition of the importance of the chemically trained 
man in industry grows more generous every day.

The current journals are full of pertinent articles on the urgent 
necessity of preparedness— both military and industrial—  
and we need here but call attention to the fact that while the 
economic conditions which must obtain when the war is over 
are still unknown to us, there will under any condition be a 
most urgent call for men to maintain that place in the world’s 
industry and commerce which the United States is now rapidly 
assuming.

To meet this demand there must be provided men of the 
broadest possible training. T hey must be well grounded in 
science, trained in the application of its principles to daily 
problems, have acquired engineering points of view and angles 
of approach, and have developed business perspective with re­
lation to chemical industries. In short, there must be produced 
the potential chemical engineer. When a man has acquired a 
solid foundation in science, has become an accurate observer, 
an exact and logical thinker, and has developed a love for the 
application of this knowledge to the investigation and solution 
of the many problems which industrial practice presents, he 
has done marvelously well; but he still lacks much that goes 
to make the successful chemical engineer.

While it is true that the resourcefulness in applying theory 
to practice, the training in the solution of industrial problems, 
the general business perspective and self-reliance, which in time 
complete the man’s education and make him a creative engineer 
is obtained in its entirety only by years of experience, there is 
much which other engineering branches have accomplished to 
render more quickly available the scientific education of the 
embryonic engineer. W ithout well-equipped mechanical and 
electrical laboratories it would be a long and difficult step to 
pass from the small apparatus and light load of a physics lab­
oratory to the heavy responsibilities of a power plant. B ut in 
operating and testing the commercial-sized units with which 
mechanical engineering laboratories are easily equipped, a measure 
of self-confidence and an appreciation of responsibility are ob­
tained not otherwise possible. In addition to all this the stu­
dent translates for himself the fundamental principles of physics 
as exemplified in the laboratory into the application of these 
same principles in units and processes of commercial size and 
value.

B u t analogous facilities have never been available for in­
struction in Chemical Engineering. The important and oft- 
times controlling difficulties inherent in carrying on a chem­
ical process on a manufacturing scale, are not present when 
this same process is conducted in a chemical laboratory'. To

duplicate the apparatus which has been designed and built for 
factory operation is possible, and in many cases well worth 
while. B ut in order to study its performance the apparatus' 
must be operated— a process for which it was designed must 
be carried out. This procedure is obviously expensive and 
at best limited in its scope. A  student cannot acquire the self- 
reliance necessary to operate a high pressure digester holding
25,000 gallons of acid by experimenting upon one of a few liters 
capacity. He cannot learn how . to meet difficulties incident 
to handling a filter press, an electric furnace, a multiple-eflcct 
evaporator, a rotary kiln, and so on, if he has access only to such 
apparatus as the laboratory can provide. T hat experience 
which means power to execute comes only from contact with 
commercial-sized apparatus operating under the conditions 
imposed by practice.

Neither can the student obtain that training in the appli­
cation of the principles of science to the problems of chemical 
industry 011 which successful industrial research so largely 
depends, without an opportunity to live with chemical pro­
cesses which are being conducted 011 a large scale. It is true that 
the research chemist must be able to visualize the hitherto un­
accomplished fact, but, on the other hand, the undreamed ac­
complishments of the future, while using methods and equip­
ment now unrealized, will also undoubtedly, to a lajrge extent, 
employ the apparatus and the processes of to-da?, although 
along new and varied lines. A familiarity with what does and 
does not succeed in present practice is the best foundation for 
that soundness of judgment so essential in every research 
worker, and most especially in those who arc to dircct and guide 
the activities of our industrial research laboratories.

In view of the difficulty of developing the type of engineer 
outlined without greater breadth of method and of contact 
than is possible in our educational institutions alone, it is gen­
erally recognized that the industries themselves have a duty 
to perform in this regard, and that without their cooperation 
educational accomplishment must remain imperfect. On the 
other hand, no satisfactory scheme involving industrial co­
operation with educational institutions has hitherto been pro­
posed, and the conception and inauguration of such a scheme 
cannot but represent an educational advance of the first order. 
Within the last few years a comprehensive plan of great promise 
for the more adequate training of chemical engineers along these 
lines has been originated and developed by Mr. Arthur D. 
Little, a member of the Corporation of the Institute of Tech­
nology, and chairman of the Visiting Committee for the De­
partment of Chemistry. The plan has been enthusiastically 
adopted, and is based upon the idea of a close cooperation be­
tween the Institute and certain selected manufacturing organ­
izations in representative industries. It involves radical changes 
in the Institute curriculum for chemical engineering, and the 
location of a part of the Institute's instructional activity in the 
manufacturer’s plant. As M r. Little points out in his report 
to the Corporation of the Institute, “ any chemical process 011 
whatever scale conducted, m ay be resolved into a coordinated 
series of what may be termed ‘unit-actions,’ as pulverizing, 
mixing, heating, roasting, absorbing, condensing, lixiviating, 
precipitating, crystallizing, filtering, dissolving, clectrolyzing, 
and so on. The principles underlying each of these unit-actions 
are the same, however different the materials operated upon 
m ay be. Thus in a gas absorbing system, the laws of coun­
tercurrent absorption which control the action of an ammonia 
scrubber do not differ from those involved in making sulfite 
digester acid. The number of these basic unit operations is 
not very large and relatively few of them are involved in any
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particular process. The complexity of chemical engineering 
results from the variety of conditions as to temperature, pressure, 
concentration, etc., under which the unit-actions must be car­
ried out in different processes, and from the limitations, as to 
materials of construction and design of apparatus, imposed 
by the physical and chemical character of the reacting substances. 
It is possible to so select a relatively few industries that there 
will be represented by them all of the important unit-actions 
of chemical industry.”

Experience has shown that when proper provision is made, 
the performance of a piece of apparatus may be studied without 
materially interfering with its output. Thus the principles 
of multiple-effect evaporation or of countercurrent lixiviation 
can best be understood by making properly designed tests 
upon a working plant involving these unit-actions. In other 
words, it is possible, under careful regulation, to use a manu­
facturing plant as a chemical engineering laboratory, and not 
cut down its production or influence adversely the quality of 
product. Some of the advantages of such a method of engi­
neering practice over a laboratory equipped only for instruc­
tion, are:

1— A first-hand knowledge of the machines with which the 
plant is equipped, operating under conditions imposed by 
practice, the processes involved being considered as unit-actions; 
the factors which control their efficient performance; and a 
general knowledge of the cost of chemical apparatus in its rela­
tion to cost of installation and operation.

2— A  study of the unit operations of the plant and the process 
which is being carried 011, as examples of the application of the 
principles of science to industry; their interpretation in terms 
of physics, chcmistry and mechanics.

3— A general knowledge of modern methods of factory man­
agement and control, obtaining thereby some familiarity with 
the problems presented by the human element in industry.

■4— The education which comes from taking part in the work 
of the plant; in acquiring some degree of self-confidence in hand­
ling industrial processes and large sized apparatus.

To carry into execution Mr. Little's idea, a School of Chem­
ical Engineering Practice has been organized, which will in­
crease in scope as experience is acquired. For the present it 
consists of five Stations selected to furnish opportunity in 
specific fields of broadest general importance in Chemical Engi­
neering. Each station will include a small instructional labora­
tory, drafting room, and conference room and will be provided 
with a projection lantern, such special library, drawings, and 
models as may be needed. It will be in charge of a director, 
who will be a member of the Institute faculty.

s t a t io n  A — Located with the Eastern Manufacturing Com­
pany, Bangor, Maine. Here will be studied:

(1)— That most important application of the principles of 
electrochemistry to reactions taking place in solution, namely, 
the decomposition of common salt, with the formation of hydro­

gen, caustic soda and chlorine. The unit operations here avail­
able for study are electrolysis, multiple-effect evaporation with 
separation of a crystalline precipitate, caustic soda purification 
and concentration; absorption of gas of low partial pressure; 
agitation of both heavy and light liquids; and sedimentation 
of sludge.

(2)— The manufacture of bleached spruce pulp by the sulfite 
process. This is a high pressurc-temperature reaction under 
careful analytical control, which involves most interesting 
equilibria.

(3)— The manufacture of poplar pulp by the soda process. 
In this process a study of the losses of soda through the cycle 
of operations is a most instructive one. It  involves precipita­
tion, sedimentation, filter press separation, systematic lixivia­
tion and washing, and a determination of the soda lost in furnace 
flue gases by the Cottrell electrostatic separation principle.

(4 )— The boiling, bleaching, and beating of rags for paper 
stock, and the manufacture of bond and ledger paper. This 
is both beater and tub sized, and is partly drum and partly 
loft dried. The opportunities for chemical engineering study 
here are obvious.

s t a t io n  B— Located at Everett, Mass., with the New' Eng­
land Gas and Coke Company. W ithout going into detail, 
the opportunities here offered are readily appreciated. The 
Company operates large by-product coke ovens and water-gas 
plants, with all the apparatus incident to the recovery of naph­
thalene, benzol, toluol, tar, ammonia, etc. E very opportunity 
is here presented to study those high temperature reactions 
of hydrogen with various hydrocarbons which have become 
so important in recent years.

s t a t io n  C— Located at Niagara Falls with the Carborundum 
Company. High temperature electrochemistry is here repre­
sented in all its phases. Powerful electrical furnaces of both 
the resistance and arc types are in operation making a variety 
of products. The apparatus for pulverizing, with accurate 
separation, is here seen at its best, systems of sieving and screen­
ing, hydraulic classifying, and pneumatic separation being in 
constant operation.

s t a t io n  D— Locatcd at Stamford, Conn., with the American 
Synthetic Color Company. A t this plant will be studied the 
chemical engineering of organic chemistry. Fractional dis­
tillation, sulfonation, alkali fusion, nitration, reduction, crys­
tallization, with all the necessary apparatus, are but a  few of 
the operations here available.

s t a t io n  E— Located near Allentown, Pa., with the Atlas 
Portland Cement Company. Large scale operations involving 
crushing and grinding in many types of machines are here 
offered. The chemistry of combustion and furnace control 
is nowhere studied to better advantage than in the mammoth 
kilns of this plant.

T o obtain the greatest good from such splendid opportunities 
it is clear that this school must be a  part of a  consecutive and
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consistent course of study. N ot only must an adequate scien­
tific foundation be laid before undertaking this Chemical Engi­
neering Practice, but provision must be made for taking advan­
tage of the directness of purpose and enthusiasm for further 
scientific study which the factory work will create. This is 
accomplished by providing a M aster's Course in Chemical 
Engineering of five years’ duration, including the entire summer 
between the fourth and fifth years. The first three years are 
identical with those of the four-year Bachelor’s Course in Chem­
ical Engineering as now offered at the Institute. A t the end of 
the third year the student will elect either to finish the regular 
course of four years, receiving therefor the Bachelor’s degree, 
or to spend two years and the intervening summer in study 
and receive both the Bachelor’s and M aster’s degrees. From 
those students who elect this M aster’s Course, including the 
School of Chemical Engineering Practice, the faculty will 
select those whose attainments and character, as shown by 
their previous record of scholarship and by other information, 
arc such as to indicate that the course can be creditably pur­
sued.

A t the middle of the fourth year the men so selected will 
be divided into five groups, and one group sent to each of the 
five stations for a period of six weeks. (Experience may prove 
that this is too short a time to accomplish the greatest good.) 
A t the end of each six-week interval the groups will change 
stations, so that by  September ist each group will have occu­
pied each station. After from three to four weeks’ vacation 
these men will all return to the Institute for the fifth year of 
advanced work— graduating the following June. It must be 
kept in mind that the students going out into these indus­
tries do not go as employees of the industry, but as students 
in the School of Chemical Engineering Practice. I t  is intended 
that the work in the plant shall be wholly educational, and the 
men are to be under the control and direction, not of the plant 
organization, but of the director of the station— a member of 
the educational staff of the Institute. While it is intended to 
give the men as much industrial experience as possible, having 
them take shifts in the ordinary routine of the factory, such 
work will be directed throughout to secure the maximum edu­
cational result, and the interpretation of the experiences and 
results of work in the plant will be accomplished by conference 
and drawing room exercises which will take up no small fraction 
of the time spent in each station. It  is expected in this way 
to avoid the weakness and inefficiency of previous schemes of 
cooperation by making no attem pt whatever to have the stu­
dent an economic asset to the industry, but planning his whole 
activ ity  for its educational return to the student himself. An 
educational feature of great potential value to the industries 
which wff shall hope to develop at these stations, and for which 
their equipment will be especially well adapted, is a type of ex­
tension course for the benefit of the foremen and selected em­
ployees. In these courses will be taken up the theory of the 
processes employed, and a study of the plant from the point of 
view of current practice in analogous industries. It  is believed 
that these courses will react for greater efficiency not only 
among the employees, but the students making up the school.

To secure this high educational efficiency from the contact 
of the student with the industry, it will be noted that the stu­
dent has completed substantially the equivalent of a four years’ 
course in Chemical Engineering before entering the School of 
Practice. This will make possible the full appreciation of the 
significance of every fact and the interpretation of every ex­
perience in the light of fundamental principles.

The work of the fifth year is advanced in character, broad in 
scope, and almost wholly elective, the purpose being to take 
advantage of the students’ enthusiasm and to allow him to 
specialize in the line in which he has found by experience that 
he has the greatest aptitude and interest.

B ut the plan is a cooperative one, and while it is confidently 
expected that in the work carried on by these students en­
tirely for its educational value, there will result an accumula­
tion of data, much of which will be of service to the industry 
concerned, yet this prospective return is n o t figured as an asset 
of the plan. As a return for the use of the factory as a chem­
ical engineering laboratoiy the Institute proposes to establish 
and direct for each Company concerned, a research organiza­
tion devoted entirely to the solution of its individual problems. 
While a laboratory -will be maintained at each station, the ex­
tensive research facilities of the Institute will be available for 
work of a special character, and the faculty of the Institute 
will function as a Consulting Staff.

The earning power of industrial research is now too firmly 
established to require any argument to demonstrate the possi­
bilities for cooperative service which the plan possesses. It  is 
earnestly hoped that in it may be found an effective method 
by which science may be more closely linked to industry, for the 
lasting benefit of both.

M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ,
B o s t o n , Ju ly , 1916

*
FIFTY-THIRD (ANNUAL) MEETING AMERICAN 

CHEMICAL SOCIETY, NEW YORK CITY, 
SEPTEMBER 25 TO 30 , 1916

A meeting of the American Chemical Society will be held in 
conjunction with the Second National Exposition of Chemical 
Industries, September 25 to 30, inclusive. A  Council meeting 
is called for M onday afternoon and M onday evening. A  general 
meeting follows on Tuesday morning, and on Tuesday afternoon 
it is hoped to have a public meeting in the large hall at the 
C ity  College, with addresses by  the President of the Society 
and by prominent men bearing upon “ Chemistry and the National 
W elfare." On Tuesday evening a  general “ get-together”  
meeting or smoker will be held by the New Y ork Section, compli­
mentary to the parent Society, to which visiting chemists will 
be invited. On Thursday evening the Electrochemical Society 
will give a  smoker, to which the members of the American 
Chemical Society will be invited, and on Friday evening a sub­
scription banquet will be held in one of New Y o rk ’s large hotels.

Meetings of Divisions will be held on Wednesday, Thursday, 
Friday and Saturday mornings.

One of the special features of the meeting will be general
conferences on special subjects in which the chemists of the coun­
try are now interested. The idea of these conferences is to have 
some important topics such as:

Glassware and  Porcelain Oils and  M oto r Fuels
Steel Alloy M etals C onvertib ility  of ̂ P lan t
P aper and I ts  U tilization  M edicinal Chem icals

DyestufFs and  T heir R elation  to  M unition  Factories 
In d u s tria l Alcohol, A cetone and  Form ic Acid

The discussions will be started by well-known specialists in these 
lines. No set program is planned for these conferences, but it 
is believed from past experience that chemists interested in these 
various lines will get together, and many interesting points will 
be brought out which will be of mutual interest. The topics 
for these conferences have not as y et been determined upon, 
and suggestions are desired from members of the Society. These 
suggestions will all be placed before the Program Committee, 
and some six or eight topics selected therefrom. It is antici­
pated that two conferences will be in session each afternoon at 
the same time, one in the lecture hall of the Grand Central 
Palace, where the Second National Exposition of Chemical 
Industries will be held, and one in the lecture hall of the Chemists’ 
Club.

The Divisions of Biological Chemistry, Physical Chemistry, 
and Industrial Chemistry will hold a joint symposium on col­
loids on Wednesday and Thursday mornings. On Wednesday 
morning the symposium will be of a theoretical nature, in which
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the Industrial Division will not take part. On Thursday morning 
the symposium will be composed of industrial applications of 
colloid chemistry. A  symposium on occupational diseases is 
also planned and is to take up part of one of the morning sessions 
of the Industrial Division.

REVISION OF OUR CH EM ICAL STA TISTIC S
B y  B e r n h a r d  C .  H e s s e

In T in s  J o u r n a l , 7 (1915), 58, it has been pointed out that 
our chemical statistics need revision; a general plan or outline 
of plan therefor was then presented. A t the Seattle Meeting 
of the American Chemical Society in September, 1915, a com­
mittee was appointed to devise some practical and practicable 
way of obtaining such revision and of putting it into useful 
and serviceable effect. The organization of that committee 
was not completed until June, 19:6. The reason for this de­
lay is that service upon this committee entails a large amount 
of very difficult and most tedious labor, and men hesitate to 
assume such added responsibilities. Successful execution of 
this plan calls for cooperative thinking and planning on the 
part of all members of the A. C. S., of all our other technical 
and chemical societies and associations, and of all those engaged 
in chemical pursuits of any industrial or commercial aspect in 
this country.

Inspection of the lists of European countries for the past 
twenty years, so far as they relate to chemicals and allied ma­
terials, shows that these lists have been very greatly expanded 
and indeed much more so than our own.

In general, each European country seems to arrange its list 
with a view of telling its own people the most about other peo­
ples and of telling other peoples as little about their respective 
affairs as is convenient, particularly in those items which arc 
capable of high diversification. For example, the German 
list divides 120,000 short tons or $54,250,000 (=  2 1.5  c. per 
lb.) of coal-tar dyes into 4 items only; photographic chemicals 
totaling 3,080 short tons or $2,000,000 (=  32.5 c. per lb.) 
are lumped into one item; and 1,320 short tons or $5,300,000 
(=  $2.00 per lb.) synthetic pharmaceuticals also take up but 
one item. These 6 items total 124,400 short tons or $61,550,000 
and average $495 per ton (=  24.7 c. per lb.) and cover fully 
1800 different articles of manufacture, only few of them 
closely related; 123 short tons of various alkaloids and their 
salts of a total value of $1,750,000 or $14,220 per ton 
(=  $ 7 .11 per lb.) make up one export item.

On the other hand, Switzerland, in its lists, is more diversi­
fied as to its imports from Germany than Germany is in its 
list of exports to Switzerland; in fact, Switzerland seems to 
enter and report trade-marked or proprietary synthetics and 
the like as such; our own lists do this in isolated cases only.

German statistics for the calendar year are published within 
the first 5 weeks of the succeeding year; our own reports are 
two or three months later.

On its face, it seems plausible that if we arc now to diversify 
our domestic chemical industry rapidly and with the fewest 
false steps and commercial or industrial calamities, we should 
be advised in some authoritative manner as to the nature of 
our domestic market as it is now and may develop to be in the 
future. If under these conditions we do not properly develop 
our markets and our domestic manufacture we at least cannot 
reasonably raise the defense that we did not do better because 
we had no w ay of determining what our country’s needs were 
and therefore could not intelligently plan our independence 
from foreign supply-sources. I am encouraged in a belief in 
this utility and benefit by the rather large number of inquiries 
that have been made of me personally, orally and by letter, 
within the past 20 months, for information as to the domestic

consumption of this, that or the other imported article and in 
only the fewest instances have I been able to dig up an answer 
that filled the bill. It  seems to me that there can be no debate 
011 the general proposition that the more we know about our 
market requirements the more likely arc we to build up a domes­
tic industry. Add to this the fact that at comparatively little 
added expense our Federal Government, through one or more 
of its Departments, can gather and promptly publish such added 
information, and it seems to me to be conclusive that the chem­
ists of this country should get together, make up a list of such 
specific added items concerning which they need information 
and indicate such further diversifications of items as promise 
to them the greatest help in the future. We can rest assured 
that the number of different chemical materials and products 
that this country will use and continue to use will be not at all 
diminished in the future but, quite 011 the contrary, will be 
greatly and very likely rapidly increased. The longer we put 
off such diversification of our lists the harder the task of future 
diversification will become; it will certainly not become any 
easier. Such a request for added information has nothing in 
common with asking for a subsidy or a bonus or added tariff 
protection ; it is simply a request to be better informed as to the 
requirements of the public so that we m ay more intelligently 
work towards our nation’s industrial independence of foreign 
supply-sources; in so helping us the public will be helping itself.

in  presenting to the proper authorities a request for added 
information we must make as reasonably sure as possible that 
whatever is presented is not half-baked but is as mature as cir­
cumstances and conditions will permit, that it meets with and 
embodies the views of the great majority of those likely to  be 
affected by this information and that there is a reasonable 
stability to the list; such request should be in as definite, final form 
as possible.

Clearly, the constructing of such a request is by no means 
whatever the duty of any one man or of any small group of men; 
it is a duty in which every person in the country engaged in 
the making, selling and distributing of articles of this class 
fully shares; in fact it is everybody’s business. The committee 
of the American Chemical Society can act merely as a clearing­
house for requests and then put them into a form that will be 
likely to receive the sympathetic attention and enlist the act­
ive cooperation of the officials who must supervise the details 
of gathering and publishing such material.

As Chairman of this special committee of the American 
Chemical Society, I have prepared a consolidated list (List I) 
of articles used or produced in or by chemical industries as they 
appear in the most diversified commercial reports of Austria, 
France, Germany, Great Britain, Italy, Sweden and Switzer­
land; italicized entries are to be found in the most diversified 
U. S. lists; black entries are additional items in our own U. S. lists 
as given in Monthly Summary of Foreign Commerce of the United 
States and Quarterly Statement of imported merchandise entered 
for consumption in the United States. In noting these entries it 
must be remembered that not all those entries appear separately; 
in many eases they are separated, but in the m ajority of cases 
they are lumped in with a large number of other items and 
segregation into values is not feasible and generally impossible; 
this is also true of List III.

In working with List I it must be borne in mind that in few 
cases only has any alphabetical arrangement been attempted 
for the reason that in the original lists little or no regard to 
alphabetical arrangement is had; the items seem to be arranged 
according to some commercial connection, real or assumed, 
between the various items. Further, that extreme niceties 
as to logic of classification cannot be considered by those who, 
in the final event, must gather the information; that repetition 
must be avoided and no material can be reported more than once.
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I — M a l t , O il  F r u i t s , I n d u s t r ia l  
P l a n t s , F r u i t s  &  P l a n t  J u ic e s  
B e a n s - Soya, vanilla
M alt, excl b u rn t & ground
Ra peseed
Castor beans
P oppy  & sunflower
Linseed  & meal
Cocoa, crude
Palm  kernels
Licorice root
K opra
H em p seed
H ops
M adderroo t, Q uercitron & other 

dye p lants 
S ugar-bee t-seed  
O pium
Strychn ine & its salts 
K ino
Aloe & o ther fru it & p lan t juices

I I — V e g e t a b l e  P r o d u c t s  f o r  I n ­
d u s t r i a l  o r  M e d i c i n a l  U s e s  
Cinchona bark
R h ubarb  root 
G entian  root 
Chocolate 
Curcuma 
Cudbear
C araw ay, Iceland moss &* other 

crude lichens; Tamarinds, stick- 
cinnamon; berries, leaves, 
flowers, etc., for medicinal uses. 
Insect pow der & flowers 

Tea for caffeine
Vegetable waxes in natural stale 
Wood fo r  wood pulp, etc.
Wood charcoal & powder, char­

coal briquettes 
W ood, flour i t  excelsior 
Roots for distillation. R oots for 

medicinal use
I I I — D y e n v o o d s  & T a n n in g  M a ­

t e r i a l s
Logwood
Fustic, Brazil wood
Cam-wood
Orchil
G round or ferm ented dyewoods 
Quebracho & o ther woods, in 

blocks: ground 
Algarobilla, D ividivi & other 

n. s. p. f.
Ua Ionia 

N utgalls 
Myrabola us 
Sumach
C atechu (brown & yellow) Gam- 

bier (crude or refined)
O ak bark  
Coniferous barks
M imosa, mangrove, m aletto  & 

o th e r tan -barks 
Oak, pine & chestnut-cxtracls 
Nutgall-extract 
Quebracho-extract 

.Sumach-extract 
All o ther tann ing  extracts

I V — R e s i n s , L a k e s , V a r n i s h e s  & 
P u t t i e s
Lakes, dry or pulp
Turpentine resins 
K auri other copals 
Damar, akaroid & o ther resins, 

o libanum  & o th e r soft resins; 
gum -resins 

G um -lac 
Gum , chicle

guayule
Shell-lac
Acacia, oca j  on, cherry , cu tera  & 

bassora-gum s 
E xtract P ersian  berries  
Tragacanth 
Sea mmony
Oil varnishes, Bird-lim e ex linseed 

oil
Sp ir it varnishes. Shellac-putty  
Lacquers {non-spirit) a spha lt v a r­

nishes, coach varnishes 
Sealing waxes 
P u tty  & p u ttie s  n. s. p. f. 
Asbestos pa in ts , asbestos p ig­

m ents, asbestos p u tty
V — C a o u t c h o u c  &  C a m p h o r  

Caoutchouc, crude or refined 
Gutta percha, crude or refined 
Balata, crude or refined 

In su la ting  compound 
Rubber, scrap or waste 
Caoutchouc substitutes 
Camphor o ' manna

V I — A n im a l  &  V e g e t a b l e  F a t s  &  
O il s
Ilog lard
Lard , neu tra l com pounds & su b ­

stitu tes  
Oleomargarine «
Goose-fat, beef marrow, etc. 
G rease : enfleurage, soluble

Prim e beef tallow
Beef is* mutton tallow
B one-fat, fat-w aste, stcarin-p itcli
Fish, whale &* seal oil
Fats, etc., from  fish, whale seal
Horse fa t, deer-tallow , etc.
Rape oil 
Linseed oil 
Bean-oil 
Peanut-oil 
Sesame oil 
Olive oil
L av a t & sulfur oil 
Cottonseed oil 
Wood ta r  oils 
Castor oil
O i l : Alm onds (sweet)

Birch tar
Cajeput
Chinese nu t
Cinnam on
Citronella
Cod
Cod liver
Eucalyptus
H em pseed
O riganum  (red & white) 
Poppyseed 

Beech, bone, corn,, poppjr, su n ­
flower and  o ther fa tty  oils 

Fat-oils in tins, bottles, etc.
Cocoa butter
C ottonseed stearin
Palm  oil (palm  b u tte r, -fa t, etc.)
Palmkernel oil & fa t
Cocoanut oil, fa t & tallow
Vegetable tallows
Vegetable ivory
Ole in
M argarine
Edible vegetable tallow 
O i l  C a k e : Corn 

Cottonseed 
Cotton & linseed 
M ustard  
P ean u t 
R apeseed  
Soya bean 

Oil cake m eal 
O leostearine

V II— A n im a l  P r o d u c t s  
Extract, m eat 
Egg-yolk 
Egg-albumen
Bees & o ther insect, waxes, 

honeycom bs 
G elatine 
Sperm aceti 
F ish  glue, agar-agar 
Glue
G lue-size
G lue-w aste
Bones, horns, hoofs, etc., not for 

cutting purposes 
H orn-w aste for fertilizer 
Galalith 
Oil cloth 
Linoleum
Bone &• other anim al blacks;

bone-ash 
D ried blood

V III— S t a r c h , S u g a r  
Potato starch green or d ry  
R ice starch
Corn, w heat & o ther starches 
S tarch  gums, dextrins, b u rn t 

s tarch , paste , adhesives & 
gluten-m eal 

Beet sugar
B e e t -S u g a r : F la ts , sticks & cubes 

G round & lum p 
G round refined 
Loaf & brown 
C onfectioners’
Raw , solid or liquid 

Cane sugar
Cane sugar, raw , solid or liquid 
All o ther solid & liquid sugars 
Sugar (cane & beet) tank  bot­

tom s, syrups, etc., up to 1000 
Siru p s  molasses 
G lucose (syrup)
S tarch , fru it & o ther ferm entable 

sugars, b u rn t sugar 
Caramel, solid  6r* liquid  
G rape sugar 
In v e rt sugar 
M aple, sugar & syrup 
M ilk sugar

IX — A l c o h o l , V i n e g a r , Y e a s t  & 
M i n e r a l  W a t e r
Alcohol, in  barrels 
Alcohol in bottles 
Vinegar o f all k inds  
M ethy lated  spirits 
W ine yeast 
All o ther yeasts
M ineral w aters, artificial, etc., 

incl., bottles

X — M i n e r a l  &  F o s s i l  R a w  M a ­
t e r i a l s
Alunite
Clay, common, potters, fire pipe 
Kaolin b* china clay 
B urnt clay, chamotte, Fayence, etc. 
Yellow , ochre, bole, Sienna t*  

Verona earths 
O ther earth-colorS, artificial oxide 

iron, crude 
Chalk, white, crude 

Purified
Graphite, crude, ground & washed 
Pumice, Tripoli, crude, ground, 

washed or in bricks or tile 
Emery, crude, ground or washed 
M ineral abrasive, polishes, & 

cleansers, crude, ground, or 
washed 

Enamels glazes 
K ieselguhr, quartz-sand , fire­

stones
Lim e, slaked, lim estone or lime 

m ortar 
Magnesia
Magnesite, native  or burnt 
W itherite , native  or burn t, 

stron tian ite  
L im e phosphates (Apatite , phos­

phorite, coprolite, etc.)
Gypsum; gypsum -super phos­

phate 
Puzzolan, etc.
Portland  cr* Romati cements 
Gypsum  cem ent 
K een e’s cem ent 
G round lime; tripo lith  
Asbestos, crude
V enetian chalk, crude, ground or 

b u rn t
Talc, crude, ground or b u rn t 
M ica, crude 
Barytes & Coelestite 
Feldspar, ord inary  
Fluorspar, crude; Cryolite, 

n a tu ra l 
Borocalcite & Tincal 
Monazite-sand 
M antles (gas, oil, etc.)
Fuller's & o ther earths & bitu­

minous shale

X I — O r e s , I r o n , S l a g s  
A ntim ony ore &* matte 
A ntim ony regulus 
Arsenic ores 
Bauxite, concentrates 
Lead-ores 
Cerium -ore 
Chrom e-ores 
Cobalt-ore 
Iron-ores 
Gold-ores 
C orundum
Copper-ores inclusive of pyrites 

cinders 
Copper regulus 
K ainite 
K ieserite  
Manganese-ores 
Nickel-ores 
P latinum -ores
Pyrites (P y rrho tite , m arcasite, 

etc.)
Silver-ores 
'Tungsten ores 
Zinc-ores 
Zinc sulfide 
Tin-ores
U ranium , m olybdenum  & o ther 

ores n s. p . f.
U ranium  oxide
G as-purifying masses containing 

iron or m anganese; slags, slag 
felts, slag  wools; ferrocyanide, 
sludge; ashes, pyrites-cinder, 
etc.

X I I — F o s s i l  F u e l s
Anthracite, bitum inous  & cannel 

coal 
Lignite
P ea t, peat-coke & p ea t fuels 
Coke
Coal— briquettes 
Culm
Lignite—briquettes  
Coke-like residues & artificial fuels 
C arbon e lectrodes 
In candescen t lam ps, carbon or 

m etal filam ent 
Carbons, formed  &* crude; vege­

tab le  carbon

X I I I — M i n e r a l  O i l s  &  O t h e r  
F o s s i l  R a w  M a t e r i a l s  
A sphaltum  & bitum en 
Lubricating vaseline oils 
Crude petroleum; p itch  & n a tu ra l

liquid asphalt 
H eavy gasolines, tu rp en tin e  sub­

s titu te s

G as oils 
D ead oils 
Refined petroleum  
Crude gasoline
Benzine , gasolitie, ligroin. p e tro ­

leum  e ther & sim ilar refined 
light-oils 

L ignite, peat and shale-oils & 
o ther not otherw ise specified 
m ineral oils, ta rs  & pitches 

Paraffin, crude &  refined 
Soft paraffin
Solid asphalt & a sp h a lt bricks 
A sphalt-m astic, pitch , resin it 

wood cem ent 
Ozocerite &  mountain-pitches, 

crude
Refined ozocerite, ceresin 
P itch  & black wax 
P itch-like petroleum  residues 

heavier th an  w ater 
M arine glue pitch 
Shale-p itch ; lignite ta r, peat ta r, 

wood ta r, birch ta r  
Oil & w ater-gas ta r  
G as liquor

X IV — C o a l  T a r  O i l s  &  P r o d u c t s  
Coal tar
Carbolineum  
Coal tar pitch 
Benzol, toluol, cuinol, etc. 
Anthracene, carbolic, creosote & 

o ther heavy coal-tar oils & 
asph a lt-n ap h th a  

S o lven t-naph tha  
Naphthalene 
Anthracene
Phenol, crude or r.efined 
Lime carbolate  
Pyridine bases
Cresol, crude carbolic, 100 per 

cen t *
A rseniate
A n ilin : Oil & salts 
Dimethyl anilin  
Benzyl chloride 
Naphthol, naphthylamin  
N aph tho l com pounds 
A nthraquinone, n i t r o b e n z o l ,  

toluidin, resorcin, phthalic acid 
& o th e r coal-tar products

XV—W ax us
Prepared  bees, & other insect 

waxes
Prepared  vegetable waxes; vege­

tab le  wax waste
X V I— S o a p s  a n d  F a t  P r o d u c t s  

O rdinary  soft soap; oils & fluid
fats. T urkey-red  oil; liquid 
Creolin & like cleansers; soap 
substitu tes  in barrels 

H ard  soaps; Creolin & like hard 
cleansers; soap su b stitu tes  & 
evaporated  lyes no t elsewhere 
specified

Cake soaps; liquid soaps, soap 
powders, papers & o th e r soap 
su b stitu tes  

S o a p : Castile 
M edicinal 
Toilet, perfum ed 
Toilet, unperfum ed 

S tearin , palm itin  
Tapers, candles & night-lights 
Phonograph p la tes & rolls of wax 

or ceresin 
Crude glycerin 
Refined glycerin 
Soap waste lyes
Paraffin o in tm en t, vaseline, vase­

line ointment, lanolin &  lanolin  
preparations 

Rosin-soaps
W ashing powder & fluid
Degras
Axle-grease
O ther lubrican ts  m ade from fats 

or oils 
Shoeblacking, solid 
Yellow shoe polish 
Polishes made o f fa ts, oils, soaps;

alum ina soap, artificial polishes 
S tearin , palm itin , etc ., form ed

X V II— C h e m ic a l  &  P h a r m a c e u t i­
c a l  P r o d u c t s
A braum  salts:

12-15 per cen t K ;0  
M ore th an  15-19 per cent K jO 

A braum  salts n. s. p . f.
Acetanilid
Acetates, all o ther n. s. p. f. 
Acetone oil 
Acetphenetidine 
A c i d : Acetic

.4 celylsalicylic
Arsenic
Arsenious
Benzoic & sodium  benzoate 
Boric
Chlorsulfonic
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A c id  (Continued):

Chromic
Citric
Formic
G lycerophosphoric 
Hydrochloric (nitrohydro- 

chloric)
Hydrofluoric
Lactic
N itric
Oxalic
Phosphoric
Prussic
Pyrogallic
Salicylic  & sodium  salicylate 
Sulfuric:

Non-fum ing 
Fum ing 
F o r fertilizers 
S pen t 

Tannic  &* gallic 
Tartaric 
Valerianic 
Acid, A nhydrides 

Acetic 
Sulfuric

Alkali & o th e r m etals no t 
specified

Alkaloids, all o ther, th e ir  salts & 
com pounds 

A l u m : soda, potash  or am m onia 
chrom e, iron or copper 

A l u m in u m : A cetate 
Chloride
Hydrate, artificial 
Oxide, artificial 
Sulfate  
Sulfite
Sulfocyanide 

A m m onia w ater 
A m m o n iu m : Carbonate 

Chloride 
Fluoride 
Nitrate  
Perch lo rate  
Persu lfa te  
P hosphate  
Sulfate

Amyl ace ta te  
n itr ite

Anilin com pounds, no t dyes 
A n t i m o n y : Fluoride 

O xalate
Regultis or metal 
All o ther com pounds 

n. s. p. f.
A ntipyrene
Antitoxins
Arc carbons
Argols, crude or refined (soda or 

potash)
Artificial & n a tu ra l m ineral 

w ater salts 
Artificial balsam s, ex trac ts  & 

w aters, not perfum es 
A r s e n i c : M etal 

Sulfide
Com pounds, all o ther 
n. s. p. f.

Aspirin
Baking powder 
B a r i u m : Chlorate 

Chloride 
H ydra te  
Oxide 
N itra te  
Peroxide 
Sulfide 

B eetroot potash  
Benzoates n. s. p. f.
B ism uth salts
Borax
Bromine
Brom ides of po tash , soda, am m o­

nia
Brom ides n. s. p. f.
Bromoform & Iodoform  
Bromine, organic com pounds 

n. s. p. f.
Caffeine
C a l c iu m : Carbide

Chloride & liquors of 
N itra te  (air)

T artra te
C arbon bisulfide 
C arbon tetrachloride 
C arborundum  
C arborundum  discs 
C arborundum  paper 
C arborundum , o ther m anufac­

tu res of 
C arbides n. s. p. f.
C arnallite , 9-12 per cent K 2O 
Casein & non-edible casein 

preparations 
Chem ical products, n. s. p. f. for 

photographic, cleansing & 
other uses 

Chloral hydrate 
C hlorates n. s. p. f.
Chlorine com pounds, organic 

n. s. p. f.
Chloroform

C h r o m e : Acetate 
Chloride 
Oxide (hydroxide) 

Chrom ous chloride 
Cobalt oxide 
C obalt salts n. s. p. f.
Cocaine, crude &* refined 
Cocaine, salts of 
Cellophone 
Collodion &  celloidin 
Copper sulfate (copper & ferrous 

sulfate)
Creosote, wood-, p ea t & ta r 
Cryolite
Cyanides (potash o r  soda)
D isinfectants
Ecgonine
Egg albumen, dried & powdered;

albuminous materials 
Epsom  salts 
E th y l bromide 
Ethyl chloride 
E th y l iodide
Ferrosilicon with 25 per cent Si 

or more
Fertilizer salts inclusive of potash 

fertilizer w ith 30 per cent K 2O 
F ilter-tubes 
F luorides 
Fluosilicates 
Formaldehyde
Form aldehyde-sulfoxylates 
F ru it & p lan t juices containing 

e ther or alcohol 
G a s e s , C o m p r e s s e d : Acetylene 

Hydrogen 
N itrogen 
Oxygen 
All o ther 

L i q u e f i e d : A cetylene 
Am m onia  
Carbon dioxide 
Sulfur dioxide 
All o ther

Gelatine
G elatine capsules 
G l u e : Crude 

O ther than  egg 
F o r prin ting  rolls 

G o l d : Chloride 
All o ther salts of 

G r e e n : Schweinfurth &  sim ilar  
G uaiacol carbonate 
H ydrogen peroxide 
H ypochlorites n. s. p. f.
In d u stria l chem icals n. s. p. f. 

Inorganic 
Organic

Inorganic chem icals for medicinal 
use n. s. p. f.

Insecticides 
I r o n : Acetate 

Chrom ate 
L actate  
M ordan t 
Sulfate
Sulfide (artificial)

Iodine
Iodides of potash, soda & am m o­

nia
All o ther 

Lactates n. s. p. f.
L e a d : Chromate 

Nitrate
Oxide (litharge) w ith  or w ith ­

ou t gold & silver 
Peroxide 
Red oxide o f  
Sugar of 
Sulfate
All o ther salts n. s. p. f. 

Licorice extracts 
C rude or refined 
M edicinal 

L i m e : Acetate & gray acetate 
Chloride o f  & bleach liquors 
Citrate o f 

M a g n e s i a : C arbonate, artificial 
Chloride & liquors of 

M anganese chloride 
M edicinal & p harm aceutical p rep ­

arations, n. s. p. f.
M e r c u r y : M e ta l  & a l lo y s  t h e r e ­

o f
Chlorides 

M etalloids n. s. p. f.
M ethyl-e thyl ketone 
M orphine & its salts 
N i c k e l : Oxide

Sponge
Sulfate

N icotine 
N icotine, salts of
N itra te s  of thorium, cerium  & 

rare  earths 
N itra te s  n . s. p. f.
Opium  alkaloids
Organic chem icals for medicinal 

use, n. s. p. f.
Oxides n. s. p. f.
Perchlorates

Persulfates 
Phenolphthalein  
Phosgene 

Phosphorus, red &  yellow  
Phosphorus hydride 
Phosphorus sesquisulfide 
Photographic chem icals n. s. p. f. 
Photographic  d ry  plates & films 
P o t a s s iu m  (o r  P o t a s h ) : 

A rsenate 
B itartra te  
Carbonate
Caustic, solid or liquor
Chlorate
Chloride
Chromate &  bichromate 

: M agnesium  sulfate 
M anganate  & Permanganate 
Nitrate  
Oxalate 
Phosphate
Prussiate yellow or red (sodium)
Sulfate
Sulfide  (soda)
Sulfocyanide 
Salts, all o ther n. s. p. f. 

P rop rie ta ry  medicines 
Quinine, its salts 6 * compounds 
Rochelle salts 
Saccharine 
Salicylates n. s. p. f.
Salicine
Salol
Salt
Salt brines & b itte rn s 
Santonin  
Saponine 
Selenium sludge 
Sheep-dip 
Silk, artificial 

N itro  
All o ther 

S i l v e r : Bromide 
C hloride 
N itra te  
All o ther salts 
All o th e r com pounds 

S o d iu m  (o r  S o d a ) : Acetate 
A lum inate  
Arsenate
Ash, crude and  refined; boiler 

scale p reparations containing 
soda ash; washing soda 

Bicarbonate 
B isulfate (nitre cake)
Caustic solid or liquid 
Chlorate
Chrotnale or bichromate 
C rystals (soda)
H ydrosulfite
Ilyposulfite
Nitrate
N itrite
Peroxide
Phosphates
Silicofluoride
Sulfate  (salt cake)
Sulfhydratb
Sulfide
Sulfite  & bisulfite 

S t r o n t i u m : C arbonate  (artificial) 
Chloride 
Oxide

Sulfides, all o ther n. s. p. f. 
Sulforicinat°s 
Sulfur, Spence m etal 
Sulfurchloride
S yn the tic  or artificial foods or 

nu trien ts  
T a r ta r  em etic 
Terpene hydrate
Thorium , cerium  & zirconium, 

all o ther salts of 
Thym ol
T in , chlorides of 

Oxides of
All o ther salts of n. s. p. f. 

T ungsten  dioxide 
TJrea
Water glass (potash or soda) 

liquid
Water glass (potash or soda) solid 
Welsbach mantles, scrap 
Z i n c : Chloride 

Sid  fate
Salts, all o ther n. s. p. f.

All o ther chem icals & pharm a­
ceutical products

X V III— D y e s  & D y e  W a r e s  
Cochineal 
L a c - d y e
Anim al kerm es, cochineal, car­

m ine, sepia 
B leacher’s blue 
C oal-tar dyes 
A niline  dyes 
Azo dyes 
Sulfur dyes
Azuline, fuchsine & rosein dyes 
N aphthalene  dyes 
Aytthracene ayes other than 

alizarin red

Alizarin  red
Indigo vegetable & synthetic 
Indigo carm ine & lakes of indigo 

& indigo carm ine 
Food & b u tte r colors 
Prussian blues, chrome-green cr* 

zinc-green 
Ultramarine &  ultramarine lakes 

C obalt oxide 
Litharge
O range m ineral
White lead 
Blanc fixe 
Zinc oxide (white)
Z inc dust 
Lithopone 
Z inc oxide (gray)
Red cinnabar 
Copper oxide 
Logwood extracts
E xtracts  of fustic, Brazil wood. 

Quercitron & other dye woods 
Chalk, while, washed, etc.
Iron oxide, native 6* artificial 

(also yellow ochre)
Umber, Sienna  &* other n. s. p. f .

earth colors 
D ry, not prepared prin ting  ink 

lam pblack 
Blanco polish 
Bronze & m etal colors 
Chrome colors
Copper pigm ents & other 11. s. p. 

f. pigm ents & lakes, d ry  or 
pulp

Colored prin ting  inks; cheese 
colors, orseille ex tract, chloro- 
phy l & o ther n. s. p. f. p re ­
pared  colors 

Printing ink, black 
Lead, zinc, lithopone, iron oxide 

ground in oil, in tins or other­
wise packed for retail; all othxr 
prepared colors 

Sm alts
Colors in color boxes, w ater- 

colors, etc.
Ink , ink-powder 
Graphite, formed for retail 
E arth , Van Dyke 
Zinc chrom ate
Lead & colored pencils or 

crayons; chalk crayons 
All o ther dyes & dye wares

X I X — 'E t h e r s  &  A l c o h o l s  
A c e t ic  e th e r
Amyl e ther 
B utyric  e ther 
Ethyl ether 
E ther, n itrous
E thers of all kinds; cognac-oil 
Fusel oils; amyl, bu ty l, propyl 

alcohols 
C rude wood alcohol 
C rude acetone
Refined acetone, wood alcohol & 

w ater solutions of form alde­
hyde

A cetaldehyde, paraldehyde

X X — V o l a t i l e  O i l s , A r t i f i c i a l  
P e r f u m e s , T o i l e t  P r e p a r a ­
t i o n s
W ood ta r  oil, caoutchouc oil;

anim al oil 
Turpentine oil, pine-needle oil, 

rosin spirit 
Orange, lemon, bergamot & o th e r 

citrus volatile oils 
Camphor, anise, clove, laurel, 

elderberry, peppermint, rose­
mary, lavender & o th e r volatile  
oils; m enthol & m enthol pencils 

Terpineol, heliotropin, vanillin , 
cum arin, anethol, benzaldehyde, 
& o ther perfum e m aterials 

S yn thetic  perfum es 
Odoriferous fa ts, ointments 6* 

pomades 
E au de cologne
Other ether cr* alcohol containing  

toilet waters, vinegars 6* prep­
arations

Ether (s* alcohol containing mouth 
&  hair washes 

Toilet waters
Powders, cosmetics, tooth &  n j  s. 

p. f .  powders

X X I— A r t i f i c i a l  F e r t i l i z e r s  
Artificial guano, ground bones &

flesh, anim al m anure 
Natural guano 
Bone-meal
Thomas phosphate meal 
Superphosphates, etc.
Calcium cyanam ide

X X II— E x p l o s i v e s , A m m u n i t io n , 
C o m b u s t i b l e s
G uncotton , collodion cotton
Gunpowder
C ordite
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L i s t  I— (concluded)
D ynamite  & o ther explosives 
■'Fulminates 
Picric aeid 
High explosives 
Propellants
Primers & the  like; flobert 

m unitions 
Loaded cartridges 

M atches, wood & paper 
M atches, wax
Fireworks: an tim ony, magnesium 

or zinc torches 
P itch  torches: fuses, etc.

X X III— W o o d  F i b e r . C h e m ic a l  
P a p e r
Mechanical pulp
Straw, esparto b* other fibers;

paper-stock 
T racing, blue-print, gelatine, fly, 

ozone & te st papers 
Sulfate pulp 
Sulfite pulp
Chem ical pulp: bleached & un­

bleached
Papier maclnS 
Sensitized paper 
photographic paper

X X IV —F i r e - B r ic k  &  C l a y
P r o d u c t s
Firebrick; rec tangu lar under 5 

kg. per piece 
F irebrick ; rec tangu lar over 5 

kg. per piece 
O ther fireproof m aterials of clay 

or clay-like m aterials; crucibles, 
mu flies, capsules, tubes, 
cylinders & o ther hollow-ware 
except re to rts; p la tes o ther 
th a n  stone; crucibles of m ag­
nesia cem ent or soapstone 

E arthenw are : V itrified & non­
vitrified 

Retorts
Graphite crucibles, tuyeres, etc. 
Porcelain chem ical ware

X X V — M e t a l s  
B arium  
B ism uth 
Calcium 
Cobalt 
M agnesium  
Pew ter 
P otassium
Fine gold; alloyed gold, crude or 

cast; gold bars 
Gold ashes, scrapings or broken

K°ld .Platinum , iridium , osmium, 
palladium, rhodium, ruthenium, 
unalloyed crude or cast 

Fine silver, alloyed silver, crude or 
cas t; silver bars 

Silver scrapings

Pig iron 
Scrap steel 
Scrap cast-iron
FERRo-aluminum, -chrom e, -m an­

ganese ,-nickel, -silicon, &  other 
non-malleable iron-alloys 

-C erium  
-M olybdenum  
-P hosphorus 
-T itanium  
-T ungsten  
-V anadium  

A lum inum  crude in plates 
A lum inum  bronzes 
Lead, crude, lead scrap 
Z i n c : crude 6* scrap 

D raw n, rolled 
D ust 

T in , crude &  scrap 
N i c k e l : Metal & coins 

Alloys 
Copper, crude 
Copper coins, scraps, etc.
Copper rods, sheets, vessels„ 6* 

hollow-ware 
Brass & sim ilar alloys & scrap 
Bronze & sim ilar alloys & scrap 
Yellow m etal 
B abbitt m etal 
R adium  & its salts 
Rhodium  
R uthenium  
Selenium  & its salts 
Sodium 
T antalum  
T itanium  
Type-m etal 
A ntim ony, crude
Chrom e, cadmium, tungsten & 

o ther non-noble m etals adap ted  
for fabrication , crude & scrap

X X V I— I n d u s t r ia l  W a s t e s  
Animal 
Vegetable 
Iron 
Glass 
Tobacco 
W a x  
Cotton 
Lead
D ried fru it
Dyehouse
Linen, hem p, ju te
C aoutchouc
Nickel
Silk
S oapm akers’
Wool 
Sugar 
B eet pulp 
Fertilizer 
Papcrm akers’
Leather & hides 
All o ther

Those who use the lists in their filial form must be pre­
pared to perform some mental labor in spelling out from such 
records the precise information they may want in any specific 
instance.

List I is based upon official documents (except U. S.) pub­
lished before the outbreak of the present war.

On M ay 10, 1916, the British Government prohibited the 
exportation of a number of chemical substances from Great 
Britain. This list appeared in the M ay 31, 1916, issue of the 
Journal of the Society of Chemical Industry, pp. 620-622. It 
is more diversified than any single Government Commerce Re­
port that I have found; it may give valuable hints as to those 
things that in time of stress assume an importance to a nation’s 
life that is not accorded them in times of peace; since such list 
may foreshadow further expansion of commerce reports such 
parts as are not contained in the foregoing are now given as 
List II. Study of this list may very well suggest proper addi­
tions to our own commerce or similar reports.

The Tariff A ct of the U. S. recites certain specific chemicals 
and also classes of chemicals and these m ay also suggest proper 
additions; some of the relevant entries in the Tariff A ct of Oc­
tober 3, 1913, are given in List III. The Treasury Depart­
ment makes returns under each of the heads of List III  and this 
information might be kept separate and published or at any 
rate so much of it as may thus serve a useful purpose; it is to 
this point that special attention should be directed since it

promises the easiest and most practicable mode of expansion 
for all concerned.

The labor expended in getting up the foregoing lists has been 
considerable and it has been exceedingly tiring work; it has re­
sulted in bringing into relatively small compass information 
contained in four different languages and itself widely scat­
tered; in spite of reasonable care I have, 110 doubt, overlooked 
some items and duplication may not have been avoided, but 
this should in no wise deter everyone interested from taking 
off his coat and getting down to work to see, firstly, if he him­
self and his interests are supplied with proper information and, 
if not, just what further information may be needed; then repeat 
that process for his section of the country, and then for the coun­
try at large, and forward that information in a letter (prefera­
bly typewritten) to the secretary of the nearest section of the 
American Chemical Society or American Electrochemical So­
ciety. Such letters should be written, well spaced, on paper 
of the ordinary business letter size (8 or 8V2 by 11 inches) and 
on one side of the paper only; the intention is to have these 
original letters suitably bound and appropriately indexed, and 
to have them accompany the final recommendation when, and 
if, it is presented to the officials in Washington. The 
work of the members of the local sections of the A. C. S., the 
A. E. S. and of this special committee, will be greatly expedited 
if each such letter were to be accompanied by seven (7) carbon 
copies to serve as working copies for the various committee' 
members, and such effective coôperatidn will be more than re­
paid in speed and certainty. The final recommendation of this 
special committee must be backed up, as far as possible, by 
individual letters, otherwise the recommendations might very 
properly be looked upon as the personal opinions of only a few ; 
that would not be fatal but it would be disadvantageous.

This special committee itself cannot possibly bring its plans 
to the attention of all interested; it must depend upon the co­
operation of the members of the A. C. S. and the A. E. S. to 
bring this matter to the attention of local boards of trade, cham­
bers of commerce or similar cooperative business organizations, 
and to the attention of individual concerns and corporations. 
Each member has his work to do, and this special committee 
counts with entire confidence upon a full performance.

Persons and corporations not members of the A. C. S. or the 
A. E. S. need feel no hesitancy whatever in taking active part in

L is t  I I — E x p o r t a t io n s  ( C h e m ic a l s ) P r o h ib it e d  b y  B r it i s h  G o v e r n m e n t , 
M a y  10, 1916

A eroplane dope 
Capsicum  
Capsicuin-oleoresin 
C arbon, Brazilian 
A lum inum  n itra te  
Amidol & m ixtures containing it 
A m m onia perchlorate 
A m m onia sulfocyanide 
A nti-te tanus serum 
B elladonna & its  p reparations 
B elladonna alkaloids, th e ir  salts & 

preparations 
B ism uth  n itra te  
Calcium  sulfide 
C antharides 
Chrom ium  chlorate 
Chrom ium  n itra te  
C obalt n itra te
C opper suboxide & m ixtures con­

ta in ing  it 
Cresol & nitrocresol 
C yanam idc
D iethy l-barb itu ric  acid (Veronal) 
Dyes, coal-tar, all articles contain ing  

them  
E m etine & its salts 
E rg o t of rye 
E ther, formic 
G entian  preparations 
G reen oil
H alogen derivatives of a liphatic  

hydrocarbons

H enbane & its p reparations 
H exam ethylene te tram iue & its 

p reparations 
H ydrobrom ic acid 
H ydroquinone & m ixtures con ta in ­

ing it 
Ipecacuanha root 
M anganese peroxide 
M ethyl aniline
M ethy l salicylate & its  preparations 
M etol & m ixtures contain ing  it 
N aph thalene  com pounds & p rep ­

arations 
N eosalvarsan 
N itrotoluol
Novocain & its preparations
N ux vom ica & its preparations
R adium  com pounds
Salipyrine
Salvarsan
Senna leaves
S tram onium  leaves & seeds 
Sulfonal
Theobrom ine— sodium  salicylate
T ripheny l phosphate
Trional
Trioxy m ethylene
Xylol, its  p reparations & com pounds
Scheelite
Selenium
V anadium
M ineral jellies

this work; write your suggestions to the secretary of the section 
of the A. C. S. or the A. E. S. nearest to you; there are 54 sec-



Aug . ,  1916 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 75.Î

L is t  I I I — C h e m ic a l  E n t r i e s  i n  U . S .  T a r i f f  A c t  o f  O c t . 3. 1913. ( T r e a s u r y  D e p a r t m e n t  R e t u r n s  A r e  M a d e  u n d e r  H e a d in g s  U s e d  B e l o w )

A c i d s : Acetic
Arsenic 
Arseuious 
Boracic 
Carbolic 
Chromic 
C itric  
F luoric 
Form ic 
Gallic
Hydrochloric
H ydrofluoric
Lactic *
N itric
Oxalic
Phosphoric
Ph tha lic
Prussic
Pyrogallic
Salicylic
Silicic
Sulfuric
T annic  and  T ann in  
T a rta r ic  
Valerianic 

Acetic anhydride 
Acctine 
Alcohol, wood
Alkalies, alkaloids & m edic­

inal m ixtures 
A lum ina hyd ra te  
Alum 
Alum cake 
P a te n t alum  
Sulfite of a lum ina 
A lum inous cake 
A m m o n i a : C arbonate 

M uria te
Liquid anhydrous 
Sulfate 
N itra te  
Perchlorate

A patite '
Argols
C rude ta r ta r  
C ream  ta r ta r  
Rochelle salts 
Calcium  ta r tra te  
B a l s a m s : Copaiba 

F ir
C anada 
Peru 
Tolu 

B a r i u m : Chloride 
Dioxide
C arbonate, precipi­

ta ted
Blacking, polishing powders 

& cream s 
Bleaching powder 
Caffein 
Calomel
Corrosive sublim ate 
Chalk, precip ita ted  
Chloral hyd ra te  
Salol
Phenolphthalein
U rea
T erp in  hyd ra te  
A cetanilid 
A cetphenetidine 
A ntipyrine
Glycero-phosphoric acid 
Acetylsalicylic acid 
Aspirin
G uaiacol carbonate
Thym ol
Chloroform
C arbon tetrachloride
Benzol
N aph tho l
Resorcin
Toluol
Xylol
Toluidin
Xylidin
Cum idin

Benzidin
Binitrobenzol
B initrotoluol
Tolidin
Dianisidin
N aph thy lam in
Diphenylam in
Benzaldehyde
Benzyl chloride
N itrobenzol
N itro to luol
N aph thy lam in— sulfoacids
N aph tho l— sulfoacids
Amidosalicylic acid
Binitrochlorbenzol
Diam idostilbcndisulfoacid
M etanilic  acid
Paran itran ilin
D im ethylanilin
C obalt, oxide of
Collodion
E t h e r s : Sulfuric

Am yl n itr ite  
Am yl aceta te  
E th y l aceta te  
E th y l chloride 

All o th e r e thers & esters 
E x t r a c t s  o f : N utgalls

Persian berries 
Sum ac 
Logwood 
Chlorophyll 
Saffron 
Safflower 

Form aldehyde 
Fusel oil 
Am ylic alcohol 
Gelatine 
Glue 
Glue-size 
Isinglass 
A gar-agar 
G l y c e r i n e : Crude 

Refined
G u m : Am ber 

Arabic 
Senegal
C am phor, crude, re ­

fined o r syn thetic  
Chicle, crude 
D extrine 
B urn t starch  
B ritish  gum 

In k  & ink powders 
Iodoform  
Potassium  iodide 
Licorice extracts 
Licorice root 
Coca leaves 
Lime citra te  
M a g n e s i a : Calcined

C arbonate  of 
Sulfate (Epsom  

salts)
M enthol 
O i l : Cod 

Seal 
H erring 
W hale 
Sperm  
Wool grease 
T u rkey  red 
Linseed 
Poppy  seed 
R ape seed 
P ean u t 
Hem pseed 
Almond, sweet 
Almond, b itte r 
Sesame 
Bean 
Olive 
Orange 
Lemon 
Pepperm int 
Am ber 
Am bergris

O i l  (continued ) :
Anise
B ergam ot
Camomile
Caraw ay
Cassia
C innam on
C edrat
C itronclla
Lemon grass
C ivet
Fennel
Jasm ine
Jun iper
Lavender
Aspic
Limes
Neroli
O riganum , red & white 
Thym e 
Valerian 

M orphine sulfate 
All o ther opium  alkaloids 
Cocaine 
Ecgoninc 
B arytes 
Blanc fixi 
Satin  white 
B l u e s : Prussian 

Berlin 
Chinese 
U ltram arine 

B l a c k : Bone 
Ivory 
Vegetable 
Gas 
L am p 

C h r o m e : Yellow 
Green

Ochre
Sienna
U m ber
Spanish Brown 
V enetian Red 
Ind ian  Red 
C olcothar 
L itharge 
Orange, m ineral 
Red Lead 
W hite Lead 
Lead ace ta te  
Lead n itra te  
V arnishes 
Vermilions
W hiting & Paris W hite 
Zinc oxide 
Lithopone 
Zinc sulfide (white)
Zinc chloride
Zinc sulfate
E nam el pain ts
P a in ts
Colors
S tains
Pigm ents
Crayons
Sm alts
Ceram ic fluxes 
Glass fluxes 
P o t a s h : B icarbonate 

C hlorate 
C hrom ate  
B ichrom ate 
N itra te  
Perm anganate  
Red prussiate 
Yellow prussiate 

S a l t s  o f : Bism uth 
Gold 
P latinum  
Rhodium  
S ilv e r  
T i n

S o a p s : Perfum ed to ilet 
M edicinal 
Castile 
All o ther

Vanillin 
Vanilla beans 
T onka beans 
S o d a : B enzoate 

C hlorate 
N itrite  
B icarbonate 
Caustic 
Phosphate 
H yposulfite 
Sulfide 
Sulfite 
C hrom ate 
B ichrom ate 
Yellow prussiate 
B orate (borax) 
C arbonate 
S a l
Sulfite crystals 

Talcum  
G round talc 
S tea tite  
French chalk 
Arsenic
Sulfide of arsenic 
Cinchona bark  
Bauxite 
Beeswax 
B ism uth 
C o p p e r : Sulfate 

Acetate 
Sub-aceta te  

B o n e : D ust 
M eal 
Ash 
Crude 

B orates of soda, crude 
lime, crude

Bromine
C adm ium
C a l c iu m : A cetate, brown or

gray
Chloride, crude 
C arbide 
N itra te  

Cem ent, R om an, Portland  
& o ther hydraulic 

C erium  ore 
C hrom ate of iron 
Chrom ium , h y d r o x i d e  

(crude)
A nthracene 
A nthracene oil 
N aphthalene 
Phenol 
Cresol
C obalt & ore
Cochineal
Sulfate of iron
Cryolite
C udbear
Divi-divi
Fulm inates
G am bier
Greases & fats for soap- 

making 
G uano 
Basic slags 
C yanam ide 
Lim e-nitrogen
G unpow der & all explosives 
G u tta  percha
In d ia  rubber, crude, scrap 

& refuse 
Indigo 
Iodine
Iridium , osmium, palladium , 

rhodium  & ru thenium  
Iron ore 
K ierserite 
K ain it 
Casein 
Lard
A sphalt, b itum en 
Litm us 
M adder 
M agnesite

M anganese oxide & ore of
M yrabolans
Oleostearin
Orchil
O i l s : Birch ta r  

C ajep u t 
Coconut 
Cod
Cod liver
C ottonseed
Croton
Ichthyol
Juglandium
Palm
Palm  kernel 
Perilla 
Soya bean 
Olive oil 
Chinese nu t 
N u t
Kerosene 
Benzine 
N aph tha  
Gasoline 
Paraffinc 
Sperm aceti 
W hale 

O r e s  o f : Gold 
Silver 
Nickel 
P la tinum  

Paris green 
London purple 
Phosphates, crude 
Phosphorus 
Photographic films 
Platinum  m etal & m anu­

factures of 
Plum bago
P o t a s h : Crude or black sa lts  

C arbonate  
Sulfate 
H ydra te  
N itra te  
M uriate 

Quinine sulfate & all c in­
chona alkaloids 

R adium  & its com pounds 
Selenium & its  salts 
Salt
Santonin 
Sheep-dip 
S o d a : A rsenate 

Cyanide
Sulfate (salt cake) 
Bisulfate (n iter cake) 
Ash 
Silicate 
N itra te  

Soya beans 
S t r o n t i u m : Oxide

C arb o n ate  
S trychnine & its  salts 
Sulfur 
Pyrites .
Talcum , s tea tite , F ren ch  

chalk 
T anning  ex tracts:

Quebracho 
. Hemlock bark  
Oak
C hestnu t 
N u ts  
N utgalls 

T erra  alba 
T in  ore & m etal 
T ungsten  ores
T urpen tine. Venice & sp irits  
U ranium  oxides & salts 
Valonia
Wax, vegetable or m ineral 
W ithcrite
W o o d p u l p : M echanical 

Chem ical 
Bleached 
Unbleached.

M atches

tions in 32 states of the Union and the District of Columbia. 
There are no formalities and there is no need to stand on cere­
mony.

In addition to the foregoing list helpful suggestions may be 
obtained by consulting the weekly import and export lists that 
appear in the Oil, Paint and Drug Reporter of New York, 
and the daily lists of manifests of incoming steamers as they 
appear in the Journal of Commerce and Commercial Bulletin 
of New York; also the weekly and annual summaries of British 
foreign and domestic chemical trade as they appear in The 
Chemical Trade Journal may offer useful suggestions.

List IV  gives the name and address of the secretary of each 
local section of the A. C. S. and the A. E. S., arranged alphabet­
ically bv states.

Should there be any changes in local secretaries from those 
given, the person addressed as indicated can be confidently 
counted on to forward such communication to his successor.

WORKING SCHEDULE OF COMMITTEE

The present plan is for this special committee to begin its 
preliminary list November i, 1 9 1 6 ; complete it November 1 5 , 
1 9 1 6 ; publish this provisional list in the 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 ,  December 6 , 1 9 1 6 , and in Metal­
lurgical and Chemical Engineering; begin its final draft February 
1 4 , 1 9 1 7 ; close the final recommendations February 28, 1 9 1 7 ; 
and present its recommendations to the proper authorities in 
Washington before M arch 1 5 , 1 9 1 7 ; this will leave 3V2 months 
for Washington to make its decision and arrange for the-
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L is t  I V — N a m e s  a n d  A d d r e s s e s  o p  S e c r e t a r ie s  o f  t h e  L ocal , S e c t io n s  
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  a n d  o p  A m e r ic a n  

E l e c t r o c h e m ic a l  S o c i e t y .

A . C. S .
M issouri 

G e o r g e  L a n g . J r .
»3601 Salena S tree t

S t. Louis, M o.
A l b e r t  G .  L o o m is

518 College Avenue
Colum bia, Mo.

W isconsin A. T . H in c k l e y
C /o  N ationa l C arbon Co.

N iagara  Falls, N . Y .

Alabama 
W. H . B e e r s , J r .

2114 F irs t Avenue
B irm ingham , Ala

California
B . S .  D r a k e

5830 Colby S tree t
O akland, Cal. Nebraska

H e n r y  L .  P a y n e  H .  M . P l u m
223 W est 1st S tree t D epartm en t A gricultural

Los Angeles, C al. C hem istry
Lincoln, Neb.

Connecticut
R . J . M a r s h N ew  York

Idaho

F . E. C a r r u t h
W est Raleigh, N . C. 

Ohio

Illinois
D. K . F r e n c h

2005 M cC orm ick Building
Chicago, 111.

G e o . D. B e a l  E . K . F il e s
U niversity  of Illino.s U niversity  of C incinnati

U rbana, 111. C incinnati. O.
. A. F . O. G e r m a n n
Ind iana  A delbert College

H. W . R h o d ijh a m e l  Cleveland, O.
643 E a s t 32nd S tree t W . J . M c C a u g h e y

Indianapolis. Ind . O. S. U.
Colum bus, O.

Iowa
W. G . G a e s s l e r  Oregon

Iow a S ta te  College N o r m a n  C. T h o r n e
Ames. Iow a 841 Brooklyn S treet

P e r r y  A. B o n d  Portland , Ore.
C edar Falls. Iowa

Kansas Pennsylvania
W . B . S m it h  G e o . C . B e c k

24 Federal B uilding 325 W yandotte  S tree t
K ansas C ity. K ans. S outh  B ethlehem , Pa.

J . H . G r a h a m  
K entucky  113 W . M anheim  S tree t

I>. I.. B l u m e n t h a l  . .  G erm antow n, Pa.
A gricultural E xperim ent S ta tion  W . C. C ope

Lexington, K y . U. S. B ureau of M ines
A. M . BRECKLER Pittsbu rgh . Pa.

C /o  Janes & Breckler
Louisville, K y . Rhode Islattd

R o b t . F. C h a m b e r s  
Louisiana  Brown U niversity

F . W . L iEPSN ER  Providence, R .  I .
310 C ustom s House

N ew Orleans, La. Souiit Carolina

A. C. S u m m e r s
U niversity  of South C arolina

C olum bia, S. C.

M aryland  
F . M . B o y l e s

C /o  M cC orm ick & C om pany

M aine  
L. M . B u r g h a r t

U niversity  of M aine
O rono, M e.

South Dakota 
H . I .  J o n e s

D ako ta  W esleyan
M itchell. S. D.

B altim ore, M d.
Tennessee

Massachusetts P a u l  C. B o w e r s
E. B . S p e a r  9  G a r la n d  A v e n u e

M assachusetts  In s titu te  of N ashville, Tenn.
Technology

B o s to n ,  M a s s .  Vermont
C. E . B u r k e

B urlington, V t. 
J a m e s  H . B o g a r t

925 Y . M . C. A. Building Virginia
D etro it, M ich. *

II. H . W il l a r d  W . A . B u r r o w s
802 M onroe S tree t 1000 E a s t C arey S tree t

A nn A rbor, M ich. R ichm ond, Va.

Ai ichigan

Minnesota 
S t e r l in g  N .  T e m p l e  

1758 W . Blair S tree t
S t. Paul, M inn.

Washington 
H . L. T r u m b u l l

U niversity  of W ashington
S eattle , W ash.

H . G . M c A l l is t e r
404 A lham bra B uilding

M ilw aukee, Wis. Pennsylvania
L . F . A u g s p u r g e r  S .  S .  S a d t l e r

U niversity  of W isconsin 39 S outh  10th S tree t
M adison, W is. Philadelphia

H . C. R a y
U niversity  of P ittsb u rg h

P ittsb u rg h , Pa.A . E . S . 

N ew  York

C /o  R . W allace & Sons M fg. Co. J. A. B r id g m a n
W allingford, Conn. M orse Hall

G. S. J a m ie s o n  Ith aca , N . Y.
121 Linden S tree t c - .

New H aven, Conn. 52 E a s t 41st S tree t -
New Y ork C ity

District o f Columbia R a y  H. W h it e
E . C. M c K e l v k y  730 Buffalo Avenue

B ureau of S tandards N iagara  Falls. N . \  .
W ashington, D . C. II . H . T o z ie r

26 Jones Avenue 
Georgia R ochester. N . Y.

J . S . B r o g d o n  A. J. S a l a t h e
70x/2 P eachtree S tree t Union College

A tlan ta , Ga. Schenectady, N . Y.
R. S. B o e h n e r

_ Syracuse U niversity
II. A. H o l a d a y  Syracuse, N . Y.

U niversity  of Idaho
M oscow, Idaho  Xorth CaroUna

W isconsin
T. M . M u ir  O . P .  W a t t s

239 W . 39 th  S treet, U niversity  of W isconsin
N ew  Y ork C ity  M adison, Wis.

gathering of the added information, if any, decided upon with 
the beginning of the fiscal year 1917-18.

Delay, or failure in getting suggestions to the local sections 
will hamper the special committee. Points of view cannot be 
considered unless communicated. Everybody’s cooperation 
is not only necessary but most cordially invited; if our list is 
not the best and most useful in the world to-day we must strive 
to make it so.

25 B r o a d  S t r e e t  
N e w  Y o r k  C it y

D EA TH  OF SIR W ILLIAM  R A M SA Y

Sir William Ram say died at his home, Beechcroft, at Hazle- 
mere, Bucks, England, on July 23rd. He was bom  in Glasgow 
October 2, 1852. He received his early education in Glasgow 
Academy and University, and served as assistant in technical 
chemistry in the Young Laboratory as early as 1872. He later 
became assistant in Glasgow University, where he remained 
until 1880, at which time he became professor of chemistry in 
University College at Bristol. He later joined the faculty of the 
University College, London, as professor of chemistry, which 
position he occupied until 1913, when he retired as emeritus 
professor.

Sir William Ram say has for many years held an undisputed 
position among the foremost scientists of the world and his 
scientific achievements are well known to the chemical pro­
fession. He was personally known to a large body of American 
chemists through his frequent visits to this country wheie he 
lectured at many of the leading universities and before the 
notable international meetings of the technical societies.

Of the many honors which he has received, probably the most 
notable is that of the Nobel prize in chemistry, which was 
awarded to him in 1904. Sir William was created a Knight' in 
1902. He was also a Commander of the Crown of Italy, a 
Knight of the Prussian Order Pour le Merite, an officer of the 
French Honor Legion, and an honorary member of the Royal 
Academies of twelve countries.

RESO LU TIO N S AD O PTED  ON TH E DEATH  ON 
E LTO N  FULM ER

The following resolutions have been adopted by the Northern 
Intermountain Section of the American Chemical Society 
011 -the death of Professor Elton Fulmer, of the Washington 
State College, Pullman, Washington:

W h e r e a s , Professor Elton Fulmer has suddenly been taken 
from our midst by death, be it

Resolved, That we, the members of the Northern Intermoun­
tain Section of the American Chemical Society, express our deep 
appreciation of his work as pioneer and leader in the develop­
ment of chemistry in the Northwest, his sterling character, 
and his devotion to high ideals.

Be it further Resolved, That we express to the fam ily our deep 
sense of loss in the taking away of a fellow worker and friend, 
and extend to them our heartfelt sympathy.

(Signed) J .  K o s t a l e k  
J .  S. J o n e s
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NOTES AND CORRESPONDENCE.
ON EFFICIEN CY OF AIR D R YER S

Editor of the Journal of Industrial and Engineering Chemistry:
I have read with considerable interest the letter of Prof. W. 

K . Lewis on the Efficiency of Air Dryers,1 wherein he refers to 
a discussion of this subject in the columns of the Journal of 
Metallurgical and Chemical Engineering in the years 1909 and 
1910. Inasmuch as I was guilty of starting some of the dis­
cussion referred to, in the issue of April and M ay, 1910, I beg 
permission to say a few words further on the subject.

The discussion arose from a published report2 of a test of a 
drying machine wherein an "efficiency” of 85 per cent was 
claimed by the late M r. W . B. Ruggles.

I criticized the use of the word “ efficiency” in the sense in 
which it was employed, and I take this opportunity to say that 
my criticism was directed solely to what I regarded as a mis­
leading use of a scientific term, and that I very clearly rec­
ognize the valuable services of the late Mr. Ruggles to the 
practical art of drying.

M r. Lewis finally arrives at the conclusion that it is 
desirable to express the results attained by drying machines 
in terms of "performance” rather than "efficiency,”  
"Performance” as defined by M r. Lewis being the actual
heat consumption in terms of B. t. u. per lb. of water
evaporated. W ith this I heartily concur and it really differs 
in no way from what I contended was the correct definition of 
"efficiency”  in 1910. Such a statement of performance is 
exact and definite, and precisely expresses what a drying machine 
accomplishes towards the purpose for which it is designed, 
viz., the evaporation of water by expenditure of heat. Further, 
the form of statement as proposed by Mr. Lewis makes it possible 
directly to compare the operation of two or more machines of 
different types. The “ performance” as defined by M r. Lewis
is indeed a  direct statement of energy expended and useful
work performed thereby.

The difficulty pointed out by Mr. Lewis of stating the “ effi­
ciency”  of multiple-effect evaporating apparatus is a real one 
and we may as well boldly face the fact that such apparatus 
(multiple-effect) really has an efficiency as heat using machinery 
of greatly over 100 per cent actually, and its theoretical “ effi­
ciency,”  as Mr. Lewis shows, is infinity. This is really only 
another way of stating the doctrine of conservation of energy. 
Ordinarily our utilization of energy is confined to one trans­
formation from kinetic to potential or vice versa. Multiple- 
effect apparatus is one instance (practically almost a singular 
instance) where we are able to repeat the change cyclically. 
Hence a definite amount of heat can be made to evaporate an 
indefinite amount of water. Of course in practice the physical 
limits are somewhat sharply drawn at five or six cycles, but 
theoretically there is no limit to the quantity of water that can 
be vaporized by a given amount of heat.

Such, however, is not the case with “ air dryers,”  which is the 
titular heading of M r. Lewis’ letter and which was the subject 
matter of the discussion of several years since, referred to b y  him.

The consumption of heat in an "air dryer”  for evaporative 
purposes is a perfectly definite thing and just as definite as 
in the case of a steam boiler. We have to deal only with one 
possible transformation of heat from sensible to latent form 
and the work that can thereby be performed (as evaporation) 
is perfectly definite.

It  is perhaps well to define an "air dryer,” and by the term I 
understand a machine utilizing artificial heat to evaporate 
water from some solid substance, wherein air at substantially 
atmospheric pressure is usually the medium by which heat is 

1 T h is  J o u r n a l ,  8 (1 9 1 6 ) , 5 7 0 .
7J .  Met. and Chem. Eng., M a r c h ,  1 9 1 0 .

conveyed to the material to be dried and always the medium 
by which the vapor produced is removed from the material or 
machine. I believe this definition covers all practical types of 
atmospheric drying apparatus. It  will be noted that it does 
not cover vacuum drying apparatus; but in all practical vacuum 
drying apparatus the evaporative possibilities of a given amount 
of heat are also definite and limited. The theoretical possi­
bility of indefinitely repeated utilization shown by Mr. Lewis 
applies only to multiplc-effect machines. As far as I am aware 
multiple effect has not been applied to drying, but only to the 
evaporation of solutions.

We see, therefore, that either in "air dryers”  or in vacuum 
dryers (single-effect) the quantity of water that can be 
evaporated by a given amount of heat is quite definite— not 
only practically but as a theoretical matter, and hence it is quite 
possible to state the performance of all practical dryers as a 
percentage "efficiency.”

It requires practically 1120 B. t. u. to evaporate 1 lb. of 
water from average normal temperature (I speak of course in 
round numbers) and any air-drying machine or vacuum dryer 
that evaporated 1 lb. of water for an input of 1120 B. t. u. 
would have an efficiency of too per cent.

In practice there arc various losses, due to radiation, to heat­
ing the dried material to the discharge temperature and to 
heating the outgoing air to the discharge temperature— this 
last being usually the greatest. All the losses are unavoidable; 
all can be greater or less according to the type and perfection 
of the machine and on their balance depends the efficiency of 
the machine. M y contention in the discussion of several years 
since was that any drying machine should be charged with the 
total heat supplied, whether in the form of steam or from direct 
combustion of fuel, and credited solely with the heat usefully 
expended in evaporation of water. This view is, I believe, 
entirely in accordance with M r. Lewis.

The second example given by M r. Lewis to demonstrate that 
there is no definite efficiency in air drying, appears to me quite 
irrelevant. The case is given of spreading material under a 
shed and allowing air to blow over it. M anifestly there is in 
this case no expenditure of artificial energy and it can have no 
relation to efficiency of fuel because fuel is in no w ay concerned. 
Nevertheless energy is expended and quite definitely; and the 
only reason we are not able to determine the efficiency of such a 
system is the impossibility of determining the factors. 
Could we determine with any accuracy the amount of air 
coming in contact with the material under such circumstances 
and the amount of (low-grade) heat brought into the system, 
also the drop in temperature and the increase in saturation 
(both of which would be very small), we should have in hand 
all the data necessary to determine the efficiency of the system.

M r. Lewis’ letter really treats of much more than the effi­
ciency of air dryers and goes into the field of evaporation in 
general. While this is of equal interest, it appears to me that 
the two things are quite distinct, although they do indeed in­
volve the common factor of evaporation of water. Neverthe­
less the other factors are so different that they had best be 
treated independently.

M r. Lewis has himself clearly shown one reason for separate 
treatment, in pointing out that a theoretically perfect multiple- 
effect evaporator has an unlimited efficiency. I  do not think 
this has been scientifically shown before, but we see in trade 
customs a dim realization that the standards applicable to 
drying machines, or in general single-effect machines, are not 
equally applicable to multiple machines. It  is quite a common 
custom for manufacturers of drying machines to claim for their
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machines a certain "efficiency,”  as a percentage. As I re­
member, this is never done with multiple-efTect evaporators, but 
instead a certain evaporation per pound of steam supplied is 
specified. This it will be seen is practically identical with the 
"performance” proposed by M r. Lewis.

As regards the last portion of Mr. Lewis’ letter, treating of 
the evaporation of solutions, I frankly confess that I utterly 
fail to understand. He assumes a solution boiling under a 
definite pressure, p, which is less than the pressure, po, of the 
pure solvent a t the same temperature. The vapor from the 
boiling solution is to be compressed isothcrmally and "can be 
introduced into the coils of the same effect from which the vapor 
itself came and there condensed at a temperature differentially 
higher (italics are mine) than that of the solution on the other 
side of the heating surface. The heat of condensation will 
thus be available for the evaporation of more water from the 
original solution.”

Now the temperature of the vapor is that of the pure solvent 
boiling at the assumed pressure and is lower than that of the 
boiling solution, owing to the lowering of the vapor tension by 
the substance in solution. This vapor is compressed iso- 
tliermally, that is, it remains at the same temperature, but it is 
required to give up its "heat of condensation” (? latent heat) 
to a solution at a temperature higher than its own.

Unless I have misread this passage, it looks like a flagrant 
violation of the second law of thermodynamics, and indeed 
involves the direct transfer of heat from a lower temperature to a 
higher.

I hasten to say this is not criticism and that m y failure to 
understand the mechanism of the described process is un­
doubtedly due to m y personal weakness in the science of 
thermodynamics.

B a y o n n e , N nw  J e r s e y  W. K . W a d m a n
June  24. 1916 __________________

ACTIVE AND LATEN T SO IL A CID ITY vs. IM M ED IA TE 
AND CONTINUED LIM E REQ UIREM ENT

Editor of the Journal of Industrial and Engineering Chemistry:

Recently there appeared an article in T h i s  J o u r n a l ,  8  ( 1 9 1 6 ), 
572, entitled “ Immediate and Continued Lime Requirement 
vs. A ctive and Latent Soil A cidity,”  by  W . H. M aclntire, of the 
University of Tennessee. In this article the inference is made 
that the present writer in a report in T h i s  J o u r n a l ,  8 ( 1 9 1 6 ), 
3 4 1 , has not given sufficient credit or prominence to Mac- 
Intire’s recognition of his so-called “ Immediate and Continued 
Lime Requirement”  as given in T h i s  J o u r n a l ,  7  ( 1 9 1 5 ), 8 6 4 . 
In regard to the statements that are made and the questions 
that are raised the writer deems it appropriate to state as fol­
lows:

Although possibly unknown to M aclntire, the writer pub­
lished an article in Science, 42 (1915), 505, in which the dis­
tinction is made between active and inactive soil acidity. This 
article appeared in the issue of October 8, 1915, and M aclntire’s 
article, in which he gave the expressions immediate and con­
tinued lime requirement, appeared also in the October, 1915, 
number of T h i s  J o u r n a l . In the Science article, the writer 
used the term inactive, for which was later substituted the 
term latent, since that seemed more desirable.

I t  is well to note further that Veitch, in an excellent dis­
cussion of the nature of soil acidity in the Am. Chem. Jour., 26 
( 1 9 0 4 ) ,  6 5 9 , used the terms active or actual acidity and inactive 
or negative acidity to designate different kinds of soil acidity. 
Veitch states that the total active and inactive acidity is esti­
mated by his lime-water method. This distinction of Veitch 
is thus plainly a different one than that made by the writer in 
T h i s  J o u r n a l ,  8  ( 1 9 1 6 ), 3 4 1 , since the lime-water method does 
not estimate even all the acidity that is designated by the

writer as active acidity, to say nothing of the acidity designated 
as latent acidity.

Possibly other references could be given in which a recogni­
tion has been made of differences in the activity of the acids 
causing soil acidity. One of the most significant facts in regard 
to the various methods proposed for determining soil acidity 
is that the results by any one method are seldom the same as 
by  any of the others. These differences have been recognized 
and attributed by some to differences in the nature and activity  
of the acids causing soil acidity. The m iter used the term 
active acidity and recognized differences in activity of soil acids 
in Wis. Sta. Bull. 2 4 9 , p. 1 5 . This bulletin appeared eight 
months before M aclntire’s publication in which was used the 
expression immediate lime requirement.

Perhaps the expressions chosen by M aclntire are superior 
to those chosen by the writer. If such is the case the criticism 
m ay be made that the writer shoidd have changed his expres­
sions in the subsequent publications after M aclntire’s article 
appeared. The writer is as yet not convinced of this superi­
ority, and even if this superiority is granted other difficulties 
arise as follows:

Determinations made lately indicate that M aclntire’s method 
for his so-called immediate lime requirement does not indicate 
the same amount of acidity as the method given by the writer 
for active acidity. The methods thus clearly do not indicate 
the same point in the complete neutralization of the soil acids. 
The writer would thus have been open to serious criticism had 
he stated, subsequent to the publication in Science, that the 
method proposed measures the so-called immediate lime re­
quirement as defined by M aclntire. In fact, the writer wishes 
to state definitely that the method proposed does not measure 
this immediate lime requirement as apparently defined by Mac- 
Intire.

W hatever practical or scientific meaning M aclntire may 
wish to convey by  the expression, immediate lime requirement, 
it may be well to state clearly that the method (in which is 
used a solution of Ba(OH)?) proposed by the writer for active 
acidity does not, and never was intended to indicate, in any 
way, the amount of lime that should be used under practical 
field conditions. I t  simply indicates the amount of acid sub­
stances present which are sufficiently active to react quickly 
with bases like Ba(O H )2 or Ca(O H )2. The expression, amount 
of active acidity, has no connection or relation to the expression, 
lime requirement, in the sense in which the latter expression has 
been used in the past.

The writer confesses that he does not clearly understand 
what M aclntire means by continued lime requirement. It has not 
been possible to find a description of a laboratory method for the 
determination of this so-called continued lime requirement and 
hence had the writer appropriated the expression continued 
lime requirement in place of latent acidity, or stated that the two 
expressions mean the same thing, he would again have been open 
to serious criticism.

Further than mentioning that M aclntire had described a 
method in which a solution of C&CO3 in carbonated water is 
used, the writer purposely avoided either favorable or un­
favorable comments. Since M aclntire did not present data, 
the relation of immediate lime requirement to active soil acidity 
could not be intelligently discussed at that time. The field was 
left clear, and as far as the present writer is concerned, M ac­
lntire should have little trouble in getting full recognition for 
the merits of his work.

M aclntire states that he is unable to find in the writer’s 
article in T h i s  J o u r n a l ,  8  ( 1 9 1 6 ) ,  3 4 1 , any data which indicate 
that soil acidity is due to true acids and not selective ion ad­
sorption b y  colloids. The writer believes that this is entirely 
possible. For further explanations the reader is referred to an 
article by  the writer entitled “ The Cause and Nature of Soil
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A cidity with Special Regard to Colloids and Adsorption,” 
Jour. Phys. Chem., 20 (1916), 457.

In the past several theories have been advanced regarding 
the nature of soil acidity; numerous methods have been pro­
posed for determining a part or the whole of the acidity; and 
various names have been proposed for designating this or that 
part or kind of the acidity. M aclntire has seen fit to use the 
terms immediate and continued lime requirement for designating 
what he believes are certain soil conditions; the writer has seen 
fit to use the terms active and latent soil acidity for what he 
believes designate certain other soil conditions; and undoubtedly 
investigators in the future will see fit to use still other terms for 
designating what they may think are certain kinds of soil 
acidity, for it seems quite certain that no one as yet has a 
monopoly on the ideas regarding soil acidity or names that are 
suitable for designating certain aspects or phases of this sub­
ject. It  seems reasonable to believe that investigators of this 
subject in the future will be as versatile and ingenious as those 
of the past.

In conclusion, the writer wishes to state that he has always 
entertained a high regard for the work of M aclntire and his 
associates and hopes this may continue in the future.

M a d i s o n , W is c o n s in  -E. T ru O G
June  20, 1916 __________________

N O TE R EG A R D IN G  D ETER M IN A TIO N  OF ALKALIN ITY 
OF A SH  IN A N ALYSES OF O R G A N IC  M ATERIALS

It  is frequently recommended that the alkalinity of ash of 
various food materials be determined in order to gain an idea 
as to the nature of the ash and the probability of adulteration 
of the sample.

In this connection there is room for considerable error in that 
sodium chloride may be dissociated, the chlorine driven off and 
the sodium appear at the end as sodium carbonate. Indeed, 
if care is not taken to avoid too high temperature or too pro­
longed heating all the chlorine may be thus driven off and the 
alkalinity of the ash is then no criterion as to organic com­
bination of elements.

T h at chlorine is lost is shown by the following results obtained 
on corn syrup:

P h r  C e n t  C h l o r i n e  i n  A sh  
P er cent chlorine Ashed w ith

Sam ple. by  titra tio n . excess N ajC O j Ashed s tra ig h t
No. 1..................... 0 .180  0 .180  0.065
No. 2 ..................... 0 .185  0 .185  0.070
No. 3 ..................... 0 .190  0 .190  0.071

In order to observe the effect of ashing pure granulated cane 
sugar to which a small percentage of salt had been added the 
following tests were made: Ten grams sugar were ashed with
0.025 g. salt (1 cc. of solution containing 2.5 g. N aCl in 100 cc.). 

A-—S traigh t ignition a t  lowest h e a t practicable.
B and  C— C harred , ex tracted  w ith hot w ater, char ashed, ex trac t 

added, evaporated  and  heated  to redness.
D — A few drops of sulfuric acid added and then sam ple ignited as A.

T e s t : A B C D
Ash (added N a C l) ..............................  0 .2 5 %  0 .2 5 %  0 .2 5 %  0 .2 5 %
Ash found ..............................................  0 .1 8  0 .2 0  0 .22  0 .24
A lkalinity  of ash as N aiCO a  0 .12  0 .2 0  0 .19  0 .05

These results illustrate the point made above, viz., that too 
much weight should not be placed on alkalinity of ash when it 
is possible that chlorides of the alkalies may have been present 
in the original material.

C l in t o n  S u g a r  R e f i n i n g  C o m p a n y  A. P. BRYANT
C l i n t o n , I o w a ,  A p r i l  2 4 , 1916

PERSONAL NOTES
The Illuminating Engineering Socicty will hold a lecture 

course at the University of Pennsylvania, Philadelphia, from 
September 21 to 28, inclusive, immediately following the Annual 
Convention of the Society, to be held in that city.

This is the second time in its history that the Illuminating 
Engineering Society has decided to conduct a scries of lectures, 
the first having been held in the fall of 1910, in cooperation 
with the Johns Hopkins University, Baltimore. Whereas 
the 1910 course emphasized the science of illumination, the new 
course will emphasize the art of illumination. This course 
will include about twenty lectures by men selected on account 
of their qualifications, to deal authoritatively with the several 
phases of the subject. The preliminary list of lecture subjects 
will appear in the September issue of T iiis  J o u r n a l . A s­
sociated with the lectures will be an exhibition, at the Uni­
versity of Pennsylvania, of the latest developments in illumina­
ting appliances, together with novel applications of light. In 
connection with the lecture course there will be organized an 
inspection tour which will include visits to manufacturing es­
tablishments, laboratories, lighting companies and notable 
installations. The price of tickets, which include admission 
to all lectures and functions connected therewith, has been 
fixed at $25.00. The Chairman of the Sub-committee on Pub­
licity  of the Illuminating Engineering Lecture Course, is Mr. 
H. K . Mohr, Philadelphia Electric Company, Tenth and Chest­
nut Streets, Philadelphia.

The 1916 Directory of the American Chemical Society was 
issued July 1st. Members of the Society can secure copies 
by request to the Secretary, accompanied by twenty-five cents, 
and the statement that "T h e Directory will not be loaned 
or disposed of to any firm or individual for advertising pur­
poses.”  This issue is revised to June 1, 1916, and shows a mem­
bership of 8057. The officers of the Society, of the divisions,

and of the local sections are listed separately on the first pages. 
Corporation members, honorary members, and life members 
are grouped separately immediately following the officers.

The National Fertilizer Association elected the following 
officers at their 23rd Annual Convention held in Hot Springs, 
Va.: President, Horace Bowker, New York C ity; Vice-Presi­
dent, W. D. Huntington, Baltimore; Treasurer, Irvin Wuichet, 
Dayton, Ohio (reelected); Secretary, W. G. Sadler, Nashville, 
Tcnn. (reelected); Assistant Secretary, John D. Toll, Philadel­
phia.

The United States Civil Service Commission announces the 
following open competitive examinations: Assistant Physicist
(Male) Qualified in  Physical Metallurgy, on August 23, 1916; 
Junior Chemist, Departmental Service, and Laboratory Appren­
tice (Male), Bureau of Standards, on September 13, 1916; 
Laboratory Assistant (Male), Bureau of Standards, on October 
11, 1916. Further information may be had from the U. S. 
Civil Service Commission, Washington, D. C.

The Thirtieth General Meeting of the American Electro­
chemical Society will take place this fall, in New Y o rk  C ity, 
in the week of the Second National Exposition of Chemical 
Industries. Sessions will be held at the Chemists' Club, 52 
E ast 41st Street, on September 28, 29 and 30, 1916.

M r. F. L. Craddock has been appointed manager of the New 
York office of The Pfaudlcr Company, 110 W est 40th Street, 
to succeed M r. George M . Kendall, a notice of whose death 
appeared in the July issue of T h i s  J o u r n a l . M r. Craddock 
has long been associated with The Pfaudler Company, both 
as erection engineer and as salesman, and enjoys a wide acquaint­
ance among the trade.



7 5 8 T E E  J O U R N A L  OF 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  Vol.  8, No.  S

Mr. R. B. Kilmer has been appointed manager of the Chicago 
office of The Pfaudler Company, 1001 Schiller Building. Since 
casting his lot with The Pfaudler Company, M r. Kilmer has 
been continually associated with the Chicago office and is well 
known to the Middle Western trade. *

The following officers were elected by the American Society 
for Testing Materials at their annual meeting held recently 
in Atlantic City, N. J.: President, A. A. Stevenson, Philadel­
phia; Vice-President, S. S. Voorhees, Washington, D. C. Exec­
utive Committee: W. H. Bassett, Waterbury, Conn.; John Brun­
ner, Chicago; G. W. Thompson, New York C ity; and F. E. 
Turneaure, Madison, Wis.

Mr. Ralph L. Fuller, vice-president of Harshaw, Fuller & 
Goodwin, manufacturers of chemicals, has been elected presi­
dent of the Cleveland Chamber of Commerce. Mr. E. R. 
Grasselli, sccond vice-president and treasurer of the Grasselli 
Chemical Company, is vice-president of the Chamber.

Prof. Frank H. Thorp, Massachusetts Institute of Technology, 
has resigned his assistant professorship of industrial chemistry 
and expects to devote himself in the immediate future to private 
business.

We learn from The Engineering and Mining Journal that Dr. 
Henry M. Howe, emeritus professor of metallurgy in Columbia 
University, has been appointed honorary vice-president of the 
Iron and Steel Institute of Great Britain. This distinction is 
held by only two other persons: Georgio E. Falck, of Italy, 
and D. Tschcrnoff, of Russia.

The University of Cincinnati, on June 19th, conferred the 
honorary degree of doctor of science on Prof. John Uri Lloyd, 
known for his contributions to chemistry and pharmacy.

In order to improve increased manufacturing space for the 
well-known Lee puncture-proof pneumatic tires, the Lee Tire 
& Rubber Company has just placed a contract with John W. 
Ferguson Company, of New York C ity  and Paterson, N. J., for 
another building at their Consliohocken plant. The building 
measures 80 ft. by 120 ft. in plan and will for the present contain 
but two stories. The foundations and reinforced concrete 
columns on the first floor are designed, however, for several 
additional stories, with the idea of probable expansion in view. 
H. M . Haven and W . W. Crosby, of Boston, drew up the plans 
and specifications.

Dr. A. D. Emmett, assistant chief in animal nutrition, of 
the Illinois Agricultural Experiment Station at the University 
of Illinois, has accepted the position of research biological 
chemist in the Research Laboratory of Parke, Davis & Com­
pany, Detroit, Michigan. Dr. Emmett will assume his new 
duties on September 1st.

Richard K. Meade, chemical, mechanical and industrial 
engineer, Baltimore, announces that owing to need for increased 
facilities, he has removed his offices from 202 North Calvert 
Street to The Law Building, Courtland Street, Baltimore.

Frank H. Probert, a graduate of the Royal School of Mines 
in London, and for the past tw enty'years engaged in consulting 
mining engineering practice, has been appointed professor of 
mining in the University of California, as successor to the late 
Prof. Samuel Benedict Christy.

Prof. Arthur Green, F.R .S., lately of the tinctorial chemistry 
chair a t Leeds University, England, has accepted the post of 
director of the research department of Messrs. Levinstein, 
Ltd., aniline dj’e manufacturers, Blackley, Manchester.

The Chemical Society, London, has removed from its list of 
honorary and foreign members the names of enemy aliens.

The employees of the Joseph Dixon Crucible Company, 
who joined the National Guard prior to its being called 
by the President and subsequently sworn into the Federal 
Service in June, 1916, will receive full pay while away doing 
military duty. These men will have their places kept open 
for them. This provision holds good until future developments 
make it necessary to change or modify it.

Herman & Herman, Inc., New York manufacturers and 
jobbers of chemicals, announce the removal of their offices, 
on account of increased business, to more spacious quarters, 
in the Robinson Building, 6 Church Street, cor. Liberty Street, 
New York City.

Mr. Henry Brunner, of Messrs. Brunner, Mond &  Company, 
Ltd., died at his residence in Liverpool, England, on June 17th 
at the age of 78 years.

The new chemical laboratories recently erected in connec­
tion with Oxford University, England, were opened at the be­
ginning of June.

Charles W. H. Kirchhoff, of New York City, editor-in-chief of 
The Iron Age from 1889 until 1910, died 011 July 22nd at his 
summer home, North Asbury Park, New Jersey, in his sixty- 
fourth year. Mr. Kirchhoff was the special agent of the U. S. 
Geological Survey for the collection of statistics of the produc­
tion of lead, copper and zinc from 1883 to 1906. He was promi­
nent for years in the mining industry, being at one time presi­
dent of the American Institute of Mining Engineers. He was a 
member of the American Iron and Steel Institute, the Iron and 
Steel Institute of Great Britain, the American Society of M e­
chanical Engineers, the Verein Deutscher Eisenliuettenleute, the 
Century and Engineers’ Clubs of New Y o rk  City, and an 
honorary member of the Franklin Institute.

Dr. Leo H. Baekeland, of Yonkers, N . Y ., and Prof. Julius 
Stieglitz, of the University of Chicago, were given the honorary 
degree of doctor of chemistry by  the University of Pittsburgh at 
its recent commencement.

The Annual General Meeting of the Society of Chemical In­
dustry was held in the hall of the University Union, Edinburgh, 
Scotland, on July 19, 1916.

Dr. William Simon, professor of chemistry at the College of 
Physicians and Surgeons, Baltimore, died at Eaglesmere, Pa., on 
July 19, 1916. He was bom in Germany in 1844, and came to 
this country in 1870. The following year he opened the first 
chemical laboratory for instruction in Baltimore. Dr. Simon 
was a professor of chemistry in the M aryland College of Pharmacy 
from 1872 to 1902, in the College of Physicians and Surgeons, 
Baltimore, since 1880, and in the Baltimore College of Dental 
Surgery since 1888.

The American Institute of Mining Engineers extend an invita­
tion to the members of the American Chemical Society to 
accompany them on their trip to the Southwest in connection 
with the Arizona M eeting of the Institute to be held on Sep­
tember 18-25, 1916. It is planned to make a special train tour 
of the Arizona Mining Districts and Grand Canyon. A pamphlet 
containing the itinerary and other information may be obtained 
from M r. Bradley Stoughton, Secretary, American Institute of 
Mining Engineers, 29 W est 39th Street, New York C ity.

The Hoskins M anufacturing Company announce that the t 
address of their Boston office has been changed from 613 Unity; 
Building, 185 Devonshire Street, to 445 Trcm ont Building, 73 
Trem ont Street. The office will continue to be in charge of Mr. 
J. E. Hines.

The Sarco Company, Inc., New York, have appointed New- 
ton-Johnson, sales engineers, as sales representative in Wisconsin 
and the northern peninsula of Michigan.
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NO TICE— Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
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libraries and m ay be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu­
lar subscription rate for these Commerce Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

PUBLIC HEALTH SERVICE

Bread as a Food C a r l  V o e g t l in , M .  X .  S u l l iv a n  a n d  
C . N. M y e r s . Public Health Reports, 31 (April 14, 1916), 
PP- 935~43 - The changes in the vitamine content of bread as 
related to the nutritive value are discussed with reference to 
the occurrence of pellagra. The following conclusion is reached : 
"T h e fact that the above-mentioned influences, which have un­
doubtedly reduced the vitamine content of the diet, made 
themselves felt a relatively short time before the rapid increase 
in the pellagra incidence in this section of the country, furnishes 
considerable evidence in favor of the vitaminc-deficiency theory 
of pellagra.’ ’

Establishments Licensed for the Propagation and Sale of 
Viruses, Serums, Toxins, and Analogous Products. Public 
Health Reports, 31 (April 14. 1916), pp. 943-8. This is a 
list of establishments holding licenses under the Treasury D e­
partment for traffic in the above-mentioned articles.

Some Fallacies Regarding Phenol. M a r t in  I. W i l b e r t . 
Public Health Reports, 31 (April 28, 1916), pp. 1046-51. This 
is a review with reports of observations on the influence of ethyl 
alcohol on the germicidal and on the toxic properties of phenol. 
" In  conclusion, it may be again noted that the experimental 
work clearly shows that the addition of ethyl alcohol to phenol 
not only increases the solubility of phenol in water, but also 
increases rather than diminishes the antiseptic value of the 
resulting solution. E thyl alcohol can be used to advantage 
as a substitute for glycerine in making antiseptic solutions of 
phenol.

"T he experiments with animals clearly show that the addi­
tion of ethyl alcohol to solutions of phenol in water does not, 
in any way, inhibit the toxic action of phenol, but rather tends 
to facilitate absorption and thus hasten death.”

The Effect of Alcohol or Glycerin on the Toxicity of Phenol 
as Shown by Inoculations into W hite M ice. L is t o n  P a i n e . 
Public Health Reports, 31 (April 28, 1916), pp. 1052-4. This 
is an abstract of a report by this author.

Pellagra: Laboratory Examinations in Connection with the 
Disease. J. R. R i d l o n . Public Health Reports, 31 (M ay 
19, 1916), pp. 1231-41.

Public Health Administration in Florida. C a r r o l l  F o x . 
Public Health Reports, 31 (June 2, 1916), pp. 1359-1407. 
This is a description of the administrative methods, personnel, 
arrangements, and activities of the Florida State Board of 
Health. It  is of interest to-administrative officials particularly.

Cyanide Gas for the Destruction of Insects. R. H. C r e e l  
a n d  F .  M .  F a g e t .  Public Health Reports, 3 1  (June 9 , 1 9 1 6 ), 
pp. 1 4 6 4 - 7 6 . This work has special reference to mosquitoes, 
fleas, body lice, and bedbugs and it also discusses the procedure 
for making cyanide fumigation.

SA N ITA R Y  LEG ISLATION

Manufacture or Storage of Acid Drinks and Foodstuffs in 
Zinc Lined and Galvanized M etal Containers. Regulation 
of the Indiana State Board of Health, adopted July 2, 1915.

It specifically prohibits the use of zinc lined or galvanized metal 
containers with citric, tartaric or vegetable acids which will 
dissolve zinc.

Adulterated or M isbranded Drugs. New York C ity  De­
partment of Health regulation, adopted October 26, 1915, 
amending Section 116, which defines the terms "drugs,”  "adul­
terated,”  and "misbranded.”

Names of Ingredients of Proprietary Medicines to be Reg­
istered. Regulation of the New Y ork C ity  Department of 
Health, adopted October 26, 1915, amending Section 117, which 
prescribes rules for the registration of composition of proprietary 
medicines.

Regulation for the Registration of Proprietary Medicines.
New York C ity  Department of Health regulation, as amended 
December 21, 1915. This gives further rules as to the registra­
tion of proprietary goods.

Production, Care and Sale of M ilk and Cream. The follow­
ing regulations 011 this general subject have been adopted 
recently including in each case definitions of the minimum 
quality of milk, cream, skimmed milk, and other milk products 
which are required in the localities affected. The page numbers 
in parenthesis refer to pages of Volume 31 of the Public Health 
R eports:

1— Hackensack, N. J. Regulation of the Board of Health, 
adopted December 28, 1915. (1115).

2— Leominster, Mass. Regulation of the Board of Health, 
adopted September 29, 1915. (1116).

3— Jackson, Mich. Ordinance, adopted April 27, 1915. 
(1222).

4— Lackawanna, N. Y . Ordinance, adopted February 1, 
1915. (1276).

5— Kansas City, Kansas. Ordinance 13208, adopted July
29. 1915- (1338)-

6— New York C ity  Department of Health Regulation, adopted 
December 21, 1915, amending Section 155 of the Sanitary 
Code. (1347).

7— Portland, Oregon. Ordinance 30491, adopted M ay 26, 
1915- (1507).

8— Portland, Oregon. Ordinance 30554, adopted June 10,
1915, defines buttermilk. (1512).

9— Sacramento, California. Ordinance 208, as amended 
August 19, 1915. (1515).

GEOLOGICAL SURVEY

Relation of the Wissahickon M ica Gneiss to the Shenandoah 
Limestone and Octoraro Schist of the Doe Run and Avondale 
Region, Chester County, Pennsylvania. E l e a n o r a  F. B l i s s  
a n d  A n n a  I. J o n a s .  Professional Paper 9 8 -B , from Shorter 
Contributions to General Geology, pp. 9 - 3 4 . Published M ay 20,
1916.

Mineralogic Notes. Series 3. W a l d e m a r  T. S c h a l l ER. 
Bulletin 610. 164 pp. "T he results of the smaller, independent
pieces of mineralogic research work carried out by the writer 
in the chemical laboratory of the United States Geological 
Survey from July 1, 1911 to December 31, 1913, are here 
assembled.”

The following articles varying from a few pages to 35 pages 
each make up this bulletin: Koechlinite (bismuth molybdate); 
inyoite and meyerhofferite, two new calcium borates; kycubute, 
a new mineral; a dimorphous form of variscite; the crystallog­
raphy of variscite; schneebergite; romeite; the natural anti- 
monites and antimonates; velardenite, a  new member of the 
melitite group; the melitite group; the composition of cebollite; 
the crystallography of thaumasite; the chemical composition of 
tremolite; new occurrences of some rare minerals; gigantic
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crystals of spodumene; the probable identity of inariposite and 
alurgite; the amblygonite group of minerals— fremontite 
(=  natramblygonite); the crystallography of fremontite; the 
chemical composition of nephelite; large crystals of bloedite; 
alunite from M arysvale, Utah; the composition and relations of 
custerite; the composition of hodgkinsouite; crystals of pisanite 
from Ducktown, Tcnn.; the refractive indices of strengite; 
the calculation of a mineral formula.

Contributions to Economic Geology, 1915. Part I— M etals 
and Nonmetals Except Fuels. P. L. R a n s o m s  a n d  H o y t  S. 
G a l e .  Bulletin 6 2 0 . 3 6 0  pp. This bulletin is made up of 
17 short articles, most of which have been previously announced 
in T h i s  J o u r n a l .

Geology and Coal Resources of Castle Valley in Carbon, 
Emery, and Sevier Counties, Utah. C h a r l e s  T. L u p t o n . 
Bulletin 628. 86 pp.

Natural Gas Resources of Parts of North Texas. Bulletin 
629. 125 pp. This bulletin includes the following three
articles which report on work done in cooperation w ith the 
cities of Dallas and Fort Worth:

“ Gas in the Area North and W est of Fort W orth,”  b y  E u g e n e  
W e s l e y  S h a w ; “ Gas Prospects South and Southeast of D allas,” 
b y  G e o r g e  C h a r l t o n  M a t s o n ; “ Notes on the Gas Fields of 
Central and Southern Oklahoma,”  b y  C a r r o l l  H .  W e g e m a n n .

Geology and Underground W ater of Luna County, New Mexico. 
N. H .  D a r t o n . Bulletin 618. 186 pp. This report includes
a discussion of the mineral resources, the quality of water, and 
the general geological conditions of the district. Rock and 
mineral analyses from the region are also reported.

The Caddo Oil and Gas Field, Louisiana and Texas. G e o r g e  
C h a r l t o n  M a t s o n .  Bulletin 6 1 9 . 62  pp. Paper, 3 0  cents.
The history, physiography, geology, and oil and gas resources 
of this region are discussed in detail.

A Reconnaissance in Palo Pinto County, Texas (with Special 
Reference to Oil and Gas). C a r r o l l  H. W e g e m a n n . Bulletin 
621-E, from Contributions to Economic Geology, 1915, 
Part II, pp. 51-9. Corrected edition published April 
17, 1916. This report includes a discussion of the history and 
development, topography, stratigraphy and report on tests for 
oil and gas. It recommends an exploration at a particular 
point by the drilling of a well. According to the results on this 
well the general conditions in the region can be interpreted.

The Atlantic Gold District and the North Laramie Mountains. 
A . C. S p e n c e r .  Bulletin 6 2 6 . 85  pp. This is  a group of 
papers on conditions in Freemont, Converse, and Albany 
Counties, Wyoming.

Ground W ater in San Joaquin Valley, California. W . C. 
M e n d e n h a l l , R. B. D o l e  a n d  H e r m a n  S t a b l e r . W ater 
Supply Paper 398. 310 pp. and numerous plates. The third
section of this report (by R. B. Dole) which occupies over 100 
pages is on the quality of water found in this region. I t  dis­
cusses in considerable detail the important question of quality, 
describes methods for collection of water samples and methods 
for field and laboratory assay, gives standards for water classi­
fication, and discusses the importance of various characteristics 
and methods of purification of water for different applications, 
such as boiler use, potable water, and others. M uch of the dis­
cussion is of general interest to anyone concerned w ith the 
testing, purification, or industrial application of water supplies. 
M any analyses of water from this district are reported.

Ground W ater in the Hartford, Stamford, Salisbury, W illi- 
mantic and Saybrook Areas, Connecticut. H e r b e r t  E. G r e g o r y  
a n d  A r t h u r  J. E l l i s . W ater Supply Paper 374. 150 pp.
and numerous plates and maps. This report is the result of 
an extended investigation made jointly by the United States 
Geological Survey and the Connecticut Geological and Natural

History Survey for the purpose of obtaining information as to 
the quantity and quality of water available in various parts 
of the State of Connecticut for municipal and private uses. 
The data presented are largely of local interest and include 
many analyses of water from these districts. The general 
method of attack upon the problem is of wider interest.

Chromic Iron Ore in 1915. J. S. D i l l e r . Separate 1, 
from Mineral Resources, 1915, Part I, pp. 1-6. Published 
April 10, 1916. "T h e  production of chromic iron ore or chromite 
in the United States in 1915 amounted to 3,281 long tons valued 
at $36,744, again of 2,690 tons and of $28,029 ° ver 1914- From 
1880 to 1915, inclusive, the average annual production has been 
1,229 tons, and the average price per ton has been $14.82.

"T he total imports of chromic iron ore in 1914 were 74,686 
long tons, the maximum since 1908, valued at $655,306. The 
imports in 1915 as compared with those in 1914 increased 1,769 
long tons in quantity and $124,755 in value, so that the average 
price per long ton increased from $8.77 to $10.20 in 1915.

" A  fair price for imported ore in December, 1915, was $25 
to $35 a ton for 50 per cent ore in full cargoes of about 7,500 
tons. The retail prices ran as high as $45 a ton, and one lot of 
2 tons was imported at $125 a ton. This was ground and packed 
in casks.

"T he price at which chromic iron ore was sold on the Pacific 
coast during 1915 ranged from $11 to $18 a ton f. o. b. cars at 
point of shipment. On ore that contains more than 50 per 
cent chromic oxide a premium of 50 cents a ton is paid for each 
additional per cent unit of chromic oxide. The silica permissible 
in 50 per cent ore is limited to 8 per cent, and a penalty of 50 
cents a ton is imposed for each additional unit in excess of that 
quantity.

"T he price of bichromate of soda 011 January 1, 1915, was 
43A  to 5 cents a pound, varying with the quantity, and for bi­
chromate of potash about 10 cents a pound. There has been 
a continuous advance in the price of these commodities since 
the spring of 1915, caused by the increase in the prices of raw 
materials and the uncertainty of receiving them and also by the 
unprecedented demand for bichromates, a demand due to the 
unusual conditions abroad. Domestic manufacturers are 
shipping bichromates freely to foreign countries, and owing to 
the lack of coal-tar dyes there is a large temporary increase in 
the use of bichromates in the textile industry at home.

“ The price of chrome brick fluctuated during 1915 from $50 
to $90 a thousand for standard sizes, and on account of freight 
is usually $2.50 to $3 a ton higher at inland cities than at the 
seaboard.”

Contributions to the Hydrology of the United States. N a t h a n

C. G r o v e r . W ater Supply Paper 375. 180 pp., and numerous
plates. This is a consolidation of seven separate articles re­
lating to water supply conditions. Only those portions in which 
water analyses are reported are of chemical interest. Such 
analyses arc given only for the following districts: Sacramento
Valley, California, Paradise Valley, Arizona, and Lasalle and 
M cM ullen counties, Texas.

Fuel Briquetting in 1915. C. E . L e s h e r . Separate 1, from 
Mineral Resources, 1915, Part II, pp. 1-6. Published M ay 
6, 1916. "L ittle  change was recorded in the fuel-briquetting 
industry in 1915. The manufacture of this type of fuel is still 
in its infancy in the United States and probably many years 
will elapse before it assumes large proportions. The production 
in 1915 amounted to about 222,000 short tons, valued at about 
a million dollars, and although there was a decrease, as compared 
with 1914, of 11 per cent in quantity and 10 per cent in value, 
the output exceeded that of all years prior to 1914.”

Sand-Lime Brick in 1915. J e f f e r s o n  M i d d l e t o n . Separate 
2, from Mineral Resources, 1915, Part II, pp. 7-8. Published 
M ay 4, 1916. “ The increase in the quantity of sand-lime brick
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sold in 1915 over 1914 was 7,014,000 bricks, or 4 per cent, and the 
increase in value was §76,592, or 7 per cent.”

Fuller’s Earth in 1 9 1 5 . J e f f e r s o n  M i d d l e t o n .  Separate3, 
from Mineral Resources, 1915, Part II, pp. 9-12. Published 
M ay 6, 1916. "T h e fuller’s earth industry continued to show 
progress in 1915, the product marketed increasing in both quan­
tity and value. The increase in quantity was 6,920 short tons, 
or 17 per cent, and in value $85,573, or 21 per cent, over 1914, 
the year of largest production and value prior to 1915. Im ­
ports of fuller’s earth decreased in 1915, compared with 1914, 
22 per cent in both quantity and value. Almost from the in­
ception of the industry in this country the domestic production 
and value and the average price per ton have exceeded those 
of imports. In 1915 the quantity of domestic earth marketed 
was more than twice as great as that imported, the vplue of the 
domestic output was more than three times that of the imports, 
and the average price per ton of domestic earth was $2.37 (nearly 
a third) more than that of the imported earth.

“ Fuller’s earth obtains its name from its original use in fulling 
cloth. L ittle domestic earth is now used in this country for that 
purpose, the principal use being in bleaching, clarifying, or 
filtering fats, greases, and oils. It is also used in the manufac­
ture of pigments for printing wall papers, for detecting certain 
coloring matters in some food products and as a substitute for 
talcum powder.”

Geology and Ground W aters of Northeastern Arkansas. 
L l o y d  W . S t e p h e n s o n  a n d  A l b e r t  F. C r i d e r .  W ater Sup­
ply Paper 3 9 9 , with supplement discussing the Chemical Charac­
ter of the W ater by R . B . D o l e .  309  pp. The interesting 
section of the publication from the chemical standpoint is the 
supplement which includes a discussion of the characteristics 
of waters which arc desirable for various uses, describes the 
treatment of the characteristic water of this region, and tabulates 
numerous analyses of these supplies.

Petroleum W ithdrawals and Restorations Affecting the Public 
Domain. M a x  W . B a l l . Bulletin 623. 427 pp., with nu­
merous large maps. Paper, $1.10. This is a summary with 
accurate copies of orders of withdrawal, restoration, modifica­
tion and classification, together with certain correspondence 
bearing on these questions, as affecting the policy of petroleum 
lands in the Public Domain.

Some Manganese M ines in Virginia and Maryland. D. F. 
H e w e t t . Bulletin 640-C, from Contributions to Economic 
Geology, 1916, Part I, pp. 37-71. Published June 22, 1916. 
The minerals and nature of deposits with suggestions as to 
quantity, treatment, and handling of these ores in this district 
are discussed in considerable detail.

Molybdenite and Nickel Ore in San Diego County, California.
F. C . C a l k in s . Bulletin 640-D, from Contributions to Economic 
Geology, 1916, Part I, pp. 73-82. Published July 8, 1916. 
This report discusses the occurrence of molybdenite from the 
standpoint of further prospecting. It  suggests the possibility 
of further development that will warrant commercial operations, 
but prospectors are warned against being too optimistic because 
of the rich showings at certain points on two accounts first, 
because of the apparent strong showing of small deposits; and 
second, because of the uncertainty as to the continuity of de­
posits.

The section on nickel ore discusses the character of ore show­
ing probable origin and mineral characteristics of the material 
found in this region. The direction in which to look for further 
ore bodies is suggested, but the uncertainty of the problem 
is clearly set forth.

Ozokerite in Central Utah. H e a t h  M .  R o b i n s o n . Bulletin 
641-A, from Contributions to Economic Geology, 1916, Part 
II, pp. 1-16. Published June 13, 1916. This bulletin includes 
a discussion of the history of the discovery and development of

ozokerite with sections on its composition and properties, tests, 
form and contcnt of deposits, origin, and statistics of compari­
son with foreign fields, imports, production, etc. Methods of 
concentration and the uses of this mineral are also set forth.

A Reconnaissance of the Archean Complex of the Granite 
Gorge, Grand Canyon, Arizona. L. F . N o b l e  a n d  J. F r e d . 
H u n t e r . Professional Paper 98-I, from Shorter Contributions 
to General Geology, 1916, pp. 95-113. Published July 7, 1916.

Gold, Silver, Copper, Lead, and Zinc in the Eastern States 
in 1 9 1 5 . Mineral Resources of the United States, 1915, Part I, 
pp. 7-20. Published June 7, 1916. "T his section of the M in­
eral Resources report deals primarily with the mines of the 
Eastern States from which gold, silver, copper, lead, and zinc 
were produced in 1915. For convenience in the collection 
of statistics the zinc and copper mines of eastern Tennessee 
are grouped with the Eastern States.

"T he total value of the output of gold, silver, copper, lead, 
and zinc in the Eastern States was $29,968,372 in 1915, a notable 
increase of $18,530,665, or nearly 158 per cent, over the pro­
duction in 1914. The total value is distributed among the various 
metals as follows: Gold, $224,250; silver, $51,990; copper,
$3,285,229; lead, $32,775; zinc, $26,374,128.

“ The great increase in value is due largely to the increased 
output of the zinc mines, and, of course, to the increase in 
price of all the metals except gold and silver.”

The report is principally devoted to a review, by states, of 
production and mines statistics.

Asbestos in 1 9 1 5 . J. S. D i l l e r .  Mineral Resources of the 
United .States, Part II, pp. 13-18. Published M ay 24, 1916. 
"T h e United States marketed a domestic production of 1,731 
short tons of asbestos in 1915, valued a t $76,952. As compared 
with the production of 1914, this represents a gain of 484 tons, 
or 39 Pcr cent, in quantity, and of $57,987, or 306 per cent, in 
value. The great increase in value was due to the high grade 
of the material produced.

"T he average annual production of asbestos in the United 
States (for the last 26 yrs.) from 1890 to 1915, inclusive, has 
been 1,470 short tons, ranging from a minimum of 50 tons in 
1893 to a maximum of 7,604 tons in 1911. In 1911 and 1912, 
when there was a large production in Vermont, the total value 
of the output exceeded that of the production in 1915. But 
on account of the high grade of the Arizona asbestos the average 
value per ton in 1915 was $44.46, against $15.77 and $19.98, 
respectively, in 1911 end 1912.

"T he principal source of the asbestos sold in the United 
States is in Quebec, Canada, where also prices are controlled. 
The average price in New York has been gradually rising, es­
pecially for the higher grades, and the rise continues. Early 
in April, 1915, No. 1 crude was selling as high as $500 a ton, 
and No. 2 at $300.

"T he principal source of the world’s supply of asbestos is 
Canada. The United States, being Canada’s nearest neighbor 
and having every facility for intercourse, has naturally become 
the greatest importer of raw material from Canada and the 
largest manufacturer of asbestos products.

"Unmanufactured asbestos is admitted to the United States 
free, but manufactured asbestos is dutiable at from 25 to 40 
per cent ad valorem.

"T he imports of manufactured asbestos from Canada in 1915 
were nearly 34 percent greater than in 1914; but it is not certain 
how much of the imported material remained in the United 
States for consumption and how much was reshipped to other 
countries.

“ It is of interest to note that practically all of the imported 
unmanufactured asbestos came from Canada, but that manu­
factured products of asbestos were imported from 10 countries.”

Slate in 1 9 1 5 . G. F. L o u g h l i n .  Mineral Resources of the 
United States, 1915, Part II, pp. 19-31. Published M ay 25,1916.
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"T he depression which began to affect the slate industry in 
October, 1914, continued throughout the greater part of 1915, 
and the total value of slate sold in the latter year decreased 13 
per ccnc. For the first time since 1901 the total value of slate 
sold fell below $5,000,000. Roofing slate decreased 5 per cent 
in quantity and 10 per cent in value. For the first time since 
1898 the number of squares sold was less than 1,000,000 and 
for the first time since 1900 their value fell below $4,000,000. 
M ill stock decreased nearly 15 per cent in quantity and 17 per 
cent in value, the lowest value since 1908. Blackboard material 
and school slates ("other uses” ) decreased nearly 31 per cent.”

Fluorspar in 1 9 1 5 ; with a Note on Cryolite. E r n e s t  F. 
B u r c h a r d .  Mineral Resources of the United States, 1915, 
Part II, pp. 33-41- Published June 5, 1916. "T he year 1915 
was a record year in the fluorspar industry in the United States, 
the output exceeding that of the next highest year, 1912, by  more 
than 20,000 tons or nearly 18 per cent.

"T h e total quantity of domestic fluorspar reported to the 
Survey as sold in 1915 was 136,941 short tons, valued at $764,475, 
an increase in quantity of 41,825 short tons and in value of 
$194,434, representing nearly 44 per cent of the quantity and 
about 34 per cent of the value of the product marketed in 1914. 
The average price per ton for the whole country, all grades of 
fluorspar, gravel lump, and ground considered, was approxi­
m ately $5.58 in 1915, compared with $5.99 in 1914, a decrease 
of nearly 7 per cent. This value represents the selling price 
on board cars or barges at railroad or water shipping points; 
and with reference to the product from Colorado, New Mexico, 
and New Hampshire, the price reported for much of the spar 
includes the cost of a long wagon haul— $1.50 to $3 a ton. In 
Illinois the principal producing mines are near river transporta­
tion and many of the mines reporting from K entucky are near 
a railroad, so that the cost of long wagon hauls has not entered 
to an important extent into the reported value of the fluorspar 
from those States.

"T he imports of fluorspar into the United States entered for 
consumption in 1915 were 7,167 short tons, valued at $22,878, 
as compared with 10,205 short tons, valued at $38,943, in 1914. 
This represents a decrease of nearly 30 per cent in quantity and 
of about 41 per cent in value. The price assigned to the imports 
in 1915 averaged $3.19 a  ton, as compared with $3.82 a ton in 
1914, a decrease of 63 cents a ton or about 16.5 per cent. The 
imports of fluorspar in 1915 were equivalent to about 6.3 per 
cent of the domestic production of gravel spar, as compared with 
nearly 13 per cent in 1914.

"T he market for the bulk of the fluorspar sold in the United 
States depends on the steel industry, and the demand for fluor­
spar fluctuates with the rise and fall in the production of steel. 
Gravel spar is consumed as a flux in basic open-hearth steel 
furnaces and to a smaller extent in other metallurgical operations. 
In both 1914 and 1915 the sales of gravel spar constituted between 
83 and 84 per cent of the total marketed output of domestic 
fluorspar. Fluorspar is used also as a flux in blast furnaces, 
iron foundries, and in silver, copper, and lead smelters; in the 
manufacture of fluorides of iron and manganese for steel fluxing; 
in the manufacture of glass, enameled, and sanitary ware, and 
of hydrofluoric acid; in the electrolytic refining of antimony 
and lead; and in the production of aluminum. In the last process 
fluorspar is reported to be fused with bauxite and soda ash into 
a so-called artificial cryolite, to which more bauxite is added, 
and from this mixture aluminum is extracted in the electric 
furnace.

"N o  cryolite is produced in the United States, the entire 
supply used in this country being imported from Greenland.

"T he quantity of cryolite reported to have been imported 
for consumption in the United States in 1915 was 3,940 long tons, 
valued at $82,750, as compared with 4,612 long tons, valued 
at $94,424, in 1914. The average price per ton declared in 1915

was apparently $21 as compared with $20.47 in 1914. Cryolite 
is now imported free of duty.”

BUREAU o r  STANDARDS  

Determination of Volatile Thinner in Oil Varnish. E. W. 
B o u g iit o n . Technologic Paper 76. 6 pp. Paper, 5 cents.
" I t  has been shown that any of the methods described above 
give results which, though only approximate from a scientific 
standpoint, are satisfactorily accurate for practical purposes. 
The volatilization of the thinner, in some cases turpentine and 
in others mineral spirits, from drying films of freshly prepared 
varnishes was practically complete in 2 hrs. at room tempera­
ture (30 to 3 50 C .).”

Regulation of Electrotyping Solutions. A n o n y m o u s . Cir­
cular 52, 2nd Ed. 42 pp. Paper, 10 cents. "T h e principal 
new information in this edition is that relating to the study of 
copper electrotyping baths, from which certain specific recom­
mendations have been made. There are also included in this 
edition tables giving the density of acid copper sulfate solutions 
and tables showing the weight and thickness of the copper de­
posited from such solutions by definite current densities in speci­
fied periods of time.”

CONGRESSIONAL COM M ITTEES  

The following Congressional Committee reports contain ma­
terial of chemical interest :

Uniform Standards of Classification for Cotton. House 
Report 777, to accompany House Bill 15913 which proposes 
to authorize the Secretary of Agriculture to establish uniform 
standards of classification for cotton, etc.

Mineral Resources of Certain National Forests. House 
Report 772, i page. This report is to accompany House Bill 
12885 which proposes to authorize the Secretary of Agriculture 
to permit prospecting, development, and utilization of mineral 
resources of certain national forest regions.

Linseed Oil. This is a Senate Report on hearings before the 
Sub-committee having in charge the Senate Bill 1289 which is 
intended to prevent manufacture, sale, or transportation of 
adulterated, mislabeled, or misbranded linseed oil, turpentine, 
or paint. 101 pages. Available only through the members 
of the United States Senate.

INTERNAL REVENUE CO M M ISSIO NER  

Denatured Alcohol. Treasury Decision 2326. This de­
cision (Vol. 30, No. 18) gives formula No. 22 for denatured 
alcohol which is a special preparation for use in formaldehyde 
solutions. Available as a i-page separate.

BUREAU OF FO REIG N  AND DO M ESTIC COMMERCE  

Saving of W aste Paper Material. A n o n y m o u s .- This is an 
unnumbered circular issued M ay 10th, describing methods 
for selecting, sorting, and disposal of waste paper, rags, and 
other paper-making material. It is of chemical interest only 
as indicating the sources and methods of handling waste materials 
which are useful in the paper trades.

Statistical Abstract of the United States, 1 9 1 5 . This is No. 
38 in this series of annual publications. Available through 
the Superintendent of Documents, bound in paper, 50 ccnts. 
740 pp. Thi§ publication is entirely tabular in nature consist­
ing of summaries of statistics, among others including natural 
resources, agriculture, forestry, fisheries, manufacturing, mining, 
foreign and domestic commerce, consumption estimates, prices, 
financial statistics and other data collected by various Govern­
mental agencies.

DEPARTM ENT OF AG RICULTURE  

The following articles in the Journal of Agricultural Research 
for M ay and June are of chemical interest:

Test of Three Large-Sized Reinforced-Concrete Slabs under 
Concentrated Loading. A. T . G o l d b e c k  a n d  E. B. S m it h . 
Journal of Agricultural Research, 6 (M ay 8), 205-34.
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Effect of Climatic Factors on the Hydrocyanic-Acid Content 
of Sorghum. J. J. W i i .l a m a n  a n d  R. M . W e s t .  Journal of 
Agricultural Research, 6 (M ay 15), 261-272.

Production of Clear and Sterilized Anti-Hog-Cholera Serum.
M . D o r s e t  a n d  R. R. H e n l e y .  Journal of Agricultural 
Research, 6 (M ay 29), 333-338.

Effect of Röntgen on the Tobacco, or Cigarette, Beetle and 
the Results of Experiments with a New Form of Röntgen Tube.
G . A . R u n n e r .  Journal o f Agricultural Research, 6 (June 12), 

383-389-
Stimulating Influence of Arsenic upon the Nitrogen-Fixing 

Organisms of the Soil. J. E. G r e a v e s .  Journal o f A g r i­
cultural Research, 6 (June 12), 389-416.

Availability of M ineral Phosphates for Plant Nutrition.
W . L . B u r m s o n . Journal of Agricultural Research, 6 (June 26),

48 5-514-

Legal Standards for Dairy Products. A n o n y m o u s . This is 
a revised summary issued M ay ist, giving the legal standards 
for dairy products in force on July 1, 1915. The following 
products are listed for each state or major political division of 
the United States including insular possessions: M ilk, skimmed
milk, cream, butter, whole cream cheese, skimmed milk cheese, 
condensed milk, evaporated milk and ice cream.

Farm Manures and Fertilizers. Unnumbered leaflet of the 
States Relations Service which discusses the value, methods of 
handling, and proper application of farm manures and fertilizers. 
Summaries of the characteristic analyses, costs, and value of 
each typical fertilizer are of particular interest to the soil chemist.

C O M M E R C E  R E P O R T S —JU N E , 1916

A  number of plants yielding dyes are found in abundance 
in Ecuador. (P. 817.)

The manufacture of aniline dyes has been initiated at Amster­
dam, Holland. (P. 833.)

The beet sugar industry of Canada shows a marked increase. 
(P. 865.)

A new superphosphate factory is to be erected ¡11 Holland. 
(P. 866.)

Exportation of logwood from Tabasco, Mexico, has greatly 
increased. (P. 890.)

A large assortment of artificial dyes is now being made in 
Japan. (P. 890.)

Considerable tanning extract, derived from mangrove bark 
and leaves is now being exported from Brazil. (P. 900.)

The important vegetable oils expressed in Marseilles are peanut, 
cocoanut, and palm kernel. (P. 922.)

Extensive deposits of alunite, containing about 5 per cent of 
potash, have been discovered on Vancouver Island, British 
Columbia. (P. 947.)

D ata on the world’s production of fertilizers, collected by 
the International Institute of Agriculture, include the figures 
for 1912 and 1913 for natural phosphates, basic slag, super­
phosphate, potash salts, sodium nitrate, calcium nitrate, am­
monium sulfate, and calcium cyanamide. (P. 986.)

' Among available sources of alcohol in the Philippines, are 
sugar beet, sugar cane, beet and cane molasses, cassava, potato 
culls, sweet potatoes, maize, nipa sap and cocoa sap. Owing 
to the advance in-the price of gasoline (to $0.50 per gal.) the use 
of alcohol as motor fuel is increasing. (P. 988.)

The methods of manufacturing sand-lime bricks in Europe 
are described. (P. 996.)

Phosphate deposits containing about 20 per cent P üOi are 
found in Tonkin, Indo-China. (P. 1012.)

The dyestuff industry of Japan is developing rapidly, though

still hampered by lack of heavy chemicals and of a market for 
by-products. (P. 1016.)

The annual output of zinc ores from Japan has increased from
40,000 to 70,000 tons. A  new glass factory, and an aluminum 
plant are nearing completion. (P. 1027.)

Titanium salts (oxalate or tartrate) in connection with tannic 
acid are being used extensively in England as mordants for 
yellow, orange'; khaki color, etc., on cotton.. (P. 104P.)

A  new hyciro-'eiectric plant for both smelting and refining of 
zinc is being erected in Norway. (P. 1045.)

Efforts are being made by New Zealand to increase the market 
for Kauri gum in the United States. (P. 1073.)

The rubber industry of the M alay Peninsula is very prosperous. 
M uch of the rubber is being sent directly to the United States 
instead of via England, as formerly. (P. 1091.)

Since Japan acquired Formosa in 1895, the annual sugar 
output of Formosa has increased from 75,000 to 350,000 tons. 
(P. 1121.)

High-speed steel is being made by a new proccss in England, 
without using any tungsten, molybdenum, cobalt, or vanadium. 
(P. 1127.)

The output of copper from the Rio Tinto mines shows a marked 
increase, much of the product, of copper, copper ore, and sulfur 
ore being shipped to the United States. (P. 1133.)

Considerable amounts of zinc dust arc being exported from 
Japan to the United States. (P. 1149.)

The bauxite and aluminum industry of this country are very 
active, much of the metal being used in an explosive “ ammonal”  
consisting of aluminum powder and ammonium nitrate. (P. 1151.)

A new paper mill is to be erected near Pernambuco, Brazil. 
(P. 1169.)

Considerable amounts of natural dyes, principally from India, 
South and Central America, are being used in Bradford, England. 
(P. 1176.)

The annual export of chicle from Venezuela to the United 
States is nearly $1,000,000. (P. 1182.)

The kelp industry of British Columbia is being developed. 
(P. 1188.)

A  Mond by-product plant, principally for the production of 
ammonium sulfate is being erected in South Africa. (P. 1191.)

Only one plant in France is now making aniline dyes, of which 
there is a great shortage. (Sup. 5d.)

S p e c i a l  S u p p l e m e n t s  I s s u e d  in  J u l y , 1 916

F r a n c e , H avre, Grenoble, L a 
Rochelle, Nice, S t. E tienne— 5c 

F r a n c e — 5d
N o r w a y , Bergen, S tavanger— 10<z 
S p a i n , C anary  Islands— 15a

U n it e d  K in g d o m , Liverpool— I9e 
U n it e d  K in g d o m , M anchester— 1 9 / 
U n i t e d  K in g d o m , B radford— 19« 
C h i l e — 4 1 a  
P e r s i a — 57 a

S t a t is t ic s  o f  E x p o r t s  t o  t h e  U n i t e d  S t a t e s

G r e n o h l e , F r a n c e —  
Sup. 5c 

Em ery 
Ferrochrom e 
Ferrosilicon 
Ferrom anganese 
Ferro tungsten  
M onom ethyl sulfate

L a  R o c h e l l e , F r a n c e  
— Sup. 5c 

Casein 
Glue stock 
Hides
Sodium  silicofluoride

N i c e , F r a n c e —Sup. 
5c

F ilte r paper 
Glassware

B e r g e n , N o r w a y —
S u p . 10a  

A lum inum  
G uano 
H ides
Cod liver oil 
L ubricating  oil 
Sugar

P e r s i a — Sup. 5 7 a  
G um  tragacan th  
Opium

L i v e r p o o l , E n g l a n d M a n c h e s t e r , E n g ­
— S u p .  19c l a n d — S u p .  1 9 /

B lo o d A s b e s to s
B o n e s D y e s tu fT s
C o a l A n il in e
C o p p e r C a r b o l i c  a c id
B o n e  d u s t S o d iu m  c y a n id e
F ib e r s N a p h t h y la m in e
G re a s e H id e s
H id e s R u b b e r
R u b b e r I n d ig o
F  e r r o m a n g a n e s e A n im a l  o ils
C o c o a n u t  o il V e g e ta b le  o ils
P a l m  o il L in o le u m
S o y a  o il P a p e r
P a lm  k e rn e l  o il P a p e r  s to c k
W h a le  o il Z in c  d u s t
P a p e r  s to c k B r a d f o r d , E n g l a n d  

— S u p .  19g 
A n i l in e

C h i l e — S u p .  4 1 a A n t im o n y  c o m p o u n d s
A rg o ls D y e s
B e e s w a x P o ta s s iu m  c a r b o n a t e
C o p p e r F ib e r s
G lu e G r e a s e  a n d  o i ls
H id e s  ^ H id e s
P o ta s s iu m  c h lo r id e P a p e r
S o d iu m  n i t r a t e C a n a r y  I s l a n d s —
S o a p  b a r k S u p .  15a
R u b b e r C o c h in e a l
S i lv e r C o p p e r  m a t t e
Z in c H id e s
G o ld P u m ic e
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BOOK RLV1LW5
A  Student’s Book on Soils and M anures. B y  E .  J. R u s s e l l ,

D.Sc., Director of the Rothamsted Experiment Station, 
Harpenden. Cambridge Farm Institute Series, Cambridge: 
A t the University Press, 1915. 190 pages of text; appendix
on Soil Analysis; index; 34 illustrations, G. P. Putnam ’s 
Sons, New York C ity. Price, $0.90.

The text of this book is written in an easy style, readily com­
prehended by a layman of quite scanty technical equipment. 
Experiments easily performed are suggested. The text is di­
vided into three parts: An account of the soil, the control of 
the soil, and fertilizers. Anyone reading the book will un­
doubtedly acquire in easy fashion quite a comprehensive knowl­
edge of the art of producing crops. Technical investigators 
will not always agree with Dr. Russell’s statements of theory 
but cannot cavil a t his manner of making them. Practical 
farmers and greenhouse men in America will probably dissent 
pretty strongly with some of the statements which are ob­
viously made for English conditions and from English experience.

Quotations from American sources are fairly frequent and 
generous. Every one pretending to keep informed 011 scientific 
matters generally, as well as students of agriculture, should 
read the book. Dr. Russell’s very unusual knowledge of the 
literature of agriculture is often in evidence and every chemist 
and agricultural investigator will probably find something 
new to himself in his reading of the book. The reviewer has done 
so times enough to make him feel he must read it again.

F r a n k  K .  C a m e r o n

Elem entary Practical M etallurgy for Technical Students and 
Others. B y  J. H. S t a n s b i e , B.Sc., F .I.C ., Associate of 
Birmingham University, and Lecturer on M etallurgy in the 
Birmingham Municipal Technical School. 151 pages. J. and 
A. Churchill, London; P. Blakiston’s Son &  Company, Phila­
delphia. Price, $1.40 net.

In the preface the author states that the book was prepared 
for the use of those who wish to obtain a practical knowledge of 
the common metals by means of a laboratory course. He 
first discusses furnaces and other apparatus, then takes up fuel, 
refractory materials, slags and fluxes, formation and reduction 
of oxides and of sulfides. This is followed by chapters on 
mechanical testing; non-ferrous metals and alloys; iron and 
steel; gold and silver.

The book is extremely elementary and "practical,”  and ap­
parently written for work in a laboratory lacking modern equip­
ment. A  cut shows the wind furnace which is used for most 
of the work, even down to the manufacture of alloys of 50 g. 
T o  determine the calorific power of fuel the old Thompson 
calorimeter is used, and no other is mentioned.

For technical and night-school courses the book covers the 
ground in a very interesting way, and fills its purpose. The 
main criticism is in regard to the presentation of the subject of 
alloys. Their constitution ought either to have been omitted 
entirely, or else presented from the modem standpoint. As 
it is, solid solutions, eutectics, etc., are spoken of, but in such a 
w ay that the student cannot possibly obtain a correct idea of 
what an alloy is or the changes which take place during solidifi­
cation and subsequent cooling. Such statements as " I t  is well 
known that the structure of copper-zinc alloys passes through a 
temperature range somewhat below a red heat. The metal 
becomes comparatively rotten and is readily broken up;”  or, 
"Some metals, though well mixed in the molten state, sep­
arate either partially or completely on solidification. This is 
due to the fact that one metal is soluble in the other in the

solid state only to a limited extent, or not at a ll; also to the ab­
sence of eutectics in the structure of the alloys” are misleading, 
to say the least.

There is still need for a book in practical metallurgy, apart 
from assaying, which is elementary, practical, and at the same 
time scientific.

W il l ia m  C a m p b e l l

The M etallurgists’ and Chemists’ Handbook. B y  D o n a l d  
M . L i d d e l l , Consulting Metallurgical Engineer and some­
time Managing Editor of The Engineering and Mining Jour­
nal. 603 pp. 1916. McGraw-Hill Book Co., Inc., New 
Y o rk  and London. Price, $4.00.

The scope of this handbook is indicated by the following 
table of contents:

S e c t i o n  P a g e s
I— M ath em atic s ................................................................................ 1 — 52

I I — Price and  Production  S ta tis tic s ............................................ 5 3 - 74
I I I — Physical C o n stan ts ....................................................................  75-232
IV — Chem ical D a ta ............................................................................ 233-301
V— Sam pling, Assaying and  A nalysis ........................................  302-338

V I— Ore D ressing ................................................................................  339-402
V II— C yan id a tio n .................................................................................. 403-412

V III— Fuels and  R efracto ries.............................................................  413-439
IX — M echanical Engineering and  C onstruction ........................ 440-474

X — G eneral M eta llu rg y ................................................................... 475-582
X I— F irs t A id .....................................................................  483-488

The author has compiled tables of factors and constants, 
that are indispensable to the practical worker and has arranged 
them as systematically as it is possible to arrange such a  mass 
of heterogeneous material. T o avoid cumbersomeness, many 
tables of more or less special character are of necessity omitted. 
For the most part the author has exerciscd considerable care 
and good judgment in the selection of his material. However, 
it is the reviewer’s opinion that if the author had seen fit to- 
include a table of organic compounds with their properties, 
corresponding to the table of "T h e Properties of the Principal 
Inorganic Compounds,”  the usefulness of the book would have 
been increased, particularly at the present time when organic 
industrial chemistry is receiving so much attention.

Besides tables of factors and constants, much useful informa­
tion of a general and varied character is given. For example, 
a list of seventeen flotation processes is given together with a 
brief description of each and the names of concerns using the 
same.

The volume is bound in a good flexible leather binding, the 
type is clear and legible, the paper of a good grade, though rather 
too transparent. The size is 4 X  7 X  J/< in. A  complete 
workable index is given, thus making the material contained 
in the volume readily accessible. Altogether it is a very 
usable book either in the library or the plant.

A s is almost invariably the case with first editions, errors are 
frequent. No attem pt has been made to scan the book for 
errata, but those observed incidental to its use in the labora­
tory are here noted:

M olecular 
W eight Correction

P . 210— A m m onium  C hrom ate, (NHOsCrO*.. 136.08 152.08
P . 221— P otassium  A cetate, K îC iH jOi .............  137.22 K C jH jOî 98.13
P. 223— Sodium  A cetate, N a2C2H 30 23 H 20 . . . .  175.27 136.08
P . 224— Sodium  Sulfate, N a2SO<........................  119.07 142.06

P. 2 i i — Ammonium phosphomolybdate. Formula given is 
(NH4)3P04 .ioM o03 .3H20 . The ratio of P2O5 to M oOj is 1 : 24 
instead of 1 : 20.

The author has met a long-felt need among metallurgists 
and chemists for a handy reference book that is more than a. 
collcction of figures and tables.

A. A. B a c k h a u s
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NEW PUBLICATIONS
By I r e n e  D e M a t t y , L ibrarian . M ellon In s titu te  of In d u s tria l R esearch . P ittsb u rg h

A lternating C urrent P henom ena. C. P. S t e in m e t z . 5th  Ed. 8vo.
Price, $4.00. M cG raw -IIill Book Co., New York.

Canning of F ru its  and  V egetables. J .  P. Z w a l l a . 8vo. 220 p p .  Price, 
S2.50. John  W iley & Sons, Inc ., New York.

Chem istry in the  Service of M an. A l e x a n d e r  F i n d l a y .  8 v o . 2 5 5  p p .
Price, $1.60. Longm ans, Green & Co., New York.

C hem ists: K elly’s D irectory of C hem ists and  D ruggists, Includ ing  M anu­
facturing C hem ists. 843 pp. Price, 25 s. K elly ’s D irectories, L td ., 
London.

Coal M iners’ Pocketbook. 11th E d. lGmo. 1200 pp. Price, $4.00.
M cG raw -H ill Book Co., New York.

D iesel or Slow -Com bustion Oil Engine. G. J. W e l l s  a n d  A. J . W a l l is - 
T a y l ER. 8vo. 304 pp. Price, $3.00. D. A ppleton & Co., New Y ork. 

D rainage: Textbook of Land D rainage. J. A. JEFFREY. 12mo. 250
pp. Price, $1.25. T he  M acm illan Co., New York.

Engineering  Applications of H igher M athem atics. V l a d im ir  K a r a p ij t o f f . 
8vo. P t. 2, 3, 4, 5. Price, ea. $0.75. John  W iley & Sons, Inc ., New 
York.

Engineering  Training: T he Princip les of A pprentice Train ing  with Special 
R eference to the  Engineering Industry . A. P .  M . F l e m in g  a n d  J. G. 
P e a r c e . 12mo. 202 pp. Price, $1.20. Longm ans, Green & Co.,
New York.

E ssences: M anual for the  E ssence Industry . E r ic ii  W a l t e r . S v o .
427 pp. Price, $4.00. John  W iley & Sons, Inc ., New York.

Explosives: Industria l N itrogen Com pounds and Explosives. G e o f f r e y  
M a r t in  a n d  W. B a r b o u r . 4to. 125 pp. Price, $2.50. D. A ppleton 
& Co., N ew  York.

Fertilizers: T he  Source, C haracter and  Com position of N atural, H om e­
m ade, and  M anufactu red  Fertilizers. E. B . V o o r h e e s . Rev. Ed. 
12mo. 365 pp. Price, $1.50. T he M acm illan Co., New York.

G as Engine Ignition. E. B. N o r r is  a n d  O t h e r s . Svo. 174 pp. Price, 
$1.50. M cG raw -H ill Book Co., New York.

H eating  and  V entilating D ucts: P ractical S hee t M etal D uct Construc­
tion. W . N e u b e c k e r . 8vo. 194 pp. Price, $2.00. Sheet M etal 
Publish ing Co., N e w  York.

Industria l C hem istry: O utlines o f  Industria l C hem istry. F . II. T i i o r p .

3rd E d . 8vo. 660 pp . Price, $3.75. T he M acm illan Co., New York. 
Industria l P reparedness . C. E . K n o e p p e l . 12mo. 145 pp. Price,

$1.00. E ngineering M agazine Co., New York.
Inorganic C hem istry: C onférences de chim ie m inerale. M a r c e l  G ui- 

c h a r d . 2nd Ed. 8vo. 422 p p .  Price, 15 fr. G au th ier Villars e t  
Cie., Quai des Grunds Augustins, 55, Paris.

L im es and  C em ents. E . A. D a n c a s t e r . 12mo. 212 pp. Price, $1.75.
D . A ppleton & Co., New York.

M ateria ls : M echanical H andling  and  S toring of M aterials. G. F . Z im m e r .
N ew E d. 4 to. 766 pp . Price, 42 s. C rosby Lockwood & Son, London. 

M echanical Technology. G. F . C h a r n o c k . 8vo. 635 pp. Price, $3.00, 
net. D*. Van N ostrand  Co., New York.

M ineral R esources of M inas G eraes (Brazil). 8vo. 100 pp. Price, 
$2.00. Spon & C ham berlain, New York.

Oil: Princip les of Oil and  G as Production . R. H . J o h n s o n  a n d  L. G. 
H u n t l e y . 8 v o . 371  p p .  Price, $ 3 .7 5 . John  W iley & Sons, Inc., 
New Y ork.

Oil and  P e tro leum  M anual for 1916. W . R. S k i n n e r . 8 v o . 257 pp.
Price, 2 s., 6 d. W . R  Skinner, London.

O rganic Com pounds: A M ethod for the  Identification of P u re  Organic 
Com pounds. Vol. 2. Com pounds of O rder 2. S. P. M u l l i k e n . 
Svo. 336 pp. Price, $5.00. John  W iley & Sons, Inc., New York. 

Paper and  I ts  U ses. E . A. D a w e . S v o . 162 pp. Price, $1.50. D .
A ppleton & Co., New Y ork.

Pow er T ransm ission  by L ea ther Belting. R. T. K e n t .  8 v o . 114 pp.
Price, $1.25. John  W iley & Sons, Inc., New York.

Sanita tion: T h e  E lem ents of Physiology and Sanitation. L. J. R e t t g e r .
12mo. 389 pp . Price, $0.80. A. S. B arnes Co., New York.

Science: L aboratory C ourses in  G eneral Science. H e r b e r t  B r o w n e l l .
12mo. 212 pp. Price, $0.80. T he  M acm illan Co., New York.

S team  T raction  Engineering. S. R . E i g h in g e r  a n d  N . S. H u t t o n . 8 v o .
317 pp . Price, $2.50. D. A ppleton & Co., New York.

Steels: B ritish S tandard  Specifications for W rought Steels. 24 pp.
Price, 7 s., 6 d. C rosby Lockwood & Son, London.

Steel: T he M etallurgy  of S teel. F . W. H a r b o r d  a n d  J . W . H a l l . 2 vols.
5 th  E d. 568 pp. Price, 36 s. Chas. Grifiin 8c Co., London.

T ars: B ritish  S tandard  N om enclature of T ars, P itches, B itum ens and 
A sphalts. 41 pp. Price, 5 s. C rosby Lockwood & Son, London.

W ater P ow er: T he  M odern  D evelopm ent of W ater Pow er. A . S t e i g e r . 
Price, 2 s. E. & F. N . Spon, London.

RECEN T JOURNAL ARTICLES

Acetylene or E lectricity. A. G . R a k e s t r a w . Acetylene Journal, Vol. 
18 (1 9 1 6 ), No. 1, pp. 2 1 - 2 2 .

Alcohol: E thyl Alcohol from  Wood. F .  W. K r e s s m a n n . Metallurgica 
and Chemical Engineering, Vol. 15 (1 9 1 6 ), No. 2 , pp. 7 8 - 8 2 .

Antimony: D eterm ination  of Antimony. H . R .  L a y n g . M ining  and  
Scientific Press, Vol. 113 (1 9 1 6 ), No. 2 , pp. 5 7 -5 8 .

A rsenic: S tim ulating Influence of A rsenic upon N itrogen-Fixing O rgan­
ism s of the Soil. J .  E .  G r e a v e s . Journal o f Agricultural Research, 
Vol. 6  (1 9 1 6 ), No. 11, pp. 3 8 9 -4 1 6 .

B lasting P ractice in C huquicam ata, Chile. H . W. M o o r e . M ining  and 
Scientific Press, Vol. 113 (1 9 1 6 ), No. 2 , pp. 6 0 -6 1 .

B last Furnace: T he R ate  of Driving the  Blast Furnace. J .  E .  J o h n s o n , 
J r . Metallurgical and Chemical Engineering, Vol. 15 (1 9 1 6 ), No. 1,
pp. 2 1 -2 6 .

C arbon-D ioxide R efrigerating  M achine. F . T .  F l e n n i k e n . Power, 
Vol. 4 3  (1 9 1 6 ), N o. 2 6 , pp. 9 0 3 -9 0 5 .

Catalysis in the  Form ation  of Gasoline from  K erosene. G u s t a v  É g l o f f  
a n d  R .  J .  M o o r e . Metallurgical and Chemical Engineering, Vol. 15 
(1 9 1 6 ), No. 2 , pp. 6 7 -6 9 .

Coal: Pow dered  Coal as a B last Furnace Fuel. Blast Furnace and Steel 
Plant, Vol. 5 0  (1 9 1 6 ), No. 7, pp. 3 1 5 -3 1 6 .

C oncrete: T ests  of Reinforced Concrete Pipe. J .  S . L a m b i e . Iron Trade 
Review, Vol. 5 9  (1 9 1 6 ), No. 2 , pp. 8 1 - 8 2 .

Copper: Com parisons betw een Electrolytic and Two V arieties of A rsenical 
Lake Copper with R espect to S treng th  and  D uctility in Cold-W orked 
and Annealed T e s t Strips. C . H .  M a t h iîw s o n . Transactions o f the 
American Institute o f M in ing  Engineers ( 1 9 1 6 ), No. 115, pp. 1 1 8 5 - 1 2 1 5 .

Copper: Sources of M eta l Loss in Copper Refining. L a w r e n c e  A d d ic k s . 
Metallurgical and Chemical Engineering, Vol. 15  (1 9 1 6 ), No. 1, pp. 1 1 - 1 5 .

Copper O res: Drilling and  Analysis of Copper O res. A. J .  S a l e . E n ­
gineering and M in ing  Journal, Vol. 1 0 2  (1 9 1 6 ), No. 2 , pp. S 7 -9 0 .

Cyaniding Copper-Bearing O res. P. W G a e b e l e i n . Engineering and  
M ining  Journal, Vol. 102 (1 9 1 6 ), No. 1. pp. 2 2 -2 3 .

Engine-Room  Lubrication. G . A . T o w n s e n d . Power, Vol. 4 3  (1 9 1 6 ), 
No. 2 6 , pp. 9 0 5 -9 0 7 .

Fertilizer: M aking Basic P hosphate  Fertilizer. Iron Trade Review, Vol. 
5 9  (1 9 1 6 ), No. 1, pp. 2 3 - 2 8 .

Filter P aper: T he  M anufacture of Chem ical F ilter Paper. E . F . B e v a n  
a n d  W. B a c o n . The Analyst, Vol. 4 1  (1 9 1 6 ), No. 4 8 3 ,  pp. 1 5 9 -1 6 5 .

F ire Brick: H o w  to Conduct Fire Brick T ests. C . E .  N e s b i t t  a n d  M . 
L . B e l l . Iron Trade Rrview, Vol. 5 9  (1 9 1 6 ), N o .  2 , pp. 7 1 - 7 8 .

Flotation: A pparatus Used in Flotation. H. A. M e g r a w . Engineering 
and M in ing  Journal, Vol. 1 0 2  (1 9 1 6 ), No. 1, pp . 5 - 8 .

Flotation of M inerals. R . J .  A n d e r s o n , M ining  and Scientific Press, 
Vol. 1 13 (1 9 1 6 ), No. 2 , pp. 4 7 - 5 1 .

F urnace and  Boiler Losses. R . C e d e r b l o m . Power, Vol. 4 4  (1 9 1 6 ), 
N o. 2 , pp. 4 5 -4 7 .

F urnaces: How T uyères Indicate Furnace Conditions. W. G . I m h o f f . 
Blast Furnace and Steel Plant, Vol. 5 0  (1 9 1 6 ), N o. 7, pp. 3 2 6 -3 2 8 .

Oil: T he Form ation of Aromatic Compounds from  th e  Cracking of a  G as 
Oil. G u s t a v  E g l o f f  a n d  T .  J .  T w o m e y . Metallurgical and Chemical 
E n g in e e r in g ,  Vol. 15 (1 9 1 6 ), No. 1, pp. 1 5 -1 8 .

Pla tinum  on the  Pacific Coast. T .  W. G r u e t t e r . M ining  and Scientific 
Press, Vol. 113 (1 9 1 6 ), No. 1 , pp. 2 0 - 2 1 .

Potassium : T he E stim ation  of P o tassium  in P resen ce  of O ther S ubstances. 
A l e x . II. B e n n e t t . The Analyst, Vol. 41  (1 9 1 6 ), No. 4 8 3 ,  pp. 1 6 5 -1 6 8 .

Pow er Factor Explained. F . A . A n n e t t . Power, Vol. 4 4  (1 9 1 6 ), No. 1, 
pp. 4 - 7 .

Rock Analysis: A R ecording M icrom eter for G eom etrical Rock Analysis. 
S . J .  S i i a n d . The Journal o f  Geology, Vol. 2 4  (1 9 1 6 ), No. 4 , pp. 3 9 4 -  
4 0 4 .

Steel: Cutting Efficiency of Tool S teel. J .  O. A r n o l d . Iron and Steel, 
Vol. 5 9  (1 9 1 6 ), No. 1, p. 2 1 .

Steel: The Effect of Sulfur in R ivet S teel. J .  S. U n c e r . Blast Furnace
and Steel P lant, Vol. 5 0  (1 9 1 6 ), N o. 7 , pp. 3 3 3 -3 3 8 .

T ungsten : Specific Gravity M ethod for T ungsten  Analysis. ' J .  J .  R u n n e r . 
M ining  and Scientific Press, Vol. 11 3  (1 9 1 6 ), N o. 1, pp. 1 1 -1 3 .

T urb ines: Efficiency T ests  of a  30,000 Kw. Cross Compound S team  T u r­
bine. H .  G . S t o t t  a n d  W . S . F i n l a y . The Electric Journal, Vol.
13 (1 9 1 6 ), N o. 7 , pp. 3 3 5 -3 3 9 .

V alves: New Valves for R egenerative Furnaces. J .  A . H e r r i c k . Iron  
Trade Review, Vol. 5 9  (1 9 1 6 ), No. 2 , p. 8 4 .
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INO RG ANIC CHEMICALS

Acetate of Lime, gray....................................... .100 Lbs. 7.00 © 7.05
Alum, lump am m onia....................................... .100 Lbs. 4.00 —
Aluminum Sulfate, high-grade...................... ......... Ton 65.00 ® 70.00
Ammonium Carbonate, dom estic................. ......... Lb. 9 */a @ 10
Ammonium Chloride, gray............................. ......... Lb. 10 @ 15
Ammonium Phosphate, commercial,9 8 -1 0 0 % . .Lb. — @ —
Aqua Ammonium, 26°, drums...................... .........Lb 5 5>/a
Arsenic, white...................................................... 6»/g @ 6 1/ 2
Barium Chloride................................................. ......... Ton 100.00 @ 105.00
Barium N itrate................................................... 18 @ 19‘A
Barytes, prime white, foreign........................ .........Ton — @ —
Bleaching Powder, 35 per cen t..................... .100 Lbs. 41/2 © 4*/4
Blue Vitriol........................................................... 8V 4 @ 9
Borax, crystals, in bags.................................... .........Lb. 6*/« @ 7
Boric Acid, powdered crystals....................... .........Lb. 11*/« @ 12 Vs
Brimstone, crude, dom estic............................ .Long Ton 30 .00 @ 32 .00
Bromine, technical, bulk................................. .........Lb. 2.40 @ 2 .50
Calcium Chloride, lump, 70 to 75%  fused..........Ton 26.00 @ 28.00
Calcium Chloride, granulated........................ ......... Ton 14.78 ® 15.00
Caustic Soda, 74 per cen t.............................. ......... Lb. 3»/* @ 3/4
Chalk, light precipitated................................... .........Lb. 4»/j @ 5V4
China Clay, imported....................................... ......... Ton 18.00 @ 30 .00
Feldspar................................................................. ......... Ton 8.00 @ 12.00
Fuller’s Earth, foreign, powdered................ .100 Lbs. 80 © 1.05
Glauber’s Salt, in bbls....................................... .100 Lbs. 65 © 70
Green Vitriol, bulk............................................ .100 Lbs. 1.25 @ 1 .50
Hydrochloric Acid, commercial, 18°........... ............Lb. 2»/a @ 2*/i
Hydrochloric Acid, C. P., conc., 2 2 ° ........... .100 Lbs. 2V< © 3
Iodine, resublimed.............................................. .........Lb. 4.25 @ 4 .30
Lead Acetate, white crystals.....................................Lb. 15»/» @ 15*/«
Lead N itrate ........................................................ .........Lb. 15»/* © 16
Litharge, American............................................ .........Lb. 9V« ® 9V4
Lithium Carbonate............................................ .........Lb. 97 © 98
Magnesium Carbonate..................................... ..........Lb. 19 © 22
M agnesite, "Calcined” ..................................... .........Ton — © —
Nitric Acid. 3 6 ° ................................................... . .  . .L b . 71/« @ 7 V  *
Nitric Acid 4 2 ° ..................................................... . .  . .L b . 8*A © —
Phosphoric Acid, sp. gr. 1.750..................................Lb. 30 @ 31
Phosphorus........................................................... .........Lb. — © —
Plaster of Paris.................................................... .........Bbf. 1.50 © 1.70
Potassium Bichromate, casks.......................... .........Lb. 37 © 38
Potassium Bromide (granular)........................,100 Lbs. 2 .90 © 3 .0 0
Potassium Carbonate, calcined, 80 @ 85% .. . . . .  Lb. 80 @ 85
Potassium Chlorate, crystals, spot................ ____ Lb. 45 © 47
Potassium Cyanide, bulk, 98-99 per cen t.., : . . .L b . — © —
Potassium Hydroxide......................................... .........Lb. 83 @ 90
Potassium Iodide, bulk...................................... .........Lb. 3 .9 0 © —
Potassium N itrate .........................................................Lb. — © —
Potassium Permanganate, bulk...................... .........Lb. 1.60 © 1.70
Quicksilver, flask, 75 lbs.................................... 80.00 © —
Red Lead, American, d ry ............................... .........Lb. 9*A @ —
Salt Cake, glass makers’.................................. . 9 .0 0 @ 10.00
Silver N itrate.................................................. 39*/ s © —
Soapstone in b a g s ............................................... .........Ton 8 .0 0 © 12.00
Soda Ash. 48 per cent.........................................
Sodium Acetate....................................................

, 100 Lbs. 
.........Lb. 14

2»/a
© 15

Sodium Bicarbonate, dom estic........................100 Lbs. 1.75 @ 2 .00
Sodium Bicarbonate, English........................ .........Lb. 3»/j © 3‘/«
Sodium Bichromate........................................... ......... Lb. 35 ® 37
Sodium Chlorate.................................................. ......... Lb. 30 © 32
Sodium Fluoride, commercial........................ ..........Lb. — @ —
Sodium Ilyposulfite........................................... .100 Lbs. 2.00 @ —
Sodium Nitrate, 95 per cent, spot............... .100 Lbs. 3 .1 0 © —
Sodium Silicate, liquid..................................... .100 Lbs. 1.25 © 1.75
Sodium Sulfide, 30% , crystals, in b b ls . . . . ......... Lb. 2 ® 2»/s
Sodium Bisulfite, powdered............................ ......... Lb. 6 © 7
Strontium N itrate.............................................. ......... Lb. 42 @ 45
Sulfur, flowers, sublim ed.................................. . 100 Lbs. 2 .30 © 2 .70
Sulfur, roll............... ............................................. . 100 Lbs. 1.95 © 2 .25
Sulfuric Acid, chamber, 6 0 ° ........................... ......... Ton $25.00 @ —

Sulfuric Acid, conc., sp. gr. 1.842................ .100 Lbs. 2 .50 © 3 .0 0
Sulfuric Acid, oleum (fum ing)....................... .100 Lbs. 5 © —
Talc, American w hite ....................................... ......... Ton 9 .0 0 @ 12.00
Terra Alba, American, No. 1......................... .100 Lbs. 75 © 80
Tin Bichloride. 5 0 ° ............................................ ......... Lb. 151/4 ® 16
Tin Oxide............................................................... ......... Lb. 49 @ 51
White Lead, American, dry............................ ......... Lb. 8*/4 @ —

Zinc Carbonate............................ ...................... 24 ® 28
Zinc Chloride, commercial............................... ......... Lb 13 @ 15
Zinc Oxide. American process..................................Lb. 8®/» ® 8*/«
Zinc Sulfate.....................................................................Lb. 6»/* ® 7V4

ORGANIC CHEMICALS

Acetanilid, C. P., in bbls.............................................Lb. 65 @ 65
Acetic Acid, 60 pet cent, in bb ls................... ......... Lb. 13 @ 14
Acetic Acid, glacial, 99*/«%. in carboys .. ......... Lb. 37 @ 38
Acetone, drums................................................... 40 © 42
Alcohol, denatured, 180 proof....................... 49 @ 50

Alcohol, grain, 188 proof.............................................. Gal. 2.64 @ 2 .7 0
Alcohol, wood, 95 per cent, refined......................... Gal. 65 @ 68
Amyl A ceta te ....................................................................Gal. 5 .25  @ —
Aniline O il.............................................................. ------ Lb. 37 © 40
Benzoic Acid, ex-toluol.................................. 6.75 @ 7.50
Benzol, 90 per c e n t .................................... ........ 70 @ —
C am phor, refined in bulk, bbls........................ . . . . L b . 54 @ —
Carbolic Acid, U. S. P ., crystals, d ru m s ... , ........ Lb. 55 @ • 60
Carbon B isulfide........................ ........................... . . . . L b . 8»/j © —
Carbon Tetrachloride, drum s, 100 gals........ . . . . L b . 17 <§> —
C hloroform ............................................................. . . . . L b . 44 <S> 50
Citric Acid, dom estic, c ry sta ls ........................ . . . . L b . 64 © 67
Cresol, U. S. P ....................................................... ___ Gal. 75 © 80
D extrine, corn (carloads, b ag s)....................... 100 Lbs. 3 .30 <§> 3 .4 0
Dextrine, im ported p o ta to ................................ . . . . L b . 9 @ —
E ther, U. S. P.. 1900........................................... . . . . L b . 15 © 20
Form aldehyde, 40 per c en t............................... . . . . L b . 12 V* © 13
Glycerine, dynam ite , drum s included........... . . . . L b . 40 © 45
Oxalic Acid, in casks......................................... .. . . . . L b . 58 © 60
Pyrogallic Acid, resublim ed b u lk .................... . . . . L b . 2 .75 © —
Salicylic A cid .......................................................... . . . .  Lb. 2.75 © 2 .80
S tarch , cassava ...................................................... . . . . L b . 3»/4 © 4 »/a
S tarch , corn (carloads, b ag s)............................ 100 Lbs. 2.25 © —
Starch, p o ta to ........................................................ . . . . L b . — © —
Starch, rice .............................................................. . . . . L b . 8 @ 10
Starch, sago ............................................................ . . . . L b . 3 V* © 4
Starch , w h e at......................................................... . . . . L b . 5 @ 6
T annic Acid, com m ercial................................... . . . . L b . 60 @ 64
T a rta r ic  Acid, c ry sta ls ........................................ . . . . L b . 70 @ 72

OILS, W AXES , ETC.

Beeswax, pure, w h ite ........................................... . . . . L b . 47 © 55
Black M ineral Oil. 29 g ra v ity ......................... 13»/* @ —
C astor Oil, No. 3 .................................................. . . . . L b . I6V 4 @ 20
Ceresin, yellow*.................................................... . . . . L b . 10 @ 14
Corn Oil, c ru d e ..................................................... 100 Lbs. 8 .40 © —
C ottonseed Oil, crude, f. 0. b. m ill................ ___ Gal. 69 ® 71
Cottonseed Oil, p. s. y ........................................ 10V4 ® —
Creosote, beechw ood........................................... . . . . L b . 4 .0 0 ® 4 .25
C ylinder Oil, light, filtered ................................ 21 ® . —
Fusel Oil, c ru d e ..................................................... . . . . L b . 4 .50 @ —
Japan  W ax .............................................................. . . . . L b . 153/4 @ 16
L ard  Oil, prim e w in te r....................................... 1.04 @ 1.08
Linseed Oil. raw (car lo ts)................................. ___ Gal. 65 ® —
M enhaden Oil, crude (sou thern )..................... 48»/a ® —
N aph tha. 68 ®  72°............................................. ___ Gal 33 @ —
N e a t’s-foot Oil, 2 0 ° .............................................. ___ Gal. 1.10 @ 1 .20
Paraffine, crude, 118 & 120 m. p .................... . . . . L b . 5 @ —
Paraffine Oil, high v iscosity .............................. ___ Gal. 29 »/a @ —*
Rosin, *‘F ” G rade, 280 lbs................................. ___ Bbl. 6 .90
Rosin Oil, first ru n ............................................... ___ Gal. 30 <§> 32
Shellac, T . N ........................................................... 26 @ 26V».
Sperm aceti, cake ................................................... . . . . L b . 25 @ 26
Sperm Oil, bleached w inter, 3 8 ° ..................... ___ Gal. 80 @ 82
Spindle Oil, No. 200............................................ . . . .G a l . 24 @ 25
Stearic Acid, double-pressed............................. . . . . L b . 12Va @ 13 */a
Tallow, acidless..................................................... ___ Gal. 92 @ —
T ar Oil, d istilled .................................................... 30 @ 31
Turpen tine, spirits o f.......................................... ___ Gal. 44 @ . —

M ETALS

A lum inum . No. 1, ingo ts.............. ..............................Lb. 58 @ 60
Antim ony, o rd in a ry ........................ ..............................Lb. 13 @ 14

..............................Lb. 3.15 @ 3.25
Copper, e lectro ly tic......................... ..............................Lb. 26 V*
Copper, lak e ....................................................“ ............Lb. 26»/»
Lead, N . Y .............................................................. 100 Lbs. 6 .30
Nickel, e lectro ly tic .......................... ............................. Lb. — @ —
Nickel, shot and  ingo ts ................ ............................. Lb. — @ —
Platinum , refined............................. ..............................Oz. 60 .00 @ 65 .00
Silver.................................................... ............................. Oz. 62«/4
T in ....................................................... ..............................Lb. 3 IV»
Zinc. N . Y ........................................... 10

FERTILIZER M ATERIALS

A m m onium  S u lfa te .............................................. 100 Lbs. 3 .4 0
Blood, d rie d ...................................................................... U n it 2 .50
Bone, 4»/j and  50, ground, raw ................................T on —  @
Calcium  C yanam id ............................U nit of A m m onia 2.55
Calcium  N itra te , N orw egian ............................100 Lbs. —
C astor M ea l......................................................................U n it —
Fish Scrap, dom estic, dried, f. o. b. w orks U n it 3 .0 0  10
Phosphate, a c id . . '......................................................... U n it 80 @ 85
P hosphate  rock; f. o. b. mine:

F lorida land pebble, 68 per c e n t.....................Ton 2 .75  @ 3 .00
Tennessee, 78-80 per c en t.................................Ton 5 .00  @ 5.50

Potassium  "m u ria te .” basis 80 per c en t............... Ton 300.00  @ 325.00
Pyrites, furnace size, im p o r te d ................................. U nit 15 @  15*/j

Tankage, high-grade; f. o. b. C hicago.................... U n it 2 .65  b* 10
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Trouble-Free 
Service

with highest 
possible efficiency
T h e  Rotary Sulphur Burner insures 
Complete Combustion of Brim­
stone. A  slowly revolving drum 
causes continuous agitation of the shallow bed of molten sulphur which remains at 
the bottom of the drum. N ot only is the bed burning fiercely from its own heat, 
but the entire inside surface of the drum, being lined with a thin film of liquid sul­
phur carried around by the revolving process, is also a mass of flames. A b solute  
oxidation of all the sulphur results and there is no sublimation. T h e  Rotary Sulphur 
Burner will take care of your maximum hourly sulphur consumption. G iv e  us these 
figures and w e  will recommend a suitable size of apparatus to meet your conditions.

Glens Falls Machine Works, Glens Falls, New York

MERCK’S
B l u e  La b e l  Re a g e n t s

are tested according to the book 
of standards, “Chemical R e­
agents: Their Purity and Tests.” 
The analysis is on every label. 
Instruct your dealer to send you 
Merck’s “blue label” goods only.



28 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  Vol.  8, No. 8
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See pages 30-36 for Classified L ist of Chemical Equipment

Page
Abbe Engineering  C o............................................. 15
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B aker Chem ical Co., J .  T ..................................... 62
Phillipsburg, N . J.
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Rochester, N . Y.
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124 S. F ro n t S t., So. Bethlehem , Pa.
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M alvern, Pa.
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W ayne and  R oberts Aves., Philadelphia,

Pa.
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Buffalo D en tal Mfg. C o......................................... 56

Buffalo, N . Y.
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6 W inchester Ave., Buffalo, N . Y.

Cape Explosives W orks, L td ............................... 72
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C orning G lass W o rk s ............................................. 48
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Glenwood Ave. and  2nd S t., Philadelphia,

Pa.
Schieren  Co., Chas. A ............................................ 55

35 F erry  S t., N . Y  C.
S chutte  & K oerting Co.........................................  56

1239-57 No. 12th S t., Philadelphia, Pa.
Scientific M aterials  C o .........................................  2

717 Forbes S t., P ittsbu rgh , Pa.
Sharpies Specialty C o ............................................  44

W est C hester. Pa.
Shriver & Co., T ......................................................  40

830 H am ilton  S t., H arrison. N . J.
Sidio Co. of A m erica ..............................................  33

752 B roadw ay, N . Y. C.
Sow ers M fg. C o.......................................................  3S

1303 N iagara  S t., Buffalo, N . Y.
Spackm an E ngineering  Co., H en ry  S ...............  6S

2024 A rch S t., P h iladelph ia , Pa.
Sperry & Co., D. R ................................................. 40

B atav ia , 111.
Squibb & Sons, E . R .............................................  26

80 B eekm an S t., N . Y . C
S teiger T erra  Cotta & P o ttery  W o rk s   13

729 M ills B ldg., San Francisco, Cal.
Stevens-A ylsw orth C o............................................ 40

140 C edar S t., N . Y. C.
S tevens B ro th e rs .....................................................  37

Room  929, 149 B roadw ay, N . Y. C.
Stillwell L abo ra to ries ............................................. 69

76M Pine S t., N . Y. C.
S tokes M achine Co., F . J ...................................  40

Philadelphia, Pa.
S w eetland F ilter P re s s  Co., In c ......................... 6

36 F la tb u sh  Ave. E xten ., B rooklyn, N . Y.
Sw enson E vaporator C o ..................   6

945 M onadnock Bldg., Chicago, 111.

T herm al Syndicate, L td ........................................  10
50 E ast 41st S t., N . Y. C.

T hom as Co., A rthur H .......................     52-o3
W est W ashington Square , Philadelphia,

Pa.
Thw ing In s tru m e n t C o................................... ...... 4 /

444 N. 5 th  S t., Philadelphia, Pa.
Toch B ro th e rs ...........................................................  63

320 F ifth  Ave., N . Y. C.
T olhurst M achine W o rk s .....................................  26

Troy, N . Y.
T ow nsend, C linton P .............................................  6S

918 F  S t., N . W ., W ashington D . C.

Unger, John  S ........................................................... 69
3344 B roadw ay, C hicago, III.

Union Sulphur C o.................................................... 57
17 B atte ry  Place, N . Y . C.

U. S. S tonew are C o .    .......................................  14
A kron, O.

Van N ostrand  Co., D .............................................  73
25 P ark  Place, N . Y . C.

W erner & P fle iderer C o....................................... 3
Saginaw , W . S., M ich.

W hitall T atum  C o..................................    49
Philadelphia, Pa.

W illiam s P a te n t C rusher & Pulverizer C o . . .  10
Old Colony Bldg , Chicago, 111.

W oodbridge Ind . & Devel. C o............................ 12
P . O. Bldg., W oodbridge, N . J.

W oolner & C o..........................................................  33
Peoria, 111.

York M fg. C o............................................................  15
Y ork, Pa.

Zarem ba C o...............................................................  ^
D. S. M organ Bldg., Buffalo, N . Y .
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Schaum &  Uhlingc

Centrifugals

40" S u s p e n d e d  
T y p e  C e n t r i f u g a l

M any Types for 

Varied Purposes

The centrifugal illustrated here is one of 
our special machines originally designed 
for ammonium sulphate drying, but splen­
didly adapted for a variety of other ma­
terials.

This machine can be driven b y  belt, en­
gine or motor.

The basket and other parts are made of 
m aterial best suited for the work they are 
to do.

For half a century this house has been 
building centrifugals of many kinds for 
varied lines of duty. This experience is 
at your service if you have problems of 
separation to solve.

Schaum &  Uhlinger, Inc.
G le n w o o d  A v e n u e  a t  S e c o n d  S t r e e t  

Philadelphia, U. S. A.

LIBBEY C H E M IC A L  G L A S S W A R E

Now on 
the Market

Worthy of 
Consideration

C a ta lo g s  s e n t  o n  r e q u e s t .  M a d e  fo r  se r v ic e

T he Excellence of th is  w are is rap id ly  being realized by  C hem ists th ro u g h o u t th e  co u n try . E xperienced  
C hem ists have  placed L ib b e y  C h e m ic a l  G la s sw a re  above all o thers for A naly tica l W ork .

C h em ica l Q u a lity : P h ysica l Q u a lity : W orking Q u a lity :

“Insolubility” “Low Coefficient of Expansion” “ Uniform ity,” “Strong Lips and Flanges”

For im m ed ia te  s h ip m e n t  we carry th e  co m p le te  a s s o r tm e n t  of styles  an d  sizes

S o le  D is tr ib u to r s :*

Eberbach & Son Company, Inc.
™ T o Z f £ " 'm s  e s t a b l i s h e d  IM S  Ann Arbor, Michigan



CLASSIFIED L I S T  OF C H E M IC A L  E Q U IP M E N T
Absorption Towers

Duriron Castings Co., N . Y . C. 
Gcrm an-A m erican Stonew are W ks.. N . Y. C. 
K night, M aurice A.. Akron, Ohio.
L um m us Co., T he W alter E ., B oston, M ass. 
P ra tt  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
Robinson Clay P roduct Co., A kron, O.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. S tonew are Co.. T he, A kron, O.

Acetylene and Oxy-Acetylene Generators 
and Equipment
In te rna tiona l Oxygen Co., N . Y. C.

Acid and Alkali Resistant Apparatus
E lyria  Enam eled Prod. C o.,E lyria,O ., & N .Y .C . 
Pfaudler Co. .R ochester.N .Y ., D etro it, & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

Acid Eggs
B ethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F dy  & M ch. Co., Buffalo, N . Y. 
D evine Co., J. P .. Buffalo, N . Y .
Jacoby. Henry E .. N. Y. C.
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 

Acid Pitchers
Bausch & Lom b O ptical Co., R ochester, N . Y. 
K nigh t. M aurice A.. Akron, Ohio.
R obinson Clay P roduct Co., Akron, O.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co.. The. Akron, O.

Acid Proof Brick
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Germ an-A m erican Stonew are W orks. N .Y .C . 
K night. M . A., Akron (E ast Side), Ohio. 
Robinson Clay P roduct Co., Akron, O.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
T herm al Syndicate, L td ., New Y ork C ity.
U. S. Stonew are Co.. T he, Akron. O

Acids
H erm an & H erm an, Inc ., N . Y . C.

Acid W are (Vitrified Clay)
R obinson C lay P roduct Co., Akron, O.

. Steiger T erra  C o tta  and  P o tte ry  Work*. Sun 
Francisco, Cal.

Acid Valves
C hadw ick-B oston Lead Co., Boston, M ass. 
C leveland Brass Mfg. Co., The, C leveland, (1 
P r a t t  Eng. & M ach. Co., A tlan ta . Ga. & N .Y .C  
York M anufacturing  Co., Y ork, Pa

Agitators, or Mixers
D evine Co.. J . P., Buffalo, N . Y.
D orr Co.,^ The, D enver. Col. & N . Y . C. 
G eneral F iltra tion  Co , Inc.. Rochester. N Y 
Pfaudler Co.. R ochester.N .Y  . D etro it & N  Y.C 
P r a t t  Eng. & M ach. Co.. A tlan ta , Ga. & N .Y .L 
W erner & Pflciderer Co., Saginaw , M ich

Air Compressors
Abbé Engineering Co., N . Y. C ity .
Crowell Engineering Co.. Brooklyn, N . Y. 
G eneral E lectric Co., Schenectady. N . Y. 
H ubbard 's  Sons. N orm an , B rooklyn. N . \ .

Air W ashers
C arrier Engineering Corp., N . Y . C.

Ammeters
Brown In stru m en t Co., Philadelphia, Pa. 

Ammonia
Unger. John  S., Chicago, 111.

Ammonia Fittings and Supplies
Y ork M anufactu ring  Co., Y ork, Pa.

Analysis— Gas Apparatus
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.C al. 
E berbach  & Son Co., Ann Arbor, Mich.
E im er & Am end, New York C ity 
Heil Chem . Co.. H enry. S t. Louis. Mo.
Lenz & N aum ann, Inc., N . Y. C.
Palo  C om pany, N . Y. C.
Sarco Co., Inc., New York C ity.
Scientific M aterials Co., P ittsbu rg , Pa.

Analytical Apparatus 
B ausch & Lom b O ptical Co., Rochester. N . Y. 
B raun Corporation;" Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San Francisco.CaL 
Buffalo D en tal M fg. Co., Buffalo. N  Y 
E berbach  & Son Co., Ann A rbor, M ich 
E im er & Am end, New Y ork C ity .
Heil Chem . Co., H enry, S t. Louis. M o 
L aborato ry  Supply  Co., C olum bus. O 
Lenz & N aum ann. Inc.. N . Y. C.
Palo C om pany , N . Y. C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsbu rg , Pa 
T hom as Co., A rthu r H ., Philadelphia Pa.

Analytical Laboratories 
Colum bus Laboratories, Chicago. II .
D earborn  Chem ical Co., Chicago. Ill 
Sad tler & Son. Sam uel P., Philade’ph a.

Asphalt Flow Plates 
How ard & M orse, N . Y. C.

Bakelite
G eneral B akelite Co.. New York C ity .

Balances and Weights
Bausch & Lom b Optical Co., R ochester. N . Y. 
B raun C orporation, Los Angeles. Calif. 
B raun-K necht-H eim ann Co..San Francisco.C aL 
E berbach & Son Co., Ann Arbor, M ich.
E im er & Amend, New York C ity .
Heil Chem . Co.. H enry , S t. Louis. Mo. 
L abora to ry  Supply  Co.. C olum bus, O.
Lenz & N aum ann, Inc ., N . Y . C.

Mine & Sm elter Supply Co., D enver. Salt 
Lake C ity , El Paso, N . Y . C.

Palo C om pany, N . Y. C.
Sargent & Co., £ . H . .Chicago, 111.
Scientific M aterials Co., P ittsbu rg , Pa.
Thom as Co., A rthu r H ., Philadelphia, Pa.

Belt Cement
Schieren Co., Chas. A., N . Y . C.

Belt Dressing
Schieren Co., Chas. A., N . Y . C.

Boilers
Sowers M fg. Co., Buffalo, N . Y.

Boiler W ater Treatment
D earborn  Chem ical Co., Chicago, 111.
M erck & Co.. N . Y. C.

Blowers
Abbé Engineering Co., N . Y. C.
Crowell M fg. Co., B rooklyn, N . Y .
P r a t t  Eng. & M ach. Co., A tlan ta , Ga.[&jN.Y.C.

Bolting Cloth
Abbé Engineering Co., N . Y. C.

Bone Black
Booth A ppara tu s Co., Syracuse, N . Y.

Books
B lakiston’s Son & Co., P ., Philadelphia, Pa . 
Chem ical Publishing Co., The, E aston . Pa. 
Longm ans, Green & Co., New Y ork C ity.
Van N ostrand  Co., D ., N . Y. C.

Briquette Molds
How ard & M orse, N . Y. C.

Brimstone, Crude
Union S u lphu r Co., New Y ork C ity .

Brinell Machines
Scientific M aterials Co., P ittsb u rg h , P a .

Brokers (Chemicals)
H erm an & H erm an, Inc., N . Y. C.

Burners— Gas and Oil
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co.. San Francisco,C al. 
Buffalo D ental M fg. Co., Buffalo, N  Y. 
E berbach  & Son Co., Ann A rbor, M ich.
Eim er & Am end, New York C ity.
Heil Chem . Co.. H enry, S t. Louis. Mo. 
L aborato ry  Supply  Co., Colum bus, O.
Lenz & N aum ann. Inc., N . Y. C.
Palo  C om pany, N . Y. C.
Sargent, E . H . & Co., Chicago, 111. 
i  cientific M aterials Co., P ittsbu rg , Pa.

E rners— Pyrites
P ra tt Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

B urners—-Sulphur 
P ra t t  Eng. & M ach. Co., A tlan ta , G a. & N .Y .C .

Burners— Sulphur (Rotary)
Glens Falls M achine W orks. Glen Falls, N . Y .

Calorimeters— Fuel and Gas 
Bausch & Lom b O ptical Co.. R ochester, N . Y. 
B raun C orporation , Los Angeles. Calif. 
B raun-K necht-H eim ann Co.,San Francisco,C al. 
E im er & Am end, New Y ork C ity.
Heil Chem . Co., H enry , S t. Louis. Mo- 
Lenz & N aum ann, Inc ., N . Y . C.
Palo C om pany, N . Y. C.
Sarco Co., Inc ., New Y ork C ity.
Sargent, E . H . & Co., Chicago. 111.
Scientific M aterials Co.. P ittsbu rg , Pa.
Thom as Co.. A rth u r H ., Philadelphia. Pa.

Capsules
B ausch & Lom b O ptical Co., R ochester, N . Y. 
N orton  Co., W orcester, M ass.
T herm al Syndicate, L td ., New Y ork C ity.

Carboy Stoppers
B ausch & Lom b O ptical Co., R ochester, N . Y. 
K night. M aurice A., Akron Ohio.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Castings (Acid and Heat Resisting)

Bethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F dy  .&  M ch. Co.. Buffalo, N . Y. 
D evine Co., j .  P ., Buffalo, N . Y.
D uriron C astings Co.. N . Y. C.
Jacoby, H enry  E ., N . Y. C.
Pacific F o undry  Co., San Francisco, Cal.
P r a t t  Eng. & M ach. Co.. A tlan ta , Ga. & N .Y .C .

Castings (Chemical)
Bethlehem  F d y . & M ach. Co., So.B eth lehem ,P a. 
Buffalo Fdy . & M ch Co.. Buffalo, N . Y. 
D evine Co., J . P ., Buffalo, N . Y.
D uriron C astings Co., N . Y. C.
Jacoby, H enry  E ., N . Y . C.
Pacific F o undry  Co., San Francisco, Cal.
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
S tevens-A ylsw orth Co., N . Y . C.
W erner & Pfleiderer Co., Saginaw , M ich.

Caustic Pots
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
Devine Co., J . P ., Buffalo, N . Y.
P r a t t  Eng. & M ach. Co., A tlan ta , G a. & N .Y .C .

Caustic Soda
G eneral Chem . Co., N . Y . C. 
H ooker-E lectrochem ical Co., N . Y. C.

Cement Filler
Toch B ro thers , N . Y. C.

Cement Testing Apparatus 
Scientific M aterials  Co., P ittsbu rgh , Pa.

Centrifugal Engineers
Sharpies Specialty  Co., T he, W estC h este r, Pa.

Centrifugals
B ausch & Lom b O ptical Co.. R ochester, N . Y. 
B raun C orporation, Los Angeles. Calif. 
B raun-K necht-H eim ann Co.. San Francisco.Cal. 
In te rn a tio n a l E qu ipm en t Co., B oston, M ass. • 
Schaum  & Uhlinger. Inc .. Philadelphia . 
Sharpies Specialty  Co., The. W estC h este r, Pa. 
T o lhu rst M achine W orks. T roy , N . Y.

Charcoal
B ooth A pparatus C o., Syracuse, N . Y.

Chemical Glassware
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Corning G lass W orks. Corning, N . Y. 
E berbach & Son Co., Ann Arbor, M ich.
F ry  G lass Co., H . C., R ochester, Pa.
Griebel In s tru m e n t Co., C arbondale. Pa. 
In te rna tiona l G lass Co., M illville. N . J . 
L abo ra to ry  Supply  Co., Colum bus, O.

* Scientific M aterials Co.. P ittsbu rgh , Pa. 
W hitall T a tu m  Co., Philadelphia, Pa.

Chemicals
Badische C om pany, New York C ity.
B aker & Adam son Chem ical Co., E aston , Pa. 
B aker Chem ical Co., J . T ., Phillipsburg, N . J . 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co.. San Francisco.Cal. 
D earborn Chem ical Co., Chicago, 111.
E berbach & Son Co., Ann Arbor, M ich.
Eim er & Am end, New York C ity 
General Chem ical Co.. New York C ity.
Heil Chem ical Co., H enry, S t. Louis, M o. 
H erm an & H erm an, Inc ., N . Y. C.
Lenz & N aum ann , Inc., N . Y. C.
M allinckrodt Chem C o .,S t .  Louis. Mo. 
M erck & Co., New Y ork C ity.
N ationa l Aniline & Chem ical Co.. N . Y. C- 
Palo C om pany, N . Y. C.
Pfizer & Co.. Charles. New Y ork C itv. 
Pow ers-W eightm an-R osengarten Co., Phila., Pa. 
Roessler & H asslacher C hem ical Co., N . Y . C. 
Sargent & Co., E . H ., Chicago, III.
Scientific M aterials  Co.. P ittsbu rg , Pa.
Squibb & Sons. E. R ., N . Y. C.
Thom as Co.. A rth u r H ., Philadelphia , Pa.

Chemical Plants (Complete Installation)
D evine Co., J . P ., Buffalo, N . Y.
Lum m us Co., T h e  W alter E ., B oston, M ass. 
P r a t t  Eng. & M ach. Co., A tlan ta . Ga. & N .Y .C .

Chemical Plants (Erected and Supervised)
G uaran tee  C onstruction  Co., N . Y . C.
M . M cN am ara, E v e re tt, M ass.
P r a t t  Eng. & M ach. Co.. A tlan ta , Ga. & N .Y .C .

Chemical Reagents 
B aker Chem . Co., J .  T ., Phillipsburg, N . J. 
Bausch & Lom b O ptical Co.. R ochester, N . Y. 
General Chem ical Co., B aker & Adamson 

W orks, E aston , Pa.
M allinckrodt Chem . Co.. S t. Louis. Mo.
M erck & Co.. N . Y. C.

Chloride of Lime
H ooker-E lectrochem ical Co., N . Y. C.

Chlorine— Liquid
Badische C om pany. New York C ity .
E lec tro  B leaching G as Co., N . Y. C.

Classifiers
D orr Co., T he. D enver, Col., & N . Y. C.

Classifiers or Washers
D orr Co., T he, DcnVer, Col., & N . Y. C.

Clay (for Stoneware Products)
W oodbridge Ind.&  Dp*»el. Co.,W oodbridge. N .J.

Coal Tar Products
N ational Aniline & Chem ical Co., N . Y. C.

Cocks— Plug (Acid Proof)
D uriron C astings Co.. N . Y. C.
P r a t t  Eng. & M ach. Co.. A tlan ta , Ga. & N .Y .C. 
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Colorimeters

Bausch & Lom b O ptical Co.. R ochester. N. Y 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San Francisco, Cal 
E berbach  & Son Co., Ann A rbor, M ich.
Eim er & Am end. N . Y . C.
Heil Chem . Co.. H enry , S t. Louis, M o.
Lenz & N aum ann . Inc.. N . Y. C.
Palo C om pany. N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials Co., P ittsbu rg , Pa. 
Thom as Co.. A rth u r H ., Philadelphia, Pa.

Colors— Aniline and Alizarine
Farbw erke-H oechst Co., N . Y. C.
N ationa l Aniline and  Chem ical Co.. N . Y. C.

Combustion Tubes and Boats
B ausch & Lom b O ptical Co.. R ochester, N . Y. 
L abora to ry  Supply  Co., C olum bus, O 
N orton  Co., W orcester, M ass.
Scientific M aterials Co.. P ittsb u rg h , Pa._ 
T herm al Syndicate, L td ., New Y ork C ity .

Condensers (Barometric and Surface)
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
D evine Co., J .  P ., Buffalo, N . Y.
Jacoby, H enry  E .. N . Y. C.
Lum m us Co.. T h e  W alter E ., Boston. M ass
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ACIM ET
TR A D E M A R K  R E G .

CHECK
VALVES

PA TEN TED

IN  H O R IZ O N T A L  A N D  P E R P E N D IC U L A R  

T Y P E S  A R E  J U S T  W H A T  Y O U  A R E  L O O K ­

IN G  F O R . R EA L A C ID  -  P R O O F  C H E C K  

V A LV ES. F IT T IN G  C O M P A N IO N S  T O  

A C IM E T  G L O B E , A N G L E  A N D  F R E F L O  

V A LV ES.

A T  Y O U R  S E R V IC E  W IT H  A L IB E R A L  

T R IA L  P R O P O S IT IO N .

T he Cleveland Brass  Mf g . Co .
Sole Manufacturers 

4608 HAMILTON AVE. CLEVELAND, OHIO

is giving excellent satisfaction under conditions 
which other resistant metals have failed to meet.

R e a d ily  M achined, it is 
A c i d  and A lk a l i  Resistant

I t  can be molded into intricate shapes and prac­
tically flawless castings up to 3" in thickness can 

be made from this metal.

W e would like to  subm it sam ples of CORROSIRON for your te s t 
— experim entation  will prove its  a d ap ta b ili ty  to  your needs.

M a y  w e s e n d  y o u  a s a m p le  o f  C O R R O S I R O N  
fo r  y o u r  t e s t  ?

Pacific  F o u n d r y  C o m p a n y
H arrison  and E ighteenth S ts . SAN FRANCISCO, CAL.

High Grade
Steam Jacketed 
Copper Kettles

We m a n u fa c tu re  an exten sive lin e covering  

a ll usages

With our up-to-date equipment and facilities we 
are prepared to handle any kind of special cop­
per work.

L e t  u s  q u o t e  y o u  o n  y o u r  s p e c i f ic a t io n s .

Bucyrus Copper K ettle W orks BUohioUS
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Consulting Chemists and Chemical Engi­
neers
A bbott, W . G., J r .,  W ashington, D . C.
F oster, A. B.. W ashington, D . C.
G uaran tee  C onstruction Co., N . Y . C.
H all & Paul, P ittsb u rg h , Pa.
Levin, Isaac  H ., N ew ark , N . J .
L ittle . A rthu r D ., Inc ., Boston, M ass.
M unn. W. F a ito u te , H ast Orange, N . J .
N ey, A. H ., Inc ., N . Y. C ity .
P ra tt  E ng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
S adtler & Sons. Sam uel P., Philadelphia, Pa. 
Spackm an Eng. Co.. H enry  S., P h ilade lph ia ,P a. 
Unger, John  S., Chicago, III.

Contracting Engineers 
G uaran tee  C onstruction  Co., N . Y. C.

Convertors— Rotary 
G eneral E lectric  Co., Schenectady, N . Y .

Copper W ork (Special)
B ucyrus C opper K e ttle  W orks, Bucyrus, O.

Corn Oil (Extracted)
W oolner & Co.. Peoria. III.

Critical Point Determination Apparatus
Brown In s tru m en t Co., Philadelphia, Pa. 
Scientific M aterials Co., P ittsb u rg h , Pa.

Crucibles
American P la tinum  W orks, N ew ark, N. J 
B aker & Co.. Inc ., N ew ark, N . J . (P latinum ) 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B ishop & Co., J ., M alvern. Pa. (P latinum ). 
Buffalo D ental M fg Co., Buffalo. N . Y.
Dixon C rucible Co.. Joseph, Jersey  C ity , N . J. 
D uriron C astings Co., N . Y. C. (Acid Proof). 
Heil Chem ical Co.. H enry . S t. Louis, Mo. 
L abora to ry  Supply  Co., Colum bus, O.
N orton  Co.. W orcester. M ass. (A lundum ). 
Therm al Syndicate, L td ., N . Y . C. (Vitreosil)

Crushers and Grinders (Industrial and 
Laboratory)
Abbé Engineering Co., New Y ork C ity . 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles. Calif. 
B raun-K necht-H eim ann Co.. SanFrancisco .C al. 
E im er & Amend. New Y ork C ity.
Heil C hem ical Co.. H enry , S t. Louis. M o.
Palo C om pany, N . Y . C.
Raym ond Bros. Im pact Pulv Co., Chicago. 111. 
S argen t & Co.. E . H ., C hicago, 111.
Scientific M aterials  Co., P ittsbu rgh , Pa. 
W illiams P a te n t C rusher & Pulv. Co., Chicago

Cupels
B ausch & Lom b O ptical Co., R ochester, N . Y. 
H oskins M fg. Co., D etro it, M ichigan.
N orton  C om pany, W orcester, M ass.

Cylinders (Oxygen and Hydrogen)
In te rn a tio n a l Oxygen Co., N . Y. C ity.

Designing Engineers
G u aran tee  C onstruction  Co., N . Y. C. 

Diaphragms
G eneral F iltra tio n  Co., Inc., Rochester, N . Y.

Diffusion Apparatus
G eneral F iltra tio n  Co.. Inc .. R ochester. N . Y. 
Lum m us Co., T he W alter E ., B oston. M ass.

Dissolving Tanks— Automatic 
L um m us, Co., T he  W alter E-, Boston, M ass. 
W erner & Pfleiderer Co., Saginaw , M ich.

Distilling Machinery and Apparatus 
B adger & Sons Co., E . B ., Boston, M ass. 
B ausch  & Lom b O ptical Co., R ochester, N . Y. 
B ooth A ppara tus C o., Syracuse, N . Y.
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  C o.,SanFrancisco, Cal 
D evine Com pany. J. P ., Buffalo, N . Y.
E im er & Am end, New Y ork C ity .
Electric H eating Appliance Co.. N . Y . C. 
E lyria  Enam eled Prod. Co.. E ly ria , 0 . .&  N .Y .C . 
G erm an-A m erican S tonew are W orks, N. Y L. 
Heil C hem . Co.. H enry. S t. Louis. Mo 
Hodges W ater S till Co., W oodbury, N . J. 
L ab o ra to ry  Supply  Co., C olum bus, O.
Lenz & N aum ann , Inc., N . Y. C.
Lum m us Co., T he  W alter E ., B oston, M ass. 
Palo C om pany, N . Y. C.
P faudlerC o-.R ochester.N . Y., D etro it, & N .Y .C . 
Roos* Sons, A ugust, N . Y . C.
Sanborn  E v ap o ra to r Co., N . Y. C.
Sargent & Co., E . H ., Chicago. 111.
Scientific M ateria ls  Co., P ittsbu rgh . Pa. 
Stevens-A ylsw orth Co., N . Y . C.
Stokes M achine W ks., F . J ., Philadelphia 
Swenson E v ap o ra to r Co.. N . Y . C.
Thom as Co., A rth u r H ., P h iladelphia , Pa. 
Unger. John  S., C hicago. 111.
W erner & Pfleiderer Co., Saginaw , M ich. 
Zarem ba C om pany, Buffalo, N . Y.

Draft Gauges
Brow n In stru m en t Co., Philadelphia. Pa.

Dry Blast Plants
C arrier Engineering Corp., N . Y. C.

Dryers— Vacuum
B ethlehem  F d 'y  & M ach. Co., So. B eth ., Pa. 
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
D evine & C om pany, J . P ., Buffalo, N . Y. 
Jacoby, H enry  E ., New York C ity.
Stokes M achine Co.. F . J ., Philadelphia, Pa. 
W erner & Pfleiderer Co., Saginaw , M ich.

Drying Apparatus and Machinery
Bethlehem  F d ’y & M ach. Co.. So. B eth., Pa. 
Buffalo Fdy. & M ch. Co., Buffalo. N . Y. 
D evine Co., J . P ., Buffalo, N . Y.
Jacoby, H enry  E ., New York C ity.
W erner & Pfleiderer Co, Saginaw . M ich.

Ductility Machines
H ow ard & M orse, N . Y. C.

Dyestuffs
F arbw erke-H oechst Co., New York Citv 
H erm an & H erm an, Inc., New Y ork C ity.

Dynamos and Motors
G eneral E lectric Co., Schenectady, N . Y.

Efficiency Instruments
Brown In stru m en t Co., Philadelphia, Pa. 
Scientific M aterials  Co., P ittsbu rgh , Pa.

Electrical Instruments
Brown In stru m en t Co., Philadelphia, P a . 
Thw ing In s tru m en t Co., Philadelphia. Pa

Electrical M easuring Instruments 
Brown In stru m e n t Co., Philadelphia, Pa.
Leeds & N o rth ru p  Co., Phila., Pa.

Electrical Supplies
G eneral E lectric Co., Schenectady, N . Y.

Electrodes— Platinum
American P la tinum  W orks, N ew ark, N. J 
B aker & Co.. In c ., N ew ark, N . T.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Bishop & Co., J.. P la tinum  W orks. M alvern , P a . 
E lm er & Am end, New York C ity.
Engelhard , Chas., New York C ity.
Heil Chem ical Co., H enry , S t. Louis. Mo.
Palo C om pany, N . Y. C.

Enameled Apparatus (Acid Resistant)
E lyria  Enam eled Prod. Co., E lyria , 0 ..& N .Y .C . 
P faudler C o.,R ochester,N . Y ., D etro it. & N .Y .C .

Enamel Paint (Impervious to Acid Fumes)
G eneral B akelite Co., N . Y . C.
T och B rothers. N.# Y. C.

Evaporating Dishes
Bausch & Lom b O ptical Co., Rochester, N . Y. 
D uriron Casting« Co.. N . Y. C. (Acid Proof) 
E lyria  Enam eled Prod. Co., E lyria. 0 .,&N .Y .C . 
G erm an-A m erican Stonew are W orks. N . Y. 
L abora to ry  Supply  Co., C olum bus, O. 
P faudler C o..R ochester,N .Y .. D etro it, & N .Y .C . 
Scientific M aterials  Co., P ittsb u rg h , Pa. 
T herm al Syndicate, L td ., New Y ork C ity .

Evaporating Machinery 
Badger & Sons. Co.. E . B .. B oston, M ass. 
B ethlehem  F d ’y  & M ach. Co., So. B eth ., Pa. 
Buffalo F dy . & M ch. Co.. Buffalo. N . Y. 
D evine C om pany, J . P ., Buffalo. N . Y. 
E lectric H eating  A ppara tus Co., N . Y . C. 
Jacoby, H enry  E .. N . Y . C.
Lum m us Co., T he W alter E ., Boston, M ass. 
P r a t t  Eng. & M ach. Co.. A tlan ta , G a. & N .Y .C . 
Roos’ Son, A ugust, N . Y . C.
Sanborn E vapora to r Co., New Y ork C ity . 
S tokes M achine C om pany ,F .J.,P h iladelph ia.P a . 
Swenson E v ap o ra to r C om pany, Chicago, 111 
W erner & Pfleiderer Co., Saginaw , M ich. 
Zarem ba C om pany, Buffalo, N . Y.

Extracting Apparatus 
Lum m us Co., T h e  W alter E ., B oston, M ass. 
W erner & Pfleiderer Co., Saginaw , M ich.

Extraction Cylinders
Lum m us Co., T h e  W alter E .. B oston, M ass.

Faucets (Stoneware— Acid Proof)
G erm an-A m erican Stonew are W orks, N . Y. C. 
K nigh t M . A., Akron (E ast Side), Ohio. 
Robinson C lay P ro d u ct Co., A kron, O.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U . S. S tonew are Co., The, A kron, O.

Fertilizer Industries Equipment
Schu tte  & K oerting  Co., Philadelphia.

Fertilizers
Germ an K ali W orks. N . Y. C.

Filter Cloth (Metallic)
Sw eetland F ilte r Press Co.. B rooklyn, N . Y.

Filtering M edia
G eneral F iltra tio n  Co., Inc ., R ochester, N . Y. 
K ieselguhr Co. of Am erica. Los Angeles. Cal.

Filter Paper
L abora to ry  Supp lv  Co., C olum bus, O. 
Scientific M aterials  Co.. P ittsbu rgh , Pa. 
W hita ll T a tu m  Co., Philadelphia, Pa .

Filter Paper (Whatman)
H . R eeve Angel & Co.. N . Y. C.

Filter Presses (Laboratory &  Industrial)
B raun C orporation , Los Angeles. Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
In te rn a tio n a l F iltra tion  C orp.. N . Y . C.

iacoby, H enry  E ., New Y ork C ity, 
lelly F ilte r Press Co., S a lt Lake C ity , U tah . 

Lungw itz. E . E .. New Y ork C ity.
Shriver & Co., T ., H arrison, N . J.
Sperry & Co., D . R ., B atav ia . 111.
Sw eetland F ilter Press Co., B rooklyn, N . Y. 
Swenson E v ap o ra to r Co., Chicago. 111.
W erner & Pfleiderer Co., Saginaw , M ich.

Filters
G eneral F iltra tio n  Co., Inc ., R ochester. N . Y.

Filters— Water
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co.. San Francisco,Cal. 
Booth A pparatus Co., Syracuse, N . Y.
E im er & Am end, N . Y . C ity.
Germ an-A m erican Stonew are W orks. N . Y . C. 
Heil C hem ical Co., H enry , S t. Louis, Mo.
Lenz & N aum ann . Inc ., N . Y . C.
Palo  C om pany, N . Y. C.
Sargent & Co.. E . H .. Chicago. 111.
Thom as Co.. A rth u r H .. Philadelphia.

Filtros
G eneral F iltra tio n  C o., In c ., R ochester, N . Y.

Fire Brick and Clay
Buffalo D ental M fg. Co., Buffalo, N . Y.
Dixon Crucible Co. Joseph, Jersey  C ity , N . J .  
K ieselguhr Co. of Am erica. Los Angeles. Calif. 
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Furnace Linings

Kieselguhr Co. of A m erica, Los Angeles, Calif.

Furnaces— Annealing— (Hardening and
Enameling)
Abbé Engineering Co., N . Y . C.
Buffalo D en tal M fg. Co., Buffalo, N . Y. 
Electric H eating  A pparatus Co., N . Y . C. 
H oskins M fg. Co.. D e tro it, M ich.

Furnaces (Case Hardening, Rivet and Bolt)
Abbé Engineering  Co., N . Y . C.

Furnaces— Electric Laboratory
Bausch & Lom b O ptical Co., R ochester, N . Y . 
Braun Corporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co..San Francisco, Cal. 
Brown In s tru m en t Co., Philadelphia, Pa.
Eim er & Am end. New Y ork C ity .
Electric H eating  A ppara tus Co., N . Y. C. 
Engelhard, C has., N . Y . C ity .
Heil C hem ical Co., H enry , S t. Louis, M o. 
Hoskins M fg. Co., D etro it, M ich.
Lenz & N aum ann , Inc ., N . Y . C.
Palo C om pany, N . Y . C.
Sargent & Co.. E . H . Chicago, 111.
Scientific M aterials  Co., P ittsbu rg , Pa.
Thom as Co.. A rthu r H .. Philadelphia, Pa .

Furnaces— (Forge)
Abbé Engineering Co., N . Y. C.
Braun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San Francisco. Cal. 
Buffalo D en tal M fg. Co., Buffalo, N . Y . C. 
E lectric  H eating  A ppara tus Co., N . Y . C.

Furnaces (Melting, Oil or Gas)
Abbé Engineering Co., N . Ÿ . C. 
ttraun  C orporation , Los Angeles. Calif. 
B raun-K necht-H eim ann Co.. San F ran  cisco, C al. 
Buffalo D ental M fg. Co., Buffalo, N . Y . 
E lectric H eating  A pparatus Co., N . Y . C.
Heil C hem ical Co., H enry, St. Louis, Mo.

Furnaces— Muffle
Abbé E ngineering Co., N . Y . C.
Bausch & Lom b O ptical Co., R ochester. N Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.C al. 
Electric H eating  A ppara tu s  Co., N . Y. C 
Heil Chem ical Co., H enry, S t. Louis, M o. * 
Hoskins M fg. Co., D etro it, M ich.
Lenz & N aum ann . Inc ., N . Y. C.
Scientific M ateria ls  Co., P ittsbu rgh , Pa.

Furnaces— Pyrites
P r a t t  E ng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

Furnaces— Sulphur
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
Schu tte  & K oerting  Co., Philadelphia.

Gas Analyzers
B ausch & Lom b O ptical Co., R ochester, N. Y.

Gas Apparatus
L abora to ry  Supply  Co.. C olum bus, O. 
Scientific M aterials  Co., P ittsbu rgh , Pa.

Gauges
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Brown In stru m en t Co., Philadelphia, Pa.

Generators (Electro-Oxy-Hydrogen)
S hriver & Co., T .. H arrison , N . J .

Glass
Corning G lass W orks, Corning. N . Y.
E berbach  & Son Co.. A nn Arbor. M ich.
F ry  G lass Co., H . C ., R ochester, Pa. 
L ab o ra to ry  Supply  Co., C olum bus, O.
W hita ll T a tu m  Co., Philadelphia, Pa.

Glass Blowing
Bausch & Lom b O ptical Co., R ochester. N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann C o..San  Francisco.Cal. 
C arbondale  In s tru m e n t C o., C arbondale, Pa. 
E im er & Am end, New Y ork C ity.
G reiner Co., Em il, N . Y . C ity .
Heil Chem ical Co., H enry . S t. Louis. Mo. 
In te rn a tio n a l G lass Co., The, M illville, N . J. 
L abo ra to ry  Supply  Co., Colum bus, O.
P alo  C om pany, N . Y. C.
S argen t & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsbu rg , Pa.

Glass Enameled Apparatus
E lyria  E nam eled Prod. Co., E lyria . O., & N .Y .C . 
Pfaudler Co.. R ochester,N .Y ., D etro it, & N .Y .C .

Graphite Products
Dixon C rucible Co.. Joseph, Jersey  C ity . N . J
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POTASH SALTS
FOR AGRICULTURAL and INDUSTRIAL USES

We sell M U R IA T E  O F  P O T A SH , S U L F A T E  O F  P O T A SH , D O U B L E  M A N U R E  
SA L T , M A N U R E  S A L T , K A IN IT  and K IE SE R IT , in single cars and upwards, to Chemical 
Works, Fertilizer Mixers, Jobbers and Dealers.

We also sell direct to Consumers, for agricultural use, any quantity of Muriate, Sulfate or 
Kainit from one 200-lb. bag up.

Sales to Manufacturers for direct importation from Germany are made by the New York 
Office. Meyer, Wilson & Co., San Francisco, Cal., are Agents for the Pacific Coast.

Books relating to Production and Uses of Potash in Agriculture sent free on request.

T h e  G e r m a n  K a l i  W o r k s
42 Broadway, NEW YORK

B R A N C H  O F F I C E S  A T  C H I C A G O .  S A V A N N A H ,  N E W  O R L E A N S  A N D  B A L T I M O R E

_ U __________________________

L A C T IC  ACID

22 %-44%

Correspondence 

Solicited

W O O L N E R  &  C O M P A N Y
I  |  PEORIA, ILLINOIS

READY FOR BUSINESS

P U R E  FU SE D  S IL IC A
A C ID  A N D  H E A T  R E S IS T IN G

K n o w n  U n d e r  O u r  R e g is t e r e d  T r a d e  N a m e

TRADE MARK

(Silicium D i Oxyd)

Made in America
IM M ED IATE D E L IV E R Y

OF ALL SIZES
SIDIO COMBUSTION TUBES, PYR O M ETE R  

TUBES, TRIANGLES, Etc.

S ID IO  S U L P H U R IC  A C ID  C O N C E N T R A T IO N  P L A N T S. 
A PPA R A T U S F O R  N IT R IC  A C ID  C O N D E N S IN G . H Y D R O ­
C H L O R IC  A C ID  C O O L IN G , A N D  A B SO R P T IO N . A C ID  D IS ­
T IL L A T IO N , E t c . C O M P L E T E  L IN E  O F S ID IO  LA B O R A ­
T O R Y  A PPA R A TU S

THE SIDIO CO. OF AMERICA
752 B ro a d w a y , N E W  Y O R K
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Grinders
Abbé Engineering Co., N . Y . C ity .
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.Cal. 
R aym ond Bros. Im p ac t Pulv. Co., Chicago, 111. 
W illiams P a te n t C rusher & Pulv. C o .. Chicago.

Hardness Testing Apparatus 
Scientific M aterials  Co.. P ittsbu rgh , Pa.

Heating Apparatus (Laboratory)
Bausch & Lom b O ptical Co., Rochester, N . Y. 
E lectric  H eating  A pparatus Co., N . Y. C. 
Hoskins M fg. Co., D etro it, M ich.
Lenz & N aum ann , Inc., N . Y . C.

Hot Plates (Laboratory Purposes)
Bausch & Lom b O ptical Co., R ochester, N . Y 
E lectric H eating  A ppara tu s Co., N . Y . C. 
Hoskins M fg. Co., D etro it. M ich. 
In te rna tiona l G lass Co., T he, M illville, N . J.

Hydro Extractors
T olhu rst M achine W orks, T roy, N  Y.

Hydrometers
Bausch & Lom b O ptical Co., R ochester, N . Y. 
G reiner Co., Em il, New Y ork C ity .
Griebel In s tru m e n t Co.. C arbondale, Pa .
Heil Chem ical Co.. H enry . St. Louis. M o. 
In te rn a tio n a l G lass Co., M illville, N . J. 
L abo ra to ry  Supply  Co., C olum bus, O.

Hydrogen Generators
In te rn a tio n a l Oxygen Co., N . Y. C.

Hydrogen (Pure)
In te rna tiona l Oxygen Co.. N . Y. C.

Ice-M aking Machinery
Y ork M anufactu ring  Co., Y ork, Pa.

Insulation
K ieselguhr Co. of America, Los Angeles, Calif.

Jars and Jugs (Acid Storage)
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Germ an-A m erican Stonew are W orks, N . Y. C. 
K night, M. A.. A kron (E ast Side). Ohio. 
Robinson C lay P roduct Co., A kron, O.
Steiger T erra  C o tta  and  P o tte ry  W orks. San 

Francisco, Cal.
Kettles (Chemical Castings)

Bausch & Lom b O ptical Co., R ochester, N . Y. 
Buffalo F dy  & Mch. Co., Buffalo, N . Y. 
D evine Co., J . P ., Buffalo, N . Y.
D uriron C astings Co., N . Y. C.
Jacoby, H enry  E ., New Y ork C ity . 
S tevens-A ylsw orth  Co., N . Y . C.
W erner & Pfleiderer Co., Saginaw . M ich.

Kettles (Copper)
Bucyrus C opper K e ttle  W orks, B ucyrus, O.

Kettles (Lined)
E lyria Enam eled Prod. Co.. E lyria . O., & N . Y .C . 
PfaudlerC o.. R ochester,N .Y ., D etro it, & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Kettles (Steam Jacketed)
B ucyrus Copper K e ttle  W orks, Bucyrus, O. 
Buflalo Fdy . & M ch. Co., Buffalo, N . Y. 
D evine Co., J . P., Buffalo, N . Y.
E lyria  Enam eled Prod. Co.. E lyria. 0 . .&  N .Y .C . 
Pfaudler Co., R ochester,N .Y .,D e tro it, & N .Y .C . 
Sowers M fg. Co., Buffalo, N . Y.
Sperry & Co., D. R ., B atav ia , III.
W erner & Pfleiderer Co., Saginaw , M ich.

Kettles (Stoneware)
Germ an-A m erican Stonew are W orks, N . Y. C. 
K nigh t, M . A.. Akron (E ast Side), Ohio. 
Robinson C lay P roduct Co., Akron. O.
S teiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Kieselguhr

K ieselguhr Co. of America, Los Angeles, C alif.
Laboratory Supplies

Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co.. San Francisco .C al. 
Corning G lass W orks. C orning, N . Y.
E im er & Am end, New Y ork C ity .
G reiner Co., Em il, New Y ork C ity .
G riebel In s tru m en t Co., C arbondale, Pa.
Heil Chem . Co.. H enry . S t. Louis. Mo. 
In te rn a tio n a l G lass Co., The, M illville, N . J . 
L abora to ry  Supply Co., T he, Colum bus, Ohio. 
Lenz & N aum ann . Inc., N . Y. C.
Palo C om pany, N . Y. C.
S argen t & Co.. E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsb u rg , Pa.
Thom as Co.. A rth u r H ., P h iladelph ia . Pa.

Lace Leather
Schieren Co.. Chas. A., N . Y . C.

Lacquer
G eneral B akelite  Co., New Y ork C ity .

Lactic Acid
W oolner & Co., Peoria , 111.

Lamps— Arc and Incandescent
G eneral E lectric  Co., Schenectady, N . Y.

Leaching Cells
Zarem ba Co.. Buffalo. N . Y.

Lead Burning
M . M cN am ara, E v e re tt, M ass.

Lead Lined Pipe and Accessories
Schu tte  & K oerting Co.. Philadelphia.

Leather Belting (Regular Oak Tanned 
and Duxbak Waterproof; Round; Link)

Schieren Co.. C has. A.. N . Y . C.
Lime

M itchell Lim e Co., M itchell, Ind .
Lubricants

D earborn Chem ical Co., Chicago, III.
Dixon C rucible Co., Joseph, Jersey  C ity , N . J.

Machinery— Electrical 
G eneral E lectric Co., Schenectady, N . Y. 

Machinery— Mining and Metallurgical 
Abbé Engineering Co., New Y ork C ity.
B raun Corporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San F rancisco .C al 
General F iltra tion  Co., Inc ., Rochester. N . Y 
M ine & Sm elter Supply  Co., D enver, S a lt 

Lake C ity , E l Paso, N . Y. C ity .
Stokes M achine Co., F . J ., Philadelphia. 
W erner & Pfleiderer Co., Saginaw , M ich.

Machinery— Mixing and Kneading
Abbé Engineering Co.. New Y ork C ity. 
Pfaud lerC o ..R ochester.N .Y ., D etro it, & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Machinery— Pulverizing
Abbé Engineering Co., New Y ork C ity. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann C o.,San Francisco.Cal. 
G eneral F iltra tion  Co.. Inc .. Rochester, N . Y. 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
R aym ond Bros, im p a c t Pulv. Co.. Chicago. Ill 
W erner & Pfleiderer Co.. Saginaw , M ich.

Machinery (Special)
Buffalo Fdy . & M ch. Co.. Buffalo, N . Y. 
D evine Co., J .  P., Buffalo, N . Y.
D uriron Castings Co.. N . Y. C.
P ra t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Metallographie Apparatus
Scientific M aterials Co., P ittsb u rg h , Pa.

Metallurgical Laboratory Equipment
Scientific M aterials  Co., P ittsbu rgh , Pa.

M eters— Flow Air, Gas, W ater
G eneral E lectric Co., Schenectady, N . Y.

Microscopes
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco Cal. 
E im er & Am end, New York C ity.
Heil Chem . Co., H enry, S t. Louis, Mo. 
L ab o ra to ry  Supply  Co., Colum bus, O.
Lenz & N aum ann , Inc., N . Y. C.
Sargent & Co., E . H „ Chicago, 111.
Scientific M aterials Co., P ittsbu rg , Pa. 
T hom as Co.. A rth u r H .. Philadelphia. Pa.

Microtomes
Bausch & Lom b O ptical Co., R ochester. N . Y. 
Heil Chem ical Co., H enry, S t. Louis, Mo.
Lenz & N aum ann . Inc ., N . Y. C.

M ills— Ball, Pebble and Tube
Abbé Engineering Co., New York C ity.

Mixers
PfaudlerC o., R ocheste r.N .Y .,D e tro it, & N .Y .C . 
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co., Saginaw , M ich.

Mixing Tanks
D evine Co., J . P ., Buffalo, N . Y.
E lyria  Enam eled Prod. Co., E lyria, O., & N .Y .C  
Lum m us Co., T h e  W alter E ., Boston, M ass. 
P faud lerC o .,R ocheste r.N .Y ., D e tro it,& N .Y C. 
W erner & Pfleiderer Co., Saginaw , M ich.

Montejus— Automatic
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
G erm an-A m erican Stonew are W orks, N . Y . C 
S chu tte  & K oerting  Co., Philadelphia.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Nickel-Chromium Gauze 

H ow ard & M orse, N . Y. C.
Nitrating Pots

D evine Co., J . P., Buffalo, N . Y .
P faud ler C o ..R ochester.N .Y .,D e tro it, & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

Nitre Pot Acid Pipes
D uriron C astings Co., N . Y. C. (Special Alloy) 
E lyria  Enam eled Prod. Co., E lyria . O.. & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
Therm al Syndicate, L td .. N . Y .C . (Silica W are;

Nitre Cake
du P o n t de N em ours & Co., E . I., W ilm ington. 

Del.
Nozzles (Acid Proof)

D uriron  Castings Co., N . Y. C.
Oil Testing Instruments

Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation . Los Angeles. Calit. 
B raun-K necht-H eim ann Co., San Francisco.C al 
Lenz & N aum ann. Inc ., N . Y. C.
Scientific M aterials  Co., P ittsb u rg h , Pa.

Optical Instruments 
Bausch & Lom b O ptical Co., R ochester. N . Y .

Optical Pyrometer
Scientific M ateria ls  Co.. P ittsb u rg h , P a .

Oxygen Generators
In te rn a tio n a l Oxygen Co., N . Y. C ity

Oxygen (Pure)
In te rna tiona l Oxygen Co., N . Y. C ity  
Levin, Isaac H ., N ew ark, N . J .

Oxygen Testing Apparatus
In te rn a tio n a l Oxygen C om pany, N . Y C ity

Packings (Condensing Tower)
Germ an-A m erican Stonew are W ks., N . Y. C. 
K nigh t, M . A.. Akron (E ast Side). Ohio 
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. S tonew are Co., T he, A kron, O.

Paints
Toch B rothers, N . Y. C ity .

Patent Attorneys
B rickenstein. John  H ., W ashington , D . C. 
Foster, A. B.. W ashington, D . C.
P arker, C. L ., W ashington D . C.
Sieck, H erbert Chicago. 111.
Tow nsend, C lin ton  P ., W ashington . D . C.

Penetrometers
H ow ard & M orse, N . Y. C ity.

Percolators
Devine Co., J . P., Buffalo, N . Y.
E lyria  Enam eled Prod.C o., E lyria , O ..&.N .Y .C  
K ieselguhr Co. of Am erica. Los Angeles Cal. 
Pfaudler Co., R ochester N .Y ..D e tro it, & N  Y.C

Photo-Micrographic Apparatus
Bausch & Lom b O ptical Co., R ochester, N . Y

Pipe and Accessories
B ausch & Lom b O ptical Co., R ochester. N . Y 
Corning Glass W orks. Corning, N . Y.

Pipe and Accessories (Acid Proof)
D uriron Castings Co., N . Y. C.
E lyria  Enam eled Prod. Co., E lyria , 0 .,& N .Y .C  
Germ an-A m erican S tonew are W orks, N . Y. C. 
K night, M. A.. A kron (E ast Side) Ohio 
P r a t t  Eng. & M ach. Co.. A tlan ta . Ga. & N .Y .C. 
Robinson C lay P ro d u ct Co., A kron, O.
S chu tte  & K oerting Co.. Philadelphia.
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Therm al Syndicate, L td ., N . Y. C. (Fused Silica) 
U. S. Stonew are Co.. T he, A kron, O.

Pipe and Fittings— Lead or Tin Lined
C hadw ick-B oston Lead Co., B oston. M ass

Platinum (Sheet, Wire and Foil'
Am erican P la tinum  W orks, N ew ark. N . J. 
B aker & Co., Inc ., N ew ark, N . J .
Bausch & Lom b O ptical Co . R ochester. N  Y 
Bishop & Co., J ., P la tinum  W orks. M alvern . Pa

Platinum W are (Laboratory)
Am erican P latinum  W orks, N ew ark, N . J 
B aker & Co., Inc ., N ew ark , N . J.
B ausch & Lom b O ptical Co., R ochester. N Y. 
B ishop & Co., J ., P la tinum  W orks, M alvern Pa. 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.Cal. 
E im er & Am end, New York C ity .
Engelhard, C has., New York C ity .
Heil Chem . Co., H enry , S t. Louis. M o.
Lenz & N aum ann . Inc ., N . Y. C.
Palo  C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials Co.. P ittsbu rg . Pa. 
Thom as Co.. A rth u r H .. Philadelphia.

Porcelain W are— Laboratory 
Bausch & Lom b O ptical Co.. R ochester. N . Y. 
B raun C orporation . Los Angeles, Calif. 
B raun-K necht-H eim ann C o.,San Francisco.Cal. 
E im er & Am end, New Y ork C ity.
Heil C hem . Co., H enry , S t. Louis. M o 
L abora to ry  Supp ly  Co., C olum bus, O.
Lenz & N aum ann . Inc.. N . Y. C.
Palo C om pany, N . Y . C.
Sargent & Co., E. H ., Chicago, 111.
Scientific M aterials  Co.. P ittsbu rg , Pa. 
Thom as Co., A rth u r H ., Philadelphia.

Potash Salts
G erm an K ali W orks. N . Y . C.

Pulverizers— Laboratory
Abbé Engineering Co., New Y ork C ity . 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation , Los Angeles. Calif. 
B raun-K necht-H eim ann C o.,SanFrancisco . Cal. 
E im er & Am end. New York C ity.
H eil C hem ical Co.. H enry , S t. Louis. M o.
Palo  C om pany, N . Y . C.
W illiam s P a te n t C rusher & Pu lv . Co., Chicago.

Pumps— Acid
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Bethlehem  F dy . & M ach. Co.. So. B eth ’m, Pa. 
D evine Co., J. P., Buffalo, N . Y.
D uriron C astings Co., New Y ork C ity . 
G erm an-A m erican Stonew are W orks. N . Y. C. 
S chu tte  & K oerting  Co., Philadelphia.

Pumps (Laboratory Vacuum)
Abbé E ngineering Co., New Y ork C ity . * 
B ausch & Lom b O ptical Co.. R ochester, N . Y. 
Buffalo D ental M fg. Co.. Buffalo, N . Y. 
Crowel! M fg. Co., Brooklyn, N . Y.
D evine Co., J . P ., Buffalo, N . Y.
H ubbards’ Sons. N orm an , B rooklyn, N . Y.

Pumps (Vacuum)
Abbé Engineering Co., IT. Y . C.
Bethlehem  F dy . & M ach. Co., So. B eth ’m. Pa. 
Buffalo Fdy . & M ch. Co., Buffalo. N . Y. 
Crowell M fg. Co.. Brooklyn, N . Y.
D evine Co., J .  P ., Buffalo, N . Y.
D uriron C astings Co.. N . Y . C.
Jacoby, H enry  E ., N ew  Y ork C ity.
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We A g ree to Demonstrate 
the Results We Guarantee

T h is is a part of our co n tra ct w h en  we d esign  and co n stru ct

Sulphuric Acid Plants
(Operating under the Patented Pratt Processes)

i h ° 66° and 97i% Concentrating Plants
We D esign  and B uild

Acid Machinery and Apparatus
E xhausters, Eggs, Valves, D am pers, B low  Boxes, F urnaces for B rim ston e  
and P yrites, N itre Oven Iron Work, Iron F lu es, Special C astings

Evaporators, Pulverizers, W et and Dry Mixers 

Pratt Engineering & Machine Co.
M a i n  Office a n d  W orks:  D istrict  Office:

A tla n ta , G a. 61 Broadw ay, N ew York C ity

Dorr Agitators Are 
Power Savers

A p lan t operating a -D o rr A gitator in a  ta n k  30 x i o ' 
used less th a n  0.2 of one H . P . w ith 20 cubic feet of low- 
pressure air per m inute. A paddle arm  A gita tor of like 
dimensions and  operated  a t  the same p lan t required  8
H . P . and  30 cubic feet of air.

T he D orr A gitator consists of a ro ta tin g  m echanism  
w ith  central air lift. I t  m ay be installed in a  flat or 
conical bo tto m  ta n k  and m ay be operated continuously 
or in te rm itten tly .

T h e  D o rr  A g ita to r  (P a te n te d )

D orr A gitators have dem onstrated  the ir adap tab ility  to  the Chem ical In d u stry  and  are  m eeting 
w ith  m arked  success. C onstructed  of non-acid or acid-resisting m aterial.

W R I T E  U S F O R  A G I T A T O R  D A T A

T H E  D O R R  C O M P A N Y
Engineers

S u ccesso rs to  T H E  D O R R  C Y A N ID E  M A C H IN E R Y  C O M P A N Y

N E W  Y O R K  
17 B a tte r y  P la ce

D EN VER  
1009 17th  S tre et

LO N D O N , E. C . 
16 S o u th  S tre e t
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Pump Parts M etal (Acid Proof)
, D uriron Castings Co., N . Y . C.

Schu tte  & K oerting  Co., Philadelphia.
Purified Cotton for Nitration, Etc.

M assasoit M fg. Co.. F all R iver, M ass.
Pyrometers 

Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
Brown In s tru m en t Co., Philadelphia, Pa.
E im er & Am end, New Y ork C ity.
Engelhard , Chas., New Y ork C ity.
Greiner Co., Em il. New York C ity.
Heil Chem. Co.. H enry  E ., St- Louis, M o. 
Hoskins M fg. Co., D etro it, M ich.
Lenz & N aum ann , Inc ., N . Y. C.
Palo C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, III.
Scientific M aterials Co.. P ittsbu rg . Pa. 
Thom as Co., A rthu r H ., Philadelphia.
Thw ing In s tru m en t Co.. Philadelphia, Pa.

Pyrometers (Optical)
Brown In s tru m en t Co., Philadelphia, Pa. 

Quartz
Booth A pparatus C o., Syracuse, N . Y.

Quartz Glass 
B ausch & Lom b O ptical Co., Rochester. N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
Brown In s tru m en t Co., Philadelphia, Pa. 
E im er & Am end, New Y ork C ity.
E ngelhard , Chas, New Y ork C ity.
Greiner Co.. Em il, New Y ork C ity.
H anovia Chem ical & M fg. Co., N ew ark. N . J  
Heil Chem . Co., H enry , S t. Louis, M o. 
L abora to ry  Supply  Co., Colum bus, O.
Lenz & N aum ann . Inc ., N . Y. C.
Palo  C om pany, N . Y. C.
Sargent & Co., E . H ., Chicago, 111. •
Scientific M aterials Co.. P ittsb u rg , Pa.
Sidio Co. of America, N . Y . C ity .
T herm al Syndicate, L td ., New Y ork C ity . 
T hom as Co., A rthu r H .. Philadelphia.

Radium
E im er & Am end. New Y ork C ity.
H eil Chem ical Co., H enry , S t. Louis, Mo.
Lenz & N aum ann , Inc ., N . Y . C.
Palo  C om pany, N . Y. C.

Reagents— Chemical
Baker & Adam son Chem . Co., E aston . Pa. 
Baker Chem . Co.. J . T .. Phillipsburg, N . J. 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Heil Chem ical Co., H enry . S t. Louis. M o. 
M erck & Co., N . Y. C.
Squibb & Sons, E. R .. N . Y . C ,

Recording Instruments
Brown In s tru m en t Co., Philadelphia, P a .

Refineries— (Oil— Sugar Installation)
Lum m us Co., T h e 'W a lte r E ., B oston, M ass.

Refractories
K ieselguhr Co. of A m erica, Los Angeles, Calif. 
N orton  Co., W orcester. M ass.
Steiger T erra  C o tta  an d  P o tte ry  W orks, San 

Francisco, Cal.
Refrigerating Machinery and Apparatus

Y ork M anufactu ring  Co., Y ork, Pa.
Regulators (Automatic Humidity)

C arrie r Engineering Corp., N . Y . C.
Resistance Wire

American P latinum  W orks, N ew ark, N . J. 
B aker & Co., Inc ., N ew ark, N . J.
Bishop & Co., J ., M alvern. Pa.

Retorts
Dixon C rucible Co.. Toseph. Jersey C ity . N . J. 
Heil C hem ical Co., H enry. St. Louis. Mo. 
L abora to ry  Supply  Co., Colum bus, O. 
Lum m us Co., T he  W alter E-, Boston, M ass. 
Therm al Syndicate, L td ., N . Y . C.

Retorts (Cast Iron)
Buffalo Fdy . & M ch. Co.. Buffalo. N . Y. 
Devine Co., J . P ., Buffalo. N . Y.

Retorts— Acid (Cast Iron)
Bethlehem  Foundry  & M ach. Co.. So. B eth ., Pa . 
Buffalo F dy . & M ch. Co.. Buffalo. N . Y.

Rotary Compressors or Blowers
Abbé Engineering Co., N . Y. C.
Crowell M fg. Co., Brooklyn, N . Y.

Rotary Lead Fans
S ch u tte  & K oerting  Co., Philadelphia.

Rubber Tubing, Laboratory 
Scientific M aterials  Co., P ittsbu rgh , Pa.

Scientific Apparatus 
E berbach  & Son Co., Ann Arbor, M ich. 

Screens (Grinding & Pulverizing)
R aym ond Bros. Im p ac t Pulv  Co., Chicago. 111.

Separators— Air
R aym ond Bros. Im pact. Pulv  Co.. Chicago. 111.

Separators— Centrifugal
In te rn a tio n a l E qu ipm ent Co., B oston, M ass. 
Schaum  & U hlinger. Inc ., Philadelphia. 
T o lhurst M achine W orks, T roy , N . Y.

Shredders
W illiams P a te n t C rusher & Pulv . Co.. Chicago.

Sieve Agitators
H oward & M orse. N . Y. C ity .

Sieves (Testing)
H ow ard & M orse, N . Y . C ity.

Silica— Fused
Bausch & Lom b O ptical Co.. Rochester, N . Y. 
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H oim ann Co., San Francisco,C al. 
E im er & Am end, New Y ork C ity.
Engelhard, Chas., New Y ork C ity.
Greiner & Co., Em il, N . Y. C.
Heil Chem . Co., H enry, S t. Louis, Mo. 
L abora to ry  Supply  Co., Colum bus, O.
Lenz & N aum ann  Inc ., Y. C.
Palo C om pany, N . Y. C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials Co.. P ittsbu rg , Pa.
Sidio Co. of America, N . Y . C ity .
T h erm al Syndicate, L td ., New Y ork C ity . 
T hom as Co., A rthu r H ., Philadelphia.

Solvent Recovery Apparatus (Vacuum)
D evine Co., J . P ., Buffalo, N . Y.
E lyria  Enum eled Prod. Co.. E ly ria , O., & N .Y .C . 
L um m us Co., T h e  W alter E ., Boston, M ass.
P faudler Co.,R ochester,N . Y ., D e tro it, & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Spelter
N ew Jersey  Zinc Co., T he, N . Y. C .

Spray Nozzles 
S chu tte  & K oerting  Co., Philadelphia.

Steam Engineering Specialties 
Sarco Co., Inc ., New Y ork C ity.

Steam Traps and M eters
Sarco Co.. Inc ., New Y ork C ity.

Stirring Apparatus
Booth A pparatus Co.. Syracuse. N . Y.
D evine Co., J . P ., Buffalo, N . Y.
D uriron Castings Co., N . Y. C.
E lyria  E nam eled Prod. Co., E lyria, O., & N .Y .C . 
P faudler C o.,R ochester,N .Y., D e tro it, & N .Y .C . 
W erner & Pfleiderer Co.. Saginaw , M ich.

Stoneware— Chemical (Laboratory)
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun Corporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
E im er & Am end, N ew  Y ork C ity. 
Germ an-A m erican Stonew are W orks, N . Y. C. 
Heil Chem . Co., H enry, S t. Louis, Mo. 
K nigh t, M aurice A., Akron .Ohio.
Lenz & N aum ann , Inc.. N . Y . C.
P alo  C om pany, N . Y. C.
Robinson Clay P roducts  Co., Akron, O. 
Sargent & Co.. E . H ., Chicago, 111.
Scientific M aterials Co., P ittsbu rg . Pa.
S teiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Thom as Co., A rth u r H ., Philadelphia.
U. S. Stonew are Co., T he, Akron. O.

Stoneware (Acid Proof— Industrial Pur­
poses)
Germ an-A m erican Stonew are W orks. N . Y . C. 
K night, M . A., Akron (E ast Side), Ohio. 
Robinson C lay P roduct Co., Akron, O.
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

F rancisco, Cal.
U. S. S tonew are C o., The, Akron, O.

Succinic Acid
W oolner & Co., Peoria. 111.

Sulphur, Crude 
Union Su lphur Co., New Y ork C ity.

Syphons— Steam Jet
D uriron Castings Co., N . Y. C. (Acid Proof) 
S chu tte  & K oerting  Co.. Philadelphia. Pa. 
E ly ria  Enam eled P roducts  Co., E ly ria , O., and 

N. Y. C.
Tachometers

Brown In s tru m en t Co., Philadelphia, Pa.
Tanks— (For Acid or Basic Reaction)

D evine Co., J . P.. Buffalo, N . Y.
E ly ria  Enam eled P roducts  Co., E lyria , O., and 

N . Y. C.
Germ an-A m erican S tonew are W orks, N . Y. C 
K night. M aurice A., A kron, Ohio.
Lum m us, W alter E ., Boston, M ass.
Pfaudler Co.. R ochester.N . Y ..D etro it. & N .Y .C . 
Robinson C lay P roduct Co., Akron, O.
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. S tonew are Co., T he, Akron, O.

Tanks— (Measuring & Self-decanting
E lyria  Enam eled Prod. Co.. E ly ria , O., & N .Y .C . 
Pfaudler Co., T he. Rochester, N. Y.
Lum m us. W alter E .. Boston. M ass.

Tanks— Pressure
E lyria  Enam eled Prod. Co., E lyria . O.. & N .Y .C . 
Germ an-A m erican S tonew are Works. M V C. 
P faud ler C o ..R ochester.N .Y .,D etro it, & N .Y .C . 
Robinson C lay P roduct Co., A kron, O.
Steiger T e rra  C o tta  an d  P o tte ry  W orks, San 

Francisco. Cal.
U . S. Stonew are C o... T he. Akron, O.

Tanks (Steel)
S tevens B rothers, N . Y. C.

Tanks (Storage)
D evine Co., J . P ., Buffalo, N . Y.
E ly ria  Enam eled Prod. Co., E lyria. O.. & N .Y .C . 
Germ an-A m erican S tonew are W orks. N . Y. C. 
K nigh t, M . A.. Akron (E ast S ide), Ohio 
P faud lerC o .,R ochester.N . Y ., D e tro it. & N .Y .C . 
S teiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., The, A kron, O.

Temperature Control Instruments
Brown In s tru m e n t Co., Philadelphia, Pa. 
Thw ing In s tru m e n t Co.. Philadelphia, Pa. 

Thermometers
Bausch & Lom b O ptical Co., R ochester. N. Y. 
Brown In stru m en t Co.. Philadelphia, Pa. 
Engelhard, Charles, New Y ork C ity.
Greiner Co., Em il. New Y ork C ity .
Griebel In s tru m en t Co., C arbondale, Pa.
Heil C hem ical Co., H enry . S t. Louis. M o 
In te rn a tio n a l G lass Co., The, M illville, N . J .  
L abo ra to ry  Supply  Co., C olum bus, O.
Lenz & N aum ann . Inc ., N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa. 

Thermostats
Bausch & Lom b O ptical Co.. R ochester, N . Y. 
Brown In s tru m en t Co., Philadelphia, Pa. 
Scientific M aterials  Co., P ittsbu rgh , Pa. 
T hw ing In s tru m en t Co.. P h iladelphia ., Pa.

Thickeners, or Dewaterers
D orr Co., The, D enver, Col., and  N . Y . C. 
In te rn a tio n a l F iltra tio n  C orp., N . Y. C.

Tile (Tower)
G erm an-A m erican Stonew are W orks, N . Y. C 
K night, M . A.. Akron (E ast Side), Ohio. 
S teiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U . S. S tonew are Co.. The, A kron, O. 

Triangles
B ausch & Lom b O ptical Co., R ochester, N . Y. 
L ab o ra to ry  Supply  Co., C olum bus, O. 
T herm al Syndicate. L td ., New York C ity.

Vacuum Drying Apparatus
Bethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F d v  & M ch. Co.. Buffalo, N . Y. 
D evine Co.. J . P ., Buffalo. N . Y.
E lyria  Enam eled Prod. Co., E lyria , O., & N .Y .C . 
Jacoby  H enry  E ., New Y ork C ity.
P faudler Co., R ochester.N . Y ., D etro it, & N .Y .C . 
S tokes M achine Co., F . J ., Philadelphia. 
W erner & Pfleiderer Co., Saginaw , M ich.

Vacuum Pans
B adger & Sons Co., E . B ., Boston, M ass. 
D evine Co., J . P ., Buffalo, N ..Y .
E lyria  Enam eled Prod. Co., E iy ria ,0 .,& . N .Y .C . 
G erm an-A m erican Stonew are W orks, N . Y. C. 
Jacoby, H enry  E .. New Y ork C ity .
L um m us Co., T he W alter E ., Boston, M ass. 
P faudler Co., R ochester.N .Y ., D etro it, & N .Y .C  
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
R oos' Sons, A ugust, N . Y. C.
Sanborn  E vapora to r Co., New York C lt 
Sowers M fg. Co., Buffalo, N . Y.
Sperry  & Co., D . R ., B atav ia , 111.
S tokes M achine Co.. F . J ., Philadelphia. 
Swenson E vap o ra to r Co., Chicago, 111.
W erner & Pfleiderer Co., Saginaw , M ich. 
Zarem ba Co.. Buffalo. N . Y.

Vacuum Pumps
Abbé Engineering Co., N . Y . C ity .
B ausch & Lom b O ptical Co., R ochester, N . Y . 
Crowell Engineering Co., B rooklyn, N . Y. 
D evine Co., J . P., Buffalo, N . Y.
H ubbard 's  Sons, N orm an, Brooklyn, N . Y.

Vacuum Stills
D evine Co., J . P ., Buffalo, N . Y.
E lyria  Enam eled Prod.C o.. E lyria,O .. & N .Y .C . 
Lum m us Co., T h e  W alter E ., Boston, M ass. 
P faudler C o.,R ochester.N .Y .,D etro it, & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta . Ga. & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Valves, Ammonia
Y ork M anufac tu ring  Co., Y ork, P a .

Valves and Fittings— Lead
Schu tte  & K oerting  Co.. Philadelphia, Pa.

Varnish— Coil Impregnation
G eneral B akelite Co., New Y ork C ity.

Vats (Rectangular)
P faudler Co., R ochester N .Y ., D etro it. & N .Y .C .

Voltmeters
Brown In stru m en t Co., Philadelphia. Pa. 

Vicat Needles
H ow ard & M orse, N . Y. C ity.

Viscosity Floats
Howard & M orse, N . Y. C ity.

Water Bath (Laboratory)
Bausch & Lom b O ptical Co., R ochester, N . Y. 
E lectric H eating  A ppara tus Co., N . Y. C. 
L abora to ry  Supply Co., Colum bus, O.

W ater Softening Apparatus
B ooth A pparatus Co.. Syracuse. N . Y.
H odges W ater S till Co., W oodbury , N . J.

Weighing Machinery— (Automatic)
W erner & Pfleiderer Co., Saginaw , M ich.

Welding and Cutting Apparatus
G eneral E lectric  Co., Schenectady, N . Y. 
In te rn a tio n a l Oxygen Co., N . Y. C.

W ire Cloth
How ard & M orse. N . Y. C ity .

W ire, Resistance
D river, H arris  W ire Co., H arrison . N . J.

Wood Distillation Equipment
B adger & Sons. Co.. E. B .. Boston, M ass. 
D evine Co., J . P ., Buffalo, N . Y.
E lyria  Enam eled Prod. Co., E lyria , 0 ..& N .Y .C . 
L um m us Co.. T he W alter E ., Boston, M ass. 
P faudler Co., R ochester N .Y .,D e tro it. & N .Y .C  
R oos’ Son. A ugust, N . Y . C.
Swenson E v ap o ra to r Co., Chicago, III.
Zarem ba Co.. Buffalo. N . Y.
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N E A R L Y  R E A D Y  

Fifth Thoroughly R ev ised  and Enlarged Edition

LUNGE’S GREAT WORK

Coal- Tar and Ammonia
THREE VOLUMES 
1600 Pages 6 x 9

NOT SOLD SEPARATELY  
F ully  Illu strated  N et $18.00

THIS new edition will be of great importance, as six 
years have elapsed since the publication of the fourth 
edition, which has been out of print for some time. 

In preparing the revised issue the author is not only em­
bodying in it all the new matter collected by himself on 
visits to factories and through communications with private 
sources, but also that which he has found in the books and 
periodicals published in the various industrial countries, 
and in the extremely numerous specifications of those 
countries.

It will hardly be realized, without a comparison of this 
new edition with the last, how much progress has been 
made during these years in the industries treated in the 
work. T o  give only one instance of this, the synthetical 
production of Ammonia has acquired an importance vastly 
superior to that which is possessed in 1909, which of course 
required a correspondingly extended treatment; nor could it 
be left out of sight that a great deal of progress made on the 
industrial side has been the consequence of purely theoretical 
and laboratory investigations made in that domain, which 
necessitates giving an account of them as well as of the 
purely technical side of the field.

The author’s desire is to present to all interested in the 
domain of Coal-Tar and Ammonia a really complete and 
exhaustive account of the actual state of this industry and of 
the proposals made for improvements. This has caused a 
considerable extension of the book which will be increased in 
size by about one-third.

It  will be published in three parts, the first two con­
taining Coal-Tar, and the third containing Ammonia. The 
three parts will not be sold separately, but only as a com­
plete work.

- A B R I D G E D  C O N T E N T S -------------
C O A L -T A R : Introductory; Processes for Obtain­

ing Coal-Tar; The Properties of Coal-Tar and Its Con­
stituents; The Applications of Coal-Tar without 
Distillation; The First Distillation of Coal-Tar; Pitch; 
Anthracene Oil; Creosote Oil; Carbolic Oil [Middle 
Oil]; Light Oil; Working-Up the Light Naphtha into 
Final Products. A M M O N IA : Historical Notes on 
Ammonia; Sources from Which Ammonia Is Obtained; 
The Composition and Analysis of Ammoniacal Liquor, 
and Properties of Its Constituents; The Working-Up 
of Ammoniacal Liquor into Concentrated Liquor and 
Liquid Ammonia; M anufacture of Sulphate of Am ­
monia; Other Technically Important Ammonium 
Salts.

Technology of Cellulose
Esters

A  T H E O R E T IC A L  A N D  P R A C T I C A L  T R E A T IS E  
O N  T H E  O R IG IN , H IS T O R Y , C H E M IS T R Y , M A N ­
U F A C T U R E , T E C H N IC A L  A P P L I C A T I O N  A N D  
A N A L Y S IS  O F  T H E  P R O D U C T S  O F  A C Y L A ­
T IO N  A N D  A L K Y L A T I O N  O F  N O R M A L  A N D  

M O D IF IE D  C E L L U L O S E

I N C L U D I N G

N itro cellu lo se, C ellu lo id , Pyroxylin, C o llod io n , C e l-  
loid in , G u n co tto n , A cety lcellu lo se a n d  Viscose, as 

a p p lied  to T echnology, P h arm acy , M icroscopy, 
M ed icin e , P h otog ra p h y , a n d  th e W arlike 

a n d  P ea cefu l A rts

By Edward C. Worden, Ph.C., B .S ., M .A ., F .C .S .
A u t h o r  o f  ** N i t r o c e l l u lo s e  In d u s tr y * *

T O  BE C O M P L E T E  IN  T E N  V O LU M ES 

E a c h  S o ld  S e p a ra te ly

V O L U M E  V III— N O W  R E A D Y

Carbohydrate Carboxylates
(Cellulose A cetate)

611 Page* 6 V , 1 9 Il lustrated Cloth Net $5.0«

In th is  vo lum e th ere are 
references to

314 1 Patents 1764 Names
6230 Subjects 5644 Literature

(D E S C R IP T IV E  C IR C U L A R  ON R E Q U E S T )

Other volumes to be issued at short intervals

Modern Chemistry and Its
Wonders
A Popular Account of Some of the More Remarkable 

Recent Advances in Chemical Science for 
General Readers

BY

GEOFFREY MARTIN, D.Sc., Ph.D.
First-Class Honorsman in Chemistry of London University 

Author of "Triumphs and Wonders of Modern Chemistry," Etc., Etc.

The really wonderful achievements of modern scientific 
chemistry are popularly explained in this work. The author 
avoids, as far as possible, all technicalities, so that the 
general reader who is at all familiar with the fundamentals of 
chemistry may grasp fully the wonders wrought by the 
chemical manipulation of the processes employed in the 
manufacture of common objects.

267 Page» 5 V 4 * 7 V< 65 Illustration! N et $2.00

H A V E  Y O U C O P Y  O F T H E  C H E M I C A L  A N N U A L ? ”

D. VAN NOSTRAND COMPANY
25 PARK PLACE Publishers and Booksellers NEW YORK
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2 1 0 - 2 1 4  S o u t h  4 t h  S t r e e t  

St. Louis, Mo.

Importers and Manufacturers of

Chemical Apparatus, Chemicals
and Laboratory Supplies Generally

W e have the stock and can make prompt delivery

SPECIALTIES:
K avalier B o h em ia n  N orm al G lassw are  

Best Grade of American Glassware, “ Non-Sol,” “ Perfection” and “ Pyrex”

Max Dreverhoff, Schleicher &  Schuell, Swedish and 
English Filtering Papers

Royal Berlin and Haldenwanger Berlin Porcelain Ware 

B est A m erican  P orcelain  W are 

Troemner &  Becker Balances and Weights 

Platinum Wire, Foil and Ware
Fused Silica Laboratory Utensils “ Vitreosil”

H anovia Pure T ran sparen t Q uartz G lass  

Alundum  Ware 

Hoskins’ Electric Furnaces 
Le Chatelier’s Pyrometers

Bausch and Lomb Microscopes and Accessories
Hydrometers and Thermometers of every description

Chemically Pure Acids and Ammonia, Molybdic A cid  
and Molybdate of Am monia

Merck’s, Baker &  Adam son’s and J. T. Baker Chemical Co.’s
Chemicals and Reagents

Caustic Potash and Soda, purified in sticks and pure by alcohol
A ceta te  of Lead, C yanide M ixture, Soda A sh and C om m ercia l C au stic  Soda

We carry a very large and complete stock of everything used in the laboratory and solicit your 
orders or inquiries. There is nothing in the chemical line which we cannot furnish. You will 
find us prompt, courteous and reliable..
In our G lassblowing E stablishm ent w e can produce any apparatus, no m atter how com plicated


