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EDITORIALS
ELECTION RESULTS

T h e follow ing have been elected  officers of the 
A m e r i c a n  C h e m i c a l  S o c i e t y  for the term  of office 
beginning Jan u ary  x, 1919.

President: W illiam  H. N ichols.
Directors: W. D. Bigelow ,

W . R . W h itn ey.
Councilor s-at-Large: E . C. Fran klin ,

B. C. Hesse,
G. N. Lewis,
Geo. D. R osen garten.

SPECIAL MEETING OF THE COUNCIL

On S atu rd a y  afternoon, D ecem ber 14, 1918, th ere 
assem bled in  R um ford  H all, C h em ists ’ C lu b , N ew  
Y o rk  C ity , one of the m ost large ly  atten d ed  m eetings 
of th e C oun cil ever held. In  response to  th e  stim u la 
tion  of D r. H esse’s article in th e N ovem ber issue of 
T h i s  J o u r n a l  and th e call of th e  S ecretary , it  was 
ev id en t from  th e outset th a t there w as to  be no dearth  
of suggestions from  the L ocal Sections. T h e  to ta l 
num ber of these suggestions m oun ted to  th e  high 
figure of one hundred and th irty-th ree . P la in ly , it  
w as p h ysica lly  im possible to  g ive  to  each of these 
m atters in  one session of th e C oun cil th e  consideration  
it  deserved. T h e proceedings th erefore developed 
large ly  into  a grouping of th e  suggestions and reference 
of these groups to appropriate com m ittees for thorough 
consideration and report to  th e  n ext m eeting of the 
C oun cil. U pon certain  m atters of general im portan ce, 
how ever, definite action  w as taken .

T h e fu ll valu e of th e m eeting, therefore, w ill depend 
u ltim ate ly  upon the character of th e com m ittee w ork 
betw een  now  and th e Spring m eeting of th e  C ouncil. 
T oo  often  th e com m ittee w ork  of th e  S o ciety  is not 
ta k en  b y  th e in d iv id u al as a v e ry  severe requisition  
upon his tim e, th o u g h t and en ergy. T o  th e  com 
m ittees to  be appointed  to  handle th e  m aterial pre
sen ted to  th is special m eeting of th e C ou n cil there is 
given  o p p ortu n ity  to perform  a d istin ct n ational 
service, for th e presentm ents of th e A m e r i c a n  C h e m i c a l  

S o c i e t y  w ith its m ore th a n  tw e lv e  th o u san d  m em bers 
should carry  great w eigh t in  m olding n atio n al th o u g h t 
as to  chem istry as an integral p a rt of th e  N a tio n ’s 
a ctiv ities . W ith  com m ittee w ork carried out in th is 
sp irit, it  can confidently  be predicted  th a t  th e  spring 
m eeting of th e  C oun cil will be historic.

F ollow in g a continuous four-hour session, th e  presi
dent, D r. W m . H. N ichols, en tertained  th e C oun cil 
a t  a deligh tfu l dinner in th e dining room  of th e 
C h em ists ’ C lub. D r. N ichols proved  an ideal host and 
his genial spirit pervad ed  th e  jo v ia l gatherin g. A t  
th e  conclusion of th e dinner, he acted  as toa stm a ster 
and w ith  a perfect stream  of raillery  and cam araderie 
called  upon  a num ber of th e  m em bers for inform al 
rem arks. T h e  responses dem on strated  th a t  all had 
c a u g h t th e  sp irit of the occasion.

b u s i n e s s  t r a n s a c t e d

A t th e business session of th e  C ou n cil it w as un an 
im ously  v o ted  to  hold a S p rin g m eeting in  1919. 
T h e m atter of tim e and place w as referred to  th e A d 
viso ry  C om m ittee w ith  pow er to  act. Soon a fter 
ad jou rn m en t it  w as ev id en t th a t  th e com m ittee w ould 
receive a n um ber of in v ita tio n s.

T h e a tten tio n  of th e  C ou n cil w as called to  th e  im 
p o rtan t R e p o rt on E n gin eerin g E d u ca tio n  issued b y  
th e  C arnegie F ou n d atio n . In  th e  com pilation  of th a t 
R e p o rt th e  S o ciety  w as represented b y  P rofessor H. 
P . T a lb o t and  D r. C lifford  R ichardson . T h e  P resi
dent w as requested  to  a p p o in t a com m ittee of th ree to  
a ct in coop eration  w ith  and to  be a d viso ry  to  th e  
S o ciety  for th e  P rom o tion  of E ngin eerin g E d u ca tio n  
in m atters pertain in g to  th e  train in g of chem ical 
engineers.

T h e  D irectors were requested  to  arrange, if finances 
ju stified  it, for th e  an n ual p u b lication  in Chem ical 
Abstracts of a form u la  index.

F o llo w in g an in terestin g  ta lk  b y  D r. John John ston , 
secreta ry  of th e  N a tio n a l R esearch C oun cil, th e 
C ou n cil fa vo red  coop eration  w ith  th a t b o d y  in th e 
coordin ation  of research. A  com m ittee of five  w ill 
be appo in ted  to  w ork  ou t th e  details.

T h e C ou n cil likew ise v o ted  for cooperation  w ith  
B ritish  chem ical organ ization s and w ith  th e N atio n a l 
R esearch  C ou n cil in  th e  com pilation  and p u b licatio n  
in  th e  E n glish  lan gu age of stan d ard  reference w orks 
on ch em istry . T h e  com m ittee charged wich th is 
m atter w as requested  to  report at th e  Spring m eeting. 
In  case of an em ergen cy requirin g prom pt action  th e 
com m ittee w ill rep o rt to  th e D irectors.

M u ch  interest w as aroused b y  th e  report of the 
C om m ittee on D u ty -F re e  Im p o rtatio n s b y  E d u ca tio n al 
In stitu tio n s. T h e  C ou n cil expressed itself as h ea rtily  
fa vo rin g  th e  abrogatio n  b y  C on gress of th is fea tu re  
of th e  ta riff legislation , confident th a t its presence 
on th e  s ta tu te  b ooks has retard ed  th e  developm ent of 
A m erican  sources of su p p ly  of lab o rato ry  m ateria l, 
and  eq u a lly  confident th a t  A m erican  m anufacturers 
w ould  respond in  such m anner as to insure our ed u ca 
tion al in stitu tio n s a gain st a rep etition  of such con di
tio n s as resu lted  in  1915  from  th e  b lockade of G erm an  
ports.

T h e  C o m m ittee  on C oop eratio n  betw een  U n iversities 
and In d u stries m ade an inform al report, callin g a t
te n tio n  to  th e  im m in en t dan ger to  b o th  un iversities 
and industries from  a con tin u ation  of th e efflux of th e 
b est teach ers from  th e  u n iversities to  in dustria l re 
search staffs, fa vo rin g  in d u stria l research fellow ship s 
and  requ estin g th e  ap p o in tm en t of au xiliary  su b -co m 
m ittees in L ocal Section s for th e  w orkin g out of specific 
local questions and  for general cooperation  w ith  th e  
m ain com m ittee. T h e  P residen t w as au th orized  to  
a ppoin t such sub-com m ittees.

D r. W . R . W h itn ey  m ade an im pressive appeal for
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en dorsem en t of n atio n al a id  to  research. T h e  C oun cil 
expressed itse lf as fa v o rin g  th e  principle of federal aid 
to  scien tific  and in d u stria l research and  authorized  
th e  P resid en t to  ap p o in t a com m ittee to  cooperate 
in  th e  a llocation  of fed era l gran ts, to  in v estig a te  th e  
several proposals now  pen d in g, and to m ake recom 
m en dations to  th e  A d v iso ry  C om m ittee, w hich in 
tu rn  w as g iv en  pow er to  act.

T h e  in trod u ction  of th e  m etric system  th rou gh ou t 
th e  co u n try  as ra p id ly  as possible w as urged. T h e 
S o c ie ty ’s C o m m itte e  on M erch a n t M arin e w as re
qu ested  to  em p hasize th e  im p ortan ce of th is change 
in our sy ste m  of w eigh ts and m easures as an aid in 
develop in g foreign  com m erce.

A  p rolon ged  discussion w as held concern in g the 
fu tu re  of ch em istry  in  th e  W ar D ep artm en t. A ll were 
agreed th a t  it  w ou ld  be a ca la m ity  if our fu tu re  a rm y 
should  la c k  th is  in v a lu a b le  a id  to  its  m ilitary  effi
cien cy . T h e  A d v iso ry  C o m m ittee  w as requested  to 
consider th e  a d v isa b ility  of a p p o in tin g  a special com 
m ittee  to  consider all phases of th is  m a tter and to 
confer w ith  th e  officials of th e  W a r D ep artm en t. T o  
th e  A d v iso ry  C o m m itte e  w as also referred th e  m atter 
of urgin g th e  W ar D ep artm en t to  com pile a com plete 
record  of th e  researches con d u cted  b y  th e  C h em ical 
W a rfa re  S erv ice  and, in  so far as pu b lic  in terest per
m its, to  p u b lish  th is  m aterial.

A n n o u n cem en t w as m ade of th e  action  of th e 
D irecto rs in  a p p o in tin g  M r. John  W alker H arrin gton  
to  ta k e  ch arge for th e  S o cie ty  of th e im p o rta n t w ork 
of develop in g its  policies as to  p o p u lar presentation  
of ch em istry  to  th e  d a ily  press. M r. H arrin gton  is an 
experienced n ew spaper w riter of h igh ran k  and his 
te ch n ica l a b ility  w ill p rove of g rea t v a lu e  in  connec
tio n  w ith  th e  po pu lar b ulletin s con trib u ted  b y  th e  
m em bers of th e  S ociety .

M a n y  of th e  suggestion s of th e  L o ca l Section s were 
group ed  and  referred  to  a p p rop riate  com m ittees for 
rep o rt a t th e  Spring m eeting. F in a lly , in order to  
co ver th e  w hole ground, an O m nibus C om m ittee, w ith  
D r. A . D . L itt le  as chairm an , w as appo in ted  to  con
sider th e respon sib ilities of th e  S o cie ty  in th e m any 
grea t q uestion s of recon stru ction  now  engrossing the 
atten tio n  of th e  N atio n .

THE FRUITS OF SERVICE

T h is  m orning N ew  Y o r k  C ity  w as aw aken ed  b y  a 
din of noises from  sirens and steam  w histles w elcom ing 
b ack  to  A m e rica  her soldiers retu rn in g from  th e b a tt le 
fields of F ran ce. I t  w as a jo y o u s  w elcom e to  men 
who rich ly  deserved  it. In  th e  m idst of th e  tu m u lt 
our m ind turn ed  to  th e m an y chem ists in laboratories 
and p lan ts th ro u g h o u t th e  co u n try , som e in un iform  
and som e w earin g n ot even  th is  badge of d istin ction, 
whose scien tific  and  te ch n ica l sk ill had con trib u ted  so 
profou ndly to th e  s a fe ty  of th e  m en a t th e  fron t 
through perfected  gas m asks, sm oke screens, flares, 
rockets, and sim ilar devices, and  to  th e  p rep aration  
on so v a st a scale of offense w eapons such as p ro
pellants, high explosives, deto n ators, poison gases,

im proved  steel for guns, ligh t m etals and dopes for 
aeroplanes. A n d  we w ondered w hether or n ot the 
co u n try  ap p reciated  w h a t these m en of th e  la b o ra 
tories had  done. D id  it realize how  these m en a t the 
b eh est of lead in g m en of the profession had  v o lu n ta rily  
foregone their eager desire to  jo in  in th e g rea t m o v e
m ent to the w estern b a ttle  fro n t w hile th e  m ilita ry  
a u th orities were g ra d u a lly  b ein g roused to  th e  im 
p o rta n t p a rt w hich th e y  and no su b stitu tes m ust per
form  in  th is w ar? T h ese m en h a d  w orked  on th e  
p rod u ction  of to x ic  gases during th e  exp erim en tal 
d a ys; m an y a lifelon g scar w ill bear its  silen t w itness 
of th e  risks incurred, w hile oth ers of th is num ber 
m ade th e  suprem e sacrifice.

T o  all of these m en, A m erican  chem ists, who m ore 
th a n  “ m ade go od ”  in a chem ical w ar, all honor be 
given ! T h ro u gh  th e  con servation  of tra in ed  men, 
resu ltin g from  th e ir  sacrifice of personal in clin ation , 
th is co u n try  w as en abled  to  assem ble and  u tilize effi
c ien tly  th e  grea test corps of chem ists in  a n y  of th e  allied 
countries, as is a b u n d a n tly  a ttested  b y  foreign  official 
rep resen tatives w hose tim e ly  w arnings, h ow ever, were 
of greatest aid  in effecting th is con servation  of train ed  
men.

I t  w as our good fortu n e to  be present a t th e  dinner 
ten dered  M a jo r G en eral S ib ert b y  th e  com m issioned 
officers of th e  C h em ical W arfare  S ervice. I t  w as a 
jo lly  affair, redolen t w ith  good  fellow sh ip . T h e  
spontan eous tr ib u tes to  th e  com m an d in g officer bore 
eloquen t w itness to  th e  a ffectio n ate  ties w hich  had 
been form ed.

T h ese men h ad  m atch ed  th e ir  w its again st th e  G erm ans 
and  h ad  prepared m aterial w hich rendered th e  en e m y ’s 
efforts harm less and insured to  our arm ies th e  m eans 
b y  w hich he w ould  be overw h elm ed. Som e d a y  when 
th e  fu ll sto ry  of th e  w ar is to ld , th e  fa cts  w ill becom e 
kn ow n  as to  w h y  th is m ig h ty  m ass of m aterial for 
offense w as n ot d elivered  a t th e  fro n t w here our men 
w ere callin g for it; and w hen the ta le  is to ld  th ere will 
b e no d iscredit to  th e  ch em ist for he w as m ore than  
rea d y  w ith  his p art.

B u t th ese rollick in g chem ists a t th e dinner ta b les 
kn ew  th a t th e  end of th eir w ork  w as in  sigh t. Soon 
th e y  w ould  return  to  n orm al duties. A s we w a tch ed  
th e  rio t of fun, th o u gh ts flew  in upon us.

Is th is branch  o f ' the S ervice  to  be discontin ued?

N on e present desired or seem ed to  h a v e  a n y  id ea 
th a t  he w ould  be exp ected  to  con tin ue in th e  S ervice. 
In  th e  cu rta ilm en t of a rm y a ctiv itie s  and  in  th e  rap id  
progress of d em ob ilizatio n  of forces n ot n eeded for 
occu p ation  of en em y te rr ito ry , it  is to  be h oped th a t  
th is  stron g b ran ch  of our perm an en t a rm y w ill n o t be 
to ta lly  abolished. E v e n  th o u gh  th e  elim in ation  of 
poison gas w arfare be agreed upon  a t th e  peace co n 
ference, th ere is v ita l w o rk  still to  be co n d u cted  on 
chem ical lines for b oth  a rm y and n a v y . If  w e are to  
h a v e  m ilita ry  and n a v a l a d ju n cts  to  our G overn m en t, 
th e y  should  be su p p orted  b y  th e  b est of ch em ical 
in telligen ce. S ecre ta ry  B a k er  has called  a tten tio n  in  
his an n ual rep o rt to  th e  d e sira b ility  of m akin g per
m anent th e  C h em ical W a rfa re  S ervice. H e should
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a ct p ro m p tly  in perfectin g th e  perm anent organ iza
tion, for it  w ill be difficult to  gath er togeth er again  th e 
picked  m en of this Service a fter th e y  h ave returned to  
c iv il life. G eneral S ibert can perform  a d istin ct 
n ational service before his announced retirem en t b y  
urging th e  sam e speed in action  as he urged upon his 
ow n men in th e m an u factu re of m ustard  gas.

A n other th o u g h t cam e as we w atch ed  th e  diners. 
W h a t a b o u t th e  return  of these men to  c iv il life? 
W ill th e w a y  be easy  or hard? F or m any of them  
form er positions are w aiting. F or others th e p a th  is 
n ot so clear, for su b stitu tes h ave been em p loyed, at 
least for th e  year. P a rtic u la r ly  is th is true in m any 
un iversities w here finances are sa d ly  cram ped because 
of decrease in tu itio n  fees and earnings from  in vested  
funds. C erta in ly  we all should join  hands in m aking 
th is return  in v o lve  as little  as possible of sacrifice on 
th e  p a rt of these men w ho h a ve  done th eir fu ll p a rt b y  
our co u n try  in  a tim e of great n atio n al stress.

T o  th e  un dergraduates and th e  men draw n  from  
g ra d u ate  stu d en t ran ks w e w ould u rge  a return  at all 
costs to  their un iversities for th e  com pletion  of th e ir  
scientific train in g . T h is tra in in g  has been sh a rp ly  in
terru p ted  b y  th e  call of th e  w ar period, b u t th e  expe
rience gain ed b y  b oth  professors and stu d en ts in con
n ection  w ith  w ar w ork should infuse a fresh and even 
m ore vigorous sp irit in to  ed u ca tio n a l w ork and should 
g iv e  to  th e co u n try  e v e n tu a lly  a class of men into  
w hose hands th e  fu tu re  developm en t of ch em istry  
should w o rth ily  fa ll. In  th is connection  th e  situ ation  
presents an adm irable o p p o rtu n ity  for th e  d isp lay  of th e 
sp irit of cooperation  on th e p a rt of th e  in dustries 
to w a rd  th e  un iversities b y  th e  estab lish m en t of a 
large num ber of scholarships and fellow ships, even  
th o u gh  these be on ly  tem p o rary , w hich w ill en able the 
im m ediate refilling of u n iv ersity  ranks.

T o  those returnin g chem ists w ho had p reviou sly  
com pleted  th eir u n iv ersity  courses, it  need o n ly  be 
pointed o u t th a t  p ra ctica lly  no recruits h a v e  com e 
into  th e  ran ks during th e p a st yea r, and th a t  th e 
chem ical in d u stry  of th e  co u n try , w ith  a ll s tr ic tly  
w ar w ork  ended, w ill be greater th a n  before th e war.

D ou b tless som e hardships w ill be endured during 
th e n ext six m onths of readju stm en t. T h is is to  be 
deplored, b u t it  is b y  no m eans a m isfortune confined to 
chem ical ranks. I t  is a p a rt of th e price. C erta in ly  
this co u n try  w ill need in th e  great program  of peace 
d a ys e v e ry  chem ist w hose train in g is sound, whose 
ju d gm en t is w ell balanced, and whose fa ith  in  his 
cou n try  is an un quen chab le flam e.

NOTES

A  new  use is suggested  for th e  u ltram icroscope— to  
find a  chem ist am ong th e  host of A m erican  sp ecialists 
w ho accom pan ied  to  P aris our official rep resen tatives 
charged  w ith  th e resp o n sib ility  of fo rm u latin g  a tr e a ty  
of peace w ith  th a t  co u n try  w hich  m akes of ch em istry  
its stron g righ t arm  in tim es of peace and w ar. T h is 
suggestion  is sym p a th e tica lly  passed on to th e  president

of th e C h em ical A llian ce, Inc., for reflection during his 
leisure m om ents.

W elcom e to  The Octagon, th e  official organ of th e 
L ehigh  V a lle y  Section , and also to  The Blast Lam p, 
published b y  the K em  K lu b  of H un ter C ollege (for 
you n g w om en), N ew  Y o rk  C ity !  T h a t w om en are 
entering th e  field of ch em istry  in dead earnest is shown 
b y  th e fo llow ing ex tra ct from  the la tte r  p u b lica 
tion.

The preparation is long and difficult. Chemistry alone is 
not sufficient. One must have a working knowledge of calculus 
and one must know a good deal of physics.

A s to  w om en in research th is n aive  confession is 
m ade:

It is said that the true spirit of research is natural curiosity, 
and certainly women possess that.

K n o w in g  th e  d eligh tfu l p erso n ality  and inherent 
m od esty  of M r. C h arles H. M a cD o w ell, of th e  W ar 
In dustries B oard , we are confident th a t  he blushed 
w ith  confusion w hen he read in a recent W ashin gton  
press s to ry  th e  follow ing:

Experts headed by Charles H. MacDowell, chief of the Chemi
cals Division of the Board, Mr. Baruch said to-day, are meeting 
with success in the development of new processes of manu
facture of standardizing present processes. A t the same time 
they are fostering the use of German formülas for obtaining in 
America soluble potash, aniline dyes, optical glass, and chemical 
apparatus, fine and pharmaceutical chemicals, and clay for 
graphite crucibles.

T h e  C om m ittee has v o te d  th e aw ard of the P erkin  
M edal th is  y ea r  to  D r. F . G . C o ttre ll of th e  U . S. 
B ureau  of M ines, for his w ork  on electrical p recip ita 
tion. T h is decision w ill be un an im ously acclaim ed.

T h e  N ichols M ed al, aw arded  for th e  m ost n o te
w o rth y  contrib ution s appearing during th e  y ea r in 
th e  pub lication s of th is  S o ciety , w ill not be aw arded 
this year/ T oo  m uch of th e  best research is still 
locked  up for reasons of war. T h e  contest for th is 
m edal n ext ye a r  should be a hum m er.

T h e  recent great gath erin g of business m en at 
A tla n tic  C ity  expressed itse lf in  no un certain  term s on 
th e  su b ject of p iv o ta l in dustries, as follow s:

Conditions brought upon us by the European War at its 
beginning, as well as our national necessities after we entered 
the war, made it of the highest importance that a number of 
industries should at once be developed in the United States. 
Large investments, both of capital and skill, have since been 
placed in these enterprises. Upon the production of some of 
them, relatively small in themselves, the continuation of some 
of our largest industries has depended. Some of the recently 
developed industries have national importance in fields much 
broader than the markets of their products; for they may serve, 
for example, to promote scientific research, which will add to 
national efficiency, resources, and wealth in many distinct 
ways.

It becomes essential, therefore, that the Government should 
at once proceed to ascertain the industries which have been de
veloped during the European war and ascertain those the main
tenance of which is indispensable for the safety of our industrial 
structure and our military establishment.

When these pivotal industries have been ascertained, means 
suitable in view of their nature and situations should at once 
be provided for their encouragement and preservation.
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GAS OFFENSE IN THE UNITED STATES 
A RECORD ACHIEVEMENT"’

A t the Chemists’ Club after luncheon one day about sixteen 
months ago, Dr. B. T. Brooks showed me a newspaper clipping 
in which was stated the chemical nature of the new gas to whose 
remarkable properties rather mysterious references were being 
made in the caLle dispatches from the western battlefront. 
A t that time the farms lying on Gunpowder Neck, between the 
Pennsylvania Railroad and the Bush River, some twenty miles 
north of Baltimore, were under normal cultivation. In response 
to the urging of British and French Commissioners, relatively 
small bodies of American soldiers had been dispatched to France, 
chiefly for moral effect and as an evidence of our determination 
to participate physically in the rolling back of the great wave 
of Teutonic military force which threatened the whole world. 
N ot yet had the Nation thoroughly awakened to the imminent 
peril and the gigantic program ahead of us.

country had ever known. Methods of production of toxic 
material developed on a laboratory scale were quickly expanded 
to large-scale production, and errors of indecision and shifting 
plans, which tried the Nation’s soul in other cases, found no place 
here. Promptly the decision was made as to what toxic gases 
should be supplied our Army, then all efforts were devoted to 
accomplish production on such a scale as would provide for any 
army that might be raised, in any quantity it might demand.

That the efforts were abundantly successful, is witnessed by 
the fact that at no time have sliip-room or shell been adequate 
to require operation of the great plant at maximum capacity. 
The chemist had done his part.

Such things do not happen by accident, a master spirit guides 
so successful an undertaking through the mazes of preliminary 
construction to the finished plant with its steady output of

I ' i c .  1— M a p  o f  U .  S .  F i l l i n g  P l a n t ,  G u n p o w d e r  R e s e r v a t i o n

In the intervening time an enormous plant has sprung into 
being, almost as if by magic. Difficulties of procurement of 
material, of transportation, of labor, and of construction were 
overcome, in spite of the hardships of the severest winter the 

1 Editorial correspondence, November 7, 1918.

needed material. He would be the last to admit it, but it needed 
little questioning of men of all ranks at the plant to recognize 
that it was the indomitable will, the lovable personality, and the 
unfailing “ pep” of Colonel William H. Walker, the commanding 
officer, which were responsible for the success of this great under
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F i g . 3 — C a r b o n  M o n o x i d e  P r o d u c e r  U n i t  

1— Oxygen inlet 2— Carbon dioxide inlet

F i g .  4— P h o s g e n e  M i x e r  U n i t , 2 0  To n s  p e r .d a y  C a p a c it y , C o m b i n i n g  
P u r e  C h l o r i n e  a n d  C a r b o n  M o n o x i d e  t o  F o r m  P h o s g e n e  a n d  
C o n d e n s in g  P r o d u c t

taking. Surrounded by a staff of competent officers and in
fusing liis spirit into soldiers and civilians alike, he brought to 
completion in less than a year, one of the greatest chemical 
establishments ever constructed in this country.

Colonel Walker received the degree of B. S. from Pennsyl
vania State College in 1890. In 1892 he obtained his doctorate 
at the University oi Gottingen, and in 1894 he accepted a pro
fessorship of industrial chemistry at the Massachusetts Institute 
of Technology, later becoming director of the Institute’s course

in chemical engineering.. Before entering the war service of 
the Government, Colonel Walker was in charge of the highly 
successful experiment in the education of chemical engineers, 
the School of Chemical Engineering Practice of the Massa
chusetts Institute of Technology.

H ISTO R IC A L

When the United States entered the war, although it was 
known that poison gas had been used by the enemy and was 
also used by our Allies, very little information was obtainable 
in America as to what materials were employed and how they 
were prepared. The Ordnance Department was at this time 
charged with the responsibility of procuring all materials for 
the combatant departments of the Army. The Quartermaster’s 
Department procured clothing, bedding, transportation facili
ties, etc., which had nothing to do with the actual fighting. In 
November 1917 it was decided to establish on Gunpowder 
Neck, Maryland, which wras then a part of the Aberdeen Proving 
Ground property, a small shell-filling plant. This was designed 
under the direction of Et. Col. Edwin M. Chance, who took
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Adequate shipping facilities were provided by tapping the 
Pennsylvania Railroad on the one side, and on the other by water 
transportation through the Bush River to Chesapeake Bay. 
A  12 ft. channel about a quarter of a mile in length, was dredged 
through Bush River to the Bay. In order to obtain the greatest 
speed in the development of the processes necessary, the aid 
of such manufacturing concerns as were willing to undertake 
large-scale investigation was accepted. The two gases which 
it was then obvious would be required in large quantities were 
chlorpicrin and phosgene. The manufacture of chlorpicrin was 
begun on a relatively small scale at the plant of the American 
Synthetic Color Co., Stamford, Conn., while the manufacture 
of phosgene was undertaken at the plant of the Oldbury Electro
chemical Company, at Niagara Falls, N. Y . The Trench 
Warfare Section of the Ordnance Department, under Lt. Col. 
E. J. W. Ragsdale (then Captain), assumed responsibility for 
these developments. Associated with him were Lt. Col. Wm. 
McPherson, Major D. J. Demorest, Major Wm. L. Evans, and 
Major Orland R. Sweeney, all of Ohio State University. Majors

F i o .  7— C h l o r p i c r i n  P l a n t . M ix b r  i n  L o w e r  R i g h t -h a n d  C o r n b h  a n d  
L i n e  o p  T e n  S t il l s

charge of the construction work at Gunpowder Reservation, 
breaking ground early in November. The property taken for 
this purpose was at that time planted in wheat for the spring 
crops, and no provision for housing men or for transportation 
of any kind existed. Railroad facilities were extended to the 
Reservation from the Pennsylvania Railroad, and bunk-houses 
for a construction force were erected.

It was then the intention to have the toxic gas itself manu
factured by chemical manufacturers throughout the country 
and shipped to Gunpowder Neck for filling. Owing to the 
facts, first, that the poison gas materials were new in the sense 
of not being an established industry; second, that no one would 
want to manufacture them after the war and therefore the plant 
would be obsolete; and third, the inherent danger of manufac
turing toxic materials, it was soon determined that toxic materials 
could not be obtained throughout the country, however attractive 
were the offers, from a financial point of view, which the Govern
ment made. Early in December 1917, therefore, it was decided 
to erect on the site of the shell-filling plant such chemical plants 
as would be necessary to furnish the toxic materials required 
for filling the shell. Designs for the chemical plants were ready 
late in December 1917, and construction was started, notwith
standing the difficulties incident to a very severe winter. A 
water supply for manufacturing purposes was obtained by con
structing two 36 in. mains from the Bush River. The capacity 
of the system is 24,000 gal. per min. A dock was erected, and 
industrial railroads throughout the Reservation were built.

F r a .  5 — P il l i n g  L i q u i d  P h o s c b n b  in t o  1 7 0 0 - l b . C o n t a i n e r s  f o r  
O v e r s e a s  S h ip m e n t

Francis C. Frary and Sterling N. Temple, who were, previous 
to entering the Army, connected with the Oldbury Electro
chemical Company, at Niagara Falls, had charge of the develop-

F i g .  6— L i q u i d  P h o s o b n b  R e a d y  f o r  S h i p m e n t  O v e r s e a s

ment of phosgene. Between October 1917 and the first of 
February 1918, gas warfare had assumed much greater importance 
in Europe. Representatives of the French and British Govern
ments were sent to America and were of the greatest possible 
help, not only with the information as to methods which they 
supplied, but also in furnishing an incentive for the work. By 

• this time it was obvious that the Government would be com
pelled to erect a large chlorine plant in order to supply this im
portant raw material.

In January 1918 things were not going as satisfactorily as de
sired, so Colonel Walker, who was at that time Chief of the Chem
ical Service Section and Assistant Director of Gas Service (the 
office of Director of Gas Service and the Chemical Service Sec
tion are now both absorbed in the organization of the Chemical 
Warfare Service), was asked to take charge of the Gunpowder 
Neck project. He was immediately transferred to the Ordnance 
Department and made Commanding Officer of Gunpowder 
Reservation (now Edgewood Arsenal). The entire project was 
taken out of the Trench Warfare Section and was made a separate 
bureau of the Ordnance Department.

Under the leadership of Colonel Walker, things began to hum. 
At this time, the railroad transportation system of the country 
went to pieces. Nothing daunted, however, military guards 
were sent out to accompany each carload and shipment of 
materials, these guards seeing to it that the cars were constantly 
headed towards Edgewood Arsenal, and in case of breakdown,
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that repairs were quickly made. Later this practice had to be 
discontinued as it did not meet the approval of the Inland 
Traffic Service.

In July 1918, Edgewood Arsenal was withdrawal from the 
Ordnance Department and made a part of the Chemical War
fare Service under the able direction of Major General Wm. L. 
Sibert.

O RG ANIZATIO N

Edgewood Arsenal was organized with the following depart
ments:

1— Chlorine plant, complete, for manufacturing caustic soda 
and liquid chlorine.

2— A chemical plant for the manufacture of toxic materials.
3— A filling plant for filling the shell, Stokes mortar bombs, 

Livens projector drums, hand grenades, incendiary bombs, etc.
4— Construction, maintenance, and stores division.
5— Headquarters military organization.
6— Military medical hospital with ample facilities.
7— Executive office. This was moved from Washington to 

Baltimore, taking the two upper stories of M cCoy Hall, one of 
the old Johns Hopkins University buildings. This executive 
office consists of sections for administration, purchase, finance, 
property, contracts, personnel, traffic, etc.

In addition to the officers in charge of the individual plants 
mentioned below, the following officers were in charge of general 
features of the work: Lt. Col. George Chahoon, Jr., assistant 
to the Commanding Officer and in charge of Administration 
and Contracts; Lt. Col. Wm. G. Gallowhur, executive officer 
in charge of Edgewood Plant; Lt. Col. E. B. Ellicott, Construc
tion, Maintenance and Stores; Major Frank J. Wagner, Mili
tary Administration; Lt. Col. G. E. Lewis, in charge of Hospital.

While the plant at Edgewood was being completed, and in 
order to avoid having all the eggs in one basket, such manufac
turing firms as were willing to enter into the production of toxic 
materials were utilized.

In general charge of these outside plants was Lt. Col. Wm. 
McPherson, assisted by Majors E. E. Free, C. R. Wraith, H. 
H. Hanson, and Capt. J. D. Rue.

The experimental plant for the manufacture of chlorpicrin 
at Stamford, Conn., was rented, enlarged, and operated by the 
Government with Lt. V. E. Fishburn in charge.

A plant for the manufacture of phosgene was built at the 
works of the Oldbury Electrochemical Company, Niagara Falls, 
N. Y ., under the charge of Dr. F. A. Lidbury and Government 
officer in charge, Major Adrian Nagelvoort. Another plant for 
phosgene was erected at the plant of Frank Hemingway, Inc., 
at Bound Brook, N. J. Manufacturing here was in charge of 
Mr. Frank Hemingway and Government officer in charge, Lt. 
Wm. R. Chappell.

A plant for bromine was erected at the plant of the Dow 
Chemical Company, Midland, Michigan, Major M. G. Donk 
in charge.

A plant for chlorine was erected at the Charleston Chlorine 
Company’s plant at Charleston, West Virginia. This plant was 
in charge of W. A. Guile, Jr., and Government officer, Lt. M . 
R. Hoyt.

Later, there were added the plant of Zinsser and Company, 
at Hastings-on-Hudson, N. Y ., Major F. G. Zinsser in charge; 
the National Aniline and Chemical Company at Buffalo, N. Y ., 
Mr. C. P. Hugo Schoellkopf in charge and Government officer 
Capt. A. W. Davison; and the Union Dye and Chemical Cor
poration, Kingsport, Tenn., Lt. E. M. Hayden in charge.

CHEM ICAL PL A N T S

1— Ethylene holders
F i g .  8— G e n e r a l  V i e w  o f  M u s t a r d  G a s  P l a n t  

2— Reactor houses 3— Sulfur chloride and mustard gas storage tanks

Plants for phosgene, chlorpicrin, and mustard gas are all 
in operation, producing an amount of toxic material far in excess 
of that used in the shell-filling plant. European shipments 
of toxic gases in bulk began in June, and have been continued 
up to the present. The chemical plants are under the general 
charge of Major Dana J. Demorest, with Captain William E. 
Hoffman as constructing engineer.

F i g . 9— E t h y l e n e  F u r n a c e s F i g . 10— S u l f u r  C h l o r id e  P l a n t
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F i g . 12— G e n e r a l  V i e w  o f  L a t e s t  M u s t a r d  G a s  U n i t . I t  H a s  P r o 
d u c in g  C a p a c it y  o f  12 t o n ;  o f  G a s  p e r  D a y

F i g . 13— D e t a il  O v e r h e a d  V ie w  o f  L a t e s t  M u s t a r d  G a s  U n it

with this exothermic reaction of oxygen and carbon, a standard 
U. G. I. gas producer can be employed and carbon monoxide 
made in very large quantities of high purity. The temperature 
of the reacting zone can be maintained as desired by regulating 
the relative amounts of oxygen and carbon dioxide used. The 
phosgene plant consists, therefore, of a carbon dioxide plant, 
having a daily capacity of 125,000 cu. ft. of pure carbon di
oxide, an oxygen plant with a capacity of 200,000 cu. ft. of oxy
gen per day, which when used with four producers gives a daily 
production of 400,000 cu. ft. of carbon monoxide. When carbon 
monoxide and chlorine are passed over a carbon catalyzer, phos
gene is produced with the generation of much heat. It is neces
sary, therefore, to maintain by cooling a definite temperature. 
The reaction is practically complete and the phosgene is lique
fied by passing through condensing coils immersed in refrigerated 
brine. A t present phosgene is employed in filling the standard 
caliber gas shell, Stokes mortar bombs, and Livens projector 
bombs. It is also shipped to the Allies in large quantities in 
wrought iron drums containing 1700 lbs. The demonstrated 
capacity of the plant as it exists at present is 40 tons per 24-hour 
day. Two additional units are almost complete which will bring 
the total capacity to 80 tons per day. Phosgene is manufactured 
also in the government plant operated by the Oldbury Electro
chemical Company, where the carbon monoxide issuing from 
the phosphorus furnaces is utilized. The capacity of this plant 
is 10 tons per day and used partly in filling projectiles at the 
plant, and partly in containers for shipping abroad. The Bound 
Brook, N. J., plant of Frank Hemingway, Incorporated, has a 
capacity of 5 tons per day. This product goes almost exclusively 
to the Allies in bulk.

F i g . 11— F ir s t  M u s t a r d  G a s  P r o d u c e r . I t  O p e r a t e d  o n  a n  E x p e r t  
m e n t a l  a n d  S e m i - c o m m e r c ia l  S c a l e

PHOSGENB

Phosgene is a lethal gas of high toxic power. It has a very 
severe delayed action upon the heart which frequently proves 
fatal after the immediate effects have apparently disappeared.

The method of manufacturing phosgene as used at Edgewood 
was worked out in the laboratory of the Oldbury Electrochemical 
Company under the immediate supervision of Dr. F. A. Lidbury 
by Dr. (now Major) Francis C. Frary and Mr. F. A. Stamps. 
The design of the plant at Edgewood as it now exists is the 
fruit of the efforts of Majors Frary, Temple, and Demorest. 
Instructions from Europe were to the effect that the carbon 
monoxide could be made best by first producing oxygen from 
liquid air and using pure oxygen in a small water-cooled pro
ducer to make pure carbon monoxide. Obviously the great 
heat of reaction of oxygen and carbon must be carried away by 
the water rapidly enough to insure life of the converter. By 
combining the endothermic reaction of carbon dioxide and carbon

F i g . 14— G e n e r a l  V ie w  o f  C h l o r i n e  P l a n t

1— Salt preparation building 6 — Chlorine gas pipe line to sulfur
2— Sub-station chloride, chlorine liquefaction,

3— Cell house No. 1 „■ a” d chemical Plants
7— Boxler and evaporator house

4— Cell house N o. 2 8— Caustic fusion
5— C h lo r in e  d r y in g  t o w e r s  9 — D r u m - m a k in g  s h o p
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F i g . 17— G e n e r a l  V i e w  o p  F i l l i n g  P l a n t s

1— Shell-filling group N o. 1 (filling shell and Livens drums) and Power 
Plant N o . 1

2— Shell-filling group N o. 2 (filling 155 mm. shell and Stokes bombs)
3—Shell-filling group N o. 3 (filling 75 mm . shell)

4— Stannic chloride grenade-filling plant
5— W hite phosphorus grenade-filling plant
6— Incendiary drop bomb-filling plant
7— Plant under construction^for filling 9.2 in. and 240 mm. shell

F i g . 16— C h l o r i n e  L i q u e f a c t i o n , 4 0  t o n s  p e r  D a y

duces intense hoarseness, followed by inflammation of the 
lungs. It penetrates clothing readily, producing a flesh wound 
of much the same character as the burn from phosphorus.

Mustard gas is produced by passing dry, pure ethylene into 
sulfur chloride at a temperature maintained within very narrow 
limits. The reaction vessel can be either cast iron or wrought 
iron lined with lead. The reaction is highly, exothermic and a 
large cooling surface must be maintained. The reaction is a 
cranky one and is accompanied by destructive side-reactions 
which are difficult to control. When a batch "goes wild” great 
volumes of hydrochloric acid are given off, accompanied by highly 
toxic gases of an unknown composition. As the gas is strongly 
lachrymatory, such accidents produce great discomfort. Under 
certain conditions free sulfur is deposited which usually appears 
as a eutectic with mustard gas, giving a viscous mixture which 
is mechanically very difficult to handle.

Mustard gas is filled into shell of all calibers and has been 
sent to the Allies in bulk in large quantities. Starting with 
i '/2 tons per day in July, the production has constantly increased, 
until to-day the plant has a demonstrated capacity of somewhat 
over 30 tons per day. Other units to be completed within the 
month would bring the capacity of this plant to 80 tons per day. 
In order that other sources of mustard gas could be available 
in case of accident at Edgewood, or were a greater supply de
manded, this Arsenal has constructed a plant with a capacity of 
25 tons per day at the plant of Zinsser and Company, Hastings- 
on-Hudson. A second plant of 50 tons capacity is nearing 
completion at the works of the National Aniline and Chemical 
Co., Buffalo, N. Y .

F i g . 15— O n e  o f  t h e  E ig h t  C e i x  R o o m s . E a c h  o f  t h e s e  R o o m s  i s  
E q u i p p e d  w i t h  G e n e r a t o r , D r y i n g  T o w e r ,  a n d  N a s h  P u m p  t o  F o r m  
a  C o m p l e t e  U n i t

CHLORPICRIN

Chlorpicrin is a strong lethal gas and is also a strong lachry- 
mator. Being a liquid at normal temperature and pressure, a 
somewhat higher explosive charge is required in projectiles thus 
filled than when a real gas such as phosgene is employed: Chlor
picrin is produced by reacting upon calcium picrate with bleach
ing powder in wrought iron digesters furnished with condensers. 
The reaction proceeds evenly when the temperature is main
tained within very definite limits in which the chlorine of the 
bleaching powder reacts with the calcium picrate. If, however, 
the proper conditions are not maintained, the bleaching powder 
reacts with a liberation of oxygen, instead of chlorine, and the 
entire mass foams into the condenser. The chlorpicrin distills 
from the reaction mass and is separated from the accompanying 
water by standing for two or three days in settling tanks. A t 
the plant at Stamford, picric acid is produced from phenol and 
used directly in making chlorpicrin. A t the Edgewood plant, 
the picric acid is provided from other government producing 
plants. A great portion of the picric acid thus employed has 
been that rejected by both the U. S. and the Allied Governments 
on account of excessive lead content. Chlorpicrin is employed 
for filling all types of projectiles either by itself, or mixed with 
stannic chloride or phosgene.

MUSTARD GAS

Mustard gas, dichlordiethylsulfide, is an intense vesicant 
as well as being very toxic when inhaled. It has a marked action 
upon the eyes, causing temporary blindness, and quickly pro
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CHLORINB PLAN T

A chlorine plant with a capacity of 100 tons per day and an 
equivalent amount of caustic soda was designed by the Samuel 
M. Green Company, of Springfield, Mass., and built under the 
personal direction of Mr. Green. The electrolytic apparatus 
employed is that designed by Mr. H. R. Nelson, The cell is 
known as the “ Nelson Cell.” Ground was broken for this plant 
on M ay 11, 1918, and it was ready to begin operation in August. 
The entire plant was constructed from first to last without 
any material change in design and without occasion to tear down 
and rebuild any part or detail of it— an unusual experience in 
plant construction.

The chlorine is dried with sulfuric acid and conveyed in a 
steel-pipe line to the chemical plant where a portion is converted 
into phosgene, a portion to sulfur chloride, and a portion is 
liquefied. This liquefying plant has a capacity of 40 tons per 
24 hours, compression being effected by a falling column of 
sulfuric acid. This liquid chlorine goes almost exclusively to 
the Allies as raw material for further manufacture, although a 
portion is mixed with phosgene to be filled into cylinders for 
gas-cloud attacks. The sulfur chloride plant has a capacity of 
35 tons per day and furnishes a high grade of material without 
difficulty.

F i g . 2 0 — S h e l l - F i l l i n c  M a c h in e  F i l l i n g  7 5  m m . S h e l l  w it h  
M u s t a r d  G a s

have been obtained. Major Evans has charge also of the In
spection Department, and upon him rests the responsibility of 
seeing that all shell-filling material is in accordance with specifi
cations, that shell are filled to the proper weight and void, that 
they are properly painted, marked, and tested.

SH EL L-FIL LIN G  PLANT

The shell-filling plant is constructed to care for the filling of 
all caliber of shell from the small 75 mm. to the large 240 mm. 
Inasmuch as phosgene must be maintained in liquid condition 
at atmospheric pressure, refrigeration is provided for reducing 
the temperature both of the phosgene itself and the projectile 
into which it is to be filled. Conveyors carry the empty shell 
through rooms held at a temperature of o° F., discharging the 
same in front of the filling machines at a temperature far below 
the boiling point of the toxic gas. The shell are filled to a con
stant void by an automatic machine in which six shell are handled 
at one time. They are closed by motors actuated by compressed 
air and which, in the closing process, are driven until they stall. 
In this way a uniform closing torque is obtained. Industrial 
railroads bring the shell from the incoming dump where they are 
unpacked, inspected, and classified, and carry the filled shell to 
the outgoing dump where they are weighed, inspected for leaks,

F i g . 18— F il l i n g  L iv e n s  D r u m s  w it h  P h o s g e n e

Lt. Col. C. F. Vaughn (formerly of the Mathieson Alkali 
Works, Niagara Falls, N. Y.) is in charge and is assisted by 
Captains R. A. Hungerford, C. J. Frankforter, and A. U. Wether- 
bee. The erection of the cells is in charge of Lt. R. G. Brown.

CHEM ICAL LABO RATO RY

Major Wm. L. Evans was placed in charge of organizing 
a laboratory. He assembled a strong organization, and at the 
outset, in lieu of a laboratory, placed his force in borrowed 
laboratory space throughout the country, principally at Johns 
Hopkins University, Bureau of Standards, Washington, and at 
Ohio State University. A splendid chemical laboratory, 
equipped with all modern appliances, has now been provided at 
Edgewood Arsenal and has been productive of most far-reaching 
results. It has been under the able direction of Major Evans, 
assisted by Captains J. A. Wilkinson, R. E. Hall, and W. O. 
Robinson. Here all of the control processes necessary for the 
operation of the plants have been worked out, as well as the re
search incident to factory operation, and results of great value

F i g .  19— F i l l i n g  S h e l l  w i t h  M u s t a r d  G a s  

1— E m p t y  s h e l l  2— F i l l e d  s h e l l
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F i o  2 2 — F il l i n g  H a n d  G r b n a d s s  w i t h  W h i t e  P h o s p h o r u s

F i g .  2 1 — F il l i n g  H a n d  G r e n a d e s  o n  E n d l e s s  C h a in  w i t h  S t a n n i c  
C h l o r id e

H EALTH  AND RECREATIO N

Gunpowder Neck is devoid of substratum water, so, fordomesu- 
purposes, a sanitary water system was installed supplying two 
million gallons per day, the water being pumped from the High
lands back of Edgewood through a storage reservoir with ample 
capacity. This domestic supply is filtered and chlorinated.

The construction of the plant and other facilities was done 
by civilian labor, while the operation is exclusively in the hands 
of enlisted men, of whom there are now 6200. They are divided 
in complete military organization, are housed in standard type 
barracks, and are subjected to the discipline and drill which 
obtains in the best army camps. Both the commissioned and 
enlisted men working at Edgewood Arsenal and at the branch 
plants situated in other parts of the country deserve all of the 
honor and credit bestowed upon the enlisted men who have been 
sent to France to go “ over the top.”  A t Edgewood he carries 
hard manufacturing duties and is subjected to poison gas in 
all of its forms and conditions. While every precaution is taken 
to preserve the health of the men and to protect them, accidents 
do happen and casualties occur. A hospital of 250 beds is main
tained and is provided with every facility for the most modern 
scientific treatment of accidents and disease. In each canton
ment there are fine Y . M. C. A. and K . of C. buildings, baseball 
diamond with bleachers, and at the central cantonment a fine 
athletic field, with running tracks, etc. The Y . M. C. A. assem
bly halls are provided with moving picture machines, and in 
the summer time an open air moving picture theatre is largely 
attended. The camp is enlivened by a band of 42 pieces made 
up of enlisted men at the plant.

painted, marked, and boxed for shipment. Each unit is venti
lated with great care, and the tail gas is washed in stoneware 
towers. In the construction of these towers a standard type of 
silo was employed. In the combined units there can be filled in 
one 24-hour day 80,000-75 mm. shell, 10,000-4.7 in., 50,000- 
155 mm., and 4,000-8 in. shell. The capacity for filling 6 in., 
9.2 in., and 240 mm. shell has not yet been demonstrated. A 
separate plant is provided for filling smoke shell with phosphorus, 
and there are also separate plants for filling hand grenades with 
both gas- and smoke-producing material, and for manufacturing 
incendiary bombs and darts.

I,t. Col. E. M . Chance is in charge, assisted by Majors F. 
W. Mack, E. B. Van Keuren, A. M. Heritage, and T. M. Chance. 
Shell dumps are in charge of Capt. B. B. Gill, phosphorus 
shell and incendiary bombs, Capt. W. J. Taylor.

F i g . 2 3 — P a i n t i n g  a n d  S t r i p i n g  F i l l e d  G a s  S h e l l  o n  E n d l e s s  C o n 
v e y o r . L iv e n s  D r u m s  i n  L e f t  R e a r

CONCLUSION

Here is a mammoth plant, constructed in record time, effi
ciently manned, capable of an enormous output of toxic material, 
and just reaching its full possibilities of death-dealing at the 
moment when news is hourly expected of the signing of the armis
tice. What a pity we did not possess this great engine of war 
from the day American troops first sailed for France, for had we 
been so prepared how many of our boys who “ have gone West”  
could have returned for the welcome home! Shall we forget 
this lesson of preparedness? Is this great plant to be scrapped? 
Possibly wise heads may find a solution of the problem which 
will add this great resource to American chemical industry, at 
the same time preserving its value to the Nation as a greater 
asset, in case of future war, than a standing army.

C. H. H.
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THE WORK OF THE. TECHNICAL DIVISION 
CHEMICAL WARFARE SERVICE, A. E. F.

B y  Col. R a y m o n d  P. B a c o n , Chief of the Technical Division, C. W. S .,  A. K. F.

The importance of gases in the present war has been univer
sally recognized as extremely great. In proportion to the amount 
of gas shell used the casualties produced thereby have been far 
in excess of those caused by any other form of ammunition. 
To enable protection against these casualties and to employ 
gases with desirable effect upon the enemy has required inves
tigation and experiment of a most comprehensive nature, both 
in the laboratory and in the field. Then, too, initiative and 
ingenuity have had every opportunity for their display in the 
tactical use of gases to neutralize activity or to produce casual
ties. The military use of the term "gas” obscures the fact 
that the substances so designated have great differences in-proper
ties and effects, and it has required systematic military instruc
tion to demonstrate the variety of results obtainable by their 
employment in warfare— that two gases may be as different 
in their tactical possibilities as H. E. differs from shrapnel, 
and that this variety of behavior affords a vast number of possible 
combinations with other means of modern warfare.

The experience of the past three years has shown that many 
unique effects can be obtained by the use of gases (chlorine, 
carbonyl chloride) readily dissipated by wind; liquids (chlorpicrin, 
diphosgenc, dichlorethylarsine) moderately persistent; liquids 
(brombenzyl cyanide, dichloretliyl sulfide) highly persistent; 
and solids (diphenylchlorarsine, diphenylcyanarsine). To il
lustrate, it was found early in the practice of chemical warfare 
that "gas” harassed to an unprecedented extent— far beyond 
any other known shell filling. Unlike H. E., shrapnel, etc., 
the effects of the "gases” were not completed immediately upon 
the explosion of the shell, but persisted for greater or less time, 
imposing upon the enemy the necessity of wearing a mask, 
a source of discomfort, impairment of vision, and extreme 
fatigue. The psychological effects on troops of the different 
gases with their various and alarming symptoms of poisoning 
were of even more serious consideration. "Gases” w'ere, more
over, ascertained to be capable of penetrating certain means 
of defense, such as trenches and dugouts, frequently more 
effectively than other forms of ammunition, and were especially 
effective in silencing enemy batteries.

The Gas Service, Americ..n E. F., was organized at a time 
(September 1917) when broad study of the possibilities of both 
gas and anti-gas warfare had become exigent. Following the 
arrival of the first overseas contingent of the Chemical Service 
Section, in January 1918, -a research laboratory was established 
at Puteaux, near Paris, and later, in March, arrangements were 
concluded for an experimental field for proving and field- 
investigation purposes. Until the organization of the Chemical 
Warfare Service (General Order, War Dept., No. 62)/ the Chem
ical Service Section in France reported to the Chief of the Gas 
Service, A. E. F., but also had charge of relating chemistry to 
warfare in the entire expeditionary forces. Not only did the 
Section act in a research and consultative capacity in all the 
numerous technical phases of gas warfare, but it also conducted 
the investigation of emergency problems for all branches of the 
service in France. The results of these inquiries have been 
recorded in a series of reports.

The Chemical Warfare Service, A. E. F., has continued the 
functions of the Gas Service, A. E- F., with increased authority. 
As at present constituted, this Service, the European Division2

1 T h i s  J o u r n a l ,  1 0  (1 9 1 8 ) ,  6 7 5 .
2 This Division includes personnel assigned to  all divisions, corps and 

army headquarters, in addition to those required for the supply of ma
terial in the field in France. For a list of its commissioned personnel, see 
T h is  J o u r n a l , 10 (1918), 681.

of the Chemical Warfare Service, U. S. A., has the following 
organization plan:

CHIEF

Brig. Gen. Amos A. Fries 

S t a f f

Medical Adviser: Col. H. L. Gilchrist, M . C.
Adjutant: Maj. C. E. Richardson, C. W. S., in direct charge of office 

administration.
Assistant Adjutants, Capt. J. D. Law, C. W. S.

1st Lieut. J. M . W hite, C. W. S.

H EA D Q U AR TER S O RG ANIZATIO N

A s s is t a n t  C h i e f  

Col. E. N . Johnston, C. W. S.
To act for the Chief in his absence; in charge of Offense Division and 

new field projects.

P e r s o n n e l  O f f i c e r  

Lieut. Col. R. B. Clark, C. W. S.
In charge of procurement and assignment of commissioned and enlisted  

personnel of the Chemical Warfare Service, A. E. F.

D e f e n s e  D iv is io n

Chief: Lieut. Col. G. N . Lewis, C. W. S.
In charge of material for use in the defensive, the training of anti-gas 

officers and all other instruction of a defensive nature, and the defensive 
operations in the field.

Assistants
Lieut. Col. R. N . M addux, C. W. S. 1st Lieut. N . F. Hall, C. W. S. 
Maj. J. G. Barry, C. W. S. 1st Lieut. J. J. H ast, C. W. S.

1st Lieut. R. W. Austin, C. W. S.

O f f e n s e  D iv is io n  

Chief: Col. E . N . Johnston, C. W. S.
In charge of material for use in offensive gas warfare, the training 

of officers for the field work of the Division and all other instruction of an 
offensive nature, and the offensive operations in the field.

Assistants
Artillery Officer: Lieut. Col. L. R. Dice, C. W. S.
Ordnance Officer: Maj. A. M . Prentiss, C. W. S.
Engineer Officer: M aj. Henry Adams, C. W. S.

T e c h n ic a l  D i v is io n  

Chief: Col. R . F. Bacon, C. W. S.

In charge of all investigations in chemical warfare, the research labora
tory at Puteaux, near Paris, and the study of defensive and offensive prob
lems at the Experimental Field, near Chaumont; also acts in an advisory 
capacity on all technical matters pertaining to gas warfare, and collaborates 
with other Divisions in the development of material to the point of proving.

Assistants
Maj. W. A. Hamor, C. W. S. 1st Lieut. A. R. Norton, C. W. S.

1st Lieut. L. H. Greathouse, C. W. S.

P u r c h a s e  a n d  S u p p l y  D i v is io n  

Chief: Lieut. Col. R . M ayo-Sm itb, C. W. S .

In charge of estimates, programs, appropriations and allotm ents of 
material and property; the maintenance and operation of dumps and 
salvage plants; and the purchase and supply of all material required by 
the other Divisions.

I n t e l l i g e n c e  D iv is io n  

Chief: M aj. J. L. Clarkson, C. W. S.
In charge of the procurement and distribution of military intelligence, 

reports and other documents relating to  chemical warfare, the prepara
tion of bulletins of information, and the issuance of instruction brochures 
for use in the training of gas officers and for the confidential information 
of the Service.

Assistants

Capt. O. J. Noer, C. W. S. 2nd Lieut. L. E. Roberts, C. W. S.
2nd Lieut. W. J. Harper, C. W. S.
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FIELD  O RG ANIZATIO N

The Defense, Offense, and Purchase and Supply Divisions maintain 
field organizations, including personnel assigned to  army divisions and 
corps. T hat of the Defense Division is particularly elaborate, embracing 
the Gas Defense Schools and Gas Defense Officers on duty with the armies.

T e c h n ic a l  D iv is io n  

Director, Research Laboratory: M aj. F. G. Keyes, C. W. S.
This Laboratory, also known as the "Paris Laboratory," has a staff 

of 20 officers and 45 soldiers, all of whom are chemists qualified to conduct 
original investigations; its accomplishments will be presented below.

Director of Experiments, Hanlon Field: M aj. J. H. Hildebrand, C. W . S.
Maj. Hildebrand’s section has been charged with the duty of proving 

the efficiency of material under field conditions and with the conduct of 
research into all matters pertaining to gas warfare under conditions ob
taining at the "front."

Liaison Officer with the French: Lieut. Col. J. E . Zanetti, C. W . S.
Liaison Officer with the British: Lieut. Col. J. F . Norris, C. W . S.

In direct charge of obtaining special information, reports and other 
docum ents relating to chemical warfare from the Allies; the material pro
cured is distributed by the Intelligence Division.

W ORK OF THE t e c h n i c a l  DIVISION

A large variety of chemical and physical problems, mainly 
of an emergency character, has been studied, and, for the 
most part, solved, at the Paris Laboratory of the Technical 
Division. The results of these investigations are presented 
in the weekly progress and special reports of the Technical 
Division, of which about 90 have been issued (C. W. S., A. E. E., 
Serial B ) ; copies of all these reports have been distributed by 
the Intelligence Division to the Chemical Warfare Service, 
U. S. A., to the Allies, and to certain officers of the C. W. S. 
on duty in the field. More recently, since July 1918, a number 
of important inquiries have been carried out by the technical 
start at Hanlon Field; and, while serious handicaps have fre
quently been encountered because of the need of certain equip
ment, not a few results of decided military value have been ob
tained. The successful outcome of most of the work of the 
Technical Division is to be attributed to the splendid spirit 
of the specialists engaged in research at Paris and Hanlon 
Field.1

The laboratory equipment was not received from this side until 
in May, although it had been purchased four months before, 
and accordingly work was begun with such necessary apparatus 
and chemicals as could be obtained abroad because of the pressing 
importance of the problems submitted to the Division. En
thusiasm, ingenuity, and team-work enacted prominent roles 
in the essential productivity of the Laboratory during that 
semester of military life, when it became urgent to provide 
immediate protective measures for our fighters against Boche 
“ blue cross”  and "yellow cross,” when it became all-important 
to develop a suitable fighting mask, and when it became clear 
that satisfactory procedures must be developed for recognizing 
and destroying persistent "gases”  in the field. These and other 
problems were attacked and solved.

Following the receipt and installation of the American labora
tory equipment, the Paris establishment rapidly assumed 
the fore-front of those laboratories engaged in chemical war
fare research in Europe. Indeed, it will interest the American 
chemical profession to learn that the equipment of this labora
tory excelled even that of any of the permanent laboratories 
in the Allied countries. Additional personnel then came and 
the growth enabled the formation of definite sub-sections, with 
a consequent general expansion in activity. Maj. J. H. Hilde
brand served as Director until his transfer to Hanlon Field as 
Director of Experiments there, and M aj. W. A. Hamor, his 
successor, was enabled, during June and July, to place the Labora-

1 For an earlier expression of appreciation of the work of the personnel 
of the Technical Division, see Hamor, T h i s  J o u r n a l , 10  (1918), 495.

tory upon its present conspicuously high plane, both from a 
scientific as well as a military standpoint. When Major Hamor 
assumed the office of Acting Chief of the Technical Division 
during the writer’s absence on a military mission to the United 
States, Maj. F. G. Keyes followed the standard which had been 
established, and he has continued the productivity with ad
mirable energy and resourcefulness.

A t the present time, this section of the Technical Division 
has the following departments, or sub-sections :

S o b - S b c t io n

Physico-Chem ical Research...
Organic Research........................
Control Laboratory...................
M echanical Research................
Miscellaneous Research...........

C h i e f

Maj. P. G. Keyes 
Capt. B. H . N icolet 
Sgt. Leo, Finkelstein  
Maj. F. G. Keyes 
1st Lieut. A. R . Olsen

The physico-chemical investigations have largely ¿entered 
on the determination of the physical constants of the various 
"gases” in use— information much needed in connection with 
the formulation of gas-shell programs— and marked progress 
has been recorded by Major Keyes and his principal assistant, 
Sergeant Weisberg. This sub-section has recently completed a 
physico-chemical study of charcoals and their absorptive powers, 
and has also participated in the development of a practical 
detector for the recognition of "mustard gas” in the field. The 
organic researches have included the following: Development 
of systematic procedures for the examination of gas-shell contents, 
contaminated water supplies, and earth infected with "gases;” 
development of compounds suitable for use in "camouflage 
gases;”  and the preparation of new “ gases” for use in warfare. 
The gas-camouflage is of particular interest. It has been found 
that malodorous compounds (butyl mercaptan, dimethyl tri- 
thiocarbonate, etc.) are useful to mask the presence of other 
"gases” or to force the enemy to wear respirators when no 
other "gases”  are present. As in the case of lachrymators, 
such "stink gases” must frequently be accompanied by other 
"gases,”  in order that the enemy may never know when toxic 
gases are actually absent. Camouflage gases are also useful 
in that they save "mustard gas”  and the highly lethal gases. 
Their value has been demonstrated in trials at Hanlon Field 
and also at the front. The control laboratory has been charged 
with the examination of anti-gas appliances and equipment, 
new, defective, and used under varying conditions, and with 
the development of protective appliances and fabrics. Its 
canister testing facilities are excellent, and usually 150 canisters 
per month have been received from gas officers for examination; 
the necessity for knowing at all times the actual condition of 
the masks and canisters used by our fighting troops is, of course, 
obvious. The mechanical researches, conducted in the experi
mental engineering laboratory, have culminated in a field detector 
for “ mustard gas,”  an automatic fire-extinguisher for airplanes, 
a gas-proof pigeon container, and certain improvements in shell- 
filling. The sub-section on miscellaneous research attends to 
the study of the various problems submitted by other arms 
of. the service in France. It  has been of special assistance 
to the Air Service and Signal Corps, A. E. F.

Hanlon Field, the experimental ground, has an area of approxi
mately 20 square miles and is provided with the required labora
tories (chemical, physiological, and pathological), shops, shell- 
opening, shell-filling and gaine-filling plants, meteorological 
station, ranges, trenches, etc. Here also are located the Gas 
Defense and Gas Offense Schools, at which the gas officers of 
the Service are trained for field duty. Hanlon Field compares 
very favorably in layout and equipment with the experimental 
field of the British at Porton, England, from which many sug
gestions were received at the inception of the Technical 
Division’s work.
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Among the investigations successfully concluded and reported 
upon by the staff at Hanlon Field, mention may be made of the 
following: A method of firing Livens projectors without "dig- 
ging-in;”  the development of a practical base-plate for Livens 
projectors; the effects of H. E., in Livens drums; the design of 
a practical airplane bomb for gases; the value of fumigens when 
employed in conjunction with gases; and the character of gas 
clouds and the persistence of gas clouds, especially of chlor- 
picrin and dichlorethyl sulfide, when formed by the bursting 
of shell under different explosive charges. Important findings 
have also emanated from the Field chemical laboratory (1st 
Lieuts. J. L. Crenshaw, C. W. S., and H. I. Cole, C. W. S.), 
where, in collaboration with the shell-ppening plant (1st Lieut.
H. E. Stump, C. W. S.), examination is made of enemy “ duds” 
and their fillings, in order to maintain constant familiarity 
with the types of shell in use, their markings, and the “ gases” 
employed therein. The needed protective measures are de
termined at the Paris Laboratory in the case of every filling 
possessing novel characteristics, and prompt dissemination 
of this information has invariably been arranged for through 
the Defense and Intelligence Divisions. The Field physiological 
laboratory (Maj. A. N. Richards, C. W. S., and 1st Lieuts. 
Samuel Goldschmidt and D. W. Wilson, C. W. S.) has been

largely concerned with the study of the effects of various gases 
on different animals and the degree of protection afforded by 
certain proposed preparations, while the pathological laboratory 
(Maj. H. C. Clark, C. W. S.) has established liaison with the 
Medical Department, studying considerable material obtained 
from the hospitals.

It has been impossible, in this resume, to discuss at any 
informative length the varied and numerous investigations 
conducted for the American Expeditionary Forces by the Tech
nical Division during the past year. The general character 
of its chemical warfare work has, however, been described as 
the maintenance of an intimate knowledge of conditions at the 
front, the planning and supervision of researches at the Paris 
Laboratory and Hanlon Field, the interpretation and applica
tion of the results of these investigations, as well as those con
ducted at American University and by the Allies, and recom
mendations regarding what gases and what types of masks, 
protective clothing, and other anti-gas equipment to issue. 
The research and advisory work of an offensive nature has 
required constant consideration of the tactical aspects of gas 
warfare, while the anti-gas activities have been the results of 
sojourns to a more familiar field— the chemistry of vocational 
hygiene.
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THE TWO HUNDRED AND FIFTIETH ANNIVERSARY OF CHEMICAL 
INDUSTRY IN AMERICA

B y  C .  A . B r o w n e , N e w  York Sugar Trade Laboratory, N e w  York City

D r. B ernhard C . H esse, in his excellent address upon "O u r  

Preparation for A fte r  th e  W a r” printed in  th e  N o ve m b e r 1918 
issue of T h is  J o u r n a l , m ade th e  v e ry  pertin en t suggestion th a t  

the F iftie th  A n n ive rsa ry  of th e  A m e r ic a n  C h e m ic a l  S o c i e t y , 

w hich  com es in 1926, be celebrated  b y  a Jubilee V olum e, w hich  

shall g iv e  a  co m p act an d  com plete acco u n t of w h a t A m erican  

chem ists h a ve  done. T h e  suggestion is a m ost ad m irable one  

an d  should be acte d  upon im m ediately. I t  is o n ly  seven years  

to  the an n iversary d ate  o f our S o cie ty  an d  fu lly  th is am o u n t 

of tim e w ill be needed for collecting, editin g, and prin ting the  

m aterial w hich  shall do credit to  such a volum e.

Some of the readers of Dr. Hesse’s address may have wondered, 
however, why he should date the origin of chemistry in America 
from the year 1768. This year antedates the Declaration 
of Independence and if we are going back to colonial times, as 
we very properly should, let our Jubilee Volume describe theorigins 
of American chemistry from the very beginning. The writer 
has collected a considerable amount of material upon the de
velopment of chemical industries during the early days of our 
country’s history and in the present communication wishes 
to call attention to the first origins of chcmistry in America and 
to the man, who, in point of time, should have the honor of being 
called the first American chemist.

The importance of colonial manufactures was realized in 
England at the very beginning of the movement to found Ameri
can settlements, and it is interesting to know that some of the 
earliest enterprises in which the English settlers engaged be
longed to what are now termed chemical industries. The Lon
don Company, the year after they founded the Jamestown 
Settlement, sent eight Poles and Germans to the new colony 
to make pitch, tar, glass, and soap-ashes. No sooner were these 
workmen landed than they began operations, with the result 
that the settlers soon afterward shipped to London a cargo which 
consisted of lumber and what Captain Smith called "trials of 
pitch, tar, glass, frankincense, and soap-ashes.” From this 
small beginning in 160S we must date the commencement of 
chemical industries in America. The glass-house used for these 
trials stood in some woods about a mile from Jamestown. In 
the words of Dr. J. L. Bishop, "though probably very unpre
tending in its dimensions and appointments, it was doubtless 
the first manufactory ever erected in this country.”

The scope of industrial activities at Jamestown was rapidly 
widened. In 1620 Sir Edwin Sandys, treasurer of the London 
Company, reported that 150 workmen had been sent to set up 
three iron works, that the efforts to make pitch, tar, potashes, 
and soap-ashes were being developed, and that the salt works, 
which had been suffered to go to decay, were restored with hopes 
of such plenty as not only to serve the needs of the colony but 
also to supply the great fisheries on the Atlantic Coast. The 
iron works mentioned in this report were at Falling Creek on 
the Jamestown River and the salt works at Cape Charles 011 
the Eastern Shore.

Attempts were being made to extend the activities of the colony 
to lead smelting and to other fields when all industrial efforts 
were paralyzed by the Indian massacre of 1622. The iron works, 
glass-house, and other establishments were not only entirely 
demolished, but the courage to begin new enterprises which were 
under contemplation, such as the development of mineral re
sources, the distillation of walnut oil, the preparation of gums, 
drugs, dyes, and other plant products, was completely crushed. 
The Virginia settlers, after the failure of these early enterprises, 
turned from manufacturing to the more congenial and lucrative

pursuit of agriculture for which, after all, the natural resources 
of the colony were better adapted. More money could be made 
in growing tobacco than in the uncertainties of glass and iron. 
The colonists, henceforth, came to depend exclusively upon 
the Mother Country for their iron, leather, earthenware, and 
other commodities, to the grief of the historian Beverley who 
in 1705 complained bitterly of the sad relapse of his countrymen 
from the self-reliance of the early settlers. This appeal, however, 
was without effect. Virginia became a colony of planters, and 
the chemical industries, which the Jamestown settlers had the 
honor of commencing, were obliged to look elsewhere for a home.

Chemical industries in the New England colonies were destined 
to run very much the same course as in Virginia. We find the 
same attention being given to the manufacture of such necessities 
as iron and salt, the same difficulties from Indian wars in the way 
of exploiting mineral resources, and the same, although much 
slower, decay of these industries owingtolack of natural resources. 
The first development of many important industries, such as 
those of oil, soap, candles, and distilling, took place in New 
England as a result of the whaling, fishing, and commercial 
activities of its early settlers.

As a matter of special interest, in view of present war con
ditions, mention should be made of the birth of our ammunition 
industries. On June 6,1639, the General Court of Massachusetts 
made a grant of 500 acres of land at Pecoit to Edward Rawson, 
"so as he goes on with the powder, if the saltpeter comes.”  
The uncertainty of depending upon outside supplies of saltpeter 
caused this Court to issue in June 1642 the following order for 
promoting the public safety. In order to raise and produce 
“ such materials amongst us as will perfect the making of gun
powder, the instrumental meanes that all nations lay hould on 
for their preservation...  .every plantation within this Colony 
shall erect a house in length about 20 or 30 foote, and 20 foote 
wide within one half year next coming,. . . .  to make saltpeter from 
urine of men, beastes, goates, hennes, hogs and horses dung.”

Lack of space prevents our touching upon the origin of otter 
chemical industries in New England except as they concern 
the life of the earliest American chemist.

In the beginning of 1669, just 250 years ago, Henry Oldenburg, 
secretary of the newly founded Royal Society, wrote the follow
ing words to John Winthrop, Jr., fellow member of the Society, 
and Governor of the Colony of Connecticut: "G ive me leave,
I pray, to inquire what chymists you have in your parts and 
whether they have written anything considerable.”

This attempt to determine the names and status of American 
chemists may be regarded as the prototype of the questionnaire 
which our Chemical Warfare Service recently sent through the 
length and breadth of the land. It is not known what answer, 
if any, Governor Winthrop made to the request of Oldenburg. 
Probably modesty forbade his replying to the Honorable Sec
retary that excepting himself there was at that time probably 
no other man in the American colonies who could claim the 
title of chemist.

The name of John Winthrop, the younger, is so firmly associ
ated with the political and military history of the English settle
ments that his services in the field of science and industry have 
been overlooked. Excepting a few curious-minded antiquarians, 
probably no chemists of the present generation ever have occasion 
to refer to the early records of the Royal Society, otherwise 
Winthrop’s contributions to various chemical subjects would 
have been more frequently mentioned. All American .chemists 
know of Sir Robert Boyle, discoverer of Boyle’s law and author
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■of “ The Skeptical Chymist,”  yet few of them, probably, are 
aware of his intimate friendship with Winthrop and of the 
association of these two men, not only in chemical matters, but 
in subjects which had a more immediate bearing upon the mate
rial and spiritual welfare of the early colonial settlements.

John Winthrop1 was born at Groton, England, February 12, 
1606. After studying at the Free Grammar School at Bury 
St. Edmunds, he spent several years at Trinity College, Dublin, 
and then finished by studying law in London, where he was 
admitted to the bar in' 1625. The next five years were spent 
in adventure and travel, Padua, Venice, Constantinople, and 
many other European cities being visited. It was during this 
period, no doubt, that Winthrop formed an acquaintance with 
many of those scientists and scholars with whom in after years 
he corresponded in Latin.

In 1630 Winthrop’s father sailed for the new colony at Massa
chusetts Bay and the succeeding year the son followed. Young 
Winthrop entered immediately into all the activities of his new 
life. In March 1633, he planted a settlement at Agawam, 
the present Ipswich, but the death of his wife and daughter 
■caused a change in his plans and the following year he sailed 
for England on an errand in the interest of the colony. It was 
•during this visit that young Winthrop was granted authority 
by Lords Say and Brook to begin a plantation in Connecticut 
for which they gave him men and means with an official commis
sion as Governor. Winthrop, who had meantime remarried, 
sailed again for America and in November 1635 built a fort at 
Saybrook in his future colony.

Winthrop’s connection with the Massachusetts Bay Colony 
did not, however, definitely cease until 1650, and during this 
interval he was constantly engaged in many activities of an 
■official and private nature. In June 1638 he obtained permission 
to set up a salt factory at Ryall-Side, in what is now Beverly, 
and in 1641 he sailed for England to obtain funds and men for 
the erection of iron works. - Among the papers of Winthrop 
is  an interesting memorandum upon “ Considerations concern
ing Ironworks” in which he tells how after making a search for 
■ore in Maine and New Hampshire, he finally decided to locate 
his iron furnace at Braintree, Mass., at which place the General 
Court in 1644 gave him and his partners a grant of 3000 acres. 
.He obtained the same year a grant to start similar works in the 
Pequot country, a section which in 1647 was transferred to Con
necticut.

In 1646 Winthrop made his home in New London and in 1650 
severed his official connection with the Massachusetts Bay 
Colony, in order to devote his time entirely to the welfare of 
Connecticut. His interests in the material resources of his 
■colony is shown by an act of the General Assembly for 1651:

Whereas in this rocky country, amoitg these mountains and 
rocky hills, there are probabilities of mines of metals, the dis
covery of which may be of great advantage to the country in 
raising a staple commodity; and whereas John Winthrop, 
Esquire, doth intend to be at charges and adventure for the 
search and discovery of such mines and minerals: for the en
couragement thereof, and of any that shall adventure with the 
said John Winthrop, Esquire, in the said business, it is there
fore ordered by the Court that if the said John Winthrop, 
Esquire, shall discover, set upon and maintain such mines of 

.lead, copper, or tin, or any minerals, as antimony, vitriol, black 
lead, allum, stone-salt, salt springs, or any other the like, within 
this jurisdiction, and shall set up any work for the digging, 
’washing, and melting, or any other operation about the said mines 
•or minerals, as the nature thereof requireth, that then the said 
John Winthrop, Esquire, his heirs, associates, partners or 
assigns, shall enjoy forever said mines, with the lands, wood, 
timber, and water within two or three miles of said mines, for the 

1 For the main facts in this article pertaining to W inthrop’s life use 
■was made of T. F . W ater’s  excellent biography, published by the Ipswich  
Historical Society. For W inthrop’s relations with the Royal Society, 

istory of the Royal Society, the Proceedings of this Society, and 
W inthrop, published in the M assachusetts Historical So* 
mgs, Series I, Vol. X V I, Pp. 206—251, were consulted.

necessary carrying on of the works and maintaining of the work
men, and provision of coal for the same.

It is doubtful if a greater or more unlimited monopoly for 
the production of chemical products was ever granted to a man 
than this. The unsettled condition of the country and troubles 
with the Indians (to say nothing of the non-existence of any such 
mines of wealth) prevented Winthrop from enjoying the slightest 
part of the fruits of this ambitious program. He did, however, 
establish salt-works at New London and made plans for the 
erection of iron works near New Haven, to which place he moved 
in 1655.

In order to obtain a Royal Charter for his colony, Winthrop, 
in the autumn of 1661, went again to London, where he resided 
until the spring of 1663 before his diplomatic errand was finished. 
It was during this interval that he joined the Royal Society 
(organized in 1660), his name being proposed December i 3, 
1661, and his admission taking place January 1, 1662. During 
the fifteen months of his participation in the meetings of the 
Society he took a most active part in all that was said and done. 
Winthrop’s love for chemical and scientific pursuits had always 
been strong and he was now able, for the first and only time in 
his life, to satisfy these tastes by associating with interested 
and congenial friends.

In the Society meeting for March 5, Winthrop was appointed 
to a committee to investigate the refining of gold. On April 
23 he gave a demonstration of a self-feeding tin lamp "burning 
high like a candle” of which a diagram was made and registered. 
A t this same meeting he exhibited a specimen of malleable min
eral lead and other samples. On April 30 he exhibited other 
mineral specimens. On June 25 he was asked to prepare a 
paper upon pitch and tar. This subject was reported upon 
July 9, and on July 16 his completed paper, "O f the Manner of 
Making Tar and Pitch in New England,”  was registered in .the 
Proceedings o f the Society (Register Book, Vol. 1, p. 179). The 
title and date are important, for it marks the first contribution 
from an American before a scientific society, and it is a satis
faction for chemists to know that the subject relates to industrial 
chemistry. I n this paper Winthrop describes in detail the method 
of collecting pitch-pine knots and subjecting them to heat, the 
tar being recovered by what he calls a distillatio per descensurn. 
Other subjects reported upon by Winthrop during the 1662 
meetings of the Royal Society related to black lead, the manu
facture of potashes, and the exhibition of various mineral and 
vegetable product«.

On January 7, 1663, Winthrop was asked by the Royal Society 
to undertake an experiment upon brewing beer from maize. 
The research was a rather elaborate one as we can see from 
references contained in the minutes of subsequent meetings. 
Finally on March 11 he made his report, presenting the members 
as a result of his experiments some bottles of beverage which 
was pronounced to be "a  pale, well-tasted, middle beer.”  In 
this experiment eight gallons of beer were brewed from about 
half a bushel of maize.

Winthrop’s report upon the brewing of maize was included in 
a paper upon the "Description, Culture and Use of Maize” 
which appeared in the Philosophical Transactions of the Society 
for 1678 (No. 142, pp. 1065-1069). In this paper Winthrop 
calls attention to the possibility of making syrup and sugar from 
cornstalks: “ A syrup as sweet as sugar may be made of it, as 
hath been often try ’d. And meats sweetened with it have not 
been distinguished from the like sweetened with sugar. Trial 
may easily be made, whether it will not be brought to crystallize, 
or shoot into a saccharine powder, as the juice of the sugar cane.”  
It was over 150 years before this suggestion of Winthrop was 
carried out.

Winthrop was asked by the Society to keep some of the beer 
which he exhibited in order to see how it would stand ageing but 
this part of the experiment was interrupted by other duties.
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On March 18 he notified the Society that he was about to return 
to New England. His final attendance at the meetings was on 
March 25 when he was given a commission to execute some 
experiments upon sea-sounding and was provided with apparatus 
to procure samples of water from the bottom of the ocean. This 
last commission, owing to defects in the apparatus and the 
roughness of Winthrop’s homeward voyage, could not be carried 
out.

The chemists whom Winthrop met at the meetings of the 
Royal Society were among the celebrities of the day and com
prised men of every shade of opinion. There were old-time 
alchemists, such as Elias Ashmole and Kenelm Digby, practical 
technologists, such as Robert Moray, and skilled experimenters, 
such as Robert Boyle. It was a transition period between 
the old order of things and the new, and remnants of old beliefs 
crept into the meetings on more than one occasion. A smile 
is provoked now upon reading that at one meeting, after Win
throp had exhibited the tail of a rattlesnake, a doctor who was 
present took the rattles home "to make some trial of the powder 
of it,”  yet the incident is recorded with all seriousness. No 
mention was afterwards made of the powder's medicinal 
value.

The short time spent by Winthrop among the members of 
the Royal Society has been called the happiest period of his 
life and his return to the wilds of Connecticut, in spite of the 
desire to see his family again, was no doubt attended with feel
ings of regret. The separation from the comradeship of the 
Royal Society was somewhat alleviated, however, by corre
spondence, although months and years, in some cases, elapsed 
before mail was delivered. All too frequently the letters, 
communications, andspecimenswhichWinthrop sent to the Royal 
Society were lost at sea either from capture by Dutch privateers 
or.from shipwreck. In the same way letters and books sent to 
Winthrop by his European friends often failed to reach their 
destination.

The modern chemist, in the comforts of his club or in the 
fellowship of his society meeting, does not always appreciate 
the benefits of his position. There is no better way of bringing 
this truth home than by contrasting these advantages with the 
desolation of Winthrop’s surroundings. We can form some 
idea of his longing for scientific companionship from a letter 
which he wrote to Sir Robert Moray from Hartford, September 
20, 1664.

I had sad and serious thoughts about the unhappinesse of the 
condition of a Wilderness life so remote from the fountains of 
learning and noble sciences.. .  .when I was greatly revived with 
the speciall favour of your honor’s letter.............

After telling Sir Robert about his attending the surrender of 
New York by the Dutch to the English the previous August, 
Winthrop next answers some of his correspondent’s questions 
regarding the industries and mineral resources of Con
necticut.

Matters of public concernment have been so many and diffi
cult since I came over and severall occasions preventinge, that, 
though I have had men at work about some preparations for a 
salt worke, yet could never have tyme to goe to the Sea Side 
(which is about 60 miles from this place) to make triall of the 
businesse, but am waiting some good oportunitye for it, ‘ of 
which I may give your honor some account afterwards.

I had a piece of Marcasite, which seemed to containe copper, 
an Indian brought from up in the country, but there have beene 
such warres amonge the heathen in these parts that there could 
be no travelling that way upon such discoveries, but time I 
hope will give better oportunitys. I heare there is peace like 
to be made amongst those Indians shortly, which before the 
Dutch suffered not whilst that land was in their power. I 
should be glad there could be found any minerall matters of 
reall worth.

I must be bold to crave the favor of my humble service to the 
President and the gentlemen of the Royall Society.

The difficulties' and dangers of prospecting retarded the de

velopment of chemical industries in the early colonies at least 
a hundred years. In a subsequent letter (August 18, 1668) to 
Sir Robert Moray, Winthrop alludes to this:

I shall not now repeat what was mentioned in former letters 
except some little about mineralls, though I may be assured 
that all which were sent came not to your hands. I have been 
very inquisitive after all sorts of mineralls, which this wilder
nesse may probably afioard; but indeed the constant warrs, 
which have continued amongst the Indians since I came last 
over, hath hindered all progresse in searching out such matters, 
for some of them which have formerly brought any specimens 
of that kind were kild in the warr, and others, who pretend to 
know places of likely appearance, dare not goe up into the 
country, without strong parties: those places which have beene 
for present of most hopes for }  and 8 1 are best knowne to the 
Honble. Colonell N icolls... Better tymes may promote better 
discoveries, for which we must waite. Those shewes of mineralls, 
which we have from the Indians, doe only demonstrate that such 
are in reality in the Country, but they usually bring but small 
pieces, which are found accidentally in their huntings, sticking 
in some rock or on the surface of the earth, or the side of some 
hill, or banke of a river: but they seldom speake of any great 
quantity where they finde it, nor can they in likelihood meet 
with a solid veine of good metall, which usually lyeth deepe in 
the earth, never opened by them, nor have they meanes to do it, 
therefor cannot know what is in those bowells, except where an 
earthquake hath shaken downe the side of an hill, or made 
some rent amonge the rocks__

Concerning the Iron stone of these parts and the Iron works, 
I forbeare to mention anything againe now about those matters, 
having written largely formerly, as also concerning lead and 
something about copper and some considerable expenses bestowed 
rashly upon trialls of a stone that holdeth (as is supposed) some 
small quantity of that mettall: as also what trialls have beene 
made by digging into the earth and through some rocks, in hope 
of good mettals, of all which I may hope againe to recollect my 
thoughts about those particulars of which I have formerly 
written.

Winthrop’s faculty for making and holding friends had prob
ably as much to do with the correspondence between him and 
the members of the Royal Society as a mutual desire to gather 
knowledge. Wherever this faculty exists it seems always to 
be accompanied by a certain liberality and tolerance of opinion—  
traits which, asexemplified in such men asEranklin and Priestley, 
are usually found to go with a love for science. The harsh, 
intolerant spirit, which characterized so many New England 
Puritans, was entirely absent in Winthrop. "I  rejoice,” wrote 
Roger Williams, "that youre name is not blurrd, but rather 
honord, for your prudent and moderate hand in the late Quaker 
trials amongst us,”  and again in a letter written to Winthrop 
the year before his death, “ You have bene noted for tendernes 
towards the bodies and infirmities of poor mortalls. You have 
bene tender too toward the estates of men in your civill steerage 
of government and toward the peace of the land, yea, of these 
wild savages.”

The same attachment to Winthrop is shown in the letters of 
his English and Continental friends. One of the latter, when 
about to send some works of Glauber and other chemists to 
Winthrop, wrote to an English acquaintance in quaint German, 
"Hern Winthrop wolle der Herr meinet wegen hertzlichen 
grüssen. Ich bin seiner nit vergessen, dencke noch oft an Ihn 
und bisweilen wünsche Ich mich bey Ihn auff */s oder gantzen 
tag."

But of all these friends none was more faithful than Henry 
Oldenburg, who must always rank as the model for a scientific 
secretary. “ You will please to remember,”  he writes Winthrop, 
"that we have taken to taske the whole Universe and that we 
were obliged to doe so by our Desseiri,. . . .  We know your in
genuity, experience and veracity, the- best qualities of a man and 
philosopher and we doubt not but you will let us share in the happy 
fruits and products thereoff. And, since you have now been 
from us severall years, give us at least a visit by a Philosophical!
letter  The Royal Society, who retains still a particular

1 The alchemistic sym bols for silver and mercury.
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respect and kindnesse for you, will receave what shall come from 
y o u .. . .with no ordinary affection and thankfulnesse.”

Oldenburg not only urges Winthrop to contribute papers upon 
the mineral resources of his colony and upon his new method for 
manufacturing salt, but he sends him at the same time copies of 
the Society’s transactions with chemical books by Boyle and 
other authors. He also keeps him posted upon the latest re
searches which the Society had under way. “ Since you went,”  
he writes again, "the Society hath made, among others, the 
Torricellian Experiment in a glass-tube of 40 feet high which 
costed much trouble but gave contentment.”  He then describes 
with considerable detail another experiment which seemed to 
contradict Boyle’s theory of "the spring and weight of the 
air.”

In every letter Oldenburg pressed his friend to write a book 
upon the'natural resources of New England but the cares of 
office allowed Winthrop no time for such a project. He longed 
for leisure and the opportunities for research and study and wished 
to resign the Governorship but the General Assembly refused 
to give their consent. In performance of his duties as Governor 
he attended a meeting of the Colonial Commissioners at Boston 
in the winter of 1675-1676, and it was while absent upon this 
mission that he contracted his final sickness. He died 
at Boston, April 6, 1676, and was buried in King’s Chapel 
cemetery.

The objection may be raised against the claim that Winthrop 
was our first American chemist by saying that he was not a 
professional chemist but only an amateur. Without denying 
this, it may be said that the same objection would apply to all 
chemists for the next hundred years after Winthrop’s death. 
They were not chemists by vocation, but by avocation. The 
great Priestley was not a chemist by profession, but a Unitarian 
minister.

In support of the claim for Winthrop we have not only his 
own letters and the records of the Royal Society but we have the 
testimony of his contemporaries. In a tribute by the colonial 
poet Benjamin Thompson the dedication is addressed “ to the 
Honourable Dust of that most Charitable Christian, Unbiassed 
Politician and Unimitable Pyrotechnist, John Winthrope, 
E sq.: A  Member of the Royal Society and Governor of Conecti- 
cut Colony in New England, who expired in his Country’s 
Service, April 6, 1676.”

In this tribute Thompson mentions little about Winthrop’s

political achievements but devotes nearly half the poem to his 
chemical pursuits.

Projections various by fire he made 
Where nature had her common Treasure laid.
Some thought the tincture Philosophick lay 
H atcht by the Mineral Sun in W inthrop’s way.
And clear it shines to me he had a Stone 
Grav’d w ith his Nam e which he could read alone.

Som etimes Earth’s veins creeping from endless holes 
Would stop his plodding eyes : anon the Coals 
M ust search his Treasure, conversant in use 
N ot of the M ettals only but the juice.
Som etimes his wary steps, but wandring too.
W ould carry him the Chrystal M ountains to.
Where Nature locks her Gems, each costly  spark 
M ocking the Stars, spher’d in their C loisters dark.
Som etimes the Hough, anon the Gardner’s Spade  
He deigned to  use, and tools of th ’ Chymick trade.

Winthrop’s death may be said to mark the close of the first 
epoch in the history of industrial chemistry in America, the epoch 
which was mostly devoted to what were called “ trials.”  The 
future of chemical industries in America was destined to remain 
neither in Virginia nor in New England. With the founding 
of another colony by William Penn, six years after Winthrop's 
death, a new era was to begin when undiscovered mineral re
sources, of an extent and character hitherto undreamed, were 
to make the Middle Atlantic Section the future center of chemical 
industry.

But the period when our ancestors made trials of pitch, tar, 
glass, salt, powder, and iron ought not to be forgotten and it 
should be commemorated at the fiftieth anniversary of the 
A m e r ic a n  C h e m ic a l  S o c ie t y . The occasion would be fitting, 
for it has the sanction of a commemoration in more ways than 
one.

Winthrop died on April 6, 1676, and on April 6, 1876, exactly 
two hundred years later to the day, the A m e r ic a n  C h e m ic a l  
S o c ie t y  had its birth.

As the origin of our Society dates back to a meeting of chemists 
about the grave of Priestley, we can celebrate its fiftieth anniver
sary in no better way than by meeting in Boston in 1926 about 
the grave of Winthrop, the man who first brought chemistry 
into the wilderness, who labored to apply his chemical knowledge 
to the service of his fellowmen, and who, in spite of his own 
failures, had unbounded faith and confidence in the future.

CHEMICAL MARKETS OF THE WEST INDIES
B y O. P . H o p k i n s , W ashington, D . C.

I t  is a fa c t  n ot gen erally  appreciated  th a t  th e  W est 
Indies are second o n ly  to  E urop e as a m arket for A m eri
can  goods. D u rin g th e  fiscal y ea r 1916 these islands 
im p orted  n early  as m uch from  A m erica  as the con 
tin e n t of S ou th  A m erica, tw o-th irds as m uch as was 
ta k e n  b y  all A sia  and th e  E a st In dian  Islands, or seven 
tim es the to ta l sold to  C hina. C u b a , of course, ta k es  
th e  b u lk  of th e trad e , b u t som e of th e  other islands are 
w orth -w h ile custom ers and co n stan tly  becom ing m ore 
a ttr a c tiv e ; in  fa c t , th e  op portun ities for fu tu re  ex
pansion th ro u g h o u t th e A rch ipelago are quite as prom 
isin g  as in  a n y  other quarter. T h e  extraord in ary  
n atu ra l resources of th e  islands h ave n o t n early  been 
fu lly  developed.

T h e w ealth  of th e  W est Indies lies in  agricu ltu ral, 
forest, and m ineral prod u cts w hich are exp orted  in  
th e  m ain as crude or p a r tly  m an u factu red  m aterials. 
Im p o rts, on th e  oth er hand, consist of m an u factu red

goods and foodstuffs, of w hich  th e  U n ited  S ta tes  is 
th e  chief source of su p p ly  because of fa vo ra b le  lo c a 
tion  and superior kn ow ledge of th e  m arkets.

A ll of th e islands are covered  in  th is article  excep t 
a  few  of th e  v e ry  sm allest, w hich h a ve  no trad e  to  sp eak  
of, and th e  A m erican  possessions, P orto  R ico  and th e 
V irg in  Islands, w hich are u su ally  included  in  studies 
of th e  A m erican  possessions. T h e  ta b le  show ing the 
chem ical trad e  as a w hole is in each case com piled 
from  th e  official sta tis tics  of th e  co u n try , w hile th e  
tab les show ing th e  trad e  w ith  th e  U n ited  S ta tes  are 
m ade up from  published sta tistics  of th e  U n ited  S tates 
B u reau  of Foreign  and  D om estic  C om m erce.

CUBA

Su gar is th e  p rin cipal source of C u b a n  w ealth , 
fo llow ed b y  to b a cco . T h e  elim ination  of th e  com p eti
tion  from  E u rop ean  b eet sugar durin g th e  w ar has
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stim u lated  th e C u b an  in d u stry  and b rou gh t prosp erity  
to  th e  whole cou n try , so th a t  th e m arket for im ported  
articles is even m ore a ttra c tiv e  th a n  it  w as before th e 
war. O ther agricu ltu ral products of m inor b u t grow 
ing im portance are cacao, coffee, w inter vegetab les, 
pineapples, c itru s fru its, ban an as, and other trop ica l 
fru its. H enequen and m a lv a  b lan ca  are tw o  fibers 
th a t are grow n in increasing q u an tities to  m eet th e 
dem and for sugar bags.

T h e  m ineral resources of th e islan d h a ve  n ot been 
exte n siv ely  exp lo ited , b u t iron and copper ores h ave 
been ta k en  out in q u a n tity , esp ecially  under th e stim u 
lation  of w ar prices.

T h e on ly im p o rta n t m an u factu rin g in dustries are 
carried on in connection  w ith  th e cane and to b acco  
crops. A m erican  cap ital is h e a v ily  in vested  in th e 
sugar m ills. T h e m inor m an u factu rin g industries are 
unable in a n y  case to m eet th e dom estic dem ands, 
and th e  great b u lk  of m an ufactured  goods is im ported.

T h e  purchases of chem ical prod u cts are rath er h ea v y, 
as “ S alts  n ot elsew here specified”  were im ported  
to  th e  exten t of m ore th a n  three and  a half m illions 
during th e fiscal y ea r 19 17, w hile “ P h arm aceu tica ls 
n ot elsew here specified”  were im p orted  to  th e  va lu e  
of m ore th a n  tw o  m illions, and fertilizers to  th e  exten t 
of a m illion. I t  is u n fortu n ate  th a t  m ore d etails as 
to  th e item s included under these classes are not a v a il
able, b u t th ere seem s to  be a dearth  of in form ation  on 
the m atter.

T h e  m erits of chem ical fertilizers h a ve  on ly  recen tly  
been recognized, b u t th e  results ob tain ed  w ith  th em  
b y  th e m ore progressive can e and to b a cco  grow ers 
h a ve  had their effect upon th e  others, and th e  dem and 
is rap id ly  grow ing. A m erican  packers, C h ilean  n itra te  
concerns, and G erm an  fertilizer agencies h a ve  been 
a ctiv e  in th e  m arket, and A m erican  cap ita l has erected  
a p la n t for th e m an u factu re of com plete fertilizer 
from  im p orted  m aterials. T h is  m arket w ill continue 
to  expand.

T h e  prod u cts im ported  are for th e  m ost p a rt such as 
th e  U n ited  S ta tes can furnish to  good a d va n ta ge , and 
th is  co u n try  now has th e  lion ’s share of th e  tra d e  in 
m ost lines. French  m anufacturers h a ve  a lw a ys done 
a good business in  p rop rietary  m edicines, p h arm aceu ti
cals, and perfum es, b u t th e  G erm ans h ave n ot been 
p a rticu la rly  successful.

T h e  fo llow in g C u b an  sta tistics  for th e fiscal years 
1914 and 1917 show  th e  exten t of th e  im ports of 
chem icals and allied p roducts and th e m anner in w hich 
th e  principal com peting countries h a ve  p a rticip ate d :

C u b a n  I m p o r t s  o p  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  

A r t i c l e s  1914 1917
C h e m ic a l s , D r u g s , D y e s , M e d i c i n e s

A cids...........................................................................  $ 213,832 $ 308,301
Belgium ................................................................. 15,304 ....................
United S ta tes ...................................................... 166,839 300,236

Alcohol......................................... , ........................... 827 353
A lkaloids...................................................................  16,807 12,186

F r a n c e ................................................................................ 3 , 8 6 3  5 ,7 7 2
U nited S ta tes...................................................... 2 ,804  5 ,649

Calcium carbide.....................................................  328 ,539 276,032
United S ta tes...................................................... 328,492 276,032

C u b a n  I m p o r t s  o p  C h e m i c a l s  a n d  A l l i e d  P r o d u c t s  (C o n tin u ed ) 
A r t i c l e s  

C h e m i c a l s ,  D r u g s ,  E t c .  (C o n tin u ed )
C h e m ic a l s ,  n .  e .  s . . ...................................................

G e r m a n y ...........................................................................
U n i t e d  S t a t e s ................................................................

D y e s ,  n a t u r a l  a n d  a r t i f i c i a l ......................................
G e r m a n y ...........................................................................
U n i t e d  S t a t e s   ..............................................

F e r t i l i z e r s ,  c h e m i c a l ......................................................
G e r m a n y ...........................................................................
U n i t e d  S t a t e s ................................................................

G ly c e r in ,  o l e i n ...................................................................
B e l g iu m .............................................................................
U n i t e d  S t a t e s ................................................................

M e d ic in e s ,  p a t e n t  o r  p r o p r i e t a r y ........................
F r a n c e ................................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ................................................................

O p i u m ............................. ........................................................
C h i n a ...................................................................................
U n i t e d  S t a t e s ................................................................

O x id e s ......................................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ...........................................................

P h a r m a c e u t i c a l  p r o d u c t s ,  n .  e .  s ..........................
F r a n c e .................................................................................
G e r m a n y ...........................................................................
S p a i n ....................................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ................................................................

Q u i n i n e ....................................................................................
U n i t e d  S t a t e s ................................................................

R o o t s ,  h e r b s ,  e t c ..............................................................
S p a i n ....................................................................................
U n i t e d  S t a t e s ................................................................

S a c c h a r i n e .............................................................................
S a l t s ,  n .  e . s .........................................................................

C h i l e . . .  ..........................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ................................................................

S e e d s .........................................................................................
M e x ic o ................................................................................

V a n i l l a ......................................................................................
E x p l o s iv e s

C a r t r i d g e s .............................................................................
U n i t e d  S t a t e s ................................................................

D y n a m i t e  ( U . S . ) ............................................................
F i r e w o r k s ...............................................................................
G u n p o w d e r  ( U .  S . ) ............................................   . . . •
H u n t e r s '  p o w d e r ...............................................................

U n i t e d  S t a t e s ................................................................
M in e r s ’ f u s e s  ( U . S . ) .....................................................
O t h e r  e x p lo s iv e s  (U .  S . ) .............................................

O i l s :
A n im a l :

C o d - l iv e r  o i l ...................................................................
N o r w a y .........................................................................
U n i t e d  S t a t e s ...........................................................

O t h e r  a n im a l  o i l s .............................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ................................................................

M in e r a l :
C r u d e  .................................................................................

U n i t e d  K i n g d o m ...................................................
U n i t e d  S t a t e s ...........................................................

R e f in e d ...............................................................................
U n i t e d  K i n g d o m ...................................................
U n i t e d  S t a t e s ...........................................................

B e n z i n e ....................................................................................
G a s o l in e ..................................................................................
N a p h t h a .................................................................................
O il f o r  c o r d a g e  w o r k s ...................................................
R e f in e d  p e t r o l e u m ...........................................................
O t h e r  r e f in e d  o i l s .  ....................................................
V e g e ta b le :

C o t to n s e e d  o i l ...............................................................
. S p a i n ..............................................................................

U n i t e d  S t a t e s ...........................................................
O l iv e  o i l ...................................................................................

S p a i n ....................................................................................
U n i t e d  S t a t e s .................................. .. ...........................

O il f o r  m a n u f a c tu r e  o f  s o a p ....................................
S p a i n ....................................................................................
U n i t e d  S t a t e s ................................................................

O t h e r  v e g e ta b l e  o i l s .......................................................
P o r t u g a l .............................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ................................................................

P a i n t s , P ig m e n t s , C o l o r s , V a r n i s h e s :
C o lo r s ,  n a t u r a l ...................................................................

S p a i n ....................................................................................
U n i t e d  S t a t e s .................................................................

C o lo r s ,  m e ta l l ic  b a s e .....................................................
B e lg iu m ..............................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s .................................................................

O t h e r  c o lo r s  a n d  p a i n t s ..............................................
G e r m a n y ...........................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ................................................................

V a r n i s h e s ...............................................................................
U n i t e d  K i n g d o m .........................................................
U n i t e d  S t a t e s ................................................................

1914 1917

$  2 1 2 ,1 9 2 $  2 8 6 ,3 8 9 -
2 2 ,9 6 8

1 4 3 ,3 1 1 2 6 3  j 476*
5 ,5 7 2 6 , 7 1 4

.  2 ,4 7 6
2 ,3 0 3 '5 ,9 3 6 *

5 0 4 ,7 1 3 1 ,0 1 4 ,8 3 3 -
1 4 0 ,2 0 2
2 5 4 ,2 9 0 1 ,0 Í 4 ,8 3 3 -
1 1 5 ,6 5 0 3 5 3 ,7 6 7

1 6 ,7 7 3
8 0 ,7 6 9 3 5 3  ', 7 6 7

5 4 7 ,5 3 5 4 1 5 , 8 7 6
1 7 5 ,2 0 3 1 5 2 ,7 8 2

2 8 ,4 1 7 9 ,6 5 7
3 0 2 ,8 0 3 2 3 2 ,6 5 2

6 6 ,9 3 3 9 7 ,2 9 3
4 7 , 5 7 0

* 2 ^ 2 2 6 1 9 ,0 6 1
1 3 0 ,2 2 7 2 3 4 ,5 7 5

3 4 ,8 2 4
9 4 ,4 0 9 2 3 2 ',7 7 5

1 ,2 1 4 ,8 4 4 2 ,1 2 7 ,6 2 3 -
6 3 9 ,0 1 8 6 6 6 ,7 7 9 *

1 6 ,9 3 6
4 9 ,5 0 1 125 \ 7 4 0 '
1 6 ,9 4 8 4 0 , 2 5 9

4 6 9 ,7 1 6 1 , 2 4 0 ,1 6 5
3 ,5 0 6 6 ,9 3 6

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

1 ,6 8 9 3 ,1 4 6
2 ,9 1 9 ,6 9 1 3 , 6 3 2 , 2 7 0

2 ,5 1 9 2 8 5 ,3 1 3
5 2 7 ,6 9 6 2 5 6 ,8 2 5

2 ,3 5 5 ,1 3 5 3 , 0 6 0 , 5 8 5
6 ,8 5 8 2 1 ,4 6 3 -
6 ,7 3 0 2 1 ,2 8 5
5 ,4 5 6 5 ,5 5 0 »

7 2 ,6 7 7 1 3 7 ,21&
6 3 ,1 9 9 1 3 7 ,2 1 8 -

1 2 8 ,9 6 6 3 4 0 ,4 0 2
4 , 9 3 8 3 ,8 6 7

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

45 6 , 8 4 0

8 ,6 7 9 4 , 1 5 4
3 ,0 1 0 2 2 0
4 ,2 8 9 2 ,6 5 5
2 ,3 2 3 7 , 4 3 0

5 ,8 9 1
' í ; ¿ 3 ¿ 1 ,5 3 9 '

6 7 8 ,0 4 0 1 ,4 7 0 ,4 3 1
81 2 3 , 1 8 6

6 7 7 ,2 0 9 1 , 4 6 7 ,2 4 5
7 1 1 ,8 0 9 1 ,6 1 0 ,3 9 6 *

6 ,7 6 8 5 2 8
7 0 1 ,3 0 0 1 ,6 0 2 ,3 4 5

6 9 0 1 9 8 ,4 5 5
2 6 ,3 5 7 3 1 0 ,5 0 9 *
2 4 ,9 9 3 101 ,8 7 9 '
1 9 ,2 6 6 1 2 ,7 1 3
6 3 ,0 8 6 5 6 ,1 7 3

5 7 7 ,4 2 0 9 3 0 ,6 6 7

3 4 6 ,0 1 3 1 ,0 4 6 ,1 1 3 .
4 0 ,3 4 8

3 0 5 ,6 5 1 1 ,0 4 6  i i  i i
1 ,1 0 4 ,9 4 1 1 ,8 8 0 ,6 5 3 -
1 ,0 1 2 ,5 5 6 1 ,7 2 5 ,0 4 1

6 3 ,3 6 9 1 3 7 ,3 5 9 *
2 1 ,8 0 1 1 9 5 ,6 0 8

3 86 .
2 Í ] ¿ Ó Í 1 9 5 ,2 2 2

1 7 6 ,0 2 5 3 1 3 ,5 7 6 -
7 8 ,8 8 7

9 8 ^ 3 5 3 2 9 ,2 8 3
4 3 ,6 8 9 2 0 0 ,9 4 6 -

1 4 ,6 9 8 1 0 ,1 0 3 -
3 ,1 1 5 3 , 6 0 2
5 ,8 9 3 5 ,8 9 2 *

6 2 2 ,1 7 2 1 ,0 4 1 ,8 6 1
3 7 ,3 6 1

1 7 7 ,4 9 6 1 Í2 Í5 6 6 -
3 7 8 ,1 6 5 9 0 4 ,6 0 3 -

9 4 ,3 7 5 9 4 , 3 4 4
1 3 ,4 5 7

6 ,0 4 9 ’¿ ;2 7 9 -
6 4 ,9 4 7 8 3 , 4 4 0
7 6 ,7 6 9 7 5 ,250»

4 ,8 1 0 2 ,9 5 7
6 7 ,2 1 4 7 0 ,7 0 6 *
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C u b a n  I m p o r t s  o f  C h e m i c a l s  a n d  A l l i e d  P r o d u c t s  (C o n clu d ed ) 
A r t i c l e s  1 9 1 4  19 17

P e r f u m e r y  a n d  E s s e n c e s ..................................................  6 0 6 ,4 5 0  8 0 5 ,6 5 4
F r a n c e ........................................................................................ 4 5 4 ,0 4 5  5 9 8 ,3 0 8
U n i t e d  S t a t e s ................................................................  8 2 ,4 5 9  1 4 5 ,6 6 5

S o a p  a n d  C a n d l e s
C a n d l e s .................................................................................... S 1 7 3 ,9 6 5  $ 2 2 2 ,8 2 5

S p a i n .................................................................................... 8 5 ,8 0 2  4 4 ,6 5 4
U n i t e d  S t a t e s ................................................................  7 1 ,9 9 5  1 6 9 ,5 6 9

S o a p ,  c o m m o n ,  in  c a k e s ....................................................  3 7 6 ,1 9 1  5 9 6 ,7 3 0
S p a i n ........................................................................................... 2 0 3 ,5 0 8  1 4 0 ,6 8 1
U n i t e d  S t a t e s ........................................................................ 1 4 9 ,7 3 9  4 1 4 ,2 6 5

S o a p ,  f in e ........................................................................................ 8 9 ,9 5 6  1 4 2 ,9 1 2
F r a n c e .........................................................................................  4 3 ,9 1 8  3 5 ,7 4 3
S p a i n ...................................................................................  1 ,5 2 3  6 0 ,8 9 6
U n i t e d  S t a t e s ......................................................................... 3 8 ,0 8 7  4 1 ,3 6 1

S o a p ,  o t h e r .................................................................................... 7 2 ,5 5 9  8 2 ,9 9 4
U n i t e d  S t a t e s .........................................................................  5 1 ,3 8 5  6 1 ,5 0 7

S o a p  g r e a s e s ................................................................................ 2 1 7 ,8 4 9  4 7 5 ,5 4 7
U n i t e d  S t a t e s ........................................................................ 2 1 7 ,0 5 5  4 6 7 ,3 5 8

G l a s s  a n d  G l a s s w a r e .................................................... 1 , 5 7 7 ,9 7 2  2 ,0 6 4 ,1 8 3
G e r m a n y ..................................................................................  4 6 6 ,5 8 1  265
U n i t e d  S t a t e s .......................................................................  3 6 1 ,5 5 8  1 ,5 1 8 ,9 1 9
B e lg iu m ....................................................................................  2 1 7 ,1 1 2  .......
S p a i n ...........................................................................................  1 3 9 ,9 6 4  2 3 0 ,5 6 6

P a p e r  a n d  C a r d b o a r d ...................................................  1 , 9 4 2 ,4 2 2  3 ,8 2 7 ,5 3 3
U n i t e d  S t a t e s ................................................................  1 ,0 2 1 ,0 9 9  3 ,2 4 9 ,3 8 8
G e r m a n y ........................................................................... 3 0 0 ,7 8 2  ........................
S p a i n .............................................................................. i . 2 8 9 ,7 8 6  3 6 2 ,0 6 0

T h a t  t h e  A m e r i c a n ,  s h a r e  i n  t h e  t r a d e  h a s  i n c r e a s e d  

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

i s  c l e a r l y  s h o w n  i n  t h e  n e x t  t a b l e .  T h i s  i n c r e a s e  i s

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

c o m p e t i t i o n ,  b u t  a n  e v e n  m o r e  i m p o r t a n t  f a c t o r  h a s  

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

T h e  i m m e d i a t e  p r o b l e m  b e f o r e  t h e  A m e r i c a n  e x p o r t e r  

i s  n o t  h o w  t o  f u r t h e r  e x p a n d  t h i s  t r a d e ,  b u t  h o w  t o  

m a i n t a i n  h i s  p r e s e n t  s h a r e  i n  i t .

T h e r e  s e e m s  t o  b e  a  d i s c r e p a n c y  b e t w e e n  t h e  C u b a n  

f i g u r e s  f o r .  i m p o r t s  o f  f e r t i l i z e r  f r o m  t h e  U n i t e d  S t a t e s  

a n d  t h e  A m e r i c a n  f i g u r e s  f o r  e x p o r t s  o f  f e r t i l i z e r  t o  

C u b a ,  t h e  p r o b a b l e  e x p l a n a t i o n  b e i n g  t h a t  t h e  C u b a n  

r e t u r n s  f o r  “ S a l t s  n o t  e l s e w h e r e  s p e c i f i e d ”  i n c l u d e  

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

" F e r t i l i z e r s . ”  T h e  s t a t i s t i c s  i n  t h i s  t a b l e  a r e  f o r  t h e  

f i s c a l  y e a r s  1 9 x 4  a n d  1 9 1 7 :

American  P roducts Sold in  C uba 
A rticles  1914 1917

A lu m in u m ... ........................................................... ?  3 ,748  $ 33,497
A sphaltu in : '

U n m an u fac tu red ..........................................................  119,008 455
M an u fac tu red .........................................................  1,997 21,745

B ab b itt m e ta l...................................................................... 16,280 68 ,828
B lacking, shoe paste , e tc ................................................  35 ,055 57 ,258
C an d les ..................................................................................  70 ,723 185,910
Celluloid and  m an u fac tu res ...................................  3 ,582  38 ,646
C em ent, h y d rau lic ........................................      1 ,011 ,720  1 ,282 ,818
C hem icals, drugs, dyes, medicines:

Acids:
S u lfu ric .................................................................. 6 ,956  40,439
A llo th e r ....................................................................... 90 ,490  244,037

B aking pow der...............................................................  12,714 16,232
B ark  ex trac t fo r ta n n in g ..................................... 3 ,697  17,122
C alcium  carb id e .....................................................  367,578 280,982
C opper s u lfa te ......................................................... 4 ,014  7 ,549
D yes and  dyestu ffs   ..............................  670 24,412
M edicines, p a te n t or p ro p r ie ta ry ..........................  524,438 1 ,019 ,505
Petro leum  je lly , e tc ............................................... 3 ,664  13,032
Soda salts  and  p re p a ra tio n s ..............................  (o) 588,578
Sulfu r (b rim sto n e)................................................. 5 ,452  60,101
W ashing pow der and  flu id ......................................... 23 ,945 29 ,356
A llo th e r . ......................................................................  771,394 1 ,748 ,468

Chew ing g u m .......................................................................  3,441 23,488
C la y s ..? .  ..............................................................4 ,7 5 0  28 ,565
Explosives: _____

C artridges, lo ad e d .................................................  173,169 240,959
D y n am ite ..................................................................  134,936 262,827
G unpow der.......................................................................  5 ,337 17,255
A llo th e r ...........................................................................  41 ,967 129,541

F ertilizers:
P hosphate  rock:

L and  p eb b le .........................................................   21,329
All o th e r ................................................................................    18,698

A llo th e r ....................................................................  389,622 3 ,7 3 8 ,2 2 2
Flavoring  ex trac ts  an d  fru it ju ices ..............................  6 ,808  51,158
G lass and  g lassw are......................................................... 267 ,644 1 ,317,286
Glucose   25 ,896 58,066
G l u e . . . ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! . ! ..............................  14,839 50,216
G rease :

L u b rica tin g .......................................................    109,769 205,603
Soap stock  and  o th e r ...........................................  443,071 1 ,314,503

In d ia -ru b b er m anu fac tu res ..................................... 414 ,733 1 ,920,572

I n  P r in t e r s '    3 0 ,9 6 2  9 0 ,2 2 2
A n o t h e r . : : : : : : : : : : : : : : : : : .......................................... i s . e o s  3 5 , 3 1 5

L eather, p a te n t ...........................................................
M atc h es .......................................................................... 509 924
M eta l po lish .........................................................................  10,214 30 ,280  •

A m e r i c a n  P r o d u c t s  S o l d  i n  C u b a  (C onclud ed)
A r t i c l e s  

N a v a l  s to r e s :
R o s i n ....................... . .........................................................
T a r ,  t u r p e n t i n e ,  a n d  p i t c h ..................................
T u r p e n t i n e ,  s p i r i t s  o f ..............................................

N ic k e l ,  n ic k e l  o x id e ,  a n d  m a t t e ...........................
O i lc lo th  a n d  l i n o l e u m ...................................................
O ils :

A n im a l ................................................................................
C r u d e  m in e r a l ...............................................................
R e f in e d  m in e r a l :

G a s  a n d  f u e l .............................................................
I l l u m i n a t i n g ..............................................................
L u b r i c a t i n g  a n d  h e a v y  p a r a f f in .................
G a s o l in e .......................................................................
O t h e r  l ig h t  o i l s ........................................................

V e g e ta b le :
C o r n ................................................................................
C o t to n s e e d ...................................................................
L i n s e e d ............................................................................
A ll o t h e r  f ix e d ............................................................

A ll o t h e r  o i ls .....................................................................
P a i n t s ,  p i g m e n t s ,  e tc . :

D r y  c o lo r s ...........................................................................
R e a d y - m ix e d  p a i n t s ....................................................
V a r n i s h .................................................................................
W h i t e  l e a d .........................................................................
Z in c  o x i d e ...........................................................................
A ll  o t h e r  ( in c lu d in g  c r a y o n ) .................................

P a p e r :
C a r b o n ..................................................................................
B o a r d .....................................................................................
P r in t i n g :

N e w s .................................................................................
A ll o t h e r .........................................................................

W r a p p i n g ............................................................................
W r i t in g  a n d  e n v e lo p e s ..............................................
A ll  o t h e r ..............................................................................

P a r a f f in  a n d  p a ra f f in  w a x .............................................
P a s t e ............................................................................................
P e r f u m e r i e s ,  c o s m e t ic s ,  e t c .........................................
P h o t o g r a p h i c  g o o d s :

M o t i o n - p ic t u r e  f i lm s ..................................................
O th e r  s e n s i t iz e d  g o o d s ..............................................

P l a s t e r  o f  P a r i s ....................................................................
P lu m b a g o  a n d  m a n u f a c tu r e s ....................................
S a l t ............................................................................ . . ................
S o a p :

T o i l e t .....................................................................................
A ll  o t h e r ..............................................................................

S t a r c h .........................................................................................
S t e a r i n :

A n i m a l ..................................................................................
V e g e t a b l e ............................................................................

S u g a r ,  r e f i n e d ........................................................................
W a x ,  m a n u f a c tu r e s  o f .....................................................
Y e a s t ...........................................................................................

(a) N o t  s t a t e d  s e p a r a t e l y  in  1 9 1 4 .

T h e prin cipal C u b a n  p ro d u ct sold in th e  U n ited  
S tates is cane sugar; in fa c t, th is  is now  the m ost 
va lu a b le  item  im p orted  from  a n y  co u n try . T h ere 
are v e ry  few  countries whose to ta l exp orts to  th e  U n ited  
S ta tes eq ual in v a lu e  our purchases of C u b a n  sugar.

C u b a n  P r o d u c t s  S o l d  i n  t h e  U n i t e d  S t a t e s  

A r t i c l e s  1 914  1917
A s p h a l tu m  a n d  b i tu m e n ,  c r u d e ....................... S  4 , 6 0 0  $  3 2 ,8 4 6
B o n e s ,  h o o f s ,  h o r n s ,  a n d  m a n u f a c tu r e s .  . . 4 8 ,6 0 5  5 0 ,9 8 2
C a c a o ,  c r u d e ..................................................................  3 2 6 ,6 4 2  1 4 9 ,4 4 7
C h e m ic a l s ,  d r u g s ,  d y e s ,  m e d ic in e s :

G ly c e r in ,  c r u d e ....................................................... 2 7 ,4 3 1  1 0 6 ,7 7 6
P o t a s h  s a l t s ............................................................... . . . .  9 , 8 6 8
V a n i l l a  b e a n s ...........................................................  3 0  . . . .
A l l o t h e r ...................................................................................  7 , 2 1 0  9 ,7 5 3

C o p p e r :
O r e ...................................................................................... 1 ,2 7 0 ,1 8 2  5 , 8 2 4 ,6 9 8
C o n c e n t r a t e s  ............................................... —  4 6 9 ,1 6 8
M a t t e ,  r e g u lu s ,  e t c .................................................  . . .  1 0 1 ,0 0 4
O ld  a n d  c l ip p in g s ..................................................... 1 6 2 ,7 0 9  2 4 2 ,7 2 5

D y e  w o o d s , in  c r u d e  s t a t e :
L o g w o o d ......................................................................... . . .  1 9 ,2 5 3
A l l o t h e r .........................................................................  • • •  3 ,3 8 1

F e r t i l i z e r s :
G u a n o ............................    1 ,2 5 0  8 ,8 4 6
P o t a s h ,  s u l f a t e .........................................................................  - • •
A l l o t h e r .........................................................................  2 . 6 7 5  7 3 5

G la s s  a n d  g l a s s w a r e ....................................................  1 ,1 3 3  5 ,2 9 1
H id e  c u t t i n g s  a n d  o t h e r  g lu e  s t o c k ................. 2 1 ,6 8 9  2 6 ,9 4 5
I n d i a  r u b b e r :

I n d i a  r u b b e r ................................................................  • • •  7 4 ,4 4 4
S c r a p ................................................................................. 1 2 ,4 2 6  3 7 ,5 0 7

I r o n  o r e  * ............................................................... 3 , 7 1 7 ,9 7 5  1 ,9 1 3 ,8 0 4
M a n g a n e s e  o x id e  a n d  o r e ........................................ • • •  4 6 1 ,8 3 5
O ils : , _

M i n e r a l ..........................................................................................  • • • 1 5 ,6 4 7
C o c o n u t ..........................................................................  • • •  3 ,1 8 4
A l l o t h e r ......................................................................... 2 , 0 1 4  8 ,6 3 4

S t a r c h ....................................................................................  129  3 ,9 8 7
S u g a r  a n d  m o la s s e s :  __

M o la s s e s ......................................................................... 1 , 4 7 4 ,2 0 0  1 0 ,3 8 1 ,8 1 6
S u g a r ,  c a n e .................................    9 8 ,3 9 4 ,7 8 2  2 0 4 ,5 2 1 ,1 6 0

W a x ,  b e e s w a x ..................................................................  1 6 8 ,6 9 1  2 1 7 ,5 6 3
Z in c ,  b lo c k  a n d  o l d .....................................................  7 , 2 9 3  1 9 ,8 6 5

1914 1917

$ 127,886 $ 207,747
18,940 14,470
31 ,748 41,612

16,704
65 ‘930 78,583

1,924 21,832
429,810 1 ,303 ,774

43,989 8 4 ,084
84,411 163,766

543,148 925,987
61,587 466,440

2,502 223,252

8,388 24,286
382,590 1, 158,123

17,968 68,587
10,173 163,187
17,070 42,278

8,951 98 ,029
223,459 411,456

48,748 77,407
8,083 24,805

5 9,058
147,776 537,307

12,851 20,312
(a) 301,346

266,257 478,601
263,157 1,117 ,523

44,391 645,672
114,775 340,166
223,416 315,538

9,403 41,478
10,758 24,697
41,983 172,902

14,699 46,432
62,476 80,186

12,161
‘¿;743 29,106

165,029 187,211

60,772 148,881
137,073 372,752

3,683 73,652

39 ,190 241,110
(a) 15,262

103,675 229,035
1 ,8 8 6 8,509

15,386 22,103
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T h e  on ly  other im p o rtan t im ports su itab le  for inclusion  
in th is list are m olasses, copper ore, and iron ore, 
th e  first tw o  of w hich h ave been g re a tly  increased 
since th e w ar sta rted . T h e preceding ta b le  contain s 
details of our im ports from  C u b a  for th e  fiscal years 
1914 and 1917.

D O M IN IC A N  REPUBLIC

T h e D om inican  R e p u b lic ’s o u tp u t of sugar was 
v a lu ed  a t $5,000,000 in 1914, cacao a t $4,000,000, 
to b a cco  a t $400,000, and coffee a t $350,000, and th ese 
are th e  principal p roducts of th e co u n try . T h e  w ar 
has g re a tly  stim u lated  th e  o u tp u t of sugar and  has 
also led to  som e exp lo itatio n  of th e  im m ense d yew ood  
resources, w hich had  p reviou sly  been n eglected . 
T h e  forests contain  an abun dan ce of tro p ica l w oods, 
and agricu ltu re could be m uch extended. T h ere is 
v e ry  little  m an ufacturin g, and th e  m ineral resources 
h a v e  n ot beeri su rveyed . T h e  p o pu lation  is estim ated  
a t ab ou t 800,000.

T o  d ate th ere has n ot been m uch of a dem and for 
chem icals, a lthough th e  m arket for p a te n t m edicines 
and ph arm aceu tica ls is n ot a lto geth er u n a ttra ctiv e . 
B efore th e  w ar G erm an y h ad  a good share of th e 
business in paper and glass, and  F ra n ce  sold  m ost of 
th e perfum es, b u t in all oth er lines th e  U n ited  S tates 
has p ra ctica lly  no com petition .

T h e  follow ing ta b le  w ill g iv e  som e id ea  of th e  exten t 
to  w hich chem icals and allied  p rod u cts are im 
ported:

I m p o r t s  o p  C h e m ic a l s  a n d  A l l i e d  P r o d u c t s  in t o  t h e  D o m in ic a n  
R e p u b l i c

A r t i c l e s

C h e m ic a l s , D r u g s , G u m s , R e s i n s , F a t s ,
a n d  W a x e s .....................................................................................

F r a n c e ...........................................................................................
G e r m a n y .....................................................................................
U n i t e d  S t a t e s ................................................. .........................

C a lc iu m  c a r b i d e ..........................................................................
C a u s t i c  s o d a ............................ .. ...................................................
T a l lo w  a n d  g r e a s e s ........................................... .......................
O th e r  o i ls ,  f a t s ,  w a x e s .............................................................
V e g e ta b l e  j u ic e s  a n d  e x t r a c t s ............................................
G u m s ,  r e s in s ,  a n d  c a u s t i c  s o d a  f o r  t h e  m a n u 

f a c t u r e  o f  s o a p ........................................................................
R e s i n s ................................................................................. ...............
A ll  o t h e r  c h e m ic a l s ...................................................................

P e r f u m e r y  a n d  C o s m e t i c s ...................................................
F r a n c e ...........................................................................................
U n i t e d  S t a t e s ...........................................................................

O i l s , a l l  S o r t s ................................................................................
S p a i n ..............................................................................................
U n i t e d  S t a t e s . \ ......................................................................

O ils  f o r  t a b l e  u s e : ......................................................................
S p a i n ..............................................................................................
U n i t e d  S t a t e s ...........................................................................

O ils ,  m in e r a l :
C r u d e ,  a n d  f u e l  o i l ...............................................................
G a s o l in e .......................................................................................
I l l u m i n a t i n g  o i l ......................................................................
L u b r i c a t i n g  o i l ........................................................................

A ll o t h e r ............................................................................................
S o a £ ..........................................................................................................

U n i t e d  S t a t e s .   ....................................................................
E x p l o s i v e s ..........................................................................................

U n i t e d  S t a t e s ...........................................................................
P a i n t s , P ig m e n t s , V a r n i s h e s .............................................

G e r m a n y ......................................................................................
U n i t e d  K i n g d o m ...................................................................
U n i t e d  S t a t e s ...........................................................................

P a p e r  a n d  M a n u f a c t u r e s  o f .............................................
G e r m a n y ......................................................................................
U n i t e d  S t a t e s ...........................................................................

G l a s s  a n d  G l a s s w a r e   ......................................
G e r m a n y .....................................................................................
U n i t e d  S t a t e s ...........................................................................

(a) N o t  s h o w n  in  1 9 1 4 . (6) N o t  s h o w n  in  1 9 1 7 .

I m p o r t s  o f  A m e r i c a n  g o o d s ,  a c c o r d i n g  t o  t h e  A m e r i 

c a n  c l a s s i f i c a t i o n ,  a r e  s h o w n  i n  t h e  n e x t  t a b l e ,  b y  w h i c h

1913 1917

$320,194 $476,237
38,361 38 ,187
22,881

228,737 411’,468
(c) 35 ,662
(fl) 8 ,755
(a) 36,211
(¿0 367,012
(a) 6,463

103,989 (b)
3,371 12,407

212,834 9,727
43 ,776 77 ,350
28,963 39 ,085

6,827 31,273
448,384 786,956

30 ,078 14,809
384,082 743,045

(fl) 268,458
(a) 14,809
(a) 230,708

(aj 45 ,324
(a) 117,450
(a) 217,811
(a) 69 ,339
W 68,574

86 ,884 248,902
82,583 240,915

(a) 10,872
W 10,436

56,073 140,852
6,467
7,855 4*967

41,415 133,982
125,683 248,381

52,898
54 ,764 202*448
55,330 72,360
22 ,189
29 ,144 63^867

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

h a v e  e x p a n d e d  s i n c e  t h e  w a r  s t a r t e d .

American  P roducts Sold in  t h e  D om inican  R e pu b l ic  
A rticles  1914 1917

Blacking, shoe p aste , e tc ..................................................  $ 6 ,2 7 0  $ 10,726
C and les ....................................................................................  6 ,449  66 ,465
Celluloid and  m an u fac tu res ............................................. 5 ,665  5 ,803
C em ent, h y d ra u lic ....................................................................  77 ,733 146,129
Chem icals, drugs, dyes, medicines:

A cids...........................................................................................  1 ,970 15,292
C alcium  ca rb id e ....................................................................  22 ,597 30 ,996
M edicines, p a te n t and  p ro p r ie ta ry ...............................  80 ,523 153,134
Soda salts  and  p repara tions  o f.........................................  (a) 18,293
All o th e r ................................................................................... 51,121 175,506

Chew ing g u m ......................................................................... 9 7 ,725
Explosives: .

C artridges, lo ad ed ................................................................  59 ,932 508
D y n a m ite ...........................................................................  12 3 ,045
G unpow der........................................................................  . . . .  216
A llo th e r ....................................................................................  4 ,1 6 9  4 ,4 5 0

F lavoring  ex trac ts  and  fru it ju ices...............................  710 9 ,287
G lass an d  g lassw are............................................................  14,852 52 ,019
G lu e ........................................................................................... 310 4 ,127
G rease:

L u b rica tin g ........................................................................  7 ,012  13,788
Soap stock  and  o th e r .............%.........................................  20 ,669  6 ,1 1 0

In d ia -ru b b er m an u fac tu res ..............................................  27,131 80 ,026
I n k ...................................................................................................  3 ,275  10,616
L ea the r, p a te n t ..........................................................................  15,027 14,286
L im e ................................................................................................  6 ,0 8 8  6 ,6 5 6
M atch e s ...................................................................................    5 ,606
N a v al stores:

R o sin .........................................................................................  14,688 18,339
A llo th e r .................................. ...........................................  1 ,974 2 ,565

O ilcloth and  lino leum ...............................................................  4 ,8 5 4  8 ,1 7 8
Oils-

M ineral:
C ru d e ......................................................................................  . . . .  10,705
G as and  fu e l.......................................................................  8 ,442 17 ,885
I llu m in a tin g .....................................................................  105,101 134,646
L ubricating  and heav y  paraffin ...............................   24 ,865  54 ,632
G asoline..............................................................................  25 ,442 107,256
All o th e r (including re s id u u m )....................................  . . . .  72 ,858

V egetable:
C orn ....................................................................................... 28 ,307 113,994
C o tto n seed ......................................................................... 134,595 154,178
L inseed ......................................................     3 ,2 6 6  16,911
All o th e r f ix e d .  .............................................   2 ,445  7 ,383
E ssen tia l.........................................................................  460 2 ,1 9 6

P a in ts , p igm ents, e tc .:
D ry  colors...................................................      .3 ,1 8 4  7 ,128
R eady-m ixed p a in ts ............................................................. 14,613 27,833
W hite  le a d ................................................................................  1,218 3 ,6 0 9
All o th e r (including c ra y o n ) ............................................. 16,937 46 ,079

P ap er an d  m an u fac tu res ........................................................  5 4 ,130  204,262
Paraffin and  w a x . ..............................................................  51 11,391
Perfum ery , cosm etics, e tc .......................................................  4 ,5 1 0  22 ,636
P hotograph ic  goods, sensitized .............................................  2 ,197  6 ,336
Soap:

T o i l e t ........................................................................................  8 ,0 4 0  30 ,692
A llo th e r ...................................................................................  72 ,735 194,868

S ta rc h .................      855 3,301
Sugar, re fined .............................................................................. 56 ,932 135,607

(a) N o t s ta ted  separa te ly  in 1914.

T h e  R e p u b l i c ’s  c h i e f  c o n t r i b u t i o n s  t o  t h e  U n i t e d  

S t a t e s  a r e  n o w  c a c a o  a n d  'S u g a r ,  a s  t h e  n e x t  t a b l e  

s h o w s .  A s  a  s o u r c e  o f  c a c a o  i t  i s  s e c o n d  o n l y  t o  E c u a 

d o r .  T h e  s u d d e n  d e v e l o p m e n t  o f  t h e  l o g w o o d  i n d u s t r y  

i s  s h o w n  b y  t h e  j u m p  i n  e x p o r t s  t o  t h e  U n i t e d  S t a t e s  

f r o m  f o u r  t h o u s a n d  t o  t w o  h u n d r e d  t h o u s a n d  d o l l a r s  

i n  t h r e e  y e a r s .

D om inican  R e pu b lic  P roducts Sold in  t h e  U n it e d  States 
Ar t icles  1914 1917

Cacao, c rude .................................................................. $ 3 ,1 8 7 ,0 0 6  $7 ,2 0 2 ,7 4 7
Chem icals, drugs, dyes, m edicines:

G lycerin, c ru d e ............................................ • * * *;* ^ i • 553
All o th e r ..................................................................... 3 ,3 0 8  42 ,328

C opper: AonO re ..........................................................................  .................. 32 ,690
M atte , regulus, e tc ................................................
O ld and  clippings.................................................... 1,813 27 ,799

D ye woods, in  crude s ta te :
L ogw ood.................................      4 ,4 1 0  221,718
A llo th e r ..................................................................... 8 ,221  4 ,669

C oconut m e a t (cop ra).......................................... .................  13,723
Sugar a n d  m olasses: „ ’ ^

M olasses..................................................................... 8 ,5 9 0  161,029
Sugar, c a n e ...............................................................  86 ,761 5 ,2 4 2 ,5 1 5

T ann ing  m ateria ls: M angrove b a rk ...................  ............
W ax: B eesw ax.............................................................  19 ,894 142,354

H A IT I

A g r i c u l t u r a l  a n d  f o r e s t  p r o d u c t s  c o m p r i s e  H a i t i ’s

p o n t r i b u t i o n  t o  i n t e r n a t i o n a l  t r a d e .  T h e r e  a r e  s a i d
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to  be m ineral resources, b u t little  is know n of them , 
and  th ere is p ra ctica lly  no m an ufacturin g. Coffee 
is th e prin cipal p rod u ct and w as exp orted  to  th e  ex
te n t of seven ty-n in e m illion pounds in 1914. O ther 
exports are cacao, co tto n , logw ood, fu stic , and other 
w oods, gu m  gu aiacum , hon ey, orange peels, and hides 
and skins. Sugar and indigo were once exp orted  in 
large q u an tities, b u t these products are now  unim 
po rtan t. T h e  U n ited  S ta tes is th e principal purchaser 
of th e  islan d ’s goods and easily  th e  chief source of 
su p p ly  for m an u factu red  goods. T h e  coffee trade 
suffered b y  th e  c u ttin g  off of th e m arkets in G erm an y, 
B elgiu m , and H olland, b u t th e  increased dem and for 
logw ood and oth er dyew oods has b rought prosp erity  
to  m an y of th e  in h ab ita n ts. T h ere are v e ry  few  w hite 
persons in th e  co u n try .

H aitian  sta tistics  are n otoriously  incom p lete and 
un reliable; in fa ct, there h a ve  been no detailed  official 
tra d e  figures in recent years, and it has consequently  
been im possible to  com pile a ta b le  th a t  w ould present 
th e  tra d e  in chem icals and allied products as a whole. 
T h e  ta b le  th a t  follow s shows th e im ports from  th e 
U n ited  S ta tes as g iven  in th e sta tistica l pub lication s 
of our ow n G overn m en t, and as the trad e is v e ry  large ly  
A m erican  it  g iv es a fa ir ly  definite idea of th e im portance 
of th e  m arket.

T h e chief im ports are soap and m ineral oil, both  of 
w hich  are purchased alm ost exclu sively  from  th e U n ited  
S ta tes. T h e  b u lk  of th e  soap is a cheap grade of yellow  
la u n d ry  soap th a t  com es in  bars. T h e  im portance 
of th is  item , as com pared w ith  to ta ls  for other countries 
of sim ilar stan din g, is p ro b ab ly  to  be accoun ted  for 
b y  th e  fa c t  th a t  even  th is sim ple in d u stry  is n ot well 
developed  in  th e  cou n try.

A m e r ic a n  P r o d u c t s  S o l d  i n  H a it i  
A r t i c l e s  1914

B la c k in g ,  s h o e  p a s t e ,  e t c ..............................................................  $  7 ,4 8 4
C a n d l e s ...................................................................................................  4 .8 6 1
C e l lu lo id  a n d  m a n u f a c t u r e s ..................................................... 3 5
C e m e n t ,  h y d r a u l i c ..........................................................................  2 5 ,5 7 4
C h e m ic a l s ,  d r u g s ,  d y e s ,  m e d ic in e s :

M e d ic in e s ,  p a t e n t  o r  p r o p r i e t a r y ...................................  7 ,5 6 3
A ll o t h e r ............................................................................................ 2 2 ,8 2 3

G la s s  a n d  g l a s s w a r e .......................................................................  9 ,0 1 9
I n d ia - r u b b e r  m a n u f a c tu r e s ..................    5 ,5 2 5
L e a th e r ,  p a t e n t .................................................................................  7 ,4 9 2
M a t c h e s ..................................................................................................  2 , 7 0 2
N a v a l  s t o r e s ........................................................................................  5 ,2 7 7
N ic k e l ,  n ic k e l  o x id e ,  a n d  m a t t e ............................................ . . . .
O i lc lo th  a n d  l i n o l e u m .............................................................  6 , 5 4 4
O ils :

M in e r a l :
G a s o l in e ............................................................................ .. 1 ,3 5 8
I l l u m i n a t i n g ..............................................................................  1 1 2 ,3 0 7
L u b r i c a t in g ,  e t c .....................................................................  6 , 3 0 5
A ll  o t h e r ......................................................................................  6

V e g e ta b l e :
C o r n ................................................................................................  . . . .
C o t to n s e e d .................................................................................  1 3 ,2 9 8
L i n s e e d .........................................................................................  5 ,4 4 5
A ll  o t h e r  f ix e d ................................  2 1 8
E s s e n t i a l ...............*....................................................................  9 5

P a i n t s ,  p i g m e n t s ,  e t c . :
D r y  c o lo r s ........................................................................................  1 ,7 1 5
R e a d y - m ix e d  p a i n t s .................................................................  5 ,2 4 5
A ll  o t h e r s  ( in c lu d in g  c r a y o n s ) ..........................................  5 , 8 6 0

P a p e r  a n d  m a n u f a c t u r e s ............................................................  1 7 ,5 4 7
P e r f u m e r y ,  c o s m e t ic s ,  e t c .............................................. .. 1 ,2 7 1
S o a p :

T o i l e t .................................   1 ,5 4 9
A ll o t h e r ............................................................................................ 4 5 5 ,5 2 4

S u g a r ,  r e f i n e d ...................................................................................... 4 0 ,3 4 2

1917 
$ 12,097  

4 ,914  
3 ,170  

63,185

16,534
53,252
17,805
10,654
18,446
13,078
5,627
3 ,038
6,156

3,415
82,338

6,799
2 ,010

5,623
28,895
11,675
3 ,672

558

3 ,860
13,799
19,624
44,011
10,658

27,901
420,732

38,609

L ogw ood is th e  on ly  m aterial of interest to  th e  chem i
cal in d u stry  th a t  is im ported  into  th is co u n try  from  
H a iti in large q u an tities, as th e fo llow in g ta b le  
shows.

H a i t ia n  P r o d u c t s  S o l d  i n  t h e  U n i t e d  S t a t e s  
A r t i c l e s  1 9 1 4  1917

C a c a o ,  c r u d e ...................................................................................  $ 2 1 8 ,9 4 7  $  3 8 4 ,7 3 9
C h e m ic a ls ,  d r u g s ,  d y e s ,  m e d ic in e s :

G u m s .............................................................................................. 4 1 6  2 ,2 0 0
A ll o t h e r .................................................... .*...............................  . . . .  9 0 ,3 6 3

C o p p e r ,  o ld ,  a n d  c l i p p in g s ...................................................  4 9 1  8 ,0 8 5
D y e w o o d s ,  in  c r u d e  s t a t e :

L o g w o o d ......................................................................................  9 5 ,6 0 9  1 ,8 0 0 ,3 9 7  v
A ll  o t h e r ....................................................................................... 6 8 7  1 ,4 7 6

F e r t i l i z e r s :
G u a n o ............................................................................................ . . . .  .................
A ll o t h e r .......................................................................................   2 , 1 6 6

I n d i a  r u b b e r :
B a l a t a ............................................................................................  . . . .  1 ,5 4 6
A ll o t h e r ......................................................................................  . . . .  37

O ils , v e g e ta b l e :
C o t to n s e e d ........................................................................  . . . .  1 5 ,2 6 1
A ll  o t h e r ....................................................................................... . . . .  1 ,2 4 4

S e e d s ,  c a s t o r ................................................................................... . . . .  2 , 9 9 3
S u g a r ,  c a n e ...................................................................................... . . . .  1 4 4 ,6 0 0
W a x :

B e e s w a x .......................................................................................  1 7 ,2 8 7  1 6 ,3 6 5
V e g e t a b l e ..................................................................................... . . . .  167

B R I T I S H  W E S T  I N D I E S — B A R B A D O S

C an e is p ra ctic a lly  th e  o n ly  source of w ealth  in 
B arb ad os, and from  th is crop are ob tain ed  th e  sugar, 
m olasses, rum , and alcohol th a t  m ake up th e  rath er 
im p ortan t trad e w ith  C an ad a. T h ere  are deposits 
of m an jack , an alm ost pure b itu m en  th a t  is shipped 
to  som e exten t to  th e  U n ited  S ta tes  for use in  m an u
fa ctu rin g  a good grade of b la ck  in su latin g  varn ish . 
T h e to ta l p o pu lation  is less th a n  tw o  hun dred thousan d, 
th e great m a jo rity  of w hom  are colored. T h e  on ly  
im ports of chem icals and allied  prod u cts to ta lin g  
m ore than  one hundred th o u san d  dollars are fertilizers 
and soap, C an a d a  and E n glan d  furnishin g m ost of 
th e form er and E n glan d  th e b u lk  of th e la tter, as th e 
fo llow ing ta b le  shows:

I m p o r t s  o p  C h e m ic a l s  a n d  A l l i e d  P r o d u c t s  in t o  B a r b a d o s  
A r t i c l e s  1912

C h e m ic a l s  a n d  D r u g s .............................................................................................  $  6 1 ,1 0 4
U n i t e d  K i n g d o m ...............................................................................................  3 0 ,8 2 4
U n i t e d  S t a t e s .........................    2 7 ,2 1 8

S u l f a t e  o f  A m m o n ia ..............................................................................................  2 5 2 ,5 9 1
C a n a d a .....................................................................................................................  1 9 9 ,6 5 3

O t h e r  F e r t i l i z e r s ..................................................................................................  2 4 4 ,5 9 0
C h i l e ........................................................................................................................... 3 1 ,6 3 2
U n i t e d  K i n g d o m  . .........................................................................    1 0 8 ,4 2 1
U n i t e d  S t a t e s ......................................................................................................  3 , 5 2 8

S o a p ....................................................................................................................................... 9 2 ,5 9 0
U n i t e d  K in g d o m ...............................................................................................  8 9 ,2 4 7

P e r f u m e r y .....................................................................................................................  1 4 ,4 1 9
U n i t e d  S t a t e s ......................................................................................................  4 , 3 4 6

P a in t s  a n d  V a r n i s h e s .......................................................................................... 2 7 ,6 6 1
U n i t e d  K in g d o m ............................................................................................... 2 3 ,9 0 4
U n i t e d  S t a t e s ..........................................................................................   2 , 3 2 6

O i l s , E d i b l e ..................................................................................................................  1 7 ,6 3 1
U n i t e d  S t a t e s ......................................................................................................  1 1 ,0 0 8

K e r o s e n e .........................................................................................................................  5 1 ,9 2 6
U n i t e d  S t a t e s ......................................................................................................  5 1 ,8 7 7

O i l s , O t h e r .................................................................................................................... 4 6 ,5 7 7
U n i t e d  S t a t e s  ...........................................................................................  2 1 ,4 5 6

P a p e r  a n d  S t a t i o n e r y ......................................................................................... 5 2 ,3 9 8
G e r m a n y  ..................................................................................................  6 ,3 4 1
U n i t e d  K i n g d o m ...............................................................................................  2 0 ,7 9 5
U n i t e d  S t a t e s ......................................................................................................  1 2 ,8 6 2

E a r t h e n w a r e  a n d  G l a s s w a r e ...................................................................... 3 2 ,4 6 9
G e r m a n y ...................    2 , 6 8 6
U n i t e d  K i n g d o m ..................... : ......................................................................  2 6 ,1 1 8

D eta ils  of th e  im ports from  th e  U n ited  S ta tes  are 
show n in  th e  n ext ta b le , for th e  fiscal years 1 914 and  19 17:

A m e r ic a n  P r o d u c t s  S o l d  i n  B a r b a d o s  
A r t i c l e s  1 9 1 4  1917

C e m e n t ,  h y d r a u l i c ......................       $  9 4 0  $  1 ,9 7 3
C h e m ic a l s ,  d r u g s ,  d y e s ,  m e d ic in e s :

M e d ic in e s ,  p a t e n t  o r  p r o p r i e t a r y ...................................    1 0 ,7 7 0  1 4 ,3 5 9
S o d a  s a l t s  a n d  p r e p a r a t i o n s ............................................................. ( a )  5 ,7 1 8
A l l o t h e r ......................................................................................................  1 2 ,9 8 5  2 4 ,0 5 1

G la s s  a n d  g l a s s w a r e ..................................................................................  2 , 2 4 6  5 ,7 5 0
I n d i a - r u b b e r  m a n u f a c t u r e s .   .....................................    6 , 5 2 4  2 2 ,3 2 3
O ils :

M in e r a l :
G a s o l in e .................................................................................................  1 3 ,0 8 9  1 2 ,7 4 1
I U u m in a t in g ........................................................................................ 4 1 ,8 3 8  6 0 ,8 4 7
L u b r i c a t i n g ...........................................................................................  5 ,6 3 2  1 0 ,5 9 5
A l l o t h e r ............................................................................................ . . .  1 ,4 2 1

V e g e ta b l e :
C o r n ............................................................................................................ 1 ,2 6 7  3 0 ,4 0 9
C o t t o n s e e d ............................................................................................  6 , 3 7 6  1 0 ,5 0 6
L i n s e e d ......................................................................................................... 7 9  2 ,5 3 2
A l l o t h e r ............................   115 523

P a i n t s ,  p i g m e n t s ,  e t c ................................................................................ 3 , 0 4 9  1 0 ,0 7 2
P a p e r  a n d  m a n u f a c t u r e s .......................................................................  9 , 5 2 6  4 0 ,2 2 4
P e r f u m e r y ,  c o s m e t ic s ,  e t c ..............................................    6 , 5 7 5  8 ,6 3 2
S o a p  ( e x c e p t  t o i l e t ) .......................................................................................  7 8  5 ,4 6 0
S u g a r ,  r e f i n e d ...............................................................................................   8 , 9 4 8  1 5 ,5 6 5

(a )  N o t  s h o w n  in  1 9 1 4 .
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Im p orts of sugar from  B arb ad os h a ve  increased as 
a result of th e w ar, b u t th e  to ta l is n ot im pressive. 
T h e “ A sp h altu m  and b itu m en ,”  as g iven  in th e official 
sta tistics, is p ro b a b ly  all m an jack. T h e  fo llow ing 
ta b le  is for fiscal years:

P r o d u c t s  o k  B a r b a d o s  S o l d  i n  t h e  U n i t e d  S t a t e s  
A r t i c l e s  1914 1917

Asphaltum and bitum en.........................................   $ 3,241 $ 3,385
Copper, old, and clippings.....................   . . . .  7,115
Oils:

Fish and other anim al......................................    . . . .  269
Sugar and molasses:

M olasses.............................................................................  178,553 254,903
Sugar, cane........................................................................ 15 290,750

B R IT IS H  W EST IN D IE S—JAM AICA

B an an as oversh adow  all other products as a source 
of w ealth  in Jam a ica  in norm al tim es. T h e  disastrous 
hurricane in  1915 ga v e  th e in d u stry  a severe setb ack. 
N orm al exp orts of b an an as ap p roxim ate seven m illion 
dollars. N o other article  w as exp orted  in excess of a 
m illion dollars in  1914, b u t th e fo llow in g were shipped 
in  excess of half a m illion: sugar, logw ood ex tra ct, 
coffee, cacao, coconuts, and logw ood. O ther and 
ch aracteristic  products are rum , ginger, and an n atto . 
T h e m ineral and forest resources h a v e  n ot been m uch 
developed  and there is no m an u factu rin g to  sp eak  of. 
T h e  U n ited  S ta tes ta k es  a b ou t h alf th e  exp orts and 
furnishes abou t half the- im ports, E n glan d , th e  m other 
co u n try , being second in im p ortan ce in b o th  respects. 
Of th e  to ta l population  of m ore th a n  800,000, on ly  
a b ou t 16,000 are w hite.

T h ere  is n a tu ra lly  on ly  a v e ry  lim ited  m arket for 
chem icals and allied products. T h e  n ext ta b le  shows 
th a t th e principal im port, soap, com es alm ost exclu 
s iv e ly  from  E n glan d. T h e U n ited  S ta tes has an equal 
or b etter share in th e other l in e s ..

J a m a ic a n  I m p o r t s  o p  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s

A r t i c l e s  1912 1914(ö)
C h e m i c a l s ............................................................................................ $ 4 1 ,5 1 1  ------

U n i t e d  K in g d o m ...................................................................  22,882 . . . .
U n i t e d  S t a t e s ......................................................    17,339 . . . .

D r u g s  a n d  M e d i c i n e s   .................................... 183,983 $153,961
U n i t e d  K in g d o m ......................... . . ...................................... 81,324 . . . .
U n i t e d  S t a t e s . ........................................................................  90 ,468  . . . .

O i l s , M i n e r a l
N a p h t h a  a n d  g a s o l i n e   ............................................ 38 ,518  . . . .

U n i t e d  S t a t e s .........................................   38 ,294  . . . .
P e t r o l e u m .............................................................................................  179,087 232,891

U n i t e d  S t a t e s ........................................................................... 175,836 . . . .
O i l s , V e g e t a b l e

C o t to n s e e d  o i l  ( U .  S . ) ..............................................  108,611 74 ,920
P a i n t e r s '  C o l o r s  a n d  M a t e r i a l s .................................. 70,744 . . . .

U n i t e d  K in g d o m ...................................................................  47,507 . . . .
U n i t e d  S t a t e s ........................................................................... 20 ,994 . . . .

P e r f u m e r y ...................................................   62 ,048 . . . .
G e r m a n y .....................................................................................  6,555  . . . .
U n i t e d  K in g d o m ..................................................  22 ,318 . . . .
U n i t e d  S t a t e s ........................................................................... 30 ,873 ____

P e r f u m e d  S p i r i t s .........................................................................  19,957 . . . .
S o a p ,  C o m m o n .......................................................................................  205,142 168,673

U n i t e d  K i n g d o m ...................................................................  203,780 . . . .
S o a p ,  F a n c y ........................................................................................ 20 ,084 ____
P a p e r ,  P r i n t i n g   ...........................................................  39 ,604 . . . .

U n i t e d  K i n g d o m .   .........................................................  4 ,745  . . . .
U n i t e d  S t a t e s ........................................................................... 34,859 . . . .

P a p e r ,  W r i t i n g ,  S t a t i o n e r y . ............................................ 82,575 . . . .
U n i t e d  S t a t e s ............................................... .. 19,597 . . . .

P a p e r ,  O t h e r ;  M a n u f a c t u r e s  o f ..................................  124,159 . . . .
U n i t e d  S t a t e s ................................................................................  37 ,662 . . . .

G l a s s  a n d  G l a s s w a r e ..............................................................  65,737 ____
G e r m a n y .....................................................................................  12,809 . . . .
U n i t e d  K in g d o m .....................................................   27,754 . . . .
U n i t e d  S t a t e s ............................  24,196 . . . .
(a) Statistics available for only a few classes.

M ore details of th e  trad e  in A m erican  goods are show n 
,in th e ta b le  th a t follow s, w hich is a com pilation  from  
our ow n sta tistics  for th e fiscal years 1914 and 
1917.

A m e r ic a n  P r o d u c t s  S o l d  i n  J a m a ic a

A r t i c l e s  . 1 9 1 4  1917
B la c k in g ,  s h o e  p a s t e ,  e t c ............................................................ $  3 ,7 8 8  $  7 ,0 7 1
C e l lu lo id  a n d  m a n u f a c t u r e s .....................................................  2 6  2 ,1 2 4
C e m e n t ,  h y d r a u l i c .   ...................................................................  2 5 ,4 0 0  6 0 ,7 6 6
C h e m ic a l s ,  d r u g s ,  d y e s ,  m e d ic in e s :

A c i d s ....................................................................................................  3 , 0 2 2  4 ,6 9 8
C a lc iu m  c a r b i d e ........................................................................... 2 , 4 4 8  3 ,5 4 5
M e d ic in e s ,  p a t e n t  o r  p r o p r i e t a r y .........................................  4 8 ,4 8 5  5 2 ,1 9 1
P e t r o l e u m  j e l l y .................................................................................... 7 ,7 6 1  9 , 2 4 0
S o d a  s a l t s  a n d  p r e p a r a t i o n s ........................................................ ( a )  2 4 , 3 9 0
A l l o t h e r ..............................................................    3 6 ,7 0 9  9 0 ,6 3 5

E x p lo s iv e s :
C a r t r i d g e s ,  l o a d e d ...................................................................... 2 , 7 2 6  3 ,2 6 5
D y n a m i t e  *........................................................................ 1 ,0 4 6  3 ,8 5 5
A l l o t h e r ............................................................................................ 1 ,3 6 9  5 , 168-

F e r t i l i z e r s ..............................................................................................  1 ,2 8 1  1 3 ,8 9 4
F la v o r i n g  e x t r a c t s  a n d  f r u i t  j u i c e s .......................................  1 ,3 9 2  5 ,1 0 5
G la s s  a n d  g l a s s w a r e .......................................................................  1 5 ,9 2 2  4 0 ,8 1 0 *
G r e a s e :

L u b r i c a t i n g .....................................................................................  4 , 9 2 0  1 0 ,8 9 4
A l l o t h e r . . . ....................................................................................  3 7 5  951

I n d i a - r u b b e r  m a n u f a c tu r e s .............................    7 1 ,8 8 2  1 3 5 ,0 7 6
I n k ..............................................................................................................  2 , 0 3 2  3 ,6 2 8
N a v a l  s t o r e s ......................................................................................... 3 ,7 6 1  5 , 4 0 9
O i lc lo th  a n d  l i n o l e u m ...................................................................  3 ,7 3 1  5 ,3 6 5
O ils :

M in e r a l :
G a s o l in e .......................................................................................  4 5 ,2 2 2  1 0 5 ,7 6 5
I l l u m i n a t i n g ..............................................................................  1 9 6 ,7 6 5  1 3 9 ,0 1 1
L u b r i c a t i n g ................................................................................ 1 3 ,4 0 9  4 3 , 3 6 2

V e g e ta b l e :
C o r n . ....................................................   . . . .  1 2 0 ,1 3 7
C o t to n s e e d .................................................................................  1 6 2 ,2 5 2  7 3 ,6 2 5
L i n s e e d .........................................................................................  3 3 3  5 , 9 8 6
A ll o t h e r ....................................................................................... 6 9 6  2 7 ,3 4 8

P a i n t s ,  p i g m e n t s ,  e tc . :
R e a d y - m i x e d ..............................................................................   6 , 7 2 8  8 , 7 6 3
W h i t e  l e a d .......................................................................................  19 3 , 0 9 3
A ll o t h e r  ( in c lu d in g  c r a y o n s ) ............................................  1 0 ,0 4 6  3 0 ,6 1 5

P a p e r  a n d  m a n u f a c t u r e s . .........................................................  8 9 ,1 6 2  1 8 5 ,7 1 3
P e r f u m e r y  a n d  c o s m e t ic s ........................................................... 1 6 ,8 0 7  2 6 ,8 5 1
P h o t o g r a p h i c  g o o d s :

M o t i o n - p i c t u r c  f i lm s ................................................................  7 ,2 2 3  2 2 ,2 1 0
O t h e r  s e n s i t iz e d  g o o d s .....................   3 , 3 2 6  7 ,2 9 1

S a l t ......................................................................................................................................... 3 , 1 5 7
S o a p :

T o i l e t ...................................................................................................  1 4 ,7 8 4  1 7 ,3 8 7
A l l o t h e r ............................................................................................  1 ,4 5 4  1 3 ,0 9 2

S u g a r  a n d  m o la s s e s :
M o la s s e s ............................................................................................  51 4 ,7 9 3
S u g a r ,  r e f i n e d ................................................................................  2 5 ,9 7 0  4 6 ,3 0 5

(a) N o t shown iu 1914.

L ogw ood is now  an im p ortan t im port from  Jam a ica, 
b u t it  is th e on ly  one. T h e  im ports of essen tial oil 
are in terestin g, b u t th e  official sta tistics  do n ot th ro w  
a n y  lig h t on th e kind  or k inds included in th is to ta l. 
T h ere  is a sm all p la n t or tw o  for m akin g oil from  
orange peels.

J a m a ic a  P r o d u c t s  S o l d  i n  t h e  U n i t e d  S t a t e s

A r t i c l e s  1914 1917
Cacao, crude...................................................................... $102,660 $ 322,997
Chem icals...........................................................................  54 ,879- 116,982
Coconut meat (copra).................................................... 12 65 ,423
Dyewoods, in a crude state:

Logwood............................................................................. 269,272 1 ,118 ,334
A llo th er ..............................................................................  29 ,920  18,210

India-rubber scrap..........................................................  703 2 ,044
Oils: E ssential....................................................................   54,501 147,690
Sugar, cane..............................    17 197,373
Tanning materials: Mangrove bark..........................  15 26 ,339
W ax: Beesw ax.................................................................. . . . .  763

B R IT IS H  W EST IN D IE S— T R IN ID A D  AND TOBAG O

S ta tistics  of trad e  and prod u ction  a lw ays lum p th e 
returns from  T rin id ad  and T o b a g o , th e  la tte r  islan d 
b ein g of co m p a ra tiv e ly  little  im portan ce. T h e  p o p u 
latio n  of T o b a g o  is on ly a b o u t tw e n ty  th o u san d  as 
com pared w ith  th e  th ree hun dred and fifty  th o u san d  of 
T rin id ad . N egroes and E a st In dian s predom in ate.

T h e p rin cip al prod u cts are sugar, cacao, petroleum , 
asph alt, coconuts, and  m an grove b ark. M a n ja ck  
is m ined to  som e exten t. T h e  sugar production  in 
1915  am ounted  to  m ore th a n  five m illion dollars, all 
of w hich w en t to  E n glan d . C aca o  is a  v e ry  im p ortan t 
prod u ct, m ore th a n  six m illion dollars w orth being sold to  
th e U n ited  S tates, th e prin cipal custom er, in  1917. 
T h e  p rod u ct of th e  fam ous asp h a lt lake is well know n
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in  th e  U n ited  States, as m ost of th e ou tp u t conies to 
th is co u n try . T h e petroleum  fields are also a prim e 
source of w ealth.

In  sp ite of th e  co m p arative  w ealth  of th e  islands, 
how ever, th ere is n ot m uch of a m arket for chem icals 
or allied p roducts, as th e  first ta b le  fo llow ing shows, 
a lth ou gh  later figures, if availab le , w ould  p rob ab ly  
show  an increase in this respect. Soap, th e m ost 
im p o rta n t item , is im ported  chiefly from  E ngland.

I m p o r t s  o p  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  in t o  T r in id a d  a n d  
T o b a g o

A r t i c l e s  1912
M e d i c i n e s  ( N o n -A l c o h o l ic ) .......................................................................... $  7 2 ,9 2 5

U n i t e d  K i n g d o m ..............................................................................................  3 3 ,1 5 5
U n i t e d  S t a t e s ...................................................................................................... 2 6 ,2 7 9

O p iu m  a n d  G a n j a .............................................................................. . ...................  2 5 ,8 6 1
B r i t i s h  W e s t  I n d i e s ........................................................................................ 1 2 ,6 7 7

F e r t i l i z e r s .................................................................................................................... 9 2 ,3 1 3
U n i t e d  K i n g d o m ..............................................................................................  6 7 ,0 7 0
U n i t e d  S t a t e s ...................................................................................................... 9 , 8 5 5

S o a p ......................................................................................................................................  1 9 4 ,2 5 1
U n i t e d  K i n g d o m ...............................    1 7 2 ,9 8 5
U n i t e d  S t a t e s ...................................................................................................... 8 ,2 5 8

C a n d l e s ............................................................................................................................ 3 9 ,3 6 0
U n i t e d  K i n g d o m ..............................................................................................  2 6 ,5 8 1
U n i t e d  S t a t e s ..........................................................................................   3 , 4 9 4

P a i n t s  a n d  P a i n t e r s '  C o l o r s . . ...................................................................  4 1 ,9 9 8
U n i t e d  K i n g d o m ..............................................................................................  2 9 ,8 9 5
U n i t e d  S t a t e s ...................................................................................................... 4 , 5 5 0

P e t r o l e u m ...................................................................................................................... 1 1 9 ,2 4 9
U n i t e d  S t a t e s ...................................................................................................... 1 1 9 ,2 2 0

O l i v e  a n d  O t h e r  E d i b l e  O i l s ......................................................................  7 4 ,2 2 9
F r a n c e ......................................................................................................................  4 3 ,1 8 5
U n i t e d  S t a t e s ...................................................................................................... 1 3 ,2 0 3

P a p e r  a n d  S t a t i o n e r y ........................................................................................ 1 2 5 ,8 0 9
G e r m a n y ........................................r ....................................................................   6 , 5 0 2
U n i t e d  K i n g d o m ..............................................................................................  7 3 ,1 8 7
U n i t e d  S t a t e s ...................................................................................................... 1 7 ,5 5 3

G l a s s w a r e ..................................................................................................................... 4 9 ,4 5 3
G e r m a n y ..................................................................................   1 3 ,1 8 3
U n i t e d  K i n g d o m ..............................................................................................  2 2 ,3 8 1
U n i t e d  S t a t e s ...................................................................................................... 1 2 ,6 2 9

In  th e  n ext tab le , w hich shows im ports from  the 
U n ited  S ta tes, it  w ill be seen th a t there has been an 
increased dem and for chem icals from  th is co u n try  
since th e  w ar started , b u t th e  to ta l is re la tiv e ly  in 
significan t.

A m e r ic a n  P r o d u c t s  S o l d  i n  T r in id a d  a n d  T o b a g o  
A r t i c l e s  1 914  1917

B la c k in g ,  s h o e  p a s t e ,  e t c ...........................................................  $  2 ,1 7 3  $  3 ,8 4 1
C a n d l e s ...................................................................................................  7 ,2 5 4  1 4 ,5 3 0
C e m e n t ,  h y d r a u l i c ..........................................................................  1 9 ,5 4 3  8 0 ,3 7 3
C h e m ic a l s ,  d r u g s ,  d y e s ,  m e d ic in e s :

A c id s :
S u l f u r i c ......................................................................................... 2 3  8 ,4 3 2
A ll o t h e r ......................................................................................  4 0 3  5 ,1 8 5

C a lc iu m  c a r b i d e ..........................................................................  4 8 0  5 ,3 7 8
M e d ic in e s ,  p a t e n t  o r  p r o p r i e t a r y ...................................  3 0 ,8 4 1  3 4 ,7 5 5
P e t r o l e u m  j e l l y .   ..............................................................  1 .3 3 8  3 ,0 0 8
S o d a  s a l t s ,  a n d  p r e p a r a t i o n s  o f ...............................................  ( a )  2 3 ,9 2 3
A l l o t h e r ...........................................................................................  2 3 ,1 3 1  1 0 7 ,1 8 4

E x p lo s iv e s :
C a r t r i d g e s ,  l o a d e d ............................................................................  2 ,9 6 1  6 ,5 7 1
A l l o t h e r ................................................................................................... 2 , 0 3 8  2 ,6 6 4

G la s s  a n d  g l a s s w a r e ............................................................................  6 , 3 9 6  4 4 ,0 4 3
G r e a s e ......................................................................................................  2 , 9 6 4  8 ,7 1 0
I n d i a - r u b b e r  m a n u f a c tu r e s ......................................................  3 2 ,4 5 5  8 2 ,0 3 9
N a v a l  s t o r e s ...............................................................................................  4 , 6 5 4  7 ,3 5 2
O i lc lo th  a n d  l in o l e u m ..........................................................................  5 ,1 1 1  6 ,5 4 8
O ils :

M i n e r a l :
I l l u m i n a t i n g .............................................................................. 1 1 6 ,8 1 6  1 3 2 ,7 5 9
L u b r i c a t in g ,  e t c ............................................................................ 1 7 ,7 5 9  4 6 ,1 2 5
N a p h t h a s :

G a s o l in e .......................................................................................  2 1 ,6 7 3  4 ,4 2 0
A ll o t h e r ................................................................................. 66 . . . .

V e g e ta b l e :
C o r n . . . ................................................................................................... . . . .  1 8 ,2 3 6
C o t t o n s e e d ........................................................................................ 9 , 7 0 2  2 5 ,4 7 5
L i n s e e d .........................................................................................  331  5 ,6 8 8
A l l o t h e r .............................................................................................. 1 ,1 8 7  2 ,7 4 3

P a i n t s ,  p ig m e n t s ,  e tc . :
R e a d y - m ix e d  p a i n t s ........................................................................  2 ,7 8 9  5 ,5 6 0
V a r n i s h ...................................................................................................... 1 ,9 0 0  4 ,3 9 8
A ll  o t h e r  ( in c lu d in g  c r a y o n s ) ...................................................  4 , 5 7 2  1 0 ,0 6 7

P a p e r  a n d  m a n u f a c t u r e s .................................................................. 2 8 ,4 0 5  1 1 2 ,0 6 0
P e r f u m e r i e s  a n d  c o s m e t ic s ............................................................... 9 , 6 2 9  1 9 ,4 3 8
P h o t o g r a p h i c  g o o d s :  M o t i o n - p ic t u r e  f i lm s ..................  2 2 3  6 ,2 2 5
S o a p :

T o i l e t ..........................................................................................................  4 , 8 4 7  9 ,2 4 6
A l l o t h e r . . . ....................................................................................  5 4 4  2 3 ,1 7 5

S u g a r ,  r e f i n e d ............................................................................................. 7 ,9 4 2  3 7 ,6 6 4
( a )  N o t  s t a t e d  s e p a r a t e l y  in  1914 .

T h e n ext ta b le  show s th a t  our purchases of asphalt 
from  T rin id ad , a lthough loom ing large in th e popular

im agin ation , are a v e ry  poor second to  our ta k in g s  o f 
cacao, w hich are rea lly  of prim e im portan ce. T h e  item  
“ C hem icals, e tc .”  is large enough to  be in terestin g, 
b u t it  is n ot to  be accou n ted  for b y  a s tu d y  of th e 
prod u cts of th e  islands, and  p ro b a b ly  gets its  im 
portan ce from  th e  fa c t  th a t  som e prod u cts of th e m a in 
lan d  are shipped b y  w a y  of P o rt of Spain, T rin id a d . 
T o n k a  beans, w hich are included  under chem icals in 
A m erican  sta tistics, h ave been im ported  from  V en ez
uela for m an y years, cured, and th en  reshipped.

T r in id a d  a n d  T o b a g o  P r o d u c t s  S o l d  i n  t h e  U n i t e d  S t a t e s  
A r t i c l e s  1914 1917

A s p h a l tu m  a n d  b i tu m e n ..........................................  $ 433,208 $ 565,960
Cacao, crude.................................................................  4 ,8 9 1 ,5 7 4  6 ,3 1 1 ,4 9 6
Chemicals, e tc ....................................................................  635,290 188,722
Copper ore.....................................................................    5,955
Coconut meat (copra).........................................   493 165,051
Glass and glassware................................................... 4 ,225  950
India rubber:

B alata ................................................................................  24,555 2 ,318
India rubber..........................................................    1,258
Scrap...................................................................... .. . 65 307

Oil: Crude mineral..........................................................  297,603 146,429
Sugar, canc...................................................................  36 210,653
Tanning materials: Mangrove bark...................    226

D U T C H  W EST IN D IE S

T h e D u tch  W est Indies consist of th e islan d of 
C u racao  and five sm aller islan ds, th e to ta l p o p u la 
tion  of w hich is not m ore th a n  s ix ty  th o u san d , m ostly  
colored. T h ere are no prod u cts of great im p ortan ce, 
although th e exp orts of straw  h ats to  th e  U n ited  
S ta tes h ave reached as high as one hundred and fifty  
thousan d  dollars. There is sm all exp o rtatio n  of 
aloes for chem ical use, d iv i-d iv i, and gold.

T h e  v e ry  lim ited  im p ortation  of chem icals and  
allied products is show n in th e  fo llow in g ta b le  for 19 13 , 
th e la test y ea r for w hich sta tistics  are ava ila b le :

I m p o r t s  o p  C h e m ic a l s  a n d  A l l i e d  P r o d u c t s  in t o  t h e  D u t c h  W e s t  
I n d i e s

I m p o r t s  f r o m
T h e O t h e r

A r t i c l e s N e t h e r l a n d s C o u n t r i e s

C h e m ic a l s  a n d  D r u g s ........................... $ 1 3 ,1 6 2
C o l o r s  a n d  D y e s ....................................... ..............................  3 , 3 1 2 7 ,8 1 5
P e r f u m e r y ...................................................... ..............................  787 1 7 ,7 4 1
S o a p ........................................................................ 1 3 ,8 5 5
S t e a r in  C a n d l e s ........................................ 4 , 2 0 4
O t h e r  C a n d l e s ............................................ 7 9 0
O i l s :

G a s o l in e ......................................................... 8 , 9 3 8
P e t r o l e u m ..................................................... 1 9 ,9 6 8
L i n s e e d ........................................................... 3 , 9 6 3
O th e r  s o r t s ................................................... ..............................  1 , 1 1 8 1 1 ,2 0 6

M a t c h e s ............................................................. 2 , 1 7 1
G l a s s  a n d  G l a s s w a r e ........................... 4 , 2 6 0

W e s t  I n d i e s

T h e n ext ta b le  show s th a t  th ere has been an increase 
in  th e  im ports from  th e  U n ited  S ta tes since the w ar 
started :

A m e r ic a n  P r o d u c t s  S o l d  i n  t h e  D u t c h  
A r t i c l e s

C e m e n t ,  h y d r a u l i c .......................................................... .....................
C h e m ic a ls ,  d r u g s ,  d y e s ,  m e d ic in e s :

M e d ic in e s ,  p a t e n t  o r  p r o p r i e t a r y .........................................
A ll o t h e r .................................................................................................

E x p lo s iv e s ...................................................................................................
G la s s  a n d  g l a s s w a r e .............................................................................
I n d i a - r u b b e r  m a n u f a c t u r e s .  .......................................................
N a v a l  s t o r e s ..............................................................................................
O ils :

M in e r a l :
I l l u m i n a t i n g ....................................................................................
L u b r i c a t i n g ......................................................................................
G a s o l in e .............................................................................................

V e g e ta b l e :
C o r n ......................................................................................................
C o t to n s e e d .......................................................................................
L i n s e e d ...............................................................................................
A ll o t h e r ............................................................................................

P a i n t s ,  p i g m e n t s ,  e t c ..........................................................................
P a p e r  a n d  m a n u f a c t u r e s ..................................................................
P e r fu m e r ie s ,  c o s m e t ic s ,  e t c ............................................................
S o a p :

T o i l e t ......................... ............................... .................... ........................
A ll o t h e r ..................... ...........................................................................

S u g a r ,  r e f i n e d ...........................................................................................

191 4 1917
$ 4 , 7 0 4 $ 4 6 ,3 3 7

4 ,5 6 2 4 ,5 6 1
6 ,0 7 4 1 5 ,3 8 9
1 ,1 2 8 7 ,2 0 5
2 ,3 6 6 1 4 ,0 6 2
2 , 0 7 0 1 3 ,2 8 3

9 5 8 2 ,5 6 3

2 0 ,6 5 0 2 8 ,9 4 6
1 ,6 4 9 4 ,1 2 2

1 2 ,0 9 4 5 7 ,5 2 5

2 ,1 4 0 7 ,1 3 9
3 ,2 2 8 6 ,8 1 5

27 3 5 ,5 5 7
63 7 1 ,8 2 7

2 ,7 2 3 7 ,8 2 9
3 ,0 5 7 1 4 ,1 2 0
1 ,5 5 7 4 , 8 7 2

3 ,2 5 2 4 ,8 5 R
90 5 1 0 ,9 3 7

3 ,3 7 7 1 6 ,8 4 1
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T h e ta b le  th a t follow s shows th e  ch ara cter of m a
teria ls im ported  into  th is co u n try  from  th e  colony. 
I t  is an interestin g fa c t th a t  th e  liqueur called  “ C u ra 
c a o ”  is rea lly  m an u factu red  in H olland, a lth ou gh  th e 
orange peel th a t  g ives it  its  peculiar flavor is supplied  
on ly  from  C uracao.

D u t c h  W e s t  I n d i e s  P r o d u c t s  S o l d  i n  t h e  U n i t e d  S t a t e s

A r t i c l e s  1914 1917
Cacao, crude....................................................................................  . . .  $ 15,449
Chemicals, drugs, dyes, medicines:

G um s........................................................................................  $56,051 87 ,498
All other.......................................................................................  . . .  102,897

Copper, old, and clippings......................................................... 246 2 ,904
Dyewoods in a crude state:

Logwood.......................................................................................  . . .  . . . .
A llo th er .................................................................................... 12,515 5 ,002

Fertilizers.......................................................................................  6 ,683  9 ,414
S a lt...............................................................................   12,287 8 ,854
Sugar, cane......................................................................................  . . .  4 ,300
Tanning materials: Mangrove bark......................................  . . .  6 ,256

FR EN C H  W EST IN D IE S

T hese French  possessions consist of G uadeloupe, 
w ith  a num ber of m uch sm aller islands, and M a r
tin ique.

T h e  to ta l p o pu lation  of G uadeloupe is n ot more 
th a n  th irty -fiv e  thousan d, and sugar and rum  are 
th e  o n ly  p roducts n orm ally  exp orted  to  th e va lu e  of 
m ore th a n  a m illion dollars. Im p orts  of chem icals 
are n ot im p ortan t. In  th e  fo llow ing ta b le  th e  item s 
“ chem icals”  and “ cottonseed  oil”  are th e  o n ly  ones 
exceedin g a hundred th o u san d  dollars in va lu e, 
th e form er p ro b ab ly  in clu d in g fertilizers, w hich  are 
used to  som e exten t in  th e cane fields. T h ese are th e  
la te st official figures from  th e  a u th orities of th e 
islands:

I m p o r t s  o p  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  i n t o  G u a d e l o u p e  a n d  
D e p e n d e n c i e s

A r t i c l e s  1 9 1 3  191 4
C h e m ic a l s ............................................................................................ $ 1 4 2 ,7 1 4  $ 2 0 3 ,6 0 5

U n i t e d  S t a t e s ........................................................................... 688  5 4 9
D y e s , P r e p a r e d .............................................................................. 9 8 8  130
E x p l o s i v e s .................................................................................................  1 ,6 6 1  1 ,4 0 4
M e d i c i n e s , P r e p a r e d .............. ' ...............................................  1 0 ,6 0 7  3 0 ,4 4 8

U n i t e d  S t a t e s ........................................................................... 6 2 3  2 0
R o o t s , H e r b s , S e e d s .......................................................................... 1 ,1 0 7  2 2 4
P a i n t s , C o l o r s , V a r n i s h e s ......................................................... 1 2 ,3 4 4  9 ,2 3 2

U n i t e d  S t a t e s ........................................................................... 6 1 5  4 2 9
P e r f u m e r y .................................................................................................  5 , 6 3 5  2 2 ,6 8 1
S o a p , C o m m o n ................................................................................... 3 5 ,8 9 1  3 6 ,1 6 3
C a n d l e s ................................................................................................. 2 7 ,3 5 3  3 0 ,6 0 2
O i l s , M i n e r a l .................................................................................. 4 2 ,4 3 7  5 2 ,2 1 8

U n i t e d  S t a t e s ...............................................   3 8 ,6 7 9  5 1 ,4 5 5
O i l s , V e g e t a b l e :

C o t to n s e e d  o i l ............................................................................... 1 4 0 ,1 3 2  1 3 2 ,8 2 1
U n i t e d  S t a t e s ........................................................................... 1 4 0 ,1 3 2  1 3 2 ,8 2 1

O t h e r  o i l s .........................................................................................  3 5 ,3 6 4  5 8 ,0 2 3
P a p e r , C a r d b o a r d , a n d  M a n u f a c t u r e s  o p   2 3 ,3 0 0  2 6 ,3 2 7

U n i t e d  S t a t e s ........................................................................... 2 9 6  48 3
G l a s s  a n d  G l a s s w a r e ..............................................................  2 0 ,8 9 2 .  1 5 ,5 5 5

U n i t e d  S t a t e s ........................................................................... 8 9 3  3 1 8

T h e  p o pu lation  of M artin iq u e is n early  tw o  hun dred 
th o u san d , of w hich co m p a ra tiv e ly  few , h ow ever, are 
w hites. T h e  cane products, sugar and rum , are of 
considerable im p ortan ce, th e exp orts of th e  form er 
am ou n tin g to  four and a h alf m illion in  1915  and of 
th e  la tter , th ree m illion. C acao  is exp orted  to  th e  
ex te n t of ab ou t a q u arter of a m illion an n u ally . W ar 
prices h a ve  b rou gh t p rosp erity  to  th e  island.

“ C h em icals”  and cottonseed  oil are th e prin cipal 
exp orts th a t can  be considered in  th is  article. “ C h em 
ica ls”  u n d o u b ted ly  include th e  im p o rta n t im ports 
of fertilizers, w hich com prise am m onium  sulfate, 
potash , superphosphate, and guano. O rdin arily  P ran ce

furnishes som ew h at more, th a n  h alf th e  to ta l im ports, 
w ith  th e  U n ited  S ta tes second, b u t th is condition  has 
been reversed since th e  w ar sta rted . T h e  fo llow in g 
ta b le  con tain s such details as are a va ila b le  for 1913 
and 1914:

I m p o r t s  o p  C h e m ic a l s  a n d  A l l i e d  P r o d u c t s  i n t o  M a r t i n i q u e

A r t i c l e s  1 9 1 3  191 4
C h e m i c a l s ............................................................................................  $ 4 2 4 ,3 7 7  S 4 6 7 .6 3 9

U n i t e d  S t a t e s ...........................................................................  8 3 ,8 9 7  3 0 ,1 2 6
D y e s , P r e p a r e d ..............................................................................  162 183
E x p l o s i v e s ..........................................................................................  1 ,5 2 0  2 ,0 2 7
M e d i c i n e s , P r e p a r e d ................................................................  1 8 ,7 9 0  1 2 ,9 0 6

U n i t e d  S t a t e s ...............................................   6 0  9 3
R o o t s , H e r d s , S e e d s ..................................................................  1 ,3 1 1  1 ,0 8 2
P a i n t s , C o l o r s , V a r n i s h e s ................................................... 1 4 ,7 9 8  1 2 ,1 2 3

U n i t e d  S t a t e s ........................................................................... 3 1 9  4 5 2
P e r f u m e r y ..........................................................................................  8 , 0 6 9  7 ,2 0 4
S o a p , C o m m o n ...................................................................................  3 0 ,1 8 7  3 2 ,5 0 8
C a n d l e s .................................................................................................  2 1 ,4 2 4  1 3 ,2 7 9
O i l s , M i n e r a l ..................................................................................  5 0 ,3 7 3  4 5 ,4 8 9

U n i t e d  S t a t e s ...........................................................................  4 5 ,3 7 1  4 0 ,0 5 5
O i l s , V e g e t a b l e :

C o t to n s e e d  o i l ...............................................................................  1 3 2 ,4 4 9  1 6 3 ,9 2 6
U n i t e d  S t a t e s ...........................................................................  1 3 1 ,4 8 6  1 6 3 ,9 2 6

O t h e r  o i l s .......................................................................................... 2 4 ,6 3 0  2 9 ,2 8 4
P a p e r , C a r d d o a r d , a n d  M a n u f a c t u r e s  o f . . . .  2 6 ,4 9 2  2 9 ,6 8 5

U n i t e d  S t a t e s ...............................................................   5 1 7  5 7 4
G l a s s  a n d  G l a s s w a r e ............................................................... 1 9 ,8 3 0  1 6 ,1 3 7

U n i t e d  S t a t e s .......................................................................   5 0 6  8 6 9

In  th e  A m erican  sta tistics  th e  French  possessions 
in th e  W est Indies are grouped togeth er, and  th e  n ext 
ta b le  show s th e  im ports of A m erican  chem icals and 
allied p rod u cts into  G uadeloupe and  depen dent 
islands, and M artin iq u e. T h e  m ost im p o rta n t item s 
are cotton seed  and corn oil, “ A ll other ch em icals,”  
and fertilizers. I t  w ill be seen th a t th e A m erican  
share of th e  fertilizer tra d e  Is increasing.

A m e r ic a n  P r o d u c t s  S o l d  i n  t h e  F r e n c h  W e s t  I n d i e s

A rticles 1914 1917
Candles........................................................... ! ......................  $ 173 $ 8 ,520
Cem ent, hydraulic...............................................................  7 ,167 31 ,140
Chemicals:

Acids:
Sulfuric............................................................................ 6 ,4 0 0  2 ,0 0 0
O ther................................................................................   378

M edicines, patent or proprietary.............................. 731 1,215
Soda salts, and preparations o f ................................  (a) 8 ,168
A llo th er .............................................................................. 4 ,1 6 9  111,678

Explosives............................................................................... 828 104
Fertilizers (except phosphate rock)..............................  26 ,683 92 ,376
Glass and glassware............................................................  1,091 11,304
G lucose...............................................................................   8  4 ,8 7 6
Grease..........................................    785 4 ,409
India-rubber m anufactures.  .......................................  2 ,3 3 4  27,976
M atches...................................................................................  . . . .  12,095
N aval stores...........................................................................  389 2 ,595
Oilcloth and linoleum ......................................................... 382 4 ,2 6 0
Oils:

M ineral:
Gas and fu el............................................................   436 5 ,048
G asoline..................................................................   7 ,435  61 ,695
Illum inating.................................... , ...............   51 ,827 71,903
L u b ricatin g .................................................................. 5 ,865  20 ,652

Vegetable:
Corn.................................................................................  5 ,526  121,875
Cottonseed..................................................................... 266,887 374,382
Linseed............................................................................ 52 11,332
Other fixed..................................................................... 126 3,031

Paints, pigm ents, etc.:
W hite lead ...............................    . . . .  4 ,485
All other (including c r a y o n s ) .. .. ..............................  1 ,464 13,088

Paper......................................................................................... 773 14,674
Soap (except to ile t)............................................................. 263 49 ,333
Sugar and m olasses.............................................................  505 28 ,870

(a) N o t shown in 1914.

O f th e  im ports from  th e islands, va n illa  beans alone 
are of sufficient im p o rta n ce  to  m erit a tten tio n , as th e 
fo llow in g ta b le , for fiscal yea rs, show s:

F r e n c h  W e s t  I n d ia n  P r o d u c t s  S o l d  i n  t h e  U n i t e d  S t a t e s

A r t i c l e s  1914 1917
Chemicals, drugs, dyes, medicines:

Vanilla beans............................................................................  $42 ,346 $76,338
A llo th er ................................................................................... 2 ,332  1,294

Oils, e ssen tia l. .......................................................................... 2 ,823  6 ,090
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ORIGINAL PAPERS
EFFECT OF PHOSPHINE AND HYDROGEN SULFIDE ON

THE OXIDATION OF AMMONIA TO NITRIC ACID1
B y G u y  B. T a y l o r  a n d  J u l i a n  H .  C a p p s  

Received July 31, 1918

In  a recen tly  published p a p e r2 it  has been shown 
th a t a cety len e  gas derived  from  com m ercial carbide 
has a m arked  deleterious effect on th e oxidation  of 
am m onia to  n itric  acid  b y  c a ta ly tic  p latinum . F u rth er 
experim ents h a ve  show n th a t th is effect is to be ascribed 
to  im purities in th e  acetylen e rather th a n  to  acetylen e 
gas itself. L u n ge and K ea n e3 sta te  th a t th e com m on 
im purities present in acetylen e are hydrogen  sulfide, 
phosphine, am m onia, carbon , m onoxide, hydrogen, 
m ethan e, n itrogen , and oxygen. Silicon hyd rid e m ay 
also be present in m inute q u an tity . C ap ta in  G . A . 
P erley  and  M r. J. D . D av is, of th is B ureau, from  ex
perim en t and  ob servation  on com m ercial am m onia 
con verters oxid izing cyan am ide am m onia, stron gly  
susp ected  phosphine as th e  activ e  poisoning agent. 
A s a result, th e  present in vestigation  w as u n dertaken  
to  secure d a ta  on th e  effects of phosphine and 
of h yd ro gen  sulfide.

T h e  ap p aratu s and experim ental m ethods h a ve  been 
p rev io u sly  described .4 T h o ro u g h ly  a ctiv ated , pure 
p la tin u m  gauzes were used, 0.0026 in. diam eter wire, 
80 w ires to  linear inch.

P U R IF IE D  A C ET Y L EN E

T o  free acety len e  from  im purities th e  gas w as passed 
th ro u g h  a tra in  of wash b ottles con tain in g solutions 
as fo llow s: C opp er su lfate, acid  cuprous chloride,
50 per cen t n itric  acid , alkalin e sodium  h yp o ch lorite , 
and  sodium  hydroxide. T h e purified gas w as co l
lected  in a large b o ttle  and allow ed to  stan d  over 
n igh t in c o n ta ct w ith  sodium  hypochlorite solution. 
T h io su lfa te  w as added to  ta k e  care of a n y  free chlorine 
th a t  m ight h a ve  been evolved , and copper su lfa te  to  
precip ita te  h yd ro gen  sulfide derived  therefrom . T h is 
purified acety len e  w as used in a short run of ab ou t 2 
hrs., during w hich th e  concen tration  in th e am m onia- 
air m ixture w as gra d u ally  raised to  abou t 0 .4  per 
cent. T h ere w as no n oticeable effect on th e gauze 
excep t a rise in th e tem perature, and th e yields were 
quite sa tisfa cto ry . E xam in ation  of th e gauze after 
th e  run show ed it  had suffered no change and had 
th e  ch aracteristic  g ra y  appearance of an a ctiv e  gauze.

P H O SP H IN E

Phosphine w as prepared b y  h eatin g yellow  ph os
phorus w ith  sodium  hyd ro xid e solution. Th& gas 
was collected  in b o ttles in w hich it  was trea ted  w ith 
h yd ro ch loric  acid  to  free it  from  th e self-inflam m able 
v a r ie ty . T h e  acid  w as then  n eutralized  w ith  strong 
alkali. '

In  th e  p relim in ary  experim ents a gas was used con
ta in in g  23 per cen t PH3 as determ ined b y  absorption

1 Published by permission of Director, U. S. Bureau of Mines.
1 T h i s  J o u r n a l ,  10  ( 1 9 1 8 ) ,  5 4 7 .
1 "Technical M ethods of Chemical Analysis,” III, 2 , 587.
< Taylor and Capps, Loc. cit.

in a solution  of copper su lfate. T h e rest w as pre
su m a b ly  h ydrogen . T h is w as fed  into th e  am m onia- 
air m ixture at a rate  of ab ou t 10 cc. a m inute for 2 
m in., corresponding to  ab ou t 25 p arts P H 3 per m il
lion. T h e electrica lly  h eated  gauze b lackened  im 
m ed iately . A fter  sh u ttin g  off th e  phosphine th e 
gauze cleared in  5 m in. T h e  ra te  was th en  va ried  and it  
was foun d th a t  10 parts per m illion w as sufficient to  
cause b la ck  areas to  appear on th e gauze. A  to ta l 
of 590 cc. of th e ph osphin e-hydrogen  m ixture w as 
fed  into  th e  system , reachin g a final concen tration  
of 0 .0 7 per cen t in th e  gases passing to  th e  oxidizer. 
T h e  gauze w as b la ck  n ea rly  all over m ost of th e tim e. 
E xam in ation  of th e  i gauze a fter th e run show ed in a 
pronounced w a y  th e  sam e appearance as th e  gau ze 
th a t  had been run w ith  im pure acety len e. It  w as 
b rittle  and  pulled a p art even  th o u gh  carefu lly  handled .

Q u a n tita tiv e  experim ents were th en  u n dertaken , 
using another gauze from  th e  sam e sheet, in  order to  
determ ine th e  lim it con cen tratio n  of phosphine a l
low able.

Phosphine, P H a, prepared as above, w as d ilu ted  w ith  
air in a sm all m etal gas holder w hich w as w ater-sealed. 
T h is  gas m ixture w as led into  th e  am m onia-air feed 
line th ro u g h  6 ft. of brass tu b in g , w hich  form ed th e  
d elivery  pipe of th e  gas holder, at rates w hich should  
h ave added phosphine in am ounts b etw een  0.4 and 4 
parts per m illion of th e  gas en terin g th e  oxidizer. T h e  
efficien cy o f oxidation  w as not m odified b y  th is  to  th e  
exten t th a t  th e  p relim in ary  te sts  had in d icated .

On exam ination , how ever, it w as found th a t  th e  
phosphin e in th e  gas holder decreased ra p id ly  on sta n d 
ing over w ater. Furtherm ore a t  th e conclusion  of th e  
tests, th e  brass d elivery  tu b e  of th e  gas holder w as 
corroded and it seem ed certain  th a t  a fu rth er portion  
of th e  phosphine w as d estro yed  in  passin g th ro u g h  it. 
On accoun t of these kn ow n  sources of error, th e  rath er 
incon sistent results of th ese te sts  w ere discarded.

T h e  phosphine m ixtures a lw ays contain ed h y d ro 
gen. W hile it  did n ot appear probable th a t h y d ro 
gen could h a ve  a n y  deleterious effect, p relim in ary  
of th e  ab ove tests, e lectro ly tic  gas from  electrolysis 
to  sodium  hydroxide solution  w as in troduced  and 
foun d to be w ith o u t effect up to  on e-tenth per cen t 
hydrogen  in th e  am m onia-air feed.

A t  ab ou t th is  tim e actual trials w ith  added ph os
phine m ade b y  L ieu t. B ru sh  a t C ap ta in  P e r le y ’s d irec
tio n , show ed th a t  ev en  tw o or th ree p arts of phosphine 
per hun dred m illion of m ixed gases were serious in 
p lan t operation.

Therefore, a second series o f tests w as m ade using 
special precaution s to  insure th e  phosphine added 
a ctu a lly  reachin g th e  gauze. T h e m etal gas holder w as 
varn ished  inside, a glass d elivery  tu b e  arran ged, and th e  
phosphine-air m ixture confined w ith  an oil seal. 
T h e  gas cam e in co n tact w ith  no m etal or 
w ater and did n ot v a r y  in phosphine con 
cen tration  from  d a y  to  d a y . A b o u t 200 cc. of 20 
per cen t PH3 w as d iluted  in th e  gas holder to  a b o u t
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60 liters. T his was d ilu ted  tw ice during th e tests 
w ith  an equal volum e of air.

T a b l e  I — E f f e c t  o p  P h o s p h i n e

Cu. ft. PHa-air Composition of Yield
air mixture NHa-air mixture HNO j

T est per Cc. per PHj NHa P. p. m. per
N o. D ate Time hr. min. per cent per cent P Ha cent

July 16 10:55 170 0 0
458 July 16 11:25 170 0 9 .74 0 9 Ü 5

July 16 11:30 170 55 o !Ô5 0 .3
459 July 16 11:45 180 60 0 .05 9^80 0 .3 9 .5

July 16 11:47 180 0 0
460 July 16 12:45 180 0 9 .22 0 92 .4

July 16 1:47 180 25 o !Ô5 0 .14
461 July 16 1:05 170 25 0 .05 9 .22 0 .1 4 53 !o

July 17 12:50 170 0
July 17 1:00 170 25 0.024

462 July 17 1:30 170 25 0.024 1ÔÜ 0.07 7  i r 0
July 17 1:35 170 12 0.024 0 .03

463 July 17 2:10 180 12 0.024 l6! 15 0 .03 87 ‘.5
464 July 17 3:00 185 12 0.024 9 .73 0.03 85 .8
465 July 17 3:35 165 12 0.024 9 .8 0 0 .03 85 .2

July 18 2:00 185
July 18 2:08 185 25 0 .* 024 0 .0 6

466 July 18 2:35 185 25 0 .024 10*25 0 .0 6 7Ü 5
July 18 2:40 180 12 0.024 0 .03

467 July 18 3:15 200 12 0.024 9.‘ 85 0 .03 86 ! 5
468 July 18 3:35 165 12 0.024 9 .9 5 0 .03 86 .2

July 19 9:45 165 0
469 July 19 10:20 165 0 10.3 8 9 15

July 19 10:25 165 25 o!Ô13 o!035
470 July 19 11:08 165 29 0.013 9 .8 0 0 .0 4 8CK3

July 19 11:10 165 50 0.013 0 .07
47 i July 19 11:45 170 50 0.013 9 .3 0 0.07 76 .5

T h e gas in th e holder w as an a lyzed  ev e ry  d a y  in 
d u p licate  b y  oxidation  of 2 liter sam ples w ith  sodium  
h yp o ch lorite . T h e h yp o ch lorite  solution  w as stro n gly  
acidified w ith  n itric  acid  and boiled dow n to  a sm all 
vo lu m e to  elim inate chlorine. T h e  ph osph ate w as 
th en  p recip itated  w ith  am m onium  m o lyb d a te  and 
determ in ed vo lu m e trica lly  w ith  N /20  N aO H , ta k in g  
a ll th e usual precautions in th is w ell-kn ow n  procedure. 
T h e alkali w as stan dardized  again st a k n ow n  ph os
p h a te  solution. W e feel confident th a t th e  ca lcu lated  
phosphine concen trations g iven  in p a rts  per m illion in 
T a b le  I were a ctu a lly  present in th e  am m onia-air m ix
tu re to  =*=10 per cent.

T h e rate of flow  of th e  am m onia-air m ixture was 
a b o u t 90 liters a m inute. T h e phosphine-air m ixture, 
less th a n  0.1 per cent PH3, was fed  in a t rates from  o 
to  60 cc. a m inute.

D u rin g th ese te sts  th e  electric  current of 115  to  
140 am peres w as n ever cut off, even  m om en tarily , w hile 
ph osphin e was being adm itted .

In  connection  w ith  these tests, an a ttem p t w as 
m ade to  determ ine th e phosphine con cen tratio n  in 
th e  am m onia-air m ixture d ire ctly  b y  a p p licatio n  of 
th e nephelom etric reagen t of K o b er and E g e re r ,1 
m olyb d ate strych n in e solution, for ph osphates. B y  
oxidation  of a 2-liter sam ple w ith  h yp o ch lorite  we 
were able to  d etect 1 part in a m illion w here silver 
n itra te  te st paper show ed nothin g. Q u a n tita tiv e  
results could  h a rd ly  be expected.

F a ir  results were ob tain ed  n ep h elom etrica lly2 in 
th e  analysis of acety len e and gas con tain in g ab o v e 
0 .0 2 per cent P H 3.

T h e  results presented  in T a b le  I show  th a t 2 or 
3 p arts phosphine in a hundred m illion u n do u b ted ly  
reduce th e y ield . T h e results are consistent th ro u g h 
o u t. T h e  gauze, w h ich  h ad  been used in  previous

' J . Am . Chem. Soc.. 37 (1915), 2373.
2 The ncphelometer was on the Richards principle adapted to a D ii- 

boscq colorimeter. This instrument was kindly placed at our disposal 
by Dr. W. M . Clark of the Department of Agriculture.

tests, w as u n d o u b ted ly  not in th e  best of con d itio n , as 
show n b y  efficiencies ta k e n  w hen no phosphine w as 
present. T h is poin ts to  cu m u la tiv e  poisonin g of th e 
p latinum .

Several n ephelom etric analyses of th e  a cety len e 
gas generated  from  th e  sam e lo t of carbide used in 
our experim ents w ith  th is gas, show ed 0 .0 2 -0 .0 3  
per cen t P H 3. T h ese analyses were confirm ed b y  
passin g 23 liters of acetylen e th rough  sodium  h y p o 
chlorite solution  in a F riedrich  spiral w ash b o ttle  
in 16 hrs. T h e  ph osph ate w as determ in ed  gra vi- 
m etrica lly  and calcu lated  0.0226 per cen t PH3. A s
sum ing a v a lu e  of 0.02 per cent P H 3 in th e acetylen e 
used in  th e  earlier experim ents w here 0.02 per cen t 
a cety len e  in th e am m onia-air m ixture caused a  drop 
of 2 or 3 per cen t in  th e y ield  and o. 1 per cen t a drop 
of 25 or 30 per cent, corresponding to  4 and 20 p a rts  
PH3 per hun dred  m illion, resp ectively , th e  results 
w ith  acety len e  are accoun ted  for on th e basis of p h os
phine alone.

H Y D R O G EN  SU L F ID E

H ydrogen  sulfide generated  in a K ip p  from  ferrous 
sulfide and d ilute sulfuric acid  w as m easured into 
th e feed line th rough  a w ater w ash b o ttle  and th e  flow 
m eter. T h e  results are g iven  in T a b le  II  and show  
th a t  H 2S has no deleterious effect in con cen tration s 
approach in g 0 .1  per cent. T ests were m ade on th e  
sam e gauze used w ith  phosphine.

T a b l e  II — E f f e c t  o f  H y d r o g e n  S u l p i d e  o n  A m m o n ia  O x id a t io n

T e s t
N o. Time Date

Cu. ft. 
air 
per 
hr.

Am
peres

Intake Gas Yield 
N H j HjS HNOa 

per cent per cent per cent
1:30 June 20 165 130 0

447 1:46 June 20 165 130 1 ô ! i 2 0 9 Ï .5
1:48 June 20 160 130 0 .02

448 2:00 June 20 160 130 1ÔIÔ7 0.02 9 3 .0(a)
2:02 June 20 160 130 0 .0 4

449 2:33 June 20 155 130 9 .6 6 0 .0 4 94 .’3 (a)
2:35 June 20 160 130 0 .07

450 2:47 June 20 160 130 9 .6 2 0 .07 95.’0(a)
(a) N o t corrected for H2SO4 formed.

SUM M ARY

I— P u re a cety len e  has no effect on th e  c a ta ly tic  
actio n  of p latin u m  in oxid izing am m on ia  to  n itric  
acid.

II— H yd rogen  sulfide in sm all con cen tratio n s has 
no im m ediate to x ic  effect.

I I I — P hosphine to  th e  ex te n t of 2 or 3 p arts per 
hun dred  m illion in th e  am m onia-air m ixtu re affects 
th e y ie ld  several per cen t; 20 to  30 parts are ruinous.

I V — It  has been show n th a t phosphine is a suffi
c ien tly  a ctiv e  poison to  a ccou n t for previous resu lts 
o b ta in ed  w ith  crude acety len e. I t  seem s certain  
th a t th e  d ifficu lty  of oxid izin g cyan am id e am m onia 
w ith high efficien cy is due to  its phosphine con ten t.

V — I t  seem s prob ab le th a t  phosphine has to  som e 
exten t a cu m u la tiv e  action , since th e p la tin u m  a p 
pears to  becom e less efficient w ith  use.

A C K N O W LED G M EN T

T h e w ork  described in th is rep o rt w as done under 
th e  general d irection  of th e  chief chem ist of th e  
B ureau  of M ines, D r. C has. L. Parsons.

B u r e a u  o f  M i n e s  
W a s h in g t o n , D. C.
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SOM E NOTES ON ACETYLSALICYLIC ACID
B y  H e n r y  L .  D a h m  

R e c e iv e d  M a y  2 7 , 1918

R e ce n t p u b lica tio n s1 h ave b rought to ligh t th e 
d ifficu lty  of ob tainin g true accurate m elting points 
of bodies w hich decom pose during the progress of 
th e  test, p a rticu la rly  in  th e  case of a cety lsa licy lic  
acid .

T h e  fo llow in g m odification of th e m ethod described 
in  th e  U. S. P . has been used for the past year in 
th is  la b o ra to ry  and gives consistent checking results 
b y  different operators.

A  sketch  illu strates the apparatu s used. I t  con
sists  of a 250 cc. C 0 2 flask filled w ith  paraffin oil, 
stirred  b y  a  sm all propeller, connected to  a R ab e 
w ater tu rbin e or a sm all electric m otor. A  stan dard 
ized  therm om eter p rovided  w ith  an air ja c k e t for pro
tectio n  again st air current, graduated  in 0 .20 C. 
and calib rated  for a 3-in. im m ersion, is adjusted  
p erm an en tly  in th e  oil bath  w ith a 3-in. im m ersion 
w hen th e tem p eratu re is 130 0 C . T h e m elting-point 
tu b e  is carried on a separate m ovable rod which easily 
slides into  position a t th e proper tim e. T h e m elting- 
p oint tu b e  only 
is im m ersed in 
th e oil, being 
draw n r a t h e r  
lo n g  for th is 
purpose, th e  rod 
servin g o n ly  as 
su p port, w ith  2 
sm a ll r u b b e r  
ban ds to  hold 
th e  tu b e. T h e 
tem p eratu re is 
increased a t th e 
uniform  rate  of 
1 0 per min. w ith  

■constant stirrin g 
u n til th e  tem per
a tu re  has reached 
130 0 C . when the 
m eltin g  - p o i n t  
tu b e is im m ersed 
in th e o il.2 W ith  
th is m e t h o d ,  
s a m p l e s  of 
A m erican - a n d  
■foreign - m a n u- 
fa ctu red  aspirin  
were foun d to  
m elt w ith in  the 
range of 13 3 0 to 13 5 0 C. (corrected).

D ue to  th e rapid  decom position of a cety lsa licy lic  
acid  on heatin g and lack  of consistent results when 
low er tem p eratu res were used, 13 0 0 C . was fixed 
a s  th e  proper p o in t of im m ersion. E m ery  and W right 
foun d a  depression in the m elting point of th e pure 
substance of a b o u t3 1°  for ev ery  5 min. heatin g ju st

1 Proc. Assoc, of Agr. Chetn., 1912.
2 The initial temperature of the bath, before immersing the melting 

point tube, should be 3° lower than the melting point of the sample. In 
.my experience it  is very rare that the initial temperature need be below 
130° C.

3 Bureau of Chemistry, Dept, of Agr., Bulletin 162

below  its m eltin g tem peratu re , so th a t  heatin g a t 
th e rate of i °  per min. and startin g , for instan ce, from  
i2 o °  C . w ould m ean a depression of ab ou t 2° in th e 
true m eltin g point.

A n  increase in  the rate  of heatin g is also n ot a d 
visab le, due to  d ifficu lty  of control and p o ssib ility  
of overh eatin g, esp ecia lly  w ith  a therm om eter h a vin g  
a considerable tim e lag. I t  is advisable to  use a 
therm om eter fixed p erm a n en tly  in th e b ath , as the 
introduction  of a cold therm om eter carry in g  th e 
sam ple w ould tend  to g ive  low  results, due to  cooling 
effects. T h e  therm om eter used for th is w ork is 
grad u ated  from  74° to 150° C. in 0 .20 in tervals , 
is 15 in. long (T a ylo r  In stru m en t C o m p a n y, N o. 1457 
Precision G rade), and has a sm all expansion bulb 
w hich m akes it im p ractical to  im m erse it  w ith  the 
sam ple and obtain  rapid readings. B u t th e y  are more 
accurate and sensitive th a n  a longer therm om eter 
w ith a wider range, large m ercu ry  bulb  and no ex
pansion bulb, as th e stem  correction  will be less and 
b arely  noticeable. It  is im p o rta n t th a t th e propeller used 
h ave sufficient surface to  th o ro u g h ly  a g ita te  th e  oil.

A  set of color stan dards for determ ining th e a p 
proxim ate am ounts of free sa licy lic  acid  in aspirin  
were found quite useful in com parin g the q u a lity  of 
various sam ples. T h e stan dards are v e ry  stab le  
and when once ad ju sted  can be relied upon for a long 
tim e. T h e y  were prepared as follow s:

A 10 per cent solution of hydrated cobalt chloride was pre
pared by dissolving 10.000 g. C0CI2 +  2H2O in 50 cc. water +  
5 cc. 10 per cent HC1 and diluting carefully to 100 cc. in a 
calibrated flask. By using various dilutions, as outlined below, 
standards were prepared. The standards are preserved in small, 
square or round, glass-stoppered bottles of uniform size and 
holding about 25 cc. of liquid.

S aj. ic y i .ic
S t a n d a r d A c id
S o l u t io n W a t e r C o C lt  +  2 H sO  C o l o r i n  E q u a l  V o l s .

C c . C c . P e r  c e n t  N o . G r a in
5 . 0 39 5 0 .1 2 5  0 0 .0 0 0 0 5

10 .0 3 9 0 0 . 2 5  1 0.0001
1 0 .0 190 0 . 5 0  2 0.0 00 2
10 .0 9 0 1 .0 0  3 0 .0 0 0 2 5
1 0 .0 75 1 .5 0  4 0 .0 0 0 3
1 0 .0 65 2 . 0 0  5 0 .0 0 0 3 5
10 .0 4 0 2 . 5 0  6 0 .0 0 0 4

They were standardized by using a 0.1 per cent solution of 
sublimed salicylic acid, taking aliquots, adding 5 cc. of alcohol 
and diluting to a final volume of 25 cc. to which one drop of 
dilute ferric chloride solution (10 per cent soln., as per U. S. P.) 
was added. After standing for 5 min. in a flask similar to the 
standards, the color was matched to one of the standards and 
the per cent salicylic acid for that standard calculated. It  is 
important to note that these results hold true only for similar 
quantities (25 to 30 cc.), after 5 min. time, and using \he 
same amount of ferric chloride.

I f  5 cc. of a  2 per cent solution  of a ce ty lsa licy lic  
acid  in alcohol, d iluted  w ith 20 cc. H2O and placed 
in a sim ilar b o ttle , are trea ted  w ith 1 drop F e C l3 solu
tion  and th e  color m atch ed, th e gram s in  th e  stan dard  
X  10 gives th e per cent free sa licy lic  acid  in th e a ce ty l
sa licylic  acid .1 I f  a colorim eter is ava ila b le  th e  same 
solution m ay be used, the volum e ratios used giv in g 
th e percen tage ratio  betw een  sam ple and unknow n.

T h e  fo llow ing results were ob tain ed  on three well- 
know n A m erican  brands and one foreign  b rand  of 
a ce ty lsa licy lic  acid:

1 Color Standard N o. 2 is the maximum lim it allowable in a good 
sample of acetylsalicylic acid.
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1 2 (a) 3 4
M elting Point 133.5- 133.5- 133.4- 133.8-

134.5° C. 134.5° C. 134.4° C. 134.8° C ..
Color: White W hite White White

crystals powder crystals powder
Odor........................................ None N one N one Acid
Sulfates.................................. Very faint Very faint Very faint Very faint

trace trace trace trace
Chlorides............................... Very faint Very faint Very faint Very faint

trace trace trace trace
Heavy m etals...................... None None Very faint None

trace
Reaction of aqueous soln. Acid Acid Acid Acid
Free salicylic....................... None N one None None
Ash, per cen t....................... 0 . 0 2 0 . 0 2 0.015 0 .03
A ssay...................................... 99.95 99.95 98 .86 99.59

(a) Foreign product.

In  carry in g ou t these tests as w ell as others for th e 
p u r ity  of variou s sam ples and brands of a ce ty lsa licy lic  
it  can be sta te d  th a t th e  sam e resu lts and conclusions 
were obtained  as those n oted  b y  L eech , w ith  an ex
ception  in  higher m elting points, th o u gh  com p arative 
results were th e sam e. T h ere is no difference in q u al
i t y  and p u rity  betw een  various sam ples of A m erican  
p roducts now  on th e m arket and th e m uch v a u n ted  
p a te n te d  foreign  brand form erly  on th e  A m erican  
m a rk et.1

SUM M ARY

A  m odification of th e usual U. S . P .  m ethod of ta k in g  
m elting points, applicable to  a ce ty lsa licy lic  acid, 
is given .

A  set of perm anent color stan dards for use in de
term inin g th e approxim ate am ounts of sa licy lic  acid  
in a ce ty lsa licy lic  acid, w ith  d irections for prep aration , 
is described.

R esu lts of previous in v estig a to rs as to  q u a lity  and 
p u rity  of A m erican  and foreign  aspirin  were con
firm ed, b y  tests  m ade over a period of one year.

A n a l y t ic a l  L a b o r a t o r ie s  
M o n s a n t o  C h e m ic a l  W o r k s  

S t  L o o t s , M is s o u r i .

THE VULCANIZATION OF RUBBER AT CONSTANT 
TEMPERATURE AND BY A SERIES OF IN

CREASING TEMPERATURES2

B y G. D . K r a t z  a n d  A r t h u r  H . F l o w e r

I t  has lon g been know n  th a t w hen th e  vu lca n iza tio n  
of rubber is effected  b y  h eatin g for a period of tim e at 
a definite and constan t tem peratu re , th e rate  of com 
b in ation  of th e  sulfur w ith  th e  rubber decreases w ith  
th e tim e. In  th is p articu lar in stan ce, how ever, as is 
recorded in th e experim ental p a rt of th is  paper, we 
h a ve  en deavored to  m aintain  a con stan t rate  of com 
b in ation  of th e  sulfur and rubb er b y  a va ria tio n  in 
th e tem perature. Our efforts h a ve  been confined 
p rim arily  to  devising a m ethod for calcu latin g  a series 
of tem peratures b y  th e use of w hich th e rate  of v u l
can ization  m ight be accu rate ly  controlled. W ith  th is 
possible, we desired to  m ake a com parison of th e 
p h ysica l characteristics of a rubber m ixture vu lcan ized  
to  th e  sam e point b y  b oth  m ethods.

A lth o u gh  it is n ot w ithin  th e  scope of th is article  to 
review  in  its e n tire ty  th e literatu re upon th e  su b ject 
or to  draw  conclusions from  th e results p rev iou sly  ob
ta in ed  b y  others, certain  of these should be briefly  
recalled.

1 J . i'kcrvi. chim., [7] 5 (1917), 213; P ,  X .  Leech, T h i s  J o u r n a l , 10 
(1918), 288.

* Presented before the Rubber Section at the 56th M eeting of the 
American Chemical Society, Cleveland, September 10 to  13, 1918.

T h e vu lca n iza tio n  of rubber at con stan t tem p eratu re 
w as regarded b y  W eb er1 as consisting in a chem ical 
reactio n  b etw een  th e  rubb er and sulfur. L ate r, Skel- 
lon 2 also recorded results w hich ten d  to  show  th a t th e 
com bin ation  of sulfur w ith  rubb er is s tr ic t ly  a chem ical 
reaction, w hich is first preceded b y  th e  m eltin g of 
su lfur and its solution  in th e  rubber. L ikew ise he 
m aintains th a t  the rate of com bin ation  for u n it tim e 
and con stan t tem p eratu re decreases w ith  th e decrease 
in  th e  a ctiv e  m ass of th e  su lfur present. O stw a ld ,3 on 
th e  con trary , has regarded th e  v u lca n iza tio n  ph enom 
enon as due to  an adsorption  of th e  sulfur b y  th e  rubber, 
th e  rate  of w hich, w hen expressed gra p h ica lly , follow s 
th e ty p ic a l adsorption  isotherm . Spence4 and his co
w orkers, how ever, h a ve  dem on strated  th a t  W eb er’s 
vu lca n iza tio n  curves, on w hich O stw ald  based his cal
culation s, are su b ject to  correction. T h e y 6 h a ve  also 
show n alm ost con clu sive ly  th a t  th e  v u lca n iza tio n  ph e
nom enon is the resu lta n t b oth  of an adsorption  and a  
chem ical in teraction  of th e su lfur w ith  th e  rubber, so  
th a t th e view s of others are p ro b ab ly  n ot en tire ly  free  
from  need of m odification.

F urtherm ore, from  th e  results ob ta in ed  b y  Spence- 
it  is q uite ob vious th a t  w hen v u lca n iza tio n  is effected  
a t con stan t tem p eratu re, th e  m ajor portion  of th e su l
fu r  com bines w ith  th e  rubb er durin g th e  ea rly  stages o f 
th e  reaction. A n d  it  is eq u a lly  ap p aren t th a t  a low er
ing of th e  in itia l tem p eratu re and  subsequen t increas
ing of it  a t  regular in terva ls  w ould  ten d  to  m ake th e  
reaction  proceed m ore u n ifo rm ly.

In  fa ct, for m an y yea rs it  has been com m on te ch 
nical p ractice  to  em p lo y th is m ethod, p o p u la rly  know n  
as a “ rising cu re,”  b u t as K in g 6 has recen tly  pointed  
out, th e  use of th e  “ rising cu re”  has been based m ain ly  
upon th e fa c t th a t it  affords a m eans w h ereb y th e  low  
h eat c o n d u c tiv ity  of th e  rubb er m ay be m inim ized 
rath er th a n  for th e  ab ove reason, for it  is w ell estab 
lished th a t in th e  case of large b u lk y  articles, unless 
th e vu lca n izin g  tem p eratu re is exceed in gly  low , or 
unless it  is in itia lly  low  and gra d u ally  increased as th e 
reaction  proceeds, th e  outside surface m a y  be o ver
vu lcan ized  before the h eat has th o ro u g h ly  p en etrated  
to  th e  interior of th e  mass.

W ith  th e  form er idea in  m ind it  appeared  to  us th a t  
b y  em p lo yin g slabs of a th ickn ess such th a t th e y  w ould 
n ot be su b ject to  K in g ’s conten tion, a series of in creas
in g tem peratures could be p rev io u sly  calcu lated  w hich 
w ould  effect th e  com bin ation  of a u n it am oun t of 
sulfur in  u n it tim e th rou gh ou t th e period of v u lc a n iza 
tion. T h e  vu lca n iza tio n -tim e cu rve  th u s w ould  appear 
as a stra ig h t line. A  m ixture vu lca n ized  in  th is m an 
ner m ight h a ve  w id ely  d ifferen t p h ysica l properties 
from  those of th e sam e m ixture vu lca n ized  a t a  con
sta n t tem peratu re .

One of us7 has a lread y  show n th a t  there is a d istin ct 
and  readily  m easurable relationship  b etw een  th e  tim e

1 "Chemistry of India Rubber," 1906 edition, pp. 85-88.
» India Rubber J ., 46 (1913), 723; Rubber Ind., 1914.
* Kolloid-Z ., 6 (1910), 136.
4 Ibid., 11 (1912), 28; Chem.-Ztg., 36 (1912), 1162; Kolloid-Z .„ 

11 (1912), 274.
* Ibid., 8 (1911), 304; 11 (1912), 28; 13 (1913), 265.
* M et. and Chem. Eng., 18 (1918), 5.
7 G. D , Kratz, India  Rubber Review, 16 (1916), 225.
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required for vu lcan izatio n  and th e tem perature at 
w hich it  is effected, a lthough there is h ard ly  sufficient 
evidence to  w arran t its expression as a law  as pre
v io u sly  form u lated  b y  B ou rn e.1 B ased on our pre
vious ob servation s we h a ve  been able to calcu late w ith  
a ccu racy  th e  re la tiv e  rates of vu lcan ization  for various 
tem p eratu res and to  a p p ly  these different tem peratures 
so th a t th e vu lcan ization -tim e curve did a ctu a lly  ta k e  
th e  form  of a stra ig h t line. T h e  satisfa cto ry  results 
ob ta in ed  were rem arkab le in  th a t th e degree of vu lcan i
za tio n  was m easured n ot b y  chem ical b u t b y  ph ysical 
m eans, w hich is show n later to be a dangerous procedure.2

In  th e  ap p licatio n  of th e above, how ever, although 
th e  a ccu ra cy  of our calculations and th e control o b 
ta in ed  o ver th e ra te  of com bination  of th e sulfur w ith 
th e  rubber exceeded our expectations, th e differences 
n oted  in  th e p h ysica l characteristics of a m ixture v u l
can ized  b y  th e  tw o  m ethods were not w id ely  different 
u n til a  su lfur coefficient of 3.9 was obtained. A t  this 
poin t, v u lca n iza tio n  a t constan t tem perature resulted 
in a p rod u ct w hich w as n oticeab ly  inferior to the sam e 
m ixture w hen vu lcan ized  b y  a series of increasing tem 
peratures.

T h is  w as n ot en tirely  unexpected, as, in th e  case of 
a  m ixtu re con tain in g 5 per cent of sulfur, vu lcan ized  
to  th e point of “ tech n ical cu re” 3 w ith  a sulfur coefficient 
of 1.69, th e  vu lcan ization -tim e curve a t constan t tem 
p eratu re so closely  approxim ated  a stra igh t line th a t, 
for a ll p ra ctica l purposes, a un it am ount of sulfur m ay 
be said  to  h a v e  com bined in un it tim e b y  either m ethod. 
In  fa ct, th e sam e statem en t m ay be m ade w ith  reserva
tion  even  up to  a  vu lcan ization  coefficient of 2.9, a l
th o u gh  a t th is point b oth  th e tensile stren gth  and elon
gation , p a rticu la rly  th e latter, of th e m ixture v u lca n 
ized  at con stan t tem perature were found to  be s ligh tly  
inferior to  those obtained  when vu lcan ization  was 
effected  b y  a series of increasing tem peratures.

T h u s our results w ould tend  to  show th a t th e values 
for th e  su lfur coefficient, as previously  g iven  b y  others, 
are in  all cases high. E ven  th e figures 2.8 to 3.0, 
recom m ended b y  Spence,4 appear to be excessive, while 
th e va lu es established b y  E ato n  and D a y 6 are en tirely  
ou t o f question. F urtherm ore, it  seems ev id en t th a t, 
as has p revio u sly  been stated  b y  D eV ries,6 changes in

1 India Rubber J . ,  45  (1 9 1 3 ) ,  120 .
2 This work is now being repeated, the rate of vulcanization being 

measured by both chemical and physical means.
3 The term “ technical cure" is used to indicate that degree of vul

canization at which are found coincident maximum tensile strength and 
maximum elongation. This is not necessarily dependent upon the vul
canization coefficient, although a certain relationship does appear to  exist 
between them , “ TechnicarT^cure” is thus used in contradistinction to  
"optimum cure," as it has been our experience that what is generally known 
as “optimum cure” is, in most instances, for practical purposes an over
cure and th at the previously established values for the correct vulcaniza
tion coefficient are for .th e  most part high. Certainly it  should not be 
in excess of 2 .8  per cent for Hevea rubber. In connection with other 
work we have also determined the vulcanization coefficient of certain 
rubbers other than H evea. These results show that although the coeffi
cients for these rubbers are not necessarily constants, as suggested by 
Spence and Eaton, they should not be in excess of the following figures: 
Plantation H evea, 2 .8 ;  Fine Hard Para, 3 .2 ;  Red Kassai, 3 .4 ;  and Ceara 
(M anihot), 4 .4 .  Samples of these rubbers with lugher coefficients were 
found to age quickly with rapid deterioration.

* India  Rubber 62 (1916), 861.
* J . Soc. Chem. Ind., 36 (1917), 1116.
* India Rubber J., 53 (1917), 101.

th e rubber-sulfur m ixture w hich determ ine the p h ys
ical properties of th e m ixture proceed in d ep en d en tly  
of those w hich determ ine th e  v u lca n iza tio n  coefficient. 
Or in other w ords, th e past h isto ry  of th e  sam ple m ust 
be know n if it  is to  be ju d ged  so le ly  on the basis of its  
sulfur conten t. W ith  such th e case, certain  q u alify in g  
statem en ts should be m ade if it is to  be assum ed th a t 
a stoichiom etric relationship exists betw een  th e rubber 
and sulfur a t w h a t is gen erally  know n as "o p tim u m  
cu re.”

L ikew ise, it  is ob vious th a t w h a tev er figure m a y be 
decided upon as th e correct vu lca n iza tio n  coefficient 
for H evea  rubber, it  is essential th a t, in order to  obtain  
m axim um  p h ysica l results b y  v u lca n iza tio n  a t con
sta n t tem perature, restrictions be p laced upon  the 
m inim um  am ount of sulfur and c a ta ly st a llow ab le in 
th e original m ixture. F or best results a t con stan t 
tem peratu re there should  be present in th e m ixture 
such q uan tities of b oth  su lfur and  c a ta ly st th a t the 
activ e  mass of th e sulfur is not decreased to an exten t 
th a t w ill slow  up th e  rate  of reactio n  before th e  de
sired sulfur conten t is atta in ed . W e h a v e  show n th a t 
if th is is not ta k en  into consideration  th e continued 
h eatin g necessary to  effect th e com bin ation  of th e 
la tter  fraction s of th e  sulfur u n do u b ted ly  im pairs the 
q u a lity  of th e  final product.

Sum m arizing briefly, under certain  conditions we 
h ave found it possible to obtain  a uniform  rate  of v u l
can ization  for a rubber-sulfur m ixture b y  em p lo yin g a 
prev iou sly  calcu lated  series of increasing tem p eratu res 
such th a t th e vu lcan ization -tim e cu rve is reduced to  a 
stra ig h t line.

B y  so doing we h a ve  show n th a t  a t co m p a ra tiv e ly  
high sulfur coefficients a b etter p rod u ct is ob tain ed  b y  
vu lcan izatio n  w ith  a series of increasing tem peratures 
th a n  w ith  a con stan t tem peratu re . W e h a v e  also 
foun d th e vu lcan ization  coefficients p revio u sly  recom 
m ended b y  others to  be excessive, and th a t, unless th e 
h isto ry  o f th e vu lcan ization  phenom enon is fu lly  know n, 
it  is unsafe to  ju d ge sam ples sole ly  on th e basis of their 
sulfur content.

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

In  order th a t our calcu lation s should  be com parable 
w ith  other w ork, our experim ents were carried on w ith  
th e sam e rubber m ixture as p rev io u sly  em p lo ye d ,1 not, 
how ever, using th e  same, lo t of rubber. T h is m ixture
consisted of th e fo llow ing prop ortions b y  w eigh t:

First latex plantation crêpê.................  100
Zinc oxide....................................................  100
Sulfur..........................................................................  5
Basic am ine..............................................................  0 .33

T h e rubb er used w as of th e  b est q u a lity  ty p ic a l of 
its  v a r ie ty  and, as before, it  w as su b jected  to  th e 
m inim um  am ount of m illing necessary to  w ork  in  all 
of th e ingredients. T h e  basic am ine (ca ta ly st) w as 
ground to  200 mesh and w orked into th e  rubber 
before th e  p igm en t and  su lfur were added.

A fte r  m ixing, th e  com pound w as allow ed to  stan d  
for 48 hrs. before a n y  portion  of it  w as vu lcan ized . 
T h is in terva l h a v in g  been allow ed for reco very , por
tion s w ere vu lca n ized  in  a h yd ra u lic  p la tte n  press of

1 Kratz, India  Rubber Review, 16 (1916), 225.
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th e  usual ty p e . T h e molds used produced slabs or 
b utton s V s  inch th ick . A  reco very  period of seven 
d ays w as allow ed before p h ysica l tests were m ade. 
P h ysica l tests were m ade w ith  a S co tt te stin g  m achine 
(vertical typ e ).

A  b u tto n  m old w as used where sulfur estim ations 
on ly were desired. B y  em p loyin g a te n -c a v ity  m old 
it  w as possible to  ob tain  a sam ple for analysis a t an y 
point during th e vu lcan ization . I t  w as p rev iou sly  
determ ined th a t th e m om en tary  releasing of pressure 
on th e plattens, in order to  p a rtia lly  w ith d raw  th e 
m old and rem ove a b u tton , w as w ith o u t n oticeable 
effect upon th e final sulfur con ten t of th e other b u t
ton s in th e mold.

A ll tem peratures were m ain tained w ith in  0.5° P . on 
either side of th e figures given. In  cases w here a ser
ies of increasing tem peratures w as em ployed, each 
tem peratu re change w as m ade and established w ith in  
one m inute. T h is w as accom plished b y  th e  use of a 
double system  of steam  regulators on th e  steam  line to 
the press.

T h rou gh ou t th e follow ing w ork, com bined sulfur 
estim ations were m ade b y  th e  m ethod of R osenstein- 
D a v ie s ,1 each figure g iven  being th e average of a t least 
tw o  determ inations checkin g w ith in  0.1 per cent. In  
e v ery  instance th e sam ples for analysis were p rev io u sly  
sub jected  to  24 hrs. continuous extra ctio n  w ith  ace
ton e in a Soxhlet apparatu s, dried in air, and th en  in  
vacuo a t 1000 C . to  con stan t w eight.

w hich w ould produce a m arked decrease in th e  rate  o f  
vu lcan ization .

T a b l e  I— V u l c a n iz a t io n  a t  a  C o n s t a n t  T e m p e r a t u r e  o p  298° F.
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Time of Combined Tensile Permanent
Vulcanization Sulfur Strength Elongation Set

Min. Per cent Lbs. per Sq. In. Per cent Per cent
ib 0 .404
15 0.578
20 0.663
25 0 .840
30 1.080 1527 725 l4 !32
40 1.330 1533 710 14.06
50 1.490 1930 707 15.23
60 1.690 2277 697 15.62
70 1.875 2015 685 17.97
80 2 .170 2102 690 20 .30
90 2.485 2055 680 21 .09

120 2.945 2156 678 24.22
150 3 .410 2060 685 25 .78
180 3 .600 1725 677 23.44
210 3 .780 1558 680 23.44
240 3 .9 2 0 1435 652 18.75

30 Q>0 90  /20  /SO 180 210
F i g . 1— V u l c a n iz a t io n - T im e  C u r v e  a t  C o n s t a n t  T e m p e r a t u r e s

e x p e r i m e n t  x— Under th is head, an in vestig atio n  
was m ade of th e rate  of v u lca n iza tio n  of th e  m ixture 
at a con stan t tem perature of 298° P . Our results, 
w hich confirm  those previously  ob tain ed  b y  others, are 
ta b u la ted  in T a b le  I and are expressed g ra p h ica lly  in 
F ig. 1. B y  th is ta b le  and figure it  is also show n th a t 
a lthough 60 per cent of th e sulfur present in th e m ix
tu re  com bined w ith  th e  rubber during th e  first tw o  
hours, less th a n  80 per cent h ad  entered into  com bin a
tion  a t th e end of 4 hrs.

In  addition  to  this, it  is seen in  T a b le  I th a t the 
“ techn ical cure”  for th is m ixture is ob tain ed  in abou t 
60 min. a t 298° F . w ith  a  vu lca n iza tio n  coefficient of
1.69. F u rth er, w hile th e  general shape of th e  cu rve 
in  F ig . 1 w as foun d to  be convex to  th e x-axis, th a t  por
tion  up to  and including th is 60 min. point v e ry  closely 
approxim ates the stra ig h t line O A  draw n th rough  th is 
point. T h u s in the case of th is p articu lar m ixture 
“ tech n ical vu lca n iza tio n ”  is a tta in ed  before th e  a ctiv e  
m ass of th e sulfur present is decreased to  an exten t

1 Chemist Analyst, 15 (1 9 1 5 ) , 4 .

e x p e r i m e n t  2— I t  has been show n in  E xp erim en t i  
th a t a t a coefficient of 1.69 our m ethod w as n ot a p p li
cable for th e  d ifferen tiation  of th e  sm all va riatio n s in 
the q u a lity  of th e m ixture due to  th e  m ethod of v u l
can izatio n  em ployed. F o r this reason it  w as decided 
to  effect a com parison of th e  p h ysica l ch ara cteristics  
of th e m ixture w hen vu lcan ized  to  a coefficient of 3.9 
a t con stan t tem p eratu re and b y  a series of increasing 
tem peratures.

T h e  tem peratures ?£« 
and tim es to  be em 
p loyed  to  effect vul- m  
can izatio n  b y  the

292
la tte r  m ethod m ay 
be rea d ily  obtained  
b y  a p p ly in g  th e  d ata  
given  in  T a b le  I a n d ^
Figs. 1 and 1 a. F irst, 
the num ber of differ- 104 
en t tem p eratu res t o 5M 
be used should be p re
v io u sly  decided upon. 31i  
Second, th e  num ber 
of m inutes req u ired 316 
to  effect a “ tech n ical

320
cu re”  a t each of these 
tem p eratu res m a y b e ^  
ob ta in ed  from  Fig. 1 a.
T h en , trea tin g  each

7  to  40 60 so too n o
tem p eratu re in  th e  pI0 ]o — t e m p e r a t u r e - T im e  C u r v e  f o r  

series in d iv id u a lly , le t  V u l c a n iz a t io n  t o  T e c h n ic a l  C u r e

I — tim e in m inutes required to  effect a “ tech n ica l 
cu re”  a t th a t tem perature. (F ig . 1 a.) 

t' =  tim e in m inutes required  to  effect a “ tech n ical 
cure”  a t 298° F . (T a b le  I.) 

c — tim e in  m inutes required to  a tta in  th e desired 
v u lca n iza tio n  coefficient a t 298° F. (T a b le

I . )

n =  num ber of tem p eratu res in th e  series.

1  X  ?

T h e n ,   =  T , w here T  equals th e  num ber of m in-
11

utes required  for vu lca n iza tio n  a t a g iven  tem p eratu re 
when em p loyed  in th e p rev io u sly  estab lished  series.

I t  is quite ob vious th a t, if tem peratures are chosen 
a t random  from  th e figure, th e  sum  of th e  tim es for the 
com plete series of tem peratures m ay not be th e  sam e
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as th e  tim e required to effect th e desired degree of 
vu lca n iza tio n  a t a con stan t tem peratu re of 298° F. 
On th e other hand, it  is easily  possible to  m ake a selec
tio n  such th a t th e  to ta l tim e of vu lcan izatio n  is the 
sam e b y  either m ethod. In  order th a t our results 
m ight be s tr ic t ly  com parable, w e chose th e follow ing 
series of four tem peratures, th e sum  of th e  tim es of 
w hich w as ex a ctly  equal to  240 m in., th e tim e 
required to  obtain  a coefficient of 3.9 at 298o F.

285.5° F .................................................................  107 min.
298.0° F .................................................................  60 min.
302.5° F .................................................................  43 min.
307.0° F .................................................................  30 min.

T o t a l .................................................. 2 4 0  m in .

E m p lo yin g  th e foregoing series of tem peratures and 
tim es, th e m ixture w as vu lcanized  in a b u tton  m old 
for a to ta l tim e of 240 m in., sam ples being, rem oved 
for com bined sulfur estim ation  a t h ou rly  in tervals and 
a t each change in th e  vu lcan izin g tem perature. T hese 
resu lts are show n in th e  first four colum ns of T a b le  II 
and expressed grap h ically  b y  th e  solid line in F ig. 2.

■à

s
1 r̂TT»5?
Vi
•-
£ Tin Mh

1 1 1 1 1 1 1
30  6 0  9 0  / t o  ISO /SO 710

F i g . 2 — V u l c a n iz a t i o n - T i m e  C u r v e  f o r  I n c r e a s in g  T e m p e r a t u r e s

I t  is rea d ily  observed th a t th e results obtained coincide 
alm ost e x a c tly  w ith  th e h yp o th etica l stra ig h t v u lc a n 
ization -tim e cu rve represented b y  th e dotted  line OB 
in F igs. 1 and 2.

Sep arate slab cures were then  m ade for ph ysical 
tests, a t th e  tem peratures and tim es required to  pro
duce v u lca n iza tio n  coefficients of 1.56, 2.96, and 3.86. 
T h e  results of these tests are shown in the last three 
colum ns of T a b le  II.

T a b l e  I I — V u l c a n iz a t i o n  b y  a  S e r i e s  o f  I n c r e a s in g  T e m p e r a t u r e s

Time
Total at the

Tim e of Differ Tensile
Vulcan ent Tempera Combined Strength Elonga- Permanent
ization Temps. ture Sulfur Lbs. per tion Set

Min. Min. Deg. F. Per cent Sq. In. Per cent Per cent
60 60 285.5 0.937

107 107 285.5 1.567 2168 715 17.97
107 285.5

120 1.879
13 298 .0

107 285.5
167 2.702

60 298 .0
107 285.5

180 60 298 .0 2.963 2234 714 25.52
13 302.5

107 285.5
210 60 298 .0 3 .252

43 302.5
107 285.5

240 60 298 .0 3.862 1944 705 25 .00
43 302 .5
30 307 .0

T o  fa cilita te com pari son, th e results of these ph ys-
ical tests, togeth er w ith  those obtained  at th e  sam e 
sulfur coefficient w hen vu lcan ization  w as effected  a t a 
con stan t tem peratu re of 298° F ., h ave been grouped 
togeth er in T a b le  I I I . From  th is ta b le  it  is seen th a t 
there is v e ry  little  difference in the tensile stren gth  of 
th e m ixture a t coefficients of 1.69 or 2.94 when vu lca n 
ized b y  eith er m ethod. B u t in both  instances a series

of increasing tem peratures appears to  produce a p ro d 
u ct of superior elongation. W hen th e  coefficient is 
increased to  3.9, how ever, it is seen th a t th e  p ro d u ct 
obtained  b y  em p loyin g a series of increasing tem p er
atures -is m ark ed ly  superior to  th a t  obtained  a t co n 
sta n t tem perature, b oth  as to  tensile stren gth  and per
cen tage of elon gation .

T a b l e  III
Tensile Strength Elongation

Combined Sulfur I bs. per Sq. In. Per cent
Constant Increasing Constant Increasing Constant Increasing  

Tem p. Tem p. Tem p. Tem ps. Tem p. Temps.
1.690 1 .5 '7  2277 21*8 69 715
2.945 2.963 2156 2234 678 714
3 .9 2 0  3 .8 6 0  1435 1944 652 705

I t  is recognized th a t  th e  'resu lts w hich h a v e  been 
recorded herein are not su b ject to  indiscrim in ate or 
general application. T h is w ork has been confined to  
th e in vestigation  of one rubber-sulfur m ixture on ly, 
and our calcu lations h ave been based on th e  correct or 
“ techn ical cure”  of th e m ixture as being ob tain ed  a fter  
v u lcan ization  for 60 min. a t 298° F . H ow ever, as th e 
com parisons m ade are relative, and as th e principle 
in v o lved  w ill ap p ly  to  other m ixtures and other v u l
can ization  coefficients, we are w arran ted  in draw ing 
the follow ing conclusions:

1— T h a t it  is possible to  calcu late  and a p p ly  a series 
of increasing tem peratures such th a t  th e vu lca n iza tio n 
tim e curve for a n y  rubber-sulfur m ixture m a y be m ade 
a stra ig h t line, th e  slope of w hich  is dependent on th e 
tem peratures em p loyed  and th e  am oun t of c a ta ly s t  
present.

2— T h a t in vu lcan ization  a t a con stan t tem p eratu re , 
in order to  procure m axim um  p h ysica l properties, su l
fur m ust be present in the m ixture in such an am ount 
th a t its  a ctiv e  mass is n ot decreased to  an exten t w hich 
w ill ap p reciab ly  slow up th e  rate  of reactio n  before th e 
desired vu lcan izatio n  coefficient is a tta in ed .

3— T h a t for rubber-sulfur m ixtures contain ing 5 per 
cent or less of to ta l sulfur, th e p h ysica l properties of 
the m ixture, when vu lcan ized  b y  a series of increasing 
tem peratures, are superior to  those obtained  b y  v u l
can ization  a t constan t tem p eratu re; th is is p a rticu 
la r ly  true a t vu lcan izatio n  coefficients of 2.8 or above.

4— T h a t th e vu lcan izatio n  coefficient for H cvea  ru b 
ber is p ro b ab ly  betw een  1.7 and 2.8.

5— T h a t it is dangerous to  ev a lu a te  sam ples of v u l
canized rubber solely  on th e basis of their vu lca n iza 
tion  coefficients.

T h e  F a l l s  R u b b e r  C o m p a n y  
C u y a h o g a  F a l l s , O h io

THE DETERMINATION OF FREE CARBON IN RUBBER 
GOODS1

By A. H . S m i t h  a n d  S . W . E p s t e i n  

IN T R O D U C T IO N  

T h e m ain o b ject, perhaps, in th e determ in ation  of 
free carbon in rubb er goods is n ot th e  inform ation  
gained d irectly , b u t th e  o p p o rtu n ity  th us perm itted  
of th e determ in ation  of th e rubber con ten t b y  differ
ence. For som e tim e past th e  m ost w id ely  used m ethod 
for th e determ in ation  of rubber has been to cal-

1 Read before the Rubber Section at the 56th M eeting of the Amer
ican Chemical Society, Cleveland, September 10 to  13, 1918.
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cu late  it  as th e difference betw een  100 per cen t and 
th e to ta l of th e percentages of ash, to ta l sulfur, and 
th e various extracts . R e ce n tly  refinem ents on th is 
general m ethod for the determ in ation  of rubb er h ave 
been proposed and q uite gen era lly  accep ted , 'a n d  it 
stan ds to -d a y  th e accep ted  stan dard  of analysis. O b
v io u sly , th is m ethod is su b ject to w ide error when free 
carbon is present and no correction  is m ade for it.

T h is  B ureau  first becam e interested  in th is problem  
som e m onths ago. A t  th a t tim e w e were receivin g 
re la tiv e ly  large num bers of rubber artic les  con tain in g 
free carbon in w hich we were to  determ ine th e  rubber 
conten t. In  such cases we p rev io u sly  had  determ ined 
th e rubb er d irectly  b y  th e  n itrosite com bustion  m eth o d .1 
A d m itte d ly , th is m ethod is a long one for routine 
w ork  and we desired, if possible, to  retu rn  to  the 
m ethod of determ in ation  b y  difference b y  correctin g 
the ash figure for th e  am ount of free carbon  present. 
T h is of course necessitated  a determ in ation  of th e free 
carbon  con ten t of th e goods and  we fin a lly  a rrived  a t 
th e procedure w hich is here presented.

D IS C U SSIO N  OF PR O PO SE D  METHOD

Our search of th e  literatu re on th e  su b ject revealed  
tw o  general m ethods for such a determ in ation : first, 
th a t in w hich n itric  acid  is used to  decom pose and re
m ove th e rubber and th e carbon  then  determ in ed in 
th e residue; and second, th a t  in w hich th e rubber is 
dissolved in  high-boiling so lven ts such as petroleum  
oils, nitrobenzene, a n ilin e ,' etc., and th e carbon  then 
sim ilarly  determ ined in the residue.

H enry W illiam  Jon es2 proposes th e use of n itric  acid  
as a m eans of sep aratin g free carbon  from  vu lcan ized  
rubb er and describes his process as fo llow s: “ A  one-
to  tw o-gram  sam ple is heated  w ith  con cen trated  n itric  
acid  and then  filtered cold on a G ooch crucible, w ashed 
w ith  n itric  acid  to  rem ove th e  m other liquors, and 
th en  w ith  w ater to rem ove th e acid  and soluble m etal
lic  salts. T h e  insoluble residue is th en  air-dried at 
ord in ary tem peratures, w eighed, ign ited , and w eighed 
a g a in .”

W . A . C asp a ri3 also utilizes n itric  acid  to  decom pose 
th e  rubber but uses am m onia to  rem ove th e  n itrous 
products form ed.

W e found the m ethod of C aspari to  g ive  high results 
since there is no a ttem p t to  rem ove a n y  organic com 
pounds w hich m a y not be dissolved b y  n itric  acid  or 
am m onia. T h e  m ethod of Jones seem ed, in general, 
to  be sa tisfa cto ry . In  the report referred to, how ever, 
th e  d etails are som ew hat lack in g and  th e  la tte r  p a rt 
is m ore or less confusing.

Our m ethod as we first tried  it  was, first, p rim arily  
to  rem ove organic m atter w ith  a n itric  acid  trea tm en t 
and then  filter on a G ooch crucible, lea vin g  o n ly  fillers 
w h ich  were not a tta ck ed  b y  n itric  acid; and second, 
to  rem ove b y  su itab le  trea tm en t a n y  possible rem ain 
in g  m ineral fillers w hich m ight be reduced during 
ign ition  of th e  carbon. T h e  carbon could th en  be 
determ in ed b y  th e difference in  w eigh t before and after 
ign ition .

> Bureau of Standards method for the direct determination of rubber.
1 Paper presented before the Fourth International Rubber Congress.
* India Rubber Laboratory Practice.

O ur first experim ents in d icated  th e fo llow ing:
1— T h e  carbon  itse lf w as liable to  a tta c k  b y  n itric  

acid.
2— T h e organic m atter w as n ot all rem oved  b y  n itric  

acid.
3— L ead  su lfa te  seem ed to  be th e  chief m ineral in 

gredien t w hich needed to  be rem oved  after th e  n itric  
acid  trea tm en t.

W e trea ted  sam ples of lam p b la ck  and gas b la ck  for 
variou s periods w ith  con cen trated  n itric  acid . In  each 
case th e  m ixture w as h eated  on th e  steam  b ath  for a 
definite len gth  of tim e and th en  ev ap o rated  to  dryness. 
T h e  residue w as a lw a y s h eavier th a n  th e original 
sam ple and th e  increase in w eigh t varies w ith  th e tim e 
of heatin g. T h is  increase w as from  3 to  5 per cen t 
for th e  m inim um  tim e ta k e n  to  ev ap o rate  off th e acid  
and from  5 to  8 per cen t for 15 hrs. heatin g.

W e th en  trea ted  sam ples of la m p b la ck  and gas b la ck  
for definite len gth s of tim e w ith  con cen trated  n itric  
acid, after w hich we filtered  off th e  solution  on a 
G ooch crucible, w ashed w ell w ith  n itric  acid , th en  
w ith  acetone, and fin ally  w ith  sodium  h yd ro xid e  solu
tion. T h e a lk a li in v a r ia b ly  ex tra cte d  m aterial, the 
n atu re of w hich we did n ot in v estig a te . T h e  ign ition  
loss of th e  residue, in  prop ortion  to  th e  original am oun t 
of carbon ta k en , va ried  from  100 to  102 per cen t in 
th e case of gas b la ck  and from  101 to  105 per cen t when 
lam p b la ck  w as used.

A s y e t  we h a ve  n ot m ade a n y  effort to  id e n tify  th e 
p roducts form ed b y  th e  actio n  of n itric  acid  on th e  
v a rio u sly  m ade form s of am orphous carbon, b u t are 
inclined to  b elieve th a t  th e actio n  is an  oxid izing one 
sim ilar to th e  form ation  of gra p h itic  acid  b y  th e  p ro
lon ged h eatin g of a m ixture of grap h ite , potassium  
chlorate, and n itric  acid . T h erefore , one w ould  exp ect 
to  find here com plex carb o xy lic  com pounds form ed b y  
th e  addition  of h yd ro gen  and oxygen  to  th e carbon 
atom s.

T h ere seem  to  be a t least th ree classes of com 
pounds form ed, n am ely, th e  first soluble in  n itric  acid, 
th e second insoluble in n itric  acid  b u t soluble in a l
kali, and th e  th ird  insoluble in  b oth . Our experim ents 
in d icated  th a t  th e  last n am ed w as th e  m ajor p rod u ct 
of th e  reaction.

Our first tria ls  a t  com p letely  rem ovin g th e  n itra ted  
rubb er w ith  n itric  acid  show ed th a t  th is w as p ra cti
ca lly  im possible. A fte r  filtration  from  th e  n itric  acid  
solution, w ashing w ith  aceton e w ould  in v a r ia b ly  g iv e  
an ex tra ct, in  som e cases th e  ch ara cteristic  y e llo w  of 
th e  n itrosite of rubber, in  others a deep brow n  e x tra ct 
w hich persisted  for several w ashings. W ith  sam ples 
g iv in g these deep brow n  ex tra cts  w ith  acetone, a fu r
th er w ashing w ith  sodium  h yd ro xid e w ould  resu lt in 
a second b row n  ex tra ct. T h is  show ed th a t th e  n itric  
acid  did not rem ove all of th e  n itrosite of rubber, nor 
som e other organic m a tter w hich m a y or m a y n ot 
h a ve  been n itra ted  b u t w hich seem ed to  be soluble in 
aceton e or sodium  h yd ro xid e solution. I t  w as n oted  
th a t th e brow n aceton e and sodium  h yd ro xid e ex tra cts  
were in v a r ia b ly  ob ta in ed  when m ineral rubb er was kn ow n  
to be present. A ll of th e  sam ples n itra ted  had  p re
vio u sly  been e x tra cte d  w ith  aceton e and  chloroform .
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so we were led  to  conclude th a t  we were encountering 
th a t  p a rt of m ineral rubber w hich after vu lcan ization , 
accordin g to  C aspari, becom es insoluble in th e usual 
solven ts.

B . D . P o rr itt1 confirm s C asp a ri’s w ork, showing 
th a t during vu lca n iza tio n  som e of the bitum en passes 
in to  an insoluble form  m uch as rubber does. In  the 
case of vu lca n ite , he says n early  half of the bitum en 
is rendered insoluble. H e presented no inform ation, 
how ever, as to  w hether or not an y com bination  w ith  
sulfur ta k es  place. H e also foun d th a t n itric acid  had 
no a p p aren t action  on bitum en. He treated  a rubber 
m ixture con tain in g bitum en w ith  n itric  acid, and tried  
to  determ ine, b y  extra ctin g  w ith  carbon bisulfide, the 
b itu m en  left in th e  residue. He obtained results ex
trem ely  low . F rom  th is he concluded th a t  th e pre
lim in a ry  trea tm en t w ith  n itric  acid  had rendered a por
tion  of th e  b itu m en  insoluble in the solvents. I f  th is 
were th e  case, carbon determ ined as we h ave pro
posed w ould  give  high results.

A n  experim ent w hich we hoped m ight disclose the 
effect of m ineral rubb er on the determ ination w as m ade 
as follow s: Som e m ineral rubber w as m elted and
stirred  up w ith  su lfur a t 200° C . A  vigorous reaction 
to o k  place w ith  considerable evolution  of hydrogen  
sulfide. T h e  b rittle  solid product obtained w as ex
tra c te d  w ith  acetone and chloroform , and ga v e  a ve ry  
large insoluble residue. T h is residue w as found to be 
insoluble in all of th e com m on organic solven ts and 
u n a tta ck ed  b y  stron g sodium  hydroxide. W hen treated  
w ith  h o t con cen trated  nitric acid, for a few  m inutes 
th e acid  becam e colored a deep brown, but the larger 
p a rt of th e  m aterial persisted as a b lack  floating mass. 
I t  rem ained so even after a 24-hr. treatm en t. T his 
residue, how ever, we found to be readily  soluble in 
eith er aceton e or strong sodium  h ydroxide solution. 
T h e effect of m ineral rubber on the determ ination  would 
th en  be as fo llow s: T h e prelim inary extractions w ith
acetone and chloroform  w ould rem ove th e soluble por
tion s; a fter n itration , acetone and sodium  h ydroxide 
solution w ould  rem ove th a t p art w hich had becom e 
insoluble th rou gh  vulcan ization .

W e carried o u t a large num ber of determ inations on 
com pounds b y  trea tin g  d irectly  w ith  nitric acid. W e 
com pared these results w ith  results obtained on the 
sam e sam ples w hich had been extracted  w ith  acetone 
and chloroform  before n itration . T h e carbon con
te n t u su ally  appeared a  few  hundredths of a per cent 
higher in  th e form er. T h is we attrib u ted  to  th e diffi
c u lty  in w ashing th e filter pad free from  the large 
q u an tities of extra cta b le  m atter often present. P rac
tic a l experience show ed us th a t, after filtering off the 
n itric  acid  solution, filtration  proceeded m uch m ore 
ra p id ly  if we used solven ts altern ately .

A ssum in g th a t  th e organic m atter has all been re
m oved  b y  th e  n itric  acid, organic solvents, and sodium  
h yd ro xid e solution, there rem ain w ith  th e carbon all 
of th e  m ineral constituen ts w hich were n ot rem oved 
b y  th e  n itric  acid . A m ong the la tter  lead is v e ry  
often  present, since p a rt of it  is u sually  converted  into

1 “Estim ation of Bitumen in Rubber Mixings," Proceedings of Fourth 
International Rubber Congress.

lead  sulfide during vu lca n iza tio n  and su b seq u en tly  into  
lead  su lfate  during th e  n itric  acid  trea tm en t. A n y  
m ineral m atter rem aining w hich is n ot a tta ck e d  b y  
carbon during ign ition  or w hich itse lf suffers no ig n i
tion  loss, o b vio u sly  need n ot be rem oved. If  lead  
su lfate, how ever, is allow ed to  rem ain  in co n tact w ith  
th e carbon during ign ition , it  becom es a t least p a r
t ia lly  reduced and perhaps vo la tilized  w ith  a subse
q uen t loss in  w eight. L ead  su lfate  is therefore re
m oved b y  w ashing w ith  con cen trated  am m onium  ace
ta te  solution u n til th e filtrate  show s th e  absence of 
lead.

Our a tten tion  w as called  b y  M r. I. V . Stone, of the 
U n ited  S tates R u b b er C o m p a n y, to  the fa c t th a t  cal
cium  su lfate  w ould show  an ign ition  loss. T h is w as 
confirm ed and  so the presence of calcium  su lfate  a t 
th is point w ould  lead to  erroneous results. I t  m ust 
be considered, how ever, th a t  calcium  sulfate is p ra c
tic a lly  on ly  added along w ith  sulfides of an tim on y, 
and th a t a com bination  of a n tim o n y sulfides and gas 
b la ck  and lam p b la ck  is v e ry  unusual.

In  order to  rem ove th e  la s t traces of sodium  h y 
droxide p reviou sly  used as a w ash, th e p ad  w as w ashed 
w ell w ith  a v e ry  d ilute solution  of h yd ro ch loric  acid. 
T h is can not w ell be follow ed b y  a wash w ith  w ater 
since the carbon is a p t to  go into collo idal solution. 
On a ttem p tin g  to d ry  the residue a t 200° C ., it w as 
found th a t it  gra d u ally  decreased in w eigh t, p ro b ab ly  
ow ing to  th e  v e ry  slow oxidation  of th e carbon  a t this 
tem perature. D ry in g  for 1V2 hrs. a t  150° C ., how 
ever, rem oved  all of th e h yd ro ch loric  acid  and g a v e  a 
constan t w eight.

D ETA ILS OF M ETHOD AS F IN A L L Y  ADO PTED

A s a result of these p relim in ary  consideration s and 
experim ents, we devised  th e  fo llow in g procedure:

Extract a 1 g. sample for 6 hrs. with acetone and then for 3 
hrs. with chloroform or carbon bisulfide. Transfer the sample 
to a 250 cc. beaker and heat on the steam bath until it no longer 
smells of chloroform. Add a few cc. of hot concentrated nitric 
acid and allow to stand in the cold for about 10 min. Add 50 
cc. more of hot concentrated nitric acid, taking care to wash 
down the sides of the beaker. Heat on the steam bath for about 
one hour or until the disappearance of all bubbles or foam from 
the surface. Pour the liquid, while hot, into ą Gooch crucible 
containing a fairly thick pad of ignited asbestos. Filter by ap
plying gentle suction and wash well with hot concentrated 
nitric acid. Empty the filter flask, wash the filter alternately 
with acetone and benzol until the filtrate is colorless. Next 
wash it well with a hot 15 per cent solution of sodium hydroxide. 
Test for the presence of lead by running some warm ammonium 
acetate solution, containing an excess of ammonium hydroxide, 
through the pad into a solution of sodium chromate. If a yellow 
precipitate forms, the pad must be washed with the ammonium 
acetate solution until the washings no longer precipitate the 
sodium chromate solution. Next wash the residue well with 
warm 5 per cent hydrochloric acid solution. Remove the cruci
ble from the funnel, taking care that the outside is clean, and 
dry it in an air bath for iV s hrs. at 150° C. Weigh, burn off 
the carbon at a dull red heat, and re-weigh. The difference in 
weight represents approximately 105 per cent of the carbon 
originally present in the form of lampblack or gas black.

N ote— It is recommended that 0.5 g. samples be taken for 
compounds containing over 10 per cent of free carbon and 1 g. 
samples be taken for compounds containing less than this amount.
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It  will be noted th a t we h a ve  ta k en  th e fa cto r  of 
105 per cent as a ratio  betw een th e ign ition  loss and 

th e  am ount of carbon present. T h is fa cto r is arrived  
■at from  th e results of a large num ber of determ inations 
m ade at th e  B ureau of S tandards. T h e results of gqs 
"black determ in ations ran  from  101 to  106 per cent and 
la m p b la ck  determ in ations from  102 to  108 per 
•cent. R esu lts  were ob tain ed  on different sam ples con
ta in in g  large am ounts of m ineral rubber, lead (both in 
th e  form  of oxide and su lfate), reclaim ed rubb er of 
■various kinds, glue, su b stitu te, sulfides of an tim on y, 
ta lc , and others. In  all cases th e results cam e b e
tw een 101 and 108 per cen t of th e carbon origin ally  
present, so b y  using a  fa cto r  of 105 per cent, the 
m axim um  divergence w ould be 4 per cen t and the 
usual d ivergence v e ry  sm all.

In  our analysis of th e  gas b lack  and la m p b la ck  used 
in  our experim ents, we determ ined th e v o la tile  loss at 
io o °  C ., th e  actone ex tra cta b le  m atter, and th e  ash, and 

a ssu m ed  th e rem ainder of our sam ples to  be carbon. 
Our results h a ve  been calcu lated  to  th is  basis.

SUM M ARY

I— I t  is n ecessary to  correct th e  result as obtained  
"by ign ition  loss to  com pensate for th e error caused b y  
the form ation  of com pounds from  th e  free carbon.

II— T h e a tta c k  of am orphous carbon  b y  n itric  acid  
Tenders an accurate determ in ation  b y  th is  m ethod im 
possib le; n evertheless th e  error caused th e re b y  is suffi
c ien tly  uniform  and sm all in m agn itude to  allow  of a 
p ra ctica l determ in ation.

I I I — A ssum ing th e ign ition  loss to  be 105 per cent 
■of th e w eight of carbon, we feel th a t  th e results b y  
th is  m ethod ju s tify  its  use at present as a routine 
m ethod in the rubber lab o rato ry .

B u r e a u  o p  S t a n d a r d s  
W a s h in g t o n , D . C.

A  RAPID AND ACCURATE METHOD FOR BUTTER ANAL
YSIS, SUITABLE FOR FACTORY CONTROL W ORK

By E d w a r d  F. K o iim a n  

Received July 11, 1918

In asm uch as a fa t  stan dard  for b u tte r  is a d vo cated  
b y  m any, it w ould be desirable to  h a ve  som e sim ple 
and rapid  m ethod for th e  determ in ation  of fa t  in 
b u tter  to  be used in cream ery con tro l w ork. W e h a ve  
fo u n d  th a t  w ith  v e ry  little  added tim e th e  fa t  can  be 
determ in ed in connection  w ith  th e m oisture te s t  in 
th e fo llow ing m anner:

The moisture is determined as usual over a small flame in a tall, 
Tather narrow, lipped aluminum beaker with a capacity of about 
100 cc., using a 10 g. sample. After the beaker is weighed to 
•determine the loss of moisture, it is filled with petroleum ether 
and the contents stirred with a glass rod to secure a thorough 
mixture. It is then covered with a watch crystal and allowed to 
■stand 2 or 3 min. for the mixture of curd and salt to settle, 
when the solvent is gently decanted off without disturbing the 
■sediment. The beaker is then filled with fresh solvent. The 
curd and salt mixture settles rapidly in the fresh solvent and the 
liquid can be decanted off after a very short time. B y gently 
heating the beaker now, either on a water bath, a hot plate, or 
directly over a small flame, but not so rapidly as to cause sputter
ing, the sediment can be completely freed of petroleum ether

by evaporation in a very short time. The per cent of fat is 
then determined by difference upon reweighing the beaker with 
its contents. The salt is now in ideal condition to be deter
mined by titration, using a solution of such strength that the 
number of cc. used represents the per cent of salt.

N o sp ecial p ra ctice  is n ecessary  in order to  enable 
one to  carry  ou t th is analysis su ccessfu lly  th e  first 
tim e. T h e  w riter has h ad  no d ifficu lty  in  assigning 
it to  bis stu d en ts in d a iry  ch em istry . In  h ea tin g  th e 
b u tter  to  d rive off th e m oisture, th e  sligh test n oticeable  
b row n ing of th e sam ple should  be ta k e n  as th e end
point. B u t it  is surprising how  little  th e  resu lts are 
affected  if th e  sam ple is h eated  u n til it  assum es a 
coffee-brow n. B efore try in g  to  ev a p o ra te  th e  p e tro 
leum  eth er from  th e  m ixture of curd and  sa lt, it  is 
well to  loosen it  from  th e  b o tto m  of th e  b eaker b y  
g e n tly  ta p p in g  it  on th e  desk in  order to  lessen  th e  
te n d en cy  to  sp u tter. W hen m akin g d u p licate  de
term in ation s th e  tw o  beakers can rea d ily  b e held  b y  
one p air of ton gs w hile being h eated . W e h a ve  thus 
been able to  m ake d u p licate  analyses of b u tter  
in 20 min. or single determ in ations in 15 
m in., and th e  results are as a ccu rate  as th ose o b 
ta in ed  b y  th e  A . 0 . A . C . m ethods, as th e  ta b le  g iven  
b elow  w ill show . I t  is w ell to  keep th e  petroleu m  
ether from  th e  second d eca n ta tio n  in a sep a ra te  con 
ta in er and  use it  for th e  first ex tra ctio n  in fu tu re  
analyses.

In  th e  fo llow in g ta b le  are a few  ty p ic a l resu lts in 
w hich th e  m oisture and fa t  con ten t of b u tte r  as d e
term in ed  b y  th e  A . 0 . A . C . m ethod  and th e  m ethod 
o utlin ed  ab o v e  are com pared.

A. O. A. C M e t h o d D é c a n t a t io n  M e t h o d
ALYSIS M oisture Fat M oisture Fat
N o. Per cent Per cent Per cent Per cent

1 14.22 81.97 14.27 82 .13
14.20 82 .06 14.24 82 .09

2 18.00 78.27 18.06 78 .36
17.93 78.38 18.08 78.35

3 19.72 77.46 19.72 77 .50
19.69 77.54 19.74 77 .48

19.78 77 .50
19.77 77.47
19.74 77.47
19.73 77 .46

4 14.95 82 .20 15.07 82.11
15.00 82 .06 15.11 82 .08

15.02 82 .05
15.08 81 .99

5 2 0 .98 76.29 21.07 76 .26
20.97 76.27 2 1 . 1 0 76 .20

21.05 76.22
21.05 76 .20
21 .06 76.21
21.05 76. 18

6 14.92 80.81 14.98 80.92
14.98 80 .82 15.00 80.83

14.91 80 .84
7 15.85 80 .46 15.90 80 .52

15.82 80 .49 15.90 80 .46
15.89 80 .59
15.91 80 .57

8 15.36 8 1 .0 8 15.40 81 .14
15.39 81 .08 15.40 81 .04

15.37 81 .10
9 15.83 80 .62 15.92 80 .65

15.85 80 .60 15.90 80 .60
15.93 80.73
15.94 80.69

10 14.57 82 .08 14.59 82 .23
14.59 82 .05 14.62 82.09

14.61 82.01
14.63 82.01

T h e w ork em bodied  in th e  ab o v e  ta b le  w as done b y  
th e  w riter in 1916 w hile in  the D ep artm en t of D a iry  
H u sb a n d ry  of th e  U n iv e rs ity  of Illinois.

B u r e a u  o p  C h e m is t r y  
I n d i a n a p o l i s , I n d .
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UTILITY OF BLANCHING IN FOOD CANNING 
EFFECT OF COLD SHOCK UPON BACTERIAL 

DEATH RATES

B y  E v a  M .  B r u e t t  

R e c e iv e d  J u l y  2 9 , 1918

T h e so-called  process of b lan ch in g is used both  b y  
com m ercial packers and b y  th e  housew ife in preparing 
m an y vegetab les and fru its for preservation  b y  can 
ning. T h e  p h ysica l a d va n ta ge s of d ippin g such food 
first into  b oilin g w ater, then  into cold, are p rob ab ly  
sufficient to  ju s tify  its use. H o w ever, there is a dis
tin c t  im pression p revalen t am ong canners th a t the 
b lan chin g is to  som e degree an essential p a rt of th e 
process of sterilization , and th a t  products so treated  
are more readily  processed. T h is  report presents the 
results of a series of studies on th e effect of cold shock 
upon b acteria l death  rates when organism s are su b 
je c te d  to  sub seq uen t high tem peratures. I t  has been 
th o u g h t th a t  th e  cold shock fo llow in g d prelim in ary 
h eatin g m ight so in ju re th e v ita lity  of th e  b acteria  as 
to  m ake th em  m ore suscep tib le to  subsequen t heatin g.

In  a p relim in ary  note presented in D ecem ber 1917, 
a t th e m eeting of th e  S o ciety  of A m erican  B acterio l
o g ists,1 th e  conclusion  w as announced th a t th ere is 
no evidence th a t  h ea t and cold shock increase th e 
su scep tib ility  of b acteria l spores to  heat, for death 
rates of such b acteria  are n ot increased during a second 
h eatin g b eyo n d  th e  d eath  rates of “ un shocked”  b a c 
te ria  su b jected  to  th e  sam e tem perature.

In  a recen t paper, B ushn ell2 com es to  a sim ilar con
clusion as a resu lt of studies on the canned products 
them selves.

T h is paper presents d a ta  in sup port of th e 
conclusion  announced in our prelim in ary n ote, w ith  
certain  inferences w hich  m ay be draw n as to  the 
u t ility  of th e  b lan ch in g process in  cold p a ck  canning.

I t  is ob viou s th a t th e  tim es and  tem peratures used 
in b o th  com m ercial and hom e can nin g processes are 
such th a t  organism s other th a n  those in th e  spore 
condition  w ill be v e ry  q u ick ly  destroyed. I t  is neces
sa ry , th en , to  s tu d y  th e  effect of cold shock upon  the 
v ita lity  or v ia b ility  of b acteria l spores.

T h e  organism  used in th is s tu d y  w as B acillus pseudo- 
tetanicus (K ru se) M igu la , a m em ber of th e  group of 
spore-producin g soil aerobes possessing considerable 
resistance to  high tem peratures. T h e  parent culture 
w as one secured from  D r. Ford, of Johns H opkins. 
T h e  b a cteria  w ere grow n on o. 5 per cent dextrose agar 
slan ts, in cu b ated  a t 30 0 C . for four d ays to  insure ade
q u ate  sp orulation . T h e  grow th  from  a single culture 
w as suspended in  10 cc. ph ysio lo gical sa lt solution. 
T h is suspension w as cen trifu gated  to  rem ove clum ps 
and passed th rou gh  a sterile  filter to  secure a uniform  
suspension. In  all cases th e  effect of tem peratu re 
was stu d ied  b y  addin g x cc. of th is suspension to  9 
cc. of 1 per cen t peptone solution  a lread y  h eated  to 
th e  desired tem p eratu re . A  de K h o tin sk y  portab le 
w ater b ath  w as used for m ain tainin g a con stan t te m 
perature, w ith  corn oil su b stitu ted  for w ater, as ex-

■ Abstracts of B ad ., 2 (1 9 1 8 ) ,  5 .
2 “The Influence of Cold Shock in the Sterilization of Canned Foods," 

T in s  J o u r n a l , 1 0  (1918), 432.

perience show ed a m uch m ore con stan t te m p eratu re  
could  be m ain tain ed  a t 80 ° C . and ab o v e  b y  th is  
m eans. T h e  peptone solu tio n  w as held a t th e  te m 
p eratu re of th e  b ath  for th e  desired len gth  of tim e , 
counts of th e  num bers of v ia b le  b acteria  present b e
ing m ade a t sh ort in terva ls  b y  p latin g. A t  h igh er 
tem peratures th e  tim e in tervals  used  were n ecessa rily  
shorter th a n  a t low er tem p eratu res. A fter  th e  h e a t
ing h ad  been continued  for th e desired len gth  of tim e, 
1 cc. w as tran sferred  to  a second tu b e of peptone con 
ta in in g 9 cc. of solution  and a t a tem p eratu re  of a b o u t 
1 0 C . m ain tained  b y  th e use of an ice b ath . T h e  
len gth  of exposure to  th e  cold  w as a rb itra rily  fixed in  
each case at 5 min. A  sam ple w as th en  ta k e n  for a  
p late count, and th e  tu b e p laced  in th e  th e rm o sta t 
w here it w as h eated  to g eth er w ith  th e  tu b e  co n ta in 
ing th e “ u n sh ocked ”  b acteria .

C ou n tin g w as carried out in general in c o n fo rm ity  
w ith  stan dard  m ethods. S a lt so lution  w as used fo r  
d ilutions. T h e  p la tin g  m edium  used w as a 1 p er 
cen t dextrose, 2 per cen t agar. T h is g a v e  a r e la t iv e ly  
stiff m edium  and p rev en ted  th e  d evelop m en t o f  
spreading colonies, a serious d ifficu lty  w ith  so fter  
m edia. T h e  p lates were in cu b ated  a t 300 C . for 48 
hrs., then  counted.

I t  has been show n b y  several in v estig a tio n s t h a t  
th e  deaths of m icroorganism s w hen su b jected  to  a n y  
fixed u n favo ra b le  conditions w ill occur in c o n fo rm ity  
w ith  th e w ell-know n eq u ation  of m on om olecular 
reactions. T h is m ay be expressed:

, 1 , B
k = 7 ! o g -

in w hich k =  v e lo c ity  coefficient of th e  rate  of death  
of b acteria , a constan t

t =  in terv a l of tim e b etw een  ob servation s 
B =  num ber of b acteria  a t begin n in g of a n y  tim e  

in terva l
b =  num ber of b acteria  a t end of tim e t 

P relim in ary  tests w ith  th e  spores of B acillus pscudo- 
tctanicus show ed sa tis fa cto ry  agreem en t w ith  th e  la w ; 
under a g iven  set of conditions th e  va lu e  of k w as 
foun d to  be n early  con stan t, th a t  is, th e  num ber o f 
b acteria  d yin g  off in a n y  u n it of tim e is n ea rly  p ro
portional to  th e  num ber present a t th e  begin n in g o f  
th a t tim e in terva l. I t  is ev id en t th a t  th e  effect o f  
th e cold shock upon b acteria l spores m ay be d eter
m ined b y  a com parison of th e  va lu es of k foun d  b efore 
and after “ sh o ck in g”  th e  b acteria , i. e., if th e  v a lu e  
of k increases, th e spores h a v e  lo st th eir resistance to- 
som e degree and die off m ore q u ick ly  th a n  do th e  
“ u n shocked”  b acteria .

It  is ap p aren t th a t  considerable exp erim ental 
error is in evitab le . T h e  results, how ever, are on th e  
w hole sa tisfa cto ry .

Several m ethods m ay be used for c a lcu latin g  th e  
va lu e  of k in a n y  exp erim ent. I t  is ev id en t th a t th e  
in itia l inoculum  p ro b a b ly  m ay con tain  som e v ia b le  
v e g e ta tiv e  cells w hich  w ill h a v e  a v e ry  d ifferen t death  
rate  from  spores. T h e  va lu e  of k m a y  be ap p ro xi
m ated b y  (1) su b stitu tin g  for B th e  n um ber of b a c 
teria  a t begin nin g, for b th e n um ber of b acteria  a fte r
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th e  v a ry in g  tim e in tervals , and  a vera gin g , or (2) 
su b stitu tin g  for B th e  num ber of b a cteria  a t b egin 
nin g of each  tim e in terv a l, an d  for b th e  n u m b er a t 
th e  end of each  tim e  in terval, a n d  a vera gin g , or (3) 
su b stitu tin g  for B  th e  num ber of b acteria  a t th e  en d 
of th e  first tim e in terv a l, and for b th e  n um ber of 
b acteria  a fter each of th e fo llow in g tim e in tervals, 
and  a veragin g . T h e va lu es of k were d eterm in ed  b y  
each m ethod  as illu stra te d  b y  th e  fo llow in g exam ple:
T a b l e  I — I l l u s t r a t in g  M e t h o d s  o p  D e t e r m i n i n g  V e l o c it y  C o e f f i 

c i e n t  o n  D e a t h  R a t e  a t  8 0 °  C .
Tim e after Viable k Calculated k  Calculated k Calculated
Inoculation Bacteria by by by

Min. per cc. M ethod 1 M ethod 2 M ethod 3
0 890,000 0 . 0 0 2 1 0 . 0 0 2 1

15 827,000 0.0024 0.0027 0^0027
30 752,000 0.0025 0 .0028 0 .0028
45 681,000 0.0029 0.0039 0.0031
60 594,000 0.0028 0.0026 0.0031
75 537,000 0.0027 0 . 0 0 2 1 0 .0028
90 504,000 0.0032 0.0062 0 .0029

105 406,000

Tim e after 
Inoculation  

M in.
0

15
30
45
60
75
90

105
Value of k

D e t e r m i n a t i o n  o f  V e l o c it y  C o e f f i c i e n t  o f  D e a t h  R a t e  
a t  80° C . F i r s t  T r ia l

✓------------------- Viable Bacteria per cc.--------------------s
Shocked Shocked

Unshocked after Heating after Heating
Bacteria 15 rnin. 30 min.
890.000
827.000
752.000
681.000
594.000
537.000
504.000
406.000  

0.0029

81,000
72,000
60,350
59,650
57 ,700
54.200
53.200  
0.0025

70 .300
67 .100  
64 ,000

5 5 ¡200
48 .100
43 .300  
0.0021

It  w ill b e n oted  th a t th e  va lu es for th e  v e lo c ity  
coefficients of th e  death  rates of th e  shocked  b a cteria  
are n ot higher th a n  those of th e un shocked. T h e  differ
ences are p ro b ab ly  n ot sign ifican t. T h e  general 
ten d en cy  in th is and other experim ents is for th e  va lu e  
for th e  shocked  b acteria  to  be s lig h tly  low er. T h is  
m a y  po ssib ly  be due to  u n av o id ab le  exp erim en tal 
error in th a t  th e  chilled  tu b e  does n o t in s ta n tly  a s
sum e th e desired tem p eratu re w hen replaced  in th e  
w ater b ath .

T a b l e  I I I — D e t e r m i n a t i o n  o f  V e l o c it y  C o e f f i c i e n t  o f  D e a t h  R a t e  
a t  80° C .

F ir s t  T e s t

-V iable Bacteria per cc.--------------------s
Shocked Shocked

after Heating after Heating
15 rain. 30 min.
20,000

Tim e after 
Inoculation 

M in.
0

15
30
60
90

Value of k

0 
15 
30 
60 
90 

120 
135 
150 
165 

Value of k

Unshocked
Bacteria
130.000
110.000 
60,000  
30 ,000  
13,500  
0.0115

6 ,900
2,800
1,150

0 .0136
S e c o n d  T e s t

189.000 10,000
125.000 7,500
82.000 4 ,700
34 .000  2 ,300
32 .000  1,000
15,200 800

6 ,300  

0.0106

360
320

0 .0104

6 ,8 0 0

4 ,650
3 ,000

0 .0059

6,200

4 ,700
2,800
1,880

960
360

0.0065

T h e resu lts in T a b le  I I I  are n ot com p arab le  s tr ic t ly  
and  d ire ctly  w ith  th ose of T a b le  II  as th ese tests were 
perfo rm ed  w ith  d ifferen t lo ts of m aterial.

H ere a gain  th e  differences in  rates of d ea th  are 
p ro b a b ly  n ot sign ifican t. In  each  of th e  fo llo w in g  
exp erim ents it  should  be n oted  th a t  th e  studies were 
m ade w ith  d ifferen t lo ts of m aterial. T h e  va lu es  of k 
determ in ed  in th e  vario u s ta b le s  can n o t be used 
th erefore for a determ in ation  of th e  tem p eratu re  co 
efficient of th e reaction. C on ditio n s w ere un iform  
in each  exp erim ent, b u t suspensions of b a cteria  p re
pared a t d ifferen t tim es did n ot g iv e  com p arab le  
results.

Ave., 0 .0026 Avc., 0 .0032 Avc., 0 .0029

I t  is a p p aren t th a t  in th is in stan ce th ere is litt le  
to choose in th e  m ethod of determ in in g k. I t  is 
th o u gh t, how ever, th a t  eith er th e  th ird , or an a v e r
age of th e  averages, should represent th e  fa cts  fa ir ly  
well. In  general, th e  la tte r  in d ex has been used.

E X P E R IM E N T A L  R E SU L T S

T h ree sets of experim ents were run a t 8o°, one at 
85°, tw o  a t 90 °, and one a t io o °  C . T h e  d a ta  and 
determ in ed va lu es for k are g iven  in th e  fo llow in g 
tables:
T a b l e  l i 

T a b l e  I V — D e t e r m i n a t i o n  o f V e l o c it y  C o e f f i c i e n t o f  D e a t h  R a t e
a t  85° C .

✓-------U n s h o c k e d  B a c t e r i a ------- * S h o c k e d  a f t e r  H e a t i n g  10 m in .
T i m e  a f t e r T i m e  a f t e r
I n o c u l a t i o n V ia b le I n o c u l a t i o n V ia b le

M in . B a c t e r i a M ih . B a c t e r i a
0 2 ,1 8 0 ,0 0 0 0 . 183,000

10 1 ,850 ,000 5 173,000
20 1 ,089 ,000 25 116,000
40 621,000 50 8 8 , 0 0 0
65 45 ,600 60 27 ,000

V a lu e  o f  k 0.0127 0.0107

T a b l e  V — D e t e r m i n a t i o n  o f V e l o c it y  C o e f f i c i e n t o f  D e a t h  R a t e
a t  90° C .

,------- U n s h o c k e d  B a c t e r i a ------- s S h o c k e d  a f t e r  H e a t i n g  10 m in .
T i m e  a f t e r T i m e  a f t e r

I n o c u l a t i o n V ia b le I n o c u l a t i o n V ia b le
M in . B a c t e r i a M in . B a c t e r i a

0 481,000 0 22 ,600
10 296,000 15 10,700
20 67 ,000 30 5,000
35 26 ,000 45 570
50 2 ,900 65 340
65 2 , 2 0 0 75 135

90 85
V a lu e  o f  k ' CLÓ384 0.0285

M*. C*. « 1 TJ . •1  im e  a f t e r  
I n o c u l a t i o n U n s h o c k e d

— V ia b le  B a c t e r i a  p e r  c c . ......... ■»
S h o c k e d  a f t e r  S h o c k e d  a f t e r

M in . B a c t e r i a H e a t i n g  5 m in .  H e a t i n g  10 m in .
0 990,000 89,000
5 810,000 61 ,500 35 ,300

10 790,000 57 ,000 34,500
15 357,500 51 ,000 29 ,500
20 164,500 37 ,100
25 137,500 29 ,600 24*500
30 1 0 1 , 0 0 0 25 ,600 23 ,400
35 94 ,000 22 ,350 12,500

V a lu e  o f  k 0.0292 0 .0180 0 .0108

T a b l e  V I — S i n g l e  D e t e r m i n a t i o n  o f  V e l o c it y  C o e f f i c i e n t  o f  D e a t h

T i m e  a f t e r
R a t e  a t  98° C .

— v ia u i c  j j u e i c u u  p e r  tc .-
I n o c u l a t i o n U n s h o c k e d S h o c k e d  a f t e r S h o c k e d  a f t e r

M in . B a c t e r i a 2  m in . 4 m in .
0 125,000 6 ,600 5 ,6 0 0
2 51,000 5 ,900 5 ,200
4 30,000 5 ,400 4 ,8 0 0
6 4 ,7 0 0 4 ,6 0 0
8 2¿;óóo 3 ,000 3 ,1 0 0

10 14,700 2 , 2 0 0 2 ,500
12 5 ,500 920

V a lu e s  o f  k 0.1106 0 .0504 0ÍÓ257

l t  is ev id en t th a t  th e  exp erim en tal error for results 
such  as g iven  in T a b le  V I  should  be rath er large b e 
cause of th e  difficulties in  rap id  m an ip u lation , slo w 
ness w ith  w h ich  tu b es acq u ire  a new  te m p eratu re , 
and in accu racies in correct estim atio n  of tim e.

T a b l e  V I I — S u m m a r y  o f  t h e  V a l u e s  o p  k O b t a in e d  f o r  D i f f e r e n t  
T e m p e r a t u r e s

Temperature
90°
80°
80°
85°
90°
90°

100 °

Value of k 
for Unshocked  

Bacteria  
0 .0029  
0 .0115  
0 .0106  
0 .0127  
0 .0384  
0 .0290  
0 .1106

Value of k 
for Shocked 

Bacteria 
0.0025  
0 .0136  
0 .0104  
0.0107  
0.0285  
0 .0180  
0 .0504

Value of k 
for Shocked 

Bacteria  
0.0021 
0 .0059  
0.0065

0 .0108
0.0257

A  su m m a ry  of th e  va lu es of k is g iven  in T a b le  V I I . 
I t  w ill be n oted  th a t in one case-on ly  does th e  v e lo c ity  
coefficient of th e  d ea th  rate  of sh o cked  b a c te r ia  rise 
h igher th a n  th e u n shocked. A n  exam in ation  of th is
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ta b le  a p p a ren tly  justifies th e  sta tem en t th a t the 
rate  of d eath  of b acteria  a t h igh tem peratures is n ot 
increased b y  p relim in ary  h eatin g and “ sh o ckin g”  b y  
cold. T h e bacterio logical u tility  of th e b lan chin g 
in th e cold  pack  process of can nin g p ro b ab ly  should 
n ot be ascribed to  shock.

Is there, th en , a h y  bacterio logical ju stificatio n  for 
th e  process of b lan ch in g in  food canning? A  can of 
food  is sterile  and w ill certa in ly  keep in  consequence 
w hen ever th e  n um ber of liv in g  b acteria  present, or 
th e n um ber of th ose w hich can m u ltip ly  in th e  canned 
food, has been reduced to  few er th a n  one to  th e can. 
T h e  fa c t  th a t  sp oru latin g b acteria  die off a t h igh 
tem p eratu res in  su b sta n tia l co n fo rm ity  to  th e  law  
govern in g m onom olecular reactions em phasizes the 
p o in t th a t th e  larger th e  num ber of b acteria  in itia lly  
present in  th e can, th e  longer under th e  sam e con di
tion s w ill it ta k e  to  sterilize. B lan chin g m ay be of 
som e va lu e  because th e  in itia l application  of h o t w ater 
fo llow ed  b y  cold n ot on ly kills m an y b acteria  b u t re
m oves th em  from  h e a v ily  con tam in ated  p roducts in 
v e ry  large n um bers. I t  is probable th a t  th ere is som e 
b acterio lo g ica l ju stificatio n  for the b lan chin g process 
b ecause of th is in itia l cleansing.

I t  m a y  be n oted  th a t  B ushn ell’s experim ents on 
b la n ch in g  w ere n ot in all cases, s tr ic t ly  sp eakin g, 
b lan ch in g in  th e  sense used in th e  cold p ack  process. 
T h is  au th o r dem on strated  th a t if a food is heated , 
chilled, and  h eated , the to ta l tim e of h eatin g re
q uired  to  sterilize  is as great as th o u gh  there h ad  been 
no chillin g. T h is  does n ot prove, how ever, th a t  if 
th e  m aterial h ad  been im m ersed in boiling w ater, 
th en  in cold  w a ter, th a t  the cleansing action  m ay 
n ot h a v e  increased  th e  ease of sterilization . T h is 
could  be determ in ed  b y  q u a n tita tiv e  determ inations 
of th e  spores rem oved  b y  this process. I t  is not im 
p rob ab le in  m an y cases th a t  th e  tim e of sterilization  
required  w ith  and w ith ou t b lan chin g w ould be p ra c
t ic a lly  id en tica l, in d icatin g th a t th e  num ber of b ac
te ria  (spores) rem oved  w as n ot v e ry  great. T h is  is 
in d icated  b y  oth er results of B ush n ell’s w here true 
b lan ch in g w as p racticed . A  com p arative  stu d y  should 
also be m ade of th e  com position  of th e  liquid  of canned 
foods, v e ge tab les in  p articu lar, w hich h a ve  been 
b lan ch ed  w ith  th a t  from  unblanched. V e r y  sligh t 
differences in  th e  a cid ity  (hydrogen ion con cen tra
tion) of th e  liq u id  under th e tw o  conditions m igh t in 
fluence m a rk ed ly  th e  tim e needed for sterilization.

CO NCLUSIO NS

1— Com parisons of th e  v e lo city  coefficients of th e 
d ea th  rates of b acteria l spores m ay be m ade to  de
term in e th e effect of various conditions, such as te m 
peratu re.

2— B acteria l spores are a p p a ren tly  n ot m ade more 
sen sitiv e  to  h ea t b y  prelim inary h eatin g fo llow ed  b y  
chilling.

3— B la n ch in g  as a prelim inary to  th e cold p ack  
process of can nin g does n ot h ave bacterio logica l ju s t i
ficatio n  on th e  basis of increased  su scep tib ility  of the 
b acteria  to  sterilization  because of “ cold sh o ck .”

4 — T h ere is p ro b ab ly  som e bacterio logica l ju stifica 
tion  for b lan chin g because of th e m arked cleansing

action  of th is  process, resu ltin g in th e  in trod u ction  of 
sm aller num bers of spores in itia lly  in to  th e  canned 
p rod u ct. I t  is prob ab le th a t  th e  tim e required  for 
sterilization  varies w ith  th e  in itia l co n tam in atio n ; 
it is desirable therefore to reduce this as* m uch as 
possible.

B a c t e r i o l o g i c a l  L a b o r a t o r i e s  
I o w a  S t a t e  C o l l e g e  

A m e s , I o w a

TH E NATURE OF THE RECOMBINED POTASH IN 
CEMENT MILL DUST

B y  A l b e r t  R .  M b r z  a n d  W i l l i a m  I I .  R o s s  

R e c e i v e d  August 28, 1918

In  a previous p u b lica tio n 1 an estim ate w as m ade of 
th e q u a n tity  of potash  a n n u a lly  reco vera b le  as a  b y 
p roduct in th e  flue du st of th e  cem en t m ills of th e  
U n ited  S ta tes. A tte n tio n  w as also called  to  th e  fa ct 
th a t  in cem en t dusts w hich h a v e  been recovered  a 
portion  of th e  potash  in th e dust has been fou n d  to  be 
insoluble in acids; a second portion  insoluble in  w ater, 
as determ ined b y  th e  official m ethods of th e  A sso cia
tion  of Official A g ricu ltu ra l C hem ists, b u t rea d ily  
soluble in  acids, w hile th e  rem ain der of th e  potash  
is so lu b le  in w ater. In  th e  oil-fired p la n t of th e 
R iv ersid e  P ortlan d  C em en t C o m p a n y, w here cem en t 
dust w as first collected  for its  potash  con ten t, th e 
greater p a rt of th e  potash  in th e du st is rea d ily  w ater- 
soluble. T h is dust also con tain s som e acid-soluble 
and acid-insoluble potash, b u t th e  proportions of 
th ese present are too sm all to  be of p ra ctica l signifi
cance. H ow ever, when du st w as la ter  collected  a t 
p lan ts w here coal is used for fuel it  w as foun d th a t  
in such plan ts th e  acid-soluble potash  m a y  con stitu te  
th e greater p a rt of th e  to ta l p o tash  in th e  d u st and
th e re b y  g re a tly  dep reciate th e  v a lu e  of th e  dust for
sale as a fertilizer. T h is o b servation  w as first m ade a t 
th e  p la n t of th e S ecu rity  C em en t and L im e C o m p a n y  
b y  M r. R . C . H aff, C h ief C h em ist, and  M r. R . D . 
C heesm an , a t th a t  tim e A ssista n t C h em ist of th e
C om p an y. In  exp lan ation  of th e  result th e v ie w  was
ad van ced  b y  R . J. N este ll and E . A n d ersen ,2 of th e  
W estern  P recip itatio n  C om p an y, th a t  th e  potash  occur
ring in  th e  acid-soluble form  w as due to  a recom bin a
tio n  w ith in  th e k iln  of th e  v o la tilize d  p o tash  w ith  
th e  siliceous ash p articles of th e  coal used for fuel.

In  a recen t article  b y  N . S. P o tte r, Jr., and R . D . 
C h eesm an 3 th e  v ie w  is ad va n ced , on th e oth er hand, 
th a t  th ere is no recom bin ation  of th e  v o la tilized  potash 
w ith  th e siliceous ash p articles, b u t th a t  th e  w ater- 
insoluble potash  in th e  dust is due to  th e  potash  in th e 
ash of th e  coal used for fuel and  in the raw  m ix carried  
over m ech an ically  in th e  dust. A fter  q u otin g passages 
from  articles b y  N este ll and  A n d erson 4 and b y  th e 
authors,® th e  sta te m en t is m ade th a t  th e  potash  con
te n t of th e coal ash h ad  h ith erto  been q u ite  n eglected  
in considering th e  sources of th e  potash  occurring in 
cem ent dust.

1 W. H . Ross, A. R . Merz, and C. R . Wagner, U . S. D ept. Agr., Bulletin
572.

• T in s  Journal, 9 (1917) 646.
' •Ib id ., 10 (1918), 109.

‘ Ibid., 9 (1917), 646.
• Ib id ., 9 (1917), 467, 1035.
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T a b l e  I — P o t a s h  i n  C e m e n t  D u s t  S a m p l e s  p r o m  D i f f e r e n t  S o u r c e s

P l a n t

Atlas Portland Cement Co.. Northam pton. P a .....................
Alpha Portland Cement Co.. Cementon, N . Y .........................
Security Cement & Lime Co., Hagerstown, M d .....................
Riverside Portland Cement Co., Riverside, C al.....................

In  m akin g our calcu latio n s from  th e  an alyses a l
r e a d y  referred to  of th e average p o tash  vo la tilized  from  
th e  d ifferen t plan ts of th e  co u n try  in term s of th e  
cem en t produced w e m ade reference as fo llow s to  th e 
m a tter  of potash  in coal:

“ In  m akin g th is  calcu latio n  no acco u n t w as ta k en  
o f  th e potash  in th e  coal w hich  a t m ost w ou ld  n ot 
a m o u n t to  m ore th a n  a few  ten th s of a p oun d per b ar
rel of cem ent. A n y  potash  present, h ow ever, w ould 
te n d  to  increase th e  va lu e  g iven  for th e  am ou n t of 
p o ta sh  vo la tilized . C f. R . K . M eade, “ P o rtla n d  C e 
m e n t,”  2nd ed., p. 179 .” 1

A t  th e p la n t w here R . K . M ead e carried  o u t his in
v estig atio n s, 110 lbs. of coal were consum ed per barrel 
■of cem ent produced. T h e p o tash  in th e  coal am oun ted  
to  0.16 per cen t and evid en ce w as g iven  th a t  of th e  
■coal ash form ed in th e  kiln  o n ly  ab ou t on e-half escaped 
w ith  th e  d u st.2 On th is basis, th e  q u a n tity  of potash  
In th e  dust th a t  had coal as its  source w ould  am ou n t 
to  o n ly  0.09 lb. per barrel of cem en t. T h is  v a lu e  is 
•so sm all as to  be p ra ctica lly  w ith in  th e lim its  of exp eri
m en tal error and when it is considered th a t  th e  potash  
in  coal is alm ost en tirely  in  th e  w ater-in solu b le form  it 
w as decided to  om it in our calcu latio n s th e  y ie ld  of 
potash  from  th is source.

In  T a b le  I are g iven  an alyses of fou r cem en t dust 
sa m p les for acid-insoluble, acid-soluble, and w ater- 
soluble potash.

In  th e  case of the first sam ple listed  in T a b le  I, the 
w ater-soluble potash  am ounts to  1.69 per cen t of th e 
■dust and th e w ater-in soluble p o tash  to 6.91 per cent. 
T h ese an alyses were m ade on a sam ple of d u st w hich 
w a s  esp ecially  collected  in such a w a y  as to  represent 
th e entire dust as it  escapes from  th e  k iln  rath er th a n  
th a t  w hich is collected  b y  present com m ercial m eth 
od s. In  a n y  dust th e  potash  th a t  is carried  over m e
c h a n ica lly  can not exceed th e to ta l p ercen tage occurring 
in  th e  raw  m ix m ultiplied  b y  a certain  fa cto r  w hich  
dep en ds on the degree to  which th e du st has been ca l
cined before escapin g from  th e kiln. A t  th e  p lan t 
un der consideration  600 lbs. of raw  m ix are required  
t o  y ield  1 barrel (380 lbs.) of cem ent. I f  it  be as
su m ed  th a t  th e d u st undergoes a 50 per cen t calcin a
tio n 3 th en  th e fa cto r  referred  to w ill am ount to  600/490. 
T h e  potash  in th e  raw  m ix of th is sam e p la n t am ounts 
t o  0.74 per cen t. I t  follow s, therefore, th a t  in  th e  dust 
o f  th is p la n t th e potash  carried over m ech an ically  w ill

1 U . S. D ept. Agr., Bulletin 572, p. 8 .
3 "Portland Cement.” 2nd ed., p. 179.
3 Paper (pp. 38, 39, 43) by W. A. Schmidt, presented at the M eeting  

o f Amer. Inst, of M ining Engineers, Globe, Arizona, Sept. 21, 1916.
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Coal 1.69 19.65 5.47 63 .60 1.44 16.74 8 .6 0 1.74
Coal 2 .9 2 41 .59 3.41 48 .59 0 .6 9 9.83 7 .02 2 .73
Coal 6 .79 59.57 4 .0 6 35.61 0 .55 4 .83 11.40 2.61
Oil 9 .7 6 91 .62 0 .73 6 .85 0 .16 1.51 10.65 2 .1 3

a m ou n t to  n ot m ore th a n  0.91 per c e n t1 of th e dust. 
T h is  leaves a b alan ce in th e  dust of 6.00 per cen t of 
w ater-in solub le potash , am ountin g to  69.8 per cen t of 
th e to ta l, w hich, accordin g to  P o tte r  and C heesm an , 
com es from  th e ash of th e  coal used as fu el. E xp ressed  
in  term s of th e  cem en t produced th is w ould  be e q u iv 
alen t to  1.22 lbs. per barrel.

In  T a b le  II are g iven  th e  an alyses for p o tash  of se v 
eral coal sam ples received  from  different cem en t p lan ts 
w here p o tash -bearin g dust is now  being collected. I t  
w ill be n oted  th a t  th e average of th e va lu es fou n d  for 
th e  to ta l p o tash  in coal ash is less th a n  h a lf th a t  re
p o rted  b y  P o tte r  and C heesm an .2 T h e  first sam ple 
listed  in th e  ta b le  represents th e coal used in th e p la n t 
under discussion a t th e  tim e th e  an alysis  w as m ade of 
th e  potash  in th e  raw  m ix and cem ent. If  th e  assum p
tio n  is correct th a t  there is no recom bin atio n  of potash  
and  even  if it  be gran ted  th a t  all of th e  ash from  th e  
coal escapes from  th e  kilns w ith  th e  d u st, th en  a t lea st 
530 lbs. of coal w ould h a ve  to  be burn ed  in th is  p la n t 
per barrel of cem en t in order to  g iv e  th e  q u a n tity  of 
w ater-in soluble potash  th a t  is a ctu a lly  foun d. T h is  
q u a n tity  of coal is m uch in excess of w h a t is a c tu a lly  
used and th e  excess w ould  be still m ore m arked  if 
proper a llow an ce were m ade for th e  coal ash th a t  does 
n ot escape from  th e  kilns. A gain , if th e  coal were 
responsible for th e  excess of w ater-in solub le p o tash  
foun d in th e  second dust listed  in T a b le  I, u p w ards of 
500 lbs. of coal w ould  h a ve  to  be used per barrel of 
cem en t, or 1000 lbs. if on ly  50 per cen t of th e  coal ash 
escapes from  th e  kiln . E ith er v a lu e  is g re a tly  in ex 
cess of th a t  used in  a n y  cem en t p la n t in th e  co u n try . 
T h e  conclusion  m ust therefore be reached th a t  in these 
p lan ts, a t lea st, th e  ash of th e  coal and th e  d u st carried  
over m ech a n ically  are n ot th e o n ly  sources of th e  w ater- 
insoluble p o tash  of th e  dust. T h e  on ly  oth er possible 
source is th e  p o tash  th a t has been vo la tilized  in th e  
process of burn in g and w hich  has undergone a recom 
b in atio n  durin g its  passage from  th e kiln . M ore d irect 
ev id en ce in su p p ort of th is  is furn ished  w hen a dust 
from  oil-fired k iln s like  th ose of th e  R iv ers id e  P o rtla n d  
C em en t C o m p a n y  is ign ited  in th e  presence of a coal 
ash. T h is  b rin gs ab ou t, as w ill be show n  later, a 
m arked  red u ctio n  in w ater-soluble potash  and a cor
respondin g increase in w ater-in solu b le p o tash . A  re
com bin ation  of a p o rtio n  of th e  soluble p o tash  o rig i
n a lly  present in the du st to  m ake a w ater-in solu b le com -

1 The true value will actually be considerably less than this, owing 
to  the fact th at part of the potash silicate in the raw mix is decomposed in 
the process of burning and also to the dilution of the dust by the addition 
of the volatilized potash.

2 Loc. cit.
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T a b l e  I I — P o t a s h  in  C o a l  A s h e s

P l a n t
Atlas Portland Cement C o............
Alpha Portland Cement C o ...........
Clinchfield Portland Cement Co. 
Security Cement and Lime Co. . .  
Tidewater Portland Cement C o . .

Ash 
in coal

—Pnf/icVi in Pprr'i'nfnffi' nf A cli—
Total 
Potash 

in CoalWater-
X ULtloLI 111 I Cl Ul

Acid- Acid-
Per cent soluble soluble insoluble Total Per cent

1 2 . 6 0.07 0 .50 1.28 1.85 0 .23
14.4 0 .0 9 0 .42 1 .14 1.65 0 .2 4
1 2 . 8 0 .09 0 .67 2 .2 8 3 .0 4 0 .3 9

7 .8 0 .0 4 0.61 1.41 2 .06 0 .1 6
15.6 0 .07 0 .4 6 1.39 1 . 1 2 0 .3 0

lu n a tio n  m ust therefore h a v e  ta k en  place. T h e fa ct 
■of th e  recom bin ation  of potash  h a vin g  th us been estab 
lished, th e  fo llow in g experim ents were u n dertaken  to 
■determine th e  n atu re of th e  com pound form ed.

P O SSIB L E  FORM S OF PO TA SH  CO M BIN A TIO N

In  th e  case of coal-fired kilns th e potash  th a t  is vol- 
•atilized in th e  h o ttest p a rt of th e kiln  w ill first come 
in  co n ta ct w ith  th e  ash of th e coal and th e  principal 
■constituent elem ents of a n y  dust th a t  could be col
lected  a t th is point should consist of th e alkalies, a lu 
m inum , silicon, sulfur, oxygen, and carbon. As this dust 
passes from  th e  kiln  it w ould be d iluted  w ith  lim e and 
th e  oth er con stitu en ts occurring in th e raw  m ix. I t  
has lon g been k n ow n  th a t when a m ixture of the ele
m ents first m entioned is ign ited  in th e proportions of 
•about 25 p arts of c la y  to  25 of soda to  3 of carbon and 
15 of su lfur th ere is form ed a sodium  alum inum  su lfo - 
s ilic a te  kn ow n  as u ltram arin e or artificial lapis lazuli. 
T h e  n atu ra l p ro d u ct is represented b y  th e form ula 
N a.j(N aS3.A l)A l2(SiOj)3. O ther related  m inerals are 
S a u y n it e ,  N a 2C a (N a S 0 4.A l)A l2(Si0.i)3, and N oselite, 
N a 4(N a S 0 4.A l)A l2(Si04)3.

U ltram arin e is insoluble in w ater b u t is rea d ily  de
com posed b y  d ilu te  acids and is able to  w ith stan d  a 
T e d  h eat when h eated  out of co n tact w ith  lim e. These 
prop erties of u ltram arin e and th e m ethod of its form a
tio n  suggested  th e  p o ssib ility  a t first th a t th e  recom 
b in ed  potash  in cem en t dust m ay be an artificial com 
p o u n d  analogous to  th e artificial sodalites, b u t havin g 
•■soda replaced  b y  potash.

I t  is w ell know n , how ever, th a t if th e constituen ts 
■used in m akin g ultram arin e are taken  in such prop or
tion s, or ign ited  under such conditions th a t  u ltra- 
m arine is n ot form ed, there is then obtained instead an 
am o rp h o u sp ro d u cto r glass. O rdin ary glass is considered 
as an a lk a li s ilicate  w ith  a silicate of one or more bases, 
th e  alkali being sodium  or potassium  and th e base 
■usually calcium  or lead. T hese are com m on ly used in 
th e  form  of such raw  m aterials as silica, lim e, and the 
■carbonate or su lfa te  of sodium  or potassium . W hen the 
■sulfate is used som e carbon  is also added as a reducing 
■agent, w h ich  fa cilita te s  the liberation of th e sulfur du r
in g  th e  process of fusion. I t  is th us seen th a t th e sam e 
■constituents are to  be foun d in the dust of th e h ottest 
.zone of a cem en t kiln  as are used in th e  m anufacture of 
w indow  or b o ttle  glass, though n ot necessarily present 
in  th e  prop ortion s used for m akin g glass.

T h e  prop erties of th e  glass produced from  th e con
stitu e n ts  m entioned depend en tirely  on th e  propor
tion s ta k en . In creasin g th e  a lk ali con ten t of a glass 
increases th e  so lu b ility  of th e a lka li in th e product, 
w h ile  an increase in  th e  silica con ten t has an opposite 
e ffect. F or equal conten ts of silica th e  glass which 
con tain s th e  m ost lim e and th e  least alkali is th e  m ost

resistant. A  high prop ortion  of lim e w ith  respect to 
th e silica, how ever, w ould  m ake a p rod u ct insoluble in 
w ater b u t v e ry  soluble in acids. B y  v a ry in g  th e p ro
portion  of th e con stitu en ts it  is th u s possible to  pre
pare glasses in w hich th e a lka li present is m ostly  sol
uble in w ater, m ostly  acid-soluble, m ostly  insoluble in 
acids, or th e  glass m a y be of such n ature th a t  con 
siderable am ounts of a n y  tw o  or th ree of th e  form s of 
potash m ay be obtained. I t  w ould  th u s seem  th a t  it 
m ight be possible to  ca lcu late  th e so lu b ility  of the 
a lk a li in a glass from  th e prop ortion  of th e con stitu en ts 
ta k en , or vice versa, b u t w e h a v e  n ot been able to  locate 
a n y  form ula b y  w hich th is m a y  be done.

T hese considerations w ith  regard  to  glass form ation  
suggested  another possible exp lan ation  of th e  n atu re of 
th e  recom bined potash  in cem en t dust, in addition  to  
th a t a lrea d y  m entioned in discussing th e  sulfo-silicates. 
O w ing to  th e  extrem e fineness of th e p o tash -bearin g 
portion  of th e  dust no evid en ce respectin g a n y  of its 
com bin ations could  be secured from  a m icrochem ical 
exam ination  of th e  dust. T h e fa c t  th a t  th e  recom bin ed 
potash  is s lo w ly  h y d ro lyzed  also precluded  th e  pos
s ib ility  of sep aratin g  it  from  th e  rest of th e  du st for 
chem ical analysis. I t  w as th erefore decided to  m ake 
a s tu d y  of th e  su b ject in an in d irect w a y  b y  ign itin g  
artificial m ixtures so prepared as to ap p roxim ate in 
com position  th a t  of cem en t du st as it is foun d in d if
feren t p a rts  of th e  kiln .

C O M BIN A TIO N  OF PO TA SH  I N  A R T IFIC IA L  M IX T U R ES

In  th e zone of th e  kiln  w here th e greater p a rt of th e  
potash  is vo la tilized  th e la tte r  w ill n ecessarily  first com e 
in co n tact w ith  th e  ash of th e  b u rn in g coal in an atm o s
phere of sulfur dioxide and carbon  dioxide. In  th e 
first set of experim ents, 3 g. of ash w ere a cco rd in g ly  
ign ited  w ith  0.9 g. of K 20  as po tassiu m  sulfate, a t 
tem p eratu res of 6oo°, 1000° and 1300°. T h e  ig n i
tion s were repeated , usin g th e  sam e am oun t of potash 
in th e  form  of th e carbo n ate. T h e  ign ition s w ere all 
m ade in an open p la tin u m  dish in  an oxid izin g a tm o s
phere. In  a second set of experim ents, 1.5 g. of carbon 
(lam p black) were th o ro u g h ly  m ixed w ith  th e  corre
sponding m ixtures used in  th e  first set of experim ents 
and  ign ited  a t th e sam e tem p eratu res in closed w rought- 
iron vessels shaped like  a J. L aw ren ce Sm ith  crucible. 
In  th is w a y  th e ign ition s were m ade under reducin g 
atm ospheric conditions. U nder cem en t k iln  conditions, 
th e  ash-potash m ixture as it  passes th ro u g h  th e  kiln  
w ould be d iluted , as a lrea d y  p o in ted  ou t, w ith  a new  
co n stitu en t in  th e  form  of lim e. In  a th ird  set of ex
perim ents, 3 g. of lim e (C aO ) w ere th erefore m ixed 
w ith  each of th e  m ixtures described in  th e  first and 
second set of experim ents and th e  ign ition s again  car
ried ou t under th e  sam e conditions as before. T h e  
results ob ta in ed  are g iven  in T a b le  II I .
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Ash +  K3SO4...................... 94 2 4 90 5 5
Ash +  K 2SO4 +  Carbon. 94 2 4 90 2 9
Ash +  K 2S 0 4 +  C a O .... 94 2 4 93 1 6
Ash +  K 2SO< +  CaO + Carbon . 94 2 4 92 1 7
Ash - f  K îCOj..................... 94 2 4 74 26 0
Ash 4* K 2CO3 +  Carbon. 94 2 4 73 27 0
Ash + KaCOa +  C a O .. . 94 2 4 95 5 0
Ash + KaCOa -j- CaO + Carbon. 94 2 4 86 14 0
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17 0 17 71 12 3 2 5 95 0
29 0 29 • 38 34 24 15 39 61 0
86 14 100 0 0 25 65 90 4 6
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T h e proportion  of potash  ta k en  for th e  exp erim ents 
listed  in T a b le  I I I  am ounted to  a b o u t 20 per cen t of 
th e  u n ign ited  ash and p otassium  carb o n a te  (or p o ta s
sium  su lfate) m ixtures, or a b ou t xo per cen t w hen th e  
m ixture also contains lim e. T h is  w ould  represent 
ab ou t th e m axim um  ratio  of p o tash  to  coal ash th a t  
w ould ord in arily  be m et w ith  in  a n y  cem en t kiln . 
W ith  a v iew  to  te stin g  ou t th e  effect of using a sm aller 
proportion  of potash , a second series of experim ents 
w as run, using one-third  as m uch p o tash  as in th e first 
series. T h e  resu lts are g iven  in T a b le  IV .

T h e  an alyses for w ater-soluble and to ta l potash  in 
th e  different m ixtures as g iven  in T a b les  I I I  and IV  
were m ade b y  th e  official m ethods of th e  A ssociation  
of Official A g ricu ltu ra l C hem ists. T h e  acid-soluble 
potash  w as determ in ed  b y  b oilin g for V2 hr. in a 5 per 
cen t h yd ro ch loric  acid  solution , using 75 cc. of acid  
per gram  of ash ta k e n . F o r th e determ in atio n  of 
w ater-soluble potash  th e  old O fficial M eth o d  w as used 
rath er th a n  th e  one adopted  la s t y ea r, as th e  form er 
w as m ore conven ien t for our purpose. B o th  of these 
m ethods, as w ell as th a t  used for th e acid-soluble p o t
ash, are en tirely  a rb itra ry  and  d u p licate  results are 
not lik e ly  to  agree v e ry  closely  unless th e  an alyses are 
carried ou t each tim e in ex a ctly  th e  sam e w a y. W hen 
m akin g th e  an alyses care w as th erefore taken  to  fo llow  
th e  sam e procedure in each case as closely  as possible.

T h e  proportion  of potash  vo la tilized  w as determ in ed 
b y  n oting th e difference b etw een  th e  to ta l p o tash  ta k en  
and th e  to ta l rem aining in  th e  residue. In  a sim ilar 
w a y  th e  acid-insoluble potash  w as foun d b y  ta k in g  the 
difference betw een  th e  to ta l in  th e  residue and th a t  
w hich w as acid-soluble. In  cases w here th e  va lu es 
obtained  b y  difference are sm all, a n y  sm all chan ge in 
eith er of th e  original va lu es w ill prod u ce a com par
a t iv e ly  large difference, in th e  result. T h e  exp erim en 
ta l error for acid-insoluble and  vo la tilized  potash w as 
therefore rath er large when th e  va lu es represented  b y  
these determ in ations were low . F or higher va lu es and 
also for those va lu es obtained  b y  d irect an alysis c losely  
agreeing results were obtained.

A n  exam in ation  of th e  va lu es g iven  in T a b les  I I I  
and IV  w ill show  th a t th e results ob tain ed  w ith  p o ta s
sium  su lfate  did n ot differ in a n y  v e ry  m arked  m anner 
from  those ob tain ed  w ith  th e carbo n ate, p a rticu la rly  
w hen th e ign ition s were m ade a t th e  high er te m p er
atures. A t  6000 w ith  th e ash-potash m ixture th e  car
b on ate is m ore re a ctiv e  th a n  th e  su lfa te , b u t a n o tice
able com bin ation  ta k es  p lace w ith  b oth  salts even  a t th is 
tem peratu re. A t  io o o °  th e  ex te n t of com bin ation  is

m uch m ore m arked  th a n  a t 600 and a t 13000 th is is 
still greater th a n  a t io o o ° . T h is  te n d en cy  of th e  p o t
ash to  com bine w ith  coal ash is so great th a t  litt le  or 
no loss of th e  form er m a y occur even  w hen ign ited  at 
13000 for 40 min. I t  is to  be n oted  also th a t  in e v e ry  
case th e  exten t of th e  com bin ation  w as greater when 
th e  low er prop ortion  of potash  w as used in th e  m ix
tu re.

T h e  effect of addin g carbon  to  th e  ash-potash  m ix
tu re  did  n ot seem  to h a v e  a n y  pron oun ced effect on 
th e  results w hen considered as a w hole. In  th is  set of 
exp erim ents, as in th e first, th e carb o n a te  w as m ore 
rea ctiv e  th an  th e  su lfate  a t 6oo°, b u t b o th  salts b e
h a ved  in m uch th e  sam e w a y  for th e  oth er tem p eratu res. 
T h is w ould  in d icate  th a t  the p o tash  com bin ation  is in 
th e  n atu re of a potash  slag or im pure glass rath er th a n  
a su lfo-silicate. T o  te st ou t th e  effect of usin g a sili
ceous m aterial know n  to  be en tire ly  free from  su lfu r, 
a portion  of th e  ash w as ign ited  w ith  carbon , tre a te d  
w ith  d ilute h yd ro ch loric  acid, and  th e  residue, w h ich  
w as th en  w ashed and dried, w as ign ited  w ith  p o ta s
sium  carb o n ate w ith  and w ith o u t carbon. E ssen tia lly  
th e  sam e results were ob ta in ed  as before. T h ese ex
perim en ts th u s furnish no evid en ce in fa v o r  of th e  v ie w  
th a t  th e  recom bin ed potash  in  cem en t d u st is in th e  
n atu re of a sulfo-silicate.

T h e  tim e of ign ition  of th e exp erim ents listed  in  T a b les  
I I I  and  I V  w as 40 min. I t  w as foun d, h ow ever, th a t  
th e  tim e of ign ition  could  be shortened  som ew hat 
w ith o u t m u c h 'c h a n g e  in th e  results. T h u s w hen th e 
ash-potassium  su lfate  m ixture g iv en  in  T a b le  I V  w as 
ign ited  for xo, 20, 30, and 40 min. th e  prop ortion  of th e  
added p o tash  th a t  un derw en t com bin ation  am ou n ted  
to 82, 89, 9 1, and  93 per cent, resp e ctive ly .

T h e  ad ditio n  of lim e to  th e  ash-potash m ixture, as 
show n in T a b les  I I I  and IV , b ro u g h t a b o u t a decided 
ch an ge in th e  results as w as to  b e  exp ected . T h is  
basic co n stitu en t bein g less v o la tile  th a n  th e  a lka lies, 
is able to  replace th e  la tte r  in  th eir com bin ation s w ith  
siliceous m aterials when ign ition s of th e  m ixtures are 
m ade a t a sufficien tly  high tem p eratu re . . I t  th u s h a p 
pened th a t  th e sam e resu lts w ere ob ta in ed  w hen coal 
ash and  po tassiu m  su lfa te  (or carbon ate) w ere first 
ign ited  at xooo° alone and th en  su b seq u en tly  a t the 
sam e tem p eratu re  w ith  lim e as w hen b u t one ign ition  
w as m ade of all th ree com pounds. In  b o th  cases th e  
greater p a rt of th e  p o tash  rem ain ed  or w as o b ta in ed  in 
a w ater-solu ble form . In  th is set of exp erim ents, h ow 
ever, as in  th e  case of th ose m ade w ith  ash and potash  
alone, th e  prop ortion  of w ater-solu ble p o tash  in the
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M i x t u r e

Ash - f  K 2S O 4................................................
Ash 4- K 2SO4 -f* Carbon................ ..
Ash +  K 2SO4 +  CaO.......................
Ash -j- CaO +  K2SO4 +  C arbon ..
Ash +  K 2CO3........................................
Ash 4* K jCOj -f- Carbon................
Ash +  K 2CO3 +  CaO.......................
Ash 4“ KaCOj 4- CaO +  Carbon.
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ig n ited  residue w as less w ith  th e  low er th a n  w ith  th e 
h igh er p ercen tage of potash  in th e  m ixture.

W hen  carbon w as added to  th e  ash-potash-lim e m ix
tu re s , th e  proportion  of w ater-solu ble potash  rem ain 
in g  a fter ign ition  w as th en  foun d to  be con sid erably  
b e lo w  th e  corresponding va lu es ob ta in ed  w ith o u t car
b o n . T h e  effect of th e  carbon  w as th us to  dim inish 
th e  action  of th e lim e in settin g  free or k eep in g in a 
-water-soluble form  th e  potash  in th e  m ixture.. I t  w as 
ob served  th a t  ign ition  a t 13000 for 40 min. reduced the 
ash-potash -lim e m ixture to  a h ard  clin ker, b u t w hen 
carb o n  w as added  and  th e  m ixtu re ign ited  as b efore in 
a  closed vessel it  rem ain ed  as a pow der and no clinker- 
in g w h a tev er to o k  place. I t  w ould  seem  therefore th a t 
th e presence of th e  carbon  serves as a p ro te ctive  co a t
in g betw een th e  lim e and th e  oth er con stituen ts, thus 
d im inishin g a t th e sam e tim e th e  sin tering of th e m ass 
an d  th e  actio n  of th e  lim e on th e  a lka li silicates.

F u rth er ev id en ce in sup port of th is  v ie w  w as fu r
nished b y  ign itin g  b o th  w ith  and w ith o u t carbon  a 
m ixtu re of fe ld sp ar and  lim e in th e  proper proportion  
to  m ake cem ent. B o th  m ixtures were ign ited  for */* 
hr. a t th e  sam e tem peratu re (1300°) in sim ilar w rought- 
iron  contain ers, excep tin g th a t  th e  one contain ing the 
carbo n  w as loosely  closed a t th e  top  w hile th e other 
w as le ft open. A fte r  ign ition , th e  carbon-free residue 
w as fou n d  to  be clin kered  to  a hard  m ass, w hile th a t 
con tain in g  th e  carbon  rem ained as a fine pow der. A n  
an alysis  of each residue for w ater-soluble, acid-soluble, 
and  acid-insoluble p o tash  show ed, as in d icated  in T a b le  
V , th a t  th e  feld sp ar w as decom posed to  a m uch greater 
ex te n t in th e  carbon-free m ixture th a n  in  th a t  to  w hich 
carbon  w as added.
T a b u ; V — D e c o m p o s it io n  o p  F e l d s p a r  b y  I g n it io n  w i t h  L im e  w it h

AND W ITH OU T C A R B O N

.-------  — K2O in Percentage of Total in Mixture-----—*
Acid-

*—— Water-soluble—— . soluble, Acid- Total
In resi- Volatil- water-in insol K 2O in

M i x t u r e due ized Total soluble uble mixture
Feldspar 4" CaO. .. 2 0 .0  75 .4 9 5 .4 4 .6 0 . 0 5.12
Feldspar 4" CaO 4*

Carbon................ 2 3 .5  18 .2 4 1 .7 4 3 .4 14.9 5 .12

T h is  action  of th e  carbon  in decreasing th e  prop or
tion  of w ater-solu ble potash  furnishes an exp lan ation  
of th e  results ob ta in ed  b y  one of us when th e  S ecu rity  
a n d  C em en ton  d usts w ere ign ited  first in open and then  
in closed vessels.1 T h e  la tte r  du st differed from  th e  
form er in  con tain in g a co m p a ra tiv e ly  high percen tage 
o f free carbon  am ou n tin g to  9.26 per cen t of th e  dust. 
In  th e  case of ign ition  in open vessels a n y  car
bon present w ould  be burn ed  off, lim estone w ould  be 
reduced to  th e  oxide, and in  th e  lig h t of th e  results

1 A .  R .  M e r z ,  T h i s  J o u r n a l ,  1 0  (1 9 1 8 ) ,  1 06 .
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ob tain ed  w ith  th e  prepared m ixtures it w ould be ex 
pected  th a t a greater or sm aller prop ortion  of th e recom 
bined potash  w ould  th erefore b e set free, depending on 
th e am ount o rig in ally  present. T h is w as foun d to  be 
true, for in th e  case of th e S ecu rity  dust, w hich  con 
tained  6.3 per cen t of w ater-soluble and 11 .4  per cen t 
of to ta l potash , th e  potash  w hich w as w ater-soluble 
w as increased b y  ign ition  in  an oxid izing atm osphere 
a t 850° from  60 per cen t to 95 per cen t of th e  to ta l 
present. T h e  w ater-soluble potash  in  a sam ple of th e 
C em en ton  du st on th e  oth er hand, w hich contain ed  
on ly  2.9 per cen t of w ater-soluble and  7.0 per cen t of 
to ta l potash , w as increased o n ly  from  41 to 73 per 
cen t of th e  to ta l b y  th e  sam e trea tm en t.

T h e  results ob tain ed  w ith  th e  prepared m ixtures also 
in d icate  th a t  w hen a cem en t d u st con tain in g carbon  
is ign ited  in  a closed vessel th ere w ould  be less w ater- 
soluble potash  in th e residue th a n  w hen ign ited  in an 
oxid izing atm osphere and th a t  w hether th e  trea tm en t 
w ill a ctu a lly  brin g abou t an increase or decrease in th e 
w ater-soluble potash  w ill depend on th e  re la tiv e  p ro
p ortion  of w ater-soluble to  recom bined potash  origi
n a lly  present in th e  dust. T h e  exp erim en tal resu lts in 
th is case w ere likew ise foun d to  be in  agreem en t w ith  
w h a t w as predicted . T h u s w hen th e  C em en ton  dust, 
con tain in g orig in ally  9.6 per cen t of free carbon , w as 
ign ited  a t 850° for 40 m in., th e  w ater-soluble potash  
w as a ctu a lly  decreased from  41 to  30 per cen t of th e 
to ta l, w hile in th e  richer S ecu rity  dust when th e 
sam e am ount of carbon  w as added and  ign ited  in the 
sam e w a y  th e  w ater-soluble p o tash  w as increased from  
60 to  65.4 per cent.

In  v iew  of th e  foregoing ob servation s it  w ould seem  
p robable th a t  th e  proportion  of recom bin ed potash  in 
those dusts w hich contain  free carbon  m igh t b e reduced 
to  som e exten t if m ore of an oxid izing atm osphere were 
m ain tained in th e  kilns durin g th e  burn in g of th e 
cem ent.

From  th e  experim ents described it  m igh t also be p re
d icted  th a t  th e  addition  to  th e  raw  m ix of a sa lt of 
sodium , as sodium  chloride, w ould  brin g a b o u t a re
d uction  of th e recom bin ed potash  as has a ctu a lly  been 
ob served  a t th e  p la n t of th e  S ecu rity  C em en t and  L im e 
C o m p a n y. I t  is know n  th a t w hen sodium  chloride is 
ign ited  w ith  feldsp ar a  replacem en t of th e  potash in 
th e  feld sp ar b y  th e  sod a ta k es  p la ce ,1 show ing th a t  the 
sodium  alum in um  silicate  form ed is m ore stab le  when 
ign ited  w ith  p o tash  th a n  is th e corresponding potash  
sa lt in  th e  presence of soda. W hen  sodium  chloride

1 H. P. B assett, U. S. Patent N o. 1,072,686.
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occurs in th e  dust of a cem en t kiln  th ere is, therefore, 
lik e ly  to  be a replacem en t of th e  recom bin ed potash  
in  a w a y  analogous to  th a t  b rou gh t ab ou t b y  lim e.

RE C O M B IN A T IO N  03? V O LATILIZED PO TA SH  W ITH T H E  

SIL IC E O U S PA R T IC L E S OF TH E RA W  M IX

A s a lrea d y  poin ted  ou t in T a b les I I I  and IV , v e ry  
little  com bin ation  of potash  w ith  coal ash ta k es  place 
in th e carbon-free m ixtures w hen lim e is present and 
th e  prop ortion  com bined is less in th e  higher th a n  in 
th e  low er potash  m ixtures. I t  w ould  be exp ected , 
therefore , th a t  since lim e is in tim a te ly  m ixed w ith  th e 
silicates of th e  raw  m ix in cem en t m an u factu re there 
w ould  be o n ly  a lim ited  recom bin ation, in  an oxidizing 
atm osphere, of th e  vo latilized  p o tash  w ith  th e  siliceous 
pa rtic les of th e  raw  m ix. In  th e  presence of carbon 
th e  exten t of recom bin ation  m ight be exp ected  to  be 
som ew h at greater. T o  gain  fu rth er exp erim en tal e v i
dence on th is point portions of a sam ple of raw  m ix 
from  th e S ecu rity  C em en t and L im e C o m p a n y  were 
ign ited  a t 1000° to  drive off carbon  dioxide and then  
w ith  different proportions of po tassiu m  su lfa te  w ith  
and w ith o u t carbon. T h e results, as show n in  T a b le  
V I , are in keep ing w ith  w h a t w as exp ected  from  th e  
preceding experim ents.

T a b l is  V I — C o m b i n a t io n  o f  P o t a s h  o n  I g n it io n  w i t h  C e m e n t  
R a w  M ix

/■ K 2O in Percentage of Total in M ixture------ --
  Before Ignition——* ✓ After Ignition------ >
W ater- Acid- Acid-in- W ater- Acid- Acid-in
soluble soluble soluble soluble soluble soluble 

9 6 .4  2 .0  1 .6  9 2 .4  7 .3  0 .3
M ix t u r e  

R aw  M ix  +  K 2S O 4.
R a w  M ix  - f  C a r b o n . . .  9 6 .4
Raw Mix +  K2S04. 
Raw M ix -j- C arbon..

90.1
90.1

2.0
5 .6
5 .6

1.6
4 .3
4 .3

8 3 .0
76 .8
30 .3

15.5  
2 1 .4  
64 .3

1.5
1 . 8
5 .4

F u rth er evidence w ith  regard  to  th e  recom bin ation  
of vo la tilized  potash  w ith  th e raw  m ix w as show n  in 
experim ents w ith  dust from  th e  R iv ers id e  P ortlan d  
C em en t C om p an y, w here oil is used for fuel. T h e 
to ta l potash  in th e  sam ple am ou n ted  to  10.65 per cen t 
of th e  dust and th e w ater-soluble potash  to  9 1.6 1 per 
cen t of th e to ta l. On ign itin g  th e d u st alone a t io o o °  
for 40 min. there w as an actu al increase in w ater-so l
uble potash  w hich now  am ounted  to  94.8 per cen t of 
th e  to ta l. W hen ign ited  w ith  carbon, h ow ever, th e  
w ater-soluble potash  decreased to  70.4 per cen t of the

T a b l e  V I I — R e c o m b in a t io n  o f  P o t a s h  i n  R i v e r s i d e  D u s t  w i t h  a n d  
w it h o u t  A d d e d  C o a l  A s h

K 2O in Percentage of Total in ]
-U nignited- -Ignited at 

W ater-soluble

M ixture
1 0 0 0 °  s

Riverside 
Riverside 
Riverside 
Riverside 
Riverside 
Riverside 

b o n .. . .

M i x t u r e

dust -f- Carbon............
dust 4* Carbon...........
dust 4 * Ash...................
dust -f- Ash 4* Carbon
dust 4 * l/ i  A sh............
dust 4- V* Ash 4- Car-

£ < A > h
9 1 .6  6 .9  1.5  9 4 .8  3 .3  98.1
9 1 .6  6 .9  1 .5  70 .4  6 .9  77.3
78 .3  9 .4  12.3 6 2 .9  1 .2  64.1
78.3  9 .4  12.3 9 .6  5 .2  14.3
86 .7  7 .8  5 .5  8 6 . 8  3 .5  90 .3

?  *? 
12‘u 'o 
<  <  
1 .9  0 .0  

10.2 12.5 
27 .1  8 . 8  
79.7  5 .5  

9 .7  0 .0

86 .7  7 .8  5 .5  7 0 .0  7 .0  7 7 .0  2 0 .4  2 .6

to ta l, show ing th a t  a com bin ation  to o k  place to  som e 
exten t b etw een  th e soluble potash  n a tu ra lly  occurring 
in th e  dust w ith  th e  siliceous m aterial w hich orig in ally  
cam e from  th e raw  m ix. W hen th e a c id ity  of th e  du st 
w as increased b y  th e  addition  of coal ash and th e m ix
tu re ign ited  as before, th e  exten t of th e  recom bin ation  
of th e  p o tash  in th e  d u st w as m uch m ore m arked, as 
w as an tic ip a ted , th a n  in th e  corresponding experim ents

w ith o u t ash. T h is  is show n b y  th e  va lu es  g iven  in  
T a b le  V I I  w hich represent th e  resu lts ob tain ed  when 
one p a rt of dust w as ign ited  w ith  an equal w eigh t o f 
dust alone and th a n  w ith  1/z p a rt of carbon.

A C ID -SO L U B L E  PO TA SH  PROM  PA R T IA L L Y  DE CO M PO SED  

SIL IC A T ES I N  TH E D U ST

In  th e  du st from  a cem en t p la n t th ere m a y  be fo u n d  
differen t particles th a t  h a ve  been su b jected  to  all th e  
va riatio n s of tem p eratu re th a t  p rev ail in th e d ifferen t 
p a rts  of the kiln. I t  th u s happens th a t  of those p o t
ash silicates w hich u ltim a te ly  are carried  over in to  th e  
du st a certain  fractio n  has been ign ited  su ffic ien tly  to  
be com p letely  decom posed, w hile a fu rth er portion  h as 
undergone no decom position  a t all. B etw een  th ese 
extrem es are to  be fou n d  silicates w hich  h a v e  been su b 
je c te d  to  in term ed iate  tem p eratu res of burn in g and in  
consequence m ust h a ve  undergone a m ore or less p a r
tia l decom position. I t  therefore occurred to  us th a t  
w hile th e  potash  in such p a rtia lly  decom posed silicates 
m ight nbt be rea d ily  w ater-soluble, it m ight, h ow ever, 
be slow ly  w ater-soluble or rea d ily  soluble in  acids a n d  
th u s b eh ave in a w a y  sim ilar to  th e  recom bin ed  p o t
ash of cem en t dust. T o  te st th is  po in t, un iform  m ix
tu res of feld sp ar and lim e in th e  r ig h t prop ortion  t o  
m ake cem en t were ign ited  in a p la tin u m  dish for d if
feren t len gth s of tim e a t 1000°, and again  a t 1300°.

T a b l e  V I I I — S o l u b il it y  o f  P o t a s h  i n  F e l d s p a r  P a r t ia l l y  D e c o m p o s e d  
b y  I g n it io n  w i t h  L im e

✓ K2O in Percentage of Total in Mixture -
-—Ignited at 1000°—* «> Ignited a t 1300°---------

w 0 W ater-soluble y
2 cj ¿a '  ' a si
£ 3  ,3 v *0 3  J2O 3 O 3 c> 3 0

T i m e  2  S  .5  S  S  8  .5
T ?f. -2 *d j* • o - o

n  ‘o ‘C  c  *o o 'o  'y
M m . £  >  H <J <!

15.............................. 10.5 3 3 .2  5 6 .3  3 4 .0  8 . 6  4 2 .6  55 .1  2 .3
3 0 ..............................  9 .4  4 3 .0  4 7 .6  3 2 .8  5 7 .8  9 0 .6  7 .4  2 .0
4 5 ............................... 7 .8  5 0 .8  4 1 .4  8 .2  89 .1  9 7 .3  2 .7  0 .0

I t  w as foun d, as show n  b y  th e  resu lts g iv en  in  T a b le  
V I I I ,  th a t  th e residue ob ta in ed  in each  exp erim en t con 
ta in ed  b oth  w ater- and acid-soluble potash . W hen th e  
ign ition  w as m ade a t 1300° for 45 min. th e  greater p a r t  
of th e  potash  w as v o la tilized  and  no acid-insoluble p o t
ash rem ain ed in th e  residue. W hen ign ited  a t io o o °  
th e  residue contain ed  som e acid-insoluble p o tash , b u t 
th e  greater p a rt w as in a form  soluble in d ilu te  acid  b u t  
insoluble in w ater. I t  m ay  be concluded, th erefore , 
th a t  th e greater p a rt of th e  acid-soluble p o tash  in  th e  
dust from  oil- or gas-fired k iln s is due to  a p a rtia l d e
com position  of th e potash  silicates o rig in ally  occu rrin g 
in th e  raw  m ix. In  th e  dust from  coal-fired k iln s a 
corresponding p ercen tage of th e  potash  w ill be acid - 
soluble for th e  sam e reason; b u t because th e  q u a n tity  
of th is p o tash  is lim ited  b y  th e  to ta l in th e  raw  m ix and  
also because of th e  recom bined potash  th a t  m a y  b e 
present, th is acid-soluble potash , due to  th e  p a r tia lly  
decom posed silicate , m a y  am ou n t to  o n ly  a com p ar
a t iv e ly  sm all p ercen tage of th e  to ta l acid-soluble p o t
ash presen t in th e  dust.

SUM M ARY

i — T h e  w ater-solu ble p o ta sh  in cem en t du st owes 
its  source (a) to  th e  v o la tiliza tio n  of p o tash  in th e 
b u rn in g of th e  cem en t, (b) to  th e  decom position  of pot-
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ash silicates of th e  raw  m ix carried over m echanically  
in th e dust, and (c), in th e  case of coal-fired kilns, to  the 
ash of th e  coal w hich m a y  y ie ld  up a p ortion  of its  p o t
ash th rough  th e  actio n  of th e  lim e in  th e  dust. T h e 
first-m entioned source is o rd in arily  m uch the m ost 
im p ortan t.

2— T h e w ater-in solub le b u t acid-soluble potash  of 
cem en t d u st is due (a) to  a recom bin ation  of a portion  
of th e  vo la tilized  potash  w ith  th e  ash of th e  coal used 
for fuel, (6) to  a recom bin ation  to  a m uch sm aller ex
te n t, and o n ly  under certain  conditions, w ith  th e  sili
ceous m aterial o rig in ally  occurring in th e  raw  m ix, and 
(c), to  a p a rtia l decom position  of th e  silicates of the 
raw  m ix and also of a n y  coal ash w hich  is carried  over 
m ech an ically  in  th e  dust.

3— T h e acid-insoluble p o tash  in  cem en t du st is due 
to  undecom posed silicates and coal ash carried  over 
m ech an ically  in th e  d u st and to  a recom bin ation  of the 
v o la tilized  potash  w ith  th e  ash of th e coal w hen the 
am ount v o la tilized  is low .

4— T h e portion  of th e  potash  in  th e  dust w hich has 
undergone recom bin ation  is of th e n atu re  of a potash  
slag or im pure glass. W hen th e am ou n t of potash  
vo la tilized  is low , and p a rticu la rly  in th e  presence of 
carbon, som e recom bination  m ay ta k e  place w ith  th e  
siliceous m aterial of th e raw  m ix as well as th a t  of th e 
ash.

5— I t  is probable th a t  th e  exten t of th e  recom biila- 
tion  w ould be reduced if th e  b urn ing of th e  cem en t 
were done under oxidizing rath er th an  reducin g a t
m ospheric conditions.

6— T h e exten t of recom bin ation  w ould  also p rob 
a b ly  be reduced b y  a n y  procedure th a t  w ould  in tro
duce lim e or sodium  chloride into  th e  d u st a t th e  h o t
test p a rt of th e kiln.

7— T h e greater th e am ount of p o tash  vo la tilized , th e 
• low er will be th e proportion  th a t  will undergo recom 

bin ation  in th e dust.
B u r e a u  o f  S o i l s  

U . S .  D ep t, o p  A g r i c u l t u r e  
W a s h i n g t o n , D. C.

LABORATORY AND PLANT
RESULTS OF FURTHER COOPERATIVE W ORK ON THE 

DETERMINATION OF SULFUR IN PYRITE 
CHECK SAMPLE NO. 41

By H. C. MOORB

T h e  J u ly  1915 and D ecem ber 1916 num bers of T n is  
J o u r n a l  contain  reports of th e coop erative analyses of 
p y rite  for sulfur. T h is report m ay be regarded as c o v 
ering a con tin u ation  of th e  w ork described in  th e  form er 
reports.

T h e  first tw o  reports pointed  ou t anew  several sources 
of error in th is determ in ation, esp ecially  in connection 
w ith  th e  L unge m ethod and its various m odifications. 
T h e y  also p ro ved  th e  A llen  and B ishop M ethod  to  be 
p ra ctica lly  free from  these errors, and th e results b y

this la tte r  m ethod to  be m uch nearer th e  tru th , and 
w hile th e  d iscrep an cy betw een  th e m axim um  and m in
im um  results w as rath er wide, b y  excep tin g a few  
results, ev id en tly  extrem e, th e agreem ent w as uni
form ly  better.

T h e  purpose of th e  in vestig atio n  covered  b y  th is 
report w as to  continue the w ork, using on ly  one sam 
ple, to in v ite  a larger num ber of laboratories to  p ar
tic ip a te , to  search for th e w eaknesses, if an y , in th e 
A llen  and B ishop M eth od, and  to  acq u ain t a larger 
num ber of a n alysts  w ith  th is m ethod. T h ere w as a 
v e ry  generous response to  th e  in v ita tio n , and results 
were received  from  th irty -n in e  (39) lab oratories, in
cludin g th e w ork of fifty-on e (51) a n alysts, as fo llo w s:1

C. Clifton Howes 
J. M . Coleman 
W . E. Dickinson  
Gascoyne and Company
Paul Rudnick (analysts W. J. Imig, R . A. Greene) 
J. O. Holbrook 
W iley and Company 
F . F . Chapman
L. C. Drefahl (results from eight (8) branch 

laboratories)
P. R . Sabin
W. R . Austin and F . K  Wanner 
W. S. Allen (results of four analysts)
C. A. Butt
E. Fitzpatrick (results of two analysts)
W. J. R attle and Son
A. Stanley Fox 
C. C. N itchie  
V. A, Moore 
Harry Johnson 
J. A. Root 
Crowell and Murray
W . D . Richardson (result of four analysts)
C. B. McComas
F. J. Bartholomew  
M cCandless Laboratory 
M . H. Coblentz
E. W. Magruder and J. H. Parkins
C. N . Hoadley
Hardee Chambliss
H . M. George
N . F . Borg
H . C. Moore
R. D . Caldwell
H . M . Hutson
J. D . Clark, Jr.
S. Brown

Davison Chemical Company 
PlantersF ert. and Chem. Company 
International Agl. Corporation 
Gay Street
Armour and Company
Southern Fert. and Chem. Company
Gay Street
E . I. du Pont de Nemours and Company 
Grasselli Chemical Company

American Zinc Company of Illinois 
Tennessee Chemical Company 
General Chemical Company 
International Agl. Corporation 
N ichols Copper Company 
501 Commercial Bank Building 
Aetna Explosives Company 
Mineral Point Zinc Company 
Armour Fertilizer Works 
Standard Oil Company 
Anaconda Copper M ining Company 
406-11 Perry-Payne Building 
Swift and Company 
Armour Fertilizer Works 
N . J. Zinc Company of Illinois 
Rhodes Building
F . S. R oyster Guano Company
F. S. R oyster Guano Company 
M ountain Copper Company 
Commercial Acid Company 
Empire Zinc Company 
Butterworth-Judson Company 
Armour Fertilizer Works 
Armour Fertilizer Works 
Armour Fertilizer Works 
Armour Fertilizer Works 
Armour Fertilizer Works

Baltimore, M d. 
N ew  Orleans, La. 
Columbia, Tenn. 
Baltimore, Md. 
Chicago, 111. 
Savannah, Ga, 
Baltimore, M d. 
W ilmington, Del. 
Cleveland, Ohio

E . St. Louis, 111. 
N ashville, Tenn. 
Laurel Hill, N . Y . 
Atlanta, Ga. 
Laurel Hill, N . Y . 
Cleveland, Ohio 
N ew  York, N . Y. 
Depue, 111. 
Chrome, N . J. 
Bayonne, N . J. 
Anaconda, M ont. 
Cleveland, Ohio 
Chicago, 111. 
Baltimore, Md. 
Palmerton, Pa. 
A tlanta, Ga. 
M acon, Ga. 
Norfolk, Va. 
Martinez, Cal.
E . St. Louis, 111. 
Canon City, Col. 
N ew  York, N . Y. 
Atlanta, Ga. 
A tlanta, Ga. 
A tlanta, Ga. 
A tlanta, Ga. 
A tlanta, Ga.

1 Presented before the Fertilizer Division at the 56th M eeting of the 
American Chemical Society, Cleveland, September 10 to 13, 1918.

1 N o t listed in the same order as given in the subsequent tabulation of 
results.
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T h e sam ple used for th is w ork, designated  as C h eck  
Sam ple N o. 4, is a C an adian  p yrite . A  large sam ple 
w as ground to  pass an 80-mesh screen and v e ry  care
fu lly  m ixed for a considerable len gth  of tim e so as to 
insure un iform ity. T h e sam ple w as th en  spread out 
in  a th in  laye r and in d iv id u al b o ttles filled b y  ta k in g  
sm all portions from  several places. T h e  bottles were 
t ig h tly  stoppered and sealed. I t  is con fid en tly  b e
lieved  th a t  th e sam ples sent ou t w ere uniform  and th a t 
d iscrepancies in results are n ot due to  n on -u n iform ity  
o f sam ples. T h is opinion is confirm ed in p a rt b y  th e 
results obtained  b y  five a n alysts in th is la b o ra to ry  on 
five sep arate sealed portions, w hich results appear in  
T a b le  II . T h is opinion is fu rth er confirm ed b y  the 
fa c t th a t th e agreem ent betw een  m ost of th e  lab o r
atories fam iliar w ith  th e  m odified A llen  and B ishop 
m ethod is v e ry  close.

T h e instructions accom p an yin g th e sam ple were as 
follow s:

IN ST R U C T IO N S FO R  COLLABORATORS IN  COOPERATIVE / 
W ORK ON THE D E T E R M IN A T IO N  OF SU L FU R  IN  P Y R IT E

SAMPLE

The sample for this work is marked No. 4, is a sample of 
Canadian ore, and lias been ground to pass an 80-mesli screen 
and requires no further preparation.

MOISTURE

Dry 5 g. in an oven at 100” C. for one hour.

SULFUR

m e t h o d  i .  m o d if ie d  a l l E n  a n d  b i s h o p  m e t h o d — Transfer
0-5495 S• to a tall form beaker, 300 to 400 cc. capacity, and 
add 6 to 8 cc. of a mixture of 2 parts by volume of liquid bromine 
and 3 parts carbon tetrachloride. Cover beaker, and after 
allowing to stand for 15 min. at room temperature, with occa
sional shaking, add 10 cc. concentrated nitric acid and let stand 
at room temperature with occasional shaking for 15 min. longer. 
Heat below 100° (placing beaker on a piece of asbestos on top 
of the steam bath is convenient), until all action has ceased 
and most of the bromine has been expelled. Now place the 
beaker in the rings of the steam bath and evaporate to dryness. 
(Evaporation is greatly hastened by raising the cover glass with 
one or more bent glass rods.) Cover residue with 10 cc. con
centrated hydrochloric acid and again evaporate to dryness, 
keeping beaker covered as before.

d e h y d r a t e  t h e  s il ic a  by leaving the beaker on the steam 
bath, or in an air bath at 100 0 C. for from '/a to 1 hr.

EFFECT s o l u t io n  by moistening the residue with 1 cc. con
centrated hydrochloric acid followed by 50 cc. hot water and 
rinse down cover, riders, and sides of beaker. Remove riders, 
replace cover glass, and warm until solution is complete. Then 
allow to cool for about 3 min.

r e d u c e  i r o n  by adding 0 . 1  g. of powdered aluminum and 
shaking beaker (covered) to thoroughly mix with the liquid. 
(Sufficient aluminum powder must be added for complete re
duction of the iron but any considerable excess is to be avoided. 
Subsequent filtration is facilitated by having the .excess 
aluminum small.) When reduction to ferrous iron is complete, 
as indicated by the color of the solution, and the latter has 
cooled sufficiently so that no "misting” is noted in the beaker, 
rinse down cover glass and sides of beaker.

f il t e r  to remove insoluble matter, or excess aluminum 
powder, through an 11 cm. or 12 */a cm. paper (B and A, grade A, 
S and S 590, or Munktell No. o) into an 800 cc. beaker and 
wash the residue thoroughly with hot water. 

d il u t e  the filtrate to a volume of 650 cc. with cold water,

add 2V2 cc. concentrated hydrochloric acid, and stir to mix 
thoroughly.

p r e c i p i t a t e  sulfate by adding 50 cc. of cold 5 per cent barium 
chloride solution, without stirring, and in single drops at the 
rate of about 5 cc. per min. A precipitating cup, designed by 
Allen and Bishop, or a capillary tube connected to a burette or 
suitable container is convenient for this purpose. When the 
barium chloride has been added, mix the solution by stirring, 
and let settle for 2 hrs. or, preferably, over night.

f i l t e r  through a No. 4  porcelain Gooch crucible (35 cc. 
capacity) having a fixed bottom and packed with a thick layer 
of asbestos. After the clear liquid has run through the filter, 
rinse the precipitate into the crucible by means of a stream of 
cold water, thoroughly police the inside of the beaker and after 
transferring all of the precipitate wash 6 times in the crucible 
with cold water.

d r y  THE p r e c i p i t a t e  in the drying oven for about l/s hr. 
A  longer period of drying is a protection against breaking the 
crucible during the subsequent ignition, also against spattering 
of the precipitate.

ig n i t e  t h e  p r e c i p i t a t e  by heating the crucible in a moderate 
flame for a minute or two, then igniting to constant weight 
over the full flame of a Fletcher, Meeker, or similar burner, or 
in an electric furnace at 1600° F.

THE PER CENT OF s u l f u r  is found by dividing the weight in 
grams of barium sulfate by 4  and multiplying by 100.

NOTE— An electric hot plate, having suitable temperature 
control, is a convenient substitute for a steam bath, but the 
surface temperature of the plate should not much exceed ioo° C. 
else some of the free sulfuric acid is lost by volatilization.

m e t h o d  h — Follow your usual methods and describe briefly 
the details used.

NOTES

1— -Run a blank test to determine and correct for any sulfur 
present in the reagents used. The bromine and carbon tetra
chloride should be tested before using, as some lots of these 
reagents marked C. P. have been found to contain considerable 
amounts of sulfur compounds. Baker and Adamson’s make 
of these reagents, marked pure, and specified to be free from 
sulfur compounds, have been found satisfactory.

2— For packing Gooch crucibles, long fibered Italian asbestos 
(if obtainable) which has been prepared by scraping up into 
lint and digesting with strong hydrochloric acid to remove 
impurities, is especially recommended.

3— The method of Allen and Bishop as originally presented 
by the authors may be found among the original communica
tions, Eighth International Congress of Applied. Chemistry, Vol. 
1, PP- 33 to 51.

4— When igniting the barium sulfate it is advisable to observe 
the precaution proposed by Folin.1 To avoid mechanical loss 
the crucible should be provided with a cover and bottom. If a 
porcelain Gooch crucible is used the cover for a platinum crucible 
may serve as a bottom, the crucible resting on the platinum 
lid which is supported by a triangle. The flame is applied 
to the platinum lid. Folin states that unless this precaution is 
observed, mechanical loss of barium sulfate follows.

r e m a r k s

1— Please supplement your report with any comments you 
care to make.

2— When reporting results please give individual results as 
well as averages and in order that there may be no misunder
standing report moisture, sulfur (wet basis), and sulfur (dry 
basis).

3— Please state whether or not you have had previous ex
perience with the Allen and Bishop method, either as originally 
proposed or as slightly modified under Method I above. Also 
state if you have found any difficulties or objectionable features

1 J . Biol. Chem., 1 (1 9 0 6 ) ,  1 49 .
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T a b l e  I — P y r i t s  C h e c k  S a m p l e  N o .
A n a l y s t H2O Mod. Orig. Mod. Misc. Mod.

N o. Per cent A. and B. A. and B. Lunge A. and B. Misc.
1 ........ 41 .28 41.31
2 ........ . 0 .1 4 41 .42 41 .09
3 .......... . 0 .23 41 .44 41 .27(a)
4 .......... . 0 .24 41 .49 41 .39  (&)
5 .......... . 0 . 2 2 41.51
6 .......... 41.51 41 .60 41.35(c)
7 .......... . 0 . 2 0 41.53
8 .......... . 0 . 2 1 41 .54 41 .56
9 .......... 41 .55 41.62(d)

1 0 .......... . 0 . 17 41 .60 41.63 V ..
1 1 , . , . 0 . 2 1 41 .66 41.66(c)

4 1 .9 4 ( /)
1 2 .......... 0 .1 6 41 .68 40.900?) »(s) . . .  

41.40(/i)
13.......... . 0 .1 8 41 .68
14.......... . 0 .1 8 41 .68 41 .78
15.......... . 0 . 2 1 41 .69
16.......... . 0 .27 41 .70 41 .65
17........... . 0 . 17 41.71
18.......... . 0 . 2 1 41.71
19.......... . 0 .13 41.71 41 .84
2 0 .......... . 0 .23 41 .72
2 1 .......... . 0 .16 41.73 41.51
2 2 .......... , 0 . 2 1 41 .73 41.89(c)

41 .99(t)
2 3 .......... . 0 .17 41 .74
24 .......... . 0 .17 41 .76
25 ........... . 0 . 2 2 41.77
26 .......... . 0 . 1 2 41 .79 41 .74
27 .......... . 0 . 0 2 41.81 41 .74
28 .......... . 0 .13 41.81 41.78
2 9 .......... . 0 . 1 0 41.83 41 .69
3 0 .......... . 0 . 1 2 41 .86
3 1 .......... . 0 . 16 41 .86 41.790')
3 2 .......... . 0 . 10 41 .92 41.73
3 3 .......... . 0 . 1 2 41 .92 41 .59

(а) Practically same as modified A. and B. except CGU omitted and 
precipitation done in smaller volume.

(б) Nitro-hydrochloric acid together with bromine and CCI4 used to 
effect solution and then analysis completed by Lunge method.

(c) N o details of method given.
(d) 0.458 g. in 250 cc. copper assay flask with 10 cc. H2O, 10 cc. CC1*. 

15 cc. each HCl and HNOa saturated with bromine and all at 40° and let stand 
at room temperature for 15 min. Heat very gradually and evaporate to 5 cc. 
Add 5 cc. HCl and 5 g. NH^Cl and heat until bubbling ceases. Add 5 cc. 
HC1, 25 cc. H iO .boil, filter, dilute to  200 cc., and to this solution heated to  
boiling, add slowly 25 cc. of a boiling solution of 10 per cent barium chloride 
and 150 cc. HiO. Boil 5 min., settle 45 min in warm place, filter, etc., 
W t. X 30 “  per cent S.

(e) 0.5495 g. dissolved in 30 cc. HNOx. 10 cc. HC1, and 0.2 to 0.3 g. 
KClOa in 325 cc. Kjeldahl flask. Room temperature at first, finally in
creasing heat until residue is paste, add 10 cc. IiC l and evaporate as be
fore, repeat twice. Add 2 cc. HC1 and 50 cc. water, reduce with aluminum  
powder, and finish as by modified A. and B.

(f) Same as (c) except using NaBrOa instead of KClOa.
( i) Solution by Lunge method using HNOa and HC1.
tit) Solution by A. and B. method, completing analysis by Lunge method.
(t) Average of results by ¡̂¿) modifications of combined A. and B. and

regular method.
O’) 0.5 g. in N o. 3 beaker, add few drops H2O and 1 g. KCIOj, and mix. 

Add 20 cc. HNOa, cover and let stand cold 20 min., then add 20 cc. nitric 
chlorate mixture and place on steam plate and heat until solution is com
plete. Rinse down cover and sides of beaker and evaporate to dryness. 
Evaporate twice more with HC1. Add 25 cc. 1 : 3 HCl and heat for 40

in this method and how you regard it as compared to other 
methods.

4— Considerable time and work are required to properly 
arrange and classify a large number of results for easy reference 
and you are urgently requested to make your report by August 
1 or as soon thereafter as possible.

A t l a n t a , G a . ,  J u n e  1917

T h e results received  from  the th irty-n in e  (39) lab or
atories appear in  T a b le  I.

I t  is som ew hat d isappoin tin g th a t  th e discrep an cy 
b etw een  the m axim um  and m inim um  results b y  the 
m odified A llen  and  B ishop m ethod is so great, b u t as 
n oted  in  th e S u m m ary  of T a b le  I, b y  om ittin g  th e 
extrem e results, th e  agreem en t becom es v e ry  good 
indeed, and th e avera ge  rem ains p ra ctica lly  th e sam e. 
I t  m a y  be fu rth er sta te d  th a t  th e results of those 
a n alysts w ho are th o ro u g h ly  fam iliar w ith  th e original 
or th e m odified A llen  and B ishop m ethod are in v e ry  
close agreem ent. T h e  va ria tio n  from  the average b y  
th e  m odified A llen  and B ishop m ethod w as, w ith  b u t 
v e ry  few  excep tions, n o t to  exceed, plus or m inus. 0.25 
per cen t sulfur. W hile th e m axim um  discrep an cy b y  
th e L unge m ethod is n o t so great as b y  th e m odified

4 Per Cent  Sulfur  on D ry B asis
A nalyst H jO Mod. Orig. Mod. Misc. M od.

N o . P ercen t A. and B. A. and B. Lunge A. and B. Misc.
3 4 ................ 0 .21 4 1 .9 2  ..................
3 5 ...............  0 .2 4  41 .92  . . .  42 .14
3 6 ...............  0 .1 6  4 1 .9 6  . . .  4 1 .3 0  . . . .  41.78(A )
3  7 ...............  0 .2 5  4 1 .9 6  . . .  41 .54  . . .  . . .
3  8 ...............  0 .1 2  41 .98  41 .90
3 9 ...............  0 .1 2  41 .99  . . .  41 .49
4 0 ...............  0 .1 9  41 .99  . . .  41 .17
4  1...............  0 .1 3  42 .03  . . .  4 0 .06(m) » (s) . . .  4 2 .3 4 (0

4 1 .0 2 (w)
4  2 ...............  0 .0 7  42 .09  42 .15
4 3 ...............  0 .1 8  42.31 42 .18
4 4 ...............  0 .0 8  42 .36  41 .95
4 5 ...............  0.21 42 .39    . . .  42.34(o)
4 6 ...............  0.11 42 .5 0  . . .  40 .96 (p )
4  7 ...............  0 .17  . . .    . . .  41.90(<Z>
4  8 ...............  0 .0 3  . . .  41.51
4 9 ................ 0 .2 5  . . .  .................. 41 .25  (r) . . .
5 0 ...............  0 .1 2  . . .  . . .  41.51
5  1...............  0 .1 0  . . .  41.71
Average, 0 .1 6
S ummary op R esults Obtained  by  51 Analysts in  39 Laboratories

M ethod of Allen and Bishop Misc. M odifications of Misc.
Analysis M od. Orig. A. and B. Lunge M ethods

N o. analysts  46 19 4 12 9
N o. laboratories.... 36 15 3 10 8
M aximum....................  4 2 .5 0  42 .1 8  41 .94  4 2 .1 4  42 .34
M inim um ..................... 41 .28  41 .0 9  41 .25  40 .96  41 .35
Average........................  41 .80  41 .7 0  41 .53  41 .44  41 .89

It is interesting to note that of the 46 results reported by the modified 
Allen and Bishop method:

36 are between 41.50 and 42.00 incl. and average 41.82 
22 are between 41.60 and 41.90 incl. and average 41.74 
19 are between 41.65 and 41.85 incl. and average 41.73

min. Filter and make aminouiacal while hot but do not heat. Have 
volum e 300 cc. and add excess BaCli solution. Add HCl to  dissolve iron 
precipitate and stir thoroughly, but do not boil. Let stand over night, 
filter, etc.

(k) 0.2727 g. dissolved in 250 cc. beaker about same as in (J) and after 
evaporation toke up in 12 cc. HCl and heat until foaming ceases. Then 
dilute until beaker is about a/a full, heat and precipitate with 25 cc. hot 
10% BaClj solution. Boil few minutes and filter after l/ i  hr.

(I) 0.625 g. in 250 cc. flask, l/ t  to  1 cc. bromine added, 15 cc. HNOa and
5 cc. HCl. Let stand at room temperature for about 15 min., and heat 2-3  
hrs. on water bath. Add 25 cc. HCl, heat until solution is complete, make 
to volume and take 100 cc. aliquot, dilute to  about 250 cc., nearly neutralize 
with NH<OH, boil, add N H 4OH to slight excess, boil off excess of NHa, add 
BaCla slowly with stirring, and boil a few minutes. Add slowly excess IICl, 
boil few minutes, and let stand 3 to 5 hrs. or over night, filter, etc.

(m) Modified Lunge method solution in HNOa and HCl.
( n) Same as (m) except bromine added with HNOa and HCl.
(o) Same as (/) except used 0.5 g. sample.
(p) Same as (m) except made solution in HNOa, HCl, and KClOa.
(ff) N o description given of method used.
(r) Sample dissolved in l/ j  g. KClOa and 10 cc. HNOa saturated with 

KClOa, cover beaker, and quickly bring to boil. Evaporate finally at low 
heat. Evaporate again with 10 cc. HCl. Take up with 2 cc. HCl and 
60 to 75 cc. HiO, and reduce iron with granular aluminum. Filter and 
dilute to 300 cc., add 5 cc. HCl, boil and precipitate hot with 10 per cent 
BaCla solution, added slowly and with stirring. Let settle P /Y hrs., filter, 
etc.

(j) Omitted from average.

A llen  and B ishop m ethod, y e t th e agreem ent b y  the 
la tter  m ethod, w ith  few  exceptions, is m uch closer. I t  
seem s to  be true in th is case, as in m ost others w hich 
th e w riter has observed, th a t  in th e an alysis of check 
sam ples, w hen the sam e m ethod or a p p a ren tly  th e 
sam e d etails of analysis are em ployed, elim ination  of 
a  few  of th e  extrem e results does n ot affect the average.

T h e  reasons for th e d iscrepancies b y  th e original or 
m odified A llen  and B ishop m ethod h ave n ot been a p 
p arent. E x c e p t in a few  cases, th e  observance of the 
fo llow ing recom m en dation s w ill p ro b ab ly  elim inate 
m ost of these:

1— In  th e oxidation  and solution  of the sam ple th e 
initial reaction  should  n ot be allow ed to  proceed too  
rap id ly  and sufficient tim e should be allow ed to  elapse 
a fter adding th e  brom ine and carbon te trach lorid e m ix
tu re. Several h a ve  recom m ended th a t  th e  tim e of 
stan din g be inbreased from  15 to  30 min. I t  has also 
been show n th a t evap o ratio n  a t too high tem peratu re 
and allow ing th e beaker to  rem ain  on th e  h ot p la te  a t 
th is high tem p eratu re causes loss of free sulfuric acid.

2— C arbon  tetrach lorid e and som e lots of brom ine 
often  con tain  som e sulfur com pounds, causing high 
b lan ks w hich are undesirable. Several h a ve  recom -
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m ended th a t g lacial acetic acid  be su b stitu ted  for car
bon tetrachloride as a  carrier for the brom ine, as this 
can be obtained ab so lu tely  free from  sulfur m ore gen
era lly  th an  carb o n 'tetrach lorid e.

3— C are should be taken  in th e  ignition of th e barium  
su lfate  in G ooch crucibles. One lab o rato ry  reported  
a long series of results show ing th e effect of different 
periods of h eatin g, in dicatin g clearly  th a t  b arium  sul
fa te  un derw ent decom position. T h is is p ro b a b ly  true 
on ly  in rare cases. Som e laboratories observe th e pre
caution, a fter th e ignition  of the barium  su lfate, of 
addin g a drop or tw o of stron g sulfuric acid  and again 
ign iting. One lab o rato ry  reported  a long series of 
results, show ing a continued loss in w eigh t follow ing 
several periods of ignition. F'olin1 refers to  th is and 
recom m ends th a t when G ooch crucibles are used, th ey  
be p rotected  from  direct action  of the flam e b y  settin g 
the crucible on a p latin um  lid  or som e sim ilar arran ge
m ent. Ign itio n  in th is m anner and over a d irect flam e 
h ave yielded  th e sam e results in our lab o rato ry . I t  
seem s like ly  th a t  th e error in personal m an ipulation  is 
th e cause of som e of the d iscrepancies in the extrem e 
results, though ju st how , or a t w h at sta ge  in the 
a n a lytica l procedure, is n ot know n . In  th is lab or
a to ry  uniform  results h a ve  a lw ays been ob ta in ed  both  
b y  the original and m odified A llen  and B ishop m ethods, 
th e la tte r  being preferred. T h e  figures in T a b le  II  
illu strate  th is u n ifo rm ity.
T a b l e  I I — R e s u l t s  O b t a i n e d  o n  P y r i t e  S a m p l e  N o . 4  i n  L a b o r a t o r y  o p  

A r m o u r  F e r t i l i z e r  W o r k s , A t l a n t a ,  b y  t h e  M o d i f i e d  A l l e n  
a n d  B i s h o p  M e t h o d

H jO Sulfur (D B)
B y whom analyzed, etc . 1 Per cent Per cent

A nalyst “A” ............................................................. 0 .21
Thoroughly familiar with m ethod...................

A v. 41 .69

Analyst “ B ” ............................................................  0 .1 8
M an who makes most of the sulfur de

term inations........................................................

Analyst "C” ............................................................. 0 .21
Had made previously a few determinations

by this m ethod...................................................
A nalyst " D ” ............................................................  0 .17
A new man who had never seen or used the 

method before but who had used the
Lunge m ethod....................................................

A nalyst " E ” ............................................................
A colored helper who has only once before 

made a determination by this method.
He is a^areful worker and able to  follow  
instructions intelligently.................................

41 .69
4 1 . 6 8  
4 1 . 6 5
41 .68
41 .68  
41 .74  
4 1 .7 2 Ï  
41.71
41 .67  I Av. 41 .68
41 .67  
41 .63  J 
4 1 .6 8 )
41 .69  f Av. 41.71  
4 1 .7 5 )
4 1 .6 8 'j

4 1  i l l  i  A v .  4 1 .7 7

0.17

V Av. 41 .74

4 1 .7 6  J 
41 .671  
41 .7 8  |
41.81  
41 .6 8  J

1 Each man selected a separate sealed bottle of sample, worked at 
different tim es and entirely independently, and followed strictly  the de
tails given. The individual results reported above include all that were 
obtained. N o  single result was omitted. The maximum difference be
tween 22 results on 5 separate samples by  5 analyses is 0.18 per cent and 
the maximum difference between results on 3 samples by 3 men who had 
had previous experience with the method is 0 . 1 2  per cent.

I t  w ould be interestin g to know  a t which step or 
steps in the a n a lytica l procedure errors are m ost lik e ly  
to  creep into the w ork, so th a t th e  n ecessary p recau
tion s could be pointed out gen era lly  and applied. T h e 
w rite r ’s rath er exten sive experience w ith  th e  m ethod 
has failed  to  disclose sources other th a n  those included 
in  th e  three m entioned above. In  order to discover, 
if  possible, other causes and a t ju st w h at stage or 
sta ges these errors occur, the follow ing plan  w as pro
posed  in a report sent out several m onths ago to  all 
co llab orato rs:

‘ J . Biol. Chem., 1 (1906), 273.

That a sample of sulfuric acid, approximately half normal, or 
of such strength that 50 cc. would equal 2 g. of barium sulfate, 
be sent out and that the following tests 011 this solution be 
made:

A— Titrate 50 cc. against pure sodium carbonate, and against 
any other standard solutions you may have.

B— Precipitate 50 cc. after dilution directly with barium 
chloride solution, cold, as by the Allen and Bishop method.

C— Add to 50 cc. of the solution ferric chloride about equal 
to the iron equivalent of pyrite, evaporate to dryness, and 
finish as by the modified Allen and Bishop method.

D— Add to 50 cc. of the solution ferric chloride as above, 
reduce directly with aluminum powder, and finish as by the 
modified Allen and Bishop method.

R esu lts b y  th e  above procedure w ould  check  up th e  
m ethod in all of th e im p ortan t stages and  should  serve 
to help to poin t ou t a t w h a t sta ge  in th e a n a ly tic a l 
operation  m ost of th e errors creep in. T h ere are som e 
ob jections to  th is schem e, for exam ple, the errors in 
m easuring exa ct portions, b u t w ith  a carefu lly  ca li
b rated  p ip ette  th e errors for m easuring w ould be so 
sm all as com pared to  th e errors in  results on p y rite  
sam ples th a t  th is ob jection  w ould  n ot be so im p ortan t. 
T h e  a ccu racy  of the m easured portions could be con
firm ed b y  w eighing.

T h e  response to th is proposal w as n ot v e ry  general, 
ow in g to  present conditions and pressure of regu lar 
w ork. Such a plan  of coop erative  w ork w ould  check 
up th e a n a lytica l schem e in its  various stages and 
should, it seem s, show each a n a lyst th e  m ain cause of 
his discrepancies. If  th e in terest seem s sufficient to 
w arran t th e  effort, this plan  m a y  be proposed again  
a t a la ter  date.
T a b l e  I I I — S u m m a r y  o f  R e s u l t s  f r o m  15 o f  t h e  17 C o l l a b o r a t o r s —

1915
Miscellaneous 
Modifications

Num ber of analyses
M ax. per cent sulfur1  39 .59
M in. per cent sulfur  39.15
Average per cent su lfu r.. . .

1 All results for sulfur are on dry basis.
T a b l e  IV — S u m m a r y  o f  R e s u l t s  R e p o r t e d  b y  L a b o r a t o r i e s  H i t h e r t o  

T h o r o u g h l y  F a m i l i a r  w i t h  t h e  A l l e n  a n d  B i s h o p  M e t h o d , 
E i t h e r  i n  i t s  O r i g i n a l  o r  M o d i f i e d  F o r m — 1916

S a m p l e  N o. 3 
Same as N o . 15096 

in Table III
-

Cl ^ rr-i
.H a
to  rt

A and B M ethod and Lunge M ethod
Sample Sample Sample Sample

No. 15095 N o. 15096 N o. 15095 N o. 15096
6 6 18 17

. 39 .59 47 .87 40 .0 0 47 .88

. 39.15 47.31 38 .6 0 46 .60

. 39 .47 47 .49 39 .18 47 .28

S a m pl e  N o. 2
S am e a s  No. 15095

S a m p l e  N o. 1 in T a b le I I I
•d« — •oW•d

0
*-» a

«•a
.5 0
to  cl l a

-0  a

*0
0 .5 a. to  «

( j

s i
•0 tfU  w

S “
0 j 0

5 «
0 .

13 4 5 12 4 5
S
10

S**
3  S

Num ber of 
analyses

M axim um ... 53 .27  53 .14  53 .3 4  39 .82  3 9 .6 4  39 .89  47 .3 3  4 7 .2 6  47 .39
M in im u m ... 5 2 .6 0  52.71 52 .89  39 .18  39 .13  39 .5 0  46 .91  47 .17  47 .12
A verage  52 .98  52 .96  53.11 39 .53  39 .46  39 .63  47 .22  47 .23  47 .28

(a) M ethod 1 is same as the modified Allen and Bishop m ethod de
scribed previously in  this paper.

T a b l e  V — M e t h o d  1 , I n c l u d i n g  o n l y  L a b o r a t o r i e s  F a m i l i a r  w i t h  
A l l e n  a n d  B i s h o p  M e t h o d  a n d  O m i t t i n g  t h e  M a x i m u m  a n d  

M i n i m u m  R e s u l t s  i n  C a s e  o f  E a c h  S a m p l e — 1916

Num ber of analyses
M axim um ....................................  53 .14
M in im um ....................................  52 .74
A verage......................................... 52 .99

T h e w riter feels th a t  th e  m ain purpose in th is co
o p erative  w ork on th e  determ in ation  of su lfur in p y rite  
has been larg e ly  accom plished, n am ely , th a t  it  has been 
show n th a t  th e L unge m ethod in its vario u s m odifica
tions g ives results betw een  quite w ide lim its, and  in 
the hands of m ost an a lysts, a t least, is n ot to  be com -

Sample Sample Sample
N o. 1 N o. 2 N o. 3

11 10 8
53 .14 39 .66 47 .32
52 .74 3 9 .42 4 7 .1 8
52.99 39 .53 47 .24
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pared  in a ccu racy  and re liab ility  to  th e original or 
m odified A llen  and  B ishop m ethod. F urther, th a t the 
la t te r  m ethod is an excellen t one, easy  and  sim ple of 
m anipulation . M a n y  laboratories h ith erto  unfam iliar 
w ith  th is m ethod h ave now  adopted  it, either in its 
orig in al or m odified form , w ith  th e resu lt th a t in future 
b e tte r  agreem ent am ong laboratories on this deter
m in ation  m a y be expected.

T a b les I I I ,  IV , and V  give a brief su m m ary of the 
w ork  for th e tw o  previous years.

I t  w ill be n oted  in T a b le  V , com paring results of 
Sam p les 2 and 3 w ith  results on th e sam e sam ples for 
th e  previous year, th a t  th e results on Sam ple 2 for 
b o th  years are in close agreem ent, b u t in case of S am 
ple 3, results are considerably low er th a n  those in 
1915. T h e reason for this is th a t Sam ple 3 is a sam 
p le  of Spanish  ore, w hich oxidizes quite rap id ly  when 
finely  ground, and when sam ples for 1916 were b ottled  
u p  after rem ixing th e large portion, a d istin ct odor of 
S 0 3 w as observed. ,

CO N C LU SIO N S

T h e conclusions a rrived  a t for th e w ork of previous 
yea rs  seem  to  ap p ly  eq u a liy  to  th a t  of th e present 
y e a r  and are as fo llow s:

1— T h e disagreem ent b y  th e  L unge m ethod is abou t 
in  line w ith  p a st experience.

2— T h e agreem ent b y  th e  A llen  and Bishop m ethod, 
eith er the original or th e m odified, is m uch b etter and 
in th e  hands of a n alysts  experienced w ith  th e m ethod 
yields results in close agreem ent, closer, in fa ct, than 
is th e  case w ith  m ost a n a lytica l determ inations.

3— T h e A llen  and B ishop m ethod is recom m ended 
to  all chem ists as an accu rate  m ethod for determ ina
tion  of sulfur in p y rite .

T h e  w riter wishes to  th a n k  again  all those who have 
so generously  p a rticip ate d  in th is u n dertak in g for their 
w o rk  and va lu a b le  suggestions. I t  is hoped th a t all who 
h a ve  ta k en  p a rt feel a m p ly  repaid  for their efforts and 
it  is b elieved  th a t in fu tu re a  b etter agreem ent betw een 
lab oratories for th e determ in ation  of sulfur w ill be 
observed.

A r m o u r  F e r t i l i z e r  W o r k s  
A t l a n t a , G e o r g i a

A PAPER TEARING-RESISTANCE TESTER
B y H . N . Case 

R cceivcd August 9, 1918

T o  anyon e m akin g a review  of th e  literatu re on 
stren gth  tests for paper, th e  su b ject w ould appear sim 
ple and q uite w ell defined.

A fte r  m akin g tests on th e  M ullen  “ pop tester”  and 
the Schopper tensile m achine, th e w riter w as therefore 
surprised  to  find th a t  th e  results often  bore no relation  
to  th e usefulness of th e paper. F or exam ple, tw o  
papers were to  be com pared for use in m akin g “ tension 
en velo p es.”  T h e one w as a rope M an ila  and th e other 
a  short fibered offset paper. T h ese results were o b 
ta in ed:

Rope Offset
Stock Stock
Lbs. Lbs.

W eight per ream, 5 0 0 —  24 X 35 in ch e s ... .  79 79
Mullen te s t ...............................................................  54 58
Tensile strength on Schopper tester Kg. Kg.

W ith grain.......................................................  12.6 14 .0
Across grain........................................................  6 .5  7 .0

From  these tests the offset sam ple w ould  appear a 
good m atch  in stren gth  to  th e rope sto ck . B u t en
velopes m ade from  th e  offset sto ck  p roved  w orthless.

A n  off-hand exam in ation  of these tw o  papers w ith  
the fingers show ed a great difference in th e tearin g 
q u a lity  as is to  be exp ected  w hen th e difference b e
tw een  their com positions is considered. A  S ch opper 
folding tester w ould, no doubt, h ave show n a  great 
difference betw een  these papers, b u t none w as a t hand.

A  m eans w as th en  sought for m easuring th e  tearin g 
q u a lity  of paper. T h e m ethod fin ally  adopted  gave 
th e follow ing results on th e  tw o sam ples m entioned:

Rope Offset 
Stock Stock

T e a r i n g  R e s i s t a n c e  Grams Grams
W ith grain.......................................................................  240 95
Across grain..................................................................... 250 125

T h e test as now  used has m an y d isad van tages, b u t 
gives reliable inform ation, p a rticu la rly  w hen used along 
w ith  th e  M ullen  tester. A  low  M ullen  te st and a high 
tearin g resistance is som etim es a h ig h ly  desirable con
dition. T h e  M ullen  te ster  show s th e hardness and 
r ig id ity , while the tearin g resistance shows th e fiber 
stren gth  and th e exten t of peeling. A  w rap pin g paper 
th a t peels when tearin g is certain ly  superior to  one th a t 
does not.

T h e  effect of h u m id ity  va riatio n  upon th e  results 
obtained  w ith  th e  tearing-resistan ce tester has n ot y e t 
been w orked out. T h e  indications are th a t these tests 
are n ot affected  to the sam e exten t as those m ade on 
th e Schopper fo ld ing tester.

T h e  details of m aking th e test are as follow s:
T w e lv e  strips, i  in. b y  2V2 in ., are cu t from  sam 

ples rep resen tative  of th e lot to  be tested . Six of them  
are cu t w ith  th e lon g dim ension p arallel to  th e  grain  
of th e  paper, and  six are cu t across th e  grain. T hese 
are cu t w ith  th e scissors, as show n in F ig  1. I t  is easier 
to slit th e te st piece to  ab ou t l/ j in. from  th e end of the 
strip  and then  to  cu t off th e  end A A ',  so th a t  th e slit 
stops V4 in. from  th e end. A -k n ife  slit is n ot to  be 
recom m ended; n either should th e tip  of th e scissors be 
used a t th e  end of th e slit.

A*

A
F ig . 1

%
T h e ap p a ratu s (F ig . 2) is p rovided  w ith  a set of three 

b u ckets of different sizes, so th a t  w hen filled w ith  w ater 
a range of w eigh t from  15 to  600 g. can  be obtained. 
One of th ese b u ckets is selected  accordin g to  th e 
stren gth  of th e  paper.

T h e te st piece is clam ped, as show n, and  th e  w ater 
allow ed to  run slo w ly  into  th e  b u ck et u n til th e tw o 
p arts of th e  piece com p letely  sep arate. T h e  cock is
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in s ta n tly  shut off and th e b u ck et w ith  th e  w ater and 
low er clam p w eighed. T h e  w eigh t in  gram s is tak en  
as th e tearing-resistance num ber. I t  w ill be n oticed  
in m aking these tests, th a t there often  is an in itia l tear  
when on ly  a sm all am ount of th e load is applied. T h is 
tearin g stops before th e  final m axim um  load is reached.

T a b l e  II— K r a f t s  f r o m  D i f f e r e n t  L o t s  o f  P a p e r  m a d e  b y  S e v e r a l
M i l l s

W eight per Ream
500— 24 X 36" Tearing Resistance

F i g . 2

If a  tearin g distance of m ore th a n  in. is used, the 
peeling effect w ill h a ve  m ore influence upon  th e re
sults. Several a ttem p ts h a ve  been m ade to  m easure 
th e tearin g resistance of paper w hen it  is torn  for a 
considerable distance, b u t th e  great irreg u larity  in 
form ation  and th e peeling ten d en cy  discourage these 
m ethods. A lso, no v e ry  sa tis fa cto ry  results can be 
ob tain ed  b y  clam pin g th e slit test piece described above 
in a Schopper tensile m achine and th en  m easuring th e 
load  required to  sep arate th e  tw o  pieces.

T h e  exact w idth  and len gth  of th e  strip  is of little  
im portance, excep t in th e  case of v e ry  stiff cards, such 
as po stcard  stock.

T h e  w ater should n ot be perm itted  to  sp lash into 
th e b u ck et. Its  exact ra te  of flow is n ot im p ortan t, 
excep t th a t th e am ount of w ater allow ed to  run into 
th e b u ck et a fter sh u ttin g off th e  cock  m ust n ot in tro 
duce an error large enough to  be of a n y  significance. 
O f course, th e  d elivery  tu b e m ust n ot drain  a fter th e 
cock  is sh u t off. T h e b u ck et need fa ll b u t an inch  so 
th a t  there is no danger of a n y  of th e  w a ter sp lashin g 
out.

T a b l e  I — M a n i l a s
W eight per Schopper

Ream Tearing Resistance Tensile Strength
500— 24 X 36* Mullen With Across W ith Across

Lbs. Test Grain Grain Grain Grain
43 17.7 47 43 5.1 3 .5
50 18.8 41 49 0 .5 3 .2
50 23.1 39 46 7 .3 5 .5
60 28 .4 68 73 6 .7 5 .8
60 2 3 .0 39 50 5 .0
70 18.9 49 47 d .7 5.1
70 61 .0 88 1 1 1 13.5 5 .3
80 54 .0 240 250 1 2 . 6 6 .5
80 54 .9 92 118 15.4 5 .7
80 2 2 . 0 93 99 '.*.4 4 .5
86 67 .4 96 133 2 d . 6 6 .5
86 74.1 96 148 2 1 . 2 5 .9

124 29.2 95 74 9 .4 6 . 6
125 9 7 .0 196 217 Over 29
125 87 .0 214 226 2 3 .6 1 2 . 8
126 3 2 .0 115 1 22 1 1 . 6 8 .5
200 9 6 .0 444 418 J . Over 29 . .

Lbs. Mullen Test W ith Grain Across Grain
19 13 34 44
19 18 43 50
21 10 29 40
22 2 1 63 113
23 14 25 48
24 23 45 76
25 21 28 30
26 24 56 73
27 16.5 26 36
27 .5 2 1 34 41
28 23 50 52
29 24 39 40
30 25 31 44
30 19 30 68
30 16 32 33 .
31 20 45 56
32 24 43 57
32 21 .5 49 67
33 21 .5 57 69
33 19 35 32
34 21 49 66
34 23 45 86
34 25 ' 55 66
35 33 65 126
35 19 49 59
36 20 45 81
36 25 48 71
36 24 45 73
37 21 52 58
37 24 42 80

< 40 21 62 61
40 24 53 62
42 32 63 96
48 34 73 93
50 43 130 209
50 46 59 71
50 48 10 1 126
51 43 95 180
52 35 77 92
>54 37 80 94
55 60 1 1 1 128
58 54 115 130
60 38 50 78
60 44 102 124
62 39 84 86
66 68 128 152
68 44 102 124

W eight 
)— 24 X 36"

T a b l e  I I I - - W r a p p e r s

Tearing Resistance
Lbs. Mullen Test W ith Grain Across Grain

53 42 53 27
65 46 62 12
73 53 59 20
57 63 56 32
73 ’ 65 65 32
72 69 103 42

T a b l e  IV— E n a m e l s

Low-Grade Low-Grade High-Grade
W eight per ream, lbs.

500— 25 X 38 in   6 6  67 65
Rag content, per cen t  N one 3 50
Mullen test, lb s ......................... 21 20 23
Schopper test, kilos

W ith grain.........................  4 .7  5 .9  5 .3
Across grain......................  3 .3  3 .0  3 .0

Tearing resistance, grams
W ith grain.........................  19 19 27
Across grain......................  23 25 31

T a b l e  V — M i s c e l l a n e o u s  
Tearing Resistance

With Across Mullen
S a m p l e W eight Found Grain Grain Test S e r v i c e

1— Enam el......... 25 X 38— 60 18 25 17 Fair
2— Enam el......... 25 X 38— 60 10 18 17 Too brittle
1— Draw sh eet.. 0 . 0 1 0  in. 104 139 68 N o t satisfactory
2— Draw sheet.. 0 . 0 1 0  in. 146 151 70 Satisfactory  

Very satisfactory3— Draw sheet.. 0 . 0 1 0  in. 180 190 82
1— Cover s to ck . 25 X 38— 143 93 100 39 N o t satisfactory
2— Cover s to ck . 25 X 38— 145 140 175 60 Satisfactory
3— Cover stock. 25 X 38— 145 200 175 72 Very satisfactory
1— Tag s to c k .. . 590 670 150 N ot satisfactory
2— Tag s to c k .. . 820 800 150 Satisfactory
3— Tag s to c k .. . 1 1 1 0 800 155 Satisfactory
1— Envelope___ 24 X  36— 60 41 52 14 Good
2— E n v e lo p e ... . 24 X 36— 60 33 83 12 Fair
3— E n v e lo p e ... . 24 X 36— 58 36 36 18 Fair

T h e tables ab o v e  w ill show  th e relation  of th e  te a r
ing-resistance num ber to  other tests. T h e  d a ta  is 
rep resen tative  of a large am ount of routine testin g  done 
during th e  p ast th ree years. N o a ttem p t w as m ade to  
p ick  ou t abn orm al sam ples.

D iscrepan cies betw een  th e  M ullen  and tearin g -re
sistan ce num bers are m ore often  foun d in testin g
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M an ilas th a n  k ra fts. T h e  old “ p o in t per p oun d”  
stan dard  is a fa ir ly  reliable one in th e  case of k ra fts; 
still there are several instances show n in T a b le  II  where 
so ft k ra ft sam ples h a ve  a greater tearin g resistance 
th a n  th e M ullen  test w ould  indicate.

AD V A NTA G ES OF T E A R IN G -R E SIST A N C E  TEST

1— T h e com p arative len gth  of th e  fiber and th e peel
in g qualities of th e  sto ck  are show n in th e result.

2— Sizing does n ot increase th e  tearin g resistance to  
such an exten t as it  does other tests.

3— T h e apparatu s is sim ple and depends upon no 
springs or gauges. I t  is applicab le to  both  ligh t and 
h e a v y  papers.

4— T h e am ount of grain  in th e paper is shown.

5— T h e load is applied  w ith  an un chan ging rate of 
increase.

D ISA D V A N T A G E S OF T E A R IN G -R E SIST A N C E  TEST

1— T h e testin g  is tedious.

2— T h ere is an ap p aren t d isadvan tage due to  th e 
sensitiveness of th e  te st in th a t  th e ind ivid u al tests  on 
th e sam e sam ple v a r y  so g rea tly  th a t  even  th e  average 
of these tests appears un reliable u n til it  is observed 
th a t th e  tearing-resistan ce num bers of different grades 
of paper show m uch greater d istin ction  betw een  th e  
grades th a n  th e  corresponding M ullen, A sh croft, or 
Schopper tests. In  a series of tests on M an ilas, th e 
M ullen  te sts  ran ged from  10 to  97, While th e tearing- 
resistance figures ran  from  15 to  450. In  sensitiveness, 
th e tearing-resistan ce tester resem bles th e Schopper 
folding m achine.

T h e  ab o v e m ethod of te stin g  th e stren gth  of paper 
is n ot su b m itted  w ith  th e idea th a t it  is th e  final word 
in paper testin g , b u t o n ly  to  aw aken  interest inJdevel- 
oping m ore sa tisfa cto ry  m ethods of sp ecify in g paper 
q u ality .

P r i n t i n g  P l a n t  L a b o r a t o r y

S e a r s , R o e b u c k  a n d  C o m p a n y  
C h i c a g o , I l l i n o i s

ABSORPTION PIPETTES
B y E. V a n  A l s t i n B 

Received July 13, 1918

W hile using the P arr carbon ap p aratu s for deter
m ining b o th  carb o n ate and to ta l carbon in soils, it 
seem ed desirable to  h a v e  an absorp tion  bulb  w hich 
w ould  be effective  and rap id , and y e t  w hich w ould not 
con tain  glass beads or glass rods. In  order th a t  th e 
absorp tion  m ay be com plete and rap id  it  is n ecessary 
th a t  th e  gases com e in close co n tact w ith  th e  absorp
tion  liquid  and  if beads or rods are to  be dispensed 
w ith  th e n ext b est m eans is to  b ubb le th e  gas th rough  
th e  liquid . T h e  a ccom p an yin g d iagram  is of an ap 
p aratu s designed b y  th e  w riter to  accom plish  th is.

T h e  size here show n is b est for absorption  of a  v o l
um e of carbon dioxide up to  100 cc. from  a vo lu m e 
of 100 to  200 cc. of air. B u lb  A  has an outside d iam 
eter of ab ou t 22 m m . and  a c a p a c ity  of 35 cc.; bulb  B , 
an outside d iam eter of a b ou t 20 m m . and a c a p a city  
of 25 cc. B u lb s B and C  togeth er should hold  as m uch 
as th e vo lu m e of th e un absorbed gas, and b ulb  D

should  hold  som ew hat m ore th a n  th is vo lu m e so th a t  
there m a y a lw ays be an excess of stron g absorp tion  
liquid . A  piece of cap illa ry  tu b in g , 1 .3  m m . inside 
d iam eter and 10 mm. long, is inserted  a t E . T h e  o u t
side d iam eter of th e  tu b in g  used is 7, 8. 5,  and  9 . 5  
mm . as indicated. I f  absorp tion  from  a sm aller 
vo lu m e of air is m ade, a p ip ette  w ith  sm aller b ulb s A  
and B and a sm aller cap illa ry  a t  E  should  be used. If  
absorption  from  a larger vo lu m e of air is to  be m ade, 
th en  bulbs C  and D  should  be larger and bulb  A  should 
h a ve  a c a p a c ity  of 40 or 45 cc., b u t the vo lu m e of 
bulb  B should n ot be changed.

W hen gas enters a t a, it  q u ic k ly  forces th e  liquid  
from  tu b e b and b ulb  B th rou gh  tu b e  c into b ulb  C . 
Such  gas as still rem ains to  b e forced  into  th e  p ip ette  
m ust pass th rou gh  b u lb  B , th e  sides of w hich are 
being co n tin u a lly  w et b y  th e  liq u id  drip pin g slow ly  
th rou gh  th e  cap illa ry  tu b e  E . I t  m ust th en  bubble 
th rou gh  th is liquid , w hich  collects in  th e  low er bend 
of tu b e  c. B y  th e  tim e b ulb  A  is abou t h alf em ptied, 
all of th e  gases h a ve  been forced ou t of th e  carbon 
ap p aratu s and in a few  m ore seconds A  w ill becom e 
em ptied, ab ou t h alf fillin g b u lb  B . W hile th is  is 
ta k in g  p lace th e  gas w hich filled B is forced  th rou gh  
tu b e b in to  b ulb  A , th u s being k e p t in m otion. W hen 
bulb  A  is em p tied  th e  largest p a rt of th e  gas has been 
trap p ed  in  b ulb  C  b y  th e  liq u id  in b u lb  B , and when 
draw n  b ack  into  th e  P arr ap p aratu s it m ust bubble 
th rough  th is liquid .

I t  is n ot n ecessary to sh ake th e ap p aratu s to  insure 
rap id  action  as m ust be done when b ulb s w ith ou t
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beads or rods are used, y e t absorption  is as rap id  as 
w ith  either.

T h ese p ip ettes m a y be m ade b y  a n y  good glass 
blow er, or th e y  m ay be ob tain ed  for ab ou t $5.00 each 
from  M r. P au l A n ders, U rb an a, Illinois.

C o l l e g e  o p  A g r i c u l t u r e  
U n i v e r s i t y  o p  I l l i n o i s  

U r b a n a , I l l i n o i s

NEW REFLUX CONDENSER
B y  J a m e s  J .  B a j d a  

Received J u l y  10, 1918

A  m odified ty p e  of reflux condenser, ap p licab le  to
m ost kinds of la b o ra to ry  
w ork, has been foun d v e ry  
sa tisfa cto ry , esp ecially  in 
those cases in w hich  th e 
refluxing liquid  has a 
co m p a ra tiv e ly  h igh  boiling 
point.

In  th e  usual ty p e  of reflux 
condenser, h ot vap o rs enter 
th e re la tiv e ly  cold por
tion  of th e cooling cham ber 
and allow  th e condensed 
liquid  to  co llect in th e  inner 
tu b e, u n til overbalan cin g 
pressures therein  cause th e 
liq u id  to  sp u rt b ack  into 
th e receiver. T h is sp urtin g 
b a c k  is often  n ot v e ry  
desirable, esp ecially  as the 
receivers are u su a lly  m ade 
of glass.

T he' im p rovem en t here 
is obvious from  th e  ac
com p an yin g draw ing and 
consists of a va p o r conduit, 
2, form ing a p a rt of th e 
ad ap ter of th e condenser i ,  
th rou gh  w hich th e  vapors 
pass and are led therefrom  
into  th e upp er p a rt of 
th e condensing coil 3. T h e 
condensate flows into  th e 
trap  4, b y  m eans of w hich 
is provided  regular and 
un disturbed flow into th e 
receiver. A n y  ten d en cy  to 
d isturb th e  b alanced  rela-

%
tion  of th e  condensed liquid  
in th e trap  w ill find ou tlet 
through one arm  of {he 
Y -tu b e  w hich  leads u p 
w ard ly  and axia lly , 5, 
th rough  th e cooling coil 6.

T h e flow of cooling w ater 
in a d irection  opposite to  

th a t  of th e  condensates dim inishes th e  strain  on th e 
glass.

F l u s h i n g , L .  I .
N e w  Y o r e

C

I-

MELTING POINT OF ROSIN
B y T . L i n s e y  C r o s s l e y  

R eceived August 2, 1918

C erta in  large b u yers of rosin h a v e  recen tly  specified  
a m eltin g point lim it for this m aterial. Sam ples have- 
been su b m itted  for th is test, b u t w ith o u t sp ec ify in g  
how  th e te st w as to be carried  out.

P ro p erly  sp eakin g, rosin, like a sp h alt, has no d efin ite 
m eltin g point, therefore, a n y  sp ecification  aim in g to- 
grade it  b y  reference to  its b eh avior on h ea tin g  sh o u ld  
sta te  th e m ethod for ob tain in g results.

Sch w alb e and K u d erlin g 1 n ot on ly  sta te  m elting: 
po ints b u t record  results to fractio n s of one d egree 
and cla im  to differen tiate betw een  certain  rosins b y  
th e ir  m eltin g points.

Severa l m ethods h a v e  been used to  determ in e th e  
q u a lity  of rosin as in d icated  b y  its actio n  on h ea tin g . 
T h e  closed cap illa ry  tu b e, of such general i a p p licatio n , 
is used la rg e ly  b u t, unless conditions of h ea tin g  and 
ob servation  are closely  controlled , results are n o t 
un iform  w ith  d ifferen t operators.

T h e fo llow in g results w ere o b ta in ed  on th e  sam e 
four sam ples b y  m eth od s in d icated :

V< in. V* in-
Column Column Film  Capillary

Rosin ° F . ° F. ° F . ° F.
 1........................  174-184 169-172 150 146

172-183 169-172 146 145
165-173 . . .  154(a)

 2........................  176-187 174-182 147 154
174-185 167-176 155 147

156 153
 3........................  161-167 149-151 120(6) 128

161-157 145-146 134 130
126

 4........................  153-155 145-147 135 138
147-155 144-145 133 136
149-153 . . .

(a) H eated until clear.
(b) Probably mechanical weakness of film.

T h e first three m ethods were carried  ou t as fo llo w s: 
G lass tu b es of ab ou t 3/io in. inside d iam eter and  2 in . 
lon g were prepared. T h ese w ere dipp ed  in m elted  
rosin so th a t on cooling th ere w as le ft  inside th e  tu b e  
a colum n of rosin of th e required  dep th . In  th e  case 
of th e  m ethod m arked “ F ilm ”  th e  fo o t of th e  g lass 
tu b e  w as h eated  s lig h tly  and applied  carefu lly  to  th e  
surface of th e  m olten rosin so th a t  upon  cooling a  
th in  film  on ly  of th e  rosin w as form ed. T h e  tu b e s  
were a tta ch ed  to th e therm om eter in such, a w a y  th a t  
th e  b o tto m  of th e  tu b e  w ith  th e rosin  w as lo c a te d  
a b o u t th e  cen ter of th e  m ercu ry  b u lb . T h e  th e r
m om eter w ith  tu b e  a tta ch ed  w as im m ersed in  cold  
w ater in a 400 cc. beaker w ith  th e  b o tto m  of th e  rosin  
colum n 1 in. below  th e surface. T h e  te m p era tu re  
w as raised ab ou t 3 0 per m inute.

In  th e  cases of V 4 in. and Vs in. colum ns, i t  w ill be 
n oted  th a t  tw o  tem p eratu res are given . T h e  low er 
tem p eratu re  in d icates th e  point a t w hich th e  rosin  
is soft enough for th e  w ater to  en ter th e  tu b e, th e  
oth er bein g th e p o in t a t w hich th e  w ater b reaks through. 
T h e  resu lt is of course m erely  th e  p o in t a t w hich th e  
v isco s ity  is so reduced  th a t  it  is overcom e b y  th e 
pressure of 1 in. of w ater. I t  is n ecessary th a t th e  
h eatin g  should  be w ell regulated . I f  h ea t is ap p lied  
to o  ra p id ly  it w ill n a tu ra lly  result in a higher final 
tem p eratu re and a w ider spread betw een  th e  tw o  p o in ts.

1 “ Rosin Studies,” J. Soc. Chtm. Ind., 30, 1397.
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T h e ca p illa ry  tu b e  m ethod w as carried ou t as fo l
lo w s: T u b es a b o u t 1 m m . in d iam eter were prepared
•and sealed  a t one end. T h e  rosin w as pu lverized  be- 

' tw een tw o  pieces of paper. A b o u t 2 cm . of th e tu b e 
w ere filled w ith th e  pow der, and  it  w as a tta ch ed  to 
th e  therm om eter as in th e  oth er cases, being also im 
m ersed in cold w ater and h eated  as before.

A  readin g glass w as used to  observe th e resu lt and 
th e  p o in t a t w hich th e p articles coalesced w as noted 
as th e m eltin g poin t. I t  w as n ot foun d ad visab le  to  
ca rry  th e  h eatin g u n til th e w hole of th e rosin in the. 
tu b e becam e clear as th is increased th e range of per
sonal error. T h ere w as fou n d  to be a more definite

1

THE FUTURE OF THE AMERICAN DYE INDUSTRY1
By W . I I .  N i c h o l s ,  President, American Chemical Society

When war was forced upon the world in 1914, the chemical 
'industry of England, France, Russia, and Italy was quite un
prepared for the tremendous demands made upon it, some of 
the most insistent being for materials hitherto unmade in any 

•of those countries, due to the shrewd policy pursued by the 
Germans for many years in anticipation of the event. The 

- chemical industry of the United States was in far better state of 
preparation and, as is well known, was able to fill the gaps. On 

•our own entry into the war, it appeared to those in authority 
at Washington that large additions should be made to the 

-chemical output. To accomplish this result, our Government 
thought best to construct largely, and to assist certain individuals 

■and corporations in doing likewise. As the chemical industry 
was thoroughly prepared to take care of the requirements of

■ our own country before the war, it is fair to assume that it is in 
position to do so when we return to lines of peace. It is there
fore manifest that a number of works in which the Government 
is interested will not be needed, and it is hoped that the manu
facturers who so bravely and liberally contributed to the in-

• crease in output, will not now find themselves in competition 
with governmental plants. While I am informed the Govern
ment will take careful account of this, and will do what it can to 
protect industry already organized when the war began, I 
believe the potential injury should be alluded to in order that 
the large gathering of manufacturers here might be in position

. to express itself should it so desire.
The fortunes of the chemical industry are naturally bound up 

with the fortunes of industry at large, and the same rules which
■ apply to any other industry would apply in almost every case 
to the chemical. If the country returns to its pre-war state of 
manufacturing capacity, the chemical industry will be able to 
take care of itself and any demands that are made upon it. 
Therefore, its future will be identical with the future of all the

. great undertakings with which we are involved. I have not 
thought it best to take up your time with discussing general 
details, knowing that these will be considered in the ordinary

• course of events.
I have thought that with the limited time accorded me, I 

might be of some service in calling specific attention to an in
dustry which is practically new in this country, which is vital, 
and which absolutely needs encouragement; in fact, all the

• encouragement which can be forthcoming from every source. 
I refer to the manufacture of coal-tar dyes and medicinal prep
arations which up to 1914 were produced almost exclusively 
either in whole or in part by the great German concerns. Owing

1 Address to the Chamber of Commerce of the United States, Atlantic 
' City, December 6 , 1918.

in d ication  and closer agreem ent w hen th e p o in t of 
coalescence was noted.

T h e  results ob tain ed  b y  th e  “ F ilm ”  m ethod  are for 
p ra ctica l purposes th e sam e as those ob ta in ed  b y  th e  
“ C a p illa ry ”  m ethod, b u t th e tests  arc prepared m ore 
ra p id ly  and w ith  m uch less trou b le , esp ecially  in th e 
hands of un skilled  assistants. T h e  en d-poin t is defi
n ite ly  established b y  th e  pen etration  of th e  w ater.

In  all of these tests recen tly  boiled  w ater should  be 
used, otherw ise th e rising bubb les of d issolved  gases 
interfere in  several w ays.

4 3  S c o r r  S t r e e t  
T o r o n t o , O n t a r i o

to the fact that for nearly forty years these concerns had earned 
and obtained a practical monopoly of the whole world, they were 
able to charge prices which made it possible to write off all or 
the greater part of their plants, so that to-day they are in the 
position of having plants, doubtless largely increased by war 
orders, which stand on the books at comparatively small sums. 
In addition to this, they have the further advantage of having 
works which are perfected to date, whereas other countries have 
had to invest in plant, and will still have to do so, with the 
certainty that much of its construction may be scrapped as 
knowledge advances. With a full appreciation of these diffi
culties, manufacturers of England, France, and Japan have 
received the strongest kind of encouragement from government 
cooperation, financial and otherwise, and Switzerland permits 
by its laws the combination of the chief color works, three in 
number, in such way that processes and patents may be pooled 
for the common good. In Germany, as is well known, a union 
of all the great color works has been effected, binding for fifty 
years, and while the various units composing the same do not 
lose their identity, or control over their works, etc., still their 
activities will be controlled by their ability to produce stated 
products at minimum costs. Profits will be pooled and divided 
as already agreed; losses likewise. These various facts leave 
the United States as practically the only great country this side 
of China frankly open to the German assault, which is sure to 
come and which should be nipped in the bud. Our present 
protective tariff is entirely inadequate. I understand that plans 
have been completed to ship goods already prepared in immense 
quantities from Sweden, Holland, Switzerland, etc., so that 
their German origin will be carefully camouflaged.

Of the several branches of chemical industry, at the outbreak 
of the war, none bulked so large in the eye of the public as the 
coal-tar dyes and none so gripped public attention. The reason 
is now not difficult to determine. While the coal-tar dye and its 
directly related industries do not occupy a leading rank in the 
world’s activities when measured by the customary and usual 
standards, such as those of labor employed, capital engaged, 
value of output, tonnage of output, power consumption, and the 
like, yet their products did perform almost, if not wholly, in
dispensable functions in very varied industrial operations of 
exceeding magnitude, irrfportance, and ramification. It is this 
functional value, rather than any intrinsic direct money value, 
that now determines the importance in which the public holds 
these products. Out of this new viewpoint as applied to coal- 
tar dyes has grown an entirely new public conception of utility 
which the public has embodied in the now widely-current ex
pression of "key” or "pivotal” industries by which emphasis 
is very decidedly placed upon functional importance, and other 
considerations are deliberately relegated far to the background.

ADDRESSES
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The public has decided to have all "key” industries firmly 
established at home.

Just before the war the world’s total coal-tar dye production 
was under, rather than over, $100,000,000 in value and ap
proximately 250,000 short tons in weight, probably not in 
excess of 50,000 persons of all ages and positions engaged in their 
production from primary coal-tar products; in the United States 
just over 3,300 tons, valued at $2,470,096, were produced, em
ploying not over 530 persons but using almost entirely foreign- 
made “ intermediates;” but these 530 persons produced other 
articles valued at $1,126,699, tonnage not stated. Similarly, 
the above 50,000 persons produced other things such as medic
ináis, photographic developments, and the like of unknown 
value and tonnage, the world’s average pound-value of dyes 
thus being 20 cents, and of the United States production 37.5 
cents.

On account of the unavoidably mixed and therefore uncertain 
nature of all general statistical information on this subject, 
both in this country and abroad, it is hazardous to attempt great 
detail; the following is a very rough attempt to sketch the out
line and a few of the details of this very complicated business.

With the above reservations in mind, it may be stated for the 
purpose of rough comparison only that in making dyes from 
primary coal-tar products, the world’s pre-war labor per capita 
production in terms of dyes was not less than 5 tons per annum; 
in the United States just over 6 tons of dye for labor per capita 
were produced, but using foreign-made intermediates.

Prom a recent publication of the United States Tariff Com
mission, it appears that we had in this country in 1917, 81 
establishments producing dyes, or dyes and intermediates, 
and 119 establishments making intermediates only; that 19,643 
persons were so engaged, producing 23,000 tons of dyes or just 
over one ton of dye per person engaged per annum. If this be 
the proper interpretation of that publication, then it discloses 
an efficiency in tonnage production of about one-fifth of the pre
war efficiency in terms of persons engaged. Of the approxi
mately 300 intermediates needed for our normal dye require
ment, 134 were made here in 1917 as against but a very small 
number, perhaps five, made here in 1914. In 1917 we made no 
fewer than 180 chemically different dyes and all from inter
mediates of domestic manufacture. Of the variously estimated 
500 or 600 chemically different dyes imported in the fiscal year 
1913-14, 154 were made here in 1917 from domestic inter
mediates, in addition to 18 not then imported and 8 of not now 
known composition; our imports in that year totaled 23,000 
tons; our 1917 production tonnage was a trifle higher; the 
tonnage imported in 1913-14 of the above 154 dyes amounted 
to 13,500 tons or 60 per cent of the total 1913-14 importation. 
Hence, our domestic dye industry in 1917 was directing its 
efforts very intelligently towards the production of those indi
vidual dyes of major importance to the industries requiring this 
class of products, and in producing substitutes for other dyes 
since much of its needed material had to be diverted to other 
uses for one or the other of the belligerent countries including, 
of course, our own country.

This whole business is made up of a host of different finished 
products calling for a multitude of semi-finished products 
representing an individual consumption of the widest con
ceivable range both as to tonnage or poundage as the case may 
be, and in values as are now set forth in sketchy outline.

For 383 presumably chemically different dyes imported in 
1913-14 and for which values and poundages are known totaling 
18,000 tons, the annual importation is 47 tons; of these 383 
dyes only 67 are equal to or above this average tonnage, and 
316 dyes are below it; the largest individual shipment amounts 
to 4,253 tons and the smallest to Vn of a ton; 30 dyes are less 
than Vs ton; the total value of these 18,000 tons was $6,496,882, 
or an individual value of $26,479; the individual annual values

range from $1,090,773 to $43. Some dyes (value not given) 
were imported in amounts even as small as 9 lbs. for the year.

In considering the future of our domestic dye industry it 
must not be lost sight of that with proper combination of physical 
plant and proper elimination of duplicated effort the German 
dye industry could reduce the total number of persons engaged; 
maintain, if not even increase, the output tonnage, and increase 
the annual tonnage output for labor per capita. It seems not 
unreasonable to expect that this might ultimately be one and 
one-half times the pre-war figure or say approximately eight 
tons per person engaged per annum.

In any event, the foregoing annual production of one ton of 
dye per person engaged in our domestic industry for 1917 must 
be considerably improved if our industry is to be permanently 
on a sound competitive footing. This apparently poor showing 
of efficiency must not be construed unfavorably to American 
effort; it is an unavoidable and wholly to be expected result 
of the conditions under which our chemists have been com
pelled to work by circumstances wholly out of their control, 
or the control of the public.

Our pressing and paramount problem has been to get these 
goods; matters of cost, labor-efficiency, and the like were wholly 
secondary; the goods had to be made. In the synthetic organic 
chemical industry, of which the coal-tar dye business is the 
largest factor, many ways of making one and the same thing 
are generally open and it calls for much experience, which can 
be gained only through time-consuming manufacturing effort, 
to decide which is the most efficient and the cheapest way. 
Our chemists did not have time or opportunity to enter into 
these refinements, they had to begin at the very beginning, and 
having found one way that would give them commercially 
usable products they bent their energies towards making that 
way, no matter how defective it might be, produce the greatest 
weight of goods in the shortest possible time, regardless of re
finements as to efficiency and wastes. That was not a mis
taken policy under the circumstances. Time and the goods 
were the essence of the problem; everything else was supremely 
secondary; the large domestic industries and needs dependent 
thereon had to be helped out of an emergency and they were 
effectively helped. This is not an apology: our chemists are in 
no sense under any obligation whatever to apologize; it is merely 
an explanation.

Having made this most important contribution toward win
ning the war, toward keeping our domestic industries going even 
though knowing all the time that from the point of view of 
efficiency his then manufacturing methods were woefully de
fective and wholly inconsistent with professional standards, 
should not the American chemist now be given an opportunity 
to improve the efficiency of the methods heretofore employed, 
or to devise new and better ways so that we can have this key 
industry firmly established at home? He must have these 
opportunities if he is successfully to weather the stress of foreign 
competition. It is not a question of raw or basic chemicals; 
we have all of these, except Chilean nitrate, in domestic abun
dance, and to spare, and at prices as low as anywhere. There 
is no magic in attaining the highest efficiency but it requires 
slow, painstaking, and voluminous investigation and testing 
to arrive at this maximum. Our chemists have the necessary 
training, skill, ingenuity, and resourcefulness to accomplish this. 
W hat they need is proper opportunity, and to be relieved from 
this production pressure, in order that they may improve their 
methods. Such a procedure is very costly. Who will foot the 
bills and how? These are not matters that can be successfully 
solved in a laboratory; they require try-out on manufacturing 
dimensions and under manufacturing conditions and hence are 
inseparable from actual manufacturing plants operating for 
commercial ends. For that reason our governmental research 
agencies cannot effectively aid in the solution of the problems
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confronting our dye manufacturers. This work, therefore, 
devolves wholly upon the manufacturers themselves. Since the 
normal pre-war competitive manufacturer’s value of our total 
annual dye consumption is not over $10,000,000 for several 
hundred, possibly one thousand, widely different products, 
including intermediates and dyes, most of them of small indi
vidual value and tonnage, it is clear from our past experience 
that our manufacturers cannot themselves finance this expensive 
undertaking of refining and improving all needful manufactur
ing processes so as to have this key industry in its substantial 
entirety firmly established here. Our Federal legislators must 
find effective ways and means of lifting this financial burden and 
production-pressure from our dye makers while they are per
fecting their processes and increasing the variety of their 
output.

We, of course, have a protective tariff. In my opinion this 
alone will not accomplish the purpose, nor do I think that it will 
do so even in connection with the anti-dumping law now in 
force. As stated before, in England, Japan, France, and Italy, 
the respective governments have taken more direct action ranging 
from direct government financial participation to guarantee of 
dividends. Y et these measures seem in the opinion of some not 
to promise success. Additional help in the way of complete pro
hibition of imports of all dyes or that device modified by 
permitted importations of limited amounts of specified dyes not 
then made at home, under government license, all for a limited 
number of years, have been seriously proposed abroad. This 
problem is rendered the more difficult by the very practical 
and important consideration that dyes enter commerce not only 
as such and in packages like kegs, casks, and barrels, but also on 
finished commodities such as textiles, leathers and leather 
goods, printed and painted articles, and an uncounted host of 
other things. It might even be necessary to prohibit the im
portation not only of dyes and the like as such, but also all 
articles, like textiles, which are dyes or colored with such dyes 
except where we have domestic sources of all the dyes involved 
in any shipment.

From this it is clear that this problem is not only complex, 
but exceedingly difficult; that the best minds in foreign friendly 
countries are not agreed as to the needful helps; that the more 
this phase of the subject is studied, both here and abroad, the 
more drastic the proposed measures become. It  is also clear that 
half-way measures cannot promise success. Since we are really 
determined to have this particular key industry firmly estab
lished at home, we must be prepared to pay the full price and we 
ought to be prepared to pay rather more than “ just enough” in 
order to make ultimate success not only certain but speedy of 
accomplishment.

If public measures are taken for the purpose of establishing 
this key-industry at home,, it is perfectly clear that those who 
enter into or remain in it are in duty bound to make the country 
not merely seemingly but actually and intrinsically independent 
of all foreign competitor^ by producing not only the staples and 
the specialties in quality, quantity, and cost equal to anything 
offered from abroad, but also to lead or at least to keep abreast 
of the highest foreign developments by assiduous, intelligent and 
resourceful research, both scientific and technical, of the whole 
field and all its ramifications.

Just how this shall all be brought about, no man can with any 
confidence say to-day, but surely our dye-makers, our users of 
dyes, and our importers of dyes and materials into which dyes 
enter, can find by patriotic and clear-headed conference and 
cooperation ways and means that will commend themselves to 
our legislative and other government officials as being best 
designed to accomplish the will and desire of the American 
public which has been repeatedly and determinedly expressed 
and in a way that cannot be ignored.

Given a fair chance, with confidence that there will be no

outside interference for a certain period, it is my conviction that 
the American dye industry will not only stand alone, but that it 
will lead the world.

THEJPROBLEMS OF THE DYESTUFF INDUSTRY1

B y F . W. T a u s s i g , Chairman, U nited States Tariff Commission

It  is not necessary for me to rehearse the events of the last 
three years or the facts of the present situation. You are 
familiar with the history of the iridustry and with its problems. 
You know well the extraordinary story— the unique dominance 
of the German industry before the war, the passive acquiescence 
of most countries in that dominance, the virtual cessation of 
imports during the war, the rapid growth of the dyestuff manu
factures in this country and in others. You know too that there 
is impending an equally sudden transition to new conditions. 
I t  is these new conditions that now demand our attention. I 
shall not weary you either with congratulations on the achieve
ments of the past, or warnings about the possibilities of the future. 
Nor shall I  undertake any discussion of general questions of 
industrial policy or general problems 6f reconstruction. I 
shall confine myself to the problem which is before the dyestuffs 
industry now and here.

Before considering, however, the possible lines of legislative 
action for the immediate future, I shall ask your attention to 
one general proposition, simple and unquestionable in itself, 
but of special relevancy at this time.

Stability is of the first importance for any industry and at 
all times. Business can accommodate itself to almost any con
ditions, provided they be steadily maintained. This is true 
as regards prices and wages, banking and monetary systems, 
income taxes and taxes on business, and, not least, as regards 
tariff duties. It is quite as important, probably more important, 
that duties should be settled as that they should be high or 
low, well- or ill-adjusted. It  is imperative to know on what 
basis business calculations may be made.

Not only is this the case with regard to an individual business 
or a particular industry; it is true also as regards the prosperity 
of the country at large. Vacillation and uncertainty in tariff 
policy are probably more harmful than any extreme of high duties 
or of low duties. The good results which are obtainable through 
a protective system endure only if such a system is maintained 
consistently for a considerable period— if time is given for the 
development of domestic industries, for growth under assured 
conditions, for the introduction of improved methods through 
long-continued experiment. And similarly, the good results 
which are obtainable under a policy of free trade are dependent 
upon its maintenance over a long period. They can come only 
through steady competition among foreign producers and do
mestic distributors, and the adjustment of export trade as well 
as of import trade to larger volume. A consistent policy followed 
for a considerable stretch of time is in either case essential for 
the attainment of the desired results.

Let us now look at the situation which is to be expected in 
the immediate future in this country, and look at it frankly 
and openly. Let us not disguise the facts by vague generalities, 
by pleasant words, by rose-colored optimism. The truth, plainly 
stated, is that the outlook for stability is poor. Indeed, the 
prospects are of the slightest for anything in the nature of a 
settlement of the tariff. Consider the obvious facts of the 
political situation. We are at the beginning of the short session 
which closes the 65th Congress. In the 66th Congress, which 
will be in session from March 4, 1919, to March 4, 1921, there 
will be no unification of control and hence there can be no 

1 Address before American Dyestuffs Manufacturers Association, 
New York City, December 6 , 1918.



S6 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. n ,  No. i

unification of policy. One party will have a majority in the 
House of Representatives; the Administration itself is of another 
party; the Senate will be very evenly divided. N ot only is this the 
case, but the traditional division of opinion and policy on the tariff 
will not only be maintained, but is likely to be accentuated. 
The controversy on the protective policy will go on, and will 
be.conducted on party lines. That controversy, it need hardly 
be said, is not between protection and free trade. The practical 
issue is one of degree— whether there shall be high and strong 
protection all around, or limited and moderate protection. 
But the cleavage is clear. I shall not undertake to say whether 
a permanent settlement will ever be reached in this country; 
but it would seem certain that not even such a provisional settle
ment as comes by the enactment of a general tariff law is within 
the bounds of probability for the next two or three years.

Further, we must expect a certain amount of political maneu
vering. Legislation will be proposed and debated, not so much 
with an expectation that it will be enacted, as with a design 
to make plain what is the policy proclaimed to the country, 
and therefore promised as likely of adoption if a more con
clusive political settlement is reached. The drafted bills will 
be very much in the nature of a political platform. And if, 
by chance, any legislation is adopted by the present Congress, 
or by the next, it will be tentative and provisional, presumably 
to be revised in the Congress to follow.

In other words, nothing in the nature of a settlement of the 
tariff question, even for a period of four or eight years, is to be 
expected before the Presidential election of 1920 and the es
tablishment of a new administration for the period beginning 
with March 1921. Until that date the country will not know 
where it is, or whither it is moving, as regards this important 
factor in its industrial prosperity. Whatever is done in the way 
of legislation during the session of Congress which begins in 1919 
can hardly be more than provisional.

In forecasting the immediate future in this way, let me not 
be understood to impute blame to any individual or any party. 
No arraignment is made, no criticism implied. The situation 
is the simple consequence of our constitution. It is an inevitable 
concomitant of the system of checks and balances. Our 
Government Was not designed to be under unified control, nor 
is it adapted for the prosecution of a single-minded policy. 
The election of a new Congress in the middle of a presidential 
term was expressly intended to give a check on the uncontrolled 
maintenance in power of any party or any administration. It 
is idle for us to speculate in connection with such problems 
as we are here discussing, whether the system of checks and bal
ances in this respect operates well. The mid-term elections 
have always brought perplexing consequences, and they will 
continue to do so. It is not a new thing in our history that legisla
tion has become hesitating, uncertain, affected by political 
maneuvers and sometimes by political pretenses, because of 
the patent fact that power was divided and that a settlement 
one way or the other was for the time being impossible. This 
was the situation in 1911-12, the era of the well-known pop
gun tariff bills. I t  is precisely the present situation. The un
certainty is most regrettable, but is clearly there. We should 
be like the ostrich who buries his head in the sand if we refused 
to view it openly or if we failed to observe the consequences 
to which it leads. We must face things as they are.

It may be asked, however, whether some particular phases 
of the tariff question cannot be rescued from the general pre
dicament and dealt with irrespective of party differences. Is 
it not possible that the dyestuffs industry can be treated by 
itself? Can it not be rescued from political strife? Is there 
not some chance that it will be considered upon its merits, 
without regard to political complications, and disposed of as 
an urgent matter needing immediate attention? Cannot this 
brand be rescued from the burning?

There are grounds for hoping that special attention will be 
given to this industry, and that its case will be regarded as 
unique. Some promise of an attitude of this sort can be in
ferred from the enactment, two years ago, of the revised duties 
upon dyestuffs which are now in force. As you need not be 
reminded, a special title was contained in the revenue act of 
1916, imposing revised and increased duties upon intermediates 
and upon dyestuffs. The legislation then put into effect was 
admittedly not satisfactory in every respect, yet it was an earnest 
of the recognition of a peculiar situation. Moreover, the present 
administration, irrespective of any general attitude to which 
it is committed on tariff questions, has viewed with concern 
the dependence of this country upon foreign dyestuffs and has 
cooperated in the endeavors to bring about, not only by legisla
tion, but by departmental encouragement and support, the 
development of an American supply of dyestuffs.

Further, the industrial conditions are obviously different 
from those in many other industries. This is an entirely new 
industry. It is largely in the experimental stage. It has had 
a short and disturbed period in which to develop. It has not 
yet found itself in normal conditions. It is confronted by foreign 
competition from an industry which is not only long established 
and well equipped, but is organized in such way as to threaten 
ultimate danger to consumers as well as immediate danger to 
producers. And not least, it is closely connected with the 
military problems, because of the interrelations between ex
plosives and dye products. These are matters familiar to all 
of you. Indeed, so far as a gathering like yours is concerned, 
there is no need of explaining wherein your industry stands in 
a class by itself.

Not only this, but it would be admitted on all hands that there 
are matters connected with tariff legislation which could readily 
be disposed of without raising any controversial questions. Not 
every measure relating to import duties is necessarily contentious. 
Take, for example, the matter of customs administration. 
This has long been in a confused and unsatisfactory state. 
Admittedly there is urgent need of an amendment and of clari
fication of the customs administrative laws. The Tariff Com
mission has prepared with great care a draft for such amend
ment, and has brought it to the attention of Congress in the 
hope that it may be disposed of without arousing political de
bate. Again, there are matters of classification and definition 
in the tariff laws, unexpected and undesired anomalies, which 
also can be disposed of on simple grounds of consistency and 
common sense. Problems of precisely this type arise in the 
dyestuffs act of 1916, and in the chemical schedule of the act 
of 1913. Our immediate question is whether the duties 011 dye- 
stuffs can be brought to the attention of Congress in such a way 
as to obviate strife, or at least to minimize it, and to secure 
early and unbiased attention to the special difficulties of the 
case.

The answer depends upon the way in which the situation 
is approached and handled. It seemS clear that any proposal 
of an extreme character would arouse opposition and would 
stir controversy. A radically new policy of any sort has little 
chance of being carried into effect. I t  seems equally clear 
that any great division of opinion among those who are in
terested in the industry and who have given special attention 
to its progress would have the same effect. If the manufac
turers, consumers, importers, chemists, editors of chemical 
journals, the Tariff Commission itself— if all these come before 
Congress with different and discordant proposals, nothing is 
likely to be accomplished. Only if all concerned unite upon 
some moderate plan will it be possible to secure that unbiased 
and undisturbed attention which will result in legislation. 
If indeed there be a consensus of opinion in all quarters, 
then there is a possibility that the problem will be dealt with 
in a noncontentious spirit.
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As you know, various plans and proposals have been sug
gested. Some of them must be characterized as extreme. It 
has been suggested that there be for a period of years an entire 
prohibition of importation. It has also been proposed, as an 
alternative, that there be something in the nature of discre
tionary prohibition. The alternative suggests that there be 
established a system of import license and import regulation, 
under which an administrative body shall have authority to 
permit foreign dyes to be imported in cases where domestic 
supply is non-eyistent or quite inadequate, the American market, 
however, being reserved completely for the domestic producers 
as regards commodities which they are able to supply, perhaps 
at high prices, but at all events, in adequate volume and of satis
factory quality. Of a different sort is a proposal for entirely 
remodelling the present plan of classification in the act of 1916, 
by the virtual abolition of the class of intermediates and by the 
application of the same rate of duty to all products which are 
beyond the stage of crudes. There is something to be said 
for each of them, and there are objections to each. M y present 
point is that, whether they are good or bad, they seem to be 
now not feasible of early execution. They are radical beyond the 
limits to which measures must be confined which have a chance 
for enactment. Simplicity, moderation, no violent departure 
from existing methods and existing legislation— these seem 
to be the requisites of a feasible plan.

The Tariff Commission has given prolonged and careful 
attention to the dyestuffs problem. It has secured a thoroughly 
competent expert staff of its own. It has conferred in the most 
painstaking way with the officials of the Administration, with 
the representatives of the customs division of the Treasury, 
with consumers, and with manufacturers. It has proposed and 
elaborated a bill that conforms to the conditions which I have 
just indicated. That bill endeavors to make effective the policy 
adopted in 1916, and also to show the way to some moderate 
extension of that policy in new directions. The legislation of 
1916 was in many respects a great improvement on what pre
ceded. But defects have already appeared, and there is beyond 
question occasion for amendment. Evasion of some of the 
salient provisions of the present law is possible, especially 
through the importation of intermediates which are nearly ad
vanced to the stage of finished dyestuffs. The bill prepared 
by the Commission goes over the list of commodities with care, 
rearranges the enumeration of intermediates and finished dyes 
in such a manner as to prevent evasion, and removes some 
anomalies which clearly need attention. It raises frankly the 
question whether the specific duty of 5 cents which was not 
applied by the act of 1916 to indigo and to all indigoids, whether 
or not obtained from indigo, to natural and synthetic alizarin, 
and to dyes obtained from alizarin, anthracene, and carbazol, 
should be made applicable to these now exempted commodities. 
This opens a question of policy, but one which, we may per
haps hope, will be dealt with irrespective of general party differ
ences.

The measure which is proposed by the Tariff Commission may 
not be perfect, but we are confident that it represents a great 
improvement on what is now on the statute books. It is a 
measure of the sort which may be laid before Congress with 
propriety under any circumstances and at any time. It is the 
sort of measure upon which all concerned may unite, and which

may receive the sober and cool-minded attention of congressional 
committees and of Congress itself. This report is now in the 
hands of the printer and will be available for distribution at an 
early date.

If anything at all is to be done, it would scein that this is the 
practicable plan, and this the practicable procedure for bringing 
it tfe fruition.

In conclusion let me say a word about the Tariff Commission 
itself, its functions and its duties, as illustrated by this particular 
case. During the debates which preceded the establishment 
of the Tariff Commission, much was said about the need of a 
scientific settlement of the tariff question, and of the removal 
of that question from the domain of politics. This is Utopian. 
It is quite impracticable, and indeed undesirable, that the 
settlement of a great question of principle should be put into 
the hands of any administrative body. The commercial and 
industrial policy of the country must be settled by the people 
and by Congress, and cannot by any possibility be taken out 
of their hands. Certainly the Tariff Commission has no such 
high-flying ambition. It is soberly conscious of the limitations 
upon its possibilities, and of the character of the work to which 
it must confine itself. Its business is to prepare the way for the 
intelligent and well-considered application of whatever policy 
the people determine by their votes and Congress carries into 
execution by its legislation. Our business is to gather informa
tion and to take preparatory steps such as will enable Congress 
to act with light and to avoid ill-planned or misdirected efforts. 
This is an important and much needed kind of work. We have 
endeavored to do it in the particular case of the dyestuffs in
dustry.

The Commission would not go so far as to say that all informa
tion which it is possible to get is at our command, still less 
suggest that all the information has been secured which it is 
desirable to have. As you know better than any one, the whole 
industry is in a stage of flux and transition the world over. 
In Great Britain, in France, in Switzerland, as well as in the 
United States, there are new developments. What will be 
the conditions of international competition in the future, what the 
prospects of the various branches of the growing industry in the 
United States, no one can now say. Nor can any cne say, as I 
have explicitly pointed out, what industrial policy will finally 
be adopted by the United States. That policy cannot but be 
affected by the character and terms of the general international 
settlement. We cannot peer far into the future. For the 
moment we can follow only provisional lines of action.

The war is over, and with it the excitement and the shouting, 
the absorption in the task of the moment. Before us now are 
the problems of peace. We can no longer plan for what could 
be done and should be done under the conditions of war. And 
it is no longer profitable to utter words of encouragement and 
confidence, and perhaps of glorification, which were natural 
during the stress of conflict, but which now would simply obscure 
the troublesome facts of the new situation. These facts I have tried 
to face squarely, without concealment or equivocation or flattery. 
I trust that in so doing I have spoken in accord with your wishes, 
and perhaps have aided you in reaching a conclusion concerning 
the course of action which the representatives of your industry 
should follow.

FOREIGN INDUSTRIAL NEWS
B y  A .  M c M i l l a n , 24 W estend Park S t., G lasgow, Scotland

NEW VEGETABLE OIL
A sample of "piassava” oil from Sierra Leone, presumably a 

product of the palm from which the piassava fiber of commerce 
is derived or some related species, has been examined at the 
Imperial Institute, London. The oil was found to resemble palm

oil in odor, but was rather darker in color and more liquid. 
The results obtained in its chemical examination were similar 
to those recorded for palm oil and if it can be shipped to Great 
Britain in commercial quantities it should be saleable at prices 
similar to those realized for palm oil.
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GERMAN AIRCRAFT
Reports recently prepared by the Technical Department, 

Ministry of Munitions, London, describe some types of German 
fighting biplanes. The following, taken from the Times Engi
neering Supplement, is a description of the two-seater Halber- 
stadt machine, which bears the date April 14, 1918, and may be 
taken as the high-water mark of German two-seater aeroplane 
construction. It is well and strongly made, the principal 
points in its design being the single bay arrangements of wings, 
the conspicuous set-back of the main planes, freedom of the 
empennage from wires, tapering of the fuselage to a horizontal 
line at the rear, and the construction of the pilot’s and ob
server’s cockpit in one. Its general behavior in the air is good 
according to modern fighting standards, but it cannot be con
sidered stable as there is a tendency to stall when the engine is 
on and to dive when it is oil. Directionally owing to propeller 
swirl, the machine swings to the left, but with the engine off 
it is neutral. Pilots report that it is light and comfortable to 
fly. Its maneuverability is good, and this feature, in conjunc- 

. tion with the exceptionally fine view enjoyed by the pilot and 
observer and the field of fire of the latter, makes it a machine 
to be reckoned with as a two-seater fighter, although the climb 
and speed performances are poor, judged by contemporary 
British standards. In tests the climb to 10,000 ft. took 241/« 
min. and to 14,000 ft. just under 52 min. The greatest height 
reached was 14,800 ft. in 64 min. 40 sec., the rate of climb at 
this height being 50 ft. per min. A t 10,000 ft. the speed was 
97 miles an hour with the 180 h. p. standard liigh-compression 
Merc6d£s engine making 1,385 r. p. m.

ITALIAN CHEMICAL INDUSTRY
The Z. ctngew. Chemie says that many new factories have 

been erected in Italy for the production of artificial manures 
and colors. The government seems to have taken much in
terest in the chemical industry. The "Anonima”  concern 
was formed for the production of aniline colors with a capital 
of $1,200,000. For the production of soda and chlorates, a com
pany was formed in Genoa with a capital of $500,000. The 
soap industry and glycerin production have grown up with the 
manufacture of soda, and carbolic acid crystals are prepared in 
the explosives factories of Piedmont. In Milan, the German 
specialties, antipyrin, aspirin, phenacetin, and lecithin, are pro
duced. New works are established at Legno for the production 
of ammonium nitrate, while in Turin a rubber factory has been 
set up with a capital of $800,000.

ALCOHOL FROM  SEAWEED
Attention is being called by Sir Edward Thorpe to the possi

bilities of obtaining alcohol for motor fuel from seaweed. After 
commenting on previous attempts that have been made to ob
tain alcohol from non-alimentary materials. Sir Edward holds 
that certain seaweeds, all of which are abundant, may be made 
to yield considerable quantities of alcohol by suitable treatment. 
Thus it has been stated that 100 lbs. of red wrack is capable of 
yielding about 6 liters of alcohol and it is alleged that, under 
industrial conditions, this amount may be increased. If these 
statements can be verified we have in seaweed a ready and cheap 
source of alcohol and the possibility of employment to people 
whose livelihood was greatly impoverished by the loss to them 
of the kelp industry. A  correspondent of the Times, London, 
remarking on the above statement, suggests that the use of 
peat would afford a cheaper method as it would be easier 
to handle. He also adds that it should not be forgotten that 
motor spirit can be obtained from various oils, and calls atten
tion to certain oil-transformation processes on which Sir Oliver 
Lodge reported very favorably in October 1913.

BRITISH OPTICAL GLASS INDUSTRY 
An account of the steps taken by the British Government to 

develop the manufacture of optical glass is given in the Board 
of Trade Journal. When war broke out, Britain was dependent 
on Germany for 60 per cent of its supplies; 30 per cent came 
from France and the balance of 10 per cent was made by Chance 
& Co., Birmingham, England. In January 1916, Messrs. 
Chance undertook to complete an extension of their works 
which would greatly increase their output and the Government 
undertook on their part that British optical glass would 
be used as far as possible for optical instruments required for 
naval and military purposes. Scientific research, the report 
states, into the chemical constituents and optical properties 
of the various kinds of glass has moved hand in hand with com
mercial production. In 1913 there were 11 types of optical 
glass made in England and the total home output was not 
great enough for home requirements. Now, however, 75 types 
of glass are made in this country. During the first quarter 
of 1918, English makers produced more than 90 times as much 
optical glass as was made during the first quarter of 1913. They 
are thus making glass at a rate nine times as great as the total 
consumption of the United Kingdom in the year before the war.

SW1TCHGEAR
A catalog issued by the General Electric Company who have 

now taken over works at Erith, England, deals with high-ten
sion switchgear and sundry other appliances. Descriptions and 
illustrations are given of various types of three-phase, oil-break 
switches which are suitable for voltages up to 6,600, and can 
be arranged with automatic features, to open an overload, on 
reverse power, or when the voltage fails. Details are also 
furnished with dimension drawings in most cases, of truck-type 
switchgear, tension limiters and lightning arresters of various 
patterns, choking-coils, isolating links, high-tension plug fittings, 
relays, time limit fuses, and static leakage detectors. An 
underground switch-box for disconnecting high-tension cables 
is formed of cast-iron with a clamped-on lid. The three-phase 
switch inside is operated by an external hand wheel, the cables 
being brought in by a trifurcating box, and the case is filled with 
oil. Light loads up to 50 amperes at 6,600 volts can be broken 
satisfactorily.

ALLOYS OF LEAD AND MAGNESIUM
It is known, says Engineer, that the addition of small quanti

ties of sodium or potassium or magnesium to lead hardens the 
metal considerably. If tin is added to either of these alloys 
its brittleness is somewhat diminished and its resistance to chem
ical action increased. According to Metall und Erz, an alloy 
of soft lead and magnesium which in moist air is slightly attacked 
on the surface is proof against such action when tin is added. 
The tin is equally effective in an alloy of lead and sodium. The 
hardness of these alloys may be increased by an addition of 
copper. The proportion of tin as of copper must not exceed 
5 per cent. The proportion of sodium or magnesium should 
not'be greater than 4 per cent.

BRITISH BOARD OF TRADE
During the month of October the British Board of Trade re

ceived inquiries from firms at home and abroad regarding 
sources of supply for the following articles. Firms which may 
be able to supply information regarding these things are re
quested to communicate with the Director of the Commercial 
Intelligence Branch, 73 Basinghall St., London, E. C.
Button moulds M achinery for boot-cleaning
Corks with attachm ent for apply- M achinery for coating carbon paper

ing liquid renovator, evenly, to  M etal tubes for shaving soap and
leather goods brushes

Corrugated steel fasteners for boxes Patingers (small metul collar or cuff
M achinery for making sand-paper fasteners)
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AN INSTITUTE FOR COOPERATIVE RESEARCH 
AS AN AID TO THE AMERICAN DRUG INDUSTRY

In order to gain as many views as possible concerning the pro
posed institute for cooperative research as an aid to the American 
drug industry, a symposium on which was printed in the last 
issue of T h i s  J o u r n a l , reprints of that symposium were for
warded to many who would naturally be interested in the 
subject and their views thereon requested. These are printed 
below without any effort at editing as it is desired to have as 
unrestricted a discussion as possible of this important subject 
before the matter should take any definite line of organization. 
A number of other contributions on this subject have been 
promised and will be printed in our next issue.— [ E d i t o r .]

AMERICAN DRUG MANUFACTURERS’ ASSOCIATION

Your proposal that a national institute for drug research 
should be established is, I  believe, timely. Such an institute 
organized along broad lines will meet a very real present-day 
need of American drug and chemical manufacturers. It should, 
of course, be organized and financed in such a way as to leave it 
entirely independent of all outside influences so that without 
let or hindrance the search for truth could go forward and its 
findings be accepted everywhere at a 100 per cent valuation.

Not least among its practical benefits would be its possibilities 
as a training school from which our manufacturers could re
cruit their various scientific workers. Under present conditions 
when scientific workers are wanted, manufacturers do not know 
where to turn to get them.

Your proposal is so full of interesting possibilities that I know 
the members of the American Drug Manufacturers Association, 
representing as they do the principal American manufacturers 
of pharmaceuticals, biologicals, medicinal chemicals, surgical 
dressings, and essential oils, will want to hear directly from you 
on this subject, and I am, therefore, asking Secretary Woodruff 
to extend to you an invitation to address us at one of the sessions 
of our annual meeting to be held at the Waldorf Astoria, New 
York, in March next. You will receive a formal invitation in 
due time.

In the meantime a very general discussion of the subject by 
those competent to consider it may so crystallize the proposal as to 
enable you to present something very definite to our members 
at our meeting in March.— C h a s . J. L y n n , President, American 
Drug Manufacturers Association.

MANUFACTURERS

It is with great pleasure that I respond to your request to 
add my mite of information and suggestion to your proposed 
symposium upon the cooperation of science and industry, for 
in the last analysis this is what the proposed institute represents 
and embodies.

Ever since I returned from a two years’ course of study in 
foreign universities in 1891, I have been preaching and advoca
ting from platform and in print the cooperation of science and 
industry. I was first forcibly impressed with this idea when I 
applied to Prof. A. W. von Hofmann, of the University of 
Berlin, for an "Arbeit”  and he took me into a room adjoining 
his private laboratory, and said, pointing to several tables 
filled with bottles, boxes, and bundles, “ Select one from this 
assortment.”  Each parcel was a scientific problem seeking 
solution by some industry in the country and submitted to this 
University because these industries had been unable to solve 
it. These industries covered perfumes, flavors, cement, leather, 
medicines, coal, steel, dyestuffs, glass, textiles, etc., etc.

The industry reserved the right to own and control the result 
of any successful solution of the problem in whole or in part, 
and the chemist solving it received the credit and right to 
publish his result and perhaps benefited to some extent in the 
profits that resulted.

There were the university and the manufacturing plant 
cooperating for the mutual welfare of the common fatherland. 
The result has been the unprecedented growth of all industries, 
notably the chemical industry, in Germany. In our country 
this cooperation has been conspicuous by its absence and it 
required a great war to stimulate this industry. What is yet 
needed is the cooperation between science and industry and the 
present time is most auspicious for it, as many plants built to 
produce war materials must be converted into plants to produce 
peace materials. For this reason your present symposium is 
timely and its constructive and practical value reflect credit 
upon your judgment and energy. As to how the cooperation 
shall be accomplished, I beg leave to submit in concrete form 
some suggestions based upon years of thought and experience 
in the matter and after having read the several interesting 
papers and plans submitted by other members of the A m e r i c a n  

C h e m i c a l  S o c i e t y  and practically all friends of mine.
First, there should be organized under the sole auspices and 

direction of the A m e r i c a n  C h e m i c a l  S o c i e t y  with the co
operation when requested of the American Medical Associa
tion, the American Pharmaceutical Association, the Hygienic 
Laboratory of the Marine Hospital Service, the Bureau of 
Chemistry of the Department of Agriculture, the American 
Drug Manufacturers Associations’ Committee on Standards 
and Deteriorations, and such other associations as its board of 
trustees may determine, a biochcmical institute.

Second, this institute should be built and established by money 
contributed for that purpose by individuals, associations, 
corporations, or anyone interested in the study of medic
inal preparations and their effect upon the human or 
animal body. This should be contributed to the A m e r i c a n  

C h e m i c a l  S o c i e t y  for this specific purpose and be controlled 
and expended by that Society acting through a board of trustees 
of said institute, appointed by the A m e r i c a n  C h e m i c a l  

S o c i e t y .

Third, 011 this board of trustees should be representatives of the 
several units cooperating and contributing to the fund and work, 
and the board should not be larger than twelve, and if possible, 
smaller.

Fourth, the institute should have a scientific director and staff 
of chemists, pharmacologists, bacteriologists, pathologists, etc., 
and should consider work upon, and solve, all such problems as 
are presented to it by any of its members or contributors.

Fifth, there should be an annual membership fee independent 
of and in addition to any contributions, which membership fee 
should be nominal and with fees for work actually done, also 
charged at reasonable rates, should constitute the income of the 
institute with which it should meet its expenses, salaries, etc.

Sixth, the institute should if possible be endowed so that the 
contributions made to build it should provide also for an endow
ment fund securely invested so as to provide an annual income 
to pay most of the fixed charges.

Seventh, the work of the institute should be divided into 
several departments:

A— Pharmacological, where substances are tested as to their 
therapeutic action upon animals.
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B— Hospital dispensary,, where patients are received and 
treated, either ambulatory or in wards,' and upon which clinics 
are to be held to demonstrate the efficiency and effect of medi
cines.

C— Chemical, where synthetic and analytic work is done 
upon chemicals, drugs, animal products, etc., looking to develop 
some new therapeutical agent for the cure or alleviation of 
disease and suffering.

Eighth, the hospital dispensary department is an essential 
feature of this institute, for animal experiments alone are in
sufficient to prove the value of a medicine. This could be a 
separate or an existing hospital that would cooperate. It 
would, however, be preferable to have the hospital as in case 
of the Rockefeller Institute under the management and control 
as well as the roof of the institute.

Ninth, there should be established fellowships, endowed or 
provided by members or contributors, to serve the double 
purpose of providing a worker to undertake a specific piece of 
work for the founder of the fellowship and of developing and 
training a prospective employee for this kind of work.

It seems important that there shall be upon the board of 
trustees as well as upon the committee cooperating with the 
director of the institute in determining the nature of the prob
lems to be undertaken by the institute itself, outside of the 
problems sent to it for solution, some business men, with 
scientific training if possible, so as to develop at least some 
practical useful products alongside of those of theoretical in
terest.

It is important that no one association other than the A m e r i 

c a n  C h e m i c a l  S o c i e t y  should be permitted to dominate the 
management or policy of this institute. They should all be 
asked to cooperate as extensively and actively as they may 
desire, but the A m e r i c a n  C h e m i c a l  S o c i e t y  should always 
retain the control of the institute.

In the same spirit no one industry or individual should be 
permitted to contribute sums that would justify and properly 
entitle him to dominate the institute because that would at 
once largely destroy much of its usefulness and influence. A 
democratically organized and representatively managed in
stitution seems the proper plan to make a success in the twentieth 
century.

Best wishes for the ultimate establishment of your desirable, 
badly needed, and extremely humanitarian project.— A. R . L. 
D o h m e , Sharp & Dohme, Baltimore, Md.

It is with much pleasure that I respond to your kind note 
under date of November 27 requesting my views concerning the 
establishment of an institution to be devoted to the study of 
the properties and actions of drugs. The wonder is that some
one had not thought of this enterprise a long time ago. Its 
value and need goes without saying and I trust that it may 
in due course become an established fact.

While there are many pitfalls to be avoided in planning such 
a work, it is a clear-cut proposition after all and the gentlemen 
who have it in charge are certainly capable of steering it to a 
splendid result.

The proposed basis of a strong organization for the investiga
tion of the fundamentals and general guidance, with another 
force to specialize on the various problems, is certainly a rational 
one and should meet with prompt response and support from 
those who are interested in the scientific aspect as well as the 
commercial possibilities.

As I see it, commercial houses are really the media through 
which valuable discoveries are made available, and it is pleasing 
to see that as time passes the prejudice against commercial 
exploitation of good things in a proper manner is passing away. 
You may depend upon the concern with which I am connected 
cooperating to the fullest.

We would consider it a great honor to be permitted to estab
lish one of the first scholarships.— J. K . L i l l y , President, E l i  

L i l l y  & Company, Indianapolis, Ind.

An experience covering thirty years, which period includes the 
rise and decline of the use of synthetic drugs, has made me wonder 
whether the advertising of these products has not done more 
harm than good and whether any drug is worthy of recognition 
and use by the medical profession if the demand for it would 
decline if the advertising were discontinued.

Soon after the introduction of antipyrine, antifebrine, and 
phenacetine there was such a swarm of synthetic products put 
on the market that the lists of new remedies increased to the 
size of volumes, and, as only a small fraction of these survived, 
the question naturally arises: Did the patients to whom they 
were administered have any better fate?

Unless a drug is good enough to make practitioners want to 
use it again, after they have once tried it, it ought not to be used 
at all. The vital question in this discussion is how to find out 
whether a synthetic has merit and, if this has been proved, 
then how to inform the world of its qualities and insure an ample 
supply of it without having the introduction of it made by 
those who are interested in its sale and who, therefore, will not 
be able to make impartial statements regarding its properties.

The instinct which leads the medical profession to protest 
against the patenting of remedies is a true one, because, if the 
thing is really potent to prevent suffering, it should not become a 
monopoly. Under present conditions it seems to be essential, 
in order to produce and market the product, that the producer 
should be assured of the monopoly of it for a given time, but 
this might be obviated if some such plan as follows were adopted:

Au international commission, provided with an ample fund 
to compensate inventors and to conduct an international re
search laboratory, to ascertain the value of the drug and, if 
it is of value, authorize its manufacture and sale and at the 
same time make the official world-wide announcement as to its 
properties and effects, any manufacturer to be at liberty to 
produce and sell it. on the sole condition that he report to the 
international commission the entire quantity that he sells; the 
compensation, of the inventor to be paid from the international 
fund and the amount of his royalty to depend upon the quantity 
of the drug sold; the international commission to determine the 
percentage of his royalty, which should be generous and could 
perhaps be better figured on the number of doses than on the 
number of pounds sold. Such a plan would do away with the 
evils of medical advertising and would avoid the inflated de
mand which we have so often experienced for drugs with very 
moderate merits and often very dangerous properties, a demand 
created by skillful propaganda and advertising on a huge scale. 
It would make the synthetic drugs available at moderate prices 
everywhere and it would stimulate the research chemist, be
cause he would know that if his synthetic product should possess 
virtues making it worthy of use, he would receive his reward 
without going through the anxious ordeal of endeavoring to 
interest capitalists to manufacture and exploit it. Moreover, 
the prediction can be made with confidence that if such a plan 
were adopted the number of new synthetic remedies would 
diminish to such an extent that the medical profession could 
have a clear view of the situation and not be groping in a fog 
that necessarily causes distrust of all new remedies. It might 
well be that only one synthetic worthy of use would appear in a 
decade, and who shall say that humanity would not be the 
gainer?

Some manufacturers would continue the effort to develop and 
introduce their own synthetics, but this policy would be in
advisable and the practice would be reduced to a minimum if 
penalties were imposed on any one making misleading state
ments concerning a medicinal preparation, and the international
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commission should have it as one of its duties to test the products 
on the market and confirm or disprove the claims made for 
them.

The international commission should receive recognition and 
should receive compensation adequate to secure scientists of the 
first rank and of the highest personal character. The suggested 
policy may seem paternal but is it really democratic when con
trasted with the corrupt methods of the huge German color 
factories, with their staffs of experts concealing their processes 
from each other and teaching only one step to one group of work
men and trying to filch their secrets one from another and 
bribing the foremen in the dyeing establishments to pay high 
prices for old colors under new names, presenting an example 
of commercialized science, which should make every lover of 
truth and of liberty fight to exalt science to a position where 
she would be safe from such contamination.— W m . J a y  

S c h i e k f e l i n , Schieffelin & Co., New York City.

I11 the December issue of the Journal of Industrial and Engi
neering Chemistry writers have quite fully discussed the desira
bility of an institute for drug research as originally outlined 
by Dr. Herty. A number of them have outlined plans for the 
formation and conduct of such an institute.

It seems to me that it is a mistake to limit the plan to the 
producing of new remedies or, indeed, to the study of synthetic 
medicines. Undoubtedly, however, a central medicinal re- 

' search laboratory, such as has been outlined by the various 
workers, would be found to be of great usefulness and would 
undoubtedly invite the cooperation of the various societies and 
associations who have been and are now doing some work in this 
line, and would be a great boon to many manufacturers who 
often reach the limit in their own laboratories and who would 
be glad to pass on to an institute given over to pure research 
those problems which they feel they cannot pursue and which 
indeed1 they should not be called upon to pursue because of the 
wide-spread bearing upon the science of medicine.

It seems to me that the work of an institute put together as 
has been outlined would be much more far-reaching than that of 
any particular association or even of that fostered by depart
ments of the general government.

During the great war a number of efforts were made to culti
vate certain medicinal plants, although the number of varieties 
actually cultivated was very small but in most instances suffi
cient to avoid what might have been a famine. Unless we are 
to allow things to drift back to the pre-war status there is much 
yet to be done. For the most part the work has been done either 
by interested manufacturers or by the agricultural departments 
•of the various states. The agriculturalists look upon the 
problem strictly from their own point of view, viz., the growing 
•of a crop that will pay. There yet remain many questions to 
be answered, such as the production of a better strain, the 
acclimatizing of certain plants of foreign origin, the improve
ment of methods of handling, preparation, and preservation. 
Here chemistry and pharmacology are both involved.

Again, we have a number of native products which would 
probably form efficient substitutes for' those heretofore im
ported. For this latter there is need of thorough investigation.

Finally, it has been well stated that there is not a crying need 
for new drugs either natural or synthetic, but we do need to 
know more about some of the drugs which we already have at 
hand. I might put the thing in this way: look in the Pharma
copoeia and select a dozen of the most common vegetable drugs 
named therein, look up the literature as embraced in the Dis
pensatory and kindred works, and it will be seen that for the 
most part that which is written has come down from the 
ages and much of it is tradition. It has not been checked 
up or gone into since the original inception. What is known 
as for the most part historical, in respect to many of them there

is a statement as to what is believed to be the active principle, 
a routine statement as to the physical and therapeutic action, 
and that is all. When we come to check up the Galenical 
preparations made therefrom we find that these preparations 
have been put together sometimes empirically, that is to say, 
a certain menstruum of a certain strength is employed probably 
because it has always been employed and not always with 
regard to exhibiting the drug in its most potent form to fulfill 
its therapeutic action.

In brief, a long study could undoubtedly be made of a dozen 
or more of the most common drugs which we possess which would 
involve pharmacology, chemistry, and therapy. There remains 
much to be learned in the study of drugs and thus I believe that 
an institute of the character which has been outlined would be 
of great value to the healing art and would be welcomed by 
manufacturers and individual workers.— F r e d . B. K i l m e r , 

Johnson & Johnson Laboratories, New Brunswick, N. J.

The first thing that strikes me after reading your editorial 
for September 1918 and the addresses in your December issue 
on “ An Institute for Cooperative Research as an Aid to the 
American Drug Industry,”  is the utter candor of the dis
cussions. The confession that we have no institute as yet 
in this country where therapeutic advances can be tried out 
in an unbiased fashion was a brave one to make. I knew this 
to be a fact. The impression that most Americans had was 
that medical colleges and the great hospitals of this country were 
open to this sort of research. As a matter of fact, neither of 
these have either the facilities nor the inclination required.

In the first place, I heartily agree that there should be such 
an institute as outlined in the various addresses. It should be 
free of governmental and commercial control. Pure research 
should be indulged in.

There are'several points, however, at which I disagree with 
the thoughts expressed. I fully realize that the addresses 
made were more or less impromptu and simply to give a sense of 
direction and outline to the work proposed.

The chief objection is that too much stress is laid upon pro
ducing synthetic drugs. This is simply harking back to the 
German idea that man can improve on nature’s handiwork. 
Why we should have synthetic salicylic acid and synthetic 
camphor as medicines, is beyond my comprehension. I feel sure 
that if the medical profession had not been misled by the clever 
German propaganda, they would never have accepted so freely 
the synthetic products made from the phenol group and the 
marsh gas group. To simply imitate what the Germans had 
made would be rather poor work for such an institute as is pro
posed, for we may rest assured that the Germans have con
tinued their researches even during the war period, and if they 
intend to continue their before-tlie-war chemical activities, 
they will have made improvements on what was formerly in
troduced into this country from Germany.

In the next place, chemotherapy has assumed too prominent 
a place in the healing arts and has been stressed too much in 
the past. It is undoubtedly true that many new compounds 
of minerals and metals may be devised that would be more 
acceptable than have been the cruder products employed in 
the past. But if the institute is to be limited to this sort of 
work, it will fall short of its possibilities.

As I see the subject, such an institute should take up the 
entire field of organic chemistry, no matter from which field 
the raw materials are obtained— mineral, plant, or animal.

The whole question of plant substances as curative agents is 
really only in embryo. As a matter of fact, no general study 
has been made of plant substances during the last three or four 
decades, either in the United States or in any other country, 
with the possible exception, in a measure, of France. In this 
country, there has been a tendency on the part of pharma
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cologists to discredit plants upon rather flimsy ground. There 
has, in the later years, crept into the work of American pharma
cologists the dangerous concept that to be effective a drug 
necessarily must be toxic. Such is far from the fact, as demon
strated by clinical experience.

Even such study as has been made in the past on plant sub
stances, has been of rather crude character. Chemically they 
have been studied for starches, pectins, and other so-called 
inert matter, on the one hand, and on the other for alkaloids, 
glucosides, resins and resinoids, and so-called active principles.

Pharmacologically they have simply been studied from a 
mechanistic point of view, namely as excitants or depressants 
of the various organs, such as the heart, lung, kidneys, uterus, 
etc.

The problems of colloidal chemistry in relation to plane 
substances and the presence of ferments, open still another 
very large field for original research. If it be the intent of the 
organizers of the institute to so broaden the scope of their 
work, as to include all of these substances in their research, it 
will have the hearty support not only of manufacturers, but of 
all physicians generally.

It is important that the work of such an institute shall be 
investigative and advisory. It should never be clothed either 
directly or indirectly with dictatorial powers. The moment 
such dictatorial powers are assumed, the usefulness of the in
stitute is in large measure negatived. It  must be borne in 
mind that science is ever progressive and that any facts that are 
proven are to be looked upon as signposts, indicating the road 
never to be looked upon as the end of endeavor.

Please do not misconstrue my statements above as in any way 
opposed to the institute. I simply wish to point out its possi
bilities and urge that there be no limitations to the study of sub
stances to be employed in therapeusis. I assure you of my 
hearty support in every way possible, in the establishment and 
maintenance of such an institution.— C h a s . G. MERRBLL, Presi
dent. The Wm. S. Merrell Chemical Co., Cincinnati, Ohio.

PHARMACEUTICAL CHEMISTS

I am much interested in your editorial in the September issue, 
entitled "War Chemistry in the Alleviation of Suffering.”  It 
may be that a short review of my experiences in attempting 
to have tested several crystalline substances isolated from 
certain animal products of a glandular character may be in
teresting.

These crystalline bodies were the result of several years of 
tedious research. When the chemical work had been com
pleted. I sought the services of a pharmacologist to make the 
necessary physiological tests, the results, concisely stated, being 
as follows: In accordance with my experience, there are in
America a very limited number of pharmacologists, and only a 
few of these are well trained. A  few of the better trained ones 
are in the employ of less than half a dozen large pharmaceutical 
manufacturing concerns, and their services are not generally 
available. The remainder and, generally speaking, the best, 
are associated with the universities, with the exception of those 
employed in work in endowed institutions, of which the Rocke
feller Institute is the chief exponent. The pharmacologists 
of the universities have, as a rule, limited facilities, limited 
means, and are overworked. Much of their time, even that of the 
chief of laboratories, is given to teaching. In my experience, 
all of these university men are pleased to give advice and make 
suggestions, but can give no service for two reasons: first, be
cause, as previously indicated, they have more work than they 
can do; second, and more particularly, because it is generally 
considered non-ethical to do work for industrial concerns. I 
would call your attention to Article 2, Section 3 of the Con
stitution of the American Society of Pharmacology and Experi
mental Therapeutics, which reads as follows: "N o one shall

be admitted to membership who is in the permanent employ 
of any drug firm.”

I have been able to locate several trained pharmacologists—  
part-time workers in universities— who would have been quite 
willing to have devoted part time to pharmacological work for 
the industrial concerns of which I am a member, had it not been 
for the section of the constitution just mentioned. Pharma
cologists of experience and reputation will not, as a rule, devote 
either part time or entire time to industrial work, because there 
is a prejudice in professional circles against so doing.

A t the present time we still have on hand the crystalline 
bodies before mentioned, and our investigation is held up until 
we can have these and other less pure preparations tested. 
Your suggestion for the establishment of an institute analogous- 
to the Mellon Institute, in which adequate provision for labora
tory tests of all kinds will be made, and to which, through the 
establishment of fellowships, the manufacturing organizations 
could send well-trained young men for working out specific 
problems, if carried out, would in my opinion result in a great 
service to all the people of this country and of the world.

There are one or two questions which I should like to ask in 
this connection. Are not well-trained young men for pharma
cology extremely rare? Would it be practicable to have a corps 
of trained workers to whom products, preparations, and simple 
substances might be submitted for testing, and a charge made 
commensurate with the service given? I am sure that many 
industrial concerns will be interested in your proposition and 
will be willing to cooperate, but the only practical way to- 
establish the institution, in my judgment, is to interest some 
philanthropist in furnishing funds for an endowment.— H. A.
B. D u n n i n g , Hynson, Westcott & Dunning, Baltimore, Md.

To-day there is an insistent demand upon every organized 
profession, craft, or trade for public service designed to promote- 
the general well-being of all. The public bestows its goodwill 
and support upon those organizations only that work con
tinuously, forcefully, and creatively for public welfare. Neither 
chemistry as a science nor the A m e r i c a n  C h e m i c a l  S o c i e t y  

as an organization will ever outgrow the need for support and 
encouragement from other professions and from the multitudes- 
untrained in science.

Chemistry has to-day come perilously near being regarded by 
many persons as useful only in the development of agents of 
destruction but the need of the science in preventing and curing; 
disease should be and will be made known if the organized 
profession acting through the A m e r i c a n  C h e m i c a l  S o c i e t y  

found or control an institute devoted to chemical research on 
problems associated with the relief of pain and the preservation 
of health. For its own good name and repute and as evidence- 
of its willingness to promote the public good, if for no other 
reasons, the Society should work actively for the founding o f 
such an institute.

All of us earnestly desire that science and industry in America 
shall contain within America all essentials for development 
and be built upon such broad and strong foundations that any 
growth of whatever -magnitude will be well supported. An 
institute of chemotherapeutical research will greatly help to- 
place the drug industry of America upon such a solid basis. 
If approached, the industry will declare itself ready for this 
institute, will grant it large responsibilities, and will give it 
many opportunities to prove its worth.

Ample financial resources, coordination of many lines o f  
study, enthusiastic workers, an impartial, exacting, and able 
board of control will answer the question, "W hat and who?” ’ 
But there is another question that will be frequently asked, 
"W ill their report be accepted by the people we wish to in
fluence?” Upon the answer to this question depends largely 
the position of the institute in its relation to the drug, and’, 
associated biological and chemical industries.
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Reputable houses in such lines want to know that articles of 
their production, or which they may plan to produce, are desirable 
therapeutic agents, but this knowledge has little or no value 
if kept to themselves. It must be told to others under condi
tions and for purposes that are legally and economically right. 
Furthermore, it must be told to a great number because each 
person may have few opportunities to use this knowledge though 
at each opportunity it becomes of great importance. These 
persons must be approached along many and diverse avenues 
and very manv of them will be influenced to finally accept or 
reject this proffered knowledge by phenomena falling within 
their own fields of observation. Thorough consideration should 
be given at the outset to securing the acceptance of the in
stitute’s findings either in pure science or on problems arising 
from cooperation with industry.

Who shall be asked directly to accept these findings? N ot the 
man in the street, let us decide at once.

Through what channels shall these findings be presented and 
how controlled?

Ignoring these questions will not prevent the asking; they 
bear directly upon the steps to be taken in effecting the organiza
tion of the proposed institute.

In deciding the merits of an article used for the cure of disease, 
the balance and other instruments of precise measurements 
upon which chemistry relies are not the only witnesses to be 
heard. Those who desire to reach truthful and widely-accepted 
conclusions in therapeutics, must tread cautiously and travel far.

To establish a testing laboratory for drugs, a research in
stitute for the study of chemical therapeutic agents or of 
synthetic organic chemicals, or to demonstrate that chemistry 
should be more extensively applied in the study of suffering are 
each and all projects worthy of the best efforts of any ambitious 
society or group of men. Their accomplishment is more prob
able now than it has ever been before. The Advisory Com
mittee to whom the New York Section resolutions were re
ferred may well find that the organization or control of the 
proposed institute very properly falls within the Society’s 
activities and that it is a feasible and practical solution of 
difficulties which frequently confront members of the Society. 
— A. D. T h o r b u r n , Pitman-Moore Company, Indianapolis, 
Ind.

RESEARCH INSTITUTES

I have nothing to add to the statement made by my colleague 
Dr. P. A. Levene. The ideas which he expresses and the mode 
of procedure he proposes meet my full approval.-—-Ja c q u e s  

L o e b , The Rockefeller Institute for Medical Research, New 
York City.

The reports of the symposium on the subject of a research 
institute for the development, of chemistry as applied to medi
cine must be vitally interesting to all who are concerned with 
the development of a rational independence for our country, 
especially to any who are either from choice or necessity con
cerned with the narrower operations of any of the many particu
lar sciences or businesses involved. That we may be able to 
re-direct a potent fraction of the enormous energy, which as a 
people we have recently so happily exerted for our own pro
tection and the success of our friends, into an activity of this 
nature, is profoundly desirable.

Objections and difficulties obtrude themselves when the 
problem is viewed in detail and in the light of experiences which 
one can too easily recall from his memory. To me the chief 
of these was rendered negligible by the spirit displayed by those 
participants in the discussion of November 8 who most directly 
represented the industry. That Mr. Eldred should see so clearly 
that much of the outstanding activity of the past has been 
simply exploitation; and that Mr. Jayne should insist that the

future of the industry must depend upon the merit of the 
products rather than upon advertising, and also that the or
ganization under discussion should tend to assure this by being 
strong enough in both ability and integrity to dominate the 
situation,— these are expressions of opinion which certainly can 
be considered a sufficient answer to the fancy that much of the 
energy of such an institution need be worn out in putting useless 
products or ideas in the scrap.

In general, then, I agree with the earlier participants to the 
discussion in believing that there is a distinct need for such an 
organization or institute. I think that the A m e r i c a n  C h e m i c a l  

S o c i e t y  is the only body at present organized which could hope 
so to combine the interests involved as to give the project a 
chance of success, and that it is highly desirable (from the point 
of view of one who is not a member) that the Society should 
take the necessary initial steps with promptness and vigor.

As to the scope of the work of such an institution, it is evident 
that each person will be biased by his particular experience, 
and it is possible that for the present it will be most helpful that 
each should express such views as those experiences have given 
rise to. M y own belief is that the institute should concern 
itself primarily with research in the field of organic chemistry, 
especially synthetic, and that in its applied aspects particular 
attention should be paid to the field of pharmacology and 
therapeutics. Physiological chemistry, as it has been under
stood by most, and the analysis and processing of natural prod
ucts as they have concerned the industry of the past will receive 
consideration secondarily as fields from which valuable indica
tions for work may be drawn.

In carrying out the purpose effectively there will naturally 
be gathered together a certain number of research men of the 
highest possible standing. The problems of the institute as 
such will, as a matter of fact and regardless of the most careful 
planning in advance, be those in which these men become 
interested after they are collected together. Limitations on the 
freedom of choice of these men in their personal researches 
cannot, of course, be made. Over and above their individual 
interests it may, however, be expected that the staff of the 
institute individually and as an organization will assume certain 
broader duties. Thus they will endeavor to advance the in
terests represented by the institution by cooperative aid ex
tended to others working in the field but not supported by the 
institution.

Concretely, active work is called for in an educational way 
among both chemical manufacturers and teachers of organic 
chemistry. Manufacturers need to be taught that there are 
near at hand large advantages to be derived from an exchange 
of ideas and products and that these advantages can for the 
most part be had without endangering in any way their proper 
possession of trade secrets. This is most certainly true if 
emphasis is laid on products and their properties rather than on 
processes. Teachers of chemistry need to be shown that while 
they are teaching their students processes and reactions in 
practical courses they may be of the greatest service by actually 
producing a wide variety of compounds which, if cared for, 
could be put to good use either by themselves or others. An 
important item in this educational W'ork would be the main
tenance of a working museum of chemicals, to which manu
facturers and teachers and research workers should alike con
tribute, and from which properly qualified persons might with
draw samples and be furnished with reliable information as to 
where further supply might be obtained.

A working laboratory might by cooperation with manu
facturers also be established where the latest models in ap
paratus should be installed and where qualified individuals, 
not on the institute staff, would be welcomed to put through 
particular processes and reactions required by their own re
searches but not otherwise available to them.
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The services to be rendered by such an institute to manu
facturers have been well developed by other parties to this dis
cussion.

The control of the institution and its policies might well be 
divided in such a way as to separate in considerable measure the 
responsibility of the scientific work and the finances. The 
financial advisers might well be selected from among those who 
have shown a capacity to make money by reason of their knowl
edge of chemical processes, and who may have a "dollar a year” 
interest in promoting chemical and medical research.

The scientific control should be entrusted to a board of 
trustees or advisers which should be made up of a well-balanced 
combination of men who have succeeded in the field of, first, 
chemical research; second, medical research; third, the manage
ment of research activities in either chemistry or medicine; 
and fourth, industrial research in chemistry.

Such an institute at present would be faced at once with a 
fundamental question of policy, i. e., the necessity of reaching 
a clear-cut decision as to its attitude toward patents on medicinal 
preparations. It is highly desirable that the institute, if it is 
established, should never have to consider this matter, but this 
can be avoided only by having an agreement reached between 
chemists and medical men on the patent question before the 
institute is put into operation.

The attitude of the medical profession on the patent question 
has seemed in the past to be clearly defined, but it has become 
apparent that the letter of the njedical law does not fit modern 
conditions. It would, on the other hand, be a national calamity 
if the spirit of those articles in the code of ethics which absolutely 
prohibit a physician becoming party for profit to the exploita
tion of manufactured products in their application to medicine 
should be in any manner lost sight of. Would it not be well 
for properly appointed committees of the A m e r ic a n  C h e m ic a l  
S o c ie t y  and the American Medical Association working to
gether to formulate a policy to which both professions could 
unhesitatingly subscribe as being in the public interest.— P a u l

A . L e w i s , The Henry Phipps Institute of the University of 
Pennsylvania, Philadelphia,, Pa.

In the December issue of the Journal of Industrial and Engi
neering Chemistry appear various addresses delivered at a meet
ing of the New York Section of the A m e r ic a n  C h e m ic a l  
S o c ie t y , on a proposed institute for cooperative research by 
manufacturers, chemists, and investigators in the medical 
sciences. The objects of such an institute are outlined as (i) 
an aid for the development of the American drug industry by 
scientifically testing and establishing the values of their products 
and improving already existing products, and (2) a great central 
station for extensive chemotherapeutic investigations for the 
alleviation of human suffering, by finding new remedies and 
drugs as yet unknown. The two objects are, of course, inti
mately connected, and success in the attainment of the second 
would cause vast strides in the first.

The speakers at the symposium have already fully covered 
the field as to the fundamental principles which should govern 
the formation of such an institute. Certain ideas which have 
been advanced should be further emphasized to assure the 
success of such an institute on a large scale. Such a project 
naturally divides itself into two parts: (1) Cooperative re
search and pharmacological and therapeutic testing for the 
manufacturers and outside chemists, and (2) pure research 
for new remedies, which will involve a great deal of theoretical 
investigation on the relation of chemical constitution to pharma
cological action by pharmacologists and organic chemists, aided 
by biochemists, bacteriologists, physical chemists, and other 
specialists as needed. Too much emphasis cannot be placed 
upon the second part of the institution, the pure scientific 
research. The institute, as I understand the plans, is a Peace 
institution as opposed to a War one, that is, one which is not

necessarily limited by time for the solution of its problems, 
but one which is building for all time, for the relief of suffering 
and the happiness of the human race. The testing division 
of the institute can deal with the immediate needs for improve
ments by the manufacturers, while the other part will concern 
itself with more prolonged problems which may take years for 
solution, but which, if solved successfully, will yield immense 
rewards in the advancement of knowledge, the relief of suffer
ing, a tremendous stimulus of the drug industry, and great 
financial return. As an illustration, the problem of chemo
therapy for any one of the better-known and widespread bac
terial diseases is by no means a hopeless one, but one, however, 
which is to be solved only by such facilities and cooperation 
as outlined for this institute. The attempts which have already 
been made in the chemotherapeutic study of bacterial disease, 
although not eminently successful, would warrant a group of 
cooperative investigators giving their lives to the problem. 
If successful, the results would be more far-reaching than 
Ehrlich’s salvarsan. As regards the personnel of such, an in
stitute, there is no question that eminent men and specialists 
of the highest order should be selected for the important posts. 
The investigators should be given the utmost freedom of action 
and the most perfect support possible. Every searcher after 
truth has found that the important end-result of many an in
vestigation is far removed from the initial impetus that started 
it. One feature of the personnel which would seem desirable 
is that the institute should have some arrangement whereby 
it could secure temporary service from investigators in the 
universities and industries, because so frequently when a problem 
touches a field in which some investigator is an eminent master, 
it can be solved more accurately and quickly by this man than 
by any other.— E. K . M a r s h a l l , J r ., American University 
Experiment Station, Washington, D. C.

UNIVERSITIES

Replying to your letter of November 27 requesting an ex
pression of opinion on the subject of an institute for the study 
of drugs I will say that this is a subject which has long interested 
me.1

The subject was so well covered at the recent symposium 
that I can add little. There is one point, however, which I 
think should be especially emphasized, the need of absolute 
freedom in research on the part of those in charge of such an 
institute; they should be free at any time to discontinue work 
on one class of compounds and take up the study of another 
class. Similarly they should be free to abandon research on 
one disease and take up that on another. The importance of 
this entire freedom may be illustrated by Ehrlich’s discovery 
of salvarsan. This discovery is the most notable achievement 
in this field and since its very beginning has not been described. 
As I am probably the only person familiar with it, it may be of 
interest to record it; it illustrates the accidental way in which 
an important research may begin. Nocard visited Ehrlich’s 
laboratory in 1902 and told of his work on certain pathogenic 
trypanosomes and Ehrlich requested him to send the institute 
an infected rat. A few days after Nocard’s visit I, who was 
working in the Institute, received from Ehrlich a note (which 
I happened to keep), suggesting that I try the effects upon the 
trypanosomes of certain substances in which I was interested. 
Among the drugs suggested were certain dyes and some quinine 
derivatives (the study of one of which later led to the work on 
ethylhydrocuprein, a compound which seems to just miss being 
of value in an entirely different disease, viz., pneumonia) and 
also atoxyl. (The mention of atoxyl in this note, which bears 
the date of Dec. 12, 1902, is of interest in view of the contention 
recently made that Ehrlich got the idea of trying the arsenic 
compounds, which ultimately led to salvarsan, from the work 

1 See, for example, J . Am . Med, Assoc., 49 (1907), 1690.
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of some English investigators some years later.) M y own 
work was soon interrupted but it was continued by others. A t 
first the relation of dyes to trypanosomes was studied, then the 
effects of certain arsenic compounds upon these organisms, and 
finally the effects of the arsenic compounds upon spirochetes. 
This led, after 7 years of intensive work, to the discovery of 
salvarsan. The point I wish to make is that had Ehrlich been 
limited to a study of the pharmacology of dyes (which might 
easily have been the case had his work at that time been financed 
by a dye manufacturer) he would not have discovered salvarsan. 
Similarly, had an unwise government restricted Ehrlich’s 
researches to trypanosomes (in which the Berlin officials were 
deeply interested from their desire to find a means of checking 
the ravages of sleeping sickness in the German African colonies) 
the remedy for syphilis probably would not have been discovered. 
There has been a tendency in this country to restrict researches 
to definite subjects; this is shown by the large appropriation 
of the Government for the study of pellagra, for example, and of 
private endowments for cancer research.

In an institute of the kind proposed the chief investigators 
should have absolute freedom of research. But this would not 
preclude the inclusion of organizations within the institute to 
study the action of certain groups of chemicals (dyes and their 
precursors, for example) on the one hand, or remedies for certain 
diseases on the other. The inclusion of such organizations 
would be most desirable from every standpoint; it would give 
chemical manufacturers an opportunity to have their products 
tested for useful and also for possibly harmful properties, and it 
might encourage the manufacturers to contribute in various ways 
to the support of the institute. But the latter should be so well 
endowed as not to be wholly or even largely dependent upon 
support contributed for studies on specific subjects.

Au institution along somewhat similar lines has recently been 
established at the Harvard Medical School. A group of public- 
spirited manufacturers (chiefly of New England) have provided 
funds for work in industrial hygiene, the problems to be under
taken to be determined by the faculty. In addition, certain 
manufacturers have provided funds for the investigation of 
special problems in which they are particularly interested. One 
of the functions of this organization will be the investigation of 
chemical compounds used in the industries in the hope that in 
the future such widespread injury to employees as has resulted 
in the past in-certain chemical factories may be avoided.

As to the need of an independent, well-endowed institute 
of the character suggested at the symposium there can be no 
doubt. Such an institute should not only provide ample 
facilities for its own workers but an equally important function 
would be, as has already been suggested, to assist workers at 
university and other laboratories. In your editorial 011 “ War 
Chemistry in the Alleviation of Suffering”  you report a con
versation with an organic chemist who was perplexed as to how 
he could get his products tested. A similar conversation is 
very likely to occur whenever two or three American pharma
cologists are gathered together. "B u t where can I get such a 
compound?” is a very familiar question and the usual answer 
is, "You can not get it at all in America.”  And the compounds 
in question are often such as can be easily and cheaply made 
but the pharmacologist can not suspend his own special work 
to make them, even if he has the facilities and training to do so. 
Hence, an important function of such a proposed institute would 
be the providing, at cost, or at a moderate profit, of chemical 
compounds, drug plants, etc., to independent workers; the same 
effort should be made to supply outside investigators with such 
material as would be made to supply its own members.

It would surely seem that an institute of the kind suggested, 
which not only would have its own independent investigators 
but which would offer facilities for special workers and be of so 
much assistance to university and other investigators, should

appeal to broad-minded philanthropists; the studies in such an 
institute would surely contribute as much to the welfare of 
man as do the magnetic surveys, geophysical, embryological, 
anatomical, nutrition, and other institutes which have been 
founded in this country.

But the foundation of such an institute should not be inter
preted by government and university officials as relieving them 
of a responsibility to foster work of this kind. The universities 
need pharmacological laboratories not only for research but 
for purposes of instruction, and the experience of the last few 
years should have convinced lawmakers that scientific in
vestigation is too vital to the welfare of the country to be left to 
chance or charity. It has been estimated that the profits 
obtained from the people of the United States by German drug 
manufacturers in recent years would have enabled Congress to 
appropriate for such studies $100,000 a year for a century or 
more.

It may not be generally known that when the late Surgeon 
General Wyman in 1902 secured the enlargement of the U. S. 
Public Health Service and of the Hygienic Laboratory he in
cluded a division of pharmacology; this was the first recognition 
of this subject on the part of the Government and was at a time 
when but two or three of the universities had independent chairs 
in pharmacology. It was General Wyman’s idea that such a 
division should primarily endeavor to discover new drugs and 
that it should work in cooperation with the other divisions 
(chemistry, bacteriology, pathology, and zoology, including 
parasitology) of the laboratory and the score or more Public 
Health Service hospitals. But various circumstances have 
prevented this laboratory from fulfilling the high purposes which 
both General Wyman and Congress had in mind. This would 
seem to be an opportune time to urge Congress to increase the 
resources of this laboratory and to make the positions in it more 
attractive to investigators.

Finally, a few words may be added as to the functions of the 
universities in the development of work of this character. The 
contributions which university pharmacological laboratories 
(chiefly German) have made for the alleviation of suffering are 
often overlooked. Thus many of the most important drugs—  
drugs which have stood the test of time— discovered in the last 
50 years, i. e., since the development of scientific pharmacology, 
owe their origin to the investigations in university pharmacologi
cal or closely allied laboratories. The discovery of the action 
of chloral hydrate (the basis of most of the subsequent work 011 
the halogen-containing hypnotics), paraldehyde, antipyrin, 
sulfonal, the urethane group of hypnotics, strophanthin, phy- 
sostigmin, cocaine, the nitrites, theobromine and other purine 
diuretics, and the suprarenal extract, need only be mentioned. 
Yet pharmacology in the universities of the United States is in a 
primitive condition; in some institutions, owing to lack of funds, 
or in other cases to a failure to appreciate the full meaning of 
pharmacology, this subject is still combined with some other 
subject, always to the detriment of pharmacology.

While, however, the study of pharmacology by the Govern
ment and by the universities should receive every encourage
ment, an institute such as that proposed would fill a place not 
occupied at present and would be of more immediate interest 
to the members of the Chemical Society, and the institute would, 
in turn, profit more by their interest.

It is one of the tragedies of history that the means of re
lieving suffering for which the whole human race has most 
passionately yearned have at times been in the hands of man 
years or even centuries before their value was ascertained. 
Ether, for example, was well known for three centuries before 
its anesthetic properties were discovered; the crudest of pharma
cological experiments would have shown that this drug had the 
pain-preventing properties dreamed of since the time of Adam. 
Carbolic acid, the use of which by Lister paved the way for
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modern surgery with all that this means, had been known to 
chemists for years when Lister first used it. Chloroform, 
chloral hydrate, the bromides, cocaine, and many other valuable 
drugs had the same history. There can be no doubt that the 
present generation is overlooking equally or even more valuable 
drugs simply because few of the new compounds being dis
covered are tested from this point of view.— R e id  H u n t , De
partment of Pharmacology, Harvard University Medical School, 
Boston, Mass., and President, American Society for Pharma
cology and Experimental Therapeutics.

The proposal for a national pharmacological institute as 
outlined in the addresses before the New York Section of the 
A m e r ic a n  C h e m ic a l  S o c i e t y  on November 8 , 1 9 1 8 , is most 
interesting. Dr. Herty’s invitation to contribute something 
to the further discussion of this plan moves me to call attention 
to two points requiring further emphasis— the question as to 
whether the fundamental viewpoint is to be medical or chemical, 
and the problem of the relation of our universities to the pro
posed institute.

In the first place, what is to be the institute’s chief object? 
As I understand it, the alleviation of human suffering by every 
possible means upon which the science of chemistry has a bear
ing. The alleviation of suffering being desired, whence must 
come the initiative? Obviously from the one who is in contact 
with the sufferer.

Indispensable as it is to pharmacological achievement, the 
chemical viewpoint cannot serve as the sole guide; medical 
sciences must be the starting point.

A concrete example may clarify this contention. A man wishes 
to discover the ideal antipyretic drug. He must first acquaint 
himself with the physiology (physical and chemical) of heat 
regulation. He must then gain a conception of the pathology 
of fever in general and determine the individual peculiarities 
of those forms of fever which require antipyretic treatment. 
He should proceed further to test upon animals and man at 
least one member of each of the best classes of antipyretics 
already known. He must determine their effects, if any, upon 
the normal regulation of bodily heat. This will require not 
merely accurate measurements of body temperature but studies 
of the total metabolism and of the separate mechanisms by which 
bodily heat is dissipated. A sine qua non is, of course, the ex
clusion of toxic side effects. Attention may then be turned to 
like tests upon fevered individuals. To clear up satisfactorily 
every point thus far involved would require more than a life
time. Y e t it is obvious that such preliminary investigations 
must precede consultation with his colleague in organic chem
istry relative to the structural modification of the most promising 
drug. It is surely better that the pharmacologist spend his life 
in such a biologically directed search than in the promiscuous 
testing of those substances which the synthetic chemist happens 
to find easy of preparation or the industrial chemist discards as 
superfluous by-products.

Emphasizing again that we cannot dispense with the chemical 
viewpoint, let the guiding motive of an institute for the allevia
tion of human suffering be medical.

In the second place, what part should universities take in the 
work of the national pharmacological institute? I am inclined 
to the belief that it should be at least the major part. A  multi
plication of institutes devoted solely to research may, in time, 
defeat its own end by drawing away from the medical schools 
men who are not only efficient in research but in inspiring and 
training subsequent generations along lines of investigation. 
The supply of thoroughly trained pharmacologists is dangerously 
small at the present time. To furnish, however, a more ade
quate number in the future the medical investigator’s profession 
must be made more attractive financially. This is the oppor
tunity of the university.

The correlation of chemistry and therapeutics can, I believe, 
be far more extensively developed within the confines of the 
leading universities than it is at present. Broad pharmacologic 
vision is needed. B y all means have a central national in
stitute of the highest grade, provided it does not detract from the 
development of pharmacology in medical schools. In addition 
to the minor functions of the institute, such as the provision 
of a central chemical collection, library, etc., as well as a "censor
ship” for pharmacological suggestions which would be wel
comed from all sources, e. g., chemists, pharmacists, and medical 
practitioners, there might be attempted some sort of coordina
tion of the work being done in the separate schools. Steps 
would, of course, be taken against violation of the independence 
of the individual investigators. In a given university, however, 
all departments concerned should, if adequately financed for the 
purpose, be willing to devote a generous amount of attention to 
the particular field of work which might be assigned to or selected 
by that particular school.

The division of topics should be along physiological lines. 
For example, chemists, pharmacologists, pathologists, and 
clinicians might concentrate in one university upon local 
anesthetics, in another upon cardiac and vascular remedies. 
Some schools might be best adapted to the investigation of the 
chemotherapy of certain diseases, for example, pneumonia, 
tuberculosis, or syphilis.

Upon the pharmacologist in each university would perhaps 
devolve the duty of representing the central institute and of 
coordinating the work.

Each department concerned should control one or more 
fellowships founded for the purpose of cooperation upon pharma
cological problems. The organic chemist would, of course, 
supervise the synthetic work. The department of medicine 
would be equipped to provide the cases and make the clinical 
tests in a ward set apart for the purpose. The pathologist, 
bacteriologist, and serologist would be provided with every
thing necessary for developing their sides.

The pharmacologist, in addition to the work of coordination, 
would supervise the tests for toxicity, the necessary tests upon 
various organs in animals, and as far as possible in man; but he 
should do more. He should develop the relationship between 
the problem in hand and the much neglected field of general 
pharmacology.

General pharmacology must be made attractive to graduate 
students. Benefactors of the institute should ise led to ap
preciate its fundamental importance. The relation of chemical 
constitution to physiological action is but one of its phases. 
We are, for example, practically in darkness as regards those 
questions which relate to the precise mode of action of chemical 
substances upon living cells. The mechanisms also of ab
sorption, distribution, fixation, and excretion of drugs in the 
animal organism are but superficially understood.

The above outlined suggestion as to the part universities 
should play in forwarding the aims of the national pharmacologic 
institute offers one very distinct advantage, it provides for more 
extensive utilization in this type of work of facilities now avail
able. They can be widely developed for cooperative investiga
tion in chemistry and medicine if the authorities can be made to 
appreciate the extent of the opportunity.

Is our condition still so pitiful that Elihu Root is justified 
in saying of research and the problem of its organization, " I t  
cannot be successful if parcelled out among a lot of universities 
and colleges to be done by teachers, however eminent, and stu
dents, however zealous, in their leisure hours?” 1

Pharmacology may be as much in need of national organiza
tion as are other sciences, but conditions must be made favor
able for keeping it where it belongs,— in the university medical 
school.

‘ Science, 48 (1918), 533.
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This is, I realize, but a one-sided presentation of the in
stitute question. Numerous phases have been left untouched. 
It is, however, of the greatest importance that medical men 
should take the lead in such a movement and that medical schools 
should thereby be developed and not depleted.— H e n r y  G r a y  
B a r b o u r , Yale University School of Medicine, New Haven, 
Conn.

The paper-; read at the meeting of the New York Section on 
November 8, 1918, and your editorial in the September issue of 
the Journal of Industrial and Engineering Chemistry on the 
subject of an institute for research on the pharmacology and 
the chemistry of medicinal substances have interested me 
greatly, not merely as a member of the A m e r ic a n  C h e m ic a l  
S o c ie t y , but chiefly as an officer of the American Pharmaceutical 
Association.

This Association, founded in 1852, has been aptly called "the 
clearing house of American Pharmacy” and it has been the fond 
dream of some of its members1 for twenty years that an under
taking similar to that now suggested by you might come into 
being.

During the past few years two steps in that direction have 
been taken by the Association. The first is the idea of federa
tion of the national associations of American pharmacy—  
manufacturing, jobbing, retail, and educational— and a com
mittee, of which I have the honor of being chairman, has been 
studying the question during the past year. The second move
ment in this direction has been the creation, by the Association, 
of a Committee on Research, of which I had the honor last year of 
being chairman, to which has been entrusted the dual duty of 
encouraging pharmaceutical research and of administering, 
under the care of the council of the Association, the American 
Pharmaceutical Association Research Fund.

This fund represents the net profits accruing from the publica
tion and sale of the National Formulary, one of the standards . 
under which the national food and drug law is administered. 
This book, originally a purely private enterprise of the Associa
tion, having thus become an official book of legal standards, the 
Association wisely decided that its profits should be used for the 
common weal rather than for the advantage of its members, 
hence the establishment of this research fund in 1916.

Half of the interest on this fund is available until the fund 
reaches $100,000 and thereafter the entire interest may be 
devoted to research problems.

On January 1, 1918, the fund amounted to $7,043.41, an 
amount that is constantly increasing as the sales of the National 
Formulary continue, and it is hoped to have the fund further 
augmented by gifts from other sources.

You may be interested in noting that quite a number of the 
members of the American Pharmaceutical Association research 
committee (consisting of H. V. Am y, of New York, G. M. 
Beringer, of Philadelphia, J. A. Koch, of Pittsburgh, Henry 
Kraemer, of Ann Arbor, Mich., E. Kremers, of Madison, Wis., 
C. H. LaWall, of Philadelphia, F. B. Power, of Washington, 
W. L. Scoville, of Detroit, A. B. Stevens, of Ann Arbor,-Mich., 
and I I .  M. Whelpley, of St. Louis) are members of the A m e r ic a n  
C h e m ic a l  S o c ie t y .

With the information in hand you will note that the American 
Pharmaceutical Association has among its aims work along the 
same lines you advocate. As was well pointed out at the meet
ing of the New York Section by the representatives of the 
Bureau of Chemistry, of the Rockefeller Institute, and of the 
Mellon Institute, the work contemplated is so vast that the 

1 See Eliel, Proc. Am . Pharm. Assoc., 46 (1898), 225; Lyons, Am. 
J . Pharm., 73 (1901), 137; Simon, Ibid., 73 (1901), 138; Kremers, Ibid., 73 
(1901), 139; Scoville, Ibid., 73 (1901), 86; Beal, J . Am . Pharm. Assoc., 1 
(1912), 1189; Wulling, Ibid., 6 (1917), 780; Arny, Am . J . Pharm., 73 (1901), 
92; J . Am . Pharm. Assoc., 2 (1913), 510; Am. J . Pharm., 89 (1917), 175 
and 448.

several available agencies can attack the different phases of the 
same problem without friction and without unfriendly rivalry. 
But on the other hand, cooperation means unified and con
served energy, whereas competition means energy wasted by 
working at cross purposes. It therefore seems to me that from 
the beginning an attempt should be made to correlate our 
efforts along the lines of research.

It would be the height of bad taste for me to attempt to speak 
at this juncture for either the American Pharmaceutical Associa
tion or for its Committee on Research, but I am certain that my 
associates will agree with me when I say that "team work” 
will bring far better results than will the independent efforts of 
several organizations.— H. V. A r n y , College of Pharmacy, 
Columbia University, New York City.

The wisdom of the establishment of a national institute for 
drug research is so obvious, that one wonders why the subject 
needs discussion. Such discussion is not necessary for those 
engaged in any branch of medical research. It is well known that 
our most valuable drugs have untoward actions that the combined 
efforts of the chcmist and pharmacologist could unquestionably 
improve, and the value of their combined efforts in all branches 
of therapeutics cannot be overestimated. A  few specific in
stances may be cited. In cancer of the gastro-intestinal tract, 
or in any other region for that matter, life is made bearable or 
relatively comfortable by the use of opium alkaloids. However, 
the pain-relieving effects of morphine are offset by the serious 
drawback of its constipating action. Atropine is a valuable 
drug in menstrual troubles, but its action in drying the secre
tions of the mouth and in dilating the pupil almost precludes its 
use in these cases. Quinine, the specific for malaria, lias many 
serious untoward actions collectively termed cinchonism. 
Cascara sagrada, our most valuable remedy for chronic con
stipation, because of the griping it frequently produces seriously 
handicaps its use. The salicylates in rheumatism, salvarsan 
or the iodides in syphilis, thymol in hookworm disease, etc., 
etc., are all valuable remedies, yet all produce untoward symp
toms, and all have, because of these actions, been the cause of 
death. All of these drugs might be improved by modification, 
and substitutes might be found vastly superior to the original 
drug, substitutes that are not merely palliative, but curative.

Marked improvement in many preparations has been made 
by the substitution of an amido group here, or a nitro or ethyl 
radical there. These cases are so numerous that examples need 
hardly be given. The introduction of ethyl for the hydroxyl 
hydrogen in alcohol has given us our best anesthetic. The 
introduction of nitro groups for the corresponding hydrogen in 
glycerin has given us nitroglycerin, one of our best remedies for 
angina pectoris. The introduction of ethyl groups into acetone 
has given us some of our most valuable sedatives. The search 
for an artificial quinine has led to the discovery of our most 
valuable antipyretics. In fact, haphazard, almost blind, groping 
has unearthed so many valuable remedies that a scientific 
basis for prediction is almost established. The possible results 
of the combined efforts of the pharmacologist and the chemist 
in this way are almost unlimited. The one knows what might 
be expected from such substitutions and introductions, but 
cannot make these; or if he is able to do this, can accomplish 
but a small fraction of a great volume of obvious work. The 
chemist knows how to introduce and substitute any atom or 
radicle almost at will, yet, so far as physiological action is con
cerned, he must work rather blindly. The combined attack 
of two men trained in these different fields would be decidedly 
synergistic, and the possibilities are unlimited.

Besides a direct attack on the many scourges of mankind 
the work indicated will do much to clarify the mechanism of 
life itself, and so open the way to the counteraction of all bodily 
ills. The great problem of the action of optical isomers in itself
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may open a fruitful field. The facts that certain moulds can 
ferment dextrotartaric acid and not levo; that yeast will fer
ment such sugars as ¿-mannose, ¿-glucose, or d-fructose, but will 
not ferment /-fructose, /-glucose, /-mannose, or /-galactose; and 
that dextrohyoscyamine, dextro-epinephrine, etc., are so much 
more potent than the levo forms, are full of suggestions for 
work that can be successfully attacked only by combined effort. 
Countless examples of promising fields of research might be 
cited, which few, if any, laboratories have either equipment or 
support to attack. For example, the recent work of Kendall in 
isolating the hormone of the thyroid gland, now used in the 
treatment of goiter, required tons of material; cancer of old age 
is thought by some to be due to deficiency of thymus hormone, 
but just at present no laboratory, because of the expense and the 
amount of thymus needed, can begin work on such a suggestion. 
All such problems could be hopefully engaged by an adequately 
equipped national institution for drug investigation, or a national 
institute of pharmacology or chemotherapy. The expense of 
such an institute must be considerable, but in comparison with 
its importance and its possibilities for human welfare and the 
relief of suffering, any expense is relatively small.— H u g h  

M c G u i g a n , College of Medicine, University of Illinois, Chicago, 
1 1 1 .

The several titles of papers presented in the symposium give 
indications of almost fundamental differences in conceptions 
of the objects sought in founding an institute of research such 
as has been proposed.

The editor speaks of "An Institute for Cooperative Research 
as an Aid to the American Drug Industry,”  clearly suggesting 
a purely utilitarian direction, while others w ho. participated 
in the discussion appear to entertain ideas of research in pure 
science as a part, at least, of the functions of such an institute.

I am in hearty sympathy with the effort to develop American 
synthetic drugs, and take.it that one may discuss the problem 
either from an idealistic, or a practical, point of view. The 
idealistic is of value as suggesting the general direction toward 
which the practical should develop so far as is possible within its 
limitations, and these limitations will depend upon the breadth 
of view of those whose interest in the problem can be aroused.

Without attempting to outline the scope of an ideal research 
institute completely, one may suggest a starting point, and the 
ideal research institute should have no limitations of develop
ment. Certainly it is highly desirable that it should include as 
much of the following organization as possible, but, on the other 
hand, there is no reason why a beginning should not be made 
long before it is possible to secure all that is desired. A  university 
in its simplest form has been defined as consisting of a student 
and his preceptor seated on a log, but no one has ever success
fully outlined an absolutely ideal university, or attempted to 
place any limitation on its scope. An institute of the character 
proposed would be almost, if not quite, equal to a university in 
scope.

In its simplest form it might begin with a laboratory accom
modating a competent chemist and a capable pharmacologist. 
The need would soon be felt for capable assistants in both fields, 
and this in turn would lead to the demand either for a special 
hospital equipped for clinical study of synthetic drugs which the 
pharmacologists had found deserving of such study, or for 
affiliation with an established hospital where such studies could 
be made, the first being ideal, the second an approach to it.

The clinical study of drugs is far more difficult than the 
chemical and pharmacological as a rule. The problems of clinical 
study embrace all of those of the pharmacologist and many 
peculiar to therapeutics, hence, the hospital should have well- 
equipped laboratories of bacteriology and clinical pathology, 
and in time, others in addition.

More important by far than the mere number and variety of 
the several departments in such an institute, and even of the

capabilities of those who occupy the chief positions, is the ques
tion of its organization, especially with reference to the attitude 
of those who investigate the pharmacologic and therapeutic 
uses of newly discovered agents.

There is discernible in the discussion a note of enthusiasm 
regarding the probable financial returns resulting from such an 
institute of research. It is only human to look for financial 
rewards, and there is no reason why the chemist who discovers 
a valuable product should not profit from his discovery, but 
abundant experience teaches that it would be dangerous to 
permit those who decide upon the pharmacologic and thera
peutic virtues of a product to profit by their opinions. It is 
obviously just as meritorious for the pharmacologist and the 
clinician to discover the disadvantages of a drug as it is to point 
out their partial advantages, and it is equally obvious that it 
would be wrong in principle to permit an arrangement whereby 
it would be to the interest of the pharmacologist or the clinician 
to render a favorable report.

Furthermore, it seldom happens that a single pharmacologic 
or therapeutic investigation results in conclusions that do not 
undergo important revision in the light of subsequent experience, 
but there is a strong tendency to attempt to justify a previous 
favorable opinion concerning a remedial agent, when subsequent 
experience shows that it is less valuable than the investigator 
had been led to suppose, and'this is especially true when one has 
induced others to invest money on the strength of his opinion, 
or where he profits by the exploitation of it.

Naturally, if the pharmacologist and the clinician are debarred 
from profiting by the results of their favorable opinions, they 
must be protected against loss of position and other disad
vantages as the consequence of them; in other words, they should 
be insured entire freedom of action in the broadest sense of the 
word.

These conditions entail difficulties, and it has been whispered 
more than once that the near relatives of eminent scientists have 
profited financially through the successful exploitation of 
remedial agents, and not a few men of eminence have been 
suspected of profiting by the sale of preparations, their faith in 
the virtues of which was not shared by the majority of physi
cians. Of course, the difficulties presented offer no argument 
against the establishment of such an institute, but they do call 
for most careful consideration, and they render it imperative 
that such an institute shall be under the direction of an in
dependent, conscientious, capable director.

Everyone is familiar with the fact that several of the great 
chemical firms engaged in the manufacture of dyestuffs in 
Europe have introduced great numbers of synthetic drugs that 
have proved profitable in the extreme, but, on the other hand, 
this exploitation has gone far toward creating a condition of 
therapeutic chaos, in which physicians and writers of textbooks 
have been largely dependent on the statements of those who 
were directly or indirectly interested in the exploitation of these 
drugs.

It is suggestive, to say the least, that when the Council on 
Pharmacy and Chemistry of the American Medical Associa
tion undertook to prepare a list of all of the really essential drugs 
used in the treatment of the sick it included only about a score 
out of the many hundreds of synthetic drugs which have been 
introduced within the past thirty years with such optimistic 
therapeutic claims.

Dr. Abel had this in mind when he formulated the two condi
tions that were requisite for such an institution; “ (i) A 
sufficient endowment to make the institute independent of 
outside influences. (2) The Board of Trustees of this in
stitute must see to it that those selected for the leading positions 
are men of ability and promise, whose one interest is research 
of a high order, whether in the field of pure or of applied science.”

It is hardly necessary to say that I realize that the plan for
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such an institute involves a great deal of study and that one can 
do no more in a brief discussion of this sort than call attention 
to some of the phases of the problem that must be given most 
thoughtful consideration if the institute is to become a great 
force for good rather than merely a means for securing the ex
ploitation of synthetic products that offer means of making 
money.

There is one point that I do not feel inclined to pass over 
without a word of comment, though I am not in a position to 
enter into a cc mplete discussion of it at this time. I refer to the 
cooperation of the several departments of existing medical 
schools. There is no inherent reason why there should not be 
the freest cooperation between the institute and such depart
ments of medical schools; on the contrary, it would be an evi
dence of weakness should it be impossible to secure such coopera
tion. «It is quite true, however, that pharmacologists in medical

REPORT OF THE COMMITTEE ON THE ANALYSIS OF 
COMMERCIAL FATS AND OILS1

To the Division of Industrial Chemists and Chemical Engineers, 
American Chemical Society:

Your Committee on the Analysis of Conltnercial Fats and Oils, 
begs leave to report as follows:

This Committee has been meeting regularly, holding, as a 
rule, one meeting each month, for the past several years, and 
has adopted methods of analysis, after much cooperation work, 
on September 22, 1916, January 13, 1918, and September 4, 1918.

The methods adopted on September 22, 1916, and January 
1 3 , 1918, were published as t e n t a t i v e  s t a n d a r d  m e t h o d s  f o r
THE SAMPLING AND ANALYSIS OF .COMMERCIAL FATS AND OILS, 
in the Journal of Industrial and Engineering Chemistry, 10, 
(1918), 315.

The Committee begs leave to present herewith a reprint 
of the TENTATIVE STANDARD METHODS FOR THE SAMPLING AND 
ANALYSIS OF COMMERCIAL FATS a n d  o il s  already published, 
with corrections, and also a typewritten copy of the methods 
adopted September 4,1918, which have not as yet been published.

The Committee desires that all of these methods be now re
ferred to the Supervisory Committee on Methods of Analysis, 
of which Dr. W. F. Hillebrand is chairman, for final recommenda
tion and adoption by the A m e r ic a n  C h e m ic a l  S o c i e t y ,  as 
standard methods.

The membership of this Committee is at present as follows: 
W. D. Richardson, Chairman P. Rudnick
W. J. Gascoyne L. M . Tolman
H. J. Morrison J. J. Vollertsen
J. R . Powell

As the Committee is still working on further methods of 
analysis, which are important to the fat and oil industry, it 
requests that it be continued in existence by the Division until 
this work is completed.

S w i f t  a n d  C o m p a n y  W . D .  RICH AR DSO N
C h i c a c o , i n .  Chairman

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

F A T S  A N D  O IL S

To September 4, 1918 
S A M P L IN G 2

2 . s a m p l in g  f r o m  c a r  o n  t r a c k — (b) When contents are liquid. 
Add to this paragraph the following sentence: “ In place of

the device described above, any sampler capable of taking a

1 Presented at the Cleveland M eeting of the American Chemical So* 
ciety , September 10 to 13, 1918.

1 T h i s  J o u r n a l , 1 0  ( 1 9 1 8 ) ,  3 1 5 .

schools often feel impelled to refuse to investigate proposed 
remedies, because experience has shown that a favorable opinion 
might be used in tlic exploitation of the substance, while equally 
important disadvantages were ignored.— R o b t . A. H a t c h e r , 
Department of Pharmacology and Materia Medica, Cornell 
University Medical College, New York City.

The institute, especially according to the draft of Professor 
Abel, would promise to facilitate the sort of cooperation be
tween research and industry that is absolutely necessary for the 
national development of the field: a cooperation which is very 
difficult without some such mechanism.

I should be very glad to help to further the plan to the extent 
of my ability.— T o r a l d  S o l l m a n , Pharmacological Laboratory, 
Medical Department, Western Reserve University, Cleveland, 
Ohio.

sample from the top, bottom, and center, or from a section 
through car, may be used.”

A N A L Y S IS

SOLUBLE MINERAL MATTER

In the sentence reading "Ash the residue in a muffle, to con
stant weight, taking care that the decomposition of carbonates 
is complete, etc.,”  insert the words "alkaline earth” before the 
word "carbonate.”

UNSAP0N1F1ABLE MATTER

Under d e t e r m in a t io n  strike out the last sentence reading, 
"When the unsaponifiable matter runs over 5 per cent, etc.” . 
Add immediately after the sentence which now reads, "Repeat 
extraction at least four more times, using 50 cc. petroleum ether 
each time,”  the following: “ More extractions than five arc 
necessary where the unsaponifiable matter runs high, say over 
5 per cent, and also in some cases where it is lower than 5 per 
cent, but is extracted with difficulty.”

WIJS METHOD FOR THE DETERMIMATION OF IODINE VALUE

Change heading to read io d i n e  n u m b e r — w ij s  m e t h o d .

Under p r e p a r a t i o n  o f  r e a g e n t s — Wijs Iodine Solution—
(2). The sentence "Or dissolve 6.5 g. of resublimed iodine,”  
should read "13 g. of resublimed iodine.”

Add under p r e p a r a t i o n  o f  r e a g e n t s — Wijs Iodine Solution, 
a third paragraph, reading as follows: "There shall be no more 
than a slight excess of iodine, and no excess of chlorine. When 
the solution is made from iodine and chlorine, this point can 
be ascertained by not quite doubling the titration.”

M E T H O D S  O F  A N A L Y S I S  A D O P T E D  S E P T E M B E R  4, 1918

m e l t in g  p o i n t

a p p a r a t u s — Capillary tubes made from 5 mm. inside diameter 
thin-walled glass tubing drawn out to 1 mm. inside diameter. 
Length of capillary part of tubes to be about 5 cm. Length 
of tube over all 8 cm.

Standard thermometer graduated in tenths of a degree.
600 cc. beaker.
d e t e r m in a t io n — The sample should be clear when melted 

and entirely free from moisture, or incorrect results will be ob
tained.

M elt and thoroughly mix the sample. Dip three of the 
capillary tubes above described in the oil so that the fat in the 
tube stands about 1 cm. in height. Now fuse the capillary 
end carefully by means of a small blast flame and allow to cool. 
These tubes are placed in a refrigerator over night at a tempera
ture of from 40 to 500 F. They are then fastened by means of

SCIENTIFIC SOCIETIES
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a rubber band or other suitable means to the bulb of a ther
mometer graduated in tenths of a degree. The thermometer 
is suspended in a beaker of water (which is agitated by air or 
other suitable means) so that the bottom of the bulb of the 
thermometer is immersed to a depth of about 3 cm. The tem
perature of the water is increased gradually at the rate of about 
1° per minute.

The point at which the sample becomes opalescent is first 
noted and the heating continued until the contents of the tube 
becomes uniformly transparent. The latter temperature is 
reported as the melting point.

Before finally melting to a perfectly clear fluid, the sample 
becomes opalescent and usually appears clear at the top, bottom, 
and sides before becoming clear at the center. The heating is 
continued until the contents of the tube become uniformly 
clear and transparent. This temperature is reported as the 
melting point. It is usually only a fraction of a degree above the 
opalescent point noted. The thermometer should be read to 
the nearest 1/s° C., and in addition this temperature may be 
reported to the nearest degree Fahrenheit if desired.

CLOUD TEST

p r e c a u t io n s — (1) The oil must be perfectly dry, because 
the presence of moisture will produce a turbidity before the 
clouding point is reached.

(2) The oil must be heated to 150° C. over a free flame, 
immediately before making the test.

(3) There must not be too much discrepancy between the 
temperature of the bath and the clouding point of the oil. An 
oil that will cloud at the temperature of hydrant water should 
be tested in a bath of that temperature. An oil that will cloud 
in a mixture of ice and water should be tested in such a bath. 
An oil that will not cloud in a bath of ice and water must be 
tested in a bath of salt, ice, and water.

d e t e r m in a t io n — The oil is heated in a porcelain casserole 
over a free flame to 150° C., stirring with the thermometer. 
As soon as it can be done with safety, the oil is transferred to a 
4 oz. oil bottle, which must be perfectly dry. One and one-half 
ounces of the oil are sufficient for the test. A  dry Fahrenheit 
thermometer is placed in the oil, and the bottle is then cooled 
by immersion in a suitable bath. The oil is constantly stirred 
with the thermometer, taking care not to remove the thermometer 
from the oil at any time during the test, so as to avoid stirring 
air bubbles into the oil. The bottle is frequently removed from 
the bath for a few moments. The oil must not be allowed to 
chill on the sides and bottom of the bottle. This is effected by 
constant and vigorous stirring with the thermometer. As soon 
as the first permanent cloud shows in the body of the oil, the 
temperature at which this cloud occurs is noted.

With care, results concordant to within l/t ° C. can be obtained 
by this method. A  Fahrenheit thermometer is sometimes used 
because it has become customary to report results in degrees 
Fahrenheit.

The oil must be tested within a short time after heating 
to 150° C. and a re-test must always be preceded by reheating 
to that temperature. The cloud point should be approached as 
quickly as possible, yet not so fast that the oil is frozen on the 
sides or bottom of the bottle before the cloud test is reached.

N O T E S  O N  T H E  A B O V E  M E T H O D S

MELTING POINT

A melting point is the temperature at which a solid substance 
assumes the liquid condition. If the solid is a pure substance in 
the crystalline condition the melting point is sharp and well 
defined for any given pressure. With increased pressure the 
melting point is lowered or raised, depending on whether the 
substance contracts or expands in melting. The lowering or 
raising of the melting point with pressure is very slight and ordi
narily is not taken into consideration. Melting point determina

tions are commonly carried out under ordinary atmospheric 
pressures without correction. The general effect of soluble 
impurities is to lower the melting point, and this holds true 
whether the impurity has a higher or lower melting point than 
the pure substance (solvent). Thus if a small amount of stearic 
acid be added to liquid palmitic acid and the solution frozen, 
the melting point of this solid will be lower than that of palmitic 
acid. Likewise the melting point of stearic acid is lowered by 
the addition of a small amount of palmitic acid. A eutectic 
mixture results when two components solidify simultaneously 
at a definite temperature. Such a mixture has a constant 
melting point and because of this and also because both solid 
and liquid phases have the same composition, eutectic mixtures 
were formerly looked upon as compounds. The phenomenon 
of double melting points has been observed in the case of a num
ber of glycerides. Such a glyceride when placed in the.usual 
capillary tube and subjected to increasing temperature quickly 
resolidifies only to melt again and remain melted at a still 
higher temperature. This phenomenon has not yet been suffi
ciently investigated to afford a satisfactory explanation.

Non-crystalline substances such as glass, sealing wax and 
various other waxes and wax mixtures, and most colloidal sub
stances do not exhibit a sharp melting point but under the applica
tion of heat first soften very gradually and at a considerably 
higher temperature melt sufficiently to flow. This phenomenon 
of melting through a long range of temperature may be due to 
the amorphous nature of the substance or to the fact that it 
consists of a very large number of components of many different 
melting points.

The fats and oils of natural origin, that is, the animal and 
vegetable fats and oils, consist of mixtures of glycerides and, 
generally speaking, of a considerable number of such components. 
These components are crystalline and when separated in the 
pure state have definite melting points, although some exhibit 
the phenomenon of double melting point. For the most part 
the naturally occurring glycerides are mixed glycerides. In 
the natural fats and oils there are present also certain higher 
alcohols of which cholesterol is characteristic of the animal fats 
and oils and phytosterol of many of the vegetable fats and oils. 
In addition to the crystalline glycerides and the higher alcohols 
present in neutral fats, there are in fats of lower grade, fatty 
acids, which are crystalline, and also various non-crystalline 
impurities of an unsaponifiable nature, and the presence of these 
impurities tends to lower the melting point. They also tend 
to induce undercooling when the liquid fat or oil is being chilled 
for purposes of solidification or in determination of titer.

The presence of water, especially when this is thoroughly 
mixed or emulsified with a fat or oil, also influences the melting 
point to a marked extent, causing the mixture to melt through 
a longer range of temperatures than would be the case if the water 
were absent. This is particularly true of emulsified fats and oils, 
such as butter and oleomargarine, bo'th of which contain, besides 
water, the solids naturally present in milk or cream and including 
casein, milk sugar, and salts. The melting point method recom
mended by the Committee is not applicable to such emulsions 
or other watery mixtures and the Committee has found it im
possible to devise an accurate method for making softening- 
point or melting-point determinations on products of this nature. 
Not only the amount of water present but also the fineness of 
its particles, that is, its state of subdivision and distribution, 
in a fat or oil influences the softening point or melting point and 
causes it to vary widely in different samples.

As a consequence of the foregoing facts, natural fats and oils 
do not exhibit a definite melting point, composed as they are of 
mixtures of various crystalline glycerides, higher alcohols, fatty 
acids, and non-crystalline substances. Therefore, the term 
melting point when applied to them requires further definition. 
Various methods have been devised to determine the so-called 
melting point of fats and oils. Most of these methods, how
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ever, determine, not the melting point, but the softening point 
or the flow point of the fat and the great difficulty has been in 
the past to devise a method which would determine even this 
point with reasonable accuracy and so that results could be easily 
duplicated. It has been the aim of the Committee to devise 
a simple method for the determination of the melting point of 
fats and oils, but it should be understood that the term melting 
point in the scientific sense is not applicable to natural fats and oils.

BICHROMATE SOLUTION 

The Committee calls attention to the fact that occasionally 
potassium bichromate is found containing sodium bichromate, 
although this is of rare occurrence. If the operator suspects 
that he is dealing with an impure potassium bichromate, the 
purity can be ascertained by titration against re-sublimed iodine. 
However, this is unnecessary in the great majority of cases.

GLACIAL ACETIC ACID 

The glacial acetic acid used for preparation of the Wijs solu
tion should be of 99.5 per cent strength or higher and should 
have a freezing point of 14.7 to 15° C. (m. p. 16.7°). In case of 
glacial acetic acids of somewhat lower strength, the Committee 
recommends freezing and centrifuging or draining as a means of 
purification.

AMERICAN INSTITUTE OF CHEMICAL ENGINEERS
The n th  Annual Meeting of the American Institute of Chemi

cal Engineers will be held in Chicago, 111., January 15 to 18, 
1919 headquarters at the Congress Hotel. The preliminary 
program follows:

W b d n b s d a y , J a n u a r y  15 

9 : 30 a .m .— Registration.
Address of Welcome.
Business Session, including'canvass of ballot for officers.

10 : 30 a .m .— Address of President Thompson, "Our Chemical In
dustries Made Permanent.”

11 : 00 a .m .— Symposium on Maintenance and Preservation of Our
Chemical Industries:

Dr. Grinnell Jones, of the United States Tariff Com
mission.

Dr. Louis M atos, of the National Aniline and Chemical 
Company.

Dr. L. C. Jones, of the Semet Solvay Co.
Mr. W m. H. Rollin, of the Rollin Chemical Company, 

"Future of the Barium Industry."
2 : 00 p .m .— Dr. A. A. L. Veillon, of the M onsanto Chemical Works.

Dr. Edw. Gudeman, "Reconstruction Aspects of Some 
Chemical Industries in the United States."

General Discussion by representatives of other chemical 
industries.

DON’TS
FOR WOULD-BE WRITERS OF SCIENTIFIC 

ARTICLES FOR THE PUBLIC PRESS
A s  a n  a i d  t o  t h e  d e v e l o p m e n t  o f  p o p u la r  p r e s e n t a t i o n  o f 

m a t t e r s  c h e m ic a l  b y  t h e  m e m b e r 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 , Dr. E d w in  E. S lo s s o n ,  a  m e m b e r  o f  t h e  P u b l i c i t y  
C o m m i t t e e  o f  t h e  S o c ie ty ,  h a s  u p o n  r e q u e s t  p r e p a r e d  t h e  fo l
lo w in g  s u g g e s t io n s .  Dr. S lo s s o n ’s  s u c c e s s fu l  e x p e r ie n c e  i n  t h i s  
a r t  a m p l y  q u a l i f ie s  h im  a s  a  s o u n d  g u id e .— [ E d i t o r .]

Don’t overestimate the reader's knowledge and don’t under
estimate the reader’s intelligence. He may not know as much 
as you about this particular thing-*—let’s hope not, but other
wise he may be as bright as you are^—let’s hope so.

Don’t try to tell all you know in 5^0 words. Leave some over 
for another time. The clean-plate hile does not apply here.

Don’t think that because a thin^ is old to you it is known 
to the public. Many of your readeri are living in the nineteenth 
century; some of them are in the eighteenth.

Don’t imagine that the readers of d popular periodical are, like 
pupils in a class, obliged to pretend to pay attention to you no

8 : 00 p .m .— Reading of Papers:
Dr. F . W . Frerichs, “ Reinforced Concrete Tanks for 

Storing Ammonia Liquors.”
Dr. David Wesson, “Some Wild Engineering I  Have 

Known."
9 : 00 p .m .— Smoker.

T h u r s d a y , J a n u a r y  16 

9 : 00 a .m .— All day excursion to the Argo Plant of the Corn Product3 
Refining Company.

8 : 00 p .m .— Joint M eeting with the Chicago Section of the American
Chemical Society.

F r id a y , J a n u a r y  17

9 : 30 a .m .— Business Session.
10 : 3 0  a .m .— Reading o f  Papers.

1 : 30 p .m .— Excursion to the plant of the Lindsay Light Company 
and the Underwriters’ Laboratories.

7 : 00 p  m .— Subscription Dinner.
S a t u r d a y , J a n u a r y  18 

Choice of two excursions:
(1) Standard Oil Company Plant at W hiting, Ind.
(2) Plant of the Newport Hydrocarbon Company near

Milwaukee, Wis.

THE JOHN SCOTT LEGACY MEDAL AND PREMIUM
The City of Philadelphia, acting on the recommendation 

of The Franklin Institute, recently awarded the John Scott 
Legacy Medal and Premium to Ernest J. Sweetland, of Upper 
Montclair, N. J., for the Sweetland Filter Press.

This invention is to provide a self-dumping filter press, which 
will reduce to a minimum the labor involved in discharging the 
solid residue left in the press after filtration and, also, the labor 
of cleaning the press by hand.

THE PERKIN MEDAL AWARD
The Perkin Medal for 1918 has been awarded to Dr. F. G. 

Cottrell for brilliant and useful research and development work 
in bringing about the practical and successful commercial 
operation of his method for smoke, fume, and dust abatement.

The Medal will be presented at a meeting of the New York 
Section of the Society of Chemical Industry to be held in Rum- 
ford Hall, Chemists’ Club, New York City, on January 17,
1919- ________

THE NICHOLS MEDAL
On account of the large number of research men who have 

been engaged during the year past on war problems to which 
publicity could not be given, the Nichols Medal Committee 
has decided to make no award of the Medal this year.

matter how dull you may be. “ First catch your reader” is the 
rule of successful writing.

Don’t leave out the human interest. Your reader is a human 
being even if you are merely a scientist.

Don’t forget that your reader is interrupting you every 
ten lines to ask, "W hy?” "W hat for?” "W ell, what of it?,’’ 
and if you don’t answer his tacit questions he will soon stop 
reading.

Don’t think that you can make your topic more attractive 
by tricking it out with fairy lore or baby talk or irrelevant 
jokes or extravagant language. Bring out its real and intrinsic 
interest as forcibly as you can. Set off as much red fire as you 
like but be sure it lights up the object instead of drawing the 
attention away from it.

Don’t say, "This discovery is interesting” unless you can 
prove that it is. And if you can prove it, you don’t have to say it.

Don’t suppose that you must give bibliographical references 
to all the literature of the subject, but don’t fail to give a clue 
by which the interested reader can get on its trail.

NOTES AND CORRESPONDENCE 
  -----------------------------------------------------
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Don’t fail to put your best foot forward. Otherwise you 
won’t have a chance to use the other foot. Note the construc
tion of the news story in any first-class paper. It is built up 
on the same logical system as the symphony or opera. The 
opening paragraph gives in succinct fashion the main point 
of interest, the gist of the story, just as the first movement 
or overture of a musical composition expresses the main theme 
or motif.

Don’t expect the editor to explain why he rejects your manu
script. He is probably right in his verdict, but if you make him 
give a reason for it he will have to invent one and it would 
probably be wrong.

Don’t say you can’t find anything to write about. This num
ber of the Journal of Industrial and Engineering Chemistry—  
and every other— contains at least $15 worth of good popular 
science stuff. Chesterton says: “ There are no uninteresting 
subjects, there are only uninterested people.”

Don’t regurgitate undigested morsels. I t  is a disgusting habit.
Don’t refer to notes or books while writing. Read up on the 

subject as thoroughly as you can, and take as many notes as 
you need. Then put away all your notes and books out of reach 
and next day, or at least an hour later, lay a clean sheet of paper 
on a clean desk and write out what you know about it in your 
own way. Afterwards, preferably next day, read over your 
manuscript critically, verify your facts, correct your data, re
vise your English, and add any essential points you may have 
forgotten. But don’t expect the reader to be interested in what 
is so uninteresting to you that you cannot keep it in mind a 
single hour.

Don’t define a hard word by a harder one. Vladivostok 
is a hard word, but when the war correspondent arrives at 
Vladivostok he says so and goes right on inland without stopping 
to explain that “ this is a city south of Khabarovks and east of 
Tsitsikhar.”  So you, if you want to say “ calorie” say it but 
don’t make it worse by “ explaining” it as “ the quantity of heat 
necessary to effect a rise of temperature of one degree centigrade 
of a tube of water, each dimension of which is one tenth part 
of the length of a bar of platinum and iridium alloy lying in 
the observatory of St. Cloud if it has not been smashed up by 
a shell from the Big Bertha.”  If you think you must define 
the calorie say casually that 100 calories of energy can be derived 
from four lumps of sugar (Hoover size) or from a one inch cube 
of butter, or explain that a man needs to expend a hundred 
calories an hour all day to keep his body running and 160 
calories if he is working hard.

Don’t think you must leave out all technical terms. Use 
them, whenever necessary, without apology and, if possible, 
without formal definition. People are not so easily scared by 
strange words as you may think. They rather like ’em. Kipling 
is read with delight by old and young, yet his prose and verse 
are crammed with technical terms. Having exhausted the 
military, nautical, and mechanical vocabularies he invented 
a new and unknown nomenclature for his story “ With the 
Night Mail.” In his “ Just-So” stories for the kiddies he sticks 
in long names like plums in a pudding. A Kipling dictionary 
has been published but even the editors could not run down all 
the peculiar words Kipling has picked up. But the ordinary 
reader does not need the dictionary. He gets the meaning 
from the run of the story, for the story is so written that he will 
get the meaning. Observe that the war correspondent writes 
without hesitation:

A t zero hour the barrage was raised and the poilu and the 
doughboy sprang over the top, sticking their bayonets into the 
boche.
And the man in the street reads it without batting an eye al
though the sentence contains half a dozen words not to be found 
in his vocabulary four years ago, or in the dictionary yet. But 
if this sentence was being written by one of our conscientious 
scientists he would word it in this fashion:

A t zero hour— to use the military term for the time set for 
the beginning of an offensive— the barrage— that is to say the 
line on which the artillery fire is directed— was raised and the 
poilu—rthis is a French slang term for soldier meaning "hairy” 
and corresponding to our "roughneck”— and the doughboy—  
this is an American slang term for infantryman derived either 
from the round buttons worn in the civil war, or the dobe huts 
inhabited in the Mexican war or the pipeclayed belts of the 
Revolutionary war— sprang over the top— that is to say sur
mounted the parapet of the entrenchments— sticking their 
bayonets— a weapon invented at Bayonne, France, in 1650—  
into the boche— a contemptuous term referring to the Germans, 
probably an abbreviation of caboche or blockhead originally 
applied to Alsatians.

E d w in  E .  S l o s s o n 1

CHEMICAL NOMENCLATURE
The resolution2 passed by the Division of Organic Chemistry 

at the Cleveland meeting of the A m e r i c a n  C h e m i c a l  S o c i e t y , 
in which the use is encouraged of "the pure English terms 
‘benzene,’ ‘toluene,’ and ‘xylene,’ including all of their deriva
tives, in place of the hybrid forms ‘benzol,’ ‘toluol,’ ‘xylol,’ 
etc.,”  suggests a few remarks. The recommendation is worthy 
to be heeded by all English-speaking people, as it appeals to 
me, not so much because the discredited forms are used by the 
Germans, although an appearance of aping the German is of 
course distasteful to us all, but because the forms favored are 
good English chemical nomenclature. As is well known, in 
careful usage the endings in the names of chemical compounds 
often have special meanings. They designate classes of com
pounds. The “ -ol”  ending in organic nomenclature, e. g., is 
reserved for hydroxyl derivatives of hydrocarbons (alcohols) 
and the "-ene” ending is used for certain classes of hydrocarbons. 
The unsuitability of the name "benzol” for CeHe is obvious. 
Although “ benzene” is a' good English word, as shown by usage, 
and by its conformity to approved nomenclature rules, it is 
interesting to note that it, as well as "benzol,” was first sug
gested as the name for C6H« by a German. "Benzol” is Liebig’s 
name; Hofmann suggested "benzene.”

Both in Great Britain, where, by the way, efforts have also 
been made to discourage the use of “ benzol”  in favor of 
"benzene,”  and in the United States the use of “ benzol” has 
been more common among industrial men. The fact is signifi
cant that these men are more frequently speaking not of the 
pure compound C5H8 b u t‘of the commercial mixture of hydro
carbons of the benzene series obtained in the refinement of coal 
tar. There is some question as to whether or not it is suitable 
to give this mixture, which may contain less than 50 per cent of 
C6Ho, the same name as given to the pure compound; some 
favor the use of "benzene” for the compound and "benzol”  
for the commercial mixture. (The “ -ol” ending rule only applies 
to definite compounds.) In the office of Chemical Abstracts 
we recognize that there are arguments for such a differentiation 
and for a while tried to apply the two names accordingly, but 
we have finally decided in favor of the use of "benzene” in 
both cases, with such modifications as crude, 90 per cent, 50 
per cent, etc., in suitable cases. This has seemed better particu
larly in view of the fact that the rather common use of both 
names for the pure compound would lead to confusion.

There are other chemical words and names more or less com
monly used incorrectly in the United States. M any of the in
correct names are corruptions due to German influence, often 
bad translations; this makes them seem particularly undesirable 
now, but there are other better reasons for avoiding them. Good 
nomenclature is important for its own sake. A  correct name 
of a compound frequently serves to tell the nature of the 
compound and often its structure also. Correct usage avoids 
confusion and aids in indexing. In scientific matters it is im
portant to be exact in words and phrases used just as it is im-

1 Literary Editor of The Independent and associate in the School of 
Journalism, Colum bia U niversity.

1 T h i s  J o u r n a i , ,  1 0  ( 1 9 1 8 ) ,  9 4 4 .



portant to be exact with figures. Our experience in editing 
Chemical Abstracts proves this assertion over and over again. 
Good English in chemical literature, particularly in naming 
compounds, needs cultivation.

The Organic Division chose a good time to start a movement 
for better nomenclature and it seems to me that while correcting 
ourselves in regard to the benzene hydrocarbons we would do 
well to give thought to other needed reforms. It seems as 
though such a statement should be accompanied by some specific 
recommendations. I am not an authority, but possibly the 
accumulated experience from the constant effort which has been 
made in the office of Chemical Abstracts to keep the abstract 
journal an example of good nomenclature justifies the statement 
of a few preferences. The subject has been carefully studied, 
particularly by those who preceded the present editor and later 
in connection with the Decennial Subject Index,1 and the advice 
of those who seemed best able to help has often been sought. 
I believe that there will be no disagreement concerning the 
preferences stated below although frequent divergence from them 
is observable. Tliey are abridged from “ Directions for Assistant 
Editors and Abstractors of Chemical Abstracts." The nomencla
ture rules in these directions have come to be known, it seems, 
as representing the forms approved by the American Chem ical 
Society. Requests for information as to the forms so ap
proved are not infrequent. To make our list of nomenclature 
rules, perhaps after modification, more authoritative, or to 
formulate a new one and to settle points of disagreement (a 
number of other preferences could be stated but the chances of 
disagreement would be greater with reference to them), it would 
seem to me that a revival of the Society's dismissed Committee 
011 Inorganic Nomenclature and its Committee on Organic No
menclature would be opportune. Such a suggestion will be made.

In naming a compound so as to indicate that oxygen is’ re
placed by sulfur the prefix thio and not sulfo should be used 
(sulfo denotes the group SO JI); thus HCNS, thiocyanic acid; 
H3AsS<, thioarsenic acid; Nà|SsOj, sodium //¡icsulfate; CS(NH2)2, 
thiourea.. Note particularly that thiocyanate is preferable to 
sulfocyanide for salts of HCNS.

The word hydrate should not be used for a compound with 
OH; it is reserved for compounds with H20 . Thus, chlorine 
hydrate, C12.ioH20 ; barium hydroxide, Ba(OH)2.

Salts of chloroplatinic acid are chloroplatinates (not platini- 
chlorides). Similarly salts of chlorauric acid are to be called 
chloraurates.

Hydroxyl derivatives of hydrocarbons are to be given names 
ending in -ol, as resorcinol, pinaco/ (not pinacone), mannito/ 
(not mannite). There may be objection to the form glycerol 
rather than glycerin because the latter is so well established.

German names ending in it should be translated -ile rather 
than -it\ as permutite. If it seems desirable to retain the origi
nal form of a trade name it should be placed in quotations, as 
“ permutit.”  Alcohols such as C6H 8(OH)5 (German Dulcit = 
dulcitol) are exceptions.

The German ending “ -carbonsaure” should never be translated 
“ -carbonic acid.”

It is desirable that in the case of organic compounds the 
connective o be used invariably in such names of substituent 
radicals as amino-, bromo-, chloro-, cyano-, and iodo-; thus 
bromobenzene, chloroacetic, nitroaniline. This conforms to the 
demands of euphony and also makes for uniformity in indexing. 
The use of this connective makes for better English; its omission 
is German-like. There are a few apparent exceptions to this 
rule as cyanamide, chloraurate.

The names of the groups NH2, NHR, N R2, NH, or N R should 
end in -ido only when they are substituents in an acid group, 
otherwise in -ino; thus MeC(:NH)OEt, ethyl imtrfoacetate; 
NH2CH2CH2C0 2H, /î-aminopropionic acid (not amidopropionic 
acid); NHPhCH2CH2CO»H, ¿-aniltnopropionic acid; CH3C- 
(:NH)C0 2H, a-imiwopropionic acid.

Hydroxy-, not oxy-, should be used in designating the hy
droxyl group; as hydroxyaccticacid, CH2(0 H)C0 2H, not oxyacetic 
acid. Keto- is to be preferred to oxy- to designate the group 
-CO-. This is a case in which it is particularly bad to follow 
German practice.

The term ether should never be used for compounds which 
art properly called esters.

1 See Patterson and Curran, J . Am . Chern. Soc., 39 (1917) ,1623-38.
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Salts of organic bases with hydrochloric acid should be called 
hydrochlorides (not hydrochlorates nor chlorhydrates). Simi
larly hydrobrotnide and hydriodide (not hydroiodide) are pref
erable.

Sucrose is preferable to saccharose or cane sugar.
A rather common practice among American chemists and one 

which does not seem good is the use of the word body when 
chemical compound or chemical substance is meant. I t  is de
sirable to distinguish between a physical body and a chemical 
substance or compound. The fact that the Germans rather 
frequently use “ Körper” for "chemical compound” has probably 
influenced this not incorrect but undesirable use of "body” 
in English.

O h i o  S t a t b  U n i v e r s i t y  E- J . C r a N E
C o l u m b u s , O h i o
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AN INTERNATIONAL SUGAR SCALE
Editor of the Journal of Industrial and Engineering Chemistry:

As one whose regular work calls for frequent use of the polari- 
scope, I  wish to express my approval of the proposition made by
C. A. Browne in your issue of November 1, that this is an opportune 
time to adopt an international sugar scale and that the Sidersky 
and Pellet scale based on a normal weight of 20 g. instead of the 
French and German scales now in use. The arguments ad
vanced in favor of the proposed scale are convincingly stated 
and certainly no more favorable time can arrive than the present 
critical time for the proposed change.

I would suggest that no time be lost in bringing the matter to 
the attention of polariscopists in Great Britain, France, and Italy.

Would it not be an advantage to have every polariscope 
equipped with both the angular scale and the sugar scale, with 
the outer edge of the vernier reading on one scale and the inner 
edge fitted to read fractional parts on the other? The expense 
would not be serious.

Now that many polariscopists are using as a standard light 
filter a bichromate of potash filter in which the thickness in 
centimeters multiplied by the percentage of crystals = 9, we 
have a standard of approximately monochromatic light which 
is more conveniently reproduced than the sodium flame, now 
that electric lights are in use everywhere. It should not be 
difficult to secure standard glass plates whose absorption as 
filters would equal in every respect that of the bichromate filter.

With the new scale, the standard light filter, and the standard 
quartz control plate adopted universally, international polari- 
scopy would seem to have been placed on a very desirable footing.

R b g i n a ,  C a n a d a  W. W. A n d r e w s
Novem ber 15, 1918

THE 1 9 1 8  DIRECTORY— AMERICAN CHEMICAL SOCIETY
The 1918 Directory of the A m e r ic a n  C h e m ic a l  S o c ie t y  is 

now available for members. It contains 422 pages as compared 
with the 1916 Directory’s 289 pages, and it exceeds by ap
proximately 4,000 the number of members listed in the 1916 
issue. The Directors have voted that it may be obtained by 
members from the Secretary on payment of S i.00 to cover 
partial cost of printing and upon their written statement that 
it is desired for their personal use only and will not be loaned 
or disposed of to any firm with which they may or may not be 
connected or to any individual to be used for advertising pur
poses.

W a s h i n g t o n , D. C. CHARLES L . PARSONS
December 10, 1918

RAM SAY MEMORIAL FUND
Over $3,000 has been contributed to the Ramsay Memorial 

Fund in the United States up to date. The committee will be 
glad to receive further American subscriptions. Checks should 
be made payable and sent to the Ramsay Memorial Fund Com
mittee, W. J. Matheson, Treasurer, 21 Burling Slip, New York 
City.
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WASHINGTON LETTER
B y P a u l  W o o t o n , Union T rust Building, W ashington, D .  C.

With practically all government restraint removed, officials 
here are very generally of the opinion that the chemical in
dustries are adjusting themselves to a peace-time basis with un
expected facility. Little difficulty is being experienced in plac
ing with private concerns the chemists who have been engaged 
in war work. In fact, practically all employers are taking 
on more chemists than they employed in normal times. Dr. 
Charles L. Parsons, the secretary of the A m e r ic a n  C h e m ic a l  
S o c ie t y ,  who is in very close touch with the situation, despite 
some early misgivings, now feels assured that all chemists 
engaged in war work will be absorbed by the industry.

The Government is rapidly concluding its war-time arrange
ments for chemical supplies. This is particularly true of those 
entering into gas warfare. The situation, speaking generally, 
is made much easier of solution by the fact that most chemical 
supplies were being used nearly as rapidly as produced. For 
this reason, stocks are not great. Such surpluses as exist will 
be disposed of, it has been announced officially, in such manner 
as to produce the least possible effect on the market.

Producers of manganese, pyrites, chrome, and tungsten have 
been in Washington the past month seeking what they term a 
square deal from the Government. Consumers and importers 
of these commodities also have been consulted. Government 
officials are very generally of the opinion that some relief should 
be extended to producers who took unusual risks to mine ma
terials needed in the war. They are faced, however, by the most 
intricate problem in determining a safe and equitable manner 
for granting the relief. The Secretary of the Interior has re
fused positively to use any of the appropriation carried by the 
War Minerals Act. His position is that the Act was intended 
to aid the Government in securing these mineral supplies for 
war purposes. With the change in conditions, Secretary Lane 
will use none of the money, despite the fact that the bill techni
cally places it within his power, to attempt to straighten out 
the manganese-pyrites-chrome situation. He will take this 
action, he states, if instructed to do so by the President or if 
Congress can indicate in some way that it would approve of 
such a course. There is little hope, however, that any relief 
to the producers of war minerals will come without new legisla
tion.

Chemical manufacturers, who are carrying large stocks of war 
minerals, are not disposed to take up any additional supplies. 
This they indicated at conferences with officials. Along with 
the steel manufacturers, they declined to become parties to several 
plans which included the absorption of a considerable portion 
of the over-production.

While there is no denying that the Government has incurred 
a certain amount of moral obligation in the stimulation of the 
production of the war minerals, it also is a fact that some 
responsibility rests on the producers and the consumers. Take 
chrome, for instance. When the War Industries Board called 
the producers and consumers into conference, the consumers 
stoutly maintained that their requirements would be 160,000 
tons. The producers, when asked as to their maximum amount 
of additional production, placed it at 10,000 tons. Instead of 
using 160,000 tons, the consumers took only 97,000 tons. On 
the other hand, the producers more than doubled their estimate 
and produced 25,000 tons in excess of the normal chromite 
production.

The situation is rapidly coming to a head. The next few 
weeks will determine, in all probability, just what may be ex
pected. The problem is greatly complicated by the fact that it 
ramifies into practically every industry.

Important developments in the sulfur situation are expected 
in the near future. A situation which has been restrained by the 
desire of the Union Sulfur Co. not to interfere with the sulfur 
production during the war, is expected to come to a focus quickly. 
The Union Sulfur Co. contends that the essential features of the 
Frasch patents date from 1905. The original Frasch patents, 
however, were granted in 1901. Acting on the assumption 
that the essential features of the Frasch process date from 1901, 
and consequently have expired, competitors of the Union Sulfur 
Co. are utilizing certain features of the Frasch process. The 
claim of the Union Sulfur Co. has been upheld in the District 
Court in Delaware. Thus encouraged and with the crisis

passed in the sulfur situation, active proceedings by the Union 
Sulfur Co. are expected. Not only is the Freeport Sulfur Co. 
affected, but the Gulf Sulfur Co. also will be involved. The 
Gulf Sulfur Co. is expected to begin producing sulfur in January 
from what is regarded as the most promising sulfur deposit 
which has been discovered in the United States. The deposit 
is situated at Matagorda, Texas. It was not the intention of 
the owners to open the property at this time but largely at the 
insistence of the Government, a plant of great capacity has been 
installed. This step was taken to insure sulfur supplies, had 
the war continued. With the turn that world affairs have taken, 
it now probably will be necessary for the owners to operate the 
property so as to be reimbursed for their expenditures.

The sulfur producers are coming in for warm praise for the 
effective manner in which they contributed to the war program. 
The Union Sulfur Co., it is understood, was able to triple normal 
output.

In his report to Congress, the Commissioner of Internal 
Revenue has the following to say in regard to synthetic glycerin:

The facilities of th e Bureau for chemical experimentation were utilized 
in part during three months of the year on the undertaking, which proved 
successful, of developing a new process for the production of glycerin. 
The ordinary method of recovering from fats this essential constituent of 
explosives might conceivably fail to  produce an adequate supply for military 
requirements. In  the enemy countries this situation occurred, but was 
overcome by em ploying a synthetic process developed by the German 
chemists. T o insure the military program of this Government and of its 
associates in the war against the contingency of such a shortage of fats, 
it was deemed advisable to discover a method of securing glycerin from an 
alternative source.

The Bureau's chemists succeeded, after three m onths, in developing a 
practicable process for recovering from the fermentation of sugar any  
quantity of glycerin which might be required. B y a large-scale experiment, 
later conducted in an industrial plant, it  was established that the process 
not only provided a practicable means of manufacturing glycerin in a 
m ilitary emergency, but also was capable of profitable commercial exploita
tion. The process was secured to  the United States through letters patent 
and made available for use by the associated governments. Interested  
manufacturers in this country were given detailed descriptions enabling 
them to  install plants and proceed at once with the manufacture of synthetic  
glj'cerin. ---------------

The Secretary of War in his annual report to Congress 
enumerates a number of very interesting facts with regard to 
the Chemical Warfare Service. In part, he says:

The surprise use of gas by the Germans in 1915 forced upon the allied 
armies a new form of warfarti. The chemical work thus necessitated in the  
United States Army was at first undertaken by a number of governmental 
agencies. At the very outset of our participation in the war Dr. Van. H. 
Manning offered the services and facilities of the Bureau of M ines to the  
War Departm ent for research work in problems of gas warfare. The  
Bureau was particularly fitted to  perform this highly important pioneer 
work because of its exhaustive studies of poisonous gases and protection 
by means of masks made in connection w ith mining problems. Similar 
work was soon started at the American University laboratories. The de
velopm ent and production of gas masks and other articles of defense were 
shortly undertaken by the Medical Department. The production of toxic  
gases, containers, and the mechanical apparatus necessary for their active  
em ploym ent was made the task of the Ordnance Departm ent. The Corps 
of Engineers sent the first men into service as gas and flame troops.

The first consolidation of these separate operations was made for our 
forces in France early in September 1917, when the Gas Service of the  
American Expeditionary Force was established. The uniting of the various 
agencies in the United States came about by executive order June 28, 1918, 
with the creation of the Chemical Warfare Service under M aj. William L  
Sibert. In addition to  the development, production, and testing of articles 
of gas offense and defense, the Chemical Warfare Service is in charge of the 
training of gas officers, the training of all troops in gas defense, and the  
organization of gas troops. Qn Novem ber 1, 1918, the personnel of this 
service included 1,654 commissioned officers and 18,027 enlisted m^n

Gas is employed in offensive operations in various ways. Attacks 
are made by the concentration of artillery fire in which gas-filled shell and 
mortar bombs are used. Effective attacks are also made with the so-called 
Livens projectors. A thousand or more of these long, narrow tubes con
taining gas-filled drums are placed underground in groups of about 25, 
from 50 to 100 yards apart, and are set off instantaneously by means of 
electrical connection Grenades filled with gas and smoke preparations

I
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are used by the infantry in trench fighting. The production of these 
projectois and mortars and the various types of containers is under the 
jurisdiction of the Ordnance Department. The production of toxic gases 
and the filling of all containers is the work of the Chemical Warfare Service. 
C ases are produced a t Edgewood Arsenal, Edgewood, Md., and at a number 
o f  auxiliary plants which have been erected since the war. The progress 
made in gas production lias been so satisfactory that it  has been possible 
not only to fill all shell and containers available and to ship quantities 
of gas to our forces overseas, but also to  make large sales to the Allies. 
A t the signing of the armistice we were equipped to  produce gases at a more 
rapid rate than France, England, or Germany.

Through the codperation of the various governmental agencies an 
American type of musk has been developed which affords tw enty times the 
protection of the German mask. N o t a case is on record of an American 
soldier who has fallen victim  of a gas attack when protected by the American 
mouthpiece type of mask. R ecently production has commenced on the 
American Tissot mask, an adaptation of the French type, which, while 
equally effective, affords the wearer greater comfort than in the case of the 
mouthpiece mask by enabling him to breathe both through the nose and the 
mouth. >

Production of gas masks started in July 1917. To Novem ber 9, 
1918, the total production of all types was over 51/* million, of which over 
4 J/a  million were suitable for overseas use and. nearly 4 million had been 
shipped to the American Expeditionary Force. In October 1918, 925,000 
were completed and inspected. I t  was expected that a maximum monthly 
production of 1,200,000 masks would be attained beginning in December.

The greater part of this production has been at the government gas 
defense plant at Long Island City, N . Y . The average daily production 
there in October was approximately 24,260.

The serious shortage of carbon for gas-mask canisters in the summer 
of 1918, due to the scarcity of coconut shells, was relieved in a large measure 
by the codperation of the American Red Cross in the vigorous campaign 
throughout the country for the saving of fruit pits and nut shells.

When it  is considered th at the Chemical Warfare Service, as such, 
has been in existence for less than five months, its achievements may be 
truly considered remarkable.

One of the heritages which came to the Bureau of Mines' 
from the War Industries Board was the difficult problem of 
"emancipating the American farmer from the grip of Germany’s 
monopoly on potash.”  A t first the Bureau of Mines enter
tained the hope that money carried by the War Minerals Act 
could be used in an effort to build up a domestic potash in
dustry, which in a few years would be able to hold its own 
against the German product. Later it was decided that no 
War Minerals money should be used for that purpose. Any 
special activity to stimulate potash production probably will 
have to wait until after the signing of the peace treaty, as it is 
understood that-the German potash deposits must be looked to 
for a portion of the indemnity. In turning potash matters over 
to the Bureau of Mines, the War Industries Board made the fol
lowing statement with regard to potash:

Before the signing of the armistice, the War Industries Board had' 
already attacked the problem. Chairman Baruch himself had appeared 
before the congressional com m ittee in behalf of an amendment to the 
revenue bill which would give encouragement to private industries which 
would undertake the risk of establishing potash production in this country. 
The Chemicals D ivision, on the other hand, in codperation with other de
partments of the Government, had turned its attention to  the specific 
task of extracting potash from waste products. A com m ittee of experts, 
representing the steel and iron industry of the country and certain scientific 
departments of the Government, was in process of formation, under the 
auspices of the Chemicals Division, at the tim e hostilities ceased. Its 
purpose was to determine as quickly as possible the feasibility, from a 
commercial standpoint, of extracting potash from the fumes of blast 
furnaces.

Prior to the outbreak of the war, Germany, by reason of her monopoly 
of the potash supply, had gradually extended her arm around the food crops 
of the world. I t  was to Germany th at the farmers of this and other countries 
had to look for the principal ingredient of their fertilizers. Nowhere else 
were to be found the vast potash deposits which insured to  the German 
potash exporters a natural supply sufficient to  meet the demands of the 
world for several thousands of years to  come.

When the outbreak of the European war suddenly cut off this supply 
the situation of the American farmer was for a tim e desperate. Under the 
stimulus of necessity, efforts were launched by private industries to  meet 
the situation, and in consequence there has been a considerable develop
m ent in the amount of potash produced in this country. B y no means, 
however, has this development approached the requirements of the country. 
Before the war the American imports of pure potash from Germany for the 
year ending July 1914 amounted approximately to 250,000 tons. Last 
year there were produced in the United States 32,000 tons, and this year 
it is  estim ated that the output will amount to  about 60,000 tons.

The War Industries Board undertook to approach the problem in a 
larger way, and it  is now proposed by arrangement between the Chemicals

Division and the Department of the Interior that the program be carried 
forward by the latter department.

The suggestion of extracting potash from blast furnace fumes is based 
on the fact that potash in varying quantities is found not only in the iron 
ores, but in the coke and lim e used in reducing the ores. In Alabama the 
ores are particularly rich in potash. At present this potash is allowed to  
escape during the processes in the blast furnaces. Divided into micro
scopic particles of dust it  is volatilized and carried off with the waste fumes.

Several m ethods of saving this potash have been suggested by scientists. 
Of these the most feasible appears to be the electric precipitation process 
devised by Dr. Fred D. Cottrell, of the Bureau of Mines. This involves cool
ing the gases as they emerge from the blast furnaces and passing them through 
a series of sheet steel tubes, eight to  twelve inches in diameter. Through 
the center of these tubes is run a wire, or chain, carrying a high voltage  
charge of static electricity. This electric charge tends to electrify the fine 
particles of potash dust, causing them  to consolidate, or "colonize,” and 
drop down the sides of the tubes. A fair-sized installation for this process 
requires as many as 400 of these tubes through which to  pass the gases. 
I t  is this process which the Bethlehem Steel Company has experimented 
with on a small scale.

Another method tried out involves the spraying of the gas fumes with 
water and passing them  through moist bags, which retain the potash. 
This method has been tried out in extracting potash from the fumes given  
off in the manufacture of cem ent. Its  first practical application took place 
when a cement plant located near Redlands, California, undertook, in 
response to  neighborhood protests, to  cut down the volum e of fumes em itted  
from its chimneys. Other cem ent plants have tried it  out, and in the East 
the Security Cement and Lime Company a t Hagerstown, M d., has been 
foremost in the recovery of potash from cem ent dust. Cement mixture 
contains potash in proportions varying from 1 per cent to  l 1/ t  per cent. 
When calcining cem ent clinkers the addition of salt to  the coal that is 
burned in the kiln renders the potash soluble in water.

At a conference of experts recently held in the office of C. II. Mac- 
Dowell, director of the Chemicals Division of the War Industries Board, 
the opinion prevailed that it  would be entirely feasible to  commercially 
develop a method of extracting the potash from blast furnace fumes, particu
larly in regions where the blast furnaces are located near ores in which 
potash occurs in quantities sufficient to insure substantial recoveries. The 
problem presents many technical difficulties since care m ust be taken in 
developing a by-product process not to  interfere with the primary output.

The potash deposits in Germany resulted from the crystallization of 
sea water. In all of the 202 mines in that country, the potash is found in 
water-soluble form and for certain purposes can be used just as it  comes 
from the mines without further refining. At Searles Lake, California, 
potash in this water-soluble form has been found in small quantities, and 
two factories have been established there to  extract it. In Nebraska it  
has been possible to  recover potash in fair quantities from certain alkali 
lakes located in that state. In U tah, Mr. M acDowell himself established 
a plant at which pure potash is recovered from alunite.

Elsewhere experiments have been made in recovering potash from 
certain by-products, such as beet-root molasses and wool scourings. Other 
sources of supply being studied are the potash shales of Alabama and 
Georgia, the greensands of N ew  Jersey, and the leucite deposits of W yoming. 
There is, in fact, a considerable development now under way in the pro
duction of potash from leucite; and production likewise has been under
taken in Utah from certain brines contained in salt deposits west of Salt 
Lake City.

Unquestionably it  is going to  cost much more to  produce potash in 
Germany and Alsace. War taxes, high food costs, and other fundamentals 
will bring this about so that it  will be a long tim e before European potash  
is brought to  this country’at the low cost prevailing before 1914.

The Secretary of Agriculture, in his report to Congress, tells 
of the purchase and distribution of nitrate of soda as follows: 

The Food Control Act, which authorized the President to procure and 
sell nitrate of soda to farmers at cost for the purpose of increasing pro
duction, appropriated $10,000,000 for th at purpose. B y direction of the 
President, the War Industries Board made arrangements for the purchase 
of the nitrate, and the Secretary of Agriculture for its sale and distribution. 
The Bureau of Markets was designated as the agency to handle the work 
for the Department.

Contracts were made for the purchase of about 120,000 short tons of 
nitrate, and arrangements were effected through the Shipping Board to  
secure tonnage for transporting it  from Chile. A selling price of $75.50 
on board cars at port of arrival was announced in January 1918, and farmers 
were given an opportunity to  make applications through the county agents 
and comm ittees of local business men appointed for the purpose. Ap
plications for amounts totaling more than 12 0,000  tons were received from
75,000 farmers, who asked for lots ranging from one-tenth of a ton to  more 
than 100 tons. On account of the lack of available shipping it  was possible 
to  bring in, up to June 30, 1918, only about 75,000 tons, practically all of 
which actually was sent to  farmers by that date.

Some of the nitrate was shipped direct to  farmers, but the greater 
part was consigned to  county distributors in the counties requiring large 
quantities. These distributors were appointed when it became evident
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early in the year that, on account of the lack of vessels, sufficient nitrate 
would not arrive in time to  make complete delivery during the period of 
greatest need. Through them  it  was possible to  make quick and equitable 
distribution and to save farmers the interest on deposits required for pay
m ents, since shipm ents for the county were made to  the distributors on 
sight draft with bill of lading attached and distribution was made by them  
to  the farmers. On June 30, there remained in Chile between 39,000 and
40,000 short tons of nitrate for which the Departm ent had been unable to  
secure transportation to this country from the Shipping Board.

The Federal Trade Commission has ordered The Consolidated 
Oil Company, of Cleveland, Ohio, and two of its officers, Nathan 
Weisenberg and Aaron Bernstein, the Eastland Linseed

Dr. Harry Percival Corliss, until recently an Industrial Fellow 
in the Mellon Institute of Industrial Research, University 
of Pittsburgh, died at Ray, Arizona, on November 16, 1918, 
of pneumonia following influenza.

Dr. Corliss was born at Thornton, N. H., October 21, 1886. 
He attended Brewster Academy at Wolfeboro, N. H., and 
graduated in 1910 from New Hampshire State College with 
the degree of Bachelor of Science in Chemical Engineering. 
He then continued the study of chemistry at the University 
of Toronto, specializing in physical and organic chemistry. 
In July 1912 he accepted a position as Industrial Fellow at the 
M  lion Institute and in 1913 received the degree of Doctor 
of Philosophy from the University of Pittsburgh. Dr. Corliss’ 
work at the Mellon Institute extended over a period of five 
years, during most of which time he was engaged in physical, 
chemical, and metallurgical research.

This research resulted in the development of several important 
improvements upon the flotation process for the recovery of 
metals. Perhaps his greatest contribution to this industry was 
the discovery of alpha-naphthylamine as a flotation agent. 
It is too early as yet to estimate the full value of this discovery, 
but the excellent practical results already following its use war
rant the belief that the work of Dr. Corliss will eventually be 
recognized as being of first importance in this field.

In July 1917 he accepted a position as chemical arid metal
lurgical engineer with the Metals Recovery Company in order 
to initiate the large scale application of his discoveries in the 
flotation mills of the southwest. In this work he was uniformly 
successful and was rapidly making for himself an enviable repu
tation as a metallurgical engineer when death called him.

From his boyhood up, Dr. Corliss’ associates have recognized 
in him the qualities of marked intellectual brilliancy and very 
real moral worth. All through his student days the highest 
scholastic honors came to him without conscious effort on his 
part, because he loved the study of chemistry in all its branches. 
He brought the same qualities of mind and spirit to his research 
work at the Mellon Institute and to its extension in the wider 
fields of industrial application.

His many friends will feel that by his death the world was 
deprived of a life which held unusual possibilities for useful 
work and high accomplishment.

Mr. R. S. Buhrman, formerly chief chemist for the Haynes 
Stellite Company of Kokomo, Ind., died of influenza, November 
1, 1918.

Dr. Frank O. Amon, who was connected with the Mellon 
Institute at Pittsburgh, as Research Fellow, for some months 
in 1917, and who enlisted in the U. S. Gas Defense work in 1917, 
died of pneumonia, at Souilly, France, on October 12, 1918. 
Dr. Amon was a graduate of Allegheny College at Meadeville, 
Pa., and later took his doctorate at New York University. 
He was a young man of much ability and promise.

Major William A. Hamor, Chemical Warfare Service, who 
returned from France on November 17, 1918, after ten months’ 
service in the American Expeditionary Forces, lias resumed 
his w’ork at the Mellon Institute of Industrial Research as As
sistant Director. Major Hamor served as Assistant Chief 
of the Technical Division, C. W. S., A. E. F., until the conclusion 
of hostilities.

Mr. D. R. Pinnock, formerly chief chemist and works manager 
for the Nucoa Butter Co., is now chief castor bean inspector 
in the Bureau of Aircraft Production. He is engaged in working 
out the details of a new method of milling castor beans for the 
production of castor oil for airplane lubrication which bids fair 
to result in a saving of more than a million dollars on the 1919 
crop.

Company, of Cleveland, Ohio, and David Bemsteen to 
cease and desist from unfair methods of competition, admitted 
by them.

Among the prohibited practices was the using of stationery 
and letterheads bearing pictures of extensive manufacturing 
plants which do not in fact exist; adulteration of linseed and other 
oils with low-grade mineral oils and acids; and publication of 
representations that the Ohio Food and Drug Commission had 
made a ruling requiring that all linseed oils, spirits of turpentine, 
and the like, not used as food, must be labelled "adulterated.”

The Commission’s orders were issued on agreement with the 
concerns which waived right to introduce testimony in support 
of their practices.

Mr. Stephen G. Simpson, formerly chemist for the Great 
Northern Paper Co., Millinocket, Me., was called for military 
service and then granted an indefinite furlough in order to act as 
instructor in chemistry in the S. A. T. C. at .the Massachusetts 
Institute of Technology.

J. Brevet, a lieutenant in the Holland army( reserves, em
ployed by the Portland Gas and Coke Company at its plant at 
Portland, Oregon, has been placed in charge of the Y . M. C. A. 
class in chemistry. For two years he was control chemist for 
the Royal Dutch Oil Co., of Java.

Mr. Delbert Brown has been granted an indefinite furlough in 
order to take charge of the chemistry department at Olivet 
College, Olivet, Mich.

Mr. John Gaub, in charge of the laboratories at the Filtration 
Plant, Washington, D. C., has resigned to become Health 
Officer and Examiner of Foods for the town of Montclair, N. J.

Mr. Theodore E. Kendrick, research chemist with the Electro- 
' metallurgical Co., after his entrance into the army in August, was 
sent to the Franklin Union U. S. Army Training Detachment, 
Boston, Mass., to learn the trade of sheet metal worker. Upon 
application of his former employer he was granted an 
indefinite furlough and returned to his former concern, where 
he is doing work on the preparation of a military explosive.

Mr. W. W. Hodge has resigned his position as instructor in 
chemistry at the University of North Dakota in order to accept 
a position as assistant professor of organic chemistry in the 
Oregon Agricultural College.

Mr. Archibald F. Borbeck has been commissioned Second 
Lieutenant in the Chemical Warfare Service and has been de
tailed for work in France.

Mr. A. J. Phillips, formerly chief chemist for the Western 
Alkali Refining Co., is now research chemist with the Aetna 
Explosives Co., Emporium, Pa.

Mr. C. F. Landsheft has been transferred from the Olean, 
N. Y ., Tannery of the Cattaraugus Tanning Company to the 
J. H. Ladew Company Tannery, Newark, N . J., to become as
sistant to the general superintendent of the two concerns.

Mr. R. T. Will, president of the Will Corporation, who dis
continued his business because of the war, was commissioned 
Captain in the Chemical Warfare Service and has been stationed 
at the Long Island laboratory of the Gas Defense Division.

Mr. R. P. Tucker, formerly chief chemist of the Leigh Hunt 
Engineering Co., is now with the Armour Fertilizer Company.

Mr. Leon S. Ward, formerly instructor in chemistry in the 
Greeley High School, Greeley, Col., is now employed as chemist 
by the Hercules Powder Company at the U. S. Explosives 
Plant "C ,” Nitro, W. Va.

Mr. Montgomery R. Trimmer, formerly manager of the Chemi
cal Department of the S. S. White Dental Manufacturing Co., 
Prince Bay, N. Y ., is now supervisor of manufacture with the 
du Pont Engineering Co., Jacksonville, Tenn.

Captain J. L. Brown has been transferred from the E. I. du 
Pont de Nemours & Company Barksdale plant, located near 
Washburn, Wis., where he was Acting Quartermaster and In
spector of Ordnance for the U. S. Ordnance Dept., to the Toronto 
District Ordnance Office, to take charge of the inspection and 
manufacture of all powder and high explosives in Canada for the 
U. S. Ordnance Department,

Mr. W. O. Gordon, formerly with the U. S. Bureau of Chem
istry, and recently with the Industrial Appliance Co., Chicago, 
has accepted a position as chief chemist with Mead Johnson and 
Co., Evansville, Ind., who are manufacturers of dextro-maltose 
and other malt products.

PERSONAL NOTE.5
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Dr. R. W. Hess, formerly chemist in the dyestuff department 
at the Chicago plant of the Sherwin-Williams Co., has recently 
accepted a position as senior research chemist with the National 
Aniline and Chemical Co., Buffalo, N. Y .

Mr. Sidney Davis has been commissioned Captain in the 
Chemical Warfare Service and is stationed in Washington 
representing the Development Division which has its head
quarters in Cleveland.

Dr. Arthur R. Hitcli, formerly chief chemist of the Storage 
Battery Factory of the National Carbon Co., Inc., Cleveland, 
Ohio, is now chief chemist of the Ashland Iron and Mining Co., 
Ashland, Ky.

Miss V. L. Gibbons, Ph.D., formerly research chemist for the 
National Carbon Co., Inc., has accepted a similar position with 
the National Aniline and Chemical Co., Buffalo, N. Y .

Mr. J. M. Janitchek, formerly chief chemist of the Tallassee 
Power Company, Badin, N. C.— a subsidiary of the Aluminum 
Company of America— is now connected with the Aluminum 
Company of America Research and Laboratory Department, 
New Kensington, Pa.

Captain J. Herbert Hunter has recently been promoted to 
the rank of Major and now has charge of high explosives and 
research work in the Ordnance Department.

Mr. Rudolph Gahl, formerly metallurgist of the Inspiration 
Consolidated Copper Co., has recently taken up general prac
tice as a consulting metallurgist.

The chemistry department of the University of Nebraska 
announces the following additions to its teaching staff: Mr. 
T. J. Thompson, of Kansas Wesleyan University, as instructor 
in organic chemistry; Dr. Horaqe G. Deming, of the University 
of Illinois, as professor of chemistry in charge of general and 
physical chemistry; Mr. B. CliiTord Hendricks, of Peru, Neb., 
State Normal School, as assistant professor of chemistry.

Mr. K. R. Morgan has recently accepted the position of 
chief chemist and assistant superintendent at the Reserve fac
tory of the Leon Godchaux Co., Reserve, La.

Mr. R. D. Kelioe, formerly of the Machinery Utilities Co., 
Inc., has announced the formation of the Technical Products 
Co., Inc., with offices in New York, Chicago, and St. Louis. The 
new company is organized for the purpose of purchasing idle 
equipment and placing this in essential industries.

Mr. Charles W. Mudge, for many years chemist in the N. Y- 
State Department of Agriculture, now called the Department 
of Farms and Markets, Albany, N. Y ., has accepted a position 
as chemist with the Standard Oil Company, N. J., and is 
located at their new chemical research laboratory at Bayway, N. J.

Mr. Sarangadhar Das has resigned his position as chief chem
ist for the Maui Agricultural Company in order to complete 
some special work at the University of California.

Mr. Theodore W. Fowle has been released from his work as 
inspector of smokeless powder for the Ordnance Department 
at the Howard plant of the Aetna Explosives Co., in order to 
take up work with the General Chemical Company on the 
manufacture and'testing of catalyst for direct ammonia synthe
sis at Laurel Hill, L. I.

Mr. F. R. McLean, formerly chief chemist for the Brooklyn 
Rapid Transit Co., is now chief chemist for the Lehigh 
Navigation Electric Co., Allentown, Pa.

The School of Chemistry of the University of Pittsburgh 
announces the following additions to its staff: Dr. Alexander
Lowy, assistant professor of organic chemistry; Mr. Leon E. 
Jenks, assistant professor of analytical chemistry; Mr. Blaine
B. Westcott, instructor in inorganic chemistry.

Mr. Morgan F. Rogers, formerly chemical engineer with the 
Independent Lamp and Wire Co., Weehawken, N. J., is now an 
engineer of tests with the Ordnance Department and is located 
at the plant of the Gorham Manufacturing Co., Providence, R. I.

Dr. D. J. Brown, formerly assistant professor of chemistry 
at the Agricultural and Mechanical College of Texas, has for 
the past year been at the University of Texas during the absence 
of Dr. J. R. Bailey.

Mr. Clarence Huckle, formerly chemist for the Douglas Pack
ing Co., Rochester, N. Y ., is now at the Jackson laboratory of 
E. I. du Pont de Nemours & Co., Wilmington, Del.

Dr. Harrison E. Patten, of the Bureau of Chemistry, Depart
ment of Agriculture, has been commissioned Captain in the 
Quartermaster's Corps.

Mr. George A. Rankin, of the American University Experi
ment Station, has been commissioned Captain in the Chemical 
Warfare Service.

Mr. G. L. McDonough, formerly connected with the Scien
tific Materials Co., Pittsburgh, has accepted a position as 
chemist with the American Alloy and Chemical Co., Los Angeles, 
Cal.

Mr. B. E. Broadwell, formerly connected with the Aluminum 
Company of America, Niagara Falls, N. Y ., has been engaged 
as general superintendent of the new factory being erected by 
the Republic Carbon Company.

Mr. Henry P. Walters, Syracuse, N. Y ., in charge of the 
picric acid department of the Split Rock plant of the Semet- 
Solvay Co., will be placed in charge of the new plant now being 
constructed at Grand Rapids, Mich., to be operated for the Gov
ernment for the production of picric acid.

Mr. Louis S. Potsdamer, for the past five years chemist in 
the employ of Toch Bros., is now a Sergeant in the Gas Defense 
Service, U. S. A., located at the Philadelphia Control Labora
tory, Philadelphia, Pa.

Mr. H. G. Osborn lias given up his position as chief chemist 
of the City of East Chicago, and is now with Morris and Co.; 
U. S. Yards, Chicago.

Dr. Oscar Harder has resigned his position in the research 
department of N. K. Fairbanks Co., Chicago, 111., to accept 
a fellowship at the Mellon Institute of Industrial Research, 
Pittsburgh, Pa.

Lafayette College, Easton, Pa., announces the following 
appointments to instructorships in the chemistry department: 
Mr. Landon A. Sarvcr, a private in the Chemical Warfare Service 
and formerly instructor in chemistry at Johns Hopkins University, 
and Mr. Walter G. Kleinspehn, a graduate of Lafayette in the 
class of 1918.

Dr. II. H. Hodgson has been appointed head of the depart
ment of coal-tar color chemistry at the Huddersfield Technical 
College. He has for nearly three years been chief chemist 
to one of the largest firms of chemical manufacturers in England, 
and was previously head of the chemical department at the 
Northern Polytechnic Institute in London.

Mr. D. Forest Hungerford, professor of chemistry at the 
University of Arkansas, has accepted a position with the United 
States Department of Agriculture, with headquarters at Athens, 
Ga.

Mr. David E. Wait, formerly connected with the Tindell, 
Morris Co., Eddystone, Pa., as assistant to the metal- 
lographist, having charge of the metallographic and chemical 
laboratory, has, since February 1918, been attached to the 
Worcester District Physical Laboratory of the American Steel 
and Wire Company as a metallographist.

Mr. Thomas E. Keitt, formerly of Clemson College, Clemson, 
S. C., has been appointed chemist at the Georgia Experiment 
Station, Experiment, Ga.

Wm. M. Barr, consulting chemist of the Union Pacific 
System, now has charge of all water supply problems on the 
Union Pacific Railroad, the Oregon Short Line Railroad, the 
Oregon-Washington Railroad & Navigation Lines, the Los 
Angeles & Salt Lake Railroad, and the St. Joseph & Grand 
Island Railroad.

Lieut. Alvin R. Lamb, Sanitary Corps, Division of Food and 
Nutrition, formerly of the chemistry section, Iowa Agricultural 
Experiment Station, is now stationed at Ft. Oglethorpe, Georgia.

Dr. A. Richard Bliss, Jr., professor of pharmacology in the School 
of Medicine of Emory University, Atlanta, was one of those 
recommended by the Rockefeller Institute of Medical Research 
for commission in the corps of chemists organized by that in
stitution at the request of the War Department to take charge 
of the work in clinical chemistry in the cantonment hospitals 
here and abroad, and received an appointment as a Lieutenant 
in the medical department early in September.

Mr. E. Wertheim, recently in the Graduate Department, Uni
versity of Chicago, is now assistant professor of chemistry 
in the University of Kansas.

Mr. Edward G. Pugh, formerly of the research laboratory of the 
Pennsylvania Salt Manufacturing Co., in Philadelphia, lias been 
transferred to their plant at Wyandotte, Mich., to take charge 
of the erection of a zirconia plant there.

Mr. Harry Fawley is now in charge of research work at the 
Wyandotte, Mich., plant of the Pennsylvania Salt Manu
facturing Company, having been transferred from their 
research laboratory at Philadelphia.

Mr. James Chester Ashby, formerly instructor in chemistry 
at Lehigh University, South Bethlehem, Pa., is now working 
in the research laboratory at the Buffalo Works of the National 
Aniline and Chemical Co., Buffalo, N. Y .
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Mr. J. Miller has returned to his former position with 
the Western Canada Flour Mills Co., Winnipeg, Man., his 
position with the Department of Inspection, Imperial Ministry 
of Munitions at Moncton, N. B., having been only of a temporary 
nature during the munitions rush.

Mr. F. L. Woods, formerly assistant superintendent at the 
Bradley Fertilizer Works of the American Agricultural Chem
ical Company at North Weymouth, Mass., has just been ap
pointed superintendent of the Tygert-AUen Works of the same 
company at Philadelphia, Pa.

Mr. William A. Kirk, formerly chemist at the Los Angeles 
Laundry Company, is now chemist at the Wyoming Sugar 
Co., Worland, Wyoming.

Mr. Charles L. Bliss has recently taken a position as chemist 
in the State Board of Health of Michigan and is located in Lans
ing.

Mr. Horace A. Shonle, now in the Chemical Warfare Service, 
on furlough from the Bureau of Chemistry for the period of 
the war, has been transferred to the laboratory section of the 
Sanitary Corps, stationed at Rockefeller Institute, New York 
City.

Mr. J. J. Brennan has been assigned to duty in the office 
of Col. Marston T. Bogert, Chief, Relation Sections, Chemical 
Warfare Service, U. S. A., Washington, D. C.

Mr. Andrew M. Fairlie, consulting chemical engineer, has 
opened an office for general consulting practice at 1204 Third 
National Bank Building, Atlanta, Ga.

Professor Hilton Ira Jones has just been elected head of the 
department of chemistry at the Oklahoma Agricultural and 
Mechanical College to succeed Dr. L. Chas. Raiford who be
comes associate professor in organic chemistry in the University 
of Iowa. Dr. Jones was formerly head of the department of 
chemistry at Dakota Wesleyan University, Mitchell, South 
Dakota.

Mr. Arthur H. Johnson, formerly at Carney’s Point, N. J., 
as civilian inspector for the Ordnance Dept., U. S. A., is 
now in the Chemical Warfare Service and stationed at Cleve
land, Ohio.

Mr. Lester Yoder, formerly with the chemical section of the 
Agricultural Experiment Station of Iowa State College, is 
now at the U. S. Technological School, Carney’s Print. 
N. J.

Dr. S. B. Kuzirian, assistant chemist for the chemical section 
of the' Agricultural Experiment Station, and Prof. J. S. Coye, 
chief of the chemical section of the Engineering Experiment 
Station of Iowa State College, have entered the employ of 
the General Chemical Company, and will be located at their 
Laurel Hill Works, New York.

Priv. Ralph E. Brewer, Chemical Warfare Service, has been 
furloughed back to Iowa State College where he will again 
teach chemistry.

Professor B. B. Freud, of Armour Institute, B .S., University of 
Chicago, 1904, and candidate for the degree of Ph.D., has been 
appointed Captain in the Chemical Warfare Service and is 
now in France.

Miss E. T. Foster, formerly with Roben and Haas, is now with 
the Dearborn Chemical Company.

Mr. Joseph C. Winslow, formerly in the research division of 
the insulation department of the Westinghouse Electric & 
Manufacturing Co., has accepted a position as chemist with the 
Redmanol Chemical Products Company.

Mr. R. J. Carr, president of the Dearborn Chemical Company, 
is a Major on the general staff at Washington, D. C.

Mr. C. A. Tibbals, Jr., of Armour Institute, has a Captain’s 
commission and is in charge of the research laboratory at the 
Picatinny Arsenal.

Mr. Arden. R. Johnson has been appointed instructor at 
Northwestern University, Evanston, 111.

Mr. E. F. Heizer, formerly with the Dearborn Chemical 
Company, is now in the Ensign School at the Municipal Pier, 
Chicago, 111.

Mr. Wm. M. Corse, formerly general manager of the Titanium 
Bronze Co., Niagara Falls, N. Y ., has accepted a position 
as manufacturing engineer with the Ohio Brass Co., Mans
field, Ohio.

Mr. C. L. Brickman, formerly chief chemist for the Rex-Hide 
Rubber Mfg. Co., East Brady, Pa., has assumed the position 
of chief chemist with the Dreadnaught Tire and Rubber Co., 
Baltimore, Md.

Mr. Wilbur F. Brown, formerly Chief Chemist of the Ball 
Brothers Glass Co., at Muncie, Ind., is now in the research 
division of the Chemical Warfare Service and is devoting his 
attention to the problems connected with the manufacture 
of optical glass.

INDUSTRIAL NOTES
The Air Reduction Co., N. Y ., has bought a site at Richmond, 

Va., for the establishment of a plant to make oxygen, nitrogen, 
and acetylene gas. It is probable that other gases and also 
storage batteries will be made.

The Northern Alkali and Chemical Co., Huntington, W. Va., 
recently incorporated with a capital of ¿60,000, has perfected 
its organization, and is planning to commence the production 
of caustic potash at an early date.

One of the many Canadian industries directly promoted by 
the war is the manufacture of chemicals. The demand has been 
enormously increased and prices obtained have been for the most 
part unprecedented. It is believed that through the war the 
industry has been so firmly established that it will be in a favor
able position to meet competition after the war.

E. M. De Souza and Co., of Rangoon, India, have decided to 
commence the manufacture of chemicals on a large scale. They 
have engaged the services of Dr. H. K. Len and four other 
qualified chemists. The new venture will be known as the 
Rangoon Pharmaceutical and Chemical Works.

Experiments in Norway with a view to extracting salt from 
ocean water by means of electricity have been successful, and two 
salt factories will be started for this purpose under the name of 
De Norske Saltvertker.

The Frankfurter Zeitung recently announced that M. France, 
head of the Biological Institute of Munich, had discovered a 
new source of fat from plants growing in waste lands. This oil 
called "edaphon” has been found by test to be equal to coconut 
oil.

The Reduction and Concentration Corporation of Birming
ham, manufacturers of fertilizers, has been incorporated under 
the laws of New Jersey with a capital of $200,000.

The detonator-assembling building of the du Pont Cap Works, 
at Pompton Lakes, N. J., was destroyed by explosions and fire 
on December 5, 1918.

A t a meeting of the directors of the Pennsylvania Salt Manu
facturing Company held at Philadelphia, General R. Dale Benson 
retired from the board. R. G. Wood, president of the Allan 
Wood Iron and Steel Co., was elected his successor.

The Machinery and Metal Sales Company is erecting a 
factory in Brazil for the manufacture of caustic soda and other 
chemicals. The total capital involved is reported to be $500,000, 
and the estimated daily production 15 tons of caustic soda, 
15 tons of chloride of lime, 600 kilos of muriatic acid, and 600 
kilos of potassium chlorate.

According to a recent report issued by the Treasury Depart
ment, chemists in the Internal Revenue Bureau have developed a 
synthetic process for the making of glycerin by the fermentation 
of sugar. The process was tried out at a chemical plant in 
Aurora, 111., and found commercially profitable.

"There are at present only two mills in operation in this 
country for the manufacture of potato flour,”  Major S. C. 
Prescott, chief of the Dehydration Division, Bureau of Chemistry, 
Dept, of Agriculture, stated in a recent address, "but others 
will be in operation in a few weeks in Minnesota, Maine, Ne
braska, and South Carolina. I expect to see potato flour 
mills spring up in every potato-growing district. The potato 
crop is approximately 360,000,000 bushels yearly.”

The War Trade Board has revoked the restriction on the 
importation of tanning materials and extracts, and applications 
will be considered for licenses to- import these products, except 
quebracho wood, in an amount not to exceed 12,000 tons per 
month.

An Associated Press despatch from jRhenish Prussia states 
that the German potash production in November was 70 per 
cent below normal.

Exports of coconut oil from the Philippine Islands during the 
first eight months of 1918 were valued at $16,180,371, against 
$7,036,710 in the same time last year.
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L is t  o p  A p p l ic a t io n s  M a d e  t o  t h e  F e d e r a l  T r a d e  C o m m is s io n  f o r  L ic e n s e s  U n d e r  E n e m y - C o n t r o l l e d  P a t e n t s  P u r s u a n t  t o  t h e  “ T r a d in g  w it h
t h e  E n e m y  A c t ”

A s s ig n e eY e a r

1909

1917

1905

P a t . N o. 
943,600

1,214,941

807,666

1911 1,005,816

1912 *1,033,681

1914 1,085,674

1913 1,049,346

1912 1,044,031

1915 1,136,517

Trade-mark
1913 N o. 94,620

1903 741,029

1905 782,739

1913 1,075,171

1911 Trade-mark 
Atophan, 
N o. 84,596

P a t e n t e e

Wilhelm Jahns, Offenbach-on 
the-M ain, Germany

Frank Fairchild Morris, P itts
burgh, and Frederick M el
chior Luchs, Wilkinsburg, 
Pa.

Johann Heinrich Dräger,
Lübeck, Germany

Alexander Bernhard Dräger, 
Lübeck, Germany

Alexander Bernhard Dräger, 
Lübeck, Germany.

Alexander Bernhard Dräger, 
Lübeck, Germany

Johann Heinrich Dräger,
Lübeck, Germany

Johann Heinrich Dräger,
Lübeck, Germany

Johann Heinrich Dräger,
Lübeck, Germany

Drägerwerk, Heinr. & Bernh. 
Dräger, Lübeck, Germany

Richard Gley and Otto Siebert, 
Berlin, Germany

Emil Fischer, Berlin, Germany

Albrecht Thiele and Georg 
Wichmann, Berlin, Germany

Chemische Fabrik auf Actien 
(vorm. E. Schering), Berlin, 
Germany

Firm of Drägerwerk, Heinr. 
and Beruh. Dräger, Lübeck, 
Germany

Actien-Gesellschaft für Anilin 
Fabrikation, Berlin, Ger
many

E. Merck, a co-partnership, 
Darmstadt, Germany

Chemische Fabrik auf Actien 
(vorm. E. Schering), Ber
lin, Germany

P a t e n t  
Centrifugal regulators

Resuscitating device

Firia of Drägerwerk, Heinr. 
and Bernh. Dräger, Lübeck, 
Germany 

Firm of Drägerwerk, Heinr. 
and Bernh. Dräger, Lübeck, 
Germany 

Drägerwerk, Heinr. & Bernh. 
Dräger, Lübeck, Germany

Firm of Drägerwerk, Heinr. 
& Bernh. Dräger, Lübeck, 
Germany

Firm of Drägerwerk, Heinr. 
& Bernh. Dräger, Lübeck, 
Germany

Apparatus for respiring w ith
in spaces full of smoke or 
noxious gases 

Portable breathing apparatus

Universal coupling

Battery for absorbing car
bonic acid such as used in 
breathing apparatus 

Artificial breathing apparatus

M ethod of causing artificial 
respiration

Artificial breathing apparatus

Pulmotor for mechanical res
piratory apparatus and de
vices for administering 
oxygen 

Red azo lake (dyes)

C-C-Dialkylbarbituric acid 
and processes of making 
same

Process for the manufacture 
of 2-phenylquinolin-4-car- 
boxylic acid 

Remedies for treatment of 
gout and rheumatism

A p p l ic a n t

M assey Machine Company, 
W atertown, N . V.

The Draeger Oxygen A p 
paratus Company, Wilkins
burg, Pa.

The Draeger Oxygen A p
paratus Company, Wilkins
burg, Pa.

The Draeger Oxygen Ap
paratus Company, W ilkins
burg, Pa.

The Draeger Oxygen Ap
paratus Company, Wilkins
burg, Pa.

The Draeger Oxygen Ap
paratus Company, Wilkins
burg, Pa.

The Draeger Oxygen A p
paratus Company, Wilkins
burg, Pa.

The Draeger Oxygen Ap
paratus Company, W ilkins
burg, Pa.

The Draeger Oxygen Ap
paratus Company, Wilkins
burg, Pa.

The Draeger Oxygen Ap
paratus Company, W ilkins
burg, Pa.

The Ault & Wiborg Com
pany, Cincinnati, Ohio

Rector Chemical Company, 
2 Rector Street, N ew  York, 
N . Y.

Sunbeam Chemical Com
pany, Chicago, 111.

Sunbeam Chemical Com
pany, Chicago, 111.

Ambrine Laboratories of Manhattan, drugs, medicines, etc., 
has been incorporated under the laws of New York with a 
capital of $250,000 by H. O. Berg, H. V. Dunham, and G. W. 
Jackson, 347 Madison Ave., New York City.

The Fatty-Acid Reduction Company of Syracuse has been 
incorporated under the laws of New York State with a capi
tal of $200,000.

According to a special cable to the New York Times from 
Paris, dated December 3, 1918, the Compagnie Nationale 
des Matières Colorantes et des Produits Chimiques has been in
corporated, with a capital of 40,000,000 f. for the manufacture of 
all kinds of chemicals. It already has a factory capable of 
producing 2000 tons of indigo annually. This corporation is 
allied with the Société des Produits Chimiques et Colorantes, 
which has a capital of 31,000,000 f. and was formed in 1918 
for the manufacture of intermediary dye products.

According to the annual report of the Secretary of the Treas
ury approximately 52,487,117 proof gallons of alcohol were 
specially denatured during the last fiscal year in this country 
for the production of explosives and other military purposes. 
Distilled spirits from materials other than fruit amounted to 
173,476,473.7 gallons. This was a decrease of 104,357,892.9 
gallons compared with a year ago, a falling off of 37.56 per cent 
during the year ending June 30, 1918.

The Department of Commerce has received notice of the 
formation of the British Metals Corporation, capitalized at the 
English equivalent of $24,330,000, to promote and develop 
empire trade in all the non-ferrous metals, especially copper, 
lead, zinc, and tin. “ The corporation,” according to Com
mercial Attaché Philip B. Kennedy, "will provide machinery 
for carrying on a form of control over the metal industry. Prior 
to the war the German metal combine was represented in Great 
Britain by HenryMertonandCompany. Thisfirmhasbeenrefused 
a license under the Non-ferrous Metals Act and, it is understood, 
will go into liquidation. All German control of the metal 
industry in the British Empire has been destroyed.”

A new industry, developed by the war, is the exploitation of 
the cohune nut, a tropical product, similar in shape and proper
ties to a dwarf coconut. The kernel contains approximately 
70 per cent of vegetable fat, which has become of great im
portance in the manufacture of fine soaps and nut butters. Dur
ing the war the shells have been used as the source of a superior 
grade of carbon for gas masks, and it has been discovered that 
they may be used for the production of producer gas of excellent 
quality, or as fuel for steam production.

The Industrial Accident Commission of California has recently 
issued a pamphlet entitled How to Store and Use Explosives, 
compiled by J. J. Rosewell, construction engineer, De
partment of Safety. The pamphlet sets forth the Federal and 
State requirements regarding the storage and use of explosives, 
and contains chapters on the sale of fuse and blasting materials.

The Texas Gulf Sulfur Co., Austin, Texas, has increased its 
capital stock from $75,000 to $3,000,000, and is preparing to 
develop a large underground sulfur deposit near Matagorda, 
Texas.

A number of Danish soap factories have combined in a company 
called Dansk Saebeindustri, with a capital of $335,000, with 
the head office in Copenhagen.

The War Trade Board of the United States, Russian Bureau, 
Inc., has been incorporated under the auspices of the War Trade 
Board, at the direction of the President. Its capitalization 
is $5,000,000, and the company will engage in exporting need
ful commodities to Russia and bringing back Russian and 
Siberian raw materials, including platinum and raw materials 
necessary for the chemical industries.

Dr. Van H. Manning, director of the Bureau of Mines, has been 
instructed by Secretary Lane, of the Interior Department, 
to whom the task of stimulating domestic production of potash 
has been entrusted by a Presidential order dated November 
11, 1918, to make a survey of the domestic resources specified 
in the Minerals Bill recently passed by Congress.

Reports recently received by the U. S. Geological Survey 
show that domestic mines now supply nearly one-third of the 
high-grade manganese ore needed in this country, whereas in 
1917 the domestic mines supplied only one-sixth of the amount 
needed.

The Canadian Industrial Alcohol Co., Ltd., has been 
incorporated at Montreal, Canada, with a capital of $5,000,000.

A large phosphate washing, drying, and grinding plant is 
being built near the Century mines, Maury County, Tennessee, 
by the J. Ogden Armour Fertilizer Company of Chicago.

Mesothorium hks been developed by the Bureau of Mines 
as a substitute fof- radium used in the manufacture of luminous 
paints.

According to recent advices, pyrites mines have been opened 
in Cuba by proidinent American sulfuric acid interests, with 
the expectation that the material will replace former importa
tions from Spain.
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According to a recent tabulation by the Pulp and Paper 
Division of the War Industries Board the annual production 
of paper and paper products in the United States in 821 pulp 
and paper mills amounts to about 5,658,000 tons. Of this 
amount, the production of strictly chemical products amounted 
to 1,287,000 tons.

The Price Fixing Committee of. the War Industries Board 
has authorized the announcement that the maximum prices on 
sulfuric and nitric acids were discontinued on December 30, 
1918. The Committee expressed its appreciation of the hearty 
cooperation received from the industry.

Secretary Baker told the Congressional Appropriations Com
mittee 011 December 6, 1918, that the operation of the Muscle 
Shoals nitrate plants will probably be continued, and that the 
Neville Island plfint, under construction in the Ohio River, will 
be used for the making of powder and guns.

The H. W. Johns-Manville Co., of New York, manufacturers 
of magnesia products and asbestos, are planning the erection 
of a S3,000,000 plant at Waukegan, 111.

A  new refractory and abrasive material, called corindite, has 
been patented in France. The material is a vesicular mass 
containing many small crystals of alumina obtained when 
bauxite is melted by mixing it with anthracite and blowing 
air through the mixture.

According to the Weekly Bulletin of the Canadian Department 
of Trade and Commerce, a company in Milan, Italy, has been 
formed for the manufacture of white lithopone. The product 
has previously been obtained from Germany, but Italy possesses 
the necessary raw materials, and a promising start has already 
been made in the factory at Brescia.

A solder in which cadmium has been substituted for tin is 
being developed by the U. S. Bureau of Standards. Laboratory 
tests indicate that a material composed of 80 per cent lead, 
10 per ccnt tin, and 10 per cent cadmium will prove prac
tical.

NO TIC E— Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Department from which 
they originate. Commerce Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu
lar subscription rate for these Commerce Reports mailed daily is 
Î2 .50  per year, payable in advance, to the Superintendent of 
Documents.

CONG RESSIO NAL CO M M ITTEES

Minerals and Mineral Lands. The following five reports 
of congressional committee activities relate to various phases 
of this subject.

(1) Report of hearings on H. R. 11259, which provides for en
couragement in the production, conservation, and control 
of distribution of ores, metals, and minerals which have formerly 
been largely imported, or of which there is or may be inade
quate supply for war purposes. 672 pp.

(2) Report to accompany H. R. 11259, made as Senate 
Report 558; submitted to the Senate on September 5 by Mr. 
Henderson. 4 pp.

(3) Conference report on H. R. 112 5 9 ; submitted as Senate 
Document 281 on September 26. 5 pp.

(4) Conference report to the House of Representatives on 
H. R. 112 59; submitted as House Report 803 on September 
2 3 - 7 PP-

(5) Report to accompany Senate Joint Resolution 156, 

which suspends requirements of annual assessment work on 
mining claims during the continuation of the war; submitted 
in House Report 766, September 2. 1 p.

The entire capital stock of the Bayer Company, Inc., was 
sold at public auction on December 12, 1918, by Alien Property 
Custodian, A. Mitchell Palmer, to the Sterling Products Company, 
of Wheeling, W. Va. The price paid was $5,310,000. On 
December 15, H. F. Behrens, president of the Sterling Products 
Company, gave out the statement that the chemical end of the 
business of the Bayer Chemical Company had been sold by his 
company to the Grasselli Chemical Company, of Cleveland, for 
$2,500,000.

The scarcity of potassium cyanide has brought about the use of 
a so-called cyanide mixture composed of sodium cyanide and 
potassium chloride, which when dissolved forms potassium 
cyanide and sodium chloride. An equivalent of 98 per cent 
potassium cyanide can be obtained, and this reagent is found 
to answer the same purpose as the true potassium salt.

The American Potash and Nitrate Corporation has been 
formed under the laws of Delaware with a capitalization of 
$500,000. The incorporators are Robert Hobart, C. Fash, 
James F. Starek, and Elisha W. Kelly, of New York.

Manufacturers of cement, road oils, and other road-building 
materials have been advised by the Bureau of Foreign and 
Domestic Commerce that there is a promising field for their 
product in the Far East. China is especially strong in the 
purpose to build up a system of good roads for the development 
of natural resources. »

The Air Reduction Company, of New York City, is erecting 
an $80,000 chemical plant in Jersey City, N. J.

The Marden, Orth and Hastings Corporation has moved into 
its new quarters at 136 Liberty St. The following allied com
panies have their offices at the same address: Calco Chemical 
Co., United Oil and Chemical Co., Buttercup Oil and Tar 
Corporation, Edible Oil Co., Inc., Ruhm Phosphate Mining Co., 
and M. O. H. of the West Indies.

The Rector Chemical Company has opened a new factory in 
Brooklyn, N. Y ., where it will manufacture pharmaceutical 
preparations.

T A R IFF CO M M ISSIO N

Census of Dyes and Coal-Tar Chemicals, 1917. Tariff 
Information Series 6. 73 pp.

Glass Industry. Tariff Information Series 5. 147 pp-
This is a report on the influence of the war upon the glass in
dustry, including a discussion of new branches of industry, 
changes in manufacture and trade due to war conditions, hold
ing of export and domestic trade after the war, a discussion 
of glass trade conditions in European countries, including 
testimony of leading American glass manufacturers.

NATIO NAL M U SEUM

Power, Its Significance and Needs. C. G . G i l b e r t  a n d  

J. E. P o g u e . Bulletin 102, Part V . 53 pp. Paper, 10 cents. 
This is the fifth portion of a report on the mineral industries 
of the United States.

Petroleum: A Resource Interpretation. C. G . G i l b e r t  

a n d  J . E. P o g u e . Bulletin 102, Part V I .  76 pp. "This 
paper makes an economic study of the resource and the industry 
engaged in its development, and traces the causes of waste 
to certain maladjustments in the economic situation, pointing 
out how these may be remedied by a constructive economic 
policy applied to the matter. The desirability of developing 
shale oil to replace petroleum as it becomes incapable of meet
ing the demand is gone into and the advisability of using benzol 
and alcohol as substitutes for gasoline is considered. The 
natural gas industry is also treated.”

GEO LO G ICAL SUR V EY

Gypsum in 1917. R. W . S t o n e . Being a Separate from 
Mineral Resources of the United States, 19 17, Part II, pp. 
85-95- Published July 11 , 1918.

The quantity of crude gypsum mined in the United States

GOVERNMENT PUBLICATIONS
B y  R . S. M c B r i d b , Bureau of Standards, Washington
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in 1917 was slightly less than that mined in 1916, owing largely 
to a reduction in building operations in the last quarter of the 
year. The output nevertheless exceeded that of any year 
previous to 1916.

On the other hand, the total value of the crude and calcined 
gypsum produced in the United States in 1917 far surpassed 
that of any other year. In 1916, for the first time, the total 
value of gypsum products of the United States in a single year 
exceeded $7,000,000, but in 1917 they exceeded $10,000,000. 
The increase in ¿917 was $2,536,311, or 32 per cent over the total 
value in 1916, as compared with an increase of $3,000,000 in the 
ten years from 1907 to 1916.

Mineral Resources of Alaska. Report on Progress of In
vestigations in 1916. A. H. B r o o k s  a n d  O t h e r s . B ulletin  

662. 469 pp.
Asphalt Deposits and Oil Conditions in Southwestern Arkansas.

H. D. M i s e r  a n d  A. H. P u r d u e . Bulletin 691-J. Contri
butions to Economic Geology, 1918, Part II, pp. 271-292. 
Published August 16, 1918. “ Seven asphalt deposits, three of 
which are in Pike County and four in Sevier County, in south
western Arkansas, were examined by the writers “during the 
progress of the field work for the DeQueen-Caddo Gap folio, 
which is now in preparation. These deposits are all found 
at or near the same horizon in the Trinity formation. Only 
one has so far been developed into a mine from which asphalt 
has been shipped in commercial quantity. This deposit, which 
has been described by Hayes, is about 2 */* miles south-south
east of Pike, in Pike County. Of the other six deposits only 
three have been prospected.

“ There is no possibility that either oil in commercial quanti
ties or gas in large pools will be found in the Ouachita Mountain 
region of west-central Arkansas or in most of this region in 
Oklahoma. The carboniferous and older rocks have been 
so highly tilted and so much fractured and metamorphosed 
that if oil or gas were ever present in them the gas and much 
of the oil would have made their escape to the surface and 
the remainder of the oil would have been distilled to asphalt.”

Coal in 1916. C. E. L e s h e r . Mineral Resources of the 
United States, 1916, Part II, pp. 901-991. Published August 
17, 1918.

Tin in 19 17 . A. K n o p f . Mineral Resources of the United 
States, 1917, Part I, pp. 63-72. Published September 16,
191S.

The metallic tin estimated as recoverable from ore of domestic 
origin mined in 1917 was 90 short tons, a decrease of 50 short 
tons from the output of 1916. As in recent years, the bulk 
of the tin-bearing concentrate was obtained by dredges in 
Alaska, whose working season is limited by climatic conditions 
to less than 100 days a year. Part of the concentrate was 
shipped from Seattle to Singapore to be smelted and part was 
sent to the smelter at Perth Amboy, N . J.

The tin imported in 1917 as metal and metal in concentrate 
reached the record quantity of 77,866 short tons, or 57 per cent 
of the world’s output for the year. The metal imported and 
entered for consumption was 72,166 short tons, and the domestic 
smelter output was 6,000 tons. The total supply of new tin 
available for consumption was, therefore, 78,000 tons. It 
is estimated that an additional 17,500 tons of tin became avail
able by recovery from drosses and waste metals.

The unprecedentedly high prices of tin that, prevailed during 
the latter part of 1917 and that still prevail have stimulated 
interest in the deposits of tin ore in the United States. Refer
ences to the most recent published information on these deposits 
are given on pages 71-72. The known deposits are unfortunately 
small in number, and but few of these are commercially promis
ing. Governmental stimulation, therefore, is not likely to 
add significantly to the domestic supply of tin. It is not prob
able that the country will achieve in 1918 an output much

in excess of 200 tons of metallic tin from ores of domestic origin. 
The largest amount heretofore produced in any one year was 140 
tons, or 0.2 per cent of the imports for that year.

Silver, Copper, Lead, and Zinc in the Central States in 1917. 
J. P. D u n l o p  a n d  B . S. B u t l e r . Mines Report. Mineral 
Resources of the United States, 1917, Part I, pp. 73-130. Pub
lished October 24, 1918.

Fuller’s Earth in 1917. J. M i d d l e t o n . Mineral Resources 
of the United States, 1917, Part II, pp. 253-255. Published 
September 18, 1918.

The quantity, value, and average price per ton of fuller’s 
earth sold in 1917 were the largest ever recorded by the United 
States Geological Survey, the increase in quantity being 5,048 
short tons, or 7 per cent, and in value #69,681, or nearly 10 
per cent, over 1916, the previous leading year. Almost from 
the beginning of the industry in this country the quantity 
and value and the average price per ton of the domestic product 
have exceeded those of the imports. The quantity and the 
value of the earth produced in the United States in 1917 were 
more than four times as great as those of the earth imported, 
and the average price per ton of the domestic earth was 28 cents 
more than that of the imported earth. The apparent con
sumption— production plus imports— increased from 84,623 
short tons in 1916 to 89,864 tons in 1917, and the domestic 
fuller’s earth formed 81 per cent of the consumption in 1917, 
against 80 per cent in 1916.

The imports of fuller’s earth for consumption in 1917 showed 
a small increase in quantity— 193 tons— and a considerable 
increase in value— $36,753, or 26 per cent, compared with
1916. The increase in quantity was entirely in the unwrought 
or unmanufactured earth, the wrought or manufactured earth 
showing a decrease. Both varieties showed larf,e increase 
in value. The average price per ton for all imported earth 
increased $2.07, for unwrought earth $1.29, for wrought earth 
$2.16.

Asbestos in 1917. J. S. D i l l e r . Mineral Resources of 
the United States, 1917, Part II, pp. 197-204. Published 
September 18, 1918.

The total quantity of domestic asbestos reported to the Geo
logical Survey as sold in 1917 was 1,683 short tons, valued at 
$506,056, an increase in quantity of 204 short tons and in value 
of $57,842, representing about 13 per cent in both quantity 
and value of the product marketed in 1916.

The average price for the whole country of all grades of 
asbestos, both crude and mill fiber, was $301 a short ton, practi
cally the same as the average price for 1916. This average 
price is in strong contrast to the corresponding price of Canadian 
fiber, which in 1916 was $38.97, and in 1917 was $50.04 a short 
ton. This marked difference in the average price in the two 
countries is due to the larger proportion of crude fiber shipped 
without milling in the United States. In the United States 
nearly half of the total output is crude fiber, but in Canada 
less than a twentieth part is crude fiber.

The chief source of suppl es for the large manufacturers of 
asbestos in the United States is in imports mostly from Canada. 
The total imports of unmanufactured asbestos in 1917 were 
134,108 short tons, an increase of 15 per cent over the imports 
of 1916 and nearly eighty times the production of the United 
States in 1917.

On account of the increased demand for asbestos, prices
have continued to advance, especially for the Canadian fiber,
the prices for which in New York are given below.
R a n g e  o f  N e w  Y o r k  P r i c e s  p e r  T o n  f o r  C a n a d ia n  C h r y s o t ij u I  F i b e r

i n  1917
1917

N o. 1 crude............................................................  $700- $1 ,500
No. 2 crude............................................................  500- 900
No. 1 fiber..............................................................  150- 450
N o. 2 fiber ................................................  75 - 150
Shorter fibers.............................................   18- 75
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Silica in 1 9 1 7 . F. J. K a t z .  Mineral Resources of the 
United States, 1917, Part II, pp. 207-211. Published Septem
ber 13, 1918.

The reports to the United States Geological Survey on the
production in 1917 of silica for various uses considered in this
chapter are summarized in the following table. The combined
output of these materials increased 187 per cent in quantity
and 68 per cent in value in 1917, as compared with 1916.
S il ic a  S o l d  f o r  P o t t e r y , P a in t s , F i l l e r s , P o l i s h e r s , A b r a s iv e s , a n d  

O t h e r  U s e s  i n  1917
1917

Quantity Value
M a t e r ia l  Short Tons Dollars

Quartz (vein quartz, pegmatite, and quartzite). . . .  142,673 318,069
Sand and sandstone^)......................................................  532,454 1 ,195 ,142
Tripoli...................................................................................... 26 ,069 92,416
Diatom aceous earth(*)...................................................... 3 ,033  31 ,368

704,229 1 ,636,995
0 ) Includes only finely ground material. Figures probably incom

plete.
(J) Excludes California product used for filters and as insulating and 

fireproofing material.

So far as can be learned no true flint or chert has been pro
duced for consumption as crushed or ground silica in grinding 
mills in the United States. The manufacture of flint, chert, 
and quartzite blocks for tube-mill lining is reported in the 
chapter on abrasive materials.

Quartz from quartz veins, pegmatite, and quartzite, amount
ing to 142,673 short tons, valued at $318,069, was sold in 1917. 
This was an increase of 61 per cent in quantity and 31 per cent 
in value as compared with 1916. The increase in quantity 
was entirely in the quantity sold crude or merely crushed and 
graded.

The prices of crude quartz in 1917 ranged from $2 to $5.10 
a long ton and (exclusive of large quantities used in copper 
smelting and foundry work, valued at between 45 and 85 cents 
a ton) averaged S3.25, as compared with $2.37 in 1916 and $3.30 
in 1915. Prices for ground quartz ranged from $6 to $14 
a short ton and averaged $12.25, as compared with $9.09 in* 
1916 and $10.56 in 1915.

Abrasive Materials in 1 9 17 . F. J. K a t z . Mineral Resources 
of the United States, 1917, Part II. 20 pp. Published Septem
ber 24, 1918.

The total value of the abrasive materials which are considered 
in this report and which entered into trade in 1917 was $11,085,- 
147. This was an increase of $5,929,049, or 115 per cent as 
compared with 1916. There was an increase in the value of 
domestic production of natural and artificial abrasives amount
ing to nearly 30 and to more than 177 per cent, respectively, 
and imports increased about 46 per cent in value.

Among the natural abrasives a large gain was shown in pro
duction of grindstones and pulpstones, and there were gains 
also in production of oilstones, scythestones, emery, pumice, 
pebbles for grinding, and tube-mill lining (“ flint liners” ). The 
reported output of diatomaceous earth and tripoli and of garnet 
and millstones was less than in 1916. The total estimated 
value of different abrasive materials imported into the United 
States for consumption in the last four years is given in the 
following table:

M illstones and burrstones..................................................  $18,227
Grindstones and pulpstones............................................... 57 ,950
Hones, oilstones, and w hetstones....................................  10,636
Emery and corundum .......................................................... 210,602
Diatom aceous earth, tripoli, and rottenstone  17,864
Pum ice.......................................................................................  147,278
Diamond dust and bort...............................................   349,746

812,303
The artificial abrasives considered are of three kinds: (a) 

Metallic abrasives, manufactured by the Pittsburgh Crushed 
Steel Co., Pittsburgh, Pa., and including "diamond crushed 
steel” (crushed crucible steel), "angular grit” (crushed chilled 
iron), and "crushed cast iron;” (6) Silicon carbides— carbo
rundum, manufactured by the Carborundum Co., at Niagara 
Falls, N. Y .; crystolon, manufactured by the Norton Co., at

Chippewa, Ontario; and carbolon, manufactured by the Exolon 
Co., at Thorold, Ontario, and Blasdell, N . Y .; (c) Aluminum 
oxides— alundum, manufactured by the Norton Co., at Niagara 
Falls, N. Y ., and Chippewa, Ontario; aloxite, manufactured 
by the Carborundum Co., at Niagara Falls, N. Y ., Niagara 
Falls, Ontario, and Shawinigan, Quebec; exolon, manufactured 
by the Exolon Co., at Blasdell, N. Y ., and Thorold, Ontario; 
lionite, manufactured by the General Abrasives Co., Inc., 
at Niagara Falls, N. Y .

Besides the firms just mentioned which manufactured abrasives 
in 1917, the D. A. Brebner Co., Ltd., and the National Abrasive 
Company have plants at Hamilton, Ontario, for the manufacture 
of aluminum oxide abrasives. The product of the Brebner 
Company is named coralox.

So far as known to the Geological Survey these are the only 
artificial abrasives manufactured in North America. Artificial 
abrasives sold under other names are merely the above-named 
products marketed under special trade names or are imported 
products.
A r t i f i c i a l  A b r a s iv e s  P r o d u c e d  i n  t h e  U n i t e d  S t a t e s  a n d  C a n a d a  i n

1917
Quantity

Short
A r t i f i c i a l  A b r a s iv e s  Tons Value

Silicon carbide(a)............................................... 8 ,323 $1 ,074 ,152
Aluminum oxide(b)........................................... 48 ,463 6 ,9 6 9 ,3 8 7
M etallic abrasive(c).........................................  1,125 93 ,703

57,911 8 ,137 ,242
(а) "Carborundum,” “crystolon," "carbolon."
(б) "A lundum /’ "aloxite,” "exolon,” "lionite.”
(c) "Diamond crushed steel,” "angular grit,” "crushed cast iron.”

Bibliography of North American Geology for 1917. J. M. 
N i c k l e s . Bulletin 684. 154 pp.

Structure and Oil and Gas Resources of the Osage Reserva
tion, Oklahoma. W . B. E m e r y . Bulletin 686-B. 9 pp.

Geology and Oil and Gas Prospects of the Lake Basin Field, 
Montana. E. T. H a n c o c k . Bulletin 691-D. Contributions 
to Economic Geology, 1918, Part II. 47 pp. Published 
July 17, 1918.

Asphalt, Related Bitumens, and Bituminous Rock in 1 9 17 .  

J. D. N o r t h r o p . Mineral Resources of the United States, 
1917, Part II. 20 pp. Published October 22, 1918.

The quantity of native bitumens, pyrobitumens, ozokerite, 
and bituminous rock produced and sold at mines and quarries 
in the United States in 1917 was 80,904 short tons. This quantity 
was less by 17,573 tons, or 18 per cent, than the output of cor
responding materials in 1916.

The average price received for this material at the sources 
of production was $9.10 a ton and the market value of the entire 
production was $735,924, a loss of 27 cents a ton in average 
unit price and of $187,357, or 20 per cent, in gross market value, 
compared with 1916. A t the mines, gilsonite sold in 1917 for 
an average of $14.43 a ton, elaterite for $88.68 a ton, grahamite 
for $8 a ton, bituminous sandstone for $3.31 a ton, and bitum
inous limestone for $2 a ton. An analysis of the statistics of 
production in 1916 and 1917 shows gain in 1917 of 32 per cent 
in the output of gilsonite and of 350 per cent in the output of 
ozokerite, but loss of 51 per cent in the combined output of 
maltha, elaterite, and grahamite and of 34 per cent in the out
put of bituminous sandstone and bituminous limestone.

The gain in the output of gilsonite is ascribed to several factors, 
including the increased demand for marine paints and pro
tective coatings for steel work, of which that mineral forms 
the base, the increasing demand for automobile tires and other 
rubber products, in which gilsonite is used as a filler, and pre
sumably to a slight extent to increased utilization of gilsonite 
fluxed with petroleum in the manufacture of paving cements. 
The decreased output of elaterite and grahamite was undoubtedly 
due to the cost of mining and marketing these materials and to 
the strength of the market competition with certain grades of 
oil asphalt.
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The gross sales of manufactured asphalt derived from Mexican 
petroleum included 338,485 tons of solid and semi-solid products, 
valued at $4,657,152, an average of $13.76 a ton, and 307,128 
tons of liquid products, valued at $2,784,661, an average of 
$9.07 a ton.
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B a r iu m  P r o d u c t s  o f  D o m e s t i c  M a n u f a c t u r e  S o l d , 1 9 1 5 -1 9 1 7

P r o d u c t  
Barium chem icais(a). 
Ground barytes..........

1915 1916 1917
Quantity Quantity Quantity

Short Short Short
Tons Tons Tons
8,823 16,792 22,503

51,557 65,440 52,694
46,494 51,291 63,713

106,874 133,523 138,910

A s p h a l t  f r o m  D o m e s t i c  a n d  f r o m  M e x i c a n  P e t r o l e u m  M a r k e t e d  in  
t h e  U n i t e d  S t a t e s , 1 9 0 2 -1 9 1 7

Compared with the prices received in 1916 for corresponding 
products those received in 1917 for the solid and semisolid 
varieties averaged $1 a ton higher, and those received for the 
liquid varieties 66 cents a ton higher.

(a) In order to avoid duplication of figures, barium chemicals manu
factured from secondary products bought in open market are not included in 
table.

According to statistics collected by the Bureau of Foreign 
and Domestic Commerce, Department of Commerce, and com
piled by J. A. Dorsey, of the United States Geological Survey, 
the imports of barium products in 1917 were valued at only 
$53,150, a decrease of more than $400,000, or 88 per cent, from 
the imports in 1916. As is shown in the following table, the 
larger part of the imports consisted of lithopone and natural 
barium carbonate, though some ground barytes, precipitated 
barium carbonate, and blanc fixe were imported. It is believed 
that imports of barium products can be further restricted if 
necessary to release more shipping.
V a l u e  o f  B a r iu m  P r o d u c t s  E n t e r e d  f o r  C o n s u m p t io n  i n  t h e  U n i t e d  

S t a t e s , 1917
Manufactured barytes(a) ................................ .................. $1,743
Lithopone....................................................................................... 29 ,199
Barium carbonate:

N atural....................................................................................  17,321
M anufactured.......................................................................  1,554

Barium binoxide.......................................................................
Barium chloride............................................ ...........................
Blanc fixe or artificial barium sulfate................................... 3 ,333

5 3 ,1 5 0
(a) "Manufactured barytes," as given by the Bureau of Foreign and 

Domestic Commerce, is believed to be the equivalent of ground and floated 
barytes as used by the Geological Survey.

B a r iu m  C h e m ic a l s  o f  D o m e s t ic  M a n u f a c t u r e  S o l d , 1 9 1 5 -1 9 1 7

C h e m ic a l  
Barium binoxide.

Barium nitrate............................
Barium sulfate (blanc fixe) . . .  
Other barium chem icals(b).. .

P r o p o r t io n  o f  E a c h  P r i n c i p a l  V a r i e t y  o f  D o m e s t i c  A s p h a l t i c  
M a t e r i a l , I n c l u d in g  M a t e r ia l  M a n u f a c t u r e d  f r o m  C r u d e  P e t r o 
l e u m  o f  D o m e s t i c  O r i g i n , M a r k e t e d  i n  t h e  U n i t e d  S t a t e s  in  1 9 1 6  

a n d  1917

The accompanying figures show graphically the trend of 
the market for manufactured asphalt in the United States since 
1902.

Structure and Oil and Gas Resources of the Osage Reserva
tion, Oklahoma. K. C. H e a l d . Bulletin 686-E. 17 pp.

Barytes and Barium Products in 1917. J. M. H il l . Mineral 
Resources of the United States, 1917, Part II. 7 pp. Published 
October 14, 1918.

During 1917 the domestic crude barytes marketed amounted 
to 206,888 short tons, valued at $1,171,184. As will be seen from 
the table below, this was a decrease in quantity of 15,064 tons, 
or about 7 per cent, from the very large production of barytes 
in 1916, but an increase in value of $159,952, or nearly 16 per 
cent. The average price of $5.66 a short ton in 1917 exceeded 
by $1.10 the price in 1916 and by a still larger amount the price 
in any preceding year. With the exception of South Carolina, 
all producing states showed a marked increase in price. In 
Missouri the average price was approximately $6.60 a ton, 
but in the other states the averages ranged from $4.50 to $5.80 
a ton. The smallest advance was 12 cents a ton, in Virginia; 
the greatest was $1.58 a ton, in Georgia.

As will be seen from the following table, the sales of barium 
chemicals and lithopone were larger in 1917 than in 1916, the 
expansion of the barium chemical industry being particularly 
marked. The sales of ground barytes, however, declined 
considerably.

(а) Included under “other barium chemicals.”
(б) Includes, 1915: Binoxide, hydroxide, sulfate, sulfide, and other 

barium chemicals not specified; 1916: Hydroxide and sulfide; 1917: Bin
oxide, hydroxide, and sulfide.

Gold, Silver, Copper, and Lead in Alaska in 1 9 x 7 . G. C . 
M a r t i n .  Mineral Resources of the United States, 1917, Part
I. 15 pp. Published November 21, 1918.

Structure and Oil and Gas Resources of the Osage Reserva
tion, Oklahoma. D. E. W in c h e s t e r . Bulletin 686-C. 5 pp.

Relations of Late Paleozoic and Early Mesozoic Formations 
of Southwestern Montana and Adjacent Parts of Wyoming.
D. D. C o n d i t . Professional Paper 120-F. Shorter contribu
tions to General Geology, 1918. 11 pp. Published October 21,
1918.

A Description of the Quantitative Classification of Igneous 
Rocks with Tables for the Calculation of the Norm. H. S.
W a s h in g t o n . Extract from Professional Paper 99. Ap
pendices 1-5. 35 PP-

B U R E A U  OF M IN ES

Efficiency in the Use of Oil Fuel. J. M. W a d s w o r t h . 86 
pp. Paper, 15 cents. Published August 1918. A handbook 
for boiler-plant and locomotive engineers.

How to Improve the Hot-Air Furnace. C . W. B a k e r . Tech
nical Paper 208. 20 pp. Paper, 5 cents. Published October 
1918.

Economic Operation of Steam Turbo-Electric Stations. C. 
T. H ir s h f e l d  a n d  C. L. K a r r . Technical Paper 204. 29 
pp. Paper, 5 cents. Published June 1918.

Saving Coal in Boiler Plants. II. K r e i s i n g e r . Technical 
Paper 205. 24 pp. Paper, 5 cents. Published July 1918.

1915 1916 1917
Quantity Quantity Quantity

Short Short Short
Tons Tons Tons

(a) 1,980 (a)
2 ,746 6,844 8 ,238
2,106 3,643 4 ,870

971 446 165
(0) 3 ,337 6,314

3 ,000 542 2,916

8,823 f 16,792 22,503
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Gold Dredging in the United States. C . J a n i n . Bulletin 
127. 226 pp. Paper, 50 cents. Published May 1918.

Use of the Hydrogen-Volatile Matter Ratio in Obtaining 
the Net Heating Value of American Coals. A . C . F ie l d n e r  
a n d  W. A. S e l v ig . Technical Paper 197. 13 pp. Paper, 5 cents. 
Issued September 1918.

Production of Explosives in the United States during the 
Calendar Year 19 1 7 . A. H . F a y .  Technical Paper 192. 21 

pp. Paper, 5 cents. Issued July 1918. Contains notes 
on coal-mine accidents due to explosives and list of permissible 
explosives tested prior to April 30, 1918.

Low-Rate Combustion in Fuel Beds of Hand-Fired Furnaces. 
H. K r e i s i n g e r , C . E . A u g u s t i n e  a n d  S. H. K a t z . Technical 
Paper 139. 54 pp. Paper, 10 cents. Issued June 1918.

The Tars Distilled from Bituminous Coal in Hand-Fired 
Furnaces. S. Ii. K a t z . Technical Paper 195. 20 pp. Paper,
5 cents. Issued March 1918.

Methods for Routine Work in the Explosives Physical Labora
tory of the Bureau of Mines. S. P. H o w e l l  a n d  J. E. T i f f a n y . 
Technical Paper 186. 63 pp. Paper, 10 cents. Issued M ay
1918.

D E P A R T M E N T  O F  A G R IC U L T U R E

Neufchatel and Cream Cheese: Farm Manufacture and Use.
K. J. M a t h e s o n  a n d  F. R. C a m m a c k . Farmers’ Bulletin 
960- 35 PP- Contribution from the Bureau of Animal In
dustry.

Typical Specifications for Bituminous Road Materials. P. 
H u b b a r d  a n d  C. S . REEVE. Department Bulletin 691. 60
pp. Paper, 10 cents. Issued July 10, 1918. Contribution 
from the Office of Public Roads and Rural Engineering.

A r tic le s  f r o m  t h e  J o u r n a l  o f A g r ic u l t u r a l  R e s e a r c h

Influence of Humidity upon the Strength and the Elasticity 
of Wool Fiber. J. I. H a r d y . 14, 2 8 5-296 (A u gu st 19).

Availability of Potash in Some Common Soil-Forming Minerals 
and Effect of Lime upon Potash Absorption by Different Crops. 
J. K . P l u m m e r . 14, 297-316 (August 19).

Influence of Reaction on Nitrogen-Assimilating Bacteria. 
E. B. F r e d  a n d  A. D a v e n p o r t . 14, 317-334 (August 19).

Acidity of Silage Made from Forage Crops. R. E. N e i d i g . 
14) 395_4io (September 2).

Comparative Toxicity of Cottonseed Products. W. A. W ith 
e r s  a n d  F. E. C a r r u t h . 14, 425-451 (September 2).

Variations in the Moisture Content of the Surface Foot of 
a Loess Soil as Related to the Hygroscopic Coefficient. F. J. 
A l w a y  a n d  G. R. M c D o l E. 14, 453-480 (September 9).

B U R E A U  O F  F O R E I G N  A N D  D O M E S T I C  C O M M E R C E

Standard Specifications for Structural Steel for Buildings. 
Industrial Standards Series. 21 pp. Paper, 5 cents.

C O M M E R C E  R E P O R T S — N O V E M B E R  1918

A summary is given of measures taken in Great Britain to 
develop the manufacture of optical glass and chemical glassware. 
Strict government control was exercised, both over raw materials, 
glass pots, and finished products. During the first quarter of 
1918 the output of optical glass in England was 90 times that 
in the same period in 1913 and 10 times the total consumption 
for the 1913 period. Seventy-five kinds of optical glass are 
being made in England. (Pp. 441-443)

Exports of Chinese wood oil from China to the United States 
are again increasing. Through the Browne heat test, adultera
tion of the oil has been almost eliminated. The oil is shipped 
in kerosene cans, as loss arose from shipping in casks. (P. 476)

The first shipment of hematite from British Columbia to the 
United States has just been made to the smelter at Irondale, 
Wash. (P. 484)

In order to furnish oils for edible and industrial uses, and 
cattle food as well, efforts have been directed in Denmark to the 
cultivation and pressing of mustard, sunflower, flax, and poppy 
seed, and beech nuts. (P. 486)

In connection with the British control of the acid and fertil
izer industries, the supply, price and distribution of pyrites and 
pyrite cinder, sulfuric acid, niter cake, phosphate rock, super
phosphate, ammonia, ammonium sulfate, and basic slag are 
controlled by a system of licensing. Great economies have 
been effected by elimination of long hauls and by utilization 
of the niter cake. (Pp. 502-505)

Recently there was held in London a “ K ey Industries Ex
hibition” to illustrate the progress in those industries which, 
while not large, are essential to other and greater industries. 
It is interesting to note that most of these key industries are 
chemical industries, e. g., dyes, optical glass, tungsten, lead, 
graphite, spelter, rubber, and antimony. (Pp. 513-514)

The production of coconut fiber, copra, and coconut oil in 
Trinidad is described in detail. (Pp. 535-543)

A new plant has been erected in Argentine for the manufacture 
of argols and grape-seed oil. (P. 546)

The United States High Commission has recommended the 
adoption of the metric system to improve commercial re
lations with other American republics. (P. 628)

The Bureau of Foreign and Domestic Commerce has published 
in Spanish and English standard steel specifications of the 
A. S. T. M. for use in Latin-American countries. (P. 633) 

White arsenic is being manufactured successfully from mis- 
pickel in Rhodesia. It is used principally in sodium arsenite 
and arsenical dips for South Africa. (P. 643)

Extensive explorations for oil are being conducted in Great 
Britain with American equipment and under the direction of 
an American superintendent. (P. 658)

The mineral output of Burma is increasing. It  includes 
petroleum and ores of tungsten, lead, silver, tin, zinc, iron, 
gold, molybdenum, bismuth, antimony, platinum, and copper. 
(P. 684)

The output of chromium ore in Canada has increased and the 
production of ferrochrome has been started. (P. 769)

A detailed report is given on numerous Chinese mineral 
products, including alum, antimony, arsenic, asbestos, borax, 
copper, gold, iron ore, jade, lead potash, mercury, arsenic, 
salt, silver, soapstone, tin, tungsten ore, and zinc. (Pp. 785-792) 

Switzerland’s dependence on Germany for iron and steel 
arises from the lack of coal and iron deposits. Only one small 
blast furnace and a few small steel works are operated in Switzer
land. (P. 810)

S p e c i a l  S u p p l e m e n t s

P a n a m a — 35a 
C o l o m b ia — 42a 
A u s t r a l ia — 606 
B r i t i s h  E a s t  A f r ic a — 656

G r e e c e — 76 
S p a i n — 15c 
S w it z e r l a n d — 176 
E n g l a n d — 19i 
M e x i c o — 3 2 c

S t a t is t ic s  ok  E x p o r t s  t o  t h e  U n i t e d  S t a t e s

E n g l a n d — Sup. 19*
Fuller's earth
Hides
Iron ore
Sal ammoniac
Oxalic acid
Alum
Barium carbonate 
Carbolic acid 
Creosote 
Naphthalene 
Glue
Gum copal
Castor oil
Palm kernel oil
Recfe seed oil
Bluing
Iron oxide
Paris white
Driers
Ultramarine
Rubber
Antimony
Barium peroxide
Strontium  carbonate
Fluorspar

S w it z e r l a n d — S u p .
176 

Chemicals 
Aniline dyes 
Artificial indigo 
Artificial silk 
Glycerin 
Saccharine 
Synthetic perfumes

A u s t r a l i a — Sup. 606
Chrome ore
C o p r a
Hides
Nickel matte 
Coconut oil 
Eucalyptus oil 
Osmiridium  
Tin

M e x i c o — Sup. 32c
Chicle
Copra
Hides
Logwood
Rubber
Gold
Silver
Copper
Lead
Sugar
Wax
Mercury
Antimony
Cottonseed oil

■Sup. 76G r e e c e -  

Opium 
Magnesite 
Saffron
Tanning materials
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BOOK REVIEWS
The Treasures of Coal Tar. By A l e x a n d e r  F in d l a y , M.A., 

P h .D . ,  D .S c ., F .  I. C., Professor of Chemistry in the University 
of Wales and Director of the Edward Davies Chemical Labora
tories, Aberystwyth. 138 pp. D. Van Nostrand Company, 
New York, 1918. Price, $2.00.
The author, in the preface, sets forth his object of publishing 

this small book as being a promotion of the better understand
ing by the people as a whole (in England) of the nature and 
complexity of the problems involved in the utilization of coal 
tar, with special emphasis on the subject of dyes which, he states, 
are so necessary for the maintenance of the textile industry.

The same situation as exists in England exists also in the Uni
ted States, and the call for a book on the production and utiliza
tion of coal tar in language intelligible to the layman is a very 
real one.

It is also quite true of America, as of England, that a more 
general appreciation of the ultimate results of work in pure re
search should be fostered, and the author brings out this point 
in relation to England most clearly in his preface. It was, there
fore, with a great deal of anticipation that the book was re
ceived.

Chapters 1, 2, and 3 deal, respectively, with the production 
of coal tar, the distillation of coal tar, and the constituents of 
coal tar and their application in the raw state. In these chap
ters are contained the outlines of the history of the production 
of gas, coke, and coal tar as well as a general description of 
present-day practice. Scattered through the descriptive mat
ter are numerous statistics. The separation of coal tar into its 
various fractions is outlined, and the fractions briefly described. 
All of this matter is given with substantial accuracy and in 
language which should be readily understood by any reader.

In the beginning of Chapter 3, the author lays emphasis on 
the fact so frequently overlooked by those not connected with 
the industry, that although the dyestuffs, drugs, and explosives 
made from the constituents of coal tar appeal more to the imagina
tion of the layman, yet “ there are other industries dependent 
on the distillation products of coal tar * * * * which

* * * * together make up a large part of the wealth de
rived from coal tar. Indeed, it is probably to these industries 
which depend on the use of coal-tar products in the raw state 
that the tar distiller mainly looks for the maintenance of his 
profits.”

Chapter 3, therefore, deals with the uses of the benzols and 
naphthas as solvents, phenol and cresol as disinfectants, creosote 
oil as a wood preservative, and refined tars and pitch for road 
work, saturating felt, etc.

So far, the intention of dealing with the subject without the 
use of technical terms has been carried out, but in Chapter 4 
the author endeavors to lead the reader into making a mental 
effort to grasp the distinction between atom and molecule, the 
meaning of valency, the difference between saturated and un
saturated hydrocarbons, the chemist’s means of depicting sub
stances by their formulas, and the theory of molecular struc
ture, with several other explanations, such, for instance, as isom
erism.

While there is no denying that the subjects covered are well 
treated and condensed, yet the impression conveyed when com
ing on this chapter is that the author after further considera
tion decided it was easier to educate the reader in the rudiments 
of chemistry than to explain the relation of dyestuffs to coal- 
tar products without the aid of formulas and symbols. In fact, 
the author devotes the last two pages of the chapter to the 
justification of urging the layman to endeavor to understand 
formulas. However, it can hardly be denied that the charac
ter of the book changes from this point on, and it becomes rather

an elementary description of the coal-tar dyes, drugs, and ex
plosives for those who have specialized in other lines of chemis
try, and can refresh the studies they made of the aromatic 
compounds in younger days, or for those who, in their training, 
received a little instruction in chemistry and are anxious to in
crease their elementary knowledge. It is impossible to con
ceive that more than one in ten of the average readers who 
might very well be seekers after some deeper information on 
this topic would come through the chapters on dyes with other 
than a confusion of ideas.

It is, therefore, necessary to view the balance of the book 
from a slightly different angle.

There are four chapters on the subject of dyes. The first is a 
general chapter containing some interesting historical notes 
and relating more particularly to the so-called aniline dyes. 
The second chapter is devoted to azo dyes; the third to antliracin 
and vat dyes; and the fourth to indigo and its derivatives.

The chapter 011 “ The Production of Dyes from Coal Tar,” 
the first of the four, is quite elementary, and gives a good view 
of the simpler dyes, and is especially full of historical data. 
It also explains the relation of chromophores to the dyes.

The chapter on azo dyes is fairly elementary, but each chap
ter becomes less so, until the chapter on indigo appears not 
unlike the usual technical description.

The chapter on “ Drugs, Perfumes, and Photographic De
velopers” is a particularly interestingly condensed history of 
these products of coal tar.

The last chapter, that on “ Explosives,” is of particular at
traction in these war times, and could be read with interest 
and profit by any chemist who has not specialized in explosives, as 
well as laymen. There is more familiarity among the people 
at large with the explosives, such as picric acid and TN T, than 
with the chemical names of dyes and their intermediates, and 
no doubt this chapter could be absorbed to better advantage 
than the previous ones.

Let us hope, however, that familiarity with chemical names 
and processes will become more and more universal, and we 
believe that many more can appreciate this book now than could 
a few years back. If the majority of readers, however, in Eng
land, can absorb the facts presented in this book to-day, then 
they have advanced farther than we have in the United States, 
and we hope the time will come with us when such a book will 
be generally understood. D. H. J a y n e

Metallurgical Calculations. By J o s e p h  W. R ic h a r d s , A.C.,
Ph.D., Professor of Metallurgy in Lehigh University, xxiii
+  675 PP- McGraw-Hill Book Company, Inc., New York,
1918. Price, $5.00 net.
This volume is the collection, re-arrangement, and enlarge

ment of a series of papers first printed serially, subsequently is
sued in three separate parts, and now published in a single vol
ume. The book as a whole may be considered a study of energy 
changes, thermo and electric, as applied to metallurgical opera
tions. In Part I the author discusses Chemical and Thermal 
Principles, Problems in Combustion, and Radiation and Con
duction of Heat; in Part I I ,  Application to the Metallurgy of 
Iron and Steel; in Part III, Applications to Other Metals (non- 
ferrous). Under each part is a series of chapters in each of 
which is discussed a great variety of metallurgical reactions 
bearing upon some phase of the subject, and under each chap
ter a series of problems. As an example of the variety of sub
jects covered, the titles under Part III are here quoted: Balance
Sheet of the Blast Furnace, Calculation of Furnace Charge, 
Utilization of Fuel in the Blast Furnace, Heat Balance Sheet 
of the Blast Furnace, Rational of Hot Blast and Dry Blast, The
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Bessemer Process, Thermo-Chemistry of Bessemer Process, 
Temperature Increment in the Bessemer Converter, Open- 
Hearth Furnace, Thermal Efficiency of Open-Hearth Furnace, 
Electrometallurgy of Iron and Steel, Problems for Practice.

It  will be seen that the book is made up of a multiplicity of 
detail, of an infinite mass of data, collected and arranged in 
logical order.

Each subject is studied thoroughly and the book should lead 
to a more intelligent understanding of quantitative metallurgy.

H e n r y  F a y

The Metallurgists’ and Chemists’ Handbook. By D o n a l d  M. 
L id d e l l . Second Edition. McGraw-Hill Book Company, 
Inc., New York, 1918. Price, $4.00 net.
The additions made in this second edition of Liddell’s Hand

book have been, as stated in the author’s preface, "largely 
those bearing on war activities such as additional information 
on alloys and toxic gases.”  The arrangement is practically 
the same as in the first edition, a short chapter having been 
added "to serve as a reminder of simplest formulas and proper
ties of the more common organic compounds.”

The sections are as follows:
Section I— Mathematics
Section II— Price and Production Statistics
Section III— Physical Constants 
Section IV— Chemical Data 
Section V— Sampling, Assaying tmd Analysis
Section VI— Ore Dressing 
Section VII— Cyanidation 
Section V III— Fuels and Refractories 
Section IX — Mechanical Engineering and Construction 
Section X — General Metallurgy 
Section X I— Organic Chemistry 
Section X II— First Aid 

The main criticism that may be made of the book is the in
adequate treatment of some divisions. The author forestalls 
criticism in this respect in his preface to the first edition thus: 
“ This book is a * * * * collection of tables, those which
my own experience * * * * *  have led me to believe 
were most necessary to the chemist and metallurgist * * * .
Certain sections will probably be criticised for their brevity, but 
these treat of those processes where there are no tables of con
stants, and the matter must either be descriptive or else non
existent." Certain sections which are now somewhat disap
pointing, notably that on copper leaching, will doubtless be 
amplified in later editions.

The Handbook is well worth buying, and is especially valua
ble in that it contains, in addition to the usual tables and data, 
a mass of tabulated data of value to the student and professional 
man, and not collected or easily accessible elsewhere.

The author, nevertheless, displays some unnecessary pessi
mism regarding the fruits of his labors, in stating in his preface: 
"H e (Mr. Barbour) is doubtless the only man beside the author 
who will ever read the entire book.”  Also it is evident in the 
chapter on First Aid that Mr. Liddell accepts no responsibility 
as to the efficacy of the antidotes for poisons, since he gives 
as the last step in the treatment of cyanide poisoning: "Then 
call the undertaker.”

G. D. V a n  A r s d a l e

Colour and Its Relation to Chemical Constitution. B y E. 
R . W a t s o n . 197 pp. Longmans, Green & Company, 
New Y o r k  and London, 1918. Price, $4.00.

This book is one of a series of Monographs on Industrial 
Chemistry, which is being edited by Sir Edward Thorpe, C.B., 
LL.D., F.R.S., Emeritus Professor of General Chemistry in 
the Imperial College of Science and Technology, South Kensing
ton, England. It fortunately appears at a time when it is very

essential that the more important theoretical speculations 
bearing on the subject of color chemistry should be presented 
for the guidance of our future investigators in this rich field of 
work. We have no good summary of this subject in our lang
uage and this work of Watson’s not only opens up a new sub
ject to us and meets a long-felt want, but also should serve as 
a guide and stimulus for young researchers to interest them
selves in a field which offers great possibilities. The time is 
now ripe for new developments in this field in this country.

The work is based on a course of lectures delivered at the 
University of Leeds in 1917, which have been expanded into a 
readable book giving a connected and simple account of the 
most important lines of color research and the fundamental 
theories which have hitherto been proposed to explain the cause 
and nature of color. A  most valuable feature of the book is 
an excellent and very complete bibliography of works of reference 
which has been incorporated. The book should be in every 
chemical library and especially on the bookshelf of our graduate 
schools for the reading of advanced students who are working 
for advanced degrees in chemistry.

T r e a t  B. J o h n s o n

Nomon: Sugar Technologists’ Edition. An adaptation of the 
Nomon designed by Horace G. Doming. B y  A. F. B l a k e , 

Chief Chemist, Atlantic Sugar Refineries, Limited, St. John, 
N. B. In 6 sections. For reading purity exponents from 
Brix and polarization. The Nomon Sales Agency, Urbana, 
111. Price, $1.50.
Mr. A. F. Blake, chief chemist of the Atlantic Sugar Re

fineries Limited of St. John, N. B., Canada, has arranged a 
special form of nomon, i. c., nomographic reckoner, for calculat
ing the purities of sugar solutions from the observed density 
in degrees Brix and the polarization.

This tabular arrangement is a modification of the original 
general tables invented by Dr. Horace G. Deming of the Uni
versity of Illinois and described in the Journal of the American 
Chemical Society, 39 (1917), 2137.

Ordinarily the exponent of purity is calculated by the Casa- 
major method employing the formula, Exp. = Pol. X 

26
-— —   , and while this formula is ordinarily simplified
Sp. Gr. X Brix

26
by use of a table of factors covering the values o f ------------------

Sp. Gr. X Brix
for every degree Brix, it still is cumbersome, requiring reference 
to the table of factors and a multiplication for each test, or 
else the calculation and printing of extremely extended tables 
to cover the possible range of degrees Brix and all thepolarizations.

The sugar nomon as published consists of a few heavy sheets 
of cardboard, 9*/s X 12 in., on each of which is printed a set 
of eleven accurately subdivided scales all arranged vertically 
except the one at the extreme right, which inclines outward 
toward the top, at an angle of about 30 degrees. The others 
are placed at very precisely varying distances from each other. 
Their graduations are so arranged that if a straight edge is laid 
upon the figure representing the degrees Brix in the left-hand 
column and is swung around until it also crosses the right-hand 
column at the figure representing the second and third numbers 
in the polarizarion, the purity of the solution may be read 
immediately at the point of intersection with that vertical column 
whose position in the series corresponds with the first digit 
in the polarization.

The design is so clever and its operation so simple it must 
commend itself to all who see it and it will prove a very ac
ceptable help in all sugar laboratories.

As any ordinary calculation may be made on the nomon that 
can be made on the slide rule and with greater ease and accuracy, 
it will be found very serviceable by chemists generally.

W. D. H o r n e
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NE.W PUBLICATIONS
Alternating Current Electrical Engineering. P h i l i p  K e m p .  8 v o . 5 0 5  

pp, Price, 17s. The Macmillan Co., London.
Asphalts and Allied Substances; Their Occurrence, M odes of Production, 

U ses in the Arts and M ethods of Testing. H e r b .  A b r a h a m .  8 v o .  
606 pp. Price, $5.00. D. Van Nostrand Co., New York.

Chemical Analysis: Qualitative Chemical Analysis; A Laboratory Guide.
W. W. Scott. 3rd Ed. Revised and enlarged. 12mo. 350 pp. Price,
$3.00. D. Van Nostrand Co., New York.

Chemistry: Industrial and Manufacturing Chemistry. I. Organic.
G e o f f r e y  M a r t i n  4th Ed. Revised and enlarged. 764 p p .  Price, 
36s. Crosby Lockwood & Son, London.

Chemistry: Industrial and Manufacturing Chemistry. II, Inorganic.
Vol. 1. G e o f f r e y  M a r t i n .  2nd Ed. 516 pp. Price, 28s. Crosby 
Lockwood & Son, London. ,

Chemistry: Introduction to Organic Chemistry. J. T . S t o d d a r d .  2nd
Ed. Revised. 12mo. 423 pp. Price, $1.50. P. Blakiston’s Son &
Co., Philadelphia.

Chemistry: Laboratory Exercises in General Chemistry. W. M .
B l a n c h a r d .  2nd Ed. 12mo. 156 p p .  Price, $1.00. D . Van N os
trand Co., New York.

Chemistry: Organic Chemistry for Advanced Students. Vol. 1, Re
actions; Vol. 2, Structure; Vol. 3, Synthesis. J. B . C o h e n . 2nd Ed. 
Price, 18s. each. E. Arnold, London.

Chemistry of Synthetic Drugs. P e r c y  M a y .  2nd Ed. Revised and 
enlarged. 8vo. 256 pp. Price, 10s. 6d. Longmans, Green &_Co., 
London. .

Dyes: Application of the Coal-Tar Dyestuffs. The Principles Involved
and the M ethods Employed. C. M .  W h i t t a k e r .  8vo. 2 2 5  pp. Price, 
7s. 6d. Bailli^re, Tindall & Cox, London.

Ether: l’Ether, Moteur Unique des Forces M aterielles. J. Le H a r b o n -  

n i e r .  6f. Plon-Nourit & Co., Paris.
Explosives: High Explosives; A Practical Treatise. E. D b  W. S. C o l v e r .

8vo. 860 pp. Price, $20.00. D . Van Nostrand Co., New York. 
Fertilizer: M ining and Manufacture of Fertilizing Materials and Their 

Relation to Soils. S. L .  L l o y d .  12mo. 153 pp. Price, $2.00. D.
Van Nostrand Co., New York.

Flotation Process. H. A . M e g r a w .  2nd Ed. Revised and enlarged.
8vo. 359 pp. McGraw-Hill Book Co., New York.

Ingots and Ingot M oulds. A. W. a n d  H a r r y  B e a r l e y .  8 v o .  233 pp.
Price, 16s. Longmans, Green & Co., London.

Iron Ration; Economic and Social Effects of the Allied Blockade on Ger
many and the German People. G. A. S c h r e i n e r .  8 v o . 380 pp. 
Price, 10s. 6d. Murray, London.

Metallurgy of Iron. T h o m a s  T u r n e r .  5th Ed. Revised and enlarged.
8vo. 451 pp. Price, 18s. Charles Griffin & Co., London.

Mineralogy: Handbook of Mineralogy, Blowpipe Analysis and Geometrical 
Crystallography. G. M . B u t l e r .  3 volumes in one. 16mo. Price, 
$3.50. John W iley & Sons, New York.

Mining: Physics and Chemistry of Mining and M ine Ventilation. J. J. 
W a l s h .  2nd Ed. Revised and enlarged. 12mo. 219 pp. Price,
$2.00. D . Van Nostrand Co., New York.

Oil: Laboratory Book of Mineral Oil Testing. J. A . H i c k s .  3rd Ed.
Revised. 8vo. 93 pp. Price, 3s. 6d. Charles Griffin & Co., London. 

Petroleum Refining. A n d r e w  C a m p b e l l  8vo. 313 pp. Price, 25s.
Charles Griffin & Co., London.

Sheet Metal: Essentials of Sheet M etal Work. J .  S. D a u g h e r t y .
12mo. 181 pp. Pric.*, $1.50. F . J. Drake & Co., Chicago.

Sheet M etal Workers’ Manual. L. B r o e m e l  a n d  J. S. D a u g h e r t y . 
16mo. 552 pp. Price, $2.00. F. J. Drake & Co., Chicago.

RECENT JOURNAL ARTICLES

Aluminum and Its Light Alloys. Bibliography. P .  D .  M e r i c a .  Chemical 
and Metallurgical Engineering, Vol. 19 (1918), No. 10, pp. 729-732. 

Ammonia: The Manufacture of Liquid Ammonia. W . G r e a v e s .
Chemical News, Vol. 117 (1918), N o. 3060, pp 350-351.

Aniline Stannichloride: Preparation and Properties of Aniline Stanni- 
chloride. J. G. F. D r u c e .  Chemical News, Vol. 117 (1918), No. 3060, 
pp. 346-348.

Arc Welding: Inspecting M etallic Electrode Arc W elds. O . S .  E s c h o l z .
The American Drop Forger, Vol. 4 (1918), No. 11, pp. 448-450.

Ball and Scleroscope Hardness. A. F . S h o re . The American Drop 
Forger, Vol. 4 (1918), No. 11, pp. 453-457.

Black Finishes on Iron and Steel; A Discussion of the M ost Suitable Pro
cesses for Commercial Operation Based on Large Scale Production. 
E. S. W h i t t i e r .  The Metal Industry, Vol. 16 (1918), No. 11, pp. 509- 
510.

Chromite. J. C. W i l l i a m s .  Chemical News, Vol. 117 (1918), N o. 3060, 
pp. 348-350.

Chromite: Sampling and Analysis of Chromite. A . A .  H a n k s .  M ining
and Scientific Press, Vol. 117 (1918), No. 20, pp. 654-655.

Clay Fire Bricks: Porosity and Volume Changes of Clay Fire Brick at 
Furnace Temperatures. G. A . L o o m i s . Journal of the American 
Ceramic Society, Vol. 1 (1918), No. 6, pp. 384-404.

Cobalt: Method for the Calorimetric Estimation of Cobalt. E. G. J o n e s .
Chemical News, Vol. 117 (1918), No. 3059, pp. 336-337.

Cottrell Electrostatic Recovery Process of Flue D ust and Fumes. H. J .  

B u s h . Journal of the Society of Chemical Industry, Vol. 37 (1918), No. 
20, pp. 398r-391r.

Differential Flotation of Lead and Zinc Sulfides. A l g e r n o n  D e l  M a r .
M ining and Scientific Press, Vol. 117 (1918), No. 21, pp. 691-693. 

Dyeing: Natural Dyestuffs, an Important Factor in the Dyestuff Situation.
E. S. C h a p i n . Color Trade Journal, Vol. 3 (1918), No. 5, pp. 369-372. 

Electric Furnaces for the Production of Steel and Ferro-Alloys. J .  A.
S e e d e . General Electric Review, Vol. 21 (1918), No. 11, pp. 767-780. 

Electricity R eleases Chemistry’s Power. J .  M .  M a t t h e w s . General 
Electric Revira>, Vol. 21 (1918), No. II, pp. 727-750.

Electroplating: Military Applications of Electroplating. W i l l i a m  B l u m .
The Metal Industry, Vol. 16 (1918), No. 11, pp. 498-499.

Enamel: Antimony Oxide as an Opacifier in Cast Iron Enam els. J .  B. 
S h a w . Journal of the American Ceramic Society, Vol. 1 (1918), N o. 7, 
pp. 502-513.

Fumaric Nitrile: Preparation of Fumaric Nitrile; the Action of Hydroxyl- 
amine on Fumaric Nitrile. L .  M c M a s t e r  a n d  F .  B .  L a n g r e c k .  Chemi
cal News, Vol. 117 (1918), No. 3059, pp. 331-332.

Furnaces: Value of H eat Insulation in Furnaces. A . W. K n i g h t . The 
American Drop Forger, Vol. 4 (1918), No. 11, pp. 451-453.

Glass: Effect of Certain Impurities in Causing M ilkiness in Optical Glass. 
C .  N . F e n n e r  a n d  J .  B .  F e r g u s o n . Journal of the American Ceramic 
Society, Vol. 1 (1918), No. 7, pp. 468-476.

Glass: The Effect of the Continued Action on Chemical Glassware of 
Water, Acid and Alkali. J .  D. C a u w o o d  a n d  W. E. S .  T u r n e r . Journal 
of the Society of Glass Technology, Vol. 2 (1918), No. 7, pp. 235-239.

Glass: N otes on the Formation of Certain Rock Forming Minerals in and
about Glass Furnaces. G. V. W i l s o n .  Journal of the Society of Glass 
Technology, Vol. 2 (1918), No. 7, pp. 177-216.

Glass: Resistant Properties of Some Types of Foreign Chemical G lass
ware. J .  D .  C a u w o o d  a n d  W. E. S. T u r n e r . Journal of the Society 
of Glass Technology, Vol. 2 (1918), No. 7, pp. 219-235.

Iron: Prevention of Growth in Gray Cast Iron; Causes of the Phenomenon; 
Effect of Entrance of Oxidizing G ases and the Formation of a Case; 
Application of D ies and Permanent M oulds. J .  E. H u r s t . The Iron 
Age, Vol. 102 (1918), No. 19, pp. 1144-1145.

Metallurgical Practice on Cinnabar at Idria, Austria. Description of the 
Plant Installation and the Types of Furnaces in U se. R o l a n d  S t e r n e r - 
R a i n e r . Chemical and Metallurgical Engineering, Vol. 19 (1918), No. 
10, pp. 721-727.

Nitrogen Fixation Furnaces; A Review of the Various Types of Arc Furnaces, 
with Details of the Kilburn Scott 3-Phase Furnace. E. K. S c o t t . 
Chemical and Metallurgical Engineering, Vol. 19 (1918), No. 10. pp. 
710-715.

Potash: American Potash Situation Comprehensively Reviewed. A . W.
S t o c k e t t . Manufacturers Record, Vol. 74 (1918), No. 20, pp. 58-60. 

Potash: Cottrell Process for Potash Recovery. L i n n  B r a d l e y . The 
Blast Furnace and Steel Plant, Vol. 6 (1918), N o. 11, pp. 457-459. 

Potash: Recovery of Potash from Blast Furnaces. Possibilities of Electric 
Precipitation from G ases, High Potash of Southern Iron Ores; Recovery 
from Blast Furnace Slag. L i n n  B r a d l e y . The Iron Age, Vol. 102 
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Potash Situation. A . W. S t o c k e t t .  American Fertilizer, Vol. 49 (1918), 
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IN O R G A N I C  C H E M IC A L S

Acetate of Lime, Basis 80% .......................... 100 Lbs.
Alum, ammonia, lum p..................................... 100 Lb*.
Aluminum Sulfate, (iron free).............................. Lb.
Ammonium Carbonate, dom estic . .................Lb.
Ammonium Chloride, w hite................................... Lb.
Aqua Ammonia, 26*, drum s.................................. Lb.
Arsenic, w hite.............................................................. Lb.
Barium Chloride......................................................... Ton
Barium N itrate ........................................................... Lb.
Barytes, prime white, foreign................................Ton
Bleaching Powder, 35 per cen t..............................Lb.
Blue V itriol...................................................................Lb.
Borax, crystals, in bags...............................   Lb.
Boric Acid, powdered crystals...............................Lb.
Brimstone, crude, dom estic........................Long Ton
Bromine, technical, bulk......................................... Lb.
Calcium Chloride, lump, 70 to 75% fu se d ... .T o n
Caustic Soda, 76 per cen t............................... 100 Lbs.
Chalk, light precipitated......................................... Lb.
China Clay, imported...............................................Ton
Feldspar......................................................................... Ton
Puller’s Earth, foreign, powdered........................Ton
Fuller's Earth, dom estic......................   Ton
Glauber’s Salt, in bbls.................................  100 Lbs.
Green Vitriol, bulk............................................ 100 Lbs.
Hydrochloric A dd, commercial,C. P     »Lb.
Iodine, resublimed......................................................Lb.
Lead Acetate, white crystals..................................Lb.
Lead Nitrate, C. P ................................................... Lb.
Litharge, American................................   • .  - Lb.
Lithium Carbonate....................................................Lb.
Magnesium Carbonate, U . S. P ............................Lb.
Magnesite, "Calcined**.............................................Ton
Nitric A dd, 40*.......................................................... Lb.
Nitric A dd, 42*.......................................................... Lb.

@
<§>
@

4 .0 0
7.00 

4 50 @
nominal 

19 @
nominal

91/4 @
70 .00  

12
30.00

2>/t @
9 7 «  @ 
71/4 @ 
7>/< @
nominal 

75 @
20.00 @ 

3 .9 0  &
4*/« @ 

20 .00  @
8 .00  @ 

nominal
2 0 .00  @ 

2.10 @ 
2 .0 0  @

nominal 
4.25  @

4.25

4 .75

20

17
80.00

14
35 .00

3
91/4 

10»/« 
8 »/<

17

14
85

1.50
20

60 .00

22.00
4 .1 0

5
30 .00
15.00

30 .00  
3 .0 0  
2.25

.30  
18

15

30
65 .00

7»A 
8 Vi

Phosphoric A dd, 4 8 /50% .................. 7»/i @ 9
Phosphorus, yellow ................................... 1.10 @ 1.15
Plaster of Paris........................................... 2 .00 © 2 .50
Potassium B ichrom ate........................... 4 0 @ 41
Potassium Bromide, granular............... 1.25 @ 1 .30
Potassium Carbonate, caldned, 80 @ 85% .. .Lb. 35 ©
Potassium Chlorate, crystals, s p o t . . . , ...............Lb. 40 @ 41
Potassium Cyanide, bulk, 98-99 per cen t....... Lb. nominal
Potassium Hydroxide, 88 @ 9 2 % ... . ..............Lb. 60 @ 70
Potassium Iodide, bulk ........................... 3 .75 © 4 .0 0
Potassium N itrate ............................. 27 @ 30
Potassium Permanganate, bulk, U . S. P ........... Lb. 1 . 5 0 @ 1 . 7 5
Quicksilver, flask........................................ 1 2 0 . 0 0 @ 1 2 5 . 0 0
Red Lead, American, dry....................... . . . 1 0 0  Lb». 11.25 @ 11.50
Salt Cake, glass makers’ ......................... 17.50 @ 22.00
Silver N itrate .............................................. 63>/< © 65
Soapstone, in bags.................................... 10.00 @ 12.50
Soda Ash, 58%, in bags.......................... 2 . 2 5 © 2 . 3 5
Sodium Acetate, broken lum p............. ..............Lb. 20 @ 2 1
Sodium Bicarbonate, dom estic............. ___ 100 Lb». 4 . 1 0 @ 4 . 2 5
Sodium Bichromate.................................. ..............Lb. 18 @ 1 8 > / j
Sodium Chlorate........................................ ..............Lb. 25 @ 25*/«
Sodium C yanide........................................ ..............Lb. 3 0 © 3 2
Sodium Fluoride, commercial............... ..............Lb. 17 <5> 18
Sodium H yposulfite.................................. -----100 Lb3. 2 .60 @ 3 .6 0
Sodium N itrate, 95 per cent, s p o t . . . , . . . .1 0 0  Lb». 4 . 421/1 © 5 .0 0
Sodium Silicate, liquid, 40® B é.............. ............. Lb. 2 @ 2 V i
Sodium Sulfide, 60%, fused in b b ls ... ..............Lb. 6 @ 6>A
Sodium Bisulfite, powdered................... 12 @ 14
Strontium N itrate ..................................... ..............Lb. 25 © 30
S u lfu r ............................................................ 2 .25 @ 4 .6 0
Sulfuric Acid, chamber 66* Bé.. 
Sulfuric Acid, oleum (fum ing)..
Talc, American w hite...................
Terra Alba, American, N o. 1 . . .
Tin Bichloride» 5 0 ° ........................
Tin Oxide..........................................
White Lead, American, d r y . . . .
Zinc Carbonate...............................
Zinc Chloride, commercial..........

 Ton
 Ton
. . .  .Ton  

. 100 Lbs.
 Lb.
 Lb.
 Lb.
 Lb.
 Lb.

16.00
25 .00
15.00  

1.17 V*
28
90
10
18
15

O R G A N IC  C H E M IC A L S

Acetanilid, C. P., in bbls...................... 65 © 70
Acetic Acid, 56 per cent, in bbl»........ 9 .3 0 a 9 .55
Acetic Acid, glacial, 99J/i% ................. 19.50 0 19.70
Acetone, drum »....................................... 257» ©
A le.hoi, denatured, 180 proof............ 68 a 69

Alcohol, sugar cane, 188 proof.................... 4 .90 • 4 ..95
Alcohol, wood, 95 per cent, refined........... 911/1 Ö 92
Amyl A cetate..................................................... 4 .20 a 4 .50
Aniline Oil, drums extra................................ 28 a 30
Benzoic Acid, ex-toluol.................................. ------ Lb. 2 .40 a 2 .70
Benzene, pure.................................................... 22 a 221/1
Camphor, refined in bulk, bbls................... ------ Lb. 1 . 241/1 a 1 ,.25
Carbolic Acid, U. S. P., cry»tal», drum». ........ Lb. 40 a 43
Carbon Bisulfide............................................... 9 a 10
Carbon Tetrachloride, drums, 100 gal»..,.........Lb. 18 @ 20
Chloroform..................................................... 63 a 70
Citric Acid, domestic, crystals.................... -------Lb. 1 .12 a 1 .20
Creosote, beechwood....................................... . . . .L b . 2 .00 a 2 .10
Cresol, U . S. P ................................................... . . . .L b . 18 a 20
Dextrine, corn (carloads, bags)................... ------ Lb. 8 a 9
Dextrine, imported potato ............................____ Lb. nom inal
Ether, U. S. P. 1900........................................ 27 a 30
Formaldehyde, 40 per cen t.................... 161/4 Gov't price
Glycerine, dynamite, drums extra............. .........Lb. 60 © 62
Oxalic Acid, in casks....................................... ___ Lb. 40 a 41
Pyrogallic Acid, resublimed, bulk.............. . . . .L b . 3 .25 @ 3 .50
Salicylic Acid, U . S. P .................................... . . . .L b . 80 a 85
Starch, com  (carloads, bags) pearl.......... . 100 Lb». 6 .00 a 7 .00
Starch, potato, Japanese............................... . . . .L b . 13 a 14
Starch, rice.......................................................... . . . .L b . 121/, a 13
Starch, sago flour.............................................. 9'/* a 10/3»
Starch, w heat....................... ............................. nominal
Tannic Acid, commercial............................... 65 a 80
Tartaric Acid, crystal».................................... 85 a 87

OILS, W A X ES, ETO.

Beeswax, pure, w hite......................................   Lb.
Black Mineral Oil, 29 gravity ..............................Gal.
Castor Oil, N o. 3 ...................................................... Lb.
Ceresin, yellow .......................................................   .Lb.
Corn Oil, crude................................................... 100 Lbs.
Cottonseed Oil, crude, f. o. b. m ill.....................Lb.
Cottonseed Oil, p. s. y ......................................100 Lbs.
Menhaden Oil, crude (southern) ...............Gal.
N eat’s-foot Oil, 20*..................................................Gal.
Paraffin, crude, 118 to 120 m. p ..........................Lb.
Paraffin Oil, high v iscosity....................................Gal.
Rosin, "F” Grade, 280 lbs.....................................Bbl.
Rosin Oil, first run................................................... Gal.
Shdlac, T . N ...............................................................Lb.
Spermaceti, cake..................................................  Lb.
Sperm Oil, bleached winter, 38*......................... Gal.
Spindle Oil, N o. 2 0 0 . ........................................Gal.
Stearic Acid, double*pressed...............................   .Lb.
Tallow, add less..........................................................Gal.
Tar Oil, distilled.....................................  Gal.
Turpentine, spirits o f...............................................Gal.

M E T A L S

Aluminum, N o. 1, ingots.........................................Lb.
Antimony, ordinary...................................................Lb.
Bism uth, N . Y .............................................................Lb.
Copper, dectrolytic ................................................... Lb.
Copper, lak e................................................................. Lb.
Lead, N . Y ....................................................................Lb.
N ickd , d ectro ly tic .....................................................Lb.
Platinum, refined, so ft..............................................Oz.
Silver............................................................................... Oz.
Tin, Straits................................................................... Lb.
Tungsten (W O i)................................................. Per Unit
Zinc, N . Y .............................................................100 Lbs.

63 a «5
24 a 25

31 8
17 a 15

16.75 a 17.7
I 71/1 a —

nominal
1 .10 a 1.15
3 .00 a 3 .1 0

9 i/ i a 9‘/ t
40 a 41

15.10 a 15.20
75 @ 76
67 a 68
31 a 33

2 .23 a 2.25
38 a 40
24 a 25

1.62 a 1 .65
36 a 38
79 a 80

33 a 34
13*/« a 14

3 .5 0  a 3.65
26 ©
26  a

7.05
55 a 56

nominal
1 .01*/«
nominal

20.00
9 .4 0

2 4 .0 0
9 .60

30
1.00

íoy*
20
15V*

F E R T I L I Z E R  M A T E R IA L S

Ammonium S u lfate .............................................100 Lbs.
Blood, dried, f. o. b. N ew  Y ork.............................Unit
Bone, 3 and 50, ground, raw..................................Ton
Calcium Cyanam ide......................... Unit of Ammonia
Calcium Nitrate, N orwegian......................... 100 Lbs.
Castor M eal..................................................................Unit
Fish Scrap, dom estic, dried, f. o. b. w orks... .U n it
Phosphate, acid, 16 per cen t..................................Ton
Phosphate rock, f. o. b. mine: Ton

Florida land pebble, 68 per cen t......................Ton
Tennessee, 78-80 per cen t..................................Ton

Potassium “ muriate,** basis 80 per cen t............Ton
Pyrites, furnace size, im ported..............................Unit
Tankage, high-grade, f. o. b. Chicago................U nit

4 .7 5  @ —
7.25  @ 7 .3 0

37 .0 0  @ 37 .50
nominal

7 .75 and 20c
17.00 a  18.00

nominal
5 .0 0 a  6 .00
7 .0 0 a  8 . 0 0

320.00 a  330.00
nominal

7 .35 a  7 .5 0
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Refined 
Coal-Tar Products .

%D u e  to  t h e  r e m o v a l  of  G o v e r n m e n t  r e s t r i c t io n s  w e  a r e  n o w  in  p o s i t io n  -E 
a g a in  to  offer th e  fo l lo w in g :  q

to
TOLUOL—t h e  r e g u la r  p u r e  g r a d e ;  d i s t i l l a t io n  r a n g e  O

n o t  to  ex cee d  2 °C .  ¿n

A lso, a  sp e c ia l  g ra d e  g u a r a n t e e d  to  d is t i l  
100% w i th in  1 ° C .

REFINED SOLVENT NAPHTHA — w a te r -w h i t e ,  d is 
t i l l in g  9 0 %  a t  1 6 0 °C .

XYLOL— 5° d is t i l l a t io n  r a n g e ,  1 3 7 ° C .-1 4 2 ° C .
X y lo l  of c lo se r  d i s t i l l a t io n  l im its  c a n  b e  s u p p l ie d  
if r e q u i re d .

WE ALSO OFFER FOR SPOT SHIPMENTS AND CONTRACTS:

P U R E  B E N Z O L  C R E S O L
B E N Z O L  9 0 %  R E S O R C I N
P H E N O L  D I S I N F E C T A N T S

Is a Guarantee of Quality in all these Products.

in
0
i

T h e  Company

Chemical Department 

17 Battery Place N e w  York, N . Y.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(ConimiW)
Heil Chem. Co., Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit. Mich.
Mine and Smelter Supply Co., The, N . Y . C. 
Palo Company. N. Y. C.

Furnaces (Case Hardening, Rivet and Bolt)
Abb* Engineering Co., N . Y. C 
Denver Fire Clay Co., The, Denver, Colo.
Mine and Smelter Supply Co., The, N . Y . C. 

Furnaces— Electric Laboratory
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco,Cal. 
Brown Instrument Co., Philadelphia, Pa. 
Central Scientific Co., Chicago. 111.
Daigger & Co . A., Chicago, III ,
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C.
Electric Heating Apparatus Co., N . Y. C. 
Engelhard, Chas., N . Y. C- 
General Electric Co.. Schenectady, N . Y. 
Griebel Instrument Co., Carbondale, Pa. 
Hanovia Chemical & Mfg. Co., Newark, N . J. 
Heil Chem. Co.. Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit, Mich.
Palo Company, N . Y. C.
Sargent & Co., E. II., Chicago, HI.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia. Pa.

Furnaces— (Forge)
Abbé Engineering Co., N . Y . C.
Braun Corporation, Los Angeles, Calif. 
Braun-Knecbt Heimann Co., San Francisco,Cal. 
Denver Fire Clay Co., The, Denver, Colo. 
Electric Heating Apparatus Co., N . Y . C. 
Hoskins Mfg. Co., Detroit, Mich.

Furnaces (Melting, Oil or Gas)
Abbé Engineering Co., N . Y . C.
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann C o.,SanFrancisco.Cal. 
Central Scientific Co.. Chicago. 111.
Daigger & Co., A.. Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Electric Heating Apparatus Co., N . Y. C.
Heil Chemical Co., Henry, St. Louis, Mo 
Mine and Smelter Supply Co., The, N . Y . C. 
Palo Company, N . Y . C.

Furnaces— Muffle
Abbé Engineering Co., N . Y. C.
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co.,San Francisco.Cal. 
Central Scientific Co., Chicago, 111. »
Daigger & Co.. A., Chicago, TU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C- 
Electric Heating Apparatus Co., N , Y. C. 
Engelhard, Charles, NT. Y. C.
Heil Chemical Co., Henry, St. Louis, Mo. 
Hoskins Mfg. Co., Detroit. Mich.
M ine and Smelter Supply Co., The, N . Y . C. 
Palo Company, N . Y. C.
Sargent & Co., E. H.. Chicago, 111.
Scientific Materials Co.. Pittsburgh, Pa.

Galvanizing Tanks and Jars— Acid Proof
K night, M. A., East Akron, O

Gas Analyzers
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago. HI.
Daigger & Co., A., Chicago, 111.
Elmer 8c Amend N . Y. C.
Hell Chem. Co.. Henry. St. Louis, Mo. 
International Oxygen Co., N . Y . C.

Gas Apparatus
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun-Knecht-Heimann Co., San Francisco Cal. 
Central Scientific Co., Chicago, 111.
Daigger & Co.. A., Chicago, 111 
Denver Fire Clay Co., The, Denver, Colo. 
Detroit Heating & Lighting Co., Detroit, Mich. 
Eimer & Amend, N . Y. C.
Heil Chemical Co., Henry, St. Louis, Mo. 
International Oxygen Co., N . Y. C.
Palo Company, N  .Y . C.
Scientific M aterials Co.» Pittsburgh, Pa.

Gas Burners— Incandescent
D etroit Heating & Lighting Co.. Detroit, Mich. 
Heil Chem. Co., Henry, St. Louis. Mo.

Gas Control Apparatus
Wallace & Tiernan Co., Inc., 137 Centre St., 

N . Y. C.
Gas Machines

Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago 111 
Denver Fire Clay Co., The, Denver, Colo. 
D etroit Heating & Lighting Co., Detroit, M ich. 
Eimer & Amend, N . Y . C.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company, N . Y . C.
Scientific M aterials Co.. Pittsburgh, Pa.

Gas Pipe & Fittings (Chamotte)
K night, M . A., East Akron. O.

Gauges— Recording, Suction & Vacuum 
Bausch & Lomb Optical Co., Rochester, N . Y. 
Brown Instrum ent Co., PhiladelDhia. Pa.
Heil Chem. Co., Henry, St. Louis, Mo.

Gauze— Base Metal
Hoskins M fg. Co.. Detroit, Mich.

Generators (Electro-Oxy-Hydrogen)
International Oxygen Co., N . Y. C.
Shriver 8c Co., T. Harrison, N . J.

Glass
Bausch & Lomb Optical Co., Rochester, N . Y. 

^  Braun-Knecht-Heimann Co., San Francisco

Central Scientific Co., Chicago, 111.
Daigger & Co., A.. Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N  Y. C.
Heil Chem. Co., Henry, St. Louis Mo.
Palo Company, N . Y. C.
Scientific M aterials Co., Pittsburgh, Pa.
Whitall Tatum  Co., Philadelphia, Pa.

Glass Blowing
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co.,San Francisco, Cal 
Central Scientific Co., Chicago. 111.
Daigger & Co.. A., Chicago, TU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C.
Greiner Co., Em il, N . Y . C.
Griebel Instrum ent Co., Carbondale, Pa.
Heil Chemical Co., Henry. St. Louis, Mo.
Palo Company, N . Y. C.
Sargent & Co., E. H ., Chicago, 111.
Scientific M aterials Co., Pittsburgh, Pa. 
Standard Scientific Co., N . Y . C.
Whitall Tatum  Co , Philadelphia, Pa.

Glass Enameled Apparatus
Elyria Enameled Prod. Co., Elyria, O., & N . Y . C. 
Pfaudler Co., Rochester, N . Y.

Graduates— Glass
Central Scientific Co., Chicago. Til.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N  Y. C.
Heil Chem. Co., Henry, St. Louis, M o. 
M acbeth-E vans Glass Co., Pittsburgh, Pa. 
Scientific M aterials Co., Pittsburgh. Pa. 
Whitall Tatum  Co., Philadelphia, Pa.

Grinders
Abbé Engineering Co., N . Y . C.
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co.,San Francisco, Cal. 
Denver Fire Clay Co., The. Denver, Colo. 
Raymond Bros. Im pact Pulv. Co., Chicago, III. 
Williams Pat. Crusher & Pulv. Co., Chicago, 111.

Hardness Testing Apparatus
Braun Corporation. Los Angeles. Cal. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend. N. Y . C.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Com pany, N. Y . C.
Scientific M aterials Co., Pittsburgh, Pa.

Heat Exchangers (Multi-Flow Design)
Birmingham M ch.& F dy. Co., Birmingham,Ala

H eat Insulation
Magnesia Association of America, N . Y . C.

Heating Apparatus (Laboratory)
Bausch & Lomb Optical Co., Rochester, N  Y . 
Braun Corporation, Los Angeles. Cal. 
Braun-Knecht-Heimann Co., San Francisco. 
Brown Instrument Co., Philadelphia, Pa. 
Central Scientific Co.. Chicago. 111.
Daigger & Co.. A., Chicago. Til.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend. N . Y . C.
Electric Heating Apparatus Co., N . Y . C. 
General Electric Co., Schenectady. N . Y.
Heil Chem. Co.. Henry, St. Louis, M o.
Hoskins Mfg. Co., Detroit. Mich.
Mine"and Smelter Supply Co., The, N . Y . C.
Palo Company, N . Y . C
Sargent & Co., E . H ., Chicago, IÜ.
Scientific M aterials Co., Pittsburgh, Pa.

Heating Specialties
Detroit H eating & Lighting Co., Detroit, M ich.

Hot Plates (Laboratory Purposes)
Bausch 8c Lomb Optical Co., Rochester, N . Y . 
Braun Corporation, Los Angeles, Cal. 
Braun-Knecht-Heimann Co.. San Francisco. 
Central Scientific Co.. Chicago. 111.
Daigger & Co.. A.. Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Detroit Heating &'Lighting Co., Detroit, Mich. 
Eimer & Amend. N . Y. C.
Electric H eating Apparatus Co.. N . Y . C. 
General Electric Co.. Schenectady, N . Y .
Hell Chemical Co., Henry. St. Louis, Mo. 
Hoskins Mfg. Co., Detroit. Mich.
Mine and Smelter Supply'C o., The, N . Y . C. 
Palo Company, N . Y. C.
Sargent & Co., E . H ., Chicago. HI.
Scientific M aterials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H ., Philadelphia, Pa.

Hydro Extractors
Fletcher Works, Philadelphia, Pa.
Tolhurst M achine Works. Troy, N . Y.

Hydrochloric Acid Apparatus
K nieht. M- A.. East Akron. O.

Hydrogen Generators
International Oxygen Co., N . Y. C.

Hydrogen Plants
Gas Developm ents Ltd.. Walsall. England. 
International Oxygen Co., N . Y . C.

Hydrogen (Pure)
International Oxygen Co., N . Y . C.
Oxygen Gas Co., The, Kansas City, Mo.

Hydrygen Testing Apparatus
International Oxygen Co., N . Y . C.

Hydrometers
Bausch 8c Lomb Optical Co.. Rochester, N . Y. 
Braun Corporation. Los Angeles, Cal.

Braun-Knecht-Heimann Co., San Francis««. 
Brown Instrum ent Co., The, Phila., Pa.
Central Scientific Co.. Chicago, 111.
Daigger & Co.. A.. Chicago. Ill 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C.
Greiner Co., Em il. N . Y . C.
Griebel Instrument Co., Carbondale. Pa.
Heil Chemical Co., Henry. St. Louis. Mo,
Palo Company, N . Y. C.
Sargent & Co.. E. H., Chicago, 111.
Scientific M aterials Co.. Pittsburgh, Pa.
Taylor Instrum ent C os., Rochester, N . Y . 
Thomas Co.. Arthur H., Philadelphia, Pa.

Hygrometers
Engelhard, Charles, N . Y. C. (Electric)
Heil Chem. Co., Henry, St. Louis, Mo.
Taylor Instrum ent Cos., Rochester, N . Y.

Ice-Making Machinery
General Electric Co., Schenectady, N . Y 
York M anufacturing Co., York, Pa.

Ichthyol
Heil Chem. Co.. Henry, St. Louis, Mo.
Merck & Co.. N . Y. C.

Impervite Refractories
Engelhard, Charles, N . Y . C.

Impregnating and Drying Apparatus—  
Vacuum
Buffalo F dy. & Mch. Co., Buffalo, N . Y  
Devine Co., J. P., Buffalo, N . Y.

Incubators— Surgical
Central Scientific Co., Chicago, III.
Heil Chem. Co., Henry, St. Louis, M o.

Indicating Instruments
Brown Instrument Co., The, Phila., Pa. 
Engelhard, Charles, N . Y . C.
Heil Chem. Co., Henry, St. Louis, Mo.
Taylor Instrum ent Cos., Rochester. N . Y.

Indicators— (Speed &  Test)
Brown Instrument Co., Philadelphia, Pa.
Heil Chem. Co., Henry, S t  Louis, Mo. 
Scientific M aterials Co., Pittsburgh, Pa.

Industrial Burners &  Specialties 
Heil Chem. Co., Henry, St. Louis. Mo.
Detroit Heating & Lighting Co., D etroit, Mich.

Industrial M otor Control Devices
General Electric Co.. Schenectady, N . Y.

Injectors for Acids and G ases 
Knight, M. A.. E ast Akron. O.

Instrument— Precision M anufacturers
Engelhard, Charles, N . Y . C.
Heil Chem. Co., Henry, St. Louis, Mo. 
Scientific M aterials Co., Pittsburgh, Pa.

Iodine— Salts of
Hell Chem, Co., Henry, S t, Louis, Mo.
Merck & Co.. N . Y. C.
Powers-Weightman-Rosengarten C o.,Phlla.,Pa.

Iron— M etal and Salts
Hell Chem. Co., Henry, St. Louis, M a.
Merck & Co.. N . Y . C.
Powers-W elghtman-Rosengarten Co.,Phlla.,Pa.

Iron and Steel Analysis Apparatus—  
Manufacturers
Elmer cc Amend. N . Y. C.
Heil Chem. Co., Henry, St. Louis, M o. 
Scientific M aterials Co., Pittsburgh, Pa.

Jars, M useum  & Specimen
Central Scientific Co , Chicago. I1L 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N Y C  
Heil Chem. Co., Henry, St. Louis, Mo.
Whitall Tatum  Co., Philadelphia, Pa.

Jars (for Prim ary &  Storage Batteries)
Central Scientific Co.. Chicago. HI.
Daigger & Co.. A., Chicago, 111.
General Ceramics Co., N . Y . C.
Guernsey Earthenware Co., The, Cambridge, O. 
Hell Chem. Co., Henry, St. Louis, Mo.
W hitall Tatum  Co., Philadelphia, Pa.

Jars and Jugs (Acid Storage)
Bausch & Lomb Optical Co., Rochester, N . Y. 
General Ceramics Co., N . Y . C.
Heil Chem. Co., Henry, St. Louis, M o.
Herold China & Pottery C o .. Golden. Col. 
K night, M . A., E ast Akron, O.
U. S. Stoneware Co., The, Akron, O.

K ettles— Caustic Soda
Buffalo Fdy. & Mch. Co.. Buffalo, N . Y. 
Devine CoM J . P , Buffalo, N . Y.

K ettles (Chemical Castings)
Buffalo Fdy. & M ch. Co.. Buffalo, N . Y . 
Devine Co., J P., Buffalo, N . Y.
Cleveland Brass M fg. Co., The, Cleveland, O. 
Devine Co., J. P ., Buffalo, N . Y .
Duriron Castings Co., N . Y . C.
Jacoby. Henry E .. N . Y . C.
Sowers Mfg. Co., Buffalo, N . Y.

K ettles (Lined)
Badger & Sons Co.. 3 .  B.. Boston, M ass. 
Devine Co., J. P.. Buffalo, N . Y.
Elyria Enameled Prod. Co.. Elyria, O., N .Y .C . 
Pfaudler Co.. Rochester, N . Y.
Sowers M fg. Co., Buffalo, N . Y.

Kettles (Steam Jacketed)
Badger & Sons Co.. E. B .. Boston, Mass. 
Bethlehem Fdy. &Mch. Co., So. Bethlehem .Pa.
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The Pyrometer system gives the furnace or kiln attendant him
self a means of knowing exactly what he is doing and at the same 
time gives the superintendent a permanent written record of the

heat conditions in
» » -  -%\a every furnace and
e H ot! at evcr>' stage of

’ Kt : the process.

We carry large stocks, including nearly 
all shapes. We make up on short notice 
any special shapes required.
We have been serving the chemical trade 
for years and have increased our ca
pacity, so that we can promptly take 
care of any demands made upon us.

Knowledge that hia 
work is a c c u r a t e l y  
checked makes a care
less man careful if he 
wishes to hold his job 
—and with the con
scientious man the fact 
that the merit of his 
work is confirmed by  
the pyrometer records 
is a powerful stimulus 
to make a better show
ing from day to day.

We are also manufacturers of 
FIRE BRICK

Samples and prices will be supplied with 
pleasure and we solicit your business.

Thwing Pyrometers 
can be installed upon 
terms that make the 
investm ent pay for 
itself in short tim e and 
with absolute certainty  
of satisfaction.

Tell us your require
ments so we can send 
interesting literature 
and quote prices.

42T h e  Belden Brick Co
C A N TO N , OHIO

P L A N T S :  Canton, Som erset, Ulricha v ille , Port W ashington
Thw ing Instrument Company
3342 Lancaster Ave., Philadelphia, Pa.

PHOTOGRAPHIC 
TECHNICAL

AN ALYTICAL
MEDICINAL

MERCK & CO
NEW YORK ST. LOUISMONTREAL

HIGHEST QUALITYBRITISH MAKE

H A N D  M A D E  FILTE R  P A P E R S
Grades J.G. 5 75, 595. 597, 598 , 602, 604  in Sheets and Flat Circles 

H A N D  FOLDED CIRCLES GRADE J.G. 588

IM P R O V E D  M A K E  E X T R A C T I O N  T H IM B L E S  U N IF O R M  T H IC K N E S S  

No. 2 ASHLESS DOUBLE WASHED GRADE J.G . 5895
W e ig h t o f  A sh  o f  11 12.5 c m . c ir c le ■-.00026 g r a m .

Sole Atfents for the U . S. A . 
Johnston , Horsburtfh & C o.,

Supplied b y  Principal Dealers 2 0 -2 1  Q u eenhithe, L ondon E. C. 4 , Eng,

A c i d  P ro o f  B r ick
THWING PYROMETERS help to stop  
the losses from  inexperience and in a tten tion  
of furnace or k iln  a tten d an ts.
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CLASSIFIED LIST OF CHEMICAL EQ U IPM EN T-(C 0n/mue</)
B uffalo F d y. &  M ch. C o ., B uffalo , N . Y . 
D etro it H eating &  L ighting C o ., D etro it, M ich . 
O evine C o., J. P ., Buffalo. N . Y .

Q C astings C o .. N . Y . C .
E ly ria  Enam eled Prod« C o ., E lyria , O. 
Jacoby, H enry B ., N . Y .  C .
Pfaadler Co.. Rochester, N . Y .
Sowers M fg . C o ., B uffalo. N . Y .
Sperry ft  C o .. D . R .. B a ta via , 111.
Stevens Brothers, N . Y . C .
W erner f t  Pfleiderer C o ., Saginaw , M id i.

Kettles (Stoneware)
General Ceram ics C o ., N . Y .  C.
K n igh t, M . A ., E a st A kron. O.

,  U. S. Ston ew are C o .. T h e , A kron , O.

k  Kilns (Bone Black)
Colw ell, L ew is, C h icago , 111.

( Laboratory Apparatus— Designing &
-  Manufacturing
-  C entral Scientific C o., Chicago. 111.
< Denver Fire Clay Co., The, Denver, Colo.
< Eim er &  A m end, N . Y . C .

Engelhard, Charles, N . Y .  C .
F letcher W orks, Philadelphia, Pa.
H eil Chem . C o ., H enry, S t. Louis. M o.
Sargent ft  C o .. E . H .. Chicago. 111.
Scientific M aterials C o ., P ittsburgh, Pa. 
Stan dard  Scientific C o ., N . Y . C .

Laboratory Burners 
C entral Scientific C o., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
D etro it H eatin g &  L igh tin g  C o ., D etro it, M ich . 
Eim er ft  A m end, N . Y  C .
H eil Chem . C o., H enry, S t. Louis. M o.
Mine and Smelter Supply Co., The, N . Y  C. 
Scientific M aterials C o ., P ittsburgh, Pa.

Laboratory Chemicals
Central Scientific C o ., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo.
D ow  C hem ical C o., T h e, M idland, M ich. 
Elm er ft  A m end. N . Y . C .
Heil Chem . C o., H enry, S t. Louis, M o.
M erck ft  C o .. N . Y .  C .
Powers-W eightm an-Rosengarten C o.,P hila..P a . 
Scientific M ateria ls C o ., P ittsburgh, P a.

Laboratory Gas Machine
Central Scientific C o., Chicago. HI.
Denver Fire Clay Co., The, Denver, Colo. 
D etro it H eating &  L igh tin g Co.. D etro it, M ich. 
Eim er & Am end, N . Y . C .
H ell Chem . C o., H enry, S t. Louis, M o. 
Scientific M ateria ls C o ., P ittsburgh, Pa.

Laboratory Glassware 
Central Scientific C o., Chicago. HI.
Denver Fire Clay Co., The. Deliver, Colo. 
E im er ft Am end, N . Y . C  
H ell Chem . C o ., H enry. St. Louis. M o. 
M acbeth -E van s G lass C o  , P ittsburgh, P a. 
Scientific M ateria ls C o ., P ittsburgh, P a.

Laboratory Supplies
B ausch ft Lom b O ptical C o .. R ochester. N . Y . 
Braun Corporation, Los Angeles, C alif. 
B raun-K necht-H eim ann C o.. San Francisco. 
Central Scientific C o.. Chicago. I1L 
D aigger f t  C o .. A ., Chicago, XU.
Denver Fire Clay Co., The. Denver, Colo. 
D etro it H eatin g &  L igh tin g  C o ., D etro it, M ich. 
D uriron Castinxs C o ., N . Y . C .
E im er ft  A m end, N . Y . C.
E ngelhard, Charles, N . Y .  C .
G reiner C o ., Em il, N . Y .  C .
G riebel .Instrum ent C o .. C arbondale. Pa.
H ail C hem . C o .. H enry, St. Louis M o.
M ine and Sm elter Su p p ly  C o ., T h e , N . Y .  C . 
Palo C om p an y, N . Y .  C.
S argen t f t  C o ., B . H ., C hicago. 111.
Scientific M ateria ls C o .. P ittsburgh, Pa. 
Standard Scientific C o ., N . Y .  C .
Thom as C o .. A rth u r H .. Philadelphia. Pa. 
W hitafl T a tu m  C o .. Philadelphia. Pa.

Laboratory Supplies, Platinum
C entral Sd en tific  C o .. Chicago. I1L 
Denver Fire Clay Co., The, Denver, Colo. 
B a ker &  C o .. In c., N ew ark, N . J.
E im er &  Am end. N . Y .  C .
H eil Chem . C o ., H enry. S t. Louis. M o. 
Scientific M aterials C o ., P ittsburgh, Pa.

Lacquer
G eneral B akelite  C o.. N . Y .  C .

Lactic Acid
H ell Chem , C o ., H en ry, S t. Louis. M o. 
Pow ers-W eightm an-Rosengarten C o.,P hfia.,P a.

Lamps— Arc and Incandescent
G eneral E lectric C o .. Schenectady, N . Y .

Leaching Cells
Swenson E vap o rator C o., C hicago, ID.
Zarem ba C o.. B uffalo, N . Y .

Lead Burning
M cN am ara. M ., E verett. M ass.

Lead Lined Pipe and Accessories
Badger ft Sons C o., B . B .. B oston. M ass. 
U n ited  Lined T u b e  &  V a lv e  C o ., B oston  

M ass.

Lightning Arresters
G eneral E lectric C o ., Schenectady, N . Y .  

Linings, Cupola 
H erold China ft P o tte ry  C o ., G oldan, C ol. 

Lithopone
N ew  Jersey Zinc C o .. T h e, N . Y . C.

Lubricants
D earborn C hem ical C o .. C hicago. HL

M achinery— Chemical
Buffalo  F d y . ft M ch. C o .. B uffalo, N . Y . 
D evine C o .. J. P.. B uffalo, N . Y .
W erner &  Pfleiderer C o ., In c ., S agin aw , M ich .

M achinery— Electrical
G eneral E lectric Co., Schenectady, N . Y .

M achinery— Mining and Metallurgical
A bbé Engineering C o ., N . Y . C .
Braun C orporation, Los A ngeles. C a lif. 
B raun-K necht-H eim ann C o.. San Francisco. 
C entral Scientific C o ., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eim er f t  A m end, N . Y . C .
G eneral F iltratio n  C o ., In c.. R ochester. N . Y . 
H ell Chem . C o ., H enry, S t. Louis. M o. 
Scientific M ateria ls C o., P ittsburgh, P a. 
Stokes M achine C o .. F . J ., Philadelphia, Pa,

M achinery— M ixing and Kneading
A bbé Engineering C o .. N . Y .  C .
E lyria  E nam eled Products C o ., E lyria . O. 
Jacoby, H en ry B-, N . Y .  C .
P faudler C o ., R ochester, N . Y .
Sowers M fg . C o .. Buffalo . N . Y .
W erner ft  Pfleiderer C o.. S agin aw , M ich.

Machinery— Pulverizing 
A bbé E ngineering C o ., N . Y .  C .
B raun C orporation. L os Angeles, C a lif. 
B raun-K necht-H eim ann C o .. San Francisco. 
C en tral Scientific C o .. Chicago. HL 
Denver Fire Clay Co., The, Denver, Colo. 
Eim er ft  A m end, N . Y .  C .
H eil Chem . C o ., H en ry, S t. L ou is, M o. 
R aym on d Bros. Im p act P n lv . C o.. C hicago. Hi. 
Scientific M ateria ls C o ., P ittsb u rg h, P a.

M achinery (Special)
B ad ger ft  Sons C o ., B . B .. B oston. M ass.
B irm ingham  M c h .& F d y .C o ., Birm ingham , Ala. 
B uffalo F d y . f t  M ch . C o .. B uffalo, N . Y . 
C levelan d  Brass M fg . C o ., T h e, C leveland. O 
D evin e C o ., J. P ., B uffalo , N . Y .
D uriron C astin gs C o ., N . Y .  C .
Tacoby, H enry E ., N . Y . C .
Sowers M fg . C o .. Buffalo . N . Y .
S teven s Brothers. N . Y .  C .
W erner &  Pfleiderer C o .. Saginaw , M ich.

M agnesium — M etal and Salts
D ow  Chem ical C o ., T h e, M idlan d M ich.
H eil Chem . C o .. H enry, S t. Louis, M o.
M erck ft C o ., N . Y .  C .
Powers-W ei ghtm an-R osengartenCo., P htta^  P a .

M ercury— Salts of
H eil C hem . C o .. H enry, S t. Louis, M o.
M erck  ft  C o ., N . Y . C .
Pow ers-W eightm an-Rosengarten C o ..P k f la „ P a .

Metallographie Apparatus
B ausch ft  Lom b O p tical C o .. R ochester. N . Y . 
C entral Scientific C o ., Chicago, I1L 
E im er ft  A m end, N . Y .  C .
H eil C hem ical C o ., H en ry, S t. Louis, M o.
Palo  C om p an y, N . Y .  C .
Scientific M ateria ls C o ., P ittsburgh. P a.

M etallurgical Laboratory Equipment
B ausch ft  L om b O p tical C o .. R ochester. N . Y . 
B raun Corporation, L os A ngeles, C al. 
B raun-K necht-H eim ann C o .. San Francisco. C al 
C en tral Scientific C o ., Chicago. HL 
D aigger ft  C o .. A .. Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
E im er ft  A m end, N . Y . C .
E ngelhard, Charles, N . Y .  C .
H eil C hem . C o ., H en ry, S t. Louis. M o.
H oskins M fg . C o .. D etro it. M ich .
P alo  C om p an y. N . Y .  C .
Scientific M aterials C o ., P ittsburgh, Pa. 
T hom as C o ., A rth u r H .. Philadelphia. Pa.

M eters— Flow Air, Gas, W ater
G eneral E lectric C o .. Sch en ectady. N . Y .

Microscopes
B ausch f t  L om b O p tical C o ., Rochester. N . Y  
B raun C orporation, Los Angeles. C alif. 
Braun-K necht-H eim ann C o .. San Francisco. 
C entral Scientific C o ., Chicago. Hl.
D aigger ft  C o .. A .. C hicago. IK 
Denver Fire Clay Co., The, Denver, Colo. 
B im er f t  A m end. N . Y . C .
H eil C hem . C o ., H enry S t. Louis, M o.
Palo  C om p an y, N . Y . C.
Sargent f t  C o .. E . H .. Chicago, HI.
Scientific M ateria ls C o ., P ittsburgh, Pa. 
T hom as C o .. A rth u r H .. Philadelphia. Pa.

Microtomes
B ausch  f t  Lom b O ptical C o .. R ochester. N . Y. 
C entral Scientific C o .. Chicago. HL 
Denver Fire Clay Co., The, Denver, Colo. 
E im er f t  A m end. N . Y . C .
H eil C hem ical C o ., H enry, S t. Louis, M o.
Palo  C om p an y. N . Y .  C .
Sargent ft  C o .. E . H .. C h icago , 111.
Scientific M ateria ls C o ., P ittsburgh, Pa. 
T hom as C o.. A rth u r H .. Philadelphia. Pa.

Micro Photo. Apparatus M frs.
Eim er &  Am end, N . Y . C .
H eil Chem . C o .. H enry, S t. Louis, M o. 
S d e a tific  M ateria ls C o ., P ittsburgh, Pa.

M ills— Ball, Pebble and Tube 
A bbé E ngineering C o ., N . Y . C.
C entral Scientific C o ., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer ft Amend, N Y C .
H eil Chem . C o .. H enry, S t. Louis. M o.
M ine and Smelter Supply Co., The, N . Y . C. 
Palo  C om p an y, N . Y .  C .

M ixers
E lyria  E nam eled Products C o ., E ly ria , O. 
Pfaudler C o .. R ochester. N . Y .
P ra tt Engineering &  M achine C o ., A tla n ta , G a. 
Sowers M fg . C o ., B uffalo, N . Y .
W erner ft  Pfleiderer C o ., Saginaw , M ich.

Mixing Tanks
Badger ft  Sons C o ., E . B ., B oston, M ass. 
Buffalo  F d y . f t  M ch . C o ., Buffalo . N . Y . 
D etro it H eating &  L igh tin g  C o ., D etro it, M ich . 
D evine Co.. J. P ., B uffalo. N . Y .
D uriron C astin gs C o ., N . Y .  C .
E ly ria  E nam eled Prod. C o .. E ly ria , O. 
Lum m us C o ., T h e  W a lter E ., B oston, M ass. 
Pfaudler C o ., Rochester, N . Y .
Sower« M fg . C o .. B uffalo , N . Y .
S teven s Brothers, N . Y . C .
W erner f t  Pfleiderer C o ., Sagin aw , M ich.

Molybdates
Central Scientific C o ., Chicago. HL 
H ell Chem . Co., H enry, S t. Louis, M o.
M erck ft  C o ., N . Y . C .
Pow ers-W eightm an-R osengarten C o ..P h ila .,P a .

Molybdic Acid
D enver F ire C la y  C o ., T h e, D enver, Colo. 
E lm er ft A m end, N . Y . C .
H eil Chem . C o ., H enry. S t. Louis, M o.
M ine and Sm elter Su p p ly  C o ., T h e, N . Y . C . 
Scientific M ateria ls C o ., P ittsb u rg h , Pa.

M ontejus— Automatic
Buffalo Fdy. f t  M ch. C o ., Buffalo . N . Y . 
D erin e  C o ., J. P ., B uffalo, N . Y .
General Ceram ics C o ., N . Y .  C .
K n igh t, M aurice A ., E a st A kron , O.

Mortars &  Pestles 
C entral Scientific C o ., C hicago. 111.
D en ver F ire C la y  C o ., T h e , D en ver, Colo. 
Eim er ft  A m end, N . Y . C .
Hell Chem . C o ., H en ry, S t. Louis, M o. 
Scientific M ateria ls C o ., P ittsb u rg h , P a . 
W hitall T a tu m  C o., Philadelphia, Pa.

Muffles
D en ver F ire  C la y  C o ., T h e , D enver, Colo. 
Eim er & A m end, N . Y. C .
Engelhard, C harles, N . Y. C .
H ell Chem . C o ., H enry, S t. Louis. M o.
M ine and Sm elter Su p p ly  C o ., T h e, N . Y. C . 
N orton C o.. W orcester, M ass.
Scientific M ateria ls C o ., P ittsb u rg h , P a .

Nickel— Salts of
Heil Chem . C o ., H enry, S t. Louis, M o .
M erck ft C o ., N . Y .  C .
Pow ers-W eightm an-R osengarten C o ..P h ila .,P a .

Nitrating Apparatus
Buffalo F d y . f t  M ch . C o .. Buffalo . N . Y . 
D evine C o ., J. P ., B uffalo, N . Y .
F letch er W orks, Philadelphia, P a .

Nitrating Pots
Bethlehem  F d y . f t  M a ch .C o ., So.B eth leh em ,P a. 
Buffalo F d y . f t  M ch. C o .. B uffalo, N . Y . 
D evine C o .. J. P .. B uffalo, N . Y .
Duriron Casting« C o .. N . Y .  C .
E lyria  Enam eled P roducts C o .. E ly ria , O. 
G eneral Ceram ics C o .. N  Y .  C .
K n igh t, M aurice A ., B a st A kron , O.
P faudler C o ., R ochester, N . Y .
Sowers M fg . C o ., Buffalo , N . Y .
Stevens Bros., N . Y .  C .
U. S. Stonew are C o ., T h e, A kron , O.
W erner f t  Pfleiderer C o .. Sagin aw . M ich.

Nitrators— Sulphonators, Etc.
B ethlehem  F d y . f t  M ach . C o ., 8o u th  B ethle

hem . Pa.
8tevens Bros., N . Y .  C .

Nitre Pot Acid Pipes
B u ffalo  F d y  f t  M ch . C o ., Buffalo . N . Y .  
C levelan d  B r a »  M fg . C o ., T h e, C levela n d . O. 
D ariron C u t l i n  C o ., N . Y .  C . (S jw d a l A llo y .) 
E lyria  E nam eled Prod. C o ., B lyrta , O. 
G eneral C era m ic. C o ., N . Y .  C .
T herm al 8ya d lca te . L td .. N .Y .C .  (SUlca W a n .)

Nitric Acid Apparatus
B u ffalo  F d y . f t  M ch. C o .. B uffalo . N . Y .  
D uriron C a ttln fs  C o ., N . Y .  C .

Nitric Acid Plants— Chemical Stoneware
K n lfh t . M a u r ic  A ., B u t  A kron , O.

Nitric Acid Retorts
B uffalo  F d y . f t  M ch. C o .. B uffalo . N . Y .

Nozzles (Acid Proof)
D uriron C a atin x . C o ., N . Y .  C .

Oil Products
N a tio n al O il P roducts C o ., H arrison, N . T.

Oil Testing Instruments
Bausch ft Lom b O p tical C o ., R ochester, N . Y .  
B raun C orporation, L os Angeles. C alif. 
B raun-K necht-H eim ann C o ., San Francisco« 
C en tral Scientific C o ., Chicago. I1L 
D aigger ft  C o .. A ., C hicago. 111.
D en ver F ire C la y  C o ., T h e, D en ver, Colo. 
E im er ft Am end, N . Y . C .
G riebel Instrum ent C o ., Carbondale, P a .
H eil C hem ical C o ., H enry, S t. Louis, M o.
Palo  C om p an y, N . Y .  C .
Sargent ft  C o ., E . H ., C hicago, HI.
Scientific M ateria ls C o ., P ittsb u rg h, Pa.
T a y lo r  In strum en t C os., R och ester, N . Y .  
T h om as C o.. A rth u r H .. Philadelphia, P a .

Optical Instruments
B a u ich  4  Lom b O ptical C o ., R o c h u te r , N . Y . 
C en tral Scientific C o .. Chicago, I1L



A n ingenious com bination of closed cab
inet and open shelf.

Stores and catalogs your laboratory stock 
of chemicals in a space-saving, orderly 
and non-breakable manner. N o m atter 

•how long stock is kept on hand, it  is a l
w ays in good condition because protected 
from deteriorating effects of light, fumes 
and dust.

Jan., 1919 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

Mr.

IN DIAN APO LIS, U. S. A.

L ic e n s e d  C a n a d ia n  M a n u fa c t u r e r s ,  
J O N E S  B E O S . &  C O ., L t d . ,  T o r o n t o , O n t a r io

Research-Man:—

Have you considered the ad
vantages of having in your 
laboratory a

SCHWARTZ SECTIONAL SYSTEM

STOKES  

Laboratory Vacuum Dryer?

Materials which are sensitive to 
heat and oxidation are dried rap
idly at a low temperature w ith
out exposure to the air. T he 
dryer has two steam -heated  
shelves 12" x 18" w ith 4" clear
ance space, which may be heated 
w ith steam or hot water. A  
vertical surface condenser and 
receiver form the stand for the 
dryer.

F. J. Stokes Machine Co.
PHILADELPHIA, PA.

Patented Jan. 11, 1910

Stores Three Tim es as M any Items

T h e number of different articles you can 
store in the Schwartz Sectional System is 
amazing. Y o u  can arrange partitions in 
an y drawer as you see fit. Furnished to 
m atch your furniture. C ard  holders, 
pulls and numbers solid brass, celluloid 
sheets prevent cards from  soiling. Either 
cupboard or drawer base supplied in
stead of legs.

Supplied in  units of various sizes for 
large or small laboratories.

Used in m any prom inent institutions. 
Catalog is fu lly  descriptive. Sent free.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT— (Continued)
D aigger 9c C o .. A .. Chicago, 111.
Elm er &  Am end. N . Y .  C .
H ell Chem . C o ., H enry, St. Louis, M o.
Palo C om pany, N . Y . C .
T h w in g Instrum ent C o ., Philadelphia, Pa.

Optical Pyrometer
Denver Fire Clay Co., The, Denver, Colo.
H ell Chem . C o., H enry, S t. Louis. M o.
Palo C om p an y, N . Y . C .
Scientific M aterials C o ., P ittsburgh, Pa.

Oxygen (Pure)
International Oxygen Co., N . Y. C.
L evin , Isaac H .. N ew ark. N . J.
Oxygen Gas Co., The, Kansas City, Mo.

Oxygen Generators
International Oxygen Co., N . Y . C.

Oxygen Plants
International Oxygen Co., N . Y. C.

Oxygen Testing Apparatus
International Oxygen Co., N . Y. C.

Packings (Condensing Tower)
G eneral Ceram ics C o ., N . Y . C .
K n igh t. M aurice A ., E a st A kron, O.
U. S. Stonew are C o ., T h e, A kroa. O.

Paints
T o cb  Brothers, N . Y .  C .

Panels, Rheostats, Motor Generator Sets 
and Tungar Rectifiers

G eneral E lectric C o ., Schenectady, N . Y .
Paper, All Bands

Angel C o .. Inc.. H. R eeve, N . Y .  C .
Paranitr aniline

M erck &  C o .. N . Y .  C .
Partition Rings (Chemical Acid Proof)

K n igh t, M aurice A ., E a st A kron. O.
Patent Attorneys

Brickenstein, John H ., W ashington, D . C . 
Foster. A . B ., W ashington, D . C .
Parker, C . L .. W ashington, D . C .
Tow nsend, C linton  P ., W ashington. D . C .

Percolators
B adger &  Sons C o .. E . B ., B oston, M ass. 
B uffalo F d y . &  M ch. C o ., B uffalo, X . Y . 
D evine C o ., J. P ., B uffalo, N . Y .
E lyria  E nam eled Prod. C o .. E lyria , O. 
General Ceram ics C o ., N . Y .  C .
P faudler Co., R ochester. N . Y .
W bitall T a tu m  C o ., Philadelphia, P a .

Perhydrol
H eil Chem . C o .. H enry, S t. Louis, Ms.
M erck 9c C o ., N . Y . C .

Pharmaceutical Dryers
Buffalo F d y . *  M ch. C o .. Buffalo . N . Y. 
W erner &  Pfleiderer C o ., In c., Sagin aw , M ich .

Pharmaceutical Preparations
M erck &  Co., N . Y .  C.
Pow ers-W eightm an-Rosengarten C o .,P h ila .,P a .

Phenol Apparatus
Buffalo  F d y . &  M ch. C o ., Buffalo , N . Y .

Photomicrography
G ravelle, Philip  O., S . Orange, N . J.

Photo-Micrographic Apparatus
Bausch 9c Lom b O ptical C o .. Rochester, N . Y . 

C en tral Scientific Co., Chicago, III.
E im er 8c A m end, N . Y . C .
H eil Chem . C o ., H enry, S t. Louis, Mo.
Palo  C om p an y, N . Y . C .
Scientific M ateria ls C o ., P ittsb u rg h /  P a . 
T hom as C o., A rth u r H .. Philadelphia, Pa.

Physical Apparatus 
Standard Scientific Co., N . Y .  C .

Picric Acid Apparatus
K n igh t, M a u n ce  A ., E a st A kron, O.

Pipe and Accessories (Acid Proof)
Bethlehem  F d y .& M a c h .C o ., S o .B eth leh em ,P a. 
C leveland Brass M fg. C o., T h e, C leveland, O. 
Duriron C astin gs C o ., N . Y . C .
E ly ria  Enam eled Prod C o .. E lyria , O. 
G eneral Ceram ics C o ., N . Y . C .
Herold C h in a &  P o tte ry  C o ., Golden. Col. 
K n igh t, M aurice A ., E a st Akron, O.
Therm al Syndicate, L td .. N .Y  C .(F u sed  Silica.) 
U nited Lined T u b e  &  V alve  C o ., Boston, 

M ass.
U . S. Stonew are C o ., T h e  Akron. O.

Pipe and Fittings— Lead or Tin Lined
"United Lined T u b e  & V a lve  C o., B oston, M ass.

Pipe Coverings
T h e M agnesia Association of Am erica, N . Y .  C .

Pipes— Steam Jacketed
D evine C o .. J. P ., Buffalo, N . Y .

Pitch for Protective Coatings
T h e  B arrett C o ., N . Y . C .

Platinum (Sheet, W ire and Foil)
Am erican Platinum  W orks, N ew ark. N . J. 
B a ker &  C o., Inc.. N ew ark, N . J.
B ausch &  Lom b O ptical C o.. R ochester. N . Y . 
Bishop &  C o., J., Platinum  W orks, M alvern , Pa, 
C entral Scientific Co., Chicago, 111.
D aigger 4  C o .. A .. Chicago. 111.
Denver Fire C la y  C o ., The, Denver, Colo. 
Elm er &  Am end, N . Y  C .
Heil Chem ical C o., H enry. S t. Louis, M o.
Palo C om p an y, N . Y . C.
Sargent &  C o ., E. H ., Chicago, 111.

Platinum W are (Laboratory)
Am erican Platinum  W orks. N ew ark, N . J. 
B aker &  C o ., Inc.. N ew ark, N . J.
Bausch &  Lom b Optica] C o .. Rochester, N . Y  
Bishop &  C o ., J .. P latinum  W orks, M alvern , P a.

Braun Corporation, Los Angeles, Cal. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago, 111.
Daigger & Co.. A., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C.
Engelhard, Chas., N . Y. C.
Griebel Instrum ent Co.. Carbondale, Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company. N . Y . C.
Sargent & Co., E. H., Chicago, 111.
Scientific M aterials Co.. Pittsburgh, Pa. 
Thomas Co.. Arthur H., Philadelphia, Pa. 

Porcelain W are— Laboratory
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co.. San Francisco. 
Central Scientific Co., Chicago, 111.
Daigger & Co., A., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend. N . Y. C.
Engelhard, Charles, N . Y . C. (“ Im pervite”) 
Griebel Instrum ent Co.. Carbondale. Pa. 
Guernsey Earthenware Co., The, Cambridge, O. 
Heil Chem. Co.. Henry, St. Louis, Mo.
Herold China & Pottery Co., Golden, Col. 
Palo Company, N . Y . C.
Sargent & Co., E . H .. Chicago, 111.
Scientific M aterials Co., Pittsburgh, Pa. 
Standard Scientific Co., N . Y . C.
Thomas Co., Arthur H., Philadelphia, Pa.

Portable Ozonators
General Electric Co., Schenectady, N . Y.

Potassium — Salts of
Dow Chemical Co., The, M idland, Mich.
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N . Y. C.
Powers-Weightman-Rosengarten Co.,Phila, Pa.

Pots— Acid Proof Stoneware
Knight, M aurice A., E ast Akron, O.

Precision Instrument M akers
Engelhard, Charles, N . Y . C.
Heil Chem. Co., Henry, St. Louis, Mo. 
Scientific M aterials Co.. Pittsburgh, Pa.

Protecting Tubes, Thermocouples
Brown Instrument Co., The, Phila., Pa.
Denver Fire Clay Co., The, Denver, Colo. 
Engelhard, Charles, N . Y . C.
Hoskins M fg. Co., Detroit, Mich.

Publishers
Chemical Publishing Co.. Easton, Pa.
Van Nostrand Co., D ., N . Y . C.
W iley 8c Sons. Inc., John, N .Y . C.

Pulverizers— Laboratory
Abbé Engineering Co.. N . Y . C.
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation. Los Angeles. Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago. 111.
Daigger & Co.. A.. Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C.
Heil Chemical Co., Henry, St. Louis, Mo.
M ine and Smelter Supply Co., The, N . Y . C. 
Palo Company. N Y C .
Pratt,Engineering & M achine Co., Atlanta, Ga. 
Sargent & Co., E. H.. Chicago. 111.
Scientific M aterials Co., Pittsburgh, Pa. 
Sturtevant M ill Co., Boston, Mass.
Thom as Co., Arthur H., Philadelphia, Pa. 
Williams Patent Crusher & Pulv. Co., Chicago.

Pumps— Acid 
American Well Works, The, Aurora, 111.
Bausch & Lomb Optical Co., Rochester, N . Y. 
Central Scientific Co., Chicago. 111.
Cleveland Brass M fg. Co., The. Cleveland, O. 
D evine Co., J. P., Buffalo, N . Y.
Duriron Castings Co., N . Y . C.
Eimer & Amend, N . Y . C.
General Ceramics Co., N . Y. C.
Heil Chem. Co.. Henry, St. Louis. Mo.
M ine and Smelter Supply Co., The, N . Y . C . 
Palo Company, N . Y . C.
Schutte & Koerting Co., Philadelphia, Pa. 
United Lined T ube & Valve Co., Boston. 

M ass.
U. S. Stoneware Co., The, Akron, O.

Pumps (Chemical)
American Well Works, The, Aurora, 111. 

Pumps (Laboratory Vacuum)
Abbé Engineering Co., N . Y . C.
Bausch & Lomb Optical Co., Rochester, N . Y 
Buffalo Fdy. & M ch. Co.. Buffalo, N . Y. 
Central Scientific Co.. Chicago, III.
Crowell M fg. Co., Brooklyn, N . Y.
Daigger & Co.. A.. Chicago, III.
Denver Fire Clay Co., The, Denver, Colo. 
Devine Co., J. P., Buffalo. N . Y.
Eimer & Amend, N . Y. C.
Heil Chem. Co., Henry, St. Louis, M o. 
Hubbard’s Sons, Norman, Brooklyn, N . Y. 
Palo Company, N . Y . C.
Sargent & Co., E . H ., Chicago. HI.
Thomas Co., Arthur H„ Philadelphia, Pa.

Pumps (Vacuum)
Abbé Engineering Co., N . Y . C.
Buffalo Fdy. & M ch. Co., Buffalo. N . Y . 
Crowell M fg. Co., Brooklyn, N . Y.
Devine Co.. J. P., Buffalo, N . Y .
Jacoby, Henry E .. N . Y . C.

Pump Parts M etal (Acid Proof)
Duriron Castings Co., N . Y . C.

Pyrom eter Tubes
Brown Instrum ent Co., The, Phila., Pa.
D en ver F ire C la y  C o ., T h e, D en ver, Colo. 
E ngelhard, C harles, N . Y. C .
N orton  C o., W orcester, M ass.

Pyrometers
Bausch &  Lom b O p tical C o ., R ochester, N . Y. 
B raun C orporation, Los A ngeles, C alif. 
B raun-K necht-H eim ann C o.. San Francisco. 
Brow n Instrum ent C o .. Philadelp hia, Pa. 
C entral Scientific C o., C hicago, 111.
D aigger &  C o.. A ., C h icago , III.
D en ver F ire Clay Co., T h e , D en ver, Colo. 
E im er Be A m end, N . Y. C .
E ngelhard. C has., N . Y. C .
Greiner C o ., E m il, N . Y. C .
G riebel Instrum ent C o ., Carbondale, Pa. 
H anovia C hem ical &  M fg , C o ., N ew ark , N . J. 
Heil Chem . C o ., H en ry, S t. Louis, M o.
Hoskins M fg. C o ., D etro it, M ich .
Leeds &  N orthrup  C o ., T h e. Philadelp hia, Pa. 
Palo  C om p an y, N . Y. C .
Sargent &  C o ., E . H ., C h icago , 111.
Scientific M ateria ls  C o  , P ittsb u rg h, P a.
T a y lo r Instrum ent C os., R ochester, N . Y . 
T hom as C o., A rth u r H .. Philadelphia, P a , 
T h w in g  Instrum ent C o ., Philadelp hia* P a.

Pyrometers— Electrical
B row n Instrum ent C o ., Philadelphia, P a . 
E ngelhard, Charles, N . Y . C .

Pyrometers (Optical)
B raun-K necht-H eim ann C o ., San  F rand aca. 
B row n Instrum ent C o ., Philadelp hia, Pa.
H eil Chem . C o ., H en ry, S t. Louis. M o.

Pyrometers (Radiation)
Brow n Instrum ent C o ., T h e , P h ila ., P a .
Heil Chem . C o ., H en ry, S t. Louis, M o.
Leeds &  N orth ru p  C o ., T h e , Philadelphia, P a . 
T a y lo r  In strum en t C os., R och ester, N . Y .  
T h w in g  Instrum ent C o ., Philadelphia, P a .

Quartz
B ooth  A pp aratus C o ., Syracuse, N . Y .

Quartz Glass
B ausch  &  Lom b O ptical C o ., R och ester, N . Y. 
B raun C orporation, L os Angeles- C alif. 
B raun-K necht-H eim ann C o ., San  Francisco. 
Brow n In strum en t C o ., Philadelp hia, P a . 
C entral Scientific C o ., C h icago , 111.
D aigger 9c C o .. A ., C h icago , 111.
D en ver F ire Clay Co., T h e , D en ver, Colo. 
Eim er 9c Am end, N . Y .  C .
Engelhard, C h as., N . Y. C .
Greiner C o .. Em il, N . Y. C . 

riebel In strum en t C o ., C arbondale, Pa. 
anovia C hem ical &  M fg . C o ., N ew ark, N . J. 

H eil Chem . C o ., H en ry, S t. L ou is, M o.
P a lo  C om p an y. N . Y. C .
Sargent 9c C o ., E . H .. C h icago , I1L 
Scientific M ateria ls C o „  P ittsb u rg h , P a. 
T herm al S yn dicate, L td ., T h e , N . Y. C . 
Thom as C o ., A rth u r H ., Philadelphia, Pa.

Radium
D en ver F ire Clay Co., T h e , D en ver, Colo. 
E im er 9c A m end, N . Y. C.
H eil Chem ical C o ., H en ry, S t. Louis, M o.
P alo  C om p an y, N . Y . C .

Reagent Bottles
C entral Scientific C o ., Chicago, HL 
Eim er &  A m end, N . Y. C .
Heil Chem . C o ., H enry, S t. Louis, M o. 
Scientific M ateria ls C o ., P ittsb u rg h, P a . 
W hitall T a tu m  C o., Philadelphia, P a .

Reagents— Chemical
B a ker &  Adam son Chem . C o ., E aston , Pa. 
B aker Chem . C o ., J. T „  Phillipsbtirg, N . J. 
B ausch &  Lom b O p tical C o ., R ochester, N . Y. 
Braun-K necht-H eim ann C o.. San  Francisco. 
C entral Scientific C o.. Chicago, 111.
D aigger &  C o ., A ., C hicago, III.
D en ver F ire Clay Co., T h e, D en ver, Colo. 
Eim er &  Am end, N . Y. C.
Griebel Instrum ent C o ., Carbondale, P a .
Heil C hem ical C o ., H en ry, S t. Louis, M o. 
M erck &  C o ., N . Y. C .
Palo  C om p an y, N . Y. C .
Pow ers-W eightm an-R osengarten C o . P h lla .,P a. 
Sargent & C o., E . H ., C hicago, 111.
Scientific M ateria ls C o ., P ittsb u rg h, P a . 
T hom as C o.. A rth u r H .. Philadelphia, P a. 

Recording Instruments 
B raun-K necht-H eim ann C o ., San F ra n d sco . 
Brow n Instrum ent C o ., Philadelp hia, Pa. 
Central Scientific C o ., Chicago. IU.
D en ver F ire C la y  C o., T h e , D en ver, Colo. 
Eim er &  A m end, N . Y. C.
G eneral E lectric C o ., Sch en ectad y, N . Y .
Heil Chem . C o .. H enry, S t. Louis, M o.
H oskins M fg. C o ., D etro it. M ich .
Palo  C om p an y, N . Y .  C .
Scientific M a teria ls  C o ., P ittsb u rg h , P a .
T a y lo r  Instrum ent C os., R ochester, N . Y .  
T hw ing Instrum ent C o ., Philadelphia, Pa.

Recording Instruments (For Pressure, 
Temperature, Etc.)
B row n Instrum ent C o .. Philadelphia. Pa. 
D en ver F ire C la y  C o ., T h e, D en ver, Colo. 
E ngelhard, C harles, N . Y. C .
Hell Chem . C o ., H enry, S t. Louis, M o . 
Scientific M ateria ls C o ., P ittsb u rg h , P a .
T a y lo r  Instrum ent C os., R ochester, N . Y.

Reduction Kettles
Buffalo Fdy. & M ch. Co.. Buffalo, N . Y. 
Devine Co., J. P., Buffalo, N . Y .

Refineries— (Oil— Sugar Installation)
Lummus Co.. T he Walter E ., Boston, M u i .
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MASSCO
ASSAY  

EQUIPMENT
t h e  a s s a y  m a n

v.,

The laboratory or assay department cannot be too 
careful in selecting equipment. Operations here are just 
as important and sometimes more important than those 
in the operating departments. 

Use Massco Assay Equipment with full confidence. It 
has passed all of our tests— it will meet your approval. 

The Samson Jaw Crusher
T h e interm ediate crusher for the laboratory. 

W ill rapidly crush the hardest rock as well as 
sticky ores, giving a uniform product. H as a 
large capacity  and will not choke w ith  sticky  
m aterial th at does not adhere to the plates.

C an be cleaned while running a t  full speed. 
Furnished in two sizes. T h e M assco for hand 
power, capacity  150-250 lb. per hour, weight 
250 lb.

T h e N um ber 00 for belt drive, capacity 
500 lb. per hour, weight 300 lb.

The McCool Pulverizer
F or grinding ore samples or preparing control 

pulps. G rinds from  1/ i in. to an y fineness. T h e 
only pulverizer w ith  equal wearing on both 
discs. D u st proof. A ll parts readily accessible 
for cleaning.

CH EM ICALS
W e carry in stock the highest grade C . P. Chem icals for L aboratory  requirements. 

W e are selling agents for the Sh attu ck Chem ical Co., who m anufacture high-grade 
M olybdic Acid, 8 5% ; M olybdic Acid, 100%  Am m onium  M olybdate, U ranium  Salts, 
Phospho-Tungstic A cid, Sodium  Tungstate, Potassium  Perm anganate, etc.

A ll guaranteed to be strictly  in accordance w ith analysis shown on each label. T h e 
M olybdic Acid is a rem arkably high-grade product for phosphorus determ ination.

Everything for the Assay-Office and Laboratory

TH E MINE &  SM ELTER SU PPLY C O M PA N Y
A Service Station Within Reach of You

Denver Salt Lake City El Paso
New York Office: 42 Broadway
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT -{Continued)
Refractories 

Engelhard, Charles, N . Y . C.
Guernsey Earthenware Co., The, Cambridge, O 
Hell Chem. Co., Henry, St. Louis, Mo.
Herold Chiaa 8c Pottery Co., Golden, Colo. 
Norton Co.. Worcester. Mass.

Refrigerating Machinery and Apparatus
General Electric Co., Schenectady, N  Y.
Yock Manufacturing Co.. York. Pa.

Regulators (Automatic Humidity)
Carrier Engineering Corp.. N . Y. C.

Relays
General Electric Co.. Schenectady. N . Y.

Resistance Ribbon— Base M etal
Hell Chem. Co., Henry, St. Louis, Mo.
Hoskins Mfg. Co.. D etroit, Micb

Resistance W ire— Base M etal
Hell Chem. Co., Henry, St. Louis, Mo.
Hoskins M fg. Co., Detroit. Mich.

Resistance W ire— Platinum
American Platinum Works. Newanc. N . J. 
Baker & Co., Inc., Newark, N . J.
Bishop & Co. Platinum Wks., J., Malvern. Pa. 
Hell Chem. Co., Henry, St. Louis, Mo.

Retorts
Badger 8c Sons Co., E. B., Boston, Mass. 
Bausch &: Lomb Optical Co., Rochester, N . Y . 
Braun-Knecht-Heimann Co., San Francisco. 
Buffalo Fdy. 8c Mch. Co.. Buffalo, N . Y.
Central Scientific Co., Chicago, 111.
Dalgger 8c Co. A.. Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Devin« Co., J. P„ Buffalo. N . Y.
Heil Chemical Co., Henry, St. Louis, Mo. 
Lummus Co.. The Walter E.. Boston, Mass. 
Palo Company, N . Y. C 
Thermal Syndicate. Ltd.. The, N . Y. C.

Retorts (Cast Iron)
Buffalo Fdy. 8c Mch. Co.. Buffalo, N . Y. 
Devine Co., J. P.. Buffalo. N . Y.
Hell Chem. Co., Henry, St. Louis, Mo.
Sargent 8c Co., E. H., Chicago, 111.
Sowers Mfg. Co., Buffalo, N . Y.

Retorts— Acid (Cast Iron)
Bethlehem Fdy. & Mach. Co., So. B eth.. Pa. 
Buffalo Fdy. & Mch. Co., Buffalo, N . Y. 
Devine Co., J. P., Buffalo. N . Y.
Griebel Instrument Co., Carbondale, Pa. 
Herold China & Pottery Co., Golden. Col.

Rotary Compressors or Blowers
Abbé Engineering Co.. N . Y . C.
Crowell Mfg. Co., Brooklyn, N . Y.

Rotary Dryers— Vacuum and Atmospheric
Buffalo Fdy. & Mch. Co.. Buffalo, N . Y .
Devine Co., J. P.. Buffalo. N . Y.

Rubber Goods— Hard
Mine and Smelter Supply Co., The, N . Y . C.

Rubber Tubing (Laboratory)
Angel Co., Inc., H. Reeve, N . Y . C.
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun-Knecht-Heimann Co., San Francisco, 
Central Scientific Co., Chicago, 111.
Daigger & Co., A.. Chicago, 111.
Denver Fire Clay Co.. The, Denver, Colo. 
Eimer 8c Amend, N . Y. C.
Griebel Instrum ent Co.. Carbondale, Pa.
Heil Chemical Co., Henry, St. Louis, Mo 
Mine and Smelter Supply Co., The, N . Y . C. 
Palo Company, N . Y. C.
Sargent 8c Co.. E. H„ Chicago, 111.
Scientific M aterials Co., Pittsburgh, Pa. 
Thomas Co.. Arthur H., Philadelphia, Pa. 
W hitall Tatum  Co., Philadelphia. Pa.

Scientific Apparatus
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Cal, 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. IlL 
Daigger & Co., A.. Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer 8c Amend, N . Y. C.
Engelhard, Charles, N . Y . C.
Heil Chemical Co.. Henry, St. Louis, Mo. 
Hoskins Mfg. Co., D etroit. Mich.
Palo Company, N . Y . C.
Sargent & Co., E. H., Chicago, III. i
Scientific Materials Co.. Pittsburgh. Pa. 
Standard Scientific Co., N . Y . C.

Scientific Instrument M akers
Central Scientific Co.. Chicago, III.
Engelhard, Charles, N . Y . C.
Heil Chem. Co., Henry, St. Louis, Mo. 
Scientific Materials Co., Pittsburgh, Pa.

Screens (Grinding & Pulverizing)
Raymond Bros. Im pact Pulv. Co.. Chicago, HI.

Searchlights and Headlights
General Electric Co., Schenectady, N . Y. 

Separators— Air
Raymond Bros. Im pact. Pulv. Co.. Chicago, UL

Separators— Centrifugal
Fletcher Works, Philadelphia, Pa.
International Equipment Co.. Boston, Mas*.

Sharpies Specialty Co.. The, W est Chester, Pa. 
Tolhurst Machine Works. Troy, N . Y.

Shelf Dryers— Vacuum
Buffalo Fdy. & Mch. Co.. Buffalo. N . Y. 
Devine Co.. J. P., Buffalo, N . Y.

Shredders
Williams Patent Crusher 8c Pulv. Co,. Chicago, 

IU.

Silica— Fused
Bausch & Lomb Optical Co.. Rochester, N . Y. 
Braun Corporation, Los Angeles, Calii. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. HI.
Daigger & Co., A.. Chicago. IU.
Denver Fire Clay Co., The, Denver, Colo, 
fiimer & Amend, N . Y. C.
Engelhard. Chas., N . Y . C.
Greiner 8c Co., Emil, N . Y . C.
Greibel Instrum ent Co., Carbondale, Pa.
Heil Chem. Co., Henry. St. Louis, Mo.
Palo Company, N . Y. C.
Sargent & Co., E. H., Chicago. IU.
Scientific M aterials Co.. Pittsburgh, Pa. 
Thermal Syndicate, Ltd., The, N . Y . C. 
Thomas Co., Arthur H „ PhUadelphia, Pa.

Sinks, Laboratory Acid Proof
Duriron Castings Co., N . Y. C.
K night, Maurice A., East Akron, O.

Soda Recovery Machinery
Devine Co., J. P., Buffalo, N . Y.
Swenson Evaporator Co., Chicago, IU.

Sodium-Benzol-Sulphonate Dryers
Buffalo Fdy. 8c M ch Co., Buffalo, N . Y. 
Devine Co., J. P., Buffalo, N . Y.

Sodium— Salts of
Dow Chemical Co., The, M idland, Mich.
HeU Chem. Co., Henry, St. Louis, Mo.
Merck & Co., N . Y. C.
Powers-W eightman-Rosengarten C o.,Phlla.,Pa.

Solenoids
Central Scientific Co., Chicago, UL

Solvent Recovery Apparatus (Vacuum)
Badger 8c Sons Co., E. B ., Boston. Ma9s. 
Buffalo Fdy. 8c M ch. Co., Buffalo, N . Y. 
D evine Co.. J. P., Buffalo. N . Y.
Elyria Enameled Prod. Co., Elyria. O. 
Lummus Co., The Walter E-, Boston, Maas. 
Pfaudler Co., Rochester, N . Y „ & N . Y . C. 
Sowers M fg. Co., Buffalo, N . Y.
Werner 8c Pfleiderer Co., Saginaw, Mich.

Spelter
N ew  Jersey Zinc Co., The, N . Y . C.

Spiegeleisen
New J m e y  Zinc Co.. The. N . Y . C.

Steam  Engineering Specialties 
Sarco C o .,In c .. N . Y . C.

Steam  Reducing Valves

Taylor Instrum ent Cos., Rochester, N . Y .

Steam  Traps 
Sarco Co., Inc., N . Y . C.

Sterilizers
Central Scientific Co., Chicago, I1L 
Denver Fire Clay Co., The, Denver, Colo.
HeU Chem. Co., Henry, St. Louis, Mo.

Stills— Aniline, Phenol and Betannphthol
Buffalo Fdy. 8c M ch. Co., Buffalo, N . Y . 
Devine Co., J. P., Buffalo, N . Y.

Stills— Nitric Acid and Sulfuric Acid
Buffalo Fdy. & Mch. Co.. Buff J o .  N . Y.

Stirring Apparatus
Booth Apparatus Co.. Syr«u »e , N . Y. 
Cleveland B ra «  M fg. Co., The. Cleveland, O. 
D evine Co.. J. P.. Buff J o . N . Y.
Duriron C aitinss Co., N . Y . C.
Elyria Enameled Prod. Co.. Elyria, O. 
Jacoby, Henry E ., N . Y . C.
Palo Company. N . Y . C.
Pfaudler Co., Rochejter, N . Y.
Sower« Mfg. Co., Buffalo, N . Y.
S teven , Brother,, N . Y . C.
Werner & Pfleiderer Co., Safinaw , Mick.

Stoneware— Chemical (Laboratory)
Bausch 8c Lomb Optica] Co.. Rochester, N . Y. 
Braun Corporation, Los Angeles, Calif.

Braun-Knecht-Heimann Co., San Fraadsoo. 
Central Scientific Co., Chicago, I1L 
Daigger 8c Co., A.. Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer 8c Amend. N . Y. C.
General Ceramics Co.. N . Y. C..
Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co.. Henry, St. Louis. Mo.
Knight, Maurice A., E ast Akron, Ohio 
Palo Company, N . Y. C.
Sargent & Co., E. H., Chicago, IU.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., PhUadelphia, Pa.
U. S. Stoneware Co., The, Akron, O.

Stoneware (Acid Proof— Industrial Pur
poses)
General Ceramics Co., N . Y. C.
Knight, M . A., East Akron, O 
U. S. Stoneware Co., The. Akron, O.

Stoppers— Rubber
Central Scientific Co., Chicago. IU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend. N . Y. C.
HeU Chem. Co., Henry, St. Louis, Mo. 
Scientific M aterials Co., Pittsburgh, Pa. 
Whitall Tatum Co., Philadelphia. Pa.

Storage Battery Recharging Apparatus
General Electric Co., Schenectady, N . Y.

Strontium— Salts of
Heil Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N . Y. C.
Powers-W eightman-Rosengarten Co.,PhU*^Fa,

Sugar M ill Machinery
Birmingham Mch. & Fdy.Co..Birm ingham ,Ala. 
Devine Co., J. P., Buffalo, N . Y.
Swenson Evaporator Co., Chicago, IU.

Sulphonating Apparatus
Buffalo Fdy. & M ch. Co., Buffalo, N . Y.
Devine Co., J. P., Buffalo, N . Y .
Duriron Castings Co., N . Y. C.

Sulphuric Acid
Heil Chem. Co., Henry, St. Louis, Mo.
N ew  Jersey Zinc Co.. The, N . Y. C. 
Powers-Weightman-Rosengarten C o.,Phlla.,F*.

Sulphuric Acid Apparatus
Buffalo Fdy. & Mch. Co., Buffalo, N . Y . 
Duriron Castings Co., N . Y. C

Sulphuric Acid Concentrating Pans
Buffalo Fdy. & M ch. Co., Buffalo, N . Y .

Sulphuric Acid Plants— Chemical Stone
ware
Knight, M. A.. E ast Akron, O.

Sulphuric Acid Recovery Apparatus
Buffalo Fdy. & Mch. Co.. Buffalo. N . Y .

Switchboards
General Electric Co., Schenectady, N . Y.

Synthetic Oils & Chemicals
HeU Chem. Co., Henry. St. Louis, Mo.
Merck & Co.. N . Y . C.

Syphons
General Ceramics Co., N . Y . C.
Standard Scientific Co., N . Y . C.

Syphons— Steam Jet
Cleveland Brass M fg. Co., The, Cleveland. O. 
Duriron Castings Co., N . Y . C. (A dd Proof.) 
Elyria Enameled Prod. Co.. Elyria, O.

Tachometers
Brown Instrum ent Co., Philadelphia, Pa.
Denver Fire Clay Co., The, Denver, Colo.
Palo Company, N . Y. C.
Taylor Instrument Cos.. Rochester, N . Y . 
Eimer & Amend, N . Y . C.
HeU Chem. Co., Henry, St. Louis, Mo.

Talc
HeU Chem. Co., Henry. St, Louis, M o.
Merck 8c Co., N . Y . C.
Powers-W eightman-Rosengarten C o.,Phlla„F*,

Tanks— (For Acid or Basic Reaction)
Badger 8c Sons Co., E. B ., Boston, Mass. 
Buffalo Fdy. 8c Mch. Co.. Buffalo, N . Y. 
Chadwick-Boston Lead Co.. Boston, Mass. 
Cleveland Brans M fg. Co. The. Cleveland, O. 
D evine Co., J. P ., Buffalo, N . Y.
Duriron Castings Co.. N . Y . C.
Elyria Enameled Products Co., Elyria, O. 
General Ceramics Co N . Y . C.
Knight, Maurice A.. E ast Akron, O.
Lummus Co.. The, Walter B ., Boston, M ass. 
M ine and Smelter Supply Co., The, N , Y . C 
Pfaudler Co.. Rochester, N . Y.
U. S. Stoneware Co., The, Akron. O.
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ENDORSED AND USED B Y  
LEADING CHEMISTS

The H-J D IS T IL L A T IO N  A D A P T E R  can be readily 
attached to the ordinary flask, thereby adapting it for 
purposes of distillation. Replaces the distillation flask. 
S A V E S B R E A K A G E , T IM E  A N D  M O N E Y . Quickly 
assembled or removed. M any advantages. T ry  them. 
SE N D  F O R  C IR C U L A R .

S o le  M a n u f a c t u r e r s

STANDARD SCIENTIFIC COMPANY
M a n u fa c tu r e r s  a n d  D ea lers in  

S c ie n tif ic  I n s tr u m e n ts  a n d  
L a b o ra to ry  S u p p lie s

70 Fifth Avenue NEW YORK

F a s t  Col ors  P r o d u c e d  
in A m e r i c a

A cid  C olors
Alizarine Sapphire Fast Wool Blue R.

Fast W ool Cyanone 3 R.

V a t C olors
Indigo N . A. C. 20% Paste Alizarine N . A. C. 20% Paste

Carbanthrene Olive G.

S u lp h u r  C olors
Sulphur Blacks Sulphur Brown 4 G.
Sulphur Brown 2 G. Sulphur Brown T . D.
Sulphur Brown C. G. Sulphur Blue L.
Sulphur Yellow B. W. Sulphur Blue S. A. P.

C h r o m e  Colors
Alizarol Yellow G. W. Alizarol Yellow 3 G.
Alizarol Orange R. Alizarol Brown R. B.
Alizarol Brown B. Alizarol Black 3 G.
Chrome Blue G. N . Cone. Chrome Blue R. B. N . Cone.
Chrome Black 2 B. N . Chrome Blue 3 R. Y. N . Cone.
Superchrome Black 4 B. N . Superchrome Black 6 B. P.

Superchrome Blue B. Double 
Serichrome Green B. Serichrome Blue R.

D eveloped C olors
Diazine Black H. Ex. Paranitraniline N . A. C.

Prirauline N . A. C.

Bring us your dyestuff problems. The technique of the appli
cation of dyestuffs, to meet the particular requirements of each 
customer, is as complex as the production of these dyestuffs. 
Our technical department and well-equipped laboratories are at 
the service of our customers without charge or obligation.

N a tio n a l  A n il in e  & C h em ica l  Co.
Incorp orated

M a in  Sales O ffice: 21 B u r lin g  S lip , N ew  Y ork

B o sto n  C h a r lo tte  C h icago  C in c in n a ti H artford  
K an sas C ity  M ilw aukee M in n ea p o lis  P h ila d e lp h ia

e l e c t r i c  O R G A N IC  COM BUSTION f u r n a c e

COLUMBIA UNIVERSITY says: “So PERFECT, we are REPLACING all GAS FURNACES. 

USED AS STANDARD EQUIPMENT WHEREVER ONCE TRIED

Absolute 
Temperature 

Control — 
Each Section  

Separately

Regalarly earried in stack by

BRAUN-KNECHT HE1MANN 
CO., S ad Francisco

TH E BRAUN CORPORATION 
Lot Angeles

LYN'ANS, LTD. 
Montreal

EIMER & AMEND 
N ew  Yerk, Pittsburgh

Observation
during

Combustion

TY PE 123

Catalogs upon request

ELECTRIC HEATING APPARATUS CO.
G en era l O ffice an d  W orkst

123-125 S u sse x  A ve ., N E W A R K , N . J .

B ran ch  Office: 25 Church S t . ,  N ew  Y o rk p AT. Y .

Gives Constant 
Accuracy

R cgularlj carried so steck by

ARTHUR H . TH OM AS CO . 
Philadelphia

DENVER FIRE CLAY CO., 
Denver, Colo.

TH E M INE & SMELTER  
SUPPLY CO. 

D earer, El Paso, Salt 
Lake City

CENTRAL SCIENTIFIC CO. 
Chicago
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(Conc/u<fccO
Tanks— (Measuring & Self-decanting)

B uffalo F d y. & M ch, C o ., B uffalo, N. Y . 
D evine Co.. J. P  , B uffalo, N . Y  
E lyria  Enam eled Prod. C o ., E lyria , O. 
Pfaudler C o ., T h e, Rochester, N . Y .
Lum m us C o.. T h e  W a lter E ., Boston, M ass.

Tanks— Pressure
B uffalo F d y. &  M ch. C o ., B uffalo, N . Y . 
D evine C o ., J P ., B u ta lo , N . Y .
E lyria  Enam eled Prod. C o ., E lyria . O. 
General Ceram ics C o ., N . Y . C.
Pfaudler C o .. Rochester. N . Y .
U . S. Stonew are C o ., T h e, A kron, O.

Tanks (Sectional)
Pfaudler C o ., Rochester. N . Y .

Tanks (Steel)
Devin« C o., J. P ., Buffalo, N . Y .
Stevens Brothers. N . Y .  C .

Tanks (Storage)
D evine C o .. J. P.. B uffalo. N . Y .
B ly ria  Enam eled Prod. C o .. E lyria , O. 
G eneral Ceram ics C o., N . Y .  C.
K n igh t, M . A .. E a st Akron, O.
M ine and Sm elter Sup ply C o ., T h e, N . Y .  C . 
P faudler C o ., R ochester, N . Y .
Stevens B ros., N . Y .  C .
U. S. Stonew are C o ., T h e, A kron  O.

Tannic Acid, Technical
Heil Chcm. Co., Henry, St. Louis, Mo.
Merck & Co.. N . Y . C.

Temperature Control Instruments
Brow n Instrum ent C o .. Philadelphia. Pa. 
Denver Fire Clay Co,, The, Denver Colo. 
Bim er &  A m end, N . Y . C .
E ngelhard, C harles, N . Y .  C .
H anovia Chem ical ft  M fg . C o .. N ew ark, N . J. 
H ell Chem . C o ., H enry, S t. Louis, M e.

. H oskins M fg. C o.. D etro it. M ich.
Sarco C om p an y. Inc., N . Y .  C .
Scientific M aterials C o ., P ittsburgh. P a.
T a y lo r Instrum ent Cos., Rochester. N . Y . 
T hw ing Instrum ent C o ., Philadelphia, Pa.

Thermocouple Protecting Tubes
Brow n Instrum ent C o ., T h e , Phila., Pa. 
Engelhard, Charles, N . Y .  C .
H ell Chem . C o .. H enry, S t. Louis, M o.
Hoskins M fg. Co., D etro it. M ich.
Scientific M aterials C o ., P ittsb u rg h, P a.

Thermometers
Bausch &  Lom b O ptical C o .. Rochester. N . Y . 
B raun Corporation, Los Angeles, C al. 
B raun-K necht-H eim ann C o., San Francisco. 
Brow n Instrum ent C o., Philadelphia, Pa. 
D aigger &  C o.. A ., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
E im er &  Am end, N . Y .  C .
E ngelhard, Charles. N . Y . C .
Greiner C o ., Em il, N . Y .  C .
G riebel Instrum ent C o ., C arbondale. Pa. 
H an ovia Chem ical &  M fg . C o ., N ew ark, N . J 
H eil Chem ical C o ., H enry, S t. Louis, M o.
P alo  C om pan y, N . Y .  C .
Sargent &  C o ., E . H .. C hicago, 111.
Scientific M ateria ls C o ., P ittsburgh, Pa. 
Standard Scientific C o ., N . Y .  C .
T a y lo r  Instrum ent C os., Rochester, N . Y . 
T hom as C o .. A rth u r H .. Philadelphia, P a . 
W hitall T a tu m  C o., Philadelphia, Pa.

Thermostats
Bausch &  L om b O ptical C o ., Rochester. N . Y . 
B raun-K necht-H eim ann C o., San Francisco. 
Brow n Instrum ent C o .. Philadelphia, Pa. 
D aigger &  C o.. A .. Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eim er &  A m end, N . Y .  C .
G riebel Instrum ent C o ., C arbondale, P a .
Heil C hem ical C o .. H enry, S t. Lottie. U a .
P alo  C om pan y, N . Y .  C .
Sarco C o ., Inc.. N . Y .  C.
Scientific M ateria ls C o ., P ittsburgh, P a.
T a y lo r Instrum ent C os., Rochester. N . Y . 
T hom as C o., A rth u r H ., Philadelphia. P a . 
T h w in g Instrum ent C o ., Philadelphia, Pa.

Thickeners, or Dewaterers
D orr C o ., T h e , D en ver, C o l., and N . Y . C . 
Industrial F iltration  C orp., N . Y .  C .

Tile (Tower)
General Ceram ics C o ., N . Y . C .
G uernsey E arthenw are C o ., T h e  C am bridge, O. 
K n ig h t, M . A .. E a st A kron, O.
U. S. Stonew are C o ., T h e , A kron, O.

Tile— Tower Grillage (Acid Proof Stone
ware)

Knight, M. A., East Akron, O.

Tim ers (Interval)
Victor Electric Corporation, Chicago, HI.

Time Valves
Taylor Instrum ent Cos., Rochester, N . Y.

Tin
Heil Chem. Co.. Henry, St. Lout.. Mo.
Merck & Co., N . Y. C.

Toluol
Hell Chem. Co., Henry, St. Louis. Mo.
Merck & Co.. N . Y. C.

Tongs
Denver Fire Clay Co., The, Denver, Colo.
Heil Chem. Co.. Henry, St. Louis, Mo.
Hoskins M fg. Co., D etroit. Mich.

Tower Packing or Filling (Acid Proof)
K n ig h t, M . A .. E a st A kron. O.

Transformers
G eneral E lectric C o ., Schenectady, N . Y.

Transmission Lines
G eneral E lectric C o ., Sch en ectad y, N . Y.

Triangles
B ausch  &  Lom b O p tical C o ., R ochester, N . Y . 
B raun-K necht-H eim ann C o ., San Francisco. 
D aigger & C o .. A .. Chicago. IU 
Denver Fire Clay Co., The, Denver, Colo. 
Eim er &  A m end, N . Y C.
H eil Chem ical C o ., H enry, S t. Louis, M o. 
Hoskins M fg . C o ., D etro it, M ich.
Palo  C om p an y, N . Y .  C .
Sargent & C o ., E . H ., C hicago, III.
Therm al S yn dicate. L td ., T h e, N . Y .  C .

Triangles (Platinum)
B aker & C o.. In c., N ew ark. N . T.
H ell Chem . C o ., H en ry, S t. Louis. M o.

Trinitrotoluol Apparatus
B u ffalo  F d y . &  M ch . C o .. B uffalo , N . Y .

Tubes— Alundum 
H eil Chem . C o ., H enry, S t. Louis, M o.
N orton  C o., W orcester. M ass.

Tubes (Platinum)
Bishop &  C o ., J.. P latinum  W orks, M alvern , Pa. 
H eil Chem . C o ., H en ry, S t. Louis, M o.

Tubing (Glass)
B ausrh  &  L om b O p tical C o ., R ochester, N . Y  
B raun-K necht-H eim ann C o ., San  Francisco. 
D aigger & C o .. A ., C hicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eim er &  A m end, N . Y . C .

H eil C hem . C o ., H en ry, S t. Louis, M o.
Sargent & C o ., E . H ., C hicago. III.
W h ita ll T a tu m  C o ., Philadelphia. Pa.

Tubing— India Rubber
A ngel C o ., In c., H . R eeve, N . Y .  C .
E im er &  A m end, N . Y . C .
H eil Chem . C o ., H enry, S t. Louis, M o.

Ultra Violet Lamp &  Laboratory Outfit
Engelhard, C harles, N . Y .  C .
R . U . V . C o .. In c., T h e, N . Y .  C .

Vacuum Drying Apparatus
B adger & Sons C o ., E . B ., B oston, M ass. 
Buffalo  F d y. &  M ch. C o ., B uffalo, N . Y . 
D evine C o ., J. P ., Buffalo , N . Y .
E ly ria  Enam eled Prod. C o ., E lyria , O. 
Jacoby, H enry E ., N . Y . C .
P fau d ler C o ., R ochester, N . Y .
Stokes M achine C o ., F  J ., Philadelphia, P a . 
Sowers M fg . C o .. Buffalo, N . Y .
W erner &  Pfleiderer C o ., Saginaw , M ich.

Vacuum Ovens— Direct H eat
Buffalo  F d y . &  M ch. C o ., B uffalo , N . Y. 
D evine C o ., J. P ., B uffalo, N . Y .

Vacuum Pans
B adger &  Sons C o ., E . B .. B oston, M aas. 
Birm ingham  M c h .& F d ’y  C o..B irm ingham , A la . 
Buffalo  F d y. &  M ch. C o ., B uffalo. N . Y. 
D etro it H eatin g &  L igh tin g C o ., D etro it, M ich. 
D evine C o ., J. P., Buffalo , N . Y.
E ly ria  Enam eled Prod. C o ., E ly ria , O. 
General Ceram ics C o ., N . Y. C .
Jacoby. H enry E .. N . Y. C.
Lum m us C o ., T h e  W alter E ., B oston, M ass. 
P fau d ler C o .. R ochester. N . Y.
Sowers M fg . C o ., B uffalo , N . Y.
Sp erry & C o .. D . R .. B a ta v ia . 111.
Stokes M achine C o., F . J., Philadelphia, Pa. 
Swenson E vap o rator C o ., C hicago, 111.
U. S . Stonew are C o ., T h e, A kron , O.
W erner & Pfleiderer C o., S aginaw , M ich. 
Zarem ba C o ., Buffalo , N . Y.

Vacuum Pumps
A bbé Engineering C o ., N . Y. C.
B ausch  Sc Lom b O p tical C o ., R ochester, N . Y. 
Braun-K necht-H eim ann C o .. San F ra n cb co. 
Buffalo  F d y . &  M ch. C o .. Buffalo , N . Y. 
Crow ell E ngineering C o ., B rooklyn , N . Y . 
D evine C o .. J. P .. B uffalo . N . Y .
E im er &  A m end, N . Y. C .
H eil Chem . C o ., H enry, S t. L o u ij. M o. 
H u b b a rd 's  Sons, N orm an. B rooklyn , N . Y.

Vacuum Recorders
Scientific M a teria ls  C o ., P ittsb u rg h, P a.

Vacuum Stills
Badger & Sons Co., E. B„ Boston, Mass. 
Buffalo Fdy. & Mch. Co., Buffalo, N . Y . 
D etroit Heating & Lighting Co., Detroit, M ich. 
D evine Co., J. P.. Buffalo N  Y.
Elyria Enameled Prod. Co.. E lyria, O. 
Jacoby, Henry E.. N . Y. C.
Lummus Co., The W alter E .. Boston, M ass. 
Pfaudler Co., Rochester N  Y .
Sowers Mfg. Co., Buffalo, N . Y .
Stevens Bros.. N . Y. C.

Valves— Acid Proof
Duriron Castings Co., N . Y . C.

Valves— Acid Proof Stoneware
Knight, M . A.. E ast Akron, O.

Valves, Ammonia
York Manufacturing Co., York, Pa.

Valves and Fittings— Lead
United Lined Tube & V alve Co., Boston, M as.

Valves— Steam Jacketed
Devine Co., J. P., Buffalo, N . Y .

Varnish— Coil Impregnation
General Bakelite Co.. N . Y . C.

Vats— Acid Proof 
Knight, M. A., E ast Akron, O.

Vats (Rectangular)
Elyria Enameled Products Co., Elyria, O. 
Pfaudler Co., Rochester, N . Y.
Sowers Mfg. Co.. Buffalo, N . Y.

Viscosimeters
Brown Instrument Co., The, Phila., Pa.
Hell Chem. Co., Henry, St. Louis, M o.
Taylor Instrum ent Cos., Rochester, N . Y ,

Vitreosil
Heil Chem. Co., Henry, St. Louis, M o. 
Thermal Syndicate, Ltd., The, N . Y . C.

Voltmeters
Brown Instrum ent Co., Philadelphia, Pa. 
General Electric Co., Schenectady, N . Y .

Volumetric Apparatus 
Eimer & Amend, N . Y . C.
Heil Chem. Co., Henry, St. Louis, M o. 
Scientific M aterials Co., Pittsburgh, Pa. 
W hitall Tatum  Co., Philadelphia, Pa.

W ater Bath (Laboratory)
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun-Knecht-Heimann Co.. San Francisco. 
Daigger & Co., A., Chicago. III.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N  Y. C.
Electric Heating Apparatus Co., N . Y . C.
Heil Chem. Co.. Henry. St. Louis, M o,
Palo Company, N . Y. C.
Sargent & Co., E- H., Chicago, 111.
Scientific M aterials Co., Pittsburgh, Pa. 
Thomas Company, Arthur H ., Philadelphia, Pa. 
W hitall Tatum  Co., Philadelphia, Pa.

W ater Softening Apparatus
Booth Apparatus Co., Syracuse, N . Y .

W ater Sterilizing Equipment
Wallace & Tiernan Co.. Inc., 137 C entrelSt., 

N . Y. C.
Weighing M achinery— (Automatic)

Werner & Pfleiderer Co., Saginaw, Mich.
Welding Apparatus

General Electric Co.. Schenectadv, N . Y. 
^ xygen  Gas Co., The, Kansas C ity, Mo.

Wiring Devices
General Electric Co.. Schenectady, N . Y.

W ood Distillation Equipment
Badger & Sons Co.. E. B .. Boston, M ass 
D etroit Heating & Lighting Co., D etroit, M ich. 
Devine Co.. J. P., Buffalo, N . Y.
Elyria Enameled Prod Co., Elyria, O. 
Lummus Co., The Walter E ., Boston, M as., 
Pfaudler Co., Rochester, N . Y.
Swenson Evaporator Co., Chicago, 111. 
Zaremba Co., Buffalo, N . Y.

Woulff Bottles— Acid Proof Stoneware
K night, M. A., East Akron, Ohio.

X-Ray Apparatus
Victor Electric Corporation, Chicago," 111,

Zinc, Dust
Denver Fire Clay Co., The, Denver, Colo.
Heil Chem. Co., Henry, St. Louis, Mo.
N ew Jersey Zinc Co., The, N . Y . C.

Zinc Oxides
Hell Chem. Co., Henry, St. Louis, Mo.
N ew  Jersey Zinc Co., The, N . Y . C.

Zinci—Salts of
Hell Chem. Co., Henry, St, Louis, Mo.
Merck & Co., N . Y. C.

Zinc; Strip
Hell Chem. Co., Henry, St. Louis, Mo.
New Jersey Zinc Co.. The, N . Y . C.

Zincs, Leaded
N iw  Jersey Zinc Co.. The, N . Y . C.



W ESTPH A L  

B A LA N C E

C O M P L E T E  IN  C A S E
With Black Glass Plate

P R O M P T  A T T E N T IO N

g iv e n  to  u r g e n t  
s to c k  o rd e rs  fo r

Laboratory Supplies

and Chemicals

Established 24 Years

54 West Kinzie St 
CHICAGO, U .S .A .
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T h e S team  Trap S A R C O  is the only steam  
trap of the expansion type that can be used 
for any given p ressure from  0 to 200 lbs. 
For pressu res above 30 lb s., it  is the only 
substitute for h eavy, cum bersom e and ex
pensive b u ck et or float traps.

T h e enormously increasing use of the SA R C O  
is changing engineering practice everywhere. 
I t  is no longer necessary to install long • return 
lines to a d istant trap. T h e price and the size 
of the S A R C O  perm it its use a t every point 
th at needs trapping and, where it  is used, you 
have no live steam  in your returns. This 
means smaller return lines and a saving of the 
steam  th at long lines w aste constantly.

Just as modern heating demands separate 
trapping of radiators, so modern steam  fitting 
demands separate trapping of machines and 
coils. I t  is the S A R C O  th a t permits it, 
whether your pressure is 2 lbs. or 200 lbs.

Figure it  out yourself. T h e S A R C O  is efficient 
and its  cheapness is due to the plain fact that 
its novel principle enables a  simpler, smaller 
mechanism to do the work of the older devices 
it  supplants.

Remember it is made in all sizes from 3-8" to 3” 
and will be supplied on 30 days’ unconditional trial. 
You cannot afford to say you don’t know the 
S A R C O , when it costs you nothing to try it.

Ask for Steam Trap Bulletin 
No. D-9.

SARCO COMPANY, Inc.
W oolw orth  B u ild in g , N ew  Y ork C ity

E llic o tt S q u are, B uffa lo  New T eleg ra p h  B ld g ., D etro it  
Drexel B ld g ., P h ila d e lp h ia  M on ad n ock  B lock , C hicago
W illia m so n  B ld g ., C leveland  H ea ley  B ld g ., A tla n ta

A nd R ep resen ta tiv es  in  a ll P r in cip a l C itie s

C anada, P eacock  B roth ers , M o n trea l



54 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. n ,  No. i

FOU NDED 1818

Powers-Weightman- 
Rosengarten Co.

M anufacturing
Chem ists

PHILADELPHIA
N E W  Y O R K  
S T . L O U I S

Supplied by Dealers throughout  
the United States

A  Full Line of Chemicals of 
Standard Purity and 

Excellence
C o m p le te  L is t  on R e q u e s t

International Centrifugals

Catalog Cf.

In t e r n a t i o n a l  E q u i p m e n t  C o .
353 W e s t e r n  A v e ., BR IG H TO N  

B O ST O N , M A SS.

TIME
— AN IM P O R T A N T  F A C T O R  
IN M A N Y  C H E M IC A L  T E S T S

E very chemical laboratory will appreciate the 
value of a

VICTOR INTERVAL TIMER
Rings an alarm at any predetermined interval, 

ranging from fifteen seconds to two hours.
Will greatly simplify the carrying out of chemical 

tests according to standardized methods.

Your dealer can supply you.

V ic t o r  E l e c t r i c  C o r p o r a t i o n
C AM BRIDG E CHICAGO NEW Y O R K
66 B road w ay 236 S o . R obey S t .  131 E. 23rd S t .


