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W ILLIAM  ALBERT N O YES

W illiam  A lb ert N oyes, th e  new ly e lec ted  p res id e n t 
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 ,  needs no in tr o ­
d u c tio n  to  its  m em bers. E d ito r  of th e  Journa l of the 
Am erican Chemical Society  from  1902 to  1 9 1 7 , d u rin g  
th e  y ears  w hen i t  w as ad v a n c in g  to  its  p re se n t positio n  
as one of th e  g re a te s t jo u rn a ls  of ch em is try . D r. N oyes 
will be iden tified  b y  m an y  of o u r m em bers as th e  ed ito r  
to  w hose gu idance th e  S o c i e t y  e n tru s te d  its  one o rg an  
of expression. W hen th e  S o c i e t y  rec en tly  lau n ch ed  
its  p ro g ram  to  pub lish  
a  series of chem ical 
m o nographs on scien­
tific a n d  in d u s tria l 
to p ic s  of m o m en t, i t  
p ro m p tly  m ade h im  
ed ito r-in -ch ief of the  
sc ientific series.

B u t to  m any  o th e rs  
D r. N oyes is iden tified  
even  m ore m arked ly  
w ith  th e  dev e lo p m en t 
a n d  e s tab lish m e n t on 
a firm  basis of A m er­
ic a ’s positio n  in  chem ­
ical research . T h e  
va lue  of th is  deve lop ­
m en t, from  1890 to  
1 9 1 5 , w as show n by  
th e  su p rem e te s t  of 
th e  w ar w ith  its  p ro b ­
lem s of chem ical w ar­
fare, p ro d u c tio n  an d  
crea tio n . I n  th e  group  
of leaders in  th is  de­
v e lo p m en t, D r. W . A.
N oyes s to o d  sh o u ld er 
to  sh ou lder w ith  
R em sen , T . W . R ich­
ards, N ef, A. A.
N oyes, M ichael, an d  
o th e r  u n iv e rs ity  m en.
A cheson, B aeke land ,
H all, L ovejoy , an d  
o th e r  leaders in  in ­
d u s tr ia l chem is try ,
m en w hose research  w ork  co m m an d ed  th e  a d m ira ­
tio n  of th e  w orld  of science, a n d  k in d le d  th e  en ­
th u s ia sm  of th o u sa n d s  of y o u n g er m en w ho w ere rea d y  
w hen th e  call cam e. I n  to k e n  of h is p o sitio n  am ong 
o u r research  leaders D r. N oyes w as one of th e  ea rlies t 
rec ip ien ts  of th e  N ichols M edal ( 1908) for h is w ork 
(in co llab o ra tio n  w ith  D r. H . C . P . W eber) on  th e  
a to m ic  w eight of chlorine, a n d  he has rec en tly  received  
th e  W illa rd  G ibbs M edal fo r p ioneer w ork  on th e  
e lec trochem ica l th e o ry  of valence. F o r  m a n y  y ears  
h is specia l field has been  o rgan ic  ch em is try , cen te rin g  
in th e  ch em is try  of cam p h o r a n d  its  d e riv a tiv e s , an d

in  1904 he g av e  th e  ad d ress  on  “ T h e  P re se n t P ro b lem s 
of O rganic C h e m is try ” a t  th e  g a th e rin g  of th e  w o rld ’s 
lead ing  chem ists  in  S t. Louis. A m em ber of th e  
N a tio n a l A cadem y of Sciences since 1 9 1 0 , D r. N oyes 
has  rec en tly  been e lec ted  c h a irm an  of i ts  C h e m is try  
S ection . H e is also a  m em ber of th e  A m erican  P h ilo ­
soph ical Socie ty  a n d  of th e  A m erican  A cad em y  of 
A rts  an d  Sciences.

M an y , especially  am ong  o u r y o u n g er m em bers, 
will recall w ith  p ride  th a t  th e y  are  fo rm er p u p ils  of

N oyes, fo r he h as  n o t 
on ly  been  an  e m in en t 
in v e s tig a to r  an d  g rea t 
ed ito r , b u t  also an  
ac tiv e  a n d  in sp irin g  
te ac h e r . H is te x t ­
books on  genera l 
ch e m is try , o rgan ic  
c h e m is try  a n d  q u a l­
i ta t iv e  an a ly sis  a re  
c h a rac te r ize d  b y  di­
rec tn ess  a n d  c la r ity  
of exp o sitio n  an d  
san e  a n d  u p - to -d a te  
p re se n ta tio n  of fa c ts  
a n d  th e o ries . U n d er 
th e  lead e rsh ip  of D r. 
N oyes th e  d e p a r tm e n t 
of c h e m is try  a t  th e  
U n iv e rs ity  of Illino is 
h as  em erged  fro m  
co m p a ra tiv e  o b sc u rity  
to  a  p o s itio n  am ong  
o u r finest u n iv e rs ity  
la b o ra to rie s . N oyes, 
w ith  th e  su p p o r t of a  
far-seeing  u n iv e rs i ty  
p re s id e n t, h a s  m ade  
h is d e p a r tm e n t a bee­
h ive  of rese a rch  in  
p ra c tic a lly  ev e ry  line 
of chem ical effort.

W e can  a p p re c ia te  
th e  c h a ra c te r  of th e  
m a n  w ho h as  risen  
to  le ad e rsh ip  in  our 

n a tio n a l S o c i e t y .  H o n esty  a n d  v ision  h a v e  g iven  
p u rp o se  to  h is in q u irin g  m in d ; courage h a s  g iven  
p o in t to  i ts  th r u s t ;  a n d  an  in d e fa tig a b le  w ork ing  
c a p a c ity  h as  g iven  h im  th e  pow er of successfu l accom ­
p lish m en t in  ev e ry  field he h as  touched .

T h e  S o c i e t y  is to  be c o n g ra tu la te d  on th e  fa c t t h a t  i t  
h a s  bes tow ed  i ts  b r ig h te s t honor on  one w ho h as  d ev o ted  
th e  b es t y ea rs  of h is  life to  i ts  serv ice in  b rin g in g  i ts  sen io r 
Jo u rn a l to  a p osition  of w orld  a u th o rita tiv e n e ss , on  one 
w ho has been  a n d  is a  lead e r in  resea rch  a n d  te a c h in g —  
on a t r u e  a n d  loyal A m erican— W illiam  A lb ert N oyes.

C h ic a g o ,  III. JU LIU S S t IEGLITZ

W il l ia m  A l b e r t  N o y e s , P r e s id e n t  A m e r ic a n  C h e m ic a l  S o c ie t y
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EDITORIALS
CRITICAL D A YS

In  a  few sh o rt w eeks pub lic  op in ion , speak ing  
th ro u g h  th e  C ongress of th e  U n ited  S ta te s , will have 
■declared i ts  a p p ra isem en t of ch em is try  as a  n a tio n a l 
asset. T h is  ju d g m e n t is bou n d  up  in  th re e  im p o r ta n t 
m easu res soon to  be rep o rted  by com m ittees w hich 
h a v e  g iven  p a in s ta k in g  considera tion  to  th e se  m a tte rs . 
W e refer to  th e  L ongw orth  bill w hich seeks to insure 
th e  p e rm a n en c y  of ou r co a l-ta r chem ical in d u s try , 
t h e  B a ch a ra ch  bill w hich w ould p rov ide  a p e rm a n en t 
dom estic  su p p ly  of th e  too ls of th e  chem ist, a n d  finally  
th e  ^ r m y  R eo rg an iza tio n  bill w hich will d e term in e  th e  

•s ta tu s  of th e  C hem ical W arfa re  Service e ith e r  as a 
v igorous in d e p en d e n t u n it of our W ar D e p a rtm e n t or 
as a  w eakling  ap p en d ag e  of som e division of t h a t  D e­
p a r tm e n t.

On J a n u a ry  1 0 , 1 920 , th e  v ery  day  of th e  p ro c lam a­
tio n  of th e  ra tific a tio n  of th e  T re a ty  of V ersailles,
M a rsh a l F o ch  gave w ords of w arn ing  in  an  in te rv iew  

•from w hich th e  follow ing s ta te m e n ts  are ta k e n :
I t  would be foolish to believe there will be no more war merely 

because we do not wish to fight. * * *
W ar is not always avoidable. * * *
If it is true two are necessary to make a fight, it is equally 

true the one best prepared will win. * * *
There are ingenious people who believe that to leave the key 

in the door is the surest w ay to prevent entrance of thieves. 
I  think it wiser to be ready for any unfavorable event. * * *

W ar no longer m ay be called an art. I t  now is a science 
and an industry. * * *

Those who wish to avoid violence cannot afford to ignore 
anything in the w ay of scientific and industrial progress.

I t  is ou r conv ic tion  th a t  th e  final w ord of C ongress will 
be such  as to  fill th e  h e a r ts  of chem ists  w ith  renew ed 
zeal a n d  en th u sia sm . P ub lic  op in ion , how ever, m u st be 
in fo rm ed  reg a rd in g  these  m easures in  o rder to  rouse 
itse lf to  u n m is ta k a b le  expression, a n d  th a t  is th e  re ­
sp o n sib ility  of th e  chem ists  of A m erica. W h a t is th e  
s ta te  of p u b lic  op in ion  in  y o u r neighborhood , fellow 
chem is t?  A w ord  in  advocacy  now  will be m ore v a lu ­
ab le  th a n  w hole vo lum es of reg re ts  la te r . All to g e th e r  
fo r A m erican  se cu rity  an d  econom ic independence!

A SIGN IFICAN T CO M BINATIO N

A n n o u n cem en ts  of th e  fo rm a tio n  of new  co rp o ra ­
tio n s  in  th e  chem ical in d u s try  w ith  cap ita liza tio n s 
ru n n in g  in to  m illions h av e  becom e so com m on in 
th e se  h u stlin g  d ay s  t h a t  we are p ro n e  to  ta k e  th ese  
•developm ents as a  m a tte r  of course an d  to  g ive b u t 
s lig h t th o u g h t to  th e ir  m eaning . H ow ever, pecu lia r 
a n d  especial in te re s t a t ta c h e s  to  th e  an n o u n cem en t 

-on J a n u a ry  9 , 1920 , of th e  fo rm a tio n  of th e  A tm ospheric  
N itro g en  C o rp o ra tio n , cap ita lized  a t  $ 5 ,000,000. No 

•details h a v e  been issued  b y  th e  officers of th e  com pany  
as to  th e  p roposed  lines of a c tiv i ty  of th e  new  o rg an iza­
tio n . P re s id e n t E . L. P ierce , of th e  new  com pany , 
an n o u n ces th a t  th e  S olvay  P rocess C o m p an y  h as jo ined  
forces w ith  th e  G enera l C hem ical C om pany  in  th e  
m a tte r  of n itro g e n  fixation . As th e  e s tab lish m e n t of an  

in d e p e n d e n t,  se lf-su p p o rtin g  fixed n itro g e n  in d u s try  in

A m erica fo r th e  increase  of crops in  tim e  of peace an d  
as a p rep a red n ess  m easu re  for w ar is g re a tly  to  be d e ­
sired , th is  an n o u n c em en t is of ex trem e  econom ic im ­
p o rtan ce . I t  is also an nounced  from  E n g la n d  th a t  
B ru n n er, M ond an d  Co., L td ., o p e ra tin g  th e  Solvay  
soda p la n ts  in  th a t  co u n try , h av e  a rran g e d  to  ta k e  
over th e  incom ple te  H ab er p la n t s ta r te d  b y  th e  
g o v ern m e n t an d  th a t  th e y  will o p e ra te  th e  H ab e r 
p rocess in  ad d itio n  to  th e ir  am m o n ia  soda  business.

A w ord of ex p lan a tio n  will m ake th ese  a n n o u n c em en ts  
clear. W hen th e  various allied  com m issions v isited  th e  
H ab er am m o n ia  process w orks a t  O ppau  th e y  found  
a  sm all am m o n ia  soda p la n t  e re c te d  in  connection  
th e re w ith . T h is  w as first p r in te d  in  a B ritish  g overn ­
m en t p u b lic a tio n  d a te d  F e b ru a ry  1 9 1 9 , w hich h ad  
on ly  a v e ry  lim ited  an d  con fiden tia l c ircu la tio n . L a te r , 
th e  significance of th e  associa tion  of th ese  tw o  p la n ts  
an d  its  re la tio n  to  th e  fu tu re  of ^;he n itro g e n  in d u s try  
w as c learly  b ro u g h t o u t b y  M . G eorges C laude , f irs t 
in  a n o te  in  th e  Comptes Rendus  of M a y  1 9 , 1 9 1 9 , a n d  
la te r  an d  m ore fu lly  in  Chimie el Industr ie  fo r A ugust 
1 9 1 9 .

In  th e  H ab e r sy n th e tic  am m o n ia  process, th e  chief 
ite m  of expense is th e  cost a n d  pu rifica tio n  of th e  h y ­
drogen req u ired  for th e  reac tio n

N 2 +  3H2 =  2 N H j.

T h e ch eap est know n m e th o d  of p ro d u c in g  h y d ro g en  
in  q u a n t i ty  for th e  H ab e r p rocess a n d  th e  one used  a t  
O ppau  is i l lu s tra te d  by  th e  follow ing rea c tio n s  fo r th e  
p ro d u c tio n  of w a te r  gas an d  for th e  tr e a tm e n t  of th is  
w a te r gas w ith  s te am  in  th e  presence of a c a ta ly s t:

C +  H 20  =  CO +  H 2 (x)
(CO +  JH,) +  H 20  =  C 0 2 +  2 H 2 (2)

I t  will be observed  a t  once th a t  eleven  to n s  of ca rbon  
dioxide are  p ro d u ced  for ev e ry  to n  of h y d ro g en  se t 
free. F o r a long  tim e  th is  ca rb o n  d ioxide w as co n ­
sidered  as a useless w aste  p ro d u c t, an d  such  ap p e a rs  to  
h av e  been  th e  case in  G erm an y  u n til ea rly  in  1 9 1 8 . 
Som e b r ig h t chem ist, how ever, finally  rem em b ered  
th a t  in  th e  S o lvay  soda  process th o u sa n d s  of to n s  of 
ca rbon  dioxide are  used each  y ea r  a n d  m a n y  h u n d re d  
th o u sa n d  to n s  of lim estone  b u rn ed  for th is  specific 
p u rpose. A sh o rt s tu d y  a t  once m ade p la in  t h a t  th e  
am m o n ia  in d u s try  a n d  th e  soda  in d u s try  for m ost 
civilized  co u n tries  is or shou ld  be of th e  sam e o rd er of 
m a g n itu d e  an d  a  fu r th e r  in te re s tin g  in te rd ep en d e n ce  
w as a t  once b ro u g h t o u t.

T h e  S o lvay  soda  process is u su a lly  considered  as 
in vo lv ing  th e  follow ing reac tio n s :

C a C 0 3 +  C ( +  Oj) =  C aO  +  2C 0 2 (3)
N aC l +  H 20  +  C 0 2 +  N H , =  N aH C O s +

N H 4C1 (4)
2N a H C 0 3 =  N a2C 0 3 +  C 0 2 +  H 20  ( 5)
2N H 4CI +  C aO  =  C aC l2 +  2N H 3 +  H 20  (6 )

B y  ad d in g  th e  rich  ca rb o n  diox ide from  (5) to  th e  
m uch  lean e r gas fro m  (3) a  ca rb o n  diox ide of a ro u n d  
55 p er ce n t C 0 2 is o b ta in e d  fo r use in  (4). T h e  w aste
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ta rb o n  dioxide from  th e  H ab e r p rocess is m uch  jburer 
a n d  varies from  a b o u t 75 p e r  c e n t, if n itro g e n  is m ixed 
w ith  th e  w a te r  gas, to  ap p ro x im a te ly  90 p e r ce n t 
if i t  is n o t. O ne 'o f th e  g re a t d raw b ack s  of th e  S o lvay  
process is th e  w aste  of am m o n ia  in  recovery  (6), 
an d  of lim e an d  chlorine, as ca lc ium  chloride, 
th e  la t te r  being  a w aste  nu isance t h a t  is p re se n t 
a t  every  am m onia  soda  p la n t. A t th e  sam e tim e  
one of th e  p rob lem s of an y  p la n t fixing n itro ­
gen as am m o n ia  is to  p roduce  th e  am m o n ia  in  a 
fo rm  su itab le  fo r ap p lica tio n  to  th e  soil. T h is  is 
com m only  done b y  n eu tra liz in g  w ith  su lfu ric  ac id  to  
form  th e  su lfa te . A ny n e u tra l, fixed, an d  nonhy- 
groscopic sa lt of am m onia , of w hich  th e re  a re  few , 
w ould p ro b ab ly  do as well. G eorges Ville a n d  o th e rs  
have show n th a t  am m o n iu m  chloride, w hich  is a m ore 
c o n c en tra ted  n itro g en  p ro d u c t th a n  th e  su lfa te  an d  
m eets th e  o th e r req u irem en ts  also, is eq u a l to  su lfa te  
as a  fertilizer, ju s t  as p o ta ss iu m  chloride is as ava ilab le  
for crops, w ith  th e  possib le excep tion  of tobacco , 
as p o ta ssiu m  su lfa te .

A ccordingly , a  sy n th e tic  am m o n ia  p la n t a n d  a 
Solvay soda p la n t su p p le m e n t each  o th e r  p e rfec tly  
w hen th e  above m e th o d  of p ro d u c in g  h y d ro g en  is 
u tilized . If  th e  w aste  ca rb o n  dioxide, to g e th e r  w ith  
th e  am m onia , is passed  in to  b rin e  th e  p ro d u c ts  o b ­
ta in e d  a t  once are  sod ium  b ic a rb o n a te  a n d  am m on ium  
chloride, th e  one rea d y  for sale or conversion  in to  
soda  ash , th e  second rea d y  for th e  fe rtilize r m ark e ts .

F o r th e  recovery  of am m o n iu m  chloride in  solid  form , 
su itab le  for fertilizers, i t  seem s th a t  i t  will n o t be neces­
sa ry  to  re so rt to  ev a p o ra tio n , fo r C laude s ta te s  th a t  
in  co llabo ra tion  w ith  M it ta u  he h as  w orked  o u t an  
a d a p ta tio n  of th e  m e th o d  of Schreib  fo r a l te rn a tiv e  
p rec ip ita tio n  of th e  sod ium  b ic a rb o n a te  an d  of th e  
am m o n iu m  chloride, depend ing  u p o n  th e  v e ry  sligh t 
so lub ility  of th e  am m o n iu m  ch lo ride  in  cold so lu tions of 
n e u tra l am m o n iu m  ca rb o n a te  of a p p ro p ria te  concen­
tra t io n .

B y th e  co o rd in a tio n  of these  tw o  processes to  m eet 
A m erica’s needs fo r fixed n itro g en , th e re  will re su lt 
low er in s ta lla tio n  costs for b o th  processes, th e  sav ing  
of several h u n d re d  th o u sa n d  to n s  of su lfu ric  acid , 
several h u n d red  th o u sa n d  to n s  of lim e, several th o u sa n d  
to n s  of coke, a n d  th e  e lim in a tio n  of a  w aste  p ro d u c t 
th a t  has  alw ays been  considered  a  nu isance . T h e  
sav ing  m ade m ay  be c red ited  to  e ith e r  p ro d u c t a t  will.

N ecessary  in fo rm a tio n  fo r th e  in s ta lla tio n  of th e  
H ab er process is a t  h a n d  or is rap id ly  being  acqu ired . 
T h e  C hem ical F o u n d a tio n , In c ., h as  con tro l of th e  
H ab e r p a te n ts . A new  d a y  is ev id en tly  a t  h a n d  for 
tw o  fu n d a m e n ta l chem ical in d u strie s  in  A m erica— n itro ­
gen fixation  a n d  soda m a n u fa c tu re .

TH E JO Y AND T H E  SO R R O W  OF M . I. T.

T h e  ju x ta p o s itio n  of lig h t an d  shadow  in  e a r th ly  
affairs h as  been  s tro n g ly  illu s tra te d  d u rin g  th e  p a s t 
m o n th  a t  M assach u se tts  I n s t i tu te  of T echnology . 
S8,000,000 w as needed  to  enab le  th a t  sp len d id  in s t i­
tu t io n  to  co n tin u e  fittin g ly  its  w ork. S p u rred  on by  
th e  an n o u n cem en t t h a t  th e  m ysterio u s “ M r. S m ith ”

h a d  aga in  com e to  “ T e c h ’s” a id  w ith  a n  offer of one- 
ha lf th e  needed  a m o u n t, p ro v id ed  th e  o th e r  ha lf w ere 
ra ised , th e re  beg an  a d rive  fo r th e  goal. As a  p a r t  o f 
th e  d rive , a  novel p lan  of co o p e ra tio n  w ith  th e  
in d u s trie s  w as evolved . D e ta ils  of a  jo in t  c o n tra c t 
h a v e  b een  w o rk ed  o u t b y  w hich th e  in d u s tr ie s  agree 
to  c o n tr ib u te  defin ite  a m o u n ts  a n n u a lly  fo r a p e rio d  
of five years. T hese  fu n d s  are. to  be u sed  chiefly  to  
increase  th e  sa la ries  of th e  in s tru c tin g  staff. In  re tu rn  
th e  In s t i tu te  offers c o n tr ib u to rs  th e  use of its  lib ra rie s , 
files, an d  p la n t,  th e  m em bers of i ts  s ta ff are to  be a v a il­
ab le  as  c o n su lta n ts , an d  a  classification  of its  a lum n i 
a n d  u n d e rg ra d u a te s , d e ta ilin g  specia l q u a lif ica tio n s  of 
each , is to  be m a in ta in ed . T h e  p la n  is bo ld  in  its  con­
cep tio n  an d  m ay  p ro v e  one of th e  m o s t im p o r ta n t  s tep s  
of rec en t y ea rs  in  te ch n ic a l e d u c a tio n . I t s  p ro p o n e n ts  
look  fo rw ard  w ith  confidence to  th e  fu tu re  a n d  answ er 
in  ad v a n ce  o b jec tio n s w hich  m ig h t be ra ised .

T h e  n e t re su lt of th e  d rive  w as success, and  a 
d in n e r follow ed w here a lu m n i a n d  friends cou ld  voice- 
th e ir  joy . A t th is  d in n e r th e  id e n ti ty  of “ M r. S m ith ” 
w as revea led , M r. G eorge E a s tm a n , of R o ch este r, 
N . Y ., whose c o n trib u tio n s  to  th is  in s t itu tio n  now  total- 
$ 1 1 ,000,000.

H ow ever, th e re  w as a  v a c a n t se a t a t  th e  d inner, 
t h a t  of P re s id en t R . C. M ac lau rin , w hose s ta u n c h  
sp ir it h a d  su p p o rte d  an d  in sp ired  ev e ry  fe a tu re  of th a t ,  
drive. O nly a  few d ay s la te r  cam e th e  an n o u n c em en t 
of h is  d ea th . J u s t  a t  th e  m o m en t of h is g re a te s t 
t r iu m p h  fo r th e  in s titu tio n  he loved  so well he passed  
aw ay.

F o r tu n a te  th e  in s t itu tio n  w hich en jo y ed  for tw elve- 
y ears  th e  far-seeing  leadersh ip  of such  a m an  as P re s i­
d e n t M a c la u rin  an d  can  s till c o u n t as one of its  m ost, 
v a lu ab le  assets  th e  m em o ry  of all for w hich he stood .

STU D EN T O PINIO N

T h e  B a ch a ra ch  bill passed  th e  H ouse  of R e p re ­
se n ta t iv e s  on A ugust 2, 1 9 1 9 . T h is  b ill inc reases the- 
d u tie s  on  im p o rts  of chem ical g lassw are, po rce la in , an d  
sc ientific in s tru m e n ts  a n d  repea ls t h a t  clause of ex isting  
leg isla tion  w hich gives to  ed u c a tio n a l in s t itu tio n s  the- 
r ig h t to  im p o rt such  artic le s  free of d u ty .

In  th e  d eb a te  on th e  bill R e p re se n ta tiv e  K itch in , 
s tro n g ly  opposing  its  passage , la id  g re a t s tress  up o n  
th e  “ poor, h a rd -w o rk in g  s tu d e n ts  in  th is  c o u n try ,” 
a n d  em phasized  th e  p o in t th a t  no s tu d e n t or rep rese n ­
ta t iv e  of th e  s tu d e n ts  h a d  been  h e a rd  b y  th e  W ay s an d  
M eans C om m ittee . O ur ow n feeling  all along  has- 
b een  t h a t  if s tu d e n t op in ion  could  be asce rta in e d , i t  
w ould  show  a s tro n g  m a jo r ity  in  fav o r of th e  bill. 
T h is, how ever, w as a  m ere m a tte r  of op in ion  based  
u p o n  th e  conv ic tion  th a t  th e  s p ir it  of independence- 
is s till s tro n g  in  th e  h e a r ts  of you n g  A m ericans.

T h ro u g h  th e  co u rte sy  of P ro fessor P o n d  of Stevens- 
I n s t i tu te  we h av e  been  g iven  o p p o r tu n ity  to  p u t  the- 
m a tte r  before th e  s tu d e n ts  in  th e  c h e m is try  courses; 
of t h a t  in s t itu tio n . In  o u r rem a rk s  we e m p h a s iz e d  
co ld -b looded ly  t h a t  th is  bill m e an t a  ta x  u p o n  th e s tu -  
d en ts  of th e  co u n try . W e lean ed  over b ac k w ard  in. 
th e  effort to  avo id  a n y  p le a  fo r th e  b ill. N o reference:
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w h a te v e r  w as m ade to  th e  reso lu tions passed  by  th e  
C ouncil 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 ,  urging 
rep ea l of th e  d u ty -free  privilege. W e w an ted  no 
h a s ty  ju d g m e n t, an d  so th e  su b je c t w as le ft for d is­
cussion  am ong  them selves an d  for a vo te  a t  w h atev er 
tim e  a n d  in  w h a te v e r m anner th e y  m ig h t decide 
upon .

T o -d a y  we received  from  th e  s tu d e n t ch a irm an  of 
th e  m eeting  th e  re su lt of th e  b a llo t as i t  w as ta k e n  by  
classes, on th e  B a ch a ra ch  bill:

Per cent
C l a s s  Favor Against Favoring

Senior....................  66 11 86
Junior..............................  113 15 88
Sophomore  133 18 88
Freshm an.......................  245 55 82

T otal  557 99 85

W e com m end  th ese  figures to  th e  su b co m m ittee  
of th e  S en a te  C o m m ittee  on F in an ce  w hich  is now  
considering  th e  B ach a rach  bill. W e believe t h a t  th is  
ju d g m e n t, d e lib e ra te ly  expressed  by  th e  s tu d e n ts  of 
S tevens In s t i tu te ,  is th o ro u g h ly  rep re se n ta tiv e  of 
s tu d e n t op in ion  th ro u g h o u t th e  co u n try .

SA FETY IN SPEECH

T o  th e  sc ien tis t th e  ap p ro ach  of a new spaper re ­
p o r te r  has long  been  a signal for w ith d raw a l in to  a shell 
of silence. F o r th is  re s tra in t he could  n o t ju s t ly  be 
b lam ed , fo r th e re  s to o d  before his m em ory  th e  d is to rted  
co n d itio n  in  w hich an  expert op in ion  v e n tu re d  in  an  
u n g u ard e d  m o m en t b y  som e colleague h a d  ap p eared  
in  p r in t.

T h e re  a re  tim es, how ever, w hen th e  sc ien tis t holds 
th e  re sp o n sib ility  of safely  gu id ing  p u b lic  opinion. 
H e sh o u ld  speak , an d  his views shou ld  be m ade know n 
th ro u g h  th e  w idest m ed ium  of reach ing  th e  public , 
n am ely , th e  press. T h e  d ifficulty  in  th e  p a s t h as  been 
th e  ch an n el th ro u g h  w hich th ese  view s reach ed  th e  
m ake-up  room  of th e  new spaper.

In  th e  hope of overcom ing  th is  difficulty , th e  A . 

C .  S . N ew s S ervice h as ju s t  m ade an  ex perim en t, th e  
success of w hich h as  p roved  so rem ark ab le  th a t  i t  
shou ld  be reco rded , in  th e  confiden t hope t h a t  w hen 
m em bers 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  u n d e r­
s ta n d  w h a t is being  a t te m p te d  th e y  will g ive th e  sam e 
generous m easure  of coopera tion  as w as g iven recen tly  
b y  D r. R e id  H u n t of th e  H a rv a rd  M edical School.

I t  is n o t ex ag g era tio n  to  say  t h a t  th e  re c e n t e x tra o r­
d in a ry  n u m b e r of d e a th s  from  d rin k in g  w ood alcohol 
p re se n ted  th e  possib ility  of a  n a tio n a l d isaste r. Quick, 
fu ll, a n d  responsib le  p u b lic ity  w as needed . In  th is  s i tu a ­
tio n  D r. H u n t w as asked  to  p rep a re  a s ta te m e n t w hich 
could  be se n t o u t over his nam e to  th e  press of th e  c o u n try  
b y  o u r N ew s Service. T h e  req u e s t w as p ro m p tly  
com plied  w ith ; th e  m a te ria l was p u t in to  new spaper 
sh ap e  b y  th e  te ch n ic a l m anager, M r. H arrin g to n ; 
a n d  a  few h o u rs  la te r  th e  d is tr ib u tio n  th ro u g h  th e  
m ails w as in  progress.

R e tu rn s  from  th e  c lipp ing  b u rea u s  show  how  b ro ad ly  
th is  m a te ria l w as u tilized , in  m ost cases in  fu ll as 
issued  b y  th e  N ew s Service, an d  as i t  ap p e a rs  on page 
197  of th is  issue. T h e  A ssocia ted  P ress, th e  U n ited  
P ress, a n d  o th e r  new s agencies gave  th e  m a te ria l im ­

m ed ia te  d is tr ib u tio n . N o t on ly  was th e  m a tte r  used 
in  th e  new s co lum ns, b u t  i t  fo rm ed  th e  basis of m uch  
sou n d  ed ito ria l discussion. I t  is a sign ifican t fa c t 
th a t  ev e ry  clipp ing  received  to  d a te  n o t on ly  qu o tes  
D r. H u n t as a u th o r ity  fo r th e  s ta te m e n ts , b u t  say s also 
th a t  th e  b u lle tin  w as p re p a re d  a t  th e  re q u e s t 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 .

T h u s  a n a tio n a l ob liga tion  a n d  resp o n sib ility  has 
been effectively  m et. Y our eq u a lly  generous coopera­
tio n  is u rged , if i t  shou ld  be req u ested .

N O TES

L ast O ctober th e  Société de C him ie In d u s tr ie lle  
passed  th e  s ix -th o u sa n d  m ark  in  its  m em b ersh ip  lis t. 
C o n g ra tu la tio n s  a n d  b es t w ishes to  th is  young  o rg an i­
za tio n , w hose fo u n d ers  h a d  th e  cou rage to  la u n ch  it 
up o n  its  ca ree r of usefu lness d u rin g  th e  d a rk e s t days 
of th e  w ar.

S till h e a r tie r  will be th e  co n g ra tu la tio n s  if som e d ay  
th e  p re se n t tw o  g re a t F re n ch  chem ical soc ie ties are 
com bined .

In  S t. L ouis rec en tly  a  ju ry  d isag reed  in  th e  su it 
b ro u g h t b y  ou r G o v ern m e n t ag a in s t a  m a n u fa c tu re r  
of sacch arin e  an d  th e  m a tte r  will aga in  h av e  to  go to  
tr ia l. I n  F ra n ce  i t  w as decided  la s t  fall to  co n tin u e  
as a  peace m easure  th e  w ar-tim e  rep ea l of an ti-sac - 
charine  leg isla tion , th e  rev en u e  from  th e  g o v ern m e n t 
m onopoly  of th is  in d u s try  co n tin u in g  to  a id  th e  n a ­
tio n a l exchequer.

T h ere  is h u m o r even  in  C ongressional hearings, for 
exam ple , th is  e x tra c t from  th e  te s tim o n y  of J a n u a ry  
1 2 , 1920 , on  th e  L o ngw orth  bill:

M r .  M e t z .  On th e  con trary, I  have stated  m y position here. 
I  am  a consum er. I t  is n ot selfish on m y part, b u t th e other men 
are selfish; th a t is th e difference. I t  is th e consum er I am  looking 
out for. I  h ave  done th a t from  th e beginning.

T o y  se ts  fo r chem ical ex p e rim en ts  a re  in d ic a tiv e  of 
th e  p re se n t general in te re s t in  m a tte rs  chem ical. 
M ay  i t  n o t be well, how ever, to  offer th e  m a n u fa c ­
tu re rs  of such  to y s, th ro u g h  a  co m m ittee  of th e  S o ­

c i e t y ,  ex p e rt adv ice  on  th e  c h a ra c te r  of ex p e rim en ts  
w hich m ay  safely  be p laced  in  c h ild ren ’s h an d s?  
A lready  one you n g  lad  has been  severely  b u rn e d  b y  
th e  b rea k in g  of a  te s t  tu b e  in  w hich he w as bo iling  
c o n c e n tra te d  su lfu ric  acid .

W e w ere n o t sa tisfied  w ith  o u r page of M a rk e t 
R e p o rts , an d  even  d o u b te d  i ts  usefu lness in  a  m o n th ly  
pu b lic a tio n , b u t  in q u iry  am ong  o u r rea d ers  developed  
th e  fa c t t h a t  i t  w as of v a lu e  to  th e m . B eginning  w ith  
th is  issue th e  lis t h as  been  rev ised , a  page h as  been  
ad d ed  to  inc lude  th e  new  dy e  in d u s try , a n d  q u o ta ­
tio n s  on all item s are  g iven  as of th e  beg inn ing  a n d  
th e  m idd le of th e  p rev io u s m o n th , so t h a t  th e  tr e n d  of 
th e  m a rk e t m ay  b e  n o ted . I t  is h o p ed  t h a t  these  
changes will inc rease  th e  u sefu lness of th is  section .
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T h e w ar has s tim u la te d  in d u s tr ia l d ev e lo p m en t in  
J a p a n  in  a m ost rem a rk a b le  m an n er, a n d  no  lines 
h av e  been  m ore fa v o rab ly  affected  th a n  th o se  con­
cerned  w ith  th e  p ro d u c tio n  of chem icals an d  allied  
p ro d u c ts . I t  is safe to  say  th a t  th e  A m erican  ch em ­
ical m a n u fa c tu re r  is n o t q u ite  so m uch  in te re s te d  a t  
th is  m om en t in  th e  m a rk e ts  offered fo r h is goods in  
J a p a n  as he is in  th e  fu tu re  c o m p e titio n  he m a y  ex­
p ec t from  th e  Ja p an e se  m a n u fa c tu re r  in  th e  grow ing 
m a rk e ts  of th e  F a r  E a s t  an d  even  in  th e  W este rn  
H em isphere.

T h e  boom  in  th e  Ja p a n e se  chem ical in d u s try  re ­
su lted  from  th e  sam e c ircu m stan ces t h a t  b ro u g h t a b o u t 
a sim ilar d eve lopm en t in  th e  U n ite d  S ta te s— th e  
cu ttin g  off of E u ro p e an  supplies, w ith  th e  co n seq u en t 
rise in  p rices, an d  th e  in s is te n t d em an d  fo r m u n itio n s 
a t  very  h igh  prices. T h e  Ja p an e se  w ere even  m ore 
u n p re p a re d  th a n  we were to  meet- th e  s itu a tio n  th a t  
arose w hen w ar w as dec lared , a n d  th e y  h av e  n a tu ra lly  
n o t been  ab le  to  ach ieve th e  sam e m easure of success 
as we have . B u t in  m a n y  lines th e y  h av e  m ade  sou n d  
progress, an d  th e ir  p re se n t p osition  is deserv ing  of 
th e  m ost carefu l s tu d y . ■

T h e ir efforts h av e  been  d irec ted  m ain ly  to w a rd  th e  
dev e lo p m en t of a c o a l- ta r  in d u s try , th e  p ro d u c tio n  of 
alkalies for th e  p ap e r, glass, te x tile , an d  soap  in d u strie s , 
p rogress in  m e ta l refin ing, a n d  th e  g re a te s t possib le u tili­
za tio n  of w a te r  pow er in e lec trochem ica l processes. T h e  
m an u fa c tu re  of iod ine an d  p o ta sh  from  kelp , of g lyc­
erin , p a in ts , fertilizers, th e  ta n n in g  of sk ins an d  
hides, an d  m an y  m inor lines h av e  also been  push ed  
energetically . T h e  m a tch  in d u s try  w as well e s ta b ­
lished  before th e  w ar.

T h ere  a re  m a n y  fa c to rs  th a t  fav o r th e  p re se n t p ro ­
g ram . W a te r  pow er is a b u n d a n t,  cheap , an d  well 
d is tr ib u te d  th ro u g h o u t th e  in d u s tr ia l regions. Few  
concerns p ay  as h igh  as tw o  cen ts p e r  k ilo w a tt-h o u r 
a n d  som e p a y  less th a n  one cen t. T h e  coal supp lies 
are a d e q u a te , a lth o u g h  n o t co n v en ien tly  lo ca ted . 
T h e  p rice is so m ew h at h igher a t  th e  p it-m o u th  th a n  
w ith  us, an d  b y  th e  tim e  th e  costly  tr a n s p o r ta t io n  is 
ad d ed , th e  p rice to  th e  consum er is v e ry  h igh— $4 . 73 
a  m e tric  to n  a t  Y o k o h am a , fo r in s tan c e , in  1 9 1 3 , an d  
$ 17.80  in  1 9 1 8 . C e rta in  raw  m a te ria ls  are h a d  in 
g rea t ab u n d an ce , e ith e r  from  Ja p an e se  sources o r from  
easily  accessible sources in  n ea rb y  co u n tries , such  as 
su lfu r, cam phor, m en tho l, v eg e tab le  oils of all k inds, 
kelp , p h o sp h a te , lim e, silica, an d  wood. T h e  sa lt 
su p p ly  is som eth in g  of a p rob lem , as th e  g o v ern m e n t 
m onopoly  is considered  b y  th e  m a n u fa c tu re rs  n o t to  
h av e  w orked  o u t to  th e  b es t a d v a n ta g e  of th e  a lkali 
in d u s try , b u t  a sa tis fac to ry  su p p ly  is expected  ev en ­
tu a lly . T h e  a t t i tu d e  of th e  g o v e rn m e n t m ay be con­
sidered  a fav o rab le  fac to r, as ev e ry  en co u rag em en t 
has  been  g iven  th e  grow ing in d u strie s , inc lud ing  su b ­
sid ies to  one la rge  co m p an y  each  in  th e  dyestu ff, m e­

d ic inal, an d  g lycerin  in d u strie s . O ne of th e  m ost, 
fav o rab le  fac to rs  is th e  low -priced  la b o r, a l­
th o u g h  i t  is well know n th a t  la b o r costs a re  n o t re la ­
tiv e ly  so h igh  in  th e  chem ical as in  som e o th e r  in d u s ­
trie s . B u t Ja p a n e se  la b o r is v e ry  low  p riced , d esp ite  
even  w ar wages. W ages h av e  n o t risen  a n y  m ore 
rap id ly , p ro p o rtio n a lly , th a n  in  w estern  co u n tries , 
an d  w hile im p ro v e m en ts  in  th e  s ta n d a rd  of liv ing  m ay  
be expected , i t  is n o t rea so n ab le  to  sup p o se  t h a t  th e  
s ta n d a rd  will ever be so h igh  as w ith  us w hile th e re  
a re  so m a n y  m illions to  be fed , sh e lte red , a n d  c lo th ed  
in  so sm all an  a rea . T h e  c o u n try  is b a d ly  over- 
p o p u la ted . In  th is  fac t lies th e  “ n ec ess ity ”  up o n  
w hich  th e  w hole po litica l p ro g ra m  of th e  s ta te sm e n  
is based .

T h ere  are also u n fav o rab le  fa c to rs  w hich  te n d  to  
ho ld  b ac k  th e  expansion  of th e  chem ical in d u s try . 
T h e  su p p ly  of te ch n ic a lly  tra in e d  m en is in a d e q u a te , 
a lth o u g h  a g re a t m a n y  fo re ign  eng ineers h av e  been  in ­
d u ced  to  com e in. T h e  fa ilu re  of c e r ta in  in d iv id u a l 
en te rp rise s  is a t t r ib u te d  to  fa u lty  eng ineering . F o r  
th e  m ost p a r t  th e  la b o re rs  h av e  h a d  no  experience t h a t  
fits  th e m  fo r th e  new  w ork , a lth o u g h  th e re  a re  excep­
tio n s , such  as th e  fac ility  w ith  w hich ceram ic w o rk ers  
a d a p t th em se lv es to  g lass-m ak ing . T h is  la ck  of 
tra in e d  chem ists  a n d  la b o re rs  is a  v e ry  serious one, 
b u t  i t  is so m e th in g  th a t  can  be overcom e in  tim e. 
I t  shou ld  n o t be considered  a p e rm a n e n t fa c to r— w itn ess  
th e  re m a rk a b le  m an n er in  w hich th e  Ja p a n e se  h av e  
le a rn ed  to  m a n u fa c tu re  th e  e lec trica l e q u ip m e n t re ­
q u ired  to  u tilize  th e ir  w a te r  pow er. L ack  of eq u ip ­
m e n t h as  also lim ited  p rogress, as su ita b le  o u tf its  
w ere d ifficult to  b u y  a b ro a d  d u rin g  th e  w ar, a n d  m a n u ­
fac tu rin g  th e m  a t  hom e h as  been  a slow  jo b . T h is  is 
a n o th e r  sho rtco m in g  th a t  can  be rem ed ied  in  tim e . A 
fu r th e r  obstac le  in  th e  w ay  of som e b ran c h es  of th e  
in d u s try  has been  th e  m e th o d s  used  in  selling  to  th e  
new  fo reign  m a rk e ts . All so rts  of irre g u la ritie s  h av e  
been  charged  to  th e  ex p o rte rs  a n d  m uch  h a rm  done 
w hich  i t  will ta k e  a long  tim e  to  und o . B usiness im ­
m o ra lity  is n o t of course a m a tte r  to  be d e te rm in e d  
b y  geog raph ica l b o u n d arie s , a n d  m uch  can  be said , 
an d  has been  said , in  e x te n u a tio n  of th e  fa u lts  of th e  
Ja p a n e se  tra d e r ,  b u t  a t  a n y  r a te  th e  h a rm  done in  
th is  d irec tio n  is now  well recognized  b y  th e  Ja p a n e se  
them se lves, a n d  th e  g o v e rn m e n t an d  com m ercia l 
o rg an iza tio n s  a re  co o p e ra tin g  to  rem e d y  th e  tro u b le . 
M a tc h e s  a n d  glassw are, fo r exam ple , m u s t now  p ass  
in sp e c tio n  before th e y  can  b e  ex p o rted .

T h e  p u rp o se  of th is  p a p e r  is to  b rin g  to g e th e r  s ta ­
tis tic s  of p ro d u c tio n  a n d  tr a d e  t h a t  will g ive th e  A m er­
ican  m a n u fa c tu re r  som e defin ite  id e a  of w h a t th e  
Ja p a n e se  a re  a c tu a lly  accom plish ing  in  th e  field of in ­
d u s tr ia l ch e m is try . A s tu d y  of th e  im p o r t s ta t is t ic s  
will also show  w h a t lines can  be so ld  in  J a p a n . A 
n u m b e r  of in d u s trie s  h av e  been  sing led  o u t fo r se p a ra te
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d iscussion . F o r th e  m ost p a r t  th e y  are th e  lines to  
w hich  th e  Ja p a n e se  a re  pay ing  p a r tic u la r  a tte n tio n , 
b u t  i t  h a s  been  im possib le to  t r e a t  all such  lines in 
th is  m an n e r, as d e ta ils  fo r all are n o t ava ilab le . As a 
m a tte r  of fa c t, i t  h a s  been  difficult to  assem ble th e  
fa c ts  in to  an  o rd erly  tre a tm e n t of th e  su b jec t, for 
m u ch  of th is  business is new  to  Ja p an e se  econom ists, 
s ta tis t ic ia n s , a n d  w rite rs, an d  th e  sources of in fo rm a­
tio n  s till le av e  m uch  to  be desired. E ven  in  th e  
official s ta tis t ic s , th e  s ta tis tic ia n s  w ork ing  on th e  p ro ­
d u c tio n , im p o rt, an d  ex p o rt re tu rn s  h av e  a t  tim es 
u sed  d iffe ren t classifications, u n its , an d  arran g em en ts . 
F o r  th is  p a p e r  i t  w as decided to  use q u a n titie s  w her­
ev e r possib le, even  w hen th a t  course d id  p rec lude in ­
te re s tin g  to ta ls ,  fo r p rices have v aried  so m uch  th a t  
th e y  now  m ean  very  li t t le  in  such s ta tis tic s .

F ig u re s  a re  from  official Ja p an e se  s ta tis t ic s  unless 
o th e rw ise  in d ic a ted . Som e of th e  d escrip tiv e  fac ts  
h a v e  been  ta k e n  from  Ja p an e se  tra d e  papers, o rgans of 
com m ercia l o rgan iza tions, an d  th e  unofficial b u t  a u th o r ­
i ta t iv e  J a p a n  Y ea r B ook; som e h av e  been o b ta in ed  
fro m  officials rec en tly  re tu rn e d  from  Ja p a n , an d  som e 
a re  to  be fo u n d  in  m a te ria l pub lished  b y  th e  U n ited  
S ta te s  B u rea u  of F ore ign  an d  D om estic  C om m erce.

ACIDS

N o t m a n y  d e ta ils  are ava ilab le  t h a t  b ea r  on th e  p ro ­
d u c tio n  an d  use of acids in  Ja p a n . A b u n d a n t supplies 
of n a tiv e  su lfu r an d  p y rite s  m ake i t  possible for m a n u ­
fa c tu re rs  to  su p p ly  th e  c o u n try ’s needs fo r su lfu ric  
ac id  a n d  to  do som e exporting . T h e  p ro d u c tio n  of 
h y d ro ch lo ric  ac id  increased  from  a b o u t 8,000,000 
lbs. in  1 91 3  to  n ea rly  25 ,000,000 lbs. in  1 9 1 7 , h u t  i t  ev i­
d e n tly  does n o t e n te r  foreign tra d e , as no official figures 
fo r im p o rts  or ex p o rts  are given. T h e  dom estic  o u t­
p u t  of n itr ic  acid  w en t up  from  1 ,077,1 00  lbs. in  1913 
to  4 ,942,070  lbs. in  1 9 x 7 (no foreign tr a d e  figures av a il­
ab le). Im p o rts  of carbo lic  acid  fell from  4 , 73 1 , 13 4 
lbs. in  1 9 x 7 to  2,950,867  lbs. in  1 9 1 8 . I t  has  n o t been 
p ro d u ce d  in  la rge  enough  q u a n titie s  to  o b ta in  no tice 
in  th e  official re tu rn s . Of th e  6 ,993,760  lbs. of acetic 
ac id  p ro d u ced  in  1 9 1 7 , 5 ,632,007  lbs. were expo rted . 
T h e re  w as a  fa lling  off in  expo rts  of a b o u t a m illion 
p o u n d s  in  1 9 1 8 . Boric,' c itric , oxalic, salicylic, an d  t a r ­
ta r ic  ac ids a re  im p o rte d  in  v a ry in g  q u an titie s , as show n 
in  th e  co m p le te  ta b le  of im ports .

CAM PHOR A ND M ENTHOL

M ore th a n  ha lf of th e  w orld ’s p ro d u c tio n  of n a tu ra l 
c a m p h o r com es from  F orm osa  (now  called “ T a iw a n ” 
b y  th e  Ja p an e se )  a n d  J a p a n  p roper. W astefu l m e th ­
ods of p ro d u c tio n  a n d  th e  g rea tly  increased  d em an d s 
for th e  p ro d u c t h a v e  rec en tly  m ade i t  adv isab le  for 
th e  Ja p a n e se  g o v e rn m e n t to  reg u la te  th e  ex p o rts  by  
a llo ca tin g  supp lies to  th e  v ario u s consum ing  coun­
trie s . T h e  causes fo r th e  in c reased  d em an d  are well 
k now n , a n d  th e  reasons assigned  fo r th e  in a b ility  to  
m ee t th e  d em an d s  a re  sc a rc ity  of lab o r, th e  d es tru c tio n  
of easily  accessible trees , a n d  th e  d ifficulties an d  d a n ­
gers a t te n d in g  th e  ex p lo ita tio n  of fo rests  in  th e  w ilder 
sections of F o rm o sa , w here hostile  savage  tr ib e s  still 
m ake  th e  cam p h o r w orker h e s ita te  a b o u t s tick in g  to  
h is  jo b  even  a t  h igher w ages th a n  m ost o th e r  in d u s­
tr ie s  offer. U n d er g o v ern m e n t auspices, th e  s i tu a ­

tio n  is being  very  ca refu lly  s tu d ie d  an d  c o n s tru c tiv e  
p lans p u t  in to  o p era tio n  fo r im p ro v in g  th e  o u tp u t.  
M uch  p la n tin g  of new  trees is being done a n d  a  ca re­
fu l su rv ey  of all ex isting  sources is go ing fo rw ard . I t  
is also h o p ed  t h a t  all d is tr ic ts  now  m enaced  b y  sa v ­
ages will soon be b ro u g h t u n d e r con tro l. In  th e  m ean ­
tim e  all th e  cam p h o r com pan ies h av e  u n ite d  to  fo rm  
one big co m p an y  an d  expect to  co m p ete  to  b e t te r  
ad v a n ta g e  for la b o r in  th e  fu tu re .

T h e  follow ing figures will g ive a  genera l id e a  of th e  
m a g n itu d e  of th e  in d u s try  a n d  th e  ex p o rt tr a d e  (c rude , 
oil, a n d  refined  c a m p h o r h a v e  been  lu m p e d  to g e th e r  
w ith o u t reduc ing  th e m  to  a  com m on b as is):

1913 1917
Lbs. Lbs.

Production.................................  6,284,087 7,334,737
Exports.......................................  3,278,200 4,126,928

1 N ot obtainable.

T h e  g o v ern m e n t is now  d iscourag ing  th e  ex p o rts  
of crude ca m p h o r, w ith  th e  id ea  t h a t  th e  c o u n try  can  
p ro fitab ly  do its  ow n refin ing. T h e  w ar served  to  re ­
v ive in te re s t in  th e  m a n u fa c tu re  of celluloid, w hich, 
for som e reaso n  or o th e r, h a d  been  langu ish ing , an d  
u n m a n u fa c tu re d  cellu lo id  a n d  such  cellu lo id  p ro d u c ts  
as com bs, h a ir  p ins, a n d  to y s  are now  e x p o rte d  in  con­
siderab le  q u a n titie s .

T h e  m en th o l tr a d e , w hich h as  v ir tu a lly  been  con­
tro lled  b y  th e  Ja p a n e se  in  tim es  p a s t, w as h it  r a th e r  
h a rd  b y  th e  w ar. Ja p a n e se  ex p o rts  rea ch ed  th e ir  
h ighest p o in t in  1 9 1 6 , w hen sales a b ro a d  a m o u n te d  
to  5 1 1 , 1 6 8  lb s., an d  since th e n  h av e  declined . T h e re  
has  been a n  inc reasing  te n d e n c y  on  th e  p a r t  of th e  
fa rm ers  to  c u t dow n th e  ac reage  d ev o ted  to  p e p p e r­
m in t in  fav o r of g ra in  a n d  beans, w hich  p a y  b e tte r .  
In  tw o  of th e  p rin c ip a l d is tr ic ts  th e  c u t in  ac reage  has 
am o u n ted  to  50 p er ce n t d u rin g  th e  la s t yea r.

D Y E S T U F F S

W hen th e  ex p o rts  of dyes fro m  G erm a n y  w ere s h u t 
off, J a p a n  fo u n d  herself in  th e  sam e b o a t w ith  th e  
U n ite d  S ta te s , E n g la n d , an d  F ra n c e ; th a t  is, w ith  ex­
ten s iv e  dye-using  in d u s trie s  an d  p ra c tic a lly  no dom es­
tic  p ro d u c tio n  of dyes to  m ee t th e ir  d em an d s . As a  
m a tte r  of fac t, J a p a n  w as in  a w orse p lig h t th a n  an y  
of th e  o th e rs , because th e re  w as p ra c tic a lly  no ex­
perience to  fall b ac k  upo n . She h a d  to  b u ild  from  
th e  g ro u n d  u p  so fa r  as raw  m a te ria ls , personne l, an d  
e q u ip m en t w ent.

In  1 9 1 5  an  a c t w as passed  to  su b sid ize  one com ­
p a n y  for th e  m a n u fa c tu re  of dyestu ffs , an d  u n d e r th is  
ac t w as o rgan ized  th e  J a p a n  D yestu ff M a n u fa c tu rin g  
Jo in t  S tock  Co., w ith  160,000 sh a res  of S24.90 each . 
T h e  g o v ern m e n t g u a ra n te e d  d iv id en d s of 8 p e r c e n t, 
an d  th e re  w as a d isposition  a t  first o n  th e  p a r t  of 
u n p ro te c te d  m a n u fa c tu re rs  to  fea r th e  co m p e titio n  
from  th is  firm  a n d  re se n t th e  ac tio n  of th e  g o v e rn ­
m en t. In  a sh o r t tim e , how ever, th e  d em an d  fo r 
dyes tu ffs  se n t p rices up  to  a p o in t th a t  b ro u g h t th e m  
en th u s ia s tic a lly  in to  th e  business, an d  e a rly  in  1 9 1 6  
it  w as an n o u n ced  unofficially  th a t  th e  to ta l  p ro d u c ­
tio n  of an iline  oil by  all com pan ies w as 60,000 lbs. a  
m o n th . B y the  m idd le of 19 1 8  th e re  w ere 100 fac­
to rie s  in  existence, exclusive of sm all concerns m a n u ­

1918
Lbs.
(■)

2,333,652
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fac tu rin g  in ferio r goods, w ith  a  to ta l  ca p ita liz a tio n  of 
a b o u t $ 7,500,000.

T h e  Ja p an e se  dye m akers  h av e  n a tu ra lly  h a d  diffi­
c u lty  in  sa tisfy in g  th e ir  cu s to m ers  in  th e  m a tte r  of 
q u a lity , a n d  th e re  h as  been  m uch  d issa tis fa c tio n  on 
th e  score of p rices also, b u t  th e  fac t of th e  m a tte r  
seem s to  be th a t  th e  s ta p le  dyes a re  com ing fo rw ard  
in  la rge  q u a n titie s  an d  th a t  th e  in d u s try  seem s p r e t ty  
well es tab lished . T h e  lead ing  m a n u fa c tu re rs  h av e  
s ta r te d  a m ovem en t to  induce  th e  g o v e rn m e n t to  
im pose a h igh  enough  ta riff  w all to  m ake ce rta in  th a t  
o u ts ide  co m p etitio n  will n o t undo  th e  p rogress m ade 
u n d e r th e  s tim u la tio n  of w ar prices.

T h e  U n ited  S ta te s  now  has th e  m a jo r p o rtio n  of th e  
im p o rt tr a d e  in  an iline  dyes a n d  logw ood e x tra c t, 
a n d  is do ing a  considerab le  business in  b o th  lines. In  
th e  follow ing ta b le  a re  show n Ja p an e se  im p o rts  from  
all co u n tries  for th re e  d iffe ren t years. T h e  supp lies 
of an iline an d  artific ia l ind igo  in  1 91 3  o r ig in a ted  a lm ost 
exclusively  in  G erm any , w hile th e  logw ood e x tra c t 
cam e la rge ly  from  F ran ce . T h e  n a tu ra l  ind igo  p u r ­
ch ased  in  1918  cam e from  C hina.

P r in c ip a l  I m p o r t s  o p  D y k s  in t o  J a p a n

1913 1917 1918
Lbs. Lbs. Lbs.

Aniline d yes..............................  9,738,863 832,947 2,538,725
Artificial indigo........................ 2,186,513 1,910 143
Natural indigo.......................... 27,432 85,664 1,444,856
Logwood extract...................... 955,992 1,649,205 3,588,288

I t  is th e  op in ion  of Ja p a n e se  m a n u fa c tu re rs  t h a t  th e  
fu tu re  of A m erican  p a r tic ip a tio n  in  th e  tr a d e  will d e­
p en d  upon  th e  ab ility  of G erm an y  to  su p p ly  h e r fo rm er 
cu s to m ers  a t  co m p etitiv e  prices, a n d  t h a t  th e  fu tu re  
of b o th  G erm an  a n d  A m erican  exporte rs , a n d  th e re ­
fo re of th e  Ja p an e se  dye m a n u fa c tu re rs , d ep en d s to  a 
considerab le  e x te n t u p o n  th e  a t t i tu d e  of th e  Ja p an e se  
g o v ern m e n t on th e  ta riff  question .

FE R T IL IZE R S

I t  is p ro b ab ly  safe to  say  th a t  fe rtilize rs  p la y  a  m ore 
v ita l p a r t  in  th e  ag ric u ltu re  of J a p a n  th a n  in  th a t  of 
a n y  o th e r  c o u n try  in  th e  w orld . F o r  ce n tu rie s  th e  
in ten s iv e  c u ltiv a tio n  of th e  soil h as  d em an d e d  th e ir  
lib e ra l use. T w en ty -five  y ea rs  ago dep en d en ce  w as 
p laced  m ain ly  on such  “ n a tu ra l” m an u res  as n ig h t-  
soil, s ta b le  m an u re , a n d  fish, a n d  to  som e e x te n t upon  
rice  b ra n  a n d  cake from  v ege tab le-o il p resses. T h en  
artific ia l fertilize rs w ere g rad u a lly  in tro d u c e d  an d  
la rge  q u a n titie s  of C h ilean  n itra te , p h o sp h a te , a m ­
m onium  su lfa te , an d  b ea n  cake w ere im p o rte d . S till 
la te r , th e  w ar s tim u la te d  hom e p ro d u c tio n  of fertilize rs 
a n d  to -d a y  eno rm ous q u a n titie s  of am m o n iu m  su lfa te  
a n d  su p e rp h o sp h a te s , as well as o th e r  chem ical sa lts  
of m inor im p o rta n ce , a re  m a n u fa c tu re d  b y  Ja p an e se  
firm s. P o ta sh  sa lts  as such  do n o t seem  to  p la y  an  
im p o r ta n t p a r t  in  Ja p a n e se  ag ricu ltu re . P ro d u c tio n  
of chem ical fertilize rs som e tim e  ago reach ed  a  p o in t 
w here ex p o rts  on a  considerab le  scale w ere m ade  a t  
fan c y  p rices, b u t  th is  d ev e lo p m en t w as considered  
d e tr im e n ta l to  th e  in te re s ts  of th e  c o u n try  u n til  such 
tim e  as th e  hom e d em an d  w as rea lly  m et, so th e  gov­
e rn m e n t s te p p ed  in  a n d  exercised a  rigo rous co n tro l 
o v er expo rts .

Before th e  w ar am m o n iu m  su lfa te  w as im p o rte d

fro m  E n g la n d  to  th e  e x te n t of a b o u t 115, 000  to n s , 
b u t  w hen  th is  source  w as c u t off, its  p ro d u c tio n  w as 
u n d e r ta k e n  successfu lly  by  th e  e lec trochem ica l p la n ts , 
w hich  h a d  a lread y  m ade s tr id e s  in  th e  m a n u fa c tu re  
of ca lc ium  carb ide  an d  a tm o sp h e ric  n itro g en . T h e  gas 
in d u s try  also p roduces im p o r ta n t q u a n titie s  as a b y ­
p ro d u c t. A t th is  w ritin g  th e  d om estic  p ro d u c t is 
high p riced  a n d  som e fea r is fe lt t h a t  E ng lish  supp lies 
m ay  in ju re  th e  in d u s try . L a te s t unofficial figures 
in d ic a te  t h a t  th e  dom estic  p ro d u c tio n  is so m ew h at 
m ore th a n  ha lf th e  p re -w ar co n su m p tio n . P ro h ib i­
tio n  of ex p o rts  led som e m a n u fa c tu re rs  to  e x p o rt ca l­
cium  carb ide , for w hich  th e re  h as  been  a  good  o u ts id e  
dem and .

P h o sp h a te  ro ck  fo r th e  su p e rp h o sp h a te  in d u s try  is 
o b ta in ed  fro m  islands in  th e  S o u th  Seas a n d  th e  In d ia n  
O cean. P ro d u c tio n  of th e  fin ished  fe rtilize r has  
reach ed  som eth in g  like 500,000 to n s  a  y ea r , w hich  is 
m ore th a n  sufficient fo r hom e use, an d  e x p o rt m a rk e ts  
h av e  becom e a necessity . M o st of th e  su rp lu s  is 
sold in  th e  D u tc h  E a s t  In d ies  a n d  in  S iberia .

T h e  soy -bean  cake a n d  m eal u sed  so ex ten siv e ly  
as a fe rtilize r com es from  oil m ills in  M a n c h u ria  an d  
Ja p a n . T h e  co n su m p tio n  of th is  fe rtilize r am o u n ts  
to  m ore th a n  1 ,300,000 to n s . I t  is ex p o rte d  to  th e  
Pacific C oast of th e  U n ite d  S ta te s  w hen  sh ip p in g  
ra te s  are no rm al, an d  th e  ex p o rte rs  hope to  develop  
th is  tr a d e  fu r th e r  in  th e  fu tu re .

S od ium  n itr a te  com es fro m  C hile. T h e  fish an d  
o th e r  an im al p ro d u c ts  used  as fe rtilize rs  a re  fro m  do m es­
tic  sources. P ack in g -h o u se  fe rtilize rs , so ex tensive ly  
used  in  th e  U n ite d  S ta te s , a re  n o t in  ev idence  in  
J a p a n , as th e  people are  n o t m e a t e a te rs . T h e re  are 
no s ta tis t ic s  show ing th e  q u a n titie s  of n ig h tso il an d  
s ta b le  m a n u re  used, b u t  i t  is well kn o w n  t h a t  th e  
J a p an e se , like  th e  C hinese, m ake  th e  m o st of th e se  
m ateria ls .

So fa r  as o p p o rtu n itie s  fo r A m erican  fe rtilize rs  in  
J a p a n  are  concerned , th e y  will p ro b a b ly  be lim ite d  
in  th e  fu tu re  to  p ack ing -house  p ro d u c ts , specia lized  
m ixed  fertilize rs , a n d  possib ly  su lfa te  of am m o n ia , if 
co m p etitio n  from  E n g lish  an d  Ja p a n e se  p ro d u ce rs  
can  be m et.

GLASS AN D  G LA SSW A R E

T h e  rem o v a l of B elg ium , G erm a n y , a n d  F ra n c e  
from  th e  g lass tr a d e  in  th e  F a r  E a s t  has  s tim u la te d  
th e  Ja p an e se  in d u s try  to  a  re m a rk a b le  degree, an d  
th is  is a  line in  w hich  th e  Ja p a n e se  seem s c e r ta in  to  
ho ld  his ow n a t  le as t, even  w hen  th e  E u ro p e a n  c o m p e ti­
tio n  re tu rn s . R e ce n t d ev e lo p m en ts  a re  show n s ta ­
tis tic a lly  in  th e  follow ing ta b le :

1913 1917 1918
Production..........................  $2,914,036 $13,626,403 (')
Im ports...................................  1,646,758 1,261,233 $1,223,614
E xports.................................... 1,652,791 6,669,672 8,007,614

1 N o t obtainable.

I t  is e v id en t t h a t  e x p o rt m a rk e ts  o pened  to  th e  
Ja p a n e se  th ro u g h  th e  absence of E u ro p e a n  c o m p e ti­
tio n  w ere th e  p rim e  fa c to r  in  th is  su d d e n  d ev e lo p ­
m en t, a n d  th ese  m a rk e ts  a re  fo u n d  chiefly  in  easily  
accessib le A sia tic  co u n tries , a lth o u g h  som e of th e  
p ro d u c t h as  fo u n d  i ts  w ay  to  th e  U n ite d  S ta te s  a n d  
o th e r  d is ta n t  fields. T h e  follow ing official U n ite d
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S ta te s  s ta tis t ic s  show  how  th e  tra d e  w ith  th is  coun­
t r y  h as  been  affec ted :

1913 1917 1918
Im ports from Japan............................  $9,053 $ 98,087 $351,713
Exports to  Japan. 9,117 623,014 500,232

T h e  in c reased  im p o rts  from  Ja p a n  h av e  consisted  
o f b ea d s  an d  a la rge  to ta l  s till inc luded  u n d e r “ all 
o th e r ” in  th e  s ta tis t ic s  of b o th  g overnm en ts . T he 
in c reased  ex p o rts  to  J a p a n  have been la rge ly  p la te  
g lass, fo rm e rly  su p p lied  by  E u ro p e  in  qualitie s  a p p a r ­
e n t ly  n o t y e t p ro d u ced  in  sufficient q u a n titie s  by  
J a p a n e s e  m an u fa c tu re rs .

A ccord ing  to  a s ta te m e n t recen tly  p rep a re d  b y  th e  
F a r  E a s te rn  D iv ision  of th e  B ureau  of F ore ign  an d  
D o m estic  C om m erce, th e  Ja p an e se  glass m an u fac­
tu re r s  h a v e  a  decided  ad v a n ta g e  over th e ir  co m p eti­
to r s  in  th e  m a tte r  of w ages, an d  th e  lab o re rs  a re  sa id  
to  a d a p t th em se lv es read ily  to  th e  in d u s try  because 
of p rev io u s experience in  p o tte ry  m ak ing  a n d  sim ilar 
lines. T h e  av erag e  daily  w age in  glass fac to ries in  
1 9 1 7 , accord ing  to  th is  s ta te m e n t, w as 38 c en ts  for 
m ales a n d  1 7  c e n ts  for fem ales over 15 y ea rs  of age, 
a n d  14  cen ts  for m ales an d  11  cen ts  fo r fem ales u n d er 
t h a t  age. D u rin g  th e  w ar la rge q u a n titie s  of soda 
ash  h av e  been  im p o rte d  from  th e  U n ite d  S ta te s , b u t 
th e  d om estic  p ro d u c tio n  of soda ash  an d  sod ium  su l­
f a te  h as  ra p id ly  increased , as exp lained  elsew here in  
th is  p ap e r. T h e  silica used  in  a  la rge fa c to ry  hav ing  
a n  o u tp u t of 100 ,000,000 sq. f t.  of w indow  glass a 
y ea r  is o b ta in e d  from  K orea an d  A nam  an d  is sa id  to  
be of excellen t q u a lity . I t  is in te re s tin g  to  no te  
t h a t  th e  m ach in e ry  in  th is  fac to ry  is p rac tica lly  all 
d r iv en  by  e lec tric  pow er. M uch of th e  m ach in e ry  in  
th e  la rg e r fac to ries  is of A m erican  m a n u fa c tu re . T h e  
la te s t  p ro d u c tio n  figures are for 1 9 1 7 , b u t  th e  ex p an ­
sion  of th e  in d u s try  has co n tin u ed  since th a t  da te , 
acco rd ing  to  la te r  b u t  unofficial rep o rts .

MATCHES

M a tch e s  a re  one of th e  m ost im p o r ta n t of th e  Ja p an e se  
chem ica l m a n u fa c tu re s , an d  th e  b u lk  of th é  p ro d u c tio n  
goes in to  foreign  tra d e . Before th e  w ar th e  value  
of th e  m a tc h  ex p o rts  w as a b o u t half th a t  of th e  to ta l  
fo r all chem icals an d  chem ical m a n u fa c tu re s ; since 
th e n  i t  h as  d ro p p ed  dow n to  a b o u t 40 p e r ce n t of 
t h a t  to ta l.  T h e  follow ing su m m ary  will give som e 
id e a  of th e  size of th e  in d u s try  an d  th e  e x ten t to  w hich 
th e  p ro d u c t goes in to  foreign tra d e :

1913 1917
Gross Gross

Production..........................  51,731,010 52,531,551
Exports................................. 44,009,245 44,150,011

1 N o t obtainable.

T h e  in d u s try  supp lies all dom estic  needs, and , 
w ith  th e  excep tion  of p hosphorus, d epends upon  
d o m estic  m a te ria ls . C h ina, In d ia , an d  o th e r  A sia tic 
c o u n tries  ta k e  m ost of th e  ex p o rts , a lth o u g h  th e y  h av e  
fo u n d  th e ir  w ay  to  A m erica an d  E u ro p e  since th e  w ar 
s ta r te d . T h e  cost of la b o r h as  gone up  in  rec en t 
y ea rs , b u t  th e  p rice of m a tch es has  ad v an ced  even 
m ore rap id ly , as is show n b y  th e  fac t th a t  while ex­
p o r ts  h av e  d ecreased  so m ew h at in  q u a n t ity , th e y  
h a v e  d o ub led  in  va lue . T h e  low  co s t of lab o r is th e  
m o st im p o r ta n t  fa c to r  in  th e  success of th e  Jap an ese  
m a tc h  in d u s try , fo r th e  p ro d u c t is a d m itte d ly  in ferio r

1918
Gross
0)

39,467,420

in  q u a lity . T h e  J a p a n  Y ea r B ook confesses t h a t  th e  
boxes a n d  sp lin ts  are w eak  a n d  liab le  to  b rea k , w hile 
th e  fric tio n  su rface  is easily  affec ted  b y  dam pness. 
T h is sam e a u th o r i ty  s ta te s  t h a t  Ja p a n e se  m a tch e s  
a re  so ld  in  C hinese an d  o th e r  n e a rb y  A sia tic  m a rk e ts  
a t  a b o u t 45 p er ce n t less th a n  th e ir  rivals .

As th is  m a tte r  of w ages is im p o r ta n t  in  ap p ra is in g  
th e  chem ical in d u s trie s  of J a p a n , i t  will be w o rth  
w hile to  d ev o te  a  li t t le  space h e re  to  a  s tu d y  of t h a t  
p h ase  of th e  m a tc h  in d u s try , as som e figures g iven  in  
th e  In d u s tr ia l  C ensus (in  Ja p an e se )  m ake  i t  possib le 
to  com pare  e s tab lish m e n ts  w ith  five or m ore o p e ra ­
tiv e s  w ith  A m erican  e s tab lish m e n ts  in c lu d ed  in  th e  
census of 1 9 1 4 . W ages, of course, h av e  gone u p  in  
b o th  co u n tries  since t h a t  tim e , b u t  if i t  is b o rne  in  
m ind  th a t  th e  rise h as  been  so m ew h at m ore ra p id  in  
th is  c o u n try  th a n  in  J a p a n , a genera l id ea  of th e  p re se n t 
re la tiv e  w age costs in  th e  tw o  co u n tries  can  be fo rm ed . 
T h e  com p ariso n  fo r 1 9 1 4  follow s:

■Wage earners:
Over 14 years:

M ale..................
Fem ale..............

Under 14 years:

U n i t e d  S t a t u s  
3,800

J a p a n

17,677

4,075
10,972

Fem ale............................................ 2,092
W ages....................................................... $1 ,757 ,975 $752,258
Average w age........................................ $463 $43
Horsepower............................................
Production:

7,465 335

Gross1................................................... 49 ,050 ,229 60 ,315 ,973
Value.................................................... $12 ,556 ,279 $ 9 ,120 ,562

Average production:
Gross per wage earner................... 12,908 3,412
Gross per wage dollar.................... 28 80

Average value of product:
Per wage earner............................... $3 ,304 $516
Per wage dollar................................ $7 .14 $ 12 .12

Wages per 1,000 gross........................ $35 .84 $12.47
1 For United States, estim ated by the United States Tariff Commis­

sion.
PA IN T S

J a p a n  is n o t a v e ry  g re a t p a in t-co n su m in g  c o u n try , 
lit tle  being  used  on such  th in g s  as houses a n d  
fences, y e t th e  su d d en  d em an d  fo r ' p a in ts  in  th e  sh ip ­
bu ild ing  in d u s try  an d  th e  h igh  p rices offered in  o th e r  
F a r  E a s te rn  co u n tries  h av e  b ro u g h t in to  being  a 
considerab le  in d u s try . E v en  th e  im p o rts  of sh ips- 
b o tto m  p a in ts  h av e  fallen  off rec en tly , an d  th e  decline 
in  im p o rts  of o th e r  p a in ts  has  been  m ost s tr ik in g . On 
th e  o th e r  h an d , ex p o rts  h av e  in c reased  fro m  less th a n  
ha lf a  m illion to  m ore th a n  1 5 ,000,000 lbs. since th e  
w ar s ta r te d , as th e  follow ing su m m a ry  show s:

1913 1917 1918
Lbs. Lbs. Lbs.

Imports:
Ship’s-bottom .........................  547,091 500 ,026  376,062
Other........................................... 1 ,774 ,597  471,585 264,888

Exports........................................... 474 ,708 2 ,4 2 0 ,8 5 0  15 ,034 ,236

T h ere  a re  no  official s ta tis t ic s  of p a in t  p ro d u c tio n  
in  th e  co u n try . I t  is k n ow n  t h a t  m a te ria ls  a re  to  
be fo u n d  a t  hom e or in  n e a rb y  C h in a , a lth o u g h  som e­
th in g  like 52,000 gal. of tu rp e n t in e  oil w ere im p o rte d  
in  1 9 1 8 , a lm o st e n tire ly  fro m  th e  U n ite d  S ta te s .

PA P E R

T w o genera l classes of p a p e r  a re  p ro d u ce d  in  J a p a n —  
Ja p a n e se  a n d  “ E u ro p e a n .”  T h e  fo rm er h a s  been  
m ade fo r ce n tu rie s  an d  is especially  a d a p te d  to  Ja p an e se  
a n d  C hinese needs. T h e  la t te r  is a  c o m p a ra tiv e ly  
new  p ro d u c t, th e  m a n u fa c tu re  of w hich  h a s  been  
g rea tly  s tim u la te d  b y  th e  h ig h  w ar p rices. I t  m eets 
a  grow ing  d em an d  a t  hom e a n d  m a rk e ts  a b ro a d  are
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eagerly  sough t. C h ina, K w a n tu n g  P ro v in ce , an d  
H ongkong  ta k e  a b o u t 60 p e r ce n t of th e  e x p o rts  of 
m ach ine-m ade  p ap e r, w hich h av e  been  increasing  
rap id ly . D u rin g  th e  w ar In d ia  also becam e p ro m in e n t 
as an  im p o rte r  of th is  p ap e r. G ood g rad es of p r in tin g  
p ap e r are  s till im p o rte d , how ever, an d  in th e  absence 
of effective co m p etitio n  from  E n g la n d , th e  U n ited  
S ta te s  has  becom e th e  chief source of supp ly .

A s ta t is t ic a l  su m m ary  of th e  s itu a tio n  follow s:
1913 1917 1918

Production:
"European"....................  $11 ,455 ,823  §29 ,490 ,458  (»)
Japanese........................... 10 ,425,814 18 ,069,209 (>)

Im ports.................................  3 ,6 0 4 ,2 6 2  2 ,0 3 5 ,6 9 3  $ 4 ,678 ,954
Exports:

“ European” ..................... 943,381 7 ,038 ,377  12 ,481,933
J a p a n e s e . . . . . ................  598,604 977,090 1 ,695 ,530

1 N ot obtainable.

T h e tim b e r  resources of Ja p a n e se  S aghalien  an d  
H o k k a id o  h av e  m ade possib le a ra p id  deve lop ­
m e n t of th e  p u lp  in d u s try  u n d e r  th e  s tim u lu s  of w ar 
p rices, as th e  follow ing figures show :

1913 1917 1918»
Tons Tons Tons

Production....................................................  85 ,050 189,350 231,55Cf
Im ports........................................................... 53 ,850 18,050 32,200
Exports..................................................  4 ,150  ?
Consum ption................................................... 138,900 201,550 263,750

1 1918 production total on authority of Japan Paper Guild.

Ja p an e se  e n th u s ia s ts  believe t h a t  e v e n tu a lly  enough  
pu lp  will be m ade a t  hom e to  m eet all dom estic  needs, 
an d  t h a t  all foreign co m p etitio n  can  be m e t in  sp ite  
of th e  ris in g  cost of lab o r an d  m ateria ls . I t  is a diffi­
c u lt m a tte r  to  d e te rm in e  costs in  th is  in d u s try , b u t  
th e  follow ing figures p e r  100 lbs. of pu lp  in  a  single 
large mill will be of in te re s t ( th e y  are  from  th e  “ K eizai 
S h im po”  for O ctober i 8, 1 9 1 9 ):

1918
1915 (August)

Mechanical pulp:
W ood........................................................................  $0 ,773 $1 ,780
Labor, including bleaching.................................  0 .1 0 0  0 .670
Pow er........................................................................   0 .205  0 .410
M iscellaneous........................................................... 0 .067  0.135

T otal.........................................................  1.145 2.995
Sulfite pulp:

W ood........................................................................  1.250 2.855
Sulfur.......................................................................  1.120 0 .188
Coal.............................................................................  0 .023  0 .033
Labor..........................................................................  0 .125  1.190
Power..........................................................................  0 .2 5 0  1.200
M iscellaneous........................................................... 0 .085  0 .173

T otal.............................  1.853 5 .639
Bleaching sulfite pulp:

Bleaching powder...................................................  0 .340  0 .575
Labor..........................................................................  0 .025  0 .035

T otal............................................................ 0 .365  0 .610

D eta ile d  s ta te m e n ts  covering  th e  rec en t d ev e lo p ­
m en ts  in  th e  Ja p a n e se  p ap e r  in d u s try  h av e  been 
p r in te d  b y  th e  U n ite d  S ta te s  B u rea u  of F o re ig n  an d  
D om estic  C om m erce.

SOAP A ND G LYCERIN

W ith  th e  u n lim ite d  supp lies of oils av a ilab le  i t  is 
n o t su rp ris in g  th a t  th e  Ja p an e se  h av e  tu rn e d  to  soap- 
m ak ing  on a  la rge  scale. I t  is n o t possib le to  show  th e  
d ev e lo p m en t by  q u a n t ity , as d iffe ren t u n its  a re  used  
fo r d iffe ren t soaps an d  for p ro d u c tio n , im p o rts , an d  
ex p o rts , b u t  th e  follow ing va lues will be b e t te r  th a n  
n o th in g :

1913 1917 1918
Production....................................... $ 3 ,195 ,650  $9 ,744 ,127  (i)
Im ports............................................. 78 ,883 57 ,632 $ 70,367
Exports...................................................  754,013 1 ,913 ,165  2 ,301 ,119

1 N o t obtainable.

A fa c to ry  e s tab lish ed  in  1 91 3  b y  a  w ell-know n E n g ­
lish  co m p an y  h as  been  p ro d u cin g  soap on a large

scale, inc lud ing  th e  finest g rad es of to ile t soap. T h e  
u n lim ite d  m a rk e ts  t h a t  can  be developed  am o n g  th e  
h u n d re d s  of m illions of A sia seem  to  assu re  a  p ro s­
p ero u s fu tu re  fo r th e  Ja p a n e se  in d u s try . A t p resen t, 
th e  ex p o rts  go chiefly to  C h in a , w ith  im p o r ta n t  q u a n ­
t i t ie s  to  th e  D u tc h  E a s t  In d ies .

N o p ro d u c tio n  figures a re  av a ilab le  fo r g lycerin , 
b u t  i t  is know n t h a t  th e  o u tp u t is inc reasing  a n d  t h e  
im p o rts  falling  off. T h e  600,000 lbs. im p o rte d  in  
1 9 1 8  was th e  sem i-refined  a n d  refined  p ro d u c t.

SODA A N D  B LE A C H IN G  P O W D E R

C au stic  soda , soda  ash , so d iu m  su lfa te  a n d  b le ac h ­
ing  pow der a re  all being  tu rn e d  o u t on  a n  in c re a s in g  
scale b y  th e  Ja p a n e se  to  m eet th e  d em an d s of th e  so a p , 
g lass, an d  p a p e r  in d u strie s . A h an d ica p  in  th e  p a s t  
h as  been  th e  h igh  p rice of sa lt, w hich  is a  g o v e rn m e n t 
m onopo ly , b u t  rec en t concessions h av e  been  m a d e  
in  t h a t  resp ec t as a re su lt of h ea v y  p ressu re  b ro u g h t 
to  b e a r  b y  th e  m a n u fa c tu re rs . D e ta ils  are  d ifficu lt 
to  g e t ho ld  of, b u t  th e  follow ing s ta tis t ic s  will h e lp  
to  exp la in  th e  s itu a tio n :

1913 1917 1918
Lbs. Lbs. Lbs.

Caustic soda:
Production........................... 9 ,535 ,621  19 ,979 ,742  0 )
Im ports............................. 26 ,8 1 0 ,0 6 6  47 ,8 7 7 ,3 2 3  16 ,350,847
E xports....................................................  881,031 1 ,455 ,815

Soda ash:
Production..........................  4 ,7 5 6 ,4 0 2  7 ,597 ,771  (*)
Im ports............................. 68 ,521 ,861  9 8 ,0 6 0 ,7 5 6  124 ,159 ,672

Sodium sulfate:
Production..........................  3 ,1 3 8 ,6 8 2  18 ,657 ,527  0 )

Bleaching powder:
Production....................... 3 3 ,1 1 4 ,0 9 4  47 ,5 2 8 ,1 2 3  (>)
E xports................................. 2 ,235 ,591  14 ,261 ,615  10 ,904 ,580
1 N ot obtainable.

I t  can  be assum ed  from  th e  foregoing  figures t h a t  
J a p a n  is ra th e r  a long  w ay  fro m  being  in d e p e n d e n t 
so fa r  as th ese  th re e  sa lts  go, a n d  th a t  th e re fo re  A m er­
ican  ex p o rte rs  can  expect to  find  m a rk e ts  fo r som e 
tim e  to  com e. Before th e  w ar th e  im p o rts  cam e m o stly  
from  E n g lan d , b u t  th e  U n ite d  S ta te s  is now  th e  chief 
fac to r. In  soda ash , E n g la n d  p re d o m in a te d  u n til  
1 9 1 7 , b u t  in  19 18  A m erica to o k  th e  lead . T h e  new er 
Ja p a n e se  p la n ts  use e lec trochem ica l p rocesses, b u t  a  
n u m b e r of th e  o lder concerns use th e  L eB lanc p rocess. 
A p la n t h as  been es tab lish ed  in  M a n ch u ria , w here 
s a lt  is cheap .

SU L FU R

J a p a n  is b lessed  w ith  ex ten siv e  d ep o sits  of su lfu r 
a n d  recovers enough  of i t  each  y ea r  to  su p p ly  h e r  ow n 
needs an d  to  e x p o r t ex tensive ly  to  A u s tra lia , B ritish  
In d ia , an d  o th e r  p o in ts  in  th e  ea s t. P ro d u c tio n  a n d  
e x p o rts  a re  show n b y  th e  follow ing figures, w hich  a re
su p p le m e n ted  w ith  p ro d u c tio n  figures fo r iro n  p y r ite s :

1913 1917 1918
Lbs. Lbs. Lbs.

Sulfur:
Production................... 131,059,061 260 ,329 ,009  156,634,240»
E xports.........................  119,613,792 188 ,375 ,054  119 ,263 ,386

Iron pyrites:
Production................... 252 ,586 ,826  267 ,559 ,347  (*)
1 Estimated from official returns for the first 6 mo.
* N ot obtainable.

T h e  w ar s tim u la te d  th e  p ro d u c tio n  of su lfu r, b u t  
b y  1 9 1 8  h igh  fre ig h t ra te s  an d  tr a n s p o r ta t io n  difficul­
tie s  h a d  c u t dow n ex p o rts  an d  d iscou raged  p ro d u c tio n .

ST A T IST IC S OF PR O D U C TIO N  

T h e  s ta tis t ic s  of p ro d u c tio n  co n ta in e d  in  th e  fo llow ­
ing ta b le  h av e  been  com piled  fro m  official re p o r ts  
of th e  Ja p a n e se  D e p a r tm e n t of A g ricu ltu re  a n d  C om -
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m erce. As a  w hole, th e  ta b le  will give a fa irly  defin ite  
id e a  of th e  rec en t d ev e lo p m en ts  in  th e  chem ical an d  
allied  in d u strie s , a lth o u g h  a n u m b e r of b ran ch es will 
be fo u n d  m issing, p resu m a b ly  because th e y  are of 
m ino r im p o rta n ce , o r because th e y  are  so new  th a t  
d a ta  h a v e  y e t to  be collected.

J a p a n e s e  P r o d u c t io n  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

- Q u a n t i t y  P r o d u c e d -
1909 

0)
  . . .  0 )
Hydrochloric, lb s  3 ,989 ,409
xt:*.:. 1 1 AH XXX

A r t ic l e s
Acetone, lbs........
Acids:

Acetic, lbs

N itric, lbs. 1,160,333
Sulfuric, lb s ........................  150,251,336

Alum, lb s . . . ............................... 7,455,051
Ammonium sulfate, lbs*.. 1 ,847,349
Bleaching powder..............  14,453,362
Camphor:

Crude, lbs......................... 1,111,073
Oil, lbs...............................  1,363,944
Refined, lbs.. ..̂ ..............  1,101,345

Fertilizers, artificial:*
Animal, lbs...............................  0 )
Vegetable, lbs.......................... ( l)
Mineral, lb s.............................. (0

Superphosphate, lb s . . . . . .
Double superphos­

phate, lb s ..............  ..........
Ammonium sulfate, lbs. .........
Potassium sulfate, lbs. .........
Calcium cyanamide, lbs..................
Potash salts, lb s . . . .  ..........
Other, lb s ................... ..........

M ixed ................................
Iodine, lb s ............................
Iron pyrites, lbs.................
Peppermint: |

Crude, lbs........................
M enthol crystals, lbs..
Oil, lbs...............................

Potash:
Iodide, lbs........................
Chlorate, lbs...................
Chloride, lbs....................

Soda:
Ash, lbs...........................
Caustic, lbs....................
Sulfate, lbs

76,773  
47,416,891

226,899  
147,921 
142,182

153,457

1,044',011

2 ,892 ,835  
8 ,378 ,257

....................    2 ,420 ,833
Sulfur, lbs.............................  81 ,349 ,740
Wood spirit, gal.................. ())
Candles, lbs.......................... 0 )
G lass.......................................
Lacquer, lbs.......................... 5 5 3 , 3 5 2
M atches, gross.................... 49 ,972 ,039
Oils:

Petroleum , gal................  7 8 ,964 ,394
Fixed vegetable-----
V olatile.......................

Paper:
Japanese...........................  $9 ,072 ,837
“ European” ....................  tf'T n * ' ‘IArt

Soap:
T o ile t.................................
Industrial.........................
Laundry and o th er .. . .

Sugar :4
Jaggery, lbs.....................  116 ,386,420
Muscovado, ib s ..............  26 ,911 ,705
Brown, lb s.......................  171,884
W hite, lb s ......................... 1 ,130 ,533

Waxes :
Unbleached, lbs.............. 18 ,967,887
Refined, lbs...................... 9 ,9 0 0 ,7 1 6

1 N ot shown separately.
> Year ended M arch 1918.

1913 
(*)
(■)7,748,555 

1,077,100 
413,613,139 

12,464,338 
1,818,658 

33.114,094
1,292,267 
2.231,538 
2,760,282

297.946,698 
495,647,166 

1,207,959,705 
1,132,838,096

35,349,130 
11,431,500 
9,101.529 
1.542,730 

17.696,720 
559.066.581 

152.566 
252.586,826

803.040
258,060
272,006
158,234

4,45Í‘,967
4,756,402 
9,535,621 
3 ,13S.682 

131,059,061
8$2,914,036

664.245
51,731,010
80,705.957

57,051,340
$1,298,377 
$ 114,726 
$ 492.614

$10,425,814
$11,455,823
$2,484,678

$167.930
$543,042

112,303.332
34.696,008
7,905,413

1917 
728,900

6,993,760
24.951.527 
4,942,070

741.039,167 
22,059,722 
24,122,051 
47,528,123

1,299,767
2.451,096
3,583,874

296,785.631
895,563,490

1,102,234,108
982,192,275

5,945,279 
89.711.450 

1,269.464 
8,559,569 
2.478,240 

12,077,831 
459,229,775 

484,138 
267.559,347

1,094,711 
561.843 
564,964
222,150

13,294,721
19,466.656
7.597.771

19.979,742
18.657.527 

260,329,009
281,185

22.255.234
$13.626,403

714,914
52,531,551

119.706.578
$18.998.865

$112,088
$18.069,209
$29,490,458
$4.712.541

$493.315
$4,538,271

179.276,939
76,177,965
27,414,464

12 ,935 ,334  15 ,816,499
10 ,263 .120  11 .168,734

* Figures for 1914 and 1917. 
ł Figures for 1910, 1913, and 1917.

S T A T IST IC S OF IM PO R TS

T h e  im p o r ts  s ta t is t ic s  g iven  in  th e  follow ing ta b le  
a re  based  up o n  th e  a n n u a l re tu rn s  of th e  Ja p an e se  
D e p a r tm e n t of F in a n c e . O n ly  p rin c ip a l co u n tries  of 
o rig in  a re  g iven .

J a p a n e s e  I m p o r t s  o p  C h e m i c a l s  a n d  C h e m i c a l  P r o d u c t s  
C h e m i c a l s ,  D r u g s ,  E t c .  1913 1917 1918

ACBdoric, Ibs...................... 1,185,000 788,875
United Kingdom 326,933 641,468
United S ta tes  2,189 147,396 506,211

cart"” “ ^ .': : : : : : :  4. » K i l l  ?•???•!!»United S ta tes    4,715,000 2,573,409
G erm any.............  409,118 . . . . .

Citric, l b s ..............  62,662 99.790 36.302
United K in gd om .. 32,061 *295 o 'ic fl

f c s t a ^ : . : : :  : : : : :  i : “«
V s i t : *

aSSSEr:: :::::
1 N ot shown separately.

1913

320,868
* 2 ", 241 

290,294 
159,380 
122,708 

1 ,1 2 0  
4,409

25’,201 
6,602 

112 
4,827 

0)

433,757
416,532

ÍÍ ‘,6Ó5
,095,218
646,198

251
448,748

31.463
1 ,0 0 0

17,245
,033.606
,033,578

28

245,
230,

4,
858,923
534,365
155,888
307,016

’ ( i f

!917

90,377
88,138
2,239

34 i ) Í70 
217,125 
64,797 
44,063 
15,185

506
73

572*950
572,300
982,073
833,022
149,051
904 !430 
887,562 

13,935 
2,933 
6,868 
6,668

255.326
255.326

33,289,035 
24,743,532 
2,906,265 

. 4,951,139 
225,268

1918
516,292
485,163
31,129

269i086 
89,274 
72,319 
84,669 
2,239

 5
5

110,179
71,795

299,854
297,299

2,595
224)244 
217,963 

5,581
i ’,599
1,149

1,368)479
1,360,688

2,400,039
561,253

1,771,987
66,668

58,919,948

0) 
0) ‘

0)

1,892,785
1,251,486

588,273
455,630
76,767

121,632
377,682
254,504
105,201
591.945
408.640

10,930
92,701
3.926

86.515
7,527,720
2,436,664
3,07 i *,533 
1.100,671 

553,525 
544,391 

1,291,351
1,28Ó)2¡5

121,443,199
121,215,534

224)¿04 
2,185,407,850 
1,289,574,438 

460,733,075 
63,708,318
63.558.313
63.558.313 
99,110,886 
34,358,499 
64,725.267 
22,236.611
2,812,348

12,488.829
2,386,018

887,997
724,243
133,387

42
24
11
6

107
106

2,530
1,691

353
11

102
102
58

Jap an ese  Im ports op C hem ica ls  and C h em ica l P r o d u cts  (Continued) 
C h e m i c a l s ,  D r u o s ,

E tc . (Continued)
Salicylic, lbs................

United S tates........
United K in gdom ..
G erm any.................

Tartaric, lbs................
United Kingdom...
France......................
I ta ly ..........................
United S tates........
Germany.................

Alcohol, gal......................
United S tates.............
Germany......................

Alum, lbs..........................
C hina............................

Ammonium carbonate,
lbs..................................

United Kingdom...
United S tates........
Germany.................

Ammonium chloride, lbs.
United Kingdom...
United S tates........
Germany.................

Bismuth subnitrate, lbs.
United States.............
Germ any......................

Calcium acetate, lbs....
United S ta tes.............
Germany......................

Fertilizers:
A m m o n iu m  s u l ­

fate, lbs.........................
United Kingdom...
Australia.................
Kwangtung Prov...
United S tates........

Bone dust, lbs............
China........................
British In d ia ..........
Kwangtung Prov.

Sodium nitrate, lbs...
Chile  ............
British Ind ia ..........
United S tates........

Bean cake, lbs............
Kwangtung Prov..
China........................
Asiatic Russia. . . .

Cottonseed cake, lbs.
C hina ..............

Rapeseed cake, lb s...
British India..........
China........................

Other oil cake, lb s . . .
Asiatic R ussia. . . .
China........................
Kwangtung Prov..

Glycerin, lbs....................
United K in g d o m ....
United S tates.............
Germany......................

Phosphorus:
Red, lbs........................

United Kingdom...
Germany.................

Yellow, lbs..................
United Kingdom...
United S tates........
Germany.................

Potash:
Bichromate, lbs.........

United S tates........
Germany.................

Bromide, lb s . . . . . . . .
United S ta tes........
Germany.................

Chlorate, lbs...............
France......................
United S tates........
Germany.................

Cyanide, lbs................
United K ingdom ..
G erm any.................

N itrate, lbs..................
C hina........................
Germany.................

Soda:
Ash, lbs......................... 6

United S ta tes........
United K ingdom ... 6
Germany.................

Bicarbonate, lbs........
United Kingdom...
United S tates........
G erm any.................

Borate, lbs......................
United K ingdom ..
United S ta tes........
G erm any.................

Caustic, crude, lbs.... 2
United S tates........
United K ingdom ... 2
Germ any.................

Cyanide, lbs................
United Kingdom...
United S tates........
Germ any.................

1 N o t shown separately.

521,861
8,979

510,677
2,205

910,039
882,581

112
27,346

401,041
856,137
148.640
396.274
,810,066
361,495
,412,689

32,501

260,644
259,905
47)589
31,979
15.610

584.688
584.688

*i)4io
3,300

235‘,244 
211,741 
23,503

652,i65 
651,717
174,424
149,185

98,060,756
54.382,470
40,880,290
6,881 ‘,352 
6,548,997 

220,405
3,373’,388 
3,156,684 

216,704
47,877)323
47,255.852

603,804
535‘,820 
524,734 

11,086

,574,107
,217,068
,515,136
,627,754
,818,225
,910,898
896,014

745
,188,786
,808,703
,281.592
,048.197
,821,921
,325,880
,828,079
526,596
,997,117
,001,417
121,034

,504,078
,976,620
600,464
45,113

518,132

129.839
660

221.615
221.615

*335
333

67)201
67,210

607,810
605,958

1 ,680)022
1,131,434

124,159,672
76,709.247
46,983,738
7,33Í’,829
3,627,901
3,662,187
2.348)931
2,083,045

265,887
16,350)847 
15,024.902 

789,976
1,576*, ¿69 
1,553,261 

23,308
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a p a n ese  Im ports op C h em ica ls  and  
C h e m i c a l s ,  D r u g s ,  1913 

E tc . (Concluded)
Peroxide, lbs...............  392,083

United Kingdom... 83 ,442
Sweden....................  ..........
I ta ly .......................... .........
G erm any.................  117,259

Tanning materials:
Galls, oak bark, and 

similar tanning
materials, lbs  3 ,64 6 ,8 1 0

Cape Colony and
N ata l.................... ..........

British India  223,860
C hina........................ 590,860
Argentina................ ..............
United S tates  2 ,0 1 2 ,7 4 2
Australia.................  273,871
Africa, n. e. s . J. . .  .........
Germany.................  225,492

Catechu and other 
tanning extracts,
lbs.......................... 6 ,049 ,553

Argentina................ 88,185
Dutch East Indies 1 ,186 ,804
Straits Settlem ents 1 ,000 ,390
British Ind ia   37,703
China........................ 20,663
Cape Colony and

N a ta l.................... ..............
United Kingdom... 507,204
United S tates  910,604
G erm any................  1 ,382,930

Drugs, medicines, etc.:
Alcoholic medicinal

preparations, gal 6 ,927
United Kingdom. . 4 ,774
United S tates  1,461
Germany.................  556

Antifebriu, lbs  88,747
United S tates  ..........
G erm any................  46 ,755

Antipyrin, oz.............. 731,694
France......................  75 ,818
Switzerland  25,832
United K ingdom .. ..........
Germany.................  630,044

Aromatic chemicals $24,990
United K in gdom .. 5 ,383
United S tates  ..........

Cocaine, oz..................  52 ,228
United Kingdom. . 1,763
United S tates  ..........
France...................... ..........
H olland.................... 2 ,500
Germany.................  47,965

Formalin, lbs..............  946,562
United S tates  .........
Germany.................  535,976

Guaiacol carbonate,
lbs..........................  27 ,879

Switzerland  3 ,737
Kwangtung Prov. ..........
G erm any.................  12,927

Milk sugar, lbs  427,003
United S tates  ..........
United Kingdom... 51,551
Kwangtung Prov. .........

Morphine, oz.............. 91 ,128
United Kingdom... 73,303
Germ any.................  17,327

Perfumed waters, lbs. 87 ,218
France.................  55 ,874
United Kingdom... 10,668
Germany.................  8 ,047

Quinine, oz..................  253,829
Dutch East Indies 180,819

Santonin, lbs............... 4 ,492
Russia......................  ..........
United S ta tes  ..........
United K ingdom .. 1,282

All other chemicals,
drugs, e tc   $1 ,665 ,673

United States  97 ,110
United Kingdom. . 172,409
China........................ 97,933
British Ind ia   22,393
France......................  35 ,847
Peru..........................  ..........
Germany.................  1 ,049 ,996

All other prepara­
tions or compds. 
of c h e m i c a l s ,  

drugs, e t c . . . .  $173,248
United Kingdom... 29 ,344
France......................  13,320
Switzerland  2 ,334
G erm any.................  68,901
United States  57 ,916

D yes, Paints, Etc.:
Aniline dyes, lbs  9 ,738 ,863

United S tates  ..........
Germany...................... 8 ,585 ,797
Switzerland.................  662,861
France........................... 269,749
H olland........................  23,035
United K in gdom .. . .  178,373

Other coal-tar dyes, lbs. (0
Germany...................... (*)

Aniline salts, lbs  648,730
United S ta tes  ..........
United K in gdom .. . .  138,338
Germ any.....................  360 ,644
1 N o t entered .

C h e m i c a l  P r o d u c t s  ( Continued) 
1 917  191 8

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

7 , 2 7 5

1 3 , 3 5 1 , 8 3 4

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

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

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

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

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

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

105 *, i  51 
9 4 , 9 6 0

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

9 , 7 3 2

$ 2 6 ¡ 4 5 4  
1 6 , 3 9 7  

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

57  Í ’, 86 5  
5 3 4 , 9 5 7

2 5 8
221

3 0

6 5 j 74 3  
2 4 , 5 3 0  
2 2 , 4 0 0  
1 2 , 9 9 8  

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

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

5 Í3 * ,7 6 3
5 0 3 , 6 8 3

1 , 6 9 7
1 , 1 5 7

4 6 3
77

$ 2 , 4 4 1 , 1 7 7
1 , 2 9 6 , 1 1 3

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

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

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

1 , 6 3 5
1 6 0 , 8 8 1

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

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

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

1 
1

2 1 , 8 2 6
7 , 2 7 5

Í 4 Í 5 5 1

1 0 , 8 6 1 , 0 4 8

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

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

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

7 , 7 4 4 , 9 1 4
1 8 0 , 0 4 9

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

6 , 6 6 7

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

1 1 , 6 9 7
9 , 8 7 2
1 , 6 1 1

2 Ó 4 ¡ 6 Í 3
2 0 1 , 0 0 9

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

$ 1 i 2 ’, 861
4 8 , 3 8 9
5 3 , 4 1 2
4 5 , 6 3 4
1 7 , 3 5 6
1 5 , 2 2 8

6 , 2 9 8
1 , 0 9 5

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

200

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

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

6 2 ’, i 4 7  
2 5 , 9 8 5  
2 9 , 4 3 0

4 5 2 ’, 7 9 9
4 1 5 , 5 2 3

3 , 6 6 5
3 , 5 5 6

110

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

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

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

3 , 8 4 5

$ 2 6 8 , 7 4 3
2 4 , 6 8 2

4 , 5 1 7
9 , 1 9 0

2 2 8 ) 2 8 7

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

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

1 4 , 3 9 8

* 3 Í , 4 4 2  
2 9 , 8 4 0  
1 0 , 5 9 9

1 7 5 . 7 1 3
1 7 5 . 7 1 3

Jap an ese  Im ports op C h em ica ls  and  ( 
D y es, P a in ts , E t c .  1913

{Concluded)
Indigo:

Natural, lbs.....................  27,432
British In d ia ..............  25,450
D utch East In d ie s .. 1,214

Artificial, lbs...................  2, 186, 513
Germany...................... 1,974,432

Logwood extract, lb s ... 955,992
United S ta tes  4,508
France........................... 878,149

. United K in gdom .. . .  .........
Germ any...................... 73,223

Oxide of cobalt, lb s . . . .  40,169
United Kingdom   39,284
United S tates.............  884

Saffron, lbs....................... 5,025
France........................... 3,148
Spain .............................  1,190
Germ any.....................   485

Ultramarine blue, lbs... 322,406
United S tates  ..........
United K in gdom .... 30,384
France........................... 14,393
G erm any...................... 258,467

Carbon black, lbs  356,819
United S ta tes  325,287
Germany...................... 7,449

Lacquer, lbs..................... 1,587,784
China............................  1,542,734
French Indo-C hina.. 45,036

Liquid gold, silver plat­
inum, oz................... 44,923

United S tates.............  7,791
United K in gdom .. . .  10,284
Germany................  24,794

Ship’s-bottom paints,lbs. 547,091
United K in gdom .. .  . 437,075
United S tates  98,209

Other paints, lbs  1,774,597
United S ta tes  81,784
United K ingdom   1,621,299
G erm any...................... 24,355

Varnishes, lbs.................. 603,102
United S tates.............  188,891
United Kingdom   376,500
Germany...................... 23,647

W hite lead, red lead,
and litharge, lbs.... 130,061

United S ta tes  13,298
United K in gdom .. . .  103,191
Germany......................  12,582

Zinc w hite........................ ( l)
United K ingdom   ..........

Printing ink, lbs  334,613
United S tates  240,692
United K ingdom   26,895
Germany......................  59,998

Other ink, lbs................  212,870
U nited S tates  90,117
United K ingdom   121,850
France........................... 257
G erm any...................... 646

All other dyes and pig­
m ents........................ $259,301

United K ingdom   56,798
United S ta tes  8,916
C hina............................  5,421
France........................... 24,058
G erm any...................... 135,373

All other coatings and
fillers.........................  $91,116

United S tates  24,427
United K in gdom .. . .  46,122
France........................... 1,950
G erm any...................... 12,208

Oils , F ats, W axes, and
M anufactures thereof:

Oil-bearing materials:
Soy beans, lbs  235,521,849
Peanuts, lbs................  ..........
Sesame, lb s . . . ............ 13,129,316
Perila ocimoide, lbs. 9,883,760
Rape and mustard, lbs. 35,573,334
Linseed, lbs.................  ..........
Hempseed, lbs  ..........
Cottonseed, lbs  26,540,382
Copra, lbs....................  5,639,797

Vegetable oils:
Castor oil, lbs  970,148

C hina........................  426,159
K wangtung Prov.. 185,338
United S ta tes  ..........
G erm any.................  37,765

Coconut oil, lbs  1,128,489
Straits Settlem ents 107,978

Linseed oil, lbs  582,257
United K in gdom .. 509,553
C hina........................ ..........
U nited S tates  11,320
G erm any.................  5,122

Olive oil, lbs................ 197,036
France......................  121,436
I ta ly ..........................  30,489
United S tates  3,167
Spain ......................... 2,493
G erm any.................. 35,229

Soy-bean oil, lbs  6,249,522
Turpentine oil, gals.. 38,731

United S tates  38,100
Vegetable tallow, lbs. ..........
1 N o t shown separate ly .

EMiCAL P r o d u c t s  (C ontinued) 
1917 1 918

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

1 , 9 1 0
1 , 8 7 0

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

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

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

1 2 2 , 6 3 2
143
6 9

3 , 5 8 8 , 2 8 8
3 , 4 8 3 , 0 0 8

6 1 , 5 7 1
4 2 , 7 5 7

i i ¿ )3 4 7  
1 0 8 , 9 8 4  

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

i 0 3 ) 5 9 8  
1 0 , 6 0 1  
9 2 . 9 9 8  

3 , 7 5 8  
3 , 0 2 4

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

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

8 , 8 1 6
1 4 , 2 8 6

4 0 7 , 2 8 5
4 0 7 , 0 4 4

9 7 l ) 7 1 8
9 6 8 , 0 2 4

1 , 6 5 7 ) 6 3 7
1 , 6 1 6 , 2 5 3

4 1 , 3 7 1

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

2 1 , 1 2 1

2 0 , 2 1 0
1 6 , 4 1 0

3 , 8 0 0

2 3 , 8 3 6
2 1 , 4 8 2

2 , 2 0 0

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

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

8 8 . 0 9 5

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

3 1 1 , 3 8 1
2 8 6 , 6 2 0

2 2 , 9 7 3

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

1 8 , 2 5 6
112

1 6 , 9 8 4

’9 6  ,’ ¿ 5 8  
2 2 , 4 0 7  

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

4 9 3 , ’ i  75 
1 7 , 4 2 6  

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

2 2 , 9 0 1

1 1 . 1 8 6
4 , 9 8 9
4 , 9 6 3
1 , 1 8 8

4 6

*59*580
2 3 , 1 8 8
3 3 , 0 5 3

3 , 3 1 5

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

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

3 , 0 3 6

$ 5 5 2 , 8 2 4
1 2 5 , 8 9 1
3 4 9 , 9 9 8

4 2 , 1 8 6
7 , 4 6 8

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

5 8 0

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

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

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

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

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

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

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

1 6 5 , 1 8 4 . 7 2 6

7 3 0 , 0 4 0  
4 0 5 , 7 0 6  

7 7 , 7 1 0  
5 , 7 4 0

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

1 1 , 1 5 8
1 6 , 0 8 8

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

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

6 8 Í ) 3 1 9  
1 1 3 , 1 5 8  
4 3 8 , 4 2 6  

7 , 8 2 2  
3 2 7 , 9 2 9  

231

Ü 8 ) Ó 7 0
4 7 , 9 4 4
3 5 , 5 6 3
1 4 , 6 1 0

8 , 8 2 0

i 4 0 ’, 5 9 5  
2 0 , 9 2 9  

1 , 7 4 6  
3 7 , 5 1 5  
1 7 , 6 3 7

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

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



F eb .,  1920 T E E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y

J a p a n e s e  I m p o r t s  o p  C h e m i c a l s  a n d  
O i l s , F a t s , E t c . ( Concluded) 1913 

Mineral oils:
Crude, gal....................

United S ta tes........
Gasoline, gal...............

United S ta te s ... . .
D utch East Indies .........

Kerosene, gal.............. 48 ,174 ,840
U nited S tates  '*'* , i e  ', °'T
D utch East Indies 

Mineral colza, gal—
United States

C h e m ic a l  P r o d u c t s  (Continued) 
1917 19 18

J a p a n e s e  I m p o r t s  o p  C h e m i c a l s  a n d  C h e m i c a l  P r o d u c t s  ( Concluded)

3 , 5 1 9 , 6 1 9
159

2 9 6 , 0 6 5
2 9 5 , 3 6 0

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

5 6 5 , 4 4 9  
5 6 5 , 4 0 9

Paraffin wax, lbs   1 7 , 9 0 2 , 1 2 3t T 1- n f.C f\ A AoBritish India. . . . . .
D utch East Indies
United S tates........

Vaseline, lbs................
United S tates........
United Kingdom...

Other mineral, lbs.. .
United S ta te s ... . .
Dutch East Indies

Tallow, beef, lb s............
China............................
Australia......................

Other animal fats, lbs..
A ustralia......................
China............................

Olein, lb s ..........................
A ustralia......................

Stearin, lbs.......................
United S tates.............
United K ingdom -----
A ustralia......................

Soap:
Perfumed, lb s.............

United S ta tes ........
United Kingdom...
G erm any.................

Other, lbs.....................
France......................
United Kingdom...
United S ta tes........

Oils, fats and waxes,
perfumed, lbs.........

France...........................
United K ingdom -----
United S ta tes.............
G erm any......................

Volatile oils, lbs.............
United K ingdom ----
C hina...................
Dutch East Indies....
F r a n c e .. . .  ................
British Ind ia ..............
United S ta tes.............
Germ any......................

All other oils, fats, and 
waxes, and manu­
factures th ereo f.. .

G ums. R esins , E tc.:
India rubber and gutta  

percha, crude, lbs.
Straits S ettlem en ts..
British Ind ia..............
United .K ingdom .. . .
United S ta tes.............
Germ any......................

Rosin, lbs.........................
United S ta tes.............
C hina............................
Straits S ettlem en ts..
United K ingdom -----
Germ any......................

Shellac, lb s . ................
British India........

Other gum s and resins,
lbs...............................

Straits S ettlem en ts..
Dutch E ast Indies.
C hina............................

Gelatin, lbs......................
United K in gdom .. . .
United S ta tes .............
Germ any......................

Glue, lb s . .   ....................
United K in gdom .. . .
France...........................
United S tates.............
Switzerland.................
I ta ly ...............................
Germ any......................

Gum arabic, lbs.............
British In d ia ..............
United K in gdom .. . .
Germ any......................

Pitch and asphalt, lbs..
United S tates.............
United K in gdom .. . .
G erm any. ..................

Or es , E tc.:
Antim ony ore, lbs.........

C hina................... .* • • • ..........
French Indo-China... • • • • • _

Iron ore, lbs............... . .  ^ 17 ,837 ,109
C hina............................. 613,393^,915

Lead ore, lbs...................
China.............................
Asiatic Russia. . . . . .
K wangtung Province
R ussia ...........................
1 N o t given in 1913.
* N o t show n separa te ly .

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

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

1 3 , 2 2 1  
1 2 7 , 3 4 1  

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

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

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

2 6 3 ) 8 4 8

3 7 7 , 5 7 6
1 1 1 , 7 7 6

7 8 , 3 7 7
1 1 3 , 4 0 0

1 , 3 8 0 , 3 5 5
1 , 1 1 0 , 0 4 1

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

5 8 , 5 7 6
4 5 , 8 0 9

5 , 7 8 4
831

6 , 0 2 3
2 8 5 , 9 5 6

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

106
3 4 , 9 0 5
1 2 , 4 3 3

108
1 2 0 , 7 3 5

$113,569

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

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

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

4 1 6 , 1 0 6

7 2 3 ’, 8 1 5  
3 , 3 7 8 , 8 6 6  

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

0)

1 1 8 , 7 8 2  
2 7 , 7 1 7  

17
8 2 , 0 3 3  

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

7 3 , 6 9 0  
1 , 3 2 9  

1 3 , 7 7 9

1 , 0 4 5 ’, 3 0 7
6 1 5 . 2 7 3  

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

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

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

(*)

(’)

3 . 2 4 2 . 7 6 6
3 . 2 4 2 . 7 6 6  
1 , 1 3 9 , 7 1 2

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

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

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

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

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

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

1 6 , 8  i 3 i 55 0  
9 , 3 9 0 , 8 3 4  
7 , 2 9 8 , 3 9 3  
2 , 1 0 1 , 7 6 4  
1 , 2 4 7 , 8 2 2  

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

5 8 , 7 9 6

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

3
1 6 0 , 8 8 5  

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

4 2 , 0 6 4
3 2 , 5 2 4

7 , 0 9 9
2 , 1 8 0

4 2 6 ’, 3 1 0  
1 1 3 , 4 7 4  

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

$ 2 2 1 , 8 1 0

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

3 4 4 , 5 7 5
1 2 2 , 3 2 5

2 6 , 0 8 2 ) 0 3 5
2 4 , 4 0 4 , 8 2 5

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

1 ,  i 7 2 ) Ó53 
1 , 1 6 8 , 4 7 0

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

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

4 , 9 9 0

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

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

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

8 2 , 0 9 5

1 , 4 4 8 ) 7 1 2
1 , 3 1 2 , 9 7 1

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

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

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

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

3 , 3 6 0 , 3 7 4
3 , 3 6 0 , 1 1 0

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

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

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

3 , 5 1 3 , 3 6 9
2 9 1 . 2 5 4
291.254

3 4 . 0 4 0 . 8 8 2  
8 , 0 6 9 , 0 9 8

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

5 7 6 . 2 9 0
5 7 6 . 2 9 0

3 3 , 7 8 7 ' , 6 8 7
3 3 . 7 2 0 . 6 4 3  

97
2 0 , 0 5 6 , 7 0 8

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

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

1 , 5 6 5 ) Í4 2  
1 , 0 0 2 , 6 4 2  

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

1 1 7 , 2 8 2

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

* 14)697 
3 , 2 9 5  

3 7 , 0 3 9  
9 , 9 9 8

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

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

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

4 2 , 7 4 8
90,642
9 3 , 9 2 3

$471,824

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

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

9 3 , 7 1 7

2 6 . Í 4 Í ) 718  
2 1 , 8 0 5 , 8 0 8  

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

2 , 2 3 6 ) 8 9 1  
2 , 2 0 2 , 8 5 9

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

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

88 i )891 
3 7 , 9 2 3  
3 1 , 2 6 2  

. 4 6 2 , 0 1 8

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

1 ,971,064
1 ,450,960

210,644
318,460

(J)

795 ,715 ,024
792,997,387

7,926 ,188
880,967

1,729,261
2,116

O res, E tc . (Concluded)
Zinc ore, lbs....................

Australia......................
French Indo-China...
Asiatic R ussia............

Other ores........................
French Indo-China...

Clay, lbs...........................
China..................... ..
Kwanjjtung Province
United S ta tes.............

Cryolite, lbs....................
Sweden.........................
Denmark.....................
United S ta tes.............

Gypsum, lbs....................
China............................
United S tates.............
United K ingdom -----

Phosphorite, lbs.............
Australia......................
United S tates.............
United K ingdom -----
E gyp t............................

M iscellaneous M anu­
factures:

Glass and glassware. . .  
Explosives:

Dynam ite, lbs............
United S ta tes ........
Canada....................
C h in a .. . . ................
United Kingdom. .
Germ any.................

Detonators, lbs..........
G erm any................
United Kingdom...

Other explosives........
Paper.................................

United Kingdom -----
Germany......................
Belgium ........................
A ustria-Hungary. . . .
Sweden.........................
N orw ay........................
United S tates.............

Photographic f i l m s ,
sensitized, lbs.........

United S tates.............
United K ingdom -----
France...........................
Germany......................

Sugar:
Under N o. 21 Dutch  

standard, lb s . .. .  
D utch East Indies
Philippines..............

Other, lbs.....................
Rock candy, cube, 

loaf and similar,
lbs..........................

Grape sugar, malt 
sugar, molasses 
and the like, lbs.

1 N ot shown separately. 
* Other than iron ore.

1913

(’)

$134,450*

0)

0)

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

7 3 0 , 3 6 4 , 0 0 0

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

$ 1 , 6 9 6 , 7 5 8

2 , 1 4 5 , 2 8 0

1917 1918
2 0 5 , 8 0 7 , 5 3 5 1 3 2 , 0 3 8 , 9 3 6
1 5 1 , 3 5 6 , 6 2 5 9 8 , 9 5 5 , 8 5 4

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

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

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

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

25 0
1 1 , 4 4 9 , 2 8 4 1 0 , 4 4 8 ) 7 4 3

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

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

132 3 2 4 , 3 6 4 , 9 0 0

5 2 0 , 7 5 7  
1 , 6 1 2 , 0 2 2  

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

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

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

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

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

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

9 , 4 1 4  
3 , 2 1 6  
2 , 1 2 4

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

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

1 8 7 , 4 8 6

2 , 0 2 4 , 5 2 8

$ 1 , 2 6 1 , 2 3 3

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

4 0 9 , 6 0 7

’ ’5)300

8,640 ,700 '

$ 1 , 2 2 3 , 6 1 4

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

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

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

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

’ ' 3 ) 2 0 0  
2 5 6 , 3 7 1  
1 1 1 , 3 3 8  
9 9 3 , 4 5 4

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

$ 7 , 2 0 9 '
$ 4 , 6 7 8 , 9 5 4

4 5 8 , 0 7 4

5 8 , 9 8 1
8 6 , 6 9 7

4 , 0 1 1 , 6 0 9 -

7 1 . 8 0 5
5 9 , 5 9 9
1 2 , 0 8 2

8

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

4 5 , 2 4 5 , 4 6 4
6 8 , 7 8 4

11,992

462 ,418 ,829
378 ,514 ,386

76 ,629 ,983
30 ,365 ,454

2,062

9 1 , 9 6 6 477,849'

STA TISTIC S OF E X PO R T S

T h e  follow ing ta b le  of ex p o rts  h as  been  com piled  
from  th e  a n n u a l re tu rn s  of th e  Ja p a n e se  D e p a r tm e n t 
of F in an ce :

J a p a n e s e  E x p o r t s  o p

C h e m i c a l s ,  D r u g s ,  E t c . :  
Acids:

Acetic, lbs....................
Straits Settlem ents 
Dutch East Indies
British Ind ia ..........

Sulfuric, lbs.................
Straits Settlem ents
China........................
E g y p t  .........
Asiatic R ussia-----
H ongkong...............

Bleaching powder, lbs..
British In d ia ..............
China  ................

Calciu m carbide, lb s .. .
Australia......................
China............................
Hongkong....................
Straits Settlem en ts..
British In d ia ..............

Camphor, lbs..................
United S ta tes.............
British Ind ia ..............

Coal tar and pitch, lbs. 
French Indo-China...
H ongkong....................

Copper sulfate, lb s . . . .
Australia ................
British In d ia .. . . -----
Dutch E ast Indies,...
C hina............................
1 N ot shown separately.

C h e m i c a l s  a n d  C h e m i c a l  P r o d u c t s  
191 3  1 9 1 7  1 918

0)

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

1 , 4 8 2 , 1 6 6

3 1 5 , 5 4 5
409,813

2 ,235,591
132

1 , 8 2 8 , 4 3 6
(0

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

1 , 1 6 4 , 8 3 5
0)

(’)

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

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

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

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

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

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

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

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

7 1 1 , 9 7 8
4 0 2 , 0 6 8
400,361

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

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

2 , 5 3 4  
1 , 2 3 8 , 4 2 4  

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

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

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

7 8 7 , 8 7 3 -  
4 7 7 , 7 5 S  

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

3 1 6 , 0 0 0 -  
4 9 1 , 6 9 2 -  
1 4 4 , 9 0 0
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J a p a n e s e  E x p o r t s  o p  C h e m i c a l s  a n d  C h e m i c a l  P r o d u c t s  (Continued)
1917 1918

J a p a n e s e  E x p o r t s  o p  C h e m i c a l s  a n d  C h e m i c a l  P r o d u c t s  (Continued)
Chemicals, D r u o s .

E tc .  (Concluded)
Dried plants for in­

i' secticides, lbs.........
United S ta tes.............
United K ingdom ___
Canada.........................

Fertilizers:
Artificial, lbs...............

Dutch East Indies 
Asiatic R u ssia .. . .  
Straits Settlem ents

Phosphatic, lbs..........
Dutch East Indies
New Zealand.........
Straits Settlem ents 
Asiatic R u ssia .. . .
British Ind ia..........
Cape Colony and

N ata l....................
Australia.................

Oil cake, lbs................
Dutch East Indies.
United S tates........

Ginseng, lbs.....................
China............................
Hongkong....................

Insect powder, lbs.........
China............................
Australia......................
Kwangtung Province
Asiatic R ussia............
United S tates.............
Argentina....................
United Kingdom .........

Iodine, lbs........................
United S tates.............
United K ingdom .. . .  

Kaki and other tan­
ning materials, lbs.

Asiatic R ussia............
China............................
United K ingdom .. . .  

Menthol:
Cane, doz....................

Dutch East Indies
China........................
Hongkong...............
Straits Settlem ents

Crystals, lbs................
United S tates........
United K ingdom ..

Naphthalene, lb s .........
C hina............................
British India..............
Dutch East Indies....
Australia......................

Potash:
Chlorate, lbs...................

United S tates.............
China............................
Brazil............................

Iodide, lb s .......................
United K ingdom .. . .
United S tates.............
Asiatic R ussia............
British In d ia ..............

Soda, caustic, l b s . . . .

1913

346,458
30,492

183,465

330,459

Í53¡873
41,306,486

*94]380 
3Í2*448

27,742.507
0)

331,039
178,669
151,325
209,340
76,473

143
27,818
9,665

15,902

26,733
‘iil393

0)

100,681
26,545
50,523
14,232
2,487

308,089
54,843
83,918
0 )

( l)

71,727
63,474

0 )
417

British India..
China............................
D utch East Indies....

Sulfur, lb s .................  119,613-, 792
Australia......................
British India...............
Cape Colony and

N a ta l........................
Dutch East Indies....
Asiatic R u ssia .__
New Zealand..............

Toilet powders...............
C hina............................

Other prepared per­
fum es........................

China............................
Tooth powder, p a s te . .

China............................
Prepared medicines. . . .

China............................
Kwangtung Province
British India..............

All other drugs, chemi­
cals and medicines

United S tates.............
Dutch East Indies....
C hina............................
Asiatic R ussia ............
British India..............
Germany......................
Argentina.....................
U nited Kingdom___

D yes, P aints, E tc.:
Paints, lbs........................

Kwangtung Province
China............................
Straits Settlem ents. .
British India..............
Dutch East In d ies.. .

Red lead, lbs...................
British India..............
1 N o t show n separate ly .

53,782,290
2,343,702

642,681
32,506

$58*727
36,477

$105,628
59,279

$119,286
82,155

$828,121
528,516
64,848
16,741

$413,177
5,448
8,329

183,116
5,730

19,755
6,620

508
13,940

474,708
435,107
35,765

0)

3,304,297
2,370,259

612,469
298,571

11,808,924 
5,824,831 
4,485,920 

79,895 
43,892,522 
16,065,736 
8,483,605 
6,521,932 
4,989,235 
3,711,436

784,272
132

2,512,343 
61,641 

1,182,295 
350,383 
185,944 
163,913 
666,576 
180,143 
117,769 
80,435 
72,710 
47,776 
36,613 
20,618 
62,660 
26,758 
15,042

3,299,658
2,600.739

637,157

195,137
66,858
57,891
30,540
19,028

332,293
196,503
83,163

1,394,290
566,262
328,837
191,708
67,213

3,415,669
1,617,233

913,718
2¡8,790 
86,930 
38,294 
33,373 
14,420 

881,031 
655,917 
145,621 

2,210 
188,375,054 
109,692,364 
23,697,560
15,388,857
14,766,798
8,144,242
5,523,743
$141,614

79,207
$139,064

46,955
$212,857

132,165
$799,723
406,528
97,948
70,385

$4,596,798
1,098,776

999,230
776,769
457,413
391,889
 46
135,606

2,420,850
758,763
567,675
308,324
284,697
235,797

1,895,086
1,391,191

3,197,320
2,700,376

412,073
23,600

1,836,671
1,595,926

14,945,750
5,236,197
1,937 !995

6,998,395
1,749 ‘,499 
1,538,253

277¡687 
194,117 
83,021 

808,594 
205.046 
162,626 
55,965 
15,062 

119,991 
25,368 
63,886 
81,204 
23,629 
29,843

591,580
1,177

393,143
75,134

269,052
76,277

103,129
43,561
12,781

313,908
99,687

155.954 
1,463,838

627,030
161.954 
56,400

416,840
4,772,690 

228,485 
1,301,727 
1,228,860 

244,643 
36,559 
72,303 
13,786 
32,399 

1,455,815 
11,487 

195,747 
810,775 

119,263,386 
79,247,950 
19,045,363
5,072,301
5,172,619

4,876
1,729,720
$176,641

82,311
$218,488

63,123
$330,176

182,719
$953,828
487,783
106,305
92,612

$6,173,595
976,429
777,445

1,289,023
233,917
353,632
456*, 162 
442,033

15,034,236
1,179,955
1,541,667
1,795,357
8,010,602
1,696,666
4,596,276
3.059,014

1913 1917 1918
D y es, P a in ts , E tc . (Concluded)

All other dyes, pig- 
ments.coatings and 
filling m a tters .. . .  $150,907 $712,706 $1,752,643

'819,552C hina............................ 74,990 245,316
United S ta tes ............. 2,220 110,636 13,878
Asiatic R ussia— . . . 3,501 91,668 43,974
Kwangtung Province 32,224 85.245 193,908
British Ind ia .............. 10,253 63,498 237,700
Dutch East In d ie s .. . 534 39,771 181,561

Inks, lbs............................ 509,019 1,088,601 1,392,150
C hina................... 281,649 368,730 442,109
H ongkong................... 129,026 193,737 188,572
British Ind ia .............. 3,069 133,015 236,373
Dutch East Indies.... 1,320 98,406 143,650

Oils, F ats, W axes, and 
M a n  u p a c t u r e s  
thereof:

Oil-bearing materials:
L inseed ,lbs.................
Peanuts, lb s...............
Rape and mustard, lbs.
Soybeans, lb s...........

Vegetable oils:
Camphor oil, lb s . . . .

United S tates........
Coconut oil, lb s........

United S tates........
United K in gdom ..
Asiatic R u ssia .. . .
Canada.....................

Colza oil, lbs..............
United S tates........
United Kingdom...

Cottonseed oil, lb s . .
United States........

Peppermint oil, lb s ..
United Kingdom...
United S tates........
France.................
H ongkong...............

Soybean oil, lb s ........
United S ta tes ........

Vegetable wax, lb s . .
United Kingdom...
United S tates........
France......................
British India..........

Mineral oils:
Kerosene, gal..............

China...................
Kwantung Province 

Other mineral oils, lbs.
Kwangtung Province
China........................

Fish and whale o il  54,023,876

0 )13,070,157
0)( l)

2,594,590
1,623.410

(0

11,664,630 
314,310 

5.711.063 
0)

373 ,*173 
118,663 

11,210 
58,490 
45,043 

1,879,682 
658,382 

6,261,004 
972,884 

1,244,983 
1,004,590 

271,490
0)

0)

United States 
United K in gdom .. . .  

Soap:
Toilet, doz...................

H ongkong...............
Kwantung P r o v ...
British India..........
C hina........................
Dutch East Indies
United S ta tes ........

Washing, lbs...............
C hina........................
Kwangtung Prov,.
H ongkong .
Dutch East Indies 

Toilet water and hair oil 
Dutch East In d ie s ...
China............................
Straits Settlem en ts..

All other oils, fats, and 
waxes, and manu­
factures th ereo f.. .

United S tates.............
China.....................
Kwangtung Province 
United K in gdom .. . .
Asiatic R ussia ............
Dutch East Ind ies... 

Or es , Etc.:
Manganese ore, lb s . .. ..  

United K in gdom .. . .
United S tates.............

Tungsten ore, lbs...........
United S ta tes .............

Zinc ore, lbs.....................
United K in gdom .. . .

Other ores........................
United S tates.............
Asiatic R ussia............

Antim ony, lbs.................
United S ta tes.............
United K in gdom .. . .

Plumbago, lbs.................
United K in gdom .. . .

Zinc dust, lbs..................
United K ingdom -----
United S ta te s ..............

M iscellaneous
M anufactures:
Celluloid, lbs...................

United K in gdom .. . .
France...........................
1 N o t shown separa te ly .

246,350 
12,706,558
2,342,606

92,125
228,164
72,198

1,930,129
1,469

22
261,010
194,125
13,407
7,446

$258¡474 
49,263 
70,002 
41,908

$179,583
7,892

27,673
70,374
11,014

635
114

0)

Í1)
60,366’,044 

270,770 
$680 

3
3,533¡080 
1,210,945 
1,810,525 

0)
0)

0 )

11,279,488 
18,627,100 
13,253,105 
3,379,985
2,266,742 
1,687.055 

34,639,635 
24.742.022 
2,914,270 
2,878,511 
1,518,996 

19,521.925 
12,279,266 
4,748.987 
I ,599,957 
1,353,868 

343.548 
185,585 
55,840 
41,601 
29,758 

7,307,968 
6,946,348 
6,582.226 
2,690,668 
2,320,502 

523,087 
317,333

3,594,024 
2,438,082 
1,151,189 

14,592,340 
7,873.458 
5,950,480 

31,955,843 
15,470,291 
12,480,904
5,040,409

735,491
414,351
281,804

3,365,235
162,855
11,116

576,558
175,860
111,172
80,390
6,197

$496,036
148,116
88,319
54,606

$1 116,532
363,906
248,102
118,943
111,876
95,207
98,416

12,179,700
5,721,524
5,208,288
1,586,534
1,379,124

381.576
381.576 

$380,116
192,839
89,556

31,466,564
18,786,698"
10,000,745
5,608,570
4,030,243
2,178,787
1,019,122

634,303

956,514
855,890
58,583

4,322,980
18,705.620
2,721,652
1,594,854
1,813,344
1,048,932

53,522,777
48,854,624

75
1,308,784 
1,681,681 

26,620.762 
22,585,710 

181,133 
2,427,019 
1,179,792 

283,912 
193,969 

8,302 
1,377 

23,963 
6,518.898 
5.085,155 

11.804,465 
6,050,266 
3,782,461 
1,167,228 

282,487
1,655,878 

841,669 
658.926 

14,521,094 
8,472,919 
3,131.906 

31.382,184 
16,173,741 
9,005,762
4,732,659 

397,461 
524,585 
183,059 

3,074.647 
• 374,886 

1.008 
1,913,943 

959,434 
170,790 
272.695 
366,297 

$579.060 
187,220 
119,523 
72,938

$2,297,789 
441,808 
392,837 
203,570 
178,463 
24,265 

366,205
5,188,447
1,207,957
1,392,748
2.644.092
2.644.092

11.244
11.244 

$244,573
178,294

50
6,038,036
2,943,786
1,669,054
4,442,308
3,972,881
1,589,460
1,228,526

45,760

1,339,445
352,864
915,610
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J a p a n e s e  E x p o r t s  o f  C h e m i c a l s  a n d  C h e m i c a l  P r o d u c t s  (Continued) 
1913 1917 1918

. M i s c e l l a n e o u s  M a n u f a c t u r e s  (Continued)
Explosives........................ 0 ) 443,076 638,090

K wangtung Province 203,626 356,048
Asiatic R ussia ............ 173,061 7,216
C hina............................ 62,425 110,385

G lass.................................. $1,652* 791 $6 ,669,672 $8 ,007 ,614
Matches:

Safety, gross............... 24 ,300,108 31 ,457,573 29 ,621 ,324
British India.......... 6 ,064 ,182 12,489,216 8,768 ,973
H ongkong............... 9 ,529 ,743 5 ,302 ,284 5,920 ,397
Dutch East Indies 2 ,273 ,838 3 ,243 ,224 4 ,315 ,164
Straits Settlem ents 2 ,615 ,230 2 ,364 ,568 2,539 ,625
United S ta tes ........ 63,347 2 ,311 ,854 1,545,631
Asiatic R u ss ia .. . . 17,859 2,211,811  

1,455,912
15,619

China........................ 3 ,397 ,332 1,781,053
Other, gross................ 19 ,709,139 12,702,438 9 ,84 6 ,0 9 6

C hina....................... 17 ,184,529 8,591 ,817 6,168,131
British India.......... 453,980 2,968 ,973 2 ,675 ,084
Kwangtung P rov .. 1 ,921,302 1,105,276 979,460

M etal powders, lbs........ 0 ) 834,382 551,092
China............................ 145,596 108,413
France........................... 138,285 24,719
United K ingdom ----- 128,548 87,430
United S ta tes............. 110,537 9,593
British In d ia .............. 61 ,986 91,794

Paper:
“European” ................ $943,381 $7,038,377 $12,481,933

C hina........................ 471,928 2,819 ,543 4 ,186 ,413
Kwangtung Province 201,028 841,121 1,180,881
H ongkong............... 29,308 886,544 945,148
British Ind ia .......... 64 ,539 1,111,541 1,869,431

1 N ot shown separately.

J a p a n e s e  E x p o r t s  o p  C h e m i c a l s  a n d  C h e m i c a l  P r o d u c t s  (Concluded)
1913 1917 1918

M i s c e l l a n e o u s  M a n u f a c t u r e s  (Concluded)
Straits Settlem ents 9,184 166,469 513,291
Dutch East Indies 773 458,166 1 ,631 ,012
Asiatic R ussia........ 9 ,147 128,709 436,259
Philippine Islands. 5,674 252,552 400,378
E g y p t. ..................... 14 56,530 236,540
Australia................. 24,305 160,787 490,295
United S ta tes......... 70,255 37,044 68 ,844

Japanese:..................... $598,604 $977,090 $ 1 ,695 ,530
China........................ 195,790 344,990 582,424
Kwangtung Province 62 ,200 117,580 217,951
Hongkong............... 8,251 42,555 70,763
Dutch East Indies 4 ,569 36,943 218,109
United K in gdom .. 111,357 82,870 86,977
U nited S tates......... 127,400 246,554 194,839

Shoe polishes, lb s ......... (0 373,796 481,378
Asiatic R ussia............ 124,044 89,934
China............................ 113,852 88,332
K wangtung Province 50,136 73,938
Straits Settlem ents. . 41 ,323 3,315
Dutch East In d ie s .. 18,647 177,622

Soy, gal............................. 1 ,529 ,444 1 ,868,143 844,861
United S tates............. 539,932 764,530 123,199
H awaii.......................... 349,820 395,627 134,312

Sugar:
Refined, lb s ................ 223 ,240 ,395 292 ,205 ,874 252 ,488 ,563

C hina....................... 202 ,051 ,400 197,065,352 211 ,632 ,629
Kwangtung P rov.. 16 ,173,920 44 ,2 5 3 ,3 4 0 31 ,725 ,978

Rock candy, lbs. . 94 ,492 4 ,9 7 5 ,8 3 0 6 ,6 9 8 ,9 4 2
1 N ot shown separately.

ORIGINAL PA PERS
T H E  CO M M ER CIA L OXIDATION OF AM M ON IA 

By George Arthur Perley 

N e w  H a m p s h ir e  C o l l e g e ,  D u r h a m , N e w  H a m p s h ir e  

Received September 4, 1919

{Concluded fro m  Ja n u a ry  issue)
p u r i t y  o f  g a s  m i x t u r e s — To review  th e  prev ious 

pages, i t  m ay  be sa id  th a t  th e  ea rly  w ork in  th e  U nited  
S ta te s  up o n  th e  ox id a tio n  of am m onia  h a d  developed 
a  b e t te r  u n d e rs ta n d in g  of th e  req u irem en ts  of a gauze 
c a ta ly s t  as fa r  as th e  general effects of te m p e ra tu re , 
oxygen , a n d  c o n ta c t surface w ere concerned. A non ­
co n d u c tin g  c o n v e r te r  an d  a cy lindrical m u lti- lay e r c a ta ­
ly s t  h a d  been  p ro d u ced  w hich gave as sa tis fac to ry  re ­
s u lts  u p o n  a h igh -g rade coke oven am m onia  gas as d id  
th e  e lec trica lly  h e a te d  sing le-layer gauze c a ta ly s t. I t  
w as rea lized  t h a t  one p o u n d  of n itr ic  acid  (as anhy d ro u s) 
cou ld  be p ro d u ced  in  th e  fo rm  of 50 per cen t n itr ic  
ac id  a t  th e  follow ing costs:

For electrical heat at $0.004 per k. w. h. with a
single gauze................................................................... $0.00071 per lb.

For loss of platinum, by dusting of sprou ts.. . .  $0.00031 per lb.

b u t  fo r an  av e ra g e  large ox ida tion  p la n t,  com plete 
ch a rg es p er lb . H N 0 3 (100  p e r  cen t) are

Pow er..................................................................................  $0.0013 per lb.
Operating labor................................................................. 0.0011 per lb.
Repairs, labor....................................................................  0 .00036 per lb.

a n d  a n  increase  of i  per ce n t in  conversion of 10 per 
c e n t am m o n ia  on ly  decreases th e  cost of th e  re su lta n t 
n itr ic  acid  b y  $0.0003 Per

A fter m ak in g  such  com parisons, a t te m p ts  were 
m ade  to  e lim in a te  e lec trica l h ea tin g  fo r all ty p e s  
of am m o n ia  an d  to  increase  th e  c a p ac ity  of a given 
w eigh t of p la tin u m . O ffhand , th e re  w as no ava ilab le  
in fo rm a tio n  w hich  w ould  in d ic a te  w hy one com m on 

. ty p e  of c a ta ly s t cou ld  n o t be app lied  to  th e  general 
a m m o n ia  o x id a tio n  rea c tio n  fo r am m o n ia  from  all 
sources.

T h e  firs t a t te m p ts  to  ap p ly  th e  new  ideas to  th e  
o x id a tio n  of cy a n am id e  am m o n ia  re su lted  in  a sad

failu re . W hen th e  m u lti- lay e r cy lind rica l gauze w as 
em ployed  in  th e  ox id a tio n  of n o rm al au to c lav e  cy a n ­
am ide gas i t  w as fo u n d  th a t  th e  c a ta ly s t ra p id ly  d e­
veloped  in a c tiv e  d a rk  sp o ts . T h e  on ly  m eans of 
m a in ta in in g  th e  gauze in  th e  ac tiv e  s ta te  w as by  
o p era tin g  a t  a r id icu lously  low  c a p ac ity . E ven  u n d er 
th ese  cond itions th e  gauze finally  becam e in a c tiv e .

T h e  firs t g o v ern m e n t ex p e rim en ta l d a ta  u p o n  th is  
p rob lem  w ere secured  a t  th e  W arners, N . J . ,  p la n t of th e  
A m erican  C y a n am id  C om pany .

S uch an  exh ib itio n  w as m ost s ta r t l in g  to  th o se  w ho 
h ad  seen th e  success of a  sim ilar co n v e rte r  w hen 
o p era tin g  u p o n  a  h ig h -g rade  coke oven  am m onia . 
T h is w as th e  beg inn ing  of th e  rea liza tio n  of th e  im ­
p o rtan c e  of th e  fa c to r  know n  as “ c a ta ly s t  p o isons .” 
Since th is  p a r tic u la r  o b se rv a tio n  th e  w rite r  has 
n o te d 1 t h a t  G erm an  P a te n t  276,720  covers a  p rocess 
of p u rify in g  am m o n ia  as p ro d u ce d  from  cy a n am id e  b y  
m eans of sod ium  h y d ro x id e  so lu tio n . I t  w as th e n  
n o te d  th a t  th e  p la tin u m  becam e b r i t t le  an d  could  
be used  on ly  fo r a  sh o r t tim e . T h e  presence of silicon 
h y d rid e , p hosph ine , an d  ac e ty len e  w as considered  
th e  cause of th e  tro u b le . T hese  w ere rem o v ed  b y  a  
cau stic  sc ru b b e r.

I t  shou ld  be n o te d  t h a t  a t  th e  tim e  w hen  th e  te s t  
up o n  th e  m u lti- lay e r cy lin d rica l gauze w as m ade 
a t  th e  W arn ers , N . J . ,  p la n t  in  M arch  1 9 1 8 , th e re  
w ere th re e  e lec trica lly  h e a te d  sing le-layer gauze 
ca ta ly s ts  in  o p era tio n . T h e  co n v e rte rs  w ere of th e  
so-called  L and is  ty p e . A carefu l ex a m in a tio n  of th e  
ac tio n  of th e  sing le-layer e lec trica lly  h e a te d  gauze 
w as s im u ltan eo u sly  m ade. I t  w as n o te d  th a t  a t  
period ic  in te rv a ls  th is  ty p e  of c o n v e rte r  w ould  also 
develop d a rk  in a c tiv e  sp o ts  even  w hen  h e a te d  
e lec trica lly , b u t  th a t  th e  e x te rn a lly  ap p lied  
source of h e a t te n d e d  to  s ta b ilize  th e  gauze ac tio n . 
T h e  m u lti- lay e r n o n h e a te d  gauze lack ed  such  a 
s tab ilizer. A n e x a m in a tio n  as to  th e  o x id a tio n  con-

1 Chem.-Ztg., 818 (1915).
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versions w hich w ere being  secured  on th e  e lec trica lly  
h e a te d  ty p e  of gauze w as d is tin c tly  in te re s tin g  in  
view  of w h a t has  been  p u b lish ed  along these  lines. 
T ab le  6 gives th e  d a ta  secured  up o n  th e  A m erican  
C y an am id  C om pany  converters.

Table 6
S o u r c e  o p  N H j— Normal autoclave cyanamide ammonia 
D a t e — Week of March 1 to 8, 1918
G a u z e  T e m p e r a t u r e — A s  c o r re c te d  fo r  o p t ic a l  m e a su r e m e n ts , a l­

w a y s  b e tw e e n  790° C. t o  870° C.
Size o p  Gauze— 13 in. X 27 in.; exposed surface 12 in. X  24 in., Landis

type
Total Cu. Lbs. NHa
Ft. Gas Vol. NHa W t. N H j per Oz. P t Efficiency

per Min. Per cent Per cent per Day Per cent
40-46 9.61 5 .9 8 5 3 .6 79.7
40-46 9 .65 5 .9 9 5 3 .9 84 .5
40-16 9 .56 5 .9 2 5 3 .4 87 .5
40-46 8 .64 5 .34 48 .5 81 .9
4Q—46 8.68 5 .35 48 .5 84 .8
40-46 8.66 5 .3 4 48 .5 84 .0
40-46 9 .7 4 6 .0 3 5 4 .4 65 .2
40-46 9.71 6.02 54 .3 6 7 .0
40-46 9 .6 6 6.00 5 3 .9 8 5 .2
40-46 10.87 6 .79 6 0 .6 82 .9
40-46 10.98 6.86 6 1 .4 83 .3
40-46 9 .7 0 6.02 54 .2 8 7 .8
40-46 9 .84 6 . 1 1 5 5 .0 8 6 .4
40-46 9 .8 0 6 .09 54 .7 8 3 .4
40-46 8.86 5 .4 8 49.5 79 .3
40-46 9 .4 8 5 .89 5 3 .0 79 .9
40-46 9 .4 0 5.83 52 .5 78 .2
40-46 8 .82 5 .46 4 9 .6 78 .3
40-46 9 .8 0 6 .09 54 .7 80.1

T h e above te s ts  w ere m ade on  tw o  d iffe ren t con­
v erte rs . T h is  sam e s ta te  of e rra tic  resu lts  ex isted  for 
th e  several succeeding weeks. S uch a s ta te  of affairs 
h a d  n o t been disclosed b y  p rev ious w orkers.

A com m ercial ty p e  of am m o n ia  gas ex isted  w hich 
caused  a serious drop  in  th e  ox id a tio n  efficiencies of a 
single e lec trica lly  h ea te d  p la tin u m  gauze a n d  w hich 
d es tro y ed  th e  c a ta ly tic  a c tiv i ty  of a  n o n h ea te d  
p la tin u m  m u lti- lay e r gauze. An ex am in a tio n  of a 
p la tin u m  gauze w hich  h a d  been  used in  th e  ox ida­
tio n  of no rm al au to c la v e  cy an am id e  am m o n ia  d is­
closed a v e ry  m ark ed  c o n tra s t to  a  sim ila r gauze 
w hich h a d  se rv ed  on ly  on h ig h -g rade  coke oven  
am m onia . A gauze w hich h as  been  used  in  th e  ox ida­
tio n  of a h igh  g rade  of coke oven  am m o n ia  ex h ib its  a 
u n ifo rm ly  g ray  sp ro u te d  u p p e r surface . T h e  p la tin u m  
w hich h as  se rv ed  in  th e  ox id a tio n  of cy an am id e  
am m o n ia  p resen ts  a  m u ltip lic ity  of sh in ing  o r sp a rk lin g  
m asses all over th e  sp ro u te d  surfaces. T h ese  ob ­
se rv a tio n s  as to  th e  re la tiv e  d ifferences w ere m ade for 
th e  firs t tim e  on F e b ru a ry  28, 1 9 1 8 , w hen th e  firs t 
te s ts  of th e  m u lti- lay e r ty p e  of co n v e rte r u p o n  
cy an am id e  am m o n ia  w ere m ade. A m icroscopic 
e x am in a tio n  of th e  tw o  d iffe ren t ty p e s  of gauze d is­
closed th e  fa c t th a t  th e  sp a rk lin g  m asses on  th e  gauze 
su rface  first ap p eared  in  th e  fo rm  of long cry sta l-lik e  
fo rm a tio n s , an d  t h a t  th e se  developed  in to  a  so r t of 
sk in  over th e  sp ro u ts . T h e  p re lim in a ry  ex am in a tio n  
in d ic a ted  a so rt of s in te rin g  of th e  p la tin u m  sp ro u ts  first 
form ed.

S uch o b se rv a tio n s as th e  ab o v e  c learly  in d ic a ted  
th e  necessity  of rig id ly  defin ing th e  com position  of 
th e  am m o n ia  gas w hich w as to  be su b je c t to  ox ida tion . 
I t  m u st be n o te d  th a t  th e  cy an am id e  am m o n ia  w hich 
w as being  p ro d u ce d  a t  th is  period  w as th e  re su lt of an  
ab n o rm a l w ar-tim e o v e rp ro d u c tio n . P oo r g rades, as 
w ell as h igh , of lim e n itro g en  w ere used  in  th e  a u to ­
claves, an d  i t  is recognized th a t  th e  te s ts  w ere m ade  a t

an  u n u su a l period . N evertheless, th e  fac ts  w ere e s ta b ­
lished , a n d  a n o th e r  a p p a re n tly  v e ry  im p o r ta n t  v a r ia b le  
h a d  been  d iscovered . W ere th e re  c o n s titu e n ts  in  
am m o n ia  gas from  o th e r  sources, such  as th e  coke 
oven  aq u a , w hich ac co u n ted  for th e  occasional in c o n ­
sistencies?

A te s t  w ith  th e  sam e m u lti- lay e r  p la tin u m  gauze 
w hich failed  to  fu n c tio n  on cy a n am id e  am m o n ia  w as 
m ade  in  a sim ilar ty p e  of co n v e rte r  u p o n  N H 3 from  
h ig h -g rade  coke oven  a q u a  on A pril 25 to  M ay  1 8 , 
1 9 1 8 . T h e  p rev iously  m en tio n ed  a rtic le  b y  D r. C. L. 
P arso n s  h as  g iven  th ese  p a r tic u la r  d a ta  in  full. I t  w as 
ev id en t th a t  th e  sam e m u lti- lay e r  gauze an d  ty p e  of 
co n v e rte r w hich failed  en tire ly  on cy a n am id e  am m o n ia  
y ie lded  an  av erag e  com m ercial o x id a tio n  conversion  
of 90.7  p er ce n t a t  a ca p a c ity  of ap p ro x im a te ly  70 
lbs. of N H , oxidized p e r  oz. of p la tin u m  p er d ay  a t  
a b o u t 780° C. to  85 0° C. c a ta ly s t te m p e ra tu re .

T h e  in te re s tin g  fe a tu re  of th e  com parison  te s t  upon  
coke oven  a q u a  am m o n ia  arose from  th e  o b se rv a tio n  
th a t  a  p u re  p la tin u m  gauze, w hich h a d  been  ren d e red  
q u ite  in a c tiv e  up o n  cy an am id e  gas, reco v ered  its  full 
c a p a c ity  an d  efficiency of conversion , on  a  com ­
m ercial scale, w ith in  a  sh o r t tim e  a f te r  o p e ra tin g  on 
N H 3 p ro d u ced  from  h ig h -g rad e  coke oven  aq u a .

p h o s p h i n e  i n f l u e n c e — M an y  h a s ty  in v e s tig a tio n s  
w ere begun  b y  several p a r tie s  in  a n  ex a m in a tio n  of th e  
possib le gas c o n s titu e n ts  of cy a n am id e  am m o n ia  o r 
th e ir  effects. A t th is  tim e  th e re  w as p ra c tic a lly  no  
in fo rm a tio n  ava ilab le  as to  th e  n a tu re  of im p u ritie s  
in  e ith e r  cy an am id e  am m o n ia  gas or in  a m m o n ia -a ir  
m ix tu res, as p ro d u ced  from  poor g rades of coke oven  
aqua .

T h e  in v e s tig a to rs  of th e  N itra te  D iv ision  w ere m isled  
fo r a  sh o r t tim e  b y  th e  p resence of excessive a m o u n ts  
of ace ty lene  w ith in  th e  n o rm al au to c la v e  cy a n am id e  
am m o n ia  gas. T h e  erro n eo u s conclusions w ere soon 
checked. I t  w as fo u n d  possib le to  a d d  ace ty len e  from  
a cy linder to  th e  am m o n ia -a ir-g as m ix tu re  w ith o u t 
causing  a n y  serious d is tu rb a n ce , o th e r  th a n  a n  in ­
creased  te m p e ra tu re , u p o n  th e  m u lti- lay e r  n o n ­
h e a te d  gauze. T h is  increase  in  th e  gauze te m p e r ­
a tu re  w as a v ery  logical effect a f te r  a co n s id era tio n  of 
th e  g re a t calorific v a lu e  of ace ty len e . R a th e r  
good ev idence in d ic a te d  th a t  th e  tro u b le so m e co n ­
s t i tu e n t  in  th e  cy an am id e  am m o n ia  w as som e fo rm  
of a p h o sp h o ru s com pound . W h e th e r  th e  p a r tic u la r  
c a ta ly s t  po ison  w as p h osph ine  h as  n o t a s  y e t been  
defin ite ly  es tab lish ed . L ieu t. C. F . B rush , J r .,  w as 
tra n s fe rre d  from  th e  cy a n am id e  am m o n ia  o x id a tio n  
p la n t to  th e  coke oven  am m o n ia  o x id a tio n  p la n t  in  
o rd er to  w ork  on  th e  effect of ad d in g  p h o sp h o ru s  com ­
p o u n d s to  th e  gas en te rin g  th e  com m ercia l sized  
cy lin d rica l m u lti- lay e r co n v e rte r  w hich  w as o p e ra tin g  on 
coke oven  am m o n ia . T h e  com m ercial d a ta  secu red  by  
L ie u te n a n t B ru sh  from  Ju n e  19  to  23 , 1 9 1 8 , w hile 
using  a cy lind rica l m u lti- lay e r gauze, an d  ad d in g  
v a ry in g  am o u n ts  of phosph ine , m ay  be su m m arized  
in  T a b le  7 . I t  w as o bserved  th a t  p la tin u m  w hich 
h a d  been  po isoned  b y  th e  p h o sp h in e  could  be b ro u g h t 
b ac k  to  its  n o rm al o p e ra tio n  a n d  ph y sica l con d itio n s 
w ith in  a sh o r t tim e . T h is  d ep en d ed  up o n  th e  degree
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i t  h a d  been  po isoned  an d  th e  te m p e ra tu re  of th e  gauze 
d u rin g  th e  succeeding  ox id a tio n  w ith  th e  coke oven 
am m onia . A la b o ra to ry  series of experim en ts along 
th e se  lines w as also m ade b y  G. B. T ay lo r an d  J . H. 
C apps, of th e  B u reau  of M ines, an d  th e ir  d a ta  w ere 
p u b lish ed  a t  a la te r  d a te .1 I t  shou ld  be n o te d  th a t  
th e  p h o sp h in e  w hich w as used  in  th e  com m ercial 
s tu d ies  b y  L ie u te n a n t B rush  w as carefu lly  p rep a re d  
b y  h im  from  C. P . chem icals.

T a b l e  7

T y p e  o p  C o n v e r t e r — C y lin d r ic a l 9  ill .  X 12 in . m u lt i- la y e r  (4 )  
g a u z e  in  c o n t in u o u s  o p e r a tio n

P h o s p h in e  C o n t e n t — T h e a b s o lu te  PH » c o n te n t  c a n n o t  b e  g u a r a n te ed  , 
b u t  t h e  f ig u res  a re  v e r y  c lo se  a p p ro x im a tio n *

S o u r c e  o p  N H s — H ig h -g r a d e  c o k e  o v e n  a q u a
Approx.

Total Lbs.
Cu. Ft. N H j Vol.

Gas perOz. N H j P. p .m . Oxidation
D a t e  per P t per Per of Efficiency
1918 Min. Day cent PH j P ercen t

Tune 10........................  204 78 .8  10.30 None 92.6»
203 76.1 10.14 None 9 4 .1 1

Tune 11........................  203 75 .7  10.11 None 93.4»
200 80 .2  10.70 None 93.6»

Tune 14......................... 201 72 .8  9 .6 7  N one 97.9»
201 79.5 10.60 None 90 .8
201 8 0 .2  10.70 None 90 .4

June 15........................  200 73 .2  9 .7 0  N one 90.5»
June 19___  ( 2:20 p.m .) Began adding phosphine

( 4:20 p .m .) 200 73.5 9.81 1 in 10,000,000 59.1»
June 2 0 . . . .  (11:45 a .m .) 200 8 0 .2  10.71 None 94.6»

( 2:30 p.m .) Began adding phosphine 
( 2:45 p.m .) 200 76.5 10.20 1 in 10,000,000 58.5»
( 4:15 p .m .) 200 76.5 10.17 1 in 10,000,000 57.7»
( 6:00 p.m .) Phosphine shut oft
( 6:10 p .m .) 200 78 .4  10.45 N one 86.3»

June 2 2 . . . .  fl2:4Q p.m .) 200 76.1 10.33 N one 90.5»
( 1:00 p.m .) Began adding phosphine 
( 3:12 p .m .) 200 76.1 10.33 1 in 50,000,000 77.4»

» R e fe r s  t o  a n  a v e r a g e  o f  tw o  s im u lta n e o u s  d e te r m in a tio n s .

Q u a lita tiv e  te s ts  show ed th a t  w hen one p a r t  P H 3 
p er m illion  of mix w as used  la rge in a c tiv e  a reas  were 
fo rm ed . N o in a c tiv e  spo ts were fo rm ed  in  th e  above 
use of one p a r t  of P H 3 in  te n  m illion of mix.

H ow ever, a f te r  a gauze h ad  been su b je c ted  to  one 
p a r t  of P H 3 p er m illion  of mix, th e  su b seq u en t ad d itio n  
of one p a r t  of P H 3 p e r  te n  m illion of m ix caused  th e  
fo rm a tio n  of in a c tiv e  spo ts . T h is ce rta in ly  in d ica ted  
th e  q u a n t i ta t iv e  ac tio n  of th e  phosph ine po ison  an d  
show ed th e  lim ita tio n  to  th e  use of such a ty p e  of 
c a ta ly s t  fo r a  n o rm al au to c lav e  cyanam ide gas w hich 
v aries  in  th e  to ta l  phospho rus c o n ten t from  h o u r to  
h o u r. F o r  in s tan c e , th e  firs t few m in u tes  of supp ly  
of am m o n ia  p ro d u ced  by  an  au to c lav e  s team ing  m ust 
c o n ta in  th e  la rg e r b u lk  of acety lene an d  phosph ine 
(ap p ro x im a te ly  90 per cen t).

T h e  in fluence of th e  ad d itio n  of sm all trac es  of 
p h o sp h in e  u p o n  th e  com m ercial ox ida tion  of am m onia  
as o b ta in e d  from  coke oven aq u a  w as m ost con­
clusive.

A lth o u g h  no ab so lu te ly  u ltim a te  ana lysis  could  be 
secured  u p o n  th e  cy an am id e  gas, i t  was know n th a t  
th e  N H j gas leav ing  th e  cyanam ide au to c lav es  con­
ta in e d  d is t in c t am o u n ts  of acety lene , phosphorus 
com pounds (som e of w hich rea c te d  com pletely  like 
p h o sp h in e ), com plex su lfu r com pounds, e tc . T o say  
th e  le a s t, th e  n o rm al cy an am id e  am m o n ia  gas w as a  
com plex m ix tu re , b u t  th e  a m o u n ts  of these  im p u rities  
w ere exceedingly  sm all. A m ore or less e lab o ra te  
s tu d y  of th e  s itu a tio n  w as th e n  begun by  th e  m em bers 
of th e  te ch n ic a l s ta ff of th e  A m erican  C y an am id

> T h i s  J o u r n a l . 10  (1 9 1 8 ) , 4 5 9 ; 11  (1 9 1 9 ), 27 .

C om pany . S im ple com m ercial m e th o d s Were d e ­
veloped for decreasing  th e  c o n te n t of p h o sp h o ru s  
com pounds w ith in  th e  cy an am id e  gas m ix tu re . T h e  
te s t  a t  U . S. N itra te  P la n t  N o. 2, w hich  has been  
m entioned  in  th e  a rtic le  b y  D r. L an d is , 1 w as fo r tu ­
n a te ly  co n d u c ted  a f te r  ce rta in  of th e  above im p ro v e ­
m en ts  in  th e  au to c lav e  o p era tio n s  h a d  been  m ade. 
T h e  av erag e  10 per cen t am m o n ia -a ir  m ix tu re  from  
th e  au to c lav e  am m on ia , as o p e ra ted  p rio r to  Ju n e  
1 9 1 8 , w as g en e ra te d  from  an  am m o n ia  gas co n ta in in g  
from  50 to  100 p a r ts  of to ta l  p h o sp h o ru s, expressed  as 
phosph ine , p e r m illion p a r ts  of am m onia . R e p o rts  
in d ica te  th a t  th is  sam e am m o n ia  p ro b a b ly  co n ta in e d  
from  30 to  80 p a r ts  of com bined  su lfu r, as su lfu r, p er 
m illion of N H 3, an d  from  0.3 to  0.5 p e r ce n t of ace ty lene  
by  vo lum e. T h e  im p ro v em en ts  as m ade w ith  th e  
U. S. N itra te  P la n t N o. 2 in s ta lla tio n  in  au to c lav e  
op era tio n  decreased  th e  to ta l  p h o sp h o ru s 1 to  from  2 
to  8 p a r ts  of p h o sp h o ru s, as phosph ine , per m illion. 
T h is is ce rta in ly  a  d is tin c t decrease, p a r tic u la rly  as 
app lied  to  a 10  p er ce n t N H 3 m ix tu re .

I t  is also m ost in te re s tin g  to  n o te  th a t  a t  a la te r  d a te  
U. S. P a te n t  1 ,296,820 w as g ra n te d  to  D r. L and is, 
covering  th e  b low ing of a ir, or o th e r  in e r t  gas, th ro u g h  
a  s lu rry  of w a te r an d  lim e n itro g en  to  rem o v e such 
im p u ritie s  as ace ty len e  an d  phosph ine .

T h e  records of th e  o p era tio n s  on th e  ox ida tion  of 
no rm al cy an am id e  am m o n ia  from  F e b ru a ry  1 91 8  to  
Ju n e  1918  es tab lish ed  fac ts  w hich  h av e  been  ex­
ceedingly help fu l in  ad v an c in g  th e  general know ledge 
in  th e  field of am m o n ia  ox ida tion  as a w hole, an d  
p a r tic u la rly  as app lied  to  cy an am id e  am m onia . T here  
is still a  g rea t deal of in te re s tin g  research  th a t  can  be 
co n d u c ted  along  th e se  lines. E v en  to -d a y  no m e th o d  
has  been  estab lish ed  fo r q u a n tita tiv e ly  se p a ra tin g  a n d  
d e te rm in in g  th e  v ario u s sm all a m o u n ts  of im p u ritie s  
w ith in  th e  cy an am id e  am m o n ia  gas. As a  resu lt, a  
sy n th e tic  m e th o d  of s tu d y  w as a d o p ted  for d e te rm in in g  
th e  influence of each  se p a ra te  c o n s titu e n t of cy an am id e  
am m onia . E x p e rim e n ta l d a ta  h a v e  been secured  b y  
o th e r  in v e s tig a to rs  in  th is  field up o n  a gas m ix tu re  w hich  
h a d  been  su b je c ted  to  a  p a r tia l p u rifica tio n  th ro u g h  
th e  in te rm e d ia te  s tag e  of th e  p ro d u c tio n  of a q u a  
am m onia . W h en  an  am m o n ia -a ir-g as m ix tu re  is 
p roduced  from  th is  so-called  cy an am id e  a q u a  i t  is 
re p o rte d  to  e lim in a te  on ly  a b o u t 50 to  75 p e r ce n t 
of th e  to ta l  phosp h o ru s. T h e  re la tiv e  d is tr ib u tio n  
of th e  v ario u s phosp h o ru s com pounds h as  n o t been 
d e term in ed . As no m e th o d  h as  been  developed  for 
d istingu ish ing  th e  a m o u n t of p h o sp h o ru s  p re se n t as 
p h osph ine  arid  th a t  p re se n t in  com plex  am m o n iaca l or 
o rganic com binations, i t  is m ost dan g e ro u s to  d raw  to o  
rig id  conclusions as to  th e  m ean ing  of such  te s ts , o r th e  
ac tio n  of a  p la tin u m  gauze in  th e  presence of such  com ­
pounds. U p to  th e  p re se n t tim e  on ly  th e  to ta l  p h o s­
ph o ru s  has been  d e te rm in e d  in  th e  am m on ia -gas 
m ix tu res. T h e  fac ts  h av e  show n t h a t  exceedingly  
sm all am o u n ts  of p h o sp h in e  ex ert a d is t in c t po isonous 
ac tio n  u p o n  th e  p la tin u m  c a ta ly s t. W h e th e r  all 
phosp h o ru s com pounds re a c t in  th e  sam e m a n n e r is 
s till a n  u nso lved  p rob lem .

■ Chem. &  Met. Eng., 20 (1919), 476.
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In v es tig a tio n s  w ere being co n d u c te d  upon  th ese  
various p roblem s a t  th e  tim e  of th e  signing of th e  
arm istice , b u t th ese  h av e  nev e r been  com pleted . I t  
m ay  be sa id  th a t  p rac tica lly  th e  w hole field of c a ta ly tic  
poisons, as app lied  to  th e  ox id a tio n  of all ty p e s  of 
com m ercial am m onia , still rem ain s essen tia lly  u n ­
solved. T h e  incom ple te  in v e s tig a tio n  of th e  phos- 
ph ine  fac to r as carried  on in  th e  ox id a tio n  lab o ra to ries  
a t  U. S. N itra te  P la n t N o. 1 h a d  in d ic a te d  th a t  phos- 
p h ine  in  even exceedingly  sm all am o u n ts  rea c ts  w ith  
th e  surface of th e  p la tin u m  gauze to  fo rm  possib ly  
m ore th a n  one com pound . A t low  te m p e ra tu re , or 
from  400° C. to  5 7 5 ° C., th e re  is ev e ry  in d ic a tio n  
of th e  fo rm a tio n  of p la tin u m  phosph ide . T h e  s ta b ili ty  
of th is  com pound  in  th e  presence of am m o n ia -a ir 
m ix tu res is lim ited  to  a  ce r ta in  te m p e ra tu re  range . 
T h e  p hosph ide  is a p p a re n tly  oxidized to  p y ro p h o sp h a te  
in  th e  p resence of air. B y  a  carefu l co n tro l of th e  
te m p e ra tu re  cond itions i t  w as fo u n d  possib le .to in ­
crease th e  gauze te m p e ra tu re  to  such  a p o in t as to  
exceed th e  te m p e ra tu re  of decom position  of th e se  
com pounds. A la b o ra to ry  size co n v e rte r w as u tilized  
in  th e  s tu d y  of th e  te m p e ra tu re -p h o sp h in e  re la tio n ­
ships. I t  w as fo u n d  possib le to  use am m o n ia -a ir  
m ix tu res, co n ta in in g  m uch  h igher q u a n titie s  of phos- 
ph ine  th a n  co rresponds to  th e  to ta l  p h o sp h o ru s of 
au to c lav e  cy an am id e  gas m ix tu res, w ith o u t an y  a p ­
p a re n t po isonous ac tions. T h e  o p era tio n s  a t  U. S. 
N itra te  P la n t No. 2 w ere d isco n tin u ed  ju s t  as p lans 
w ere being m ade to  te s t  th is  o u t on a  la rge  scale. All 
p re lim in ary  in d ica tio n s p o in te d  to  th e  fa c t t h a t  ce rta in  
of th e  phosp h o ru s com pounds w ith in  th e  cy an am id e  
gas m ix tu re  rea c te d  w ith  th e  p la tin u m  to  fo rm  well- 
e s tab lish ed  com pounds. T hese  com pounds ap p e a red  
to  be decom posed  above a ce rta in  m ax im um  te m p e ra ­
tu re . B y th e  use of a  p ro p erly  a d ju s te d  p la tin u m  
c a ta ly s t te m p e ra tu re  i t  shou ld  be possib le to  p re v e n t 
th e  fo rm a tio n  of th e se  com pounds a n d  th u s  e lim in a te  
th e  po isonous ac tion . I t  is u n fo r tu n a te  t h a t  th is  w ork 
could  n o t h av e  been co n tin u ed  on a sem i-com m ercia l d e ­
ve lopm en t. I t  seem s as if th e  s tab iliz in g  ac tio n  of th e  
e lec trica l h e a t u p o n  a  single p la tin u m  gauze is possib ly  
a  re su lt of co n tin u a lly  m a in ta in in g  th e  gauze 
te m p e ra tu re  above a  ce rta in  m in im u m  as d em an d ed  
b y  th e  above-suggested  reac tions . T h e  m e th o d  of 
d e te rm in in g  th e  ex ac t gauze te m p e ra tu re  fo r a  single 
la y er of ca ta ly s t, b y  m eans of an  o p tica l p y ro m e te r , 
is u n q u es tio n a b ly  q u ite  in a cc u ra te . T h e  p y ro m ete r  
c a n n o t be focused on th e  single w ires w ith o u t in tro ­
ducing  th e  la rge  e rro r of th e  co lder spaces be tw een  
th e  wires. T h e  uses of th e rm o co u p le s  a re  lim ited  
because of th e  a c tiv a tio n s  a n d  re su lta n t in c o n sta n cy  
of such.

In  view  of th e  possib ility  th a t  all g rades of am m o n ia  
m ig h t h av e  to  be u tilized  in  a n o th e r  p eriod  of em ergency  
i t  seem s as if th is  w hole p ro b lem  of poisons as app lied  
to  cyanam ide  gas m ix tu re s  shou ld  be th o ro u g h ly  
w orked  ou t. A v ery  large am o u n t of p re lim in ary  d a ta  
upon  th e  ox id a tio n  of cy an am id e  am m o n ia  has been 
secured . O nly a v e ry  brief synopsis of th is  is g iven  
above. F u tu re  in v e s tig a tio n s  will m eet success 
on ly  a f te r  develop ing  q u a n tita tiv e  m ethods of ana lysis

as ap p lied  to  th e  specific p rob lem . A com plete  m ic ro ­
g rap h ie  s tu d y  will also be requ ired .

COKE O V E N  A Q U A  IM P U R IT IE S

A lm ost s im u ltan eo u sly  w ith  th e  ab o v e  experience w ith  
cy an am id e  am m onia , i t  w as le a rn ed  th a t  all g rades of 
coke oven  a q u a  d id  n o t p e rfo rm  well w ith  a non- 
e x te rn a lly  h e a te d  ty p e  of ca ta ly s t.

T h e  orig inal ex p e rim en ta l d a ta  u p o n  th e  u tiliz a tio n  
of nonelec trica lly  h e a te d  p la tin u m  c a ta ly s ts  fo r th e  
o x id a tio n  of am m o n ia  h a d  b een  co n d u c ted  w ith  
a  h igh  g rade  of coke o v en  aq u a . W hile th e  
ex ac t com position  of th e  im p u rit ie s  in  th e  so-called  
G rade  A a q u a  w as know n  to  v a ry  w ith in  ce rta in  
lim its , th is  v a r ia tio n  a p p a re n tly  h a d  in v o lv ed  no 
serious com m ercial tro u b le s . A ce rta in  a m o u n t of th e  
so-called  R  & H , or B , g rad e  of a q u a  h a d  been  used, 
w ith  a p p a re n t success, in  th e  w ork  b y  th e  Sem et- 
S o lvay  C om pany . T h is  second-grade q u a lity  of liq u o r 
w as u tilized  in  th e  in itia l o p e ra tio n s  a t  th e  o x id a tio n  
u n it  of U. S. N itr a te  P la n t  N o. 1 . A nalysis of a  
r a th e r  h igh -g rade R  & H  a q u a  show s i t  to  consis t of:

Per cent NHa...........................  29 .53  per cent
HsS..................................................  0 .0 0  g. per liter
CO i.................................................. 0 .0 6  g. per liter
Pyridine..................................... 0 .11  g. per liter
Organic.........................................  100 cc. of liquor takes 114 cc. 2V/100

KMnO<
Naphthalene............................  0 .0 8 4  g. per liter or 0 .0095 per cent
Soluble tar................................  0 .037  per cent

T h is  rep resen ts  a n  excep tio n ally  h ig h  g rad e  of th e  
B liquo r, as th e  n o rm al G rad e  B liq u o r h as  an  o rgan ic  
n u m b e r of m ore n ea rly  200.

I n  a G rade  A liq u o r th e  o rgan ic  m a tte r ,  n a p h th a le n e , 
a n d  soluble t a r  c o n ten t is a p p ro x im a te ly  50 p e r  ce n t 
of th e  above. F o r in s tan c e , th e  ty p ic a l G rade  A a q u a  
show s:

NHa............................................. 25—28 per cent
H2S ..............................................  0 .0 0  g. per liter
CO2.............................................. N ever over 0 .5 0  g. per liter
Pyridine..................................... Less than 0.1 g. per liter
Organic......................................  100 cc. of liquor must take less than

50 cc. N / 100 KMnOi 
Naphthalene............................  Less than 0.01 g. per liter

In  view  of th e  fa c t th a t  th e se  la s t-m e n tio n e d  d iffer­
ences a re  sm all, an d  since, a t  t h a t  tim e , th e  cost of 
G rade  A liq u o r w as 5 cen ts  p e r p o u n d  of N H 3 m ore th a n  
a  G rad e  B m a te ria l, i t  w as a m a tte r  of econom ics to  
u tilize  th e  G rade  B liquo r. I t  is q u ite  c lear t h a t  w ith  
th is  d ifference in  th e  NHa cost of th e  tw o  g rad es of 
liq u o r i t  w ou ld  on ly  be necessary  to  o b ta in  a 75 
p e r ce n t conversion  w ith  th e  B liq u o r to  com pete  
w ith  a 100 p e r c e n t conversion  on  th e  A liquor.

P rio r  to  th is  tim e , th e  m a tte r  of th e  gas com position  
an d  th e  d is tr ib u tio n  of th e  im p u ritie s  of th e  a q u a  
in to  th e  am m o n ia -a ir  m ix tu re  h a d  received  b u t  m eager 
a t te n tio n . I t  w as le a rn ed  t h a t  th e  la rg e  p o r tio n  of 
th e  p y rid in e , n a p h th a le n e  a n d  so lub le ta r  w as rem o v ed  
w ith  th e  am m o n ia  w hen  b low ing a ir  th ro u g h  a s tr ip p in g  
co lum n  such  as w as u sed  for th e  p ro d u c tio n  of th e  a m ­
m o n ia -a ir  m ix tu re s  fro m  a q u a  am m onia .

H ow ever, th e  effect of a  su b s tan ce  like n a p h th a le n e  
(CioHs) u p o n  th e  oxygen  c o n c en tra tio n  is v e ry  im ­
p o r ta n t  w hen  using  a ir as th e  source  of th e  oxygen ,
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A com parison  of th e  ox ida tion  reac tio n s of am m o n ia  
an d  n a p h th a le n e  show s th a t  th e  ox id a tio n  of one per 
ce n t of n a p h th a le n e  b y  vo lum e req u ires  ro u g h ly  th e  
sam e vo lum e of oxygen  as th e  o x id a tio n  of 10 p e r cen t 
am m onia . Since b o th  of th ese  reac tio n s  occur a t  th e  
p la tin u m  gauze i t  is q u ite  im p o r ta n t  th a t  in fo rm atio n  
be secu red  as to  th e  n a tu re  of th e  gas m ix tu re . I t  
will be n o te d  th a t  th e  n a p h th a le n e  c o n te n t of an  
am m o n ia -a ir  m ix tu re  p ro d u ced  from  G rade  B a q u a  is 
d is tin c tly  h igh , an d  th u s  g rea tly  decreases th e  ac tive  
oxygen c o n c en tra tio n  a t  th e  ca ta ly s t.

PR E H E A T E D  A IR  D EVEL O PM EN T

T h e  re su lt secured  by  th e  use of th e  secondary  
g rad e  of coke oven  a q u a  a t  th e  ox id a tio n  u n it  of U. S. 
N itr a te  P la n t N o. 1 , over a  period  of several weeks, 
w as considerab ly  below  th e  s ta n d a rd  p rev iously  secured  
on th e  te s t  co n v e rte r a t  S yracuse , N . Y ., w hen o p e ra t­
ing  on so m ew h at b e t te r  g rades of aq u a . T h e  only  
a p p a re n t v a ria b le  w hich h a d  been  a l te re d  from  th e  
p rev ious com m ercial te s ts  w as t h a t  of gas com position . 
T h e  d a ta  of T ab le  8 , u sing  th e  cy lind rica l fou r-layer 
n o n ex te rn a lly  h ea te d  gauze, a re  ty p ic a l. In  all of th e  
w ork  a f te r  Ju n e  1 91 8  th e  m odified g rav im etric  a n a ly ti­
cal m e th o d , s im ila r to  t h a t  d escribed  b y  C a p ta in  
G a illa rd 1 w as used.

Table 8
O p e r a t i o n — At Oxidation Unit of U. S. N . P. N o. 1
S o u r c e  o p  N H j— Grade B  coke oven ammonia (composition given 

above)
D a t e — A p r il 4 , 1919
C a t a l y s t — Cylindrical 4-layer 0.0026 in. wire, 9  in. diameter X 10 in. 

high; 13.7 oz.
A n a l y s t s — M ontilion, Newton, Kennedy, and Coe

Gauze
Temp.

Lbs. N H j Corr. (as Con­
Cu. Ft. Gas Vol. NH j per Day per B. of version

H o u r per Min. Per cent per Oz. P t S. Meas.) Per cent
9 .5 8 113 10.6 53 .8 820 86.1
9 .5 8 113 10.6 53 .8 820 86.1

10.50 122 12.3 6 7 .8 912 9 0 .7
10.50 122 12.3 67 .8 912 9 2 .2
11.50 112 1 1 . 6 58 .7 890 89 .0
11.50 112 11.3 57 .2 890 87 .3
12.30 112 11.7 5 9 .2 912 90 .2
12.30 112 11.7 59 .2 912 9 0 .7
4 .25 112 9 .0 4 5 .6 780 87.1
4 .2 5 112 9.1 45 .6 780 87 .3
5 .45 117 11 .4 60 .2 925 86.1
5.45 117 11.4 60 .2 925 88.6
6 .4 0 112 1 1 . 2 56 .6 912 88.6
6 .40 112 1 1 . 2 56 .6 912 89 .4
7 .15 100 10.4 47.1 890 88.0
7 .15 100 10.4 47.1 890 9 0 .3
8 .3 0 152 9 .5 0 65 .4 780 84 .0
8 .3 0 152 9 .4 7 65 .4 780 85 .7
8 .3 0 152 9.45 6 5 .4 780 86.2
8 .3 0 152 9 .45 6 5 .4 780 87 .6

10.10 168 10.50 80 .0 870 85 .6
10.10 168 10.65 81 .0 870 82 .8
10.35 152 10.5 72.1 850 84 .8
10.35 152 10 .4 72.1 850 87 .3

T h e  te m p e ra tu re  co rrec tio n s used  in  all th is  w ork 
fo r th e  m odified M orse o p tic a l p y ro m e te r  observed  
read ings are g iven  in  th e  cu rv e  of F ig . 3 . I t  m u s t be 
n o te d  t h a t  th e  d a ta  as secu red  in  T ab le  8 rep rese n t 
idea l com m ercia l o p e ra tio n  an d  m uch  care  w as em ­
p lo y ed  in  m a in ta in in g  good o p era tin g  cond itions. A 
v e ry  la rge  am o u n t of d a ta  h as  been  ac cu m u la ted  on th e  
sam e co n v e rte r  a n d  gauze a n d  w ith  a s lig h tly  poorer 
G rade B of a q u a  w hich gave averages n e a re r  to  
85 p e r ce n t ox id a tio n  efficiency. H ow ever, w ith  a 
G rad e  B coke oven  aq u a , of an  o rgan ic  n u m b e r a ro u n d  
1 1 4 , th e  above is q u ite  ch a rac te r is tic . T h e  poisonous

* Loc, cit.

ac tion , w hen using a  m u lti- lay e r c a ta ly s t,  begins to  
increase in  a c tiv ity  as th e  o rgan ic  c o n te n t of th e  coke 
oven  a q u a  increases. T h e  v a r ia tio n  in  th e  gauze 
ac tion  w as d is tin c tly  ev id en t. S im ilar v a ria tio n s  h a d  
been  en co u n te red  w ith  th e  e lec trica lly  h e a te d  single 
gauze on  cy an am id e  am m o n ia  gas. I t  is n o t necessary  
to  c ite  m ore d a ta  to  show  th e  lim ita tio n s  of a n o n ­
ex te rn a lly  h ea te d  m u lti- lay e r gauze c a ta ly s t for th e  
use of o th e r  th a n  v ery  p u re  N H 3. M an y  h u n d red  
com m ercial efficiency d e te rm in a tio n s  h av e  been 
secured  up o n  th e  im p u re  g rades in  an  effo rt to  solve 
th e  p rob lem , b u t  to  no  avail.
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T h e in d ica tio n s  of all th e  w ork  u p o n  a  m u lti- lay e r 
ty p e  of c a ta ly s t, as ap p lied  to  less p u re  g rades of N H 3, 
p o in te d  to  th e  g rea t d es ira b ility  of ox id a tio n  a t  th e  
h ighest possib le te m p e ra tu re s . T h e  in c reased  c a ta ly s t 
te m p e ra tu re  a p p a re n tly  se lec tive ly  fav o rs  th e  v e loc ity  
of th e  n itro g e n  oxide fo rm a tio n  reac tio n . In  o th e r  
w ords, w hen oxidizing o rd in a ry  com m ercial g rades of 
am m o n ia  th e  re la tio n sh ip  b e tw een  tim e  of c a ta ly s t con­
ta c t  an d  speed  of rea c tio n  is d is tin c tly  im p o r ta n t. A fter 
a th o ro u g h  rea liza tio n  of th e  v a s t im p o rta n ce  of th e  
above-m en tioned  fac to rs , a t te m p ts  w ere m ade 
to  speed up  th e  velocity  of th e  n itro g en  oxide 
fo rm a tio n  reac tio n  a n d  th u s  g rea tly  decrease th e  
c a ta ly s t c o n ta c t tim e.

W hile D r. L an d is1 h a s  considered  “ th e  experi­
m en ts w ere c ritica lly  rev iew ed an d  i t  w as concluded  
th a t  th e  h o t gauze ra d ia te d  h e a t to  th e  oncom ing  
am m o n ia -a ir m ix tu re  an d  decom posed/ som e of th e  
am m o n ia” i t  d id  n o t seem  p h y sica lly  possib le th a t  th e  
oncom ing gas could  be h e a te d  b y  ra d ia te d  h ea t. 
H ow ever, th e  rea d y  ca ta ly sis  of am m o n ia -a ir  m ix tu re s  
to  n itro g en  b y  c o n ta c t w ith  h o t iro n  tu b e s , e tc ., h a d  
been  recognized. W hile silica tu b e s  h a v e  b u t  l i t t le  
influence up o n  th e  c a ta ly tic  decom position  of am m onia - 
a ir m ix tu res, such  a  frag ile  a n d  n o n co n d u c tin g  m a­
te ria l does n o t len d  itse lf p a r tic u la r ly  well to  a  com ­
m ercial h e a t exchange. A lu m in u m  exchanger tu b e s  
w ould  u n q u es tio n a b ly  so ften  o r m e lt a t  th e  te m p e ra ­
tu re s  em ployed . F ro m  th is  s ta n d p o in t, th e  use of a  
h e a t exchanger on  th e  oncom ing  am m o n ia -a ir  m ix tu re  
seem ed d is tin c tly  u n d esirab le  as a  m eans of increasing  
th e  gauze te m p e ra tu re .

T h e  tw o  m ost obv ious m e th o d s fo r increasing  th e
■ C ktm . &• 1i d .  E n * .,  20 (1 9 1 9 ) ,  4 7 2 .
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te m p e ra tu re  of th e  ca ta ly s t, w ith o u t th e  use of ex­
te rn a l energy , w ere o p era tio n  w ith  a  h igher am m o n ia  
co n c en tra tio n , or else th e  use of a h e a t exchanger 
u p o n  th e  oncom ing a ir, a n d  m ixing th is  w ith  th e  re ­
q u ired  am m o n ia  ju s t  p rio r to  th e  c a ta ly s t en tran ce .

W hen using air as th e  source  of th e  oxygen we can  
consider th e  reac tio n  a t  800° as 
4 N H 3 ~f- 5O2 4" 18.8 N 2 -f- P t  =

4 NO +  18.8 N 2 +  6H 20  +  P t  +  2 11 , 7 5 0  g. cals. ( 1 5 ) 
As app lied  to  a  10 p er cen t N H 3 com m ercia l gas 
m ix tu re  we have
10NH3 -|- 2.SH2O -f- 18.3O2 68.9N2 =

1 0NO 1 7.8H 2O -I- 68 .9 N 2 -f- ( 16 )
o r as app lied  to  a  13 per cen t N H S m ix tu re  we h av e  
1 3 N H 3 +  2.8H 2O +  1 7.68O2 +  66 .S2N 2 =

1 3 NO +  22.3H 2O +  66 .5 2N 2 +  1 .4 3 O2 ( 1 7 )
I t  will be seen th a t  w ith  a  13 per ce n t am m o n ia -a ir  

m ix tu re , as p rep a re d  w ith o u t ta k in g  p rec au tio n s  to  
d ry  th e  air m ix tu re , th e  excess of oxygen  is very  
m eager. T h is rep resen ts  th e  lim ita tio n s  to  th e  use of 
h igh  am m o n ia  co n cen tra tio n s  for th e  increase  of th e  
c a ta ly s t te m p e ra tu re . Such a lim ita tio n  does n o t 
a p p ly  in  case spillage oxygen is ava ilab le .

A lthough  i t  w as ev id en t t h a t  an  increased  am m o n ia  
co n c en tra tio n  of th e  in ta k e  am m o n ia -a ir  m ix tu re  
w ould  increase  th e  gauze te m p e ra tu re , a  m ax im um  
in  th e  effic iency -tem pera tu re  cu rve  w ould  re su lt w hen 
a n  am m o n ia -a ir m ix tu re  w hich y ie lded  insufficien t 
excess oxygen w as o b ta in ed . T h e  ty p ic a l com ­
m ercial d a ta  upon  12 p e r cen t N I I 3 m ix tu res  a re  given 
in  T ab le  9 . T h ese  d a ta  w ere secured  on th e  sam e 
G rad e  B a q u a  as t h a t  of T ab le  8 a n d  re p re se n t th e  
com parison  to  th e  o p era tio n  a t  low er c a ta ly s t  te m p e r­
a tu re s .

T a b l e  9

O p e r a t i o n — A t Oxidation Unit of U. S . N . P. N o. 1 
S o u r c e  o p  N il*— Grade B coke oven aqua 
D a t e — A p ril 8 , 1919
C a t a l y s t — Cylindrical 4-layer, 0.003 in. wire, 9 in. diameter X 11 

in. high; 21.5 oz.
A n a l y s t s — M ontillon, Newton, Kennedy, and Coe

Lbs. N H j Gauze
Cu. F t. Gas Vol. N H j per Day Temp. Conversic

H our per Min. Per cent per Oz. Pt Corrected Per cent
9 .5 0 150 1 1 .1 47 .5 915 85 .7
9 .5 0 150 1 1 . 1 47 .5 915 86.2

10.35 165 11.5 5 4 .6 925 88 .9
10.35 165 11.5 5 4 .6 925 87 .8
12.00 150 12.5 54 .3 990 87 .0
12.00 150 12.5 54 .3 990 87 .6

1 . 00 145 12 .6 —  5 2 .6 990 9 0 .4
1.00 145 12 .6 52 .6 990 88.6
2.00 145 12.3 5 1 .4 980 88 .7
2.00 145 12.3 51 .4 980 89 .3
3 .1 5 145 12.5 52 .2 995 9 0 .6
3 .1 5 145 12.4 52 .2 995 88.6
4.15 145 13.3 5 5 .5 1030 86 .9
4 .15 145 13.4 55.5 1030 89.5
5 .2 0 120 13.5 56 .2 88.2
5 .2 0 120 13.5 56 .2 89 .8
6 .25 122 12.4 43 .5 995 9 1 .9
6 .25 122 12.3 43 .5 995 9 2 .4
7.15 122 11.7 4 1 .2 975 9 1 .8
7 .15 122 11.7 41 .2 975
8 .19 145 12 .1 50 .5 980 9 0 .9
8 .19 145 12.0 5 0 .5 980 90 .5
8 .50 145 12 .1 5 0 .2 995 90 .2
8 .50 145 12.1 5 0 .2 995 89 .0
9.15 152 12.05 5 0 .2 915 9 2 .2
9.15 152 12.00 50 .2 915 91 .2

I t  is q u ite  e v id en t th a t  th e re  w as less v a r ia tio n  
in  th e  o p e ra tio n  w hen th e  h igh  am m on ias a n d  te m ­
p e ra tu re s  w ere em ployed . A d is tin c t a d v a n ta g e  re ­
su lts  from  th e  o x id a tio n  of h igh  c o n c en tra tio n s  of 
am m onia , since a  co rrespond ing ly  h igh  NO gas m ix tu re

resu lts . T h e  ab so rp tio n  of th e  r e s u lta n t  oxides b e ­
com es m uch  m ore efficient. An im p o r ta n t  lim itin g  
fac to r  to  th e  use of an y  n o n ex te rn a lly  h ea te d  m u lti­
la y er ty p e  of co n v e rte r lies in  th e  lack  of an  a d e q u a te  
te m p e ra tu re  con tro l. S uch a co n tro l as is secured  
b y  au x ilia ry  e lec trica l energy , or a su ita b le  h e a t ex­
changer, is d is tin c tly  a  com m ercial ad v a n ta g e . T h ere  
w as s till such an  o p p o rtu n ity *  for im p ro v e m e n t th a t  
i t  w as decided  to  o p e ra te  a  h e a t exchanger of com ­
m ercial size an d  th u s  o b ta in  th e  co rrespond ing  d a ta  as 
to  th e  se lective te m p e ra tu re -re a c tio n  ve lo c ity  effects.

A h e a t exchanger w as co n s tru c te d  a t  th e  O x id a tio n  
U n it of U. S. N itr a te  P la n t  N o. i  o u t of s ta n d a rd  
12 -in . p ipe  an d  fittin g s  w hich w ere rea d ily  ava ilab le . 
T h e  in te rch an g e r casing w as 14.5  f t.  long  b y  12 in. 
d ia m e te r  an d  co n ta in e d  19 s ta n d a rd  2-in . bo iler tu b e s . 
T h e  144  sq. f t. of stee l tu b e s  d id  n o t p re se n t sufficient 
h e a t tra n s fe r  surface . H ow ever, sufficient d a ta  w ere 
secu red  d u ring  th e  p la n t o p e ra tio n s  for th e  design 
of a  p ro p er exchanger. A by -p ass  is also a n  essen tia l 
req u irem en t.

T h e  on ly  ava ilab le  source  of am m o n ia  w as in  th e  
fo rm  of G rade  B coke oven  liquo r. T h e  a p p a ra tu s  
a t  P la n t N o. 1 , for th e  p ro d u c tio n  of am m o n ia -a ir  
m ix tu res  from  such , consisted  of a c o u n te rc u rre n t 
s tr ip p in g  co lum n. A m m onia -a ir m ix tu res  of v a ry in g  
N H 3 c o n te n t cou ld  b e  p ro d u ce d  a t  w ill, d ep en d in g  
up o n  th e  feed of 29 p e r ce n t liq u o r in to  th e  to p  of th e  
co lum n, an d  th e  flow of a ir  an d  te m p e ra tu re  a t  th e  base  
of th e  sam e. I t  w as rea lized  t h a t  se p a ra te  m ain s  of 
a ir  an d  NH3 w ould  be fa r  m ore d es irab le  th a n  th e  
above sy stem . F u tu re  eq u ip m en ts  shou ld  be th u s  
in sta lled .

A n ap p ro x im ate ly  30 p e r  ce n t N H 3- 7o p er ce n t a ir  
m ix tu re  w as co n tin u o u sly  g en e ra te d  in  th e  am m o n ia  
co lum n. A ir w as allow ed to  p ass th ro u g h  th e  ex ­
changer tu b e s , w hile th e  h o t N O gases from  th e  o x id a­
t io n  rea c tio n  su rro u n d e d  th e  tu b e s ; th e  a ir w hich  w as 
th u s  h ea te d  th ro u g h  p ro p e r in te rc h a n g e  fro m  th e  
gases of th e  reac tio n , a n d  th e  cold am m o n ia  a ir  w ere 
allow ed to  m ix w ith in  a  h e a t- in su la te d , 6-in. a lu m in u m  
p ipe ju s t  p rio r to  th e  e n tra n ce  to  th e  c a ta ly ze r  ho lder. 
A silica-lined  iro n  p ipe  w ith  a  silica baffle p la te  w ould  
be p referab le  fo r th is  m ixing ch am b er. D ecom ­
p osition  of th e  m ix tu re  w as th u s  p re v e n ted . T h is  
is due to  th e  h igh  ve lo c ity  w ith in  th e  line a n d  th e  
sh o r t p eriod  of c o n ta c t of th e  h o t am m o n ia -a ir  m ix tu re  
w ith  an y  m a te ria l p rio r to  th e  gauze e n tra n c e . A 
general ta b u la t io n  of th e  av erag e  d a ta  on th e  h e a t 
exchanger is g iven  in  T ab le  10 .

T a b l e  10
Total

Cu. Ft. Gas T e m p e r a t u r e  
A p p l i a n c e  per M in. ° C.

Air intake to tu bes................................................  175 At 30
H eated air exit from tu bes................................. 504 A t approx. 500
H ot NO mix outside tubes entering...............  903 800
Cooled NO mix outside tubes leaving....................................  450
30 per cent N H i-70 per cent air entering

mixer..........................................................................  80 30
Heated 10 per cent NHa-90 per cent air.............................  300
Heated mix at cylinder entrance..............................................  650
G auze..................................................................................................  1025

Since th e  144  sq. f t.  of exchange tu b e  su rface  se rv ed  
to  cool th e  ex it N 0 -H 20  gas m ix tu re  on ly  to  4 5 0 °, 
i t  is q u ite  e v id en t th a t  a  tr a n s fe r  su rface  of 200 sq. 
f t. shou ld  be p ro v id ed  fo r a  co n v e rte r  ox id iz ing  1800
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lb s. of N H , p e r day . I t  is u n d o u b te d ly  safe to  cool 
th e  h o t gases from  th e  te m p e ra tu re  a t  w hich th e y  
leave th e  gauze to  1 4 0 0 C. G re a te r  cooling th a n  
th is  m ay  lead  to  tro u b le so m e co n d en sa tio n  w ith in  th e  
exchanger.

B y m eans of a  b y -p ass  from  th e  h e a t exchanger i t  
is  possib le to  con tro l th e  te m p e ra tu re s  of o x id a tio n  by  
th e  above m odified m ethod .

A co n tin u o u s 24-h r.-p e r-d ay  te s t  w as co n d u c ted  
u p o n  th is  m odified co n v e rte r before its  u p p e r  w ork ing  
ca p ac itie s  h a d  been  es tab lished . A to ta l  of 121 
efficiency d e te rm in a tio n s  w ere ta k e n  over th e  whole 
p e rio d  of th e  te s t. A 4-layer p la tin u m  gauze of 
■0.003 in - d ia m e te r  w ire an d  80 m esh, in  th e  sam e ty p e  
of cy lindrica l m u lti- lay e r co n v e rte rs  as used  on  th e  
p rev io u s-m en tio n ed  te s t,  gave a te s t  average of 95.1 
p e r ce n t o x id a tio n  efficiency on 9.88 per cen t N H j 
gas m ix tu res  a t  a r a te  of 2.1 cu. f t. of N H 3 p er m in. 
p e r  sq. f t. of exposed gauze su rface . T h ere  w ere no 
p re lim in a ry  a rran g e m en ts  fo r th e  ab o v e-m en tioned  
te s t ,  since i t  w as co n d u c ted  a t  an  u n ex p ected ly  early  
tim e  due to  a rap id ly  d im in ish ing  su p p ly  of G rade B 
a q u a . T h e  gauze h a d  been in  co n tin u o u s service 
p rio r  to  th e  te s t.  T h e  121  efficiency d e te rm in a tio n s  
■exhibited co n s is te n t ag reem en ts  a n d  th e  w hole p la n t 
o p e ra tio n  w as p ra c tic a lly  a u to m a tic . Since th is  te s t  
■chanced to  be ca rried  o u t on  an  0.003 in- d iam ete r 
-wire an d  80-m esh  gauze, w ith  a to ta l  exposed su rface 
in  th e  fo u r lay ers  of 8.6 sq. f t. (i . e., 2.3 sq. f t.  p e r lay er), 
o n ly  60.0 lbs. N H j p er oz. of p la tin u m  per d ay  w ere 
ox id ized . I t  does n o t seem  necessary  to  give a ta b u la ­
t io n  of th e se  121  efficiency d e te rm in a tio n s . I t  is 
in te re s tin g  to  n o te  th a t  th e  firs t o p era tio n s on th e  
h e a t in te rc h a n g e r fo r th e  air in ta k e  u tilized  a  p la tin u m  
c a ta ly s t of four lay ers  of 0.0025 in- d ia m e te r  w ire a t 
80 m esh. E q u a lly  as h igh  conversions w ere o b ta in ed  
w ith  th e  sam e ra te  of gas flow as w hen .using 0.003 
in . d ia m e te r  w ire gauze. T h e  y ie ld  p e r  ounce of 
p la tin u m  is th u s  con sid erab ly  inc reased  over an y  
p rev io u sly  o b ta in e d  in  th e  U n ite d  S ta te s .

T h e  use of th e  h e a te d  gas m ix tu re  on a 10 p e r cen t 
N H j gas inc reased  th e  4-lay e r cy lind rica l gauze 
c a ta ly s t  te m p e ra tu re  a  to ta l  of ap p ro x im a te ly  2 50° C. 
T h e  speed  of th e  NO fo rm a tio n  rea c tio n  is th u s  g rea tly  
ac ce le ra ted , an d  w ith  m uch  less c o n ta c t tim e  of th e  
gas  m olecules w ith  th e  p la tin u m  surface  th e  period  
fo r th e  n itro g e n  fo rm a tio n  rea c tio n  is n o t sufficient. 
B y decreasing  th e  c o n ta c t tim e  of th e  gas w ith  th e  
c a ta ly z e r  su rface  a n d  th ro u g h  a  p ro p e r p ro p o rtio n in g  
of te m p e ra tu re , th e  tim e  fo r th e  p re fe ren tia l ox ida tion  
of am m o n ia  to  th e  oxides of n itro g en , ra th e r  th a n  
to  th e  u ltim a te  n itro g en , is secured . T h e  h e a t is 
o b ta in e d  from  th e  gases p ro d u ced  in  th e  reac tion , 
a n d  hence no  ex te rn a l en erg y  is u tilized . I t  h ad  
a lw a y s  been  necessary  to  cool th e se  gases p rio r to  
th e ir  ab so rp tio n  in  w a te r , hence th e  aux ilia ry  h o t 
n itr ic  oxide to  a ir  exchanger served  a doub le  purpose. 
B y m ixing th e  h e a te d  a ir w ith  th e  cold am m o n ia  gas, 
o r  rich  am m o n ia -a ir  m ix tu re , ju s t  p rio r to  th e  c a ta ly s t 
e n tra n c e  an d  w ith in  an  a lu m in u m , or p referab ly  
silica-lined  iron  p ipe , no decom position  or p re -ca ta ly sis  
to  n itro g en  resu lts .

A U. S. P a te n t ,  987 ,3 7 5 , b y  K aiser covers th e  use of 
ex te rn a lly  h ea te d  air in  connection  w ith  th is  w ork . 
D r. L an d is 1 h as  w ritte n  of th e  K aiser m e th o d  as 
follow s: “ T he d irec t h e a tin g  schem e used  b y  K aiser
req u ired  th e  com bustion  of ad d itio n a l fuel a n d  seem ed 
to  h av e  no a p p a re n t ad v a n ta g es  of an y  so r t over th e  
O stw ald  sy s te m .”  T h e  com m ercial d ev e lo p m en ts  a t 
th e  O xidation  U n it of U. S. N itra te  P la n t  No. 1 w orked  
up  to  th e  use of th e  a ir  exchanger on  th e  c a ta ly s t 
ch am b er s tep  b y  s te p . T h e  im p ro v e m en ts  over th e  
w ork  of K aiser consisted  n o t on ly  in  u tiliz ing  th e  
exchange of h e a t from  th e  h o t gaseous p ro d u c ts  of th e  
ox ida tion  reac tio n , b u t th e  cond itions to  p re v e n t p re ­
decom position  of th e  re s u lta n t  h o t am m o n ia -a ir  
m ix tu re  w ere estab lished . T h e  p rev ious fa ilu re  of th e  
fo rm er h e a t exchangers h av e  been  due to  th e  neces­
sarily  long c o n ta c t of th e  h ea te d  am m o n ia -a ir  m ix tu re  
w ith  th e  h ea t-ex ch an g in g  surface . A resu ltan t: d e ­
com position  of a  ce rta in  am o u n t of th e  am m o n ia  p rio r 
to  its  e n tra n ce  to  th e  gauze m u s t follow

A n inc reased  gauze te m p e ra tu re  can  be secured  for 
low am m o n ia  co n c en tra tio n s  b y  th e  above m ethods. 
T h is p e rm its  th e  use of sufficient oxygen, from  air 
alone, to  y ie ld  m uch  m ore efficient ox ida tion . N o t 
on ly  does th e  h igher te m p e ra tu re  increase  th e  velocity  
of th e  ox id a tio n  reac tions , b u t  th e  inc reased  oxygen 
c o n ten t of th e  low er am m o n ia  m ix tu res  fav o rs  th e  
n itro g en  oxide fo rm a tio n  reac tio n . T h u s , we observe 
th e  trem en d o u s  in te rd ep en d e n ce  of oxygen, te m ­
p e ra tu re , a n d  c o n ta c t su rface  up o n  th e  speeds of th e  
reac tions u n d e r considera tion . T h e  im p o rta n ce  of 
th is  ex tra  am o u n t of oxygen is p a r tic u la rly  g re a t for 
gas m ix tu res co n ta in in g  im p u ritie s  in  th e  fo rm  of 
com plex m olecules w hich are easily  oxidized, such  as 
n ap h th a le n e , so luble ta rs ,  phosph ine , etc.

T h e  w ork  m e n tio n ed  ab o v e  d e m o n s tra te d  th a t  a 
h igh  efficiency of ox ida tion  of am m o n ia  could  be 
secured  b y  th e  use of a m u lti- lay e r ty p e  of gauze for 
poorer g rades of am m onia . I t  has  been  possib le to  
oxidize a  good q u a lity  of G rade B coke oven  am m o n ia  
w ith  from  88 to  89 per ce n t conversions, w hen  using  
a 12 per ce n t (by  vol.) N H j m ix tu re  a t  th e  r a te  of 
50 lbs. of N H j p e r  oz. of p la tin u m  p er d ay . T h e  
m ethods w ere so im p ro v ed  a t  th e  firs t te s ts  as to  
secure 95 to  96 p e r  cen t ox ida tion  w ith  a m in im um  
c a p a c ity  of 60 lbs. of N H j p e r  oz. of p la tin u m .

CAPACITY T ESTS W ITH  A U X IL IA R Y  A IR  E X C H A N G E R

I t  seem ed adv isab le  to  a t te m p t ca p a c ity  te s ts  u p o n  
th e  m odified fo rm  of o x id a tio n  e q u ip m en t. T h e  
su p p ly  of coke oven  a q u a  a t  U . S. N itra te  P la n t  N o. 
x w as n ea rly  ex h au sted , b u t  th e  o p e ra tio n s  w ere 
sufficient to  g ive an  e s tim a te  as to  th e  v a lu e  of th e  
im p ro v em en ts . G re a te r  gas flows th a n  g iven in  th e  
d a ta  of T ab le  x i cou ld  n o t be secu red  from  th e  av a il­
ab le e q u ip m en t a t  th e  tim e  of th e  te s ts . T h e  d a ta  of 
T ab le  1 1  m erely  show  th a t  even  to -d a y  we h av e  no 
in fo rm atio n  as to  th e  u p p e r ca p a c ity  lim it of th e  
m odified ty p e  of co n v e rte r. T h e  im p ro v e m en ts  a re  a  
d is tin c t a d v a n ta g e  as fa r  as th e  co n serv a tio n  of 
p la tin u m  is concerned , fo r th e  p la tin u m  dep recia tion*

1 Loc. cit., p . 4 7 4 .
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as com pared  to  o th e r o p era tin g  costs, is an  im p o r ta n t 
ite m  in  th e  to ta l  o p era tin g  charges. N o t only h av e  
h igh  com m ercial ox id a tio n  efficiencies been  secured , 
b u t  a  g rea t sav ing  in  p la tin u m  d ep rec ia tio n  h as  r e ­
su lted .

T a b l e  11

O p e r a t i o n — A t Oxidation Unit of U. S . N . P. No. 1 
S o u r c e  o p  NHa— Grade B coke oven aqua 
D a t e — M ay 1, 1919
G a t a l y s t —„Cylindrical 4-layer gauze with heat exchanger 
A n a l y s t s — Montillon, Newton, Kennedy, and Coe

H o u r A ir

Cu. Ft. 
per Min. 
Air-NHj 

Mix. Total
Vol. NHa 
Per cent

Gauze 
Temp. 

0 C.
Conversion 

Per cent
1 .10 158 88 246 10.27 1005 95.5
1.15 166 89 255 9 .9 0 995 95.5
1.25 166 90 256 10.20 1005 9 3 .6
2.00 166 89 255 9 .9 4 1010 9 4 .6
2.20 166 91 257 10.33 1018 9 3 .5
3 .0 0 166 73 239 9 .4 8 1025 9 7 .5
3 .3 0 171 79 250 10.15 1035 9 6 .2
4 .1 5 195 80 275 8 .60 980 9 5 .0
4 .3 0 197 81 278 8 .6 5 990 9 6 .4
5 .00 168 87 255 10.33 1050 9 4 .4
5 .30 171 90 261 10.31 1075 9 5 .8

T h e  d a ta  of T ab le  n  are averages of tw o  d e te rm in a ­
tio n s on s im u ltan eo u s  sam ples.

T h ere  w as no assu ran ce  b u t th a t  m uch  g re a te r  gas 
flows cou ld  be oxidized. T h e  h ig h e s t cap ac ities  o f 
T ab le  n  as app lied  to  th e  o x id a tio n  of a G rad e  B 
coke oven am m o n ia  b y  m eans of a  4-lay e r cy lind rica l 
gauze of 0.0026 in . w ire a n d  80 m esh, show  th a t  a  
conversion  of 95 per cen t can  be secured  a t  th e  r a te  
of 100 lbs. NH3 per oz. of p la tin u m  p e r  d ay , an d  a 
c a ta ly s t te m p e ra tu re  of over 1000° C. T h is  is 
essen tia lly  doub le  th e  ca p a c ity  an d  w ith  4 p er cen t 
h igher conversions th a n  secured  on  th e  te s ts  of th e  
sing le-layer elec trica lly  h e a te d  L and is ty p e  of con­
v e rte rs  a t  P la n t  No. 2.

As app lied  to  th e  ox id a tio n  of am m o n ia  fo r th e
33,000 lb . N H 3 ox id a tio n  u n its  a t  U. S. N itr a te  P la n t 
No. 1 i t  m eans a  y ea rly  sav in g  of 481,800  lbs. of NH3, 
p ro v id ed  h igh -g rade  N H 3 cou ld  be secured . F if ty  
p er ce n t of th e  p la tin u m  req u irem en ts  is also  e lim in a ted  
b y  th e  use of th e  h e a t exchanger. T h e re  w ou ld  also h av e  
been  an  ad d itio n a l y ea rly  sav in g  of 5 ,694,000 k. w. h. 
alone in  case th e  e lec trica lly  h e a te d , sing le-gauze ty p e  of 
co n v e rte r h a d  been  a d o p ted  fo r use a t  U. S. N itra te  P la n t 
No. 1 . A figure fo r th e  sav in g  on th is  size of p la n t,  
expressed  in  do lla rs a n d  cen ts , w hen  using  th e  m odified 
ty p e  of co n v e rte r over th e  e lec trica lly  h e a te d  fo rm  
depends m uch  u p o n  th e  v a lu e  of NH3 an d  th e  co s t of 
e lec trica l energy . As a  m in im um , i t  rep rese n ts  a 
y ea rly  o p era tin g  sav ing  of $ 100 ,000, a n d  th is  can  
m ake or b rea k  th e  ap p lica tio n  of such  a  p la n t to  o rd i­
n a ry  com m ercial com petition .

R E Q U ISIT E S A N D  L IM ITA TIO NS OF A M O DERN CATALYST

A n o u tlin e  of th e  dev e lo p m en t of th e  processes 
fo r th e  ox ida tion  of am m o n ia  b y  m eans of th e  oxygen 
of th e  a ir  h as  been  g iven s tep  b y  s tep . W hile th is  
a rtic le  has  been  u n d u ly  long i t  m u st be a d m itte d  th a t  
m a n y  ra th e r  im p o r ta n t d e ta ils  h av e  s till been  o m itted . 
Success w ith  th e  cy lindrica l m u lti- lay e r gauze ty p e  of 
ca ta ly s t w as n o t o b ta in ed  u n til m e th o d s of m o u n tin g  
th e  four layers  up o n  th e  cy lind rica l ho lder h a d  been  
solved. W hile in  th e o ry  a silica cy lind rica l ho lder 
m ay  seem  to  p re v e n t u n d u e  decom position , a n d  h av e

all th e  o th e r  ideal ch a rac te ris tic s , s till in  p rac tice  su ch  
a  fo rm  of c a ta ly s t ho lder is v e ry  u n p ra c tic a l. A 
n ickel ho lder, w hich is show n in  F igs. 4 an d  5 , w as 
developed  a t  U. S. N itra te  P la n t  N o. 1 . P r io r  to  th e  
use of th is  ty p e  of ho lder serious tro u b le s  w ere 
en co u n te red  from  th e  in fluence of th e  re la tiv e  ex­
p ansion  effects of th e  p la tin u m  w ire gauze, th e  c la m p ­
ing  w ire a n d  th e  cy lind rica l gauze ho lder fram e. 
Silica cy lind rica l ho lders w ith  e ith e r  p la tin u m  w ire or 
In v a r  c lam ps fa iled  to  sa tis fy  th e  d em an d s fo r m ak ing  
a t ig h t  connection , a t  all te m p e ra tu re s , b e tw een  th e  
gauze c a ta ly s t a n d  ho lder. W hen  using  th e  im p ro v ed  
doub le  ring  clam p on th e  n ickel cy lin d er an d  base , 
all th e  fa ilu res due to  th e  gauze m o u n tin g  w ere e lim i­
n a te d . A n ickel-steel cy linder, w hich  is p ro te c te d  by  
m eans of a silica tu b e  of v e ry  sligh tly  sm alle r o u ts id e  
d iam ete r th a n  th e  in side  stee l cy lin d er d ia m e te r , w ill 
m ake a  b e t te r  a n d  m ore econom ical gauze ho lder 
th a n  one of p u re  nickel. T h e  p ro te c tin g  silica tu b e  
is to  be recom m ended  fo r all in s ta lla tio n s  u tiliz in g  a 
p re h e a te d  am m o n ia -a ir  m ix tu re , since n ickel p ro ­
m otes a ce rta in  am o u n t of p redecom position .

F i g . 4

W hile th e  cy lind rica l fo rm  of a  4 -lay e r gauze c a ta ly s t 
w as used  in  th e  com m ercial te s ts  on  h e a te d  in ta k e  
m ix tu re s  w ith  excellen t success, n ev e rth e le ss , th e  
cy lind rica l fo rm  of p la tin u m  gauze as used  to -d a y  
has ce rta in  lim ita tio n s . T h e  rea l fe a tu re  of th e  gauze 
cy linder consists  in  th e  s ta b ili ty  of th e  gauze te m ­
p e ra tu re  cond itions w hich re su lt from  th e  ra d ia tio n s  
fro m  th e  c a ta ly s t su rfaces w ith in  th e  in ta k e  side of th e  
p la tin u m  cy linder. T h is  effect becom es c lea rly  illu s­
t r a te d  if a solid n ickel cone is su sp en d ed  w ith in  th e  
in n e r  zone of th e  cy linder. A series of te s ts  w as 
ca rrie d  o u t a t  U. S. N itra te  P la n t  N o. 1 as to  th e  in ­
fluence of v ario u s m e th o d s of gas d is tr ib u tio n  to  th e  
n o n -p re h e a te d  cy lin d rica l ty p e  of gauze. I t  w as 
in te re s tin g  to  n o te  w hen  using  a  specia l ta n g e n tia l 
a lu m in u m  nozzle to  deliver th e  oncom ing  gas, w ith  a  
h igh  v e loc ity , ta n g e n tia lly  to  th e  su rface  of th e  gauze, 
t h a t  ab so lu te ly  ev e ry  tra c e  of v ib ra tio n  on  th e  gau ze  
w as e lim in a ted . T h e  sam e effect w as p ro d u ce d  w hen



Feb., 1920 T E E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C E  E M I  S T  R Y 127

using  p re h e a te d  m ix tu res. W hen using  th e  n o n ­
h e a te d  orig inal ty p e  of cy lindrica l gauze ca ta ly s t, 
o r a  fla t c a ta ly s t, i t  is v e ry  easy  to  observe w aves an d  
flickerings u p o n  th e  gauze. T h e  in tro d u c tio n  of a 
n ickel cone w ith in  th e  in n e r section  of th e  cy linder 
caused  a  d rop  in  th e  gauze te m p e ra tu re  w hich could  
be d e te c te d  b y  th e  eye. T h is  w as v e ry  obv ious w hen a 
cone only  ha lf th e  to ta l  h e ig h t of th e  gauze w as em ­
ployed . T h is  se rv ed  b es t to  show  th e  fu n c tio n  of th e  
rad ia tio n s  w ith in  th e  n o n h ea te d  cy lindrica l gauze. 
G ood ox id a tio n  re su lts  m ay  be o b ta in e d  up o n  m ost 
a n y  fo rm  (flat, e tc .) of p la tin u m  gauze c a ta ly s t on  
G rad e  A am m o n ia , p ro v id ed  i t  is in s ta lled  w ith in  a 
n o n co n d u c tin g  casing. H ow ever, th e  g rea te r  th e  
u n ifo rm ity  of th e  gauze physical cond itions, te m ­
p e ra tu re , e tc ., th e  less th e  c a ta ly s t responds to  occa­
sional v a ria tio n s  in  opera tio n s.

F ic . 5

T h e w rite r does n o t believe a n y  c a ta ly s t can  o p era te  
d a y  in  a n d  d a y  o u t w ith  h igh  com m ercial conversions 
w ith o u t a  flexible co n tro l of th e  c a ta ly s t te m p e ra tu re . 
T h is  s ta te m e n t does n o t ap p ly  to  C. P . am m o n ia -a ir 
m ix tu res. Y e t i t  is m ore logical to  oxidize com m ercial 
am m o n ia  w ith  a  c a ta ly s t eq u ip m en t w hich insu res 
freedom  from  v a r ia tio n s . T h e  use of an  e lec trica lly  
h e a te d  c a ta ly s t, or a h e a t  exchanger of p ro p er design, 
will solve th e  p ro b lem  fo r th e  average g rades of com ­
m ercial am m onia . In  view  of th e  rec en t w ork  i t  
seem s rid icu lous to  use e lec trica l energy . As a 
m a tte r  of fa c t, th e  w rite r  believes th a t  th e  use of 
elec trica l energy  as a  m eans of securing  gauze te m ­
p e ra tu re  shou ld  n o t be considered  even  if i t  cou ld  be 
secu red  g ra tis . T h e  reasons for th is  op in ion  a re  based  
u p o n  th e  conclusions d e riv ed  from  th e  series of com ­
m erc ia l s tu d ies  of th e  p a s t  y ea r. T h e  m a jo r fu n ctio n s 
of a  p re h e a te d  in ta k e  a ir  m ix tu re  in  th e  ox id a tio n  of 
am m o n ia  are :

( 1 ) T h e  es tab lish in g  of a h igh  c a ta ly s t te m p e ra tu re

in th e  presence of a  d is tin c t excess of oxygen. T his 
m eans a  h igh  c a ta ly s t te m p e ra tu re  fo r a  low  am m o n ia  
co n cen tra tio n .

( 2) T h e  co rrec t p ro p o rtio n in g  of th e  gas v e loc ity  
before a n d  a f te r  th e  c a ta ly s t. T h e  effect of a  p re ­
h ea te d  gas m ix tu re  as a  p h y sica l s ta b ilize r to  th e  
c a ta ly s t is c e rta in ly  a n  im p o r ta n t fea tu re . I t  is 
m ak ing  enorm ous d em an d s u p o n  a  gauze w hen  a cold 
am m o n ia -a ir  m ix tu re  is de liv ered  to  a th in  la y e r  of 
c a ta ly s t su rface , w hich is h e a te d  to  a b o u t 9 0 00 C. by  
th e  exo therm ic c h a ra c te r  of a  rea c tio n , to  expect 
a  high te m p e ra tu re  in  th e  gas ph ase  an d  p e rfec t gas 
d is tr ib u tio n . T h e  b es t resu lts  in  th is  o x id a tio n  re ­
ac tion  are o b ta in ed  w hen  th e  te m p e ra tu re  g ra d ie n t 
is carefu lly  ad ju s te d . T h e  p re h e a te d  gas m ix tu re  
shou ld  b e  delivered  to  th e  gauze a t  as h igh  a  te m ­
p e ra tu re  as possib le a n d  th e re b y  decrease th e  o th e r­
wise a b ru p t vo lum e expansion  effects w hich are 
caused  b y  th e  decided  changes in  te m p e ra tu re . I t  is 
th e  te m p e ra tu re  of th e  gas ph ase  w hich  governs th e  
reac tio n  velocity .

T h e  m e th o d  of accom plish ing  th ese  desirab le  
fea tu res , w ith o u t th e  p re -ca ta ly s is  or decom position  of 
th e  am m o n ia  p rio r to  its  e n tra n c e  to  th e  ca ta ly s t, 
was w orked  o u t in  th e  com m ercial size u n its  a t 
U. S. N itra te  P la n t  N o. 1 . N e rn s t has  s tu d ie d  th e  
d isp lacem en t of th e  eq u ilib riu m  of th e  a rc  n itr ic  
oxide fo rm a tio n  rea c tio n  along  a  te m p e ra tu re  g rad ie n t. 
I t  is p e rh a p s  possib le t h a t  th e  cooling m a y  be in  th e  
o rd er of io o o °  p er m illim eter, an d  th a t  th e  eq u ilib ­
riu m  correspond ing  to  th e  te m p e ra tu re  of each  th in  
lay er is ra p id ly  ad ju s te d . H ow ever, th e  in te re s tin g  
re la tio n sh ip s w ere th o se  ex isting  b e tw een  diffusion 
forces a n d  rea c tio n  velocity . W hile th e  am m o n ia  
ox ida tion  rea c tio n  m ay  n o t be of th e  sam e m ag n itu d e , 
y e t th e  re la tiv e  effects of d iffusion an d  rea c tio n  veloc­
i ty  m u s t affect th e  s ta b ili ty  con d itio n s to  a d is tin c tly  
d iffe ren t degree, w hen a h e a te d  in ta k e  gas is delivered  
to  th e  h e a te d  c a ta ly s t, th a n  w hen a cold gas is used.

W hen using th e  cy lind rica l fo rm  of c a ta ly s t, i t  
will be observed  t h a t  th e re  m u s t be a  defin ite  ra tio  
of d ia m e te r  to  h e ig h t in  o rd er to  secure th e  b es t gas 
d is trib u tio n  to  th e  gauze. T h is  is of p a r tic u la r  im ­
p o rtan c e  w hen u tiliz ing  n o n h ea te d  gas m ix tu res. 
T h ese’ ra tio s  h av e  n o t as y e t been  well e s tab lish ed . 
W hen using  th e  p re h e a te d  m ix tu re  th e  m a tte r  of d is­
tr ib u tio n  a t  th e  gauze does n o t becom e so im p o r ta n t.

U nless th e  b o tto m  section  of th e  cy lin d er is p ro ­
te c te d  w ith  a  silica cover th e re  is a n  o p p o r tu n ity  for 
a  ce rta in  am o u n t of decom position . T h is  b o tto m  
m etallic  p la te  also ex erts  a  s lig h t cooling effect up o n  
th e  ex trem e edge of th e  gauze. In  an  effo rt to  e lim ­
in a te  th e se  ob jec tions th e  w rite r  has  m ad e  a  m a n tle  of a 
sm all p la tin u m  gauze sim ila r to  th e  fam ilia r  W els- 
bach  gas m an tle . A v ery  good m a n tle  can  be fo rm ed  
b y  a d ju s tin g  th e  h e ig h t of th e  gauze  to  th e  d ia m e te r  
in  such  a m a n n e r as to  en ab le  th e  edges of one side 
to  be dou b led  over a n d  sew ed to g e th e r  w ith  a  p la tin u m  
wire. T h is  fo rm  of p la tin u m  m a n tle  ex h ib its  a 
p a r tic u la rly  de ligh tfu l effect an d  th e re  is also a  
d is tin c t p la tin u m  sav in g  over th e  cy lin d rica l ty p e . 
I t  w ill be v e ry  clear t h a t  in  th e  use of a  p la tin u m  m a n tle
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c a ta ly s t on ly  one edge of a gauze is u tilized  in  c lam p ­
ing i t  to  th e  ho lder. W ith  a  fla t gauze th e  four edges 
m u st be re ta in e d  b y  a p ro p er flange or c lam ping  
device. W hen  using a 9-in. d ia m e te r  cy linder w ith  
even  th e  im p ro v ed  closed b o tto m  p la te  an d  four 
lay ers  of gauze, th e re  is a  p ro te c te d  su rface  of 11 3 
sq. in . o u t of th e  to ta l  1470  u n d e r th e  edges of th e  
clam ps. T h u s , th e re  is a  p la tin u m  su rface  loss of 
p rac tica lly  8 p er cen t, even  w hen  u sing  a cy linder 
w here on ly  tw o  edges of th e  gauze are covered  w ith  th e  
c lam ps of th e  gauze ho lder. T h is loss is s till g re a te r  
in  a  flat in s ta lled  gauze w here four edges m u s t be 
clam ped.

T h e  w ork  w hich w as co n d u c ted  on  a  p lan t-s ize  scale 
a t  U. S. N itra te  P la n t  N o. 1 c e rta in ly  h as  increased  
th e  w ork ing  know ledge along  th e  lines of am m o n ia  
ox ida tion . T h e  general lim ita tio n s  of m a n y  designs 
of ca ta ly ze rs  h av e  been  d e te rm in ed  a n d  th e  re la tiv e  
im p o rta n c e  of th e  la rge n u m b e r of v a riab les  has  
b een  s tu d ied . T h e  above p a ra g ra p h s  will se rve to  
in d ic a te  on ly  th e  m ore im p o r ta n t fea tu re s  of th e  w ork. 
A fo rm  of p la tin u m  c a ta ly s t co n v e rte r h as  been  d e­
v eloped  w hich  will g rea tly  excel all o th e r  p re se n t 
ex isting  ty p e s , y e t even  th is  ty p e  can  be excelled 
w hen an  ex ac t w ork ing  th e o ry  of th e  tru e  n a tu re  
of th e  rea c tio n  has been  estab lished .

SUM M ARY

I—— T h e influence of th e  m ore im p o r ta n t fac to rs  
invo lved  in  th e  ox id a tio n  of am m o n ia  h av e  been  d is­
cussed.

I I — I t  has  been  show n th a t  th e  co o rd in a tio n  of 
c a ta ly s t te m p e ra tu re , gas-phase te m p e ra tu re , oxygen 
co n c en tra tio n  an d  c a ta ly s t c o n ta c t tim e  m u s t be 
m ade w ith  g re a t care. T h e  in te rd ep en d e n ce  of th e se  
fac to rs , w hen  dealing  w ith  com m ercial g rad es of 
am m onia , has been  briefly  d iscussed. A n expression 
of one fac to r in  th e  absence of th e  o th e rs  is m ean in g ­
less.

I I I — -The im p o rta n ce  of th e  use of som e fo rm  of 
con tro lled  te m p e ra tu re  reg u la tio n  for th e  c a ta ly s t 
an d  in ta k e  gas m ix tu re  has  been  d em o n s tra te d . T h is  
m ay  be accom plished  in  p a r t  b y  m eans of o u ts ide  
electrical energy , o r in  w hole b y  a p ro p er u tiliz a tio n  
of th e  h e a t of th e  o x id a tio n  reac tio n .

IV — T h e use of a  n o n ex te rn a lly  h ea te d  m u lti- lay e r 
p la tin u m  gauze c a ta ly s t re su lts  in  a  decided  decrease 
in  ca p ac ity  an d  NO conversion  efficiency over th a t  
o b ta in e d  w hen using p re h e a te d  a ir m ix tu res.

V— T h e use of e lec trica l en erg y  as a source  of 
h e a t for th e  c a ta ly s t is n o t on ly  e x tra v a g a n t, b u t  i t  
also does n o t sa tisfy  th e  d em an d s  fo r sufficient gas 
te m p e ra tu re  a n d  d is trib u tio n  to  th e  c a ta ly s t.

V I— A sing le-layer gauze c a ta ly s t is d is tin c tly  
im p rac tica l.

V II— A decided econom y of p la tin u m  will re su lt 
b y  using th e  sm allest a rea  of space be tw een  th e  w ires 
(large m esh) a n d  th e  sm allest d ia m e te r  of w ire con­
s is ten t w ith  fab rica tio n  costs. A n irid iu m  alloy  w ith  
p la tin u m  can  be used  to  secure sufficient d u c tility  
a n d  tensile  s tre n g th  in  th e  finer d iam ete r w ires. I t

is p ro b a b ly  im p ra c tic a l to  em ploy  w ires of m uch  less 
th a n  0.0026 in . d iam eter. A m esh of a t  le a s t 120 
shou ld  be em ployed  for a  sing le-layer c a ta ly s t. T h e  
v ario u s lay ers  of a m u lti- lay e r c a ta ly s t  sh o u ld  n o t  
u tilize  th e  sam e d ia m e te r  of w ire an d  m esh of gauze. 
T h e  use of a 0 .0026-in. d ia m e te r  wire an d  120- 
m esh p la tin u m  (w ith  sm all am o u n ts  of irid ium ) 
gauze in  th e  fo rm  of a  gas m a n tle  has  been  reco m ­
m ended  as a  desirab le  c a ta ly s t. T h e  m in im u m  
econom ical size of w ire is lim ite d  b y  th e  sp ro u tin g  
effect an d  rec ry s ta lliza tio n  of th e  p la tin u m  d u rin g  
ca ta ly sis  a n d  th e  re s u lta n t  decrease in  te n s ile  s tre n g th . 
T h e  use of a h e a t-co n d u c tin g  coarse m esh s e p a ra to r , 
such  as a  '/V m esh , V is-in. d ia m e te r  p la tin u m  gauze, 
enab les th e  u tiliza tio n  of fa r  g re a te r  su rfaces of 
p la tin u m  per u n it  h e ig h t of a m u lti- lay e r  gauze 
c a ta ly s t.

V I I I— A m e th o d  of p la tin u m  gauze a c tiv a tio n  w ith ­
o u t th e  use of e lec trica l energy  h as  b een  o u tlin ed . 
T h e  use of a  se p a ra te d  gauze la y e r  a n d  a  coarse m esh 
p la tin u m  w ire se p a ra to r  enab les th e  a c tiv a tio n  of a  
new  gauze w hen  i t  is p laced  as th e  second  la y e r  of a  
m u lti- lay e r c a ta ly s t. A ny fo rm  of co n d u c tin g  se p a ra ­
to r  be tw een  th e  lay ers  can  be used  to  good a d v a n ta g e  
p ro v id ed  i t  does n o t p ro te c t to o  la rg e  a p e rc en ta g e  
of th e  new  gauze surface .

IX — T h e use of a  h e a t exchanger on  th e  com bined  
am m o n ia -a ir  m ix tu re s  invo lves serious com m ercial 
o p e ra tin g  tro u b le s  an d  p ro m o te s  th e  p re -c a ta ly s is  
of th e  am m o n ia  to  n itrogen .

X — T h e use of a  h e a t exchanger, b y  w hich  th e  h e a t  
c o n te n t of th e  gaseous p ro d u c ts  of th e  o x id a tio n  re ­
ac tio n  is tra n s fe rre d  to  th e  a ir  of th e  in ta k e  am m o n ia - 
a ir  m ix tu re , has  been  em p loyed  in  large-scale o p e ra ­
tio n s . A n a rra n g e m e n t fo r th e  m ixing of th e  h ea te d  
air w ith  th e  am m o n ia  ju s t  p r io r  to  th e  c a ta ly s t e n tra n c e  
h as  been  em ployed . T h is  m ixing ch am b er a n d  
c a ta ly s t ho lder on th e  am m o n ia -a ir  side shou ld  h a v e  
a silica lining.

X I— T h e  a d v a n ta g es  in  th e  use of th e  ab o v e  d e­
sc ribed  h e a t exchanger as em p loyed  in  th e  o x id a tio n  
of am m o n ia  consist in :

(o) T h e  p reh e a tin g  of th e  in ta k e  a m m o n ia -a ir  
m ix tu re  w ith o u t th e  decom position  of th e  in ta k e  gas 
co n s titu e n ts  th ro u g h  p re -ca ta ly s is  to  n itrogen .

(b) A sufficiently  in c reased  c a ta ly s t  te m p e ra tu re  
is secured  w hereby  i t  becom es on ly  s lig h tly  a ffec ted  
by  com m ercial o p e ra tin g  v a ria tio n s , o r period ic  
poisons.

(c) A sufficien tly  h ig h  te m p e ra tu re  in  th e  gas 
p h ase  c a n n o t be o b ta in e d  w ith  th e  n o rm a l h igh  g as  
velocities a n d  r e s u lta n t  sh o r t periods of c a ta ly s t 
c o n ta c t even  w hen  using  elec trica lly  h e a te d  c a ta ly s ts . 
T h e  d es irab le  fe a tu re  of th e  w hole o x id a tio n  reaction , 
is th e  p ro d u c tio n  of h ig h  rea c tio n  speeds or veloc­
ities  fo r th e  sh o r t p e rio d  of c o n ta c t. T h e  p re h e a tin g  
of th e  am m o n ia -a ir  m ix tu re  accom plishes th is  b e t te r  
th a n  a n y  o th e r  m e th o d . T h e  w aste  h e a t of th e  o x id a­
tio n  rea c tio n  sh o u ld  be em p loyed  since th e  gaseous 
p ro d u c ts  h av e  to  be cooled p rio r to  th e ir  ab so rp tio n .

(d) T h e  ph y sica l in s ta b il ity  of th e  gauze is r e ­
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d u ced  to  a  m in im um  b y  th e  use of p re h e a te d  m ix tu res. 
T h e  su d d en  vo lum e expansion  changes caused  by  an  
excessive in s ta n ta n e o u s  te m p e ra tu re  rise are p rev en ted  
b y  th e  use of p re h e a te d  m ix tu res. T h e  c a ta ly s t 
ho ld e r design shou ld  be so m ade as to  deliver th e  gases 
to  th e  c a ta ly s t a t  as n ea rly  th e  c a ta ly s t te m p e ra tu re  
as possible.

(e) T h e ex ten d in g  of th e  c a ta ly s t ho lder p roper 
to  a  decided  d is tan ce  w ith in  th e  nonco n d u c tin g  
c h a m b e r  m akes i t  possib le to  u tilize  th e  m ax im um  
ra d ia tio n  a n d  co n d u c tio n  effects. T h is  design applies 
t o  fla t as well as cy lindrica l gauze in s ta lla tio n s .

X I I— A fo rm  of com m ercial c a ta ly s t has  been  de­
sc ribed  w hich will oxidize a t  le a s t 100 lbs. of NH3 
p e r  d a y  per ounce of 0 .0026-in. d ia m e te r  w ire an d  80- 
m esh p la tin u m  gauze a t  95 to  96 p e r  ce n t conversion 
to  NO. I t  is p ro b ab le  th a t  th e  c a p ac ity  is even 
g rea te r  th a n  th ese  figures.

X I I I — T h e influence of such poisons as n ap h th a le n e , 
so lub le  ta r ,  pho sp h in e , e tc ., h av e  been  s tu d ied . T he 
ac tio n  of th e  ab o v e -m en tio n ed  po isons can  be m in i­
m ized  b y  th e  use of h igh  oxygen co n c en tra tio n s  w ith  
s im u ltan eo u s h igh  gas a n d  c a ta ly s t te m p e ra tu re s  an d  
m in im um  tim es  of c a ta ly s t c o n tac t. T h e  poisoning 
b y  p h o sp h in e  is of q u ite  a d ifferen t c h a ra c te r  th a n  
t h a t  of n ap h th a le n e . I t  ap p ears  t h a t  th e  one form s 
defin ite  p la tin u m  com pounds, w hile th e  o th e r  depletes 
th e  oxygen  co n c en tra tio n . W hen using o rd in a ry  air 
as th e  source of oxygen i t  is accord ing ly  essen tial 
t o  em p loy  low  am m o n ia  c o n c en tra tio n s  w ith  air 
m ix tu res .

X IV — T h e follow ing fac ts  h av e  been  considered  in  
re fe ren ce  to  th e  co m p ara tiv e  es tim a te s  of th e  various 
fa c to rs :

C ost of electrical energy at $0.004/k. w. h. per
lb. HNOa (100 per cen t)......................................... $0.00071

Cost of platinum loss by dusting of sprouts at
$115.00 per oz. HNOa (100 per cen t).............. $0.00031

Cost of 1 per cent drop in efficiency for NHa at 
$0.10 per lb. HNOa (100 per cen t).....................  $0.0003

A verage co m p le te  n itr ic  ac id  charges for a whole 
■oxidation p la n t:

Power, steam , etc., per lb. HNO« (100 per cent) $0.0013
Operating labor, per lb. HNOi (100 per c e n t ) . . .  $0.0011
Repairs, labor, per lb. HNOi (100 per cen t)  $0.00036

X V— T h a t  ty p e  of ap p lian ce  w hich m eets w ith  th e  
g re a te s t success com m ercially  is th e  one w hich is 
m ost n ea rly  a u to m a tic  a n d  foolproof. If  a  given 
ty p e  of co n v e rte r, w ith  or w ith o u t a m u lti-layer 
gauze, a n d  w ith o u t a su ita b le  h e a t exchanger, is 
su scep tib le  to  poisons, v a ria tio n s  in  o p era tio n , etc., 
i t  is d es tin ed  to  be su rpassed . T h e  w ork  a t  th e  
U. S. N itra te  P la n t  N o. i  h a s  been co n d u c te d  in  an  
■effort to  m eet th e  com m ercial cond itions. T he 
e n th u sia sm  a n d  h a rd  w ork  of all th e  m en associa ted  
w ith  th e  p ro je c t has g rea tly  a ided  in  th e  excellent 
resu lts  t h a t  w ere o b ta in ed .

X V I— T h e  m ost essen tia l fac to rs  in v o lv ed  in  th e  
choice of a com m ercial c a ta ly s t fo r use in  th e  ox ida­
t io n  of am m o n ia  a re :

(1) H igh te m p e ra tu re  of th e  in ta k e  gas phase .
( 2) H igh  c a ta ly s t te m p e ra tu re .

(3) H igh  oxygen co n cen tra tio n .
(4 ) C on tro lled  co n ta c t tim e  w ith  ca ta ly s t.
T hese a re  all in te rd e p e n d e n t. I t  is also d es irab le

to  h ave :
( 5) M ax im um  ox ida tion  w ith  m in im um  w eigh t of 

p la tin u m .
(6) U tiliza tio n  of th e  h e a t of reac tion .
( 7) M in im um  c a ta ly s t free space w ith  m ax im um  

c a ta ly s t su rface  p e r u n it  w eight.
(8) E lim in a tio n  of su d d e n  expansion  effects from  

a b ru p t excessive te m p e ra tu re  changes from  gas to  
ca ta ly s t.
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IN T R O D U C T IO N  

T h e follow ing d irec tio n s for o b ta in in g  th e  sa p o n i­
fication  v a lue  of an  oil a re  ta k e n  fro m  “ T h e V olatile 
O ils” b y  G ildem eister a n d  H offm ann , second  ed itio n , 
tra n s la te d  b y  K rem ers, Vol. i ,  p . 5 7 2 : “ T h e  sap o n i­
fica tion  is co n d u c te d  in  a  w ide-necked  flask of p o ta sh  
glass of 100 cc. c a p ac ity . A glass tu b e  a b o u t 1 m. 
in  len g th  an d  passing  th ro u g h  a  s to p p e r  serves as a 
reflux co n d en se r.” As th is  book  is pu b lish ed  u n d er 
th e  ausp ices of one of th e  la rge  m a n u fa c tu re rs  of 
essen tia l oils, i t  m ay  be ta k e n  t h a t  th is  d escrip tio n  
rep resen ts  th e  u su a l p ra c tic e  in  th e  d e te rm in a tio n  
of sapon ifica tion  n u m b e rs  an d  e s te r  values. As th e  
es te r is f re q u e n tly  th e  v a lu ab le  c o n s titu e n t in  a n  es­
sen tia l oil, th e  sap o n ifica tio n  n u m b e r or e s te r value  
is a  m a tte r  of im p o rtan ce . I t  shou ld  be fu r th e r  n o te d  
th a t  in  a c tu a l p rac tice  a  tu b e  less th a n  x m . long  is 
fre q u e n tly  used  as a n  a ir  condenser.

R edfie ld 2 h as  m ade a  s tu d y  of th e  effect of 
th e  use of v a rio u s  fo rm s of condensers in  th e  assay  of 
p ep p e rm in t oil. H e says, “ One possib le source  of 
e rro r t h a t  seem s to  h av e  received  no a t te n t io n  is th e  
low efficiency of th e  reflux condenser t h a t  is em ployed . 
A ny oil lo st th ro u g h  in co m p le te  co n d en sa tio n  w ould, 
obviously , cause low  re su lts .” H e used  th re e  d iffe ren t 
condensers a n d  six d iffe ren t p e p p e rm in t oils a n d  o b ­
ta in e d  s tr ik in g  resu lts . U sing a sam p le  co n ta in in g  
8.01 p er ce n t of es te r, th e  p o o rest co ndenser gave 
0.33 p e r ce n t low w ith  a m ax im u m  v a r ia tio n  from  0.20 
p er cen t to  0.40 per cen t. T h is  0.33 p e r ce n t is an  
e rro r of 4.20 p e r ce n t on  th e  to ta l  of 8.01  p e r  cen t. 
U sing th e  a c e ty la te d  oil, in  w hich th e  e s te r  a m o u n te d  
to  65.08 p er cen t, th e  p o o rest condenser g av e  re su lts  
av erag in g  4.87 p e r ce n t low , v a ry in g  fro m  3.54  p er 
ce n t to  6.92 p e r  ce n t in  in d iv id u a l ana lyses. T h is 
la s t re su lt w ith  i ts  v a r ia tio n  of 6.92 p e r  ce n t low show s 
an  e rro r  of 10.6 p e r  ce n t figured on th e  a m o u n t p resen t. 
R edfield  does n o t go in to  th e  reasons fo r th is  g re a t 
loss fu r th e r  th a n  th e  s ta te m e n t ab o v e  q u o te d , b u t

1 The experimental work except the preparation of some of the samples 
of esters was carried out at Tarkio College by A. M . Pardee.

* T h i s  J o u r n a l , 6 (1 9 1 4 ) ,  4 0 1 .
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his resu lts  are im p o r ta n t. M en th o l com m ands a 
h igh  price, a n d  p ep p e rm in t oil is v a lu ab le  on acco u n t of 
i ts  m en th o l co n ten t. T herefo re  an  e rro r  of 10 per 
ce n t in  th e  e s tim a tio n  of th is  c o n s titu e n t is serious. 
T h e  poo rest condenser th a t  R edfield  used  is p ro b ab ly  
as good as th o se  fre q u e n tly  em ployed . R ed fie ld ’s 
w ork  has an  im p o r ta n t  bearin g  on th e  e s tim a tio n  of 
es te rs  in  general, w hich  is a sc ientific p ro b lem  as well 
as a  p rac tica l one.

As R edfield  says, “ A ny oil lo s t th ro u g h  incom ple te  
condensa tion  w ould , obv iously , cause low  re su lts .” 
I n  th e  oil w ith  w hich  R edfield  w orked  th e  e s te r p re se n t 
w as m e n th y l a c e ta te , w hich  boils a t  222 .4 0 accord ing  
to  O ppenhe im ,1 or 2 2 7 .8 o, accord ing  to  K ish n e r .2 
I t  does n o t seem  p ro b ab le  th a t  a n y  ap p rec iab le  am o u n t 
of a  su b stan ce  of such a  h igh  boiling  p o in t, c e r ta in ly  
n o t s p e r  c e n t o r 10 p e r ce n t of it ,  w ould  be like ly  to  
escape th ro u g h  even  a poo r condenser. Som e o th e r  
ex p lan a tio n  m u st be so u g h t. I t  h a s  been  show n b y  
B e rto n i ,3 S a lo m an ,4 K ossel an d  K ru g e r , 5 H en riq u e s ,6 
B acon ,7 K re m a n ,8 S u d b o ro u g h ,9 B ru n i a n d  C on- 
ta r d i , 10 H a lle r ,11 B e rth e lo t , 12 K o m n en o s , 13 P fa n n l , 14 
R e id ,15 M a d in a v e itia , 10 K o lh a tk a r ,17 Q ua a n d  M c­
L a re n ,18 W ren  an d  S till , 19 W ilcox an d  B ru n e i ,20 an d  
o th e rs , th a t  w hen  an  e s te r d erived  from  one alcohol is
d isso lved  in  a n o th e r  alcohol, th e  second  alcohol re ­
places th e  firs t in  p a r t ,  th e  rea c tio n  com ing to  eq u ilib ­
riu m  w hen  ce rta in  co n c en tra tio n s  a re  reach ed . B er­
to n i fo u n d  th is  rea c tio n  to  be ex trem ely  ra p id  w ith  
n itr ite s , b u t  w ith  o rd in a ry  es te rs , in  th e  absence of 
c a ta ly s ts , i t  is ex trem ely  slow, p ro b a b ly  as slow as th e  
es te rifica tion  of an  alcohol b y  an  o rgan ic  acid , b u t  
like es te rifica tion  i t  is eno rm ously  acce le ra ted  b y  
re la tiv e ly  sm all am o u n ts  of s tro n g  acids. R e id 21 
has show n th a t  sod ium  a lcoho la tes a re  som e
4,000 tim es  m ore effective th a n  an  eq u iv ­
a len t a m o u n t of hyd ro ch lo ric  acid . In  a  ro u g h ly  
q u a n t i ta t iv e  ex p e rim en t he fo u n d  th a t  m e th y l b e n ­
zoa te  is tra n sfo rm e d  in  e th y l alcohol so lu tio n  b y  one 
p er ce n t of its  e q u iv a le n t of sod ium  e th y la te  a t  th e  
ra te  of 3 p e r ce n t p er m in u te  a t  2 5 °. A nderson  an d  
P ie rce22 find fo r th e  sam e te m p e ra tu re  th a t  m e th y l 
b en zo a te  is 25 p e r  ce n t sapon ified  in  90 p e r  ce n t e th y l 
alcohol in  108 m in . b y  m  p e r  c e n t of i ts  e q u iv a le n t 
of sod ium  a lcoho la te . As th e  alcohol c o n ta in e d  10 
p e r ce n t of w a te r  in  th is  case th e  velocities a re  n o t

I A n n .,  120 (1861), 351.
* J .  Russ. Soc., 27, 480.
* Cazz. Ual., 12 ( 1 8 8 2 ) ,  4 3 5 .
* Ber., 8  ( 1 8 7 5 ) ,  15 09.
» J . prakt. Chem., [2]  3 9  ( 1 8 8 9 ) ,  157 .
“ Z.  angew. Chem., 1898, 3 3 8 .
» A m . Chem. J .,  3 3  ( 1 9 0 5 ) ,  79 .
» i lo n a tsh ., 26 ( 1 9 0 5 ) ,  7 8 3 ;  27 ( 1 9 0 6 ) ,  4 1 0 ;  29 (1 9 0 8 ) ,  23 .
» Proc. Chem. Soc., 21, 8 7 ;  Centbl., 1 (1 9 0 5 ) ,  1234.

1,1 Cass. Hat., 36 ( 1 9 0 6 ) ,  3 56 .
“  Compt. rend., 1 4 3  ( 1 9 0 7 ) ,  6 57 .
1» Ibid., 143 (1 9 0 7 ) ,  7 17 .
*» M analsh., 31 (1 9 1 0 ) ,  6 8 7 ;  32 (1 9 1 1 ) ,  77 .

Ibid., 3 1  ( 1 9 1 0 ) ,  3 0 1 .
»  A m . Chem. J .,  45 ( 1 9 1 1 ) ,  4 79 .
15 / I n n .  soc. espafl. fis. quim ., 12  ( 1 9 1 4 ) ,  4 2 6 ;  Chem. Abs., 9 ,^ 2 6 4 3 .
II J .  Ind ian  In st. Sci., 1 (1 9 1 5 ) ,  1 0 7 ;  Chem. Abs., 9, 2 7 6 2 .
11 T h i s  J o u r n a l , 3 8  ( 1 9 1 6 ) ,  19 05.
>* Ibid., 3 8  ( 1 9 1 6 ) ,  182 1.
20 J .  Chem. Soc., I l l  ( 1 9 1 7 ) ,  1019 .
21 A m . Chem. J .,  45 ( 1 9 1 1 ) ,  5 06 .
21 J . Phys. Chem., 2 2  ( 1 9 1 8 ) ,  44 .

s tr ic tly  com parab le , b u t  i t  ap p e a rs  t h a t  th e  t r a n s ­
fo rm a tio n  of m e th y l b en z o a te  in to  e th y l b e n z o a te  is 
som e 1500  tim es as ra p id  as is its  sapon ifica tion . 
W hile th e  sap o n ifica tio n  is half co m p le te  in  4 h rs ., 
th e  alcoholysis is p ro b a b ly  n e a rly  com ple te  in  sev era l 
m in u tes . A nderson  an d  P ierce  find  th e  sap o n ifica tio n  
of a c e ta te s  to  be six or seven  tim es  as ra p id  as th a t  of 
th e  ben zo ates  a n d  we m a y  assum e th a t ,  co rre sp o n d ­
ing ly , th e  alcoholysis of a c e ta te s  is co n s id erab ly  m ore 
ra p id  th a n  th a t  of b en zo ates .

H en riq u e s1 m a n y  years ago conc luded  t h a t  in  th e  
sapon ifica tion  of g lycerides, e tc ., b y  alcoholic p o ta sh  
th e  tra n s fo rm a tio n  of th e  g lyceride  in to  th e  e th y l 
e s te r is th e  firs t rea c tio n , w hich  is follow ed b y  th e  
sap o n ifica tio n  of th e  e th y l es te r. T h e  re su lts  of 
A nderson  an d  P ie rce 2 b e a u tifu lly  confirm  th is  co n ­
clusion. T h ey  find  th a t  m e th y l, e th y l, n o rm a l p ro p y l, 
iso b u ty l, isoam yl, a n d  b enzy l a c e ta te s  a re  saponified  
a t  ex a c tly  th e  sam e r a te  in  m e th y l alcohol. As all 
of th ese  es te rs  m u st h ave ' been  tra n s fo rm e d  in to  
m e th y l a c e ta te  a lm o st com plete ly , w ith in  a few  seconds, 
in  th e  la rge  excess of m e th y l alcohol used  as so lv en t, 
th e y  w ere a c tu a lly  m easu rin g  th e  ra te  of sapon ifi­
ca tio n  of m e th y l a c e ta te  in  each  case a n d  sh o u ld  have 
o b ta in e d  th e  sam e ve lo c ity  as th e y  d id . T h e y  o b ­
ta in e d  ex ac tly  sim ila r re su lts  w ith  th e se  es te rs  in  
e th y l a n d  also in  am y l a lcohol; also w ith  m e th y l a n d  
e th y l benzoates. W ith  p h e n y l a c e ta te , w hich  is an  
e s te r of a  d iffe ren t class, d iffe ren t re su lts  w ere o b ­
ta in e d . O n th e  o th e r  h a n d  th e y  find v e ry  d iffe ren t 
ra te s  of sapon ifica tion  w ith  m e th y l, e th y l, an d  p ro p y l 
a c e ta te s , 0 . 1 1 3 6 , 0 .0639 , a n d ° - ° 4 3 5 , re sp ec tiv e ly , 
in  w a te r so lu tion .

R e tu rn in g  to  th e  u su a l m e th o d  of q u a n t i ta t iv e  
sap o n ifica tio n  of e th e rea l oils in  w hich  0.2 g. of, say , 
m e n th y l a c e ta te  is ad d e d  to  10  cc. alcoholic  p o ta sh , 
th e re  a re  150  tim es as m a n y  m olecules of e th y l alcohol 
p re se n t as of th e  m e n th y l a c e ta te  a n d  we m a y  expect 
i ts  tra n s fo rm a tio n  in to  e th y l a c e ta te  to  be p ra c tic a lly  
com ple te  w ith in  a  few  seconds. N ow  we h a v e  an  
e n tire ly  d iffe ren t p ro b lem ; we h av e  to  p ro v id e  such  a 
condensing  a rra n g e m e n t as will p re v e n t th e  escape of 
e th y l a c e ta te . As th is  e s te r boils a t  7 7 .4 ° a n d  h as  a 
m olecu lar w eigh t of on ly  88 , w e can  see t h a t  th e re  
w ould  be dan g er of loss b y  i ts  escape un less an  effi­
c ien t condenser is used.

A sim ple q u a lita tiv e  ex p e rim en t, w hich  is rea d ily  
tr ie d  an d  w hich will conv ince an y o n e  of e s te r t r a n s ­
fo rm a tio n , is to  a d d  a  few  drops of odorless tr i-a c e tin , 
b . p . 258 o, to  10 cc. of 2 N  alcoholic p o ta sh  or so d a  in  
a  d ish . A s tro n g  odor of e th y l a c e ta te  is a t  once 
a p p a re n t.

I t  m ay  seem  re m a rk a b le  th a t  m ore d ifficu lty  has 
n o t been  en c o u n te re d  w ith  sap o n ifica tio n  w ork. 
In  th e  case of lin a ly l a c e ta te , te rp in y l a c e ta te , an d  
a c e ta te s  of o th e r  te r t ia ry  alcohols, th is  tra n s fo rm a tio n  
does n o t seem  to  ta k e  p lace  w ith  a n y th in g  like such  
ra p id ity . In  m a n y  oils th e  ac id  is som e o th e r  th a n  
ace tic  an d  th e  e th y l es te rs  of such  ac ids do n o t boil 
a t  su ch  low  te m p e ra tu re s  as e th y l a c e ta te  a n d  con-

* Z . angew. Chem., 1898, 344.
* J .  Phys. Chem., 22 (1918), 55.
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se q u e n tly  a re  n o t so liab le  to  escape th ro u g h  th e  
condenser. T h u s  th e  m e th y l sa licy la te  o r oil of w in ter- 
green  w ould , b y  such  tra n s fo rm a tio n , give e th y l
sa lic y la te  w hich is even  less v o la tile  th a n  th e  o rig ina l
e s te r an d  w ould  be in  no dan g er of escaping.

R u p p  a n d  L e h m a n n 1 recom m end  th e  use of glass- 
s to p p e re d  flasks in  sapon ifica tion  in s te a d  of flasks w ith  
reflux condensers.

W in k le r2 h as  ad v ised  th e  use of p ro p y l alcohol in ­
s te a d  of e th y l alcohol in  sap o n ifica tio n  w ork. H e
n o te s  th a t  i t  is a  b e t te r  so lv e n t fo r fa ts  th a n  e th y l
alcohol an d  h as  a  h ig h e r bo iling  p o in t so t h a t  no 
reflux condenser is req u ired . H e w orked  o n ly  w ith  
fa ts  a n d  w axes. H a d  he used  ace tic  es ters  he m ig h t 
h av e  o b ta in e d  h igher values on ac co u n t of th e  less 
v o la tili ty  of p ro p y l es te rs  as co m p ared  w ith  e th y l.

T o te s t  th is  p o in t tw o  esters  w ere chosen, benzy l 
a c e ta te  bo iling  a t  206 o, an d  m e th y l b en zo a te  boiling 
a t  19 8 .6 o. I f  th e  low re su lts  w ith  poo r co n d en sa tio n  
are  due to  a  loss of th e  orig inal es ter, th e re  shou ld  be 
n ea rly  th e  sam e loss w ith  th e se  tw o  esters, since th e ir  
v o la tili ty  is n ea rly  th e  sam e; b u t if, b y  e s te r t r a n s ­
position , th e  one g ives e th y l a c e ta te , g re a tly  increasing  
th e  v o la tili ty , w hile th e  o th e r  y ie ld s e th y l ben zo ate , 
dec reas ing  th e  v o la til i ty  som ew hat, th e  a c e ta te  only  
sh o u ld  show  loss w ith  poo r condensers. T h e  experi­
m e n ts  ju s tified  th is  ex p ecta tio n .

If  in s tea d  of e th y l alcohol we use m e th y l alcohol 
as  th e  m ed ium , fa r  g re a te r  losses a re  to  be expected  
w ith  th e  benzy l a c e ta te , since m e th y l a c e ta te  boils a t  
5 4 0 a n d  w ould , if fo rm ed , escape rap id ly , w hile th e re  
w ould  be no  change  in  th e  v o la tili ty  of th e  m e th y l 
ben zo a te . W ith  alcohols of h ig h e r m olecu lar w eight, 
less v o la tile  es te rs  will be fo rm ed  b y  alcoholysis an d  
th e  losses shou ld  be s till less. A ccord ingly  co m p ara ­
tiv e  ru n s  w ere m ade  w ith  iso b u ty l, n o rm al b u ty l, 
a n d  isoam yl alcohols. E x p e rim e n ts  w ere m ade also 
w ith  benzy l fo rm a te , b. p. 202 °, since m e th y l fo rm a te , 
b. p. 3 2 0, is s till m ore v o la tile  th a n  th e  ac e ta te .

A P P A R A T U S A ND M ATERIALS

T h e  a p p a ra tu s  fo r sap o n ifica tio n  w as as sim ple as 
possib le, d u p lic a tin g  th e  descrip tio n  q u o te d  as s ta n d a rd . 
R esistance-g lass flasks, ro u n d  b o tto m , 100 cc. ca ­
p a c ity , w ith  18 m m . ring  neck , w ere co n n ected  by 
corks to  pieces of th in -w alled  g lass tu b in g , 12 m m . 
in d ia m e te r  a n d  a m e te r  in  le n g th , w hich served  as 
reflux condcnsers. F iv e  such  flasks used in  each  
series w ere f itte d  in to  87 m m . openings on th e  cover of 
a  la rge  w a te r  b a th .  All could  be ra ised  an d  low ered 
s im u lta n eo u sly , th u s  m ak in g  th e  h e a tin g  un iform .

T h e  alcohols used , m e th y l, e th y l, iso b u ty l, no rm al 
b u ty l, an d  isoam yl, w ere of com m ercial p u r ity . E ac h  
w as t r e a te d  w ith  p o ta ss iu m  hyd ro x id e  fo r 24 h rs. an d  
d istilled  before use. T h e  firs t tw o  of th e se  alcohols 
th u s  purified  co n ta in e d  5 p e r  ce n t w a te r, w hich was 
necessary  fo r  th e  sapon ifica tion . Sufficient w a te r 
w as ad d ed  to  th e  o th e r  a lcoho la te  so lu tions a t  
th e  tim e  of sap o n ifica tio n  to  in su re  com plete  rea c tio n  
be tw een  th e  alcoholic a lk a li so lu tio n  an d  th e  ester.

» Apoth.-Ztg., 24, 972; Chem. Abs., 4 (1910), 1910.
1 2 . angew. Chem., 24 (1911), 636.
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T h e  s ta n d a rd  alcoholic a lka li so lu tions w ere p re ­
p a re d  by  ad d in g  sufficient so d iu m  m e ta l to  th e  v ario u s 
alcohols to  m ake ap p ro x im a te ly  N / s  s tre n g th . 
T hese so lu tio n s  w ere allow ed to  s ta n d  24 hrs. before 
s ta n d a rd iz in g  ag a in s t N / 10 hyd ro ch lo ric  acid , w hich 
w as in  tu r n  s ta n d a rd iz e d  by  th e  silver ch loride g rav i­
m e tric  m e th o d . T h e  sam e 10 cc. p ip e tte  w as used fo r 
m easu ring  o u t th e  a lco h o la te s ' for s ta n d a rd iz a tio n  
an d  fo r th e  sapon ifica tions.

Of th e  es te rs  used  som e of th e  sam ples w ere good 
com m ercial p ro d u c ts  an d  som e w ere p re p a re d  b y  th e  
u su a l m eth o d s. O nly  th e  fo rm a te  calls fo r specia l 
a t te n tio n .

One sam ple  of benzy l fo rm a te , H , w as m ade ac­
cord ing  to  th e  m e th o d  of B e h a i ,1 ex cep t th a t  as a n h y ­
drous fo rm ic ac id  w as n o t a t  h a n d , a  90 p e r ce n t ac id  
w as used  w ith  a co rrespond ing  excess of acetic  an h y d rid e . 
On acco u n t of th e  nearness of th e  bo iling  p o in ts  of 
benzy l fo rm a te , 203 °, an d  benzy l alcohol, 206 o, f ra c ­
tio n a tio n  is of li t t le  use fo r p u rifica tion . T h e  m ain  
fra c tio n  of th e  p ro d u c t, bo iling  b e tw een  1 9 9 0 an d  202o, 
was used w ith o u t fu r th e r  p u rifica tion . F ro m  th e  
ana ly sis  below  i t  ap p e a rs  t h a t  i t  c o n ta in e d  a b o u t 
87 p e r ce n t es te r.

T h e  o th e r  sam p le , I , w as m ade  b y  e s te r t r a n s ­
position , an d  as th is  rea c tio n  has been  b u t li t t le  s tu d ie d  
w ith  fo rm a te s , th is  ex p e rim en t is of som e in te re s t. 
In  40 g. benzy l alcohol, 0.15  g. so d iu m  w as d isso lved  
an d  50 g. m e th y l fo rm a te  ad d ed . A considerab le  
p re c ip ita te  w as fo rm ed . T h e  m ix tu re  s to o d  fo r th re e  
d ay s a t  room  te m p e ra tu re .

W a te r  w as ad d ed , th e  oil w ashed  fo u r tim es  w ith  
w ate r, d ried , a n d  d istilled , 29 g. of i t  passing  over 
betw een  197 0 an d  200°, leav in g  2 g. of residue . A n a l­
ysis show ed a b o u t 52 p e r ce n t e s te r in  th e  p ro d u c t,  
p ro v in g  th a t  th e  rea c tio n  h a d  ta k e n  p lace as expected .

PR O C E D U R E

S am ples of th e  es te rs , 0.2 to  0.3 g., w ere w eighed 
in to  th e  flasks, a n d  10 cc. of th e  a lco h o la te  ad d e d  to  
each . T h e  flasks w ere p u t  on th e  s te a m  b a th  for 
ex ac tly  1 h r., a f te r  w hich  50 cc. of ca rb o n  dioxide- 
free w a te r w ere ad d ed  to  each  an d  th e  excess of a lk a li 
t i t r a te d ,  using  p h en o lp h th a le in  as in d ic a to r. C are 
w as ta k e n  th ro u g h o u t th e  w ork  to  m ake  th e  re su lts  
com parab le .

R E SU LT S

T h e re su lts  are g iven  in  T ab les I to  V, inc lu sive , all of 
one ru n  being  in  a  single line, th e  av e rag e  of th e  ru n  
being  in  th e  la s t  co lum n. T h e  averages w ere ta k e n  
before d iscard in g  th e  second  dec im als of th e  in d iv id u a l 
resu lts . T h e  re su lts  in  a  sing le ru n  are  m ore s tr ic t ly  
co m p arab le  th a n  th o se  fro m  d iffe ren t ru n s  w hich  
w ere m ade  a t  d iffe ren t tim es  a n d  w ith  d iffe ren t s ta n d a rd  
a lcoho la te  so lu tions.

D IS C U SSIO N  OP R E SU LT S

T h e  re su lts  w ith  iso b u ty l alcohol are h igh  a n d  u n ­
reliab le . T h e  en d -p o in ts  in  th e  t i t r a t io n s  of i ts  so lu ­
tio n s  w ere difficult to  o b ta in  a n d  th e  iso b u ty l a lco ­
holic a lk a li ch an g ed  s tre n g th  from  day  to  d ay . T h e

» A n n . ckim. phys., [71 20 (1900), 421.
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isoam yl so lu tio n  d id  n o t t i t r a te  well an d  sapon ifica tion  
w as in  som e cases e v id en tly  incom ple te . T h e  resu lts  
w ith  these  tw o  alcohols m ay  be le ft o u t of th e  d is­
cussion.

T able I— M btiiyl B enzoate— Sample A, 98.51 P er cent; S ample B, 
99.25 P er cent

N o. Sample ----------Per  cent E ster F ound— A verage

M ethyl Alcohol S olution
1 A 94 .7 97 .0 9 4 .4 93 .7 9 4 .2 94 .80
2 B 9 5 .6 96 .2 9 6 .0 9 5 .6 95.1 95 .68
3 B 95 .5 94 .7 9 6 .6 95 .3 95 .3 95 .48
4 B 95 .5 9 5 .8 9 5 .8 95 .3 95.63
5 B 98 .8 97 .8 9 6 .0 9 7 .6 97 .3 97 .58

E thyl, Alcohol S olution
6 A 99 .3 98 .7 9 8 .2 98 .3 98 .64
7 A 97.7 98 .5 98 .3 9 7 .9 98 .10
8 A 98 .2 98 .2 98.7 9 7 .9 9 8 .9 98 .38
9 B 99.1 98 .4 98.7 99 .0 99 .5 98 .93

10 B 99.5 9 8 .8 99 .5 100.2 99 .9 99 .80
11 B 99 .5 99 .3 99 .7 99 .3 99 .5 99 .45
12 B 99 .6 9 8 .8 98 .3 9 9 .2 98 .96
13 B 99 .4 98 .7 98 .9 9 9 .0 98 ! 9 99 .00

I sobutyl Alcohol S olution
14 B 100.6 102.0 100.2 100.9
15 B 100.6 102.1 102.4 ióó!i 101.3
16 B 99 .8 100.8 10 1.2 101.3 100.6
17 A

N ormal B utyl Alcohol S olution
17 A 99 .3 98 .3 99 .0 98.91
18 B 98.5 98 .9 99 .3 íóó! 4 99 .38
19 B 98 .7 9 9 .3 9 9 .4 99 .8 99 .30

I soamyl Alcohol Solution
20 B 96.1 9 5 .4 9 5 .4 9 8 .8 9 3 .3 95 .79

C onsidering  T ab le  I , we find  th e  av e rag e  re su lt in 
m e th y l alcohol so lu tio n  to  be 3.27  p e r  ce n t low , th e  
h ig h est figure being  on ly  0.41 per ce n t low . T h e  
v igorous bo iling  of th e  m e th y l alcohol m a y  h av e  
d riv en  o u t som e of th e  m e th y l b en zo a te  v ap o r, o r th e  
sap o n ifica tio n  m ay  h av e  been  incom ple te , since A n­
derson  a n d  P ierce  fo u n d  sapon ifica tion  in  m e th y l 
alcohol seven  tim es as slow  as in  e th y l alcohol.

In  e th y l alcohol so lu tio n  th e  av erag e  v a r ia tio n  
fro m  th e  accep ted  va lues is 0.39 p er cen t, th e  average 
d ivergence of a single d e te rm in a tio n  fro m  th e  m ean  
of i ts  ow n series is 0.26 p e r cen t. C o m p arin g  th e  
av erag e  re su lts  on S am ple B in  e th y l alcohol, 99.25 
p er cen t, w ith  99.34  p e r ce n t fo u n d  in  n o rm a l b u ty l 
alcohol, we find  t h a t  th e re  h as  been  no  ap p rec iab le  
loss of es te r. E x ce llen t re su lts  w ere o b ta in e d  in  b o th  
e th y l a n d  n o rm al b u ty l  alcohols.

T a b l e I I — B e n z y l , A c e t a t e — S a m p le s  C, D , a n d E ,  99.58 P e r  c e n t

N o. S a m p l e - P e r  c e n t  E s t e r  F o u n d ------ » A v e r a g e

M e t h y l  A l c o h o l  S o l u t io n

21 C 25 .4 2 6 .4 22 .1 24 .9 26 .9 25.1
22 C 19.3 2 1 .2 20.2 2 1 .2 2 2 .4 20 .9
23 C 14.6 27 .0 15.7 18.1 18.7 18.8
24 C* 71.8 61.1 6 5 .6 62 .5 61 .2 64 .4
25 D 51.3 52 .2 48 .7 4 9 .6 48 .5 50.1
26 D 27 .4 2 6 .6 3 3 .0 3 0 .7 27 .7 29.1
27 E 30 .0 22.0 25 .6 29 .8 27. 1 26.7
28 E 15.4 28 .3 38 .10 49 .9 2 1 . 6 3 0 .6

E t h y l  A l c o h o l  S o l u t io n

29 C 92 .5 93 .3 93 .3 9 3 .4 9 4 .2 93 .33
30 C 91 .5 92.1 9 2 .0 92.1 9 2 .7 92 .08
31 C 90 .3 90 .3 9 0 .4 9 1 .6 90.65
32 C 90 .6 93.1 9 2 .0 9 3 .2 92 .22
33 C 91 .6 9 0 .0 91 .2 90.1 9ó :¿ 90 .99
34 D 9 5 .0 9 3 .6 93 .5 94.1 94 .5 94 .13
35 D 94 .8 9 5 . 1 9 6 .8 96.1 9 5 .0 95 .23
36 E 97 .6 97 .3 97 .7 9 7 .8 98 .3 97.71
37 E 98 .2 9 7 .4 97 .3 98 .5 9 9 .4 97.87

I s o b u t y l  A l c o h o l  S o l u t io n
38 E 101 .6 101.2 101.2 102.3 101 .2 101.48
39 E 98 .8 101.5 100.6 100.7 100.6

N o r m a l B u t y l  A l c o h o l S o l u t io n
40 E 99 .3 99.1 99.1 9 9 .4 99 .5 99 .30
41 E 99.5 100.4 9 9 .2 100.0 100.3 99 .86

I s o a m y l  A l c o h o l  S o l u t io n
42 C 89 .9 9 0 .2 89 .6 86.0 8 9 .8 89 .86
43 C 89 .4 9 0 .0 89.5 9 0 .2 90 .5 89.91
44 D 9 2 .6 93.1 85.1 78 .9 9 1 .4 87.14
45 D 87.1 87 .7 91 .7 92 .3 93.1 92.37

1 W ater-cooled coil condenser.

T able I I I — E thyl Benzoate

N o.

46

.-----------P e r  c e n t  E s t e r  F o u n d —
M e t h y l  A l c o h o l  S o l u t i o n  
98.1  9 8 .3  9 9 .2  99.1

A v e r a g e

98 .70
47 98 .8  9 7 .9  9 8 .5  9 8 .0 98.32

48
E t h y l  A l c o h o l  S o l u t i o n  
9 9 .0  98 .1  9 8 .9  98 .8 9 9 .5 98 .88

r 49
N o r m a l  B u t y l  A l c o h o l  S o l u t i o n  

99.1  9 9 .6  9 9 .3  9 9 .6  99 .7 99.48-
£ 5 0 9 9 .6  9 8 .8  9 8 .9  9 8 .4 97 .5 9 8 .6 4

51
I s o b u t y l  A l c o h o l  S o l u t i o n  
9 8 .9  9 9 .5  9 9 .7  9 9 .6 100.8 99.69'

52 9 7 .8  9 8 .7  9 7 .9  9 8 .8 98.31

N o.

53

T a b l e  I V — B e n z o y l  B e n z o a t e

,-------------P e r  c e n t  E s t e r  F o u n d —
M e t h y l  A l c o h o l  S o l u t i o n  
9 8 .7  9 8 .4  99 .1  9 8 .6 9 8 .6

A v e r a g e

97 .72

54
E t h y l  A l c o h o l  S o l u t i o n  
9 7 .9  9 8 .2  9 8 .2  98 .7 9 8 .0 98 .19

55
N o r m a l  B u t y l  A l c o h o l  S o l u t i o n  

98.1  9 7 .8  9 8 .5  9 7 .8  98 .5 98 .14
56 9 8 .8  9 8 .3  9 7 .4  98 .5 9 8 .9 98 .40

57
I s o b u t y l  A l c o h o l  S o l u t i o n  

9 8 .9  99.1 9 8 .8  9 9 .2 99.1 99.01

T u rn in g  to  T ab le  I I  we find  ju s t  w h a t w a se x p e c te d . 
T h e  re su lts  in  m e th y l alcohol so lu tio n  ex cep t th o se  
of R u n s  24 a n d  25 are  ex tre m ely  low , av e rag in g  on ly  
25 p e r  ce n t of th e  e s te r p resen t. T h ey  are also very  
irre g u la r, v a ry in g  all th e  w ay  fro m  15.4  p e r  ce n t to- 
49.9 p er ce n t in  a h a p h a z a rd  fash ion . N o ex p la n a ­
tio n  can  be g iven  for th e  c o m p a ra tiv e ly  h igh  re su lts  
in  R u n  25 . i t  is possib le th a t  sap o n ifica tio n  h a d  
la rg e ly  ta k e n  p lace before th e  h e a tin g  began . I n  
R u n  24 , w ater-coo led  coil condensers w ere used  a n d  
even  h ere  th e  figures o b ta in e d  are on ly  tw o - th ird s  of 
w h a t th e y  sh o u ld  be.

W ith  e th y l alcohol th e  re su lts  a re  m ore ir re g u la r  
th a n  th e y  sh o u ld  be. A close co m p ariso n  can  be 
m ade  of R u n s  36 a n d  37 w ith  S am ple  E , w hich  av e ra g e  
1.89 p e r  ce n t low er th a n  th e  av e rag e  v a lu e  fo u n d  in  
n o rm a l b u ty l  alcohol so lu tio n . T h e re  has  been  a  
s lig h t loss of e th y l ac e ta te .

T h e  re su lts  in  n o rm al b u ty l  alcohol a re  e n tire ly  
sa tis fac to ry .

F ro m  T ab les  I I I  a n d  IV  we find  t h a t  s a tis fa c to ry
re su lts  a re  o b ta in e d  in  all of th e  alcohols, th o se  in
m e th y l alcohol being on ly  a  tr if le  low.
T able V— B enzyl F ormate— Sample H , 86.92 P er cent; Sample I  

52.63 P er cent
N o. S a m p l e ------------- P e r  c e n t  E s t e r  F o u n d - A v e r a g e .

M e t h y l  A l c o h o l  S o l u t io n

52 H 68.1  6 8 .3  68.1 6 6 .2 6 4 .4 67.02
53 I 4 9 .8  5 0 .4  4 8 .5  4 9 .5 48 .3 49.51

E t h y l  A l c o h o l  S o l u t io n

54 H 85.1 8 4 .8  84 .5  84 .7 84 .5 84 .70
55 I 48 .5  51 .7  5 1 .4  5 1 .4 51 .5 51 .52

N o r m a l  B u t y l  A l c o h o l  S o l u t io n

56 H 87 .2  8 6 .7  86.8  8 7 .0 87.1 86 .92
57 I 5 2 .4  5 3 .0  5 2 .8  5 2 .6 5 2 .4 52 .63

ISOBUTYL ALCOHOL SOLUTION
58 H 8 7 .4  88.1 8 7 .5  87 .7 88.1 87.77
59 I 5 2 .3  5 2 .3  5 2 .2  52 .3 5 2 .4 52.31

T h e  re su lts  of T ab le  V, a t  f irs t s ig h t, a re  su rp ris in g , 
th o se  in  m e th y l alcohol w ith  S am ple  H  being  20 p e r  
c e n t low  a n d  w ith  S am ple  I  on ly  2 p e r  ce n t low . In  
e th y l alcohol th e y  a re  2 p e r  ce n t a n d  1 p er ce n t low.

T h e  ex p la n a tio n  is fu rn ish ed  b y  th e  w ork  of A n­
d erson  an d  P ie rce . 1 T h e y  find th a t  m e th y l fo rm a te , 
in  m e th y l alcohol so lu tio n , a t  2 5 0, is 54 p e r  ce n t sa p o n i­
fied in  1.68 m in . U n d er th e  sam e co n d itio n s m e th y l 
a c e ta te  req u ires  245 m in . fo r 50 p e r  ce n t sap o n ifi­
ca tio n . Or ta k in g  th e  av e rag e  v a lu es of th e ir  v e lo c ity

1 J .  Phys. Chem., 22 (1918), 55.
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c o n s tan ts , th e  fo rm a te  is saponified  350 tim es as rap id ly  
as th e  a c e ta te . I t  is p ro b ab le  th a t  th e  m e th y l fo rm a te  
fo rm ed  w as n e a rly  all saponified  before th e  flasks 
could  be p u t on th e  s te a m  b a th .

I t  ap p ears  t h a t  n o rm al b u ty l  alcohol, w hich can  
now  be o b ta in e d  in  g rea t p u r i ty  a t  a  m o d e ra te  price, 
offers m a n y  a d v a n ta g e s  as a m ed ium  in  w hich to  ca rry  
on sapon ifica tion . W e h av e  fo u n d  th is  alcohol p a r ­
t ic u la rly  su ited  fo r th e  q u a n t i ta t iv e  sapon ifica tion  of 
fa ts , w axes, e tc ., re su lts  on w hich will be pu b lish ed  
sh o rtly .

C O NCLUSIO NS

1— T h e alcoholysis of es te rs  is to  be ta k e n  in to  
ac co u n t in  q u a n ti ta t iv e  sapon ifica tion .

2— Low resu lts  are to  be expected  w hen a c e ta te s  are 
sapon ified  in  e th y l alcohol so lu tion  un less good con­
densers a re  used.

3— N o rm al b u ty l  alcohol ap p e a rs  to  b e  th e  b es t 
m ed ium  in w hich to  ca rry  on sapon ifica tions.

OIL-FIELD E M U LSIO N S 

By J. L. Sherrick1

T h e  I n d u s t r ia l  C h e m is t r y  L a b o r a t o r y , R ic e  I n s t i t u t s , 
H o u s t o n , T e x a s

P R O P E R T IE S A N D  T R E A T M EN T  OF O IL -P IE L D  E M U L SIO N S  

FROM  T H E GOOSE C R EE K  (T E X A S ) FIE L D

T h e  in f iltra tio n  of w a te r in to  th e  oil san d s in  drilling  
o p e ra tio n s  h as  been  th e  source of m uch  tro u b le  an d  
expense to  th e  oil p ro d u ce r a n d  refiner a n d  th e re  h av e  
b een  v a rio u s  m e th o d s  ad v o c a ted  fo r s h u tt in g  off w ate r 
from  w ells.2 N o t on ly  does th e  inflow  of w a te r  de­
crease th e  p ro d u c tiv ity  of th e  o il-bearing  sands, b u t 
th e re  is in c reased  cost of p ro d u c tio n  due to  th e  expense 
of p u m p in g  w a te r  a n d  rep lac in g  co rroded  tu b in g , 
casing  p u m p s, an d  o th e r  fix tures.

F ro m  s till a n o th e r  s ta n d p o in t,  also, th e  w a te r  has  a 
d e tr im e n ta l effect in  oil p ro d u c tio n . T h is  arises from  
th e  fa c t th a t  th e  w a te r , m ixing w ith  th e  oil u n d e r  th e  
con d itio n s of p ro d u c tio n , fo rm s em ulsions w ith  th e  
oil. T h e  s ta b ili ty  of th e  em ulsions so fo rm ed  varies 
co n sid erab ly , n o t on ly  fo r d iffe ren t fields an d  d iffe ren t 
wells in  th e  sam e field b u t  even  fo r th e  sam e well 
d u rin g  d iffe ren t periods of p ro d u c tiv ity . F ro m  cer­
ta in  em ulsions th e  w a te r  se p a ra te s  up o n  s ta n d in g ; 
o th e rs  a re  dec ided ly  p e rm a n e n t in  n a tu re  a n d  show  no 
te n d e n c y  to  se p a ra te , a n d  i t  is th e se  m ore s ta b le  ones 
w hich  give th e  m ost tro u b le  to  th e  p ro d u ce r an d  
refiner.

T h e  a m o u n t of w a te r  v a rie s  from  tra c e s  u p  to  60 
p e r ce n t o r m ore, b u t th e  m a jo r ity  of em ulsions con­
ta in  a b o u t 25 p e r cen t. I t  h as  been  assum ed  b y  m an y  
w orkers in  th e  oil fields th a t  all th ese  will se p a ra te  
e ith e r  oil o r w a te r, leav in g  an  em ulsion  th a t  is an  
ex ac tly  eq u a l m ix tu re  of oil a n d  w a te r  a n d  to  th is  th e y  
h av e  g iven  th e  nam e of “ B. S .” T h e  te rm  o rig in a ted  
in  th e  fa c t th a t  w hen  oil co n ta in in g  w a te r , even  a tra c e ,

1 Read at a m eeting of the Southeast Texas Section of the 
American Chemical Society, at Houston, Texas, M ay 31, 1919.

* F. B. Tough, "M ethods of Shutting Off W ater in Oil and Gas Wells," 
Bureau of Mines Bulletin  163.

is s to red  in  large ta n k s , such  as a re  in  use a t  th e  p ipe  
line p u m p in g  s ta tio n s , th e re  g rad u a lly  accu m u la tes  a 
sed im en t know n as “ b o tto m  se ttlin g s .”  T hese  b o tto m  
se ttlin g s  u su a lly  co n ta in  a b o u t 5 0  p er ce n t w a te r  a n d  
considerab le  a sp h a lt. I t  is v e ry  d o u b tfu l, how ever, 
w h e th e r all th e  em ulsions will h av e  th is  ra tio  as th e ir  
se ttlin g  en d -p o in t. B y ad d in g  w a te r  to  som e of th e  
m ore s ta b le  oil-field em ulsions a n d  a g ita t in g  th e  m ix­
tu re , i t  h a s  been  fo u n d  possib le to  p re p a re  em ulsions 
co n ta in in g  as h igh  as 9 0  p er ce n t w a te r  w hich w ere 
q u ite  s ta b le  a n d  show ed no ap p rec iab le  s e p a ra tio n  
a f te r  m o n th s  of s ta n d in g .

In  o rd er to  be sa lab le , or classed as “ p ipe lin e” oil 
an d  accep ted  by  th e  tra n sp o rtin g  com panies, a  c ru d e  
oil m u st c o n ta in  no  m ore th a n  2 p er ce n t w ate r. T h is  
is a p u re ly  a rb it ra ry  lim it th a t  has  been  fixed by  th e  
o p era tin g  com pan ies in  acco rdance  w ith  th e ir  experi­
ence in  refin ing. T h is  n ecess ita tes , how ever, som e 
tr e a tm e n t of th e  em ulsions in  th e  field.

P R O C E SSES FO R SE PA R A T IO N  OF W ATER

( 1 )  f i l t r a t i o n  p r o c e s s — T h e process of f iltra tio n  
h as  v ery  l i t t le  b ea rin g  on  th e  tre a tm e n t  of oil-field 
em ulsions, since i t  w ould  n o t be possib le to  h an d le  
large q u a n titie s  of oil econom ically , even  if i t  w ere 
o therw ise  feasib le . T hese  filte ring  devices h av e  been  
app lied  m a in ly  to  th e  se p a ra tio n  of lu b r ic a tin g  oils 
from  w ate r. T h e  filte ring  m ed ium  is w e tte d  in it ia l ly  
w ith  th e  ex te rn a l o r d ispersing  p h ase  a n d  hence is 
n o t w e tte d  d u rin g  th e  f iltra tio n  b y  th e  in te rn a l o r 
d ispersed  phase . T h e  te n d en c y , how ever, is to  cause 
a  clogging of th e  filter. T h e  filte ring  process h as  been  
im proved  so m ew h at b y  com bin ing  i t  w ith  a  ce rta in  
e lec trica l t r e a tm e n t .1

( 2 )  e v a p o r a t i o n  p r o c e s s — T h is  m e th o d  consists  
in  h ea tin g  th e  em ulsion in  open  ta n k s  o r p its  b y  m eans 
of coils co n ta in in g  su p e rh e a te d  s team . I t  is uneco n o m ­
ical from  th e  s ta n d p o in t of fuel co n su m p tio n  a n d  oil- 
e v a p o ra tio n  loss, b u t  oil p ro d u c tio n  h as  been  n o to rio u s  
for i ts  w astefu l m e th o d s  an d , u n til  rec en t y ea rs , 
possib ly  even  to  th is  d ay , m ost of th e  d e h y d ra tio n  of 
em ulsions h as  been  accom plished  in  th is  w ay. T h e  
fuel co n su m p tio n  is rou g h ly  2 5  b a rre ls  of fuel oil p e r  
1 0 0 0  b arre ls  of oil recovered . T h e  o il-e v ap o ra tio n  
loss is a b o u t 5 p e r cen t, dep en d in g  u p o n  th e  n a tu re  of 
th e  oil t r e a te d  as reg a rd s  th e  p e rc en ta g e  of low bo iling  
co n s titu e n ts . T h e  h e a tin g  of em ulsions p re p a ra to ry  
to  o th e r  t r e a tm e n t is a d v a n ta g eo u s , b u t th is  h e a tin g  
is u su a lly  lim ite d  to  a te m p e ra tu re  of fro m  1 5 0 °  to  
1 8 0 ° F . an d  is ca rried  o u t in  closed system s.

( 3 0 ) e l e c t r i c a l  p r o c e s s ,  a l t e r n a t i n g  c u r r e n t  

— T h e  p ioneer p a te n t  in  th e  e lec trica l tr e a tm e n t  of 
oil-field em ulsions w as ta k e n  o u t b y  F . G. C o ttre ll .1 
T h is  process d ep en d s for th e  dem ulsifica tion  up o n  th e  
ac tio n  of h igh  p o te n tia l a lte rn a tin g  c u r re n t e lec tric ity . 
T h e  w a te r  is d ispersed  as finely  d iv id e d  g lobules 
th ro u g h o u t th e  oil a n d  th e se  a re  caused  to  coalesce 
b y  th e  a c tio n  of th e  e le c tro s ta tic  forces. Q u o tin g  
from  th e  p a te n t :

These globules are thereby subject to electrostatic forces 
dependent upon the relative potentials and dielectric constants

1 Cottrell, U. S. Patent 987,114 (1911).
* Cottrell and Speed, U. S. Patent 987,115 (March 21, 1911).
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of the m aterials in contact, and caused to  coalesce into masses 
■which m ay be readily rem oved from  th e body of the oil b y  well- 
known processes, such as settling.

T h e  P e tro le u m  R ectify ing  C om pany,- of C aliforn ia, 
o p era tin g  u n d e r th is  a n d  o th e r  p a te n ts ,  h a s  in s ta lled  
a n u m b er of p la n ts  in  C alifo rn ia , O k lahom a an d  
K ansas.

(36) ELECTRICAL PR O C E SS. DIR EC T C U R R EN T  T h is
process consists in  passing  th e  em u lsion  betw een  
elec trodes co n n ected  to  a  source of d ire c t c u rre n t 
e lec tric ity  w ith  a p o te n tia l of from  250 to  400 vo lts , 
w ith  a c u rre n t v a ry in g  from  a  few m illi-am peres to
10 am peres. T h e  p a te n t 1 u n d e r w hich th e  d irec t-  
c u r re n t e lec trica l t r e a tm e n t  is o p e ra te d  claim s th a t  
th e  process depends u p o n  ca tap h o res is  o r e lec trica l 
m ig ra tio n . T h e  o rig ina l ex p e rim en ts  w hich  se rved  as 
a  s ta r t in g  p o in t fo r th e  dev e lo p m en t of th is  p a te n te d  
p rocess w ere p erfo rm ed  b y  th e  a u th o r  w ith  th e  help  
of M r. G. W . Jo n es in  M ay  1 9 1 7 , a n d  th e  id e a  w as 
b ased  up o n  th e  know n  m ig ra tio n  of co llo idal • p a r ­
tic les w hen  su b je c ted  to  e lec trica l s tre s s .2 W e will 
see la te r , in  th e  co nsidera tion  of o u r ex p e rim en ta l 
d a ta ,  t h a t  th is  m ig ra tio n  of p a rtic le s  m u st be a fac to r. 
Som e elec tro lysis d oub tless ta k e s  p lace since th e  elec­
tro d e s  are  on ly  a b o u t Vs in . a p a r t  an d  a t  tim es  a  con­
s ide rab le  c u rre n t passes.

(4) c e n t r i f u g a l  p r o c e s s — T h e ap p lica tio n  of th e  
cen trifu g e  to  th e  se p a ra tio n  of w a te r  from  th e se  em ul­
sions is ra th e r  lim ited . I t  is m a in ly  useful in  se p a ra tin g  
th e  la s t trac es  of w a te r w hich h av e  been  d ischarged  
by  o th e r  m eans. T h u s  i t  is used  in  th e  final s te p  of th e  
e lec trica l tre a tm e n t.

( 5) c h e m i c a l  p r o c e s s e s — T h e  possib ilities along 
th e  line of chem ical t r e a tm e n t  will be a p p a re n t from  
a  co nsidera tion  of ou r re su lts  a n d  fro m  th e  d iscussion 
of th e  ac tio n  of ce rta in  tre a tin g  com p o u n d s a lre ad y  
o n  th e  m ark e t.

(6) g e n e r a l  p r o c e s s e s — V ery  o ften  a n u m b e r of th e  
d iffe ren t m e th o d s are app lied  so t h a t  one su p p le m e n ts  
th e  o thers. T h e  t r e a tm e n t of oil-field em ulsions 
p rac tice d  by  th e  G ulf P ro d u c tio n  C o m p an y  in  th e  
G oose C reek  (Texas) field consists  of a  co m b in a tio n  
of closed h ea tin g , se ttlin g , d irec t c u r re n t e lec trica l 
tr e a tm e n t  an d  final se p a ra tio n  of th e  rem a in in g  p o r ­
tio n s  of th e  w a te r  b y  m eans of th e  cen trifuge. S e ttlin g  
m ay  be reso rte d  to  b e tw een  th e  v a rio u s  s ta g es  of th e  
t r e a tm e n t  a n d  th e  oil m ay  be su b je c ted  to  m ore th a n  
one e lec trica l t r e a tm e n t,  if necessary . In  th is  com ­
b in e d  process th e re  is v e ry  l i t t le  loss of th e  lig h te r  
fra c tio n s  th ro u g h  ev a p o ra tio n  a n d  th e  fuel c o n su m p tio n  
is on ly  a b o u t 10 b arre ls  of fuel oil per 1000 b a rre ls  of
011 recovered .

t h e o r e t i c a l  c o n s i d e r a t i o n  o f  t h e  m e c h a n i s m  o f  

c o l l o i d a l  s o l u t i o n  a n d  e m u l s i o n s

T h e  s ta b ili ty  of collo idal so lu tions h as  been  ex­
p la ined  as due to  th e  fo rm a tio n  of su rface  film s on th e  
d ispersed  p artic les , p rev e n tin g  th e m  from  coalescing. 
T hese film s m ay  be e ith e r  e lec trica l o r nonelec trica l, 
o r b o th , a n d  w hen th e y  are  d es tro y ed , ag g lom era tion  
a n d  p rec ip ita tio n  of th e  p artic le s  occur. T h a t  elec-

1 Seibert and Brady, U. S. Patent 1,290,369 (January 7, 1919).
* J .  Chem. Soc., 6 7  (1895), 63.

t r ic a l film s m ay  fu n c tio n  in  p re v e n tin g  coalescence, 
d u e  to  th e  rep u lsio n  of like charges, h as  been  recog­
n ized  for a long tim e . T h e  fa c t t h a t  th e re  w as a  
m o v em en t of collo idal p a rtic le s  w hen su b je c te d  to  
e lec trica l s tress  w as recogn ized  b y  L inder a n d  P ic to n , 1 
an d  th is  m ig ra tio n  cou ld  on ly  be in d ic a tiv e  of th e  ex­
is ten ce  of charge of defin ite  p o la ri ty  on  th e  p a rtic le s  
them se lves. In  line w ith  th e  g en era l th e o ry  of th e  
p ro te c tin g  ac tio n  of su rface  film s, i t  is assu m ed  th a t  
th e se  e lec trica l film s are  fo rm ed  b y  th e  p re fe re n tia l 
a d so rp tio n  of an  ion  of a n  e lec tro ly te . T h e  fa c t th a t  
ch a rg ed  collo idal p a rtic le s  a re  d isch arg ed  b y  so lu tio n s 
of e lec tro ly tes , due to  th e  a d so rp tio n  of an  ion  ca rry in g  
a charge opposite  to  t h a t  a lre ad y  on  th e  p a rtic le s , 
is in  acco rd  w ith  th is  su rface  co n d en sa tio n  of ions. 
I t  w as show n b y  P ic to n  a n d  L in d e r2 t h a t  th e  p r e ­
c ip ita te d  m a te ria l w as c o n ta m in a te d  b y  th e  e lec­
tro ly te , an d  p a r tic u la r ly  b y  t h a t  io n  of th e  e lec tro ly te  
w hich, du e  to  its  charge being  o p p o site  to  t h a t  of th e  
collo idal p a rtic le , fu n c tio n ed  as th e  effective p re c ip i­
ta t in g  ag en t. H a rd y 's 3 a s su m p tio n  th a t  th e  ion  of 
th e  e lec tro ly te , h av in g  th e  sam e ch a rg e  as t h a t  of th e  
p a rtic le s , h a d  no effect in  th e  p re c ip ita tio n  is  p ro b a b ly  
u n re liab le  an d  i t  has  also b een  show n t h a t  th e  p o in t 
of co ag u la tio n  does n o t a lw ays co rresp o n d  to  th e  
p o in t of e lec trica l n e u tra lity . I t  is c lea rly  recognized , 
how ever, t h a t  ion  ad so rp tio n  p la y s  a r61e.

I t  is u sua lly  assu m ed  t h a t  em ulsions a re  a  specia l 
ty p e  of colloidal so lu tio n  a n d  th a t  th e y  differ fro m  o r ­
d in a ry  liqu id -so lid  co llo idal sy s tem s to  a  g re a te r  
e x te n t th a n  could  be ex p la in ed , b y  th e  fa c t t h a t  th e  
d isperse  p h ase  is a liq u id  in s te a d  of a  solid.

T h a t  ions m ay  fu n c tio n  as em u lsify ing  ag en ts , 
ana logous to  th e ir  ac tio n  of fo rm ing  p ro te c tiv e  film s 
on  co llo idal p a rtic le s , seem s e n tire ly  possib le a n d  th e  
w ork  of ce rta in  in v e s tig a to rs  seem s to  in d ic a te  t h a t  
th e y  do so. T h u s, th e  in v e s tig a tio n s  of W ilson 4 a n d  
of von  L erch 5 on th e  c u rv a tu re  of th e  in te rfa ce s  b e ­
tw een  nonm iscib le  liqu id s, p o in t, acco rd in g  to  B a n ­
c ro f t ,6 to  ion  a d so rp tio n . E llis7 h a s  even  p re p a re d  
em ulsions w hich owe th e ir  s ta b ili ty  to  io n  a d so rp tio n . 
In  w ork ing  w ith  p h en o l-w a te r  m ix tu re s  i t  w as n o tic ed  
th a t  th e  “ c lo u d ” fo rm ed  up o n  th e  s e p a ra tio n  of th e  
second  liq u id  la y er fro m  a s a tu ra te d  so lu tio n  of p h en o l 
in  w a te r  p e rs is ted  for ho u rs . I t  is n o t u n lik e ly  t h a t  
a n y  s lig h t s ta b ili ty  w hich  th is  p h en o l w a te r  em u lsion  
h as  is d u e  to  h y d ro g en  ion  ad so rp tio n . W o rk  is in  
p rogress on  th e  th re e -c o m p o n e n t sy s tem , p h e n o l-  
w a te r -a c e tic  acid , a n d  th e  p re lim in a ry  re su lts  in d ic a te  
t h a t  th e  clouds fo rm ed  in  th is  sy s te m  are  m ore p e r ­
m a n e n t th a n  in  th e  tw o -co m p o n e n t sy s tem , p h e n o l-  
w ate r.

W ith  a liq u id  as th e  d isperse p h ase , how ever, i t  is 
n o t su rp ris in g  t h a t  in  genera l i t  sh o u ld  re q u ire  a  ra th e r  
to u g h  co h e ren t film  such  as cou ld  be o b ta in e d  on ly  
fro m  so lid  p artic le s . T h e  o rd in a ry  e m u ls ify in g 'a g e n ts  
a re  th em se lv es colloids a n d  th e  co n d itio n s  fo r reg u -

■ J . Chem. Soc., 6 7  (1895), 63.
* Loc. cit.
» Z . phys. Chem., 33 (1900), 385.
‘ J .  Chem. Soc., 1 (1848), 174.
* Drude's A n n ., 9 (1902), 434.
" J .  Phys. Chem., 19 (1915), 276, 280.
r Z . phys. Chem., 80 (1912), 597.
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la tin g  w hich liq u id  sha ll fu n c tio n  as th e  d isperse 
p h ase  h av e  been  v e ry  well defined. T h u s, accord ing  
to  B a n c ro f t ,1 “ A h y d ro p h ile  colloid will te n d  to  m ake 
w ate r th e  d ispersing  phase , w hile a  h y d ro p h o b e  colloid 
will te n d  to  m ake w a te r  th e  d isperse p h a se .”  E v en  
in  such  cases, w here th e  films p ro te c tin g  th e  d isperse 
p h ase  a re  colloids, we h av e  charges up o n  th e  p a rtic le s  
in  so fa r as th e  colloids them se lves ca rried  charges.

E X P E R IM E N T A L

T h e  em ulsions s tu d ie d  w ere o b ta in e d  in  th e  Goose 
C reek (T exas) field and , a lth o u g h  th e y  m ay  or m ay  
n o t be re p re se n ta tiv e  of oil-field em ulsions in  general, 
th e  resu lts  are in te re s tin g , neverthe less , from  th e  
s ta n d p o in t of th e  general th e o ry  of em ulsification . 
As th e y  are re p re se n ta tiv e  of th e  m ore s ta b le  of th e  
Goose C reek em ulsions, th e  resu lts  a re  app licab le  to  
th e  general tr e a tm e n t  of th e  p ro d u c t of th is  region.

T hese  em ulsions a re  sy stem s of w a te r  d ispersed  in  
oil as an  ex te rn a l phase . T h is  is c lea rly  show n b y  th e  
o rd in a ry  te s ts  ap p lied  in  th e  id e n tifica tio n  of phases 
in  such  sy s tem s .2 One of th e  m ost sa tis fa c to ry  te s ts  
in  such  cases is th e  tre a tm e n t  of th e  em ulsion  w ith  
som e co m p o n en t of one of th e  tw o  phases. If  th e  
em ulsion  sp rea d s  in  o r m ixes w ith  th e  ad d e d  com ­
p o n e n t or phase , t h a t  ph ase  is e v id en tly  th e  ex te rn a l 
o r d ispersing  phase . I t  w as fo u n d  t h a t  th e se  em u l­
sions m ixed  rea d ily  w ith  d ry  c ru d e  oil in  all p ro p o r­
tio n s  b u t d id  n o t m ix w ith  w a te r  or sa lt so lu tions. 
T h e  em ulsified  w a te r  co n ta in s  s a lt  (sod ium  chloride, 
e tc .) , som etim es up  to  10 p er cen t, a n d  if such  aqueous 
so lu tio n  w as th e  ex te rn a l phase  th e  em ulsions w ould 
c o n d u c t th e  c u r re n t read ily . As a m a tte r  of fac t, 
w ith  e lec trodes 2 in . a p a r t  an d  w ith  a  p o te n tia l dif­
ference of 250 v o lts  im pressed , i t  is n o t possib le to  
no tice  a n y  deflection  of th e  needle of a  sensitive  milli- 
am m ete r  p laced  in  th e  c ircu it. C learly , th e n , th e  
oil is th e  ex te rn a l phase .

T h e  p a rtic le s  of w a te r  fo rm ing  th e  d isperse  or in ­
te rn a l p h ase  a re  v e ry  finely d iv ided  a n d  are  a p p a re n t 
as a  "fu zz in e ss” in  th in  lay ers  of th e  oil. P ra c tica l 
oil-field m en id e n tify  th e  presence of w a te r  in  an  oil 
b y  p lac in g  a  few  d ro p s on  a  piece of g lass a n d  ho ld ing  
v e r tica lly  so as to  allow  d ra in ag e  an d  fo rm  a th in  film  
of oil on  th e  su rface  of th e  glass. A d ry  oil will ap p e ar 
as a  clear, am b er colored  film , while an  oil co n ta in in g  
w a te r  will ap p e a r  “ fu z z y .”

t h e  c h a r g e  o n  t h e  p a r t i c l e s — T h e a t te m p t  was 
m ade  to  g e t som e in fo rm a tio n  as to  w h e th e r o r n o t 
th e  p a rtic le s  w ere ch a rg ed  an d , if so, th e  n a tu re  of th a t  
charge. A drop  of th e  em ulsion  w as p laced  on th e  
slide of a  m icroscope an d  tw o  sm all p la tin u m  wires, 
connected  in to  a  70-v o lt d ire c t c u r re n t c ircu it, w ere 
b ro u g h t in to  c o n ta c t w ith  th e  d rop  of oil. I t  w as im ­
possib le to  ge t a n y  re su lts  in  th is  w ay , du e  to  th e  cap il­
la ry  effects, since th e  oil flowed fro m  th e  c e n te r  an d  
co llec ted  a b o u t b o th  w ires. Som e of th e  em ulsion 
w as th e n  p laced  in  a  cell, F ig . 1 , a n d  a  p o te n tia l of

1 J .  Phys. Chem.t 19 (1915), 275. N o te — The term hydrophobe col­
loid is applied to  a substance forming a colloidal solution in some nonaque- 
ous solvent and not doing so in water; the term hydrophne colloid to a 
substance forming a colioidal solution in water but not in the nonaqueous 
liquids considered.

* J . Phys. Chem., 18 (1914), 34.

70 vo lts  w as im pressed  a f te r  co n n ec tin g  th e  e lec tro d es 
to  a  d ire c t-c u rre n t c ircu it. I t  w as th o u g h t th a t  i t  m ig h t 
b e  possib le to  ge t an  in d ic a tio n  of m ig ra tio n  a n d  hence 
of th e  charges on th e  p a rtic le s  by  m easu ring  th e  p e r­
cen tag e  of w a te r  in  th e  tw o  sides of th e  cell a f te r  th e  
e x p e rim en t h a d  ru n  fo r som e tim e . T h e  cell w as le ft 
connected  fo r 22 hrs. a n d  a t  th e  en d  of th a t  tim e  
considerab le  change in  o u tw a rd  ap p e aran c es  h a d  ta k e n  
p lace in  th e  tw o  sides. T h e  color of th e  o rig ina l em u l­
sion w as a  yellow -brow n. A fte r th e  22-hr. ru n  th e  oil 
in  th e  p o sitiv e  side of th e  cell w as m uch  d a rk e r  th a n  
th e  o rig ina l em ulsion  a n d  th e  oil in  th e  n eg a tiv e  side 
m uch  ligh ter. T h e  presence of m ore w a te r p a rtic le s  
w ould  cause  a lig h te r  ap p e aran c e , an d  th e  less th e  
n u m b e r of p a rtic le s  th e  n e a re r  w ou ld  th e  color ap p ro a ch  
th e  d a rk  g reen -b lack  of d ry  oil. T h is  w ould  seem  to  
in d ic a te  t h a t  w a te r  p a rtic le s  h a d  m ig ra ted  from  th e  
p o sitiv e  to  th e  n eg a tiv e  side, an d  th a t  th e re  w as a  
p o sitiv e  charge on th e  p artic le s . In  n e ith e r  side w as 
th e re  a n y  d ischarged  free w ate r in  th e  b o tto m  of th e  
cell. W hen d e te rm in a tio n s  of th e  w a te r c o n te n t on  
the  tw o  sides of th e  cell w ere m ade, no d ifference w as 
found , all th e  oil in  each  side of th e  cell being  te s te d .

T h is re su lt w as ra th e r  su rp ris in g  in  view  of th e  q u ite  
e v id en t color changes th a t  h a d  ta k e n  p lace . A fte r 
ru n n in g  a  n u m b e r of th e se  te s ts , how ever, i t  w as 
n o ticed  th a t  u p o n  w ith d raw in g  th e  e lec tro d es fro m  th e  
oil a  m ass of w a te r  p a rtic le s  a d h e red  to  th e  p o s itiv e  
e lec trode , an d  upon  ex a m in a tio n  i t  w as fo u n d  t h a t  
th e  w a te r  p a rtic le s  in  th e  n eg a tiv e  side h a d  been  d riv en  
to  th e  o u ts id e  a g a in s t th e  side of th e  vessel. T h is  
c lea rly  p o in te d  to  a n eg a tiv e  charge on  th e  p a rtic le s . 
In  th a t  case th e y  w ould  be a t t r a c te d  to  th e  p o s itiv e  
e lec trode  and  co llect a ro u n d  i t ,  causing  a  d a rk e n in g  in  
th e  o u ts id e  la y e r  of th e  oil as th e y  m ig ra te d  to  th e  
cen te r. On th e  n eg a tiv e  side th e y  w ould  be repe lled  
b y  th e  e lec tro d e  an d  fo rced  to  th e  o u ts id e  lay ers  n e a r  
th e  glass,. causing  a l ig h te r  color. I t  w as th e re fo re  
dec ided  t h a t  th e  p a rtic le s  w ere n eg a tiv e ly  ch arg ed .

p r e c i p i t a t i o n  b y  e l e c t r o l y t e s — If th e  p a r tic le s  
w ere n eg a tiv e ly  charged , th is  charge  m ig h t be n e u ­
tra liz e d  b y  som e rea d ily  ad so rb ed  ca tio n , a n d  p re -
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c ip ita tio n  b ro u g h t a b o u t. H y d ro g en  ion  is m ore 
s tro n g ly  ad so rb ed  th a n  m ost ions, as a  ru le , a n d  it  
w as th e re fo re  decided  to  t r y  th e  effect of v ario u s con­
ce n tra tio n s  of d iffe ren t acids. T h e  ex p e rim en ts  w ere 
ca rried  o u t as follow s: 200 cc. of th e  em ulsion  con­
ta in in g  25 p er cen t w a te r w ere p laced  in  a 500 cc. 
g ro u n d -g la ss-s to p p e red  g ra d u a te  a n d  50 cc. of th e  acid  
added . T h e  m ix tu re  w as th e n  sh a k en  on an  elec­
tr ic a lly  d riv en  shak ing  m ach ine fo r 20 m in. in  o rd er to  
in su re  in tim a te  c o n tac t. I t  w as th e n  allow ed to  s ta n d  
fo r 22 h rs ., a f te r  w hich th e  p erc en ta g e  w a te r  in  th e  
oil la y er w as determ ined .

W hen m ore w a te r  w as a d d e d  an d  th e  m ix tu re  ag i­
ta te d ,  i t  w as possib le to  in c o rp o ra te  th is  a d d e d  w ate r 
w ith  th e  em ulsion , th e  color becom ing  lig h te r  w ith  
inc reasing  p ro p o rtio n s  of w ate r. In  th e  case of th e  
ad d itio n  of h yd roch lo ric  acid  so lu tion , a change  w as 
qu ick ly  a p p a re n t as th e  em ulsion  becam e d a rk e r  
colored  a lm o st im m ed ia te ly . T h e  n o te s  in  co n n ec tio n  
w ith  T ab le  I, w here th e  resu lts  w ith  h y d ro ch lo ric  ac id  
a re  ta b u la te d , refer to  th is  color change.

T a b l e  I

6  ° §  | I
A c id  3  >, i -

w g  M ix t u r e  •= • s h
cj .2 ,-------- *---------  o ,, O rn cj¿4
t  3  Cone. J S  I  g - g -
I  0 HC1 W ater «>-18 U ,§ o
¿ W C c . C c . p :  RCJ i; u  Remarks
1 . . .  2 0 0  2 . 0  4 8 . 0  3 6 . 0  4 . 8 9  X I 0 ~ ‘ Yellow Total emulsifi-

cation
2 . ..  200 5 .0  4 5 .0  15.0 6 .0 2  Dark brown H o n e y c o m b

structure
3 . . .  200 7 .5  4 2 .5  7 .0  8 .8 7  Brown-black Separation of

good
4 . . .  200 10.0  4 0 .0  1 .0  10.00 Green-black Oil started at

once
Temperature 25° C.

In  o rd er to  show  t h a t  th e  h y d ro g en  ion  w as fu n c tio n ­
ing  as th e  p re c ip ita tin g  ag en t, a  series of ex p erim en ts
was perfo rm ed , using  su lfu ric  an d  ace tic  acids. T h e
resu lts  of th ese  ex p erim en ts  are g iven  in  T ab les  I I  an d  
III.

T a b l e  I I
A c id  M i x t u r e

Euiul- Cone. W ater in Hydrogen Ion Color when
Num - sion IIjSOi W ater Oil Layer Concentration Taken from

ber Cc. Cc. Cc. Per cent N orm ality Shaker
 1........  200 5 45 19.0 1 .88  X 10“ ! Dark brown
 2........  200 10 40 12.0 3 .0 4  Dark brown
 3........  200 20 30 2 .5  3 .8 6  Black-green
 4........  200 30 20 1.75 10.00 Black-green

Temperature 25° C.

T able III  
A c id  M i x t u r e  W a ter

Emul-  ---------- *---------- s in Oil
N um - sion Glacial Hydrogen Ion Color when

ber Cc. Acetic Water Layer Concentration Taken from
Cc. Cc. Per cent N orm ality Shaker

 1........  200 2 48 4 0 .0    Yellow-brown
 2........  200 5 45 3 8 .0  0 .4 5  X 10“ * Dark yellow-

brown
 3........  200 10 40 3 0 .0  0 .8 6  Brown-black
 4........  200 20 30 3 0 .0  2 .51  Dark brown-

black
 5........  200 35 15 5 .0  8 .53  Green-black

Temperature 25° C.

T h e  h y d ro g en  ion co n c en tra tio n s , expressed  in  
T ab les  I  to  I I I ,  w ere d e te rm in ed  b y  m eans of th e  
h yd ro g en  electrode. In  our ex p e rim en ts  we h a d  
a d d e d  50 cc. of a n  ac id  m ix tu re  to  200 cc. of th e  em u l­
sion an d , as th e  em ulsion w as 25 p er ce n t w ate r, we 
alw ays h a d  100 cc. of acid  so lu tio n  in  th e  system . 
F o r th e  hyd ro g en  ion  c o n c en tra tio n  m e asu rem en ts  th e  
q u a n titie s  of acid  u sed  in  th e  various ex p erim en ts  
to  m ake up th e  30 cc. of ad d e d  m ix tu re  w ere d ilu ted

to  100 cc. T h e  e. m. f. of th e  cell (n o rm a l calom el 
e lec tro d e -h y d ro g e n  e lec trode  in  th e  g iven  acid  so lu ­
tio n ) w as b a lan c ed  a g a in s t a kn o w n  e. m . f. a n d  th e  
h y d ro g en  ion  c o n c e n tra tio n  c o m p u ted  acco rd in g  to  
th e  follow ing e q u a t io n :1

E  =  0.058 log i / e  +  0.28

W hen th e  H  ion co n c e n tra tio n s  are p lo tte d  a g a in s t 
th e  w a te r  p e rc en ta g e  in  th e  s e p a ra te d  oil la y e r  th e  
cu rves as g iven  in  F ig. 2 a re  o b ta in ed .
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F io .  2— P r e c ip it a t io n

IN OIL LA YEFt, P £ f t  CENT
01? W a t e r  P a r t i c l e s  b y  H y d r o g e n  I o n

Since i t  is n o t safe to  follow  H a rd y 2 a n d  assum e t h a t  
th e  ion  ca rry in g  a  charge  opposite  to  th a t  of th e  col­
lo ida l p a rtic le s  is th e  on ly  effective ion , we w ould  ex­
p ec t th e  h y d ro g en  ion  c o n c e n tra tio n  n ecessary  for 
com ple te  d ischarge to  v a ry  so m e w h at; a n d  p a r tic u la r ly , 
on  ac co u n t of th e  p re fe ren tia l ad so rp tio n  of ions, we 
w ould  n o t expect th e  cu rves to  coincide. S ince, how ­
ever, th e  h y d ro g en  ion c o n c e n tra tio n  n ecessa ry  fo r th e  
com ple te  d ischarge of th e  w a te r  fro m  th e  oil ran g es 
a ro u n d  th e  v a lu e  10 .o X io - 1  n o rm al, we can  safe ly  
ascribe  th e  p re c ip ita tio n  to  th e  effect of h y d ro g en  ion, 
a n d  ou r p rev io u s conclusions reg a rd in g  th e  ex istence 
of a n e g a tiv e  charge  on th e  p a rtic le s  a re  su b s ta n tia te d .

S ince th e  h y d ro g en  ion  n eu tra liz ed  th e  ch a rg e  on  th e  
p a rtic le s  a n d  p re c ip ita te d  th e  em ulsion , i t  o u g h t to  be 
possib le to  d isch arg e  th e m  in  a  sim ila r m a n n e r  b y  
m eans of o th e r  s tro n g ly  a d so rb e d  ca tio n s . In  line 
w ith  th e  gen era lly  s tro n g  ad so rp tio n  of fe rric  ion  b y  
v a rio u s  su b stan ce s , a n d  from  th e  genera l co n s id era tio n  
of th e  s tro n g e r  p re c ip ita tin g  pow er of p o ly v a le n t ions 
ov er t h a t  of ions of less v a len cy , i t  w as of in te re s t to

1 Hildebrand, A m . Chem. Soc., 35 (1913), 847. 
a Z. phys. Chem., 33 (1900), 385.
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see what effect ferric ion would have. 200 cc. of the 
emulsion were treated  with ferric chloride solution, 
as in the previous experiments with acids. Table IV 
gives the results of these tests.

T a b l e  I V
A d d e d M i x t u r e

Water
FeClj1 Sp. Gr. of in Oil

Solution Water Added Layer
Num ber Cc. Cc. Mixture Per cent

1 ....... 2 .0 4 8 .0 22.0
2 ............ •5 .0 4 5 .0 8.0
3 ............ 7 .5 42 .5 2.0
4 ............ 10.0 4 0 .0 1.0610 1.5
5 ....... . 20.0 30 .0 1.1213 1.5
6 ............ . 3 5 .0 15.0 1.2050 0 .5
7 ............ , 5 0 .0 0.0 1.2878 0 .5

Temperature 25° C.
1 Ferric chloride solution used in making up added mixture contained 

>66.24 g. of FeCU per 100 cc.

R e m a r k s

Sample 4, after 22 hrs., contained 150 cc. of a black jelly with a layer 
o f good oil above it. This jelly flowed easily and upon being disturbed 
.broke up, depositing most of its water phase.

Sample 5, after 22 hrs., contained 125 cc. of black jelly very similar 
•in action to that of Sample 4.

Samples 6 and 7, after 22 hrs., contained 180 cc. of stiff black jelly  
'which was very stable. Good oil on top.

As in th e  case of hyd rogen  ion, we fo u n d  th a t  ferric 
io n  d ischarged  th e  em ulsions. In  low er c o n c e n tra ­
tio n s  th e  a c tio n  w as perfec tly  reg u la r, b u t  in  th e  h igher 
co n c en tra tio n s  as in  E x p ts . 4 to  7 , we d id  n o t ge t a 
•separation  of th e  w a te r  phase  itself, b u t  o b ta in ed  jellies 
-of v a ry in g  s ta b ili ty . T h e  jellies o b ta in ed  in  E xp ts. 
6 an d  7 w ere v e ry  s ta b le  indeed ; th e  cy linders c o n ta in ­
in g  th e m  could be tu rn e d  over a n d  th e  s u p e rn a ta n t 
oil d ra in e d  off w ith o u t d is tu rb in g  or d isp lac ing  th em . 
U pon  rem ov ing  som e of these  jellies w ith  a sp a tu la  
th e y  w ere fo u n d  to  be of th e  consistency  of a v e ry  stiff 
ap p le  b u tte r ,  an d  tran sfe ren ce  or m a n ip u la tio n  d id  n o t 
d e s tro y  th e m . Je lly  6 co n ta in ed  60 per ce n t b y  volum e 
of ferric  ch lo ride so lu tion , an d  Je lly  7 co n ta in e d  56 
p e r cen t. Je llies 4 an d  5 w ere very  u n stab le .

A lth o u g h  h y d ro g en  ion resu ltin g  from  th e  hydro lysis  
■of th e  fe rric  ch lo ride  m ig h t h av e  h a d  som e effect, 
p a r tic u la r ly  in  E x p ts . 1 to  5 , n ev e rth e le ss  th e  resu lts  
o f E x p ts . 6 a n d  7 c learly  show  th e  influence of th e  ferric 
ion. I t  m ig h t seem , since th e  jellies co n ta in e d  from  
56 to  60 p e r ce n t of th e  w a te r  phase , th a t  th e y  resu lted  
fro m  a  p a r tia l  p rec ip ita tio n  or insufficien t p o sitiv e  ion 
a d s o rp tio n . If  th is  w ere th e  case, hy d ro g en  ion  shou ld  
cause th e  d ischarge of th ese  jellies in to  th e ir  se p a ra te  
phases. Sam ples of th e  tw o  stiff jellies w ere tre a te d  
w ith  v a ry in g  c o n c en tra tio n s  of h y d ro g en  ion  b u t in  
no  case w ere th e  jellies d es tro y ed . E v id e n tly  th e  
p a rtic le s  of w hich  th e  jellies w ere com posed  w ere no 
longer n eg a tiv e ly  charged  or th e y  w ould  h av e  been 
d ischarged  b y  th e  h y d ro g en  ion  of th e  acid.

I t  is a  w ell-know n fa c t t h a t  ce r ta in  colloids a re  posi­
tiv e ly  or n eg a tiv e ly  charged , depend ing  u p o n  th e  ch a r­
a c te r  of th e  d ispersing  phase . T h u s  a lbum in  is posi­
tiv e ly  ch arg ed  in  ac id  so lu tio n 1 an d  n eg a tiv e ly  charged  
in  a lka line  so lu tio n .2 Since th e  jellies we o b ta in e d  
w ere ev id e n tly  n o t n eg a tiv e ly  ch arg ed  i t  seem s possible 
t h a t  th e  a d so rp tio n  of ferric  ions h a d  ca rrie d  th e  p a r ­
tic les p a s t  th e  n e u tra l or isoe lectric  p o in t a n d  th a t

1 Hofmeister's Beitr. chem. Physiol., 5 (1904), 27.
« Pflu?er’s Archil., 24 (1887), 247: cf. Bancroft, J . Phys. Chem., 19 

-0 9 1 5 ) , 350.

th e y  w ere now  p o sitiv e ly  charged . S ince a stiff je lly  
of th is  c h a ra c te r  does n o t lend  itse lf to  m e a su re m e n t 
of m ig ra tio n  in  an  e lec tric  field, th e  on ly  o th e r  w ay  
seem ed to  lie in  te s tin g  th e  effect of s tro n g ly  ad so rb ed  
an ions up o n  th e  je lly .

J u s t  as hy d ro g en  ion  is one of th e  m ost s tro n g ly  a d ­
so rbed  ca tio n s , so h y d ro x y l ion is one of th e  m ost s tro n g ly  
adso rbed  anions. I t  w as n o t possib le, how ever, to  use 
hy d roxy l ion  to  id e n tify  th e  charge on th e  je lly  b e ­
cause of th e  ferric  ion  p resen t. In  a  s tu d y  of th e  o rd e r  
of ad so rp tio n  of an ions b y  p re c ip ita te d  b a riu m  su l­
fa te  th e  follow ing o rd er w as fo u n d :1

F e rro c y an id e >  n i t r a te >  n i t r i t e >  c h lo ra te >  p e rm a n g a - 
n a te >  fe rricy an id e>  ch lo rid e>  b ro m id e>  c y a n id e >  sulfo- 
c y a n a te >  iodide.

Since n itr a te  ion  is s tro n g ly  ad so rb ed  a n d  th e re  is 
no  in te rfe rin g  a c tio n  b e tw een  i t  a n d  th e  ions a lre ad y  
p resen t, i t  w as se lec ted  as being su ita b le  fo r ou r p u r ­
pose. S od ium  ion is know n to  be v e ry  l i t t le  ad so rb ed , 
hence we used  sod ium  n i t r a te  in  th e se  ex p e rim en ts . 
W hen  th e  gel o b ta in e d  from  th e  o rig ina l t r e a tm e n t  of 
th e  em ulsion  w ith  fe rric  ch lo ride w as t re a te d  w ith  a 
s a tu ra te d  so lu tio n  ( 2 5 0 C .) of so d iu m  n itra te ,  i t  w as 
d es tro y e d  an d  th e  oil freed . I t  seem ed , th e n , th a t  th e  
je lly  w as com posed  of p o sitiv e ly  ch arg ed  p a rtic le s .

In  line w ith  th e  ac tio n  of these  gels, ferric  n itr a te  
shou ld  p re c ip ita te  th e  o rig ina l em ulsion  w ith o u t th e  
fo rm a tio n  of jellies, since th e  a d so rp tio n  of n i t r a te  ion 
w ould  c o u n te ra c t to  som e e x te n t a t  le a s t th e  ad so rp tio n  
of ferric  ion. E x p e rim e n ts  w ere c a rrie d  o u t to  d e ­
te rm in e  th e  effect of th e  s im u lta n eo u s  a d so rp tio n  of 
ferric  a n d  n itr a te  ions on  th e  em ulsion . T ab le  V 
show s th e  resu lts  of th e se  d e te rm in a tio n s .

T a b l e  V  
A d d e d  M i x t u r e

      S e p a r a t e d  C o lo r
FefNO»)* W ater in after

Emulsion Solution W ater Solution Sponge Oil Layer Standing
Number Cc. Cc. Cc. Cc. Cc. Per cent 22 hrs.

1 . . .  200 5 45 5 None 3 2 .0  L ight brown
2 . . .  200 10 40 15 70 16.0  Brown
3 . . .  200 15 35 25 80 5 .0  Dark brown
4 . . .  200 25 25 65 35 I . 0 Dark brown
5 . . .  200 50 0 65 35 0 .5  Green-black

T h e te m p e ra tu re  of liq u id s d u rin g  th e se  ex p e rim en ts  
w as 2 5 ° C. T h e  sponge o b ta in e d  in  th e se  ex p e rim en ts  
w as v e ry  m obile a n d  b roke  up  up o n  th e  s lig h te s t a g i ta ­
tio n . F erric  n itra te  so lu tio n  used  in  m ak in g  u p  th e  
ad d ed  m ix tu res  co n ta in e d  67.32  g. F e (N O i3) p e r 100 cc.

T hese  resu lts  w ith  ferric  n i t r a te  c learly  show  th a t  
b o th  ions h av e  an  effect in  th e  p re c ip ita tio n  a n d  b ea r  
o u t ou r p rev ious conclusions as to  th e  s tro n g  ad so rp tio n  
of n itr a te  ion.

In  o rd er to  see to  w h a t e x te n t th e  increase  in  th e  
d en s ity  of th e  w a te r  p h ase  in fluenced  th e se  p re c ip ita ­
tio n  resu lts , a  n u m b e r of ex p e rim en ts  w ere ru n , using 
s a tu ra te d  so lu tions (2 5 0 C.) of sod ium  su lfa te , sod ium  
chloride, so d iu m  c a rb o n a te  a n d  so d iu m  b ic a rb o n a te , 
b u t  in  no  case d id  we o b ta in  a  d ischarge of th e  w a te r  
p a rtic le s .

e f f e c t  o f  o r g a n i c  s o l v e n t s — There are a number 
of methods in use for determining the percentage of 
water in an emulsion. Most books on petroleum 
analysis recommend the distillation method. This

1 Weiser and Sherrick, J .  Phys. Chem., 23 (1919), 205.
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consists in  ad d in g  to lu en e  to  a sam ple  of th e  em ulsion  
an d  d istilling . T h e  ad d ed  to lu e n e  keeps dow n th e  
tro u b le so m e fro th in g  th a t  u su a lly  occurs w hen  u n ­
d ilu ted  em ulsions are d istilled . T h e  w ate r, to lu en e , 
a n d  ce rta in  lig h t p o rtio n s of th e  oil com e over, a n d  as 
th e y  se p a ra te  in to  lay ers  w ith o u t em ulsify ing  th e  
p ercen tag e  of w a te r can  be co m p u ted . T h e  m e th o d  
m ost in  vogue in  th e  oil fields, on  ac co u n t of i ts  s im ­
p lic ity , is to  ad d  a  h ig h -g rade  gaso line to  a sam ple  
an d  cen trifuge it.  T h e  vo lum e p erc en ta g e  of w a te r  
can  th e n  be rea d  off d irec tly  on th e  g ra d u a te d  c e n tr i­
fuge glass. U sually  th e  re su lts  o b ta in e d  b y  th e se  tw o  
m ethods will check, b u t  occasionally  th e  em ulsions 
will n o t resp o n d  to  th is  gasoline t r e a tm e n t.  I t  h as  
been  fo u n d  t h a t  e th e r  is even  b e t te r  th a n  gasoline for 
th is  cen trifu g e  m e th o d . T h e  e x p lan a tio n  u su a lly  
offered for th is  m e th o d 'is  th a t  th e  a d d itio n  au g m en ts  
th e  d ifference in  d en s ity  of th e  tw o  phases, causing  a 
g rea te r  te n d e n c y  to  se ttle . T h is  m ay  b e  tru e  to  som e 
ex te n t b u t  i t  c a n n o t be th e  on ly  effect, as will be 
show n.

T h e  ex istence of n eg a tiv e  charges on th e  w a te r  p a r ­
tic les has  been  show n, b u t  i t  is d o u b tfu l w h e th e r  th e  
ions alone fu n c tio n  as th e  em ulsify ing  agen t. I t  
seem s p ro b ab le  t h a t  th e  ions w hich  are responsib le  for 
th e  charge are  condensed  on solid  p a rtic le s  w hich  in  
tu r n  fo rm  th e  p ro te c tin g  film s. In  m a n y  of th ese  
em ulsions th e re  is considerab le  e a r th y  m a te ria l a n d  i t  
m ay  be possible th a t  th is  m a te ria l se rves as th e  em u l­
sify ing agen t, being  itse lf p ep tize d  b y  ion  ad so rp tio n .

On th e  o th e r  h an d , th e  a sp h a lt in  th ese  oils m ay  be 
responsib le fo r th e  fo rm a tio n  of th e  film s. Som e 
sligh t am o u n t of a s p h a lt is p re se n t in  collo idal so lu tio n  
in  th ese  c rude  p e tro leu m s, as a  h y d ro p h o b e  colloid, 
a n d  w ould  cause th e  fo rm a tio n  of a n  em ulsion  w ith  
w a te r as th e  d isperse phase . I t  w as fo u n d  to  be 
possible to  p rep a re  an  em ulsion  of s a lt  so lu tio n  in  
pu re  w h ite  paraffin  oil b y  using  0.5 p e r ce n t of a sp h a lt. 
T h e  em ulsion  so fo rm ed  w as n o t as s ta b le  as th e  
n a tu ra l  oil-field em ulsions an d  no  defin ite  charge on  th e  
p a rtic le s  could  be id en tified ; nev e rth e le ss  i t  w as m uch  
m ore s ta b le  th a n  th e  suspension  m ade  b y  sh ak in g  th e  
pu re  oil w ith  th e  s a lt so lu tion .

I t  is en tire ly  possib le th a t  th is  sy s tem  is even  m ore 
com plicated  th a n  th e  p rev ious assu m p tio n s  w ould  
in d ica te . T h u s  we m ig h t h av e  th e  e a r th y  m a te ria l 
ad so rb ing  a sp h a lt o r o th e r  h e a v y  h y d ro ca rb o n s  from  
th e  c rude  oil, a n d  th ese  in  tu rn  fo rm ing  p ro te c tiv e  
film s a b o u t th e  w a te r  p a rtic le s , w ith  th e  co n seq u en t 
ad so rp tio n  of ions to  im p a r t a charge to  th e  p artic le s .

R ich a rd so n 1 fo u n d  t h a t  th e  e a r th y  m a tte r  in  T rin id a d  
a sp h a lt h ad  a  h igh  a d so rp tio n  ca p a c ity  for th e  b itu m en  
of th e  asp h a lt.

N ow  in  so fa r as th e  a s p h a lt , e ith e r  alone or con­
densed  u p o n  e a r th y  m a tte r ,  a c te d  as th e  em ulsify ing  
ag en t, i t  w ould  seem  th a t  th e  ac tio n  of th e  e th e r  in  
fa c ilita tin g  a se p a ra tio n  of th e  tw o  liq u id  phases 
m ig h t be due to  th e  so lv en t ac tio n  of th e  e th e r  on  th e  
a sp h a lt r a th e r  th a n  to  an y  a u g m e n ta tio n  of th e  d if­
ference in  d en s ity  of th e  tw o  phases. If  th is  w ere so, 
a liqu id , m iscible w ith  th e  oil ph ase  a n d  h av in g  a  h igh

1 J  Phys. Chem., 19 (1915), 245-6.

so lv e n t ac tio n  on  th e  a sp h a lt , shou ld  d ischarge th e  
em ulsion  even  if i t  h a d  th e  sam e d en s ity  as th e  em u l­
sion itse lf. In  o rd er to  te s t  th is  p o in t th e  specific 
g ra v ity  of th e  em ulsion  w as d e te rm in e d  a n d  a m ix­
tu re  of e th e r  a n d  ca rb o n  disulfide h av in g  th is  sam e  
specific g ra v ity  w as m ade. W hen  th is  so lv e n t m ix­
tu re  w as ad d e d  to  a sam ple  of th e  em u lsion  i t  d is­
ch a rg ed  th e  w a te r  even  m ore rea d ily  th a n  e th e r  alone. 
I t  w ould  seem  th e n  t h a t  th e  a c tio n  of th e se  o rg an ic  
so lv en ts  w as due to  so lv e n t effects r a th e r  th a n  to  d if­
ferences in  d en sity .

COM MERCIAL COM PO UNDS A N D  CHEM ICALS FOR  

TR EA T IN G  O IL -F IE L D  E M U L SIO N S

T h ere  a re  on  th e  m a rk e t ce r ta in  com p o u n d s fo r th e  
tr e a tm e n t  of oil-field em ulsions. T h ese  co m p o u n d s  
are  u su a lly  c rude  soaps or so d iu m  sa lts  of su lfon ic 
acids, o b ta in e d  b y  su lfo n a tin g  e i th e r  a co a l- ta r  oil o r 
a  p e tro le u m .1 All of su ch  com p o u n d s ex am in ed  w ere  
h y d ro p h ile  colloids, w hich seem s to  be th e  e x p la n a tio n  
fo r th e ir  ac tio n  in  d ischarg ing  th e se  oil-field em ulsions.

J u s t  as th e re  is se lec tive  ad so rp tio n  of ions, so th e re  
is se lec tive  ad so rp tio n  of colloids, a n d  c e r ta in  h y d ro ­
ph ile  colloids m ig h t h av e  a  m uch  g re a te r  te n d e n c y  
th a n  o th e rs  to  d e s tro y  a n  em ulsion  fo rm ed  b y  m ean s 
of a  g iven h y d ro p h o b e  colloid. J u s t  as p re c ip ita tio n  
of collo idal p a rtic le s  is due to  th e  a d so rp tio n  of a n  ion  
w ith  a  charge o p p o site  to  t h a t  u p o n  th e  p a rtic le s , so 
colloids of opposite  charges p re c ip ita te  one a n o th e r . 
B u t in  th e  d es tru c tio n  of an  em ulsion  fo rm ed  b y  a  
h y d ro p h o b e  colloid it  is n o t n ecessary  th a t  th e  h y ­
d ro p h ile  colloid be of an  o p p o site  charge. T h u s  we 
h av e  n eg a tiv e ly  ch a rg ed  soap  p a rtic le s  p re c ip ita tin g  
th e  n eg a tiv e ly  ch a rg ed  w a te r  p a rtic le s  of th e se  em u l­
sions.

T h ese  p ro p ertie s  an d  ac tio n s  of oil-field em u lsio n s 
w ould  in d ic a te  in  a  genera l w ay  th e  m e th o d s  fo r th e ir  
efficient tre a tm e n t.  I t  m u s t be b o rn e  in  m ind , how ­
ever, th a t  th e  em ulsions from  d iffe ren t fields m ay  d iffer 
m a rk e d ly  in  p ro p e rtie s  an d  th e re fo re  m ig h t re q u ire  
e n tire ly  d iffe ren t tr e a tm e n t.  In  so fa r  as th e y  do  
differ, each  field w ould  h av e  to  be in v e s tig a te d  in  
o rd er to  in d ic a te  th e  b es t m e th o d  of tr e a tm e n t .  In  
an y  case, i t  m ay  be a d v a n ta g e o u s  to  com bine a n u m b e r  
of p rocesses to  su p p le m e n t one a n o th e r .

T h e  a u th o r  hop'es to  be ab le  to  p ro cu re  sam p les so 
t h a t  re p re se n ta tiv e  em ulsions from  th e  o th e r  oil fields 
of th e  c o u n try  m ay  be exam ined .

SUM M ARY

T h e  re su lts  of th is  in v e s tig a tio n  are  su m m arize d  a s  
follow s:

1— T h e  em ulsions occu rring  in  th e  G oose C reek  
(T exas) oil fields h a v e  been  s tu d ied .

2— T h ese  em ulsions consist of s a lt  so lu tio n  as d is­
perse  p h ase  a n d  oil co n ta in in g  a s p h a lt  as th e  d is­
persing  phase .

3— T h e  w a te r  p a rtic le s  m ig ra te  to  th e  an o d e  u n d e r  
e lec trica l s tress  a n d  are th e re fo re  n eg a tiv e ly  charged .

4— S tro n g ly  ad so rb ed  ca tio n s  n eu tra liz e  th e  n e g a ­
tiv e  charge on  th e  p a rtic le s  a n d  p re c ip ita te  th e  w a te r .

1 Francis and Rogers, U. S. Patent 1,299,385 (1919).
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5— F erric  ion  is ad so rbed  to  such a n  e x te n t th a t  i t  
will ca rry  th e  p artic le s  over from  a  n eg a tiv e  charge 
th ro u g h  th e  isoelectric  p o in t to  a  co n d itio n  of positive  
c h a rg e  in  a m a n n er analogous to  th e  reversa l of charge 
■on a lb u m in  partic les.

6— F ro m  th e  experim en ts w ith  ferric  ch lo ride  an d  
•ferric n i t r a te  i t  is a p p a re n t th a t  b o th  ions of an  ad d ed  
•electro ly te are effective in  p rec ip ita tio n  of th e  charged  
p artic les .

7— T h e decrease in  s ta b ili ty  of th e se  em ulsions upon  
-the ad d itio n  of e th e r  is p ro b ab ly  due to  th e  so lv en t 
.action  of th e  e th e r  on  th e  a sp h a lt ra th e r  th a n  to  an y  
in c re ase  in  th e  d ifference in  d en s ity  of th e  tw o liqu id  
phases. A n e th e r-c a rb o n  disulfide m ix tu re  of th e  sam e 
g ra v ity  as th e  em ulsion  will d ischarge th e  w ate r.

8— T h e ac tio n  of ce rta in  com m ercial tr e a tin g  com ­
p o u n d s  is p ro b a b ly  due to  th e  fa c t th a t  th e y  a re  h yd ro - 
p h ile  colloids. A h y d ro p h ile  colloid shou ld  d ischarge 
;a n  em ulsion  fo rm ed  by  th e  use of a h y d ro p h o b e  col­
loid, w hile a h y d ro p h o b e  colloid shou ld  d ischarge an  
^emulsion fo rm ed  b y  th e  use of a  h y d ro p h ile  colloid.
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T E ST IN G  T H E  M ILD EW  R ESISTAN CE OF TEX TILES1 

By B. S. Levine and F. P . Veitch

L e a t h e r  a n d  P a p e r  L a b o r a t o r y ,  B u r e a u  o f  C h e m is t r y ,  
W a s h i n g t o n , D . C .

A s tu d y  of th e  fu n d am e n ta l fac to rs  d e term in in g  th e  
•effectiveness an d  d u ra b il ity  of processes of w a te r­
proofing an d  m ildew proofing tex tile  fab rics , such as 
c o tto n  d u ck  an d  c o tto n  canvas, w as u n d e r ta k e n  w ith  
th e  p r im a ry  o b jec t of finding sim ple fo rm ulas an d  
m e th o d s fo r tr e a tin g  clo th  w hich are  app licab le  for 
sm all-scale use on th e  fa rm  a n d  also su itab le  for use 
by  com m ercial tr e a tin g  p la n ts . P re req u isite s  for 
■successful w ork  on th e  m ain  p rob lem  are , of course, 
su itab le  m e th o d s fo r d e term in ing  w ate r an d  m ildew  
resis tance. T h e  m e th o d  here described, w hich is n o t 
reg a rd ed  as final b u t  su b je c t to  im p ro v em en t w ith  ex­
perience an d  g re a te r  know ledge of th e  p rob lem s in ­
vo lved , h as  been used  fo r th e  p a s t tw o  y ears  an d  has 
p ro v ed  to  be useful in  ju d g in g  th e  p ro b ab le  serv ice­
a b ility  of m ild ew -resis tan t tre a tm e n ts . T h e  m ethods 
used  fo r te s tin g  th e  w a te r resis tance of fab rics are 
described  in  a  se p a ra te  p a p e r .2

M ildew ing is due to  th e  d eve lopm en t of various 
m old  g row ths on an d  in  th e  fab rics . T h e  n u m b er of 
species responsib le  fo r th e  d e te rio ra tio n  is large, b u t 
chief am ong th e m  are species of Alternaria,  of Clado­
sporium,  a n d  som e Mucors.  T h e s im u ltaneous oc­
currence of d iffe ren t k inds of m olds seem s to  p la y  an  
im p o r ta n t p a r t ,  an d  th e  p ro d u c tio n  of p in k  an d  ye l­
low ish d isco lo rations is p ro b ab ly  due, a t  leas t in  som e 
cases, to  th e  g ro w th  of b o th  a Mucor  an d  a  m old  pro-

1 Read at the 57th M eeting of the American Chemical Society, Buffalo, 
N . Y ., April 7 to  11, 1919.

1 T h i s  J o u r n a l , ,  1 2  (1920), 26.

ducing  a  su b stan ce  hav in g  a p in k  ap p earan ce  in  a lk a ­
line or n e u tra l rea c tio n  an d  a  yellow  one in  an  acid  
reaction .

G ueguen 1 is of th e  op in ion  th a t  th e  spores causing  
th e  m ildew ing of fab rics a re  u su a lly  in tro d u c e d  in to  
th e  fibers by  th e  dead  p a r ts  of th e  p a re n t c o tto n  p la n t, 
w here th e y  h av e  been  e ith e r  in  a  d o rm a n t or g e rm in a tin g  
s ta te , an d  concludes t h a t  m ildew  is h a rd ly  ever due 
to  co n tam in a tio n  of th e  fab ric  a f te r  w eaving.

T h e  presence in  th e  a ir  of spores of cellulose-de- 
s tro y in g  fungi has  been  d e m o n s tra te d  b y  M c B eth  a n d  
S cales ,2 w ho h av e  iso la ted  from  p la tes  exposed to  air 
co n tam in a tio n  over a dozen ce llu lose-destroy ing  o r­
gan ism s, am ong  w hich Cladosporium herbarum  has 
been iden tified . D av is , D rey fus an d  H o lla n d 3 h av e  
show n th a t  a s to n ish in g ly  la rge n u m b e rs  of m old  spores 
ra in  in to  th e  m ill v a ts  co n ta in in g  sizing m a te ria ls  used 
on th e  co m p o n en t th re a d s , th e re b y  becom ing  in tro ­
duced  in to  th e  w oven fabric .

W e h av e  rep e a te d ly  m ildew ed pieces of t r e a te d  an d  
u n tre a te d  fab rics b y  in o cu la tin g  th e ir  su rfaces w ith  
p u re  cu ltu res  of Cladosporium, Alternaria,  an d  o th e r  
m olds, an d  h av e  fo u n d  th a t ,  u n d e r  la b o ra to ry  co n d i­
tio n s , co n v e rted  can v as m ay  be com plete ly  des troyed  
b y  severa l species of Aspergillus.

S terilized  d u ck  in o c u la ted  w ith  spores a n d  m ycelial 
fra g m en ts  of species of Alternaria  a n d  of Cladosporium  
an d  in c u b a te d  for tw o  w eeks, developed  m old  g ro w th  
w hich, a t  th e  en d  of an o th e r  tw o  w eeks, en te red  
deep ly  in to  th e  fab ric . F u rth e rm o re , h ea v y  fab rics , 
su b je c ted  to  ce rta in  fin ishing processes h av in g  a 
ste riliz ing  effect on  th e  p reex isting  m old spores an d  
m ycelial frag m en ts , rea d ily  m ildew  u n d er fav o rab le  
field cond itions. I t  is clear, th e re fo re , t h a t  even 
can v as a p p a re n tly  free from  orig inal m old  im p re g n a ­
tio n  will m ildew  if exposed  to  a ir co n ta m in a tio n  and  
to  cond itions encourag ing  m old  g row th .

M ETHODS U SE D  TO D E T E R M IN E  M ILDEW  R E SISTA N C E

T es ts  fo r m ildew  resis tan ce  of fab rics Jiave been 
in  use here to fo re . One, occasionally  follow ed, is, 
briefly , to  b u ry  a sam ple  of th e  c lo th  u n d e r g ro u n d  a t  a 
d e p th  of 12  to  15  in . for a p eriod  ex ten d in g  over one 
m o n th . T h e  g ro u n d  is k e p t m o ist b y  occasional 
w ate ring . T h e  co n d itio n  of th e  fab ric  a t  th e  end of th e  
te s t  period  is considered  to  in d ic a te  th e  degree of 
m ildew  resis tance.

T h is m e th o d  m ay  give v a lu ab le  in fo rm a tio n  re ­
gard ing  th e  resis tan ce  of fab rics to  b ac te ria l ac tio n , 
b u t  its  va lue  for d e te rm in in g  m ildew  resis tan ce  is 
ques tionab le . W a k sm a n 4 fo u n d  th a t  soil sam ples 
ta k e n  from  a  d e p th  of 12  to  30 in . on  p la tin g  o u t d e­
veloped  on ly  Z ygorhynchus, a n d  th a t  Aspergillus, 
Alternaria, Cladosporium, P enicu llium ,  an d  o th e r  
o rgan ism s com m only  p re se n t in  th e  soil h a d  n o t 
a p p e a red  in  th e  p la tes  in  24 h rs .; w hile in  th e  u p p e r 
soil s t r a ta  th e re  m ay  be 1,0 0 0 ,0 0 0  fung i p er g ram  of 
soil. T h is , rea lly , is a sm all n u m b e r of o rgan ism s,

« Compt. rend., 1 5 9  (1914), 781.
3 U. S. Dept, of Agr., Bureau of Plant Industry, Bulletin  2 S 6 , pp. 24—25.
* "Sizing and Mildew in Cotton C lo th /’ 1 8 8 0 , Palmer and Howe, 

M anchester. ’
< Science, N . S., 44 (1916), 320-23.
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as com pared  w ith  th e  m an y  m illions of b a c te ria  
u sua lly  p resen t. C an v as b u ried  u n d e r g ro u n d  w ould, 
th e re fo re , be su b je c t to  b ac te ria l r a th e r  th a n  to  fu n ­
gus a tta c k . T h a t  th is  is so, is in d ic a ted  by  th e  fac t 
t h a t  c o tto n  d uck  coa ted  w ith  a  th in  lay er of paraffin  
rem ain ed  p rac tica lly  u n a t ta c k e d  w hen b u ried  u n d er 
g ro u n d  for n ea rly  a m o n th , w hereas m ildew  developed  
in  less th a n  a  m o n th  w hen in o cu la ted  in  th e  la b o ra ­
to ry .

F u rth e rm o re , since i t  is generally  recognized th a t  
d iffe ren t soils h av e  d iffe ren t m icrob ial flora, th a t  
species p re se n t u n d e r one com bination  of cond itions 
m ay  be ab sen t u n d e r o th e rs  even  in  th e  sam e soil, 
i t  is n o t p rac ticab le  to  s ta n d a rd iz e  th is  m e th o d  of 
te s ting .

A n o th er m e th o d  is to  roll to g e th e r  several sam ples 
of th e  c lo th  to  be te s te d  w ith  layers of fresh  horse 
m an u re  an d  of sa w d u s t a n d  keep fo r a b o u t a  m o n th  
in a m oist condition . A t th e  en d  of th e  period  th e  
cond ition  of th e  c lo th  is observed , an d  if no  d e te r io ra ­
tio n  is ev id en t, th e  sam ples are aga in  ro lled  up an d  
le ft fo r an o th e r  m o n th  or tw o.

H a u b n e r ,1 H enneberg  an d  S to h m a n n ,2 K n ie riem ,3 
C h o u k e v itc h 4 an d  o th e rs  h av e  show n th a t  cellulose 
is fe rm en ted  b y  b a c te ria  in  th e  in te s tin a l t r a c t  of 
p rac tica lly  all an im als, m an  inc luded . I t  is reasonab le  
to  th in k , the re fo re , th a t  ce llu lose-destroy ing  b a c te ria  
ab o u n d  in  fresh  feces, b u t  t h a t  m olds a re  p rac tica lly  
ab sen t. T h is  s ta te m e n t has  been  confirm ed in  th is  
la b o ra to ry . F in a lly , th is  p ro ced u re  obv iously  ca n n o t 
be s ta n d ard iz ed , an d , because of i ts  offensive c h a r­
ac te r, is n o t su ited  for la b o ra to ry  w ork.

T h e  sim plest an d  m ost useful m e th o d  here to fo re  
used is th a t  of su spend ing  th e  te s t  sam ple  in  a  closed 
ja r  con ta in ing  som e w ater. T h e  ja r  is k e p t in  a d ark , 
p referab ly  w arm , room  for 5 to  7 days. A t th e  end  
of th is  period , th e  te s t  is d iscon tinued . T h is  te s t, 
th o u g h  su b je c t to  som e critic ism , is b e t te r  th a n  those  
prev iously  described , since i t  can  be easily  co n d u c ted  
un d er s ta n d a rd  conditions. T h e  period  of in c u b a tio n  
u sually  em ployed , how ever, is en tire ly  to o  sh o rt. 
W e h av e  found  th a t  ce rta in  fab rics , w hich h av e  r e ­
m ained  u n a tta c k e d  by  m olds fo r o v er a w eek, h av e  
p roved  to  be suscep tib le  to  m ildew  a n d  w ere com ­
p le te ly  overgrow n in  th re e  w eeks to  one m o n th  of 
in cu b a tio n . D av is , D reyfus an d  H o lla n d 6 h av e  em ­
ployed  a p rocedure  for te s tin g  th e  m ildew  resis tan ce  
of co tto n  goods sim ilar to  th e  one ju s t  described , w ith  
a period of in c u b a tio n  from  40 to  50 days. In  experi­
m en ts  on  m ildew ing “ pu re  c lo th ” th e  follow ing r e ­
su lts , am ong  o thers, are  g iven :

"S e v e n th  d a y .— D am p b u t nothing visible. T w e lfth  day. 
— V isib le  on ly  under th e m icroscope. T w en tieth  day.— S light 
fructification . T w en ty-eigh th  day.— B a d ly  m ildew ed, brown 
spots, e tc .”

T h e ir  resu lts , to g e th e r  w ith  ou r obse rva tions, have 
conv inced  us th a t  30 d ays is th e  sh o rte s t a llow able

1 A m st-und  Anzeigeblatt fü r  die Landwirtschaftlichen Vereine der König­
liche, Sachson, 1854.

3 Beitrage zur Begründung einer rationellen Futterung der Wiederkäuer, 
Braunschweig, 1860-4, 2 pts.

« Z . biol., 21 (N . S. 3) (1885), 67-139.
* A n n . In s t. Pasteur, 25 (1911), 247-276.
* Loc. cit., p. 205.

period  of in c u b a tio n  w hen te s tin g  fab rics  for m ildew  
resis tance.

A serv iceab le  te s t  for m ildew  resis tan ce  of te x tile s  
shou ld  inc lude  th e  follow ing fac to rs :

1— A erob ic  conditions of grow th.
2— Proper hum idity.
3— Proper tem perature.
4— Subdued light.
5— Sufficient period of incubation.
6— Stan dard conditions w ith  regard to  the controllable fac­

tors in volved  in th e test.
7— Sim p licity  of procedure.

T o  m eet these  con d itio n s th e  follow ing p ro ced u re  h as  
b een  ad o p ted . C u t six discs a b o u t 3 V 2 in . in  d ia m e te r  
from  th e  sam ple  to  be te s te d  an d  p lace in  ru n n in g  
w a te r  a t  room  te m p e ra tu re  fo r a t  le a s t 2 d ays. In  
th e  absence of ru n n in g  w ate r p lace  th e  d iscs in  a 
b ea k er of w a te r a n d  change th e  w a te r  several tim es  
d u rin g  th e  day . T h is  soak ing  a n d  w ashing  is for th e  
p u rpose  of rem oving  from  th e  fab ric  as m uch  of th e  
w ater-so lub le , germ icida l an d  fung ic ida l su b s tan ce s  
as possib le an d  also th e  fe rm en tab le  m a te ria l. I f  
th e se  are le ft in th e  fab ric , th e y  m ay  suspend  or h as ten  
th e  dev e lo p m en t of th e  m ildew  spores, m ak ing  i t  a p ­
p ea r th a t  th e  fab ric  is h igh ly  m ild ew -resis tan t o r 
h igh ly  su scep tib le , w hereas in  p ra c tic e  th e  su b s tan ce s  
m ay  be a lm o st com plete ly  w ashed  o u t b y  th e  first 
ra in , an d  the resis tan ce  of th e  fab ric  becom e m a rk e d ly  
d ifferen t.

A t th e  end  of th e  p eriod  of soak ing , p lace  th e  d iscs 
b e tw een  clean b lo ttin g  p ap e rs  o r tow els a n d  rem o v e  
excess of w a te r b y  p ressure . P lace  th e  discs in  six 
bac terio log ica l P e tr i p la te s  co n ta in in g  10 to  15  cc. 
of p la in  ag a r je lly  free from  n u tr ie n t  m a tte r ,  being  
carefu l th a t  th e  p la tes  do n o t becom e a ir- tig h t. T h e  
p la te s  w itb  th e  discs are in c u b a te d  in  a  closed c h a m b e r 
a t  a te m p e ra tu re  of 20° to  2 5 0 C. fo r 7 to  10  d ay s . 
I f  th e y  show  a h eav y  a n d  w ell-developed  g ro w th , 
th e  te s t  is d iscon tinued . If, how ever, th e  g ro w th  of 
m old  is en tire ly  a b sen t or is m ere ly  s ta r t in g , th e  d isc s  
are  in o c u la ted  w ith  s to c k  cu ltu res  of Alternaria,  
Cladosporitim,  an d  a p in k  Mucor,  an d  fu r th e r  in c u b a te d  
fo r from  3 to  4 weeks. T h e  firs t p e rio d  of in c u b a tio n  
is des ig n ated  fo r convenience as th e  “ p re -in o cu la tio n  
p erio d .”

D u rin g  th e  second  p erio d  of in c u b a tio n  w eek ly  
ex am in a tio n s  of th e  p la te s  a re  m ade m acroscop ica lly  
an d  w ith  th e  a id  of th e  b in o cu lar m icroscope w h en ev er 
necessary . T h e  fac to rs  observed  an d  ta k e n  in to  co n ­
sid e ra tio n , a re :

1— E x te n t of contam ination  or so-called spontaneous grow th.
2— E x te n t of inoculation grow th.
3— D iscoloration.
4— S tren gth  of th e fabric.
5— N a tu re  of th e  predom inating growth.

A ra tin g  on  th e  basis of te n  has been  w orked  o u t 
w hich is, of course, a rb it ra ry ,  an d  su b je c t to  fu tu re  
m odification . W here re su lts  c a n n o t be m easu red  
a n d  expressed  m a th em a tica lly , p rec ision  c a n n o t be 
expected . T h e  defin itions a n d  ra tin g s  a re  based  u p o n  
observab le  fac to rs  w hich do n o t lend  th em se lv es to  
defin ite  m easu rem en t. T h ey  are, th e re fo re , su b je c t 
to  e rro rs  in tro d u c ed  by  th e  so-called in d iv id u a l eq u a -
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tion . H ow ever, a f te r  som e experience, th e  w orker 
o b ta in s  a  co n c re te  u n d e rs ta n d in g  of th e  te rm s  “ very  
h e a v y ,” “ h e a v y ,” “ considerab le ,” “ fa ir ,”  an d  “ neg­
lig ib le .”

T h e  ra tin g  is based  on one m o n th ’s in cu b a tio n .
.-------------------------------------- O b s e r v a t i o n s -------------------------------
Contamination Inoculation Other N o m e n -

Growth Growth Characteristics R a t i n g  c l a t u r e

Very heavy1 ................  Tendering of cloth 0 Mildew - suscep­
tible

Very heavy1 ................  Tendering not readily
observable 1 ]

H eavy1 ................  Marked discoloration 2 I N o t mildew-re-
H eavy1 ................  Visible discoloration 3 J sistant
Considerable Fair Slight discoloration 4 Negligibly m il­

dew-resistant
Considerable Negligible N o  visible discoloration 5 Slightly mildew-

resistant
Fair Negligible N o  visible discoloration 6 Considerably mil­

dew-resistant
Negligible Negligible N o  visible discoloration 7 M ildew-resistant
Negligible Visible only N o discoloration 8 Highly mildew-

through resistant
binocular 
microscope

Negligible N one N o discoloration 9 Very highly mil­
dew-resistant

N o  N one N o  discoloration 10 Mildew-proof
1 Where the contam ination growth is heavy the condition of the inocu­

lation growth may be overlooked. In fact it is frequently overgrown by  
the spread of contam ination molds.

D a ta  p e rm ittin g  th e  com parison  of th e  re su lts  of 
la b o ra to ry  te s ts  of th e  m ildew  resis tan ce  of te x tile  
fab rics b y  th e  above m e th o d  w ith  field exposures have  
been  o b ta in ed , an d , th o u g h  a t  p re se n t s till m eager, 
a re  in d ic a tiv e  of th e  value  of th e  te s t.  Pieces of 
t r e a te d  an d  u n tre a te d  clo th  w ere s tre tc h e d  over fram es 
in  th e  fo rm  of te n ts  an d  exposed to  w ea th er cond itions 
in  th e  v ic in ity  of W ash in g to n  fo r n ea rly  a  y ea r . T he 
sam ples w ere th e n  b ro u g h t in to  th e  la b o ra to ry  an d  
exam ined  fo r m ildew . T h e  ta b le  show s th e  re su lts  of 
th e  la b o ra to ry  te s t an d  o u td o o r exposure of som e of th e  
sam ples.

 --------------------------- L a b o r a t o r y  T e s t --------------------------- *
N u m -  Contam ination Inoculation Other E x p o s u r e

b e r  Growth Growth Characteristics R a t i n g  T e s t

347911 Very heavy ................  N o readily observable H e a v i l y
tendering of cloth 1 mildewed 

347921 H eavy ................  Marked discoloration 2 Black mil­
dew

347801 H eavy ................  Marked discoloration 2 Black and
y e l l o w
mildew

34772 H eavy ................  Marked discoloration 2 Black and
green mil­
dew

34797 H eavy ................  Marked discoloration 2 C o n s i d e r ­
ably mil­
dewed

34856 H eavy ................  Marked discoloration 2 Black mil­
dew

33309 Considerable Fair Slight discoloration 4 Some black
mildew

34828 Considerable Fair Slight discoloration 4  H e a v i l y
mildewed

34832 Considerable Fair Slight discoloration 4 Mildewed
34834 Considerable Fair Slight discoloration 4 Mildewed
32409 Considerable Negligible N o  visible discoloration 5 Some black

mildew
34826 Considerable Negligible N o  visible discoloration 5 S l i g h t l y

mildewed
34748 Considerable Negligible N o  visible discoloration 5 Mildewed
33331 Fair Negligible N o  visible discoloration 6 N o  mildew
33460 Fair Negligible N o  visible discoloration 6 N o  mildew
32388 Negligible Negligible N o  visible discoloration 7 N o  mildew
33434 Negligible Negligible N o  visible discoloration 7 N o  mildew
32383 Negligible Visible only N o  visible discoloration 8 N o  mildew

through 
binocular 
microscope

33017 Negligible ................  N o  visible discoloration 9 N o mildew
33001 None N one N o  visible discoloration 10 N o mildew
33003 N one N one N o  visible discoloration 10 N o mildew

1 The first three samples were of untreated gray duck— the remainder 
were from treated material.

I t  will be seen fro m  th ese  p re lim in ary  re su lts  th a t  
sam ples w hich by  th e  la b o ra to ry  m e th o d  g ive a  re ­
s is tan ce  of six or b e t te r  w ith sto o d  exposure fo r a  whole 
y ea r  u n d e r n o rm a l w ea th e r  cond itions n e a r  W ash­
in g to n , D. C. H ow  m uch longer these  fab rics  will

w ith s ta n d  exposure w ith o u t m ildew ing is now  being 
d e term in ed . T h e  p ro ced u re  can  a p p a re n tly  be relied  
upon , especially  in  d is tin g u ish in g  b e tw een  re s is ta n t 
an d  n o n res is tan t tre a tm e n ts .

SUM M ARY

I— T h e  m e th o d s h e re to fo re  u su a lly  em p loyed  fo r 
te s tin g  m ildew  resis tan ce  of fab rics  a re  o u tlin ed  an d  
th e ir  d isa d v an tag es  p o in te d  ou t.

I I — A la b o ra to ry  m e th o d  is  d escribed  w hich is 
sim ple in  execution  an d  th e  d e ta ils  of w hich  h av e  been 
s ta n d ard iz ed .

I I I — A ra tin g  on th e  scale of 10 an d  a sy stem  of 
n o m e n c la tu re  h av e  been  developed  on th e  basis of 
la b o ra to ry  o b serv a tio n s. T h e  p rac tica l significance 
of th ese  underexposu re  cond itions will be fu r th e r  
s tu d ied  an d  rep o rted .

IV — A com parison  has been  m ade  of th e  resu lts  of th e  
la b o ra to ry  te s t  w ith  re su lts  of exposure  te s ts .

TH E IN FLUENCE OF T H E  M E TH O D  O F M AN U FACTU R E 
ON TH E USE OF CASEIN  IN  GLU E M A K IN G

By Samuel Buttennan 

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

Received August 20, 1919

T h e  u rg e n t necessity  for a  w a te r-re s is ta n t glue fo r 
use in  a irc ra ft co n s tru c tio n  w as rea lized  im m ed ia te ly  
upon  o u r e n try  in to  th e  w ar, b u t  a t  t h a t  tim e , in  th is  
co u n try , re la tiv e ly  l i t t le  w as know n reg a rd in g  its  
p rep a ra tio n . T h e  severe w ea th e r  con d itio n s to  w hich 
a irp lanes a re  su b je c ted  a n d  th e  im p ra c tic a b ility  of 
covering  all g lued  jo in ts  in  a  m ach ine w ith  a  w a te r­
proof co a tin g , led  th e  A ir S erv ice of th e  W ar D e p a r t­
m e n t an d  th e  B u rea u  of C o n s tru c tio n  an d  R e p a ir  of 
th e  N a v y  D e p a r tm e n t to  a d o p t v e ry  ex ac tin g  re q u ire ­
m en ts  as to  w a te r  res is tan ce  fo r all g lue u sed  in  th e  
m a n u fa c tu re  of ce rta in  a irc ra f t  p a r ts .  T h e  U. S. 
F o re s t P ro d u c ts  L a b o ra to ry , M adison , W is., w as 
called up o n  to  in v e s tig a te  th is  su b je c t in  o rd e r  to  o b ­
ta in  defin ite  in fo rm a tio n  as to  th e  p ro p ertie s  of, an d  
m e th o d s of o b ta in in g  w a te r-re s is ta n t glue.

T w o ty p e s  of w a te r -re s is ta n t1 g lue h a v e  been  su c ­
cessfully  developed , one based  on  so lub le b lood  a l­
b u m in  a n d  th e  o th e r  on  casein . C asein  is p ra c tica lly  
in so lub le  in  w ate r, b u t  in  th e  p resence of a lk a lin e  su b ­
s tan ces i t  fo rm s so lu tions w hich  are  h igh ly  v iscous a n d  
possessed of m a rk e d  m ucilag inous p ro p ertie s . If 
lim e is p re se n t, th e se  so lu tions soon “ s e t ,”  a n d  on 
d ry in g  fo rm  a h a rd  m ass w hich  does n o t red isso lve in  
w a te r . S uch  a  m ix tu re  of case in , lim e a n d  o th e r  
a lka line  su b stan ce , to  w hich c e r ta in  o th e r  in g red ien ts  
m ay  be a d d e d  to  confer ad d itio n a l d es irab le  p ro p e rtie s , 
fo rm s th e  so-called “ w a te rp ro o f”  case in  g lues w hich 
are com m ercia lly  av a ilab le  a t  th e  p re se n t tim e .

In  th e  ea rly  w ork  a t  th is  la b o ra to ry  in  th e  d ev e lo p ­
m e n t of case in  glue fo rm u las  i t  w as fo u n d  t h a t  s h ip ­
m en ts  of case in  fro m  d iffe ren t sources, o r o f ten  tw o  
sh ip m en ts  fro m  th e  sam e m ak er, ex h ib ite d  su ch  m a rk e d

1 F . L. Browne, "W ater-resistant G lues/' Chem. 6- Met. Eng., 21 (1919),
136.
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differences in  b eh av io r t h a t  th e  g lue fo rm u la  h a d  to  
be seriously  a lte red  for each  sam ple  of casein . T h is  
m ade i t  necessary  to  ex ten d  our s tu d y  to  cover th e  
influence of th e  m e th o d  of m a n u fa c tu r in g  casein  on its  
use in  glue.

M A N U F A C T U R E  OF C A SE IN

C asein  occurs as th e  p rin c ip a l p ro te in  of m ilk, 
closely associa ted  w ith  lim e a n d  ca lc ium  p h o sp h a te  
in  a  fo rm  generally  des ig n a ted  as ca lc ium  case inate . 
T h e  casein is o b ta in ed  as a  p re c ip ita te  b y  freeing  it  
m ore or less com plete ly  fro m  th is  co m b in a tio n . T h e  
m ethods of do ing  th is  m ay  be d iv id ed  in to  tw o  classes:

1— Acidification of milk. T he acids commonly used are 
lactic, hydrochloric, and sulfuric.

2— Coagulation of milk by  rennet.

F o r th e  sake of econom y, casein  is n o t m ade  from  
w hole m ilk. T h e  m ilk  is f irs t p assed  th ro u g h  a  c ream  
se p a ra to r  to  o b ta in  b u t te r - f a t  an d  th e  sk im m ed  m ilk  
is used  fo r th e  m a n u fa c tu re  of casein . A lth o u g h  i t  is 
also possib le to  o b ta in  casein  from  b u tte rm ilk , v e ry  
li t t le  is m ade from  i t  a t  th e  p re se n t tim e , a n d  we shall 
th e re fo re  confine o u r d iscussion  to  sk im -m ilk  casein.

l a c t i c  a c id  o r  n a t u r a l - s o u r  m e t h o d — -In this method the 
necessary acidification is produced by the fermentation of the 
lactose of milk. The milk is allowed to stand at room tempera­
ture until the amount of lactic acid produced is almost enough 
to cause separation of the curd from the whey, and then warmed 
to about 130° F., whereupon the curd separates. The whey 
is drained off and the curd is sometimes washed with cold water. 
The curd is wrapped in cloth and pressed to remove the remaining 
w hey or wash-water as far as possible, and dried b y  spreading 
it on trays in a drying tunnel through which air, a t a temperature 
not over 130° F., circulates. This method of procedure is 
sometimes spoken of as the " v a t”  or "cottage cheese”  method.

In order to avoid loss of time fresh skim milk is sometimes 
warmed and allowed to flow out of a pipe. From a neighboring 
vat a stream of warm, sour whey is allowed to flow in such a w ay 
that it  mixes with the stream of skim milk, and the liquid falls 
into a third va t from which the whey is finally drained and the 
curd washed, pressed, and dried as before.

An excellent grade of natural-sour casein is made by the 
"ejector”  method developed by the Bureau of Animal Industry.1 
The skim milk (or buttermilk) is allowed to sour until its acidity, 
as determined by titration with a standard alkali solution, using 
phenolphthalein as indicator, is 0.8 to 0.9 per cent, expressed 
as lactic acid. I t  is then allowed to run out of the tank through 
an ejector where it is rapidly heated by introducing steam, and 
to fall into a second tank where the curd collects on top. The 
whey is drained off and the curd washed, pressed, and dried.

m e t h o d  o p  c o a g u l a t i o n  w i t h  a c id s — In this method the 
necessary acidification is produced b y  adding acid directly to 
the milk. This saves the time required for the production of 
lactic acid by  natural souring.

The fresh skim milk is placed in a vat and heated with steam 
to about 1200 F. About one pint of sulfuric acid (sp. gr. 1.84) 
for every 1,000 lbs. of milk is diluted with a  gallon of water and 
added to the milk, which is gently stirred until the curd sep­
arates. The whey is drained off and the curd washed. I t  
m ay then be pressed and dried, as in the case of natural-sour 
casein, or it may be "cooked.”  This process consists in covering 
the curd with water and heating to 170 0 to 175 °F ., when the curd 
collects in a semi-fluid, plastic, tough mass. The water is 
drained off, and the soft curd barreled and shipped.

1 A. O. Dahlberg, "The Manufacture of Casein from Buttermilk or 
Skim Milk," U. S. Dept, of Agr„ Bulletin  661.

B y  far the greater part of-the commercial casein made in the 
United States is produced by the sulfuric acid method. In 
some creameries where the whey is later used for recovering 
lactose, hydrochloric acid is substituted, to avoid certain me­
chanical difficulties at a later point in the process.

J. L. Sammis, of the D airy Departm ent of the U niversity of 
Wisconsin, has shown that by  proper manipulation sulfuric acid 
curd can be made with as low ash content as natural-sour casein.1

t h e  g r a i n - c u r d  m e t h o d — The Bureau of Animal Industry 
has developed a method for making commercial casein b y  the 
hydrochloric acid method which gives a product of exceptional 
purity. This method has been successfully put into practice 
by  a t least one large creamery.

The method takes its name from the character of the curd 
when obtained from milk in which the hydrogen ion concentra­
tion is approximately that of the isoelectric point of casein, 
P h = 4.6. This is easily controlled in practice by  adding the 
dilute acid to the milk and testing small samples by  means of 
methyl red, comparing the color w ith that of a stock solution 
of known hydrogen ion concentration. B y  the careful regulation 
of temperature and acidity the curd is easily freed from impuri­
ties.

m e t h o d  o f  c o a g u l a t i o n  w i t h  r e n n e t — Rennet casein is 
obtained by treating milk with rennet. Since no acid is formed 
during the process, the ash content of the caesin thus produced 
is very high.

CHARACTER OF COM M ERCIAL C A SE IN

C om m ercially  av a ilab le  case ins a re  of th e  m ost 
d ive rse  ch a rac te r . T h e y  ra n g e  in  q u a lity  fro m  p ra c ­
tic a lly  w hite , sw eet sm elling  p ro d u c ts  re la tiv e ly  low 
in  im p u ritie s , th ro u g h  lig h t yellow  to  d a rk  b row n  
m a te ria l w ith  sou r an d  h ig h ly  offensive odors. T h e  
m a rk e d  v a r ia tio n  in  b eh a v io r  of caseins in  v a r io u s  a p ­
p lica tio n s is show n b y  th e  specific p references of 
d iffe ren t consum ers fo r one ty p e  or a n o th e r . T h u s  
one m a n u fa c tu re r  m a in ta in s  t h a t  n a tu ra l-so u r  case in  
a lone is sa tis fac to ry  fo r h is  p u rp o se , w hereas a n o th e r  
s tip u la te s  t h a t  on ly  m in e ra l ac id  case in  is to  b e  f u r ­
n ished . In  m a n y  in s tan c es  sc ien tific su p e rv is io n  is 
lack in g ; no ex p lan a tio n  fo r th is  p reference  is g iven  
b ey o n d  som e reason  expressed  in  th e  v e rn a c u la r  of 
th e  tr a d e  an d  hence devo id  of a n y  significance to  on e  
n o t fam ilia r  w ith  th e  p a r tic u la r  a p p lica tio n  u n d e r  co n ­
s id e ra tio n .

In  our w ork in  develop ing  casein  g lue fo rm u las , 
th is  w ide d iss im ila rity  in  th e  caseins w as a  so u rce  
of m uch  d ifficu lty  because a  fo rm u la  w hich  gave s a tis ­
fa c to ry  re su lts  w ith  one case in  m ig h t fa il com plete ly  
w ith  an o th e r . W ith  an y  casein  of re a so n ab ly  good 
q u a lity , how ever, i t  w as possib le  b y  an  a lte ra tio n  in  
th e  p ro p o rtio n s  of th e  in g red ien ts  of th e  fo rm u la  to  
o b ta in  a  sa tis fa c to ry  glue. In v e s tig a tio n s  w ere th e re ­
fo re  m ade in to  th e  causes of v a r ia tio n  in  com m ercia l 
casein  m ade b y  d iffe ren t m e th o d s  a n d  th e ir  effect 
u p o n  th e  use  of casein  in  glue.

T h e  re su lts  of th e  firs t p a r t  of th is  w ork  h a v e  a l­
rea d y  b een  p u b lish e d .2 O ver 300 sam ples of co m ­
m ercial casein , m ade b y  d iffe ren t m e th o d s  a n d  d if­
fe ren t m akers, w ere an a ly z ed  fo r m o is tu re , f a t ,  ash , 
“ a c id ity ,”  a n d  n itro g en , th e  la s t g iv ing  a m easu re  of 
th e  o rgan ic  im p u ritie s  o th e r  th a n  fa t  p re se n t. In

1 Work about to be published.
2 F. I/. Browne, “ The Proximate Analysis of Casein,” T in s  J o u r n a l , 

11 (1919), 1019.
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T ab le  I  a re  g iven  th e  resu lts  of th e  ana lyses of sam ples 
of casein  m ade a t  a  la rge c ream ery  by  d iffe ren t m e th ­
ods. T hese  re su lts  are ty p ic a l of th e  casein  p roduced  
a t  th e  p re se n t tim e  b y  each  of these  m ethods:

T a b l e  I — R e s u l t s  o p  A n a l y s e s  o p  C a s e i n  M a d e  b y  D i f f e r e n t  
M e t h o d s

Nitrogen
(Moisture

Av. Mois- Fat Ash (Moisture-free Fat-
No. ture (Moisture- Basis) Per cent Asli-free Acid-

of Per free Basis) Basis) ity 1
M e t h o d  Samples cent Per cent Max, Min. Av. Per cent Cc.

Buttermilk 9 6.97 9 .56 2.18 0 .88 1.36 14.77 9 .2
Grain curd 11 9 .4 8 0.33 3 .76 1.08 1.65 14.84 9 .9
Natural sour 18 7 .87 0 .27 2.62 1.33 2.16 14.84 8 .7
Sulfuric acid 34 7.81 0.35 5.36 3.02 4.05 14.46 7 .6
S u l f u r i c

cooked 8 8 .89 0 .12 5 .58 3.92 4.25 15.04 5 .9
Hydrochloric

cooked 8 9 .4 4 0 .18 5 .09 4 .Í 4 4.71 15.03 5 .2
Hydrochloric

acid 6 7 .10 0 .16 6.03 5.51 5 .7 4 14.32 6 .7
Rennet 3 8.29 0 .63 8.39 7.18 7.97 14.41 7 .9

1 Acidity is expressed as cc. of N /1 0  sodium hydroxide solution 
required to dissolve 1 g. of moisture-, fat- and ash-free casein and give a 
solution neutral to phenolphthalein.

F o r sk im -m ilk  casein th e  m oistu re  an d  fa t co n ten ts  
a re  in d e p e n d e n t of th e  m ethod  of p re c ip ita tin g  th e  
cu rd , a lth o u g h  th e  n itrogen  c o n ten t varies considerab ly . 
N one of th e se  seem s to  h av e  m uch  influence on th e  
b eh av io r of casein  in  glue. F u rth e rd isc u ss io n  will th e re ­
fore be lim ite d  to  th e  effect of ash  c o n ten t an d  “ a c id ity .”

IN F L U E N C E  OF IM P U R IT IE S ON U SE  OF C A SE IN  IN  GLUE

I t  w as ea rly  observed  th a t  caseins p rep a re d  by 
th e  th re e  com m ercial m ethods— lactic  acid, m ineral 
acid, a n d  re n n e t— show  m arked  differences w ith  
re sp e c t to  th e  q u a n ti ty  of w ate r req u ired  to  reduce 
th e  g lue p re p a re d  from  th e m  to  th e  sam e viscosity . 
In  general, caseins of th e  sam e ty p e  req u ire  a  q u a n ti ty  
of w a te r  w hich  varies w ith in  a  defin ite  range  an d  is 
so m ew h at sh a rp ly  d iffe ren tia ted  from  th e  q u a n t i ty  
req u ired  b y  o th e r  ty p e s . In d eed , in  m ost cases , 1 
i t  is possib le to  nam e th e  m ethod  of m a n u fa c tu re  by  a 
m ere o b se rv a tio n  of th e  re la tiv e  am o u n t of w a te r re ­
q u ired  b y  th e  casein u n d e r in v estig a tio n . F ro m  
T ab le  I I  i t  will be seen th a t  th is  p ro p e r ty  closely 
p ara lle ls  th e  ash  c o n te n t of th e  casein.

Since th is  v a r ia tio n  in  w a te r req u irem en t is b y  fa r  
th e  m ost serious one en co u n te red  in  using  an y  casein 
for glue m ak ing , a  th o ro u g h  s tu d y  w as m ade of th e  re la ­
tio n  b e tw een  w ate r req u irem en t an d  ash  c o n te n t of com ­
m ercial caseins. F o r th is  p u rpose  casein  glue F o rm u la  
4 of th is  la b o ra to ry 2 was se lected , a n d  glues were 
m ade  from  a la rge n u m b e r of com m ercial caseins of 
d iffe ren t k inds, th e  am o u n t of w a te r used in  each  case 
being  v a rie d  u n til th e  desired  v iscosity  w as ob ta ined . 
A sim ilar s tu d y  w as m ade la te r  w ith  th re e  en tire ly  
d iffe ren t glue fo rm ulas. T h e  resu lts  o b ta in ed  were 
sim ila r in  all cases; th e re fo re  th e  d a ta  g iven  below 
seem  to  h av e  general ap p lica tio n  to  casein glues.

T h e  m e th o d  of p rocedu re  w as as follow s: xoo to  200 
g. of d ry , pow dered  casein  w ere w eighed and  
m ixed  w ith  x  p a r ts  of w ate r. A fter soak ing  a  few  
m in u te s  u n til  th e  casein  w as th o ro u g h ly  w et, a su s­
pension  of lim e co n ta in in g  one p a r t  of h y d ra te d  lim e 
to  6 p a r ts  of w a te r w as s tirre d  in . T h e  am o u n t of

• Caseins made by the method of Sammis or by the grain-curd method 
are exceptions to this rule.

* U . S. Patent 1,291,396, granted to S. Butterman, and assigned to the 
United States.

lim e used  in  th is  suspension  w as e q u iv a le n t to  15  per 
ce n t of th e  w eigh t of casein  used. F in a lly  an  am o u n t 
of sod ium  silica te  so lu tio n  (sp. gr. 1 .4) eq u a l to  0.7 
of th e  w eigh t of casein  w as ad d ed , an d  th e  m ix tu re  
w as th e n  v igorously  s tirre d  u n til  a ll p a rtic le s  of casein  
h a d  dissolved, g iv ing  a  hom ogeneous m ass. ( In  th e  
follow ing ta b le s  th e  “ w ate r-case in ” ra tio  m eans th e  
ra tio  of th e  to ta l  w eigh t of w a te r  used to  t h a t  of casein .) 
A m ong th e  c h a rac te r is tic s  o bse rved  in  th e se  g lues 
w ere th e  consistency  a n d  glue “ life .” I f  th e  glue ex­
h ib ited , b y  sim ple o b se rv a tio n , a v isco sity  in te r ­
m ed ia te  betw een  a  th in , w a te ry  m ix tu re  an d  a  th ic k , 
h eav y  m ix tu re , i ts  consistency  w as reco rded  as “ m e­
d iu m .” S im ilarly  a  v e ry  h igh  v iscosity  w as d e­
scribed  as “ s tiff .” B y  th e  te rm  “ life” is m e an t th e  
period  of tim e  b e tw een  th e  p re p a ra tio n  of th e  glue an d  
th e  p o in t w here i t  becom es to o  th ic k  to  sp read  p ro p ­
erly .

S ev en ty -tw o  d iffe ren t caseins w ere te s te d  in  th is  
w ay. A few  ty p ic a l sam p les se lec ted  a t  ran d o m  are 
given in  T ab le  I I .

T a b l e  II— I n f l u e n c e  o p  A s h  a n d  A c i d i t y  o n  V i s c o s i t y  a n d  L i f e  o p
G l u e

T y p e  o p  
C a s e i n

Ash 
Per cent

Acidity
Cc.

Ratio of 
W ater to  

Casein Consistency
Life
Hrs.

Grain curd 1.28 2 .3 Medium — 12.0
Lactic acid 1.43 7*4 2 .4 Medium — 11.0
Lactic acid 1.43 7 .6 2 .4 Medium — 11.0
Lactic acid 1.44 9 .0 2 .4 Medium — 18.0
Lactic acid 1.49 7 .9 2 .5 Medium — 16.0
Lactic acid 1.62 8 .8 2 .4 Medium 8 .5
Lactic acid 1.7 7 .9 2 .3 Medium 16.0
Lactic acid 1.81 8 .6 2 .5 Medium — 23 .0
Lactic acid 1.81 8 .5 2 .4 Medium 12.0
Lactic acid 2.51 8 .2 2 .5 Medium 10.0
Lactic acid 2.62 10.6 2 .5 Medium + 6 .5
Sulfuric acid 2 .6 4 7 .0 2 .5 Medium — 14.0
Grain curd 2 .7 2 .5 Medium 9 .0
Sulfuric acid 3 .0 2 9 ! i 3 .0 Thin 18.0
Sulfuric acid 4.29 6 .0 2 .7 Medium 6 .5
Sulfuric acid 4.91 7.1 2 .7 Stiff —- 5 .5
Sulfuric acid 4 .9 6 8. 1 2 .7 Medium -f- 5 .0
Sulfuric acid 4.96 6 .0 2 .7 Stiff 6 .5
Sulfuric acid 4 .93 8 .5 2 .9 Medium -J- 9 .0
Sulfuric acid 5 .0 6 2 .9 Medium 6 .0
Sulfuric acid 5 .0 8 8 .2 2 .9 Medium -f- 6 .5
Sulfuric acid 5 .1 0 8 .4 3.1 Stiff -f- 3 .0
Sulfuric acid 5 .3 6 5 .8 2 .8 Stiff 6 .0
Sulfuric acid 5 .5 8 5 .7 2 .8 Medium -f- 7 .0
Sulfuric acid 6 .03 6 .5 3.1 Stiff — 4 .5
Rennet 8 .59 5 .5 3 .7 Medium 4- 5 .0

An e x a m in a tio n  of T ab le  I I  will show  th e  close re la ­
tio n  be tw een  th e  ash  c o n te n t of casein  a n d  th e  w ate r-  
casein  ra tio  req u ired  to  g ive a g lue of m ed ium  con­
s is tency . T h is  a t  once exp lains th e  v a r ia tio n  in  th e  
b eh a v io r  of casein  m ade  b y  d iffe ren t m e th o d s. I t  is 
to  be n o te d  th a t  w hen a m ineral ac id  casein  is so m ade 
th a t  i ts  ash  c o n te n t lies in  th e  sam e reg ion  as lac tic  
acid  casein , i ts  w a te r re q u irem en t ap p ro ach es  t h a t  of 
th e  la t te r .  I t  should  also be o bserved  th a t  th e re  is no 
a b ru p t tra n s itio n  in th e  ash  co n ten ts , a n d  th e re fo re  
in  th e  w ate r-case in  ra tio s , of caseins m ade  by  
d iffe ren t m e th o d s, b u t  th a t  th e y  m erge g rad u a lly  
in to  each  o th e r. T h e  rec en t w ork  of th e  B u reau  
of A nim al In d u s try  a n d  of J .  L. S am m is h as  show n 
th a t ,  u n d e r th e  p ro p er co n d itio n s of m a n u fa c tu re , 
th e  ash  c o n te n t of m inera l ac id  casein  is as low  as t h a t  
of lac tic  ac id  casein , in  w hich  case th e re  is no  d ifference 
in  th e  b eh av io r of th e  p ro d u c ts  of th e  tw o  m ethods.

I t  is in te re s tin g  to  n o te , as show n in  T ab le  I I I ,  
th e  effect on  th e  b eh a v io r  of th e  casein  a f te r  w ashing. 
W ash ing  low ers th e  ash  c o n te n t a n d  co n seq u en tly  
th e  w ate r-case in  ra tio  req u ired  to  p ro d u ce  a  g iven
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T able III— E ppect op 

T imes

Washing the Curd on the B ehavior 
Casein

R atio of

OP THE

T ype op Curd Ash Acidity W ater to Life
Casein W ashed Per cent Cc. Casein Consistency Hrs.

Lactic acid 0 2.51 8.2 2.5 Medium 10.0
Lactic acid 3 1.44 9.0 2.4 M edium — 18.0
Lactic acid 0 2.46 8.5 2.3 Medjuin + 7.5
Lactic acjd 3 1.93 7.4 2.4 M edium — 1 1 .0
Lactic acid 0 2.20 8.9 2.5 Medium 1 1 .0
Lactic acid 3 1.49 7.9 2.5 Medium — 16.0
Lactic acid 0 2.62 10.6 2.5 Medium -f- 6.5
Lactic acid 3 1.33 9.0 2.4 Medium — 13.0
Sulfuric acid 1 5.58 5.7 2.8 Medium -f* 7.0
Sulfuric acid 2 3.55 6.2 2.8 Medium — 12.0
Sulfuric acid 0 4.40 6.5 2.8 Medium 6.5
Sulfuric acid 2 4.15 6.3 2.8 Medium — 9.0
Sulfuric acid 0 3.94 8.2 2.6 Medium 9.0
Sulfuric acid Several 2.64 7.0 2.5 Medium — 14.0

v iscosity . T h is is show n in  th e  ta b le  e ith e r  b y  th e  
low er w ate r-case in  ra tio  or by  th e  low er v iscosity  or 
longer life ex h ib ite d  by  th e  glues m ade from  th e  low er 
ash  caseins.

!
5 1 Ren

1

9r ¡JCiS**
finer

§ J6r„V.c»«>
A

¿¡0
Ax

RO 'act'JcCo h ftate/ Absortî//<?n Cctryefor
Casein Water Resistant G/ues
(for mte/.um- viscosity glues) 

GLUE Formula 4-A
I I I I |1 ■ i • ■ *"
1 Per ce n f Ash

O I Z 3 4 6 6 7 8 ! )

F ig. 1

C A SE IN  GLUE CH ARACTERISTIC CURVE

T h e general re la tio n s ju s t  d iscussed  are  p re se n ted  
in  a v e ry  s tr ik in g  m a n n er if a casein glue ch a ra c te r is tic  
cu rv e  is co n s tru c te d  by  p lo tt in g  ash  c o n te n t a g a in s t 
w ater-case in  ra tio . In  F ig . 1 fou r ty p ic a l p o in ts  are 
p lo tte d — one for each  ty p e  d iscussed. T h e  p ro p ertie s  
of each  p o in t h av e  been  selected  to  re p re se n t th e  a v e r ­
age ch a rac te ris tic s  observed  for th e se  ty p e s . T h e  
d a ta  used for th is  cu rve are given in  T ab le  IV . T h e  
w ate r-case in  ra tio  in  each  case is such  as to  p ro d u ce  
a g lue of m ed ium  viscosity .

T ablb IV
T ype op Ash Water
Casein Per cent Casein

Grain curd 1.8 2.3
Lactic acid 2.5 2.4
Mineral acid 4.0 2.8
Rennet 8.6 3.9

In  F ig . 2 th e  va lues of ash  a n d  w ate r-case in  ra tio  
necessary  to  give a glue of m ed ium  v isco sity  a re  
p lo tte d  for 72 d iffe ren t sam ples of casein. T h e  cu rve  
d raw n  coincides w ith  F ig . 1 . T h e  av erag e  d ev ia tio n  
from  th e  s tra ig h t line ap p ro ach es 0.2 p a r t  of w ate r. 
T h is  is p rac tica lly  negligible because th e  w a te r  was 
n o t m easu red  m ore closely th a n  0.1 p a r t  a n d  th e  ob ­
se rv a tio n  of v iscosity  is on ly  ap p ro x im ate , so th a t  th e  
ex p e rim en ta l e rro r  is a t  le a s t 0.3 p a r t ;  y e t  b u t  tw o  of 
th e  72 p o in ts  p lo tte d  exceed th is  ex p e rim en ta l e rro r.

In  checking  th e  d a ta  of T ab le  I I  a g a in s t th is  cu rve , 
i t  m u st be rem em b ered  t h a t  th e  cu rve  is d raw n  for 
m ed ium  v iscosity  glues, an d  th e re fo re  it  is necessary

to  co rrec t ro u g h ly  th e  w ate r-case in  ra tio  to  con fo rm  
to  th is  v iscosity  w herever i t  w as n o t a c tu a lly  observed . 
T ab le  V illu s tra te s  such  a co rrec tio n  in  th e  case of tw o
glues.

Water
T able V

Water
Ash Casein Casein

Per cent Observed Consistency Corrected Consistency
6.03 3.1 Stiff — 3.3 Medium
1.43 2.40 Medium — 2.2 Medium

B y e x tra p o la tio n  i t  can  be p re d ic te d  t h a t  an  ash - 
free  casein  w ould  req u ire  1.85 p a r ts  of w a te r . A 
sam ple  of casein, m ade  b y  th e  V an  S ly k e 1 m e th o d , was 
av a ilab le  w hose ash  c o n te n t w as 0.38 p e r  cen t. A c­
cord ing  to  th e  g rap h  such  a case in  shou ld  re q u ire  1.95 
p a r ts  of w a te r  to  m ake a  g lue of g iven  v isco sity . 
In v e s tig a tio n  show ed th a t  2.15  p a r ts  w ere a c tu a lly  
req u ired , w hich is well w ith in  th e  ex p e rim en ta l e rro r.

T h e  cu rve  in  F ig. 1 rep re se n ts  a n  e q u a tio n  of th e  
ty p e

y  =  m x  +  c.
H ence if A is th e  ash  c o n te n t of th e  casein , a n d  W  th e  
w ate r-case in  ra tio  req u ired  to  g ive a  g lue of m ed ium  
viscosity ,

W  =  0 .24A +  1 .852.
B y m ak ing  a  d e te rm in a tio n  of th e  ash  c o n te n t of a 
g iven  sam ple  of casein, i t  is th e re fo re  possib le to  te ll 
a t  once th e  p ro p e r p ro p o rtio n  of th e  in g red ien ts  r e ­
q u ired  to  mix i t  in to  a s a tis fa c to ry  glue, reg a rd le ss  of 
th e  m e th o d  by  w hich th e  case in  h as  been  p re p a re d . 
I t  is th e re fo re  possib le to  use casein  m ade  b y  a n y  of 
th e  com m ercial m e th o d s  fo r m ak ing  casein  w ate r- 
r e s is ta n t glue a n d  s till o b ta in  un ifo rm  resu lts .

SUM M ARY

1— A brief d escrip tio n  of th e  com m ercia l m e th o d s  of 
m a n u fa c tu r in g  casein  is given.

2— T h e v a r ia tio n  in  th e  b eh a v io r  of casein  m ade by  
d iffe ren t m e th o d s  w hen  u sed  in  w a te r - re s is ta n t g lue 
is du e  to  th e  v a r ia tio n  in  ash  co n te n t.

3— Since th e  a m o u n t of w a te r  re q u ire d  to  g ive a glue 
of m ed ium  v isco sity  is a  lin ea r fu n c tio n  of th e  ash  
c o n te n t, i t  is possib le to  p lo t a “ g lue c h a ra c te r is tic  
c u rv e ” fo r a n y  casein  g lue fo rm u la  b y  m eans of w hich 
a  u n ifo rm  p ro d u c tio n  of g lue fro m  case in  m ade  b y  
a n y  of th e  com m ercia l m e th o d s  can  be in su red .

1 J . Biol. Chem., [1]  3 5  ( 1 9 1 8 ) .
* These constants apply to Formula 4 only.
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A LK A LI FUSIO N S. I— TH E FUSION OF SODIUM  p.
CYM E N E  SULFONATE W ITH  SO D IU M  HYDRO XIDE 

F O R  TH E PR O D U CTIO N  OF CA R V A CR O L1

By H. D. Gibbs and M ax Phillips

C o l o r  L a b o r a t o r y , B u r e a u  o f  C h e m i s t r y , W a s h i n g t o n , D .  C .

INTRODUCTIO N

T h e  s tu d y  of a n u m b e r of com m ercially  im p o r ta n t 
a lka li fusions is u n d e r w ay  in th is  la b o ra to ry . T he 
in v e s tig a tio n  of th e  rea c tio n  betw een  sod ium  p- cym ene 
su lfo n a te  an d  sod ium  hydroxide, invo lved  in  th e  p ro ­
d u c tio n  of ca rv acro l, is pub lished  a t  th is  tim e, n o t 
fo r th e  reason  of its  com m ercial im p o rtan ce , b u t  b e ­
cause  o th e r  w ork  on cym ene has been in  progress 
in  th is  la b o ra to ry  for som e tim e 2 an d  also because 
th e  w ork  of H inson  an d  M cK ee3 on th e  com m ercial 
m a n u fa c tu re  of ca rv acro l w hich has ap p e a red  so re ­
ce n tly  describes a  com m ercial p rocedure  th a t  appears 
to  be open  to  im provem en t.

T h e  u su a l m e th o d  of co nduc ting  fusions in  a fire- 
h e a te d  open  k e ttle , w ith  s tirre r , is open to  serious ob ­
jec tio n s in  m a n y  m an u fac tu rin g  opera tio n s, a n d  is 
especially  u n d esirab le  in  la b o ra to ry  s tu d ies  for m any  
reasons, am ong  w hich m ay  be m en tioned  local ov er­
h ea tin g , th e  change in  th e  com position  of th e  m elt 
d u e  to  e v a p o ra tio n , th e  ac tion  of air w hich in  som e 
cases causes u n d esirab le  ox ida tion , an d  th e  fac t th a t  
th is  m e th o d  of s tu d y in g  reac tio n  ra te s  an d  cond itions 
is v e ry  slow, because a nu m b er of hou rs are u sua lly  
req u ired  fo r th e  d e te rm in a tio n  of each  p o in t on th e  
v a rio u s  cu rves involved .

W e h av e  dev ised  an  a p p a ra tu s  p e rm ittin g  of th e  d e ­
te rm in a tio n  of six p o in ts  on a cu rve  in  a p eriod  of 
tim e  on ly  a l i t t le  g rea te r th a n  th a t  u sua lly  req u ired  
fo r one p o in t, a n d  a t  th e  sam e tim e  avo id ing  th e  o th e r  
d isa d v a n ta g e s  above en u m era ted .

T h e  re su lts  show  th a t  th e  fusions m ade in  an  a u to ­
clave g ive g re a tly  increased  yields, an d  a sav in g  in 
chem icals a n d  ease of o p era tio n  over th e  o p en -k e ttle  
m e th o d .4 T h e  resu lts  differ m a te ria lly  from  those  
of H ixson  an d  M cK ee.

MATERIALS

s o d i u m  /»-c y m e n e  s u l f o n a t e — C ym ene w as ob ­
ta in e d  b y  p u rify in g  th e  crude “ sp ruce tu rp e n t in e ” 
fro m  a  su lfite  pu lp  mill b y  d igesting  w ith  lim e for 
sev era l d ay s , a n d  d istilling  a t  a  p ressu re  of 5 m m . 
T h e  d is tilla te  an d  a b o u t Vs of its  vo lum e of 95 per 
c e n t su lfu ric  ac id  w ere p laced  in  a vessel p rov ided

1 Presented at the 58th M eeting of the American Chemical Society, 
Philadelphia, Pa., September 2 to 6, 1919.

* T h i s  J o u r n a l , 10 (1918), 453; 11 (1919), 455, 1130.
* Ib id ., 10 (1918), 982; McKee, U. S. Patent 1,265,800 (1918).
4 Although Hixson and M cK ee employed a cylindrical steel vessel 

which could be tightly closed, fitted with a stirrer and thermometer, and 
heated in a eutectic mixture of sodium and potassium nitrates with accurate 
temperature control, they record no experiments in which the vessel was 
closed to prevent escape of gases.

A  covered fusion vessel was employed in order that a condenser could 
be attached to recover considerable quantities of cymene formed during 
the reaction. Taking this recovered cymene into consideration their Jaest 
yield was 64.65 per cent f52.31 (carvacrol) +  12.34 (cymene calc, as car­
vacrol) *= 64.65], except in one large-scale operation when it figured 66.4 
per cent (57.2 (carvacrol) -f* 9.2 (cymene calc, as carvacrol) =» 66.4].

T hey state: “W ithout a cover the fusion mass thickens, due to re­
action with oxygen of the air, and the volatile oil which distils off is lost.”

w ith  a  m echan ica l s tir re r  a n d  a g ita te d  to g e th e r  fo r 
several ho u rs  a t  room  te m p e ra tu re . A fter se p a ra tin g  
off th e  acid  an d  w ashing  th e  oil w ith  w ate r, fresh  ac id  
was ad d ed  an d  th e  s tirr in g  c o n tin u ed  u n til a p o rtio n  
of th e  oil a f te r  being  w ashed  w ith  w a te r , gave, a t  m ost, 
a very  lig h t yellow  color w hen  sh a k en  w ith  su lfu ric  
acid. A to ta l  of 15 hrs. s tirr in g  w ith  ac id  u su a lly  
sufficed to  give th e  desired  p ro d u c t. T h e  oil, w ashed  
free from  su lfuric  acid  an d  d ried  over ca lc ium  ch loride, 
was fra c tio n a te d  over sod ium  using  a G linsky  s till 
head . P ra c tic a lly  all d istilled  ov er from  1 7 6 . 5 0 to  
1 7 7 . 5 °, leav ing  on ly  a sm all a m o u n t of v iscid  m a te ria l 
in  th e  flask. 1000 cc. of th e  cym ene fra c tio n  an d  1600 
cc. su lfu ric  acid  (sp. gr. 1 . 84) w ere h ea te d  to g e th e r  
on a w a te r  b a th  w ith  c o n s ta n t m echan ica l s tirr in g . 
T h is w as co n tin u ed  u n til a  te s t  p o r tio n  w as com ple te ly  
soluble in  w ate r. T h e  su lfo n a ted  p ro d u c t w as t r e a te d  
w ith  b a riu m  c a rb o n a te  an d  th e  b a riu m  su lfo n a te  
o b ta in ed  in  th e  u su a l w ay . T h e  so lu tio n  of th is  s a lt  
was th e n  ca refu lly  t r e a te d  w ith  a sod ium  ca rb o n a te  
so lu tion , th e  b a r iu m  c a rb o n a te  filte red  off, an d  th e  
f iltra te  e v a p o ra te d  to  d ry n ess  on th e  s te a m  b a th . 
T h e  colorless resid u e  w as finely pow dered  an d  d ried  
in  a v ac u u m  oven  a t  1 2 0 °. T h is  m a te ria l w as used  in  
all of ou r fusion  experim en ts. A su lfu r ana ly sis  m ade 
on th is  p ro d u c t gave th e  follow ing resu lts :

Calc, for CioHu.SOjNa: S, 13,55. Found: 13.51, 13.42

s o d i u m  h y d r o x i d e — T h is w as th e  “ C. P .” a rtic le  
purified  w ith  alcohol an d  assay in g  98 p e r  ce n t N aO H .

APPARATUS

T h e a p p a ra tu s 1 used  in  o u r fusion  ex p e rim en ts  is 
show n in  F ig . x. I t  consists of a sh ee t iro n  ta n k , B, 
filled w ith  so lder to  th e  level C, a n d  in su la te d  b y  
m eans of asbesto s w alls H . T h e  b a th  is h ea te d  w ith  
gas b u rn ers , D , an d  th e  te m p e ra tu re  re g u la ted  b y  
p ro p er a d ju s tm e n t of th e  gas su p p ly  b y  m eans of 
valves F . T h e  te m p e ra tu re  is in d ic a te d  b y  a  th e r ­
m o m ete r in se rted  in  well X . W ith  carefu l a t te n t io n  
th e  te m p e ra tu re  of th e  b a th  m ay  be m a in ta in e d  
p ra c tica lly  co n s ta n t. T h e  six tu b e s  N, in  w hich th e  
fusion  m ix tu re  is p laced , a re  p ro v id ed  w ith  screw  
caps an d  copper g ask ets  a n d  m ay  be screw ed dow n so 
th a t  th e y  are  g as-tig h t. T h e  tu b e s  a re  held  in th e  
ca rrie r M  b y  m eans of clam p O a n d  screw s P . T h e  
ca rrie r  m ay  be ra ise d  or low ered b y  m eans of rac k s  U 
an d  gears T  o p e ra te d  th ro u g h  c ra n k  S. I t  is held  in  
positio n  w hen  e ith e r  ra ised  or low ered  by  m eans of a 
ra tc h e t  gear V a n d  s to p  W . T h e  ca rrie r  is so con­
s tru c te d  th a t  i t  revo lves in  b ea rin g  Q m oving  on 
guides R , an d  d riv en  b y  th e  m o to r J  th ro u g h  th e  s p u r  
gear K , sh a fts  Z a n d  bevel gears L, th e  tu m b lin g  
m o tion  th u s  im p a r te d  to  th e  tu b e s  N  in su rin g  th e  
com plete  a n d  c o n s ta n t m ixing of th e  co n ten ts . T h e  
w hole is m o u n te d  on angle iron  fra m e  A su p p lied  w ith  
su itab le  ca sto rs  to  m ake th e  a p p a ra tu s  p o rtab le .

E X PE R IM E N T A L  METHODS

a l k a l i  f u s i o n s — In  a sce rta in in g  th e  co n d itio n s fo r  
o b ta in in g  th e  h ig h est y ie ld  of ca rv ac ro l i t  w as neces-

1 The apparatus was constructed by R . Hellbach and G. Orange, o f  
the mechanical staff of this laboratory.
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F io . 1— A p p a r a t u s

•sary to  d e te rm in e  ex p e rim en ta lly  th e  fo u r follow ing 
fac to rs :

1— Proper fusion temperature.
2— Proper fusion period.
3— Ratio of sodium hydroxide to the sodium cymene sulfonate.
4— Relation between the carvacrol yield and the percentage 

of water in the charge.

A ccordingly , 0 . 1  m ole of th e  su lfo n a te  m ixed  w ith  
th e  th e o re tic a l a m o u n t of a lk a li (o . 2 mole) w as p laced  
in  each  one of th e  six tu b e s  an d  th e  la t te r  ro ta te d  in  
th e  m e ta l b a th  k e p t a t  a c o n s ta n t te m p e ra tu re . A t 
-certa in  in te rv a ls  of tim e, n am ely , 1 , 2, 4 , 6 , 8 , a n d  10 
h rs ., a  tu b e  w as rem oved , su d d en ly  ch illed  w ith  cold  
w ate r a n d  an a ly zed  fo r its  ca rv acro l co n ten t. E x ­
p e rim en ts  w ere co n d u c ted  a t  280°, 3 2 5 °, 3 5 0 °, an d  
3 6 0 °, a n d  from  th e  d a ta  th u s  o b ta in ed , th e  p ro p e r 
fu sio n  period  an d  te m p e ra tu re  w ere deduced . H a v ­
ing  d e te rm in ed  th is , a n  ex p e rim en t w as th e n  ca rried  
o u t using th e  sam e a m o u n t of su lfo n a te  b u t  d iffe ren t 
a m o u n ts  of sod ium  hyd ro x id e  for each  tu b e , th e  fusion  
being  co n d u c ted  a t  th e  o p tim u m  te m p e ra tu re  an d  
fusion  period  d e te rm in ed  b y  th e  p rev io u s experi­
m en ts. In  th e  sam e m an n er, th e  effect of th e  a d d i­
t io n  of w a te r to  th e  fusion  m ix tu re  w as d e te rm in e d  
h y  ad d in g  a  know n am o u n t of w a te r  to  each  tu b e , 
using  th e  o p tim u m  cond itions of th e  o th e r  fac to rs  
-previously d e te rm in ed  experim en tally .

)
)

vTqj  ■ iprr̂

  . &
p o r  A l k a l i  F u s i o n

i s o l a t i o n  o f  t h e  c a r v a c r o l — T h e fused  m ass w as 
rem o v ed  from  th e  tu b e s  b y  m eans of h o t w a te r , fil­
te re d , a c id u la te d  w ith  d ilu te  su lfu ric  acid , a n d  ex­
t r a c te d  w ith  e th e r. On e v a p o ra tin g  th e  so lv en t, a 
resid u e  consisting  of c ru d e  ca rv acro l w as o b ta in ed .

m e t h o d  o f  a n a l y s i s — T h e a m o u n t of to ta l  c a rv a ­
crol o b ta in e d  from  th e  e v a p o ra tio n  of th e  e th e r  w as 
d e te rm in e d  a n d  a  w eighed sam p le  an a ly z ed  fo r i ts  
ca rv acro l c o n te n t b y  m eans of th e  M essinger a n d  
V o rtm a n 1 m e th o d , as su b se q u e n tly  m odified  by  
K rem ers  an d  S ch re in e r .2 In s te a d , how ever, of u sing  
a n  iod ine so lu tio n  of k n ow n  n o rm a lity , s ta n d a rd iz a ­
tio n  w as m ade a g a in s t p u re  ca rv acro l, em p loy ing  con­
d itio n s id e n tic a l in  all ana lyses. T h is  we consider 
th e  on ly  sa tis fa c to ry  m e th o d  fo r d e te rm in in g  th e  
y ie lds of ca rvacro l. A critic ism  of th e  m e th o d s  e m ­
p loyed  by  o th e r  w orkers is to  be fo u n d  u n d e r th e  h e a d ­
ing  “ D iscussion .”

e x p e r i m e n t a l  d a t a

E FFE C T  OF TH E TIM E AND T EM PE R A T U R E  OF TH E
f u s i o n  o n  t h e  c a r v a c r o l  y i e l d — U sing  th e  sam e 
a m o u n t of su lfo n a te  in  each  case (1/io  m ole) a n d  th e  
th e o re tic a l a m o u n t of so d iu m  h y d ro x id e  (0 . 2  m ole) 
fo u r fu sion  ex p e rim en ts  w ere c a rrie d  o u t a t  d iffe ren t

■ Ber., 23 ( 1 8 9 0 ) ,  2 7 5 3 .
2 Pharm . Rev., 14 (1896), 221; Allen's "Commercial Organic Analysis,*' 

4th Ed., 4, 399.
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T h is  ta b le  in d ic a tes  t h a t  a s lig h t excess over th e  
th e o re tic a l a m o u n t of sod ium  h y d ro x id e  shou ld  be e m ­
p loyed , a b o u t 2 . 2 m oles to  1 m ole of sod ium  p -cym ene 
su lfonate .

te m p e ra tu re s , n am ely , 280°, 3 2 5 °, 3 5 0 °, an d  3 6 0 °. T he 
resu lts  o b ta in e d  are reco rd ed  in  T ab le  I, an d  g raph ica lly  
in  F ig. 2, C urves 1 , 4 an d  5 .

E FFEC T OF W ATER U PO N  CARVACROL YIELD  Since a
charge consisting  on ly  of sod ium  cym ene su lfo n ate  
an d  sod ium  hydrox ide  is a p t  to  be to o  viscid  to  p o u r 
read ily  even  a t  th e  te m p e ra tu re  of 3 5 0 ° a n d  since in  
large-scale p ro d u c tio n s  i t  is v e ry  desirab le  to  h av e  th e  
fusion  m ix tu re  flow read ily  so th a t  th e  fu sion  k e t t le s  
can  be em p tie d  w ith o u t d ifficulty , ex p e rim en ts  w ere 
ca rried  o u t for th e  p u rpose  of d e te rm in in g  th e  effect 
of w ate r upon  th e  ca rv acro l y ield . T h e  re su lts  o b ­
ta in e d  w ith  v a ry in g  q u a n titie s  of w a te r  are  show n in  
T ab le  I I I  an d  g rap h ica lly  in  F ig . 4 .

T a b l e  III— E f f e c t  o p  W a t e r  

C o n s t a n t s — Temperature, 350°; tim e, 6 hrs.; 1 mole of sodium  
cymene sulfonate to 2.2 moles of sodium hydroxide 

Variable— Amount of water
Per cent W ater in Charge Carvacrol Yield

Calculated on the Total Expressed as Per
N u m b e r  Amount of NaOH Present cent of the Theoretical

1 2 74 .7
2 12 72 .0
3 22 70 .5
4 32 68 .4
5 42 66.8
6 52 62.1

T h e d a ta  in  T ab le  I I I  show  t h a t  w a te r  in  th e  c h a rg e  
te n d s  to  decrease so m ew h at th e  ca rv acro l y ie ld  w hen  
th e  fusion  p erio d  is 6 h rs. D a ta  w ere n ex t o b ta in e d

T a b l e  I — T im e  a n d  T e m p e r a t u r e  o f  F u s io n  

C o n s t a n t s — Ratio of sodium /»-cymene sulfonate to sodium 
hydroxide 

V a r i a b l e s —Temperature and time
  Carvacrol Yield Expressed---------*

Fusion Period as Per cent of Theoretical
N u m b e r Hrs. 280° 325° 350°

1 1 1 . 2  ° 25 .0 37 .5
2 . 2 2.8 39 .8 60 .6
3 4 5 .2 56.1 71 .6
4 6 9 .2 59 .3 74.1
5 8 11.7 62.3 72 .8
6 10 15.6 64.2 74.7

F i g .  3 — C o n c e n t r a t i o n - Y i e l d  C u r v e s  

The full curve plots the data found in Table II , and the dash curve is 
taken from the work of Hixson and M cKee showing the yield by the open 
pot fusion at 360° for 6 hrs. with varying amounts of sodium hydroxide

T a b l e  II— F u s i o n  M i x t u r e  

C o n s t a n t s — Temperature, 350°; tim e, 6 hrs.
V a r i a b l e — R atio of sodium ¿-cymene sulfonate to sodium  

hydroxide 
Number of Moles
Sodium Hydroxide Carvacrol Yield Expressed 

N u m b e r  to  1 Mole of Salt as Per cent of the Theoretical
1 1 4 3 .4
2 2 74 .4
3 3 70.8
4 5 68 .3
5 7 68 .5
6 11 68.1

T h is  ta b le  in d ic a tes  t h a t  th e  b es t te m p e ra tu re  is 
3 5 0 °, a n d  th e  p ro p e r tim e  6 hrs.

T o  fu r th e r  su b s ta n tia te  th is  a fusion  a t  3 5 0 ° w as a t ­
te m p te d , w ith  o th e r  fac to rs  co n s tan t. Low an d  i r ­
reg u la r  y ields of ca rv acro l resu lted . T h e  d es tru c tio n  
of th e  ca rv acro l a t  3 60° w as considerab ly  reduced  
b y  in c o rp o ra tin g  w a te r  in  th e  rea c tio n  m ix tu re . D a ta  
from  th is  ex p e rim en t are fo u n d  in  T ab le  V an d  th e  
g rap h ic  re p re se n ta tio n  in  C urve 3 , F ig. 2.

6 8 / 0
N u m b er o f  Moles NaOH

F i g .  2— F u s i o n  P e r i o d - Y i e l d  C u r v e s  

Curves 1, 4, and 5 are the graphic representations of the data in Table I; 
Curve 3 that of Table V; and the dash, Curve 2, is reproduced from the 
work of Hixson and M cKee showing the yield by the open pot fusion at 
360°, 1 mole sodium cymene sulfonate to 18 moles sodium hydroxide

EFF EC T  OF TH E A M O U NT OF SODIUM  H Y D R O X ID E

u p o n  t h e  c a r v a c r o l  y i e l d — A fusion  experim en t 
w as ca rried  o u t using o . i  m ole sod ium  cym ene su l­
fo n a te  w ith  v a rio u s  a m o u n ts  of sod ium  hydrox ide in 
each  tu b e . T h e  fusion  w as ca rried  o u t for 6 hrs. 
a n d  a t  3 5 0 °, th a t  is, a t  th e  o p tim u m  fusion  te m p e ra ­
tu re  a n d  period  as p rev io u sly  d e term in ed . T h e  re ­
su lts  o b ta in e d  are reco rded  in  T ab le  I I ,  an d  g raph ically  
in  F ig . 3 .

T im e in  Hours
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P e r  c e n t  W a fe r in  Ha O H  

F i o .  4— C o n c e n t r a t i o n  o k  W a t e r  a s  R e l a t e d  t o  C a r v a c r o l  Y i e l d .  
G r a p h ic  R e p r e s e n t a t i o n  o p  D a t a  p ro m  T a b l e  I I I

-to show  th e  effect of in c reased  tim e  of fu sion  w ith  
c o n s ta n t a m o u n ts  of w ate r. T h e  six tu b e s  w ere filled 
w ith  a m ix tu re  consisting  of o . 1 m ole of th e  su lfo n a te , 
0 . 2 2  m ole sod ium  hyd ro x id e  a n d  50 p er ce n t w a te r 
(ca lcu la ted  as p er ce n t of to ta l  a m o u n t of sod ium  
h y d ro x id e  added ) a n d . h e a te d  for v a ry in g  periods of 
t im e , from  2 to  22 hrs. T h e  re su lts  are g iven  in  
T ab le  IV  an d  in  F ig . 5.

T a b l e  I V — T im e  o p  F u s i o n  
C o n s t a n t s — Temperature, 350°; 1 mole sodium cym ene sulfonate 

to  2.2 moles sodium hydroxide and an am ount of water equal to  50 per cent 
■of the weight of the sodium hydroxide 

V a r i a b l e — Time
Fusion Period Carvacrol Yield Expressed as

N u m b e r  in Hrs. Per cent of the Theoretical
1 2 5 4 .2
? 6 6 3 .6
3 10 6 8 .0
4 14 65.1
5 18 6 2 .2
6 22 49 .5

T h is  ta b le  in d ic a tes  th a t  a s lig h tly  in c reased  fusion  
period  is necessary  w hen th e  fu sion  m ix tu re  is d ilu te d  
w ith  w ater.

I t  is to  be n o te d  from  th e  d a ta  of T ab les  I I I  a n d  IV  
a n d  F igs. 4 an d  5 t h a t  th e  o p tim u m  y ields of ca rv ac ro l 
w ere n o t o b ta in e d  w hen w ate r w as in c o rp o ra te d  in  
t h e  rea c tio n  m ix tu re , an d  since ex p e rim en ts  ca rrie d  
•out a t  3 6 0 ° w ith o u t w a te r  in  th e  charge show ed a 
d ec id e d  low ering of th e  y ie ld , th e  effect of w a te r  in  
t h e  m ix tu re  fused  a t  3 6 0 ° w as s tu d ied . T h e  re su lts  
a re  reco rded  in  T ab le  V, an d  g rap h ica lly  in  C u rv e  3 , 
F ig. 2.

T a b l e  V — F u s i o n  P e r i o d  Y i e l d  
C o n s t a n t s — Temperature, 360°; mixture, 1 mole sodium cymene sul­

fonate to 2.2 moles sodium hydroxide and an amount of water equal to  50  
per cent of the weight of the sodium hydroxide 

V a r i a b l e — Time
Fusion Period Carvacrol Yield Expressed as

N u m b e r  in Hrs. Per cent of the Theoretical
1 1 29 .8
2 2 41 .3
3 4 5 4 .0
4 6 5 5 .7
5 8 57 .5

T h is  ta b le  show s th a t  th e  d e s tru c tio n  a t  h igh  te m ­
p e ra tu re s  is m uch  red u ced  by  th e  presence of w a te r 
a n d  th a t  th e  tim e  of fusion  m u st be inc reased .

d i s c u s s i o n  o f  r e s u l t s  

F ro m  th e se  ex p e rim en ts  i t  a p p e a rs  t h a t  th e  h ig h e s t 
y ie ld  of ca rv acro l is o b ta in e d  w hen  th e  fu sion  is co n ­
d u c te d  a t  3 5 0 ° in  an  au to c la v e . W hen  fu sed  a t  th is  
te m p e ra tu re  w ith  sod ium  h y d ro x id e  co n ta in in g  a b o u t 
2 per ce n t of w a te r, 6 hrs. seem s to  be th e  o p tim u m  
fusion  period . F u sio n s co n d u c te d  fo r longer th a n  6 
hrs. do n o t seem  to  affect th e  ca rv a c ro l y ie ld  e ith e r  
w ay. If, beside th e  sod ium  cym ene su lfo n a te  an d  
sod ium  hyd rox ide, w a te r  is also ad d e d  to  th e  ch a rg e  
to  th e  e x te n t of 50 p e r ce n t of th e  so d iu m  h y d ro x id e  
used, th e  fusion  p erio d  sh o u ld  be in c reased  to  10 h rs., 
a n d  u n d e r th ese  con d itio n s h ig h e r te m p e ra tu re s  m ay  
be em ployed , th u s  inc reasing  th e  speed  of th e  re a c tio n  
w ith o u t m a te ria lly  affec ting  th e  y ie ld . Sm all q u a n t i­
tie s  of w ate r, 10 to  20 p e r cen t, h av e  one beneficial 
effect in  th a t  th e  fusion  m ix tu re  is m ore fluid, an d  th e  
m ass can , th e re fo re , be rea d ily  rem o v ed  fro m  th e  k e t ­
tle , a  fa c t w hich is of considerab le  p ra c tic a l im p o r­
tan ce . So fa r as th e  sod ium  h y d ro x id e  is concerned , a 
l i t t le  m ore th a n  th e  th e o re tic a l a m o u n t sh o u ld  be used , 
2 . 2 m oles to  1 m ole of th e  sod ium  cy m en e su lfo n a te  
being  sufficient. M ore sod ium  h y d ro x id e  sh o u ld  n o t 
be used, because i t  is u n n ecessa ry  a n d  increases th e  
cost of m a n u fa c tu rin g  b y  fo u r fac to rs— a red u c ed  
y ie ld , th e  cost of th e  excess of sod ium  h y d ro x id e , th e  
cost of acid  necessary  to  n eu tra liz e  th e  excess a n d  se t th e  
ca rv acro l free, an d  red u ced  ca p a c ity  of th e  a p p a ra tu s .

Time in 'H ou rs  
F ig .  5 — F u s i o n  P b r i o d - Y i b ld  C u r v e  w i t h  W a t e r  i n  M i x t u r e .

G r a p h ic  R e p r e s e n t a t io n  o p  D a t a  i n  T a b l e  I V

T h e ad v a n ta g e s  of w ork ing  in  an  au to c la v e  are  su m ­
m arized  as follow s:

1— T h e v ery  de le te rious a c tio n  of th e  oxygen  of 
th e  a ir is red u ced  to  a  m in im um .

2— N o p ro d u c ts  d is til d u rin g  fu sion  a n d  th e  re a c ­
tio n  m ix tu re  rem a in s  c o n s ta n t in  re sp e c t to  w a te r . A 
c e r ta in  a m o u n t of w ate r g ives a  c leaner p ro d u c t a n d  
p e rm its  easie r e m p ty in g  of th e  au to c lav e .

3— T h e co n te n ts  of th e  au to c la v e  are  easily  d is­
ch a rg ed  th ro u g h  a  v a lv e  a t  th e  end  of th e  fu sion , d u e  
to  p ressu re  g e n e ra te d  w ith in .
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4— An increase  of a b o u t 23 p e r cen t in  th e  y ie ld  is 
o b ta in e d  b y  th e  la b o ra to ry  in v es tig a tio n s  over th e  
b e s t la b o ra to ry  y ie ld  o b ta in ed  by  H ixson an d  M cK ee , 1 
th a t  is, 75 p e r ce n t in s tea d  of 52 per cen t. U nder 
large-scale w ork ing  cond itions th e  p resence of th e  
necessary  sm all a m o u n t of w ate r in  th e  m elt m ay  re ­
d u ce  th e  y ie ld  sligh tly , a lth o u g h  it  is possib le th a t  th is  
m ay  n o t be th e  case.

W e w ish to  call a t te n t io n  to  th e  accu racy  of th e  
m e th o d  em p loyed  for d e te rm in in g  th e  ca rv acro l in  
all of th is  w ork. B y ex tra c tin g  w ith  e th e r  th e  ac id i­
fied so lu tion  a f te r  fusion , a crude  ca rvacro l is o b ta in ed  
t h a t  is c o n ta m in a te d  b y  o th e r  ex tra c tiv e  m a tte r. 
T h e  p u r ity  of th e  ca rv acro l e x tra c t v a ried  from  75 to  
99 p e r cen t, a n d  d ep en d ed  upon  th e  cond itions of th e  
fusion  an d  th e  care em ployed  in  d ry in g  th e  e th e r  ex­
t r a c t .

S chorger2 w eighed th e  e th e r  e x tra c t an d  considered  
i t  as ca rvacro l. T h ere  is no  d o u b t th a t  h is b es t y ield  
of 5 2 . 9  p e r ce n t is fo r th is  reason  to o  high. H e em ­
p loyed  p o ta ss iu m  hyd ro x id e  fo r his op en -p o t la b o ra ­
to ry  fusions an d  s ta te s  t h a t  th e  y ie lds are v e ry  poor 
a n d  h a rd  to  d u p lica te .

H ixson  an d  M cK ee 1 e x tra c te d  th e  c rude  ca rvacro l 
w ith  benzene, rem oved  th e  so lv en t b y  d is tilla tio n  
a n d  f ra c tio n a te d  th e  p ro d u c t, ta k in g  th e  d is tilla te  
b e tw een  2 2 7 0 an d  2 4 5° as ca rv acro l; o r rem oved  th e  
ca rv ac ro l b y  d is tilla tio n  of th e  acidified m a te ria l 
w ith  s team . E v en  if th is  m a te ria l o b ta in e d  by  e ith er 
m e th o d  is fu r th e r  purified , as th e y  s ta te ,3 i t  seem s 
reaso n ab le  to  expect th a t  i t  s till co n ta in s  im purities .

SUMMARY

I— A n a p p a ra tu s  especially  su ite d  to  la b o ra to ry  
s tu d ie s  of ca u stic  fusions is described.

I I — T h e  v ario u s fac to rs  of te m p e ra tu re , tim e , an d  
co n c e n tra tio n  affecting  th e  fusion  of sod ium  cym ene 
su lfo n a te  w ith  sod ium  hydrox ide  h av e  been  s tu d ied , 
a n d  i t  is show n th a t  b y  co n d u c tin g  th e  fusion  in  an 
a u to c la v e  y ie lds of ca rv acro l as h igh  as 75 p e r cen t 
a re  rea d ily  o b ta in ed , as co m p ared  w ith  less th a n  60 
p e r  ce n t by  fusion  in  a n  open  po t.

I I I — T h e fusions of o th e r  su lfon ic acids a re  being 
stu d ied .

T H E  U SE OF H YD R O G E N ATE D  OILS IN  TH E  M ANU­
FACTU RE OF T IN  PLATE 

B y W . D . Collins and W . F. Clarke 
B u r e a u  o f  C h e m i s t r y ,  D e p a r t m e n t  o f  A g r i c u l t u r e ,  

W a s h i n g t o n ,  D .  C .
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T h e m a n u fa c tu re  of t in  p la te  in  th e  U n ited  S ta te s  
consum es from  5,000 to  10,000 to n s  of p a lm  oil per 
y ear. M a n y  su b s titu te s  h av e  been tr ie d  w ith o u t 
success, an d  th e re  has  developed  in  th e  in d u s try  a 
general belief th a t  no sa tis fa c to ry  su b s t itu te  exists. 
T allow  w as used in  th e  ea rly  m a n u fa c tu re  of t in  p la te , 
b u t  fo r m a n y  y ea rs  p a lm  oil has  been  th e  on ly  oil 
used  in  t in  po ts.

1 Loc. cit.
* T h i s  J o u r n a l , 10  (1 9 1 8 ) ,  2 6 0 .
* “This was done by redistilling the product obtained from the fusion 

Uquor by either of the two methods mentioned. N o difficulty was ex­
perienced in getting a product with a fairly constant boiling point."

W hen sh ipp ing  difficulties arose on acco u n t of th e  
w ar a  sh o rtag e  of p a lm  oil w as th re a te n e d . W ith  
th e  inc reased  d em an d  for t in  p la te  som e p ressu re  w as 
b ro u g h t to  b ea r  to  secure th e  p a lm  oil sa id  to  be es­
se n tia l fo r p ro d u c tio n . A t th is  tim e  a t te n t io n  w as 
called  to  a p a te n t1 w hich covers th e  use of g lycerides 
or es te rs  of s a tu ra te d  f a t ty  acids, all k in d s  of h y d ro ­
g en a te d  oils a n d  fa ts , an d  artific ia l e s te rs  p ro d u ce d  
from  p a lm itic  acid , s te a ric  acid , o r o th e r  s a tu ra te d  
acids. A vailab le  s ta te m e n ts  in  reg a rd  to  th is  process 
w ere n o t in  ag reem en t as to  i ts  p ra c tic a b ili ty  an d  econ­
om y.

T h e  w ork  rep o r te d  in  th is  p ap e r  w as u n d e r ta k e n  
to  secure defin ite  in fo rm a tio n  as to  th e  co n d itio n s of 
sa tis fac to ry  p ro d u c tio n  of t in  p la te  w ith o u t p a lm  oil.

PROCESS o r  M A NUFACTURE

T o m ake t in  p la te , c leaned  sh ee ts  of steel are  th r u s t  
singly  in to  a  b a th  of m o lten  tin , en te r in g  th ro u g h  a 
la y er of zinc ch lo ride flux w hich covers p a r t  of th e  
su rface of th e  t in  b a th . T h e  sh ee ts  a re  ca rried  b y  
rolls up  o u t of th e  t in  th ro u g h  oil w hich floats to  a  
d e p th  of a b o u t 15  in . over th e  tin . T h e  oil se rves to  
p re v e n t o x id a tio n  of th e  su rface  of th e  t in  b a th , an d  
to  d issolve t in  oxide w hich m ay  be fo rm ed . T h e  te m ­
p e ra tu re  of th e  t in  is a ro u n d  3 i 5 ° .C . (6oo° F .) , an d  
th a t  of th e  oil n ea r  th e  su rface  a b o u t 2 40o t o 25o ° C . I t  
is e v id en t th a t  oil fo r th is  p u rp o se  m u st s ta n d  a  h igh  
te m p e ra tu re  w ith o u t u n d u e  v o la tiliza tio n  or decom ­
position . W ith  p a lm  oil ca re  m u s t be ta k e n  th a t  th e  
te m p e ra tu re  does n o t becom e to o  h igh , since a t  h igher 
te m p e ra tu re s  th e  oil po lym erizes, loses its  pow er to  
keep th e  p la te  clean , a n d  is c a rrie d  o u t on  th e  p la te  
in  excessive am o u n t.

PR ELIM IN A R Y  LABORATORY E X PE R IM E N T S

Before a t te m p tin g  a p ra c tic a l te s t  a few  ex p e rim en ts  
w ere m ade to  observe th e  effect of h e a t on  d iffe ren t 
oils. T h e  v eg e tab le  oils o b ta in e d  in  th e  U n ite d  S ta te s  
are all to o  v o la tile  to  be w o rth  considering  fo r co n ­
tin u o u s  h e a tin g  a t  2 50o C. T h e  on ly  easily  av a ilab le  
h a r d .  Oil is co tto n seed  oil h y d ro g en a ted  to  d iffe ren t 
degrees of hard n ess . F o r  p re lim in a ry  h ea tin g  ex p eri­
m en ts  th e re  w as a t  h a n d  a  la rd  s u b s t i tu te  con sis tin g  
of co tto n seed  oil h a rd e n ed  to  an  iod ine n u m b e r  of 
97  an d  som e co tto n seed  oil h a rd e n ed  to  a n  iod ine  
n u m b er of a b o u t 1 9 .

L o ts  of a b o u t 100 g. of oil w ere h e a te d  in  po rce la in  
crucib les w hich  w ere se t in  holes in  asb esto s  b o a rd  
over B un sen  b u rn e r  flam es. T h e  te m p e ra tu re s  w ere 
n o t reg u la te d  v ery  closely a n d  v aried  from  200 o to  
3 000 C. a t  d iffe ren t t im e s .2 B u tto n s  of t in  w eighing 
a b o u t 50 g. a n d  ox id ized  b y  p rev io u s h e a tin g  in  th e  
a ir w ere p laced  in  th e  b o tto m s  of th e  crucib les. T h e  
oils w ere h e a te d  seven  tim es, u su a lly  5 o r 6 h rs . a t  a 
tim e . T h e  w eights of oil a n d  of t in  w ere o b ta in e d  
a f te r  each  h ea tin g . T h e  t in  w as ox id ized  each  tim e  
b y  h e a tin g  in  th e  a ir, an d  fresh  oil w as ad d e d  to  r e ­
p lace  th e  loss d u rin g  h ea tin g . A t th e  en d  of th e  
se v en th  h e a tin g  th e  p a lm  oil a n d  th e  la rd  s u b s t i tu te

> U . S. Patent 1,242,532 (October 9, 1917).
* Temperature readings in the laboratory heating tests were taken 

with thermometers not wholly immersed and were not corrected. They  
are, therefore, all low, but comparable for the different oils.
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h a d  po lym erized  to  such  an  e x te n t th a t  th e y  w ould  
h av e  been  en tire ly  useless in  a t in  p o t, so th e y  were 
re je c te d  a n d  a  fresh  lo t of p a lm  oil w as co m p ared  w ith  
th e  sam e h a rd  oil an d  an o th e r  m a te ria l w hich h a d  been 
offered as an  im p ro v e m en t over th e  v e ry  h a rd  oil. 
T h is  m a te ria l, a  b y -p ro d u c t fa t,  w as m ore like p a lm  
oil in  i ts  physica l p ro p ertie s  a n d  enough  cheaper th a n  
th e  h a rd e n ed  co tto n seed  oil to  m ake i t  m ore econom ­
ical if i t  could  be used. T h e  lo ts  w ere h e a te d  e ig h t 
tim es m ore, w hen th e  palm  oil a n d  th e  b y -p ro d u c t 
fa t  w ere so po lym erized  as to  be useless. T h e  very  
h a rd  p ro d u c t w as still in  fa ir  cond ition .

T h e  b eh av io r of p a lm  oil in  th e  crucib les resem bled  
its  b eh a v io r  in  a  t in  p o t, t h a t  is, w ith  successive h e a t­
ings it  becam e m ore v iscous w hen h o t, an d  h a rd e r  
w hen cold; th e  loss fro m  fresh  oil w as m ore rap id  
th a n  a f te r  i t  h a d  been  h e a te d  fo r som e tim e ; an d  it  
b r ig h te n e d  th e  oxidized tin .

T h e  la rd  s u b s t i tu te  resem bled  palm  oil, b u t  i t  
p o lym erized  so m ew h at m ore easily . T h e  b y -p ro d u c t 
fa t,  w hich co n ta in e d  m ore free f a t ty  acids th a n  an y  
of th e  o th e r  sam ples, a t ta c k e d  th e  ox idized t in  m uch  
m ore v igorously . I t  lo s t m ore w eigh t th a n  p a lm  oil 
a t  low er te m p e ra tu re s , an d  po lym erized  in  a b o u t th e  
sam e tim e. T h e  h e a tin g  te s ts  in d ica ted , on th e  w hole, 
th a t  th e  la rd  s u b s t i tu te  a n d  th e  b y -p ro d u c t m a te ria l 
w ould  n o t give as good serv ice as p a lm  oil in  a  tin  
p o t.

T h e  very  h a rd  oil d id  n o t clean up  th e  ox idized 
tin  well du rin g  th e  firs t few  h ea tin g s , b u t  as th e  h e a t­
ings co n tin u ed , i t  becam e so fte r w hen  cold th a n  it  
w as w hen fresh , an d  c leaned  th e  oxidized t in  well. 
A t first the  h a rd  oil w as m uch  m ore fluid th a n  p a lm  
oil w hen m elted , b u t a f te r  sev era l h ea tin g s  i t  becam e 
so m ew h at th ic k e r  w hen  m elted . I t  lo s t m u ch  less 
w eigh t th a n  p a lm  oil d u rin g  th e  h ea tin g .

T hese ex perim en ts  in d ic a te d  th a t  a  v e ry  h a rd  h y d ro ­
g en a te d  co tto n se ed  oil m ig h t be ex p ected  to  s ta n d  
th e  h e a tin g  in  a tin  p o t w ith o u t an y  d isagreeab le  
consequences in  th e  w ay  of u n p le a sa n t odors, ex-cessive 
loss from  v o la tiliza tio n  or fro m  p o ly m eriza tio n  w ith  
consequen t ca rry in g  o u t of oil on  th e  p la te  leav in g  th e  
b a th .

COM MERCIAL TEST

In  o rder to  le a rn  how  th e  h a rd e n e d  oil w ould  w ork 
in  a t in  po t, a rran g e m en ts  w ere m ade for an  o p e ra tin g  
te s t. T h ro u g h  th e  k indness  of D r. D av id  W esson 
enough  h a rd e n e d  co tto n seed  oil w as secured  to  m ake  a 
fa irly  th o ro u g h  te s t .  T h e  firs t lo t o b ta in e d  h a d  an  
iod ine n u m b e r of a b o u t 3 . A second  lo t h a d  an  
iod ine n u m b e r of a b o u t 1 7 . T h is  la t te r  w as th e  h a rd ­
es t oil w hich  could  be secured  a t  th e  tim e  w ith o u t 
h av in g  a  special ru n  m ade, as w as done fo r th e  first 
lo t. T h ere  w as no d e tec tab le  difference in  o p e ra tio n  
b e tw een  th e  tw o  lo ts .

T h e  ex p e rim en t w as ca rried  on a t  a t in  p la te  p la n t 
w hich h a d  been  in  o p e ra tio n  less th a n  a  y ear. T h e  
e q u ip m en t w as th e re fo re  new  an d  un ifo rm  th ro u g h ­
o u t th e  p la n t,  b u t  h a d  been  o p e ra tin g  long enough  to  
b e  b ro k en  in  a n d  ru n n in g  no rm ally . T h e  t in  p o ts  
w ere of th e  ty p e  m ost w idely  used in  th is  co u n try , 
w ith  84-in. ro lls. T h e  p la te  w as c leaned  b y  a  m ach ine

of th e  u su a l ty p e . G ro u n d  p e a n u t hu lls  w ere used 
fo r cleaning.

A t th e  s ta r t  of th e  e x p e rim en t all th e  oil w as re ­
m oved  from  one p o t a t  th e  reg u la r  S a tu rd a y  cleaning. 
E ig h t h u n d re d  a n d  fifty  p o u n d s  of h a rd e n e d  oil w ere  
ad d e d  to  th e  p o t, an d , on  th e  b asis  of th e  p re lim in a ry  
h e a tin g  ex perim en ts , th e  su p e rin te n d e n t of th e  p la n t  
w as u rged  to  keep th e  oil as h o t as possib le  ov er S u n ­
d a y  w hile th e  m ill w^as n o t in  o p e ra tio n . H ow ever, 
on ac co u n t of u n fo r tu n a te  p a s t  experience w ith  s u b ­
s t i tu te s  fo r p a lm  oil, th e  fo rem an  in  charge k e p t th e  
p o t w ith  h a rd e n ed  oil a t  a low er te m p e ra tu re  th a n  
th e  p o ts  w ith  p a lm  oil, w hich  are  n o rm a lly  k e p t m u ch  
below  th e  w ork ing  te m p e ra tu re  over S unday .

W hen th e  p la n t s ta r te d  S u n d ay  n ig h t v e ry  u n sa tis ­
fa c to ry  p la te  w as p ro d u ced  on S tac k  9 , w here th e  h a rd ­
ened  oil w as in  use. T h e  p la te  c o n tin u ed  poo r fo r  
severa l tu rn s  a f te r  th e  o th e r  s ta c k s  beg an  to  p ro d u ce  
sa tis fa c to ry  p la te . I t  w as n o t possib le to  clean  th e  
oil from  th e  p la te  by  one tr e a tm e n t ,  even  w hen th e  
p ressu re  of th e  ro lls in  th e  clean ing  m ach ine  w as in ­
creased , an d  fresh  p e a n u t m eal w as a d d e d  m ore o ften  
th a n  usual. R eclean ing  rem o v ed  all th e  su rp lu s  oil 
an d  gave a  m a rk e ta b le  p la te , th o u g h  th e  p ro d u c t 
of th e  firs t few  tu rn s  w as n o t u p  to  th e  av erag e  q u a lity  
of th e  p la n t.

T h e  firs t p la te  m ade  w as n o t very  b r ig h t. A n a v e r­
age sh ee t se lec ted  from  one of th e  o th e r  s ta c k s  b y  th e  
m an ag e r ap p e a red  m uch  b e t te r  th a n  an  av e rag e  sh ee t 
fro m  S tac k  9 . A nalysis of 12 sam p les  from  each  of 
th e se  tw o  sh ee ts  show ed  an  av erag e  of 1 . 3 3  lbs. 
of t in  p e r base box fo r th e  sh e e t fro m  S tac k  9 , an d  
1 . 7 2  for th e  o th e r. T w o sh e e ts  from  S tac k  9 , 
ta k e n  d u ring  th e  second  tu r n  of i ts  o p e ra tio n  w ith  
h a rd e n e d  oil, ca rrie d  1 . 1 0  a n d  1 . 2 1  lbs. p e r base 
box. F iv e  o th e r  shee ts  ta k e n  as re p re se n ta tiv e  shee ts  
fro m  S tac k  g d u rin g  a p e rio d  of 10 w ks. ca rried
i - 4 7 , i - 3 3 , 1 ■ 58 , 1 ■ 58, a n d  1 . 5 5  lb s. of t in  per 
base  box.

A fter th e  firs t th re e  d ay s  th e  p la te  fro m  S ta c k  9 
ap p e a red  to  be in  ev e ry  w ay  as good  as th e  av e rag e  
p ro d u c t of th e  p la n t. A t th e  b eg in n in g  of th e  second  
w eek th e  firs t sh ee ts  m ade on all s ta c k s  in  th e  p la n t  
w ere com pared , a n d  th e  p la te  m ade  on S tac k  9 w as in  
no w ay  d iffe ren t from  th a t  m ade  on th e  o th e r  s tack s .

T h e  loss of oil b y  v o la tiliza tio n  d u rin g  th e  firs t w eek 
w as m uch  g re a te r  th a n  th e  loss d u rin g  su b se q u e n t 
weeks. T h e  q u a n t i ty  ad d e d  each  d ay  d u rin g  a n y  
w eek w as m uch  less fo r S tac k  9 th a n  fo r th o se  using  
p a lm  oil.

A fter th e  firs t wreek no specia l a t te n t io n  w as g iven  
to  S tac k  9 , excep t to  m ake  su re  t h a t  no  p a lm  oil w as 
ad d ed . T h is  w as n o t difficult, as th e  tin n e rs  all 
p re fe rre d  th e  h a rd e n e d  oil. I t  w as o p e ra te d  w ith  
h a rd e n e d  oil a lone fo r 12 w ks. W hen  th e  su p p ly  
w as. u sed  up  ad d itio n s  of p a lm  oil ■were m ade  as re ­
q u ired , w ith  no effect on  th e  o p e ra tio n  of th e  m ach ine .

T he p la te  p ro d u ced  w ith  h a rd e n ed  oil w as n o t n o tic e ­
a b ly  d iffe ren t from  th e  re s t of th e  p la n t  p ro d u c t. 
Som e ob serv ers  th o u g h t th a t  th e  f ro n t edges of th e  
p la te  from  S tac k  9 w ere a  l i t t le  b e t te r  th a n  th e  a v e r­
age. T h e  q u a n t i ty  of oil ca rrie d  o u t on  th e  p la te  a p ­
p ea red  m u ch  less w ith  th e  h a rd e n e d  oil.
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T a b u ?  I — L oss o p  W e i g h t  o n  H e a t i n g  100 G. o p  O i l  p o r  5 - H r .  P e r i o d s  a t  t h e  T e m p e r a t u r e  I n d i c a t e d
I o d i n e  *----------------- L oss d u r i n g  E a c h  P e r io d -------------------* .-----------T o t a l  L o s s  a t  E n d  o p  E a c h  P e r io d -

Oil N u m b e r  200° 220° 240° 260°
Palm o il.................. ...........................  54 5 .3  4 .8  5 .4  10.4
Hardened cottonseed o il.............. 17 1.8  1 .8  3 .1  7 .2
Rendered tallow .............................. 35 0 .7  1.2 2 .4  4 .7
XJnrendered tallow .........................  3 2 .5  2 .0  1.3 2 .7  1.1
By-product fa t ................................  32 11.3 16.9 15.8 5 .5
Hardened herring o il..................... 60 2 .4  3 .8  4 .5  5 .8

A lth o u g h  p a lm  oil is n o t v e ry  d isag reeab le  fo r th e  
o p e ra to r ,  th e  h a rd e n ed  oil w as enough  b e t te r  in  th is  
re sp e c t to  be n o ticeab le .

T h e  h a rd e n ed  oil in  a c tu a l use d id  n o t show  an y  
te n d e n c y  to  p o ly m eriza tio n , a lth o u g h  a t  severa l tim es  
i t  w as h e a te d  to  te m p e ra tu re s  m uch  h igher th a n  w ould  
b e  safe w ith  p a lm  oil. T h ere  is also less dan g er of 
s e ttin g  fire to  th e  h a rd e n ed  oil w hen clean ing  th e  
t in  p o t.

T h ere  w ould  seem  to  be no reason  to  ex p ect econom y 
in  th e  co n su m p tio n  of t in  w ith  th e  use of h a rd e n ed  
o il, un less th e  w eigh t of co a tin g  on th e  p la te  shou ld  
be decreased .

Six w eeks a f te r  th e  h a rd e n e d  oil w as used  up  th e  tin  
h o u se  reco rds w ere exam ined  b y  th e  su p e rin te n d e n t 
o f  th e  p la n t a n d  one of th e  a u th o rs  of th is  p ap e r. T he 
p ro d u c tio n  of p la te  an d  co n su m p tio n  of t in  a n d  oil on 
S ta c k  9 w ere co m p ared  w ith  th e  v a lu es for th e  o th e r  
■stacks in  th e  mill fo r several w eeks p reced ing , fo r th e  12 
w ks. of th e  te s t ,  an d  for th e  succeeding  6 w ks. T he 
fo llow ing conclusions w ere re a c h e d : O ver a  considerab le  
p e rio d  S tac k  9 does n o t differ m a te ria lly  from  th e  
av e rag e  in  perfo rm an ce . T h e  t in  co n su m p tio n  w ith  
h y d ro g e n a te d  oil w as n o t ap p re c ia b ly  d iffe ren t from  
t h a t  w ith  p a lm  oil. D u rin g  th e  12 w ks. of th e  te s t  
th e  oil used per base  box w as n o t over 3/ 4 of th e  average 
a 'm ount of p a lm  oil used  u n d e r sim ila r cond itions.

IO D IN E  N U M B E R S OF OIL SAM PLES

N o ex tensive  ana ly ses  of oil sam ples w ere m ade. 
T h e  firs t an d  second  lo ts  of h a rd e n ed  oil used  h ad  
io d in e  n u m b e rs  of 3 . 1  a n d  1 6 . 7 , respec tive ly .

A t th e  en d  of th e  firs t w eek of use th e  h a rd e n ed  
o il in  th e  t in  p o t h a d  an  iod ine n u m b e r of 1 7 . 0. S am ­
p les on  successive w eeks gave  va lues of 1 9 . 6 , 2 1 . 2, 
2 4 . 2, 2 5 . 3 , 3 3 . 4 . A fter th e  s ix th  w eek th e  values 
v a rie d  b e tw een  3 0 . 5  a n d  3 5 . 3  fo r th e  rem a in in g  6 
w ks. of th e  te s t.  B eg inn ing  a t  th e  th ir te e n th  w eek, 
w hen  p a lm  oil w as ad d ed , sam ples ta k e n  fo r 6 wks. 
b a d  iod ine n u m b e rs  from  5 0 . 2  to  4 1 . 0 , w ith  no reg u ­
la r i ty  in  th e  v a r ia tio n s . A t a b o u t th e  m idd le of th e  
p e rio d  of use of h a rd e n ed  oil sam p les w ere ta k e n  on 
o n e  d ay  from  14 p o ts  o p e ra tin g  w ith  p a lm  oil. T h e  
iod ine n u m b ers  v a rie d  from  4 1 . 7 to  5 3 . 6 , th e  average 
being  4 5 . 0 . Io d in e  n u m b e rs  w ere o b ta in ed  fo r several 
sam ples of beef ta llo w  w hich h a d  been  h e a te d  in  c ru c i­
b les fo r d iffe ren t le n g th s  of tim e . T h e  orig inal ta llow  
h a d  an  iod ine n u m b e r of a b o u t 3 2 . A fter h ea tin g  
fo r  5 hrs. a t  a b o u t 200° C ., 6 . 5  h rs. a t  2 20° C ., a n d  7 
hrs. a t  2400 C., th e  iod ine  n u m b e r w as 2 4 . 2. F u r th e r  
h e a tin g  fo r 6-h r. periods a t  260°, 280°, 290°, a n d 30o° 
d id  n o t p roduce  m uch  change  in  th e  iod ine n u m b e r. 
I t  w as from  2 2 .3  to  2 4 . 5  for th e se  sam ples.

T hese  re su lts  in d ic a te  th a t  p a lm  oil in  a  t in  p o t 
w ill h av e  an iod ine n u m b e r a ro u n d  4 5 , h y d ro g en a ted  
c o tto n se ed  oil a b o u t 3 2 , an d  ta llow  a b o u t 23 .

280° 300° 200° 220° 240° 260° 280° 300°
16.5 5.3 10.1 15.5 25.9 42.4
10.4 is ! 8 1.8 3.6 6.7 13.9 24.3 40! i
7.2 18.9 0.7 1.9 4.3 9.0 16.2 35.15.2 11.6 2.0 3.3 6.0 7.1 12.3 23.9
9.2 7.4 11.3 28.2 44.0 49.5 58.7 66.1

12.0 15.9 2.4 6.2 10.7 16.5 28.5 34.4

H E A TIN G T EST S

A t th e conclusion of th e com m ercial te s t fu r th e
ex p erim en ts  w ere co n d u c te d  to  d e te rm in e  losses on 
h ea tin g  of th e  oils w hich h a d  been  u sed  in  th e  t in  
po ts , to g e th e r  w ith  som e sim ila r m a te ria ls  w hich  w ere 
a t  h an d . T h e  p a lm  oil an d  h a rd e n e d  co tto n se ed  
oil w ere from  lo ts  used  in  th e  ex p e rim en t a t  th e  p la n t. 
Beef k id n ey  fa t,  p u rch a sed  a t  a  local m a rk e t, w as 
used ren d e re d  a n d  u n ren d e red . T h e  b y -p ro d u c t fa t  
h as  been  described  above. A sam ple  of A laskan  
h errin g  oil w hich h a d  been  h y d ro g e n a te d  u n til i t  h a d  
an  iod ine n u m b e r of 60 w as o b ta in e d  from  th e  Oil, 
F a t  a n d  W ax L a b o ra to ry  of th e  B u reau . S am ples 
of a b o u t 100 g. of th e  oils w ere h ea te d  in  crucib les 
fo r from  4 to  7 hrs. a t  each  te m p e ra tu re  fro m  200° 
to  3 0 0° C., inclusive , b y  20° stages.

T ab le  I show s th e  loss ca lc u la ted  on a  basis of 100 
g. o rig ina l w eigh t a n d  a  5-h r. h e a tin g  p eriod  a t  each  
te m p e ra tu re . T h e  losses a re  g iven  b o th  fo r th e  in d i­
v id u a l periods a n d  as to ta l  losses from  th e  beg inn ing  
of th e  h e a tin g  to  th e  en d  of each  period .

T h e  g re a t loss of th e  b y -p ro d u c t f a t  in d ic a te s  c learly  
t h a t  th e re  w ould  be no a d v a n ta g e  in  u sing  i t  w hen 
o th e r  m a te ria ls  w ere ava ilab le . No values w ere o b ­
ta in e d  fo r p a lm  oil above 280°, because  a t  th is  te m ­
p e ra tu re  th e  oil po lym erized  to  such  an  e x te n t th a t  i t  
w ould  be un fit for use in  a  t in  p o t. T h e  b eh a v io r  of 
th e  h a rd e n ed  co tto n seed  oil a n d  of th e  p a lm  oil is in  
ag reem en t w ith  th e ir  ac tio n  in  th e  tin  p o t. T allow  
ac ts  m uch  like th e  h a rd e n e d  co tto n se ed  oil in  h e a t ­
ing , an d  is sa id  to  resem ble  i t  in  ac tu a l use. T h e  chief 
o b jec tio n s to  th e  use of ta llo w  are sa id  to  be its  u n ­
p le asa n t n a tu re , as i t  decom poses in  s to rag e , a n d  th e  
g re a te r  d ifficu lty  in  clean ing  i t  from  th e  p la te , as com ­
p a re d  w ith  p a lm  oil. T h e  b eh av io r of th e  h a rd e n ed  
h errin g  oil w as v e ry  in te re s tin g . A lth o u g h  m uch  
so fter th a n  an y  of th e  o th e r  p ro d u c ts  excep t p a lm  
oil, h av in g  an  iod ine n u m b e r of 60 , i t  lo s t w eigh t 
slow ly on h e a tin g  an d  show ed v e ry  l i t t le  te n d e n c y  to  
po lym erize on p ro longed  h e a tin g  a t  3 0 0 I t  seem s 
e n tire ly  p ro b ab le  t h a t  a m ore co m p le te ly  h a rd e n ed  
oil of th e  n a tu re  of th is  sam p le  of h e rrin g  oil m ig h t 
p ro v e  su p e rio r to  th e  h a rd e n ed  c o tto n se ed  oil fo r use 
in  t in  p o ts . I t  m u s t be u n d e rs to o d  t h a t  th e se  la b o ra ­
to ry  h ea tin g  te s ts  on ly  in d ic a te  in  a  genera l w ay  th e  
p ro b ab le  re la tiv e  losses in  a c tu a l use.

SUM M ARY

L a b o ra to ry  h e a tin g  te s ts  give usefu l in d ic a tio n s  of 
th e  re la tiv e  v a lu es  of d iffe ren t oils fo r use in  t in  po ts .

D u rin g  12 w ks. a  t in  p o t using  h y d ro g e n a te d  
co tto n seed  oil o p e ra te d  so m ew h at b e t te r  th a n  w ith  
p a lm  oil. T h e  c o n su m p tio n  of h a rd e n e d  oil w as d is ­
t in c tly  less th a n  th e  co n su m p tio n  of p a lm  oil. T h ere  
w as no ap p rec iab le  sav in g  of tin .

If  p a lm  oil shou ld  be u n o b ta in a b le  fo r th e  m a n u fa c ­
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tu re  of t in  p la te , i t  could  be rep laced  b y  h y d ro g en a ted  
co tto n seed  oil w ith  no loss in  o p e ra tin g  efficiency.

W ith  th e  in d u s try  a d ju s te d  to  th e  use of p a lm  oil, 
th e  h igher cost of h a rd e n ed  oils p ro b a b ly  balances 
th e  a d v a n ta g e  to  be o b ta in ed  by  th e ir  use, leav ing  
l i t t le  if an y  m arg in  to  p a y  for th e  priv ilege of using  
th e  h a rd e n ed  oils.

H ea tin g  ex perim en ts  in d ic a te  th a t  a h y d ro g en a ted  
fish oil m ig h t be o b ta in e d  w hich w ould  be sa tis fa c to ry  
fo r use in  t in  po ts , th o u g h  h a rd e n ed  to  a  less degree 
th a n  is necessary  fo r th e  b es t re su lts  w ith  co tto n seed  
oil.

LEAD CO A TED  IR O N 1'2 

By Charles Baskerville
COLLEGE OP THE C lTY  OP N E W  YO RK , N E W  YO RK , N .  Y .

P ro te c tiv e  coa tings fo r th e  p ro lo n g a tio n  of th e  life 
of iron  an d  steel fall in to  th re e  general classes, w ell 
d escribed  in  a re p o r t from  th e  B u reau  of S ta n d a rd s  
( 1 9 1 9 ) as follow s:

1— M etallic coatings.
2— Coatings in which the iron to be protected is itself con­

verted a t the surface into some less corrodible compound.
3— Organic coatings (varnishes, paints, enamels, etc.).
T h e p re se n t p a p e r  h as  to  do w ith  th e  firs t of th e  

th re e  classes an d  is especially  co ncerned  w ith  th e  use 
of lead  a n d  le ad -a n tim o n y  alloy  as p ro tec tiv e  agen ts.

If  th e  iro n  be com plete ly  covered  b y  a n o th e r  m e ta l 
i ts  life depends up o n  th e  a b ility  of th e  covering  m e ta l 
to  w ith s ta n d  th e  corrosive ac tio n  of a ir an d  w a te r  
to  w hich i t  m ay  be exposed. T h is  is m a te r ia lly  a f­
fec ted  b y  th e  presence of v ario u s  chem ical fum es an d  
gases such  as su lfu r dioxide, n itro g e n  oxides, chlorine, 
su lfu ric  acid , a lkali-m ists , e tc . M echan ica l s tra in s , 
v ib ra tio n s  an d  th e  ro u g h  h an d lin g  w hich  u su a lly  o b ­
ta in s  d u rin g  pack ing , t r a n s p o r ta t io n , in s ta lla tio n , e tc ., 
m ay  b rin g  a b o u t ru p tu re s  a n d  scaling  in  th e  p ro te c ­
tiv e  co a tin g  a n d  th u s  expose th e  iro n  or stee l w hich  
m ay  h av e  been o rig ina lly  p e rfec tly  covered.

T h e  b es t m a n u fa c tu rin g  p rac tice  seeks a  pe rfec t 
co a tin g  in itia lly  b u t  experience h as  show n th e  neces­
s ity  for su b se q u en t p rec au tio n s  because, w here tw o  
m etals , w hich  a lw ays h av e  a  p o te n tia l difference, a re  
in  ju x ta p o s itio n  in  th e  p resence of e lec tro ly tic  w a te r  
(ac id u la ted , a lkaline , or sa line) e lec tro lysis  se ts  up  
w ith  corrosion of one of th e m . If  th e  iro n  be th e  elec­
tro p o s itiv e  m em ber of th e  couple, i t  corrodes— th e  
corrosion  being  a c tiv a te d  b y  th e  presence of th e  o th e r  
m eta l. A lum inum  a n d  zinc are e lec tro p o s itiv e  to  
iron , an d  th e re fo re  a re  th e o re tic a lly  th e  b e s t p ra c tic a l 
m etallic  p ro te c tiv e  co a tin g s fo r iron , w here th e  c o a t­
ing  is b ro k en , as th e y  b ea r  th e  b u rd e n  of corrosion . 
Zinc fo rm s several alloys w ith  iro n  w hich  are  also 
e lec tro p o sitiv e  to  iro n  in  a lesser degree. T in , lead , cop­
p e r, a n tim o n y  an d  m ost of th e ir  a lloys are e lec tro ­
n eg a tiv e , a n d  hence fa c ilita te  th e  co rrosion  of th e  
iron  if i t  is in co m p le te ly  covered  or exposed  b y  ab ras io n  
o r o th e r  rough  tre a tm e n t.  P ra c tic e  h as  show^n th e  
im p o rta n ce  of p a in tin g  sh ee t t in  an d  g a lvan ized  iro n  
to  fill in  th e  b ro k en  coa ting .

1 Presented at the 57th M eeting of the American Chemical Society, 
Buffalo, N . Y ., April 11 to 13, 1919.

1 M ost of the experimental work described was done by Mr. V. A. 
Belcher.

Since lead  is th e  ch e ap e s t of all th e  m e ta ls  u sed  fo r 
co a tin g  iro n , a n d  in  ad d itio n  gives th e  covered  m e ta l 
c e rta in  o th e r  des irab le  q u alitie s , a  com m ercia l m e th o d  
of a p p lica tio n  has  long  been  so u g h t. I t  is h a rd ly  
ju s tif iab le  to  in c o rp o ra te  here a  b ib lio g ra p h y  on th e  
su b je c t. T h e  m ost successfu l of th e  n u m e ro u s  effo rts  
in  th is  d irec tio n  is th e  w ell-know n te rn e  p la te , an  alloy  
of a b o u t 75 p er ce n t le ad  a n d  25 p e r  ce n t t in ,  b u t  th is  
invo lves th e  use of cos tly  tin . L ead  has been  su c ­
cessfully  sp ra y e d  on  iro n  b y  a n  a to m izer (S choop  
process) an d  th e  process is well su ite d  fo r ce r ta in  d e ­
ta ile d  p ro te c tiv e  w ork , b u t  i t  is fa r  to o  expensive  in  
e x p e rt lab o r an d  tim e  fo r to n n a g e  p ro d u c tio n .

M odern  in te re s t in  e lec tro n ic  con cep tio n s a n d  in  
th e  d ifference in  p ro p e rtie s  of m eta llic  a llo tro p es  
caused  us to  in v e s tig a te  th e  processes covered  b y  
U n ite d  S ta te s  p a te n ts  g ra n te d  to  G oodson , 1 w hich , 
briefly , consisted  in  su b je c tin g  a co lum n  of m o lten  lead  
of sm all cross section  in  m o tio n  to  th e  in fluence of an  
a lte rn a tin g  c u rre n t of low  v o ltag e  a n d  h igh  c u rre n t 
d en s ity  fo r severa l hou rs, i t  being  a sse rte d  t h a t  th e  
lead  th u s  becam e “ a c tiv a te d ,” th e  m o lecu lar d is tr i­
b u tio n  effecting  such  change  in  p h y sica l co n d itio n  th a t  
i t  w ould  a t ta c h  itse lf so firm ly  to  iro n  t h a t  w hen  th e  
le ad  solidified i t  w ould  n o t sh rin k  aw a y  fro m  th e  iro n  
an d  leave  exposed su rfaces. E v id en ce  of th e  p ro d u c ­
tio n  of an  iro n -lead  alloy  b in d e r  d id  n o t a p p e a r. T h e  
co n d itio n s d e ta iled  in  th e  p a te n ts  w ere c a rrie d  o u t m ost 
conscien tiously , w ith  such  ad d itio n a l adv ice  a n d  as­
s is tan ce  as th e  in v e n to r  w as ab le to  give. I t  is 
h a rd ly  necessary  to  describe  th e  a p p a ra tu s  used . 
Som e p rom ising  re su lts  w ere o b ta in e d , b u t  on  check ing  
up  w ith  m e ta l n o t t r e a te d  e lec trica lly  th e  re su lts  
w ere v ir tu a lly  d u p lica ted .

Since i t  seem ed th a t  th e  p ro b lem  of successfu lly  a n d  
econom ically  co a tin g  iro n  an d  stee l w ith  le a d  w as n o t 
unso lvab le , in v e s tig a tio n s  w ere p ro sec u ted  along  o th e r  
lines an d  re su lted  in  th e  p ro d u c tio n  of p ro d u c ts  s a t is ­
fa c to ry  fo r som e purposes.

In  w ork ing  o u t a  process fo r using  le ad  a n d  lead - 
an tim o n y  alloys as a  p ro te c tiv e  co a tin g  on  sh e e t 
iro n  a n d  steel, th e  fu n d a m e n ta l p ro b lem  w as to  find 
a  b in d e r w hich w ould  tie  iro n  a n d  le ad  firm ly  to g e th e r . 
A fter m uch  e x p e rim en ta tio n  a p re lim in a ry  c o a tin g  
of a n tim o n y  p ro v ed  to  se rve th e  pu rp o se . M e lte d  
le ad  sh rin k s m a te ria lly  w hen  i t  solidifies. A n tim o n y  
te n d s  to  overcom e th is  sh rin k ag e , as is well k n o w n  
from  th e  c o n d u c t a n d  com position  of ty p e  m eta l. 
M oreover, th e  alloy fo rm ed  is h a rd e r  th a n  lead . W ith  
a  p re lim in a ry  co a tin g  of a n tim o n y  fo llow ed b y  
d ip p in g  in  lead , th e  la t te r  acq u ires  an  in c reasin g  p e r ­
cen tag e  of an tim o n y . T h is  fa c t, to g e th e r  w ith  th e  
o th e r  o b se rv a tio n s , caused  us to  use a  le a d -a n tim o n y  
d ip  (eu te c tic  of 1 2 . 5  p e r  ce n t a n tim o n y )  in  th e  p ro ­
d u c tio n  of “ p ro te c te d  iro n ” on a te c h n ic a l scale. 
B end ing , tw is tin g  a n d  h am m erin g  te s ts  p ro v ed  t h a t  
th e  iro n  fo u n d a tio n  w ould  b rea k  befo re  th e  co a tin g . 
P h o to m ic ro g rap h s  c lea rly  disclosed th e  a n tim o n y  
b inder.

A b o u t 800 sh ingles, 9 X 16  in ., of m ild  steel, of 24

> U . S. Patents 789,690; 789,215; 900,846; 900,847; 978,448; 1,061,066; 
other applications pending.
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an d  28 gauge, w ere m ade. Som e of th ese  shee ts  were 
su b je c ted  to  a e ra te d  d is tilled  w a te r te s ts  a f te r  h av ing  
been p ick led  in  su lfuric  acid (6 : 1 ), w ashed w ith  w ater, 
th o ro u g h ly  b lackened  b y  an  a n tim o n y  ch loride so lu ­
tio n , aga in  w ashed  in  w a te r, an d  w hile still w et d ipped  
th ro u g h  zinc ch lo ride flux in to  m o lten  le ad -an tim o n y  
(12  p e r c e n t) , th e n  in to  m olten  lead  an d  finally  quenched  
in  oil. One series gave no iron  ru s t  in d ica tio n s  d u r ­
ing  eleven days. In  an o th e r  series, a e ra te d  ta p  w ate r 
te s ts  b ro u g h t o u t a  few p inholes d u rin g  th e  sam e 
period , b u t  on th e  w hole th e  cond ition  of th e  sam ples 
w as good. A llegheny iron, 26 gauge, show ed som e 
p inholes in  b o th  d istilled  an d  ta p  w a te r  ae ra te d  du ring  
S days. R u s t u sua lly  show ed first w herever th e re  
w ere sh a rp  angles. In  p re lim in ary  ex perim en ts  m an y  
p inho le  d e tec tio n  te s ts  w ere m ade b y  th e  gela tin - 
fe rricy an id e  m ethod .

Tw o exposure te s ts  of th ese  shingles w ere m ade  by 
th e  R esearch  L a b o ra to ry  of th e  N a tio n a l L ead  C om ­
p a n y , in  B rook lyn , an d  are being co n tin u ed . One 
te s t  w as w ith  th e  co a ted  shingles, p ack ed  an d  sh ip p ed  
in  th e  sam e w ay  as t in  p la te  is, from  th e  M au re r, N. 
J . ,  p la n t  of th e  U n ite d  L ead  C om pany . T h e  o th e r  
te s t  w as m ade w ith  a  sm alle r lo t p re p a re d  a t  the  
sam e tim e , b u t  p a in te d  on b o th  sides. A fter an  ex­
p osu re  to  th e  w ea th e r  fo r over th re e  y ears , w ith  all 
th e  v a ry in g  con d itio n s of te m p e ra tu re , ra in , a n d  snow  
of th a t  period , b o th  te s ts  show  100 p e r cen t efficiency, 
accord ing  to  th e  rep o rts  from  th e  d irec to r, M r. G. W. 
T ho m p so n . A n o th er te s t  w as m ade b y  M r. V. A. 
B elcher, on  a  roof in  M ichigan . A fter a considerab le 
tim e  th e  sh ingles w ere rep o rte d  to  be s till in  good con­
d itio n . A te s t  roof ad ja c e n t to  a ch am b er su lfuric  
acid  p la n t a t  M a u re r, N . J . ,  d id  n o t g ive sa tis fac to ry  
resu lts . T hese  shingles are n o t to  be recom m ended , 
th e re fo re , fo r use u n d e r th e  la s t-m en tio n ed  cond i­
tio n s , w here considerab le  q u a n titie s  of n itrogen  oxides 
or su lfu r dioxide m a y  be in  th e  air.

T h e  w eigh t of th e  p ro te c tiv e  coa ting  w as d e te r ­
m ined  b y  c u ttin g  from  sh ingles, te s t  pieces p re se n t­
ing  a p p ro x im a te ly  3 sq. in . of covered  surface . A fter 
a c cu ra te  m e asu rem en t each  piece w as w eighed. T he 
m e ta l w as s tr ip p e d  w ith  acid, w ashed , d ried  an d  again  
w eighed. Iro n , w hich  h ad  gone in to  so lu tion  by 
s tr ip p in g , w as se p a ra te d  a n d  w eighed as F e20 3. T h e  
to ta l  iron  th u s  d e te rm in e d , s u b tra c te d  from  th e  orig inal 
w eigh t of a  piece, gave th e  a m o u n t of p ro te c tiv e  c o a t­
ing for th e  su rface  exposed. T h e  average coa ting  
w as 3 1 9 . 2  m g. p e r  sq. in ., o r a p p ro x im a te ly  92 g. of 
co a tin g  p er sh ingle. T h is  w as su b se q u en tly  checked 
b y  w eighing te n  shingles before an d  a f te r  pickling , 
a n d  before an d  a f te r  coa ting . T h e  average proved  
to  be 92 g. for 28 gauge an d  9 3 . 5  g. fo r 24 gauge 
shingles, t h a t  is to  say , 46 to  47  g. (a b o u t 1 . 5  oz.) 
per sq. ft.

G alvan ized  iron  w ire c lo th  w as s tr ip p e d  w ith  ca u s­
tic  soda. T h e  wire w as 23 gauge T re n to n  or 22 gauge 
B an d  S an d  co rresponded  to  4 m esh cloth! T h e  
am o u n t of zinc p er sq. in . av e rag ed  438 m g. (63 g. or 
a b o u t 2 oz. zinc p er sq. f t .) .  T h e  nodu les of zinc w here 
th e  w ires crossed v a rie d  in  size. W ith  w ire gauze, 20 
gauge T re n to n  or 19 B an d  S, 4 m esh, 1 2 . 5  p e r  ce n t

le ad -an tim o n y  alloy  gave 212  m g. co a tin g  p er sq. 
in . (30 g. or a b o u t 1 oz. p e r sq. f t .) .  W hen first d ip p ed  
in  1 2 . 5  p e r ce n t le ad -an tim o n y  a n d  a fte rw a rd s  in  
lead , th e  co a tin g  p ro v ed  to  be 270 m g. p e r  sq. in . 
C heap  ch icken w ire an d  o th e r  n e ttin g  m ay  easily  
be co a ted  w ith  le ad -an tim o n y .

Several h u n d re d  fee t of iron  w ire w ere coa ted , using 
an  im prov ised  o u tf it fo r m oving  th e  w ire th ro u g h  th e  
process. S m oo th ly  d raw n  an n ealed  w ire to o k  a good 
coating . B arbed  w ire was n o t successfu lly  co a ted , 
fo r th e  p o in ts  an d  sh a rp  edges of th e  b a rb s  w ere n o t 
covered, a n d  q u ick ly  show ed ru s t  in  th e  corrosion 
te sts .

E x ten siv e  ex perim en ts  w ere m ade in  an  effo rt to  
p roduce a sa tis fac to ry  ex terio r co a tin g  on iron  p ipe  
to  be used  fo r p e tro leu m  p ipe lines. T h ree-fo o t 
len g th s of 8-in. p ipe , som e pieces being  th re a d e d  a t  
b o th  ends, couplings for th e  sam e, a n d  sm alle r pieces 
of 2-in. a n d  3 -in. p ipe , w ere used . All w ere o b ta in ed  
from  th e  P ittsb u rg h  p la n t of th e  A m erican  T u b e  C om ­
p an y . S u itab le  p ick ling  v a ts , w ashers, an tim on izers , 
an d  lead  b a th s  w ere dev ised , an d  a  special m echan ism  
designed an d  in s ta lled  fo r d ipp ing  th e  p ipe w hile in  
m otion , th e  rev o lu tio n s  being  con tro lled  a t  will. 
P ipes w ere co a ted  w ith  lead  a n d  le ad -a n tim o n y  ( 1 2 . 5  
p er cen t).

C orrosive ex p e rim en ts  (a e ra te d  w ate r te s ts , a ir  ex­
posure, b u ry in g  in  m o ist soil, etc .) show ed  a fa irly  
good p ro d u c t, b u t  n o t of sufficien tly  good g rad e  to  
w a rra n t p ro d u c tio n . T h e  irre g u la r  su rface  of th e  
p ipe p ro d u ced  in  m illing in te rfe re d  w ith  perfec t 
p ick ling  an d  th e  su b se q u en t necessary  ro u g h  h an d lin g  
w ith  p ipe  w renches, e tc ., ab ra d ed  th e  so fte r m eta l, 
th u s  exposing th e  iron .

A t th e  re q u e s t of th e  W ar D e p a rtm e n t, a t te m p ts  
w ere m ade to  ap p ly  th e  process to  p ro d u ce  a co a tin g  
w ith in  shell to  ho ld  ce rta in  po ison  gases. O w ing to  
th e  very  irreg u la r m illed su rface  of th e  in te rio r  a 
perfec t coa ting  w as n o t o b ta in ed .

T h e  u n u su a l rec en t in te re s t in  “ p ass iv e” iron  
ra ised  th e  ques tion  w h e th e r iro n  ren d e re d  passive  
m igh t ta k e  a b e t te r  coa ting  of le ad -a n tim o n y  alloy. 
Tw o general m e th o d s of m ak in g  iro n  “ p ass iv e”  w ere 
u sed ; nam ely , t r e a tm e n t w ith  aqueous so lu tion  of 
oxidizing agen ts (p e rm an g a n a te s  an d  d ich ro m ates) 
a n d  w ith  ac id  so lu tions. T h e  final conclusion  w as th a t  
“ p a s s iv ity ” d id  n o t im p ro v e  th e  p ro d u c t.

A process w as w orked  o u t fo r fo rm in g  a b in d e r  on 
ca s t iro n  u p o n  w hich p u re  lead  cou ld  su b se q u en tly  
be ca s t an d  m olded, especially  for filte r presses an d  
filte r fram es. T h is  in v o lv ed  th e  rem oval of silica 
(sand  ad h e rin g  fro m  th e  m old), w hich p re v e n te d  a 
u n ifo rm  deposit of a n tim o n y  a n d  lead . T h e  co a tin g  
is successfu lly  accom plished  by  in tro d u c in g  an  e x tra  
s tep  of p ick ling  in  hyd ro fluo ric  ac id  p rio r  to  t r e a t ­
m e n t w ith  th e  a n tim o n y  sa lt so lu tion . T h e  co a tin g  
th u s  p ro d u ced  is n o t sufficien tly  h ea v y  an d  u n ifo rm  
to  ad m it of p ra c tic a l use, b u t  fo rm s an  excellen t 
b in d e r for castin g  th e re o n  lead  or le ad  alloy  of an y  
desired  th ic k n e s s . 1

1 The process covering the treatment to secure the satisfactory binder 
is covered in application for U. S. Patent 847,323.
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S heet iron  m ay be p ressed  in to  a v a r ie ty  of shapes 
■without lu b ric an ts . If, how ever, th e  m e ta l is subse­
q u e n t ly  to  be p la te d  (nickel, copper, e tc .), th e  sh ap ed  
a rtic le s  (caps for au to m o b ile  h ubs, e tc .) req u ire  
p ickling . Iro n ' in  shee ts lends itse lf to  p ick ling  m uch  
m ore read ily  th a n  w hen a lre ad y  sh a p ed  a n d  fo rm ed . 
M oreover, in  pressing, th e  scale is o ften  forced  in to  th e  
m e ta l, m ak ing  pick ling  an  even  m ore difficult an d  ex­
p en siv e  process. L ead  is so ft an d , even  th o u g h  th e  
d ep o s it be n o t devo id  of p inholes, se rves as a lu b r i­
c a n t  in  pressing. P rocesses h av e  been  w orked  o u t 
in  th is  la b o ra to ry  for p la tin g  lead -co a ted  iron  w ith  
co p p er or n ickel or b o th .

SU GAR SIRU P F R O M  H O M E-G R O W N  SUGAR BEE TS 1 

By John M . Ort and Jam es R . W ithrow
L a b o r a t o r y  or I n d u s t r i a l  C h e m i s t r y , O n i o  S t a t e  U n i v e r s i t y , 

C o i .u m b u s , O h i o

S irup  can  be m ade  from  hom e-grow n su g a r bee ts 
for b o th  cu lin a ry  an d  ta b le  purposes. W hen m ade by  
p u b lish ed  m ethods, th is  s irup  is  n o t alw ays com ­
p le te ly  p a la ta b le  an d  free from  bee t flavor. E x p e ri­
m e n ta l m odifications of p u b lish ed  processes gave  a 
p ro d u c t leav ing  m uch  to  be desired , th o u g h  i t  p o s­
sessed no m ore o b jec tio n ab le  flavor th a n  th e  av erag e  
so rghum  sirup . T h e  com plete e lim in a tio n  of green  
p o rtio n s  g re a tly  ad v a n ce d  th e  p ro d u c tio n  of a  h igh ly  
sa tis fa c to ry  sirup  flavor.

In te re s t  in  th e  su b je c t am ong  fa rm ers  is no  new  
th in g . S ugar b ee ts  a re  easily  g row n an d  a sm all p lo t 
w ould  fu rn ish  th e  average ru ra l househo ld  w ith  am ple  
sugar s irup . B eet su g a r m ak ing  w ould  p ro b ab ly  
be a u n iv e rsa l fa rm  in d u s try  in  m a n y  p a r ts  of th e  
c o u n try  if th e re  w ere an y  sim ple w ay  of co n s is te n tly  
e lim in a tin g  o b jec tio n ab le  b ee t flavor from  th e  s irup . 
T h e  b ee ts  c o n ta in  from  12 to  20 p e r  ce n t sucrose, as 
h igh  as 28 per ce n t h av in g  been  observed . T h e  y ie ld  
of b e e t su g a r p e r acre  v aries  m uch , b u t  averages from  
0 . 8  to  x .8  to n s , w hile su g a r cane is s ta te d  to  y ie ld  
4 to  s to n s  p e r acre.

D ELETER IO U S SUGAR B E E T  FLAV ORING CON­
STITU EN TS

In  th e  m a n u fa c tu re  of su g a r from  b e e t ju ice  m ost of 
th e  sa lts  an d  de le te rious m a te ria l a re  le ft b eh in d  in  
th e  resid u a l sirup  or m olasses, w hich is sa lab le  on ly  
as a  c a ttle  food or fertilizer. T h e  rem o v a l of th e  im ­
p u ritie s  of b e e t s iru p  has been th e  su b je c t of ex p e ri­
m e n t ever since b ee t sugar m a n u fa c tu re  began . To 
o b ta in  good sugar a co m p lica ted  t r e a tm e n t  of lim ing , 
c a rb o n a tio n , e tc ., m u st be follow ed a n d  co n sid era­
ble su g a r is le ft in  th e  m olasses. T h e  su g a rs  a re  b e ­
lieved  to  be held  b ack  b y  th e  a lb u m in s, a lkalies, so lu ­
ble n o n p ro te in  n itrogenous m a tte rs , p o ta sh , an d  o th e r  
sa lts . T hese  p ro b ab ly  fo rm  a la rge  p o rtio n  of th e  u n ­
desirab le  flavoring  m a te ria l, an d  i t  is th e  op in ion  of 
b ee t su g a r m en gen era lly  th a t  th e  s iru p  itse lf ca n n o t 
be m ade  su itab le  for h u m a n  food. T h e  Sugar Beet, 
O ctober 1 906 , p. 1 2 4 , s ta te s : “ T h e  sim ple c o n c e n tra ­
tio n  of b ee t ju ice  w ould  y ie ld  a sirup  of v e ry  objec-

1 Presented before the Division of Industrial and Engineering 
Chemistry at the 57th M eeting of the American Chemical Society, Buffalo, 
N . Y ., April 7 to 11, 1919.

t io n a b le  flavor an d  odor. T o overcom e th is  diffi­
c u lty  nu m ero u s la b o ra to ry  ex p e rim en ts  h av e  been 
m ade du rin g  th e  la s t 50 y ea rs . N one of th e  processes 
p roposed  h a d  th e  s lig h te s t p ra c tic a l v a lu e , for all th e  
p ro d u c ts  o b ta in ed  w ere ab so lu te ly  w o rth less .”  In  
th e  sam e p u b lic a tio n  i t  is s ta te d  th a t  S a lisb u ry  an d  
K ra m p e r  suggested  th a t  m a p le  s iru p  be a d d e d  to  
g ive th e . desired  flavor.

C. 0 .  T ow nsend  an d  H . C. G o re1 describe  “ a  s im p le  
process of m ak ing  from  su g a r bee ts  a  p a la ta b le  an d  
n u tr it io u s  ta b le  sirup  w ith  a  p le a sa n t flavor. A 
p a te n t  for th e  process w as issued  to  th e  a u th o rs  of th is  
b u lle tin  fo r th e  benefit of th e  p u b lic  so t h a t  a n y  one is 
free to  use i t .2 T es ts  by  fa rm ers  as well as by  
th e  D e p a r tm e n t h av e  proved th e  process to  be p ra c ­
tic a b le ,”

T h e  a u th o rs  g ive very  com plete  d irec tio n s in  th e  
B u lle tin  em phasiz ing  especially  th e  follow ing p o in ts :

1—“ C u ttin g  off th e  crow ns of b ee ts  “ a t  th e  p o in t of 
the  low est leaf sc a r .” T h e  reaso n  assigned  is “ th a t  
th e  crow n or u p p e r p a r t  of th e  b ee t co n ta in s  a la rge  p a r t  
of th e  sa lts  ta k e n  from  th e  soil in  th e  process of g row th . 
I t  is desirab le to  h av e  th e  s iru p  as free  as possib le  
from  th ese  m inera l sa lts  w hich, if p re se n t in  to o  la rge  
q u an titie s , w ould  ren d e r th e  siru p  u n p a la ta b le . ” 3

2— S cru b b in g  free from  d ir t.
3— S kim m ing  th e  bo iling  siru p . T h e  a u th o rs  

s ta te :  “ T h is  o p e ra tio n  rem oves th e  s tro n g  b ee t-like  
flavor a n d  leaves a w holesom e an d  p a la ta b le  p ro d ­
u c t .”

4— Slow boiling.
5— A void  scorching.
A lthough  th e  m ethod  w as sim ple, m a n y  rep o rts  

of fa ilu re  cam e to  Ohio fa rm  jo u rn a ls . Im p ro p e r  
to p p in g  of b ee ts  w as supposed  to  cause  th e  d if­
ficu lty .

R eferences to  th e  a c tu a l c o n s titu e n ts  causing  ta s te  
a n d  odor in  th e  b e e t s iru p  are  n o t p le n tifu l. C lassen 4 
s ta te s  th a t  “ th e  in ju rio u s  n o n su g a rs  a re  defined as 
alkalies an d  so luble n o n p ro te in  n itro g e n o u s  m a tte r s .” 
L each an d  W in to n 5 s ta te  t h a t  “ b e e t su g a r m olasses 
is u n fit fo r food, due to  th e  presence of n itro g en o u s  
bodies w hich  g ive i t  a v e ry  u n p le a sa n t ta s te  a n d  sm ell.” 
W a re6 g ives “ a lb u m in  am id es” as a n  occu rrence  in  
th e  raw  ju ice. R eference is also m ade  to  th e  p resence 
of “ alkalies, am m o n ia , an d  o rgan ic  b ases .”

Of th e  su b stan ce s  iden tified  as c o n s titu e n ts  of su g a r 
b ee ts , th e  n itro g e n  d e riv a tiv e s  a re  a p p a re n tly  n o t th e  
cause of th e  u n d es irab le  flavor. T rim e th y la m in e  is 
som etim es sug g ested  as th e  offensive c o n s titu e n t, b u t  
i t  does n o t seem  to  ex ist in  th e  su g a r b ee t. T h e  fa c t 
t h a t  i t  re su lts  as a  d e s tru c tiv e  d is tilla tio n  p ro d u c t 
of th e  m olasses does n o t p ro v e  t h a t  o th e r  processes

1 “Sugar Beet Syrup,” U. S. Dept, of Agr., Farmers’ B ulletin  823 
(1917), 2.

j U . S. P a t e n t  1,155,806 (Oct. 5, 1915).
3 See also G. L. Spencer, Agricultural Yearbook, 1898, 313.
4 "Beet Sugar M anufacture,” Trans., Hall & Rolfe, 2nd Ed., p. 81, 

John W iley & Sons, Inc., N . Y ., 1910.
4 "Food Inspection and Analysis,” 3rd Ed., p. 570, John W iley  & 

Sons, Inc., N . Y . . . .
* "Beet Sugar Manufacturing and Refining,” 1st Ed., 1 (1905), 136, 

346, J. W iley & Sons, Inc., N 1. Y.
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m ay  lead  to  its  fo rm a tio n . B eta ine , w hich does oc­
cur, is described  as sw eet. C holine, w h a te v e r  its  
ta s te ,  is toxic.

T h e  o b je c t of th e  p re se n t in v e s tig a tio n  w as to  r e ­
m ove th e  u n d esirab le  flavor w ith o u t in ju rin g  th e  sugar. 
T h e  se p a ra tio n  of th e  su g a r as such  w ould be w aste ­
fu l an d  difficult in  th e  k itc h en  or on th e  fa rm , an d  w as 
n o t u n d e r ta k e n  in  th e  p rese n t w ork.

E X P E R IM E N T A L

T h e bee ts  used  w ere grow n in  Ohio, n ea r Toledo. 
Tw o bushels w ere received  in  N ovem ber 1 9 1 8 , an d  4 
bushels in  J a n u a ry  1 9 1 9 .

D eta ils  of th e  v ario u s m e th o d s of ex p e rim en t 
need  n o t be g iven fu r th e r  th a n  to  in d ica te  resu lts . 
W hile keep ing  s tr ic tly  in  m ind  th e  s im p lic ity  re q u ire ­
m en ts  of hom e tre a tm e n t,  a  few ex p erim en ts  were 
ad d ed  fo r b ro ad e r  in sig h t in to  th e  b eh av io r of th e  
de le te rious m ateria ls .

As th e  w ork reso lved  itse lf la rge ly  in to  a  question  
of flavor, th e  p re p a ra tio n  of la rge  am o u n ts  of sirup  
b y  a n y  one process w as n o t necessary . T h re e  to  six 
bee ts  (a b o u t 5 kilos) w ere o rd in a rily  enough  for an 
ex p e rim en t. F o llow ing th e  d irec tions of T ow nsend  
a n d  G ore, th e  w ell-topped , u n p a re d  b u t sliced bee ts 
w ere ju s t  covered  w ith  boiling w ate r, th e  te m p e ra ­
tu r e  of w hich becam e th e re b y  red u ced  to  7o ° t o 8o° C., 
as s ta te d . T h e y  w ere occasionally  sh ak en  an d  unless 
o th e rw ise  in d ic a te d  le ft to  soak  one hou r. T h e  te m p e ra ­
tu re  fell to  70° C. T h e  ju ice  w as s tra in e d  th ro u g h  
cheese-clo th , e v a p o ra te d  over a low  fire an d  sk im m ed  
fro m  tim e  to  tim e . T h e  th ic k  sirup  w as very  sw eet 
b u t w ith  a p ecu lia r ru b b e r-  o r b ee t-like  flavor an d  
odor. 450  cc. of sirup  w ere o b ta in ed .

A long  series of a t te m p ts  w as n ex t m ade to  e lim in a te  
or d e s tro y  th e  u n d es irab le  flavor. A m ong th e m  m ay 
be m en tio n ed  c larifica tion  b y  m ilk, as in  th e  case of 
m ap le  s iru p ; p re lim in ary  desiccation , b o th  a tm o s­
p h eric  an d  v ac u u m , to  coagu la te  a lbum ins, e tc .; 
lim ing , w ith  su b se q u en t p re c ip ita tio n  b y  (N H ^ C O s ; 
peeling , decoring , d ia lysis; an d  tre a tm e n t w ith  such 
su b stan ce s  as fu lle r’s e a r th , ta n n ic  acid , b leach ing  
pow der, basic  m agnesium  c a rb o n a te , N a :S 03, N H 4OH 
follow ed b y  H 3P 0 4, an d  b one-b lack . V ary in g  degrees 
of clarifica tion  w ere secured  b u t  no m a rk e d  im p ro v e­
m e n t in  flavor. T h e  use of C elite  ap p e a red  to  im ­
pro v e  th e  flavor a t  tim es. Iro n , like copper, le ft a  
m eta llic  a f te r- ta s te , less p ro n o u n ced  th a n  w hen cop­
p er w as used, a n d  gave a d a rk e r  sirup .

V aria tio n s  of th e  te m p e ra tu re  of e x tra c tio n  gave 
no im p ro v e m en t. A cold w a te r  e x tra c t h a d  th e  sam e 
flavor as a  h o t one.

E x p e rim e n ts  on th e  in fluence of th e  tim e  of soak ing  
th e  bee ts in d ic a te d  th a t  th e  g rea te r  p a r t  of th e  u n ­
desirab le  flavo r w as rem o v ed  in  th e  ea rly  p a r t  of th e  
soak ing  period . T h e  p ro d u c t of a  10-m in . soak ing  
w as m ore b i t te r  th a n  th a t  of th e  n ex t 50 m in., b u t  th e  
la t te r  w as n o t as m u ch  im p ro v ed  as w as desirab le . 
A process of peeling, decoring , slicing, an d  p re lim in ary  
e x tra c tio n  fo r 10 m in . g av e  a n  e x tra c t du rin g  th e  n ex t 
50 m in. from  w hich  th e  p ecu lia r flavor w as n o t en ­

tire ly  e lim in a ted , b u t i t  w as n o t p ro h ib itiv e ly  p ro m i­
n en t, an d  th e  sirup  w as lig h t colored , n ea rly  as b r ig h t 
as m aple sirup , an d  b y  fa r th e  b e s t ta s t in g  siru p  p ro ­
duced  in  th e  ea rly  p a r t  of th e  in v e s tig a tio n . S ubse­
q u e n t lim e tre a tm e n t gave a  s lig h t b itte rn ess .

S a lisbury  an d  K ra m p e r’s m e th o d , using  a lu m  an d  
N a H C 0 3, gave a flavor d iffering from  th e  u sua l one, 
possib ly  due to  th e  alum . W e agree w ith  th e  a u th o rs  
th a t  th e  p ro d u c t m ay  h av e  m ap le  siru p  ad d e d  w ith  
ad v a n ta g e .

W hen sam ples of th e  sirup  w ere bo iled  dow n, w ith  
stirrin g , to  a  w hite , d ry , v ery  lig h t a n d  fluffy pow der, 
th e re  ap p eared  to  be li t t le  o b jec tio n ab le  flavor, bu t, 
w hen disso lved  in  w a te r to  fo rm  a  sirup , i t  w as fo u n d  
to  be un im proved . B y  ag ing s iru p  w hich h a d  been  
sealed  up  w hile h o t, good c ry s ta ls  of su g a r could  be 
o b ta in ed , b u t th e  b u lk  of th e  solid su g a r sep ara tin g , 
h a d  th e  u sua l b ee t flavor.

T o w ard  th e  en d  of th e  w ork  th e  b ee ts  began  to  soften  
an d  d e te rio ra te  from  lack  of p ro p e r  care. I t  w as con­
cluded  to  in v e s tig a te  th e  in fluence of possib le scorch ing  
from  local su p e rh e a tin g  b y  d irec t fire ev a p o ra tio n . 
P rev ious w ork  h ad  been  ca rried  o u t in  enam el w are 
d ish  pans. A s te a m -h e a te d  copper k e ttle  w as now 
used, tr e a tin g  th e  b ee ts  as in  B ulle tin  8 2 3 . T h e  p ro d ­
u c t h ad  a  less o b jec tio n ab le  flavor th a n  an y  p rev ious 
sirup  m ade by  th is  m e th o d  a n d  w as p ro b ab ly  as good 
as p rev ious siru p s m ade b y  an y  m ethod . H ow ever, 
th e  a f te r- ta s te  of copper w as le ft an d  i t  w as u ltim a te ly  
concluded th a t ,  as in  b ee t su g a r m a n u fa c tu re , the , 
n a tu re  of th e  ju ice  ren d e rs  copper vessels undesira-, 
ble. T o a sce rta in  th e  reason  fo r im p ro v e m en t in  q u a l­
ity , a  doub le  ru n  was m ade  over a  free flam e in  dish 
pans, using b o th  th e  B ulletin  823 m e th o d  an d  th e  
m ethod  of carefu l decoring  an d  peeling , w hich gave 
m uch  b e t te r  p ro d u c ts  th a n  before w ith  e ith e r  
m ethod .

F u rth e r  ru n s  w ere m ade w ith  b o th  s te am  an d  flam e 
e v a p o ra tio n  to  com pare  so ftened  bee ts  w ith  h a rd  
bee ts to  see if r ip en in g  processes h a d  a n y  p a r t  in  th e  
su d d en  a b ility  to  p ro d u ce  a good siru p , b u t  no  such 
d is tin c tio n  w as found . I t  w as no ticed , how ever, th a t  
m an y  of th e  b ee ts  h a d  green shou lders , looking  like 
su n b u rn ed  p o ta to es , w hich develop an  in ten se ly  b i t ­
te r  ta s te  u p o n  cooking. W hen  th is  g reen  p o rtio n  w as 
p a re d  off a  good sirup  w as p roduced , w ith  b u t  a  tra c e  
of b ee t flavor, a n d  even  occasionally  w ith  no such  
flavor d e tec tab le . N o ex tensive  in v e s tig a tio n  of th is  
p o in t cou ld  be m ade  on a c co u n t of lack  of m a te ria l, 
b u t  if i t  shou ld  be fo u n d  th a t  th is  m ethod  will g ive co n ­
s is ten t resu lts , i t  w ill be a sim ple m a tte r  to  reduce  
th e  g reen  p o rtio n  b y  keep ing  th e  b e e t ro o ts  well cov­
ered  w ith  e a r th  in  th e  field. S irup  a c tu a lly  m ade 
from  th ese  g reen  p o rtio n s  possessed th e  u n d esirab le  
flavor to  a  v e ry  g re a t degree, a n d  w as v e ry  d a rk  
colored . I t  is likely , th e re fo re , t h a t  som e, if n o t all, 
unsuccessfu l re su lts  b ea r  a  re la tio n  to  th is  green  p o r­
tio n  of th e  b ee ts . A t su g a r refineries b ee ts  a re  p ro ­
cessed “ as is” an d  no  o p p o r tu n ity  is g iven  fo r selec­
tio n , w hereas we f re q u e n tly  used  b ee ts  w hich (by  
acc iden t) possessed l i t t le  o r no g reen  p o rtio n s. T h is  
do u b tless  exp la in s th e  good re su lts  of T ow nsend  an d
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G ore, a n d  th e ir  fa ilu re  to  advise rem o v a l of th e  green  
p o r tio n s . 1

W are calls a t te n t io n 2 to  th e  excessive am o u n ts  of 
a lb u m in  am ides in  u n rip e  bee ts . E x p e rim e n t show ed 
th a t  o therw ise  good siru p , if ru n  dow n to o  fa r  so as 
to  rea lly  scorch, possessed an  odor of u rin e  or am ines.

T h e  color of th e  sirup  from  su g a r b ee ts  w as u su a lly  
d a rk  brow n an d  tu rb id . B e tte r  f iltra tio n  th ro u g h  
fe lt or a b so rb e n t co tto n , as in  m ap le  siru p  p ro d u c tio n , 
will reduce tu rb id ity  an d  th e re b y  reduce b e e t flavor. 
T h e  b ee t slices a f te r  e x tra c tio n  rap id ly  becam e d a rk  
b row n or b lack , as m a n y  v eg e tab le  m a te ria ls  do. A 
b a tc h  ru n  dow n as ra p id ly  as possib le p ro d u ced  sirup  
m a n y  shades lig h te r  th a n  a n y  p rev ious p ro d u c t; in  
fa c t i t  w as p a ler th a n  m a n y  g rad es of m ap le  s irup .

A single illu s tra tio n  of th e  q u a n t i ta t iv e  re su lts  m ay  
be given. Seven bee ts  w ere peeled  an d  all ro tte n  
an d  green  p a r ts  rem oved . T h e  w eigh t w as 4 . 3  kilos. 
T h ey  w ere sliced, soaked  in  w a te r  as u su a l fo r an  
hou r, th e  ju ice  s tra in e d  a n d  th e  w a te r e x tra c tio n  re ­
p ea te d . R esu lts  a re  show n as follow s:

Sp. Gr.
Sirup at Sucrose Sucrose by
Yield 15° C. by Sp. Gr. Polariscope Sucrose Recovered

First 325 cc. 1.400 77 .5  per cent 75 per cent 252 g. (b y sp .g r .)
Second 175 cc. 1.280 5 8 .2  per cent 54 per cent 102 g. (by sp. gr.)

T h e  sucrose b y  specific g ra v ity  w as ta k e n  fro m  th e  
u su a l tab les . T h e  p o la rim ete r  d e te rm in a tio n  w as by  
th e  m e th o d  described  in  L each, assum ing  t h a t  n o th ­
ing  o p tica lly  ac tiv e  w as p re se n t excep t sucrose. F ro m  
th e se  figures 9 b ee ts  w ould  y ie ld  !/< lb. of su g a r eq u iv a ­
le n t, or 8 . 2 p e r  ce n t of th e  w eigh t of th e  pee led  bee ts .

1 When it was found th at very unpalatable sirup was obtained by  
following the directions of Bulletin  823, an inquiry was sent to the 
Department of Agriculture to ascertain the experiences of others. After 
this paper was read a t the Buffalo meeting, a reply was received stating  
that varying results had been obtained. This was ascribed in some cases 
to the use of immature beets. I t  was also learned that the U. S. D ept, of 
Agriculture, Bureau of Plant Industry, Office of Sugar-Plant Investigations, 
in order to meet the difficulties encountered in following B ulletin  823, 
now issue a mimeographed sheet calling attention to recent investiga­
tions advising additional precautions, inasmuch as air oxidation, the dark­
ening of sliced beets, and failure to remove beet skin have “ a marked effect 
on the color and flavor of the sirup." The statem ent is made that “ the
long continued b o ilin g . results in an improvement of flavor,” eliminating
“ much of the characteristic.. .  .objectionable beet-like flavor.” The addi­
tional precautions recommended are:

1— Thorough ripeness of beets.
2— Peeling.
3—Immediate slicing into sufficient water to cover a t least one inch 

to  avoid darkening by air.
4— Raising temperature to  80° C., using wooden rack at bottom  to 

avoid scorching.
Continued careful scum removal is again emphasized. The product 

is of the light improved quality obtained in the work herein reported. 
The new directions state that the sirups “possess little or none of the more 
or less objectionable flavor and unpleasant after-taste sometimes noted in 
sirups made according to  the other m ethod.”

These precautions are similar to those used in the present investigation 
and should give better results than the original directions. N o  instruc­
tions are given or emphasis laid in either set of directions upon the importance 
of eliminating the green portion of the beet and it is probable that peeling 
would not entirely remove this part. The emphasis upon thorough ripe­
ness does not cover the case, because green topped or shouldered beets may 
be otherwise thoroughly ripe and make good sirup if properly pared. The  
supplemental directions state that Bulletin  823 directs that: “The
tops are removed, cutting them at the line of demarkation between 
the green and white skin,” etc. N o  such direction was given in Bulletin  
823, the lowest leaf scar being the point designated, whereas on 
beets 12 in. long the green color on an otherwise good beet may go as low  
as 9 in. Such cutting would produce good sirup but waste much of the beet. 
In  our experience the green outer part can be cut off, sav ing .the inner 
part for sirup with little waste of beet.

* Loc. cit., i ,  348.

T h e  w astag e  fro m  w hole b ee ts  fro m  p arin g  m ay  be as 
h igh  as 20 p er cen t. G ore a n d  T o w n sen d  s ta te  th a t  
30 o r 40 b ee ts  av e rag in g  fro m  i  to  2 lbs. m ake  a 
b ushel a n d  give from  3 to  5 q u a r ts  of s irup .

I t  has  been  suggested  t h a t  b ee t s iru p  m ig h t p roduce  
d ia rrh e a l effects, d u e  to  i ts  sa lts , b u t  such  an  effect 
h as  n o t been  re p o r te d  to  us. I t  w ould  a p p e a r  th a t  
th e  sa lts  of so rg h u m  also h av e  no such  o b jec tio n ab le  
q u a lity .

T h e  s ta te m e n t has  been  m ade th a t  th e  siru p  does 
n o t keep well. In  o u r w ork  no  a t te m p t  w as m ade to  
p rese rv e  th e  p ro d u c t. S pecim ens w hich  w ere opened  
b u t  se ldom  rem a in ed  in  good co n d itio n . T h e  sirup  co n ­
ta in s  a b u n d a n t m a te ria l to  su p p o r t m old  g row th , 
an d  th o ro u g h  s te riliz a tio n  is necessary . M a p le  s iru p  
w ould  also sou r if i t  w ere th in n e r  th a n  11  lbs. p e r  
gallon  (65 p er ce n t so lids an d  35 p er ce n t w a te r) .

T h e  cost of su g a r b e e t s iru p  m ak in g  will v a ry  w ith  
th e  in d iv id u a l case. W ith  p ro p e r care  b ee ts  can  be 
s to red  fo r m o n th s  a n d  m a n ip u la te d  as req u ired , or 
th e  p ro d u c t m ade in  e q u ip m en t like  t h a t  for m ap le  
sirup  a n d  can n ed  for use. M ap le  siru p  in  Ohio cost 
45 to  75 c e n ts  p e r  gallon  to  p ro d u ce  before th e  w ar. 
B eet su g a r sirup  u n d e r th e  sam e con d itio n s w ould  
p ro b a b ly  cost a b o u t 75 cen ts, because  of e x tra  lab o r.

CONCLUSIONS
1— T h e v ario u s p u b lish ed  processes fo r m ak ing  

p a la ta b le  su g a r b ee t siru p  do n o t co n s is te n tly  fulfil 
all claim s m ade for th e m .

2— T h e use of copper k e ttle s  in  b ee t siru p  m a k in g  is 
un d esirab le  since i t  g ives a m eta llic  a f te r- ta s te  to  th e  
sirup . E n am el an d  a lu m in u m  w are  are sa tis fa c ­
to ry .

3— T h e process of sk im m ing  w ill n o t in  itse lf  e lim ­
in a te  o b jec tio n ab le  b ee t flavor.

4— T h e p ecu lia r flavor can  b e  p ra c tic a lly  e lim in a te d  
from  su g a r b ee t sirup  b y  p ro p e r  a t te n t io n  to  to p p in g , 
p a rin g  off green po rtio n s, an d  b rief p re lim in a ry  e x tra c ­
tion . T h e  en tire  absence of g reen  p o rtio n s  is neces­
sa ry  to  good flavor.

5— T h e o b jec tio n ab le  b e e t flavor m ay  be d u e  p a r t ly  
to  im m a tu r ity . P re lim in a ry  s to rag e  of b ee ts  in  th is  
case will im p ro v e  flavor.

A CK NOW LEDGM ENT
T h e  th a n k s  of th e  a u th o rs  a re  due to  P ro fessor 

V ernon  D av is , Ohio D irec to r  of M a rk e ts , fo r su g g e st­
ing  th e  p rob lem  a n d  for fu rn ish in g  b ee ts , an d  to  P rof. 
C. W. F o u lk  a n d  D ean  C lair D ye fo r suggestions.

L IPO LYT IC E N ZY M E S IN  OLIVE OIL 

B y Thos. M . Rector
R e s e a r c h  L a b o r a t o r y ,  M u s h e r  & Co., B a l t i m o r e , M d . 

Received August 5, 1919

I t  has long been know n th a t  o il-bearing  seed co n ta in s  
lip o ly tic  enzym es w hich fu n c tio n  in  th e  g e rm in a tio n  
of th e  seed, co n v e rtin g  th e  oil in to  a fo rm  av a ilab le  
as food for th e  you n g  p la n t. T h e  enzym es of th e se  
oil seeds, especially  of ca sto r seeds, h av e  been  ex­
ten siv e ly  in v e s tig a ted . In  fa c t, severa l com m ercial 
m ethods h a v e  been  evo lved  b y  w hich  oils a re  sp lit 
in to  f a t ty  acids a n d  g lycerin  b y  m eans of th e  enzym es 
of ca s to r  seed  an d  a few  o th e rs 'o f  s im ila r n a tu re .
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A fa t  h yd ro lyz ing  ferm en t, ca lled  “ o lease” by its 
d iscoverer, T o lom ei, 1 has been iso la te d  from  olive 
pu lp . I t  is claim ed to  be th e  ac tiv e  ag e n t in  th e  fer­
m e n ta tio n  of th e  olive a f te r  crush ing . Oils p ressed 
from  sto red  pu lp  or from  olives th a t  h av e  been  ro ugh ly  
h an d led  o ften  c o n ta in  m ore th a n  50 p e r cen t free acid, 
an d  for th is  reason  olives m u st be p ressed  as soon a fte r  
c rush ing  as possib le in  o rder to  o b ta in  a n  oil of low 
acid  value.

T h e  b e t te r  g rades of edible olive oil com e in to  th e  
m a rk e t w ith o u t tr e a tm e n t o th e r  th a n  se ttlin g  an d  
f iltra tio n . I t  th e re fo re  seem ed possib le th a t  fresh ly  
filte red  oil m ig h t co n ta in  a  sufficient q u a n t i ty  of en ­
zym es to  p roduce a  m easu rab le  am o u n t of f a t ty  acids 
if th e  oil w as em ulsified w ith  w a te r an d  k e p t a t  a 
fav o rab le  te m p e ra tu re . In  a  p re lim in ary  te s t  such  
an  em ulsion  w as ra p id ly  hyd ro lyzed , w hereas th e  ac id ity  
of an  em ulsion  of th e  sam e oil p rev iously  h ea te d  to  
200° C. rem a in ed  n ea rly  co n s tan t. F u r th e r  experi­
m en ts  w ere th e re fo re  m ade.

E X P E R IM E N T A L

E X P E R IM E N T  I .  E FFEC T OF IIIJAT ON THE ENZYM E.

— In  o rder to  te s t  th e  effect of h e a t on th e  c a ta ly tic  
bo d y  p resen t in  th e  oil, five 100 cc. p o rtio n s of oil 
w ere m easu red  in to  200 cc. E rlen m ey er flasks and  
h ea te d  as rap id ly  as possib le to  te m p e ra tu re s  rang ing  
from  7 5 ° to  1 7 5 ° C. A fter rem ain in g  a t  th e  desired 
te m p e ra tu re  fo r 15  m in. th e  flask  w as cooled in  a 
s tre a m  of cold w ater.

E m ulsions of th e  h e a te d  oils w ere p rep a re d  in  th e  
follow ing m a n n e r: 50 cc. p o rtio n s  of th e  oils were
p laced  in  200 cc. E rlen m ey er flasks, 4 g. of gum  trag - 
a c a n th  an d  2 cc. of to lu en e  w ere a d d e d  to  each  flask, 
an d  th e  m ix tu re  shaken  u n til free of lum ps. 50 cc. 
of w a te r w ere th e n  added , an d  th e  flasks co rked  an d  
sh ak en  v io len tly . By th is  tr e a tm e n t  such  a  th ic k  
em ulsion  w as p roduced  th a t  th e  flask could  be in ­
v e rte d  w ith o u t th e  co n ten ts  flowing ou t.

As a co n tro l te s t  an  em ulsion  w as m ade in  th e  sam e 
w ay w ith  u n h e a te d  oil. T h e  a c id ity  of th e se  em ulsions 
was d e te rm in ed  a t  th e  beginn ing  of th e  te s t  p e rio d  an d  
a t  in te rv a ls  du rin g  a  period  of 30 days, accord ing  
to  th e  cu s to m a ry  m e th o d  of d e te rm in in g  th e  acid

1 A lii. Acad. L in e d , 1896.

Tim e -Days

v alue of oils; th a t  is, a  sam p le  of a b o u t 10 g. of th e  
em ulsion was w eighed in to  a 300 cc. flask, 50 cc. of 
n eu tra l, 95 p er ce n t alcohol ad d ed , an d  th e  whole 
h ea te d  on th e  w a te r  b a th  for 30 m in. T h e  sam ple  
w as th e n  rem o v ed  from  th e  b a th  an d  t i t r a te d  w ith  
N / 1 0  sod ium  hyd ro x id e  in  th e  u su a l w ay. In  T ab le 
I  th e  resu lts  are  expressed as p er ce n t of oleic acid  in  
th e  oil phase  of th e  em ulsion  (see also P lo t 1 ).

T a b l e  I
A t Start 16 Days 23 Days 30 Days

Unheated 0 .7 8 .9 2 1 .6 31 .6
Heated 75° C. 0 .7 5 .5 15.8 22.8
Heated 100° C. 0 .7 4 .8 7 .2 10.3
Heated 125° C. 0 .7 3 .6 4 .8 5 .3
Heated 150° C. 0 .7 2 .3 3 .5 3.1
Heated 175° C. 0 .7 1.4 1.7 1.7

E X P E R IM E N T  2 . EFFEC T OF AGE OF OIL ON EN-

At 3 6 7 10 14 18 21 24
Start Days Days Days Days Days Days D ays Days

2 .9 3 .9 6.1 8 .3 13.2

2 .9 3 .0 3 .3 3 .4 3 .9

0 .4 0.8 1.5 3 .0 6 . 1 8.8

0 .4 0 .4 0 .5 0.8 1 .1 1.5

z y m i c  a c t i v i t y — T he oil used in  th e  p rev ious series 
of te s ts  w as a b o u t 8 mo. old. In  th e  second ex p erim en t 
th e  enzym ic a c tiv ity  of th is  oil w as co m p ared  w ith  
th a t  of oil w hich h ad  been  k e p t in  a t ig h t ly  co rked  
b o ttle  in  a  w ooden case fo r a period  of a b o u t n ine 
years. E m ulsions w ere accord ing ly  p rep a re d  w ith  
th e  old oil, b o th  h ea te d  a n d  u n h ea te d , an d  th e  oil 
used in  E x p t. 1 h ea te d  an d  u n h ea ted .

T a b l e  II— I n c r e a s e  o p  A c i d i t y  i n  O i l  w i t h  T i m e  (See Plot 2)

Old Oil 
Unheated 

Old Oil 
Heated  

New Oil 
Unheated 

New Oil 
Heated

Since th e  em ulsions used  in  th e  firs t series of ex­
perim en ts  w ere sem i-solid  a n d  v e ry  difficult to  hand le , 
th e  fo rm u la  w as changed  to  g ive a  less v iscous m ix­
tu r e  as follow s: 100 cc. of th e  oil a n d  2 cc. of to lu en e
w ere ru b b e d  in  a  m o rta r  w ith  3 g. of finely pow dered  
In d ia n  gum , a  gum  sim ila r to  tra g a c a n th , u n til all 
lum ps w ere d is in te g ra te d ; 75 cc. of w a te r  w ere ad d ed  
all a t  once a n d  th e  m ix tu re  s tirre d  v igorously  w ith  an  
egg b ea te r. A th ic k  em ulsion  w as fo rm ed  a lm o st 
in s ta n tly . T h is w as d ilu ted  w ith  75 cc. of w ate r, 
ad d ed  a  li t t le  a t  a  tim e  w ith  c o n tin u ed  s tirrin g . B y 
th is  m e th o d  th e re  w as fo rm ed  a  freely  flowing, finely 
d iv ided  em ulsion  w hich d id  n o t s e p a ra t^  a f te r  a m o n th  
in  th e  in c u b a to r  a t  3 7 ° C.
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E X P E R I M E N T  3 . E F F E C T  OF O L IV E  O IL  " F O O T S ”  

ON T H E  H Y D R O L Y S IS  OF O IL  BY E N Z Y M E S  I t  W a s

th o u g h t p ro b ab le  th a t  fa t-sp li ttin g  enzym es w ould  be 
co n c en tra ted  in  th e  sludge se ttlin g  in  th e  b o tto m  of th e
o liv e  oil ta n k s , know n  to  th e  tra d e  as “ fo o ts .” A c­
cord ing ly  som e v ery  “ fo o ty ” oil w as ru n  th ro u g h  a 
S harp ies cen trifuge a t  17,000 r. p . m. A th ic k , b lack  
slim e w as deposited  in  th e  in te r io r  of th e  se p a ra to r  
bowl. T h is  co n c en tra ted  oil “ fo o ts” gave th e  fo l­
low ing figures on ana lysis:

W ater.............................................  27 .40  per cent
A sh..................................................  9 .2 7  per cent
O il....................................................  26 .79  per cent
Undetermined  .......................  —  3 6 .5 4  per cent

50 g. of th is  co n c en tra ted  “ fo o ts”  w ere su spended  
in  sufficient w a te r to  m ake 500 cc. T h is  m ix tu re  was 
d iv ided  in  tw o  p o rtio n s, one of w hich w as h e a te d  in  a 
s te am  s te rilizer fo r 15  m in. a t  15 lbs. p ressu re . E m u l­
sions w ere th e n  m ade up  b y  th e  sam e p ro ced u re  as in  
E x p t. 2, accord ing  to  th e  follow ing fo rm u las:

3a
Olive Oil..............................................................  100.0 cc.
Indian Gum .......................................................  3 .0  g.
Toluene................................................................  5 .0  cc.
W ater...................................................................  150.0 cc.
Unheated "foots” ............................................. 2 .5  g.

36
Olive Oil..............................................................  100.0 cc.
Indian Gum .......................................................  3 .0  g.
T oluene................................................................ 5 .0  cc.
W ater...................................................................  150.0 cc.
Heated "foots” .................................................  2 .5  g.

3 c
Identical with a and b but without "foots.”

I t  w as fo u n d  th a t  in  E m u ls io n  3a co n ta in in g  th e  
u n h ea te d  “ fo o ts”  th e  hyd ro lysis  of th e  oil w as a lm o st 
com plete ly  in h ib ited . In  36 , how ever, w hich con­
ta in e d  th e  h e a te d  “ fo o ts” th e  hyd ro lysis  ra n  p a r ­
allel to  t h a t  of th e  co n tro l em ulsion. F ro m  th is  i t  
seem s a p p a re n t t h a t  th e  “ fo o ts” co n ta in ed  a n  a n t i ­
fe rm en t, th e  effect of w hich is nu llified  b y  h e a t. T h e  
d a ta  on th is  series of experim en ts a re  as follow s:

T a b l e  III— I n c r e a s e  o f  A c i d i t y  i n  O i l  w i t h  T im e  (Sec P lo t  3)
At 3 6 10 17 25

Start Days Days Days D ays Days
Heated "foots” added 0 .7 0 .9 2 .4 4 .8 8.0 13.9
N o "foots” added 0 .7 0.8 1 .6 3 .0 6.0 8.8
Unheated "foots” added 0 . 7 0 .7 0 .9 0 .9 1 . 1 1 4

C O N C L U S IO N S

T he lim ited  a m o u n t of w ork  done in  th is  in v e s ti­
g a tio n  m akes i t  unw ise to  a t te m p t  to  d raw  fa r-re a c h in g  
conclusions, b u t  i t  seem s ju s tif iab le  to  conclude:

I— T h a t a f a t  h y d ro ly z in g  enzym e is c o n ta in e d  in  
ch em ically  u n tre a te d  filte red  olive oil.

I I — T h a t  th e  a c tiv ity  of th e  enzym e is to ta l ly  
d e s tro y e d  b y  h e a tin g  th e  oil to  te m p e ra tu re s  a ro u n d  
1 5 0 ° C. for 15  m in. an d  p a r tia lly  d es tro y e d  a t  7 5 ° C. 
for th e  sam e period .

I I I — T h a t  th is  enzym e re ta in s  its  a c tiv i ty  fo r a  
n u m b e r of years.

IV — T h a t  a lip o ly tic  a n ti-fe rm e n t is co n ta in e d  in  th e  
aq u eo u s ph ase  of th e  w ate r-in -o il em ulsion , know n 
as “ fo o ts .”

I t  is hoped  to  ex ten d  th is  w ork  to  o th e r  ed ib le o ils 
an d  to  a  fu r th e r  in v e s tig a tio n  of th e  p ro p e r tie s  of th e  
fe rm en t p re se n t in  olives a n d  olive oil.

A CONVENIEN T M E T H O D  FO R  T H E  PR E PA R A T IO N  OF
A  H Y D R O CH LO R IC ACID SO LU TIO N  OF CU PRO U S 

CH LO RID E F O R  USE IN G AS A N ALYSIS

By Francis C. Krauskopf and L. H . Purdy

U n i v e r s i t y  o p  W i s c o n s i n ,  M a d i s o n ,  W i s c o n s i n  

Received M ay 26, 1919

C u p ro u s ch loride, d isso lved  e ith e r  in  am m o n iu m  
hyd ro x id e  or in  h y d ro ch lo ric  acid , is used  ex ten s iv e ly  
in  gas ana ly sis  fo r th e  ab so rp tio n  of ca rb o n  m onoxide. 
U nless k e p t from  c o n ta c t w ith  th e  a ir, cu p ro u s ch loride, 
especially  in  so lu tion , changes to  th e  s ta b le  cu p rie  
ch loride, w hich is n o t an  a b so rb e n t fo r ca rb o n  m o n ­
oxide. F o r th is  reason  th e  m e th o d s  of p re p a rin g  
so lu tions of cup rous ch lo ride  fo r gas ana ly sis  a re  m o re  
o r less ted io u s, a n d  care is n ecessary  to  p re v e n t o x id a­
tion .

As an  a b so rb e n t fo r ca rb o n  m onoxide in  gas a n a ly s is , 
W in k le r1 p rep a re s  a h y d ro ch lo ric  ac id  so lu tion  of cu ­
p ro u s  ch loride as follow s:

17 g. of finely divided copper (preferably copper powder from 
copper oxide reduced by hydrogen) are mixed with 86 g. of copper 
oxide, and the mixture is added to  1086 g. of hydrochloric acid 
(sp. gr. 1 .124). This is tightly stoppered to exclude air and al­
lowed to stand several days. The brown solution becomes color­
less, indicating th a t all the copper is in the form of cuprous 
chloride.

S an d m e y er2 t r e a ts  25 p a r ts  of c ry s ta llize d  co p p e r 
su lfa te  an d  12 p a r ts  of sod ium  ch lo ride  w ith  50 cc. o f 
w a te r , a n d  h e a ts  u n til  th e  co p p er su lfa te  dissolves. 
S od ium  su lfa te  se p a ra te s  o u t, b u t is n o t rem oved . To- 
th is  so lu tio n  100 p a r ts  of h y d ro ch lo ric  ac id  a n d  13 p a r ts  
of copper tu rn in g s  a re  a d d e d  an d  th e  m ix tu re  bo iled  
u n til  i t  becom es colorless.

F ris c h e r3 suggests  th e  p re p a ra tio n  of a n  am m oniaca l 
so lu tion  of cu p ro u s .sa lt b y  ad d in g  fe rro u s  su lfa te  to  
an  am m o n iaca l so lu tio n  of copper su lfa te .

T h u s  i t  ap p e a rs  th a t  th e  p resence of such  com ­
p o u n d s  as am m o n iu m  ch lo ride, so d iu m  su lfa te  a n d  
ferric  su lfa te  do  n o t affect th e  efficiency of so lu tio n s  
of cup rous sa lts  fo r th e  ab so rp tio n  of c a rb o n  m onox ide .

1 Dennis, "Gas Analysis,” p. 232.
1 Bcr., 17 (1884), 1633.
‘ Chem.-Ztg., 32 (1908), 1005.



Feb., 1920 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 159

I t  is a w ell-know n fa c t t h a t  cupric  ch loride in  h y ­
d ro ch lo ric  ac id  so lu tio n  can  be read ily  red u ced  to  cu ­
p ro u s  ch loride by  th e  ad d itio n  of s ta n n o u s  ch loride 
an d  th is  w ould  seem  a  sim ple an d  effective m e th o d  of 
m ak in g  up a  so lu tio n  of cuprous ch loride fo r ab so rp tio n  
of ca rb o n  m onoxide gas.

T h e  p re se n t w ork was u n d e r ta k e n  to  d e te rm in e  
w h e th e r a  so lu tion  of cuprous ch loride m ade up  in  
th is  w ay , an d  so co n ta in in g  s ta n n ic  chloride, w ould  be 
as efficient fo r th e  ab so rp tio n  of ca rb o n  m onoxide as 
w ould  be a  so lu tion  of cup rous ch loride fo rm ed  by  th e  
re d u c tio n  of cu p ric  ch loride by  its  ac tio n  on m etallic  
co p p e r an d  th u s  co n ta in in g  no o th e r  sa lts .

O U T LIN E  or IN V E ST IG A T IO N

1— T h e p re p a ra tio n  of a so lu tion  of cup rous chloride, 
free  from  o th e r  sa lts , b y  th e  red u c tio n  of cup ric  chlo­
r id e  b y  m etallic  copper, an d  th e  d e te rm in a tio n  of th e  
ac id ity  an d  copper c o n te n t of th is  so lu tion .

2— T h e p re p a ra tio n  of a  so lu tio n  of cup rous chloride, 
e q u iv a le n t to  th e  above in  its  ac id ity  an d  copper co n ten t, 
b y  th e  red u c tio n  of cup ric  ch loride b y  s ta n n o u s  ch lo­
ride.

3— A com parison  of th ese  so lu tions as to  th e ir  effi­
c iency  for th e  a b so rp tio n  of ca rb o n  m onoxide u nder 
co n d itio n s  sim ila r to  th o se  of o rd in a ry  gas analysis.

PR E P A R A T IO N  OF M ATERIAL

c a r b o n  m o n o x i d e — T h e ca rb o n  m onoxide u sed  was 
p rep a re d  b y  th e  ac tio n  of c o n c e n tra te d  su lfu ric  acid 
o n  oxalic acid . T h e  ca rb o n  diox ide an d  th e  carbon  
m onoxide fo rm ed  in  th is  rea c tio n  w ere slow ly passed  
th ro u g h  a  t ra in  of th re e  w ash b o ttle s  of ca u stic  p o ta sh  
an d  tw o  w ash  b o ttle s  of a lka line  pyrogallo l to  rem ove 
all ca rb o n  dioxide an d  oxygen. T h e  purified  ca rbon  
m onoxide w as th e n  s to red  in  a  g lass gasom eter. E v ery  
50 cc. of th is  sam ple  w ere fo u n d  to  co n ta in  40.2 cc. of 
c a rb o n  m onoxide a n d  9.8 cc. of n itrogen .

C U PR O U S CHLO RIDE SO LU TIO N  TR EE  PROM OTHER

s a l t s — C ry sta ls  of cup ric  ch loride w ere d issolved in  
w a te r , a n d  enough  c o n c e n tra te d  h y d ro ch lo ric  acid 
a d d e d  to  ho ld  in  so lu tio n  th e  cup rous s a lt w hich was 
to  be fo rm ed . T h is so lu tion  w as p laced  in  a flask 
w ith  s tr ip s  of m etallic  copper, an d  h ea te d  u n d e r a re ­
flux condenser u n til th e  re d u c tio n  w as well s ta r te d , i 
T h e  so lu tion , w hich will h e re a fte r  be re ferred  to  as 
S o lu tio n  A w as th e n  p laced  in  a  w ell-stoppered  flask 
a n d  allow ed to  s ta n d  u n til  colorless.

ST A N N O U S CHLO RIDE SO L U TIO N  A b o u t 300 g. of
m e ta llic  t in  w ere p laced  in  a  500-cc. flask an d  covered  
w ith  c o n c e n tra te d  hyd ro ch lo ric  acid. T h e  m ix tu re  
w as h e a te d  to  a  slow boil, over a  sa n d  b a th , for several 
d ay s , a n d  a  sm all a m o u n t of fresh  acid  a d d e d  from  
tim e  to  tim e  u n til th e  so lu tio n  w as s a tu ra te d  w ith  s ta n ­
nous ch loride. T h e  so lu tion  w as th e n  filte red  and  
p laced  in  a  flask co n ta in in g  m eta llic  t in  to  p re v e n t th e  
o x id a tio n  of th e  s ta n n o u s  ch loride.

C O N C EN T R A T IO N  OF TH E SO L U T IO N S

c o p p e r  i n  s o l u t i o n  a — One cc. of th e  cup rous chlo­
r id e  so lu tion  w as ox idized to  cup ric  ch lo ride b y  th e  
a d d itio n  of d ilu te  n itr ic  ac id  a n d  th e n  d ilu te d  w ith  
w a te r  to  30 to  40 cc. T h e  am o u n t of m eta llic  copper 
p re se n t w as th e n  d e te rm in ed  b y  th e  o rd in a ry  io d o m etric

m ethod . An average of d u p lic a te  d e te rm in a tio n s  
show ed th a t  th e  cup rous ch loride so lu tion , S o lu tion  A, 
co n ta in e d  0.1272  g. of m eta llic  copper p er cc.

a c i d i t y  o f  s o l u t i o n  a — T en  cc. of S o lu tion  A w ere 
d ilu ted  w ith  w a te r  u n til th e  cup rous ch loride was 
com plete ly  p rec ip ita ted . T h e  so lu tio n  was th e n  t i ­
t r a te d  w ith  a  s ta n d a rd  so lu tion  of so d iu m  hyd rox ide, 
using  p h en o lp h th a le in  as an  in d ic a to r. D u p lica te  
d e te rm in a tio n s  show ed th e  a c id ity  to  be 0.2518  g. of 
hyd roch lo ric  ac id  p er cc.

ACIDITY OF ST A N N O U S CHLORIDE SO L U TIO N  T he
ac id ity  of th e  s ta n n o u s  ch loride so lu tio n  w as d e te rm in e d  
by  p re c ip ita tin g  an d  filte ring  o u t th e  t in  b y  th e  a d d i­
tio n  of sod ium  c a rb o n a te , a n d  t i t r a t in g  th e  f iltra te  
w ith  a  s ta n d a rd  so lu tion  of silver n itra te . T h ere  w as 
fo u n d  to  be 0.934 g. of ch lorine in  every  2.5 cc. of th e  
so lu tion . B y t i t r a t in g  th e  s ta n n o u s  ch lo ride  so lu tion  
w ith  a s ta n d a rd  copper so lu tion , 2.5 cc. w ere fo u n d  to  
co n ta in  0.934 g- of ch lo rine com bined  as SnCU. Since 
th is  am o u n t is th e  sam e as th e  to ta l  a m o u n t of ch lorine 
fo u n d  to  be in  2.5 cc. of th e  s ta n n o u s  ch loride so lu tion  
w hen i t  was t i t r a te d  w ith  silver n itra te ,  th e re  w as no 
free ac id  in  th is  p a r tic u la r  so lu tion .

B y t i t r a t io n  i t  w as also  fo u n d  th a t  1 g. of cup ric  
ch loride w as com p le te ly  reduced  to  cup rous ch loride 
by  0.7 cc. of s ta n n o u s  ch lo ride so lu tion .

PR E PA R A T IO N  OF C U PR O U S CHLORIDE SO L U T IO N  BY

R EDU C TIO N  W ITH ST A N N O U S CH LO RIDE  J o n e s 1 fo u n d
th a t  cup rous ch loride m o is tened  w ith  w a te r  to  fo rm  a  
p a s te  or su sp en d ed  in  w a te r w ould  ab so rb  ca rb o n  
m onoxide to  th e  sam e e x te n t as if i t  w ere d isso lved  
in  acid, b u t  fo u n d  th a t  th e  ab so rp tio n  w as th e  m ore 
rap id  th e  g re a te r  th e  c o n c en tra tio n  of th e  acid . B e­
cause of th is  fa c t th e  a c id ity  as well as th e  a m o u n t of 
m etallic  copper w as ta k e n  in to  ac co u n t in  th e  p re p a ra ­
tio n  of a cup ric  ch lo ride so lu tion  w hich w as to  be r e ­
duced  to  cu p ro u s ch loride b y  th e  a d d itio n  of s ta n n o u s
chloride. T h is  new  so lu tio n  w as m ade up  as n ea rly  
as possib le th e  e q u iv a le n t of S o lu tion  A, b o th  as to  
ac id ity  a n d  a m o u n t of copper p resen t.

C a lcu la tin g  on th e  basis of 500 cc. of S o lu tion  A, 
th e  new  so lu tio n  of cu p ro u s ch lo ride w as m ade up  as 
follows, a n d  d ilu ted  to  500 cc. w ith  w a te r:

Cupric Chloride..........................................................  134.5 cc.
Stannous Chloride Solution............................. . 94 .15  cc.
Cone. Hydrochloric Acid (11.176 N ) .................. 308 .13  cc.

T his will h e re a fte r  be re ferred  to  as S o lu tion  B.

PR O C ED U R E

In  o rd in a ry  gas ana ly sis  i t  is c u s to m a ry  to  use tw o 
p ip e tte s  of cup rous ch loride fo r th e  ab so rp tio n  of c a r ­
bon  m onoxide in  o rd er t h a t  th e  second  p ip e tte  m ay  
abso rb  all trac es  of gas n o t ta k e n  up  b y  th e  firs t so lu ­
tion . In  o rd er to  keep  as n ea rly  as possib le to  ac tu a l 
con d itio n s of gas ana ly sis  th is  p la n  of using  tw o  p ip e tte s  
fo r each  so lu tion  w as ca rried  o u t.

200 cc. of S o lu tion  A w ere p laced  in  each  of tw o  H em - 
pel double p ip e tte s , w hich w ere d es ig n a ted  as S o lu tion  
IA  a n d  S o lu tion  I IA . T h e  sam e w as done w ith  
S o lu tion  B, a n d  d es ig n a ted  as S o lu tion  IB  an d  Solu­
t io n  I IB .

• A m . Chem. J „  22 (1899), 287.
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S o l u t i o n  A
Amount of CO already absorbed................
Volume of gas tak en ........................................

Pipette I 
Time Amt. CO
Min. Absorbed

1 40.0
2 1.0
3 0.0

Amount of CO already absorbed................
Volume of gas taken.......................................

Pipette I 
Time Amt. CO
Min. Absorbed

1 39.3
2 0.4
3 0.2

Amount of CO already absorbed................
Volume of gas taken.......................................

Pipette I 
Time Amt. CO
Min. Absorbed

1 38.8
2 0.9
3 0.2

Amount of CO already absorbed................
Volume of gas taken........................................

Pipette I 
Time Amt. CO
Min. Absorbed

1 37.6
2 0 .6
3 0.0

Amount of CO already absorbed...............
Volume of gas taken.......................................

Pipette I 
Time Amt. CO
Min. Absorbed

1 35.2
2 0.6
3 0.0

T able I

................................  0.0  cc.

..................................  5 0 .0  cc.
Pipette II 

Time Amt. CO
Min. Absorbed

1 0 . 0
2 0.0
3 0 .0

..............................  368 .7  cc.

................................. 5 0 .2  cc.
Pipette II  

Time Amt. CO 
Min. Absorbed 

1 0.0
2 0.0
3 0 .0

..............................  769.1 cc.

..............................  5 0 .4  cc.
Pipette II 

Time Am t. CO
M in. Absorbed

1 0.6
2 0 .0
3 0 .0

..............................  1159.9 cc.

..............................  5 0 .2  cc.
Pipette II

Time Amt. CO
Min. Absorbed

1 1. 2
2 0.6
3 0 .0

............................ 1490.5 cc.

............................ 5 0 .2  cc.
Pipette II  

Time Amt. CO 
M in. Absorbed

1 3 .4
2 0 .4
3 0 .0

S o l u t i o n  B
Amount of CO already absorbed...............
Volume of gas tak en.......................................

Pipette I 
Time Am t. CO
Min. Absorbed

1 3 9 .6
2 0 . 6
3 0 .6

Amount of CO already absorbed...............
Volume of gas taken.......................................

P ipette I 
Time Amt. CO
Min. Absorbed

1 39 .0
2 0.6
3 0 .2

Amount of CO already absorbed.
Volume of gas taken........................

Pipette I 
Time Amt. CO
Min. Absorbed

1 3 8 .6
2 0 . 6
3 0 .1

Amount of CO already absorbed.
Volume of gas tak en.........................

P ipette I 
Time Amt. CO
Min. Absorbed

................................. 0.0  cc.

..................................  5 0 .2  cc.
Pipette II 

Tim e Am t. CO
Min. Absorbed

1 0.0
2 0.0
3 0 .0

..............................  365 .5  cc.
..............................  5 0 .2  cc.

Pipette II 
Tim e Am t. CO
M in. Absorbed

1 0 .4
2 0.2
3 0 .0

'............................. 764 .5  cc.
..............................  5 0 .0  cc.

Pipette II 
Time Amt. CO
Min. Absorbed

1 1.0
2 0.0
3 0 .0

3 7 .6
0.8
0.0

............................ 1156.0 cc.

............................ 5 0 .2  cc.
Pipette II 

Tim e Amt. CO 
Min. Absorbed

1 1.6
2 0.2
3 0 .0

Amount of CO already absorbed.
Volume of gas taken........................

Pipette I 
Time Am t. CO
Min. Absorbed

3 7 .6
0.0
0.0

............................  1499.7 cc.

............................ 5 0 .2  cc.
Pipette II  

Tim e Am t. CO
Min. Absorbed

1 2.2
2 0 .4
3 0 .0

A sam ple  of 50 cc. of th e  ca rb o n  m onoxide an d  
n itrogen  m ix tu re  w as tra n s fe rre d  from  a b u re tte  to  
P ip e tte  I  co n ta in in g  th e  cup rous ch loride so lu tio n , 
sh ak en  for one m in u te  a n d  th e n  ru n  b ac k  in to  th e  
b u re tte  an d  m easu red  to  n o te  th e  a m o u n t of ab so rp ­
tio n . T h is  w as rep e a te d  for a second, th ird , an d  fo u r th  
m in u te . T h e  u n ab so rb e d  residue of gas w as th e n  
tra n s fe rre d  to  P ip e tte  I I  an d  th e  am o u n t ab so rb ed  b y  
th e  fresher so lu tion  n o te d  fo r each  m inu te .

T h is  p ro ced u re  w as re p e a te d  w ith  successive sam ples 
of 50 cc. each  u n til a b o u t 1500  cc. of c a rb o n  m onoxide 
h a d  been  ab so rb ed  b y  th e  200 cc. of cu p ro u s ch lo ride  
so lu tion  in  P ip e tte  I, a n d 'th e  so lu tio n  show ed signs of 
becom ing so s a tu ra te d  w ith  ca rb o n  m onoxide t h a t  i t  
no  longer gave efficient ab so rp tio n . T h e  re su lts  are 
g iven  in  T ab le  I  in  a  so m ew h at condensed  fo rm , b u t 
in  enough  d e ta il to  show  a com plete  com parison  b e­
tw een  S o lu tions A an d  B as to  th e ir  ab so rb in g  pow er 
fo r ca rbon  m onoxide. T h e  d a ta  g iven  in c lu d e  th e  
resu lts  of th e  ab so rp tio n  of ev e ry  te n th  sam ple . In  
no case d id  an y  fu r th e r  a b so rp tio n  ta k e  p lace  a f te r  th e  
th ird  m in u te .

T ab le  I  show s c learly  th a t  th e  tw o  so lu tions of cup rous 
ch loride h av e  th e  sam e ca p a c ity  fo r th e  ab so rp tio n  
of ca rb o n  m onoxide, b o th  as to  speed  a n d  co m p le te­
ness of abso rp tion .

Jo n e s 1 fo u n d  th a t  th e  com pound  be tw een  cup rous 
ch loride a n d  ca rbon  m onoxide w as so u n s ta b le  th a t  
if a so lu tion  of cu p ro u s ch loride w as s a tu ra te d  w ith  
c a rb o n  m onoxide a n d  th e n  h e a te d  to  6o° or 7 0 ° C ., 
ex ac tly  th e  sam e am o u n t of gas w as g iven  off as w as 
orig ina lly  abso rbed , an d  th a t  as soon  as th e  cup rous 
ch lo ride so lu tio n ^ w a s  cooled th e  gas could  be re ­
abso rbed .

1 Loc* ciU

T h e  follow ing ex p e rim en ts  w ere m ad e  in  o rd er to  
th ro w  som e lig h t on w h e th e r  or n o t th is  fa c t can  be 
used  to  a d v a n ta g e  in  gas ana lysis . T h a t  is to  say , 
can  a so lu tion  of cup rous ch loride s a tu ra te d  w ith  c a r­
b o n  m onoxide be freed  from  th is  gas b y  h ea tin g , an d  
th e n  h av e  an  ab so rp tio n  efficiency eq u a l to  t h a t  w hich 
i t  h a d  orig inally?

S o lu tions IA  a n d  IB , w hich h a d  p rev io u sly  a b ­
so rb ed  a b o u t 1.500 cc. of ca rb o n  m onoxide each , w ere 
tra n s fe rre d  from  th e ir  resp ec tiv e  p ip e tte s  to  se p a ra te  
flasks an d  h ea te d  to  60 “- 7 0 ° C. fo r sev era l h o u rs  over 
w a te r  b a th s  u n d e r reflux condensers in  o rd er to  
d rive  off th e  ca rb o n  m onoxide gas ab so rb ed , and w ere 
th e n  re tu rn e d  to  th e ir  p ip e tte s . A new  sam p le  of 
gas h a d  to  be m ade, a n d  th is  co n ta in e d  a  g re a te r  p e r ­
cen tag e  of ca rb o n  m onoxide th a n  th e  first m ix tu re ; 
n am ely , 50 cc. of gas co n ta in e d  48.4  cc. CO an d  1.6 
cc. of n itrogen .

S o lu tions IA  an d  IB  w ere te s te d  as before, b y  r u n ­
n ing  50 cc. of th e  p rep a re d  gas in to  each  p ip e tte  an d  
ta k in g  o b se rv a tio n s as to  th e  a m o u n t of gas ab so rb ed  
each  m in u te  fo r 4 m in.

T h e  d a ta  g iven  in  T ab le  I I  inc lude  on ly  th e  re su lts  
of ev e ry  fifth  sam ple , beg inn ing  w ith  th e  a b so rp tio n  
of th e  firs t 50 cc. of gas in  th e  renew ed  so lu tions.

A com parison  of re su lts  in  T ab les  I an d  I I  w ould 
a t  f irs t seem  to  in d ic a te  t h a t  th e  so lu tio n s w ere m ore 
efficient a f te r  renew al. I n  T ab le  I , a f te r  a b o u t 900 
cc. of c a rb o n  m onoxide h a d  been  ab so rb ed , P ip e tte  I 
of each  so lu tio n  w as cap ab le  of ta k in g  up  39 cc. of a 
possib le 40.2 cc. of ca rb o n  m onoxide. In  T ab le  I I  
th e  sam e so lu tio n  w as ab le  to  ab so rb  th e  ca rb o n  m o n ­
oxide a lm o st com p le te ly  a f te r  h av in g  a lre a d y  ab so rb ed  
ov er 900 cc.
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S o l u t i o n  A 
Amount of CO already

a b so rb ed ........................ 0.0  ce.
Volume of gas taken  5 0 .0  cc.

Time Amt. CO
Min. Absorbed

1 4 8 .0
2 0 . 4

T a b l e  I I

0.2

Amount of CO already
absorbed......................... 433 .2  cc.

Volume of gas ta k e n .. . . 5 0 .0  cc.
Time Amt. CO
M in. Absorbed

4 7 . 8
0.6
0.0

Amount of CO already
absorbed......................... 912 .4  cc.

Volume of gas ta k e n .. . . 5 0 .0  cc.
Time Amt. CO
M in. Absorbed

1 47 .4
2 0 .4
3 0 .4

S o l u t i o n  B  
Amount of CO already

absorbed..........................  0.0  cc.
Volume of gas taken........  5 0 .0  cc.

Time Amt. CO
M in. Absorbed

1 4 7 .4
2 0.6
3 0 .4

Amount of CO already
absorbed................. ' . . . .  433 .6 cc.

Volume of gas taken  5 0 .0  cc.
Tim e Amt. CO
M in. Absorbed

1 4 8 .0
2 0.2
3 0 .0

Amount of C6  already
absorbed........................  912 .4  cc.

Volume of gas taken . . .  5 0 .0  cc.
Time Amt. CO
Min. Absorbed

1 47 .6
2 0.2
3 0 .4

R . P . A n d erso n 1 s ta te s  th a t  th e  ra p id i ty  w ith  w hich 
a  so lu tio n  ab so rb s a  re la tiv e ly  pu re  gas is m uch  g rea te r  
th a n  th a t  w ith  w hich i t  ab so rb s a gas from  a m ix­
tu re .

T h is fa c t u n d o u b te d ly  exp lains w hy  S o lu tions A 
an d  B seem  to  be m ore efficient a f te r  renew al. T he 
gas w hich w as ru n  in to  th e  renew ed  so lu tions was 
m ore n ea rly  p u re  ca rb o n  m onoxide th a n  th e  gas used  
w ith  th e  fresh  so lu tions, a n d  hence th e  g re a te r  speed 
w ith  w hich th e  second  sam p le  of gas w as absorbed .

Since th is  second  series of te s ts  w as o therw ise  ru n  
u n d e r p rac tica lly  th e  sam e cond itions as in  th e  first 
series, i t  is ev id en t t h a t  so lu tions of cu p ro u s chloride 
w hich h av e  been  s a tu ra te d  w ith  ca rb o n  m onoxide m ay 
be renew ed  b y  d riv in g  off th e  ca rb o n  m onoxide by  
h ea tin g , an d  th e  so lu tio n  m ade as efficient for th e  a b ­
so rp tio n  of ca rbon  m onoxide as i t  w as orig inally .

CO NCLUSIO NS

I— T h e p resence of s ta n n ic  an d  s ta n n o u s  chlorides, 
even  in  re la tiv e ly  la rge  am o u n ts , in  a hyd roch lo ric  
acid  so lu tio n  of cup rous ch loride, does n o t im p a ir 
th e  efficiency of th e  so lu tio n  fo r th e  ab so rp tio n  of 
ca rb o n  m onoxide.

I I — A p ra c tic a l an d  efficient m e th o d  fo r th e  p re p a ra ­
tio n  of a  so lu tio n  of cu p ro u s ch loride fo r abso rb ing  
ca rb o n  m onoxide consists in  d issolving cup ric  ch loride 
in  c o n c e n tra te d  hyd ro ch lo ric  acid  a n d  reduc ing  to  
cup rous ch loride b y  th e  a d d itio n  of s ta n n o u s  ch loride. 
If a  s lig h t excess of s ta n n o u s  ch loride is ad d e d  th e  so lu­
tio n  m ay  be tra n s fe rre d  from  one co n ta in e r  to  an o th e r  
an d  th e  p ip e tte  filled w ith o u t ox ida tion  of th e  cuprous 
ch loride.

I I I — A hyd ro ch lo ric  acid  so lu tio n  of cup rous ch lo­
ride , w hen  sa tu ra te d  w ith  ca rb o n  m onoxide, m ay  be 
renew ed b y  h e a tin g  to  6o° an d  7 0 ° C. to  d rive  off th e  
ca rb o n  .m onoxide. A so lu tion  t re a te d  in  th is  m an n er 
will be as efficient fo r th e  ab so rp tio n  of ca rb o n  m on­
oxide as i t  w as o rig ina lly , a n d  if in  renew ing  th e  so lu ­
tio n  in  th is  w ay  a sm all am o u n t of th e  copper is oxi­
d ized , an d  th e  so lu tion  is n o t colorless, a  few  d rops of 
a  co n c e n tra te d  s ta n n o u s  ch loride so lu tion  will aga in  
reduce it.

1 T h i s  J o u r n a l , 7  (1 9 1 5 ) , 5 8 7 .
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H em p e l1 described  a re a g en t fo r th e  d e te rm in a tio n  
of oxygen w hich consists of sp ira ls  of m etallic  copper 
covered  w ith  a  so lu tio n  w hich consists of a  m ix tu re  of 
equa l p a r ts  of s a tu ra te d  am m o n iu m  c a rb o n a te  so lu ­
t io n  an d  am m o n ia  of specific g ra v ity  0 .93 . H e s ta te s  
t h a t  such  a so lu tio n  h as a  v a p o r ten sio n  w hich m ay  be 
neg lec ted  in  m ost cases, an d  th a t  i t  will ab so rb  tw e n ty -  
four tim es its  vo lum e of oxygen. D en n is2 re p e a ts  
H em p e l’s acco u n t of th is  re a g e n t p ra c tica lly  w ord 
for w'ord. No in v e s tig a tio n  seem s to  h av e  been  m ade 
since H em p e l’s orig inal s ta te m e n t.

I t  seem ed to  th e  w rite r  th a t  a d iffe ren t c o n c e n tra ­
tio n  of re a g en t m ig h t be desirab le , an d  th a t  o th e r  
am m o n iu m  sa lts  m ig h t be s u b s t itu te d  for th e  c a r­
b o n ate . In  d e te rm in in g  th e  ca p a c ity  of th is  reag en t, 
th e  concep tion  of A n d erso n 3 of th e  specific ab so rp tio n  
of a gas re a g en t w as follow ed. T h e  rea g en t was used 
to  d e te rm in e  oxygen in  air, an d  a t te m p ts  w ere m ade 
to  d e te rm in e  th e  p o in t a t  w hich  th is  re a g en t no  longer 
gave q u a n ti ta t iv e  Results on a ir a f te r  5 m in u te s ’ shak ing . 
All th e  ana ly ses  w ere m ade over w a te r  a n d  th e  value 
of 20.9 p er ce n t oxygen  w as a d o p ted  w ith  an  allow ­
able e rro r of ± 0.1 p e r cen t. T h e  a p p a ra tu s  em ployed  
is illu s tra te d  in  F ig . 1 . A an d  B fo rm  a s ta n d a rd  
H em pel p ip e tte  for solid  reag en ts . T he ad d itio n a l 
bu lb  C an d  th e  leveling  bu lb  D w ere filled w ith  m e r­
cu ry  w hich ac te d  as a  seal t o  p re v e n t access of oxygen 
to  th e  reag en t. E  is a  H em pel b u re tte  m odified4 
b y  a tta c h in g  a th ree -w a y  stopcock  to  th e  to p  in s tea d  
of th e  o rd in a ry  tw o -w ay  stopcock . T he m a n ip u la ­
tio n  w as as follow s: T h e  bu lb  A w as filled w ith  sp ira ls
of clean copper w ire, an d  th e  w hole a p p a ra tu s  w as 
flushed o u t w ith  n itro g en . A defin ite  q u a n t i ty  of th e  
so lu tion  to  be in v e s tig a ted  w as in tro d u c e d  th ro u g h  
S topcock  1 . T h is w as forced over in to  A a n d  up  in to  
th e  cap illa ry  ju s t  to  S topcock  2 . B y  m eans of th e  
funnel an d  S topcock  3 , th e  w hole of th e  a p p a ra tu s  
betw een  S topcocks 2 an d  4 w as filled w ith  w ate r. In  
th e  b u re tte  w as m easu red  a 100-cc. sam ple  of air, 
a n d  in  passing  i t  over in to  A th e  w a te r  in  th e  cap illa ry  
connections w as fo rced  o u t th ro u g h  th e  th i r d  w ay  of 
S topcock  2, th u s  p rev e n tin g  a n y  d ilu tio n  of th e  re ­
ag en t. W ith  th e  th ree -w a y  sto p co ck s as show n, th e  
vo lum e of th e  cap illa ry  w as e n tire ly  e lim in a te d  and , 
th e re fo re , a cap illa ry  of ra th e r  la rge  bore w as used, 
m ak ing  th e  m a n ip u la tio n  m ore ra p id . T h e  sam ple  of 
a ir  w as sh ak en  fo r 5 m in. w ith  th e  rea g e n t, a n d  on re ­
tu rn in g  i t  to  th e  b u re tte ,  th e  re a g e n t w as allow ed to  
rise in  th e  ca p illa ry  on ly  up  to  S topcock  2. W a te r  
w as th e n  in tro d u c e d  th ro u g h  th e  th ir d  w ay  of S to p ­
cock 2 to  finish flushing th e  gas th ro u g h  th e  cap illa ry  
co n n ectio n  in to  th e  b u re tte .

1 “ Gasanalytische M ethoden," 1900 Edition, p. 142.
* "Gas Analysis," 1 9 1 3 , p. 166.
* T h i s  J o u r n a l ,  7  (1915), 575.
* White and Campbell, J . A m . Chem. Soc., 2 7  (1905), 734.
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Since th e  ca p a c ity  of th e  re a g en t for oxygen  p ro v ed  
to  be so la rge th a t  i t  w ould  req u ire  m a n y  h u n d re d s  of 
sam p les of a ir, a la rge  receiver filled w ith  com m ercial 
oxygen  w as s u b s t i tu te d  a t  in te rv a ls  fo r th e  b u re tte  
E  a n d  500 o r 1000 cc. a t  a  tim e  in tro d u c e d  in to  A.

T a b l e  I — I I e m p e l ' s  S o l u t i o n  
Equal parts NH iO H , sp. gr. 0.93, and saturated (NH<)jCOa soln., 220 cc.

Oxygen
Total

Oxygen Oxygen Carbon
Taken in Soln. in Air Dioxide Ammonia

Cc. Cc. Per cent Cc. Cc.
20 .9 20 .9 19.0 1.5
20 .7 4 1 .6 20 .3 1 .0 Ï .4
20 .9 62.5 2 1 .0 2 .5
20.8 83 .3 1 . 6
20.8 104.1 20 .7 1 . 6
20.8 124.9 20.8 1.5

2069.0 2193.9
20 .3 2214.2 17*4 2 .2 0 .2
20.7 2234.9 20.0 0.8 0.0
20 .7 2255.6 20 .5 0 .3 0.0
20.7 2276.3 20.2 0.0 0.0
20 .7 2297.0 20 .7 0 .6 0 .5
20 .5 2317.5 20.6 0 .7 0 .2
20 .9 2338.4 20.6 0 .6 0.0
20.5 2358.9 20 .4 0 .2 0.0
98 .8 2457.9
20.3 2478.0 20!4 0 .2 Ô.'Ô
98 .4 2576.4
20 .9 2597.3 2 0 .S 0 . 1 Ô!3
98 .2 2695.5
20.7 2716.2 20 .6 CK2 ô!ô
9 7 .6 2813.8
99 .2 2913.0
20.9 2933.9 20 .7 Ö.2 0 .7
20.7 2954.6 20.3 0 .1 0 .1
9 8 .0 3052.6
20 .3 3072.9 2Ô‘.S 0 .0 ô!4
9 8 .0 3170.9
20.9 3191.8 2Ô'.S 0'.3 ô ! i

196.6 3388.4
20.5 3408.9 20 .8 6 .Ô CL7

292 .6 3701.5
20.6 3722.1 20 .9 b'.b 0 .0

185.5 3907 .6
20.7 3928.3 19.8 o!i 0 .7
20.6 3848.9 19.9 0.8 0.0

A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.  12, N o. 2

T h e  residua l im p u ritie s  w ere, of course, m easu red  an d  
allow ed for in  th e  ca lcu la tions. O xygen w as th u s  in ­
tro d u c e d  an d , a t  f re q u e n t in te rv a ls , ana ly ses  of a ir  
m ade u n til  th e  re a g e n t e ith e r  becam e so fou l t h a t  th e  
gas could  no longer be h a n d led  q u a n ti ta t iv e ly  o r u n til 
i t  fa iled  to  g ive 2 0 . 9  p e r ce n t in  5 m in.

T h e  firs t re a g en t ex p e rim en ted  w ith  w as th e  one 
described  b y  H em pel, n am ely , a m ix tu re  of one p a r t  
of a  s a tu ra te d  so lu tio n  of com m ercia l am m o n iu m  
ca rb o n a te  w ith  one p a r t  of am m o n ia , sp. gr. 0 . 9 3 . 

T h is  re a g e n t se ldom  gave 2 0 . 9  p e r c e n t of oxygen  in  
air. I t  w as fo.und necessary  to  t r e a t  th e  n itro g e n  
re tu rn e d  to  b u re tte  E  a f te r  an  ana ly sis , f irs t w ith  a  
ca u s tic  so lu tio n  to  rem ove th e  ca rb o n  dioxide, a n d  th e n  
w ith  a d ilu te  su lfu ric  ac id  so lu tio n  to  rem o v e  th e  a m ­
m onia . T h e  a m o u n t of am m o n ia  re p o rte d  b y  th is  
m a n ip u la tio n  n a tu ra lly  v a rie d  since considerab le  a m ­
m o n ia  w as d isso lved  b y  th e  b u re tte  w a te r , a n d  conse­
q u e n tly  th e  a m o u n t re p o r te d  d ep en d s u p o n  th e  ra p id i ty  
of m an ip u la tio n . T ab le  I g ives th e  re su lts  w ith  th e  
H em pel so lu tion . I t  is e v id en t t h a t  th is  so lu tio n  will 
n o t g ive sa tis fa c to ry  re su lts  fo r th e  d e te rm in a tio n  of 
oxygen.

V arious am m o n iu m  sa lts  w ere in v e s tig a te d , b u t 
p re lim in a ry  ex p e rim en ts  show ed  t h a t  am m o n iu m  
ch lo ride w ould  possess th e  la rg e s t c a p a c ity  a n d  g ive 
th e  m o st sa tis fa c to ry  resu lts . T h e  fo llow ing so lu tio n s  
w ere in v e s tig a ted :

s o l u t i o n  1 — C o n c e n tra te d  am m o n ia , sp . gr. 0 . 9 0 , 
s a tu ra te d  w ith  am m o n iu m  ch lo ride (see T a b le  I I ) .  
I t  is e v id en t th a t  th is  re a g e n t is ex h a u ste d  a t  a b o u t 
5 5 0 0  cc. of oxygen, g iv ing  a specific ab so rp tio n  of 
a b o u t 22.5 volum es.

T a b l e  II— 200 Cc
Total

Oxygen Oxygen Oxygen
Taken in Soln. in Air Ammo

Cc. Cc. Per cent Cc.
20 .9  2 0 .9  2 0 .9  7 .8
20 .8  4 1 .7  2 0 .8  3 0 .5
10.5 5 2 .2  2 1 .0  3 .4
10.4  6 2 .6  2 0 .8  2 .6
10.4  7 3 .0  2 0 .8  8 .4

968 .2  1041.2
20 .9  1062.1 2 1 .0  8 .7
2 0 .9  1083.0 2 0 .9  18.3
10.4  1093.4 2 0 .8  2 .0

970 .9  2064.3
10.6  2074.9 2 0 .8  7 .8
10.9 2085 .8  2 0 .9  4 .6

971 .2  3057.0
18.2 3075 .2  2 0 .9  5 .6
20 .9  3096.1 2 0 .9  2 .4
16.7 3112.8  2 0 .9  5 .6

968.1 4080.9

16.7 4097.6  20 .9  7 .3
16.7 4114.3 20 .9  3 .4
16.7 4131.0  2 1 .0  3 .6
16.8 4147.8  2 0 .9  4 .0

483.7  4631.5
16.7 4648.2  2 0 .9  0 .7
16.7 4664.9  2 0 .9  0 .4

4 8 1 .9  5146.8
16.9 5163.7 2 0 .9  2 .5
15.5 5180.2  2 0 .9  4 .0

4 81 .8  5662.0
16.3  5678.3  2 0 .5  1.6
16.3 5678.3  20 .5  1.6
16.6  5694.9  20 .7  3 .2

4 83 .9  6178.8

16.7 6195.5 2 0 .9  3 .3
16.5 6212 .0  2 0 .7  5 .6
16 .6  6228.6  2 0 .8  5 .6

4 80 .8  6709.4
16.5 6725.9  2 0 .4  1.9
16.7 6742.6  20 .5  3 .8
17.0 6759 .6  2 1 .0  3 .2
16.9 6776.5  2 0 .9  4 .8

483 .4  7259.9
16.1 7276.0  2 0 .2  3 .9
16.7 7279.7 2 0 .9  3 .3

nia
R e m a r k s

A t about 3600 cc. of oxygen a 
precipitate of cuprous oxide 
began to form

Solution absorbs oxygen more 
rapidly after standing over  
night

10 min. 
10 min.

10 min.
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s o l u t i o n  2— T w o p a r ts  co n c en tra ted  am m onia , 
on e  p a r t  w ate r, th e  m ix tu re  s a tu ra te d  w ith  am m o n iu m  
ch lo rid e  (see T ab le  I I I ) .  T h e  lim it in th is  p a r tic u la r  
case is a b o u t 9500 cc. of oxygen, a lth o u g h  th is  is n o t 
due to  a  fa ilu re  to  re a c t b u t to  th e  p re c ip ita te  slow ing 
dow n  th e  rea c tio n  u n til i t  ta k es  longer th a n  th e  5 m in. 
a rb itra r ily  se t. T h is  w ould g ive a specific ab so rp ­
tio n  of 45 to  47 volum es.

T a ijl b  I I I — 2 0 0  C c .  o f  S o l u t io n  2
Total

Oxygen Oxygen Oxygen
Taken in Soln. in Air Ammonia

Cc. Cc. Per cent Cc. R e m a r k s

20 .5 20 .5 20 .9 1.0
20.7 41 .2 20.8 1.4

953 .9 995.1
20.9 1016.0 2CL9 4 .8

970.2 1986.2
19.6 2005.8 20 .9 2 .8

969 .3 2975.1
19.6 2994.7 20 .9 Ï .8

978 .0 3972.7 7 min. for absorption
9 7 8 .0 4950.7 6.5 min.
978.0 5928.7 6 min. precipitate began to 

form
9 75 .2 6903.9 7 min.

20 .9 6924.8 20 .9 0'.5
977 .5 7902.3 12 min.
978 .0 8880.0 20 min.

20 .9 8901.2 20 .9 0 ‘.2 Copper heavily coated with 
precipitate

977.0 9878.2 35 min.
20 .9 9898.4 20.2 0 .2
20 .9 9919.3 20.9 10 min.

s o l u t i o n  3— One p a r t  co n c e n tra te d  am m on ia , one 
p a r t  w ate r, th e  m ix tu re  s a tu ra te d  w ith  am m on ium  
ch lo ride  (see T ab le  IV ). T h e  lim it of th is  rea g en t 
cam e a t  th e  p o in t w here th e  p re c ip ita te  w as so b u lk y  
as to  clog th e  cap illaries or e n tra p  b ubb les  of oxygen 
in  th e  p ip e tte . O therw ise th e  rea c tio n  w as s till q u a n ­
t i ta t iv e .  T h e  lim it is som ew here betw een  11000  and  
12000 cc. of oxygen, g iv ing  a specific ab so rp tio n  of 
55 to  60 vo lum es.

T a b l e  I V — 2 0 0  C c .  o p  S o l u t io n  3

Oxygen
Taken

Total 
Oxygen 
in Soln.

Oxygen 
in Air Ammonia

Cc. Cc. Per cent Cc. R e m a r k s

9 6 5 .6 9 6 5 .6 18 min.
2 1 .0 9 8 6 .6 2 1 .0 3 .8

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

9 6 5 .2 2 9 3 7 .5 10 min.
2 0 .9 2 9 5 8 .4 20 .9 \'.9

9 6 6 .1 3 9 2 4 .5 10 min.
2 0 .9 3 9 4 5 .4 20 .9 i .6

9 7 7 .5 4 9 2 2 .9 10 min. precipitate beginning

2 0 .9 4 9 4 3 .8 2 0 .9 1 .6
to  form on coils

9 7 7 .7 5 9 2 1 .5 6 . 5  min.
2 0 .9 5 9 4 2 .4 20 .9 ô '.i

9 7 7 .3 5 9 1 9 .7 8 . 5  min.
2 0 .9 6 9 4 0 .6 2 0 .9 <j.‘ i

9 7 8 .0 7 9 1 8 .6 8 . 5  min.
2 1 .0 7 9 3 9 .6 2 Ü 0 None

9 7 7 .0 8 9 1 6 .6 12 min.
2 0 .9 8 9 3 7 .5 2 0  ! 9 None

9 7 7 .0 9 9 1 4 .5 15 min.
2 0 .9 9 9 3 5 .4 2 0 !  9 None

9 7 8 .0 1 0 9 1 3 .4 3 5  rain.
2 0 .9 1 0 9 3 4 .3 2 0  ! 9 None

9 6 4 .0 1 1 8 9 8 .3 . .  • 45  min.
2 0 .9 1 1 9 1 9 .2 2 0 . 9 None Precipitate very • heavy on

coils and in solution. At 
this point capillary be-
came clogged '

s o l u t i o n  4— O ne p a r t  of c o n c e n tra te d  am m onia , 
tw o  p a r ts  w a te r, th e  m ix tu re  s a tu ra te d  w ith  am m o n iu m  
chloride (see T ab le  V ). H ere  th e  lim it w as som e­
w here ab o v e  6000 cc. of oxygen, g iv ing  a specific a b ­
so rp tio n  of 30 vo lum es.

T h e  figures in  T ab les  I I  to  V show ing  th e  am o u n t 
of am m o n ia  g iven  off w ere d e te rm in e d  by  passing, th e  
gas residue le f t a f te r  th e  ana ly sis  of a ir  in to  a  su lfuric  
acid  p ip e tte  an d  n o tin g  th e  decrease. T hese  figures

are fa irly  re liab le  because, b y  th is  tim e, so m an y  a n a ly ­
ses h a d  been  ru n  th a t  th e  m a n ip u la tio n  w as very  
un iform .

In  sp ite  of th e  fa c t t h a t  d u rin g  th e  earlier p a r t  of 
its  use considerab le q u a n titie s  of am m o n ia  a re  lib e r­
a ted , i t  w ould  seem  th a t  S o lu tion  3 re p re se n ts  th e  m ost 
desirab le  com position . Som e te s ts  h av e  been m ade 
w hich in d ic a te d  th a t  in  th ese  so lu tions, a f te r  consid ­
erab le copper has  been  d isso lved , th e  ab so rp tio n  of 
ace ty lene  is as ra p id  an d  as com ple te  as th e  ab so rp tio n  
of oxygen; an d  m uch  m ore ra p id  th a n  an y  of th e  o th e r  
rea g en ts  fo r ace ty len e  n o te d  in  th e  lite ra tu re . S ys­
te m a tic  in v e s tig a tio n  of th is  p o in t h as  n o t been  m ade.

V an  B ru n t1 says th a t  in  th e  use of th is  rea g en t, a 
considerab le a m o u n t of oxygen  is ab so rbed  by  th e  
cup rous sa lts  in  so lu tion . T h e  p re se n t se t of experi­
m en ts an d  som e fo u r y e a rs ’ experience w ith  th is  re ­
ag en t in  large classes in  gas ana ly sis  h av e  show n th a t  
th is  is n o t tru e . E v en  w ith  re a g e n ts  co n ta in in g  large 
am o u n ts  of cu p ro u s s a lt  in  so lu tio n , if th e  copper in  
th e  ab so rp tio n  p ip e tte  falls below  th e  su rface  of th e  
liqu id , a b so rp tio n  of oxygen  a lm o st com p le te ly  stops.

T a b u î  V — 2 0 0  C c .  o f  S o l u t io n  4

Oxygen
Taken

Total 
Oxygen 
in Soln.

Oxygen 
in Air Ammonia

Cc. Cc. Per cent Cc. R e m a r k s

975 .0 975 .0 30 min.
974.8 1949.8 12 min.

20 .9 1970.7 20 .*9 None
974 .9 2945.6 10 min.
974.8 3920.4 8 min. precipitate began to

974.7 4895.1
form

10 rain, precipitate very 
heavv; trouble with 
capillary

20 .9 4916.0 20 .9 None
975.0 5891.0 14 min. copper heavily

20 .9 5911.9 20 .9 None

coated and solution 
foaming badly

974.5 6886.4 25 min.
20 .9 6906.6 20^9 None
20 .9 6927.5 (2 0 .5 None 5 min. shaking

(2 0 .9 10 min. shaking

In  th e  ana ly sis  of com m ercial oxygen, w here th e  re s i­
due of u n ab so rb ed  gas is v ery  sm all, care m u s t be ta k e n  
th a t  one or tw o  copper w ires p ro jec t c lear up  in to  th e  
e n tra n ce  to  th e  cap illa ry ; fo r if th e  gas resid u e  is n o t 
in c o n ta c t w ith  m etallic  copper, th e  la s t  tra c e s  of oxy ­
gen will n o t be abso rbed . I t  w ould  seem , th e n , th a t  
th e  m echan ism  of th e  rea c tio n  is th a t  th e  co p p e r is 
f irs t oxidized, an d  th e  fu n c tio n  of th e  so lu tion  is sim ply  
to  dissolve th is  oxide, leav ing  fresh  a n d  ac tiv e  copper 
surfaces for fu r th e r  ox ida tion .

c o n c l u s i o n

I— T h e  so lu tio n  of am m o n ia  an d  am m o n iu m  c a r ­
b o n a te  recom m ended  b y  H em pel an d  copied  b y  D enn is 
is n o t a  sa tis fa c to ry  re a g e n t for oxygen.

I I — T h e  m ost co n v en ien t so lu tio n  is m ade  b y  s a t ­
u ra tin g  w ith  am m o n iu m  ch lo ride a  m ix tu re  of one 
p a r t  c o n c e n tra te d  am m o n ia  a n d  one p a r t  w ate r. T h is  
so lu tio n  will ab so rb  from  fifty  to  s ix ty  tim es its  vo lum e 
of oxygen, a n d  th en  fails, n o t b y  refusing  to  ab so rb  
q u a n tita tiv e ly , b u t  b y  th e  fo rm a tio n  of so h e a v y  a 
p re c ip ita te  th a t  i t  becom es u n m an ag eab le . T h e  re ­
ag e n t is s till useful fo r a  considerab le  tim e  a f te r  th e  
p re c ip ita te  begins to  form .

I I I — T h e  ad v a n ta g e s  of th is  re a g e n t a re : t h a t  i t  
is c leaner to  use an d  has a  longer life th a n  p y ro g a lla te ;

‘ J .  A m . Chem. Soc., 36  (1 9 1 4 ) , 144.
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it is free from the danger and the influence of catalyzers 
which interfere with phosphorus; it is readily prepared 
from common reagents; and it is active a t almost any 
tem perature.

IV— Its disadvantages are th a t it cannot be used on 
gas mixtures which contain either carbon monoxide 
or acetylene; and when fresh, it leaves measurable 
amounts of ammonia in the gas. This last may be 
remedied by keeping the burette water slightly acid.
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IN T R O D U C T IO N

The equilibria which exist in aqueous solutions 
containing chlorides and sulfates of sodium and mag­
nesium were discussed by Hildebrand1 who prepared 
the phase-rule diagram representing the system at 
2 5° based upon data from a number of sources, but 
owing to  the incompleteness of these data two of the 
im portant points on his diagram were conjectural 
only. In attem pting to  ascertain by actual experi­
ment the location of these points it became evident 
th a t some of the results used in the preparation of the 
diagram were incorrect, and since the diagram is of 
immediate importance in discussing methods for the 
recovery of magnesium salts from bittern  and from the 
waters of certain lakes, it was thought desirable to 
redetermine all the data needed for the construction 
of the complete diagram. In  carrying out the experi­
mental work needed to obtain these data  I have re­
ceived much valuable assistance from Miss Carolyn 
Steel.

E X PE R IM E N T A L  METHODS USED

This system forms a reciprocal salt pair, which can 
be represented graphically by reference to  two axes 
intersecting at right angles, provided the concentra­
tions are expressed in double equivalents per unit 
weight of water, th a t is, by using one axis to  represent 
the relative proportions of M gS04 and Na2Cl2, and 
the other of NajSO< and MgCl2. The previous work 
on the subject indicates th a t the solid phases to  be 
expected at this tem perature are MgS0 4.7H20 , M gS04.- 
6H20 , M gS04.H20 , Na2S04.ioH 20 , Na2S04, MgCl,.- 
6H20 , NaCl and the double sulfate M gS04.N a2S 0 4.- 
4 H20  known as astracanite. The problem presented 
was to determine the limits of the fields -representing 
the composition of all the solutions which can be in

1 T h i s  J o u r n a l , 10  (1 9 1 8 ) , 9 6 .

equilibrium with each of the eight solid phases. Since 
the system can be expressed in term s of three com­
ponents, and since a liquid phase is always assumed 
to  be present and the pressure is constant, it would 
be impossible to prepare solutions which are in equi­
librium with more than  three of these solids simul­
taneously, unless the transition tem perature had been 
chosen fortuitously, in which case four solids might 
be present.

In ascertaining the limits of the eight fields the follow­
ing procedure was adopted: First, the compositions
of solutions saturated  with respect to  the four simple 
salts MgS0 .(.7H20 , Na2S 0 4.io H 20 , MgCl2.6H20  and 
NaCl were determined, and the ends of the two axes 
already referred to were fixed. Second, the solubility 
of each of these four salts in solutions containing in­
creasing concentrations of a second salt which yielded 
a common ion, and, therefore, contained three ions, 
was determined up to the point a t which a second 
solid phase appeared; this fixed a number of points 
lying between the extremities of the two axes repre­
senting solutions in equilibrium with two solid phases. 
Third, starting with solutions saturated  with respect 
to two solids, the composition of solutions saturated 
with respect to  each pair of solids in the presence of 
increasing concentrations of th a t salt which yielded 
a fourth ion was ascertained up to the point at which 
a third solid was separated.

This procedure made it possible to  check each step 
in the process of establishing the critical points of the 
diagram, and gave more detailed information regard­
ing the exact form of the different fields than  is usually 
shown on similar diagrams. The details of procedure 
adopted in carrying out the  solubility determinations 
differed in no essential respect from those used in similar
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w ork  on th e  su lfa tes  an d  ch lorides of sod ium  an d  p o ­
ta ss iu m  a lread y  re p o r te d .1

RE PR E SEN T A TIO N  OF TH E RESULTS OBTAINED

All th e  d a ta  o b ta in ed , an d  th e  com plete d iag ram  
w hich  is based  u p o n  it,  are  rep resen ted  in  F ig . 1 , 
in  w hich  th e  h o rizo n ta l axis is used to  re p re se n t th e  
re la tiv e  n u m b e r of m oles of M g S 0 4 an d  N a 2C l2 a n d  th e  
v e rtica l axis th e  re la tiv e  n u m b e r of m oles of M gC l2 
an d  N a 2S 0 4 p er 1000 m ois qf w ate r. T h e  com posi­
tio n  of each  of th e  s a tu ra te d  so lu tions p rep a re d  an d  
an a ly zed  is rep re se n ted  b y  a  cross, an d  w hen tw o  or 
m ore so lu tions s a tu ra te d  w ith  resp ec t to  th e  sam e solids 
w ere p rep a re d  th e  m ean  va lue  of th e  re su lts  o b ta in ed  
is show n b y  a d o t su rro u n d e d  by  a circle. I t  is obvious 
t h a t  all po in ts  on  th e  d iag ram , excep t th o se  on th e  
p e rip h e ra l lines, rep re se n t re la tiv e  values only , an d  th e  
a c tu a l com position  of such  so lu tions c a n n o t be d e ­
d uced  from  th e  d ia g ra m  unless th e  to ta l  n u m b e r of 
m oles p rese n t is also know n. F o r th is  reason  th e  com ­
p o sitio n  of all th o se  so lu tions w hich rep re se n t c ritica l 
p o in ts  on  th e  d ia g ra m  is given in  T ab les  I an d  I I .
T able I— Composition in  M oles per 1000 M oles op Water, op Solu­

tions S aturated at 25°
Saturated with MgSO« N a2SO« N a2Cl2 MgClj Sura

A MgS0<.7H20 ............................................  54 .36  ...............................  54 .36
B NajSOt.lOHjO...................................................  35.41   35.41
C N aC l...................................................................................  54 .90  . .  54.90
D  M gCli.6HsO....................................................................................... 103.90 103.90
E M gS0<.7H20  and astracanite  47 .99  24.97 ................  72.96
F  NaîSO*.lOHiO and astracanite  37 .96  34 .36  . . .  . .  72.32
G NaiSOUOHsO and N a2SO<........................... 27 .50  29 .00  . . .  56.50
H  N a2SO< and N aC l............................................  12.44 49 .56  . .  62 .00
I NaCl and M gC lj.6H .0 ..................................................................  103.90 103.90
J MgClj.6HjO and MgS0<.6H20 ........... 5 .4 0  ....................... 102.10 107.50
K  MgSOi.ôHîO and MgSOi.7HjO  9 .5 3  ....................... 77 .00  86.53
L NajSOi.lOHjO, NaSO< and astra­

canite......................................................  11.54 23 .67 23 .89  . .  59.10
M NasSOi, N aC l and astracanite  18.84 1.28 45 .72  . .  65.84
N  M gS04.7H t0, N aC l and astra­

canite......................................................  18.00 . . .  15.08 38.71 71.79
0  M gS04.7H20 ,  MgSO<.6HjO and

N aC l........................................................  9 .7 8  . . .  3 .3 9  75 .50  88 .67
P  MgSO«.6HsO, NaCl and M gCl2.-

6H jO .......................................................  3 .7 8  . . .  0 .2 8  101.85 105.91

T able II— Composition in  Grams per  100 Grams op Water, op S olu­
tions S aturated at 25°

Saturated with MgSO< N a2SO< NaCl MgClj
A MgSO<.7HiO........................................................ 36 .39  ..............
B NaiSO<.IOHjO................................................................... 27 .93
C N aC l..................................................................................................... 35 .63  . . .
D M gCh.6H iO ................................................................................................... 54.97
E MgSO<.7HjO and astracanite......................  32 .07  19.68 .........
F  NaîSO«.lOHiO and astracanite...................  25 .36  27 .09  .........
G NaîSO4. 10HjO and NasSO*..........................................  21.6 8  18.82 . . .
H  NasSO« and N aC l.............................................................  9 .81  32 .16  . . .
1 N aC l and MgClj.6HjO...................................................  . . .  . . .  ’54 .87
J MgCla.6HiO and MgSOi.ôHsO.........  3 .61  . . .  . . .  54.01
K  MgSO<.6HjO and M gS0«.7H20 ........ 6 .37  . . .  . . .  40 .74
L NasSOt.lOHiO, NajSO* and astracanite.. 7.71 18.67 15.50
M NaiSO«, NaCl and astracanite....................  12.59 1 .0 1  29 .67  . . .
N  MgSO*.7HjO, MgSOi.ÔHiO and astra­

canite................................................................ 12.03 . . .  9 .7 9  20.47
O MgSOi.7HjO, M gS0<.6H20  and N aC l. . 6 .5 3  . . .  2 .2 0  39 .94
P MgSO<.6HjO, NaCl, and MgCI2.6H20 .  . . 2 .53  . . .  0 .1 8  53 .88

I n  T ab le  I th e  co n c en tra tio n s  are  expressed  in  te rm s 
of th e  n u m b e r  of m oles of sa lts  w hose fo rm ulas
a re  g iven , p e r  1000  m oles of w a te r; in  T ab le  I I  th e
com position  of th ese  so lu tio n s is expressed  in  gram s 
of th e se  sa lts  p e r  100 g. of w ater.

d i s c u s s i o n  o f  r e s u l t s

( i ) c r i t i c a l  p o i n t s  r e p r e s e n t i n g  t h e  c o m p o s i t i o n  
o f  s o l u t i o n s  s a t u r a t e d  w i t h  r e s p e c t  

t o  a  s i n g l e  s o l i d  

PO IN T A. SATU RATION W ITH  RESPEC T t o  M g S 0 4.- 
7 H 2O— T h e resu lt o b ta in e d  ( 5 4 . 36 ) is in  fa ir  ag ree­
m e n t w ith  th a t  o b ta in e d  b y  v a n  K lo o ste r2 ( 54 . 7),

1 T h is Jo d k n a l, 10 (1918), 344.
* J . Phys. Chem., 21 (1917), 513.

b u t differs dec ided ly  from  th e  ea rlie r re su lt ( 58 .0) 
of L o w en h ertz , 1 w hich w as used  in  th e  H ild e b ra n d  
d iagram .

p o i n t  b . s a t u r a t i o n  w i t h  N a 2S 0 4. io H 20 — T his 
va lue , 3 5 .4 , w as rep o rte d  in  th e  p reced ing  p ap e r of 
th is  series2 an d  is in  good ag reem en t w ith  th e  v a lue
35.5 fo u n d  b y  S eidell.3

p o i n t  c. s a t u r a t i o n  w i t h  N aC l— T h is value, 5 4 .9, 
is also ta k e n  from  prev ious w ork  of th e  w rite r  a n d  is 
in  good ag reem en t w ith  th e  rec en t d e te rm in a tio n s .

p o i n t  d . s a t u r a t i o n  w i t h  M gC l2.6H 20 — T h is 
value , 10 3 .9 , rep re se n ts  th e  m ean  of th re e  closely 
agreeing  d e te rm in a tio n s . T h e  v a lue  fo u n d  by  Low en­
h e r tz 1 a n d  used  in  th e  H ild eb ran d  d ia g ra m  was 10 8 . 
A m ore rec en t value  o b ta in ed  b y  B iltz  an d  M a rc u s4 
w as 10 4 .5 .

( 2) C R I T IC A L  P O I N T S  R E P R E S E N T I N G  T H E  C O M P O S IT IO N  

OF S O L U T IO N S  S A T U R A T E D  W IT H  R E S P E C T  

TO T W O  SOL IDS

p o i n t s  e  a n d  f — Som e d ifficulty  w as experienced  in 
de term in in g  th e  positions of th e se  p o in ts  ow ing to  
fo rm a tio n  of so lu tions su p e rsa tu ra te d  w ith  resp ec t 
to  a s tra c a n ite , as is in d ic a ted  by  th e  fa c t th a t  so lu tio n s 
co rrespond ing  to  th e  p o in t r on th e  cu rve  A E  an d  to  
th e  p o in t 5 on th e  cu rve  B F  were p re p a re d  w ith o u t 
d ifficulty ; obv iously  a s tra c a n ite  can  ex ist in  eq u i­
lib riu m  w ith  so lu tions of th e  com position  r an d  s 
as a « - s ta b le  fo rm  only. T h is  s a lt in v a ria b ly  sep ­
a ra te d  in  th e  fo rm  of a  dense c ru s t com posed  of sm all 
c ry sta ls , w hich u sua lly  show  on ly  poo rly  defined 
p lanes. I t  w as fo u n d  possib le to  p rep a re d  sm all b u t  
w ell-form ed cry sta ls , one of w hich is rep re se n ted  in  
F ig . 2. T h is  figure rep resen ts  a sk e tch  based  upon  
such m e asu rem en ts  as could  be m ade b y  ro ta t in g  th e  
slide su s ta in in g  th e  c ry s ta l w ith  resp ec t to  th e  cross 
ha irs  of a m icroscope. T h e  va lues o b ta in e d  fo r th e  
com position  of th e  S o lu tions E  an d  F  are com p arab le  
w ith  th o se  o b ta in ed  b y  R oozeboom 5 a t  24.5 w ho 
fo u n d  fo r E , 47.6  M g S 0 4 an d  26.85 N a 2S 0 4 in s te a d  of 
47.99  M g S 0 4 an d  24.97 N a 2S 0 4; an d  fo r F , 36.25 
M g S 0 4 a n d  34.5  N a 2S 0 4 in s tea d  of 37.96  MgSO« 
an d  34.36  N a 2S 0 4.

p o i n t s  g  a n d  h — T h e values of th ese  p o in ts  w ere 
de term in ed  a n d  rep o rte d  in  th e  p rev io u s a rtic le  of 
th is  series .2 T h e  co rrespond ing  v a lu es o b ta in ed  b y  
in te rp o la tio n  fro m  th e  d a ta  re p o rte d  b y  S eidell6 a re  
fo r G, 27.42  N a2C l2 a n d  28.00 N a 2S 0 4 in s te a d  of 29.0 
N a 2Cl2 a n d  27.5  N a 2S 0 4; an d  fo r H , 49.30  N a 2Cl2 
an d  1 1 .4 1  N a 2S 0 4 in s tea d  of 49.56  N a2Cl2 a n d  12.44  
N a 2S 0 4.

P O I N T  I .  S A T U R A T I O N  W I T H  M gC l2.6H 20  A N D  N aC l---
I t  w as n o t fo u n d  possib le to  a sce rta in  th e  co rrec t po si­
t io n  of th is  p o in t o r to  show  th a t  th e re  is a d iscon ­
t in u i ty  in  th e  cu rv e  co n n ectin g  th e  p o in ts  C a n d  D . 
T h e  so lu tions o b ta in e d  b y  a d d in g  N aC l to  so lu tio n s 
a lread y  s a tu ra te d  w ith  M gC l2.6 H 20  an d  s tirr in g  fo r a

> Z. physik. Chem., 13 (1894), 478.
1 Loc. cit.
* A m . Chem. J .,  27 (1902), 52.
* Z . anorg. Chem., 71 (1911), 168.
1 Z . physik. Chem., 2 (1888), 518.
* A m . Chem. J .,  27 (1902), 56.
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perio d  of 5 d ays, show ed on  ana lysis  on ly  neg lig ib le 
am o u n ts  of sodium , an d  those o b ta in e d  b y  ad d in g  
inc reasing  am o u n ts  of M gC l2.6H 20  to  s a tu ra te d  so lu ­
tions of N aC l also finally  a t ta in e d  a  com position  
co rrespond ing  essen tia lly  to  th a t  of so lu tions s a tu ra te d  
w ith  p u re  M gC l2.6H 20 .  T h is  in d ic a tes  t h a t  th e  p o in t 
I ap p ro ach es so n ea rly  th e  p osition  of th e  p o in t D 
th a t  i t  c a n n o t be d is tin g u ish ed -fro m  th e  la t te r  b y  th e  
o rd in a ry  m ethods of an a ly tica l p rocedure . N o ev i­
dence of th e  fo rm a tio n  of solid  so lu tio n s com posed  of 
M gC l2.6H 20  w ith  sm all co n c en tra tio n s  of N aC l could  
be o b ta in ed . I t  w as also p o in te d  o u t to  the  w rite r 
b y ,P ro f . G. N. Lewis th a t  th e  line C D  m u st a p p ro a c h  
th e  B D  axis a sy m p to tica lly  since in te rsec tio n  w ith  it  
w ould im p ly  a n eg a tiv e  v a lue  fo r th e  so lu b ility  of 
sod ium  chloride. T h is re la tio n  is of general ap p lic a ­
tio n  to  sim ila r cases b u t  is of p ecu lia r sign ificance in  
dealing  w ith  a  p a ir  of s a lts  w hich differ so g re a tly  in  
so lu b ility  as th o se  considered  here an d  exp la in  w hy 
d ifficu lty  w as experienced  in recognizing  a d iscon ­
t in u i ty  on th e  curve.

T h e  w ork of v a n ’t  Hoff a n d  M eyerho ffer1 assigns 
to  th e  p o in t u n d er d iscussion a defin ite  p o s itio n  co rre ­
sp o n d in g  to  a so lu tion  rep re se n ted  b y  th e  com position  
103 M gC l2 a n d  2.50 N a 2Cl2.

T h e  p o in ts  on th e  cu rve C l a re  of m uch  in te re s t in  
show ing th a t  th e  ra te  a t  w hich th e  so lu b ility  of N aC l 
is decreased  b y  increasing  co n c en tra tio n s  of M gC l2 
is fa r  from  uniform . T h is  a n d  sim ila r cu rves on th is  
d ia g ra m  also show  how  la rge  a n  e rro r  is in v o lv ed  in  
th e  assu m p tio n  com m only  m ade in  p rep a rin g  such  
d iag ram s w here th e  critica l p o in ts  a re  co n n ec ted  by  
s tr a ig h t lines.

p o i n t s  j a n d  k — T hese p o in ts  re p re se n t th e  com posi­
tio n  of so lu tions s a tu ra te d  w ith  re sp e c t to  M gC l2.- 
6 H 20  a n d  M g S 0 4.6H 20 ,  a n d  w ith  resp ec t to  M gC l2.- 
6 H 20  a n d  M gS 0 4.7 H 20 , resp ec tiv e ly . T h e  h e p ta -  
h y d ra te  of m ag n esiu m  su lfa te  ra p id ly  ch an g ed  in to  
th e  h e x a h y d ra te  w hen s tirre d  w ith  so lu tio n s w hose 
com position  v aried  from  J  to  K . T h e  c ry s ta ls  th u s  
o b ta in ed  show ed m onoclin ic sy m m e try , b u t  ow ing 
to  th e  n u m b e r a n d  v a ria tio n s  in  th e  re la tiv e  d ev e lo p ­
m e n t of th e  faces rep rese n ted , th e  ran g e  of c ry s ta l 
h a b i t  ex h ib ited  by  
th e m  w as large. One 
exam ple  of a  well- 
developed  c ry s ta l is 
show n in  F ig. 2. A 
value  of ap p ro x i­
m ately  8 6 ° for th e  
ang le  a  show n in 
th is  sk e tc h  is ch a r­
ac te ris tic  of th is  h y ­
d ra te . W hen b ro u g h t 
in to  c o n ta c t w ith  a FlG' 2- m Es o , . 6h , o  m .  s - a s t r a c a n z t b

drop  of w a te r on  th e  s ta g e  of th e  m icroscope, th ese  
c ry s ta ls  rap id ly  changed  in to  a  m ass of o-rhom bic 
p rism s w ith  a b ru p t te rm in a tio n s  w hich are  easily  id e n ti­
fied as c ry s ta ls  of th e  h e p ta h y d ra te .

N o defin ite  ev idence for th e  fo rm a tio n  of a n y  o th e r  
h y d ra te s  along th e  line J K  could  be o b ta in ed , an d  th e

■ Silib . Akad., Berlin, 1898, 591

cry s ta ls  show ing th e  w ide ran g e  of v a r ia tio n  in  h a b i t  
a lre ad y  referred  to  w ere show n to  be s ta b le  in  th e  sam e 
so lu tio n  even  w hen th e  com position  of th is  so lu tio n  
v aried  w ith  resp ec t to  th e  co n c en tra tio n s  of m agnesium  
ch lo ride  p resen t. V a n ’t  Hoff an d  E stre ichen 1 w ere ab le  
to  p rep a re  h y d ra te s  of m agnesium  su lfa te  c o n ta in in g  
five an d  fou r m olecules of w a te r, a n d  also to  a sce rta in  
th e  com position  of so lu tions s a tu ra te d  w ith  resp ec t 
to  th e  hexa- a n d  p e n ta -  an d  th e  p e n ta -  an d  te tr a -  
h y d ra te s , w hich so lu tions co rresp o n d  to  p o in ts  on th e  
line J K . S u b seq u e n tly  v a n ’t  Hoff a n d  E s tre ic h e r 1 
concluded  th a t  th e  p e n ta -  an d  te tr a h y d ra te s  w ere 
»»-stable a t  all te m p e ra tu re s , as a  re su lt  of a  s tu d y  
of th e  d issocia tion  p ressu res  of th ese  h y d ra te s , a n d  i t  
is n o t im p ro b ab le  t h a t  n e ith e r  of th e  low er h y d ra te s  
w as a c tu a lly  p re se n t as solid  phases  in  c o n ta c t w ith  th e  
s a tu ra te d  so lu tions p re p a re d  a n d  an a ly zed  b y  th em .

T h e  values fo u n d  fo r th e  p o in ts  J an d  K  differ g re a tly  
from  th o se  o b ta in ed  b y  L o w en h e rtz2 who re p o rte d  
fo r J, 104 M gC l2 a n d  14 M g S 0 4 in s te a d  of 102.1 
M gC l2 an d  5.40 M g S 0 4; a n d  fo r K , 73 M gC l2 a n d  15 
M g S 0 4 in s te a d  of 77  M gC l2 a n d  9.53 M g S 0 4. H is 
va lues a p p e a r  on th e  d iag ram  a t  th e  p o in ts  J ' a n d  K '.  
T h e  la rge  d isc rep an cy  b e tw een  th e  tw o  se ts  of values 
can  be a t t r ib u te d  to  th e  in d ire c t m e th o d  used  by  
L ow enhertz  for th e  d e te rm in a tio n  of su lfa te  ion , 
nam ely , a d d itio n  of a know n  a m o u n t of le ad  n itra te ,  
s e p a ra tio n  of th e  lead  su lfa te , p re c ip ita tio n  of le ad  in  
th e  f iltra te  as lead  sulfide rem o v a l of th e  le ad  sulfide 
a n d  d e te rm in a tio n  of th e  n itr ic  ac id  in  th e  f iltra te  
by  t i t r a t io n  w ith  so d iu m  h y d ro x id e  so lu tio n . T h is  
m e th o d  clearly  offers m ore a n d  la rg e r sources of e rro r 
th a n  th e  d irec t s e p a ra tio n  of su lfa te  ion  as b a riu m  
su lfa te  used  b y  th e  w riter.

(3 ) CRITICAL P O IN T S R E P R E S E N T IN G  T H E  CO M PO SITIO N  

OF SO L U T IO N S SA T U R A TE D  W ITH R E SPE C T  TO 

T H R E E  SO LIDS

PO IN T  L. SA T U R A TIO N  W ITH  R E SP E C T  TO N a 2S 0 4, 
N a 2S 0 4. io H 20  a n d  a s t r a c a n i t e — T h is  is one of the  
p o in ts  fo r w hich no d a ta  w ere p rev io u sly  av a ilab le . 
T h e  values fo u n d  are in  fa ir  ag re em e n t w ith  th e  po si­
tio n  assum ed  in  th e  H ild e b ra n d  d iag ram .

PO IN T  i t .  SA T U R A T IO N  W ITH  R E SP E C T  TO N aC l,
N a 2S 0 4 a n d  a s t r a c a n i t e — T h is  p o in t w as fixed by  
th e  w ork  of v a n ’t  Hoff a n d  M eyerhoffer3 w ho fo u n d  as 
th e  m ean  of fou r ex p e rim en ts  46 N a 2Cl2, 16.5  M g S 0 4 
an d  3 N a 2S 0 4 in s tead  of 4 5.72  N a 2C l2, 18.84  M g S 0 4a n d  
1.28  N a 2S 0 4, rep re se n tin g  th e  m ean  of five closely 
ag reeing  re su lts  ob ta ined , b y  th e  w rite r.

PO IN T  N . S A T U R A T IO N  W ITH  R E SPE C T  TO A ST R A C A N IT E ,

N aC l, a n d  M gS 0 4-7 H 20 — T h is  p o in t w as also  fixed 
b y  th e  w ork  of v a n ’t  Hoff and M eyerhoffer4 w ho fo u n d  
as th e  m ean  of tw o  ex p e rim en ts  26 N a2C l2, 34 M g S 0 4, 
7 M gC l2, co rrespond ing  to  th e  p o in t N ' on  th e  d ia ­
g ra m  (F ig . 1 ) in s te a d  of 15.08 N a 2C l2, 18 M g S 0 4, 
an d  3 8 .71  MgCl» fo u n d  b y  th e  w rite r. T h e  c o rre c t­
ness of th e  la t te r  va lues seem s to be su ffic ien tly  con-

* Silzb. Akad., Berlin, 1898, 488, 497.
* Loc. cit.
* Sitzb. Akad., Berlin, 1898, 594.
4 Loc. cit.
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firm ed  b y  th e  positions fo u n d  for a n u m b e r of p o in ts  
o n  th e  lines E N , M N , a n d  ON.

PO IN T  O. SA T U R A T IO N  W ITH R E SPE C T  TO M g S 0 4.7H 20 , 
M g S 0 4.6H 20 ,  a n d  N aC l— T h e  va lues o b ta in ed  by  
v a n ’t  Hoff a n d  M eyerhoffer1 fo r th is  p o in t were
10.5 N a 2C l2, S3 M gC l2, an d  15  M gSO i w hich are  rep re ­
se n te d  b y  th e  p o in t X ' on th e  line ON of th e  d iag ram .

P O IN T  P . SA T U R A T IO N  W ITH R E SPE C T  TO M g S 0 4.6H 20 ,  
M g C l2.6 H 20  a n d  N aC l— T h e values o b ta in e d  by  
v a n ’t  Hoff a n d  M eyerhoffer ,1 nam ely , 1 N a 2C l2, 
102 M gC l2, a n d  5 M g S 0 4, are in  fa ir  ag reem en t w ith  
th o se  of th e  w rite r, n am ely , 0.28 N a 2C l2, 101.85  M gC l2, 
an d  3.78  M g S 0 4.

(4 ) ELIM IN A T IO N  OF K IE S E R IT E  FROM  T H E  SYSTEM

T h e  w ork  of v a n ’t  Hoff seem s to  show  th a t  M g S 0 4.-
l Loc. cit.

H 20 ,  k ieserite , shou ld  be fo rm ed  in  th is  sy s tem  a t  2 5 0 
from  so lu tions w hose com position  is rep re se n ted  b y  a 
very  sm all field below  an d  to  th e  le ft of th e  p o in t P T 
b u t n o t in  so lu tions rep re se n ted  b y  th e  p o in t J ,  th a t  
is, so lu tions s a tu ra te d  w ith  M gC l2.6H 20  a n d M g S 0 4.- 
6 H 20  only. I t  does n o t seem  p ro b ab le  t h a t  th e  v a p o r 
pressu re  of th e  so lu tion  of th e  com position  P  shou ld  
be m ark ed ly  less th a n  th a t  of th e  so lu tio n  of th e  com ­
positio n  J , an d  i t  is th e re fo re  d ifficult to  u n d e rs ta n d  
w hy th e  fo rm er shou ld  be ab le to  change M g S 0 4.6 H 20  
in to  M g S 0 4.H 20  if th e  la t te r  is u n ab le  to  do so. R e ­
p ea ted  a t te m p ts  to  p rep a re  k ieserite  in  such  so lu tions, 
even w hen in o c u la ted  w ith  sm all am o u n ts  of th e  
p u re  h y d ra te , failed , a n d  th e  w rite r  is com pelled  to  
believe t h a t  i t  does n o t c o n s titu te  a  p a r t  of th is  sy s ­
te m  a t  a  te m p e ra tu re  of 2 5 0.

LABORATORY AND PLANT
H EW  TU R B ID IM E TER  F O R  SO LU TIO N S O F GELATIN, 

CELLU LO SE, AND VARN ISH ES 

B y S. E. Sheppard

R esearch L aboratory, E astman K odak Company, R ochester, N . Y.

Received August 12, 1919

T u rb id im e te rs  as used in  w a te r ana ly sis , based  on 
th e  van ish in g  of a  line or filam en t for a  given d e p th  
■of liq u id , a re  well know n , th e  tu rb id itie s  being  expressed  
generally  on a n  a rb it ra ry  scale. F o r th is  m e th o d  
th e re  is generally  assum ed  a  m ore or less u n lim ited  
a m o u n t of th e  liqu id .

In  m a n y  cases, how ever, especially  in  research  an d  
d ev e lo p m e n t w ork  w ith  nonaq u eo u s sy stem s only  a 
lim ite d  a m o u n t of th e  m a te ria l m ay  be av a ilab le , 
fo r  exam ple , in  d ev e lo p m en t of a new  lacq u er o r v a r ­
nish . F o r  such  w ork  an  in s tru m e n t o p e ra tin g  on a 
sm all c o n s ta n t th ic k n ess  becom es desirab le . W hile 
th is  cou ld  be a t ta in e d  p h o to m e tr ica lly , m easuring  
e ith e r  th e  re la tiv e  tra n s m itte d  lig h t ( tra n sp a re n cy ) 
o r th e  re la tiv e  side sc a tte re d  lig h t ( tu rb id ity ) , 1 y e t 
in  som e resp ec ts  th e  m e th o d  of ju d g in g  d is tin c tn ess  
of som e s ta n d a rd  o b je c t seem s th e  s im p lest for p ra c ­
tic a l purposes. W h a t is req u ired  now  for th e  case of a 
lim ited  th ick n ess  of fluid is an  o b je c t th e  v is ib ility  
of w hich can  be v aried  in  som e co n tin u o u s an d  easily  
m easu rab le  w ay. F o r th is  p u rp o se  a d v a n ta g e  was 
ta k e n  of th e  w ell-know n p ro p e rtie s  of crossed g ra tin g s, 
on lines sim ila r to  th o se  em ployed  b y  H . E . Iv e s 2 
in  h is te s t  o b je c t fo r v isu a l ac u ity . T h e  essen tial 
p a r t  of th e  a p p a ra tu s  consists of tw o  superposed  
opaque line g ra tin g s  a rran g e d  to  ro ta te  re la tiv e ly  
to  each  o th e r  a b o u t a n  axis p e rp e n d icu la r  to  th e ir  
p lane . V iew ed b y  tra n s m itte d  lig h t, a t  such  a d is­
ta n c e  th a t  th e  g ra tin g  lines a re  below  th e  lim it of 
reso lu tion , p a ra lle l d a rk  b an d s  a re  seen. T h e  se p a ra ­
tio n  of th ese  a lte rs  q u ite  co n tin u o u sly  as th e  g ra tin g s 
a re  ro ta te d , so th a t  we h av e  a  co n tin u o u s change 
from  ex trem e v is ib ility  to  in v is ib ility — w hen th e  
b an d s  can  no longer be reso lved . T h e  average b r ig h t­
ness of th e  field rem a in s  c o n s ta n t, an d  also th e  v a ria -

1 A convenient apparatus for this will be described in a later paper.
* Elec. World, 1910, p. 939; J .  Opt. Soc. A m .,  1917, p. 100.

tio n  of b rig h tn ess  from  th e  cen te r of a b rig h t b an d  
to  th a t  of th e  a d ja c e n t d a rk  b a n d  is th e  sam e for all 
sizes of bands.

T h e  follow ing d iag ram s, ta k e n  from  H. E . Iv e s ’ 
p ap e r, il lu s tra te  th e  im p o r ta n t re la tio n sh ip  betw een  
th e  w id th  of th e  ir ra d ia tio n  b an d s  an d  th e  angle of 
re la tiv e  ro ta t io n  of th e  g ratings.

F ig . 1

In  F ig . i ,  d is th e  d is tan ce  b e tw een  ce n te rs  of th e  
g ra tin g  lines, A th e  ang le  of re la tiv e  ro ta t io n , an d  D 
th e  d is tan ce  be tw een  th o se  reg ions w here co n tin u o u s  
s tra ig h t lines can  be d raw n  across w ith o u t m eetin g  a  
clear space. T hese  la t te r  lines fo rm  th e  cen te rs  of th e  
d a rk  b an d s  v isib le on  v iew ing th e  crossed  g ra tin g s.

T h e  d is tan c e  betw een  th e m  is g iven  b y  th e  fo rm u la

D =  - - V2 sin  A/ 2

I n  F ig . 2 is show n a p h o to m ic ro g ra p h  of a  p a ir  of 
cro ssed  g ra tin g s , tu rn e d  th ro u g h  a  sm all angle. A t a  
sufficien t d istance— several y a rd s— th e  co m p o n en t 
lines v an ish , on ly  th e  in te rfe ren ce  (or ir ra d ia tio n )  
b an d s  show ing. A t th e  u ltim a te  reso lv ing  d is tan c e
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th e  v a r ia tio n  of in te n s ity  over th e  w id th  of th e  b an d s  
is lo st a n d  th e y  ap p e a r as sh a rp , b lack  lines. F o r d e ­
ta ils  as to  th e ir  use in  fo rm ing  v isu a l a c u ity  te s ts , 
reference shou ld  be m ade to  Iv e s ’ p ap e r. T h e ir  a p ­
p lic a tio n  to  tu rb id im e try  depends on  an  inversion  of 
th e  sam e princip les. If  a  sc a tte r in g  ( tu rb id )  m ed ium  
be p laced  in  f ro n t of th e  crossed g ra tin g s , th e  v is ib ility  
l im it i / D  =  2 sin  A /2  will be low ered, accord ing  
to  th e  tu rb id ity . F o r re la tiv e ly  sm all angles, secured  
b y  a p ro p e r  choice of d, th e  expression  i / D  =  2 sin 
A /2  reduces to  i / D  =  sin  A =  A; from  th is  th e  v is i­
b ili ty  lim it— for one an d  th e  sam e observer, i. e., for 
th e  sam e v isual acu ity — can be m easu red  b y  th e  angle 
th ro u g h  w hich th e  g ra tin g s m u st be tu rn e d  to  m ake 
th e  b an d s  ju s t  d isappear.

v is ib ility  of in te rfe ren ce  fringes, th e  possib le p recision  
is m uch  h igher th a n  th a t  p ra c tic a lly  o b ta in ab le , ow ing 
to  th e  fa tig u e  fa c to r  in  m ak ing  such  read ings. B u t 
th is  e rro r, fo r a  n o rm al observer, does n o t a p p e a r  to  
be a t  all p ro h ib itiv e , as th e  follow ing re su lts  in d ic a te . 
T h ey  w ere m ade  w ith o u t specia l p rec au tio n s , such  as 
d a rk  room , res tin g  th e  eye, o r h ea d  res t, a n d  th e  g r a t ­
ings w ere n o t of firs t-c lass q u a lity .

S a m p i , 8  A P. E. C P. E.
Solvent...............................  41 °24 ' ± 1 6 ' 100 ___
Dope 1............... '..............  2°30' ±  2' 6 .0  ± 0 .2
Dope 2 ................................ 3°38' ±  9' 8 .7  ± 0 .4
Dope 3 ...............................  I0°15' ± 1 7 ' 24 .7  ± 0 .5
Dope 4 ...............................  22° 0' ±  8' 53 .1  ± 0 .5
Dope 5 ...............................  30°28' ± 2 1 ' 73 .5  ± 0 .9 5
Dope 6 ...............................  35°10' ± 2 3 ' 8 4 .9  ± 1 .0 0

T h e  p ro b ab le  e rro r  fo r A  is fo r th e  m ean  of five 
read ings, hence th e  P . E . for a single o b se rv a tio n  w ould  
be la rg e r, am o u n tin g  for th e  la rg e s t v a lu e  to  10 p e r 
ce n t on th e  read ing . T h e  P . E . on th e  p e r  ce n t c la r ity  
C is ca lc u la ted  from  th e  v a lue

p . e .  =  *  Y  +  62

  X  100
Amax.

w here A ma‘x. =  rea d in g  fo r so lv e n t; A  =  rea d in g  fo r 
sam ple ; b =  P . E . fo r se ttin g  of A ; a =  P . E . for se ttin g  
of Amax..

T h e  p ro b ab le  e rro r  of a single se ttin g  increases 
on th e  w hole w ith  th e  angle of se ttin g , i. e., w ith  th e  
c la r ity , b u t  th e  p e r ce n t P . E . rem a in s  m u ch  th e  sam e. 
T h e  read ings are m ade as ra p id ly  as w ith  th e  p o la rim - 
e te r  or re fra c to m e te r.

F ig. 3

A—Concentrated filament lamp and hood 
B—Mirror for reading scale 
C—Diffusing and reducing glasses 
D—Grating mounts, with vernier and 

scale

E—Cell to hold sample 
F—Eyepiece 
H—Sample clear liquid 
J—Sample lacquer

In  th e  in s tru m e n t co n s tru c te d  tw o  p h o to g rap h ic  
line g ra tin g s  w ere used , h av in g  a b o u t 50 lines p e r  in ., 
a n d  Amax. w as a b o u t 4 0 0 fo r n o rm al v isu a l ac u ity . 
T h e  e rro r using th e  sim plified  fo rm u la

F i g . 2

If  now , Amax. be th e  angle for th e  v is ib ility  lim it 
for a g iven  th ick n ess  of som e s ta n d a rd  m ed ium , e. g., 
d istilled  w a te r, la cq u e r  so lven t, a n d  A  th e  angle for th e  
sam e th ick n ess  of a  tu rb id  so lu tion , th e n  p u ttin g  
Amax./A =  100/C ,  gives C, th e  p er ce n t c la r ity , from

Amax.
T h e in s tru m e n t co n s tru c te d  fo r m easu ring  c la ritie s 

in  th is  w ay  is show n in  Fig. 3 . T h e  so lu tions to  be 
te s te d  are co n v en ien tly  p u t  up  in  8-oz. sq u a re  ja rs , 
w ith  screw -on caps. T hese  a re  o b ta in a b le  com ­
m ercially  an d  are  m uch  m ore co n v en ien t fo r w ork 
w ith  varn ishes, lacq u e rs  an d  o th e r  s tick y  su b stan ces  
th a n  co rked  or s to p p e re d  b o ttle s . Since, how ever, 
th e  sides a re  n o t p e rfec tly  p lane  para lle l, d is to rtio n s  
of th e  g ra tin g  im age will occur on p lac ing  in  positio n  
in  f ro n t of th e  g ra tings. T o  e lim in a te  th is  re fra c tio n  
erro r, th e  te s t  ja rs  a re  p laced  in  a  cell w ith  g lass w alls 
p ara lle l to  th e  g ra tin g s, a n d  im m ersed  in  a  liq u id  of 
re frac tiv e  index  equa l to  th e  glass, m o n o ch lo ro n ap h - 
th a le n e  p ro v in g  very  sa tis fa c to ry  a n d  e lim in a tin g  all 
d is to rtio n . T h e  read ings of A are  m ade on a circle 
a n d  vern ie r reflected  in  th e  concave m irro r above, 
read ings being possible to  2 '  of arc . E rro r  in  zero 
can , if necessary , be e lim in a ted  b y  a lte rn a te  read in g  
on e ith e r  side. R ead ings can  be ta k e n  so ra p id ly  
t h a t  i t  is easy  to  secure a m ean  of 5 o r 6 fo r each  o b ­
se rv a tio n . As w ith  all m e thods depend ing  upon
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C =  A /A  max. X 100 in s tea d  of
s in  A / 2

. . X  100
S in  A m a x ./  2

is n o t, how ever, serious for th e  w ork requ ired . T h u s 
fo r A =  5 0, Amax. =  4 0 °, we have

A p prox im ate  A ccura te
C =  12.5  p e r ce n t 12.7  p e r cen t

T h ere  a p p e a r  to  be several a d v a n ta g es  in  rep lacing  
su ch  expressions as “ w a te r-c lea r,” by  defin ite  p e r cen t 
c la r ity  an d  defin ite  co lo rim etric  values, w here color 
is a  fac to r.

F igs. 1 and 2 are  rep ro d u ced  b y  k in d  perm ission  of 
M r. H . E . Iv es  an d  th e  A m erican  O ptical S ociety  from  
th e  Journa l o f the Optical Socicty o f Am erica. M y 
th a n k s  are also due to  M r. T o m p k in s for assis tance  in 
m ak ing  o b se rv a tio n s an d  co m p u ta tio n s.

T H E  E F F E C T  OF CH LO RID ES ON TH E N ITR O M ETER 
D ETE R M IN A TIO N  OF N ITR ATES'

By M . T . Sanders 

E o r c i t e  E x p e r i m e n t a l  L a b o r a t o r y , A t l a s  P o w d e r  Co., L a n d i n g , N .  J .

T h e  n itro m e te r  fu rn ishes a  v e ry  ra p id  an d  ac cu ra te  
m eans of an a ly z in g  a  su b s tan ce  w hich  q u a n tita tiv e ly  
lib e ra te s  a gas w hen  tr e a te d  w ith  liq u id  reagen ts , 
a n d  is u su a lly  u sed  to  d e te rm in e  n itro g e n  in  n itra te s . 
T h e  n itr a te  so lu tio n  is w ashed  in to  th e  decom posing 
b u lb  a n d  som e su lfu ric  ac id  d raw n  in  a f te r  i t .  In  
th e  presence of th e  acid, th e  m ercu ry  reduces th e  
n itr a te ,  lib e ra tin g  n itr ic  oxide. T h e  gas is th e n  ru n  
in to  th e  m easu rin g  tu b e , allow ed to  cool, an d  th e  
v o lu m e rea d . N itro m e te r  m easuring  tu b e s  are of 
tw o  k inds, one for g u n co tto n , w hich  is g ra d u a te d  to  
re a d  p er ce n t n itro g e n  w hen a  one-g ram  sam ple  is 
u se d ; th e  o th e r, th e  so-called  “ u n iv e rsa l tu b e ,” is so 
g ra d u a te d  t h a t  0 .0 1  m ole of a  gas, a t  20° C. a n d  760 
m m ., will rea d  100 .

C rude  sod ium  n i tr a te  n ea rly  alw ays co n ta in s  a  
few  p er ce n t so d iu m  chloride. T h e  p u rp o se  of th is  
w ork  w as to  d e te rm in e  th e  m ax im um  q u a n t i ty  of 
so d iu m  ch lo ride  w hich can  be p re se n t in  th e  sam ple 
a n d  y e t p e rm it ac c u ra te  ana ly ses to  be m ade on th e  
n itro m e te r . As no reference to  th e  effect of sodium  
ch lo ride  on th e  n itro m e te r  d e te rm in a tio n  of n itra te s  
co u ld  be fo u n d  in  such l i te ra tu re  as  wras ava ilab le  
a t  th e  la b o ra to ry , i t  w as th o u g h t b es t to  determ ine 
th e  accu racy  of th e  n itro m e te r  m e th o d  for sam p les of 
so d iu m  n itr a te  co n ta in in g  v a ry in g  q u a n titie s  of sod ium  
ch lo ride .

T h e  sam ples u sed  in  th e  n itro m e te r  a re  sm all, 0 .8 5  
g. fo r sod ium  n itra te . T o avo id  th e  d ifficulty  in ­
vo lv ed  in  m ixing sm all q u a n titie s  of th e  d ry  sa lts , 
n e a rly  s a tu ra te d  so lu tion? of sod ium  n itr a te  and  
so d iu m  ch lo ride w ere m ade  u p , an d  th e  sam ples p re ­
p a re d  by  m ixing w eighed p o rtio n s  of th ese  so lu tions 
in  a  b o ttle .

T h e  a c tu a l sam ple  fo r ana ly sis  w as w eighed by  
m eans of a  L unge p ip e tte . T h e  p ro ced u re  w as as 
follow s: T h e  th ree -w a y  s to p co ck  an d  cap illa ry  tu b e
of th e  decom posing  bu lb  w ere filled w ith  m ercury .

1 Presented before the Division of Industrial and Engineering Chem­
istry at the 58th M eeting of the American Chemical Society, Philadel­
p h ia , Pa., September 5, 1919.

T he sam p le  w as p laced  in  th e  cup of th e  decom posing 
bu lb  a n d  d raw n  in to  th e  bu lb . T h e  cup w as th e n  
w ashed  w ith  2 one cc. p o rtio n s  of w a te r, follow ed by 
25 cc. of 96 p er ce n t su lfu ric  ac id  in  th re e  or four p o r­
tions.

T h e  decom position  w as s ta r te d  b y  gen tle  shak ing  
of th e  bu lb . W hen  th e  gas w as no longer rap id ly  
lib e ra te d , th e  decom posing b u lb  w as p u t  u n d e r a 
v acu u m  of xo in . of m ercu ry , th e  low er s topcock  
closed, a n d  th e  b u lb  sh a k en  v io le n tly  for 4 m in. T he 
lib e ra te d  gas w as ru n  In to  th e  m easu ring  tu b e , allow ed 
to  cool for 15  m in ., an d  th e  read ing  ta k e n .

A m irro r w as used  in  com paring  th e  levels of m e r­
cu ry  in  th e  vario u s tu b e s , th u s  avo id ing  an y  erro rs 
due to  p ara llax . T h e  sam ples used  w ere of such  size 
th a t  th e  effect of s lig h t e rro rs  in  read in g  th e  vo lum e 
of gas w ould  be negligible.

T h e  m ore ch lorides in  th e  sam ple , th e  m ore sludge 
was fo rm ed  in  th e  decom posing  b u lb , a n d  th e  m ore 
difficult i t  w as to  c lean  th e  m ercu ry  in  th e  decom ­
posing bu lb  p re p a ra to ry  to  th e  succeeding  d e te rm in a ­
tion . I t  will be n o ticed  in  T ab le  I  t h a t  d u p lic a te  d e ­
te rm in a tio n s  on sam ples h igh  in ch lo rides d id  n o t 
check well. T h is  is p ro b a b ly  due to  th e  fa c t t h a t  th e  
sludge in  th e  decom posing  b u lb  tra p p e d  som e of th e  
gas.

Moles NaCl
Per cent 
NaNOa 

by Analysis

T a b l e  I 
M ean of 
Results 

Per cent

Per cent 
NaNOa 

Actually
M oles N aN O i I II NaNOa Present

0.00 42.21 42 .20 42.21 42 .18
0 .2918 31.87 31 .90 31 .89 31 .86
0.5749 25.63 25 .64 25 .64 25.58
0 .9776 20.22 22.13 22.18 20 .24
1.950 13.57 13.31 13.44 13.34
2.728 11.00 10.63 10.82 10.48
3.129 11.82 11.99 11.90 9 .44
3 .782 14.96 14.68 14.82 8 .12

Error 
+ 0 .0 3  
+  0 .03  
+ 0 .0 6  
— 0 .0 6  
+ 0.10 
+ 0 .3 4  
+ 2 .4 6  
+ 6 .7 0

Per cent 
Error 
+ 0 .0 7  
+  0 .0 9  
+  0 .23  
— 0 .3 0  
+ 0 .7 5  
+ 0 .3 2 4  

+  26.1  
+  62 .5

F ro m  th e  com positions an d  w eigh ts of th e  so lu tions 
of sod ium  n i t r a te  an d  so d iu m  ch lo ride  used , th e  p e r  
ce n t of sod ium  n i tr a te  a c tu a lly  p re se n t in  th e  sam p le  
w as ca lcu la ted . T h e  re su lts  of th e  n itro m e te r  d e ­
te rm in a tio n s  w ere also ca lc u la ted  as sod ium  n itra te .  
F ro m  th e se  figures th e  p e rc en ta g e  e rro r  of each  d e­
te rm in a tio n  w as ca lcu la ted .

In  T ab le  I  a re  ta b u la te d  th e  ra tio  of m oles of sod ium  
ch lo ride  to  m oles of so d iu m  n i t r a te  in  th e  sam p le
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used, th e  ac tu a l p e r cen t of sod ium  n itr a te  p resen t, 
th e  per cen t of sod ium  n itra te  as d e te rm in ed  on  th e  
n itro m e te r , an d  th e  p ercen tag e  erro r of each  d e te r ­
m in a tio n . T h is  ta b le  show s th a t  if th e  p e rc en ta g e  
erro r  in  a  d e te rm in a tio n  is to  be k e p t below  th e  u sua l 
v a lue  of o . 1 , th e  ra tio  of th e  m oles of sod ium  ch loride 
to  m oles of sod ium  n itra te  p re se n t in  th e  sam ple  m u st 
be less th a n  1 : 3 . T h is  co rresponds to  a b o u t 17 
p er cen t sod ium  ch lo ride in  a m ix tu re  of th e  d ry  
sa lts.

W hen th e  ra tio  of th e  m oles of sod ium  ch loride to  
m oles of sod ium  n itr a te  a n d  th e  p e rc en ta g e  e rro r  arc 
p lo tted , i t  is seen th a t  th e  cu rve  m akes a  sh a rp  b rea k  
a t  th e  p o in t w here

M oles N a Cl _
M oles N a N 0 3 ~  3 ' ° ‘

• , M oles HC1
T h is  is also th e  ra tio  of r - r - r -  in  th e  eq u a tio n

M oles H N O 3

3 H C I +  H N O 3 =  NOC1 +  C l, +  2H 20 .
I t  is p ro b ab le  th a t  th is  rea c tio n  ta k e s  p lace in  th e  

decom posing  b u lb . T h e  n itro sy l ch lo ride  a t ta c k s  
th e  m ercu ry  an d  lib e ra te s  n itr ic  oxide, w hich, recom ­
b in ing  w ith  th e  free ch lorine, re p e a ts  th e  cycle u n til 
all th e  free ch lorine is used up.

I f  an  excess of sod ium  ch lo ride w ere p re se n t, h y d ro ­
chloric  acid  w ould  be fo rm ed , an d  th e  gas in  th e  
m easu ring  tu b e  w ould  be a  m ix tu re  of h y d ro ­
chloric  ac id  an d  n itr ic  oxide. T es ts  show ed 
th a t  u n d e r  th ese  cond itions hyd ro ch lo ric  ac id  a n d  
n itr ic  oxide w ere a c tu a lly  p re se n t. No a t te m p t w as 
m ade to  p ro v e  th e  absence of ch lo rine in  th e se  gases, 
or to  show  th a t  th e  sludge in  th e  decom posing  bu lb  
co n ta in e d  ch lorides of m ercu ry .

In  conclusion  i t  m ay  be s ta te d  t h a t  i t  w as im possi­
ble to  o b ta in  re su lts  a c cu ra te  to  0 . 1  p er ce n t if th e  
sam ple  co n ta in e d  m ore th a n  15  to  17  p e r  ce n t sod ium  
ch loride, on a d ry  basis.

A M O D IFICA TIO N  OF TH E T H O M PSO N  M ETH O D  F O R  
TH E D E TER M IN A TIO N  OF A CETIC ACID IN 

W H ITE LEAD

B y L. M cM aster and A. E. Goldstein

C h e m i c a l  L a b o r a t o r y , W a s h i n g t o n  U n i v e r s i t y , S t. L o u i s , M o .

Received August 18, 1919

Of th e  several m ethods described  in  th e  l i te ra tu re  
fo r d e term in in g  acetic  acid in  w h ite  lead , t h a t  of 
T h o m p so n 1 is th e  m ost reliab le , b o th  for w h ite  leads 
w hich h av e  n o t been g ro u n d  in  oil an d  fo r th o se  from  
w hich th e  oil has been ex trac ted .

In this method 18 g. of dry white lead are placed in a 500 cc. 
flask which is arranged for connection w ith a steam supply 
and also with a condenser. T o  the white lead are added 40 cc. 
of sirupy phosphoric acid, 18 g. of zinc dust, and about 50 cc. 
of water. The mixture is distilled down to a small bulk and 
steam passed in until the flask is half full of water, when the 
steam is shut off and the mixture again distilled to the same 
bulk. This operation is conducted twice. The distillate is then 
transferred to a special flask and one cc. of sirupy phosphoric 
acid added. This mixture is distilled until about 20 cc. remains 
in the flask, and steam is passed through the flask until it  contains 

■ J . Soc. Chem. In d .,  24 (1905), 487.

about 200 cc. of condensed water, when the steam is shut off 
and the liquid again distilled. These operations are repeated 
until 10 cc. of the distillate require but one drop of N / 1 0  alkali 
to change the color of phenolphthalein. The bulk of the dis­
tillate is titrated with N / 1 0  alkali, and the acetic acid calculated.

W e h av e  used th is  m e th o d  to  d e te rm in e  th e  ace tic  
acid  in  a n u m b e r of sam p les of w h ite  lead , b u t  th e  
m e th o d  is long an d  ted io u s, an d  i t  is necessary  to  use 
a  special, ra th e r  frag ile  flask. T h o m p so n  s ta te s  th a t  
“ if th e  d ry  w hite  lead  u n d e r ex a m in a tio n  has been  
o b ta in ed  by  th e  e x tra c tio n  as a residue from  w h ite  
lead  p as te , i t  is well th a t  th is  ex tra c tio n  shou ld  be 
exceedingly th o ro u g h , as o therw ise  f a t ty  acids m ay  
be held  an d  d istilled  w ith  th e  ace tic  acid. E v e n  th e n  
th e y  will n o t in te rfe re  w ith  th e  final t i t ra t io n ,  as th e y  
m ay  be filtered  from  th e  d is tilla te  before t i t r a t io n .”  
In  th e  ana lysis  of a n u m b e r of sam ples of e x tra c te d  
w h ite  lead  b y  th is  m e th o d  we w ere nev e r ab le to  g e t a  
c lear f iltra te  free from  f a t ty  acids, even  a f te r  long  
e x tra c tio n ; nor w ere we ab le  to  rem ove all of th e  
f a t ty  acids b y  f iltra tio n  since a g re a t p a r t  of th e m  was. 
p re se n t in  colloidal suspension . T h e  re su lts , therefore,, 
w ere alw ays som ew hat high.

W e h av e  fo u n d  th a t  th e  tim e  of a n  ana ly sis  can  be- 
m a te ria lly  sh o rten ed , an d  th e  passing  over of th e  f a t ty  
acids in to  th e  d is tilla te  o b v ia te d  b y  perfo rm ing  one' 
in itia l s te am  d is tilla tio n  follow ed b y  a second d is­
tilla tio n  u n d er reduced  pressure.

T h e  reduced -p ressu re  m e th o d  is as follow s: 18 g.
of ex tra c te d  w h ite  lead  a re  p laced  in  a n  o rd in a ry  
500 cc. flask, a rran g e d  for connection  w ith  a  s te a m  
su p p ly  an d  also w ith  a condenser, and  40 cc. of sirupy- 
p hosphoric  acid  (85 per cen t) a n d  50 cc. of w a te r  are- 
added . T h e  flask is h e a te d  d irec tly  a n d  th e  m a te ria l 
d istilled  dow n to  a  sm all b u lk . S team  is n ex t passed  
in to  th e  flask an d  th e  d is tilla tio n  c o n tin u ed  u n til 
a b o u t a 600 cc. d is tilla te  is o b ta in ed . A fter add ing  
a b o u t 0.5 cc. of th e  phosphoric  acid , th e  d is tilla te  
is tra n sfe rre d  to  a heavy -w alled  flask. In to  th e  neck 
of th e  flask is in se rted  a  tw o-ho le  sto p p er. T h ro u g h  
one hole is passed  a v e ry  sm all bore cap illa ry  tu b e  
th ro u g h  w hich a m in u te  s tre a m  of a ir  is allow ed to  
pass d u rin g  th e  d is tilla tio n . T h ro u g h  th e  o th e r  hole 
is passed  a  connecting  bu lb  tu b e  a t ta c h e d  to  a con­
denser. T h e  w hole a p p a ra tu s  is so a rran g e d  th a t  th e  
d is tilla tio n  m ay  be co n d u c ted  u n d e r a  red u ced  p res­
su re  of a b o u t 150  m m ., using  a n  E rlen m ey er filtering  
flask  as a receiver. W hen 10  cc. of th e  d is tilla te  
req u ire  b u t  one d rop  of N / 1 0  a lkali to  p ro d u ce  a  color 
change in  p h en o lp h th a le in , th e  d is tilla tio n  is s to p p ed , 
th e  d is tilla te  t i t r a te d  w ith  N / 10 a lkali a n d  th e  acetic  
ac id  ca lcu la ted . I t  is se ldom  necessary  to  d istil 
over m ore th a n  500 cc. A t -no tim e  shou ld  th e  liq u id  
in  th e  d istilling  flask be allow ed to  go m uch  below  
100 cc. because of th e  fa c t th a t  p h ospho ric  ac id  is 
o ften  d raw n  over b y  th e  suc tion .

W e h av e  used  th e  sam e q u a n titie s  of m a te ria ls  
as w ere used  b y  T h o m p so n  so t h a t  th e  tw o  m ethods 
cou ld  be com pared . W e fo u n d  i t  un n ecessary  to  
use th e  zinc d u st.

A series of d e te rm in a tio n s  w as ca rried  o u t by  th e  
T ho m p so n  m e th o d  a n d  b y  th e  red uced -p ressu re  m e th o d
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on a sam ple of w hite  lead , m ade b y  th e  old D u tch  
process, w hich h a d  been g round  in  oil. As m uch  as 
possib le of th e  linseed oil was first rem oved  by  shak ing  
th e  w hite  lead  w ith  p o rtio n s of gasoline u n til th e  su p e r­
n a ta n t  liqu id  w as no longer yellow  on s ta n d in g  w ith  
th e 'jw h ite  lead  for several hours. T h e  g rea te r p a r t  
of , th e  gasoline was d ecan ted  a n d 't h e  rem a in d er re ­
m oved by  filtra tio n  w ith  suc tion . T h e  w hite  lead  was 
th e n  d ried  an d  ex tra c te d  w ith  e th er fo r 72 hrs. b y  th e  
■Soxhlet m ethod .

• P e r  c u n t  A c r t i c  A c i d  <.
Thompson Reduccd-Pressure

E x p t . M ethod M ethod
 1............................................  0.035 0.031
 2............................................. 0.035 0.031
 3............................................  0.035 0.032
 4............................................   0.036 0.031
 5............................................  0.035 0.032
 6............................................  0.036 0.032
 7.................. . ........................  0.035 0.031
 8............................................  0.035 0.031

A lthough  th e  resu lts  b y  th e  T ho m p so n  m ethod  
check w ith  each  o th e r, ev e ry  d is tilla te  w as cloudy 
from  f a t ty  acids in  sp ite  of th e  very  th o ro u g h  ex tra c ­
tio n ; fu rth e rm o re , we w ere n o t ab le  to  rem ove all of 
th e  f a t ty  acids b y  filtra tio n . B y th e  o th e r  m ethod , 
regard less of how  c lo u d y  th e  in itia l d is tilla te  m ay  have 
b een , th e  final d is tilla te  w as alw ays perfec tly  clear 
a n d  th e  resu lts  o b ta in e d  are accord ing ly  slig h tly  low er 
“th a n  th o se  o b ta in ed  b y  th e  T ho m p so n  m ethod . If 
t h e  sam ple  h a d  n o t been  so th o ro u g h ly  ex trac ted , 
th e re  w ould h av e  been g rea te r  differences betw een 
“th e  resu lts  o b ta in ed  b y  th e  tw o m ethods, a n d  in  a 
■commercial ana lysis of w hite  lead  such a long e x tra c ­
t io n  is seldom  m ade.

W e h av e  also used  th e  reduced-p ressu re  m eth o d  for 
■several d e te rm in a tio n s  of acetic  acid in  w hite  lead , 
g ro u n d  in  oil, w ith o u t first ex tra c tin g  th e  oil, a n d  find 
th a t  w e can  o b ta in  resu lts  th a t  agree n o t only  w ith  each  
■other b u t also w ith  th o se  o b ta in ed  on th e  ex tra c te d  
sam ple . I t  is, of course, necessary  to  know  th e  per 
cen t of oil in  th e  sam ple . F u r th e r  experim en ts will 
be m ade  on th is  p a r t  of th e  w ork.

I t  is th u s  seen th a t  m ore ac cu ra te  resu lts  can  be 
o b ta in e d  b y  th is  red u ced -p ressu re  m ethod  th a n  by th e  
T h o m p so n  m ethod . T h e  tim e  necessary  fo r a  de­
te rm in a tio n  is also sh o rten e d  an d  th e  use of a  fragile 
special flask is unnecessary .

A R A PID  M ETH O D  F O R  TH E  D ETERM IN A TIO N  OF 
SULFUR IN  PETR O LEU M  OILS

By A. W . Christie and C. S. Bisson 

C h e m i c a l  L a b o r a t o r i e s , U n i v e r s i t y  o p  C a u p o r n i a , B e r k e l e y , C a l .

Received August 13, 1919

In  th e  ex am in a tio n  of p e tro leu m  oils, tw o  of th e  
m ost im p o r ta n t d e te rm in a tio n s  a re  fuel v a lue  and  
su lfu r co n ten t. T h e  rin sings from  th e  bom b a f te r  a 
d e te rm in a tio n  of th e  fuel v a lue  n o t on ly  serve as a 
m eans of finding th e  to ta l  ac id ity  due to  n itr ic  and 
su lfu ric  acids, b u t  also fu rn ish  a  so lu tion  w hich can  
be used for th e  d e te rm in a tio n  of su lfu r. As show.n 
b y  p rev ious in v e s tig a to rs , 1’ 2 th e  com bustion  of fuels 
in  th e  ca lo rim etric  bom b u n d e r an  oxygen pressure

1 S . H. Regester, T h i s  J o u r n a l , 6 (1914), 812.
* A. C. Fieldner, Bureau of Mines, Tech. Paper 26, 10.

of 30 a tm ospheres insures com plete ox ida tion  of su lfu r 
to  su lfu r triox ide. T h e  resu ltin g  su lfu ric  acid  is u sua lly  
de term ined  g rav im etrica lly  as b a riu m  su lfa te .

F o r a n  accu ra te  d e te rm in a tio n  of su lfu r, th e  b a riu m  
su lfa te  m ust be allow ed to  s ta n d  several hou rs before 
f iltra tio n . T his, to g e th e r  w ith  th e  tim e  necessary  to  
filter, w ash, d ry , ign ite , cool, a n d  w eigh th e  p rec ip i­
ta te ,  m akes th e  d e te rm in a tio n  very  long. F u r th e r ­
m ore, in  th e  analysis of oils co n ta in in g  v ery  sm all 
am o u n ts  of su lfu r th e  w eigh t of b a riu m  su lfa te  o b ­
ta in ed  is so sm all as to  m ake resu lts  in a cc u ra te . A 
m e th o d  w hich w ould be ac cu ra te  for sm all am o u n ts  
of su lfu r an d  w hich could  be co m p le ted  in  a sh o rt 
tim e  w ould  have d is tin c t a d v a n ta g e s  over th e  b a riu m  
su lfa te  d e te rm in a tio n . Such a m e th o d  w as p roposed  
by  R aiziss an d  D u b in . 1 T h e  p rocedu re  consists in  
th e  sep ara tio n  of th e  su lfu r as in so lub le  benzid ine 
su lfa te  an d  th e  su b se q u en t t i t r a t io n  of th e  benzid ine 
in acid so lu tion  w ith  p o ta ssiu m  p e rm a n g a n a te . .

METHOD

A fter th e  com bustion  of a  0.5 to  0.6 g. sam p le  of 
oil in  a ca lo rim etric  b om b , th e  co n ten ts  of th e  bom b 
are w ashed  th ro u g h  filter p ap e r in to  a  250 cc. beaker. 
T he to ta l  a c id ity  of th is  so lu tion  is th e n  d e te rm in e d  
by  ti t ra t io n  w ith  s ta n d a rd  a lkali. T h e  so lu tio n  is 
m ade to  such a vo lum e in  a  ca lib ra te d  flask th a t  a 
25 cc. a liq u o t p a r t  will c o n ta in  b e tw een  0.2 an d  1.5 
mg. su lfur. (T h e  to ta l  ac id ity  will give an  in d ica tio n  
of th e  am o u n t of su lfu r p resen t.)  A 25 cc. a liq u o t 
p a r t  is p laced  in  a 300 cc. w id e-m o u th ed  conical flask 

*and acidified w ith  one drop  of d ilu te  hyd roch lo ric  
acid. T en  cc. of a  benzid ine h y d ro ch lo rid e  so lu tion  
(8 g. per 1.) are added , th e  so lu tio n  sh ak en  severa l 
tim es, an d  allow ed to  s ta n d  15  m in. o r longer. I t  is 
th e n  filte red  on a  sm all asbestos p a d  su p p o rte d  b y  a 
W itt filte r p la te  in  a  G ooch filte r tu b e . (T h e  asbestos 
shou ld  h av e  been  p rev iously  t r e a te d  w ith  p o ta ssiu m  
p erm a n g an a te .)  T h e  flask is w ashed 3 tim es w ith  
ap p ro x im ate ly  5 cc. cold w a te r, allow ing each  p o rtio n  
to  ru n  th ro u g h  before th e  succeeding p o rtio n  is p o u red  
on th e  filter. T h e  asbestos p a d  an d  p re c ip ita te  are 
th e n  w ashed  b ac k  in to  th e  orig inal flask w ith  d istilled  
w ater. One cc. of 10 per ce n t sod ium  h y d ro x id e  is 
added  arid th e  so lu tion  allow ed to  h e a t on  th e  s te am  
b a th  a few  m inu tes to  dissolve th e  benzid ine su lfa te . 
W ate r is th e n  ad d ed  to  b rin g  th e  vo lum e to  a b o u t 
100 cc. a n d  5 cc. co n c en tra ted  su lfuric  ac id  added . 
T he flask is re tu rn e d  to  th e  s te am  b a th  an d  w hen  h o t 
th e  so lu tion  is t i t r a te d  w ith  iV/ 20 p o ta ss iu m  p e rm a n ­
g an a te  u n til th e  yellow  color w hich firs t fo rm s has d is­
ap p eared  a n d  th e  red  color slow ly fades. A n excess 
of xo cc. of p e rm a n g a n a te  is ad d ed  a n d  th e  flask re ­
p laced  on  th e  s te am  b a th  fo r ex ac tly  10  m in. T en  
cc. of a p p ro x im a te ly  N / 2 0  oxalic ac id  a re  ad d ed  a n d  as 
soon as th e  so lu tion  clears th e  ti t ra t io n  w ith  N / 20 
po tass iu m  p e rm a n g a n a te  is c o n tin u ed  to  a  p e rm a n e n t 
p in k  color. T h e  to ta l  n u m b e r of cub ic  c e n tim e te rs  
of N / 2 0  p o ta ss iu m  p e rm a n g a n a te  used  m inus th e  
vo lum e of N / 2 0  p o ta ss iu m  p e rm a n g a n a te  eq u iv a le n t 
to  th e  oxalic ac id  used, m u ltip lied  by th e  fac to r

> J . Biol. Chem., [2] 18, 297.
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0.041  gives th e  n u m b e r of m illig ram s su lfu r in  th e  
a liq u o t p a r t  from  w hich th e  p e rcen tag e  of su lfu r can 
be ca lcu la ted . T h e  fac to r  0.041 h as  been  e s tab lish ed  by  
th e  ana lyses of so lu tions of know n su lfa te  co n ten t.

T h e  above m e th o d  has been  used  to  d e te rm in e  th e  
su lfu r c o n te n t of several fuel oils a n d  th e  re su lts  of 
d u p lic a te  d e te rm in a tio n s  on d iffe ren t w eights of oil 
a re  ta b u la te d  in  T ab le  I, to g e th e r  w ith  th e  p e rcen tag e  
of su lfu r o b ta in ed  b y  th e  g rav im etric  b a riu m  su lfa te  
m ethod .

T a b l e  I — P e r c e n t a g e s  o k  S u l f u r  i n  F u e l  O i l s

S a m p l e
N o.
1

B a r i u m  S u l f a t e  
M e t h o d  
Per cent 

0.71  
0 .7 4  
0 .9 6  
0 .9 6  
0 .97  
0 .87  
0 .83  
0 .77  
1.70  
1 .66

B e n z i d i n e  S u l f a t e  
M e t h o d  
Per cent 

0 .73  
0.71  
0 .97  
0 .97  
0 .9 2  
0 .96  
0 .85  
0 .85
1.71
1.72

F ro m  a considera tion  of T ab le  I  i t  is e v id en t th a t  
th e  v o lu m etric  m eth o d  gives essen tia lly  th e  sam e re su lt 
as th e  g rav im etric  m ethod , and , on  th e  w hole, closer 
ag reem en t betw een  du p lica tes  is o b ta in e d  b y  th e  
benz id ine  m ethod . In  each  of th e  b en z id in e  su lfa te  
d e te rm in a tio n s , th e  a liq u o t p a r ts  used  n ev e r exceeded 
o n e-fo u rth  of th e  bom b rinsings. B y  using  th e  en tire  
rinsings, a f te r  co n c en tra tio n  to  25 cc. o r less, equa lly  
a c cu ra te  re su lts  could be o b ta in e d  on oils co n ta in in g  
on ly  o.x per cen t su lfu r. A fter th e  t i t r a t io n  of th e  
bom b rinsings, th e  tim e req u ired  to  com plete  a. su lfu r 
d e te rm in a tio n  by  th e  v o lu m e tric  m e th o d  is a b o u t 45 
m in ., as com pared  w ith  several hou rs fo r th e  b arium , 
su lfa te  m ethod .

SUM M ARY

I— A ra p id  v o lu m e tric  m e th o d  for th e  d e te rm in a tio n  
of su lfu r in  p e tro leu m  oils is described.

I I— A fter com bustion  of th e  oil in  a  bom b , th e  su lfu r 
is se p a ra te d  as inso lub le benz id ine  su lfa te  an d  d e­
te rm in ed  b y  t i t r a t io n  w ith  s ta n d a rd  p o ta ss iu m  p e r ­
m an g an a te .

I I I — C o m p ara tiv e  ana lyses show  th a t  th is  m e th o d  
gives as ac cu ra te  resu lts  as th e  b a riu m  su lfa te  m ethod .

T H E  FO R M ALD EH YD E M ETH O D  F O R  D E TERM IN IN G  
A M M O N IU M  N ITR A T E 1

By J. T . Grissom 

F o r c i t e  E x p e r i m e n t a l  L a b o r a t o r y , A t l a s  P o w d e r  C o . ,  L a n d i n g ,  N .  J .

In  th e  m a n u fa c tu re  of am m o n iu m  n i t r a te  b y  th e  
doub le  decom position  m e th o d  i t  is necessary  to  keep 
a  close an a ly tica l con tro l of th e  p e rcen tag e  of am m o ­
n iu m  n i tr a te  in  th e  rea c tin g  sy stem . A s tu d y  w as 
m ade of th e  various p roposed  m ethods of d e te rm in in g  
am m o n iu m  sa lts  w ith  a view  of se lec ting  a  ra p id  
m e th o d  w hich w ould  g ive sufficiently  ac cu ra te  re ­
su lts  fo r chem ical contro l.

T h ere  a re  th re e  m ore or less s ta n d a rd  m e th o d s in  
general use for ana lyz ing  am m o n iu m  n itra te ,  i. e., 
th e  K je ld ah l m e th o d , th e  n itro m e te r  m e th o d , an d  th e

1 Read before the Division of Industrial and Engineering Chemistry 
at the 58th M eeting of the American Chemical Society, Philadelphia, Pa., 
September 5, 1919.

im p u r ity  m e th o d . T h e  firs t tw o  are v e ry  a c cu ra te , 
b u t  ta k e  from  3/ i  to  z l/ i  hrs. for d u p lic a te  analyses, 
w hich is to o  long for m o st co n tro l w ork . T h e  th ird  
m e th o d , w hile com m only  used, is u n sa tis fac to ry , in  
th a t  an y  erro rs of om ission or com m ission are  com ­
b in e d  here.

A fo u rth  m e th o d , m ak in g  use of fo rm a ld eh y d e , is 
m uch  m ore ra p id  b u t  likely  to  g ive re su lts  from  0 .5  
to  1 , o r even m ore, p e r cen t low. T h e  m e th o d  d e­
p en d s up o n  th e  ease w ith  w hich  fo rm a ld e h y d e  rea c ts  
w ith  am m o n ia  or am m o n iu m  sa lts  to  fo rm  h ex am eth - 
y le n e te tram in e :
6 C H 2O +  4 N H 4N O 3 +  4 N aO H  =

C 6H 12N 4 +  4 N a N 0 3 +  10 H 2O 
T h e m e th o d  is v e ry  sim ple a n d  in  genera l is as follow s: 
A n e u tra l1 20 p er ce n t so lu tio n  of fo rm a ld eh y d e  is 
ad d ed  to  th e  am m o n iu m  n itr a te  so lu tion , w arm ed , 
an d  t i t r a te d  w ith  s ta n d a rd  N aO H , u sing  pheno l- 
p h th a le in  as in d ic a to r, since th e  la t te r  is n o t sensitive  
to  h ex a m e th y le n e te tra m in e . T h e  a m o u n t of N aO H  
used  gives th e  am o u n t of am m o n iu m  n itr a te  p re se n t. 
T h ere  are ce r ta in  o b jec tio n s to  th is  m e th o d . In  
t i t r a t in g  a t  room  te m p e ra tu re  th e  rea c tio n  is slow, 
b u t  b y  h ea tin g  to  6 0 ° C. before t i t r a t in g ,  th e  sam e 
en d -p o in t is o b ta in ed  in  a  m uch  sh o r te r  tim e . U pon  
h ea tin g  to  h igher te m p e ra tu re s  befo re  t i t r a t in g ,  how ­
ever, low  re su lts  are o b ta in ed . T h is  is p ro b a b ly  due 
to  th e  conversion  of h e x a m e th y le n e te tra m in e  b ac k  to  
am m o n ia  a t  h igh  te m p e ra tu re s .

T h e  fo rm a ld eh y d e  m e th o d  w as co m p ared  w ith  th e  
o th e r  th re e  w ith  a  view  of find ing  o u t w hy th e  re su lts  
w ere low  a n d  of m odify ing  i t  so as to  o b ta in  a c c u ra te  
an d  ra p id  resu lts .

A s a m p le  of p u re  am m o n iu m  n i tr a te  w as p re p a re d  
b y  re p e a te d  rec ry s ta lliza tio n  u n til  no te s ts  w ere g iven  
for ch lorides, su lfa tes , n o n v o la tile  resid u e  an d  in so lu ­
ble residue . T h e  re su lts  of check an a ly ses  a re  show n 
in  th e  ta b le .

A n a l y s i s  o f  P u r i f i e d  A m m o n i u m  N i t r a t e — P e r  c e n t  NH«NOj
  — F o r m a l d e h y d e  M e t h o d ------------------ *

I M_   D irect T itration » .— Excess— *N i-
K j e l -  t r o m -
DAH L E T E R
99 .8 4  99 .85  
99 .79  99 .78  
99 .82  99 .88  

. . .  99 .88
Av. 99 .82  99 .85

P U R ­
IT Y  2 N  

99.8451 99 .15  
  99 .07

NaOH  
N  N /3

99 .20
99 .32
99 .28

99 .59
99 .50
99 .56

NaOH  
AT/10 N /3  N / 10

98 .79  100.10 99.01  
98 .93  100.15 98 .87  
98 .89  100.14 ___

99.845 99.11 99 .27  99 .55  98 .87  100.13 9 8 .9 4
D i f f . 2 0 .0  + 0 .3 0  + 0 .0 2 5  — 0.71  — 0 .5 5  — 0 .2 7  — 0 .9 5  + 0 .3 1  — 0 .8 8

1 NH<NOa determined by difference— Triplicate of very closely check­
ing analyses gave moisture 0.14 per cent; acidity (HNOa) 0.015 per cen t;  
sulfates, chlorides, insoluble and nonvolatile, none.

3 Kjeldahl taken as standard.

I t  will be n o te d  th a t  th e  above fo rm a ld e h y d e  d e­
te rm in a tio n s  w ere m ade in  p a r t  b y  d ire c t t i t r a t io n  
a n d  in  p a r t  b y  u sing  an  excess of s ta n d a rd  sodium , 
h y d ro x id e  so lu tio n  an d  t i t r a t in g  b ac k  w ith  s ta n d a rd  
ac id .2 D irec t t i t r a t io n  w ith  N / 3 N aO H  gives th e  
b es t resu lts . In  th e  presence of an  excess of a lkali, 
som e of th e  fo rm a ld eh y d e  is a p p a re n tly  c o n v e rted  into- 
fo rm ic acid , i. e., sod ium  fo rm a te . F o r exam ple , 3 2 . 78 
cc. n o rm a l N aO  H  w ere ad d ed  to  2 5 cc. n e u tra l 2 o p e r cen t 
fo rm a ld e h y d e  so lu tion . A fter w arm ing  to  6o° C.,.

■ Exactly neutralized with N /3  NaO H , using phenolphthalein as. 
indicator.

>G. H. C. van Bers, Chem. W eckblai, 14 (1917), 968-75; J .  Chem.. 
Soc., 112, II , 578; Chem. Abs., 12 (1918), 1447.
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th e  so lu tio n  w as t i t r a te d  w ith  n o rm al H 2SO4 a n d  re ­
q u ired  on ly  3 1 . 00 cc., show ing th a t  an  a c id ity  of 1 . 78 cc. 
N /  x H 2SO4 h a d  developed. T h e  m ore d ilu te  th e  
a lkali, th e  less m ark ed  is th is  reaction .

CO NCLUSIO NS

T h e  ra p id  fo rm ald eh y d e  m e th o d  for am m on ium  
n i tr a te  in v a riab ly  g ives low re su lts  b y  d irec t t i t r a ­
tio n . B y using  an  excess of a lka li an d  t i t r a t in g  back , 
less re liab le  re su lts  are o b ta in ed , p resu m ab ly  ow ing 
to  th e  fo rm a tio n  of fo rm ic acid.

D irec t t i t r a t io n  w ith  a  iV/3  N aO H  so lu tion  gives 
resu lts  w hich are  co n s is ten tly  a b o u t 0 .2 5  per cen t 
low . I t  w ould  seem , the re fo re , th a t  th is  m e th o d  
m ay  be used fo r ac cu ra te  w ork  if a su itab le  co rrec­
tio n  is m ade b y  add ing  a c o n s ta n t fac to r  to  th e  re ­
su lts . T h is  fa c to r  is o b ta in e d  b y  ru n n in g  a K je ld ah l 
on  a re p re se n ta tiv e  sam p le  an d  com paring  th e  resu lt 
w ith  th a t  o b ta in ed  b y  th e  fo rm a ld eh y d e  m ethod , 
using  N / $  N aO H .

T H E  PR EPA R A TIO N  OF H EM ATO X YLIN  

By Percy A. Houseman and Clement K . Swift 

L a b o r a t o r y  o p  M a c A n d r e w s  &  F o r b e s  C o . ,  C a m d e n , N . J .

Received August 7, 1919

H em atoxylin  has h ith erto  been m ade alm ost ex­
clu sively  in G erm an y. D urin g th e  w ar, a re lativ e ly  
large am ount of h em ato xylin  w as required for use in 
surgery as a b acteria l stain , and in  th is em ergency 
p ra ctica lly  none w as obtainable. A  m ethod w as 
therefore sought to  m anufacture pure hem atoxylin  
in com m ercial q u a n tity  for su p p ly  to  the A m erican 
governm ent.

T h e apparatu s developed for this purpose is shown 
in  th e cut.

T h e raw  m a te ria l used is a pow dered  e x tra c t of log­
wood w hich is p rep a re d  from  a m ild  aqueous ex tra c t 
of unoxid ized  logw ood chips. T h e  pow dered  e x tra c t 
is m ade in to  sm all b r iq u e tte s  w hich a re  b ro k en  in to  
pieces an d  th e  d u s t screened  o u t. T he pieces are th e n  
filled in to  th e  ex tra c to rs  A. B are  flasks co n ta in in g  
e th e r, su rro u n d ed  by  oil w hich is d irec tly  h ea te d  by 
electrical h ea te rs  m ade of M onel m e ta l w ire w ound on 
slate . T he e th e r  v ap o r passing  up  th e  p ipes C en ters  
th e  to p  of th e  ex tra c to rs  A, is condensed b y  th e  copper 
coils D , an d  d rops b ack  on th e  logw ood e x tra c t, d is­
solving hem atoxy lin  from  it,  an d  en te rs  th e  flasks B 
again  th ro u g h  th e  c o n s ta n t level sy phons E . G 
are m ercu ry  m an o m eters  from  w hich an  e lec trica l con­
nec tion  is m ade to  re lay  H , w hich cu ts  off th e  cu rre n t 
from  th e  h ea te rs  if p ressu re  develops in  th e  a p p a ra tu s  
th ro u g h  fa ilu re  to  condense all th e  e th e r. T h e  a p ­
p a ra tu s  ru n s  d ay  an d  n igh t. E v e ry  fo u rth  d a y  th e  
valves I a re  closed a n d  all of th e  e th e r  d istilled  from  
th e  flasks in to  th e  ex tra c to rs  A. A b o u t 1500  to  2000 
cc. of cold w a te r are th e n  in tro d u c ed  a t  K  to  each  of 
th e  flasks. T h e  w ate r is h e a te d  b y  th e  oil b a th s  and  
dissolves th e  crude h em ato x y lin  in  th e  flasks. T he 
so lu tion  is blow n o u t th ro u g h  th e  tu b e s  L, a n d  filtered  
ho t. A fter s ta n d in g  for severa l ho u rs  p u re  hem ato x y lin  
crysta llizes from  th is  so lu tion  in  colorless needles 
w hich are filte red  a t  th e  p u m p , w ashed  w ith  ice w ate r 
an d  d ried  on a  po rce la in  tr a y .  T h e  ex tra c to rs  are 
changed  every  te n  days, th e  exhausted  e x tra c to r  being 
tran sfe rred  to  th e  p osition  M an d  th e  e th e r  recovered  
from  a h o t w a te r b a th .

T h e  a p p a ra tu s  described  p roduces 100 g . of pu re  
hem ato x y lin  p er d ay , th e  co m p ara tiv e ly  low  ca p ac ity  
being caused  b y  th e  s lig h t so lu b ility  of th e  h em a­
toxy lin  in  e th e r  w hich, how ever, seem s to  be th e  on ly  
p rac ticab le  so lven t. T h e  loss of e th e r  is a lm ost nil.
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T h e a p p a ra tu s  functions p rac tica lly  as a  large-scale 
Soxhlet ex tra c to r  w ith  c o n s ta n t in s tea d  of in te rm itte n t  
syphon . F o r ex trac to rs  i t  has been  found  very  con­
v en ien t to  use 3-gal. copper fire ex tinguishers.

T he a p p a ra tu s  described in  th is  a rtic le  has  been 
found  v ery  useful for o th e r  con tinuous ex trac tio n s 
w ith  organic so lven ts w hen it  is desired  to  t r e a t  
several k ilogram s of m ateria l.

M ETH O D OF PR EPARIN G  PH LO RO G LUCINO L R EAG EN T 
F O R  TH E K R E IS T E ST  

By Henry W . Dixon
M e a t  I n s p e c t i o n  L a b o r a t o r y , B u r e a u  o p  A n i m a l  I n d u s t r y ,

S a n  F r a n c i s c o ,  C a l .

Received August 26, 1919

T he K re is1 te s t  has been  found  to  be a useful chem ical 
te s t  for th e  detec tion  an d  es tim a tio n  of ra n c id ity  in  
fa ts  w hen considered to g e th e r  w ith  th e  ta s te , odor, 
an d  flavor. If  a  supp ly  of phloroglucino l is n o t a v a il­
able, th e  K reis reag en t m ay  be co n v en ien tly  p rep a red  
by  th e  follow ing m ethod , based  on B a rth  an d  S ch red e r’s 
syn thesis  of phloroglucinol from  reso rcino l.2

Dissolve 100 g. of sod ium  hydrox ide in  40 cc. of 
w ate r by  h ea tin g  slowly in  an iron  or nickel con tainer. 
Cool to  a  te m p e ra tu re  a t  w hich a few cry s ta ls  of re ­
sorcinol d ropped  in to  th e  liqu id  do n o t becom e brow n, 
an d  s tir  in  15  g. of resorcinol. C over w ith  a w atch  
glass to  exclude air an d  a t  th e  sam e tim e  to  p e rm it 
obse rva tion , an d  h ea t fo r 2 o r 3 hrs. in  a  san d  b a th  
u n til th e  m elt is a d a rk  chocolate-brow n. (If  th e  m elt 
is h ea ted  too  fa s t o r to o  long, ch arrin g  will ta k e  place 
w ith  low  y ie ld  of ph loroglucinol. If  th e  rea c tio n  is 
n o t carried  to  com pletion , u n changed  resorcino l will 
in te rfe re  w ith  th e  color of th e  K reis te s t.)  Cool, 
still excluding air. D issolve th e  m elt in  a b o u t 500 
cc. of w ate r, h ea tin g  gen tly  if necessary . T ran sfe r 
to  a  beaker, cool in  ice an d  ca u tio u s ly  ad d  c o n c en tra ted  
hydroch lo ric  acid  u n til th e  so lu tion  is acid . E x tra c t 
rep ea ted ly  by  shak ing  w ith  100 cc. p o rtio n s  of e th e r 
in  a  se p a ra to ry  funnel. C om bine th e  e th e r  ex tra c ts  
an d  b leach  by  shak ing  w ith  an im al charcoal. T he 
filtered  e th e r  e x tra c t shou ld  be k e p t as a  s to ck  so lu tion . 
T o  p rep a re  th e  K reis reag en t d ilu te  a  p o rtio n  of th e  
stock  so lu tion  w ith  e th e r  u n til i t  gives a  good rea c tio n  
w ith  a s tro n g ly  ran c id  fa t  b u t  a  less in ten se  rea c tio n  
on fu rth e r  d ilu tion .

F ifteen  g ram s of resorcino l o rd in arily  y ie ld  10 1. 
or m ore of th e  K reis reag en t. T h is  re a g en t ap p ears  
to  be a sa tis fac to ry  s u b s titu te  fo r th a t  p rep a red  from  
pu re  phloroglucinol.
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C om m ercial silica te  of soda, o r w ater-g lass, w ith  
a d en sity  of a b o u t 4 2 ° B e., is used in  v e ry  large q u a n ­
tit ie s  as an  adhesive in  th e  fiber co n ta in e r in d u s try .

1 K err , T h i s  J o u r n a l ,  10  (1 9 1 8 ) , 4 7 1 .
* Bier., 1 2 , 5 0 3 .

In  fac t, th is  m a te ria l is th e  on ly  adhesive  em p loyed  
for g lu ing  to g e th e r  th e  co m p o n en ts  of b o th  double- 
faced  co rru g a te d  b o a rd  an d  la m in a te d  solid  fiber 
board .

D uring  a rec en t em ergency  c re a te d  by  fre ig h t em ­
bargoes an d  o th e r  w ar-tim e causes of delay , th e  stocks 
of w ater-g lass in  th e  b o x -m ak ers’ h an d s  beg an  to  ru n  
low. T h is  la b o ra to ry  w as a t  th a t  tim e  co n fro n ted  
w ith  th e  prob lem  of increasing  th e  vo lu m e of th e  
4 2 ° B 6. adhesive  w ith o u t in ju r in g  its  essen tia l p ro p e r­
ties. T hese p ro p erties , w hich m ake w ate r-g lass  of 
especial value  to  th e  b ox -board  in d u s try , m ay  be 
classed as follows:

(1) Adhesive value. (A powerful adhesive is not required, 
but it  must be equal to or greater than the "felted”  strength 
of the paper fibers )

(2) Proper viscosity. (This will be discussed below.)
(3) Low penetration. (This prevents loss of adhesive through 

absorption by the relatively porous corrugated strawboard. 
This property obviously depends upon the viscosity.)

(4) Fast setting and drying rate. (The boards are run through 
the pasting machines at a speed of upwards of 60 ft. per min.)

(5) Relative insolubility when dry.
(6) Relative flexibility when dry.
(7) Negligible effect of age.
(8) Relatively low cost. (This is necessary because con­

tainer board is a product of relatively low cost.)

W ater-g lass a t  a b o u t 4 2 0 B 6. is a fa ir ly  v iscous 
liqu id . H igh  v iscosity  is one of i ts  des irab le  fe a ­
tu re s  for use in  th is  in d u s try , a n d  is on ly  lim ite d  b y  
th e  fac t th a t  i t  m u st be flu id  enough  to  be p u m p e d  
to  vario u s p a r ts  of th e  fa c to ry  an d  to  flow o v er th e  
tro u g h s  an d  ro llers as fa s t as needed . H igh  v iscosity  
p rev e n ts  loss b y  ab so rp tio n  an d  in su res  a  sa tis fa c ­
to ry  d ry in g  ra te  an d  adhesive  pow er. In itia l a t ­
te m p ts  to  increase th e  vo lum e of a  g iven  a m o u n t of 
th e  adhesive  w ere m ade b y  d ilu tin g  w ith  w a te r. T h is  
n a tu ra lly  low ered th e  v iscosity  to  a  v e ry  m a rk e d  ex­
te n t  an d  th e  d ry in g  ra te  an d  adhesive  pow er w ere 
co rrespond ing ly  low ered to  a  p ro h ib itiv e  degree. 
M uch  of th is  adhesive , m oreover, w as a b so rb e d  b y  
th e  s traw b o a rd . T hese  ex p e rim en ts  c lea rly  show ed 
th a t  th e  desirab le  p ro p e rtie s  of w ate r-g lass  as a n  a d ­
hesive are , in  general, a fu n c tio n  of th e  v iscosity , 
an d  as th is  is low ered  th ese  p ro p e rtie s  suffer p ro p o r­
tio n a te ly .

T h e  p ro b lem  w as finally  so lved  b y  d ilu tin g  th e  
w ater-g lass w ith  b r in e .1 I t  w as fo u n d  possib le  by  
th is  m eans to  increase  th e  vo lum e of th e  so lu tio n  by  
25 per cen t w ith o u t low ering th e  orig ina l v isco sity  
or d e tra c tin g  from  a n y  of th e  essen tia l q u a litie s  of 
th e  adhesive  as lis ted  above. T h is  process w as p e r­
fec ted  on a  la b o ra to ry  scale an d  su b se q u en tly  tr ie d  
o u t on  a large scale in  severa l fac to ries . I t  w as fo u n d  
to  w ork  sa tis fac to rily , th e  o n ly . d isa d v an tag es  being :

(1) The possibility of a drop in the market price of water-glass.
(2) The increased floor and storage space required.
(3) The installation of equipment.

W ater-g lass is a  com plex m ix tu re  inc lud ing  sod ium  
silica te  (p ro b a b ly  h y d ra te d ) , w a te r  a n d  silica (or 
silicic acid) in  th e  colloidal s ta te . T h e  a c tu a l p ro p o r­
tio n s  of N a20  a n d  SiC>2 to  fo rm  th e  co m p o u n d  N aiO .- 
sS iO j, an d  th e  p ro p o rtio n  of S i0 2 in  th e  collo idal 
fo rm , are ques tions a b o u t w hich m uch  u n c e r ta in ty

1 The writer desires to acknowledge his indebtedness to Dr. E. W . 
Tillotson, Jr., assistant director of Mellon Institute, for his suggestions 
and assistance in the development of this method.
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still exists. T h ey  no d o u b t v a ry  in  d iffe ren t lo ts  of 
w ater-g lass. M o st in v e s tig a to rs  are of th e  op in ion  
t h a t  th e  silica is in  chem ical com b in atio n  to  th e  ex­
te n t  of N a 20 2 Si02 an d  th a t  an y  excess SiC>2 over th is  
a m o u n t is m ere ly  “ d isso lved .” A nalyses of w ate r- 
g lass a re  rep o r te d  in te rm s  of N a 20 ,  S i0 2 an d  H 20 . 
T h e  adhesive  g rade  u su a lly  co n ta in s  from  3 . 0  to  3 . 5  
p a r ts  of SiC>2 to  one p a r t  of NazO.

W hen an  e lec tro ly te  is ad d e d  to  w ate r-g lass th e  
collo idal SiO” is coagu la ted - T h is  fo rm s w h a t is 
som etim es te rm e d  a  “ w eak ly  a g g lu tin a ted  gel” w hich, 
if u n d is tu rb e d , soon coalesces to  a dense m ass. T his, 
of course , is a  w ell-know n m e th o d  of p rep a rin g  th e  
silicic ac id  gel, p re p a ra to ry  to  dialysis.

F i g . 1— T h e  E f f e c t  o n  t h e  V i s c o s i t y  o f  W a t e r - G l a s s  P r o d u c e d  b y  
t h e  A d d i t i o n  o f  V a r i o u s  B r i n e s

If, how ever, th e  w ate r-g lass so lu tion  is s tirre d  d u r­
ing  th e  a d d itio n  of ce rta in  e lec tro ly tes  an d  for a  sh o rt 
tim e  a fte rw ard s , th e  gel p a rtic le s  do  n o t h av e  a  chance 
to  coalesce, b u t w ill go b ack  in to  “ so lu tio n ,”  i. e., 
th e y  are  “ p e p tiz e d .”  F o r tu n a te ly , b rine , a cheap  
an d  rea d ily  accessible rea g en t, w as fo u n d  to  coagu la te  
an d  p ep tize  th e  gel in  a  m ore sa tis fac to ry  m anner 
th a n  a n y  of th e  o th e r  m ore or less cheap  so lu tions 
ex p e rim en ted  w ith . T h is  p ep tiz a tio n  of th e  gel is 
accom pan ied  b y  an  eno rm ous inc rease  in  v iscosity  
ov er t h a t  w hich  re su lts  fro m  d ilu tio n  of th e  w ate r- 
g lass w ith  an  eq u a l vo lum e of p la in  w ate r.

T h is  final v iscosity  d ep en d s u p o n  th e  co n c en tra ­
tio n  of th e  ad d e d  b rin e , o th e r  fac to rs  being  co n s tan t. 
T h e  vo lum e of m ost w ater-g lasses can  be increased  
to  th e  e x te n t of 25 p e r  ce n t b y  th e  a d d itio n  of a b rine  
a b o u t tw o -th ird s  s a tu ra te d , an d  w ith  no loss in  v is­
cosity , adhesive  pow er or d ry in g  ra te . Sm all in ­
creases in  th e  c o n c en tra tio n  of th e  b rin e  b ey o n d  th is  
p o in t cause p ro p o rtio n a te ly  g re a te r  increases in  th e  
v iscosity  a n d  th e  final so lu tio n  soon loses all flu id ity . 
T h is  is show n g rap h ica lly  in  F ig . 1 . T w e n ty  p a r ts  by

vo lum e of b rine  w ere ad d ed  to  e ig h ty  p a r ts  by  volum e 
of four d iffe ren t com m ercial b ra n d s  of w ater-g lass. 
All d e te rm in a tio n s  w ere m ade a t  200 C. All w ere 
increased  in  vo lum e b y  th e  sam e a m o u n t w ith  b rines 
of v a ry in g  co n cen tra tio n . T h e  effect on  each  sam ple 
is d is tin c tly  d iffe ren t, y e t  th e  ana ly ses  of th e  o rig ina l 
sam ples are so sim ila r th a t  a re la tio n  be tw een  ana ly sis  
an d  th e  effect of b rine  is n o t c lea rly  in d ic a te d . 1 T h is  
is due, p e rh ap s , to  v a r ia tio n s  in  th e  re la tiv e  p ro p o r­
tio n  of silica in  th e  collo idal s ta te  a n d  w ould n o t be 
in d ic a ted  b y  th e  n a tu re  of th e  an a ly tic a l m ethod . 
Owing to  lack  of tim e , th e  sam ples w ere n o t d ia lyzed , 
a lth o u g h  d ia lysis w ould  p ro b ab ly  ac co u n t fo r th is  
ac tion . I t  will be n o ticed , how ever, th a t  th e  v is ­
cosity  of all fou r sam ples w as low ered to  th e  sam e 
p o in t b y  th e  a d d itio n  of an  eq u a l a m o u n t of p la in  
w ater, regard less of th e  orig inal v iscosity .

W ater-g lass th ic k en s  so ra p id ly  w hen exposed to  
th e  air, an d  m oves so slow ly th ro u g h  o rd in a ry  v iscosim - 
e te rs , th a t  on ly  “ c o m p ara tiv e  v iscosities” w ere d e ­
te rm in ed . T hese  d e te rm in a tio n s  w ere m ade  by  m ea­
suring  w ith  a s to p w a tc h  th e  tim e  req u ired  fo r each  so lu­
tio n  to  flow p a s t m a rk s  a t  th e  to p  an d  b o tto m  of th e  
sam e 20 cc. p ip e tte  u n d e r c o n s ta n t cond itions. T h is 
tim e, in  seconds, w as reco rded  as a  m easu re  of th e  
“ re la tiv e  v isco s ity .”

I t  w as fo u n d  in  each  case t h a t  an  inc rease  of 25 
p er ce n t in  th e  vo lum e of th e  w ate r-g lass w as th e  
m ax im um  efficient am o u n t. M ore b rin e  th a n  th is  
m akes th e  p e p tiz a tio n  process inc reasing ly  difficult, 
u n til a  c o n c en tra tio n  is soon reach ed  w hich  en tire ly  
in h ib its  th is  ac tion .

In  p rac tice  th e  adhesive  u se r can  easily  p lo t a v is ­
cosity  cu rv e  b y  tre a tin g  sm all lo ts  of h is p a r tic u la r  
su p p ly  of w ater-g lass w ith  a se t of s ta n d a rd  b rines of 
d ifferen t co n c en tra tio n s . H e can  th e n  d e te rm in e  
th e  p ro p e r b rin e  co n c en tra tio n  for reach in g  th a t  final 
v iscosity  w hich b es t su its  h is needs.

T h e  a c tu a l tr e a tm e n t  is m ade  on  a fa ir ly  la rge scale, 
using  m echan ica l a g ita to rs  or s tirre rs . T h e  s tirr in g  
does n o t h av e  to  be v io len t b u t  m ere ly  enough  to  
keep th e  liq u id  in  m o tion . A g ita tio n  of a m easu red  
q u a n t ity  of w ater-g lass is s ta r te d , a n d  th e  co rresp o n d ­
ing vo lum e of b rin e  is th e n  ad d ed  to  th e  m ix tu re  in  
several fine s trea m s. I f  th e  b rin e  is ad d ed  to o  fa s t 
or in  to o  coarse a  s tre a m  th e  resu ltin g  ge la tinous 
cu rds are so la rg e  t h a t  a  longer tim e  is req u ired  for 
p ep tiza tio n , due to  th e  sm aller su rface  a re a  p resen ted . 
W hen all th e  s a lt so lu tion  is ad d e d  th e  b a tc h  h as  a  
stick y  consistency , b u t  in  a  few m in u tes  beg ins to  
recover flu id ity . T h e  s tirr in g  m u s t be co n tin u ed  
u n til no m ore cu rds are p resen t. O n a  sm all scale, 
20 to  30 m in. suffice, w hile on  a la rg e  scale th is  m ay  
h av e  to  be inc reased , depend ing  up o n  th e  r a te  a t  w hich

* In attem pting to  find some such relation it  was noticed that when 
the ratio of SiOj to NaiO was plotted against the concentration of brine 
necessary to duplicate the original viscosity, the four samples fell approxi­
mately on a straight line (Fig. 2). More data would be necessary to es­
tablish the significance of this relation. I t  is no doubt true, however, 
that as the proportion of NaiO increases, stronger brines are necessary for 
reaching the original viscosity. Thus, a fifth sample having a ratio of 
2 ; 5 (10.65 per cent NajO) showed approximately the same final viscosity  
whether treated with plain water or saturated brine. Water-glasses of 
comparatively low alkalinity are, on the other hand, extremely viscous 
even in the original state.
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th e  b rine  w as ad d ed  an d  u p o n  th e  efficiency of th e  
s tirr in g  opera tion .

T h e  cost of th is  t r e a tm e n t is low , since th e  final 
increased  adhesive on ly  co n ta in s  from  3 to  4 p e r cen t, 
b y  w eight, of N aC l. A ny o rd in a ry  g rad e  of sa lt 
seem s to  w ork sa tisfac to rily .
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T h e final v iscosity  can  be v a ried  to  a  la rge  e x te n t by  
sm all changes in  th e  b rine  co n cen tra tio n . T h is  is 
show n b y  th e  s teepness of th e  cu rves in th e  n e ig h b o r­
hood  of th e  “ orig inal v iscosities.”  T h is  b rine  con­
c e n tra tio n , how ever, can  be co n tro lled  v e ry  well in  
p rac tice  b y  th e  use of a  s ta n d a rd  h y d ro m ete r , since 
i t  is n o t a t  all d ifficult to  read  th e  la t te r  to  o n e - te n th  
of a degree, w hich co rresponds to  o n e - te n th  of one 
p e r  cen t of N aC l.

T h e  t re a te d  adhesive  does n o t seem  to  be affected  
by  age. S am ples o u t of c o n ta c t w ith  th e  a ir h av e  
been k e p t a n d  observed  for over a  y ea r an d  show  no 
app reciab le  change in  adhesive  pow er, an d  no loss of 
v iscosity . A fter severa l m o n th s  a floccu len t sed im en t 
o ften  se ttle s  o u t, b u t  th is  a p p a re n tly  has  no  effect on 
th e  adhesive  q u a lity  or th e  v isc o s ity . 1

Sam ples of co rru g a te d  co n ta in e r  b o a rd  m ade in  
b o th  la b o ra to ry  an d  fa c to ry , w ith  th e  t re a te d  a d h e ­
sive, also h av e  rem a in ed  u naffec ted  b y  age fo r a period  
of m ore th a n  one year.

SUM M ARY

I— T he desirab le  p ro p ertie s  of w ater-g lass fo r use as 
an  adhesive  are, in  general, a  fu n c tio n  of th e  v iscosity .

I I — A m eth o d  is described  of increasing , to  th e  ex­
te n t  of 25 p e r cen t, th e  vo lum e of adhesive  w ate r-  
g lass b y  th e  a d d itio n  of b rine , w ith o u t im p a irin g  th e  
v iscosity  a n d  o th e r  desirab le  p ro p ertie s  of th e  adhesive .

I I I — T h is  m e th o d  invo lves th e  p ra c tic a l ap p lica ­
tio n  of ce rta in  p h en o m en a of colloid ch em is try , such 
as coagu la tion  an d  p ep tiza tio n .
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T h e d is tilla tio n  of am m onia  from  a n  a lkaline  so lu­
tio n  in to  s ta n d a rd  ac id  an d  t i t r a t in g  or nesslerizing

1 This same sediment is observed, to a lesser extent, when samples of 
ordinary water-glass are kept for some time in botUes, and isjirobably due 
to  the action of the free alkali on the glass.

to  d e te rm in e  th e  am m on ia  has long been  in  p rac tice . 
M a n y  p rocedu res an d  form s of d istilling  a p p a ra tu s  
h av e  been  suggested  fo r tran sfe rr in g  th e  am m onia  
in to  th e  s ta n d a rd  acid , b u t all h av e  one or m ore ob ­
je c tio n ab le  fea tu res.

A p ro longed  s tu d y  of n itro g en  m ethods m ade in 
connection  w ith  th e  biological s tu d ies  of th is  la b o ra ­
to r y 1 h as  invo lved  th e  use of m any  d iffe ren t k inds of 
d istilling  ap p a ra tu s . B o th  w ate r-  an d  air-cooled 
condensers h av e  been used and , w hile m an y  sa tis fac to ry  
d e te rm in a tio n s  w ere m ade w ith  air-cooled  condensers, 
an  a p p a ra tu s  su itab le  for th e  d is tilla tio n  of am m o n ia  
from  an  a lkaline  so lu tion  in to  s ta n d a rd  acid  shou ld  
possess a w ater-cooled  condenser. T h e  o rd in a ry  K jel- 
dah l d istilling  rack , a lth o u g h  w ater-cooled , has  m any  
undesirab le  fea tu res , especially  w hen sm all a m o u n ts  
of n itrogen  are being  d e term in ed . T h e  so lub ility  
of th e  soft glass still h ead  a n d  a d a p te r  o rd in arily  used 
to g e th er, w ith  th e  ad so rp tio n  of am m o n ia  b y  th e  b lock  
t in  condenser, led to  th e  ab a n d o n m e n t of th is  ty p e  of 
a p p a ra tu s . T he one found  m ost sa tis fac to ry  for ca re­
fu l research  w ork has been d esc rib ed .2 I t  is m ade of 
P y rex  glass w ith  only  one ru b b e r connection  w hich 
does n o t v itia te  th e  resu lts . T h e  scru b b in g  device 
for rem oving  en tra in e d  a lka li is sufficiently  sa tis fac ­
to ry  fo r use w ith  N / i o o  so lu tions. T h is  a p p a ra tu s , 
how ever, is n o t en tire ly  su ited  for general ro u tin e  
an a ly tica l w ork. A scru b b in g  device an d  a n  a d a p te r  
have been  devised  fo r use w ith  b lock  t in  condensers ,3 
th e re b y  overcom ing th e  m ost ob jec tio n ab le  fea tu re s  
of th e  o rd in ary  K je ld ah l d istilling  rack . B y using 
th e se  devices w ith  good t in  condensers, p roceed ing  as 
ou tlin ed  below, it  is easily  possib le to  o b ta in  a n  ac­
cu racy  of less th a n  i  p e r cen t w ith  5 m g. of n itrogen .

W e desire to  recom m end  here  t h a t  th e  a p p a ra tu s  
as finally  ad o p ted , i. e., th e  all-glass a p p a ra tu s  or b lock  
t in  condensers w ith  th e  new  sc ru b b e r an d  a d a p te r , 
be used in  connection  w ith  th e  m e th o d s described  
from  th is  la b o ra to ry . W hile th e  M itscherlich  d is­
tillin g  a p p a ra tu s  w as fo u n d  sa tis fac to ry  in th is  la b ­
o ra to ry  for d e term in in g  n itr ic  n itrogen , i t  m ay  n o t 
p ro v e  equa lly  so in  o th e r  lab o ra to ries . T h e  p rocedu res 
for using th e  d istilling  a p p a ra tu s , as recom m ended , 
in  connection  w ith  th e  d e te rm in a tio n  of n itr ic  n itro g en  
an d  to ta l  n itro g en  are given below.

PR O C ED U R E FO R D E T E R M IN IN G  N ITR IC  N IT R O G E N

T h e p ro ce d u re4 p rev iously  recom m ended  is follow ed 
w ith  th e  excep tion  of th e  d istilling  a p p a ra tu s , w hich is 
rep laced  b y  th a t  described  above. T h e  cooled con­
denser is used  fo r th e  firs t 20 m in. of m o d era te  boiling , 
a f te r  w hich i t  is d ra in e d  an d  th e  boiling co n tinued , 
m ore rap id ly , for 20 m in. longer. T h e  receiver is th e n  
rem oved , cooled, a n d  t i t ra te d .

PR O C ED U R E  FOR K JELDAH L N ITR O G EN  D ISTILLA TIO N

T h e  p ro ced u re  follow ed in  m ost la b o ra to rie s  co n ­
sis ts  in  d istilling  th ro u g h  a w ater-coo led  condenser 
u n til  a b o u t 1 5 0 ° cc. of d is tilla te  h av e  been  collected.

1 T h i s  J o u r n a l , 7  (1 9 1 5 ) , 5 2 1 ;  8  (1 9 1 6 ) , 8 9 6 ; 10  (1 9 1 8 ) , 6 0 0 ; 1 1  (1 9 1 9 ) .  
3 0 6 ;  A n n . Mo. Bot. Gardens, 6 (1 9 1 9 ) , 1.

* A n n . M o. Bot. Gardens, 6 (1 9 1 9 ) , 4 5 .
* T his J o u r n a l ,  11  (1 9 1 9 ) , 4 6 5 .
4 Loc. cit.
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T h e m a jo r p o r tio n  of th e  am m o n ia  passes over in  th e  
first few  m in u tes  b u t th e  pro longed  d is tilla tio n  is 
n ecessary  in  o rder to  rem ove th e  la s t traces  of am m on ia  
from  th e  condenser. B en ed ic t1 fo u n d  th a t  th e  la s t 
trac es  of am m o n ia  could  be ra p id ly  rem oved  from  th e  
condenser b y  s te am in g  for a sh o r t tim e , th e re b y  
lessen ing  th e  tim e  necessary  for a d is tilla tio n . H e 
recom m ends d ra in in g  th e  condenser a f te r  15 m in. of 
boiling  an d  co n tin u in g  th e  boiling u n til th e  receiv ing  
so lu tion  is s lig h tly  w arm ed.

B e n ed ic t’s reco m m en d a tio n  has been  follow ed for 
tw o  reasons, b o th  to  rem ove qu ick ly  th e  la s t trac es  
of am m o n ia  from  th e  a p p a ra tu s , an d  to  keep th e  vo lum e 
of so lu tion  in  th e  receiver as sm all as possible, i. e., 
a b o u t n o  cc., in  o rd er to  reduce th e  hyd ro lysis  of th e  
in d ic a to r  sa lt. T h e  le n g th  of tim e  of a d is tilla tio n  
recom m ended  by  B ened ic t w as found  to  be insufficient 
to  rem ove th e  la s t trac es  of am m o n ia  from  th e  boiling 
so lu tion . W e h av e , th e re fo re , a d o p ted  a d ifferen t 
p rocedu re . T h e  so lu tion  is d is tilled  slow ly fo r th e  
first 20 m in. w ith  cooled condenser, du ring  w hich tim e 
a b o u t 80 cc. of d is tilla te  are collected . T h e  condenser 
is th e n  d ra in e d  a n d  th e  d is tilla tio n  co n tin u ed  for 15 
m in. longer w ith  so m ew h at m ore ra p id  ebullition . 
T h e  receivers a re  th e n  rem oved , covered to  p rev e n t 
th e  ab so rp tio n  of carbon  dioxide, cooled an d  t i t ra te d .

> J .  A m . Chem. Soe., 22 (1900), 259.

A  REVIEW  OF T H E  LITERATU RE OF E M U LSIO N S1 

By Arthur W . Thomas

D e p a r t m e n t  o p  C h e m i s t r y , C o l o m b i a  U n i v e r s i t y , N e w  Y o r k , N .  Y .

Emulsions have been the subject of lively comment in chemical 
literature for the past tw enty years. No general theory for 
emulsification has been elucidated, although many have been 
proposed from time to time, only to be shown subsequently 
to apply to special cases. There has accumulated, however, 
a mass of arbitrary data which can be profitably applied.

An emulsion is a heterogeneous system consisting of one liquid 
dispersed as tiny droplets in another liquid. It  has been defi­
nitely established that three phases are essential for the forma­
tion of a stable emulsion: (i)  Liquid A, (2) Liquid B, and (3)
an emulsifying agent. The two liquids must be immiscible, 
or nearly so, in one another. The common types of emulsion 
are those wherein water constitutes one of the liquid phases, 
and we recognize two main types: (1) A  liquid (oil, for in­
stance) dispersed in water, and (2) water dispersed in oil. The 
factor which controls the type of emulsion, i. e., whether water 
or oil is the external phase, is the nature of the emulsifying agent.

In general, if the emulsifying agent is more easily wetted by 
water than by oil, then water will be the external phase and oil 
the dispersed phase, while if the emulsifier is more easily wetted 
by oil than by water, the reverse will be true. Or, as Bancroft1 
puts it: I f  the surface tension between Liquid A  and the emul­
sifying agent is lower than the surface tension between Liquid 
B  and the emulsifying agent. Liquid A  will be the dispersing 
and Liquid B the dispersed phase. Since the emulsifying agent 
is almost always recognized as a colloidal substance, it  is. fairly 
safe to say that a hydrophile colloid as emulsifying agent will

1 Read at the December 5, 1919, M eeting of the New York Section of 
the American Chemical Society, Chemists’ Club, New York, N . Y .

' J .  Phys. Chem., 17, (1913), 501.

D uring  th e  slow d is tilla tio n  w ith  th e  cooled condenser 
th e  ra tio  of am m o n ia  to  s te am  passing  over is m uch  
g rea te r th a n  w ith  rap id  boiling, y e t th e  ra te  of d is­
tilla tio n  of am m o n ia  is a b o u t th e  sam e. T h e  s te am  
passing  over a f te r  th e  condenser is d ra in e d  condenses 
in  th e  receiving so lu tio n  u n til th e  acid  so lu tion  be­
com es h o t, a f te r  w hich i t  passes o u t of th e  so lu tio n  
th o ro u g h ly  sc rubbed  of an y  am m o n ia  w hich i t  carried . 
T h a t  th e  am m o n ia  is com plete ly  recovered  by  th is  
m ethod  of d is tilla tio n  is show n by  th e  d a ta  in  T ab le  
I. T h e  figures w ere o b ta in ed  by  d igesting  p u re  solu-

T a b l e  I — T i m  R a t e  o f  D i s t i l l a t i o n  o f  A m m o n i a  
(Nitrogen Taken— 5.045 Mg.)

C o n d e n s e r s  C o o l e d C o n d e n s e r s  D r a i n e d T o t a l
First 10 Min. N ext 10 M in. N ext 15 Min. 35 Min.

Mg. Mg. Mg. Mg.
3.872 0.990 0.177 5.039
4.513 0.546 0.033 5.092
4.618 0.456 0.106 5.030

tio n s  of am m onium  su lfa te  w ith  15  cc. of co n c en tra ted  
su lfuric acid, 0.5 g. copper su lfa te , an d  5 g. of po tassiu m  
su lfa te  an d  d istilling  w ith  50 cc. of s tro n g  alkali (am - 
m onia-free) in to  N /5 0  acid. T h e  vo lum e of so lu tion  
in  th e  receiv ing  flask  is k e p t sm all by  th is  m e th o d  of 
d is tilla tio n  an d  a t  th e  sam e tim e  th e  so lu tio n  in  th e  
d istilling  flask is n o t red u ced  in  vo lum e. T h e  above 
procedure has been  fo u n d  en tire ly  sa tis fa c to ry  for 
th e  am o u n ts  of n itro g en  w hich are  en c o u n te re d  in  
to ta l  n itro g en  d e te rm in a tio n s .

emulsify oil in water and a hydrophobe colloid will emulsify 
water in oil. This latter statement is subject to modification, 
however, which will be considered later.

There is a very simple and reliable method of determining 
the type of emulsion. Upon addition of an emulsion of oil-in- 
water (i. e., oil dispersed phase and water external phase) to 
water, it will disperse. Similarly, a water-in-oil emulsion will 
mix with oil. In short, an emulsion will freely mix or dilute 
with more of its external phase, but not with more of its internal 
phase.

Robertson1 suggested a method of staining with Soudan III  
(a fat-soluble dye). He stated that if Soudan III  is sprinkled 
upon the surface of an oil-in-water emulsion the red color will be 
confined to the oil droplets and a mass of discontinuous red 
specks will result, whereas when sprinkled on the surface, a 
water-in-oil system will become uniformly red. This test has 
lately been severely criticized, and it has been shown that 
Robertson was led into misinterpretation of his olive oil-water- 
NaOH emulsions. He claimed to  show critical concentrations 
leading to emulsions of water-in-oil. This has since been shown 
to be highly improbable.

OIL-IN-WATER EMULSIONS
There are three main classes of this type of emulsion:
(1) The emulsifying agent is an electrical charge on the oil 

particles, probably due to selective adsorption of the O H -  
ion of water by the oil particles.

(2) The emulsifying agent is a water-soluble colloid.
(3) The emulsifying agent is an insoluble, or very slightly 

soluble colloid.
There are many cases also where a combination of two or 

even three of the above may function as emulsification agents.
( 1 ) e l e c t r i c a l  c h a r g e  a s  e m u l s i f y i n g  a g e n t — These emul­

sions are the simplest. T hey are identical with those observed 
■ Kolloid-Z., 1 (1910). 7.

ADDRESSES AND CONTRIBUTED ARTICLES
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in the condensate from steam engines. They may be prepared 
in any of three w ays.1

(a) B y  shaking a small amount of mineral oil (2 cc.) with a 
larger volume of water (100 cc.) for 48 hrs.

(&) B y  boiling a drop of mineral oil with excess water under a 
reflux condenser for 30 hrs.

(c) When a small amount of mineral oil dissolved in alcohol 
is poured into water an emulsion results immediately.

Lewis found the size of the particles in these emulsions to be 
alike no matter how made, and of the order of 0.4 micron. T hey 
are negatively charged, the potential difference of the double 
layer (Helmholtz effect) being — 0.05 volt. His measurement 
of the size of the charge on the droplets, by electrophoresis 
method, indicated 4.4 X  io -7 electrostatic units. These emul­
sions owe their stability to the electrical charge and Brownian 
movement.

The origin of this electrical charge is obscure. Ellis* ascribed 
it to difference in dielectric constants, according to the rule of 
Coehn that a substance of high dielectric constant is positive 
to one of a lower dielectric constant when one is dispersed in 
the other. This, to be sure, does not explain. He prepared 
mineral oil emulsions by the shaking method and obtained a con­
centration of one part oil in 10,000 parts of water, the size of the 
particles being 1 to 2 microns in diameter, and the specific 
conductivity of the emulsion was 18 X  io -6 mhos. He found 
the potential of the double layer to be — 0.05 volt, as Lewis d id ; 
but his measurement of electrical charge showed 2.12 X io~‘ 
electrostatic units for the 1-micron particles. He also noted 
that they were most stable in the presence of N/1000  sodium 
hydroxide. He ascribed the stability of this type entirely to 
the electrical charge and stated that surface tension had nothing 
whatever to do with it.

Hatschek3 suggested that the stability of such mineral oil 
emulsions might be due to the fact that the specific gravities

■ of the phases were close to each other, but Grosehuff1 contested 
this view.

Powis5 prepared this type of emulsion by the shaking method 
-and determined the double layer potential to be — 0.046 volt, 
which checks fairly well with Lewis, and Ellis. He studied the

■ effect of addition of electrolytes to the emulsion and noted that 
anions have the power to increase this negative potential, while

• cations decrease it. Very small amounts of K C 1 and K<Fe(CN)s 
(up to 0.001 molar) increased it, while larger amounts decreased 
it. Salts with polyvalent cations always decreased it, due to 
the predominating positive charge of the cations over the anions. 
He noted later9 that while an immediate sharp change in the

■ contact potential occurred upon addition of salt, there always 
ensued a secondary slower change; in the case of a salt like 
BaClj the change is continuous in the same sense, whereas 
in cases like AlCla, it reverts back a little, due to loss of A l++ + 
on account of hydrolysis. Powis’ studies on coagulation of 
these emulsions by means of electrolytes will be discussed later.

(2) WATER-SOLUBLE COLLOID AS EMULSIFYING AGENT— Good
• emulsifiers of this class are sodium and potassium soaps, egg 

albumin, gelatin, glue and other water-soluble proteins, gum 
arabic (acacia), gum tragacanth, Irish moss, milk, starch 
saponin and quillaia bark extract.

Previous to 1899, NaOH  was classified as an excellent emul­
sifying agent for fatty  oils in water, but Donnan’s7 investigation 
showed that its emulsifying powers were really due to the soap 
formed by interaction with the small amount of free fatty  acid 
that is always present in fatty  oils. He proved this by means

■ of the drop number method, and stated that those fa tty  acid

1 Lewis, K M oid-Z ., 4 (1909), 211.
« Z . physik. Chem., 78 (1912), 321.
> Kolloid-Z., 9 (1911), 159.
* Ibid., 9 (1911), 257.
• Z . physik. Chem., 89 (1914), 91.
' Ib id ., 89 (1914), 179.
» Ibid., 31 (1899), 42.

salts which greatly lower the surface tension are good emulsifiers, 
and that since they lower the surface tension they must con­
centrate in the surface layers about the droplets of oil, and since 
the soap layer is still more concentrated a t the points of contact, 
where bubbles might happen to come together, capillary forces 
tend to separate them.

In a later work, Donnan and Potts1 measured the drop num­
bers of aqueous solutions of the sodium salts of the fatty  acids. 
They noted that all lowered surface tension, the lowering in­
creasing with the higher molecular weights, but that it is strongly 
evident first with sodium caprylate. Emulsifying powers are 
not evident with this salt, but commence w ith sodium laurate. 
The emulsifying power increases with increase in concentration 
to N /300 soap solution, above which it decreases, due to the 
coagulating effect of N a + ions.

They objected to Pickering’s theory (see later) and stated 
that stability of emulsions is due partly to the electrical charge 
and partly to presence of surface tension lowering substances 
which, according to the theories of W illard Gibbs, must con­
centrate in the surface layer.

A  classic study of emulsions was published by Pickering4 
in 1907. He pursued his investigations in order to make a 
suitable germicidal spray for agricultural purposes. In all his 
experiments he emulsified a paraffin oil in water, by  pumping 
it back and forth through a rose-nozzle garden syringe. He 
found potash soaps to be better than sodium soaps as emulsifiers 
and noted that a certain critical concentration of soap was re­
quired for each proportion of oil and water, e. g., to emulsify 75 
volumes of oil with 25 volumes of water, the latter must contain 
0.7 to 1.8 per cent potash soap. For 40 volumes oil to 60 of 
water, 0.3 to 25 per cent soap can be used.

He noted that soaps vary greatly in emulsifying power, some 
brands being useless and, in fact, two batches of the same brand 
m ay vary greatly in emulsifying power. He noted also that 
while rise in temperature facilitated emulsification, it had no 
influence on the composition.

Pickering’s 70 to 80 per cent oil emulsions were viscid like thick 
cream, even when benzine was used. Size of particles was 
about o. 1 micron. He succeeded in emulsifying 99 cc. of paraffin 
oil in 1 cc. of 1 per cent potash soap solution by successive 
additions of small portions. This famous emulsion was pure 
white and as stiff as a blanc-mange. It  could be diluted with 
water but not with oil, hence was of the oil-dispersed-in-water 
type.

He noted that his strong emulsions were poor conductors of 
heat. It  is possible to boil a beaker of such an emulsion at 
1600 to 170° C. for several minutes, while the center remains a t 
less than 100° C. When kept in closed vessels they were per­
manent for months, but cracked soon after exposure to dry 
air. Strange to say, his emulsions generally separated, no 
matter what the starting composition, to form a permanent 
65 to 82 volume per cent emulsion of oil in water.

Five emulsions of "Solar distillate”  (a paraffin oil distilling 
between 240° and 350° C.) were prepared by Pickering, as 
follows:

S a m p l e

1
2
3
4
5

Oil
Vol.-Per cent 

67 
50 
33 
50 
50

Soap Solution 
Per cent 

1 
1 
1 
5 

0.2

A fter standing 12 wks. they had all separated into emulsions 
containing from 72 to 82 per cent oil (as emulsion) in the upper 
layer and water below. Analysis showed a steadily decreasing 
oil content in the emulsions from the top downwards. In each 
case one-quarter of the column of emulsion from the top de­
viated but slightly from 84.5 per cent oil. The effect of de-

1 KoUoid-Z., 7 (1910), 208.
• 7 .  Chem. Soc., 91 (1907), 2001.
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creasing the soap percentage is to increase the size of the glob­
ules finally to a point where permanence is no longer possible. 
Pickering reported some novel effects with solid emulsifying 
agents which will be discussed under that heading later. Of 
the water-soluble emulsifiers he stated that soap is the best and 
that dissolved starch, milk and flour are good, although the last 
named gives a flocculent rather than a creamy emulsion and milk 
forms solid clots. Glue is good. E gg albumin is good but gives 
rather frothy effects owing to inclosing air bubbles. Saponin 
and quillaia bark are good if proportion of oil is small.

In 1912 Newman1 reported results of attempts to emulsify 
water and benzene, using oleates. He found that when ben­
zene and water are emulsified by  sodium oleate, water is always 
the external phase and that it  is possible to make homogeneous 
emulsions up to 0.5 per cent benzene, and from 80 to 90 per 
cent benzene. Failure to make the intermediate emulsions, 
he ascribed to his method of shaking. H e made a stiff 
jelly with 99 cc. benzene and 1 cc. water, using 0.05 g. sodium 
oleate. This emulsion was stable for more than 6 wks. 
W ith his shaking machine it was possible to get concentrated 
emulsions only by  gradual addition of the liquid which is to be 
the internal phase.

Briggs2 measured the amount of sodium oleate adsorbed 
by benzene emulsions in water and found that the amount of soap 
adsorbed increases with the degree of dispersion of the benzene 
particles. He constructed an ingenious laboratory type of 
homogenizer for the preparation of his emulsions.

In a subsequent paper5 Briggs and Schmidt found that the 
drop number test cannot be used to judge the power of an emul- 
sification agent for benzene in water. While 1 per cent solu­
tions of both gum arabic and gelatin gave lower drop numbers 
than water when benzene was run into these solutions from a 
drop pipette, still the gum and gelatin will emulsify benzene 
in water, due, no doubt, to the elastic semi-solid films which 
they form around the benzene droplets. T hey are not as good 
as soaps, however. The optimum amount of soap to form a 
good emulsion was found to be 0.01 per cent of the total volume.

Fischer’s* theory of emulsions is that a hydration compound 
is essential, i. e., the oil globules must be covercd with films of a 
hydrated colloid. He evidently is not familiar with the lubri­
cating oil emulsions of Lewis, Ellis, Powis and Hatschek, nor 
with the solid emulsifying agents of Pickering.

Roon and Oesper5 and later Crockett and Oesper5 studied 
emulsions used in pharmaceutical practice. B y  the trituration- 
in-a-mortar method they learned that it is best to add the proper 
amount of water to the internal phase and the emulsifier and 
then triturate, and that it is best to form an emulsification 
nucleus in this manner, which can be modified afterwards. 
The proportions giving the best results are 4 parts of oil, 2 of 
gum arabic, and 3 of water. This nucleus is miscible in all 
proportions with water. Nuclei of one composition act as 
stabilizers for incomplete emulsions of other compositions 
and nuclei of one composition act as emulsifiers for other internal 
phases. T hey found Irish moss and gum tragacanth to be good 
emulsifiers, with the exception that tragacanth cannot be used 
with turpentine and forms unmanageable masses with fatty  
oils. T hey say "traces”  of soap crack Irish moss emulsions, 
while they aid gum arabic emulsions. T hey are inclined to accept 
Fischer’s hydration theory.

D avey,7 in searching for a substitute for organic solvents in 
Japan varnish, found that he could emulsify linseed oil with 
water by  addition of ammonium hydroxide and slowly stirring

> J .  Phys. Chem., 1 8  (1 9 1 2 ) ,  3 4 .
' Ib id . ,  19 (1 9 1 5 ) ,  2 10 .
'I b id . ,  19 (1 9 1 5 ) , 4 7 9 .
< Science, 43 (1 9 1 6 ) , 4 6 8 .
1 T h i s  J o u r n a l ,  9  (1 9 1 7 ) ,  156.
• Ibid., 9 (1 9 1 7 ) , 9 6 6 .
7 Physical Review, 11  (1 9 1 8 ) ,  138 .

in a closed heated receptacle. He made the interesting dis­
covery that such emulsions scum when exposed to air containing 
carbon dioxide at 17 ° C. or higher, but not when exposed at 
160 C. or lower, or to air free from carbon dioxide a t any tem ­
perature. The particles of dispersed phase were negatively 
charged. This emulsion proved to be a good paint.

(3 ) INSOLUBLE OR ONLY SLIGHTLY SOLUBLE COLLOID AS EMUL­
SIFYING a g e n t — T fol1 reported that Arabs in Northern Africa 
used an argillaceous earth as a substitute for soap in washing 
linen. He found that this earth readily emulsified oils in water.

Pickering2 was probably the first to study the efficacy of certain 
solids as emulsification agents. He found that basic copper 
sulfate (made by adding 1 part of CaO to 7 parts CuSO^sHjO) 
in solution in water is an excellent emulsifier. A t least one part 
of CuSOi.sHsO converted to the basic salt is needed to emulsify 
120 parts of paraffin oil. Immediate and stable emulsification 
results by one stroke of the syringe and the product is very 
efficient as a germicidal spray in agriculture. These emulsions 
resembled his potash soap emulsions in all properties, except 
that the stable layer contained about 40 per cent oil. T he ratio 
of CuO to emulsified oil was fairly constant, about 0.92 part of 
CuO to 100 parts of oil. His experiments w ith other solid sub­
stances yielded results as classified below.

Substances which emulsify— Basic ferrous sulfate, basic copper 
sulfate and basic nickel sulfate are the best. Ferrous and 
ferric hydroxides are good. Basic zinc and basic aluminum sul­
fates give good emulsions temporarily. The precipitate formed 
b y adding sodium carbonate to copper sulfate is good. Calcium 
carbonate and arsenate are good when freshly precipitated but 
they soon become crystalline and de-emulsification follows. 
Lead arsenate and some unheated fine clays are good. Iron 
sulfide is good for small amounts of oil and zinc oxychloride is 
fair.

Substances which produce quasi-emulsions— Lime, silica, 
alumina and plaster of Paris, dried, and the following when 
freshly precipitated, act: Basic cadmium sulfate, magnesium 
hydroxide, copper hydroxide, basic zinc and aluminum sulfates, 
tin oxychloride, lead arsenate paste, copper sulfide, iron sulfide.

Little or no emulsifying power— Precipitated lead chloride, 
lead sulfate, barium sulfate, silica hydrosol, sulfur, flowers of 
sulfur, Paris green, alcoholic solution of rosin precipitated by 
water, ferrous ferricyanide, ferric ferrocyanide and purple of 
Cassius. In these cases the oil seems to wet the precipitates 
more than water does.

Later Pickering5 stated that while high viscosity and low sur­
face tension of a liquid facilitates the emulsification of an oil 
in it, yet it is possible to make an emulsion in a liquid which 
does not possess these properties. The most important condi­
tion is the presence of small particles insoluble in the dispersion 
medium which coat over the oil particles and prevent them from 
coalescing. In  order that such particles have the power to  • 
form emulsions they must show only a slight tendency to unite 
with one another, must be readily wetted by water and must 
not be crystalline. He also made the novel discovery that 
potassium cupric tartrate will emulsify a mixture of alcohol and 
water. If this salt be added to an aqueous solution of alcohol, 
itjw ill cause the water and alcohol to separate into two layers. 
Agitation results in emulsification.

Hofmann4 used silver dicliromate to emulsify chloroform in 
water.

In 1915, Briggs and Schmidt5 found that colloidal ferric h y­
droxide (formed by hydrolysis of ferric acetate solution), was a. 
fairly good emulsifier for benzene in water.

WATER-IN-OIL EMULSIONS

Calcium and aluminum soaps are used in lubricating greases. 
Holde® published a discussion of these greases in 1908. They-

1 Pharm. J . ,  [4 ]  6  (1 8 9 8 ) , 1228 .
* Loc. cil.
> KoUoid-Z., 7  (1 9 1 0 ) , 11.
‘  Z . Biol., 6 3  (1 9 1 4 ) , 3 9 5 .
* Loc. cit.
» Kolloid-Z„  3  (1 9 0 8 ) ,  2 7 0 .
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are solutions of lime soaps (15 to 23 per cent) in heavy 
mineral oil with 1 to 4 per cent water emulsified in them. Some 
American lubricating greases, especially for automobiles, con­
sist of aluminum soaps dissolved in mineral oils with water 
emulsified in them by the aid of rosin.

Bancroft1 states that lanolin is an emulsion of water (22 to 
25 per cent) in wool wax and that it is possible to emulsify as 
much as 80 per cent water in wool wax. The wTiter believes 
that this may be due to the cholesterol which wool wax contains. 
These emulsions are stable for years.

Newman1 found that while sodium oleate emulsifies benzene 
in water, magnesium oleate emulsifies water in benzene. He 
stated that it is never possible to emulsify water in an oil by 
means of sodium soaps, contrary to Robertson’s findings. B y  
using proper procedure he succeeded in emulsifying 96 per cent 
water in benzene. The stability is increased by the addition of 
a little sodium oleate. He stated that in mixed paints water is 
dispersed in the oil and that this is due to the presence of rosin 
as an emulsifying agent, and not to the pigments. In con­
clusion he presented his theory that whether one liquid is emul­
sified in another or not depends upon the emulsifying agent. 
A  hydrophile colloid will tend to make water the external phase, 
while a hydrophobe colloid will tend to make water the internal 
phase and the colloid must be able to make a suitable coherent 
film around the globules to be an emulsifying agent.

Briggs and Schmidt2 found that for the emulsification of 
water in benzene, magnesium oleate is fair (forms quasi-emul- 
sions finer than aluminum palmitate). Magnesium resinate, 
copper resinate and lead oleate are unsatisfactory. Aluminum 
palmitate forms quasi-emulsions.

Clowes’  has performed some striking experiments with soap 
emulsions of olive oil and water. B y  addition of calcium chloride 
to an emulsion of oil in water (with sodium oleate as emulsifying 
agent), when the calcium concentration exceeds the chemical 
equivalence to sodium, the emulsion passes through a critical 
point and changes to water dispersed in oil. He found that 
sodium, potassium and lithium soaps emulsify oil in water while 
magnesium, strontium, barium, iron and aluminum soaps 
emulsify water in oil. The first series of soaps are soluble in 
water and not in oil, while the second series are soluble in oil 
but not in water. The alkali soaps are wetted more by  water 
than by oil and since it is thought that the surface tension is 
lower on the water side than on the oil side of the globules, the 
film will bend convex to the water and concave to the oil, en­
veloping the oil articles, because the area of the inner surface 
of a sphere is less than that of the outer surface. Similar reason­
ing holds for the dispersion of water in oil by  the other soaps 
mentioned.

Clowes illustrates this phenomenon by the accompanying 
diagram.

In 1918 Schlaepfer* reported his experiments with carefully 
purified carbon black (gas black, soot) as emulsifying agent. 
This substance must be wetted more by  oils than by water, 
because in all cases he obtained dispersions of water in the oil 
and never oil in water. As dispersion media he used kerosene, 
turpentine, benzene and toluene. W ith 60 cc. kerosene, 240 
cc. water and 1.5 g. soot, he obtained an almost solid emulsion.

Moore5 checked Schlaepfer’s results. He was able to emul­
sify water and ammonium chloride solutions in kerosene with 
lamp black. Highly calcined lamp black and petroleum coke 
would not function as emulsifying agents. As the concentration 
of the ammonium chloride solutions was increased, the drops 
grew larger, due to high surface tensions of the solutions. He 
found that water wets raw lamp black more readily than ex-

1 J . P kys. Chem., 17 (1913), 501.
s Loc. cit.
'  J .  Phys. Chem., 20 (1916), 407.
* J .  Chem. Soe., 113 (1918), 522.
‘ J .  A m . Chem. Soc., 41 (1919), 940.

tracted lamp black, while normal ammonium chloride solutions 
wet raw lamp black more readily than purified lamp black.

BREAKING OF EMULSIONS

In general, de-emulsification can be accomplished by:
1— Addition of excess of dispersed phase.
2— Addition of a liquid in which the two liquid phases are 

soluble.
3— Destruction of the emulsifying agent.
4—-Filtration.
5— Heating.
6— Freezing.
7— Electrolyzing.

The problem of breaking mineral oil emulsions in steam engine 
condensates has interested engineers for a long time.

Hatschek1 offered a solution of the difficulty in a filtration 
method. He found that such emulsions when filtered through 
amorphous M gCOj or C aC 03 (causticizing mud) came through 
free from oil. On a 4.5-sq. ft. filtering surface covered 0.125 
in. thick with amorphous CaCOj he was able to filter 30 cu. 
ft. per hr. under 10 lbs. per sq. in. pressure. The adhering oil 
broke loose from the filtering surface and floated to surface. 
The permeability of the filter was but slightly diminished after 
6 hours’ filtration. He advises using the C a C 03 in a filter press 
at not higher than 50 lbs. pressure because higher pressures 
squeeze the emulsified oil drops between the interstices in the 
filter bed.

m  w h 2o n r
1 z 3

E m u l s i f y i n g  A g e n t  o r  F i l m  E m u l s i o n  F o r m e d

(1) Sodium oleate alone or sodium oleate in Oil in water
excess of calcium oleate equivalent

(2) Chemically equivalent proportions of Critical point
sodium oleate and calcium oleate

(3) Calcium oleate alone or calcium oleate in W ater in oil
excess of sodium oleate equivalent

This method worked also for emulsions of kerosene, petroleum 
oils, fatty  oils, etc., where soap or saponin had been used as 
emulsifiers.

He also mentions that addition of alum and alkali, and also 
passing oily water between iron electrodes works well. Ferric 
hydroxide is formed a t the anodes and combines with the oil 
particles and coagulates them. These methods do not appear 
to be practicable for commercial use.

For laboratory purposes, Hatschek recommends the ultra­
filter, using Bechhold’s 5 per cent collodion papers, as highly 
satisfactory.

In 1911 Hatschek2 tried hydrochloric acid and sodium sulfate 
as coagulators. A t, or near, the isoelectric point the particles 
did coalesce to form larger ones (about 3 microns diameter), 
but oil particles of even this size rise very slowly, about 2 cm. 
in 48 hrs.

Ellis’  showed that these emulsions are most stable in presence 
of N/1000  NaOH ; and least stable in presence of A lClj (0.00022 
g. molar); C uCl2 (0.004 £• molar); N aC l (0.16 g. molar).

Powis* showed that greatest instability of these emulsions

1 J .  Soc. Chem. Ind ., 29 (1910), 125.
• KoUoid-Z., 9 (1911), 159.
* Z. physik. Chem., 80 (1912), 597.
‘ Ib id ., 89 (1914), 186.
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was attained when the contact potential reached — 0.03 volt. 
This potential was found in the presence of

K C 1, 51 millimolar AlClj, 0.02 millimolar
BaCIj, 1.9 millimolar ThCU, 0.007 millimolar

A slight increase over these concentrations charges the par­
ticles with positive electricity and they become stable 
again.

In 1914 Ellis' showed that colloidal ferric hydroxide from 
0.0017 to 0.0039 per cent final concentration coagulates this type 
of emulsion. Higher concentration results in reversal in charge 
of the dispersed phase and stability ensues.

Philip* advised that the emulsification tendencies of a lu­
bricant be tested before using. He found that very slight con­
tamination of a good nonemulsifying mineral oil by  Mexican, 
Trinidad or Persian crude oils greatly increased the tendency 
to emulsify. He described a test for the purpose.

Harris’  proposes to break emulsions of water and petroleum 
oil by passing a heavy electrical current. The electrodes must 
be close together.

Dijxhoom4 removes emulsified lubricating oil from condenser 
water by passing 110-volt current through the water as it passes 
through the feed water pipe.

Rogers' breaks emulsions of mineral oil and water by adding 
sodium salt of a sulfonated mineral oil (0.25 to 4 lbs. per barrel 
of mixture) and heating.

McKibben* passes emulsion of petroleum and water (heated 
sufficiently to produce vaporization) through an intensified 
electrical field. The vapors are condensed and cooled and the 
water drops out.

‘ Z . physik. Chem., 89 (1914), 145.
3 J .  Soc. Chem. In d ., 34 (1915), 697
» U. S. Patent 1,281,952 (1919).
< Le Papier, 22 (1919), 53.
‘ U. S. Patent 1,299,385 (1919).
* U. S. Patents 1,299,589 and 1,299,590 (1919).

M cNear and Bowles1 have patented an apparatus for electrical 
treatment of emulsions.

Attem pts have been made to precipitate emulsified water in 
linseed oil, etc., by high tension electrical discharge, but so 
far as can be learned the method has not been perfected. The 
sparks tend to jump over the surface rather than through the 
mixture.

Pilat and Piotrowski5 favor heat treatment under pressure for 
breaking of crude petroleum emulsions consisting of oil, salt 
water and earthy matter. In closed kettles holding 40,000 kg., 
the crudes were heated by steam to 120° to 130° C. at 3 to 3.5 
atmospheres pressure. A  practically quantitative separation 
took place in 5 lirs. at 3 atmospheres pressure. The separation 
was accomplished more quickly a t higher pressures.

Koetschau* claims that by heating Roumanian and Galician 
petroleums to I2 0 °to i3 0 °  C., the emulsions broke within a few 
hours. He recommends heating acidified distillates with steam 
at 3 to 4 atmospheres pressure.

Newman4 found that emulsions of oil-in-watcr with soap as 
emulsifying agent are irreversibly broken by freezing.

One could continue indefinitely discussing special means of 
breaking emulsions, but from a knowledge of the nature of a 
given emulsion and application of the principles laid down at 
the head of this chapter, one ought to be able to deal with each 
special case.

Since foams are closely related to emulsions it is of interest 
to note here that Fiske5 has found isoamyl valerate to be an 
excellent inhibitor of foaming. He describes methods of prep­
arations of this ester.

‘ U . S. Patent 1,297,378 (1919).
« Petroleum, 13 (1918), 1045.
1 Z . angew. Chem., 32 (1919), 45.
* J .  physik. Chem., 18 (1914), 34
• J .  Biol. Chem., 35 (1918), 411.

FOREIGN INDUSTRIAL NŁWS
B y A. M cM illan , 24 Westcnd Park St., Glasgow, Scotland

FUEL D E P O SIT S IN ESTLAND

According to an article in Engineering, Estland seems to be 
better off than most of her neighbors as regards fuel. Large 
deposits of shale extend from the coast to Wegenberg over an 
area 80 versts long by 10 versts wide, containing an amount 
estimated a t 1,500,000 tons. The shale contains so large a per­
centage of oil that it burns if a light is applied. It  is being used 
for the production of gas and electricity in Reval and also for 
factories and private houses. Preparations are also being 
made for its application in the driving of locomotives. In the 
powdered state it  is used for firing boilers and is said to give 
satisfaction. While its calorific value is from 50 to 60 per cent 
that of coal, its cost is only one-fourth that of coal. The de­
posits are being worked by the Estnian state and are also a t­
tracting attention in England.

SULFURIC ACID M ANUFACTURE

A  short account of the effective "G rillo”  plant erecced in Eng­
land by the government for the manufacture of sulfuric acid 
by the contact process is given in the Journal of the Society of Chem­
ical Industry for October 15. The catalyst employed is platinum, 
deposited on granules of calcined magnesium sulfate in the pro­
portion of 0.3 per cent. The purified gases from the sulfur 
burners heated to about 350o C. are passed through two con­
verters in parallel, each containing 10,000 lbs. of the platinized

mass distributed 011 four trays. For absorbing the trioxide 
produced, towers packed with quartz are used and practically 
perfect absorption can be obtained. The purification of the 
gases, which is important in preventing deterioration of the 
catalyst, is effected by passing the cooled vapors through coke 
columns and sulfuric acid drying towers; arsenic is thus elimi­
nated and less than 0.02 per cent of other impurities (water and 
inert dust) retained. Details of efficiency and production- 
costs are given.

G RO W TH  OF FREN CH  CH EM ICAL IN D U STR Y

According to Schweiz. Chem. Zeit., September 10, 1919, the 
French chemical industry has developed greatly during the war. 
The annual output of sulfuric acid was doubled, increasing from
1,000,000 to 2,000,000 tons. The output of nitric acid per 
month is three times greater than the total annual output of 
pre-war days. The yearly output of cyanamide has increased 
from 8,000 tons in 1913 to 100,000 tons at the present time. 
Prospects are favorable for the absorption of the surplus war 
products for agricultural purposes, and viniculture should 
benefit in particular. Copper sulfate is indispensable in the 
vine industry and of the yearly output of 50,000 tons, 40,000 
tons are absorbed by viniculture. The necessary copper, 
which is mined in Spain, is, however, controlled by  English 
interests.
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JAPAN ESE CELLULOID IN D U STR Y

According to the Japanese press, the following developments 
are taking place in the celluloid industry: Several Japanese 
business men have been asked to join in promoting a concern 
for the amalgamation of the 130 small celluloid factories in 
Tokyo, the new concern to be capitalized a t S i,000,000. A n­
other proposal by  a prominent Japanese factory owner is for the 
formation of a concern with a  capital of about $6,000,000, which 
is to amalgamate the present factory owned by him ànd the 
Sakai and the Abosh factories, the capital to be increased to 
$7,500,000 when and as necessary. The scheme will be ex­
tended to cover all the factories in the country. Another version 
of the proceeding is that eight large firms are to amalgamate 
shortly. The joint concern is to be called the Dai, Nippon 
Seruroido Kubushika Kaisba, and its capital is to be $6,250,000.

ARSENIC CO M PO U N D S

A t a recent meeting of the Chemical Society, London, Prof.
F. L. Pyman described a number of arsenic compounds which 
had been prepared with the hope that they might be used for 
direct intravenous injection in simple aqueous solution and so 
replace the elaborate technique required in the administration 
of salvarsan. These compounds are arseno-benzenes of a new 
type obtained by the reduction of benzodiazolearsinic acids, 
which are produced by the action of acetic or formic acid on 
diaminophenylarsinic acid and its homologs. The new arseno- 
benzenes form dihydrochlorides which are soluble in water, 
but, although weaker in acid properties than salvarsan, they 
still prove too acid for direct intravenous injection. These 
experiments, says Nature, 104, 342, are, however, of consider­
able value, as they form a starting point for further work on the 
replacement of amino groups by heterocyclic nuclei in arseno- 
benzenes.

INDUSTRIAL SYN TH E TIC  AM M ON IA

According to an article in Compt. Rend., 168 (1919), 1001, 
the chief object for the fixation of nitrogen in peace times is the 
manufacture of fertilizers. Ammonia itself cannot be assimilated 
by the soil, while the nitrate is expensive and the sulfate requires 
the use of sulfuric acid. According to G. Ville, ammonium 
chloride is at least equal to the sulfate as a  fertilizer and is less 
heavy than the sulfate. In the Solvay process the ammonia is 
recovered by the use of lime, but the lime and calcium chloride 
are wasted. B y  a new process both the sodium bicarbonate 
and the ammonium chloride can be precipitated, thus the chlorine 
and lime are no longer lost and a good transportable fertilizer 
gained from synthetic ammonia in addition to three tons of 
sodium carbonate per ton of fixed nitrogen.

FREEING FA TS AND OILS FR O M  M ETALLIC IM PU R ITIES

According to a German patent, the contaminated fats are 
treated with aqueous solutions of the lower organic acids or 
their salts which are capable of forming complex salts with the 
metallic impurities, the fats, etc., being oxidized or reduced 
by the reaction. For example, contaminated maize oil is dis­
solved in benzine or hydrocarbons and treated with a  5 per cent 
oxalic acid solution, and the mixture warmed to 90° C. and well 
mixed by stirring. A t the end of 4 hrs. the emulsion is left in 
the warm until the oil and acid liquors have separated, the latter 
being then drawn off. The oil, which formerly was dark in 
color and malodorous and contained 0 .1 per cent ash is now 
light brown, of agreeable odor and taste, and free from ash. 
Lactic, tartaric, citric, glycolic add, or glycocoll, or their salts, 
may be used.

N ICKEL-IRO N  ACCU M ULATO RS

Arrangements have been made with Batteries (Ltd.), Redditch, 
to manufacture in England the nickel-iron-alkaline electric 
accumulator for which Dr. V. Jungner, a Swede, took out his 
first patent in 1899, and which began to be manufactured 011 a 
large scale by a Swedish company about eight years ago. T he 
active material of the positive electrode is nickel hydroxide, 
mixed with other ingredients, to increase the conductivity. 
The composition is formed into briquettes which arc fed between 
two inactive perforated nickeled steel strips. The strips are 
cut up into suitable sizes, folded together and fitted into a steel 
frame, the complete electrode being then put through a rolling 
process to ensure perfect contact between the active material 
and the steel strips. A t  the same time grooves are formed bn 
the plate to keep the Para rubber insulators in position. The 
negative electrodes arc constructed in the same way, the active 
material being iron oxide specially prepared and mixed with 
other materials to prevent self-discharge of the cell. The as­
sembled positive and negative plates are immersed in a solution 
consisting chiefly of potassium hydroxide, contained in a steel cell 
with brazed joints. The batteries are made in two types, one 
for a normal slow discharge in 8 hrs., and the other for 
rapid discharge in 4 hrs. The average working voltage is 
1.2 volts; it drops slightly during the first 15 min. of dis­
charge and then remains practically constant until the cell is dis­
charged.

M AN IH O T SEED AND OIL

The manihot, a well-known rubber plant found in Brazil, 
has not hitherto been considered as a very valuable source of 
vegetable oil. The Germans in their desperate search for oil 
from any quarter have turned their attention to this plant. 
They planted large areas of manihot in German E ast Africa 
for the production of rubber and they now propose to consider 
seriously the possibility of obtaining oil from the plant. A nal­
yses of three varieties of manihot gave the following percentages 
of shell and oil:

M . glaziovii M . dichotoma M . pianhyensis  
Per cent Per cent Per cent

Shell; Kernel..................  73 .25; 26.75 68 .25; 31 .75  7 4 .2 5 ;2 5 .7 5
Oil in kernel.........................  41 .34  46 .14  48 .95
Oil in whole seed  11 .06  14.65 12.60

Technical manihot oil was prepared from a mixture of 67 
per cent dichotoma, 30 per cent pianhyensis, and 3 per cent 
glaziovii unshelled manihot seeds, the yield by extraction being 
13 per cent. On the basis of figures given above, the theoretical 
yield should amount to 14.15 per cent, and an analysis of the 
residue showed an oil content of 1.3  per cent. The fatty  acids 
are hard and of brown color. This technical or unrefined oil 
is used for the manufacture of varnish and soap. The residual 
cake is said to be a valuable cattle food.

M EN TH O L AND PE P PE R M IN T  M A R K E T  IN  JAPAN

According to a report from Tokyo, the menthol and pepper­
mint market has become very dull and prices are still strikingly 
high. The amount exported is also decidedly lower. Last season 
more than 500,000 lbs. of menthol and peppermint were ex­
ported, the largest buyer being England, the second the United 
States, and the third Russia. The average price per pound was 
S2.30 for menthol crystals and 70 cents for peppermint oil. 
Before the war the exports amounted to 300,000 to 350,000 lbs. 
Germany was the largest buyer, England the second, and the 
United States came far down in the list. The pre-war prices 
were about $2 per lb. for menthol crystals and $1 for peppermint 
oil. The present prices of $5 and $1.50 per lb. are too high to  
tempt foreign customers.



Feb., 1920 T U E  J O U R N A L  01' 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 183

Before an audience which overtaxed the capacity of Rumford 
Hall of the Chemists’ Club, New York City, the Perkin Medal for 
1920 was awarded to Dr. Charles Frederick Chandler at the 
meeting of the American Section of the Society of Chemical 
Industry on Friday evening, January 16, 1920.

It was a thoroughly sympathetic audience in that many of 
those present counted themselves among the former students 
■of the recipient, and all felt the inspiration of the presence 
■of the man who, with his eighty-three years upon him, daily 
continues to contribute his full share of work with a light heart 
aud a cheery word to all. The tables were turned— he who had 
so often as senior American president of the Society presented 
the medal in years past, was now honored by its bestowal, 
and the outburst of applause 
following the presentation 
testified to the cordial ap 
proval of the action of the 
Committee of Award in thus 
recognizing the long life of 
useful service which Dr 
Chandler has devoted to the 
upbuilding of our chemical 
j ndustries.

In his introductory re­
marks, M r. Charles E . Sholes 
chairman of the Section, 
emphasized the fact that 
the medal was given this 
year, not for some one con­
spicuous piece of work, but for 
noteworthy achievements in 
almost every line of chemical 
endeavor.— [ E d i t o r  J

PER SO N ALITIE S 

B y M. C. W hitaker
Nitw  Y o r k ,  N . Y.

T o attem pt to tell you 
•something new about the 
personal side of Dr. Chand­
ler's career is a difficult 
undertaking, when speaking 
to people who have been 
his friends and associates 
for years. I t  seems, 011 
second thought, however, in 
view of m y twenty-one years 
o f intimate acquaintance 
with him that I might be 
able to recall a few instances to illustrate prominent char­
acteristics and record the impressions which these observa­
tions have left upon m y mind.

There is no man in the chemical profession who owes more to 
Dr. Chandler than I do, but it would be useless for me to at­
tempt to express m y gratitude in such English as I might com­
mand, and it would be out of place at this, his Perkin Medal 
meeting.

About thirty years ago as a student in a small western 
university, I became interested in the subject of industrial 
■chemistry, and its correlated branches. I soon found that the 
national authority on this subject was C. F. Chandler, of Co­
lumbia. He probably does not realize that the reputation he

CHAKLliS FrB D K R IC K  CtIANDI.KR, PliK K IN  M B D A U S T , 1920

enjoys extends far beyond the zone of his activities in New 
York, and reaches to every student in every school where ap­
plied chemistry is taught. Every mine and smelter which 
supports an assaycr acknowledges its debt of gratitude to Chand­
ler for the creation of one of the cleverest devices of that art, 
namely, the assay ton system of weights. It has saved millions 
of investments by eliminating bad arithmetic.

I little dreamed in those days that I might some time have 
an opportunity to know this leader of the profession which I 
sought to break into. In my wildest flights of imagination I did 
not picture myself as a  student, an assistant, a confidant and 
an intimate friend of this great man.

You may appreciate my surprise, therefore, when, a few
years later, Chandler ap­
pointed me "unsight and 
unseen” an instructor in 
the Department of Chem­
istry at Columbia. The 
reason for this selection 
has never been understood 
by me, and it has never 
been explained by Chandler, 
because it  is one of those 
unexplainable accidents. In 
any event, it was arranged 
that I should come to 
Columbia and assume the 
duties of an assistant in the 
great department of which 
he was chief. It was further 
agreed that he would require 
the University to force upon 
me a salary of $83.33 Pcr 
month. Salary was an ex­
tremely important consider­
ation to me, because it was 
to be the first money I had 
ever received as a chemist, 
and, besides, in the absence 
of any other form of endow­
ment, it  was necessary to 
my sustenance. I was a little 
embarrassed by the fact that 
the University did not fully 
appreciate m y position in 
the matter of sustenance and 
arbitrarily decided that the 
sum mentioned in the agree­
ment should be paid, not 
in monthly instalments, but 
quarterly. However, I man­

aged to establish the necessary credits with my landlady, and 
to pull through until the first quarterly check arrived.

Iu the meantime I was extremely busy with the work a t the 
University. Between assisting a t lectures, conducting quizzes, 
supervising laboratory work, correcting examination books, 
and interviewing students, I found time to become better and 
better acquainted with Chandler. B y  cutting out a few meals 
and some sleep, I was able to assist him in handling much of his 
burdensome detail work. During the year he suggested that I 
might use my vacations, holidays and such spare time as I might 
have by serving as his private assistant. The opportunity 
seemed to me the most wonderful I had ever had. Nothing was 
said about salary, and I thought of nothing but doing his work
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and getting the benefit of his experience and advice. A fter a 
few months, Chandler reminded me that I had not been paid for 
my work as private assistant, and handed me a check which was 
so big it embarrassed me, and which I could not help but feel 
was a great deal more than I was worth. The privilege of know­
ing and working with Chandler and being associated with his 
problems was worth more than money to me, and was all I had 
expected to receive.

During those early years I had an opportunity from time to 
time to see something of the human side of m y distinguished 
chief. T act is one of his greatest attributes.

It  used to be, and probably still is, a  source of great amuse­
ment to the students in the upper laboratories of Columbia, 
to drop paper bags filled with water on the heads of pedestrians. 
Now and then, when marksmanship is good, they hit a Fifth 
Avenue bus.

On one occasion, the victims were two handsomely gowned, 
unusually dignified, middle-aged ladies of evident social position. 
They swung into the Havemeyer Building, almost immediately 
after the accident, fairly sputtering with indignation and rage, 
and were met a t the door by  the ever-ready Chandler. They 
were somewhat disarmed by his genial smile, glistening eye and 
ready wit, and accepted his invitation to his office to discuss 
ways and means of properly punishing wayward students. 
Tea was served with liberal proportions of a flavoring extract 
made in New England, but named after what is destined to be a 
famous W est Indian Island. Negotiations leading to the 
punishment of the students soon began to take a more hopeful 
trend, and in the course of half an hour the two ladies left, the 
building, much improved in spirits, with their anger and rage 
replaced by smiling countenances and very audible laughter.

Chandler's earnings from his profession probably far exceed 
those of any other chemist in America. His generosity to others, 
however, keeps pace with his earnings. N o one knows, not even 
Chandler himself, of the great financial assistance which he has 
given to many students. A  few years ago an old Columbia 
graduate, unknown to most of us, died in the far west, and pro­
vided in his will that the money loaned him by Chandler from 
time to time should constitute the first claim upon his estate. 
I t  was with a great deal of difficulty, and without much assis­
tance from Chandler, that we were able to determine how much 
money was involved. It  turned out to be several thousand dol­
lars in loans scattered over many years.

There are doubtless many cases of this kind, because during 
the forty-six years that Chandler was Dean of the School of 
Mines, he was the friend, confidant and father confessor of every 
one of that great army of students whose troubles are innum­
erable. It  is out of the question for a man of Chandler’s tender 
heart to refuse needed aid to a student. In proportion to his 
wealth, he gives aw ay more than any American millionaire. 
His money is not spent on automobiles, yachts, fine wines, or 
lobster palaces, but is spent on others.

A  few months ago I wras invited to attend the private exhi­
bition of the household effects of a late citizen of New York, 
chiefly known for his diamonds. As I stood in the center of a 
special room, gazing at the wonderful collection of necklaces, 
bracelets, handbags, slippers, garters, and stockings, I  was 
suddenly struck with an idea. I  thought of the Chandler 
Museum at Columbia, and recalled the innumerable times when 
Chandler would rush up to the University and disgorge from his 
pockets the most mysterious collection of teacups to illustrate 
some particular kind of porcelain, saucers typifying a style of 
decoration, vases of Wedgwood, decanters showing particular 
design of cutting or etching, wine glasses with special features, 
napkin rings, and even spoons. I wondered if there was any­
thing in common between Chandler and "Diam ond Jim,”  
and then m y thoughts turned to what a place must have looked 
like after a jo in t raid  by these two collectors.

I have touched briefly upon Chandler’s intuition, his ability 
to inspire others, his good-fellowship, his tact, his good-will 
towards others, and his hobbies. It  seems to me that all of these 
qualities go to make up a great case for the human side of Chand­
ler’s character. I believe that we should write in large letters, 
and place high in the list of his distinguished achievements, 
and in words which I must leave to others to coin, something to 
express the human side of Chandler.

PR ESE N TATIO N  A D D R ESS 

By Marston Taylor Bogert

C o l u m b i a  U n i v e r s i t y , N b w  Y o r k , N . Y.

The accomplishments of sixty years of tireless, skillfully 
directed activity  cannot be reviewed in the brief time at m y 
disposal this evening in more than a hasty, imperfect, and super­
ficial way, and I know that m y colleagues fully appreciate the 
magnitude of the task assigned me and the impossibility of 
telling Dr. Chandler in any one evening all that we would like 
to say in eulogy of his many notable contributions to civiliza­
tion and in expression of our affection for him personally:

A day for toil,
An hour for sport,
But for a friend, life’s all too short.

ANCESTRY, BOYHOOD, AND TRAINING

The first Chandlers to arrive in this country were William 
Chandler and Annis, his wife, who came to Roxbury, Mass., 
from England in 1637; but it was in Lancaster, Mass., in the 
house of his grandfather, Nathaniel Chandler, who graduated 
from Harvard in 1792, that Charles Frederick was born, D e­
cember 6, 1836.

His father, Charles Chandler, was a merchant in N ew Bed­
ford, Mass., where the family home was located at the corner of 
Third and Bush Streets, and there Charles passed his early 
life, in company with his sisters, Catherine and M ary, and his 
brother, William H., later Professor of Chemistry a t  Lehigh 
University.

His maternal grandfather was John Whitney, an old Boston 
merchant, and his grandmother was a daughter of John Slack. 
On the paternal side, the Chandler ancestors were prominent in 
Massachusetts life, three successive John Chandlers having 
been Judges of Probate in Worcester County and Colonels in 
the Provincial Army. The Revolution broke out during the 
life of the last of these three, who begged to be permitted to 
remain neutral, as he certainly could not bear arms against his 
fellow-countrymen nor could he bring himself to  fight against 
the flag under which he and his forebears had fought. B ut 
feeling ran so high that he and eight other royalists W'ere ex­
pelled from the country and their property confiscated. This 
John Chandler settled in London where he lived until 1800, 
and where he was generally known as "the honest refugee,”  
because he never uttered any complaint nor made any demand 
for reimbursement for the financial losses suffered. A t  his own 
urgent request, his wife and children had remained in America, 
and one of these children was the Nathaniel Chandler referred 
to above.

As a boy, Chandler learned much of botany and natural his­
tory in Sunday afternoon rambles with his father. A t the age 
of 14, he attended occasional Lyceum lectures by the elder 
Agassiz on corals, fishes, [and other zoological topics. The 
eminence of the lecturer, and the absorbingly interesting 
manner in which he presented his subject charmed and en­
thralled the budding scientist in the audience, and captivated 
his imagination with the splendid possibilities of such a career.
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After graduating from the New Bedford High School, he con­
tinued his studies privately w ith a friend of the family for nearly 
a year, and then set out in the autumn of 1853 to secure a chemical 
education at Harvard, followed b y  study a t Gottingen and 
Berlin from 1854 to 1856, when he received the degrees of A .M . 
and Ph.D . from the University of Gottingen.

a s  e d u c a t o r

u n io n  c o l l e g e — In January 1857, Dr. Chandler was ap­
pointed assistant to Professor Joy at Union College, Schenectady, 
N. Y ., and in the spring of that year they the opened chemical 
laboratory there, enrolling six students in the first class. 
In April of the same year, Professor Joy was called to Columbia 
College, and Dr. Chandler succeeded him a t Union, lecturing to 
150 seniors, most of them older than their teacher.

s c h o o l  o p  m in e s — Upon learning that Professor Chandler 
was conducting commercial assays of ores for gold and silver, 
and also lecturing on the subject, Dr. Egleston concluded 
in 1864 that Chandler was the man needed to join General 
Vinton and himself in the projcct of establishing a School of 
Mines in New Y o rk  C ity  as part of Columbia College. A formal 
invitation arrived not long afterward, and Dr. Chandler sig­
nified his acceptance. To the credit of his deep sense of pa­
triotic duty be it recorded that he delayed his departure from 
Schenectady until after Election D ay, 1864, in order that he 
might not lose his vote for Abraham Lincoln.

Some vacant rooms in the basement of the old college building 
on Madison Avenue and 49th Street were fitted up for the lab­
oratories and accommodation there provided for twelve students. 
The new school opened its doors November 15, 1864, and twenty- 
four students presented themselves for admission on that date. 
Chandler has often told in his own inimitable w ay how he used 
to open the laboratory a t seven a .m ., start the fire to warm it 
up, sweep and clean the room, and do all in his power to make the 
place as attractive as possible and the lot of the students a 
pleasant one. It  was inevitable that there was passed 011 to 
these students at the same time some of his own overflowing 
energy and enthusiasm.

The school was a phenomenal success practically from the 
beginning. During the entire winter, carpenters and plumbers 
were kept busy installing new desks for new students and the 
number of students for the first year finally rose to forty-seven. 
During the following vacation accommodations were arranged for 
seventy-two students. Eighty-nine registered for the second year. 
Prof. J. S. Newberry was called to the chair of geology, relieving 
Chandler of this subject, and a complete faculty of professors 
and junior officers was established. A  new building was erected 
especially for this new school, the plans of which were drawn 
up by Dr. Chandler himself. I t  was designed to accommodate 
one hundred and fifty  students and was soon overflowing.

Although a t first appointed Professor of Geology, Analytical 
and Applied Chemistry, and Assayer, Dr. Chandler soon was 
made Dean of the school and became its leading figure, all- 
pervading genius and chief driving force. For thirty-three years 
he served as Dean, and of the many able and devoted men 
who have built their lives into this splendid institution, none has 
contributed so much as he. In  1897, when the University 
moved to its new site upon Momingside Heights, Professor 
Chandler resigned his post as Dean, but continued in charge of 
the department of chemistry as the "M itchell Professor of 
Chem istry”  until his retirement from active service, July 1, 
1911. In the early days he lectured upon all branches of 
chemistry, both theoretical and applied, but as the staff grew 
in numbers he transferred to his younger associates most of 
this so that during the later years of his professorate his lectures 
were mainly upon general and industrial chemistry.

It  was largely through Dr. Chandler’s personal solicitation 
and influence that the Havemeyer fam ily generously provided

the funds for the erection of a splendid chemical building at the 
new site. Before drawing- up the plans for this building, Dr. 
Chandler made a special trip to Europe for the purpose of ex­
amining the construction of the leading chemical laboratories 
there, with the result that Havemeyer Hall, when finally com­
pleted, embodied the best that was then known in regard to 
laboratory construction, and was universally regarded as the 
finest chemical laboratory in the United States.

The Chemical Museum of Columbia University is his own 
creation, begun and expanded through his indefatigable labors 
and personal generosity and, in recognition of this fact, the 
trustees have very appropriately named it  the Chandler Chem­
ical Museum. For many years it was unique, and is believed 
to be still the most complete of its kind in the world.

Under date of January 3, 1910, Professor Chandler addressed 
the following communication to the president of Columbia 
University:

M y  D e a r  D r . B u t l e r : i

After mature deliberation I have decided that it is much better 
to withdraw from active service while one is in the full enjoy­
ment of health and strength, rather than to w ait until the in­
firmities of age make it evident to all that one has outlived his 
usefulness.

This is my forty-sixth year of service at Columbia, and iny 
fifty-fourth year of college teaching, and I feel that I have had 
my fair share of this most agreeable life.

I wish to take this opportunity to express my gratitude to 
you and the other members of the Board of Trustees and their 
predecessors for the confidence with which they charged me 
from the outset with the various duties of instructor, dean, 
bursar, and registrar, and the generous support which I have 
always received from them.

I would respectfully request that I may be relieved from the 
active duties of m y professorship at the end of the present 
academic year.

V ery respectfully yours,
C h a r l e s  F. C i i a n c l e k

The minute adopted by the trustees in accepting this res­
ignation, after reciting briefly his career, concludes with the 
following:

Professor Chandler will carry with him into his retirement the 
affectionate regard and esteem of two generations of students, 
as well as of a host of colleagues on the teaching staff of the 
University. T he Trustees rccord their grateful appreciation of 
this long and generous career of devoted service.

He was granted a year’s leave of absence on full pay, and ap­
pointed Emeritus Professor of Chemistry to take effect upon 
the date of his retirement, July 1, 1911.

The Columbia Alumni established a Chandler Lectureship 
and Chandler M edal at Columbia, and gave a huge banquet 
in his honor. On that occasion, President Butler spoke with 
deep feeling of D r. Chandler’s approaching retirement and paid 
a glowing tribute to the man and his work, as follows:

In the University, as in the nation, we mark most of all, and 
we cherish beyond all else, the coming and passing of personali­
ties. No substitute has been found in specialized scholarship 
or in technical skill or in acquired art for those precious qualities 
of mind and heart that make a man a great teacher to generations 
of students. * * * It  is by the coming and the passing of the 
services of these personalities that we mark the real history of 
Columbia, and we shall be poor indeed, 110 matter how magnifi­
cent our site, how splendid and how numerous our buildings, 
how large our endowments and how great our enrollment, we 
shall be poor and wretched indeed when personalities— great 
human personalities— are no longer found in Colum bia’s life * * * 
The world is full of chemists, but there are not very many 
Chandlers. * * * I know that we cannot get on without per­
sonality, and I mark with sadness and sorrow the retirement 
from active service of a personality which has been familiar 
to me for thirty-two years and which has always been full of 
charm, abounding in loyalty, generous in doing for Columbia 
and the public, and anxious to find new ways in which to serve. 
I call that a great academic and a great human service and am 
glad to have had this personality on the proud rolls of Columbia.
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President Butler’s Annual Report of November 7, 1910, 
contains the following additional reference to Dr. Chandler:

To his teaching power as well as to his effective and conscien­
tious service as administrator, the Department of Chemistry 
and the School of Mines, to which it primarily belonged, owed 
almost everything for many years. Professor Chandler has 
long been a point of contact between the University and the 
public, between science and industry and the public health. 
His career is unique of its kind, and we shall not soon look upon 
his like again.

In commenting upon the same subject, the Columbia Jester, 
a student publication, in its issue of January 20, 1910, has this 
to say as indicative of the students’ attitude:

Y ear after year he has taken the entering classes by the hand 
and has led them through a course of Chemistry, Ethics and 
Humor, so cleverly combined that it has made men of them. 
I t  is a striking tribute to his popularity that the class never fails 
to stamp their applause when he enters the room. It  is a striking 
tribute to his splendid, practical ideas of health and to his 
wholesome, hearty, jovial nature that he is still only a boy, 
and with a mind and body sound enough to do all that a boy 
can do. * * * We, who have had the last chance to see him and 
hear him in the midst of the labors which were truly play to 
him, should be both proud and happy that this opportunity 
has not been missed. T ruly do we fear for the future Freshmen 
who will not have him as a guiding spirit. And though we lament 
that so intimate and cherished a connection is finally to be sev­
ered, we rejoice that our last picture of him is one of a man 
hale and hearty, in the full possession of all his faculties and 
talents, working up to the last moment a t his life’s profession, 
and yielding finally to younger hands so that he may spend his 
remaining years as overseer of the work he carried to so high 
a development.

N. y .  c o l l e g e  o f  p h a r m a c y — Professor Chandler’s educational 
activities were by  no means limited to  the Columbia School of 
Mines. Another N ew Y ork institution which owes largely to 
him its present proud position is the N . Y . College of Pharmacy.

During its early years, it had led a rather precarious 
existence, and in 1866, Prof. Peter W . Bedford, of its 
faculty, sought Dr. Chandler's assistance in the development 
of its work. I t  is typical of the man that, in determining 
upon his answer, the only question he asked himself was 
whether or not it was to the interest of the community 
that he undertake it. It  did not occur to him to inquire, "W hat 
is there in it for me?”  He said to himself, to quote his own 
words, "W e must have apothecaries; we can’t  live without 
them, and they must be educated, for our lives are in their 
hands.”  He therefore accepted the invitation and lectured 
three evenings a week throughout the winter, year after year, 
until some of these lectures could be transferred to new members 
of the staff. A t first he received $400, and provided apparatus 
and lecture material himself. The faculty then was composed 
of Professors M ayer, Bedford, and Chandler.

B y  1878 the College had outgrown its one room in 
N ew York University, so it purchased and remodeled the 
old Morton Memorial Church at 209-211 E ast 23rd Street. 
In these more commodious quarters the College grew so 
rapidly that in 1892 it  purchased the plot a t 115-119  
W est 68th Street and erected thereon the fine modem fire-proof 
structure which still stands as an enduring monument to the 
untiring zealous efforts of Dr. Chandler and his associates, 
trustees and faculty, and to the loyal support of the druggists 
of this city. For many years Dr. Chandler served not only as a 
member of the faculty, but also as vice president and finally as 
president, which latter position he was occupying when he re­
ceived a letter from President Butler, in 1905, inviting the Col­
lege of Pharmacy to become affiliated with Columbia University. 
This invitation was accepted by the College, and it  has since 
been the School of Pharmacy of Columbia University. Thus was 
justified the faith of those who in the days of small things labored 
so faithfully and self-sacrificingly.

T h at work of this kind is not without rewards which far 
transcend any financial remuneration is strikingly illustrated

by the remarks of Dr. Chandler at a banquet tendered him by the 
officers, trustees, faculty, and alumni of the College upon his 
retirement from active duty in 1910:

Wherever I see the green and red lights of the apothecary 
in New York, there I know I have a friend. I never go into a 
drug store but that some one comes up and tells me he was of the 
class of such and such a date, or is possibly a student still. 
Sometimes they are boys but newly matriculated at college. 
Sometimes they are old gray-haired men whose stooping shoul­
ders and faltering footsteps make them seem older than I m y­
self; always they are friends. This has been m y highest reward, 
this has been m y most cherished compensation. The feeling 
that I may have helped in the upbuilding of the institution, 
have aided in the formation of the characters of the rising gen­
eration of pharmacists, and that this help has brought me the 
friendship of m y students, is a source of pride and will remain a 
source of pleasure so long as I live.

c o l l e g e  OP p h y s i c ia n s  a n d  s u r g e o n s — Another New Y ork 
educational institution in whose development Dr. Chandler was 
enlisted not many years after his arrival in N ew York, and where 
he served with his customary distinction and success, was the 
New York College of Physicians and Surgeons, which later 
became the School of Medicine of Columbia University.

In  1872 he was appointed Adjunct Professor of Chemistry 
and Medical Jurisprudence under Professor St. John, and on the 
death of the latter in 1876 succeeded to his chair, lecturing on 
physics and chemistry every afternoon from five to six o’clock. 
This chair he held for over twenty years, retiring in 1897.

His work there, as was the case always, was progressive and con­
structive, and this great school owes no small part of its present 
international reputation and prestige to what Dr. Chandler 
built into it.

a s  a u t h o r  a n d  e d it o r

As an author, Professor Chandler has a long list of publica­
tions to his credit, embodying the results of research and in­
vention, official reports, public addresses, sanitary regulations, 
analyses of waters, minerals, milk, etc., a survey of which shows 
a t once the wide range of his interests and the versatility of his 
genius.

As an editor, he supplied for several years an American Sup­
plement to the monthly edition of the Chemical News (of England) 
and, in July 1870, in association with his brother, Prof. W illiam
H. Chandler, of Lehigh University, founded the American Chem­
ist, and continued its publication until April 1877,. when it  
was given up to make w ay for the Journal of the American 
Chemical Society. Another editorial task, and one which proved 
most laborious, was that of Chemical Editor for Johnson’s 
Encyclopaedia.

a s  in d u s t r i a l  c h e m is t

Chandler was one of America’s first great industrial chemists, 
and aided and enriched almost every chemical industry which 
this country supported during the two decades following 1866.

His services have always been in demand by those great cor­
porations whose manufacturing processes are based upon chem­
istry, for he has not only a thorough knowledge of that science, 
but also an alert mind stored with original and valuable ideas. 
He has been generally acknowledged to be the highest authority 
in this country in the field of industrial chemistry. While other 
able and eminent chemists have their single specialties, Chandler 
has been called a specialist in all branches, and is especially 
expert in sugar refining, petroleum refining, the manufacture 
of illuminating gas, photo-mechanical processes, and calico 
printing. He has served as chemist for the N ew Y o rk  Gas Com­
pany, and for the New Y ork Steam Sugar Refining Company, 
as consultant for the Standard Oil Company, and for various 
other great business interests.

He has no rival to the title of dean of the industrial chemists 
of the United States. Even now, a t the ripe age of 83, he is 
laboring daily in the offices of the Chemical Foundation, Inc.,
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helping to prepare our country for the coming German chemical 
competition.

One of his first and far-reaching contributions to the progress 
of chemical industry was the invention of the system of assay 
weights, as outlined in his article entitled "A  New System  of 
Assay W eights,”  which appeared in the American Supplement of 
the Chemical News of August 1869. Although this system has 
been for years the one used by all assayers and metallurgists, 
it is safe to say that but few of them are aware of the fact that 
it  was Chandler who introduced it, with the aid of Becker &  Son, 
who manufactured the weights according to his specifications.

His observations and belief in the possibilities of the Castner 
Process for the production of caustic soda by electrolyzing 
sodium chloride in a "tipping cell”  with a flowing mercury 
cathode were communicated to the Matheson interests and 
they later, acting upon his advice, purchased the American 
patent rights and established in this country a great electro­
chemical industry at Niagara Falls, N. Y .

I t  m ay be of interest also to note in passing a fact which is 
probably unfamiliar to many of this audience, namely, that it 
was due to Chandler’s advice and urging that the firm of Eimer 
and Amend started their laboratory supply business in 1874. 
The founders of this firm were German apothecaries who were 
dissatisfied with the standard of purity of the American pharma­
ceutical products of that day and therefore began the importation 
of alkaloids, etc. Chandler urged them to extend this branch of 
their business and to include also the importation and manu­
facture of chemical apparatus. How great an assistance it has 
been to the cause of American chemistry to have had a t hand 
the stores of fine chemicals and apparatus provided by this firm, 
it is difficult to overestimate.

So much of his time was occupied in great patent suits that 
but little was left for investigation. I  well recall his advice, 
when I asked him to give me some guiding principles in serving 
as chemical expert in such litigation. His answer was brief 
and to the point: "K n ow  your lesson; tell the truth; don’t  be
afraid to say, ‘I don’t  know.’ ”

The most famous suit in which he participated was that brought 
in the interest of the widow and assignees of the Rev. Hannibal 
Goodwin, an Episcopalian minister of Newark, N . J., and an 
amateur photographer, who was the first successful inventor of a 
flexible nitrocellulose film for the kodak camera and for moving 
picture negatives and positives. Goodwin’s opponents kept 
him in the Patent Office ten years before he could get his patent, 
when he died. Thirteen years of most strenuous litigation were 
required to win against the infringer. Rather than have a 
court investigator examine the books to determine the proper 
award, the defendant settled w ith the plaintiffs by the paym ent 
of $5,000,000, which is believed to be the largest amount ever 
secured in a patent suit.

Other noteworthy suits were the first synthetic coal-tar color 
cases, of which there were five concerned with artificial alizarin, 
and others later which had to do with the Roussin patents, 
owned by Poirier & Co., of Paris, for the azo dyes obtained by 
diazotizing sulfanilic or naphthionic acid and coupling with 
suitable amines, amides, or phenols; but to review even briefly 
the many notable suits in which he has been engaged would take 
an entire evening, as they include subjects in almost every branch 
of chemical industry.

AS BUILDER OF AMERICAN CHEMICAL ORGANIZATIONS

As a builder of American chemical organizations, Dr. Chandler 
has played a notable role.

He was president of the Convention of Chemists which gath­
ered a t the grave of Dr. Joseph Priestley, Northumberland, 
Pa., July 31 and August 1, 1874, to celebrate the centennial 
of chemistry, and where the first seeds were sown of what was 
later to become the largest and most powerful national organiza­
tion of chemists the world has ever known, and of which Chandler

has been twice president and many times a director— -The 
A m e r ic a n  C h e m ic a l  S o c i e t y .

T h e founding o f th is S o c ie t y  is described in the issue o f the 
American Chemist o f M a y  1876. A fte r  the centennial m eeting 
in 1874, the project of establishing a chem ical society  was often 
discussed b y  m any of the N ew  Y o rk  chem ists, and it  w as finally  
decided to  call a  m eeting for the purpose. A s w as to  be expected, 
Chandler a t  once becam e th e recognized leader in the m ovem ent 
and, under date of Jan uary 22, 1876, a self-constituted com m ittee, 
of which he w as the guiding genius, sent out a circular letter to  
all chem ists in N ew  Y o rk  and v ic in ity  in vitin g cooperation in 
the form ation o f a local chem ical society. Em boldened b y  the 
num ber of favorable replies received to  this com m unication, 
the sam e com m ittee, on M arch  22, 1876, distributed a  second 
circular letter suggesting the desirability  o f organizing a national 
instead of a local chem ical society, and subm ittin g a  ten ta tive  
draft o f a constitution  and by-law s for an  A m e ric a n  C h e m ic a l 
S o c ie ty . So m an y approved th e proposal th a t a  call for an 
organization m eeting w as issued on M arch  27, 1876, and on 
A pril 6, 1876, this m eeting w as held in th e rooms of the N ew  
Y o rk  College o f Ph arm acy, w ith  35 chem ists in attendance, 
and w ith  D r. C handler as presiding officer, and th e A m e ric a n  
C h e m ic a l S o c ie t y  w as born.

Chandler is thus the father of the A m e r ic a n  C h e m ic a l  S o c i e t y .  
It  is also just to refer to him as the father of the Chem­
ists’ Club, for, although he was not the originator of the move­
ment which led finally to its establishment, he had always 
spoken in favor of such an affiliation of our New Y o rk  chemists, 
and he was the unanimous choice for the Club’s first president. 
W ithout his wise and experienced guidance, his unquench­
able optimism, and his financial assistance, the Club would have 
had a hard struggle for existence. He has been its chief re­
liance through good and bad weather.

a s  p u b l i c  s e r v a n t

b o a r d  o f  h e a l t h — Unquestionably Dr. Chandler’s greatest 
services in the utilization of science for the benefit of mankind 
have been in safeguarding the public health and saving human 
lives through improved sanitary measures.

In  1866 he was invited by the Metropolitan Board of Health 
to make some scientific studies of various sanitary questions 
affecting the health of the community. Although there was 
to be no pay for the service, Dr. Chandler undertook it unhesi­
tatingly, and the commissioners were so well satisfied and so 
convinced of the importance of the work that at the end of the 
year they created the position of Chemist of the Board of Health 
for him, a position which he held until 1873, when he was ap­
pointed president of the Board by M ayor Havemeyer, and in 
1877 reappointed by M ayor E ly, his second term expiring 
M ay 1, 1883.

Among the many important matters included within the wide 
sweep of his investigations were the gas nuisance, dangerous 
kerosene, the city water and milk supplies, adulterated liquors, 
poisonous cosmetics, offensive trades, the removal of the stalls 
around Washington, Fulton and Center markets, the abate­
ment of the sludge acid nuisance, the regulation of slaughter 
houses, cattle driving, the construction of tenement houses, 
the introduction of a proper system of plumbing and house 
drainage, the establishment of the summer corps of visiting 
physicians, the permanent system of gratuitous vaccination, 
and the proper care of contagious diseases in special hospitals.

In 1866, out of every one hundred deaths in the city, 53 were 
of children under 5 years of age. The efforts a t sanitary im­
provement so actively conducted under Dr. Chandler’s leadership, 
together with the increased intelligence secured by the efforts of 
the sanitary authorities, the sanitary organizations, and the 
press, succeeded in reducing this ratio year by year until at 
the conclusion of Dr. Chandler’s services, the 53 deaths per 100 
had been brought down to 46.
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This meant on the basis of the city ’s population a t that time 
an annual saving of the lives of 5,000 children, without considering 
the reduction in the death rate of persons over 5 years of age. 
I f  the latter were also included, it is fair to estimate that at least
8,000 lives were saved to the city every year as a result of these 
sanitary reforms. A s for each death there are 28 cases of severe 
sickness, the total amount of good accomplished becomes enor­
mous.

Largely due to Dr. Chandler’s activity, a State Board of 
Health was established of which he was made a member and 
chairman of its Sanitary Committee. He was always active in 
endeavoring to secure suitable legislation prohibiting the adul­
teration of foods and drugs throughout the state, and, when such 
laws were finally placed upon the statute books, their enforce­
ment, as well as the regulation governing the sale of kerosene, 
was entrusted to him. Public analysts were appointed, samples 
of food, drugs and oils collected, and the necessary machinery- 
set in motion to secure compliance with these laws throughout 
the state. For three years he served as chairman of this Sanitary 
Committee.

Upon completion of his second term as president of the 
Board of Health, M ay 1, 1883, Dr. Chandler was nomi­
nated by the M ayor for a third six-year term, but the Board 
of Aldermen refused to confirm the nomination, and he 
held over for about a year. The reason for this action by the 
Aldermen in failing to continue in office one who had done so 
much for their city  is a striking illustration of the eternal fight 
between politics and probity, and in this particular case, to the 
disgrace of our city be it said, politics won.

His city  and state made use of his scientific training and 
administrative abilities in many other ways also. For several 
years he was president of the State Charities Aid Association 
and took an active part in securing state care of the indigent 
insane. He served also as one of the scientific directors of the 
New York Botanical Garden, and chemist of the Croton Aqueduct 
Commission. As president of the Street Cleaning Improvement 
Society, he performed an effective part in bringing about the 
reorganization of the Street Cleaning Department.

N ot only the city  and state, but the nation as well, called upon 
Dr. Chandler for public service. Secretary of the N avy  William 
C. Whitney selected Chandler as a member of a commission 
to investigate the preservation of timber, and soon thereafter 
the president of the National Academy of Sciences, a t the re­
quest of the Secretary of the Treasury, placed him on com­
missions to investigate the manufacture of glucose, the denaturing 
of alcohol, and the waterproofing of fractional currency and bank 
notes.

When Chester A. Arthur was President of the United States, 
he named Chandler a  special commissioner to study the subject 
of American hog products and report thereon, and in 1884 ap­
pointed him a United States delegate to the Health Exposition 
and the International Medical Congress at Copenhagen.

Three successive Presidents, Cleveland, M cKinley, and Roose­
velt, appointed him a member of the Visiting Committee of the 
National Observatory at Washington.

A t the request of the Postmaster General, he investigated the 
postage stamps and refuted the stories of the newspapers that 
they contained poisonous constituents which made it dangerous 
to touch them with the tongue.

Twice, in 1880 and again in 1903, he was called upon by the 
Secretary of the Interior to examine the original Declaration 
of Independence, not from the standpoint of its justice or moral­
ity, but to advise how the faded signatures might be made more 
legible. Some years previously a  publisher had been allowed 
to take a wet paper press copy of these signatures, which re­
moved most of the ink from the parchment. A ll that could be 
suggested was to go over the signatures with India ink, but this 
seemed too hazardous and nothing was done.

OTHER HONORS RECEIVED

In addition to the honors already recorded, the University 
of Gottingen, upon the fiftieth anniversary of his Ph.D . degree, 
officially renewed this degree and sent him a parchment to that 
effect.

He received the M .D . from the University of N ew  Y ork in 
1S73, and the L L .D . from Union College the same year. In 
1900, Oxford University conferred upon him its D.Sc. This was 
indeed a signal distinction, as the only previous recipient of this 
honorary degree from Oxford had been the Prince of Wales. 
Chandler was thus the first scientist upon whom it was conferred. 
In 1911, Columbia also awarded its LL.D .

He is a member of the National Academ y of Sciences, of prac­
tically all the leading chemical societies both here and in Europe, 
and of many other scientific, learned, and philanthropic organi­
zations.

On April 30, 1910, a huge banquet was given in his honor by 
the chemists of America and a bronze bust of life size was pre­
sented to Columbia University. I t  is an excellent likeness, 
and now is housed in Havemeyer Hall where all m ay see it and 
where it shows to all students what the great builder of their 
Chemistry Department looks like.

When the Society of Chemical Industry decided to recognize 
its large and influential American Section, and to draw closer 
the bonds uniting the two nations, it  made inquiry as to whether 
there was any one American chemist who, by the common con­
sent of his colleagues and in virtue of his achievements, might 
properly be regarded as first among our industrial chemists. 
There was no question that Chandler was, and had been for many 
years, the leading figure in this field, and he therefore received 
the unprecedented compliment of election to the presidency of this 
great international society, being its first American president, 
and thus joined the group of distinguished men who had held 
that high office previously.

CONCLUSION
In the foregoing narrative, albeit in a rather rambling and 

disconnected fashion, I  have endeavored to give you some 
clearer view of what Dr. Chandler’s busy life has meant to the 
cause of chemical education, as an industrial chemist and patent 
expert, as a  builder of American chemical organizations, as 
editor, author, and investigator, and as beneficent public servant. 
The story is well known to the older generation of chemists, 
but is not so familiar to the younger ones, and it is a life history 
with which they all should be conversant. The picture is a very 
imperfect one and falls far short of doing the subject justice, 
as none knows better than your speaker, whose privilege it has 
been to work by his side for the past thirty years.

W e can add but little in the w ay of honor to one who has 
been so showered already with honors of all kinds, and who 
is first in the hearts of so many American chemists, and yet it 
gives us pleasure to say to him, through the award of this medal 
that, in our opinion, the list of its recipients would not be com­
plete nor would it be truly representative of our greatest ac­
complishments in the field of applied chemistry unless the name 
of Charles Frederick Chandler were also inscribed thereon.

Were Sir William Perkin himself alive, I am sure that nothing 
would have given him more pleasure than to have seen the 
Perkin M edal presented to his dear friend Chandler, for when 
Sir William and his family last visited our shores, the Chandler 
home was their home.

Perkin’s contribution to applied chemistry was the founding 
of a  great industry, which has had a most marvelous develop­
ment and by which civilization has been brilliantly advanced. 
Chandler’s greatest contributions have been in the most im­
portant chemical industry of all— the making not merely of 
chemists, but of men, and in applying his chemical knowledge 
in the service of mankind to protect the health of the community 
and to save human life.
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Thousands of lives and an immense amount of suffering are 
saved annually as the direct benefit of the sanitary reforms which 
he initiated. Other thousands of lives have been so profoundly 
impressed by his noble example and inspiring altruism that the 
world is a better and a happier place to live in. The bounds of 
such an influence are far-reaching indeed and its duration out­
runs the lives of m any generations.

No student ever attended his courses without being imme­
diately struck with the fact that here was a man of lofty ideals 
and noble aims who was honestly and unwearyingly trying to 
be of service to his day and generation, and whose actuating im­
pulse might not improbably have been expressed somewhat as 
follows:

If men can say— if they but can—
“He did his best; he played the man,

His way was straight; his soul was clean;
His failings not unkind, nor mean;
H e loved his fellow men and tried 
T o help them"— I'll be satisfied.

I am sure that I speak not alone for myself, but also for this 
entire gathering and for all who know him, when I say that in 
our judgment he has consistently lived up to that standard 
throughout his long and useful life, and that he has achieved a 
wonderful measure of success in the sense of that word as de­
fined by Dr. William H. Nichols, who regards it  "not as the ac­
quisition of property but the making the most of one’s self.”

The medal is awarded this year to Dr. Chandler because, 
in the opinion of the jury  of award, in addition to liis many 
valuable contributions to other branches of applied chemistry, 
he has made such notable advances in the great fields mentioned 
that he has placed the entire world in his debt and brought 
added prestige and dignity to the profession of which he is such 
a conspicuous ornament.

And now, m y dear teacher, guide and friend, I cannot tell 
you how happy I am to be the agent selected to present this 
beautiful medal to you— I who have received so many favors 
at your hands, and who would not exchange for any amount of 
chemical knowledge the inspiration and encouragement derived 
from your example of a life worth while, and a character, like 
this medal, of pure gold.

M ay it be to you a token not only of our high appreciation 
of your brilliant scientific achievements, but also of our deep 
and abiding affection! M ay it  bring to you and those dear 
to you immeasurable happiness, and may you long be spared to 
continue your useful work and to be the friend and guide of those 
setting out on life’s journey!

For, after all, life is a highway,
And its milestones are the years,
And now and then there’s a tollgate 
Where we buy our way with tears.

I t ’s a hard road and a rough road,
And it  stretches steep and far,
But it  leads at last to  a haven of rest 
Where peace and happiness are.

A D D R E SS OF A CCEPTA N C E 

By Charles F. Chandler
N e w  Y o r k ,  N .  Y.

M r . C h a ir m a n , L a d ie s ,  a n d  B r o t h e r  C h e m is t s :  I  never 
was more surprised than when I was notified that the Medal 
Committee representing the different societies interested in the 
Perkin M edal had awarded it  to me.

I  had never really considered myself eligible, as I supposed 
the M edal was intended particularly for discoverers and inventors 
of important processes in industrial chemistry. Nevertheless, 
I accept it with gratitude as an expression of appreciation and 
affection on the part of m y brother chemists.

The selection of M ilton C. W hitaker and Marston T. Bogert 
to speak for me this evening is most gratifying. There are no

tw o men in the chemical profession for whose attainments I 
have a greater respect or for whose personal qualities I have a 
greater affection.

A fter having had the pleasure of presenting this most valued 
token of appreciation to eleven distinguished chemists, it seems 
odd to stand to-night in the position of the receiver instead of the 
giver. It is, however, eminently appropriate that Dr. Bogert 
should take m y place on this occasion as it falls to the lot of the 
available senior ex-president of the Society of Chemical Industry 
residing in the United States to  make the presentation.

I happen to be the first to  receive this honor from the Society, 
there never before having been a foreign president. The experi­
ment must have been satisfactory as it was soon followed by the 
election of Dr. William H . Nichols, then Prof. Ira Remsen, 
and finally by Dr. Bogert. Drs. Nichols and Remsen are not 
available to-night and so the duty falls upon Dr. Bogert as the 
representative of the Society of Chemical Industry.

I think that there was another reason for selecting Dr. Bogert 
to make the presentation address. He has had experience at the 
banquet of the chemists, April 30, 1910, when he conspicuously 
demonstrated his ability to say  the kindest and most flattering 
things about his "old professor.”

Dr. Bogert has given you such a comprehensive account of 
my life and experiences, it is hardly necessary for me to go very 
deeply into the subject. I  will therefore select only a few in­
cidents which m ay possibly interest you.

When I was about 14 years of age and attending the New Bed­
ford High School, the incident occurred which settled my career 
for life. There was a young instructor who had a class in chem­
istry which I attended. He made the subject so interesting 
that I decided that I must be a chemist. I had a little work shop 
which I promptly converted into a chemical laboratory, had the 
tinsmith make me a gas holder and amused m y three or four 
intimate playmates by making oxygen, hydrogen, olefiant gas, 
and various other experiments. The impression which this 
teacher made upon me has lasted ever since. Tw o or three 
years ago I had occasion to give a lecture in New Bedford and I 
opened it by  recalling my school days and I enlarged upon the 
influence which this young teacher had exerted upon m y life. 
I was subsequently informed that he died while still very young. 
It was in 1851-52 that I attended his courses. A  few days 
afterwards I received the most touching letter from his aged 
widow who is still living and had been told what I had said of 
her husband. Her letter brought tears into m y eyes. "N othing 
had given her so much consolation and happiness since his 
death.”

In 1853 I entered the chemical laboratory of the Lawrence 
Scientific School and spent a year under the instruction of Prof. 
Eben N . Hosford, a most charming man. Here I pursued 
a well-arranged course of instruction in qualitative and quantita­
tive analysis.

Here another incident occurred which had a profound influence 
on m y subsequent life. Two strangers visited the laboratory 
one day and we half-dozen young chemists were introduced to 
them. One was Prof. Josiah D. W hitney, the eminent 
mining engineer and geologist who five or six years afterward 
became a very intimate friend of mine; the other was Dr. Charles 
A. Joy, who had just been appointed professor of chemistry to 
take charge of the new laboratory a t Union College, Schenectady. 
Professor Joy told us that he had just returned after a course 
of 4 years’ study in Germ any in the laboratories of Friedrich 
Wohler and Heinrich Rose. I subsequently wrote him for fur­
ther information on the subject of studying in Germany and 
received a full and enthusiastic account of the advantages not 
only of studying in Germany but of studying with these par­
ticularly distinguished chemists. I t  resulted in m y spending 
m y next year in the University of Gottingen. I was fortunate 
in being placed at once by Professor Wohler in the laboratory
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for advanced students which was under his personal direction. 
I took several courses of lectures and practical instruction, 
not only in chemistry but in physics, botany, and mineralogy. 
W e had a large colony of Americans in Gottingen during the 
year, most of whom were studying chemistry and some of whom 
have subsequently held most important positions in the United 
States. As I was the youngest of them all it was a great privi­
lege for me to enjoy the companionship which was quite intimate 
in that small town with such men; one of them, Professor Good­
win, was a Harvard professor of Greek; another, Professor 
Harkness, who was there with his wife, was professor of Greek 
in Brown University. A t the end of the year Professor Wohler 
who had been a father to me and had invited me frequently to 
his house, induced Prof. Heinrich Rose to take me into his 
private laboratory as an assistant where I spent a year working 
in the same room with him. He, too, was a father to me, and 
invited me frequently to his house. His brother, Gustave, 
with whom I studied mineralogy, was equally friendly. I at­
tended several courses of lectures in general chemistry by Hein­
rich Rose, industrial chemistry and physics by Professor Magnus, 
and physics by  Professor Dove. A t the houses of the two Roses, 
I  used to meet some of the most distinguished scientists in Ber­
lin, particularly Poggendorf, and Ehrenberg, the father of 
microscopy. I also had the pleasure while in Berlin of spending 
a couple of hours with Baron Von Humbolt in the Royal Palace 
in Potsdam. Both Wohler and Rose gave me the most interest­
ing material to work upon in their laboratories, either for the 
purpose of preparing a constituent in some quantity or for making 
accurate analyses of the minerals. For example, I worked upon 
the following materials: Selenium, tellurium, lithia, thoria, yttria, 
molybdic acid, tungstic acid, cerite, columbite, tantalite, sar- 
maskite, and yttrotantalite, and other more common materials. 

• A t the end of m y second year in Germany I was asked to put 
the work that I had performed in the laboratories of Wohler 
and Rose into the form of a dissertation, which I did. I t  was 
accepted and printed in Gottingen at the University Press 
in 1856 and I received without examination, in consequence, 
my degrees of A .M . and Ph.D ., or as they call it in Germany, 
Dr. Phil. B

On m y return to America late in the summer of 1856, I  found 
an invitation awaiting me from Professor Joy to come to Union 
College and accept the position of assistant in the laboratory. 
This invitation I promptly accepted and on the gth of January, 
1857, I began m y professional life. I felt under such obligations 
to Professor Joy for having directed me to Europe that I did 
everything I could in the laboratory for his convenience and 
comfort. In four months he was called to Columbia College 
and left at once to take the position. Fortunately for me, the 
venerable president of Union College, the Reverend Eliphalet 
N ott, had so much confidence in m y abilities that he offered, 
if I could lecture to the senior class, to put me in charge of the 
chemical department and give me the title of Professor when I 
was old enough to merit it. I remained at Union College until 
the fall of 1864; was married and given a house which had formerly 
been occupied by President N ott; and established courses of 
lectures in the different branches oi chemistry, including agri­
cultural chemistry, and in mineralogy and geology. Then by a 
happy accident I was invited by Professor Egleston to join him 
and General Francis Vinton in establishing the School of Mines 
at Columbia College, which has proved such a great success. 
The most fortunate circumstance in connection with this embryo 
School of Mines was the fact that we had no salaries. M y  
friends ridiculed and lamented what they considered m y rash­
ness in accepting what seemed such an unpromising appoint­
ment. B ut it turned out a great success. The School not only 
grew rapidly into a large enterprise but it gave a most powerful 
impetus to the growth and development of Columbia College, 
which, although it had been in existence for more than 100

years, had only 155 students, almost exclusively residents of 
New Y o rk  City. This School of Mines, which quickly became 
a school of every variety of engineering and chemistry drew 
students from all over the United States, and spread the name 
and reputation of Columbia College everywhere, while the grad­
uates, particularly the mining engineers, carried the name of 
Columbia to Australia, New Zealand, South Africa, South 
America and Mexico.

Starting at Columbia with no salary a t all, with only the ex­
pectation of receiving one-third of the fees that might be paid 
by  any student who might attend, we were naturally permitted 
to take any outside work that was congenial, which did not in­
terfere with our duties in the School of Mines. I was soon 
enabled to take advantage of this privilege by  giving afternoon 
lectures from five to six a t the College of Physicians and Surgeons, 
and evening lectures a t the College of Pharmacy, and also to ac­
cept invitations for professional work of different kinds.

One of the most promising invitations I received came to me 
from the Metropolitan Board of Excise. The members of this 
Board not being chemists were imbued w ith the idea that there 
was an enormous amount of adulterated alcoholic beverages 
sold in New Y ork and as they had a very high license and a 
million of dollars to their credit in the bank, they started out 
to put a stop to this adulteration and I was invited to act as their 
expert to analyze the samples and to appear in the courts 
as their representative. When they inquired of me how much 
I would demand for making these analyses and appearing in 
court, I told them it would depend upon the number they were 
likely to have. T hey told me that there were 8000 liquor dealers 
and that it would certainly average three samples each, so I agreed 
to a fee of $20 for each case, no m atter how troublesome it might 
be. This they considered reasonable, and when I figured it up 
I saw a prospective §480,000. T hey promptly sent me 40 samples 
upon which I exhausted every possible chemical test. These 
samples came from M ulberry Bend and other localities where the 
poorest liquors are probably dispensed. They consisted of 
brandies, whiskies, rums, and gins. Some were of very good 
quality, some were not so good, but not a single one contained 
any objectionable constituent; not one was adulterated. I  must 
confess that I was not much surprised because I had had some 
previous experience in making such analyses, especially for the 
Vermont State Liquor Agency, and I knew that the newspaper 
stories of adulterated and poisonous liquors were without foun­
dation. I  received a check for $800 according to contract and 
never another sample for analysis, and I charged $479,200 to 
profit and loss.

KEROSENE INDUSTRY

In the year ending October 31, 1869, there were 98 fires caused 
by kerosene accidents in New Y ork C ity, and 31 in Brooklyn. 
There were 52 persons burned to death in N ew Y o rk  C ity  from 
the same cause, mostly women and children. I t  was generally 
supposed that these accidents were due to the fact that kero­
sene consisted of hydrocarbons, similar to those of "camphene”  
and "burning fluid,”  which were known to be inherently dan­
gerous and could not be made safe. Camphene was refined 
spirits of turpentine, and “ burning fluid”  a mixture of this with 
alcohol; both extensively used, being very much cheaper than 
sperm oil, which retailed at $2.00 per gallon. When this matter 
was called to m y attention, I said a t once, "Kerosene can be 
made safe,”  and took up the investigation of the subject at once.

Manufacturers of kerosene and chemists had decided that all 
that was necessary to make the oil safe was to separate the 
lighter oils, gasoline, benzine, and naphtha, and I believed 
that they did so. A  standard of quality had been adopted by 
them. The kerosene oil must not evolve a combustible vapor 
below 100° F., and must not take fire below a temperature of 
n o °  F . On purchasing 78 samples in shops in the city, I  found 
that one sample was pure naphtha, while every one of the other
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78 was adulterated with naphtha. N ot one of them came up to 
the standard of the manufacturers. I had a sample of real kero­
sene for comparison which I obtained from the works of a friend 
of mine, Dawner, of Boston, which had a flash point of 1090 F. 
and a burning point of 128°.

Just as I finished m y experiments there was a terrible accident 
in N ew Y o rk  in which a mother and child were burned to death. 
I sat up all night and wrote m y report, January 11, 1869. It 
was manifolded a t the Board of Health and given to all the 
papers, in which it was printed in full, and later published all 
over the country. The Board of Health of N ew Orleans had it 
printed as a hand bill, and left a copy a t every door. It  was 
quoted in Berlin and in Rome.

On January 21, a supplementary report was made showing 
the temperatures reached in 23 house lamps, of glass and of 
brass, of different sizes, after periods from 1 hr. to 7 hrs. After 
1 hr. the highest was in a brass lamp 1000 F., the lowest in a 
glass lamp 77 °F . A fter 7 hrs. the highest was in the same 
brass lamp 91 ° F ., the lowest in a glass lamp 78° F.

The investigations were continued and later in the year a 
third report was made containing the following additional re­
sults, with a new collection of samples from retail shops in New
Y o rk  C ity:

Samples
1— Safe oils complying with requirements.......................... 21
2— Dangerous oils, flash point below 100° .......................... 280
3— Still more dangerous, flash point below 100°, burn­

ing point below 110°.........................................................  306
4— Pure naphtha............................................................................ 29

T o t a l  N u m b e r  o f  S a m p lB S ..............................................  6 3 6

A  fourth investigation was made and reported, M arch 18, 
1891, of a much more elaborate character which covered n o  
printed pages. This was published and M r. Charles Pratt 
asked permission to print 10,000 copies, placing an advertisement 
on the cover of his famous extra-safe oil, known as “ P ratt’s 
Astral Oil,”  which flashed a t 1250 F. and burned at 138° F. 
Permission was cheerfully granted.

The Board adopted a sanitary ordinance limiting the sale of 
oil having a flash point below 1000 or a burning point below 
i i o ° ,  and appointed inspectors and equipped a testing laboratory, 
and before long kerosene accidents became very rare, and when 
they did occur generally resulted from kindling the fire with 
kerosene or some other kind of criminal carelessness. N ot 
long after this I was engaged, in company with Professor Silliman, 
to act as an expert witness in a suit brought against infringers 
by  Downer and Company, of Boston. This company had 
worked on oils obtained from the destructive distillation of coal, 
and also on petroleum. B y  employing a special process they 
produced, among other products, two specially “ high test”  
oils:

1— "Dow ner’s Standard Kerosene,”  flash point 11 5 0; burn­
ing point 128°.

2— "D ow ner’s Mineral Sperm,”  flash point 262°; burning 
point 300°.

I will quote here two paragraphs from a lecture on "Com ­
bustion,”  which I gave before the American Institute, January 
5, 1872, immediately after the great fire in Brooklyn which was 
so disastrous to life.

Naphtha is not explosive; vapor of naphtha is not explosive; 
it  is a mixture of naphtha vapor and air, in certain definite pro­
portions, which is explosive. If, in experimenting, we do not 
hit the proper proportions, we fail to produce an explosion. 
A ny oil that will emit an inflammable vapor a t any temperature 
below ioo° F . is liable to form explosive mixtures of vapor and 
air, and is dangerous. I  know of no process by  which the lighter 
products of petroleum, gasoline, naphtha and benzine, can be 
made nonexplosive or safe, nor do I believe that there is any such 
process. If any oil takes fire a t ordinary temperatures, or below 
n o °  F ., it is proof positive that it is dangerous, and no argument 
or experiment can prove anything to the contrary.

This coat on its iron frame is a good representation for our 
purposes of a victim to kerosene. I  will drench him with good

kerosene; you see now that though I hold a candle to him he is 
in no danger. I will now throw a little of Sm ith’s "Safety Oil”  
upon him; you see the moment the candle is brought near him 
he bursts into flames. I will save the poor wretch from a painful 
death by bringing the Babcock Fire Extinguisher to bear upon 
him. I have put him out; but were he human his days would 
be numbered, as a painful death would be sure to follow such 
frightful burns as those he has suffered from Mr. Sm ith’s safety 
oil. It  is said, and I believe with truth, that the burning of a 
square foot of the human body is sure to cause death.

Before leaving this portion of the subject, I want to show you 
how safe it is possible to make petroleum oil. I have here a 
pail containing three gallons of Downer’s "M ineral Sperm Oil.” 
Into it I will plunge this mass of cotton waste till it becomes 
saturated with the oil; now as I raise it you see it is dripping 
with the oil. On holding the candle to the oily mass you see I 
have considerable difficulty in setting it on fire, but by heating 
it in one spot I shall finally heat a portion to a temperature 
above 300 0 F.— its burning point— when it will take fire. Now 
you see I have succeeded in starting combustion, and the burn­
ing oil quickly heats the rest of the mass till we have now a flame 
ten or fifteen feet high. You  need not feel alarmed, for I have 
the flames entirely under m y control. I will now plunge the 
burning mass into the pail of oil; you see it is a t once extinguished. 
The "M ineral Sperm” is actually a fire extinguisher.

But this oil will stand a much more severe test. Here we have 
a large pan of oil on a water bath. These two large alcohol lamps 
have raised the water to boiling; you see the steam escaping 
from this vent; the oil is at 212° F ., 112 0 above the standard 
flashing point and a t 102° above the standard burning point 
of safe oil. Y e t  you now see that this mass of cotton waste 
which was saturated with the oil, and was but a moment ago 
wrapped in flames, is now quietly extinguished. The "M ineral 
Sperm” is a fire extinguisher even when heated to 2120 F. Am 
I wrong in saying it is practically as safe as whale oil?

The Standard Oil Company, thenrecently organized, manifested 
a great interest in m y work on kerosene, and employed me as an 
expert in law suits, brought against them by persons who 
erroneously believed them using their patents, generally worthless, 
■without their consent.

OHIO on,— Some years later, when w hat was known as “ Ohio 
Oil”  was obtained in Ohio, Indiana, and Illinois, in considerable 
quantities, the company received word from their German asso­
ciates that the German government had been informed by their 
rivals that while the Standard Oil Company was supplying the 
American market with the superfine Pennsylvania oil, it was 
sending to Germany the poor, offensive Ohio oil. In conse­
quence, the Imperial government was about to permanently 
forbid the importation of this Ohio oil into Germany. A  high 
officer of the Standard Oil Company came to me and begged me 
to go a t once to Germany and convince the German govern­
ment that the Ohio oil which his company exported was first 
purified by the process invented b y Herman Frasch. This was 
one of the inventions for which your committee, a  few years ago, 
awarded to Frasch the Perkin Medal.

President Low granted me leave of absence, and I immediately 
visited the great works erected a t Whiting, Indiana, for the 
special treatment of Ohio oil by  the Frasch process. The im­
purities which had rendered the oil and all its products so offen­
sive were certain compounds of sulfur, of which element the 
oil contained about one per cent. Frasch’s process consisted in 
first dividing the crude oil by distillation into three fractions:

1— Lighter constituents— gasoline, naphtha and benzine.
2— Medium oil for lamps.
3— H eavy oil for lubricating, and paraffin.

f These three fractions were then entirely freed from the sulfur 
compounds by distillation in huge stills, while mixed w ith large 
quantities of oxide of copper, with constant stirring. The effect 
was magical. N ot a trace of the offensive odor was retained 
by either of the products.

I met a t the Whiting works the chemist in charge. Dr. William 
M . Burton, a Heidelberg graduate. He showed me everything 
and answered every question. When I told him that .1 was 
going to Berlin to explain the situation, a longing look overspread 
his face, and he remarked that he had not been in Germany since
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he graduated. I caught the look and asked him if he would 
like to go with me. He replied that he would give anything to 
go. I found no difficulty in persuading the company to give 
him leave of absence, and so I had a most agreeable and useful 
companion.

Before I sailed I also visited the works a t Olean, N. Y ., at 
Philadelphia, and at Brooklyn. So there was nothing in the 
treatment of petroleum that was not imparted to me. W e went 
off together. It  seemed wise, before we called upon the rep­
resentatives of the government, to visit and satisfy the men who 
would be most likely to be consulted by  them. So after visiting 
the representatives of the Standard Oil Company, in either 
Bremen or Hamburg, I have forgotten which, we went to Carls- 
ruhe and explained the whole matter to Dr. Engler, the German 
expert on petroleum, giving him samples of the Ohio kerosene, 
and explaining how he could prove the absence of sulfur, if the 
entire freedom from offensive smell did not satisfy him.

Then we went to Zurich and explained the matter to Dr. 
Lunge, the distinguished industrial chemist. On arriving in 
Berlin, we adopted the same tactics with the Imperial Health 
Department, with the same success. W ith all these parties I 
had enjoyed an acquaintance for some years, so we were cordially 
received and our statements readily accepted. An hour spent 
with Count Posidowski, the Imperial Minister of the Interior, 
settled the business.

A  few years later I was sent to Germany to attem pt to pre­
vent the threatened establishment of an extra high standard 
for all imported oils to be considerably above 100° flash and 
n o °  burning. This time I did not have the company of Dr. 
Burton. As before, I first went to Carlsruhe to argue the matter 
with Dr. Engler, but to m y discomfort I found that he was in 
the Austrian Tyrol, near the glaciers. There was nothing to be 
done but to follow him, so I crossed Lake Constance and took 
the train for Vienna, leaving it the next morning a t Bludence. 
Here I hired a man to drive me to m y destination, which was a 
day’s journey. A t noon we stopped at a cross-road village for 
lunch and to change horses. After eating m y simple lunch of “ B ut­
ter brod” and "Schweizerkase,”  and drinking m y "B eyrich,” 
I  started out to see if there was anything interesting in the village. 
Strolling into the country store I inquired of the proprietor in 
German " if  he sold petroleum.” He replied, "Y es, indeed.”  
I  inquired what kind and he said, "Amerikanisches.”  "Is  it 
not much more expensive than that from the neighboring wells 
in Roumania and Galicia?” “ It  is indeed,”  he replied, “ but it is 
so much purer; it  will burn in any lamp without smoking, while 
the other oils will burn only in a special lamp.”  He assured me 
that the peasants willingly paid the extra price. This inter­
view gave me my trump card. Engler saw the point at once, 
and so did the Imperial Board of Health at Berlin, and so did 
Count Posidowski. I made it clear to them that if they raised 
materially the standard of oil to be permitted to enter Germany, 
the only result would be that the Standard Oil Company would 
get 50 gallons of such oil out of 100 crude, while they were 
getting 60 at that time. I t  would have no real advantage, while 
the German people would be obliged to pay as much for the 
50 gallons as they were paying for the 60 gallons. He saw the 
point and that was the end of it.

Some years later a bill was introduced in Parliament to ac­
complish the same result in order to help the Scotch manufac­
turers who made a comparatively small amount of kerosene from 
the Bog Head mineral. I was in Paris a t the time and, in re­
sponse to a telegram from the Standard Company, I went be­
fore a Parliamentary Committee and made the same argument. 
A  member from the Bog Head district, who was working for the 
bill, had before him a copy of m y last report of 1871, 
and ‘ identified me as the author, and then asked me if I 
had not intimated therein that “ the higher the flash point, the 
safer the oil.”  I replied that I had, but a t that time we had not

had as much experience as at present. Time had shown that 
" io o °  flash” was sufficient to insure safety, and that that grade 
of oil was generally used in the United States and exported all 
over the world, and that lamp accidents were very rare.

Further I reminded him of an English nobleman who lost his 
life by  the explosion of an extra-high test oil, because the oil 
evolved just enough vapor to make an explosive mixture with the 
air in the lamp, while the 100° flash evolved enough vapor to 
render the air in the lamp nonexplosive.

Several distinguished English chemists, Sir Henry Roscoe, 
Sir Boverton Redwood, and others gave similar testimony and 
the bill never passed the committee.

In 1867 Dr. Elisha Harris, of the Metropolitan Health De­
partment of N ew York, came to see me and told me that the 
Commissioners were not chemists and did not realize how much 
chemistry had to do with the public health and did not care to 
devote any portion of their income to this subject. He asked 
me if I  would be willing to do some work for the Department 
without charge. I  promptly accepted his invitation and inter­
ested myself at once in a great variety of subjects, most of which 
I shall have to omit discussing.

WATER INVESTIGATIONS

c r o t o n  w a t e r — There are two or three matters, however, 
which interested me very much, one of these was water. I 
began analyzing the Croton and Ridgewood waters every week 
during the three or four summer months, and I continued for 
several years, either myself, or, when I became president of the 
Health Department through Professor Waller, to keep informed 
with regard to the water supply of these two cities. I found 
that these waters were then and have been ever since among 
the purest waters supplied to any cities in the world. I  do not 
believe that a case of sickness was ever caused by either one of 
them. General Green, who was at one time the engineer of the 
Croton aqueduct, was so interested in m y work that he had 
me appointed consulting chemist for the department, and took 
me all over the Croton watershed that I might become familiar 
w ith the 'sources of the water. I t  is a source of constant regret 
to me that ill-informed persons, even physicians, are so ignorant 
on this subject that they advise families not to use the Croton 
water for drinking purposes unless it has been filtered or boiled, 
or both, and the result is that millions of dollars are spent in 
New Y ork every year for bottled waters; not only in families 
who can ill afford the expense, but in down-town business offices. 
During the 56 years that I  have lived in New York, I have used 
the Croton water in m y family without filtering or boiling, and 
never has anything occurred to lead me to suppose that it was 
not perfectly satisfactory and wholesome.

b o i l e r  w a t e r s — Another phase of the water question occu­
pied m y attention for a year when at the request of the New 
Y ork Central Railroad Company I studied the subject of boiler 
corrosion in locomotives, boiler incrustations and feed water. 
I began this work at Union College and completed it  in the 
School of Mines, publishing m y results. I analyzed numerous 
specimens of incrustations, finding that some of them consisted 
of carbonate of lime; others of a mixture of carbonates of lime 
and magnesia; others of sulfate of lime. I  also investigated the 
different brands of boiler medicines, most of which were frauds, 
and the one which seemed to be an excellent one was sold to the 
railroad for five times what it cost to make it, and the engineers 
couldn’t  bring their trains in on time unless this particular 
medicine was supplied by a particular firm. In the end, I 
analyzed all the feed waters employed on the road between 
Albany, Buffalo, and Niagara Falls, classified them as to quality, 
indicating those that were too bad ever to be used and causing 
the water stations to be abandoned, and directing the best choice 
to be made among the others.

H u d s o n  r i v e r  w a t e r — In 1 8 7 1 I was called upon by the 
W ater Commissioner of Albany to investigate the waters of the
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Hudson River, to ascertain whether it would be safe to take the 
water above Albany and below Troy to supply the city  as they 
had found it almost impossible to procure an adequate source of 
supply within reasonable distance and at such a cost as the city 
could afford to pay. I took up this investigation with great 
doubts of the fitness of this water for the city supply. I  made 
the most careful investigations and analyses and was surprised 
to find that there was 110 reason why this water could not be used 
in the c ity  of Albany. I sent in m y report in 1872, stating m y 
conclusions, with a special discussion of the destruction of the 
sewage contamination of large rivers caused by dissolved oxygen. 
I  had obtained a great deal of information on this subject from 
the annual reports of the British W ater Commissioners. The 
report was published and indignation meetings were held in 
Albany and no end of abuse was poured upon my head. The 
W ater Commissioners were very sensible men, however; they 
said, "there is no sense in abusing Chandler, disprove his facts, 
meet his arguments, or keep quiet.”  M y  facts could not be 
disproved and m y arguments could not be met, and conse­
quently the W ater Commissioners put up the pumping station, 
supplied the water to Albany, and in a short time the Health 
Officer of Albany informed me that the water was entirely 
wholesome and satisfactory.

In 1885 it became necessary to increase considerably the pump­
ing facilities above Albany, and the W ater Commissioners wrote 
me, calling attention to the fact that, since I made m y first in­
vestigation and report in 1872, bacteria had become fashionable 
and were now supposed to be terrible creatures capable of pro­
ducing all kinds of diseases, and whether I cared to revise the 
opinion which I gave them 13 years before. It  happened that I 
was quite familiar with what had been published with regard 
to bacteria, having quite a library 011 the subject, and having 
had occasion to make myself specially familiar with them in 
order to prepare an article on fermentation for Johnson’s En­
cyclopaedia about 1874, so I  wrote the second report on the waters 
of the Hudson River, which was published in Albany in 1885, 
containing a discussion of possible bacterial contamination of 
water; it  was not to be feared.

Fourteen years ago while in Europe I was cabled to look up 
the ozone treatment of city  waters. Accordingly, I visited Ber­
lin, Paderbom, and Paris, where experiments had been carried 
on. A t Paderbom the process was in full operation, although 
the water supply was entirely above suspicion. The water 
descended slowly through a wide cylinder, while the ozonized 
air bubbled up through it. The effect was marvelous. The 
ozone seemed to destroy the organic matter, which, though mi­
nute, was sufficient to conceal the true color of the water, for when 
the treated water poured into a large snow-white v a t it was very 
distinctly blue.

S a r a t o g a  w a t e r s — In the early years of m y residence at 
Union College I became interested in the Saratoga waters. 
I found a great diversity of opinion as to the nature of these 
waters, some local physicians telling their patients that there 
was such a great difference in the waters that it  was not safe 
for them to drink them except after the physician had carefully 
diagnosed their cases, had directed them as to which waters 
they should imbibe, what quantities of each, and at what times 
of day. The owners of the Star Spring employed me to make a 
careful analysis of their water and soon it became the fashion 
to have the waters analyzed by me. As the waters contain a 
great variety of constituents, including small quantities of iodine, 
bromine, baryta, lithia, etc., I had to charge a  good, round figure, 
which those who could afford it cheerfully paid; and as I was ex­
tremely anxious to analyze all the waters, for those who could 
not afford to pay m y fee, I  made the analyses gratuitously. 
Including springs and artesian wells, I analyzed about a dozen 
different springs in Saratoga and three a t Balston. Instead of the 
waters differing from each other, I  found that they all contained

the same constituents, counting out one or two sulfur waters 
in out-of-the-way places which I never took the trouble to 
analyze. The total amount of solids varied from a minimum 
of 302 grains in one U. S. gallon to 1,184 grains, the latter being 
the amount in the Balston artesian lithia well, which was bored 
over 600 ft. deep. There is an interesting story about the 
Highrock Spring a t Saratoga. It is the oldest known spring 
there and it consists of a  volcano-shaped rock about 4 ft. above 
the level of the surrounding ground with a hole or crater in the 
center supposed at that time to be of almost unknown depth. 
This hole had a diameter at the top or mouth of 8 or 10 in. 
and the water rose to within about a foot of the top. Saratoga 
was first visited by a white man when Sir William Johnson went 
there in 1767. He was told by  the Indians that according to 
their traditions the water formerly rose and overflowed regularly 
and continuously, but not within their recollection. This 
must evidently have been the case, for the Highrock is composed 
of tufa, carbonate of lime, and contains the impressions of leaves 
and the shells of snails here and there. It had evidently been 
formed gradually by a deposition of carbonate of lime from the 
water, which is a common occurrence with this class of waters. 
After a time, during m y association with Saratoga, this spring 
changed hands and the enterprising purchaser decided to make 
the water resume its old habit of overflowing the rock. In order 
to do this he had oblique holes drilled on different sides around 
the edges of the rock toward the center. He then introduced 
wedges and succeeded in detaching the rock from its base. He 
then put chains underneath and hoisted it off one side. Then 
they enlarged the hole up through which the water came and 
went down expecting to find some leak which had prevented the 
water from rising any higher, and which they intended to close. 
T hey found beneath the high rock a layer of tufa 7 ft. thick, 
including some muck, below that they found 2 ft. of tufa clean, 
below that one foot of muck and below that again 3 ft. of tufa. 
Just below the rock itself they found 4 well-preserved logs put 
crosswise a t right angles to make a curb for the spring which 
must have been placed there beforetheHighrock Was formed, and, 
finally, at a depth of 17 ft. they found a considerable quantity 
of half-burned embers and charcoal, showing that visitors had 
made fires before that 17 ft. of material had been deposited.

An enterprising citizen of Saratoga was very anxious to ascer­
tain when those fires had been made and remembering that the 
botanist ascertained the age of a tree by  making a cross section 
of the stem and counting the lines or rings from the center to the 
circumference ascertained the number of years it had been 
growing, he took a piece of the Highrock, smoothed it against 
a grindstone, and found it showed 81 lines to the inch, so he said 
it must have taken 3,840 years to form. He continued his calcu­
lations for the remaining 13 f t  The following table shows his
figuring:

T h e  H j g h r o c k

Years
The Highrock 4 ft.— 81 lines to  inch.................... 3,840
Muck and Tufa 7 ft ........................................................  400
Tufa 2 ft.— 25 lines to  inch.................... 600
M uck 1 ft .......................................................  130
T ufa 3 f t .......................................................  900

T otal...................................  5,870
According to his education the world had existed only

4,004 yrs. before the Christian Era
1.870 yrs. after the Christian Era

5,874 yrs. in all
5.870 yrs. since the fire was made

4 yrs. after the Creation 

Consequently, there was no one living on the face of the earth 
excepting Adam, and he was 4 yrs. old. I hope you will 
pardon m y frivolity in presenting this ridiculous proposition to 
you, but it  went the rounds in Saratoga.
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There is one other interesting matter connected with the 
Saratoga Springs. Some years ago a  sanitarium near the Haw­
thorn Spring set up a pump and drew large quantities of water 
from a tube of some depth, with the result that the Hawthorn 
well was very seriously affected.

A  law suit resulted in which m y testimony and that of others 
was taken in favor of Hawthorn, with the result that the sani­
tarium was enjoined. A t  or about the same time, a company 
began to bore numerous wells some little distance from the 
Springs, introduce steam pumps, commercialize the carbonic 
acid gas, and permit the water to run to waste. In a short time 
the springs began to show the disastrous effects. The waters no 
longer spouted from the spouting springs, the others no longer 
came to the surface, and pumping had to be resorted to. In 
addition to this the diminished pressure of water in the springs 
permitted fresh water to permeate into them and dilute them.

Again I was called as an expert, and testified to the ruinous 
effects of this pumping. The company produced experts who 
declared that it  was absolutely impossible for this pumping to 
have any effect whatever on the springs, and that the falling 
off of the springs must be due to natural causes. The judge, 
however, was a  second Solomon. He directed the defendants 
to  stop pumping for 48 hrs. to decide the question, and ordered 
the sheriff to see that the order was obeyed. W ithin 24 hrs. 
the whole town gathered around the Hawthorn Spring to see 
the water again rising, brilliant in the sun with gas bubbles, 
and overflowing the large glass cylinder placed over the spring. 
In the end the State bought all the springs and wells and es­
tablished a State Reservation.

LEAD i n  d r in k in g  w a t e r — The question of lead in drinking 
water came to m y attention at an early day. Physicians re­
ported cases of lead poisoning. I  will mention as a  single ex­
ample an elderly gentleman’s case which was diagnosed as lead 
poisoning. N o probable source of the lead could be suggested 
till the doctor interviewed the cook, and learned that her first 
duty in the morning was to place the old gentleman's "wheaten 
grits”  cereal in a bowl, draw water upon it, and after a while 
boil it. This fact suggested lead in the water. M y  attention 
was called to the subject and I found that water which had stood 
all night in the pipe of m y own house contained a little lead, 
which might, as lead is a cumulative poison, ultimately produce 
serious results, if such water were often used. Looking further 
into the matter, I  found that owing to the low pressure in the 
water pipes a  great many houses were provided with pumps 
and tanks to supply the upper stories. Examination of the 
tanks developed the fact that they were usually lined with lead, 
and the water thus became contaminated.

Examinations were also made of Croton water, which had been 
in contact with lead for different lengths of time, under com­
monly occurring circumstances, of which the following are the 
results:

1— A  gallon of Croton w ater from a lead-lined cistern, in 
which it had stood several weeks, was found te  contain 0.06 
grain of metallic lead.

2— A  gallon of water which had remained 6 hrs. in the lead 
pipes of m y residence yielded o .n  grain metallic lead, a con­
siderable portion of which was visible to the eye, in the form 
of minute white spangles of the hydrated oxycarbonate 
(PbOs.HiO +  PbO.COj).

3— W ater drawn from one of the hydrants of the School of 
Mines laboratory, in the middle of the day, when the water was 
in constant motion, yielded traces of lead. This water reached 
the school through about 100 to 150 ft. of lead pipe.

The following paragraphs are quoted from a lecture delivered 
before the American Institute in the Academ y of Music January 
20, 1871:

These results indicate the source of many hitherto unaccount­
able cases of lead poisoning, and are of a character to alarm the 
residents of New York, and lead them to adopt precautionary 
measures for protection against this insidious cause of disease.

A  celebrated case occurred in the royal fam ily of France, 
at Claremont, where one-third of the persons who drank of the 
water were affected. This water contained only one-tenth of a 
grain of lead in a gallon'. As little as 1-100 grain of lead to the 
gallon has been known to produce palsy in persons who habitu­
ally drank it. I t  is a great pity that the peculiar advantage of 
lead as a material for the manufacture of water pipes is more than 
counterbalanced by the danger of lead poisoning.

This subject attracted a great deal of attention at that time. 
The Board of Health put an end to the use of lead-lined tanks 
and the public was warned against drinking water that had stood 
long in the pipes. About this time tin-lined lead pipe was 
invented. It  was made by casting lead around a hollow cylinder 
of tin, and then drawing the mass down to a pipe of the desired 
size. I  found that the heat of the melted lead was liable to 
soften the tin lining to such a degree as to alloy it  with the tin 
even clear to the inner surface of the tube. A  suggestion of mine 
overcame this difficulty. A  separate hollow cylinder of tin was 
placed in a  surrounding cylinder of lead of such size as to leave 
nearly a  quarter of an inch of space between the two. Then 
melted solder was poured between the two cylinders; they were 
perfectly united without melting the tin perceptibly, and a per­
fect tin-lined pipe was produced. I used this pipe throughout 
m y country house at W est Hampton, and one of the spring com­
panies at Saratoga employed it for a deep spring, using a very 
large sized pipe, 2 in. or more. A  test of the proper condition 
of the pipe was easily made by cutting off a section about an inch 
long, holding it  in forceps, and carefully heating it over a  Bunsen 
burner. If it  was in good shape the solder would first melt, 
as could be seen by the eye, and the tin tube could be shaken out 
in a  sound condition. If, on the contrary, the lead had alloyed 
the tin the entire lining sloughed off on heating. Special joints 
were devised and the invention was a complete success. B ut the 
cost of plumbing was considerably increased, both for material 
and labor, and the invention never came into general use. 

p o is o n o u s  c o s m e t i c s

Before I leave the subject of lead poisoning I must say a 
word with regard to the poisonous cosmetics which I examined 
in 1869. Hair tonics, washes, and restoratives were much ad­
vertised and sold. The following are the results of m y examina­
tions of those sold in New Y o rk  C ity. Only one was free from 
lead, that was H oyt’s Hiawatha Hair Restorer, which was an 
ammoniacal solution of nitrate of silver, and harmless. Here 
are the others:

G r a i n s  o f  L h a d  i n  O n b  F l u i d  O o n c b

Clark's Distilled Restorative for the H air ..................... 0.11
Chevalier’s Life for the H air................................................  1.02
Circassian Hair R ejuvenator..................   2.71
Ayer’s Hair Vigor....................................................................   2 .89
Prof. W ood’s Hair R estorative.............................    3 .0 8
O Brien s Hair Restorer America.......................................  3 .2 8
Gray's Celebrated Hair Restorative.................................. 3 .3 9
Phalon’s V italia....................................   4 .6 9
R ing’s Vegetable Am brosia..................................................  5 .0 0
Mrs. S. A. Allen’s World’s Hair R estorer....................... 5 .57
L. K nittel’s  Indian Hair T onlque......................................  6 .2 9
Hall s Vegetable Sicilian Hair R enewcr...........................  7 .13
Dr. Tebbett’s Physiological Hair Regenerator.............. 7 .44
Martha Washington Hair R estorative.............................  9 .8 0
Singer s Hair R estora tive. ...........................   16.39

These fluids consist of an aqueous solution of acetate of lead, 
generally containing a sediment of flowers of sulfur. T hey are 
to be well shaken before use and when applied a t intervals to 
the hair are said to "gradually restore the original youthful 
beauty and color.”  Six lotions or washes for the complexion 
were examined, one contained corrosive sublimate and sulfate 
of zinc. Seven enamels for the skin were examined. Three con­
tained oxide of zinc, and three others carbonate of lead.

THE PLUMBING SYSTEM 

I should have been very glad to have had time to explain the 
improved system of plumbing which resulted from the experimen­
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tal set of plumbing arrangements which I erected at the Board of 
Health building, where with a  kitchen sink, butler’s pantry sink 
above it, a wash bowl above that, and a bath tub above that, 
all with glass traps for ready observation, it  was easy to demon­
strate the absolutely unsafe condition of the plumbing, not only 
in New York, but everywhere else in this country.

The result of this was an' improvement resulting in carrying 
the soil pipe through the roof, of undiminished caliber; the back- 
airing of all traps by means of a separate pipe running through 
the roof; the running trap between the house and the street 
sewer; and the inlet for fresh air between the house and this trap. 
This system was approved by the plumbers and fixed by law, 
and was placed under the control of the Board of Health. I t  
was generally adopted throughout the country, and there was no 
more talk about sewer gas as a  cause of disease. Microbes 
took its place. Patent traps were not accepted as substitutes 
for good old-fashioned S-traps. B y  the way, I have just learned 
from M r. A . E. Hansen, hydraulic and sanitary engineer, who 
is advisor to the M aster Plumbers’ Association, that an effort 
is now being made to force the plumbers to adopt a "patent 
trap.”  T o  pass such a  regulation would be a crime against the 
inhabitants of this city.

CONCLUSION

There are many other topics to which I would delight to call 
your attention such as:

M y  connection with the first production of oleomargarine, 
that cheap, wholesome article of food which has been so handi­

SPRIN G  M E E T IN G  AM ERICAN  CH EM ICAL SO CIE TY

The Spring M eeting of the A m erican  C h em ical S o c ie ty  
will beheld in St. Louis, M o., during the week of April 12,1920, 
with headquarters a t the Hotel Statler, Ninth Street and W ash­
ington Avenue.

The following committee has charge of the local arrange­
ments:

Executive: D r .  C i ia s .  E. C a s p a r x , St. L o u is  C o lleg e  o f  Pharmacy,
2 1 0 8  L o c u s t  S tr e e t .

Program: D r .  C h a s .  E. C a s p a r i .

Finance: D r .  F. W. F r e r i c h s ,  Herf and Frerichs Chemical Co.,
Pierce Building.

Hotels: D r .  H. A. C a r l t o n ,  The Mallinckrodt Chemical Works,
3600 N orth Second Street.

Registration and Inform ation: D r .  T. R . B a l l ,  W ashington Univer­
sity, Skinker Road and Lindell Blvd.

Excursions: G a s t o n  d u  B o i s ,  Monsanto Chemical Works, 1 8 0 0  South 
Second Street.

Transportation: D r .  A. C. B o y l s t o n ,  The M allinckrodt Chemical
Works, 3600 North Second Street.

Entertainment and Smoker: F . W. S u l t a n ,  Sultan Drug Co., 112 N orth
Second Street.

Banquet: E . J .  S h e p p a r d ,  National Lead Co., Manchester and
Subette Avenues.

Publicity: D r .  L. F. N i c k e l l ,  M onsanto Chemical Works, 1800 South
Second Streets.

The University of Missouri Section, a t Columbia, M o., has 
agreed to act with the St. Louis Section of the S o c ie ty  as hosts 
at the Spring Meeting.

AM ERICAN  CH EM ICAL S O C IE T Y ’S  SE R IES OF TE C H N O ­
LO G IC M O N O G R A PH S

A t the meeting of the S o c ie ty  in Buffalo, in April 1919, the 
Committee on Publication of Compendia of Chemical Litera­
ture, etc., presented a report1 in part as follows:

1 Reprinted in T h is  J o u r n a l ,  11 (1919), 415.

capped by the Government; the introduction of cheap water 
gas in N ew Y ork and in Boston, and the sustaining of the Lowe 
process for its manufacture; m y study of sugar refining in Europe 
in 1869; and the Hunters Point nuisance.

I should also enjoy telling you of the splendid work of Miss 
Louisa Lee Schuyler in rescuing 2500 pauper insane from the 
State poor-houses and placing them in State insane asylums 
where they had some chance of recovery; and of Mrs. Kinni- 
cutt’s very successful campaign to secure an efficient Street 
Cleaning Department. In both of these enterprises I was 
honored with the responsibilities of president of the Associations 
which the ladies organized, but the credit of these great reforms 
belongs entirely to them.

I must also call attention to the lion’s share of the work in 
m y report on the air of the subway, published when that public 
utility was first opened and certain individuals erroneously 
pronounced the air therein so unwholesome. Dr. Floyd J. 
M etzger performed the laborious portion of the investigation.

I wish I could take the time to tell you how much certain 
members of this Chemists’ Club have contributed to the success 
of the C ity  and State Health Departments: Elw yn Weller, 
Samuel A. Goldsmith, Edward G. Love, Arthur H. Elliott, 
Charles E . Munsell, and others whose names I do not just now 
recall.

In conclusion let me express m y appreciation and warmest 
thanks to the members of your committee, who have considered 
me deserving of this M edal.

Y ou r committee recommends that the A m erican  Ch em ical 
S o c ie ty  undertake to have two series of monographs prepared 
and published under its supervision. T o  give effect to this 
general recommendation, it would recommend that the follow­
ing specific steps be taken:

(A) T h at three trustees be appointed, two, including the chair­
man, by the president of the A m erican  Ch em ical S o cie ty , 
and one by the president of the National Research Council, to 
organize and control the business side of the undertaking. These 
trustees shall be named to serve for one year and shall be eligible 
for reappointment. Subject to the approval of the directors 
of the A m erican C h em ica l S o cie ty , in all matters leading to 
expense, the trustees shall have the power to enter into negotia­
tions with publishing houses for the publication of the series 
or to develop any other plan of financial administration. In 
particular, it is urged that the trustees should attem pt to raise 
funds from which advance payments of royalties (say of $500) 
may be made to each author (selected under B) invited to pre­
pare a monograph and second payments of the same amount 
to each author when his monograph has been accepted. The 
trustees in return will receive all royalties accruing on the sale of 
a given monograph until the sums paid to an author of the mono­
graph have been liquidated (without interest); later royalties 
are to go to the author. Royalties received in this way by trus­
tees shall serve for the endowment of further monographs.

(B) T hat two control committees be organized, one for a 
series of technological monographs, another for a series of scien­
tific monographs. Each committee is to consist of five mem­
bers- to be elected by the Council of the S o c ie ty  (as in the case 
of the editors of our journals). The chairman of each committee 
shall be the editor of the corresponding series, and shall receive 
compensation of the same nature as the editor of the Journal 
of the American Chemical Society. The committee shall 
select men who are to be invited to prepare monographs on 
selected topics and shall pass on the final acceptance of such 
monographs as m ay be offered for publication. Decisions as 
to the business arrangements for publication will rest with the 
trustees rather than with the scientific control committees.

The report was adopted by the Council, which authorized the 
Advisory Committee to elect the chairman of each board of 
editors. In June the Advisory Committee recommended W . A. 
Noyes and John Johnston as chairmen of the board of editors 
of the scientific and technologic series, respectively, and voted 
that the chairman should nominate the other members of the

SCIENTIFIC SOCIETIES
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board. They also voted to recommend to the Directors that 
the salary of the chairman of each board be $1,000 a year, and 
that "royalties not to exceed $500 be paid in advance to each 
author chosen by the Committee to write a monograph, and 
that an additional sum of like magnitude be paid to him upon 
the completion and acceptance of his monograph, the amount 
so paid to be deducted from any royalties received until such 
time as the amounts advanced are returned to the S o c ie ty  
or its agent; that thereafter any royalties received should be 
paid one-third to the A m erican  C h em ical S o c ie ty  and two- 
thirds to the author of the monograph.”

On November 28 the Advisory Committee appointed as 
associate editors of the scientific series:

G. N . L e w i s  (California) A. A. N o y es  (Throop Inst.)
L. B . M e n d e l  (Y a le )  J . S t i e g l i t z  (C h ic a g o )

and as associate editors of the technologic series:
C. G. D e r i c k , National Aniline and Chemical Company, Buffalo, N . Y.
W i u i a m  H o s k i n s , Consulting Chemist, Chicago, 111.
F. A. L i d b u r y , Oldbury Electro-Chemical Company, Niagara Falls, 

N . Y.
A. D . Little, Consulting Chemist, Cambridge, Mass.
C. L. R e e s e ,  du Pont de Nemours and Company, W ilmington, Del.
C. P. T o w n s e n d , Union Carbide and Carbon Corp., N e w  York City.

They also approved a suggestion designed to insure a rotation 
of interests upon the Board.1 The trustees in charge of the finan­
cial arrangements for both series are now C. L. Parsons, chair­
man, Gellert Alleman, and J. E. Teeple.

The board of editors of the Technologic Monographs have 
had considerable correspondence and have held a meeting at 
which the following general policy was agreed upon:

The ideal monograph is a critical presentation of the topic 
which it  treats, and gives the reader the present status of the 
knowledge of that topic in such a w ay that he need not consult 
prior literature except for details; it should show clearly which 
points are still uncertain and require further investigation, and 
so act as an incentive to research by suggesting problems. The 
preparation of such a monograph implies that the author has 
first-hand knowledge of the topic treated, and this implies in 
turn, particularly in the case of technologic monographs, that 
the topic chosen must not be too large. In  other words, instead 
of a book dealing with a very broad general topic, we would 
prefer a number of more specific smaller topics, each written 
by a  man thoroughly conversant with that particular phase. 
The Board wishes to emphasize that the proposed series will 
aim to be critical in character, rather than mere compilations; 
and takes this ground because a number of existing monographs 
cover a field broader than the author was really familiar with, 
the result being that the book contains one or two good chap­
ters but is largely a somewhat uncritical compilation of ma­
terial.

Before authorizing monographs the Board wishes to review 
the whole field carefully; to ascertain what topics have already 
been treated adequately in readily available monographs; 
and to prepare a systematic well-balanced scheme covering the 
area of desirable effort, indicating the relative importance of 
subjects or the relative need of treatment. However, where 
an author is available who is uniquely qualified to treat a 
particular subject within our scheme, we should get a mono­
graph from th at man w'hile he is available and not run the'risk 
of losing the benefit of his special knowledge, and should do so 
without much reference to the order in which we would other­
wise take up the subject if it were one in which a reasonable 
number of fully qualified men were available.

It  is realized that the main difficulty is likely to be to secure 
the author best qualified to write on a particular topic— espe­
cially in view of the policy of secrecy which has prevailed in so 
many instances— and that the selection of topics will be largely 
determined by the availability of an appropriate author. The 
difficulty likely to be encountered in securing a good monograph 
dealing w ith a specific manufacture inclines the Board to the 
belief that it might well give preferencejto monographs dealing

> T h i s  J o u r n a l ,  IS (1920), 84.

with general operations, such as drying, roasting, grinding, 
mixing, filtration, etc., until these unit operations, which con­
stitute the elements of technologic chemical processes, have 
been fairly well covered. Among the topics already suggested 
as desirable, the following may be mentioned: industrial hydro­
gen, corrosion of metals, resistant alloys, water softening, pyrom- 
etry, liquefaction of gases, catalytic and electrolytic oxidation 
and reduction of organic compounds. In all cases it  is proposed 
that the manuscript, before it is accepted for publication, shall 
be reviewed by at least one man who is thoroughly conversant 
with the particular topic.

It  is hoped that a definite program m ay be formulated within 
the next two months, so that the books m ay begin to appear in 
the fall. In the meantime the Board invites the membership 
of the S o c ie ty  to cooperate by favoring it  w ith comments and 
suggestions, particularly with specific suggestions of desirable 
topics and competent authors. All correspondence relative 
to the technologic series should be addressed to John Johnston, 
Yale University, New Haven, Conn.

T H E  A. C. S. N EW S SERVICE R EPO R T

The remarkable interest and cooperation which the press 
of the United States has shown in the work of the A. C. S. 
News Service of the A m erican  C h em ical S o c ie ty  are indi­
cated in the analysis of the newspaper clippings which we re­
ceived in the last year.

There were issued in 1919, 35 bulletins, from which 893 clip­
pings were received, as compared with the 54 bulletins issued 
in 1918, from which 455 clippings resulted. The space occu­
pied by the clippings received in 1919 amounts to 7,768 inches 
as compared with the 3,319 inches of the previous year. 
These returns indicate only in a  general w ay the extent to which 
the Service has been received, as there is no method by which 
an absolute check can be made on the volume of publicity of 
this character.

The Service now supplies popular information on chemistry 
to 650 newspapers and magazines, for in August of last year 
the publicity list was practically doubled. Of the newspapers 
in the United States, 205 print our bulletins with the regularity 
of clockwork, while others select from time to time those which 
are of special interest in their localities.

The most significant development of last year wTas in connec­
tion with the meetings of the S o cie ty . As the two meetings 
of the year constitute the most important news points with which 
our Service has to deal, an effort was made to bring them es­
pecially to the attention of the press. The Cleveland meeting, 
held in the fall of 1918, had practically no publicity— possibly 
not more than 10 or 15 notices in all. Although our resources 
did not permit a full program in connection with the Buffalo 
meeting, held in 1919, we obtained a limited amount of notice 
for that gathering in American newspapers. The Buffalo papers 
printed 67 news items concerning the spring meeting of 1919, 
and 35 appeared in other newspapers throughout the United 
States.

The fall meeting of 1919, held in Philadelphia, gave an oppor­
tunity to test the value of a national publicity program— the 
first ever undertaken b y  this S o cie ty . This was possible 
through the enterprise of the Philadelphia Section, which paid 
the entire expenses. The Associated Press, the United Press, 
the International News Service, the Western Newspaper 
Union and various agencies cooperated with the A. C. S. News 
Service in distribution. The result was that every newspaper 
of importance in the United States gave adequate reports, 
and 20 publications sent special representatives to cover the 
meeting. A  press room was established a t the Hotel Bellevue- 
Stratford and every facility was placed at the disposition of 
reporters and correspondents. The matter distributed there 
was equal in words to 30 of our weekly bulletins.
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A preliminary publicity campaign of six weeks, undertaken to 
stimulate the interest of the American people, reached its climax 
on the first of September 1919. The clipping book now in the 
possession of the Philadelphia Section shows 700 notices of the 
meeting of last autumn, exclusive of those obtained from the 
regular bulletins.

Success of the pre-publicity has caused the Director of the 
Service to continue the policy of having an extensive advance 
campaign.

Another important development of the A. C. S. News Ser­
vice was the cooperation which it received from the local sec­
tions. The secretaries of a number of the sections have been 
in close touch with the newspapers of their localities, and from 
that policy has developed important auxiliary publicity. The 
clippings containing accounts of meetings of local sections form 
very gratifying evidence of the increased popular interest in 
chemistry which has been stimulated by this means throughout 
the United States.

In addition to the bulletins and other matter, clip sheets were 
sent out in 1919 for the first time, on which were important 
articles from the Journal of Industrial and Engineering Chem­
istry and also its editorials. The ten sheets mailed were well 
received by the newspapers— so much so as to lead us to extend 
this Service iii 1920 by re-writing some of the articles into popu­
lar form, and making a general revision of the clip sheet along 
newspaper lines.

In view of the progress made by the A. C. S. News Service, 
the Directors decided to increase the appropriation made for 
the year 1919; to generally increase the facilities; and to pro­
vide for systematic programs covering the spring and fall meetings.

The policy of national publicity inaugurated at the Philadel­
phia meeting in September 1919 will be continued and de­
veloped at the New Y ork office, with the assistance of the local 
sections.

EXPLAINS D A N G ER  OF W O O D  A LCO H O L1

D r .  R e i d  H u n t ,  E m in e n t  A m e r ic a n  A u t h o r i t y  o n  E f f e c t s  o p  A l c o h o l ,  
S h o w s  D i f f i c u l t i e s  o p  D e t e c t i n g  P o i s o n  D r i n k  a n d  E x p l a i n s  

F a c t s  c o n c e r n i n g  I t U n k n o w n  t o  t h e  G e n e r a l  
P u b l i c

N e w  Y o r k , D ecem ber 31, 1919— Facts concerning the dan­
gers of wood alcohol which are scarcely known to the general 
public were given to-day by  Dr. Reid Hunt, a leading American 
authority on the effects of alcohol, whose researches in this line 
are regarded as having been more extensive than have those 
of any other American scientist.

Dr. Hunt is the head of the Department of Pharmacology 
of the Medical School of Harvard University, was formerly at 
Johns Hopkins, and several years ago was chief of the Division 
of Pharmacology of the United States Health Service, in which 
position he advised the Government in the regulation of the sale 
of drugs, poisons, and intoxicating liquors. He is the author 
of the standard work, “ Studies in Experimental Alcoholism.”  
A t  the request of the A m e r ic a n  C h e m ic a l  S o c i e t y ,  of which 
he is a member, Dr. H unt prepared a bulletin on wood alcohol. 
To-day this was given out for publication.

"W ood alcohol,”  writes Dr. Hunt, "has become known as the 
American poison on account of the frequency with which cases 
of poisoning have been traced to it in the United States. De­
spite this fact, there is still a lack of appreciation of its dangers 
and of an understanding of its nature. It  is on this account 
that I  am glad to comply with the request of the A m e r ic a n  
C h e m ic a l  S o c i e t y  to prepare this bulletin. The misconception 
of the dangers of wood alcohol evidently exists not only among 
those who drink or sell ‘alcoholic’ beverages of unknown origin,

1 A. C. S. News Service Bulletin issued to the press for release on Jan­
uary 1, 1920.

The bulletins will be increased so that, besides a general one 
each week, there will be also issued, from time to time, special 
bulletins applying to definite parts of the country or of interest 
to groups of newspapers and magazines.

As some of the newspapers have already availed themselves 
of our offer to advise them on the scientific accuracy of articles 
on chemistry in advance of publication, we shall extend this 
method of serving them for the coming year.

From small beginnings the Publicity Service of the A m e r ic a n  
C h e m ic a l  S o c i e t y  has now grown to large proportions and is 
recognized by the journalistic world as a valuable source of news 
and information.

J o iin  W a l k e r  H a r r in g t o n ,
N e w  Y o r k ,  n .  y .  Technical Manager

January 1, 1920

R O CH ESTE R  SECTION , AM ERICAN  CH EM ICAL SO C IE T Y

A t a recent meeting of the Rochester Section, at which 
Secretary C. L. Parsons was present, the local membership 
committee had made a careful canvass of the chemists around 
Rochester and presented to the Secretary at one time forty-two 
new members. M ost of these new members were present at 
the time their names were read, and the Secretary signed their 
applications as each one stood up in the audience.

CALEN DAR OF M EE TIN G S 

American Ceramic Society— Annual Meeting, Hotel Bellevue- 
Stratford, Philadelphia, Pa., February 23 to 26, 1920. 

American Electrochemical Society— Spring Meeting, Boston, 
Mass., April 8 to 10, 1920.

American Chemical Society— Fifty-ninth Meeting, Hotel Stat- 
ler, St. Louis, M o., April 12 to 17, 1920.

but also to those who prepare drinks containing wood alcohol 
for sale and perhaps also to those who sell wood alcohol to the 
latter class. N o other explanation of the recent accidents is 
thinkable; for, however sordid the motives and however reck­
less of human life the manufacturers of spurious 'alcoholic' 
beverages m ay be, it is unreasonable to suppose that anyone 
would knowingly incur the legal and other responsibilities for 
such a wholesale slaughter as has recently taken place.”

p o p u l a r  m is c o n c e p t io n s

“ Among the misconceptions prevalent,”  said Dr. Hunt, "the 
following m ay be mentioned:

"M an y consumers and perhaps some of those who sell such 
drinks seem to think that wood alcohol has such characteristic 
properties that its presence can be readily detected by the odor 
or taste. On the other hand, those who make such drinks know 
that this is not the case, but believe either that the poisonous 
action has been exaggerated or that the chances of detection are 
relatively slight.

"M oreover, testimony was offered in a court a number of 
years ago to the effect that the manufacturers of flavoring ex­
tracts had been approached by dealers in wood alcohol and urged 
to make their preparations with it. The fact that already at 
that time the bottles bore the label ‘poison’ was explained as a 
ruse to prevent the Government from placing an internal rev­
enue tax upon wood alcohol.

“ I t  cannot be too strongly emphasized,”  he added, "th at 
there is not a single property of wood alcohol, except its poison­
ous effects, by which anyone but a chemist can distinguish be­
tween purified wood and ordinary or ‘grain’ alcohol. The ap­
pearance, odor, and taste of the two are so strikingly alike, 
that even chemists w'ho have had much experience with them 
are unable by these properties to distinguish between them with 
certainty. The difficulty is, of course, greatly increased when 
essences, flavors or coloring matters are added, as is the case 
in the spurious drinks now being offered for sale. N ot only can 
the consumer, however great his familiarity with alcoholic 
beverages may be, not trust his own judgment in this m atter

NOTES AND CORRESPONDENCE
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but he cannot trust the judgment of an experienced bar or saloon 
keeper.

HOW WOOD ALCOHOL POISONS 
' “Now, as regards the question of the poisonous properties of 

wood alcohol,”  added the expert:
" I t  is inconceivable that any ordinarily intelligent person 

can now be in doubt on this subject, in view of the hundreds of 
cases of death and blindness resulting from its use. Tw enty 
years ago when such cases first began to be reported there was 
some reason for a little uncertainty on this subject, not only 
on the part of the public, but of chemists and of those physicians 
who were not familiar with certain pharmacological experiments 
on dogs. The odor, taste, and other properties of pure wood 
alcohol are so like those of ordinary alcohol that chemists were 
inclined to attribute the bad effects from the former to the 
presence of impurities in the commercial samples. But none 
of the impurities in the latter are as poisonous or cause the same 
effects as the absolutely pure wood alcohol itself.

"Pharmacologists, moreover, from experiments on dogs, had, 
years before, shown that the action of wood alcohol upon the 
animal organism is fundamentally different from that of ordinary 
alcohol. This difference may be briefly summarized. When 
ordinary alcohol is taken into the body it is rapidly converted 
into water and carbonic acid gas which are harmless substances, 
always present in the body, and any excess of which is. promptly 
eliminated by the kidneys and lungs. Wood alcohol, on the 
other hand, instead of being changed into harmless substances 
which are easily eliminated, remains in the body as such for a 
considerable time and is then slowly converted into another 
poison— formic acid— the acid which is found in ants. These 
poisons and perhaps a third formed from the wood alcohol, 
formaldehyde, attack the brain and other organs and cause death 
or blindness.

"Poisonousness is an inherent quality of wood alcohol," 
continued Dr. Hunt. " I t  is as impossible to prepare non- 
poisonous wood alcohol as it is to prepare nonpoisonous prussic 
add.

h o w  m u c h  i s  a  f a t a l  e o s e  
"Individuals vary considerably in their susceptibility to wood 

alcohol; some die or become blind from amounts which seem to 
do no harm to others. This is true, however, of all poisons. 
Death or blindness has resulted from two-teaspoonfuls and from 
one or two tablespoonfuls of the poison. Sixty to seventy-five 
per cent of those taking four ounces, that is, a quarter of a pint 
or half a ‘glassful,’ have died or become permanently blind. 
That wood alcohol is properly placed in the list of ‘deadly 
poisons’ is evident from the fact that the mortality from arsenic 
poisoning is only fifty to seventy-five per cent and that from 
bichloride of mercury even less. Of a group of 130 men who 
drank a mixture of wood and grain alcohol all but 32 died or 
became blind.

" A t  the present time when the manufacture and sale of genuine 
alcoholic beverages are illegal the only safe course to pursue is to 
refrain from buying, drinking, or dealing in anything purporting 
to be such a beverage.— [Bulletin 251]

an d in purification of water (other than small glass laboratory 
stills), the person for whom such still is made will be required 
to  submit to the Collector evidence under oath showing that 
the still is not to be used for the production of spirits and setting 
forth specifically the actual purposes for which it is to be used.

* * * *
All stills set up, whether intended for use or not, must be 

registered with the Collector of the district on Form 26 in dupli­
cate. This applies to all stills of whatever size or for whatever 
purpose intended, whether for distillation of spirits or for pharma­
ceutical or other purposes, except as to small glass laboratory 
stills.

Copies of Form 26 may be obtained from the Collector of 
Internal Revenue for the district in which the stills are to be 
set up, and instructions will be given as to filling out such forms. 
Failure to register such still or distilling apparatus will be a 
violation of Section 3258 R . S.

EXTRACT F R O M  TH E FEDERAL LAW  RELATIN G  T O  T H E  
REM O VAL OF TH E “ CO U N TRY OF O R IG IN ”

FR O M  IM PO R TED  ARTICLES
U n i t e d  S t a t e s  T a r i m  A c t  o f  1 9 1 3 , Sec. 4 , P a h .  F, S u b s e c t i o n  2 

If any person shall fraudulently violate any of the provisions 
of this act relating to the marking, stamping, branding, or label­
ing of any imported articles or packages; or shall fraudulently 
deface, destroy, remove, alter, or obliterate any such marks, 
stamps, brands, or labels with intent to conceal the information 
given by or contained in such marks, stamps, brands, or labels, 
he shall upon conviction be fined in any sum not exceeding 
$5,000, or be imprisoned for any time not exceeding one year or 
both.

R E G ISTR ATIO N  OF STILLS

A  question has been raised as to whether the law requiring 
registration of stills applies to distilling apparatus used in chem­
ical work.

A  notice issued by the Commissioner of Internal Revenue 
reads in part as follows:

To Collectors of Internal Revenue, Revenue Agents, and Others 
Concerned:

* * * * All persons, firms or corporations thus manu­
facturing a still or worm to be used in distilling are deemed 
manufacturers of stills. This applies to all stills capable of the 
production of distilled spirits but does not apply to small labora­
tory stills (usually glass) for legitimate laboratory purposes, 
or to water stills which are not capable of and intended for the 
production of distilled spirits. Ordinarily, laboratory stills 
are small, constructed of glass, and not adapted to the produc­
tion of distilled spirits in commercial quantities, and many 
water stills are also of such construction that they are not 
adapted to the commercial production of distilled spirits.

A ny stills or worms adapted to the production of distilled 
spirits for commercial or beverage purposes are presumed to be 
intended for such use. * * * In order to remove such pre­
sumption in the case of stills and worms intended to be used in 
the manufacture of essential oils, vinegar, and like products,

D ISA PPEAR A N CE OF DR. ARTH U R L ACH M AN

T h e d isap p ea ran ce , on  D ecem ber 1 1 , 1 9 1 9 , of D r. 
A rth u r  L ach m an , of S an  F rancisco , w as n o te d  in  th e  
la s t n u m b er of T h i s  J o u r n a l .  T h e  causes suggested  
are  foul p la y  or te m p o ra ry  dem en tia .

T h e  accom pany ing  d esc rip tio n  an d  p h o to g ra p h  
are p r in te d  here in  th e  hope of develop ing  som e clue.

A d d r e s s :  358 Holbrook Building, 
San Francisco, Cal.— Sutter 4653; 
143-14th Avenue— Pacific 3926. 

H e i g h t :  5 ft. 7 in.
W e ig h t : 170  lb s .
C o m p le x io n :  Fair 
E y e s :  Light blue 
H a ir :  Very bald— gray. Reddish

mustache, turning gray
G l a s s e s :  Wore eye glasses 
C l o t h i n g :  Gray-green suit, small 

pla d
Black v id  kid shoes 
Dark gray, knee-length overcoat 
Dark fedora hat 

E xpects: Pipe; curve cut old
English tobacco 

Illinois watch
Black silk vest chain, initial 

slide, letter "L” set in pearls 
Gold cuff buttons each set in 

one diamond and one ruby 
A r t h u r  L a c h m a n  "Lefax" memorandum book

ADVANCED W O R K  FO R  H IG H  SCH O O L CH E M IST R Y 
TEACH ERS

Editor of the Journal of Industrial and Engineering Chemistry: 
From time to time articles have appeared in various chemical 

journals advocating more thorough training for men in chemical 
professions. A  great deal has been said about chemists doing 
advanced work and in a number of instances provision has been
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made whereby men with certain companies have been provided 
with means for development along research lines.

I feel that something should be said in regard to the teachers 
of chemistry in the various high schools over our country. A 
university professor of national reputation made the remark 
a t a scientific meeting not long ago that some of the best ma­
terial available for replenishing the staffs of various universi­
ties was to be found in the men who are teaching in the high 
schools. If this is the case, why not give these men a chance 
to earn a doctor’s degree, which is now required to hold a posi­
tion with most, if not all, of the foremost colleges and universi­
ties? Men in high schools who are heads of departments, espe­
cially in large cities, receive salaries ranging from $3,000 to $4,000 
per year of 10 mos. In  most cases they have their bachelor’s 
and master’s degrees, have done graduate work beyond this, 
and very often keep in touch with the chemistry department 
of some good university.

These men would like to go on and obtain the doctor’s degree, 
but such a thing is impossible under present conditions, unless 
the applicant for the degree resigns his position in his school 
and spends a year or more a t the university. Some compensa­
tion indeed may be obtained by instructing part time and de­
voting the remaining time to the problem at hand, but they 
have assumed responsibilities for which such compensation is 
inadequate, and few are going to relinquish salaries of $3,000 
a year and spend $2,000 more per year to keep their families, in 
order to obtain the degree.

W hy not offer some alternative? Permit them to use their 
spare time during the academic year in their own laboratories 
on some assigned problem, especially where library and labora­
tory facilities are quite complete, and then have them come to 
the university during the summer to continue the work and so 
on for the following years until all requirements for the degree 
are fulfilled. This suggestion, if followed, would eliminate 
some of the longer graduate courses, but certainly not all of the 
graduate courses.

If this, or some other plan, be adopted it  would enable these 
men to go into college or university work when the degree was 
obtained, and there is no reason to believe that they would fall 
short of what is expected of them. When, in this way, they 
have become eligible for positions in a university a t a salary 
even somewhat less than they are now receiving, the university 
would be able to replenish its corps with experienced teachers, 
instead of graduate students with no teaching experience. It 
is not necessary, however, that these men go into university 
work. T hey may remain where they are. I t  is a well-known 
fact that a great deal of research work has been done in other 
countries by men in secondary schools. L et it  be so in this 
country. A ll that is needed is a little encouragement.

Personally, I  feel that the time is coming when universities 
will make provision for these science men. When they do it 
certainly will stimulate every red-blooded man to put forth 
the best that is in him and will open a field rich in scientific 
workers which a t prssent is practically inactive.

S o l d a n  H ig h  S c h o o l

St. L o u is ,  M o. W . R . TEETERS
January 5, 1920

T H E  Q UESTION OF T H E  ID E N T IT Y OF BALATA AND 
G U M  CH ICLE

Editor of the Journal of Industrial and Engineering Chemistry: 
W ith reference to m y paper on "Industrial and Agricultural 

Chemistry in British Guiana, w ith a Review of the W ork of Prof. 
J. B. Harrison”  [This J o u rn a l, i i  (1919), 874], I have received 
several inquiries as to balata and whether or not it is the same 
substance as gum chicle. M y  impression had always been that

the two substances were derived from different trees but to be 
certain I referred the query to Professor Harrison, who writes 
as follows:

Bajata and true gum chicle are not identical. Y our im­
pression that they are derived from different trees, the Mimusops 
balata and the Sapota zapotilla, respectively, is correct. But 
quite recently an export trade has arisen from Venezuela in 
w hat the Creoles call "white hya-hya”  and the Venezuelans 
term "white balata,”  the impissated latex of the "m ilk”  tree. 
This is being used either directly as chewing gum or else as an 
adulterant of chicle. The latex of certain ficus trees termed 
locally douchalliballi and kumatraballi is probably also being 
used^as adulterants of chicle.

Balata~and gum chicle are treated as synonymous terms in 
the Decennial Index of Chemical Abstracts, but as pointed out 
by  Professor Harrison the two substances are not identical and 
they should, therefore, have been treated in the Index under 
separate headings.

C . A. B r o w n e
N e w  Y o r k  S u g a r  T r a d e  L a b o r a t o r y , I n c .

8 0  S o u t h  S t r e e t , N e w  Y o r k , N .  Y .
January 6 , 1920

PLATIN U M  TH EFT

On M onday morning, December 22, 1919, it was discovered 
that the vault of the Department of Agricultural Chemistry at 
the University of Missouri had been entered and the entire 
stock of platinum crucibles, amounting to some 2500 g., had 
been taken. The following list is a fairly accurate inventory 
of the material taken:

Grama
IS plain crucibles  ............................................................'j
6 J. Lawrence Sm ith crucibles.................... ........................ > 780.38

11 Gooch crucibles......................................................................J
27 dishes.........................................................................................  1212.72
Foil.................................................................................................... 26
W ire.......................................................................................................... ..

5 small, flat, sugar dishes......................................................  77
17 Gooch crucible caps.............................................................. 41 .5
6 small caps................................................................................. 10.5

21 seamless filter cones............................................................. 73
18 covers for crucibles...............................................................  96
6 covers for dishes......................'.............................................  43
2 spatulas........   ................        12.5
2 spoons................................................................................   6 .5

Scrap .................................................. .................................  22 .2

FIR E CAUSED B Y  YE L LO W  PH O SP H O R U S

In the rubbish from a fire which occurred in the chemical 
stock shelves of the Organic Research Laboratory, a can was 
found partly filled with yellow phosphorus. This had been in 
stock for approximately five years. The cover had been forced 
open about one-sixteenth of an inch, and the bottom had numer­
ous pinholes. Presumably these had been formed by corrosion 
w ith the result that the water leaked out very slowly. A  slow 
oxidation of the phosphorus then took place, becoming more 
rapid as the temperature rose. Finally sufficient pressure was 
developed to force open the cover and the phosphorus then burst 
into flames. A  close watch should be kept on stocks of yellow 
phosphorus in cans, or else the contents transferred to glass bot­
tles and covered with water, the bottles then being securely 
stoppered. The manufacturers should attem pt to find some 
better method of packing the substance.

H a r r y  L e B. G r a y
O r o a n ic  R e s e a r c h  L a b o r a t o r y  

E a s t m a n  K o d a k  C o m p a n y , R o c h e s t e r ,  N. Y.
December 23 ,1919
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RESEARCH  ON M ETALLO -O RG AN IC CO M PO U N D S AT 
N O RTH W ESTER N  U N IVERSITY

Northwestern University’s Departm ent of Chemistry has re­
ceived a grant of $3,500 from the Interdepartmental Social 
Hygiene Fund of the United States Government. This fund is 
for the purpose of supporting research leading to the develop­
ment of new metallo-organic compounds which may prove of

The middle of January finds the fight in the Senate over the 
protection of the American dye and coal-tar chemical industry 
still unsettled. The Longworth dye bill which was passed by the 
House and which will serve as the basis for whatever measure 
the Senate passes, is before the subcommittee of the Senate 
Finance Committee, which has not yet agreed as to just what 
shall be the provisions of the measure it finally will frame.

Members of the committee say they probably will have a 
measure ready for the Senate within the next fortnight. A 
meeting of the dyes subcommittee will be called some time 
next week to  consider the measure in the light of hearings which 
have been held, and a report is expected soon thereafter.

Faced w ith a strong opposition from some members of the 
Senate to the licensing system as embodied in the Long-worth 
bill, the dye men have drafted a substitute for this section and 
the licensing system, as such, is discarded. The committee 
now has before it this substitute; another offered ostensibly 
b y  John P. Wood, of Philadelphia, one of the leading opponents 
of the Longworth bill both before the House and Senate com­
mittees, and other tentative suggestions from various quarters. 
These two are the most important and from them probably will 
come the measure which the committee will decide on.

The substitute which was drawn up by a committee of the 
American Dyes Institute and submitted to the committee by 
Joseph H. Choate, Jr., counsel, provides in brief:

T hat the United States Tariff Commission shall prepare two lists, one 
list of dyes and coal-tar chemicals covered by the act, to be known as the 
importable list, and a second to be known as the conditionally importable 
list. Products not on either of these lists could not be imported. The 
provisions would remain in effect for a period of ten years.

The proposed substitute, as submitted to the committee, 
follows:

Sec 503. (a) During 10 years after the taking effect of this act,
no product covered by the dutiable list in Section 500 hereof which is manu­
factured in the United States in quantity sufficient to  meet the demand for 
domestic consumption, and in quality substantially equal to  the standard 
for such product, prevailing in the industry on August 1, 1914, and no  
product having substantial usefulness only as a substitute for a product 
so manufactured in the United States, shall be admitted to import. All 
questions of fact as to which of such products are entitled to admission to  
import shall be determined by the United States Tariff Commission as 
hereinafter provided.

The said Tariff Commission shall forthwith proceed to prepare after 
investigation, a list to  be known as the importable list of such products 
as may be found by it  to fulfill the above requirements for admission to  
import. The said list shall be revised from time to time, and except as 
hereinafter provided no product not named thereon shall be adm itted to  
import.

Before any of the products named on said list shall be admitted to  
entry, the importer shall file with the Tariff Commission a notice containing 
sworn statem ents by the importer that the proposed import is either for 
current use or consumption by him and will not, either alone or in con­
junction with previous notice, or any other supply from whatever source 
derived, suffice to  provide him with a quantity greater than his actual 
requirements for such current use or consumption for the ensuing six months, 
or that the proposed import is desired in order to fill an actual bona fide 
order from a named domestic consumer for such consumer’s like current 
use or consumption, in which event there shall be annexed to the notice 
proof by affidavit of such consumer that the proposed import will not either 
alone or in conjunction with previous orders or any other supply from what­
ever source derived, suffice to provide him with a quantity in excess of his 
actual requirements for such current use or consumption for the ensuing 
six months. Said sworn statem ent of the importer shall also state the 
name, chemical identification, skength  and quantity of the proposed im­
port, together with the name of the port of entry at which it  is to  be brought 
in. A copy of such notice shall be transmitted by the commission to the 
collector of said port, and no import shall be admitted to  entry unless found 
to  correspond with such notice. The collectors of all ports shall promptly

therapeutic value in the treatment of syphilis of the central 
nervous system.

A  plan of cooperation has been worked out between the Uni­
versities of Wisconsin, Minnesota, Illinois, and Northwestern, 
whereby all pharmacological work will be done by the first-named 
institution and the synthesis of new compounds by Minnesota, 
Illinois, and Northwestern in cooperation.

notify the Commission of the admission of all such imports. The phrase 
"use or consumption” as used herein shall, in the case of products cus­
tomarily used for medical or photographic purposes only, include sale for 
such purposes only. The Commission may suspend, pending investigation 
by it, the operation of any notice which may appear to it  to be calculated 
to  provide any consumer with a supply of any product in excess of his 
actual requirement for current use of consumption during six months after 
the date of such notice. If upon such investigation the Commission shall 
determine that any such notice covers any such excess, it shall forthwith 
cancel the said notice and notify the person by whom the same was filed.

When at any tim e the Commission shall find that notices received by it, 
of which copies have been transmitted to the collectors, cover a quantity 
of any product sufficient in the aggregate to constitute an excess over cur­
rent consumption equal to  a six-months’ supply for the ordinary require­
ments of such product for domestic consumption, no copies of notices 
covering such product shall be transmitted to the collectors until the com­
mission shall determine that the unused quantity of such product in the 
United States is less than such six months’ supply. The Commission shall 
promptly notify of such action all persons who have filed notices the 
operation of which is thus suspended

The Commission shall also prepare a second list to  be known as the 
conditionally, importable list comprising all products which, while mainly 
useful as substitutes for dom estic products, have special uses for which a 
domestic equivalent is not available. The said conditionally importable 
list shall state opposite the name of each product the special uses. Any 
product named in such list may be imported, subject to  the conditions 
hereinbefore provided, when and only when the notice covering the pro­
posed import contains a sworn statem ent by an actual consumer that the 
proposed import will be used by him solely for one or more of the special 
uses stated in said list for said product.

N otices received by the Commission shall not be open to public in­
spection.

If at any tim e complaint shall be made of the Tariff Commission that 
the price of any dom estic product covered by the dutiable list of Section 500, 
of this act, is unreasonably high, the Commission shall investigate and if upon 
such investigation the Commission shall, after a hearing, determine that such 
price is sufficient to yield an unreasonable profit to every dom estic manu­
facturer, it  shall place such product on the importable list during the con­
tinuance of such unreasonable prices. Two weeks’ notice of such determi* 
nation shall be given all domestic manufacturers of such product known 
to  the Commission before such product shall be placed on the importable 
list.

Notwithstanding anything herein contained, any product covered by  
this act may be imported and stored in a United States bonded warehouse. 
N o product so imported shall be released from such bonded warehouse or 
admitted to entry except as hereinbefore provided.

Sec. 503. (6) The United States Tariff Commission in executing the
duties imposed upon it  by this act may regulate its own practice and pro­
cedure, but shall so regulate the same as to prevent all avoidable delay.

Sec. 503. (c) Any product covered by Section 500 of this act, which
shall be imported into the United States or any of its possessions, other­
wise than as provided herein, shall be forfeited and shall be destroyed  
whenever and wherever found.

Sec. 503. (d) Any person subject to the jurisdiction of the United
States who shall, either as principal or as accessor, import or attem pt to  
import or aid in importing any product covered by Section 500 of this act, 
otherwise than as herein provided, or who in making any sworn statem ent 
required by this act shall willfully misstate or misrepresent any facts shall 
be fined not exceeding $5,000 or the value of such product at the tim e of 
importation, whichever shall be greater, or shall be imprisoned for not more 
than one year» or both.

Sec. 504. Except as otherwise herein specially provided, this act shall 
take effect on the day following its passage.

Committee members who have expressed themselves as being 
opposed to the licensing system agree that the substitute quoted 
above is an improvement, and some have expressed the opinion 
that with modifications this will be written into the bill in place 
of the licensing provision. Objection is found to the length

WASHINGTON LETTER
B y J. B. M c D o n n i î m . ,  Union Trust Building, W ashington, D .  C.
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of time— ten years— it is proposed to continue the law in effect. 
This very probably will be reduced.

Another objection which has been raised is that under its 
provisions American manufacturers m ay be exporting products 
which consumers are not permitted to import. Some dissatis­
faction has been expressed with the six-months' supply pro­
vision, also.

An attempt to forecast just what the committee will do is 
futile. Frankly, members of the committee do not know them­
selves. The plan offered by John P. Wood has found some
favor. This is not actually M r. W ood’s plan but was drawn 
up by an official of the Tariff Commission. As first drafted
it was rather lengthy and when submitted to one of the influ­
ential members of the committee it was. suggested that it be 
rewritten, much of the lengthy definitions contained in it elimi­
nated, and the proposal be boiled down.

This was done and the plan was submitted to the committee 
b y  M r. Wood at the hearings which were reopened for a day on 
January 12.

The products of any firm or individual who engaged in full 
line forcing, tying contracts, or unfair competition, could be 
prohibited from import by the customs officials under this plan. 
The first paragraph is as follows:

Sec. 504. Whenever it shall appear to the satisfaction of the United 
States Tariff Commission (a) that any person is commonly and system a­
tically importing, selling, or causing to be imported and sold any products 
enumerated in Section 500 of this act under any agreement, understanding, 
or conditions that any persons shall not use, purchase, or deal in, or shall 
lie*restricted in his using, purchasing, or dealing in such products of any 
persons, or (6) that any person is guilty of any other unfair method of com­
petition in importation of products enumerated in Section 500 of this act, 
said Commission shall certify that fact to  the Secretary of the Treasury, 
and entry into the United States shall thereupon be refused to any such 
products, sold, shipped, consigned, or manufactured by such person: P r o ­
v i d e d ,  That such act or acts shall be done with the intent, tendency, or 
result of destroying or injuring any industry in the United States or of 
preventing the establishment of an industry in the United States or of 
restraining or monopolizing trade and commerce in the United States.

The substitute amendment offered by the dyes committee 
aims to prevent the possibility of harm being done to the Ameri­
can coal-tar chemical industry by restricting imports. That 
offered by the Tariff Commission through Mr. Wood is designed 
to  punish those who do harm to the industry. The former 
anticipates and moves to prevent; the latter waits until harm is 
done and then seeks to punish.

These two proposed amendments were discussed at the brief 
hearing held by the committee on January 12, a t which Mr. 
Choate testified for the dye industry; while Mr. Wood, Herman 
A . M etz, and several other consumers and importers also were 
present.

On January 1, 1920, The Norvell Chemical Corporation of 
Perth Amboy, N. J., was incorporated in Delaware with 
an authorized capital of S i,000,000 of preferred stock and 20,000 
shares of common stock, no par value. The company has 
taken over from McKesson & Robbins, Inc., property near 
Perth Amboy, N. J., consisting of 350 acres of land and a 
number of factory buildings, and will operate the plant, supply­
ing the medical profession and the drug trade with pharmaceu­
tical chemicals and the industries with chemicals useful in the 
manufacture of a variety of products. The company has a 
staff of highly trained chemists for research work. A t a stock­
holders’ meeting the following directors and officers were 
elected: President, Donald M cKesson; Vice President and
Treasurer, Saunders Norvell; Second Vice President, Francis J. 
M cDonough; Secretary, William S. Gray, Jr.; Assistant Trea­
surer and Assistant Secretary, James J. Crawford; General 
Manager, George Simon.

T he Bureau of the M int and the Geological Survey have 
issued the following preliminary estimate of the production of 
gold and silver in the United States during the calendar year 
1919: Gold, 2,829,395 oz., valued at $58,488,800; silver, 55,- 
285,196 oz., valued at $61,966,412. These figures, compared 
w ith those for 1918, show a reduction in the output of gold of 
$10,157,900, and in that of silver of 12,524,943 oz. ¡compared 
w ith those for 1917 they show a reduction in gold of $25,261,900, 
and in silver of 16,455,166 oz.

Platinum and gold worth $75,000 were stolen on December 
28, 1919, from the plant of the Roessler &  Hasslacher Chemical 
Co., Perth Amboy, N . J. Burglars drilled the safe.

The Tariff Commission discusses the various methods of 
protecting the industry which have been suggested in a report 
on the Longworth bill which it has submitted to the Senate 
Finance Committee. This report deals with administrative 
difficulties foreseen if some of the proposals before the com­
mittee are enacted and seeks to perfect them, urging the wisdom 
of Congress fixing "the governing rules”  so that the administra­
tive body enforcing the law will not be required to initiate poli­
cies.

Attention also is directed to "the exceedingly complex adminis­
trative problems connected with undertaking to determine, as 
the bill requires, w hat will be reasonable terms as to priccs, 
quality and delivery of domestic dyes, in the absence of which 
the importation of foreign dyes may be licensed.”  The report 
deals largely with the licensing system, and many of the diffi­
culties pointed to in it are removed in the substitute offered 
through M r. Choate. The report suggests:

I t is further suggested that the proposed legislation does not at present 
take account of the fact that many licenses which may be granted by the 
license authority may be rendered inoperative through the control of nu­
merous German patents, sold by the Alien Property Custodian during the 
war to the Grasselli Chemical Company, of Cleveland, Ohio, and to the 
Chemical Foundation. The Tariff Commission suggests that Congress 
may find it possible before enacting the legislation to secure from these 
corporations binding agreements to issue licenses under their patents, w ith­
out discrimination and at definitely stated rates, to  all recipients of import 
licenses.

Francis P. Garvan, president of the Chemical Foundation, Inc., 
told your correspondent that the Foundation would immediately 
comply with any request which m ay be made of it along this 
line, when informed of the suggestion of the Tariff Commission.

The measure for the protection of the dye and coal-tar chemi­
cal industry which seems most likely to be decided on by the 
committee a t this time, is a compromise between the two sub­
stitutes. The dye industry is having a harder fight in the 
Senate than in the House. It  needs a Longworth in the Senate. 
W hat the outcome will be is still a secret of the future.

While some members of Congress have expressed opposition 
to the proposal to establish the Chemical W arfare Service as a 
separate unit of the W ar Department, the m ajority sentiment 
among committee members who have the reorganization meas­
ures in charge, seems to be in favor of such a proposal, rec­
ognizing the extreme importance of this branch in future warfare.

Reports reaching here from abroad state that the German 
chemical trust is taking steps to double its capital. Belief is 
expressed in England, it  is said, that in spite of all difficulties, 
Germany is in better position as regards this industry than ever 
before.

January 15, 1920

The Director of Sales of the W ar Department has announced 
that the Ordnance Department Salvage Board, through the 
District Office, 1107 Broadway, New York City, is offering 
for sale land, buildings, and equipment of the sulfuric acid plant 
at M ount Union, Pa. The plant consists of two brick build­
ings and several frame buildings, and the land comprises 2o'/i 
acres. Among the facilities are 784 yards of railroad siding, 
1,887 ft- ° f  8-in. water main, sewers, electric lights, and roads. 
The equipment includes 4 improved rotary burners, 2 sulfur 
elevators, 4 Boston type gas pumps, and a ioo-ton, 50-foot Howe 
truck scale, all ready for immediate shipment.

A  test case brought by the United States Department of 
Agriculture against the Monsanto Chemical Works for shipping 
saccharin has ended in a disagreement of the jury. The case 
has been pending since 1916. The Monsanto Chemical Works 
requested another trial immediately, but the government a t­
torneys refused to try  the case again until the next term of 
court, some months from now.

The Engineering Experiment Station of the University of 
Illinois has sixteen research graduate assistantships open to 
graduates of approved universities and technical schools for 
research work in engineering, physics, and applied chemistry. 
Appointment must be accepted for two consecutive collegiate 
years, at the end of which the M aster of Science degree will be 
conferred if all requirements have been met. Assistantships 
carry $500 stipends and are free from all fees except matricula­
tion and diploma fees. Application must be made to the Direc­
tor not later than the first day of March, to become effective 
the following September.

INDUSTRIAL NOTES



Announcement has just been made of a contribution of 
$S,ooo,ooo by tHe Carnegie Corporation of New Y ork for. the 
use of the National Academ y of Science and the N ational R e­
search Council. A  part of the fund will be used for erecting in 
Was! ington a home for the two beneficiary organizations. The 
remainder will be placed in the hands of the Academy, which 
possesses a federal charter, to  be used as a permanent endow­
ment for the National Research Council.

The Bureau of Chemistry of the U. S. Department of A g­
riculture has announced the production of malt sugar sirup on a 
commercial scale as a substitute for sugar. Both the raw ma­
terials and the machinery formerly used in the manufacture of 
beer can now be used for the production of malt sugar sirup, 
and up to a certain point the process is the same. M alt sugar 
sirup has a flavor very like honey and can be used wherever 
cane sugar is used.

The Journal of Commerce reports the development in England 
of a new process for the extraction of commercial alcohol, which 
though still in the experimental stage, is said to be a perfect 
motor spirit. Ethylene, alcohol and derivatives have been 
extracted from coke oven gas by the sulfuric acid contact process 
on a commercial scale, at the Skinningrove Iron and Steel 
Works, giving an average yield of 1.6 gallons of alcohol per ton 
of coal carbonized. According to calculations, all the coal re­
duced to coke in England in 1918 would have produced over
23,000,000 gallons of alcohol, had this process been applied.

The United States Civil Service Commission announces a 
competitive examination for research chemist for work in con­
nection with iron and steel or refractories and gases, at a salary 
of $2,200 to $2,500. Applications must be filed with Civil Ser­
vice Commission, Washington, D. C., by February 10, 1920.

The United States Civil Service Commission announces an ex­
amination for pyrotechnic engineer at a salary of $2,400 to $3,600. 
Applicants must have graduated in mechanical, electrical, or 
chemical engineering from a college of recognized standing 
and have at least one year’s experience in engineering and avia­
tion work. Applications must be filed with the Civil Service 
Commission, Washington, D. C., by  February 17, 1920.

The Duane Sugar Refining Co., of Connecticut, recently 
incorporated with capital stock of $500,000, has bought the plant 
at Waterside, Conn., formerly occupied by the Synthetic Color 
Company and later by  the Edgewood Arsenal, and will equip 
a sugar refinery for the Stollwerck Company and allied industries.

New trade names have arisen for vat dyes in England. The 
vat dyes of British Dyes, Ltd., are called chloranthrene colors; 
those of Levinstein, Ltd., duranthrene colors; those of L. B. Holli­
day & Co., hydranthrene colors; while Scottish Dyes, Ltd., 
has affixed the name of caledon to its products.

Among the corporations recently formed for the production of 
chemical products are the following: Egyptian Chemical Co., 
Boston, Mass., capital $90,000; Shawinigan Products Corpora­
tion, M anhattan, capital $200,000— carbide, acetic add and 
chemicals; California Chemical Co., Dover, Del., capital 
$1,000,000; Dura Chemical Co., Philadelphia, Pa., capital ■ 
$100,000— dyestuffs and chemicals; Exidol Laboratories, Inc., 
Dover, Del., capital $100,000; The Yardley Chemical Corpora­
tion, Manhattan, capital $450,000.

During the first nine months of 1919 about 40,400 oz. of 
platinum were imported. According to James M . Hill, of the 
United States Geological Survey, Department of the Interior, 
there seems to be little hope of any marked increase i » the output 
of platinum in the United States or Canada over the small 
output heretofore made.

The Iowa Corn Products Company has been reorganized with 
an initial capital of $1,000,000, which will be increased, and has 
effected a permanent organization with the following officers: 
President, O. J. Meredith; Vice President, A. N . Higgins; 
Treasurer, F. T . Fogarty; Secretary, R. B. McConologue. T . 
C. Cessni will be chairman of the board of directors.

In its third annual report submitted to Congress with the close 
of 1919 the United States Tariff Commission outlines the work 
of the Commission on acids dutiable under paragraph 1 of the 
tariff act of 1913, as well as the raw materials from which such 
acids are made, and several closely allied commodities which are 
duitable under other paragraphs. This report will soon be 
available for distribution. The list includes formic, oxalic, 
citric, tannic, gallic, pyrogallic, and tartaric acids, which present 
tariff problems of a most varied character. In several cases 
there were notable developments of the industry in the United 
States during the war. This was particularly true with reference 
to formic, oxalic, and gallic acids. These acids, formerly secured 
almost entirely from Germany, are now being made in the 
United States in substantial amounts.
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The dye plant of the National Aniline and Chemical Co., 
located on Jamaica Bay, Brooklyn, N . Y ., has been trans- 
fen-ed to a new corporation, and will hereafter be known as the 
Hilwalkal Corporation. This property was formerly the plant 
of the W . Becker Aniline and D ye Works, and the Beckers 
Company.

The Atlantic Dyestuffs Company has purchased the L. H . 
Shattuck Company’s shipyard at Portsmouth, N . H., and also  
considerable of the equipment and material that was in the yard, 
and will use the site for a plant for the manufacture of dyes. 
The yard comprises twelve shipways and covers about 100 acres, 
with a waterfront of about 2,000 ft. along the Piscataqua 
River, four and a half miles upstream from Portsmouth, N. H.

The General Chemical Co., New York, has purchased the 
Western Chemical Co., of Denver, Colorado. The capitaliza­
tion of the Western Chemical Company is $2,000,000.

T he experimental paper mill of Arthur D. Little, Inc., Cam ­
bridge, Mass., is working on the commercial production of acid- 
washed filter paper for quantitative chemical analysis, which 
was formerly imported. The mill will be able to meet the entire 
American demand with the highest quality product. F or some 
time the mill has been demonstrating the paper-making quality 
of linters and cotton hull fiber which were used for smokeless 
powder during the war.

The suit in the U. S. District Court against the Cassett Bros. 
Company to enjoin them from selling salvarsan, brought by  the 
Chemical Foundation, Inc., the Dermatological Research 
Laboratories, the Takamine Laboratories, the Diarsenol Com pany, 
and the H. A . M etz Laboratories, is to be dropped on the under­
standing that the Cassett Bros. Company w ill discontinue the sale.

The Butterworth-Judson Corporation announces that it has 
under construction new plants for the production of Gamma 
acid, H acid and J acid, and that preparations are being made to  
market a great many colors of this line as soon as the intermediate 
plants have been completed. The research department has 
also been doing considerable work on cyanthrol.

The W ar Trade Board Section of the Department of State has 
announced that general import license P B F  No. 37, W ar Trade 
Board Ruling 837, issued December 1, 1919, has been revised 
and extended, effective January 10, 1920, so as to permit the 
importation thereunder without individual import licenses, 
of salvarsan, neosalvarsan, arsphenamine and all substitutes 
therefor and equivalents thereof, and narcotics, from all coun­
tries, excepting those parts of Russia under control of th6 
Bolshevik authorities. The W ar Trade Board Section has ex­
tended to February 15, 1920, the time during which applications 
for Allocation Certificates allowing the importation of German 
dyes will be considered.

The M arentay Varnish Company has been organized at Detroit, 
Mich., with $150,000 capital, to manufacture and sell varnishes; 
chemicals, and paints.

The Sherwin-Williams Com pany have moved their general 
sales and executive departments from 116 W est 32d Street to  
larger quarters at 115 Broadway, New Y o rk  City.

The Northwestern Turpentine Company is to extract rosin 
by  a new process from a tract of Douglas fir timber of 160 acres, 
near Disston, Oregon.

The Chemical Foundation, Inc., has recently issued tw o  
pamphlets, one describing the present status of vat dye patents 
held by the Foundation, the other covering metallurgical patents. 
These pamphlets may be secured at a price of 30 cents each by 
addressing the Chemical Foundation, Inc., 81 Fulton St., N ew 
Y ork City.

The General Chemical Co., 25 Broad St., New York, and the 
Solvay Process Co., of Syracuse, N . Y ., have organized the 
Atmospheric Nitrogen Corporation, for the development of 
nitrogen fixation, with $5,000,000 capital. According to R. L. 
Pierce, president of the Solvay Process Co., it is contemplated 
to erect a development plant at Syracuse, N. Y ., at an approxi­
mate cost of $1,000,000. The following officers have been 
elected: E. L. Pierce, president; A. W. Hudson, treasurer; 
Ernest Jones, secretary; directors —  M r. Pierce, H. H. S. H andy, 
E. L. Miller, W . H. Nichols, Jr., Henry Wigglesworth, and 
Harold Otis.

The Shipping Board has invited proposals to furnish 18,-
900,000 to 28,000,000 barrels of fuel oil at domestic ports for 
the year beginning April 1920. This is twice the amount con­
sumed during 1919. Bids will close February 9, 1920.
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PERSONAL NOTES
Dr. R. C. Maclaurin, president of the Massachusetts Institute 

of Technology since 1908, an eminent scientist, lawyer, and 
executive, died at his home in Cambridge, Mass., January 15, 
o f pneumonia.

M r. Oscar Evard Collenberg, docent in the University of 
Upsala, has been elected as successor to the late Professor 
Farup in the Norges Techniske Hoiskole.

According to a recent announcement, the following changes 
have been made in the personnel of the chemical laboratory at 
Frankford Arsenal: M r. Louis Hendler has been promoted 
to the position of chief chemist-in-charge of the chemical re­
search work; M r. George A. Miller, Jr., has been appointed 
metallurgist-in-charge of the metallurgical work, and M r. H. C. 
Pritham, who was formerly with the explosives section of the 
Ordnance Department at Washington, D. C., has been retained 
as explosives chemist-in-charge of explosives and primer inves­
tigation.

M r. George D . McLaughlin has resigned his position as chief 
■chemist of Kullman, Salz &  Co., tanners, of Benicia and San 
Francisco, Calif., to do research work in colloid chemistry, 
under Dr. M artin H. Fischer, at the University of Cincinnati, 
■Cincinnati, Ohio.

M r. Paul O. Powers, formerly with the A tlantic Dyestuff 
Co. of Burrage, Mass., where he was employed after being 
■discharged from the Chemical Warfare Service, is now in the 
.azo department of the U. S. Color and Chemical Co., of Ash­
land, Mass.

M r. R. E. Andrew, formerly First Lieutenant in the Sanitary 
Corps, food and nutrition section, U. S. A., A. E . F., recently 

jo ined the staff of the Connecticut Agricultural Experiment 
Station, New Haven, Conn., as assistant chemist in the food 
and drug laboratory.

M r. Charles H. Chandler has accepted the position of special 
investigational chemist for the Preston and Banes B ay Divisions 

•of the United Fruit Company, in connection with their cane 
•sugar factories and plantations. M r. Chandler is located at 
Preston, Oriente, Cuba.

According to a recent announcement in the New York Com­
mercial, M r. A. H. Jacoby has been appointed, a t the instance

• of officials in the W ar Trade Board Section of the State D e­
partment, as technical adviser on dyes and pharmaceutical

• chemicals to the organization committee of the Reparations 
•Committee at Paris. M r. Jacoby will sail at once and remain 
.abroad for about three months. He will represent this country
in the distribution of the German dyes to  be allocated to the 
United States.

M r. A. A. Bissiri, formerly in the research department of 
Parke, D avis & Co., Detroit, M ich., has accepted the position 

-of superintendent of the Guasti Chemical Co., Los Angeles, Cal.
Dr. Arthur R. Hitch, formerly chief chemist for the Ashland 

Iron and Mining Co., Ashland, K y ., is now research chemist 
with the E . I. du Pont de Nemours & Co., at their Jackson 
Laboratories, Wilmington, Del.

Drs. E. V. McCollum, L. B. Mendel, John R. Murlin, Alonzo 
Taylor, Geo. H . A. Clowes, Lawrence J. Henderson, S. C. 
Prescott, W. D. Bancroft, and C. E. M endenhall have been ap­
pointed by the National Research Council as members of an 
Advisory Board for the American Institute of Baking at Minne- 

; apolis, Minn. I t  will be the purpose of this Board to advise 
.an d  direct the problems of the Institute and to work with it 

in solving the fundamental problems which are concerned with 
baking fermentology, and with the production of bread that 
satisfies every need of human nutrition.

M r. James G. Vail, chemical director of the Philadelphia 
Quartz Co., has been called to Europe under the direction of 
M r. Herbert Hoover to assist in the distribution of food supplied 
by the Allied Relief Association European Children’s Fund. 
He sailed for Germany last November and plans to be gone 
until the harvest of the 1920 German crops, returning to his 
duties with Philadelphia Quartz Co., probably in August 1920.

M r. Lawrence R. Taylor and M r. Harry E. Bishop have re­
signed from the staff of the State Board of Health Laboratories 

. a t Indianapolis, Indiana. M r. Taylor has accepted the posi­
tion as director of scientific work for the French Lick Springs 
Hotel Co., French Lick, Ind., while M r. Bishop will do special 
research work in the laboratory of the National Association 

- of the Manufacturers of Glass Containers, at Chicago.

A  Chemists’ Club has been organized by the members of the 
Chicago Section of the A m e r ic a n  C h e m ic a l  S o c i e t y  for the 
purpose of having a place for chemists where science is not the 
only topic discussed and where they can get together for friendly 
visits, and where chemists from other cities can be entertained. 
The following officers have been elected: Wm. Hoskins, presi­
dent; Frank M . DeBeers, first vice president; W . Lee Lewis, 
second vice president; Chas. C. Kawin, treasurer; and Paul 
Van Cleef, secretary. Trustees elected are as follows: H. O.
Baker, E. F. Buchanan, R. E . Doolittle, Otto Eisenscliiml, 
L. V . Redman, and F. W . Willard. The headquarters of the 
Club are at 315 Plymouth Court, Chicago.

According to a recent announcement the chemists and en­
gineers of Savannah, Ga., have organized a  Chemists’ and En­
gineers’ Club, with headquarters at 23 East Gordon St., 
Savannah. The officers of this club are as follows: M r. J. H.
Allen, president; Dr. V. H. Bassett, vice president; M r. Baldwin 
Bridger, secretary, and M r. P. M cG . Shuey, treasurer. This 
club gives a cordial welcome to all visiting chemists, engineers, 
and technical men.

Dr. C. von Egloffstein, expert food chemist and pioneer in the 
malt extract business, passed away December 5, 1919, after a 
prolonged illness. Dr. von Egloffstein was for the past twelve 
years in the employ of the American Diam alt Co., of Cincinnati, 
Ohio. Previous to 1907, he was with the M alt Diastase Co., of 
Brooklyn, N. Y ., and from 1887 to 1897 he was with the Maltine 
M fg. Co., of Brooklyn. Dr. von Egloffstein was always a very 
interested member of the S o c i e t y ,  being a member of the New 
York Section from 1890 to 1907, when he transferred to the 
Cincinnati Section.

M r. William L. Long recently left the employ of Swan-Myers, 
of Indianapolis, Ind., where he was employed as bacteriologist, 
and has secured a position as chemist with the H. K . Mulford 
Co., of Philadelphia, Pa.

Dr. Charles S. Palmer, formerly of the Mellon Institute, 
Pittsburgh, has joined the United Fuel Gas Co., Charleston, W. 
Va., as chief chemist.

M r. John G. M cLeod, Jr., has become research chemist in the 
Technical Service Department of the Brompton Pulp and 
Paper Co., Ltd., East Angus, Quebec, Canada.

Prof. Herbert Spencer Woods, assistant in the depart­
ment of physiology, pharmacology and biochemistry of Baylor 
University, College of Medicine, Dallas, Texas, died January 
4, 1919, following an operation. Professor Woods received the 
A .B . and A .M . degrees at the University of Missouri. He will 
be remembered for work done with the late Waldemar Koch 
on the quantitative estimation of the lecithins and other work 
done at various agricultural experiment stations of the United 
States.

M r. J. E. Toomer, formerly research chemist with the Chino 
Copper Co., Hurley, N. M ., has accepted a position as chief 
chemist with the Morris Fertilizer Co., Atlanta, Georgia.

M r. C. Luther M asser has resigned as instructor of chemistry 
at Philadelphia Textile School, Philadelphia, Pa., to accept a 
position as supervising chemist with the New Y ork Quinine 
and Chemical Works, Brooklyn, N . Y .

Capt. W . E. Brophy, formerly of the Barrett Co., and later 
of the Chemical Warfare Service, U. S. A., Lieut. Robert F. 
LaBarron, formerly of the U. S. Field Artillery, and M r. Chester
G. Gilbert, economic geologist and mining engineer, formerly 
of the Smithsonian Institution, have joined the engineering 
staff of Arthur D. Little, Inc., Cambridge, Mass.

M r. E. H. Leslie has resigned his position as assistant to the 
vice president and general manager of the U. S. Industrial 
Alcohol Co., New York, N . Y ., and has accepted a position as 
associate professor of chemical engineering in the University of 
Michigan, Ann Arbor, Michigan.

M r. H. P. Zeller, formerly superintendent of the By-Product 
Coke Plant, of the Toledo Furnace Co., Toledo, Ohio, and later 
working in the Ordnance Department on the production of 
toluol, has for the past year been vice president and general 
manager of the Donner Union Coke Corp., Buffalo, N. Y .

Dr. Allerton S. Cushman will deliver the 1920 course under 
the Westbrook Foundation at the Wagner Free Institute of 
Science in Philadelphia. The lectures, four in number, on 
"Chem istry and Civilization,”  will be on successive Saturday 
evenings, beginning early in March. The lectures are freely 
open to the public.
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GOVERNMENT PUBLICATIONS
B y R . S. M cB ride, Bureau of Standards, Washington

N O TICE— 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 Departm ent from which 
they originate. Commerce Reports are received by all large 
libraries and m ay be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Departm ent of Commerce, Washington. The regu­
lar subscription rate for these Commerce Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

GEOLOGICAL SUR V EY

Gradations from Continental to M arine Conditions of D e­
position in Central Montana during the Eagle and Judith River 
Epochs. C. F . B o w e n .  Professional Paper 125-B. Shorter 
contributions to General Geology, 1919. n  pp. Issued Octo­
ber 20, 1919.

Geology and Ground W aters of the W estern Part of San 
Diego County, California. A. J. E l l i s  a n d  C. H. L e e . W ater 
Supply Paper 446. 321 pp. Paper, $1.00. This was prepared
iu cooperation with the Department of Engineering of the State 
of California and the C ity  of San Diego.

Slate in 1918. G. F. L o u g h l i n  a n d  A. T . C o o n s .  Separate 
from Mineral Resources of the United States, 1918, Part II. 
16 pp. Issued October 23, 1919.

The value of the slate sold by  the slate quarryinen of the 
United States in 1918 was $4,038,770. This shows a decrease 
of 30 per cent ($1,711,196) from the value for 19,17. The total 
values for these two years cannot reasonably be compared, as 
the figures for 1918 do not include a considerable value of out­
put for slate granules for patent roofing, which was used in large 
quantities in the construction of the government and other 
buildings necessitated by the war. Figures of slate granule 
production in 1918 are withheld so as not to disclose confiden­
tial information. T he only slate product that showed increase 
in value in 1918 was mill stock, although the quantity sold 
showed a decrease.

Antimony in 1918. H. G. F e r g u s o n .  Separate fr o m  M in­
eral Resources of the United States, 1918, Part I. 25 pp. 
Issued October 18, 1919.

T he United States is dependent upon three classes of material 
as sources of antimony or its alloys or compounds. (1) A n­
timony ore is imported from China (direct or via Japan), Bolivia 
(via Chile and Peru), and Mexico, and small quantities of ore 
are produced in the western United States. (2) Liquated anti­
mony sulfide, also known as "crude antimony,”  "needle 
antimony,” and antimony matte, is imported in small quantity 
from China. This material is produced by submitting the ores 
of the natural antimony sulfide, stibnite, to a red heat suffi­
cient to melt but not to decompose it, and the metallic sulfide 
is then run into molds and allowed to cool. (3) M etallic anti­
mony, known as antimony regulus, is imported from China, 
Japan, and Mexico, and during the war was produced in small 
quantity in the United States from both foreign and domestic 
ores. The metallic antimony imported from Japan is derived 
mainly from the refining of Chinese ore or "crude.”  A  fourth 
class of material which should also be mentioned is antimonial 
lead, carrying from 12 to 18 per cent of antimony. A ny of the 
three classes of materials noted above m ay enter into this prod­
uct, but it  is derived mainly from lead ores, most of them of 
the antimonial variety.

Domestic producers could not make a profit at the prices 
prevailing in 1918 and only about 190 tons of ore, containing

about 50 tons of antimony, were mined. The antimony smelters 
continued production from imported ores until November, when 
all production of metallic antimony was temporarily suspended.

M ost of the producers of antimony ore report that a price of 
20 to 25 cents a pound for metal would be required to give ore 
prices sufficient to make the mining of domestic antimony ore 
profitable at the cost prevailing in 1918. It  is probable, how­
ever, that antimony mining could be undertaken if there was 
assurance that a price of 16 or 17 cents would be continued over 
a considerable period, and according to one operator assurance 
of a steady price of 11 or 12 cents a pound would encourage 
production.

There is no reason to expect that prices of antimony will 
increase greatly during 1919, unless there should be a greatly 
increased tariff on antimony and antimony ores, as a surplus 
of antimony seems to be the condition over the entire world.

A n t im o n y  O r e P r o d u c e d  i n  t h e  U n it e d  S t a t e s , 1 9 1 5 -1 9 1 8

M e ta l
O re C o n te n t

Y e a r (S h o r t  to n s) (S h o r t  to n s )

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

M e t a l l ic A n t im o n y P r o d u c e d a t  S m e l t e r s  i n  t h e U n it e d  S t a t e s

1917 a n d  1918

F r o m F r o m
D o m e s t ic  O res F o r e ig n  O res

Y e a r (S h o r t  to n s ) (S h o r t  to n s )

1 9 1 7 . ................. 25 8 2 ,1 8 2
1918 ................. 127 2 ,4 9 0

B y - P r o d u c t  A n t im o n ia l  L e a d P r o d u c e d  i n  t h e  U n it e d  S t a t e s  p r o m

B o t h  F o r e ig n  a n d D o m e s t ic  O r e s , 1 9 1 6 -1 9 1 8

G ross A n tim o n y V a lu e  o f
W e ig h t C o n te n t A n t im o n y

Y e a r (S h o r t  to n s )  (S h o r t  to n s ) C o n te n ts '

1 9 1 6 . . 2 4 ,0 3 8 3 ,4 9 6 $ 1 ,7 7 5 ,9 6 8
1917 . 18 ,6 4 6 2 ,7 5 9 1 ,1 4 2 ,2 2 6
1 9 1 8 . . 1 8 ,5 7 0 2 ,5 6 6 6 4 6 ,6 3 2

1 Calculated on basis of average yearly price of 25.4 cents a pound, or 
$508 a short ton, in 1916, of 20.7 cents a pound, or $414 a short ton, in  
1917, and of 12.6 cents a pound, or $252 a short ton, in 1918, for ordi­
nary grades in the New York market.

A n t i m o n y  C o n t e n t  o p  S e c o n d a r y  A l l o y s  R e c o v e r e d  f r o m  O l d  A l ~ 
l o y s , S c r a p , a n d  D r o s s , 1913-1918 

Quantity
Y e a r  (Short tons) Value1

191 3......................................... 2,705 $401,963
191 4......................................... 2,646 444,844
191 5......................................... 3,102 1,811,568
191 6......................................... 4,480 2,270,016
191 7......................................... 4,961 2,061,700
191 8......................................... 5,183 . 1,306,116

1 Values calculated at average yearly price for ordinary brands of anti' 
mony as published by the Am erican M cial Market.

Fuller’s Earth in 1918. J. M iddleton. Separate from M in­
eral Resources of the United States, 1918, Part II. 6 pp. 
Issued August 27, 1919.

There was a remarkable activity in the fullers’ earth industry 
in 1918. Domestic fuller’s earth is used chiefly in refining 
petroleum, and, as a result of the increase in the production 
of petroleum, the quantity, value, and average price per ton of 
fuller's earth sold in 1918 were b y  far the largest ever recorded 
by the United States Geological Survey, the increase in quan­
tity  being 11,901 short tons, or 16 per cent, and in value $374,267, 
or 48 per cent, compared with 1917. Although the demand was. 
good, the conditions of labor, fuel, and transportation tended 
to restrict the output. The imports, on the other hand, o n
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account of the scarcity of bottoms and of the increase in ocean 
freights, declined 4,387 tons, or 26 per cent. The value of 
imported fuller’s earth (reported as at the foreign port of ship­
ment) decreased $10,882, or 6 per cent. T he apparent con­
sumption— production plus imports— increased from 89,561 
short tons in 1917 to 97,075 tons in 1918, an increase of 7,514 
tons, or 8 per cent. On this basis the domestic production 
formed 87 per cent of the consumption in 1918, against 81 per 
per cent in 1917. Exports of fuller’s earth, if any, were not 
separately classified.

Deposits of M anganese Ore in N ew M exico. E . J. J o n e s .  
Bulletin 710-B. Contributions to Economic Geology, 1919,
P a r t i .  24 pp. Issued October 21, 1919.

The total production in New Mexico of ores containing 35 
per cent or more of manganese to December 31, 1918, was ap­
proximately 5,500 tons. A  few deposits in the state are 
capable of yielding several thousand tons each of high-grade ore, 
but most of the deposits are small, containing from a few tons 
to several hundred tons each of high-grade ore. In view of 
the scanty developments on most of the deposits a close esti­
mate of the ore reserves is not possible. The ores were shipped 
to furnaces in Chicago and other furnaces east of the Mississippi 
River. The minimum freight rate to Chicago is about $8 a 
long ton; the charges for mining and wagon transportation are 
high, and even at the high prices for manganese ores that pre­
vailed during the summer of 1918 little profit was made.

BU R EA U  OF ST A N D A RD S

A Comparison of the H eat Insulating Properties of Some of 
the M aterials Used in Fire-Resistive Construction. W . A. 
H u l l .  Technologic Paper 130. 40 pp. Paper, 10 cents.
Issued November 12, 1919.

An Apparatus for M easuring the Relative W ear of Sole 
Leathers, and the Results Obtained with Leather from Different 
Parts of a H ide. R. W . H a r t  a n d  R. C. B o w k e r .  T ech­
nologic Paper 147. 10 pp. Paper, 5 cents. Issued November
22, 1918.

Location of Flaws in Rifie-Barrel Steel by M agnetic Analysis. 
R . L. S a n f o r d  a n d  W . B. K o u w e n h o v e n .  Scientific Paper 
343. 12 pp. Paper, 5 cents. Issued October 3, 1919.

COM MERCE R E PO R T S— DECEM BER 1 9 1 9

Arrangements have been made in England for the distribution 
of the dyestuffs and chemical drugs to be furnished by Germany 
in accordance with the Peace Treaty. (P. 1219)

A  plan has been proposed in England for charging consumers 
of gas for heat units furnished as computed from the volume of 
gas delivered, and its average calorific value. (P. 1333)

Government ownership of all the larger electrical power 
plants and transmission lines is being considered in Germany. 
(P. 1369)

T he location and character of a large number of chrome ore 
mines in Asia Minor are described. (Pp. 1486-92)

The nitrogen fixation plants a t Merseberg, Germany, are 
being enlarged to produce 300,000 tons of fixed nitrogen an­
nually. (P. 1507)

Three large modern cement plants are now in operation in 
India. (Pp. 1526-8)

Among the important materials for the paint industry pro­
duced in Ireland are linseed oil, barytes, ochers, umbers, red 
oxide (obtained from iron sulfate produced by the oxidation of 
pyritiferous shales), white lead, zinc white, gypsum, and whiting. 
(PP. 1570- 2)

T he indications are that the use of fuel oil will be greatly in­
creased by Great Britain, especially for vessels. Efforts are 
being made to increase the oil output of the British Empire, 
especially in India, Trinidad, Egypt, and Canada. A t present

the British Empire furnishes only 2.5 per cent of the world’s 
petroleum. (Pp. 1572, 1751-9)

Owing to the shortage of petroleum in Siberia, many sub­
stitutes are being used, such as wood distillation products for 
lighting, and coal tar for fuel. (P. 1581)

Among the key industries listed in the proposed Import and 
Export Regulation Bill in Great Britain, and for which im­
portation will be permitted only under license, are: Coal-tar
dyes and intermediates, synthetic drugs, chemicals and per­
fumes, analytical reagents and fine chemicals, optical glass, 
scientific glassware, illuminating glassware, laboratory porcelain, 
scientific and optical instruments, potassium compounds, tung­
sten and' its alloys, zinc oxide and lithopone, arc lamp carbons 
and electrodes, magnetos and magnets, and gauges. (Pp. 
1633-8)

A  description is given of the tungsten industry of China. 
A t present there is almost complete stagnation, due to reduced 
demands since the armistice. (P. 1657)

In a review of the oil and fat industry of Germany, it is pointed 
out that large importations will be necessary. Germany will 
prefer to import raw materials and press the oil in Germany; 
but there will be increased difficulty in obtaining foreign raw 
materials, due to the increased development of the oil milling 
industry in other countries, especially Japan and the United 
States. Efforts to obtain oil substitutes for the manufacture 
of soap, candles, and linoleum have not been successful. (Pp. 
1687-9)

The vegetable oil industry of the Netherlands is described in 
detail. The oils produced are used largely in the margarine 
industry, the linseed oil in the paint and varnish industry, 
and other oils in soaps, candles, etc. The oil cake is used as 
cattle food in dairy farming. The principal oil seeds imported are 
almonds, copra, linseed, palm nuts, rape seed, peanuts, and soy 
beans. (Pp. 1780-91)

S p e c i a l  S u p p le m e n t s  I s s u e d  d u r i n g  t h e  M o n t h  
F r a n c e — 56 a n d  c U n i t e d  K in g d o m — 19g a n d  h
I t a l y — 8 c C a n a d a — 23 b
N o r w a y — 106 G u ia n a — 44c
S p a in — 15/ J a p a n — 55 a

S t a t i s t i c s  o f  
H a n k o w ,  C h in a — (P.

1514)
Antimony 
Egg albumin 
Gall nuts 
Hides
Soy bean oil 
Cottonseed oil 
Sesame seed oil 
Tea oil 
Wood oil 
N ut oil
Potassium sulfate
Rhubarb
Tallow

F r a n c e — Sup. 5 6  and 
5c

Calcium tartrate
Glue
Hides
Essential oils 
Paper
Photographic goods 
Sodium formate 
Copper matte 
Artificial silk

B i r m i n g h a m ,  E n g ­
l a n d — Sup. 196 

Precipitated chalk 
Ammonium carbonate 
Ammonium chloride 
Sulfur
Sodium bicarbonate
Diamond dust
Gelatin
Glass
Glue
Iridium
Chrome yellow
Indian red
Varnish
Artificial silk
Silver-plated ware
Soap u  Qg

E x p o r t s  t o  t h e  U n i t e d  
I t a l y — S u p .8c 
Citric acid 
Cork 
Essences 
I,icorice 
M annite 
Olive oil 
Hides 
Sumac 
Crude tartar 
Glue 
Graphite 
Pumice 
Talc

S p a in — Sup. 15/
Garnets
Iron ore
Beeswax
Aconite
Ergot
Licorice
Calcium tartrate
Potash
Thymol
Gelatin
Glue
Hides
Olive oil
Red oxide of iron 
Paper stock

B r it i s h  G u ia n a —
Sup.44c  

Balata 
Bauxite 
Coconut oil 
Copra 
Gold 
Hides
J a p a n — S u p .5 5 a  
Aluminum leaf ' 
Antimony 
Bronze 
Celluloid

S t a t e s  
Agar-agar 
Camphor 
Caffeine 
Cutch extract 
Sodium cyanide 
Dextrin 
Gambier 
Glycerin 
Gum arabic 
G utta jelutong 
Iodine 
Menthol 
Creosote oil 
Fusel oil 
Phosphorus 
Potassium salts 
Quinine 
Licorice 
Shellac
Sodium potassium  

(carbonate) 
Sulfur
Paraffin wax 
Vegetable wax 
Zinc oxide 
Copper
Graphite crucibles
Soap fats
Fertilizers
Glass
Gold leaf
Hides
Rubber
Iridium
M atches
Fish oil
Vegetable oils
Manganese ore
Molybdenum ore
Tungsten ore
Paper
Platinum
Graphite
Porcelain
Oil seeds
Tin
Zinc dust
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NEW PUBLICATIONS
B y  C l a r a  M . G u p p y , Librarian, Mellon Institute of Industrial Research, Pittsburgh

Boiler Feed Water: A Concise Handbook of Water for Boiler Feeding  
Purposes. P. G. J a c k s o n . 12mo. 102 pp. Price, $2.00. J .  B.
Lippincott Co., Philadelphia.

Carbohydrates: The Simple Carbohydrates and the Glucosides. E. F. 
A r m s t r o n g . 3rd Ed. 8vo. 239 pp. Price, $4.00. Longmans, Green 
& Co., New York.

Catalysis in Industrial Chemistry. G. G. H b n d b r s o n . 202 pp. Price, 
$3.00. Longmans, Green & Co., New York.

Chemical Industries of France: L’Essor des Industries Chimiques en 
France. Ressources et Avenir de ces Industries. E u g iS n b  G r a n d -  
m o u g in .  2 n d  Ed. Revised and Enlarged. 3 2 8  p p . Price, 16 fr.50. 
H. D u n o d ,  Paris.

Chemistry: Cours de Chimie. R. D e F o r c r a n d . 2 Vol. 2nd Ed. 8vo. 
z Price, Vol. 1, 14 fr. Vol. 2, 18 fr. Gauthier-Villars e t Cie, Paris. 
Chemistry: Creative Chemistry; Descriptive of Recent Achievem ents in 

the Chemical Industries. E. E. S l o s s o n . 8vo. 311 pp. Price, 
$2.50. Century Co., N ew  York.

Chemistry: Handbook of Chemistry and Physics. H o d g m a n , C o o l b a u g h , 
a n d  S b n s e m a n . 7th Ed. 533 pp. Price, $2.50. Chemical Rubber 
C o . ,  Cleveland, O h io .

Chemistry from the Industrial Standpoint P . C. T h o r n e .  8 v o . 2 6 0  pp.
Price, 4s. 6d. Hodder & Stoughton, London.

Colloidal Chemistry and Its General and Industrial Applications. 2nd 
Report. B r i t i s h  A s s o c i a t i o n  f o r  t h e  A d v a n c e m e n t  o f  S c i e n c e . 
172 pp. Price, Is. 6d , British Association for the Advancement of 
Science, London.

Enzyme Action, Nature of. W . M . B a y l i s s .  4th Ed. 8vo. 1 90 p p .
Price, $2.50. Longmans, Green & Co., New York.

Explosives: Manufacture and Testing of Military Explosives. J. A. M a r ­
s h a l l .  8vo. 2 5 7  p p . Price, $ 3 .0 0 . McGraw-Hill Book Co., New  
York.

H eat and H eat Engines, Text-Book of. A n d r e w  J a m i e s o n . 18th Ed.
Revised by E. S. A n d r e w s . 12mo. Vol. 1. 551 pp. Price, $3.00. 

/  J. B. Lippincott Co., Philadelphia.
Industrial Research, Outlook for Research and Invention. N . M . H o p ­

k i n s . 256 pp. Price, $2.00. D . Van Nostrand Co., New York. 
Leather Chemistry: Practical Leather Chemistry; A Handbook of Lab­

oratory N otes and M ethods for the Use of Students and Works Chem­
ists. A r t h u r  H a r v e y . 8 v o . 207 pp. Price, 15s. C. Lockwood & 
Son, London.

Metallography: Principles of Metallography. R. S. W i l l i a m s . 8 v o .
155 pp. Price, $2.00. McGraw-Hill Book Co., N ew  York.

Mineral Industry, 1918. Edited  by G. A. R o u s h . Vol. 27. 8vo. 937 
pp. Price, $10.00. McGraw-Hill Book Co., New York.

Minerals and Ores of the Rarer Elem ents, Analysis of; For Analytical 
Chemists, M etallurgists and Advanced Students. W .  R. S c h o e l l e r  
a n d  A. R. P o w e l l . 8vo. 239 pp. P r i c e ,  $5.00. J. B. Lippincott 
& Co., Philadelphia.

Ore Analysis: Technical M ethods of Ore Analysis. A. H. Low. 8th Ed. 
Revised and Enlarged. 8vo. 388 pp. Price, $3.25. John W iley & 
Sons, Inc., New York.

Organic Chemistry: Handbuch der Organischen Chemie. F. K. B e i l-  
s t e i n . 4th Ed. 982 pp. Price, $15.00. G. E. Stechert & Co., New  
York.

Physical and Chemical Constants: Tables of Physical and Chemical Con­
stants and Some Mathematical Functions. G. W . C. K a y e  a n d  T. H .  
L a b y . 3rd Ed. 8vo. 153 pp. Price, $2.50. Longmans, Green & 
Co., New York.

Physical Chemistry: Lecture Demonstrations in Physical Chemistry.
H. S. V a n  K l o o s t e r . 196 pp. Price, $2.00. The Chemical Pub. Co., 
Easton, Pa.

Physiological Chemistry: Laboratory Manual of Physiological Chemistry. 
E. W. R o c k w o o d . 4th Ed. Revised and Enlarged. 12mo. 316 pp.
Price, $2.00. F . A. Davis Co., Philadelphia.

Steel: Forge-Practice and H eat Treatment of Steel. J. L. B a c o n . 3rd 
Ed. Revised and Enlarged by E. R . M a r k h a m . 12mo. 418 pp.
John W iley & Sons, Inc., New York.

Stereo-Chemistry. A. W. S t e w a r t .  2nd Ed. 8vo. 277 pp. Price, 
$4,00. Longmans, Green & Co., New York.

Strength of M aterials. A r t h u r  M o r l e y . 5th Ed. 8vo. 555 pp.
Price, $5.40. Longmans, Green & Co., New York.

Tim ber, Its Strength, Seasoning and Grading. H. S .  B e t t s . 234 pp. 
McGraw-Hill Book Co., New York.

R ECEN T JOU RNAL ARTICLES

Alcohol as a Motor Fuel. J. J. M e i g h s . Chemical Age, Vol. 1 (1919), 
No. 6, pp. 265-268.

Asphaltum: Determination of the Softening Point of Asphaltum and Other 
Plastic Substances. D . F . T w iss a n d  E. A. M u r p h y . Journal o f the 
Society o f Chemical Industry, Vol. 38 (1919), N o. 23, pp. 405/-406/.

Black-Lead Pencils and Their Pigm ents in Writing. C . A. M i t c h e l l .  
Journal o f the Society o f Chemical Industry, Vol. 38 (1919), No. 22, pp. 
383f-391*.

Chemical Engineering: Some Developments in Chemical Engineering. 
A. E . M a r s h a l l .  Chemical Age, Vol. 1 (1919), No. 6 , pp. 261-264.

Dyestuff’s Industry: Some Aspects of the Establishm ent of the American
Dyestuffs Industry. T . H. N o r t o n .  Chemical Age, Vol. 1 (1919),
N o .  6, pp. 235-240

Flotation: Use of Naphthylamine and Xylidine in Flotation. E. H. R o b i e . 
Engineering and M in ing  Journal, Vol. 108 (1919), No. 18, pp. 730-732.

Food Chemistry: Work of the Chemist in the Food Industries; A Summary 
of the Development of Chemical Control in the Manufacture of Food. 
L. M . T o lm a n .  Chemical Age, Vol. 1 (1919), No. 6 , pp. 241-245.

Forest Products Laboratory; A Government Institution Serving the Pub­
lic Both Directly and through Valuable Data Furnished to Engineers, 
Architects and Industrial Concerns. Chemical and Metallurgical E n ­
gineering, Vol. 21 (1919), No. 15, pp. 757-764.

Gasoline a s Motor Fuel. E . W. D e a n .  Chemical Age, Vol. 1 (1919),
No. 7, p. 292.

Leather Dyeing. L. G . H a y e s .  Journal o f the Am erican Leather Chetn- 
ists' Association, Vol. 14 (1919), No. 12, pp. 683-699.

M elting of Some Nonferrous M etals and Their Electric Alloys in Electric 
Furnace. E . F. C o l l i n s .  Chemical and Metallurgical Engineering, 
Vol. 21 (1919), N o. 13, pp. 673-679.

Molybdenum and M olybdenum Steel. W. E. S i m p s o n . M in ing  and 
Scientific Press, Vol. 119 (1919), No. 25, pp. 894-896.

Organic Compounds: Commercial Possibilities in the Electrochemical 
Production of Organic Compounds; Description of Prospective Indus­
trial Applications. C. J . T h a t c h e r .  Chemical and Metallurgical E n ­
gineering, Vol. 21 (1919), No. 13, pp. 663-666.

Paraffins: Estimation of Paraffins and Unsaturated Compounds in  Com­
mercial Toluols. H . G . E v a n s .  Journal o f the Society o f Chemical 
Industry, Vol. 38 (1919), No. 23, pp. 402/-405/.

Petroleum: Composition of Rectified Petroleum  Spirit from Toluol-Petro- 
leum Spirit Runnings of Asiatic Petroleum . H. G. E v a n s .  Journal 
of the Society o f Chemical Industry, Vol. 38 (1919), No. 23, pp. 401/-402*.

Portland Cement: Manufacture and Trade. E. D. B o y e r . Chemical 
Age, Vol. 1 (1919), N o , 7, pp. 287-291.

Potash Industry: Some Chemical Aspects of the Potash Industry in Great 
Britain. E. C. R o s s i t b r  a n d  C. S. D i n g l b y . Journal o f  the Society  
of Chemical Industry, Vol. 38 (1919), No. 22, pp. 375/-383Z.

Potash Recovery from Blast Furnace G ases in England. H a r o l d  H i b -  
b e r t . Chemical and Metallurgical Engineering, Vol. 21 (1919), No. 14, 
pp. 723-726.

Potassium  Permanganate from Ferromanganese by Electrolysis. M. 
D b K a y  T h o m p s o n . Chemical and Metallurgical Engineering, Vol. 21 
(1919), No. 13, pp. 680-681.

Pottery Industry of the United States. A Summary of the Production 
Work of the Ceramist for 1918. J e f f e r s o n  M i d d l e t o n .  Chemical 
Age, Vol. 1 (1919), No. 6 , pp. 257-259.

Refractive Indices of Fixed Oils: The Change of Refractive Indices of 
Fixed Oils with Temperature. C. H. W r i g h t . Journal o f the Society  
o f Chemical Industry, Vol. 38 (1919), N o. 22, pp. 392/-394Z.

Shellac: Pure Gum Shellac. C. H. J o n e s .  Chemical and Metallurgical 
Engineering, Vol. 21 (1919), No. 14, pp. 715-721.

Sodium Cyanide Production: An Account of an American Plant Organized 
for War Purposes. C. O. B r o w n . The Chemical Age (London),
Vol. 1 (1919), No. 25, pp. 656-658.

Steel: The Hardening of Steel. H. C . H. C a r p e n t e r .  Chemical News,
i Vol. 119 (1919), No. 3111, pp. 248-251.
Sulfuric Acid: Note on the De-Arsenication of Sulfuric Acid by Hydrogen 

Sulfide. T . S. M o o r b .  Journal o f the Society o f Chemical Industry, 
Vol. 38 (1919), No. 23, pp. 399J-400*.

Tannins: Les Tannins Synthétiques et Leur Emploi en Tannerie.
* N i h o u l .  Chemie et Industrie, V o l. 2 (1919), N o .  9, pp. 1024-1034.
Textile Industry and Its Oils. Treatment of W oolens and W orsteds, 

Silk and Shoddy, and the Products Adapted to Each Process. C. V.
r  B a c o n .  Drug and Chemical M arkets, Vol. 5  (1919), No. 61, pp. 7-9.
Thermal Expansions: Stretched Wire Apparatus for M easuring Thermal 

Expansions. A. W. G r a y .  Chemical and Metallurgical Engineering, 
Vol. 21 (1919), No. 13, pp. 667-671.

Trinitrotoluene: Hygroscopicity of Trinitrotoluene. W. J . H u f f .  Chem­
ical and Metallurgical Engineeering, Vol. 21 (1919), No. 11, pp. 570-571.

Vegetable Decolorizing Carbons. A. B . B r a d l b y .  Journal o f the Society  
of Chemical Industry, Vol. 38 (1919), No. 20, pp. 396Î-398/.

Wood and Chemistry. L. F. H a w l e y .  Chemical Age, Vol. 1 (1919),
No. 6 , pp. 247-248.

Zinc Industry in Belgium. M . F. C h a s e .  Chemical and Metallurgical 
Engineering, Vol. 21 (1919), No. 11, pp. 571-573.
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M A R K E T  R E P O R T -J A N U A R Y , 1 9 2 0
PACKAGES PREVAILING IN THE NEW YORK MARKET

INO RG ANIC

Acid, Boric, cryst., bbls....................... lb.
Hydrochloric, com'l, 2 2 °  lb.
H ydriodic........................................oz.
Nitric, 4 0 ° ..................................... lb.
Phosphoric, 50% tech................. lb.
Sulfuric, C. P..................................lb.

Chamber, 66° ...................... ton
Oleum.....................................ton

Alum, ammonia, lum p   lb.
Aluminum Sulfate (iron-free)............lb.
Ammonium Carbonate, pwd............. lb.
Ammonium Chloride, gran    .lb.
Ammonia Water, carboys.................. lb.
Arsenic, w hite......................................... lb.
Barium Chloride.................................. ton

N itrate ...........................................^.lb.
Barytes, w hite ....................................... ton
Bleaching Pow d.,35%, Works, 100 lbs.
Borax, cryst., bbls................................. lb.
Bromine, tech., bu lk ............................ lb.
Calcium Chloride, fused....................ton
Chalk, precipitated............................... lb.
China Clay, im ported.........................ton
Copper Sulfate..............................100 lbs.
Feldspar...................................................ton
Fuller’s Earth................................100 lbs.
Iodine, resublimed................................ lb.
Lead Acetate, white crystals..............lb.

N itrate ............................................. lb.
Red American......................100 lbs.
W hite American.................. 100 lbs.

Lime A cetate.................................100 lbs.
Lithium Carbonate............................... lb.
Magnesium Carbonate, powd........... lb.
M agnesite................................................ton
Mercury flask..................................75 lbs.
Phosphorus, yellow ...............................lb.
Plaster of Paris.............................100 lbs.
Potassium Bichromate   lb.

Bromide........................................... lb.
Carbonate, calc., 80-85%  lb.
Chlorate, cryst............................... lb.
Cyanide, bulk, 98-99% .............. lb.
Hydroxide, 88-92% .....................lb.
Iodide, bulk.................................... lb.
N itrate ..............................................lb.
Permanganate, U. S. P ...............lb.

Salt Cake................................................ ton
Silver N itrate............................   oz.
Soapstone, in bags................  ton
Soda Ash, 58% , bags................. 100 lbs.

Caustic, 76% ........................100 lbs.
Sodium A cetate......................................lb.

Bicarbonate...........................100 lbs.
Bichromate .......................... lb.
Chlorate........................................... lb.
Cyanide............................................lb.
Fluoride, technical....................... lb.
Hyposulfite............................100 lbs.
N itrate, 95% ........................100 lbs.
Silicate, 4 0 ° .................................... lb.
Sulfide...............................................lb.
Bisulfite, powdered...................... lb.

Strontium N itrate .................................lb.
Sulfur, flowers...............................100 lbs.

Crude...................................long ton
Talc, American, w hite........................ton
Tin Bichloride.........................................lb.

Oxide................................................. lb.
Zinc Chloride, U. S. P ......................... lb.

Oxide.................................................lb.

FOR GOODS IN ORIGINAL

MICALS
Jan. 1 Jan. 15

.14V* . 141/,

.02 .02

.19 .19
.07 .07
.24 .24
.08 .08

22 .00 22.00
27 .00  „ 27 .00

.04 .04

.03 .03

.13 .13

.15 .15

. lO i/i .lO i/i
. 1 0 7 , .11

95 .00 95 .00
.11 .11

25.00 25 .00
2 .50 2 .75

.09 .09

.60 .60
21.00 21 .00

.05»/* . 051/1
18.00 18.00
8 .00 8 .00
8 .00 8.00
1.50 1.50
4 .10 4 .1 0

.14 .14

.15 .15

. 10»/, . 10»/i

.09»/* . 091/1
2 .00 2 .0 0
1.50 1.50

.19 .19
65.00 65.00
85.00 93 .00

.35 .35
1.50 1.50

.30 .28

.85 .85

.24 .24

.18 .15

.30 .30

.28 .28
3 .35 3.35

. 14 .14

.60 .70
17.00 17.00

.8 lV i .821/a
12.00 12.00
2 .25 2.25
4 .25 4 .25

.25 .25
2 .25 2.25

.22 .18

.15 .12

.30 .30

.15 .15
3 .6 0 3 .6 0
3 .2 5 3 .35

.02 .02

.05 .05

.05 .05

.23 .23
3 .75 3 .75

30.00 30 .00
20 .00 20.00

.21V» .211/a

.60 .60

.22 .22

.60 .60

ORGANIC CHEMICALS
Acetanilid.............................................. .55
Aeid, Acetic, 28 p. c .......................... ..lb . . 021/1

Glacial.................................. .12
Acetylsalicyllc............................. 1.00
Benzoic, U. S. P., ex-toluol.. ..lb . .85
Carbolic, cryst., U . S. P ., drs.. .lb. .15

50- to  110-lb. tins............... .lb . .20

.55

.02»/i

.12
1.00

.85

.15

.20

Jan. 1 Jan. 15
Acid (Concluded)

Citric, crystals, bbls............... , lb. .87 .84
Oxalic, cryst., bbls.................. .32 .35
Pyrogailic, resublimed........... lb. 2 .50 2.50
Salicylic, bulk, U. S. P .......... . .lb. .55 .55
Tartaric, crystals, U . S. P . .. ..lb . .70 .67
Trichloracetic, U . S. P .......... . .lb . 4 .40 4 .40

Acetone, drums........ ........................ lb. .14 .14
Alcohol, denatured, 190 proof. . . .gal. .75 .78

Ethyl, 190 proof....................... .gal. 4 .75 5 .25
Wood, 95% ............................... .gal. 1.75 2.00

Amyl A cetate..................................... .gal. 3 .65 3 .65
Camphor............................................. . .lb. 3 .5 0 3 .4 0
Carbon Bisulfide.............................. .08 .08

Tetrachloride............................ , ,1b. .11 .11
Chloroform, U. S. P ........................ . .lb. .30 .30
Creosote, U. S. P.............................. , .lb. 1.15 1.00
Cresol, U. S. P ................................... . .lb . .17 .17
Dextrine, corn................................... .07 .07

Imported P otato ..................... lb. .17 .17
Ether, U . S. P., conc., 100 lb s . . . . , lb. .17 .19
Form aldehyde.................................... .35 .50
Glycerin, dynamite, drum s.......... . .lb. .24 .25
Starch, corn.................................. 100 lbs. 5 .35 .5 .3 5

Potato, Jap................................ .071/, .071/*
R ice.............................................. .25 .25
Sago........................#.................... .05 .05

OILS, WAXES, ETC.

Beeswax, pure, w hite...................... .65 .65
Black Mineral Oil, 29 g ra v ity .. . . .gal. .22 .22
Castor Oil, No. 3 .............................. . .lb. .19 .18
Ceresin, yellow .................................. .14 .14
Corn Oil, crude................................. , lb. .19 .19
Cottonseed Oil, crude, f. 0. b. m ill. .lb. . 191/1 . 19»/,
Menhaden Oil, crude (southern). • gal. .95 .95
N eat’s-foot Oil, 2 0 ° ......................... .gal. 2 .25 2 .25
Paraffin, 128-130 m. p., ref........... .. lb . . lO i/i .lO i/i
Paraffin Oil, high v iscosity ........ .gal. .45 .45
Rosin, "F" Grade, 280 lbs............ , bbl. 18.25 18.25
Rosin Oil, first run.......................... lb. .97 .97
Shellac, T . N ...................................... 1.30 1.70
Spermaceti, cake.............................. . .lb. .30 .30
Sperm Oil, bleached winter, 3 8 ° .. • gal. 1.95 1.95
Stearic Acid, double-pressed........ . .lb. .26 .27
Tallow Oil, acidless.......................... • gal. 1.50 1.55
Tar Oil, d istilled............................... .gal. .60 .60
Turpentine, spirits o f ...................... .gal. 1 .80 1.97

METALS

Aluminum, No. 1, ingots............... . lb. .321/, .32
Antimony, ordinary...................100 lbs. 9 .87 9 .87
Bism uth............................................... lb. 2 .70 2 .52
Copper, electrolytic......................... .21»/, .19

Lake............................................. lb. .22 .191/t
Lead, N . Y .......................................... .. lb . .09 .09
Nickel, ejectrolytic.......... -.............. .45 .45
Platinum, refined, so ft..................... 160.00 160.00
Silver...................................................... 1.32 1 .36
T in .......................................................... • 62»/i ,62»/i
Tungsten W olfram ite............... per unit 7 .00 7 .00
Zinc, N . Y ..................................... 100 lbs. 8 .75 9 .75

FERTILIZER M ATERIALS

Ammonium Sulfate....................100 lbs. 7 .00 7.00
Blood, dried, f. 0. b. N . Y ..............unit 7 .5 0 7 .50
Bone, 3 and 50, ground, raw........ .ton 48 .00 48.00
Calcium Cyanamide, unit of Am-

m onia................................................ 4 .5 0 4 .50
Fish Scrap, domestic, dried, f. 0. b.

works................................................. unit 7 .25 7 .25
Phosphate Rock, f. 0. b. mine:

Florida pebble, 68% ........ .. .ton Nom . Nom .
Tennessee, 78-80% ................. .ton 11.00 11.00

Potassium muriate, 80% ............... . ton 240.00 240.00
Pyrites, furnace size, im ported.. . . unit .18 .18
Tankage, high-grade, f. 0. b.

Chicago............................................. unit 7 .50 7 .50
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COAL-TAR CHEMICALS
Jan. 1

C rudes
Benzol, C. P ...........................................gal. .27
Cresol, U  S. P ....................................... .lb. .17
Naphthalene, flake...............................lb. .08
Phenol.........................................................lb. .15
Toluol, 90% ............................................gal. .28
Xylol, water w hite.............................. gal. .40

I n te r m e d ia te s
Acids:

Benzoic..............................................lb. .80
Broenner’s ........................................ lb. 1.75
C leves................................................ lb. 2 .00
Cresylic, 95% .................................. lb. .75
Gamm a.............................................. lb. 2 .50
H ..........................................................lb. 1 .70
M etanilic........................................ lb. 1.60
M onosulfonic ...................... lb. .15
Napthionic, crude..........................lb. .65

N eville & W inther’s ................lb. 1.70
Sulfanilic........................................... lb. .35

Amido Azo Benzol................................ lb. 1.15
Aniline O il................................................. lb. .33

For R ed ........................................ lb. .65
Aniline Salt................................................lb. .42
Anthracene, 80% ............   lb. .65
Anthraquinone......................................... lb. 5 .50
Benzaldehyde, tech  .............. lb. .75

U. S. P ......................................... lb. 1.50
Benzidene Base........................................ lb. 1.25
Benzidine Sulfate.................................... lb. 1.00
Diamidophenol......................................... lb. 6 .00
Dianisidine.................................................lb. 10.00
¿-Dichtorbenzol........................................lb. .10
Diethylaniline........................................... lb. 1.40
Dim ethylaniline................................. . . . l b .  .90
Dinitrobenzol............................................ lb. .26
Dinitrotoluol............................................. lb. .38
Diphenylamine......................................... lb. .65
G S a lt.......................................................... lb. .65
Hydroquinonc........................................... lb. 2 .00
M etol............................................................lb. 11.50
M onochlorbenzol......................................lb. .09
M onoethylaniline....................................lb. 2 .15
ö-Naphthylam ine..................................... lb. .33
6-N aphthylam ine. .............................. lb. 1.15
6-Naphthol, crude................................... lb. .55
w-Nitraniline.............................................lb. .95
£-Nitraniline..............................................lb. 1.20
¿»-Nitrobenzol, crude...............................lb. .16

Rectified (Oil M yrbane) lb. . 18
¿-Nitrophenol............................................lb. .80
£-Nitrosodim ethylaniline.  lb. .80
0-Nitrotoluo l .............................................. lb. .17
1-Nitrotoluo l ..............................................lb. 1.15
fw-Phenylenediamine............................. .lb . 1.10
¿-Phenylenediam ine................................lb. 2 .40
Phthalic Anhydride................................. lb. .60
Primuline Base..........................................lb. 4 .00
R  S a lt........................................................... lb. .62 V*
Resorcin, tech ..............................   .lb. 3 .5 0

U . S. P .................................................lb. 6 .00
Schaeffer S a lt.............................................lb. .55
Sodium N aphthionate............................lb. 1.10
Thiocarbanilid........................................... lb. .60
Tolidine, B ase............................................lb. 1.65
Toluidine, mixed.......................................lb. .44
o-Toluidine..................................................lb. .25
w-T oluylenediamine................................ lb. 1.35
¿-Toluidine................................................. lb. 1.75
Xylidene, crude......................................... lb. .50

COAL-TAR COLORS
A cid  C olors

B lack............................................................. lb. 1.15
B lue............................................................... lb. 3 .00

Jan. 15

.27

.17

.08

.15

.28

.48

.80
1.75
2.00

.75
2 .50
1.70  
1.60

. 15 

.65
1.70  

.35
1.15 

.35 

.65 

.42 

.65
5 .50  

.75
1.50
1.15 

.90
6.00

10.00
.10

1.40
.90
.26
.38
.65
.65

2.00
11.50 

.09
2.15  

.33
1.15 

.55 

.95
1.25 

.16  

.18  

.80 

.80 

. 17
1.15 
1.10
2.25  

.60
4 .00  

.62Vi
3 .50
6.00 

.55
1.10 

.60 
1.65 

.44  
• .25 
1.35 
1.75 

.50

1.15
3 .00

A cid Colors (Continued)
Fuchsin..................................................... lb.
Orange I I I ............................................... lb.
R ed............................................................. lb.
Violet 10B................................................ lb.
Alkali Blue, dom estic...........................lb.

Im ported.....................................lb.
Azo Carmine........................................... lb.
Azo Yellow.............................................. lb.
Erythrosine..............................................lb.
Indigotine, conc..................................... lb.

P aste ............................................ lb.
Naphthol Green  ......................lb.
Ponceau.................................................... lb.
Scarlet 2 R ................................................ lb.

D irect Colors
B lack..........................................................lb.
B lue..................   .lb.
Brown........................................................ lb.
Fast R ed ...................................................lb.
Yellow....................................................... lb.
Violet, con’t .............................................lb.
Chryosophenine, dom estic................. lb.

Im ported.....................................lb.
Congo Red, 4B T ype...........................lb.
Primuline, dom estic..............................lb.

Oil Colors
B lack.......................................................... lb.
B lue............................................................ lb.
Orange....................................................... lb.
Red I I I ..................................................... lb.
Scarlet....................................................... lb.
Y ellow ....................................................... lb.
Nigrosine Oil, solution.........................lb.

S u lfu r  Colors
B lack..........................................................lb.
Blue, dom estic........................................lb.
Brown........................................................ lb.
Green......................................................... lb.
Yellow....................................................... lb.

C hrom e Colors
Alizarin Blue, bright............................ lb.
Alizarin Red, W. S. Paste.................. lb.
Alizarin Yellow R ................................. lb.
Chrome Black, dom estic.....................lb.

Imported.....................................lb.
Chrome Blue........................................... lb.
Chrome Green, dom estic.................... lb.
Chrome Red......................................    .lb.

B asic  Colors
Auramine, O, dom estic........................lb.
Auromine, OO, im ported................... lb.
Bismarck Brown Y ............................... lb.
Bismarck Brown R ............................... lb.
Chrysoidine R ........................................ lb.
Chrysoidine Y ........................................ lb.
Green Crystals, Brilliant....................lb. •
Indigo, 20 p. c. paste........................... lb.
Fuchsine Crystals, dom estic..............lb.

Im ported.....................................lb.
Magenta Acid, dom estic.....................lb.
Magenta Crystals, im ported............ lb.
Malachite Green, crystals...................Ib.
Methylene Blue, tech...........................lb.
M ethyl V iolet......................................... lb.
Nigrosine, spts. sol................................ lb.

Water sol., blue........................ lb.
Jet.................................................lb.

Phosphine G., dom estic.......................lb.
Rhodamine B. ex-con’t ........................lb.
Victoria Blue, base, dom estic............lb.
Victoria Green........................................ lb.
Victoria R ed............................................lb.
Victoria Y ellow ...................................... lb.

Jan. 1

2 .50  
1.00 
1.10
6 .50  
4 .75  
8.00
4 .00
2 .00  

12.00
3 .00
1.50
1.50
1.00 
1.00

.95
1.10
1.55
3 .50  
2.00 
2 .20
2 .50  
3 .80  
1.60  
3 .00

.70
1.65 
1.40
1.65 
1.75 
1.70
.90

.30

.80

.35
1.00

.90

7.75
5 .00
1.50 
1.25 
2.20
2 .50
1.50
2.00

2.25
3 .50  

.90
1 .2 0
1.00

.90
6.00

.75
4 .00  

12.00
4 .25  

10.00
4 .50
2.25  
2 .60

.85

.65

.90
7 .00  

27.00
6.00 
6.00
7.00
7.00

Jan. 15

2 .50  
1.00 
1.10
6 .50  
4.75  
8.00
4 .00
2 .00  

12.00
3 .00
1.50
1.50
1.00 
1.00

.95
1.10
1.55
3 .50  
2 . 0 0  
2 . 2 0
2 .50  
3 .80  
1.60  
3 .00

.70 '
1.65 
1.40
1.65  
1.75 
1.70  
.90

.30

.80

.35
1.00

.90

7 .75
5 .0 0
1.50  
1.25  
2.20
2 .50
1.50
2.00

2.25
3 .50  

.90
1.20
1.00

.90
6.00

.75
4 .0 0  

12.00
4 .25  

10.00
4 .50
2.25  
2 .60

.85

.65

.90
7.00  

27.00
6.00 
6.00
7.00
7.00
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NASH HYTOR—
THE SIMPLEST VACUUM 
PUMP OR COMPRESSOR

T H E  p u m p  fo r a ir, in d u s tr ia l  gas, o r ac id  gas. N o  v a lves. 
N o  gears. N o  p is to n s . N o  p is to n  p ack in g . N o  slid ing  
v a n e s . N o  in te r io r  lu b ric a tio n  necessa ry . A b so lu te ly  

c lean  a ir , d e liv e red  w ith o u t  p u lsa tio n . R o to r  o n ly  m o v in g  p a r t ,  
c a s t  in  one  piece, h e a v ily  sh ro u d ed , a n d  m o u n te d  on  b a ll b e a r ­
ings o u ts id e  of casing . L ong  life. C o n s ta n t  efficiency. P o s i­

t iv e  serv ice .

NASH ENGINEERING CO.
South Norwalk, Conn., U. S.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT
Absorption Towers

Duxiron Casting* Co., Dayton, O.
General Ceramics Co. N Y C.
Knight, Maurice A., B u t  Akron, Ohio. 
Lnmmtu Co., The Walter B. Boston, M au. 
Thermal Syndicate, Ltd., The. N. Y. C.
U. S. Stoneware Co., The, Akron, O.

Acid and Alkali Resistant Apparatus
Bnffalo Pdv *  Mel«. Co , Buffalo. N. 7 .  
Cleveland Bras« Mfg. Co., The, Cleveland, O. 
Duriron c * jti« rs  Co., Dayton, O.
Blrria Enameled Prod. Co., Elyria, O. 
Jacoby, Henry H., N. Y. C.
Pfandler Co., Rochester, N. Y.

Add Distillation Apparatus
Thermal Syndicate, Ltd., The, N. Y. C.

Add Eggs
Bethlehem F d’y ft Mach. Co., So. Beth., Fa. 
Buffalo Pdy ft Mach. Co., Buffalo, N. Y.
Dan rar Kira Clay Co., The, D earer, Colo. 
Devine Co.. J. P., Buffalo, N. Y.
Jacoby, Henry K.. N. Y C.
Schutt« ft K oertini Co„ Phila., pa.
D. S. Stoneware Co., The, Akron, O.

Acid Pitchers
Guernsey ware Co., The, Cambridge, O.
Hell Ck.no. Co., Hoary, St. Louis, Mo.
Knight, Maurice A., Hast Akron, 0 .
Palo Co., N. Y. C.
U S. Stoneware Co., The, Akron, O.
Will Corporation, The, Roche»ter, N . Y.

Add Plants (Complete or in Part)
Knight, M. A., Bast Akron, O.

Add Proof Brick
General Ceramics Co., N. Y. C.
Knight. M. A., Bast Akron, Ohio.
U. S. Stoneware Co., The, Akron, O.

Adds
Atlas Powder Co., W llmingtea, Dal.
Caatral Scientific Co., Chicago. IB.
Dow Chemical Co.. The. Midland, Mich.
Simer ft Amend, N. Y C.
Gaxxolo Drug ft Chemical Co., Chicago, 111. 
Heil Cham. Co., Henry. 9t. Loula, Mo.
Lithflux Mineral ft Chem. W k.„ Chicago. IU. 
Merck ft Co . N. Y. C.
N ational Aniline ft Chemical Co., N . Y. C.
PaJo Company, N. Y. C
Will Corporation, The, Racketter, N . Y.

Add Valves
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Duriron Castings Co., Dayton, O.
General Ceramics Co., N. Y. C.
Schutte ft Koerting Co., rk lla ., Pa.
York Manufacturing Co., York, Pa.

Acid W are (Vitrified Clay)
Guernseyware Co., The, Cambridge, O.
U. 3. Stoneware Co., The, Akron, O.

Agitators or Mixers
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Devine Co., J. P., Buffalo, N. Y.
Dorr Co., The, Denver, Col., ft N . Y. C. 
Duriron Castings Co., D ayton, O.
Elyria Enameled Products Co., Elyria, O. 
General FUtradon Co., Inc., Rochester. N . Y. 
Jacoby, Henry B., N. Y. C.
Pfaudler Co., Rochester, N. Y.
Sowers Mfg. Co.. Buffalo. N. Y.
Stevens Brothers, N. Y. C.
Werner & Pfldderer Co., Saginaw, Mich.

Air Compressors
Abbé Engineering Co., N . Y. C.
Crowell Engineering Co., Brooklyn, N. Y. 
General Electric Co., Schenectady, N. Y. 
H ubbard’s Sons, Norman, Brooklyn, N. Y. 
Nash Engineering Co., So. Norwalk, Conn. 
Schutte ft Koerting Co., Phila., Pa.

Air-Diffusing Plates
General Filtration Co., Inc., Rochester, N . Y.

Air Washers
Carrier Engineering Corp., N . Y. C.

Alcohol Apparatus (Builders of)
Bgrot Co., L td., The, Paris, France.

Alkalis
Arnold Hoffman & Co., Inc., N . Y. C.
Lithflux Mineral & Chem. Wks., Chicago, UL 
N ational Aniline & Chemical Co., N . Y. C. 

Alundum Ware
Denver Fire Clay Co., The, Denver. Colo.
Hell Chem. Co., Henry, St. Louis. Mo.
Norton Co., Worcester. Maas.
Scientific Materials Co.. Pittsburgh, Pa.
Will Corporation. The, Rochester, N . Y.

Ammeters
Brown Instrum ent Co., Philadelphia, Pa. 
General Electric Co.. Schenectady, N. Y.

Ammonia
Atlaa Powder Co., Wilmington, Del.
Hell Chem. Co., Henry, St. Louis. Mo.

Ammonia Fittings and Supplies
York Manufacturing Co., York, Pa. 

immonia—Salts of 
Merck ft Co.. N . Y. C.

Analysis—Gas
Sarco Co., Inc., N . Y. C.

Analysis—Gas Apparatus
Braun Corporation, Los Angeles, Calif.
Braun Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago, HI.
Daigger & Co., A., Chicwgo, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Bimer & Amend, N Y C.
Bmil Greiner Co., The, N . Y . C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chem Co.. Henry, St. Louis, Mo.
Palo Company, N . Y. C.
Sarco Co.. Inc., N . Y. C.
Sargent & Co., B. H.. Chicago, 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H Philadelphia, Pa. 
Will Corporation, The, Rochester, N . Y.

Analytical Apparatus
Braun Corporation, Los Angeles, Calif. 
B raunK aecht Heimann Co., San Francisco. 
Central Scientific Co., Chicago, l i t  
Daigger A Co., A , Chicago. IU.
Denver Fire Clay Co., The, Denver, Colo. 
Bimer & Amend, N . Y. C.
Griebel Instrument Co,, Carbondale, Pa.
Heil Chem. Co., Henry, 8 t. Louis, Mo.
Palo Company, N . Y . C.
Sargent & Co., B. H.. Chicago, 111.
Scientific Materials Co., Pittsburgh. Pa. 
Thomas Co., Arthur H.. Philadelphia, Pa. 
Will Corporation, The, Rochester, N . Y .

Analytical Laboratories
Chemical Laboratories of N . Y., Inc., N . Y . C. 
Columbus Laboratories. Chicago, ID.
Dearborn Chemical Co., Chicairr*. Til.
Fort Worth Laboratories, Fort Worth, Texas. 
General Chemical Laboratories, N . Y. C. 
Sadtler & Son. Samuel P.. Philadelphia, Pa. 
W estport Mill, Westport, Conn.

Aniline Oil—Salts of
Merck ft Co. N Y C .
N ational Aniline ft Chemical Co., N . Y . C.

Antimony—Salts of
Merck & Co., N . Y. C.

Arresters (Dust)
Sly Mfg. Co., W. W ., Cleveland, O.

Arsenic—Metallic & Salts
Merck & Co.. N . Y. C.

Arsenic Plants (Acid Proof Stoneware)
Knight, M. A., Bast Akron, O.

Asphalt & Tar Testing Apparatus
Central Scientific Co., Chicago. 111.
Denver Fire Clay Co., The, Denver, Cola. 
Eimer & Amend, N Y C .
Hell Chem. Co., Henry. St. Louis, Mo. 
Scientific Materials Co.. Pittsburgh, Pa. 
Standard Scientific Co., N . Y . C. 
Thermo-Electric Instrument Co., Newark, N . J. 
Thomas Co., Arthur H.. Philadelphia. Pa.
Will Corporation, The, Rochester, N . Y.

Autoclaves
Central Scientific Co., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo 
Devine Co., J. P., Buffalo, N . Y.
Eimer & Amend, N  Y. C.
Heil Chem. Co., Henry, S t  Louis, Mo.
Scientific Materials Co.. Pittsburgh. Pa 
Sowers M anufacturing Co.. Buffalo, N . Y  
Will Corporation, The, Rochester, N . Y.

Autoclaves (Glass Enameled Steel)
Pfaudler Co., Rochester, N . Y.

Autoclaves (High and Low Pressure)
Buffalo Fdy. & Mch Co.. Buffalo, N . Y  
Devine Co., J. P., Buffalo. N  Y.

Automatic Pressure Regulators
Brown Instrument Co., The., Phila., Pa.
Taylor Instrument Cos., Rochester, N . Y.

Automatic Temperature Regulators
Brown Instrument Co., The, Phila., Pa. 
Engelhard, Charles. N . Y. C.
Taylor Instrum ent Cos., Rochester, N . Y.

Bakelite
General Bakelite Co., N . Y . C.

Balances and Weights
Becker Inc., Christian, N . Y  C.
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago, 111.
Daigger & Co.. A., Chicago, ID.
Denver Fire Clay Co., The, Denver, Colo. 
Bimer & Amend, N . Y . C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company, N . Y . C.
Sargent & Co., B. H., Chicago, I1L 
Scientific Materials Co., Pittsburgh, Pa. 
Standard Scientific Co.. N . Y. C.
Thomas Co., Arthur H., Philadelphia, Pa. 
W hitall Tatum Co. Philadelphia. Pa.
Will Corporation, The, Rochester, N . Y.

Barium—Salts of
Dow Chemical Co.. The. M idland. Mich.
Heil Chem. Co^ Henry. St. Louis. M e.
Lithflux Mineral ft Chem. W ks., Chicago, HI. 
Merck ft Co., N . Y. C.
Will Corporation, The, Rochester, N . Y.

Barometers
Brown Instrum ent Co., The, Phila., Pa.
Heil Chem. Co., Henry. St. Louis, Mo. 
Standard Scientific Co., N. Y C.
Taylor Instrum ent Cos.. Rochester N . Y. 
Will Corporation, The, Rochester, N . Y.

Beakers
Braun-Knecht-Heimann Corp., San Francisco
Central Scientific Co., Chicago. I1L
Daigger & Co., A., Chicago, 111
Denver Fire Clay Co., The, Denver, Colo.
Bimer & Amend N Y. C
Guernseyware Co., The, Cambridge, O.
Heil Chem. Co.. Henry, St. Louis, Mo.
Herold China & Pottery Co., Golden, Col. 
Palo Company, N. Y. C.
Sargent & Co., B. H., Chicago, IU.
Scientific Materials Co., Pittsburgh, Pa. 
Whitall Tatum  Co.. Philadelphia. Pa 
Will Corporation, The, Rochester, N . Y

Benzol
Gaxzolo Drug ft Chemical Co., Chicago, 111. 
Merck & Co N V C
N ational Anilin« ft Chemical Co.. N . Y. C.

Benzol Apparatus (Builders of)
Egrot Co. L td., The, Paris, France.

Betanaphthol
Heil Chem. Co., Henry, S t  Louis. Mo.
Lithflux Mineral ft Chem. Wks., Chicago, 111. 
Merck & Co N Y C .
N ational Aniline ft Chemical Co., N . Y. C. 
Will Corporation, The, Rochester, N . Y.

Betanaphthol Apparatus
Buffalo Fdy. & Mch. Co., Buffalo, N. Y.

Bismuth—Metallic & Salts
Merck & Co.. N . Y. C.

Blowers
Abbé Engineering Co., N. Y. C.
Central Scientific Co., Chioago, HI.
Crowell Mfg. Co., Brooklyn, N. Y.
Deover Fire Clay Co., The. Denver, Colo. 
Duriron Castings Co.. Dayton, O.
Eimer & Amend^N Y. C.
Hefl Chem. Co., Henry, S t  Louis. Mo.
Palo Company, N. Y. C
Scientific Materials Co.. Pittsburgh. Pa.
Schutte ft Koerting Co., Phila., Pa.
Will Corporation, The, Rochester, N . Y.

Boiler Coverings
Magnesia Association of America, N. Y. C,

Boiler Water Treatment
Dearborn Chemical Co., Chicago, 111.
H dl Chem. Co., Henry, St. Louis, Mo.
Merck & Co.. N. Y. C.

Bolting Cloth
Abb# Engineering Co., N. Y. C.
M ulti Metal Co., Inc., N . Y. C.

Bone Black
Heil Chem. Co.. Henry S t  Louis. Mo.
Toch Bros., N Y C.
Will Corporation, The, Rochester, N . Y.

Books
Chemical Publishing Co.. The, Easton, Pa. 
Stechert & Co.. G. B., N . Y. C.
Van Nostrand Co., D., N . Y C.
Wiley ft Sons. Inc., John, N. Y. C.

Bottles (Glass)
Central Scientific Co., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend N Y. C 
Heil Chem. Co.. Henry, S t  Louis, Mo. 
Scientific M aterial. Co., Pittsburgh, Pa. 
Wheaton Co.. T C.. Millville N J.
Whitall Tatum  Co.. Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y.

Brinell Machines 
Central Scientific Co., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Bimer & Amend, N. Y. C.
Heil Chem. Co., Henry. S t  Louis, Mo.
Palo Company, N. Y. C.
Scientific Materials Co., Pittsburgh, Pa.
Will Corporation, The, Rochester, N . Y.

Burner Guards
H dl Chem. Co., Henry. St. Loula, Mo.
Knight, M. A., East Akron. O.
Will Corporation, The, Rochester, N . Y.

Burners—Gas and Oil
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago. HL 
Daigger ft Co., A., Chicago. Ill 
Denver Fire Clay Co., The, Denver, Colo. 
Detroit Heating ft Lighting Co., D etroit. Mleh. 
Eimer ft Amend, N. Y. C.
Griebel Instrum ent Co., Corbendale, Pm.
Heü Chemical Co.. Henry. S t. Louis. Mo.
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Avoid Sublimation
and other material losses

Type •AA,'* ft. high, with 
50 sq. ft. of drying surface.

Type “A,” ft. high, with 
100 sq. ft. of drying surface.

Type “B," 4 tt. 9 in. Jtugù, with 
200 sq. ft. of drying surface.

One of the m ost difficult drying operations is encountered 
when handling chem icals that have a tendency to sublime.

Products such as Beta Naphthol, H Acid, Benzoic Acid, 
etc., sublim e easily. In m any forms of dryers this involves 
not only considerable loss of material, but also clogging of 
the apparatus and consequent loss of the tim e spent in 
taking apart and cleaning.

Each of these drawbacks adds considerably to the cost 
and uncertainty of the drying process, besides demanding 
frequent shut-downs and interruptions.

In a Gordon Dryer the construction and the system  of 
temperature and air control make such a condition practi­
cally impossible. The money saving thus caused will soon 
pay the entire cost of the Gordon installation, over and 
above the advantages of continuous operation of the 
apparatus at full capacity.

If you have such a drying problem—or any drying—we 
invite you to subm it it to our Engineering Department.

Our extensively equipped laboratory with several sizes of 
Gordon Dryers is at your disposal free of cost or obligation 
for tests of any material you wish to dry. This laboratory 
has been built for you—take the fullest advantage of it. 
Address B u s h  T e r m i n a l  B l d g .  No. 3,253—36th St., 
Brooklyn, N. Y.

Write to the GORDON DRYER CORPORATION, 39 Cortland 
Street, N. Y., Manufacturers of all Gordon Dryers

G o r d o n  J ) r y e r s

For Chemicals, Colors, Dyes, Pharmaceuticals and similar materials.
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C L A S S IF IE D  L I S T  O F  C H E M IC A L  E Q U IP M B N T -(C o n tfn tW )
Palo Company, N. Y. C.
Sargent & Co., E. H., Chicago, 111 
Schutte & Koertlng Co., Phila., Pa.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H ., Philadelphia, Pa. 
Will Corporation, The, Rochester, N. Y.

Burners—Sulphur
Schutte & Koertlng Co., Phila., Pa.

Burnishing Pots and Baskets (Acid Proof)
Knight, M. A., E ast Akron, Ohio.

By-Product Machinery
Devine Co., J. P.. Buffalo, N. Y.
Swenson Evaporator Co., Chicago, III.

Cabinets (Laboratory, Chemical, Sample 
and Specimen)
Schwartz Sectional System . IndianspoUj, Ind.

Cable & Wire
General Electric Co.. Schenectady. N . Y.

Cadmium—Salts of
Dow Chemical Co.. The, Midland, Mich. 
Lithflux Mineral & Chem. Wks„ Chicago, 111. 
Merck & Co.. N . Y. C.

Calcium—Salts of
Dow Chemical Co., The. Midland. Mich. 
Merck & Co.. N . Y. C.

Calorimeters—Fuel and Gas
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Frandsca. 
Central Scientific Co., Chicago, 111.
Daigger & Co., A., Chicago, 111.
Denver Fire Clay Co., The. Denver, Colo. 
Eimer & Amend, N. Y. C.
Griebel Instrum ent Co., Carbondale, Pa.
Hell Chem. Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sarco Co., Inc., N. Y. C.
Sargent & Co., E. H., Chicago, HI.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia, Pa. 
Will Corporation, The, Rochester, N . Y.

Capsules
Braun-Knecht-Heimann Co., San Franciace. 
Central Scientific Co.. Chicago, HI.
Denver Fire Clay Co., The. Denver, Colo. 
Eimer & Amend, N. Y C.
Engelhard. Charles, N . Y. C. (“Im ptfv ite” ) 
Hell Chem. Co., Henry, St. Louis, Mo.
Norton Co., Worcester, Mass.
Thermal Syndicate. L td., The, N. Y. C.
Will Corporation, The, Rochester, N . Y.

Carbon Bisulfide
Llthflux Mineral & Chem. Wks., Chicago, 111. 
Merck & Co.. N. Y. C.
N ational Aniline & Chemical Co., N . Y. C.

Carbon Tetrachloride
Dow Chemical Co., The, Midland, Mich. 
Gazzolo Drug & Chemical Co., Chicago, III. 
Merck & Co., N. Y. C.

Carboys
W hitall Tatum  Co.. Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y.

Carboy Inclinators
Central Scientific Co.. Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N. Y. C.
Hell Chem. Co., Henry, St. Louis. Mo 
Will Corporation, The, Rochester, N . Y.

Carboy Stoppers (Acid Proof)
Knight. M. A., Bast Akron, O.
W hitall T atum  Co., Philadelphia, Pa.

Casseroles
Braun-Knecht-Heimann Co., San Franciseo. 
Central Scientific Co., Chicago, I1L 
Daigger & Co., A., Chicago. IU.
Denver Fire Clay Co., The, Denver, Colo. 
Duriron Castings Co.. Dayton, O.
Eimer & Amend, N. Y. C.
Guernseyware C o , The, Cambridge, O.
Heil Chem. Co., Henry, St. Louis. Mo.
Herold China & Pottery Co., Golden, Colo. 
Palo Company, N. Y. C.
Sargent & Co., B. H ., Chicago, III.
Scientific M aterials Co., Pittsburgh. Pa.
Will Corporation, The, Rochester, N . Y.

Castings (Acid and Heat Resisting)
Bethlehem Fd*y & Mach. Co., So. Ifeth., Pa. 
Buffalo Fdy. & Mch. Co., Buffalo, N. Y. 
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Devine Co., J . P ., Buffalo, N. Y.
Duriron Castings Co., Dayton, O.
Jacoby, Henry B-, N . Y. C.

Castings (Chemical, Acid and Caustic)
Bethlehem F d ’y &: Mach. Co., So. Beth., P a  
Buffalo Fdy. & Mach. Co., Buffalo, N. Y.
Cast Iron Pipe Publicity Bureau, N. Y. C. 
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Devine Co., J, P., Buffalo, N. V.
Duriron Castings Co., Dayton, O.
Ferguson & Lange Foundry Co., Chicago, 111 
G anigue ft Co., William, Chicago, 111.

Castings (Chilled)
Jacoby, Henry E ., N . Y . C.
Sowers Mfg. Co.. Buffalo. N . Y.

Castings—Evaporator & Vacuum Pan
Buffalo Fdy. & Mch. Co., Buffalo, N Y. 
Devine Co., J. P., Buffalo, N. Y.
Garrigue & Co., William, Chicago, HI.
Sowers Manufacturing Co., Buffalo. N . Y.

Castings (Machinery)
Ferguson & Lange Foundry'Co., Chicago, 111.

Castings (Semi-steel)
Ferguson & Lange Foundry Co., Chicago, 111.

Caustic Potash
Gazzolo Drug & Chemical Co., Chicago, 111. 
Lithflux Mineral & Chem. Wks., Chicago, 111. 
Merck & Co.. N . Y. C.

Caustic Pots
Bethlehem F d ’y & Mach. Co., So. Beth., Pa. 
Buffalo Fdy. & Mch. Co., Buffalo, N. Y. 
Devine Co., J. P., Buffalo, N. Y.

Caustic Soda
Arnold, Hoffman & Co., Inc., N. Y. C. 
General C hem . Co., N. Y. C.
Merck & Co.. N. Y. C.
N ational Aniline & Chemical Co., N . Y. C.

Caustic Soda Dissolvers—Automatic
Lummus Co., The W alter E., Boston, Mass.

Cement Filler
Toch Bros, N. Y. C.

Cement Refractory
Hell Chem. Co., Henry, St. Louis, Mo.
Norton Co., Worcester. Mass.

Cement Testing Apparatus
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co~. Chicago. HI.
Daigger & Co.. A., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, 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 Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H.. Philadelphia, Pa. 
Will Corporation, The, Rochester, N. Y.

Centrifugals
Bausch & Lomb Optical Co., Rochester, N. Y. 
Braun Corporation, Los Angeles, Cal. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago. HI.
Daigger & Co., A., Chicago 111.
DeLaval Separator Co., N . Y. C.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N. Y. C.
Fletcher Works, Philadelphia, Pa.
Heil Chemical Co., Henry, St. Louis, Mo. 
International Equipment Co., Boston, Mass. 
Palo Company, N. Y. C.
Sargent & Co., E. H ., Chicago, III.
Scientific Materials Co., Pittsburgh, Pa. 
Sharpies Specialty Co., The, West Chester, Pa. 
Tolhurst Machine Works, Troy. N . Y.
Will Corporation, The, Rochester, N . Y.

Centrifugal Dryers
Fletcher Works, Philadelphia, Pa.

Centrifugal Engineers
Fletcher Works, Philadelphia, Pa.
Sharpies Specialty Co., The, West Chester, Pa. 
Tolhurst Machine Works, Troy, N. Y.

Cerium Oxalate 
Merck & Co.. N. Y. C.

Charcoal
Booth Apparatus Co., Syracuse, N.Y.
Hell Chem. Co., Henry, St. Louis, Mo.

Chemical Apparatus
Buffalo Fdy. Sc Mch. Co., Buffalo. N. Y. 
Central Scientific Co.. Chicago. HI.
Denver Fire Clay Co., The, Denver, Colo. 
Detroit Heating & Lighting Co., Detroit, Mich. 
Devine Co. J. P., Buffalo, N. Y.
Eimer & Amend. N. Y. C.
Fletcher Works. Philadelphia, Pa.
Heil Chem. Co.. Henry. St. Louis, Mo. 
Kauffman-Lattimer Co., The, Columbus, Ohio. 
Laboratory Materials Co., Chicago, HI.
Schaar & Co., Chicago, HI.
Scientific Materials Co.. Pittsburgh, Pa.
Sowers Manufacturing Co., Buffalo N. Y 
Standard Scientific Co., N. Y. C.
W erner 8c Pfleiderer Co., Inc., Saginaw, Mieh. 
Will Corporation, The, Rochester, N . Y.

Chemical Glass Tubing
Central Scientific Co., Chicago. HI.
Denver Fire Clay Co., The, Denver, Colo.
Eimer & Amend, N. Y. C
Heil Chem. Co., Henry, St. Louis, Mo.
Will Corporation, The, Rochester, N . Y

Chemical Glassware
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.
Griebel Instrum ent Co., Carbondale, Pa.
Heil Chemical Co., Henry, St. Louis, Mo. 
Kauffman-Lattimer Co., The, Columbus, Ohio. 
Palo Company, N . Y. C.
Sargent & Co., E. H., Chicago, HI.
Scientific Materials Co., Pittsburgh, Pa. 
Standard Scientific Co., N. Y. C.
Thomas Co., Arthur H.. Philadelphia, Pa. 
W heaton Co.. T. C., Millville, N. J.
Whitall Tatum  Co., Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y

Chemical Plants (Complete Installation) 
Buffalo Fdy. & Mch. Co., Buffalo. N . Y. 
Devine Co., J .  P., Buffalo, N. Y.
Garrigue & Co., William, Chicago. I1L
Hercules Engineering Corp., N. Y. C.
Knight, M. A., East Akron, O.
Lummus Co.. The W alter E.. Boston, Mass. 
M antius Engineering Co., N. Y. C.
Swenson Evaoorator Co . Chicago, ni. 
Technical Products Co., Inc., N. Y. C. (used 

equipment)
Chemical Plants (Erected and Supervised)

Buffalo Fdy. & Mch. Co.. Buffalo. N. Y.
Egrot Co. Ltd., The, Paris, France.
McNamara, M., Everett, Mass.
Swenson Evaporator Co., Chicago, 111.

Chemical Reagents
Baker Chem. Co., J . T.» PhilUpsburg, N. J. 
Central Scientific Co., Chicago, HI.
Daigger & Co., A., Chicago, IU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N. Y. C.
General Chemical Co., Baker 8c Adamaoa 

Works, Easton, Pa.
Heil Chemical Co., Henry, St. Louis. Mo. 
Merck & Co.. N. Y. C.
National'Aniline & Chemical Co., N . Y. C.
Palo Company, N . Y. C
Scientific Materials Co.. Pittsburgh, Pa.
Will Corporation, The, Rochester, N . Y.

Chemicals
Atlas Powder Co., Wilmington, DeL 
Baker & Adamson Chemical Co., Easton, Pa. 
Baker Chemical Co., J. T., Phillipsburg, N. J. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago, IU.
Daigger & Co., A., Chicago. IU 
Dearborn Chemical Co., Chicago, HI.
Denver Fire Clay Co., The, Denver, Colo.
Dow Chemical Co., The, Midland. Mich. 
Eastm an Kodak Co , Rochester, N . Y.
Eimer & Amend, N. Y. C.
Gazzolo Drug & Chemical Co., Chicago, IU 
General Chemical Co., N. Y. C.
Griebel Instrum ent Co., Carbondale, Pa.
Heil Chemical Co.. Henry, St. Louis, Mo. 
Hercules Powder Co., N. Y. C. 
Kauffman-Lattimer Co., The, Columbus, O. 
Laboratory Materials Co., Chicago, HL 
Lithflux Mineral 8c Chem. Wks.. Chicago, IU 
Merck & Co., N. Y. C.
Monsanto Chemical Works, St. Louis, Mo. 
National Aniline & Chemical Co., N. Y. C. 
Newport Chemical Works, Inc., N . Y. C.
Palo Company, N. Y. C.
Pfizer & Co.. Charles. N. Y. C.
Roessler & Hasslacher Chemical Co., N. Y. C. 
Sargent & Co., E . H., Chicago, HI.
Schaar dc Co., Chicago, Hl.
Scientific Materials Co., Pittsburgh, Pa. 
Standard Scientific Co., N . Y. C.
Thomas Co., A rthur H., Philadelphia, Pa. 
Toch Bros.. N . Y. C.
Will Corporation, The, Rochester, N . Y.

Chlorine Generators—Acid Proof
K night, M. A., East Akron, O.

Chlorine—Liquid
Arnold, Hoffman & Co., Inc., N . Y. C.
Electro Bleaching Gas Co., N . Y. C.

Chromel Metal 
Hoskins Mfg. Co., D etroit, Mich.

Chromium (Metal & Salts)
Lithflux Mineral & Chem. Wlcs., Chicago, H*. 
Merck & Co.. N. Y. C.

Circuit Breakers and Switches
General Electric Co., Schenectady, N . Y.

Clarifiera
Sharpies Specialty Co., The, West Chester, Pa

Classifiers
Dorr Co., The, Denver, Colo., & N. Y. C. 

Classifiers or Washers 
Dorr Co., The, Denver, Colo., & N. Y. C.
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Photo by Jessie  Tarbox Beals, N .  Y .

Where “85% Magnesia” Saves Coal
TH O S E  b r ill ia n t lig h ts  of th e  P la z a  H o te l, g leam ing  a lo ft o v er C e n tra l 

P a rk ,  te ll n ig h tly  a  s to ry  of coal-saving b y  “ 85%  M a g n e s ia .” H e a t­
ing , L ig h tin g  a n d  P o w er d ep en d  up o n  “ 85 %  M a g n e s ia ” p ip e  an d  

bo ile r coverings.

W ith o u t su ch  s te a m  p ro te c tio n  th e  co a l-w astag e  w ou ld  be enorm ous, 
p ro h ib itiv e .

A ll o v er A m erica  th is  m a tch less  C o a l-S a v e r p ro te c ts  th e  s te a m  p ipes 
a n d  bo ilers of th e  la rg e s t h o te ls , d e p a r tm e n t sto res , sk y sc rap ers , p u b lic  
bu ild ings, ra ilw a y  te rm in a ls , an d  th e  p o w er p la n ts  w h ere  th e  closest coal- 
econom y is s tu d ie d .

T h e  coa l-sav ing  n ecessary  in  th e  b ig g est h e a tin g  a n d  p o w er p la n ts  is 
im p e ra tiv e  in  ev e ry  p la n t—y o u rs , fo r  in s tan c e .

E v e ry  few  m o n th s  th e  coa l-sav ing  w ro u g h t b y  “ 85%  M a g n e s ia ” p ay s  
th e  e n tire  co s t o f i ts  in s ta lla tio n .

MAGNESIA ASSOCIATION of AMERICA, 721 B ulletin  Building, Philadelphia, Penna.
E x e c u t i v e  C o m m i t t e e , W. A. M acon, Chairman  

George D.^Crabbs, The Philip Carey Co., Cincinnati, Ohio J. R . Swift, The Franklin Mfg. Co., Franklin, Penna.
Alvin M. Ehret, Ehret M agnesia Mfg. Co., Valley Forge, Penna. Richard V. M attison, Jr., Keasbey & M attison Co., Ambler, Penna.

Copyright, 1920, by M . A . o f A . Perm ission to reprint by aPplication.

The Whole S tory
W rite us for new treatise, 

“ Defend Y our Steam ,” which 
describes the triumphs, the fields 
and uses of “ 85%  Magnesia.”

Specification  fo r  E ngineers
The Mellon Institute of Indus­

trial Research of Pittsburgh Uni­
versity, after three years spent 
in developing the principles of 
Coal-Saving by Insulation, has 
compiled a Standard Specification 
for the scientific use of “ 85% 
M agnesia” pipe and boiler 
coverings.

W rite to  the Secretary of the 
Association for a copy.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT—(ConHnuerf)
Coal-Tar Products 

Barrett Co., The, N . Y. C.
Merck ft Co.. N. Y. C.
National Aniline & Chemical Co., N. Y. C. 
Newport Chemical Work«, Inc., N. Y. C.

Coal-Tar Products (Plants for)
Devine Co., J. P., Buflalo, N Y.

Coal Testing Apparatus
Central Scientific Co., Chicago, HI.
Denver Fire Clay Co., The, Denver, Cola. 
Rimer & Amend, N. Y. C.
Engelhard, Charles, N. Y. C.
Heil Ch«m. Co., Henry, St. Louis. Mo. 
Scientific Material* Co.. Pittsburgh, Pa 
Thermo-Electric Instrument Co., Newark, N . J. 
Will Corporation, The, Rochester, N. Y

Coating Sprays
Eureka Machine Co., Cleveland, O.

Cobalt—Metal & Salts
Merck & Co.. N . Y. C.

Cocks—Plug (Acid Proof)
Cleveland Brass Mf*. Co., The. Cleveland, O. 
Duriron Castings Co.. Dayton, O.
Knight, M. A., East Akron, O 
U 8 Stoneware Co.. The. Akron, O.

Cocks— Laboratory (Brass)
Mueller Mfg. Co., H ., Decatur, 111.

Colls or Worms (Acid Proof Stoneware)
Knight. M. A., East Akron, Ohio.

Colorimeters
Bansch & Lomb Optical Co., Rochester, N Y. 
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Cesrtral Scientific Co., Chicago, HI.
Daigger & Co., A., Chicago, 111.
Denver Fire Clay Co., The, Denver. Colo. 
Elmer & Amend. 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 Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia, Pa.
Will Corporation, The, Rochester, N. Y.

Combustion Tubes and Boats
Braun-Knecht-Hdm ann Co., San Francisco. 
Central Scientific Co., Chicago, HI.
Daigger flr Co., A., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo. 
Biroer & Amend, N. Y. C 
Engelhard, Charles, N. Y. C. ("Impervlte**) 
General Ceramics Co. N Y. C.
Guernscyware Co., The, Cambridge, O.
Heil Chemical Co., Henry. St. Louis, Mo. 
Norton Co., Worcester, Mass.
Palo Company, N. Y. C.
Sargent & Co., E. H., Chicago, HI.
Scientific Materials Co., Pittsburgh, Pa. 
Thermsd Syndicate. Ltd., The. N. Y C.
Will Corporation, The, Rochester, N. Y.

Combustion Tubes and Boats (Platinum)
Baker & Co., Inc., Newark, N. J.
Heil Chem. Co.. Henry, St. Louis, Mo.
Will Corporation, The, Rochester, N. Y

Compressors, Rotary
Crowell M ff. Co., Brooklyn, N. Y.
Devine Co.. I. P., Buffalo, N. Y.
Hail Chem. Co., Henry. St. Louis. Mo.

Concentrators—Sulphuric Acid 
Thermal Syndicate, Ltd., The, N. Y. C. 

Condensers (Barometric and Surface)
Buffalo Fdy. & Mch. Co., Buffalo, N . Y. 
Devine Co.. J P., Buffalo. N V 
Duriron Castings Co.. Dayton, O.
Jacoby. Henry B., N. Y C.
Lummus Co , The W alter B., Boston, Maas. 
Schutte 9t Koerting Co., Phlla., Pa.
Stevens Brothers. N. Y. C.

Condensers—Nitric Acid
Thermal Syndicate, Ltd.. The. N. Y. C.

Conductivity Measuring Apparatus
Central Scientific Co., Chicago. HI.
Leeds *  Northrup Co.. The. Philadelphia. P«.

Consulting Chemists & ChemicalEngineers
Abbott, W G , Jr . Wilton, N H.
Andrews, A. B ., Lewiston, Me.
Booth Apparatus Co., Syracuse, N. Y. 
Brirkenstein, John H.. Washington. D. C. 
Buffalo Fdy & Meh. Co.. Buffalo. N. Y 
Carlltz & Co , J. S., Philadelphia, Pa 
Columbus Laboratories. Chicago, IB 
Ellis-Foster Co., Montclair, N . J.
Fort Worth Laboratories, The, F t. W orth. Tex. 
Foster, A B., Washlnjrton, D. C 
Gorzo, Julius, P ittsburgh, Pa.
Levin. Isaac H., Newark, N J.
M aas, Arthur R., Los Angeles, Cal. 
McNamara, M .E verett, Mas«
M antius Engineering C o ., N  Y. C.
Marvin-Davis Laboratories, Inc., N . Y. C. 
Mount. W D.. Roanoke, Va.
National Laboratories, The, W ashington,'D.C 
Parker, C. L.. Washington. D. C.
Pease Laboratories. N. Y. C.

Rutherford Laboratories, Rutherford, N . J. 
Sad tier & Son, Samuel P., Philadelphia, Pa. 
Schwarz Laboratories, N . Y. C.
Sieck & Drucker, Chicago, 111.
Singer-Perlstein Co., Milwaukee, Wis.
Stillwell Laboratories, N . Y. C.
Sutton, Frank, N. Y. C.
Swenson Evaporator Co., Chicago, HI. 
Townsend, Clinton P., Washington, D. C. 
W estport Mill.The (Dorr Co.). W estport, Conn. 
Wheeler & Woodruff. N . Y. C.
Wiley & Co., Inc., Baltimore, Md.

Contracting Engineers
Swenion Evaporator Co., ChJcaio, 111.

Controlling Instruments
Brown Instrum ent Co., The, Phila., Pa. 
Engelhard, Charles, N. Y. C.
Taylor Instrum ent Cos.. Rochester, N . Y.
Will Corporation, The, Rochester, N . Y.

Converters—Booster
Wes ting house Elec.ft Mf g. Co., B. Pittsburgh, Pa

Converters—Rotary
General Electric Co., 8chenectady, N. Y.

Copper—Salts of
Lithflux Mineral & Chem. Wks., Chicago, Hi. 
Merck & Co., N. Y. C.

Cores
Norton Co.. Worcester. M au.

Counters—Revolution
Brown Instrum ent Co., Philadelphia, Pa.

Critical Point Determination Apparatus
Brown Instrum ent Co., Philadelphia, Pa. 
Denver Fire Clay Co., The, Denver, Colo. 
Rimer & Amend. N. Y. C.
Engelhard, Charles, N. Y. C.
Hell Chem. Co., Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit. Mich.
Palo Company, N. Y. C.
Scientific M aterials Co., Pittsburgh, Pa. 
Thwing Instrum ent Co., Philadelphia. Pa. 
Will Corporation, The, Rochester, N. Y.

Crucibles
Braun Corporation, Los Angeles, Cal. 
Braun-Knecht-Heimann Co., San Frandsoo. 
Central Scientific Co.. Chicago. 111.
Daigger & Co., A., Chicago, IU.
Denver Fire Clay Co., The. Denver, Colo. 
Duriron Castings Co., Dayton, O. (Add proof.) 
Eimer & Amend, N. Y. C.
Engelhard, Charles, N. Y. C. ("Im pervite”) 
Guernseyware Co., The, Cambridge, O.
Heil Chemical Co., Henry, St. Louis, Mo. 
Herold China & Pottery Co., Golden, Col. 
Norton Co., Worcester, Mass. (Aluaduns.) 
Palo Company, N. Y. C.
Sargent & Co., B. H ., Chicago, HI.
Scientific Materials Co.. PIttaburgh, Pa. 
Thermal Syndicate. Ltd..The.N Y.C.CVitreoa«.) 
Will Corporation, The, Rochester, N . Y.

Crucibles, Platinum
American Platinum Works, Newark, N. J. 
Baker 9t Co., Inc., Newark, N. J.
Bishop 8c. Co., J. Malvern, Pa.
Central Scientific Co.. Chicago. IU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend. N Y. C.
Heil Chem. Co.. Henry, St. Louis. Mo. 
8dentiSr Materials Co.. Pittsburgh Pa,
Will Corporation, The, Rochester, N. Y.

Crushers & Grinders (Ind. & Lab’y)
Abbi Engineering Co., N. Y. C.
Braun Corporation, Los Angeles. Calif. 
Braun-Knecht-Heimann Co., San Francisco, 
Central Scientific Co.. Chicago. HL 
Daigger & Co., A., Chicago, 111 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N. Y. C.
Heil Chemical Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Raymond Bros. Im pact Pulv. Co., Chicago, HI. 
Sargent & Co., B. H., Chicago, 111.
Scientific Materials Co., P ittsburgh, Pa. 
Thomas Co., Arthur H., Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y. 
Williams Patent Crusher & Pulv. Co., Chicago.

Crystallizers—Ammonia Nitrate
Buffalo Fdy .ft Mch. Co.. Buffalo. N. Y. 
Devine Co.. J. P., Buffalo, N . Y.

Crystallizing Pans (Acid Proof)
Knight* M. A., East Akron, Ohio.

Cupels
Braun Corporation. Los Angeles, Cal. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. HI.
Daigger & Co., A., Chicago, IU.
Denver Fire Clay Co., T  Denver, Colo. 
Elmer & Amend. N. Y. C.
Heil Chemical Company, Henry, S t  Loots, Mo 
Hoskins Mfg. Co., Detroit. Michigan.
Norton Company, Worcester, Mass.

Cylinders (Glass)
Braun-Knecht-Hdm ann Co., San Francisco- 
Central Scientific Co., Chicago. HI.
Daigger & Co., A., Chicago, HI 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N. Y. C.
Griebel Instrum ent Co., Carbondale, Pa»
Hell Chem. Co., Henry, St. Louis,£Mo.
Palo Company, N. Y. C.
Scientific Materials Co., Pittsburgh. P a . 
Whltall Tatum  Co., Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y_

Decanting Pots—Acid Proof
Knight, M. A., East Akron, O.
Will Corporation, The, Rochester, N . Y\.

Denitradng Apparatus
Buffalo Fdy. & Mch. Co., Buffalo, N. Y_

Diaphragms—Acid Proof
General Filtration Co., Inc., Rochester, N. Y 
Hcrold China & Pottery Co., Golden, Colo.

Dictionary—Chemical
Chemical Catalog Co., The. N. Y. C.

Diffusion Apparatus
Devine Co., J. P.. Buffalo, N. Y.
General Filtration Co., Inc., Rochester, N. Y .  
Lummus Co., The W alter E., Boston, Mass. 
Swenson Evaporator Co., Chicago, 111.

Dipping Baskets & Jars—(Acid Proof)
Knight, M. A., East Akron, Ohio.

Dishes (Crystallizing)
Will Corporation, The, Rochester, N . Y.

D is h e s  (Glass)
Will Corporation, The, Rocheiter, N. Y.

Dishes (“Imperite”)
Engelhard, Charle«, N. Y. C.

Dishes (Petri)
Will Corporation, The, Rochester, N . Y.

Dishes (Platinum)
Bishop & Co., J., Malvern, Pa.
Denver Fire Clay Co., The, Denver, Colo. 
Elmer & Amend, N. Y. C.
Heil Chem. Co., Henry. St. Louis, Mo. 
Will Corporation, The. Rochester, N. Y.

Dissolving Tanks—Automatic
Lummus Co., The W alter B., Boston, Masa. 
Werner & Pfldderer Co., Saginaw, Mich.

Distilling Machinery and Apparatus
Booth Apparatus Co., Syracuse, N. Y.
Braun Corporation, Los Angdes, Calif. 
Braun-Knecht-Hdm ann Co.. San Francisco 
Buffalo Fdy. & Mch. Co.. Buffalo. N. Y. 
Central Scientific Co., Chicago. HI.
Cleveland Brass Mfg. Co., The, Cleveland, O 
Daigger & Co., A., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Detroit Heating & Lighting Co.. Detroit, Mick 
Devine Company, J. P , Buffalo, N . Y. 
Duriron Cs^tings Co., D ayton, O.
Bgrot Co.. The, Paris, France.
Eimer & Amend, N. Y. C.
Electric Heating Apparatus Co., N. Y. C. 
Elyria Enameled Prod. Co.. Elvria. O 
Garrigue Co., Wm., Chicago, 111. (F atty  Adds) 
General Ceramics Co., N . Y. C.
Griebd Instrum ent Co., Carbondale, Pa.
Heil Chem. Co., Henrv, St. Louis, Mo. 
Jacoby, Henry B. N. Y. C.
Lummus Co., The W alter E ., Boston, Mass 
Palo Company, N. Y. C.
Pfaudler Co., Rochester, N. Y.
Sargent & Co., E- H ., Chicago, HI.
Sdentific Materials Co., Pittsburgh, Pa. 
Sowers Mfg. Co., Buffalo, N. Y.
Stevens Bros., N . Y. C.
Stokes Machine Company, F. J., Phila.vPa. 
Swenson Evaporator Co., Chicago, 111.
Thomas Co., Arthur H., Philaddphia, Pa. 
Wheeler Condenser & Eng. Co., Csutervt, N . J. 
Will Corporation, The, Rochester, N . Y. 
Zaremba Company, Buffalo, N . Y.

Draft Gauges
Braun-Knecht-Hdm ann Co., San Francisco 
Brown Instrum ent Co., Philaddphia, Pa. 
Centra] Scientific Co., Chicago, III.
Denver Fire Clay Co., The, Denver, Colo.
Heil Chem. Co.. Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sdentific Materials Co., Pittsburgh, Pa.

Drum Dryers—Vacuum and Atmospheric
Buffalo Fdy. & Mch. Co.. Buffalo. N . Y. 
Devine Co., J . P.. Buffalo, N . Y.

Dry  Blast Plants
Carrier Engineering Corp., N. Y. G.



Acid Vapors eat up m etal 
Eternium  saves it.

The air of all manufacturing districts is full of acid vapors th at corrode every  
piece of exposed metal, indoors or out.

Ordinary paint w on’t stop this corrosion, but a coat of Eternium does so Im­
mediately. It is a high-grade black, coal-tar paint that will prolong the life of metal 
roofs, tanks or piping for many years.

Eternium is inexpensive. Use it freely. I t  covers well, dries quickly and will 
not chip, crack, blister or scale.

G et Eternium in can, drum or barrel and get it  now.

For farther information and samples, address the Chemical Department 
o f The Barrett Company, 17 Battery Place, New York.

Company

N ew  York Chicago Philadelphia Boston _rlV^_
St. Louis Cleveland Cincinnati Pittsburgh
Detroit Birmingham Kansas C ity Minneapolis
Nashville Salt Lake C ity Seattle Peoria
N ew Orleans Atlanta Duluth Dallas Milwaukee Bangor W ashington 
Johnstown Lebanon Young9town Toledo Columbus Richmond 

Latrobe Bethlehem Elizabeth Buffalo Baltimore 
TUG  BA RR E TT COVlPA!tfY, Limited: Montreal Toronto Winnipeg

Vancouver St. John, N B. Halifax, N . S. Sydney, N . S.

A Coming Industry!Attention Chemists!

Feb., 1920 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

O x y g en  a n d  H y d ro g e n  G ases  a re  d a ily  g a in in g  in  In d u s tr ia l  
Im p o r ta n c e . A re  th e  d e m a n d s  b e in g  p ro p e r ly  m e t  in  y o u r  
v ic in ity ?  W e d o u b t  i t .  W o u ld  y o u r  c lie n ts  n o t  b e  in te r ­
e s te d  in  a  p la n t  of th e ir  ow n  to  m a n u fa c tu re  th e se  p ro d u c ts?  
N o  lin e  of ch e m ica l a c t iv i ty  offers g re a te r  p o ss ib ilitie s  e ith e r  
to  y o u  o r  to  th e m . T h e  tim e  to  g e t  s ta r te d  is r ig h t  now , 

on  th e  g ro u n d  floor p la n .

W e m a n u fa c tu re , in s ta ll , a n d  o p e ra te

Electrolytic Oxygen and Hydrogen Generators
Safe - Economical - Profitable - Lasting

(
Air Compressing Oat/its, Lead Burning Equipment, Nitrous Oxid Gas, Blow Torches,\
Welding and Catling Apparatus, Welding Supplies, Acetylene Generators, Carbide, G oggles./

P a r k e r  B . F r a n c i s ,  Sec’y. The O xygen Gas Company
M e m b e r  A . C . S . ,  ✓  C ?

A- E-s- Kansas C ity, M issouri
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT—(Cbn/rW)
Dryers— Atmospheric

Buffalo Fdy. ft Mch. Co., Buffalo, N . Y. 
Devine Co., J P.. Buffalo. N . Y.
Gordon Dryer Corp., N . Y . C.

Dryers— Centrifugals
Fletcher Works Philadelphia. Pa.
Tolhurst M achine Works, Troy, N . Y.

D ryers— V acuum
Buffalo Fdy. ft Mch. Co., Buffalo, N . Y . 
Devine Com pany, J. P ., Buffalo, N . Y. 
Jacoby, Henry E ., N . Y. C.
Sowers Mfg. Co.. Buffalo, N . Y.
Stokes Machine Co., F. J., Philadelphia, Pa. 
Werner & Pfleiderer Co., Saginaw, Mich.

Drying Apparatus and M achinery 
Buffalo Fdy & Mch Co , Buffalo, N . Y. 
Central Scientific Co , Chicago, 111.
Devine Co., J P.. Buffalo, N . Y.
Eimcr & Amend, N . Y C.
Engelhard, Charles, N . Y. C.
General Electric Co.. Schenectady, N . Y. 
Gordon Engineering Corp., N . Y. C.
Heil Chem. Co., Henry, St. Louis, Mo.

iacoby, Henry E ., N . Y. C.
'alo Company, N . Y. C.

Sowers Mfg Co., Buffalo. N . Y.
Tolhurst M achine Works, Troy, N . Y , 
Werner & Pfleiderer Co.. Saginaw, Mich.
Will Corporation, The, Rochester, N . Y.

Duriron— Acid-Proof
Duriron Castings Co., N . Y . C.

Dyestuffs
du Pont de Nemours & Co., E . I.,W ilmington, 

Del.
Gazzolo Drug & Chem. Co.. Chicago, 111. 
Llthflux Mineral & Chem. Co., Chicago, IU. 
Merck & Co., N . Y. C.
M etz & Co., H A.. N . Y  C.
National Aniline & Chemical Co., N . Y . C,

Dynamos and Motors
General Electric Co., Schenectady, N . Y. 

Efficiency Instruments
Braun-Knecht-Heimann Co.,San Francisco,Cal. 
Brown Instrument Co., Philadelphia, Pa. 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C.
Engelhard, Charles, N . Y . C.
Heil Chem. Co., Henry, St. Louis, Mo.
Hoskins Mfg. Co., Detroit, Mich.
Palo Company, N . Y. C.
Scientific Materials Co., Pittsburgh, Pa. 
Thwing Instrument Co., Philadelphia, Pa. 
Will Corporation, The, Rochester, N . Y .

Electric Heating Devices
Central Scientific Co., Chicago, 111.
Denver Fire Clay Co., T he, D enver, Colo.
Heil Chem. Co.. Henry, St. Louis, Mo.
Will Corporation, The, Rochester, N . Y.

Electric Locomotives— Industrial
General Electric Co., Schenectady, N . Y.

Electrical Instruments
Brown Instrum ent Co., Philadelphia, Pm. 
Central Scientific Co., Chicago. HI.
General Electric Co.. Schenectady, N . Y. 
Engelhard, Charles, N . Y. C,
Hell Chem. Co., Henry St. Louis, Mo.
Hoskins Mfg. Co.. Detroit Mich. ■*
Palo Company, N. Y C.
Scientific Materials Co., Pittsburgh, Pa. 
Thwing Instrument Co., Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y .

Electrical Measuring Instruments 
Brown Instrument Co., Philadelphia, Pa. 
Central Scientific Co., Chicago, IU.
Engelhard. Charles, N . Y C.
General Electric Co.. Schenectady. N . Y.
Heil Chem. Co.. Henry, St. Louis, Mo.
Leeds & Northrup Co., PhUa., Pa.
Palo Company, N. Y. C
WiU Corporation, The, Rochester, N . Y.

Electrical Supplies
General Electric Co.. Schenectady, N . Y.

Electrodes— Platinum
American Platinum Works, Newark, N . J .'  
Baker ft Co., Inc., Newark, N . J.
Bishop ft Co., J., Platinum Works, M alvern, Pa. 
Braun Corporation. Los Angeles Cal. 
Braun-Knecht-Heimann Co .San Francisco,CaL 
Central Scientific Co., Chicago, IU.
Daigger & Co., A., Chicago. IU.
Denver Fire Clay Co., The. Denver, Colo. 
Eimer & Amend, N . Y. C.
Engelhard. Chas., N . Y. C.
Hell Chemical Co., H enty, St. Louis, Mo.
Palo Company, N . Y . C.
Sargent & Co., E . H n Chicago, IU.
Scientific Materials Co.. Pittsburgh Pa.
WiU Corporation, The, Rochester, N . Y.

Electrolytic Apparatus— Acid Proof
Knight, M. A., East Akron, O

Enameled Apparatus (Acid Resistant)
Elyria Enameled Prod. Co., Elyria, O., &N.Y.C. 
Jacoby, Henry E.. N. Y. C.
Pfaudler Co., Rochester, N . Y.

Essential Oils
Gazzolo Drug & Chem. Co.. Chicago, 111. 
Llthflux Mineral & Chem. Co. Chu-ago 11*. 
Merck ft Co . N  Y. C.
National Aniline ft Chemical Co., N . Y . C. 

Ether Apparatus (Builders of)
Egrot Co. Ltd., The. Paris, Fraucc.

Evaporating Machinery 
Buffalo Fdy. & Mch Co., Buffalo, N . Y. 
Devine Company, J. P., Buffalo, N . Y. 
Electric Heating Apparatus Co N . Y . C. 
Hercules Engineering Co., N . Y . C.
Jacoby, Henry B.. N Y C.
Lummus Co., The Walter E ., Boston, Mass. 
Sowers Mfg. Co.. Buffalo. N. Y.
Sperry & Co., D . R., Batavia, IU.
Stokes Mach Co., F J., Philadelphia, Pa. 
Swenson Evaporator Co., Chicago, IU.
Werner ft Pfleiderer Co.. Saginaw, Mich 
Wheeler Condenser ft Eng. Co., Carteret, N . J. 
Zaremba Company, Buffalo, N . Y.

Evaporating Pans and Dishes
Braun-Knecht-Heimann Co..San Francisco, Cal. 
Buffalo Fdy. & Mch. Co.. Buffalo. N . Y. 
Central Scientific Co., Chicago. IU.
Daigger & Co., A.. Chicago, 111 
Denver Fire Clay Co., The. Denver, Colo. 
Devine Co.. I. P.. Buffalo N  Y.
Duriron Castings Co., D ayton, O. (Acid Proof.) 
Eimer & Amend, N . Y. C.
Elvria Enameled Prod. Co., Elyria, O., ft N .Y .C . 
Engelhard, Charles, N . Y . C. ("Impervite”) 
General Ceramics Co . N Y  C 
Guernseyware Co., The, Cambridge, O.
Heil Chemical Co., Henry, St Louis, Mo. 
Herold China & Pottery Co., Golden, Colo. 
Knight, Maurice A., East Akron, Ohio,
Palo Company, N . Y. C.
Pfaudler Co., Rochester, N . Y .
Sargent & Co., E. H., Chicago, IU.
Scientific Materials Co., Pittsburgh, Pa. 
Sowers Manufacturing Co , Buffalo, N . Y. 
Thermal Syndicate, Ltd.. The. N  Y. C.
IT S Stoneware Co., The, Akron, O.
WiU Corporation, The, Rochester, N . Y.

Evaporators— Crystallizing
Buffalo Fdy. ft Mch. Co., Buffalo, N . Y. 
Devine Co., J. P., Buffalo, N . Y.

Evaporators— Single and Multiple Effects
Buffalo Fdv ft Mch. Co., Buffalo. N  Y. 
Chemical Equipment Co., Chicago, IU. 
Devine Co., J P., Buffalo, N . Y.
Wheeler Condenser ft Eng. Co., Carteret, N . J.

Exhaust and Ventilating Fans
General Electric Co., Schenectady, N . Y.

Exhaust and Ventilating Fans— Acid-Proof
Duriron Castings Co., D ayton, O.

Extracting Apparatus
Central Scientific Co., Chicago, IU.
Denver Fire Clay Co., The, Denver, Colo. 
Devine Co., J. P., Buffalo, N . Y.
Eimer & Amend, N . Y C.
Egrot Co., The, Paris, France.
Fletcher Works, Philadelphia, Pa.
Heil Chem. Co., Henry. St. Louis, Mo. 
Lummus Co., The Walter E.. Boston, Mass. 
Scientific Materials Co. Pittsburgh. Pa. 
Tolhurst M achine Works, Troy, N . Y.
Will Corporation, The, Rochester, N . Y.

Extraction Cylinders
Lummus Co., The Walter B ., Boston, Mass.

Extraction Thimbles
Angel Co.. Inc., H. Reeve, N. Y . C.
Central Scientific Co., Chicago, 111.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer ft Amend. N Y C .
Engelhard, Charles, N . Y . C. (“ Im pervite” ) 
Heil Chem. Co., Henry, St. Louis, Mo.
Norton Co., Worcester, Mass
WiU Corporation, The, Rochester, N . Y.

Extraction Thimbles (Greens)
Eimer ftAmend, N . Y . C.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H ., Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y.

Extractors—Centrifugal
Fletcher Works, Philadelphia, Pa. 
International Equipment Co.. Boston. Mass. 
Tolhurst Machine Works, Troy, N . Y

Fabroil Gears & Pinions
General Electric Co.. Schenectady, N . Y.

Faucets (Stoneware—Acid Proof)
General Ceramics Co., N . Y. C.
K night, Maurice A., E ast Akron, Ohio.
U. S. Stoneware Co., The, Akron, O.

Filter-Cel
Celite Products Co., N . Y . C.

Filter Cloth
United Filters Corp., N . Y . C.

Filter Cloth (Metallic)
M ulti-M etal Co., Inc., N . Y. C. (Monel Metal) 
United Filters Corp., N . Y . C.

Filtering Media
General Filtration Co., Inc., Rochester, N . Y. 
Herold China ft Pottery Co., Golden, Colo.

Filter Paper
Angel Co., Inc., H. Reeve, N . Y . C. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago, IU.
Daigger & Co., A., Chicago. IU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N . Y. C.
Gazzolo Drug ft Chem. Co., Chicago, IU.
HeU Chemical Co., Henry, St. Louis, Mo.

Palo Company, N . Y . C.
Sargent ft Co., E. H., Chicago. IU.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H , Philadelphia, Pa. 
Whitall Tatum Co., Philadelphia Pa.
WiU Corporation, The, Rochester, N . Y.

Filter Paper Clippings
Angel Co., Inc., H . Reeve, N . Y . C.

Filter Presses (Laboratory &  Industrial)
Abb4 Engineering Co., N  Y. C.
Braun Corporation, Los Angeles, Calif.
Braun Knecht-Heimann Co..San Francisco.Cal. 
Central Scientific Co., Chicago. 111.
Denver Fire Clay Co., The. Denver, Colo. 
Elmer & Amend, N  Y. C.
HeU Chem. Co., Henry. St. Louis. Mo.
Johnson Co., Inc., John, Brooklyn, N . Y. 
International Filtration Corp., N . Y. C. 
Jacoby, Henry E ., N . Y. C.
Kelly Filter Press Co., Salt Lake C ity, Utah. 
Lungwitz, E. E-, N . Y . C.
Palo Company, N . Y. C.
Sargent & Co., E. H., Chicago, 111.
Scientific Materials Co., Pittsburgh, Pa. 
Shriver & Co., T ., Harrison, N. J.
Sperry & Co., D R., Batavia, 111.
Sweetland Filter Press Co., N . Y . City.
United Filters Corp., N . Y. C.
Will Corporation, The. Rochester. N . Y.

Filter Pulp
Angel Co., Inc., H. Reeve, N . Y. C.

Filters
Engelhard, Charles, N . Y . C. (“ Im pervite” ) 
General Filtration Co., Inc., Rochester, N . Y. 
Norton Co., Worcester Mass.
United Filters Corp., N . Y. C.
Will Corporation, The, Rochester, N . Y.

Filters— (Acid Proof)
General Filtration Co., Inc., Rochester, N . Y  
Knight, Maurice A., E ast Akron, Ohio. 
United Filters Corp., N . Y . C.

Filters (Bone Black)
Colwell, Lewis, Chicago, 111.

Filters, Folded
Angel Co , Inc., H . Reeve, N. Y . C.
Central Scientific Co., Chicago, IU.
Eimer & Amend, N  Y. C.
HeU Chem. Co., Henry. St. Louis, Mo.
Sargent & Cc., E. H -  Chicago 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., A. H .. Philadelphia. Pa.
Will Corporation, The, Rochester, N . Y.

Filters—Vacuum
American Continuous Suction Filter 
(See United Filters Corp., N . Y. C.)
Devine Co., J. P., Buffalo, N . Y.
General Filtration Co.. Inc., Rochester, N . Y.  
United Filters Corp., N  Y . C.

Filters—Water
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco,Cal. 
Booth Apparatus Co., Syracuse, N . Y.
Central Scientific Co., Chicago. 111.
Daigger ft Co., A., Chicago, III.
Denver Fire Clay Co., T he, Denver, Colo. 
Eimer & Amend, N Y C .
General Ceramics Co., N  Y . C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chemical Co., Henry, St. Louis, M o.
Palo Company, N  Y . C.
Sargent & Co.. E H., Chicago, IU.
Schutte ft Koerting Co., Phila., Pa.
Thom as Co.. Arthur H Philadelphia, Pa. 
WiU Corporation, The, Rochester, N . Y.

Filtros
General Filtration Co., Inc., Rochester, N . Y.

Filtros—Vacuum
Devine Company, J. P ., Buffalo, N . Y.

Fire Brick and Clay
Denver Fire Clay Co., The, Denver, Colo.

Flasks
Braun-Knecht-Heimann Co., San Francisco 
Central Scientific Co., Chicago, IU.
Daigger & Co. A.. Chicago, IU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer ft Amend, N. Y. C.
Heil Chem. Co., Henry, St. Louis. Mo.
Palo Company, N . Y. C.
Scientific Materials Co Pittsburgh, Pa. 
Whitall Tatum  Co.. Philadelphia, Pa.
Will Corporation. The, Rochester, N . Y.

Foamite Firefoam
Foam ite Firefoam Co., N . Y . C.

Fuel Gas Plants
Detroit Heating ft Lighting Co., Detroit, Mich.
Eimer ft Amend. N  Y. C
Heil Chem. Co., Henry, St. Louis, Mo.

Funnels
Denver Fire Clay Co., The. Denver, Colo.
Heil Chem. Co.. Henry. St. Louis, Mo.
Knight, M. A., East Akron, Ohio.
Whitall Tatum Co.. Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y.


