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EDITORIALS
TH E  CH APIN R E PO R T

T h e report of M r. E . S. C h ap in , P aris rep resen tative  
of th e  T e x tile  A llian ce, In c., published on page 1-130, 
w ill p rove extrem ely  interestin g readin g to  all who are 
fo llow ing th e  d isposition of G erm an dyes under the 
term s of th e P eace T re a ty .

W hile th e report w as prepared p rim arily  for th e 
T ex tile  A llian ce and for th e  consum ers and producers 
of dyes, its  readin g w ill rep a y  all chem ists, for it  gives 
an exceedin gly clear and concise review  of th e  progress 
m ade in  th e d istribution  of G erm an dyes, and points 
ou t th e  problem s still aw aitin g  settlem en t, problem s 
w hich w ill ev en tu a te  as policies to be pursued during 
th e  n ext five  years.

D u rin g his s ta y  in  E urope, M r. C h ap in  atten ded  
all of th e in terallied  conferences on dyes, w as in fre
q uen t consultation  w ith  th e  leaders of th e  G erm an 
in d u stry , had con stan t access to  accu rate  records, 
and w as in G erm an y a num ber of tim es. F or these 
reasons his report bears a stam p  of a u th o rita tiv e 
ness w hich m arks it  as a m ost va lu a b le  con trib u 
tion  to  th e literatu re  of th is m uch-beclouded subject.

A side from  the exp la n a to ry  sections of th e  report, 
there are three features of especial in terest:

F irst— M r. C h ap in  com m ents on “ th e  change in 
th e  a ttitu d e  of th e  G erm ans from  ap p aren t h o stility  
to  a ctiv e  cooperation  w ith  th e  T e x tile  A llian ce .”  
T h is  is sim ply another trib u te  to  th e  efficiency, u n 
selfishness, and fairness of th a t rem arkab le o rgan iza
tio n  w hich has handled so large a vo lu m e of business 
fo r-th e  G overn m en t th rou gh ou t th e  w ar period, w ith 
o u t one cen t of profit or rem uneration.

Second— T o  those who m ade such o u tcry  a year 
or m ore ago th a t A m erican  te xtile  interests were 
suffering severely  from  th e  influx of B ritish  goods 
d yed  w ith  G erm an dyes u n obtain ab le  in  th is cou n try , 
it  m ust com e as a d istin ct shock and d ou b tfu l relief 
to  learn  th a t “ G reat B rita in , h ad  secured on th e free 
m arket up to  A u g u st 1 [1920] 200 ton s of dyes. T h is 
should be com pared w ith  our figure of 400 ton s as of 
Septem ber 7 [1920], plus th e un kn ow n  q u a n tity , im 
ported  in to  th e  U n ited  S tates under license th rou gh  
oth er chan nels.”

T h ird — T h e m ost illu m in ative  section  of th e report 
is th a t  b earin g on th e  q u a lita tiv e  and q u a n tita tiv e  
o u tp u t of th e  G erm an  d ye p lan ts from  F eb ru a ry  to  
J u ly  of th is year. In  spite of th e  m uch-talked-of 
sca rc ity  of coal and difficulties w ith  labor, th e  o u tp u t 
in creased  from  ten  to  th irty -th ree  and a th ird  per 
cen t of norm al. T h e  report adds: “ while th e  p ro d u c
tion  of th e  v a t  and alizarin  ty p e  d ye is increasing 
slow ly  from  228 ton s in  M a y  to  261 ton s in June and 
272 tons in  Ju ly, the production of the type of dyes made 
in  the United States is increasing by leaps and bounds 
[italics are ours] from  2400 ton s in  M a y  to 2800 to n s 

in  June and 3800 ton s in  J u ly .”
Squelch the M oses-Thom as opposition. Senators, and 

pass the dye bill in  the form  your Committee on Finance 
reported it!-- —        . .

L Y IN G  D O W N  ON T H E  JOB

W e h a ve  received  a com m u n ication , p rin ted  in full, 
page 1132, from  M r. N . E . F ran klin , president of the 
K n y-S ch eerer C orporation  of A m erica, called forth 
b y  th e  ed itorial in  th e Septem ber issue entitled  
“ C rip p lin g  a G reat W o rk .”

M r. F ran klin  feels th a t som e one to o k  a d va n ta ge  
of our good n ature. W rong, M r. F ran klin , en tirely  
w rong. T h a t  ed ito ria l w as inspired  solely  b y  a 
know ledge of th e pu b lic  hearing held in  W ash in gton  
(not th e  first hearing, b u t a second hearing before 
th e  fu ll S en ate F inance C om m ittee), a t w hich  was 
disclosed th e  ch aracter of th e  opposition  to  the 
B ach arach  b ill, w hich places a p ro te ctive  d u ty  on a 
num ber of w ar-born A m erican  p roducts, am ong them  
surgical instrum ents. M r. F ran klin , w ho w as treasurer 
of th e K n y-S ch eerer com p an y, is doubtless aw are of 
th e  opposition  to  th e  b ill show n on th a t  occasion by 
M r. B ran d, th e th en  and now  v ic e  president of his 
com pan y, as set fo rth  in th e  brief filed w ith  the 
C om m ittee. H e doubtless know s th a t M r. R ichard  
K n y , th e  th en  president and, w e understand, now 
consulting director of th e  com p an y, w as also present.

In  th e  ligh t of th is opposition  it  needed o n ly  a 
superficial in v estig a tio n  to  learn  th a t th e  K n y- 
Scheerer com pan y h ad  reverted  en tirely  to  th e  busi
ness of im portin g, h a v in g  closed th e ir  B ro o klyn  
p la n t. M r. F ran klin  th in ks th a t  th e  general public 
is n ot in terested  in th is. W e ta k e  it  as a m atter 
of v e ry  g ra v e  public in terest th a t  th e  country 
is revertin g  to  th a t  condition  w hich existed  a t the 
beginning of th e  w ar, w hen w e were un able to  supply 
ad eq u a te  q u an tities of instrum ents n ot on ly  to  our 
c iv ilian  hospitals, b u t even  to  th e v e ry  surgeons who 
w ere prep aring to em b ark  for F ran ce w ith  our A rm y.

M r. F ran klin  protests th a t  his com p an y is “ owned 
and controlled  sole ly  b y  born  A m erican s.”  Of course. 
T h a t w as th e w hole point of th e  editorial. H e con
tinues, these are “ men who len t th eir services in m any 
w a ys to  their govern m en t during th e  recent great 
stru gg le .”  W e do n ot d ou b t it ;  b u t w e w ere critic iz
ing n ot w h a t th e y  did during th e  great struggle, but 
since its close. Nowhere in  M r. Fran klin ’ s letter is 
a single word of denial of any fact set forth in  our edi
torial: n am ely, th a t  M r. K n y , whose a ctiv ities  as a 
G erm an  prop agan d ist had been so c learly  set forth  
in  th e  official report of th e A lien  P ro p erty  C u stod ian , 
w as retained  b y  th e  A m erican  owners as president 
for a t least a yea r; th a t  M r. E . S. B eck  w as retained  
as secreta ry  (in th is  conn ection  it  is w o rth y  o f record 
th a t  M r. B eck  is a brother-in -law  of M r. Scheerer, 
of th e Jetter &  Scheerer C o., of T u ttlin g e n , G erm an y, 
and is still secreta ry  of th e K n y-S ch eerer C orporation  
of A m erica, w hich  is th e sole agen t in  th is co u n try  of 
th e  G erm an com pany) ; th a t  th e m an u factu rin g p lant 
in  B ro o k ly n  is closed; and th a t  th e  goods of th is  com 
p a n y w ere offered to  consum ers a t figures 20 per cent 
below  A m erican  prices. N ow here in  M r. F ran klin 's 
le tte r - is  th e re  a n y  in tim a tio n  th a t  his com pany is
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planning to  develop an A m erican  surgical instrum ent 
in d u stry. I t  is a ta c it ackn ow ledgm ent th a t his 
concern is n ot in terested  in th e ta sk  of continuing 
th e developm en t of A m erican  w orkm en sk illed  in 
this art, b u t prefers to  m ake dividends b y  im porting 
G erm an wares. I f  th is is n ot crippling a great w ork, 
then th e term  A m erican  econom ic independence 
is a hollow  m ockery. M eanw hile, we know  th a t 
A m erican  w orkm en h a v e  recen tly  v a in ly  sought em 
ploym en t of th e ch aracter th e y  were engaged in be
fore th e  renew al of G erm an im portations, th a t some 
m anufacturers w ho had  begun th e m an ufacture of 
surgical in strum ents h a ve  been com pelled to  de
crease b y  h alf th e num ber of their em ployees, while 
others h a ve  q u it th e field en tirely.

If th e  K n y-S ch eerer C orporation  of A m erica  is to 
continue m erely an im portin g agen cy, if it  is to  do 
no con stru ctive  service in  th e  developm ent of an A m er
ican  in d u stry , th en  it  w as a sad d ay for A m erica  when 
th e  A lien  P ro p erty  C u stod ian  allow ed this fine property 
to  be sold to  its  present A m erican  owners. In  the 
ligh t of M r. F ra n k lin ’s ow n letter we are, to our regret, 
confirm ed in  th e  con viction  th a t  th e y  h ave lain  down 
on th e jab .

T H E  M A SQ U ER A D IN G  FILTER PAPER

It  seem s to be th e  season for presidential letter 
w ritin g. H ere is another, d u ly  published on page 
113 2,— this tim e from  M r. H erm an A . H olz, president 
o f H olz &  C o m p a n y , In c., p rotestin g  against w hat 
he considers “ erroneous statem en ts published on page 
■955 of th e  Journ al in reference to  th e ‘ F ran klin  F ilter 
P ap ers’ w hich caused so m uch unpleasantness at the 
recent C h em ical E xp o sitio n .”

W h y  does M r. H olz w rite us and at such length? 
H o lz  &  C o., In c., were n ot m entioned in T h is  J o u r n a l , 
nor did th e y  m ake a n y  exh ib it of F ran klin  filter paper. 
T h e d isp lay  w as m ade b y  th e R ohde L ab o rato ry  S u p p ly  
C o m p a n y, and n either on its advertisin g leaflet, on 
th e  lab els of th e  packages, nor on th e boxes, w as there 
an y w ord as to  G erm an origin. In  m arked con
tra s t stood  ou t th e  exhibits of French and E nglish 
papers show n a t the E xp osition . T hese bore on their 
respective labels M ade in Paris  or Made in  Eng
land, w ith o u t th e  slightest suggestion  of dissem blance.

W e know  n othin g of th e  “ you n g business m an ” 
to  w hom  M r. H olz refers. M an y com plaints about 
th e  exh ib ition  of F ran klin  filter papers cam e to  us, 
in th e c a p a c ity  of C hairm an  of the A d v iso ry  C om 
m ittee, during th e la tter  p a rt of E xp osition  W eek. 
C on firm ation  of th e  G erm an origin of th e F ran klin  
filter papers w as g iven  b y  M essrs. H. F. Coors and A . 
A . C am p bell, w ho questioned th e  a tten d an t in charge 

•of th e R o h d e exhib it. M r. Coors has confirm ed our 
m em ory of his statem en ts:

"Telegram  received. Conversation practically verbatim as 
follows: Question: I did not know analytical filter paper was
made in America. No reply. Question: Is this made in Amer
ica? Answer: No. Question: Where is it made? Answer: 
Germany. Question: Whom by? Answer: Schlucher and 
School [Schleicher and Schiill]. Question: Where in Germany? 

.Answer: Dueren. This was followed by the attendant in charge

offering to send me samples. M y reply was to the effect that I 
would secure the paper through the regular channels.— H. F. 
C o o r s . ”

M r. Cam pbell confirm s th is statem ent, for he w rites 
us:

“ Upon question by M r. Coors as to where the paper was made 
he [the attendant] seemed very reluctant in making the state
ment of it ‘being made in Germany/ however, after the writer 
led him on, he told us that it was a product o f ‘S & S ’ of Dueren.”

So it  w as not “ S *&  S ”  after all, according to  M r. 
H olz. T h e coaching of th e a tten d an t seems to  have 
been poorly done.

F in a lly , M r. H olz n aive ly  says, “ T h e reason for 
th e change of label was only th e difficult p ron un cia
tion  of the m anufacturer’s nam e: M ach erey, N agel & 
C o .”  W h y not have tried  “ M  &  N ? ”  W e are accu s
tom ed to  abbreviations on G erm an filter papers.

SUBSTANCE RATH ER TH AN SH AD O W

A correspondent w rites us in protest a gain st th e 
recent action of the C oun cil advising local sections to 
refrain from  joining local engineering and tech n ical 
societies.' He feels th a t  “ th e ' id ea of th e  parent 
S ociety  try in g  to ham per such affiliations b y  resolu
tions passed is, in m y m ind, n on-progressive and 
rather reactio n ary.”  He contends th a t “ tech n ica lly  
trained men, would th e y  be chem ists, c ivil engineers, 
m ining engineers, or other men of sim ilar q ualifica
tions, w ould n atu ra lly  associate together for th e pur
pose of furthering m atters w hich th e y  are esp ecially  
able to further and m aking them selves, in th is w ay, 
more felt in the com m unity th an  th e y  are at presen t.”

Is not our correspondent confusing th e  substance 
and the shadow? C ouncil action was taken  because 
of direct reports from  councilors th a t local sections had 
frequently  been com m itted  to policies d irectly  in opposi
tion  to those of th e parent Society  and also to  the co n vic
tions of a m a jo rity  of their own. members. C erta in ly  
such experiences m ake an uncom fortable and un de
sirable situation. T h a t is the shadow.

On the other hand, no one will ta k e  issue w ith  our 
correspondent on th e desirability  of m utual associa
tion- on th e p art of tech n ica lly  train ed men in  a n y  
com m unity. T h a t is the substance. T o  gain  th is 
it is not necessary to  effect a union of local sections of 
national organizations, b u t to  bring together all th e  
tech n ically  train ed  of a com m unity in  a p u r e ly  local 
organization. T h is has been done v e ry  successfully  
in Indianapolis through th e m edium  of th e Scientech  
Club. T his club, m ade up of professional, scientific, 
and technical men, seeks

1. To give the C ity  of Indianapolis and the State of Indiana 
the benefit of the united scientific and technical knowledge and 
experience of its members.

2. To promote scientific and technical research.
3. To unify and coordinate the activities of the various scien

tific and technical societies of the State of Indiana.
4. To maintain a high professional standing and further ac

quaintance and fellowship among scientific and technical men.

T h e various groups of te ch n ica lly  train ed  men are 
represented on its  d irectorate, and com m ittees carry 
on a ctiv e  w ork on c ity  p lann ing, ra il traffic, food  and
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n utrition, public h ealth , fuel conservation  and sm oke 
preven tion , research, professional ethics, p aten ts, d a y 
ligh t savin g, education, and h igh w ay traffic. T h e 
club holds m on th ly  m eetings and issues a m on th ly  
bulletin.

T h ere is th e  real sub stance of association  of local 
tech n ical m en for m utual benefit and th e good of their 
com m u n ity . M ean w hile th e In dian a Section  of the 
A m e r ic a n  C h e m ic a l  S o c i e t y  continues as a pros
perous organization , b u sy  w ith  its  own special prob 
lem s, u n fettered  and unem barrassed.

EVO LU TIO N  IN  A LCO H O L A D M IN IST R A T IO N

A lcoh ol, th e chem ical reagen t, is to  receive some 
m eed of th a t  official ad m in istrative  consideration  w hich 
C ongress in ten ded  a t th e  tim e th e  N atio n a l P roh ib i
tion  A c t  w as passed. Since th e  public hearing before 
th e B u reau  of In tern al R even u e last sum m er C o m 
m issioner W illiam s has been th o ro u g h ly  sym p ath etic, 
b u t in ad eq u ate fun ds for th e  adm in istration  of th e A c t 
and th e  onerous w ork in v o lved  in  enforcing th e prohib i
tion  feature h ave m ade th e  problem  difficult of solu
tion.

A ccordin g to  announcem ent from  W ash in gton , th e 
form er D ivision  of T ech n ology  has been replaced b y  
a P erm it D ivision , in charge of D r. A . B. A dam s, and 
an In d u strial A lcohol and C h em ical D ivision , in 
charge of D r. J. M . D oran. T h e  fa c t th a t  these com 
p eten t chem ists, b oth  of w hom  h a v e  been conn ected  
w ith  th e B ureau  for several years, are to  h a ve  charge 
of th e  new  divisions, w ill inspire confidence and a de
sire to  cooperate.

T h e  P erm it D ivision  w ill h a ve  general adm in istra
tion  of th e featu res of T itle  II  of th e  N atio n al P ro h ib i
tion  A ct, relatin g to  perm its, bonds, etc. S tren gth  to 
D r. A dam s in eradicatin g falsified  application s for 
w ith d raw al of alcohol, and w isdom  in elim inatin g th e 
a gg ra va tin g  requirem ents w hich  now  beset those who 
are actin g in good fa ith !

T h e  In d u strial A lcohol and C hem ical D ivision  will 
h a ve  ju risd iction  of (1) th e  general adm in istration  of 
all th e  fe a tu re s  em braced in  T itle  I I I  of th e A c t, w ith  
p articu lar reference to  ta x-free alcohol, (2) th e  d evelop 
m ent of uses of den atured alcohol b y  la b o ra to ry  w ork 
and research, (3) th e  supervision  of construction  and 
operation  of industrial alcohol and den aturin g plants 
and bonded w arehouses, and control of govern m ent 
offices assigned thereto, (4) th e  lab o rato ry  exam in a
tion  of articles m an ufactured  under Section  4 of T itle  
II of th e A c t, and (5) th e  exam ination  of sam ples o b 
tained  under th e  H arrison N arco tic  A c t. T o  D r. 
D oran  and his associates there is en trusted  th e  de
velopm ent of a w ork w hich contain s un to ld  p o ten 
tia lities for our chem ical industries, if carried o u t in  a 
th o rou gh ly  efficient m anner. I t  is to  be hoped th a t  
Congress w ill provide a d eq u ate fun ds to  insure m ax
im u m  results.

T h e  m ethod of th e  evolu tion  of th is adm in istra
tiv e  change gives genuine satisfaction . T h e  m atter 
w as presented earnestly  b u t d ispassion ately  b y  those 
to  w hom  in ju stice  w as being done, and w as received

cou rteou sly  and sym p a th e tica lly  b y  th e  authorities in 
W ashington . N ow  th e  ap p aren t difficulties h a ve  been 
overcom e, and ad ju stm en ts m ade w hich will open a 
new  chap ter in n ational chem ical developm ent.

N O TES

T h e  London letter  w as u n fo rtu n a tely  received  too 
la te  for p u b lication  in  th is issue.

T h e P a te n t Office, w hich  for som e tim e past has been 
h an d icap p ed  b y  a shortage of fu n ds and personnel, 
is now  in  position  to  resum e th e furnishing of p h otostatic  
prints of th e  specifications and draw ings of foreign 
patents.

T h e  new  chem ical lab o rato ry  fev er has stru ck  N ew  
E n glan d . D artm o u th  C ollege is expending from  S350,- 
000 to  §400,000 on such an addition  to  its  cam pus. 
A t  Y a le  U n iv ersity  plans for a new  build in g for i t s  
D ep artm en t of C h em istry  are p ra ctica lly  com pleted.

W e m ust confess to  h a vin g  received  a severe jo lt , in  
sp ite of our usual optim ism , w hen a corresp on d en t 
recen tly  w rote th a t  he had resigned his position  be
cause “ th e  com pan y w as engagin g a physician  to  act. 
as head of th e  chem ical la b o ra to ry .”

C h em istry  is n ot being n eglected  b y  th e  Swan 
fa m ily . W hile D r. J. N . Sw an  heads th e  departm ent- 
a t th e  U n iv ersity  of M ississippi, his th ree  sons are in 
train in g for th e  profession. S tew a rt D . holds a du P on t 
F ellow ship  in  th e  U n iv ersity  of C h icago , W illiam  O. 
has w on a sim ilar honor a t th e  U n iv e rs ity  of V irgin ia, 
and T h om as H. holds an assistantship  as a gra d u ate  
stu d en t in C olu m bia  U n iv ersity . T h a t ’s n ot a “ b u n ch ”  
of chem ists— i t ’s a w hole flock.

T h e  success of th e  tech n ica l m onographs n ow  under 
prep aration  b y  th e  A m e r ic a n  C h e m i c a l  S o c i e t y  
depends on one th in g— how  fa r  th e  heads of industria l 
concerns w ill allow  th e ir  chem ists to  “ open u p .”  
L a stin g  co n trib u tion s to  chem ical literatu re , helpful 
to  th e  en tire ch em ical in d u stry , should  be m ade through 
these m onographs. H ere’s hoping!

W ith  so large  a num ber of real sp ecialists on explo
sives in go vern m en t service and ou t of it, w h y  did th e 
D ep artm en t of Justice call upon W a lter T . Scheele 
for an exh au stive report on th e W all S treet explosion? 
T ru e, he h ad  one receip t for an exp losive m ixture 
w hich  he p u t to  d iabolical purpose in  b low in g up ships 
during th e  w ar, b u t th is scarcely  con stitutes a claim  
for preem in en t q u alification s as an exp ert, especially 
in  v iew  of th e  evidence of his la ck  of a b ility  as an 
explosives exp ert ob tain ed  b y  chem ists in  th e  go vern 
m ent service during his internm en t. Suppose th e D e
p a rtm en t of S ta te  should call on vo n  Igel or vo n  
P ap en  to  so lve som e of its  problem s!
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CH EM ICAL INDUSTRY AND TRADE OF SW EDEN
By O. P. Hopkins

1824 B ki.m o n t  R o a d , W a s h in g t o n , D . C.

W eighing all th e d isadvan tages of her position during 
the w ar again st th e a d van tages, it m ust be adm itted  
th a t Sw ed en ’s industries h a v e  been g re a tly  strengthened 
since 1914. She has sold her products to  both  bellig
erents a t handsom e profits and has received the 
highest returns from  her shipping in spite of losses b y  
subm arines.

Sw ed en ’s sources of w ealth  lie in her forests, in her 
iron m ines, in her w aterpow er, and in her shipping 
facilities. A g ricu ltu re  is also of first im portance, one- 
half th e p o p u lation  d evo tin g itse lf to  th a t  branch of 
in d u stry, a lth ou gh  a gricu ltu ral products do not figure 
largely  in th e  c o u n try ’s in tern ation al trad e. One-half 
of th e  lan d  is cpvered w ith  forests, and before th e w ar 
the incom e from  th a t source w as S i 00,000,000 a year. 
E ig h ty  per cen t of th e to ta l exports are derived from  
forest and m ine. W aterpo w er is so abun dan t and 
cheap th a t  electric  current is th e pow er used for more 
than  h alf of th e  m an u factu red  p roducts of th e coun try. 
It  is estim ated  th a t th e  p o ten tia l w aterp ow er is
6,000,000 tu rb in e  horsepow er, of w hich som ething 
more th a n  1,000,000 horsepow er is now  utilized.

Sw eden has n ever occupied  th e place in the estim a
tion  of A m erican  business men th a t  its w ealth  and good 
will to w a rd  A m erica  deserve. M ore a tten tion  has 
been g iv en  to  Sw edish fa cilities for handling trade 
betw een A m erica  and other countries th a n  to its own 
trade. D u rin g th e  w ar, how ever, th e  U nited  States 
entered into closer and m ore extensive business rela
tions. A m erican  goods are v e ry  w ell liked , and the old 
good w ill tow ard  A m erica, th e n atu ra l result of havin g 
so m an y sons liv in g  and prospering in th is country, 
has n ot been altered.

F O R E S T  P R O D U C T S

Sw edish forest products h ave a w orld-w ide rep u ta
tion. T h e  tim b er is sold in m an y m arkets, often in 
com petition  w ith  th e  A m erican  article, and while some 
varieties are a d m itted ly  inferior to  corresponding 
A m erican  tim b er in q u a lity , this is m ore th a n  offset 
in m an y cases b y  th e  care w ith  w hich  it is prepared 
to m eet th e  requirem ents of th e  foreign  buyer.

T h e w ood pulp m an ufactured  in  Sw eden has a 
deservedly high rep u tatio n  everyw h ere and is pro
duced to  th e exten t of considerably m ore th a n  a million 
tons a year, of w hich th e  finest chem ical pulp is largely 
exported, w hile m uch of th e  cheaper pulp is m anu
factu red  into paper in  th e cou n try . T h e difficu lty  of 
gettin g  sulfur during th e  w ar had a depressing effect 
on the chem ical-pulp  in d u stry , a lthough som e of the 
plants m anaged to  get along w ith  N orw egian  pyrites. 
T h e pre-w ar im p ortation  of sulfur w as abou t 40,000 
tons a y ea r, th e principal source of su p p ly  being Ita ly . 
Considerable q u an tities h ave since been obtained from  
the U n ited  States.

Som e 350,000 tons of paper and cardboard are pro
duced in Sw eden an n u ally , and the new spapers of

E urope are p re tty  m uch dependent upon th is source of 
sup ply. T h e finest grades of paper are im ported.

W ood-distillation products are an im p ortan t factor 
in an y consideration of th e  Swedish chem ical in d u stry. 
In th e order of q u a n tity  produced, these products are 
ta r  and ta r  oil, rosin, turpentin e, acetate  of lim e, pitch  
and pitch  oil, m ethanol, form alin , w ood oil, and 
creosote. C harcoal is still used exten siv ely  in iron 
sm elting, b u t m ost of it  is m ade in kilns rath er than  
ovens.

R apid  strides h ave recen tly  been m ade in th e m anu
factu re of spirits from  th e residual ly c  of th e  sulfite- 
pulp factories. I t  is estim ated  th a t th e poten tia l 
y ield  from  th e residue now a vailab le  is not less th a n
36,000,000 liters of 100 per cent spirits a year. T h e  
actual production is said  to  be abou t 12,000,000 liters.

P R O D U C T IO N  O F M ETA L S

T h e Swedish iron a n d ’ steel in d u stry  is not in th e  
front rank in point of q u a n tity  produced, b u t for 
q u ality  its reputation  is unexcelled. T h e ores arc o f 
excellent q u ality , and th e  sm elting, form erly  w ith  
charcoal and la tte r ly  large ly  w ith  electric curren t, has 
given  to  the world a w on derfu lly  fine iron. T h e in 
creasing use of e lectricity  in  th e m an ufacture of steel 
has also set a high stan dard  in th a t line. Swedish steel 
is liked in  th is cou n try  for safety-razor b lades, and 
Swedish ball bearings find their w ay  into  all countries. 
T h e production  of iron ore to ta ls  some 7,000,000 tons 
a year, and m akes up more th an  95 per cent of th e 
m etalliferous ores mined.

T h e production of ferro-alloys is im p ortan t, and has 
kept pace w ith  th e  grow th  of th e steel in d u stry.

A  war developm ent was th e rev iv a l o f copper p ro
duction, which once w as an im portan t feature of 
Swedish industry. I t  is n ot expected  th a t  th e in 
d ustry will grow  to  large proportions, b u t it  is like ly  
th a t the success of e lectro lytic  refining of copper will 
insure th e continuance of a dom estic su p p ly  of refined 
copper.

E L E C T R O C H E M IC A L  IN D U S T R Y

H ydroelectric pow er has not been developed in 
Sweden on quite so grand a scale as in N orw ay, n or 
is it used in th e sam e proportions for th e  various in 
dustries, b u t it is a m igh ty  fa cto r in th e c o u n try ’s  
prosperity. A s in N orw ay, th e developm ent has ta k e n  
place to  offset the lack  of coal. In th e electrochem ical 
industry, th e chief use of current is for th e m a n u factu re 
of pig iron, ferro-alloys, and calcium  carbide. T h e  
fixation of atm ospheric n itrogen  is com p aratively  
unim portant when th e  exten t of th is in d u stry  in N or
w ay  is recalled.

A rran ged in th e order of pow er used, th e  va rio u s 
Swedish electrochem ical industries are as fo llow s: 
P ig iron, 90,000 horsepow er; ferro-alloys, 60,000 horse
power; calcium  carbide, 40,000 horsepow er; a tm os
pheric n itrogen, 16,000 horsepow er; steel, 10,000 horse
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pow er; cau stic  soda and b leachin g pow der, 3,000 
horsepow er; potash  salts, 2,700 horsepow er; graphite,
2,000 horsepow er; phosphorus, 1,500 horsepow er. 
T h e  figures are estim ates for 1918.

A s  in other countries w here w aterp ow er is a v a il
able, th e  develop m en t of h yd ro electric  p lan ts w as 
g re a tly  stim u lated  b y  th e  w ar.

F E R T IL IZ E R S

A lth o u gh  th e a gricu ltu ral p roducts of Sw eden do 
n ot enter large ly  into  in tern ation al trad e, th e  fa c t  
rem ains th a t half th e  p o p u lation  is en gaged  in  farm in g, 
and fertilizers are an im p o rta n t item  in  th e  Sw edish 
ch em ical m arket.

B efore th e w ar th ere w ere h e a v y  im p ortation s of 
th e  fo llow in g artific ial fertilizers, in  th e  order of 
q u a n tity : potash  salts, from  G erm an y; raw  ph osphate, 
from  th e  U n ited  S ta tes, E n glan d , G erm an y, A u stra lia , 
and  T u n is; sodium  n itra te , orig in atin g  in  C hile, b u t 
im p orted  from  G erm an y; T h om as ph osp h ate and slag, 
from  E n g la n d  and B elgium ; and sup erp hosp hate, from  
B elgiu m  and th e  N eth erlan ds. A s Sw eden w as in 
a  position  to  tra d e  w ith  G erm an y durin g th e w ar, it  
w as n atu ra l th a t  th e im ports of p o tash  should  increase 
a fter  hostilities com m enced. I t  w as ju st as n atu ra l 
th a t th e  im ports of ph osp h ate should  fa ll to  a low  
figure, th a t  th e  im p orts of sodium  n itra te  should be 
cu t in half, and th a t  outside supplies of sup erp hos
ph ate  and T h o m a s ph osph ate should be cu t off en tirely . 
C a lc iu m  n itra te  has been im ported  from  N o rw a y  since 
th e  w ar started .

T h e  dom estic m an u factu re of fertilizers can n ot m eet 
th e hom e dem and, b u t it  has grow n  to  great p ro
portions. W ith  norm al supplies of ph osp h ate there 
is a th riv in g  exp ort business in  superphosphate, 
N orw egian  and Sw edish  p yrites  being used for th e  
m an u factu re of th e  n ecessary su lfu ric  acid. T h e  im 
ports of sup erp h osp h ate m entioned a b o ve  form  on ly  
a  sm all p a rt of th e  consum ption. C ya n am id e is a 
p ro d u ct of th e electrochem ical in d u stry . Sw edish iron 
ores are rich  in  a p a tite  and  y ield  a rich  T h om as slag. 
A n im al w aste and bone m eal are im p o rta n t dom estic 
item s, and th e  production  of fish guano is in norm al 
tim es a featu re  of th e  herring in d u stry , a lth o u g h  it  
p ra ctica lly  d isappeared durin g th e  war.

T h ere w as th e sam e sh o rtage of fertilizers durin g th e 
w ar as in oth er countries, as show n b y  th e production  
and trad e sta tistics  in clu d ed  in th is  article.

P R O D U C T IO N  O F M A T C H E S

Judgin g from  th e  la test production  figures a va ila b le , 
th e  m an u factu re of Sw edish sa fe ty  m atch es w as 
stim u la ted  b y  th e  w ar, as th e  o u tp u t w as increased 
from  73,000,000 lbs. in 1913 to  114,000,000 lbs. in 
1917. I t  does n ot appear from  th e  sta tistics, h o w 
ever, th a t  a ll of th e  increased p rod u ction  w ent in to  
foreign  trad e , for th e exp ort returns are 61,000,000 
lbs. for 1913; 85,000,000 lbs. for 19 17; 63,000,000 lbs. 
for 1918; and 61,000,000 lbs. for 1919. L ater  p ro
duction  figures w ould  p ro b ab ly  show  a fa llin g  o u tp u t.

Sw edish sa fe ty  m atches need no in trod u ction  to  
th e  outside w orld, as th e y  were stan dard  for years 
before th e  w ar. T h e y  fa iled  to  reach th e  U n ited

S ta tes during th e  w ar, and th e  ch aracter of th e  su b 
stitu tes  offered, esp ecially  b y  Jap an , is still w ell re
m em bered. I t  is also com m on k n ow ledge th a t  th e 
A m erican  p rod u ct w as im p roved , u n til it  is now  
gen era lly  a ccep ted  as q uite sa tisfa cto ry . T h e  efforts 
of th e  Sw edish m an ufacturers to  regain  th e  lost ground 
w ill be w a tch ed  w ith  in terest.

T h e  Sw edish in d u stry  has un lim ited  supplies of 
m atch  w ood to  draw  from , b o th  a t hom e and in  F in 
lan d , m ost of th e  m aterial in th e p a st com ing from  th e 
la tte r  co u n try . T h e  hom e supplies are in rath er 
inaccessible p arts of th e  co u n try , b u t th ese h a ve  been 
opened up to  som e ex te n t since com m un ication  w ith  
F in la n d  becam e un certain . Phosphorus is now  p ro
duced b y  an electric  sm eltin g m ethod th a t  prom ises 
to  su p p ly  th e  needs of th e  m atch  in d u stry . P o ta s
sium  ch lorate  has been m an u factu red  in Sw eden  for 
m an y years, and th e production  is n ot o n ly  sufficient 
for th e  m atch  in d u stry , b u t supplies a surplus for ex 
port. P o tassiu m  chloride, th e  raw  m aterial, is im 
p o rted  from  G erm an y. M a ch in e ry  for m akin g and 
p a ck in g  m atch es has been d eveloped  to  a sta te  of 
ex tra o rd in ary  efficiency.

S T A T IS T IC S  O F P R O D U C T IO N

A  com parison of prod u ction  sta tistics  for 1913 and 
1917 w ill reveal th e  prop ortions of th e  Sw edish chem ical 
in d u stry  and th e  effect of w ar conditions on o u tp u t—  
th e  stim u la tin g  effect of w ar prices, and th e depressing 
effect of decreased im p orts of raw  m aterials. T h e 
ta b le  has been com piled  from  official figures published 
b y  th e Sw edish D ep artm en t of C om m erce, of the 
B o ard  of T rad e.

P r o d u c t io n  o f  C h e m ic a l s  a n d  A l u b d  P ro d u c t s

1913 1916 1917
JPounds Pounds Pounds

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

A cetic ........................................ 1,610,675 977,488 973,004
N itr ic ........................................ 1,188,380 4,205,442 3,051,519
H ydroch lo ric .......................... 5,434,167 2,362,958 3,030,077
P hosphoric.............................. 1,222,216 963,949 662,242
S ulfu ric .................................... 185,040,128 168,127,363 121,750,874

Alum inium  com pounds (hy-
d ra te , su lfate, e tc .) .............. 12,730,118 38,744,978 36,426,976

A m m onia, liq u id ....................... 8,080,382 13,081,175 8,945,455
Am m onium :

C au s tic ..................................... 1,675,480 2,526,036 2,575,142
N itra te ..................................... 1,431,408 1,508,193 1,420,083
S u lfa te ...................................... 3,035,014 2,954,827 2,874,902

Calcium  c arb id e ........................ 70,441,652 80,153,528 76,437,825
C arb o ru n d u m ............................ 110,231
Chloride of lim e ........................ 1,188,064 3,408,346 3,660,195
C hrom e a lu m ............................. 15,400
Coal ta r  and  p roducts:

A sphaltic, m astic, and  simi-
la r  p re p a ra tio n s ............... 15,738,869 14,884,316 9,649,873

Benzene p ro d u c ts ................ 0 ) 1,506,432 1,636,057
Coal t a r ................................... 28,728,900 35,269,646 27,006,529
O ther coal-tar p ro d u c ts . . . 2,552,953 4,637,747 3,295,429

C opper:
Scales and  ox ide................... 192,212 154,227
S u lfa te ...................................... 942,586 2,795,351 2,106,517

Cosm etics and  to ile t p re p a ra 
tio n s .......................................... $801,610 $980,212 $1*223,650

F ertilizers .................................... 587,339,974 456,088,200 338,027,823
Anim al w aste ......................... 72,294,571 72,015,148 85,365,501
Bone m eal............................. 12,832,516 17,714,720 11,812,889
F ish  g u an o .............................. 1,287.543 223,119 31,195
N itrogen  c a rb id e .................. 40,460,315 58,222,143 38,830,208
S uperphosphate .................... 406,221,652 270,652,594 165,280,410
T hom as p h o sp h a te ............. 40.463,419 29,227,776 26,836,449
O th e r ........................................ 13,779,958 8,032,700 9,871,171

Ferrous su lfa te ............... .. 706,030 616,170 322,470
G lauber's  s a lts ........................... 12,397,112 9,196,141 11.232,681
Glycerol:

R aw ........................................... 321,500 1,284,065 648,322
Purified .................................... 1,071,898 1,327,919 369,395

N itrobenzene .............................. 263,126 251,214
P erfum es...................................... $176,755 $251,104 $410,508
Phosphorus................................. 222,005
Po tash :

C au s tic ..................................... 310,356 507,063 282,716
C hlorates and  perchlorates 7,955,011 9,289,935 10,929,096
N itra te ..................................... 400,381 373,862
Yellow p ru ssia te ................... 236,708 . . . .
1 N o t given separate ly .
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P roduction op C hemicals and  A llied  
1913 

Pounds
C h em ica ls , D ru g s , E tc .  (Concluded):

Soda:
B isu lfa te ........................................  . . . .
C au stic  ...........................  360,425
C ry s ta ls ...................................  28,418,289

T ann ing  m ateria ls, vegetable 6,261,127
W ater g lass..............................   2,956,487

G ums and R e s in s :
D extrin  and  p re p a ra tio n s ... .  796,149
E lastic  glue for p rin tin g  cyl

in d e rs ..............................................  . . . .
L iquid glue and  g u m . ............ 940,428
M arine glue and  g e la tin   4,207,682
R o sin .............................................  137,789
R osin g lue...................................  2,764,407

W ood-D istillation  P roducts:
A cetate  of lim e ................................  . . . .
A cetone............................................... . . . .
C reosote .............................................. . . . .
F o rm alin ......................................  278,658
M eth an o l.....................................  1,161,289
P itch  and  p itch  o il................... 397,848
Rosin, liq u id ............................... 1,747,853
T a r and  ta r  o il........................... 14,553,776
T urpen tine  o il............................ 1,387,446
W ood o il....................................... 376,488
O ther (including creosote oil) . . . .

M etric  Tons
Ores , E tc.:

C opper.......................................... 5,458
G ra p h ite .......................................  250
G yp su m ..............................................  . . . .
I ro n ................................................ 7,479,393
M anganese ...................   4,001
M anganese, pu lve rized   73
M olybdenum ....................................  . . . .
N ickel..................................................  . . . .
S ilver-lead...................................  3,222
Sulfur p yrites  and  m anganese

p y rite s ......................................  34,319*
Zinc................................................  50,752
Zincbiende...................................  33,853

Pounds
Paints and Va r n is h e s :

B one-black ..................................  132,277
Bronze p a in t ................... ; . . . .  40,371
B u tte r and  cheese co lo ring ... 166,109
E a rth  c o lo rs ............................... 1,766,317
Inks, p r in tin g .......................  1,916,152
Lacquer and  enam els.................... . . . .
L am pb lack .................................. 1,613,800
Ocher, re d .................................... 4,549,739
Oil p a in ts ..................................... 1,629,593
P u tty  p a in t ................................   685,159
V arnishes.....................................  3,438,424
O ther co lo rs................................  695,889
O ther sim ilar p re p a ra tio n s ... $24,553

T otal , p a in ts  a nd  varnishes $927,707
Oils , F ats, and W a x e s :

Anim al oils.................................. 150,338
Bone f a t .......................................  1,805,566
C andles......................................... 5,351,743
G reases.........................................  5,824,171
L eather oils and  greases  640,560
Linseed o il................................... 19,294,931
Linseed-oil s u b s titu te .............
M achine and  axle g re a se .. . .  2,401,006
Oilcake:

Linseed cake and  m eal  41,466,995
R apeseed cak e ............. • 1,118,846

Olein and  o ther fa tty  a c id s .. 1,053,111
O leom argarine............................ 1,328,223
Soap and  sim ilar p ro d u c ts .. . 63,378,621

Soft so ap .................................  44,453,715
Soft-soap s u b s titu te ............
T oilet so a p .............................. 6,694,373
O ther so ap ..............................  4,562,510
W ashing and  soap pow der 7,668,023

S tea rin ..............................   2,488,234
S tearin  w ax................................. 89,100
Tallow:

“ Prem ier ju s” ........................ 613,355
C om pressed............................ 659,072
D y re ta lg ......................   288,975

T urn ip  an d  rapeseed  o ils .. . .  697,102
O ther oils and  f a ts ................... 603,747

M etric  Tons 
M iscellaneous  M a n u fac tur es :

C halk ............................................. 19,037
Pounds

Explosives:
D ynam ite  and  o th e r ex

plosives con tain ing  n itro 
g lycerin ...............................  4,676,460

Explosives n o t containing
n itrog lycerin ...................... 186,458

F irew orks................................  $4,824
F uses......................................... 260,322
G u nco tton :

C om pressed.......................  61,132
N o t com pressed ...............  635,917
N itra te d .................. ..

Powder:
B lack ....................................  724,011
Sm okeless...........................  ' 541,724

1 Sulfur pyrites  only.

P r o d u c t s  (C o n t i n u e d ) 

1916 1917
P ounds Pounds

5,869,385
1,353,171

14,965,911
13,182,737
2,741,329

1,642,834

518,086 
1,862,004 
5,430,924 

191,114 
2,002,397

2,449,395
60,252
54,509

408,651
1,304,559

727,126
5.313.857 

17,177,663
4,267,637 

455,863 
726,076 

M etric  Tons

13,895
320
910

6,988,740
8,894

154
3

3,561
3,707

97,848
60,700
48,221

Pounds

106,042
38,308

185,519
2,390,438
1,061,591

751,743
1,480,322
4,479,887
2,770,132

711,535
3,819,392
1,870,876

$70,280
$2,128,364

877,677
1,729,193
2,943,901
5,997,312
1.243.857 

20,815,356
691,903

2,177,852

44,603,263
678,406

2,278,389
1,187,182

73,272,959
55,288,907

5,756,072
3,797,586
8,430,394
2,246,112

154,573

1,557,008 
589,152 
633,179 
433,702 

3,047,209 
M etric  Tons

19,022
Pounds

5,240,654

145,520
$8,950

410,677

100,853 
1,450,463 

518,086

530,079
1,302,700

5,746,511
1,629,029
8,122,724

14,191,426
1,943,317

1,177,564

299,659
2,610,855
4,500,367

726,480
496,327

1,799,532 
108,778 

15,609 
676,111 
989,212 

1,763,559 
6,619,383 

14,639,054 
4,535,608 

430,752 
1,492,346 

M etric  Tons

13,579
211

6,220,338
19,873

154
137

4,991
3,709

142,366
51,312

9,727
Pounds

192,067
35,949
43,398

1,990,703
1,680,826

428,343
1,053,810
2,713,618
1,788,833

513,754
3,422,306

221,529
$55,172

$3,102,177

274,286
2.391,224

951,085
2,304,174

451,798

1,735,302
1,932,199

2,704,395

42,509,212
20,029,208

5,070,358
5,260,130
4,550,253
7,599,263

975,614
215,017

99,722 
24,701 

195,330 
15,432 

2,823,423 
M etric Tons

15,435
Pounds

5,532,828

371,827
S9,385

250,313

56,970
1,066,400

299,659

478,657 
1,066,076

P ro d u c t io n  o f  C h em ica ls  a n d  A l l ie d  
1913 

Pounds
M is c e l la n e o u s  M a n u f a c tu r e s  { C o n c lu d e d ) :  

Gases :
A cctylene1................................... . 176,577
Carbonic ac id ........................ 1,999,749
H ydrogen...............................  410
Oxygen....................................  393,338
O ther........................................ 2,538

Cubic Feet
Gas works:

Acctylene g a s ........................ 1,149,718
Coal g a s ................................. 3,038,032,803 3
W ater gas............................... 55,949,736

Pounds
Glass and m anufactures:

B ottles..................................... 66,675,066
Flasks and  ja rs  for medi

cines....................................  ¿,041 ,556
Window glass........................ 21,410,928
Other glass m anufactures.. $1,548,740

Insulating  m ateria l.................. 918,536
M antles, gas and e lec tr ic .. . .  30,776
M atches:

S afe ty ......................................  72,782,851
O ther........................................ 16,858,807

Paper and pulp:
C ardboard .............................. 107,124,750
P ap er.......................................  626,918,053

News p r in t ........................... 204,552,662
M etric  Tons

P u lp .......................................... 1,186,577
Pounds

Scaling w ax................................  122,544
Shoe polishes and  fin ishes.. . .  1,550,154
Sugar:

Beet p u lp ................................ 891,337,572
C ut su g ar...............................  16,163,950
M olasses.................................  44,757,155
Raw sugar.............................. 290,924,786
Refined su g ar........................ 297,072,770
S irup ........................................  8,094,771
1 See also item  under "G as works."

P r o d u c t s  ( C o n c l u d e d ) 

1916 1917
P ounds Pounds

322,876 
1,956,020 

5,952 
967,243 

24,456 
Cubic F ee t

395,082 
1,919,911 

4,702 
1,367,880 

49,622 
C ubic Feet

164,351 94,818
,641,093,300 3,067,932,707 
178,699,081 249,589,335

Pounds Pounds

68,901,531 44,455,756

7,558,724
21,588,255
$2,645,616

1,709,358
75,727

117,873,166
8,726,715

173,281,355 
729,480,953 
267,615,805 
M etric  Tons 

1,324,458 
Pounds 

152,165 
4,980,741

949,515,408
16,391,092
60,882,120

280,762,641
314,957,660

30,379,045

9,392,998
17,043,580
$3,425,974

1,682,581
65,222

114,238,116
1,715,723

120,243,352 
615,313,118 
244,104,797 

M etric  Tons 
1,023,661 
Pounds 

151,689 
4,919,637

998,907,069
14,723,791
57,737,621

302,904,126
256,608,238

27,634,827

STATISTICS OF IMPORTS

Swedish trade statistics are published m on th ly  and 
annually. T h e latest are to be found in the m on thly 
returns, b u t th e  list of chem icals is a short one and th e 
countries of origin are n ot shown. H ow ever, to  g ive  
an idea of tendencies during th e  first y ea r  of peace, 
a table has been com piled from  these returns showing

S um m ary o f  I m po rts  o f  C h e m ic a ls  a n d  Al l ie d  P ro d u c t s  
1913 1918 1919

Pounds Pounds Pounds
C h e m ic a ls , D r u g s , E t c .:

C au s tic  p o ta sh  a n d  s o d a . . .  . 11,669,137 1,779,064 11,599,706
C h lo ride  of l im e ............................................... 2,438,711 11,284,073

^ P h o s p h a t e .................................. 243,498,202 80,924,806 152,823,478
Thom as phosphate  and  ___

sla* .........................................  42,424,088 . . . .  ------
Glycerol, crude and  refined... 736,969 87,681 1,255,502
PhosDhorus, w hite and  r e d . . . . . .  119,996 84,546
Potash  salts ..............................  176,925,982 232,385,613 275,361,721
Salt, ta b le .. '.................................. 53,615,036 50,690,859 31,581,354

^°C arbonate  and  bicarbonate 40,206,516 5,323,997 31,343,438
N itra te  ..................................  74,717,450 14,909,492 51,174,253
S u lfa te  'and bisu lfate  70,008,208 80,982,088 29,706,451

Sulfur...........................................  84,198,112 — . 43,/98,438
M etric  Tons M etric  Tons M etric  T oh3

Sulfur py rites ............................  131,875 109,652 71,304
Pounds Pounds Pounds

T a n n i n g  extracts, vegetable.. 19,710,861 690,955 28,582,491

COCoaEl-tarNf o l? r IES.:...................... 2 ,149,536 927,907 1,484,882
V arn ish    1,342,679 232,184 3,626,763

11 ,3 .4 ,192  1,484,882 5 ,776,334

GUC ao u tch o ?c? :a H k in d s   2 ,348,785 1,119,375 4,530,237

R r d% t“ f v c T ^  15,657,259 408,151 9,777,141
O il s , F a t s , an d  W a x e s :

^ B e n z in e 'a n d  g aso lin e   (>) 3 ,058,029 52,695,553
Illum inating oil, purified .. 265,316,714 43,275,745 163,114,802
L u b ric a tin g  m l . ; ; ; ; ; ;  , O  « ; * ? $ ?  51,248,553

O ilc a k e     346,703,690 14,160,785 151,308,131
O lein a n d  o th e r  f a t ty  a d d s ,  15,265 1,286,770
n ipóm arirárinV  ".'...........................  1,265,831 . . . .  4 ,172,721
P ara ffin , raw  o r  r e f in e d . . ; ; .  ; 7 ,185,792 2,890,52g2 5g,956,324

T u ro e n tin e 'o il’.  ........................  1,099.661 2,438 827,492
V egetab le  fixed oils 61 909,522 .,8 0 2  316 91 ,444,740

S o o a r .................  4 ,683,073 25,464,605 20 ,804,546
I N o t s ta ted  separately.
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th e  tra d e  in  chem icals and allied products in su m m ary  
form  for th e years 19x3, 1918, and 1919. W ith  th is  
ta b le  and th e  detailed  ta b le  for 1913, 1916, and 1917 
com piled from  th e  annual returns, it  w ill be possible 
to  s tu d y  th e  exten t and ch aracter of th e  Sw edish 
m arket for im p orted  chem icals, and th e effect th e  war 
has h ad  upon it. T h e  ta b le s  are based upon p u b lica 
tion s issued b y  th e  Sw edish D ep artm en t of C o m 
m erce, of th e B oard  of T rad e.

T h e  fo llow ing tab le , show ing th e im port trad e  in 
detail and b y  countries, is based upon the la te st annual 
sta tistics:

I mports of Chemicals and Allied  P roducts
1913 1916 1917

Pounds P o unds  Pounds
C hemicals, D rugs, E tc .:

A cetate  of lim e ..............................  198,171 386 28,259
Acids:

B oric .............................................  264,777 159,233 102,579
G erm any .................................  178,969 . . . .  . . . .
U nited K ingdom .................. 75,978 124,186 100,200

C itric  and  ta r ta r ic  . . .  203,185 306,881 47,062
F ran ce ......................................  34,502 126,060 11,102
G erm an y .................................  106,005 . . . .  . . . .
I ta ly ..............................................................  49,121 . . . .
U nited K ingdom .................. 31,676 100,617 . . . .

Form ic an d  la c tic ..................... 251,605 427,234 24,881
H ydroch lo ric ..............................  3,183,470 1,572,775 87,468

G e r m a n y . . . . ......................   . 3,141,622 1,471,299 ___
H ydrofluoric acid and  fluoride

of am m onium ...................  59,417 147,452 13,272
G erm an y .................................  58,570 147,452 ___

N itr ic ............................................  191,848 6,017,951 5,009,204
D en m ark ................................. 36,528 6,015,414 5,009,204
G erm an y .................................  155,320 . . . .  . . . .

O xalic...........................................  169,203 1,308,415 890,429
G erm an y .................................  158,078 1,308,399 890,429

P hosphoric ..................................  8,391 2,945 357
S a lic y lic .. .................................... 19,141 51,176 130
Sulfuric (including sulfurous

a n h y d rid e ).........................  2,455,733 1,305 115
G erm an y .................................  1,540,751 . . . .  . . . .
N e th erlan d s ...........................  863,207 ___  ___

T u n g s tic ....................................... 906 2,280 — .
A lbum in...........................................  10,721 26,398 119
A lum .................................................. 99.358 213,855 530,196
A lum inium :

P ure  and  h y d ra te ..................... 626,084 32,163 10,873
S u lfa te ..........................................  4,798,925 502,076 2,783,472

G erm an y .................................  . . . .  303,530 1,754,833
U nited  K ingdom .................. 2,604,402   256,938
U nited  S ta te s ........................  . . . .  . . . .  672,218

Am m onium :
C arb o n ate ...................................  367,369 620,641 333,980

G erm an y .................................  . . . .  27,355 199,236
U nited  K ingdom .................. 344,596 396,821 55,354

C au s tic .........................................  161,303 16,193 2,150
N itra te .........................................  137,635 327,162 793,519

G erm any .................................  79,269 . . . .  . . . .
N o rw ay ...................................  57,836 327,162 793,519

Sal am m oniac............................  429,315 645,033 2,328
S u lfa te ..........................................  83,352 3,091,191 686,394

U nited  K ingdom ..................   3,090,741 686,308
A m m onium , potassium , and

sodium  p h o sp h a te ................ 50,788 125,152 35
G erm any ...................................... 49,306 . . . .  -
U nited  S ta te s ............................. . . . .  99,880 . . . .

Arsenic, w h ite ................................  80,136 355,149 80,209
G erm an y ......................................   355,149 80,209

B arium  protoxide (ba ry ta ) and  
barium  peroxide (gray
pow der)...................................  . . . .  148,834 55

G erm any ...................................... . . . .  148,834 . . . .
B o rax ................................................. 1,036,219 1,099,707 388,756

D en m ark .....................................  . . . .  69,875 . . . .
G erm any ...................................... 548,843 1,746 . . . .
U nited  K ingdom ......................  483,s542 535,342 186,211
U nited  S ta te s ........................ . . . .  471,403 202,545

Brom ine, potassium  brom ide,
e tc ..............................................  24,716 39,225 19,074

G erm any ............................   24,341 34,540 19,050
Calcium  and  barium  carb id e .. .  5,225 18 8,483
Calcium , barium , and  alum in

ium  ch loride........................... 653,831 2,351,281 513,904
G erm any ...................................... 322,367 2,189,999 468,696

C arbon disulfide and  chloride
of su lfu r................................... 81,192 41,301 24

C arbo rundum ................................. 86,401 248,132 454,893
'D enm ark .............................. .. 26,403 . . . .  . . . .
G erm any .....................................  50,014 . . . .  . . . .
N orw ay ........................................    200,288 409,577
Sw itzerland .................................     43,755
U nited S ta te s ............................    39,392 1,561

C asein ...............................................  459,137 865,361 22,046
D enm ark .....................................  . . . .  . . . .  22,046
F ran c e ..........................................  244,826 631,404 _
G erm any .....................................  113,822 ___  ___
U nited  K ingdom ......................  . . . .  163,012

C elluloid........................................... 375,181 301,907 201,758
Chem ical p reparations, n . e. s. 1,438,890 2,037,095 846,383

G erm any .....................................  1,068,274 1,858,768 718,833

Im p o r ts  o f  C h em ica ls  a n d  A l l i e d  P r o d u c ts  (Continued)
1913 1916 1917

Pounds Pounds Pound*.
C h em ica ls , D ru g s ,  E tc .  (Continued):

Chloride of lim e ............................  16,266,542 8,474,650 4,812,74i
B elgium ........................................ 853,270 ___  ___
D en m ark .....................................  51,141 452,583 ___
G erm any ...................................... 4,485,293 2.589,613 1,558,679
N o rw ay ........................................    851,438 255,145
U nited K ingdom ......................  10,876,837 1,323,069 . . . .
U nited S ta te s .............................   3,109,748 2,796,826

Chrom e a ce ta te  and  iron ace ta te  8,717 2,802 220
Chrom e a lu m .................................  453,039 43,283 44,077
C hrom ium  su lfa te ......................... 1,627 36,354 33
Coal t a r  an d  p roducts:

Benzene o ils ................................ 461,773 1,940,127 206,311
G erm any .................................  218,403 1,832,669 184,333
N o rw a y .................................... 84,471 . . . .  . . . .
U nited K ingdom ..................  120,803 . . . .  . . . .
U nited S ta te s ........................    107,458 ___

Carbolic acid, cresol, and
creosote o il......................... 8,225,762 4,713,924 113,559«

G erm an y .................................  3,057,200 36,369 ___
U nited  K ingdom ..................  5,136,797 4,667,440 ___

C arbolineum ............................... 306,054 2,425 492
Coal t a r ........................................ 14,723,234 4,852,424 2,439,397

D en m ark ................................. 7,616,168 . . . .  220,460
G e rm a n y .................................  4,487,792 . . . .
N o rw ay .................................... 1,066,266 1,030,298 589,565
U nited K ingdom .................. 1,552,953 3,568,540 1,629,371

N a p h th a len e ..............................  216,399 709,226 618,635
G erm an y .................................  190,341 675,216 605,522

O ther coal-ta r p ro d u c ts   584,995 291,309 55,071
U nited  K ingdom .................. 356,162 138,960 ___
U nited  S ta te s ........................    125,012 ___

Copper:
O xide............................................. 7,211 231 _
S u lfa te ..........................................  145,062 111,622 1,008

D rugs and  to ile t p reparations:
H air d y e ....................................... 7,319 7,681 6,475
Perfum ery and  co sm etics ... .  58,034 63,554 67,833
Salicylic p rep ara tio n s.............  47,291 99,826 15,009

G erm any .................................  44,597 93,909 14,647
T a r ta r  em etic ............................. 27,262 5,057 450
T oilet w a te r ................................ 42,485 32,926 9,081
T oo th  pow der and  p aste . . . .  3,287 3,591 2,277
O ther d ru g s ................................  261,772 371,308 126,011

B ritish  S ou th  A frica   . . . .  3,552 23,874
D en m ark ................................. 20,456 15,562 11,883
G erm an y ................................. 197,400 196,187 35,207
N eth erlan d s ...........................    6,515 22,912
R ussia, E u ro p ean ................  . . . .  43,089 . . . .
U nited  K ingdom ..................  18,336 56,431 15,582
U nited  S ta te s ............................... . . . .  21,215 . . . .

Fertilizers:
Calcium  n i t r a te ...............................  . . . .  2,280,084 3,159,158

N orw ay ....................................   2,280,084 3,159,158
N itrogen  carb ide ......................  110 37 . . . .
Phosphate, ra w .........................  271,717,082 189,436,3042 3,863,782

A u stra lia .............................   37,116,513 . . . .  . . . .
G erm any .................................  49,265,777 . . . .  -----
T u n is ........................................  22,300,836 19,764,695 ___
U nited  K ingdom .................. 73,915,963 ___  ___
U nited  S ta te s ...........................  76,106,516 131,470,3312 ___
W est In d ie s ................................................  14,273,934 3,863,782

P o tash  salts:
37 per cen t p o ta sh ............... 63,110,907 106,170,904 32,354,622

G erm any ............................. 63,110,691 106,170,904 32,354,622
20 per cen t p o ta sh ............... 61,799,524 120,812,090 59,352,465

G erm an y ............................  61,796,878 120,812,090 59,352,465
12 per cen t p o ta sh ............... 51,725,248 5,516,150 . . . .

G erm any ...............................  51,607,697 5,516,150
O th e r ........................................  1,713 176,370 419

Sodium  n itr a te ..........................  74,718,261 80,159,488 37,848,293
C hile.........................................  232,524 70,196,432 -----
G erm an y .................................  72,873,155 . . . .  . . . .
U nited  S ta te s ............................... . . . .  . . . .  35,252,615

S uperphosphate ............................  7,188,092 3,261 . . . .
B elgium   ..................... 3,985,223 ___
N eth erlan d s ...........................  2,830,786 ___  ___

Thom as phosphate  and  s lag . 46,670,839 3,406,141 . . . .
B elgium ...................................  14,282,845 ___  ___
G erm an y .................................  703,715 3,406,141 -----
U nited  K ingdom .................. 30,517,817 ___  ___

F o rm alin ........................................... 19,279 48,627 112
G lycerol:

C ru d e ............................................  43,512 585,632 668,000
D en m ark .....................................................  462,990 414,710
F in lan d ....................................  33,658 . . . .  . . . .
N o rw ay ..........................................  . . . .  122,642 67,547
U nited  S ta te s ............................... . . . .  . . . .  185,743

R efined.........................................  694,925 39,804 778
G erm an y .................................  206,026 . . . .
N e th e rlan d s ...........................  357,119 39,804 -----
U nited  K ingdom .................. 113,089 . . . .

H ydrogen peroxide....................... 153,814 270,992 94,177
G erm an y ............................................  . . . .  268,836 94,177

In sec t pow der................................  18,686 44,198 29,943
Iodine, potassium  iodide, e tc .... 11,574 13,400 1,680

G erm any .................................  11,570 12,749 --
Iron :

O x y h y d ra te ................................. 9,163,781 5,665,433 1,938,712»
G erm any .................................  7,909,374 1,291,578 -----
N e th e rlan d s ...........................  1,111,130 3,723,481 ----

S u lfa te ..........................................  1,660,495 231,302 143,360
G erm any .................................  1,004,062 . . . .  • • • •

1 N o t given by  countries.
2 Includ ing  11,460,784 lbs. of " a p a t i t .”
’¿N ot given by countries in 1917.
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Im p o r ts  op C h em ica ls  a n d  A l l i e d  P r o d u c ts  (Continued)
1913 1916 1917

Pounds Pounds Pounds
C h em ica ls , D ru g s , E tc . (Continued):

I.ead:
N itra te .........................................  1,678 430 137
Oxide and  peroxide.................. 719,917 1,492,957 90,407

G erm any .................................  438,636 496,232 . . . .
U nited K ingdom    164,659 881,999 . . . .

Sugar of lead and lead v ine
g a r .............................................  145,454 66,983 27,928,,

M agnesia, calcined o r carbonate  75,111 379,980 336,807
M agnesium :

C hloride .......................................  1,759,456 7,215,702 1,528,163
G erm any .................................  1,659,163 7,180,621 1,527,259

S u lfate ..........................................  1,612,458 3,870,492 968.610
G erm any .................................  1,619,147 3,825,770 968,610

Nickel oxide and su lfa te   71,231* 108,866 89,852
N itra te  of s ilver............................  1,215 2,449 432
N itrobenzene..................................  142,832 2,216 . . . .
P hosphorus.....................................  203,899 228,677 46,709

U nited K ingdom ......................  184,218 222,285 37,018
Phosphorus sesquisulfide and

h y d rid e ...........................................  70,140 114,861 ____
U nited K ingdom .......................  69,898 114,861 . . . .

P o ta sh ...............................................  3,124,528 6,020,191 3,920,782
G erm any ...................................... 2,761,228 5,910,621 3,880,752

Potash , yellow prussiate  o f . . . .  25,142 253,256 363,723
G erm any ......................................   250,189 363,692

P o tassium :
C hloride.......................................  4,586,802 9,768,016 4.067,623

G erm any .................................  4V584,574 9,682,029 4,067,616
N itra te .........................................  661,836 7,687 21,881

G erm any .................................  641,378 . . . .  . . . .
S u lfa te ..........................................  125,465 308,347 37,101

G erm an y .................................  125,443 308,347 ____
Potassium  and sodium :

A rsenite .......................................  77 1,437 3,748
C austic:

Solid .......................................... 4,282,697 6,997,643 1,466,250
G erm any ..................................  573,718 6,138,301 1,256,591
N eth erlan d s ............................  104,845 186,870 ______
U nited K ingdom .............  3,469,663 116,468 . . . .
U nited  S ta te s ....................   506,812 176,268

L iq u id ......................................  7,257,068 12,112,326 1,705,421
G erm an y ............................  7,173,445 12,077,640 1,623,266

C h lo ra te .......................................  558,740= 399 7
C hrom atc ..........................................  308,233 220,537 260,650

G erm any .................................  68,323 1,373 ____
U nited K ingdom ........................ 219,012 20,849 12,070
U nited  S ta te s ........................    173,250 248,580

C yanide...................................  16,793 28,892 31,976
Potassium , sodium  and  calcium

sulfide ....................................... 1,273,679 3,164,497 610,244
G e r m a n y . . . . ...................................  654,969 3,032,452 565,907
U nited  K ingdom .......................  523,058 . —  . . . .

R en n e t..............................................  256,268 162,494 61,291
S accharin .........................................  . . . .  1,385 220
S alt, com m on.................................  54,954,351 61,889,071 47,797,440

G erm any ...................................... 39,338,635 48,057,912 47,355,920
U nited K ingdom ......................  12,040,373 11,515,241 --

Salts:
Form aklehydesulfoxylic acid 17,205 9,572 5,234
Gold, p la tinum , and radium

sa lts ........................................... 95 161 49
S tan n a te , s tann ic  chloride 

and  p u tty  pow der...............  125,624 65,733 38,036

S o d a ...................................................  40,726,788 32,997,872 8,420,134
G erm any ...................................... 32,949,191 17,424,528 5,491,199
U nited K ingdom .......................  4,682,840 4,060,383 433,405
U nited S ta te s .................................................  10,403,531 2,386,420

S odium :
A ceta te ................................................ 68,881 584 445
Sulfate and  b isu lfa tc ............... 69,975,599 121,152,066 102,081,969

B elgium ...................................  2,250,368 . . . .  — •
G erm any .................................  11,481,468 78,800,963 98,525,118
N eth erlan d s ................................................ 18,766,530 3,306,250
U nited K ingdom ..................... 54,026,473 22,233,088 . . . .

Sulfite ...........................................  649,885 2,898,465 682,600
G erm any ....................................... 434,364 2,815,946 646,695

S u lfu r................................................. 87,557,545 59,268,010 32,195,890
C?ermany...................................... 6,476,439 . . . .
I ta ly ..............................................  49,181,777 43,863,181 --
United K ingdom ......................  23,340,804 8,328,587 11,199
U nited S ta te s ............................. 8,536,780 7,076,238 32,184,682

T ann ing  m aterials:
C atechu .............................................  452,728 184,066 4,220

G erm any .................................  439,456 . . . .
U nited K ingdom ........................  . . . .  178,705 . . . .

Oak b a rk .....................................  364,094   50,300
Q uebracho...................................  10,777,774 9,327,041 969,328

A rgen tina ...................................... 696,169 6,992,621 611,377
Belgium ...................................  664,486 . . . .  . . . .
F ran c e ......................................  709,469 . . . .
G erm any .....................................  6,315,498 58,360 . . . .
United K ingdom ...................... 2,233,377 50,600 . . . .
U nited S ta te s ............................................. 1,333,459 157# i

T a h n ic a c id ......................................  189,443 33,503 2,046
O th e r ................................................. 8,407,557 1,428,506 52,902«

F ran ce ......................................  3,387,095 . . . .  • • • •
G erm any ..................................... 2,740,108 303,800 . . . .
U nited K ingdom ...............  620,491 496,233 . . . .
U nited  S ta te s ............................... . . . .  476,632 . . . .

* All sulfate.
- All potassium  chlorate.
3 N o t given by  countries.

Im p o r ts  o f  C h em ica ls  a n d  A l l i e d  P r o d u c ts  (Continued)
1913 1916 1917

Pounds Pounds Pounds
C h em ica ls , D ru g s , E tc .  (Concluded):

T a r ta r ............................................... 56,732 270,999 68,965
D enm ark .....................................   22,399 22,046
F ran ce .......................................... 36,332 49,926 ___

............................................................................ 66,529 46,297
S pam ............................................    93,053 ___
U nited K ingdom ............................. . . . .  23,089 622
U nited S ta te s .   ..................  . . . .  10,935 . . . .

Thorium  n itr a te ............................ 4,799 12,154 13,726
W ater glass..................................... 1,653,160 2,716,593 1,498,440

G erm any ..................................... 1,120,826 2,239,352 1,367,701
N orw ay .......................................    186,105 120,798
U nited K ingdom ......................  . . . .  236,078 . . . .

Zinc sulfate and chloride  314,077 503,346 139,614
G erm any .....................................   494,958 139,614

Colors and D yes :
Bone-black...................................... 243,725 168,839 27,212

G erm any.....................................    144,398 ___
Bronze and color lea f.................. 5,454 8,087 6,975

G erm any.....................................  4,394 7,635 6,766
Bronze pow der..............................  22,661 14,339 26,451
B u tte r and cheese coloring  21,118 12,489 4,561
Chalk:

G round, washed, or precipi
ta te d ....................................  3,321,223 1,372,802 1,381,850

D enm ark ................................  2,477,518 ___  ___
Germ any.................................  706,995 588,335 308,595

For schools, and French chalk 88,654 97,082 82,309
Colors for typographic, litho 

graphic, and pla te  prin ting  58,220 105,888 49,348
G erm any .....................................  47,633 64,833 34,469

Colors prepared with oil:
For ships’ b o tto m s..................  415,840 335,464 83,934

G erm any................................. 85,608 45,051 ____
N orw ay ...................................      20,968
United K ingdom .................. 282,053 266,668 . . . .
United S ta te s ........................ . . . .  . . . .  35,783

O ther............................................  135,221 177,763 88,390
Dyes:

Alizarin"dyes.............................. 136,596 78,143 54,494
G erm any................................. 128,940 77,978 54,494

Aniline and  o ther ta r  d y e s . . . 2,049,538 1,768,552 1,835,070
D enm ark ................................  20,741 18,607 ____
G erm any   ..................  1,873,519 1,728,450 ____
N etherlands........................... 50,115 . . . .  . . . .
S w itzerland..................   87,096 18,062 . . . .

Cochineal.................................... 1,312 1,360 99
Dyestuffs:

Aniline (aniline o il) .................  52,523 30,190 22,641
G erm any................................. 49,886 18,735 11,442
U nited S ta te s ........................   11,455 11,199

Dyewoods................................... 551,170 198,859 2,303,673
Whole or in p ieces..................... . . . .  2,183 2,255,306
G round .................................... . . . .  . . . .  . . . .

B razilw ood ....................... 171,397 23,677 1,102
’ O ther...................................  379,773 65,164 2,152

G erm any........................ 357,646 64,998 . . . .
E x trac ts  ........................  232,940 65,821 45,029
O ther vegetable dyestufTs.. . .  13,397 42,015 . 84

Ind igo ............................................... 191,399 84,994 68,091
N a tu ra l........................................ 1,345 359 . . . .
S yn the tic ....................................  115,376 40,917 42,935

G erm any................................  110,104 38,036 42,935
Other indigo coloring m atters 74,679 43,717 25,157

G erm any................................  74,679 39,707 ____
E arth  colors...................................  3,822,082 4,889,477 2,728,786

F ran ce .........................................  953,587 1,307,121 __
G erm any ......................................... 2,536,275 3,440,638 2,560,612

Ink, ink powder, and Ind ia  ink 43,740 48,810 32,624
G erm any.....................................  24,928 33,010 . . . .

Ink , p rin ter’s .................................  187,702 119,562 57,626
D enm ark ..................................... 25,095 11,790 26,131
G erm any ..................................... 155,982 100,043 28,424

L am pblack...................................... 293,046 705,763 308,340
G erm any ..................................... 212,418 594,129 299,662

M ineral colors..................................  20,442,170 39,169,627 13,362,960
C obalt oxide..............................  22,811 10,538 14,423

G erm any .................. »............ 14,156 . . . .  9,367
U nited K ingdom .................  8,060 6,367 . . . .

Red ocher.......................................  1,432,068 1,341,815 477,254
G erm any ................................. 950,662 827,364 349,719
United K in g d o m . ..........   463,473 514,451 127,535

Red lead .......................................... 2,589,373 4,629,058 276,118
G erm auy ................................  949,474 2,107,601 ------
N etherlands........................... 300,128 148,812 . . . .
U nited K ingdom ...................... 1,234,256 2,370,022 . . . .
U nited S ta te s ..............................  . . . .  2,646 144,169

W hite le a d ......................................  1,341,310 2,172,587 4,965
G e r m a n y . . . . . ......................  809,008 1,089,765 . . . .
N etherlands........................... 390,851 485,017 . . . .
United K ingdom  ’. .  . 126,332 350,755 . . . .
U nited S ta te s   ....................  . . . .  220,462 ------

W hite sulfide of zinc and
white b a ry ta ........................  2,681,499 8,642,199 2,544,368

B elgium ................   266,462 -----  . . . .
D enm ark .......................................  . . . .  151,171
G erm any ..................................... 1,460,304 8,093,907 2,393,197
N etherlands...........................  811,369 448,524 . . . .
U nited K ingdom .................. 104,087 . . . .  . . . .

Zinc w h ite ....................................... 8,707,802 16,185,980 7,303,080
Belgium ..................    206,540 51,809 . . . .
D enm ark ................................  69,931 337,969 . . . .
G erm any ..................................... 5,810,705 14,387,472 5,915,839
N etherlands............................... 2,424,277 1,199,050 1,364,452

, U nited K ingdom ...................  120,505 . . . .
United S ta te s . ......................  . . . .  204,082 . . . .
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Im p o r ts  op C h em ica ls  a n d  A l l i e d  P r o d u c ts  (Continued)
1913 1916 1917

Pounds Pounds Pounds
C o lo r s  a n d  D y es  (Concluded):

M ineral Colors (Concluded) :
O th e r............................................. 3,667,283 6,187,418 2,742,775

B elgium ...................................  326,987 . . . .  . . . .
G erm any .................................  2,597,210 5,834,909 2,636,481
N eth erlan d s ...........................  368,348 170,519 ___
U nited  K ingdom .................. 322,713 122,509 63,220

Pastilles and  black c h a lk   48,744 88,905 52,223
G erm any ...................... : ...........  39,427 80,221 45,185

T a r  colors, w ith add ition  of
so lven ts .................................... 109,730 136,956 60,305

G erm any ...................................... 56,581 80,825 53,345
V arnish:

S p ir it .............................................  30,556 33,843 3,082
O il..................................................  235,709 113,230 247,546

F in la n d . . ................................  . . . .  . . . .  165,089
G erm any .................................  98,896 . . . .  — .
N eth erlan d s ...........................  109,386 . . . .  . . . .
U nited  K ingdom .................. . . . .  79,725 15,964
U nited  S ta te s ........................  . . . .  . . . .  51,008

O th e r............................................. 1,090,402 1,012,692 430,137
G erm any .................................  344,965 96,334 ___
N eth erlan d s ...........................  212,614 49,557 . . . .
U nited  K ingdom .................. 249,484 293,152 29,573
U nited  S ta te s ........................  257,574 556,002 370,975

O il s , F ats , and W a x e s :
Acetone and  acetone o il.............  141,593 182,944 29,077

G erm any .....................................  140,246 32,635 . . . .
U nited  S ta te s ............................. . . . .  144,679 29,046

A nim al f a t .......................................  471,637 1,112,809 405,675
D en m ark ............................................ . . . .     396,718
N o rw ay ........................................  435,711 . . . .  . . . .
U nited K ingdom ......................  . . . .  1,082,893 . . . .

A nim al o ils ......................................  3,641,847 511,518 675,340
D enm ark ...................................... 1,125,234 108,398 527,049
N o rw ay ........................................  1,623,002 288,016 77,712

B itter-a lm ond  o il..........................  15,0.16 4,015 1,462
C eresin .............................................. 146,736 221,340 1,213
. G erm an y ...................................... 135,373 92,836 . . . .

U nited  K ingdom ...........................................   55,917 . . . .
U nited  S ta te s .............................  . . . .  72,364 . . . .

C ollodion .......................................... 7,321 2,112 3,779
D egras (tanners’ f a t ) ................... 294,885 220,420 . . . .

G erm an y ...................................... 280,086 47,577 -
N o rw a y ........................................  . . . .  48,197 . . . .
U nited K ingdom ......................  . . . .  74,630 . . . .
U nited  S ta te s .  ................  . . . .  50,016 . . . .

D isinfectants contain ing  so ap .. 49,066 5,975 4,786
Greases:

M achine and  wagon g re a se .. 1,832,558 1,254,400 223,630
B elgium ...................................  426,976 . . . .  . . . .
D en m ark .................................  . . . .  152,349
G erm any .................................  890,438 . . . .  . . . .
U nited  K ingdom ..................  271,549 84,809 ___
U nited  S ta te s ........................    1,014,896 127,216

O th e r............................................. 894,433 612,537 379,689
B elgium ...................................  219,433 . . . .  . . . .
D en m ark ................................. . . . .  203,886 . . . .
G erm an y .................................  419,452 . . . .  . . . .
U nited  K ingdom ..................  176,536 287,925 135,717
U nited  S ta te s ............................................. 118,594 222,332

Lanolin '.............................................  188,780 103,043 33,420
G erm any ...................................... 160,252 . . . .  . . . .
U nited K ingdom ......................    95,322 29,107

L ubricating  oils (m ixed fa tty
and m ineral o ils ).................. 2,462,878 1,567,016 1,229,413

F in la n d ......................................... . . . .  . . . .  402,556
G erm an y ...................................... 1,005,474 . . . .  . . . .
U nited k in g d o m ....................... 866,862 95,164 -

' U nited  S ta te s ............................. 246,256 1,397,128 751,506
M ineral oils:

C ru d e ............................................  37,167,287 23,581,010 8,113,219
A u str ia .......................................  27,867,729   204,190
U nited  K ingdom .................. 502,362 2,244,530 -----
U nited  S ta te s ............................  3.610,745 21,323,497 7,894,371

Refined:
Benzine and  gasoline  33,981,235 32,334,174 7,447,485

N eth erlan d s .......................... 14,403,386 . . . .  . . . .
U n ited  K ingdom .................  5,110,596 1,985,998 . . . .
U nited  S ta te s ......................  12,782,026 30,282,037 7,419,039

Illu m in a tin g ........................... 265,601,092 '239,450,380 82,346,019
D en m ark ............................  38,168,575 17,046,600 _____
U nited S ta te s .................... 207,951,263 222,262,172 82,245,301

L u b rica tin g ...............................  49,323,981 50,978,809 15,227,069
D en m ark ............................  1,128,114 5,962,297 635,311
G erm any ................................ 10,932,215 . . . .  . . . .
R ussia, E u ro p ean   25,423,939 . . . .  2,227,839
U nited  S ta te s ....................... 10,332,103 44,904,327 11,093,007

O th e r........................................  10,601,092 12,767,967 83,288
A u str ia ....................................  1,643,759 . . . .  . . . .
D en m ark ............................  1,873,659 — . -----
N e th erlan d s ....................... 2,742,295 ___  ___
U nited  K ingdom .............  3,475,058 253,802 --------
U nited  S ta te s ..........................  . . . .  12,483,883 . . . .

O lein ..................................................  1,831,191 3,213,998 1,113,991
B elgium ........................................ 945,612 ___  . . . .
N e th erlan d s ................................ 436,401 238,088 _
U nited K ingdom ......................     2,333,838 572,883
U nited  S ta te s ............................    577,934 362,020

O leom argarine...............................  1,289,969 3,086,802 1,111
F ran c e ..........................................  , 599,733 519,653 ___
N o rw ay ........................................ 66,310 2,473,178 . . . .

Oilcake:
C ottonseed ........................   20,911,601 92,112,205 66,413,156

A rgen tina  ................    2,735,909 , . . .
D en m ark ................................. 3,178,835 ___  ___
G erm any  ..................... 3,989,041 . . . .  . . . .
R ussia, E u ro p ean ................  2,624,570 . . . .  . . . .
U nited K ingdom    1,573,899 . . . .  . . . .
U nited  S ta te s ........................  9,434,857 88,811,775 66,413,156

Im p o r ts  o f  C h em ica ls  a n d  A l l i e d  P r o d u c ts  (Continued)
1913 1916 1917

P ounds Pounds Pounds
O ils , F a t s ,  a n d  W a x e s  (Continued):

Oilcake (Concluded):
H em pseed.................................... 959,687 . —  . . . .

G erm any .................................  649,235 . . . .  . . . .
Russia, E u ro p ean ................  277,244 . . . .  . . . .

L inseed .........................................  9,609,992 - -----
D en m ark .................................  876,340 . . . .  . . . .
G erm an y .................................  1,314,702 . . . .  . . . .
R ussia, E u ro p ean ................  7,373,756 . . . .  -----

P e a n u t..........................................  191,552,661 46,711,168 ___
F ran c e ......................................  183,175,174 41,295,053

Soy b e a n ......................................  17,499,579 _ ___
D en m ark ................................. 7,291,809 _ ___
G erm any .................................  5,674,385 . —  . . . .
U nited  K ingdom .................. 4,533,385 . . . .  . . . .

Sunflower seed ........................... 81,659,242 2,848,367 662,041
D en m ark .................................  5,395,066 . . . .  . . . .
G erm an y .................................  5,962,998 . . . .  . . . .
R ussia, E u ro p ean ................  69,709,337 1,529,772 662,041

T urn ip  and  rapeseed .............  27,985,739 5,189,736 5,044,081
A rgen tina ................................ 314,226 5,189,736 4,272,471
F ran c e ......................................  3,839,725 _ ___
G erm any .................................  20,068,835 . . . .  . . . .
N e th erlan d s ...........................  1,485,938 - -----
U nited  K ingdom .................. 992,070 . . . .  . . . .
U nited  S ta te s ............................... . . . .  . . . .  771,610

O th e r .............................................  927,786 - -----
D en m ark ................................. 503,718 . . . .  ................
G erm any .................................  288,926 . . . .  . . . .

O zokerite ..........................................  91,685 84,247 26,515
Paraffin:

C ru d e ............................................  1,884,219 1,505,138 237,310
D en m ark .................................  232,171 . . . .  . . . .
U nited  K ingdom .................. 1,252,579 397,075 1,107
U nited  S ta te s ........................  288,752 1,108,043 236,203

R efined .........................................  4,853,938 3,485,131 1,433,034
A u stria ..................................... 548,945 . . . .  . . . .
G erm any .................................  1,569,695 186,540 . . . .
U nited  K ingdom ..................  632,908 466,648 . . . .
U nited  S ta te s ........................  1,996,744 2,814,811 1,414,884

Resinous o ils ...........................   527,589 153,758 . . . .
B elgium ........................................ 121,220 . . . .  . . . .
G erm an y ...................................... 199,653 . . . .
U n ited  K ingdom ......................  198,965 113,903 . . . .

S tea rin  (stearic a c id ) ...................  374,379 232,912 71,861
B elgium ........................................  89,754 . . . .  . . . .
N e th e rlan d s ................................ 255,019 40,829. . . . .
U nited  K ingdom ......................  . . . .  153,561 . . . .
U nited  S ta te s .............................  . . . .  36,499 71,105

Tallow :
“ Prem ier ju s” ............................  3,589,007 4,226,653 . . . .

A rg en tin a ................................ 19,299 950,818 . . . .
F ran c e ...................................... 904,946 . . . .  . . . .
G erm any .................................  593,838 . . . .  . . . .
N e th erlan d s ...........................  862,492 . . . .  . . . .
N o rw ay .................................... 45,002 1,233,619 . . . .
U nited  K ingdom .................. 318,902 16,426 . . . .
U nited  S ta te s ........................  649,861 2,025,789 -----

C om pressed................................  943,487 1,000,179 . . . .
A rgen tina ......................................  . . . .  224,636 . . . .
C h in a ........................................ 112,803 -
F ran c e ...................................... 557,303 132,276 -----
U nited  K ingdom .................. 124,066 402,185 . . . .
U nited  S ta te s ........................  91,564 228,776 . . . .

O th e r................................................. 3,826,246 3,388,391 88,479
D en m ark ................................. 641,805 . . . .  22,165
F ran c e ...................................... 364,180 165,998
G erm an y .................................  231,005 . . . .  . . . .
N o rw ay .................................... 403,310 74,064 . . . .
U nited  K ingdom .................. 1,485,739 528,489 . . . .
U nited  S ta te s ................   388,263 2,597,795 66,279

Textile-dressing p reparations
contain ing  so ap ....................  157,109 97,097 283,247

T u rpen tine  o il....................................  1,136,800 715,280 28,479*
B elgium ........................................ 224,170 . . . .  . . . .
F in lan d ...............................................  . . . .  110,239 . . . .
F ran c e ........................................... 590,222 109,320 -----
G erm an y ...................................... 281,106 . . . .  . . . .
U nited  K ingdom .............................  . . . .  334,491
U nited  S ta te s ...................................  . . . .  155,283

V aseline............................................  778,133 183,672 174,688
Vegetable oils:

Fixed:
C oconut and  pa lm  kernel:

Purified ...............................  18,731,058 6,718,856 636,457
B elgium ..........................  1,332,723 . . . .  .................
D en m ark ........................ 862,060 381 . . . -
G erm any ........................  11,602,841 . . . .
N e th e rlan d s ..................  208,952 2,507,426 . . . .
N o rw ay ........................... 463,691 2,315,379
S p a in ...............................  . . . .  . . . .  259,642
U nited  K ingdom   379,244 380,834 270,994
U nited  S ta te s ...................... . . . .  62,238 . . . .

O th e r........................................ 9,066,653 2,196,838 46,749
F ran c e ............................. 4,715,463 917,559 -----------
G erm any ........................  2,411,530 . . . .  - • • •
U nited K ingdom   1,025,382 738,640 46,749

C o ttonseed .................................  5,267,964 11,553,764 . . . .
G erm any ............................. 324,061 . . . .  • • • •
N e th erlan d s ....................... 1,983,205 -----  -----
N o rw a y  .........................  . . . .  1,568,178 . . . .
U nited  K ingdom .............  799,392 73,841 . . . .
U nited  S ta te s .................... 1,955,582 9,911,745 • •

H em p and  c a s to r     1,910,621 498,751 20,434
D en m ark ............................  708,472 . . . .  . . . .
G erm an y ............................. 277,766 . . . .  • •• •
N e th erlan d s .............................  . . . .  235,700 . . . .
U nited  K ingdom   634,162 238,842 --------

1 N o t given by  countries.
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Im p o r ts  o f  C h em ica ls  a n d  A l l i e d  P r o d u c ts  (Continuedf)
1913 1916 1917

Pounds Pounds Pounds
O ils ,  F a ts ,  a n d  W a x e s  (Concluded):

Vegetable oils (Concluded):
Linseed:

R aw ...................................... 762,196 560,222 79,048*
B elgium ..........................  55,294 . . . .  . . . .
G erm any ........................  76,967 . . . .  . . . .
N e th erlan d s ..................  625,432 . . . .  . . . .
U nited  K ingdom     363,400 . . . .
U nited  S ta te s ...............  . . . .  194,089 . . . .

B oiled..................................  30,492 14,367 549,289
F in la n d . . .......................      526,368

M aize ...........................................  4,950,689 986,475 33,356
U nited  K ingdom .................  4,026,038 181,333 33,356
U nited  S ta te s ...................  427,942 805,142 ___

O live.........................................  731,182 1,206,712 88,781
P a lm .........................................  1,922,030 1,327,189 109,392

G erm any ............................. 247,603 . . . .  . . . .
U n ited  K ingdom .................  1,642,808 1,326,484 109,392

P e a n u t.....................................  3,123,601 1,390,551 ____
F ran c e .................................  578,633 1,314,166 ______
G erm an y ............................  1,877,675 . . . .  . . . .

Sesam e......................................... 4,445,876 310,119 10,079»
G erm an y ............................  3,459,765 . . . .  . . . .
N e th e rlan d s ......................  469,946 297,121 ______

Soy b e a n .....................................  9,326,366 14,993,004 86,127
C h in a .......................................  1,028,660 1,927,142
D en m ark ............................  2,881,397 1,260,612 ______
G erm an y ............................. 1,237,239 . . . .  . . . .
J a p a n ...................................  2,053,907 11,655,868
U nited  K ingdom   1,348,849 18,739 86,127
U nited  S ta te s ..........................  . . . .  130,642 . . .  .•

T u rn ip  and  rapeseed   206,988 411,213 66,451
U nited  K ingdom .............  167,724 237,411 55,931
U nited  S ta te s ......................... — . 173,568 . . . .

O th e r........................................  1,364,522 794,478 40,386
C h in a ...................................  392,703 105,380 ______
G erm an y ............................  376,537 . . . .  . . . .
U nited  K ingdom .............  336,069 353,221 ---------
U nited S ta te s ...................  57,827 93,133 ---------

V olatile ......................................... 54,335 89,368 70,353
F ran c e .................................  3,732 10,613 5,168
G e rm a n y ............................  41,654 45,847 39,793
I ta ly .....................................  4,107 8,459 4,610
U nited  K ingdom .............  1,484 13,750 6,334
U nited  S ta te s ..........................  . . . .  1,021 7,930

W ax:
Beesw ax.......................................  35,137 29,531 4,012
Sealing w ax................................. 22,901 12,385 1,664
Vegetable (carnauba, pa lm ,. .

e tc .) ......................................  58,190 221,368 64
F ran ce ............................................. . . . .  .33,283 . . . .
G erm an y .................................  55,115 — . . . . .
U nited  K ingdom ........................  . . . .  81,579 . . . .
U nited  S ta te s ............................... . . . .  47,271 . . . .

Wax m an u fac tu res .......................  1,651 1,512 1,085
W ood o il........................................... 1,601 1,607 ----------------

T ars, G um s, R e sin s , E tc.:
C am phor...................................... 44,361 34,694 8,913
C aoutchouc, gu tta -percha , etc .:

D issolved o r p a s te ............... 296,971 38,728 229
Soft rubber, a rtif ic ia l  43,327 55,230 22,458
U nm anufactu red .................. 2,069,628 2,586,159 1,033,536

D en m ark ............................  398,305 590,220 1,026,400
G e rm a n y ............................  234,931 132 . . . .
U nited  K ingdom .............  907,021 1,774,807 . . . .

W aste ru b b e r ........................  281,832 291,380 34,334
Coal ta r  prepared  for cover- . „

ing roofs.............................. 185,513 48,309 2,418
D extrin ......................................... 409,718 50,075 27,057
G elatin:

M an u fac tu res ........................ 1,570 2,747 417
S h ee ts ....................................... 9,251 23,455 15,807

G lue:
E lastic  glue for prin ting

cy linders......................... 44,273 27,571 14,526
L iquid  glue and  g u m   25,194 29,196 41,219
M arine glue, etc., no t

A gar-agar...........................  17,183 42,075 3,785
G elatin  g lu e .......................  47,588 57,112 17,017
Is ing lass.............................. 218 13,774 575
O th e r .................................... 231,779 303,665 277,987

G erm any ............................... 37,155 91,062 • •• •
N e th erlan d s ..........................................^
U nited  K ingdom   110,540 144,266 51,571

Vegetable . 1,856 3,821
G um f n a tu ra i .* .*.'.' .* .* . * . . . . . . .  564,941 708,184 45,142

F ran c e ......................................  23,916 616,900 32,666
G erm any .................................  432,450 . . . .  • • • •
U nited  K ingdom ......................... 64,673 73,310 • • • • - .

P itch  of coal or wood t a r . . . .  8,720,615 7,331,933 307,447
G erm any .................................  389,401 3,014,727 . . . .
U nited  K in g d o m .   7,887,305 3,865,100 « . . .

Resin soap  and  tan n ers’ glue 198,291 57,198 . . . .
Belgium .........................................   54,537 • • • • , _
U nited S ta te s .   ................  124,626 49,017 . . . .

R  C olophony..............................  6,356,911 5,214,438 113,406
F ra n c e ................................  302,750 1,286,311
G erm an y ............................. 5,137,382 rt22*22I
N o rw ay ...............................  120,505 *i;Z£ 111,854
U nited  S ta te s . . . . . . . . . .  549,956 2,863,050 . . . .

c o p a i . . . . 303,722  1,080,962
G erm any ............................. 147,884 289 . . . .
N o rw ay ...............................  • • • •  521,371 . . . .
U n ited  S ta te s .  ................ •••» 424,070 . . . .

* N o t given by  countries.

Im p o r ts  op C h em ica ls  a n d  A l l i e d  P r o d u c ts  (Concluded)
1913 1916 1917

Pounds Pounds Pounds
T a r s ,  Gums, R e s in s , E tc .  (Concluded):

Resins (Concluded):
•Shellac.....................................  369,076 355,471 87,504

F in lan d ...............................  .......  . . . .  49,132
F ran ce ................................. . . . .  109,706 . . . .
G erm any ............................  219,777 ■ . . . .  . . . .
U nited K ingdom   139,903 226,734 31,707

O th er.......................................  8,574,570 13,162,984 13,111»
F ran ce ................................. 318,674 964,946 . . . ’.
G erm any ................. •.........  7,964,465 49,833 . . . .
N orw ay..........................................................  1,778,892
U nited K ingdom .................................  2,727,338 ___
U nited  S ta te s ...................  . . . .  7,336,478 . . . .

T a r oils...................................  1,367,344 68,142 47,924
G erm any ............................  1,270,784 . . . .

Terpineol, safrol, and  m en
thol .................    23,345 60,091 33,027

G erm any ............................  20,695 5,256 4,947
United K ingdom   .......  52,589 23,029
U nited S ta te s ........................................   3,697

T u rp en tin e ............................. 51,074 15,628 2,560
Wood ta r  and ta r  w a te r .. .  740,530 2,825,508 1,420*

F in lan d ...............................  291,142 2,795,323 ______
Russia, E u ropean   320,520 ___  . . . .

M iscellaneous M aterials and 
M anufactures:

A sphalt............................................. 15,011,196 13,957,137 9,452,148
G erm any .....................................  13,185,139 9,281,708 7,820,340
U nited K ingdom ......................  660,957 3,320,335 899,803'
U nited S ta te s ............................  .......  590,445 372,600

C andles............................................  51,006 152,305 25,562
Explosives.......................................  567,744 342,756 180,279
G ases................................................  76,278 51,564 4,506

Carbonic ac id ............................  4,742 112 . . . .
Oxygen and hydrogen  5,258 (*) 439
O ther............................................  66,278 51,452 4,067

G lass.................................................  8,378,995 13,254,494 11,323,304
Gypsum , p rec ip ita ted .................  152,897 93,714 916,693

G erm any .....................................  . . . .  . . . .  916,693
Insulating  m a te ria l......................  368,702 671,693 578,802

G erm any.....................................  329,799 621,805 575,685
M ica, unm anufac tu red ...............  78,903 237,733 81,511

M etric  T on 9 M etric  Tons M etric Tons
Ores, etc.:

C opper.........................................  10 773 555
G rap h ite ...................................... 576 719 668

G erm any..................    413 483 629
U nited  K ingdom .................  . . . .  I l l  28

Iro n ............................................... 2,909 34 . . . .
M agnesite and  w itherite   962 992 948
M an g a n ese ...............................  854 276 . . . .

G erm any ................................. 791 5 . . . .
U nited S ta te s . '.....................   246 . . . .

Sulfur p y rite s ............................  141,005 128,005 103,894
N orw ay ................................... 86,416 124,312 102,443
S pain ........................................ 25,102 3,661 1,451

•Zinc.............................................. 12,628 12
O ther............................................  181 6,309 2,136

Pounds Pounds Pounds
Paper and  pulp:

C a rd b o a rd .. . ............................  8,374,480 2,884,712 1,320,311
P aper............................................ 5,461,526 8,387,967 4,863,647

News p r in t ............................. • .  • • 43,697 . . . .
M etric  Tons M etric Tons M etric  Tons

P u lp .............................................. 4,947 4,128 1,552
Pounds Pounds Pounds

Polishes for lea ther goods  257,585 84,101 25,390
P u ttv ................................................  127,554 74,961 23,823

S°Perfum cd....................................  35,126 104,405 111,890
Soft ........................................ 56,277 26,235 7,035
O ther............................................  735,501 1,972,890 572,246

F in lan d ...................................  . . . .  . . . .  213,033
F rance .....................................  104,829 380,503 . . . .
G erm any.......................  80,926 28,651 . . . .
U nited K ingdom .................. 520,292 1,285,447 312,046
U nited S ta te s ........................ . . . .  256,618 . . . .

Suear ............................................  4,751,410 582,812 15,666,948
Vinegar and  acetic a d d . . . . . . .  136,621 . 98,819 80,558
W ashing, cleansing, and  polish

in g su b s ta n c e s .. . . . . . . . . .  480,548 263,046 202,810
G erm any . . . . . . . .   ..................  248,108 41,219 . . . .
United K ingdom ......................  171,840 195,065 147,583

1 N o t given by  countries.
» N o t s ta ted  separately.

ST A T IS T IC S  O F E X P O R T S

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

s a m e  s o u r c e s  a s  t h e  i m p o r t  f i g u r e s — t h a t  i s ,  a  s u m m a r y  

t a b l e  h a s  b e e n  b a s e d  u p o n  l a t e  m o n t h l y  s t a t i s t i c s  a n d  

c o v e r s  t h e  y e a r s  1913, 1918, a n d  1919, w h i l e  t h e  d e 

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

t i o n s  f o r  1913, 1916, a n d  19 17. T h e s e  p u b l i c a t i o n s  

a r e  i s s u e d  b y  t h e  S w e d i s h  D e p a r t m e n t  o f  C o m m e r c e ,  

o f  t h e  B o a r d  o f  T r a d e .
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S um m ary  o p  E x p o r t s  o p  C h e m ic a l s  and

1913
Pounds

C halk, ground, washed, o r pre
c ip ita te d ....................................... 19,683,467

Chem icals, drugs, e tc .:
Calcium  and  barium  c a rb id e ... . . . .
Copper su lfa te ................................ 551,796
Fertilizers:

C yanam ide ........................................  . . . .
S uperphosphate ......................... 79,447,146

Potassium  and  sodium  ch lorate  3,281,6751
M ethanol, raw and  refined  856,461

Glass flasks and  b o ttle s ..................  28,526,157
M atches:

S a fe ty ................................................  61,208,799
O th er.................................................  15,491,521

Oils, fats, and  waxes:
R u b b er w aste .................................  1,400,148
T allow ...............................................  1,160,261
T urpen tine  o il................................  488,522

Ores: M etric  Tons
I ro n ....................................................  6,439,950
Z inc....................................................  47,191

Paper and  pu lp :
P u lp ...................................................  1,006,456

Pounds
C ard b o ard ........................................ 56,690,440
P a p e r.................................................  409,736,822

News p r in t .................................  135,694,285
T ars, gum s, and  resins:

W ood ta r  and ta r  w a te r .............  17,066,399
1 Potassium  ch lo rate  only.

A l l ie d  P r o d u cts

1918
Pounds

1919
Pounds

11,640,689 7,618,037

8,934,408
662,156

848,991

1,428,717
14,716

8,473,526

62,845,247
27,948

894,433

69,169 
M etric  Tons 

4,485,500 
16,210

714,306
Pounds

45,081,574
283,996,245

94,190,834

6,330,635
464,434

1,230
24,600,029

114,710
585,057

12,643,571

60,509,517
2,149,763

61,925 
17,674 

734,324 
M etric  Tons 
2,418,989 

55,138

902,497
Pounds

45,112,423
307,431,434
145,650,850

9,948,518 18,138,466

F ollow in g is th e  detailed  ta b le  of exp orts com piled 
from  th e latest official ann ual pu b lication s. Of special 
in terest are th e  figures show ing th e  exten t to  w hich 
G erm an y depended upon Sw eden for certain  essentials 
during the war.

E xports op C hemicals and Allied  P roducts 
1913 1916

P ounds Pounds
C hem icals, D rugs, E tc.:

A cetate  of lim e...................................  1,775.274 605,284
D en m ark .....................................  591,135 119,117
G erm any ..........................................................  66,929
N o rw ay ............................................... . . . .
U nited  K ingdom ......................  995,659 419,238

Acids:
B oric.............................................. 485 18,289
C itric  and  ta r ta r ic ...................  2,665 138,493

R ussia, E u ro p ea n ....................... . . . .  121,930
H ydroch loric .............................. 1,819 860,696

D enm ark .......................................  . . . .  522,839
N o rw ay ..........................................  . . . .  359,903

Hydrofluoric acid and  fluor
ide of am m onium   . . . .  20,152

N itr ic ................................................... . . . .  200,738
A u stria ...........................................  . . . .  57,655
F in la n d ..........................................  . . . .  80,298

O xalic............................................ 635 847,111
F in lan d ........................................... . . . .  219,133
F ran ce ............................................  . . . .  103,621
Russia, E u ro p ean ....................... . . . .  410,611
U nited  S ta te s ............................... . . . .  33,067

P hosphoric ........................  145,098 218,061
D en m ark .......................................  . . . .  68,303
N o rw ay .................................... 107,357 91,489
Russia, E u ro p ean ....................... . . . .  44,443

Sulfuric:
F u m in g ........................................  1,452,459 259,660

N orw ay ...................................  1,452,459 251,075
O th e r........................................  140,3231 3,087,392

D e n m a rk .. ............................... . . . .  637,050
N o rw ay ...................................... . . . .  2,384,354

A lbum in ..................................................  . . . .  18,078
G erm an y ............................................  . . . .  15,873

A lum ................................ : ............... 13,534i 265,354
D en m ark ............................................ . . . .  190,546

A lum inium  su lfa te ............................ 1,398,080 18,377,078
D enm ark .......................................... 1,351,640 2,722,240
F in la n d ......................................... . . . .  7,946,176
N o rw ay ........................................  . . . .  6,095,410
R ussia ................................................................ 1,613,251

Ammonia:
C au stic .........................................  I4 ,286l 82,838

N orw ay ...................................  . . . .  51,691
Sal am m oniac............................  2,013 138,755
S u lfate ..........................................  560,848 1,609

G erm any  ;   .................  560,630 . . . .
A m m onium , potassium  and

sodium  p h o sp h ate ...............  1,433 88,638
G erm an y .....................................  . . . .  88,638

Arsenic, w h ite ................................  . . . .  7,308
B arium  protoxide (bary ta) and 

barium  peroxide (gray pow
d e r) ................................................................  123,647

F  R ussia, E u ro p ea n ..................... . . . .  123,647
B o rax ................................................. 8,563* 175,742

A u stria   ............................ . . . .  47,070
G erm any ...................................... — . 118,870
1 N o t given by  countries.

1917
Pounds

95.453

95.453 

1,726

2,618,168
1,976,278

444,778

1,250
63,263*

410,635

201,465

98,685
122,086

89,401

398,411
397,088

3,530,704
2,050,327
1,470,111

298,053 
200,127 

19,978,758 
1,390,867 

14,604,959 
2,968,527 
1,014,405

194,735
123,676
33,208

C h e m ic a l s , D r u g s , E t c . (Continued) 
Calcium  and  barium  c a rb id e ....

B elg ium .......................................
B ritish  S ou th  A frica................
C h ile ..............................................
D en m ark .....................................
F in lan d .........................................

N e th erlan d s ...........
N orw ay ....................
P o r tu g a l..................
R ussia, E uropean .

Calcium , barium  and  alum inium
chloride....................................

F in lan d .........................................
R ussia, E u ro p ea n .............. ..

C arbon disulfide and chloride
of su lfu r...................................

R ussia, E u ro p ea n .....................
C arb o ru n d u m .................................

F in lan d .........................................
G erm an y ......................................
R ussia, E u ro p ean .....................

C asein ................................................
D en m ark .....................................
G erm any .................................

Chem ical p roducts n o t specifi
cally m en tioned ....................

G e rm a n y .....................................
U nited K ingdom ......................
U nited  S ta te s .............................

Chloride of lim e.............................
Copper:

O xide.............................................
G erm any .................................

S u lfa te ..........................................
A u stria .....................................
G erm any .................................
H u n g a ry ..................................
R ussia, E u ro p ean ................
T urkey , E u ro p ean ...............

D rugs and  to ile t p repara tions:
D ru g s ............................................

F in lan d ...................................
G erm any ...............................
Russia, E u ro p ean ................

H air d y e ......................................
P erfum ery and  co sm etic s .. . .
T oilet w a te r ...............................
T oo th  powder and  p a s te . . . .  

Fertilizers:
C yanam ide ..................................

G erm any .................................
P o tash  s a lts ................................
Sodium  n itr a te ..........................
S uperphosphate .........................

D enm ark .................................
F in lan d ....................................
R ussia, E u ro p ean ................

T hom as phosphate  and  slag .
F in la n d ....................................
R ussia, E u ro p ean ................

Form alin  so lu tio n .........................
D enm ark ........................................
F in lan d .........................................
G e rm a n y . ............................
J a p a n ............................................
N e th erlan d s................................

G lycerol:
C rude ............................................

G erm any .................................
R efined .........................................

D enm ark .................................
N o rw ay ...................................
U nited K ingdom ..................

H ydrogen peroxide.......................
R ussia, E u ro p ea n .....................

Iro n  o x y h y d ra tc ............................
Iro n  su lfa te ......................................
I*cad oxide and  perox ide ............

G erm an y ......................................
R ussia, E u ro p ean .....................

M agnesia, calcined or carbon
a te  ........................... ..................

R ussia, E u ro p ean .....................
M agnesium :

C hloride.......................................
F in la n d ....................................
N o rw ay ....................................
R ussia, E u ro p ean ................

S u lfa te ..........................................
M ethano l:

C ru d e ............................................
G e rm an y .................................

R efined .........................................
N itrobenzene..................................

D en m ark ......................................
N o rw a y ........................................

Phosphorus......................................
P o ta sh ...............................................

N o rw ay ................................. ..
U nited  K ingdom .......................
U nited  S ta te s .............................

1 N o t given by  coun tries.

vND A l l ie d  P r o d u c t s  (Continued)
1913 1916 1917

Pounds Pounds Pounds
led) :

29,954,634 32,430,250 28,505,776
2,430,020 286,601

487,217
467,380 . .  i .

709,286 1,899,814 1,358,047
718,810

4,495,270 5,509,736 14,262,902
1,660,081 10,439,828 7,175,973
4,244,098
1,321,437

6,349,998 1,440,486
14,13*1*,473 6,837,457 3,548,138

777,366 264,290»
274,151
450,442

44,313
44,092

291,252 35,770
202,572

71,731
*23,589

329,835 332,542 114,390
139,203
143,784 295,262 11*4,390

802,847 3,012,335 4,344,469
127,677 260,136 1,077,853
505,378 2,384,579 3,160,989

107,099
180,987 85,980

159,889 469,988 626,990
159,889 398,684 602,508
551,796 1,543,308 1,388,237

418,654 1,167,997
356,358

1,124,655
184,194

220,242

14,842 21,702 30,075

6,715

' 3,349 
9,185 

28,073 
14,352

37,323,444
33,399,029

42,770
2,315

79,447,166
39,280,306

5,724,614
34,429,448

4,070,904
1,269,863
2,777,824

145,704
84,665

46,297

398,369
393,559

7,476»

397

2,579,733
16,867

117,375
99,022

84

1,102

798,645
675,132

86,328

1,984

2,233

* 12,286 
10,946 
23,532 
39,271 
15,604

42,600,004
42,554,589

365.967
365.967

277,733
6,537

90,345
89,904

22,602

5,291

269,669 
44,169 

114,059 
111,440 
142,902 
138,273 
44,092 
28,563 

885,301 
321,466 
556,937

146,789
123,200

4,031,918
955,419

3,050,869
171,538

564,975
510,039

76,702
78,501
20,692
57,809

6,453
306,849

89,822
157,682
55,080

7,681

* 17,344 
3,975 

11,115 
36,947 

7,019

6.428.455
6.428.455

' 5,500
670.397
670.397

467,977
65,016
32,297

275,875

57,470

88.185
88.185 
96,903 
39,683 
37,465

61,619
60,075

1,130,475
992

9,724*

130,567
94;15S

420,732

22,046
398,686
168,542

286,064
260,886
91,736
48,051
24,777
23,274

*18,254
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ExroR T s o f  C h em ica ls  a n d  A u .i« d  P r o d u c ts  (Continued)

1913 1916 1917
Pounds Pounds Pounds

C h e m ica ls , D ru g s , E t c .  (Concluded) :
Po tash , yellow prussiatc  o f   224,924 196,952 57,465

> Russia, E u ro p ea n ........................................    155,702 53,563
U nited S ta te s ............................. 112,531 . . . .  . . . .

Potassium  e lim in a te ....................  5,172 8,461 . . [ [
Potassium  and  sodium :

H ydrox ide ...................................  540,943 900,024 210,004
S o lid .......................................... 539,305 733,971 143,665

F in la n d ................................ . . . .  106,154 ___
G erm any ............................. 145,801 . . . .  . . . .
N o rw ay ...............................    171,868 . . . !
R u ss ia .................................. . . . .  89,154 ___
U nited K ingdom .............  102,252 112,468
U nited  S ta te s ..........................  . . . .  163,350 56,912

L iq u id ......................................  1,638 166,053 66,339
C h lo ra te ........................................... 3,137,3841 1,492,400 2,494,492

D en m ark ....................................................    417,803 336,396
G erm any .................................  708,499 193,125 1,673,308
J a p a n .............................................  745,743 _______  ___
N o rw ay .................................... 560,026 257,585 ___
R ussia, E u ro p ean ................  193,187 377,306 125,884
U nited  K ingdom .................. 760,972 141,112 6,614

C yan ide ........................................ 4 4,566 7,987
Sulfide..........................................  1,369 438,482 103,314

F in lan d ....................................  . . . .  130,916 . . . .
R ussia, E u ro p ean ................  . . . .  282,416 . . . .

R en n e t..............................................  142,790 98,964 73,810
A u stra lia ......................................  89,419 58,312 53,290

S alt, ta b le ........................................  15,247 3,724,193 __________
F in lan d .........................................   3,692,429 . . . .

S o d a ...................................................  3,333 116,760 __________
N orw ay ........................................  . . . .  47,375 . . . .

Sodium :
C h lo ra te ............................................. 871,686 _______  _

G erm an y .................................  209,439 . . . .  . . . .
Russia, E u ro p ea n ................  496,040 . . . .  . . . .

Sulfate and  b isu lfa tc ...................  1,143,548 17,116,918 101,749’
F in lan d ....................................  . . . .  17,022,248 ___
G erm any .................................  796,081 . . . .  . . . .

Sulfite ...........................................  117 294,257 304,241
D en m ark ................................. . . . .  . . . .  25,128
F in lan d ....................................  . . . .  73,036 . . . .
N orw ay .................................... . . . .  . . . .  219,192
R ussia, E u ro p ean ................. . . . .  183,407 . . . .

S tannous  ̂  chloride, stann ic  
chloride, and  p u t ty  pow 
d e r.............................................  19,676 60,463 ___

Sugar of lead and  lead v inegar 29,537 10,064 . . . .
S u lfu r................................................  525,947   2,205=

N orw ay ........................................  503,780 . . . .  . . . .
T a r ta r ................................................ 2,608 168,019 51,297

G erm an y ......................................   166,295 150,706
W ater g lass.....................................    232,127 193,251»

R ussia, E u ro p ean .....................  . . . .  118,449 . . . .
Zinc su lfa te  and  zinc chloride . . . .  13,371 15,814

Colors and D y bs:
B u tte r an d  cheese co lo ring   119,203 215,101 66,464
Colors for p rin tin g .......................  '29 ,469  133,700 31,215

D enm ark .....................................  6,945 48,400 6,025
F in lan d ......................................... '11,358 55,834 6,100
N orw ay ....................... ................  11,135 . . . .  19,090

Colors p repared  w ith  o il  36,230 151,599 3,040
Dyestuffs, v egetab le .................... 3,172 29,323 3,307
E a rth  colors...............   13,574 1,598,563 922,449
Inks:

P rin te r’s, b la c k .......................... 67,214 477,089 2,498
O th er.............................................  179,995 149,520 99,183

D en m ark   ................... 43,115 48,400 . . . .
F in lan d ..................................... 53,173 55,834 49,204
G erm any .................................  31,001 . . . .  . . . .
N o rw a y .................................... 50,152 . . . .  . . . .
R u ssia ...........................................................  22,740 11,041

L am pblack.......................................  697,985 1,057,092 599,378
D enm ark ...................................... 251,574 393,658 355,159
N orw ay .................................  183,974 146,275 . . . .

M ineral colors:
R ed le a d ....................................... 12,615* 1,183,654 92,595

F in lan d ......................................................... 722,595 70,203
R ussia, E u ro p ea n ................  . . . .  439,013 22,392

Red o c h er.................................... 795,894 1,114,743 644,748
F in lan d ....................................  737,053 1,082,847 643,900

W hite le a d ..................................  28,642! 717,419 43,982
F in lan d ....................................  . . . .  298,309 . . . .
Russia, E u ro p ean ................  . . . .  419,110 43,541

Zinc sulfide and  w hite b a ry ta  11,038s 3,884,805 380,734
F in lan d ....................................  . . . .  611,336 . . . .
Russia, E u ro p ean ................  . . . .  3,273,469 303,133

Zinc w h ite ...................................  99,661 7,956,124 4,351,938
D enm ark ................................. 53,627 . . . .  22,046
F in lan d ......................................................... 2,234,170 1,434,877
G erm any .................................  . . . .  167,276 . . . . .
N o rw ay .................................... . . . .  26,676 752,540
Russia, E u ro p ean ................  . . . .  5,528,001 2,142,474

O th er............................................. 18,538* 844,170 322,350
F in lan d ......................................................... 337,127 211,902
R ussia, E u ro p ean ................  . . . .  44,070 107,834

T ar co lo rs  ...............................  7,315* 16,252 170,389
F in lan d ......................................... . . . .  5,611 116,615
Russia, E u ro p ean ..................... . . . .  10,318 53,708

Varnish:
O il..................................................  19,217 105,195 . . . .
S p ir it .......................................   8,241 29,513 2,383
O ther. . 82,975 309,438 89,489

F in lan d .................... ' ..............  32,205 37,844 . . . .
N o rw ay .................................... 27,053 199,056

O ther colors, dyes, e tc ................  19,006 364,493 139,743
J All potassium  chlorate.
* N o t given by  countries.

E x p o r ts  o f  C h em ica ls  a n d  A l l ie d  P r o d u c ts  (Continued)
,  1913 1916 1917

Pounds Pounds Pounds
O ils , F ats, and W a x e s :

Acetone and acetone o il  24,233' 153 773  79 952
D enm ark ......................................................... 8,940 20^977
F in lan d ........................................    28,825 . . . .
G erm any.  ..........................  . . . .  . . 34 ¡9-5
N orw ay .......................................    44,749 20^587
Russia, E u ropean ....................  . . . .  39,939 . . . .

Animal fa t:
Bone f a t ......................................  343,640 1.055,774 ___

G erm any................................. 320,871 1,055,774 ___
O th er............................................  13-1,214   472,424

G erm any .......................................  54,846   472,424
U nited K ingdom .................. 76,341 . . . .  . . . .

Animal oils:
Fish o ils........................................  ,  245,837 428,177 147,146

G erm any ................................. 238,639 273.121 147,146
O th er............................................  92,516' 319,954 466,579

G erm any ..................................................... 289,354 442,827
Degras (tanner's  f a t ) ..................  51,865   . . . .
Lubricating substances no t else

where specified.....................  52,943 345,293 . . . .
G erm any .....................................  . . . .  315,745 . . . .

M achine and wagon g rease  23,084 4,032 . . . .
M ineral oils:

C rude ......................   93,287   40,786
Refined:

Benzine and gasoline  4,324,376 . . . .  . . . .
D enm ark ............................ 2,521,734 . . . .  . . . .
N orw ay ..............................  1,802,642 . . . .  . . . .

Illum inating  o ils ..................  6,758,124 3,375* 9 ,9 2 Il
D enm ark ............................ 6,076,237 . . . .  ___
N orw ay ............................... 672,705 . . . .  . . . .

Lubricating oils:
L ig h t.................................... 1,122,419 32,752 ___

D enm ark .......................  824,185 . . . .  . . . .
N orw ay ..........................  220,716 ___  ___

D a rk ....................................  64,749 2,627,056 1,388,900
G erm any ........................   2,627,056 1,388,900

O th er.......................................  22,304 1,508 ___
O ilcake.............................................  4,565,740 . . . .
O lein.................................................  576,465 62,507 188,496

D enm ark ..................................... 68,210 ___  . . . .
F in lan d ........................................  76,447 . . . .  . . . .
G erm any .....................................  336,336 62,507 188,496

P a r a f f i n . ............................   3,600 8,534 . . . .
Resinous oils..................................  74,319 . . . .  . . . .
S tearin  (stearic a c id )................... 60,278 7,727 . . . .
Tallow ..............................................  1,180,233 67,009 263,494

D enm ark..................................... 318,139 ____  . . . .
G erm any .....................................  579,755 66,899 263,494
N orw ay ...........................«........... 264,283 . . . .  . . . .

Textile-dressing preparations
containing soap ......................... 9,169 6,717 441

T urpentine  o il...............................  503,224 1,034,405 840,305
D enm ark ..................................... . . . .  . . . .  190,533
G erm any .....................................  301,056 898,088 649,744
U nited K ingdom ......................  152,995 . . . .  . . . .

V aseline...........................................  866 69,731
G erm any .....................................  . . . .  60,981 . . . .

Vegetable oils:
Fixed:

C ottonseed............................. 21,385 279,351 30,953
G erm any ................................................  266,234 30,953

H em p and cas to r................. 608 196,831 . . . .
G erm any............................  . . . .  191,115 . . . .

Linseed:
R aw .....................................  1,585 1,828,616

G erm any ........................ . . . .  1,828,616 . . .
Boiled.................................. 1,969 95,300 ______

G erm any ........................ . . . .  94,672 . . . .
M aize.................................... .. . . . .  679,678 . . . .

G erm any............................  . . . .  679,678 . . . .
O live......................................... 622 705,763 ____

G erm any ............................  . . . .  354,059 . . . .
Russia, E u ropean   . . . .  255,817 . . . .

S o y b e a n ................................. . . . .  352,932 . . . .
G erm any............................  . . . .  352,932 . . . .

T urnip  and  rapeseed  1,179 1,832 . . . .
O th e r  ......................  582,268 487,752 79,273

D enm ark ............................ 374,985 . . . .  . . . .
G erm any ............................ 158,733 402,818 79,273

V olatile ........................................ 2,112 18,821 13,975
T ars, G ums, and R e sin s :

Benzene oils:
Carbolic acid, cresol, and

creosote o il.............................  6,669 11,230 . . . .
C arbolineum   .........  37,425 60,219 . . . .
N aph thalene..............................  456 497,534 45,673

F in land ..........................................  . . . .  166,747 . . . .
Russia, E u ropean ................... ' . . . .  330,787 . . . .

O th e r............................................ 8,800 6,426 871
Caoutchouc and gu tta-percha:

C ru d e ...........................................  439 32,483 9,691
G erm any ............................ .... . . .  32,483 9,691

Dissolved or p a s te ...................  83,034 33 110
N orw ay   .......................  42,659 . . . .  . . . .
Russia, E u ropean ................  34,826 . . . .  . . . .

C o a l ta r ............................................ 3,434,377 1,654,178 4,327,941
F in lan d ........................................  1 ¡851,883 1,597,868
G erm any............................................ . . . .  • • • •  4,199,794
N orw ay ........................................  . . .  ^ . . . .  128,147
Russia, E u ropean ......................... 1,362,749 . . . .  . . . .

Coal ta r  p repared  for covering
r o o f s ........................................ 639,945 796,784

F in lan d ........................................  560,273 425,179 --
N orw ay ..............................................  . . . .  187,717 , . . . .
1 N o t given^by countries.
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E x p o r t s  op C h em ic a ls  a n d  A l l i e d  P r o d u c ts  (Continued)
1913 1916 1917

Pounds Pounds Pounds
T a r s ,  Gums, a n d  R e s in s  0Concluded) :

D extrin :
Solid ..............................................  3,166 17,635 88
L iq u id ...........................................  55,016 800,268 28,248

D en m ark ................................. . . . .  150,305 . . . .
N o rw ay .................................... . . . .  559,170 . . . .

G elatin , in  sh ee ts ..........................  . . . .  7,725 . . . .
Glue:

F o r p rin ting  cy linders  14,088 15,273 1,843
L iq u id ...........................................  1,847 78,642 4,806
N o t liquid:

A gar-agar................................   19,652 . . . .
G erm any ............................    14,032 . . . .

G elatin  g lue...........................  214 5,042 ___
Ising lass..................................    4,504 6,237
O th e r .......................................  72,811 212,612 ___

V egetable ....................................  2,458 1,276 _
G um , n a tu ra l .................................  3,056 183,409 22,046

A u stria .........................................  . . . .  46,519 . . . .
G erm any ...................................... . . . .  108,195 22,046

P itch  of coal or wood t a r   305,644 3,091,043 174,911
F in lan d .........................................   1,320,101 _
G erm any ..........................................................  1,470,803 114,584
U nited  K ingdom ......................  188,222 . . . .  . . . .

Resins:
C olophony..................................  7,083 80,503 _

G erm any .................................  . . . .  59,537 . . . .
C opal............................................  66 10,518 _
Shellac..........................................  1,060 7,271 _
O th er............................................. 10,957» 6,817,580 3,065,351

A u stria .....................................   418,537 32,143
F in lan d ....................................    203,412 55,151
G erm an y .................................    5,862,221 2,973,450
H u n g a ry ..................................   125,038 . . . .
R ussia, E u ro p ean ................  . . . .  134,692 . . . .

Resin soap and  tan n ers’ g lue .. . .  1,769,176 1,577,918 662,604
D e n m ark .....................................  844,796 . . . .  . . . .
G erm any ...................................... 194,613 1,484,185 662,604
N e th e r la n d s .. ............................ 113,713 -----  -----
U nited  K ingdom ......................  560,564 . . . .  . . . .

R ubber w aste .................................  1,396,949 1,707,046 2,715,051
D e n m ark .....................................  516,216 600,981 1,360,721
G erm any ......................................  167,259 1,042,666 1,354,330
U nited  S ta te s ............................. 582,180 ___  ___

T a r o ils .............................................  1,209,159 1,406,089 508,548
A u str ia .........................................    198,533 . . . .
G e r m a n y . . . . . ............................ 202,325 933,029 364,101
H u n g a ry ....................................... . . . .  97,948 . . . .
U nited K ingdom ......................  891,970 37,699 8,819

T erpineol, safrol, and  m enthol 280 24,182 6,579
A u stria .........................................  — . 4,993 . . . .
G erm any ................................. .... . . . .  16,486 4,870
H u n g a ry ...................................   . . . . .  2,381 . . . .

T u rp en tin e ......................................  44,357 13,676,029 5,966,499
G erm an y .....................................  3,448 13,573,288 5,884,684
U nited K ingdom ......................  40,909 . . . .  . . . .

W ax (beeswax, carnauba , etc.) 5,035 13,642 82
W ood ta r  and  ta r  w a te r   17,627,605 23,630,951 15,289,016

B elgium ........................................ 1,551,035 73,855 _
D enm ark .....................................  1,035,935 1,798,678 1,060,078
F ran c e ..........................................  4,523,220 1,212,127 -
G erm any ...................................... 2,416,696 9,243,978 11,293,758
N eth erlan d s ................................ 1,903,020 3,084,579 320,589
N orw ay .........................................  2,441,400 5,816,257 2,404,950
U nited  K ingdom ....................... 2,319,539 390,618 _

O r e s , E tc .: M etric  Tons M etric  T ons M etric  Tons
A n tim ony ......................................... 7 . . . .  . . . .
C o p p er..............................................  1,709 2,278 _________
G ra p h ite   ............................ 48 9 3
Iro n ....................................................  6,439,750 5,536,641 5,818,498

B elgium ........................................ 231,647 . . . .  . . . .
G erm an y ...................................... 4,977,395 4,298,586 4,824,748
N o rw ay .......................................  11.391 168,393 954,694
U nited  K ingdom ......................  672,836 846,222 _
U nited S ta te s  ................  361,215 217,236 _

M agnesite and w ith e rite   1,249 4,989 6,291
M ica ..................................................    25 8
Sulfur p y rite s .................................  500 14,003 29,800

G erm any ...................................... 100 13,992 29,799
Z i n c . . . . ............................................ 46,696 9,351 6,804

B elgium ........................................ 23,211 -----------  -
F ran ce ........................................... 10,585 . . . .  . . . .
G erm any ...................................... 11,845 9,351 2,167
N e th e r la n d s . . . . .......................  . . . .  . . . .  4,387

O th e r .................................................  4,478 1,376 . 549
1 N o t given by  countries.

E x p o r t s  o f  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  (Concluded)
Articles 1913

Pounds
M iscellaneous M aterials 

and M anufactures :
C andles .............................................  78,691
C halk, ground, washed or p re

c ip ita te d ..................................  20,921,956
B razil................................................... . . . .
F in lan d .........................................  1,632,206
G erm any ...................................... 15,658,149
N eth erlan d s ......................................  . . . .
N o rw ay ........................................  1,830,127

E xplosives........................................ 316,720
Gases:

Coal g a s .......................................  88,609
Oxygen and  hydrogen g a s . . .  118,374

D en m ark ................................. 109,476
O th er.............................................  623,908

A u stra lia .................................. 39,110
D en m ark .................................  21,202
H u n g a ry ..................................  64,617
N o rw a y ....................................  12,035
R ussia, E u ro p ean ................  22,266
U n ited  S ta te s ........................  298,845

G lass ......................   28,482,475
Flasks and  b o ttle s .................... 28,464,776

Insu la ting  m a te ria l....................... 96,032
M atches:

S a fe ty   ..............  61,251,599
A u str ia .....................................  49,604
B ritish  In d ia .......................... 5,479,103
D en m ark .................................  512,371
F in la n d ....................................  . . . .
G erm an y .................................  7,582,208
N e th erlan d s ............................ 1,850,343
Russia, E u ro p ean ................  . . . .
U nited  K ingdom ..................  24,444,208
U nited  S ta te s  ................  7,286,188

O th e r.............................................  15,060,463
B ritish I n d ia .......................... 6,826,511
U nited  K ingdom ..................  6,663,434

Paper and  pulp :
C ard b o ard ...................................  57,137,884
P a p e r ............................................. 418,023,082

M etric  T ons
P u lp ...............................................  1,009,359

Polishes for lea ther goods: Pounds
B lacking .......................................  1,883

F in la n d ....................................  . . . .
W ax ..............................   9,687
O th e r..................V ........................  156,683

F in l a n d . ; ................................ . . . .
N o rw a y .................................... . . . .
R u ss ia ....................................... 101,196

P u t ty .................................................  46,731
F in la n d .........................................  31,034
G erm an y ...................................... . . . .

Soap:
P erfu m ed .....................................  31,660

F in lan d ....................................  22,381
G erm an y .................................  . . . .

S o f t..................................    38,329
G erm any .................................  . . . .

O t h e r . . . ......................................  10,366
A u stria .....................................  . . . .
G erm an y .................................  • • • •

Vinegar and  acetic  acid  in casks:
U p to  10%  acid c o n te n t . . . .  1,642
Of higher acid  c o n te n t . . . . . .  210,288

D en m ark ................................. . . . .
N e th e r la n d s .......................... . . . .
U nited  K ingdom ................  173,586

In  o th e r co n ta in e rs ................  132,049»
A ustria ..................................... . . . .
G erm an y  ...................  . . . .
H u n g a ry ................................. . . . .
N e th e rlan d s ........................... . . . .
U n ited  K in g d o m ................  . . . .

W ashing, cleansing, and  polish
ing p rep a ra tio n s ...................  802,662

» N o t given by  coun tries.

1916
Pounds

9,251

13,683,679
1,416,400
2,966,016
4,280,980
1,817,913
1,761,892
1,103,579

4,916
650,394
623,498
833,385
114,562
53.047

37,240
223,187
212,329

33,786,561
31,947,928

51.048

108,967,423
2,779,022

1,129,489
1,640,632

15,525,351
6,073,871

12,010,493
56,536,041

2,839,439
9,051,082

1917
Pounds

16,687,768

975,319
10,802,159

2,547,691
798,600

13,625
2,090,243
1,990,009

454,531
65,884
76,899

85,027 
- 20,227

110,672 
14,546,329 
12,809,755 

81,919

85,101,694
150,729

2,780,307
3,727,128
6,741,327
7,848.713

25,927,946
30,966,226

4,722,542
2,077,908

7,722,566 20,236,631

94,312,364
489,731,781

42,273,557
260,526,131

M etric  T ons M etric  Tons
1,009,163 695,948

Pounds Pounds
197,975 14,603
175,879 14,383
23,673 . . . .

235,345 3,768
59,709
44,912

106,897
786,724 49,919

759,906 22,046

80,964 4,087
39,330
34,158

1,401,178 690
1,401,178 . . . .

629,568 880
264,555
347,518

72,011 38,424
43,078 259,541

72,675

424,826
103,094
100,029
94,264

69*2*35

616,503

109,716

313,258
105,179

30,459
65,763

109,652

58,594

CONTRIBUTIONS FROM THE 
CH EM ICAL W ARFARE SERVICE, U. S. A.

A M ETH O D  F O R  D E T E R M IN IN G  T H E  SULFUR 
M O N O C H LO R ID E CO N TEN T O F M U STA R D  

G AS-S2C1, M IX T U R E S1 

By W . A. Felsing, S. B. Arenson and F. J. Kopp
C hemical L aboratory, E dobwood Arsen a l , E doEwood, M aryland 

R eceived M ay  5, 1920

In  th e  m an u factu re of m ustard  gas (j3,j3-dichloro-
1 Published by  perm ission of th e  Chief of th e  C hem ical W arfare  Service.

e th y l sulfide) from  sulfur m on och loride and ethylene 
b y  th e  im p ro ved  L evin ste in  process as em p lo yed  at 
E d gew oo d  A rsen al, th e  su lfu r m on ochloride con ten t 
of th e  reactio n  m ixtu re is k e p t co n sta n t or is varied  
as is required  b y  th e  ra te  of abso rp tion  of ethylene, 
th e  tem p eratu re , or th e  c a p a c ity  of th e  cooling sy s
tem . T h is  S2C 12 con cen tratio n  is gen era lly  kept 
betw een  25 and 30 per cen t th ro u g h o u t th e  run until
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all th e  S 2C 12 has been added; it  is then  grad u ally  de
creased u n til p ra ctica lly  zero. D urin g th e entire 
operation  it  is essential th a t  an accu rate  know ledge 
of th e  S2C 12 con ten t be a va ila b le  in order to  secure 
th e conditions for a m axim um  rate  of absorption of 
eth ylen e and  to  a vo id  the reaction  “ running w ild ”  
and spoiling th e  entire charge. O bservations of 
th e-S jC l*  con ten t w ere required every  20 m in.; hence 
a  q u ick  m ethod of determ ining its concentrations in 
th e m ustard  gas h ad  to be devised. I f  it had been 
possible to  m easure a ccu rate ly  th e am ount of ethylene 
absorbed, it  w ould  h ave been possible to calcu late 
the S2CI2 con ten t from  a know ledge of th e initial charge 
of m ustard  gas and th e S2C 12 added. C urves which 
ga v e  th is in form ation  for a n y  particu lar initial charge 
of m ustard  gas were constructed, b u t th e m easure
m ent of large vo lu m es of effluent gases of corrosive 
n ature w as n ot feasib le; hence a quick chem ical con
trol becam e necessary.

T h e  m ethod devised  and used a t th e Edgew ood 
P la n t of E dgew oo d  A rsen al is based upon th e liberation 
of iodine from  sodium  iodide b y  m eans of sulfur m ono
chloride. T h e  d a ta  seem  to establish quite firm ly 
the fa ct th a t  th e liberation  of iodine is in accordance 
w ith th e eq uation  «

& C 12 +  2 N al = I2 +  2 S +  2 NaCl (1)

T h e iodine lib erated  w as titra te d  w ith  a standard 
sodium  th io su lfa te  solution, and from  th e data  ob
tained  th e  su lfur m onochloride w eight was calculated  
according to  th e  ab o v e  equation.

T h e on ly  reference so far found in th e literature 
regarding th e  reaction  betw een iodides and sulfur 
m onochloride w as th e  w ork of H autefeuille , 1 who 
stated  th a t  th e  reaction  betw een anhydrous hydriodic 
acid and su lfur m onochloride w as quite vigorous at 
room  tem p eratu re , yield in g hydrochloric acid, free 
iodine, th e  iodide of sulfur, and finally, w ith an excess 
of h yd riod ic  acid , hydrogen  sulfide. H autefeuille 
does n ot g ive  a n y  defin ite equations for th e  reactions 
described; b u t if th e  form ation  of th e iodide of sulfur 
be regarded m erely  as m etath etical, th e equation 
w hich w ould p ro b ab ly  describe his results w ould be

S2CI2 +  6 HI = 2 HC1 +  2 H2S +  3 Is- (2) 
B u t if it  be considered th a t  in a w ater solution, as 
in th e  proposed m ethod, hydrogen  sulfide reacts w ith 
iodine to* form  h yd rio d ic  acid  and free sulfur accord
ing to th e  equation

2 H,S +  2 I °2 = 4 HI +  2 S° (3)

the addition  of E q u a tio n  3 to  E q u a tio n  2 represents 
the reaction  w hich w ould ta k e  place when a w ater solu
tion of h yd riod ic  acid  is p laced in con tact w ith  sulfur 
m onochloride.

& C 1, +  2 HI = 2 1° +  2 S +  2 H C1 (4)

B y  inspection , it  is seen th a t  E qu ation s x and 4 both 
call for th e  lib eration  of one m olecule of free iodine 
for ev ery  m olecule of sulfur m onochloride used.

a c c u r a c y  a t t a i n a b l e  a n d  r e q u i r e d — T h e sulfur 
m onochloride used in  th is in vestigation  was prepared 
by carefu lly  refiuxin g crude sulfur m onochloride w ith 
an excess of su lfur and then  distilling off th e sulfur

> B ull. ¡0c. chim., [2] 7 (1867), 198.

chloride from  th is excess. T h e d istillate w as redis
tilled , th e fraction  com ing over betw een 13 7 .5 0 and 
138.5° C . being collected for use. T h e purified sulfur 
m onochloride was weighed (in sm all tip p ed  glass 
bulbs, sealed after filling), dissolved in carbon te tra 
chloride, and d iluted  to obtain  w eight per cen t solu
tions ranging from  0.02 to  25 per cent S2C 12.

T h e  accu racy of the determ in ation  based upon 
E qu ation  1 is shown b y  th e follow ing ta b u la r pres
entation  of th e experim ental data:

W t. StCU E rror
Cone. W t.S aC b D eterm ined Variation E rror in Cone.

P er cent in Sample by  T itra tio n G ram P er cent P er cent
0 .02 0.03041 0.02884 — 0.00157 5 .16 0.001
0 .04 0.03041 0.02917 —0.00124 4 .08 0.002
0 .10 0.03041 0.02982 — 0.00059 1.80 0.002
0 .20 0.03041 0.03045 + 0 .0 0 0 0 4 0.14 0 .000
0 .40 0.03041 0.03039 — 0.00002 0.07 0.000
0 .80 0.06082 0.06041 — 0.00041 0.67 0.005
1.00 0.03041 0.02984 — 0.00057 1.87 0.019
2 .00 0.03041 0.02975 — 0.00066 2.17 0.043
3 .00 0.22869 0.22033 — 0.00800 3 .5 0 0.105
7 .50 0.22869 0.22139 —0.00730 3 .19 0.239

10.00 0.44990 0.43800 — 0.01190 2 .65 0.265
15.00 0.44990 0.43810 — 0.01180 2 .62 0.393
25.00 0.44990 0.44350 — 0.00640 1.42 0.355

D eterm inations were also m ade b y  using m ustard 
gas as the solven t for th e sulfur m onochloride, in 
order to duplicate p la n t conditions. Since, how ever, 
sulfur m onochloride itself reacts w ith  m ustard  gas to 
yield  chlorinated m ustard gas (at a rate  proportional 
to th e S2C 12 con cen tration ), th e determ inations at 
high concentrations (20 to  30 per cent) of sulfur m ono
chloride m ust be m ade q u ick ly  to  y ie ld  accu rate  re
sults. A n additional source of error lies in th e reaction 
betw een th e sulfur m onochloride and th e ethylene 
dissolved in th e reaction  m ixture, w hich again calls 
for a rapid  determ ination  of th e S2CI2 content at its 
higher concentrations.

T h e conditions of th e  L evin stein  process are such 
as to require a know ledge of th e sulfur chloride conten t 
w ith an accu racy of on ly abou t one per cent, i. e., 
it is p ra ctica lly  im m aterial, as fa r as operating con
ditions go, w hether th e S2CI0 is reported as 24 or 26 
per cent, when it is in rea lity  25 per cent. T h e d e
term ination  of the S2C 12 conten t b y  th is m ethod is 
accurate to  a t least one-half per cen t a t th e  higher 
concentrations of sulfur m onochloride (20 to  30 per 
cent), and to abou t one-tenth per cent a t low er con
centrations (2 to 5 per cent). A n  inspection of the 
last colum n of th e ta b le  will serve to  illu strate  these 
statem ents. T h e m ethod is reliable for sulfur m ono
chloride concentrations as low  as 0.04 per cent. T h e 
main factor in an accurate determ ination  in  th e L ev in 
stein p lant control operations is th e time w hich elapses 
between the draw ing of th e sam ple and its  introduction  
into the sodium  iodide solution. In view  of such 
requirem ents and conditions, the follow ing procedure 
has been adopted, as it  yields results w hich are cer
ta in ly  m ade w ith  an accu racy  required b y  th e p lant 
operation of th e L evin stein  process.

M ETH O D  O F P R O C E D U R E

T h e m ethod is outlined in order to  show under w hat 
conditions it  w as em ployed. In  a glass-stoppered 
E rlenm eyer flask of 250 cc. c a p a c ity  are p laced abou t 
25 cc. of an a p p roxim ately  norm al solution of sodium  
iodide and 10 cc. of carbon tetrachloride. T h e flask 
is then w eighed accu rate ly  to th e second decim al place.
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T h e  sam ple o f th e m ustard  gas-S2Cl2 m ixtu re is th en  
q u ick ly, in trod u ced  in to  th e  flask  b y  m eans of a 2 cc. 
im m ersion p ip et, and th e  flask  is w eighed again ; th is 
yields, a sam ple of ab ou t 2.5 g. A  know n  excess of a 
sta n d a rd  sodium  th iosu lfate  solution  is added, and th e 
excess is t itra te d  w ith  a stan d ard  iodine solution, 
using sta rch  as an in d icator. I t  has been fou n d  th a t 
th is  b a c k  titra tio n  is quicker and yield s m ore uni
form  results th a n  does th e  single d irect titra tio n  w ith  
th io su lfa te  solution. T h e  n um ber of cc. o f th io su l
fa te  solution  used, m ultip lied  b y  its  S2CI2 eq u iva len t 
in  gram s, y ield s a t once th e  S2CI2 con ten t of th e  sam ple. 
From  these d a ta  th e  p ercen tage com position  of th e 
m ustard  gas-S2Cl» m ixture can  be calcu lated .

SUMMARY

1— T h e need of a chem ical control of th e sulfur 
m onochloride con ten t in th e  rea ctio n  m ixtu re of th e 
L evin stein  process for m ustard  gas has been p o in ted  
out.

2— -The a v a ila b ility  of iodine lib eration  b y  sulfur 
m onochloride as a m eans for determ in ing th e sulfur 
m onochloride is discussed. ■

3— T h e a ccu racy  o b ta in ab le  and th e  a ccu ra cy  re
q uired  b y  p la n t operations are presented.

4— T h e procedure for control operations is ou tlin ed .

a c k n o w l e d g m e n t

T h e w riters wish to  express th eir ap preciation  of the 
help and suggestion s of M a jo r  W m . L lo yd  E v a n s, of 
th e chem ical la b o ra to ry  of E d gew oo d  A rsen al.

P R E S S U R E S  PR O D U CED  B Y  T H E  ACTIO N  OF SULFUR 
M O N O C H LO R ID E  U PO N  ft/S'-D ICH LO R O - 

E T H Y L  SU LFID E1 

By Thos. G . Thompson and F. J. Kopp
C h e m ic a l  L a b o r a t o r y , E d g ew o o d  A r s e n a l , E d g e w o o d , M a ry la n d  

Received M ay  5, 1920

T h e  .purpose of th is in v estig a tio n  w as to  m easure th e 
pressures produced  w hen re la tiv e ly  sm all co n cen tra
tion s o f su lfur m onochloride reacted  w ith  jS,/3 '-di- 
c h lo ro e th y l sulfide.

E X P E R IM E N T A L

T h e a p p a ratu s consisted  of m anom eters con n ected  
w ith  pear-shaped  flasks con tain in g v a ry in g  con cen tra
tion s of su lfur m onochloride and /3,/8 '-d ich loro eth yl 
sulfide. T h e  la tte r  su b stan ce w as prep ared  b y  double 
va cu u m  d istillatio n  of th e  crude com m ercial p rod u ct 
o ver calcium  chloride. A fte r  th e  second d istillation  
it  show ed a m eltin g p o in t of 13 .6 ° C . T h e  sulfur 
m onochloride w as purified b y  d istillatio n  a t 136° to 
138°.

A ll proper precaution s were ta k e n  to  see th a t  the 
a p p aratu s w as a b so lu tely  d ry . In  sealing th e flasks 
to  th e  m anom eters, a lon g calciu m  chloride tu b e  w as 
used b y  th e glass blow er.

•The a ctu al vo lu m es of th e flasks, to g eth er w ith  th e  
portions of th e  tu b es n ot filled w ith  m ercu ry  and 
com posing an arm  of each m anom eter, were m easured. 
P roper vo lu m e corrections were m ade for th e  chan gin g 
of th e  m ercu ry in th e  arm s of th e  m anom eters con 
n ected  w ith  th e flasks.

F ou r d ifferen t experim ents were run. In  each case,

* Published by perm ission of the  Chief of th e  Chem ical W arfare Service.

th e  tim e, tem p eratu re, and b arom etric pressure were 
recorded ev e ry  tim e readings of th e  m anom eter were 
m ade.

E xp t. 1 served as a b la n k  and w as run w ith  50.4 g. of 
th e pure m ustard  gas in th e flask. T h e  d a ta  are given  
in  T a b le  d . E x p t. 2, th e .d a ta .fo r  w h ich  are fou n d  in 
T a b le  I I ,  consisted  of a m ixture of 64.0 g. of th e  d i- 
ch loro eth yl sulfide w ith  0.64 g. of su lfu r m onochloride: 
E x p t. 3 (T a b le  I I I )  con tain ed  4 1 .1  g. of th e  pure 
m ustard  gas (96.78 per cent) and 1.37 g. o f sulfur 
m onochloride (3.22 per cen t). E x p t. 4 (T a b le  IV ) 
consisted of 49.4 g. of th e  pure m ustard  gas (95.24 per 
cent) and 2.47 g. of sulfur m onochloride (4.76 per 
c e n t).

T a u le  I — P u r e  /3,/3'-D ic iil o r o e t h y l  S u l f id e

Tim e Tem p. Pressure Volume
Decreased

Volume
Hrs. ° C . M m . N . P. T . Cc.

0 18 751 66 .4 0 .0
16 17 745 66.1 0 .3
19 18 748 66.1 0 .3
22 20 753 66.1 0 .3
40 18 746 6 6 .0 0 .4
46 21 756 66.1 0 .3
72 25 767 66 .2 0 .2
89 22 760 66 .3 0 . 1
96 24 763 66. 1 0 .3

144 21 758 66 .3 0.1
189 20 750 6 6 .0 0 .4

T / M E  /n  H o u r s

T h e ta b les show  th a t a m axim um  pressure is reached 
in ap p ro x im ately  72 hrs., a fter  w hich  tim e a ste ad y  
decrease is n oted. In  several previous experim ents 
th e  sam e decrease in  pressure had been ob served  at 
th e  end of 72 hrs. w hen ru bb er conn ection s w ere used. 
R e p etitio n  of these experim ents w ith  glass-sealed 
jo in ts show ed th a t  th is  w as n ot due to  fa u lty  joints 
or action  of th e  gases on th e  rubber.
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TABLE I I — 1.00 PlîR CENT SULFUR MONOCHLORIDE : 99 .00  PlîR  CENT 
/?, /3 DICHLORO ETHYL SULFIDE 

B aro- M anom - In - Increase Pressure
m etric e ter crease Increase Pres 100 G.
Pres R ead  P res Volume per U nit sure M ustard

Tim e Tem p. sure ing sure N . P. T . Volume V 0T 0 Gas
H rs. ° C. M m . M m . M m . Cc. Cc. M m . M m .

0 18 762 134 0 0 0
16 17 772.5 796.5 *24 141 5 .2 40 64 .5
19 18 772.5 806 34 142 6 .0 46 71 .8
25 21 771 830 59 145 8 .0 61 95 .4
40 18 768 833 65 147 9 .3 74 115.6
46 19 767 850 83 149 11.2 85 132.8
70 19 765 860 95 153 14.2 108 170
96 24 761 880 119 153 14,2 108 170

136 19 765 857 92 152 13.4 102 160
187 20 767 862 95 152 13.4 102 160

T able I I I — 3.22 P er c e n t  S u l f u r M o n o c iil o r id e  : 96.78 P er  cent
/3 ,0 '-D ic iil o r o e t h y l  S u l f id e

B aro  M anom  I n  Increase Pressu
m etric e ter crease Increase Pres 100 C
Pres R ea d  P res Volume per U n it sure M u sta

Tim e T em p. sure ing sure N . P . T . Volume V 0T „ Gas
Hrs. ° C M m . M m . M m . Cc. Cc. M m . M m .

0 18 760 0 143 0 0 0
16 17 772.5 863 90 164 14.7 112 273
19 18 772.5 884 112 167 16.8 128 312
22 20 771 907 136 169 18.2 138 336
40 18 768 960 192 182 27. 2 206 502
46 19 767 995 228 187 3 0 .8 234 570
72 25 764 1089 325 204 42 .7 325 791
96 24 761 1074 303 201 4 0 .6 ■ 309 753

144 21 760 1010 250 190 32 .9 250 609
187 20 767 990 223 187 3 0 .8 234 570

T a b l e  IV — 4.76  P e r  c e n t  S u l f u r  M o n o c h lo r i d e  : 95 .24  P e r  c e n t  
/? , /3 '- D i c i i l o r o e th y l  S u l f i d e

B aro M anom - In  Increase  Pressure
m etric eter- crease Increase Pres 100 G.
P res R ead- Pres Volume per U nit su re- M ustard

Tim e Tem p. sure ing sure N . P . T . Volume V 0T 0 Gas
Hrs. ° C. M m . M m . M m . Cc. Cc. M in. M m .

0 18 754 0 75 0 0 0
16 17 772.5 901 129 91 21.3 162 328
19 18 772 924 152 93 24 .0 182 368
22 20 771 954 183 95 26 .6 202 409
40 18 768 1040 272 106 41 .3 314 636
46 19 767 1092 325 111 4 8 .0 365 738
72 25 764 1220 456 121 61 .3 466 944
89 22 762 1183 421 121 61 .3 466 944
96 24 761 1190 429 120 60 .0 456 924

144 21 760 1088 328 110 4 6 .6 354 716
187 20 767 1053 286 107 4 2 .6 324 656

W hen the ap p aratu s w as disconnected, sm all am ounts 
of h yd ro ch loric  acid  gas and h yd rogen  sulfide were 
detected  in th e  gases liberated  b y  th e action  of sulfur 
m onochloride on th e '-d ich loro eth yl sulfide. Owing 
to  th e so lu b ility  of hydrogen  chloride in th e latter 
substance, th e increases in pressures- show n in the 
tables and th e  acco m p an yin g p lot do not a ctu ally  
represent th e  to ta l gases produced.

C O N C L U S IO N S

1— T h ere is a decided in teraction  when sm all am ounts 
of su lfur m onochloride are p laced in co n tact w ith  large 
am ounts of (3,/3 '-d ich loro eth yl sulfide.

2— T h is in teraction  is m anifested  b y  pressures re- 
< su itin g  from  th e  production  of gases. T h e  m axim um

pressure is reached  a t the end of 3 days.
3— -A secon d ary  reaction  tak es place betw een the 

substance and th e  gases, as in d icated  b y  a decrease in 
pressure- a t th e  end of th ree days.

TH E SO LU BILITY OF /3,/3 '-D IC H LO R O E T H Y L  SULFIDE IN 
PETR O LE U M  H YD R O CA R BO N S AND IT S  PU RIFICA
TIO N  B Y  EX TRACTION  W ITH  T H E SE  SO LV E N T S1-2 

B y Thos. G. Thompson and H enry Odeen
C h b m ic a i, L a b o r a t o r y , E dg b w o o d  A k sk k a i., E d g e w o o d , M ary la n d  

Received M ay 5, 1920

T h e question  of th e so lu b ility  of d ich lo ro eth yl su l
fide in petroleum  h yd rocarb on s has been in v estig a ted

1 Published  by perm ission of th e  Chief of th e  Chem ical W arfare Service. 
7 T he au th o rs  w ish to  acknowledge the  advice and  suggestions given 

by M ajo r W m . L loyd E vans and  also the  assistance received from  Messrs. 
J. J . A lexander, J . H . B lack, W . H . G ersdoroff, H . H . H arvey , B ruce H ow ard, 
J. h . H utchinson, E . C. M ack, L. S; M inor, J . Parsons, G. T . Sohl, G. F. 
Seim ers, M . C. T ay lor, R . W . T a tem , D . R . V irtue, and  C. J . W ernlund.

for th e purpose of ascertain in g th e  su ita b ility  of such 
solven ts as agents in extra ctin g  pure m ustard  gas 
from  th e  crude com m ercial product. Its  m arked so l
u b ility  in th e com m on petroleum  h ydrocarb on s w as 
quite con trary  to  th e belief com m on ly a ccep ted  in 
A p ril 1918.

T h e m ethod em p loyed  for th e  s tu d y  of th e  in te r
so lu b ility  of d ich loroethyl sulfide and th e  petroleum  
hydrocarbon s w as essen tially  th a t  used b y  R o th m u n d .1

N A T U R E  A ND P R E P A R A T IO N  O F M A T E R IA L S  

d i c h l o r o e t h y l  s u l f i d e — T h e m aterial w hich w as 
used in. th e in terso lu b ility  experim ents w as obtained  
b y  double d istillation  a t a pressure of 13 to  14 m m .

p e t r o l e u m  h y d r o c a r b o n s — T h e ligroin utilized  w as 
obtained from  th e com m ercial m aterial b y  d istillation. 
O nly th a t portion distillin g b elow  io o °  w as em ployed. 
T h e specific g r a v ity  of th e d istillate  at 240 C . was 
1.6677. T h e nature of th e  other h ydrocarb on s used 
is illustrated  b y  th e d istillatio n jcu rves shown in  F ig . 1 .

A A  - G a s o l i n e  '
— B B  -  K E R O S E N E

CC -  Ra il r o a d  l ic h

/ r -JT

t  O n  / / /
/ / /

/ <f
/

/ r
I f

/ A r

/
// JI

/ //
A<Y c A

0 ° 4 0 "  8 0 "  1 2 0 °  1 6 0 “ ZOO” 2 4 0 "  ? 8 0 °  3 2 0 "
Temperature 

F ig . 1— D is t il l a t io n  C u r v e s  ok H y d r o c a r b o n s  U sed

. s u l f u r  m o n o c h l o r i d e — -This w as ob tain ed  b y  d is
tillation  of th e com m ercial prod u ct, th e  portion b oil
ing betw een 136° to  138° C. being utilized.

s u l f u r — -The pu lverized  C . P. rhom bic m odification  
was em ployed.

c h l o r i n a t e d  m u s t a r d  g a s — T h is was m a d e ‘b y  th e 
interaction  of distilled d ich loroethyl sulfide w ith  su lfur 
dichloride in a carbon tetrach lorid e solution  below  500 
C . T h e addition  of th e dichloride solution  w as grad u al 
and accom panied w ith  con stan t shakin g. W hen th e  
product w as distilled  a t 17 mm . pressure, th e excess 
of sulfur dichloride and carbon tetrach lorid e distilled  
off first. T h e chlorin ated  p roduct w hich cam e o v er 
at 1 1 2 0 w as collected  sep a ra te ly  and used in th e  in te r
so lu b ility  experim ents given  in  T a b le  V I . I t  w as o f 
a ligh t brow n color, and its specific g ra v ity  a t 2 2 a 
was 1.355-

i n t e r s o l u b i l i t y  e x p e r i m e n t s  

d i c h l o r o e t h y l  s u l f i d e  a n d  l i g r o i n — T h e results 
obtained from  a s tu d y  of th e in terso lu b ility  o f d ich loro
eth yl sulfide and ligroin at variou s tem peratures are 
g iven  in T a b le  I and illu stra ted  b y  th e  curve A A  in 
F ig. 2. T h e  critical p o in t of so lu b ility , th a t  is, th e 
te m p eratu re  ab ove which th e tw o  substances would 
be m u tu a lly  soluble in all proportions, w as foun d to  
be 1 9 0 C . T h e  h igh est tem peratu re at w hich solid

» Z . physik. C htm ., 26 (1898), 433.
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J ig . 2-r - I n TBRSOLUBILITY OP DICHLOROETHYL SULFIDE
a n d  H y d r o c a r b o n  S o l v e n t s

dich loroeth yl sulfide could  exist in  th e  presence of its  
liq u id  phase and a ligroin solution  of it  w as 8.8° C .

T able I
Per cen t by  W eight

Tem p. »------L igroin------*
D ichloroethyl 

'------Sulfide----- »
D ichloro

ethyl
0 C. Cc. G ram s Cc. G ram s Ligroin Sulfide
13.0 0 0 .0 0 20 25 .44 100.0
13.0 1 0 .67 C onstan t C onstan t 2 .6 97 .4
12.0 2 1.34 4 .9 95.1
10.0 4 2.67 9 .5 90 .5
9 .5 5 3 .34 11.6 88 .4
9 .0 6 4 .0 0 13.6 86 .4
9 .6 7 4 .67 15.5 84.5

12.0 8 5 .34 17.4 82 .6
14.0 9 6 .0 0 19.1 80 .9
17.22 12 S .01 23 .9 76.1
19.0 19 12.69 33 .3 66 .7
19.0 24 16.03 3 8 .6 61 .4
18.3 29 19.36 43 .2 56 .8
17.5 39 26.04 5 0 .6 4 9 .4
16.0 49 32.72 56.3 43 .7
14.5 59 39.39 60 .7 39 .3
10.3 79 52.75 67.5 32 .5
6 .5 99 66 .10 72.2 2 7 .8
2 .5 119 79.46 75 .8 24 .2
0 .2 30 20.03 3 .8 2 8 3 .9 16.1

— 2 .5 C onstan t C onstan t 2 .5 3 .18 86.3 13.7
— 6 .5 2 .0 2 .54 88.7 11.3
— 7.5 1.5 1.91 91 .3 8 .7

Tem p.
D ichloroethyl 

------- Sulfide------ . /------Gasoline------ *

P e r cen t by W eight 
D ichloro

e th y l Gaso-
0 C. Cc. G ram s Cc. G ram s Sulfide line
7 .3 20.05 25.43 5 .0 0 3.686 87.34 12.66

18.0 C onstan t C onstan t 10.00 7.371 77.53 22.47
20.4 17.75 13.095 66.02 33 .98
18.7 30 .00 22.113 53.49 46.51
14.0 40 .00 29.484 46 .32 53 .68
9 .5 60 .00 44 .226 36.51 63 .49
4 .5 80 .00 58 .968 30 .14 69 .86
7 .8 15.00 19’¿3 3 .8 0 2.801 87.17 12.83

13.5 C onstan t C onstan t 30 .05 22.150 46.21 53 .79
9 .0 45 .00 33 .170 36 .46 63 .54
4 .2 ' 60 .00 44.226 30 .08 69.92

Tem p. /—Kerosene—•

T able  I I I

D ichloroethyl 
.---- Sulfide---- .

P er cen t by  W eight 
Dichloro

ethyl
0 C. Cc. G ram s Cc. Gram s Kerosene Sulfide
14.2 60 48 .24 25 .0 31 .88 60.21 39 .79
9 .5 80 64 .32 25 .0 31 .88 66.87 33.13

21 .9 7 5 .63 2 5 .0 31 .88 15.07 84.93
24 .3 9 7 .23 2 5 .0 31 .88 18.58 81.42
25 .6 12 9.65 2 5 .0 31 .88 23.33 76.67
25 .6 13 10.45 25 .0 31 .88 24.79 75.21
25 .6 14 11.26 25 .0 31.88 26.20 73.80
25 .0 18 14.47 2 5 .0 31.72 31 .33 68.67
14.3 6 4 .82 3 3 .0 41.88 10.32 89 .68
8 .9 6 4 .82 4 3 .0 54 .47 8.12 91.88

D IC H L O R O E T H Y L  S U L F ID E  A ND R A IL R O A D  L IG H T  O IL----

T h e results secured in these experim ents are show n in 
T a b le  I V  and illu stra ted  b y  th e  cu rve  D D  in F ig . 2. 
T h e  critical point of so lu b ility  w as foun d to  be 3 7 0.

T a b u : IV
R ailroad R ailroad  D ichloro-

Tem p. 
0 C.

/------L igh t
Cc.

Oil------ .
G ram s

,------ Su!
Cc.

[fide------*
G ram s

L igh t
Oil

e th y l
Sulfide

2 5 .0 2 .45 1.926 14.95 18.966 9 .22 90 .78
2 8 .0 5 .12 4.024 25 .00 31.715 11.26 88.74
31 .3 3 .7 4 2 .940 14.95 18.966 13.42 86.58
3 7 .0 13.69 10.760 C onstan t C onstan t 36 .20 63 .80
35 .0 20 .19 15.869 45 .52 54 .48
33 .0 26.19 20.585 52.05 47.95
23 .6 38.57 30.316 61.51 38 .49
20 .9 56.62 44.503 \ * * * 70.12 29.88
14.5 75.07 59.005 75.67 24.33
9 .3 87.42 68.692 78.36 21.64

F ro m  these results it  is ev id en t th a t w ith  th e  in 
crease in  th e  percen tage of high b oilin g h yd ro ca rb o n s, 
th e  critical tem p eratu re of so lu b ility  for these so lven ts 
and d ich lo roeth yl sulfide w ill also increase. T h is is 
v e ry  n icely  illu strated  b y  a com parison of th e  so lu b ility  
curves show n in  F ig . 2.

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

c a r b o n s — Sulfur m onochloride w as foun d to  be so l
uble in all proportions in  ligroin, gasoline, kerosene, 
and railroad  lig h t oil a t tem p eratu res a b o v e  0°.

P E R  C E N T RAILROAD LIGHT OIL

d i c h l o r o e t h y l  s u l f i d e  a n d  g a s o l i n e — T h e  critical 
tem peratu re of so lu b ility  of d ich lo ro eth yl sulfide w as 
foun d to  be 20.40. T h e  d a ta  ob ta in ed  from  these ex
perim en ts are g iven  in  T a b le  II  and illu stra te d  b y  
th e cu rve  B B  in F ig . 2.

T able  I I

d i c h l o r o e t h y l  s u l f i d e  a n d  k e r o s e n e — T a b le  I I I  
shows th e  results secured from  th e  s tu d y  of th e  m utual 
solubilities of dich loroethyL  sulfide and kerosene at 
various tem peratures. T h ese d eterm in ations in d icate 
th a t  th e  critical p o in t of so lu b ility  of d ich lo roeth yl 
sulfide and.kerosen e is 25.6°. T h e d a ta  g iven  in T a b le  
I I I  are illu stra ted  in F ig . 2 b y  th e  cu rve C C .

P e r  c e n t  Ch l o r o - M u s t a r d  G a s

F io .  3—•INTERSOLUBILITY OF CHLORINATED MUSTARD G aS AND 
R a il r o a d  L ig h t  O il

s o l u b i l i t y  o f  s u l f u r  i n  l i g r o i n — Ligroin  w as 
sh aken  w ith  pow dered rhom bic su lfur a t o °  and  a t 
room  tem p eratu re for ab ou t 6 hrs. T h e  excess of 
sulfur w as rem oved  b y  rap id  filtration . T w e n ty -fiv e  
cc. of th e  filtrates were p ip etted  in to  a w eighed dish 
and th e  so lven t evap o rated , w ith  th e  resu lts g iven  in 
T a b le  V .
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T able  V
Sulfur in 25 Cc. Sulfur in 100 Cc.

Tem p. Ligroin C orrection C orrected Ligroin
° c . G ram (Blank) W eight G ram

0 0.049 0.001 0.048 0.192
0 0.052 0.001 0.051 0.204

24 0.085 0.001 0.084 0.336
24 0 .080 0.001 0.079 0.316
24.5 0.081 0.001 0.081 0.324
28 0.092 0.001 0.091 0 .364

IN T E R S O L U B IL IT Y  OF C H L O R IN A T E D  M U STA R D  GAS

a n d  r a i l r o a d  l i g h t  o i l — T h e critical tem p eratu re of 
so lu b ility  of ch lorin ated  m ustard  gas and railroad  ligh t 
oil w as fou n d  to  be 8.3°. T h e  d a ta  obtained  in  these 
experim ents are g iven  in T a b le  V I  and illu stra ted  in 
Fig- 3 -

Below

T able VI
P er cen t by  W eight

R ail Chlo

T em p.
R ailroad C hlorinated road rina ted
L igh t Oil M ustard  Gas L igh t

Oil
M u sta rd

° c. Cc. G ram s G ram s Gas
. . . 0 0.0 0 0 33.793 0 .0 0 100.00

1 0.791 C onstan t 2 .28 97.72
— 2 2 1.582 . . . . 4 .47 95.53
— 2 3 2.373 5 .65 93 .44
— 2 4 3.164 8 .56 91.44
— 1.8 5 3.955 10.58 89.72

1 .0 6 4 .7 4 12.42 87.58
3 .3 7 5 .53 14.08 89.92
4 .7 8 6 .33 15.78 84.22
5 .8 9 7.11 17.48 82.52
6 .7 10 7.91 18.98 81.02
7 .3 11 8 .7 0 20.58 79.42
7 .7 12 9 .49 21.92 78.08
8 .0 13 10.29 23.35 76.65
8 .2 14 11.08 24.69 75.30
8 .3 15 11.87 25.99 74.01
8 .3 16 12.67 27.27 72.73
8 .3 17 13.47 28.51 71.49
8 .2 18 14.23 29.63 70.37
8.1 19 15.02 30.77 69.23
8 .0 20 15.81 31.87 68.13
7.95 21 16.60 32 .94 67.06
7 .90 22 17.39 33.97 66.03
7.85 23 18.18 34 .98 65.02
7 .80 24 18.97 35 .95 64.05
7.7 25 19.76 36 .89 63.11
7.35 30 23.73 41.25 58.75
7 .0 35 26.78 45.02 54.98
6 .6 40 31.63 48.34 51.66
6 .0 45 35 .58 51.32 48 .68
5 .35 50 39.53 53 .90 46 .10
3.85 60 47 .46 58.41 41.59
2 .0 70 55.37 62.09 37.91

— 1.4 80 63 .28 65.18 34.82
— 2 90 71.19 . « « « 67 .80 33 .20

C O N C L U S IO N S  FR O M  S O L U B IL IT Y  E X P E R IM E N T S

1—— D ich lo ro e th y l sulfide is soluble in  th e petroleum  
h ydrocarb on s and th ere is com plete m iscib ility  of the 
solute and so lven t a t re la tiv e ly  low  tem peratures.

2— Sulfur m onochloride is soluble in  all proportions.
3— O n ly  a sm all am oun t of sulfur dissolves in the 

petroleum  hydrocarbon s.
4— C h lo rin ated  m ustard  gas is soluble in  a ll p rop or

tions of railroad  lig h t oil ab ove 8.8°.

a p p l i c a t i o n  o f  r e s u l t s — A s th e result of th e d a ta  
given  a b o ve, it  is self-evid en t th a t it  w ould be h igh ly  
desirable to  ta k e  a d va n ta g e  of th e fo llow ing fa cts  in 
a m ethod of ex tra ctin g  m ustard  gas from  th e  crude 
com m ercial p rod u ct, using petroleum  h ydrocarb on s as 
solvents.

(1) E x tra c t  th e  crude m ustard  gas a t a tem p eratu re 
sligh tly  a b o v e  th e  critical p o in t of so lu b ility . M o st 
of th e  sulfur, to g eth er w ith  a tar-like  mass, will re 
main insoluble.

(2) T h e  su p ern atan t solution  is cooled considerably 
below th e  critica l tem peratu re , causing th e form ation  
of tw o  liq u id  layers, th e  low er la y e r  being prim arily  
a solution  of th e  h yd ro carb on  in th e  m ustard  gas. If  
the tem p eratu re  be sufficien tly  low ered, solid m ustard  
gas w ill p recip ita te  ou t from  th e  solution. T h is  solid 
mass w ill retain  a little  of th e hydrocarbon .

(3) T h e upper layer of hydrocarbon  solven t, or th a t 
above th e  solid m aterial, w ill contain  all traces of 
sulfur m onochloride togeth er w ith  ch lorin ated  products 
of d ich loroethyl sulfide in th e crude m ustard  gas, and 
also certain  am ounts of d ich loroethyl sulfide. T h e 
concen tration  of th e la tter  will be a fu n ctio n  of the 
tem perature. T h is solven t m ay be used until the p er
cen tage of products other th an  d ich loroethyl sulfide 
m akes it  undesirable.

(4) T h e  low er laye r  w ill contain  d ich loroethyl su l
fide and certain  am ounts of th e  hydrocarbon , th e  per
cen tage of the la tter  being a fun ction  of th e  te m 
perature.

s i n g l e  e x t r a c t i o n

In  order to  dem onstrate th a t such a sep aration  as 
described below  could be carried out, 200 cc. of crude 
m ustard gas were shaken th o ro u g h ly  w ith  200 cc. o f  
ligroin in a sep aratory  funnel a t a tem peratu re of 44° 
C . T h e m ixture was allow ed to  cool v e ry  slo w ly  to- 
25°. T hree well-defined layers separated. T h e h ea v ie st 
one consisted of a p itch y  m ass com posed la rg e ly  o f 
sulfur. T h e second lay e r, a solution of ligroin  in di- 
chloroethyl sulfide, w as draw n off in three portions and 
an alyzed  b y  w eighing each portion and distillin g off 
th e ligroin. T h e am ount d istilled  w as obtained  b y  
w eighing the residue. W hen th e  top layer, or th e 
solution of d ich loroethyl sulfide in ligroin, was cooled 
to 8°, tw o layers form ed. T h e  low er la y e r  w as draw n 
off and analyzed. T h e ligroin solution, or upper layer, 
was then  cooled to  — 10°. T h e  d ich lo roeth yl sulfide 
precip itated  in th e form  of long, w hite needles, which 
upon m elting ga v e  a ligh t yellow  solution contain ing 
a little  sulfur. T h e  results obtained  from  th e analyses 
of th e layers contain ing th e ligroin in  a solution of 
d ich loroethyl sulfide are g iven  in T a b le  V II.

T otal 
w t .  of 
Layer 
Gram s
14.8 
66.3 
65 .2  
26.1 
80.35
59.8

T em p. W eight 
of Ligroin 

L ayer Dissolved 
0 C. G ram s

25
25
25
25

8
— 10

0 .3
8 .7
8 .5
3 .75

11.05
23.50

T able  V II 
W eight of 
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D ichloro

e thyl 
Sulfide 
G ram s
14.5
5 7 .6
56 .7  
22.35
69 .3
36 .3
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cent

5 .4  
2 1 . 6  21.2

8 .4  
2 6 .0  
13.6

M elting 
Po in t 

0 C.

5*. 6 
4 .6
5 .0
9 .0  

12.5

R em arks 
P itchy  m ass (S ) 
D ark  yellow 
D ark  yellow 
D ark  yellow 
L igh t yellow 
L igh t yellow

S U C C E S S IV E  E X T R A C T IO N 1

In th is process a series of superim posed funnels was 
used. A  diagram  of th e  ap p a ratu s is shown in  P ig. 4. 
T h e  general m ethod of procedure w as to  place equal 
volum es of ligroin (200 cc.) in each of th e  funnels. 
A n  equal volum e of crude dich loroeth yl sulfide (200 
cc.) was th en  introduced  in th e top  funnel. T h e  co n 
ten ts of the first funnel w ere shaken, and th e insoluble 
m aterial w hich settled  ou t from  th e  ligroin  la y e r  was 
passed into  F unn el 2. T h is  passage w as slow , drop 
b y  drop. A s th e  drops cam e in  co n tact w ith  th e  
ligroin layer in F un n el 2. th e y  b roke up in to  a fine 
spray, w hich scattered  th ro u g h o u t th e  ligroin. T h e  
process w as repeated in  th e succeeding funnels. T w o

1 As th e  resu lt of a  large num ber of experim ents w ith  hydrocarbon 
solutions of m ustard  gas, i t  was noticed th a t  th e  toxicity  of these  so lutions 
appeared  to  be g rea ter th a n  th a t  of e ithe r th e  com m ercial o r pure  m u sta rd  
gas. T his m a tte r was called to  th e  a tte n tio n  of th e  R esearch Division 
in June  1918.
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experim ents, illu stra tin g  th e  general results obtained  
b y  th is process of extractio n , g a v e  76.5 and  So.9 per 
cen t of ligroin-soluble m aterial. T h is  soluble m aterial 
w as distilled  in  vacuo (2.0 to  5.0 m m .), and a y ield  of
86.98 per cent w as obtained  w hich  show ed a p u rity  of 
99.5 per cent (m. p. 13 .7 5 ° C .). B e tte r  purification  
resulted  from  keeping the tem peratu re of extractio n  
a little  below  th e critical point of so lu b ility  of th e 
ligroin and dich loroeth yl sulfide.

A
1 cli

-w*0

'<¡5*

Dichlo ro ethyl  Su lfid e  Ex t r a c t  
Cl e a r , Pa l e  Yello w  U 8 0  cc ]

S o lu t io n  o f  L ig r o in  in  D ic h lo r o e th y l S u l f id e  
D a rk , n o t  c l e a r  [213  c c ]

S i  r o p y  M a s s  [2 c c ]

D ic h l o r o e t h y l  S u l f id e  Ex t r a c t  
Cl e a r , L ig h t  A m b e r  £ 2 6 5  o c j

Da r k e r  t h a n  N o. 1j Cl e a r  [ S 3  c c ]  

S ir u p y  M a s s  [2 c c .]

D ic h l o r o e t h y l  Su l f id e  E x t r a c t  
Cl o u d y , f a in t  y e l l o w  I? 1 5 o c .] 

Clo u d y , da r k  bac»v n , s /r u p y
Br e a k s  u p  b u t  s l i g h t l y  U S  c c ]

S i R u p y  M A S S , D o e s  N O T b r e a k  u p  i n  D R O P P IN G  
I n t o  l i g r o i n  l a y e r  b e l o w  [ Z  c c ]

C le a r , v e r y  s l i g h t l y  c o lo r e d  [ 20 S e c ]

Da r k  S i r u p y  M a s s  £13 c c .]
S i r u p y  M a s s  [2  c c .J

F i c .  4— S u c c e s s iv e  E x t r a c t io n  A p p a r a t u s

T h e ligroin  solutions when cooled to  — 10° g a v e  
b ea u tifu l, long, w h ite  needles, w hich were perm itted  to 
m elt slo w ly  a fter d éca n ta tio n  of th e  m other liquor. 
U pon m eltin g, tw o  layers were ob tain ed , th e upper 
la y e r  consisting larg e ly  of th e  ligroin  th a t had been 
reta in ed  m ech an ically  b y  th e  crysta ls. A  v e ry  good 
product w as ob tain ed  in  y ield s v a ry in g  from  51 
to  63 per cent, depen din g upon the exten t of con cen 
tratio n  and degree of extractio n . T h is  d ich loroeth yl 
sulfide had  m eltin g points w hich varied  from  10.4° to  
io .8 °  C .

In a ll cases of ex tra ctio n  it  was v e ry  d ifficu lt to re
m ove th e last traces of ligroin. A  sm all am oun t of 
th e h yd ro carb on  caused a considerable low ering of th e 
freezin g poin t. T o  determ in e the a ctu al am ounts of 
d ich lo ro eth yl sulfide contain ed  in  th e  variou s sam ples, 
d istillatio n  g a v e  b y  fa r th e  m ore accu rate  results.

i n s o l u b l e  r e s i d u e — T h is insoluble la y e r  ob tain ed  
from  the fourth  funnel in  th e successive extractio n  
exp erim en ts w as a th ick  sirupy m ass and contain ed  
o n ly  traces of m ustard  gas. W hile the residues were 
n ot sub jected  to d istillatio n , th ere w as v e ry  good e v i
dence th a t on ly  v e ry  sm all am ounts of m ustard  gas

w ere  p re se n t. T h is  is fo u n d  in  th e  fa c t  t h a t  th e  m u s 
ta r d  g a s  d is s o lv e d  in  th e  lig ro in  a n d  vice versa, a n d  o n ly  
a  v e r y  sm a ll a m o u n t o f lig ro in  is  fo u n d  in  th e  in so lu b le  
re sid u e . F u r th e r , th is  in so lu b le  m ass co n sis ts  la r g e ly  
of s u lfu r , an d  th e  m u s ta rd  g a s  is  o n ly  s p a r in g ly  s o lu b le  
in  su lfu r .

ANALYSIS OF CRUDE MUSTARD GAS

T h e  a n a ly s is  o f c ru d e  m u s ta rd  g a s  u sed  in  a ll e x p e r 
im e n ts  h ere in  re p o rte d  w a s  m ade, as fo llo w s :

A  m e a su re d  v o lu m e  o f cru d e  m a te r ia l w a s  p la c e d  in  
a  d is t illin g  fla sk  o f 750 cc. c a p a c it y ,  a n d  th e  f la s k  a t 
ta c h e d  to  a  co n d en ser , w h ich  w a s  c o n n e c te d  w ith  a 
w e ig h e d  re c e iv e r , a n d  th e  s y s te m  e v a c u a te d . T h e  d is 
t i l la t io n s  w ere  m a d e  a t  a  p re ssu re  o f 6 t o  13 m m . 
U p o n  h e a t in g  t h e  d is t illin g  f la sk , a n d  b e fo re  a n y  d is 
t i l la t e  w a s  c o lle c te d , th e re  w a s  a  d e c id e d  e v o lu t io n  o f  
g a s . W h ile  t h e  la s t  p o rtio n  o f t h e  m u s ta rd  g a s  w as  
b e in g  d is t ille d  th e r e  w a s  co n sid e ra b le  b u m p in g  an d  
fro th in g , a n d  g r e a t  c a re  h a d  to  b e  m a n ife ste d  in  c o m 
p le t in g  th e  w o r k . T h e  d is t illa te  w a s  lig h t  le m o n - 
y e llo w  in  co lo r. T h e  b la c k  re s id u e  in  th e  fla sk  c o n 
ta in e d  q u a n tit ie s  o f su lfu r , w a s  in so lu b le  in  lig ro in , 
a n d  d is s o lv e d  in  c a rb o n  te tr a c h lo r id e . T a b le  V I I I  
g iv e s  th e  re s u lts  o b ta in e d  in  tw o  a n a ly se s .

Tablb VIII
Sam ple Sam ple 
No. 1 No. 2

W eight, g ra in s ....................... » ..............   399 261
Volume, cc..............................................................................  300 200
W eight of idistilla tc , g ram s.............................................  295 .8  194.7

P e r c e n t .............................................................................  74 .17  74 .6
Volum e of d istilla te , cc.....................................................  233 157

P e r c e n t ..........................................................................  77 .7  78.5
W eight of res idue, g ram s................................................  9 8 .6  60 .7

Per c e n t ..........................................................................  24 .65  23 .3
V olatile, g ram s .......................................................................... 4 .6  5 .6

P e r c e n t ..........................................................................  1 .2  2 .2
Freezing p o in t of d istilla te , ° C ...................................... 12.0 12.7

P u rity , per c e n t ..........................................................  9 4 .2  96 .5
Percentage pure  m ustard  g a s .........................................  6 9 .9  72 .0

A verage Percen tage  71. 0

A N A L Y S IS  O F C R Y S T A L S O F D IC IIL O R O E T H  YL S U L F ID E  

O B T A IN E D  FR O M  L IG R O IN  S O L U T IO N

A ft e r  re m o v in g  as m u c h  as p o ssib le  of th e  ligro in  
re ta in e d  b y  th e  c r y s t a ls ,  t h e y  w ere  w e ig h e d  o u t  an d  
s u b je c te d  to  d is t i l la t io n , th e  re s u lts  b e in g  as fo llo w s :

T ahlb IX
W eight of sam ple, g ram s.................................................................  313.1

M elting po in t, ° C .....................................................................  7 .4
W eight of d istilla te , g ram s ...............................................................  278)9

M elting  poin t, ° C ......................................................................  13.7
P u rity  of d istilla te , per c e n t............................................................  99 .3
P er cen t m ustard  gas in sam p le ....................................................  89 .08
W eight of residue, g ram s...........................................    25.7

Per cen t.   .................................................................................... 8 .2
W eight of ligroin (by difference), g ram s ....................................  8 .5

P er c e n t .........................................................................................  2 .7
C alculated  as ligroin-free:

Per cen t m ustard  g a s ................................................................  90 .92
P er cen t residue........................................................................... 9 .0 8

C O N T IN U O U S  E X T R A C T IO N

METHOD a n d  a p p a r a t u s — I n o rd e r to  h a v e  a  c o n 
tin u o u s  p ro ce ss  fo r  t h e  e x tr a c t io n  o f m u s ta rd  g a s  fro m  
th e  cru d e  m a te r ia l b y  m ean s of lig ro in , th e  a p p a ra tu s  
s h o w n  in  F ig . 5 w a s  d e v is e d . T h e  cru d e  m a te r ia l 
flo w s fro m  a  s e p a r a to r y  fu n n e l in to  th e  m a in  p o rtio n  
o f t h e  a p p a r a tu s , w h ic h  co n sis ts  o f a  g la ss  tu b e , a b o u t  
4 f t .  in  le n g th , w ith  a  b u lb  b lo w n  a t  th e  u p p e r  e n d , 
w h ich  s e r v e s  as a  s e tt l in g  c h a m b e r, an d  a  s to p c o c k  a t  
th e  lo w e r  e n d , w h ic h  p e r m its  th e  re m o v a l o f th e  in 
s o lu b le  m a tte r . T h e  lig ro in  is in tr o d u c e d  in to  th e  
a p p a r a tu s  b y  m e a n s o f a  lo n g  g la ss  tu b e , sea led  in to  
th e  s id e  o f t h e  g la ss  co lu m n  a b o u t  6 in . fro m  th e  b o t .
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tom . A t  th e  sta rt th e  m ain portion of th e apparatu s 
is n early  filled w ith  ligroin. T h e  crude m aterial, w hich 
enters th e  ap p aratu s ju s t below  th e settlin g  cham ber, 
is sp ra yed  th rou gh  th e  colum n of ligroin. T h e insol
uble m atter settles slow ly  to  th e  b otto m  of th e  tube.

//V5oi.c/ö^f *rr-reK.

F ig . 5— C o n t in u o u s  E x t r a c t io n  A p p a r a t u s

A lm ost com plete extractio n  should be assured, for as 
the m ass settles to w a rd  th e  b otto m , it  com es in con tact 
w ith  th e  fresh ligroin. T h e  overflow  ou tlet, near the 
to p  of th e ap p aratu s, consists of a tu b e  sealed into th e 
long glass colum n and bent dow n w ard a t righ t angles 
so th a t  th e liquid  w ill flow into  a contain er placed under 
it. A  large sep arato ry  fun nel is u tilized  for th e col
lection  of th e  ligroin solution  from  th e overflow  tube. 
W hen th is fun nel is n early  filled it  is rem oved and placed 
in a cooling b ath . T h e  insoluble m atter collecting a t 
th e  b o tto m  of th e  ap p aratu s is draw n off from  tim e to 
tim e in to  a gra d u ated  cylinder.

E X P T . I .  A B O V E  T H E  C R IT IC A L  P O IN T  OF SO L U 

B IL IT Y — M easu red  vo lu m es of crude m ustard gas and of 
ligroin were p laced  in their resp ective  reservoirs, and 
th e  extra ctio n  carried ou t as described above, a t te m 
peratures v a ry in g  from  25° to 27°, or several degrees 
a b o v e  th e  critical po int of so lu b ility. T h e d a ta  are 
given  in T a b le  X .

T ablr X
Volume of ligroin used, cc....................................................... 1800
Volume accounted for, cc........................................................  1713
Volume of crude m ustard  gas used, cc............................... 800
Volume accounted for, cc........................................................  796

Insoluble m a tte r a t  ex traction  tem pera tu re
W eight, per c e n t . . . . , ................................................  13.5
Volume, per c e n t..........................................................  12.3

Insoluble m a tte r a t  16° to  18°
W eight, per c e n t........................................................... 17.4
Volume, per c e n t..........................................................  17.9

M ustard  gas crystallized
W eight, per c e n t...............................................  43 .7
Volume, per c e n t..............................................  45 .4

Dissolved m ateria l in m other liquor
W eight, per c e n t...............................................  22 .7
V olum e„per c e n t..............................................  2 4 .0

E X P T . I I .  B E L O W  T H E  C R IT IC A L  P O IN T  O F  S O L U -

b i l i t y — E ig h t  h u n d re d  cc. o f cru d e  m u sta rd  g a s  w ere  
ru n  th ro u g h  th e  lig ro in  a t  1 5 °  in  th e  c o n tin u o u s  e x 
tr a c t io n  a p p a ra tu s . T h e  in so lu b le  m a tte r  d ra w n  off 
a t  th e  b o tto m  of th e  a p p a ra tu s  m e a su red  745 cc. A  
la rg e  p o rtio n  of th is  w as  lig ro in  w h ich  h a d  b een  d is 
s o lv e d  b y  th e  in so lu b le  m a te ria l. T h is  re s id u e  w a s
p assed  th r o u g h  th e  a p p a ra tu s  fo u r  tim es . P ro p e r  r e g u 
la tio n  o f flo w  p o ss ib ly  w o u ld  h a v e  in cre a se d  th e  e ffi
c ie n c y  of e x tra c tio n . T h e  lig ro in  so lu tio n  w as p la ce d  
in  th e  fre e z in g  b a th , a n d  th e  m o th e r liq u o r  fro m  th e  
c r y s ta ls  o f m u s ta rd  g a s  w as  u t iliz e d  in  fu r th e r  e x t r a c 
tio n  o f th e  in so lu b le  m a tte r . T h e  re su lts  o b ta in e d  are 
g iv e n  in  T a b le  X I .  T h e  w e ig h t o f th e  in so lu b le  m a tte r  
w as c a lc u la te d  fro m  th e  d a ta  o b ta in e d  in  t h e  p re v io u s  
e x p e rim e n t. I t  w ill be n o te d  t h a t  th e  in so lu b le  m a t
te r  a t  e x tra c tio n  te m p e ra tu re  in  E x p t . I , to g e th e r  w ith  
th e  in so lu b le  m a tte r  a t  1 6 °  to  1 8 °, g a v e  a  t o t a l  v o lu m e  
of 30S cc. an d  w eig h ed  332 g. A ft e r  th e  fo u rth  e x tr a c 
tio n  in  th is  e x p e r im e n t (T a b le  X I ) .  th e  to ta l  in so lu b le
m a te ria l w as 290 cc.

T am.« x i
Volume of ligroin used, cc..................................................................................  1200
Volume of crude m ustard  gas, cc....................................................................  800
W eight of crude m ustard  gas, g ram s............................... ............................  1068.8
Volume of m other liquor (does n o t include th a t  re ta ined  by insolubles

and  crystals), cc...................................................................................................  900
Insoluble m a tte r, per c e n t .  ....................................................................... 36 .3
M ustard  gas frozen from ligroin, per c e n t ................................................... 51 .6
M aterial re ta ined  by m other liquors (by difference), per c e n t  12.1

A  p o rtio n  of th e  m u s ta rd  g a s  fro ze n  o u t  fro m  th e  
lig ro in  s o lu tio n  w a s  ta k e n  fo r  a n a ly s is  a fte r  a  la rg e  
p a r t  o f th e  m e c h a n ic a lly  re ta in e d  lig ro in  h a d  b een  
re m o v e d  b y  d is t illa t io n . T h is  p ro d u c t  w as  d is t ille d  
in  a  v a c u u m  of a b o u t 13 m m ., th u s  re m o v in g  th e  
ligro in  s till p re se n t. T h e  o il b a th  w a s  h e a te d  g e n tly  
to  8 o °, a n d  th e n  to  9 5 °  to  io o ° .  T h e  d a ta  in  T a b le  
X I I  w ere  o b ta in e d  as th e  re s u lt  o f th is  a n a ly sis .

T abus XII
W eight of sam ple, g ram s......................................    311 .2
W eight of distilla te , g ram s......................................................... 277 .8

M elting poin t, 0 C .................................................................  13.7
P u rity  of distilla te , per c e n t..............................................  99 .3
P er cent of m ustard  gas in sam ple ...............................  88 .64

W eight of residue, g ram s........................................    25.1
P e r c e n t ......................................................................................  8 .0

W eight of ligroin (by difference), g ram s................................  10.2
P e r c e n t ..................................................................     .m......  3 .4
P er cent m ustard  gas (calculated on ligroin.-free

sam ple).............................................................................  92 .2

C O N T IN U O U S  E X T R A C T IO N  OF C R U D E  M U STA R D  GAS 

W IT H  K E R O S E N E  AND R A I L R O A D  L IG H T  O IL 

ON A S E M I-C O M M E R C IA L  SCA LE

T h e  o b je c t  o f th e  fo llo w in g  e x p e r im e n ts  w a s  
to  co n firm  th e  re su lts  o f th o se  c a rr ie d  o u t  in  g la ss  
a p p a ra tu s  on  a  la b o r a to r y  sca le  a n d  a t th e  sa m e  t im e  
to  s im u la te  as c lo s e ly  as  p o ssib le  th e  c o n d itio n s  w h ich  
w o u ld  o b ta in  in  p la n t  o p e ra tio n . T h e  cru d e  m u sta rd  
ga s  w as m a n u fa c tu r e d  a t  th e  E d g e w o o d  P la n t  o f E d g e - 
w o o d  A rs e n a l on A u g u s t  29, 19 18 . I t  h a d  a  m e ltin g
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point of S. 5 0, w as b la ck  in  color, and on analysis b y  
d istillatio n  show ed 70 per cen t pure m ustard  gas.

a p p a r a t u s  a n d  m e t h o d s — T o  m inim ize danger as 
m uch as possible th e  a p p a ra tu si w as set up in an im 
provised  lab o rato ry  ou t of doors. T h e  extra cto r w as 
an all-lead  colum n w ith  a brass v a lv e  a t th e  b otto m , 
and of th e  sam e essential design as th e  glass extracto r. 
Its  prin cipal p a rts  consisted of a 1.5 in. (inside diam eter) 
lead  pipe, w ith  en larged sections a t th e  to p  and th e 
b ottom . T h ese sections w ere used as settlin g  ch am 
bers and g a v e  th e  ap p aratu s proper a len gth  of 4 ft. 
A  three-eighths inch v e rtica l pipe, a tta ch ed  ju st ab ove 
th e  low er settlin g  cham ber, w as of sufficient len gth  to  
furnish  a pressure head w hich w ould  cause a counter 
cu rren t to  flow th rough  th e  ap p aratu s w hen in opera
tion. T h e  crude m ustard  gas w as a d m itted  th rough  
another v e rtica l lead  pipe en tering a t th e  to p  of th e 
upper settlin g  cham ber and term in a tin g  a t th e  center 
of th e  1.5 in. lead  pipe, ab ou t 2 in. below  th e  b otto m  
of th e  settlin g  cham ber. A  th ree-eighths inch  h e a t
ing pipe, th rou gh  w hich steam  w as passed when e x tr a c t
ing a t a higher tem p eratu re , ran th ro u g h o u t th e  len gth  
of th e  apparatu s. A  therm om eter w ell w as p laced in 
th e top  of th e  ap p aratu s in  order to  m easure th e  te m 
p eratu re of th e effluent as it  le ft  th e  overflow  pipe. 
T h e  a p p a ratu s h ad  a vo lu m e of 7.5 liters. T h e  acces
sories, such as contain ers, funnels, cry sta lliz in g  vessels, 
e tc., were of glass.

T h e  extra cto r  w as op erated  b y  running a b ou t 4 
liters of kerosene into th e  ap p aratu s. T h e  kerosene 
su p p ly  w as th en  tu rn ed  off and th e  m aterial to  be 
extra cted  w as run in a t a definite rate of flow . A s 
soon as th e  e x tra ct cam e th ro u g h  th e  overflow  pipe, 
th e  kerosene w as again  perm itted  to  flow through 
th e ap p aratu s. T h e insoluble m atter w as draw n off 
a t  th e b otto m  of th e  extra cto r  from  tim e to  tim e.

e x p t . 1— T h is  and th e fo llow in g experim ents were 
carried o u t in  m uch th e  sam e m anner as a lread y  d e
scribed for continuous extraction .

T h e  e x tra ct and th e  insoluble residue w ere run into  
tared  b ottles, and w eighed. T h e  b o ttle  contain ing th e 
e x tra ct w as refrigerated  a t ab ou t — 15 °  for 3 hrs., 
a fter w hich tim e large needle-like crysta ls  form ed a 
co m p act m ass th ro u g h o u t th e  liquid . D u rin g th e re
frigeration  tw o  liquid  phases settled  ou t, th e  low er one 
b la ck  in  color and v e ry  rich in  m ustard  gas, and the 
upper orange in color aiid  low  in  its  m ustard-gas con
te n t. T h e  crysta ls  were perm itted  to  m elt and the 
tw o liq u id  laye rs  w hich  form ed were sep arated  and 
w eighed. E ach  laye r w as refrigerated  as before and 
th e rem aining liquid  drained from  th e  crysta ls, th e 
w eights of w hich were determ ined. A  second, th ird , 
and fou rth  fractio n  of crysta ls  were ob ta in ed  from  th e 
low er laye r  on fu rth er cry sta lliza tio n . T h e  upper, or 
kerosene layer, y ie ld ed  on ly  one fraction . In  draining 
off th e  m other liquor from  th e  crysta ls  th e  b o ttles  were 
sim p ly  held in an in v erted  position  for a few  m inutes. 
T h e  d a ta  are g iven  in  T a b le  X I I I .

e x p t .  11— T h is  exp erim ent differed from  E x p t. I in 
th a t  th e  rate  of flow  of m ustard  gas w as slow er in  order 
to  insure m ore com plete extractio n . T h e  results are 
g iven  in T a b le  X I I I .

e x p t . h i— T his e x p e r im e n t w as  e x a c t ly  lik e  E x p t .  I, 
e x c e p tin g  t h a t  th e  r a te s  o f flo w  o f th e  cru d e  m u s ta rd  
g a s  a n d  th e  k ero sen e  w ere  m u c h  s lo w e r, a n d  t h e  t e m 
p e r a tu r e  o f e x tr a c t io n  w as h ig h e r . T h e  k e ro se n e  u sed  
in  th is  e x p e r im e n t w a s  o b ta in e d  fro m  th e  m o th e r liq u o rs  
o f th e  tw o  p re v io u s  e x p e r im e n ts . T h e  d a t a  o b ta in e d  
a re  in c lu d e d  in  T a b le  X I I I .

T able XIII
Expt. I Expt. II Expt. I ll

T em p era tu re  of ex traction , ° C ..........................  23-26 26—40 50-60
R a te  of flow

M usta rd  gas per m inute , cc...........................  77 47 50
K erosene per m inute , cc................................. 125 125 83

M u sta rd  gas used
W eight, k ilos  .......................................... 11 .9  11.5 11.9
Volume, lite rs .......................................................  9 .0  8 .7 5  9 .0
M elting  po in t, ° C ..............................................  8 .5  8 .5  8 .5
Specific g rav ity  (3 0 ° ) ........................................  1.315 1.315 1.315

K erosene used
W eight, k ilos.....................................................  14 .0  15.2 12.55
Volume, l ite rs ...................................................  17.5 19 .0  14.75
Specific g rav ity  (3 0 ° ) ........................................  0 .8 0 0  0 .8 0 0  0 .800

Kerosene layer
W eight, k ilo s........................................................ 16.44 18.27 12
Specific g rav ity  (3 0 °) ........................................  0 .862  0 .862  0 .862
P er cen t m ustard  gas c ry sta llized   11 .9  10.1 18.9
W eight, k ilos..................................................... 1.95 1 .84  2.31
M elting  po in t, ° C ..............................................................  11 .6  9 .6
Specific g rav ity  (2 0 °) ..................................................  1.192 1.216
R ecrysta llization , per c e n t........................................  9 .9
W eight, k ilo s................................................................... 1 .8
M elting  po in t, ° C ..............................................................  11.8
Specific g ra v ity ..............................................................  1.210
Sp. gr. of m o ther liq u o r.................................... 0 .8 5 0  0 .850  0 .870

Insoluble  residue
W eight, k ilos.........................................................  7 .16  1 .5  2 .16
P e r c e n t .................................................................  6 1 .2  13 .2  18.2
Specific g rav ity  (2 0 ° )............. ....................................  1.251 1.246

M u sta rd  gas layer
W eight, k ilos  .........................................  3 .3 0  6 .6 4  7 .66
M elting  po in t, ° C .............................................. 6 .6  6 .3  6 .5
Specific g ra v ity ....................................................  1.221 1.209 1.244
Per cen t cry sta llized ......................................  8 4 .3  8 2 .5  6 8 .3
M elting  po in t, ° C ..............................................  8 .6  7 .7  7.1
Specific g rav ity  (2 0 ° ) ........................................  1.244 1.247 1.252
P er cen t recrys ta llized ..................................  9 8 .4  9 6 .0
M elting  po in t, ° C .............................................. 9 .5  9 .5
Specific g rav ity  (2 0 °) ........................................  1.246 1.248

Sum m ary
M u sta rd  gas from kerosene, k ilos  1 .40  1.13 2 .5 0
M u sta rd  gas from m ustard  layer, k ilo s .. 2 .7 9  5 .4 7  5 .23
T o ta l from  bo th  layers, kilos.........................  4 .1 9  6 .6 0  7.73
P er c en t y ie ld ...................................................  3 5 .8  58.1 6 5 .0

A n a ly s is  o f th e  la y e r s  o r c r y s ta ls  b y  m ean s o f d is 
t i l la t io n  is p r a c t ic a l ly  im p o ss ib le , o w in g  to  th e  fa c t  
t h a t  a  v e r y  la rg e  p o rtio n  o f th e  k e ro sen e  b o ils  a t  th e  
sa m e  p o in t  as does th e  m u s ta rd  ga s.

p r a c t i c a l  t e s t s  

A  la rg e  a m o u n t of c ru d e  m u s ta rd  g a s  w a s  e x tr a c te d  
w ith  ra ilro a d  lig h t  oil. T h e  p u rifie d  p r o d u c t, w h ich  
c o n ta in e d  ra ilro a d  lig h t  o il, w a s  p la c e d  in  t w e lv e  75 
m m . sh e lls . W h e n  th e se  sh e lls  w ere  e x p lo d e d  no 
fla sh  re s u lte d , s h o w in g  t h a t  th e  h y d r o c a r b o n  d id  n o t  
t a k e  fire. A t  th e  t im e  o f e x p lo s io n  a w h ite  c lo u d  of 
sm o k e  w a s  p ro d u c e d .

CONCLUSIONS

1— T h e  c r it ic a l  te m p e ra tu re s  of s o lu b ility  o f d ic h lo r o 
e th y l  su lfid e  w ith  t h e  v a r io u s  h y d r o c a r b o n s  a re  as 
fo llo w s :

L igroin .......................... ......................  19°
G asoline   ................................  2 0 .4 °
K erosene.............................................  2 5 .6 °
R ailroad  L igh t O il............................ 37°

2— T h e  c r it ic a l te m p e r a tu r e  o f s o lu b ili ty  in cre a se s  
w ith  th e  in cre a s e  in  th e  p e r c e n ta g e  o f th e  m o re  c o m 
p le x  h y d r o c a r b o n s .

3— T h e  c r itic a l te m p e r a tu r e  o f s o lu b ili ty  o f ch lo ro - 
m u s ta rd  g a s  is  c o n s id e ra b ly  b e lo w  t h a t  o f d ic h lo r o 
e th y l  su lfid e.

4— D ic h lo r o e th y l su lfid e  c a n  b e  e x tr a c te d  fr o m  th e  
c ru d e  m a te r ia l, c o n ta in in g  71 p er c e n t, to  g iv e  y ie ld s  
v a r y in g  fro m  54. p e r  ce n t to  69 p e r  ce n t.
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I t  has been determ in ed q u a lita tiv e ly  th a t crude 
m ustard gas (d ich loroethyl sulfide) slow ly  atta ck s 
iron, and th a t it  is itse lf slow ly  decom posed at room  
tem peratures b y  co n tact w ith  iron. Since h y d ro 
chloric acid  is one of th e  products of th is decom position  
of m ustard  gas, and since m ustard  gas as com m er
cially  produced is n ever q uite d ry , th e effect of th e 
decom position  is essen tially  a corrosion of th e iron 
b y  th e  hyd roch loric  acid  w ith  liberation  of hydrogen. 
Since th e p la n t of E dgew ood A rsen al w as loading 
steel shell w ith  crude m ustard  gas for shipm ent o ver
seas, it  becam e h igh ly  desirable to  ascertain:

(1) The extent of decomposition of the mustard gas in the steel 
shells during a two weeks’ journey in cargo vessels, a t tempera
tures as high as 50° C.

(2) The maximum pressure that would obtain inside of the 
shell, in order to make provisions for a sufficiently tight or leak- 
proof booster-shelljoint, and to provide boosters with sufficient 
wallthickness to prevent caving in.

Steel shell filled w ith  m ustard  gas were therefore 
kept a t 600 C . for a period of 2 w ks., in order to 
determ ine th e rate of decom position and to  m easure 
the pressures developed.

T h e m ustard  gas shipped w as prepared b y  tw o 
processes, b oth  based upon th e  in teraction  of sulfur 
m onochloride and eth ylen e. T h e one (the original 
process, designated  in  th is paper as Process A) em 
ployed no initial- charge of m ustard  gas as cata ly zer, 
was op erated  a t 6o° C ., and em p loyed  lead-lined 
reactors; th e  other (the L evin stein  process, designated 
as Process B) m ain tained  a 70 to  75 w eight per cent 
concen tration  of m ustard  gas th rou gh ou t th e run 
un til all th e  sulfur m onochloride had been added, 
was op erated  a t 30° to  35° C ., and em ployed sim ple 
iron reactors. T h e  products differed considerably 
in color, p u rity , am ou n t of sulfur held in colloidal 
solution, a c id ity , etc. B o th  kinds of crude m ustard 
were in v estig a ted . T h e v a st m a jo rity  of the gas, 
how ever, w as prepared according to  Process B.

METHODS OF INVESTIGATION
In  order to  gain  in form ation  on th e tw o points 

sta te d  in  th e  beginning of this paper, tw o  series of 
experim ents were m ade. T h e  m ethods m ay be o u t
lined as follow s:

s e r i e s  1— T h ree hun dred cc. sam ples of analyzed  
crude P rocess A  and P rocess B m ustard  gas were 
placed in  several 75 mm. shell. T h e  shell were tig h tly  
closed b y  m eans of rubber stoppers and were k ep t 
in a th e rm o stat a t 60° C . ( ± i ° )  for a period of 16 
d ays for th e  Process B sam ples, and 8 d a ys for the 
Process A  sam ples. A  test sam ple w as ta k en  every  
tw o d a ys in th e order of shell num ber, tw o  successive 
sam ples being ta k en  from  each shell. T w o  shell 
contain ed crude Process A  and four shell Process B 
m ustard  gas, b o th  of excellent q u a lity  in itia lly . 
T o  d etect a n y  abnorm al b eh avior during th e  testin g 
period, a final sam ple w as ta k en  from  each of the

1 Published by  perm ission of th e  Chief of th e  Chem ical W arfare  Service.

first four shell at th e end of 16 d ays for th e  determ in a
tion  of a cid ity  and final m elting point.

s e r i e s  2— Three hundred cc. sam ples of analyzed  
crude Process B m ustard gas were placed in 75 mm. 
shell connected w ith  m ercury m anom eters. A lso, 
sam ples of Process B m ustard gas w hich had been 
trea ted  w ith  gaseous am m onia (this procedure pre
cip itatin g out about 7 to  8 per cent of the colloidal 
sulfur and destroyin g the H C 1 per cent) and of Process 
A  m ustard  gas in w hich gas oil had been su b stitu ted  
for colloidal sulfur (b y  .th e  process of extractio n ) 
were also placed in shell sim ilarly  arranged. A s a 
check, sam ples of each m aterial were p laced in glass 
containers, producing th e  sam e vo id  as in  th e  steel 
shell, and connected to m ercu ry m anom eters.
T a b l e  I — P r o g r e s siv e  D e c o m p o sit io n  o p  M u sta r d  G as  in  S t e e l  S h e l l

S a m pl e

Process B

Process A

Zero readings were ta k en  on each m anom eter "at 
30° C ., th e tem perature of th e b ath  when th e  m anom 
eters were sealed on. A ll connections had been 
tested  for leaks. T h e tem p eratu re of th e th erm ostat 
was raised to  6o° C . and m ain tained a t th is tem pera
ture (=t i °  C .) for over 10 d a ys. A n  in itia l pressure 
reading was m ade one hour a fter thej^ therm ostat 
had been adjusted  to 600 C . Subsequent m anom eter 
readings were m ade tw ice d a ily  (at 8:30 a . m . and 
4:30 P.M .) .
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Fio. I — R i ï i ,a t i v e  P u r i t y  a n d ^ A c id i ty  a s  a  F u n c t i o n  o r  T im s  

METHODS OF .'ANALYSIS 

T h e tests for th e determ in ation  of the progressive 
decom position consisted of va cu u m  distillations, m elt- 
ing-point determ inations on th e crude and th e  distilled
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sam ples, and a c id ity  determ inations. T h e  percen tage 
p u rity  of th e  d istilled  p rod u ct and th e re lative  
percen tage p u rity  of th e  crude were gaged  b y  an 
em p irically  determ ined p u rity-m eltin g  point re latio n .1 
A c id ity  determ inations were m ade b y  addin g chloro
form  (to  dissolve th e  m ustard  gas) and w ater, and 
titra tin g  w ith  a stan dardized  sodium  hyd ro xid e solu
tion.

In  Series 2, m elting-point, a cid ity , and p u rity  tests 
were m ade on ly  a t th e beginning and a t the end of the 
10-day period.

T A B U L A T IO N  O F R E S U L T S

T h e results ob tain ed  in  Series 1 are presented in 
T ab les I and II ;  in F ig. 1 are presented  th e  m elting- 
point low erings and a c id ity  increases as related  to  
tim e in d ays, and in F ig . 2 th e  relation  of m elting-

T able I I I — A nalysis of Original  and F inal  M ustard G as in  P ressure  
D evelopm ent  T ests (at E nd of 10 D ays)

$ 0.5

I
0.0

M i l l -  l l
x- Process A Mustard 6 as 
o Process B mustard Gas
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T able I I —-M e ltin g  P oints and Acidity  of M ustard G as at E nd c

Shell
M elting

Poin t

16-Day P eriod  
T o ta l M .-P . 

Lowering
T otal

Increase
S ample N o ° C. ° C. A cidity in Acidity

8 .0 0 .160
i* 4 .5 3 .5 2 .930 2 . 770

Process B 2 5 .0 3 .0 1.907 1.747
3 5 .8 2 .2 0.885 0.725
4 6 .0 2 .0 1.535 1.375

10.3 0 .270
Process A 5* 7 .7 2 .6 4 .690 41420

: -, 6 8 .9 1.4 1.862 1.592

T a b le  I I  presents th e  results of determ in ations of 
th e  m eltin g point and th e a c id ity  on th e  residual 
m ustard  gas in  th e  shell of Series i a t  th e  end of 16 
d ays.

* B ureau  of M ines, Organic Report 28, April 6, 1918.

P o in t Po in t P u rity in A cidity, in
Sample ° C. Change P e r cen t P u rity as H C l Acidity

Original C rude P ro 
cess B ........................... 8 .0 82 .4 0.175

Process B from  steel 
shell............................... 6 .4 — 1.6 76.5 — 5 .9 2.040 1.865

Process B from  glass 
co n ta in er...................... 7 .6 — 0 .4 8 1 .2 —  1.2 0.456 0.281

Process B, am m onia- 
tre a ted  .......................... 8 .1 82 .7 0.005

A m m onia-treated , from 
shell............................... 8 .1 ± 0 . 0 82 .7 ± 0 . 0 0.422 0.417

A m m onia-treated , from 
glass c o n ta in er........... 8 .6 + 0 .5 8 4 .4 +  1.7 0.012 0.007

Original Sam ple Process 
A +  12 per cen t oil.. 

Process A +  12 per cent 
oil, from  shell..............

7 .9 82.1 0.073

7 .2 — 0 .7 80 .0 — 2.1 0.661 0.588

D IS C U S S IO N  O F R E S U L T S

T h e d a ta  ob ta in ed  in  Series i  offer su b sta n tia l 
proof of a progressive decom position  of m ustard  ga s 
in steel shell a t  tem p eratu res near 6o° C . T h is  
tim e-relative  p u rity  relatio n  for P rocess B m ustard  
gas is p ra ctica lly  a linear fu n ctio n  (see F ig . i) . T h e  
increase of a c id ity  w ith  tim e in  th e  closed steel shell 
is also presented  in th e  figure, show ing p ra ctic a lly  
a uniform  rise. A n  increase in  a cid ity  goes h an d  in 
hand w ith  a low ering of m eltin g point and a decrease 
in  actu al m ustard  gas conten t. T h is  is show n in 
F ig. 2.

1400

1300

1200 ■

o ai a? as o.4 as 06 on os a9 to u  1.2 1.3 14  is
ACIPITY INOtCASf IN WCIGHT Pfff CCNT 

F io . 2— M e l t in g - P o in t  L o w e r in g  a s  a  F u n c t io n  op A c id ity  In c r e a s e

point low ering to  a cid ity  increase. T h e  results of the 
analysis of in itia l and final m aterials of th e  shell of 
Series 2 are presented in T a b le  I I I . N et decom position  
pressures were ob tain ed  b y  su b tra c tin g  in itia l readings 
a t 6o° C . from  final readings a t 6 o° C . T h e  th erm o
s ta t tem p eratu re w as low ered to  30 0 C . a t th e end of 
th e te st period, and pressures w ere again  read. F ig. 
3 gives th e to ta l pressures corrected  to  in itia l barom eter 
and  in itia l zero readings on m anom eters. F ig. 4 g ives 
th e sam e relation  of pressure w ith  respect to  tim e w ith  
th e  addition al correction  for th erm a l expansion from  
30 0 C . to  600 C . T h e  low erin g o f pressure due solely 
to  gas absorption  on cooling to  30 0 C . is show n in 
F ig. 3 b y  th e  dotted  lines a t th e en d  of each curve.
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- D ecom position  P re ssu r e  of M ustard  G as at 60° C. 
(N o t C orrected  fo r T herm al Change)

T h e  Process A  m ustard  gas tests were continued 
over a period of on ly  8 d a ys, and th o u gh  th e  results 
are n ot as concordan t as those on Process B m ustard  
gas, th e  decom position  and th e increase in  a c id ity  
proceed in th e sam e general w a y  as for Process B.
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F ig . 4— D e c o m p o s it io n  P r e s s u r e  o f  M u s t a r d  G as  at  60° C.
(C orrected  for T herm al Change)

A n a lysis  b y  m eans of va cu u m  d istillatio n  does not 
yield  sa tisfa cto ry  results, because th e  am ount of sulfur 
precip itated  o u t of collo idal solution  varies w ith  th e 
tim e, and hence th e  a n alysis of th e  su p ern atan t liquid 
is n ot a tru e criterion  of th e  p u r ity  of th e  sam ple. 
F u rth er, an a ctu al decom position  of th e m ustard  gas 
m ay be cou n terbalan ced  b y  a p recip itation  of sulfur, 
the p recip itated  su lfur adhering to  th e  sides of the 
shell. T h e  reliab le  criterion  for determ ining th e 
exten t of decom position  w as th e  m eltin g-point de
term in ation  on th e un distilled  m ustard; since in this 
determ in ation  th e  collo idal sulfur does n ot affect 
the m eltin g poin t, w hile th e decom position  products 
do. H ence, a re lativ e  p u rity  based upon these m elt
ing points is recorded, and th e  results given  gra p h i
c a lly  in  F ig . r.

In Series 2, th e  relation  of m eltin g-point low ering 
and to ta l a c id ity  is again  confirm ed; w hile the re
lation  is n ot th e  sam e q u a n tita tiv e ly , th e  general 
b eh avior and tren d  is th e sam e. T h e deviation  m ay 
be due to  several causes, b u t it  w ould be idle curiosity  
to a ttem p t to m ake an explanation .

B y  reference to  either F igs. 3 or 4, it  will be n oted  
th a t a m axim um  pressure developm ent is a tta in ed  in 
abou t 9 d ays w ith  crude Process B m ustard  gas. 
W ith  th e  am m on ia-treated  m ustard  gas a n egative 
pressure a ctu a lly  ob tain ed  for 3 days, a fter w hich a 
slight p o sitive  pressure w as b uilt up. T h e  n egative 
pressure is v e ry  lik e ly  th e  result of th e n eutralization  
of th e am m onia in solution  and as a gas b y  th e  h y d ro 
chloric acid  form ed b y  h ydrolysis. I t  is possible th a t

if th e tests had extended over a longer period, a pres
sure as high as w ith th e crude m ustard  gas w ould have' 
been obtained. T h e  pressure developed b y  th e  am - 
m onia-treated m ustard gas in glass is p ra ctic a lly  
nil, and th e acid ity  developed is v e ry  slight.

T h e gas oil-m ustard gas m ixture in general show s 
a b ehavior sim ilar to  th a t of th e  am m onia-treated' 
m aterials for th e earlier p a rt of th e  test. H ow ever, 
th e pressure soon develops m ore rap id ly  and w ould’ 
un doubtedly reach a m axim um  sooner.

A ll sam ples of m ustard gas in steel un iform ly tu rn ed  
deep b lack, while the sam ples in glass rem ained orange- 
yellow . (A  sam ple of crude Process B m ustard g a s , 
which was a light orange-yellow  origin ally  and w h ich  
was sealed up in a glass tub e, turned a deep b la c k  
after about 16 mo. A  sam ple of pure, colorless, 
m ustard gas, how ever, was still p erfectly  clear e v e n  
after 20 mo.)

CONCLUSIONS

1— A  decom position of both  Process A  (original 
600 C . process) and Process B (L evin stein ) m ustard  
gas takes place in steel shell at 600 C . T h e ex te n t 
of th e decom position is not serious even  under th e  
severe conditions of the in vestigation .

2— Sulfur is deposited in solid form  in shell in 
am ounts ran gin g from  5 to  8 per cen t of the liquid  
conten t of the shell.

3— T h e pressure developed in th e ord in ary  steel 
shell is a t m ost b arely  tw o  atm ospheres in a n y  one 
shell. T h is seem s to  be a m axim um  or equilibrium  
pressure, reached a fter ab ou t 9 days.

4— T h e acid con ten t increases considerably, b u t 
the concentration  is not sufficiently high to cau se  
serious corrosion.

5— A  prelim inary trea tm en t of th e m ustard gas. 
w ith  am m onia gas serves to  d ela y  th e form ation  o f 
pressure. T h is delay is of sufficient len gth  to  w arran t 
the prelim inary treatm en t o f m ustard  gas w hich is 
to be stored for some len gth  of tim e in steel shell o r 
containers.

ACKNOWLEDGMENT

The authors desire to  th a n k  M ajor f f m ,  L lo y d  
E van s of th e C hem ical L ab o rato ry , E dge w ood A rsen al, 
for th e tim ely  suggestions he has given.
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M u stard  gas (/S,/3 '-d ich loroeth yl sulfide) w as p r o 
duced a t E dgew ood A rsen al b y  tw o  processes based 
upon th e in teraction  of liquid  sulfur m onochloride 
and ethylene gas. T h e fo llow ing equation  represents, 
in brief, th e m ost probable reaction:

2C2H, +  S-2Cl2 = (CICjHOiS +  S 

T h e equation, as w ritten , does n ot in d icate  the form ation  
of th e  in term ediate com pound CIC2H4.S.CI or of th e  
disulfide S (C 2H„)2S, b oth  of w hich h a ve  been proved  
to  be present in crude m ustard  gas. A n  inspection  o f 
the equation, how ever, in d icates th a t one atom ic

J Published by  permission of th e  Chief of th e  C hem ical W arfare Service.
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w eight of free sulfur is form ed for ev e ry  m olecular 
w eight of m ustard  gas produced. Of th e  to ta l w eight 
of th e  m ustard  gas-sulfur m ixture, th e sulfur con stitutes 
16.76 per cent.

T h is sulfur does n ot p recip itate  out q u a n tita tiv e ly  
during th e course of th e  reaction. D urin g one process 
of m an u factu re (Process A , th e 600 C . process) v a ry in g  
percentages (2 to  8) p recip itated  ou t in th e form  of a 
slim y, am orphous sludge— th e greater th e  m oisture 
con ten t of th e  eth ylen e used, th e  greater th e sulfur 
precip itation . D u rin g th e  other process (P rocess B , 
the 3 o ° to  3 5 0 C . L evin stein  process) none of th e  sulfur 
precip itated  ou t when th e  eth ylen e gas w as reason ab ly  
d ry . T h e  m ustard  gas produced b y  Process A had a 
m arked te n d en cy  to  p recip ita te  ou t sulfur on sta n d 
ing, th e  am ount rem aining in th e  m ustard  gas being 
abou t 6 to  8 per cen t b y  w eig h t of th e  original crude, 
i. e., abou t 50 to  60 per cen t of th e  sulfur fin ally  precip
ita ted  out, th e other rem aining in the m ustard  gas 
indefin itely. L ow ering of th e tem p eratu re (com plete 
solidification) had th e  sam e effect, as far as q u a n tity  
of sulfur p recip itated  w as concerned. H o w ever, in th e 
Process B m ustard  gas, th e  sulfur had b u t an extrem ely  
sm all te n d en cy  to  sep arate  out as free su lfur; in fa ct, 
m ost of th e  m aterial produced w ith  d ry  eth ylen e showed 
on ly  a sligh t sulfur precip itation  a fter a period of a 
m onth (a sam ple k e p t for 22 mo. in a sealed glass 
contain er show ed on ly abou t a 1 per cen t precip itation ). 
Freezing of th e  sam ple also did  n ot cause su lfur pre
cip itatio n ; repeated  freezin g and rem eltin g of a sam ple 
of th e  crude L evin stein  m ustard  gas had no effect on 
the sulfur “ hold-up.”

D urin g th e  course of som e experim ents w ith  P ro 
cess A  m ustard  gas to  rem ove th e  h yd ro ch loric  acid  
produced b y  th e  h yd ro lysis  of sulfur m onochloride and 
of m ustard  gas, V en ab le  and F elsin g1 b u bb led  m oist 
am m onia gas th rou gh  crude m ustard  gas. Im m edi
a te ly  crysta llin e  sulfur w as deposited  in  am ounts 
ranging from  5 to  10 per cen t of th e  w eigh t of th e  
m ustard gas-sulfur m ixture. Dry am m onia passed 
through dry m ustard  gas h ad  no such effect. T h e 
m elting point of th e  am m onia-treated  m ustard  gas w as 
never higher, p ra ctica lly  a lw ays th e sam e, and o cca 
sion ally  sligh tly  low er th an  before trea tm en t. W ith  
the o b je c t 'o f  ascertain in g the effect of am m onia gas 
upon th e crude Process B m ustard  gas, in w hich the 
sulfur hold-up w as com plete, th e fo llow ing sam ples 
were sub jected  to  a uniform  am m onia treatm en t. 
M oist am m onia gas w as passed th rough  th e m ustard- 
gas sam ple for 5 min. T h e  sulfur im m ed iately  
began to  crysta llize  out. A fter  cooling, th e liquid  
and crysta ls  were allow ed to  stan d  in co n tact for 6 hrs., 
and th e m u stard  gas w as th en  filtered  th rou gh  a tared  
G ooch filter. T h e p recip itate , consisting of su lfur and 
a v e ry  sm all q u a n tity  of ferric hyd ro xid e, w as w ashed 
free Of adhering m ustard  gas w ith  C C U  (saturated  
w ith  sulfur a t room  tem perature). T h e  G ooch w as 
dried a t xoo° C . and w eighed. T h e ferric hyd ro xid e 
was th en  rem oved w ith  d ilute sulfuric acid, and th e 
G ooch  rew eighed after dryin g. T h e fo llow ing ta b le  
presents the d a ta  ob tained:

1 C leveland L abora to ry , Edgewood Arsenal R eport, June  18, 1918.

M elting  M elting  Pure
P o in t P o in t M usta rd - P e rc e n t  P e r c e n t
before a fte r Gas Sulfur Efficiency

T rea tm e n t T rea tm en t C o n ten t Prccipi- of Pre-
SampIvE ° C. 0 C. P er cent ta te d  c ip ita tion

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

In  each of th e  sam ples described ab ove, no su lfur 
had p recip itated  ou t before trea tm en t. T h e  m ean 
w eight per cen t <pf sulfur p recip itated  ou t w as 7.04, 
w hich m eans th a t o n ly  42 per cen t of th e  sup posedly 
free sulfur w as p recip ita ted  b y  th e am m onia trea tm en t. 
T h e  m elting points of th e  sam ples a fter trea tm en t were 
p ra ctic a lly  th e  sam e as before trea tm en t. T h e  pure 
m ustard-gas con ten t w as determ in ed on th e  crude 
m aterial before trea tm en t b y  va cu u m  distillation s and 
m eltin g-point determ in ations on th e  distilled  prod u ct.

F rom  th e  foregoing observed fa cts  and ta b u la ted  
d a ta, it  is ev id en t th a t p a rt of th e  sulfur, a t least, is 
present in th e  m ustard  gas as collo idal sulfur, since its 
rem oval does n ot m a teria lly  influence th e  m eltin g point 
of th e m ustard  gas, i. c., does n ot cause a raisin g of th e 
m elting point, w h ich  it  w ould h a ve  done if  th e  sulfur 
h ad  been in tru e solution. Of course, th ere  is the 
p o ssib ility  th a t th e  sulfur existed  in th e  m ustard  gas as 
a com pound, b u t it  is h a rd ly  p robable th a t  th is co m 
pound w ould h a ve  th e sam e m eltin g point as th e  m us
ta rd  gas. I t  is also q uite ap p aren t th a t  p a rt of the 
sulfur is present in th e  form  of com pounds, since b y  no 
agen cy  w h atsoever has it  been possible to  sep arate  all 
th e  16.76 per cen t sulfur as such from  th e  b o d y  of liquid, 
W ithout resorting to  a va cu u m  d istillation. T h e  sulfur, 
then, w hich is in collo idal form  in  crude Process B m us
ta rd  gas, is a b o u t 40 to  45 per cen t, w hile 55 to 60 per 
cen t are present in  th e  form  of com pounds.

SUM M A RY

1— W hen m ustard  gas is produced from  su lfu r m ono
chloride and eth ylen e, on ly  p a rt of th e  free sulfur 
form ed separates out.

2— In som e cases m oisture, freezin g, and long sta n d 
in g cause a  p a rtia l sep aration  of th e sulfur.

3— T h e addition  of m oist am m onia causes a pre
cip itation  of ab ou t 40 to  45 per cen t of th e to ta l su p 
p o sed ly  “ free”  sulfur.

4— I t  is pointed  ou t th a t  th e ob served  fa cts  seem  to 
in d icate th a t p a rt of th e  sulfur is present in the collo idal 
state , while th e other p a rt (55 to  60 per cent) seem s to  be 
present in th e  form  of com pounds.
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TH E  IN TE R SO LU BILITY OF CH LO R O PICR IN  AND W A T E R 1 
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S O L U B IL IT Y  O F C H L O R O P IC R IN  IN  W A T E R

Chloropicrin was shaken with a large am ount of 
distilled water to form an emulsion. The m ixture was

1 Published by  perm ission of th e  Chief of th e  C hem ical W arfare Service.



Nov. ,  1920 T U 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

perm itted  to  stan d  for 3 d ays a t room  tem p eratu re in 
order to  allow  th e  ch loropicrin  to  settle. T h e  w ater 
solution  w as then  m ain tain ed  a t 25° C . for 6 hrs., and 
100 cc. sam ples w ere an a lyzed  b y  th e  m ethod 
described below .

T h e  so lu b ility  of chloropicrin  in w ater a t 0° w as 
determ in ed  b y  sh akin g th o ro u g h ly  and stan din g for 
several d a ys  in a th erm o stat a t o ° . Sam ples of th e 
clear solution  w ere trea ted  b y  th e  m ethod given  below . 
If portions of th is solution  were b ro u g h t to  room  te m 
peratu re, a  decided p recip itation  of chloropicrin  re
su lted. U pon cooling, th e  em ulsion w ould disappear 
and th e  solution  again  becom e clear.

T h e  so lu b ility  at 75 ° C . w as obtained b y  p u ttin g  
th e 0° solution  for 2 d a ys in  a th erm ostat m aintained 
a t 75° to  76°. T h e  flask holding th e solution  w as sto p 
pered in  order to  p rev en t evap oration.

METHOD OF ANALYSIS FOR CHLOROPICRIN IN  W A T ER 1
— F ifty  cc. of alcoholic sodium  sulfite were added to 
each sam ple. (T h is solution  w as prepared b y  dis
solvin g 10 g. of h y d ra te d  sodium  sulfite in 250 cc. of 
w ater and d ilu tin g  w ith  an equal vo lu m e of e th yl 
alcohol.) T h e  sam ple w as refluxed w ith  an air con
denser to  elim inate alcohol, th e refluxing being con
tin u ed  u n til all b u t 10 cc. of th e solution had  ev a p 
orated . I t  w as th en  d iluted  to 100 cc., and a  stan dard 
solution  of silver n itra te  added in excess, together 
w ith  10 cc. of n itric  acid. A fte r  boiling to  expel the 
n itrous fum es and to  coagu late  th e  silver chloride, th e 
solution w as cooled and th e excess silver n itrate  titra ted  
w ith  a sta n d a rd  solution  of am m onium  th io cya n a te , 
using ferric  alum  as an indicator.

T able I

G ram s chlorine in 100 cc. H iO ............................ 0 .1472
0.1465 
0 .1468

Average equ iva len t ch lo rop icrin ......................... 0 .2272

■Temperature ' 
25 

0 .1060 
0 .1048 
0.1049 
0.1049 
0.1042 
0.1055 
0.1045 
0.1621

C  .
75

0.0739
0.0753
0.0695
0.0674
0.0796
0.0768
0.0674
0.1141

Fro. 1

Table I gives the results obtained by the analysis 
of the chloropicrin dissolved in water at various tem 
peratures. The data are illustrated by the curve in 
Fig. i .

1 T his m ethod  was secured from  th e  B ureau  of M ines.

F ig . 2

SOLUBILITY OF WATER IN  CHLOROPICRIN

T h e apparatu s consisted of a glass cylin der, sealed 
a t one end and fitted  a t th e  other w ith  a tw o-hole 
rubber stopper. A  therm om eter w as placed in  one 
hole of th e stopper and a sm all glass tub e, the len gth  
of th e stopper, in th e other. T h ro u gh  th is tu b e w as 
introduced  a glass stirring rod w ith  a loop a t one end. 
Chloropicrin  w as p laced in th e ap p aratu s and v e ry  
sm all portions of w ater introduced. T h e  m ixture was 
s low ly  h eated  and co n stan tly  stirred  u n til all the w ater 
had gone into solution. T h e  apparatu s w as then 
cooled and th e  tem p eratu re n oted a t w hich a w hite 
cloud appeared in  th e  solution, due to  th e precipitation  
of w ater. T h e  tu b e  w as again heated  and th e  te m 
p eratu re at which th e solution cleared w as noted. 
T h e  average of th e tem peratures for p recip itation  and 
th e  clearing of th e  solution  was ta k en  as th e te m 
perature of so lu b ility. T h e  d ata  collected  are reported 
in T a b le  II  and illustrated  in th e  accom p an yin g solu
b ility  curve (Fig. 2).

H 20

T able I I  

,— Chloropicrin— s
T em pera tu re  of 

M iscibility H jO  per 100 G .
G ram Cc. G. 0 C. Chloropicrin
0.1098 29.3 48 .49 55 0.2265
0.1098 35 .8 59.25 50.8 0 .1853
0.1098 40.3 66 .70 48 0.1647
0.1098 53.4 88.38 41 0.1243
0.1098 56 .0 92 .68 36 0.1185
0.1098 66.0 109.25 32 0.1003

CONCLUSIONS

x— C hloropicrin  is on ly  s lig h tly  soluble in  w a ter, 
th e so lu b ility  decreasing w ith  increase in tem perature.

2— W a ter is on ly  s lig h tly  soluble in  chloropicrin , 
th e so lu b ility  increasing w ith  increase in  tem perature.
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CO N TRO L EX PER IM E N TS IN  CH LO RO PICRIN  M ANU
FACTURE. I— T H E  E F F E C T  OF V A R YIN G  QUAN

T IT IE S OF LIM E  UPO N T H E  YIELD  OF 
CH LO R O PICR IN 1

B y H. L. Trumbull, G. T . Sohl, W . I. Burt and S. G . Seaton 
C h e m ic a l  L a b o r a t o r y , E d g ew o o d  A r s e n a l , E d g e w o o d , M a ry la n d  

R eceived Ju ly  14, 1920

In th e  m an ufacture of chloropicrin  a t th e E dgew ood 
A rsen al during th e  sum m er of 1918, th e  m ethod in 
vo lved  th e  fo llow ing steps: T h e p rep aration  of th e
soluble lim e sa lt of p icric acid  b y  m ixing picric acid  
a n d jan  excess 'o f lim e w ith  w ater, th e  p rep aration  of a 
sludge of w ater and b leachin g pow der, th e  m ixing of 
these tw o  solutions in th e  large reactors, and th e 
digestion  and steam  distillation  w hich g a v e  ch loro
picrin in  th e distillate. T h e  production  of large 
q u an tities of chloropicrin  b y  th is m ethod w as realized, 
a lth ou gh  th e  em p lo ym en t of th e  v io le n tly  exp losive 
picric acid  n ecessitated  th e  exercise of care and v ig i
lance a t all tim es. T o  a vo id  danger and to  decrease 
expense, it  w as n ecessary to  con d u ct th e  reaction  in 
such  a w a y  as to  produce th e  h igh est y ield  of the final 
product. T h e  em p lo ym en t of calcium  p icrate  in stead  
of picric acid  in th e  reactio n  w as in h arm on y w ith  th e 
d icta tes  of sa fe ty , since th e lim e sa lt is m uch m ore 
soluble th a n  the free acid  (or even th e  sodium  sa lt), 
and  th e  difficulties in v o lved  in w orkin g in d ilu te  solu
tions or in  nonhom ogeneous suspensions w ere th ereb y  
com p lete ly  avoid ed . I t  seem ed th e p a rt of w isdom  
to  prepare solutions in th e  presence of an excess of 
lim e w hich served as a m argin  of sa fe ty  in th e  operation  
of the process. T h e  la b o ra to ry  w as requested to 
in v estig a te  th e effect of adding v a ry in g  q u an tities of 
lim e upon th e y ield s of chloropicrin.

E X P E R IM E N T A L  M ETH O D

T h e m aterials em p loyed  for th e  prep aration  of 
chloropicrin  were carefu lly  an alyzed , w ith  th e fo llo w 
in g  results:

L im e.......................................  95 .54  per cen t CaO
Picric a c id ............................  99 .80  per c e n t  free acid, no sulfates
B leaching pow der

Sam ple 1........................... 33 .3 0  per cent availab le  chlorine
Sam ple 2 ........................... 32.21 per cent available chlorine
Sam ple 3 ........................... 3 3 .3  per cen t available chlorine

T h e b est yields were ob ta in ed  w hen th e  b leachin g 
pow der w as m ade up to  a th ick  paste w ith  w ater, and 
the solution  of p icric acid  or calcium  p icrate , as th e 
case m igh t be, w as added in sm all portions w ith  sh akin g 
and  cooling, th e tem p eratu re being k ep t below  30° C . 
T h e loss of chloropicrin  w as preven ted  b y  keeping 
th e  flask t ig h tly  stoppered during th e  addition. F or 
a n eutral solution  300 g. of b leachin g pow der, 30 g. 
o f picric acid , and 3.85 g. of lim e were em ployed.

B efore con ductin g th e steam  distillatio n , th e  flask 
w as conn ected  to  th e  condenser and g e n tly  h eated  
until the yellow  color had disappeared. T oo  rap id  
heatin g at th is point not o n ly  led to  low er y ield s of 
chloropicrin  b u t also le ft a ye llo w  residue, w hich  was 
not decolorized upon subsequen t trea tm en t w ith  
b leachin g pow der, follow ed b y  steam  distillation. 
From  th e d istillate  th e  chloropicrin  low er la y e r  w as 
d raw n  off and w eighed, th e am oun t dissolved  in  th e 
aqueous lay e r  being estim ated  from  th e  so lu b ility  
cu rve. O rdin arily, th e  la tter  q u a n tity  increased th e

1 Published by  perm ission of the  Chief of the  C hem ical W arfare Service.

the y ield  b y  a b ou t 1 per cent. Y ie ld s  are reported  on 
th e  basis of the ratio  b y  w eigh t of chloropicrin  to 
picric acid.

T o  illu stra te  th e  im p ortan ce of keep ing th e  m ixture 
cool durin g th e  p icric acid  or p icrate  ad ditio n , four 
experim ents were con ducted  in w hich th e p icric acid 
w as added in  one step w ith o u t cooling, th e  ratios 
o b ta in ed  being 1.68, 1.68, 1.67, and 1.65. U pon re p e ti
tion  of th e  experim ent w ith  cooling and stepw ise a d 
d ition  of the picric acid , th e  ratio  w as 1.75  in tw o ex
perim ents.

In  all th e  experim ents, 30 g. p icric  acid, 300 g. 
b leach in g pow der, and 1200 g. w a ter were em ployed.

T h e  yields ob tain ed  b y  v a ry in g  th e  am oun t of lim e 
are show n in th e fo llow in g ta b le :

W t. of Chloropicrin 
A m o u n t  o f  L im e  W t. of Picric Acid

0 1.76
1.75
1.75

3 .8 5  g. (no excess)..............................................................  1.76
1.80
1.73
1. 79
1.75 
1 .74
1.78

4 .2 4  g. (10 per ceu t excess).........................................  1.72
1.76

' 1. 78
1.78
1.79
1.69 
1.71
1.76
1.77 
1.76

5.00 g. (30 per cen t e x ce ss).........................................  1.72
1.69 
1.67
1.78
1.79
1.82
1.79
1.78
1.78

CONCLUSION

U nder conditions w hich ap p roxim ated  as closely  
as possible those em p loyed  in  th e  ch loropicrin  p la n t 
at E dgew oo d  A rsen al, an excess of lim e h ad  no influence 
upon th e  y ie ld  of chloropicrin . In d irect su p p ort of 
th is conclusion w as furnished b y  som e experim ents 
con ducted  b y  R o w la n d  J. C la rk , a t E dgew ood, w hich 
show ed th a t  upon refluxin g chloropicrin  w ith  w ater 
or calcium  h yd ro xid e v e ry  little  h yd ro lysis  occurs. 
A fte r  refluxin g for one hour w ith  w ater, it  w as foun d 
b y  estim atin g th e  chloride ion lib erated , th a t 0.21 
per cen t of th e  chloropicrin  w as h yd ro lyzed . W ith 
calcium  h yd ro xid e solutions th e  h yd ro ly sis  w hich 
occurred in  one hour was p ra ctic a lly  th e sam e as w ith  
w ater, viz., 0.24 per cent. T h e  absence o f n itr ite s  
in  the residue from  th e  refluxing w ith calcium  h y 
droxide w as established b y  a q u a lita tiv e  test. T h is  
fa c t  is som ew hat surprising, since a t th e  b oilin g point 
of chloropicrin  brow n fum es are evo lved , freq u en tly  
w ith  exp losive violence.

CO N TRO L EX PER IM EN TS IN CH LO R O PICR IN  M ANU
FA CTU RE. II— ACTIVE CH LO RIN E IN T H E  SLUDG E 

FR O M  TH E M ANUFACTURE OF C H LO R O PICR IN 1 

By H. L. Trumbull, S. G. Seaton and Howard Durham
C h e m ic a l  L a b o r a t o r y , E dg ew o o d  Ar s e n a l , E d g e w o o d , M a r y l a n d  

Received Ju ly  14, 1920

In th e  m an ufacture of chloropicrin  it  w as n ecessary 
to use a fa ir ly  large excess of b leach in g pow der in

1 Published by  perm ission of the  C hief of the  Chem ical W arfare Service*
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order to  decom pose com p letely  th e calcium  picrate 
durin g th e  steam  distillation . I t  w as o b vio u sly  de
sirable to know  w h a t happened to th is excess of b leach 
ing pow der durin g th e  steam  distillation.

T h e  fo llow ing experim ents establish  th e approxim ate 
rate  a t w hich a ctiv e  chlorine disappears during steam  
d istillatio n , first, in  th e residue le ft a fter th e p rep a
ratio n  of chloropicrin , and, second, in  a m ore con 
cen trated  solution  con tain in g th e  sam e con cen tration  
of b leach in g pow der as th a t  o rig in ally  present in  th e  
chloropicrin  stills. F in a lly , an alyses w ere m ade to  
determ in e th e con cen tration  of a ctiv e  chlorine rem ain 
ing in  each of th e ten  p la n t stills a t th e  end of th e dis
tilla tio n  w hich rem oved  th e  chloropicrin  from  th e  
sludge.

T a b l e  I— 
A fter D istilling 
off Chloropicrin 

0 .0330 
0.0505 
0 .0459

-P e r c e n t a g e s  o p  A c t iv e  C h l o r in e

A fter 0.5 H r. S team  A fter 1.5 H rs. Steam
D istilla tion  D istillation

0.0262 0.0157
0.0218 0.0172
0 .0242 0 .0160

T h e residue le ft in the flask when chloropicrin  was 
prepared as described in  th e  preceding paper was 
an a lyzed  for a v a ila b le  chlorine b y  th e  iodom etric 
m ethod. T h e  sludge w as then  sub jected  to  steam  
d istillatio n  for periods of one-half and one and one- 
half hours, resp ective ly . T h e  analyses furnish a p 

proxim ate d ata  for the rate  a t w hich b leachin g pow der 
is decom posed b y steam .

W hen higher initial concen trations of th e h y p o 
chlorite were em ployed, th e  rate  of decom position  
w ith  steam  w as n oticeab ly  higher. T h e  in itia l co n 
cen tration s shown in T a b le  I I  correspond to  those 
em ployed in th e plant.

T a b l e  I I — P e r c e n t a g e s  o p  A c t iv e  C h l o r in e

A fter 1 H r. S team  A fter 2 Hrs. S team
I n it ia l  D istillation  D istillation

6 .9 8  2.-52 0 .7 1 4
6 .1 8  3 .2 1  0 .7 4 7

Sam ples of the sludge le ft  in th e chloropicrin s tills  
at th e  end of th e distillation  were an alyzed . T h e 
conditions under w hich the various runs were m ade 
and th e concentrations of the a ctiv e  chlorine based 
upon the w eight of th e  sludge are shown in T a b le  
II I . T h e results show th a t th e concen tration  of a ctiv e  
chlorine is ve ry  low  in all cases.

T a b l e  H I
No. of M ax. Tem p, during Percentage Active
Still D istillation Cl in Sludge

1   1 0 2 .0  0 .2 8
 2.......................................  103 .5  0 .2 4
 3.......................................  10 4 .0  0 .2 8
 4.......................................  1 0 5 .0  0 .2 8
 5.......................................  100 .0  0 .2 8 5
 6.......................................  1 0 4 .0  0 .3 2
 7.......................................  10 4 .0  0 .2 9
 8.......................................  10 5 .0  0 .2 9
 9........................................ 10 1 .0  0 .2 6

10 .......................................  10 4 .0  0 .2 2

ORIGINAL PA PE R S

A STU D Y OF T H E  R EA CTIO N S OF COAL SDLFUR IN THE 
CO K IN G  P R O C E S S 1'3

By Alfred R. Powell

E x p k r im b n t  S t a t io n , B u r e a u  o f  M in e s , P it t s b u r g h , P a .

P R EV IO U S INVESTIGATIONS

T h e sulfur of coal has now  been defin itely  established 
to exist as p y rite  or m arcasite, F eS 2, organic sulfur, 
and a rath er sm all am ou n t of su lfates, and accurate 
m ethods h a ve  been devised  for th e  determ in ation  of 
these different fo rm s.3 T h e  b eh avior of each form  
during th e  d estru ctive  d istillatio n  of coal is of th eoreti
cal in terest, as w ell as of th e g rea te st techn ical im por
tan ce, since th e  reactions of th e  coal sulfur w ill deter
mine th e percen tage of sulfur le ft in th e  coke and the 
n ature and th e am ount of th e su lfu r com pounds in 
the b y-p rod u cts.

T h e  percen tage of coal sulfur expelled during the 
cokin g process varies over wide lim its, and this v a r ia 
tion  has a lw a y s been supposed to  be due to  different 
re lativ e  percen tages of su lfur form s in th e c o a l.1 
M ’ C allu m  sta te s5 th a t  he sep arated  coal into different 
fraction s b y  specific g r a v ity  m ethods, th ereb y  securing 
a p a rtia l separation  of th e organic and the inorganic, 
sulfur. From  cokin g tests  on these fraction s he con-

1 Published  by  perm ission of the  D irector of the  U. S. B ureau of Mines.
2 P resented  by  title  a t  th e  59th M eeting of the  A m erican Chemical 

Society, S t. Louis, M o., A pril 12 to  16, 1920.
» A. R. Powell an d  S. W . P arr, "A  S tudy  of the  Form s in W hich Sulfur 

Occurs in C oal,"  U niversity  of Illinois, Engineering E xperim ent S ta tion , 
Bulletin  111 (1919).

* F u lton , "T rea tise  on C oke,” In te rna tiona l Textbook Co., Scranton, 
I’a., 1905, pp. 38-40.

6 Chem. Eng., 11 (1910), 27. ■

eluded th a t a som ew hat greater p ercen tage o f th e 
organic sulfur w as vo latilized  th a n  th e  inorganic, 
b u t no very  sh arp ly  cu t difference w as n oticeable. 
J. R . C am p b ell1 stated  th a t m ost of th e coal sulfur 
was present as p yrite , th a t 42 per cent of this was 
vo latilized  during th e  cokin g process, and that- the 
rem ainder w as le ft in th e  coke as p yrrh o tite . He also 
stated  th a t m ost of th e  organic sulfur w as retained 
in the coke.

Som e te n ta tiv e  conclusions h ave been draw n b y  S. 
W . P a rr2 concerning sulfur in the cokin g process 
from  his w ork on th e  low  tem perature carbon ization  
of coal. He states th a t “ th e  organic sulfur in the 
raw  coal and half of th e sulfur of F eS 2 is for th e  m ost 
part discharged a t re la tiv e ly  low  tem p eratu res.”  T h is 
occurs at abou t 500° C . A t  abou t 700°, th e  sulfur 
of th e FeS form ed from  th e FeS; is ta k en  up b y  carbon, 
leavin g free iron in th e coke.

It  therefore appears th a t different in vestigators 
have obtained w idely d ivergen t results, and have 
advanced  m any different theories as to  th e reactions 
undergone b y  th e coal sulfur during carbonization . 
T h e present in vestigation  w as un dertaken  w ith  the 
idea of carbonizin g a v a r ie ty  of coals under carefu lly  
controlled conditions, and stu d yin g  th e  ch aracter and 
am ount of th e various sulfur com pounds form ed. 
Since these analyses were to  be m ade o ver ev e ry  
period of th e carbonization  process, a com plete and 
detailed p icture could be obtained  of th e changes occu r
ring in the coal sulfur.

1 Bull. A m . In sl. M in ing  Eng., 1916, 177.
2 ib id ., 1919, 1807.
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APPARATUS

T h e ap p aratu s w as designed to  coke ab ou t 5 g. of 
coal, and w as so arran ged th a t th e  tem p eratu re of 
the cokin g cham ber could  be controlled  a t all tim es 
to  w ith in  a few  degrees. A t  first th o u gh t, criticism  
m ight be m ade of this procedure, in th a t th e  q u a n tity  
of coal used w as so sm all. H ow ever, w hen it  is con 
sidered th a t  th e p rim ary coking reaction  w as desired, 
w ith o u t th e  secon d ary effects produced b y  th e  tra v e l 
of th e  gases th rou gh  th e hot cokin g m ass, it  is seen 
th a t th e  use of such a sm all q u a n tity  is essential. 
Furtherm ore, uniform  tem p eratu re and close tem p era 
ture control are im possible w ith  a large q u a n tity  of 
coal.

D eta ils of th e cokin g ap p aratu s as fin a lly  perfected  
are show n in F ig . 1. T h e  cokin g cham ber consisted 
of a five-eighths inch fused silica  tu b e. T h e  coking 
charge of 5 g. of th e  pow dered coal w as ev en ly  
d istrib u ted  over 4 in. of th e  m iddle portion, 
w ith  asbestos plugs a t each end of th e charge. A  
co tto n  p lug w as p laced  a t th e  o u tle t end of th e tu b e  
to a ct as a ta r  filter.

T h e  charge w as heated  b y  a n ichrom e-w ound tu b e 
fu rn ace, w hich consisted of an alun dum  tu b e, of a 
som ew hat greater d iam eter th a n  th e  tu b e con tain in g 
the charge, around w hich w as w ound nichrom e wire 
of such a  size and len gth  th a t  io o o °  could  be easily  
atta in ed . T h e  resistance w ire w as set in  a m ixture of 
alundum  cem ent and w ater glass, and h eat in sulation  
was ob tain ed  b y  w rap ping around th e fu rn ace several 
layers of h e a v y  asbestos paper. T em p eratu re readings 
were ta k e n  b y  m eans of a H oskins therm ocoup le, th e 
end of w hich rested again st th e  outside of th e  cokin g 
tub e a t th e  point w here th e  coal charge had  been 
placed. Since the tem p eratu re  of th e  run w as m ain 
tained  for 2 hrs. in  th e  furnace, th e tem p eratu re on 
the outside and inside of th e  silica tu b e  m ust h a v e  
been th e  sam e.

A  slow  stream  of d ry  carbon  dioxide w as passed 
into  th e  in let end of th e  cokin g tu b e durin g certain  
periods of th e run to  a ct as a rinsing agen t. T h is 
carbon dioxide w as generated  b y  th e actio n  of h y d ro 
chloric acid  on calcium  carbon ate, and w as. passed 
th rough  sodium  b icarb on ate and calcium  chloride.

T h is procedure w as follow ed on ly  a t th e begin nin g 
of a run to  insure a n on-oxidizing atm osphere o ver th e  
cokin g charge, and a t th e  end of th e  run  to  rinse o u t 
th e  last traces of vo la tile  sulfur com pounds.

T h e o u tle t and ta r  filter end of the tu b e  w as su r
rounded b y  a copper w ater b ath  of th e design used 
b y  th e  Steel C orp oratio n  for th e  sam e purpose. B y  
m eans of th is device th e  tem p eratu re of th e ta r  filter 
w as a t all tim es k e p t a t 90°. T h e gas from  th e  o u tle t 
end of th e  tu b e passed d ire ctly  into a flask  con tain in g 
am m oniacal cadm ium  chloride w hich rem oved  th e  
h yd rogen  sulfide. T h e  gas then  passed th ro u g h  an 
absorption  bulb  con tain in g absolute a lcoholic p o tash , 
b y  m eans of w hich th e  presence of carbon  bisulfide 
could  be established . T h is la s t absorp tion  b ulb  w as 
replaced in  certain  runs b y  a R eferee ’s to ta l su lfur 
apparatu s.

METHOD OF PROC EDUR E

A fte r  th e charge of coal had been p laced in th e  tu b e 
and th e  steam  b ath  around th e  ta r  filter b rou gh t up 
to  th e required tem peratu re, a stream  of carbon dioxide 
w as sta rted  th rough  th e tu b e, and a t th e  sam e tim e th e  
h eatin g curren t w as tu rn ed  on. A fte r  a few ' m inutes 
th e  carbon  dioxide w as sh u t off, and th e  electric  
curren t w as carefu lly  regu lated  b y  m eans of a rh eo stat 
so as to  bring th e  tem p erattire  slo w ly  up to  th a t 
required  for th e  run. In  th e case of th e  higher te m 
p eratu re runs th is  grad u al increase som etim es required 
as m uch as one hour.

s u l f u r  i n  t a r — T h e run w as con tin u ed  for 2 hrs. 
a t  th e  tem p eratu re desired, th is len gth  of tim e being 
considered n ecessary to  brin g th e  reactions to  eq u ilib 
rium . T h e  cu rren t w as th en  sh ut off and carbon 
dioxide again  run th ro u g h  for a few  m inutes. T h e 
cokin g tu b e  w as rem oved  from  th e  furnace, and as 
m uch of th e  ta r  as possible ta k en  ou t for a su lfur 
a n alysis, w hich w as m ade b y  th e  use of E sch k a  m ix
ture. T h is determ in ation  m ust be considered on ly  
approxim ate, b u t, since it  in v o lv e d  such a sm all 
portion  of th e  coal sulfur, w as sufficien tly  accu rate  for 
th is  in vestigation .

s u l f u r  i n  c o k e — T h e  coke w as sh o ved  ou t of the 
tu b e  b y  m eans of a lon g iron  rod, sep arated  as th o r
o u gh ly  as possible from  th e  asbestos plugs, and ground
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N o. N am e

21100 Tennessee 
20507 P ocahontas 
18847 P ittsb u rg h  
23066 U pper F reepo rt 
33945 Jo lie t

33819 R aw  V andalia
33820 W ashed V andalia

1 All sam ples were in an

T a b l e  I— So u r c e  a n d  P r o x im a t e  A n a l y s is  o p  C o a ls  U s e d  in  E x p e r im e n t s

Mois- V olatile Fixed 
S o u r c e  tu re  M a tte r  C arbon

Tennessee, M organ Co. Coal Creek, C ouger-B aker 0 .7 4  39 .05  52 .40
W est V irginia, M cDowell Co., P ocahontas No. 3, M ine No. 7 0 .39  22 .88  70.47
P ennsylvania, B ruceton, E xperim ental M ine, B ureau of M ines 1.57 38 .72  54.95
P ennsylvania, B utler Co., U pper F reeport, C unningham  Coal Co. 2 .0 4  33 .11 56 .36
M ixture of 65%  Pocahontas, 20%  Lynch, K y ., and  15% washed F ranklin  Co., 111., 0 .9 2  26 .28  65 .60

coal. As charged a t coke ovens, Illinois Steel Co., Jo lie t 
V andalia, In d . 2 .35  38 .05  49 .60
V andalia, In d . Same as above b u t washed g 2 .48  39 .52  50.73

a ir-dry  condition.

in a porcelain  m ortar to 100-mesh size. I t  w as then  
p laced in  a flask so arran ged  th a t a cu rren t of hydrogen  
could  be passed th rough  and th e  outgoin g gas bubb led  
th ro u g h  am m oniacal cadm ium  chloride. One hun dred 
c c . of a 1 : 1  m ixture of con cen trated  hyd roch loric  
a cid  and w ater w ere poured o ver th e  coke and th e 
co n ten ts of th e  flask h eated  to  boiling, for ab ou t 15 
m in., w hile a b risk  stream  of h yd rogen  w as passed 
th ro u g h . T h e  h yd rogen  sulfide g iven  off w as a  m easure 
o f th e  m etallic  sulfide con ten t of the coke, th a t  is, 
the ferrous sulfide and p yrrh o tite . I t  w as estim ated  
b y  trea tin g  th e  cadm ium  sulfide p recip ita te  w ith  an 
excess of h ydroch loric acid  and stan dard  iodine solu
tion , and titra tin g  b a c k  w ith  th iosulfate.

A  sulfur an alysis of th e h yd ro ch loric  acid  ex tra ct, 
filtered oft' from  th e  coke g a v e  th e  su lfate  con ten t of 
th e coke. T h e  coke w as th en  trea ted  w ith  1: 3 m ix
ture of con cen trated  n itric  acid  and w ater, and allow ed 
to stan d  a t room  tem p eratu re for 24 hrs. T h e  ex tra ct 
w as filtered, th e n itric  acid  ev ap o rated  off, and sulfur 
and iron determ in ed in th e resu ltin g residue. B y  
th is m eans th e  undecom posed p y rite  of th e  coke was 
figured. , T h e  iron va lu e  proved  to  be a good m eans 
of checkin g th e  sulfur, since th e  iron-sulfur ratio  
p roved  w hether or n ot th e  n itric  acid had se lectiv e ly  
extra cted  p yrite .

In  m ost cases th e  residual coke w as discarded, th e  
su lfur in  it  being calcu lated  b y  difference, b u t in  a few  
runs th e  su lfur w as determ ined d ire ctly . In  all such 
•cases th e  sum  of th e sulfur determ in ations checked 
v e ry  closely  w ith  th e  to ta l su lfur of th e  coal.

SU LFU R IN  VOLATILE MATTER— T h e  Sulfur which 
had been given  off from  th e  coal in  th e  form  of hydrogen  
sulfide had been cau g h t in  th e am m oniacal cadm ium  
■chloride flask of th e  cokin g ap p aratu s. I t  w as esti
m ated as ju s t described under th e  determ in ation  of 
m etallic sulfide in  th e  coke. C arb on  bisulfide in  the 
vo latile  m a tter w as tested  for b y  boiling th e  conten ts 

•of th e  alcoholic potash  absorp tion  bulb , a cid ify in g  
w ith  acetic  acid, and addin g copper acetate. T h e 
presence of a reddish brow n p recip ita te  w ould  indicate 
■carbon bisulfide.

DESC RIPTIO N  OF COALS USED

E ig h t coals were used during these in vestigation s. 
T a b le  I gives th e . la b o ra to ry  n um ber, th e  nam e under 

■which th e  coal w ill be referred to  hereafter, a  general 
■ description- of th e  source, and th e  proxim ate analysis 
■of each coal.

T a b l e  I I — A n a l y sis  o p  S u l p u r  F orm s
(Values given in per cen t, a ir-d ry  basis)

N o . C oa l T o ta l P yritic Sulfate Organic
2 1 100— T ennessee. . . ........... , 4 . 2 5 1.75 0.71 1.79
20507— P ocah o n tas .............., , ,  0 .5 6 0.08 0 .0 1 0 .47
18847— P ittsb u rg h ............ 0 .79 0.23 ' .0 .70
23066— U pper F reep o rt .... 1.21 0.47 0.07 0.67
33945— Jo lie t.............................. 0 .82 0 .2 6 0 .0 0 0 .56
33819— R a w  V andalia ........ , , 1.38 0 .7 0 0 .03 0 .65
33820— W ashed V andalia.. 1.18 0 .25 0 .03 - 0 .90

Ash Sulfur
7 .8 0  4 .25
6 .25  0 .5 6
4 .7 5  1.72
8 .4 9  1.21
7 .2 0  0 .82

10.00 1.38
7. 27 1. 18

A  com plete analysis, b y  th e  m ethod of P ow ell and 
P a rr,1 w as m ade on all th e coals for th e d ifferen t form s 
of sulfur present. T h e  results are g iven  in  T a b le  II .

E X PE R IM EN TA L RESULTS

E FFEC T  OF T EM PERA TU RE ON PY RITE  Since p y rite
is one of th e m ost im p ortan t sulfur con stitu en ts of 
coal, it was n ecessary to  stu d y  its b eh avior a t d ifferen t 
tem peratures before going ahead w ith  th e  s tu d y  of 
coal itself. V ery  little  p y rite  w as decom posed up to  
500°, b u t a t 10000 th e  decom position  w as com plete. 
T a b le  I I I  shows th e changes in  th e  form s of sulfur in 
m ineralogical p y rite  betw een  0° and 1000°.
TA 1)1,1: n r — A n a ly s i s  o f  P y r i t b  b e f o r e  a n d  a f t e r  D e c o m p o s i t io n  

a t  1000° C.
0 °  C. 1000° C.

P yritic  Su lfu r........................................ 48 .52  0 .00
Sulfate Su lfu r  .........................  0 .1 6  0 .0 0
Free Su lfu r............................................. 0 .0 0  21.8S
Sulfide Su lfu r........................................  0 .0 0  24 .24
Sulfur as HsS........................................  0 .0 0  2^56

T o t a l ..................................................  48 .68  48.68

These results point p re tty  clearly  to  the fo llow ing 
reaction:

FeSa = FeS +  S 

T h e sulfide content of th e  decom posed p y rite  is p ra c
tic a lly  in q u a n tita tiv e  accordan ce w ith  th is reaction. 
O w ing to  th e presence of m oisture or other h yd ro gen  
yield in g bodies, a sm all p a rt of th e  free sulfur has been 
converted  into hydrogen  sulfide.

A fter  p yrite  has been heated  th e  residue is a lm ost 
in v a ria b ly  m agnetic. T h is  is n ot due to  th e presence 
of free iron b u t to the fa c t  th a t th e  residue is n ot p lain  
ferrous sulfide, b u t p y rrh o tite , or m agn etic sulfide of 
iron. It  has been shown th a t p yrrh o tite  is n ot a 
definite com pound, b u t is a solid solution  of su lfur in 
ferrous sulfide.2 T h e  am ount of sulfur w hich  is 
present in th e  sulfide is determ ined b y  th e  tem p eratu re  
and th e partial pressure of free sulfur over it . In  an 
atm osphere of hydrogen  sulfide, th e  m axim um  am ount 
of sulfur retained in ferrous sidfide is 6.0 per cen t at 
6oo°. A t  io o o °  the percen tage is 3.5 per cent, and a t 
1300° it  is 2.0 per cent.

A t  1000° th e p a rtia l pressure of free sulfur in  an 
atm osphere of hydrogen  sulfide is 70 m m ., or a little  
less th a n  one-tenth of an atm osphere. T h is  , am ount 
of free sulfur in th e space a b o ve th e  p yrrh o tite  holds 
its con ten t of dissolved sulfur at 3.5 per cent, as has 
been stated. If, how ever, as is tru e  in  a ctu al p ra ctice , 
th e  am ount of h yd rogen  sulfide, and' therefore the 
am ount of free sulfur, present is v e ry  sm all, th e  p er
centage of sulfur dissolved in th e  ferrous sulfide is 
v e ry  m uch less th an  3.5 per cen t. W hen th e  residue 
from  th e  heated  p y rite  w as dissolved  in acid , the 
sulfur left undissolved and in th e  free s ta te  w as denoted 
b y  a v e ry  slight cloudiness of th e solution. T h e

1 Loc. cit.
5 E . T . Allen, J . L . C renshaw  and  John Johnston , "T h e  M ineral 

Sulfides of Iro n ,”  A m . J .  $ci., 33 (1912), 169.
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in dication s were th a t  it  w ould  am ount to  o n ly  a v e ry  
sm all fraction  of one per cent. U nder these circu m 
stances, it  can be n eglected  for q u a n tita tiv e  purposes, 
a lthough it explains th e w ea k ly  m agn etic ch aracter 
of th e  p y rite  residue.

Because of these considerations, all th e calcu lation s 
of this in vestigation  h a ve  been based on th e decom 
position of p y rite  to  form  ferrous sulfide and free 
sulfur, b u t it  m ust be rem em bered th a t  a sm all p art 
of th e sulfur rem ains in th e ferrous sulfide in th e  form  
of a solid solution.

N o free iron existed  in the residue from  decom posed 
p y rite  or in finished coke, as show n b y  m icroscopic 
tests. W hen an acid  solution  of a copper sa lt w as added 
to th e finely  pow dered sub stance no m etallic  copper 
could be d etected  under th e m icroscope, th us p rovin g 
the absence of free iron.

DECOMPOSITION OF PYRITE-COAL M IXTURE  A  further
stu d y  of th e  decom position  p roducts of p y rite  w as 
m ade, in w hich th e  p y rite  w as in corporated  w ith  a 
coal of know n com position, so th a t  all secon d ary 
reactions could be n oted. T h e  m ixture contain ed  50 
per cen t of m ineralogical p y rite  and 50 per cen t of 
Tennessee coal. T h e  results o f th is te st are g iven  
in T a b le  IV .

T a b l e  IV — D e c o m p o s it io n  o p  P y r it e -C oai, M ix t u r e  a t  1000° C.
0 °  1000°

P yritic  S u lfu r........................................  25 .14  0 .0 0
Sulfate S u lfu r........................................  0 .3 9  0 .0 0
Organic S u lfu r......................................  0 .9 0  1.93
Free S u lfu r............................................. 0 .0 0  . 5 . 22
Sulfide S u lfu r........................................ 0 .0 0  13.12
Sulfur as H5S ......................................... 0 .0 0  6 .08
T a r  S u lfu r..............................................  0 .0 0  0 .08

T o t a l ..................................................  26 .43  26.43

I t  m ay sa fe ly  be assum ed th a t  th e su lfate  form  w ill be 
reduced to  th e  sulfide. S u b tra ctin g  th e sulfide sulfur 
from  th is  source from  th e  to ta l sulfide sulfur leaves 
12.73 Per cent  as th e  sulfide su lfur com ing from  th e 
p y r ite . T h is  figure is v e ry  close to  12.57 per cen t or 
one-half th e  p y rite  sulfur. T h e  com plete decom posi
tion  of p y rite  in  coal m ust th erefore y ie ld  ferrous 
sulfide and free sulfur, w hich later changes to  h yd rogen  
sulfide if an excess of h yd ro gen  yield in g m atter is 
present.

Te n n e s s e e  c o a l — -The results of a com plete stu d y  
m ade upon th e  Tennessee coal of sulfur d istribution  
at different tem peratures are g iven  in T a b le  V .

I t  will be n oted th a t  th e sulfur not foun d in a n y  
oth er ty p e  of com pound is placed under th e  head of 
“ organic su lfu r .”  T h a t th e  coal sulfur oth er th an  
th a t  of th e  p y rite  and  su lfates is organ ic in  n ature 
has been p ro v ed .1 T h is  organic sulfur persists alm ost 
un chan ged  in ty p e  up to  400 °. B etw een  4000 and 
5000 a  decided change in its  ch aracteristics ta k es  
place. T h is is show n b y  th e  fa c t th a t  trea tm en t w ith  
n itric  acid  and sub seq uen t trea tm en t w ith  am m onia 
does not ta k e  into  solution  th e com pounds contain ing 
th e organic sulfur.

T h a t organic sulfur is present, even  in  th e finished 
coke, and th a t its p ercen tage is h igher in  th e  coke 
th a n  it  w as in th e original coal has been w ell proved 
b y  W ib au t and S toffe l,2 w ho h ave produced a form

1 Powell and  Parr, Loc. tit.
* Rec. Irav. chim., 38 (1919), 132.

of organic su lfur m uch resem bling th a t  of th e coke 
b y  heatin g togeth er sulfur and sugar.

From  th e  resu lts g iven  in  T a b le  V , it  is possible 
to  calcu late  th e n atu re and m agn itude of th e  probable 
reactions undergone b y  th e  variou s form s of coal 
sulfur during th e  cokin g process. T h is is sim plified 
b y  th e p relim in ary  s tu d y  of p y rite  decom position. 
In  th e presence of a large excess of coal su b stan ce, 
p y rite  decom poses q u a n tita tiv e ly  in to  ferrous sulfide 
and h yd rogen  sulfide. Also it  m ay  sa fe ly  be assum ed 
th a t  a n y  su lfate  present w ill be reduced to  sulfide. 
T h e p y rite  decom posed w ill g iv e  a m easure of th e 
h yd rogen  sulfide from  th is source, b u t in ev e ry  case 
th e a ctu al h yd ro gen  sulfide produced is greater than  
th is. A  p robable source of th is  excess h yd rogen  
sulfide is th e organic sulfur, w hich m akes a th ird  
probable reaction. T h e  su lfur of th e  ta r, b ein g en 
tire ly  of an organic n ature, m ust find its  origin  in  th e  
organic sulfur of th e  coal. T h is  m akes a fou rth  
m easurable reaction. I t  m ay be n oticed  th a t  th e 
sulfide sulfur of th e  coke is gen era lly  present in  sm aller 
am oun t th a n  w ould  be form ed from  th e  decom posi
tio n  of th e  p y rite  and th e  reduction  of th e su lfa te  form . 
T h is  seem s to be accou n ted  for b y  a rath er p ecu liar 
reaction, n am ely, th e  tran sferen ce of a portion  of th e 
sulfur com bined as sulfide to  a su lfur-carbon  co m 
bin ation . T h is fifth  reaction  has been n oted  b y  
oth er in v e stig a to rs .1 T h e  evid en ce for th is last 
reaction  is s im p ly  th e  fa c t th a t during th e  la tte r  
stages of th e  coking process th ere is q u ite  a decided 
increase in  th e  sulfur held in th e carbon-sulfur com 
bin ation , w ith  a decrease in th e  am ou n t of sulfides 
present. T h e  carbon-sulfur com bin ation  form ed b y  
th is reaction  has a ll th e  properties of th e  rem ainder 
of th e sulfur existin g in th is form  in  th e  coke.

T a b l e  V — D is t r ib u t io n  o p  S u l f u r  in  T e n n e s s e e  C oal  N o . 21100 
(Values given in percentage by  weight of original air-dried  coal)

0 °  300° 400° 500° 600° 1000°
P y ritic  S u lfu r...............................  1 .75 1.75 1.42 0.31 0 .0 0  0 .0 0
Sulfate S u lfu r...............................  0 .71  0 .55  0 .4 4  0.01 0 .01  0 .0 0
Organic S u lfu r.............................  1.79 1.63 1.51 1.70 1.87 1.81
Sulfide S u lfu r...............................  0 .0 0  0 .1 3  0 .4 4  0 .9 3  0 .8 2  0.84
Sulfur as HaS................................ 0 .0 0  0 .1 9  0 .3 9  1.2 0  1 .39  1.44
T a r  Su lfu r.....................................  0 .0 0  0 .0 0  0 .05  0 .1 0  0 .1 6  0 .1 6
Sulfur as CS2................................  0 .0 0  0 .0 0  0 .0 0  0 .0 0  0 .0 0  0 .0 0

T o t a l .........................................  4 .2 5  4 .2 5  4 .2 5  4 .25  4 .25  4.25*

T a b l e  V I— R e a c t io n s  O c c u r r in g  in  C a r b o n iz a t io n  o p  T e n n e s s e e  
C oa l  (R e su lts  expressed in  per c e n t s u lfu r  o n  basis of air-dried coal) 

T em pera tu re  FeS* =  F eS  MSO< O rganic Organic S  M S =»
R a n g e  0 C . 4* HjS ■* M S S  =* HsS =  T a r  S O rg an ic  S

0-300 0 .0 0  0 .1 6  0 .1 9  0 .0 0  0 .0 0
300-400 0 .33  0 .11  0 .05  0 .0 5  0 .0 0
400-500 1.11 0 .4 3  0 .2 5  0 .0 5  0 .49
500-600 0 .31  0 .0 0  0 .03  0 .0 6  0 .2 6
600-1000 0 .0 0  0 .01  0 .05  0 .0 0  —-0.02

T o t a l  1.75 0 .71  0 .57  0 .1 6  0 .73

In  addition  to  th e  five  reactions or classes of rea c
tion s en um erated ab ove, there are several others 
w hich h a ve  been n oted  b u t h a ve  n ot been m easured, 
ow ing eith er to  th eir co m p lex ity  or to difficulties of 
an alysis. P rom in en t am ong th ese is th e  form ation  
of p yrrh o tite , a lrea d y  n oted, and th e  decided tra n s
form ation  in  th e  ch aracteristics of th e  organic sulfur 
com pounds betw een  400° and 500°. O ther reactions, 
of a secon d ary n ature, also occur in retorts. R eaction s 
betw een  the organic sulfur com pounds and  hydrogen  
of th e  gas to  form  h yd rogen  sulfide, and betw een

1 S . W . Parr, A m . Inst. M in ing  Eng., 1919, 1807; J . P . W ibau t and A. 
Stoffel, Loc. cit.
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F ig . 2 —S e r ie s  o f  C u r v e s  S h o w in g  V a r ia t io n s  o p  S u l f u r  C o n s t it u e n t s  at  S u c c e s s iv e  T e m p e r a t u r e s  o f  D is t il l a t io n  o p  T e n n e s s e e  C o a l ,
N o . 21100. R e a c t io n s  C a u s in g  t h e  V a r ia t io n s  A r e  N o t e d

liyd ro g en  sulfide and red-hot coke to  form  carbon 
bisulfide m ay be m entioned as ty p ic a l. T h a t  carbon 
"bisulfide is n ot a p rim ary  p roduct of coal d istillatio n  
is show n b y  th e  resu lts ob ta in ed  above. T h is fa c t 
has been know n for som e tim e .1

F ollow in g th e  fa cts  g iv en  above, th e  m agn itude of 
each of th e  five m easurable reactions has been ca l
cu la te d  for each  tem p eratu re range. A  su m m ary  of 
these calcu latio n s is g iven  in T a b le  V I , th e  results 
b ein g expressed in  th e  per cen t of su lfur undergoing 
th e  reaction  on th e basis of th e  origin al air-dried coal.
It  w as n ecessary to  express resu lts in th is m anner in 
order to  get com parab le figures.

T h e  courses of these reaction s are represented 
gra p h ically  in F ig . 2. T h e  decom position  of the 
p y rite  begins a t 300°, is com plete a t 600 °, and reaches 
its  m axim um  betw een  4000 and 500°. T h e reduction  
of th e  su lfates is p ra ctica lly  com plete a t 500°, From  
on e-quarter to one-third  of th e organic su lfur is de
com posed w ith  th e prod u ction  of H 2S, th is decom posi
tio n  occurring for th e  m ost p a rt below  500°. A t  th e 
low er tem p eratu res of cokin g, a sm all p a rt of th e 
organ ic  sulfur finds its  w a y  into  th e  ta r. N o t m ore 
th a n  on e-tenth of th e  coal organ ic sulfur is so dis
trib u ted . F ro m  400° to  500° a large p a rt of th e

* Lewes, "T h e  C arbonization of C oal,” John  Allan & Co., 1912, p . 2/4.

ferrous sulfide is decom posed, th e  sulfur a p p a ren tly  
entering into  com bin ation  w ith  th e carbon.

p o c a h o n t a s  c o a l — T h e values for sulfur d istrib u 
tion  in th e  P ocah on tas coal are g iven  in T a b le  V I I ,  
and a sum m ary of its reactions in  T a b le  V I I I .

T a d lB V II— D is t r ib u t io n  o f  S u l f u r  in  P o c a h o n ta s C o a l , N o . 20507 
(Values given in per cent of original air-dried coal)

0 “ 300° 400° 500“ 600° 1000»
P yritic  S u lfu r.................... 0 .0 8  0 .07  0 .09  0.01 0 .0 0  0 .0 0
Sulfate S u lfu r................... 0.01 0 .0 2  0 .02  0 .0 0  0 .0 0  0 .00
Organic S u lfu r.................  0 .47  0 .47  0 .4 4  0 .43  0 .35  0 .27
Sulfide S u lfu r...................  0 .0 0  0 .0 0  0 .0 0  0 .04  0 .0 5  0 .09
Sulfur as H sS ...................  0 .0 0  0 .0 0  0 .01  0 .0 6  0 .13  0.17
T a r Sulfur .................... 0 .0 0  0 .0 0  0 .0 0  0 .0 2  0 .03  0 .03
Sulfur as CSa.................... 0 .0 0  0 .0 0  0 .0 0  0 .0 0  0 .0 0  0 .00

T o t a l .............................  0 .5 6  0 .5 6  0 .5 6  0 .5 6  0 .5 6  0 .5 6

T a b l e  V I I I — R e a c t io n s  O c c u r r in g  in  C a r b o n iz a t io n  o f  P o c a h o n ta s  
C oa l  (R esults expressed in per cen t su lfur on basis of a ir-dry  coal)

T em peratu re FeSj =  FeS MSO< Organic S O rganic S M S «=
R ange, ° C. +  h 2s =  M S »  HsS «  T a r  S Organic !

0-300 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0
300-400 0 .0 0 0 .0 0 0 .0 1 0 .0 0 0 .0 0
400-500 0.07 0 .0 1 0.01 0 .0 2 0 .0 0
500-600 0 .0 1 0 .0 0 0 .07 0.01 — 0 .0 1
600-1000 0.0 0 0 .0 0 0 .04 0 .0 0 — 0 .0 4

T otal 0 .08 0 .0 1 0 .13 0 .0 3 —0 .0 5

T h is coal differs from  th e  Tennessee coal in  th a t 
it  is of a sem i-bitum inous ty p e  and also in th e  fa c t th a t 
its  sulfur con ten t is con sid erably  low er. Furtherm ore, 
a v e ry  large proportion  of th e to ta l su lfur is organic, 
w ith  v e ry  little  p y rite  an d  p ra ctic a lly  no su lfate. 
T h is m a y  accou n t for som e of th e  differences in th e 
reaction s betw een  th e  tw o  coals.
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0 8 P y r ite s S u l f a t e s S u l f u r  
com bined with 
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carbon -su lfu r  
combination
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\

FeSz F e S  + HzS  
O rganic S H z S

Organic S t / 2S  
O rganic S-*-TarS  
O rganic S-*- M S

FeSz FeS+Hz$

Fe$z FeS+H26  
MSO4 -*■ M S  
Organic 6  - * ■  M S

O rg on ic S  o f  
c o o l thiophen  
e tc . o f  ta r

0.1 MSO 4 + MS

4 0 0 6 0 0  0 4 0 0 8 0 0  0 4 0 0  8 0 0  O 4 0 0  6 0 0
TE M P E R A TU R E  OF R E T O R T

4 0 0 8 0 0  O 4 0 0 eoo

P ig . 3 — S k r ik s  o f  C u r v e s  S h o w in g  V a r i a t i o n s  o f  S u l f u r  C o n s t i t u e n t s  a t  S u c c k s s iv e J T e m p e r a t u r e s  o f  D i s t i l l a t i o n  o f  P o c a h o n t a s  C o a l ,
N o . 20507. R e a c t io n s  C a d s in o  t h e  V a r ia t io n s  A r e  N o t e d

T h e reactions of th e  su lfur in  th e  P ocah on tas coal 
are show n g ra p h ica lly  in F ig . 3. In  tw o  particu lars, 
these reactions differ m a teria lly  from  those of the 
Ten nessee coal. T h e  decom position  of th e  organic 
sulfur to  form  h yd ro gen  sulfide is m ore pronounced 
a t th e higher tem p eratu res th a n  a t th e  low er degrees 
of heat. In stead  of a ten d en cy  of th e  sulfide sulfur 
to be co n verted  into  organic sulfur, th e  reverse of th is 
seem s to  be true ab ove 500 °. T h is  can be explained 
b y  th e  fa c t th a t v e ry  little  sulfide su lfur can be form ed 
from  th e  sm all p ercen tage of p y rite  and su lfate, w hereas 
organic su lfur is present in  fa ir ly  large q u an tities. 
T h e reaction  w ould  seem  to  be reversib le and an 
excess of one form  of su lfur causes th e  eq uilib riu m  to 
sh ift tow ard  th e  other form .

P i t t s b u r g h  c o a l — In T a b les I X  and X  are g iven  
the results ob tain ed  for th e  P ittsb u rg h  coal. T h is  
was carbon ized  a t o n ly  tw o  tem peratures, 500° and 
io o o °.

T a b l e  X — R e a c t i o n s  O c c u r r in g  in  C a r b o n i z a t i o n  o f  P i t t s b u r g h  
H IC o a l (R esu lts*exp ressed  in 'p c r  c e n t s u lfu r  on  b as is  o f a ir -d rie d  coal) 
T e m p e ra tu re  FeSa =  FeS MSO< O rg a n ic  S O rg a n ic  S M S *= 

R a n g e  0  C. +  H z S , =  M S =* H tS =  T a r  O rg an ic  S
0 -5 0 0  0 .4 7  0 .2 3  0 .1 5  0 .0 5  0 .2 4

5 0 0 -1 0 0 0  0 .3 2  0 .0 0  0 .0 0  0 .0 0  0 .2 3
T o t a l 0 .7 9 0 .2 3 0 .1 5 0 .0 5 0 .4 7

A  stu d y  of these reactions reveals th e  fa c t th a t  th e y  
do n ot differ essen tially  from  those undergone b y  th e 
Tennessee coal.

u p p e r  f r e e p o r t  c o a l — T h e U pp er F reep o rt coal 
ga v e  th e resu lts and reactions show n in  T a b les X I  
and X I I .

T a b l e  X I— D is t r ib u t io n  o p  S u l f u r  in  U p p e r  F r e e p o r t  C o a l , N o . 23066 
(V alu es  g iv e n  in  p e r  c e n t o f o r ig in a l a ir -d r ie d  coa l)

T o t a l ................................................. 1 .21

0 ° 500° 1000'
0 .4 7 0 .3 3 0 .0 0
0 .0 7 0 .0 1 0 .0 0
0 .6 7 0 .5 8 0 .6 6
0 .0 0 0 .0 9 0 .1 2
0 .0 0 0 .1 7 0 .4 0
0 .0 0 0 .0 3 0 .0 3
0 .0 0 0 .0 0 0 .0 0
1.21 1.21 1.21

T a b l e  I X - -D is t r ib u t io n  o f  S u l f u r  in  P it t s b u r g h  C o a l , N o . 18847 
(Value given in per cen t of original air-dried  coal)

0 ° 500° 1000'
P yritic  S u lfu r............. ......................  0 .7 9 0 .3 2 0 .0 0
Sulfate S u lfu r............. ......................  0 .2 3 0 .0 0 0 .0 0
Organic S u lfu r........... ......................  0 .7 0 0 .7 4 0 .9 8
Sulfide S u lfu r............. ..................... 0 .0 0 0 .2 3 0 .1 6
Sulfur as H*S............. ..................... 0 .0 0 0 .3 8 0 .5 3
T a r  S u lfu r................... ..................... 0 .0 0 0 .0 5 0 .0 5
Sulfur as CSa.............. ..................... 0 .0 0 0.0 0 0 .0 0

T o t a l ........................ ......................  1 .7 2 1 .72 1 .72

T a b l e  X II— R e  a c t io n s 'O c c u r r in g  i n  C a r b o n iz a t io n  o f  U p p e r  F r e e - 
p o r t ^C o a l  (R esults^expressed in per c en t su lfur on basis of air- 

dried coal)
M SO 4 O rganic S Organic S  M S =  
a  M S “  H tS  — T a r  S  Organic S
0 .0 6  0 .1 0  0 .0 3  0 .0 4
0 .0 1  0 .0 6  0 .0 0  0 .1 4
0 .0 7  0 .1 6  0 .0 3  0 .1 8

T em pera tu re  FeS* =  FeS 
R ange 0  C . +  H iS 

0 - 5 0 1 0 .1 4
5 00 -1000  0 .3 3

' T o t a l  0 .4 7

In  general, these reactions resem ble th ose of th e  
coals a lread y  described.
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j o l i e t  c o a l — Through the courtesy of Mr. J. V. 
Freeman, chief chemist of the central laboratory of 
the Illinois Steel Co., a sample of the coal as it 
is charged into the by-product ovens at that plant 
was obtained. A  sample of the coke from the ovens 
was also obtained for comparison. This comparison 
is given later in the paper. The results obtained on 
this by-product coking coal are given in Tables X III  
and X IV .

T a b l e  X III— D is t r ib u t io n o f  S u l f u r  in J o l ie t  C o a l , N o . 33945
(V alu es  g iv e n  in  p e r c e n t of o r ig in a l a ir -d rie d  coal)

0 ° 500° 1000°
P y r itic  S u lfu r ............................ ___  0 .2 6 0 .1 2 0 .0 0
S u lfa te  S u lf u r ............................ ___  0 .0 0 0 .0 0 0 .0 0
O rg an ic  S u lfu r .......................... 0 .44 0 .49
S ulfide S u lfu r ............................ ___  0 .0 0 0 .0 8 0 .06
S u lfu r  as  H jS ............................. ___  0 .0 0 0 .16 0.25
T a r  S u lfu r ................................... ___  0 .0 0 0 .0 2 0 .0 2
S u lfu r  a s  C S 2 ............................. ___  0 .0 0 0 .0 0 0 .0 0

T o t a l ......................................... . . .  0 .82 0 .82 0 .82

T a b l e  X IV — R e a c t i o n s  O c c u r r i n g  in  C a r b o n i z a t i o n  o p  J o l i e t  C o a l  
(R e su lts  ex p re ssed  in p e r  c e n t s u lfu r  o n  b as is  o f a ir -d r ie d  coal) 

T e m p e ra tu re  FeSs =  F eS  MSO< O rg a n ic  S O rg an ic  S M S =  
R an g e  0  C . +  H jS  -  M S -  H jS «  T a r  S O rg an ic  S

0-500 0 .1 4  0 .0 0  0 .0 9  0 .0 2  0 .00
500-1000 0 .1 2  0 .0 0  0 .0 3  0 .0 0  0 .07

T ot a l  0 .2 6  0 .0 0  0 .1 2  0 .0 2  0 .07

The general course of reactions in this mixed coking 
coal resembles that of the m ajority of coals studied.

r a w  a n d  w a s h e d  v a n d a l i a  c o a l — Com parative 
tests were made between a coal in the raw state and 
the same coal after passing through a washery. The 
results of these tests are given in Tables X V  and X V I.

T a b l e  X V — D is t r ib u t io n  o p  S u l f u r  in  R a w  V a n d a l ia  C o a l , N o . 
33819, a n d  WASnED V a n d a l ia  C o a l , N o . 33821 (Values given 

in per cen t of original air-dried  coal)
  R a w ---------- . , W a s h e d  >
0° 500° 1000° 0° 500° 1000°

P yritlc  Su lfu r.......................... 0 .7 0  0 .3 2  0 .0 0  0 .25  0 .1 2  0 .0 0
Sulfate Su lfu r.........................  0 .0 3  0 .0 0  0 .0 0  0 .0 3  0 .0 0  0 .00
Organic S u lfu r........................ 0 .65  0 .5 0  0 .7 0  0 .9 0  0 .6 3  0 .66
Sulfide Su lfu r.........................  0 .0 0  0 .1 2  0 .1 1  0 .0 0  0 .0 4  0 .03
S u lfu r as II jS .........................  0 .0 0  0.41 0 .5 4  0 .0 0  0 .3 6  0 .4 6
T a r  S ......................................... 0 .0 0  0 .0 3  0 .0 3  0 .0 0  0 .0 3  0 .03
Sulfu r as CS*.........................  0 .0 0  0 .0 0  0 .0 0  0 .0 0  0 .0 0  0 .0 0

T o t a l ................................... 1 .38  1.38 1.38 1.18 1.18 1.18
T a b l e  X V I— R e a c t io n s  O c c u r r in g  in  C a r b o n iz a t io n  o p  V a n d a l ia  

C o a ls  (R esults expressed in per cen t su lfu r on basis of air-dried  coal) 
T em pera- F cS 2 =
tu re  R ange FeS MSO4 O rganic S O rganic S M S *= 

C o a l  0  C , +  H2S =  M S ■=> H*S «= T a r  S Organic
R aw .................  0 -500 0 .3 8  0 .03  0 .2 2  0 .0 3  0 .1 0
R aw ....................  500-1000 0 .3 2  0 .0 0  — 0 .0 3  0 .0 0  0 .17

T o t a l  0 .7 0  0 .0 3  0 .1 9  0 .03  0 .27
W ashed   0-500 0 .1 3  0 .0 3  0 .2 9  0 .0 3  0 .05
W ashed   500-1000 0 J 2  0J30 0 .0 4  0 .0 0  0.07

T o t a l  0 .2 5  0 .0 3  0 .33  0 .0 3  0 .12

Some rather interesting comparisons can be made 
from these coals. In the raw coal, where the inor
ganic sulfur predom inates, a larger quantity  of metallic 
sulfides are converted into the organic form than 
in the washed coal. In the washed coal, where the 
organic sulfur predominates, more of the organic sulfur 
is decomposed into hydrogen sulfide than in the raw 
coal. Therefore, as might be expected, the extent to 
which a sulfur reaction will proceed depends very 
largely on the amount of the reacting constituent 
present.

The results obtained from  the tests on these various 
coals check up very  closely the conclusions arrived 
at from the series of tests on the Tennessee coal. One 
very noticeable exception was the Pocahontas coal 
in which organic sulfur was present in relatively very 
small quantity. Because of this there was no con
version of metallic sulfides into organic sulfur, but the

reaction seemed to be the reverse of this. Exceptions 
of this kind m ay be expected where the sulfur con 
stituents are in abnormal relation to each other.

DISTRIBU TION OF COAL SULFUR I N  THE COKING 
PROCESS

A question which has long been of great interest to 
the coal and coke chemists of the country is th at of 
the behavior of the different forms of coal sulfur during 
the coking process. W hich is eliminated in the 
volatile m atter in the greatest proportion— the organic 
sulfur or the pyritic sulfur.? W hat conditions, if any, 
affect the distribution ratio of the tw o forms between 
the coke and the volatile products? The conclusions 
of previous investigators have varied widely on this 
point. Cam pbell believes that most of the organic 
sulfur remains in the coke. Parr, on the other hand, 
states th at the organic sulfur is discharged for the 
most part at relatively low tem peratures. M ’ Callum  
concludes th at a somewhat greater percentage of the 
organic sulfur than of the inorganic was volatilized.

From the standpoint of coal washing, the question 
is an im portant one, since this process selectively 
removes the pyrite without touching the organic sulfur. 
If organic sulfur is volatilized in greater proportion than 
the pyritic sulfur, coal washing for coking coals is more 
efficient than the sulfur reduction in the coal would 
indicate. The facts are th at washery men have 
alw ays evaluated their practice by the sulfur and ash 
reduction secured, without any attention to the forms 
of sulfur removed. Table X V II  is  d e s ig n e d  to  bring 
out the data concerning the relation of the sulfur in 
the coal to that in the coke.
T a b l e  X V II— R e l a t io n  o p  t h e  S u l f u r  F orm s  o f  t h e  C o a l  t o  S u l fu r  

in  t h e  C o k e  (D a ta  based on sulfate-free coal, contain ing  only  
organic and  p y ritic  su lfur forms)

Organic Ino rgan ic  Sulfur in
Sulfur Sulfur B y-product

P er cen t P er cen t Sulfur Sulfur Oven
of of in Coal in Coke Coke

C oa l  T o ta l S T o ta l S  P er cen t P er cen t Per cent
Pocah o n tas................   85 .5  14.5 0 .5 5  0 .45  . . . .
W ashed V andalia   78 .2  21 .8  1.15 1.14 . . . .
Jo lie t C oking.................... * 68 .3  31 .7  0 .8 2  0 .75  0 .64
U pper F reep o rt.............  5 8 .8  4 1 .2  1.14 1.09 . . . .
T ennessee........................  5 0 .6  49 .4  3 .5 4  3 .22  . . . .
R aw  V andalia ................  48.1 51 .9  1.35 1.30 . . . .
P it tsb u rg h .......................  4 7 .0  5 3 .0  1.49 1.51 . . . .

It  will be noted th at all the data above have been 
calculated on the basis of sulfate-free coal. This is 
necessary since it is known th at the sulfate form is 
com pletely retained in the coke and its presence in the 
calculations would obscure the essential data regarding 
the pyrite and organic sulfur. In freshly mined coal 
sulfates are normally absent.

The coals have been arranged in the tab le in the 
order of their relative content of organic sulfur, be
ginning with the highest proportion of organic sulfur. 
A  careful scrutiny of the percentages of sulfur in the 
coals and the percentages of sulfur in the corresponding 
cokes will not reveal any constant difference. Further
more, the differences between the tw o percentages do 
not vary  as the proportion of organic sulfur, but seem 
to be entirely independent of this. These figures 
would seem to indicate th at the total sulfur of the coal 
is the most im portant factor affecting the sulfur con
tent of the coke, th at the relative amount of sulfur 
forms present do not affect it  m aterially, and that
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certain  other factors, p a rticu la rly  th e  n ature of the 
coal, w ill v a r y  th e am oun t of sulfur in th e coke to  a 
lim ited  exten t. T h a t  another factor, n ot considered 
up to  th is tim e, m aterially  affects th e su lfur con ten t 
of coke w ill be show n la te f.

A  com parison betw een  th e  raw  and th e w ashed 
V an d alia  coals shows th a t th e  sulfur reduction  in the 
coke is n ot even  as good as th e  corresponding reduc
tion  of sulfur in th e coal. F o r all p ractica l purposes, 
how ever, th e sulfur in th e  tw o  cokes is ro u gh ly  p ro
portional to  th e  sulfur in  th e  tw o coals, w hich stro n gly  
bears ou t th e sta tem en t ju st m ade, n am ely, th a t  the 
to ta l sulfur of th e  coal is th e  m ain determ in ing fa cto r 
and not th e re lativ e  q u a n tity  of organic and inorgan ic 
s u lfu r .'

A t  th e tim e th e cokin g coal w as ob ta in ed  from  th e 
Joliet b y-p rod u ct p lan t, a sam ple of coke, m ade from  
this coal in the ovens, w as also furnished. T h e  sulfur 
an alysis of th is coke is g iven  in th e last colum n of th e  
table. T h e  reason for th e difference in th e su lfur con
te n t of th e coke m ade in th e  la b o ra to ry  and th a t  m ade 
in th e  b y-p ro d u ct ovens is foun d in a v e ry  in terestin g  
secon dary cokin g reaction, w hich has been w ell proved, 
and w ill be described in a la ter  paper. T h is  reaction  
is one betw een  th e  h yd rogen  of the b y-p ro d u ct gases 
and th e  red-hot cokc, w hich results in th e  form ation  
of h yd rogen  sulfide and its  u ltim ate  rem oval from  th e  
oven. T h is decrease in th e  coke sulfur due to  th is 
secon dary oven  reaction  w ould  a p p ly  to  all th e  cokes 
in th e ab ove tab le , b u t th is increased difference b e
tw een th e  percen tage of su lfur in th e coal and th a t of 
th e coke w ould in no wise affect th e  conclusions reached 
as to  th e  effect of th e  re lativ e  q u an tities of sulfur 
form s present. T h e  com parison of these tests w ith  
actu al operation  is interestin g, how ever, as show ing 
the difference betw een  th e effect of th e p rim ary  sulfur 
reactions, as w orked ou t in th e lab o rato ry , and th e 
com bined effect of p rim ary and secon d ary reactions 
as show n in  th e b y-p ro d u ct coke oven.

T h e  n atu re of th e  sulfur com pounds in coke has 
a lw a ys been a problem  difficult to  solve. T h e  present 
in v estig a tio n  has b rought out v e ry  little  additional 
inform ation  on th is su b ject. I t  still seem s p robable 
th a t the m a jo rity  of th e  coke sulfur is organic, w ith  a 
sm aller q u a n tity  of iron sulfide present. T h e  n atu re 
of th is iron sulfide in coke has a lread y  been described.

P roof th a t a m agn etic sulfide of iron  existed  in  coke 
w as established b y  th e  fo llow ing experim ent: C oke,
m ade in  th e  la b o ra to ry  from  th e  Jo liet cokin g coal, 
was pu lverized  in  a porcelain  m ortar. I t  w as foun d 
th a t abou t one per cen t of th is  coke could be sep arated  
from  th e rem ainder b y  m eans of a large horseshoe 
m agnet. T h e  m agn etic portion  contain ed  2.4 per 
cent, and th e n on m agn etic portion  0.12 per cen t of 
sulfide sulfur.

In  oth er w ords, th e m agn etic portion  contain ed 
tw e n ty  tim es th e  p ercen tage of sulfide su lfur th a t  w as 
in th e  rem ainder. T h is  w ould  point to  th e  presence 
in th e  coke of m agn etic sulfide of iron  or p yrrh o tite . 
C am p bell has p rev io u sly  in d icated  th e  presence of 
th is sub stance in coke and th is in v estig a tio n  con
firm s his statem en ts, b u t exception  is ta k e n  to  his

claim  th a t p y rrh o tite  has th e  form u la  FejSs, th e  tru e  
n atu re of th is su b stan ce h a vin g  been in d icated  earlier 
in th is  paper. Free iron has n ot been d etected  in  
coke prepared under carefu l conditions, b u t has been 
foun d in large q u an tities in  coke w hich has been 
ground in an iron or steel crusher, due so le ly  to  th e  
erosion of th e m achin ery.

C O N C L U S IO N S

P reviou s w ork has in d icated  th a t  su lfur exists- in  
coal in three ty p ic a l form s— p y rite  or m arcasite, s u l
fates, and organic sulfur. A  s tu d y  of th e ch an ges 
w hich these form s undergo during cokin g has been 
m ade on a v a r ie ty  of coals, and th e  five fo llo w in g  
classes of reactions established:

1— C om p lete  decom position  of th e p yrite  and m a r
casite to ferrous sulfide, p yrrh o tite , and h yd ro gen  
sulfide. T h is reaction  begins a t 3000 C ., is com p lete  
a t 6oo° C ., and gen erally  reaches its m axim um  b etw een  
400° and 500° C.

2— R edu ctio n  of su lfates to  sulfides. T h is  reactio n  
is com plete a t S00° C.

3— D ecom position  of th e organic su lfur to form  
hydrogen  sulfide. F rom  on e-quarter to  on e-th ird  of 
th e  organic sulfur is so a ffected  in th e  p rim a ry  d eco m 
position, b u t th e b y-p ro d u ct gases tra v e lin g  th rou gh  
th e cokin g m ass increase th is reactio n  to  as m uch as 
one-half of th e  organic sulfur present. P rim a ry  d e
com position  is m ost a ctiv e  below  5000 C.

4— D ecom position  of a sm all p a rt of th e  o rga n ic  
sulfur to form  v o la tile  organic su lfur com pounds. 
T h e  greater portion  of these find th eir w a y  in to  th e  
ta r. T h is  decom position  occurs a t th e  low er te m 
peratures of th e  cokin g process.

5— D isap pearan ce of a portion  of th e ferrous su lfid e  
and p yrrh o tite , th e  sulfur a p p a ren tly  en terin g in to  
com bin ation  w ith  th e  carbon. T h is reactio n  seem s to  
be m ost a ctiv e  in th e neighborhood of 3000 and h igh er.

T h e  organic su lfur n ot accou n ted  for b y  th e a b o v e  
reaction s undergoes a decided chan ge in ch a ra cte r  
betw een  400° and 500° and shows none of th e  p rop erties 
of th e  original coal sulfur.

T h is in v estig a tio n  in d icates th a t th e  to ta l su lfu r 
of th e  coal is th e  m ost im p o rta n t fa cto r  a ffectin g  th e 
su lfur con ten t of th e  coke, th a t  th e r e la tiv e  am ou n ts 
of sulfur form s present do n ot affect it  m a teria lly , and 
th a t certain  oth er facto rs, p a rticu la rly  th e  n atu re  of 
th e  coal, w ill v a r y  th e  am ount of sulfur in  th e  coke to  
a lim ited  exten t.

T h e  secon d ary reactio n  b etw een  th e su lfur o f th e  
red-hot coke and th e  h yd ro gen  of th e  b y-p rod tict gases 
tra v e lin g  th ro u g h  it  causes a m ore m arked  red u ction  
in  th e  am ou n t of su lfur le ft  in  th e  coke th a n  th e  a b o ve  
p rim ary  reactio n s w ould  in d icate.

A  m agn etic sulfide o f iron, p ro b a b ly  p y rrh o tite , 
has been p roved  to  be present in  coke.
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T H E  D ESU LFU R IZIN G  A CTIO N  OF H YD R O G EN  ON 
C O K E 1.2

B y Alfred R. Powell
E x p e r im e n t  S t a t io n , B u r e a u  o p  M i n e s , P it t s b u r g » , P a .

Sulfur has a lw a y s been an ob jectio n a b le  con stitu en t 
of coke, and, as th e su p p ly  of low  sulfur coal becom es 
less, th e presence of m ore and m ore sulfur in m etal
lu rg ica l coke is a real problem . C oal w ashing has 
been resorted to  in  m an y regions w here high sulfur 
coal is m ined, b u t even  efficient m ethods of w ashing 
often  w ill n ot solve th e  problem s, since th is trea tm en t 
rem oves a p a rt of th e  sulfur w hich is com bined as 
p yrites, b u t does n ot affect th e finely d issem inated 
iron p y rite  or th e  sulfur in organ ic  co m b in atio n .3 
In  m ost cases, on e-fourth  to  one-half of th e  sulfur 
in coal can be rem oved  b y  w ashing, w hich m eans a 
corresponding reduction  in  th e  coke sulfur, as has 
been show n p reviou sly  b y  th e  a u th o r.4

P R O C E S S E S  F O R  T H E  D E S U L F U R IZ A T IO N  OF T H E  C O K E

In  addition  to  m ethods for rem ovin g a portion  of 
th e  sulfur in  coal b y  w ashing, m an y schem es h ave 
been proposed for th e  rem oval of sulfur from  th e coke 
itself. A ll of th ese processes in v o lv e  eith er th e  elim ina
tion  of th e  sulfur as vo la tile  com pounds or its con
version in to  com pounds w hich m ay later  be leached 
ou t w ith  w ater, and w hich, b y  th e ir  n ature, are h arm 
less for th e  uses to  w hich  th e  coke is to  be put. A  
general su m m ary  of desulfurizing processes w hich h ave 
been p a ten ted  or proposed follow s.

PROCESSES INVOLVING THE PASSAGE OF GASES THROUGH THE
c o k in g  m a s s . Steam— Scheerer5 in 1854 passed high pressure 
steam into an oven before drawing the coke, and claimed a 
resultant loss of 0.4 per cent sulfur in the coke. A  steam de
sulfurizing process was patented by Claridge and Roper in 1858. 
Woltereck“ has a process combining the use of air and steam 
at not over 400° C., by  which it is claimed the sulfur is driven 
out as the dioxide. The disadvantage of steaming processes 
is that an excessive amount of the coke is used up to secure 
desulfurization.

Air— The passage of air through red-hot coke was investi
gated by Philippart.7 Elimination of a  part of the sulfur as 
sulfur dioxide was secured, but only a t the expense of a pro
hibitive portion of the coke. The use of air under high pressure 
with the coke at 300° C. did not give very efficient desulfuriza
tion.

Chlorine— Stoner8 has a process in which coke is treated at 
the close of the coking operation w ith chlorine or chlorinated 
gases, and then washed to remove the soluble salts. This

1 Published  by  perm ission of th e  D irecto r of th e  U. S. B ureau  of M ines.
a P resen ted  by  title  a t  the  59th M eeting  of th e  A m erican Chem ical 

Society, S t, Louis, M o., A pril 12 to  16, 1920.
3 T . F rase r an d  H . F . Y ancey, Bull, A m . In s t. M in ing  Ellg., 1919, 1817.
‘ A lfred R . Powell, T h is  J o u rn a i ,,  12 (1920 ), 1069.
6 G roves an d  T horp , "C hem ical Technology,”  1, p. 123. J . and  A. 

C hurchill, London, 1889.
* D . R . P . 261,361, M ay  2, 1912.
1 G roves a n d  T horp , Loc. cit.
• U .  S. P a te n t 887,145, M ay 12, 1908.

process is rather expensive, and furthermore tends to destroy 
the coke and by-products. Fingerland1 parses chlorine through 
the hot coke after adding certain catalyzers, and claims that 
the sulfur passes off as sulfur dichloride.

Carbon monoxide— Several patents call for the use of carbon 
monoxide, but no data as to their efficiency are available.

PROCESSES INVOLVING THE ADDITION OF COMPOUNDS TO THE
c o a l  BEFORE c o k in g — Salt— In England the Calvert process2 
made use of sodium chloride added to the coal before coking. 
The purpose was to form volatile compounds of sulfur and 
phosphorus with the chlorine of the salt, but later experiments 
have demonstrated that sulfur is actually increased in the coke 
by  the addition of salt. The Rowan process, patented in 1868, 
made use of the addition of salt, with subsequent washing of the 
coke by  immersion in water. I t  is claimed that this process 
gave good results, but it has never been applied on a commercial 
scale.

Sodium carbonate— -This process, patented by Spurrier,’  is 
not in reality a desulfurizing process, but is simply the addition 
of sodium carbonate in excess, to prevent the sulfur of the coke 
from uniting with the iron in the smelting operation.

Manganese dioxide— The addition of manganese dioxide to 
coal before coking has been patented by Franck.4 The claim 
is made that the oxygen liberated effects a rapid combustion of 
the organic sulfur compounds, which are then removed with the 
gases. No mention is made of the simultaneous oxidation of the 
coal substance proper, which must be excessive.

P R O P O S E D  M ETH O D

N one of th e  coke d esulfurization  processes ju s t  
described h a ve  ever foun d exten sive applicatio n , and 
th e  author know s of no large-scale operation  based on 
a n y  of these processes in  th is cou n try. C o k e  desul
fu rization  m ust of n ecessity  be cheap, m ust rem ove a 
large percentage of th e  sulfur, and m ust in v o lv e  little  
change in existing equipm ent. In  addition, a  su c
cessful process m ust n ot affect th e  q u a lity  or q u a n tity  
of coke produced.

In th e preceding paper th e reactions w hich coal su lfu r 
undergoes during carbon ization  h ave been described. 
From  these experim ents it  w as concluded th a t  p y r ite  
decom posed to  form  ferrous sulfide or p yrrh o tite  and 
hydrogen  sulfide, th e  ratio  betw een  th e residual su lfu r 
and th e  v o la tile  sulfur being a b ou t i : i .  Secon dary 
reactions at th e higher tem p eratu res o f th e  cokin g 
process cause th e ferrous sulfide to  change over p a rtly  
to  w h at is ap p aren tly  a “ carbo n -su lfu r1' com p o u n d .5 
T h e organic sulfur com p letely  decom poses, m ore th an  
one-half being retained  in th e coke in  an altered  form , 
w hile th e rem ainder is ev o lved  as h yd ro gen  sulfide, 
togeth er w ith  sm all q u an tities of thiophen e or oth er 
vo la tile  organic com pounds. T h e  resultin g sulfur of th e  
coke w ill consist, therefore, of iron sulfide, either as 
ferrous sulfide or as p y rrh o tite , and a larger q u a n tity  of a 
v e ry  stab le organic sulfur substance. T h e  percen tage 
of organic sulfur in th e  coke is h igher th a n  th a t  of th e

1 D. R. P. 270,573, Ju n e  7, 1913.
2 Groves and  T horp , Loc. cit.
« U. S. P a te n t 1,007,153, O ctober 31, 1911.
* D. R. P . 274,853, April 12, 1912.
* References in th is  paper to  a  “ carbon-su lfu r” com pound and  to  

organic su lfur in coke are sim ply convenient term s to  designate a com bina
tion  or existence of sulfur in  coke as y e t unknow n. Ind ica tions po in t to  
th e  association of th is  su lfur w ith  th e  carbon of th e  coke, b u t  w hether th is  
is a physical or a  chem ical association is as y e t undeterm ined.
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T a b l e  I — S o u r c e  a n d  P r o x im a t e  a n d  S u l f u r  A n a l y se s  o f  C o a l s1
L aboratory

N umber N ame Source M oisture
Volatile
M atte r

Fixed
C arbon Ash Sulfur

18847 P ittsbu rgh Pennsylvania, B ruceton,
E xperim ental M ine, B ureau  of M ines

1.57 38 .72 54.95 4.75 1.72

23066 U pper F reepo rt Pennsy lvan ia, B u tle r Co., 
C unningham  Coal Com pany

2 .04 33.11 56 .36 8 .49 1.21

33945 Jo lie t coking Pocahontas, 65% ; Lynch, K y ., 20% ; 
F rank lin  Co., 111. (w ashed), 15%. 
As charged in by-p roduct ovens, 
Illinois Steel Co., Jo lie t, 111.

0 .9 2 26.28 65 .60 7 .20 0 .82

1 All sam ples in an  a ir-d ry  conditon.

inorganic sulfur; hence, th e  form er is th e  su b stan ce to  
be a tta ck ed  in a d esulfurization  process.

One m eans of accom plishing desu lfu rizatio n  w ould 
be to  m odify  th e sulfur reactions of th e cokin g process 
so as to  secure larger am ounts of th e  vo la tile  sulfur 
com pounds and less of th e  residual. A n oth er m ethod 
w ould be to  a tta c k  th e  sulfur of th e  finished coke in 
an a ttem p t to  secure its rem oval. T h e  process d e
veloped  in th is in v estig a tio n  could be used in  either 
w ay, b u t it  is m ore con ven ien t to  a p p ly  th e n ecessary 
m ethods durin g th e  carbon ization  period.

Som e tim e ago a m ethod w as proposed for th e  de
term in ation  of to ta l sulfur in coke b y  th e  use of n ascen t 
h yd ro gen .1 T h is m ethod has n ever com e in to  ex
ten sive use for th e  purpose for w hich it  w as inten ded, 
b u t is in terestin g  as show ing th e com p a ra tiv e  ease 
w ith  w hich th e  sta b le  sulfur in  coke m a y be elim inated. 
T h e  pow dered coke w as m ixed w ith  zin c or alum inium  
foil, and h eated  in w ater, and h yd ro ch loric  acid  w as 
added. M o st of th e  sulfur w as elim in ated  as h y 
drogen  sulfide, a lth ou gh  th e  author has n ever foun d 
th a t th e  m ethod com p letely  con verts th e  sulfur into 
hydrogen  sulfide.

Since n ascen t h yd rogen  has such a  decided effect 
o n  th e  coke sulfur, it  w as th o u g h t th a t  h yd ro gen  passed 
th rou gh  th e  cokin g m ass m ight show  a m aterial de- 
su lfurizin g action. I f  th is were so, th e  process m ight 
find exten sive com m ercial a p p licatio n , since th e  lean  
gases produced b y  th e  carbo n ization  of coal contain  
a b o u t 50 per cen t of hydrogen . T h u s a b y-p ro d u ct 
could be utilized  for th e  desulfurization  w hich w ould 
n ot in jure th e  coke, and, furtherm ore, th e  b y-p ro d u ct 
ga s itse lf w ould  n ot be chan ged essen tially.

E X PE R IM E N T A L  METHOD

A ll th e  exp erim ental w ork  described in  th is paper 
has been done in  a v e ry  sm all la b o ra to ry  apparatu s. 
T h e  process is n ow  being applied  on a larger scale, 
using a 10-lb. charge; if these experim ents are successful, 
tests w ill be m ade in  com m ercial coke ovens.

T h e  ap p aratu s w as essen tially  th e  sam e as th a t used 
in th e s tu d y  of reaction s of coal su lfur durin g th e  
c o k in g  process, and  fu lly  described in  th e  paper a l
rea d y  referred to.

T h e cokin g charge consisted of 5 g. of coal con
tained  in  a fused  silica  tu b e. T h is  tu b e  w as heated  
b y  an electric tu b e  fu rn ace w ith  th e  tem peratu re under 
close control a t all tim es. H yd rogen  w as a d m itted  
to  th e in let end of th e  cokin g tu b e  th ro u g h  a flow 
m eter, so th a t th e  rate  of flow could  be m ain tained 
fa ir ly  constan t. T h e  su p p ly  of h yd rogen  w as fu r 
nished b y  a K ip p  generator, w hich g a v e  a  uniform  
ra te  of flow. T h e ou tlet end of th e tu b e  contain ed  
a  co tto n  plug for a ta r  filter, and w as conn ected  to  a

1 N . O teha, Z . angew. Chem., 1897, 330.

flask contain ing am m oniacal cadm ium  chloride to 
collect th e  hydrogen  sulfide evo lved . A t  th e  end 
of th e  cokin g process th e  conten ts of th e  cadm ium  
chloride flask were acidified, and th e  h yd ro gen  sulfide 
determ ined iod om etrically .

T h e  coke w as pu lverized  and trea ted  w ith  d ilute 
h yd roch loric  acid, b y  w hich m eans th e  sulfur com bined 
as sulfide w as ev o lved  as h yd rogen  sulfide, w hich 
w as absorbed in cadm ium  chloride and titra te d  w ith  
iodine.

T h e  residue from  th e  hyd roch loric  acid  ex tra ctio n  
w as trea ted  w ith  n itric  acid  (sp. gr. 1 .12) for 24 hrs. 
a t room  tem peratu re to  e x tra ct a n y  p y rite  th a t m ight 
rem ain, th en  filtered, th e  filtrate  ev ap o rated  to  d r y 
ness, and sulfur and iron determ in ed b y  th e  usual 
m ethods. B y  com parison of th ese an alyses w ith  
th ose of th e  corresponding tests w here no h yd rogen  
w as used, th e  efficiency of hydrogen  as a desulfurizing 
a gen t could b e estim ated. In  m ost cases th e  d eterm in a
tion  of th e hydrogen  sulfide evo lved , as th e  m easure 
of desulfurization, w as checked  b y  actu al d eterm in a
tion  of th e  sulfur in  th e  coke.

DESC RIPTION o r  COALS

T h ree coals were used in  th is in v e s t ig a tio n .. T a b le  
I gives th e  lab o rato ry  sam ple num ber, th e  nam e to 
be used in referring to  th e  coal, a  brief description  
of its  source, and th e  results of p roxim ate and sulfur 
analyses.

RESULTS OF E X PE R IM E N T S

P i t t s b u r g h  c o a l — T h e  P ittsb u rg h  coal w as co m 
p le te ly  carbonized  b y  being k ep t in  th e  tu b e  fu rn ace 
for 2 hrs. a t 1000°. I t  had been fou n d  b y  previou s 
tests th a t  th e  coal sulfur reaches a condition  of s ta b ility  
under these conditions, and th a t no m ore h yd ro gen  
sulfide w ill be ev o lve d  b y  keeping th e  coke a t th is  
tem p eratu re for a  longer period. P u re h yd ro gen  
w as th en  passed th rou gh  th e  fu rn ace a t th e  ra te  of 
100 cc. per m inute for a period of one h ou r.1 C o m 
p a ra tiv e  figures on th e  coke sulfur before and  after 
th e  trea tm en t w ith  h yd rogen  are g iven  in  T a b le  II .

T a b l e  I I — D.s s u l p u r iz a t io n  o r  C o k e  pr o m  P it t s b u r g h  C o a l  b y  
H y d r o g e n

W ithou t W ith  
H ydrogen H ydrogen

T o ta l su lfur in  coal (P er cen t a ir-d ry  c o a l ) . . . .  1 .72  1.72
Sulfu r evolved as hydrogen sulfide (P er cent air-

d ry  co a l.............................................................................  0 .5 3  0 .74
Sulfur in coke (P er cen t a ir-d ry  co a l) ........................ 1.14 0 .93
Sulfur in  coke (P er c en t a ir-d ry  c o k e ) . . .   .........  1 .90  1.55

In  in terp retin g  these results, it  m ust be k e p t in 
m ind th a t th e  h yd rogen  w as passed th ro u g h  th e  fin-

1 A flow of hydrogen of 100 cc. per m inu te  for one hour th ro u g h  5 g. 
of coal would m ean 38 M  cu. f t. per ton  of coal. I t  m ust be rem em bered 
th a t  th e  coal rested  in th e  b o tto m  of th e  tu b e  in  th e  labo ra to ry  ap p ara tu s , 
an d  the  m a jo rity  of the  hydrogen sim ply passed over w ithou t accom plishing 
an y  desulfurization. F o r th is  reason there  can be no com parison betw een 
labo ra to ry  conditions an d  actual coke-oven practice, so far as the  am ount 
of hydrogen required  is concerned.
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ished coke after, and not during, its form ation. T h e 
sulfur analysis of th is coal shows th a t ou t of th e  to ta l 
sulfur percen tage of 1.72, 0.79 per cen t is com bined as 
p yrite , 0.23 per cen t as su lfate, and 0.70 per cen t as 
organic sulfur. T h e  large am oun t of sulfide sulfur 
in th e  coal accoun ts for th e h igh  sulfur coke from  th e 
ord in ary  distillation . T h e  flow of hydrogen  for one 
hour b ro u g h t th e  coke sulfur from  1.90 dow n to  1.55 
per cent.

T h e cok e w as n ow  cooled from  io o o °  to  500° C ., 
and th e  flow  of h yd rogen  continued. U nder these 
conditions, no h yd ro gen  sulfide w as ob tained , showing 
th a t  no desulfurization  to o k  place on th e  finished coke 
a t th is tem perature. On raising th e  tem perature 
again  to  1000°, evo lu tion  of hydrogen  sulfide con
tin u ed  a t th e  sam e ra te  as before.

T ests  on  th e  P ittsb u rg h  coal were continued  and th e 
hydrogen  w as passed th rou gh  con tin u ou sly  from  th e 
s ta rt of th e carbon ization , a t a rate  of xoo cc. per 
m inute. A fter  2 hrs. a t 500°, it  w as fou n d  th a t 1.6 
tim es as m uch h yd ro gen  sulfide had been ev o lved  as in 
a corresp on din g te st w ith o u t th e  use of hydrogen . 
T h e  c h a rg e  w as then  slow ly  carried up to  io o o 0 over 
a p e rio d  of 2 hrs. T a b le  I I I  shows th e  effect of 
the 4 hr. flow of hydrogen , as com pared w ith  a coking 
test w here no h yd ro g en  w as used.

T a b l e  I I I — D e s u l f u r iz a t io n  by  H y d r o g e n  in  C o k in g  T e s t  oe  
P it t s b u r g h  C oa l

W ith o u t W ith  
H ydrogen  H ydrogen

T o ta l sulfur in coal (P er cen t a ir-d ry  co a l)    . 1.72  1.72
Sulfur evolved as hydrogen sulfide (P er cen t air-

d ry  c o a l ) . . . . ................................................................  0 .5 3  1.15
Sulfide su lfur in coke (P er cen t a ir-d ry  c o a l ) . . . .  0 .1 6  0 .08
T o ta l sulfur in coke (P er cen t a ir-d ry  c o a l ) . . . .  1 .14 0 .52
T o ta l su lfur in coke (P er c en t a ir-d ry  coke) . . . .  1 .90  0 .8 6

A c tu a l an alysis of th e  su lfur in  th e  coke checked 
w ith in  a few  h un dredth s of a per cen t w ith  th a t  given  
ab ove b y  difference. T h e  -result of th is experim ent 
w as a reduction  of su lfur in th e coke from  1.90 to  0.86 
per cen t, or a decrease of considerably over one-half. 
T h is  reduction  w as ob tain ed  from  a coal containing 
su lfur of a v e ry  n on volatile  n ature, as show n b y  the 
high sulfur con ten t of th e  coke as com pared w ith  th e  coal.

F u rth er experim ents w ith  th e  P ittsb u rg h  coal in 
w hich th e  h yd rogen  w as m ixed w ith  a 'sm a ll q u a n tity  
of m oist h yd ro ch loric  acid  va p o r g a v e  results agreeing 
c losely  w ith  those g iven  above. A s a m a tter of fact, 
the to ta l sulfur in th is coke w as a little  higher th an  
in th e  coke from  th e  stra ig h t h yd rogen  run, a lthough 
the sulfide sulfur w as a little  low er. T h e  addition  
of a sm all q u a n tity  of h yd ro ch loric  acid  va p o r cannot, 
therefore, be regarded  as assisting desulfurization.

u p p e r  f r e e p o r x  c o a l— T wo runs were m ade to  
determ in e th e  effect of h yd rogen  on th e  desulfurization  
of th e  U pp er F reep o rt coal. One of these w as m ade 
a t 5000 for 2 hrs. w ith  th e  hydrogen  flow ing a t th e 
rate o f 100 cc. per m inute. T h e  oth er w as m ade at 
5000 for one hour, and th en  a t io o o °  for an hour, w ith  
the h yd ro gen  flow  a t  100 cc. per m inute. T h is  la tter  
run w as m ade w ith  th e  h yd ro gen  s lig h tly  m oist, since 
this seem s to  fa v o r  desulfurization. A n alyses of the 
products w ere m ade b y  th e  m ethods described in  the 
previous p a p e r.1 A  su m m ary of th e  results, together

1 Loc. cit.

w ith  th e corresponding results obtained w ith o u t th e 
use of hydrogen, is given  in T a b le  IV .

T a b l e  IV — D i s t r i b u t i o n  o f  S u l f u r  w i t h  a n d  w i t h o u t  H y d r o g e n  
in  U p p e r  F r e e p o r t  C o a l ,  N o . 23066 

(Values given in per cen t of original air-dry  coal)
>—W ithou t H ydrogen—* *—W ith  H ydrogen— 

C oal 500° C . 1000 C . 50 0 °  C . 1000° C.
P yritie  su lfu r...............  0 .4 7  0 .3 3  0 .0 0  0 .0 1  0 .0 0
Sulfate su lfu r...............  0 .0 7  0 .0 1  0 .0 0  0 .0 1  0 .0 0
Organic su lfu r.............. 0 .6 7  0 .5 8  0 .6 6  0 .6 3  0 ,0 7
Sulfide su lfu r................ 0 .0 0  0 .0 9  0 .1 2  0 .1 7  0 .0 0
Sulfur evolved as H:S 0 .0 0  0 .1 7  0 .4 0  0 .3 6  1 .11
T a r su lfu r...................... 0 .0 0  0 .0 3  0 .0 3  0 .0 3  0 .0 3
T otal su lfu r..................  1.21  1 .21  1 .21  1 .21  1 .21

T h e sulfur le ft in th e coke a t io o o 0 is th e sum  of th e 
organic sulfur and t h e ' sulfide sulfur. If  th e  per
centages g iven  above on th e basis of th e original coal 
are figured to  th e  percen tage of sulfur in th e coke, the 
coke produced w ith ou t hydrogen  contains 1.20 per 
cent sulfur, w hile th e coke m ade w ith  th e  hydrogen 
contains 0.11 per cen t sulfur. T h ere has therefore 
been a reduction  of over 90 per cent of th e  coke sulfur 
due to  th e effect of th e hydrogen . T h is w as the 
highest reduction  obtained  b y  th e  use of hydrogen 
during th e coking process. T h e  passage of th e  h y 
drogen seem ed to  produce no effect on th e  character 
of th e coke, other th a n  to  rem ove th e  sulfur, although 
th e  coke produced from  th is coal w as rather fragile 
and crum b ly  both w ith  and w ith o u t hydrogen  tr e a t
ment.

From  th e  d a ta  given  in T a b le  IV , th e reactions which 
th e various form s of sulfur had undergone during 
th e cokin g process were calcu lated  on a basis which 
has been discussed in th e  previous paper. T h e  
figures (in T ab le  V ) to  express th e  m agn itude of th e 
reactions are in  term s of per cent of sulfur reactin g, 
on th e basis of th e w eigh t of th e original air-dried 
coal.

T a b l e  V— R e a c t io n s  O c c u r r in g  in  C a r b o n iz a t io n  oe  U p p e r  
F r e e p o r t  C oal 

(R esults expressed in per cent su lfur on basis of a ir-d ry  coal)
T em pera tu re  KeS: = M SOt =* Organic S Organic S' M S O r

R ange, ° C .  FeS +  H ,S M S ~  HsS -  T a r S ganic S
W it h o u t  H y d r o g e n 1

0 -5 0 0  0 .1 4 0 .0 6  0 .1 0 0 .03 0.04
5 00 -1000  0 .3 3 0 .0 1  0 .06 0 . 0 0 0.14

W it h  H y d r o g e n

0 -5 0 0  0 .4 6 0 .0 6  0 .13 0 .03 0.12
5 00 -1 0 0 0  0 .0 1 0.01 0.88 0 . 0 0 0 .18

A  stu d y  of T a b le  V  shows th a t three of th e  five
reactions are m odified b y  th e  presence of hydrogen . 
T h e coal p y rite  is caused to  decom pose a t a low er 
tem perature, th e  decom position being p ra ctica lly  
com plete a t 500°; w hereas w ith o u t th e  hydrogen , less 
th an  one-third of th e sulfur had  been affected  below  
500°. T h is w as to  be expected, since th e speed of 
decom position of p y rite  is determ ined n ot on ly  b y  th e 
tem peratu re , b u t also b y  th e p artia l pressure of free 
sulfur over it. T h e presence of an excess of hydrogen  
keeps th e am ount of free sulfur dow n to  an alm ost 
n egligible q u a n tity . I t  should be pointed  ou t here th a t  
th e  m odification of th is p y rite  decom position reaction  
does n ot assist th e  desulfurization  process d irectly , 
since no m ore sulfur elim ination  is secured th a n  in  th e  
case of o rd in ary  d istillatio n , b u t th is  sulfur elim ina
tion  occurs during an earlier sta ge  of th e  carbonization .

T h e entire desulfurizing effect of th e  hydrogen  is 
due to  th e  increased conversion of organic sulfur in to  
hydrogen  sulfide. A  com parison of th e  figures on th is



T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.  12, No. n

reaction  shows th a t below  500° th e  increased elim ina
tion  of sulfur due to  th e hydrogen  is v e ry  slight, b u t 
th a t ab ove 5000 th e  difference is enorm ous. T h is 
bears out th e conclusions reached p reviou sly , n am ely, 
th a t  desulfurization  b y  h yd rogen  is m ost a ctiv e  a t th e 
higher tem peratures of th e cokin g process.

T h e th ird  reaction  affected  b y  th e passage of h y 
drogen th rou gh  th e  coking m ass is th e  fixing of the 
sulfide sulfur in  som e com bin ation  w ith  carbon or 
coke substance. T h e  changes in th e  ex ten t of th is 
reaction  are secon dary and are n ot caused d irectly  
b y  the h ydrogen , b u t are due to  a m ass-action effect. 
B elow  500° hydrogen  causes an increased decom po
sition  of p y rite , th us m akin g an increased am ount of 
ferrous sulfide, w hich b y  m ass action  increases the 
exten t of th is p articu lar reaction. A b o v e  5000 the 
con stan t elim ination  of th e  organic sulfur as hydrogen  
sulfide also tends to  increase th e  exten t of th e  reaction  
b y  decreasing th e  resu ltin g p rod u ct of th e  reaction.

T h is conversion  of th e sulfide sulfur into  a  “ ca rb o n - 
su lfu r”  com bin ation  m ust be regarded as of con rider- 
able assistance in th e desulfurization  process, although 
it  in itself does n ot cause th e  elim ination  of sulfur 
from  coke. H ydrogen  does not react w ith  h ot ferrous 
sulfide* a lth ou gh  it  w ill rea ct v e ry  readily  w ith  th e 
“ carbon -su lfu r”  com bin ation  of th e  coke. T h is re
action, therefore, carries th e  ferrous sulfide to  an 
ea sily  elim inated  form  of sulfur.

u s e  o f  b y - p r o d u c t  g a s — T h e experim ents so far 
described h a ve  been carried ou t w ith  pure hydrogen . 
S ince a n y  possible p ractica l use of th e  process w ould 
be carried o u t w ith th e  b y-p ro d u ct gas from  th e  coking 
op eration, it w as desired to  determ ine th e  desulfurizing 
effect of such a gas. T h e  gas m ade for th is purpose 
had th e follow ing approxim ate com position  b y  volum e.

Per cent
H ydrogen ....................................... 50 .0
M eth an e ......................................... 25 .0
Crtrbon m onoxide.......................  15.0
Air, COj . e tc .................................  10.0

T o t a l .............................  100 .0

T his gas, w hich corresponds v e ry  closely to  an 
a vera ge  lean coke-oven  gas, a t least in th e  con ten t of 
hydrogen, w as passed th rough  th e U pper F reep o rt 
coal a t the sam e rate  and under e x a ctly  th e  sam e 
conditions as th e  h yd rogen  had been. T h e  results 
are g iven  in T a b le  V I , 'together w ith  com p arative  
resu lts from  th e o rd in ary  d istillation, and th e  dis
tilla tio n  w ith  pure hydrogen.

T a bi.e  V I— S u l f u r  E l im in a t e d  a n d  S u l f u r  R e t a in e d  in  C o k e  u n d e r  
D if f e r e n t  C o n d it io n s  o f  D is t il l a t io n — U p p e r

F r e e p o r t  C oa l  
(T o ta l su lfur 1,21 per cent)

Su lfu r E lim inated  as HsS (P er cen t Sulfur 
on Basis of A ir-D ry  Coal) in Coke

1 hr. 1.5 hrs. 2 hrs. 3 hrs. P er cent
O rdinary d is tilla tio n .............  0 .17  . . . .  0 .4 0  . . . .  1.20
B y-product gas p u rg e   0 .4 0  . . . .  0 .8 6  0 .9 6  0 .34
H ydrogen p u rg e .....................  0 . 72  1.02 1.11 ____  0.11

T h e elim ination  of h yd rogen  sulfide unc|er th e  d iffer
en t conditions of d istillation  is show n gra p h ica lly  
in F ig . i .  From  these com p arative  results it  appears 
th a t  a 50 per cent hydrogen  m ixture is m uch slowrer 
in  its desulfurizing action, and in  p ractice  w ould  n ever

1 Roscoe and  Schlorlem m er, “ T reatise  on C hem istry ,” M acm illan & 
C o., London, 1907, Vol. I I ,  p. 1208.

reach th e  degree of desulfurization  atta in ed  b y  th e 
pure hydrogen. N evertheless, th e  sulfur rem oval 
b y  th e  b y-p ro d u ct gas is decided, as show n b y the 
reduction  in coke sulfur from  1.20 per cen t to 0.34 
per cent.

\ j ' ■ 1 | I
j . j

- I . . ,  . . .. . . T \T ft It If - L

2 - \ - r s h t r , os /* it <9 7Kr > i i r - c tff <9f p ru p ’ f . oAfr J

- L
.1 . !

a.rfTr cr' b tw re fa j r h - r r 1
! •ond $ <>j •Mr

S
!o

<•
ye / fo

' H, 
1 !

J j a / 1

1
- L 1

1
■

/ S
/

/ y
/

. / /
y V /

aV
f ¿ J

fir 7
V /

$
P --

-
»I«

1

j
4 0̂

j /
/ . e-

... J / n
/

1 /
/ y

/ s'* y
-! / / O* /

•

W

¡ 7

t f /

/
/

/
/

/ /
V r*m

0
Of 0 uAej C

/ sd r on Oi r
/  ■ 0 rw hou ri

j / / ■ roo 0 nr\ rj

1 1 /

V
/

✓ A r 1 > i
/

/

_1_j._ • 1
TIMC , nouns

F io . 1— C ur v e s  S h o w in g  E l im in a t io n  o f  S u l fu r  as H y d r o g e n  S u l f id e  
fro m  U p p e r  F r e e p o r t  C o a l , N o . 23066, w h e n  C o k e d  u n d e r  
D if f e r e n t  C o n d it io n s . I n  P r im a r y  D is t il l a t io n  N o  H y d r o g e n - 
C o n t a in in g  G as  I s P a s se d  T h r o u g h

j o l i e t  c o k i n g  c o a l — In  T a b le  V I I  are given  the 
d ata  on th e  passage of hydrogen  th rou gh  th e Joliet 
cokin g coal for a 3-hr. period. T h is run differed from  
th e  others in  th a t th e  coal w as n ot pu lverized  to  1 oo- 
mesh size, b u t w as of m ostly  10-mesh size.

T a b l e  V I I— D e s u l f u r iz a t io n  by  H y d r o g e n  in  C o k in g  T e s t  o f  
J o l ie t  C oal

W ithou t W ith 
H ydrogen H ydrogen

T o ta l su lfur in coal (P er cen t a ir-d ry  co a l)   0 .8 2  0 .82
Sulfur as hydrogen sulfide (P er cen t a ir-dry

co al)............................................................................  0 .25  0 .59
T o ta l sulfur in coke (P er ceu t a ir-d ry  coal)  0 .55  0.21
T o ta l su lfur in coke (P er cent a ir-d ry  c o k e ) . .. 0 . 75 0 .2 9

I t  is to  be n oted th a t th e  sulfur of th e  coke was 
reduced  from  0.75 to  0.29 per cent, even  w ith  th e  coal 
in  co m p a ra tiv e ly  coarse granules. A n oth er run w ith  
th e  coal groun d to  100 m esh d id  n ot show  even  as 
good  sulfur elim ination  as th e  coarser size. Since the 
coal has en tirely  fused in to  one m ass a t th e  tem p era 
tu res at w hich desulfurization  ta k es  place (500° to 
1000°), th e  sta te  of subdivision  of th e  original coal 
should  n ot affect th e  desulfurizing process m a teria lly .

T h e  coke m ade from  th e  Jo liet cokin g coal as p ro 
duced in th e  b y-p ro d u ct ovens contain s 0.64 per cen t
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sulfur. T h e  coke m ade in th e lab o rato ry  from  th e 
sam e coal contains 0.75 per cen t sulfur, th e  difference 
being due to  th e  purgin g effect of th e  b y-p rod u ct 
gases passing th rough  th e  red-hot coke in  th e oven. 
A  test, to  determ ine how  m uch th e  finished coke from  
the b y-p ro d u ct oven could  be desulfurized  b y  heatin g 
to io o o °  and passing hydrogen  th rou gh  for one hour, 
resulted in  a reduction  in th e coke sulfur from  0.64 . 
to 0.50 per cent, show ing th a t  desulfurization  of coke 
b y  hydrogen  w as n ot lim ited  to  th e actu al coking 
process.

CONCLUSIONS

A  stu d y  has been m ade of th e efficiency of hydrogen  
and gases contain ing h yd rogen  as desulfurizing agents, 
when passed th rou gh  finished coke at high tem p era
tures or th rou gh  coal in th e  process of coking.

T h e effect of h yd ro gen  on th e  rem oval of sulfur 
from  coke is v e ry  n oticeable, in  m ost cases th e  m a
jo rity  of th e  sulfur being rem oved  during a period of 
3 hrs. a t  1000° C . W ith  th e  exception  of th e  decrease 
in sulfur con ten t, th e  ch aracter of th e coke does n ot 
seem  to be affected  b y  th e  passage of h ydrogen .

T h ree of th e  sulfur cokin g reactions are m odified 
b y  th e passage of hydrogen  th rou gh  th e  cok in g mass.

(1) C o al p y rite , F e S 2, is caused to  decom pose a t a 
low er tem peratu re , the-decom position  being p ra ctica lly  
com plete a t 500°. T h is change of speed of reaction  
does n ot a ffect th e final d esulfurization  results, how 
ever, since com plete decom position  of th e  p yrite  is 
finally  a tta in ed  in  th e  ord in ary  cokin g process.

(2) T h e  decom position  of organic sulfur to  form  
hyd rogen  sulfide is v e ry  litt le  affected  below  500°, 
b u t is en orm ously increased from  s o o ° to  xooo°. 
A ll of th e  desulfurizing effect of th e  hydrogen  is due 
to th is increased decom position.

(3) A  larger am ou n t of sulfide is con verted  to a 
“ carbon-sulfur”  com bination. T h is  is due to  mass 
action  and results fro m  th e  m odifications in th e tw o  
reactions g iven  above.

G aseous m ixtures con tain in g hydrogen , such as 
coke-oven gas, are slow er in  th eir desulfurizing action, 
and even  w ith  a longer tim e of exposure w ould  p rob 
ab ly  n ever g iv e  th e  degree of d esulfurization  a tta in ed  
b y  th e  use of pure h ydrogen . T h eir efficiency for th e 
rem oval of sulfur from  coke is high, how ever, and the 
repassing of b y-p ro d u ct gas th rough  th e  cokin g mass 
m ay p rove of com m ercial value.

T h e  origin al s ta te  of subdivision  of th e  coal does 
not affect th e  desulfurization  process. T h is is because 
the coal fuses betw een  350° and 400°, w hile desul
fu rization  begins ab o v e 500°.

T h e  coke produced in coke ovens contains less sulfur 
th an  w ould be accou n ted  for b y  th e  p rim ary  coking 
reactions. T h is is due to  th e  flow of th e b y-p ro d u ct 
gas produced th rou gh  th e  coking mass.
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N APH TH ALEN E SULFONIC A CID S. I— SO M E D IF
FICU LTLY SOLU BLE SA LT S OF CERTAIN 

N APH TH ALEN E SU LFO N IC A C ID S 1 

B y Joseph A. Am bler2
C o lor  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 , D e p a r t m e n t  o f  

A g r ic u l t u r e , W a s h in g t o n , D . C .

In- th e course of th e in v estig a tio n  of th e sulfonation  
products of naphthalene, it  becam e of in terest to  m ake 
and stu d y  as marty as possible of th e m ore d ifficu ltly  
soluble salts of those acids w hich  m ight b e form ed b y  
direct sidfonation, viz., th e a -  and /3-m onosulfonic 
acids and th e  1,5-, 1,6-, 2,6- and 2,7-disulfonic acids of 
naphthalene. T h e purpose of in v estig a tin g  these salts 
w as to  obtain  a ch aracteristic  sa lt of each acid  which 
m ight serve as th e basis of a q u a lita tiv e  test for th a t 
acid.

T h e know n d ifficu ltly  soluble inorgan ic salts of 
these acids were foun d un suited  for th e purpose in 
hand, w ith  th e  exception  of th e  salts of naphthalene- 
/3-sulfonic acid  w ith  th e  heavier m etals; such as th e 
nickel, cob alt, copper, cadm ium , zinc, and silver salts 
described b y  0 . N . W itt ,3 and th e  ferrous s a lt ,4 know n 
in th e industries b u t not described in a n y  scientific 
w ork so far as th e  author can find.

E rdm ann  and S iivern 8 are th e  only ones who have 
recorded w ork on th e salts of these acids w ith  organic 
bases. T h e y  describe th e salts of th e a-, fi-, 2,6- and
2,7-sulfonic acids w ith  aniline, benzidine, and o-tolidine, 
b u t g ive  no analyses of th e  salts form ed.

T o  in vestigate  th is class of salts more th o rou gh ly , 
salts of various organic bases w ith  th e  six sulfon ic acids 
were prepared, and those th a t  were difficu ltly  soluble 
were studied further. T h e m ost im p o rtan t of th ese 
are described here, and som e of their uses in  th e fo l
low ing paper. O ther d ifficu ltly  soluble salts w ill 
prob ab ly  be described in later contribution s from  th is  
lab oratory.

T h e m ethod of m akin g th e salts w as th e sam e in 
each case. M olecu larly  eq u iva len t q uan tities of th e  
acid, or its sodium  or p otassium  salt, and th e h y d ro 
chloride of th e organic base were dissolved sep a ra tely  
in hot w ater, and th e  tw o solutions m ixed, stirred  
thoroughly, and allow ed to  cool. T h e cry sta llize d  
salts were filtered, w ashed w ith  cold w ater, and  dried 
in a vacu u m  oven a t io o ° .

Since th e y  are salts of strong acids w ith  w eak bases, 
th e y  are all easily  h yd ro ly zed  b y  boiling w ater. In  
attem p tin g to  recrysta llize  them , a little  of th e  h y 
drochloride of th e base should alw ays be added  to  
counteract this change.

1 P resen ted  a t  th e  59th M eeting  of the  A m erican Chem ical Society, 
S t. Louis, M o., A pril 12 to  16, 1920.

2 C rystallographic-optical d a ta  by E d g a r T . W herry.
a Ber., 48 (1915), 743.
4 C ain, “ M anufac tu re  of In te rm ed ia te  P roducts  for D yes," p. 166; B rit. 

P a te n t 4459 (1894).
* A n n ., 275 (1893), 297.
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T h e sulfur in all of these salts w as determ in ed as 
follow s: A n  am ount of th e sa lt n ot exceeding 200 
m g. w as ign ited  in a P arr calorim eter bom b w ith  
ab ou t 5 g. of sodium  peroxide. T h e  ign ition  mass w as 
dissolved in w ater, th e solution  acidified, and sulfuric 
acid  w as determ ined as usual b y  precip itation  w ith  
barium  chloride.

a -N A P H T H Y L A M IN E  N A P H T H  A L E N E -a -S U L F O N A T E ,

C i„HtNH i.C,«HtSO*H
T h is salt separates, on cooling th e hot solution, 

in well-defined, glistening, m icaceous leaflets, gen erally  
arranged in groups. It  is soluble in  h ot w ater, in 
h ot 95 per cen t alcohol, and in a cold  m ixture of 4 
vo lu m es of alcohol and  1 of w ater, b u t is p ra ctic a lly  
insoluble in  cold w ater and alcohol and in  acetone. 
I t  m elts w ith  decom position  a t 23 2 °. U pon analysis, 
9.09 and 9.34 per cen t of sulfur were found, w ith  th e 
ca lcu lated  va lu e  a t 9.13 per cent.

c r y s t a l i . o g r a p h i c - o p t i c a l  p r o p e r t i e s . 1 Crystal habit—
When examined under the microscope in ordinary light seen 
to be made up of overlapping plates.

Refractive indices (for D )— [Determined by inserting the 
polarizer (sub-stage nicol prism) and immersing a small amount 
of the substance on a microscope slide in liquids of known re
fractive index one after another until the crystals lying in some 
definite position disappear, because their index is matched; 
and repeating for crystals lying in other positions.]

a =  1.552, /3 not determined, 7  =  1.795, 7  — “  =  0.243, all 
±0.005; indices a and 7  usually shown.

Features shown in  parallel polarized light, with nicols crossed—  
Double refraction extreme, the colors being first to second 
order, often in beautiful mosaics, on thin plates, btit ranging 
up to fourth or fifth order on thick or upturned ones; extinction 
parallel to occasional edges; elongation indefinite.

Features shown in convergent polarized light, with nicols crossed 
— None.

Diagnostic features— The features likely to be of greatest use 
in identifying this substance are the crystal habit and the value 
of the lowest refractive index, a. I f immersed in nitrobenzene 
(«d =  1.552) or another oily liquid with about the same n, 
and examined under the microscope with the polarizer in, the 
plates disappear practically completely when the direction of 
index a lies parallel to the plane of vibration of the polarizer.

/3 -N A P H T IIY L A M IN E  N A P H T H A L E N E -a -S U L F O N A T E , 

C10H7N H ,.C i0H7SO3H

T h is  sa lt crysta llizes on cooling from  dilute hot 
solutions in large, glistening, m icaceous, diajnond-shaped 
p lates. If  th e  hot solution  is too  con cen trated , it  
form s on cooling a stiff je lly  resem bling s lig h tly  cooked 
egg album en. T h is je lly-lik e  form  m ay p a rtia lly  
change, on stan din g, into  a m ass of lon g colorless 
needles. If  th is je lly-lik e  form  is h eated  w ith  m ore 
w ater, it  dissolves, and th e p lates are form ed on cooling.

T h e  p lates are d ifficu ltly  soluble in cold w ater, 
acetone, and 95 per cen t alcohol; b u t soluble in hot w ater, 
h ot acetone, hot alcohol, and in a cold m ixture of 4 
volum es of alcohol and 1 of w ater. T h e  sa lt b lackens 
a t 202° and m elts a t 2 11° . A n alyses ga v e  9.0S and
8.98 per cen t sulfur (th eory, 9.13).

c r y s t a l l o g r a p h ic - o p t ic a l  p r o p e r t i e s . Crystal habit—  
Elongated plates, sometimes showing a 1250 termination.

1 T he au tho rs  herew ith acknowledge the  a id  of M r. George L. K eenan 
of th is  B ureau  in checking some of these d a ta .

Refractive indices (D)—  a -  1.620, /3 =  1.670, 7 =  greater 
than 1.850, 7 —  a =  0.23 + , all ±0.005; indices a and 0 are 
usually shown.

In  parallel polarized light— Double refraction extreme, the 
colors being first to second order, sometimes in confused mosaics, 
011 thin plates; extinction parallel to prominent edges; elongation 
+•

In  convergent polarized light— A biaxial figure frequently 
shown, the sign being +  and 2 E = 85° ±  5 0.

Diagnostic features— The features most useful for identifying 
this substance are the crystal habit, value of the intermediate 
index, /9, and sign of elongation. The immersion liquid m ay 
best consist of a mixture of 5 parts «-monobrornonaphthalene 
with 1 part methylene iodide. When crystals are turned so that 
their longest dimension lies parallel to the plane of vibration of 
the polarizer, they disappear in this liquid, showing their elonga
tion to be +  in sign and the index to be 1.670.

a -N A P H T H Y L A M IN E  N A P H T H A L E N E -/3 -S U L F 0 N A T E ,

C 10H7NH2.C 10H7SO3H

T h is sa lt form s a volu m in ous w hite p recip ita te  in 
th e hot solution, w hich is m ade up of m icroscopic 
needles. I t  is soluble in a cold m ixture of 4 vo lu m es 
of alcohol and 1 of w ater, con sid erably  soluble in hot 
w ater and hot 95 per cen t alcohol, d ifficu ltly  soluble 
in cold  w ater, cold 95 per cen t alcohol, and hot and 
cold  acetone. I t  m elts w ith  decom position  a t 2400 
to  242°. T h e  per cent of sulfur foun d w as 9.08 and 
9.29 (th eory, 9 .13).

c r y s t a l l o g r a p h ic - o p t ic a l  p r o p e r t i e s . Crystal habit—  
Needles.

Refractive indices (D)—  a — 1.600, 0  — 1.650, 7 = 1.725, 
y  —  a =  0.125, all ±0.005; index 7 usually shown lengthwise, 
and means of a and /3 crosswise.

In  parallel polarized light— Double refraction extreme, bright 
first order colors being shown even on very minute grains; ex
tinction parallel; elongation + .

In  convergent polarized light—  ..........
Diagnostic features— The features most useful in identifying 

this substance are the crystal habit, value of highest index, 
and sign of elongation. The immersion liquid m ay best consist 
of a mixture of 5 parts methylene iodide w ith 1 part a-mono- 
bromonaphthalene. When the needles are turned so that their 
long dimension lies parallel to the plane of vibration of the 
polarizer, they disappear in this liquid, showing their elongation 
to be +  in sign and the highest index to be 1.725.

jS -N A P H T H Y L A H IN E  N A P H T H A L E N E -/J -S U L F O N A T E ,

CioHrNHi.CioHjSOsH
T h is sa lt also form s insoluble m icroscopic plates 

in th e  h o t solution. I t  is s lig h tly  soluble in hot 
w ater and 95 per cen t alcohol, con siderably  soluble 
in a cold, and ea sily  soluble in a h o t m ixture of 4 
vo lu m es of alcohol and 1 of w ater, s lig h tly  soluble in 
cold alcohol, and d ifficu ltly  soluble in cold w ater and 
in acetone. I t  m elts w ith  decom position  a t 276° 
to  279°. I t  contain ed  9.00 and 9.10 per cen t of 
sulfur (th eory  9 .13).

c r y s t a l l o g r a p h ic -o p t ic a i ,  p r o p e r t i e s . Crystal habit—  
M inute plates (or rods), with irregular w avy structure.

Refractive indices (D) —  a  = 1.640, /3 => ?, 7  = 1.730, 7  —  a — 
0.090, all ±0.005; index a  usually shown in one direction.

In parallel polarized light— Double refraction extremely strong, 
first to second order colors being shown even on very minute 
plates; extinction and elongation indeterminate.

In  convergent polarized light— Traces of a biaxial figure occa
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sionally shown, but the crystals are too minute for its measure
ment.

Diagnostic features— The feature most useful iu identifying 
this substance is the unusually high value of the lowest index, 
a. This index is almost exactly matched by a-monochloro- 
naphthalene ( m d  = 1.639), and most of the crystals disappear 
in one direction or another when immersed in this liquid. For 
confirmative purposes the other indices may be determined in 
similar manner, using mixtures of this liquid with methylene 
iodide of the indices above stated.

F E R R O U S  N A P H T H A L E N E -0 -S U L F O N A T E , F e(C io H 7S 0 3)2.- 
6H2O1

T h e au th or m akes no claim  to  th e d isco very  of th is  
sa lt w hich  has been exten siv ely  m ade and used in  
in dustria l p lan ts. A  description  of it  is g iven  here, 
since no reference has been foun d in  scientific literatu re 
or elsew here th a n  in  th e  B ritish  p aten t.

T h e  sa lt sep arates in large, glistenin g, colorless, 
m icaceous plates^ w hen ferrous chloride is added to  a 
cold solution  of naphthalene-|3-sulfonic acid  or its 
salts. I t  is d ifficu ltly  soluble in cold, b u t rea d ily  
soluble in hot w ater. I t  is rem ark ab ly  stab le , n ot 
being oxidized  to a n y  appreciable exten t b y  exposure 
to air. A t  150° to  x6o° all th e  w a ter of c ry s ta lliza 
tion  is rem oved  and th e sa lt becom es yellow ish  brow n, 
p ro b ab ly  due to  sligh t superficial oxidation  of th e 
iron.

C alculated
Analysis ' P er cen t

I r o n .....................................  9 .67
W a t e r ................................ 18.69

Found 
P er cent 

9 .5 2  9 .5 3
18.50  ___

c r y s t a l l o g r a p i i i c - o p t i c a l  p r o p e r t i e s .  Crystal habit—  
Plates, sometimes showing a 140° termination.

Refractive indices (D)—  a  =  1.500, /3 not determined, 7 =  
1.660, 7 —  a =  0.160, all =*=0.005; indices a and 7 usually shown.

In  parallel polarized light— Double refraction extreme, second 
order colors being shown even on thin plates; extinction parallel 
to crystal edges occasionally present; elongation indeterminate.

In  convergent polarized light— Partial biaxial figure occasionally 
shown, the axial angle being large and the sign apparently + .

Diagnostic features— T he feature most characteristic of this 
substance is the unusually low value of the lowest index, a. The 
immersion liquid may be benzene (nD =  1.499), or another liquid 
of about the same n (for instance, some grades of lubricating 
oil). M ost of the crystals disappear in one direction or another 
when immersed in this liquid. The other properties m ay be 
used for confirmation.

a-NAPHTHYLAMINE NAPHTIIALENE-1,5-DISULFONATE, 

(C,oH7N H 2)2.CioH6(S0 3H)2

T h is sa lt is a lm ost com p letely  insoluble in boiling 
w ater. I t  form s a h e a v y  p recip itate  of a po orly  
defined, gran u lar, p la ty  nature. I t  is v e ry  sligh tly  
soluble in hot w ater, 95 per cent alcohol, and a m ix
ture of 4 vo lu m es of alcohol and 1 of w ater, and p rac
tic a lly  insoluble in these solven ts in  th e  cold, and in 
acetone. I t  does not m elt below  280°. A n alyses 
ga v e  10.94 and 10.97 per cen t sulfur (theory 11 .16 ).

c r y s t a l l o c r a p h i c - o p t i c a i ,  p r o p e r t i e s .  Crystal habit—  
Plates, irregular in outline.

Refractive indices (D)—  a — 1.600, /3 not determined, 7  = 
1-795, 7  —  a =  0.195, all ±0.005; indices a and 7  often shown.

In  parallel polarized light— Double refraction extreme, second 

1 B oulton , H ayw ood, B oulton, and  Fergusson, B rit. P a te n t 4459 (1894).

order colors being shown even on very thin plates; extinction 
apparently inclined; elongation indeterminate.

In convergent polarized light— Partial biaxial figures rarely 
shown.

Diagnostic features— The value of the lowest refractive index, 
a, is characteristic of this substance, when considered in con
nection with its habit. One other compound in the series 
studied, a-naphthylamine naphthalene-¿¡-monosulfonate, has 
the same a value, but it crystallizes in needles, and is thus 
readily distinguishable. For immersion, a mixture of equal 
parts of bromobenzene and a-monochloronaphthalene (nD =
1.600) m ay be used. The crystals will disappear in one direction 
or another in this liquid.

j8-NAPHTHYLAMINE N A P H T H A L E N E -I ,5 -D IS U L F O N A T E ,

(C,0H7NH2)2.Ci0He(SO3H)2

T h is salt precip itates from  th e  boiling solution  in a 
dense volum inous m ass of sm all p lates. I t  is on ly  
sligh tly  soluble in hot w ater and alcohol, and p rac
tic a lly  insoluble in cold solven ts, being sligh tly  more 
soluble in m ixtures of 4 volu m es of alcohol and 1 of 
w ater. It  does n ot m elt below  280o. T h e  results of 
sulfur determ inations were 11 .12  and 11.23 per cen t 
(theory 11.16 ).

c r y s t a l l o g r a p h ic - o p t ic a l  p r o p e r t i e s — Unless care is taken 
to have an excess of base present, there is a strong tendency for 
another substance, apparently an acid salt, to crystallize out 
along with this compound. It  has so far been impossible to 
obtain this other substance in a pure form and no analytical 
data can be given at present. The acid salt has highly dis
tinctive optical properties, and can be readily recognized when 
studied under the microscope, but if the two are intimately 
mixed difficulties m ay be encountered in confirming the identity 
of the normal salt. The properties of both are here given.

Normal salt. Crystal habit— Plates, irregular in outline.
Refractive indices (D)—  a =  1.631, (3 = 1.647, 7 = 1.755, 

7  —  a = 0.124, all ±0.005; indices a and |3 are usually shown, 
but 7 is exhibited 011 uptilted plates.

In parallel polarized light— Double refraction extreme, bright 
first order colors being shown on extremely thin plates; ex
tinction and elongation indeterminate.

In convergent polarized light— Biaxial figures frequently shown, 
the sign being + ,  and 2 E  =  75° =*=5° (2 E  calculated from 
ns = 77° 06').

Diagnostic features— The features most useful in identifying 
this substance are the values of the two lower refractive indices, 
a and /3, and the readiness with which an interference figure can 
be obtained. In a mixture of 3 parts a-monobromonaphthalene 
with one part monobromobenzene («„ = 1.632) practically 
all of the plates disappear in one direction or the other; and 
in pure a-monobromonaphthalene (»„ =  1.656) they also dis
appear. On introducing the substagc condenser, using a 4 mm. 
objective, crossing the nicol prisms, and removing the eyepiece, 
a  fairly distinct biaxial interference figure will usually be seen, 
the dark brushes lying well within the field. If the microscope 
is provided with means for measuring axial angles, the numerical 
value can be obtained; if not, repetition of the procedure, using 
a thin flake of muscovite mica, will give a figure of practically 
identical dimensions, showing the axial angle to be not far from 

7 5 °-
Acid salt— This is distinguished from the normal salt by the 

extraordinarily strong double refraction, which exceeds 0.30, 
the value of a being 1.550, and that of 7 being higher than the 
highest immersion liquid available, the n of which is 1.850. 
(/3 = 1.700.) As a result, the plates of this substance show third 
or fourth order colors, even when very thin. The axial angle, 
2 E , is also much larger than is that of the normal salt, so that
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the dark brushes do not appear in the field of view when the 
interference figure lies in the diagonal position. These features 
differentiate this acid salt not only from the corresponding 
normal salt, but also from all other compounds of the series 
here studied; and the acid salt, if obtained, can therefore be 
recognized and excluded from consideration promptly.

a -N A P H T H Y L A M IN E  N A P H T H A L E N E - I ,6 -D IS U L F O N A T E ,

(C10H7NH2)2,C I0Hs(SO3H)2
T h is salt sep arates in  long, slender needles on cooling 

a hot solution. I t  is soluble in h ot w ater, 95 per cent 
alcohol, soluble in  cold m ixtures of 4 volum es of a l
cohol and 1 of w ater, s lig h tly  soluble in  cold alcohol, 
and  p ra ctica lly  insoluble in cold w ater and in acetone. 
It  decom poses a t 265° to 267°. T h e  va lu e  foun d for 
sulfur w as 11.25 an d 11.22 per cent (theory 11 .16 ).

c r y s t a l l o g r a p h ic - o p t ic a l  p r o p e r t i e s . Crystal habit—  
Well-defined rods, probably belonging to the monoclinic system.

Refractive indices (D)—  a — 1.583, 0  =  1.730, y  =  1.770, 
7  —  a = 0.187, all =*=0.005; index a is usually shown lengthwise, 
and y  crosswise, of the rods; 0  is sometimes shown crosswise, 
especially on rods so turned as to show parallel extinction.

In  parallel polarized light— Double refraction extreme, the 
colors being second to third order, even on fairly slender rods; 
extinction inclined, a t an angle of 170 =*= 10; elongation negative.

In convergent polarized light— Partial biaxial figure occasionally 
shown, the sign being — , and 2 E large.

Diagnostic features— The features most useful in identifying 
this substance are the value of the lowest refractive index, a, 
and the inclined extinction seen in parallel polarized light, with 
the nicol prisms crossed. The immersion liquid m ay consist 
of aniline, which has nD =  1.585, which lies so near to the value of 
a for this substance that the rods disappear practically com
pletely when immersed in it and turned to the appropriate 
position. To determine how they should lie in order that this 
effect shall be shown, each rod should first be examined under 
crossed nicols, and the stage turned until extinction occurs. 
If the stage is graduated, this will be found to be the case when 
the crystal lies at about 170 from parallelism with one or the 
other cross hair. On throwing out the analyzer, the rods lying 
near the cross hair indicating the plane of vibration of the 
polarizer will disappear.

/3-n a p h t h y l a m i n e  n a p h t h a l e n e - i , 6 - d i s u l f o n a t e , 

(C,oH7NH2)2.C 1oH6(SOj H)2
T h is  salt form s long, flat, s ilk y  needles w hen c ry s

ta llized  from  hot w ater. I t  is soluble in  hot w ater, 
95 per cen t alcohol, s lig h tly  soluble in cold alcohol, 
and p ra ctica lly  insoluble in  cold w ater and in  acetone. 
I t  is soluble in  a cold  m ixture of 4 vo lu m es of alcohol 
and 1 vo lu m e of w ater. I t  does n ot m elt below  280°. 
On an alysis it  g a v e  10.97 and 11.03 per cen t sulfur 
(th eory  11 .16 ).

c r y s t a u .o g r a p ii ic -o p t ic a l  p r o p e r t i e s . Crystal habit—
Needles.

Refractive indices (D )— a = 1.550, 0  =  1.700, 7  =  1.755, 
7  —  a =  0.205, all =*=0.005; index a usually shown lengthwise, 
and means between the others crosswise of the needles.

I n " parallel polarized light— Double refraction extreme, the 
colors being third or fourth order even on slender needles; 
extinction parallel; elongation negative.

In  convergent polarized light— Partial biaxial figures sometimes 
showTi, the sign being apparently — , and 2 E large.

Diagnostic features— The features most useful in identifying 
this substance are the habit, the value of the lowest refractive 
index, a, and the extinction. None of the other members of the 
,3-naphthylamine series studied crystallize in needles, although

one (the 2,7-compound) is, to be sure, in rods; but this other 
substance differs sharply in the other two respects mentioned. 
The immersion liquid may best consist of nitrobenzene, or other 
oily liquid with nD around 1.55. The needles disappear com
pletely when immersed in this liquid and turned so that their 
long direction lies parallel to the plane of vibration of the polar
izer. T hey also extinguish in the same position when the 
analyzer is inserted. The rods of the 2,7-compound, on the 
other hand, do not disappear in this liquid, and extinguish when 
lying at an angle of about 10° with a cross hair.

a -N A P H T H Y L A M IN E  N A P H T H A L E N E -2 , 6 -D IS U L F O N A T E ,

(C10H7NH2)2.C 10H6(SO3H)2
T h is  salt separates in  m inute needles and lum ps 

w hen a h ot solution  is cooled. I t  is m oderately  
soluble in hot w ater, s ligh tly  soluble in hot 95 per 
cen t alcohol, and p ra ctica lly  insoluble in cold  w ater and 
alcohol and in acetone. I t  is s lig h tly  soluble in cold 
alcohol d ilu ted  w ith  one-quarter its vo lu m e of w ater, 
and soluble in  th e sam e so lven t w hen hot. I t  does 
n ot m elt below  280°. A n a lysis  ga v e  11 .0 7  an<i  11-3 1 
per cen t sulfur.

c r y s t a l l o g r a p iiic - o p t ic a l  p r o p e r t i e s . Crystal habit—  
Rounded grains, in part elongated and rod-like.

Refractive indices (D )— a  =  1.583, 0  =  1.640, y  =  1.690, 
7  —  a =  0.107, all =*=0.005; intermediate values are usually 
shown.

In  parallel polarized light— Double refraction extremely 
strong, the colors being second to third order on small grains; 
extinction inclined, but angle not definitely determinable; 
elongation variable.

In  convergent polarized light— Partial interference figure oc
casionally shown, the sign being apparently negative, and 2 E 
large.

Diagnostic features— T he most characteristic feature of this 
substance is the value of the highest refractive index, y. On 
immersion in a mixture of 3 parts a-monobromonaphthalene 
w ith 2 parts of methylene iodide (nD =  1.689), grains so situated 
as to exhibit index y  will disappear in one direction or the other. 
Index a is also fairly distinctive, when taken in connection with 
the crystal habit; for the other member of this series w ith the 
same value of a, the a-1,6-compound, is markedly rod-like in 
habit. Aniline (nD =  1.585) is an immersion liquid coming 
near to the value of a in refractive index, and disappearance 
will occur in this liquid in the case of grains lying in the proper 
direction.

/3-n a p h t h y l a m i n e  n a p h t h a l e n e - 2 , 6 - d i s u l f o n a t e ,  

(C10H7NH2)2.C 10H6(SO3H)2
T h is sa lt form s a dense p recip ita te  of m icroscopic 

p lates (som etim es needle-like) w hich are o n ly  s lig h tly  
soluble in hot solven ts, and p ra ctica lly  insoluble in the 
cold. I t  does n ot m elt w hen h eated  to  280°. T h e 
per cents of sulfur fou n d  were 11.0 2  and 11 .0 2 .

c r y s t a l l o g r a p h ic - o p t ic a l  p r o p e r t i e s . Crystal habit—  
Plates, with a more or less rhombic outline.

Refractive indices (D )—  a =  1.610, 0  — 1.634, 7  =  1-830. 
y  —  a =  0.220, all =*=0.005; indices a and 0  are usually shown, 
y  appearing only on uptilted plates.

In  parallel polarized light— Double refraction extreme, the 
colors being first to second order on very thin plates; extinction 
inclined a t large angles, up to 40°, w ith respect to crystal edges 
often present, but parallel to the edges of uptilted plates; elonga
tion variable on the usual plates, —  on the uptilted ones.

In  convergent polarized light— An interference figure frequently 
shown, the sign being + ,  and 2 E  =  70°=*=5°(2 E  calculated 
from ns =  76° 26').
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Diagnostic features— The habit of this substance is charac
teristic, and, when taken in connection with the indices as 
listed, renders the identification of the substance an easy matter. 
The lowest refractive index, a, is approximately matched by a 
mixture of equal parts of monobromobenzene and a-mono- 
chloronaphthalene (nD = 1.600), and the intermediate one, 
0 , by a-monochloronaphtlialene (»D =  1.640).

a -N A P H T H Y L A M IN E  N A P H T H A L E N E -2 ,7 -D IS U L F O N A T E ,

(C10HvNH2)2.C I0H6(SO3H)2

T h is sa lt separates v e ry  slow ly  in the form  of groups 
of long needles, w hen th e hot solution  is cooled. It  
is soluble in  hot w ater, in  hot and cold 95 per cent 
alcohol, and in  cold alcohol d iluted  w ith  on e-quar
ter of its  vo lu m e of w ater, b u t p ra ctica lly  insoluble 
in cold w ater and in acetone. I t  decom poses g ra d 
u a lly  w ith o u t m eltin g when h eated  ab ove 220°. 
It  g a v e  on analysis i i .o i  and 11 .2 4  per cen t sulfur 
(theory 1 1 . 16 ). ;

c r y s t a i . l o g , r a p h i c - o p t i c a l  p r o p e r t i e s .  Crystal habit—  
Rods, the more slender ones slightly curved.

Refractive indices (D)— a = 1.560, /3 = 1.650, y  = 1.675, 
7 —  a =  0.115, all ±0.005; index a usually shown lengthwise, 
and means of the others crosswise.

In  parallel polarized light— Double refraction extreme, the 
colors being third order on even slender rods; extinction parallel; 
elongation — .

In  convergent polarized light— Partial biaxial figure rarely 
shown, the sign being + .

Diagnostic features— The features most useful in identifying 
this substance are the value of the lowest refractive index, a, 
and the parallel extinction. Monochlorobenzene (nD =  1.561) 
matches the index in question, and the rods disappear when 
their long direction lies parallel with the plane of vibration of 
the polarizer. Between crossed nicols the extinction is parallel, 
a property which distinguishes this compound sharply from the 
one likely to be confused with it, the 1,6-disulfonate.

(3-NAPHTHYLAMINE N A P H T H A L E N E -2 ,7 -D IS U L F O N A T E , 

(C,oH7NH2)2.CloH ,(S03H)2

T h is sa lt form s a m ass of long, slender needles on 
cooling a hot solution. I t  is soluble in  hot w ater 
and 95 per cen t alcohol, p ra ctica lly  insoluble in cold 
w ater and alcohol and in acetone, and ap p reciab ly  
soluble in  a cold  m ixture of 4 volu m es of alcohol and 
1 of w ater. I t  does n ot m elt w hen h eated  to 280°. 
A n alysis g a v e  11 .0 7  and 1 1 .1 6  per cen t sulfur.

c r y s t a l l o g r a p h i c - o p t i c a l  p r o p e r t i e s .  Crystal liabit—  
Rods, in part plate-like; sometimes showing a 130° termination; 
often twinned, that is, grown together in groups of two in definite 
crystallographic relationship.

Refractive indices (D)—  a = 1.530, P = 1.700, 7 = 1.740, 
7 —  a =  0.210, all =0.005; index a is often shown lengthwise 
on the twins, but crosswise on rods with parallel extinction; 
ft is shown lengthwise on the latter.

In parallel polarized light— Double refraction extreme, colors 
being second or third order even on thin plates, down to first 
on parallel-extinguishing rods; extinction inclined, 011 twins 
making an angle of 8° =*= i°  with the twinning plane, often 
parallel on untwinned rods; elongation variable, but usually 
+  011 untwinned rods.

In convergent polarized light— A biaxial interference figure 
often shown, the obtuse bisectrix being perpendicular to the 
plates; 2 E  is evidently large and sign — .

Diagnostic features— The features most, useful for identifying 
this substance are the habit, especially the frequent twinning;

the unusually low value of the lowest refractive index, a , and 
the extinction relations. The lowest index is matched by methyl 
salicylate (n =  1.530 to 1.535); and crystals immersed in this 
liquid disappear in one direction or another with reference to the 
plane of the polarizer.

S U M MA R Y

T h e a - and /3-n aph thylam in e salts of th e n aph- 
th alen e-a-, 0-, 1,5-, 1,6-, 2,6- and 2,7-sulfonic acids and 
th e ferrous salt of naphthalene-/3-sulfonic acid  are 
described. T h eir characteristic  re lativ e  solubilities are 
show n in T a b le  I and their o p tica l properties in 
T a b le  II.

T a b l e  I — R e l a t iv e  S o l u b il it ie s  o p  S u b s t a n c e s  D e s c r ib e d  
(E xcept the  ferrous sa lt of the  /3-acid)

N o t e : d. =  difficultly soluble; v. d. =  very  difficultly soluble; sol. =»
soluble; s. sol. =  slightly  soluble; mod. «■ m oderately  soluble; 
insol. =* insoluble; v. s. =* very slightly  soluble. 

a-NAPHTHYLAMINE SERIES
S u l f o n a t e ............................ a ß 1,5 1,6 2,6 2,7
Cold w a te r........................... . d. d. v. d. d. d. d.
H o t w a te r............................. s. sol. d. sol. mod. sol.
Cold 95 p e rc e n t alcohol. . d. d. d. s. sol. d. sol.
H o t 95 per cent alcohol. . sol. s. sol. s. sol. sol. s. sol. sol.
Cold 75 per cent alcohol1. sol. s. sol. d. sol. s. sol. sol.
H o t 75 p e rc en t a lc o h o l.. . sol. s. sol. d. sol. s. sol. sol.
Cold ace tone ....................... insol. insol. insol. insol. insol. insol.
H o t acetone......................... insol. insol. insol. insol. insol. insol.

0 -N a p h t h y l a m in b S e r ie s

Cold w a te r........................... . d. v. d. v. d. d. v. d. d.
H o t w a te r............................ . sol. mod. s. sol. sol. s. sol. sol.
Cold 95 per cent a lc o h o l.., d. s. sol. v. d. s. sol. v. d. d.
H o t 95 p e rc en t a lco h o l.. , sol. mod. s. sol. sol. v. s. sol.
Cold 75 per cent alcohol1., sol. mod. d. sol. d. s. sol.
H o t 75 per cent alcohol1. . sol. sol. s. sol. sol. V. s. sol.
Cold ace tone ......................... insol. insol. insol. insol. insol. insol.
H o t ace tone .......................... , sol. insol. insol. insol. insol. insol.

1 F o u r volumes of 95 per cent alcohol : 1 volume of water.

T a b l e  II- - O pt ic a l  P r o p e r t ie s  o p  S u b s t a n c e s  D e s c r ib e d  
- a-NAPHTHYLAMINE SERIES-

S u l fo n a t e a ß 1,5 1,6 2,6
H a b it.......... p lates needles plates rods grains
Indices:

a .............. 1.552 1.600 1.600 1.583 1.583
0 ........ ? 1.650 ? 1.730 1.640
y .... 1.799 1.725 1.795 1.770 1.690
y —  a . . . 0.243 0.125 0.195 0.187 0.107
U s u a l . . . . a  8c 7 7 a  8c 7 a  & 7 means

Colors......... 1-2 1 2 2-3 2-3
Extinction par. par. incl. 17° incl.
E longation. indet. + indet. — indet.
F igu re ......... 0 0 rare occas. occas.
2 E ............... indet. indet. indet. large large
S ign ............. indet. + indet. — —

SU LF O N A T E  

H a b it—  
Indices:a......

0 ........
“V.......
7 — a . .  
U sual..

Colors.........
Extinction. 
Elongation 
Figure 
2 E —
Sign . .

-/3 -N a p h t h y l a m in e  S e r ie s -
E a ß 1,5 1,6 2,6
. plates plates plates needles plates

1.640 1.631 1.550 1.610
1.670 ? 1.647 1.700 1.634
1 .8 5 0 + 1.730 1.755 1.755 1.830

.. 0 .2 3 0 +  0.090 0.124 0.205 0.220
. ot & ß a a & l 3 OL a  & ß
. 1-2 1-2 1 3-4 1-2
. par. indet. indet. par. 40°
i. + indet. indet. — ±
. usual rare usual occas. usual
. 85° indet. 75° large 70°

• + indet. + — +

F e r r o u s
2,7 ß
rods pla tes

1 .5 6 0 1 .5 0 0
1 .6 5 0 ?
1 .675 1 .6 6 0
0 .1 1 5 0 .1 6 0
a a  8c y
3 2
par. par.
— m det.
rare occas.
indet. large
+ +

/S-Acid
------ s Salt
2,7 1,5
rods plates

1 .5 3 0 1 .5 5 0
1 .7 0 0 1 .7 0 0
1 .7 4 0 1 .8 5 0  +
0 .2 1 0 0 .3 0 0  +
a cxScß
2-3 3 -4

8 ° indet.
± indet.

usual occas.
large large

— +

N APH TH ALENE SULFONIC A CID S. II— A M E TH O D  FOR
TH E QUALITATIVE D ETECTIO N  OF SO M E  O F TH E 

N A PH TH ALEN E SU LFO NIC A C ID S1 

By Joseph A. Ambler and Edgar T . Wherry
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 is t r y , D e p a r t m e n t  o f 

Ag k ic t 'l .T t 'h e , W a s h in g t o n , D . C .

D urin g th e course of experim ents on th e sulfonation  
of nap hthalene it becam e desirable to  h a ve  a fa irly  
rapid  and conven ien t w a y  of d etectin g th e presence 
of the various sulfonic acids form ed when n ap hthalene 
is sub jected  to  th e action  of su lfuric acid  under va ry in g  
conditions. N o readily  applicab le m ethod is to be

1 Presented  a t  the  59 th  M eeting  of the  A m erican Chem ical S ociety , 
St. Louis, M o., A pril 12 to 16, 1920.
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foun d in th e  literatu re. T h e  iden tification  has a lw ays 
been m ade b y  m eans of th e  chlorides or am ides, which 
is u n satisfacto ry  for rap id  w ork w hen dealing w ith  
m ixtures of tw o  or m ore of th e acids. T h e  tech n ica l 
separations are effected  b y  m eans of th e  different 
solubilities of th eir calcium  or sodium  salts, b u t th is 
m ethod is n ot ad ap ted  to  m akin g a q u alita tive  
d ifferen tiation, for exam ple, of n ap h th alen e-i,6-su l- 
fon ic acid  from  th e  isom eric 2,7-sulfonic acid, or of 
naphthalene-/3-sulfonic acid from  th e  2,6-disulfonic 
acid , since th e  solubilities of th e  salts of these pairs of 
acids are sim ilar.

T h e  use of th e  salts of th ese acids w ith  organic 
bases for q u a lita tiv e  sep aration s w as n ot described b y  
E rd m an n  a n d . S u v e rn 1 who stu d ied  the solubilities 
of th e  aniline, benzidine, and o-tolidine salts of th e 
a -, /S-, 2,6- and 2,7-sulfonic acids of n aphthalene. 
T h e y  sta te  th a t these salts are v e ry  va lu a b le  for the 
isolation  of th e  easily  soluble sulfonic acids. T h eir  
ob servation  th a t th e  aniline salts of th e  a - and 2,7- 
acids are soluble in cold w ater, w hile th e corresponding 
salts of th e /3- and 2,6-acids are insoluble, suggested  
th e  p o ssib ility  th a t  salts w ith  other organic bases 
m ay h a ve  properties su itab le for a q u a lita tiv e  d is
tin ctio n  of th e  acids. A cco rd in gly , a large num ber of 
such salts were prepared and th eir properties studied. 
T h e  m ost im p ortan t of these salts h a ve  been described 
in th e preceding article, and from  an exam in ation  of 
th eir properties th e fo llow ing m ethod of analysis has 
been developed. B efore a ttem p tin g  th is m ethod, 
th e chem ist should m ake and becom e fam iliar w ith  th e  
salts described in th e  preceding a rtic le  or a t least w ith  
th ose w hich are used in th is a n a ly tica l m ethod. If 
th is is done, he w ill h a ve  v e ry  little  d ifficu lty  in  dis
tin guishin g th e various acids b y  th is m ethod.

A N A L Y T IC A L  M ETH O D

r e a g e n t s — ( i)  A  fresh ly  prepared solution  of fe r
rous chloride.

(2) A  hot sa tu rated  solution  of a-n a p h th yla m in e 
hydrochloride m ade fresh ju st before use b y  dis
so lv in g th e  free base in  hot d ilute h ydroch loric acid.

(3) A  stan dard  norm al solution  of sodium  hydroxide.
(4) A  hot sa tu rated  solution of /3-n aph thylam in e 

hydrochloride.
(5) A cetone.
(6) M e th y l sa licy la te  (oil of w intergreen  or birch).
(7) M icroscope fitted  w ith  tw o  nicol prism s and a 

revo lv in g  stage.
p r e p a r a t i o n  o f  s o l u t i o n — T h e sodium  salts of 

th e sulfonic acids are prepared free from  sulfates b y  
the usual m ethod of trea tin g  th e  sulfon ation  m ass 
w ith  lim e, filtering from  calcium  su lfate, and trea tin g  
th e calcium  salts in  solution  w ith  sodium  carbonate. 
T h e  solution  is then  filtered  to  rem ove calcium  ca r
bonate, and th e  filtrate  is acidified s lig h tly  w ith  h y d ro 
chloric acid.

T h e  solution  m ay be of an y con ven ien t stren gth . 
T w en ty -fiv e  cc. of a 5 per cent solution  are in m ost cases 
am ple for a com plete analysis.

q u a n t i t i e s  u s e d — T h e tests m a y all be m ade on 
sm all q u an tities in te st tu b es; for exam ple, 2 cc. of

> A n n ., 275 (1893), 297.

solution  or a few  m illigram s of solid, unless o th erw ise  
sta te d  in th e  directions. A lso, excep t when rem o vin g  
an acid  from  th e solution, 2 or 3 cc. of th e  re a g e n t 
em p loyed  are ad equ ate , excep t as n oted  below .

t e s t  f o r  N A P H T H A L E N E -/3 -S U L F 0 N IC  ACID

F errous chloride added to  th e  cold solution  produces- 
a p recip itate  of glistenin g m icaceous flakes of ferro u s 
naphthalene-jS-sulfonate.1 T h is m a y  be slow  in  fo rm 
ing if th e  am ount is sm all.

If  th is acid  is detected , it  is rem oved  from  th e  e n tire  
solution  b y  addin g a sligh t excess of ferrous ch loride 
and filtering off th e  iron sa lt p recip itated . T h e  
filtrate  is th en  con cen trated  to  its  origin al vo lu m e 
before m akin g th e  fo llow ing test.

T E S T  F O R  N A P H T H A L E N E -I ,5 -D IS U L F O N IC  ACID

T o  a portion  of th e  filtrate , h eated  to boiling, is 
added an excess of boiling a -n a p h th yla m in e h y d ro 
chloride solution, and  th e  solution  boiled dow n to its  
original volum e. A  granular p recip ita te  of a -n a p h 
th ylam in e n ap h th a le n e -i,5 -d isu lfo n a te ,1 form ed w hile 
con cen tratin g, in dicates th e  presence of th e  acid.

D ifficu lty  is som etim es en countered  here in causin g 
th e  insoluble sa lt to  p recip itate . If, how ever, th e 
a-n a p h th yla m in e hydrochloride solution  is m ade d i
re c tly  before using, b y  d issolvin g th e  free base in  h o t 
d ilute h ydroch loric acid  (decolorizing w ith  n orit or 
bon e-black  w hen n ecessary), and em p lo yin g a large 
excess of th is reagen t, th ere is no d ifficu lty  in o b ta in in g  
a reaction. T h e  exp lan ation  of th e fa ct th a t  a solu
tio n  fresh ly  prepared from  th e  base is m ore efficacious 
th a n  one m ade, for exam ple, b y  d issolvin g th e  d ry  
hydrochloride of th e  base in  w ater, or th a n  a solution  
w hich has stood for som e tim e, is not know n .

In addin g th is solution, an excess over th a t required 
to  com bine w ith  all th e  sulfonic acids present m ust be 
used, as otherw ise th e  insoluble sa lt does n ot form . 
A  possible exp lan ation  of th is fa c t m a y  be th a t  th e 
disulfonic acid  m a y form  a soluble acid  sa lt w ith  
a-n ap h th ylam in e.

If 1,5-acid  is found, it  m ust be rem oved from  the 
rest of th e  solution  before m aking a n y  subsequen t tests. 
T o  th e boiling solution  an excess of a b oilin g solution  
of th e  base is added, th e  m ixtu re is con cen trated  to  its  
original vo lu m e and filtered  hot. T h e  excess of th e  
base is th en  rem oved  from  th e  filtrate  b y  t itr a tin g  
to  a lk a lin ity  w ith  sodium  hyd ro xid e, using phenol- 
phthalein  for in d icator. A fte r  cooling, th e  free base 
is rem oved  on a filter, and th e filtrate  acid ified  w ith  
hydrochloric acid.

T E S T  F O R  N A P H T H A L E N E -2 , 6 -D IS U L F O N IC  ACID

T h e en tire solution w hich has been freed  from  both  
|3- and 1,5-acids is h eated  to  boiling, and a large excess 
of b oilin g /3-n ap h th ylam in e h ydroch loride solution  
is added. T h e  am ount used m ust be sufficient to  
form  n eutral salts w ith  a ll sulfonic acids present.

T h e  2,6-acid is in d icated  b y  a w hite p recip ita te  of 
/3-n ap h th ylam in e n ap h th alen e-2 ,6 -d isu lfon ate2 form ed

1 See p . 1083 of preceding paper.
2 See p. 1084 of preceding paper.
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w h ile  b o ilin g . T h e  s o lu tio n  is filte re d  r a p id ly  w h ile  
h o t, a n d  th e  f iltr a te  a llo w e d  to  cool.

T h e form ation  of a crysta llin e p recip itate  in th e 
filtra te  on cooling does n ot necessarily  in d icate  the 
presence of a n y  of th e  rem aining acids, since th e  /3- 
n ap h th ylam in e n ap h th alen e-2,6-disulfonate is not com 
p le te ly  insoluble in hot w ater. H ow ever, th e presence 
of other nap hthalene sulfon ic acids a t th is p o in t has a 
sa ltin g -o u t effect on th e  2,6-salt, and hence its pre
cip ita tio n  is* m ore com plete in hot w ater w hen some 
of th e  n ap h th alen e sulfonic acids are present whose 
/3-n ap h th ylam in e salts are soluble in  boiling w ater 
(the a-, 1,6- or 2,7-acids). W hen none of these acids are 
present, th e sa lt sep aratin g on cooling is d istin ctiv e—  
w hite, fine, and volum inous— and when once seen 
w ould  n ever be m istaken  for the salts of a n y . of the 
oth er n ap h th alen e sulfonic acids n ot y e t  rem oved.

T E S T  F O R  N A P IIT H A L E N E -a -S U L F O N IC  ACID

T h e filtrate  from  th e  previous te st is allow ed to 
cool and stan d  a t lea st one hour a fter it  is cold to 
insure com plete crysta lliza tio n  of th e  d ifficu ltly  sol
uble salts. Should  a je lly  be form ed, m ore w ater is 
added, and th e  solution  heated  to  boiling and cooled 
again. T h e  salts are th en  filtered and dried in a 
vacu u m  oven  a t io o °  C . T h e filtrate  should  be tested  
w ith  m ore of th e  cold reagen t to  be sure of com plete 
p recip itation .

A  sm all q u a n tity  of th e  d ry  salts is boiled w ith  2 or 3 
cc. of acetone, filtered  th rough  a w arm , d ry  funnel, 
an d  th e  filtra te  cooled. T h e  presence of a-su lfo n ic  
acid  is show n in th e cold  filtra te  b y  th e  separation  of 
cry sta ls  of /3-n ap h th ylam in e n ap h th alen e-a-su lfo n ate.1

If th is  acid  is foun d, th e  w hole m ass of th e  salts is 
boiled w ith  acetone, filtered  h o t th rou gh  a w arm , dry 
funnel, boiled again  w ith  acetone, filtered, and the 
residue w ashed w ith  h o t ' acetone. T h e  insoluble 
salts are th en  dried and exam ined under th e m icro
scope.

o p t i c a l  p r o p e r t i e s — Im m erse th e salts in  m ethyl 
sa licy la te  or other o ily  liquid  h a vin g  a refractive  
index near 1.53. T u rn  th e  stage to  bring a clear- 
c u t crysta l (rod or p late) into parallelism  w ith  th e 
plane of v ib ra tio n  of th e  polarizin g nicol prism  (as 
in d icated  b y  one of th e cross hairs; w hich cross hair 
m ust be determ ined in  advance).

If th e  c ry sta l boundaries disappear, in d icatin g  the 
id e n tity  of refra ctive  index of th e  liq u id  w ith  th a t of 
th e crysta l in  th e  direction  of e lon gation ; and if, 
on in serting th e  an a lyzin g  nicol, in  crossed position, 
th e extin ction  is m ore or less inclined, i. e., if th e 
crysta l becom es d ark  w hen tu rn ed  so as to  m ake an 
angle of up to  n ea rly  io °  w ith  a cross hair, th e  pres
ence of n ap h th a len e-2,7-disulfonic acid  as its  /3-naph
th yla m in e salt is indicated. T h is sa lt of th e  2,7- 
acid  also show s a ch aracteristic  tw in n in g h a b it, th e 
tw o  p arts of th e  cry sta l p lates show ing extin ction  in 
different positions. T h ese tw in n ed  p lates also show  
an  ap p roxim ately  120° term ination .

I f  t h e  c r y s ta l b o u n d a r ie s  re m a in  d is t in c t , a n d , on 
ra is in g  th e  m icro sco p e  tu b e , a  b a n d  of l ig h t  a p p e a rs  to  
e n te r  th e  c r y s ta l,  sh o w in g  t h a t  its  r e fr a c t iv e  in d ex

1 See p . 1082 of preceding paper.

exceeds th a t  of th e  liquid  in th e d irection  of elon gation ; 
and if, on inserting th e  an alyzin g nicol in  crossed 
position, th e  extin ction  is parallel, i. e., th e crysta l 
becom es dark when parallel to  a cross hair, th e  pres
ence of n ap h th alen e-i,6-d isu lfon ic acid  also as the 
/3-naph thylam ine sa lt is indicated . If  salts of b oth  
acids are present, b oth  b ehaviors can be rea d ily  rec
ognized on separate crystals.

These op tical properties are v e ry  ch aracteristic  of 
these tw o salts, as m ay be seen b y  referring to th e 
ta b le  of op tical properties g iven  in th e  preceding 
article. T h e v e ry  sm all • am ounts of th e  salts of a n y  
of th e  other four nap hthalene sulfonic acids w hich 
m ay be present at th is point of th e analysis do n ot 
in a n y  w a y  interfere w ith  these observation s, and are 
readily  recognized as im purities.

D E L IC A C Y  OF T H E  T E S T S

M ost of the above-described tests are as d elicate 
as it  is necessary for th em  to  be when used for te ch 
n ical purposes.

T h e  p recip itation  of th e  /3- and 2,6-acids is v e ry  
n early  q u a n tita tive , so th a t  a rough estim ate of the 
am ounts of these present can be m ade b y  w eighing 
th e  dried precip itates. T h e precip itation  of th e  1,5- 
acid  is not so com plete, since a -n a p h th yla m in e naph- 
th alen e-i,5-su lfo n ate  is s lig h tly  soluble in boiling 
w ater. T h e a-su lfo n ic  acid  sa lt is alm ost com pletely  
insoluble in  cold  w ater, and b y  evap o ratin g  th e  acetone 
extract, its  w eight m ay  be ob tained , since none of th e 
other salts are ap p reciab ly  soluble in  acetone. A  
rough estim ate of th e  re la tiv e  am ounts of th e 2,7- 
and 1,6-salts m ay be m ade under th e m icroscope.1

SU M M A R Y

A  m ethod is proposed for th e  q u a lita tiv e  exam ina
tion  of m ixtures of th e  fo llow ing nap hthalene sulfonic 
acids: a- and /3-m onosulfonic, and 1,5-, 1,6-, 2,6-, and
2,7-disulfonic acids.

TH E M ECH AN ISM  OF B A T IN G 2 

By John Arthur W ilson
L a b o r a t o r i e s  o p  A. F. G a ix u n  & S o n s  C o ., M i lw a u k e e ,  W is c o n s in  

Received A ugust 25, 1920

Perh ap s th e  m ost curious of all th e  processes in 
vo lv ed  in m akin g leath er is th a t  of b atin g. L it t le  
is know n of its  origin because it  w as a secret process, 
b u t it  is a t least som e centuries old. A fter  th e skins 
are ta k e n  from  th e lim e liquors, unhaired, and w ashed, 
th e y  are plum p and ru b b ery, a condition  not p a rticu 
la r ly  su itab le  for p u ttin g  th em  d irectly  in to  th e ta n  
liquors. T h e  o b ject of b atin g  is to  prepare th e  u n 
haired skins for tan n in g, and o rig in ally  consisted  in  
keeping th em  in a w arm  infusion of th e  dung of dogs 
or fow ls un til all plum pness had disappeared and  th e 
skins had becom e so soft as to  retain  th e  im pression 
of th u m b  and finger when pinched and sufficien tly

1 The au tho rs wish to  extend th e ir  th an k s  to  M essrs. G . O. O berhelm an 
and  D. F . J . L ynch for th e ir  kindness in checking and  confirm ing th is 
m ethod, and  for suggestions th ey  have m ade for its  im provem ent.

8 P resented  before th e  Section of L ea ther C hem istry a t  the  60 th  M eet
ing of the  Am erican Chem ical Society, Chicago, 111., Sept. 6 to  10, 1920.
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porous to  perm it th e passage of air under sligh t p r e s 
sure. In  his book W o o d 1 says:

The object of bating or puering is to render the skins, and 
the resulting leather, soft and supple. * * * Puering is not 
only a filthy and disgusting operation, but is prejudicial to 
health and in the nature of it is attended by more worry and 
trouble than all the rest of the processes in leather making put 
together.

W ood m ade a th o rou g h  stu d y  of dungs and their 
action  upon skins and his fin al opinion w as th a t  th e 
a ctiv e  con stitu en ts of th e dung infusions w ere am 
m onium  com pounds and pan creatic  or sim ilar en zym es. 
A s a result o f this w ork, and som e p ra ctic a l d ev elo p 
m ent b y  others, dung has been replaced as a b atin g  
m aterial in m any tann eries b y  a m ixture of am m onium  
chloride and pan creatin .

Our know ledge of th e b eh avior of proteins in c o n ta ct 
w ith  aqueous solutions of acids, bases, and sa lts , in 
w hich the protein  sw ells b y  absorption  of w a ter  to  an 
exten t depending upon th e  n atu re and con cen tratio n  
of th e  e lectro lyte, raises th e question  as to  w h eth er 
b atin g  is n ot sim ply a m eans of brin gin g th e  sk in s into  
a condition  of m inim um  sw elling, esp ecially  since such 
a condition  w ould g ive  th e  skins th o se  p h ysica l prop
erties w hich are w id ely  a ccep ted  as in d ica tiv e  of 
prop erly  b ated  skins. If  th is w ere so it  w ould  re
duce b atin g  to  perhaps th e  sim plest of th e ta n n ery  
processes.

EX PE R IM E N T A L  

T h e fo llow ing experim ent w as m ade to  show the 
com p arative degrees of sw elling of hide in  lim e w ater, 
in a b ate  liquor, and in  w ater. In  each of three 100 
cc. graduated cylin ders were placed 2 g. of “ S ta n d a rd ”  
hide pow der. T h e first w as filled w ith  sa tu rated  lim e 
w ater, th e  second w ith  distilled w ater, and th e th ird  
w ith  a b ate  liquor showing a va lu e  for log H + of 
— S. 1. T h e  cylin ders were stoppered  and shaken  a t

1 ' ‘Puering, B ating and  D renching of Skins,” Spon, 1912.
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in tervals , and th e sw ollen pow ders allow ed to  settle. A t  
the end of 8 hrs. th e  vo lu m es occupied  b y  th e  po w d ers 
were as follow s: in lim e w ater 41 cc., in distilled  
w ater 32 cc., and in th e  b ate  liqu or 31 cc., show ing 
th a t  th e  b ate  liquor a ctu a lly  causes less sw elling o f 
hide th an  ordin ary  distilled  w ater. A  pure solution 
of am m onium  chloride of th e  sam e concen tration  and 
a lk a lin ity  as th e  b ate  liquor produces p ra ctic a lly  
th e  sam e degree of sw elling.

A  m ore p ractica l te st w as m ade b y  com paring th e  
action  of am m onium  chloride alone w ith  th a t  of a com 
m ercial b ate , sup posedly contain ing am m onium  
chloride and pan creatin . B o th  liquors were m ade 
up to  a concen tration  of 1.20 g. of am m onium  chloride 
per liter, skins of sim ilar n atu re  w ere p u t into  each, 
and all other conditions k ep t as n early  a like  as possible. 
A t  th e end of several hours th e  skins in  b oth  liquors 
had all th e p h ysica l properties of b ate d  skins and no 
difference betw een  th e tw o  lots could be d etected , 
even after tan n in g . R e ce n tly  a n um ber of chem ists 
in  various p a rts  of th e  co u n try  h a ve  inform ed th e  
au th or of sim ilar findings. T h is  te s t w ould seem  to  
in d icate  one of tw o  th in gs— eith er th a t pan creatin  
w as of no p ra ctica l benefit, or else th a t  th e  com m ercial' 
b ate  w as deficient in  enzym es.

Som e yea rs ago R o sen th a l1 concluded  th a t  th e  
b atin g  process rem oves elastin  from  th e  skin. In  a 
sam ple from  th e  b u tt of a calfsk in  he fou n d  10.36 
per cen t of elastin , calcu lated  on th e  d ry  basis, b efore 
b atin g , and on ly  0.31 per cen t a fter b atin g . B u t, as a  
m easure of th e  elastin  con ten t of a sk in , he used th e  
per cen t of nitrogenous m a tter  th a t  could  be rendered 
soluble b y  tr y p tic  digestion, w hereas his b atin g  process 
w as also sup posedly a tr y p tic  digestion. W h a t he 
p roved  w as m erely th a t b atin g  rem oved  alm ost to  
com pletion  certain  n itrogen ous m atter from  th e  lim ed 
skin, b u t w hether th is w as elastin  or hide su b stan ce

1 J .  A m . Leather Chem. Assoc., 11 (1916), 463.
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which had p reviou sly  been a tta ck e d  b y  lim e appears 
open to question.

T h e sta tem en t th a t elastin  is rem oved  b y  batin g 
is also m ade b y  M o eller1 and b y  Seym our-Jones,2 
who in collab oration  w ith  W ood carried  ou t an in 
teresting experim ent on th e  b atin g  of sheepskin. 
T h e “ flyw in g”  grain  of a sheepskin w as sp lit from  the 
main b o d y  of th e skin, called  sim p ly  flesh for con
venience, and b o th  grain  and flesh were cu t in to  halves 
along th e backbon e. One grain  and one flesh were 
b ated  w ith  pan creatin , w hile th e other halves were 
delim ed w ith  acetic  acid , b u t n ot b ated . A ll four 
pieces were then  tanned w ith  sum ac. T h ere  was 
c o m p a ra tiv e ly  little  difference betw een  the b ated  and 
un bated flesh halves, b u t th e  grain  sam ples were 
v e ry  different from  each other. T h e  b ated  grain 
was soft and even, w ith  th e hair-holes clean and clear, 
but in  th e  u n bated  grain  the hair-holes appeared to  be 
glued up and th e  surface had a rough, co n tra cted  ap 
pearance. Seym our-Jones concluded th a t elastin  is 
present on ly  in  th e grain  m em brane an d  th a t  it m ust 
be digested before tan n in g to produce a sa tisfa cto ry  
grain, b u t th a t  b atin g  of th e sk in  under th e grain  is 
not o n ly  unnecessary, but often undesirable.

T h e results of th is experim ent m ay, how ever, not 
have been due to th e  b atin g  process, sincc one grain 
had been trea ted  w ith  acetic  acid, w hile th e other 
a p p aren tly  had not. T h e author recalls h avin g tanned 
in th e sam e liquor a b ated  skin and one both  b ated  
and pickled . T h e  difference b etw een  th e  tan n ed  skins 
was strik in g, th e  pickled  skin  being sh riveled  to  half 
of its original area and h avin g an alm ost corrugated  
appearance, w hile th e  other had n ot shrunk a t all 
and w as q uite sm ooth.

I t  w as decided to  settle  defin itely  th e question  of the 
rem oval of elastin  in  th e b atin g  process b y  m eans of 
photom icrographs of cross sections o f the skins taken

1 Collegium, 1918, 105, 125; Chem. Abs., 12 (1918 ), 2706.
2 J.  Soc. Leather Trades' Chem,, 4 (1920), 60.

F ig . 4— C ross S e c t io n  o f  G r a in  a n d  P a p il l a r y  L a y er  o f  C a l f s k in  
B a t e d  fo r  24 H r s . w it h  T r y p s in . E l a s t in  F ib e r s  E n t ir e l y  

R e m o v e d . M a g n if ic a t io n  42 X

before and after b atin g. T h e  elastin  fibers are not 
c learly  discernible unless su ita b ly  stained, and for this 
purpose m agen ta has been foun d excellen t, since it  
m akes th e  elastin  m uch d arker in  color, and therefore 
more prom inent th a n  th e rest of th e skin. T w o  liquors 
■were prepared, each contain ing 1.20 g. per liter of 
am m onium  chloride, w hile one also contain ed 0.03 
g. per liter of a U. S. P . grade of tryp sin . E nough 
alkali was added to  each to  m ake th e  va lu e  for log 
H + abou t — 8.0. A  piece of lim ed calfsk in  was 
kept in each of these liquors for 24 hrs. a t abou t 37°. 
M icroscopic exam ination  of th e  sam ple from  the 
tryp sin  liquor showed th a t  p ra ctica lly  all of th e elastin  
had been rem oved, w hile, in th e piece trea ted  w ith 
am m onium  chloride on ly, th e  elastin  w as left a p 
p a ren tly  unaltered. T h e  te st w as carried ou t on a 
large scale w ith  th e  sam e result.

T h e tim e fa cto r in  th e rem oval of elastin  can be 
follow ed b y  m eans of the ph otom icrograp hs show n in 
Figs. 1 to  4, in clu sive .1 T h e  sections, w hich are all 
40ix th ick , h ave been stain ed  w ith  m agen ta  to  m ake 
th e elastin  fibers more prom inent. In  F ig . 4 th e 
grain  m em brane shows clearly  enough to  be m easured, 
and is abou t 0.046 mm. th ick . T h e  skins are from  
m edium -size calves, and all sections shown were ta k en  
from  th e b u tt. In  a section 2.5 mm. th ic k  th e  elastin  
fibers were present to  a d ep th  of 0.5 mm . from  th e 
grain surface, then  for a d istance of 1.7 mm. no elastin  
could be detected , b u t w as abu n d an t in th e rem aining 
0.3 mm. of flesh surface. T h is fu lly  confirm s th e 
view  of Seym our-Jones th a t th e m ain b o d y  of skin  
contains no elastin.

T h e va lu e  of rem ovin g elastin  from  skins m ust der 
pend to som e exten t upon th e  p a rticu la r properties 
desired in th e  leather, b u t betw een  skins contain ing 
elastin  and those from  w hich it  had been rem oved  
no such differences as were n oted  b y  Seym our-Jones

i Acknowledgm ent is m ade of th e  assistance of M r. G uido D aub in 
the  p repara tion  of the  photom icrographs.
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could  be d etected , p ro b ab ly  because th e  differences 
he foun d were due to  causes other th an  b atin g.

CONCLUSION

T h e m echanism  of b atin g  ev id en tly  consists of tw o 
d istin ct parts: (1) R edu cin g lim ed skins to  a con 
dition of m inim um  sw elling; (2) d igesting th e  elastin  
fibers present in th e  outer layers of th e skins.

IN CLU SIO N S AND F ER R ITE  CR YSTALLIZA TIO N  IN 
STEE L. II— SO LU BILITY OF IN C LU SIO N S1 

B y  E. G. M ahin and E . H. Hartwig
D e p a r t m e n t  o p  C h e m is t r y , P u r d u e  U n iv e r s it y , L a f a y e t t e , I n d ia n a

In  an earlier paper b y  one of us2 exp erim en tal e v i
dence w as offered for th e w id ely  held th eo ry  th a t  non
m etallic  inclusions are p a rtly  responsible for ferrite  
segregation  in steel, in d icatin g  th a t  S te a d ’s v iew  to  the 
c o n tra ry 3 m a y be incorrect. S tead  had concluded, as 
a resu lt of his experim ents, th a t  ph6sphorus segrega
tion  ab ou t inclusions is responsible for th is phenom enon, 
and th a t  th e  presence of inclusions has no d irect bearing 
upon ferrite form ation  from  slow ly  cooled hypoeu- 
tecto id  steels. T h e  w riter, on th e  oth er hand, showed 
th a t ferrite continues to  segregate abou t inclusions even  
a fter long heatin g  a t tem p eratu res con siderably  above 
A r3, a lth ou gh  th e lon gitu d in al ferrite streaks of rolled 
steel d isappear because of th e  b etter dissem ination  of 
phosphorus th a t  is b rou gh t abou t b y  such heatin g.

T o  accou n t for th is defin itely  estab lished  fa ct, it  w as 
assum ed th a t  either th e  m aterial of th e  inclusion  itse lf 
or som e reaction  p rod u ct of th is w ith  surrounding 
m etal (or b oth  of these) is soluble, to  a sligh t exten t 
a t least, in iron or in au sten ite, and th a t  th e presence 
of th is  dissolved m aterial so a lters so lu b ility  relations as 
to  cause th e b egin nin g of ferrite  sep aration  from  aus
ten ite  in th e  regions so pen etrated, b efore su p ersatu ra 
tion  has broken dow n a t other points.

T h e  m echanism  of th e  breakdow n  of th e solid  solu
tion  of h y p o eu tecto id  steel is som ew h at as follow s:

A s th e  steel cools slow ly  th ro u g h  th e  tran sform ation  
range, th e  au sten ite  of higher tem p eratu res becom es 
sa tu rated  w ith  ferrite  a t th e  ideal tem p eratu re, A 3. 
F errite  does n ot, in  an y case, sep arate at th is point, 
b u t rem ains in  solution  u n til a som ew hat low er te m p era 
ture, A r3, is reached, w hen th e  sup ersatu ration  then  
existin g can no longer be m ain tained. W hen ferrite 
sep aration  begins, recalescen ce occurs, and a u sten ite  
continues to  re ject ferrite  a b ou t th e  c ry sta l nuclei th u s 
form ed un til th e tem p eratu re has fallen  to A n , when 
austen ite of eu tecto id  com position  rem ain s and is 
changed b o d ily  to  pearlite.

H ow ever, it is n ot to  be supposed th a t th e  degree of 
su p ersatu ration  of ferrite  in  austen ite is th e sam e in all 
p arts of th e  steel m ass, or even  in all p a rts  o f a g iven  
austen ite grain. A u sten ite  of a b so lu tely  un iform  
con cen tration  is an ideal su b stan ce, p ro b a b ly  n ever 
existin g in  a g iven  steel m ass. E v e n  if all elem ents 
b u t carbon and iron could be excluded, such u n ifo rm ity  
could be approached on ly in  steel cooling from  th e  li-

1 R ead  a t  the  59th M eeting of the  A m erican C hem ical Society St. 
Louis, M o„ A pril 12 to  16, 1920.

3 M ah in , T h is  J o u r n a l , 11 (1919), 739.
* J .  Iron and Steel In s t., 97 (1918), 287, 389.

quid sta te , because w hen a cooled h yp o eu tecto id  steel 
is reheated, reabsorption  of ferrite b y  austen ite, as th e  
tran sform ation  range is traversed , g ives a u ste n ite  
grains con tain in g m ore iron carbide to w a rd  th e ir  
centers and m ore iron in  th e  outer portions and, w h ile 
diffusion is a fa ir ly  rap id  p rocess, it  is n ot lik e ly  th a t  
an y  ord in ary  h eatin g en tire ly  serves to  correct th is  
la ck  of u n ifo rm ity  in  con cen tration . I t  is th erefore in 
th e regions of h igher iron con cen tration  th a t  super- 
satu ratio n  during cooling is grea test and, lea v in g  o th e r  
influences ou t of accou n t, it  is in  th ese regions th a t th e 
nuclei of ferrite grains are first generated.

I t  is a general condition  th a t  if a  th ird  su b stan ce is. 
added to  a b in a ry  solution  w hich is a lrea d y  sa tu rate d  
w ith  one of its  com ponents, th e so lu b ility  of th is com 
ponent is low ered. T h e  op posite is som etim es true,, 
and in  certain  cases of o rd in ary  solutions th e presence 
of th e  th ird  su b stan ce has little  ob servab le  effect, but. 
th ese cases are excep tion al. In  th e  b in a ry  solid solu
tion , iro n -iro n  carbide, th e  n on m etallic  inclusion  or a. 
reaction  p rod u ct m ay  be regarded  as th e  th ird  substance. 
I t  is n ot n ecessary to  assum e a large so lu b ility  for this, 
th ird  sub stan ce. I f  there is a zone, h ow ever n arrow , 
ly in g  abou t an inclusion  and con tain in g even  a trace  
of som e th ird  dissolved su b stan ce derived  from  th e  in 
clusion itse lf, th e  presence of th is m aterial should a lte r  
th e so lu b ility  of ferrite  in  th e au sten ite  th ere present, 
and th u s cause local b reakd ow n  of th e cooling solution  
first in these regions. T h is w ould  estab lish  ferrite- 
nuclei, and sep aration  w ould  continue a t these points. 
T h e  cooled steel w ould  then  show  inclusions em bedded 
in ferrite.

One reactio n  p ro d u ct w as suggested  in th e  first, 
paper. T h is w as m anganese, an eq u ilib riu m  p ro d u ct 
resu ltin g  from  co n ta ct of m anganese sulfide inclusions, 
w ith  iron. I t  w ould  appear th a t  th e  steel in  co n tact, 
w ith  such an inclusion  m ust n ecessarily  con tain  m a n 
ganese in  s lig h tly  higher con cen tratio n  th a n  in  o th e r  
regions. T h is w ould  also be tru e  of m angan ese su l
fide itself and of ferrous sulfide existin g in eq u ilib riu m  
w ith  th e  other sub stan ces in v o lv e d  in th e  reaction.

S im ilar reaction s are co n ceivab le  in  th e  case o f oxides,, 
silicates, sulfides, e tc., of elem ents oth er th a n  iron, and 
th e  reaction  p roducts, as w ell as th e origin al inclusions, 
m ust dissolve to  a sligh t exten t in th e surrounding m etal.

I t  w as earlier po in ted  ou t th a t  th e effort to  produce- 
artific ial inclusions b y  sealing pow ders in to  holes in 
steel could n ot be exp ected  to  produce a n y  v e ry  defi- ’ 
n ite  results, because air could  n ot be en tire ly  excluded3 
from  such cav ities, and th e  film  of oxide produced  on 
th e lin in g o f th e  c a v ity  w hen th e  steel was h eated  must, 
p rev en t in tim a te  c o n ta ct w ith  th e  inclusion, even  i f  
the la tte r  were fusible. O f nine m aterials used b y  D r. 
S tead , a t  lea st five (calcium  fluoride, calciu m  oxide, 
m agnesium  oxide, silica, and m anganese sulfide) would! 
be infusib le, or p ra ctic a lly  so, a t io o o 0 C ., th e  tem p era 
tu re  em ployed.

T h e  difficulties a tten d in g  th e  prod u ction  of in tim a te  
c o n ta ct of a rtific ia l n on m etallic  inclusions w ith  sur
roundin g m etal are n ot en countered  if m etallic  in clu 
sions are used. C lean  holes m ay be drilled in th e  steel,, 
and clean, t ig h tly  fittin g  rods of a d ifferen t m aterial;
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F ig . 2— A l u m in iu m  B r o n z e  in  S t e e l . 
H ra t  T r e a t e d . X  100

F io .  3— Z in c -A lu m in iu m  A l l o y  in  S t e e l .  
X 100

F ig . 1— A l u m in iu m  B r o n z e  (B e l o w ) in  S t e e l  
N ot  H e a t  T r e a t e d , x  100

F io .  5— H ig h -S p e e d  S t e e l  in  C arbo n  S t e e l , 
X  100

F ig .  4— S t e l l i t b  in  S t e e l .  X  100

F ig .  9— S t e e l  (N i 3.5% ) in  C a r b o n  S t e e l .  
X  100

F io .  8— S t e e l  (C r 1 .0% ) in  C a r b o n  St e e l . 
X  100

F ig . 7— I l l iu m  in  C a r b o n  S t e e l . X  100

F ig .  12— S t e e l  (P  1 .06% ). X  50F ig . 10— T it a n iu m  St e e l  w it h  S e g r e g a t e d  
F e r r it e . X  100
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driven  into  th e cold, un oxidized  steel. In  th is w a y  it  is 
possible to  use nonferrous m etals, a lloys, or a lloy  
steels to determ ine th e  effect of a th ird  m etal or com 
bin ation  of m etals, th u s im ita tin g  th é production  of a 
m etal b y  reaction  of a n onm etallic  inclusion  w ith  
surrounding steel. T h is  w as th e idea w hich prom pted 
th e w ork described below . From  th e  success atta in ed  
th e w ork w as extended to  include an in v estig a tio n  of 
th e broader question  as to  th e  effect of segregation  of 
such substances as silicides, sulfides, and phosphides, 
and of m etallic  elem ents of a llo y  steels, upon carbon 
d istribution.

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

A  bar of rolled carbon steel, contain ing 0.53 per cent 
carbon, w as cu t tra n sv erse ly  in to  p lates a b ou t one 
inch in th ickness. T h ro u gh  these were drilled holes 
one-eighth  inch in  d iam eter, no oil or cu ttin g  com-, 
pound being used. R o ds of a num ber of a lloys, care
fu lly  tu rn ed  to  0.002 in. oversize, w ere driven  into these 
holes. T h e  ends of such as were sufficien tly  m alleable 
were r iv ete d  dow n. T h e  piece of steel, w ith  its  insert, 
w as th en  p laced in a closed muffle fu rn ace and heated  
to  850° C . (w hich w as well ab ove th e tran sform ation  
range for th is steel) for periods of 7 hrs. A fte r  cooling 
in th e  fu rn ace th e pieces w ere sectioned tran sv erse ly  
to  th e axis of th e  insert, polished, and etch ed  in n itric  
acid. M icroscopic exam in ation  of th e  polished sec
tions w as m ade before etchin g, to  determ ine w hether 
co n tact of th e pieces had been p erfect. In th e few  cases 
w here th e  insert had n ot been fitted  t ig h tly  th e  sp eci
mens were rejected . Of th e others, ph otom icrograp hs 
were m ade for record.

T h e  fo llow in g alloys and steels were used as inserts 
in th e first series of experim ents: A lu m in iu m  bronze 
(copper 90, a lum in ium  7, iron 3), stellite', d ie-castin g 
a lloy  (zinc and alum in ium ), high-speed steel, and steel 
contain ing 1.7 4 per cen t m anganese.

T h e  resu lts of th e trea tm en t are show n in  th e  a c
com p an yin g ph otom icrograp hs, in  each of w hich th e 
steel and th e  insert are show n in th e upper and low er 
portions, resp ective ly . A  w ell-defined ferrite  rin g sur
rounding th e  insert is ev id en t in  all cases. (In all of th e  
ph otom icrograp hs th ere is a narrow , dark  line, som e
w h a t in d istin ct in  som e cases, a t th e  co n tact circle 
sep aratin g  steel and insert. T h is  is due to  th e  fa c t 
th a t th ere is u su a lly  a  difference in  hardness of th e 
steel and insert, so th a t polish ing produces a rounded 
shoulder a t th e  co n ta ct surface. W ith  v e rtica l illu m i
n ation  th is  appears as a dark  ring.)

a l u m i n i u m  b r o n z e — F ig. i  show s th e  appearance of 
the co n tact line b etw een  steel and alum in ium  bronze 
insert before th erm al trea tm en t. T h e  other exp eri
m ental pieces were sim ilar to  th is in appearance. 
T h e co n tact is excellen t, th e  on ly chan ge in grain  
stru ctu re being a p h ysica l d istortion  of grains ad 
jo in in g th e insert, th is being produced  b y  d riv in g in 
the cold insert. F ig. 2 show s th e  sam e piece a fter 7 hrs. 
h eatin g a t 850° C . A  ferrite  ring, c learly  d efin ed ’ and 
uniform  in  w id th , en tirely  surrounds th e  insert. T h e  
ob vious assum ption is th a t ou tw ard  diffusion of the 
foreign m etal, d issolvin g in contiguous austen ite,

low ers ferrite so lu b ility  and causes sep aration  first in 
th e  zone p en etrated .

z i n c - a l u m i n i u m — T h e d ie-castin g a llo y  w as h eated  
a b o ve  its fusin g poin t,-an d  th e line representin g th e  
co n tact surface of th e c a v ity  and m elted m etal has b e
co m e irregular. H o w ever, th e  ferrite ring, n ot so 
w ide in th is  case, follow s th is outlin e, as show n in
Fig- ,V

s t e l l i t e — In F ig . 4 is show n th e v e ry  str ik in g  
effect of a ste llite  insert. E ith er co b alt or chrom ium  
appears to  diffuse q uite ra p id ly  in to  steel and  to  exert 
a considerable effect upon ferrite  so lu b ility . P o s
s ib ly  b oth  m etals are responsible for th is effect. T h e 
ferrite ring here produced is th e  w idest of all th a t  
were ob tain ed  in  th e  experim ents described in  th is 
paper, w ith  th e  excep tion  of th a t  produced b y  m an
ganese and  n ickel, to  be discussed la ter.

c h r o m i u m - t u n g s t e n — T h e actio n  of a high-speed 
steel insert is illu stra ted  in  F ig . 5. T h e  ferrite  rin g is 
n arrow , b u t regular in  w idth , and v e ry  d istin ct.

m a n g a n e s e — T h e actio n  show n in F ig . 6 . is in ter
esting. H ere th e  insert and th e  steel b o d y  are of 
p ra ctic a lly  id en tica l com position  excep t w ith  regard  to  
m anganese, th e  insert con tain in g 1.74 per cen t of th is  
elem ent as again st 0.67 per cen t in th e outer b ody. 
A b o v e  th e tran sform ation  ran ge, m anganese has 
diffused ou tw a rd  from  th e  region of greater concen 
tratio n  into  th a t  of low er con cen tratio n . F errite  
so lu b ility  has a p p a ren tly  been dim inished in th e  outer 
piece and, as m ight h a ve  been p redicted , som ew h at in 
creased in  th e  outer border of th e insert. C o n seq u en tly , 
a ring of increased pearlite  con cen tratio n  is ob served  
in th e last-m entioned  zone. (A  still w ider ferrite  rin g, 
produced b y  m anganese diffusion, is show n in F ig . 17.)

i l l i u m — Illiu m  m etal (chrom ium -nickel-copper) p ro 
duces a n arrow  ferrite  ring when th e  specim en is 
h eated  for 9 hrs. a t 850° C . T h is  is show n in  F ig . 7.

c h r o m i u m  a n d  n i c k e l — A  chrom e steel (chrom ium
1.0 per cent) show's a w ell-ch aracterized  effect (F ig . 8), 
and a n ickel steel (nickel 3.5 per cent) produces a 
w ide ferrite  ban d, as show n in F ig . 9.

In  th e  experim ents ju st described th e m aterials used 
as pseudo-inclusions consisted  of a lloys and steels th a t 
h appened to  be a va ila b le , and th e y  W'ere used in th is  
w a y  to  te st th e  general effect of localizin g m etallic  
im purities. In  th e fu rth er a tte m p t to  use inserts m ade 
from  m iscellaneous steels, each  h igh  in som e single 
elem ent, it  w as soon foun d th a t  th e  resu lts of th e  heat 
trea tm en t were com plicated  b y  differences existin g b e
tw een  th e insert and b o d y, w ith respect to  th e  per cen ts 
of carbon, as w ell as of th e  com m on elem ents, silicon, 
phosphorus, sulfur, and m anganese.

T h e  N atio n a l M alleable  C astin g s C o., through 
th e  co u rtesy  of M r. H. A . S ch w artz, chief m etallu r
gist, k in d ly  u n dertook to  prep are a set of sp ecia l steels 
th a t  w ould  be b ette r  a d ap ted  to  th is use. One stock  
steel w as m ade, con tain in g 0.5 per cen t of carbon  and 
norm al per cents of th e four other com m on elem ents. 
T o  variou s oth er portions of th is  sam e steel a b n o r
m ally  high am ounts of special elem ents were ad ded  
in th e  crucible. T h ese special steels were used as in-
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F ig . 13— S a m e  S t e e l  a s  in

R e a g e n t . X  50

Serts in th e sto ck  for .heat trea tm en ts sim ilar to  those 
described in  th e  first p a rt of th is paper. T h e  fo llow ing 
per cen ts of th e  special elem ents w ere found b y  a n a ly 
sis: Phosphorus 1.06, sulfur 1.36, silicon 4.0, m anga
nese 1.46, chrom ium  0.84, and copper 1.34. A  special 
tita n iu m  steel also w as availab le , b u t th e  exp eri
m ents upon th is are still incom plete. Som e further 
w ork upon  all of these specim ens is still in  progress, 
b u t it  m a y  be of in terest to  dw ell briefly  upon the 
effects of som e of th e special elem ents upon carbon dis
tribution .

T h e  m ethod used for m akin g th e  special steels was, 
as n oted ab ove, th e  addition  of ferrom anganese, 
ferrosilicon, and  ferro titan iu m , as w ell as of steels con
tainin g high proportions of iron phosphide, iron su l
fide or chrom ium , to  a crucible con tain in g fused car
bon steel. T h e carbon w as thus m ain tain ed  p ra cti
cally  con stan t, b u t under th e conditions it  could 
scarcely  be exp ected  th a t th e  special steels w ould  be 
uniform  in com position, w ith  respect to  th e  special 
elem ent added. T h is  la ck  of u n ifo rm ity  in  th e  special 
steel insert g ives tw o interestin g results:

( j )  The ferrite ring produced in the carbon steel surrounding 
the insert varies greatly in width, presumably according to the 
variation in concentration of the special element along the cylin
drical surface of the insert.

(2) The special steel itself shows pronounced carbon segrega
tion.

T h e la tte r  poin t is illu strated  b y  F igs. 10, 11 , and 
12, ph otom icrograp hs of th e annealed titan iu m , 
silicon and phosphorus steels, resp ective ly . T h e  segre

gated  masses of ferrite grains p rob ab ly  contain  a 
higher proportion  of th e  special elem ent th an  other 
parts of th e m etal. T h is  is p roved  to  be th e case, a t 
least w ith  th e phosphorus steel, b y  a com parison of 
F igs. 12 and 13, th e la tte r  being a representation  of 
this special steel a tta ck e d  b y  S tea d ’s copper reagen t. 
T h e brigh t high-phosphorus areas, free from  copper, 
correspond well w ith  th e fe rrite 'g ra in s  of F ig . 12.

p h o s p h o r u s — I t has a lread y  been noted  b y  Stead , 
and confirm ed b y  th e  w ork reported  in  a previous 
paper b y  one of th e present w riters,1 th a t  iron p h o s
phide m igrates v e ry  slow ly  in austen ite. I t  is in ter
esting to  n otice th a t  th e insert of steel contain ing 1.06 
per cent of phosphorus, w hen h eated  to 850° C . for 4 
hrs., produces only a v e ry  n arrow  (and som ew h at 
irregular) ferrite ring in th e steel surrounding th e  in 
sert (Fig. 14). I t  is planned to  g iv e  th is specim en a 
p rotracted  h eat trea tm en t a t a h igher tem p eratu re  in 
order to  observe w hether th e  effect w ill be m ore p ro
nounced.

s u l f u r — T h e effect of sulfur, th rou gh  m igration  of 
ferrous sulfide, is shown in F ig . 15. T h e  c o n ta ct line 
is som ew hat obscured, in th is  view , on a ccou n t of the 
sm earing th a t  occurs durin g th e  polish ing action  upon 
th e  som ew hat b rittle  m aterial.

c o p p e r — C opp er m igrates rea d ily  and affects carbon 
d istribution , as do th e  other elem ents n oted  (see 
Fig. 16).

m a n g a n e s e — M an ganese show s a m ore pronounced 
effect th a n  does a n y  other of th e com m on elem ents

> Loc. cit.

F io .  14— S am e S t e e l  (B e lo w )  as in  F ig .  12 
in  C a r b o n  S t e e l .  X  100

F ig . 15— S t e e l  (S  1 .36% ) in  C a r b o n  St e e l . 
X  100

F i g . 16— S t e e l  (C u  1 .34% ) 
X  100

F ig . 17— St e e l  (M n  1 .46% ) in  C a r b o n  S t e e l . 
X  100

F ig .  18— S am e  a s  in  F io .  17. X 12
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P ío .  19— St e e l  (S i  4 .0 % ) in  C a r b o n  S t e e l . F io . 20— B rass in  C a r b o n  S t e e l . A ir  P o c k e t . F i o . 21— St e e l  ( P  1 .06% ) in  C a r b o n  S t e e l . 
X 100 X 100 A ir  P o c k e t . X .100

F ig . 22— I n g o t  I ro n  in  C ar b o n  S t e e l , S h o w - F ig . 23— S t e e l  (P  1.06% ) in  C a r b o n  S t e e l ,
in g  C a r b o n  P e n e t r a t io n . X 100 T w o  A ir  P o c k e t s  S e p a r a t e d  b y  L in e  oe

G o o d  C o n t a c t . C o p p e r  R e a g e n t .
X 50

of o rd in ary  steel. F igs. 17 and 18, a t 100 and 12 d iam 
eters, resp e ctive ly , illu stra te  th is  v e ry  m arked effect. 
A  w ide ferrite  ring, uniform  in w id th , is show n in  b o th  
figures. F ig. 18 w as m ade w ith o u t using th e  ocular 
of th e  m icroscope and th e  defin ition  is n ot good, b u t 
th e etch in g effect is easily  seen.

s i l i c o n — In F ig . 19 th e  effect of silicon is shown. 
T h e  ferrite p atch es ab ou t the insert are v e ry  w ide in 
places, and v e ry  irregular. T h e irreg u la rity  is, no 
d ou b t, due to  la ck  of u n ifo rm ity  in  d istrib u tio n  of iron 
silicide in th e special steel.

O X ID A T IO N

T h ro u gh o u t th is discussion it  has been assum ed th a t  
diffusion of th e  special elem ent or com pound from  th e 
insert in to  th e  a d ja cen t steel has been th e  cause of 
ferrite  segregation  n ear th e  co n tact surface. I t  is 
w orth  w hile to  in q uire w hether oxid ation  m a y h a ve  had 
som e influence, th rou gh  leakage of air in to  m inute 
cav ities  caused b y  b a d ly  fittin g  inserts, w ith  resu lting 
oxidation  of carbon. F iv e  lines of evidence lie again st 
th is p o ssib ility:

1— M icroscopic exam in ation  of th e polished section 
easily  discloses points of poor co n tact, and ferrite  segre
gation  is alm ost in v a r ia b ly  m ost m arked  w here con 
ta c t  is closest.

2— O xidation  should  a ct upon steel insert and  b o d y  
alike. If  th e  inner linin g of th e hole in th e b o d y  is to  
be d ecarb u rized  b y  oxidation, the outer layers of the 
in sert also should be decarburized , w here th e insert is 
of steel. F igs.. 5,.6, 8, 9, 16, 17, and 18 v e ry  str ik in gly

dispose of th is q uestion . F ig . 14 
g iv es no evid en ce on th is p o in t , 
because th e  etch in g th a t is a p p ro 
p riate  for th e  plain carbon steel 
does n ot brin g ou t th e  grain  s tru c 
tu re of th e phosphorus steel.

3— I t  w ould require a continuous 
inflow  of air to  the en tire lining of 
th e  c a v ity  to  produce such a regu lar 
and continuous ferrite  ban d as w as 
produced in m an y of th e exp eri
m ents, n o ta b ly  w ith  inserts of 
a lum in ium  bronze, ste llite , and 
m anganese steel, w here th e co n tact 
w as excep tio n a lly  good.

4— T h e a ctu a l am ount of carbon 
th a t could  be oxid ized  b y  th e  m inute am ount of air 
enclosed in an occasion al c a v ity , caused b y  usin g a 
po orly  fittin g  insert, is n ecessarily  sm all, and m igration  
of iron carbide w ould  q u ic k ly  replace th a t  d estroyed  
b y  oxidation. F ig . 20 shows a pron oun ced air p o ck et 
betw een  a p lain  carbon  steel and  a brass in sert, w hile 
F ig . 21 illu stra tes a sim ilar con d itio n  w ith  th e special 
phosphorus steel in sert a lrea d y  discussed. In  b oth  
cases a n y  carbon  th a t  has been rem oved  b y  oxid ation  
has been replaced  b y  carbide m igration , so th a t  
pearlite  grains exten d  to  th e v e ry  border of th e 
c a v ity .

T h is a b ility  of iron carbide to  m igrate rea d ily  is, of 
course, w ell kn ow n , and it  is th e  basis for such co m 
m ercial processes as case carburizin g. T h a t iron c a r
bide can  easily  and co n tin u o u sly  cross the border 
jo in in g these m etallic  inserts w ith  surrounding steel is, 
fin a lly, illu stra te d  b y  using an insert of A rm co in got 
iron. A fter  g iv in g  th is specim en th e  sam e tre a tm e n t as 
was g iven  th e  others, p earlite  w as foun d over the 
entire cross section  of th e  insert. T h is  is show n in 
F ig . 22. T h is is sufficient proof of perfect m etallic  
co n tact.

5— A ctu a l diffusion of iron phosphide from  the 
special phosphorus steel is show n b y  use of S te a d ’s 
copper reagen t. F ig . 23 is from  a p h otom icro grap h  
ta k e n  to  include tw o  regions w here th ere w as no con 
ta c t, sep arated  b y  a short line of good co n tact. I t  is 
o n ly  in to  th e  region im m ed iate ly  outside th e  co n tact 
surface th a t  phosphide has m igrated , as is show n by
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th e  abscnce of a copper deposit. I t  m ay be noted 
also th a t  th e  b righ t surface here show n is of ap p roxi
m a tely  th e sam e w idth  as th e ferrite  ring show n for 
th is sam e-specim en  in F ig. 14.

In  addition  to  th e  experim ents ab o v e  described, a 
few  m etals and a lloys used as inserts in h eat-treated  
steels h a v e  fa iled  to  g ive  a n y  strik in g results. W hether 
th is has been due to  (a) fa ilure to h eat to th e n ecessary 
te m p eratu re , (6) extrem ely  low  m igration  velocities 
of th e  special elem ents or com pounds, or (c) absence of 
a n y  effect of diffused m aterial, is n ot now clear. T hese 
m aterials and others w ill be used for ad dition al exp eri
m ents.

SU M M A R Y

A  considerable num ber of a lloys and special steels 
h a ve  been tu rn ed  into sm all rods and driven  in to  holes 
in  carbon  steels,- th e  w hole assem bled specim en then  
being h eated  to  tem p eratu res abdve th e  tran sform ation  
range for th e  steel. T h e  section  of th e  slo w ly  cooled 
piece th en  shows, in n ea rly  all cases, ferrite  segregation  
aroun d th e  insert. T h e  h yp o th esis th a t  has been ad 
van ced  to  explain  th is  phenom enon is to  the effect th a t  
th e special elem ent, elem ents, or com pounds h a v e  d if
fused into  th e  surrounding steel, and th a t th e y  have 
there exerted  an influence to w a rd  th ro w in g  ferrite out 
of th e  a u sten itic  solution  w hen th e  la tte r  cools in to  the 
tran sform ation  range.

T h ese experim ents are cited  as p o ssib ly  throw in g 
som e ligh t upon th e  ch aracter of th e  influence of non- 
m etallic  inclusions upon ferrite segregation . T h e  in 
clusion m ust h a ve  a certain  sligh t so lu b ility  in austenite, 
and th e  con cen tration  of th e  dissolved  m atter is th ere
fore greatest in th e  im m ed iate  v ic in ity  of th e inclusion. 
T h ere m ust also be equilibriu m  prod u cts of reactions 
occurring betw een  th e  m aterial of th e  inclusion and the 
steel. T h ese products also m ust h a ve  a slight solu
b ility , and th e y  also are localized  a b ou t th e  inclusion. 
Such a condition  of localized  dissolved im purities m ight 
h ave th e  effect of sta rtin g  ferrite  c rysta lliza tio n  first 
abou t th e  inclusion, th u s b reakin g dow n th e  sta te  of 
ferrite su p ersatu ration  th a t  a lw a ys occurs in hypo- 
eu tecto id  steels betw een  tfie tem p eratu res A3 and 
A r3.

If these h yp otheses are correct it  is easy  to  see th e 
im portance of uniform  distribution  of all elem ents of 
carbon steel, as w ell as of a llo y  steels, as o th erw ise it  
is n ot possible to  h a ve  un iform  carbon  d istribu tio n , and 
the finished piece can n ot be b rou gh t in to  its best condi
tion  b y  a n y  o rd in ary  h eat trea tm en t.

T h e  effect of phosphorus upon carbon distribution  
is then  b u t one illu stration  of th e general law . P ra cti
ca lly  a ll of th e  elem ents th a t  can enter steel can  exert a 
sim ilar influence. T h e  im p ortan ce of th is fa c t  in con
nection w ith  th e  su b ject of n onm etallic  inclusions 
com es from  th e fa c t th a t  th e inclusion furnishes a con 
tinuous su p p ly  of th e  dissolved im p u rity , and th a t 
therefore no am ount of h eat trea tm en t can  cure its  evil 
effects, w hile th e  opposite is tru e w ith  th e dissolved 
«lem ent or com pound th a t is n ot associated  w ith  d is
crete  particles of inclusions.

AN E LE CTR O M ETR IC M ETH O D  F O R  D E T E C T IN G  
SEG REG ATIO N  OF D ISSO LVE D  IM PU R ITIES 

IN S T E E L 1 

By E. G. M ahin and R. E . Brewer
D e p a r t m e n t  o p  C h e m is t r y , P u r d u e  U n iv e r s it y , L a f a y e t t e , I n d ia n a  

Received Ju ly  23, 1920

A s a result of w ork described in tw o  earlier p a p ers2 
it  was concluded th a t  segregation  of dissolved  m aterial 
derived from  n onm etallic  inclusions, as w ell as d issolved 
phosphides, silicides, sulfides, and elem ents of a lloy  
steels, causes carbon segregation  in steel, iron carbide 
u su ally  lea vin g  the region of higher concen tration  of 
im p u rity  as the steel cools from  above A r3.

In  such a case th e ferrite grains of the regions so 
contam in ated  should possess a solution  tension d if
ferent from  th a t of purer grains in other p arts of th e 
steel b ody. A n  e lectro ly tic  cell in w hich tw o of such 
grains form  th e electrodes again st a com m on electro lyte , 
as for exam ple

im pure fe r r ite -K C l-p u r e  ferrite, 

should generate an e lectrom otive force w hich could be 
m easured b y  use of a su itab le  p oten tiom eter system .

I t  is m an ifestly  im possible to isolate tw o  ferrite  
grains of a g iven  piece of steel in such a w a y  as to  m ake 
an e. m. f. m easurem ent of such a cell practicable. On 
th e other hand, it  should be possible, a t least in principle, 
to  m ake successive m easurem ents of th e e. m. f. of each 
of tw o system s, in each of w hich a stan dard  calom el or 
hydrogen  electrode is conn ected  again st th e  grain  in 
question, the sam e e lectro ly te  being used in th e  tw o  
cases. In th is w ay  a com parison could  be m ade of 
th e electrode p o ten tia ls of various grains of a p p a ren tly  
pure ferrite and differences in degree of p u r ity  d etected . 

p r e c a u t i o n s  t o  b e  o b s e r v e d

M a n y  precaution s m ust be observed in th e a ttem p t 
to  a p p ly  th is m ethod in p ractice. Som e of these m ay 
be en um erated  b riefly  as fo llow s:

1— -Immersion of th e specim en in th e electro lyte  is, 
o b viou sly , n ot p racticab le. I t  th en  becom es n eces
sary  to  p ick  out certain  areas in th e polished and etched 
section, m akin g co n tact of th e  e lectro ly te  w ith  these 
alone. T h e m icroscope m ust be used for ob servation  
of th e  specim en, and an extrem ely  fine p o in t of som e 
sort m ust be used for tou ch in g th e grain  under in v e sti
gation , th is po in t carryin g th e solution  of th e  electro 
ly te  and establish ing th e n ecessary conn ection  w ith  th e  
rem ainder of th e circu it.

2— In a n y  electrode-p oten tia l m easurem ent, con 
ta c t of electrode w ith  e lectro ly te  m ust be m ain ta in ed  
for a certain  period of tim e, in order to  establish  eq u ilib 
rium  conditions. U sing th e m ethod here d iscussed, 
it then becom es n ecessary to  m ain tain  a m icroscop ic 
point or tu b e  in co n tact w ith  th e  grain  under obser
vation  for som e tim e. T h is  presents considerable 
m echanical difficulties.

3— -Evaporation  of w ater from  th e solution  a t th e  
point changes th e  con cen tration  of th e e lectro ly te  a t 
th e co n tact surface. U sing a m olar solution  of p o ta s
sium  chloride, th e  re la tiv e  change in con cen tratio n  is

1 Presented  a t  th e  60th M eeting  of the  A m erican C hem ical Society» 
Chicago, 111., Sep tem ber 6 to  10, 1920.

2 T h i s  J o u r n a l ,  11 (1919 ), 739; 12 (1920), 1090.
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not serious excep t in case m easurem ents of a h igh degree 
of precision are desired.

4— T h e po sitive  com ponent of th e double layer over 
th e electrode contains ferrous ions, b u t oxidation  of 
these ions occurs to  som e exten t during th e  tim e th a t 
is required for equilibriu m  to  be established. T o  pre
v e n t th is a curren t of hydrogen  w as directed  over th e  
specim en during th e earlier experim ents. I t  w as soon 
foun d th a t th is m ade little  ob servab le difference in  th e  
values ob tain ed  and its  use w as discontinued.

5— P olish ing produces a lay e r  of am orphous m etal 
over th e  crysta llin e stru ctu re un dern eath, accordin g to  
the now  gen erally  accep ted  th e o ry  of B e ilb y .1 T h is 
am orphous (strained) m aterial is s lig h tly  m ore posi
tiv e  th a n  crysta ls  of the sam e m a teria l.2 T h is  laye r  
is rem oved  b y  etchin g, so th a t it  should h a ve  no effect 
upon exp erim en tally  determ ined values.

6— E tch in g  th e specim en w ith  n itric  acid  in alcohol 
m ight, co n ceiv ab ly , produce a condition  of sligh t p a s
s iv ity  of th e  iron. T h is  w as tested  b y  com parin g the 
p o ten tia l of such a specim en w ith  th a t  of th e sam e 
specim en etched w ith  alcoholic h yd ro ch loric  acid , a 
less sa tis fa cto ry  etch in g solution  from  th e  stan d p o in t of 
clearness of th e etch ed  surface. T h ere w as no consis
te n t difference betw een  th e  tw o sets of values.

7— E xp osure of th e surface to  th e air before testin g  
g ra d u a lly  raises th e electrode p o ten tia l b y  oxidation. 
T h is interference w as avoid ed  b y  polish in g and etchin g 
each specim en ju st before m akin g th e  m easurem ents.

G reater precau tion s w ith  regard  to  all of these points 
w ould h a ve  to  be ta k en  if a h igh degree of precision 
were required. B u t even in  th e purest steel th ere  w ill 
be so m uch va riatio n  in eith er ferrite or pearlite  grains, 
from  point to  poin t, th a t va lu es w ill p ro b ab ly  have 
little  sign ifican ce b eyon d  th e th ird , or p ossibly  even  
th e,secon d, decim al place. »

E X P E R IM E N T A L

a p p a r a t u s — F ig. i  illu strates th e m anner of as
sem b ling th e ap p aratu s, th e  illu m in atin g system  and 
poten tiom eter being om itted  from  th e draw ing. T h e 
specim en under in v estig a tio n  had a short copper wire 
soldered to  its  low er surface, th is w ire d ipp in g in to  a 
cup of m ercu ry p laced b en eath  th e stage of th e  m icro
scope. T h is  m ade a conn ection  w ith  th e  p o ten ti
om eter w hich perm itted  focusin g the stage of th e m etal- 
lographic m icroscope a t w ill. T h e  specimen, w as held 
b y  a S au v eu r m agn etic holder. T h is, of course, re
su lted  in groun ding th e specim en th rou gh  th e m icro
scope. E xp erim en ts carried  ou t w ith  th e  specim en 
insulated  from  th e  m icroscope and w ith  a nonm ag
n etic holder show ed th a t  neither of these factors affected  
the ob servation s of th e  e. m. f. in  th e  th ird  decim al.

T h e  electro lyte  w as a m olar solution  of potassium  
chloride in boiled  d istilled  w ater. A  solution  of ferrous 
su lfa te  is n ot su itab le  for th is purpose because of th e  
fa c ility  w ith  w hich h yd ro lysis  and oxidation  ta k e  place. 
A  clear solution  can n ot be k e p t w ith o u t h a vin g  an ex
cess of acid, present.

1 Proc. Roy. Soc., 72 (1903), 227.
1 Lord K elvin, Phil. M ag.. 46 (1898), 82; H am beuchen, U niversity  of 

W isconsin, Engineering Bulletin  2 (1901), 235; Jackson, Trans. A m . Soc. 
Mech. Eng., 22 (1900-1901), 816.

C o n ta c t w ith  th e  specim en w as m ade b y  m eans of a 
v e ry  fine, cap illary , glass tu b e, G , draw n to  hair-like 
dim ensions. A n  a ttem p t w as first m ade to  use a 
porous or tu b u la r  fiber, eith er anim al or vegetab le , 
cem en ted in th e end of a fine tu b e. N o success has as 
y e t  been a tta in ed  in th is d irection. F u rth er exp eri
m ents a long th is line are in  progress. F ig . 2 w ill in d i
cate th e appearance of th e  ca p illa ry  p o in t as applied  
to one of th e ferrite rings ob ta in ed  in  th e  course of the 
w ork described in th e  second paper dealing w ith  th is 
s u b je c t.1 I t  w ill be n oticed  th a t o n ly  th e  tip  of th e 
tu b e  is in focus, so th a t  th e grain  stru ctu re  of the steel 
is visib le th rough  th e  upper p a rt of th e  tub e.

capillary  p o in t; R — ru b b er tu b in g ; F — m olar KC1;
E— norm al calom el electrode

A  norm al calom el h alf-elem en t com pleted  th e  electro 
m otive system , and a Leeds and N orth ru p  precision 
p o ten tiom eter, w ith  w a ll-ty p e  ga lvan om eter h a vin g  a 
se n sitiv ity  of 93 m egohm s, w as used for m akin g the 
m easurem ents b y  th e  P oggen d orff com pensation  
m ethod. T h e  a p p a ratu s w as shielded from  th e  in 
terferen ce of s tr a y  fields b y  th e  m ethod of W h ite .2

F or th e illu m in ation  of th e  m icroscope an E disw an  
“ P o in to lite”  lam p , 100 can dle pow er, w as used, the 
ligh t passing th ro u g h  th e usual condensing syste m  to 
th e  4 5 0 reflector in  th e m icroscope.

r e s u l t s — T h e m easurem ents th a t  h a ve  been m ade 
to date w ould in d ica te  th a t th is m ethod has possibilities 
for research purposes, a lth ou gh  it  is n ot considered 
lik e ly  to  h a ve  a n y  p a rticu la r  va lu e  as a rou tin e testin g  
m ethod. M a n y  va riab le  and u n satis facto ry  results 
were o b ta in ed  durin g th e ea rly  p a rt of th e  w ork and 
changes in  th e  a p p a ratu s were m ade to  m eet d ifficulties 
th a t  developed. A  single set of m easurem ents w ill be 
cited  to  show  th e  n atu re of th e results. T h ese m easure
m ents were m ade on a piece of carbon  steel contain ing 
an insert o f a lum in ium  bronze, th e  specim en h avin g 
been h eated  to  850° C . for 7 hrs. and  cooled in  the 
furnace. T h e  appearance of th e  polished and etched 
sectio n  is show n  in  F ig . 3.

In  th e  ta b le  each group of va lu es represents a series 
of readin gs o f th e e. m. f. of th e  system , for a given  
m icroscopic sp ot on th e steel section, th e  va lu es in-

1 T h i s  J o u r n a l ,  12 (1920 ), 1090.
* J .  A m . Chem . Soc., 36 (1914 ), 2011.



Nov. ,  1920 T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 1097

creasing as the readings are repeated. In  each group 
the va lu e  m arked w ith  an asterisk is the m axim um  
value, the readin g rem aining con stan t to th ree decim als 
for 30 sec. T h e first colum n contains values, in vo lts, of 
the e. m. f. for various points on th e ferrite ring X  of 
F ig. 3. In  th e second and th ird  colum ns are given  
values for various points on th e  b o d y  Y  of th e  steel.

F ig . 2 - •G l a ss  C a p il l a r y  P o in t  A p p l ie d  to  a F e r r it e  
R in g . X  50

F or th e last-n am ed points, an effort was m ade to re
str ic t  th e co n tact to  ferrite  grains. W here th e grains 
were sm all it  was n ot a lw a y s possible to  do this, but 
th e results are n ot ap p reciab ly  affected  b y  con tact of 
the solution  w ith  pearlite  grains, since pearlite is a 
conglom erate of ferrite and cem entite, and since fer
rite is th e  m ore p o sitive  of th e  tw o substances.

T ad le  I — E . M . F . in  V o l t s , f o r  S t e e l  w it h  A l u m in iu m  B r o n z e  I n s e r t  
D ifferent Points 
on F errite  R ing 

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

*0 .471

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

* 0 .4 8 5

0 .4 3 7
0 .4 5 6
0 .4 5 7

* 0 .4 5 7

0 .3 7 9
0 .4 3 5
0 .4 5 9
0 .4 6 4
0 .4 6 6

* 0 .4 6 6

0 .4 5 1
0 .4 5 4
0 .4 7 8

*0 .4 7 8

A verage of M axim um  
Values for F errite  
R in g

0 .4 7 1

Different P oints on 
Body of Steel 

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

* 0 .5 6 0

D ifferent Poin ts on 
B ody of Steel (Co«/.) 

0 .5 0 6  
0 .5 1 0  
0 .5 1 4  
0 .5 1 9  

* 0 .5 1 9

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

* 0 .521

0 .4 9 4
0 .5 1 0
0 .5 3 7
0 .5 4 1
0 .5 4 3

*0 .543

0 .4 3 2
0 .4 5 2
0 .5 0 0
0 .501

* 0 .501

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

* 0 .5 5 2

0 .421
0 .4 9 8
0 .5 0 9

* 0 .5 0 9

0 .4 4 7
0 .4 6 8
0 .4 7 5

*0 .4 7 5

0 .5 1 0  
0 .5 1 2  
0 .5 1 4  
0 .5 1 8  

. . 0 . 5 1 9  
*0 .5 1 9

A verage of M axim um  
V alues for B ody of 
Steel

0 .5 2 2

T h ere is considerable va riatio n  betw een th e  m axim a 
for th e  d ifferen t groups in a g iven  colum n. T h is, it  
w ould seem , m ight be expected, since we are dealing 
w ith  a m aterial whose com position  m ust v a r y  from  
p oint to  poin t. E ven  upon th e assum ption th a t copper

and alum inium  h ave passed into th e steel m ass, th us 
causing the appearance of th e ferrite ring, it  is n ot to 
be supposed th a t  the concen tration  of these m etals 
in th e ring is at all a con stan t q u a n tity . T h e  electrode 
poten tia l w ould then  be som ew hat va riab le , and th e 
e. m. f. of th e system  w ould v a r y  accord in gly .

F errite grains in th e b o d y  of th e piece, so far rem oved  
from  th e a lloy  insert as to  preclude th e p o ssib ility  of con
tam in ation , are also u n d o u b ted ly  im pure. T h e y  p ro b 
a b ly  contain  m ost of th e  phosphorus and silicon of th e 
steel, as well as traces of other im purities, an d  th eir 
electrode poten tia ls also will va ry .

C onsidering b oth  of these prob ab ilities it  is y e t  s ig 
nificant th a t the starred  va lu es for th e ferrite of th e  b od y 
of th e steel are d istin ctly  higher th an  those for th e 
ferrite ring.

ELECTRODE PO TENTIAL

U sing 0.560 v o lt for th e  va lu e  for th e calom el h a lf
elem ent, it  w ill be seen th a t th e electrode poten tia ls for 
the m etal, as calcu lated  from  these results, h a ve  
n egative values. T h e average for th e ferrite rin g  is 
0 .4 7 1— -0.560 = — 0.089 v o lt, a n d 'fo r  th e  b od y of th e 
piece, 0.522 —  0.560 = — 0.03S v o lt, a difference of 
abou t 0.05 vo lt. T h is  is not in agreem ent w ith  m ost of 
th e values th a t  have been foun d b y  others for iron. 
W alker and D ill1 foun d the va lu e  0.156 v o lt for 
unstrained Sw edish iron in  a ferrous su lfate  solution, 
whose concen tration  w as n ot sta ted . T h is valu e in d i
cates th a t th e solution  w as p o sitive  to  th e  m etal, the 
opposite of which is tru e in our m easurem ents. O ther 
recorded results v a r y  som ew hat from  those obtained 
b y  W alker and D ill, b u t variation s in p u rity , occluded 
gases, etc., are large ly  responsible.2

F ig . 3— S t e e l  A d jo in in o  a n  I n s e r t  o p  A l u m in iu m  B r o n z e , 
H e a t e d  f o r  7 H r s . a t  8 5 0 °  C. X  100

I t  was a t first th o u g h t th a t th is in d icated  an error 
in th e m ethod of reading, b u t a com parison of th e 
electrode p o ten tia l of a sam ple of polished and  etch ed  
ingot iron m ade b y  th e  p o in t-co n tact m ethod ab ove 
described and b y  im m ersion of th e  specim en in  th e  
e lectro lyte, show s th a t th e im m ersion m ethod gives

1 Trans. A m . Electrochem. Soc., 11 (1907), 153.
* See also R ichards and  B ehr, "T h e  E lectrom otive Force of Iron , and 

the  Effect of Occluded H ydrogen ,"  P ub . Carnegie In s t., 1906.
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higher readin gs, m ore n ea rly  in  accord  w ith  th e  results 
of others for p ra ctic a lly  pure iron in ferrous su lfate. 
I t  w ill th en  be concluded, eith er (a) th a t  the point- 
c o n tact m ethod does n ot g ive tru e  equilibriu m  valu es, 
co n tact being m ade for to o  short a tim e, or (b) th a t 
surface tension  or som e sim ilar influence con sisten tly  
low ers th e a ctu al p o ten tia l of the grain  under o b serva 
tion . T h e la tte r  hypoth esis seem s n ot u n likely , in 
v ie w  of th e fa c t th a t  in  a p p ro x im ately  th e  sam e tim e 
period th e e. m. f. va lu es for th e  system  con tain in g the 
im m ersed specim en of in got iron were con sid erab ly  
higher th an  those ob tain ed  b y  point co n tact. I t  is 
n ot lik e ly  th a t  absolute eq uilib riu m  has been reached 
in a n y  case, b u t th e starred  va lu es were n ot chan gin g to 
th e exten t of 0.001 v o lt in 30 sec. L onger c o n ta c t 
th a n  a few  m inutes is n ot p ra ctica b le , ev a p o ra tio n  and 
oxidation  th en  servin g to  render th e results un de
pendable.

SUMMARY

A  m ethod has been developed  for m easuring the 
electrode p o ten tia l of a sin gle grain  or m icroscopic 
point on a m etal specim en. R esu lts  so far ob ta in ed  
show  low er values th a n  are g iven  when a pure m etal 
is im m ersed accordin g to th e usual schem e. N o reason 
for th is has been dem on strated , b u t it  is show n th a t 
fa irly  consisten t values m a y be ob ta in ed  on a g iven  
kind of m aterial.

W hen th e m ethod is applied  to  a piece of steel con 
ta in in g  a segregated  rin g of ferrite, produced b y  heatin g 
in co n tact w ith  alum inium  bronze, it  is foun d th a t 
average values for th e  ferrite rin g are 0.051 v o lt  low er 
th an  for ferrite  in  th e  unaffected  b o d y  of th e  steel. 
T h is  in d icates a d ifferen t degree of p u rity  for ferrite  
under the tw o conditions, and sustain s th e th e o ry  a l
rea d y  ad van ced  to  accou n t for th e  ferrite ring. I t  is 
hoped th a t the m ethod m a y be im proved  so th a t it  
m a y  be applied  to  th e  exp loration  of th e  regions a d 
joinin g n onm etallic  inclusions in ferrite , as w ell as th e 
segregated  m asses of ferrite  often  foun d in steels b u t n ot 
associated  w ith  inclusions.

IN FLA M M A BILITY O F JE T S OF H Y D R O G E N  AND 
IN E R T  G A S 1 

By P . G . Ledig
B u r e a u  o p  S t a n d a r d s , W a s h in g t o n , D. C.

R eceived Ju ly  29, 1920

T h e purpose of th e  exp erim en tal w ork herein de
scribed w as to  determ in e th e  m axim um  am ou n t of 
h yd rogen  w hich could be used w ith  helium  in balloons 
w ith o u t losing th e  a d v a n ta g e  of n on in flam m ab ility . 
P relim in ary  experim ents to  determ in e th e in flam m a
b ility  of a je t  of h yd ro gen  and in ert gas under various 
conditions were m ade w ith  h yd ro gen  and nitrogen, 
in order to  sa ve  helium . L ate r  w ork  show ed th a t, 
as w as supposed, th ere w as n ot a great enough difference 
in th e  b ehavior of th e  gases to  m ake it  n ecessary to  
use helium  throughout.

T h e gas m ixtures were m ade up in  a w ater-sealed  
gasom eter (a m eter p rover) w ith  a c a p a c ity  of som e
w h at over 5 cu. ft . A  scale on th e  ta n k  w as cali-

Published  w ith perm ission of the  D irector of th e  B ureau of S tandards.

b ra ted  in ten th s of a cubic foot. A  large v a lv e  
opened into  a v ertica l cylin drical cham b er a b o u t 
io  cm . in d iam eter and 30 cm . long, w ith  clam ps a t  
th e open upper end b y  w hich steel orifice p lates could 
be fasten ed  in place. T h ere were six of these orifice 
plates, 2 mm. in th ickness, h a vin g  c ircu lar orifices- 
of 5, 10, 15, 20, 25, and 30 mm . diam eter, resp e ctive ly .

F ig . 1— R e l a t io n  o p  B l o w -O f p  V e l o c it y  t o  O r if ic e  D ia m e t e r  and  
H y d r o g e n  C o n t e n t

A  gas m ixture of a p p ro x im ately  th e  com p o sition  
desired w as allow ed to  stan d  in th e  gasom eter for a 
period of half an hour or m ore to  p erm it d iffusion  of 
th e hydrogen  and n itrogen . T h e  gas w as th en  a n a lyze d  
for h yd rogen  con ten t, w ith  an a ccu ra cy  of o. 1 per 
cent. T h e orifice cham ber w as now  sw ep t ou t w ith  
th is gas and th e  gas stream  w as th en  slow ed dow n 
sufficien tly  to p erm it ign ition  or proof th a t the gas 
m ixture w ould  n ot burn  in  air. A  sm all je t  of burn in g 
coal-gas w as used to  ign ite  th e  gas stream . I f  th e  
m ixture burn ed, th e  v a lv e  w as slo w ly  opened u n til 
th e  v e lo c ity  of th e gas stream  extin guished  th e  flame- 
b y  blow in g it  from  th e  orifice. S ince th e  h yd rogen  
flam e w as p ra ctica lly  in visib le , it  w as u su a lly  foun d 
m ost ■ con ven ien t to  ju d ge  th is blow ing-off point b y  
sound. T h e  flam e flu ttered  m ore and m ore lo u d ly  
as it  approach ed  th e  blow ing-off v e lo city . A fte r  th e  
flam e had blow n off, th e  v a lv e  w as le ft open a t th e  
sam e position, and th e  gas v e lo c ity  m easured im m e 
d ia te ly  b y  tim in g w ith  a sto p w a tch  th e  fa ll in  the- 
gas holder durin g th e  d ischarge of a defin ite q u a n tity  
o f gas. In  p ra ctic a lly  a ll cases th ere w as sufficien t, 
gas in th e  ta n k  to  m ake from  th ree to  fiv e  d eterm in a 
tion s w ith  a single orifice.
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B y  repeatin g th e  procedure w ith  all th e  orifices 
and over ranges of com position  from  th e  low er lim it 
o f co m b u stib ility  up to  v a ry in g  upper percen tages of 
h yd ro gen  (depending upon th e  orifice d iam eter), the 
curves of F ig. 1 were obtained. T h is shows th e effect 
of changes of com position  and orifice d iam eter upon 
th e  blow -off v e lo c ity  of h ydrogen -nitrogen  m ixtures.

In  the final experim ents, n itrogen  w as replaced  b y  
helium  contain ing abou t 5.5 Per cent  of n itrogen . T h e 
15-m m . steel orifice w as used in th is series o f d eterm in a
tions. T h e cu rve for blow -off v e lo c ity  follow s q uite 
closely th a t of th e  hydrogen -nitrogen  m ixtures (F ig. 
3). T h ere is a difference of abou t 2 per cen t of h y d ro 
gen in th e low er lim it of in flam m ab ility , how ever,
12.5 per cent being th e low er lim it in th e hydrogen - 
n itrogen m ixtures, and 14.5 per cent being th e  low er 
lim it in hydrogen -helium  m ixtures.

In  order to  ob tain  an id ea of th e pressures in  a 
balloon w hich w ould produce th e gas-stream  velocities 
necessary to  b low  off a flam e, a series of calcu lation s 
was m ade upon th e results show n in  F ig. 3, using th e 
follow ing equation:

Po = P K
Ik —1r — S*

[_2 0 c^J

Po = Pressure inside the orifice
p =  Pressure outside the orifice
S = Gas-stream velocity (cm. per second)
9 =  Absolute temperature of the gas
C p = Specific heat of the gas at constant pressure (ergs per 

gram)

K  = Ratio of the specific heats of the gas

F ig . 2— E f f e c t  o f  U s in g  a  B a l l o o n  F a b r ic  Or if ic e , 10 M m . in  D ia m e t e r

I t  will be seen th a t, for gas m ixtures n ear th e in 
flam m able lim it, th e v e lo c ity  at w hich  th e  flam e is 
extin guish ed  is p ra ctic a lly  th e  sam e for orifices from  
10 to  30 m m . in  d iam eter. I t  is certain  th a t the 
v e lo c ity  a t w hich th e flam e is extin guished  will- be 
less and less a ffected  b y  th e  size of th e orifice th e larger 
th e  size becom es. T h is  is tru e  because th e on ly con
ceiva b le  effect of th e  size of th e  orifice upon in flam 
m a b ility  is due to  th e  influence of one portion  of the 
flam e cap upon n eighboring portions, and such m utual 
influence is ra p id ly  elim inated  as th e size of th e flam e 
is increased.

In  order to determ ine w hether a n y  great difference 
is produced b y  usin g balloon  fa b ric  instead of m etal 
for orifice m aterial, a  series o f tests  w as run w ith  an 
orifice 10 m m . in  d iam eter cu t in  stan dard  dirigible 
fabric. F ig . 2 show s the results of these tests. T he 
hole in  th e  balloon  fa b ric  enlarged scarcely  a t all 
under th e  influence of th e  sligh t h eat from  these 
flam es, even  after a  considerable num ber of determ in a
tions were m ade w ith  it. A  m ica orifice g a v e  results 
id en tica l w ith  those ob tain ed  w ith  th e  steel orifice, 
w hich in d icates th a t  conduction  of h eat b y  th e orifice 
plate has little  or no effect upon th e  blow ing-off v e lo city  
for orifices as large as those used.

F ig . 3— C o m pa r is o n  o p  B lo w -O f f  V e l o c it ie s  f o r  H y d r o g e n - N it r o g e n  
M ix t u r e s  w it h  T h o s e  f o r  H y d r o g e n - H e l iu m  M ix t u r e s ,

15 M m . O r if ic e

In  F ig . 4 th e pressures so com pu ted  are p lo tted  
against percen tage of h yd rogen  in  th e  gas m ixtures. 
Since th e  gas pressures in  a balloon  are eq u iv a len t
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F ig . 4— G as  P r e s s u r e s  R e q u ir e d  t o  P r o d u c e  t h e  B l o w -O f f  V e l o c it ie s  
S h o w n  in  F ig . 3

to several cen tim eters of w ater, th e results in d icate  
th a t as high as 18 per cen t hydrogen  can safely  be 
used to  d ilu te  helium  w hen it  is used in balloons.

CONCLUSIONS

1— U nder th e  m ost fa v o ra b le  conditions, a je t  of 
helium  con tain in g m ore th a n  14 per cen t of h yd ro gen  
can be ign ited  in th e  air.

2— E igh teen  to  tw e n ty  per cen t of h yd rogen  m ay 
be m ixed w ith  helium , w ith o u t producing a m ixture 
w hich w ill b urn  w ith  a persisten t flam e when issuing 
from  an orifice under th e  conditions p rev ailin g  in 
balloon practice.

3— M ore th a n  20 per cen t of h yd ro gen  in a hydrogen - 
helium  m ixture can n ot be used in a balloon w ith o u t 
sacrificing s a fe ty  from  fire.

TH E R EA CTIO N  BE TW E EN  SELEN IU M  M O N O C H LO R ID E 
AND E T H YLE N E  

By F. H. Heath and Waldo L. Semon
U n iv s r s it y  o p  W a s h in g t o n , S e a t t i.b , W a s h in g t o n  

Received Ju ly  17, 1920

In  the a ttem p t to  prepare th e  selenium  analog of 
|3,/3 '-d ich lo ro eth yl sulfide (m ustard  gas), it  w as neces
sa ry  to  prepare selenium  m onochloride and to  a tte m p t 
th e prep aration  of selenium  dichloride.

PREPA RA TIO N  OF SEL E N IU M  MONOCHLORIDE 

T h e m ethod of d irect union of chlorine and selenium  
suggested  b y  B eckm a n n 1 w as foun d to  g iv e  a p rod u ct

1 Z . physik. Chem., 70, 1.

too  im pure for use, since it  contain ed  m uch free selen ium  
and considerable selenium  tetrach lorid e. T h e reactio n  
of selenium  in sulfuric acid  and hydrogen  chloride as- 
reported  b y  D ivers and Shim ose1 y ield ed  a v e ry  goodl 
prod u ct, b u t w as m uch too  slow  for th e  p rep ara tio n  
of large q u an tities of selenium  m onochloride.

T h e  m ethod, as fin ally  w orked out, consisted in  
d issolvin g io o  g. of selenium  in 300 g. of 30 per cen t 
oleum . T h is solution w as p laced  in  a d istillin g flask  
connected to  a condenser, and a stream  of d ry  h yd ro gen  
chloride, prepared b y  droppin g con cen trated  h y d ro 
chloric acid  into con cen trated  sulfuric acid, w as led in. 
T h e  flask w as now  g e n tly  heated , a t a tem p eratu re low- 
enough so th a t little  of th e  selenium  vo la tilized , and the- 
cu rren t of h yd rogen  chloride w as m ade rap id  enough so 
th a t a ste ad y  stream  of selenium  m onochloride d istilled  
over. In this w a y, one run (130 g. of Se2Cl2) could be 
m ade in a b ou t 2 hrs. tim e. T h e  su lfuric acid  for m a k 
ing th e h yd ro gen  chloride w as recon cen trated  and used! 
over and over again.

T h e  crude p rod u ct w as purified b y  sh akin g w ith  
successive sm all portions of fum in g su lfuric acid  un til 
th e acid laye r  did n ot show  th e ch aracteristic  green 
color of S eS 0 3. T h e  selenium  m onochloride w as a l
low ed to  stan d  over d ry  sodium  chloride for a w eek  
and then  decanted  into  tu b es w hich wrere sealed and! 
k ep t until needed.

T h e  reaction  accordin g to D ivers and Shim ose is as; 
follow s:

Se +  S0 3 = SeS0 3 
2SeS03 +  2HCI = SeS0 5SeCl2 +  H5S0 3 

SeS0 3SeCl2 +  HC1 = Se2Cl2 +  SO.HOCl

A n  a ttem p t w as m ade to prepare selenium  dichloride- 
b y  passing chlorine in to  th e m onochloride u n til the- 
th eoretical gain  in w eigh t w as ob tain ed . T h e  p rod 
u ct consisted of a m ixture of selenium  m on ochloride 
and selenium  tetrach lorid e and w as foun d to  rea ct w ith  
eth ylen e the sam e w a y  as th e  m onochloride, b u t w ith  
sm aller yields.

REACTION B E T W E E N  E TH Y L EN E  AND SEL EN IU M  MONO
CHLORIDE

On leading a slow stream  of eth ylen e in to  selenium  
m onochloride, th e liq u id  becam e w arm , selenium  w as 
p recip itated , and h yd ro gen  chloride w as evolved . 
W hen th e  reaction  w as com plete, hot chloroform  was 
added, and  th e selenium  w as filtered  off. On cooling, 
long, w h ite , needle-like cry sta ls  were p recip itated . 
U pon recrysta lliza tio n  from  chloroform  th e y  had the 
ch aracteristic  selenium  odor, and were foun d to m elt 
w ith  decom position  a t 1 1 8 0 (uncorr.). On a n a lysis  
th e fo llow ing results were ob tain ed :

T h eo ry  for
N o. of Found  CiHeChSe

A nalyses P er cen t P er cent
C arb o n ...............................   1 1 8 .1  1 7 .5
H y d ro g en ................................ 1 2 .9  2 .2
C hlorine ................................... 4 51 .7  5 1 .6
Selenium ..................................  2 28 .56  28 .8

T o t a l ........................... 1 0 1 .2 6  100. L

T h is  show s th e  com pound to  be C iH eC hSe.

1 Chem. News, 49 (1894), 212.
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W hen eth ylen e  w as led into a carbon tetrach lorid e 
solution  of selenium  m onochloride or into  th e  attem p ted  
selenium  dichloride, th e  sam e p rod u ct w as ob tained , 
b u t in sm aller yields.

T o  establish  th e stru ctu ra l form ula  of CiH eCU Se, 
we m a y reason b y  a n a lo gy  from  th e sulfur com pounds. 
In  th e follow ing equations m ay be foun d a brief resum d 
of th e  w ork done b y  G u th rie ,1 as in terp reted  in the 
ligh t of our m odern know ledge of ch em istry. ■

S
' II.

C6H10 +  SsClj — Cl —  C6H,o —  S —  C5H10 —  Cl (1)

C6Hi„ +  SC12 — >- Cl —  C5H10 —  S —  Cl (2)

s
II

CjH4 +  SiCl.. — >  Cl —  C2H4 — ,S —  C2H< —  Cl (3)

C2H< - f & C h — >- s
II 1

Cl2 —  CH —  CH2 —  S —  CH2 —  CH — Cl2 (4)

C2H< + SCI2 — > Cl —  C2H4 — S —  Cl (5)

Cl2 —  C:HS —  S —  C2H3 —  Cl2 +  Cl2 — >
II
S C13C —  CH2 —  S —  CH2 —  CC1, (6)

II-
s 

s
■ v  . if , ; . ■

C2H5 —  S —  C2H5 +  Cl,. — > s
• ' II '

C13C — CH2 —  S — CH2 — ccij (7)

Fu rth er w ork b y  F red erick  K o n t-N o r w a ll2 show's 
th a t one selenium  from  selenium  m onochloride m ay 
readily  be sp lit off from  its  com pounds, as is sulfur in 
the m a n u factu re of m ustard  gas. E q u a tio n s 3 and 4 
show how  th e  reaction  betw een  eth ylen e and selenium  
m onochloride m ay q uite p ro b ab ly  run. A lth o u gh  we 
h ave no evidence of th e  existence of th e  com pounds

Cl —  C2H4Se —  C2H< —  Cl and CISCH CH2 Se —  CH2 —  CHC12
II II
Se Se

it is q u ite  p rob ab le th a t  th e y  m ay be form ed and the 
final p rod u ct be C l2 C H .C H 2 .S e.C H 2 .C H C l,. E q u a 
tions 6 and 7 show th e sym m etry  of th e  atom , and b y  
a n alogy  th e  selenium  com pound is assum ed to be lik e 
wise sym m etrical.

PHYSIOLOGICAL E FFE CTS

A lth o u gh  th e  p h ysio lo gical effects of th is com pound 
h ave n ot been studied, th e  experim enter has been con
tin u a lly  trou b led  w ith  w ater blisters on his hands 
while doing th is w ork. A  person w orkin g w ith  this 
com pound is also liab le  to  be overcom e w ith a sense 
of drow siness. W hether th is  be due to  th e  com pound 
or to  som e b y-p ro d u ct is n ot know n.

CONCLUSIONS

1— A  sim ple m ethod for th e  p rep aration  of selenium  
m onochloride has been described.

2— CiH cCU Se has been prepared and it  has been 
shown to  be sym m etrica l te tra ch lo ro d ieth yl selenide.

1 J . Chem. S o c . ,  12, 109; 13, 35, 135.
3 Oesterr. Chem .-Zlg., 16, 288.

N O TE  ON CA TALYSIS IN T H E  M AN UFACTURE OF 
E T H E R 1 

By Hugo Schlatter
H e r c u l e s  P o w d e r  C o ., W il m in g t o n , D e l a w a r e  

Received A ugust 18, 1920

Senderens,2 discussing th e  action  of alum inium  
sulfate as a c a ta ly st in th e  m an u factu re of ether, 
states th a t th e addition  of ab ou t 5 per cen t of the 
anhydrous su lfate  to  th e  usual m ixture of sulfuric 
acid  and alcohol low ers th e  tem peratu re a t w hich 
regular and rapid  evolu tion  of ether ta k es  place from  
140° C . to  130° C . He explains th is action  b y  assum 
ing th e form ation  of a double alum inium  e th yl h y 
drogen su lfate (A l2(S04)3.S0.iHC2H5), w hich breaks 
up a t a low er tem peratu re th an  e th yl sulfuric acid.

A lth o u gh  in p la n t operation  th e tem peratu re of the 
still a t w hich regular and rapid  evolu tion  of ether 
tak es place is a b ou t 12 5 °. it  was th o u gh t of in terest 
to determ ine w hether th e  addition  of alum inium  
su lfate  would result in  low ering th is tem p eratu re 
still further, or in  increasing th e c a p a city  of th e still. 
D urin g th e war an y increase in  th e c a p a c ity  of ex istin g  
apparatu s w as of suprem e im portance.
. A  sm all, glass, ether still w ith  th e  necessary colum n  
and condensers w as charged w ith  a m ixture of s u l
furic acid and alcohol. A fter  th e evolu tion  of 
ether had started , alcohol w as fed  into  th e  s till  below 
th e surface of th e  liquid  at a rate  corresponding to  th e  
ether produced. Senderens’ sta tem en t, th a t e v o lu 
tion  does n ot becom e regular un til a  tem p eratu re of 
140° is reached, w as confirm ed. A m o u n ts of a lu 
m inium  st If ate  v a ry in g  from  3 to  10 per cen t b y  w eigh t 
were introduced  into th e  still in subsequen t runs, and 
it  w as found th a t  w ith  5 or 10 per cen t of alum inium  
su lfate  th e  tem peratu re w as low ered to  130°.

A  som ew hat larger still of 1.5-gal. c a p a c ity  w as th en  
constructed  of lead  and equipped w ith  a steam  heating 
coil, so as to  approach fa c to ry  conditions as closely 
as possible. T w o  runs of abou t 50 hrs. duration  were 
m ade, one w ith  and one w ith ou t th e  addition  of 
3 per cen t b y  w eight of alum inium  sulfate. T h e te m 
peratures th rou gh ou t th e tw o runs were th e  sam e as 
in fa cto ry  operation, i. e., from  120° to  12 5 0, and th ere 
was no difference in th e n et yield  of th e  tw o  runs.

W hen th e  still w as opened after th e  com pletion  
of th e  run, it  w as foun d th a t  severe p ittin g  of th e  coils 
had occurred w hen alum inium  sulfate w as present, 
p ossibly  ow ing to electro lytic  action  b etw een  th e  lead 
of th e coils and th e alum inium  sulfate. In  both  
cases there w as a sludge of sulfates.

A  short te s t was also m ade in th e  original glass 
still w ith  b roken  porcelain . In  th is case th e  te m 
p erature a t w hich regular evolu tion  occurred w as 
low ered to  th e  sam e tem p eratu re (130°) as w ith 
alum inium  su lfate  in  th e  glass still.

I t  is apparent, therefore, th a t  alum in ium  su lfate  
offers no a d va n ta ge s over th e  lead su lfate  w hich is 
n orm ally  present in lead ether stills, b u t is a ctu a lly  
harm ful, since it  causes p ittin g  and rapid  fa ilu re of th e 
coils. T h e action  of lead su lfate  could  be explained

1 P resented  a t  th e  60 th  M eeting  of th e  Am erican Chem ical Society, 
Chicago, 111., Septem ber 6 to  10, 1920.

2 Compt. rend., 151 (1910), 392.



I 102 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol .  12, No.  11

b y  th e form ation  of a double sa lt (PbSO-i.SO-iHCsHs), 
b u t th e  action  of broken porcelain  fa th e r  seems to  dis
p rove th is th e o ry  and inclines us to  the v iew  th a t  th e 
rap id  and regular evolu tion  is due to  p h ysica l or 
surface action. T h is v iew  is stren gth en ed  b y  th e 
fa c t th a t  irregular evolu tion  of ether a ctu a lly  com 
m ences a t th e low er tem peratu re , even  i f  no lead  su l
fa te  is present.

T h e  ob servation s recorded are in terestin g, also, 
because th e  choice of lead  for th e construction  of a 
m an u factu rin g still, w hich w as m ade necessary b y  th e  
ch aracter of th e  reagen ts, resulted  in  an im provem en t 
in th e  process th a t  could not h a ve  been foreseen from  
la b o ra to ry  experim ents in glassw are, and in fa ct 
h ad  heretofore been large ly  overlooked.

C red it is due to M r. W . M . B illin g  for carry in g  out 
th e lab o rato ry  w ork.

T H E  H Y G R O SC O P IC  M O IST U R E  OF FLO U R EX PO SED  TO 
A T M O SP H E R E S OF D IFFER EN T  R ELATIVE 

H U M ID IT Y 1.2

B y C. H . Bailey3
D iv is io n  o p  A g r ic u l t u r a l  B io c h e m is t r y , M in n e s o t a  A g r ic u l t u r a l  

E x p e r im e n t  S t a t io n , S t . P a u l , M i n n .

R eceived Ju ly  30, 1920

I t  has lon g been know n th a t cereals and cereal p rod 
u cts  are hygroscop ic, and th a t their m oisture con ten t 
m a y  be a ltered  b y  v a ry in g  th e  conditions of exposure. 
B rew er (1883) d etails certain  experim ents w hich es
ta b lish  th is p ro p erty . O ther in v estig a to rs, in cludin g 
W illard  (19 11), N eum ann  (1 9 1 1 ) , G u th rie  and N orris 
(19 12 ), Sanderson (19 14 ), Sw anson, W illard  and 
F itz  (19 15 ), and S to ck h am  (19 17), h a ve  stu d ied  th e 
changes in w eigh t and m oisture co n ten t of stored  
flour. In none of these experim ents, save those of 
S tockh am , h a ve  th e  atm osp heric conditions ap p aren tly  
been controlled  th ro u g h o u t th e period of exposure. 
G u th rie  and N orris (1912) recorded th e atm osp heric 
h u m id ity  each  d a y  during th e period th a t  th e  flour 
w as under ob servation , b u t th eir readin gs w ere a p 
p a re n tly  ta k e n  a t one p a rticu la r tim e each d a y , and 
hence do n ot represent th e  m ean h u m id ity  for th e  
several 24-hr. periods. E v e n  h ad  th e  la tter  been 
determ in ed, it  is d o u b tfu l if th e  h ygroscop ic  m oisture 
of th e  flour could  be regarded  as in  eq uilib riu m  w ith  
th e  m ean h u m id ity  o f th e  atm osphere, w hen th e 
h u m id ity  flu ctu ated  as su d d en ly  and v io le n tly  as a p 
pears to  h a v e  been th e  case.

S to ck h a m  (19 17) repo rts th e  m oisture co n ten t of 
w h eat, bran, shorts, and flour exposed in a “ sa tu ra te d ”  
and “ d r y ”  atm osphere, b u t did n ot em p loy a n y  degrees 
of a tm osp h eric  h u m id ity  betw een  these extrem es. 
H e foun d th a t  a com posite sam ple of flour exposed in  a 
“ still, sa tu ra te d ”  atm osphere a t a tem p eratu re of 23 0 C . 
(see p. 109) reach ed  a m axim um  m oisture con ten t of 
28.74 per cen t in  9.12 d a ys, a t w hich  tim e it  w as m oldy. 
In  a sa tu rated  atm osphere a t 0° a m oisture co n ten t of

1 Published w ith  th e  approval of th e  D irector as P aper No. 214, Jou rna l 
Series, M inneso ta  A gricultural E xperim ent S ta tio n .

* P resen ted  a t  the  60 th  M eeting of th e  A m erican C hem ical Society, 
C hicago, 111., Sep tem ber 6 to  10, 1920.

* W ith  the  codperation of M iss Isabel E verts.

34.78 per cen t w as reached in 17 d ays, w hich he states 
w as n ot th e m axim um .

SIG N IFICA N C E OF M OISTURE CONTENT OF FLOUR

It  seem ed desirable to  ascertain  th e  m oisture con
te n t of flour in atm ospheres of differing b u t con stan t 
h u m id ity , a fter a period of exposure su fficien tly  long 
to  p erm it th e  h ygroscop ic m oisture of th e  flour to  
reach eq uilib riu m  w ith  th e  atm osphere. Such d a ta  
w ould  be of service in  a num ber of w ays. Shippers, 
purchasers, and food control officials dealing w ith  
flour need m ore precise in fo rm ation  concerning changes 
in m oisture con ten t, and con seq u en tly  in th e  n et w eigh t 
of flour packages. T h e b ak er and storekeeper need 
such d a ta  for th e sam e reason, and, in  ad ditio n , are 
concerned w ith  th e  in d irect effect of ch an gin g m oisture 
con ten t upon th e  keep in g qualities of flour on p ro 
longed storage. F lou r w hich reaches a high m oisture 
con ten t is q u ite  lik e ly , if k ep t m od erately  w arm , to  b e
com e unsound th rou gh  th e a c t iv ity  either, of its  ow n 
en zym es, or those of fu n gi, and esp ecially  m olds and 
related  form s, w hich  develop  on th e  -m oist flour. 
M illers m ay find such d a ta  of service in  developin g 
m ethods of con trollin g th e  atm osp heric h u m id ity  iu 
m ills and certain  m illing m achines. M illin g  op era
tion s of th e  fu tu re  w ill doubtless include m ore a t 
te n tio n  to  th e  m oisture con ten t of th e  stream s at 
each  stage of th e  process, and such control w ill be es
tab lish ed  in large p a rt b y  m ain tain in g th e  proper 
h u m id ity  in  th e  air in  th e variou s m achines.

METHOD OF PROC EDUR E

T h e h u m id ity  of th e  atm osphere to  w hich flour w as 
exposed w as con trolled  b y  c o n ta ct w ith  th e  surface of 
su lfuric acid  solutions. T h ese solutions w ere prepared 
after th e  R e y n a u lt ta b le s  in  L an d o lt, B orn stein  and 
R o th ’s “ T a b e lle n .” 1 F o u r solutions w ere prepared, 
w hich  w ere in ten ded  to  afford hum idities of 30, 50, 70, 
and  80 per cen t, resp e ctiv e ly . I t  w as n ot deem ed ad 
visa b le  to  a tte m p t to  m ain tain  th e  h u m id ity  above 
80 per cen t because:

(а) The flour is apt to mold in very damp atmospheres.
(б) In most parts of the United States an atmospheric hu

midity in excess of 80 per cent is not likely to be maintained 
for a prolonged period.

(c) It becomes more difficult to maintain the humidity at 
a constant level when in excess of 80 per cent.

T w o  sam ples of flour w ere used in  these studies— - 
a p a te n t and a second clear flour. T h eir  chem ical 
com position  is show n in  T a b le  I.
T a b l e  I — C o m p o s it io n  o p  F X o u rs  U s e d  i n  H y g r o s c o p ic  M o i s t u r e

S t u d ie s

 -------------- C.M.cui.ArHD t o  D ry  B a s is---------------.
C rude P ro tein  A cidity

M o i s t u r e  (N  X  5 .7) Ash (as Lactic)
Sam ple  Per cent Per cent Per cen t Per cent

P a te n t ...............  8 .71 12.44 0 .47  0 .159
Second c lear.. .  9 .9 2  16.46 2 .38  0.781

F iv e  gram s of each of th ese flours w ere p laced  in 
tared , flat-b ottom ed , alum in ium  d ryin g  dishes, havin g 
a d iam eter of 50 m m . T h is q u a n tity  of flour filled 
th e  dishes to  a d ep th  of 5 to  6 m m . T h e  dishes were 
p laced  in  d esiccators, th e  low er p a rt o f w hich  w as 
filled w ith  th e ap p ro p ria te  su lfu ric  acid  solution. T h e 
several d esiccators w ere set in  a  th e rm o stat h a vin g  a

1 4 th  E d ition , 1912, p 426.
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a tem p eratu re of 2 5 °. T h is  w as th e  low est tem peratu re 
w hich could be c o n sta n tly  m ain tain ed  in th e basem ent 
room s of th e  lab o rato ry  build in g during th e spring and 
ea rly  sum m er m onths.

P relim in ary  studies in d icated  th a t  it  required  6 to  8 
d a ys for th e flour to  reach  eq uilib riu m  in m oisture 
con ten t. T h e  tim e doubtless hinges in p a rt on th e 
difference b etw een  th e  in itia l m oisture of th e flour and 
th a t w hich it  w ill u ltim a te ly  a tta in . T o  insure th a t 
am ple tim e w as afforded, th e dishes (all tests  being 
carried  o u t in  duplicate) were le ft un distu rb ed  for 8 
d ays, w eighed, returned to  th e  cham bers for 2 d ays 
m ore, and again  w eighed. T h e  difference b etw een  the 
first and second w eighings w as u su ally  sm all. T h e  dishes 
w ith  th eir con ten ts were dried to  con stan t w eig h t a t 
io o ° C . in  vacuo, and th e  w eigh t of th e  e m p ty  dish being 
know n , th e calcu latio n  of th e  in itia l and final m oisture 
con ten t of th e  flour w as th en  possible.

RELATIVE H U M ID IT Y  -  p e p  cent  
F io .  1

A t th e  tim e th e  dishes w ere fin a lly  rem oved  from  
th e  desiccators, a portion  of th e  su lfuric acid  w as 
draw n  off and its specific g r a v ity  a t once determ ined. 
P rom  th is, th e  percen tage of H 2SO4 could  be ascer
ta in ed , and th e  va p o r pressure and re la tiv e  h u m id ity  
com puted  th rou gh  th e use of th e  ta b les m entioned here
w ith . Since it  w as n ot con ven ien t to prepare sulfuric 
acid  solutions of con cen tration s w hich w ould giv e  e x a ctly  
th e h u m id ity  desired a t th e  close of th e  experim ents, 
sm all va riatio n s from  th e  desired h u m id ity  were found 
in  m ost cases. T h ese deviatio n s were a lw a ys less th a n  
one per cent, in term s of re lativ e  h u m id ity .

In  T a b le  I I  and F ig . 1 arte show n th e  percen tages 
of m oisture in th e  p a te n t and clear flours exposed to 
atm ospheres of ap p roxim ately  30, 50, 70, and  80 per 
cen t re la tiv e  h u m id ity . W hile th e  differences betw een  
the tw o  grades of flour are sm all, th e y  are in th e  direc
tion  of a s lig h tly  higher h y gro sco p icity  on th e  p a rt of 
th e p a te n t grade. S to ck h am  (1917) h ad  p reviou sly  
show n (page 105) a difference in th e  h ygroscop ic 
m oisture of starches prepared from  p a te n t and clear 
flours, those from  th e  p a te n t con tain in g m ore m oisture

when th e y  w ere  exposed under id en tical conditions. 
T h e curves are of th e shape of a sim ple p a ra b o la , 
w hich, if extrap olated  to  100 percent h u m id ity , w ould 
g iv e  values in  term s of h ygroscop ic m oisture n ot fa r 
different from  those reported  b y  Sto ck h am  for th e  flours 
exposed in a “ sa tu ra te d ”  atm osphere.

T a b l e  I I — H y g r o s c o p ic  M o i s t u r e  o f  P a t e n t  a n d  S e c o n d  C l e a r  
F l o u r s  in  C o n t a c t  w i th  A tm o s p h e r e s  op  V a r io u s  H u m id i t ie s  

a t  25° C . (78° F .)
R elative H um id ity  of , M oisture of F lour *
A tm osphere a t  25° C. P a te n t Second C lear

P er cent P er cent
1 5 .0 0  
12 .05

8 0 .0
6 9 .8
5 0 .3
2 9 .4

7 .9 3
5 .1 8

P e r cen t 
1 5 .0 0  
11 .65  

7 .81  
5 .1 1

T h e question a t once arises as to  how  rap id ly  th ese 
flours change in m oisture con ten t w ith  va riatio n s in th e  
h u m id ity  of air to w hich th e y  are. exposed. T h a t th e  
response is rap id  m a y be deduced from  th e exp eri
m ents of G u th rie  and N orris (19 12 ). T h e  exa ct rate  
m ust depend upon a num ber of variab les, how ever, 
including th e size and shape of th e  p ackag e in  w hich 
flour is contained, th e m aterial from  w hich it  is m an u 
factured , th e exten t of circu lation  of air ab ou t th e  
package, and p ossibly  oth er factors of m inor im p or
tan ce. I t  appeared im possible to  develop th is phase 
of th e in vestigation  ad eq u a te ly  at th is  tim e, and th e 
s tu d y  of' rate of response m ust be deferred to a later 
date. Such d a ta  as were secured in certain  of our 
prelim inary studies in d icate, as m ight be an tic ip a ted , 
th a t a d ry  flour p laced in a hum id atm osphere (or vice 
versa) changes rap id ly  th e  first 3 d ays, and m uch m ore 
slow ly  th e n ext 3 d ays, a fter w hich, if exposed in th in  
layers, there is little  fu rth er change.

CONCLUSIONS

F lour responds readily  to  chan ges in  th e h u m id ity  
of surrounding air, th e  ra te  at w hich equilibriu m  in  
m oisture con ten t is approached depending a p p a ren tly  
upon conditions of exposure.

H ygroscopic m oisture in flour in equilibrium  w ith  
atm ospheric h u m id ity  a t 250 C . ranges from  a lit t le  m ore 
th a n  5 per cent of m oisture a t 30 per cen t re la tiv e  
h u m id ity  to  15 per cen t of m oisture a t 80 per cent 
re lative  h um idity .

C u rves representing th e relation  b etw een  hygroscop ic  
m oisture (ordinates) and re la tiv e  h u m id ity  (abscissae) 
h ave th e shape of a sim ple p arab ola, th u s in d icatin g 
th a t hygroscop ic m oisture does n ot increase at a un i
form  ra te  when in equilibriu m  w ith  an increasing a t 
m ospheric h u m id ity .

F lour testin g  laboratories en gaged in a n a lyzin g  fresh 
flour contain ing 12 to  13 per cen t of m oisture w ill ex 
perience no appreciab le chan ge in th e  m oisture con ten t 
of such flour if th e  re lativ e  h u m id ity  of th e  la b o ra to ry  
atm osphere is m ain tained  in  th e  neighborhood of 70 
per cent.
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I t  is th e purpose of th is paper to discuss th e changes 
tak in g place in th e relationship  betw een  p o larization , 
true sucrose, and in v ert sugar during th e refining of 
raw  sugar, to  determ ine, if possible, the causes 
of these changes, and to  point ou t th eir p ractica l sig
nificance. A s pointed ou t b y  D r. B ro w n e,2 th e per
cen tage of true sucrose in a m ixture of sucrose w ith  
pure in v ert sugar, consisting of equal parts of dextrose 
and levulose, w ill exceed th e po larization  at 20° C. 
b y  a b ou t three-ten ths of th e percen tage of in v ert 
sugar. T h a t is,

S — P
— —  = 0.30

where S represents th e percen tage of sucrose, P  the 
polarization , and I the percen tage of in v ert sugar. 
T h e  fa cto r w ill v a r y  v e ry  s lig h tly  w ith  th e  con cen tra
tions of sucrose and in v ert sugar, b u t a v e ry  sm all 
deviatio n  from  e q u a lity  in th e proportions of dextrose 
and levulose in th e  in v ert sugar w ill v e ry  g re a tly  
a lter its  va lu e, because of th e  wide difference in  th e 
rotation s of these tw o  sugars. A  va lu e  of ( S — P )/ I  
ab ove 0.30 indicates excess of lev u lo se ; a va lu e  less 
th an  0.30, an excess of dextrose. D r. B row n e dis
cusses th e influence of tem p eratu re, m a tu rity  of cane, 
m ethods of m an ufacture, and len gth  of storage of 
raw  sugar upon th e v a lu e  of th is ratio , and m entions ' 
th e fa c t  th a t  in th e process of refining its v a lu e  is v e ry  
m a teria lly  reduced, and gives an alyses of so ft sugars 
and  refiners’ sirup, in  sup port o f th is assertion.

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

In  T a b le  I is show n an an alysis of a cargo of C u b a n  
raw  cen trifu gal sugar of uniform  q u a lity  and all one 
m ark, to g eth er w ith  th e avera ge  an alyses of so ft re
fined sugar and refiners’ barrel sirup produced from  
it. T h ese p articu lar an alyses are selected  for the 
purposes of the discussion because th e y  are quite 
ty p ic a l and because th e  refinery sta rted  m eltin g this 
cargo fo llow ing a sh u tdow n  from  w hich p ra ctica lly  
no sto ck  in process w as b rou gh t forw ard , and m elted 
th is cargo exclu sively  for a considerable period, so 
th a t it  is quite certain  th a t  th e  three an alyses are in te r
related. D r. B row n e’s ob servation  of th e reduction  
of th e  va lu e  of ( S — P )/ I  is v e ry  str ik in g ly  affirm ed.

1 P resen ted  a t  th e  60 th  M eeting of the  A m erican C hem ical S ociety , 
Chicago, 111., Sep tem ber 6 to  10, 1920.

J In  a  p ap er en titled  “ Influence of Conditions upon the  Polarizing 
C onstan ts  of S ugar Cane P roducts ,” read  a t  th e  56th M eeting  of the  A m eri
can  C hem ical Socicty, C leveland, Ohio, Septem ber 10 to  13, 1918

T h e r e f r o m

R aw S o f t R e f i n e r s ’
S ug ar S ug a r S ir u p

A n a l y se s  W e t
P o la r iz a t io n  a t  2 0° C ............ ..........  9 5 .8 7 8 8 .4 7 3 8 .4 0
S ucrose  C le rg e t........................ ..........  9 6 .4 2 8 8 .7 4 4 0 .6 0
W a te r  b y  D ry in g .................... ..........  1 .05 5 .2 9 19 .5 7
I n v e r t ............................................ ..........  1 .25 3 .5 1 2 2 .9 9
In s o lu b le ...................................... ..........  0 .1 6
S o lu b le  A s h ................................ ..........  0 .6 6 1 .2 4 8 .1 3
S o lub le  O r g a n ic . . . . ............... ..........  0 .4 6 1 .22 8 .71

E x -W a t e r  a n d  I n s o l u b l e
P o la r iz a t io n ................................ 9 3 .4 1 4 7 .7 4
S ucrose  C le rg e t........................ ..........  9 7 .5 9 9 3 .7 0 5 0 .4 8
I n v e r t ............................................ ..........  1 .27 3 .7 1 2 8 .5 8
A sh ................................................. ..........  0 .6 7 1.31 10.11
O rg a n ic ......................................... ..........  0 .4 7 1 .2 8 10 .83

I m p u r it ie s
I n v e r t ............................................ ..........  5 2 .7 5 8 .8 5 7 .7
A s h ................................................. ..........  2 7 .8 2 0 .8 2 0 .4
O rg a n ic ......................................... ..........  1 9 .5 2 0 .4 2 1 .9

R a tio s
In v e r t  S ucrose  X  1 0 0 .. . .......... 1 .3 0 3 .9 5 5 6 .6
I n v e r t  4- A s h ............................ ..........  1 .89 2 .8 3 2 .8 3
( S —  P ) / I ................................... 0 .0 7 7 0 .0 9 6

T h e valu e has fallen  from  0.44 in  th e raw  sugar to 
0.077 in the soft sugar and 0.096 in th e  sirup. T h e 
va lu e  of 0.44 is a little  ab ove th e average. T h is 
ratio  is su b ject to  w ide variation s, as show n b y  a 
su m m ary  of the results obtained  on 32 cargoes from  
variou s sources.
No. *—Value of (S— P ) / I —-

Car- > M ini- M axi-
goes From  Tim e R eceived C ondition  m um  m um

8 C uba June—Dec. 1919 D eterio ra ted  0 .0 8  0 .2 9
C uba Jan .—M arch  1920 New crop 0 .4 4
D em erara  June  1919-Jan. 1920 Good — 0.03
D em erara Dec. 1919-Jan. 1920 D eterio ra ted  0 .48

6
10
2
6 San D om ingo Ju n e-O c t. 1919 Good

T o t a l

0 .23

-0 .0 3

0 .73
0 .34
0 .55
0 .59

Av.
0.20
0.55
0.16
0.51
0.37

0 .7 3  0 .3 0

It  seem s th a t  new crop sugars h a ve  higher va lu es 
th an  th e rem nants of th e  old crop, w hich  in th is case 
were in general m ore or less deteriorated , a lth ou gh  
in  som e instan ces deterioration  m a y  be of such a 
n atu re as to  increase th e ratio .

w a s h i n g — T h e first process of refining is one of 
affination  or w ashing. T h e  sugar is m ixed to  a m a gm a  
w ith  its  ow n sirup w ashings, purged in cen trifu gal 
m achines, and w ashed w ith  w ater. T h e  o n ly  resu lt 
is a sep aration  in to  a h igh -p u rity  w ashed su gar and 
lo w -p u rity  w ashings. I t  is h a rd ly  to  be supposed 
th a t  a n y  change in th e va lu e  of (S —  P )/ I  w ould ta k e  
place here, th o u gh  it  is possible th a t it  m ight differ 
som ew hat in  w ashed sugar and w ashings, since the 
im purities in th e  sirup are th ose of th e  m olasses a d 
hering to th e  grain , and th ose in  th e w ashed  su gar 
those in th e grain  itself.. In  th e  la tte r  th e in v e rt is 
low er and th e organ ic higher. T h e  an alyses in  T a b le  
II  w ould  in d icate th a t  th ere is no great ch an ge of 
th e (S —  P )/ I  ratio  in th e  process of affining. T h e 
determ in ation  of th e  ratio  w ith  great a cc u ra c y  is im p o s
sib le in very  h igh -p u rity  m ateria l such as w ashed  su gar,
T a b l e  I I — A n a l y s i s  o f  F i l t e r e d  S o l u t i o n s  o f  C u b a n  R a w  S u g a r  a n d  

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

D ry  P o la riza tion ..................... 96 .37
D ry  C le rge t..............................  96 .91
D ry  In v e r t .........................
D ry  A sh ..............................
D ry  O rgan ic......................
(S —  P ) / I ..........................

since a triflin g error in po larization  or C lerg et, sa y , 
0.05 degree, m akes a large error in (S —  P )/ I . T h e 
w ashings, too , being v e ry  h ig h ly  colored, present 
som e difficulties in a C lerg et d eterm in atio n , b u t the

R aw W ashed C entrifugal
Sugar Sugar ' W ashings
96 .37 98.77 78.05
96.91 98 .98 80 .56

1.20 0 .43 8.35
0 .62 0 .1 9 3 .6 2
1.27 0 .4 0 7 .47
0 .45 0 .49 0 .3 0
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m o s t a p p ro v e d  m e th o d s  w ere  u se d  a n d  u s u a l so u rce s  
o f e r ro r  e l im in a te d  a s  f a r  as p o ss ib le .

d e f e c a t i o n — A fte r  th e  w a sh in g  p ro c e ss  b o th  su g a r  
a n d  w a sh in g s  a re  d e fe c a te d  w ith  lim e  a n d  p h o sp h o r ic  
a c id  a t  a  t e m p e r a tu r e  o f 180° F . a n d  le f t  s l ig h t ly  
a lk a l in e  to  l i tm u s . T h e  c o n c e n tra te d ,  b o n e -b la c k  
fi lte r  sw e e t w a te r ,  o r  c h a r  w a te r ,  a n d  th e  c o n c e n tra te d  
b a g -f ilte r  f lu sh  w a te r ,  o r s c u m  w a te r ,  a re  a lso  th u s  
t r e a te d  a n d  th e n  f i lte re d  th r o u g h  b a g  filte rs . T a b le  
I I I  sh o w s no  c h a n g e  fo r  (S —  P ) / I  fo r w a sh e d  su g a r

Table III—Analysis of Centrifugally Washed Raw Sugar before 
Defecation and after Defecation and Bag Filtration

Before After
Defecation Filtration

Brix........................    61.25 60.62
Dry Polarization at 20° C.................... 98.67 98.74
Dry Sucrose Clerget.............................  98.81 98.89
Dry Invert.. . . ...................................... 0.43 0.46
Dry Ash................................................. 0.25 0.23
Dry Organic........................................... 0.51 0.42
(S— P )/I .............................................. 0.33 0.33

fro m  th e  t im e  of re a c h in g  th e  b lo w -u p s  u n t i l  th ro u g h  
th e  b a g  f i lte rs . T a b le  IV , h o w e v e r, sh o w s  a  s l ig h t 
re d u c t io n  fro m  th e  d e fe c a t io n  fo r sc u m  a n d  c h a r  w a te r , 
a n d  a  g r e a te r  r e d u c t io n  fo r  th e  c e n tr ifu g a l w ash in g s .

Table IV—Analysis of Low Test Material before and after 
Defecation

Mixed Scum and Char Water Centrifugal Washings
Before After Before After

Defecation Defecation Defecation Defecation 
Alkalinity at 32° Be.. .(0.001 N  Acid) 0.009 N  0.006 N  0.023 N
Brix (Diluted and Fil

tered)........................... 40.70 37.50 32.50 30.40
Dry Polarization  78.67 78.85 77.08 77.53
Dry Sucrose Clerget... 78.87 78.99 78.83 78.39
Dry Invert.......................  6.24 6.37 10.68 10.55
Dry Ash...........................  4.72 4.80 3.01 3.13
Dry Organic....................  10.17 9.84 7.48 7.93
(S — P)/1........................  0.031 0.021 0.16 0.081

In  th e  l a t t e r  case , t h e  m a te r ia l  a f te r  d e fe c a t io n  is 
r a th e r  m o re  t h a n  s l ig h t ly  a lk a l in e , a n d  a  s l ig h t loss 
of in v e r t  su g a r  is  in d ic a te d .  H e a tin g  w ith  lim e , of 
c o u rse , is  k n o w n  to  d e s t ro y  in v e r t  s u g a r ,  a n d  d o u b tle s s  
th e  le v u lo se  is  th e  in g r e d ie n t  m o s t a ffe c te d , th u s  r e 
d u c in g  th e  v a lu e  of (S —  P ) / I .  F ro m  th is  a n d  o th e r  
a n a ly s e s , h o w e v e r , i t  is n o t  b e lie v e d  t h a t  a n y  g re a t  
p o r t io n  of th e  d e c re a s e  in  (S —  P ) / I  d u r in g  re f in in g  
is a t t r i b u ta b l e  to  b lo w -u p  d e fe c a tio n .

A fte r  u se , th e  b a g  f i lte rs  a re  flu sh e d , in  th i s  ca se  w ith  
h o t  w a te r  o n ly , p ro d u c in g  a  l ig h t  m a te r ia l  k n o w n  as 
s c u m  w a te r .  T h e  m u d  re m o v e d  fro m  th e  b a g s  is 
d i lu te d  w ith  w a te r ,  lim e d , a n d  h e a te d  to  a  h ig h  te m 
p e r a tu r e ,  a n d  f i lte r -p re s se d , y ie ld in g  p re s s  w a te r .

Table V—Analysis of Centrifugal Washings before Defecation 
' Scum Water, and Press Water

Centrifugal Scum Press
Washings Water Water

Brix.......................................................  57.40 18.20 5.15
Alkalinity by Ca(OH)j..........................  0.014 N  0.004 .V 0.010 N
Dry Polarization at 20° C....................  78.56 79.68 67.38
Dry Sucrose Clerget........................   80.94 80.38 67.38
Dry Invert.............................................  7.77 5.65 0.33
Dry Ash.................................................  4.10 4.56 10.25
Dry Organic........................................... 7.19 9.41 22.04
(S — P)/1..............................................  0.31 0.12 0.00

T a b le  V  sh o w s c o m p a r a t iv e  a n a ly s e s  of th e  c e n tr ifu g a l 
w a sh in g s  la s t  o n  th e  b a g  filte rs , th e  sc u m  w a te r , a n d  
th e  p re s s  w a te r .  A  d e c re a se  in  th e  r a t io  is  to  b e  n o te d , 
th e  d e c re a se  b e in g  a g a in  a c c o m p a n ie d  b y  loss of in v e r t .
I n  th e  case  of th e  p re s s  w a te r ,  th e  i n v e r t  h a s  b een
p ra c t ic a l ly  a ll d e s t ro y e d  b y  th e  lim in g  a n d  h e a tin g , 
a n d , a s  w o u ld  b e  e x p e c te d , th e  p o la r iz a t io n  e q u a ls  th e  
C le rg e t, a n d  ( S — P ) / I  is  z e ro . A s o n ly  a  sm a ll

portion of the m elt is handled as scum  w ater or press 
w ater, how ever, we h ave to  look fu rth er for th e main 
cause of th e  decrease of th e ratio .

J

T a b l e  V I— A n a l y s i s  o f  B a g - F i l t e r e d  M a t e r i a l  b e f o r e  a n d  a f t e r  
T r e a t m e n t  W i t h  F r e s h  B o n e - B l a c k

M ostly  Scum  and
/—W ashed Sugar—*,--------- C har W ater *
Before A fter Before A fter

T rea tm en t T rea tm e n t T rea tm en t T rea tm en t
B rix ...............................................  60 .85  57 .85  56 .70
D ry P o larization ....................... 98 .77  99 .17  86 .95 91 .19
D ry  Sucrose C lerget................ 98 .87  99 .15  87.11 90 .80
D ry  In v e r t ...................................  0 .47  0 .31  5.91 5.11
D ry  A sh ........................................  0 .24  0 .13  2 .35  1.26
D ry O rganic................................  0 .42  0.41 4 .63  2 .83
In v e rt Per cen t Im p u r itie s .. 4 1 .6  3 6 .5  4 5 .8  55 .5
Ash Per cen t Im p u ritie s—  2 1 .2  15.3 18.2 13.7
Organic Per cent Im purities  37 :2  4 8 .2  3 6 .0  30 .8
( S — P ) / I ..................................  + 0 .2 1  — 0 .0 6  + 0 .0 2 7  — 0.076

b o n e - b l a c k  f i l t r a t i o n — T a b le  V I  shows a change 
in (S — P )/ I  on w ashed sugar filtered  th rough  bone- 
b lack, from  + 0 .2 1  to — 0.06, and on low -test bag-filtered 
m aterial trea ted  w ith  fresh b on e-black  in a lab o rato ry  
te st from  + 0.0 27 to — 0.076. I t  w ould seem  th a t 
here is th e real cause for th e  change in ( S — P )/ I  
during refining. In  ev e ry  test it  has been found th a t 
in th e case of th e m aterial first off the bone-black th e 
p olarization  a lw ays exceeds th e  C lerget. T a b le  V II  
g ives progressive analyses of th e various m aterials 
going on a b one-black filter and of rou gh ly  eq u iva len t 
portions com ing off. T h e  va lu e  of (S — P )/ I  is 
g rea tly  reduced on th e  first m aterial, w'ashed sugar, 
and p rogressively  less so on th e  gran ulated  sirups and 
char-filtered liquor follow ing. T h e  averages show  a 
considerable loss for th e w hole operation. I t  is also 
to be noted th a t low  m aterial p u t on fresh bon e-black, 
as in T a b le  V I , suffers a large decrease in (S — P )/ I, 
b u t when p u t on th e  end of a used filter th e  ratio  is 
b u t little  changed. A n oth er point of interest is th a t 
in vert is absorbed from  first m aterial and given  up to 
later m aterial, th e w hole operation  resu ltin g in no loss 
of in vert. In  th is test th ere appears to  be a slight 
loss of in v ert, b u t num erous other tests of like  n ature 
h a ve  show n a good balance, b u t a lw a y s w ith  th e sam e 
tran sfer from  first m aterial to  later m aterial. T h e 
significance of th is in v ert absorption  w ill be trea ted  
shortly.

T h e  sam e conclusions regardin g th e  relation  of char 
filtration  to  (S — P )/ I  are draw n from  th e analyses 
of three grades of soft sugar shown in T a b le  V I I I .  
T h e  ligh t yellow s, boiled from  liquor ea rly  off th e  char 
filters, show  n ega tive  va lu es for ( S —  P )/ I , th e brillian ts 
boiled from  later liquor show po sitive  va lu es, and the 
darks still h igher valu es. T h e  average soft sugar of 
T a b le  I, m ostly  b rillian ts w ith  sm all am ounts of ligh t 
and d arks, shows a va lu e  in agreem ent w ith  T a b le  
V I I I .  T h e  high in v ert per cen t of im purities on 
lights is n ot because in v e rt has n ot been absorbed, 
b u t because th e  other im purities, ash and organic, 
h a ve  been absorbed to  a m uch greater exten t.

Subsequent to  ch ar filtration  th ere appears to  be 
no change in  ( S — P )/ I . T h e  average va lu e  for all 
th e  m aterial off th e  filters is n ot greater th an  the 
average va lu e  in  final soft sugars and barrel sirup. 
In  T a b le  I th e  v a lu e  for sirup exceeds th a t for soft 
sugars because th e re  is som e lig h t ye llo w , w ith  its 
n egative  va lu e  of (S —  P )/ I , m ixed in to  th e average soft.
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M a t e r ia ł ,

Gallons.

A lkalin ity .

D ry  I n v e r t . .. 
D ry  A sh . . . .  . 
D ry  Organic.

(In v e rt +  Sucrose) X
In v e r t  +  A sh ................
(S —  P ) / I .......................

M a t e r ia l

100.

— A n a l y s e s  o f M a t e r ia l  G o in g  o n  a n d  C o m in g  o f f a  B o n e - B l a c k F il t e r

C h a r - H e a v y
W a s h e d G r a n u la t e d F i l t e r e d C h a r W e ig h te d

S u g a r S i r u p L iq u o r W a te r A v e r a g e
Going on Filter

13,860 -----  3,600 8,280 1,440 27,180
50.54 ___  13.91 30 .37 5 .18 100.00
58.85 ___  62.45 59.35 58.35 59.54

0.003  N ___  0 .002  ¿V 0.003 N 0 .006  N 0.003 N
4 1 .0 -----  4 5 .0 4 5 .0 110.0 4 5 .0
98 .56 ___  91 .59 90.25 85 .00 94.31
98.59 ___  91.75 90 .47 85 .36 94.44

0 .46 ___  5 .09 5.31 5.67 2 .90
0.29 ___  1.38 1.73 3 .57 1.05
0 .66 ___  1.78 2 .49 5 .40 1.61

32 .9 ___  61 .7 55 .7 3 8 .8 52 .2
20 .7 ___  16.7 18.2 24 .4 18.9
46 .4 ___  21 .6 26.1 3 6 .8 28 .9

0 .47 ___  5 .55 5 .87 6 .65 3 .07
1.59 ___  3 .7 0 3 .0 6 1.59 2 .76
0 .07 ___  0.031 0.044 0.063 0.045

Coming off Filter

A lkalin ity . 
C o lo r..........

D ry  I n v e r t . ..
D ry  A sh ........
D ry  O rganic.

(In v e rt 4- Sucrose) X 100.
In v e rt -f- A sh.........................
( S —  P ) / I ................................

M ostly W eighted
W ashed W ashed G ranulated  Sirups and  Char- Sweet Av. Up to

Sugar Sugar /--------- F iltered  L iquor--------- * W aters " in  W aste"
10,660 2,660 3,550 10.240 3,260 30,370
38.83 9.93 13.14 36 .30 1.80 100.00
59.55 6 0 .90 60.50 57.90 9 .05 53.81

0.002  N 0 .1002 N 0.002  N 0.002  N (0.001 AT Acid) 0 .002  N
1.0 5 .0 11.0 20 .0 9 .0 10.0

99.45 97 .78 94 .88 90.33 60.77 94 .68
99 .32 97 .68 94.83 90.54 60.77 94.69

0 .28 1.50 3 .4 2 5 .46 4 .85 2 .77
0 . 13 0.31 0 .79 1.76 8.61 0 .98
0 .27 0.51 0 .96 2 .24 25.77 1 .56

41 .0 64.5 66.1 .57.7 12.4 52.2
18.5 13.5 15.3 18.6 21 .9 18.5
40 .5 22 .0 18.6 23 .7 65.7 29.3

0 .28 1.53 3.61 6 .03 7.98 2 .93
2.21 4 .79 4.31 3 . 10 0 .56 2.83

— 0.48 — 0.067 — 0.015 +  0.038 0 .0 0 +  0.004

T h e boiling in va cu u m  pans does n ot affect th e  ratio , if 
there is no inversion . In version, here or elsew here, w ould  
presu m ab ly  increase th e ratio  b y  addition  of tru e in v ert

T a b l e  V I I I — A n a l y se s  o f  L ig h t , B r il l ia n t , a n d  D a r k  SbFT R e f in e d
S u g a rs

L o t  N o ....................  M  231 0  271 M  234 0  621 M  197 0  614
G r a d e ....................... L ig h t  L ig h t B r il l ia n t B r il l ia n t D a rk  D a rk
P o la r iz a t io n  a t

2 3 °  C ..................  9 2 .5 0  9 0 .5 5  8 7 .8 5  9 0 .0 0  8 5 .5 5  8 5 .0 0
S u cro se  C le r g e t . . 9 2 .4 8  9 0 .5 0  8 8 .0 6  9 0 .1 9  8 5 .9 6  8 5 .4 7
W a te r ......................  5 .2 0  6 .3 5  5 .2 5  3 .5 0  4 .1 0  3 .4 0
I m p u r i t ie s   2 .3 2  3 .1 5  6 .6 9  6 .3 1  9 .9 4  11 .1 3
I n v e r t ......................  1 .3 2  1 .9 6  3 .2 3  2 .9 9  5 .0 2  5 .5 2
In v e r t  P e r  c e n t

I m p u r i t ie s   5 6 .9  6 2 .2  4 8 .3  4 7 .4  5 0 .5  4 9 .6
( S — P ) / I   — 0 .0 1 5  — 0 .0 2 6  4 -0 .0 6 5  + 0 .0 6 3  + 0 .0 8 2  + 0 .0 8 5

sugar w ith  its  norm al va lu e  of 0.30. T h a t th is is th e  
case is show n in an exaggerated  m anner b y  th e  an alysis 
in  T a b le  I X  of a ta b le  sirup m ade b y  deliberate  in-

T a b l e  I X — A n a l y sis  o f  a T a b l e  S ir u p  M a d e  by  I n v e r s io n  o f  C h a r - 
F il t e r e d  L iq u o r

B r ix ........................................................................................................  8 1 .2 5
P o la r iz a t io n  a t  21 .7 °  C ................................................. 7 .1 0
S u cro se  C le rg e t................................................................................. 2 2 .8 6
I n v e r t ....................................................................................................  5 5 .8 7
( S — P ) / 1 ..........................................................................  0 .2 8 2

version of char-filtered liquor. (S — P )/ I  is 0.282
or, as w ould  be expected, alm ost up to  th e th e o retica l 
va lu e. A  less exaggerated  case is show n in  T a b le  
X , w here som e char-filtered liquor w as purposely

T a b l e  X — A n a l y s is  o f  C h a r -F il t e r e d  L iq u o r  b e f o r e  a n d  a f t e r  
A r t if ic ia l  I n v e r s io n , a n d  o f  t h e  I n v e r t e d  L iq u o r  a f t e r  

B o n e -B l a c k  T r e a t m e n t

B efo re  A fte r  A fte r  C h a r
In v e rs io n  In v e rs io n  T re a tm e n t

B r ix ......................................................................... 6 0 .0 0  5 7 .8 0  5 7 .5 5
D ry  P o la r iz a t io n  a t  2 1 °  C ..........................  9 1 .0 8  8 8 .1 5  8 8 /9 6
D ry  S ucrose  C le rg e t ......................................  9 1 .2 0  8 8 .8 2  8 9 .4 9
D ry  I n v e r t ..............................................................  3 .9 7  5 .6 9  5 .3 7
( In v e r t  S u cro se ) X 100........................ 4 .3 6  6 .4  6 .0 3
( S — * P ) / I ............................................................ 0 .0 2 9  0 .1 1 9  0 .0 9 7

su b m itted  to  slight inversion . T h e  ratio  has increased 
from  0.029 to  0 .119. A  sub seq uen t trea tm en t w ith  
b one-black reduced th e  ratio  som ew hat, b u t not to 
th e  original va lu e. T h e va lu e  of th is ratio  is therefore 
a good indication  of refinery perform ances.

I t  has been show n th a t th e  action  of b on e-black  is

the chief cause of the decrease of (S — P )/I. Since 
bone-black absorbs invert from first material, where 
the decrease of (S —  P )/I is most marked, it m ay be 
supposed th at the reduction is due to a selective 
action of the char in removing more levulose than 
dextrose from the solution, although it must be borne 
in mind that this cannot be the only cause, since the 
last material, where increases of invert are sh ow n , 
should also show increases of (S — P )/I, and the 
operation as a whole should show no change. To test 
this point, an artificial invert sugar solution at 6o° 
Brix was treated with bone-black, and the proportions 
of dextrose and levulose before and after treatm ent

T a b l e  X I — A n a l y s i s  o f  a  S o l u t io n  o f  I n v e r t  S u g a r  b e f o r e  a n d  
a f t e r  T r e a t m e n t  w i t h  B o n e - B l a c k

T ests  m ade on an  approxim ately  60 per cen t so lution of in v e rt sugar 
m ade by inverting  g ranu la ted  sugar w ith  HC1 and neutra liz ing  w ith N aO H .

86.45 g. solution to  100 cc., approxim ately  52 g. to ta l sugar per 100 cc., 
o r 40 per cent, 20 per cen t each dextrose and levulose.

R ead ing  ° V. a t  20° C ..................................  — 63.10
R eading ° V. a t  87° C ...........................
C hange per ° C .........................................
L evulose.......................................................
D ex trose ......................................................
T o ta l S u g ars ..............................................
Levulose, P er cen t T o ta l S u g ars ........
D extrose. Per cen t T o ta l S ugars ........

C hange per 0 C. X 100 
0 .0357 X 86.45

t, , .. , . . , P er cent levulose X 93.30 X 86.45R o t a t i o n  d u e  t o  le v u lo s e  =  ------------------------------------------------------------
6 6 .5  X 26

R o ta tion  due to  dextrose =* O bserved reading —  R o ta tio n  due to  lev-

Before A fter
T rea tm en t T rea tm e n t

— 63 .10 — 58.60
+  0 .2 0 +  3 .85

0.945 0.932
3 0 .6 30 .2
30.1 3 1 .0
60 .7 61 .2
50 .4 49 .3
49 .6 50 .7

Levulose

u lo se

P er cen t dextrose =  R o ta tio n  due to  dextrose X ¿
o 6 .4 5  X  5 3 .Uo

where +  66.5 =  specific ro ta tion  of sucrose
+  53.08 =  specific ro ta tio n  of dextrose a t 20 per ccnt 
—  9 3 .3 0  =  specific ro ta tion  of levulose a t  20 per cent

were determined as well as might be by polarization 
at widely different temperatures. The results are 
shown in Table X I. The method of determining 
levulose by high-temperature polarization m ay not be 
accurate, but as both solutions were tested in exactly 
the same w ay, the results are at least comparable. The
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p o larization s a t 87° C . and th e calcu lated  proportions 
of dextrose and levu lo se show  clearly  th a t  th e ab ove 
assum ption  is correct and th a t  char absorbs levulose 
from  in v e rt sugar m ore exte n siv ely  th a n  dextrose.

A n oth er p o in t w hich should be b rou gh t to  the 
a tten tion  of sugar refiners is th is: Since th e v a lu e  of
(S —  P )/ I  decreases g re a tly  during refining, w hile th e  
actu al q u a n tity  of in v ert in prod u cts is ab ou t eq ual 
to  th a t  in  th e  raw  sugar, inversion  balan cin g in v ert 
losses, it follow s th a t losses of sucrose figured on 
C lerg et tests w ill exceed th o se figured from  p o lariza
tions. T h is fa ct has n ot been gen erally  recognized. 
A lth o u gh  all refiners kn ow  th a t  th e p o larization  does 
n ot equal th e  tru e  sucrose, it  has been supposed th a t 
loss in  p o larization  represents closely th e  loss in sucrose. 
A lso , th e  final va lu e  of (S —  P )/ I  seem s to  be ab ou t 
th e  sam e, regardless of th e raw  sugar used, so th a t 
statem en ts based on p o larization  are p a rticu la rly  
op tim istic  as regards sucrose losses w hen the raw  sugars 
h a ve  high va lu es for (S —  P )/ I. W ith  regard  to the 
rem oval of organic nonsugars during refining, the 
statem en ts based on p o larization s are also v e ry  de
cep tive. Since th e  organ ic is ord in arily  ta k en  as the 
difference b etw een  100 and th e  sum  of th e  percen tages 
of th e determ in ed con stituen ts, it  is, of course, too  
h igh  w here p o larization s are used. I t  is m uch more 
n early  correct, how ever, in th e  refined prod u cts th a n  
in  th e  raw  sugar. T h e  tru e rem oval of organic, 
therefore, is n ot as g rea t as appears when polarization s 
are used in th e analyses.

In  th is paper tw o  causes of th e  chan ges in th e  p o lar
izin g con stan ts of sugar durin g refining h a ve  been 
in d icated , th e  d estru ction  of levulose b y  th e  action  of 
h ea t and lim e, and th e absorp tion  of levu lo se in excess 
of dextrose b y  b o n e -b la c k .' I t  has also been stated  
th a t a fu rth er exp lan ation  of th e  chan ge during char 
filtration  is required. D r. B row n e, in a le tter  to  the 
w riter, suggests th a t  th ere are doubtless isom eric 
changes b y  w hich dextrose and  levu lo se undergo 
m olecular rearran gem ents into  m annose and th e  so- 
called  un ferm entab le sugars, glutose, etc. If  th is 
is th e  case th e  phenom enon should  be related  more 
sp ecifically  to  th e action  of bone-black.

D ICYA N O D IAM ID E: A RAPID , D IR E C T  M E T H O D  FOR 
IT S  D E TER M IN A TIO N  IN CYAN AM ID  AND 

M IXED F E R T IL IZ E R S1 

B y Rolla N. Harger
S o i l  F e r t i l i t y  I n v e s t i g a t i o n s ,  B u r e a u  ok  P l a n t  I n d u s t r y ,  U. S. 

D e p a r t m e n t  o v  A g r i c u l t u r e ,  W a s h i n g to n ,  D . C.
R eceived Ju ly  28, 1920

In  th e  course of an in v estig a tio n  upon th e changes 
ta k in g  p lace in  cyan am id e w hen used in m ixed fe r
tilizers, it  was foun d n ecessary to  determ ine accu rate ly  
th e  q u a n tity  of d icyan o diam id e (cyan oguanidin e) in 
various fertilizer m ixtures and in sam ples of com m ercial 
calcium  cyan am id e (C ya n am id ). T h e m ethod pre
vio u sly  used to  determ ine d icyan o diam id e is th a t  of 
C a ro ,2 as m odified b y  H ager and K e r n ,3 w hich con-

1 P resen ted  a t  the  60 th  M eeting  of the  A m erican Chem ical Society, 
Chicago, 111., Sep tem ber 6 to  10, 1920.

2 Z . angew. Chem., 23 (1910), 2405.
* Ib id ., 29 (1916), 309.

sists in  adding to  th e  solution  of d icyan o diam id e a 
solution  of silver n itrate and then  an excess of sodium  
hydroxide, th e la tter  throw in g dow n a p rec ip ita te  
consisting of silver cyan am id e (in case cyan am id e is 
present), silver d icyanodiam ide, and a large am ount o f 
silver oxide. T h e  nitrogen in  th is p recip ita te  is d e
term ined  b y  th e K je ld a h l m ethod. A  second p ortion  
of th e  solution is used for th e  determ in ation  of th e 
cyan am id e b y  th e  m ethod of P e ro tti.1 T h e  differ
ence in these tw o values represents th e  d icyan o diam id e 
nitrogen. K a p p e n ,2 w ho later in v estig a ted  these 
m ethods, showed th a t  in th e  determ in ation  of d icy a n o 
diam ide in sam ples o f C ya n am id  con tain in g urea, 
v e ry  large errors— som etim es as high as 50 per cent—  
occurred, due to  th e inclusion of urea in th e p recip itate . 
M ore recen tly , H ene and  v a n  H aaren 3 h ave m odified 
th e m ethod b y  dissolvin g th e  p recip ita te  first form ed 
in n itric  acid and rep recip itatin g  w ith  silver n itra te  
and sodium  hydroxide. U sing m ixtures of pure c y 
anam ide, d icyanodiam ide, and urea, th e y  h ave o b 
tained  fa irly  accu rate  results w ith  th e  m odified m ethod. 
A t  best, how ever, th e  m ethod is tedious, in v o lv in g  
several precip itation s and w ashings, and a final K je l
dahl determ ination  on th e prod u ct. I t  is m oreover 
open to th e ob jection  th a t it  is an in direct m ethod, th e  
d icyanodiam ide being determ ined b y  difference, since 
all the n itrogen in th e  p recip itate  n ot ded u cted  as 
cyan am id e is considered to  com e from  dicyan o diam id e. 
F u rth er m odifications of th is m ethod were n ot a t 
tem p ted , as it  w as a t once ap paren t th a t th e  m ethod 
was fu n d am en tally  unsuited to  th e  analysis of m ixed 
fertilizers, since th e  presence of am m onium  salts, 
w hich these fertilizers u su ally  contain , w ould  p re
ve n t th e com plete precip itation  of th e  d icyan o diam id e 
upon th e addition  of th e  sodium  hydroxide.

I t  was desirable, therefore, to  devise a d irect and 
accu rate  m eans of determ in ing dicyan odiam ide, a p 
plicable to m ixed fertilizers. A  large num ber of co m 
pounds h ave been tried  w hich it  w as hoped w ould  
give insoluble precip itates or colored solutions w hen 
added to  d icyanodiam ide solutions, and a m ethod has 
been evolved  w hich seems to  be a d m irab ly  su ited  to  
the purpose. T h e m ethod depends upon th e  fa ct, 
observed b y  th e author, th a t  w hen a solution  of silver 
picrate  is added to  a solution  of d icyan o diam id e, th e  
la tter  is q u a n tita tiv e ly  p recip ita ted  as a double co m 
pound of silver p icrate  and d icyan o diam id e, C 6H 2- 
(N 0 2)3 0 A g.C 2H 4N4. T h is  new  double com pound we 
h ave n am ed silver picrate-mono-cyanoguanidine. I t  
form s in sm all crysta ls  w hich q u ic k ly  settle  ou t of 
th e solution  and can be sep arated  upon a G ooch cru ci
ble v e ry  rap id ly , so th a t  th e analysis can be carried  ou t 
in  a v e ry  short tim e. N eith er cyan am id e nor urea 
g ive  a n y  p recip itate  when th e ir  solutions are trea ted  
w ith  silver p icrate, and h ave no effect upon th e  a n alysis 
for d icyanodiam ide. T h e  m olecular w eigh t of th e 
com pound is 420.22, five (4.991) tim es th a t of d i
cyan od iam id e, a fa c t w hich g re a tly  enhances th e  a c 
cu ra cy  of th e m ethod, since an error of 1 m g. in th e 
precip ita te  w ill m ean an error of on ly  0.2 m g. of

1 Rend. soc. chim. itat., 1904, 192.
= Z . angew. Chem , 31 (1918), 29.
1 Ib id ., 31 (1918), 129.
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d icyan odiam ide or 0 .1 3 +  mg. of n itrogen. W hile 
silver picrate-m ono-cyan oguan id in e is not insoluble 
in w ater, 100 cc. d issolving 0.12 g. of th e  com pound 
at 25 °, the presence of an excess of silver p icrate, as 
used in th e m ethod, renders it  p ra ctica lly  insoluble. 
A s show n below , th is procedure reduces the so lu b ility  
to 0.0044 g- in 100 cc. of the resulting solution, w h ich  
corresponds to  0.0009 g- of d icyanodiam ide. W hile 
for ord in ary  w ork th is con stan t error is p ra ctica lly  
n egligible, if greater a ccu racy  is desired it is best 
to add to  th e w eigh t of the p recip itate  0.0044 g- for 
each 100 cc. of the solution  from  w hich it  was filtered.

W hile it w as show n th a t silver p icrate is th e cau sative  
agen t in producing th e double com pound, th e use of 
prepared silver p icrate is n ot a t all n ecessary, since 
the m ixture of silver n itra te  and p icric acid  g ives th e 
sam e reaction. In  fa ct, th e la tte r  m ixture serves even  
b etter, because th e resu lting solution  is v e ry  s lig h tly  
sup ersatu rated  in respect to  silver p icrate, a condition  
w hich could n ot be secured b y  a d din g to  th e d icya n o 
diam ide solution  a sa tu rated  solution  of silver p icrate. 
T h is sup ersatu ration  is not a t all ob jection ab le , since 
it  w as found th a t several d ays elapsed before a n y  
cry sta ls  of silver p icrate  appeared. Solid  silver p ic
rate, m oreover, is p ro b ab ly  exp losive under certain  
conditions.

T w o  curious properties of silver picrate-m ono-cyan o- 
gu an idin e should p rove useful in th e q u a lita tiv e  
test for d icyan odiam ide. W e refer to  th e form ation  of 
a gel, w hich q u ick ly  changes to crystals, when silver 
p icrate  is added to  solutions of d icyan o diam id e con
ta in in g o .5-4.0 m g. per cc., and, second, to  th e unusual 
form  of th e  crysta ls  of th e com pound w hen view ed  
under th e  m icroscope. Since th e  au th or w as unable, 
eith er b y  searchin g th rough  th e literatu re  or b y  ex
perim ents upon substances w hich m ight be present in 
th e m aterials in v estig a ted , to  find a n y  com pounds 
w hich possess a n yth in g  like these tw o  ch aracteristics, 
it  appears th a t  p o sitive  results w ith  these tw o tests 
w ould serve a b so lu tely  to confirm  th e  presence of d i
cyan odiam ide.

A second double com pound of silver p icrate  and 
d icyan o diam id e, silver pier ate-di-c^ano guanidine, C 6H 2- 
(N O ,),O A g.aC ,H «N «, w as ob tain ed  b y  using d i
cyan od iam id e in excess and recrysta llizin g  th e  p roduct 
from  w ater. T h e  existence of th is com pound is of 
interest in  th e m ethod of an alysis outlin ed , since solu
tion s of d icyan odiam ide m ore con cen trated  th a n  2 mg. 
per cc. g iv e  results w hich are too low , due no d ou b t to  
th e form ation  of som e silver p icrate-di-cyan oguan id in e. 
T h a t th e correct form ulas h a ve  been assigned to  these 
com pounds is show n b y  the analyses, and also b y  th e  
fa ct th a t  th e w eigh t of yellow  com pound p recip ita ted  
in th e .q u a n tita tiv e  determ in ation  of d icyan o diam id e 
a lw ays corresponds to  th e  form ula  for silver p icrate- 
m ono-cyanoguaniditie. M oreover, analogous a d d i
tion  com pounds of d icyan o diam id e h ave been pre
pared. C a ro ,1 w orkin g w ith  fa ir ly  stron g so lu 
tion s of d icyan o diam id e syn th esized  th ree double 
salts w ith  silver n itrate: A g N 0 3.C ;H 4N 4, A g N 0 3.- 
2C2H4N4, and A g N O j.iC jH jN j. S u b seq u en tly , Gross-

1 Loc. cit.

m an and S ch iick 1 prepared CuSO4.2C2H4N4.4H2O, 
CdSO4.C2H1N4.2H2O, and H g C lj .C i^ N i .

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

p u r e  d i c y a n o d i a m i d e — D icyan o diam id e was p re
pared b y  th e m ethod of H ale and  V ib ra n s,2 w hich ga v e  
a good yield  of large, tran sp a ren t needles w hich m elted 
e x a c tly  at 2050 C.

S IL V E R  p i c r a t e - m o n o - c y a n o g u a n i d i n e — T o  a so lu 
tion  of d icyan odiam id e, con tain in g 0.3 g. of th e com 
pound in 500 cc. of w ater, were added 75 cc. of a 5 
per cent solution  of silver n itra te  and  th en  500 cc. o f 
a sa tu rated  solution  of picric acid. A fte r  a b o u t a 
m inute th e solution  was v ig o ro u sly  stirred , w hich 
caused the appearance of a yellow  crysta llin e  p rec ip i
ta te . T h e m ixture was a llow ed  to  stan d  for ab ou t 10 
m in., a t th e end of w hich tim e th e  p recip itation  was 
com plete and the cry sta ls  had form ed a laye r  on the 
b o tto m  of the beaker. T h e p recip ita te  w as collected  
upon a filter, w ashed w ith  a little  w ater and th en  w ith  
a sm all am ount of ether, and dried at 1000 for 30 min. 
T h e  crysta ls  were of a b righ t yellow  color, v e ry  s lig h tly  
soluble in cold w ater b u t m uch m ore so in hot w ater, 
s lig h tly  soluble in alcohol and aceton e, and p ra ctic a lly  
insoluble in ether. W hen heated  to 23 5 °, th e y  softened 
and turn ed  brow n, and a yellow  solid collected  on th e 
cooler parts of th e m eltin g-point tub e.

N  Ag
F o u n d ....................................................................... 23 .18  26.01

23 .10
Calculated  for C jH ^N CM iO A g.C .H iN i . . .  23 .34  25 .67

A  second experim ent using a sa tu ra te d  solution  of 
silver p icrate in stead  of the m ixture of silver n itra te  
and picric acid  y ield ed  a p recip ita te  w hich w as id en tical 
w ith  th e crysta ls  described above.

F ig . 1— C r y s t a l s  o p  S il v e r  P ic r a t e -M o n o -C y a n o g u a n id in e  P r e c i p i 
t a t e d  by  A d d in g  S il v e r  P ic r a t e  t o  a So l u t io n  C o n t a in in g  P u r e  

D ic y a n o d ia m id e . M a g n if ie d  120 D ia m e t e r s

g e l  f o r m a t i o n — A  solution  of d icyan o diam id e w as 
prepared con tain in g o .i  g. of th e  com pound in 100 cc.

■ Ber., 39 (1900), 3S9I.
» J . A m . Chem. Soc., 40 (1918), 1037.
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■of w ater. T h e tem perature of the solution  w as 20°. 
F ifteen  cc. of 5 per cen t silver n itra te  were added and 
th e n  100 cc, of a sa tu ra te d  solution  of picric acid, the 
la tte r  solution  also being a t 20°. A lm ost at once th e 
resu ltin g  solution  set to  a stiff je lly  whose r ig id ity  was 
•so great th a t  th e beaker could be p ra ctica lly  in verted  
'w ithout d isturbin g th e gel. In  abou t a m inute,

fF io. 2 — C r y s t a l s  o f  S il v e r  P ic r a t e -M o n o -C y a n o g u a n id in e  P r e c ip i
t a t e d  in  t h e  P r e s e n c e  o f  F e r t il iz e r  M a t e r ia l s . 

M a g n if ie d  120 D ia m e t e r s

how ever, th e gel began  to  liq u e fy  a t its edges, its  mass 
•contracting and lea vin g  a la y e r  of so lv en t betw een 
its e lf  and th e  w alls of th e beaker. T h is con traction  
ra p id ly  continued, and  w ith in  5 min. th e  gel had been 
■entirely tran sform ed  to  a crysta llin e p recip itate  w hich 
•collected in a la y e r  a t the b o tto m  of th e  beaker. W hen 
v ie w ed  under th e  m icroscope these cry sta ls  had  the 
ap p eara n ce  show n in  F ig. 1. I t  w as foun d th a t  th e  
lim its  of con cen tratio n  producing a good gel were from
0.6 to  4.0 m g. per cc.; solutions con tain in g m ore th a n  
4 mg. of d icyan o diam id e per cc. g iv in g  a cu rd y  p re
c ip ita te . T h e  d isin tegration  of th e  gel w as m uch re
ta rd e d  b y  em p lo yin g a low er tem p eratu re, or b y  th e 
presence of certain  im purities foun d in  som e fertilizer 
m ixtu res, and  for th is reason it  is a d visab le  w hen 
•analyzing m ixed fertilizers to  stir th e  solu tio n  tw o or 
th ree  tim es durin g th e  first few  m inutes, th u s avoid in g 
th e  gel stage.

M IC R O S C O P IC  A P P E A R A N C E  O F T H E  C R Y S T A L S  W hen
■silver picrate-m o n o -cyan ogu an id in e is form ed as a gel 
■and th en  allow ed to  cry sta llize , th e  crysta ls  when 
view ed under th e m icroscope (low pow er, m agn ifica
tio n  ab ou t 100 diam eters) appear as in  F ig . 1. T h e y  
a re  a lm o st p erfect in  form  and appear to  be v e ry  th in  
in  one dim ension. T h e  exposed surface has th e  ap 
p earan ce of a s lig h tly  oblique p arallelogram  w ith  four 
lines draw n  from  the, four corners w hich m eet a t a 
p o in t a t th e  center. T h ese lines are v e ry  d istin ct and 
seem  to be th e  axes of th e c ry sta l since in im p erfectly  
form ed cry sta ls  th e y  still persist. W hen the solution 
is stirred v ig o ro u sly , causin g d irect p recip itation  of 
the cry sta ls  w ith o u t passing th rough  th e  gel stage, the

resulting crysta ls  are sm aller b u t h a ve  th e  sam e 
general appearance as show n in  F ig . 1, a lth ou gh  con 
siderable tw in nin g is in evidence.

C ertain  com pounds w hich are u su ally  present when 
m ixed fertilizers are an a lyzed  cause a rath er strik in g  
m odification of the crysta ls.

T w elv e  gram s of acid  ph osph ate fertilizer were sus
pended in 100 cc. of w ater, and to  th is were added 
100 cc. of a sa tu rated  solution  of barium  n itra te , and 
then  a satu rated  solution  of b arium  hydroxide, u n til the 
m ixture w as a lkalin e to  litm us. T h is m ixture was 
stirred for half an hour, m ade up to  500 cc., and filtered. 
F ifty  cc. of this solution  were m ade s lig h tly  a cid  w ith  
d ilute n itric acid  and trea ted  w ith  5 cc. of a solu tio n  of 
d icyanodiam ide (contain ing 21.0 m g.), 7 cc. of a 5 
per cen t silver n itrate solution, and 50 cc. of a sa tu rated  
solution  of picric acid. T h e beaker w as left in an 
ice-w ater b ath  for 30 m in., being stirred  v e ry  ge n tly  
once or tw ice during th is period. L arge crysta ls  
form ed, a ph otom icrograph of w hich is shown in  F ig . 2. 
A n  exam ination  w ill show  th a t th e  four lines show n in 
the crystals of F ig. 1 still persist, b u t th a t along tw o 
of the lines a great deal of tw in n in g has ta k en  place, 
resulting in these v e ry  strik in g “ ph an tom  c ry sta ls .”  
T h e w eight of th e crysta ls  w as foun d to  be 0.1054 g., 
corresponding to 21.1 m g. of d icyanodiam ide, and this, 
together w ith  their b ehavior when su b jected  to  a 
m elting-point determ in ation, showed th a t th e y  were 
iden tical w ith the cry sta ls  of F ig . 1.

A  second experim ent was carried ou t as ab o v e, ex-

F ig . 3— C r y s t a l s  o f  S il v e r  P ic r a t e -M o n o - C y a n o g u a n id in e  P r e c ip i 
t a t e d  in  t h e  P r e s e n c e  o f  F e r t il iz e r  M a t e r ia l s  C o n t a in in g  

A m m o n iu m  S a l t s . M a g n if ie d  120 D ia m e t e r s

cept th a t  2 g. of am m onium  su lfate  were added  to  the 
acid  ph osphate, and  th e d icyan o diam id e (0.2 g.) w as 
added in th e  solid sta te , th e  m ixture th en  bein g trea ted  
w ith  w ater, barium  n itra te , etc. T h ese crysta ls, 
shown in F ig . 3 ,1 w ere foun d to  be id en tica l w ith  those 
a lread y described.

1 T he  au th o r is indeb ted  to  M r. G . L . K eenan of the  M icrocheraical 
L abora to ry , B ureau of C hem istry , for m aking th e  above photom icrographs.
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S O L U B IL IT Y  O F S IL V E R  P IC R A T E -M O N O -C Y A N O G U A N I

D IN E  IN  W A T E R  A N D  IN  A S A T U R A T E D  S O L U T IO N  OF

s i l v e r  p i c r a t e — One hundred cc. of a sa tu rated  
aqueous solution  of the silver com pound were evap o rated  
to  dryness in a w eighed dish. T o  each of tw o  oth er 
100-cc. portions w ere added 15 cc. of 5 per cen t silver 
n itra te  solution  and 100 cc. of sa tu rated  p icric acid  
solution. T h e  beakers con tain in g th e  solutions were 
cooled in ice w ater for 30 min. w ith  occasional stirrin g. 
T h e  p recip itates were collected  on w eighed G ooch 
crucibles, w ashed w ith  a little  sa tu rated  solution  of 
silver picrate-m o n o -cyan ogu an id in e and w ith  a little  
ether, dried for 30 min. a t io o ° , and w eighed.

T h e fo llow ing results w ere ob tain ed:
Solubility  of com pound in 100 cc. of w a te r .......................  0 .1128 g.
Com pound p rec ip ita ted  by  th e  silver p ic ra te  s o lu tio n .. 0 .1028 g.
Com pound p rec ip ita ted  by  th e  silver p ic ra te  s o lu tio n .. 0 .1037 g.
Q u an tity  rem aining in so lu tio n ...............................................  0 .0095 g.
Q u an tity  rem aining in 100 cc ................................................... 0 .0044 g.

s i l v e r  p i c r a t e - d i - c y a n o g u a n i d i n e — T h is com 
pound w as prepared b y  p recip ita tin g  a sa tu rated  
solution  of d icyan o diam id e w ith  silver n itra te  and 
picric acid, and recrysta lliz in g  th e resulting p rod u ct 
tw ice  from  w ater. I t  form ed lon g, s ilk y  needles of 
a dark  yellow  color, th e solubilities of w hich in va rio u s 
so lven ts v e ry  m uch resem bled those of th e correspon d
ing m ono-com pound.

N  Ag
F o u n d .......................................................................  30.51 21 .53

30 .43
C alculated  for C<Hi(NOi)aOAg.2C!HtN < ... 30 .55  21 .39  

M E T H O D  O F A N A L Y S IS  

r e a g e n t s . Silver Nitrate— A  5 per cen t solution. 
P icric  A cid— A  p ra ctica lly  sa tu ra te d  solution  (abou t 

1 g. per 100 cc.) m ade b y  sh akin g an excess of th e  solid 
w ith  w ater for a m inute or tw o.

Silver picrate-mono-cyanoguanidine— A  sa tu rated  solu
tion  contain ed  in a wash b ottle . P recip itates from  
form er an alyses can  be used.

Ether— A lso contain ed  in a w ash b ottle.
In  addition  to  th e  ab ove, th e an alysis of m ixed 

fertilizers requires sa tu rated  solutions of barium  n itra te  
and of barium  hydroxide.

p r o c e d u r e — M ake th e  solution  of d icyan o diam id e 
s lig h tly  acid  to  litm us. T o  each 100 cc. of th is solution  
add 15 cc. of th e  silver n itra te  solution  and  100 cc. of 
th e sa tu rated  solution  of p icric acid. Stir v ig o ro u sly  
tw o or three tim es durin g th e  first 2 m in., ru b b in g th e 
w alls of th e  beaker w ith  th e  stirrin g rod, to  p rev en t 
th e  form ation  of gel. P la ce  th e  beaker in  ice w ater 
for 30 m in. In  case crysta ls  are slow  to  appear it  
is w ell to  repeat th e  stirrin g  once or tw ice  durin g th e  
cooling. F ilter  th e p recip ita te  upon a w eighed G ooch 
crucible. T h e pad of asbestos should be v e ry  th in  
because th e  large crysta ls  are n ot a t all difficult to  reta in  
on th e filter. W ith  a p rop erly  prepared p ad  th e  m ix
tu re  can be filtered alm ost as fa st as it  can be poured 
in to  the crucible. W ash o u t th e  crysta ls  adherin g to 
th e  w alls of th e beaker w ith  th e  sa tu rated  solution  in 
th e w ash b ottle . I t  is som etim es n ecessary to  em p lo y 
a “ p o licem an .”  W ash th e  p recip ita te  once or tw ice  
w ith  a little  ether, d ry  in  th e  oven  30 min. a t 100°, 
cool in th e  d esiccato r, and w eigh. T o  th e  w eigh t of 
th e  p recip ita te  add 0.0044 g- for each 100 cc. of th e solu

tion  from  w hich the crysta ls  were filtered. T h e  
w eigh t d ivid ed  b y  five  g ives the q u a n tity  of d icy a n o d i
am ide in th e  solution  an alyzed . Should  th e  a n a lysis  
show  th a t th e origin al solution  con tain ed  m ore th a n  
2 m g. of d icyan o diam id e per cc., w hich w ould  g iv e  a  
p recip itate  of over 0.5 g. for each 100 cc. of solution  
filtered, th e  results are p ro b ab ly  too low , and th e  
an alysis should  be repeated  w ith  a m ore d ilute solution.

A P P L IC A T IO N  TO C O M M E R C IA L  C A L C IU M  C Y A N A M ID E----

F rom  s to  10 g. of the su b stan ce should  be w eigh ed  
ou t and a g ita ted  w ith  300 cc. of w ater for o n e-h alf 
to  one hour. A d d  d ilute n itric  acid  u n til th e  m ixtu re  
is s lig h tly  acid  to  litm us, and th en  75 cc. of th e  5 p er 
cen t silver n itrate. M ake up to 500 cc. and filter. 
F or th e  an alysis use a. 100 or 200 cc. a liq u o t p a rt and 
proceed as described ab ove, o m ittin g  fu rth er ad ditio n  
of silver n itrate. T h e silver n itra te  is added h ere 
before th e  m ixture is filtered because som e sam ples o f 
C ya n a m id  contain  sufficient carbides and sim ilar 
substances to  g iv e  a p recip ita te  w ith  silver n itrate.

A P P L IC A T IO N  TO M IX E D  F E R T IL IZ E R  W eigh O u t  20
g. of m aterial, add 50 cc. of w ater, and stir. N ow  add 
100 cc. of th e solution  of barium  n itra te  and th en  b ariu m  
hyd ro xid e un til th e  m ixture reacts a lkalin e to  litm us. 
A g ita te  for 30 m in., p refera b ly  w ith  a stirrer. If  th e  
m ixtu re is now  acid, add m ore barium  h yd ro xid e  u n til 
it  is again  s lig h tly  a lkalin e. M a k e up to  500 cc. and 
filter th rou gh  a fluted  filter. U se a 200-cc. p ortion  fo r  
th e an alysis, proceeding as described ab ove. I f  
chlorides are present it w ill be n ecessary to  filter again  
after th e  addition  of th e  silver n itra te , b efore p ro 
ceeding w ith  th e  addition  of th e  picric acid. In  case 
th e m ixed fertilizer is u n u su ally  high in po tassiu m  salts, 
it is possible th a t  th e  m ethod w ill cause th e  p rec ip ita 
tion  of potassium  picrate. Such an occurrence w ill b e  
easily  ev id en t from  th e long needles th row n  dow n, and 
also from  th e  fa c t th a t  th e ether used to  w ash th e  
p recip ita te  w ill be colored a b rig h t yellow . In  th is  
case a m ore d ilute solution  of th e  sam ple should  be em 
ployed. T h e  presence of cotton seed  m eal in terferes 
w ith  th e  an alysis, certain  soluble m aterials from  th e  
m eal form ing a gelatin ous p recip ita te  w ith  th e  p icric  
acid . T h is  can be a void ed  b y  addin g 30 cc. of a 10 
per cen t lead  a ce tate  solution  im m ed iate ly  a fter th e  
ad ditio n  of barium  hyd ro xid e. If  th is is done, it  is  
n ecessary to  add m ore n itric  acid  when th e  solution  is  
acidified, as the presence of acetates ten ds to  low er th e  
H +-ion con cen tratio n , and if cyan am id e is present it  
w ill be p recip ita ted  w hen th e  silver n itra te  is added. 
I f  s ilver cyan am id e should  appear, it  can be redissolved  
b y  addin g m ore n itric  acid  and th e  an alysis carried  o u t 
as usual.

R E S U L T S  O F A N A L Y S E S  B Y  T H E  M E T H O D

p u r e  d i c y a n o d i a m i d e — Sam ples of th is  com pound 
were w eighed o u t and  dissolved  in  v a ry in g  vo lu m es of 
w a ter and th e  an alysis carried  ou t as described ab ove. 
T h e  resu lts are g iv en  in  T a b le  I. T h e  la s t exam p le, 
w here th e  cyan am id e con ten t of th e  solution  a n a lyze d  
w as 3.33 m g. per cc., show s th a t  w ith  th is  concen 
tra tio n  of d icyan o diam id e th e  results are som ew h at 
too low.
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T a d l e  I
Volum e Of D icyano- W eight of D icyano- W eight of D icyano- 

d iam ide Solution d iam ide Used diainide Found
Cc. M g. M g.

50 5 0 .0  4 9 .9
100 5 0 .0  49 .3
100 5 0 .0  49.. 8

50 3 4 .4  35 .5
100 5 0 .0  4 9 .2

50 5 6 .3  56 .4
25 2 .5  2 .3
50 5 0 .0  49 .4
25 5 0 .0  4 8 .9
30 100.0 9 3 .6

D i e y a n o d i a m i d e  a n d  c y a n a m i d e — T o  a solution  con
ta in in g  100 m g. of cyan am id e (C N N H 2) in 50 cc. 
th ere w ere added 41.8 m g. of pure d icyan o diam id e. 
T w o  such solutions were an alyzed . T h e  analysis 
g a v e  41.9 m g. and 42.2 m g. d icyan o diam id e. S im ilar 
a n alyses carried ou t w ith  th e  cyan am id e solution  alone 
sh ow ed no dicyanodiam ide.

d i c y a n o d i a m i d e  a n d  u r e a — A  solution, con tain in g 
50 m g. of urea and 20 m g. of d icyan o diam id e in 50 cc. 
of w ater g a v e  on an alysis  19.5 m g. of d icyan odiam ide. 
A  solution  of pure u rea contain ing 4 m g. per cc. g a v e  
no p recip ita te  a t all w ith  th e  reagen ts, and th e  sam e 
resu lt w as secured w ith  a urea solution  con tain in g 100 
m g. per cc.

D IC Y A N O D IA M ID E  A N D  M IX E D  F E R T IL IZ E R  M A T E R IA L S ----

A  m ixture w as prep ared  consisting of acid  ph osph ate 
(12 g.), am m onium  su lfate  (4.2 g .), p o tassiu m  su lfa te  
(1 .5  g .), and dried p e a t (4 g .). T o  th is w ere added 
50 cc. of w ater con tain in g 81.2 g. of d icyan o diam id e. 
T h e  m ixture w as trea ted  w ith  barium  n itra te , b ariu m  
h yd ro xid e, e tc., and th e  a n alysis carried  o u t as d e
scrib ed  ab ove for m ixed fertilizers. T h e  resu lts of 
d u p licate  an alyses w ere 81.5 and 81.5 m g. of d icy a n o 
diam ide.

A  som ew h at sim ilar an alysis has a lrea d y  been re
p o rted  in  one of th e  experim ents under th e heading of 
“ m icroscopic appearance of th e  c ry s ta ls .”

T H E  CH A N G E S T A K IN G  PLA CE IN  CYAN A M ID  W H EN  
M IXED  W ITH  FE R T ILIZE R  M A T E R IA L S1 

B y Rolla N . Harger
S o il  F e r t il it y  I n v e s t ig a t io n s , B u r e a u  o p  P l a n t  I n d u s t r y , U. S. 

D e p a r t m e n t  o p  A g r ic u l t u r e , W a s h in g t o n , D . C.
Received Ju ly  28, 1920

In  an a tte m p t to  a n a lyze  an aqueous e x tra c t of a 
m ixed  fertilizer for cyan am id e b y  th e  m ethod of 
P e ro tti,2 it  w as found th a t  th e  presence of p h osphates 
in terfered , since th e y , too , form ed a p recip ita te  w ith  th e 
silver n itra te  upon m akin g th e  solution  alkalin e w ith  
am m onium  hyd ro xid e. T h e  d ifficu lty  w as overcom e 
b y  p recip ita tin g  th e  p h osphates b y  m eans of barium  
h yd ro xid e and an a lyzin g  th e  filtrate . A lth o u g h  th e  
m a n u factu rer sta te d  th a t th e  fertilizer con tain ed  con
siderable q u an tities  of cyan am id e, n ot even  a trace  
w as foun d. T o  te st th e  a ccu ra cy  of th e  m ethod a 
m ixed fertilizer w as prepared con tain in g a know n  
w eigh t of calcium  cyan am id e (C ya n am id ) whose 
cya n am id e con ten t w as know n . T h e  accu rate  results 
ob ta in ed  upon an alysis show ed th a t  th e  m ethod  w as 
ap p licab le. Som e d ays la ter  a second sam ple of th is

1 P resen ted  a t  th e  60 th  M eeting  of th e  A m erican C hem ical Society, 
C hicago, III., S ep tem ber 6 to  10, 1920.

3 Rend. soc. chim. Hal., 1904, 192.

m ixture w as an alyzed , and to  our surprise it  w as foun d 
th a t  all th e cyan am id e had disappeared . A n oth er 
fertilizer m ixtu re w as now  p rep ared , its  com position  
being id en tica l w ith  th e  previous one, and  a t in tervals  
o ver a period of tw o  w eeks sam ples were w ith d raw n  
and a n a lyzed  for cyan am id e. T h e  loss of cyan am id e 
w as v e ry  rap id , 60 per cen t h a vin g  d isappeared in 24 
hrs., and w ith in  10 d a ys it  had  p ra ctic a lly  all van ished. 
T h is  a t once suggested  an in v estig a tio n  to  determ ine, 
first, th e  cause of th is rap id  d isappearan ce of c y a n 
am ide, and, second, th e  p rod u cts resu ltin g  from  the 
tran sform ation .

A  search th ro u g h  th e  literatu re  show ed th a t  w hile a 
v a st am ount of w ork has been done in referen ce to  the 
changes ta k in g  place w hen C ya n a m id  alone is added 
to  th e  soil or is k ep t in storage, and th a t  w hile studies 
h a ve  been m ade in regard  to th e  changes occurring 
in th e  soluble phosphates of m ixed fertilizer  con tain in g 
C ya n a m id , it  is a curious fa c t  th a t  no one seem s to  
h a ve  p aid  a n y  a tten tio n  to  th e  changes w hich m ay 
occur in cyan am id e w hen th is  extrem ely  re a ctiv e  su b 
stan ce is m ixed w ith  other fertilizer m aterials. T h e 
present paper repo rts som e results of such an in 
vestig atio n .

FA C T O R S  C A U S IN G  T R A N S F O R M A T IO N  O F C Y A N A M ID E

T h e fertilizer m ixture w h ich  w as prep ared  w as com 
posed of acid  p h osp h ate , am m onium  su lfate, potassium  
su lfate, and C ya n a m id  (all being th e usual com m ercial 
p ro d u cts), and  dried p eat. In  order to  ascertain  
w hich  of th ese m aterials w as in stru m en tal in  brin gin g 
ab ou t th e  rap id  disappearan ce o£. cyan am id e, m ixtures 
con tain in g C ya n a m id  and variou s com bin ations of 
th ese sub stan ces w ere prepared. Since it  seem ed 
prob ab le th a t  th e acid  ph osp h ate w as in v o lv e d  in the 
reactio n  it w as used in each of th e  m ixtures. T h e 
m ixtures w ere: (1) acid  ph osp h ate and  C ya n a m id ;
(2) po tassiu m  su lfate, acid  ph osph ate, and C ya n am id ;
(3) am m onium  sulfate, acid  ph osp h ate , and C ya n am id ; 
and (4) dried peat, acid  ph osph ate, and C ya n am id . 
Sam ples from  these m ixtures w ere an a lyzed  a t in te r
va ls. W hile all of th e  m ixtures caused a slight d e
crease in cyan am id e, o n ly  M ix tu re  4 show ed a n y  con 
siderable decrease, th e  rate  here being rap id  and 
p ra ctic a lly  p arallel to  th a t  of th e original m ixture. 
T h is  suggested  th a t perhaps th e  dried  p eat w as n ot so 
d ry  as th e  nam e w ould  in d icate, and an analysis of 
th is m aterial show ed th a t  it  did con tain  36 per cen t of 
m oisture. T h e  oth er m aterials w ere p ra ctic a lly  d ry , 
a lth o u g h  th e  acid  ph osp h ate contain ed  a little  m oisture. 
In  a m ixtu re con tain in g acid  ph osph ate, C ya n a m id , 
and 8 per cen t of w ater, th e  cyan am id e decreased v e ry  
ra p id ly , o n ly  5 per cen t of it  rem ain ing a t th e  end of 
3 d a ys. Several sim ilar m ixtures exh ib ited  th is  sam e 
rap id  decrease in cyan am id e con ten t. T o  te s t th e  
effect of m oisture alone, m oist q u artz  con tain in g 10 
per cen t of w ater was m ixed w ith  C ya n am id . H ere, 
too , th ere w as a decrease in  cyan am id e, resu ltin g 
fin a lly  in its d isappearan ce, b u t th e  ra te  w as b y  no 
m eans so rap id  as w hen m oist acid  p h osp h ate w as em 
p loyed , th e  loss of cya n am id e in  th e  la tte r  m ixture 
durin g th e first d a y  being e igh t tim es as g rea t as th a t  
in th e  m oist q u artz  m ixture. On th e  oth er hand,
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C ya n a m id  when m ixed w ith  p ra ctica lly  d ry  acid  ph os
p h ate rem ained un chan ged  even  after 2 or 3 mo. 
T h is rap id  d isappearan ce of cyan am id e m ust th e re
fore be caused b y  th e  presence of acid  ph osp h ate and 
a sm all am ou n t of m oisture. T h is  conclusion was 
fu rth er confirm ed b y  experim ents w ith  com plete m ixed 
fertilizer, since o n ly  those sam ples in w hich these 
conditions existed  (i. e., acid  ph osphate and 5 to  10 
per cen t of m oisture) show ed a n y  considerable decrease 
in cyan am id e.

C H E M IC A L  C H A N G E S  IN V O L V E D

U pon com plete evap oratio n  of a sam ple from  one of 
the m ixed fertilizers, th e cyan am id e of w hich had 
en tire ly  d isappeared , th ere w as le ft a q u a n tity  of long 
needles, w hich were iden tified  as d icyan o diam id e b y  
the m ethod described in th e preceding paper. A 
q u a n tita tiv e  determ in ation  of d icyan o diam id e, m ade 
upon another sam ple of th is fertilizer, show ed th a t  90 
per cen t of th e  cyan am id e o rig in ally  present had been 
transform ed into  d icyan odiam ide. T h e  m ixture had 
now stood 30 d ays. A t  th e end of 100 d ays it  w as 
again  an a lyzed , and th e  results show ed th a t th e d i
cyan od iam id e con ten t w as p ra ctic a lly  unchanged. 
A n oth er m ixture of C ya n am id  and acid ph osphate, 
con tain in g ab ou t 10 per cen t of m oisture, w as n ext 

. prepared, and th e changes ta k in g  place in  cyan am id e 
and d icyan o diam id e con ten t were fo llow ed  b y  m akin g 
sim ultaneous an alyses for these tw o substances at 
in terva ls . Since th e  chem ical change occurring in th e 
form ation  of d icyan o diam id e from  cyan am id e is sim p ly  
th e union of tw o  m olecules of cyan am id e to form  a 
m olecule of d icyan o diam id e, accordin g to th e  eq u a
tion

NHj
I

2CNNH2 > HN = C

H — N — CN

there is no a lteratio n  in w eigh t, and  if  th is reaction  is 
th e on ly  one in v o lv e d  th e  w eigh t of d icyan o diam id e 
produced should eq u al th a t  of th e  cyan am id e lost; or, 
stated  d ifferen tly, th e  com bined w eigh ts of cyan am id e 
and d icyan o diam id e should rem ain  con stan t. T h is 
s tu d y  served  to  confirm  w h at w as a p p aren t from  th e 
resu lts a lrea d y  secured: n am ely , th a t  in th e  d isap
pearan ce of cyan am id e th e  prin cipal chem ical change 
w as th e  form ation  of d icyan o diam id e, and  th a t  under 
th e  conditions em p lo yed  th is was a t all tim es p ra c
tic a lly  q u a n tita tiv e . A  sim ilar s tu d y  con d u cted  w ith  
tw o com plete m ixed fertilizers y ie ld ed  p ra ctic a lly  th e 
sam e results, a lth ou gh  to w a rd  th e end of th e period 
th e am ount of d icyan o diam id e in  th e  m ixture did  n ot 
so closely ap p roxim ate th e  q u a n tity  of cya n am id e w hich 
had disappeared, th e  final y ield  of d icyan o diam id e rep 
resenting o n ly  ab ou t 65 per cen t of th e  loss in c y a n 
am ide. * W h eth er th is result w as due to  a parallel 
reaction  w hich produced som e other com pound from  
th e cyan am id e— p ossibly urea— or w hether p a rt of th e 
d icyan o diam id e form ed w as sub seq u en tly  decom posed 
in to  oth er com pounds, has n ot y e t  been determ ined.

W hen C ya n a m id  and m oist acid  ph osph ate (6 to 
10 per cen t H»0 ) were m ixed, w ith  or w ith o u t other

fertilizer m aterials, a rise in  tem p eratu re of 200 to  
30° C . w as a lw a y s observed, and th e m ixture set to  a 
hard m ass upon stan din g. W hen an a lyzed  im 
m ed iately  th ere w as no loss of cyan am id e. T h e acid 
ph osp h ate possessed b u t sligh t a cid ity , 10 g. of th is  
m aterial requiring 27.5 cc. of 0.1 N  a lkali to  t itr a te  
to  th e  n eu tral p o in t w ith  m eth yl red; y e t  w hen 1 g. 
of C ya n a m id , w hich  required  169 cc. of 0.1 N  su lfu ric  
acid  to  reach th e sam e en d-poin t, w as added to  10 g. 
of m oist acid  ph osphate, th e  resu ltin g m ixture, w hen 
added to  w ater, w as a lw a y s acid  to  litm us. A n 
alkalin e m ixtu re could  be ob tain ed  o n ly  b y  addin g a  
con sid erably  larger q u a n tity  of C ya n am id . T h is  can 
o n ly  m ean an in teractio n  betw een th e  acid  p h o sp h a te  
and C ya n am id . de N olinari and L ig o t1 and la te r  
B ra c k e tt2 showed th a t w hen C ya n a m id  and acid  
ph osphate were m ixed th ere resu lted  a “ reversio n ”  
of th e ph osphate, i. e., th e  in trod u ction  of m ore calcium  
into th e  acid  ph osph ate m olecule to  form  insoluble 
phosphates. W hen these fa cts  are considered to 
gether, th e y  in d icate  th e prob ab le course of th e  re 
action  w hich results in th e rap id  loss of cyan am id e. 
T h e  calcium  cyan am id e and acid  ph osph ate first react 
to  form  dicalcium  or tr ica lciu m  ph osph ate and free 
cyan am id e:

2 C a :N C N  +  CaH i(P0 4)2 — >- 2CaHPO., +  C N N H 2 

C a :N C N  +  2C aH P 0 4 — =>- Ca^POJo +  C N N H 2 

and th e  free cyan am id e th u s produced  is ra p id ly  
tran sform ed in to  d icyan o diam id e and oth er p roducts.

U p to  th is p o in t in th e in v estig a tio n , th e  fe rtilize r  
m ixtures con tain ed  less th a n  1 p a rt of C ya n a m id  to  
10 p a rts  of acid  ph osphate. In a m ixture of m oist acid 
ph osp h ate and C ya n am id , con tain in g 25 per cen t o f 
C y a n a m id , th e re  w as also a rap id  conversion  to  d i
cyan od iam id e (p ra ctica lly  q u a n tita tiv e ), b u t o n ly  a b ou t 
60 per cen t of th e  cyan am id e w as th u s tran sform ed, and 
after th is  p o in t w as reached  v e ry  little  fu rth er ch an ge 
resulted. I t  is ev id en t, therefore, th a t  there is a lim it 
to  th e  q u a n tity  of cyan am id e w hich  a g iven  q u a n tity  
of m oist acid  ph osp h ate w ill tran sform .

R eferen ce has a lread y  been m ade to  th e fa c t  th a t  
th e  m ixing of C ya n a m id  w ith  m oist q u artz caused a 
d isappearan ce of cyan am id e. I t  w as foun d th a t  m ost 
of th e  cyan am id e w as chan ged in to  d icyan o diam id e. 
T h a t  th is  chan ge would ta k e  p lace w as som ew h at to  b e 
exp ected , since P e ro tti3 and H ager and K e r n 4 h a v e  
show n th a t  w hen C ya n a m id  con tain in g m oisture w as 
sto red  for several m on ths a large portion  of th e  c y a n 
am ide w as con verted  in to  d icyan odiam ide.

F in a lly , an alyses were m ade of six i sam ples of m ixed 
fertilizer, con tain in g v a ry in g  am ounts of C y a n a m id , 
w hich h ad  been prepared for certain  1920 field te sts  
carried  ou t b y  th e  D iv is io n .5 F ou r w eeks had elapsed 
since th e  fertilizers h ad  been m ixed. E ach  sam ple w as 
foun d to contain  a large q u a n tity  of d icyan o diam id e, th e

1 J ,  soc. agr. Brabant et H ainant, 54 (1909 ), 161.
a T h is  J o u r n a l , 5 (1913), 933.
* A tti  acad. L incei, [5] 15 (1906), I ,  48.
< Z . angew. Chem., 29 (1916), 221.
5 P repared  for field te s ts  in experim ental work being conducted  by  

D r. O. Schreiner, D r. J .  J .  Skinner, and  M r. B. E . Brow n, of Soil F e rtility  
Investiga tions. T he m ix tures were prepared  according to  th e  usual fer
tilizer practice, no m odifications being in troduced, w ith a view of s tudy ing  
an y  changes in the  cyanam ide con ten t.
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am ounts of th is com pound ran gin g from  11 .4  to  33.4 
lbs. per ton  of th e  fertilizer m ixtures.

E X P E R IM E N T A L  D E T A IL S

m a t e r i a l s  e m p l o y e d . A cid  Phosphate— T h is  was 
th e usual ty p e  of fertilizer m aterial, co n tain in g 16 
per cen t of a va ila b le  P2O5.

Am m onium  Sulfate— T h e  crude m aterial of com 
m erce, contain ing 25 per cen t of N H 3.

Potassium  Sulfate— T h e  sa lt com m on ly  used in 
fertilizer, con tain in g 50 per cen t of K 20.

Cyanam id— T h is  w as tech n ica l calcium  cyan am id e, 
a h y d ra te d  m aterial w hich  w as a b o u t a y ea r  old  and 
contain ed 21 per cen t of cyan am id e and 2.3 per cen t of 
d icyan o diam id e. In  tw o  of th e exp erim ents, th ere w as 
used a m ore recen tly  purchased h yd ra ted  C ya n a m id  
w hich  contain ed  29.4 per cen t of cyan am id e and no 
d icyan o diam id e.

m e t h o d s  o f  a n a l y s i s — A  20 g. sam ple (in m ixtures 
con tain in g m ore th a n  6 per cen t of C ya n am id , a 10 g. 
sam ple w as used) of th e  fertilizer m ixture w as stirred  
w ith  50 cc. of w ater. T o  th is were added 100 cc. of a 
sa tu rate d  solution  of barium  n itra te  and th en  a solution  
of barium  h yd ro xid e u n til th e  m ixtu re w as s lig h tly  
alkalin e to  litm us. T h e  barium  h yd ro xid e  w as added 
to p recip ita te  ph osphates, b u t w hen am m onium  su lfate  
w as present this' w ould  h a v e  produced large am ounts of 
am m onium  hyd ro xid e, w hich w ould  co n vert som e of 
the cyan am id e to  d icyan o diam id e. T h e  b arium  ni
trate  w as th erefore a d d e d  to p rev en t th is  am m onia 
form ation. T h e  m ixture w as a g ita te d  v ig o ro u sly  for 
30 m in. w ith  a m echanical stirrer, th en  tran sferred  
to a 500 cc. g ra d u ated  flask, m ade up to  th e  m ark, 
th o rou gh ly  m ixed, and filtered. T w o  200 cc. portions 
were m easured ou t, and  one w as a n a lyzed  for c y a n 
am ide and th e  other for d icyan o diam id e. T o  determ in e 
cya n am id e th e  m ethod of P ero tti, as m odified b y  
B rio u x ,1 w as em p loyed, th e  p rec ip ita te  of silver 
cyan am id e being dissolved  in d ilute n itric  acid  and 
titra te d  again st 0.1 N  am m onium  th io c y a n a te  solu
tion. F o r th e  determ in ation  of d icyan o diam id e the 
m ethod described in  th e  preceding paper w as used.

C H A N G E S  IN  C Y A N A M ID E  C O N T E N T  O F A M IX E D  

F E R T IL IZ E R

F ertilizer M ix tu re  A  contain ed:
G ram s

Acid p h o sp h a te .....................................  100
P otassium  su lfa te ................ ...............  12
A m m onium  su lfa te .............................. 42
C y an am id ..................................................  10
D ried p e a t ..............................................  36

T o t a l .   ............................ 200

T h e m aterials were groun d to g eth er in  a m ortar
until th e y  w ould  pass th ro u g h  a 20-mesh sieve, and 
further m ixed on a large piece of glazed  paper. T h e 
m ixture w as a n a lyze d  im m ed iate ly  for cyan am id e, and
T a b l e  I — C h a n g e s  in  C y a n a m id e  C o n t e n t  o p  a  C o m p l e t e  M ix e d  

F e r t il iz e r  (M ix t u r e  A )
T im e  M g. C yanam ide
D ays per G . C yanam id Used

Im m ed ia te ly  a fte r m ixing 220 .0
1 9 5 .5
3  7 5 .6
4 4 6 .2
6  41.1

________________ 13 2 3 .1

1 A n n . chirn. anal., 15 (1910), 341 .

F e r t i l i z e r  C o n t a i n i n g  “ C y a n a m i d ”

th e  an alysis w as repeated  a t in terva ls  for 13 d a y s , 
w ith  th e  resu lts g iv en  in T a b le  I and show n  g ra p h ica lly  
in  F ig . 1.

IN F L U E N C E  O F V A R IO U S F E R T IL IZ E R  IN G R E D IE N T S

F o u r m ixtures were prep ared  con tain in g variou s 
com bin ations of C y a n a m id  w ith  th e  oth er m aterials 
used in th e  previou s exp erim ents, as follow s:

w (4)
Gram s G ram s

Acid p h o sp h a te ......... . . . .  90 A cid p h o sp h a te____. . . 4 5
C y an am id .................... . . . .  10 A m m onium  sulfate... . .  18

C y an am id ................... . .  5 .5
w (d)

Acid p h o sp h ate ......... . . . .  45 Acid p h o sp h a te ........ . .  45
P otassium  s u lf a te . . . ___  6 D ried p e a t .................. . .  18
C y an am id .................... ___  5 C y an am id .................. . .  5 .5

T h e  resu lts of an alyses are g iv en  in T a b le  II .
T a b l e  I I — C h a n g e s  i n  C y a n a m i d e  C o n t e n t  o p  V a r i o u s  M i x t u r e s  

o f  " C y a n a m i d ”  a n d  A c i d  P h o s p h a t e  w i t h  O t i i b r  F e r t i l i z e r
M a t e r i a l s

M g. C yanam ide
T im e '—pe 

(a)
r G. C yanam id Used—s

D ays (*) (c) («0
Im m edia te ly  a fte r m ixing 202 196 210 201

1 180 152 192
2 164 94
4 82
5 139
9 i  2 0 190 ! . ’.

E F F E C T  O F M O IS T U R E  C O N T E N T  O F F E R T IL IZ E R  

M A T E R IA L S

M o istu re  in  th e  m aterials w as determ in ed  b y  d ry in g  
for 20 hrs. a t 100° C .

H2O 
P e r c en t

A m m onium  su lfa te ............................ 0 .4
P o tassium  su lfa te ............................  0 .18
D ried p e a t ...........................................  3 6 .0
Acid p h o sp h a te ...................................  2 .7

In  th e  exp erim ents described a b o v e  th e  acid  ph os
p h ate  p ro b a b ly  con tain ed  s lig h tly  m ore th a n  2.7 per 
cen t of m oistu re since som e w eeks elapsed b efore th e  
m oisture co n ten t w as determ in ed, an d  durin g th is tim e 
it  had been sto red  in  a pap er b ag  exposed to  th e  d r y 
in g  actio n  of th e  air. A t  th e  tim e th e  experim ents 
w ere p erfo rm ed  th e  acid  ph osp h ate had a lrea d y  been 
co n sid e ra b ly  a ir-dried,'^ so  it  con tain ed  m uch less
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m oisture th a n  fresh acid  ph osphate, th e  m oisture con 
te n t of th e  la tte r  b ein g 6 to  10 per cent.

I  C H A N G E S  I N  C Y A N A M I D E  C O N T E N T

C Y A N A M I D  A N D  M O I S T  A C I D  P H O S P H A T E  M ixtu re  B
w as prep ared  contain ing:

Acid p hosphate  (2.7 per c en t H jO ), gram s  82
C yanam id, g ra m s.......................................................... 10
W ater, g ram s.................................................................  8
T o ta l m oisture, per c e n t............................................  10.2

T h e  w ater w as added to  th e  acid  ph osph ate and the
m aterial groun d in th e  m ortar u n til uniform , th e  re
su ltin g  m ixture appearing q u ite  m oist. T h e  C ya n a m id  
w as now  added and th is m ixture again  m ade un iform  
b y  grindin g. A lm o st a t once all evid en ce of m oisture 
disappeared, and a fine, d ry  pow der resulted. D urin g 
th is change, th e  tem p eratu re  rose from  240 to  45° C . 
W hen th e  resu ltin g  m ixture w as added to  w a ter it  
show ed a stro n gly  acid  reaction  to w a rd  litm u s. T h e  
m ixture w as an a lyzed  for cya n am id e im m ed iate ly  and 
a t in terva ls  over a period of 6 d a ys, th e results being 
g iv en  in T a b le  I I I .
T a b l e  I I I — C h a n g e s  i n  C y a n a m i d e  C o n t e n t  o p  a  M i x t u r e  o e  " C y a n 

a m i d ’ '  a n d  M o i s t  A c i d  P h o s p h a t e  ( M i x t u r e  B)
M g. of C yanam ide 

T im e  per G. of C yanam id Used
0  hrs. 210
5 hrs. 9 7 .6
2 days 2 1 .4
6 days 17.3

C Y A N A M I D  A N D  A I R - D R Y  A C I D  P H O S P H A T E  M ixtu re  C
contain ed:

Acid phosphate  (2.7 per c en t HsO), g ram s  90
C yanam id , g ra m s.......................................................... 10
T o ta l m oisture, per c e n t ............................................  2 .2

and w as m ixed as in th e  precedin g exp erim ent. Im 
m ed ia te ly  a fter m ixin g it  con tain ed  223 m g. of c y a n 
am ide per gram  of C ya n a m id , and a fter stan d in g 18 
d a ys it  w as foun d to  contain  194 m g. per gram  of 
C y a n a m id  used.

c y A N A M i D  a n d  m o i s t  o u a r t z — A  m i x t u r e ,  D, c o n 

ta in in g

Q uartz  (ground to  200 m esh), g ram s....................  90
W ater, g ra m s..................................................................  10
C yanam id, g ra m s .......................................................... 11.1
T o tal m oisture, p e r  c e n t . . .  ....................................  9

w as prep ared  and  a n a lyzed  as in  th e  previous exp eri
m ents. T h ere  w as no rise in  tem p eratu re w hen th e 
m ixture w as prepared, and  it  rem ain ed  m oist, clinging 
togeth er like  m oist sand when th e  ja r  con tain in g it  w as 
rota ted . A fte r  a d a y  an odor of am m onia w as g iven  
off. A t  th e  end of 2 wlcs. it  w as som ew h at m ore d ry , 
b u t th e  p articles still clun g to g eth er, and it  w as b y  no 
m eans th e  d ry  pow der described in  th e  experim ent 
w ith  m oist acid  ph osp h ate . T a b le  I V  gives th e resu lts 
of an alyses of th is  m aterial.
T a b l e  I V — C h a n g e s  i n  C y a n a m i d e  C o n t e n t  o e  a  M i x t u r e  o f  “ C y a n 

a m i d ' ’ a n d  M o i s t  Q u a r t z  ( M i x t u r e  D )
M g. of C yanam ide 

T i m e  p e r G. of C yanam id Used
0 hrs . 213.6

24 hrs. 185.8
2 days 131.25
9 days 3 1 .5

T h e  results for M ixtu res B, C, and D are show n 
g ra p h ica lly  in  F ig . 2.

a v a i l a b l e  a c i d  i n  a c i d  p h o s p h a t e — One gram  of 
a cid  ph osp h ate w as extra cted  for 0.5 hr. w ith  500 cc.

of w ater. T h e  filtra te  w as stro n g ly  acid  to  litm us. 
U pon titra tio n  again st 0.1 N  sodium  hyd ro xid e, using 
m eth yl red as an in d icator, 2.75 cc. of th e a lk a li were 
required.

F i g . 2 — C h a n g e s  i n  C y a n a m i d e  C o n t e n t  o e  “ C y a n a m i d ”  w h e n  M i x e d  
w i t h  A i r - D r y  A c i d  P h o s p h a t e , M o i s t  A c i d  P h o s p h a t e , a n d  

M o i s t  Q u a r t z

a v a i l a b l e  a l k a l i  i n  c y a n a m i d — One gram  of th e  
C y a n a m id  w as stirred  v ig o ro u sly  w ith  500 cc. of w ater 
for 30 m in., and filtered. T h e  filtra te , w hich  w as 
stro n g ly  a lkalin e to  litm us, required  169 cc. of o.x N  
su lfu ric  acid  for n eu traliza tio n  w ith  m eth yl red as 
in d icator.

d i c y a n o d i a m i d e  c o n t e n t  o e  t h e  m i x t u r e s —  

T w e n ty  gram s of M ixtu re  B were stirred  for 30 min. 
w ith  200 cc. of abso lute aceton e, and  filtered. T h e  
aceton e e x tra ct w as ev ap o rate d  to  dryn ess, le a v in g  a 
q u a n tity  of lon g needles m ixed w ith  som e d a rk  m a
teria l. R e cry sta lliza tio n  of th e residue from  w a ter 
g a v e  colorless needles, m eltin g a t 205 °, w hose 
m eltin g point w as u n chan ged  w hen m ixed w ith  d i
cyan od iam id e. A  solution  of these crysta ls  g a v e  y e l
low  crysta ls  of silver p icra te  m on ocyan oguanid in e 
(m. p. 230°) upon trea tm en t w ith  p icric acid  and 
silver n itra te  (F ig . 1, precedin g p ap er). A  q u a n tita 
t iv e  determ in ation  of d icyan o diam id e in  M ixtu re  B 
g a v e  179 m g. of d icyan o d iam id e per gram  of C y a n 
am id, a t th e end of 4 w ks. A t  th e end of 15 w ks., 
th e  m ixture con tain ed  193.5 m g- o f d icyan o diam id e 
per gram  of C ya n a m id  used. M ixtu re  C  contain ed 
b u t 7.9 m g. of d icyan o diam id e per gram  of C y a n 
am id. M ixtu re  D  a t th e  end of 9 d a ys  contain ed  
171.2  m g. of d icyan o diam id e per gra m  of C y a n a m id  
used. A  q u a n tita tiv e  conversion  of th e  cya n am id e to 
d icyan o diam id e w ould  h a v e  required  th e  appearance 
of 230 m g. of d icyan o diam id e per gram  of C ya n a m id  
used.

I I  S I M U L T A N E O U S  C H A N G E S  I N  C Y A N A M I D E  A N D

D I C Y A N O D I A M I D E  C O N T E N T  

C Y A N A M I D  A N D  M O I S T  A C I D  P H O S P H A T E — T h e fo llo w 
in g  M ix tu re  E  w as prep ared:

Acid phosphate  (2.7 per cen t H iO ), g ra m s : . . . .  184
W ater, g ra m s ............. ....................................................  16
C yanam id, g ram s................................ .........................  22.2
T o ta l m oisture per c e n t..................................  10.2

A n a lyses for cya n am id e and  d icyan o diam id e were 
m ade im m ed iate ly , and  a t in terva ls  o ver a  period of
8 d a ys. T h e  resu lts are show n in  T a b le  V  and F ig . 3.
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T a b l e  V — S i m u l t a n e o u s  C h a n g e s  i n  C y a n a m i d e  a n d  D i c y a n o d i a m i d e
i n  a  M i x t u r e  o p  ‘ ‘C y a n a m i d ”  a n d  M o i s t  A c i d  P h o s p h a t e  ( M i x t u r e  E )

C yanam ide D icyanodiam ide
(M g. per G. of (M g. per G. of

T i m e C yanam id  Used) C yanam id  Used)
0 hrs. 208.9 13.5
5 hrs. 130.0 113.2

28 hrs. 75 .6 175.8
2 days 49 .8 184.6
5 days 4 4 .6 180.2
8 days 30 .5 182.4

T h e a b o ve experim ent w as tw ice repeated  w ith  
p ra ctica lly  id en tica l results.

D i c y a n o d i a m i d e  i n  a  M i x t u r e  o p  " C y a n a m i d ”  a n d  
A c i d  P h o s p h a t e

M O IST  A C ID  P H O S P H A T E  A N D  E X C E S S  O F C Y A N A M ID -----

M ix tu re  F  w as prepared and studied  in th e  usual w ay. 
T h e  C ya n a m id  used w as th e  m ore recen tly  purchased  
sam ple con tain in g 29.4 per cen t of cyan am id e. T h is 
m ixture, w hen added to  w ater, w as a lkalin e to 
litm us.

Acid phosphate  (2.7 per cen t HsO), gram s  67
W ater, g ram s..................................................................  8
C yanam id, g ram s.......................................................... 25
T o ta l m oisture, per c e n t............................................  9 .8

T a b le  V I  g iv es th e  results.

T a b l e  V I— S i m u l t a n e o u s  C h a n g e s  i n  C y a n a m i d e  a n d  D i c y a n o d i a m i d e  
i n  a  M i x t u r e  o p  M o i s t  A c i d  P h o s p h a t e  a n d  a n  

E x c e s s  o p  " C y a n a m i d ”  ( M i x t u r e  F)
C yanam ide D icyanodiam ide

(M g. per G. of (M g. per G. of
T i m e  C yanam id Used) C yanam id Used)
0 hrs. 277 0
2 days 191 97
8 days 155 122

41 days 127 142

C Y A N A M ID  I N  C O M P L E T E  F E R T IL IZ E R  M IX T U R E S ----

T h ree com plete fertilizer m ixtures were prep ared , th e ir  
com position  b eing:

(M ixtures
G and  H ) (M ix ture  I)

Acid phosphate  (2.7 per c en t H iO ), g ra m s .. . 200 200
P otassium  sulfate, g ram s......................................  24 24
A m m onium  su lfa te , g ram s ...................................  84 84
D ried p e a t (9 per c en t H îO ), g ram s.................  42 72
W ater, g ra m s.............................................................  30
C yanam id, g ram s .....................................................  20 20
T o ta l m oisture, per c e n t........................................ 9 .8  3 .2

M ixtu res G  and  I were prepared b y  grindin g in  th e 
m ortar. Since in  a ctu a l fertilizer p ra ctice  th e  m a
teria ls are m erely m ixed w ith  a shovel, M ixtu re  H 
w as m ixed b y  m eans of a sp atu la . T h e  results are 
g iven  in  T a b le  V II .

T able V II— Sim ultaneous  C iianoes in  C yanamide and D icyano
diamide Co n tent  op T h r e e  Com plete M ix ed  F e rtilizers  

C yanam ide D icyanodiam ide
(M g. per G. of (M g. per G. of

C yanam id Used) C yanam id Used)
T im e  G H  I  G  H  I
0 hrs. 223 221 210 14 10
1 day  143 128 . . .  86 100
3 days 102 67 201 111 126

15 days . . .  . . .  199
18 days 14 9 . . .  104 136
34 days . . .  5 201 98 136

D IC Y A N O D IA M ID E  C O N T E N T  O F M IX E D  F E R T IL IZ E R S ----

Six m ixed fertilizers w hich  had been prep ared  for use 
in  th e  field tests of th is D ep artm en t were a n a lyzed  for 
cyan am id e and d icyan o diam id e. T h e  com positions of 
th e  m ixtures were as follow s:

' M ixture, WeigUt in Pounds-------  — ■—.
I n g r e d ie n t s  (1) (2) (3) (4) (5) (6)

Sodium  n i t r a te   4 .5  4 .5  6 .8  2 .3
A m m onium  s u lfa te . . .  3 .4  . .  . .  . .  . .  4
Dried b lood ............................ 5 .3  8 .4  2 .7  10.7
Acid p h o sp h a te   4 2 .7  4 2 .7  4 2 .7  4 2 .7  4 2 .7  25
Potassium  su lfa te   13 .6  13 .6  13 .6  13.6 13 .6  4
C y an am id ......................  7 .8  7 .8  3 .9  7 .8  7 .8  8
Sand (a ir-d ry ).............. 25 .7  2 5 .8  22 .3  2 2 .9  2 2 .9  9

T otai, .........................  9 7 .7  9 9 .7  97 .7  9 7 .6  9 7 .7  50

T h e C y a n a m id  used in  th e  first five m ixtures w as 
2 yrs. old and con tain ed  15.4 per cen t of cyan am id e 
and  6.2 per cen t of d icyan o diam id e. F o r M ix tu re  6 
th ere w as used th e  m ore recen tly  purchased  C ya n a m id  
con tain in g 29.4 per cen t of cyan am id e. T h e  results 
are g iven  in T a b le  V I I I .

T able  V III— C yanamide and D icyanodiam ide Co n tent  o p  20 G rams op 
Com plete  F er til iz er  M ix tu r es  w hen  M ix ed  

and F iv e  W eek s  Apterw a rd
* C yanam ide * ,— D icyanodiam ide---s

Found  a fte r F ound  afte r
A dded 5 W ks. A dded 5 W ks.

M ix tu r e  M g. M g. M g. M g.
 1............. 240 89 99 214
 2............. 240 106 99 211
 3............. 120 40 50 114
 4............. 320 171 132 249
 5............. 240 142 99 201
 6............. 940 648 . . .  334

E F F E C T  O F U S IN G  S M A L L E R  P R O P O R T IO N S  O F C Y A N -

a m id— F our m ixtures of m oist acid  ph osph ate and 
C ya n a m id  w ere prepared, con tain in g in each xooo g. 
of m ixture 25, 50, 75, and  100 g., resp ective ly , of 
C ya n a m id . Since m ixed fertilizers com m on ly con tain  
ab ou t 50 per cen t of acid  ph osphate, these m ixtures 
w ould  correspond to  25, 50, 75, and 100 lbs. of C ya n a m id  
per to n  of m ixed fertilizer. T h e y  were prep ared  as 
in th e  p reviou s experim ents, using another su p p ly  of 
acid  ph osph ate con tain in g 3 per cen t of m oisture, to  
w hich w as added w ater so th a t  all m ixtures con tain ed  
p ra ctic a lly  10 per cen t of m oisture, to  a p p roxim ate th e 
m oisture condition  of com m ercial acid  ph osph ate. In  
th e  th ree low er con cen tration s of C y a n a m id  d u p licate  
m ixtures were prepared, using for com parison  th e  acid  
ph osp h ate em p lo yed  in  th e  p reviou s exp erim ents.

A fte r  3 d ays th e  m ixtures were a n a lyze d  for c y a n 
am ide and d icyan o diam id e, w ith  th e  results g iv en  in  
T a b le  IX .
T a b l e  I X — C h a n g e s  T a k in g  P l a c e  in  20  G ra m s  or  M ix t u r e s  o p  M o is t  

A c id  P h o s p h a t e  w it h  V a r y in g  A m o u n t s  o p  “ C y a n a m id ”
P a rts  _ .------A fter 3 D ays------•.

C yanam id W hen M ixed C yan- D icyano-
in 1000 P a rts  C yanam ide am ide diam ide

M ix ture  M g. M g. Mg.
25 145 99 6
25 145 29 7
50 290 97 91
50 290 85 74
50 290 66 125
75 435 61 348
75 435 44 353

100 580 32 498
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I t  w ill be n oticed  th a t  w hile th e  form ation  of d i
cyan od iam id e is less w ith  th e sm aller q u an tities of 
C ya n a m id  used in  th e  fertilizer, y e t  th e change to 
d icyan o diam id e is still v e ry  considerable w ith  50 lbs. 
per ton.

C O N C L U S IO N S

F u rth er in v estig a tio n s are being con ducted, b u t th e 
resu lts a lrea d y  secured seem  to  w arran t th e  fo llo w 
in g conclusions, a t least in so far as th e  conditions of 
con cen tratio n , tem p eratu re , and  m oisture here rep o rted  
on are concerned:

1— W hen C ya n a m id  is m ixed w ith  fertilizer  m aterials 
con tain in g acid  ph osph ate and 5 to  10 per cen t of 
m oisture, th e cyan am id e con ten t decreases w ith  great 
ra p id ity .

2— T h is  change is represented p a rtia lly  b y , and in 
th e  h igher co n cen tratio n s p rin c ip a lly  b y , th e  fo rm a 
tion  of d icyan odiam ide.

3— A  given  q u a n tity  of m oist acid  ph osph ate is able 
to  tran sform  a lim ited  am ount of calcium  cyan am id e.

4— C ya n a m id  is n ot a ffected  b y  d ry  acid  ph osphate.
5— M o istu re alone is able to  cause th e conversion  of 

cyan am id e to  d icyan o diam id e, b u t th e ch an ge is m uch 
slow er th a n  w hen acid  ph osph ate is present.

S ince it  has been rep eated ly  show n th a t d icy a n o 
diam ide is valu eless as a fertilizer m aterial, and, m ore
over, is to x ic  to  m an y p la n ts ,1 th e  form ation  of th is 
com pound in  fertilizer m aterials seem s undesirable. 
On first th o u g h t, it  w ould  appear th a t  th is co n ver
sion of cya n am id e into  d icyan o diam id e could be 
a void ed  b y  em p lo yin g d ry  fertilizer m ixtures, b u t 
th is ' overlooks th e  fa c t th a t w hen such m ixtures 
are added to  th e  soil, m oisture conditions are a t once 
p rovided , and th e  tran sform ation  m ay p o ssib ly  th en  
ta k e  place. P relim in a ry  exp erim ents carried ou t in 
th is la b o ra to ry  in d icate  th a t, under certain  conditions 
at least, th is  is th e  case.

I t  should  be n oted  th a t  th ese u n fo rtu n a te  re
action s b etw een  acid  ph osp h ate and C ya n a m id  
do n ot in  a n y  sense im p ly  th a t  C ya n a m id  can not 
be su ccessfu lly  used when m ixed w ith  other form s 
of p h osp h ate . In  th is conn ection  it  should be 
n oted  th a t th e  F ix ed  N itro gen  R esearch  L a b o ra to ry  
of th e  O rdn ance D ep artm en t Has called  our a tten tio n  
to  th e fa c t  th a t  lim e nitrogen (C ya n am id ) can be 
m ixed w ith  calcined  and basic ph osph ates w ith o u t th e 
excessive prod u ction  of d icyan o diam id e n oted  w hen 
m oist acid  ph osph ate is used.

STU D IES ON T H E  CO R R O SIVE A CTIO N  OF CH LO RIN E- 
TREA TED  W A TER . I— TH E E F F E C T S OF ST E E L ON 

T H E  EQ U ILIBRIU M : Cl2 +  H 20  H C 1 +  HCIO, 
AND OF PR O D U C T S O F T H E  EQ U ILIBRIU M  

ON^STEEL 

B y George L. Clark and R . B . Iseley 
V a n d e r b i l t  U n i v e r s i t y ,  N a s h v i l l e ,  T e n n e s s e e  

R eceived Ju ly  17, 1920

In  th e  entire range of th e su b ject m atter of ch em istry  
there is scarcely  a phase upon w hich m ore w ork  has

1 Brioux, A n n . Sci. .4Sron„ [3] 1 (1910), 241; H overm ann  an d  K och, 
J .  L andw ., 64 (1916), 317; Pfeiffer and  S im m erm achcr, Latidw. Vers.-Sta., 
90 (1917), 415; Johnson, Tid. K em i, Farm. Terapi. 15 (1918), 349; Cowie, 
J . Agr. Sci., 9 (1919), 1137

been done, and concerning w hich  th ere is greater 
d eviatio n  of opinion expressed in  th e literatu re , th a n  
upon solutions of chlorine gas in  w ater. T h e  im p ortan ce 
of a th o rou gh  know ledge of such solutions lies in  th e 
fa c t  th a t so m any d istin ct fields are concerned. T h e  
p h ysica l chem ist is in terested  in  all phases of th e 
eq uilib riu m  estab lished  b etw een  th e  prod u cts of th e  
reaction

c h  +  h 2o  h c i  +  h o c i

and how  th is  m ay  affect th e properties of each su b 
stan ce. T h e  b acterio logist and sa n ita ry  engineer are 
concerned w ith  th e  am ount of chlorine it  is n ecessary 
to  add to  n atu ra l w aters in  order to  render them  
p o tab le. T h e  ph ysio lo gist is in terested  in discoverin g 
th e effect upon b o d ily  fu n ctio n s and  m etabolism  of th e 
in trod u ction  of ch lorin e-treated  w ater in to  th e  a li
m en ta ry  can al. T h e  fields of th e  engineer and m eta l
lu rg ist converge in  considerin g th e  effect of chlorine 
w ater upon th e  corrosion of iron  and steel pipes and 
upon steam  boilers.

A p p licatio n s of th is problem  h a v e  been w id ely  recog
nized, as is in d icated  b y  th e  num erous papers to  be 
foun d tou ch in g in  v a r y in g  fashion upon som e phase 
of th e  su b ject. T h ere  are tw o  o u tstan d in g fa cts  to  be 
gain ed from  a su rve y  of th e  literatu re : first, th e  ex
trem ely  q u a lita tiv e  n atu re of th e  great m a jo rity  of 
these reported  o b servation s; and  hence, second, th e  
w ide differences of opinion, even  to  th e  p o in t of 
d iam etrica l opposition, on som e of th e  m ost fu n dam en tal 
points of th e  ch em istry , corrosive effects, and p h ysio 
log ica l action. I t  is n ot w ith in  th e  scope of th is  paper 
to  u n dertake a n y  exten sive critiq u e of th e  w ork  w hich 
has been done; th e  w ork w h ich  m a y be considered 
m ost a u th o rita tiv e  w ill be referred  to  later. W ith  
these large discrepancies and rath er serious om issions 
in  th e  present know ledge of th e  solution  of chlorine 
in  w a ter c learly  in m ind, th is series of researches has 
been u n d ertaken  w ith  th e  ostensible purpose of a t 
te m p tin g  to  brin g order ou t of an in defin ite and  un 
sa tis fa cto ry  s ta te  of a scien tific  su b ject, w ith  especial 
reference to  th e  a p p licatio n  to  th e  c ity  w a ter su p p ly  of 
N ash ville , Tennessee.

O f course, of th e  greatest im p ortan ce from  a n y  sta n d 
po in t is th e  question  w hether or n ot c ity  w ater w hich  has 
been trea ted  w ith  chlorine is p h ysio lo gica lly  in ju riou s 
w hen used for d rin k in g purposes. T h ere is n ot to  be 
fou n d  in th e  literatu re  a record  of a n y  com plete b io logical 
research of th is k ind, th o u gh  w ork  upon th e  effect of 
chlorine gas in  resp iratory  processes is exten sive and 
conclusive since th e  w ar. T h ere is an alm ost even  
d ivision  of opinion am ong m edical m en as to w hether 
ch lorin e-treated  w ater is, or is n ot, in ju riou s in  m etab 
olism . One w riter finds it  beneficial in  th e  trea tm en t 
of such diseases as in fa n tile  d iarrh ea, and another 
argues th a t  even  v e ry  sligh t tra ces  are in ju riou s to  th e 
organism . T h ere  m ust be estab lished, therefore, b y  
carefu l research upon  liv in g  organism s ju st w h a t the 
effect of ch lorin e-treated  w ater is, and  w h a t th e  m axi
m um  allow ab le con cen tratio n  of th e  gas m a y be w ith 
o u t serious consequences.

B efore a n y  ad eq u a te  in terp re ta tio n  of such  exp eri
m ents can be m ade, h ow ever, it  is n ecessary  to  know
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e x a c tly  th e  ch em istry  in v o lved — th e com pounds 
form ed, and th e ir  con cen tratio n , a c t iv ity , and rela
tion  to each oth er, w hen chlorine is d issolved  in  w ater. 
T h is  paper is, therefore, p relim in ary  to  m ore p ra ctica l 
w ork  on th e  corrosive actio n  upon  liv in g  organism s and 
upon m etal contain ers and p ip es,1 th e  cause and n atu re 
of w hich m ay th en  be a d eq u a te ly  and  scien tifica lly  
explained. I t  in v o lve s  essen tia lly  a s tu d y  of th e  re
action  b etw een  chlorine and w a ter to  form  hyd roch loric  
and hypoch lorous acids; th e  determ in ation  of eq u ilib 
rium  conditions and th e  d isturbin g of th em  b y  tim e, 
ligh t, and th e presence of steel, a lka li, and excess 
p rod u cts; m ethods of an alysis of th e  prod u cts in  the 
presence of each  oth er; th e  effect upon th e  passive 
s ta te  and th e  corrosion of steel; th e  settlin g  of th e  con
tro v e rsy  concern in g th e existence of “ fixed ch lorin e;” 
and  a s tu d y  of som e new oxid izing properties of th e 
solution  of chlorine in  w ater.

T h e  w ork to  be described m ay be su b d ivid ed  into  
th e fo llow in g heads:

(a) The solution of chlorine in water:
M ethods of analysis 
Equilibrium in the system 
Effect of iron on equilibrium 
Interpretation of results

(b) Corrosion of iron and steel:
N ature, and extent 
Interpretation 
Secondary effects

T H E  SY ST E M  C lr-H 20 - H 0 C l-H C l 

I t  has been lon g k n ow n  th a t  w hen th e  reaction  
Clj +  HjO r iz ^  HC1 +  H C10 

ta k es  p lace ou t of co n tact of lig h t and in th e  cold, 
eq uilib riu m  is established . T h ere  is, how ever, v e ry  
g re a t d isagreem ent as to  th e  e x a ct conditions and 
con cen tratio n s w hich determ ine th e  equilibriu m , and 
th e  con stan t has n ever been determ ined. M u ch  b ette r  
know n  is th e  actio n  of su n ligh t upon chlorine w ater, 
in  w hich  th e  fo llow ing m onom olecular reactio n  p ro
ceeds:

2HOCI 2HCI +  O2 

A lso w ell know n  is th e exten sive w ork on th e  reaction  
com prising th e  D eaco n  process

2H2O -f- 2CI2 — ^  O2 +  4HCI 

w hich  is carried  o u t a t h igh tem p eratu res in th e 
presence o f b ricks soaked  w ith  C u C l2 as c a ta ly s t. 
T h e  eq u ilib riu m  co n stan t is a b o u t 2.4 a t 430°,

A  fo u rth  eq uilib riu m  is th e fo llow in g:
3H2O +  3CI2 h c i o 3 +  5h c i

w hich  has been fu lly  in v estig a ted  b y  S a n d s,2 F o e rste r ,1 
L u th er and  M c D o u g a ll,4 and O lson .6 T h e  la tter  
determ in ed  an equilibriu m  co n stan t of 4.3 X  10-7 at 
364° A ., and also fou n d  th a t  th e  effect of h asten 
ing to  eq uilib riu m  w ith  iron as c a ta ly s t  w as u n satis
fa cto ry .

1 Lillie [Science, 50 (1919), 259] has shown th a t  there  are fo rtu n a te ly  
som e close analogies betw een m any of th e  p roperties  of m eta l surfaces and  
living protoplasm .

* Z . physik . Chem., 50 (1904), 465.
* J .  prakt. Chem., 63 (1901), 141.
< Z . physik. Chem., 62 (1908), 199.
* J .  A m . Chem. Soc., i2  (1920), 896.

• t i i

A N A L Y T IC A L  M E TH O D S

P erh ap s th e g rea te st d ifficu lty  in establish ing 
defin ite relationships in th e  first of th e  four ab o v e  
equations, w ith  w hich th is en tire series of studies is 
concerned, is to  be foun d in a m ethod of a n alysis b y  
w hich it  w ould  be possible to  determ in e chlorine, and 
b o th  h ypochlorous and h yd ro ch loric  acids, in th e  
presence of each other. T h e  usual m ethod for th u s 
d eterm in ing chlorin e and hypochlorous acid  in  the 
presence of each oth er ta k es  h yd ro ch loric  acid  into  
accou n t n ot a t all, and th u s in trod u ces large errors. 
T h e determ in ation  is based upon th e  fo llow in g re
actions:

H O C 1 4 - 2N aI N aC l +  N aOH  +  I2

C l2 +  2N aI 2N aCl +  Ij

One m ole of H O C 1 sets free one m ole of I2 and  p ro 
duces a t th e  sam e tim e one m ole o f N a O H , w hile 
th e  chlorine sim p ly  sets free an eq u iva len t am oun t of 
iodine. A fte r  n eu tralizin g  th e  a lk ali w ith  an excess of 
h yd ro ch loric  acid  and determ in ing th e  iodine b y  
t itra tio n  w ith  sodium  th io su lfate , th e  excess of h y d ro 
chloric acid  is titra te d  w ith  stan d ard  alka li solution. 
T h e  N aO H  produced b y  th e  actio n  of h yp o ch lorou s 
acid  upon th e  iodide o b vio u sly  requires h alf as m uch 
of, sa y , 0.01 N  acid , for n eu tralization  as is required  of 
0.01 N  N a 2S203 solution  to rea ct w ith  th e  iodine set 
free b y  th e  actio n  of th e  h yp o ch lorou s acid . F rom  th is 
is calcu lated  how  m uch of th e  N a 2S 203 is required  for 
th e  free chlorine. I t  is clear, therefore, th a t  th is 
m ethod depends en tire ly  upon th e  fa c t th a t  th e  sta n d 
ard acid  added is th e  only H C l  present, w here in re a lity  
th ere is in ad ditio n  an  indefin ite am ount of H C l 
form ed in  th e  reactio n  C l2 +  H 20  H O C 1 +  H C l, 
w hich w ould  n eu tralize  som e of th e N aO H  form ed when 
N a l  and H O  C l react. T h is  fa lla c y  has n ot been 
po in ted  ou t before. I t  is im possible, therefore, b y  th e 
use o f one sam ple to  determ in e C l2, H O C 1, and H C l in 
th e  presence of each oth er. M o st of th e p relim in ary  
exp erim en tal w ork  of th is  paper w as concerned w ith  
vario u s possible a n a ly tic a l devices, som e of w hich  m a y 
be b riefly  described as follow s:

( i )  D E T E R M IN A T IO N  O F T O T A L  A C ID IT Y  B Y  U S U A L

m e t h o d — T h e d ifficu lty  in  th is  m ethod lies in  th e  use 
of in d icators in th e  presence of chlorine and  h yp o - 
chlorous acid.

M e th y l orange, rosolic acid, and p h en o lp h th alein  
were tr ied  ou t in  order to  determ ine w hich w ould  be 
best in  th e titra tio n  for to ta l a cid ity . I t  w as fo u n d  
th a t  n eith er of th e  first tw o  w ould  produce a n y  sta b le  
color in th e  presence of C l2 and H 0 C 1, no m a tter  how  
m uch base or acid  w as added. I t  w as foun d th a t  
ph enolp hthalein  w ould  g ive  a sta b le  color and defin ite 
en d-poin t, p rovided  th a t  a t lea st i  cc. w as used. 
F u rth erm ore, th e  en d-poin t depended upon w h eth er 
th is re la tiv e ly  large am ou n t w as added drop b y  drop, 
or poured in  as ra p id ly  as possible, w ith  b est results 
seem in gly  from  th e  la tte r  m ethod. A s an  illu stra tio n  
of th e  la ck  of exactness of th is m ethod, th e  fo llow ing 
d a ta  are q uoted  on th e  n um ber of cc. of o .o i N  N aO H  
required  to  n eu tralize  successive 25 cc. portion s of 
th e sam e sam ple: 1 7 .5 , 19 , 16 .2 , 1 5 .5 , 16 .7 . T h e
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reactions betw een  th e  in d icator and chlorine and 
h ypoch lorous acid  led  to  results, therefore, w hich  were 
a t  once n oncon cordant and d o u b tfu l, unless ex a ctly  
th e  sam e m ethod of titra tio n  w as used th rou gh ou t. 
A tte n tio n  is d irected  to  th e  fa c t th a t  m eth yl orange 
can n o t under a n y  circu m stan ce be used, th o u gh  its  
use is a d vo cated  b y  such an a u th o rita tiv e  te x t  as 
T re a d w e ll.1

( 2 ) r e m o v a l  o r  h y p o c h l o r o u s  a c i d — M eth od s d e
p endent upon th e  rem oval of H O  C l w ere n ot successful 
because of th e  incom pleten ess of th e  reactions. F or 
exam ple, a  solution  w as shaken  up w ith  pure m crcu ry  
in order to  te st th e  reaction

aH g +  2HOCI ^ ~ 7  I-IgO.HgCl2 +  H20 .

T h e  oxych lo rid e H g O .H g C lj first form ed is im 
m ed ia te ly  decom posed b y  th e  H C 1 present, and H g C l2 
passes in to  solution, lea v in g  a p recip ita te  of yellow - 
brow n  H gO . Subsequen t trea tm en t w ith  N a l  and 
titra tio n  w ith  N a 2S20 3 for th e  determ in ation  of chlorine 
g iv es h igh ly  d iscordan t results. E xp osu re to  stron g 
su n ligh t in order to  decom pose H O C !, of course, 
throw s no ligh t upon th e  relationship  b etw een  C l2 and 
H O C 1 since b o th  d isappear a t a m onom olecular rate . 
T h e  reaction

Ag20  +  2HOCI 2AgCl +  0 2 

and  the decom position  in  th e  presence of co b alt n itra te  
solution, w ith  oxidation  of th e  co b alt to  higher valen ce, 
were foun d en tire ly  u n satis facto ry  as q u a n tita tiv e  
m ethods, since b o th  chlorine and h yd ro ch loric  acid  

• are also in vo lved .
(3) r e m o v a l  o f  c h l o r i n e — One of th e m ost prom is

in g  a n a ly tica l m ethods seem ed to  be fou n d  in  th e  re 
m o v a l of chlorine b y  b u b b lin g  air th rou gh  th e  solution  

:and  collectin g th e  gas in another vessel con tain in g 
sodium  iodide solution, th e  H O C 1 rem ain ing behind, 
d e M a ilm a n 2 rep o rts th a t  experim ents upon th e 
elim in ation  of chlorine b y  a curren t of air show ed th a t 
free chlorine is to ta lly  rem oved  in  5 m in. from  50 to  
100 cc. so lution , and  th a t  h yp o ch lorou s acid  in  th e  
sm all q u an tities present- is little , if a t  all, a ffected  b y  

.aeration . U n fo rtu n a tely , no d a ta  were c ited  to  p rove 
this. T h ese experim ents and  others to  be foun d do n ot 
preclude th e  p o ssib ility , how ever, of large errors w hich  
m ight arise from  difficulties in  m an ipulation , th e 
existen ce of “ free”  arid “ fixed”  (possib ly  h yd ra te d  
and  in active) chlorine, ap preciab le decom position  of 

. hypochlorous acid  w ith  form ation  of chlorine, and a
m inim um  con cen tratio n  b elow  w hich  it  is im possible 
to  rem ove any chlorine from  chlorine w a ter even  in 15 
min. A s a m a tter of fa ct, as w ill be fu lly  shown, 
the present researches h a v e  m et w ith  a ll of these 

! contingencies and it  is therefore im possible to  m ake 
use of th is m ethod alone in  determ in ing chlorin e and 
hypochlorous and  h yd ro ch loric  acids to g eth er. I t  w as 
foun d possible b y  carefu l w ork  to  rem ove th e  diffi
cu lties in m anipulation  so th a t, as th e  fo llow in g ta b les 

•will show , it  w as rep eated ly  foun d th a t  th e  sum  of th e  
two titrations, a fter air w as b u bb led  th ro u g h  and th e  gas 
co llected  in  a second solution  of N a l, ch ecked  e x a c tly  
th e  to ta l am ount of N a 2S20 3 required  b y  th e  solution

> Page 655. 
t '-Compt. rend., 168 (1919). 1114.
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b efore air w as passed th rou g h . T h ese points w ill be 
considered in  detail in  th e in terp reta tio n  of th e  exp eri
m en tal results, w here it  is show n th a t  it  is im possible 
to  estab lish  a n y  correct relationship  betw een  CI2 and 
H O C l, and th a t  such w ork as de M ailm an ’s is dis
t in c t ly  in error unless p ro p erly  interpreted .

a p p r o v e d  m e t h o d — T h e m ethod fin ally  ad op ted  as 
b y  far th e  m ost accu rate  depends essen tially  upon the 
determ in ation  of H O C l b y  m eans of arsenious acid , 
and a com bin ation  of th is resu lt w ith  M eth od s 1 
and 3, to g eth er w ith  th e  usual m ethod for chlorine 
and  h yp o ch lorou s acid  in  th e presence of each 
oth er, from  w hich  th e con cen tratio n  of all th ree 
p rod u cts m a y be calcu lated . T h e  arsenious acid  
m ethod, depending upon oxidation  to  arsenic acid  b y  
h yp o ch lorou s acid , is briefly  described in such te xts  as 
T rea d w e ll, b u t no w ork has been done on th e  effect 
upon its  a ccu racy  of th e  sim ultaneous presence of C l2 
and H O C l. T h e  a ctu al titra tio n  is rem ark ab ly  sim ple, 
defin ite and rap id , arid th e  results h a v e  been foun d to 
be cap ab le of repeated  reproduction  from  th e  sam e 
solution, since th ere is no p o ssib ility  of secon d ary 
reaction s w ith  in dicators. In  order to  te st o u t th e 
a ccu ra cy  of th is m ethod for determ in ing H O C l alone 
and  in  th e  presence of th e oth er eq u ilib riu m  prod u cts 
in  th e  solution, th e  fo llow in g experim ents w ere per
form ed.

A  solution  w as carefu lly  shaken  for several m inutes 
w ith  fresh ly  p recip ita ted  m ercuric oxide. T h e  oxide 
w as dissolved  b y  th e  H C l, b u t th e H O C l, being to o  
w eak  to  rea ct, w as le ft free in  th e  solution, w hich  w as 
th en  titra te d  w ith  arsenious acid . In  a second te st, 
som e of th e  solution  w as shaken  up w ith  pure calciu m  
carb o n ate, w hich  reacted  o n ly  w ith  th e  h yd ro ch loric  
acid . T h is  solution  w as th en  titra te d . I t  is a sin gular 
fa c t  th a t  in  b o th  of these cases th e  resu lts ch ecked  
e x a c tly  w ith  those of a stra ig h t titra tio n  for H O C l in 
th e presence of b oth  CI2 and H C l. T h e  titra tio n  m ust, 
of course, be carried  on v e ry  ra p id ly  in  order to  ob tain  
b est results.

e f f e c t  o f  t i m e — In  fo llow in g th e chan ges in con 
cen tration  of C l2, H O C l, and  H C l w ith  tim e, in  the 
absence and presence of iron, the fo llow in g process w as 
ad opted . T h e  solution  w as v e ry  carefu lly  m ade up in 
order to  assure un iform  com position  and k ep t in  
t ig h tly  stoppered  b o ttles  in th e  th e rm o sta t a t 25 °. 
T h ree  portions of 50 cc. each were rem oved  a t th e 
sam e tim e; one w as titra te d  for H O C l b y  m eans of 
0.01 N  arsenious acid  solution ; th e  second w as acidified 
w ith  25 cc. 0.01 N  H C l, N a l  added, and  th e  iodine 
liberated  b y  b o th  C l2 and H O C l w as titra te d  w ith  
NajSzOs, a fter w h ich  th e  excess acid  w as titra te d  w ith  
0.01 N  N a O H , using ph en o lp h th alein  as in dicators; 
th e  th ird  w as p laced  in  a D rech sel w ash b o ttle , con
n ected  w ith  an other sim ilar b o ttle  con tain in g N a l  so lu 
tion , and air b u b b led  th ro u g h  th e  origin al solution  for 
5 or 10 m in. in  such a w a y  th a t  th e  ev o lv e d  gases w ould 
pass th rou gh  th e  N a l solution. B o th  were then  
titra te d  w ith  sodium  th iosu lfate .

In  T a b le  I are g iven  th e  resu lts of th e  b est single 
series of determ in ation s. P a rt A  show s th e  resu lts 
w ith  th e  solution  alone, and P a rt B in  th e presence of

low -carbon  steel. T h e  solutions in  b oth  cases w ere 
e x a c tly  th e  sam e, and th e  th ree  series of titra tio n s on 
b oth  solutions were m ade at th e  sam e tim e, once e v e r y  
24 hrs., usin g stan dard  solutions w hich h ad  been re
p e ated ly  checked  in  order to  assure a ccu racy . A  g rea t 
m an y relationship s of rath er rem arkab le  n atu re  are 
a t once a p p aren t from  an exam in ation  of th is ta b le , 
of w hich on ly  th e  m ore im p o rta n t w ill be sp ecifically  
poin ted  out. P a rt A  w ill first be considered.

A s an in d ication  of th e a cc u ra c y  and soundness of 
th e  m ethod in v o lve d  and  a ju stificatio n  of th e  in ter
p retatio n  of results, it  is n oted th a t  th e  results in  several 
lines check  p e rfe ctly ; e. g., L in e j  g iv in g  th e  b ack  
titra tio n  w ith  N aO H  corresponds w ith  L in e v w hich 
is th e  sam e titra tio n  on a d ifferen t solution  a fter th e 
air-b u bb lin g process to  rem ove chlorine. Lines g 
and m for chlorine also agree. A n o th er ou tstan d in g 
relation sh ip  is th a t  final eq u ilib riu m  is reached a fter 
48 hrs., and  th e  am ounts of chlorine, hypochlorous acid, 
and  hydrochloric acid remain constant for th e  d u ration  
of th e  exp erim ent, 120 hrs. T h ere  is no reason to  
d ou b t th e  fa c t  th a t  this eq uilib riu m  w ould  rem ain  
in d efin ite ly  in  th e  d a rk  b o ttle , if  conditions were k ep t 
con stan t. T h is  p o in t of eq uilib riu m  represents a con
cen tration  of 0.008 m ole H O C l per liter, 0.00012 
eq u iva len ts or 0.00006 m ole of chlorine per liter; an d ' 
0.0035 m ole H C l per liter. T h is  g ives an equilibrium  
con stan t of 0.467 a t 25 °, considering th e  concen tration  
of H 20  as co n stan t and th e  acids com p letely  ionized, 
w hich is ch ecked  su rprisin gly  w ell, sta rtin g  from  
en tire ly  d ifferen t con cen tration s (see T a b le  I I ) . 
I t  is a m a tter of considerable surprise th a t  so re la tiv e ly  
g rea t a co n cen tratio n  of H O C l is foun d, b u t it is 
verified  b y  such exp erim ents as titra tin g  before and 
a fter  exposure of th e  eq uilib riu m  solution  to  stron g 
su n lig h t for som e tim e, durin g w hich  th e  H O C l is 
co n verted  to  H C l.

T im e 0.01 N

T a b l e  I I  
A— S o l u t io n  w it h o u t  S t e e l  

Clear Bottle
/------A eration ------ s

0.01 N  0.01 N  
0.01 N  0.01 N  NazSjOj N aj& O j 0.01 N

E lapsed AsiO i NaaSaOj N aO H ( 1) (2) N aO H
H rs. Cc. Cc. Cc. Cc. Cc. Cc.

0 .0 4 2 .7 0 50 .00 23 .50 41 .00 6 .4 0 1 8 .0 a
2 4 .0 4 2 .6 0 46 .0 0 17.00 3 9 .2 0 7 .8 0 18.00
4 8 .0 3 8 .4 0 4 1 .0 0 18.00 33:50 7 .5 0 19 .00
7 2 .0 36 .50 39 .0 0 19.50 34 .00 4 .0 0 19 .50
9 6 .0 34 .50 35 .50 2 0 .0 0 31 .00 4 .5 0 2 1 .0 0

120.0 31 .00 30 .50 2 0 .0 0 26 .50 3 .5 0 2 0 .5 0

0 .0 46 .60 54 .00
Dark Bottle 

20 .50 .4 0 .5 0 14.00 17 .80
2 4 .0 49 .00 50 .50 16.00 41 .50 8 .5 0 17.70
4 8 .0 46 .00 47 .50 18.00 3 7 .5 0 10.50 17.70
7 2 .0 43 .00 45 .50 18.50 38 .00 6 .4 0 1 9 .0 0
9 6 .0 42 .00 44 .00 19.00 -37.00 6 .5 0 17 .50

12 0 .0 34 .00 42 .50 18.50 37 .00 4 .0 0 17.50

0 .0 30 .50

B — I n  P r e s e n c e  o p  

Clear Bottle 
3 4 .5 0  10.00

S t e e l

35 .00 4 .0 0 10 .0 0
2 4 .0 18.00 26 .00 18.00 2 1 .0 0 2 .0 0 18.50
4 8 .0 5 .0 0 14.00 25 .50 10 .0 0 1 .50 2 6 .5 0
72 .0 0 .0 0 2 .5 0 3 5 .0 0 2 .5 0 0 .0 0 3 5 .5 0
9 6 .0 0 .0 0 0 .0 0 3 5 .2 0 0 .0 0 0 .0 0 35 .5 0

12 0 .0 0 .0 0 0 .0 0 35 .20 0 .0 0 0 .0 0 3 5 .5 0

0 .0 30 .50 33 .50
Dark Bottle 

1 0 .0 0 3 1 .0 0 2 .5 0 9 .0 0
2 4 .0 20 .00 24 .00 15.50 20 .50 3 .5 0 15 .50
4 8 .0 7 .50 12.50 24 .00 10 .0 0 2 .0 0 2 3 .5 0
72 .0 0 .0 0 2 .5 0 3 5 .0 0 2 .5 0 0 .0 0 3 1 .8 0
9 6 .0 0 .0 0 0 .0 0 35 .0 0 0 .0 0 0 .0 0 3 2 .0 0

120.0 0 .0 0 0 .0 0 35 .0 0 0 .0 0 0 .0 0 3 2 .0 0

A n o th er ob serva tio n  w hich m a y  be m ade on P a r t  
A  of T a b le  I is th e fo rm atio n  of chlorine b y  decom 
position of H O C l w ith  air. A fte r  48 hrs. th is to ta l
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am oun t of H C l rem ains con stan t (Lines j  and  v) and 
also th e con cen tration s of H O C l and C l2 (Lines d and 
i , and e and r), b u t th e  am oun t of chlorine w hich it  is 
possible to  rem ove b y  b u bb lin g air th rou gh  th e  eq u ilib 
rium  solution  becom es gra d u ally  less. B y  com parin g 
L in es b, p, q, s, and t, it  is a t once ap p aren t th a t  H O C l, 
a t first decom posing to  form  chlorine to  th e exten t of 
16.5 per cent, gra d u ally  becom es m ore stab le  tow ards 
th e actio n  of air as tim e passes, u n til a fter 120 hrs. 
o n ly  3.75 per cen t is decom posed to  form  chlorine. 
Just w h a t is th e exp lan ation  of th is an om aly  is d ifficu lt 
to  say. I t  m ay  be caused b y  h y d ra tio n  or p o lym eriza 
tion , b u t m ost lik e ly  is conn ected  in tim a te ly  w ith  th e 
form ation  and existence of “ fixed”  chlorine, w hich will 
be p resen tly  discussed. T h is  sam e resu lt has been 
ob served  w ith  original solutions of all concen trations, 
b u t th e m ore d ilute th e  solution, th e  m ore stab le  it  is. 
I t  is th u s possible to  prep are a solution  of such con
cen tration  th a t  it  w ill be im possib le to  rem ove a n y  
chlorine b y  th e b u bb lin g of air, eith er as th e free gas or 
b y  decom position  of H O C l. Solution s w hich  require 
a m axim um  of 22 cc. 0.01 N  N a 2S 203 per 50 cc. in 
d eterm in ing b oth  hyp o ch lorou s acid  and chlorine w ill 
n ot g iv e  even  from  th e beginning th e  sligh test trace  of 
chlorine in  th e second b ottle . If  th e solution  is stron g 
enough to  require 24 cc., it  is possible to  rem ove 
enough chlorine a t once to  require a fractio n  of a cc. of 
N a 2S20 3 for titra tio n , b u t in  24 hrs., th o u gh  th e tite r  
o f 'th e  original solution  is still th e  sam e, no chlorine 
is driven  over th e  series of experim ents show n in 
th e  ta b le  th e  con cen tratio n  is over tw ice  th e  m ini
m um  for appearance of chlorine, and it  is easy  to  see 
■ŝ hy there should be som e decom position  of h y p o 
chlorous acid . A s chlorine is rem oved , of course th e 
eq u ilib riu m  is d isplaced in such a w a y  th a t  H O C l and 
H C l rea ct to  form  m ore chlorine. B u t H C l remains 
constant, w hich  w ould , therefore, p o in t to  th e  fa ct 
th a t  th e  grea test fa cto r  seem s to  be th e  increasing 
concentration of “ fixed”  chlorine, w hich can n ot be re
m oved from  solution  b y  aeratio n . In  re a lity , th e re
fore, th e  decom position  of H O C l is a p p aren t o n ly  and 
in d eterm in ate. T h is is even  m ore c learly  show n when 
iron is present and all th e  H O C l disappears.
I P a rt B of T a b le  I show s th e  extrem ely  in terestin g 

effect of iron upon th e  equilibriu m  ju st discussed. 
Som e tim e after 24 hrs. all th e  h ypochlorous acid  d is
appears, and after 72 hrs. th e  chlorine disappears, 
form ing h yd ro ch loric  acid, w hich  th ereafter rem ain s 
con stan t in  con cen tratio n , show in g th a t fin a lly  o n ly  
one eq uilib riu m  is in v o lve d :

FcCls +  3H2O Fe(O H )3 +  3HCI 

Lines j  and v again  show  rem arkab le  agreem ent. It  
is to  be ob served  th a t th e ratio  of con cen tratio n s of 
H O C l to  C l2 is a t such a v a lu e  a fter 24 hrs. th a t  a e ra 
tio n  a p p a ren tly  causes com plete sep aration ; for 
L ines b and 0, and g and r show  th is. A t  th e  n ext 
readin g, how ever, H O C l has disappeared, g iv in g  no 
a p p aren t trace  w ith  arsenious acid , b u t 8.5 cc. 0.01 N  
N a 2S20 3 are still required  for th e  origin al solution , 
w hich  can be o n ly  chlorine. H o w ever, no len gth  of 
a eratio n  will serve to  rem ove a n y  of th is chlorine from  
solution . T h is en tire ly  disappears in  another 48 hrs.,

w ith  a tte n d a n t increase in  h yd ro ch loric  acid. T h e  
A rrh enius th e o ry  of a ctiv e  and p assive m olecules in 
eq uilib riu m  w ith  each  other m ight be v e ry  w ell a p 
plied  here, b u t th e  u n certa in  c a ta ly tic  effect of H + 
ions, th e  form ation  of h yd ro gen  durin g reactio n  w ith  
iron, and variou s possible effects of increasing con
cen tration s of ferrous and ferric salts in trod u ce too  
m an y com plications. A n oth er p lau sib le  exp lan ation  of 
fixed chlorine w ould  be h y d ra te d  m olecules. T h e  
pressure of chlorine gas a b o v e  a solution  is p ro 
po rtio n al to  b oth  th e  con cen tratio n  of u n h yd rated  and 
h y d ra te d  m olecules, b u t th e  p ro p o rtio n a lity  fa cto r  
is q u ite  different. T h ere  is un deniable evidence of th e 
existence of h y d ra te d  chlorine in solution. N ow , at 
equilibriu m , sim p ly  expressed:

Cl2 +  H20  C12.H20
Ccii X C h;Q _ K  

Ccij.HiO
B u t C h .o m a y be considered co n stan t, and hence: 

C ci,
—  = K i or C c i, = KiCcu.HiO
V-Cli.HiO

T h e d istribu tio n  ratio  of u n h yd rated  m olecules g ives 
b y  H e n ry ’s law

P =  K 'C c i,

(w here P  is pressure of gaseous chlorine).

C om b in in g w ith  th e  a b ove:

P = K'KiCcij.HiO = K sCci,.HiO 
H ence K '  and K 2 m ay be g re a tly  d ifferent. F u rth e r
m ore, th e  equilibriu m  is c o n sta n tly  being d istu rbed  
because of th e  existence of another:

Cl2 +  H20  HCl +  HOCl

U nder certain  conditions of con cen tratio n , therefore , 
a final to ta l effect m a y be represented  b y :

C 12.H20  H Cl +  HOCl

T h e  gaseous pressure w ould  th erefore be regu la ted  
to  th e  h y d ra te d  m olecules, and th e  fu g a c ity  of u n 
h y d ra te d  m olecules w ould  be n eglig ib le. T h is  is 
m erely another w a y  of sa y in g , as de M a ilm a n 1 does, 
th a t  chlorine is fixed in a q u a n tity  prop ortion al to  th e  
ratio  C l2 : H 20 , and decreasing w ith  increased ratio  
and  also w ith  increasing acid  con cen tratio n . I f  we 
therefore consider as “ free”  chlorin e on ly  th a t  w hich 
can be rem oved  b y  aeratio n — a sort of excess ab o v e  th e 
p ro p o rtio n a lity  to  th e ratio  C l2 : H 20 — de M a ilm a n ’s 
gen eralities agree w ith  these exp erim en tal results. 
T h e  im p o ssib ility  of rem ovin g chlorine gas com p letely  
from  solution  in a sh ort tim e is verified  b y  th e  w o rk  of 
O lson ,1 ju st published, on th e  eq uilib riu m  in ch lorin e- 
treated  w ater a t 91 °. T h is  au th o r sa ys  th a t  it  m a y  be 
rem oved  “ in  a few  h o u rs,”  as co n trasted  w ith  th e  5- 
m in. periods of de M ailm an . O lson, how ever, does 
n ot ta k e  in to  consideration  a n y  possible influences 
w hich m igh t cause th e  chlorine to  d isappear in  a few  
hours, such as form ation  of th e  acids, w ith o u t being 
rem oved  b y  aeratio n .

T H E  C O R R O S IO N  O F L O W -C A R B O N  S T E E L  B Y  C H L O R IN E - 

T R E A T E D  W A T E R

T a b le  I I I  discloses sev era l in terestin g  relationships. 
L ow -carb on  steel bars o f sim ilar com position  w ere

1 Loc . cit.
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K ind  of W ater and D iam eter L ength Surface

W eight 
before Being 

A cted on

W eight 
a fte r Being 
A cted on

Loss in 
W eight

Loss in 
W eight B ottle

W eight 
L ost per

A m ount of Chlorine N o. In . In . Sq. In . G ram a G ram s G ram s P er cen t K e p t in Sq. In .
R iver +  O C h ................................................... ......... 1 0.501 3.031 4 .7 7 76.3380 75.9700 0 .3680 0 .48 L igh t 0.0771
R iver +  2 p. p. m. C li................................. ..............  2 0.501 3 .1 4 4 .94 76.6648 76.2920 0.3728 0 .47 D ark 0.0754

3 0.501 3 .1 4 4 .9 4 78.5250 78.1100 0 .4150 0 .53 L igh t 0 .0840
R iver +  5 p. p. m. C lj................................. ..............  4 0.501 3 .1 4 4 .9 4 78.5926 78.2050 0.3876 0 .49 D ark 0 .0784

5 0.501 3 .1 4 4 .9 4 78.7923 78.4000 0.3923 0 .5 0 L igh t 0.0794
R iver -f- 10 p. p. m. CI2............................... ..............  6 0.501 3.125 4.91 78.3265 77.9700 0.3565 0 .45 D ark 0.0726

7 0.501 3 .1 4 4 .9 4 78.0265 77.6500 0.3765 0 .48 Light 0.0762
R eservoir +  0 CI2.......................................... ..............  8 0.501 3 .1 4 4 .9 4 78.5790 78.2500 0 .3290 0 .42 L igh t 0 .0666
R eservoir +  2 p. p. m. CI2......................... ..............  9 0.339 3 .094 3 .2 9 36.7735 36.5230 0.2505 0 .6 8 D ark 0.0764

10 0.339 3 .156 3 .3 6 37.5197 37.2300 0.2897 0 .77 L igh t 0.0862
R eservoir +  5 p . p. ra. C h ......................... ..............  11 0.339 3.156 3 .3 6 37.4256 37.1500 0.2756 0 .74 D ark 0.0820

12 0.339 3.125 3 .3 3 36.9975 36.6960 0.3015 0 .82 L igh t 0 .0905
R eservoir +  10 p. p. m. CI2....................... 0 .339 3 .047 3 .25 36.4015 36.1260 0.2755 0 .76 D ark 0 .0878

14 0.339 3.156 3 .3 6 37.2968 37.0060 0.2908 0 .78 L igh t 0 .0865
D istilled +  0 CI2............................................ ..............  15 0.339 3.125 3 .33 37.0810 36.7500 0 .3310 0 .8 9 L igh t 0 .0994
D istilled +  2 p . p. m. CI2........................... ..............  16 0.339 3.125 3 .33 37.1517 36.8100 0.3417 0 .9 2 D ark 0 .1026

17 0.339 3.125 3 .33 37.3310 36.9910 0 .3400 0.91 L igh t 0 .1021
D istilled +  5 p. p. m. CI2........................... ..............  18 0 .339 3.156 3 .3 6 38.0679 37.7430 0.3249 0 .8 6 D ark 0 .0966

19 0.339 3.125 3 .33 37.2250 36.8830 0 .3420 0 .92 L igh t 0 .1026
D istilled  +  10 p. p. m. C h ...................... ..............  20 0.339 3.125 3 .3 3 37.2095 36.9300 0.2795 0 .75 D ark 0 .0839

21 0.339 3 .156 3 .3 6 37.5665 37.1720 0.3945 1.06 L ight 0 .1174

p laced  in  solutions of d ifferen t kinds, and k ep t in 
sealed b o ttles in th e  lig h t or d a rk  for xoo d ays. T h e  
adherin g ru st w as th en  carefu lly  rem oved  w ith o u t 
abrasion  of th e un affected  m etal, dried a t 102 °, and 
rew eighed. T h e  loss in  w eigh t could  th en  be de
term in ed ; th o u gh  m ore pertin en t for purposes of com 
parison  are th e  resu lts in th e  w eigh t lost per square inch 
of original surface. I t  is a t  once a p p aren t th a t  greater 
loss has been sustain ed  in th e  lig h t th a n  in  th e  dark, 
due of course to  th e  greater com pleteness of reactions 
in v o lv in g  th e  decom position  of H O C 1 in ligh t, to 
form  H C 1 and oxygen. I t  is also ev id en t th a t, consider
in g  each ty p e  of solution  sep a ra te ly , ru stin g or ox id a 
tion  u su a lly  increased w ith  increase in  chlorine con ten t, 
and  th a t  corrosion increased in  th e order: riv er, reser
v o ir ,1 d istilled  w ater.

T h e  least ru stin g  effect is show n  b y  reservoir w ater 
con tain in g no chlorine, in th e  fo llo w in g  ratio : reservoir 
0.0666, riv er 0.0771, d istilled  0.0994. F o r th e  solu
tion s con tain in g chlorine, th e  least a ctiv e  is riv er w ater 
w ith  10 p. p. m. chlorine in  th e  d ark , and th e  m ost 
a ctiv e  is d istilled  w ater w ith  th e  same concentration of 
chlorine in  ligh t. T h is  w ide difference is a clear 
in d ication  of th e  profou nd effect of d issolved  elec
tro ly te s  upon th e  chlorine eq uilib riu m  and upon th e  
iron oxidations. Solution s h a vin g  a p p a ren tly  th e  
sam e effects are:

2 p a rts  in  rive r w ater, light, an d  10 p a rts  in d istilled, dark  
0 p a r t  in  rive r w ater, ligh t, and  10 p a rts  in river, ligh t 

10 p a rts  in rive r w ater, light, and  2 p a rts  in  reservoir, dark  
2 p a rts  in  reservoir w ater, ligh t, an d  10 p a rts  in reservoir, ligh t 
2 p a rts  in distilled  w ater, bo th  ligh t and  da rk , an d  5 p a rts  in distilled, 

ligh t

B ecause of th e  extrem ely  g rea t influence of v a r ia 
tion s of th e  stru ctu re  of th e  steel, rigorous conclusions 
are n ot, of course, ju stified , aside from  th e  general 
points a lrea d y  considered. A fte r  th e  rust co a tin g  was 
rem oved  a t th e  end of th e  exp erim en t, th e  steel bars 
presented  a p ecu liar sp o tted  appearance, v a ry in g  from  
one specim en to  another in th e  ratio  of d a rk  area to  
b righ t. T h e  corrosion c learly  to o k  place on th e  b rig h t 
areas, w hile th e  d a rk  areas presented  v e ry  large ly  th e 
appearance of th e  origin al bar w ith  a v e ry  ten acious 
la y e r  of oxide. T h is  d ifferen tial corrosion in a solu-

1 R eservoir w a ter is s im ply th e  river w ater tre a te d  w ith  alum  in  settling  
tanks.

tion  of un iform  co n stitu tion  in w hich  th ere w as un iform  
co n tact can be accou n ted  for on ly  b y  th e  h eat tre a tm e n t 
of th e  original steel, w hich w as p ro b a b ly  cold-rolled, so  
th a t e lectro lysis resu lted . T h ere  w as no evidence of 
a n y  m arked p ittin g  due to  segregation  in th e  steel 
Structu re; hence th e  effect m ust be due to  heat tr e a t
m ent.

T h is v e ry  d elicate  te st of th e  u n ifo rm ity  of steel w as 
even  m ore m a rk ed ly  show n b y  th e  fo llow in g exp eri
m ent. T w o  h ig h ly  polished steel bars from  th e sam e 
piece and of th e  sam e size were suspended b y  m eans of 
p latin u m  w ire in  a solution  of chlorine in w ater. O ne 
of th e bars h ad  been p rev io u sly  rendered passive by. 
im m ersing in fu m in g n itric  acid , while th e  oth er wad 
le ft a ctiv e . A fte r  5 m in. sm all b u bb les of gas were 
a p p aren t on th e  surface of th e  a ctiv e  bar, and in 15 
min. th ere appeared q uite sh a rp ly  th e p ecu lia r m ottled  
condition  ju st described, in  w hich  th e b rig h t and d ark  
areas w ere extrem ely  w ell defined, th o u gh  th e  differ
en tiatio n  g ra d u a lly  fad ed  som ew hat. T h e  p assive 
b ar presented  no such phenom enon, th o u gh  corrosion 
u ltim a te ly  set in  to  m uch th e  sam e ex te n t as w ith  th é 
a ctiv e  bar. j

T h e  general average effect of th e c ity  w ater of N ash | 
v ille  upon low -carbon  steel con tain ers, such as pipe) 
is to  be foun d b etw een  N os. 9 and 10 in  T a b le  I I I  
(reservoir w a ter con tain in g on th e  average 2 p. p. m. of 
chlorine), or a corrosive effect of perhaps som ething 
o ver 0.7 per cent loss in 100 d ays. T h is  supposes th a t  
there is to  be foun d no great segregation , w hich  w ould  
result in  m uch greater local corrosions, and  th a t  o u t
side e lectro lytes in ground w ater are n ot in  th e  a ctio n . 
A s a m atter of fa ct, h ow ever, th e  presence of .strong 
local c ircu its ab ou t un derground pipes w ill resu lt in  a 
m uch greater and  m uch less un iform  corrosion th a n  
is to  be ob served  in th is s tu d y  m ade under th é  m ost 
ideal conditions. F lo w  of w a ter ten d in g to  rem ove 
adherin g ru st and p resentin g new  surfaces w ill also 
h a ve  a large effect. H o w ever, in  th is  case of w ater 
flow ing th rou gh  a pipe con tin u o u sly , th e  e lectrica l 
conditions are v e ry  m uch m ore uniform  th a n  outside 
th e  pipe, and  ru stin g  from  th e  inside is a lw a y s negligib le 
com pared  w ith  th a t on th e  outside, w here th ere  m ay 
be in term itten t exposure to  w ater.

I t  has been fu rth er confirm ed th a t  iron su b jected  to
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stra in  or un even  trea tm en t corrodes m uch m ore 
rea d ily  th a n  th a t  w hich has been trea ted  un iform ly, 
th e  strain ed  p a rt being electrop ositive  to  th e  u n 
strain ed . In  addition  to  th e  d ifferen tial corrosion due 
to  cold rolling of th e  bars, there w as in d ication  of sm all 
grooves parallel to  th e lon g axis, due to  draw ing and 
resu ltan t m inute differences, in  m echanical strain . 
N ow , in order th a t  rust m a y be form ed, th e  m etal m ust 
first go into solution  and h yd ro gen  be g iven  off in  th e 
presence of oxygen  or certain  oxidizing agen ts, th us 
presum ing e lectro ly tic  actio n , as e v e ry  m etallic  ion 
th a t  appears a t a certain  sp ot dem ands th e d isap
pearance of a h yd rogen  ion a t another. Iron possesses 
a  specific e lectro ly tic  solution  tension  w ith  regard  to  a 
solution  of chlorine in w ater, so th a t  solution  results 
un til th e  osm otic pressure counterbalan ces th e  solu
tion  pressure. T h is  la tte r  is influenced b y  segrega
tion , cry sta l form  as related  to h eat trea tm en t, im 
purities, tem p eratu re , and, of course, th e stren gth  of th e 
chlorine solution, and th e re la tiv e  q u an tities of CI2, 
H O C 1, H C 1, and, under som e conditions as p rev io u sly  
show n, h y d ra te d  chlorine. I t  scarcely  requires 
m ention th a t  in  steel d ifferen t portions of th e  sam e 
b ar, even  a v e ry  few  cen tim eters a p a rt, possess different 
solution  tensions and b eh ave  like  different m etals if 
im m ersed in  an ionized  solution. In  th e  consequent 
e lectro lysis, th e  ferrous ions liberated  a t th e  anodes 
undergo secon d ary chem ical changes in  th e  presence of 
such  a ctiv a tin g  agents as chlorides or dissolved oxygen  
or chlorine itself— th e la tte r  tw o  of w hich a ct in  th e  v e ry  

-im portant role of depolarizers— resultin g in h y d ra te d  
ferric  oxides, w hich are form ed w ith  a speed of reaction  

’in fin ite ly  great in com parison w ith  th e  oth er p ro
cesses.

SU M M A R Y

R u stin g  occurs in  d istilled  w ater w ith o u t chlorine 
b ecau se of th e  presence of d issolved  oxygen , w hich 
is of course present in  greater q u a n tity  th a n  in w ater 
con tain in g dissolved  e lectro lytes. In  th e  presence of

C H E M IST R Y ’S CO N TRIBU TIO N  TO  T H E  LIFE SC IE N C E S1 

B y  A. S. Loevenhart
P r o f e s s o r  o f  P h a r m a c o l o g y , U n i v e r s i t y  o ?  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

Th u  s e r v ic e  t o  b io l o g y  a n d  m e d i c i n e  o f  s t u d i e s  o n

OXIDATION

A ll biological science rests on a tripod of physics, chemistry, 
and a residual leg of biology which includes all the factors which 
cannot at present be reduced to the more exact sciences. So 
intimate is the relation of chemistry to biology and medicine 
that it  is inconceivable that any great advance could be made 
in chemistry without being reflected in the superimposed struc
tures. *1 should like to point out the effect on these subjects 
of two great advances in chemistry. M odem  chemistry m ay 
be said to have begun w ith the overthrow of the phlogiston 
theory of combustion by Lavoisier and the establishment of the 
mechanism of combustion and oxidation. W ith this, chemical 
physiology became a possibility. Oxidation is the only energy- 
yielding process known to occur to any extent in the body.

1 P resented  a t  th e  G eneral Session of th e  60 th  M eeting  of th e  A m eri
can  Chem ical Society, C hicago, 111., S ep tem ber 6 to  10, 1920.

chlorine, th e  m ost a ctiv e  agen t is of course H O C 1, 
w hich, it has been show n, d isappears first from  th e  
solution. T h ere is no question  b u t th a t th e  ru st is 
form ed ra p id ly  durin g th e  d isappearan ce of H O C 1, and 
th en  p ra ctic a lly  stops w hen th e  con cen tratio n  of H C 1 
becom es con stan t, as show n in T a b le  I. T h is  in d icates 
an eq uilib riu m :

I^Clj +  3H20  Fe(OH)3 +  3HCI

T h e  presence of FeC U  in  solution  is of course easily  
verified.

I t  has been show n th a t th e reactio n

HjO +  Cl2 HOC1 +  H C1

proceeds on ly  v e ry  slow ly  and com es to  eq uilib riu m , 
th e  con stan t of w hich has been ro u gh ly  d eterm in ed . 
I t  has fu rth er been show n th a t iron  has an ap p a ren t 
c a ta ly tic  action  on th e  reactio n , resu ltin g  in th e  d is
appearan ce of b o th  chlorin e and h yp o ch lorou s 
acid . T h is has been verified  b y  th e  v e ry  recent 
w ork  of O lson1 on th e  sam e re a ctio n , carried  ou t 
a t 9 1 0 so th a t  H C 103 w ould  be form ed. I t  is po in ted  
ou t in  th a t  w ork th a t  in  order to  a ct as a c a ta ly s t  th e 
iron m ust of course exist in tw o  stages of oxid ation , 
and F e++ m ust reduce C lC P  ion fa ster  th a n  C l= does, 
to g eth er w ith  th e n ecessity  for a fa st enough red u ctio n  
of F e+++ b y  C P  ion in  order to  m ain tain  an effe ctive  
con cen tration  of F e++. In  decid ing w hether or n ot 
th e  iron  has a ctu a lly  acted  as a c a ta ly s t  in  m a teria lly  
hasten ing th e  final a tta in m en t of th e  equilibriu m

Cl2 +  H20  HOC1 +  H C1, 
i t  is a t  once ap p aren t th a t, in th e  presence of chloride, 
th e iron is almost completely in  th e  form  of th e  ferric  
ion, and hence th e  effective  con cen tratio n  of ferrous 
ion w hich  can rea ct w ith  C IO -  is n eglig ib ly  sm all. 
T h e  effect is, therefore , p ra ctic a lly  en tire ly  chem ical 
rath er th a n  c a ta ly tic  in  n atu re, since th e eq u ilib riu m  is 
en tirely  d estroyed  and tw o  of th e  m em bers d isappear.

1 J .  A m . Chem. Soc., M  (1920), 896.

The hydrolyses and hydrosyntheses which occur in the body 
are practically isothermic reactions. Lavoisier was not a phys
iologist, but the relation between oxidation and respiration is 
so very close that Lavoisier associated with himself the physiol
ogist Sequin, and in their jo int article they stated that the 
bronchi exude a hydrocarbonous fluid and that this is burned 
in the lungs. T hey believed that vita l oxidation is exactly 
similar to combustion, that oxidizable material in the body 
is brought to the lungs and there burned in contact with the 
oxygen inhaled, the lungs acting as a sort of furnace. Spallanzani 
first showed that all tissues absorb oxygen and produce carbon 
dioxide, and through the work of m any men it was established 
that oxygen is absorbed by the blood in passing through the 
lungs and carried to the tissues where oxidation really occurs. 
In the effort to determine w hy such stable substances as pro
teins, carbohydrates, and fats are burned in the body a t a tem
perature of 3 70 the group of catalytic agents known as the oxid
izing enzymes or oxidases was discovered. The work on the 
digestive enzymes and the oxidases proved to be the greatest 
stimulus to the study of the whole subject of catalysis, which 
has become so immensely important in every phase of chemistry. 
I t  is obvious that it was necessary to understand the nature of

A D D R E SSE S AND CONTRIBUTED ARTICLES
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■combustion before vital oxidation could be attacked. The recent 
work on slow oxidation and the peroxide theory of oxidation of 
Traubc, Baeyer, Engler, and m any others emphasize the differ- 
ences between vital oxidation and combustion.

A. S. L o e v k n h a r t

There are many phases to the subject of vital oxidation, which 
may be divided as follows:

(1) The mechanism by which oxidation is brought about in 
living m atter, including the'subject of the oxidizing enzymes.

(2) The nature of substances capable of being oxidized by 
living matter. Thus it  is known that certain substances which 
are readily oxidized outside the body, such as carbon monoxide 
and oxalic acid, escape oxidation in the living organisms.

(3) T he relation of chemical constitution to oxidizability in 
the body. Thus it  is known that, whereas ¿-glucose and ¿-fruc- 
tose are readily oxidized in the body, /-glucose and /-fructose 
escape oxidation entirely. A part from the stereochemical re
lation, constitution is often the determining factor in oxidiza
bility.

(4) The relation of oxidation to the energy requirements 
of the organism.

(5) The relation of oxidation to other chemical processes oc
curring in the organism. Thus when oxidation is interfered 
with, abnormal products of metabolism m ay result.

(6) The effect of various substances and conditions on vital 
oxidation.

(7) The relation of oxidation to vital activity, by which is 
meant the relation of oxidation to stimulation and depression, 
including the symptoms and morphological changes produced 
in the tissues as a result of alteration in oxidation.

(8) The question whether any substance other than molecu
lar oxygen can furnish the body with physiologically available 
oxygen.

ORGANIC PEROXIDES IN  MEDICINE

I t  is obviously impossible to discuss these various phases of 
oxidation in the time at our disposal, and I desire only to indi
cate the great scopc and interest connected w ith this subject. 
I should, however, like to say that the analogy of the organic 
peroxides and of the oxidases, first pointed out by  K astle and 
Loevenhart,1 is interesting from a chemical point of view. 
Furthermore, the group of organic peroxides and other organic 
oxidizing agents are interesting and important from another 
standpoint. During the war the most important and useful 
antiseptic substances proved to be those whose antiseptic 
activ ity  is attributable to their oxidizing properties— the hypo
chlorites and the chloramines. The 'antiseptic action of these 
substances is not interfered with by the presence of protein, to 

> A m . Chem. J .,  26 (1901), 539; Therap. M onatsh., 19 (1905), 426.

which is attributable their great merit as antiseptics for wounds. 
Furthermore, it has been shown by Hektoen1 that certain 
oxidizing substances greatly increase the formation of certain 
bodies of an antitoxin-like character. This would lead us to 
believe that oxidation plays an important role in the process of 
immunity to disease. Am berg2 has shown that certain organic 
oxidizing substances markedly reduce the local inflammatory 
reaction to such irritants as mustard oil, and Arkin3 has like
wise shown that they stimulate phagocytosis.

It m ay be that we shall here find an antiseptic which can be 
administered intravenously in bacterial blood infections. I t  is 
probable that these substances will prove valuable not so much 
in consequence of their antiseptic action, but rather by  the 
stimulation of natural immunological processes, that is, the 
production of antitoxins, and bacteriolysins, and the stimulation 
of phagocytosis. You  are, of course, aware that we have no 
drug at the present time which is useful in general bacterial in
fections. In all those cases in which we have specific substances 
which are useful in general infections, such as syphilis, relapsing 
fever, and malaria, the infectious agent is a protozoan and not 
a bacterium. Such a substance would be a  boon to mankind.

Both from the standpoint of the development of important 
antiseptics and substances useful in the treatm ent of infection, 
and also from the standpoint of the elucidation of biological' 
oxidation, I believe the organic peroxides to be a most im
portant group requiring further work on the part of the pure 
chemist. W e should know more of the possible methods of 
preparing these substances, and a much larger number should 
be prepared than are a t present known. W e need to investi
gate many such substances in order to arrive a t one having ex
actly  the right properties. Thus if the substance be too active 
an oxidizing agent, it  will be toxic and, on intravenous injec
tion, it m ay alter the blood pigment, or it  may be used up in 
oxidizing substances in the blood so that it  will not reach the 
tissues. Furthermore, the substance should be soluble in water, 
and, as a wound antiseptic, it would be a great advantage if it 
were soluble in glycerol. I  am inclined to believe that those 
substances whose oxidizing action is due to the presence of 
oxygen would prove to be more valuable than those substances 
whose oxidizing action is due to the presence of chlorine.

Let us pass on to another chemical achievement and observe 
its effect upon pharmacology and medicine. T he treatment 
of disease by  drugs reaches back into remotest antiquity. The 
earliest documents extant tell of the uses of drugs and poisons. 
Various views have been expressed regarding the origin of the 
belief in the efficacy of drugs in the treatment of disease. From 
the vile and revolting character of many remedies which have 
been used, it has been suggested that it had its origin in the be
lief that diseases are sent by a D eity, and that revolting things 
were used as a sacrifice to appease the wrath of the D eity. 
Against this view  is the oft-repeated observation that carniver'- 
ous animals at times instinctively consume certain plants. 
Then again, m any remedies arc used by prim itive peoples which 
are in no sense offensive. It  m ay be that the view  held sway 
that since the Lord created all things, including diseases, and 
sent them to punish man, He must have placed in the world a 
cure for all diseases and left it to the ingenuity of man to find 
the remedy. A t any rate, when illness plagues a man, he and 
his fam ily are so constituted that they will search for a  remedy 
as long as life lasts, and in the course of human history it is hardly 
possible to find an accessible substance which has not been 
used in the treatment of almost every disease. They proved 
all things but it  was impossible to hold fast only to that 
which was good. Their observations were crude and faulty. 
Every case was treated and no one knew what the course of the 
untreated disease would b t, and yet b y  this method great ad-

1 Trans. Chicago Pathol. Soc., 8 (1911).
J Z. E xp . M ed.. 2 (1913). 19; J . Pharmacol., 10 (1917), 209.
» J  Infect. D is., 11 (19121, 427.
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varices were made in the course of the ages. Thus, opium 
was introduced into medicine before the Christian era, and cin
chona bark in the treatm ent of malaria, and mercury in the 
treatment of syphilis were introduced by the same method at a 
much later period, but their introduction antedated scientific 
medicine or chemistry.

THE DEVELOPMENT OF CHEMOTHERAPY 

The second great chemical achievement whose effect on 
pharmacology and medicine I  desire to discuss briefly was 
the isolation of the alkaloids of the plants in the first half 
of the last century. W ith this achievement, medicine took a 
great step forward and it is difficult to realize its service in the 
field of medicine. This work made it  possible to assay some of 
the important crude drugs chemically, the pure principles could 
be employed when indicated, dosage became more accurate, 
and it prepared the w ay to hypodermic medication. Following 
the isolation of the alkaloids, their composition was determined 
and, with the rise of organic chemistry, the problem of their 
constitution presented itself. Although all these substances 
are complicated, great advances have been made in the study 
o f their constitution, and in some instances it has been com
p letely solved. When the chemist had determined the consti
tution of these substances, pharmacologists began to inquire 
into  the cause of their remarkable biological properties and 
sought to determine the groups within the molecule responsi
ble for them. This led to the production of other closely re
lated substances, and some of these artificial substances have 
proved to be more useful than those occurring in nature. This 
work naturally developed into the general proposition of deter
mining the relation of chemical constitution to pharmacological 
action. This subject came into greatest prominence w ith the 
investigations of Ehrlich and his co-workers, who introduced 
the term chemotherapy to signify this field of work. Ehrlich 
started out with the proposition that arsenilic acid is useful in 
the treatment of spirillar infections, including the diseases caused 
b y the trypanosomes and the treponema palladum, the latter 
being the infectious agent in syphilis. Starting out w ith arsenilic 
acid, they proceeded to vary  the compound in every conceivable 
w ay and to determine w hat particular grouping possessed the 
greatest therapeutic power against these infections. The 
606th substance studied proved to be arsphenamine (salvarsan), 
the most valuable drug that has been produced in the treatm ent 
of syphilis. This substance had the disadvantage of being diffi
cultly soluble in water, so that its administration presented con
siderable difficulty. In order to determine how the substance 
m ight be rendered soluble without destroying its therapeutic 
value, the work was continued, and after about 350 more sub
stances were prepared they struck upon neoarsphenamine 
(neosalvarsan). This is b y  no means, however, the last word 
in the treatment of syphilis. T he beautiful work of Jacobs 
and Heidelberger on the chemical side, and of Brown and Pearce 
on the biological side, at the Rockefeller Institute, will surely 
result in the introduction of certain compounds which will be 
of great value in the treatment of certain types of syphilis. 
The interest to us in all this work is, first, that it  is of the greatest 
possible practical importance to hum anity and, second, that it 
requires the most complete cooperation between organic chem
ists, pharmacologists, and physicians. T o  m y mind, it is to
day the most promising field in any of these subjects. The 
difficulty presented is in getting full cooperation between these 
groups of workers. This difficulty, although great, must be 
overcome. I t  will require large appropriations, as appropria
tions go, for scientific work, and the men engaged in it  must be 
willing to pool their interests and have full confidence in one 
another. I think we scientific men are too often thought of as 
being of the prima donna type, each one insisting that he shall 
be the whole show. I am sure that this is a  calumny and that 
in the search of valuable new drugs, groups can easily be formed

of men who will be willing to pool their interests and each one 
receive simply his share of credit for the success in the work. 
Those of us who were engaged in the research work of the Chem
ical W arfare Service must certainly have been impressed with 
the effective work done by the chemists and pharmacologists 
working in close cooperation. It  is a remarkable fact that we 
actually know more about the pharmacological effects of certain 
groups of substances, which were worked on only for a brief 
period of one year and which were designed for the destruction 
of human life, than we know about the most important sub
stances which have been used in the treatm ent of human dis
ease for a  period of 2000 years. M en working in time of war 
with the exaltation of patriotism were willing to cooperate; 
the exaltation of relieving human suffering should certainly be 
no less, and we must look forward to the formation of m any 
groups of workers in this field if we are to fulfil our obligation 
to society.

CHEMICAL TRAINING FOR THE MEDICAL RESEARCH WORKER

Perhaps I m ay be permitted to  say a word in conclusion re
garding the importance of chemical training for those who are 
going into medicine, and especially those who are going into 
the research side of medicine and the medical sciences. E very 
research man in medicine should receive a most thorough train
ing in one of the fundamental sciences upon which his work 
rests. I t  m ay be either chemistry or physics; it  cannot be both, 
because each of these subjects is too great for a man really to 
become expert in both. I t  has been m y experience that a man 
cannot become a real chemist, develop the best chemical tech
nique, and, above all, the chemical point of view  and mode of 
thought, after going into biology. I t  would seem th at a  chem
ical training cannot often be superimposed upon biological 
training, but must precede it  just as the foundation must pre
cede the construction of a building. T he reason for this is not 
clear to me, but it  m ay be that the biological work when once en
tered upon seriously is so enthralling that it  is impossible for one 
to go back and so deeply immerse himself in chemistry as to 
absorb its spirit. A  man can hardly develop into a high type 
of chemist simply as a means to an end; for the time being it 
must be studied for its own sake. It  amounts virtually to this, 
that more chemists must go into medicine and the medical 
sciences. The man must first become a chemist or a physicist, 
and later a physician. W ith  the mere rudiments of chemistry 
which the average medical student receives we must be satis
fied for the present, because the medical curriculum is very 
full, but for those who are going to advance medicine from the 
experimental side in the future, we should advise that they be 
professional chemists or physicists first.

THE SUGAR INDUSTRY OF FRANCE SINCE THE W AR1 
By T. H. Murphy2 

15 R ivbrdalb  Av b n u s , Y on ek rs , N bw  Y ork

As Chief of the Sugar Division, Engineering Section, of the 
W ar Damage Board, American Commission to Negotiate 
Peace, the author was assigned the task of estimating the damage 
done by the war to the sugar industry of France. M . Saillard, 
chief chemist of the Association of Sugar M anufacturers of 
France, was consulted in his splendid laboratory. M . Veuville, 
the president of the association, furnished a letter of introduction 
which proved very useful. M . Barbarre, designer and builder 
of sugar factories, M . Gilbert, manager of the largest beet-sugar 
factory in France, and M . Alexander, editor of the Journal of 
the Sugar Manufacturers, gave helpful advice and furnished 
invaluable data and statistics.

The continental blockade, in 1806, prevented the entry of 
colonial cane sugars into Europe, and the occasion was seized

1 P resen ted  a t  th e  60 th  M eeting  of th e  A m erican Chem ical Society , 
Chicago, 111., Septem ber 6 to  10, 1920.

* F orm erly  M ajor, C hem ical W arfare  Service, A. E . F .
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by Delessert and M athieu de Dombasle to perfect the experi
ments of Achard, and the first French sugar factory was in
stalled. Napoleon recognized the value to the nation of the 
new industry and granted subsidies and complete exemption 
from taxation. Later, the blockade was raised and Europe 
was flooded w ith cane sugar, and it was not until the Restoration 
and]the Second Empire that the beet-sugar industry triumphed; 
but from that time on it made rapid and certain progress.

S u g a r  F a c t o r y  o p  M o n t e s c o u r t - L i z e r o l l B S— D e p a r t m e n t  A i s n s , 
A r r o n d i s s s m e n t  d b  S t . Q u e n t i n

The extent to which the French sugar industry had grown 
before the war is shown by the fact that 7 per cent of the capital 
invested in industry in the invaded regions of Northern France 
was placed in the sugar industry. T he extent of the damage 
suffered is shown b y  the fact that, out of 217 sugar factories 
in France in 1913, over 142 were damaged, and, for the most part, 
com pletely destroyed. Measured on the basis of production 
in tons, 66 per cent of the sugar industry of France was wiped 
out.

There were in operation in 1913,. 213 sugar factories; and in 
1917, only 65. In 1913 there were produced 877,656 metric 
tons of refined sugar, and in 1917 only 185,000 tons. In  1913 
the balance of the sugar trade showed 78,739 tons of surplus sugar 
exported; and in 1917, 397,746 tons imported, w ith a decrease 
in consumption from 703,126 tons to 563,479 tons. The sugar 
shortage of France is about 716,132 tons per year since the loss 
of her factories.

T he 142 sugar factories which were in the w ar area were 
damaged, on the average, to the extent of being 85 per cent 
destroyed; and to rebuild them or replace them at present 
prices of machinery and building materials, would cost about 
$89,000,000. The land remains and building materials exist, 
but the grounds and buildings represent only about one-half 
of the value of the average beet-sugar factory. The machinery 
and mechanical appliances represent the other half, or a value 
of $45,000,000, but their replacement from other parts of France 
is impossible for the present. The great steel mills, foundries, 
engine works, and factories where sugar machinery and equip
ment were made, were, for the most part, located in the same 
region, notably around St. Quentin, Lille, and Douai, and these 
great industrial plants suffered the same fate as the sugar fac
tories.

I t  is hoped that it  will not be out of place to repeat here a 
portion of a  report written by the author while still in France, 
which was quoted by M ajor Charles P. Wood, in the M arch 
issue of Sugar.

During the 1914 advance of the German armies, very little 
damage was done to the sugar industry, but, on the other hand, 
due to the scarcity- of metals and materials in Germany in 
1917 and 1918, every factory which was behind the 1918 line

of maximum advance was absolutely stripped of all copper, 
brass, bronze, belting, rubber, and electrical equipment. The 
copper coils, brass plates, and bronze tubes of pans, evaporator 
effects, juice heaters, etc., were removed; sometimes by un
bolting the bottom of the pan or effect, and letting it fall to 
the floor below, and then removing tubes, coils, etc., through 
the bottom; and often by tearing aw ay the insulation, and 
cutting a large section out of the side of the pan or effect by 
means of an oxy-acetylene flame, and removing the copper and 
bronze from the interior through this hole. The sugar boiler’s 
brass proof sticks, the brass stuffing boxes, the brass frames of 
peep glasses of pans, evaporator effects, etc., the copper-lined 
spouts and troughs of juice filter presses, all centrifugal screens 
and back screens, all brass and bronze bearings on engines, 
pulley shafts, etc., were removed by unbolting or breaking off. 
All electric generators, alternators, motors, distribution boards, 
etc., were removed, a loss which, in various cases, amounted to 
16, 25, 50, and as high as 65 motors for one factory.

The French factories were, in general, good and compared 
quite favorably w ith the general run of American factories. 
Machines were well made, well installed, and conservatively 
operated. In France, a sugar factory works about 90 to n o  
per cent of its rated capacity. The beet-sugar factories of our 
largest American firm handle, year in and year out, about 170 
per cent of their rated capacity. Consequently, it  can be seen 
that to produce a  given quantity of sugar requires more ma
chinery and equipment in France than in America. There 
exists a contrast between French and American methods in the 
m atter of raperies or juice annexes. These annexes have boilers, 
cutters, and a diffusion battery, and pump the diffusion juice 
through a small pipe line to the central factory. In  America 
very few juice annexes exist, probably only the one in Idaho; 
but in France they are quite general. The 142 factories de
stroyed in Northern France had 70 juice annexes which suffered 
the same fate. One factory, a 3,000-ton mill near Cambrai, 
had 14 juice annexes situated around the central factory, a t 
distances varying from 1 to 15 miles.

Another contrast exists in the m atter of product. While 
practically all the American sugar factories and refineries, in
cluding even the smallest beet-sugar factories in the West, 
produce white granulated sugar, the general run of French fac
tories produced white crystals, or N o. 3 sugar, which was shipped 
to a  refinery. T he refineries put out very little granulated 
sugar, their product being in the form of domino sugar or cubes.

S u g a r  F a c t o r y  o p  T r i c o t — D e p a r t m e n t  O i s e , A r r o n d i s s e m e n t  d e  
C l e r m o n t — b e t w e e n  1914 a n d  1918 L i n e s  A c c o r d i n g  t o  M a p s , 

D e s t r o y e d  i n  B a t t l e s  o f  J u n e  1918

The largest refinery in France puts all of its 1,500 tons per day 
through the "A d an t”  system, of which the product is 85 per 
cent domino, and the remaining 15 per cent powder and small 
broken lumps, incidental to the manufacture of domino. The 
coast refineries which handle the raw cane sugar from Africa 
and the French colonies make principally the pain de sucre or 
sugar loaf, a  hard conical lump of refined sugar, weighing 2
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kilograms. This product is demanded principally b y  the colonial 
trade.

The French manufacturers and refiners make and sell what
ever their trade demands; which, so far, has been principally 
the sugar loaf and domino; and it is quite likely that when bans 
are lifted, so that they can buy machinery and equipment 
outside, they will proceed to reestablish along the same general 
lines that existed before the war. Reconstruction presents 
enormous difficulties, and will doubtless entail long delays, but 
sooner or later the French factories will be rebuilt.

A t the present time reconstruction in France is making enor
mous strides.

Of the 7,000,000 acres of arable land laid waste by  the war 
already over half has been again put under cultivation. 2163 
kilometers of railroad, together with bridges, tunnels and loco
motives were completely destroyed, and to-day circulation has 
been restored over the whole; out of 600 bridges destroyed,

475 have been rebuilt; out of 370 passenger stations destroyed, 
200 have been rebuilt; out of 11,500 factories destroyed, 3500 
have been rebuilt and 3500 are now under construction. In 
1919 France had to import 150,000,000 bushels of wheat, and 
in 1920 she is having to import only 30,000,000.

This is really wonderful progress in reconstruction, but the 
sugar industry, because of its requirements in specially con
structed machinery and mechanical appliances, because of the 
enormous amounts of copper, brass, and electrical equipment 
required, has not been able to do so well. A  communication 
from Monsieur Le H ay, president of the Association of Sugar 
Manufacturers of France, dated July 5, 1920, states that only 
60 French sugar factories arc now in working order.

The accompanying photographs, taken by the writer while 
on field trips for the W ar Damage Board, in January and Feb
ruary of 1919, will show clearly the average condition of 142 
sugar factories after the war.

SCIENTIFIC SO CIETIES

P R O P O SE D  N EW  D E PAR TU R E S IN  G O VER N M EN T 
CH EM ICA L W O R K

Dr. F. G. Cottrell, director of the Bureau of Mines, and Dr. 
C. L. Alsberg, chief of the Bureau of Chem istry of the U. S. 
Departm ent of Agriculture, faced an audience that was quite 
generally out of sym pathy with the proposed plan to provide 
government machinery for developing inventions of scientific 
workers in the various laboratories of the Government, on Friday 
evening, October 15, 1920, at the Chemists’ Club of New' York. 
T hey had been invited to present their views on this subject 
before a joint meeting of the American Institute of Chemical 
Engineers, the American Section of the Society of Chem
ical Industry, the N ew  Y o rk  Section of the American Chemical 
Society, and the New Y o rk  Section of the American Electro
chemical Society. The meeting was largely attended by 
representatives of the chemical and allied industries, many of 
whom had come prepared to discuss the subject and express 
their views in opposition to the proposed plan.

Dr. D avid Wesson, president of the American Institute of 
Chemical Engineers, who presided, opened the meeting w ith the 
reading of an introductory paper, in which he recommended the 
consolidation of the various scientific departments and bureaus 
of the Government. He deprecated the fact tliat government 
scientists are poorly paid, but did not favor permitting them to 
work out inventions from which they would benefit personally, 
on the Government's time.

Dr. Alsberg was then called upon to present his views on the 
issue, and he asserted that much misunderstanding of the pro
posed measure had resulted from incorrect newspaper accounts 
of w hat was the true intent of the legislation desired. A s far 
as the Bureau of Chemistry of the Departm ent of Agriculture 
wras concerned, the w'hole object was to provide some means of 
developing inventions made by laboratory workers during the 
course of their regular routine or research work, so that these 
inventions would not be lost to the public. Dr. Alsberg stated 
emphatically that his chemists were not engaged in the business 
of inventing, but, as is the case with every laboratory staff 
that is efficient, they could not help developing new ideas, and 
processes in the course of their investigational work. In  order 
that such "by-product inventions,”  which might often prove 
of great value to industry, should not be lost to the public, it 
was proposed to create machinery for developing them and inci
dentally to  provide some reward to the inventor. In his Bureau 
Dr. Alsberg had organized the office of development to take charge 
of such work, not with the view of competing with any industry, 
but rather to bring the m atter to that stage which would insure 
for it a proper reception on the part of the industry.

Dr. Alsberg characterized Dr. Wesson’s plan of consolidating 
government scientific work as "inefficient, ineffective and im
possible.”  He pointed out that Congress appropriates money 
only for the solution of specific problems and not for the ad
vancement of the sum total of human knowledge of the various 
sciences. Hence all government laboratory work must be of a 
practical nature and must be performed by experts in each par
ticular field. It  would be illogical, for instance, Dr. Alsberg 
maintained, to have work on mining problems, paper and pulp, 
fertilizers, and therapeutic serums all referred to a ccntral lab
oratory and expect expert treatm ent of it. Coordination is 
needed, but not fusion, said Dr. Alsberg. He further remarked 
that it is a mistake to compare the Government to a corpora
tion. I t  can be compared only to a holding corporation which 
exercises supervision over the policy of a large group of cor
porations. Turning again to the subject of developing inven
tions of government laboratory workers, he stated that his 
turnover of chemists in the past year had amounted to nearly 
40 per cent, due largely to the fact that the salaries paid arc not 
adequate and that no adequate inducement is offered to hold 
good men in the service. He dwelt on the fact that very often 
chemists of the Bureau while cooperating with certain industries 
see glaring examples of waste and inefficiency for which they 
are able to provide a remedy by marshaling information they 
have acquired in the course of their experimental work. Some 
practical method should be found whereby such developments 
m ay be passed along for the benefit of all. He cited the dis
covery of the effectiveness of calcium arsenate in combating 
the boll weevil as an example of governmental invention, and 
stated that all methods of preparing this compound had been 
patented by the Government in order that no one should be 
obliged to pay tribute to a private concern or individual for 
using these patents, as had been the case w ith lead arsenate.

In conclusion Dr. Alsberg stated that the proposed plan of 
developing inventions of government employees was the result 
of considerable thought given to the subject by  government 
officials, who were confronted w ith conditions and not with 
theories, and who were endeavoring to solve the problem in a 
manner calculated to redound to the greatest good of their em
ployers, the American public.

Dr. Cottrell was then asked by the chairman to present his 
views on thL important subject, and after discussing the object of 
granting patents in general and laying emphasis on the fact that 
patents are granted to promote progress in science and useful 
arts rather than to reward inventors, he took up the bill before 
Congress in detail. He stated that the feeling existing in some 
quarters, that there had been an attem pt on the part of those
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interested in the bill to push it through without giving its pro
visions proper publicity, was not founded on fact. He related 
the efforts which had been made to secure publicity for the 
measure in trade journals and elsewhere without success.

The measure under discussion passed the Senate on M arch 
22, 1920, as Senate bill 3223, and was introduced in the House 
of Representatives, where it was referred to the Committee 011 
Patents. This committee having before it a bill known as the 
Nolan bill, which provides for reorganization of the Patent Office, 
decided to tack the provisions of Senate bill 3223 onto the Nolan 
bill or H. R. 11984, making it Section 10 of that bill. This bill 
was passed and then sent to  the Senate. During all this time, 
little or no comment on the m atter of promoting government 
inventions had been aroused, but as soon as the amended Nolan 
bjll with the invention provisions reached the Senate, a number 
of amendments were suggested, and Congress adjourned before 
final action was taken on the bill, although the Senate on June 
4 passed certain amendments to Section 10. The m atter in 
italics in the following text was eliminated by the Senate amend
ment while the m atter in capitals was added. Therefore, by 
ignoring italicized portions and reading the capitalized portion 
as part of the bill the reader has the wording of the bill as it will 
go to the Conference in Decem ber 1920.

S e c tio n  10. T h a t  th e  F ederal T rade  Com m ission be, and  hereby is, 
au thorized  and  em powered to  accept assignm ent of, or license or other 
rights or powers under, to develop, to issue or refuse to issue licenses under, 
to encourage the industrial use and application of, and otherwise to administer, 
on behalf of th e  U nited  S ta te s  under such regulations and in such m anner 
as th e  P residen t shall prescribe, inventions, p a ten ts  and  p a te n t righ ts  
which said commission deem s i t  to  th e  advan tage  of th e  public to  be so 
accepted, as these  m ay  from  tim e to  tim e be tendered  i t  by  em ployees of 
the  various d epartm en ts  or o th e r establishm ents of th e  G overnm ent, 
or by other individuals or agencies; and  to  coôperate, as necessity  m ay arise, 
w ith  scientific or o tn e r agencies of the  G overnm ent in the  discharge of the  
duties herein se t o u t, and  th e  Federal T rad e  Commission is hereby authorized  
and  em pow ered to  l i c e n s e  a n d  collect fees and  royalties for licensing 
said inventions, p a te n ts  and  p a te n t righ ts  in such am ounts and  in such 
m anner as th e  P residen t shall direct, and  shall deposit th e  sam e w ith the  
T reasurer of the  U nited  S ta tes; and  of th e  to ta l am oun t of such  fees an d  
royalties so deposited a  certa in  percen tum , to  be determ ined by  the  P resi
d en t, shall be reserved, se t aside, and  app rop ria ted  as a  special fund to  be 
disbursed as d irec ted  by  th e  P residen t to  rem unerate  inven tors  for such 
of the ir inventions, p a ten ts  and  p a te n t righ ts  con tem plated  by  th is section 
as m ay  prove m eritorious and  of public benefit; P ro v id e d , t h a t  n o th in g
H E R EIN  SH ALL B E  CONSTRU ED  TO G IV E  SAID COMMISSION OR A N Y  OTHER 

GOVERN M EN TAL A G E N C Y  A N Y  A U T H O R ITY  TO EN G AG E IN TH E M AN U FACTU RE 

OP A N Y  SUCH IN VEN TIO N  OR PA T E N T E D  AR TICLE.

T he Com m issioner of P a te n ts  is hereby d irected  to  g ran t all p a ten ts  
and  record all assignm ents and  licenses con tem plated  by  th is  section w ith o u t 
the  p aym en t of any  fee.

Dr. Cottrell said a great deal of the opposition to the measure 
th a t has developed seems to hinge on the fact that the Federal 
Trade Commission has been designated to handle these in
ventions. He did not feel that lack of confidence on the part 
of some in the Federal Trade Commission should be considered 
sufficient cause to abandon the plan. If  the Federal Trade 
Commission has not fulfilled all that was expected of it, said 
Dr. Cottrell, steps m ay be taken to reorganize it, but it is wrong 
to attem pt classifying the work under any other head than this 
Commission.

He compared the present situation to the condition that has 
confronted universities and colleges where pure scientific re
search work carried on in the laboratories often leads to dis
coveries of commercial value. T o  develop these the Research 
Corporation was organized several years ago, and it  has been 
functioning with success. Congress, however, objects to turn
ing over government problems to quasi-public bodies, preferring 
to tie up all government development work w ith a regularly 
constituted governmental agency. It  became necessary, there
fore, in connection with this legislation, either to create a new 
organization to handle the patents or to rely on an existing 
agency such as the Federal Trade Commission which/according 
to Dr. Cottrell, is the logical agency in this case.

There is nothing mandatory in the bill, declared Dr. Cottrell. 
Its provisions should be carefully studied, and it  is particularly 
important to establish a fair basis of remuneration for the in
ventor. Pooling the returns in one fund to be shared equally 
under specified conditions by the inventors seems to be fairer 
in Dr. Cottrell’s opinion than to reward the inventor with a 
return based on the financial yield from his specific invention. 
In conclusion he denied the allegation that the Government 
intends to compete with private industries and is seeking the 
passage of the bill before Congress to this end.

The discussion was opened by R . P. Perry who asserted that 
the passage of the legislation under discussion and carrying out 
its provisions to their logical conclusion would help the chemical 
industries of the rest of the world a t the expense of those of our 
own country. He bitterly denounced any attem pt on the part 
of the Government to place itself in- competition with private 
enterprise. He also felt that the proposed legislation would 
give government employees an unfair advantage over other 
scientists in the m atter of securing patents. In M r. Perry's 
opinion the proposed legislation is not desired either by chemists, 
the industries, or the people. Messis. H. A. Huston, Sperry, 
and Weston were strong in their convictions that the Govern
ment should keep hands oil patent development, and should 
continue to give service through its various bureaus rather than 
attem pt to establish any form of patent control or license system.

Dr. H. E. Howe suggested that constructive criticism and 
suggestions be offered by those assembled so that a satisfactory 
solution to the problem m ight be arrived at. No further com
ments of a constructive nature were forthcoming, however. 
The meeting closed with short statements by both Dr. Cottrell 
and Dr. Alsberg in which they reiterated their position with 
regard to the proposed legislation and asked the representatives 
of industry to study the m atter thoroughly and give construc
tive suggestions for meeting the condition which confronts the 
directors of our government laboratories in taking care of the 
inventions of their laboratory workers.

G R A SSE LL I M E D A L A W A R D

A t the joint meeting of the American Section of the Society 
of Chemical Industry with the N ew  Y o rk  Section of the Socidte 
de Chimie Industrielle, held in Rumford Hall, Chemists’ Club, 
N ew Y o rk  C ity , on F riday evening, October 8, 1920, the first 
Grasselli medal was awarded to D r. Allen Rogers, for his 
pa'per entitled "Industrial Uses for the Shark and Porpoise.’ ’ 1

The medal was established in 1919 by the Grasselli Chemical 
Company of Cleveland, Ohio, to be awarded annually for the 
paper presented before this Section of the Society of Chemical 
Industry which should, in the opinion of the M edal Committee, 
offer the most useful suggestions in applied chemistry. The 
presentation was made by Dr. M arston T aylor Bogert.

Dr. Rogers was born in Hampden, Maine, M ay 22, 1876, 
and graduated from the University of M aine in 1897 with the 
degree of B.S. in the chemistry course. For three years he 
remained a t his Alma M ater as instructor in chemistry, receiving 
the M .S. degree in 1900. He continued his graduate work 
a t the University of Pennsylvania and was awarded the Harrison 
Fellowship for 1901-2. In the latter year, the University con
ferred upon him its Ph.D . for a research concerned w ith certain 
complex inorganic acids, the results of which were published 
in the Journal of the American Chemical Society.

For two years longer he remained a t the University, first as 
Senior Fellow, lecturing to graduate students on analytical and 
physical chemistry, and later as instructor in organic chemistry.

In June 1904 he entered the employ of the Oakes M anufac
turing Co., Long Island C ity, N . Y . , as research chemist, where 
his investigations on problems related to the leather industry 
led to several patents being taken out by  the company.

1 J .  Soc. Chem. In d ., 39 (1920), 91.
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In September 1905 he returned to the ranks of the teachers, 
as professor in charge of industrial chemistry a t P ra tt Institute, 
Brooklyn, N . Y ., the position he still occupies. Taking up his 
duties with characteristic energy and enthusiasm, he organized 
a course in industrial chemical engineering, making use of minia
ture plants to train young men for positions as foremen and super
intendents in large-scale manufacturing establishments. This 
undertaking has been conspicuously successful from the outset, 
and already many of the graduates hold prominent places of 
great responsibility in our chemical industry.

EHBBHMgiggas;

Gardiner and Son
A i. l h n  R o g e r s

Dr. Rogers is the author of the "M anual of Industrial Chem
istry ,”  in the preparation of which he was aided by over forty 
distinguished collaborators. This standard treatise has gone 
through three editions, and is now used as a text in more than 
fifty colleges and technical schools. He is also the author of 
“ Elements of Industrial Chem istry”  and "Laboratory Guide 
of Industrial Chem istry”  (2 editions).

After this brief biographical account Professor Bogert said 
in part:

For many years Dr. Rogers has made a special study of 
leathers and tanning, until he is now widely recognized as one 
of our foremost experts in this important field. Patents have 
been granted him for various processes of treating leather, and 
other patents are pending. His most interesting work in this 
direction is that recorded in the paper for which the medal is 
awarded, namely, the utilization of the shark and porpoise as 
sources of leather. In making the award, the M edal Committee 
entered upon their minutes a note expressing their judgment 
that Dr. Rogers’ paper was a record of work accomplished by 
him in recovering oils, and manufacturing fertilizers .and fine 
leathers, through which he contributed much information and 
some entirely new processes in applied chemistry.

In the time of our country’s nefed, he promptly and patrioti
cally sacrificed all personal selfish interests and volunteered 
for military duty, being commissioned M ajor in the Chemical 
Warfare Service, where he was put in charge of the Industrial 
Relations Branch, a post of considerable responsibility, involving 
indirectly classification of industries into more and less essential, 
and determining recommendations of exemption from m ilitary 
duty for those chemists who were more needed at the factories 
than at the front. M any a plant would have had to close its 
doors, or seriously curtail its output, and the m ilitary prepara
tion of the country would have been considerably delayed, but 
for the energy and ability with which M ajor Rogers fulfilled 
his duties. When the war had been won, he was equally active

in aiding chemists discharged from the Arm y to get back into 
lucrative positions once more, an assistance which was deeply 
appreciated by many demobilized colleagues.

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

B y Allen Rogers

The commercial utilization of the shark is a m atter that has 
interested me for several years and if I  have done anything to 
interest others in m y friends of the deep, it is, of course, very 
gratifying. Sharks have always been considered as scavengers, 
and of no benefit to man. M y  work, however, has shown me 
that they have some good points in their favor, and if we take 
advantage of them I feel confident that a great industry m ay 
eventually be established. Already much has been accomplished 
in this direction. A  fairly large plant is in operation a t More- 
head C ity , N. C., where the fish are caught, the skins removed, 
the livers rendered for oil, and the flesh converted into fertilizer 
stock. Another plant is located a t Sanibal Island, F la .; and at 
the tannery in Newark, N . J., about one thousand skins are 
being treated each week. Plans are now under w ay for es
tablishing other stations a t various points along the A tlantic 
and Pacific Coasts, while the existing plants will be greatly en
larged.

CLEVELAND M E E T IN G  OF T H E  A M E R IC A N  E L E C T R O 
CH EM ICA L SO C IE T Y

T he thirty-eighth meeting of the Society, its first in Cleve
land, was held on September 30, and October 1 and 2, 1920. 
The attendance was smaller than expected, undoubtedly due 
to the greatly increased cost of travel. Those who came, some 
175 visitors, were rewarded b y  fine papers and snappy discus
sions, interesting visits to laboratories and plants, and unex
celled social events and intercourse.

T he Local Committee, under the direction of Dr. N . K . 
Chaney, of the National Carbon Co., aided by L. C. Drefahl, 
A . R . Bullock, and M rs. E. R . Grasselli as heads of sub-com
mittees, arranged visits to m any of Cleveland’s industrial plants, 
an afternoon a t the Nela Park laboratories, and engaging di
versions for the visiting ladies.

Among the papers read and discussed were the following: 
M . R . W olfe and V . de W ysocki studied and measured the heat 
losses through the electrodes and their water-cooled rings, on a 
6-ton Heroult steel furnace making steel castings, finding 123 
kw. lost out of 650 kw. on the furnace, or 18.7 per cent of the 
power taken by the furnace. A. M . Kuhlm an and A . D. Spill
man measured the heat carried out of the same furnace by  the 
steel and slag, making the heat content 476 to 520 cal. per kg. 
of slag, and 303 to 325 cal. per kg. of steel. M . L. Hartmann, 
A . P. Sullivan, and D. E. Allen, of the research laboratory of the 
Carborundum Co., reported measurements of the electrical 
resistivity of nine commercially u sed . refractory materials, 
at temperatures which were slowly raised from cold to 1500° C. 
All showed great reduction, from nearly nonconductors when 
cold to below 10,000 ohms resistivity (per cm. cube) a t 1500°; 
the actual values when 1500° was reached were

Ohm s per Cm. C ube
B onded C arborundum  (C arbofrax  C ) ......................  8590
Silica B rick ...........................................................................  8420
M agnesia B rick (B urned M ag n esite )  ............  2500
B auxite  B rick ......................................................................  1100
F irec lay  Brick, G rade A .................................................  890
B onded C arborundum  (C arbofrax  B ) .......................  745
Zirconia B rick (N a tu ra l M in era l)...............................  412
Chrom e B rick ...................................................................... 41
R ecrysta llized  C arbo rundum  (R efrax ).....................  1 .6

T he tremendous variations, of the order of 5000 to 1, point 
to interesting applications of this information to electric furnace 
work. I t  was pointed out in the discussion, however, that these 
resistivities are considerably changed by keeping the materials 
several hours at 1500°, sometimes being reduced 75 per cent, 
and that the final values obtained as constants on long heating 
are the quantities greatly desired.
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F. A. J. Fitzgerald and G . C. M oyer noted the deterioration 
of nickel resistors in electric furnaces due to the absorption of 
sulfur. J. Kelleher spoke of curious flaring of the arcs observed 
in electric furnaces, making the observations through a pin
hole diaphragm. Oscillograph records were also taken, while 
autom atic current regulators were employed. The “ arc”  
is found to consist normally of a set of small arcs around the 
periphery of the electrode; when the electrode approaches too 
near the slag, a large arc also appears, which is broken as the 
regulators raise the electrode, leaving only the small arcs working 
on a small portion of the electrode. This cuts down the cur
rent, and the regulators begin to lower the electrode. When 
the electrode almost reaches the slag, the small arcs suddenly 
spread over the whole end of the electrode, the current is largely 
increased, and the cycle of events described is repeated.

E. S. Bardwell described electric smelting of manganese ores 
at G reat Falls, M ontana, with a balance sheet of the heat dis
tribution in the furnace which showed some 72 per cent of the 
electric energy usefully applied. T he losses in the slags were 
large, one slag having nearly 20 per cent of manganese. I t  
was pointed out in the discussion that the manganese losses 
in the slags varied in all cases inversely as the sum of AhOj, 
CaO , and M gO, so that they were directly controllable by con
trolling the slag composition.

J. W . Richards described the first American installation of 
the Soderberg continuous self-baking electrode. This consists 
of three 32-in. round electrodes, used three-phase, in a 2000 kw. 
ferromanganese furnace a t the plant of the Southern Manganese 
Corporation a t Anniston, Alabama. These have worked con
tinuously during July and August, the stoppages in 28 days 
in August on account of the electrodes being only 13 min.; 
carbon electrode consumption 14 lbs. per 1000 kw.-hrs. In 
the discussion it was stated that a 37-in. electrode of this design 
is now w orking in South Africa, and that the Stavanger Steel 
Company in N orw ay is successfully using Soderberg electrodes 
on a 6-ton tilting Hcroult furnace.

E . A. Keeler described the advantages of exact conductivity 
measurements upon solutions as. a means of recording and con
trolling industrial processes. For example, a test weight of a 
sugar sample is added to a given volume of a salt solution of 
known conductivity, and the per cent of sugar is determined from 
the decreased conductivity of the solution. If the sugar is 
already in solution, a fixed weight of salt is added to a fixed 
volume of the solution, and the conductivity measured.

C. J. Rodman and T . Spooner described a new, portable 
laboratory standard cell, in which a compact, concentric form 
is substituted for the familiar H  type. Tungsten wire leads 
are used, and some particular methods of purifying the cadmium 
and its salts devised. Constancy to within 0.0001 volt in over 
two years is attained.

J. W . Richards called into question the direct relationship 
of electric current to electrochemical action a t the cathode. 
A t  the anode the anion is of invariable valency, and a constant 
relation seems to subsist between the electrical current and the 
amount of anion liberated. I t  is to be noted that present elec
trical theory postulates negative electrons passing to the anode 
as the fundamental conception of the flow of electric current. 
A t the cathode, varying amounts of the cation m ay be liberated, 
according to its varying valency, and the question is therefore 
asked, whether the amount of cation liberated is not determined 
chemically, as that amount which was united w ith the quantity 
of anion liberated, rather than fundam entally or primarily by 
an electrical relation. In the absence of definite proof of the 
existence of positive electrons, or, let us say, in the presence of 
a unitary theory of electrical current flow, the question is not 
without justification.

The session of Saturday morning was largely concerned with

electroplating and metal refining. A . L . Ferguson and E. G. 
Sturdevant described investigations of the deposition of brass 
from cyanide solutions, accompanied by careful measure
ments of the potential and the effects of various additions. 
F. C. M athers and W . H. Bell described negative results in the 
use of addition agents in plating tin from alkaline solutions.
E . F . Kern described the electrolytic refining of tin, getting 
best results with stannous sulfate baths acidulated with 7 
per cent H»SO<, and with the addition of peptone or gelatin.
F. C. M athers showed that gums, resins, or oleic acid are satis
factory addition agents to prevent the crystallization of lead 
depositing from alkaline electrolytes.

F . W . Skirrow and E . R . Stein described the production of 
hydrogen peroxide by  electrolyzing potassium acid sulfate solu
tions with platinum anodes, crystallizing out the potassium per
sulfate formed, and distilling the crystals with sulfuric acid and 
water. A  good yield of hydrogen peroxide is thus obtained.

E . A. Richardson and L. T . Richardson showed as the result 
of long-duration, air corrosion tests that the presence of copper 
reduces the corrodibility of pure iron and, to a greater extent, 
that of steel. In the case of steel, they suspect the manganese 
present to enhance the effect of the copper; this conclusion was 
called in question in the discussion, it  being maintained that 
manganese had the opposite effect. T he authors also stated 
that chromium had a still greater effect in reinforcing the pro
tective action of copper. This conclusion was not disputed, 
since stainless steels prove the strong protective action of chro
mium.

W . D. Richardson of Chicago, in a paper of 34 pages, discussed 
the details of the solution of metals in acids as related to their 
corrodibility. In view of the use of accelerated tests to deter
mine the resistance of metals to atmospheric corrosion, these 
tests are of importance. The principal point brought out was 
the great importance of various catalytic bodies, which are often 
present, in facilitating or retarding solution in acids. T he in
fluence of other factors, such as that of hydrogen, oxygen, carbon 
dioxide, halogens, and cathodic action, were also investigated.

All the papers had been printed in advancc and distributed 
to members of the Society before the meeting. As a consequence 
discussions were lively and intelligent, and contributed discussion 
from a distance was frequently submitted. This has proved to 
be a highly successful method of bringing about a high-class 
scientific meeting.

A  referendum of the Society as to making the m etric system 
the exclusive legal system of weights and measures of the United 
States showed 483 in favor to 107 against. A  m ajority of the 
members present did not favor increasing the annual dues by 
S i .50 in order that the Society might join the Federated Am er
ican Engineering Societies. J .  W . R ic h a r d s

L e h i g h  U n i v e r s i t y  
S o u t h  B e t h l e h e m . P a .

O ctober 11, 1920

CALEN DAR OF M E E T IN G S

American Petroleum Institute— Annual M eeting, Washington,
D . C., Novem ber 17, 18, and 19, 1920.

American Institute of Chemical Engineers— W inter Meeting, 
St. Charles Hotel, N ew  Orleans, La., December 6 to 9,
1920.

American Association for the Advancement of Science— Annual 
M eeting, Chicago, 111., December 27, 1920, to January 1,
1921.

American Ceramic Society— Annual Meeting, Deschler Hotel, 
Columbus, Ohio, February 21 to 26, 1921.

American Chemical Society— Sixty-first M eeting, Rochester, 
N . Y . , April 26 to 29, 1921.
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NOTLS AND CO RRESPO N D EN CE.
R E P O R T  OF E. S. CH APIN , PA R IS R EP R E SE N T A TIV E  OF 

T H E  TEXTILE ALLIANCE, IN C., T O  T H E  D Y E  
A D V ISO R Y C O M M ITT E E  OF T H E  STATE 

D EPA R TM E N T, SE P TE M B E R  2 9 , 19 2 0

I will divide the report into four parts: first, the H erty Option 
colors; second, the Reparation colors from the impounded 
stocks; third, German daily production and the future; and 
fourth, general comments.

h e r t y  o p t i o n

T he orders placed with the Cartel by  the Textile Alliance 
from assignments to them of licenses under the first six months’ 
allocation amounted to 1,700,000 lbs. Up to September 7 
the Cartel had delivered or were preparing to ship 1,200,000 
lbs., approximately 70 per cent of the total orders. Of this,
374.000 lbs. have been shipped from Reparation sources; and
800.000 lbs., or 400 tons, have been shipped under the H erty 
Option. There have been 124,000 lbs. of cancellations, about 
7 per cent of the total orders, leaving 397,000 lbs., that is, about 
23 per cent, still to be delivered.

Orders placed were divided into vats and non-vats; 460,000 
lbs. of vats and 1,240,000 lbs. of non-vats. The v a t color orders 
are of especial interest. Of these 83 per cent have been delivered. 
The cancellations of va t colors were practically negligible,
i. e., only 3,000 lbs., or about two-thirds of 1 percent. Of the
385.000 lbs. of v a t colors delivered, 134,000 lbs. have come 
from Reparation and 251,000 lbs. have been shipped under the 
H erty Option.

The most notable aspect of the delivery of colors under the 
H erty Option is the change in the attitude of the Germans from 
apparent hostility to active cooperation w ith the Textile A lli
ance. In February and early M arch they had offered against 
this option the small sum of 192,000 lbs., and gave little promise 
or encouragement of being able speedily to deliver further quanti
ties. In  the last four or five months, however, they have been 
able to deliver an additional 600,ooq  lbs.

A s regards the va t colors, in M arch they stated that they 
could deliver about 40,000 lbs. and held out no promise or 
encouragement of being able to ship large quantities in the future, 
but since then they have shipped 210,000 lbs.

The record of the Badische Company is especially interesting 
in connection with this change of attitude and improvement in 
performance b y  the Germans. This company received 43 per 
cent of the orders placed, that is, 732,000 out of 1,700,000 lbs.; 
and of the v a t colors, 70 per cent of the orders, that is, 318,000 
out of 460,000 lbs. T o  date, the Badischif have delivered
625.000 lbs., that is, 85 per cent of their total orders, and of 
the vat colors they have delivered 280,000 lbs., or 89 per cent.

For months in letters and personal interviews various repre
sentatives of the Cartel have insisted upon the bonne volonle 
of the Cartel and their desire to do everything possible to co
operate with the Textile Alliance and to send their colors to the 
consumers in America.

Some comparisons are at times interesting and to the point. 
I was told by  a British authority that G reat Britain had secured 
on the free market up to August first, 200 tons of German dyes. 
This should be compared with our figure of 400 tons as of Sep
tember 7, plus the unknown quantity imported into the United 
States under license through other channels. It  is quite evi
dent that the Cartel has made unusual efforts to send a large 
proportion of their free production to the United States. T h at 
they are anxious to sell to the United States came out quite 
strongly during m y last trip to Germany. The representative 
of one of the factories asked me if they could not secure some 
more H erty Option orders. I was in Frankfort on September 1 
when the Cartel was holding a special meeting, and had a t that 
time several interviews with representatives of different fac
tories in which thev showed the greatest desire tn rnfinpratn

REPARATION COLORS FROM THE IMPOUNDED STOCKS

In the first place we must note that the impounded stocks 
were not so large in tonnage as was currently believed last fall. 
Erroneous information then placed the impounded stocks at
40,000 tons, of which one-half was to be divided among the 
Allies. A s a m atter of fact, the total of the A ugust 15 inventory 
of impounded stocks was 20,000 tons, of which 50 per cent was 
to be distributed among the Allies. There were in the impounded 
stocks 13,000 different types of colors. The distribution of the 
impounded stocks among the Allies was made in two divisions: 
first, a division of 5200 tons, commonly known as the "5200 
Ton”  Agreement or the Protocol of November 4. According 
to this arrangement the different Allies were permitted to select 
certain colors not to exceed a  certain percentage of each color 
and a certain gross tonnage; that is to say, the United States 
was allowed to choose 10.22 per cent of any color in the impounded 
stocks, not to exceed a gross tonnage of 1500 tons. France, for 
instance, was allowed to select 15 per cent of any color, not to 
exceed a thousand tons, etc. G reat Britain had the same 
allocation as the United States.

The United States allocation of 1500 tons was taken in two 
different lots, known, respectively, as the 300-tonlotand the 1200- 
ton lot. The 300-ton lot included the 374,000 lbs., above men
tioned as having been shipped against the first six months’ 
allocation orders. I t  also included 76 tons of indigo 20 per cent 
paste, which were given b y  the United States representatives 
in Paris last winter to Belgium. The balance of the 1500 tons 
has been called the i2oo-ton lot.

The cause of the division of the 1500 tons into two lots ordered 
at different periods was the method of providing payment. 
The Textile Alliance received, as is well known, the money for 
the 374,000 lbs. of reparation dyes applied against the first six 
months’ allocation orders before placing orders with the Cartel; 
but for the balance of the 1500-ton lot had neither orders nor 
money. Further sound policy required that money must 
be in hand, or underwriting guarantees of payment, before the 
dyes should be ordered. In this emergency, in the interest 
of the United States and of American consumers, a few indi
viduals, w ith the support of your Undenvriting Committee, 
came forward and by providing uncjerwriting saved the balance 
due the United States from the 520D-t0n agreement.

The balance of the stocks was divided among the Allies ac
cording to a different system. The dyes were divided into 
13 groups according to their nature, that is to say, whether 
Alizarin Red, v a t color, indigo paste, direct cotton, or acid, 
and so on. These different classes were divided among the 
Allies according to different percentages, roughly corresponding 
to the needs for home consumption of the Allies. Thus the per
centage of the United States for indigo paste was 5 per cent, 
because this product was not needed in the United States, 
whereas for Indanthrene Blue G C D , which was needed, the 
percentage was 55 per cent.

The second division, known as the Pool, that is to say, the 
balance of the impounded stocks, amounted roughly to 5000 
tons. Here again we were confronted w ith the financial diffi
culty  of the necessity of providing funds or undenvriting before 
wre could place orders for our allocated portion of dyes from the 
Pool; again the difficulty was solved by the undenvriting already 
mentioned. The Pool contained many types in very small 
amounts and also many types and mixtures that it  was not de
sirable to order. T he gross of our orders after the N ew Y ork 
office and the Paris office of the Textile Alliance had scanned 
the figures of the Pool amounted to approxim ately 500 tons.

T o  summarize, the total of our orders from the impounded 
Reparation stocks amounts to 2000 gross tons, or, to be exact, 
4 .435.635  lbs.

'■ jrw 'i t r m c  t r\r\ f n n c  -frv f i l l
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100 tons of importable colors have been sold to consumers in 
the United States; 76 tons of indigo paste were given b y  our 
representatives in Paris last winter to Belgium, and 450 tons of 
indigo paste have been sold to China. The balance is about 
1200 tons.

The Textile Alliance has rented a warehouse in Antwerp 
in which these 1200 tons are now stored or to which they are 
in process of shipment. Of the 1200 tons in the warehouse about 
one-half can be classed as colors that m ay be imported into the 
United States. W e have thus approximately 600 tons of non- 
importable colors.

E arly  realizing that the amount of nonimportable colors 
from the impounded stocks would be considerable, on m y first 
trip to Germany in M ay I took up w ith the Frankfort people 
the m atter of exchanging nonimportable colors for importable 
colors. A t  that time the answer was that they had nothing to 
give in exchange. On m y last trip, however, I found a different 
state of affairs. The manufacture of the factories had increased 
considerably during the summer and there was a willingness 
to make trades. I  have also taken up w ith our various Allies 
the m atter of exchanging our nonimportable colors for import
able colors and this is still in process of negotiation.

B y  securing all of the colors from the impounded stocks that 
were of value and to which the United States had the right, we 
have thus built up a reserve of products which can be used 
either directly for the benefit of the consumers of the United 
States or else indirectly by  exchanging the nonimportables 
for the importables. A fter making all the exchanges possible 
of nonimportable for importable colors we are preparing to sell 
the balance of nonimportable colors.

I have already compared the 400 tons of dyes the United 
States has received under the H erty Option w ith the 200 tons 
received by G reat Britain from the free market. In this m atter 
of the shipment of Reparation dyes a brief statem ent of what 
our Allies have been doing will be interesting. The British 
found considerable difficulty in distributing the Reparation 
dyes allocated to  them. Dr. Philippi, of the Cassella Color 
Company, made a trip to England in August in order to assist 
in facilitating the distribution' and avoiding further delay. 
Last April, H err von W einberg and his secretary, Director Molner, 
made a trip to Ita ly , in the course of which they assisted the 
Italians similarly in distributing their dyes and avoiding the 
difficulties found in dealing with such a complicated matter. 
The French government distributed colors very actively among 
French consumers but nevertheless there was considerable 
complaint. Belgium’s problems were simpler because of the 
small amount of colors received and they appear to have been 
dealt with quite successfully. None of the above-mentioned 
countries have had to contend with the most serious problems 
which faced the United States, namely, the Rotterdam  strike 
and the distance from Germany.

GERMAN DAILY PRODUCTION AND THE FUTURE

The treaty provides that the Allies m ay exercise an option 
on 25 per cent of the daily production of the German factories 
for the period specified in the treaty. It  further provides that 
in the event that this production is below the normal the Allies 
m ay require 25 per cent of the normal production.

The question of just what "normal production” means has 
not y e t been settled by  the Reparation Commission. In the 
meanwhile the commission has exercised this option and is 
accepting 25 per cent of the actual production of the German 
factories. This daily production it has been arranged to divide 
among the Allies very much in accordance with the scheme by 
which the Pool was divided among the Allies; that is to say, 
the different colors produced are divided into classes according 
to their nature, and divided among the Allies according to 
percentages, corresponding approximately to the estimated needs 
of the various Allies.

During last winter the various Allies exercised very stringent 
supervision over the activities of the German factories. In 
order to break this control the Germans came forward in Janu
ary and offered to supply all the needs of the Allies irrespective 
of the treaty stipulations, provided control was lifted from the 
factories. This proposition was accepted and in February and 
M arch the different Allies were busy in preparing a list of the 
requirements to be submitted to the Germans.

Our representatives were not in accord with the proposal, 
but as the French, Belgian, and Italian governments were in
sistent on their needs of dyestuffs and that the proposal should 
be accepted, our representatives did not feel that they could 
negative an offer 011 the part of the Germans to supply to the 
Allies all their requirements. Accordingly in M ay, after much 
discussion and m any meetings, the lists of the requirements of 
the different Allies were forwarded to the Germans. This 
proved unacceptable to the Germans and this first proposal 
accordingly fell to the ground. Since then a new protocol has 
been drafted by the Dyestuff Bureau of the Reparation Commis
sion. This new arrangement has not yet been discussed with 
the Germans and indeed has not y e t been put into final shape 
by the Bureau. I t  is expected that the new protocol will be 
discussed by the various bodies of the Reparation Commission 
in late October and will be ready for discussion with the Germans 
in November.

In the meanwhile the Germans are putting aside 25 per cent 
of their daily production and this is allocated to the Allies in 
accordance with class and percentage. In order that the Allies 
m ay know w hat the Germans are making, 011 the fifteenth of 
each month the Germans submit a statement of the 25 per cent 
due the Allies from their production of the previous month. 
This includes every color produced, a-statem ent of 25 per cent 
of- the amount produced, and the price to the Allies, which ac
cording to the arrangement is the lowest price quoted during 
the month of production to any buyer, German or otherwise. 
A  brief analysis of the quantitative and qualitative production 
of the German factories for the past six months will be of interest.

The total production of the German factories in the month 
of February, the first month for which a daily production list 
was submitted, was 1600 tons, approximately 10 per cent of 
their pre-war capacity. This production has steadily increased; 
2400 tons in March, 3300 tons in April, 3800 tons in M ay, 
4800 tons in June, and 5500 tons in July, or from approximately 
10 per cent of their pre-war capacity in the course of six months 
to 33V3 per cent.

GENERAL COMMENTS

From the standpoint of the consumers of dyestuffs in the 
United States, this rapidly increasing production on the part 
of the German factories is not so satisfactory as might a t first 
appear, for a large part of the increase in production is not the 
H erty Option colors, the colors desired by the consumers in the 
United States, but the big bulk colors, the colors that are being 
made by American manufacturers.

Take the three months— M ay, June, and July. T he total 
production by all the German factories of v a t colors and fast 
alizarin colors, which are especially desired by consumers in the 
United States, was approximately 800 tons. During the same 
period the production of indigo 20 per cent paste, direct cotton 
colors, acid colors, and sulfur colors amounted to 8800 tons, 
that is to say, eleven times as much as the production of va t 
colors and fast alizarin colors.

Further, while the production of the va t and alizarin type 
dye is increasing slowly from 228 tons in M a y to 261 tons in 
June and 272 tons in July, the production of the type of dyes 
made in the United States is increasing by  leaps and bounds, 
from 2400 tons in M a y to 2800 tons in June and 3800 tons in 
July. This large German production of dyes of the same type 
as are being made in the United States is evidence of the neces



sity  of special protection for the American industry. The 
relatively small German production of dyes of the H erty Option 
type explains the 23 per cent of the first six months’ allocation 
orders still to be delivered.

The question naturally arises whether the Germans cannot 
produce more of the special colors desired by the United States. 
The arrangement which is being considered by the Reparation 
Commission aims to effect this purpose. T he Germans do not 
like the necessity of putting aside 25 per cent of every color 
which they make during the month for the Allies and especially 
dislike the necessity of holding this 25 per cent against future 
orders, more or less problematical. Accordingly the Germans 
are inclined to consider a permanent proposition which will 
do aw ay with the necessity of their putting aside 25 per cent 
of their daily production. The future of the supply of German 
colors to the United States is linked up with this permanent 
proposal. According to all indications when I left Europe, 
it  seemed almost certain that the permanent proposal w'ould be 
adopted in the course of a few months.
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ALLIED  CH EM ICA L AND D Y E  C O R PO R ATIO N

The merger of the General Chemical, Barrett, National 
Aniline &  Chemical, Solvay Process, and Semet-Solvay Com
panies has been approved by the boards of directors of the com
panies concerned and the question of ratification is now before 
the stockholders.

T he formal announcement by  the stockholders’ committee 
stated:

* * * * *  that the boards of directors of the respective com
panies have approved the plan of consolidation of the General 
Chemical Company, the Solvay Process Company, the Semet- 
Solvay Company, The Barrett Company, and the National 
Aniline &  Chemical Company, Inc. Copies of the plan and 
deposit agreement will be mailed to stockholders as promptly as 
practicable.

The name of the new corporation will be the Allied Chemical 
and D ye Corporation.

The authorized capital stock will not exceed $65,000,000 
7 per cent cumulative preferred stock, shares S i00 par value, 
and 3,000,000 shares of common stock without par value.

It  is estimated that the outstanding capitalization of the new 
company, based on the deposit of all outstanding stock of the 
consolidating companies and after elimination of intercompany 
holdings, will be: Bonded indebtedness of consolidating com
panies undisturbed $9,493,000; 7 per cent cumulative preferred 
stock, $39,374,300; common stock w ithout nominal or par 
value, 2,119,677 shares.

If current earnings should be substantially maintained, as 
the committee believes they will be, and if substantially half 
of such earnings in excess of preferred dividend requirements 
should be distributed in regular quarterly cash dividends on 
the common stock of the new company, as the committee would 
favor, holders of such common stock may expect to receive regu
lar quarterly cash dividends thereon at the rate of $6 per share 
per annum.

The committee of stockholders of the consolidating companies 
in charge of the consolidation will be composed of the following 
gentlemen, who have been designated for that purpose by the 
boards of the respective companies:

W il l ia m  H . N ic h o l s , chairm an  of th e  board  of th e  G eneral Chem ical 
C om pany

W. H . N ic h o l s , J r . ,  p residen t of th e  board  of th e  G eneral Chem ical Com 
p any

E . L . P ie r c e , p re s id e n t of th e  S o lv a y  P ro cess  C o m p a n y
R . W . S w if t , treasu rer of the Solvay Process Com pany
H . H . S. H a n d y , presiden t of th e  Sem et-Solvay C om pany
A. W . H u d s o n , v ice presiden t of Sem et-Solvay Com pany
E v e r s l e y  C h il d s , c h a irm a n  of th e  b o a rd  of T h e  B a r r e t t  C o m p a n y
W . H a m lin  C h il d s , presiden t of T he  B arre tt C om pany
O rl a n d o  F . W e b e r , chairm an of th e  board  and  p residen t of N ationa l 

A niline & Chem ical C om pany, Inc.
W m . J .  M a t h E s o n ,  directo r N a tio n a l Aniline & Chem ical C om pany, In c .

Dr. Win. H. Nichols is chairman of the committee, and Clinton 
S. Lutkins, 25 Broad Street, is the secretary.

T he Guaranty Trust Company will be the depositary for all 
classes of securities and will issue transferable deposit certificates 
against deposits of stock under the plan. The Bankers Trust 
Com pany will act as the registrar of deposit certificates.

“ C R IPP LIN G  A  G REAT W O R K ”

T u b  K n y -S c h e e r e r  C o r p o r a t io n  
o p  A m e r ic a  
N e w  Y o r k

Oct. 6th, 1920.
In your reply refer to: N. E . F. 

Journal of Industrial & Engineering Chemistry,
Room 343, No. 1 Madison Ave.,

N ew  Y o rk  City.
G e n t l e m e n :

Our attention has just been called to an editorial appearing 
in your September number, under the heading, “ Crippling a 
Great W ork.”

The reputation of your Publication prevents the thought 
that this article was written by you in a spirit of malice. No 
doubt the author who prompted the article, and whose patriotism
has been heralded through the trade as " --------- ’s Patriotism
Pays,”  took advantage of your good nature and had the article 
written and published by you. A n article of this kind can only 
be written and published with a view of injury to the party in 
question; so far as the general public is concerned, they are not 
interested.

The Kny-Scheerer Corporation of America is owned and con
trolled solely by born Americans; men who lent their services 
in many ways to their Government during the recent great 
struggle, and who did not measure their patriotism by the 
dollar-mark.

We feel that you believe in a square deal, and think that you 
will agree with us that in the article above referred t(5, we have 
not been treated fairly or squarely; and that your reputation for 
fair play will prompt you to extend to us the same courtesy 
that you would w ant extended to  yourselves under similar 
circumstances.

This letter is written without feeling or resentment on our part 
as against your Publication, and we trust that you will receive 
it in the same spirit.

Yours very truly,
T h e  K n y -S c h e e r e r  C o r p o r a t i o n  o p  A m e r ic a  

(Signed) N . E . F r a n k l i n  
President
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F R A N K LIN  FIL T E R  PA P E R

To the Editor of
“ The Journal of Industrial and Engineering Chem istry'’

N . Y . C ity.
M y  D e a r  D r . H e r t y :

Perm it me to correct some erroneous statements published 
on page 955 of the Journal in reference to the “ Franklin Filter 
Papers”  which caused so much unpleasantness a t the recent 
Chemical Exposition.

First of all, this line of filterpapers, manufactured by Messrs. 
M acherey, Nagel &  Co., Duercn, who are represented in this 
country by myself, had been broadly advertised as German 
manufacture for a t least 6 months previous to the exposition, 
and I feel certain that nobody ever intended to sell this paper 
under false pretense. Chemically treated paper for accurate 
gravimetric analysis is not being manufactured in this country, 
and the only other paper of this kind shown a t the exposition 
was made in France and in England. Therefore, we have all 
reasons to believe that the parties who happened to be under the 
entirely mistaken impression that the German papers shown 
were offered as American manufacture were not American manu
facturers of such material— as these do not exist— , but we are 
sure that those parties started the trouble either for pure business 
reasons or for reasons of personal dislike against the exhibitor 
of the material. M y  careful investigation of the entire incident 
leads me to believe that the latter alone was the basis of the
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attack. It  is very unfortunate indeed, that a young business
man can be influenced by personal feelings to such an extent as 
to  willfully misrepresent the facts to the management of the 
exposition. N aturally, these people were not aware of the fact 
th at the paper had been advertised broadcast as German manu
facture. The entire unpleasant incident is so much more diffi
cu lt to explain as the same young business man has been selling 
th e  identical line of filterpapers for years under the name of 
"D r. N agel’s”  filterpaper; evidently he promoted M r. Nagel 
to  the Ph.D ., in order to sell larger quantities of the paper made 
by the firm of which M r. Nagel happened to be sales manager, 
while M r. M acherey was in charge of the technical end of manu
facturing operations, having held the position of Chief Chemist 
■of Schleicher &  Schuell for many years.

This willful shifting of the brand of the filterpaper by the 
•same party which was so upset about the present label under 
which the paper is being marketed brings me to the second part 
of m y argument. The present label of this line of filterpapers, 
showing Benjamin Franklin’s picture, has been designed by a 
most patriotic American who served as Lieutenant in the Chem
ical Warfare Service during the w ar and whose ancestors have 
been patriotic Americans for many more generations as [sic] 
those of the man who started the entire unpleasantness. The

INDUSTRIAL ALCOHOL
Establishment of an Industrial Alcohol and Chemical Division 

•of the prohibition unit of the Bureau of Internal Revenue, effective 
October 15, has been announced.

W ork heretofore assigned to the Division of Technology will 
be subdivided and administered by the Industrial Alcohol and 
Chemical Division and a new division to be known as the Permit 
Division, and the title of Division of Technology will be discon
tinued. Dr. A. B. Adams, former head of the Division of Tech
nology, has been appointed head of the Perm it Division, and 
J. M . Doran, assistant head of the old Division of Technology, 
lias  been made head of the Industrial Alcohol and Chemical 
Division. T he Bureau’s announcement stated that

T h e  change i9 m ade necessary by  the  increase in the  work devolving 
upon the  Division of Technology. T h e  P erm it D ivision will exam ine and 
p ass upon applications for the  m anufac tu re  of alcoholic p roducts; determ ine 
all nonbeverage uses of intoxicating  liquors and  lim ita tions of such uses; 

"fix s tan d ard s  for m anufac tu red  articles contain ing  alcohol; exam ine bonds; 
conduct trad e  investigations to  determ ine w hether p roducts  are bona fide 
a n d  w hether pe rm itted  articles are m anufac tu red  in accordance w ith  ap 

p ro v e d  form ulas. T h e  In d u s tr ia l Alcohol an d  Chem ical D ivision will 
have supervision  of the  construction  and operation  of industria l alcohol 
and  d e n atu rin g  p lan ts , an d  contro l of th e  work of the  p la n t officers; develop 
uses of d enatu red  alcohol by  lab o ra to ry  work and  research; exam ine dena
tu red  alcohol sam ples; exam ine sam ples of to ile t articles, flavoring extracts, 

•etc., and  repo rt th e  re su lt of analysis to  th e  P e rm it Division.
Establishment of a separate division in the prohibition unit 

•of the Internal Revenue Bureau was urged upon officials some 
months ago by a large number of manufacturers and users of 
industrial alcohol at a conference held here. The situation in 
which the industry found itself a t that time, because of the oft- 
time ridiculously hampering restrictions placed upon it  by  the 
prohibition forces, was made clear. Action on the request of 
the producers and consumers was necessarily delayed because 

•of the illness of Commissioner of Internal Revenue 
Williams. W hile for the most part the executive officials in 

•charge of the work of the Bureau recognized the justice of the 
complaint of the industry and the real need for relief, it is under
stood that action probably would have been taken sooner but 
for the attitude of some of those directly in charge of the affected 
divisions of the prohibition unit. However, action finally 
has been taken apparently along the right lines, and there 
should result an end to the p etty  hamperings of a vital industry 
b y  executive officials in their enforcing of the purely prohibition 
sections of the law.

t h e  d y e  c e n s u s

Comparison of 1914 imports, and production in the United 
'States of dyes by classes in 1917, 1918, and 1919, will be con
tained in  the forthcoming census of dyes and coal-tar chemicals

leason for the change of label was only the difficult pronounciation 
of the manufacturers name: M acherey, Nagel &  Co. No 
other reason was in the mind of the man who conceived and 
carried out the idea of the Franklin label, and each advertise
ment and circular on this material published by m y firm showed 
plainly that the material was manufactured in Germany.

A s mentioned before, neither the management of the exposi
tion nor the editorial staff of the Journal was aware of these 
facts, but were willfully misled by  a man who evidently let his 
personal feelings run aw ay w ith his brains.

Yours very tru ly
(Signed) H e r m a n  A . H o l z ,

President,
P. O. Box 152, Holz &  Company, Inc.

M adison Square  S tation ,
N ew  Y ork, N . Y.
O ctober 14th, 1920

PLATINUM THEFT

President D . R . Anderson, of Randolph-Macon Woman’s 
College, Lynchburg, Va., reports that its supply of platinum, 
amounting to 682.579 g., has recently been stolen.

of the United States Tariff Commission and will make available 
for the first time valuable comparative information.

The table was prepared by A. R. Willis, and other members 
of the chemical staff of the Commission who have been at work 
on the census, for the purpose of placing dye statistics in a form 
that can be readily interpreted by the consumer. It  has not 
yet been worked out to absolutely final figures, because of in
ability to get all reports affecting totals. Certain preliminary 
figures, however, are tabulated below.

P er cen t of P e r cen t of
T ype  of Dye T o ta l Im p o rts T o ta l P roduction

1914 1917 1918 1919
Acid d y es .................................. 18
Basic d y es................................. . . .  6 .53 7
Color lakes and  spirit-soluble

d y e s ........................................ 3 .29 2.03 3
D irect d y e s ............................... 24.32 2 1 .0 1 23
M ordan t d y es .......................... . . .  9 .69 9 .0 6 9 .3 2 8
Sulfur d y es ............................... . . .  15.35 33.91 40.53 27
V at dyes (including indigo). . . .  22.53 0 .63 5.61 15
It  should be pointed out, in the case of the va t dyes, that 

synthetic indigo formed a very large part of the total classed 
as v a t dyes in the table in 1919. While synthetic indigo also 
was included in the 1914 import figures, this dye formed a larger 
proportion of the total va t dyes produced here in 1919 than in 
the 1914 imports.

Varying conditions and developments in the history of our 
dye needs and manufacturing ability, of course, affected the 
production of these various classes of dyestuffs. In  general, 
these fluctuations were accounted for in the preliminary state
ment of the census made by Dr. Grinnell Jones, chief chemist 
of the Commission, in his address last month a t the Exposition 
of Chemical Industries in N ew Y o rk  C ity .1

Statistics now being gathered for publication will give con
siderably more details regarding our dye industry than have 
heretofore been available. T he W ar Trade Board has begun 
compilation of statistics showing the total licenses granted for 
dye imports during the fiscal year ending w ith  June last. While 
the licenses granted by the Board will not mean in all cases 
actual imports, they will give as accurate a  statem ent of the 
needs and desires of American dye consumers as it  is possible 
to obtain in the opinion of W ar Trade Board officials.

Preliminary figures show th at licenses were granted, during 
the fiscal year ending w ith June last, for dye imports from 
Germ any amounting to 3,500,000 lbs., while licenses granted 
for imports from non-enemy countries totaled approximately
8,000,000 lbs., the largest proportion of which came from Sw itz
erland, imports of more than 5,000,000 lbs. being licensed by 
the Board from that country.

■ T rna  J o u r n a l , 12 (1920), 959.

W ASHINGTON LETTER
B y J . B . M c D o n n e l l ,  U nion T ru s t B uilding, W ashington, D .  C.
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While these W ar Trade Board statistics would be valuable 
in themselves, their value will be further enhanced by the pub
lication by the United States Tariff Commission of a census 
of dye imports during the same fiscal year, using the Norton 
1914 import census as the basis. A n interesting comparison 
will be afforded by these two censuses of imports. Such import 
statistics as are regularly collected and made public by  the 
Government through the Bureau of Foreign and Domestic 
Commerce of the Departm ent of Commerce do not approach 
the detail desired, and such statistics as the Commission pro
poses to publish are not elsewhere available.
' While the Tariff Commission is being discussed it might be 
interesting to note th at Commissioner Culbertson in a speech 
recently delivered before the Southern Tariff Congress a t N ew 
Orleans declared that the development of the American dye 
industry "reads like a fain ' tale”  of achievement.

Dyes, of course, are far from entitled to occupy the center of 
the chemical stage a t all times, but to an ordinary laym an it is 
somewhat surprising to find that the Government is conducting 
experiments with dyes as a possible cure for tuberculosis, under 
the direction of Dr. M cC oy of the Hygienic Laboratory. Dr. 
M cC oy is working in cooperation with Dr. Paul Lewis, of the 
Phipps Institute, Philadelphia, who also is engaged in con
ducting experiments along this line.

FEDERAL TRADE COMMISSION COMPLAINTS

Signs of scientific and industrial activity  are beginning to 
reappear. The annual industrial exposition held a t Lyons 
(the Lyons fair) has just opened. This covers a district important 
in the chemical industry.

Owing to its proximity to the Alps and the Cevennes, the 
region of Lyons is particularly fortunate in possessing numerous 
waterfalls. The chemical works accomplished a great deal 
during the war, and since that time have adapted their manu
factures to new needs. The pyrite mines of Saint-Bel, which 
arc in this district, produce annually 270,000 tons, thus provid
ing also for the development of all the industries dependent on 
sulfuric acid.

Exhibits at the Lyons fair by the different firms of the region 
include notably fats, stearin, glycerol, and gelatin. One com
pany alone produces monthly 150 tons of oleic acid, 30 tons of 
glycerol, and 1,000 tons of soap.

Also to be noted are tanning extracts and natural coloring 
matters, 100,000 tons of which are annually produced in the 
region.

All the large industries of the district which use illuminating 
gas are recovering the benzene from the gas, in order to provide 
raw materials for the manufacture of dyes. Considerable 
effort has been made along this line.

T he production of dyes during the past year was 1391 tons 
in the Lyons district alone, while in 1913 all the French industries 
together produced only 1000 tons.

Mention should also be made of the exhibit of photographic 
and pharmaceutical products b y  the well-known scientists, 
M M . Auguste and Louis Lumière, and also of the active efforts 
in the manufacture of textiles and artificial silk.

Professor Grignard now occupies the chair of organic chemistry 
of the Faculty of Sciences at Lyons, and he is actively engaged 
in promoting the necessary liaison between science and industry.

NICKEL PLATING OF ALUMINIUM
The French Society of Civil Engineers has just held its opening 

meeting of the season. An interesting paper was presented 
by M . Léon Guillet, professor at the Conservatoire des Arts et 
Métiers, who discussed ' the problem of the nickel plating of 
aluminium. This is not a new question, but all the patents 
dealing with this subject have not given satisfactory results.

Chemical Company and Alexander S. Mann, Providence, R . I., 
textile finishing materials.

NAVAL RESEARCH LABORATORY
Bids for the construction of a N aval Research Laboratory to 

be established a t Bellvue, D . C., were opened recently by  the 
N a vy  Department. Bids will be opened later for supplying 
of laboratory equipment which will be desired. The laboratory 
is for the purpose of testing and experimentation on ordnance 
and ordnance materials and supplies and other articles, and other 
naval uses calling for laboratory research. The laboratory is 
to be established out of an appropriation of Si ,500,000 given by 
Congress in 1917. Because of the wording of the appropriation, 
some of this fund has been used for other purposes, so that 
there is now available about $1,000,000 for construction of the 
plant.

t h e  d y e  b i l l

While little or nothing is being done in Washington at present 
— for obvious reasons— by supporters of the dye bill, the bill 
retains the same parliamentary status a t the coming session of 
Congress in December as when that body adjourned last session. 
There is no doubt but that strong efforts will be made to have 
definite action taken by the Senate a t this session. I t  should 
be borne in mind, however, that, in case of failure of the measure 
to get final action by Congress, both Senate and House, before 
adjournment of next session, it will lose all advantage it now

The problem is that of developing the use of aluminium for 
coatings and obtaining a metal which is not attacked by 
different liquids, particularly sea water.

Good results are not obtained with perfectly polished 
aluminium. Neither should there be a too pronounced scouring. 
M . Guillet has obtained excellent results by a cleaning with 
jets of sand under light pressure (600 g.), followed by a 
nickel plating of 0.06 mm., then a copper plating of 0.012 mm., 
and finally a second nickel plating of 0.06 mm., the nickel and 
copper plating being effected in baths by  the ordinary pro
cedure.

Pieces thus prepared have been perfectly successful. Tests 
of stamping, of folding, and of burnishing, as well as the action 
of caustic soda, have proved the good quality of the nickel 
plating obtained.

The process has not been patented, and M . Guillet is quite 
ready to give further explanation to those interested. His sole 
interest is only to facilitate and popularize the use of aluminium.

SUGAR

M . Paul Kestner has recently installed in Saint-Gaudens 
(Haute-Garonne) and in Belgium, in the region of the Sambre, 
two large factories for the sugar fields. In the factories he is 
preparing "whole”  sugar.

This sugar is incompletely defecated, leaving in the juice 
certain nitrogenous products of the beet. These products 
have a food value and until now have been discarded in the 
residue and used as fertilizer.

The sugar obtained b y  M . Kestner is slightly brown in color 
and can be used in the manufacture of chocolate and candy.

ARMAND GAUTIER

Professor Armand Gautier, one of the deans of French chem
istry, has recently died a t the age of 83. T o  him is due the 
discovery of nitriles, carbylamines, and ptomaines. He studied 
also the normal state of arsenic in the human body, and opened 
the w ay to the medical application of arsenical derivatives. 
He also carried on investigations on mineral waters and petro
leum.

O ctober 7, 1920

Recent complaints issued by the Federal Trade Commission has as a bill already passed by the House, and will have to go
include charges of bribery of employees by the United States over the same steps which it began so many months ago.
Color &  Chemical Co., Inc., Boston, M ass., and the Seym our O ctober 16, 1920

B y C h a r l e s  L o r m a n d ,  4 A venue de l ’O bservatoire, P aris , F rance

INDUSTRIAL NOTES
Experiments conducted by the Bureau of Plant Industry of The University of Buffalo has received a gift of $400,000 

the U. S. Department of Agriculture have proved the superiority for the erection of a chemistry building, as well as anonymous, 
of European seed-flax varieties for the north-central states. gifts of $250,000 towards endowment and a library building.
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The W ar Departm ent has announced the sale of the Old 
H ickory Powder Plant at Jacksonville, Tenn., to the Nashville 
Industrial Corporation for $3,505,000. The Government has 
reserved a large amount of space at the plant for the storage of 
smokeless powder and other materials, as well as powder-making 
machinery. The Government also retains possession of the 
numerous concrete foundations which will assure the nucleus of a 
smokeless powder plant for completion and use in time of national 
emergency.

The Chemical Club of Philadelphia was formed at a luncheon 
given October 11,1920, by the chemical jobbers and manufacturers 
of the city, and definite plans for the organization were formu
lated. W eekly luncheons are planned for the purpose of form
ing closer business relations among the chemical trade.

The Borden Company of N ew Y o rk  has contributed to Colum
bia University $10,000 to be added to the gift previously made 
b y it for research in food chem istry and nutrition under the 
direction of Prof. H enry C. Sherman. Dr. A. C. Langmuir 
of the class of 1893 has contributed $100 to be applied toward 
needed equipment in the department of chemistry.

Fire at the Butterworth-Judson Corporation plant in Newark, 
N . J., on September 20, completely destroyed the £-nitroaniline 
unit. Specifications for the new plant have been prepared and 
production is expected to begin by  the first of December.

An institute for chemical and physical research has been 
founded in Japan at a cost of half a million pounds, subscribed 
by persons engaged in industry and commerce in Tokyo, Y o k o 
hama, and other towns. An annual subsidy of £200,000 has 
been granted by the government, and the emperor has made a 
personal donation of £100,000.

The office of the Technical Association of the Pulp and Paper 
Industry has been moved from 18 E . 41st Street to 542 Fifth 
A ve., New Y o rk  C ity. The new quarters will provide oppor
tunity for minor laboratory work, including microscopical, 
chemical, and physical testing of paper and fibers.

The General Electric Com pany has contributed $30,000 to 
extend the investigations of the Committee on Fatigue Phe
nomena of M etals of the Division of Engineering of the National 
Research Council, to include work on 3 per cent and 3.5 per cent 
nickel steel. The Engineering Foundation Board a year ago 
made a grant of $15,000 yearly  for two years for investigations 
in carbon steels, the experimental work to be done a t the Uni
versity of Illinois under the supervision of Prof. H. F. Moore.

The United States Gypsum  Co., of Chicago, has begun the 
construction of a plant at Sweetwater, Texas, to cost $1,000,000.

T he Compressed Carbonic Co., of Baltimore, has been or
ganized with a capital of $1,020)000, to recover 2,000,000 lbs. 
of carbon dioxide annually, using waste gas of the U. S. Indus
trial Alcohol Com pany at Curtis Bay. T he following officers 
have been elected: President, A. R . Ludlow, vice president of 
the A ir Reduction Co.; vice president and general manager, 
George B . Cowper.

T he Emporia Potassium Phosphate Company is being or
ganized a t Emporia, Va., by  Californian chemical engineers 
who have been instrumental in establishing the potash industry 
in Nebraska, to manufacture fertilizer from feldspar and phos
phate rock. T he process consists in fusing a combination of 
feldspar, phosphate rock, and a soda flux, and if the industry is 
developed as planned it is expected to mean revolutionizing the 
fertilizer industry, and rendering this country absolutely inde
pendent of German potash supplies. T he product will be potas
sium phosphate, w ith an analysis of 16 per cent phosphoric acid 
and 6 per cent potash.

The American Cellulose and Chemical Com pany is to erect 
a large plant at Amcelle, M d., for the manufacture of artificial 
silk. If  present plans are carried out, this will be the largest 
of its kind in the world.

The Crop Protection Institute has been organized by a group 
of scientific investigators and representatives of industrial 
concerns, with the advice and assistance of the National R e
search Council, to make a series of thorough scientific studies of 
the crop pests themselves and the means for improving and 
standardizing the materials and appliances used in fighting them. 
The Board of Trustees of the Institute is composed of nine 
scientific men representing leading scientific organizations and 
four representatives of manufacturing and commercial interests, 
with H. E- Howe, chairman of the Division of Research E x
tension of the National Research Council, acting as temporary 
secretary. T he Institute will not duplicate existing efforts of 
government bureaus, state experiment stations or other agencies, 
but will introduce a more general cooperation and give .special 
attention to filling important gaps now existing.

T w enty chemical companies were organized during the month 
of September 1920, w ith a total capitalization of $7,720,000, 
as compared w ith ,$36,715,000 in August and $21,475,000 in 
July. T he total authorized capital of new companies for the 
first nine months of 1920 is $175,642,000 as compared with 
$77,436,000 in 1919, and is 50 per cent greater than the total 
during the year 1919.

T he production of petroleum in the United States during 
1919 showed an increase of about 6 per cent in quantity and 
10 per cent in value over 1918, while natural gas showed a de
crease of about 20 per cent in quantity.

2,000,000 tons of potash were imported to the United States 
from Germany in 1913, as compared w ith 92,000 tons for the 
first half of 1920.

A  number of prominent steel foundries grouped for the purpose 
of developing and perfecting higher standards in the produc
tion of steel castings have appointed M r. R. A. Bull, of Pitts
burgh, as consulting metallurgist to devote his entire time to 
research work.

T he manufacture of artificial fertilizer is becoming a major 
industry in Japan, although before the w ar there was only one 
company of any size engaged in its production. One handicap 
of the industry is the necessity of importing the raw materials.

T he Fort W orth Acid Works, Fort W orth, Texas, is building 
a plant for the purpose of extracting sulfuric acid from the sludge 
of oil refineries. A  large percentage of the acid used in the 
process of refining petroleum products remains in its original 
state, except for being rendered unavailable for further use through 
accumulation of particles of tar, asphalt, and other substances, 
but the amount of sludge from one refinery does not justify the 
installation of machinery for reclaiming. T he Fort W orth 
Acid Works will obtain its raw material from refineries at Fort 
W orth, Dallas, W ichita Falls,-Ranger, and other points.

T he six-acre plant of the Barber Asphalt Company near 
Perth Amboy, N. J., was recently destroyed by fire w ith a loss 
of nearly $3,000,000. The four units of the plant for asphalt 
refining, for making roofing asphalt, for asphalt flooring products, 
and for asphalt paving blocks were burned, w ith their store
houses, only the piers along the waterfront escaping the fire. 
Two of the six steel tanks containing asphalt were also de
stroyed.

The National Malleable Castings Company has opened its 
new laboratory in Cleveland, Ohio, which is devoted purely to 
research and general investigations, the routine analytical and 
testing work required for works control being carried on a t the 
various plant laboratories. T he department occupies a three- 
story building which is equipped for work in chemistry, physics, 
metallography, metallurgy, and materials testing. H. A. 
Schwartz is manager of research, H. R. Payne, chief chemist and 
acting metallographer, M . M . Austin and Anna Nicholson, 
research chemists, A . F. Gorton, physicist, W . W . Flagle, engi
neer of tests, and C. A. Thornburg, chief clerk.

Experiments in the development of the turpentine industry 
in California during the winter season of 1919-20 have proved 
satisfactory. 10,000 cups were placed, and 39 bbls. of gum 
gathered and shipped to a refinery in San Francisco.

The Canadian Dominion Bureau of Statistics has recently 
issued a preliminary report in regard to the paint and varnish 
industry of Canada in 1918. During 1918, 45 plants were in 
operation, with total assets of $15,784,610, and raw materials 
costing $9,203,530 were used.

The United States Civil Service Commission has announced 
open competitive examinations for chemist at $3,000 to $5,000 
a year, and associate chemist at $2,000 to $3,000 a year, to fill 
positions in the Chemical W arfare Service, Edgewood Arsenal, 
Edgewood, M d., and others requiring similar qualifications. 
Competitors will be rated on (1) education, training, and ex
perience, (2) experience and training as an executive, and (3) 
original research work completed, and must qualify in at least 
one of the following optional subjects: Advanced inorganic
chemistry, analytical chemistry, organic chemistry, pharmaceu
tical chemistry, and physical chemistry. Applications, together 
w ith unmounted photographs, must be filed by November 9, 
1920, with the secretary of the Fourth Civil Service District, 
Old Land Office Building, Washington, D. C.

T he Melbourne & M etropolitan Gas Co., of Australia, which 
carbonizes annually from 250,000 to 300,000 tons of coal, is 
considering plans for the installation of a distillation plant for 
the recovery of by-products of coal tar which are now wasted. 
The by-product plant of the Australian Gas Light Co., in Sydney, 
produces a  revenue of $681,000 annually, treating only half of 
the 400,000 tons of coal used annually.
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PE R SO N A L N O TE5
Dr. Ellwood B. Spear has resigned from the faculty of the 

Massachusetts Institute of Technology to accept a position 
with the Goodyear Tire &  Rubber Co., Akron, Ohio.

M r. Robert F. Wood, for four years metallurgist with the 
Sandusky Foundry &  Machine Co., Sandusky, O., has re
signed from that position and has accepted a similar one with 
the Monel M etal Products Corp., Bayonne, N . J.

M r. Harold O. Trotter who has been doing'special detail work 
in St. Louis among physicians and dentists for Bristol-M yers 
Co., of Brooklyn, N . Y ., is now connected with Eli L illy  &  Co., 
Indianapolis, Ind., in their manufacturing division.

M r. W infield Scott has left the employ of the Goodyear Tire & 
Rubber Co., Akron, O., where he had charge of organic research, 
and has accepted a position with the Quaker C ity  Rubber Co., 
Philadelphia, Pa., where he is in charge of the research depart
ment.

M r. W . Vernon Godshall, formerly assistant professor of 
general, qualitative, organic, physiological and household 
chem istry at M iami University, Oxford, O., has accepted a 
similar position in physiological chemistry in the department of 
physiology of the University of Wisconsin, Madison, Wis., and 
also a position as chemist on the Interdepartmental Board for 
the estimation of the elimination of arsenic from patients treated 
with certain arsenical drugs in case of syphilis.

M r. M ax Albert, formerly chemist in charge of the branch 
chemical laboratory of the Bureau of Standards, Northampton, 
Pa., is now connected with the Newport Chemical Co. (Carroll- 
ville, W is., operation) where he is engaged as research chemist, 
working on improved methods for manufacturing crystalline 
sodium sulfide (suitable for use in connection with production 
of sulfur dyes).

M r. C. A. Browning, formerly head of the chemical department 
of Howe M ilitary Academy, Howe, Ind., has recently taken 
a position with the People’s Gas Light &  Coke Co., of Chicago.

M r. A. F. W endler has resigned as instructor in chemical 
engineering at the University of Michigan, Ann Arbor, M ich., 
to accept a  position in the test division of the engineering de
partment of the National Aniline &  Chemical Co., of Buffalo, 
N . Y .

M r. Paul J. Peterson is now chief chemist with Wadsworth, 
Howland &  Co., Malden, M ass., having formerly been con
nected with the North Dakota Agricultural College.

M r. Alfred E. Galloway, a former graduate student and 
assistant in organic chemistry in the department of chemistry 
at Ohio State University, Columbus, O., has accepted a posi
tion in the organic research laboratory of the New Jersey plant 
of the Grasselli Chemical Company.

M r. W . H . K een  resigned a short time ago from the Hess 
Steel Co., Baltimore, M d., where he held the position of tool 
steel manager, and has opened an office as consulting metallurgist 
in Newark, N. J.

M r. P . J. Anderson has left the Root &  Van Dervoort E n 
gineering Co., E ast Moline, Wis., and has accepted a position 
with the Samson Tractor Co., Janesville, Wis., where he has 
charge of cupolas and mixing of grey iron and semi-steel.

Dr. Glenn S. Skinner, formerly assistant professor in organic 
chemistry a t Oberlin College, Oberlin, O., has accepted a similar 
appointment in the department of chemistry a t the University 
of Wisconsin, Madison, Wis.

Dr. G. R. Shaw, upon receiving the doctor’s degree a t the 
University of Wisconsin last June, left work there as an in
structor and accepted a position with the experimental engi
neering laboratory of the National Lamp W orks of the General 
Electric Co., Cleveland, Ohio.

M r. James R. Wilson, formerly teaching fellow a t the C ali
fornia Institute of Technology, Pasadena, Cal., is at present 
in the research department of the Western Electric Co., N ew 
Yo rk  City.

M r. Charles M . H ayes, a recent graduate from the Pennsyl
vania State College, is now connected with the National Carbon 
Co., Inc., Lakewood, Ohio, in the engineering department of 
their American Ever-Ready Works.

M r. Harold Bedient, who has been an assistant in chemistry 
at Cornell University, where he was studying for his Ph.D. 
degree, sailed September iS for China to take a position as 
professor of organic and sanitary chemistry in the Fukien Uni
versity at Foo Chow, China.

M r. Lloyd A. H all resigned as chief chemist with John Morrell 
& Co., Ottumwa, la ., to accept a similar position with the Boyer 

Chemical Laboratory Co., Chicago, 111.
Dr. Edward Culmann, formerly with the Schocllkopf W orks 

of the National Aniline &  Chemical Co., Buffalo, N . Y ., is 
now connected with the American Aniline Products, Inc., as 
technical director of the Lock Haven Works, Lock Haven, Pa.

M r. Raymond E. K irk resigned as instructor in the de
partment of chemistry, Iowa State College, Ames, la ., and en
tered upon his duties as assistant professor of general inorganic 
chemistry in the School of Chemistry of the University of 
Minnesota, Minneapolis, Minn.

Recent additions to the personnel of the Research Division, 
C. W . S., a t Edgewood Arsenal, which is being increased rapidly 
to take care of the m any problems which come to this Division, 
are as follows: M essrs. John C. Bubb, T . E . Knapp, K . D . 
Ashley, Earl H . Barclay, and W . L. Tanner, research chemists; 
M essrs. V. T . Ellis, and H . L. Humphrey, chemical engineers; 
M essrs. J. C. Goshorn, Earl Otto, Benjamin Engleman, M ax 
Berlin, J. D. Craig, E. M . Berry, H . E. Bloomsburg, R. S. Brown, 
M ark C. Lewis, Philip Barnhart, and T. E. Kendrick, junior 
chemists, and M r. E. K . Long, mechanical and electrical en
gineer. I t  is expected to increase the chemical and mechanical 
force until Edgewood has between 200 and 300 technical men 
engaged upon research, plant development, smoke and in
cendiary development, and toxicological work.

A  laboratory for research on dyestuffs and explosives has been 
established at George Washington University, Washington, D.
C., under the general supervision of Prof. H . C. M cNeil, and 
in charge of M r. G. W . Phillips, formerly of the Chemical W ar
fare Service. Dr. C. E. Monroe, of the National Research 
Council, will be consulting chemist of the laboratory.

M r. Olin K . Smith has left the Federal System of Bakeries of 
America and has taken a position as industrial engineer with 
the Western States Portland Cement Co., of Independence, 
Kans.

M r. F. H . Fish, formerly special research test assistant on 
the joint investigation of the fatigue of metals at the University 
of Illinois, Urbana, 111., has been appointed associate professor 
of analytical chemistry in the Agricultural and Mechanical 
College of Texas, College Station, Texas.

M r. R. H. Bullard has resigned his position with the Roessler 
&  Hasslacher Chemical Com pany in order to return to Hobart 
College, Geneva, N . Y ., as instructor in chemistry.

M r. C. J. Overmyer, Rhodes Scholar from M ichigan as of 
1919, left the chemistry department of Michigan Agricultural 
College, East Lansing, where he was an instructor, and has 
sailed for Oxford, England, where he will enter Oriel College 
for three years’ work in chemistry.

M r. W . G. Bowers, having resigned as head of the laboratory 
of the State Food Commission, Fargo, N . D ., recently accepted 
an appointment as head of the department of chemistry in the 
Colorado State Teachers’ College at Greeley, Col.

M r. H. H . Brown, formerly connected with the Bureau o f 
Chemistry, Department of Agriculture, where he was in charge 
of the chemical investigations on the cause and prevention of 
dust explosions, is a t present employed by the Pejepscot Paper 
Co., Brunswick, Maine, to establish a  chemical research lab
oratory and to investigate chemical problems connected with the 
manufacture of paper and the utilization of waste products.

M r. L. D. Vorce resigned as works manager with the Canadian 
Salt Co., to take up active duties with the Precision Instrument 
Co., of Newark, N . J., of which concern he is vice president.

M r. W . W . Hambly, until recently connected w ith E . I. dU' 
Pont de Nemours &  Co., has secured a position in the production 
department of the General Electric Co., Schenectady, N . Y .

M r. R. B . Arnold has given up his work as consulting chemical 
engineer at Richmond, Va., and has become vice president, in 
charge of manufacture, of the Delion Tire &  Rubber Co., of 
Baltimore, M d.

M r. Ralph B. Hammond, formerly research chemist at the 
Mathieson Alkali Works, Inc.,- Niagara Falls, N . Y ., has re
signed from that position to become division superintendent 
of the Acheson Graphite Company, of the same city.

M r. H . B. Pulsifer, formerly of the Montana State School of' 
Mines, is now assistant professor of metallurgy at Lehigh U n i
versity, Bethlehem, Pa.
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M r. George D. Chamberlain recently changed his business 
connections from metallurgical engineer for the Heppenstall 
Forge & Knife Co., Pittsburgh, Pa., to assistant general super
intendent of the Standard Seamless Tube Co., Ambridge, Pa.

M r. Lauren H. Ashe has resigned as chief chemist and produc
tion manager of the Capital C ity  Products Co., Columbus, 
Ohio, to become assistant general manager of the K o-K o-M ar 
C o., of Cleveland, Ohio.

M r. Chas. L . W iswall recently accepted a position w ith the 
Perth Am boy Chemical Works, Perth Amboy, N . J., as chemical 
engineer, his former position being production manager of the 
Vulcan Detinning Co., Sewaren, N . J.

M r. E . B . Cordon upon graduating from the U niversity of 
N orth Carolina last June accepted a position as a chemist in 
the plant laboratories of the P ratt and Lam bert Varnish Co., 
Buffalo, N. Y .

Dr. W aldem ar T. Schaller has severed his connection with the 
G reat Southern Sulphur Co., Inc., of New Orleans, La., and has 
returned to  the U. S. Geological Survey, Washington, D. C.

M r. Fred S. M ulock, formerly operating superintendent of 
the U. S. Bureau of Mines a t the U. S. Government Experiment 
Station, Petrolia, Texas, is now in the research department of 
the U. S. Smelting, Refining, and M ining Co., Boston, Mass., 
and is at the same time connected with the U. S. Bureau of 
Mines as consulting mechanical engineer.

Dr. M . C. Teague resigned as gas chemist a t the Pittsburgh 
Station of the U. S. Bureau of Mines to accept the position as 
research chemist for the U. S. Rubber Co., N ew  Y o rk  C ity.

M r. Paul D . W atson, a graduate last June in the chemical 
engineering course at the University of Pittsburgh, is now as
sistant chemist with the General Chemical Co., at their Laurel 
Hill Laboratories, L . I., N . Y .

M r. M . C. Burt, formerly connected with the Aetna Explosive 
■Co., has been put in charge of the Bridgeport W orks of the 
Remington Typew riter Co., Bridgeport, Conn., where carbon 
paper and typewriter ribbons are manufactured.

M r. Reginald K . Pierce,, treasurer of the Semet-Solvay 
and the K entucky Solvay companies, was killed recently in an 
autom obile accident.

M r. H arry I. Johnson has been appointed director of the new 
■chemistry department at Roanoke College, Salem, Va., having 
resigned as assistant professor of chemistry at N. C. State College 
o f  Agricultural &  Engineering, W est Raleigh, N. C.

M r. Ralph A. Gould and M r. Bryant S. D rake announce 
their association from August i ,  1920, as a partnership under 
the firm name of Gould & Drake, chemical engineers, with offices 
in San Francisco, Cal.

M r. Thomas P. Shields has left Hoover &  Strong, Inc., 
Buffalo, N . Y ., where he was superintendent, to cake a  position 
a s  technical director of W endall &  Co., manufacturing jewelers 
and  refiners, N ew Y o rk  City.

Dr. Roland Neal, professor of chemistry at the College of the 
Pacific, San Jose, Cal., since 1910, has been appointed to the 
professorship of chemistry in D rury College a t Springfield, Mo.

M r. Thomas E. Comerford, formerly employed as chemist by  
the Aetna Explosive Co., at their Fayville, 111., plant, is at present 
•employed in a similar capacity by the Oldbury Electrochemical 
Co., Niagara Falls, N . Y .

M r. Fred W . G eise, for the past three years connected with the 
U. S. Departm ent of Agriculture, Bureau of Plant Industry, 
Washington, D . C., with temporary station a t University of 
Chicago, Hull Botanical Laboratories, Chicago, 111., is now as
sociate plant physiologist with the Virginia Truck Experiment 
Station, Norfolk, Va.

M r. C. H. Kidw ell resigned recently as chief of the Q uality of 
W ater Division of the W ater Resources Branch of the U. S. 
Geological Survey, Washington, D. C., to accept a  position with 
th e  Solvay Process Co., Syracuse, N . Y .

M r. Robert H . Currie, formerly of the main office chemical 
staff of the du Pont Co., Wilmington, Del., has accepted 
a  position w ith the Acheson Graphite Co., Niagara Falls, N . Y ., 
as superintendent of the lubricant works.

M r. Claude E. M cLean resigned his position as first assistant 
chemist in the Memphis Laboratory of the Union Seed & 
Fertilizer Co., to accept a position as chemist in charge of a 
laboratory for the Osage Cotton Oil Co., Muskogee, Okla.

M r. H . B . Corbett has severed his connections with the U. S. 
Public H ealth Service as sanitary bacteriologist, and has joined 
the forces of the H. A . M etz Laboratories, N ew  Y o rk  City, 
where he will work in the biological testing division.

M r. Paul Moore, now director of the Information Bureau of 
the W ar Trade Board, became Secretary of the Division 
of Research Extension, National Research Council, on or about 
October 1, and will devote his efforts to the promotion of re
search with special reference to the industries.

M r. Carl G. Hinrichs, a graduate of the St. Louis College of 
Pharmacy, has been elected associate professor of chemistry of 
that institution.

Dr. H. E. W ells, formerly professor of chemistry at W ash
ington and Jefferson College and a Captain in the Chemical 
Warfare Service, U. S. A., has been appointed professor of chem
istry at Smith College, Northampton, Mass.

M r. F. H . Tucker has severed his relations as associate chem
ist of the Bureau of Standards, Washington, D. C., to become 
chemist in the research laboratories of the Chile Exploration 
Co., New Y ork City.

M r. Geoff A. Saeger resigned as chief chemist for the Lehigh 
Portland Cement Co., New Castle, Pa., to accept a similar posi
tion with the Bessemer Limestone &  Cement Co., Bessemer, 
Pa.

M r. Benjamin R. Jacobs recently announced his resignation 
from the Bureau of Chemistry, Washington, D. C., having ac
cepted the directorship of the National Cereal Products Labora
tories, with offices in the above city.

Dr. F. Hastings Smyth resigned as secretary of the Clinton 
M etallic Paint Co., Clinton, N . Y ., to accept a position on the 
staff of the Geophysical Laboratory of the Carnegie Institution 
of Washington.

M r. F. D. Haskins who was formerly instructor in chemistry at 
Washington University, St. Louis, Mo., has been appointed as
sistant professor of chemistry a t Mercer University, Macon, Ga.

M r. G. H. Montillon, instructor of chemical engineering at the 
University of Wisconsin, Madison, Wis., for the year 1919-1920, 
has resigned, and is now assistant professor of chemical engi
neering at the University of Minnesota, Minneapolis, Minn.

Dr. Arthur M . Buswell, formerly instructor in sanitary chem
istry at Columbia University, has been appointed chief of the 
Illinois State W ater Survey, and associate professor in sanitary 
chemistry at the University of Illinois.

Dr. Carl L . Alsberg, chief of the Bureau of Chemistry, was 
elected president of the Association of American D airy Food 
and Drug Officials a t their recent convention held in St. Louis.

M r. Charles W . Cuno, formerly professor of chemistry at 
Yankton College, Yankton, S. D., has accepted the position 
of assistant professor of chemistry in Washington University, 
St. Louis, Mo.

M r. C. W . Botkin, associate professor of chemistry at the 
Colorado School of Mines, has resigned to accept a position as 
research chemist for the American Shale &  Petroleum Co., 
of San Francisco, Cal. The research work, however, will be 
conducted at the Colorado School of Mines in Golden, Col.

M r. Harold N. Hermann recently joined the engineering 
staff of the M antius Engineering Co., Inc., N ew  Y o rk  C ity, 
having previously been associated with the Eflorose Sugar Co., 
Carthage, Ohio, as chemist.

M r. H . B . Riffenburg, assistant professor of chemistry and 
chemical engineering, at Texas Agricultural and Mechanical 
College, College Station, Texas, recently resigned to accept a 
position as junior chemist in the Quality of W ater Division of 
the W ater Resources Branch of the U. S. Geological Survey, 
Washington, D. C.

M r. R. A. W atson, formerly with the Gem Y a rn  & D ye W orks 
of Central Falls, R. I., has become teacher of dyeing in the 
Philadelphia Textile School, Philadelphia, Pa.

M r. Raymond A. Heindl has resigned as assistant chemist 
with the Aluminum Company of America to accept the posi
tion of chemist with the National Abrasive Co., N iagara Falls, 
N . Y .

Dr. Rodney B . Harvey resigned as plant physiologist. Bureau 
of Plant Industry, Washington, D . C „  to accept the position of 
assistant professor in plant physiology a t the University of 
Minnesota, and assistant plant physiologist in the Minnesota 
Experiment Station. Dr. H arvey will still be retained by the 
Bureau of Plant Industry as collaborator under a  cooperative 
arrangement.

M r. John F. M cBride who was formerly in the research de
partment of the National Aniline &  Chemical Co., studying 
methods of production of certain dyestuffs and intermediates, 
has entered the department of chem istry of the University of 
Chicago where he will begin research for the Ph.D . degree in 
organic chemistry.
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GOVE.RNME.NT PUBLICATIONS
By N e l l i e  A. P a r k i n s o n ,  B ureau of C hem istry , W ashington , D . C.

N O T IC E — Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C . Other publications can 
usually be supplied from the Bureau or Departm ent from which 
they originate. Commerce Reports are received b y  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. T he regu
lar subscription rate for these Commerce Reports mailed daily 
is $2.50 per year, payable in advance, to the Superintendent of 
Documents.

U N IT E D  S T A T E S  T A R IF F  C O M M IS S IO N

Barytes, Barium Chemical, and Lithopone Industries In
cluding Costs of Production, 1919. Tariff Information Series 
No. 18. 90 pp. Paper, 15 cents. Issued September 1920.

The Crude Botanical Drug Industry. Tariff Information 
Series No. 19. 69 pp. Paper, 10 cents. Issued September 
1920. This pamphlet presents a discussion of the crude bo
tanical drug industry, with special reference to those foreign and 
domestic articles of chief importance in the drug trade. The 
report is divided into two parts and an appendix. (1) Drugs 
are defined and classified, and the world trade, production, and 
consumption of these articles are discussed; a brief review of 
tariff treatment and policy is also presented. (2) This chapter 
classifies drugs according to their geographical source, and is 
chiefly concerned with the principal imported articles and those 
which have been or m ay probably be cultivated commercially 
in the United States. (Appendix.) T he portions of the Tariff 
A ct of 1913 referring to drug products are cited.

P U B L IC  H E A L T H  S E R V IC E

Acid Bum s on Hands of Solderers. Experience at the Curtis 
Bay General Ordnance Depot, South Baltimore, M d. H. W . 
K e a t l e y . Public Health Reports, 3 s ,  2 1 6 1 -3 . The soldering 
process, the problem it presents, the causes of the burns, and 
preventive measures are described.

M ethods of Increasing the Efficiency of Rural Sanitation. 
T . J. R o b i n s o n . Public Health Reports, 35, 2200-2.

“ F ake”  Orange Beverages. Public Health Reports, 35 , 
2204-5. Attention is called to the fact that these “ fake” 
preparations are generally lacking in the organic acids and the 
vitamines which give medicinal value to the genuine orange 
juice.

The Effect of Shaking Alkalinized Aqueous Solutions of 
Arsphenamine and Aqueous Solutions of Neoarsphenamine in 
the Presence of Air. G . P. R o t h .  Public Health Reports, 
35, 2205-10. Shaking alkalinized aqueous solutions of ars
phenamine or aqueous solutions of neoarsphenamine in the 
presence of air renders them highly toxic, as shown b y  intravenous 
administration to white rats. The increase in toxicity caused 
by such shaking is presumably due to the oxidation of these 
compounds to £-oxyphenylarsenoxide, inasmuch as shaking 
a solution of neoarsphenamine in the absence of air does not in
crease the .toxicity of such a solution. The conclusion drawn 
from the investigations is that the toxicity of aqueous solutions 
of neoarsphenamine is greatly influenced by the manner in which 
they are prepared for administration.

Quantitative Studies in Chemotherapy. I. The Trypanocidal 
Action of Arsenic and Antimony Compounds. C a r l  V o e g t l in  
a n d  H. W . S m i t h , with the cooperation of M . M . C r a n e , K .
D. W r i g h t  a n d  M . A . C o n n e l l .  Public Health Reports, 
3 5 , 2264-73. A  method for the rapid’ and accurate determina

tion of the trypanocidal power of drugs is recommended. A  
sharply defined minimum effective dose is observed, below which 
the drug has no appreciable effect upon the parasites of infectious 
diseases. Atsphenamine and neoarsphenamine have to be 
oxidized in the body before they can act upon the parasites.

Treatment and Disposal of Sewage. Brief Descriptions of 
Methods, Processes, and Structures Used in the Treatm ent and 
Disposal of Sewage in the United States, with Bibliography. 
H .  B. H o m m o n , J. K . H o s k i n s , H .  W . S t r e e t e r , R . E. T a r - 
b e t t  AND H .  H .  W a g e n t h a l s . Reprint No. 580 from Public 
Health Reports. 36 pp. Paper, 10 cents. 1920.

Prevention of Stream Pollution by D ye and Intermediate 
W astes. E. J. C a s s e l m a n . Reprint No. 581 from Public 
Health Reports. 23 pp. 1920.

g e o l o g i c a l  s u r v e y

M ineral Resources of the United States in 1919. Preliminary 
Summary. Introduction b y  G . F. L o u g h l i n . Statistics 
assembled b y  M . B. C l a r k . 128 pp. Issued September 8, 
1920. Statistics of mineral production in the United States for 
1919 reflect the reaction from intensive production for war 
purposes and the unsettled state of industry in general. Pro
duction of special "w ar minerals”  rapidly subsided, although 
not to its pre-war status. The principal decline was due to 
diminished production of coal and the major metals. The 
total value of all mineral products in 1919 was about $4,653,700,- 
000, 16 per cent less than in 1918. The value of metal products 
decreased 36 per cent, but it is estimated that the value of mineral 
fuels and other nonmetallic products decreased only 3 per cent 
due to higher prices in 1919. A  comparison of production in 
1913 and 1919 indicates an increase of 86 per cent in total value 
due to increase in price. W ith the exception of the "w ar min
erals”  most commodities were below normal in output. M arked 
increases in production are to be expected in 1921 and succeed
ing years until normal output is reached.

Cobalt, Molybdenum, N ickel, Titanium, Tungsten, Radium, 
Uranium, and Vanadium in 1917. F . L. H e s s .  Separate 
from Mineral Resources of the United States, 1917, Part I. 
61 pp. Published August 31, 1920. The various metals are 
treated separately, with the exception of radium, uranium, and 
vanadium, which are handled as one group, and in nearly every 
instance general conditions, production, uses, prices, imports 
and exports are described.

Gold, Silver, Copper, Lead, and Zinc in Colorado in 1918. 
C. W . H e n d e r s o n .  M ines Report. Separate from Mineral 
Resources of the United States, 1918, Part I. 57 pp. Pub
lished September 2, 1920. The total value of the gold, silver, 
copper, lead, and zinc produced in Colorado in 1918 was 
$34,160,172, a decrease of 19 per cent from the value in 1917.

Petroleum in 1918. E . R . L l o y d . Separate from Mineral 
Resources of the United States, 1918, Part II. 201 pp. Pub
lished September 20, 1920. T he year 1918 witnessed the or
ganization of the industry on a war basis under the direction of 
the United States Fuel Administration, a quickening of activ ity  
in all phases of the industry, and an active coordination of all 
its branches in a complete and unified organization for the one 
purpose of supplying petroleum products for the necessary 
operations of the United States and the allied nations in winning 
the war. The one region of outstanding interest was northern 
central Texas. The quantity of crude petroleum produced in 
the United States in 1918 aggregated 355,927,716 bbls. of 
42 gal. each, an increase of more than 6 per cent over the 
former maximum yield of 335,315,601 bbls. in 1917.
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Natural-Gas Gasoline in 19 18 . E. G. SlEVERS. Separate 
from M ineral Resources of the United States, 1918, Part II. 
35 pp. Published September 22, 1920. The quantity of natural- 
gas gasoline produced in 1918 was about 30 per cent greater 
than that produced in 1917; the increase in 1917 over 1916 was
110.5 per cent. The total quantity of raw gasoline recovered 
in 1918 was 282,535,550 gal. The outstanding feature of 
the industry in 1918 was the large increase in production by the 
compression plants in Oklahoma.

Arsenic, Bismuth, Selenium, and Tellurium in 1919. J. M. 
H iu , .  Separate from Mineral Resources of the United States,
1919, Part I. 9 pp. Published September 16, 1920. Statis
tics are given showing the production, imports, exports, and price 
of arsenic and bismuth. In the case of selenium, statistics show
ing the production, imports, consumption, and price are given. 
There was a small demand for tellurium in 1919, but the stocks 
of tellurium are apparently large as compared with the annual 
consumption.

A Deposit of M anganese Ore in Wyoming. E. L. J o n e s , J r . 
Bulletin 715-C. Separate from Contributions to Economic 
Geology, 1920, Part I. 3 pp. Published September 18, 1920.

Some Deposits of M anganese Ore in Colorado. E . L. J o n e s , 
J r . Bulletin 715-D. Separate from Contributions to Eco
nomic Geology, 1920, Part I. 12 pp. Published September 
17, 1920.

Geology of the Yellow Pine Cinnabar-Mining D istrict, Idaho.
E . S. L a r s e n  a n d  D . C. L i v in g s t o n . Prepared in cooperation 
with the Idaho State Bureau of Mines and Geology. Bulletin 
715-E. Contributions to Economic Geology, 1920, Part I. 
11 pp. Published September 15, 1920.

Deposits of Iron Ore near Stanford, M ontana. L. G. W e s t 
g a t e .  Bulletin 715-F. Contributions to Econom ic Geology,
1920, Part I. 8 pp. Published September 16, 1920.

Surface W ater Supply of the United States, 1917. Part II. 
South Atlantic Slope and Eastern G ulf of M exico Basins. N . 
C. G r o v e r ,  G . C. S t e v e n s ,  a n d  W . E. H a l i . .  W ater-Supply 
Paper 452. 92 pp. Paper, 10 cents.

Surface W ater Supply of the United States, 1918. Part IV. 
St. Lawrence River Basin. N . C . G r o v e r ,  W . G . H o y t ,  A . H . 
H o r t o n ,  C . C . C o v e r t  a n d  C . H . P i e r c e .  Prepared in co
operation with the states of Wisconsin, N e w  Y o rk, and Vermont. 
W ater-Supply Paper 474. 110 pp. Paper, 15 cents.

B U R EA U  OF M IN E S

Monthly Statement of Coal-M ine Fatalities in the United 
States, June 1920. W . W . A d a m s . 13 pp. Paper, 5 cents. 

B U R E A U  OF S T A N D A R D S

Perm eability of Rubber to G ases. J. D . E d w a r d s  a n d  
S. F . P i c k e r i n g . Scientific Paper 287. 36 pp. Paper, 10 
cents. 1920. The permeability of rubber compounds varies 
with the composition. The relative permeability of rubber to 
some common gases is shown in the following summary:

R elative  P erm eability  
G as (H ydrogen =  1)

N itro g en ...........................................  0 .1 6
A ir ......................................................  0 .2 2
A rgon ................................................. 0 .2 6
O xygen..............................................  0 .45
H eliu m ..............................................  0 .65
H ydrogen .........................................  1.00
C arbon d iox ide..............................  2 .9
A m m o n ia ...  ; ................................. 8 .0
M ethy l ch lo ride .............................  18.5
E th y l ch lo ride................................  200 .0

Recommended Specifications for Volatile M ineral Spirits 
for Thinning Paints. Prepared and recommended b y  the United 
States Interdepartmental Committee on Paint Specification 
Standardization, July 26, 1920. Circular 98. 6 pp. Issued
August 24, 1920. These specifications apply only to petroleum 
distillates, known as mineral spirits. General specifications are 
outlined and directions are given for the detection and removal

of s e p a ra te d  w a te r ,  sa m p lin g , la b o ra to ry  e x a m in a tio n , a n d  b a s is  
o f  p u rc h a se .

The Two Common Failures of the Clark Standard Cell.
E . C. M cK e l v y  a n d  M . P . S h o e m a k e r . S c ien tific  P a p e r  390. 
12 p p . P a p e r ,  5 cen ts .

Automatic Apparatus for Intermittent Testing. G. W . V in a l  
a n d  L. M . R it c h ie . Technologic Paper 171. 7 pp. Paper, 
5 cents.

D E P A R T M E N T  O F A G R IC U L T U R E  

The Process of Ripening in the Tomato, Considered E s
pecially from the Commercial Standpoint. C. E . S a n d o . 
Departm ent Bulletin 859. 38 pp. Paper, 10 cents. Issued 
September 7, 1920.

The Castor-Oil Industry. J. H. S h r a d e r . Departm ent 
Bulletin 867. 40 pp. Issued September 3, 1920.

Experiments on the Toxic Action of Certain Gases on Insects, 
Seeds, and Fungi. I. E . N e i f e r t  a n d  G . L. G a r r is o n . De
partment Bulletin 893. 16 pp. Paper, 5 cents. Issued
September 8, 1920.

Proceedings of Conference of M en Engaged in Grain Dust 
Explosion and Fire Prevention Campaign Conducted by the United 
States Grain Corporation in CoSperation with the Bureau of 
Chemistry. 159 pp. Copies of this publication m ay be ob
tained upon application to the Bureau of Chemistry.

A rtic le s  f r o m  th e  J o u r n a l  o f A g r ic u l tu r a l  R e s e a r c h  

Investigations in the Ripening and Storage of Bartlett Pears. 
J. R . M a g n e s s . 19 (August 16, 1920), 473-500.

C O M M E R C E  R E P O R T S — S E P T E M B E R , 1920 

Germany plans to release 30,000 to 50,000 tons of nitrogen, 
which has been made by the Haber process from air, to  be ex
ported duty-free. The prices charged to German domestic 
fertilizer consumers will be reduced b y  the use of the receipts of 
sales made abroad. (P. 1062)

Bituminous limestones (asphalt) are being distilled in Pales
tine and Syria to meet the pressing demand for lubricating 
oil. (P. 1077)

The Italian production of copper sulfate in 1920 it is estimated 
will be ample to supply domestic needs. (P. 1099)

The outlook for the London tin market is said to be more 
optimistic than for some time past. (Pp. 1105-6)

The Alsatian potash industry is reviewed. The production 
for 1920 is estimated at 1,320,000 metric tons of crude salts; 
for 1921, 2,040,000 metric tons; and for 1922, 2,340,000 metric 
tons. Of the amount produced, about 33 per cent is utilized 
in France and 66 per cent is exported. (Pp. 1108-12)

The production of santonin in Russia is reviewed. (P. 1113) 

Recent researches have shown that the amount of lignite 
existing in the subsoil of Italy  in the deposits explored up to the 
present time may be estimated at about 270,000,000 tons. 
(P. 1114)

The Government will not exercise the option extended b y  the 
Reparation Commission upon impounded stocks of chemical 
drugs of German manufacturers or upon stocks of chemical 
drugs manufactured during the months January 1920 to June 
1920, inclusive. I t  will, however, retain its right to participate 
in allotments from future daily production of chemical drugs 
which may be manufactured in Germany during the next four 
and one-half years. (P. 1126)

The United States Government has decided to exercise its 
option upon German impounded dyestuffs, and has authorized 
the Textile Alliance, Inc., to purchase these stocks in the in
terest of the American consumer. N o dyes from these stocks 
m ay be imported which are either manufactured here, or for 
which suitable substitutes are manufactured here, on reasonable 
terms as to price, quality, and production. (Pp. 1134-5)
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Attention is called to the importance of the mineral resources 
of the South Pacific Islands. Chrome, cobalt, and nickel are 
found in abundance; antimony, mercury, silver, lead, and copper 
have also been found. Nickel ore, nickel matte, and chrome 
ore constitute the chief exports. (P. 1139)

T he cultivation of the guinea oil palm is being encouraged 
in the Philippine Islands. I t  produces two classes of oil, one 
from the fruit itself and one from the kernel. The cultivation 
of this palm is said to be more profitable than that of coconuts. 
(P. 1144)

I t  is estimated that approximately 44.4 per cent of the paper 
produced in the former Austro-Hungarian Empire in 1913 
was manufactured in the present territory of Czechoslovakia. 
From April 15 to June 30, 1920, paper and pulp products held 
the first place among the Czecho-Slovak exports. (Pp. 1153-6) 

Statistics are given showing the imports and exports of vege
table oil and vegetable-oil material by Japan during 1917, 1918, 
and 1919. (Pp. 1174-5)

Indications of oil are reported in Guppeland, Victoria, where 
the formation of the country is said to be similar to that of other 
oil-bearing centers. Bituminous shale, natural gas, mica, 
copper, and other valuable minerals are also believed to be 
present in this region. (P. 1180)

Im portant deposits of barytes are now being developed in 
South Australia. Certified analysis has showii this product to 
be of unsurpassed purity. (P. u 8 i)

According to a recent agreement, Belgium will receive for 
two years 240,000 tons of Australian zinc ore. (P. 1197) 

Statistics are given showing the imports of rubber into Canada 
during the three years ended M arch 31, 1920. Since there is 
only one firm in British Colum bia interested in the manufacture 
of rubber goods there is an excellent opportunity for American- 
made products. (Pp. 1208-12)

The petroleum industry of Mexico, which ranks second in 
oil production and has the greatest demonstrated supply, is 
reviewed in detail. From the following table it will be seen 
that the Mexican production of oil has multiplied more than 
three times in the last seven years. The production is reported 
in barrels of 42 gallons.

U nited
M exico S ta te s  W orld

Y ear  Bbls. B bls. Bbls.
191 3 ..........................................  25,902,439 248,446,230 384,667,550
191 4 .......................................... 21,188,427 265,762,535 399,667,168
191 5 .......................................... 32,910,503 281,104,104 426,370,894
191 6 ..........................................  39,817,402 300,767,158 459,433,319
191 7 .......................................... 55,292,770 335,315,303 505,362,367
191 8 .......................................... 63,828,327 355,927,716 514,729,354
191 9 .......................................... 87,359,533 377,719,000 ............

The total production of pig iron in Canada during the first 
half of 1920 was 502,667 short tons, as compared with a pro
duction of 524,977 tons during the first half of 1919, and 392,804 
tons during the second half of 1919. (P. 1241)

Statistics are given showing the imports and exports of vege
table oil and vegetable-oil material b y  Spain during 1917, 1918, 
and 1919. (P. 1251)

The artificial silk trade of the United States, which is rapidly 
developing an absolutely new domestic industry, is reviewed. 
(Pp. 1252-7)

The following table gives comparative statistics of the export 
of rubber from the Straits Settlements:

1918 1919 1920
M o n t h  T ons T ons Tons

J a n u a ry ..........................  4,302 14,404 13,125
F e b ru a ry ........................  2,334 15,666 17,379
M arch .............................  8,858 20,908 5,931
A p ril................................  6,584 10,848 15,720
M a y .................................  13,587 15.845 15,617
J u n e .................................  6,515 5,059 11,663
J u ly ..................................  1,978 7,818 10,773

T o t a l ....................  44,158 90,543 90,208
(P. 1290)

Statistics are given of the imports and exports of vegetable oil', 
and vegetable-oil material by  Switzerland during 1917, 1918,. 
and 1919. (Pp. 1300-1)

The Chemical Works Departm ent of Glasgow Corporation, 
proposes to manufacture chemicals from gas residuals. The 
principal chemicals to be manufactured will be motor benzene, 
pure benzene, toluene, solvent and heavy naphthas, and carbonic 
acid. The advisability of making dyes and intermediates will 
also be considered. (P. 1312)

The French commission charged with the study of all matters- 
relating to the production and utilization of substitutes for coal 
in its first annual report urges the French government to occupy 
itself with research work in France and its colonies and favor 
private initiative engaged in the work of prospecting and drilling 
for oil. The government is also urged to develop the production 
of peat and lignite, to take an inventory of the wood resources- 
of France, and to encourage the utilization of certain classes of 
wood for fuel. (P. 1315)

The year 1919 was unfavorable for the Swedish dye industry. 
(P. 1316)

Of the total amount of aniline dyes imported into China 
during 1919, over 50 per cent came from the United States,, 
about 25 per cent from Japan, the remainder being of French 
and other origin. Prior to the war German dyes practically 
monopolized the China market. Some of the dyes sell for such 
ridiculously low prices that it seems safe to assume that they are 
imitations. (Pp. 1322-3)

A  new camphor producing center is reported at Burma. (P.
1324)

The available supply of ferromanganese in India is seriously 
affected because of the shortage of m any thousands of wagons 
on the Indian railways and the congested condition of traffic.
(Pp. 1324-5)

A  good market for American dyes is reported in W estern 
Greece. The colors most desired are black, navy blue, brown, 
green, red, and orange. (P. 1331)

Statistics are given showing the imports and exports of vege
table oil and vegetable-oil material by  British India during the- 
fiscal years ending M arch 31, 1918, 1919, and 1920. (P. 1336)

The stocks of the German firms which in pre-war times con
trolled the Serbian trade in aniline dyes have been taken over 
by  a Serbian company with a practical monopoly of the trade 
for the time being. (P. 1339)

It  is believed that the great number of chromium ore de
posits in Russia and their nearness to metallurgical centers will 
give them much importance when conditions are again normal 
and proper methods of exploitation are adopted. The United 
States is the most important consuming country, using over 
50 per cent of the world’s production. (P. 1342)

Statistics are given showing the imports and exports of vege
table oil and vegetable-oil material by  France during 1917, 
1918, and 1919. (Pp. 1353-5)

Specifications of the special apparatus used in testing Portland 
cement in Chosen are given. (Pp. 1358-9)

A  board of administration for the promotion of the German 
textile industries on a scientific basis has been created. T he 
purposes of the board are the scientific investigation of domestic 
and foreign vegetable fibers, the question of substitutes, the 
search for and utilization of vegetable fibers grown in Germany 
which, up to the present time, have not been used, and the im
provement in the production of artificial fibers and substitutes. 
(P. 1364)

A t a recent meeting of the stockholders of the Potash Syndi
cate at Wintershall the stockholders demanded that, in order 
to be sure of regular export orders, potash prices should be re
duced, especially for America. (P. 1364)
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The mineral production in South Africa is reviewed, and a sum
m ary is given of the mineral production for M ay 1920. (P. 1366)

A  heavy increase is reported in the price of gasoline in the 
United Kingdom. Gasoline substitutes are expected to play 
an important part in supplying fuel for motors until the poten
tially  rich fields commence production and others become accessi
ble. (P. 1373)

Possible developments in Russia’s chemical industry and 
trade are noted. I t  is anticipated that the dye and wood dis
tilling industries will do business on a larger scale. The operation 
of factories for the treatm ent of fats will be delayed by the short
age of fats. The most important item of the chemical industry 
in Russia is artificial fertilizers. A  project is under w ay to 
obtain nitric acid from the air. (Pp. 1397-1401)

Specifications are given for Portland cement used by the 
Victorian Public Works Department and the Melbourne Board 
of Works. (P. 1402)

Statistics are given showing the imports and exports of vege
table oil and vegetable-oil .material b y  the United Kingdom 
during 1917, 1918, and 1919. (Pp. 1413-5)

The juice of the nipah palm is said to contain 12 per cent of 
sugar. Experiments have shown that the process of extraction 
is commercially possible. In British North Borneo there are 
about 300,000 acres of nipah palm. In the Philippines, alcohol 
has been obtained from this palm for use as a  beverage and as a 
fuel. (P. 1416)

Considerable deposits of rock salt have been discovered in 
New Greece. (P. 1457)

The rubber and rubber goods markets in Latin America are 
reviewed. (Pp. 1476-8)

Statistics are given on the imports and exports of vegetable 
oil and vegetable-oil material by  the Dutch E ast Indies during 
1917, 1918, and 1919. (Pp. 1491-2)

The iron ore resources of the world are reviewed. (Pp. 1498- 
1507)

S p e c i a l  S u p p le m e n ts  I s s u e d  i n  S e p te m b e r  
F r a n c e — lb  B r i t i s h  W e s t  I n d i e s — 25b
P o r t u g a l — 14a D o m in ic a n  R e p u b l i c — 29a
L it h u a n ia — 16a D u t c h  W e s t  I n d ie s — 30a
S p a in — 18a S t r a it s  S e t t l e m e n t s — 59a^
S w it z e r l a n d — 20a B r it is h  S o u t h  A fr ic a — 69a

V ir g in  I sl a n d s  o p  t h e  U n it e d  S t a t e s— 77a

S t a t is t ic s  o p  
L o n d o n — (P p. 1350-1) 

R ubber 
Hides
D rugs and  chem icals 
T in
L eather
Lead
Creosote oil 
N itrogenous fertilizer 
Copper 
A lum inium  
D ynam ite  glycerol 
G um s 
Linseed oil 

C e y l o n — (P . 1325) 
R ubber 

M ad aga scar— (P. 1179) 
Beeswax 
G raph ite

E x p o r t s  t o  t h e  U n it e d  S t a t e s

G r e a t  B r it a in  (P p . 
1093-4)
S a lt (no t tab le) 
H ides (undressed) 
C em ent (calcareous) 
Iro n  
Steel
L ead m anufactures! 
T in
A m m onium  sulfate 
B leaching pow der 

C a n a d a— (P . 1469) 
Paper
Chem ical pulp 
M echanical pulp 

P o r t u g a l— (P . 1071) 
R ubber 

T r in id a d — (P . 1338) 
T o n ca  beans

1067)S h a n g h a i (P . 
A ntim ony 
Album in 
Cam phor 

I ta ly — (P . 1488) 
C itra te  of lime 

P a l e r m o — (P . 1407) 
C itric  acid  ̂
T a rta r ic  acid 
Sulfur oil 

N e t h e r l a n d s  E ast 
I n d ie s — (P . 1375) 
Quinine 
C inchona bark  

P h il ip p in e  I sl a n d s— 
(P ..  1144)
G uinea oil

B O O K  REVIEWS
Practical Standardization by Chemical A ssay of Organic Drugs

and Galenicals. B y  A. B . L y o n s , F .C .S. 397 pp. Nelson,
Baker &  Co., Detroit, 1920. Price, $3.50.

N o other book covers quite the same field as this, and for 
years there has been a dearth of properly compiled information 
such as it  presents. Twenty-tw o years ago Dr. Lyons published 
a rather brief "Handbook of Chemical Assay of Drugs and G a
lenicals,”  which has served as the basis for this much more 
elaborate and comprehensive work. Dr. Lyons has been 
intim ately in touch w ith the assay of drugs and medicinal sub
stances for a great portion of his life, and is well fitted to speak 
with authority on the subject whereof he writes. The present 
volume goes much farther than the determination of alkaloidal 
or glucosidal constituents in drugs, and embraces also such 
subjects as the determination of solvents used in medicinal 
products; the valuation of some of the nonpotent vegetable 
drugs, for example, acacia, capsicum, licorice, mustard, etc.; 
a  very brief statement of the essential characteristics of those 
volatile oils most frequently used in medicinal compounds, and 
methods for determination of the chief constituents of a  few of 
the most important; approved methods of assay for some 40 
or 50 organic medicinal substances, chiefly synthetic, for ex
ample, acetanilide, antipyrin, benzaldehyde, camphor, chloro
form, ethyl nitrite, glycerophosphates, iodoform, lecithins, 
nitroglycerin, phenol, etc.; a brief chapter on the estimation 
of starch, cane sugar, lactose and glucose; one upon the assay of 
diastase, pancreatin, papain and pepsin, and some concise 
information on the chemical assay of suprarenal and thyroid 
glands.

W ithin so small a  volume it  would seem impossible to in
corporate adequate information regarding the detailed testing 
of so large a number of substances, but the various assay methods 
are efficiently condensed and frequent journal references are 
given to the original source of information.

The book deserves a place in every laboratory having to do 
w ith the assay of medicinal substances, and, while primarily 
written for the experienced chemist, it will surely prove an

excellent handbook in connection with teaching of drug anal
ysis.

Chemists of experience in this particular line of work will 
not always agree with the author as to the preferred method of 
assay, but the entire field has been dealt with in a broad-minded 
way, and methods are given to suit varied conditions and differ
ent ideas.

The book itself is of convenient size, of good typographical 
makeup and contains com paratively few typographical errors. 
Each paragraph is introduced by black-faced type, indicating 
its contents, and is also numbered for convenience of indexing 
and cross reference. Last, but not least in a  book of this kind, 
it possesses a good index. F r a n k  O. T a y i ,o r

Les Colloïdes M étalliques. Propriétés et Préparations. B y  
P a u l  B a r y ,  Consulting Engineer, formerly Director of the 
School of Physics and Chemistry and of the Central Labo
ratory of E lectricity, viii +  95 pp., 13 figures, 6 tables. 
Dunod, Paris, 1920. Price, 5 fr. 50.

The subject m atter of this book is somewhat broader in scope 
than is indicated by the title; for, in addition to  the metals 
such as P t, Au, Ag, Cu, etc., C, P, S, Se, and T e are also dealt 
with in detail. The book is divided into four chapters. Chap
ter I, comprising 29 pages, is devoted to the discussion of the 
fundamental properties of suspensoids. In  this limited space 
the treatise is necessarily elementary and incomplete. On 
the contrary, Chapters II and III, dealing w ith the methods of 
chemical and electrical colloidation, have been written w ith a 
very considerable effort toward comprehensive thoroughness. 
Chapter IV , on applications, contains a review of the m any 
uses to which colloidal metals have been put. Their employment 
as catalytic agents is especially well dealt with, and the six pages 
of bibliography on this important phase of the subject will 
doubtless prove of great value to the chemist. T he entire work 
is written in a pleasing scientific style devoid of flourish or 
circumlocution, and is well up to date.

E ll w o o d  B . S p e a r
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NEW PUBLICATIONS
Catalog: C hem ical E ngineering  Catalog. 1450 pp. Price, $7.50, postpaid  

(Leasing privilege $2.00; in foreign countries, $3.50). T he Chem ical 
C atalog  Co., Inc ., N ew  Y ork.

Chem ical In d u stry : L ’Appareillage M écanique des In d u s trie s  Chim iques. 
A. P a r n ic k b . F rench  transla tion  by  E . C a m p a g n e . 356 pp. Illu s
tra te d . Price, 34 fr. D unod, Paris.

C hem ical R eactions, T heir T heory and  M echanism . K . G e o r g e  F a l k . 
220 pp. Price, $2.50. D . Van N ostrand  Co., New Y ork.

D yes: A Text-Book of Dye Chem istry. G e o r g  v o n  G e o r g ie v ic s  and  
E u g è n e  G r a n d m o u g in . T ransla ted  and  revised from 4 th  G erm an 
edition. 560 pp . Price, 30s. ne t. S co tt, Greenwood & Son, London.

F ertilizers: Chem ical F ertilizers  and  P arasitic ides. S . H o a r e  C o l l in s .
j 285 pp. I llu stra ted . (Industria l C hem ical Series.) Price, $3.50. D. 

V an N o strand  Co., New Y ork.
H andbook: Chim ie. É m il e  J a v e t . 426 pp . Price, 8 fr. D unod, 

Paris.
H andbook: M etallurg ie. D a v id  L e v â t . 336 pp . Illu stra te d . Price, 

8 fr. D unod, Paris.
H ydraulic  T ab les. G a r d n e r  S. W il l ia m s  a n d  A l l e n  H a z e n . 3rd ed., 

revised. 115 pp . 6 X 9 .  Price, $2.00. John  W iley & Sons, Inc ., 
N ew Y ork.

M anualr*of Chem ical P lan t. S. S. D y s o n . 2nd ed. Price, £ 2  5s. net. 
T he  D over P rin ting  and  Publishing Co., L td ., D over, E ngland.

M etallurgy: Leçons de Sidérurgie. A n g l è s  d ’A u r ia c . 714 pp. Illus
tra ted . Price, 74 fr. D unod, Paris.

M argarine. W il l ia m  C l a y t o n . (M onographs on In d u s tria l C hem istry .) 
187 pp. I llu stra ted . Price, $4.75. Longm ans, G reen & Co., New 
Y ork.

M ine G ases and  V entilation. J a m es  T . B e a r d . 2nd ed. 433 pp . Price, 
$4.00. M cG raw -H ill Book Co., Inc ., New York.

M inerals: D ie T echnisch  W ichtigen M ineralstoffe: Ü bersich t ih res  Vor
kom m ens und ih re r E n tstehung . K . M ie l e it n b r . I llu stra ted . Price, 
m Ji9 .40 . R. O ldenbourg, M ünchen and  Berlin.

M odern  E lectroplater. K e n n e t h  M . C o g g e s h a l l . 276 pp . I llu s 
tra te d . Price, $3 .00 . T h e  N orm an  W . H enley Publish ing  C o ., New 
Y ork.

R esins: G ew innung u nd  V erarbeitung  von H arz  und H arzprodukten .
G. A u s t e r w e il  a n d  J . R o t h . Illu stra te d . Price, M  16.25. R . O lden
bourg, M ünchen and  Berlin.

Theoretical C hem istry: E inführung  in die M athem atische  B ehandlung de 
N aturw issenschaften . W . N e r n s t  a n d  A . S c h ö n f l ie s . Illu stra te d  
Price, M  23.75. R .  O ldenbourg, M ünchen and  Berlin.

R EC EN T JOURNAL A R TICLES

Alcohol: L fAlcool, Nuovo Sottoprodotto de lla  D istü lazione de l C arbon 
Fossile. C a r l o  F o r m e n t i. Giornale d i Chimica Industriale ed A p p lica ta , 
Vol. 2 (1920), N o. 8 , pp . 441-442.

Alloys: H e a t R esisting  Alloys for Case C arburizing. H . H . H a r r i s . 
The Am erican Drop Forger, Vol. 6 (1920), N o. 9, pp . 446-448.

A rsenic: T he  M anufactu re  of W hite A rsenic. E . C. W il l ia m s . E n g i
neering and M in ing  Journal, Vol. 110 (1920), N o. 14, pp . 671-673.

Artificial S ilk In d u s try  in Japan . K . Y am a d a . The Chemical Age  (Lon
don), Vol. 3 (1920), No. 65, p. 282.

B riquets: Good B riquets M ade of O klahom a Coal with C rude-O il R esidue 
a s  a  B inder. J . C . D a v is . Coal Age, Vol. 18 (1920), No. 9, pp . 443-444.

Cam phor: T he D istillation of Cam phor in  Ind ia . J o h n  L io n e l  S im o n s e n  
a n d  T a r a k  P r o sa d  G h o s b . Journal o f the Society o f  Chemical Industry, 
Vol. 39 (1920), No. 16, pp . 296/-298Z.

C anadian Pulpw ood R esources. D . M . LB B o u r d a is . Paper, Vol. 27 
(1920), No. 4, pp . 19, 42, 44.

C atalysts: T he P repara tion  of C atalysts. A. A. P o l l it t . The Chemical 
Age  (London), Vol. 3 (1920), N o. 62, pp . 200-201.

Chem istry and  Engineering: T h e  F ield for C o-operation betw een  the  
C hem ist and  the  E ngineer. T . L in s b y  C r o s s l e y . Canadian Chemical 
Journal, Vol. 4 (1920), No. 9, pp . 243-246.

Coal-Saving in the  Chem ical In d u s try : T he Scientific C ontrol of S team  
B oiler-P lant. D a v id  B r o w n l ie . The Chemical Trade Journal and  
Chemical Engineer, Vol. 67 (1920), N o. 1735, pp. 247-250; N o. 1737, 
pp . 311-314; No. 1738, pp . 343-347.

C oal-T ar Chem icals: New D evelopm ents in  C oal-Tar Chem icals and  
Specialties. H e r b e r t  G. S id e b o t t o m . Chemical Age, Vol. 28 (1920), 
N o. 9, pp . 311-312.

C om bustion: D raft C om bustion and  Boiler S tacks. F . J . D e n k . Blast 
Furnace and Steel P lant, Vol. 8 (1920), N o. 10, pp . 575-577.

Copper: D iffusion of Solid Copper in L iquid  A lum inium . R o b e r t  J . 
A n d e r s o n . Chemical and Metallurgical Engineering, Vol. 23 (1920), 
No. 12, pp . 575-577.

Corn-Cob U tilization: A P rac tica l S tudy of Corn-Cob U tilization. F r e d 
e r ic k  B . L a F o r g e . Chemical Age, Vol. 28 (1920), No. 9, pp . 332-336. 

D istillation P lan t, w ith Special R eference  to th e  R ectification  of Alcohol, 
A cetaldehyde, and  O ther Volatile P roducts , and  C ontinuous E th er M anu
facturing  P lan t. S t e p h a n e  M a s f a r a u d . Journal o f  the Society o f 
Chemical Itiduslry, Vol. 39 (1920), No. 17, pp . 299/-305/.

D yes: Identification  an d  P roperties  of D irec t Cotton Yellow. L o u is  G.
H a y e s . Color Trade Journa l, V ol. 7  (1920), N o . 3, pp . 86 -91 .

D yes: S tan d ard  M ethods for T estin g  D yestuffs. W a l t e r  M . S c o t t .
Am erican D yestu ff Reporter, Vol. 7 (1920), N o. 15, pp . 14-16.

D yes: T he A m erican In d u s try  in D yestuff In te rm ed ia te s. D . H . K i l l e p - 
f e r . Textile World Journal, Vol. 58 (1920), N o. 13, pp . 52-53.

D yes: T he  U se of th e  T in t Pho tom eter in  the  Evaluation  of D yestuffs 
and  P igm ents. H . B . G o r d o n . Textile Colorist, Vol. 42 (1920), No. 
502, pp . 699-703.

F oods: Chim ie e t In d u s trie  de 1*A lim entation: La C onservation des V iandes 
e t le s  A battoirs Industrie ls . P a u l  R a z o u s . L 'In d u str ie  Chim ique, 
Vol. 7 (1920), No. 80, pp . 298-301.

F u e ls : R ecen t P a te n ts  on M ixed F uels . W . R . O r m a n d y . Journal of 
the Institu tion  o f  Petroleum Technologists, Vol. 6 (1920), N o. 23, pp. 
229-239.

G as Fuel: A dvantages of G as F uel in th e  H e a t T rea tm e n t of M etals. 
R . G. L o g u b . Am erican Gas Engineering Journal, Vol. 113 (1920), 
N o. 15, pp . 283-286.

G lass: A Factory  M ethod  for M easu ring  th e  V iscosity of P o t-M ad e  G lass 
during  th e  P rocess of M anufac tu re , T ogether w ith Som e D iscussion  of 
th e  Value of Viscosity D ata  to th e  M anufac tu rer. E d w a r d  W . W a s h 
b u r n . Journal o f the Am erican Ceramic Society, Vol. 3 (1920), N o. 9 ,  
pp. 735-749.

H ydrosulfites: R eport of the  E stim ation  of H ydrosu lfites  an d  Sulfoxylates. 
E d w a rd  L. H e l w ig . Am erican Dyestuffs Reporter, Vol. 7 (1920), No. 
15, pp . 12-13.

Liquid Air: Rectification de  l’Air Liquide. E . B a r b e t . C him ie el I n 
dustrie, Vol. 4 (1920), N o. 2, pp . 147-150.

M eta ls: B riquetting of M eta l Scrap. A d o l p h  B r e g m a n . The M etal 
Industry, Vol. 18 (1920), N o. 9, pp . 400-402.

M otor G asoline: P roduction  of M otor G asoline  from  H eavy Oil H ydro
carbons, F r e d  W . P a d g e t t . Chemical and Metallurgical Engineering, 
Vol. 23 (1920), N o. 11, pp . 521-525.

M otor Spirit: P ossib le  Sources of H om e-P roduced  M otor Spirit. E. 
d b  B a r r y  B a r n e t t . The Chemical Age  (L ondon), Vol. 3 (1920), N o. 
64, pp . 254-255.

Oil Shale In d u stry  in Scotland and  E n g lan d . V ic t o r  C. A l d e r s o n . 
Am erican Gas Engineering Journal, V ol. 113 (1920), N o . 14, pp . 255-260, 
265.

O ptical G lass: T he  M anufac tu re  and  U ses o f R olled O ptical G lass. H . S. 
R o b e r t s  a n d  J .  C. H o s t e t t e r . Journa l o f  the Am erican Ceramic 
Society, Vol. 3 (1920), No. 9, pp . 750-761.

O res: T esting  O res for Flo tation . J a m e s  M . H y d e . M in in g  and Sc ien 
tific  Press, Vol. 121 (1920), N o . 14, pp . 481-486.

Overflow V olum eter: A D irect R ead ing  Overflow V olum eter. H . G. 
S c h u r b c h t . Journal o f the Am erican Ceramic Society, Vol. 3 (1920), 
N o. 9, pp. 730-734.

P ap er: T h e  Allen A utom atic Control for Cooking Chem ical Pu lp . C . H .
A l l e n . Paper, Vol. 26 (1920), N o. 28, pp. 21-22.

P la ting  Solutions: A nalysis of P la ting  Solutions. J o s e p h  H a a s , J r .
The M etal Industry, Vol. 18 (1920), No. 9, pp . 412-414.

R ubber: Som e A spects of th e  S tress -S tra in  Curve. W il l ia m  B . W i Eg a n d .
In d ia  Rubber World, V ol. 63 (1920), N o . 1, pp . 18-21.

Sm elting with B itum inous Coal in B last-F u rnaces. H . C. R o b s o n . M in in g  
and Scientific Press, Vol. 121 (1920), No. 12, pp . 409-412.

S tee l: Surface C hanges of S tee ls  H eated  in  Vacuo. E . H e a t o n  H e m in g 
w a y  a n d  G e o . R .  E n s m in g b r . The Am erican Drop Forger, Vol. 6 
(1920), N o. 9, pp . 436-441.

Textile  In d u s try : W ater and  Its  Application in  the  T ex tile  In d u s try . W a l 
t e r  E . H a d l e y . Am erican D yestu ff Reporter, Vol. 7 (1920), N o. 15,
pp . 10- 12.

V entilation: Im provem ents of W orking Conditions by M echan ical V en tila
tion  w ith  Special R eference to D yew orks and  C hem ical W o rk s . J .  E  
B r ib r l Ey . Journal o f  the Society o f Dyers and Colourists, Vol. 36 (1920), 
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M A R K E T  R E P O R T -O C T O B E R , 1 9 2 0
FIRST-HAND PRICES FOR GOODS IN ORIGINAL PACKAGES PREVAILING IN  THE NEW YORK MARKET

IN O R G A N IC  C H E M IC A L S
O ct. 1 O ct. 15

Acid, Boric, cryst., bb ls........... .17 .17
H ydrochloric, com 'l, 22° . 021/4 .02
H ydriod ic ............................ .19 .19
N itric, 4 2 ° ............................ . 073/4 .073/4
Phosphoric, 50%  te c h . . . . .25 .25
Sulfuric, C. P ..................... ......... lb. .07 .07

C ham ber, 6 6 ° ............. 21 .00 21.00
Oleum 2 0 % ................ 25 .00 23.00

Alum, am m onia, lu m p ............. ......... lb. .04 s/4 . 043/4
Aluminium Sulfate  (iron-free). .041/j . 041A
Am m onium  C arbonate, pw d.. .........lb. .16 .16
A m m onium  Chloride, g ra n .. . ......... lb. .14 • 121/a
A m m onia W ater, carboys, 26 0___ lb. .11 .11
Arsenic, w h ite ............................. ......... lb. .14 .14
Barium  C hloride .................. .. 120.00 120.00

N itra te .................................. ......... lb. .14 .14
B arytes, w h ite ............................. 30 .00 30 .00
B leaching Pow d., 35% , W orks, 100 lbs. 6 .75 6 .7 5
Borax, cryst., bb ls ..................... .0 9 i /2 . 091/2
Brom ine, tech .............................. .55 .55
Calcium  Chloride, fu sed .......... 33 .5 0 33 .50
C halk, p recip ita ted , l ig h t . . . . ......... lb. .05 .05
C hina C lay, im p o rted ............... 18.00 18.00
C opper S u lfa te ............................. 100 lbs. 7 .5 0 7.50

8.00 8 .00
Fuller’s E a r th ............................... 100 lbs. 1.00 1.00
Iodine, resublim ed..................... ......... lb. 4 .35 4.35
Lead A cetate , w hite c ry s ta ls .. .13 .13

N itra te .................................. .15 .15
R ed A m erican ....................., 100 lbs. . 121/4 .121/4
W hite A m erican ................., 100 lbs. . 1 0 1 /» .101/,

Lime A ceta te ................................, 100 lbs. 3 .5 0 3 .5 0
Lith ium  C arbonate ................... 1.50 1.50
M agnesium  C arbonate, T ech. .........lb. .13 .13
M agnesite............... ..................... 65 .00 65.00
M ercury flask............................... .7 5  lbs. 70 .00 65.00
Phosphorus, yellow ................... ..........lb. .35 .35
P laste r of P a ris ............................100 lbs. 1.50 1.50
P otassium  B ich rom ate ............. .32 .31

B rom ide, C ry s t................ ......... lb. .50 .45
C arbonate , calc., 8 0 -85% ......... lb. .20 .20
C hlorate, c ry s t................... .18 .18
H ydroxide, 88-92 % ......... ......... lb. .22 .22
Iodide, b u lk ........................ 3 .25 3.25
N itra te .................................. ......... lb. .14 .12
Perm anganate, U . S. P ... ......... lb. .70 .65

Salt C ak e ....................................... N om inal N om inal
Silver N itra te ............................. .59 .55
Soapstone, in b a g s ..................... 12.00 12.00
Soda Ash, 58% , b ag s.............. .100 lbs. 2 .65 2 .50

C austic, 7 6 % ..................... . 100 lbs. 4 .0 0 4 .25
Sodium A ceta te .......................... ......... lb. .12 .12

B icarbonate ....................... .100 lbs. 3 .0 0 3 .0 0
B ichrom ate......................... ......... lb. .17 . 10 1 / ,
C h lo ra te ............................... ..........lb. .10 .10
C yanide......................... ......... lb. .30 .30
Fluoride, techn ica l........... ......... lb. .20 .20
Hyposulfite, b b ls ............ . 100 lbs. 4 .00 4 .0 0
N itra te , 9 5 % ..................... . 100 lbs. 3 .50 3 .00
Silicate, 4 0 ° ........................ • OHA . o p a
Sulfide................................... .08‘/ j .O81/2
Bisulfite, pow dered .......... ...........lb. .07 .07

S tron tium  N itra te ..................... .15 .15
Sulfur, flowers............................ .100 lbs. 3 .75 4 .00

C ru d e ......................... long ton 25 .00 25.00
Talc, A m erican, w h ite ........... 20 .00 20.00
T in  B ichloride............................. ......... lb. .211/1 . 211/1

O xide ..................................... .60 .60
Zinc Chloride, U . S. P ........... .. ......... lb. .50 .50

Oxide, b b ls ......................... ......... lb. .12 .12

O R G A N IC  C H E M IC A L S

A cetanilid ..................................... .50 .45
Acid, Acetic, 28 p. c ................ .100 lbs. 3 .7 5 3 .7 5

G la c ia l........................ ........... lb. .12 .12
A cetylsalicylic................................Ib. .85 -85
Benzoic, U . S. P ., ex-to luene..lb . .80 .80
Carbolic, c ryst., U. S. P .. d ra .. .lb . .15 .15

50- to  110-lb. tin s .. . .23 .23
C itric , crystals, b b ls .. . . ...........lb. .70 . 65

Oct. I Oct. 15
Acid (Concluded)

Oxalic, cry st., bbls.................. ., ,1b. .38 .32
Pyrogallic, resublim ed.............. .lb . 2 .35 2 .35
Salicylic, bulk , U . S. P .......... .. .lb . .45 .40
T artaric , crystals, U. S. P . . . . .lb . .65 .61
Trichloroacetic, U . S. P ........ . . lb . 4 .40 4 .4 0

Acetone, d ru m s................................... .22 .22
Alcohol, denatu red , 190 p ro o f . . . • gal. 1.13 1.13

E th y l, 190 p ro o f....................... • gal. 6 .0 0 5 .5 0
Wood, P u re ........... ‘................... .gal. 3 .7 5 3 .40

Amyl A ceta te ..................................... .gal. 4 .00 4 .00
C am phor, J ap . re fined ..................... 1.20 1.20
C arbon B isu lfid e ............................... . .lb. .08 .08

T e trach lo rid e .............................. .141/« .12
Chloroform , U . S. P ..........................., .lb . .43 .43
C reosote, U. S. P ................ ................ .lb . .70 .70
Cresol, U. S. P ............................... . .lb . .18 .18
D extrin , co rn ...................................... . .O61/4 .061/4

Im ported  P o ta to ..................... , , lb. .11 .11
E th er , U . S. P .,  conc., 100 lbs. . .lb . .24 .24
F o rm aldehyde ..................................... .40 .27
Glycerol, d ynam ite , d ru m s .......... . .27 .25
P y r id in e .............................................. ..gal. 2 .75 2 .75
S tarch , c o rn .................................. 100 lbs. 4 .2 3 4 .2 3

P o ta to , J a p .................................. .O61/1 .061/,
R ice ................................................ .25 .25
Sago................................................ .05 .05

O IL S , W A X E S, E T C .

Beeswax, pure , w h ite ...................... .60 .60
B lack M ineral Oil, 29 g r a v i ty . . . . .gal. .22 .22
C asto r Oil, No. 3 .............................. . . l b . . H i /2 . H i / i
Ceresln, ye llow ., .............................. .13 .13.
C orn Oil, c ru d e .................................. .081/, .08 V,
C ottonseed Oil, crude, f. 0 . b. mill . . lb . .091/a .07*/«
M enhaden Oil, crude (so u th e rn ). .gal. .50 .50
N eat's-foo t Oil, 20* ......................... • gal. 1.65 1.65
Paraffin, 128-130 m . p ., re f ........... . . lb . .11 Vi .11*/«
Paraffin  Oil, high v iscosity ......... .gal. .45 .45
Rosin, " F ” G rade, 280 lbs............ bbi. 13.00 12.90
Rosin Oil, first r u n ........................... .gal. .72 .72
Shellac, T . N ...................................... . . lb . .95 .90
Sperm aceti, c ak e ............................... .30 .30
Sperm  Oil, bleached w inter, 3 8 ° . . • gal. 1.85 1.85
Stearic A d d , double-pressed ........ . . lb . .19V« .197*
Tallow  Oil, a d d le ss .......................... • gal. 1.25 1.25
T a r Oil, d istilled ............................... .gal. .60 .60
T urpen tine, spirits o f...................... .gal. 1 .38 1.27

M E T A L S

A lum inium , No. 1, in g o ts . . , . . . ,1b. .32 .28
A ntim ony, o rd in a ry ................... 100 lbs. 7 .25 6 .7 5
B ism uth ......................................... 2 .72 2 .72
C opper, e lectro ly tic .................. ......... lb. .18*/4 .16

L ak e ....................................... ,1b. . 18*/4 . 16‘A
Lead, N . Y ................................... ......... lb. .07*/4 ■ 07V*
N ickel, e lectro ly tic .............................. lb. .45 .45
P la tinum , refined, so ft.............. 110.00 110.00
Quicksilver, fla sk .....................75 lbs ea. 70 .00 65 .00
Silver................................................ 1 .00 1 .00
T i n . . . . . ......................................... .43 .37  Vi
T ungsten  W o lfra m ite .. . . . . . . per un it 6 .5 0 6 .5 0
Zinc, N . Y ..................................... 100 lbs. 7 .6 0 7 .3 5

F E R T IL IZ E R M A T E R IA L S

A m m onium  S u lfa te .................... 100 lbs. 5 .35 4 .8 0
Blood, dried , f. 0 . b. N . Y ....... . . . .  un it 8 .0 0 8 .0 0
Bone, 3 and  50, ground, raw .. 48 .00 48 .00
C aldum  C yanam ide, u n it of Am-

m onia ......................... ............... 4 .00 4 .00
Fish Scrap, dom estic, dried , f,. 0 . b.

w orks............. ............................. 7 .25 7 .25
P hosphate  R ock, f. 0. b. m ine:

Florida Pebble , 6 8 % . . . . 6 .85 6.85
Tennessee, 78—8 0 % . . . . . . 11.00 11.00

Potassium  M uria te , 8 0 % . . .  . 2 .25 1.75
Pyrites, furnace size, im p o rted .. . .  un it .18 .18
T ankage, high-grade, f. 0 . b.

C hicago..................................... 7 .75 7 .75



1144 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.  12.. No.  n

C O A L -T A R  C H E M IC A L S
O ct. 1

C ru d e s
A nthracene, 8 0 - 8 5 % ..   ................... lb. .75
Benzene, P u re ..........................................gal. .35
Cresol, U. S. P ......................................... lb. .It*

Cresylic, 97-99  % . . . . . .............gal. 1.20
N aph thalene , flake................................ lb. .1 3 1/ !
Phenol, d ru m s ..........................................lb .15
Toluene, P u re ...............................   gal. .35
X ylene, 2 deg. d ist. r a n g e ................gal. .60

I n te r m e d ia te s
A dds:

A n th ran ilic .......................................lb. 2 .2 0
B ...............................................   lb. 2 .25
Benzoic.............................................. lb. .80
B roenner’s ........................................ lb. 1.75
C leve’s   ...............................lb. 2 .00
G am m a.............................................. lb. 4 .2 5
H .......................................................... lb. 1 .80
M etan ilic ........................................... lb. 1.70
M onosulfonic F ...............................lb. 3 .5 0
N apthionic, c ru d e .......................... lb. .85
N evile & W in ther’s ........................lb. 1.90
P h th a lic ............................................. lb. .60
P ic ric ................................................. lb . .25
Sulfanilic..................................    lb. .33
T o b ia s '.......................................  lb . 2 .25

A m inoazobenzene...................................lb. 1.15
Aniline Oil ..............................................lb. .2 7 »/j

F o r R e d .............................................. lb. .65
Aniline S a lt ................................................lb. .33
A nthraqu inone......................................... lb. 3 .0 0
Benzaldehyde, tech   ...............lb. .65

U. S. P ............................................... lb. 1 .00
Benzidine (B ase).................................... lb. 1.25
Benzidine S u lfa te .................................... lb. 1.05
D iam inophenol...................................   .lb . 6 .0 0
D ianisid ine................................................. lb. 9 .0 0
£ -D ichlorobenzene.................................. lb. .15
D iethy  laniline ............................................lb . 1.55
D im ethy lan iline........................................lb. .90
D in itrobenzene......................................... lb. .36
D in itro to lu en e .................................   lb. .43
D ipheny lam ine..................................... lb. .80
G S a lt ........................................................... lb. .85
H ydroqu inone....................................... lb. 2 .2 0
M etol (R h o d o l) ..................................... lb. 6'. 75
M onochlorobenzene.................................lb. .15
M onoethy lan iline ................................. lb. 2 .15
o-N aph thy lam ine ................................. lb. .45
fr-N aphthylam ine (S ub lim ed) lb. 2 .25
6-N aphthol, d is t .................................... lb. .68
m -N itroan iline ....................................... lb. 1 .05
0-N itroan iline ........................................ lb. 1.25
N itrobenzene, c ru d e ...........................lb. .14

R ectified (Oil M irbane).............lb. .16
0 -N itropheno l ........................................ lb. .80
1-N itrosodim ethylanilin  e ................... lb. 2 .90
o -N itro to lu en e ......................................... lb. .25
0 'N itro to lu e n e ........................................ lb. 1 .50
m -P henylenediam ine............................. lb. 1.45
P-Phenylenediam ine.............................. lb. 2 .30
Phthalic  A nhydride ................................lb. .65
Prim uline (B a se ).................................... lb. 3 .0 0
R  S a lt ..........................................................lb. .90
Resorcinol, te c h ...................................... lb . 2 .25

U. S. P ................................................lb. 2 .7 5
Schaeffer S a l t ............................................lb. .75
Sodium  N a p h th io n a te ...........................lb. 1.10
T hiocarbanilide ........................................lb. .60
Tolidine (B ase)...................................... lb. 1.75
Toluidine, m ixed......................................lb. .44
o-T oluidine.................................................lb. .33
m -T oluylenedjam ine...............................lb . 1.50
0-T oluidine................................................ lb. 1 .7 5
X ylid ine, c ru d e ........................................lb. .50

C O A L -T A R  C O LO R S

A cid  C o lo rs
B lack ............................................................ lb. 1.25
B lue ...................................................... . . . l b .  3 .0 0

O ct. 15

75 
.35 
.18 

1.20 
.10«A 
. 15 
.35 
.60

2.20
2.25 

.80
1.75 
2.00 
4 00 

• 1.70 
1.70
3.50 

85
1 .80 
.60 
.25 
.33

2.25
1.15 

.26 

.65 

.33
2.50 

.65
1.00
1.15 
1.05
5.50 
8.00

.15
1.50 
.90 
.36 
.43 
.80 
.80

2 .00
6.75 

.14
2.15 

.45
2.25 

.50 

.90
1.15 
.14 
.16 
.80

2.90
.25

1.50
1.30
2.30 

.65
3.00

.85
2.25
2.75 

.75
1.10
.60

1.75 
.44 
.33

1.50
1.75 
.50

1.25
3.00

A cid  C o lo rs (Concluded)
F u ch sin ......................................................lb.
Orange I I I ................................................lb.
R ed ..............................................................lb.
Violet I0 B ................................................ lb.
Alkali Blue, d om estic ...........................lb.

Im p o r te d ......................................... lb.
Azo C arm ine............................................lb.
Azo Y ellow ....................................... .lb .
E ry th ro s in ................................................ lb.
Indigotin , conc........................................lb.

P a s te ................................................. lb.
N aphthol G reen ..................................... lb.
P onceau..............................   lb.
Scarlet 2 R .................................................lb.

D ire c t  C o lo rs

B lack...........................................................lb.
Blue 2B ....................  lb.
Brow n H ...................................................lb.
F a s t  R ed ...............................................lb.
Y ellow ........................................................ lb.
Violet, conc...............................................lb.
Chrysophenine, dom estic ....................lb.

Im p o rted  ....................................... lb.
C ongo R ed , 4B T y p e ........................... lb.
Prim uline, dom estic ........................   ,1b.

OU C o lo rs

B la c k . . .
B lue___
Orange. 
R ed i n

.lb .

.lb .

.lb .

.lb .
S ca rle t........................................................lb.
Y ellow ........................................................lb.
N igrosine Oil, soluble........................... lb.

S u l f u r  C o lo rs

B lack .......................................................... lb.
Blue, dom estic ........................................ lb.
B row n.........................................................lb.
G reen .......................................................... lb.
Yellow........................................................ lb.

C h ro m o  C o lo rs

Alizarin Blue, b rig h t............................ lb.
Alizarin R ed, 20%  P aste ...................lb.
A lizarin Yellow G ..................................lb.
C hrom e Black, dom estic .....................lb.

Im p o rte d .........................................lb.
Chrom e B lue........................................... lb.
Chrom e Green, dom estic.....................lb.
Chrom e R ed .............................................lb.
G a llo c y an in ............................................lb.

B as ic  C o lo rs

A uram ine, O, dom estic ....................... lb.
A uram ine, OO........................................ lb.
B ism arck Brown Y ............................... lb.
B ism arck Brow n R ............................... lb.
Chrysoidine R ........................................ lb.
C hrysoidine Y ........................................ lb.
G reen C rystals, B rillian t....................lb.
Indigo , 20 p. c. p a s te ........................... lb.
Fuchsin  C rystals, dom estic................lb.

Im p o r te d ......................................... lb.
M agenta  A d d , d om estic .....................lb.
M alachite G reen, c ry s ta ls ................... lb.
M ethylene Blue, tech ........................... lb
M ethy l V iolet 3 B .................................lb.
N igrosine, spts. sol.................................lb.

W ater sol., b lue............................. lb.
J e t .......................................................lb.

Phosphine G ., dom estic....................... lb.
R hodam ine B, ex tra  conc..................lb.
V ictoria Blue, base, d om estic ............lb. •
V ictoria G reen .......................................... lb
V ictoria R e d ............................................. lb.
V ictoria Y ellow ...................................   .lb.

Oct. 1

2.50 
1.00 
1.30
6.50
5.50 
8.00
4.00
2.00 

12.00
3.00
1.50 
1.95 
1.25
1.00

1.00
.70

1.65
3.50
2.00
2.20
2.25
3.80

.90
3.00

.70
*1.65
1.40
1.65
1.75
1.70
.90

.20 
.70 
.35 

1.00  
.90

7.75 
1 .10 
1 .00
1.25 
2.20 
2.50 
2.00 
2 .00
3.25

2.50 
4.15

.90 
1.20 

.75 

.75 
6 .0 0  

.85
6.50 

12.00
4.25
4.50 
2.75
3.00 

.85 

.70 
.90

7.00 
40.00
6.00 
6 .00

O ct. 15

2.50 
1.00 
1.30
6.50
5.50 
8.00
4.00
2.00 

12.00
3.00
1.50 
1.95 
1.25
1.00

1 .00 
.70 

1.65 
3.50 
2.00 
2.20 
2.25 
3.80 

.90 
3.00

.70 
1 .65 
1 .40 
1 .65 
1 .75 
1.70 
.90

.20

.70

.35
1.00

.90

7.75 
1 . 1 0  
1.00
1.25 
2.20 
2.50 
2 .0 0 . 
2.00
3.25

2.50 
4.15

.90
1 . 20

.75

.75
6.00

.85
6.50 

12.00
4.25
4.50 
2.75
3.50 

.85 

.70 

.90
7.00 

40.00
6.Ó0
6.00
7.00
7.00


