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Platinum Substitute
C rucib les , E vapora tin g  D ishes, D ishes  for Sugar, W ater  a n d  
M ilk  A n alys is ,  also Cones, E lectrodes , S p a tu la s ,  Tongs, 
Triangles, e tc . ,  m a d e  fro m  P a l la d iu m  G old  a lloy ,  
r e c o m m e n d e d  by  th e  B u reau  o f  S ta n d a rd s ,  a n d  so ld  

u n d er  th e  trade  n a m e  “ P a la u .”

F o r  la b o ra to ry  u te n s ils  i t  is su p e r io r  to  p la tin u m  w a re , a n d  c o s ts  b u t 

h a lf  a s  m u c h . I t  is m ad e  in  all s ta n d a rd  shapes an d  sizes, a n d  has been 

used  fo r th e  p a s t  tw o  y ea rs  by  p ro m in e n t ch em is ts  in  d a ily  la b o ra to ry  

ro u tin e , in  v a rie d  lines of w ork  inc lud ing  m e ta llu rg ica l a n d  in d u s tria l, h av in g  

b een  fo u n d  su ite d  to  th e ir  req u irem en ts .

PALAU WARE h a s  a  m e ltin g  p o in t of 1 3 7 0 ° C en tig rad e  an d  is 

g u a ra n te e d  to  w ith s ta n d  co n tin u o u sly  1 3 0 0 ° C en tig rad e .

W e q u o te  h erew ith  a  su m m a ry  from  th e  re p o rt of th e  B u rea u  of 

S ta n d a rd s  on P a la u  W are :

“ T h ese  te s ts  in d ic a te  t h a t  th e  ‘P A L A U ’ crucib le, as 
fa r  as resis tan ce  to  loss on h e a tin g  to  1 2 0 0 ° C ., is superio r to  
p la tin u m  con tain ing- a b o u t 2 .4 %  irid ium , a n d  som ew hat 
in ferio r to  p la tin u m  co n ta in in g  a b o u t 0 .6%  irid ium .
T h e  c o m p ara tiv e  freedom  from  iron  is an  im p ro v e m en t over 
m o st p la tin u m  w are  now  in use. I t  com pares fav o ra b ly  
w ith  p la tin u m  in re s is tan c e  to  hydrochloric , n itric , h y d ro ­
fluoric, an d  su lp h u ric  acids, ferric  ch lo ride a n d  sodium  
hyd ro x id e  so lu tions, a n d  fused  sod ium  c a rb o n a te . T h e  
‘P A L A U ’ crucib le is n o t as su itab le  fo r p o ta ss iu m  p y ro - 
su lp h a te  fusions as p la tin u m . F o r fusions w ith  sod ium  
c a rb o n a te  an d  sod ium  n itr a te  th e  ‘P A L A U ’ cruc ib le  is  less 
a tta c k e d  th a n  p la tin u m , b u t  b o th  w ares a re  v e ry  seriously  
a t ta c k e d  u n d e r th e  con d itio n s of o u r te s t, th e  fusion  m ix tu re  
co n ta in in g  no  oxidizable m a te r ia l.”

W e h a v e  a  considerab le  s to c k  of th is  w are on h an d , so th a t  w e are  in 

p o sitio n  to  m ak e  p ro m p t sh ip m en ts .

W rite  for illu s tra te d  ca ta log , show ing th e  d iffe ren t sty les, specify ing 

also  sizes a n d  ap p ro x im a te  w eights.

EIMER "SB AMEND
ESTABLISHED 1851

Third Avenue, 18th to 19th Streets, New York City
B ranch  Offices an d  Showroom s:

2011 Jenkins Arcade, Pittsburgh, Pa. 48 Sparks Street, Ottawa, Canada
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at Lower 
CostBetter Crushing and Grinding

W h en  you  pu rch ase  A bbé E q u ip m e n t i t  is n o t  s im p ly  a  case of b u y in g  a  B all o r P eb b le  
M ill, a  C u tte r , C rusher, P re ssu re  B low er o r V acuum  P u m p . I t  is a  case of g e ttin g  the  

re su lt of conscien tious E n g in eerin g  S erv ice  based  on  m a n y  years of experience in  th is  
p a r tic u la r  field.

A nd  th is  serv ice  m eans P ro m p t serv ice as well. W e c a rry  in  s to c k  over 100  m ach ines 
an d  can  u sually  m ake  p ro m p t deliveries.

I f  you  a re  looking for la rge cap ac ity , low pow er co n su m p tio n , con tin u o u s o p era tio n — in 
sh o rt, S A T IS F A C T IO N — th e n  in v es tig a te  A B B É  E q u ip m e n t.

Use Oar Testing Laboratory
W e m ak e  no charge fo r  grind ing , crush ing , c u ttin g  o r m ix­
ing sam ples an d  su b m ittin g  full rep o r ts  on su itab le  m achines. 
W e o p e ra te  a  considerab le  n u m b e r  of m ills fo r th is  purpose.

G et in touch  w ith  us

A bbé Engineering Co.
222 Broadway N e w  York

A B BÉ P E B B L E  M IL L  
(P atented)

For W et or D ry  Grinding, F o r Charging 
Capacities up to 4,000 Pounds, Lined 

with e ither Silex, Porcelain,
C ast Iron  or Steel

International Centrifugals
Catalog Cf.

The Most Efficient Rotary 
V a cu u m  D ry er  So Far

The STOKES Improved 
Rotary Vacuum Dryer

Send for

OUR N E W  CATALO G  
It W ill Convince Y ou

F. J. Stokes Machine Co
Philadelphia, Pa.

In tern a tio n a l Equipment Co
352 W estern  Ave., Brighton, BOSTON, M ASS.
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CORROSIVE GAS EXH AUSTERS  
{Any Size, H and, Discharge, Drive)

Pratt Engineering & Machine Company
New York,

61 Broadway
A tlan ta , Ga.,

1516 H u rt B uild ing
Chicago, 111.,

Conway B uilding

W m m

“ O N E  of H U N D R E D S ” of

p ieces of A pparatus w e  build for 

C hem ical P lants. Its special 

features of design w ere evolved  

by U S  from O U R  many years’ 

experience as D esigners of and  

Contractors for C hem ical P lants.

A sk  us for information about our 

A pparatus before you  buy.

Our “United Lead Lined Iron Pipe
for use w ith  either F langed  or T hreaded  Fittings is the 
cheapest, serv icea b le  non-corrosive in the market.

W e  cut and fit our p ipe fittings and valves according to 
B lue P r in ts ,. Sketch  or Specification.

N o  trouble to install excep t to bolt together the flanges.
CATALOG UPON REQUEST

CHADWICK-BOSTON LEAD CO.
160 Congress Street B O ST O N , M A SS.
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M A L L I N C K R O D T  C H E M I C A L  W O R K S
SA IN T LOUIS FOUNDED 1868 N EW  YORK

Manufacturers of

C H E M I C A L S  O F  D I S T I N C T I V E  E X C E L L E N C E

For the C hem ist—E ngineer—Pharm acist—Engraver—Photographer—P hysician  

and others interested in the use of chem icals of superior quality

For satisfaction, specify “M. C. W.” Full l is t  on application.

Tolhurst Suspended Centrifugal

Adaptable
to

Chemicals,
Sugar,

Impregnating 
work and 
other allied
uses

MADE WITH OR W ITH OUT

ALL TOLHURST CENTRIFUGALS a re  eq u ip p ed  w ith  p a te n te d  a d ju s ta b le  id lers, 
w h ich  p e rm it of co u n te rsh a f t, eng ine o r m o to r  d rive .

TOLHURST MACHINE WORKS, t r o y ,  n . y .
S o u th e r n  A g en t N ew  Y ork R ep resen ta tiv e  W estern  R e p resen ta tiv e  C an a d ia n  A g en t

FRED H . W HITE FRED A. TO LH U RST JO H N  S. GAGE W. J . W ESTAW AY
R e a lty  B ld g ., C h a r lo tte , N . C. I l l  B road w ay, N . Y . C . H artford  B ld g ., C h icago , 111. S u n  L ife  B ld g ., H a m ilto n , O nt.

Because Schieren’s D uxbak W aterproof L eather B elting is so thoroughly 
p ro tected  and  fortified against chem ical fumes and m oisture it needs less 
a tte n tio n  th a n  o ther kinds of belting.
W hen once w ork-stretched D uxbak goes on day  in and day o u t doing 
Y eom an service—compelling each m achine i t  d rives to  tu rn  o u t its ju s t 
am o u n t each day.
N o  slip— no delay—ju s t  steady service. T h a t 's  D uxbak— try  one. 

A w a rd ed  G o ld  M e d a l o f  H o n o r  a t  th e  
S a n  F rancisco  E xp o s itio n

35 F e r r y  S t.,
Seattle, Wash., 305 First Ave., So. 
New Ch-lean*, La- 404-406 Canal St. 
Dallas, Texas, The Texas Chas. A.

Schieren Co., Inc.. 205 S. Market St. 
Boston, 232 Summer St. Opposite So. 

Station.
Philadelphia. 226 North Third St.
St. Louis, 18 So. Broadway,

T anners 
B elt M anufac tu rers 

New Y ork
Detroit,
Kansas City, 
Denver, 
Pittsburgh, 
Chicago,
Atlanta. Ga., 
Memphis, Tenn.,

72 Congress St. West. 
1324-26 West 12th St. 

1752 Arapahoe St.
337 Second Are. 

123 W. Kinxie St. 
272 Marietta St. 
475 So. Main St.

Oak Leather Tanneries, Bristol, Tenn.
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EDITORIALS
FIR ST  PLACE TO GOVERNMENT NEEDS

I t  is th e  desire of T h is  J o urn al  to  be of an y  service 
possible to  th e  chem ists of our governm en t who are 
charged  w ith  th e  investiga tion  of special p roblem s 
connected  w ith  th e  w ar; likewise to  serve those  chem ­
ists w ho in  u n iv e rs ity  an d  p r iv a te  lab o ra to ries  are 
p a trio tica lly  cooperating  w ith  th e  go v ern m en t in  th e  
so lu tion  of such problem s. In  th is  sp irit we th e re ­
fore gladly  d e p a rt from  norm al ed ito ria l policy an d  
beg to  te n d e r to  all such chem ists th ro u g h o u t th e  con­
tin u an ce  of th e  w ar th is  first p o rtio n  of th e  ed ito ria l 
section for announcing  an y  needs w hich m ay arise 
in  th e  p rosecu tion  of th e ir  im p o r ta n t w ork.

D r. W. F. H illeb rand , A cting  D irec to r of th e  B ureau  
of S tan d a rd s , u n d er d a te  of Ju n e  14 , 1 9 1 7 , asks th a t  
pu b lic ity  be given to  th e  following:

g a s  in t e r f e r o m e t e r  n e e d e d

The National Bureau of Standards requires for immediate 
use in an important military investigation several gas inter­
ferometers and desires information as to where such apparatus 
can be purchased or borrowed. The apparatus needed is the 
Rayleigh gas interferometer with gas tubes 100 cm. long of the 
form built by the Zeiss Company, or an apparatus equivalent 
to this. Any information relating to such apparatus should be 
forwarded to the Director, Bureau of Standards, Washington, 
D. C., Attention of Gas Laboratory.

GREETIN GS TO PRO FESSO R GRIGNARD

A m ong th e  d istingu ished  m em bers of th e  scientific 
com m issions from  F ran ce  an d  E n g lan d  now  v isiting  
th is  co u n try , chem ists will be especially  in te rested  
in  th e  presence of P rofessor V. G rignard  of F rance . 
H e h as com e to  us a t  th e  req u e st of th e  N atio n a l R e ­
search  C ouncil to  confer w ith  th e  C h em istry  C om ­
m itte e  of th e  C ouncil an d  writh  o u r W ar an d  N av y  
D e p a rtm e n ts , an d  to  give us th e  benefit of th e  ex­
perience w hich tw o  y ears  of w ar have b ro u g h t to  th e  
chem ical p rofession  in  h is co u n try . A pprecia tion  of 
P ro fesso r G rig n a rd ’s b r illian t ach iev em en ts  in  chem ical 
research  and  respect for his sou n d  ju d g m e n t, m ake 
doub ly  w arm  th e  h e a r ty  g ree tings w hich all A m erican  
chem ists  ex ten d  to  him .

CHEMICAL STATISTICS ASSURED

I t  is a g rea t p leasu re  to  be able to  announce th e  
com pletion  of th e  tw o  th o u sa n d -d o lla r  fund  for th e  
cooperation  of th e  A m erican  C hem ical S ociety  w ith  
th e  B ureau  of F ore ign  an d  D om estic  C om m erce in 
th e  com pila tion  of a census of im p o rts  of chem icals 
o th e r  th a n  dyestuffs in a ty p ica l p re-w ar fiscal year. 
T h e  hope expressed a t  th e  conclusion of th e  ra th e r  
desponden t ed ito ria l on th is  su b je c t in th e  Ju n e  issue 
has been ju stified ; th e  full am o u n t has been p ledged, 
an d  th e  w ork can now p ro m p tly  begin.

T h e  d e ta iled  item iza tio n  of these  im p o rts , to g e th er 
w ith  th e  a m o u n ts  of each, will c o n s titu te  a  v a luab le  
an d  safe guide to  th o se  who p a trio tica lly  desire for our 
c o u n try  n a tio n a l se lf-con tainedness in  its  chem ical 
industries.

T here  is a deeper significance in  th is  m ovem en t, 
how ever, th a n  th e  com pila tion  of such a census. T he 
fu n d  subscribed  by  rep re se n ta tiv es  of th e  chem ical 
in d u strie s  is proof of a desire n o t only  for in fo rm atio n  
from  g o v ernm en t records on th e  basis of w hich new  
lines of needed m a n u fa c tu re  m ay be in a u g u ra ted , 
b u t  also for p ro m p t an d  regu la r issuance of s ta tis tic s  
on c u rre n t im p o rts , w hich will give in v a lu ab le  a id  to  
th e  con tinued , h e a lth y  g row th  of all of ou r chem ical 
industrie s. If  those  in  charge of an d  responsib le  for 
such m a tte rs  will b u t com pare th e  ch a ra c te r  of th e  
in fo rm atio n  on im p o rts  now  fu rn ished  our chem ical 
m a n u fac tu re rs  w ith  th a t  w hich th e  G erm an  g overn ­
m en t has for years fu rn ished  its  m an u fac tu re rs , th e y  
will read ily  see to  how  g rea t an  e x ten t we have been 
h an d icap p ed  by  lack  of such basic  fac ts . T he m any  
problem s now to  be solved concern ing  th e  ch a rac te r  
of th e  classifications an d  item iza tio n s of th is  census 
will d eterm ine th e  form  of th e  s ta tis tic s  on c u rre n t im ­
ports . A gain we express a hope, nam ely , th a t  com ­
p le te  s ta tis tic s  on c u rre n t chem ical im p o rts  will soon 
becom e an  asset of th e  A m erican  chem ical m a n u fa c ­
tu re r.

THE TARIFF COMMISSION AND SCHEDULE A
Soon a fte r its  o rgan ization  th e  T ariff C om m ission 

announced  th a t  i t  w ould  begin a t  an  ea rly  d a te  a th o r ­
ough in v estig a tio n  of Schedule A (chem icals). To 
aid th e  Com m ission in th is  com plex field an  expert 
adv iser w as to  be appo in ted . In  th is  connection  th e  
following le tte r  w as received, u n d e r  d a te  of M ay  3 1 , 
1 9 1 7 , from  D r. F . W. T aussig , C h a irm an  of th e  U nited  
S ta te s  Tariff C om m ission:
M y dear Dr. Herly:

It will interest you, I believe, to know that the Tariff Com­
mission has appointed Professor Grinnell Jones to act as Special 
Expert in connection with its inquiries upon the chemical in­
dustries of the country and Schedule A of the existing tariff act.

As you know, the Tariff Commission conferred with Professor 
Stieglitz and the Advisory Council of the Chemical Society 
and secured from the Council lists and recommendations of 
chemists whose services would be helpful to the Commission. 
Some of the gentlemen suggested proved not to be able to give 
continuous service, such as is necessary for the work of the Com­
mission, and we finally selected Professor Jones. We are glad 
to have been able to act in cooperation with the Chemical So­
ciety and are indebted to you for the suggestion which led to 
this cooperation. There is no reason now why public mention 
of the action taken by the Commission should not be made.

T his ac tion  of th e  Tariff Com m ission gives rise to  
several very  p leasan t reflections.

H ea rtie s t con g ra tu la tio n s to  Professor G rinnell 
Jones upon  th e  unsolicited  o p p o rtu n ity  th u s  afforded 
for public  service of nation-w ide im port! Likewise 
con g ra tu la tio n s to  th e  Tariff Com m ission upon  having  
secured  for its  expert adv iser in  m a tte rs  p e rta in in g  to  
th e  chem ical in d u strie s  one of th e  b rillian t young 
chem ists of A m erica whose a tta in m e n ts  an d  ch arac ter 
assure tho roughness , accu racy  of deta il, b re a d th  of 
vision, uncom prom ising  re c titu d e  an d  p a trio tic  loyalty !
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T he fine suggestion  by Dr. B. C. H esse for a B oard  
of C ontro l for th e  Society in  n a tio n al m a tte rs , as p re ­
sen ted  a t  th e  K ansas C ity  M eeting  of th e  C ouncil, 
has a lready  borne fru it. P end ing  th e  d e te rm in a tio n  
of ce rta in  co n s titu tio n a l questions th e  Council a p ­
po in ted  a com m ittee  along th e  lines suggested  by  Dr. 
Hesse to  advise th e  P res id en t of th e  Society  on all 
m a tte rs  of n a tio n a l bearing . W hen, the re fo re , P resi­
d en t S tieg litz  received from  C h a irm an  T aussig  a re ­
quest for im m ed ia te  nom inations, for th is  office th e  
m achinery  was a lread y  p rov ided  to  give p ro m p t recom ­
m endations.

W e are confiden t th a t  all will ap p rec ia te  th e  ac tion  
of th e  Tariff Com m ission in th u s  seeking th e  counsel 
of th e  organized  body  of A m erican chem ists. Too 
often  ap p o in tm e n t to  pub lic  office is accom panied  by  
an unseem ly scram ble of office seekers for recom ­
m endations an d  for political influence, n o t to  m ention  
persis ten t personal pleas. All such  have here been 
avoided. •

A no ther reflection, to  w hich we are  alw ays glad to  
give expression, is th e  v a lue  of o rgan ization . Som e­
tim es in  th e  p as t we have h ea rd  m en say , “ W hy should  
I spend  m y m oney on dues to  th e  A m erican C hem ical 
Society? I g e t th e  benefit of th e  jo u rn a ls  in th e  li­
b rary  of th e  C om pany  (or U n iv e rs ity ).” W e believe 
th a t  th e  p resen t phenom enal g row th  of th e  m em ber­
ship of th e  Society is due to  a co n s tan tly  increasing  
app recia tion  of th e  fac t th a t  the  Society  is m ore th a n  
a m ere pub lisher of jo u rn a ls ; m ore an d  m ore its  fu n c­
tion  as a g rea t n a tio n a l force is being recognized, 
and as i t  expands to  a  m ore com plete inclusion of all 
A m erican chem ists th a t  force co rrespondingly  in ­
creases. In  such  days as th ese  no m an can afford to  
live to  him self or for him self alone.

THE SEPTEM BER M EETING

On S a tu rd ay , M ay  26 , 1 9 1 7 , th e  D irec to rs of th e  
Society, a t  a special m eeting , considered in all of its 
bearings th e  holding of an  A nnual M eeting  th is  fall. 
As a  resu lt of th e ir  deliberations it was decided th a t  
the m eeting shou ld  be held  a t  B oston in S ep tem ber 
as prev iously  vo ted  by  th e  Council.

T he Council will m eet on th e  a fte rnoon  an d  evening 
of M onday , S ep tem ber 1 0 , 1 9 1 7 . T he m eetings of th e  
Society will ta k e  place on S ep tem ber 1 1 , 12  an d  1 3 . 
The N o rth ea s te rn  Section has been req u ested  by  th e  
D irectors to  om it th e  usua l an n u a l b a n q u e t an d  ex­
cursions, an d  to  a rran g e  a p rog ram  charac terized  by  
sim plic ity  an d  seriousness, an d  bearing  as fully  as 
possible on questions concern ing  th e  ac tiv itie s  of chem ­
ists bo th  in  th e  go v ern m en t service an d  in th e  in d u s­
tries du ring  th e  p resen t w ar.

T h e  G eneral M eeting  will be held  on T uesday  m o rn ­
ing. T h is will be followed in th e  afte rnoon  by  a general 
conference to  be opened  by  Dr. W. H. N ichols, C h a ir­
m an of th e  C om m ittee  on C hem icals of th e  N ational 
Defense Council, an d  by  Dr. M. T. B ogert, C ha irm an  
of th e  C h em istry  C om m ittee  of th e  N ational R esearch 
Council, th e  conference th e n  to  be con tinued  from  th e  
floor. I t  is expected  th a t  an  in fo rm al, g e t-to g e th er 
m eeting of a social ch a rac te r will be held  on T uesday

evening, a t  w hich tim e o p p o rtu n ity  will be given for 
in form al d iscussion of problem s of th e  day.

W ednesday  m orn ing  will be devo ted  to  divisional 
conferences, an d  th e  afte rn o o n  to  div isional m eetings, 
w ith  papers, or a co n tin u a tio n  of th e  conferences, as 
th e  divisions m ay decide. T he p residen tia l address 
will be delivered  on W ednesday  evening.

T h u rsd ay , b o th  m orn ing  an d  afte rnoon , will be 
given to  div isional m eetings.

W e feel confident th a t  th e  decision of th e  D irecto rs 
to  hold th e  A nnual M eeting , an d  along  th e  lines above 
m en tioned , will receive th e  h e a r ty  en d o rsem en t of all 
m em bers of th e  Society. T he g ra v ity  of th e  tim es 
m akes fitting  th e  e lim ina tion  of th e  usual social func­
tio n s ; a t  th e  sam e tim e it  is th e  com pelling reason for 
a th o u g h tfu l assem bly  of chem ists. In  th e  confer­
ences p lanned  o p p o rtu n ity  will be given for sound ing  
th e  keyno te  of the  p resen t s itu a tio n  an d  for ad ju sting ' 
v iew points to  th e  new  conditions u n d er w hich we are 
now w orking. T he c o u n try  needs th e  ju d g m e n t of 
its chem ists on m any  phases of w ar conditions. T his 
ju d g m e n t can  best be reached  th ro u g h  th e  in sp ira tio n  
of th e  spoken w ord in th e  conferences, w here op p o r­
tu n ity  will be afforded for in te rch an g e  of views by  
men from  all sections of th e  co u n try . T his m eeting  
will be no h o liday  occasion— it should  prove a well- 
sp ring  of s tre n g th  for our co u n try .

CONCERNING THE EXPOSITION OF CHEMICAL 
INDUSTRIES

In  th e  m idst of th e  p resen t general u p heaval of 
norm al conditions th e re  has been ev id en t from  tim e to  
tim e som ew hat hyste rica l ag ita tio n  of ce rta in  ideas 
w hich, while of u n d o u b te d  value, by  no m eans ad m it 
of general app lica tion . F or exam ple, i t  has been su g ­
gested in som e q u a rte rs  th a t  u n d er p resen t conditions 
th e  T h ird  N atio n al E xposition  of Chem ical In d u str ie s  
shou ld  be abandoned . A gainst th is  suggestion , fo r­
tu n a te ly  confined to  a very  lim ited  num ber of p ro ­
p onen ts , we wish to  en te r m ost ea rn est and  em p h a tic  
p ro test. T his u n h es ita tin g  p ro te s t is based upon th e  
record  of w h a t th e  tw o previous E xpositions have proved  
them selves to  be and  upon th e  th o u g h t an d  purpose 
w hich underlie  th e  g rea t expansion a lread y  assu red  
th is  th ird  occasion.

T here  can be no difference of opinion as to  th e  
im p ro p rie ty  of holding th is  year expositions of th e  u su a l 
po p u la r ty p e . W hile nom inally  based upon  som e h isto ric  
ev en t of our n a tio n a l life, and while m ark ing  th ro u g h  v a­
rious exh ib its  certa in  definite steps fo rw ard  in in d u stria l 
life, nevertheless, such expositions really  serve as oc­
casions for ho liday  tr ip s , for re s t from  daily  ro u tin e  
or sim ply  for am usem ent. As a  people we are in no 
mood for such  events.

T he N atio n al E xposition  of C hem ical In d u str ie s , 
on th e  o th e r h an d , has an  en tire ly  d iffe ren t function . 
F rom  th e  o u tse t those  charged  w ith  th e  responsib ility  
of fo rm u la tin g  its  policies have never so u g h t to  m ake 
of its  exh ib its a “ show ,” b u t have  consis ten tly  held 
to  th e  belief th a t  th e  A m erican people w ould be th o u g h t­
fu lly  in te re s te d  in a t tra c t iv e ly  a rran g ed  exh ib its  
illu s tra tiv e  of th e  rap id  progress of an in d u s try  w hich
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holds w ith in  itself so m uch of fasc inating  in te re s t and  
which, a t  th e  sam e tim e, has  such deep significance for 
our n a tio n a l w elfare. R esu lts  h av e  p roved  th a t  th is  
conviction  was fu lly  justified .

I t  was fu rth e r  believed th a t  th ro u g h  th is  po p u la r 
in sigh t in to  th e  w ork of th e  chem ist th e re  w ould be 
b ro u g h t a b o u t a  tru e r  conception  of th e  fu n c tio n  of 
th e  chem iot in  all phases of in d u stria l life. In  th is  w ay 
th e  exposition  has a lread y  s tim u la ted  th e  es tab lish ­
m en t of lab o ra to ries  for contro l an d  for research  in 
m any  in d u stria l o rgan izations w hich h ith e r to  h ad  
never h ad  th e  benefit of th is  m eans of efficiency an d  
ra tio n a l advance .

T h e  sp ir it of th e  E xposition  has never been one of 
self-glorification of an  in d u s try  w hich seeks to  f la tte r  
itself by  boas ting  of p a s t accom plishm ents, b u t ra th e r  
has been th a t  of a fearless exh ib ition  of shortcom ings, 
in  o rder th a t  th e  w ay m igh t be clearly  in d ica ted  for 
fu tu re  effort. T he E xposition  has p o r tra y e d  th e  
sp lend id  ach ievem ents of th e  p a s t only  for th e  purpose 
of gain ing courage an d  confidence for th e  g rea te r w ork 
of th e  fu tu re .

U p to  th e  p resen t th e  deve lopm en t of th e  ideals of 
th e  E xposition  has been chiefly along th e  lines of p ro d ­
u c ts  m an u fac tu red  an d  th e  m ach inery  u tilized  in  
th e ir  p roduction . If, how ever, th e  full service of th e  
E xposition  is to  be rendered  i t  m u st a c t as a coordi­
n a tin g  influence in  th e  cooperation  of all those  fac to rs 
w hich go to  m ake up  a tru ly  g rea t chem ical in d u stry . 
T o  th e  ex p ert know ledge of th e  chem ist an d  th e  skill 
of th e  m achine bu ilder m u st be ad d ed  th e  confidence 
of cap ita l an d  an  in tim a te  know ledge of th e  sources 
of raw  m ateria ls . I t  is hoped  th a t  th is  th ird  E xposi­
tio n  will re su lt in  m arked  progress in  these  tw o lines. 
Of all periods in  our h is to ry  th is  is th e  m ost u rg en t 
fo r such progress to  be m ade. T h e  real sinews of w ar 
m u st be fu rn ished  b y  th e  chem ical in d u strie s ; w h a t­
ever co n trib u tes  to  th e ir  w elfare brings th e  d ay  of a 
r igh teous peace nearer.

F o r these  reasons we feel th a t  th e  T h ird  N atio n al 
E xposition  of C hem ical In d u str ie s  shou ld  be held  nex t 
S ep tem ber as p lanned , confiden t th a t  its  con tinued  
g row th  an d  evo lu tion  will be a t te n d e d  by  resu lts  of 
deepest significance to  th e  w elfare of o u r co u n try .

ANOTHER PO SSIBLE FORM  OF COOPERATION 
BETW EEN  U N IVERSITIES AND TH E 

CHEMICAL INDUSTRIES

W e h av e  recen tly  received  a le tte r  from  a m em ber 
of th e  ch em is try  sta ff of a w ell-know n u n iv e rs ity  
from  w hich th e  follow ing p a ra g ra p h  is q u o ted :

I wish to come into closer touch with industrial plants as an 
actual worker during the summer months’ vacation. This 
would give me a more intimate knowledge of present works 
conditions and thus enable me better to prepare and advise 
my students to meet the present industrial demands. It would 
temporarily help to relieve the apparent present stress in some 
industry until the younger and less experienced men were 
broken in, would increase my effectiveness in the preparation 
of chemical engineers, and I could assuredly give full value for 
any compensation advanced me.

I t  is fu lly  rea lized  th a t  th is  is n o t th e  first tim e  
such  a desire has been  expressed, an d  th a t  in  th e  p as t

th e  te m p o ra ry  ch a rac te r  of th e  p roposal has  p ro v ed  a  
b a r  to  its  accep tance. H ow ever, th e  changes in  th e  
personnel of p la n t forces due to  en lis tm en t an d  to  th e  
d ra f t m ay  give rise th is  su m m er to  abno rm al cond i­
tions w hich m igh t be re lieved  te m p o ra rily  b y  
ad d itio n s from  u n iv e rs ity  forces. C e rta in ly  such 
p la n t experience w ould be reflected  in  b e t te r  te ac h in g  
d u rin g  th e  nex t co llegiate y ear, an d  in  th is  m a tte r  
th e  in d u strie s  h av e  a very  d irec t in te re s t.

T h e  co rresponden t above q u o ted , asks th is  question—  
“ C an you suggest an y  m an  or m en to  w hom  such  a 
p roposition  m ig h t ap p eal to  th e  e x te n t of th e ir  offering 
such  em p lo y m en t?”

U n fo rtu n a te ly , we h ad  a t  th e  tim e  no in fo rm atio n  
w hich w as of an y  value . T h is v e ry  sh o rtco m in g  sug ­
gests a possible service an d  we th e re fo re  g lad ly  offer 
to  ac t as a clearing  house of in fo rm atio n  on  th is  su b ­
je c t for th o se  professors an d  in s tru c to rs  w ho m ay  care 
to  file th e ir  nam es w ith  us an d  for th o se  in  th e  chem ­
ical in d u strie s  who m ay desire to  h av e  a  lis t of such  
ava ilab le  m en.

FRIEN D LY CONFIRMATION OF A POLICY

In  th e  Ju n e  issue we u rged  th e  m em bers of th e  
S ociety  to  exert th e ir  personal influence in  m a in ta in ­
ing, and , indeed , in  increasing  th e  lis t of our a d v e r­
tisers u n d e r th e  new  ra te s  recom m ended  b y  th e  So­
c ie ty ’s rep resen ta tiv es . I t  is to o  ea rly  as y e t to  asce r­
ta in  th e  e x te n t of th e  response to  th is  appeal. I t  is, 
nevertheless, a  sa tis fac tio n  to  h av e  received  such  an  
end o rsem en t of th e  sp ir it of th e  ap p eal as w as con­
ta in e d  in  th e  “ lead-off” ed ito ria l of th e  M a n u fa c­
turers Record in  i ts  issue of Ju n e  1 6 , 1 9 1 7 . T h is is 
rep ro d u ced  h ere  w ith  a  few e lim ina tions:

TO USE "T H E IR  PERSUASIVE POWERS”
The Journal of Industrial and Engineering Chemistry, pub­

lished by the American Chemical Society, announces that, in 
view of increased cost of operation, the Publication Committee 
has recently decided to advance its rates 40 per cent, to take 
effect immediately; and in publishing this statement the Journal 
appeals to members of the Society to render valuable aid by 
"using their persuasive powers”  in holding all former adver­
tisers, and by urging those not now advertising to become ad­
vertisers in the Journal.

The M a n u f a c t u r e r s  R e c o r d  has not as yet advanced its 
rates to meet these new conditions, notwithstanding the great 
increase in the cost of publication of this as of all other papers, 
but whenever it is compelled to do so, it trusts that it can ap­
peal to its readers, as the Journal of Industrial and Engineering 
Chemistry has appealed to the members of the American Chem­
ical Society, to use their "persuasive powers”  to induce all ad­
vertisers to continue to advertise, and to induce those who are 
not now advertising to use the advertising pages of the M a n u ­
f a c t u r e r s  R e c o r d .

If we can have the hearty cooperation of all of our readers 
in furtherance of efforts to increase advertising and to make 
advertisers know the value to the readers of the M a n u f a c ­
t u r e r s  R e c o r d  of these advertisements, we shall be glad to 
have learned the lesson from the Journal of Industrial and Engi­
neering Chemistry.

A good example is being set to other publishers in facing the 
issue of higher cost of publication and the necessity for higher 
advertising rates, and in appealing to the readers of the publica­
tion to cooperate in holding and securing advertising in the 
publication. Success to this excellent campaign!
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THE PRESENT STATUS OF AMERICAN CHEMISTS AND WAR SERVICE
F o r th e  in fo rm atio n  of all chem ists th e re  is given 

below  th e  “ R e p o rt on th e  W ar Service for C hem ists” 
an d  th e  “ P lan  for th e  Im p re ssm e n t of C hem ists  for 
W ar Service as C hem ists an d  for th e  P re se rv a tio n  of 
th e  S up p ly  of C hem ists” , as recom m ended  to  th e  
C ouncil of N a tio n a l D efense b y  a com m ittee  consis t­
ing of W illiam  H . N ichols, M. T . B ogert, A. A. N oyes, 
Ju liu s  S tieg litz  an d  C. L. P arsons. T h e  docum ents 
were d ra f te d  a f te r  carefu l considera tion  of th e  ex­
perience of our Allies. D r. W illiam  H . N ichols, 
ch a irm an  of th e  C oopera tive  C o m m ittee  on C hem ­
icals of th e  A dv iso ry  C om m ission of the  Council of

REPO ET ON THE W AE SERVICE FO R CH EM ISTS

C hem ists an d  chem ical engineers a re  no rm ally  needed  
in  a lm ost all b ran ch es of in d u s try  (includ ing  th e  s ta n d ­
a rd iz a tio n  an d  co n tro l of food p ro d u c ts) for th e  su c ­
cessful o p era tio n  of processes, th e  d e tec tio n  an d  speedy  
co rrec tion  of difficulties an d  th e  im p ro v e m en t of p ro d ­
ucts. E n g lan d , F ran ce , an d  I ta ly  found  i t  necessary  
to  recall all chem ists from  th e  ran k s; C a n ad a  does n o t 
allow chem ists  to  en list; chem ists  h av e  saved  G er­
m any  up  to  th e  p re se n t tim e.

T here  was a  decided sh o rtag e  in  th e  su p p ly  of chem ­
ists in  th e  U n ited  S ta te s  even  before A pril 1 9 1 4 . 
T h e  w ar has m ade th e  sh o rtag e  acu te , an d  i t  is cer­
ta in  th a t  our ow n w ar needs an d  in d u strie s  necessary  to  
w ar will ab sorb  chem ists as rap id ly  a s th e y  c a n b e tra in e d .

I l  takes fro m  fo u r  to seven years to  train  a  chem ist. 
T he sh o rte r  tim e  is fo r college g rad u a te s  an d  chem ical 
engineers who becom e w holly  useful on ly  a f te r  a  fu rth e r  
year of experience in  a  m an u fa c tu rin g  p la n t o r la b o ra ­
to ry  (co rrespond ing  to  th e  h o sp ita l y ea r  req u ired  of 
m edical s tu d e n ts ) . T h e  longer tim e  is for th e  t r a in ­
ing of research  m en ta k in g  th e  d o c to ra te  degree in 
chem istry , on w hose shou lders u ltim a te ly  th e  v as t 
need of th e  g o v ern m en t an d  th e  in d u strie s  fall for 
m eeting  an d  so lving new  difficulties an d  p roblem s of 
organized  research .

W hen chem ists of m a tu re  years a re  called  in  for 
service in  g o v ern m en t lab o ra to ries , th e ir  places m u st 
be filled b y  younger m en to  keep  th e  m ach inery  
w orking. I t  is, th e re fo re , of th e  g re a te s t im p o rtan ce  
th a t  s teps be ta k e n :

1 st— T o keep an d  im press in to  service in  chemical 
lines chem ists d raw n  b y  th e  d ra f t for serv ice in  th e  
U n ited  S ta te s  A rm y or N avy .

2 nd— To p rov ide  m eans fo r keep ing  open  sources of 
supp ly  of chem ists  from  un iversitie s, colleges, andschoo ls 
of techno logy , an d  to  p rocu re  vo lu n teers  in  chem istry .

A te n ta t iv e  p lan  for accom plish ing  th ese  resu lts  
is h e reby  ap p en d ed  an d  recom m ended .

W i l l i a m  H . N i c h o l s ,  Chairman of the Chemistry Committee, 
National Defense Council. Past President Society of 
Chemical Industry. President 8th International Congress 
of Applied Chemistry.

M a r s t o n  T. B o g e r t ,  Chairman of the Chemistry Committee, 
National Research Council. Past President American 
Chemical Society.

A. A. N o y e s ,  Past President American Chemical Society.
J u l i u s  S t i e g l i t z ,  President American Chemical Society.
C h a r l e s  L . P a r s o n s ,  Secretary American Chemical Society.

N atio n a l D efense, has em bodied  th is  m a te ria l in  his 
rep o r t w ith  th e  reco m m en d a tio n  th a t  i t  be ad o p ted  by  
th e  C ouncil of N a tio n a l D efense. T h a t  bo d y  h as  n o t y e t 
ac te d  upon  th e  rep o rt, no r h as  an y  ac tio n  been ta k e n  
in  reg a rd  to  th e  s ta tu s  of chem ists  as a class; i t  is possi­
ble th a t  th e  cases of chem ists, d ra f te d  will h av e  to  be 
considered  in d iv id u ally . W h a tev er ac tio n  is ta k e n , i t  
m ust receive th e  ap p ro v a l of th e  P re s id en t before b e ­
com ing a  fixed policy. T h e  w ord ing  of th is  rep o rt, 
an d  th e  lack  of final ac tio n  th e reo n , w ould seem  to  
m ake clear th e  p a tr io tic  d u ty  of chem ists a t  th is  
t im e — W A IT ! [ E dit o r ]

PLAN FO R THE IM P R E SSM E N T  OF CH EM ISTS FO R WAR
SERVICE AS CH EM ISTS AND FO R THE PRESERVA­

TIO N  OF THE SU PPLY  OF CHEM ISTS

I— T h ere  shall be organ ized  a  C o m m ittee  of th re e  to  
advise th e  P re s id en t of th e  U n ited  S ta te s  th ro u g h  th e  
W ar D e p a rtm e n t on req u ests  for exem ption  of chem ­
ists. T his co m m ittee  m igh t well inc lude besides a 
G overnm en t rep re se n ta tiv e  tw o  chem ists, one a chem ­
ical engineer or tech n ica l chem ist, th e  second  a  u n i­
v ers ity  m an. T hese m en shou ld  be n o m in a te d  to  
th e  P re s id en t b y  th e  C ouncil of N a tio n a l D efense.

I I — R eq u ests  for exem ption  of in d iv id u a l chem ists 
shall be m ade to  th is  co m m ittee  b y :

( 1 ) G o vernm en t, S ta te  o r M unicipal L ab o ra to rie s  
an d  B ureaus.

( 2) H eads of m a n u fa c tu rin g  p la n ts  on th e  basis of 
th e  im p e ra tiv e  need  of th ese  m en for th e ir  suc­
cessful op era tio n .

(3 ) P resid en ts  of U n iversities , Colleges, and  
Schools of E ng ineering  or M ining  on th e  basis of 
proficiency, p rom ise an d  a b ility  of can d id a tes  
for college or u n iv e rs ity  degrees, specializing in  
chem istry . M en recom m ended  u n d er th is  head  
who are  ca n d id a tes  for th e  d o c to ra te  degree 
shall n o t be over 26 years of age when th e y  
receive th e  degree, an d  m en who are  ca n d id a te s  
for a fo u r-year college degree shall n o t be over 23 
years of age w hen th e y  are to  receive th e  degree.

I I I — ( 1 ) C hem ists u n d e r  21  an d  over 30 y ea rs  of 
age an d  chem ists  be tw een  21  an d  30  w ho h av e  n o t 
been d ra fted  m ay enroll w ith  th e  above com m ittee  
as vo lun teers in  ch em is try  su b je c t to  th e  sam e cond i­
tio n s as th e  en lis ted  an d  exem pted  men.

( 2) S tu d en ts  in  ch em is try  u n d e r 21  y ea rs  of age m ay 
enroll w ith  th e  above com m ittee  for a “ chem ists 
rese rv e” u n d er th e  cond itions specified in  I I  (3 ).

IV— M en th u s  enro lled  an d  accep ted  u n d er th e  
provisions of th e  above p a ra g ra p h s  for w ar service 
as chem ists shall be su b je c t to  th e  orders of th e  gov­
e rn m en t as to  location  an d  n a tu re  of service an d  shall 
be en title d  to  w ear a  badge or o th e r insign ia in d ica tin g  
th e ir  official s ta tu s  (p rac tice  of F ran ce  an d  possib ly  
of o th e r  E u ro p ean  coun tries). S tu d en ts  enrolled  in  a 
“ chem ists re se rv e” shall be su b je c t to  th e  sam e con­
d itions as o b ta in  for o th e r  reserves of th e  go v ern m en t 
an d  shall also be en title d  to  w ear som e insign ia  or 
badge in d ic a tin g  th e ir  en ro llm en t.
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ORIGINAL PAPERS
RESULTS OF RECENT INVESTIGATIONS OF THE 

SM ELTER SM O KE PRO BLEM 1
By A. E. W ells 

R eceived June 1, 1917

A t m any  of th e  sm elting  p la n ts  th ro u g h o u t th e  
U nited  S ta tes , th e  sm oke prob lem  continues to  be one 
of considerable im portance . In  fac t, due to  th e  in ­
creased tonnages of ores being hand led  du ring  th e  la s t 
tw o years a t  m any  p la n ts , som e dam age has been 
done b y  sm oke w here form erly  no serious sm oke 
troub les  were encoun tered , and  th e  prob lem  in those  
places has assum ed  serious p roportions. E lsew here 
th e  problem  has becom e im p o r ta n t m ain ly  because a 
g rea ter num ber of those people engaged in  ag ricu l­
tu ra l p u rsu its  in th e  v ic in ity  of sm elters have heard  
th ro u g h  various sources th a t  th e  sm elte r sm oke m ight 
be in ju rious to  crops an d  to  live stock ; th u s , w henever 
any  adverse condition  arises in  d is tric ts  con tiguous 
to  sm elters, it has becom e th e  custom  to  b lam e th e  
sm elte r sm oke first, before try in g  to  determ ine th e  
tru e  causes. C areful investiga tions in  m an y  cases 
have p roved  th a t  th e  causes were w holly foreign to  
th e  sm elte r sm oke. W hether ac tua l dam age has been 
on th e  increase, due to  increased  sm oke o u tp u t, or 
w hether th e re  has been a g rea ter ten d en cy  on th e  
p a r t  of th e  farm ers an d  stock  raisers to  lay  th e ir  
n a tu ra l crop an d  stock  troub les a t  th e  door of the  
sm elte r sm oke, th e  resu lt has been th a t  a t  m any p lan ts  
i t  has becom e necessary  for th e  com panies to  en ter 
upon  careful investiga tions to  determ ine th e  facts.

Believing th a t  an  ou tline of these investiga tions 
as carried  o u t by  the  lead an d  copper sm elting  com ­
panies would be of in te re s t to  those  who are d irec tly  
concerned  w ith  th e  m etallu rgy  of zinc, an  a t te m p t 
has been m ade in these  pages to  p resen t th is  ou tline 
in  as brief a form  as possible.

As m eta llu rg is t on th e  sm oke prob lem  for th e  U nited  
S ta te s  B ureau  of M ines, th e  w riter has been associa ted  
d irec tly  or in d irec tly  w ith  nearly  all these  in v es tig a ­
tions, an d  in  m any  cases has assisted  in th e  work. C o­
opera tion  w ith  th e  sm elting  com panies is possible in  
nearly  every  in stance , because it  is ev iden t th a t  th e  
com panies wish to  have th e  tru e  facts de term ined  
concerning th e  conditions in  th e  zones a round  th e ir  
p lan ts . T hey  are rea d y  to  face square ly  an y  fac ts  so 
determ ined  w hich m igh t be considered even d e tr i­
m en tal to  th e ir  in te res ts , and are  show ing a  willingness 
to  go as fa r as p rac ticab le  to w ard  th e  u ltim a te  so lu ­
tio n  of th e  problem  by  th e  elim ination  of th e  substances 
th a t  are found  to  be th e  causes for dam age. In  general 
it  m igh t be s ta te d  th a t  th e  com panies are read y  to  
m eet th e  s itu a tio n  fairly , an d  th a t  w herever th e re  is a 
possib ility  of in ju ry  resu lting  from  th e ir  p resen t 
m ethods of opera tion , th e y  are ready  to  m ake decided 
im provem ents . These im provem en ts often  involve 
expend itu res of m oney beyond  those  y ield ing any 
financial re tu rn .

1 Presented a t the Sym posium  on ike Chemistry and M etallurgy o f Zinc, 
54th M eeting American Chem ical Society, K ansas C ity , April 12, 1917.

Published w ith the permission of the D irector of the  B ureau of M ines.

As th is  can be b u t a brief p rese n ta tio n  of som e of th e  
m ost im p o rta n t fea tu res of th e  sm oke problem , it 
will be necessary  to  dism iss w ith  a few w ords an y  con­
side ra tion  of the  d u s t an d  m etallic fum e elem en t of 
th e  sm oke, as th is  elem en t is of m inor im portance .

D U ST AND M E T A L L IC  F U M E  E L E M E N T  OF M IN O R  

IM PO R T A N C E

T he investiga tions th a t  have been conducted  during  
th e  la st few years, includ ing  those of th e  Selby Sm elter 
C om m ission , 1 A m erican Sm elting  and  Refining Co., e tc., 
have proven  conclusively th a t  as fa r as dam age to  
veg e ta tio n  is concerned, d u s t an d  fum e p artic les or acid 
m ist are p rac tica lly  negligible q u an titie s . T he effect 
of d u st an d  fum e partic les upon  an im al life is an o th e r  
m a tte r. No d o u b t som e in ju ry  has been done and  
m ay now be done in  ce rta in  places to  an im al life by  
th e  toxic sa lts  in th e  sm elte r em ana tions w here th e re  
have been large accum ulations of these  toxic sa lts  on 
vege ta tion . G enerally  speaking , how ever, w herever 
th e  am o u n t of d u s t and  fum e being em itte d  is so large 
as to  co n s titu te  a  m enace to  live .s tock  in  th e  com ­
m u n ity , it is found  th a t  th e  v a lue  of th e  solids being 
lost would p ay  a  reasonable re tu rn  on th e  in v es tm en t 
necessary for in sta lla tions to  recover th em , w ith o u t 
an y  dam age consideration  being involved. In  m ost 
cases it  is a co m p ara tiv e ly  easy  m a tte r  to  recover th e  
g rea ter p o rtio n  of th e  solids, an d  a t  th e  p resen t tim e 
th e re  is no excuse for a sm elte r tu rn in g  large am o u n ts  
of th e  solid co n s titu e n ts  of th e  sm oke in to  th e  a tm o s­
phere, especially  if those  solids are know n to  be causing  
in ju ry  to  live stock .

S U L F U R  D IO X ID E  P R O B L E M  M OST IM P O R T A N T

T he m ost im p o rta n t p roblem , the re fo re , is th e  su lfu r 
dioxide problem . A t m any  p lan ts  w here large q u a n ­
titie s  of sulfide ores are  being h an d led  serious efforts 
are being m ade to  u tilize th e  w aste su lfu r dioxide 
th ro u g h  th e  m a n u fa c tu re  of su lfu ric  acid, liqu id  
su lfu r dioxide an d  even e lem en ta ry  sulfur. Technical 
m ethods have  been w orked o u t for accom plishing th e  
la st tw o schem es, and  sm all scale com m ercial p lan ts  
erected . Two of th e  la rgest copper sm elters of th e  
w est, nam ely , A naconda an d  G arfield, h av e  recently  
m ade heavy  in v estm en ts  in acid p lan ts . H ow ever, 
m any  p la n ts  are  s itu a te d  a t  such g rea t d istances from  
th e  m ark e ts  for these  p ro d u c ts  th a t  only  a co m p ara ­
tiv e ly  sm all am o u n t of th e  ava ilab le  su lfu r dioxide 
can  be u tilized . I t  is recognized th a t  a lth o u g h  th e  
am o u n t of th e  w aste su lfur gases th a t  will be u tilized  
in com m ercial p ro d u cts  will be s tead ily  increasing, 
y e t for m any  years to  com e th e  sm elters will be obliged 
to  w aste large q u an titie s  of su lfu r dioxide in to  th e  
atm osphere . T hus, investiga tions are in  progress 
to  d e term ine  how, u n d er d ifferen t c lim atic  an d  to p o ­
graph ic  conditions, these  volum es of su lfu r dioxide, 
w hether large or sm all, can be d ischarged  in to  th e  
a tm osphere  w ith o u t causing in ju ry  to  veg e ta tio n  in  th e  
su rround ing  coun try .

1 See T h i s  J o u r n a l , 7 (1915), 41, for ab strac t of Selby Sm elter Com ­
mission report.
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E F F E C T S  OF B L E A C H IN G  ON Y IE LD

In  th is  connection  i t  is necessary to  d e term ine  first 
of all w h a t are th e  effects, b o th  in  reg a rd  to  superficial 
b leaching an d  in  regard  to  th e  econom ic resu lts  on 
yield, of app ly ing  various co n cen tra tio n s of su lfu r 
dioxide to  various form s of p la n t life a n d  un d er dif­
fe ren t a tm ospheric  conditions. If th e  tim e were 
ava ilab le , i t  w ould be in te restin g  to  discuss th e  earlier 
m ethods th a t  w ere used in th is  co u n try  an d  in  G er­
m any  for d e term in ing  th e  effect of su lfu r dioxide on 
v ege ta tion , an d  to  show  w herein th e  v as t am o u n t 
of d a ta  th a t  were de term ined  by these  investiga tions 
are of no value as fu rn ish ing  d a ta  upon  w hich to  base 
defin ite conclusions. I t  is necessary  to  dism iss any  
consideration  of these  investiga tions w ith  th e  brief 
s ta te m e n t th a t  in none, w hether th e  te s ts  were m ade 
in cab ine ts, glass ja rs  or in sm oke houses, were norm al 
field conditions even ap p ro x im ated , nor was th e re  an y  
know ledge of th e  ac tu a l co n cen tra tio n  of th e  su lfu r 
dioxide in  co n tac t w ith  th e  p la n ts , nor of th e  a tm o s­
pheric  conditions. A know ledge of th e  a t te n d a n t 
a tm ospheric  conditions is of th e  g rea tes t im portance .

T he first research  w ork along th e  line of m aking  
d e te rm in a tio n s u n d er ac tu a l field conditions was th a t  
done b y  th e  Selby Sm elter Com m ission. In  these 
d e term in a tio n s, know n volum es of a ir  con ta in ing  
know n defin ite co n cen tra tio n s of su lfu r dioxide were 
blow n for defin ite periods of tim e u nder know n a tm o s­
pheric conditions over p lan ts  grow ing no rm ally  in 
the  field. A cab ine t fram ed  w ith  wood an d  w ith  
celluloid sheets  for th e  sides was p laced  over th e  p lan ts  
du ring  th e  period of investiga tion , w hich varied  b e­
tw een tw o m inu tes an d  eigh t hours. Check p lo ts  were 
fum iga ted  sim u ltaneously  u n d er th e  sam e conditions 
w ith  air con ta in ing  no su lfu r dioxide. All th e  d e ­
te rm in a tio n s  of th e  Selby C om m ission were m ade on 
barley , as th is  w as supposed  to  be th e  m ost sensitive  
of all th e  crops.

T he d e p a r tm e n t of sm oke investiga tions for th e  
A m erican S m elting  an d  R efining C om pany  in U tah , 
u n d e r  th e  d irec tion  of M r. P . J . O ’G ara  an d  M r. E. 
P. F lem ing, has con tinued  th e  w ork th a t  w as s ta r te d  
by th e  Selby Com m ission, and , th ro u g h  m any  e labo ra te  
series of careful and  deta iled  investiga tions, has ob ­
ta in ed  a v a s t am o u n t of reliable an d  definite d a ta  on 
th e  sm oke problem , especially  th a t  phase of th e  p ro b ­
lem  concerned  w ith  su lfu r dioxide. As far as th e  d a ta  
o b ta in ed  by  th e  Selby C om m ission w ent, th e y  were 
checked qu ite  closely by  those o b ta in ed  by  la te r  te s ts . 
H ow ever, th e  w ork of th e  A. S. & R. Co. was carried  
o u t on a m uch la rger scale, an d  th e  experim en ts covered 
so m uch g rea te r range in  th e  nu m b er of crops tre a te d , 
a n d  in  reg a rd  to  v a rie ty  of a tm ospheric  conditions, 
t h a t  com parison  can n o t be carried  very  far.

In  conduc ting  these  investiga tions, th e  sm oke d e­
p a r tm e n t of th e  A. S. & R . Co. has endeavored  to  
d eterm ine if dam age w as being done in  th e  v ic in ity  
of th e  sm elters b y  th e  sm oke, if so, how it  w as done 
an d  to  w h a t e x ten t th e  dam age was of econom ic im ­
po rtan ce . T hese investiga tions w ere carried  fu rth e r  
to  d e term ine  w h a t steps were necessary  to  p rev e n t such 
dam age. As soon as it  w as ev id en t th a t  such inves­

tig a tio n s were producing  reliable an d  tan g ib le  d a ta , 
and  w ere answ ering in  a definite m anner m any  ques­
tions concerning th e  sm oke p roblem , o th e r  com panies 
followed th e ir  exam ple, an d  a t  th e  p rese n t tim e com ­
panies in d ifferen t p a r ts  of th e  co u n try  are ca rry ing  
on sim ilar stud ies, th o u g h  on a m uch m ore m odest 
scale. W herever i t  is ev iden t th a t  th e re  is no effort 
or desire to  conceal d a ta  or tw ist th e m  to  su it conven ien t 
theories, i t  is th e  aim  of th e  B ureau  of M ines to  co ­
opera te  an d  help in  investiga tions as fa r as p rac ticab le .

T he m ethod  used by  th e  A. S. & R . Co. for de­
te rm in in g  th e  effect of su lfu r dioxide on p la n t life 
was p rac tica lly  th e  sam e as th a t  devised  by  th e  Selby 
S m elter C om m ission, im provem en t hav ing  been m ade 
in th e  m ethod  of in tro d u c in g  th e  air in to  th e  cab ine t. 
In  th e  experim en ts of th e  A. S. & R . Co., th e  experi­
m en ta l p lo ts w ere 6 f t. by  6 ft. in  area  an d  cab ine ts  
were 4 ft. high. T h e  fan  delivered app rox im ate ly  10 
cubic m eters of air per m inu te  in to  th e  cab ine t, th is  
volum e being sufficient to  keep th e  te m p e ra tu re  and  
re la tiv e  h u m id ity  of th e  air in  th e  cab ine t sim ilar to  
those  of th e  ou tside  air. In  every  experim en t tw o 
p lo ts were fum igated  s im u ltaneously , one w ith  th e  
su lfu r dioxide m ix tu re , th e  o th e r w ith  air free from  
su lfu r dioxide, th e  la tte r  being th e  check p lo t. T he 
d eterm in a tio n s were m ade on a g rea t num ber of crops, 
includ ing  p o ta to es , to m ato es, sugar beets, cereals, 
a lfalfa, red  clover an d  garden  tru ck . In  1 9 1 5  and  
19 16  th e re  w ere, in all, nearly  3000  experim en tal plo ts.

Besides th e  w ork in  th e  field, experim en ts w ere m ade 
in w hich th e  gases were d raw n  from  th e  to p  of th e  
s tack , these  gases d ilu ted  to  concen tra tions desired, 
and th e  m ix tu re  blow n over p lan ts  th a t  were grow n 
in boxes u n d er conditions sim ilar to  those in  th e  field.

In  o rder to  determ ine to  w h a t ex ten t visible b leach ­
ing affected  th e  y ield or w hether an  econom ic loss 
could be susta ined  by th e  crops w ith o u t visible 
in ju ry , i t  w as necessary  to  h a rv e s t th e  experim en tal 
p lo ts  very  carefully . R ecords were k ep t of th e  to ta l 
y ield of vegetab le m a tte r, an d  in  th e  case of grains, 
th e  w eight of grain , w eight of kernels, n u m b er of 
kernels per head  an d  percen tage of germ ination . 
T he A. S. & R . Co. have m ade com plete ana lyses for 
p ro te in , ca rb o h y d ra tes , fa t, su lfu r and  crude fiber.

To sum m arize briefly, th e  fum igation  te s ts  have 
d em o n stra ted  these  fac ts :

( 1 ) U nder ce rta in  a tm ospheric  conditions, b leaching 
of crops, especially  g rain  crops, can  be p roduced  by 
very  sm all concen tra tions of su lfu r dioxide, even as 
low as one p a r t  su lfur dioxide per m illion p a r ts  air, 
if th e  tim e of app lica tion  is sufficiently  long. T he 
A. S. & R. Co. te s ts  have  d em o n stra ted  th a t  o th e r 
crops are m uch m ore re s is tan t to  su lfu r dioxide th a n  
are th e  cereals, b u t th a t  in all cases th e  co n cen tra tio n s re ­
quired  are low if th e  o th e r fac to rs are favo rab le  for in ju ry .

(2) A visible b leach ing  on g rain  an d  m any  o ther 
crops, if en du red  during  th e  early  stages of g row th, 
does n o t necessarily  affect th e  u ltim a te  yield.

(3 ) A considerable am o u n t of b leaching can  be su s­
ta in ed  a t  all stages by  th e  p la n ts  w ith o u t cu ttin g  down 
th e  y ield g rea tly . In  fac t, in th e  Selby w ork, i t  was 
found  th a t  in o rder to  decrease th e  yield 30  p er cen t
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i t  was necessary  to  keep th e  p la n ts  v ery  severely 
b leached  du ring  th e  en tire  grow ing season.

(4) T here  was no “ invisib le in ju ry ,” th a t  is to  say , 
th e re  was no econom ic loss in  y ield w ith o u t th e re  being 
a ce rta in  am o u n t of visible bleaching. In  fac t i t  
was found  th a t  in  m any  of th e  fu m ig a ted  p lo ts  th a t  
were tre a te d  daily  w ith  concen tra tions below th e  p o in t 
of ac tu a l fo liar m ark ings, th e re  was an  ac tu a l increase 
in  yield. F u m ig a ted  p lo ts , even th o se  considerab ly  
m arked , as well as those  tre a te d  daily  w ith o u t p ro ­
ducing bleaching, show ed an  increase of p ro te in  above 
th e  check plots.

D E T E R M IN A T IO N S  OF B L E A C H IN G  C O N D IT IO N S

T h e d e te rm in a tio n  as to  w hether visible m ark ings 
on crops p roduce econom ic loss has n o t been considered 
th e  m ost im p o rta n t phase of these  investiga tions, 
a lthough  i t  has been necessary . T he m ost im p o rta n t 
phase has been to  determ ine th e  m ax im um  am o u n t of 
su lfu r dioxide th a t  can  be p rese n t in  th e  air w ith o u t 
producing  an y  bleach ing  u n d er th e  a tm ospheric  con­
d itions m ost favo rab le  for p roducing  a  b leach. H av ing  
determ ined  th a t ,  i t  th e n  becom es necessary  so to  
reg u la te  th e  he ig h t of discharge, co n cen tra tio n  an d  
te m p e ra tu re  of th e  gases a t  th e  s ta ck  th a t  th e  su lfu r 
dioxide co n cen tra tio n  in  th e  a ir is less th a n  th a t  am o u n t, 
an d  no in ju ry  will resu lt.

I t  was estab lished  th a t  su lfu r dioxide in  an y  such 
co n cen tra tio n  as m ay be found  in  th e  v ic in ity  of sm el­
te rs  can  a c t on th e  p la n t only  b y  being abso rbed  th ro u g h  
th e  grow ing an d  function ing  leaves. No ac tion , unless 
i t  is a beneficial one, was found  to  ta k e  p lace th ro u g h  
th e  soil. T he beneficial effect of su lfu r or su lfuric 
ac id  on soils will be d iscussed la te r  in  th is  paper. T he 
epiderm is of th e  p la n ts  is p rac tica lly  im perv ious to  
gases. I t  is only th ro u g h  th e  very  m inu te  b rea th in g  
pores, o r s to m a ta , th a t  all gases, includ ing  su lfu r dioxide,

can pass in to  or o u t of th e  palisade cells, an d  sponge­
like tissue of th e  leaf w here, u n d er th e  ac tion  of ligh t, 
p la n t food is m anufac tu red . T he opening an d  closing 
of these  b rea th in g  pores or s to m a ta  a re  con tro lled  by  
gu ard  cells. As th e  walls of th e  g u ard  cells, like th e  
ep iderm is of th e  p la n t cells, a re  v ery  im perv ious to  
gases, su lfu r dioxide n o t excepted , w henever th e  
b rea th in g  pores are closed b y  th e  gu ard  cells, no gases 
can  be absorbed  by  th e  p la n t, excepting  u n d er ex­
trem ely  high concen tra tions, far above th o se  encoun ­
te re d  un d er an y  im aginable conditions. E ven  carbon  
dioxide, w hich is an  essen tial p la n t food an d  w hich is 
found  norm ally  a t  300  p. p. m. in  th e  a ir, is n o t a b ­
sorbed  by  th e  p la n ts  w hen th e  s to m a ta  a re  closed. 
T hus, w henever th e  gu ard  cells a re  closed, th is  generally  
ta k in g  place a t  n ig h t, th e  p la n ts  are m uch m ore re ­
s is ta n t to  su lfu r dioxide th a n  w hen th e  cells are open.

F u rth e rm o re , ca rbon  assim ilation  does n o t ta k e  
place a t  n ig h t, b u t only  during  hours of d ay lig h t, all 
o th e r  fac to rs being favorab le . I t  is believed th a t  th e  
nascen t oxygen given off w hen carbon  is assim ila ted  is 
effective in  oxidizing any  su lfu r dioxide in  th e  cells to  
su lfuric  acid, an d  th is  produces th e  in ju ry  to  th e  p lan ts. 
T h u s a t  n igh t, w hen no nascen t oxygen is p resen t in 
th e  cells, th e re  w ould  be less chance for in ju ry  by 
su lfu r dioxide even if th e  cells w ere only  p a rtia lly  closed.

l i g h t  a n d  h u m i d i t y  conditions h av e  a v e ry  m arked  
effect upon  th e  opening an d  closing of th e  b rea th in g  
pores. F or th e  m ost p a r t  th e  ten d en cy  is for p la n ts  
to  close th e ir  s to m a ta  du ring  th e  n ig h t an d  open  th e m  
du ring  th e  day . I t  was found  th a t  in S alt L ake V alley, 
in  th e  case of alfa lfa  an d  various o ther p la n ts , nearly  
com plete closure of th e  s to m a ta  is th e  no rm al cond i­
tio n  a t  n igh t, opening beginning an  h o u r or m ore a fte r 
sunrise an d  closure again  ta k in g  place, on a no rm al day , 
du ring  th e  evening. C losure m ay ta k e  place as early  
as 1 1  a .m .  if th e  h u m id ity  is especially  low. Low 
h u m id ity  is very  effective in  p roducing  a collapse of 
th e  guard  cells an d  th u s  closure of th e  s to m a ta .

A g rea t deal of s tu d y  has been  given to  th e  ex am in a­
tio n  of th e  effect of d ifferen t in ten sities  of ligh t an d  
degrees of h u m id ity  on th e  su scep tib ility  of crops to  
su lfu r dioxide. I t  w as found , in  th e  in v estig a tio n s of 
th e  A. S. & R . Co., th a t  p la n ts  in  com plete darkness 
w ere from  5 to  6 tim es as re s is ta n t to  su lfu r dioxide as 
were p lan ts  in th e  ligh t. P lan ts  began  to  show  re ­
s is tance  w henever th e  lig h t v a lue  was as low as 2 p er 
cen t, b u t th e re  w as no difference betw een  8 per cen t 
an d  60 per cen t values. I t  was determ ined , b o th  in 
th e  w ork of th e  Selby Com m ission an d  in  th e  w ork of 
th e  A. S. & R. Co., th a t  h u m id ity  is of very  g rea t im ­
po rtan ce  as affecting th e  su scep tib ility  of crops to  
su lfu r dioxide. In  th e  S a lt L ake V alley i t  was found  
th a t  70 per cen t was a b o u t th e  critica l h u m id ity ; 
above th a t  p o in t p la n ts  w ere m uch m ore suscep tib le  
to  su lfu r dioxide th a n  below.

I t  m ay be s ta te d  th a t  in  an y  locality  w ith  a  defin ite 
co n cen tra tio n  of su lfu r dioxide in  th e  air, four fac to rs 
m ust be in  coincidence before in ju ry  will ta k e  place, 
nam ely  te m p era tu re , ligh t, re la tiv e  h u m id ity  an d  w ind 
p revalency , th e  la t te r  d e term in ing  th e  tim e  of ap p lica ­
tio n  of th e  su lfu r dioxide. F o r exam ple, in  o rder th a t
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a  co n cen tra tio n  of one p a r t  su lfu r dioxide in  a m illion 
p a r ts  of air shou ld  p roduce b leach ing  on th e  m ost 
suscep tib le  p la n ts , e. g.t b arley , oats , alfalfa, e tc., 
i t  is necessary  th a t  th is  co n cen tra tio n  exist a ro u n d  th e  
p la n t for th ree  hours an d  th a t  th e  h u m id ity  shall be 
70 p e r cen t or m ore, th e  te m p e ra tu re  above 4 0 °, 
an d  th a t  th e  fum igation  shou ld  be m ade in  th e  d a y ­
ligh t. U nder th e  sam e ex terna l conditions, g rea te r 
co n cen tra tio n s w ould  requ ire  sh o rte r tim e  of ap p lica­
tion . U nder low er h u m id ity  conditions, h igher con­
cen tra tio n s  or longer tim es of ap p lica tio n  were neces­
sa ry  to  p roduce th e  sam e bleaching.

IN F L U E N C E  OF W E A T H E R  C O N D IT IO N S

T h u s, in  o rder to  know  th e  possib ilities of in ju ry  
to  v eg e ta tio n  in  th e  region of sm elte rs , one m ust de­
te rm in e  n o t only  th e  average a n d  m axim um  values for 
th e  su lfu r dioxide in  th e  sm oke s tream , b u t also th e  
w eather conditions, th a t  is, w ind p revalency , re la tiv e  
h u m id ity , te m p e ra tu re  an d  lig h t conditions. A 
know ledge is necessary  of th e  nu m b er an d  d u ra tio n  of 
th e  critica l periods, th a t  is to  say , th e  periods w hen all 
fac to rs  favo rab le  for th e  b leach ing  of crops w ith  sm all 
co n cen tra tio n s of su lfu r dioxide are coinciden t. If 
these  periods occur freq u en tly  or are  of long d u ra tio n , 
th e n  th e  am o u n t of su lfu r dioxide th a t  can be d ischarged  
in to  th e  air w ith o u t doing in ju ry  m ust necessarily  be 
low er th a n  u n d er m ore favo rab le  conditions.

F o r th e  d e te rm in a tio n  of th e  w ea ther conditions, 
a  com plete in s ta lla tio n  of s ta n d a rd  w ea ther in s tru m e n ts  
is essen tial. T his eq u ip m en t m ust consist of w ind vane, 
anem om eter, th e rm o g rap h , hyg rog raph , m axim um  and  
m in im um  th e rm o m ete r, ro ta tin g  psych rom ete r, su n ­
shine b u lb  an d  ra in  gauge. T h e  w ind d irec tion  an d  
velocity , sunsh ine an d  p rec ip ita tio n  an d  re la tiv e  
h u m id ity  shou ld  be au to m atica lly  recorded.

T h e  A m erican  S m elting  an d  R efining Co. du ring  th e  
la s t th re e  years have  k ep t a v ery  ac cu ra te  an d  close 
record  of th e  w eather conditions a round  th e ir  p la n t

F i g . I l l — C o i n c i d e n c e  o f  L i g h t , R e l a t i v e  H u m i d i t y , W i n d  P r e v a l e n c y  
a n d  T e m p e r a t u r e ,  J u l y  1 9 1 6

in  M u rray , U tah , an d  w ith  th e ir  consen t I will describe 
briefly  th e ir  m ethod  of p lo ttin g  th e  w ea ther d a ta  so 
th a t  th e  critica l periods du ring  th e  m onths can  be seen 
read ily . T his m ethod  will su re ly  be of value  to  those  
who are called upon  to  do s im ilar w ork in  o th e r places.

I t  was found  th a t  in  th e  M u rra y  sm oke zone, th e  
su lfur dioxide co n cen tra tio n s in  th e  air u n d er th e  con­
d itions existing in 1 9 1 5 - 1 9 1 6  were such th a t  th e  critica l 
w eather conditions w ere: ( 1 ) te m p e ra tu re  above
4 0 0 F .; (2) re la tiv e  h u m id ity  above 70 per cen t; (3) 
w ind p revalency  3 hours or m ore; (4) day ligh t.

In  Fig. I , th e  w ea ther d a ta  for Ju n e  1 9 1 5  are  p lo tte d  
to  b rin g  o u t th e  tim e of co inciden t fac to rs . T he shaded  
p o rtion  of th e  figure shows ap p ro x im ate ly  th e  hours of 
darkness p er day  du ring  w hich th e  s to m a ta  of th e  
p la n ts  were no rm ally  closed an d  du ring  w hich tim e 
very  lit tle  gas w as ta k e n  th ro u g h  th e  b rea th in g  pores 
of foliage. D uring  hou rs inc luded  in th e  lig h t p o r­
tion , i t  m ay  be assum ed th a t  th e  b rea th in g  pores were 
open. T h e  low est line show n in th e  space rep resen ting  
each d ay  ind icates th e  tim e  during  w hich th e  te m p e ra ­
tu re  was above 4 0 0 F . T he line nex t above shows th e  
hours du ring  w hich th e  h u m id ity  was above 70 p e r cen t, 
an d  th e  h ighest line, w herever i t  is p resen t, shows th a t  
for a t  least 3 hrs. th e re  was a  p rev a len t w ind. I t  is 
to  be no ted  th a t  on Ju n e  4 betw een  8 o’clock in  th e  
m orning an d  1 2  o ’clock noon th e re  was a period  of 4 
hours w hen th e re  was a s te a d y  so u th -so u th w est w ind 
an d  h u m id ity  was above 70 ° an d  te m p e ra tu re  above 
40 ° F . T h e  average su lfu r dioxide co n cen tra tio n  in 
th e  a ir in  a  n o r th e a s t d irec tion  a ro u n d  th e  M u rra y  
p la n t during  th is  tim e  was above th e  tox ic  lim it for 
these  conditions, an d  th e re  was p roduced  a well- 
defined zone of b leach ing  on v eg e ta tio n  over an  area  
hav in g  th e  form  of an  elongated  ellipse ru n n in g  in  a 
n o rth ea s te rly  d irec tion  from  th e  p la n t. On F ig . I I  are 
show n th e  sam e d a ta  for M ay  1 9 1 6 . On M ay  20 , 1 9 1 6 , 
an o th er period  of coincidence was found , b u t  on th a t  
day  th e  adverse clim atic  conditions w ere fo recast b y  th e
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w eather observer a t  th e  M urray  S m elter an d  th e  su lfur 
dioxide o u tp u t was cu rta iled  du ring  th a t  period, w hich 
low ered th e  co n cen tra tio n  in  th e  air. As a resu lt no 
in ju ry  occurred.

A t n igh t, coincidences of th ree  fac to rs , i. c., te m ­
p era tu re , h u m id ity  and  wind prevalency , frequen tly

by all the  sm elting  com panies for th e  d e te rm in a tio n  
of th e  su lfur dioxide condition  of th e  atm osphere , 
is one th a t  was devised orig inally  by  M r. J . R . M arston , 
Chief C hem ist a t  th e  Selby Sm elter, an d  w hich was 
developed to  its p resen t high degree of accuracy , speed 
an d  ease of m an ipu la tion  by  th e  chem ists of th e  Selby

F i g . V — M u r r a y  G a s  S t r e a m : D i l u t k r  F a n  O p e r a t i n g  
S e g r e g a t i o n  o f  S O a  D e t e r m i n a t i o n  A c c o r d i n g  t o  D i f f e r e n c e s  i n  T e m p e r a t u r e  b e t w e e n  S t a c k  a n d  A t m o s p h e r e  

O b s e r v a t i o n s  M a d e :  (1 )  I n s i d e  o f  * / V n u .  Z o n e ,  ( 2 )  B e t w e e n  1- a n d  2 * m i. Z o n e s ,  (3 )  O u t s i d e  o f  2 - m i .  Z o n e  a n d  M a i n l y  I n s i d e  o f  4 - m i .  Z o n e

If  such is found  to  be th e  case, i t  is th e n  necessary  to  
d e term ine  how  th e  sid fu r dioxide co n cen tra tio n  in th e  
sm oke zone can be low ered w ith o u t ac tu a lly  reducing 
th e  su lfu r dioxide o u tp u t from  the  sm elter.

D E T E R M IN A T IO N  OF S U L F U R  D IO X ID E  IN  AIR

T he m ethod  th a t  is now being used qu ite  generally

DATA F U R N IS H E D  BY A M E R IC A N  S M E L T IN G  AND 

R E F IN IN G  CO M PA N Y .

W ith  th e  consent of th e  A. S. & R. Co., th e  a ir d a ta  
th a t  have been o b ta in ed  in th e  M u rra y  G as s trea m  
du ring  th e  la s t th ree  years u n d e r th ree  cond itions of 
opera tion  of th e  p la n t are show n in th e  curves

occur and  for long periods of tim e. In  Ju ly  1 9 1 6 , 
m any  long periods of these  th ree  coinciden t fac to rs 
were found  (Fig. I I I ) .  H ow ever, no b leaching has been 
done a t  n igh t, even though  th e  su lfu r dioxide o u tp u t 
from  th e  sm elte r rem ained  high. This fac t checks the 
observa tions w hich were m ade in experim en tal w ork 
on th e  fum igated  plo ts, show ing th a t  a t  n igh t, when 
the  b rea th in g  pores of th e  p lan ts  are closed and  carbon 
assim ilation  is a t  a s ta n d still, th e  p lan ts  are very  re ­
s is ta n t to  su lfu r dioxide.

H av ing  determ ined  th e  co n cen tra tio n  of su lfur 
dioxide necessary  to  p roduce m ark ings upon  vegeta tion  
un d er the  various field a tm ospheric  conditions, and  
also hav ing  ob ta ined  com plete d a ta  concerning th e  
a tm ospheric  conditions th a t  m ay exist, i t  is th e n  
necessary  to  know  w hether or n o t su lfu r dioxide is 
p resen t in sufficient s tre n g th  in th e  field to  do dam age 
under th e  existing  opera ting  conditions of th e  p lan t.

S m elter Com m ission. By th is  m ethod  a sam ple of th e  
a tm osphere  can be ta k e n  in  a  few seconds tim e an d  
analysis m ade in less th a n  5 m inutes. In  fac t th e  field 
men are supposed to  m ake from  10  to  1 3  d e term in a tio n s 
per hour.

C oncen tra tions as low as o. 1 p a r t  su lfu r dioxide 
per million p a r ts  of air arc d eterm inab le . L ab o ra ­
tories supplied  w ith  a sp ira to rs  an d  vacuum  pum ps, 
t i t ra tio n  bo ttles  an d  reagen ts, are equ ipped  on a u to ­
m obiles, in w hich the  in v estig a to rs  can follow up  th e  
sm oke s trea m  or change from  one p a r t of th e  s trea m  
to  th e  o ther. In  m ost cases these  “ sm oke ca rs” are 
also supplied  w ith  w ind vanes an d  anem om eters. By 
th e  use of several m achines, it is possible to  ob ta in  
m any  th o u san d  d e term in a tio n s in a  season, these  being 
taken  a t  all p a r ts  of th e  sm oke s trea m  and  u n d er all 
conditions of te m p era tu re , h u m id ity , w ind velocity  
an d  prevalency.

F i g .  I V —  M u r r a y  G a s  S t r e a m :  A v e r a g e  C o n c e n t r a t i o n s  o f  S O 2 i n  5 - M i .  Z o n e
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of Fig. IV . T hese curves rep resen t th e  average 
su lfur dioxide co n cen tra tio n s th a t  were found  in  th e  
air w ith  d ifferent heigh ts of discharge an d  te m p e ra ­
tu res  of th e  gas a t  th e  stack . Such curves give a very  
clear idea  of th e  su lfu r dioxide co n ten t of th e  sm oke 
s tream  un d er th e  th ree  conditions, an d  aid to w ard  
m aking es tim ates  as to  th e  best m ethod  for im proving  
th e  conditions. F rom  these curves it  is ap p a re n t th a t  
by  increasing th e  he ig h t of discharge of th e  sm oke, 
th e  d ilu tion  of th e  su lfu r dioxide in to  th e  a tm osphere  
is very  g rea tly  benefited . (C om pare 1 an d  2, F ig. IV .) 
T he p o in t a t  w hich th e  m axim um  average co n cen tra ­
tion  of su lfu r dioxide was found  w ith  a 2oo-foot stack  
was a b o u t one-half mile from  th e  stack . W ith  a s tack  
300  feet h igh, th e  p o in t of m axim um  average concen­
tra t io n  had  m oved o u t to  th e  th re e -q u a rte r  mile zone. 
H ow ever, th e  co n cen tra tio n  found in th e  th ree -q u a rte r  
mile zone w ith  th e  higher s tack  was m uch less th a n  th e  
co n cen tra tio n  from  th e  half-m ile zone w ith  the  sho rte r 
stack . T he high concen tra tions in C urve 2 , a t  a  d is­

tance  of ab o u t 1 / 4 m ile from  th e  p la n t, were n o t due 
to  s tack  gases b u t to  low gases leak ing  from  th e  
furnaces, e tc. . T he curve for th e  s tack  gases begins 
a t  th e  Vs-m ile zone.

T he d ilu tion  of th e  su lfur dioxide in  th e  s tack  itself 
by  th e  in tro d u c tio n  of cold air m ay  be carried  to  too 
g rea t an  ex ten t, for th e  cooler gases will se ttle  closer 
to  th e  s tack , and even th o u g h  th e  concen tra tion  in the  
s tack  is low er, y e t th e  ac tua l concen tra tion  of th e  
su lfur dioxide com ing in co n tac t w ith  veg e ta tio n  in  th e  
near v ic in ity  of th e  s tack  m ay be higher. T his fac t is 
show n by  C urve 3 in  Fig. IV . I t  is to  be no ted  th a t  
when th e  gases were d ilu ted  from  0.75  to  0.25 per cen t 
S 0 2, an d  a t  th e  sam e tim e  cooled to  nearly  th e  a tm o s­
pheric te m p e ra tu re  by  th e  in tro d u c tio n  of ou tside 
cold air by  a d ilu te r fan , the  p o in t of m axim um  average 
concen tra tion  was ab o u t J/ s  of a mile from  th e  p la n t, 
and  th a t  th e  co n cen tra tio n  a t  th a t  p o in t was higher 
th a n  un d er e ith er of th e  tw o prev ious conditions. 
T he effect of d ilu ting  gases in th e  s tack  was to  in ­
crease th e  co n cen tra tio n  w ith in  th e  th ree - q u a rte r

mile zone, b u t ou tside o f- th a t th re e -q u a rte r  mile zone 
the  co n cen tra tio n s were less.

T he effect of increasing th e  difference in  te m p e ra tu re  
betw een  th e  s ta ck  gases and  th e  ou tside air is show n 
even m ore clearly  in th e  curves given in Fig. V. I t  
is to  be no ted  th a t ,  as th e  difference in te m p e ra tu re  
of th e  s ta ck  gases an d  air wras increased, th e  po in t 
a t w hich th e  gas cu rren ts  m et th e  g round  ex tended  
fu rth e r  o u t from  th e  stack . H ow ever, th e  fu rth e r  out 
the  p o in t of m ax im um  concen tra tion , th e  less was th e  
ac tu a l co n cen tra tio n  found.

T he m ain tenance  of a considerable difference in 
te m p era tu re  betw een  s tack  gases an d  a tm osphere  is of 
th e  g rea te s t im portance . I t  has been found in one 
in stance th a t  p u ttin g  th e  fu rnace  gas th ro u g h  a bag 
house, w hich p rocedure  of course necessita ted  reducing  
th e  te m p e ra tu re  of th e  gases to  th a t  a t  w hich a bag 
house could be op era ted , resu lted  in th e  su lfu r dioxide 
gas doing considerab le b leach ing  to  th e  su rround ing  
vegeta tion , w hereas in form er years, when th e  gases

w ent in to  th e  a tm o sp h e re  unfiltered , b u t a t  a higher 
te m p era tu re , th e re  was p rac tica lly  no su lfur dioxide 
in ju ry . I t  has been concluded by those  who are 
in v estig a tin g  these  problem s, th a t  in cases w here th e  
sm elter m ust d ischarge large q u an titie s  of su lfu r dioxide 
in to  th e  atm osphere , especially one located  im m ed ia te ly  
ad jac en t to  ag ricu ltu ra l d is tric ts , i t  is m uch b e t te r  to  
rem ove th e  solids a t  as high a te m p e ra tu re  as is p ra c ­
ticab le. A bag  house, a lth o u g h  it gives th e  m ost 
perfec t clearance of solids, is n o t alw ays desirable for 
those  conditions, as th e  use of a bag  house m ay neces­
s ita te  reducing  th e  te m p e ra tu re  to  too  low a po in t. 
An electrical p rec ip ita tio n  a p p a ra tu s  m ay n o t give 
perfect clearance of th e  solids, b u t in  such cases is m uch 
preferab le . T he h igher th e  te m p e ra tu re  of th e  gases 
in  th e  stack , of course, th e  g rea te r th e  am o u n t of 
arsenic an d  su lfuric acid m ist th a t  will escape, an d  in 
cases w here large q u an titie s  of these are p resen t, 
th e re  is a m axim um  lim it of te m p e ra tu re  a t  w hich p re ­
c ip ita tio n  shou ld  be effected.

T he am o u n t of su lfuric acid m ist th a t ,  a t m ost p lan ts .
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w ould escape un d er th e  cond itions of h igh te m p e ra tu re  
electrical p rec ip ita tio n  tre a tm e n t, w ould do no h arm  
to  th e  su rro u n d in g  v eg e ta tio n ; a t  th e  w orst would 
p roduce on ly  a sligh t sp o ttin g  of th e  vege ta tion . I t  
can  be s ta te d  th a t  a t  m any  lead , copper an d  zinc 
sm elting  p la n ts  w here a recovery  of th e  d u s t an d  fum e 
is desirable, i t  w ould be m uch  b e t te r  for th e  sm oke 
conditions in  th e  im m ed ia te  v ic in ity  of th e  p la n t if only  
p a r tia l clearness of d u s t an d  m etallic fum es were 
o b ta in ed , th a t  is to  say , 85 or 95 p e r cen t, a t  a  te m ­
p e ra tu re  w hich w ould  s till leave th e  gases m uch  h igher 
in  te m p e ra tu re  th a n  th e  a tm osphere , ra th e r  th a n  to  
o b ta in  perfec t clearness, if, in  o rder to  o b ta in  com plete 
recovery  of th e  d u st an d  fum e, i t  w ould be necessary  
to  p u t th e  gases th ro u g h  a  bag house an d  consequen tly  
allow  th e m  to  escape in to  th e  a tm o sp h e re  a t  a  low 
te m p era tu re .

In  Fig. V I are show n again  th e  curves w hich rep resen t 
th e  average co n cen tra tio n  of su lfu r dioxide in  th e  air 
a round  th e  M u rra y  p la n t w ith  a  200- an d  300 -ft. 
stack . T here  is p lo tte d  also th e  ca lcu la ted  p robab le  
average su lfu r dioxide co n cen tra tio n  u n d er th e  con­
d ition  of a  450 -foot s ta ck  an d  a gas co n cen tra tio n  of
0.45  per cen t, th e  te m p e ra tu re  rem ain ing  a b o u t 1 5 0 ° F.

If  th is  la s t cond ition  w ere a tta in e d , th e  possib ility  
of in ju ry  to  v eg e ta tio n  in  th e  v ic in ity  of th e  M u rra y  
p la n t w ould  be so rem o te  as to  be negligible, an d  th is  
is th e  aim  of th e  A. S. & R. Co.

C O N D IT IO N S  IN  ZIN C  PL A N T S

A t th e  zinc p la n ts  in  th e  n a tu ra l gas b e lt, in  so u th ­
easte rn  K ansas an d  O klahom a, it  is found  th a t  th e  
ro as te r  s ta c k  te m p era tu re s  are v ery  high, a ro u n d  350 
to  4000 C. W here th e  te m p era tu re s  are low er, th a t  
is, a round  1 50  to  2000 C., th e  gas co n cen tra tio n s are 
also v e ry  low, th a t  is, less th a n  0.3 per cen t su lfu r 
dioxide. T hus, even th o u g h  th e  s ta ck s  are low, v a ry ­
ing in  heigh t betw een  100  an d  1 30  f t .,  th e  conditions 
are favorab le  for a rap id  diffusion of th e  su lfu r d i­
oxide in to  th e  atm osphere . T his fac t p ro b ab ly  ac­
coun ts for th e  fa c t th a t  very  little , if any , su lfur 
dioxide in ju ry  has been no ted  in  th e  v ic in ity  of th e  
p la n ts  in  th a t  d is tric t. In  cases w here th e  su lfu r 
dioxide m ay be doing dam age, i t  will be necessary  to  
determ ine th e  c ritica l a tm ospheric  conditions for th a t  
d is tric t, an d  how  often  or for how  long these  critica l 
conditions m ay occur. I f  th e y  occur only  occasionally  it  
m ay  be th e  m ost econom ical p rocedure  to  cu rta il th e  
su lfur dioxide o u tp u t du ring  those  c ritica l tim es, 
ra th e r  th a n  b u ild  h igher s tack s, especially  a t  those  
p la n ts  w hich are of only  a  te m p o ra ry  na tu re .

A t th e  zinc p la n ts , as a t  th e  lead  or copper sm elters, 
w herever i t  is possible to  dispose com m ercially  of th e  
acid  or an y  su lfu r p ro d u c t, i t  is h igh ly  desirab le th a t  
such  p ro d u c ts  be m an u fac tu red . If ac id  or o th e r 
p ro d u c ts  ca n n o t be d isposed of com m ercially , th e n  
th e  b e s t m ethod  for w asting  th e  su lfu r  dioxide is to  
d ischarge th e  gases th ro u g h  a h igh  s ta ck  a n d  a t  as high 
te m p e ra tu re  as is p rac ticab le .
B E N E F IC IA L  E F F E C T S  OF S U L F U R  A ND S U L F U R IC  ACID 

ON SO IL

In  regard  to  m a rk e t for th e  su lfu r or th e  acid , i t  is 
im p o r ta n t to  no te  th a t  in  th e  la s t several years th e re

has been developed a new  o u tle t w hich prom ises to  be 
of g rea t im portance , especially  to  those  sm elte rs  in  th e  
w est. T h is o u tle t is m ade th ro u g h  th e  use of su lfu r 
an d  su lfuric  acid for ag ricu ltu ra l purposes as a  fer­
tilizer an d  as an  agen t for reclaim ing  v a s t areas of 
now  useless lands. W ith in  recen t years a  num ber of 
th e  U. S. D e p a rtm e n t of A gricu ltu re  E x p erim en t 
S ta tio n s, especially  those  in  W isconsin, O regon an d  
C alifornia, have  m ade som e v ery  rem ark ab le  discoveries 
concerning th e  beneficial effect of su lfuric  acid on soils.

A m ong th e  m ost im p o r ta n t an d  recen t of th e  in ­
ves tiga tions along th is  line were those  of D r. C. B. 
L ipm an  an d  L. T . S harp  a t  th e  U n iversity  of C al­
ifo rn ia , 1 an d  those  m ade by  th e  sm oke d e p a r tm e n t 
of th e  A m erican S m elter an d  R efining Co. in  U tah . 
D r. L ip m an ’s earlier experim en ts were m ade in po ts, 
b u t la te r  w ere m ade in  field p lo ts , using su lfuric  acid. 
T he A. S. & R . Co. experim en ts w ere m ade in  field 
p lo ts , using  solid elem enta l su lfu r, gaseous su lfu r 
dioxide an d  liqu id  su lfuric  acid. T h e  beneficial re ­
su lts  ob ta in ed  h av e  been  aston ish ing . On th e  fifteen 
k inds of crops experim en ted  w ith  in  1 9 1 6 , all p lo ts 
th a t  w ere tr e a te d  w ith  su lfu r or acid gave a big increase 
in  y ield over th e  checked u n tre a te d  p lo ts— in m any  
cases over 100  p e r cen t, an d  in  som e, over 1 50  per 
ce n t increase.

These resu lts  h av e  been checked b y  o th e r  experi­
m en ters. In  fac t even m ore as ton ish ing  resu lts  have 
been o b ta in ed  on ce rta in  crops a t  ag ricu ltu ra l experi­
m en t s ta tio n s. T h e  v a lue  of su lfu r or su lfu ric  acid 
as a very  im p o r ta n t fertilizer is no longer doub ted .

Q uoting  D r. C. B. L ip m a n ,2 “ If  th e  sm elte rs will 
only  p roduce th e  acid cheaply  enough, as th e y  now 
seem  inclined to  do, we should  be ab le  to  b an ish  m uch 
costly  litig a tio n , le t th e  sm elte r in d u s try  develop 
un tram m eled , give th e  sm elte r com panies com pensa­
tio n  fo r oxidizing th e  S 0 2 a n d  la s t, b u t  n o t least, p u t 
a  large acreage of b a rren  la n d  in to  good crop-producing  
con d itio n .”

U. S. B u r e a u  op M i n e s  
W a s h i n g t o n ,  D. C.

THE NATURE OF CEM ENT M ILL POTASH
By R . J . N e s t e i x  a n d  E. A n d e r s o n  

Received M ay 31, 1917

Of th e  m an y  sources of p o ta sh  w hich h av e  been sug­
gested , exp lo ited  or developed since th e  su p p ly  of 
G erm an  m a teria l w as s h u t off b y  th e  w ar, one th a t  
holds m any  in te re s tin g  fea tu res  an d  p o te n tia l possi­
bilities is th e  escap ing  d u s t an d  fum e from  cem ent 
mills.

U p to  a  co m p ara tiv e ly  sh o rt tim e  ago, th is  m a­
te ria l, belched fo rth  from  th e  s tack s of cem ent p la n ts  
to  th e  am o u n t, in  som e cases, of 10  to n s  or m ore per 
k iln  per day , c o n s titu te d  on ly  a very  serious problem  
as a  nu isance to  be a b a te d  in  populous d is tric ts , or 
an  unav o id ab le  b u t  negligible fe a tu re  of p la n t o p era­
tio n  in  localities w here a ques tion  of nuisance needed  
no consideration .

W here i t  has  been necessary  to  p rov ide som e m eans 
of ca tch ing  th is  escaping d u st, several d ifferen t m eth-

1 Univ. Col. Publ. Agri. Set., 1, 275.
* Ib id ., No. 13, 1, 557.
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ods of collection h av e  been  em ployed , am ong w hich 
m ay be m en tioned  sim ple se ttlin g  cham bers of large 
capac ity , bag  houses, w ate r sp rays, an d  electrical 
p rec ip ita tio n . T h e  la t te r  is, how ever, th e  only  one 
th a t  has received  an y  ex tended  app lica tion .

O riginally  in s ta lled  for th e  purpose of p rev en tin g  
the  escape of ob jec tio n ab le  q u an titie s  of dust, and  
th u s to  rem ove th e  cause of com pla in t an d  litiga tion  
on th e  p a r t  of a d ja c e n t resid en ts  or la n d  ow ners, th e  
electrical p rec ip ita to rs  or “ tr e a te r s ” began  th e  collec­
tion  of large q u a n titie s  of m ineral d u s t an d  fum e.

W ith  th e  increasing  value  of crude po tash  salts, 
due to  decreased  or en tire ly  e lim ina ted  im p o rts  of th e  
foreign m a te ria l, th e  possib ility  an d  p rac tica b ility  of 
utilizing th is  cem ent d u s t as a source of po tash  were 
soon recognized.

T his d u s t, co llected  from  cem ent k iln  gases, con­
sists of p a r t ly  calcined raw  m a teria l an d  ash from  th e  
fuel w hich have been m echan ically  carried  over by  
the d rau g h t, a n d  also of vo la tilized  alkali com pounds.

These la t te r  are p rincipally  in  th e  form  of su lfates. 
P resum ably  these  alkalies a re  vo la tilized  as oxides 
which th e n  com bine w ith  p ro d u c ts  of com bustion  and  
calcination  to  fo rm  sa lts . Since p rac tica lly  all fuel 
used for cem ent b u rn in g  con ta in s su lfur, th e re  are 
presen t in  th e  k iln  gases, besides carbon  dioxide and  
w ater, also su lfu r com pounds, th e  la t te r  p robab ly  
largely in  th e  fo rm  of su lfu r dioxide. C onsequen tly  
there exists th e  possib ility  of th e  alkalies com bining 
either as ca rb o n a te s , hydrox ides or sulfites, and , due 
to th e  possible ox ida tion  or red u c tio n  of th e  la tte r , 
as su lfa tes o r sulfides.

A N A L Y SE S OF V A R IO U S D U STS

An analysis ta k e n  a t  ran d o m  from  th e  m any  which 
have been m ade of t r e a te r  d u s t from  a p la n t where 
oil is used as fuel, show s th e  follow ing percen tage com ­
position:
SiOj...............  8 .41%  KiO (T o ta l) .................  8 .9 1 %  SO j................ 14.98%
(FeAl)jOi  7 .02  KtO (W ater-soluble). 7 .65 C O j............... 13.80
CaO............... 39 .23  N a iO ................................. 3 .65  HsO and un-
M gO.............. 0 .60  determ ined 3 .40

T his sam ple  is s lig h tly  below th e  average in K 20  
conten t, w hich u su a lly  ru n s a b o u t 10  or n  per cent. 
Of th is , ap p ro x im ate ly  86 per cen t is w ater-soluble, 
and, as fertiliz ing  m a te ria l is sold by  law  upon  its 
w ater-soluble co n ten t, i t  w ould show  th is  d u s t, w ith a 
presen t average value  of S3 . 50 per u n it  K»0, to  be 
worth a b o u t $ 27 .0 0  p er ton .

T he soluble K»0 is p resen t en tire ly  as K 2SO.i, while 
th e  insoluble p o rtio n  is large ly  m ade up  of unchanged  
silicate from  th e  raw  mix.

This analysis rep resen ts  th e  com position  of th e  col­
lected m a teria l, w hen no a t te m p t is m ade to  sep ara te  
the heavy  m echan ica lly -carried -over calcined p a r t from  
the  tru e  v o la tilized  com pounds. In  som e of th e  C o t­
trell in sta lla tio n s , how ever, th e  construc tion  is such 
th a t th e  collected  d u s t m ay  be seg regated , th u s  o b ­
ta in ing  a se p a ra tio n  of these  tw o  m en tioned  fractions. 
An analysis of th e  lig h ter p o rtio n , w hich is p rec ip ita ted  
last in  such an  in s ta lla tio n , an d  w hich carries th e  
greater p a r t  of th e  vo la tilized  co n s titu en ts , is as fol­
lows:

SiO j...........................................  1.61%
(FeA l)iO j................................  0 .63
C aO ..........................................  7.78
M gO .........................................  0 .74
K jO (T o ta l)......................... 28.96
K 3O (W ater-soluble)  28.40
N ajO ......................................  12.54
SO j.........................................  41 .64
COj ...........................................  2.76
H 2O and undeterm ined.... 3 .34

L i m e  a n d  A l k a l i e s  
P r o b a u v y  C o m b i n e d

KtSO<.....................................  52 .50%
Na.SO<.................................  28.71
CaSOi.................................... 2.33
C aC O j................■................. 6 .27
C aO ....................................... 3.31
K*0 as silicates.................  0 .56

T his sam ple is ty p ica l of th e  -m aterial o b ta in ed  
w here oil is used  as fuel, and  all th e  su lfu r com pounds 
have been oxidized to  sulfates.

F rom  th is  analysis i t  is ev id en t th a t  th e  vo la tilized  
alkalies have com bined w ith  th e  su lfu r com pounds 
ra th e r  th a n  w ith  th e  carbon  dioxide, in sp ite  of the  
g rea t p reponderance  of th e  la t te r  in  th e  k iln  gases. 
W ith  fuel ca rry in g  a b o u t i per cen t su lfu r, th is  ra tio  
of su lfu r dioxide to  ca rbon  dioxide, in o rd in ary  kiln 
p rac tice , is a b o u t i  : 300 .

W hile th e  analyses ju s t c ited  are rep resen ta tiv e  
of m ateria l collected from  oil-fired kilns, i t  h as  been 
found  th a t  where coal is used as fu e l  a  p ro d u c t of som e­
w hat d ifferent ch a rac te r  is ob ta ined .

T he follow ing is an  analysis of d u s t collected  from  a 
p la n t w here pow dered  coal ca rry in g  a b o u t 1 . 5  per 
cen t su lfu r is th e  fuel:
SÍO2 .................. 17.68%  SO i......................  9 .9 4 %  KiO ( T o t a l )   1 .33%
(FeAl)iO j  11.56 Sulfur in sulfides KaO (W atcr-sol.) 6 .74
C aO .................  32 .28  and sulfites.. .  1.63 N a jO ......................  1.48
M gO ................ 1.52 C O i......................  10.64 H iO ........................  0 .96

T he com position  of a sam ple of d u s t from  which 
th e  g rea te r p a r t  of th e  heav ier p o rtions have been re ­
m oved by  prev ious p rec ip ita tio n , is show n by  th e  
following analysis:
SÍO2............................................  11.90%
(FeAl)2O j....................................  10.94
C aO .............................................  21.85
M gO .............................................  1.19
Total S as SOs..........................  17.47
KiO (T o ta l)..............................  20.60
K 2O (W ater-soluble)  16.04
NazO.............................................  1.14
CO2 ................' ...........................  10.90
C .....................................   1.03
HiO and  undeterm ined  2 .98

T he m ost im p o rta n t differences in  th e  po tash  
m ateria l from  coal-fired and  oil-fired kilns, as show n 
by th e  analyses given, lie in  th e  re la tiv e  am o u n ts  of 
soluble an d  insoluble K 20 ,  an d  in  th e  w ide v a ria tio n  in 
po tash  concen tra tion  in  th e  lig h ter frac tio n s of du st 
ob ta ined  from  kilns using these  tw o d ifferen t form s 
of fuel. >

T hus w hen oil is used as fuel, th e  soluble p o ta sh  in 
th e  heavy  d u st was 86 per cen t of th e  to ta l, and  in 
th e  ligh ter m ateria l, 98 per cen t, while th e  co rrespond ­
ing figures for d u s t from  th e  coal-fired k iln  were 59 and  
79 per cen t, respectively . S im ilarly , in  th e  case of 
oil-fired kilns, th e  ra tio  of th e  to ta l  p o ta sh  co n ten t of 
th e  heavier to  th e  lig h te r fra c tio n  was 1 : 3 . 25 , while 
th e  corresponding ra tio  in  th e  d u s t w here coal was 
used as fuel was 1 : 1 . 79 .

Since, as has been s ta te d , th e  lig h ter fra c tio n  con­
ta in s  a g rea ter percen tage of vo la tilized  com pounds, 
th e  analyses of these  frac tions w ould th ro w  th e  m ost 
ligh t upon  th e  reasons for th e  differences in po tash  
so lub ility  and  co n cen tra tio n  above m entioned .

T h u s in th e  d u st from  coal-fired kilns, w here th e  to ta l 
p o ta sh  c o n ten t was re la tiv e ly  low, an d  w’ith  a high 
percen tage of insoluble, th e  su m  of th e  silica, a lum ina 
and  iron  oxide was 22 .84  per cen t, while wThere oil

L i m b  a n d  A l k a l i e s  
P r o b a b l y  C o m b i n e d  

a s

K iSO*.................................... 29 .65%
N a3SO<....................................  2.61
CaSO<...................................... 4 .06
C aC O j....................................  24.75
C aO .......................................... 6.33
K 2O as silicate ...................... 4 .56



648 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  Vol. 9, No. 7

was used, a n d  th e  to ta l p o ta sh  c o n te n t was high an d  
p rac tica lly  all soluble, th e  sum  of th e  silica, a lu m in a  
an d  iron  oxides was on ly  2 . 24 per cen t.

An appreciab le  difference is also n o ted  in  th e  su lfu r 
c o n ten t in  th e  tw o  cases, since w ith  oil fuel the  am o u n t 
of su lfu r in  th e  d u s t is h igher th a n  w here coal is used. 
In  th e  la t te r  case th e  su lfu r is also fre q u en tly  p resen t 
in  large p a r t  as sulfide an d  sulfite.

E x perim en ts  on coal-fired kilns h av e  p roved  th a t  in ­
creasing th e  su lfu r co n ten t of th e  fuel, an d  m a in ta in ­
ing a less reducing  a tm osphere  in  th e  k iln , b o th  te n d  
to  p roduce a p o ta sh  p ro d u c t of a h igher degree of so lu ­
b ility . B u t even w ith  a  large excess of su lfu r over 
th a t  req u ired  to  com bine w ith  all th e  vo la tilized  
alkalies, th e  per cen t of insoluble p o ta sh  in  th e  collected 
m ateria l w as still considerable.

In  th e  twro cases cited , all th e  soluble K 20  has been 
in  th e  form  of su lfa te , b u t  th e  follow ing analysis of 
d u s t collected from  an  oil-fired k iln  using th e  w et 
process, shows th a t  soluble po tash  com pounds, o th e r 
th a n  th e  su lfa te , m ay exist in  such  d u st. T h e  fuel 
used in  th is  p la n t does n o t co n ta in  sufficient su lfu r to  
com bine w ith  all th e  vo la tilized  p o ta sh , so th a t  som e 
of th e  p o ta sh  m ust ap p e a r  as ca rb o n a te , due to  th e  
large excess of C 0 2 in  th e  k iln  gases:

A n a l y s i s  o f  D u s t

C aO ............................................  37 .70%
K*0 (T o ta l) ............................... 19.57
KiO (W ater-soluble)  18.08
N aiO .............................................  0.97
SO j................................................ 13.60
COj ................................................ 7 .70

D i m s  a n d  A i. k a i . i b s  P r o b a b l y  
C o m b i n e d  a s

K iSO i.................................... 29 .70%
K iC O i................................... 2.91
N a:C O i................................. 1.66
C aO .......................................  29 .96
C aC O j..................................  13.82
KtO in silicates.................  1.49

Since an  excess of su lfu r does n o t alw ays p rev e n t 
th e  fo rm a tio n  of inso lub le p o ta sh  com pounds, an d  a 
deficiency of su lfu r does n o t necessarily  resu lt in  th e  
fo rm a tio n  thereof, i t  follows th a t  a  reason  for th e  
existence of such com pounds m u st be sough t for 
elsewhere.

In  th e  d u s t from  th e  oil-fired an d  coal-fired kilns 
p rev iously  referred  to , w here in  th e  first case th e  per 
cen t of insoluble K 20  was 0 .5 6  per cen t, an d  in  th e  
second case was 4 . 55 per cen t, i t  seem s safe to  assum e 
th a t  th e  am o u n t of m echanically  ca rried  over raw  
m ateria l was p rac tica lly  th e  sam e. C onsequen tly  th e  
difference n o ted  in  th e  am o u n t of silicious m ateria l 
show’n can n o t be due to  a  g rea te r p ro p o rtio n  of ca l­
cined  raw  mix in  one case. T h e  only  o th e r source of 
silicious m ateria l is th e  ash  from  th e  coal used as fuel. 
O rd inarily  th is  coal carries 8 to  12  per ce n t ash , of 
w hich 35  to  40 per cen t is S i0 2 an d  40 to  50 per cen t 
R 2O3; an d  since th is  ash, com ing as i t  does from  finely 
pow dered  coal, m u st be in  a s ta te  of ex trem ely  fine 
subd iv ision , app roach ing  th a t  of a tru e  fum e, i t  is 
reasonab le  to  suppose th a t  p a r t  of th is  ash  w ould be 
collected am ong th e  lig h ter p o rtions of th e  dust.

Since ap p rox im ate ly  9 lbs. of coal ash are in tro d u ced  
in to  th e  k iln  per barre l of clinker b u rn ed , if on ly  one- 
half th is am o u n t is carried  o u t w ith  th e  gases, i t  would 
still be sufficient to  affect ap p rec iab ly  th e  com posi­
tio n  of th e  collected d u st, as th e  am o u n t of d u s t 
cau g h t per ba rre l of clinker p roduced  is on ly  ab o u t 
20 lbs. C onsequen tly  it  is p robab le  th a t  th e  consid­
erab le am o u n t of insoluble po tash  show n to  be p resen t

in  th e  d u s t from  coal-fired kilns is in  rea lity  due to  
a  com bination  of th e  vo la tilized  p o ta sh  w ith  th e  finely 
div ided , in can d escen t partic les  of silicious coal ash.

On acco u n t of th e  p rac tica l im possib ility  of se p a ra ­
tin g  th e  inso luble p o ta sh  com pound  from  th e  o th e r 
co n s titu e n ts  of th e  d u st, i ts  exact id en tif ica tio n  has 
n o t been effected.

T he so-called “ in so lub le” p o ta sh  is com pletely  so lu ­
ble in  d ilu te  HC1, and , as will be show n la te r , also in  
boiling w ate r on sufficiently  long co n tin u ed  tre a tm e n t. 
T his la t te r  p ro p e r ty  was ta k e n  a d v a n ta g e  of in  an  
a t te m p t to  th ro w  som e lig h t upon  th e  n a tu re  of th e  
com pound  in  question .

A sam ple of th e  d u s t was first tr e a te d  w ith  boiling 
w ater accord ing  to  th e  official m eth o d  for w ate r-so lu ­
ble p o ta sh . T h e  residue was th e n  boiled w ith  w ater 
u n d er a reflux condenser for severa l hours, an d  th e  re ­
su ltin g  so lu tions, n u m b ered  1 an d  2 , in  each  case 
ana lyzed . These analyses, w ith  h y p o th e tic a l com -
b in a tio n , are given below:

Analyses op D ust H ypothetical C ombination
Solution 1 2 Solution 1 2
SiO i........................ 0 .05% 0.08% K iSO i.................. 11.28% 0.0 0 %
R iO i.................. 0.71 K tO ..................... 0 .0 (a) 1.66(a)
C aO ........................ 8 .49 0.91 N aiSO i................ 1.99 0 .0
M gO ....................... 0 .13 NazO................... 0 .0 0 .25
K iO ........................ 6 .10 1.66 C aSO i................. 1.97 1.04
N asO ...................... 0 .87 0.25 CaS (including
SOj .......................... 7 .46 0.61 CaSOs)........... 1.57 0 .0
S in sulfides and C aO ..................... 6 .46 0 .48

sulfites............... 0 .70 0.00 M gO .................... 0 .13 0 .0
A lkalinity  as OH 3 .78 1.22 A liO i................... 0 .0 0.71

SiOa..................... 0 .05 0 .08
(a) As silicates.

T h e slow ly soluble p o ta sh , w hich, in  th e  above 
h y p o th e tic a l com bination , is given as silica te , a p ­
peared , of course, in  so lu tio n  as hydrox ide, due to  
hydro lysis, w hich decom position  m ay be influenced 
to  a ce rta in  e x ten t b y  th e  presence of lim e in  th e  
so lu tion .

O th er in v e s tig a to rs 1 h av e  show n th a t  w hen a  fe ld ­
sp a r is boiled in  presence of lim e, th e  p o ta sh  is b ro u g h t 
in to  so lu tio n  in  th e  sam e form . H ence i t  is reasonab le  
to  suppose th a t  th e  orig inal p o ta sh  com pounds in  th e  
tw o  cases were sim ilar in  n a tu re , an d  th a t ,  therefo re , 
th is  slow ly soluble m a teria l is a  ty p e  of recom bined  
silica te  w hich, as prev iously  p o in ted  o u t, was fo rm ed  
th ro u g h  th e  un ion  of th e  silicious ash  partic les  an d  th e  
p o ta sh  vapor.

If, also, as seem s reasonab le , such  a  com pound  is 
of g rea te r specific g ra v ity  th a n  th a t  fo rm ed  from  th e  
po tash  vap o r an d  th e  su lfu r gases, th is  w ould explain  
th e  difference in  p o ta sh  co n cen tra tio n  a lread y  no ted .

T h e  possib ility  of such a silicious com b in atio n  has 
long been recognized, an d  a  m ethod  for overcom ing  
th e  effects th e reo f on th e  so lub ility  of collected  po tash , 
has been p a te n te d  b y  Haff an d  C heesem an.

W A T E R -S O L U B L E  PO T A S H  C O N T E N T  O i  D U STS

T he chief use of th is  tre a te r  d u s t being as a fertilizer, 
a n d  as .its  value  for such  purpose is based  up o n  its  
co n ten t of w ater-so lub le p o ta sh , th e  question  of so lu­
b ility  is of p rim e im portance .

In  o rder to  d e term ine  n o t on ly  th e  rea d y  so lub ility  
of th e  p o ta sh  in  w ater, b u t also to  gain  som e know l­
edge of th e  degree of so lub ility  w hich i t  m igh t show 
w hen su b jec ted  to  conditions sim ilar to  th o se  existing

‘ W . H . Ross, T h i s  J o u r n a l ,  9  (1917), 467.
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in  its p rac tica l ap p lica tio n  as a  fertiliz ing  m ateria l, 
a series of te s ts  was m ade to  d e term ine  th ese  facts. 
A descrip tion  an d  th e  resu lts  th e reo f follow.

W herever figures for “ w ater-so lub le” p o ta sh  are 
given herein , th e y  h av e  been o b ta in ed  b y  th e  Official 
M ethod  of th e  A. O. A. C., w hich consists of w ashing 
2 .5  g. of th e  m a te ria l, co n ta in ed  in  a 1 2 . 5  cm . filter, 
w ith  200 cc. boiling w ater, an d  d e term in ing  th e  K 20  
in th e  resu lting  so lu tion . T h e  older m eth o d  for th is  
de term in a tio n , an d  w hich is s till used by  som e fe r­
tilizer chem ists, is to  boil th e  m a teria l w ith  w ate r 
under a reflux condenser for one-half hour.

One of th e  reasons fo r th e  ad o p tio n  of th e  new  
m ethod b y  th e  A. 0 .  A. C., was th a t  i t  was found , in  
in ce rta in  cases, th a t  th e  older m ethod  gave resu lts 
som ew hat below  th e  tru e  value, a n d  te s ts  we h av e  m ade 
in connection  w ith  th is  w ork show  th is  to  be so.

A nalysis of th e  d u s t used  for th e se  so lub ility  experi­
m ents show ed th e  follow ing K 20  co n ten t:
T o t a l  K tO ............................................ 10.91 per cent P er cen t o f  T otal

W ater-soluble ............................  5 .8 4  53.5
Soluble in 5%  HC1.................... 10.03 91 .9

In  o rder to  show  th e  effect of con tin u ed  tre a tm e n t 
w ith h o t w ater, 10  g. of d u s t w ith  100  cc. w ate r were 
boiled u n d er a reflux condenser for v a ry in g  periods 
of tim e, an d  th e  am o u n t of K 20  th e n  in  so lu tion  de­
te rm ined , w ith  th e  resu lts  show n in  T ab le  I :

T a b l b  I
T i m e  P e r  c e n t  KiO P e r  c e n t  o e  T o t a l  KjO

H o u r s  D i s s o l v e d  D i s s o l v e d

V* '• .............. 5 .4 9  50 .3
2 ............................... 6 .65  60 .9
4 ............................... 7 .68  70 .4
6 ............................... 8.51 78 .0
8 ............................... 9 .1 3  83.7

10............................... 9 .95  91 .2
12............................... 10.12 92 .8
14............................... 10.35 94 .9
16............................... 10.45 95 .8
20............................... 10.55 96 .7
24............................... 10.56 96 .8

T his ta b le  show s v ery  s tr ik in g ly  th e  u ltim a te  so lu­
b ility  of p rac tica lly  all th e  p o ta sh  u n d e r th e  condi­
tions of th e  tr e a tm e n t given. I t  also em phasizes 
th e  im p o rtan ce  of ac cu ra te ly  s ta tin g  conditions of 
tr e a tm e n t w hen rep o rtin g  “ soluble p o ta sh ” an d  in d i­
cates th a t  th e  critic ism  of th e  old m ethod  for o b ta in ­
ing soluble p o ta sh  was justified . T h u s, accord ing  to  
the  new  m ethod , th e re  w as 5 .8 4  p e r cen t so luble K 20 , 
while w ith  one-half h o u r boiling, on ly  5 .49  per cen t 
was found.

T he reason  for th is  difference is p ro b ab ly  due to  a 
p rim ary  com bination  be tw een  th e  p o ta sh  an d  th e  silica 
to  form  a  slow ly soluble silica te  w hich is, how ever 
again b roken  dow n b y  con tin u ed  tre a tm e n t w ith  th e  
h o t a lkaline so lu tion . F u r th e r  evidence bearing  on 
th is p o in t will be found  in  som e of th e  follow ing ex­
perim ents.

To illu s tra te  th e  effect of con tin u ed  cold w ater 
tre a tm e n t, 10  g ram s of d u s t w ith  100  cc. w ate r were 
placed in  1 6 -oz. b o ttle s , t ig h tly  stoppered , an d  su b ­
jected  to  con tinuous a g ita tio n  in  a revo lv ing  con tainer. 
T he 'p e rcen tag e  of ex tra c tio n  o b ta in ed  is show n in 
Table I I .  A para lle l ru n  w as m ade w ith  sim ilar con­
ditions except th a t  th e  ex tra c tio n  w ate r w as se p ara te d  
from  th e  d u s t each  day , an d  fresh  so lven t added . 
T he resu lts  o b ta in ed  in  th is  series ap p ear in  T ab le  I I I .

T a b l e  I I T a b l e  I I I
Tim e Per cent KiO P er cent Time P er cent K 2O Per cent
Hrs. Dissolved of T o tal Hrs. Dissolved of T o tal

1 ...,.... 5.59 51.2 168.. 60.624..... ... 5.92 54.3 336.. . . .  6.86 62.872...,.... 6.06 55.5 504.. . ..  7.20 66.0168..., 
336....

.... 6.24 

.... 6.38
57.2
58.5 672.. . ..  7.34 67.3

672........ 8.00 73.3 840. . . ..  7.40 67.8
840 ... .  8.25 75.6 1008.. ... 7.46 68.3

In o rder to  s im ulate , to  a ce rta in  ex ten t , condi-
tions of leaching w hich o b ta in  w hen fertiliz ing  m a­
te ria l is app lied  to  th e  lan d , an  a p p a ra tu s  was arran g ed  
for ca rry ing  on con tinuous perco la tion  of th e  t re a te r  
d u s t w ith  m easured  am o u n ts  of cold w ater. T his 
a p p a ra tu s  was designed by  H. V. W elch, an d  is show n 
in  Fig. I. T he d u st to  be leached  was p laced  in  16 - 
oz. b o ttle s  from  w hich th e  b o tto m s h a d  been rem oved 
a n d  rep laced  by  a  couple of layers of filter p ap e r held  
in  position  w ith  a  disc of wire screen. T hese b o ttle s

F i g . I

are su p p o rted  in  a w ooden fram e over a  d ra in  p an , 
an d  th e  w ater supp lied  to  th e  to p s of th e  b o ttle s  by  
m eans of th e  ru b b e r tu b e s  w hich te rm in a te  in  open­
ings arran g ed  a round  th e  p e rip h e ry  of a c ircu lar p a n  
below th e  d is trib u te r . T he la t te r  is a  la rge  w ooden 
pu lley  th ro u g h  w hich passes a tu b e  connected  w ith  
th e  w ate r supp ly . T h is pu lley  is revo lved  b y  m eans 
of belting  from  a sm all electric  m otor. B y th is  m eans 
each  b o ttle  receives th e  sam e am o u n t of w ater, w hich 
m ay be contro lled  by  reg u la tin g  th e  size of th e  open­
ing in  th e  w ater su p p ly  tu b e , an d  m easured  by  col­
lecting  th e  w ate r delivered  b y  an y  one of th e  tubes.

F ifty  gram s of th e  d u s t w ere used, an d  th e  am o u n t 
of w ate r passing th ro u g h  was 2400 cc. p e r day . At 
th e  end  of th e  specified tim es, th e  residues w ere d ried  
an d  ana lyzed  for K 20 , allow ance being m ade in  th e  
ca lcu la tion  for th e  loss in  w eight of th e  d u s t, due to  
th e  rem oval of sa lts  o th e r th a n  p o ta sh . T h e  resu lts  
are show n in T ab le  IV .

T a b l e  I V
Tim e P er cent KiO Dissolved P er cent of T o tal

336 hou rs.............................  6 .72  61.5
672 hou rs.............................  6.81 62 .4

1008 hou rs.............................  7 .26  66 .5
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C onsidering T ab les I I I  a n d  IV , w hich show  th e  
am o u n ts  of p o ta sh  d issolved w hen th e  soluble sa lts  
are rem oved  from  th e  sphere  of ac tion , i t  is seen th a t  
th e  p o ta sh  com pounds are b ro u g h t in to  so lu tion  by 
th e  ac tio n  of cold w ate r a t  a  well defined, th o u g h  slow 
ra te . C om paring  T ab les I I I  an d  IV  w ith  T ab le  I I  
show s th a t  u ltim a te ly  m ore p o ta sh  is dissolved w hen 
th e  soluble co n s titu e n ts  of th e  m ateria l a re  allow ed to  
rem ain  in  th e  so lven t. In  all p ro b ab ility  th is  is due 
to  th e  ac tion  of th e  lim e p resen t, since, as prev iously  
s ta te d , th is  has a  m arked  so lven t ac tion  on  such 
silicious m ateria l. T his ac tion  is show n m ore clearly  
w here th e  so lven t was used a t  boiling te m p era tu re , 
for, in  th is  case, w here th e  dissolved p ro d u c ts , a 
large p ro p o rtio n  of w hich is lim e, were allow ed to  re ­
m ain  w ith  th e  so lven t, th e  ra te  of so lu tion  was 22 
p er cen t g rea te r th a n  in  a  sim ilar te s t  w here fresh  
so lven t was used  from  tim e to  tim e.

W hile th e  ra te  of so lu tion  in  cold w ater is very  m uch 
slow er th a n  in  h o t, i t  is, nevertheless, considerab le, an d  
it is safe to  assum e th a t  th e  g rea te r p a r t  of such  slowly 
soluble po tash  m ateria l from  cem ent k iln  gases, 
would be rendered  ava ilab le  in  th e  course of a season.

As is know n, g round  fe ld spar is o ften  used as a 
po tash  fertilizer. C om pared  w ith  th e  recom bined  
silicious p o tash  of cem ent k iln  d u st, th is  p o ta sh  m a­
te ria l is m uch m ore slow ly soluble, w hich is ev id en t 
from  th e  fac t th a t  a  feldspar-lim e m ix tu re , con ta in ing  
p rac tica lly  th e  sam e percen tage of lim e as th e  t re a te r  
d u s t, y ielded, on boiling w ith  w ater for 16  hours, only
1 . 7 per cen t of th e  to ta l  K 20 ,  while th e  tre a te r  d u s t, 
from  w hich all of th e  read ily  soluble p o tash  had  been 
rem oved , u nder parallel conditions gave 35  per cen t 
of its  rem ain ing , slow ly soluble K 20 .

E F F E C T  OF SO IL  A D M IX T U R E

Som e te s ts  were m ade to  d e term ine  th e  effect of an  
ad m ix tu re  of soil up o n  these  p o ta sh  com pounds. I t  is, 
of course, know n th a t  soluble p o ta sh  sa lts , w hen m ixed 
w ith  som e soils, te n d  to  becom e, in  p a r t ,  soluble. 
O ur te s ts  show  th a t  w ith  tre a te r  d u s t th is  ac tion  is 
also q u ite  rap id , so th a t  in  a co m p ara tiv e ly  sh o rt tim e 
a large p a r t  of th e  o rig inally  soluble p o ta sh  becom es 
so a tta c h e d  to  th e  soil th a t  i t  ca n n o t be ex tra c te d  w hen 
tre a te d  accord ing  to  th e  Official M ethod  for w ater- 
soluble p o ta sh . A t th e  sam e tim e, how ever, th e  
orig inally  slow ly soluble p o ta sh  com pounds are  being 
rendered  soluble. T he u ltim a te  resu lt of such  ac tion  
of soil on a m ix tu re  of th e  tw o  ty p es of com pounds 
ex isting  in  th is  t r e a te r  dust, as show n b y  th e  follow ing 
te s ts , is to  y ield a la rger re la tiv e  percen tage of read ily  
soluble p o ta sh  th a n  is th e  case w here th e  orig inal 
m ateria l consisted  en tire ly  of perfec tly  soluble sa lts.

In  th e  first se t of these  te s ts , a h o t w ate r ex trac tio n  
of th e  orig inal d u s t was m ade, an d  a liq u o t p a r ts  of 
th e  resu lting  so lu tion  poured  upon  sam ples of soil 
co n ta in ed  in  beakers. These were th e n  allow ed to  
s ta n d  for v a ry in g  periods of tim e , w hen th e  residual 
w ater-soluble p o ta sh  c o n ten t was determ ined . At 
th e  en d  of tw o weeks, th is  w ater-soluble p o ta sh  had  
decreased  1 3 . 6  per cen t, an d  a t  th e  end  of four weeks, 
3 8 . 7 per cent.

T he d u s t rem ain ing , a f te r  th e  w ater-so luble p a r t

was rem oved  by  w ashing, w as also m ixed w ith  soil 
an d  allow ed to  s ta n d . A t th e  end  of tw o  weeks, 12  
per cen t of th e  slow ly soluble p o ta sh  h a d  becom e so lu­
ble, an d  a t  th e  end  of four weeks, th is  so lu b ility  had  
increased  to  17  per cen t.

F rom  these  resu lts  i t  is ev id en t th a t  th e  effect of 
th e  soil upon  th e  read ily  soluble p o ta sh  is m ore p ro ­
nounced  th a n  th a t  upon  th e  slow ly soluble, so th a t  
th e  n e t resu lt w ould be to  decrease th e  to ta l  am o u n t 
of read ily  soluble p o ta sh  in  such  a m ixture.

T h e  follow ing te s t  confirm s th e  above assum ption : 
T he orig inal d u s t was m ixed w ith  soil, m oistened  w ith  
w ater, an d  allow ed to  s ta n d  as in  th e  prev ious cases. 
A t th e  end  of th re e  weeks, th e  soluble p o ta sh  h ad  de­
creased 2 .4 5  per cen t of its  orig inal value. A t th e  
end of six weeks, th e  decrease w as 4 . 9  p er cen t, an d  
a t  th e  en d  of te n  weeks, was 9 . 9 s per cen t.

As w as show n above, w ith  th e  soluble p a r t  of th is  
d u s t sim ilar to  th e  soluble p o ta sh  sa lts  of th e  o rd in ary  
fertilizer, th is  decrease, in  only  four weeks, was 3 8 . 7  
per cen t. I t  is possible th a t  th is  recom bination  b e­
tw een  th e  soluble p o ta sh  a n d  th e  soil is analogous to  
th e  one p o in ted  o u t in  connection  w ith  th e  so lub ility  
of th e  d u s t in  boiling w ater. As was s ta te d  th e n , a  
half-hour boiling  show ed a soluble p o ta sh  c o n ten t of 
5 .49  per cen t, while th e  Official M ethod  gave 5 .8 4  
or a decrease, caused  b y  boiling, of 6 p e r  cen t of th e  
to ta l so luble p o ta sh  p resen t. W hen the  silicious m a­
te ria l in  th e  m ix tu re  is la rge ly  increased  by  th e  a d d i­
tio n  of soil to  th e  d u st, i t  is to  be expected  th a t  th e  
recom bination , un d er sim ilar tr e a tm e n t,  w ould be 
more m arked . T ests  m ade b y  boiling such  m ix tures 
confirm  th is  view. T h u s a m ix tu re  of 10  per cen t 
d u s t an d  90 per cen t soil, w hich show ed b y  th e  Official 
M ethod  0 .66  per cen t soluble p o ta sh , on boiling one- 
half hour, gave on ly  0 . 47  per cen t, a  decrease of 29 
per cent.

I t  appears ev id en t, from  th e  d a ta  p resen ted , th a t  
th e  Official M e th o d  for d e term in in g  soluble p o ta sh  
in fertilizer does n o t necessarily  give a tru e  in d ica tio n  
of th e  p o tash  value of all such  m a teria l. As to  th e  
u ltim a te  av a ila b ility  for p la n t use of th e  p o ta sh  in 
a fertilizer, it w ould seem  th a t  such slow ly soluble 
po tash  com pounds as have been  show n to  be p resen t 
in  d u st from  cem ent kilns, m ore nearly  app roach  
th e  ideal fo rm  of a  p la n t food th a n  do th e  m ore re a d ­
ily soluble p o ta sh  sa lts , since th ese  slowly soluble 
com pounds u n d o u b te d ly  can  be assim ila ted  by  th e  
p lan ts  in  th e  course of a season, an d  are  n o t to  such  a 
large e x ten t a p t  to  be leached  o u t b y  ra in s  an d  irrig a ­
tion .

T he U n ited  S ta te s  B ureau  of Soils has u n d e r w ay a 
series of experim en ts on leach ing  th is  d u s t w ith  w ater 
under cond itions of high pressu re  an d  te m p era tu re , 
a com plete re p o rt of w hich will u n d o u b te d ly  be p u b ­
lished in  th e  n ea r fu tu re . T h e  resu lts  of som e of th e ir  
early  experim en ts w ould ind ica te  th a t  th e  ra te  of so lu ­
tio n  of th e  slow ly soluble po tash  com pounds is enor­
m ously increased  b y  th is  tre a tm e n t.

SUM M ARY

I— D u st from  cem ent k iln  gases m ay be com posed 
of m echan ically  carried  over raw  m a teria l an d  solid
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residues from  fuel com bustion , to g e th e r  w ith  v o la til­
ized alkalies.

I I — Such d u s t con ta in s considerab le am o u n ts  of 
po tash  p resen t b o th  in  read ily  an d  slow ly soluble 
form .

I I I — T h e read ily  soluble p o ta sh  u sually  occurs as 
su lfa te , due to  a com b in atio n  of th is  base w ith  th e  
su lfu r of th e  fuel an d  w here th e re  is a deficiency of 
su lfur, p a r tly  as ca rb o n a te .

IV — T h e slow ly soluble p o ta sh  is p ro b ab ly  of a 
silicious n a tu re , la rge ly  fo rm ed  b y  th e  un ion  of po tash  
v apor w ith  incandescen t ash  particles.

V— T his silicious p o ta sh  becom es soluble on boiling 
w ith  w ate r for a  few hours, an d  on t r e a tm e n t w ith  
cold w ate r for longer periods.

V I— T h e presence of lim e accelera tes th e  so lu tion .
V II— Slowly soluble p o ta sh  com pounds are also 

form ed by  th e  in te ra c tio n  of p o ta sh  sa lts  in  so lu tion  
w ith silicious m ateria l, th is  recom bination  being g rea tly  
acce lera ted  b y  hea t.

V II I— T he ac tio n  of m oist soil p rom otes th e  av a ila ­
b ility  of th e  slow ly soluble p o tash .

IX — In  view  of th e  g rad u a l an d  con tin u ed  so lu tion  
of th e  p o ta sh  in  cem ent k iln  d u st, i t  shou ld  be of p a r ­
ticu la r value  as fertilizer m ateria l.

A cknow ledgm ents a re  due to  M r. R. C. HafI and  
associates, of th e  S ecu rity  C em ent & Lim e C om pany , 
an d  to  M r. H . V. W elch, of th is  la b o ra to ry , for assis­
ta n ce  an d  suggestions.

L a b o r a t o r i e s  o p  t h e  W e s t e r n  P r e c i p i t a t i o n  C o m p a n y  
L os A n g e l e s , C a l i f o r n i a

SOME RELATIONS OF THE EFFECT OF OVERHEATING 
TO CERTAIN PHYSICAL AND CHEMICAL 

PRO PERTIES OF ASPHALTS1
By A. W . H i x s o n  a n d  H a r o l d  E . H a n d s

T he use of ca rbon  te trach lo rid e  as a so lven t in  differ­
en tia tin g  b itum ens was first suggested  by  R ichardson  
and  F o rre s t2 in 1906 . T hey  found  th a t  tru e  asp h a ltic  
hydrocarbons w ere soluble to, th e  sam e e x ten t in  i t  
as in  ca rbon  bisulfide. In  residual p itches w hich were 
carelessly refined, th e y  found  th a t  th e  b itu m en  sol­
uble in  carbon  te trach lo rid e  was less th a n  in  carbon  
bisulfide. T o  th e  hy d ro carb o n s soluble in  ca rb o n  b i­
sulfide b u t  insoluble in ca rbon  te trach lo rid e , R ich a rd ­
son la te r  app lied  th e  te rm  “ C arb en es .” 3 I t  was sug­
gested th a t  th ese  were th e  resu lt of w ea th erin g  in  tru e  
asphalts . In  th e  case of residual p itches it was th o u g h t 
to  be th e  resu lt of ov erh ea tin g  du ring  th e  in d u stria l 
processes used in  p roduction .

K irsch b rau n 4 to o k  up  R ich a rd so n ’s suggestion  and  
perform ed a series of experim en ts on th e  effect of 
o verheating  on refined B erm udez a sp h a lt an d  on 
fluxed B erm udez asp h a lt. H e found  th a t  carbenes 
were form ed a t  high te m p e ra tu re s  (650- 700° F .) an d  
suggested  t h a t  th e y  were th e  resu lt of e ith e r cracking 
a t  high te m p e ra tu re  or co n cen tra tio n — probab ly  
both.

1 Presented a t  the  54th M eeting of the  American Chem ical Society, 
Kansas C ity, April 10 to  14, 1917.

* R ichardson and  Forrest, J . Soc. Chem. Ind ., 2 4 ,  311.
* "T h e  M odern A sphalt Pavem en t,”  1st E d., pp. 118, 120.
* M unicipal Engineer, 3 5  (1908), 349.

In  1 9 1 0  M ackenzie 1 to o k  up th e  su b jec t in  th e  e n ­
deavo r to  d eterm ine th e  cause of ce rta in  discrepancies 
in th e  resu lts  of carbene d e term in a tio n s in  th e  sam e 
sam ples m ade in th e  New Y ork  T esting  L ab o ra to ry  
an d  an o th er la b o ra to ry  on th e  Pacific C oast. He 
found  th a t  in th e  sam e sam ple of b itu m en  th e re  was 
an  increase of carbenes w hen th e  carbon  te trach lo rid e  
so lu tion  was allow ed to  s ta n d  in th e  ligh t. H e th e re ­
fore called those  carbenes w hich w ere p rec ip ita ted  
com pletely  from  a  te trach lo rid e  so lu tion  on s tan d in g  
in  th e  d a rk  for 12  h rs., “ tru e  carbenes.” To those 
w hich were th e n  p rec ip ita ted  on allow ing th e  filtra te  
from  th is  d e te rm in a tio n  to  s ta n d  in  th e  lig h t he a p ­
plied  th e  nam e “ pseudo-carbenes.”  He concluded: 
“ T h a t ligh t ac ting  upon  a so lu tion  of b itu m en  in  te t r a ­
chloride causes th e  b itu m en  to  decom pose, th e  t e t r a ­
chloride giving hydrochloric  acid , w hich in  tu r n  com ­
bines w ith  u n sa tu ra te d  h y d rocarbons an d  p rec ip i­
ta te s  them . B u t only  ce rta in  b itu m en s (nam ely , 
those which have  been m ore or less ov erh ea ted ) can 
bring  a b o u t th is  p h enom enon .” S im ilar resu lts  an d  
conclusions were th e  resu lt of p rac tica lly  a s im u l­
taneous w ork by  A lexander .2

As fa r as can be ascerta ined , no sy s tem a tic  w ork has 
been published  w hich has to  do w ith  th e  effect of o v er­
hea ting , an d  th e  presence of carbenes caused  b y  th is  
overheating , upon  th e  physical an d  chem ical p ro p e r­
ties of asphalts . T h is in v estig a tio n  was the re fo re  
u n d erta k en  w ith  th e  ob jec t of d e term in ing  to  w hat 
e x ten t an. asp h a lt could be h ea ted  an d  still re ta in  
those  p roperties desirable for a du rab le  p av em en t. If 
carbenes are a  resu lt of overheating , th e n  w h a t is 
th e ir  effect upon  a n  a sp h a lt; is th e  effect due sim ply  
to  th e  h ea tin g  or do th e y  a lte r  m ark ed ly  th e  p ro p e r­
ties of asp h a lt by  th e ir  presence? I t  was hoped  to  
arrive  a t  a conclusion as to  th e  value of th e  carbene 
specification for asphaltic  m ateria ls  to  be used in  road  
construc tion .

I t  was no ticed  th a t ,  using th e  sam e asp h a lt, M ac­
kenzie was unab le to  check th e  resu lts  o b ta in ed  by 
K irschb raun  e ither concerning th e  carbene co n ten t, 
or ce rta in  o th e r p roperties, e. g., b itu m en  soluble in 
carbon  bisulfide. T his is n o t to  be w ondered  a t  since 
ne ith e r in v es tig a to r gave details of th e  m ethods 
of analysis used. I t  is a w ell-know n fac t th a t  in  asp h a lt 
analysis tw o in v estig a to rs  have  difficulty  in  checking 
each o th e r  even w hen th e  sam e m ethods are  used. 
T he errors due to  tech n iq u e  are to o  well know n to  be 
reco u n ted  here. N eedless to  say , i t  is th e re fo re  im ­
possible for an y  la te r  in v estig a to rs  to  check th e ir  re ­
su lts  q u a n tita tiv e ly . In  th is  w ork no effort was m ade 
to  check th e  resu lts  of e ith e r M ackenzie or K irsch ­
b raun .

P U R IF IC A T IO N  OF R E A G E N T S

In  o rder to  be ab so lu te ly  su re  of th e  resu lts  it was 
th o u g h t necessary  carefu lly  to  p u rify  th e  ca rb o n  b i­
sulfide an d  th e  ca rb o n  te trach lo rid e  to  be used.

T he bisulfide w as first shaken  w ith  lim e-w ate r u n ­
til no color was im p a rte d  to  it.  T h is rem oved  an y  
inorganic sulfides w hich m igh t be p resen t as im puri-

1 T h i s  J o u r n a l ,  2  (1910), 124.
* Ibid., 2  (1910), 242.
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ties . T o insu re  th e  com plete rem oval of an y  h y d ro ­
gen sulfide th e  bisulfide was p laced  in  a d istilling  
flask, covered w ith  one inch of a  w ate r so lu tion  of 
lead  a c e ta te  an d  distilled  over a  w a te r b a th . T he 
d is tilla te  was th e n  f ra c tio n a te d  using a  G linsky 4-bulb  
d istilling  head . T h a t frac tio n  w ith  a  boiling p o in t 
of 4 6 . 3 ° was saved . T his w as w a te r-w h ite  w ith  a 
p le asa n t e th erea l odor an d  gave no residue w hen 
20 cc. of i t  w ere allow ed to  ev a p o ra te  sp o n taneously  
on a  w atch  glass. I t  w as th e n  dried  over lim e, p laced  
in  g lass-stoppered , b row n b o ttle s , an d  k e p t in  a  cool, 
d a rk  place.

T h e  ca rb o n  te trach lo rid e  was freed from  carb o n  
bisulfide by  ad d in g  a q u a n t ity  of alcoholic po tassiu m  
hydrox ide so lu tion . I t  w as th e n  h ea te d  to  6 00 C. 
for one-half h o u r an d  th e  po tassiu m  x a n th a te  form ed 
was p rec ip ita ted  by  add ing  w ater. T h e  liqu id  w as re ­
p ea te d ly  w ashed w ith  w ate r u n til free from  alcohol 
an d  po tassiu m  hydroxide. I t  was th e n  fra c tio n a te d , 
using a  G linsky  4-bu lb  d istilling  head . F rac tio n s  
w ith  a boiling p o in t of 76 .6  to  7 6 . 8 ° C. w ere k e p t 
d ried  over calcium  ch loride an d  s to red  in  th e  sam e 
m anner as th e  bisulfide.

In  using b o th  so lven ts, th e  w ash b o ttle s  were com ­
p le te ly  covered w ith  b lack  p ap e r to  p re v e n t an y  de­
com position  b y  ligh t.

M ETH O D S OF A N A L Y SIS

D E T E R M IN A T IO N  O F B IT U M E N  S O L U B L E  I N  C A R B O N

b i s u l f i d e  ( t o t a l  b i t u m e n )— T h e m ethod  proposed  
b y  th e  C om m ittee  on s ta n d a rd  te s ts  for ro ad  m ateria ls  
of th e  A m erican  Society for T esting  M ateria ls  was 
tr ie d . In  th e  case of T rin id ad  a sp h a lt, w here th e  
m ineral m a tte r  is h igh, th e  resu lts  w ere v e ry  u n sa tis ­
fac to ry . F iltra tio n  proceeded  very  slow ly an d  m uch 
of th e  fine m ineral m a tte r  w en t th ro u g h  th e  filter. 
I t  was also found  difficult to  p rep are  tw o  asbestos 
p ads for th e  G ooch crucible w hich w ould re ta in  th e  
sam e am o u n t of m ineral m a tte r. F o r th is  reason  
g rea t difficulty  was experienced in  ob ta in ing  co n co rd an t 
resu lts . W hen very  dense pads were used it  was still 
found  difficult to  check th e  resu lts . M oreover, w hen 
ca rbon  te trach lo rid e  was used as a  so lven t, i t  re ­
qu ired  several days for f iltra tio n , an d  in  one case over 
a  week. O bviously, th is  w ould  n o t do, for, as Alex­
an d e r an d  M ackenzie found , th e  longer th e  tim e  ta k e n  
to  filter a  te trach lo rid e  so lu tion  of b itu m en , th e  g rea te r  
th e  am o u n t of b itu m en  insoluble, due p ro b ab ly  to  
th e  ac tio n  of ligh t. So th e  follow ing m e th o d  was 
used:

One g ram  of th e  a sp h a lt (if th e  m ineral c o n te n t be 
low, m ore can  be ta k e n ) was w eighed in to  a  ta re d  200- 
cc. E rlen m ey er flask an d  tre a te d  w ith  100  cc. of c a r­
bon  bisulfide. T he flask w as th e n  loosely s to p p e re d  an d  
was shaken  from  tim e  to  tim e u n til so lu tion  w as com plete. 
T his u sua lly  req u ired  a b o u t 30  m inu tes. T h e  so lu­
tio n  w as th e n  cen trifuged  a t  high speed  for 30  m inu tes. 
Tw o C. Schleicher an d  Schull No. 589 B lue R ibbon  
filter p apers , w hich h ad  been prev iously  ex tra c te d  
w ith  ca rbon  bisulfide, were th e n  w eighed an d  on to  
these  th e  su p e rn a ta n t liqu id  w as carefu lly  decan ted . 
A double filter was used  to  insu re  th e  collection of 
even  th e  finest m ineral m a tte r. T h e  residue in  th e

b o tto m  of th e  cen trifuge flasks w as th e n  w ashed w ith  
bisulfide an d  u tim a te ly  all was b ro u g h t upon  th e  
filters. T h e  residue was w ashed  w ith  bisulfide "until 
th e  w ashings were colorless. S uction  was applied  
w hen necessary . All flasks an d  th e  filters were th e n  
d ried  a t  1 0 0 ° C. an d  w eighed. T h e  filter p apers  con­
ta in in g  th e  residue w ere th e n  ig n ited  to  de term ine  
th e  am o u n t of “ organic m a tte r  in so lub le” a n d  ash. 
In  th is  m anner th e  ra tio  of “ organic m a tte r  in so lub le” 
to  ash  was found . I f  an y  insoluble m a tte r  rem ained  
in  th e  flasks th is  ra tio  was app lied  to  it  an d  th e  ash 
an d  “ organic m a tte r  inso lub le” th u s  found  w ere ad d ed  
to  th a t  found  on ign ition  of th e  filter papers. T he 
reason  for th is  is obvious w hen one considers t h a t  th e  
insoluble m ineral m a tte r  in  th e  flasks will h av e  a b ­
so rbed  or adso rbed  a  ce rta in  am o u n t of b itu m in o u s 
m ateria l. I t  was found  th a t  th e  ash  de term in ed  
in  th e  fixed ca rbon  te s t  was s ligh tly  g rea te r (ab o u t 
1 . 3 5  per ce n t in  th e  case of T rin id ad  a sp h a lt)  th a n  
th a t  o b ta in ed  b y  filtra tion . T h e  reason  for th is  is 
unknow n. R ich a rd so n 1 is a u th o r ity  for th e  s ta te ­
m en t th a t  th e  so lu tion , con ta in ing  th is  show s, un d er 
th e  u ltra -m icroscope , th e  cha rac te ris tic  B row nian  
m ovem en t of colloids a n d  th a t  i t  is du e  to  colloidal 
clay  an d  o th e r  m ineral m a tte r. B u t m ig h t n o t th is  
difference be caused  b y  a so lu tio n  of sligh t am o u n ts  
of m ineral sa lts  in  th e  so lven t?  T hese sa lts  m igh t 
be sa lts  of m ineral acids or m ineral sa lts  of o rgan ic  
acids of h igh  com plex ity . T h is m igh t be expected , 
especially  if th e  so lven ts w ere n o t com pletely  w ate r- 
free— a cond ition  h a rd  to  secure.

If  th e  m ineral is colloidal th e n  i t  will p ro b ab ly  have 
b itu m en  adso rbed  on its  surface. In  th is  w ork i t  was 
assum ed to  be colloidal an d  th e re fo re  a  co rrec tion  w as 
app lied  to  th e  m ineral m a tte r  found  on filtra tio n . In  
m aking  th is  co rrec tion  th e  sam e ra tio  betw een  ash  an d  
“ organic m a tte r  in so lub le” was used as th a t  found  
on ign ition  of th e  filter residue. In  o rder to  determ ine 
if th e  long s ta n d in g , as specified in  th e  m ethod  of th e  
A m erican S ociety  for T estin g  M ateria ls , w as of value 
before cen trifug ing , experim en ts were ca rried  o u t in 
w hich th e  a sp h a lt s to o d  in  co n tac t w ith  th e  so lven t 
for d ifferen t leng th s of tim e. In  each  case one g ram  
of refined T rin id a d  a sp h a lt was shaken  w ith  100  cc. 
of carbon  bisulfide. T h e  resu lts , g iven in  T ab le  I, 
show ed th a t  long s ta n d in g  was n o t necessary  w hen 
th e  cen trifuge was used.

T able I
T i m e  o p  S t a n d i n g  30 mins. 24 hrs. 48 hrs. 70 lirs, 48 hrs(a)

B itum en soluble in C S i..............  58 .02  58 .00  58.65 59.77 57.41
M ineral m a tte r insoluble  30 .00  33.31 32 .66  30 .04  33 .48
"O rganic m a tte r insoluble” . . . .  7 .98  8 .69  8 .69  7 .19  9.11

(a) Stood 24 hours, was decanted and  100 cc. fresh solvent added; 
then  stood 24 hours longer.

T h e follow ing p o in ts  th e n  led  to  th e  ad o p tio n  of 
th e  above m eth o d  of se p a ra tio n :

1— T h e tim e  elem en t w as cu t to  a  m in im um , i t  be­
ing possible to  com plete filtra tio n , even  from  a t e t r a ­
chloride so lu tion  w hich fo rm erly  to o k  several days, 
in  a few hours. T his is very  im p o r ta n t in  m aking 
th e  carbene d e te rm in a tio n .

2— R esu lts  could  be m ade to  check closely.
3— B y th e  use of filter p ap er, in s tea d  of an  asbestos

1 J . Phys. Chem., 19, 245.
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padded  Gooch crucible, i t  w as possible to  contro l 
more evenly  th e  size of th e  openings an d  therefo re  
th e  am o u n t of m ineral m a tte r  re ta ined .

B IT U M E N  S O L U B L E  IN  C A R B O N  T E T R A C H L O R ID E  T he
sam e m ethod  was used as in  d e term in ing  th e  b itu m en  
soluble in  carbon  bisulfide, using in s tea d  100  cc. 
of carbon  te trach lo rid e .

c a r b e n e s — N o a t te m p t was m ade to  determ ine 
th e  pseudo-carbenes described by  M ackenzie. T he 
b itum en  soluble in  ca rbon  bisulfide b u t inso lub le in  
carbon te trach lo rid e , w hen th e  d e term in a tio n s were 
m ade as described above, was ta k e n  as th e  carbene 
value.

f l o w  t e s t — T his te s t  was perfo rm ed  accord ing  to  
the  d irections given b y  R ich a rd so n . 1 T he te s t  was 
m ade a t  th e  m elting  p o in ts  of th e  asp h a lts  an d  th e  
flow in m illim eters du ring  5 m inu tes was tak en . An 
electric oven  w as used.

All o th e r te s ts  w ere p e r fo rm e d ' accord ing  to  th e  
directions g iven  in  T he Office of P ublic  R oads, 
Bulletin  38, on “ M ethods for th e  E x am in atio n  of 
B itum inous R o ad  M ate ria ls .”

In  m aking  th e  m elting -po in t te s t, th e  oil b a th  was 
h ea ted  a t  th e  ra te  of 5 0 per m inu te. All p en e tra tio n

black hom ogeneous su b stan ce  w hich was q u ite  soft 
an d  s ticky . T h e  oil a sp h a lt w as a  dull b lack  hom o­
geneous su b stan ce  w hich w as also q u ite  soft an d  
s ticky . H ow ever, i t  could easily be c u t w ith  a knife.

20 40 60 80 !QO ¡20 /40 /6O /8O 200 220 240 260 2BQ 300 j20340 X.O
Temperature of heating

T a b l e  I I -  
- C r u d e  T r i n i d a d  A s p h a l t  »

P R O P E R T IE S  A F T E R  H E A T IN G

In  th e  case of each  asp h a lt th e re  was an  increase
in  th e  m elting  p o in t a f te r  h ea tin g  to  200° C., m ore
m arked  possib ly  in  th e  case of th e  b rick  filler (F ig . I) .

• T e s t s  M a d b  a t  D i f f e r e n t  T e m p e r a t u r e s  
--------------------------B r i c k  F i m .s k ------------------------- . .---------- - O i l  A s p h a l t i c  C e m b n t -

T em perature ) f/. , 0 
of H eating  163 200° 235° 265° 300° 163° 200° 235° 265° 300° 163° 200° 235° 265° 300° 350°

Bitum en Soluble:
in C Si.........  54 .90  . . .
in C C li___  52 .78  . . .

53.77
53.63

51.62
52.27

50.39
53.13

30.70
27.64

99 .26
99.26

98.48
98.48

98.94
97.21

98.70
97.51

97.80
85.50

98.18
97.93

97.27
97.52

97.36 
96 .14

96.88
96 .58

81.32
73.38

Carbenes........  2 .1 2  . . . 0 .1 4  — 0.65 — 2.74 3 .0 6 None N one 1.73 1.19 12.30 0.24 — 0.25 1.22 0 .30 7.94
M atter Insoluble:

Organic----- 9 .45  . . .
M ineral . . .  35 .65  . . .

10.58
35.65

10.87
37.21

12.00
37.61

18.29
51.01

N one
0 .74

0 .78
0 .74

0.17
0.89

0.17
1.13

0 .78
1.42

1.55
0.27

2 .48
0.25

2 .34
0 .30

2 .76
0 .36

16.94
1.74 iÜ 8

Fixed Carbon: 
D eterm ined 8.71 . . .  
Corrected... 8.71 __

10.70
10.70

8.73
8.30

8.45
8 .02

18.98
13.26

13.49
13.49

15.96
15.96

16.93
14.07

18.46
12.09

26.18
13.64

14.38
14.38

15.33
15.33

15.03
13.52

14.97
11.23

31.13
4 .83

58.83
13.46

Loss on H eat­
ing ..................................... 1.0 4 .95 5.21 30.11 0.23 1.0 16.85 34.51 47.88 0 .40 1.0 10.00 25 .00 84.48 77.12

M . P. (°  C .). 113 129.5 133.0 130.5 D oesn’t  
flow

78 121 128.3 136 159 133 . . . 16.4 167.5 164.5 91 .3

P en e tra tio n .. 4 0 .5  4 .0 4 .0 4 .0 4 .0 1 .0 65.7 53 .0 21.5 16.3
Over

8 .4 6 .4 42.0
Over

30.5 27.5 24.5 25 .0 8 1 .6

Flow a t  M . P . 10.5 . . . 123.5 120 90 0 32 .5 . . . 50 .5 185 47.5 3 .0 185 13.5 8 .0 8 .0 1.0

te s ts  were m ade u n d e r a  load  of 100  g. for 5 seconds 
a t  a te m p e ra tu re  of 3 8 ° C., excep t in  th e  case of th e  
oil cem ent, w here th e  load  was 50 g. T he New Y ork 
T esting  L ab o ra to ry  P en e tro m e te r  was used.

m a t e r i a l s  u s e d

1— C rude T rin id a d  a sp h a lt w hich h ad  been finely 
pow dered an d  a ir-d ried  before te s tin g .

2— A brick  filler w hich consisted  of a  n a tu ra l asp h a lt 
fluxed w ith  70 per cen t of a sp h a ltic  oil residuum .

3— An oil a sp h a ltic  cem en t of unknow n origin.
m e t h o d  o f  h e a t i n g — A bou t 100  g. of th e  asp h a lt

were p laced  in  a  la rge cruc ib le-shaped  porcelain  dish 
and  h ea ted  to  th e  desired  te m p e ra tu re  in  an  air oven 
over a  period  of five hours. A t th e  end of th is  tim e 
i t  was poured  o u t, allow ed to  cool, an d  if h a rd  enough 
was g round  to  pow der an d  sam pled . T ests  were m ade 
a t  th e  d iffe ren t te m p e ra tu re s  as given in  T ab le  I I .

T he n a tu re  of th e  change on h ea tin g  m ay  perhaps 
be followed b e t te r  b y  considering th e  change a t  each 
tem p era tu re .

o r i g i n a l  p r o p e r t i e s

T he c ru d e  T rin id a d  a sp h a lt w hen pu lverized  had  
a d ry  e a r th y  appearance . T h e  b rick  filler was a je t-

1 “ T he M odern A sphalt Pavem ent/*  1st E d ., p . 537.

T here  was a  decrease in  th e  p en e tra tio n  (Fig. I I ) ;  
g rea test in  th e  case of th e  brick  filler an d  crude T rin i­
d ad  asp h a lt. T h e  flu id ity  of these  tw o asp h a lts  
also increased, th a t  of th e  T rin id ad  being g rea te s t 
a t  th is  te m p era tu re . T h e  oil cem en t show ed a m arked  
decrease in  flu id ity . T he fixed carbon  (Fig. V)

so
80
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show ed a sligh t increase, as w as to  be expected . Of 
special in te re s t is th e  decrease of ca rb en e  c o n te n t 
(Fig. IV) in  th e  T rin id ad  a sp h a lt. A corresponding  
decrease was found  in  th e  oil cem en t; in  fac t, th e  
b itu m en  was even m ore soluble in  ca rbon  te trach lo rid e  
th a n  in  ca rbon  bisulfide!
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Changes in  th e  n a tu re  of th e  asp h a lts  were q u ite  
no ticeab le a f te r  h ea tin g  to  2 3 5 ° C. T h e  m elting  
p o in ts  con tin u ed  to  rise in  all cases. T he asp h a lts  
becam e h ard e r. T he T rin id ad  becam e so h a rd  th a t  
i t  w as easily  crushed  an d  g round  in  a coffee mill. 
T he b rick  filler b roke w ith  a  conchoidal f ra c tu re  
w hen h it  a quick , h a rd  blow. T h e  oil cem ent con­
tin u e d  to  be fa irly  soft. T he flow te s ts  show ed th a t  
th e  T rin id ad  a sp h a lt an d  oil cem ent becam e sligh tly  
m ore viscous, while th e  b rick  filler show ed its  m ax-

F/t7. ttt- f ow  /sm in ■ a t M e/tina _ Point)
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Temperature o f heating

im um  flu id ity  a t  th is  p o in t, i t  being so fluid th a t  i t  
flowed off th e  end  of th e  p la te . W hile th e  oil cem en t 
an d  b rick  filler b o th  show ed an  increase in  carbenes 
a t  th is  te m p era tu re , th e  decrease was still g rea te r in 
th e  case of th e  T rin id ad  asp h a lt, w hich now  becam e 
m ore soluble in  ca rbon  te trach lo rid e  th a n  in  carbon  
bisulfide; th e re  also ap p eared  a decrease in  th e  fixed 
carbon  co n ten t!  A fter h ea tin g  to  2 6 5 ° a  b rea k  was 
no ticed  in all th e  curves dep ic ting  th e  various p ro p e r­
ties. In  th e  case of th e  T rin id ad  a sp h a lt an d  oil 
cem ent, th e re  w as a  low ering of th e  m elting  p o in t, 
th e  flu id ity , an d  th e  fixed ca rbon , while in  all th re e  
th e re  w as a  decrease in  th e  carbenes. T he T rin id ad  
becam e m ore m arked ly  soluble in  carbon  te trach lo rid e  
th a n  in  carbon  bisulfide!

U pon h ea tin g  to  30 0 ° a very  decided change to o k  
place. T he T rin id ad  asp h a lt becam e so h a rd  th a t  i t  
w as easily  g round  to  100  m esh. A fter being g round
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grea ter. I ts  m elting  p o in t becam e low er an d  i t  re ­
fused to  flow on th e  flow p la te . In  each  case a  d e ­
cided increase in  fixed carbon  an d  carbenes was no ticed . 
E ach  asp h a lt seem ed to  lose its  flu id ity .

In  cen trifug ing  th e  ca rbon  bisulfide an d  carbon  
te trach lo rid e  so lu tions of th ese  sam ples an  in te restin g  
observa tion  w as m ade. In  th e  case of th e  form er, 
all th e  insoluble m a tte r  w en t to  th e  b o tto m  of th e  
flasks. H ow ever, in  th e  ca rbon  te trach lo rid e  so lu tion  
th e re  was a sep ara tio n — th e re  being a lay er of sh iny  
b itu m in o u s su b s tan ce  a t  th e  to p . If th is  to p  layer 
consisted  of th e  carbenes i t  ind ica tes th a t  th e ir  density  
lies betw een  th a t  of th e  bisulfide ( 1 . 270) an d  te t r a ­
chloride ( 1 . 604). T h is m ay afford an  effective m eans 
for th e ir  sep ara tio n .

In  review ing th e  changes in  p roperties, th e  question  
n a tu ra lly  arose as to  th e  cause of th e  T rin id ad  asp h a lt 
becom ing m ore soluble in  te trach lo rid e  a f te r  h ea tin g  
to  2 3 5 ° an d  2 65 °, an d  w hy th e  carbene c o n ten t of 
th e  o th e r tw o  becam e less a t  2 6 5 ° th a n  a t  2 3 5 °. T here  
seem ed to  be a  corresponding  change in  o th e r  p ro p e r­
ties during  th is  range  of te m p e ra tu re . E v id e n tly  
th e re  was a decided change in  th e  n a tu re  of th e  h y d ro ­
carbons them selves. J u s t  w h a t th is  change is can  a t
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T em pera  fo r e  o f h e a tin g

i t  w ould n o t fuse to g e th e r  again , so it  w as im possible 
in  th is  m anner to  m ake a  cube for th e  m elting -po in t 
d e te rm in a tio n . F o rtu n a te ly , a large lum p w as a t  
h an d , w hich was th e n  m olded in to  shape an d  th e  
te s t perform ed. H ow ever, th e  a sp h a lt w ould n o t flow 
even a f te r  h ea tin g  to  3 0 0 ° C. T h e  b rick  filler was 
g round  in  th e  mill an d  th e  oil cem en t becam e very  
soft, m ealy an d  lo st its  stickiness. W hile th e  pene­
tra t io n  of th e  o th e r  sam ples becam e sudden ly  less, 
th e  p en e tra tio n  of th e  oil cem ent becam e decidedly

Temperature of heating

p resen t only  be surm ised . T h e  fixed ca rbon  co n ten t 
m ay be of assistance in  explain ing  th is . If  th is  is 
ca lcu la ted  b ac k  to  th e  basis of th e  w eigh t before h e a t­
ing, it m ay offer a suggestion . If th e re  is no change 
in  th e  n a tu re  of th e  h y d ro ca rb o n s, an d  th e  process 
is s im p ly  one of d is tilla tio n , we should  get a  s tra ig h t 
line cu rve w hen th e  values are p lo tted . A ccordingly  
th is  was done using th e  fo rm ula

  1 0 0 — Loss on H ea ting
=  F . C 'observed X  Q

an d  th e  values so o b ta in ed  w ere p lo tte d  in  F ig . V I. 
I t  is no ticed  th a t  in  all cases th e re  is a  d rop  a t  235 
to  265 °. T h e  b rick  filler an d  T rin id a d  curves th en  
tu rn  u p w ard  a t  3 0 0 °. H ow ever, th e  o il-cem ent curve 
co n tin u ed  to  fall a t  th is  te m p e ra tu re . E v id e n tly  
th e n , th e re  w as som e change in  th e  n a tu re  of the  
hy d rocarbons them selves an d  th is  m ay give a  clue 
as to  th e  n a tu re  of th e  carbenes.

R ich a rd so n 1 h as  found  th a t  paraffin  h y d rocarbons 
of th e  series C „H 2rt_ 2 y ie ld  no fixed carbon  on ignition  
an d  th a t  th e  am o u n t le ft increased  as th e  propor-

1 "T h e  M odern A sphalt P avem ent.” 1st E d .f p. 118.
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tions of carbon  to  hydrogen  increased . In  G raham ite , 
when th e  ra tio  is 8 to  1 , th e re  is as h igh as 50 per cen t 
of fixed carbon . If  th is  is tru e  for asp h altic  h y d ro ­
carbons, th e  general n a tu re  of th e  change m ay  be 
followed.

By consu lting  F ig. V I i t  is seen th a t  up  to  200° 
the  process w as p ro b ab ly  one of d is tilla tio n  of ligh ter 
hydrocarbons. T h is was confirm ed by  an  increase 
in m elting  p o in ts  an d  decrease in  th e  p en e tra tio n . In  
th e  case of th e  n a tu ra l a sp h a lts  th e  hyd rocarbons left 
were m ore m obile w hen m elted . In  th e  case of oil 
cem ent, w hen th e  hyd ro carb o n s are  chiefly of th e  
paraffin series , 1 th e y  are less m obile w hen h ea ted , 
due to  h igher h yd rocarbons. U pon  h ea tin g  to  23 5 ° -  
265° th e  cu rve w ould in d ica te  th a t  th e  p ropo rtion  
of carbon  to  hydrogen  is less. T h is m ay  be due sim ­
ply to  a d is tilla tio n  of low  boiling p o in t hyd rocarbons 
rich in carbon . T hose h y d rocarbons le ft in  case of 
n a tu ra l a sp h a lt, th o u g h  v ery  h a rd , show  th e  m axim um  
fluidity  w hen h ea te d  to  th e ir  m elting  po in t. T h ey  are 
also m ore soluble in  ca rbon  te trach lo rid e  th a n  in  ca r­
bon bisulfide. J u s t  w h a t h y d rocarbons are form ed 
offers an in te res tin g  field for research .

U pon h ea tin g  to  3 0 0 ° th e  n a tu ra l a sp h a lts  sh o *  an 
upw ard  tu rn  in  th e  curve, in d ica tin g  th a t  th e  p ro ­
portion  of ca rbon  to  hydrogen  has again  increased. 
This m ay be due to  a  crack ing  process in  w hich e ith er 
u n sa tu ra te d  hy d ro carb o n s or those  of th e  n ap h th en e
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type are form ed— eith er of w hich are s ta b le  a t  high 
tem p era tu res . C arbenes now  p u t in  a  m arked  a p ­
pearance. M ackenzie suggests th a t  th e  carbenes 
are u n sa tu ra te d  h yd rocarbons, b u t m igh t th e y  n o t be 
both? T o d e term in e  w hether a la rge am o u n t of u n ­
sa tu ra te d  com pounds appeared , th e  iodine num bers 
were ru n  upon  th e  b rick  filler an d  T rin id ad . T he 
m ethod used was th a t  of H ub l-W aller described by  
H olde .2 T h e  values are given in  T ab le  I I I .  In  
neither case was th e re  a  m ark ed  increase due to  th e  
presence of carbenes.

T a b l e  I l l -
H eated to  300° 

22.16 
19.26

In  th e  case of th e  oil cem ent a  still fu rth e r  decrease 
in th e  fixed ca rbon  was observed  a t  even  3 0 0 °. Since 
oil residuum s consist m ain ly  of sa tu ra te d  paraffin  
hydrocarbons, i t  w ould seem  th a t  d is tilla tio n  of th e  
lighter hy d ro carb o n s proceeds even  a t  th is  te m p e ra ­
tu re . If such is th e  case, fu rth e r  h e a t shou ld  crack 
them  in to  u n sa tu ra te d  h y d rocarbons an d  nap h th en es.

1 "T h e  M odern A sphalt Pavem en t,” 1st E d., p. 105.
* "E xam ination  of H ydrocarbon Oils,” Holde, M ueller, p. 350.

- I o d i n e  N u m b e r s  
Original

C rude T rin id a d .............................. 20 .14
Brick F i l l e r .................................... 15.11

A ccordingly, a sam ple was h ea ted  to  3 5 0 ° C. for 5 
hours. T he fixed ca rbon  was found  to  increase as 
was expected . E v id en tly , th e n , th e  so-called c a r­
benes m ay consist of e ith e r u n sa tu ra te d  h y d rocarbons 
or sa tu ra te d  n ap h th en es, or b o th . M uch fu rth e r  
work is necessary , how ever, before th e ir  n a tu re  can 
be defin itely  estab lished .

C O N C L U S IO N S

I— T he resu lts of th is  w ork seem  to  show  th a t  c a r­
benes are p ro b ab ly  th e  resu lt of th e  crack ing  of paraffin  
an d  asp h altic  hyd rocarbons in to  b o th  n ap h th en es  
an d  u n sa tu ra te d  hyd rocarbons.

I I — M odera te  h ea tin g  m ay so change th e  n a tu re  
of th e  h y d rocarbons as to  render th e m  m ore soluble 
in  carbon  te trach lo rid e  th a n  in ca rbon  bisulfide.

I I I — O verheating  causes m arked  changes in  b o th  
n a tu ra l an d  oil a sp h a lts  w hich render th e m  un fit for 
p av ing  purposes. W h eth er n a tu ra l a sp h a lt w hich 
has been h ea ted  over 2 3 5 ° C. is still su itab le  for d u ra ­
ble pavem en ts can  be de term ined  only  by  ac tu a l 
experience, b u t ce rta in ly  a  te m p e ra tu re  lim it is im ­
p o rtan t.

IV— I t  is believed th a t  th e  fixed carbon  curve w hen 
corrected  to  th e  original w eight of m a teria l before 
h ea tin g  offers a m eans of trac in g  th e  changes in  th e  
m olecular s tru c tu re  of th e  h y d rocarbons w hen th e y  
are su b jec ted  to  th e  influence of hea t.

V— T here is a  close re la tio n  betw een  th e  carbene 
value an d  th e  physical p roperties of a sp h a ltic  m a­
terials. A lthough  th e  physical specifications m ay  be 
so m ade th a t  a high carbene co n ten t will be excluded, 
i t  w ould seem  wise to  keep th e  carbene specification 
as a  sa feguard  u n til fu r th e r  in fo rm atio n  on th e  su b ­
je c t can  be ob ta ined .

I n d u s t r i a l  C h e m i s t r y  L a b o r a t o r y  
S t a t e  U n i v e r s i t y  o p  I o w a , I o w a  C i t y

OBSERVATIONS ON THE ACTION OF SULFUR MONO­
CHLORIDE ON BITUMINOUS AND TARRY SUB­

STANCES AND HYDROCARBON OILS
By Jo se p h  V. M bigs 

Received M arch 22, 1917

I t  was th e  w rite r’s o rig inal in te n tio n  to  w ork o u t 
an  an a ly tica l m ethod  for exam ining  b itu m in o u s su b ­
stances on th e  basis of th e  am o u n t of h yd rogen  su l­
fide evolved per u n it  w eight of b itu m en  on h ea tin g  
th e  la t te r  w ith  su lfur. T h is idea  w as soon abandoned , 
how ever, on accoun t of th e  inconvenience an d  u n d e ­
sirab ility , for an a ly tica l purposes, of m a in ta in in g  a 
un iform  eleva ted  te m p e ra tu re  (approx . 1 3 5 ° C .). 
T o see w hether su lfu r an d  b itu m en  w ould re a c t in 
so lu tion , v ary in g  am o u n ts  of bo th  were d issolved to ­
gether in  carbon  disulfide, an d  allow ed to  s ta n d , 
b u t no sensible reaction  was observed.

On ev ap o ra tin g  th e  ca rbon  disulfide, b lack  su lfu r 
crysta ls  were ob ta in ed , w hich, exam ined  u n d er th e  
m icroscope in  po larized  lig h t, had  in  som e cases th e  
appearance  of a  solid so lu tion  of b itu m en  in  sulfur.

T he ad v an tag es of su lfu r m onochloride, as a  fo rm  of 
su lfu r m ore ac tive , in  th e  cold, th a n  th e  elem en t, 
th e n  p resen ted  them selves. T h e  effect of th is  reag en t 
(“ Schw efelchlorur,” m ade b y  K ah lb au m ) on b itu m en
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was found to  be a  very  d is tin c t one, n o t on ly  as a re ­
agen t b u t also as a  so lvent.

A residual oil a sp h a lt, w hich we will designate  as 
“ asp h a lt B ,” w ith  a  p en e tra tio n  of 1 2 ° ( 100  g., 5 sec., 
2 5 ° C .), co n ta in in g  99 .6  p er ce n t pu re  b itu m en , was 
found , q u a lita tiv e ly , to  be soluble in  su lfu r m ono- 
chloride a t  room  te m p e ra tu re  to  th e  e x te n t of leav ing  
no s tick y  residue on filtra tion  of th e  so lu tion . Several 
liqu id  b itu m en s w ere found  to  be sim ilarly  soluble.

M oreover, on tre a tin g  a so lu tion  of “ a sp h a lt B ” in  
carbon  disulfide w ith  a so lu tion  of su lfu r m onochloride 
in carbon  disulfide, th e  w rite r found , b y  te s tin g  w ith  
filter pap e r m oistened  w ith  am m onia , an d  com parison  
w ith  a  b lank  te s t on  a so lu tion  con ta in ing  no b itu m en , 
th a t  hydroch lo ric  acid  gas was evolved, slow ly, b u t in  
considerab le am o u n t. T h is was th e  on ly  ex terna l 
evidence of a chem ical reaction .

M ore pronounced , how ever, w ere th e  effects, w hen 
a t a r  p ro d u c t used for p av in g  purposes, w hich we will 
designate  as " t a r  b inder B ,” was so tre a te d . In  a d ­
d itio n  to  a  m uch la rger evo lu tion  of hydroch lo ric  acid  
gas th a n  in th e  case of th e  asp h a lt, a  m arked  change 
to o k  place, in  th e  course of 1 5  m inu tes, in  th e  ch a rac ­
te r  of th e  so lu tio n ; i. m uch of th e  m a teria l in so lu­
tio n  was rem oved , as ev idenced  by  th e  p rec ip ita tio n  
of a  b lack , friab le  pow der, inso luble in  carbon  disulfide, 
an d  b y  a color change, from  b lack  an d  opaque , to  
deep red  an d  tra n sp a re n t. I t  is in te re s tin g  to  no te  
th a t  w hen su lfur m onochloride was added , full s tre n g th , 
to  “ ta r  b inder B ,” in  th e  p ro p o rtio n  by  volum e of one to  
tw o , a v io len t reac tio n  ensued. V igorous ebu llition  
an d  fro th in g  to o k  place, an d  a  degree of h e a t was 
developed, m uch th e  sam e as w hen s tro n g  su lfuric acid 
an d  w ate r were mixed in  th e  sam e p ro p o rtio n  (one to  
tw o ). T his effect is to  be co n tra s te d  w ith  th e  ex te r­
nally  qu ie t, so lven t ac tion  of s tro n g  su lfu r m onochloride 
(u n d ilu te d  w ith  ca rb o n  disulfide) on  “ a sp h a lt B .” 
In d eed , one of th e  m ost no ticeab le effects of th e  
s tro n g  su lfu r m onochloride on “ ta r  b inder B ” was to  in ­
crease its  v iscosity  to  such an  e x te n t  th a t ,  in th e  course 
of 10  m inu tes, th e  orig inally  liq u id  m a teria l becam e 
changed  to  a h a rd , b r itt le  m ass. “ T a r  b inder B ” 
yie lded  th e  follow ing frac tio n s on d is tilla tio n :

P e r c e n t a g e s By Volume B y W eight
W a te r ...............................................................................  1.1 * 0 .6
F irs t oils to  110° C ...................................................... 1 3  0 .9
Second oils to  170° C..................................................  2 .4  1.9
H eavy oils to  270° C ..................................................  28 .8  25 .4
H eavy oils to  315° C ..................................................  14.1 12.9
P itc h .................................................................................  52 .3  58 .2

In  o rder to  p rove th a t  th e  evo lu tion  of hydroch lo ric  
acid  gas in  th e  cases c ited  was n o t due to  th e  presence 
of w ate r in  th e  substances them selves, or in  th e  re ­
agents, as well as to  s tu d y  th e  ac tion  of th e  su lfu r 
m onochloride, an  a p p a ra tu s  w as devised  to  m easure 
ac cu ra te ly  th e  ra tio  of th e  am o u n t of hydroch lo ric  
acid gas evolved to  th e  am o u n t of b itu m in o u s s u b ­
s tan ce  ac te d  upon by  th e  su lfu r m onochloride.

T he m ethod  em ployed  in  con junction  w ith  th e  a p ­
p a ra tu s , w hich is seen in  d iag ram m atic  fo rm  in F ig. I , 
consisted  in  dissolving th e  b itu m en  in  ca rbon  d i­
sulfide, th e n  ad d in g  th e  su lfu r ch loride reag en t in  a 
closed tu b e , ae ra tin g  th is  so lu tion  w ith  d ry  a ir, an d

suck ing  th e  d ry  air, m ixed w ith  hydroch lo ric  ac id  gas 
a n d  a ce rta in  q u a n ti ty  of su lfu r m onochloride v ap o r, 
first, th ro u g h  a P en n sy lv an ia  R a ilro ad  tu b e  ( R ') ,  con­
ta in in g  ca rbon  bisulfide, in  o rder to  dissolve an d  rem ove 
th e  v ap o r of su lfu r m onochloride, second th ro u g h  w a te r , 1

to  absorb  th e  hydroch lo ric  acid  gas. T h is  w as th e n  
de term ined  by  t i t ra t in g  an  a liq u o t p o rtio n  of th e  
w ate r w ith  N / 20 sod ium  hydrox ide, using m ethy l 
o range as in d ica to r. Before en terin g  th e  reac tin g  
so lu tion , th e  air w as s a tu ra te d  w ith  ca rbon  bisulfide 
v apo r in  a second P en n sy lv an ia  R a ilro ad  tu b e  (R , 
F ig. I) to  p rev e n t ev ap o ra tio n  of ca rb o n  bisulfide 
from  th e  rea c tin g  so lu tion .

T h e  air used for ae ra tin g  th e  reac tin g  so lu tion  (by 
m eans of asp ira tio n ) was d ried  an d  freed  from  carbon  
dioxide by  passing th ro u g h  tw o  d ry ing  tow ers, 1 5  
inches high, filled w ith  fused  calcium  chloride, th e n  
th ro u g h  a  soda lim e tu b e , four gas-w ashing b o ttle s  
con tain ing  s tro n g  su lfuric  acid (sp. gr. 1 . 84), an d  finally , 
th ro u g h  a d ry in g  tow er 1 2  inches h igh  co n ta in in g  
a lte rn a te ly  p laced  layers of glass wool an d  phosphoric  
anhydride .

T h e  P en n sy lv an ia  R a ilro ad  tu b e s  (R  an d  R ',  F ig. 
I) an d  th e  reac tio n  tu b e  A  were h ea te d  to  1 3 0 ° C. an d  
cooled in  a v acu u m  desiccato r over s tro n g  su lfuric 
acid  (sp. gr. 1 . 84) before use. T h e  su lfu r m onochloride 
reag en t finally  a d o p ted  w as m ade b y  dissolving 50 g. of 
K a h lb a u m ’s “ Schw efelch lorur” in  470  g. of ca rbon  
disulfide, w hich h a d  been p rev iously  d ried  by  shak ing  
w ith  a n d  s ta n d in g  over an h y d ro u s  sod ium  su lfa te  an d  
phosphoric  an h y d rid e , respectively . T h is so lu tion  
was k ep t in  a  g lass-stoppered  b o ttle  in  a  desiccator 
over co n c en tra ted  su lfu ric  acid  in w hich 20 per 
ce n t by  w eight of phosphoric  an h y d rid e  w as dissolved. 
All th e  ca rb o n  disulfide used  w as d eh y d ra te d  an d  pre-

1 I t  is not possible to  use N aO H  solution as absorbent, since carbon 
bisulfide is carried over in to  the  absorbing solution, and would react w ith th e  
la tte r, as th e  w riter found.
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served  in  th e  sam e m anner. T h e  a sp h a lt, in  o rder 
to  rem ove trac es  of w ate r, w as k e p t for te n  m inu tes 
w ith  s tirr in g , a t  1 3 0 ° C., cooled an d  p rese rved  in  a 
desiccato r con ta in ing  th e  d ry in g  agen t m en tioned  
(H2SO4 +  P2O5). T h e “ ta r  b in d e r B ” used was d e­
h y d ra te d  by  keeping  a t  n o °  C., w ith  s tirrin g , for 5 
m inutes, th e n  cooled an d  p rese rved  as in  th e  case of 
th e  asp h a lt.

I t  is to  be em phasized  th a t  th e  ac tio n  of th e  su lfu r 
m onochloride on th e  su b stan ces exam ined  was found  
to  be d is tin c tly  a  tim e  reac tion . In d eed , in  th e  case 
of th e  h y d ro ca rb o n  oils to  be m en tioned , bubb les of 
hydroch lo ric  acid  gas w ere seen com ing off an d  show n 
to  be such, even a f te r  th e  lapse of 16  hours. T h e  ac tion  
in  th e  case of th e  asp h a lts  an d  ta r  exam ined  was m uch 
m ore rap id , b u t nevertheless, tim e-consum ing , especially  
as regards th e  asp h a lt.

B lank  d e te rm in a tio n s  on th e  a p p a ra tu s , using  a  so lu ­
tio n  of su lfu r m onochloride w ith o u t an y  b itu m en , 
checked closely, an d  in  th e  s ta n d a rd  le n g th  of tim e  
em ployed  for reac tio n  a n d  ae ra tio n  (4 hou rs), an d  
w ith  th e  s ta n d a rd  r a te  of passage of gas (one b u b b le  
per second  th ro u g h  th e  P en n sy lv a n ia  R a ilro ad  tu b e s), 
th e re  was im p a r te d  to  th e  w a te r used  as ab so rb e n t 
of th e  hyd roch lo ric  acid  gas, an  average a c id ity  eq u iv ­
a len t to  only  o . 043 mg. of h yd rogen  ~C = o . 84 cc. of 
0 .0504  N  sod ium  hydrox ide. T h e  p ip e tte  P  (F ig . I ) , 
used for ad d in g  th e  su lfu r monochloridip reag en t, 
passed  in to  th e  reac tio n  tu b e  A  th ro u g h  a  cork  s to p p er, 
m ade g as-tig h t b y  soak ing  in  paraffin . T h is  p ip e tte  
was h ea te d  to  d rive  off ad so rbed  m oisture , im m ed ia te ly  
before use.

T h e  resu lts  are expressed in  w h a t th e  w rite r  p ro ­
poses to  call a “ hydrogen  n u m b e r,” nam ely  100  X 
m illigram s of h yd rogen  rem oved  from  organ ic  com bina­
tio n  a n d  evolved  as hydroch lo ric  acid  gas by  th e  oxidizing 
ac tion  of su lfu r m onochloride, on  one g ram  of th e  s u b ­
stan ce  exam ined. E xpressed  in  te rm s  of sod ium  h y ­
droxide so lu tion , we h av e  th e  follow ing fo rm u la  for 
th e  “ h yd rogen  n u m b e r,” viz.:

cc. N aO H  S o lu tion  X N  
w eight of sam ple X 10 0 ,

(l)

(2)

(3)

I---------1
H  Cl — SI---------1

I--------- 1
- H C l—SI______I
I--------- 1

-  H Cl —S I______ I
+

I--------- 1
C— H Cl -  I I--------- 1

=  m  +  2HC1 +  2S

I

I 2HCI

1 1---------- 1 1---------- 1 iC— H  Cl —S--S —  Cl H  — C
1______ I 1---------- 1

+ +
r  n

C— H  Cl —S-
1---------- 1

-S— Cl H  —C
1 i---------- 1 1---------- 1 I

d—s—s—c

+  4HC1

W hereas th e  first reac tio n  produces fu rth e r  u n s a tu ra ­
tio n  in  th e  a lread y  u n sa tu ra te d  h y d ro ca rb o n , th e  sec­
ond  reac tio n  gives rise to  ring  fo rm ation .

T h e  th ird  reac tio n  expresses a com bined  ring  fo rm a­
tio n  a n d  p o lym eriza tion  phenom enon , a n d  is of th e  
genera l ty p e  ascribed  by  various w riters, n o ta b ly  L an g e , 1 
to  express th e  reac tio n  be tw een  su lfu r  ch loride an d  

, phenols, as well as a ro m a tic  am ines.
In  th e  case of /»-chlorophenol, R ich te r  has show n 1 

t h a t  su lfu r m onochloride ac ts  as follows:

+  2SjCU■ OOH
Cl Cl Cl Cl

= 0 - 0  -  o * * * o +  4HC1
OH HO O H HO

w here N  =  n o rm a lity  of th e  sod ium  hydrox ide, p ref­
e rab ly  N / 2 0  o r N / 50 . T h e  w rite r used  from  0 .2
to _ o . 5  g. of b itu m in o u s or ta r r y  m a tte r  an d  1 0  cc. 
of ^ th e  su lfu r m onochloride rea g en t described  above. 
T h e  sam ple  was first d issolved in  1 5  cc. of ca rb o n  b i­
sulfide an d  th e  su lfu r m onochloride th e n  added .

T h e  m ethod  gave resu lts  co n co rd an t to  1 per p en t. 
T h e  follow ing hyd rogen  num bers w ere determ ined .

"O il asphalt B ” ..................... ........ 76 .5 , 75 (penetra tion  =» 12°)
B erm udez asphalt ( re f in e d ) .. . . 126, 127 (penetra tion  =  14°)
“ T a r B inder B " ............................  184, 185

T he m echanism  of th e  reac tio n  betw een  su lfu r  
m onochloride an d  th e  substances exam ined  rem a in s 
to  be e luc ida ted  b y  fu rth e r  w ork, w hich th e  w rite r  
hopes to  ca rry  on. A t th is  tim e, how ever, i t  ap p ears  
n o t un like ly  th a t  th e  reac tio n  ta k es  p lace betw een  
u n sa tu ra te d  h y d rocarbons an d  th e  su lfu r chloride, p e r­
h ap s in  one of th e  follow ing w ays:

T h is  rea c tio n  a n d  E q u a tio n  (3 ), above , a re  of th e  
sam e general ty p e , so fa r as co n d en sa tio n  is concerned.

I t  is know n3 t h a t  th e  n a tu ra l a sp h a lts  from  th e  
T rin id ad  an d  B erm udez deposits co n ta in  a  la rger 
percen tage of u n s a tu ra te d  hyd ro carb o n s th a n  th e  
residuals p rep a re d  from  M exican, C aliforn ia and  
Texas oils. I f  th e  su lfu r chloride reaction , as d e­
scribed b y  th e  w rite r, be due to  u n sa tu ra te d  h y d ro ca r­
bons, th e n  th e  la rge difference betw een  th e  “ hydrogen  
n u m b ers” of “ oil a sp h a lt B ” an d  refined B erm udez 
asp h a lt, n o te d  above, is accoun ted  for.

I t  shou ld  be s ta te d  th a t  th e  acid  gas evolved  as d e ­
scribed was show n to  be hydroch lo ric  acid  by  th e  
te s t  w ith  am m onia , as well as by  p rec ip ita tin g  silver 
chloride from  th e  so lu tion  of th e  gas in  w ate r. No 
hydrogen  sulfide or o th e r  su lfu r-co n ta in in g  gases were 
de tec ted  in  an y  of th e  reactions.

W hether th e  su lfu r m onochloride also adds itself, 
as such, to  u n sa tu ra te d  h y d ro ca rb o n s, co n ta in ed  in  
b itu m en s, rem ains to  be determ ined , possib ly  by  
m eans of an  an a ly tica l m ethod , w hich th e  w rite r has 
w orked ou t, an d  w hich consists in  p ip e ttin g  o u t a 
po rtion  of th e  rea c tin g  so lu tion , d e term in in g  th e  ex­
cess su lfu r m onochloride in  th is  a liq u o t p o rtio n  by  
shak ing  w ith  w ate r, an d  com paring  first, w ith  a  b lan k , 
an d  th e n  w ith  th e  co rresponding  “ hyd rogen  n u m b e r” 
de term in ed  in  th e  m an n er p rev iously  described.

1 Lange, “ Die Schw efelfarbstofle,”  Leipzig, (1912), 27-28
»R ich ter, Ber., 49 (1916), 1024-5; repo rted  in C. A .,  11 (1917), 1100.
«^Richardson, T h i s  J o u r n a l , 8 (1916), 319.
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A C TIO N  O F S U L F U R  M O N O C H L O R ID E  ON GAS E N G IN E

O IL S

In  te s tin g  several gas engine oils w ith  su lfu r m ono­
chloride, th e  p rocedure  was a d o p ted  of ad d in g  1 cc. 
of su lfu r m onochloride to  5 cc. of th e  oil in  a te s t-  
tu b e , m ixing tho ro u g h ly , allow ing to  s ta n d  in  th e  cold 
fo r 1 5  m inu tes, an d  th e n  com paring  th e  resu lts  w ith  
th o se  o b ta in ed  on  an  oil of know n refinem ent.

S everal gas engine oils found  on th e  m a rk e t were te s ted  
an d  i t  was found  th a t  th e  specia lly  refined oils show ed 
b u t a sligh t w ine-colored tinge , w hereas th o se  n o t so 
carefu lly  selected  an d  refined changed  to  a deep 
wine color in  som e cases, an d  a lm ost b lack  in  o thers. 
In  th e  la t te r  cases, th e  evo lu tion  of sm all bubb les of 
hydroch lo ric  ac id  gas w as clearly  visible a fte r half 
an  hour, an d  these  were show n to  be such b y  te s tin g  
w ith  am m on ia  and  com paring  w ith  a b lan k  te s t. 
T h a t is to  say , th e  reac tion  in  th e  case of th e  oils 
was found  to  be ev id en tly  iden tical, as to  th e  evo lu ­
tion  of hydroch lo ric  acid gas, w ith  th e  reac tio n  in  th e  
case of th e  b itum inous and  ta r ry  m a tte r. I t  was 
also found  th a t  th e  m ore rap id  th e  deve lopm en t of 
color in th e  case of th e  oils, th e  m ore vigorous 'th e  
evo lu tion  of hydroch lo ric  acid  gas. F inally , if th e  
gas engine oils were arran g ed  in  order, beg inn ing  w ith  
those  th a t  show ed leas t color change in th e  sam e 
tim e in te rv a l, an d  proceeding  to  those th a t  developed 
th e  d a rk e s t color, i t  was found  th a t  th is  o rder w as th e  
sam e as th a t  in  w hich th e  oils were p laced  b y  G ill’s 
gum m ing te s t 1 beg inn ing  w ith  th o se  show ing leas t 
gum  fo rm a tio n  an d  proceeding to  th o se  show ing th e  
m ost gum , or ta r .

Since hydrogen  is rem oved  from  th e  hy d ro ca rb o n  
molecule by  th e  ac tion  of th e  su lfu r m onochloride and , 
since, as is well know n, th e  rem oval of hydrogen  (as 
w ater v ap o r or s team  by  th e  agencies of h e a t and  
a tm ospheric  oxygen) co n s titu te s  a  large p a r t  of th e  
process of ca rbon iza tion  of lu b ric a tin g  oils, i t  w ould 
seem  th a t  su lfu r m onochloride m ig h t be used to  m easure 
th e  re la tiv e  “ sensitiveness” of th e  h yd rogen  in  h y d ro ­
carbon  oils, th a t  is to  say , as a m easure of th e  re la tive  
s tab ilitie s  of th o se  oils.

T he m a tte r  is being fu rth e r  s tu d ied , in  o rder to  show, 
if possible, w h e th e r th e  ac tion  of su lfu r ch loride on 
b itu m in o u s m a tte r, ta r ry  su b stan ces and  paraffin  oils, 
is due, as ap p ears  v ery  likely, to  th e  presence of u n ­
s a tu ra te d  hyd rocarbons.

SUM M ARY

I— I t  has been show n th a t  su lfu r ch loride ac ts  on 
b itum inous m a tte r , ta r ry  substances an d  hy d ro ca rb o n  
oils, g iving hydrochloric  acid gas as one p ro d u c t of 
th e  reaction .

I I — Sulfur m onochloride, u n d ilu ted , is proposed  
as a reag en t fo r te s tin g  th e  co m p ara tiv e  s tab ilitie s  of 
t r a n sp a re n t lu b ric a tin g  oils.

I I I — S ulfur m onochloride in  carbon  disulfide is 
p roposed  as a  reag en t for in v estig a tin g  th e  n a tu re  of 
b itu m en s an d  hy d ro ca rb o n  oils,

M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y ,  B o s t o n

1 Gill, “ H andbook of Oil A nalysis," 7th  Ed., p. 43.

TH E PHYSICAL TESTIN G OF PAPER AS AFFECTED B Y
HUMIDITY

B y  R oss  C a m p b e l l  
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As a  resu lt of read in g  th e  a rtic le  on th e  “ Influence 
of H u m id ity  on th e  P hysica l C o n s tan ts  of P a p e r” by  
K ress an d  S ilverste in , in  T h i s  J o u r n a l , 9 ( 1 9 1 7 ), 
277 , i t  w as decided to  co n trib u te  th e  d a ta  on th e  sam e 
su b je c t w hich w as collected in  th is  la b o ra to ry  by  E. J. 
G oldstein  du ring  th e  sum m er of 1 9 1 6 .

A P P A R A T U S

U n fo rtu n a te ly , we w ere n o t b lessed w ith  th e  ex­
cellen t eq u ip m en t described  in  th e  above-m en tioned  
article . We h ad  no  m ethod  of te m p e ra tu re  con tro l 
an d  were forced to  con tro l th e  h u m id ity  b y  reg u la tin g  
a C om ins S ectional H um idifier h ead  b y  h an d . T he 
h u m id ity  -was de term in ed  b y  m eans of a  record ing  w et 
an d  d ry  bu lb  th e rm o m ete r  an d  a sling p sych rom ete r. 
E v en  w ith  th is  very  crude con tro l, i t  w as fo u n d  th a t  th e  
re la tiv e  h u m id ity  d id  n o t v a ry  m ore th a n  tw o  or th re e  
p o in ts , a t  m ost, no r th e  te m p e ra tu re  m ore th a n  i° .  .

T he tensile  s tren g th s  of th e  specim ens w ere de­
te rm in ed  by  m eans of a h an d -o p e ra ted  Schopper 
ten sile -s tren g th  te s t  m achine. T h e  te s t  s tr ip s  were 
180  m m . long.

R esistances to  fo ld ing w ere de term in ed  b y  m eans 
of a m o to r-d riven  Schopper fo lding m achine.

T im es of p e n e tra tio n  w ere de term ined  by  floating 
th e  sam pleS on an  in k  b a th .

P R O C E D U R E

A bou t 8.00 a . m . th e  te s t room  w as closed an d  th e  
hum idifier s ta r te d . T h e  sheets of p ap e r to  be te s te d  
h a d  been hu n g  in  th e  te s t  room  th e  n ig h t p revious. 
I t  w as found  th a t  th e  h u m id ity  could  be b ro u g h t to  
th e  desired  p o in t b y  1 . 00  p . m . an d  th a t ,  ow ing to  th e  
g rad u a l increase of th e  h u m id ity , th e  w eight of th e  
sheets  to  be te s te d  was co n s ta n t a t  a b o u t th e  sam e 
tim e. T he te s tin g  w as th e n  begun . All th e  te s ts  of a 
given k ind , on a  given sam ple  were, of course, ru n  on 
th e  sam e day .

O B JE C T  OF T E ST S

T he ob jec t of th e  te s ts  w hich form  th e  su b je c t of th is  
artic le  w as to  de term ine  how  closely i t  w ould  be neces­
sa ry  to  con tro l th e  h u m id ity  in  o rder to  h av e  physical 
te s ts  com parab le  from  day  to  day. In  ad d itio n  it  
wras desired  to  see w hether th e  d iffe ren t grades, as 
fines, bonds, e tc ., v a ried  in  th e  sam e w ay.

P A P E R S  T E S T E D

T he pap ers  te s te d  w ere th e  co m p an y ’s reg u la r com ­
m ercial o u tp u t. T h ey  varied , as is show n in th e  
ta b le , from  h igh-grade, lo ft-d ried  bond  a n d  ledger, 
to  a  re la tiv e ly  low -grade, m achine-dried , fine.

F o l i o  W t .
Sam ­ F u r n i s h  ( P e r c e n t a g e s ) T h i c k n e s s in Lbs. per

ple K i n d R ag Soda Sulñte In. 500 sheets
A Bond 25 Few 75 0.00384 20
B Ledger 85 15 0.00385 20
C Bond 90 10 0.00360 20
D Bond 50 50 0.00320 20
E Fine Trace 25 75 0.00362 24
F Bond 15 5 80 0.00338 20
G Envelope Few 25 75 0.00410 28
H Bond 15 10 75 0.00405 20
J Blueprint 50 50 0.00406 16
K Bond 90 10 0.00492 19
L Blueprint 50 50 0.00509 24
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R e s u l t s  o f  P h y s i c a l  T e s t i n g  o f  P a p e r  w i t h  V a r y i n g  H u m i d i t y  
Av. rel.
H um id ity  A B C D E F G H J  K  L 

P e n e t r a t i o n  ( N e w  S t a n d a r d )  : S e c s .

R e s u l t s  o f  P h y s i c a l  T e s t i n g  o f . P a p e r  w i t h  V a r y i n g  H u m i d i t y  
Av. R e l .

H um idity  A

54
61
64

'¿62 ‘¿86 *387 *722 ¡320 ’¿io *902 *438 ’ *99 *31*6
65 544 318 251 447 726 500 496 343 206 48 179
70 882 544 379 556 1326 846 996 403 89 367
75 733 402 269 446 1079 555 820 554 307 79 288
81 615 398 278 423 974 569 760 558 292 74 258
86
90

830 664 387 556 1362 826 1062 4D1 91 326
92
98

462 432 215 412 729 549 613 356 227 63 171

M u l l e n : L b s .
26.1 43.5 35.8 23.5 19.1 20.6 10.2 28.6 22.9 25.8 __
27l2 43!9 37*2 23*. i i8!9 ¿¿!4 9.9 28.S 22‘.6 23.8 33.6
26.1 43!5 36!3 22̂ 4 ¡¿ii ¡8̂ 6 io!i 29A 22.8 23.8 35.*0
26.6 41.6 36.2 21.9 18.0 19.5 10.5 26.6 22.3 24.3 32.8
26.3 41.4 38.2 21.2 19.1 18.9 9.5 26.9 30.8 24.0 31.3
23.3 38.0 33.4 19.8 15.8 16.2 8.8 24.8 21.3 21.7 27.6
20.6 34.3 28.4 18.6 12.5 14.3 7.7 21.9 20.3 20.3 __
..................................................................18 .6_____25.6
18.1 27.8 22.7 14.9 9.1 12.6 6.2 16.8 20.9 14.6 __

F o l d i n g , C r o s s , D o u b l e  F o l d s

B C D E F G H J  K  L 
T e n s i l e  S t r e n g t h , C r o s s  K g .

4.21 4.62 4.46 3.28 3.25 3.06 2.89 4.21 3.42 3.53 __
4’.02 4.23 4.66 ¿’.96 3.14 2*.99 2*.69 4’.00 3*.26 3'.57 4.73
3.83 4'.09 4‘.03 2.85 2.86 2.63 2.57 3.59 2.89 3*.05 4̂ 69
3.80 4.03 4.32 2.90 2.76 2.55 2.35 3.62 2.96 3.20 4.34
3.71 3.83 3.69 2.61 2.58 2.45 2.45 3.31 2 78 2.97 4.21
3.22 3.67 3.83 2.43 2.33 2.39 2.25 3.29 2.61 2.93 3.89
2.65 2.46 2.59 1.74 1.84 1.78 1.58 2.37 1.93 2.02 __
.................................................................  2.12 . . . .  3.34
1.86 2.19 2.67 1.93 1.78 1.54 1.66 1.72 2.60 1.99 . . . .

T e n s i l e  S t r e n g t h ,  M a c h i n e ,  K g .
6.70 8.69 7.78 5.78 6.27 6.09 4.03 7.35 6.14 6.54 __
6.91 8.65 7.94 5'.88 6.12 5.*62 3.’ 8 i 7 ̂ 39 5.*97 6̂ 28 7.*78
6.06 7.80 7 [¿5 5.37 5.89 5^34 3.49 6.38 5.38 5.99 7.*32
6.40 7.86 7.25 5.14 5.64 5.17 3.31 6.52 5.59 5.58 6.74
5.76 7.70 6.76 5.13 4.66 4.69 3.17 6.38 6.72 5.40 6.55
5.58 7.28 6.53 4.61 5 .IX) 4.63 3.04 5.98 5.07 5.22 6.28
4.13 5.34 4.81 3.32 3.67 3.41 2.19 4.82 4.05 3.88 __
................................................................. 3.87 ___5.03
3.77 4.33 4.67 3.34 3.80 2.88 2.28 3.61 4.29 3.69 ___

S t r e t c h , C r o s s , P e r  c e n t

54
61

89 402 555 44 11 25 7 111 95 262 54
61
64
65

4.4 6.6 7.9 4.8 2.6 4.0 2.4 4.5 4.8 5.6
64
65

114 460 620 42 13 23 6 84 71 193 342 4.2 6.5 8.0 5.1 3.1 4.3 2.5 5.0 4.9 6.7 6.7
70 82 372 887 37 8 22 5 134 60 212 249 70 5.8 8.0 9.1 6.5 7.9 4.8 3.2 5.4 6, 1 6 3 7 875 64 557 407 37 10 23 6 67 56 189 217 75 5.1 7.9 9.7 5.2 3,7 5.1 3,1 6 0 5.9 7.5 8.081 104 355 737 34 21 25 6 76 57 168 296 81 6.2 9.0 9.7 5.6 4.8 5.6 3,8 6 6 6.3 8.1 8,486 62 361 533 27 6 21 6 68 60 172 188 86 6.3 9.2 10.2 7.6 3.1 6.4 3.6 6.8 6,7 8.5 8.490
92

64 358 583 29 6 15 5 49 53
51 167

i 85
90
92

6.8 9.1 11.6 7.0 3.5 5.8 3.3 6.1 6.8
7.0
9.2
c

8.0
98 54 222 377 17 4 11 3 55 239 

F o l d i n g  M a c h i n e , D o u b l e  F o l d s

62 98 7.5 9.9 10.4 8.5 3.7 6.5 
S t r e t c h , M a c h i n e

4.0 

, P e r

7.0
C EN 1]

8.1

54
61

38 811 554 61 13 28 4 76 139 360 54
61 2.2 3.6 3.1 2.0 1.2 1.7 0.9 2.1 2.0 2.1

64
65

58 1260 754 77 15 24 5 75 195 388 292 64
65

2.3 4.0 3.5 2.3 1.5 1.7 1.0 2.1 2.0 2.3 2.7
70 55 2090 899 72 9 31 5 161 161 485 426 70 2.6 4.3 4.0 2.5 1 4 1.9 1 .0 7.3 7,5 ? 8 7,875 109 2124 1028 71 13 33 5 147 148 586 676 75 2.7 4.7 3.9 2.5 1 ,7 1 .9 1 . 1 ? 6 ?, 5 7.7 3,081 92 2457 1318 94 27 39 6 211 207 483 329 81 2.5 4.5 4.2 3.0 2.0 1.8 1.1 2.5 2.6 7.6 3 0
86 88 3580 1430 78 11 29 6 163 171 534 451 86 2.7 5.1 4.8 3.1 • 1 .6 1.9 1 ? 2.7 7.7 3,0 3.590
92

76 4140 1980 64 12 32 5 155 292
156

542
4ii

90
92

2.8 4.6 4.2 2.9 1.5 2.1 1.1 2.6 2.9 
3.0
3.9

3.3
98 47 3328 2110 46 9 35 4 142 379 279 98 3.1 4.6 4.4 3.4 1.6 2.1 1.3 2.9 3.2
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50  60 70 SO 90
P ercen t Re/a five Hunjic/ity P e r cen t Relative Humidity

TENSILE-STRENGTH 
MACHINE

tens/l e -strength

CRO SS

Percent Re/at/ve Humidity

STRETCH- CROSS

60 70 30  90 /OO
P e r  c e n t Relative //urn id  it/

STRETCH-MACH!NE

60 70 80  30
P e r  cen t Re/a five Hum id  it/ P e r Cent Relative /tumidity



Ju ly ,  19 1 7 T E E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C E E M I S T R Y 661

R E S U L T S

T h e resu lts  o b ta in ed  are given in th e  accom pany ing  
se t of ta b les  an d  p lo ts . Before m ak ing  th e  p lo ts , tw o 
p re lim in ary  se ts  w ere m ade, one using  re la tiv e  an d  th e  
o th e r  ab so lu te  hum id itie s. I t  w as found  th a t  th e  re ­
su lts  could  be p lo tte d  ag a in s t th e  re la tiv e  h u m id ity  
only , excep t in  th e  case of th e  p e n e tra tio n  te s ts , 
w here th e  resu lts  y ie lded  a cu rve on ly  w hen p lo tte d  
ag a in st th e  ab so lu te  h u m id ity .

I t  will be n o te d  th a t  th e  resu lts  here given agree 
w ith  th o se  o b ta in ed  b y  K ress an d  S ilverste in  in  th e  
case of th e  M ullen  te s t  p lo t only . T hese v a ria tio n s  
m ay h av e  been  due to  th e  h igher grades of p ap e r used 
in  our te s ts , b u t  th is  seem s ra th e r  d o u b tfu l, as no 
such v a ria tio n s  w ere observed  over th e  range  of 
qualities te s te d  here.

I t  was found  im possib le to  d raw  a cu rve  for “ p e n e tra ­
tio n ” for sam ple  “ H ” ow ing to  th e  w ide v a ria tio n s  
no ted  betw een  d iffe ren t te s ts  a t  th e  sam e h u m id ity . 
In  th e  “ fo ld ing-cross” te s ts  no  cu rve  could  be d raw n  
fo r “ C ,” th e  p o in ts  being as show n on th e  draw ing. 
T h e  “ fo ld ing -m ach ine” te s ts  fo r B an d  C w ere so fa r 
beyond  th e  range  of th e  o th e r  sam ples th a t  th e ir  
cu rves are p resen ted  on a d iffe ren t scale.

SU M M A RY

T he m ag n itu d e  of m ost of th e  te s ts  decreased  40 to  
50 per cen t as th e  re la tiv e  h u m id ity  increased  from  
50 to  98 p e r cen t. T h e  s tre tc h  in  th e  m achine d irec­
tio n  increased  a b o u t 30  per cen t an d  in  th e  cross 
d irec tio n  a b o u t 40 to  5°  per ce n t u n d e r th e  sam e 
circum stances.

T h e  resu lts  of th e  fo ld ing te s ts  in  th e  m achine 
d irec tion  te n d ed  to  reach  a m ax im um  a t  a b o u t 80 
p er ce n t re la tiv e  h u m id ity  in  all excep t tw o  cases. 
In  th e  cases of sam ples “ B ” an d  “ C ,” th e  cu rve  p lo tted  
from  th e  resu lts  of th is  te s t  increased  v ery  rap id ly  
w ith  th e  increase  of re la tiv e  h u m id ity  an d  te n d ed  to  
becom e asy m p to tic  to  a b o u t th e  95 p e r cen t h u m id ity  
line.

T h e  tim e  of in k  p e n e tra tio n  decreased  40 to  50 
per cen t as th e  abso lu te  h u m id ity  increased  from  6 
grains p er cubic foo t of air (55 p er cen t re la tiv e  
h u m id ity  a t  8 0 0 F .) to  n  grains p e r cubic foo t ( 100  
p er cen t re la tiv e  h u m id ity  a t  8o° F .).

Special a t te n tio n  is called to  cu rves “ B ” a n d  “ K .” 
T hese sam ples w ere th e  sam e in  every  w ay  excep t th a t  
“ B ” was tu b  sized a n d  “ K ” w as n o t. T h e  ad v a n ta g es  
of a  good tu b  size a re  v e ry  c learly  show n.

R e s e a r c h  L a b o r a t o r y , A m e r i c a n  W r i t i n g  P a p e r  C o m p a n y  
H o l y o k e , M a s s a c h u s e t t s

TH E OCCURRENCE OF GERMANIUM IN M ISSOURI AND 
WISCONSIN BLEN D ES1

B y  G .  H .  B u c h a n a n

Of th e  fifty  or m ore e lem ents w hich we u sua lly  d is­
tin g u ish  as ra re , few  are  m ore w o rth y  of th e  d is tin c ­
tio n  th a n  th e  e lem en t germ an ium . D iscovered in 
1886  by  W ink ler in  a  new  silver m ineral, arg y ro d ite , 
a n d  iden tified  by  h im  as th e  eka-silicon of M endeldef, 
i t  has d ro p p ed  back  in to  oblivion since th e  days of

1 Presented a t  the  Sym posium  on the Chemistry and Metallurgy o f Zinc, 
54th M eeting Am erican Chem ical Society, K ansas C ity , April 10 to  14, 1917.

th is  classic w ork, u n til to -d a y  i t  is one of ou r leas t 
know n elem ents. W ith  b u t few exceptions our e n ­
tire  know ledge of th e  p roperties of th e  elem en t is due 
to  W inkler. A ccording to  U rb a in , 1 th e  m ateria l 
w orked over by  W inkler for th e  p re p a ra tio n  of ger­
m an ium  was a m ix tu re  of a rg y ro d ite  w ith  o th e r m in ­
erals, an d  d id  n o t co n ta in  m ore th a n  0 . 3 6  per cen t 
of a rg y ro d ite . Since th e  germ an ium  c o n ten t of a rg y ro ­
d ite  is 6 to  7 per cen t, th e  germ an ium  c o n ten t of his 
raw  m a te ria l could  only  have been betw een  0 .0 2  
an d  0 .0 3  per cen t. F ro m  th is  m a teria l W inkler ob ­
ta in e d  80 k ilos of m ixed m etallic sulfides w hich yielded 
156  g. pu re  germ anium .

A rgyrod ite , th e  richest source of th e  e lem en t h ere ­
to fore know n, has  p roved  exceedingly rare , an d  d u r ­
ing th e  th i r ty  years th a t  h av e  elapsed since th e  w ork 
of W inkler only  a very  few ad d itio n a l sources of th e  
e lem en t have  been b ro u g h t to  light.

K russ has rep o rted  th e  presence of 0 . 1  per cen t 
germ an ium  in euxenite . I ts  occurrence in  sam arsk ite , 
ta n ta l i te  a n d  n iob ite  has been rep o rted  an d  denied , 
a  d isag reem ent w hich is n o t su rp rising  in  view  of th e  
com plex ity  of these  m inerals. Tw o o th e r sources 
have  been m ore recen tly  discussed. U rb a in 2 b y  spec­
troscopic m ethods d e tec ted  germ an ium  in  38 o u t of 
64 b lendes from  various localities. T ak ing  550  kilos 
of one of these , a M exican b lende, he o b ta in ed  from  it  
5 g. pu re  germ an ium . B a rd e t ,3 also by  spectroscopic 
m ethods, d e tec ted  traces  of germ anium  in ce rta in  
F rench  m ineral w aters. Since th e  recovery  of ger­
m anium  from  blendes b y  th e  m ethod  of U rba in  was 
long an d  costly , he believed th a t  th e  residues from  
these  m ineral w aters m igh t y ield  sufficient germ an ium  
to  prov ide for th e  needs of scientific s tu d y . F rom  
100  kilos of residues, rep resen ting  250,000 liters  of 
m ineral w ater, he o b ta in ed  60 mg. GeOj.

A m ore recen t re p o rt of th e  occurrence of germ an ium  
is due to  W. F . H illeb rand  an d  J .  A. S ch erre r :4 in  a 
p ap e r on “ T he R ecovery  of G allium  from  S pelte r in 
th e  U n ited  S ta te s ,” m en tion  is m ade of an  ex am in a­
tio n  for g erm an iu m  of a nu m b er of b lendes, carried  
on a t  th e  B ureau  of S tan d a rd s  by  D r. K . B urns. 
B y th e  use of th e  spectroscope germ an ium  was id e n ­
tified  in  several of these , n o ta b ly  in a M issouri su l­
fide. A sh o rt p ap e r by  th e  w riter was pub lished  in 
T h i s  J o u r n a l  in Ju ly , 1 9 1 6 , p. 585 , re la tin g  to  th e  
iden tifica tion  of germ an ium  in zinc-bearing  m ateria ls . 
A t th a t  tim e  it  was n o t possible to  give deta ils  as to  
th e  orig in  of th e  rich  germ anium -bearing  m ateria l. 
I t  is th e  purpose of th e  p resen t p ap e r to  d iscuss th e  
n a tu re  of th is  m ateria l, w hich now appears to  be th e  
rich est source of th e  elem en t know n.

D uring  th e  sum m er of 1 9 1 5  th e re  w as b ro u g h t to  
th e  w rite r’s a t te n tio n  an  oxide of zinc w hich had  been 
p rep a red  from  spe lte r residues by  th e  A m erican  p ro ­
cess. A chem ical ex am ina tion  revealed  th e  presence 
of considerab le q u an titie s  of an  unusua l co n s titu e n t, 
w hich was iden tified  as th e  elem en t germ anium .

T he iden tifica tion  te s ts  consisted  in  a d is tilla tio n  of
1 Compt. rend., 150, 1 7 5 8 .
* Ibid., 149, 6 0 2 .
« Ibid., 158, 1 2 7 8 .

« T h i s  J o u r n a l ,  8 ( 1 9 1 6 ) ,  2 2 5 .
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th e  oxide of zinc w ith  hydroch lo ric  acid , a  slow cu rre n t 
of chlorine being bub b led  th ro u g h  th e  so lu tion  du ring  
boiling to  p rev e n t d is tilla tio n  of arsenic. T he s tro n g ly  
acid  d is tilla te  was d ilu ted  an d  s a tu ra te d  w ith  h y d ro ­
gen sulfide. A volum inous w hite  p rec ip ita te  was 
fo rm ed  w hich was read ily  soluble in  alkalies and  
w hich d issolved in  w ater, a lth o u g h  m ore slowly. T he 
sulfide was slow ly re -p re c ip ita ted  from  its  aqueous 
so lu tion  upon a d d itio n  of s tro n g  acids. T he ad d itio n  
of hydrofluoric  acid  to  th e  aqueous so lu tion  of th e  su l­
fide, follow ed by  sa tu ra ting - th e  m ix tu re  w ith  solid 
p o tassiu m  chloride, p roduced  a g ray ish , gelatinous 
p rec ip ita te , th e  double fluoride of p o ta ssiu m  and  
germ anium .

A rough ly  q u a n tita tiv e  d e te rm in a tio n  of th e  ra tio  
G e02 : GeS2 gave th e  value 0 . 747 . T he th e o re tic a l 
ra tio , assum ing  7 2 . 5  for th e  a tom ic  w eight of ger­
m anium , is o . 766 . T he sulfide p rec ip ita te  was w eighed 
w ith o u t w ashing free from  p re c ip ita te d  su lfu r, since 
th e  usual alcohol-carbon  bisulfide w ashing caused 
th e  p re c ip ita te  to  ru n  th ro u g h  th e  asbestos G ooch. 
T he presence of su lfu r in  th e  p re c ip ita te  w hen w eighed 
w ould, of course, low er th e  ra tio . B earing  th is  in  
m ind, th e  ag reem en t betw een  ca lcu la ted  an d  observed  
values is fa irly  close.

B y d istilling  w eighed sam ples of th e  oxide of zinc 
w ith  chlorine an d  hydroch lo ric  acid , an d  p rec ip ita tin g  
an d  w eighing th e  sulfide, th e  value  GeOj =  0 . 2 5  
per cen t was ob ta ined .

A sam ple of th e  oxide of the  elem ent, p rep a red  b y  
ign ition  of th e  sulfide an d  tre a tm e n t of th e  residue 
w ith  n itr ic  acid, w as exam ined  a t  th e  B ureau  of S ta n d ­
ards w ith  th e  spectroscope an d  was rep o rted , “ G er­
m anium , p rin c ip a l c o n s titu e n t.”

As has been s ta te d , th e  oxide of zinc in  w hich th is  
considerable am o u n t of germ an ium  was d e tec ted  
was p rep a red  from  spe lte r residues. T h e  a t te m p t 
was now  m ade to  locate geographically  th e  source of 
th e  elem ent.

T h e  residues in  question  were m ixed residues from  
Jop lin  an d  W isconsin ores. A n ex am in a tio n  of a 
num ber of oxides of zinc p rep a red  from  ores from  various 
localities, inc lud ing  those  m ade from  M issouri an d  
W isconsin ores, was now  u n d e rta k en . F o r th is  w ork 
a delicate  te s t for the  presence of g erm an iu m  was re ­
qu ired . T h e  follow ing p rocedure  was app lied  w ith  
success to  a large n u m b er of sam ples; th e  deta ils  a re  
those  w hich were found  necessary  w ith  th is  class of 
m ateria l. T h e  essen tial deta ils  of th e  m ethod  are 
due to  A. A. N oyes:

W eigh a 100 -g. sam ple  of th e  oxide of zinc in to  a 
lite r  d istilling  flask connected  w ith  a w ater-cooled  
condenser, an d  ad d  200 cc. co n c en tra ted  hydroch lo ric  
acid. P ass ch lorine in to  th e  m ix tu re  u n til th e  gas a p ­
pears in  th e  receiver of th e  condenser, a n d  th e n  h ea t 
th e  m ix tu re  to  boiling an d  d istil to  a b o u t half vo lum e, 
con tin u in g  th e  passage of a  slow c u rre n t of chlorine. 
D ilu te  th e  d is tilla te  w ith  an  equal vo lum e of w ate r 
an d  pass hydrogen  sulfide in to  i t  for a t  le a s t 30  m in ­
utes. If no p rec ip ita te  is fo rm ed (o th er th a n  th e  usua l 
opalescence due to  su lfu r), germ an ium  is ab sen t. If

a p re c ip ita te  is fo rm ed, filter i t  off on a sm all p ap e r 
an d  w ash i t  w ith  a very  li t t le  cold w ater.

P lace th e  p ap e r co n ta in in g  th e  p re c ip ita te  in  a  flask 
w ith  a b o u t 1 50  cc. w ater, boil for 1 5  m inu tes, a n d  fil­
te r. T o  th e  f iltra te  ad d  50 cc. co n c en tra ted  h y d ro ­
chloric acid, cool an d  t r e a t  w ith  hydrogen  sulfide as 
before. A w hite  fiocculent p re c ip ita te  in d ica tes  th e  
possible presence of germ an ium .

F ilte r  on a sm all pap e r an d  w ash once w ith  a  lit tle  
cold w ater. P o u r am m o n ia  th ro u g h  th e  filter, re ­
ceiving th e  so lu tion  an d  w ashings in  a  p la tin u m  dish. 
E v a p o ra te  to  dryness. M oisten  th e  residue w ith  
co n c en tra ted  n itr ic  ac id  an d  ev a p o ra te  to  d ryness 
again . W hen d ry , ign ite  for a  few m inu tes.

T o th e  residue ad d  a very  li t t le  w a te r  an d  a few 
drops of hydrofluoric  acid , s a tu ra te  w ith  solid p o ta s ­
sium  chloride an d  allow  to  s ta n d  in  th e  cold for 1 5  
m inutes. If germ an ium  is p rese n t a g ray ish , g e la t­
inous p rec ip ita te  is fo rm ed , so luble on h ea tin g  or 
d ilu ting  th e  so lu tion .

T h e  presence of germ an ium  is n o t rep o rted  unless 
th is  la s t confirm ation  te s t  is ob ta in ed .

W ith  th is  p rocedure  positive  resu lts  w ere o b ta in ed  
w ith b o th  Jop lin  an d  W isconsin S ep ara to r ores. P osi­
tiv e  resu lts  were also o b ta in ed  from  M inera l P o in t 
“ Special L eaded  Oxide of Z inc ,” from  an  oxide m ade 
from  a M exican ore (L a  B ufa), an d  from  one or tw o  
o thers. N egative  resu lts  were h ad  fro m  tw o  o th e r 
M exican ores, from  ore from  A ustinv ille , V a., from  
M ineral P o in t “ P rim e Oxide of Z inc,” an d  from  
N ew  Jersey  ores (“ X X  O xides” ). In  all cases where 
positive  resu lts were o b ta in ed  the  a m o u n ts  d e tec ted  
were very  m uch less th a n  w ere m et w ith  in  th e  oxide 
m ade from  spe lte r residues, p ro b ab ly  n o t o n e -te n th  as 
m uch. I t  is p ro b ab le  th a t  th e  p rocedu re  described 
would d e tec t as li t t le  as 0 . 0 1  per cen t g erm an iu m  in 
an  oxide of zinc.

I t  is ev id en t from  these  resu lts  th a t  th e  g erm an iu m  
c o n ten t of th e  residuum  m ay have been derived  from  
e ith e r th e  W isconsin or th e  M issouri ore, or from  b o th  
of th em , an d  th a t  i t  has been g rea tly  co n c en tra ted  
du ring  th e  m etallu rg ica l tr e a tm e n ts  w hich i t  has 
undergone. T he tre a tm e n t in  th e  sp e lte r re to r ts  
an d  in  th e  oxide fires has ca rried  on th is  c o n c en tra tio n  
on an  enorm ous scale an d  we have, as a re su lt , an  a b u n ­
dance of a m ateria l m uch  richer in  g erm an iu m  th a n  th e  
orig inal ores.

T h e  p roperties of th e  su b stan ce  as given in  th e  l i te ra ­
tu re  explain  th e  n a tu re  of th is  co n cen tra tio n . T he 
m eta l is sa id  to  be read ily  o b ta in ed  b y  red u c tio n  of 
th e  oxide w ith  ca rb o n  a t  a  red  h ea t, so th a t  u n d e r 
th e  conditions p revailing  in  th e  sp e lte r re to r t  th e  
germ an ium  m u st be p resen t in  th e  e lem en ta ry  s ta te . 
I t  is n o t m arked ly  vo la tile  a t  1 3 5 0 ° C. A ccordingly, 
while th e  zinc was d istilling  off in to  th e  condenser, th e  
g erm an iu m  fo r  the most part rem ain ed  beh ind , a n d  was 
d ischarged  w ith  th e  residues. T h e  qualifica tion  seem s 
necessary , since U hler has d e tec ted  trac es  of germ an ium  
in  th e  lead y  residues from  th e  red is tilla tio n  of low- 
g rade  m e ta l .1 In  th e  zinc oxide fu rnaces th e  ger-

1 Browning, “ In troduction  to  the  R arer E lem ents," 4 th  edition, p. 84.
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m anium  b u rn ed  to  oxide an d  passed  off w ith  th e  zinc 
sm oke in to  th e  bags.

I t  is possible to  o b ta in  a  rough  ap p ro x im atio n  of th e  
am o u n t of g erm an iu m  in th e  orig inal ore by assum ing 
a zinc oxide c o n ten t of 10  per cen t fo r th e  residues, 
an d  of 50 p e r ce n t for th e  orig inal ore. A ssum ing in 
all cases com plete recoveries, th e  G e02 c o n te n t of th e  
residues w ould h av e  been o n e -te n th  th a t  of th e  oxide 
of zinc, or 0 . 0 2 5  Per cen t, an d  th a t  of th e  orig inal ore 
would h av e  been ap p ro x im ate ly  0 . 0 1  per cen t.

T h e  w ork rep o rted  in  th e  p reced ing  p a ra g ra p h s  was 
carried  on b y  th e  w rite r in  th e  R esearch  L ab o ra to ry  
of T h e  N ew  Je rsey  Zinc C om pany , a t  P a lm erto n , 
P en n sy lv an ia , to  th e  officials of w hich com pany  th e  
w riter is u n d e r ob liga tions for perm ission  to  pub lish  
these  resu lts . T h ro u g h  th e  k in d  offices of M r. 
George C. S tone, of th e  N ew  Je rse y  Zinc C om pany , a 
supp ly  of th e  germ an iferous oxide of zinc has been  fu r­
nished th e  M assach u se tts  In s ti tu te  of T echnology  
for s tu d y . T his w ork has a lre ad y  been begun.

M a s s a c h u s e t t s  I n s t i t u t e  o f  T e c h n o l o g y  
C a m b r i d g e , M a s s a c h u s e t t s

PHOSPHOR-TIN AND A VOLUMETRIC METHOD FOR 
ITS ANALYSIS

B y R i c i i a k d  E d w i n  L e e , W. H . F e g b ly  a n d  F r a n k  II. R e i c h e l  

R e c e i v e d  F eb ru ary  19, 1917

T he p ap e r  p resen ted  here trac es  its  orig in  to  a  re ­
quest fo rw arded  to  th is  la b o ra to ry  for a  m ethod  for th e  
rap id  an d  a c cu ra te  analysis of an  alloy of phosphorus 
an d  tin , know n com m ercially  as “ p h o sp h o r-tin .” 
T his m a te ria l is p u rch ased  accord ing  to  specifications. 
A nalysis of each  sh ip m en t, the re fo re , is desirable. 
F u rth e rm o re , since th e  co rrec t p ro p o rtio n s of th e  
m a teria l to  be used  in  th e  various processes can  be 
de term in ed  only  from  a  know ledge of its  com posi­
tion  such  an  analysis  is p rac tica lly  necessary . I t  is 
obvious, therefo re , th a t  a  m e th o d  co rresponding  to  th e  
descrip tion  in  th e  req u e st shou ld  be ava ilab le . No 
such m ethod , how ever, was found  in  th e  lite ra tu re .

In  th is  connection  i t  m ay be co n ten d ed  th a t  inasm uch  
as th e  t in  in  th e  alloy can  be read ily  de te rm in ed  by  
som e s ta n d a rd  m ethod , such  as th e  sulfide m ethod , an d  
th e  p ercen tage  of p h ospho rus e s tim a ted  by  th e  "m e th o d  
of d ifference,” th a t  th e  p rob lem  p resen ted  was n o t one 
difficult of so lu tion . I t  shou ld  be n o ted , how ever, 
th a t  th e  presence of a n y  im p u ritie s  in  th e  alloy  w ould 
cause a  co rresponding  erro r in  th e  ca lcu la tion  of th e  
phosphorus co n ten t. T h is of course w ould ren d e r th e  
procedure valueless. O bviously  th e  p rob lem  re ­
quires for its  so lu tion  th e  fo rm u la tio n  of m ethods for 
th e  d e te rm in a tio n  of b o th  p hosphorus an d  tin .

P R O P E R T IE S  A ND U SE  OF P H O S P H O R -T IN

T he phosphorus in  p h o sp h o r-tin  alloys varies as a 
rule from  o .i  to  5 or 6 p er cen t. A ccording to  D esch , 1 
phosp h o r-tin  is g rouped  w ith  th e  so-called “ b rittle  
alloys,” w hich are  described  by  h im  as “ alloys p ro ­
duced  com m ercially  for th e  purpose of fac ilita tin g  th e  
ad d itio n  of sm all am o u n ts  of elem en ts to  m olten  
m etals. T h u s silicon an d  p h osphorus as such are now 
seldom  ad d ed  to  m etals, rich  alloys of th ese  substances

1 C. H . Desch, “ M eta llography ,” 1910.

w ith  iron , copper, or t in  being u sually  em ployed . 
These rich- alloys are com posed p rincipally  of in te r-  
m etallic  com pounds, as silicides an d  p h o sp h id es.”

P h o sp h o r-tin  is m an u fa c tu re d  on th e  large scale 
by  m elting  tin  an d  p h osphorus in  large fu rnaces 
w hich are fre q u en tly  p ro v id ed  w ith  a p p a ra tu s  fo r th e  
p a r tia l exclusion of air. T h e  alloy  has a c ry sta llin e  
s tru c tu re  a n d  is v ery  h a rd  an d  b r ittle . In  color it 
resem bles tin .

T h is alloy is used  in s tea d  of tin  in  th e  m a n u fa c tu re  
of various tin  alloys for th e  purpose of e ith e r  p rev en tin g  
th e  fo rm a tio n  of oxide or enhancing  ce rta in  m echanical 
qualities of th e  alloy in to  w hich it  en te rs . F o r exam ple, 
in  th e  m an u fac tu re  of ce rta in  bronzes, if p h ospho rus is 
added  in  sm all am o u n ts , i t  a p p a re n tly  does n o t p ro ­
duce, as w as orig inally  su spected , a new  alloy  know n 
as phosphor-bronze. I t  serves s im p ly  as a  deoxidizing 
agen t in  th e  m olten  m etal, th e  resu ltin g  phosphoric  
oxide passing  in to  th e  slag  or scum  on th e  su rfa ce . 1 
W hen th e  m etals en terin g  in to  th e  com position  of th e  
alloy are m elted  in  th e  absence of phosp h o ru s th e  alloy 
is m ore or less seriously  co n ta m in a te d  w ith  oxides. 
I t  is obvious, the re fo re , th a t  if th e  q u a n t ity  of ad d ed  
phosphorus be carefu lly  ad ju s te d , th e  resu ltin g  p ro d u c t 
is m erely  a purified  alloy. H ow ever, if a  la rg e r q u a n ­
t i ty  of phosphorus is in tro d u c ed  th a n  is req u ired  
w hen i t  is to  fu n ctio n  sim ply  as a  reducing  ag en t th e  
p ro d u c t is an  alloy w ith  p ro p ertie s  d is tin c tly  d iffe ren t 
from  those  of th e  m erely  purified  alloy.

In  th e  m a n u fa c tu re  of b ronze, accord ing  to  D esch, 
“ if th e  q u a n tity  of phosphorus in tro d u ced  th ro u g h  th e  
m edium  of phosp h o r-tin  exceeds th a t  req u ired  for 
com plete deox idation  by  m ore th a n  a b o u t o .i  p er cen t, 
i t  will cause b rittlen ess  ow ing to  th e  se p a ra tio n  of 
h a rd  partic les of th e  phosphide, C u 3P. Such a  m ix­
tu re  is som etim es very  in co rrec tly  called phosphor- 
bronze. If th e  alloys are to  be em ployed  in  th e  m a n ­
u fac tu re  of gear wheels, bearings, e tc ., th e  q u a n titie s  
of tin  an d  phosphorus p resen t v a ry  from  6 to  i s  per 
cen t a n d  0.7 to  1 .5  per cen t, respectively . T hese 
alloys a re  v ery  h a rd  an d  b e tte r  ab le  to  resis t fric tion . 
T h e  hardness is due in  p a r t  to  th e  p resence of th e  h a rd  
partic les  of copper phosphide. T h e  presence of these  
h a rd  m asses in  th e  co m p ara tiv e ly  so ft m a trix  of lead  
produces th e  com b in atio n  of g rea t h ard n ess  w ith  a  
lim ited  b u t d is tin c t p la s tic ity  w hich is req u ired  for 
such pu rp o ses.”

I t  is n o t desirab le , how ever, to  e n te r  in to  a  de ta iled  
accoun t in  th is  p ap e r  of in v es tig a tio n s  in  th is  field of 
te rn a ry  alloys; no r is th is  necessary  to  m ake i t  p e r­
fec tly  obvious t h a t  m ethods fo r th e  rap id  an d  ac cu ra te  
chem ical ana lysis of alloys sim ilar to  p h o sp h o r-tin  
are of im m ed ia te  need  in  con tro l w ork.

P R E L IM IN A R Y  E X P E R IM E N T S  S H O W IN G  T H E  B E H A V IO R  

OF T H E  A LLOY IN  C E R T A IN  S O L V E N T S

A t th e  very  beg inn ing  of th is  in v e s tig a tio n  i t  was 
concluded th a t  i t  w ould  be necessary  a t  som e stag e  of 
th e  w ork to  d e term in e  w h e th e r th e  p h osphorus in  th e  
alloy  is w holly in  th e  chem ically  com bined  or u n ­
com bined  form , a lth o u g h  i t  seem ed ra th e r  im p ro b ab le

1 R osenhain, “ In troduction  to  P hysical M eta llu rgy ,”  1914, 152.
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th a t  i t  shou ld  exist in  th e  la t te r  form . S ubsequen t 
w ork in d ic a ted  th a t  th e  m etallo id  is p rese n t in  th e  
alloy  in  th e  form  of a  defin ite com pound.

T h e  ea rly  p a r t  of th e  experim en tal w ork was d e ­
vo ted , the re fo re , to  a  s tu d y  of th e  effect of various 
so lven ts on su ita b ly  p rep a red  sam ples of th e  alloy  w ith  
th e  follow ing resu lts :

S u lfu r ic  acid  (5 N ) failed  to  dissolve th e  sam ple , 
b u t su lfu ric  acid (sp. gr. 1 .84) effected its  im m ed ia te  
so lu tion . H ydrochloric acid (sp. gr. 1 .2 0 )  read ily  
dissolved th e  alloy, b u t  5 N  acid ap p a re n tly  h ad  lit tle  
effect on  i t .  N itric  acid (sp. gr. 1 .4 2 )  decom posed th e  
sam ple , leav ing  a  w hite  residue. W hen aqua regia  
was ad d ed  to  th e  alloy  th e  a u th o rs  w ere v e ry  m uch 
perp lexed  to  find a t  first th a t  th e  sam ple  ap p a re n tly  
ign ited  an d  b u rn ed  w ith  a b lue flam e. I t  m ay  be 
n o te d  here th a t  i t  w as th is  ra th e r  unexpected  b ehav io r 
w hich la te r  suggested  th e  proposed  m ethod  for th e  
so lu tion  of our problem .

H av ing  asce rta ined  how  to  effect th e  so lu tion  of th e  
a lloy  i t  w as decided to  a t te m p t q u a n t ita tiv e  d e te rm i­
n a tio n s  of tin  an d  phosphorus, using su lfu ric  acid 
(sp. gr. 1 .84) as a  so lven t, w ith  a view  to  determ in ing  
w h eth er all of th e  phosphorus w as lib e ra ted  as plios- 
ph ine , or w h e th e r i t  w as p a rtia lly  oxidized to  ph o s­
phoric  acid.

O ne-half g ram  of th e  sam ple  w as d issolved in  10  cc. 
of su lfuric  acid  (sp. gr. 1 .84) an d  ev a p o ra te d  to  7 cc. 
T h e  so lu tion  was th e n  d ilu ted  w ith  1 5 0  cc. of w ate r and  
s a tu ra te d  w ith  hydrogen  sulfide. T h e  p rec ip ita te  of 
tin  sulfide was filtered  on a w eighed G ooch crucible, 
d ried , an d  finally  ign ited  to  th e  oxide an d  w eighed. 
T h e  phosphoric  acid in  th e  f iltra te  was th e n  determ ined . 
As th e  su lfuric  acid  w ould ev en tu a lly  a c t as an  in ­
te rferin g  su b stan ce , i t  was p re c ip ita te d  as b a riu m  su l­
fa te , using b a riu m  n itra te  as th e  p rec ip ita n t. T h e  
b a riu m  su lfa te  was filtered  off, w ashed, an d  rejected . 
T o  th e  f iltra te , h ea te d  to  8 5 °, 50 cc. of am m on ium  
m o ly b d a te  so lu tion  w ere added . T he p rec ip ita te  of 
am m oniu m -p h o sp h o m o ly b d ate  w as filte red  on a 
w eighed Gooch crucible, dried  a t  x io °  an d  w eighed. 
F rom  th e  w eight of th is  p re c ip ita te  th e  percen tage of 
phospho rus was ca lcu la ted . T h e  d e te rm in a tio n s of th e  
t in  b y  th e  m eth o d  ou tlined  checked w ith in  sa tis fac to ry  
lim its , b u t  th e  resu lts  o b ta in ed  from  th e  phospho rus 
d e te rm in a tio n s  w ere n o t conco rdan t, th e  conclusion 
being  th a t  v a ry in g  p o rtions of th e  phosphorus were 
oxidized du ring  th e  process of so lu tion . C oncen­
tr a te d  su lfuric acid w as, the re fo re , ab an d o n ed  as a 
so lv en t for th e  alloy.

S olu tion  of th e  sam ple in  hyd roch lo ric  acid p roved  to  
be th e  rea l s ta r t in g  p o in t of th e  m ethod  p resen ted  in  
th is  p ap er. A 0 .5-gram  sam ple of th e  alloy was tre a te d  
w ith  hydroch lo ric  ac id  (sp. gr. 1 .20). I t  dissolved 
rap id ly  w ith  th e  evo lu tion  of phosphine. T h e  so lu ­
tio n  w as ev ap o ra ted  to  10  cc., d ilu ted  w ith  100  cc. of 
w ate r an d  s a tu ra te d  w ith  hydrogen  sulfide. T he 
p rec ip ita te  of tin  sulfide was filtered  o u t on a w eighed 
G ooch crucible, w ashed, ign ited , w eighed as th e  oxide 
an d  th e  tin  ca lcu la ted  as before. T h e  series of re ­
su lts  o b ta in ed  checked very  closely w ith  those  o b ­
ta in e d  w hen su lfu ric  ac id  was used  as a so lven t. T his

s ta n d a rd  p rocedure  for d e term in in g  t in  w as used in  th e  
ea rly  stages of th e  w ork to  check th e  d e te rm in a tio n s  
of t in  b y  th e  proposed  m ethod . F u r th e r  confirm ation  
of th ese  resu lts  was secured  la te r  b y  th e  e lec tro ly tic  
m ethod .

T h e  f iltra te  from  th e  t in  sulfide was h ea te d  to  rem ove 
h yd rogen  sulfide, th e n  n eu tra lized  w ith  am m onium  
h ydrox ide an d  m agnesia  m ix tu re  added . Six se p a ra te  
te s ts  failed  to  show  evidence of th e  p resence of phos­
phoric  acid , even a f te r  24 hrs.

W ith  th e  ev idence a t  h an d  in d ica tin g  th a t  th e  phos­
pho rus is evolved q u a n tita tiv e ly  in  th e  form  of ph o s­
p h ine  w hen th e  alloy  is d issolved in  hyd roch lo ric  acid , 
th e  so lu tion  of one ph ase  of th e  p rob lem , nam ely , th e  
d e te rm in a tio n  of th e  p h osphorus co n ten t, w as a n ­
tic ip a te d  if a  m ethod  could  be fo rm u la ted  by  w hich th e  
gas m igh t be abso rbed  an d  oxidized to  phosphoric  acid.

D E V E L O P M E N T  OE M ETH O D  F O R  D E T E R M IN IN G  

P H O S P H O R U S

A v a r ie ty  of so lu tions h av e  been em ployed  in  gaso- 
m etric  m ethods for absorb ing  phosph ine q u a n t i ta ­
tive ly . O nly tw o of those  suggested , how ever, w ere 
found  su itab le , owing to  th e  n a tu re  of th e  p ro ced u re  
involved . T hese tw o  w ere b rom ine w ate r an d  a so lu ­
tio n  of p o ta ssiu m  p erm a n g an a te .

T he apparatus  used consisted  of a  F lorence flask of 500 
cc. ca p ac ity  f itted  w ith  a  3 -holed ru b b e r  s to p p e r th ro u g h  
w hich a 100 -cc. ta p -fu n n e l an d  tw o  pieces of glass- 
tu b in g  b e n t a t  r ig h t angles w ere in se rted . F o r th e  
ab so rp tio n  tra in , th re e  E rlen m ey er flasks of 1 50  cc. 
c a p ac ity  w ere connected  in  series w ith  th e  F lo rence 
flask.

a q u e o u s  s o l u t i o n  o f  b r o m i n e — To each  of th e  
E rlen m ey er flasks 100  cc. of b rom ine  w ate r w ere added . 
T h e  t r a in  was connected  to  th e  evo lu tion  flask in  
w hich a 0 .5-g. sam ple  of th e  alloy  was p laced. H y ­
drochloric acid (sp. gr. 1 . 20) was added  to  decom pose 
th e  alloy. T h e  g rea te r p a r t  of th e  b rom ine in  th e  
first ab so rp tio n  flask d isappeared  before th a t  in  th e  
second flask was a tta c k e d , ow ing to  th e  rap id  ab so rp ­
tio n  an d  ox ida tion  of th e  phosphine . T h e  ev o lu tio n  
flask was finally freed from  phosph ine b y  sw eeping o u t 
th e  sy s tem  w ith  n a tu ra l gas or ca rb o n  dioxide. B y  
th is  la t te r  p rocedu re  m ost of th e  rem a in in g  b ro m in e  
w as d isp laced  from  th e  w ate r so lu tion  an d  escaped  
in to  th e  la b o ra to ry . Owing to  th e  w ell-know n ir ­
r ita tin g  ac tio n  of b rom ine v apo rs  on th e  re sp ira to ry  
passages it  w as th o u g h t th a t  th e  use of b rom ine w a te r  
as an  ab so rb e n t m igh t n o t be reg a rd ed  as en tire ly  
sa tis fac to ry  for ro u tin e  an a ly tica l w ork. N evertheless, 
fou r analyses w ere m ade. T h e  phosphoric  acid in  each 
flask w as de te rm in ed  se p a ra te ly  to  be su re  th a t  no  
phosph ine escaped th e  la s t flask in  th e  tra in , i t  h av in g  
been show n th a t  none rem a in ed  in  th e  hyd roch lo ric  
acid so lu tion  in  th e  evo lu tion  flask.

T h e  co n ten ts  of th e  th re e  flasks in  w hich th e  re ­
spective  delivery  tu b e s  h a d  been rin sed  w ere t r a n s ­
fe rred  to  beakers m ark ed  Nos. 1 , 2 a n d  3 , co rrespond ing  
to  th e  positions in  w hich th e  flasks w ere loca ted  in  th e  
tra in . T h e  phosphoric  acid p rese n t in  each  flask was-
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•determ ined b y  a  s ta n d a rd  p rocedu re  w ith  th e  resu lts  
given in  T ab le  I.

T a b l e  I — R e t e n t i o n  o p  P h o s p h i n e  b y  A q u e o u s  S o l u t i o n s  o p  B r o m i n e

P er cen t Phosphorus Found  
F lask  No. 1 2  3 T o t a l

Experim ent 1...................................... 2 .6 9  0 .3 2  0 .0 0  3.01
Experim ent 2 ...................................... 2 .91 0 .07  0 .0 0  2 .98
Experim ent 3 ...................................... 2 .87  0 .1 6  0 .0 0  3 .03
Experim ent 4 ...................................... 2 .51 0 .5 0  0 .0 0  3.01

T h e  absence of p hosphorus in  th e  th ir d  absorb ing- 
flask  in d ica tes  t h a t  no phosph ine escaped.

A lthough  it  appears th a t  b rom ine  w ate r m ay  be used 
fo r  ro u tin e  w ork w ith  sa tis fac to ry  resu lts  if opera tions 
-are co n d u c ted  in  a  hood, o r if a tr a p  is p ro v id ed  to  
p re v e n t th e  escape of b rom ine  v ap o r, i t  w as ab an d o n ed  
as an  ab so rb e n t for one w hich p roved  m ore su itab le . 
T h is w as a so lu tion  of p o ta ssiu m  p erm a n g an a te .

A Q U E O U S SO L U T IO N  O F P O T A S S IU M  P E R M A N G A N A T E ----

T h e  use of a  so lu tion  of p o ta ssiu m  p e rm a n g an a te  as an  
-absorbent of phosph ine w ith  its  u ltim a te  ox ida tion  to  
phospho ric  acid, H3PO1, im m ed ia te ly  suggested  th e  
a t tr a c t iv e  p rocedu re  of d e term in in g  th e  phosp h o ru s by  
t i t r a t io n  of th e  excess of a  know n q u a n t ity  of a s ta n d ­
a rd  so lu tion  of th e  su b stan ce . U nforeseen difficulties 
w ere encoun te red , how ever, w hen a n  effort was m ade 
to  conduc t th e  ana lysis  accord ing  to  th e  foregoing 
schem e.

T h e  hyd roch lo ric  acid  w hich is used as th e  so lven t 
fo r  th e  alloy  te n d e d  to  pass over in to  th e  absorb ing  
flasks w here it  decom posed th e  p e rm a n g an a te . T his 
f a c t  m ade i t  necessary  to  search  for a n o th e r  ab so rb e n t 
w hich w ould t r a p  th e  hyd roch lo ric  acid , b u t n o t th e  
p hosph ine . W ate r an d  aqueous so lu tions of sod ium  
hyd rox ide, sod ium  ca rb o n a te , an d  am m on ium  h y ­
d ro x id e  w ere te s te d  se p a ra te ly  w ith  respec t to  th e  
p ro p e r ty  of absorb ing  th e  tw o  gases. All of th ese  su b ­
s ta n c e s  w ere found  to  abso rb  hydroch lo ric  acid  gas as 
f a s t  as i t  was evolved; b u t u n fo rtu n a te ly , th e y  a b ­
so rbed  phosph ine also. T h is w as show n b y  add ing  
b rom ine to  th e  so lu tions to  oxidize th e  phosph ine to  
-phosphoric acid, an d  th e n  p rec ip ita tin g  th e  la tte r . 
Sodium  hyd rox ide d issolved the  m ost phosph ine an d  
“w ater th e  least. In  all cases, how ever, enough  was 
■dissolved to  m ake th e  resu lts  valueless. O ther so lu ­
tio n s  were te s te d  in  sim ilar respects  b u t th e  resu lts  
o b ta in ed  w ere no  m ore encouraging . F in a lly  th e  
•search for an  ab so rb e n t w hich w ould p re v e n t th e  
p assag e  of th e  hydroch lo ric  acid in to  th e  p e rm an g an a te  
•solution an d  a t  th e  sam e tim e  be in e rt as regards its  
-action to w ard  phosph ine was ab an d o n ed . T his m ean t, 
■of course, th e  re linqu ish ing  of th e  schem e w hereby  
"the excess o r unused  p o rtio n  of p e rm a n g an a te  was to  
b e  t i t r a te d  an d  th e  su b s titu tin g  of a  p rocedure  p ro ­
v id ing  for th e  p rec ip ita tio n  of th e  phosphoric  acid  from  
th e  absorb ing  so lu tion  of p o ta ssiu m  p erm an g an a te .

W ith  th e  a d o p tio n  of th e  m ethod  of th e  u ltim a te  p re ­
c ip ita t io n  of th e  phosphorus as phosphoric  acid th e  
n ex t p rob lem  th a t  p resen ted  itself was th e  d e te rm in a ­
tio n  of th a t  co n cen tra tio n  of th e  absorb ing  so lu tion  
•which w ould p rove m ost efficient. I t  was th o u g h t 
advisab le, how ever, to  em ploy  a so lu tion  of such  con­
c e n tra tio n  th a t  all of th e  phosph ine w ould be absorbed  
dn th e  so lu tions in  th e  first tw o  of th e  th re e  absorb ing

flasks as th is  w ould  p rov ide  for a  re la tiv e ly  large m arg in  
of sa fe ty  w hen analyz ing  new  alloys.

T h e  b es t co n cen tra tio n  of p e rm a n g an a te  to  be used 
in  th e  analysis of alloys con ta in ing  a g iven  percen tage 
of phospho rus w as d e te rm in ed  b y  a  series of experi­
m en ts in  w hich a m o d era te ly  co n c en tra ted  so lu tion  was 
used a t  first, follow ed by  th e  g rad u a l red u c tio n  of th e  
co n c en tra tio n  of th e  so lu tion  in  each  succeeding ex­
p erim en t u n til  phosphoric  acid  was found  in  th e  a b ­
so rb en t in  th e  th ird  flask. In  each  of th e  d e te rm in a ­
tions in  th e  series rep o rted  in  T ab le  I I ,  using  sam ple 
N o. 1  of th e  alloy, 90 cc. of p o ta ssiu m  p e rm a n g an a te  
so lu tion  of know n co n cen tra tio n  w ere in tro d u ced  in to  
each  of th e  th ree  E rlen m ey er ab so rp tio n  flasks, a fte r  
w hich th e  ex p erim en t was co n d u c ted  in  th e  sam e 
m anner as w hen an  aqueous so lu tion  of b rom ine  was 
em ployed  as th e  abso rb ing  agen t.
T a b l e  I I — R e t e n t i o n  o p  P h o s p h i n e  b y  a n  A q u b o u 9  S o l u t i o n  o p  K M n O i

G ram s KMnO<
in 270 cc. of ab- P e r  c e n t  P h o s p h o r u s  F o u n d  

No. sorbing solution F lask  No. 1 2  3 T o t a l

 1............................... 3.0000 3 .01  0 .02    3 .03
 2 ............................... 2 .5000 2 .9 0  0 .09    2 .99
 3 ............................... 2.0000 2 .76  0 .25    3 .01
 4 ............................... 1.5000 2 .73  0 .2 8    3 .01
 5 ............................... 1.0000 2 .7 4  0 .29    3 .03
 6 ............................... 0 .5000 2.61 0 .39    3 .0 0
 7 ............................... 0 .2500 1.87 1.01 0 .1 6  3 .0 4

F rom  th e  d a ta  in  T ab le  I I ,  i t  w as concluded  th a t  
a co n cen tra tio n  of 0.5 g. of po tassiu m  p e rm a n g a n a te  in  
270 cc. w as necessary  for th e  com plete  ab so rp tio n  of th e  
phosph ine in  th e  first tw o  flasks. B u t since th e  p e r­
cen tage of phospho rus in  d ifferen t sam ples varies 
o rd in arily  from  2 to  6 p er cen t i t  was th o u g h t a d ­
v isab le to  em ploy  a  so lu tion  co n ta in in g  1  g. in  270 cc.

E F F E C T  O F T H E  P R E S E N C E  O F N IT R IC  AC ID  IN  T H E

p e r m a n g a n a t e  s o l u t i o n — Follow ing th e  ab so rp tio n  
of th e  phosph ine b y  th e  p o ta ssiu m  p e rm a n g an a te  
so lu tion  an d  its  u ltim a te  ox ida tion  to  phosphoric  
acid , a b o u t 30  cc. of n itr ic  acid  (sp. gr. 1 .42 ) were 
ad d ed  to  th e  270  cc. of so lu tion  p re p a ra to ry  to  th e  
p rec ip ita tio n  of th e  phosphoric  acid. I t  occurred  to  
th e  a u th o rs  th a t  if th e  n itr ic  acid  w ere ad d ed  to  th e  
absorb ing  so lu tion  before th e  phosph ine was in tro d u ced , 
i t  m igh t be possib le to  use an  absorb ing  so lu tion  w ith  a 
sm alle r co n cen tra tio n  of p o ta ssiu m  p erm a n g an a te . 
T h e  series of experim en ts rep o rted  in  T ab le  I I I  show  
how  well th e  susp icion  was founded.
T a b l e  I I I — R e t e n t i o n  o p  P h o s p h i n e  b y  a  S o l u t i o n  o p  KM nO* a n d

HNO*
G ms. KMnO< in  270 cc. P e r c e n t a g e s  P h o s p h o r u s  F o u n d

of absorbing solution Flask
No. containing 30 cc. H N O i No. 1 2  3 T o t a l

 1..........................  0 .5000 3 .0 0  0 .03    3 .03
 2 ..........................  0 .4500 2 .9 6  0 .03    2 .99
 3 ..........................  0 .4000 2 .97  0 .0 4    3 .01
 4 ..........................  0 .3500 2 .89  0 .11    3 .0 0
 5 ..........................  0.3000 2 .92  0 .1 0    3 .0 2
 6 ..........................  0.2500 2 .6 4  0 .35    2 .99
 7 ..........................  0 .2000 2 .02  0 .87  0 .1 2  3.01

T h e  increase in  th e  abso rb ing  an d  oxidizing pow er 
of th is  so lu tion  over th e  p o ta ssiu m  p e rm a n g an a te  
so lu tion  is p ro b ab ly  n o t due m erely  to  th e  oxidizing 
ac tion  of th e  n itr ic  acid  b u t  to  reac tions in to  w hich 
i t  en te rs  or effects. F o r exam ple, n ascen t chlorine is 
in tro d u c ed  in to  th e  sy stem  b y  th e  ac tio n  of th e  n itr ic  
acid on th e  hyd roch lo ric  acid  w hich d istils over from  
th e  acid  in  th e  evo lu tion  flask. O ther reactions 
p ro b ab ly  occur also. A t leas t th re e  s tro n g  oxidizing
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agen ts, po tassiu m  p erm a n g an a te , n itr ic  acid  an d  
n ascen t ch lorine are ac ting  to g e th e r  u n d er th e  con­
d itions of th e  procedure .

P R O C E D U R E  U S E D  IN  C H E C K IN G  P R O P O S E D  M ETH O D  

F O R  D E T E R M IN IN G  P H O S P H O R U S

T h e a u th o rs  h av e  a tte m p te d  so fa r to  show  ex­
p e rim en ta lly  th a t  th e  phospho rus p resen t in  phosphor- 
t in  is p ro b ab ly  in  th e  form  of a phosphide, th a t  on 
so lu tion  o f.th e  alloy in  hydroch lo ric  acid it  is lib e ra ted  
q u a n tita tiv e ly  as phosph ine , an d  th a t  th is  la t te r  su b ­
stan ce  m ay be en tire ly  abso rbed  an d  oxidized in  cer­
ta in  so lu tions an d  la te r  de term in ed  as phosphoric  acid. 
A t th is  s tag e  of th e  w ork, w ith  a view to  d e term in in g  
th e  accu racy  of th e  proposed  m ethod  for d e term in ing  
p hosphorus, a p o rtio n  of Sam ple 1  w as ana lyzed  by  th e  
long an d  ra th e r  ted ious b u t w ell-know n p rocedure , 
com m only  know n as th e  cyan ide m ethod . T h is 
m eth o d  is som etim es em ployed  in  th e  d e te rm in a tio n  
of phosphorus in th e  phosphor-b ronzes w hen accu racy  
is th e  chief consideration . T h e  lib e ra tio n  of h y d ro ­
cyanic gas a t  one s tag e  of th e  m eth o d  also co n trib u tes  
to  its  lack  of p o p u la rity . T h e  resu lts  o b ta in ed  b y  
use of th e  cyan ide m ethod  were s ligh tly  b u t un ifo rm ly  
low er th a n  th o se  o b ta in ed  b y  th e  ra p id  m e th o d  p ro ­
posed in  th is  p ap er. T h is has been  a t tr ib u te d  to  th e  
large nu m b er of filtra tions req u ired  by  th e  older 
m ethod .

c y a n i d e  m e t h o d — T he p rocedu re  used  b y  th e  
a u th o rs  in  m ak ing  th e  analyses of th e  alloy b y  th e  
cyan ide m eth o d  was as follow s: T o 0.5 g. alloy in  a
200 cc. beaker, 25 cc. n itr ic  ac id  of sp. gr. 1 .4 2 , were 
added . T h e  beak er w as covered  w ith  a w atch  glass, 
an d  a fte r  th e  firs t v io len t ac tio n  h ad  ceased, i t  w as 
p laced  on a w ate r b a th  an d  h ea te d  u n til th e  alloy 
w as com pletely  decom posed an d  th e  residue was e n ­
tire ly  w hite . All th e  phosphoric  acid rem ains w ith  th e  
t in  as s ta n n ic  p h ospha te .

T he n itr ic  acid  so lu tion  of th e  alloy  was d ilu ted  an d  
th e  s ta n n ic  oxide con ta in ing  th e  phosphoric  acid  was 
filtered  off, w ashed  several tim es an d  dried . T he 
p rec ip ita te  w as tran sfe rred  to  a  crucible, an d  m ixed 
w ith  th ree  tim es its  w eight of p o ta ssiu m  cyanide. 
T he crucib le was covered an d  th e  m ass fused a few 
m inu tes a t  red  h ea t. On cooling, th e  fused  m ass w as 
e x tra c te d  w ith  h o t w ate r, filtered  an d  th e  p ap e r w ashed 
w ith  h o t w ater.

T he h y d rocyan ic  a n d . cyan ic  acids were expelled 
from  th e  f iltra te  b y  boiling w ith  co n c en tra ted  h y d ro ­
chloric acid. T he so lu tion  w as e v a p o ra te d  to  d ry ­
ness to  d eh y d ra te  th e  silicic acid w hich h a d  been d is­
solved from  th e  porcelain  crucible. T h e  d ry  residue 
w as d issolved in  a  lit tle  hyd roch lo ric  acid, an d  h y ­
drogen  sulfide passed  th ro u g h  th e  so lu tion  to  p re ­
c ip ita te  sm all am o u n ts  of t in  likely  to  be p resen t. 
T h e  p rec ip ita te  was filtered  off an d  w ashed an d  th e  
hydrogen  sulfide d es tro y ed  in  th e  f iltra te  b y  ad d in g  
b rom ine w ate r an d  boiling. T h e  phosphoric  acid  was 
th e n  p rec ip ita ted , ign ited , and  w eighed as th e  p y ro ­
p h ospha te .

T w elve phosphorus d e te rm in a tio n s w ere m ade by  
th is  m ethod . T h e  resu lts  of these  d e te rm in a tio n s  are 
given in  T ab le  V.

d e v e l o p m e n t  o f  t h e  m e t h o d  p o r  d e t e r m i n i n g  t i n

A su rv ey  of th e  m ethods p roposed  for th e  d e te rm in a ­
tio n  of t in  in  alloys will reveal th e  fa c t th a t  th e  m a­
jo r i ty  of th o se  possessing accu racy  requ ire  considerab le 
tim e for th e ir  execution . E ven  th e  sulfide m ethod  is 
regarded  as being co m p ara tiv e ly  long an d  ted ious w hen 
considered  from  th e  s ta n d p o in t of th e  an a ly s t do ing 
ro u tin e  w ork. I t  w as recognized, th e re fo re , a t  th e  
v e ry  beg inn ing  of th e  w ork th a t  th e  a ttra c tiv e n e ss  of 
an y  proposed  m eth o d  w ould be g rea tly  enhanced  if i t  
p rov ided  for a ra p id  an d  ac cu ra te  d e te rm in a tio n  of tin  
in  th e  alloy.

In  considering th e  p rob lem  a t  th is  s tage  of th e  w ork 
th e  a u th o rs  were led  n a tu ra lly  to  an  in v e stig a tio n  of 
th e  so lu tion  of th e  alloy  from  w hich th e  phospho rus h ad  
been  lib e ra ted  as phosph ine w ith  a  view  to  ascerta in ing  
if i t  could  be used in  d e te rm in in g  th e  t in  e ith e r  g rav i- 
m etrica lly  or volu m etrica lly .

I t  is well know n th a t  t in  dissolves in  hydroch lo ric  
acid  in  th e  absence of oxidizing agen ts w ith  th e  fo rm a­
tio n  of s tan n o u s  chloride. I t  w as th is  rea c tio n  w hich 
suggested  th e  p o in t of a tta c k , nam ely , th e  p rob lem  of 
dissolving th e  sam p le  of alloy  used  in  th e  p h ospho rus 
d e te rm in a tio n  in  such a m an n er th a t  th e  t in  shou ld  be 
le ft in  th e  hyd roch lo ric  acid  so lu tion  (in th e  g en e ra tin g  
flask) in  th e  “ -ous” cond ition . If th is  could be ac­
com plished th e  so lu tion  of th e  p rob lem  was in d ic a ted , 
fo r all th a t  w ould th e n  be req u ired  to  com plete th e  
d e te rm in a tio n  w ould be th e  t i t r a t io n  of th is  s ta n n o u s  
chloride so lu tion  w ith  a  su itab le  s ta n d a rd  oxidizing 
so lu tion .

As th e  resu lt of th e  experim en ta l w ork follow ing 
th e  lines of in q u iry  suggested  in  th e  p rev ious p a ra ­
g raph , i t  w as found  th a t  if th e  sy stem  of a p p a ra tu s  
used in th e  phospho rus d e te rm in a tio n  was sw ep t free 
from  air before an d  a fte r th e  lib e ra tio n  of phosph ine 
by  th e  use of illu m in a tin g  gas, ca rbon  dioxide, or any  
o th e r gas in e rt as regards th e  s ta n n o u s  ch loride, ( 1 ) 
th e  pho sp h o r-tin  d issolved in  hydroch lo ric  acid  w ith  th e  
q u a n tita tiv e  fo rm a tio n  of phosph ine an d  s tan n o u s  
chloride; an d  ( 2) i t  was possib le to  d e term in e  th e  
am o u n t of tin  p rese n t by  add ing  to  th e  so lu tion  a 
sligh t excess of pu re  ferric  ch loride an d  determ in ing  
th e  am o u n t of red u c tio n  by  t i t r a t in g  w ith  a so lu tion  
of po tassiu m  d ich rom ate .

U sing th is  p rocedure  a nu m b er of series of d e te rm in a ­
tio n s  of tin  in  Sam ple 1 w ere m ade. T h e  resu lts  were 
in  close ag reem en t w ith  th o se  o b ta in ed  in  th e  p re ­
lim in ary  experim en ts w hen th e  sulfide m e th o d  was 
used to  d e term ine  th e  tin  c o n ten t of th e  d ifferen t 
sam ples of th e  alloy. T h e  resu lts  given in  T ab le  IV  
in d ica te  th e  re la tiv e  accu racy  of th e  m ethod .

T a b l e  I V — D e t e r m i n a t i o n  o p  T i n  i n  P h o s p h o r - T i n  
E x p e r i m e n t  N o . 1 2 3 4 5 Average

Sulfide M eth o d ........................... 96 .30  96 .38  96 .3 4  96 .39  96 .37  96 .36
Proposed M ethod ......................  96.35 96 .42  96.37 96.41 96 .43  96 .40

A lthough  th e  foregoing d a ta  in d ic a ted  th a t  th e  
proposed  m ethod  possessed an  accu racy  com parab le  
to  th a t  of th e  sulfide m ethod  i t  w as deem ed adv isab le  
to  secure fu rth e r  confirm ation  of th e  -probable tin  
co n ten t of th e  alloy. W ith  th is  in  view  an  elec tro ly tic  
m eth o d  was used  in  th e  final series of te s t  experim en ts.
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to  check resu lts  o b ta in ed  by  th e  m eth o d  proposed  in  th is  
pap e r for th e  d e te rm in a tio n  of tin .

P R O C E D U R E  U SE D  IN  C H E C K IN G  P R O P O S E D  M ETH O D  

FO R  D E T E R M IN IN G  T IN

A ccording to  S m ith ,1 tin  m ay be deposited  elec- 
tro ly tic a lly  from  a s ta n n o u s  or s ta n n ic  am m onium  
chloride so lu tion  co n ta in in g  an  excess of a h o t sa tu ra te d  
so lu tion  of am m onium  oxalate . T herefo re, in s tea d  of 
t i t ra t in g  th e  hyd roch lo ric  acid  so lu tion  of s tan n o u s 
ch loride in  th e  evo lu tion  flask i t  w as cooled a t  th is 
p o in t an d  th e n  n eu tra lized  w ith  am m on ium  hydroxide. 
T he p re c ip ita te  w hich form ed was dissolved w ith  h y ­
d rochloric acid , an d  100  cc. of a  h o t s a tu ra te d  so lu­
tio n  of am m onium  oxala te  w ere added . T h is so lu­
tio n  was th e n  electro lyzed , using a ro ta tin g  anode 
an d  a  ta re d  p la tin u m  dish (p rev iously  coa ted  w ith  
silver or copper) as th e  ca thode . A c u rre n t of N.D.joo 
=  5 am peres and  9 vo lts  was app lied  for one an d  one- 
half hours.

T he resu lts  o b ta in ed  by  th e  p rocedu re  ju s t  described 
confirm ed those  given b y  b o th  th e  sulfide m ethod  and  
th e  p roposed  m ethod . T hese resu lts  are ta b u la te d  
in  T ab le  V.

S O L U T IO N S  U SE D  F O R  D E T E R M IN IN G  T IN  STA N D A R D  

PO T A S SIU M  D IC H R O M A T E  S O L U T IO N  4 . 1 248 g. of C. P.
c ry sta ls  dried  a t  1 0 5 0 w'ere d issolved in  w a te r an d  th e  
so lu tion  m ade up  to  one lite r . T h e  so lu tion  was 
s ta n d a rd iz ed  b y  m eans of p u re  ferrous am m onium  
su lfa te : 1  cc. of th is  so lu tion  was found  to  be eq u iv ­
a len t to  0.005 g. of tin .

i n d i c a t o r — T he po tassiu m  ferricyan ide so lu tion  
used for d e term in ing  th e  en d -p o in t in  th e  t i t ra tio n  
w ith  th e  d ich ro m ate  so lu tion  was p rep a red  ju s t  p rio r 
to  use. A c ry s ta l of p o ta ssiu m  ferricyan ide  a b o u t 
th e  size of a  p ea  was dissolved in  a b o u t 75 cc. of d is­
tilled  w ater. W hen a d rop  of th is  so lu tion  w as mixed 
w ith  a  d rop  of ferric  ch loride only a  lig h t b row n color 
was p roduced .

S O L U T IO N S  U SE D  FO R  D E T E R M IN IN G  P H O S P H O R U S

Absorbing Solution of P otassium  Perm anganate: Two 
g. of th e  pu re  sa lt in  one liter.

A m m o n iu m  M olybdatc: T h is so lu tion  was p rep a red
by  one of th e  w ell-know n s ta n d a rd  p ro ced u res .2

W ash Solution  of A cid  A m m o n iu m  Sulfa te: To one
lite r of w ate r, 16  cc. of am m o n iu m  hydrox ide  (sp. gr. 
0 .90) an d  25 cc. of su lfuric acid  (sp. gr. 1 .84) were 
added.

Standard N / 1 0  Solution of P otassium  Permanganate: 
3 . 163  g. of C. P. po tassiu m  p e rm a n g an a te  were d is­
solved in  w ate r an d  th e  so lu tion  m ade up  to  one liter. 
I t  was s ta n d a rd iz ed  by  m eans of pu re  ferrous am m o ­
nium  su lfa te ; 1 cc. of th is  so lu tion  w as eq u iv a len t to  
0.00008829 S- ° f  phosphorus.

P R O C E D U R E  FO R  A N A L Y SIS  OF ALLOY

Saw ings w ere ta k e n  from  th e  m a teria l to  be analyzed. 
A ny iron  in tro d u ced  by  ab rasion  of th e  saw -blade was 
rem oved  b y  d raw ing  a m ag n e t over th e  saw ings 
sp read  in  a th in  layer. Saw ings are to  be preferred

1 E dgar F. Sm ith . "E lectro -A nalysis,"  1911, 171.
2 Blair, “ Chemical Analysis of Iro n ,"  1912, 997.

to  drillings as th e  la t te r  are q u ite  coarse owing to  th e  
b rittlen ess  of th e  alloy.

A 0 . 5-g. sam ple  of th e  alloy w as p u t in to  th e  F lorence 
flask. A ny fine partic les  of th e  p h o sp h o r-tin  adhering  
to  th e  walls of th e  flask w ere rinsed  dow n w ith  a  je t  
of w ater. T he ru b b e r s to p p e r, th ro u g h  w hich th e  
tw o tu b e s  b e n t a t  r ig h t angles an d  th e  ta p -fu n n e l are 
in se rted , w ere fitte d  tig h tly  in to  th e  m ou th  of th e  
F lorence flask.

T o  each of th e  th re e  ab so rp tio n  flasks assem bled as a  
tra in , 90 cc. of th e  p o ta ss iu m  p e rm a n g an a te  so lu tion  
an d  10  cc. of n itr ic  acid  (sp. gr. 1 .42) were added . 
T he tra in  was connected  w ith  th e  F lorence flask w ith  
a  sh o r t piece of ru b b e r tu b in g . C arbon  dioxide or 
illu m in a tin g  gas w as th e n  d irec ted  th ro u g h  th e  system  
for 3 m inu tes to  sw eep o u t th e  air, an d  th e  in le t th e n  
closed w ith a p inchcock : 30  cc. of hydroch lo ric  acid
(sp. gr. 1 .20) w ere tra n sfe rre d  to  th e  tap -fu n n e l, th e  
stopcock  was opened an d  th e  hydroch lo ric  acid allow ed 
to  ru n  in to  th e  flask. T he s topcock  was im m ed ia te ly  
closed an d  h e a t app lied  to  th e  flask. T h e  bo iling  
p o in t should  be reached  in  a b o u t 5 m inu tes an d  m ain ­
ta in ed  u n til th e  alloy  is com plete ly  decom posed. 
W hen th e  alloy w as d issolved th e  B unsen  b u rn e r  
was rem oved  and  ca rbon  dioxide or illu m in a tin g  gas 
was again  forced th ro u g h  th e  sy stem  fo r 3 m inu tes 
so th a t  an y  traces  of p h osph ine  in  th e  F lorence flask 
w ould be sw ep t in to  th e  p e rm a n g an a te  so lu tion . 
W ith o u t s topp ing  th e  flow of gas th e  ab so rp tio n  tra in  
was d isconnected  from  th e  F lorence flask. T h e  tin  
rem ains as s tan n o u s  ch loride in  th e  F lorence flask 
an d  th e  phosphorus is found  as phosphoric  acid in th e  
abso rp tion  flasks.

One or tw o  gram s of ferric  ch loride w hich gave no 
te s t  for ferrous iron  w ere added  im m ed ia te ly  to  th e  
co n ten ts  of th e  g en e ra tin g  flask, an d  th e  so lu tion  was 
t i t r a te d  a t  once w ith  p o ta ss iu m  d ich ro m ate , using 
po tassiu m  ferricyan ide as an  ex te rn a l in d ica to r. 
By d e term in ing  th e  am o u n t of ferric  iron  red u ced  by  
th e  s tan n o u s  chloride th e  a m o u n t of t in  p re se n t was 
easily  asce rta in ed  (1  cc. of th e  p o ta ssiu m  d ich ro m ate  
so lu tion  as p rep a red  was eq u iv a len t to  1 per cen t of tin  
w hen a  half-g ram  sam ple  was used).

T h e  co n ten ts  of th e  th re e  a b so ïp tio n  flasks w’ere th e n  
tran sfe rred  to  a  500 cc. F lorence flask. T h e  p e r ­
m an g an a te  so lu tion  w as boiled  one m inu te . I t  w as 
th e n  rem oved  from  th e  h o t p la te  an d  p o ta ss iu m  n itr ite  
w as added  in  sm all po rtio n s u n til th e  excess p e r­
m an g an a te  was reduced  an d  th e  so lu tion  was colorless. 
I t  was th e n  boiled  one m in u te  to  expel a n y  n itro u s  
acid th a t  m igh t be p rese n t since i t  ac ts  as an  in te r ­
fering  su b stan ce  la te r  on in  th e  p rocedure .

T h e  so lu tion  was rem oved  from  th e  h o t p la te  an d  
cooled to  a b o u t 5 0 0 b y  p lacing  in  a cooling b a th , a fte r  
w hich i t  w as m ade slig h tly  a lkaline w ith  am m on ium  
hydroxide. W hen th e  n e u tra l p o in t w as reach ed , 
a h eav y  p re c ip ita te  of m anganese p h o sp h a te  form ed 
w hich served  as an  in d ic a to r  a t  th is  p o in t. T h is
p rec ip ita te  w as ju s t  dissolved w ith  n itr ic  acid  (sp.
gr. 1 .42) an d  10  cc. ad d ed  in  excess. T h e  so lu tion
was h ea te d  to  a te m p e ra tu re  of 8 5 ° an d  50 cc. of 
f iltered  am m onium  m o ly b d a te  were added . T h e
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te m p e ra tu re  m u st n o t exceed 8 5 °, because of th e  
possib ility  of m olybdic acid being p rec ip ita ted . T he 
co n ten ts  of th e  flask w ere v igorously  s tirred  for 5 
m inutes. T h e  yellow  p re c ip ita te  of am m on ium  phos- 
p h o m o ly b d a te  was filte red  off an d  w ashed w ith  acid 
am m onium  su lfa te  so lu tion  u n til 2 or 3 cc. of th e  w ash 
w ate r d id  n o t give a  b row n co lo ra tion  on th e  ad d itio n  
of a  d rop  of am m onium  sulfide: 7 cc. of am m onium
hydrox ide of sp. gr. 0.90 a n d  1 5  cc. of w ate r were 
p o u red  in to  th e  flask in  w hich th e  p re c ip ita te  was 
form ed, to  dissolve an y  adhering  p re c ip ita te : th e
so lu tion  w as th e n  p ou red  on  th e  p re c ip ita te  in  th e  
filter. T h e  f iltra te  con ta in ing  th e  am m on ium  m olyb- 
d a te  an d  am m on ium  p h o sp h a te  w as n ex t p rep a red  
for th e  Jones red u c to r. T h e  filter was w ashed w ith  
w ate r u n til th e  f iltra te  h ad  a vo lum e of a b o u t 60 cc.: 
10  cc. of su lfuric  acid  (sp. gr. 1 .84) w ere added . (If 
a  p re c ip ita te  form s on th e  a d d itio n  of th e  su lfuric  
acid, i t  shou ld  be redissolved w ith  am m on ium  h y ­
droxide an d  th e  sam e am o u n t of su lfu ric  acid ad d ed  a 
second tim e.)

T he so lu tion  w as th e n  passed  th ro u g h  a Jones re ­
d u c to r  charged  w ith  am alg a m a ted  zinc. I t  was 
passed  th ro u g h  a second tim e  a fte r  th e  ad d itio n  of 2 
cc. m ore of su lfuric  acid. T h is was follow ed w ith  
200 cc. of w ater. T h e  so lu tion  collected  from  th e  r e ­
d u c to r  was t i t r a te d  a t  once w ith  iV/ 1 0  p o ta ssiu m  p er­
m an g an a te .

T E S T  E X P E R IM E N T S

In  o rder to  show  th e  re la tiv e  accu racy  of th e  p ro ­
posed m ethod , tw o  d iffe ren t sam ples of p h o sp h o r-tin  
were used  in  m aking th e  follow ing series of d e te rm in a ­
tions of t in  an d  phosp h o ru s: T w elve d ifferen t p o r­
tio n s  of S am ple I w ere ana lyzed  for phosphorus an d  
tin , six b y  th e  recom m ended  p rocedure  an d  six by  
s ta n d a rd  p rocedures described  in  th e  b o d y  of th is  
pap er. T h is series w as th e n  follow ed b y  a  sim ilar 
series of ana lyses in  w hich S am ple I I  was used.

T a b  l b  V — R e s u l t s  o p  A n a l y s e s  o p  P h o s p i i o r - T i n

P e r c e n t a g e s
P e r c e n t a g e s  T i n  F o u n d P h o s p h o r u s  F o u n d

Electrolytic Proposed Cyanide Proposed
No. M ethod  V olum etric M ethod M ethod E volution Met!

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

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

SUM M A RY

T h e need of a  m ethod  fo rm u la ted  specifically fo r th e  
ana ly sis  of th e  alloy, phosp h o r-tin , has  been show n, an d  
a t te n tio n  has been called to  th e  fac t th a t  th e  re la ted  
li te ra tu re  ap p a re n tly  does n o t co n ta in  such a  m ethod .

A v o lum etric  m eth o d  has been  developed an d  is 
p roposed  in  th e  foregoing discussion. T h e  te s ts  to  
w hich th is  m ethod  has been  su b je c ted  ind ica te  th a t  
i t  is n o t only  easy  of execution  b u t th a t  i t  is also rap id  
an d  accu rate .

T h e  m ethod  p rov ides for th e  ca rry in g  o u t of th e  de­
te rm in a tio n s  in  a t r a in  of flasks. T h e  alloy is d is­
solved in  hydroch lo ric  acid  in  th e  first flask, from  w hich

all a ir  is excluded  b y  m eans of a cu rre n t of illum ina ting  
gas or ca rbon  dioxide. T h e  t in  dissolves as s tan n o u s  
ch loride an d  th e  p h ospho rus is lib e ra te d  as phosph ine 
w hich is ab so rbed  by  so lu tions in  th e  t r a in  of th re e  
flasks. T h e  t in  is t i t r a te d  a t  once w ith  an  oxidizing 
so lu tion . T h e  phosph ine is co n v e rted  in to  p h ospho ric  
acid  b y  th e  absorb ing  so lu tions from  w hich th e  acid  
is p rec ip ita ted  as p h o sp h o m o ly b d a te  w hich is th e n  re ­
duced  in  a  red u c to r  an d  finally  t i t ra te d .

T h e  tim e req u ired  for m ak ing  th e  tw o  d e te rm in a ­
tions, a f te r  th e  sam ple  is w eighed, need  n o t exceed 45 
m inutes. O th er m ethods, a d a p te d  to  p h o sp h o r-tin  
analysis an d  giving th e  sam e o rder of accuracy , re ­
qu ired  hours for th e ir  execution .

T h e  p roposed  m e th o d  prov ides fo r th e  d e tec tio n  of 
im p u rities  in  th e  alloy. I t  is, the re fo re , as well ad a p te d  
for carefu l assay  w ork as for “ co n tro l” analyses.

As a  resu lt of th e  s tu d y  of various absorb ing  agen ts  
i t  has been show n th a t  p o ta ssiu m  p e rm a n g an a te  so lu­
tio n s a re  sa tis fac to ry  ab so rb en ts  for phosph ine . A nd 
fu rth e rm o re , i t  ap p ears  th a t  th e  oxidizing a n d  a b ­
so rb ing  pow er of th e  rea g en t is increased  in  a  m arked  
degree b y  th e  ad d itio n  of n itr ic  acid.

C a r n e g i e  H a l l  o p  C h e m i s t r y  
A l l e g h e n y  C o l l e g e  

M b a d v i l l e , P e n n s y l v a n i a

TH E ELECTRO M ETRIC TITRATION OF ZIN C1
B y  F . R u s s e l l  v . B i c h o w s k y

Of all th e  tro u b les  to  w hich th e  zinc chem ist is he ir, 
none p erhaps is m ore vexa tious th a n  th e  trick in ess  a n d  
general u n re liab ility  of even th e  b e t te r  m ethods of 
zinc analysis. M r. K e ith ’s 2 re p o r t discloses, for in ­
s tance , th a t  ana lyses of th e  sam e sam ple  m ade b y  som e 
of th e  best know n zinc chem ists of th e  co u n try , all u sing  
th e  sam e m ethod  of ana lysis  (th e  “ B eale” ), v aried  
am ong them selves by  as m uch as 4 per ce n t of th e  
to ta l zinc co n ten t. Of course such  v aria tio n s  are 
fa r beyond  th e  erro rs of th e  personal eq u a tio n  an d  
can  be acco u n ted  for on ly  as being due e ith e r to  loss 
of zinc in  th e  processes lead ing  to  th e  final t i t ra t io n  
(such as fo r exam ple m igh t be due to  ab so rp tio n  on 
th e  F e-M n  p rec ip ita te ) , or to  th e  in te rfe rence  of th e  
various su b stan ces w ith  th e  end -p o in t of th e  ferro- 
cyanide t i t ra tio n . Of these  tw o  sources of e rro r 
th e  la s t is u n d o u b te d ly  th e  m ost serious, as, a t  least 
in  th e  a u th o r’s experience, th e  loss of zinc in  a n y  of 
th e  b e tte r  know n com m ercial m ethods is very  slight.

A ssum e, the re fo re , th a t  we h av e  ca rried  th ro u g h  
th e  p re lim inary  m ore or less com plete se p ara tio n  of 
S i0 2, Fe, M n, Cd, e tc ., accord ing  to  a n y  of th e  regu la r 
m ethods. W e will th e n  h av e  le ft a  so lu tion  c o n ta in ­
ing besides all our zinc (hoffentlich) m ore or less free 
chlorine, b rom ine, n itr ic  acid , hydroch lo ric  acid, 
m anganese, copper, lead , iron  an d  cadm ium , a n d  no 
one know s w h a t else, all in a m o u n ts  depend ing  enor­
m ously on even  th e  slig h test v a ria tio n  in  our procedure . 
O ur prob lem  is now  to  find th e  b es t w ay  of d e term in in g

1 Presented a t  the  Sym posium  on the Chemistry and Metallurgy o f Zinc, 
54 th  M eeting Am erican Chem ical Society, K ansas C ity, April 10 to  14, 
1917.

* K eith , “ Zinc Ore Analysis,”  Leadville Publishing and  P rin tin g  Co., 
Leadville, Colo.
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th e  zinc in  th is  m ix tu re . U n fo rtu n a te ly , th e re  is, 
w ith  th e  possible exception  of H g2S C N , no specific 
reag en t w hich will p rec ip ita te  zinc w ith o u t a t  th e  
sam e tim e p rec ip ita tin g  traces  a t  least of m ost of th e  
o th e r  elem ents. T h e  b es t su b s t itu te  for a specific 
reag en t is u n d o u b te d ly  po tassiu m  ferrocyan ide , b u t 
u n fo rtu n a te ly  th is  reag en t, besides p rec ip ita tin g  a l­
m ost an y  of th e  h eav y  m etals, has th e  ad d ed  d isa d v an ­
ta g e  th a t  i t  is a  reducing  agen t, an d  th u s  will reac t 
w ith  w h a tev er b rom ine , chlorine, o r n itr ic  acid is 
p resen t, an d  so will give too  high resu lts  unless ex­
trem e  care is ta k e n  in th e  p re lim in ary  e lim ination  of 
all oxidizing agen ts, h eav y  m etals and , especially , 
m anganese. Besides th is  th e  en d -p o in t of th e  o rd in ary  
ferrocyan ide t i t ra t io n  o b ta in ed  e ith e r  by  th e  use of 
u ran iu m , m olybdenum  or iron , is alw ays u n ce rta in , 
especially  in  th e  poor lig h t of th e  o rd in a ry  la b o ra ­
to ry , and , m oreover, th e  w hole ti t ra t io n  is ted ious 
and  u n ce rta in , due to  th e  large b lan k 'c o rrec tio n  neces­
sa ry . I t  is th u s , perhaps, no w onder th a t  zinc analyses 
v a ry  so conspicuously  am ong th em se lv es .1

T h e  m ost ra tio n a l w ay  to  co rrec t th is  s ta te  of af­
fairs is n o t so m uch to  im prove th e  m ethods of p re p a ra ­
tio n  of th e  zinc so lu tion  (th o u g h  u n d o u b te d ly  p re ­
cau tions , such as th e  ad d itio n  of SO2, shou ld  be ta k e n  
to  rem ove an y  free oxidizing agen ts) as to  change th e  
cond itions of th e  ferrocyan ide p rec ip ita tio n  by  c a rry ­
ing it  o u t in  so lu tions co n ta in in g  from  10  to  20 per 
cen t hyd roch lo ric  acid. In  these  so lu tions zinc- 
ferrocyan ide  is only s ligh tly  soluble, b u t  lead, m an ­
ganese, iron  an d  copper are very  soluble an d  even 
cadm ium  is fa irly  soluble. A t th is  co n cen tra tio n  of 
acid , how ever, th e  o rd in a ry  in d ica to rs  a re  co m p ara­
tiv e ly  useless, as w ould be indeed  a lm ost an y  chem ical 
in d ica to r. F or th is  reason  e lec tro m etric  m ethods 
sim ilar to  th o se  used w ith  so m uch success in  th e  
analysis of iron , v an ad iu m , ch rom ium , e tc ., im m e­
d ia te ly  suggest them selves:

First, because ou tside  of th e ir  being a lm ost th e  only  
ones possible u n d er these  cond itions, th e y  are, u n d er 
an y  conditions, th e  m ost conven ien t an d  accu ra te  
m ethods ava ilab le . One does n o t have to  depend  on 
th e  tim e-consum ing  an d  alw ays in accu ra te  ou tside 
in d ica to r, nor on th e  in a cc u ra te  and , in  m y experience, 
unreliab le  in te rn a l in d ica to r, such  as ferrous iron . One 
sim ply  no tes th e  p o in t of su d d en  deflection of a gal­
v an o m ete r needle, a p o in t w hich can be determ ined , 
b u t w ith  lit tle  care, to  a  frac tio n  of a drop.

Second , th is  m ethod  is also th e  qu ickest an d  m ost 
ce rta in . T here  is no danger of o v erru n n in g  an d  th e  
t i t ra t io n  can  be finished in  less th a n  o n e-th ird  th e  tim e 
of th e  o lder m ethods.

Third, th e  e lec trom etric  en d -p o in t is n o t affected 
by  th e  color of th e  so lu tion , by  th e  ligh ting  of th e  
room , by  th e  am o u n t of acid  or n e u tra l sa lts  p resen t, 
and , in  fac t, a t  le as t in  10  per cen t acid , is n o t affected 
by  iron, lead , m anganese (up to  50 m g.), or sm all 
am o u n ts  of copper a n d  cadm ium , all of w hich (except 
lead) h av e  m arked  effects, especially  on th e  u ran iu m  
end -po in t.

1 M y a tten tio n  was called to  the  need of an  electrom etric m ethod 
for the  titra tio n  of zinc by  M r. H ym an S to rth  a t  th e  B ureau of 
S tandards.

T he m eth o d  as finally w orked o u t requ ires no com ­
p lica ted  a p p a ra tu s : a  cheap  galvanom ete r, a  slide w’ire 
re s is tan t, som e so rt of s ta n d a rd  electrode such  as a 
calom el elec trode (m ade from  a b o ttle , a cork  an d  a 
piece of b e n t tu b in g , a  sod ium  chloride so lu tion , an d  
a few g. of m ercu ry  an d  calom el), a piece of p la tin u m  
wire (for th e  p la tin u m  elec trode), som e copper wire 
for connections, an d  a  couple of d ry  cells com plete 
th e  needed ex tra  eq u ip m en t, th o u g h  a v o ltm e te r  is a 
g rea t convenience. If th is  a p p a ra tu s  seem s too 
com plicated  to  m ake, i t  can  be pu rch ased  a lready  m ade 
up  for th e  d e te rm in a tio n  of ch rom ium , iron , v anad ium , 
etc. A d e ta iled  descrip tio n  of th e  a p p a ra tu s , th e  
th e o ry  of i t  an d  th e  general m ethods of using i t  will 
be found in  th e  Journa l of the A m erican Chemical 
Society in  several p laces . 1

H aving  th e  a p p a ra tu s  se t up , th e  op era tio n  is sim ­
p lic ity  itself. T h e  tw o electrodes are d ipped  in  th e  
b eaker con ta in ing  th e  so lu tion  to  be ana lyzed  (which 
so lu tion  shou ld  be ho t, should  co n ta in  a t  least 10  per 
cen t s tro n g  hyd roch lo ric  acid , b u t  no free oxidizing 
agen ts nor m ore th a n  a trac e  of c a d m iu m ); by  ad ju s tin g  
th e  slider of th e  resis tance th e  p o in te r  of th e  g a lv an o m ­
e te r  should  be b ro u g h t to  zero an d  th e  t i t ra tio n  
begun. As th e  ferrocyan ide  is slow ly ad d ed  w ith  
c o n s ta n t s tirr in g  th e  p o in te r will sw ing slow ly u n til 
th e  end -p o in t is a lm ost reached ; a t  th e  en d -p o in t th e  
d irec tion  of th e  sw ing will be reversed . F rom  th is  
p o in t on th e  ferrocyan ide is ad d ed  d rop  by  drop u n ­
til one drop  causes a su d d en  very  large b u t p e rm a n en t 
deflection. T h is is th e  end -po in t. Or, if one has a 
v o ltm ete r  in  th e  se t-u p , one can  sim ply  se t th e  slider 
so th a t  th e  v o ltm ete r  reads 0 .2 4  vo lt an d  t i t r a te  
u n til th e  g a lv an o m ete r in d ica tes  zero cu rren t. T h is  
en d -p o in t is accu ra te , even w ith  20 p er ce n t (strong) 
hydrochloric  acid , to  0 . 1  cc. of th e  usua l ferrocyan ide  
so lu tion .

U sing th is  m ethod , th e  p re lim in ary  op era tio n s for 
th e  purifica tion  of th e  ore lose th e ir  cu s to m ary  im ­
po rtan ce . A lm ost an y  of th e  b est know n m e th o d s 
can be used. M y own m eth o d  is to  dissolve th e  ore 
in th e  m inim um  stro n g  hydroch lo ric  acid , ad d  a  p inch  
of KCIO 3, add  qu ick ly  100  cc. d ilu te  NH<OH, m ake 
up  to  250 cc., filter an  a liq u o t, an d  acid ify . A dd xo p er 
cen t excess hydrochloric  acid, ad d  S 0 2 u n til s a tu ra te d , 
boil o u t th e  S 0 2 w ith  h ea t and  a s tre a m  of a ir (or ad d  te s t 
lead) an d  t i t ra te . In  o rd in arily  pu re  ores sim ple so lu tion  
in  s trong  hydrochloric  acid an d  th e  a d d itio n  of th e  te s t 
lead  an d  a lu m in u m  w orks very  nicely. Of course, if 
ex trem e accuracy  is desired  or if th e  ore con ta in s large 
am o u n ts  of cadm ium , som e s ta n d a rd  m eth o d  such  as 
B rey er’s 2 is to  be p referred  for th e  p re lim in ary  se p a ra ­
tions. T h e  e lec trom etric  en d -p o in t should , .however, 
rep lace B reyer’s or th e  u ra n iu m  end -po in ts  un d er all 
conditions as m uch m ore ac cu ra te  an d  conven ien t, 
especially  for sm all traces  of zinc (w here one has 
zinc so lu tions free from  cadm ium , m anganese, e tc ., 
to  analyze sm aller acid co n cen tra tio n s shou ld  be em ­
ployed).

1 H ildebrand, J .  A m . Chem. Soc., 35 (1913), 847; Forbes and  B art­
le tt, Ibid.. 35 (1913), 1527; Kelley and  C onant, Ibid., 38 (1916), 341.

* Breyer, Orig. Commutt. 8th In t. Cong, o f Applied  Chem., 25, 7.
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W hile no a t te m p t  to  give a  com plete ta b le  of ex­
perim en ta l resu lts  is m ade here, ce rta in  m ore sign ifican t 
re su lts  h av e  been collected  in  T ab les I  an d  I I :

T a b l e  I
Accuracy of titra tio n s  w ith ferrocyanide of to ta l zinc in solutions con­

ta in ing  various know n quan tities  of Z n J(‘J r , Fe^"^*,
Cu +  +  an d  HC1 using th e  electrom etric end-point (E . M . F .), the  ferrous 
ferrocyanide end-point of Breyer (iron), the  usual end-point w ith uranium  
n itra te  as an outside indicator (uranium ).

C ontent  of Solution in  M g. M g . of Zinc F ound
H C l

(<*)
Zn M n Fe Cu Pb E. M . F.

N
Iron U ranium

2 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .3
15 0 .0 0 .0 0 .0 0 .0 0 .0 0 .05 1.0
2 0 .5 0 .0 0 .0 0 .0 0 .0 0 .5 0 (K34 0 .95
3 5 .0 0 .0 0 .0 0 .0 0 .0 5.01 4.98 5.45
5 50 .0 0 .0 0 .0 0 .0 0 .0 50.01 50.08 * 50.57
2 0 .5 0 .5 0 .0 0 .0 0 .0 0 .59 0.71 1.55

10 0 .5 0 .5 0 .0 0 .0 0 .0 0 .49 0 .6* 0 .7*
10 5 .0 0 .5 0 .0 0 .0 0 .0 4 .9 8 5 .1* 5 .3*
10 5 .0 5 .0 0 .0 0 .0 0 .0 5.01
10 5 .0 5 0 .0 0 .0 0 .0 0 .0 5.05 Ó.’Ó 5 ! 7*
10 5 .0 0 .0 5 .0 0 .0 0 .0 5 .09 5.11 *
15 5 .0 5 .0 5 .0 5 .0 0 .0 5 .08 * *
15 5 .0 5 .0 5 .0 5 .0 5 .0 5 .10 * *

* E nd-point ver3r uncertain.
(a) HC1 con ten t in cc. 35 per cen t HC1 per 100 cc. of solution.

T a b l e  I I
C onten t of the  sam e Cd-frce ore by  d ifferent m ethods showing results 

in per cen t zinc and  approxim ate tim e taken  (ore contained 7 per cent M n).
M e t h o d  Reference P er cent Zinc Tim e

TJfa-.-a.r- i  L oc. tit . 31 .04  12 hrS.
Bre>er s ta n d a rd .................................... ( E . M . F . end-point
"B eale” ...................................................  Loc. cit. 31 .74  8 hrs.
New Jersey  Zinc Co............................ See below 31 .12  6 hrs.
A m erican Zinc, Lead Sm elting Co. See below 31 .32  5 hrs.
A u tho r’s long m e th o d .  .................  See text 31 .10  4 hrs.
A uthor's sh o rt m e th o d ......................  See text 3 1 .6  2 hrs.

n e w  j e r s e y  z i n c  co. m e t h o d  ( Courtesy of Mr. G. C. Stone)—  
Weigh out 0 .5 g. of ore within 0 .5  milligram. Transfer to a 
250-cc. beaker. Add 15 cc. of hydrochloric acid (sp. gr. 1.20), 
cover and boil until all is in solution that can be dissolved by 
hydrochloric acid alone. I f  there are insoluble particles re­
maining, other than silica, and always with green sulfide ores, 
add 5 cc. of nitric acid (sp. gr. 1.42).

In case the hydrochloric acid treatment alone is necessary, 
boil down to about 5 cc. and remove from the hot plate.

If nitric acid is used, evaporate to dryness, leaving on the 
hot plate until there is no odor of acid or until a little ammonia 
in a beaker produces no cloud of ammonium salts when held 
near the assay. Remove from the plate, cool, add 5 cc. of hydro­
chloric acid (sp. gr. 1.20) and boil until all is in solution. If 
brown or green fumes are evolved it indicates that the evapora­
tion to dryness was incomplete. In this case evaporate to dry­
ness again with the hydrochloric acid, cool, add 5 cc. of strong 
hydrochloric acid as before and boil.

From this point on, the treatment is the same whether nitric 
acid was used in solution or not.

Wash off both sides of the cover glass and the sides of the 
beaker with a fine jet of cold water, using as little as possible. 
Be particularly careful to keep the volume down in the cases 
of" ores carrying manganese. Add 5 g. of ammonium chloride 
crystals. Add saturated bromine water according to the man­
ganese contents of the ores.

If there is no manganese, add 2 or 3 cc. to insure complete 
oxidation of the iron. If this is neglected the iron is incom­
pletely precipitated by the subsequent treatment with am­
monia. With small amounts of manganese, 15 to 25 cc. of 
bromine water are needed.

When the manganese is high, the volume of the ore solution 
must be less than 10 cc. Shake the bottle of bromine water 
violently with an excess of bromine and quickly pour 25 cc. 
into the ore solution before the suspended free bromine can 
settle.

Allow time for the ammonium chloride to dissolve completely, 
then add 15 cc. of ammonia water.

In the case of the high manganese ores great care is necessary 
on account of the excess of bromine. If the ammonia water 
is poured in carelessly the reaction with the free bromine which

has settled to the bottom of the beaker is very violent, and may 
cause loss of solution or injury to the hands of the operator. 
The best method of manipulation is to incline the beaker at an 
angle, keeping the cover glass in place and to pour the ammonia 
water in slowly through the lip of the beaker, allowing it to 
run down the side of the beaker and float as a separate layer 
on the ore solution. Now place the beaker on a warm (not hot) 
part of the plate, on two or three layers of asbestos paper if 
there is no gradation of heat on the plate. The ammonia will 
then gradually diffuse into the solution, precipitating the iron 
and manganese completely without any violent reaction.

Bring the contents of the beaker to a boil. Allow to boil 
for one minute to insure the coagulation of the precipitate. 
Do not allow to boil longer than one minute, or there is danger 
of re-solution of a part of the manganese. Wash the cover glass 
off with a hot jet of the wash solution when removing it from 
the beaker.

Filter while hot, allowing all the solution to run through the 
filter before commencing washing. Transfer as much of the 
precipitate as possible to the filter, using the jet to loosen it 
from the beaker, and carefully wash the entire inner surface 
of the beaker. Then wash the filter and precipitate thoroughly 
three times more with a jet of the hot wash solution, containing 
50 g. of ammonium chloride and 50 cc. of ammonia water per 
liter.

Wash the precipitate from the filter into the beaker in which 
the original precipitation was carried out with a small quantity 
of die wash solution: add a few drops of hydrochloric acid 
to redissolve the iron and manganese. With high manganese 
ores it will be found necessary to heat to boiling before the man­
ganese will dissolve. With these same ores, if the volume is 
over 10 cc. concentrate by evaporation to less than 10 cc. Pre­
cipitate the iron and manganese again as with the first precipi­
tation except that it is unnecessary to use ammonium chloride 
crystals. The chloride contained in the solution used for wash­
ing the precipitate from the paper is sufficient for the small 
amount of zinc remaining. The bromine may also be omitted 
on the second precipitation, with ores free from manganese, 
as the iron is all in the ferric condition. Where manganese is 
present, bromine must be used in the second precipitation, ob­
serving all the precautions necessary with the first. Ten cc. of 
ammonia water are sufficient on account of the smaller quantity 
of free acid. Filter and wash beaker, filter and precipitate as 
before, combining the filtrates from the two precipitations. 
With ores very high in iron, manganese or alumina, at least 
one additional separation of these constituents must be made 
by the same method. Experience must be relied on to deter­
mine exactly how many separations are necessary with any 
given ore.

Heat the solution to boiling and test, if from a manganiferous 
ore, by adding a few cc. of bromine water. If more manganese 
comes down, throw the solution away and start a new assay, as the 
manganese cannot be separated quantitatively from so large a 
volume of solution without the expenditure of more time than 
would be required for a new assay. If no manganese comes 
down, boil gently for a few minutes to eliminate bromine.

Add hot water until the volume is a little less than 250 cc. 
Add 4 drops of an ammonium sulfide solution made by satura­
ting with hydrogen sulfide a mixture of 2 parts ammonium water 
(sp. gr. 0.90) and 1 part water by volume. If there is much 
copper, more sulfide may be necessary.

Add hydrochloric acid cautiously until the precipitated zinc 
sulfide just dissolves, then add 10 cc. excess of the 1.2 0  sp. gr. 
acid and titrate with standard potassium ferrocyanide solution 
(containing 44 grams per liter), using 10 per cent uranium 
nitrate solution as an external indicator, on a paraffin-coated 
spot plate. The solution must be violently stirred while titra­
ting.
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AMERICAN ZINC, LEAD SMELTING CO. METHOD ( Courtesy Of Dr. 
John Johnston)—Weigh 0 .5 gram into a flask of 200 cc. capacity. 
Add 10 cc. hydrochloric acid and boil nearly to dryness. Add 
5 cc. nitric acid and take to dryness. Overheating or baking 
should be avoided. The best time to remove the flask from the 
hot plate is when it is stained red all over. Care should be taken 
to avoid spurting. Cool, and add 10 cc. hydrochloric acid and 
boil to half its volume. Add 50.cc. hot water and 10 cc. ammonia. 
If manganese is present add 20 cc. saturated solution of bromine 
water. Boil and filter through 1 1  cm. filter, which should leave 
about one-third of the funnel exposed, into a beaker 375 cc. 
capacity. Wash three times with hot water. Redissolve pre­
cipitate into original flask with hot dilute hydrochloric acid, 1 
part acid to 3 parts water. Wash well with hot water. Add 
10 cc. ammonia as before, and the same amount of bromine 
water, if manganese is present. Boil and filter through the same 
paper into the same beaker. Wash three times with hot water. 
Make the filtrate neutral with hydrochloric acid, using litmus 
paper as indicator, and add 6 cc. hydrochloric acid in excess. 
I f  copper is present add 20 g. test lead and boil until all copper 
is thrown down. Heat to 70° C. and titrate with a standard 
solution of potassium ferrocyanide. Run the solution in rather 
slowly and stir constantly. A slight color change will be noted 
in the beaker when the precipitation is almost complete. This 
should not be ignored, since if it does not occur there is a possi­
bility of error. Use a 1 per cent solution of ammonium molyb- 
date for outside indicator.

GaornysiCAi, L a b o r a t o r y , W a s h i n g t o n  D . C.

A NEW METHOD OF SEPARATING ZINC FROM  CADMIUM 
AND TH E LATTER’S DETERMINATION 

lODOM ETRICALLY1
B y  E r i c  J o h n  E r i c s o n

F u rth e r  research  in  th e  d eve lopm en t of th e  w rite r’s 
m eth o d  for com plete spe lte r ana lysis  has d em o n s tra ­
te d  th e  possib ility  of se p a ra tin g  th e  bu lk  of th e  re ­
m ain ing  zinc from  cad m iu m  b y  c ry s ta lliza tio n  as zinc 
su lfa te . T h e  exac t com position  of th e  la t te r  has  no t 
y e t been  asce rta ined . In  one analysis of th e  c ry sta ls  
only  1 5 . 5 0  per cen t w as found , while th e  fo rm u la  
Z nS04-7 H 20  calls for 2 2 . 7 3  Per cen t.

A lthough a sm all tra c e  of cadm ium  is en tra in ed  
in  th e  zinc su lfa te  o r zinc-am m onium  su lfa te , for 
techn ical pu rposes only one cry s ta lliza tio n  is deem ed 
necessary , in  view  of th e  large sam ple ( 1 9 . 2  gram s) 
of sp e lte r ta k e n  originally .

T h e  p rocedure  in  sp e lte r analysis is as follows:
R eferring  to  earlier p u b lic a tio n s2 for d e ta ils  for re ­

m oving an d  d e term in ing  lead , th e  f iltra te  from  th e  
la t te r  is boiled  u n til n ea rly  n e u tra l a n d  a w hite  p rec ip i­
ta te  appears. T h en  a d d  50 cc. d ilu te  su lfuric acid 
( 1 : 3 ), boil dow n to  a b o u t 80 to  100  cc. vo lum e an d  
allow  to  s ta n d  over n ig h t. In  th e  m orning th e  bu lk  
of th e  zinc will be found  crysta llized  o u t as su lfa te . 
D ecan t th e  clear so lu tion  an d  w ash th re e  tim es w ith  
cold w ater, allow ing each w ashing  to  d ra in . D ilu te  
th e  f iltra te  to  200 cc. an d  pass in  hydrogen  sulfide 
u n til all cadm ium  is p re c ip ita ted : u sua lly  1 5  to  20 
m inu tes is sufficient w ith  a fa irly  ra p id  evo lu tion  of 
gas. Allow th e  p rec ip ita ted  cadm ium  sulfide several 
hours tim e  to  se ttle  before filtering  off. D ete rm ine

1 P resented  a t  the  Sym posium  on the Chemistry and Metallurgy o f Zinc, 
54th M eeting American Chem ical Society, K ansas C ity , April 10 to  14, 
1917.

2 Eighth Intern. Congr. A pp l. Chem., 1 , 1 8 3 , a n d  T h i s  J o u r n a l , 5 
( 1 9 1 3 ) ,  4 0 1 .

cadm ium  b y  an y  of th e  m ethods m en tioned  in  th e  
above-m en tioned  papers.

C ad m iu m  m ay also be de term in ed  iodom etrica lly  
accord ing  to  von  B erg’s 1 m ethod  (m odified), b y  t r a n s ­
ferring  to  an  E rlenm eyer flask, add ing  a b o u t 1 2 5  cc. 
of d istilled  w ate r, a m easured  excess of N / 1 0  iodine 
so lu tion  an d  th e n  30  to  50 cc. d ilu te  hydroch lo ric  acid. 
S hake an d  t i t r a te  w ith  sod ium  hyposulfite  u n til 
s ligh t iodine excess is in d ica ted ; th e n  a d d  a few cc. 
s ta rc h  so lu tion  an d  finish t i t ra t io n  u n til d isa p p ea r­
ance of th e  b lue color. T he difference is due to  cad ­
m ium : 1 cc. N / 1 0  iodine so lu tion  =  0 .005 62  gram  
cadm ium .

T he new  zinc-cadm ium  se p a ra tio n  has been app lied  
successfully  to  zinc ores also. Before its  in tro d u c tio n  
i t  was a d ifficult m a tte r  to  d e te c t and  d e term in e  a c ­
cu ra te ly  th e  sm all am o u n ts  of cadm ium  usually  
occurring  in  these  ores.

p r o c e d u r e — D issolve 5 gram s ore in  n itr ic  or h y d ro ­
chloric acid, accord ing  to  th e  n a tu re  of th e  ore, fum e 
off w ith  20 cc. su lfuric acid, ad d  w ate r, boil an d  fil­
te r. T o th e  f iltra te  ad d  an  excess of am m onia , boil 
a n d  p rec ip ita te  iron  an d  alum ina . D ilu te  to  500 cc., 
filter an d  p ip e tte  off an  a liq u o t p o rtio n  rep resen ting  
3 or 4 g ram s; ev a p o ra te  to  low b u lk  an d  u n til sm all 
w h ite  p re c ip ita te  ap p ears; th e n  a d d  su lfuric acid an d  
boil dow n to  8 0 - 10 0  cc. R em ove from  h o t p la te  an d  
allow  zinc to  crysta llize ou t. D ecan t so lu tion  an d  
p rec ip ita te  cadm ium  as p rev iously  d irec ted . R ed is­
solve on filter w ith  h o t hydroch lo ric  acid , neu tra lize  
filtra te  w ith  am m onia  an d  ad d  a b o u t 10  gram s t r i ­
ch loracetic acid : d ilu te  to  200 cc. an d  p rec ip ita te
once m ore w ith  hyd ro g en  sulfide. A pure  cadm ium  
sulfide is now  o b ta in ed , w hich m ay be de term in ed  by  
a n y  of th e  m ethods p rev iously  described , b u t th e  m ost 
accu ra te  is u n d o u b te d ly  th e  g rav im etric  d e te rm in a ­
tio n  as su lfate .

I th in k  th a t  th e  above sep ara tio n  can  be app lied  
in  brass ana lysis  in d e tec tin g  sm all am o u n ts  of ca d ­
m ium . R ecen tly , a tte n tio n  was called to  th e  d ifficulty  of 
d e tec tin g  an d  determ in ing  sm all a m o u n ts  of cad m iu m , 2 
a n d  th e  need of m ore accu ra te  m ethods. T his applies 
p a rticu la rly  to  m ethods of sep ara tio n , since th e  ac tu a l 
d e te rm in a tio n  does n o t offer a n y .u n u su a l difficulties.

C .  H .  L o r d  C o r p o r a t i o n

1910 C a l u m e t  A v k . ,  C h i c a g o

THE CHEM ICAL EXAMINATION OF NATURAL BRIN ES3
By O . R. S w e e n e y  a n d  J a m e s  R. W i t h r o w

T he p roper ana lysis of n a tu ra l b rines has alw ays 
been im p o rta n t. T hey  are used b y  chem ical m an u fac­
tu re rs  to  m ake com parisons w ith  a  view  to  reach ing  
decisions as to  p ro spec tive  y ields of sa lt, b rom ine and  
o th e r  p ro d u cts . T he w ar-tim e e lev a tio n  of th e  price 
of b rom ine from  30 cen ts  to  as high as $6 . 5 0  p e r lb ., 
as well as a  sim ilar e leva tion  of o th e r  p ro d u c ts  derived  
from  n a tu ra l brine, h as  given rise to  search  fo r a d d i­
tio n a l sources of these  p ro d u c ts  an d  a carefu l sc ru tin y  
of m any  of th e  brines en co u n te red  in  oil, gas an d  coal

1 S u tto n ’s “ V olum etric A nalysis,” 10th Ed., p. 172.
2 Eng. M ining J .,  M ar. 3, 1917, p . 392.
* R ead before the  Industria l Division, K ansas C ity  M eeting of the 

A merican Chem ical Society, April 12, 1917.
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deve lopm en t, an d  h ith e r to  w asted . As a  resu lt m an y  
analyses h av e  been m ade in  th e  la s t th re e  years as a 
basis fo r m an u fac tu rin g  consideration . Som e of these  
w ere m ade in  th e  lab o ra to ries  of m an u fac tu re rs  th e m ­
selves a n d  som e b y  consu lting  chem ists. A nalyses 
from  b o th  sources have com e in to  th e  h an d s  of th e  
au th o rs  as th e  basis fo r re p o rt upon  p rospec tive  
m an u fac tu rin g  values. W e, also, have h ad  occasion 
to  m ake check o r con firm ato ry  analyses.

I t  ea rly  becam e ev id en t th a t  th e re  w as no s ta n d a rd  
or un ifo rm  procedure being  follow ed by  th e  d iffe ren t 
w orkers. To th is  fa c t m ay  be due a la rge p a r t  of th e  
no n -ag reem en t encoun te red  from  tim e  to  tim e, th o u g h  
inexperience w ith  th is  ty p e  of analysis is also a fac to r. 
F ew  chem ists, even  w ate r an a ly s ts , a re  experienced in  
such  a  ty p e  of w ork as b rom ine d e te rm in a tio n  in ' brine. 
T h is m ay be show n b es t b y  c iting  a  re p o r t to  its  
p resid en t by  th e  la b o ra to ry  of th e  chem ical com pany . 
T h e  le tte r  from  th e  p resid en t of one chem ical com pany  
to  an o th e r  s ta te d :

“ T h e  analysis of th e  tw o  sam ples of b rine  w hich you  
sen t us has been com pleted  an d  i t  was som e job . T he 
resu lts  a re  as follows:

W ell  A W ell  B
D e p th .....................................................   1200 ft. 1200 ft.
D iam eter.......................................................  8 in. 4 in.
Speci6c G rav ity  of B rin e ..............   1.071 1.070
C aO .................................................................  0 .69  per cent 0 .68  per cen t
B r ..................................................................... 0 .42  0 .22
Halides (as sodium  ha lide).....................  9 .21  9 .2 6
Io d in e ......................  N one N one”

T hese sam ples w ere from  a  b rine  whose com position  
w as well know n to  us. F u rth e rm o re , th e y  w ere on 
th e  sam e p ro p e rty . I t  will be no ticed  th a t  th e y  are 
of th e  sam e d ep th  an d  also th e  sam e specific g rav ity , 
CaO co n ten t, an d  ha lide  co n ten t. N evertheless, th e y  
axe re p o rte d  of d ifferen t b rom ine co n ten t— a divergence 
of n early  100  p e r cen t. Such a  d ivergence w ould 
be a  very  im p o r ta n t m a tte r  in d u stria lly , for one of 
th e se  wells w ould  give n early  tw ice th e  y ield  of b rom ine 
for th e  sam e tu rn o v e r  of sa lt an d  calc ium  chloride 
an d  a t  th e  sam e fuel cost as th e  o th e r  well. C onsid­
ering  th e  d ifficulty  of b rom ine  d e te rm in a tio n , b y  th e  
u su a l m ethods, th e  in frequency  of d em an d  for i t  an d  
th e  concordance of all o th e r  d e te rm in a tio n s  on th ese  
tw o  b rines one is te m p te d  to  su sp ec t th e  accu racy  of 
th e  brom ine d e te rm in a tio n s . As a m a tte r  of fac t even 
th e  low er v a lue  is over tw ice th e  b rom ine c o n ten t of 
th e  field in  ques tion  as show n by  b o th  ana lyses by  
various chem ists an d  experience of all th e  p la n ts  o p era­
tin g  on th is  p a r tic u la r  brine.

Such s itu a tio n s  give rise to  con troversy  an d  dis­
c re d it an a ly tica l chem istry . A n ex am in a tio n  of th e  
li te ra tu re  fo r a  basis for s ta n d a rd  or un ifo rm  procedure 
disclosed no exact one w hich could  be recom m ended. 
T h e  p rocedu res described  for th e  ex am in a tio n  of 
“ m ineral w a te r” a re  n o t app licab le d irec tly . C e rta in  
m odifications w hich our experience has in tro d u c ed  
a re  recorded  here. N o t all of th e  p rocedu res de­
scribed  have  been  exhaustively  s tu d ied  as y e t. T he 
purpose of th is  p ap e r is to  m ake a  beg inn ing  w ith  
th e  hope th a t  o the rs, who h av e  h ad  experience in  
th is  w ork, will co n trib u te  th e ir  experiences, o r will 
criticize these  p rocedures. In  th is  w ay  a  procedure 
m ay  be developed w hich m ay  be accep ted  as s ta n d a rd .

T h e  o b jec t is to  develop a  m eth o d  w hich will m eet 
th e  needs of th e  m a n u fac tu rin g  chem ist ra th e r  th a n  a 
m ethod  of exhaustive  analysis. B rev ity  an d  speed 
of m an ip u la tio n , w ith  reasonab le  accu racy , are , th e re ­
fore, th e  requ irem en ts.

A N A L Y T IC A L  P R O C E D U R E S

s a m p l e — T he sam ple w hen p u m p ed  from  th e  e a r th  
will generally  be clear, b u t  on s ta n d in g  i t  becom es 
tu rb id  due to  th e  se p a ra tio n  of a  b row n p rec ip ita te . 
T h is p rec ip ita te  is m ain ly  iron , b u t m ay  con ta in  silica 
a n d  alum ina . I t  is p ro b ab ly  caused  b y  ox ida tion  
an d  hydro lysis of ferrous, b ica rb o n a te . G enerally  
by  th e  tim e th e  sam ple will h av e  reached  th e  chem ist 
th e  iron  will have sep ara ted . T h e  schem e of a g ita ­
tio n  to  suspend  th e  d ep o sit un ifo rm ly  th ro u g h  the  
liqu id  before ta k in g  a p a r t  for ana ly sis  is in a cc u ra te , 
as experim en ts have show n. F u rth e rm o re , th e  specific 
g rav ity  is changed  an d  th is  will affect th e  en tire  
percen tage com position . C onsidera tion  of th is  p o in t 
has  led  us to  conclude th a t  th e  b es t p rocedu re  w ould 
be to  collect a  sam ple  of a b o u t one lite r , allow  i t  to  
oxidize an d  se ttle  com plete ly , d e term ine  th e  am o u n t 
of deposit, an d  th e n  m ake ana lyses on th e  filtered  
sam ple. T he analysis w ould n o t be exac tly  th a t  of 
th e  orig inal b rine , b u t  th e  difference will be very  
sligh t, and , since th is  p rocedu re  gives m ore n early  
th e  th in g  th a t  th e  m a n u fa c tu re r  w an ts , i t  is b es t to  
proceed in  th is  m anner.

d e p o s i t  o n  s t a n d i n g  ( a e r a t i o n )— T he sam ple  of 
a b o u t one liter, w hich will u sua lly  co n ta in  som e d e­
posit, is allow ed to  s ta n d , w ith  occasional shak ing , 
a n d  rem oving  of th e  s to p p e r, for tw o  or th re e  days, 
o r u n til deposition  is com plete an d  th e  p re c ip ita te  s e t­
tles well. T he h e ig h t of th e  liqu id  is carefu lly  m arked  
on  th e  ou tside of th e  b o ttle , a n d  th e  en tire  sam ple 
is th e n  filtered, re jec tin g  th e  first 100  cc. T h e  p rec ip i­
t a te  is well w ashed, ashed  a n d  ign ited  to  co n s ta n t 
w eight. T h e  b o ttle  is d ried  a n d  th e  am o u n t of w ater 
w hich it  con ta ined  to  th e  m ark  is d e term in ed . W ith  
these  d a ta  th e  gram s per lite r  a re  ca lcu la ted , using th e  
specific g rav ity  of th e  filtered  sam ple , an d  th e  re su lt 
recorded  as “Deposit on A era tion .” T h e  erro rs will 
n o t be large if percen tages be ca lcu la ted , u sing  th is  
figure. Since in  th e  in d u strie s  all n a tu ra l b rines are 
exposed to  air an d  allow ed to  se ttle  before th e y  are 
fu rth e r  tre a te d , th is  value  is ju s t  w h a t is w an te d  by  
th e  m an u fac tu re r. F u r th e r  ex am in a tio n  of th e  p re ­
c ip ita te  is n o t necessary . I t  is a  ques tion  w hether 
or n o t i t  w ould be fa ir  to  assum e th e  p re c ip ita te  to  
be iron  oxide (F e2Os) an d  ca lcu la te  i t  to , an d  re p o rt 
it  as, ferrous b icarb o n ate .

s p e c i f i c  g r a v i t y — T h e specific g ra v ity  is ob ta in ed  
by th e  W estphal balance, an d  is ta k e n  a t  1 5 ° C., 
a lth o u g h  p erhaps i t  w ould be b e t te r  to  use 2 0 0 C., 
since th is  is m ore n ea rly  th e  average te m p e ra tu re . 
T h e  specific g rav ity  of th e  fresh  b rine  will be d iffe ren t 
from  th a t  of th e  sam ple  th ro u g h  w hich th e  p re c ip ita te  
is suspended , a n d  th is  in  tu rn  will be d iffe ren t from  
th e  filtered  sam ple. On one b rine , for exam ple , 
th e  specific g ra v ity  of th e  filtered  sam ple  was 1 . 2307 , 
w hile th a t  of th e  sam ple  in  w hich th e  p rec ip ita te  was 
su spended  w as 1 . 2342 . If  th e  chem ist could  ta k e
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th e  specific g rav ity  of th e  clear b rine  as soon as pu m p ed  
from  th e  well i t  w ould  no d o u b t be b est, from  th e  
p o in t of view  of th e  orig inal b rine  b u t  th is  will gen­
e ra lly  be im p rac tica l. E v en  if th e  specific g rav ity  
could  be o b ta in ed  on th e  fresh  b rine  th e re  w ould  be 
som e volum e change a fte r  th e  p re c ip ita te  se ttle d  an d  
a sm all e rro r w ould be in tro d u ced  w hen ta k in g  a  fil­
te re d  sam ple  for la te r  analyses. F o r th ese  reasons, 
an d  also because th e  m a n u fa c tu re r  is in te re s te d  in  
th e  sealed  brine, i t  is believed th a t  th e  b es t p rocedu re  
is to  use th e  filtered , ae ra te d  b rine , an d  to  d e te rm in e  
th e  specific g ra v ity  w ith  a  W estphal ba lance  a t  1 5 ° C (?). 
T h is value  is used in  ca lcu la tin g  percen tages.

t o t a l  s o l i d s — M an y  chem ists o m it th is  d e te rm in a ­
tio n  because of its  q ues tionab le  accuracy , b u t its  value 
in  ca lcu la tin g  to ta l  w a te r c o n ten t for “ e v a p o ra tio n  fu e l” 
com parisons m akes it  im p o rta n t. B rines rich  in  C aC l2 
req u ire  a ra th e r  h igh  te m p e ra tu re , above 1 6 0 ° C., to  
expel th e  w a te r com pletely . A t th is  te m p e ra tu re  
th e  m agnesium  an d  calc ium  sa lts  lose a  p a r t  of th e ir  
ac id  co n s titu e n ts , an d  a  w ide range  of values will be 
o b ta in ed , depend ing  on th e  te m p e ra tu re  an d  d u ra ­
tio n  of h ea tin g . T h e  to ta l  solids can  be ca lcu la ted  
from  th e  com plete  analysis, b u t  th is  v a lue  shou ld  be 
checked  b y  th e  to ta l  solids as o b ta in ed  b y  e v a p o ra ­
tio n . T h is p o in t is being s tu d ied  in  th is  la b o ra to ry  
a t  th e  p rese n t tim e, an d  i t  is hoped  th a t  by  a  su itab le  
a rran g e m en t th e  vo la tilized  acids m ay be collected, 
t i t r a te d  an d  th e n  be ad d ed  to  th e  residual w eight of th e  
to ta l  solids. I t  m ay be th a t  a  w eighed excess of som e 
base m ay  be ad d ed  to  re ta in  th e  acid  w hich is o th e r­
wise vo la tilized . T h e  c o n s titu e n ts  likely  to  vo la tilize 
a re ch lorine, b rom ine, iodine (sligh t), su lfu r triox ide 
an d  ca rbon  dioxide (sligh t). T h e  to ta l  solids are de­
te rm in ed  in  th e  filtered  sam ple , u sing  25-cc. p o rtions 
a n d  shou ld  be rep o rted  as Total Solids by Evaporation. 
T h is gives th e  m a n u fa c tu re r  a basis for a reasonab le  
es tim a tio n  of th e  w ate r to  be e v a p o ra te d  in  w orking 
th e  brine.

s i l i c a — A 2  5-cc. p o rtio n  of th e  filtered  b rine  is 
ac id u la te d  w ith  5 cc. of co n c en tra ted  hyd roch lo ric  
ac id  an d  is e v a p o ra te d  to  dryness. I t  is th e n  dried  
a t  1 2 0 0 C., or h igher if necessary , for an  hour. F ive 
cc. of hydroch lo ric  acid  are th e n  added , th e  vessel is 
w arm ed , 20 cc. of w ate r are added , and , a f te r  w arm ing , 
th e  w hole is filtered  an d  w ashed  free from  chlorides. 
T h e  f iltra te  is e v a p o ra te d  an d  tre a te d  as ju s t  de­
scribed, an d  th e  o p era tio n  is rep e a te d  on th e  second 
filtra te . T h e  com bined  p rec ip ita te s  are ig n ited  in  a 
p la tin u m  crucible, an d  w eighed. T h e  residue is 
t r e a te d  w ith  su lfuric  an d  hydrofluoric  acids. T he 
loss in  w eight is rep o r te d  as silica, an d  th e  residue is 
ad d ed  to  th e  iron  an d  a lum ina .

i r o n  a n d  a l u m i n u m — T h e f iltra te  an d  w ashing, 
w hich shou ld  c o n ta in  5 cc. of co n c en tra ted  hyd roch lo ric  
acid , a re  t re a te d  w ith  a few drops of n itr ic  acid, bo iled  
a  few m inu tes, an d  th e n  m ade a lka line  w ith  am m onia . 
I t  is th e n  bo iled  u n til all th e  am m onia  is expelled, an d  
a fte r  s ta n d in g , is filtered , w ashed  an d  ign ited  in  th e  
crucible from  w hich th e  silica w as expelled. T h e  
residue is rep o rted  as Iron  and A lu m in u m  Oxides. A 
se p a ra tio n  of th e  iron  an d  a lu m in u m  is n o t necessary .

T h e  resu lts  shou ld  be rep o rted  se p a ra te ly  from  th e  iron  
w hich se p a ra te d  on ae ra tio n . I t  shou ld  be rem em ­
b ered  th a t  th e  iron , a lu m in u m  a n d  silica are n o t in  
so lu tion  as oxides, b u t  as sa lts . F o r th is  reason  th e re  
will be a  sligh t difference betw een  th e  to ta l  solids on 
e v a p o ra tio n  an d  th e  ca lcu la ted  to ta l  solids.

M uch  tim e  is sav ed  if th e  iron , a lu m in a  an d  silica 
a re  all p re c ip ita te d  to g e th e r , w ith  am m onia . T he 
a m o u n t of silica rem ain in g  in  so lu tion  is v e ry  sm all. 
T hese c o n s titu e n ts  h av e  no com m ercial value, an d  
need  n o t be rep o rted  se p ara te ly . I t  shou ld  be rem em ­
bered  in  th is  la t te r  case th a t  am m onium  chloride m ust 
be added .

c a l c i u m — T h e filtra te  from  th e  iron  an d  a lum inum  
is d ilu ted  to  250 cc. an d  25 cc. are  ta k e n ; th is  is d ilu ted  
to  1 50  cc., h ea te d  to  bo iling  an d  a  h o t 10  per cen t 
so lu tion  of am m on ium  oxala te  is ad d ed  in  excess. 
A fter s ta n d in g  for som e tim e  ( 1 5  m inu tes), i t  is fil­
te re d  an d  w ashed w ith  h o t w ater. T h e  p rec ip ita te  
is d issolved in  w arm  d ilu te  hyd roch lo ric  acid, a lit tle  
am m onium  o x ala te  so lu tion  added , a n d  am m onia  
th e n  slow ly ad d ed  to  com plete th e  p rec ip ita tio n . 
T h e  p rec ip ita te  is f ilte red  o u t, a f te r  s ta n d in g  one-half 
hour, an d  is ig n ited  to  th e  oxide an d  w eighed, o r is 
dissolved in  d ilu te  su lfuric  acid  an d  t i t r a te d  w ith  
p e rm an g an a te . O ur experience seem ed to  show  th a t  
i t  was n o t necessary  to  allow  th e  p re c ip ita te  to  s ta n d  
1 2  hours as is recom m ended  in  som e of th e  books on 
w ate r analysis. T h e  calcium  shou ld  be rep o rted  as 
su lfa te  an d  chloride.

m a g n e s i u m — T h e com bined  filtra tes  an d  w ashings 
from  th e  calcium  are  acidified w ith  hydroch lo ric  acid , 
a large excess of sod ium  h yd rogen  p h o sp h a te  is added , 
a n d  th e n  am m onium  hydrox ide w ith  c o n s ta n t s tirr in g  
u n til th e  liqu id  sm ells of am m on ia . T en  cc. of s tro n g  
am m o n ia  are  added  in  excess an d  th e  whole is allow ed 
to  s ta n d  1 2  hours. T h e  p rec ip ita te  is filtered  o u t, 
w ashed w ith  d ilu te  am m o n ia  an d  red isso lved  in  
hydrochlorig^-acid (1  : 5). T h e  vo lum e is m ade u p  to  
75 cc., a  lit tle  sod ium  hydrogen  p h o sp h a te  added , 
a n d  th e n  am m onia , d rop  b y  drop , w ith  c o n s ta n t 
s tirr in g  u n til  th e  so lu tion  sm ells strong ly . A fter 4 
hours th e  m agnesium  is filte red  o u t on a n  a lu n d u m  or 
G ooch crucible, w ashed w ith  2 per ce n t am m on ia  w ate r, 
d ried  an d  ign ited  to  M gsPiOj. If a n  a lu n d u m  cru c i­
ble is used  i t  shou ld  be h ea te d  w ith in  a g lazed cruci­
ble. T h e  m agnesium  shou ld  be ca lcu la ted  to  th e  b ro ­
m ide an d  chloride.

T he above p rocedure  gave v ery  good resu lts . In  
th e  u sua l p rocedure  th e  f iltra te  from  calc ium  is ev a p ­
o ra te d  to  dryness, an d  th e  am m o n iu m  sa lts  a re  vo la­
tilized . T his requ ires g rea t care, an d  m uch  tim e, 
an d  d id  n o t give an y  b e t te r  resu lts  th a n  th e  p rocedure  
described. T he rep rec ip ita tio n  m u s t be ca rried  ou t, 
even on v ery  sm all am oun ts. T h ere  seem s to  
be good a u th o rity , how ever, for th e  ev ap o ra tio n  an d  
ign ition  w hich we h av e  o m itted , an d  th e  p o in t shou ld  
be in v es tig a ted  fu r th e r . 1

1 In  th e  discussion of th is paper in the  Industria l Division it was sug­
gested th a t  th e  speedier m ethod for m agnesium, used in Low ’s "T echnical 
M ethods of Ore A nalysis,” p. 159, m ight be of service here b u t we have no t 
y e t investigated  th is m ethod, or th e  m ethod of precip ita tion  w ith sodium  
hydroxide som etim es used on traces of m agnesium.
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b a r i u m  * n d  s t r o n t i u m — If no su lfa tes are p resen t, 
b a riu m  an d  s tro n tiu m  m ust be looked for. In d eed  a 
case is on record  w here b arium , lead  an d  su lfuric  acid 
w ere p resen t s im u ltaneously  in  a  n a tu ra l m ineral 
w a te r . 1 F rom  w ork  in  progress in th is  la b o ra to ry  it  
seem s, how ever, th a t  in th e  case of b rines, w here 
very  li t t le  C 0 2 is p resen t, th a t  su lfa tes p rec lude th e  
presence of b ariu m  or s tro n tiu m . B arium  oxala te  is 
sparing ly  soluble, an d  a  s tro n tiu m  ox ala te  is insoluble 
in  w ater. W hen these  m etals are p resen t th e y  will 
be p a rtia lly  p rec ip ita ted  along w ith  th e  calcium . 
T h is p o in t seem s to  have  been overlooked h ith e rto . 
In  cases w here th e  b ariu m  an d  s tro n tiu m  am o u n t to  
0.2 p e r  ce n t th e  e rro r in tro d u ced  ca n n o t be neglected . 
T h e  m agnesium  resu lts  m ay also be affected. I t  m ay  be 
possible to  p rec ip ita te  th e  b ariu m  an d  s tro n tiu m  w ith  
am m onium  su lfa te  before p rec ip ita tin g  th e  calcium , 
b u t no  w ork has been done on th is  phase. T he fac t 
th a t  th e  b ariu m  is n o t com pletely  p re c ip ita te d  by  
am m onium  oxala te  m akes i t  im possible to  ap p ly  a 
co rrec tion  to  th e  calcium  p rec ip ita te . T he d e te rm in a ­
tio n  of th e  b a riu m  an d  s tro n tiu m  in th e  calcium  
p rec ip ita te  is to o  tim e-consum ing  to  be p rac tica l for 
th e  o rd in ary  techn ical analysis. W hen th e  b a riu m  
an d  s tro n tiu m  c o n ten t is sm all th e  e rro r can  be ignored. 
T h e  p rocedure  used  was id en tica l w ith  th e  one d e­
scribed  in  th e  D epartment o f Agriculture B u ll., 9 1 , 
“ M ineral W ate rs of th e  U n ited  S ta te s ,” by  J .  K . H a y ­
wood an d  B. H . S m ith ; a sim pler m e th o d  has n o t y e t 
been found.

a m m o n i a — T races of am m on ia  h av e  been rep o rted  
in som e brines, b u t th e  am o u n t is generally  so sm all 
as to  be of no com m ercial im p o rtan ce . I t  m ay  be, 
how ever, th a t  its  significance is g rea te r th a n  we 
now  know , especially  in  brines for electro lysis. T he 
suggestion  has been m ade by  cell o p era to rs  th a t  n itro ­
gen ch loride m ay be connected  w ith  th e  explosions 
w hich occur from  tim e to  tim e in  e lec tro ly tic  chlorine 
a p p a ra tu s . If th is  shou ld  prove tru e  th e  d e te rm in a ­
tio n  of am m o n ia  will be im p o rta n t.

S U L F U R IC  A C ID , SO D IU M  A ND PO T A S SIU M  F if ty  CC.

of th e  f iltra te  from  th e  iron  an d  a lu m in a  are d ilu ted  
to  100  cc. an d  tre a te d , while boiling h o t, w ith  10 
p er cen t B aC l2 so lu tion , add ing  it  slow ly an d  w ith  
c o n s tan t s tirr in g . T h e  BaSO j is filtered  off, th e  p ap e r 
b u rn ed  off in  a porce lain  crucible, an d  th e  p rec ip ita te  
d issolved in  a few cc. of w arm , co n c en tra ted  su lfu ric  
acid. T h e  so lu tion  is now carefu lly  p ou red  in to  250 
cc. of w ater, and , a f te r  s ta n d in g  som e tim e, is filtered, 
w ashed an d  ign ited . I t  shou ld  be rep o rted  as ca l­
cium  su lfa te . T h is m ethod  of freeing th e  BaSCU 
from  iron  an d  o th e r  abso rbed  m a tte r  is very  effective. 
I t  is essen tially  th a t  ta u g h t for decades a t  th e  Jo h n  
H arrison  L ab o ra to ry , U n iversity  of P ennsy lvan ia , 
P h ilade lph ia .

T he f iltra te  from  th e  su lfuric acid  is used for sod ium  
a n d  po tassium . F ro m  th is  po in t, th e  p rocedu re  we 
h av e  been using is the"sam e  as described  in  “ M ineral 
W aters in  th e  U n ited  S ta te s ,” D epartment of A g ri­
culture Bull., 91 , Loc. cit. I t  is difficult, how ever, to  de­
te rm in e  sm all am o u n ts  of po tassium  in th e  presence

1 Carles, A nn, chim. anal., 1902, 91.

of large am o u n ts  of sod ium  chloride, an d  i t  is believed 
th a t  som e p ro ce d u re 1 shou ld  be used w hich will p re ­
c ip ita te  m ost of th e  sod ium  first.

c h l o r i n e — T h e b rine  shou ld  be te s te d  w ith  phenol- 
p h th a le in . I t  will u su a lly  be n eu tra l, b u t  if i t  is n o t, 
i t  shou ld  be m ade so w ith  NaHSO* so lu tion . 10  cc. 
of th e  filtered  sam ple  are d ilu ted  to  a  lite r  an d  10 
cc. used fo r t i t ra tio n . T his is d ilu ted  to  200 cc., 2 cc. of 
K 2C r04 so lu tion  are  added  a n d  th e  m ix tu re  is t i t r a te d  
to  th e  end -po in t. N a2CrC>4 w ould p ro b ab ly  be a 
sa tis fac to ry  in d ic a to r  here b u t we h av e  n o t y e t p roved  
th is  to  be tru e . T ak e  a n  am o u n t of s ta n d a rd  sodium  
chloride so lu tion  eq u iv a len t to  th e  am o u n t of silver 
n itra te  used, d ilu te  to  200 cc. an d  t i t r a te  as before. 
T h e  difference rep resen ts  th e  am o u n t necessary  to  
affect th e  in d ic a to r  an d  shou ld  be su b tra c te d . T his 
p rocedure  is ac cu ra te  enough  since the chlorine is 
used only as a check on the analytical work. T he 
brom ine value m u st be deducted .

b r o m i n e — T h e co lo rim etric  p rocedure , as given for 
o rd in ary  w aters, is n o t usab le w ith  brines. E x p e ri­
m en ts show ed th a t  a f te r  rep e a te d  e x tra c tio n  w ith  
90 per cen t alcohol th e  residue s till co n ta in ed  b rom ine. 
T h e  d is tilla tio n  m ethods are tim e-consum ing  an d  n o t 
very  easily  m an ip u la ted . F o r these  reasons a  colori­
m etric  m ethod  was developed.

Procedure— 100  cc. of th e  b rine  a re  m ade alkaline 
w ith  N a2C 0 3 an d  are ev a p o ra te d  to  d ryness. I t  is 
th e n  ta k e n  up  in  w ate r an d  filtered  in to  a  250-cc. flask. 
I t  is m ade d is tin c tly  acid w ith  H 2S 04 a n d  is d ilu ted  
to  th e  m ark : 25 cc. are  p ip e tte d  in to  a  50-cc. N essler
tu b e  an d  ch lorine is ad d ed  u n til th e  m ax im um  color 
has developed: 10  cc. of ca rbon  te trach lo rid e  are
th e n  added , an d  th e  m ix tu re  is shaken  an d  com pared  
w ith  a se t of s ta n d a rd s  m ade up  from  N aB r so lu tion  
in  th e  sam e w ay. By th is  rough  check th e  ap p ro x ­
im a te  am o u n t of b rom ine will be d iscovered, an d  a 
se t of s ta n d a rd  so lu tions are  th e n  p rep a re d  w hich are 
very  close above an d  below  th e  unknow n  so lu tion . 
A gain 25 cc. are  ta k en , ch lorine w a te r is ad d ed  to  a 
m ax im um  color an d  th e  sam e am o u n t is added  to  th e  
s ta n d a rd s ; th e  sam p le  is th e n  shaken  w ith  10  cc. of 
CCI4 an d  p ou red  in to  a w et filter; w hen th e  w ate r has 
d ra in ed  off th e  filter shou ld  be p u n c tu re d  an d  th e  liqu id  
cau g h t in  a 25-cc. N essler tu b e  (th is  is b es t done 
in  a dark en ed  room  b u t darkness is n o t essen tia l). 
If  a sam ple does n o t exac tly  m a tch  th e  s ta n d a rd  th e  
colors can  be com pared  by  d ilu tin g  w ith  CCI4; or 
since th e  op era tio n  is so sim ple, a new  se t of s ta n d a rd s  
can  be m ade up , an d  th e n  a new  d e te rm in a tio n  m ade. 
If a te s t  shows th a t  all b rom ine  was n o t ex tra c te d  by 
10  cc. of CCI4 a  second ex tra c tio n  shou ld  be m ade. 
T h is is generally  n o t necessary .

T races of iodine w hich are p rese n t in  m ost b rines 
will n o t in te rfe re . T h e  iodine need  n o t be rep o rted .

I t  is difficult to  ap p re c ia te  th e  u n re liab ility  of p u b ­
lished s ta te m e n ts  reg ard in g  th e  occurrence of brom ine. 
F o r in stance , a lth o u g h  th e  S ta te  of M ichigan rep o rts , 
an d  th e  m ost reliable in fo rm atio n  s ta te s , th a t  M id land , 
M ich ., brine con tain s 0. 1  p er cen t of brom ine, y e t th e

1 Professor C. W . Foulk, of the  Division of A nalytical C hem istry  of 
the Ohio S ta te  U niversity  laboratory , is now investigating  th is m atte r.
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m ost ex h au stiv e  G erm an  w ork on b ro m in e 1 s ta te s  
on page 3 t h a t  th e  brine from  M id land , Ohio, sic., 
co n ta in s  4 . 1 8  per cen t m agnesium  brom ide w hich is 
eq u iv a len t to  3 . 6 3  p er cen t b rom ine, o r 36 tim es 
stro n g er th a n  th o se  who o p era te  on it claim  it  to  be.

R E P O R T IN G  R E S U L T S

T he resu lts  shou ld  be rep o rted  in  such a m an n er as 
to  give th e  m a n u fa c tu re r  th e  th in g  w hich he w ants. 
T h e  rep o rtin g  of th e  co n s titu e n ts  as ions, while s tr ic tly  
scientific, is of no value  to  th e  m an u fa c tu re r. All 
of th e  sod ium  an d  p o ta ssiu m  shou ld  be ca lcu la ted  
to  chloride. Since th e  CaSO i sep ara te s  on th e  copper 
tu b e s  in  th e  ev a p o ra to rs  th e  H 2SO4 should  be rep o rted  
as calcium  su lfa te . T he brom ine shou ld  be ca lcu la ted  
as m agnesium  brom ide , since i t  has long been  so con­
sidered  in  th e  tra d e ; b u t b rom ine as free brom ine 
shou ld  also be rep o rted . T he residual calc ium  an d  
all th e  m agnesium  are ca lcu la ted  to  chlorides since 
th e y  go on th e  m a rk e t as such. S tro n tiu m  a n d  b a riu m  
shou ld  be g iven  as chlorides. T he silicon shou ld  be 
rep o rted  as th e  oxide since th e  form  in  w hich i t  is 
com bined  is n o t know n. Iro n  an d  a lu m in u m  are re ­
p o rted  to g e th e r  as oxides since th e ir  se p ara tio n  is 
too  tim e-consum ing . T he residue w hich sep ara tes  
on  s ta n d in g  shou ld  also be given. R esu lts  are p re f­
e rab ly  rep o rted  in  percen tages th o u g h  som e m a n u ­
fac tu re rs  are accustom ed  to  grams per liter. T he 
specific g rav ity  an d  te m p e ra tu re  shou ld  alw ays be 
re p o rted ; for th is  reason  also, a  s ta n d a rd  te m p e ra ­
tu re  shou ld  be used so th a t  resu lts  w ould be really  
com parab le .

W hen th e  positive an d  n eg a tiv e  ions are ca lcu la ted  
to  com pounds th e y  sh o u ld  n ea rly  sa tis fy  each o ther. 
I t  shou ld  be borne in  m ind, how ever, th a t  th e  iron , 
a lu m in u m  an d  silicon are g iven  as oxides, an d  n o t as 
sa lts , in  w hich fo rm  th e y  u sually  occur in  th e  brine. 
T h ere  m ay  also be sm all am o u n ts  of C 0 2 an d  iodine 
w hich are  n o t inc luded . If, how ever, th e  check is 
n o t rea so n ab ly  close, i t  ind ica tes a n  erro r, or else 
som e u n d e te rm in ed  co n s titu e n t is p resen t.

As an  illu s tra tio n  of th e  ex trem es in  com position 
w hich th e  an a ly s t m u st expect to  m eet, tw o exam ples 
from  Ohio b rines will serve.
B r i n e  S o u r c e : E astern  Ohio Coal M ine Southern  Ohio D riven Well
Specific g ra v ity ...........................  1.034 1.180
Baum d eq u iv a len t......................  4 .8 °  2 2 .2 °
Sodium  chloride   ......................  3 .2 6  per cen t 12.08 per cent
M agnesium  brom ide.................  0 .007 0.124
B rom ine.........................................  0 .006  0.107
Calcium  ch lo ride ........................... 1.63 10.81
M agnesium  chloride...................  0 .05  2.61
Calcium  su lfa te ...........................  0 .0 0 1 0.03
Iron  and alum inum  o x id e s .. . .  0.21 0 .04
S ilica................................................ 0 .12  ' 0 .002
Residue on evapo ration   5 .23  29 .00

W hile th is  w ork considers p rim arily  th e  com m ercial 
n a tu ra l brines, th e  sam e p rocedu re  will doub tless a p ­
ply  to  th e  ana ly sis  of artific ia l brines, such  as used  in  
soda ash  m a n u fa c tu re  an d  in  e lec tro ly tic  cells, a lth o u g h  
th e  am o u n ts  of calc ium  an d  m agnesium  will be m uch 
less in  th ese  so lu tions.

L a b o r a t o r y  o p  I n d u s t r i a l  C h e m i s t r y  
O h i o  S t a t e  U n i v e r s i t y ,  C o l u m b u s

Town
D is tan t

Miles
Popur
lation

Con- Sewage 
nections Purification

N eodesha 20 3,011 876 None
Neodeslia 24 3,011 876 None
Independence1 24 12,144 2600) Septic ta n k  &
& C herryvale2 30 4,235 8001 C on tact bed
Iola 8 7,866 2350 Septic tank
Iola & 16 7,866 2350 Septic tan k

.H um boldt 8 2,131 150 Septic tank

1 "M onographien  ii. angew andte Electrochem ie. Ü ber d. elektrolytische 
G ewinnung von B rom ," by M ax Schlötter.

SEASONAL DISTRIBUTION OF SOIL AND FECAL 
STRAINS OF TH E COLON-AEROGENES 

GROUP IN SURFACE W ATERS
By M y r t l e  G r e e n p i e l d  a n d  W. N . S k o u r u p  

Received April 30, 1917

W hen th is w ork was s ta r te d , it was w ith  th e  o b jec t 
of d e term in ing  th e  v a ria tio n  of th e  organism s of th e  
colon-aerogenes group  in  th e  su rface  w ate r supplies 
of K ansas, du rin g  w et an d  d ry  w eather, an d  th e ir  
response to  tre a tm e n t.

T h ree  supplies on th e  V erdigris R iver w ere chosen—  
C herryvale, Independence  an d  Coffeyville, an d  tw o 
on th e  N eosho R iver— H u m b o ld t an d  C h an u te . All 
th e  tow ns h av e  ra p id  san d  filters an d  coagu la te  w ith  
alum . In d ependence  uses lim e in  ad d itio n , a p a r t  of 
th e  tim e. C h erry v a le  pum ps th e  w ate r from  th e  
V erdigris R iv er in to  a sto rag e  basin , ho ld ing  1 ,288,000 
gallons, w hich is a b o u t five d a y s ’ supp ly . F ro m  th is  
i t  flows by  g ra v ity  to  th e  c ity  fou r miles d is ta n t. 
T ab le  I show s th e  p o llu tio n  a t  th e  raw  w ate r in ta k es  
of th e  cities in  question .
T a b l e  I — S t a t i s t i c s  o p  S e w a g e  P o l l u t i o n  a t  R a w  W a t e r  I n t a k e s  

*-------------- R a w ’ W a t e r  P o l l u t e d  b y  S e w a g e  p r o m -------------- *

C i t y  
C herryvale 
Independent 
Coffeyville 
H um boldt 
C hanute

1 C ontact bed for one-third of the sewage.
1 C ontact bed in poor condition.

M ETH O D  OF IS O L A T IO N

A p o rtab le  la b o ra to ry  was se t up  a t  Independence 
an d  th e  collection  of all sam ples w as perso n a lly  su p e r­
vised. Sam ples were iced an d  delivered  to  th e  la b ­
o ra to ry  a few hours a f te r  collection. U pon rece ip t 
a t  th e  la b o ra to ry , th e y  were p la ted  in  s ta n d a rd  agar 
an d  in c u b a te d  24 hrs. a t  37 °. V arious d ilu tions 
w ere p la n ted  a t  th e  sam e tim e in  lactose pep tone 
bile. S treak s from  th e  positive  fe rm en ta tio n  tu b e s  
w ere m ade on E n d o  p la tes . T h ree  coli-like colonies 
w ere p icked  from  each  E ndo  p la te  an d  grow n on an  
agar s lan t. T hese s la n ts  were sen t to  th e  m ain  la b ­
o ra to ry  a n d  purified  aga in  b y  s trea k in g  on E n d o  p la tes 
an d  picking a ch a rac te ris tic  colony. F rom  these, 
tran sfe rs  were m ade to  lactose, dex trose , saccharose, 
an d  du lc ite  b ro th  tu b e s  an d  to  th e  d i-po tassium  
ac id -phosphate  m edia of C lark  & L u b s .1 T h e  b ro th  
tu b es were in c u b a te d  48 hrs. a t  3 7 0 an d  th e  d i-po tas- 
s ium -ac id -phospha te  tu b e s  72 hrs. a t  37  °. O ne-half 
th e  la t te r  was tre a te d  w ith m ethy l red  to  ind ica te  
th e  H + ion co n cen tra tio n  an d  th e  o th e r  half w ith  10 
per cen t K O H  to  o b ta in  th e  V oges-P roskauer rea c ­
tio n . All cu ltu res th a t  d id  n o t fe rm en t lactose and  
dextrose were d iscarded.

I t  was d em o n stra te d  by  R ogers, C lark  an d  E v a n s2 
th a t  organism s of th e  colon-aerogenes group  occurring  
on grains m ay  be d iffe ren tia ted  from  those  of fecal 
orig in  b y  th e  gas ra tio . C lark  & L u b s2 show ed th a t  
th e re  is a com plete  co rre la tion  betw een  th e  gas ra tio  
an d  th e  H + ion co n cen tra tio n , th e  fecal s tra in s  in 
th e ir  m edia being charac te rized  b y  a high H ^ion

‘ J. In ftc . Dis.. 17 (1915), 137.
> Ibid.. p. 160.
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T a b l e  I I — D i s t r i b u t i o n  o r  t h e  O r g a n i s m s  I s o l a t e d  ( R e s u l t s  i n  P e r c e n t a g e s  o p  T o t a l  B a c i l l i )  T o t a l

B . Communior B . Communis B . Acidi-Lactici B . Aerogenes P ercentages
C ity  W ater N o. of C ultures P eriod Fecal Soil Fecal Soil Fecal Soil Fecal Soil Fecal Soil

I n d e pen d e n c e . ......................... Raw 24
8

R ain
D rou th

8 .34
75

54.7 4 .17
12.5

12.5 . . . 20.8
12.5

12.4
87 .5

87 .6
12.5

T rea ted 30
25

R ain
D routh

11.1
32

25 .9
20 4 ”

11.1 5 .42
16

11.14
4

14.19
8

19.5
16

33.17
60

66 .8
40

T ap 54
47

R ain
D rou th

4 .26
44 .8

49.23
4 .26

4 .2 6
8.51

2.13 8.52
14.8

10.53 8 .52 12.55
25 .5

25.45 
70.1

74 .6
29.9

C h a n u te ...................................... Raw 27
23

R ain
D rou th

31 .8
39.1

8 .8
8 .7

17.2
8 .7 4.*35

12.05
4 .3 5

50.05
34 .8

50
56.5

50
43 .5

T rea ted 15
24

R ain
D rou th

60
29.1

26 .5
16.65 16.65

13.4
37.5

59 .9
45 .7

40.1
54.3

T ap 30
58

R ain
D rou th

14.8
34.5

36 .5
1.73

12.75
3 .46

4.25 14.8
18.9

4.25
6 .9

12.75
34 .5

3 9 .2
63 .8

60 .8
36 .2

C herryv ale ............................... Raw 30
2 \

R ain
D routh

29
47 .7

16.3
14.3

6 .68
9 .52

9 .6
4 .76

9 .6 16.3 12.8
23 .8

63 .4
61 .8

3 6 .6
38 .2

T rea ted 32
23

R ain
D routh

13.3
13.1

30
26.1

3 .36
4 .35

5 .66
13.1

13.33 3 .3 6
4 .35

30
39.1

26 .6
37 .8

73 .4
65 .2

T ap 33
28

R ain
D rou th

21 .2
46 .4

4 5 .4
3 .57 10.7 7 Ü 4

3 .3
1 0  r

27 .3
21 .4

21 .2
78 .6

78 .8
21 .4

H um boldt.................................... Raw 30
20

Rain
D rou th

3 .8
35

19.5
5 15’ *

23
10

11.55 1 1 . 5 5 26 .8
35

2 3 .8
60

76 .2
40

T rea ted 30
23

R ain
D rou th

10.7
17.4

55 .2
26.1

6 .9
8 .7 ŚI7

6 .9
8*. 7

20.7
30 .4

17.2
43.5

8 2 .8
56 .5

T ap 53
23

R ain
D rou th

16.63
61.7

20.82 12.5 4 .47 14.5 18.53 . . . 12.53
38 .3

38.1
66.7

61.9
33 .3

COFPEY VILLE. . ........................... Raw 15
21

R ain
D rou th

. . . ?
14.6

33 .3
14.6 19‘. i

13.3
19.1

20 33 .3
33 .3

13.3
5 2 .4

86.7
47 .6

T reated 15
21

Rain
D routh

13.3
50

13.3
8 .32

20 26 .6
4 .16 4." ió

26 .6
33.3

40.1
66.7

59.9
33.3

T ap 9
30

R ain
D rou th

11.1
33.3

55.5
13.3 16.7 16.7

5.55
33 .3

27 .8
13.3

16.68
73.3

83.3
26.7

P arsons........................................ R aw 15 D rou th 73.4
6 .66

26 .6 73.2 26 .8
T reated 15 D routh 53 .4 13.‘ 3 1Ü 3 13.3 86.7 13.3
T ap 28 D rou th 28 .6 14*3 7 .14 10.2 39 .3 4 6 .4 5 3 .6

S ummary
Supplies
A veraged

R aw 117
108

R ain
D rou th

16.25
42 .6

25.68
8 .32

5 .98
10.2

0.85 9 .4
8.32

12.82 6 .83
0 .92

25 .64
29 .6

37.61
62

62 .4
38

T reated 116 R ain 18.1 32 .68 2 .58 5.17 5 .17 7.75 4 .32 22 .8 3 1 .8 6 8 .2
134 D rou th 31 .9 15.67 5 .98 11.95 0.735 5 .22 29 .2 54 .5 45 .5

T ap 193
194

R ain
D routh

13.49
38 .7

38.82
6 .18

7 .26
8 .25

3 .14 9 .32
14.82

8 .82 2 .59
4.15

18.12
2 .78

33 .62
65 .8

6 7 .4
34 .2

T a b l e  I I I — C o r r e l a t i o n  b e t w e e n  t h e  N u m b e r  o p  O r g a n i s m s  o p  t h e  C o l o n - A e r o g e n e s  G r o u p  p e r  C c .  a n d  N u m b e r  o p  O r g a n i s m s  G r o w n  o n
A g a r a t  37° C .  i n  24 H o u rs

C i t y  
C h e r r y v a l e  . . . .

I n d e p e n d e n c e .  .

C o p p e y v i l l b .  . . .

H u m b o l d t .

C h a n u t e .

S u m m a r y
Supplies
A veraged

N o. of

%  P ositive for Organ- Organisms op the  
isms of t h e  Colon- C olon-Aerogenes 
Aerogenes  G roup G roup p e r  C c.

P er  cent  of the  
Organisms as

B acteria  per  C c. on Agar 
at 37° C. in  24 H ours

W ater Sam ples P eriod  Aerogenes G roup M ax. M in. Av. Fecal Soil M ax. M in. Av.
Raw 10 R ain 100 66 .0 10.0 30.1 63 .4 3 6 .6 80,000 6,000 34,700

8 D routh 100 66 .0 1.0 26 .3 61.8 38 .2 3 ,400 1,200 2,200
T rea ted 11 R ain 100 10.0 0 .4 6 .8 26 .6 73.4 2,900 230 930

8 D rou th 100 6 .6 0.1 2 .4 34 .8 65 .2 340 160 280
T ap 12 Rain 100 0 .6 0.1 0 .4 21.2 78 .8 160 40 85

17 D rou th 58 .8 0 .4 0.1 0 .2 78 .6 21 .4 140 9 65
Raw 8 Rain 100 6 6 .0 10 35 .0 12.4 87.6 240,000 9,000 91 ,000

3 D routh 100 100.0 1 30 .0 87.5 12.5 6,000 3,700 4 ,800
T rea ted 10 R ain 100 6 .6 0 .6 2 .4 33.17 66.83 1,800 260 700

8 D rou th 100 3 3 .0 0 .2 3.1 60 .0 40 .0 3 ,900 260 1,280
T ap 21 R ain 90.5 0 .8 0 .1 0 .4 25.45 84 .6 210 6 55

20 D rou th 75 1.0 0 .1 0 .2 70 .0 29.9 250 11 9 5 .4
R aw 5 R ain 100 66 .0 6 .6 29.7 13.3 86.7 170,000 60,000 88,000

8 D routh 100 100.0 1 28.4 52 .4 47 .6 4,100 1,900 2,170
T rea ted 5 R ain 100 3 3 .0 0 .4 8.1 40.1 59.9 830 370 550

8 D routh 100 3 3 .0 0 .2 5 .2 66 .7 33 .3 1,100 140 480
T ap 8 R ain 87.5 4 .0 0 .1 0 .3 16.68 83.3 140 25 75

16 D rou th 75 0 .8 0.1 0 .4 73.3 26.7 310 9 67
R aw 10 R ain 100 100.0 6 .6 37.5 23.8 76.2 52,000 8,000 24,600

9 D routh 100 66 .0 1 25 .4 60.0 40 .0 8,600 700 2,400
T rea ted 10 R ain 100 10.0 0 .2 5 .4 17.2 82 .8 2,700 330 1,040

9 D rou th 100 10.0 0 .1 1.8 43.5 56.5 300 85 220
T ap 20 R ain 95 1 .0 0 .1 0 .64 38.1 61.9 140 35. 70

16 D rou th 6 .4 0 .4 0.1 0 .19 66.7 33.3 65 5 35 .3
Raw 9 R ain 100 66 .0 6 .6 26 .4 50 .0 50 .0 30,000 7,000 17,000

8 D routh 100 100.0 1 24 .8 56.5 43.5 3 ,700 1,200 2,300
T reated 9 R ain 77.8 0 .6 0 .6 0 .6 59 .9 40.1 410 110 240

8 D rou th 100 6 .6 0 .2 0 .7 45.7 54.3 700 180 540
T ap 32 R ain 56 .2 0 .6 0.1 0 .25 39 .2 60 .8 95 3 22

32 D routh 46 .8 0 .6 0 .1 0 .18 63 .8 36.2 230 7 3 6 .2
Raw 42 R ain 100 100 6 .6 31.74 37.61 62.39 240,000 6,000 50,800

34 D rou th 100 100 0.1 27.48 62 .0 38 15,200 700 2,460
T rea ted 45 R ain 95.1 33 0 .2 4 .8 6 31 .8 68 .2 2,900 110 260

37 D rou th 9 7 .2 33 0 .1 3 .27 54 .5 45.5 4 ,200 110 470
T ap 93 R ain 80.7 1 0.1 0 .39 3 3 .6 67 .38 210 3 61 .4

92 D rou th 59.5 1 0.1 0.21 65 .8 34.2 250 5 4 3 .4

co n c en tra tio n , th e  cu ltu res  from  grains b y  a  low 
H + ion co n cen tra tio n ; T h e  difference in  H+ concen­
tr a t io n  is easily  recognized w ith  m e th y l red  as an  in ­
d ic a to r—  being  b rig h t red  w ith  a  H + ion co n cen tra ­
tio n  of i  X io ~ s an d  chang ing  to  clear yellow  w ith  
a H + ion co n cen tra tio n  of i  X io~6. T he w ork of

M ax L ev ine .1 F lorence H ulton,*  an d  one of u s ,3 in d i­
ca tes th a t  th e re  is a com plete  co rre la tio n  betw een  
th e  V oges-P roskauer reac tio n  a n d  th e  alkaline  m ethy l- 
red  reaction . T h e  w ork on th e  862 cu ltu res  consid-

» J . Infec. Dis.. 18 (1916), 358.
« Ibid.. 19 (1916), 606.
• Ibid., 19 (1916), 647.
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«red  in  th is  pap e r confirm s th e  co rre la tion . I t  is th e  
op in ion  of th e  w riters th a t  for a rap id  d e te rm in a tio n , 
th e  V oges-P roskauer is m ore delica te  th a n  th e  m ethy l- 
re d  d e te rm in a tio n . F ro m  th is  p o in t, cu ltu res  th a t  
h av e  a h igh  H + ion co n cen tra tio n , in  th e  m edia of 
C lark  an d  L u b s , 1 an d  are V oges-P roskauer n ega tive  
will be spoken  of as fecal s tra in s  an d  those  th a t  h av e  
a low H + ion c o n c en tra tio n  an d  are  V oges-P roskauer 
positive , as soil s tra in s .

T h e  first se t of sam ples w as ta k e n  daily  from  Ju n e  
16  to  Ju n e  27 , 1 9 1 6 . F rom  Ju n e  5 to  27 , th e  ra in ­
fall was 9 . 47  inches. In  th e  ta b les  th is  period  is 
called “ R a in .” T h e  second se t of sam ples w as ta k e n  
daily  from  A ugust 14  to  22 , 1 9 1 6 . D uring  th a t  tim e 
th e  ra in fa ll was 0 . 64  inch . In  th e  ta b le  th is  period 
is called  “ D ro u th .”

C H A R A C T E R IS T IC S  A ND D IS T R IB U T IO N  OP C U L T U R E S

T he d is trib u tio n  of th e  cu ltu res  am ong M acC o n k ey ’s 2 
fou r p rinc ipa l g roups an d  th e ir  div ision  in to  soil an d  
fecal s tra in s  du ring  w et an d  d ry  w ea th er is show n in 
T ab le  I I .  T h e  su m m ary  in d ica tes  th a t ,  du rin g  ra in y  
w eather, a  slig h tly  h igher p ercen tag e  of th e  cu ltu res  
from  raw  w ate r w ere fecal s tra in s  th a n  of th e  cu ltu res 
from  tre a te d  or ta p  w a te r; th is  checks w ith  prev ious 
w ork done b y  one of u s .3 D u ring  d ry  w ea th er th e re  
w as a  slig h tly  h igher p e rcen tage  of fecal s tra in s  in 
th e  ta p  w ate r th a n  in  th e  raw  w ater. T hese 
differences a re  so sligh t th a t  no cognizance shou ld  be 
ta k e n  of e ither. T h ere  seem s to  be no difference 
betw een  soil an d  fecal s tra in s  of o rganism s of th e  
colon-aerogenes group from  su rface  w a te r supp lies in  
th e ir  resis tance  to  tre a tm e n t,  nor is th e re  a difference 
be tw een  cu ltu res  of th e  four p rinc ipa l g roups of M ac- 
C onkey  iso la ted  from  surface  w ate r supplies, a n d  th e ir  
resis tance  to  tre a tm e n t, coagu la ting  w ith  a lu m  an d  
filtering  th ro u g h  a rap id  san d  filter being  th e  t r e a t ­
m ent.

C O R R E L A T IO N

T ab le  I I I  co rre la tes th e  n u m b er of o rganism s of th e  
colon-aerogenes group  p er cc. p e r cen t of soil an d  of 
fecal s tra in s , an d  th e  n u m b er of o rgan ism s grow n on 
ag a r a t  3 7 0 in  24 h rs. As was to  be expected , d ry  
w ea ther cond itions decreased  th e  average co u n t on 
ag a r a n d  th e  average n u m b er of o rganism s of th e  colon- 
aerogenes g roup  per cc. in  th e  raw  w ater. T h is  is 
fu rth e r  show n in T ab le  IV .

D uring  ra in  or h igh -w ate r periods, th e  g rea te r per 
ce n t of th e  organism s of th e  colon-aerogenes group  
from  raw  w ate r belongs to  th e  soil s tra in . D uring  
d ry  w eather, th e  g rea te r p e r cen t of th e  organism s of 
th e  colon-aerogenes group  from  raw  w ate r belongs to  
th e  fecal s tra in : th is  was no ticeab ly  tru e  if th e  raw  
w ater was su b je c t to  sew age po llu tion .

T he sa n ita ry  su rv ey  show ed th a t  th e  raw  w ate r a t  
H u m b o ld t h a d  by  fa r th e  m ore sew age po llu tion . 
T he h igher increase  in  th e  per cen t of fecal s tra in s  of 
o rganism s of th e  colon-aerogenes group  du rin g  d ry  
w ea ther co rre la tes w ith  th is .

T h e  raw  w ate r a t  C herry  vale show s 1 . 6  per cen t
1 Loc. cit.
* P resco tt and  W inslow, “ Elem ents of W ater B act.,” 1913, 149.
3 Loc. cit.

decrease in  fecal s tra in s  du rin g  d ry  w eather. T he raw  
w ate r from  w hich th is  d a ta  was ta k e n  w as collected 
a t  th e  C herryva le  p la n t, th a t  is, a f te r  th e  5 d ay s’ s to r ­
age. T h is w ould  u n d o u b te d ly  acco u n t for th e  sligh t 
decrease in  th e  nu m b er of fecal s tra in s  du ring  d ry

CH ERR YVALE

w eather.
W ATPR S t r a in s P er io d

Pa w P eca/

So//

Pa/n 
/)ro u/h 
Pa/n 
/Jsots/h

TREATED Peca/

So//

Ra/n
Dfou/h
P a in
J3rou//>

7a p Peca/

So//

Ra/n
JJrot/f/ł
Ra/n
Proof/)

Ra w P eca/

So//

Pa/n
firouth
Pa/n
D roofh

TP£AT£D Peca/

So//

P a in
J/soutn
P a in
J}rotst/>

7a P Peco/

So//

Ra/nJ?/vuth
P a in
0rou//i

Ra w Peca/

So//

Ra/n
JJrou/h
P a in
J/roofh

7PEATED Peca/

So//

Pain
Drouf/ł
Pain
Dsoof/t

Ta p Peca/

So//

P a in
Urot/fh
P a in
/?rot/f/t

R a w P eca/

So//

P a in
/irourh
Pa/n
J/roa//i

7?7£AT£D Peca/

So//

Ra/n 
Praa/h  

■ Pa/n 
J/rou/Zi

7XP Peca/

So//

Pa/n
Pfout/l
P a in
//rout/i

P a w Peca/

So//

Pa/n
■Drout/i
Pa/n
/)roof/i

T#£a T£D Peca/

So//

Ra/n
JJrouf/i
Pa/n
¿}/z>urh

Ta p P eca/

So//

Ra/n'
ProoiĄ
P a in
J?roi/rSi

S u m m a r y

Pa w Peca/

So//

P a in
//roi/i/t
Pain
/Jroufh

77?£AT£0 fe e  a / 

So//

Pa/n
Jfroo//}
Pa/n
Prau/A

7a p Peca/ 

So//

Ra/n
flrou fh
Pa/n
ItrtJt/t/)

I n BEP ENBE NCE

C O ffE Y V /L L E

ffuM&OLBT

C H A N U T£

A v e r a g e s

Th e  Ef f e c t  o f  Dr o u t h  o n  th e  Perc entag es  o f  So il y / ecal S tr a in s

T he raw  w ate r a t  In d ep en d en ce  show s 7 5 . 1  p er 
cen t increase in  fecal s tra in s  du rin g  d ry  w ea ther. 
T h e  sa n ita ry  su rv ey  offers no ex p lan a tio n  fo r th is  de­
cided increase. T h is  p er cen t is n o t of m uch  value, 
due to  th e  sm all n u m b er of sam ples co llected  du ring  
d ry  w ea th er a t  Independence .

T h e  C h erry v a le  per cen t increase  of fecal s tra in s  
d u ring  d ry  w ea th er is th a t  expected  from  th e  sa n ita ry  
su rvey .



678 T U 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 E  E M I  S T  R Y  Vol. 9, No. 7

L. A. R ogers 1 co llected  sam ples above an d  below  a 
source of p o llu tion  on  a s tream . A bove th e  p o llu ­
tio n , th e  g rea te r p e rcen tage  of th e  organism s of th e  
colon-aerogenes group  w ere soil s tra in s , while below 
th e  po llu tion , th e  g rea te r percen tage w ere fecal s tra in s .

T h e  v a r ia tio n  in  per cen t of soil an d  fecal s tra in s  
of organism s of th e  colon-aerogenes group  from  su r­
face w ate r supplies is show n g raph ically  in  th e  ac­
com pany ing  diagram .
T a b l e  I V — T h e  E f f e c t  o f  D r o u t h  o n  t h e  A v e r a g e  N u m b e r  o f  O r ­

g a n i s m s  OF T H E  C O L O N -A E R O G E N E S  G R O U P  P E R  Cc. IN  S U R FA C E  W A T E R  
o n  t h e  A v e r a g e  N u m b e r  o f  O r g a n i s m s  G r o w n  o n  A g a r  a t  3 7 °  i n  

2 4  H o u r s  a n d  t h e  P e r  c e n t  o f  F e c a l  S t r a i n s

P er cent P er cent Reduction P er cent
R eduction in in No. of Organism Increase in

T o ta l C ount of of Colon-Aerogenes No. of Fecal
C i t y Organisms G roup per Cc. S trains

C h erry v a le .. . . . . 8 8 6 .7 — 1.6
Independence,. . . .  89 7 .7 75.1
Coffey v il le . . .. . . .  95 2 .2 39.1
H u m b o ld t.. . . 82 19.0 36 .2
C h an u te ......... , , 76 0.31 6 .5
A v e r a g e .......... . , , 90.7 7 .2 24.39

C O N C L U S IO N S

1— T here  seem s to  be no difference betw een  soil 
an d  fecal s tra in s  of organism s of th e  colon-aerogenes 
group  from  surface w ate r supplies in  th e ir  resis tance 
to  tre a tm e n t,  n o r is th e re  a difference betw een  cu l­
tu re s  of th e  four p rinc ipa l g roups of M acC onkey , 
iso la ted  from  surface  w ate r supplies in  th e ir  resis tance 
to  tre a tm e n t.

2— T here  is a co rre la tion  betw een  th e  increase  in  
th e  fecal s tra in s  of o rganism s of th e  colon-aerogenes 
group  du ring  d ry  w ea ther an d  th e  sa n ita ry  su rvey .

T he w riters wish to  express th e ir  ap p rec ia tio n  for 
th e  assistance a n d  critic ism  of C. C. Y oung, D irec to r 
of th e  W ate r an d  Sewage L ab o ra to ry , an d  C. A. H as­
kins, S ta te  S an ita ry  E ngineer. T he K ansas S ta te  
B oard  of H ea lth  helped  m a te ria lly  in  th e  su rvey .

W a t e r " a n d  S e w a g e  L a b o r a t o r y  
S t a t e  B o a r d  o f  H e a l t h , L a w r e n c e , K a n s a s

THE EXAMINATION OF CANNED SALMON FOR 
BACTERIA AND TIN»

By L. D. B u s i i n e u .  a n d  C. A. A. U t t  

Received A pril 18, 1917

IN T R O D U C T IO N

R ep o rts  from  th e  D ivision of V ita l S ta tis tic s  of 
th e  K ansas S ta te  B oard  of H ea lth  show  a  n u m b e r of 
d ea th s  in  th is  s ta te  supposed  to  have been  due to  th e  
ea tin g  of canned  salm on. D a ta  o th e r th a n  th a t  are 
lack ing . M r. L. A. C ongdon, A ssistan t Chief F ood 
an d  D rug  In sp ec to r  of th e  K ansas S ta te  B oard  of 
H ea lth , suggested  to  us, th ro u g h  D r. J . T . W illard , 
chief of th e  food la b o ra to ry  of th e  K ansas S ta te  A gri­
cu ltu ra l College, th e  bacterio log ical exam ina tion  of 
sam ples of canned  salm on, w ith  th e  view  p articu la rly  
of n o ting  th e  presence of p a ra ty p h o id -lik e  organism s. 
T h e  s ta te  in spec to rs h ad  sen t in fifty -tw o  sam ples of 
th e  various b ran d s  to  th e  food la b o ra to ry  fo r ex am in a­
tio n  fo r tin . T hese were also used for bacterio log ical 
exam ination .

1 "T h e  V iability  of D ifferent T ypes of the  Colon-Group in W a te r / ' L. 
A. Rogers. J . o f  Bact. (A bstrac t), 1, 83.

2 Published  by perm ission of W. M . Jard ine, D ean of the  Exp. S tation, 
and J. T . W illard, Chief of the  Food L aborato ry , K ansas S ta te  Agricultural 
College, and S. J . C rum bine, Sec. K ansas S ta te  Board of H ealth.

T he sam ples ran g ed  from  th e  m ost expensive to  
th e  cheapest grades on th e  m a rk e t and  inc luded  fo rty -  
fo u r d iffe ren t b ran d s from  tw en ty -s ix  concerns.

T h e  sam ples were o b ta in ed  on th e  open  m a rk e t 
an d  we have no know ledge of th e  m ethod  of p re p a ra ­
tion .

All cans were in good cond ition  an d  all held  a vacuum , 
no sw elled ends being found . All sam ples w ere offered 
for sale an d  were in  a m e rch an tab le  condition .

T h e  fish w as firm  an d  of good flavor an d  odor in  all 
cases. In  som e of th e  cheaper b ran d s  th e  m ea t was 
som ew hat d ry , light-colored  an d  co n ta in ed  ra th e r  
sm all am o u n ts  of oil, b u t  these  w ere n o t sold as a  h igh- 
g rade  p roduct.

T h e  following com m ercial grades w ere exam ined :
R ed and

G r a d e : Sockeye R ed A laska Chinook Cohoe P ink  C hum
Sam ples  8 24 2 2 10 6

B A C T E R IO L O G IC A L  E X A M IN A T IO N

T he to p s  of th e  cans w ere carefu lly  cleaned  and  
covered w ith  a 5 per cen t so lu tion  of carbo lic  acid for 
a b o u t 10  m inutes. T h is w as th e n  p o u red  off a n d  de­
n a tu re d  alcohol ad d ed  for a b o u t 5 m inu tes. T h e  ex­
cess of alcohol was rem oved  an d  th e  rem a in d er b u rn ed . 
T h e  to p  w as th e n  th o ro u g h ly  flam ed w ith  a  B unsen  
b u rn e r  flame. T he can  was til te d  several tim es, 
flam ed again  an d  .opened  w ith  a p rev iously  boiled 
an d  flam ed can opener, w ith  as li t t le  ag ita tio n  as 
possible. T he floors, ta b le  to p  an d  h an d s of th e  o p er­
a to r  were carefu lly  w ashed w ith  carbolic acid so lu ­
tio n  before th e  op era tio n  began .

S ta n d a rd  m eat ju ice ag a r p la tes , dex trose  fe rm e n ta ­
tio n  tu b es , bile lactose fe rm en ta tio n  tu b e s , deep agar 
shakes, m ilk w ith  a n d  w ith o u t calcium  ca rb o n a te  
added , E ndo  agar p la tes  an d  th e  condensa tion  w ate r 
on agar slan ts  w ere inocu lated . T he m a te ria l for 
these  inocu lations w as ta k e n  from  as n ea r th e  b o tto m  
of th e  can as possible.

T o th e  P e tr i dishes were ad d ed  2 cc., 1 cc. an d  0 . 1  
cc. of sa lm on liquor, a b o u t 0.5 cc. w as ad d ed  to  th e  
m ilk an d  fe rm en ta tio n  tu b es , a la rge loopful was 
added  to  th e  deep agar an d  to  th e  condensa tion  w ate r 
of th e  agar slan ts . A p a r t  of th e  m ilk w as h ea te d  
to  8 5 ° C. for 10  m inu tes an d  cooled qu ick ly  in  cold 
w ate r. T he agar shakes were also cooled qu ick ly  by  
p lunging  th e m  in to  cold w a te r as soon as inocu lated . 
A large loopful of m a teria l w as sm eared  up o n  a clean 
slide, fixed in  abso lu te  alcohol for 1 5  m inu tes and 
s ta in e d  in d ilu te  m ethy lene b lue for 30  m in. All cul­
tu re s  were in c u b a te d  a t  3 7 0 C. for 48 hours an d  care­
ful exam ina tion  m ade. T h ey  were p laced  a t  room  
te m p e ra tu re  for 5 days a n d  again  exam ined.

As a check upon  th e  m ethods, th e  increase in  te m ­
p e ra tu re  of th e  co n ten ts  of th e  can  due to  th e  flam ing 
was no ted  b u t i t  was n o t influenced. T h e  m edia was 
checked ag a in st B. typhosus; B. cnteritid.cs; B . coli 
com m unis; B . paratyphosus, A an d  B; B. tetani; B. 
botulinus; B. anthracis sym ptom atici; an d  th re e  cu l­
tu re s  of B. W elchii, all of w hich grew  read ily .

As a check on th e  ab ility  of o rganism s to  grow  in 
th e  sa lm on, th ir te e n  sam ples ta k e n  a t  ran d o m  were 
p laced in te s t- tu b e s  an d  in o cu la ted  w ith  th e  first five
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organism s m en tioned  above. T hese w ere in c u b a te d  
a t  3 7 ° C. for 48 hrs. an d  exam ined  m icroscopically  
for increase  in  n u m b er of o rganism s. In  every  case 
all grew  v ery  read ily .

T h e  resu lts  o b ta in ed  from  th e  bacterio log ica l in ­
v es tiga tions w ere en tire ly  nega tive . In  a  very  few 
cases a m old developed  on th e  p la tes  an d  in  one case 
a spore-form ing  o rgan ism  developed. In  no case d id  
we find g row th  in  fe rm en ta tio n  tu b e s  or deep agar 
or m ilk cu ltu res. S ta in e d  slides w ere m ade from  fer­
m e n ta tio n  tu b e s  in  m an y  cases, b u t  no organism s 
w ere seen. N o organism s were ever n o te d  u p o n  slides 
m ade d irec tly  from  th e  cans.

A b o u t 50 g. of th is  m a teria l from  10  d iffe ren t b ran d s 
w ere fed  to  w hite  ra ts . T h ey  a te  m ost of th is  in  tw o 
d ay s ; a f te r  th a t  th e y  were k e p t for th re e  weeks on 
o rd in a ry  feed, b u t failed  to  develop sy m p to m s of an y  
so rt.

E X A M IN A T IO N  FO R  T I N '

T w en ty  of th e  above sam ples w ere an a ly zed  for 
th e ir  tin  co n ten t. T hese inc luded  th e  b es t an d  cheap ­
es t b ran d s  on th e  m a rk e t a n d  w ere p icked  a t  ran d o m  
w ith o u t an y  reference to  th e ir  q u a lity .

T in  d e te rm in a tio n s  w ere m ade accord ing  to  Journa l 
of Official Association o f Agricultural Chemists, Vol. I I ,  
No. 2 , page 1 7 3 .

All t in  d e te rm in a tio n s  ra n  below  50 mg. p e r k ilo ­
gram , show ing th e y  were well b e lo w . th e  to le rance  
of 300  mg. per k ilogram .

C O N C L U S IO N S

C anned  sa lm on  as found  on th e  m a rk e t in  th is  s ta te  
is ste rile . I t  does n o t co n ta in  organism s of B . para­
typhoid  ty p e , an d  does n o t co n ta in  aerob ic  or anaerob ic  
spore form ers. T h is is to  be expected  if th e  packers 
process th e ir  goods accord ing  to  ad v e rtis in g  m a te ria l 
w hich th e y  publish .

In  one case th e y  claim  to  h e a t th e  cans to  2 20 ° F. 
for 50 m ins., follow ed by  a h ea tin g  to  2400 F . for 60 
mins. on a  second day . T h is is necessary  to  p ro te c t 
th e  packers ag a in s t loss of goods a f te r  i t  has  been  p u t 
on th e  m ark e t.

F ro m  th e  fa c t th a t  th is  m a te ria l will read ily  su p p o rt 
th e  g row th  of p a th o g en ic  an d  o th e r  m icroorganism s, 
g rea t care  shou ld  be exercised in  h an d lin g  i t  a f te r  re ­
m oval from  th e  can.

K a n s a s  S t a t e  A g r i c u l t u r a l  C o l l e g e  
M a n h a t t a n , K a n s a s

TH E INDUSTRIAL CH EM ISTRY OF CHICLE AND 
CHEWING GUM 1

B y  F r e d e r i c  D a n n e r t h

T he official e s tim a te  of chicle im p o rted  an d  co n v erted  
in  th e  U n ited  S ta te s  in  1 9 1 6  ap p ro x im ate d  7,347,000 
lbs., eq u iv a len t to  a t  le a s t 30 ,000,000 lbs. of chew ing 
gum . An in d u s try  w hich has assum ed  these  p ro p o r­
tions m ay  well be sa id  to  ex ert a n  influence on our 
n a tio n a l life. T h e  re ta il selling p rice of th e  finished 
artic le  is a t  th e  ra te  of $ 1 . 3 0  per lb ., from  w hich som e 
idea of th e  financial s tre n g th  of th e  in d u s try  m ay be 
ob ta ined .

1 Presented  a t the  54 th  M eeting  of the  A m erican Chem ical Society, 
K ansas C ity , April 10 to  14, 1917.

In  view  of th is  i t  h as  becom e necessary  to  es tab lish  
s ta n d a rd  m ethods for th e  pu rch ase  of th e  C rude B lock 
Chicle. As i t  arrives a t  th e  p o r t of N ew  Y ork  or N ew  
O rleans i t  con ta in s a considerab le am o u n t of m ois­
tu re — usua lly  a b o u t 40 per cen t. T h e  fac to rs  w hich 
influence th e  p u rch aser m ay  be sum m arized  as fo l­
lows:

( 1 )— T h e m o istu re  th e  gum  is e s tim a ted  to  con­
ta in .

( 2)— T h e  sh rin k ag e  w hen cleaned  (d ir t an d  b ark ).
(3 )— T h e chew ing q u a lity  of th e  clean purified  

chicle.
(4)— T h e color of th e  crude  chicle.

M O IS T U R E

T h e a m o u n t of m oistu re  co n ta in ed  in  crude chicle 
was u n til v e ry  rec en tly  asce rta in ed  in  th e  course of 
fac to ry  opera tions. F o r exam ple, a 10 0 -lb. lo t was 
chopped  up  in to  1/ 2-in. c rum bs an d  d ried  in  a  h o t 
air cham ber. T h e  loss of w eight was recorded  as 
m oisture . A so m ew h at b e tte r  idea  of th e  value of 
th e  chicle can  be o b ta in ed  by  p ro x im a te  analysis. 
T h u s  one sam ple  of Y u c a ta n  chicle w hen exam ined  in  
th e  la b o ra to ry  show ed:

P er cen t P er cent
Acetone-soluble m a tte r Sand and foreign m a tte r ............... 2 .3

(resins)....................................  4 0 .0  W ater...................................................  35 .0
G u tta  (and carb o h y d ra tes).. 17.4 M ineral m a tte r (ash)...................... 4 .7
P ro te in s .......................................  0 .6

O bviously, if th is  chicle costs So. 55 p er lb ., crude, its  
v a lue  is $0 ,8 77  per It), a f te r  d ry ing  an d  cleaning. In  
o th e r  w ords, 100  lbs. of crude  chicle in  th is  case y ie lded  
6 2 . 7  lbs. of d ried  an d  cleaned  chicle.

s a m p l i n g — In  sam pling  crude  chicle a f te r  i t  has 
a rriv ed  a t  th e  fa c to ry  a i- lb . sam ple  is c u t from  a  block. 
T h is is c u t up  in to  V 2-in. crum bs ju s t  as rap id ly  as 
possible. T he crum bs are tra n sfe rre d  to  a “ L igh tn ing  
J a r ” p rov ided  w ith  a  glass lid  an d  ru b b e r gasket. T he 
ja r  shou ld  be n o t m ore th a n  tw o -th ird s  full, leav ing  
room  for a  th o ro u g h  m ixing b y  shak ing  th e  co n ten ts , 
an d  shou ld  be k e p t in  a  cool place to  p re v e n t caking. 
T h e  large am o u n t of m o istu re  u sua lly  p resen t in  crude 
chicle m akes i t  im p e ra tiv e  to  hand le  th e  sam ple rap id ly . 
W et chicle c a n n o t be s to red  in  sealed  ja rs  fo r m ore 
th a n  one w eek as m olds grow  rap id ly , especially  if 
th e  ja rs  are k e p t in  th e  dark .

m e t h o d  i — A w eighed p o rtio n  of c rude  chicle 
(ab o u t 5 g.) is d ried  in  a  w ell-ven tila ted  a ir b a th  for 
5 hrs. a t  a te m p e ra tu re  n o t above 5 0 ° C. As a con­
ta in e r  for th e  sam ple , a  glass dish 2 or 3 in . in  d iam eter 
w ith  a  g ro u n d  glass lid  is used. I f  th e  te m p e ra tu re  in  
th e  oven rises, fusion will occur an d  e v a p o ra tio n  of 
th e  w a te r will be re ta rd e d . If  th e  oven  is poorly  
v e n tila te d  th e  dry ing  will ta k e  longer. I t  is com plete 
w hen tw o consecutive w eighings v a ry  n o t m ore th a n  
o. s per cent.

m e t h o d  11— T he m o istu re  in  crude chicle m ay  be 
de term in ed  sim u ltan eo u sly  w ith  th e  d e te rm in a tio n  
of resins. Boiling ace tone  will rem ove resins and  
w ate r from  th e  sam ple  b y  ex trac tio n . T h e  e x tra c t 
in  th e  flask is d ried  a t  1 0 5 ° C. a n d  th e  residue in  th e  
th im b le  is d ried  in  a sim ilar m anner. T he sum  of 
these  w eights su b tra c te d  from  th e  w eight of th e
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orig inal sam ple will rep rese n t w ater. T h is m ethod  
has given v ery  sa tis fac to ry  resu lts  in  practice .

n o t e — If w et chicle is h ea te d  to  1 0 5 ° C. in  an  erven, 
a  ce rta in  am o u n t of m ostu re  is d riven  off, th e  chicle 
fuses an d  becom es “ ta c k y ”; an d  if th is  p ro d u c t is 
chew ed i t  will be found  to  be q u ite  ru b b ery . A t such 
te m p e ra tu re s  th e  gum  undergoes a chem ical change 
as is seen by  its  so lub ility  in  acetone an d  in  alcohol. 
F o r th ese  reasons th e  usua l m ethods of d e term in ing  
w ate r b y  h ea tin g  in  an  air b a th  a t  1 0 5 ° C. are n o t a p ­
p lied  in  th e  ana lysis of chicle. As soon as an  a t te m p t 
is m ade to  chop up  a block an d  g ran u la te  th e  chicle, 
th e  gum  com m ences to  lose w ate r so th a t  due con­
s id e ra tio n  m ust also be given th is  fact.

V ISC O SITY

T h e v a lu a tio n  of crude chicle by  m eans of a  v iscosity  
te s t  has, so  fa r  as J  know , n o t been a t te m p te d  by  o th e r  
investiga to rs. T his is p ro b ab ly  due to  th e  fac t th a t  
i t  is v ery  difficult to  p rep a re  a  flu id  m ix tu re  w hich 
w ould n o t se ttle  ou t. T h e  resu lts  here presen 'ted  have  
been  o b ta in ed  by  m eans of over 200 d e te rm in a tio n s 
an d  it  is believed th a t  th e  m eth o d  is of p rac tica l value. 
T he so lven ts used experim en tally  for suspend ing  
th e  chicle inc luded  xylol, benzol, to luo l, tu rp e n tin e  
an d  kerosene. K erosene (boiling p o in t above 1 4 0 ° C.) 
was finally  chosen, as th e  loss by  ev a p o ra tio n  is negligi­
ble. Before proceeding w ith  th e  te s t, com m ercial 
chicle m ust be dried  for 1 2  hrs. in  a v acu u m  a t  a te m ­
p e ra tu re  n o t exceeding 7 0 ° C.

m e t h o d — 20 g. of th e  d ry  chicle are w eighed off ac­
cu ra te ly  to  te n th s  of a g. an d  p laced  in  a  wire b ask e t 
f itted  in  size for a “ Jo in t R u b b e r C o m m ittee” ex­
tra c tio n  a p p a ra tu s . 1 In  th e  flask are p laced  75 cc. 
of kerosene. .T h e  w ire b ask e t is m ade of 100 -m esh 
wire gauze so th a t  i t  re ta in s  th e  g r itty  an d  fibrous 
m a tte r  w ith  w hich com m ercial chicle is c o n ta m in a ­
ted . T he w eight of th e  residue in  th e  b ask e t will 
give som e idea of th e  p e rcen tage  of foreign substances 
in  th e  crude chicle.

T h e  liqu id  th u s  o b ta in ed  by  su spend ing  s tra in e d  
chicle in  kerosene is p ou red  in to  a  100  cc. g rad u a te d  
cy linder. F resh  kerosene is now  pou red  in to  th e  
cy linder so th a t  th e  to ta l  volum e will h av e  a Concen­
tra t io n  of 20 g. of s tra in e d  chicle in  a to ta l  of 100 
cc. of liqu id . A fter cooling th e  liqu id  to  20 0 C. i t  is 
in tro d u ced  in to  th e  sm all ta n k  of a  S to rm er viscosim - 
e te r .2 T he low er p o rtion  of th e  capsu le of th e  vis- 
cosim eter is rem oved  a n d  filled w ith  sh o t so t h a t  th e  
to ta l  w eight of th is  low er p o rtio n  of th e  capsu le to ­
g e th er w ith  th e  sh o t is exactly  20 g. As a  m a tte r  of 
convenience th e  records of v iscosity  m ay  be k e p t in  
te rm s  of Revolutions per m inute. T h e  w eight is allow ed 
to  fall for a  defin ite  nu m b er of seconds, ta k in g  care 
th a t  th e  to ta l  len g th  of cord  is never unw ound . T he 
u p p e r su rface  of th e  ro ta tin g  cy linder in  th e  viscosim - 
e te r  shou ld  be a d ju s te d  in such a position  as to  be 
on a  level w ith  th e  u p p er edge of th e  p ro jec tin g  b rac k e t 
in th e  ta n k  w hich holds th e  te s t  liquid .

i T in s  J o u r n a l , 9 (1917), 310.
s Seaton, Probeck and  Sawyer, T h i s  J o u r n a l , 9 ( 1 9 1 7 ) ,  3 5 ,  have 

presented m uch in teresting  d a ta  on the  viscosity of varnishes and th e  lim ita ­
tions of the  various viscosimeters.

M r. C harles K ern ah an , of th is  la b o ra to ry , who has 
assisted  me in  m an y  of these  d e te rm in a tio n s , rep o rts  
t h a t  benzol ap p ears  to  be a desirab le m edium  for su s­
pend ing  th e  chicle in  th e  v iscosity  te s t. I t  has th e  
ad v a n ta g e  th a t  chicle m ay  be boiled  in  it  w ith o u t 
exceeding a  te m p e ra tu re  of 8 1 ° C., th u s  prec lud ing  
decom position  of th e  gum . T h e  p rec au tio n  w hich 
shou ld  be observed  in  th e  use of benzol is th a t  th e  te s t  
shou ld  be carried  o u t in  a  room  hav in g  a  te m p e ra ­
tu re  n o t m uch above 2 0 ° C ., as th e re  will o therw ise be 
a  considerab le loss of so lv en t b y  ev ap o ra tio n .

A C E T O N E -S O L U B L E  M A T TE R

T he ex tra c tio n  of ru b b e r a n d  re la ted  gum s w ith  
boiling acetone is ca rried  o u t p rin c ip a lly  for th e  p u r ­
pose of d e term in ing  th e  p ercen tage  of “ resin s” in  th e  
m ateria l. In  fac t m an y  an a ly s ts  use th ese  te rm s 
synonym ously . T h e  pecu lia r chew ing p ro p ertie s  of 
chicle are due to  th e  presence of th ese  resins so th a t  a 
d e te rm in a tio n  of th e ir  am o u n ts  an d  ch a rac te rs  w ould 
seem  to  be of p a ra m o u n t im p o rta n ce  to  th e  in d u s try . 
An idea  of th e  resin  c o n ten t of th e  p rincipal m inor 
gum s m ay  be o b ta in ed  from  th e  follow ing ap p ro x im ate  
percen tages: P o n tian a k , 7 5 ; chicle, 6 0 ; g u t ta  percha ,
50 ; b a la ta ,  4 0 ; guayu le, 20 . One of th e  p rin c ip a l 
p ropertie s  of th e  resin  w hich affects th e  chew ing q u a lity  
of th e  gum  is its  m elting  p o in t so th a t  th is  should  
be de term ined  in  m ost cases.

m e t h o d — If th e  acetone ex tra c tio n  is ca rried  o u t 
w ith o u t reg a rd  to  th e  m o istu re  c o n te n t of th e  chicle, 
th e  m a teria l is g ran u la ted  so th a t  i t  will pass th ro u g h  
a w ire screen of Vs-in. m esh. F ive  g ram s of th e  m a­
te ria l are  ac cu ra te ly  w eighed o u t an d  p laced  in a fo lded 
filter f itted  for a Soxhlet s iphon  cup. T h e  a p p a ra tu s  
used is th e  S oxhlet e x tra c to r  of th e  Jo in t R u b b e r  C om ­
m itte e . 1 A cetone hav in g  a bo iling  p o in t n o t h igher 
th a n  6 5 ° C. is used  a n d  th e  ex tra c tio n  is con tin u ed  
for 5 hours. T h e  ace tone  in  th e  flask m ay  be e v a p ­
o ra te d  b y  p lacing  th e  flask on a h o t p la te  o r i t  m ay be 
d istilled  off an d  th e  flask th e n  d ried  to  c o n s ta n t w eight 
in  th e  oven a t  a  te m p e ra tu re  n o t above 1 0 5 ° C. I t  is 
finally  cooled in  a  desiccato r an d  w eighed. T h e  residue 
is dried  a t  8 5 ° C. in  th e  oven. T h e  su m  of th e  
ex tra c t an d  th e  residue is now  s u b tra c te d  from  th e  
w eight of th e  orig inal sam ple . T h e  difference is th e  
m oistu re  in  th e  sam ple. If  th e  ace tone  so lu tion  in 
th e  flask is allow ed to  cool before it  is d istilled  off, 
i t  will be no ticed  th a t  a  la rge p a r t  of th e  resins has 
se p a ra te d  o u t in  th e  fo rm  of a  w ax-like in c ru s ta tio n . 
A fter all th e  acetone in  th e  flask is expelled  an d  th e  
te m p e ra tu re  reaches 1 0 5 0 C. th e  residua l resins a p ­
pear am ber-co lored  an d  q u ite  clear. T hese resins 
are  b r it t le  a t  room  te m p e ra tu re . T h e  residue of 
g u tta  on th e  filter shou ld  be d ried  a t  te m p e ra tu re s  
no t above 8 5 ° C., as i t  o therw ise read ily  carbonizes. 
This is ap p a re n tly  due to  th e  low “ ign ition  te m p e ra ­
tu r e ” of th is  g u tta .

In  30 sam ples of chicle from  M exico, th e  resin  con­
te n t  v aried  from  59 .0  to  6 3 . 3  p e r cen t w ith  a g ran d  
average of 60 .8  p e r cen t based  on th e  d ry  chicle. 
T w elve specim ens of d ried  chicle w hich h a d  an  aver-

1 Loc. cit.
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age resin  c o n ten t of 6 1 . 8  per cen t w ere te s te d  for v is­
cosity  accord ing  to  th e  m ethod  p rev iously  described. 
T h e  resu lts  show ed an  average of 276 rev o lu tio n s per 
m inu te . T w elve o th e r  specim ens w hich w ere ex­
am ined  show ed an  average resin  c o n ten t of 6 0 .0  per 
cen t an d  an  average of 284 revo lu tions per m inu te . 
T h e  ru le th e n  w ould seem  to  be th a t  th e  R. P . M . 
is inverse ly  p ro p o rtio n a l to  th e  resin  co n ten t, or ra th e r  
t h a t  th e  v iscosity  is d irec tly  p ro p o rtio n a l to  th e  resin  
co n ten t. T his w as in  fac t found  to  be th e  case for 
th e  p a r tic u la r  cond itions u n d e r w hich these  d e te r­
m ina tions w ere ca rried  ou t.

p r o t e i n s — T he pecu lia r ch a ra c te r  of vege tab le  
p ro te in s, th e ir  com plex chem ical c o n s titu tio n  an d  th e  
fac t th a t  th e y  do n o t crysta llize all h av e  com bined  to  
re ta rd  th e  in v e s tig a tio n  of th is  co n s titu e n t. Spence 
has given considerab le a t te n tio n  to  th ese  bodies so 
fa r  as th e y  occur in  th e  ru b b ers  p rep a re d  from  H evea, 
F u n tu m ia  an d  Ficus.

In  a rec en t p ap e r Spence an d  K ra tz 1 h av e  p roposed  
a m e th o d  for th e  d e te rm in a tio n  of p ro te in s  in  w ashed 
an d  d ried  ru b b e r an d  it  is p lan n ed  by  th e  p rese n t au th o r  
to  a d a p t th is  m ethod , if possible, to  th e  es tim a tio n  
of p ro te in s  in  ch icle .2

c a r b o h y d r a t e s — P rev ious in v e s tig a to rs  h av e  sug ­
gested  th a t  th e  sugars co n ta in ed  in  chicle m ay  be re ­
la ted  to  hexa-hyd roxy -hexa-m ethy lene. T h e  m ono­
m ethy l d e riv a tiv e  of th is  sugar has a  m elting  p o in t 
of 1 9 2 0 C. an d  is found  in  tlie  la tex  of Hevea brasiliensis. 
P la n ta tio n  crepe H evea  ru b b e r co n ta in s  from  2 .0  
to  3 . 0  p er ce n t of th is  su b stan ce . A n in v es tig a tio n  
on th e  sugar c o n ten t of various chicles is now in 
progress a t  th is  la b o ra to ry . A p ap e r on th is  su b jec t 
was pub lished  by  P ickles an d  W hitfield3 as early  as 
1 9 1 1 .

M IN E R A L  M A T TE R

T his d e te rm in a tio n  is ca rried  o u t w ith  a sam ple  of 
one gram , an d  in  an y  case n o t m ore th a n  tw o  gram s 
of d ry  chicle. A n asbestos sh ield  is used an d  a 
hole in se rted  so th a t  th e  crucible b o tto m  is exposed 
to  th e  flam e. A t first a  low  flam e is used  so th a t  th e  
organic m a tte r  can  vo la tilize  w ith o u t ca tch in g  fire. 
A fter all th e  ca rbon  has been  b u rn t  off, th e  crucible 
is d ried  an d  w eighed in  th e  u sual m anner. Of 25 
specim ens exam ined , th e  low est value  o b ta in ed  was 
3 . 9  per cen t an d  th e  h ighest w as 5 . 9 5  per cen t of ash. 
T he g ran d  average w as 4 . 5 3  per cen t of ash.

I t  will be n o te d  th a t  th is  figure is m uch h igher 
th a n  th a t  u su a lly  given fo r th e  ash c o n ten t of w ashed 
an d  d ried  rubber. T h e  h ighest values reco rded  for 
ru b b er are 1 . 0  p er cen t for F untum ia .

F E R M E N T A T IO N  OF C R U D E  C H IC L E

M ention  shou ld  be m ade of th e  influence of fungi on 
crude chicle. T hese low  form s of p la n t life do n o t a t ­
ta c k  th e  gum  if i t  is k e p t in  d ry  air, b u t  if a  sm all 
am o u n t of m o istu re  is p resen t, th e  m olds begin  to  
flourish. T h e ir  n o u rish m en t is derived  from  th e  pro- 
te ids, resins, an d  su g a r w hich th e  gum  con tains . 
T h is resu lts  in  a  d isco lo ration  of th e  chicle, tu rn in g  it

1 Spence and  K ra tz , Kolloid Z ., 1914, 262.
* Beadle and  Stevens, Analyst, Jan u ary , 1912.
* Pickles and  W hitfield, Proc. Chent. Soc., 27 (1911), 54.

p in k  or ligh t buff in  color, b u t  i t  is n o t m ateria lly  
a lte red  th e re b y . On th e  o th e r h an d , ce rta in  species 
of Actinom yces  w hich occur in  garden  e a r th  an d  canals 
are capab le  of assim ila ting  th e  ch icle -hydrocarbon  
w ith  th e  resu lt th a t  its  p ro p ertie s  a re  so m odified 
as to  a lte r  its  chew ing q u a lity  very  decidedly . T he 
p rincipal varie tie s  th u s  fa r  recognized are A . elastica 
an d  A . fu s tu s . T h e  fe rm en ta tio n  of chicle is also in ­
duced  by  th e  presence of u n co ag u la ted  m ilk in  th e  
pores of th e  block. In  fac t a piece of crude w et 
chicle, if chew ed, will be found  to  ta s te  q u ite  acid.

IN D U S T R IA L  R E S E A R C H

T h e m ethods of th e  chew ing gum  in d u s try  h av e  up 
to  th e  p resen t tim e  been based  largely  on experience, 
b u t th e re  is a d is tin c t te n d en c y  to w ard  a scientific 
s tu d y  of th e  tech n ica l p roblem s w hich arise. Some 
of th ese  problem s have a lread y  been successfully  a t ­
ta ck e d  an d  solved while o thers are s till in  a s ta te  of 
investiga tion . A review  of these  will be of value  to  
those  in te res te d  in  th ese  gum s:

1—How can brittleness in the finished chewing gum be pre­
vented?

2—How can the absorption of moisture by the finished gum 
be prevented?

3—What properties are most desired in a substitute for chicle?
4—Which is the best method for introducing flavors into a 

batch of gum?
5—What influence has heat on the chicle dough in the kettle?
6—What influence has the duration of the "cooking”  on the 

dough in the kettle?
7—What influence have substitutes on the "keeping”  quali­

ties of the finished gum?
8—What influence have temperature and moisture on the 

finished gum during storage?
9—What are the advantages of drying or moistening the air 

in chewing gum factories?
10—-What relation has the resin content to the chewing quali­

ties of the chicle?
1 1 —How can crude chicles be averaged in order to secure a 

finished gum of uniform characteristics?
12—What influence has the coagulation method on the quality 

of the crude chicle produced by the Sapoteros?
13—How can "stiff”  chicles be softened and how can "soft”  

chicles be stiffened?
14—What influence have the several constituents of a chewing 

gum compound on the chewing quality of the finished gum?
15—How can the dirt and the bark be removed from crude 

chicle without destroying the desirable qualities of the gum?
16—How can low-grade chicles be improved?
17—What relation has the viscosity of chicle solution to the 

chewing properties of the gum?
18—How can rubbers and related gums be converted into 

plastic gums suited for chewing?
19—Can chicle be strained while in a molten condition with­

out altering the chewing properties of the chicle?
20—Is the protein content of chicle a detriment or an asset?

APPENDIX

The Custom House statistics of the United States show that 
the gross imports of chicle and balata in 1 9 1 2  to 1 9 1 6  were as 
follows:

Y ear Lbs. chicle Lbs. ba la ta
1 9 1  2 ....................................  7 .7 8 2 ,0 0 5  1 ,5 1 7 ,0 6 6
1 9 1  3 ................................  1 3 ,7 5 8 ,5 9 2  1 ,3 1 8 ,5 9 8
1 9 1  4 .................................... 8 ,0 4 0 ,8 9 1  1 ,5 3 3 ,0 2 4
1 9 1 5  ................................. 6 ,4 9 9 ,6 6 4  2 ,4 7 2 ,2 2 4
1 9 1  6 .................................... 7 ,3 4 6 ,9 6 9  -------
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In order to obtain a more correct idea of the importations it 
is suggested that the figures for these two gums be added and 
classed together. The present Tariff Act went into effect Oc­
tober 3, 19 13, so that it was natural that large quantities of 
chicle should be imported before that time. The new act pro­
vided for a duty of 15 c. per pound on crude chicle and 20 c. 
per pound on refined chicle while balata was admitted free. 
This 110 doubt resulted in the importation of some chicle under 
the name “ Balata”  and caused the drop in the chicle imports 
from 1914 to the year 1915.

At this point it is also interesting to note that exports of fin­
ished chewing gum to foreign countries have risen from $179,000 
in 1914  to $574,400 in 1916. This has been shipped principally 
to England and Australia. At a valuation of $0.80 per lb. this 
would represent approximately 718,000 lbs. of chewing gum or 
179,000 lbs. of dry chicle. The amount of chicle imported, 
manufactured and consumed in the United States in 1916 was 
approximately 7,031,000 lbs., equal to over 28,124,000 lbs. of 
chewing gum. This represents a national consumption of over 
844 million packages per annum.

T h e  R u b b e r  T r a d «  L a b o r a t o r y  
3 2 5  A c a d e m y  S t r e e t  

N e w a r k , N e w  J e r s e y

REVERSION OF ACID PHOSPHATE
By C a r l t o n  C .  J a m e s  

Received M arch 3, 1917

T here  seem s to  be an  inc lina tion  of la te  am ong 
fertilizer an d  S ta te  contro l chem ists to  do m ore in ­
v es tig a tin g  of p hospha tes , th e ir  p roperties, an d  th e ir  
effect upon  soils an d  grow ing crops. W here S ta te  law s 
call for w ater-so lub le phosphoric  acid , carefu l in ­
ves tiga tion  an d  a t te n tio n  is necessary , p a rticu la rly  in  
o rder th a t  th e  d ifferen t b ran d s m ay n o t fall below  
gu aran tee . A recen t artic le  in  T h i s  J o u r n a l  by  M r. 
E . W. M ag ru d e r 1 recalled  som e w ork w hich was done 
by th e  w riter in  1 9 1 0 , upon  th e  reversion  of acid 
p h o sp h a te  by  lim e, a  m a tte r  w hich has claim ed th e  
a t te n tio n  of chem ists in  th e  S o u th easte rn  s ta te s  for 
th e  la s t tw o  or th re e  years.

A fter hav in g  his a t te n tio n  called to  a  fertilizer 
from  San F rancisco , w hich h ad  ev id en tly  undergone 
reversion  d u ring  tr a n s i t  to  th e  H aw aiian  Islands, th e  
w rite r u n d e rto o k  several experim en ts w ith  d ifferent 
m ateria ls  to  find th e  effect these  h ad  up o n  th e  acid 
p h o sp h a te  of lim e.

To 473  g. of acid p h o sp h a te  in th re e  se p a ra te  b o ttle s  
were ad d ed  25 g. lim e (C aO ), 25 g. u n g ro u n d  coral 
san d  an d  25 g. u n g round  b row n guano, respectively ; 
th a t  is, in  each experim en t th e re  w as added  5 per 
cen t of th e  rev e rtin g  ag en t to  th e  su p e rp h o sp h a te , 
w hich we m ay  consider a  m ax im um  am o u n t to  use in 
p rac tice . I t  shou ld  be explained  th a t  th e  u n g round  
coral san d  is ca rb o n a te  of lim e of 95 to  98 per cen t 
p u r ity , an d  coarsely  g ran u la r. T h e  b row n guano  is a  
low -grade sa n d y  p h o sp h a te  from  L aysan  Island , 
fo rm ed by  th e  ac tion  of b ird  d ropp ings upon  coral 
san d  w ith  w hich it  is in tim a te ly  m ixed. T hese m ix­
tu re s  were allow ed to  s ta n d  20 days, ana lyses being 
m ade of th e  w ater-so lub le phosphoric  acid  from  tim e 
to  tim e as o th e r w ork p e rm itted . T h e  follow ing 
ta b le  show s th e  w ater-so lub le phosphoric  acid  found  
in  th e  m ix tu res a t  in te rv a ls  a f te r  mixing.

* Tins J o u r n a l , 9  ( 1 9 1 7 ) ,  1 5 5 .

T a b l e  I — P e r  c e n t  W a t e r - S o l u b l e  P h o s p h o r i c  A c i d  i n  M i x t u r e s , o p  
A c i d  P h o s p h a t e  w i t h

5 Per c e n t...................................Lime (CaO) Coral Sand Brown G uano
On m ixing...................................... 21.37 21.37 . 21.37
A fter 2 d a y s ..................................  20 .83  21 .08  21 .24
A fter 5 d a y s .................................. 20 .18  20.75 21 .16
A fter 12 d a y s ................................  19.69 20.59 21 .00
A fter 20 d a y s ................................ 19.12 20.51 21 .00

T his ta b le  show s th a t  su p e rp h o sp h a te  in  w hich th e re  
is s p er cen t coral sand  rev e rts  0 .6 2  per cen t in  5 
days or 0 .8 6  per cen t in  20 days. W ith  b row n guano  
th e  reversion  is n o t as g rea t, while w ith  lim e i t  is 3 . 75 
tim es as m uch. If  th e n  in  a fertilizer g u a ra n tee d  to  
co n ta in  10  per c e n t of phosphoric  acid w ater-so lub le, 
we should  h av e  50 per cen t acid  p h o sp h a te  of lim e an d  
S per cen t calcium  ca rb o n a te  (coral sa n d ), we shou ld  
expect to  find a f te r  3 days th a t  in stead  of 10  per cen t 
w ater-so lub le phosphoric  acid i t  w ould co n ta in  only  
10  —  (0 .6 2  X o .  50) = 9 .6 9  per cen t, th e  difference b e­
ing caused  by  coral sa n d  alone. In  o rder th a t  th is  fe r til­
izer m igh t show  a 10  per cen t w ater-so luble phosphoric  
acid co n ten t a f te r  3 days, 3 1 . 3  p er cen t acid  p h o sp h a te  
w ould h av e  to  be used orig inally . T h is exam ple 
gives th e  effect of b u t  one rev e rtin g  agen t, b u t  i t  is 
sufficient to  show  th a t  q u ite  a m a teria l allow ance 
h as  to  be m ade in  ce rta in  fertilizers to  cover reversion  
du ring  tra n s it.

T h e  P a c i f i c  G u a n o  a n d  F e r t i l i z e r  C o m p a n y  
H o n o l u l u ,  H a w a i i

A RAPID METHOD FOR TH E DETERMINATION OF 
WATER-SOLUBLE ARSENIC IN LEAD ARSENATE

By H . A. SciiOLZ AND P. J . W aldstein  
R eceived M arch  5, 1917

T h e m ethod  for th e  d e te rm in a tio n  of w ater-so lub le 
arsen ic in  com m ercial lead  a rse n a te  described by  
G ray  an d  C h ris tie1 is very  sim ilar to  th e  m ethod  used 
by  th e  w riters fo r fac to ry  con tro l du rin g  th e  p a s t 
th re e  years.

T he p rocedure  follows: W eigh 0 . 3  g. of th e  d ried
an d  pu lverized  sam ple , o r 1 g. of p as te , in to  a  250-cc. 
v o lum etric  flask. A dd 200 cc. of recen tly  boiled, 
d istilled  w ate r an d  boil v igorously  for 3 to  5 m in. 
Allow to  s ta n d  xo or 1 5  m in., cool, m ake to  vo lum e 
an d  filter th ro u g h  a d ry  paper. O rd inary , qu ick- 
filtering  q u a lita tiv e  p ap e r is used  an d  th e re  is ra re ly  
a n y  difficulty  in  o b ta in in g  a  clear filtra te . M easure 
200 cc. in to  a  soo-cc. E rlenm eyer flask, ad d  a  few 
c rysta ls  of p o ta ssiu m  iodide an d  7 cc. co n c en tra ted  
su lfu ric  acid , an d  boil dow n to  a b o u t 50 cc. D ilu te  
w ith  cold w ate r, m ake  alkaline to  m e th y l o range 
w ith  sod ium  hydrox ide, ac id ify  w ith  d ilu te  su lfu ric  
acid, an d  ad d  a n  excess of sod ium  b ica rb o n a te . T itra te  
w ith  N / 20 iodine so lu tion .

T his m eth o d  w as checked m an y  tim es on lead  arsen ­
a tes  of d ifferen t com positions ag a in st th e  A. O. A. C. 
m e th o d 2 (24 hrs. d igestion  a t  3 2 0 C .), an d  a few 
tim es ag a in s t th e  1 0 -d ay  m e th o d .3 T h e  resu lts  alw ays 
e ith e r ag reed  or cam e h igher by  th e  boiling m ethod . 
T ab le  I gives a few ty p ic a l resu lts . T h e  a rsen a te s  of 
lead  used inc luded  th e  p ro d u c ts  of several o th e r 
m a n u fac tu re rs  an d  rep rese n t p rac tica lly  every  know n 
com m ercial m ethod  of m anufac tu re .

1  T h is  J o u r n a l ,  8 (1916), 1109.
» J . o f A . O. A . C-, 1913, Nos. 1 and 2.
* B ureau of C hem istry, Bull. 107, Revised, p. 240.
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T a b l e  I — W a t e r -S o l u b l e  A r s e n i c  C a l c u l a t e d  a s  P e r  c e n t  A s iO i 
o n  t h e  D r y  B a s i s

No.

A. O. A. C. 
M ethod 
24 hrs. 

a t  32° C.

D evoe & 
R aynolds 

Boiling 
M ethod No.

A. O. A. C. 
M ethod 
24 hrs. 

a t 32° C.

Devoe & 
R aynolds 

Boiling 
M ethod

1 . . . , ........  4 .52 4 .62 6 . . . ___ 0 .56 0.68
2 . . . . ........  0 .47 0.47 7 . . . 0 .30
3 . . . . 0 .06 8. . . . . . .  0 .18 0.21
4 . . . 0 .46 9 . . . ___ 0.18 0.33
5 . . . . 0 .23 10. . . ___ 0.44 0 .46

T here  is no provision  m ade for th e  rem oval of lead , 
a s  we h av e  never found  w ater-so lub le lead  in  m ore 
th a n  trac es  in  an y  sam ple of lead  arsen ate . F u r th e r ­
m ore, as has been p o in ted  o u t by  G ray  an d  C hristie , 
th e re  is g rea t danger of v o la tiliza tion  of th e  arsenic 
b y  ev a p o ra tin g  th e  so lu tion  to  su lfuric  acid  fum es, 
as th e  resu lts  given in  T ab le  I I  will show. T he ex­
tra c tio n s  w ere m ade by  boiling as in  th e  jn e th o d  given 
above.
T a b l e  I I — W a t e r - S o l u b l e  A r s e n i c  C a l c u l a t e d  a s  A s i O s o n  t h e  D r y

B a s i s
N o. 1 No. 2

E vapora ted  toSO a fum es.......................................................................  2 .40  1.61
R educed and T itra ted  w ithout E v ap o ra tio n ................................  3 .5 6  2 .50

SAFEGUARDING THE EY E S OF INDUSTRIAL W O RKERS1

T he Seam an G old M edal, g ift of D r. Louis L iv ingston  
Seam an, T ru s tee , is an n u a lly  aw arded  b y  T h e  A m er­
ican  M useum  of S afety  for p rogress an d  ach ievem en t 
in  th e  p ro m o tio n  of hygiene an d  th e  m itig a tio n  of 
occupational disease. T h is y ea r th e  d is tin c tio n  of 
th e  Seam an M edal has been conferred  upon  th e  
Ju liu s K ing O ptical C om pany , of N ew  Y ork , for 
sc ien tific research  an d  p rac tica l ach ievem en t in  ov er­
com ing th e  h arm fu l effects of u ltra -v io le t an d  in fra ­
red  ra y s  of ligh t in  connection  w ith  arc-w elding an d  
o th e r  in d u s tria l processes a t  very  high tem p era tu re s .

F o r a n u m b er of years th e  necessity  of p ro tec tin g  
th e  eyes of w orkers ag a in s t chips of steel, sp lashes 
of m eta l an d  flying partic les  of em ery , concrete  an d  
o th e r  m ateria ls , has  been recognized, an d  th e  w ea r­
ing of a n  ap p ro v ed  ty p e  of sa fe ty  goggles m ade com ­
pulsory . A fa r m ore insid ious an d  h azard o u s danger 
to  eyesigh t is caused  b y  ce rta in  inv isib le  ray s  of ligh t, 
such as th e  u ltra -v io le t an d  in fra -red  rays, w hich are 
p resen t in  in ju rious q u an titie s  in  th e  m a n u fa c tu re  an d  
w orking of iron  an d  steel. T hese ray s  m ay  cause 
electric  oph tha lm ia .

A ny lig h t source over 2000° F a h re n h e it is a  d is tin c t 
m enace an d  w hen a te m p e ra tu re  of 6400° is reached , 
such as is en co u n te red  in  e lectric  ca rbon  arc-w elding, 
th e  volum e of u ltra -v io le t ra d ia tio n  is so g rea t as to  
im pair vision p erm an en tly . On acco u n t of its  de­
s tru c tio n  of an im al tissue , th ese  ray s  m ust positively  
be gu ard ed  ag a in st. Being invisib le , th e ir  presence 
is d e tec ted  by  th e  o p era to r only  a f te r  h a rm  has been 
done.

U n til an  in v e stig a tio n  w as m ade a b o u t th re e  years 
ago, p rac tica lly  90 per cen t of all colored glass in  goggles 
for in d u stria l use was in co rrec t; an d  w ith o u t a  d o u b t 
a large n u m b er of b lind  m en, o r those  u n fo rtu n a te s

1 A bstracted  and adap ted  from the M ay, 1917, issue of “Safely” (p. 
118 and supplem ent), published by the  Am erican M useum  of Safety, 
14 to  18 W est 24th S treet, New Y ork C ity.

T h e w ater-so luble arsen ic in  com m ercial lead  a rse n a te  
v ery  o ften  is large ly  in  th e  arsen ious form . C om m er­
cial sod ium  arse n a te  an d  arsen ic acid  o ften  co n ta in  
sm all am o u n ts  of unoxidized arsen ic triox ide , an d  th is  
p rec ip ita te s  w ith  th e  lead  a rse n a te  in  a  fo rm  w hich is 
very  difficult to  w ash o u t w ith  cold w ater, b u t w hich 
dissolves rea d ily  in  h o t w ater. T h is m ay  be th e  
reason  w hy th e  boiling m ethods of G ray  an d  C hristie , 
an d  of th e  w riters, an d  th e  h o t w ate r m ethod  
of R ob inson  an d  T a r ta r 1 give h igher resu lts  th a n  th e  
cold an d  3 2 ° C. m ethods of th e  A. O. A. C.

By th e  m ethod  given a d e te rm in a tio n  of w ate r-so lu ­
ble arsenic m ay be m ade in  less th a n  an  ho u r, w hich 
is a very  im p o r ta n t considera tion  for fac to ry  contro l 
work.

T h e  sam e m ethod  of ex tra c tio n  m ay be used fo r th e  
d e te rm in a tio n  of o th e r w ater-so luble im purities .

D e v o b  a n d  R a y n o l d s  C o m p a n y  
1 4 - 1 6  W e s t  L a k e  S t r e e t , C h ic a g o

1 T h i s  J o u r n a l , 7  ( 1 9 1 5 ) ,  4 9 9 .

who are afflicted w ith  c a ta ra c t, w ould h av e  th e ir  full 
s igh t to -d a y  if th e y  h a d  been  p rov ided  w ith  scien­
tifically  co rrec t colored glass.

One of th e  first form s of eye p ro tec tio n  from  glare 
w as th e  w earing of b lue glasses in  th e  m an u fac tu re  
of steel, p a rticu la rly  in  th e  o p en -h earth  process. G lare 
is m ade u p  of non -in ju rious ray s  of th e  spec trum , 
n am ely  green, yellow , orange, an d  red  rays. As a 
m a tte r  of fac t, b lue is one of th e  w orst colors w hich 
could  possibly be se lected  for th is  process, as i t  allows 
u ltra -v io le t, v io le t, b lue an d  also in fra -red  ray s to  
en te r  th e  eyes freely , cu ttin g  o u t only th a t  p a r t of th e  
ligh t w hich is essen tia l to  vision, b u t  affording no 
p ro tec tio n  from  dangerous ligh t.

T h e  h igher th e  te m p e ra tu re , th e  m ore rich  it  is in  
u ltra -v io le t rays . A t th e  te m p e ra tu re  encoun te red  
in  oxy-acety lene w elding an d  cu ttin g , w hich is a b o u t 
4 3 5 0 ° F ah ren h e it, g rave d anger exists an d  th e  glasses 
fo rm erly  supp lied  b y  th e  oxy-acety lene com panies, 
who m an u fac tu red  an d  fu rn ished  th e  ou tfits , were 
w ith o u t an y  scientific value w hatever. T h ey  were 
using b lue glass, as described, or else sm oked  lenses, 
w hich allow ed a la rge p ro p o rtio n  of in ju rious ray s  to  
en te r  th e  eye. W here a  w rong  color is used a  m uch 
d ark e r shade is necessary  th a n  if a  co rrec t color is 
prescribed .

All colors h av e  been analyzed  an d  ta b u la te d , b y  
sp ec tra l p h o to g rap h y , so th e  re la tiv e  value  of each  is 
know n.

A te m p e ra tu re  of 2000° requ ires a lens b u t  s ligh tly  
tin te d , w hile a  te m p e ra tu re  of 6400° requ ires a  lens 
so d a rk  th a t  one can  b are ly  see th e  su n  th ro u g h  it.  
T h e  Ju liu s  K ing O ptical C om pany  has  p lo tte d  all 
colors on a p h o to m e tric  scale, th e  s ta n d a rd  ad o p ted  
being  a w hite  cloud illu m in a ted  by  th e  sun , w hich 
m ay  be looked a t  indefin ite ly  w ith o u t ey estra in . A 
te m p e ra tu re  of 2000° of m o lten  iron  th ro u g h  a  s ligh tly  
tin te d  glass has th e  sam e effect on  th e  eye as if th e
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% Ü

H arm ful H arm fulHarm less in M oderate  
Am ounts

[B, G, Y , R  areas p rin ted  Blue, Green, Yellow and  R ed in O riginal.]

C lear “ W hite” G lass 

Should N o t be Used where T em pera tu re  is over 1500° F .

..... ........ i ;
A K O PO S Glass

R ecom m ended for T em peratures a round 2000° F . such as Gas H eating  
Furnaces, etc.

L igh t SA N I-W E L D  Glass 
Recom m ended for T em peratures a round  3500° F . O xy-Acetylene 

C utting , Pouring  Steel, etc.

C “t r

D ark SA N I-W E L D  Glass 
Recom m ended for T em peratu res around  4300° F . H eavy  O xy-Acet­

ylene W elding, E lectric Furnaces, etc.

! I I

X 1

R ed  Glass— H arm ful 
Should N ever be Used as i t  T ransm its  In fra -R ed  and  is V ery F a tigu ing  

to  th e  Eye.

Green Glass— Incorrec t 
Should N o t be Used as i t  D isto rts  Colors and is of Low O ptical Value.

C obalt-B lue G lass— Exceedingly  D angerous 
T ransm its  Invisible R ays as freely as C lear Glass. Should be Abolished 

except for Open H earth  T em pera tu re  Judg ing  w here i t  is no t P rac ­
tical to  T each  M elters a  New Color.

A R K -W E L D  Glass 
F o r T em peratu res around 6400° F . in C om bination  w ith  A K OPOS 

or SA N I-W E L D  (to  elim inate infra-red rays). C orrect for Iron  or 
C arbon Arc W elding and  for E lectric  Furnaces: in these Processes 
Face-burn  will R esu lt unless a H elm et is Used.

w earer h ad  n o th in g  over th e  eyes, an d  w as looking a t  
a w h ite  cloud. T h e  sam e p h o to m e tric  s ta n d a rd  applies 
in  looking a t  a  te m p e ra tu re  of 6400° th ro u g h  th e  
d a rk e s t glass, th e  effect on th e  eye being th e  sam e.

T hese new  values of lenses w ere de term in ed  by  
flowing colors over p h o to g rap h ic  p la tes . S pectra l 
ph o to g rap h s w ere ta k e n  th ro u g h  th is  m edium , th e  
efficient ones being ta b u la te d  an d  rep roduced  in  p o t 
glass.

All of th is  research  was conduc ted  in  w h a t was 
p rac tica lly  an  unknow n field an d  i t  will be difficult to  
find an y  o th e r  line of w ork w here m ore good has been 
accom plished in  th e  p rev en tio n  of ocu lar diseases, 
d is tu rb an ces an d  ac tu a l loss of s igh t th a n  has been 
accom plished b y  th is  p a tie n t research  conduc ted  w ith  
considerab le expense of tim e, m oney a n d  m ateria l.

T h e  process of arc-w elding requ ires p ro tec tio n  n o t 
only  for th e  eyes, b u t for th e  en tire  face an d  neck. 
W elders h av e  experienced such  in ten se  ey es tra in  an d  
face bu rn s a f te r  a few m in u tes’ w ork, th a t  all so rts  
of crude shields h av e  been  devised. T h e  m a jo rity  of 
these , how ever, were heav y  an d  cum bersom e, being 
m ade of m etal an d  le a th e r; an d  all w ere inefficient an d  
uncom fo rtab le . F re q u en tly , th e  w orkm en them selves 
se lected  glass to  reduce th e  lig h t in te n s ity , b u t  th e y  
were, of course, w holly ig n o ran t of th e  fac t th a t  th e  
ch a rac te r of th e  lig h t caused  m ore dam age th a n  its  
brilliancy .

Since m e ta l is a conduc to r of h e a t an d  e lec tric ity , 
th e  Ju liu s  K ing O ptical C om pany  h av e  co n stru c ted  
a  h e lm et of fiber, finished w ith in  an d  w ith o u t in  dead 
b lack  so as to  m inim ize th e  danger from  reflected  ligh t. 
T h e  to p  of th e  h ead  is p ro tec ted  by  a fireproof cap , to

1

Sm oked Glass— D angerous 
Reduces Visible b u t T ransm its  Invisib le R ays; A lthough som etim es 

Furnished w ith  Oxy-Acetylene O utfits, i t  is a b o u t th e  W orst th a t  
could be Used for th e  Process.

w hich th e  helm et is p iv o ted  so th a t  i t  m ay  be tu rn e d  
b ack  o u t of th e  range  of v ision  w hen i t  becom es neces­
sa ry  for th e  w earer to  in sp ec t his w ork or to  m ove 
ab o u t. T he lenses m o u n ted  in  th is  h e lm et are a  com ­
b in a tio n  of “ A rk-w eld” an d  “ A kopos” glass, th e  form er 
to  reduce th e  in te n s ity  an d  th e  la t te r  to  e lim inate  
th e  in ju rious ray s  of th e  arc ligh t.

As th e  lenses a re  of th e  p ro p er scientific color, no 
danger exists from  electric  o p h th a lm ia  or o th e r d iseased 
cond ition  of th e  re tin a  or co n ju n ctiv a .

T he accom pany ing  draw ing  was a d a p te d  from  
th e  special colored su p p lem en t accom pany ing  th e  M ay  
issue of Safely, an d  fu rn ished  th ro u g h  th e  cooperation  
of th e  Ju liu s  K ing O ptical C om pany . I t  in d ica tes  q u ite  
clearly  th e  transm ission  of th e  inv isib le  dangerous rays 
of ligh t th ro u g h  th e  o rd in ary  colored glass, an d  th e ir  
ab so rp tio n  by  th e  “ A kopos,”  “ S ani-w eld” a n d "  A rk- 
w eld” glasses. T h e  k inds an d  p ro p o rtio n s of th e  
various p a r ts  of th e  sp ec tru m  tra n sm itte d  are in ­
d ica ted  b y  th e  shaded  areas.

RECOVERY OF MOLYBDENUM RESIDUES
By V i c t o r  L e n h g r  a n d  M . P. S c h u l t z  

Received June  6,. 1917

A n u m b er of m ethods for th e  recovery  of m olybdic 
acid residues h av e  been  suggested  in  th e  p a s t few 
years. T he schem e of A rm stro n g 1 consists in  th e  
p rec ip ita tio n  of m olybdic acid  from  th e  residues, 
while th e  procedures of B row n2 an d  of P re sc o tt3 have 
in  a d d itio n  th e  rem oval of th e  p h o sp h a tes  b y  m eans

‘ T h i s  J o u r n a l , 7  ( 1 9 1 5 ) .  7 6 4 .
» Ibid., 7  ( 1 9 1 5 ) ,  2 1 3 .
» The Analyst, 40 ( 1 9 1 5 ) ,  3 9 0 .
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of m agnesium  salts. B o th  of th ese  p rincip les we 
h av e  fo u n d  in  our h an d s  to  be efficient. W e w ish, 
how ever, to  p rese n t an  ad d itio n a l m ethod  w hich is 
b ased  on a som ew hat d ifferen t p rincip le, an d  in  ce rta in  
k inds of m o ly b d a te  residues m ay  be desirable. T he 
m ethod  consists in  th e  p re c ip ita tio n  of m olybdenum  
sulfide from  a  so lu tion  s ligh tly  ac id  w ith  n itr ic  acid  by  
m eans of h yd rogen  sulfide or th e  fo rm a tio n  of a sulfo- 
m o lybda te  so lu tion  b y  ad d in g  h yd rogen  sulfide to  th e  
alkaline so lu tion  of th e  “ yellow  p re c ip ita te ” an d  
su b seq u en tly  add ing  hydroch lo ric  acid  to  p rec ip ita te  
th e  m olybdenum  sulfide. M olybdenum  sulfide w hen 
ig n ited  gives M 0 O3, w hich is in  cond ition  to  be used 
again.

In  app ly ing  th e  m ethod  to  w aste m o ly b d a te  liquors 
w hich are u sua lly  q u ite  s tro n g ly  acid w ith  n itr ic  acid, 
th e  so lu tions shou ld  be s tro n g ly  d ilu ted  or th e  excess 
of free acid  shou ld  be in  la rge p a r t  n eu tra lized  w ith  
sod ium  hydrox ide, so th a t  th e  lim its  of ac id ity  should  
be betw een  0. 1  an d  0.4 per cen t. H ydrogen  sulfide 
gas is th e n  passed  th ro u g h  th e  so lu tion . T h e  sulfide 
se ttle s  m ore rap id ly , how ever, if th e  so lu tion  is p re ­
viously  h ea ted . T h e  su p e rn a ta n t liqu id  can  th e n  be 
siphoned  off an d  th e  sulfide w ashed w ith  w ater, a f te r  
w hich i t  can  be filtered , d ried  an d  ro asted .

W hen m uch iron  is p rese n t in  th e  liquors th e  sulfide 
shou ld  be w ashed  w ith  w ate r con ta in ing  hydroch lo ric  
acid to  rem ove th e  iron  com pletely .

T he “ yellowr p re c ip ita te ” is h an d led  by  d issolving 
in  sufficient sod ium  hyd rox ide to  m ake a so lu tion  ju s t 
s ligh tly  alkaline to  p h en o lp h th a le in . S hould  th e  
p rec ip ita te  be c o n tam in a te d  by  iron , th e  ferric  h y ­
droxide p ro d u ced  b y  th e  a d d itio n  of th e  a lkali shou ld  
be filtered  off. T h e  f iltra te  is th e n  d ilu ted  a n d  h y ­
drogen  sulfide conduc ted  th ro u g h  th e  so lu tio n  to  
sa tu ra tio n . D ilu te  hydroch lo ric  acid is now  added  
u n til an  excess is p resen t, w hen m olybdenum  sulfide 
sep ara tes . T h e  sulfide of m o lybdenum  can  be filtered, 
w ashed w ith  h o t w ate r con ta in ing  d ilu te  hydroch lo ric  
acid, d ried  a n d  ro asted  in  th e  air to  m olybdenum  
trioxide.

C h e m i c a l  L a b o r a t o r y  
U n i v e r s i t y  o f  W i s c o n s i n , M a d i s o n

NOTE: ORGANIC CHEMICAL REAGENTS FOR 
SCIENTIFIC AND TECHNICAL LABORATORIES

B y  R o g e r  A d a m s  

Received June  7, 1917

D uring  th e  la s t th re e  sum m ers i t  h as  been th e  custom  
a t  th e  U n iv ersity  of Illinois to  m a n u fa c tu re  on a sem i­
com m ercial scale ( i -  to  2-lb. lo ts) ce rta in  organic 
chem icals, w hich h ad  h ith e rto  n o t been p roduced  
in th is  c o u n try  a n d  w hich w ere necessary  for th e  re ­
searches in  o rganic chem istry . E ach  y ea r th e  nu m b er 
m an u fac tu red  has been  increased  till a t  p rese n t s a tis ­
fac to ry  p ro d u c ts  h av e  been developed for over fo rty  
of th e  com m on organic chem icals used p rim a rily  in  
th eo re tica l o rganic research , b u t  to  som e e x ten t in  
techn ica l lab o ra to ries . T h u s i t  has been  possible to  
supp ly  th e  Illinois la b o ra to ries  w ith  m any, of th e  
m ateria ls  fo rm erly  im p o rte d  from  G erm any.

T he m a jo rity  of these  substances a re  n o t pu rchasab le  
in th e  open  m a rk e t a t  th e  p resen t tim e, so i t  was 
th o u g h t i t  m igh t be a  g rea t a id  to  o th e r  labo ra to ries  
if th e y  h ad  th e  benefit of th e  experiences a t  Illinois 
an d  th e  o p p o rtu n ity  of pu rchasing  such  chem icals as 
m ig h t be desired  a t  a price sligh tly  above cost. In  
n early  every  case th e  su b stan ces p roduced  h av e  been 
com pared  w ith  K a h lb a u m ’s p ro d u c ts  an d  in  every  
in s tan ce  th e  p ro d u c ts  h av e  been found  as p u re , or 
purer.

Below is given a  lis t of chem icals w hich h av e  been 
m an u fac tu red , m a n y  of w hich are on h an d  a t  th e  
p resen t tim e. In  con tinu ing  th e  m an u fac tu re  of 
chem icals th is  sum m er, on ly  th o se  chem icals m en tioned  
below , w hich are o u t of sto ck , will be m ade, unless th e re  
m ay be an  o u ts ide  dem and  for o thers. P rocesses for 
a t  le a s t te n  su b stan ces n o t inc luded  in  th e  lis t will be 
s tu d ied  also in  th e  n ex t few m onths.
Acetaraide
A cetoacetic ester (ethyl) 
Acetonitrile 
Acetophenone 
Anisole
Amyl brom ide (iso) 
Benzam ide
Benzene sulfonyl chloride 
Benzonitrile 
Benzoyl acetone 
Benzoyl chloride 
Benzoyl cyanide 
Benzyl alcohol 
Benzyl bromide 
Benzyl cyanide 
Brom oacetyl bromide 
Bromobenzene 
B rom onaphthalene (alpha) 
D ibrom o (P) benzene 
D ichloracetic acid 
D im ethyl glyoxime 
D iphenylm ethane

E th y l benzoate 
E thy lene bromide 
E th y l oxalate 
Glycocoll 
H ippuric acid
M agnesium  (especially prepared for 

use in the  G rignard reagent) 
M alonic ester (ethyl)
M alonic ester (m ethyl)
M esitylene 
M ethyl oxalate 
M ethylene iodide 
N itrobenzoic acid (p)
N itrom ethane 
Oxalyl chloride 
Phenyl acetic acid 
Phenyl acetic ester (ethyl)
Phenyl alanine 
T rim ethylene bromide 
T rim ethylene chlorhydrin 
T rim ethylene cyanide 
T ri m ethylene glycol

If th e re  is a  reasonab le  dem and  for a n y  p a rtic u la r  
chem ical, w hich has n o t been p rep a red  here an d  which 
ca n n o t be p u rch ased  from  an y  com m ercial concern, 
th e  lab o ra to ries  a t  Illinois will be g lad  to  u n d e r ta k e  
such  m an u fac tu rin g  a t  th e ir  expense an d  sell th e  
p ro d u c t a t  a p rice sligh tly  above th e  cost ca lcu la ted  
from  th e  p a s t resu lts .

T h e  D ivision of O rganic C h em istry  a t  th e  U ni­
v e rs ity  of Illinois has organized  itself for th is  w ork, 
th e  p rep a ra tio n  being ca rried  o u t for th e  m ost p a r t  
by  th e  ju n io r  m em bers of th e  staff an d  o th e r  g rad u a te  
s tu d e n ts  in  organic chem istry . These m en receive 
from  25 to  35  cen ts per hou r for th e ir  services. In  
th is  w ay  i t  h as  been possib le to  re ta in  m an y  m en 
who m igh t ea rn  m uch  la rger salaries ou tside, b u t  who 
are willing to  s ta y  for th is  p a r tic u la r  k in d  of experience. 
A nu m b er of o th e r  lab o ra to ries  h av e  offered to  assist 
in  th is  w ork, if necessary , so as to  a id  scientific and  
tech n ica l in v e stig a tio n  as m uch as possible. Prof. 
P . A. B ond, of C edar Falls, Iow a, has k in d ly  offered 
to  p rep a re  s6d ium  n itro p ru ssid e  for th e  benefit of any  
who m igh t need  th is  substance . In  ad d itio n  to  th e  
above w ork, in  co n ju n ctio n  w ith  P rof. M. T . B ogert, 
in fo rm atio n  concerning th e  organic chem ical reag en ts  
p u rch asab le  in  th is  c o u n try  is being collected. Q u o ta ­
tions of prices on an y  of th e  su b stan ces above, or an y  
in fo rm atio n  w hich i t  has  been possible to  o b ta in  in  
reg a rd  to  organic chem icals will g lad ly  be given on 
request.

U n i v e r s i t y  o p  I l l i n o i s  
U r b a n a ,  I l l i n o i s
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AN EVAPORATING BATH OF SEA SAND HEATED 
B Y STEAM

B y P .  P .  P e t e r s o n  

R eceived Feb ruary  24, 1917

T h e  a p p a ra tu s  herew ith  described has been found  
so conven ien t an d  useful in  th e  la b o ra to ries  of th e  
D e p a rtm e n t of Soils a t  th e  U n iv ersity  of Id ah o  th a t  
i t  is th o u g h t w orth  while to  te ll o th e r  chem ists ab o u t 
i t .  I t  is m ade of coils of p ipe in  a b a th  of sea sand . 
T h e  h ea t is supp lied  b y  su p e rh e a te d  s team , th e  flow 
of w hich is con tro lled  b y  a  Sarco s te am  trap .

T h e  t r a y  (A , F ig. I) is m ade of No. 24 galvanized  iron . 
Of course, i t  m ay be an y  size. O urs is 2 f t. sq u a re  an d  
4 in . deep. B  is a coil of Vs-fri. iron  p ipe -well f itted  
so th a t  i t  can  ca rry  a  p ressu re of 100  to  15 0  lbs. per 
sq. in . A t th e  end  of th is  p ipe is a  Sarco s te am  tra p , 
C, w hich allows th e  escape of s te a m  u n til a  ce rta in  
te m p e ra tu re  is reached  w hen i t  closes au to m atica lly . 
T h e  coil B  is covered w ith  s if ted  sea  san d  of ab o u t 
th e  size th a t  will pass a  20-m esh sieve a n d  w ashed 
free from  sm all adhering  partic les.

I t  is found  th a t  b y  th e  use of. th is  b a th  a m uch m ore 
rap id  ev ap o ra tio n  can  be o b ta in ed  th a n  w ith  a  h o t 
w a te r o r s te am  b a th . A side from  th is  th e  escape of 
la rge am o u n ts  of s te am  in to  th e  room  an d  th e  noise 
o ften  accom pany ing  th e  sam e is avo ided . T o o b ta in  
th e  b est resu lts  th e  san d  shou ld  cover th e  coils to  th e  
d ep th  of 1 V 2 to  2 in. so th a t  th e  ev a p o ra tin g  d ish or 
casserole m ay be pressed dow n in to  it.  W hen th e  h o t 
san d  is allow ed to  com e up  on th e  side of th e  ev a p o ra tin g  
dish th e  ev ap o ra tio n  is g rea tly  acce lera ted . A te m ­
p e ra tu re  of 14 0 ° C. can  be o b ta in ed  in th e  san d  be-

tw een  th e  pipes. O ver th e  h o t p la te , w hether h ea ted  
b y  a  gas flam e or e lec tric ity , th is  b a th  has  th e  a d ­
v an tag e  th a t  th e re  is a lm ost no danger a t  all of s p a tte r ­
ing. W ith  th e  h o t p la te  i t  is a lm ost im possib le to  
avo id  th is  tro u b le .

T h e  ob jection  th a t  co n tam in a tio n  from  th e  sand  
is likely  to  ta k e  place m ay be ra ised  and , of course, 
is to  be ta k e n  in to  accoun t. In  th is  la b o ra to ry ,

how ever, i t  has been found  th a t  to  avo id  th is  'c o n ­
ta m in a tio n  requ ires no m ore care  th a n  is necessary  
w ith  th e  old s ty le  boiling w ate r b a th  or th e  s te a m

F i g . I I — T h e  B a t h  C o m p l e t e

b a th . T horough  w ashing of th e  san d  to  rem ove all 
sm all partic les m akes th e  avo idance of co n tam in a tio n  
ra th e r  easy.

Fig. I I  is a c u t of th e  com pleted  b a th .
S o i l  F e r t i l i t y  L a b o r a t o r y  

U n i v e r s i t y  o p  I d a h o ,  .M o s c o w

AN IMPROVED FO RM  OF A FU M ELESS DIGESTION 
APPARATUS

By J . S. M c H a r g u e  

Received Feb ruary  23, 1917

In  a  rec en t in v e stig a tio n  invo lv ing  a  re la tiv e ly  large 
nu m b er of n itro g en  d e te rm in a tio n s , i t  becam e neces­
sa ry , on acco u n t of th e  lack  of flue facilities, to  m ake 
use of a Sy F um eless N itrogen  D igestion  A p p ara tu s . 
D uring  th e  tim e  th e  n itrogen  d igestions w ere being 
m ade, a  n u m b er of ob jectionab le  fea tu re s  to  th is  p a r ­
tic u la r  a p p a ra tu s  w ere experienced. T h e  w rite r has, 
therefore, en larged  an d  m odified th e  Sy a p p a ra tu s  
in  such  an  ad v an tag eo u s  m anner as to  consider th e  
changes so m ade w o rth y  of brief no tice in  th e  chem ical 
lite ra tu re .

T h e  chief p o in ts  in  w hich th e  a p p a ra tu s  show n in the  
accom pany ing  p h o to g rap h  differs from  th e  Sy a p p a ra tu s  
an d  th e  ad v an tag es gained  th e re b y  are as follows:

1— Increased  cap ac ity . Since m ost ready -m ade  
n itrogen  d is tilla tio n  a p p a ra tu s  prov ides for 6 d is tilla ­
tio n s to  be ca rried  on a t  th e  sam e tim e, th e re  is a sav ing  
of tim e  by  h av ing  an  equal n u m b er of d igestions p ro ­
v ided  for.

2— T he lead  p ipe an d  th e  ab so rp tio n  b o ttle  is a m ore 
p e rm a n en t a n d  sa tis fac to ry  a rran g e m en t for con­
tro lling  an d  disposing of th e  acid fum es du ring  d iges­
tion . P rac tica lly  all th e  fum es are  abso rbed  in  th e  
b o ttle  w hich can  be easily  em p tied  a n d  th e  acid  re ­
covered by  ev ap o ra tio n , th e re b y  effecting a sav ing  of 
acid  an d  th e  corrosive ac tion  on th e  d ra in  p ipes as 
well. T he p u m p  used  in  draw ing  th e  fum es in to  th e  
ab so rp tio n  b o ttle  is th e  o rd in a ry  ty p e  in  general use 
in  labo ra to ries.

3— T h e shelf E  holds 6 beakers w hich are p laced 
b en e a th  th e  low er en d  of th e  condensing bu lbs, and  
ca tc h  th e  acid  th a t  d ra in s  from  th e  condensing tu b es 
a f te r  th e  d igestion  flasks are rem oved . A fter th e  
digestion  is s to p p e d  an d  th e  flasks becom e cool, a
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sm all am o u n t of co n c en tra ted  acid  adheres to  th e  
inside of th e  condensing  bu lbs, w hich, a f te r  th e  re ­
m oval of th e  d igestion  flask, absorbs m o istu re  from

draw s th e  fum es th ro u g h  th e  w ate r in  th e  w ash b o ttle  
C, w here th e y  are absorbed .

T h e  ad ju s ta b le  shelf E  holds 6 sm all beakers, 
w hich are p laced  so as to  ca tch  th e  few d rops of acid  
th a t  alw ays d ra in  from  th e  low er end  of th e  condensing 
tubes a f te r  th e  d igestion  flasks are rem oved .

F  in d ica tes  th e  rings w hich su p p o rt th e  digestion  
flasks. T h e  rings are  a tta c h e d  to  a  Vs-in. iron  rod  
b y  m eans of clam ps. T h e  iron  rod  is a tta c h e d  to  th e  
v ertica l rod  of th e  s ta n d  b y  an  ad ju s ta b le  screw  clam p.

G is a W i n .  gas p ipe ca rry in g  th e  6 bu rners 
p laced  s in . a p a r t an d  is a t ta c h e d  to  th e  iron  s ta n d  a t  
th e  base by  m eans of a screw  clam p.

A lthough  th e  above a p p a ra tu s  h as  been  in  use b u t 
a  sh o r t tim e, i t  has  w orked  so well as to  leave b u t 
lit tle  to  be desired  in  th e  w ay  of a fum eless d igestion  
a p p a ra tu s .

D e p a r t m e n t  o f  C h e m i c a l  R e s e a r c h

A g r i c u l t u r a l  E x p e r i m e n t  S t a t i o n  
L e x i n g t o n .  K e n t u c k y

th e  a tm o sp h e re  an d  con tinues to  d rip  u n til th e  acid 
hecom es s a tu ra te d  w ith  m oisture .

I t  is adv isab le  to  w ash o u t th e  condensing bu lbs 
prev ious to  s ta r t in g  a new  se t of d igestions as th e  acid 
in  th e  bu lbs m ay  in  som e cases absorb  enough  a m ­
m o n ia  to  affect th e  n itro g en  es tim ation .

D E S C R IP T IO N  OP T H E  A P P A R A T U S

A  is a lead  p ipe 1 V 2 in- in  d ia m e te r  an d  a b o u t 28 
in . long. I t  re s ts  up o n  an d  is a t ta c h e d  to  a board , 
w hich is also a tta c h e d  to  an  ad ju s ta b le  c lam p th a t  
■can be m oved b ack  an d  fo rth  on th e  iron  rod  th a t  
:supports th e  lead  pipe. T h e  iron  ro d  is also ad ju s ta b le  
■on th e  v ertica l rod  of th e  iron  s ta n d  an d  is easily  
low ered or ra ised  to  accom m odate  e ith e r  long or sh o r t 
neck flasks. T he lead  p ipe is sealed  a t  each  end  an d  has 
7 lead  tu b e s  1 in . long an d  1/ j  in. in  ou tside  d iam ete r 
•sealed in to  th e  p ipe  fo r connections. T h e  6 tu b e s  on 
th e  side of th e  p ipe are p laced  5 in . a p a r t  an d  are con­
nected  w ith  th e  u p p e r end  of th e  condensing bu lbs 
b y  m eans of a  sh o rt piece of ru b b e r tu b in g . T he 
-seventh tu b e , w hich is p laced  n ea r th e  end  an d  a t  
r igh t angles to  th e  6 tu b e s  on th e  side, connects, by  
m eans of ru b b e r tu b in g  to  th e  glass tu b e  B, w hich 

■extends th ro u g h  th e  ru b b e r s to p p e r to  near th e  
b o tto m  of th e  w ash b o ttle  C.

T he ru b b e r tu b e  D  is a t ta c h e d  to  one en d  of a 
glass tu b e  b en t a t  r ig h t angles, an d  ex tend ing  th ro u g h  
th e  ru b b e r s to p p e r in  w ash b o ttle  C. T h e  o th e r  end  
■of th e  ru b b e r tu b e  is a tta c h e d  to  a suc tion  p u m p  w hich

w ay stopcock , as show n in  th e  d iag ram , a n d  using a 
v acu u m  to  d raw  u p  th e  so lu tion  in stead  of sucking it  
u p . T h e  tu b e  of th e  stopcock  connecting  w ith  th e  
o th e r  tw o  leads (a, F ig. I) is connected  to  th e  p ip e tte  
by  m eans of a  sh o rt piece of heavy -w alled  ru b b e r 
tu b in g . T his gives th e  a p p a ra tu s  r ig id ity . One of th e  
o th e r  leads (F ig . I)  is connected  b y  m eans of o rd i­
n a ry  ru b b e r tu b in g  of sufficient le n g th  to  give free­
dom  of m ovem ent, to  th e  v ac u u m , while th e  th ird  lead

A NOTE ON AN AUTOMATIC SUCTION ATTACHMENT 
FO R AN ORDINARY PIPETTE

B y J .  P . S c h r o e d e r  

Received M arch  7, 1917

In  an a ly tica l lab o ra to ries  i t  is o ften  necessary  to  
m easure a n u m b er of a liq u o t p o rtions of a so lu tion  or 
equal po rtions of d ifferen t so lu tions w ith  a p ip e tte . 
T his process becom es tiresom e, especially  w hen th e  
p o rtions to  be m easured  are large. T h e  laboriousness 
of th e  o p era tio n  can  be done aw ay  w ith  to  a  large 
e x ten t b y  a tta c h in g  to  th e  p ip e tte  a n  o rd in a ry  th ree -

Fig-K
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is left open  to  th e  atm osphere . T h e  suc tion  can 
read ily  be a d ju s te d  by  placing a screw  clam p on th e  
ru b b e r tub ing .

T o a id  th e  o p era to r in  d raw ing  th e  so lu tion  exactly  
to  th e  g rad u a tio n  m ark  on th e  p ip e tte  a  n iche is filed 
on th e  surface of th e  stopcock  on th e  edges of th e  hole 
(Fig. I I)  so th e  suc tion  m ay be closed off g rad u a lly  
w hen th e  m eniscus nears th e  g rad u a tio n  m ark . B y 
th is  m eans th e  a d ju s tm e n t m ay be m ade m ore read ily  
th a n  by  th e  o rd in a ry  m a n ip u la tio n  by  hand .

By th e  a rran g e m en t show n in F ig. I l l  the  vo lum e 
of so lu tion  is ad ju s te d  au to m atica lly . T h e  s te m  of th e  
p ip e tte  is b roken  off a t  th e  g ra d u a tio n  m ark  G an d  
a  Gooch crucible filter tu b e , T, is a tta c h e d  by  m eans 
of a ru b b e r s to p p e r as show n in th e  d iagram . T he 
m a n ip u la tio n  is ev id en t from  th e  illu s tra tio n .

POTASH AND A WORLD EM ERG EN CY1

By W . C. E baugh

Without a doubt we are now passing through an epoch-making 
period in the world’s history—epoch-making in national poli­
tics, in social changes, in economic conditions and in industrial 
revolutions. Things are done under the pressure of stern neces­
sity that would have been deemed impossible by the average man 
five or ten years ago. Obstacles in the way of progress, either 
constructive or destructive, are swept aside by master hands, 
tremendous organizations or by embattled nations, and we cease 
to wonder at things that would have held the world’s attention 
just the other day.

But even with all this one can observe some things that are 
not subject to increased production, even though they are in 
strong demand, for the simple reason that nature has not placed 
stores of the raw materials at our disposal in many places. 
Take platinum as an example. Russia is practically the only 
producer of this metal, and since the outbreak of the World War 
the price has soared. The Engineering and Mining Journal 
of April 7, 1917, quotes platinum at $10 2 .50  per oz. In spite 
of this demand the quantities of platinum available have not 
increased, even though strenuous efforts are made in all parts 
of the world to locate new sources.

Similarly, potassium salts have become very scarce and 
prices obtained reflect the market condition. I t  was deemed 
bad enough some six or seven years ago when the Kali Syndikat, 
under control of the German government, arbitrarily advanced 
prices somewhat, but it is safe to say 110 one thought it within 
the realm of possibility for such new high prices to be multiplied 
by ten, twelve or fifteen, as has actually occurred during the 
past months.

Why are these things so? Cannot substitutes for potassium 
compounds be found? Cannot new sources of potash be 
discovered? Is it not possible to enlarge the output from our 
known sources?

Answering these questions is not difficult if we consider the 
uses for potassium salts, the place from which they have come 
and present international conditions.

Primarily potash salts are valuable for fertilizers. About 
seventy-five years ago Justus von Liebig and his co-workers 
pointed out the necessity of restoring to the soil the ma­
terials removed from it in the form of crops. One economist 
states it crudely thus: "For every fourteen tons of fodder
carried off from the soil there are carried away two casks of

1 P resented a t  the  regular m onthly  meeting of th e  U tah  Society of 
Engineers, Salt Lake C ity, April 18, 1917.

T h e ad v a n ta g es  of th is  a rran g e m en t are :
1— A large n u m b er of so lu tions can  be m easured  in  a 

m in im um  len g th  of tim e.
2— T h e m easu rem en ts  can  be m ade w ith o u t tir in g  

th e  an a ly st.
3— T h e m eniscus can  be observed  from  a p o in t a t 

r ig h t angles to  th e  position  of th e  p ip e tte .
4— T h e so lu tion  is held  au to m a tic a lly  w ith o u t loss 

u n til rea d y  to  be delivered .
5— T h e danger of d raw ing  poisonous liqu ids, acids 

or alkalies in to  th e  m o u th  is e lim inated .
6— T h e a rran g e m en t can  be easily  m ade a n d  a t ­

ta ch e d  to  an y  o rd in a ry  p ip e tte .
U .  S . D e p a r t m e n t  o f  A g r i c u l t u r e  

B u r e a u  o p  S o i l s , W a s h i n g t o n . D .  C .

potash, one of soda, a carboy of vitriol, a large demijohn of 
phosphoric acid, and other essential ingredients.”  In our 
recently settled lands we are inclined to ignore this fact, and 
simply take oil crop after crop without using fertilizers. Our 
farmers in older communities, both here and abroad, have learned 
the folly of robbing their soil, and provide fertilizers to replace 
the inorganic substances removed.

“ In the many-sided technical and industrial life of to-day 
there are but few enterprises that can dispense with the products 
of the potash industry. In a number of ways it is employed, as 
for example in medicine, photography, painting, dyeing, laun­
dry work, bleaching, spinning works, soap manufacture, re­
frigeration, preservatives, electrotechnics, fireworks, explosives, 
matches, paper, glass, aniline colors, metallurgy, etc. Its use in 
agriculture is especially important. In 1909, the 6,900,000 
metric tons of potash salts produced contained 675,330 metric 
tons of potash. This was used as follows:

M etric  T ons P er cent
A gricu ltu re ..........................  590,027 87.37
In d u s trie s ...............................  85,304 12.63

In the same year Germany used 53,281 metric tons in its in­
dustries and only two other countries used more than 5,000 
tons in a similar way, viz., the United States and France. In 
its agriculture Germany itself used more than one-half of the 
total potash employed for this purpose.”

The fact that plants take up potash from the soil has been 
known for centuries. Wood ashes were called "potashes”  and 
used for the preparation of soap and as a raw material for 
manufacture of various potassium compounds. One of the 
most highly prized potassium compounds prepared from wood 
ashes was saltpeter or niter, used in gunpowder, as a preserva­
tive, etc. Prior to the Napoleonic Wars potash was used for 
many purposes where soda is now employed, because the former 
was found in wood ashes, and the latter could be gotten only 
with difficulty. Then came Le Blanc’s process for making 
sodium carbonate from salt, with hydrochloric acid as a by­
product, and the demand for potash fell off. Glass and soap 
are now made from soda, rather than from potash, unless for 
special reasons. But sodium compounds cannot replace potash 
as a plant food substance.

A shortage of potash was felt in the two decades 1840 to i860, 
following the acceptance of Liebig’s doctrines on restoring soil 
fertility. Saline lakes, springs and wells were tried as sources 
of potash, but with poor results.

At Stassfurt, in northwestern Germany, a salt industry has 
been carried on for centuries. In order to increase the yields 
from this source, in 1837 the Prussian government undertook

ADDRESSES
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deep boring operations for rock salt, which was discovered ill 1843. 
Between 1851 and 1856 the first shafts were sunk. Great was 
the disappointment because "bitter salts,”  and not rock salt, 
were found. It  was not long, however, until the true value of 
these "waste salts”  as a source of potash was recognized, and 
in 1861 the first potassium chloride factory at Stassfurt was 
erected. From that time to the present Stassfurt deposits 
have supplied practically all of the potash used throughout the 
world.

STASSFURT DEPOSITS

A glance at the diagram shown herewith reveals the way in 
which the various layers of salts are found. It  will be noted 
that potassium salts are not found at the surface. This should 
be borne in mind when we talk about discoveries of potash in 
our western country. As potassium salts dissolve readily in 
water they are transported to lakes or the ocean, except in so 
far as they may be ingested and used by plants. Water from 
Great Salt Lake illustrates this.

It  is supposed that in early geological ages North Germany 
and adjacent countries were an inland lake or sea, similar to 
our own Lake Bonneville; and from this residual lake at Stass­
furt, left after evaporation through the milleniums, there separa­
ted out annually 3 to 5 inches of salt and thin layers of gypsum 
and anhydrite. These can be counted like rings of yearly growth 
in trees, and indicate a period of 10,000 years required for the 
formation of this salt deposit. Finally the mother liquors 
themselves crystallized out, giving rise to rock salt mixed with 
polylialite, kieserite and carnallite as indicated. The same 
salts can be obtained by the evaporation of seawater and saline 
lakes, only in different proportions. These deposits were then 
buried by dust, which now is found as the “ salt clay”  imme­
diately above the potash salts. In subsequent ages anhydrite 
and shales were laid down, and then extensive folding and pres­
sure occurred. That climatic conditions at the time these salt 
beds were formed were far different from what they are to-day 
is indicated by van’t Hoff’s calculations that often tempera­
tures of 730 C. (163° F.) occurred.

T a b l e  I — N a t i v e  P o t a s s i u m  S a l t s  

N a m e  Form ula  Potash  (K 2O) E quivalen t
C arnallite ...............................  KC1, MgCIi, 6 H 2O 16.9 per cent
“ H artsa lz” (M ixture of

Sylvinite and  K ieserite) ....................
Sy lv in ite .................................  KC1, N aCl
(K ieserite).............................. MgSO«, H 2O
SehSnite..................................  KjSOi, M gSOt, 3HjO
P o lyhalite ............................... KsSOi, MgSO*, 2CaSO<, 2HiO
(B oracite)...............................  6 M gO, 8 BiOj, M gCIi . . . .
(A nhydrite)...........................  CdSO* . . . .
K a in ite ....................................  KC1, MgSO«, 3H jO  29.0
O rthoclase ..........................  KAlSiaOs 16.9
L eu c ite ....................................  KAlSisO« 21 .6
A lun ite ....................................  KAliSiOn, 311:0 11.4
G ranites, Porphyries, e tc ............................  3 to  8
Leucite R ocks...............................................  5 to  10

The individual salts found at Stassfurt have the names, for­
mulas and potash content given in Table I : the average composi­
tions of the crude and manufactured salts are given in Table II.

35 .4

27 .0
15.6

and churches standing at all angles, caused by water getting to 
the underlying salt.

The crude salts are sold largely as fertilizers, but immense 
amounts are refined in the "potassium chloride factories.”  B y 
recrystallization under definite conditions of concentration and 
temperature there are made potassium chloride, potassium sul­
fate, potassium magnesium sulfate, Glauber’s salt, magnesium 
sulfate (Epsom salts), magnesia, bromine, boric acid, etc.

"The supply of potash salts in the deposits found to date is so 
great that even in the case of greatly increased production it will 
suffice for much more than a thousand years.”

"K ali Syndikat has more than 70 establishments and employs 
more than 30,000 miners and workmen.”

"The majority of the carnallite and about ‘ /e of the kainite 
and sylvinite salts are concentrated.”

During the last twenty-five years the production of salt at 
Stassfurt has grown by leaps and bounds, the total production 
in 1909 being approximately ten times what it was in 1882. 
In the former year more than $25,000,000 worth of potash 
salts were produced, including:

Potassium  Chloride (80 per cen t KC1).........................  349,890 tons
Potassium  Sulfate (42 per cent K iO )............................  70,580
Potassium  M agnesium  S u lfa te ......................................... 38,100
Poorer grades, used chiefly in G erm any ......................  3,547,420

In 1912 the exports from the German Empire and the imports 
into the United States were:

M e t r i c  T o n s : E xported  from  G erm any Im ported  in to  U. S.
C rude Potassium  S a lts ........................... 1,300,559 650,297
Potassium  C hloride.................................  286,528 190,775
Potassium  S u lfa te .................................... 85,452 35,366
Potassium  M agnesium  S u lfa te   48,540 14,172

T o t a l .............................................  1,721,079 890.610(a)
(a) E quivalen t to  65 cars of 100,000 lbs. capacity  each, 6  days per week.

The prices of "Potassium Muriate,”  1913 to Mar., 1917, are 
given in Table I I I  and shown graphically in Fig. II.

The potash production in the U. S. during 1916 is given in 
Table IV. A similar report for 1915 showed a small quantity 
produced—equivalent to about one week’s consumption, and 
valued at §350,000. Fig. I l l  enables one to compare the im-

S a l t s  
C r u d e  (as mined)

C o n c e n t r a t e d  
(as m anufactured)

T a b l e  I I — A v e r a g e  C o m p o s i t i o n  ( P e r c e n t a g e s )  o p  S t a s s k u r t  S a l t s  
N a m e  o f  S a l t  KjSOi

K a in ite .....................................................................
C arnallite ....................................................   . . . .
Sy lv in ite .......................................................  1 .5
P otash  Fertilizer, 2 0 % ............................ 2 .0
Potash  Fertilizer, 3 0 % ............................  1 .2
Potash  Fertilizer, 4 0 % ............................ 1 .9
Potassium  Sulfate, 9 6 % .........................  97 .2
P otassium  Sulfate, 9 0 % .........................  9 0 .6
Potassium  M agnesium  S u lfa te .............  50 .4
Potassium  Chloride (M uriate) j g o /3 5 ^

KC1 MgSO« M gC h CaSO< N aC l Insoluble W ater Av. KsO
22.3 2 0 . 8 2 .3 4 .4 44 .6 4 .4 5 .6 14.1
15.5 1 2 . 1 27.5 1.9 22.4 0 .5 26.1 9 .8
26.3 2 .4 2 . 6 2 . 8 56 .7 3 .2 4 .5 17.4
31 .6 1 0 . 6 5 .3 2 . 1 40.2 4 .0 4 .2 2 1 . 0
47 .6 9 .4 4 .8 2 . 2 26 .2 3 .5 5.1 30 .6
62.5 4 .2 2 . 1 2 .4 2 0 . 2 3.1 3 .6 40 .4

0 .3 0 .7 0 .4 0 .3 0 . 2 0 . 2 0 .7 52.7
1 . 6 2 .7 1 . 0 0 .4 1 . 2 0 .3 2 . 2 49 .9

34 .0 0 .9 2 .5 0 . 6 1 1 . 6 27.2
91.7 0 . 2 *6 : 2 7.1 0 . 2 0 . 6 57.9
83.5 0 .4 0 .3 14.5 0 . 2 1 . 1 52 .7

The Stassfurt salts are mined by the room or pillar method, 
about 25 per cent of the salt being allowed to remain as pillars, 
and the stopes filled with sand or waste. The penetration of 
water to the deposits is fatal, for caving, loss of salt and destruc­
tion of surface property results. In parts of the Stassfurt dis­
trict one can see humps and hollows on the surface, with houses

ports of potash before the war with the production in the United 
States during 1916.

From the above it can be seen that Germany literally bored 
into a natural monopoly of the first rank when prospecting at 
depth was done at Stassfurt some seventy years ago. Her 
preeminence in this field is therefore assured until equally im-
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portantjfinds are made elsewhere, or until methods are evolved 
for producing potash commercially from other sources.

T a b l e  I I I — P r i c e  p e r  T o n  o e  P o t a s s i u m  M u r i a t e  ( B a s i s  80 P e r  c e n t )
1913 

£38.55

1914
. Jan .-Ju ly  

£38.55

Aug.-Oct.
N o quotation

Nov.-D ee.
Nom inal

M on th  1915
Jan u a ry ..................  Nom inal
F eb ru a ry ..................  N om inal
M arch................................... (?)
A pril.....................................  (?)
M a y .................................. $ 135-155
J u n e ...................................  200-216
J u ly ....................................  230-250
A ugust..............................  220-250
S ep tem ber........................ 220-250
O ctober............................. 245-250
N ovem ber.......................435
D ecem ber.........................  480-500

1916 1917
«490 $390-400

490 425-430
415-420 415-425 

400 
425 
350 

300-325 
350-400 

300 
450-475 
450-475 
450-475

T a b l e  IV -

10,000
5,750

3,070

porphyries, lavas and other primary rocks, but their potash 
content is lower and difficulties in the way of treatment have 
not been overcome. Especially valuable for potash would be 
many tailings dumps—if the materials could only be "unlocked”  
chemically, and the one or two hundred lbs. of potash contained 
in each ton converted into merchantable forms economically. 
There are patents galore covering proposed processes, but none 
seem to work out commercially. Among such methods might 

,be mentioned decomposition by treatment with (a) alkaline 
carbonates, (b) lime or magnesia, (c) acids, (d )  calcium carbonate 
and ammonium salts, (e) calcium, strontium, barium or mag­
nesium chlorides or oxychlorides, (/) calcium fluoride (fluorite), 
(g) water and carbon dioxide under pressure at high tempera­
tures (an effort to effect in a short time what nature accom­
plished in the course of centuries), (h) high temperature, quench­
ing, pulverizing and action of acids successively, etc.

One of the most complete papers covering the economic 
feasibility of producing potash from feldspathic rocks was 
published by Cushman and Coggeshall.1 According to these 
authors a 100 ft. cube of impure feldspar containing 10 per cent 
of potash would have in it 17,000,000 lbs. of this substance, 
valued at $100,000 before the war. One ton of it, with only a 
75 per cent extraction, would have given $5 .00 worth of potash. 
B y  the use of modified cement mill equipment these authors 
believed that ground feldspar and burnt lime, properly moist­
ened with calcium chloride solution, could be granulated, burned 
in rotary kilns to convert the potash into potassium chloride, 
and then this salt leached out, recovered by concentration and 
crystallization, and a product obtained that would run 70-80 
per cent potassium chloride. With a 3C>o-ton mill using three 
100-ft. rotary kilns, with feldspar delivered at $ 1 .0 0  a ton and 
lime costing $2 .33  a ton, they estimated that a product running 
50 per cent K 20  (equivalent to potassium muriate, base 80 per 
cent) could be made for $3 1 . 3 0  per ton. This would allow' a

F l6 .H L

- P o t a s h  P r o d u c t i o n  ( S h o r t  T o n s  K 2O )  i n  U. S .  D u r i n c  1 9 1 6  
{Data compiled by U. S . Geological Survey)

Approxim ate T o tal Production  (a ) ..................................
A — M i n e r a l  S o u r c e s ..........................................................

N atu ra l salts or brincs(&)  ........................................ 3850
A lunite and  Silicates, including furnace d u s t ............... 1900

B — O r g a n i c  S o u r c e s ............................................................
K e lp ............................................................................................  1100
Pearl ash (c)..................    220
M iscellaneous industria l w astes........................................  1750

(a) E qu ivalen t to  abou t tw o weeks' consum ption. 
lb) Largest o u tp u t from N ebraska alkali lakes.
(c) 23 ou t of 70 establishm ents reported.

Potassium compounds are very widely scattered throughout 
nature. That potash constitutes an important part of plant 
ashes shows that it is in practically all soils to some extent. 
The composition of saline lakes and of the ocean indicates the 
important rôle the circulation of atmospheric water plays in 
removing it from the soil. As is well known, potash in plants 
and circulating waters gets there from the slow decomposition 
or weathering of certain potash-bearing minerals, chiefly sili­
cates like feldspars and micas. At once the suggestion arises, 
why do we not manufacture potash from the same sources? 
An immense amount of investigation has been given to the 
problem, but thus far with no marked commercial success. 
The fact that to-day, almost three years after supplies of potash 
from Germany have been cut off, the price of potash is ten 
times what it used to be, is ample proof of this statement.

As sources of potash, feldspars—especially orthoclase, KA 1- 
SijOa—have been tried. These minerals contain from i or 2 
up to 16 or 17 per cent potash. Immense tonnages of ortho­
clase too impure for use in good ceramic products would be avail­
able for potash work. The leucites of Wyoming and Idaho are 
even better than feldspars for potash extraction. Far more 
abundant than either feldspars or leucite are granites, syenites,
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slight profit even under ante-bellum conditions. The fact that 
nothing has been heard about the scheme’s going into actual 
operation may be significant.

But strange to relate, the only way for eliminating potash 
economically from materials such as feldspars, rocks, clays, 
etc., seems to be by getting it as a by-product from other com­
mercial operations. To illustrate, potash is volatilized from 
the raw mixture fed into cement kilns, and the dust collected 
from cement stacks constitutes a source of potash of no mean 
proportions. The Cottrell system of electrostatic precipitation 
of solids and liquids from gases is very effective in this connec- 

1 T h i s  J o u r n a l ,  7  ( 1 9 1 5 ) ,  1 4 5 .
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Chlorine 
Bromine 
Sulfate 
C arbonate 
B orate 
Sodium
P o t a s s i u m  K 
Calcium  C a.
M agnesium  Mg,
S alin ity  . . . .

tion, as is illustrated at the Riverside, Cal., plant. The ad­
dition of chloride or fluoride of calcium seems to assist in expelling 
potash from the raw mix. It  has been found also that dust col­
lected in preheating stoves or ovens at iron blast furnaces some­
times contains important quantities of potash.

Near Marysvale, Utah, are immense deposits of alunite, a 
basic sulfate of aluminum and potassium, with potash contents 
varying from almost nothing to twelve or fourteen per cent. 
A plant erected by the Mineral Products Company has now been 
making potassium sulfate from alunite for more than a year 
by a process very simple, but also very wasteful. Briefly it 
consists in burning or roasting the alunite in rotary kilns such 
as are used in cement plants, allowing part of the sulfur to es­
cape as sulfur trioxide (and probably dioxide) through the stack, 
expelling potassium sulfate in a volatile condition by subsequent 
firing at a high temperature, or leaching the residue for the re­
moval of potassium sulfate and recovery of the salt by evapora­
tion. The alumina and silica are now treated as waste products. 
In the present condition of the market such a method can be 
carried on profitably, but under normal conditions it would be 
ruinous economically. The owners of the Marysvale plant 
recognize this fact, and have spent large sums of money, as well 
as much time and effort, in endeavors to convert their waste 
products into valuable by-products. I t  is said that the plant 
produces 25 to 30 tons of potassium sulfate daily.

It might be remarked parenthetically that many persons 
make the serious mistake of supposing that native alum or alum- 
inite (not alunite) is a valuable source of potash. This mineral 
is a basic sulfate of aluminum, usually with more or less iron, 
and contains no potash. Because of its astringent taste it is 
easily recognized, and samples without number have been sub­
mitted to examination, but no potash has been found. Even 
pure common or potash alum, KA l(S0j)2.i2H 20 , contains only 
about 10 per cent of potash (K20 ), and is a product of chemical 
factories, not of the earth.

Under present conditions efforts have been directed toward 
recovering potash from wood ashes, sage brush, beet residues 
and other organic wastes. A favorite scheme seems to be to 
burn or char carefully, usually in kilns or retorts, and then leach 
the residue with water, filter and evaporate. Many high 
hopes are blasted when the dollars and cents side of the processes 
comes to be worked out.

According to Harlow and Bradley the U. S. Census showed 
the world production of potash in 1890 from wood ashes as 20,000 
tons. The census for 1900 gave the cost of a barrel (650 lbs.) 
of potash as $ 18 .25  and its selling price as $25 .00.

The composition of wood ashes is said to be:
M ean M axim um  M inim um

P otash  (K iO )...................................... 5 .5  10.2 2 .5
Phosphoric A nhydride (PiO s). . . .  1 .9  4 .0  0 .3

Sage brush contains 5 to 7 per cent of potash, and its ashes are 
said to run 20 to 30 per cent of this constituent. The authors 
draw the conclusion that wood ashes could be made in lumber­
ing districts and utilized for the extraction of potash with as­
sured profit.1

Particularly disappointing must have been the results of at­
tempts to recover potash from seaweed or kelp along the Pacific 
Coast. This proposed source has been under investigation 

1 S e e  T m s  J o u r n a l ,  8 ( 1 9 1 6 ) ,  1 0 5 .—  [ E d i t o r ’s  N o t e . ]

S b a r l b ’s  L a k r  
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(1912) 
37 .02  

0 .094  
12.96 
6 .7 0  
3 .0 0  

33.57 
6 .06

T r "

2 .8 5 -4 .0

for some years by the U. S. Department of Agriculture, and at 
least four large plants were constructed by corporations used to 
handling affairs in a big way. It  was stated that practically 
limitless tonnages of kelp could be cut annually, and that an 
inexhaustible supply of potash was thus assured. Special 
machinery for harvesting the kelp, loading it upon barges and 
treating it at the factories was devised and constructed, but 
statistics for 1916 show how far realization has fallen below ex­
pectation. For example, the plant of the Hercules Powder 
Company at San Diego has utilized only 1000 tons of wet pulp 
per day instead of 1500 to 2000 tons, and experience to date in­
dicates that only 22,000 tons a year are available as against 
an official estimate of 696,000 tons.1

The last source of potash to be mentioned is one of particular 
interest to us in the intermountain country, viz., saline waters. 
It  has long been known that water from Great Salt Lake and 
other land-locked seas or lakes contains potash in considerable 
amounts, and that sea-water itself contains appreciable 
quantities (see Table V). In the early part of this paper it 
was shown that the Stassfurt deposits themselves resulted from 
the evaporation of such an inland sea during milleniums long 
since past.

Unfortunately, potassium salts are not found anywhere in 
concentrated form, as is the case at Stassfurt. On the con­
trary, evaporation must be resorted to in order that sodium 
salts may be removed to a great extent before potassium com­
pounds can be recovered in even a very impure condition, and 
more or less complicated methods of treatment are required 
to prepare concentrated potassium salts. Plants are now opera­
ting on mother liquors from salt ponds at Saltair, Utah, Searle’s 
Lake and Owen’s Lake, Cal., and on certain salt deposits at 
Salduro, Utah, 112  miles west of Salt Lake City.

Facts and figures shown in this paper lead to the inevitable 
conclusion (a) that independence of the United States from a 
foreign source of potash is a "consummation devoutly to be 
w'ished,”  (6) that thus far most extensive surface prospecting 
by private parties and government agents has failed to locate 
soluble potash deposits of any value, (c) that certain potash ex­
traction plants of the "war baby”  type have sprung up and can 
continue operations only as long as importations from Europe 
are stopped or under price conditions essentially higher than 
those obtaining prior to Ju ly, 1914, (d )  that slight additions 
to potash supplies can be looked for from the utilization of ce­
ment kiln and blast furnace dusts, distillery and sugar factory 
wastes, wood ashes and wool scourings, and (e) that a service 
of incalculable benefit to mankind will be rendered by the dis­
coverer of a process whereby soluble potassium compounds can 
be made cheaply from feldspar, leucite and other silicates con­
taining potash.

The "World Emergency”  confronting us to-day is therefore 
not one of militarism or national politics only: it is one of eco­
nomic independence also. Because Germany alone is favored 
with deposits of potash salts; because nitrates are found in com­
mercial quantities only in the dry regions of western South 
America; because Russia has the distinction of producing prac­
tically all the platinum mined—for these reasons shall scientists 
and engineers the world over accept things as they are and do 

■ Eng. 6- M ining Jour., Feb . 24. 1917, pp. 103 and  333.

T a b l b  V— C o m p o s i t i o n  o p  S o l i d s  p r o m  S a l i n e  W a t e r s

O c e a n
Challenger
Expedition

C l.........................................  55.292
B r.............................................  0 .188
SO<...........................................  7.692

G r e a t  S a l t  L a k e  
Allen T alm age M acfarlam
(1869) (1889) (1909)
55.99 56 .54  52.23

6 . 5 7 5 . 9 7 6.65

S a l d u r o ,  U t a h  
G ale (1916) 

Brine Salts

O w e n ’s  L a k e  
Stone 
(1905) 
24.82

9! 93
CO*...................................... 0.207
B 4O 7 ............................................................
N a .......................................  30.593

  1.106
1.197 
3.725 

3 .3 0 -3 .7 4

33.15  33 .39  34 .64
1.60 1.08 3.66(?)
0 .17  0 .42  0 .39
2 .52  2 .60  2 .14

14.994 19.558 18.39

0 . 7 6 - 1 . 0 3

24.55
0 .14

38.09
1.62
0.02
0.01
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nothing to meet the great emergency? B y no means! Economic 
campaigns more alluring and important than any planned by 
military leaders are called for, and the rewards to be reaped 
are almost beyond conception. Already special alloys have 
been prepared for use as substitutes for platinum. The "fixation 
of nitrogen,”  or its conversion from inert, free nitrogen of the 
atmosphere into valuable products like ammonia, nitrates, and 
cyanides, is a commercial success. But the greatest of the three 
desiderata remains an unsolved problem, viz., how can immense 
stores of potash locked up in our feldspars, leucites and many 
rocks, be freed from their "entangling alliances,”  and made 
available to our manufacturers and—most important of all— 
to our farmers? The problem is not necessarily incapable of 
solution, but prolonged, persistent, painstaking effort, with ample 
provision for large scale experimenting, are needed. The Napo­
leonic Wars gave us cheap soda; will the World War of a later 
century give us cheap potash?

8 0 9  K b a r n s  B u i l d i n g  
S a l t  L a k e  C i t y ,  U t a h

TH E RECOVERY OF POTASH FROM  BEET-SUGAR 
HOUSE W ASTE LIQUORS1

By H . E . ZiTKOwsKi 

The recovery of the residual values from beet-sugar waste 
liquor has been the subject of serious investigation even prior 
to the war. However, the abnormally high potash prices of 
the past few years have brought about renewed efforts in this 
direction.

FUNDAMENTAL CONSIDERATIONS 

During the 1916 season approximately 6,000,000 tons of 
sugar beets were produced in the United States. In all prob­
ability a materially greater tonnage will be produced this year, 
and the possibilities for increased production in the immediate 
future are promising, though this phase of the problem is so 
intimately related to the tariff, the agricultural labor supply, 
and ruling prices of other agricultural products, that prophecy 
is fruitless.

The composition of the beet, and therefore its content of 
potash, is variable from season to season and in different 
localities and soil conditions. The following analyses of beets 
from three widely separated localities in the United States can 
serve as a basis.

Colorado California(a) W isconsin(a)
M oistu re ............................... 78.36 per cent 63.99 per cen t 74.37 per cent
D ry  substance ....................  21.64 36.01 25.63
Ash (carbonate)............. 0.89 0.88 .......
T otal n itrogen ....................  0.199 0.254 0.1817
S u g ar.....................................  15.40 25.60 18.7
M in er a l  M atter  (P er  cent on B eets)

C l........................................ 0.102 0.065 0.040
S O ,..................................... 0.028 0.034 0.024
P 2O s ........................... 0.046 0.121 0.023
K iO .................................... 0.320 0.269 0.320
N a ,0 .................................  0.097 0.106 0.089
C aO ...................................  0.032 0.078 0.041
M gO ..................................  0.058 0.051 0.047
FeiOi-Al.Oi...................... 0.042 0.014 0.027
SiO j.................................... 0.005 0.016 0.036

(a) Both the  California and Wisconsin sam ples were several days in 
tran sit to  the laboratory  a t which the analyses were m ade, and  undoubtedly  
lost considerable m oisture by evaporation, which consequently increased 
the percentage con ten t of d ry  m atte r. Aside from  th a t  th e  California 
sam ple was abnorm ally high in sugar content.

From an agricultural and economic view-point—aside from 
the sugar—the nitrogen, phosphoric acid and potash content 
of the sugar beet is of more than passing importance. Accepting 
the average of the three analyses herein reported as the average 
for the entire production,’ the 6,000,000 ton crop of beets of 
1916 contained:

N i t r o g e n  P h o s p h o r i c  A n h y d r i d e  P o t a s s i u m  O x i d e

1 2 ,7 0 0  t o n s  3 ,7 8 0  t o n s  1 8 ,1 8 0  t o n s

Investigations indicate that in extracting the sugar values by 
the diffusion process approximately 60 per cent of the nitrogen

1 P r e s e n t e d  a t  t h e  B u f f a lo  M e e t i n g  o f  t h e  A m e r i c a n  I n s t i t u t e  o f  C h e m ­
ic a l  E n g i n e e r s ,  J u n e  2 0  t o  2 2 ,  1 9 1 7 .

and 90 per cent of the phosphoric acid and potash content are 
extracted with the sugar and pass into the process, the rest 
remaining with the pulp. As this pulp is now completely utilized 
for live stock feeding purposes, the plant food values of this 
pulp are not lost to agriculture except in so far as farmyard 
manures are inefficiently utilized.

Of the plant food values extracted and now in the juices 
phosphoric acid is completely eliminated as calcium phosphate, 
and to date largely wasted. A part of the nitrogen content is 
eliminated as coagulated protein and otherwise, together with 
the phosphoric salts. The potash, however, is not eliminated 
from the juices by the usual processes of purification and is found 
in the final molasses, i. e., the mother liquors, from which sugar 
cannot be further recovered by direct crystallization, and for 
this condition potash salts are partly responsible.

The production of molasses from beets is somewhat variable 
from season to season, but an average percentage production 
for the United States will be somewhere between 5.5 to 6.0 
per cent on beets. With a six millon ton crop of beets this 
totals 330,000 to 360,000 tons.

A study of a series of thirteen samples of American beet 
molasses as reported in Sugar, Vol. 18, No. 4, indicates 
an average content of 1.69 per cent nitrogen and 4.66 per cent 
potassium oxide (K2O).

On this basis the beet sugar molasses production of the past 
campaign contained between 15,400 and 16,700 tons of K2O, 
which checks fairly closely with the figures above estimated. 
Of the total beet molasses production perhaps 5.0 per cent 
under normal conditions, but under present conditions double 
this amount or more, is used in alcohol production and the 
still residues, containing the potash, are concentrated and 
usually enter the fertilizer trade and are, therefore, not lost to the 
general economy.

Approximately 40.0 per cent of the total molasses production 
is used for stock feeding purposes, in part direct as such, but by 
far the greater part is mixed with some absorbent feed, fre­
quently beet pulp, either fresh or dried, and also many of the 
fodders. The potash values in this case are recovered in pro­
portion as the manurial values from these feeding operations are 
recovered.

The remainder of the United States molasses production, 
perhaps 45.0 per cent of the total (during the past season from
148,000 to 152,000 tons) is desugarized, that is, sugar is ex­
tracted in marketable form. It  is this portion of the beet crop 
that contains the possibilities of potash production in com­
mercial form at the sugar factories.

STEFFENS PRECIPITATION PROCESS

The process now used almost exclusively in this country in 
extracting sugar from this molasses is known, after its inventor, 
as the Steffens precipitation process, in which sugar is pre­
cipitated as tri-calcium saccharate.

p r o c e d u r e —Molasses of about 80.0 per cent solids is diluted 
to 10 to 12 per cent solid content, cooled to about 15.0° C. 
and under suitable means for cooling and stirring, finely powdered 
calcium oxide is dusted into the solution. If the conditions 
essential to the process are adhered to, 90.0 per cent or more 
of the sugar is precipitated as a calcium compound and is re­
moved from the mixture by filtration. The filtrate, now with a 
content of solid matter of 5 to 7.0 per cent contains practically 
all of the potash originally in the molasses and also variable 
percentages of sugar not precipitated above. The sugar in 
solution is probably present in the form of di-calcium saccharate, 
CisHMOn.2CaO. If this cold filtrate is heated to 85° C. ap­
proximately 60.0 per cent of the sugar in solution is precipitated 
as a calcium saccharate probably according to the following 
reaction :

3C isH j20n.2C a0 < ^  2C i;H ^O n-3CaO ■ j- C12H 22O11
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The reaction is reversible and on cooling the saccharate 
formed dissolves: hence it is necessary to filter at the precipita­
tion temperature.

This, known as the "H ot Saccharate”  process, is now quite 
generally used to recover from the solution additional sugar 
values which are not readily and economically recovered by the 
first step or cold process.

The filtrate, now known as Steffens hot waste water, still 
contains from a few hundredths to 0.4 or 0.5 per cent of sugar, 
some lime, practically all of the potash and most of the other 
non-sugars present in the molasses. This is the waste liquor 
forming a potential potash supply.

PRESENT USES OF WASTE LIQUORS

In several instances where the sugar company controls 
agricultural lands in quantity adjoining the factory, these 
waste liquors, together with other residues, are used to irrigate 
the lands. This is perhaps the most economical method of 
utilizing the residual values, as all of the potash and phosphoric 
acid and nearly all of the nitrogen of the beet can be returned 
to the soils, but this is practical only in isolated instances, and 
only about 8.0 per cent of the total beet crop is handled in this 
manner.

In still other of the irrigated sections where the residual 
■waters are discharged into existing streams and the streams are 
subsequently diverted for irrigation purposes some of the values 
may be inadvertently utilized, but in any event the losses to the 
economy of the state must be very considerable by this method of 
disposal.

In most cases the waste residues are sent into settling basins, 
the clear effluent of which reaches the streams and is carried 
away. Efforts had been made even before the war to recover 
these values, and owing to the stimulus of high potash prices of 
recent years the work in this direction has been followed with 
more than usual vigor. However, the problem has its diffi­
culties.

Since the hot waste water as produced is very dilute, con­
taining 96.0 per cent or more of water, it is necessary to con­
centrate it. As produced it contains 0.2 to 0.5 per ccnt of 
free lime, CaO, which will foul the evaporating surfaces if not 
removed. This is readily enough accomplished by carbonating 
(injecting C0 2 gas) and filtering.1

The carbonated and filtered waste water varies in composition 
with the season, locality and factory practice, but the following 
is typical:
P e r c e n t a g e s : D ry C arbonate Organic N i- Potash

M oisture • Substance Ash Sugar N on-sugar trogen KiO
97 .00  3 .0 0  1.00 0 .3 0  1.70 0 .1 6  0.35

This indicates at once that the content of values is low, the 
cost of evaporation comparatively great, and also that, under 
normal conditions, when the value of a unit of nitrogen is two or 
three times that of a unit of potash, the nitrogen values are as 
great or greater than those of the potash contained in these 
waters. Up to a content of 50 to 55 per cent dry substance 
this water can be readily enough concentrated in multiple effect 
evaporators, and quadruple as well as quintuple effect evapora­
tors have been used very successfully. With a content of more 
than 55 per cent dry matter the liquor begins to salt out and 
foul the heating surfaces. However, beyond this point the 
material can be readily enough concentrated still further, and 
brought to a dry state by the use of one of the various types of 
vacuum drum dryers. The trouble is to keep the material 
dry.

1 I t  m ight be s ta ted  th a t  during the p ast cam paign in one case these 
w aters were concentrated  by the  direct gases from an oil fire passing u p ­
w ard th rough a  sheet m etal gradier over which the  waste liquors flowed. 
In  this case rem oval of the lim e was not necessary as th e  heat transfer was 
brought abou t by  direct con tact w ithout an  in tervening metallic surface. 
T his m ethod of evaporating  is prohibitive as to  costs under norm al condi­
tions.

The dried material containing 10 to 12 per cent of KjO and
5.0 per cent nitrogen is so exceedingly deliquescent and absorbs, 
atmospheric moisture so readily that it becomes fluid in a very 
short time.

Various absorbents have been used to overcome this diffi­
culty, one of the most successful being dried slaughter-house 
wastes, which incidentally are deficient in potash so that the two 
materials complement one another. Ultimately this may prove 
to be a direction in which considerable quantities of the sugar- 
factory waste waters will be utilized, but unfortunately only a 
few beet-sugar factories are nowr located within reasonable 
distance of the meat packing centers so that the cost of freight 
enters.

In some localities small quantities of 50 to 55 per cent dry 
substance have been disposed of in tank car lots directly to the 
agricultural industry as a liquid fertilizer. In other instances 
it is urged to sell the liquid fertilizer direct to the farmer for 
use by saturating bam manure with it. It  is doubtful whether 
material quantities can be disposed of in this form at present.

With present potash prices the nitrogen values have lost 
their relative importance with the result that in at least one 
instance these have been sacrificed in order to obtain a product 
comparatively high in potash content, which would permit its 
shipment considerable distances to the potash consuming centers.

When the Steffens water is concentrated to about 55.0 per 
cent dry substance it can be quite readily ignited and charred, 
owing to its high content of sugar and other organic matter, 
its own content of combustible matter then furnishing most 
of the necessary heat. The char, or crude ash, thus produced 
contains from 30 to 35 per cent potassium oxide, but only 
traces of nitrogen. This procedure is economically justifiable 
only with present potash prices. In other directions experi­
ments are being made towards a recovery of the potash salts in 
comparatively pure form, at the same time saving the nitrogen 
values.

The above roughly covers the efforts made in the recovery of 
the values of the beet-sugar liquor residues.

PROGRESS IN RECOVERIES

Technically, the recovery of the potash values from these 
liquors is a comparatively simple and perfectly feasible problem. 
It  is simply one of evaporating the dilute liquors as economically 
as is practical, charring the residue to produce the crude ash and 
leaching and recrystallizing if this is desired. The quantities 
of water to be evaporated, however, are large, the necessary 
equipment costly, and such a procedure has commercial possi­
bilities only during war prices.

Now it is true that almost any sugar factory could have paid 
for a potash recovery plant in one year with present potash 
prices, but the war may end any time and leave a lot of very 
costly equipment on hand, especially as the cost of such equip­
ment, evaporators, boilers, etc., is abnormally high at present. 
Then also a beet-sugar factory operates seasonally only: the 
average length of the operating season is only about 100 days,
and the earnings must be made during this short period. But
at that some progress is being made, and at least one concentra­
ting plant is under construction and several others under con­
sideration and more of the values will be recovered during the 
1917 campaign than during the past.

However, in these instances a recovery of all the values in the 
liquors is aimed at, not the potash values only. This will be 
touched briefly below.

Approximately the disposition of the potash in the sugar- 
beet crop grown in the United States at present is as follows:

R eturned to  Farm s in P u lp .......................................  10.0 per cent
Found in M olasses P roduced .................................... 5 0 .0  per cent

The potash found in molasses is distributed as follows:
T o Alcohol P la n ts ....  10.0 per cent plus
Used as M olasses F eeds . 4 0 .0  per cent plus
D esugarized................  4 5 .0  per cent plus
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This leaves under control of the manufacturers only about
40.0 per cent of the potash content of the beet which on the basis 
of a six million-ton crop amounts to between 6800 and 7500 
tons of K 20.

This quantity is now disposed of as follows:

D irectly  to  the soil as factory  sewage...............................................  20 .0  per cent
C oncentrated  to  50-55 per cen t d ry  substance and  sold to

fertilizer facto ries............................................................................. . 5 .0  per cent
C oncentrated  and  calcined to a  crude a s h ....................................  5 .0  per cent
D ischarged in to  stream s (representing th e  stock of values

now lo s t).................................................................................................  7 0 .0  per cent

Thus far the subject has been considered from the angle of 
recovering the potash for the chemical industries or the potash 
and nitrogen as fertilizers only. That does not by any means 
exhaust the possibilities. Beet-sugar molasses and therefore 
the waste water contains a great number of substances which in 
themselves are valuable or may serve as the mother substance 
for valuable products. The possibilities can here be touched 
on only very briefly.

GERMAN TREATMENT OK WASTE LIQUORS

Even in the case of potash and nitrogen it appears from the 
experience of Europe that the general economy is served best by 
combining these into a more valuable product. From Ger­
many it is reported that by the Bueb process of destructive 
distillation the waste liquor of molasses desugarizing processes 
operating by the strontium process, in that country, produce 
annually 5000 tons of potassium cyanide and 5000 tons of 
ammonium sulfate. Steffens waters can be similarly utilized 
and a United States patent has been granted for such a process.

The molasses waste liquors contain a whole series of organic 
acids which can be recovered and are valuable to industry.

The nitrogen of these waste liquors occurs in various forms, 
partly as a plant base of which the principle is betain, which 
has found some application in medicine. A large part of the 
nitrogen content exists in the form of amido acids. These it 
has been shown by Effront can, by suitable fermentation pro­
cesses, be split into ammonia and a mixture of volatile fatty 
acids, acetic, propionic and butyric. Recent investigations 
in this country indicate that a mixture of the high boiling point 
ketones valuable in cellulose technology can be prepared from 
this liquor.

Ehrlich insists that the amido compounds present in con­
siderable quantities in beet molasses waste liquors are the mother 
substances of fusel oil, more particularly amyl alcohol, and 
suggests extracting these compounds and utilizing them to 
increase the fusel oil production. This indicates only a few of 
the possibilities. While it is not claimed that beet molasses may 
yet prove another coal tar, chemically it may be almost as 
interesting.

But little has been done in developing the waste liquors 
values in this country. The reasons are various. Not the least 
lies in the fact that sugar is a sort of national and international 
political football. Between duties, bounties, premiums, special 
international agreements (as, for instance, the Brussels Con­
ference) and competition with the tropics, the beet sugar in­
dustry in the United States has never felt sufficiently safe to 
venture in new directions.

At the outbreak of the present war the outlook was particu­
larly dark. The tariff had been lowered, and a duty-free sugar 
clause enacted to go into effect M ay 1, 1916. Fortunately, this 
latter clause was repealed before going into effect.

What the development of the future may be will depend 
more upon legislation following cessation of hostilities than 
present high prices and in this respect the beet-sugar industry 
is not differently situated than most other chemical industries 
in this country.

A m e r i c a n  B e e t  S u g a r  C o m p a n y  
R o c k y  F o r d , C o l o r a d o

THE INFLUENCE OF PIGMENTS ON RUBBER1
B y M a x i m i l i a n  T o c h

Rubber has a strange analogy to linseed oil and China wood 
oil, and although as far as we know the chemical compositions 
of rubber and the drying oils are totally different, this analogy 
holds good for reasons that we cannot explain. In 1904 I  de­
livered a lecture on the chemistry of the rubber pigments before 
the American Chemical Society, and I published it privately, 
for I knew at that time that it should not be taken as final on 
account of my limited knowledge of the subject, but in thirteen 
years I  have learned a little more on the subject so that I am 
able to-night to give you some facts which should be helpful.

The rubber industry thirteen years ago was insignificant, 
that is to say, if rubber and its compounds had been entirely 
destroyed from the face of the earth we would not have suffered 
very seriously for any great length of time because matters would 
have adjusted themselves, with perhaps some inconvenience, 
in less than a year. The loss of hard rubber would probably 
not have been felt for any great length of time, owing to the 
fact that celluloid and some of the lighter metallic alloys would 
have replaced it, but to-day, we face a different situation. Take 
the automobile industry alone, which I  am informed ranks 
third in size and money invested in the United States, and the 
rubber industry sixth or seventh in size and investment in the 
United States, and you will plainly see that without rubber 
tires the automobile industry could not exist with the same 
measure of success.

At the Eighth International Congress of Applied Chemistry 
held in New York in September, 1912, Dr. Duisberg showed 
a piece of synthetic rubber, made in Germany, which weighed 
perhaps zo kilos or more, and two automobile tires, made from 
this synthetic rubber, which had traveled 4000 miles, and ap­
parently this rubber was as good or better than the natural. 
But if our information is correct, synthetic rubber is only a 
laboratory product, and the Central Powers are suffering tre­
mendously for the want of rubber in warfare, for without it 
no staff officer can travel any great distance and ambulance 
work becomes a hardship and a menace with tires made of any 
other material, so that we must conclude that artificial or syn­
thetic rubber is not yet a commercial success. The submarine 
that has been making several trips between Germany and the 
United States took back a cargo of platinum and rubber, 
indicating that rubber is an essential without which certain 
industries cannot hope to make much progress.

We accept the composition of rubber as being a terpene 
composed of C5Hs, but rubber as it is derived from the latex 
of the fig tree is much more complex and contains an apprecia­
ble quantity of oxygen; yet when the resins are extracted and 
we have a clean, elastic mass of the Para type there is no question 
of the composition of this mass being C5Hb, or perhaps CioH«.

The difference between hard rubber and soft rubber is a ques­
tion of degree, vulcanization and percentage of sulfur. If we 
were to draw a hexagon of hard rubber and soft rubber we would 
have to conclude that the sulfur combination of rubber has two 
eutectics.

Rubber comes to the manufacturer now in a fairly pure state. 
Raw rubber contains moisture and foreign substances to a very 
large extent, all of which must be removed before the rubber 
is vulcanized. When cleaned rubber is mixed with from 3 to 
5 per cent of sulfur and placed in a vulcanizer under pressure 
for several hours a soft rubber is the result, that is to say, it 
has a greater elasticity than the raw material from which it has 
been made and a distinct combination has taken place between 
the terpene and the sulfur. If, however, from 30 to 35 per cent 
of sulfur is added to the rubber and the pressure and heat con-

1 Address before th e  Syracuse Section of th e  A m erican Chem ical 
Society, Syracuse U niversity , Syracuse, N . Y ., A pril 13, 1917.
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tinued for a longer period, a hard substance is the result which 
we know as hard rubber or vulcanite. The soft vulcanization 
to which I have referred is never a permanent material, that is 
to say, after the lapse of a few years, more or less, the rubber 
loses its elasticity and becomes brittle. The hard product, 
which contains from 30 to 35 per cent of sulfur, has been known 
to last for many years.

In 1912 the battleship “ Maine," which had been lying in 
the mud 25 feet below the surface of the water in Havana harbor, 
was, as you remember, uncovered and the remains of the wreck 
were floated and taken out to sea and buried. The War Depart­
ment and the N avy Department suggested at the time that I 
make an examination of the materials of which the ship was 
built to see the amount of deterioration that had taken place 
in 13 years. I duly reported on the condition of the metal and 
wood, and to my very great surprise all the rubber packing used 
in the pumps was as pliable and as perfect as the day on which 
the ship was sunk. I  brought back several samples of this rubber 
packing, and they are still to be seen in the chemical museum of 
the College of the City of New York. It would therefore indi­
cate that rubber in any form is perfectly preserved if kept away 
from oxygen, and this demonstrates a strange analogy: that 
rubber and many metals have the same characteristics and 
are preserved in the absence of oxygen.

There is a third method of vulcanization used for soft elastic 
articles such as toy balloons, rubber gloves, finger tips, dress 
shields and materials of that description. This is done by 
sheeting the rubber, cutting it or pressing it into the size of its 
ultimate shape and subjecting it to the vapor of sulfur chloride, 
but owing to the fact that the rubber will take up more sulfur 
and chlorine than it needs, articles of this type do not last as 
long as those that have a definite amount of either sulfur or 
chlorine in their composition. Bisulfide of carbon is used as 
a  carrier for the chloride of sulfur, and unless the rubber article 
is thoroughly treated with ammonia or afterwards rinsed in 
some other dilute alkaline liquid, a mixed acid is formed, which 
tends to rot or destroy the rubber so made.

The rubber industry is still empirical to a large extent, and 
much of this has been due to the fact that the practical super­
intendent of the rubber factory, like many a practical man who 
has no fundamental education, resents the interference of the 
laboratory in his methods, but this will be overcome to a large 
degree when the practical superintendent will have been raised 
from the ranks of the research laboratory.

The rubber in pure form, that is to say, mixed only with 
sulfur and vulcanized, is not used to a very large extent in the 
arts. Of course, certain materials like dental dam, elastic 
bands, high-grade inner tubes, and a few such articles must be 
exempted. In fact, I can include the rubber portion of the 
football. As a rule, the rubber bladder which is enclosed in the 
leather case is generally made of a very high type of pure 
vulcanized rubber only, but all the other articles must of necessity 
be compounded with either fillers or reinforcing pigments.

Please observe carefully that there is a great difference between 
the ordinary filler of rubber and the reinforcing pigment. If 
you take an ordinary article of commerce like a rubber door 
mat this may be composed of only 7 or 8 per cent of pure rubber, 
the balance being reclaimed rubber and heavy fillers; but, on 
the other hand, if we take an automobile tire and inner tube it 
is quite important that fillers should not be used but reinforcing 
pigments should be used, for an automobile tire is now sold 
entirely on its merits and in many instances a guarantee is 
given as to its longevity. In due course I shall describe to you 
one of the reinforcing pigments which has so improved auto­
mobile tires as to increase their mileage from 2500 to 5000 miles.

The principal fillers used are barytes, whiting, Paris white, 
clay, ground slate, silicious hematite, silicious black oxide of 
iron, and many of the minerals of these types.

The principal reinforcing pigments are sulfide of antimony, 
litharge, precipitated barium sulfate, precipitated barium car­
bonate, vegetable black, carbon blacks free from grease or oil, 
alum-free ultramarine blue, red lead, sublimated zinc lead, 
zinc oxide, and lithopone. There are a number of others which 
I shall also describe.

FILLERS

Barytes is the natural sulfate of barium, which is crystalline 
and of itself has no chemical effect on any rubber composition 
as it is insoluble and infusible under ordinary conditions. I t  is, 
however, usually coarse, and there is some objection to it on ac­
count of its specific gravity, which averages 4.6.

Whiting and Paris while are the same, for they are both calcium 
carbonates. In time these materials are inclined to harden 
rubber, but one of the defects of the calcium carbonates is the 
amount of moisture that is adherent to them.

Clay is silicate of alumina and has the same defects as whiting 
if not more so, owing to the moisture which it contains and which 
is very likely to produce microscopic blowholes.

Ground slate as an earth consists of silicate of alumina con­
taining iron and magnesia and is only to be recommended, after 
having been thoroughly dried, for coarse, cheap rubber materials.

Silicious hematite is a native oxide of iron containing about 
30 per cent silica and 70 per cent iron oxide, Fe2Oj. Sometimes, 
depending upon the locality, the iron content may run lower or 
higher. It  is not to be recommended on account of its high 
specific gravity and on account of its coarseness.

Silicious black oxide of iron is really a black slate which contains 
a fairly large amount of magnetic iron oxide. I t  is used only 
with materials as a “ make-weight.”

REINFORCING PIGMENTS

I  am giving only a list of those that are used in large quantities, 
for there are many other materials with which this paper does 
not deal, as, for instance, the colors like chromium oxide, chromate 
of barium, chromate of zinc, sulfide of arsenic, and the blacks 
made from various carbonized materials.

Sulfide of antimony is one of the most important of the rein­
forcing pigments. This may contain no sulfur and be a pure 
antimony sulfide, or may contain as high as 17 per cent of sulfur. 
In tliis respect it has a great analogy to ultramarine blue, where 
the sulfur content and its stability as a chemical compound 
increases the life of the rubber rather than decreases it.

Litharge is the monoxide of lead, forms lead sulfide in the 
vulcanizing process, and, like antimony, produces a more or less 
soft rubber, practically the same as it does when used as a pig­
ment with linseed oil. Red lead, which is a higher oxide of lead 
(Pbj0 4), has a directly opposite effect on both rubber and lin­
seed oil, for in time it produces a very hard, brittle rubber.

Precipitated barium sulfate, which is sold under various 
names, is either good or bad, depending entirely upon the method 
of its manufacture. If it is a straight barium sulfate made from 
a mixture of two materials which produces barium sulfate, and 
the precipitate washed and dried, it is one of the best reinforcing 
pigments which we have. I f  it is a by-product, however, it 
may contain oxide of barium and occluded moisture, which in 
a rubber tire would be harmful instead of producing good ef­
fects. This material is very largely known under the name of 
blanc fixé, tyre-lith or permanent white, and has almost entirely 
superseded, among the better manufacturers, the use of barytes.

Precipitated barium carbonate—The same is true of barium 
carbonate that is true of barium sulfate, excepting that barium 
carbonate can be decomposed. In an acid atmosphere it is 
not as good as barium sulfate.

The vegetable blacks are all carbons produced from either 
the roasting and reducing of willow, peach kernels, shells of nuts, 
and the like, and have a very slow drying effect on rubber; 
but in this connection carbon black is superior when free from
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grease or oil, and although it retards curing just as it retards 
drying in linseed or China wood oil, it inversely prolongs the life 
of the rubber.

Sublimed zinc lead has come into use only within the last 
ten or twelve years. It  varies in composition from 5 per cent 
of sulfate of zinc and 95 per cent of oxide to 50 per cent of sulfate 
of zinc and 50 per cent of oxide of zinc. At all events, it has 
the great advantage over white lead that it contains no com­
bined moisture and is not likely to produce blowholes, although 
it blackens in a heated mixture of sulfur and sulfur compounds 
even though some authorities claim that it does not do so.

Zinc oxide is one of the most valuable reinforcing pigments 
in the rubber industry and perhaps ranks higher than lithopone. 
It  has a distinct hardening effect on rubber in time, but can be 
altogether regarded as a perfectly stable compound.

Lithopone is a mixture of zinc sulfide and barium sulfate and 
always contains a small percentage of zinc oxide. I t  is very 
largely used in the rubber industry to replace zinc oxide, although 
it is less of a reinforcing pigment. I t  has the unfortunate habit 
of turning gray when exposed to sunlight, but it turns white 
again when allowed to remain in the dark for a considerable 
length of time.

Magnesium carbonate is a spreader or extender, and when 
pure has no bad effect on rubber. I t  is used largely for making 
rubber more filmy and gives somewhat the effect of satin to sheet 
rubber.

Ferric oxide red, which is a pure Fe2C>3, is sold from a bright 
scarlet to a cherry color. When pure it has no effect on rubber, 
but when impure, containing a small amount of acid, it is dele­
terious.

Ferric oxide yellow is a hydrated oxide of iron and silicate of 
alumina, either natural or artificial. When absolutely dry 
and finely powdered it is very useful where a small percentage of 
rubber enters into the composition of the material made.

English vermilion is a sulfide of mercury largely used, and 
although its price is somewhat prohibitive in most articles, it 
is the only brilliant red color we have and is not injurious to 
rubber.

Graphite is a carbon, the purer forms consisting of 90 per cent 
carbon (graphitic) and 10 per cent silica and silicates. It  can­
not be regarded as a filler for it improves rubber for mechanical 
uses, exerts no bad influence and lengthens the life and useful­
ness of many rubber materials in which it is used.

I have not dwelt on the aniline dyes which are used, nor on 
the resinate and oleate colors, as this is really a separate subject 
and cannot be treated to-night. In a few words, however, I 
may say that the resinate aniline dyes have a decided use as 
a rubber coloring and are not as harmful as the oleate dyes. 
However, for toy balloon work and materials that are not supposed 
to last long, there is a decided use for some of the “ lakes”  in 
the so-called "cold-cure”  method.

3 2 0  F i f t h  A v b n u b  
N e w  Y o r k  C i t y

INDUSTRIAL W ASTE DISPO SAL1
B y  H a r r i s o n  P . E d d y  

While there are various waste materials resulting from the 
industries, the term "industrial wastes”  has come to mean the 
liquid wastes from the processes employed in industrial estab­
lishments. In England they are called “ trade wastes” —a term 
not quite as applicable in this country, although occasionally 
used. Neither the human excrement of operatives nor their 
wash waters are comprehended in this term, although in many 
cases there is no effort to prevent their admixture.

1 R ead a t the  Buffalo M eeting  of the  A m erican In s titu te  o f  Chemical 
Engineers. June 20, 1917.

ORIGIN OF INDUSTRIAL WASTES

Many industries employ great quantities of water for various 
purposes such as condensing, washing of raw stock, dilution 
of chemicals, transportation and application of materials and the 
washing and rinsing of finished products. Some of these uses 
do not defile the water and it can be discharged at will, as for 
example, many condenser waters. Other uses result in a very 
great change in the character of the water and render it unsuitable 
for discharge into some waterways.

In paper mills, after the digestion of the raw stock with strong 
chemicals, there remain the liquors, highly charged with mineral 
and organic substances, but for which the manufacturer has no 
further use. He therefore seeks to get rid of them in the most 
expeditious and least expensive manner. The fibrous stock is 
then washed and large quantities of wastes are discharged from 
the washers, more or less highly charged with substances like 
those already mentioned. From the paper machines come great 
quantities of water carrying fine fiber, clay, coloring matter and 
other substances depending upon the character of paper made 
and the processes employed.

In tanneries, pure water is indispensable, but after use it is 
highly colored, charged with spent chemicals and loaded with 
organic matter. Its burden of impurity is partly in suspension 
and partly in solution. Wastes from different processes within 
the same tannery often react upon one another, throwing out 
of solution substances which in their new physical condition may 
be deposited in waterways to their detriment. Some tannery 
wastes of themselves are so resistant to bacterial action that they 
do not readily putrefy, yet when diluted with the waters of a 
natural stream they may become most offensive.

The wastes of woolen mills vary radically from those of paper 
mills and tanneries, yet they may be the cause of just as serious 
complaints. The grease and soaps from the scouring of the 
wool, the spent dye liquors, the soaps from the cloth-washing 
and the rinse waters in the aggregate, are of great quantity, 
highly colored, turbid, charged with suspended matter and quite 
capable of transforming an attractive stream into an unsightly, 
foul-smelling and quite unattractive waterway.

Instances like the foregoing might be multiplied almost with­
out end. Some of the other industries which have encountered 
difficulties in the disposal of wastes are wire-drawing and gal­
vanizing works, carpet mills, dyeing and bleaching works, 
strawboard factories, slaughtering and packing houses, breweries, 
distilleries, gas works, chemical and explosive w'orks and mines, 
and coal washing plants.

EFFECTS OF WASTES UPON WATERWAYS

The ingredients of industrial wastes may be grouped in three 
main classes:

(1) Floating and suspended matter.
(2) Substances in solution, in colloidal condition and in an 

extremely fine state of suspension.
(3) Bacteria.
Floating and suspended substances may render the waters- 

into which they are discharged, unsightly, and cause deposits. 
Such deposits, if of organic matter, often deprive the overlying 
water of a large proportion of its natural content of dissolved 
oxygen which is necessary for the maintenance of biological 
equilibrium and the prevention of putrefaction. Decomposition 
is accompanied by the generation of large quantities of gas, 
some of which is entrained in the mud until it has accumulated 
sufficiently to enable it to buoy up large masses which may be 
seen floating for a time upon the surface of the water only to be 
broken up and redeposited upon the liberation of the gases.

Dissolved substances almost always accompany the suspended 
matter in industrial wastes. Sometimes they are much more 
troublesome. They, too, cause the depletion of the oxygen 
supply, usually through the action of the bacteria of decomposi­
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tion. Particularly objectionable and difficult to treat are those 
wastes containing large quantities of very finely divided sus­
pended matter and colloidal substances. Usually impurities 
of this class pass along with the waters of the stream into which 
they are discharged and do not form deposits. However, under 
some circumstances such ingredients are coagulated and thrown 
down, sometimes by the reaction of wastes of one process with 
those of another, and at others by natural physical, chemical 
and biological processes going on in the waters.

Most industrial wastes contain bacteria. These may not be 
pathogenic germs. In fact, they may be decidedly helpful in 
the problem of disposal, rather than harmful. There are abun­
dant opportunities in some of the industries, however, for the 
pathogenic organisms to escape in the liquid wastes and thus 
contaminate the waters into which such wastes are discharged. 
One of the most dreaded organisms which may be spread about 
in this manner is the anthrax bacillus, sometimes present in hides, 
skins and wool. This organism is very hardy and appears to 
maintain its virility through its spores for many years.

Excrementitious matter from operatives is often combined 
with the industrial wastes and thus the entire flow may be ren­
dered baeterially dangerous.

Wastes may cause objectionable conditions in many ways, 
depending upon their character and the size and condition of the 
waterway into which they are discharged. They may con­
taminate a water supply, render a stream unsightly and ob­
jectionable in appearance, cause putrefying deposits, render the 
natural waters putrid and offensive, poison or otherwise kill 
fish, and injure vegetation. Strange and contradictory as it 
may sound, complaint is frequently made that wastes are killing 
vegetation and about equally often that they are so encouraging 
the growth of vegetation as to do serious damage. If one com­
plaint doesn’t apply the other usually does.

It  might appear that as the industries are the offenders in this 
field of activity, there would be few complaints from them of 
the conditions produced by the discharge of industrial wastes. 
Ju st the contrary is true. One of the most common complaints 
comes from the manufacturer to the effect that an upper riparian 
industry is rendering the water unfit for use in his plant.

SELECTION OF FACTORY SITES

Enough has been stated to show how wide-spread is the trouble 
in disposing of industrial wastes. When abput to establish 
a new industry or plant, the proprietors usually make thorough 
investigation of the quality of the water available for their use. 
The extent of the supply is also generally investigated and often 
such collateral questions as the amount of power derivable from 
the passing stream. But how infrequently do they make even 
a  superficial study of the problem of wastes disposal. Y et this 
may be a greater and more difficult problem than that of water 
supply.

Expenditures of $100,000 or $200,000 for wastes treatment 
plants and of $25,000 to $40,000 annually for the operation of 
such plants are becoming more and more frequent. Capitalizing 
the annual expenditure of $25,oooat5percentandadding$ioo,ooo 
for construction cost, making no allowance for depreciation, it 
appears that the industry might have expended as much as 
$600,000 in procuring a site which would not have entailed the 
necessity of wastes treatment.

The selection of a suitable site for an industry producing 
large quantities of wastes is a matter of much importance. 
Even though conditions at the outset appear to be favorable 
they may be materially altered by establishment of new indus­
tries down stream or by an increase of riparian population below 
the plant.

TREATMENT OF WASTES

When it is impracticable to afford the wastes sufficient dilution 
to prevent the production of unsatisfactory conditions, it be­

comes necessary so to modify the character of the wastes that 
they will not cause complaint.

One often hears that wastes cannot be so treated; that if a 
way were known the manufacturer would gladly adopt it. 
This impression that the wastes cannot be successfully treated 
is in many cases not true and it may be accepted that they can 
be so treated as to remove their objectionable and deleterious 
properties before their' discharge into natural waterways.

On the other hand, such treatment may be and often is a very 
expensive undertaking and one from which the manufacturer 
naturally shrinks on this account and also because he personally 
is not familiar with the process or processes necessary to the 
accomplishment of the object.

Perhaps the most important step in the solution of this problem 
is the determination of the extent of treatment necessary to meet 
the requirements of the case. To answer this question intelli­
gently it is necessary to know the character and quantity of the 
wastes produced, the character of, and conditions surrounding 
the waterway into which they are being discharged, and their 
effect upon the waters in question.

The next step is to determine how best to treat the wastes 
to accomplish the necessary results at a minimum cost and, in 
any event, one which is not prohibitive. There have been in­
stances when the plant proposed for such treatment would have 
cost a sum about equal to the value of the entire industrial plant 
of which it was to become a minor part. Such a suggestion is 
absurd and tends to reduce or extinguish the respect of the 
manufacturer for the party making the suggestion, for the 
officials trying to enforce the law’s and even for the laws them­
selves.

For the removal of suspended matter, screening may suffice 
under some conditions, while others may require the more 
complete removal by sedimentation. When the substances in 
suspension are of very light specific gravity and finely divided 
it may be necessary to resort to chemical precipitation.

Some dissolved matters may be removed by chemical pre­
cipitation, while others can be modified in character by chemical 
treatment without actual removal. If they are organic and 
subject to putrefaction, bacterial action may be required for 
their oxidation, as in sewage treatment.

Certain wastes are baeterially dangerous and it may be neces­
sary to destroy the pathogens even where the suspended and 
dissolved matters would cause no harm. I11 such cases the 
treatment of the wastes may be all that is essential, while in 
others it may be necessary even to treat the raw material as has 
been suggested in the case of anthrax-infected hides.

It  should not be inferred from this discussion that a single 
process can be selected for each case, for it often requires several 
to accomplish the desired result.

A t one plant where the author’s firm has supervisory charge 
of the wastes disposal department, no less than seven steps have 
been employed at one time. These are: degreasing of a portion 
of the wastes, sedimentation of the wastes, chemical treatment 
of the settled effluent, filtration of a portion and dilution of the 
remainder of the chemical effluent and finally the introduction 
of chemicals to prevent the exhaustion of the supply of oxygen 
in the river.

VARIATION OF TREATMENT FROM TIME TO TIME

The process adopted should in many cases be varied from time 
to time to take advantage of favorable or to offset unfavorable 
conditions. The volume of business being done may materially 
affect the quantity of wastes produced and correspondingly 
make the condition dictating treatment more or less exacting. 
Industrial processes frequently are changed requiring modifi­
cation in the treatment methods.

In winter temperatures may be sufficiently low to retard or 
even prevent putrefaction under conditions which in summer
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would transform a natural waterway into a stinking slough. 
In spring there are usually large volumes of diluting water which 
may make bacterial oxidation in filters unnecessary, at a time 
when the filters would be working under most unfavorable con­
ditions.

All of these and innumerable other conditions must be taken 
into consideration if success is to be attained at a minimum 
cost.

ADVISABILITY OF ANTICIPATING COMPLAINT

In many cases industrial establishments which are now of 
great size have grown from very modest beginnings, often from 
merely a room or two adjacent to a water privilege which was the 
primary reason for the selection of the site. As the business has 
grown through the decades conditions have entirely changed. 
What was an abundant supply of water not only for industrial 
purposes but also for the dilution of the wastes, has now become 
barely adequate for industrial purposes alone and the entire 
flow now passes through the plant and perhaps through several 
plants more recently built. Thus the entire stream has become 
a river of industrial wastes rather than, as originally, a natural 
river into which a minor quantity of industrial wastes was dis­
charged.

In all such cases there has been a collateral increase in the 
resident population. Now there are villages along the river 
where formerly were wooded lands and pastures. Such de­
velopment has brought with it demands for parks and other recre­
ation facilities, including the improvement of the natural stream 
for boating and perhaps for bathing purposes.

Under some conditions a proscriptive right may be acquired to 
make certain uses of the waters of the river, even though they 
be more or less hostile to the enjoyment of some privileges or to 
lower riparian owners. The proscriptive right is often advanced 
in defense of the practice of discharging untreated industrial 
wastes into waterways and their consequent pollution. Many 
of the industries, particularly in the eastern part of the country, 
are of very long standing. The continuous operation of an 
industrial plant devoted to the same general kind of work for 
more than a century, can be cited in numerous instances. In 
comparatively few cases, however, can it be shown that such 
industries are operating under conditions substantially identical 
with those of prior decades. Either the character of the business 
has changed so that processes are different and industrial wastes 
are greater, or less in quantity and decidedly altered in character, 
or the business as a whole has become much greater with a cor­
responding increase in the quantity of industrial wastes. These 
changes make it exceedingly difficult in most cases to establish 
a proscriptive right to the acts of which complaint is made.

It should be borne in mind that in 110 case can one acquire a 
right, by proscription or otherwise, to create a nuisance. This 
fact has been the stumbling block upon which many an effort 
to secure or maintain privileges, through court decisions, has 
been defeated.

The paramount lesson to be gained from experience in these 
matters is that it is wise to anticipate complaint of objectionable 
conditions whether from lower riparian manufacturers influenced 
by difficulties caused by the character of the water, from a com­
munity complaining because of odors and objectionable ap­
pearance of the stream, or from the farmer whose cattle will 
not drink the water, whose crops are killed because of inun­
dation by polluted waters, or whose ditches and natural brooks 
have become so overgrown with vegetation due to the fertilizing 
ingredients of the water having their origin in industrial wastes, 
that they will no longer serve their purpose.

The prudent manufacturer will make it a part of his routine 
business to observe carefully the effect of the discharges from his 
plant upon the character of the water in the river, not alone 
in his immediate vicinity, but for a considerable distance down­
stream. When conditions become noticeably objectionable he

will take measures to remedy them, at the same time maintaining 
the valuable privilege of utilizing the stream for the disposal 
of his wastes, to as great an extent as is compatible with the 
public good and the reasonable use of the waters by lower 
riparian manufacturers. Such a policy, if intelligently pursued 
in many cases, will result in avoiding expensive litigation. More 
important than this, however, is the fact that by maintaining 
the waterway in a reasonably satisfactory condition the hostility 
of lower riparian dwellers may be avoided. Where such a 
feeling is aroused by objectionable conditions, it may exert itself 
through legislation or through litigation in such a manner as to 
require the establishment of exceedingly rigid restrictions as to 
the use of the river or even drive the industries away. Numerous 
instances of the latter can be cited.

NEPONSET RIVER CONDITIONS 

One of the most interesting illustrations of the industrial 
wastes disposal problem is that of the Neponset River Valley 
near Boston in Massachusetts. This river rises about 22 miles 
from Boston Harbor, into which it discharges. Its natural 
drainage area is 114 .14  sq. mi. and it also receives one-third 
of the flow of the Charles River at Dedham, equivalent to the 
drainage from 66.2 sq. mi. The total tributary area is 
therefore 180.3 sq. mi. 1

The normal yield of the drainage area is probably about as
allows:

M il. gal. Cu. ft. M il. gal. Cu. ft.
M o n t h daily per sec. M o n t h daily per sec.

Jan u ary 216 334 Ju ly 31 49
February 304 • 470 A ugust 45 69
M arch 492 762 Septem ber 40 62
April 356 551 O ctober 76 117
M ay 190 294 N ovem ber 135 209
June 84 130 D ecem ber 176 272

M onthly  Average 178 276

The actual flow is much more uniform than the natural flow 
would be because of the regulating effect of the storage reservoirs.

The State Department of Health reported at one time that 
there were about 30 mills discharging more or less wastes into 
this river. Before prohibitory statutes were passed, one wool 
scouring concern abandoned its location. Some manufacturers 
diverted a portion of their business to other plants and one 
abandoned the manufacture of one line of goods, thus avoid­
ing the production of large quantities of liquid wastes which 
were very difficult to treat.

Eleven manufacturers have provided sedimentation tanks and 
ten have constructed strainers and filters of cinders, coke or sand. 
Some have adopted chemical precipitation as a means of im­
proving the efficiency of natural sedimentation. Treatment 
plants have been provided in nearly all cases where the wastes 
require treatment, some of which have been described by the 
writer.1

In 1902 the Massachusetts Legislature passed an act directing 
the State Board of Health,

"  to prohibit the discharge of sew age.. .      or
every other substance which may be injurious to public health 
or may tend to create a public nuisance or to obstruct the flow 
of water, including all waste or refuse from any factory or other 
establishment where persons are employed, unless the owner 
thereof shall use the best practicable and reasonably available means 
to render such waste or refuse harmless.

“ Section 2. The Board shall consult and advise with any such 
owner at his request or of its own motion as to the best prac­
ticable and reasonably available means of rendering such waste 
or refuse harmless, having regard to the circumstances and re­
quirements of the situation and to the industrial interests in­
volved.”  (Chap. 541, Acts of 1902.)

It  is interesting to note that it was the intention at the time 
this original act was passed, to have reasonable regard for the 
manufacturing industries, not requiring them to go to extremes 
in the treatment of their wastes unless the exigencies of the

1  “ T he Cleaning U p and Im provem ent of a S tream  Polluted by  Sewage 
and  T rade  W astes,”  Engineering 6* Contracting, A ugust 9, 1916. .
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situation required. In other words, incorporated into this 
statute was the “ rule of reason.”

At the time of the passage of this statute industrial wastes 
treatment in this country was in its infancy and progress in 
improvement of conditions in the Neponset Valley was naturally 
somewhat slow. In 1906 it appears that public sentiment had 
been so aroused that it was possible to pass an act in which the 
“ rule of reason”  was much less evident than in the earlier act. 
The only reference to it in the 1906 act was that the Board was 
to advise the owner of the factory as to the "best practicable 
and reasonably available means of rendering the wastes or refuse 
harmless.” The clause “ having regard to the circumstances and 
requirements of the situation and to the industrial interests 
involved”  was omitted from this act.

During the next 10 years many efforts were made to secure 
additional and usually more drastic legislation, in spite of the 
fact that the manufacturers expended large sums of money in 
an effort so to modify their wastes before their discharge that 
they should not endanger the public health nor tend to create 
a nuisance. Perhaps the culmination of thes.e efforts may be 
said to have been embodied in a proposed act—Senate 1 13 — 
presented to the Legislature for its consideration in the year 
1916.

Section 1. Any person, firm, corporation or group of in­
dividuals who shall cause, either directly or indirectly, the 
pollution of the waters of any river in this commonwealth, 
shall be punished by a fine of not more than one hundred dollars 
for every day which said pollution continues after notice from 
the health commissioner that such nuisance be abated.

Section 2. A river shall be held to be polluted within the mean­
ing of this act whenever by the introduction or discharge into 
its waters of any foreign or deleterious substance: (a) it shall
give out any noxious or offensive smell, odor or vapor, which con­
dition is a menace to the public health; (b) it shall become dis­
colored in such a way as to be unsightly or offensive; or (c) 
it shall become poisonous or dangerous to fish or animal life 
subsisting therein, or to live stock using the same as a drinking 
place; (d) it shall become injurious to vegetation in its vicinity.

Section 3. The health commissioner of Massachusetts shall 
be charged with the enforcement of the provisions of this act 
and shall determine when the waters of any rivers are being pol­
luted as aforesaid.

Section 4. All acts or parts of acts inconsistent herewith are 
hereby repealed.

There are several provisions in this act which would be ex­
ceedingly oppressive if applied with literal interpretation of the 
act and without reading into it the rule of reason. One of these 
is the provision for a fine not to exceed $100, for every day which 
the pollution continues after notice from the Health Commissioner 
that such nuisance be abated. In some instances, even if 
prosecuted with diligence, plants for the elimination of those 
ingredients of wastes which caused the pollution, could not have 
been built in less than six months’ time.

Aside from the broad scope of the specifications of a polluted 
river within the meaning of this act, the Health Commissioner 
was charged with its enforcement and apparently made the sole 
judge to determine when the waters of the river were being 
polluted, as specified by the act. Should such an act be found 
constitutional, which is subject to some doubt, it would ap­
parently deprive the alleged offenders of their rights to a hearing 
before the courts of justice.

Happily, this act was not passed and is introduced here merely 
as an example of the extent to which industries or communities 
may go after they have become thoroughly aroused by long- 
continued objectionable conditions. I t  is confidently believed 
that such drastic legislation can always be avoided, and probably 
also its suggestion forestalled, by prudent foresight on the part of 
manufacturers in preventing objectionable conditions caused by 
the discharge of their untreated wastes.

PROGRAM FOR SOLUTION OF PROBLEM

In many cases where manufacturers have been confronted 
with a serious problem in connection with the disposal of their

industrial wastes, they have been inclined to attempt its solution 
without first acquiring a clear understanding of the scientific 
principles involved, either in the production of the conditions 
which caused the trouble or in the processes available for the 
treatment of the wastes to render them less objectionable. 
The treatment of industrial wastes usually is a subject entirely 
different from that with which the manufacturers have to deal 
in their usual business and in which they are primarily interested; 
all other matters, such as the treatment of waste liquors, 
being of only secondary interest and importance from their point 
of view. They have, therefore, often selected a plant poorly 
adapted to the use they desired to make of it. Sedimentation 
tanks, for example, are often found which are entirely inadequate 
for the purpose, although this process is most simple. All sorts 
of filters have been designed and constructed, but usually without 
the remotest conception of the scientific principles involved in 
the treatment which they were intended to accomplish.

Another fruitful source of misdirected energy has been the
desire to recover from the wastes ingredients of value such, for
example, as the grease and fertilizing ingredients in municipal 
sewage. Industrial wastes, like sewage, often contain ingredients 
which have a market value, and every encouragement should be 
afforded to the recovery of such products. As economic con­
ditions change in the future there will be a greater need of 
economizing in this direction, and it is to be expected that pro­
cesses will be devised for the profitable recovery of such in­
gredients. The fact that such processes may not be available
at the time the problem first presents itself, but will probably be 
available at some future time, is not a justifiable reason for 
making no effort for its solution.

Whenever an industry is confronted with a problem of this 
kind, a program for its solution should be carefully worked out 
before making expenditures upon construction. In fact, the 
studies necessary to the preparation of such a program may dis­
close other means of solution, involving relatively small cost.

First a study should be made of the waterway, to note its 
condition and physical characteristics, such as size, velocity of 
flow, depth and temperature, and a similar study of wastes to 
determine their quantity and character. With the information 
gained in this manner it will be possible to form an opinion as to 
the extent of treatment required to meet existing conditions.

Next, the kind of treatment and the plant required to provide 
such treatment, should be determined. The methods selected 
should be those required to give the results which may be de­
sired within a reasonable period of time in the future when 
perhaps conditions may have become decidedly different from 
those obtaining at the time the investigation is made. Such 
methods should always be selected and reported with the clear 
reservation that new and better processes may subsequently 
be devised.

Following the selection of methods should be the construction 
of plant. Here it may be wise to proceed progressively, build­
ing first the system of drains required for the collection of the 
wastes and for their discharge at a single point. After this has 
been done further investigations based upon the measurement 
and analyses of the combined wastes, may be desirable. When 
the collecting system shall have been completed, it will be possible 
to provide the first part of the treatment process, such for example 
as screening or sedimentation. After this has been accom­
plished, still further investigations may be desirable to de­
termine, first, the efficiency of the plant already installed and, 
second, the next process of treatment which should be provided 
and the probable results to be obtained.

However much or little may be required, it is important 
to build in accordance with an intelligently devised plan and 
in harmony with such additional processes as may follow. Thus 
many expensive mistakes will be avoided and advantage taken 
of all opportunities to provide an economical arrangement of
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plant. The following of such a course will often result in avoiding 
expensive pumping of the wastes, or the treatment of excessive 
quantities due to the inclusion of relatively clean waters which 
may not require treatment under the local conditions.

The final step, and undoubtedly the most important, is the 
intelligent operation of the plant. Whether the processes in­
volved are simple or complex the supervision and control of 
operation should be based upon a knowledge of the conditions 
in the river, the character of the wastes and the scientific principles 
involved in their treatment. The object to be attained and 
extent of treatment necessary at the time of its accomplishment 
should be kept constantly in mind. Many thousands of dollars 
in the cost of operation may be saved in this manner.

M e t c a l f  a n d  E d d y  
B o s t o n  a n d  C h i c a g o

THE ECONOMIC RESO URCES OF THE KAN SAS CITY 
ZONE1

B y  A r t h u r  J . B o y n t o n *

Hardly more than half a century ago—and within the memory 
of many—the line indicated by the present eastern boundary of 
Kansas, Nebraska and Oklahoma marked the frontier of the 
Indian country. It  is indeed difficult for the minds of the present 
generation to grasp the extraordinary transformation which has 
been made in this territory in such a comparatively short period 
of time.

Kansas City enjoys what might be called, for lack of a better 
term, extraordinary “ nodalily”—a natural center from which 
radiate or to which converge practically all of the important 
lines of trade and communication of the extensive southwest 
territory.

The population of the city since 1900 has more than doubled. 
To-day the population of the combined cities of Kansas City, 
Missouri and Kansas City, Kansas is estimated at nearly 400,000. 
Assessed valuations of property have increased from $79,000,000 
to over $210,000,000.® Post-office receipts have jumped from 
$748,000 in 1900, to over $3,589,318, and the mail matter handled 
in 1916 was nearly four times that of 1900.

Kansas City received from the adjacent territory during the 
last year over 115,649,800 bushels of grain of which wheat alone 
constituted 77,785,650 bushels. The State of Kansas alone in 
1916 raised a wheat crop of 99 million bushels valued at prac­
tically $135,000,000. This state ranks first in winter wheat 
production, and is only occasionally exceeded by North Dakota 
with the spring variety.

The shipments of live stock to the Kansas City stockyards 
from the surrounding country in the year just past total 
131,8 12  car-loads,3 of 7,323,528 animals, of which 2,177,468 
were cattle and nearly 3,000,000 were hogs. Over 5,000,000 
packing animals were slaughtered in the local packing plants 
during the year 19 16.3
¡¿B ank  capital in 1900 was short of $5,000,000 while to-day it 
exceeds $26,000,000. No better index of the expanding business 
of a commercial center is to be had than that of bank clearings. 
These since 1900 have increased more than sixfold and for 1916 
totaled the enormous sum of $4,953,778,690. Kansas City 
to-day ranks sixth in bank clearings and is exceeded only by 
New York, Chicago, Philadelphia, Boston, and frequently 
surpasses St. Louis.

As a railway center Kansas City is second only to Chicago 
in the number of lines entering the city and the size of territory 
which these serve.

1 Address delivered a t  the  54 th  M eeting  o[ the  Am erican Chem ical 
Society, K ansas C ity , April 11, 1917.

i Professor of Economics, U niversity  of K ansas, Lawrence.
> Annual S ta tis tica l R eport, B oard of T rade, 1916, K ansas C ity. 

Missouri.

The Kansas City Zone is primarily occupied with what might 
be called the extractive industries, and among these, of course, 
stands agriculture as first in importance.

N u m b e r  a n d  V a l u e  o p  L i v e  S t o c k  
R eport of K ansas S ta te  Board of Agriculture for 1916 

R eport of Oklahom a S ta te  Board of Agriculture for 1916 
M issouri R ed Book 1915 

K a n s a s , 1916 O k l a h o m a , 1916 M i s s o u r i , 1915
N um ber V alue N um ber Value N um ber Value

Horses 1,056,124 $120,398,136 742,750 $63,133,750 1,084,000 $77,560,000
M ules &

Asses 296,007 37,000,875 282,347 27,670,006 329,000 32,571,000
M ilk

Cows 1,077,067 68,932,288 488,004 26,840,220 837,000 45,533,000
O ther
C attle  2,200,848 94,636,464 1,143,245 43,443,310 1,555,000 60,490,000
Sheep &
G oats 181,481 1,134,256 39,687 448,435 1,416,000 8,213,000
Swine 1,576,568 18,918,816 1,039,474 7,484,214 4,565,000 31,986,000

T o ta l Value of
L iv e s to c k  $341,020,835 $169,019,935 $276,353,000

A summary of these figures gives a total value of live stock for 
these three states alone of $786,393,770 and their crops are 
valued at $768,006,583. Thus the total value of crops and live 
stock based on the farm values (not the values at primary 
markets) reaches the huge sum of $1,554,400,353. The gross 
value represented in crops and live stock on the farms of Kansas 
amounted to $712,209,311.

This is the state’s sccond best record in agricultural products, 
which was exceeded in 1914  by about $5,000,000. The value 
of its live stock is the largest ever reported, exceeding the best 
prior year (1915) by $30,000,000.

The wheat crop for this state in 1916 was the second largest 
in the history of the state and was worth $134,615,300. Its 
quality was extra fine and the average price received by the 
growers is the highest reported since 1872.

The value of animals sold for slaughter in 1916 amounted to 
$68,762,369. The income from poultry and eggs alone was 
$12,466,694. Attention should be called to the great and in­
creasing value in Kafir, milo, feterita, and sorghums and to the 
recently introduced grasses and fodders in the dry sections 
of the state, now amounting in value to nearly $20,000,000. 
The alfalfa crop of 3,581,201 tons was worth $30,907,618, and 
had it been marketed during the winter and spring would 
probably have brought nearly twice that amount. These forage 
crops, none of which were originally native to the state, and 
most of which have but recently been introduced, represent 
some of the striking achievements of the agriculture of this 
section.

The increase of dairy products is another hopeful sign pointing 
to more intensive agriculture. These products were valued at 
over $14,460,000. A most notable gain is recorded in the figures 
for condensed milk during the past year, the amount and value 
of the product being nearly seven times larger than it was in
1915.

This section of the United States is still committed to the 
extensive system of cultivation. Commercial fertilizers, if in­
deed any fertilizers, are but little used. But little attention in a 
practical way is given to soil analysis and conservation. The 
farmer is, however, concerned with all those methods of cultiva­
tion aiming to conserve the moisture; with all the new crops 
suitable for the region; with improved machinery to reduce costs 
of farm operation and with the best and most profitable breeds 
of live stock. How long these virgin soils will respond with their 
natural fertility under present systems of cultivation remains 
to be seen. Already greater and greater demands are being 
placed upon the soil. For increasing yields, resort must be had 
to more and more intensive methods of cultivation.

The general opinion prevails that the wealth of the sur­
rounding territory is embodied largely in the products of the 
wheat, corn, live stock and other agricultural belts. Few, 
unfamiliar with the region, appreciate the rapid industrial 
expansion which the district has made in the past ten or fifteen



J u l y ,  19 1 7  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 701

Y ield  and Value 
K ansas, 1916

Yield (Bu.) Value
W h ea t....................................................... . 99,384,760 $134,615,307
C o rn .......................................................... . 62,127,191 51,886,272
O a ts ........................................................... . 29,177,688 14,199,056
B arley ....................................................... . 6,049,777 4,206,175
R y e ............................................................ 737,217 769,895
C o tto n .......................................................
K afir.......................................................... . 5,095,052 4,988,078
M ilo ........................................................... . 1,188,482 1,163,996
Sorghum ................................................... . 3,088,005 11,281,760

30,907,618A lfalfa....................................................... . 3,581,201 Tons
H a y ............................................................ . 1,648,963 " 11,250,422
Broom C o rn ............................................ 4,796 " 790,984
Irish  and Sweet P o ta to e s ................... . 4,653,819 4,271,643
P e a n u ts .....................................................
D airy  P ro d u c ts ...................................... 12,007,965

T o ta l Value of All F arm  Products.. $371,188,476

years. The increase in values of manufactured products has 
been stimulated by the development of great oil and gas fields 
and by those industries which have been made possible by cheap 
fuel.

INDUSTRIES

According to the last census, slaughtering and meat packing, 
with flour and grist mill products, made up about three-fourths 
of the total value of the manufactured products of the State of 
Kansas. The industry of slaughtering and meat packing owes 
its development chiefly to the fact that the district lies in the 
heart of the corn belt of the United States, to the low cost of 
winter-keep where live stock grazes on fields of winter wheat 
and cured grasses, and to the extensive introduction of alfalfa. 
This section accordingly is unsurpassed for stock-raising by 
any equal area in the country.

The census of 1910 credited 12 .1 per cent of the total value 
of. the slaughtering and meat packing products of the United 
States to the State of Kansas, and only one state, Illinois, ranked 
ahead of Kansas in this respect. The 35 establishments gave 
employment to 24 per cent of the average number of wage- 
earners and reported products valued at $165,000,000. All 
of the principal packers have large establishments in Kansas 
City, Kansas. After Chicago, the local industries are the 
largest units in the United States. One of these concerns re­
ports 45 edible and 24 inedible products in the category of their 
output.

An industry ancillary to that of meat packing with all its 
varied by-products, that of soap-making, is gradually becoming 
one of the most permanent and important of the immediate 
locality. Receiving their chief raw materials from adjacent 
packing and rendering establishments, the concerns engaged in 
this industry are to-day manufacturing a substantial output. 
Peet Brothers (manufacturers of soaps and glycerin) and Proctor 
and Gamble have both large, well equipped, up-to-date factories 
in Kansas City, Kansas. While no definite statistics are avail­
able, it is estimated that probably 15,000 to 16,000 boxes of 
soap are daily produced. Besides soap, glycerin should also be 
mentioned as an important product.

The flour and grist mill industry is second in importance among 
the manufacturing industries of the Zone. Due to its first 
rank as a winter-wheat-producing state, Kansas ranks third 
among the states of the Union in the value of flour mill and grist 
mill products. There are at present over 500 milling establish­
ments in the state.

PETROLEUM

The preliminary estimates of the United States Geological 
Survey indicated the quantity of crude petroleum produced and 
marketed in the oil fields of the United States in 1916 at
292,300,000 barrels.1 Later figures place this total production 
for 1916 at 306,297,600 barrels.2

The Mid-Continent, or Oklahoma-Kansas field produced 
122,671,767 barrels—conservative figures—which is 40 per cent 
of the United States product for 1916. About 30 per cent is

1 Eng. and M in . J ., Jan . 6, 1917, p. 23.
* Oil, P aint and Drug Reporter, Feb. 9, 1917, p. 85.

o p  L e a d i n g  C r o p s

O k l a h o m a ,  1916 t M i s s o u r i , 1915
Yield (Bu.) Value Yield (B u.) Value
27,541.398 $40,627,861 26,475,327 $ 25,669,634
55,769,404 42,391,950 220,235,191 123,640,144
16,880,288 8.346,212 24,148,135 9,096,452

  956,000 11,917 10,129
    192,250 171,102
628,685 Bales 51,011,955 23,478,492 2,512,199

9,974,074 6,893,916 ............ .........
4,316,597 3,214,630 ............ .........

511,601 3,540,583   903,656
856,622 * 9,598,795 ............ .........
182,223 1,430,042 4,386,385 39,117,508
40,900 6,112,500 1,066,515 53,858

  1,134,786 5,104.000 2,960,320
458,692 412,822 ............ .........

$177,504,262 $219,313,845

assigned to California and the remainder (30 per cent) to the 
Appalachian, Lima-Indiana, Texas, and other fields. As nearly 
as can be ascertained, taking the amount of crude oil in storage, 
the average pipe-line runs and the estimated amount of oil 
shipped to scattered consumers, computations show the oil 
production of Kansas in 1916 to be 11,530,478 barrels. The 
potential production of Kansas at the present time is approxi­
mately 100,000 barrels per day.1

P e t r o l e u m  I n d u s t r y  o p  t h e  U n i t e d  S t a t e s — P r o d u c t i o n  i n  1916 
(Oil, Paint and Drug Reporter, Feb. 9, 1917, 91, No. 7, 85)

M illion Barrels
Fields 1916 1915 1914

E a s te rn ...............................  20 M illion 20 M illion 22 M illion
O hio-Ind iana....................  2 3 .9  4
Illinois................................. 16 15 19
K en tucky -T ennessee .... 1 0 .499 0 .516
M id -C on tinen t................. 122,671,767 * 121,988,915 101,002,263
Gulf C o ast......................... 21 20 11
Texas P anhand le   8 5 8
N orthern  Louisiana  11 14 12
C alifornia ........................... 91 89 102
W yom ing...........................  8 5 4
O ther S ta te s ...................... 0 .205 0 .2  0 .180

T o ta l..........................  306,297,760 298,137,631 287,119,667

Oklahoma’s crude production for 1916 amounted to 1 1 1 ,-  
141,280 barrels, or a total for the two states (as previously 
stated) of 122,671,767 barrels for the year.1 Up to the present 
time the total production for the Mid-Continent field since its 
discovery on the introduction of pipe lines in 1900 has amounted 
to 762,174,158 barrels, of which 47,829,947 are credited to Kansas 
and 714,334,211 were credited to Oklahoma.

P r o d u c t i o n  o f  t h e  M i d - C o n t i n e n t  F i e l d  s i n c e  1900 
(Oil. Pain t and Drug Reporter, F e b .  9, 1917, p. 107)

T o tal
M id-C ontinen t

P ipe Lines K ansas Oklahom a by Years
P rio r to  1900........  438,000 4,225 442,379
190 0 ..........................  68,000 6,100 74,714
190 1..........................  169,000 10,000 179,000
190 2 ..........................  295,000 36,500 331,000
1903 ..........................  931,000 140,000 1,071,000
190 4 ..........................  4,236,000 1,367,000 5,603,000
190 5 ..........................  3,892,000 8,561,000 12,454,000
190 6 ..........................  3,075,000 18,618,000 21,649,000
190 7 .......................... 3,331,000 42,830,000 46,161,000
190 8 ..........................  2,473,000 45,801,000 48,274,000
1909 . . .  1,032,000 46,975,000 48,007,000
1910 . .  1,129,000 52,300,000 53,429,000
1911   2,907,000 56,425,000 59.332,000
1912   2,182,000 51,425,000 53,607,000
1913 . . .  2,171,000 63,575,000 65,746.000
1914   3,850,000 97,242,000 101,092,000
191 5 ..........................  4,115,000 117,883,000 121,998,000
191 6 .......................... 11,530,000 111,141,280 122,671,000

T o ta l ........................  47,829,947 714,334,211 762,174,158

The stock of oil in storage in the Mid-Continent field at the 
end of 1916 increased to 97.9i7.458 barrels, a gain of over 3 
million barrels, practically the amount put in storage by the 
Butler County pools of Kansas. Oklahoma, it is reported, had 
over 86 million barrels in storage at the end of the year.2

OIL WELLS

More oil wells were drilled in the Mid-Continent field in 1916 
than in any previous year except one (11,494 in 19 13 ) : 11,24 1

* Oil, Pain t and Drug Reporter, F eb  .9, 1917, p. 107.
* Ibid., Jan . 6, 1917, p. 107.
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wells were drilled in the past year: 7601 in Oklahoma and 3640 
in Kansas.1 The rise in price of crude oil to $1.55 led to rapid 
drilling and with market quotations such as these, extraordinary 
prices were paid for leases, wild speculation followed, and test 
holes were drilled immediately.

In the beginning of 1916 there were 3,848 producing wells in 
Kansas and at the end of the year there were 5,476 producing 
oil in the State, connected with pipe lines. Others should be 
added, including some of the large producers, which as yet 
have not been connected with any pipe lines. This increase 
of wells again show's the rapidity with which the Kansas division 
of the field has advanced during the past year.

In three years from January 1, 1914, to January 1, 1917, the 
number of producing wells in the Mid-Continent region has 
increased from 20,256 to 43,417 which graphically tells the 
story of the wonderful development of this remarkable oil 
field.2

Of the 11,24 1 wells drilled in the Mid-Continent field in 1916, 
9,274 were successful oil producers, 476 were gas wells, and 
1,491 were failures. This was the largest number of producing 
wells ever drilled in a single year in the Mid-Continent field. 
It  is significant also that while the largest number of successful 
oil wells in the history of the field were drilled last year, the 
actual yield of the field was also the largest in its history.

W e i x s  D r i l l e d  i n  t u b  M i d - C o n t i n e n t  F i e l d  
(.Oil, Pain t and Drug Reporter, J a n .  6 . 1 9 1 7 ,  p .  1 0 9 )

T o ta l for
In  K ansas In  Oklahom a M id-C ontinen t Field

190 5 ..........................  1488 2535 4023
190 6 ..........................  730 3146 3876
190 7..........................  486 4234 4720
190 8 ..........................  473 3021 3494
190 9 ..........................  510 3340 3850
191 0 ..........................  486 4370 4856
191 1..........................  511 4445 4956
191 2 ..........................  1012 5982 6996
191 3 ..........................  2180 9314 11494
191 4 ..........................  2394 8259 10653
191 5 ..........................  1123 4725 5848
191 6 ..........................  3640 7601 11241

T o ta l for the  F ie ld ......................................................... 81154

C h a r a c t e r  o p  W e l l s  D r i l l e d  i n  1 9 1 6
Oil G as D ry  T o tal

K an sas ............................ 3167 116 357 3640
O klahom a...................... 6107 360 1134 7601
M id-C ontinen t F ie ld . 9274 476 1491 11241

One other feature of this remarkable field should receive our 
attention. Of the 81,154 wells drilled in this territory since the 
beginning of operations, 43,417 are still producing after fifteen 
years, indicating that 37,737 were cither gas, dry, or have since 
become exhausted.3

When it is remembered that this field has been in active 
production for fifteen years or more, this is a remarkable record: 
53-5 per cent of total wells still drilling and only 46.5 per cent 
gas, dry or exhausted.3

It  is significant also that in 1916, with the vast amount of 
wild-cat drilling in all parts of Oklahoma and Kansas, 86.7 
per cent of all wells drilled were successful oil or gas producers, 

o n ,  r e f i n i n g

Of the 302 refineries in the United States—with a daily 
capacity of one million barrels crude oil—the Mid-Continent 
field has 74, or 24 per cent, 71 of these being independent com­
panies and 3 Standard Oil companies.1 This is exceeded only by 
California with 76, 57 only of which are active and 19 idle. 
The Standard has invested $8,000,000 or more in their three 
refineries at Neodesha, Kansas, Sugar Creek, Missouri, and 
Norfolk, Oklahoma. Their capacity of crude oil consumption 
per day is given at 60,000 barrels. The 71 independent re­
fining companies, of which the Sinclair Syndicate, the Doherty 
Syndicate, Cosden & Co. and the International Refining Com-

1 0t7, Paint and Drug Reporter, Jan . 6, 1917, pp. 113, 115.
* Ibid., Jan . 6. 1917, p. 109.
* Ibid., Jan . 6, 1917, p. 107.
4 Eng. and M in . J .,  Jan . 6, 1917, p. 23.

pany are most prominent, have invested over one hundred 
million dollars in their plants. They utilize over 150,000 
barrels of crude oil per day. The refining operations of the 
field represent then, for all concerns, an investment of $ 1 1 1 , -  
099,720 in 74 plants, with a total daily consumption of 2 13,815 
barrels of crude oil.1

This gives the Mid-Continent field, in capital invested, 
plants, and output, about one-fourth of the refining business 
of the whole United States.

M i d - C o n t i n k n t  R e p i n i n g ,  1916 
(Oil, Paint and Drug Reporter, J an . 6, 1917, pp. 113, 115)

D aily 
Average C rude 

A pproxim ate Used in 1916 
Inv estm en t (Barrels)

71 In dependen t C om panies (all since 1904-5).... $99,599,720 148,815
Independen t P lan ts  now B uild ing ........................... 3,500,000 5,000

T o ta l Independen ts............................................ $103,099,720 153,815
3 S tandard  Refineries (S tandard  G ro u p )  8,000,000 60,000

F ina l T o ta l ............................................... $111,099,720 213,815

B uilt
S t a n d a r d  R e f i n e r i e s :

Norfolk, Okla. (C arte r Oil C om pany) 1916
N eodesha, K ans. (S tandard  Oil)  1892
Sugar Creek, M o. (S tandard  O i l ) . . . . 1907

D aily
Inv estm en t Consum ption

$3,500,000 40,000
1,500,000 7,500
3,000,000 12,500

8,000,000 60,000

Attention has been called to the profitableness of refining this 
Mid-Continent oil due to the high yield of gasoline, often as 
high as 30 per cent, which percentage depends very largely 
on methods of distillation, whether oil is fresh or stored, and 
the variations in crudes of the same pool.

NATURAL GAS

Closely associated with the oil production of this territory is 
that of natural gas. The importance of this natural gas belt 
in localizing and developing the zinc, cement, and glass industries 
in a definite district cannot be overemphasized. The near-by 
supply of cheap gas has made possible and profitable these 
industries in Kansas and Oklahoma. These states, according 
to the latest authoritative figures available (1914), produced
22,627,507,000 and 78,167,414,000 cu. ft., respectively, a total 
of 100,794,921,000 cu. ft.1

The total natural gas production for the United States for the 
year was estimated at 591,866,733,000 cu. ft. This would credit 
the Oklahoma-Kansas field with about 18 per cent of the supply 
of the United States. Oklahoma and Kansas are exceeded only 
by West Virginia, Pennsylvania, and Ohio in the supply of 
natural gas.

The annual value of this important fuel in this district is 
placed at nearly $12,000,000 and was utilized by 250,104 domestic 
consumers and 3030 industrial plants. A substantial portion 
of this gas was piped out of the states and consumed in Missouri.2

A recent state investigation by the Kansas Academy of 
Science made by Mr. W. W. Swingle—perhaps the most recent 
data available—shows that Kansas alone in 1916 produced over
25,000,000,000 feet of gas (25,402,521,ooo).3

N a t u r a l  G a s  P r o d u c e d  i n  1914 (M . C u. F t .)
(“ M ineral Resources of the  U nited S ta te s ,” 1914, pp. 751 to  781)

Industria l 
M . Pro- D om estic Con- 

Cubic F ee t ducers Consum ers sum ers Value
T o ta l for U. S ................... 591,866,733   $94,000,000
K ansas ................................  22,627,507 353 187,714 1,079 3,300,000
O klahom a..........................  78,167,414 437 62,390 1,951 8.000,000

T o tal for K an. & Okla. 100,794,921 790 250,104 3,030 $11,300,000

N a t u r a l  G a s  W e l l s  D r i l l e d  i n  1914 
("M ineral Resources of the  U nited S ta te s ,” 1914, p. 757) 

P roductive  D rilled in 1914 A bandoned P roductive
Dec. 31, 1913 G a s  D ry  T o tal in 1914 Dec 31, 1914 

U. S . . . .  33,345 3,836 1,306 5,142 2,088 35,093
K ansas.. 2,297 445 219 664 481 2,261
O k la .. . .  1,052 388 182 570 235 1,205

1 Eng. and M in . J .,  Jan . 6, 1917, p. 23.
5 “ M ineral Resources of the  U nited S ta tes ,”  1914, p . 751.
* Topeka Capital, M arch  8, 1917.
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The State, according to this investigation, could easily have 
produced a third more (35,000,000,000 feet) during the year if 
all the wells had been piped. M any of the wells have been 
capped, especially in Butler County, the new oil field of the 
State.

The total number of gas wells drilled in the past year were 
reported to be 112 , as against 361 in 1915.

O u t p u t  o p  N a t u r a l  G a s  i n  K a n s a s  b y  C o u n t i e s  f o r  1 9 1 6  
(Topeka Capital, M arch  8, 1917)

Wells New Wells T o ta l P roduction, 1916
C ounty  1915 1916 Cubic F ee t

A llen......................................  13 7 324,072,000
A nderson..............................  4 0 376,987,000
B u tle r....................................  27 35 6,967,369,000
C h au tau q u a ........................  26 17 1,817,516,000
C ow ley..................................  15 0 660,313,000
E lk .......................................... 6 0 422,410,000
F ran k lin ................................ 33 3 717,626,000
G reenwood........................... 11 2 679,178,000
L a b e tte .................................  12 0 1,897,317,000
M iam i...................................  5 2 925,967,000
M ontgom ery .......................  148 34 6,272,150,000
N eosho ..................................  43 6 894,960,000
W ilson...................................  12 3 3,112,744,000
W oodson............................... 6 0 307,108,000
O ther C ounties..................  0 3 26,804,000

T o ta ls ...........................  361 112 25,402,521,000

The significance of this valuable natural fuel for domestic 
and industrial consumption, especially in cement plants and zinc 
smelters and in the manufacture of glass and brick can be readily 
appreciated. In this connection the expansion of the casing head 
gasoline industry also must not be overlooked: 17 million gallons 
of gasoline were obtained from this source in Oklahoma in 1914.

ZINC s m e l t i n g  a n d  r e f i n i n g  

The great zinc-producing region, known as the Joplin District 
in Southwestern Missouri and extending into Kansas and Okla­
homa, constitutes one of the great mineral sources of wealth 
of the Kansas City Zone. From this region—a few adjoining 
counties—in 1916, an exceptional year to be sure, zinc and lead- 
ore shipments were made valued at $36,439,42c).1

O u t p u t  a n d  Y a i . u k  o p  t u b  M i a m i  D i s t r i c t  i n  1916 
(Engineering and M in ing  Journal, J an . 6, 1917, p. 28)

T o t a l  P r o d u c t i o n  Lbs. Value
Zinc C oncen trates ...............................  110,236,816 $4,867,193
Lead C oncen tra tes ................................  30,653,990 1,237,114

$6,104,307

The production of spelter by ore smelters in the United States 
in 1916 equaled 672,000 tons (of 2000 lbs.), the product of 41 
smelters operating 52 works, containing 209,786 retorts, of which 
190,331 were in operation. During the last quarter of 1916 
these plants were producing spelter at the rate of 734,000 tons 
per annum.2

P r o d u c t i o n  o p  S p e l t e r  ( O r e  o n l v )  i n  T o n s  (2000 L b s .)  
(Engineering and M in ing  Journal, Jan . 6, 1917, p. 24)

S ta tes 1916 1915 1914
A rkansas.............................. 7,622
Colorado............................ . 8,812 8,984 8,152
Illinois................................... 161,665 130,587
M issouri and  K a n s a s . . . , . . .  151,446 111,052 53,424
O klahom a............................ . . .  165,086 111,405 92,467
E a s t ....................................... . . .  158,081 114,036 85,682

T o ta l........................ . . .  672,300 507,142 370,312

From the above table it is seen that of the total production 
of the United States in 1916—672,300 tons—Missouri, Okla­
homa, and Kansas contributed 316,532 tons, or 47 per cent 
of the total output of the whole country.

This remarkable growth of the smelting and refining of zinc 
since 1889 is due largely to the discovery of gas and oil and the 
presence of coal in the same locality as the zinc ore.

The value of products for Kansas according to the census of 
1910 amounted to nearly one-third of the total value of products 
of this industry for the entire United States. A t that time 
Kansas ranked first in number of establishments and in value of 
products for the zinc industry. Since that date some change 
has occurred in relative output.

> Eng. and M in. J„  Jan . 6, 1917, p. 27.
« Ibid., Jan . 6, 1917, p . 24.

V a l u e  o p  O r e  S h i p m e n t s , L e a d  a n d  Z i n c  i n  J o p l i n  D i s t r i c t  i n  1916 
(Engineering and M in ing  Journal, J a n .  6, 1917, p. 27)

In  M issouri (Jasper C o u n ty ) ..............................  $25,913,880
T o tal for M issouri...................................................  29.134,430
In  Oklahom a (O ttaw a C o u n ty ).........................  4,780,960
In  K ansas (Cherokee C o u n ty )...........................  2,432,640
In  A rkansas (through Jo p lin ).............................  91,390

T o ta l ...................................................... $36,439,420

SMELTING ESTABLISHMENTS AND RETORTS

This district possesses 34 smelting establishments, 17 being in 
Kansas, 14 in Oklahoma, and 3 in Missouri. These operate 
119,848 retorts, or 57 per cent of the retort capacity of the 
United States.1

As previously stated, cheap natural gas, oil, and coal in the 
Pittsburg district, all adjacent to the zinc, thus minimizing costs 
of transportation, have localized the smelting operations in a 
relatively small area.

Z i n c  S m e l t i n g  C a p a c i t y  o p  t h e  K a n s a s  C i t y  T e r r i t o r y

N um ber of R eto rts  a t  the  E n d  of the  Y ear or Building 
(Engineering and M in ing  Journal, Jan . 6, 1917, p. 25)

N amb Situation 1915 1916
American Spelter Co........................ . .P ittsb u rg , K ans. 896 896
Amer. Zinc, Lead & Sm elting Co. . . D earing, Kans. 4,480 4,480
Amer. Zinc, Lead & Sm elting Co. . . Caney, Kans. 6,080 6,080
Bartelsville Zinc Co.......................... . . B artelsville, Okla. 5,184 7,488
Bartelsville Zinc Co......................... . . Blackwell, Okla. 8,800
Bartelsville Zinc Co......................... . . Collingsville, Okla. 10,080 13,440
C hanute  Spelter C o.......................... ..C h an u te , K ans. 1,280 1,280
Cherokee Sm elting Co.......... .. . . Cherokee, K ans. 896 896
E agle-P icher Lead Co...................... . . H en ryetta , Okla. 3,000
E dgar Zinc Co.................................... . . Carondelet, Mo. 2,000 2,000
E d g ar Zinc Co.................................... . .  C herry  vale. K ans. 4,800 4,800
G ranby  M ining & Sm elting C o .. . 
H en rye tta  Spelter Co......................

. .N eodesha, K ans. 3,760 3,760

. .  H en ryetta , Okla. 600 3,000
Io la  Zinc Co........................................ . .  Concreto, Kans. 660 660
Joplin Ore & Spelter Co................. . .P ittsb u rg , K ansas 1,440 1,792
J. B. K irk Gas & Acid Co............. . .  Iola, K ans. 3,440 3,440
K usa Spelter Co................................ . .K usa , Okla. 3,710 3,720
L aH arpe  Spelter Co......................... . .  K usa, Okla. 4,000
Lanyon Sm elting Co........................ . .  P ittsbu rg , K ans. 448 448
L anyon-S tarr Sm elting Co............. . .Bartelsville , Okla. 3,456 3,456
M issouri Zinc Sm elting Co............ . .R ich  Hill. Mo. 448
N ational Zinc Co.............................. . .Bartelsville , Okla. 4,260 4,970
N evada  Sm elting Co........................ . .N evada, Mo. 672 672
Oklahom a Spelter C o...................... . . K usa, Okla. 1,600
Owen Spelter C o............................... . .C aney , K ans. 1,280 1,920
P ittsb u rg  Zinc C o ....... * .................. . .P ittsb u rg , Kans. 910 910
Prim e W estern Spelter Co............. .
Q uinton Spelter Co............................

. . Gas C ity, Kans. 4,868 4,866

. .Q uinton , Okla. 1,340
T ulsa  Fuel & M anufacturing  Co.. ..Collingsville, Okla. 6,232 6,232
U nited S ta te s  Sm elting Co............ ...  A ltoona, Kans. 3,960 4,600
U nited S ta tes Sm elting Co.............. . .C hecu tah , Okla. 4,480
U nited S ta tes Sm elting Co............ .. .L aH arpe , Kans. 1,924 1,926
U nited S ta tes Zinc Co......................., .S and  Springs, Okla. 5,680 8,000
W eir Sm elting Co............................... , .W eir, K ans.

( K ans. 17 
\ Okla. 14 
I M o. 3

448

T o ta l for K ansas, Okla. & M o. E s ta b lish m en ts .. .  34 8,2996 119,848

T otal for  th e  U nited  States 155,388 211,126

COAL

The Pittsburg district in Kansas mined 6,860,988 short tons 
of coal in 1914, valued at $11,238,253, giving employment for 
12,448 employees 192 days in the year. Oklahoma produced 
in the same year 3,998,613 tons and Missouri 3.935.980 tons, a 
total of 14,795,581 tons for the district.2

Kansas has mined, since 1869, 136,557.749 tons and since 
1880, Oklahoma is reported to have produced 63,462,777. 
These figures for production are relatively small, to be sure, 
when compared with the output for the entire country, but the 
supplies are of great local importance for fuel for the railroads, 
the chief consumers; for steaming purposes in manufacturing 
plants and for domestic use. Coal competes in the district with 
petroleum and natural gas in many plants and for general heating 
purposes.

Much criticism is still made of methods of mining in this 
section. The "reprehensible practice”  of "shooting off the 
solid”  still persists in large degree—76.9 per cent of the total 
output for Kansas being mined by this method, 5.3 per cent 
by steam shovels, and 16 per cent by hand. Machine mining 
methods have not made much progress in the district.

* Eng . and M in . J .,  Jan . 6, 1917, p. 25.
* "M ineral Resources of th e  U. S .,” p. 596.
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PORTLAND CEMENT

Kansas ranks third in number of cement plants, there being 
10 within the state, which is exceeded only by Pennsylvania 
with 20 and Michigan with 1 1 .  The output of these 10 active 
establishments in 1914 was 3,431,142 barrels, valued at 
$3,180,669.

GLASS

The development of the glass industry in this part of the 
country is, like zinc and cement, due to the available supplies of 
natural gas, a cheap and particularly desirable fuel for this 
purpose. Starting about fifteen years ago the industry has 
gradually grown, in varying sized plants, throughout the gas 
belt. The last census placed Kansas eighth in rank in the value 
of its glass products.1

GYPSUM

The demand for gypsum in the crude form for manufacturing 
Portland cement, and in other forms for paint, for land plaster, 
and for calcined plaster, is a steady and growing one. Kansas 
mined 80,774 tons ° f  raw gypsum in 19 14  and possesses four 
gypsum establishments or mills. Oklahoma mined 113 ,10 3  
tons and had six establishments. The Kansas product is 
mostly calcined, the form of greatest value, and is utilized for 
wall plaster, plaster of Paris, etc.: 47,877 (short) tons of calcined 
plaster were marketed from Kansas in 1914, and the value of all 
gypsum products was estimated at $278,343. Oklahoma’s 
product was worth $312,856 or a total value for the two states 
of $59i , i 99-2

SALT

Another resource, but of greater value, deposited with gypsum 
in this territory, due to the withdrawal or evaporation of the sea, 
is salt. Kansas is one of the four states credited with the pro­
duction of salt, and has ranked fourth at the last three censuses 
in the value of this product.3 The state maintains this rank 
both in the quantity and value of salt marketed in 1915. 
Michigan, New York, and Ohio are the only states which exceed 
Kansas in production, with 12,000,000, 11,000,000, and
5,000,000 barrels, respectively. Kansas produced in 1915 
3,765,164 barrels, valued at $1,035,879, or about 10 per cent 
of the output, and approximately 20 per cent of the value of 
salt produced in the United States. (38,231,496 bbls. were 
marketed in the United States in 1915 valued at $11,747,686.)*

The ten salt-producing plants, including brine and rock, are 
located in the central part of the state. Four of these mine rock 
salt. Evaporated salt production is centralized at the city of 
Hutchinson, with other establishments at Lyons, Anthony and 
Sterling. Deep wells are sunk to the salt beds often hundreds 
of feet below the surface, water is forced down to the beds and 
then pumped to the surface where the brine is evaporated. 
Open pans, grainers, and vacuum pan methods are used.

According to a recent report of the United States Geological 
Survey,4 600 feet of rock salt have been encountered by the 
Short Grass Oil and Gas Company, in Clark County. The top 
stratum, 60 feet thick, was struck at a depth of 690 feet and was 
capped with 12 feet of limestone. The next lower bed 158 
feet thick was separated from the first by a thin bed of lime­
stone. Below these the beds varied in thickness from 5 to 30 
feet. No water was encountered from 500 to 2900 feet. From 
3300 to 3700 feet a great deal of strong brine was encountered, 
making casing necessary to that level.

Incidentally in this connection should be mentioned the 
Solvay Process plant located at Hutchinson, Kansas, the only 
establishment of this character in this part of the country. 
Sodium chloride, constituting of course the main raw material,

1 "C ensus of M anufactures,”  1910, p. 681.
* "M ineral Resources of the  U nited S ta te s ,"  1914, p. 261.
3 MC ensus of M anufac tu res,"  1910.
4 "M ineral Resources of th e  U nited S ta te s ,"  1914, p. 291.
• Ibid., p. 265.

is converted into sodium bicarbonate or cooking soda. Present 
conditions and outlook seem to promise a substantial and in­
creasing market for the output of this establishment. Mention 
should also be made of the demand for sodium carbonate in the 
adjacent territory for glass and soap manufacturing, for paper 
making, and for water softening processes.

CLAY PRODUCTS 

Omission should not be made of the valuable clay products, 
and their potential possibilities, which this region affords. 
As time goes on these resources are destined to become more and 
more valuable. For Kansas alone their value, as last reported, 
was estimated at $1,905,961.' Vitrified brick constituted the 
principal output, and was 31 per cent of the value of all clay 
products. Over 40 establishments, rather widely scattered, 
were producing vitrified, common, front, fancy, and fire brick; 
drain tile, sewer pipe, terra cotta, tile, and stoneware. The 
adaptability of the available fuels of the district, particularly 
gas, for this special form of industry, is apparent.

The desirability of these bulky and yet very valuable products 
in a commonwealth is evident to all. They are absolute 
essentials in the life of any settled community. Their great 
weight and bulk and relatively low value per unit precludes their 
shipment by rail unduly long distances. Instead of foregoing, 
in a measure, their consumption or being subjected to well-nigh 
prohibitive freight rates, the Kansas City Zone is abundantly 
supplied with all of these products which make for the increased 
diversification and satisfaction of material wants.

KANSAS CITY A LOGICAL MUNITION CENTER 

In these belligerent times our attention is called to the fact 
that Kansas City is one of the logical munition centers of the 
United States.

The fats and oils derived from the packing plants and the 
cottonseed from adjacent states are making for the rapid de­
velopment of soap manufacturing. Glycerin being a by-product 
of soap-making, one element, and a very important one, is here 
present for manufacturing of explosives. Close by, the roasting 
of zinc sulfide, the so-called blend or concentrates, leads, of 
course, to great possibilities in the production of sulfuric acid. 
I t  only remains to combine the two constituents thus produced 
here in increasing quantity, namely, glycerin and sulfuric acid, 
with nitric acid to furnish a substantial output of nitroglycerine, 
the basis for explosives and munitions.

For use in zinc and lead mining we observe these acids and 
glycerins produced locally, being shipped separately in bulk 
to the Joplin district, there to be combined into explosives 
suitable for mining operations. Glauber’s salt is also sent in 
quantity to the glass factories of Kansas there to be mixed with 
sands, etc., in the making of glass.

POTENTIAL INDUSTRIES 

A discussion of industries and resources would not be complete 
without at least passing reference to what many, qualified to 
judge, designate as potential industries of the Kansas City 
Zone.

The enormous quantities of wheat, corn, potatoes and canes, 
which are and can be produced, suggest the great possibilities 
of starch production in this territory. These same raw materials 
can also be made the foundation for enormous outputs of in­
dustrial alcohol, which is so rapidly becoming a basic and primary 
product the country over.

The great supply of hides from packing plants has suggested 
possibilities in the establishment of tanneries in various centers. 
It  is maintained that tanning extracts or powders might profit­
ably be shipped into this territory from bark-producing sections 
and at less expense than is incurred in transporting the heavy 
raw hides to the present tanneries. What the future holds for 
such an enterprise here remains to be seen.

1 "M ineral Resources of the  U nited S ta te s ,"  1914, p. 500.



J u l y ,  19 17  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 70s

Similar suggestions are frequently made regarding the possi­
bilities for cqtton and woolen manufactures and the exceptional 
facilities for similar textile plants, due to unequaled railway 
connections which the district affords. Apparently their absence 
is primarily due to unavailable capital, and even more, perhaps, 
to a lack of the particular qualities and training of an industrial 
population adapted to these special industries.

With all the economic activities and possibilities which Kansas 
City territory possesses in the production of many concrete 
goods, partially or completely made ready for consumption, our 
survey would not be complete without attention being called 
to the facilities for moving and financing the products of these 
expanding enterprises.

The Kansas City Zone is served by a railway net which, with its 
management, is doing its part with deserving credit to facilitate 
the transportation of all these products from farms and mines 
and factories. Kansas City enjoys the schedules and rates of 
Missouri River basing points, and the radiating lines serve the 
territory and all interests concerned with uniform satisfaction. 
It  can be maintained, I think, that in no sectiqn of the United 
States are the railroads doing more to cooperate with the legiti­
mate enterprises of a territory than here in the Kansas City 
Zone.

Similar recognition should also be given to the banking 
facilities of Kansas City and the surrounding towns. Here is 
located one of the Federal Reserve Banks and also some of the 
strongest National Banks of the country. Here was early and 
successfully established a system of country clearings. The 
agricultural communities are particularly well supplied with 
banking facilities as evidenced by the exceptionally large number 
of state and national banks in all the smaller towns and cities 
and their universal patronage. Again, the vital connection and 
sympathetic cooperation of these financial institutions with the 
productive enterprises of the territory are fortunately one of the 
conspicuous features of our expanding economic life. Nowhere 
in the United States is banking on a more democratic basis.

In conclusion, one cannot refrain from here expressing and 
emphasizing the opinion that after all other explorers and ex­
ploiters have passed in review before us, last of all must come

the greatest of all adventurers—Science. Pioneering days of 
the old order are past. More and more the necessity of the 
methods of science becomes apparent in the exploitation of 
productive processes. The go-as-you-please, rule-of-thumb, hit- 
or-miss methods of skimming the surface, with all their incidental 
wastes, are fortunately going here as elsewhere, and passing, we 
hope, forever. This present national crisis is but the last of

warnings, all too little heeded. More and more we must call 
upon science to supplement the obvious gifts of nature and to 
reveal the wealth of materials and supplies which she has hitherto 
concealed.

But to apply scientific methods, funds, and increasing funds, 
of capital are necessary to utilize or make available the more 
productive, round-about methods of production. Contrary to 
the oft-repeated popular opinion, most industries are to-day 
undercapitalized. Scientific discoveries are outstripping the 
supplies of capital in the race of achievement. What sums of 
capital might not be utilized to-day were • they only avail­
able!

The "hurtful forcing process”  may be socially and economically 
undesirable if accompanied by wastes of natural resources, but 
the forging ahead of scientific discovery and utilization must 
ever be encouraged and kept far in advance in the procession.

The physical scientist and the economist unite, I am disposed 
or at least venture to think, in substantial agreement on this 
proposition: The world stands more and more in need of 
scientific discovery, while on the other hand nothing is more 
apparent than the necessity of increasing the funds of capital, 
coupled with intelligent business direction, to give life and 
effectiveness to these discoveries.

In the march of economic development, Science must blaze 
the way, and adequate supplies of Capital must support its 
programs. Assuming the brains to direct them, Science will 
determine the course of our future material achievements and 
Capital the degree of their realization.

U n i v e r s i t y  o p  K a n s a s  
L a w r e n c e , K a n s a s

THE NEW ZINC FIELD S OF KANSAS-OKLAHOMA1
By W i n t h r o p  P. H a y n e s  

Received M ay 12, 1917

A short night trip by rail from Kansas City takes one into 
the heart of the largest zinc-producing district of the Central 
States, and of the United States too, for that matter, because 
statistics of production for 1915 credit the Central States with

47 per cent of the spelter production of the United States, 
and place Missouri at the head of the list of the states producing 
spelter (metallic zinc).

The Joplin-Galena district is justly famous, and still holds
1 P resented  a t  th e  Sym posium  on the Chemistry and Metallurgy o f Zinc, 

54 th  M eeting Am erican Chem ical Society. K ansas C ity, April 10 to 14, 
1917.

K ir , .  1— D e v e l o p m e n t  o n  t h e  P r a i r i e  N e a r  F i c h e r
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F i g . 5 — -W e l s h  C o n c e n t r a t i n g  M i l l , A d m i r a l t y ,  O k i .a . 

regions, which have been so long established that there is only 
the routine development work on ore which does not interest 
us, and go by auto to the eastward from Joplin through Galena, 
Kansas, with its many old abandoned workings and great dumps, 
on to the South through Baxter Springs, Kansas, where we 
see many autos with parties of men driving about as if bent

ORES

The lead and zinc minerals which are being mined in this 
region are chiefly the sulfides: galena, PbS; and sphalerite, 
ZnS; but some of the oxidized ores, carbonates and silicates, 
nearer the surface, are also being used. In this district sphaler­
ite is much the most important ore. These minerals are all 

1 Oklahom a Geological Survey, Bull. 9 (1912).

on important business. Star drilling rigs are seen scattered 
over the country and they become more numerous as we ap­
proach the Oklahoma line. Near the State boundary are some 
new mills under construction. Others are already in operation, 
and we realize that we are in the new zinc fields at last. We 
go about two miles south into Oklahoma to what looks like 
a large city with many tall buildings, but find that it is really 
the town of Picher, which has had a wonderful growth in the 
past few months and is daily spreading out into the prairie. 
New concentrating mills of galvanized iron are being built, 
shafts being dug, and drilling going on (see Figs. i and 2). 
Small wooden shacks and prairie schooners cluster about the 
borders of the town, and have spread so far that they merge 
with the neighboring town of Admiralty, which shows the same 
mushroom-like growth.

It is a very inspiring sight to one who is used to seeing things 
old and stable, to get into a real boom town and observe the rush 
and hustle of all the people. We realize that this is part of 
the old Indian Territory where the Indians were given land at 
one time considered of little value. Now there is great effort 
to lease the land, and many of the Indians are very well off 
from their leases and royalties on production. The rows of 
small portable drilling rigs of the Star type first interest the 
visitor (see Fig. 3). They are prospecting the leases to 
determine the depth of the ore body and its thickness and 
extent. B y  systematic drilling a fairly accurate estimate of 
the amount of ore can be made, and thus this development 
work is removed from a gambling chance to a fairly safe mining 
proposition. The depth of drilling is comparatively slight, 
being in the neighborhood of 300 feet, and so the expense of 
this thorough prospecting is not great. The large number 
of concentrating mills indicates to a certain extent the number 
of small companies operating. I t  also indicates the great 
demand and high price paid for the zinc at the present time 
(see Figs. 4 and 5).

GEOLOGIC FORMATION AND STRUCTURE

The rocks which outcrop at the surface of this region consist 
of shales and limestones of late Paleozoic age. The western 
part of the district contains rocks of Pennsylvanian age which 
are represented on the map (Fig. 6) by diagonal shading. 
In the unshaded part of the map the rocks at the surface are of 
Mississippian age. Numerous wells, shafts, and drill holes 
have furnished data in regard to the strata below the surface. 
A vertical columnar section in northwestern Oklahoma1 gives 
us the succession of strata shown in Fig. 7. The region 
lies on the northwestern flank of the Great Ozark uplift and 
therefore the strata have a general dip to the west and north­
west.

its place in the front ranks of the zinc-producing region 
but public interest is now being diverted to the Southwest into 
the new field.

We shall, therefore, pass from the great dumps and ex­
pensive underground workings of the Webb City-Carterville

F i o .  3— D r i l l i n g  R i g s  P r o s p e c t i n g  f o r  Z i n c  O r e  N e a r  P i c h e r

F i g . 4 — D e v e l o p m e n t  N e a r  A d m i r a l t y , O k l a .,  J a n .,  1 9 1 7
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has been evolved as yet. The theories up to date may be grouped 
under three different heads. They are: (1) that the minerals 
were deposited by ascending waters; (2) that they were deposited 
by descending waters; and (3) that they were deposited by 
ascending and later concentrated by descending waters. The 
presence of small amounts of these minerals in the formations 
above and below the Boone chert would favor any of these

with their multitude of mills to consolidate and get down to the 
maximum production and minimum cost basis which enables 
the older mines of the Joplin district to operate profitably with 
their rather low-grade ore.

U n i v e r s i t y  o ?  K a n s a s  
L a w r e n c e , K a n s a s

1 U. S. Geological Survey, Bull. 606 (1915).
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THE LEGAL STATUS AND TH E CHARACTER OF WORK 
DONE B Y THE KANSAS STATE BOARD OF HEALTH 

WATER AND SEW AGE LABORATORY1
By C. C. Y ouno

Since the foundation of the Chemistry Department at the 
University of Kansas, water analyses had been made by Pro­
fessor Bailey and members of his department and considerable 
systematic work done by Professor Bartow and others, but it 
was not until 1906 that any real survey of the waters of the 
State of Kansas was attempted. At that time, an investigation 
of the quality of Kansas waters was prosecuted under a joint 
agreement between the Kansas State Board of Health and the 
United States Geological Survey, Horatio N. Parker representing 
the Geological Survey and Dr. E. H. S. Bailey, of the Chem­
istry Department of the University, representing the State 
Board of Health.

The funds available for this investigation were limited, but a 
very satisfactory report was made in Water Supply Paper 273.

As the organic law of the State provides that all scientific 
work of the State Board of Health shall be done at the Uni­
versity, the headquarters were naturally provided by the Board 
of Regents.

From October, 1906, to February, 1908, the work in the labora­
tory was carried on by Dr. F. W. Bushong and Archie J .  
Weith.

So much educational work had been done by Mr. Parker in 
the field with its coincident newspaper notices that a demand 
grew up among the people of the state for examinations of their 
water supplies. About this time, the Legislature passed the 
first of the water and sewage laws, which gave over to the State 
Board of Health supervision of water supply and sewage, in­
cluding the purification of water and treatment of sewage. 
This necessitated some laboratory facilities for the Engineer 
of the State Board of Health. Consequently, it was found im­
practicable by the University to discontinue the Water Labora­
tory, which had been founded for the work done in conjunction 
with the United States Geological Survey.

When I came to the University in 1908, the water analysis 
was assigned to me as a portion of my work in the Chemistry 
Department. As in the history of all such organizations, the 
demand became so great that funds were not available to meet 
the wants of the citizens of the state. Although each year an 
increase was made in the appropriations, they could not keep 
pace with the demands. At the same time the work was grow­
ing in the Chemistry Department, the Bacteriological Depart­
ment of the University was going through a similar experience 
with regard to bacteriological analysis of water.

In 1912, the United States Public Health Service and the 
State Board of Health instituted a joint survey of the Missouri 
River, calling upon both the Chemistry and the Bacteriological 
Departments of the University for laboratory studies. Fol­
lowing this work, a union was effected between the Chemistry 
and Bacteriological Departments forming a Water Laboratory 
of the University of Kansas, which was to do such work as the 
State Board of Health required and make a study of the sanitary 
water conditions of the state.

In a short time this organization was rendered ineffective on 
account of lack of sufficient funds to meet the ever-increasing 
demands for routine examinations of water supplies, so in 1915 
a proposition was put before the Board of Administration of 
the University of Kansas whereby a bill was to be introduced 
founding a Water and Sewage Laboratory of the State Board 
of Health, and providing for the support of the Laboratory 
by fees collected for the analyses, and as it was intended to aban­
don the work on account of this condition, it was fortunate 
that this bill became a law.

1 Presented a t the K ansas C ity  M eeting  of the  Am erican Chem ical So­
ciety, April 10 to  14, 1917.

The law as finally passed is as follows, with the rules and regu­
lations that were drawn up and approved by the State Board 
of Health and Board of Administration.

RULES AND REGULATIONS OP THE STATE BOARD OF HEALTH FOR 
THE COLLECTION OF SAMPLES AND ANALYSIS OF WATER1 

Session Laws of 19 15—House Bill No. 503 
A n  A c t  giving the State Board of Health power to require 

analysis of waters furnished or sold to the public, and to 
provide rules and regulations for said analysis and collec­
tion of samples of water, and to prescribe penalties for the 
violation of said rules and regulations.

Be it enacted by the Legislature of the State of Kansas:
s e c t i o n  1 —That the State Board of Health small make and 

publish, in the official state paper, rules and regulations for the 
collection of samples and analysis of water, either natural or 
treated, furnished by municipalities, corporations, companies 
or individuals to the public, and shall fix the fees for any ser­
vices rendered under said rules and regulations to cover the cost 
of the services, which fees shall be approved by the State Board 
of Administration before they become operative.

SECTION 2—The analysis of all waters required in the rules and 
regulations shall be made at the Water and Sewage Laboratory 
of the State Board of Health in the University of Kansas, and 
the fees collected under the provisions of this act shall be turned 
into the state treasury for the benefit of said laboratory of the 
University of Kansas.

s e c t i o n  3 —That every corporation, railway, common carrier, 
company or individual that shall fail to comply with the rules 
and regulations prescribed by the State Board of Health under 
this act shall be deemed guilty of a misdemeanor and upon con­
viction shall be fined not less than $50 nor more than $500.

s e c t i o n  4—This act shall take'effect and be in force from 
and after its publication in the official state paper,

RULES AND REGULATIONS GOVERNING COLLECTIONS OF SAMPLES 
AND ANALYSIS OF WATER FROM CITY SUPPLIES FURNISH­

ING GROUND WATER TO THE PUBLIC

1—A complete sanitary inspection of city supplies furnishing 
ground water shall be made by a representative of the Division 
of Water and Sewage of the State Board of Health at least once 
each year and samples collected for analysis. Samples so col­
lected shall be subjected to a complete analysis at the Water 
and Sewage Laboratory of the State Board of Health, including 
microscopical, bacteriological, sanitary, chemical, and mineral 
examinations.

2—A second sample shall be collected, according to directions 
sent out by the Water and Sewage Laboratory of the State Board 
of Health, by city officials, waterworks officials, or other persons 
authorized by the Secretary of the State Board of Health, upon 
receipt of container from said Laboratory, and shall return said 
container within one week from date of receipt.

3—Results of these analyses with any pertinent remarks and 
advice shall be reported to the person whose name is signed to 
the information blank and to the Secretary of the State Board 
of Health.

4——-As many additional analyses shall be made as are deemed 
necessary by the Engineer of the State Board of Health to 
show the quality of the water.

(1) Analyses of proposed city supplies shall be made upon 
request to the Water and Sewage Division of the State Board 
of Health.

5—Fees for service rendered under these rules and regulations 
for ground water supplies shall be payable Ju ly  first of each year 
to the Director of the Water and Sewage Laboratory of the 
State Board of Health at the University of Kansas, Lawrence, 
Kansas.

1 Published in the Topeka S ta te  Journal, June 14, 1915.
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6—Fees have been fixed, based upon the population of the 
cities. The population of a city shall be taken from the pre­
ceding state enumeration:

P o p u l a t i o n  o p  C i t i e s  F e e s

U nder 500................................................................... S12.50
500- 1,000............................................................  20.00

1.000- 2,000............................................................  25.00
2.000- 3,000................................................................. 30 .00
3.000- 5,000............................................................  35 .00
5.000-15,00 0 ............................................................  40 .00

15,000 and  u p ......................................................... 50 .00

RULES AND REGULATIONS GOVERNING COLLECTIONS OF SAMPLES 
AND ANALYSIS OF WATER FROM CITY SUPPLIES FURNISH­

ING SURFACE WATER TO THE PUBLIC

(2) Analyses of chemicals used in water purification shall 
be analyzed upon request.

1—A complete sanitary inspection of city supplies furnishing 
surface water shall be made twice annually, and tests of the 
operation of the plant shall be carried on at the time of these 
inspections by a representative of the Division of Water and 
Sewage of the State Board of Health.

2—Samples shall be collected weekly, according to directions 
of the Water and Sewage Laboratory, by city officials, water­
works officials or other persons authorized by the Secretary of 
the State Board of Health from the raw and finished treated 
water and sent to said Laboratory for analysis in containers 
furnished.

3—Results of these analyses, with any pertinent remarks and 
advice, shall be reported to the person whose name is signed 
to the information sheet, and to the Secretary of the State Board 
of Health.

4—City officials shall be required to keep any data on the 
operation of purification plants that may be required by the 
Division of Water and Sewage of the State Board of Health. 
This data shall be transmitted to the Engineer of the Division 
upon his request.

5—Fees for the services rendered under these rules and regula­
tions pertaining to surface water supplies shall be payable 
Ju ly  first of each year to the Director of the Water and Sewage 
Laboratory of the State Board of Health at the- University of 
Kansas, Lawrence, Kansas.

6—Fees have been fixed, based upon the population of the 
cities. The population of a city shall be taken from the pre­
ceding state enumeration:

P o p u l a t i o n  o p  C i t i e s  F e e s

U nder 1.500...............................................................  Î3 0 .0 0
1,500- 3,000............   50 .00
3.000- 6,000............................................................  90 .00
6 .000- 10,00 0   100.00

10,000 and  above ....................................................  150.00

RULES AND REGULATIONS GOVERNING COLLECTION OF SAMPLES 
AND ANALYSIS OF DRINKING WATER SUPPLIED BY 

COMMON CARRIERS

1—Sanitary inspection of the sources of supply and methods 
of handling water furnished by common carriers to the public 
within the state at points where they have privately owned 
supplies shall be made twice annually by a representative of 
the Division of Water and Sewage of the State Board of Health.

2—-Samples shall be collected at the time of inspection from 
the sources of supply and the place where trains are watered. 
Samples so collected shall be subjected to complete analysis 
in the Water and Sewage Laboratory of the State Board of 
Health in accordance with the standard adopted by the United 
States Treasury Department for drinking water supplied to the 
public by common carriers in interstate commerce.

3—Results of these analyses shall be reported to the proper 
railroad official, to the Secretary of the State Board of Health, 
and to the Surgeon-General of the United States Public Health 
Service.

4—-In case a water supply furnished by common carriers to 
passengers in the State does not meet the requirements of the

standard of the Treasury Department, and repairs or improve­
ments 011 the supply are made with the approval of the Division 
of Water and Sewage of the State Board of Health, one addi­
tional analysis shall be made without cost to the common car­
rier.

5—Railroads or common carriers shall file with the Water 
and Sewage Laboratory of the State Board of Health a list of 
all places in the State of Kansas where passenger trains are fur­
nished with water for drinking purposes, and the said laboratory 
shall be notified at once in case any change is made in the source 
of supply or method of handling the water.

6—The fees for the services rendered under these rules and 
regulations pertaining to railroads or common carriers shall be 
payable July first of each year to the Director of the Water 
and Sewage Laboratory of the State Board of Health at the 
University of Kansas, Lawrence, Kansas.

7—The fee for analysis shall be $30.00 annually for each place 
where passenger trains are furnished with water to be used by 
passengers.
RULES AND REGULATIONS GOVERNING COLLECTION OF SAMPLES 

AND ANALYSIS OF WATERS SOLD OR FURNISHED TO THE 
PUBLIC FOR DOMESTIC CONSUMPTION IN  BOT­

TLES OR OTHER CONTAINERS

1—All plants for the preparation of water for sale or distribu­
tion in bottles or other containers for domestic consumption 
and the sources of water supply shall be inspected twice an­
nually by a representative of the Division of Water and Sewage 
of the State Board of Health and samples collected for complete 
analysis by the Water and Sewage Laboratory of the State 
Board of Health.

2—Bottles or other containers in which water is sold or fur­
nished to domestic consumers must be sterilized before re­
filling. The method of sterilization shall be passed upon and 
approved by the Water and Sewage Laboratory of the State 
Board of Health, subject to approval by the State Board of 
Health.

3—Processes of purification of waters that are to be sold or 
furnished for domestic consumption must be passed upon and 
approved by the Water and Sewage Laboratory of the State 
Board of Health, subject to approval by the State Board of 
Health, before the water can be sold or offered for sale.

4—Any company, corporation or individual outside of the 
State of Kansas preparing water for sale or distribution within 
the State of Kansas shall file full information with the Water 
and Sewage Laboratory of the State Board of Health at the 
University of Kansas, Lawrence, Kansas, as to the sources of 
supply and methods of sterilization of bottles, and equipment 
for handling the water, and shall collect samples twice each year, 
according to directions, in containers sent out by the Water 
and Sewage Laboratory of the State Board of Health, and re­
turn same at once for complete analysis, carriage charges pre­
paid.

5—Reports of analysis shall be made to the person signing 
the information blank and to the Secretary of the State Board 
of Health, and permits shall be issued by the Secretary of the 
State Board of Health for the sale of water based upon the re­
sults of analysis and inspection and the recommendations of 
the Division of Water and Sewage of the State Board of Health.

6—-The fees for the services rendered under these rules and 
regulations pertaining to bottles and treated waters shall be 
payable Ju ly  first of each year to the Director of the Water and 
Sewage Laboratory of the State Board of Health at the Uni­
versity of Kansas, Lawrence, Kansas.

7— The fee shall be $30 annually for each source of supply 
from which water is bottled.

In case a person, company, corporation, institution or munici­
pality believes that a decision of the Division of Water and 
Sewage of the State Board of Health is unjust or unfair in any
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matter pertaining to tlie administration of the rules and regula­
tions herein contained, he shall within thirty days have the 
privilege of appealing to the State Board of Health as a whole, 
and said State Board of Health shall approve, set aside or modify 
the decision of the Division of Water and Sewage.

Fees collected under these rules and regulations shall be dis­
tributed over the expenses of collection and shipping of samples, 
and making of analyses, under the direction of the State Board 
of Health, subject to the approval of the Board of Administra­
tion of Educational Institutions.
RULES AND REGULATIONS GOVERNING COLLECTION OP SAMPLES 

AND ANALYSIS OP ICE SOLD FOR DOMESTIC CONSUMPTION1

1 —Corporations or individuals selling artificial ice for domestic 
consumption shall submit to the Water and Sewage Laboratory 
of the State Board of Health complete information concerning 
the source of water supply used for the manufacture of the ice 
and a detailed description of the process involved.

2—A fifty (50) pound cake of ice manufactured shall be shipped 
to the Water and Sewage Laboratory of the State Board of 
Health, Lawrence, Kansas, each year for complete analysis. 
Results of these analyses shall be reported to the person whose 
name is signed to the information sheet and to the Secretary 
of the State Board of Health.

3—Artificial ice shall contain less than 100 bacteria per cubic 
centimeter and no organisms of the Bacillus coli group in one 
cubic centimeter. If the ice does not meet these requirements 
it shall be sold for refrigeration purposes only and not for domes­
tic consumption.

4—Corporations or individuals harvesting natural ice shall 
file full information with the Water and Sewage Laboratory 
of the State Board of Health with regard to the source of the 
ice and method of storage.

5—A fifty (50) pound cake of the ice shall be shipped to the 
Water and Sewage Laboratory of the State Board of Health 
during March or April each year for complete analysis.

6—Natural ice properly stored shall contain less than 100 
bacteria per cubic centimeter and no organisms of the Bacillus 
coli group in one cubic centimeter. If the ice does not meet 
these requirements it shall be sold for refrigeration purposes 
only and not for domestic consumption.

7—County Health Officers and, in cities of the first class, 
City Health Officers, shall furnish the Water and Sewage Lab­
oratory of the State Board of Health with lists of ice dealers 
in their districts.

8—Fees for the services rendered under these rules and regula­
tions pertaining to ice supplies shall be payable by the manufac­
turer or owner of the ice plant January first of each year to the 
Director of the Water and Sewage Laboratory of the State 
Board of Health at the University of Kansas, Lawrence, Kansas.

9—Fee shall be $15  annually for each source of supply of ice 
which is sold for domestic consumption.

We have been operating under this law and these rules and 
regulations since Ju ly  1, 19 15, with the result that an organiza­
tion has been built up that is handling expeditiously all of the 
work required and it has been possible to make several 
investigations of more or less importance.

In addition to the routine work, each member of the staff 
has been carrying on some research work, which was abso­
lutely impossible under the old régime, as ample funds were 
never available.

The Board of Health and the University were agreeably sur­
prised to find that there were very few complaints against the 
fee proposition and no organized opposition to the law in the 
Legislature that just closed.

County, City and Health Officers have felt free to call upon
1 A pproved by  S ta te  B oard of H ealth , O ctober 4, 1915. Published in 

th e  T opeka S ta te  Journal, O ctober 15, 1915.

the laboratory to make investigations in their districts and in 
some instances have submitted a large number of samples for 
examination. The Engineers of the State Board of Health 
have worked in conjunction with the city officials in collecting 
these samples, so that the field data have been accurately and 
scientifically collected.

During the first year, the laboratory made approximately
6,000 complete bacteriological and 800 chemical analyses. In 
addition to this, we have examined a large number of filter 
sands, alums, limes and hypochlorites and made any other 
special analyses that would tend to improve the operation of 
water purification plants.

W a t e r  a n d  S e w a g e  L a b o r a t o r y  
L a w r e n c e ,  K a n s a s

SOM E MACHINERY EM PLOYED IN TH E MANUFACTURE 
OF GLUE1

B y  A r t h u r  L o w b n s t s i n

In view of the fact that most of the improvements in the glue 
industry—at least so far as they pertain to distinctive improve­
ments in equipment used in the manufacture of glue in this 
country—have taken place largely in that portion of the industry 
devoted to the chilling, cutting and spreading of glue, that which 
follows in this paper will be limited to this phase of the subject. 
In other words, it is not the purpose of the writer to treat on 
the preparing of raw glue stocks, the chemical treatment of such 
stocks and their subsequent cooking and evaporation, but 
rather on the product after it has left the evaporator.

The progress made in the glue industry in this country has 
been very gradual, and most glue manufacturers have been 
exceedingly conservative in adopting new equipment.

The old method of handling glue after it leaves the evaporator 
and this method is still in use to a considerable extent, consists 
in running the concentrated glue solution into wood, galvanized 
iron or zinc pans or “ coolers”  (such material being used to avoid 
staining the jelly with rust), and chilling these pans by means of 
running water, or usually in a refrigerated room, after which 
the product is removed either by cutting or by dipping the pans 
in hot water. The cakes formed in this manner are then either 
run against wires or knives. The Clyde cutting machine when 
originally invented marked a distinct advance in the method 
of cutting glue. The Clyde machine is of the wire-cutting type, 
made single or double, and is probably the most satisfactory 
machine of this type.

In some cases the chilled glue is chopped into blocks and then 
each block placed in a contrivance where, by the pressure of 
a lever, knives or wires descend on the cake of glue and cut the 
block into sheets.

Knife cutters will cut heavier jellies than the wire cutters, 
and this is desirable during the summer period. One of the ob­
jections raised against the knife cutters is that they “ do not 
separate tops and bottoms.”

Glue jellies when cut too stiff show a roughened surface, the 
appearance of which is unfavorable when dried.

After having been chilled and cut by any of the methods cited, 
the glue is spread by hand on nets.

The old system of chilling glue requires a chilling room suffi­
ciently large to store several days’ production of glue in coolers. 
It  has frequently been found desirable in designing a glue plant 
using this method to arrange the chill-room so that outside 
temperatures can be used when suitable. The jellies must not 
be kept too long in these coolers, as even at low temperatures 
molds develop and depreciate the quality of the glue.

The principal objections to these methods of chilling and cutting 
glue have been that they require (1) considerable space for 
cooling room; (2) an excessive amount of refrigeration where

1 P resen ted  a t  th e  Buffalo M eeting  of A m erican I n s ti tu te  of Chem ical 
E ngineers, Ju n e  20 to  22, 1917.
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only a limited surface of glue is exposed to the refrigerated air, 
and as a result most of the heat has to be conducted to the air 
through the medium of the metal pans; that if the coolers or 
pans are made of galvanized iron they rust badly and have to 
be replaced; that they frequently leak, with consequent loss 
of product; that one has “ tops”  and “ bottoms” which prevent

F i g . I — F e e d  T a n k  a n d  D i s t r i b u t i n g  P i p e  F e e d i n g  t h e  G l u e  
S o l u t i o n  o n t o  t h e  B e l t  

(The large ta n k  a t  th e  top  is n o t p a r t  of the  m achine)

uniformity of product or make it necessary to put these parts 
into a lower grade or into some other commercial form; and that 
the product has to be kept so long in the coolers that in warm 
weather, particularly humid weather in summer, the quality 
of the glue is so affected by liquefying organisms that the glue 
maker has serious difficulty both in the cutting and drying of 
the glue; and finally, the labor in filling these pans and emptying 
them, cutting by the methods outlined, and finally spreading 
the product by hand on nets, is not only laborious but costly.

Because of these facts experiments have been carried on for 
years in the effort to secure mechanical or automatic devices 
of a continuous nature which would simplify the procedure and 
thus avoid so much loss and handling of the product. Various 
types of chilling rolls have been tried from time to time without 
success. The Cooper factory employed a chilling wheel years 
ago for this purpose, in which the wheel, chilled from within, 
picked up the liquid and chilled it; but somehow or other the 
process did not turn out to be practical. The writer has been 
informed within the last few years that one of the large glue 
companies has perfected a similar process, or at least is employ­
ing it commercially, in which a large wheel is employed. It  is 
his understanding that this wheel may be 14, 16 or 18 ft. in di­
ameter, with cored and flanged rim, using brine circulation in 
the rim which is supplied and circulated through stuffing boxes 
in the ends of the shaft. It is his understanding that this wheel 
spreads a sheet 30 in. wide. The writer wrote to the President 
of the company employing this machine, and had hoped to be 
able to include a cut and a more detailed description of it in this

paper. So far as he knows it is used only by this one company.
Some years ago when the Bureau of Chemistry of the United 

States Department of Agriculture started to investigate the 
gelatine industry' with a view to decreasing the bacterial count 
of commercial gelatines and to prevent metallic contamination; 
some manufacturers found it necessary to adopt different methods 
of manufacture from the very beginning, in the selection of their 
raw materials and particularly in their method of handling the 
product from its inception until it reached the final stages. 
Inasmuch as gelatine is a particularly good culture medium for 
bacteria, it was found desirable to concentrate efforts on methods 
which would reduce the period of time after the gelatine left the 
evaporator until it was converted into sheets or other finished 
form. The object sought was to obtain a continuous method 
of chilling, cutting and spreading the product without having it 
come in contact with agencies carrying bacteria, such as em­
ployees’ hands, etc. A method of this kind was worked out and 
later patented by Maurice Kind under United States Patent 
No. 1,046,307, issued in 1912. His method consisted in running 
the gelatine from the evaporators into a head tank located above 
a continuous belt, as shown in Fig. I. A general idea of the 
principles involved in connection with this machine can best 
be gathered, perhaps, by quoting some of the objects of this 
invention directly from the patent, and from photographs shown 
herewith. A more detailed description can be readily obtained 
by reference to the patent itself.

"An object of the invention is to provide an apparatus wherein 
gelatin or other products where heat is necessary for extraction, 
may be converted from a liquid state, into a semi-solid state, 
by means of treatment with chilled air, and thereafter cut into 
the desired shapes for marketing purposes.

“ A further object of the invention is to provide an apparatus 
of the above character with means for directing chilled air onto 
the upper surface of the semi-solid sheet, as it is formed and 
passed through a cooler on a conveyer.

"A  further object of the invention is to provide a device of the 
above character with cutters for cutting the semi-solid sheets 
into strips.

"A  further object of the invention is to provide an apparatus 
of the above character with a cutting means for cutting the 
strips into sections, together with a conveyor for receiving said 
sections which conveyor is so timed in its movements as to 
space the sections in trays carried by the conveyor.”

F i g . I I — C h i l l i n o  B o x  a n d  S p r e a d i n g  a n d  C u t t i n g  D e v i c e s  o p  
K i n d  M a c h i n e

To sum up: this machine consists of a device for chilling the 
product in a continuous sheet of the required thickness, spreading 
on an endless belt, which passes though a refrigerating tunnel,
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and automatically cutting the gelatine into sheets of the desired 
size and spreading it automatically upon the usual screens em­
ployed for receiving it preparatory to drying.

This machine was perfected and was found to accomplish 
the desired purposes in the manufacture of gelatine. A number 
of glue makers learned of the use of this machine for gelatine, 
and about five years ago the first of these machines was installed 
for glue. It  has been found well suited for this purpose, and 
capable of chilling, cutting and spreading atiy kind of glue which 
could be handled by the older methods previously outlined. As
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R e f r i g e r a t e d  A i r

a  result, a large number of both large and small glue manufactu­
rers have adopted this machine. The manufacturers of this 
machine advise that it requires a floor space of about 85 ft. 
in length and 10 ft. in width for the installation of a single 
machine; that the power required to operate fan and belts is

about 10 horse-power; that it requires about 10 to 12 tons of 
refrigeration per machine, and that the capacity of each machine 
is about 4300 lbs. dry glue in a period of 20 hours, based on 
spreading the glue 1/4 in. thick, and on a basis of glue fed to the 
machine containing 16 per cent solids. It  is found in practice 
that the glue is spread on nets ready for drying, in not to exceed 
15 minutes from the time the glue leaves the evaporator. Their 
claims for the machine are that it eliminates all of the disad­
vantages ascribed previously in this paper to the old methods of 
handling.

DRYING OF GLUE

Glue has been and is still ordinarily dried in straight tunnels 
with longitudinal circulation of warm air. There is a great 
difference of opinion among different operators as to the best 
length of glue tunnels, the size and kind of fan, the method of 
temperature regulation to be employed, whether a suction sys­
tem or positive pressure system should be used, etc., etc., but it 
is not the purpose of the writer to enter into a discussion of these 
points.

A number of other methods of drying glue have been at­
tempted and some are being employed. Vacuum driers of one 
type or another have frequently been tried, but in most instances 
without meeting with commercial success. One company builds 
a drier with rotary air circulation, passing alternately over 
the coils and glue nets, which they recommend for glue drying.

In conclusion, the writer wishes to express his thanks to Mr. 
F. S. Williams; also to Mr. L. A. Kind for information relative 
to the Kind machine.

F i r s t  N a t i o n a l  B a n k  B u i l d i n g  
C h i c a g o , I I I .

CURRENT INDUSTRIAL NEWS
RUSSIAN METAL TRADE

Statistics recently published by the Russian authorities, says 
Mining Journal, 116  (1917), 149, shows that larger imports than 
ever of copper were necessitated by war demand. The supplies 
were got chiefly from the United States which contributed 
11,728 tons and from Japan which supplied 8,517 tons. The 
figures for home production are not yet published.

R u s s i a n  I m p o r t s  i n  M e t r i c  T o n s

1914 1915 1916
A lum inum ................................  863 2,316 149
A ntim ony .................................... 1,343 2,325 3,636
C opper.........................................  4,576 10,778 23,548
Iron  and S tee l...........................  2,236,345 1,787,041 1,752,660
I.e a d .............................................. 36,691 25,059 23,128
N ickel........................................... 1,793 1,146 1,541
T in ................................................. 3,570 4,906 2,424
Z inc ...............................................  14,328 14,137 11,840

Aluminum was only available in comparatively small amounts. 
Large supplies of antimony were available from Japan, and this 
metal shows a steady increase. As regards iron and steel, 
the imports are naturally small, Russia depending largely on 
her own domestic supplies.—A. M a c M i l l a n  .

PLUMBAGO IK MYSORE

According to a Press message from Madras, an important dis­
covery of plumbago is stated to have been recently made in 
Mysore by an expert prospector who is well known in the state. 
Graphite has been found in Bangalore before now but only in 
such small quantities as not to be paying. The present discovery 
appears to be a fairly rich deposit with the additional advan­
tage that it is within three miles of the railway. Plumbago has 
been found in Travancore and Mysore previously, but the quality 
was not up to the standard of the Ceylon and Madagascar 
product, which is what the market requires. Whether the 
present kind is of better quality is not yet known.—M.

BLUE ASBESTOS

The annual report (19 15 ) of the mining engineer for the 
South African Government, states that the only mines on which 
there are considerable reserves of blue asbestos actually de­
veloped and in sight, are those of the Cape Asbestos Company 
at Koegas and Westerberg. These mines have been developed 
underground on normal lines as also are the workings at Haauw- 
poort and Elandsfontein in the Hay district. At other places 
the asbestos is obtained from surface quarrying, but the seams 
that have been discovered and worked at the surface to more 
or less profit indicate supplies that will generally prove to be 
available for profitable extraction by underground methods 
later. The following analyses show the difference between 
blue asbestos (crocidolite) and chrysotile or white asbestos:

P e r c e n t a g e s  B l u e  A s b e s t o s  W h i t e  A s b e s t o s

Silica ..........................................................  51.1 39.3
Oxide of Iro n ........................................... 35 .8  2 .8
M agnesia ...........................................  2 .3  41 .0
A lum ina................................................................................. 3 .6
W ate r ........................................................  3 .9  14.5

The blue variety contains also traces of lime and manganese 
oxide and a little soda. The presence of the large quantity of 
iron and the low content of water must account for whatever 
virtues and also faults the blue variety contains. There does 
not seem to be much question of the properties of white asbestos 
as a heat-resisting material, some varieties having been known 
to withstand a temperature of 5,000° F . without being affected. 
In addition, there can be no doubt as to its superior softness 
which enables it to be easily milled and reduced, and makes 
it specially useful for gland packing. On the other hand, blue 
asbestos has certain qualities peculiarly its own. The fiber, 
in addition to being lighter, is longer, stronger and more elastic, 
and its superior efficiency as an insulating material as regards 
heat, appears to be well known.—M.
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KLEEN SURFACE—A COATING FO R TOOLS BEFORE 
HARDENING

We have recently received, says the Engineer, 123 (1917), 
298, from the Brooke Tool Manufacturing Company, Bir­
mingham, England, some particulars of a compound to which 
the name "Kleensurface”  has been given. This substance is 
for coating tools before hardening, so as to eliminate the waste 
of time and energy consumed in sand-blasting and to overcome 
the difficulties and risks due to oxidation of steel requiring a 
high temperature for hardening which may cause pitted and 
blistered surfaces on parts that cannot afterwards be ground. 
It  is said to have no action whatever on the metal, being a protec­
tive agent only, and we gather that it preserves the smooth and 
bright finish which the cutter or tool has before hardening, 
thus preventing loss of size due to scaling whether the harden­
ing be carried out in up-to-date appliances or in the open fire, 
while at the same time the need for sand-blasting is done away 
with. The method of using the substance is simple. The tool 
to be treated is first of all heated to visible red, and is then 
held in the compound for about ten seconds, withdrawn and 
then again plunged into the compound. I t  is then dried in the 
air. All that is now necessary is to heat the tool to the required 
hardening temperature and to quench it in the usual way. 
During quenching or air hardening, the protective film will, 
for the most part, peel off, and what remains can be easily re­
moved, leaving, it is claimed, a clean white surface. The 
compound is also said to be very effective for annealing high­
speed steel.—M.

GERM ANY’S PRODUCTION OF IRON
At a recent meeting of the Union of German Iron and Steel 

Industries, some interesting information was given on the 
German production of iron during the war. The production 
of pig-iron in Germany during 1916 was about 13,000,000 tons 
as against 11,790,000 tons in 1915 and 14,380,000 tons in 1914. 
As regards this latter year, it should be borne in mind that, 
while the production for the first seven months was exceptionally 
high, it was the reverse for the last five months of the year, and 
the figure for 1914  does not afford any reliable basis for com­
parison. The following table shows Germany’s production 
of pig-iron for the last ten years from which it will be seen that 
the industry has receded considerably from the preceding peace 
figures, in spite of strenuous efforts.

Y ear Tons Y ear Tons
1907........ ___  13,040,000 1912......... . . .  17,870,000
1908 ,. . 11,810,000 1913......... . . .  19,290,000
1909........ , . , , 12,920,000 1914......... . . .  14,380,000
1910........ ___  14,790,000 1915......... 11,790,000
1911........ 15,530,000 1916......... . . .  13,000,000

—M.

ZEPPELIN  EN GIN E
A six-cylinder, 160 horse-power Benz engine used for enemy 

aircraft purposes has cylinders 130 mm. diameter and 180 mm. 
stroke. The cylinders are all cast separately and the weight 
of the engine complete comes out at 3.70 lbs. per brake horse 
power at the normal speed of 1550 r. p. m. These particulars 
have been obtained by the British Naval and Military authori­
ties from an engine taken from a captured Zeppelin.—M.

FUEL FROM  PEAT
A Christiania paper reports the formation of a company in 

Norway for making fuel from peat by the Rosendahl method. 
The raw material for the new industry will be chiefly peat from 
the extensive Norwegian moors, but any other material may be 
used which is sufficiently abundant in the neighborhood of the 
factory, e. g., wood waste. The product is said greatly to re­
semble English coal. Preliminary experiments have been 
conducted not only in the laboratory, but also under factory con­
ditions on a small scale, and the product is stated to have been 
satisfactorily tested in Christiania households.—M.

GAS ANALYSIS BY ALPHA-RAYS
It is known that the highest conductivity in gases can be pro­

duced by exposing them to a-rays which ionize the gas. These 
rays, says Engineering, 103 (1917), 401, are absorbed by the 
gas, and if the absorption be complete, the ionization and the 
resulting saturation current are little affected by the nature of 
the gas. When the tube containing the gas is so long, however, 
that saturation is just secured by a heavy gas, the current would 
not be saturated if the gas were replaced by another less dense 
gas.

On this peculiarity. Professor F. Kruger, of Danzig, has 
based a new method of determining the proportion of two gases 
in a mixture, often a troublesome problem. The method is a 
current measurement, and, as the currents are very weak, of . 
the order io—9 ampere, very high resistances are required. At 
the winter meeting of the Bunsen Gesellschaft, Kruger explained 
how he produced high resistances for the purpose. He vola­
tilizes platinum cathodes by the electric discharge and condenses 
the platinum vapor on little rods of amber. In this way, he has 
prepared a series of film resistances, ranging from 5 X 10 up to 
3 X  io 13 ohm. The analytical method is said to be expeditious 
and reliable within o. 1 per cent or less.—M.

QUALITIES OF STEEL
According to a paper published in the Bulletin des usines de 

guerre, the change in volume produced by hardening (quenching) 
steel is small if the hardening temperature is kept below a cer­
tain limit. Hardening in oil gives less variation in volume than 
hardening in water. Special metals, such as nickel-steel, 
show less diminution in volume than the carbon steels. Eutectic 
steels "crack” more frequently than carbon-steels, which latter 
undergo considerable changes in volume. Finally, from experi­
ments carried out, in flat pieces the tension is distributed uni­
formly in every direction, while in cylindrically shaped pieces 
the ends contract and become hollow, the piece bellying out.—M.

B RITISH  SUGAR B EE T  GROWING
An enterprise, estimated to cost $2,500,000, for the produc­

tion of home-grown sugar, has now been initiated. A grant of 
$625,000 has been made by the Treasury by way of loan from 
the Development Fund towards the purchase of an estate of 
5,600 acres at Kelham, England, where it is proposed to grow 
the sugar-beet and to erect a factory for its manufacture into 
sugar.

The undertaking is to be carried out by the British 
Sugar Beet Growers’ Society, Ltd., of which Captain Beville 
Stainer is Chairman. The property has already been 
acquired and Mr. Alfred Wood, who is in charge of the home­
grown flax, hemp and tobacco undertaking in England is the 
Secretary.—M .

OIL SHORTAGE IN DENM ARK
According to the Extrabladel, the oil mill at Aarhus, which 

supplies all the great margarine factories in Denmark with oil, 
is threatened with having to close unless supplies of copra arrive 
in the near future, as the factories have only very small stocks 
in hand. It  is feared that margarine will soon be unobtainable 
in Denmark. The National Tidende anticipates that the entry 
of the United States into the war will cause further difficulties 
in connection with Denmark’s already extremely limited supplies 
of oil. The journal even regards a complete stoppage of supplies 
as not at all unlikely and expects that the controlling authori­
ties will enforce considerable restrictions on consumptions. All 
electric power stations using oil are expected to close down and 
the use of petroleum for lighting purposes will probably be 
prohibited.—M.
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A NEW SOURCE OF PLATINUM
According to a Bulletin of the Siberian Engineers’ Society on 

the platinum fields of the Nizhni-Tagilsk Mining Circuit, the 
mining engineer, V. N. Tchorzhevsky, has begun the first ex­
periments in the world on the extraction of platinum from dunite. 
The experiment promises to be extremely interesting. The 
platiniferous nature of dunite has long ago been observed and 
the presence of the metal is apparently connected with the 
existence of chrome iron ore in the rock, on the abundance of 
which the greater or lesser content of platinum in the whole 
dunite mass depends. All this was known before, but was 
rather of scientific interest and it is only now that the investiga­
tion of the dunites for platinum on a wide scale is being under­
taken, in order to prepare a plan for utilizing the immense 
reserves of dunitic rocks which in the Nizhni-Tagil district 
alone occupy an area of n . 7 sq. mi. The method of extrac­
tion adopted is the simple grinding under runners of the rock 
and the collection of the chromite slack, and then a fresh grind­
ing of the latter in order to leach the pure metal finally from it. 
The chromite slack remaining after washing, the platinum sands 
being scrupulously cleared of all visible platinum, yielded with 
an experimental grinding by runners in the month of March, 
when it was impossible to deliver dunites to the factory, over 
200 oz. of metal out of 9,720 lbs. The gray slack, which consists 
chiefly of undecomposed dunite obtained from the dredges 
when washing platinum, yielded 17 1 grains (Troy) of metal 
from 3,600 lbs.—M.

FRENCH  EXPORT PROHIBITIONS

A French Ministerial Decree dated March 19 abrogates the 
provisions of various earlier decrees by virtue of which the fol­
lowing articles were allowed to be exported or re-exported from 
France without special authorization when consigned to the United 
Kingdom, British Dominions, colonies and protectorates, Belgium 
(territory not in enemy occupation), Japan, Russia and the coun­
tries of America:

M ica and  m icanite, worked 
M onazite (ore of cerium, la n th a ­

num , thorium )
N ickel, m etal, pure  or alloyed, in 

all forms
Ores of m anganese, m olybdenum , 

titan ium , vanadium  
R adium  and its salts 
Saccharine and  sim ilar products 
Salts of chrom ium , copper, tin , 

m ercury and m olybdenum  
Silica bricks 
Silicon 
Sodium  
S tarch  
Stearic acid
Tin , ore or m etal, pure or alloyed, 

in all forms 
T ungsten  m etal in all forms 
W hale oil

—M.

Acetone
C adm ium  in all forms 
C arbide of calcium  
C em ent 
C inchona bark 
C obalt in  all forms 
Copper, ore o r m etal, pure  or al­

loyed, in all forms 
D extrine and  soluble starches 
F a t ty  acids of all k inds 
F a ts , anim al (tallow, lard , m argarine, 

o leom argarine and  sim ilar sub ­
stances)

F a ts , fish, vegetable, a lim entary  
Lead: m etal, pure  o r alloyed; pipes 

and  o ther wares of all k inds 
M anures of all k inds (including 

chem ical m anures)
M ica in sheets and  p lates

INDUSTRY IN CANADA

Last year a postal census was taken in Canada of all manu­
facturing concerns and constructive operations. The results 
of this investigation, classified under certain large groups of 
industries, are shown in the following table. The returns cover 
the year 19 15 :

Groups of Establish- C ost of
Industries m ents C ap ital M aterial Value

1 F o o d ...........................  6,470 $198,2+6,942 $291,997,953 $377,811,758
2 T ex tiles ...................... 2,670 26,488.339 81,427,279 144,691,235
3 I ro n ............................. 849 194,278,446 58,924,280 119,636,755
4 T im b er......................  3,181 263,407,682 59,1 0,149 123,250,986
5 Le th e r......................  523 60.081,498 45,175,517 0,975,644
6 P a p e r.......................... 1,306 38,544,786 29,324,906 74,038,498
7 L iquors......................  341 52,283,857 10,129,252 34,859,927
8 Chem icals.................  255 52,148,588 24,930,308 45,410,486
9 C lay ............................ 771 96,371,573 10,962,041 27,228,413

10 M eta ls ........................ 1,173 174,621,994 45,931,080 90,943,278
11 T obacco ..................... 166 23,066,898 16,017,707 28,987,250
12 V ehicles.....................  464 125,965,499 40,547,113 73,878,212
13 Vessels.......................  103 12,331,341 3,035,857 8,419,648
14 M iscellaneous  1,440 441,118,405 56,323,786 134,255,029
15 H an d trad es ..............  1,579 26,135,559 17,627,192 38,129,834

T o t a l ......................  21.291 $1,984,991,427 $791,524,420 $1,392,516,953
P er cent increase over

1905..............................  34.8 . 134.5 ___  93.8

The total salary and wage lists, respectively, in the 15 groups 
of industries shown amounted to $60, 144,000 and $227,509,000 
as compared with $30,724,000 and $ 134 ,376,000 in 1905. The 
only industries which have not shared in the substantial growth 
are sawmills, planing mills, brickyards, etc., and fruit and vege­
table canneries.—M.

B RITISH  BOARD OF TRADE

During the month of April the British Board of Trade re­
ceived inquiries from firms in the United Kingdom and abroad 
regarding sources of supply for the following articles. Firms 
which may be able to supply information regarding these things 
are requested to communicate with the Director of the Commer­
cial Intelligence Branch, Board of Trade, 73 Basinghall St., 
London, E. C. :

Anglite fram es for ladies’ handbags 
B rushes: tooth , hair, clothes, for 

E g y p t 
B uttons, all kinds 
C ast-iron lavatories 
Dog-collars, m etal 
F a t ty  acids, co tton  and corn oil 
F ittings for m anicure cases, in bone 

and ebony (cheap)
Folding m arket bags, American 

cloth
Log-wood, black lake 
M arine chronom eters (2-day) chains 

and escape wheels, etc. > 
M icrom eters w ith 3 verniers 
M oorsom 's m easuring apparatu s 

for ships
Poker-work needles, p la tinum  points 
Shaving-soap, containing less than  

1% of glycerine 
Split rings, steel o r iron 
Swivel hooks, iron 
Thim bles
V arnish, black, for coating beer 

v a ts  in ternally  
Zinc oxide (40 tons)

—M.

C h e m i c a l s : A m m on’m sulfocyanide 
D initrophenol 
D ichlornitrobenzol 
Potassium  perm anganate  
Silicate of sodium  
Sodium  perm anganate  

M a c h i n e r y :
for com bining th in  sheets of to r­

toise shell to  form th ick  sheets 
for cu tting  o u t and  sewing fabric 

gloves
for filling qu ilts  by  a ir pressure 
for m aking draw ing pins 
for cem enting or jo in ting  tortoise 

shell
for m aking paper spills 
for crushing and refining oilseeds 
for electrolytic production of 

oxygen and hydrogen 
F lin t glazing m achines for paste ­

boards sim ilar to  "G rah l & 
H oehl” machine 

W ire-stitching m achines for box 
corners

Bread grating  m achines or n u t mills 
H and-branding machines fitted  with 

petrol reservoir 
Pebble grinding mills

PURIFICATION OF ASBESTOS

A writer in a German paper says that commercial asbestos 
contaminated with iron compounds may be purified by treat­
ment with a 2 per cent aqueous solution of oxalic acid for 48 
hours, followed by washing with water. A band of asbestos 
20 mm. wide showed at fourteen different places an electrical 
resistance of 600 to 700 ohms; after treatment as described, 
the resistance increased to 150,000 ohms. An alternative 
method consists in treating the asbestos for 20 to 24 hours in a 
current of hydrogen or carbon monoxide at 390 to 400° C. and 
then washing with very dilute hydrochloric or sulfuric acid and 
afterwards with water.—M.

PHOSPHOR BRONZE

The characteristics of phosphor bronze in different forms are 
described in a publication by the Phosphor Bronze Company. 
Among other points, attention is drawn to the resistance it 
offers to corrosion and acid waters, to the small effect that rise 
of temperature has upon its mechanical properties, and to the 
fact that it does not yield a spark when struck. On this last 
account, tools and implements used in gunpowder mills, maga­
zines and mines are advantageously made of it. In addition 
to being cast, it can be forged, drawn into rods, wire and tubes, 
and rolled into sheets, strips, tape and bars. When cold rolled or 
drawn, since its elasticity is absolute practically up to breaking 
stress, the metal can be exposed to strains only a few tons below 
the breaking weight without permanent set or deformation. 
The pamphlet also gives particulars of various other alloys— 
such as phosphor tin and copper, anti-friction metals of various 
kinds, and printing and stereotype alloys.—M.
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THE MANUFACTURE OF IODINE
Reports from Quimper (France), says the Oil and Color Trade 

Journal, 5 1 (1917), 1469, speak of a new process for the manu­
facture of iodine and its derivatives. Iodine, of which the De­
partment of Finistère is a great producer, was hitherto extracted 
from the soda produced by the incineration of certain kinds of 
marine algae. This method of operation, which necessitated 
the algae being first of all transformed, rendered the yield very 
poor and lacking in uniformity, as the incineration employed was 
very rudimentary. Mons. Vincent, Director of the Laboratory 
of Finistère, who has been studying the question for some time, 
has now discovered a process enabling iodine to be extracted 
by a direct treatment of such algae or seaweed. This process 
has been patented and is in use in the works at St. Pierre-Pen- 
mark and has given excellent results. A joint stock company 
has been formed for working the patent and utilizing the by­
products.—M.

WOOD IN GAS-M AKING
In reference to the use of resinous wood for the production 

of gas, which has been adopted on a more or less extensive scale 
in several continental countries, a correspondent of the Journal 
des Usines à Gaz records his experience in the distillation of 
fir and oak in the Romorantin Gasworks. The wood, he writes, 
was distilled, unmixed with coal, in retorts of dimensions ap­
proximately 10 ft. X  25 in. X  14 in. in quantity to yield from 
10 to 20 per cent of the make of gas from coal. Each charge 
was about 100 kilos of fir or 120 kilos of oak and it yielded about 
25 cu. m. (900 cu. ft.) of gas. In working a bench of retorts, it 
was found necessary to adopt alternate days for the distillation 
of the wood. Continuous use of the same retorts for wood gave 
rise to stoppages in the ascension-pipes in the shape of a viscous 
grayish deposit, very troublesome to remove. The following 
figures were obtained for the cost of using the two woods: Fir,

JULIUS O. SCHLOTTERBECK
Once again the roll is called, and as the name of Julius Otto 

Schlotterbeck is reached, there comes the mournful yet trium­
phant response: “ Gone forward.”

Professor Schlotterbeck was born in Ann Arbor, Michigan, in 
1865, the son of Hermann and Rosina Schlotterbeck. After 
attending the primary and high schools of Ann Arbor, he entered 
the pharmacy course at the University of Michigan in the fall 
of 1885, graduating from that institution as pharmaceutical 
chemist in June 1887. He continued his studies at the Uni­
versity, at the same time performing the duties of assistant in 
pharmacy and pharmacognosy, and in June, 1891, he was 
granted the baccalaureate degree in science.

His brilliant career in college won for him, as soon as he 
graduated, a position on the faculty of the University. In 
1891 he was made instructor in pharmacognosy and botany, 
which position he retained until 1895, when he became a student 
of Tschirch at the University of Berne, where two years later 
he was awarded the degree of doctor of philosophy (summa 
cum laude). Returning to America, he was made assistant 
professor of pharmacognosy and botany; in 1904 he was junior 
professor and in 1907 he was promoted to the full professorial 
position. On the death of Professor Prescott, in 1905, he was 
chosen Dean of the School of Pharmacy, and he retained that 
position until his death.

Professor Schlotterbeck was a tireless worker. In the publica­
tions of the American Pharmaceutical Association we find 18 
papers from his pen; while he contributed three papers to the 
Journal of our own association. Of these, the most brilliant 
are his reports on his researches on the unusual alkaloids of the

price per ton, 40 frcs.; labor, 4 frcs.; furnace coke (200 kilos), 
17 .50  frcs.; total, 6 1.50  frcs.; deducting 50 frcs. for sale of char­
coal, the net cost is 1 1 .5 0  frcs. Oak, price per ton, 58.50 
frcs.; labor, 4 frcs.; coke, 17 .50  frcs.; allowing for sale of char­
coal at 70 frcs., the net cost is 10 frcs. The charcoal sells readily, 
the weight per hectolitre being 15 kg. in case of fir and 18 
kg. for oak.—M.

TREATM ENT OF T IM BER
Excellent results have been obtained with saponified creosote 

by simply soaking estate timber in an open tank, and the method 
seems to deserve a trial if the greater expense of creosoting 
pit timber under pressure cannot be faced, says the Iron and 
Coal Trade Review. The idea was first suggested by Mr. S. H. 
Collins, of Newcastle, England, in Ju ly  1914. According to 
him, the addition of a small percentage, say 0.25 per cent or 
less, of caustic soda to pure creosote improves penetration, even 
in the case of timbers like spruce, which take the oil with diffi­
culty even when comparatively well seasoned. Moreover, 
saponification makes it possible to dilute the creosote with water 
and thus cheapens the impregnating process.—M.

SCARCITY OF SYNTHETIC PERFUM ES
A number of synthetic perfumes are scarcely obtainable at 

the present moment. Among these is phenyl-ethyl alcohol, which 
is an absolutely necessary ingredient for artificial otto of roses. 
I t  is true, says the Oil and Color Trade Journal, that a certain 
amount is being offered, but a good deal of this is of indifferent 
quality, really fine grades being very difficult to obtain and then 
only at much enhanced prices. Amberpene is hardly to be 
found, the few makers complaining of lack of raw material. 
Benzaldehyde, free from chlorine, is exceedingly difficult to find, 
but the ordinary quality containing chlorine is offered fairly 
freely, although the price is very firm.—M.

Poppy family, particularly noteworthy being his painstaking 
investigation of protopine and his discovery in Stylophorum 
diphyllum of a new papaveraceous alkaloid, stylopine, 
CijHuNOs.

I t  is needless to say that such a man was in demand in associa­
tion work. In 1905 he was president of the State Pharmaceutical 
Association; in 1902 he was chairman of the Scientific Section 
of the American Pharmaceutical Association, while for two 
terms, 1910 to 1912, he was president of the American Con­
ference of Pharmaceutical Faculties, after serving that organ­
ization for several terms as its secretary. In our own associa­
tion, he was an active supporter of the division on pharmaceutical 
chemistry. He was a Fellow of the American Association for 
the Advancement of Science, and a member of the Committee 
on Revision of the United States Pharmacopoeia.

In his home life. Dr. Schlotterbeck was singularly happy. 
As one of his friends said recently about him: "H e was a home 
man—the passion of science never built a barrier between him 
and his fireside.”  Deep, therefore, is the loss that has come 
to his widow and his three children, Prescott, a freshman at 
the University of Michigan, Miriam, a high school student, 
and Carl, a boy of eleven years. To these, our deepest sym­
pathies go forth.

The writer will never forget his first meeting with Schlotter­
beck. It  was a delightful August evening in 1895, in the Schloss- 
Garten at Heidelberg, where we two, who had frequently heard 
of each other in America, met as comparatively old friends on 
foreign soil. He was then on his way to Berne, full of quiet 
enthusiasm for the work he was about to begin and which he so 
brilliantly completed two years later. Since that time, our

OBITUARIES
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meetings have been frequent, as our work has been along 
similar lines, and each meeting has brought a deeper apprecia­
tion of the many line traits that Schlotterbcck possessed. Quiet 
and unassuming, yet conscious of his own powers and of the re­
sponsibility they brought to him, a deep student and yet a good 
comrade, Schlotterbcck was a man that American Pharmacy 
and American Chemistry can ill afford to lose.

C o l l e g e  o f  P h a r m a c y , C o l u m b i a  U n i v e r s i t y  H. V . A r n y  
N e w  Y o r k  C i t y

ALOIS VON ISAKOVICS
It was a terrible shock to all when we learned that our dear 

friend and colleague, Alois Von Isakovics, had passed away in the 
prime of his life 011 June 5 at his residence in Monticello, N. Y ., 
after a comparatively short illness.

Alois Von Isakovics was born in Prag, Bohemia, Ju ly  20, 
1870, the son of a distinguished military family. His father, 
an officer of high rank in the Austrian army, had mapped out 
for his only son a military career, and was greatly disappointed 
when the young son showed by his independent character that 
he did not believe army life would appeal to him. When a 
very small boy he started a little business of his own, collecting 
stamps and selling them, working at this after school and often 
late into the night, and before he left Europe this business, 
built up entirely by himself, had grown to such a size that he 
found it necessary to employ several of his school friends to help 
him with his correspondence and filling of orders. His aim 
already in early life was to have an international business and 
this he enjoyed even when a boy, as he received orders for his 
stamps from all over the world.

After finishing his general education, which comprised the 
regular curriculum of a young man of good European family, 
he came in the Spring of 1886 to America, the land of freedom 
and unhampered development. At first the battle was hard 
and the little money he brought with him soon gave out, but 
possessed with a grim determination to win and a never ceasing 
ambition, he accepted some very menial positions until he had 
mastered the English language and thus was started at the foot 
of the ladder, the top of which he so gloriously had reached at 
the time of his death.

In October 1888, he met Miss Marie Upshur, the daughter of a 
historic Southern family, which seemed to have been a real case 
of "love at first sight.”  They became engaged in Ju ly  1889, 
and after he was naturalized in 1892, in New York City, they 
were married in Ju ly  1895, at the Church of the Transfiguration, 
just twenty-five years after her parents were married there by 
the same minister, the Rev. Dr. Houghton. Their love re­
mained ever young and devoted after twenty-two years of an 
unbroken union of happiness and bliss. They worked up

CALENDAR OF M EETIN GS
American Pharmaceutical Association: Indianapolis, In­

diana, August 27 to September 13, 1917.
American Chemical Society: Annual Meeting, Boston, 

Mass., September 10 to 16, 1917.
National Exposition of Chemical Industries (Third): Grand 

Central Palace, New York City, September 24 to 29, 1917.
American Electrochemical Society: Autumn Meeting, Pitts­

burgh, October 3 to 6, 1917.
National Paint, Oil and Varnish Association: Annual Con­

vention, Chicago, October 8 to 10, 1917.
American Institute of Mining Engineers: Annual Meeting, 

St. Louis, Mo., October 8 to 13, 1917.

together what was the beginning of the Synfleur Scientific 
Laboratories and their lives were united in thought, purpose and 
ambition—the one was an inspiration to the other.

Von Isakovics was a genius in the particular field of chemistry 
to which he devoted his talents. He combined a high character, 
a lovable nature, with thorough scientific knowledge and ex­
ceptional commercial and executive abilities. It will be readily 
understood that it was uphill work to build up such a business 
monument as he left, in the face of severe competition which 
was backed by unlimited capital, but he always said it could 
be done and he would succeed.

The secret of his success has been his never failing business 
policy, to give his customers exactly what he said he would. 
There was never in his mind anything "good enough;”  only the 
"best”  that science could produce would he offer his clients. 
He has thrown away many a pound of valuable materials be­
cause they did not comply with his idea of quality. He had 
often said he did not care how much the loss might be in dollars 
and cents so long as his conscience was clear and he gave his 
clients the very best possible value.

It  was his cherished wish that should he ever be taken away 
his wife should go ahead in the same way as they had done 
together for the past 28 years and finally he hoped that his only 
son, Alois Von Isakovics, Jr., would take up the work. Mrs. 
Von Isakovics has been connected with the business from the 
day it was started by her late husband and it is her intention 
to take up tile work where he has left off and to carry out his 
ideas in every detail.

Von Isakovics was endowed with those qualifications which 
go to make up an ideal man. His intelligence, honesty and fair­
ness combined with his superior ability placed him in a position 
to be known all over the country and in many foreign lands. 
At the time of his death he was a member in the following Scien­
tific and Social Societies: American Chemical Society, American 
Electrochemical Society (charter member), American Pharma­
ceutical Association, Manufacturing Perfumers’ Association, 
Chemists’ Club, Franklin Institute, New York Academy of 
Science (Fellow), American Association for the Advancement 
of Science (Fellow), Society of Chemical Industry, and Verein 
Deutsclier Chemiker.

His great professional triumphs are recorded 011 the pages of 
scientific and practical literature such as: "Synfleur Heralds,”  
Synopsis of Columbia University Lectures on "Perfumes and 
Flavoring Materials,”  and "Essential Oils, Synthetic Perfumes 
and Flavoring Materials,”  Chapter X X IX , in Rogers and 
Aubert’s "Industrial Chemistry.”

Von Isakovics was a devoted husband, a kind father and a 
sincere friend.

n e w  Y o r k  C i t y  W i l l i a m  D r e y f u s

THE TEACHING OF ANALYTICAL CH EM ISTRY

Editor of the Journal of Industrial and Engineering Chemistry:

To no one engaged in analytical chemistry, whether as practi­
tioner, teacher, or original investigator, can the recent address 
by Dr. Hillebrand on "Our Analytical Chemistry and Its 
Future,” 1 fail to be stimulating and full of suggestion. It  is 
not to be expected that the universities can turn out experienced 
analysts, but the chemical world has a right to expect our in­
stitutions to turn out men who have a capacity for becoming 
reliable analysts after reasonable experience. Dr. Hillebrand 
suggests that in this the universities have, in a large number of 
instances, failed; and those who have had opportunity of in-

1 T h i s  J o u r n a l , 9  < 1 9 1 7 ) .  1 7 0 .

NOTES AND CORRESPONDENCE
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vestigating the conditions in the analytical laboratories of many 
of our industries will endorse that suggestion. In searching 
for a cause for this state of affairs one need not look very far, 
for a glance over the catalogues of a few universities will quickly 
convince one that other subjects in the curriculum are making 
rapid inroads 011 the time formerly devoted to chemical analysis. 
In view of the increasing number of topics which now find place 
in a chemical education this is not surprising, for not only must 
the claims of other chemical and related subjects be considered, 
but also the undeniable swinging back to a broader educational 
basis, which is becoming increasingly evident in many of our 
institutions, and which brings with it a less specialized curric­
ulum.

Before taking up the discussion as to the best method of em­
ploying our reduced time in teaching analytical chemistry, it 
would be well to consider the true place of this branch in a 
chemical education. If training in this subject is restricted to 
the mere teaching of a number of procedures which can be more 
or less mechanically carried through, it is certain that it does not 
deserve much consideration; but there is no reason why the work 
should not be made a really useful end in itself—which it is not, 
if carried out in the manner just mentioned, and at the same 
time an educational factor of vital importance. There has been 
a decided tendency to raise the standard of qualitative analysis 
in the latter respect, as is evidenced by the tone and character 
of many of the recent books on the subject; but in quantitative 
analysis we are not yet quite so far advanced, and the few 
really modern books which have appeared have to make their 
way against much conservatism and prejudice. There is no 
branch better adapted to the presentation of elementary physico­
chemical ideas than analytical chemistry, and in following this 
system of presentation there is the great advantage of keeping 
the student in vital contact with the indispensable modern ideas 
through the whole of his course, instead of allowing him, as is 
now too frequently done, to forget most of the real chemistry 
he has learned in advanced general chemistry and qualitative 
analysis, by plodding through a year in which his only chemical 
subjects may be old-style courses in quantitative analysis and 
organic chemistry. Surely the department of physical chemistry 
would be willing to let the analytical department encroach a 
little on its territory if, by so doing, students could be handed 
on for work in physical chemistry with a knowledge and 
enthusiasm which would materially lighten the burden of in­
structors in that department. With quantitative analysis 
taught 011 this basis, we whose hobby this subject is need not 
apologize for our interest.

There are two main points to be considered: First, students 
must be trained in exact methods of work, so that reliable results 
can be obtained; and second, the dignity of analytical chemistry 
must be maintained as a sound educational factor. A greater 
proportion of lecture work, even at the expense of some labora­
tory hours, seems to hold the greatest promise for the accom­
plishment of both ends. It  is perfectly true that the student is 
more deeply impressed by what he learns in the laboratory than 
by the statements of a lecturer, and if unlimited time were at our 
disposal formal lectures might well be dispensed with altogether, 
and the whole instruction, even in the more abstract and 
theoretical phases, could be imparted by informal talks and dis­
cussions at the laboratory bench. Such a course, however, 
involves so great an expenditure of time, and necessitates so 
large a teaching force as to make it impossible under existing 
circumstances. The best thing we can do, then, is to give a far 
greater share of instruction in the lecture room than is now 
usually done, and thus free more of the laboratory time for the 
essentials that cannot be gained except by experience. Dis­
crimination is a point frequently neglected, and it is common 
experience to find a student wasting time by weighing out a 
steel sample for the determination of phosphorus with the same

accuracy that he would employ in weighing copper foil for 
standardization. B y  more carefully planned lecture work, and 
by greater cooperation on the part of the laboratory assistants 
it should not be difficult to accomplish a third more in the 
average analytical course than is now done.

Dr. Alexander Smith1 has called attention to the evils of 
overlapping courses, and my observation is that this is particu­
larly true in analytical chemistry, both as regards lecture work 
and the analysis of samples in the laboratory. In the majority 
of institutions the departments of qualitative and quantitative 
analysis are entirely separate; text-books by different authors 
are used, the lectures are given by different instructors, and the 
instructor in one course is but little acquainted with the exact 
method of presentation used in the other course. In the qualita­
tive course the student acquires, after much hard work, a faint 
glimmering of an understanding of the fundamental principles 
underlying the subject of analytical chemistry. The next 
year the study of quantitative analysis is begun, and the book 
of another author is used. The same ionic hypothesis is pre­
sented, the same mass law, in short, the same fundamental 
principles, for they are common alike to both qualitative and 
quantitative analysis; but in the work of this new author the 
student looks in vain for the familiar expressions, mathematical 
formulae, and symbolism which he has laboriously learned 
the year before; for the author of this new work has started 
again from the beginning, and, in his own way, and with his own 
peculiar terminology, he has presented the whole of the material 
which the student has learned before, with just a little in addi­
tion which applies exclusively to quantitative analysis. The 
result is that the student has to spend a good part of his second 
year in learning over what he is supposed already to know, 
simply because it is presented in a different way, with little 
thought of correlation with what has gone before.

This condition would be remedied by the adoption of a text­
book, in two volumes, on analytical chemistry from the modern 
view-point by one author; or by having the lectures in both 
branches given by one instructor, any necessary changes in the 
terminology of the two books being made with a view to obtain­
ing a unified system of presentation. If lack of suitable texts 
makes the first, and program difficulties make the second alter­
native impossible, it is still feasible to have both qualitative and 
quantitative analysis under the direction of the department of 
analytical chemistry, and to let the head of that department 
see to it that a unified system of instruction is established. In 
this way the quantitative course would take up the subject 
where the qualitative work left it, that is, without repetition of 
first principles, but with constant reference to those portions 
of the first course which deal with the knowledge prerequisite 
to the particular discussion in hand. The theoretical part 
of the second course would thus be really a continuation of the 
first, rather than a more or less confusing repetition of it, in 
which the seeming contradictions of the different writers tend 
to cast a haze of indefinitcness over minds not yet sufficiently 
advanced to sift for themselves the chaff from the wheat. B y 
this method of coordination much valuable time could be saved, 
and this could be devoted to extra drilling in the methods of 
securing exactness of results by added emphasis on those minor 
details which are so frequently hurried over for lack of time.

The curtailment of laboratory time makes imperative the 
optimum utilization of these hours, and a great saving can be 
made by avoiding undue repetition in advanced courses. The 
working through of the determination of phosphorus in iron ore, 
in steel, in coke, in several types of fertilizers, and again in a 
slag, is doubtless splendid practice, but it is not economy. An 
extreme case has been cited, but it will serve to illustrate what, 
in a lesser degree, is a real condition in much analytical in­
struction. Phosphorus should be determined in one class of 

1 T h i s  J o u r n a l ,  8 ( 1 9 1 6 ) ,  5 2 7 .
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material gravimetrically, in another volumetrically; and in the 
lecture room the student should be taught the application of 
these methods to the most varied kinds of industrial products. 
There is no finer practice than the complete analysis of a rock, 
but for a student it consumes an immense amount of time. 
Even if there is not time, however, for the complete analysis, 
the fundamentals of rock analysis can still be taught, for the 
student will already have made a partial analysis of limestone, 
probably a silica by fusion, and a determination of sulfur in 
some form. In a one-hour lecture this work can be gathered 
into an organized whole, and correlated with the subject of a 
complete rock analysis. The student can then be required to 
determine ferrous iron, alkalies, titanium, and the other con­
stituents which his previous experience has not covered. Thus 
by the organization of the laboratory work through the correla­
ting influence of carefully planned lectures and theoretical 
study, a much broader foundation can be laid in the allotted time 
than is now usually done.

In summarizing, analytical chemistry should be taught as 
one subject, with the various branches closely correlated in a 
unified system. An unnecessary burden is placed upon students 
by using different methods in presenting the fundamental 
principles of qualitative and quantitative analysis. Much 
laboratory time can be saved by more lecture work, and by the 
avoidance of undue repetition in analytical exercises. This 
time should be spent in extra drill in the details of accuracy.

U n i v e r s i t y  o f  A r i z o n a  P a u l H. M .-P. BRINTON
T u c s o n , F ebruary  14. 1917

A CHEMICAL LET T ER  B Y  DR. ANDREW  URE
Editor of the Journal of Industrial and Engineering Chemistry:

The following letter by Dr. Andrew Ure—the well-known 
author of Ure’s Dictionary—has recently come into my pos­
session and as it was written exactly 100 years ago and contains 
considerable matter of historical interest, its publication in the 
Ju ly  issue of the J o u r n a l  may not be out of place. The letter, 
except for a slight tear due to breaking of the wax seal, is in per­
fect preservation. It  bears the address. Dr. Granville, Hotel de 
Saxe, No. 12 Rue de Colombier, Faubourg St. Germain, Paris, 
and runs as follows:

G l a s g o w ,  Ju ly  5th, 1817
M y  d e a r  S i r :

I avail myself with great pleasure of the opportunity offered by 
the visit of my ingenious friend, Dr. N. Hill, to Paris, to assure 
you of the grateful recollections which I shall ever entertain 
of your kindness, regretting only that the arthritic affection of my 
ankles prevented me from profiting so much as I would other­
wise have done of your acquaintance with the French Savans. 
M y journey homeward was tedious and uncomfortable; but 
soon after breathing my native Caledonian air my health re­
turned to its former soundness, and the anomalous affections, 
connected, I  believe, with the French wines, entirely disap­
peared.

Though far distant from you, I have followed with undimin­
ished interest your useful labors and very interesting communi­
cations in the Institution Journals. Your tribute to Vauquelin 
is elegantly expressed, and very justly merited. It  has found 
an echo in every man’s heart who has, like me, had the good for­
tune to meet with this illustrious and benevolent philosopher. 
I hope soon to have a public opportunity of expressing my senti­
ments on the same grateful subject.

M y winter occupations consist more in teaching pupils the 
general truths of science than in original investigations. Since 
the session ended, I have, however, been incessantly occupied 
in some researches which will make their appearance in monthly 
succession in our scientific journals—chiefly the Annals of 
Philosophy. In the Medical and Surgical Journal of London for 
this month you will find a paper of mine containing a description 
and analysis of a morbid intestinal concretion sent to me for 
examination by a physician in the vicinity of Perth. I t  differs 
entirely from any of which I have seen an account, resembling 
in chemical and physical properties pure ambergris, and con­
taining no earthy phosphates or indeed any other saline matter.

B y the analysis of Lagrange ambergris contains benzoic acid.

The substance in question yields none to any attempts at extrac­
tion which I have been able to make. And on examining with 
care two different specimens of ambergris, both reputed genuine, 
I have found the one to contain benzoic acid, but the other, and 
that the most characteristic, none. The paper itself will shew 
you that I have bestowed some pains on the subject, though I 
have by no means completed my investigations, being very much 
pressed for the account for this month’s magazine. Some phe­
nomena led me to fancy that the acid of ambergris was not ben­
zoic but succinic acid; and I accordingly tried to discover a sim­
ple and certain criterion between them. Succinate of Ammonia 
sublimes without decomposition. Benzoate of Ammonia is 
decomposed in a gentle subliming heat; the Ammonia escaping 
partly in gas and partly combined with the water of crystalliza­
tion. This fact, if you please, you may mention to M. Vauquelin; 
but very likely that excellent chemist may be already acquainted 
with it.

M y first paper for the Annals, is on Ammonia, Muriatic Acid, 
Sal Ammoniac, the other Ammoniacal Salts, and the chlorides 
in general. It  contains I believe several new facts, which I 
hope you will see next month. I should wish exceedingly to 
know the opinion concerning it of your distinguished friends at 
Paris. Will you write me? The whole deductions are from 
my own experiments. I point out some inaccuracies in Dr. 
Wollaston’s Scale as well as in Dr. Thomson’s Weight of the 
Atoms. I endeavor to show that Sal Ammoniac is not a chloride 
of ammonium, as Dr. T. has called it.

The bearer of this letter is author of a very ingenious paper 
on Laryngitis, and very deserving of being assisted in his views 
of seeing a little of Parisian Practice. As there is no person 
who is so thoroughly capable of promoting his views, may I 
beg you to give him a general system of directions for making 
the most of his time at the French Capital?

Present my respectful complements to your lady and believe 
me to be always, Dear Sir,

Your faithful and obliged servant,
A n d r e w  U r e

Dr. Augustus Bozzi Granville, to  whom the above letter is 
addressed, had one of the most adventurous careers which ever 
befell a man of science. He was the son of an Italian named 
Bozzi, a relative of Napoleon, but afterwards adopted the family 
name of his English mother. He studied under Volta at Pavia, 
from which university he graduated as a physician in 1802. 
Granville was an enthusiastic devotee of the new science of chem­
istry. At Paris he became acquiantcd with Countess Rumford, 
the widow of Lavoisier, who encouraged him in his chemical 
studies; Gay-Lussac, Vauquelin, and other well-known chemists 
were among his teachers. In 1814  and 1815 Granville taught 
chemistry at a medical school in London. His experiences, 
however, as a teacher of chemistry were unfortunate; an accident 
with chlorine gas completely destroyed his sense of smell and, 
the treasurer of the school absconding, the institution failed 
and Granville was never paid his salary. After this he returned 
to France and was studying in Paris at the time of Ure’s letter.

Granville’s extensive travels, together with his linguistic at­
tainments, gave him a wider acquaintance with noted scientists 
than was the fortune of most other men of his day. He rendered 
no small service by helping to bring together English and Conti­
nental scientists who had been separated from one another by 
the Napoleonic wars for nearly 20 years. Granville1 died in 
1872 at the age of 88 and his long life forms a connecting link 
between the chemists of Lavoisier’s time and those of the pres­
ent day.

Although the imperfections of Ure’s analytical methods throw 
little light upon the nature of his "morbid intestinal concretion,”  
it seems probable that he was dealing with cholesterine or copro- 
sterine, substances of which chemists are still striving to deter­
mine the exact constitution.

The allusion which Ure makes to his researches upon the 
composition of sal ammoniac recalls the famous “ chloridic con­
troversy”  which occupied the minds of chemists a century ago. 
Ure’s paper was published in Thomson’s Annals of Philosophy

1 G ranville was well know n as an  au th o rity  upon m ineral w aters and 
sewage disposal. He also m ade im p o rtan t contributions to  th e  study  of 
th e  in te rna l use of hydrocyanic acid in medicine. H is two-volum e au to ­
biography published in 1874 has all th e  fascinations of an exciting novel.
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for Sept. 1917 (Vol io, page 203), and in it he contends that sal- 
ammoniac is not a chloride of ammonium but a muriate of am­
monia. According to the old view muriatic acid and ammonia 
both contained oxygen while hydrochloric acid and ammonium 
were oxygen-free. The muriates upon heating were supposed 
to be converted into chlorides by the expulsion of water.

Ure sublimed dry sal ammoniac over hot metals and obtain­
ing water concluded that the latter was due to a combination of 
the hydrogen and oxygen in the sal ammoniac molecule. Sal 
ammoniac was therefore a muriate and not a chloride. The 
fallacy of this conclusion was pointed out by Thomson (in 
Vol. 12 of his Annals, p. 381) who by a natural intuition picked 
the winning side in the cliloridic argument, as he did in the 
atomic controversy, years before most of his contemporaries.

Although Ure in after years realized the correctness of Thom­
son’s view, he had the satisfaction of knowing that he went 
astray in good company. Berzelius believed up to 1820 in a 
hypothetical element muriaticum, which, upon combining with 
two atoms of oxygen, produced the anhydride of muriatic acid; 
this anhydride, upon further oxidation, as by means of manganese 
peroxide, yielded oxy-muriatic acid gas or chlorine. Berzelius 
also believed in another hypothetical element nitricum, the 
oxide of which was nitrogen and which oxide in combination 
with hydrogen gave ammonia. Relics of these old views still 
survive in chemical nomenclature.

The contribution of Ure, who was assisted in his experiments 
by Gmelin, a pupil of Berzelius, will always be worth reading, 
for it illustrates the difficulties with which early experimenters 
had to contend. As Kopp remarks in his account of the cliloridic 
controversy, " it  is interesting to note how correct observations 
led to incorrect conclusions.”

The tributes which Granville and Ure both pay to Vauquelin 
only confirm what others have written about one of the best 
loved and most honored chemists of France. The readiness 
with which English scientists, after the bitter Napoleonic wars, 
could give expression to such feelings of admiration shows the 
strength of the bonds which unite the great international brother­
hood of science, and at the time of the present crisis should 
fill us with hope for the future.

8 0  S o u t h  S t r e e t , N e w  Y o r k  C i t v  C . A . B r o w n e
M ay 16, 1917

TWO LETTERS ON TH E INCOM PLETE HYDRO­
GENATION OF COTTONSEED OIL

Editor of the Journal of Industrial and Engineering Chemistry:
In a very interesting article entitled "Incomplete Hydrogena­

tion of Cottonseed Oil,”  by Hugh K . Moore, et al., published 
in the M ay 1917 number of T h i s  J o u r n a l ,  the following state­
ment occurs on page 461 under the caption "Response to Hal- 
phen Test: The amount of hydrogenation which is required to 
render the oil just incapable of responding to the test has not to 
our knowledge been investigated.”  A very limited amount of 
experimental data is given and a conclusion is drawn on page 
462: “ The degree of hydrogenation necessary to destroy the 
response of Cottonseed Oil to the Halphen test has been shown 
to be a drop of about four units in the iodine number.”  There 
are so many variable factors which would have an effect on this 
conclusion that it seems a rather broad statement to make on 
the limited evidence submitted.

It is rather interesting to the writer that the statement is 
made in the article that "the amount of hydrogenation which 
is required to render the oil just incapable of responding to the 
test has not to our knowledge been investigated,”  in view of 
United States Patent 1,187,999, application for which was filed 
by the writer on August 3 1, 1915, and issued on June 20, 1916, 
in which the following statement appears in the specification: 

" In  carrying out my new process for the manufacture of the

product, a fatty oil, for instance, choice or prime yellow cottonseed 
oil, is placed in a closed vessel and caused to be chemically com­
bined with hydrogen in the presence of a catalyzer. Any of the 
known processes of hydrogenation, or any active catalyzer may 
be employed, which does not leave any residual catalytic im­
purities in the product after careful filtration. A temperature 
of 150 to 200° C. has been satisfactorily employed, and the time 
required to produce the desired result after attaining this tempera­
ture, is from five to thirty minutes, depending upon the activity 
and proportion of the catalyzer employed. In practice the time 
or degree of hydrogenation desired are determined by preliminary 
experiment on the oil and catalyzer used in an experimental 
apparatus. In carrying on such preliminary test the hydrogena­
tion process is continued until a sample of the oil fails to respond 
to the Halphen reaction and the desired degree of crystalliza­
tion takes place when the oil is chilled.

"Depending upon the particular oil treated by the process, 
the iodine value of the finished product varies from about 90 to 
102. Its titre (as determined by the Wolfbauer method) has 
been slightly increased during the process to the extent of from 
about 0 .1  to 0 .5 0 C. over that of the original oil treated. The 
color of the treated product is usually somewhat lighter than the 
original oil. On cooling the product it in part readily crystal­
lizes, thereby making separation of the stearin from the oil much 
easier and more effective for ‘winter pressing’ for salad oil 
than is the case with ordinary cottonseed oil. The new product 
responds negatively to the Milliau test for cottonseed oil.”

Other parts of the specification and also the claims of this 
patent treat further on this subject.

Inasmuch as a copy of this patent was sent to the Berlin Mills 
Company and was investigated by their patent attorney, it is 
somewhat surprising to the writer to find at this time an article 
published by the research laboratory of this company over the 
name of the company, in which the above quoted statement occurs.

C h i c a g o , June  6, 1917 ARTHUR LOW ENSTEIN

Editor of the Journal of Industrial and Engineering Chemistry:
In reply to Dr. Arthur Lowenstein’s criticism of a section in 

our article on "The Incomplete Hydrogenation of Cottonseed 
Oil,”  we wish to state that U. S. Patent 1,187,999 was familiar 
to us at the time the section in question was written; neither at 
that time nor at the present time, however, could we regard the 
disclosures of the patent as constituting anticipation of our work.

The fundamental statement of the patent, as quoted above
by Dr. Lowenstein, is as follows: "  the hydrogenation
process is continued until a sample of the oil fails to respond to 
the Halphen reaction and the desired degree of crystallization 
takes place when the oil is chilled.”  There is no warrant for 
assuming from the language of the patent that when the Halphen 
test is just destroyed the proper amount of crystallizable material 
has just been produced; in fact it would appear that a consider­
able degree of choice may be exercised in the production of this 
stearine after the Halphen test response is gone.

The iodine number of the product of the patent is not stated 
to be that of a product in which the response to Halphen test 
has just been destroyed, but is that of a product in which both 
conditions have been met. The breadth of the range given, 90- 
102, indicates that "the desired degree of crystallization”  upon 
chilling, is subject to considerable variation, according to the ob­
ject in view.

The other distinguishing mark given in the patent, namely, 
a range of increase in titre, likewise fails to disclose any definite 
knowledge of the degree of hydrogenation necessary to destroy 
the response to the test; its indication is ambiguous, like that of 
the iodine number. We have not experimented with the Wolf­
bauer method, since its use is uncommon in this country, but it 
is certain that the range of 0.1 to 0.5° C. represents a very
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large range in actual hydrogenation, as measured by change in 
iodine number. It  is noteworthy that our experiments invari­
ably showed a decrease in titre, as measured by the A. O. A. C. 
method, before any increase began, so that to increase the titer 
0.1 to 0.5 0 C. above that of the original oil required a drop of 
iodine number to about 70.

We wish to point out that if, as Dr. Lowenstein asserts, there 
are “ many variable factors which would have an effect on this 
conclusion,”  there exists no published evidence to that effect. 
It  seems probable to us that temperature is the only factor which 
would have such an effect, and the temperature 150 to 160° C. 
was specified in the experiment in question.

We are therefore unable to agree with Dr. Lowenstein’s im­
plication that U. S. Patent 1,187,999 anticipates our disclosure. 
It is quite possible that other investigators have carried out the 
same work at an earlier date, but we believe ourselves to have 
been the first to publish the results of such work.

H. K . M o o r e  
G . A . R i c h t e r  
W . B .  V a n A r s d e l

B e r l i n  
N e w  H a m p s h i r e  

June  12, 1917

The entire contents of the stripper (1600 gallons) were thrown 
out, leaving a layer of 1V2 in. of iron sludge in the bottom of 
the stripper. A hole 20 ft. X  25 ft. was tom through the roof 
and an 8-ft. I-beam bent 18 in. out of line. The wire glass 
windows which were near were broken. The stripper was not 
damaged very much. The same cover was replaced and except 
for a few fittings was satisfactory for service again.

After the explosion the inlet valve to the coil was found wide 
open 53/( turns. The condenser was clear. The two valves 
011 inlets to the cross on the cover were closed.

COMMENTS

The aniline waters were analyzed with the following results:
S a m p l e : Feed W ater as p u t

in to  S tripper
A niline.......................... 3 .13  p e rc e n t
A cidity  (as HjSO*). .  0 .005 per cent 
N itro C o m p o u n d s ...  None

Liquid from  B ottom  of 
S tripper a fte r Explosion 

3 .07  per cent 
0 .0 9  per cent 
N one

AN EXPLO SIO N OF AN ANILINE STRIPPER

Recently a stripper employed on aniline waters exploded and 
as the cause has not been ascertained, it is thought that a de­
scription of same may be of interest to manufacturers of aniline 
and similar compounds.

DESCRIPTION OF STRIPPER 

The stripper is a 3/s-in. steel tank 7 ft. in diameter and 8 ft. 
3/s in. deep, flat bottom and plate cover on top, all 3/8-in. steel. 
To stiffen the cover, two 6-in. I-beams ( i2 l/<lbs.) 16 in. between 
centers were riveted on the cover. The cover was bolted to the 
flange with about forty 3/< in. X  1 l/t in. bolts. The bolt holes are 
spaced about 6 in. apart on three-quarters of the circumference 
and 12 in. on centers on the remaining quarter. The bottom 
has a 2Vs-in. outlet with a plug cock which runs to the sewer. 
The top has a 2V2-in. inlet with a cross. The cross has a 2-in. 
inlet with a valve and a i 1/2-in. inlet with a valve. On the top 
of the cross was a 3/<-in. level safety valve and a gauge.

The stripper has a closed coil of 2-in. pipe, for the purpose of 
heating, 8 turns, welded, connected in through the side with 
cast-iron elbows and nipples to the coil.

There is a iV2-m. valve and line feeding the top of the coil 
with steam and the bottom drains through a 3/t-in. steam trap.

On the cover was a manhole and a 6-in. vapor line outlet 
running up vertically for 6 ft. to a 2'/2-in. coil in a 4 ft. X  6 ft. 
wooden tank. The vapor line, coil and coil-outlet have no valve. 
The coil discharges into a steel separator, 5 ft. X  6 ft. The 
aniline is drawn off the separator.

OPERATION JUST PRIOR TO THE EXPLOSION 

The stripper was filled writh aniline waters up to just 30 in. 
from the top of the stripper, by means of a steam siphon from 
the wooden tank in the yard which is used as a reservoir for 
aniline waters. At 4:30 P.M., April 2 1, 1917, the cover was 
placed on the manhole of the stripper and the steam turned 
on the coil between 4:45 and 5 :15  p .m . by a workman. The 
stripper is operated by simply distilling the aniline waters, con­
densing the aniline and water in a coil and running same into a 
separator. About 5:45 p .m . the stripper exploded. A work­
man was 10 to 20 ft. from the stripper when it went up and was 
splashed with water, undoubtedly from the stripper: the water 
was warm, not hot, and he was not burned.

RESULTS OF THE EXPLOSION 

The cover of the stripper was blown off with considerable 
force, breaking all the bolts which held it on by tension. The 
cover was bent and the flange of the stripper bent. The cover 
landed on the edge of the floor beside the stripper.

The explosion behaved as though a layer of explosive had been 
placed on the bottom of the stripper. It  is almost inconceivable 
that the explosion could have been caused by steam because 
the 1 Vs in. steam inlet is the only supply. If this were led into 
the stripper through a break in the coil, the contents of the 
stripper would probably have been heated to boiling before ex­
ploding. Even then, it is difficult to see how the steam at 115  
lbs. would create such a sudden and violent explosion, entering 
as it did, and with the exit condenser coil wide open.

We would be pleased to receive opinions as to the probable 
causes of this explosion, which we are at present unable to explain.

N e w a r k ,  N e w  J e r s e y  M a r d E N , O rT H  &  HASTINGS Co., I n c . ,  
A p r i l  30 ,  1917 per R i c h a r d  S. BlCKNELL

BUREAU OF STANDARDS’ ANALYZED SAM PLES
The Bureau of Standards, Washington, D. C., now has 

ready for distribution its High Phosphorus Standard Analyzed 
Iron E No. 7, which is typical of the irons from the Alabama 
area. The analysis is: carbon, 2 .17 ;  graphite, 1 .8 2 ; com­
bined carbon, 0 .38 ; silicon, 2 .2 1 ;  titanium, 0.095; phosphorus, 
0.862; sulfur, 0 .0 5 1; manganese, 0.444; copper, 0 .0 2 1; chro­
mium, 0 .0 14 ; nickel, 0 .0 16 ; and vanadium, 0.073. Therenewal 
No. 12 -b, of the Basic Open Hearth Steel approximately 0 .4  Car­
bon, is also ready. Until printed certificates can be secured, 
the above samples will be issued with provisional certificates 
without details of analysis, or description of methods. A new 
sample of Bessemer steel with approximately 0 .1  per cent car­
bon to replace No. 8-0 is now in process of analysis.

DECENNIAL INDEX OF CHEMICAL ABSTRACTS
The intention of offering the Decennial Index of Chemical 

Abstracts in bound form has been reconsidered. There has been 
so little demand, and members who are binding their volumes 
have so many different bindings, that it was considered unwise, 
and, in fact, almost impossible to offer a binding which would 
suit the members of the Society.

June 8, 1917 C lIA S. L. PARSONS

ALCOHOL AND WATER IN ETH ER —CORRECTION 
In the article under the above title, T h i s  J o u r n a l ,  9 (1917). 

521, in the table on page 522, the first "0.25 per cent W ater”  in 
the last group of figures should read ‘ 0 .025” .

R . L. P e r k i n s

NITROGEN INDUSTRIES LITERATURE—CORRECTION
In printing the "Literature of the Nitrogen Industries, 1912 

to 19 16,”  in the April issue of T h i s  J o u r n a l ,  pages 424 to 
438, we omitted to state that this material was reprinted from 
the January, February and March, 1917, issues of the General 
Electric Review.— [ E d i t o r ]
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WASHINGTON LETTER
By Pau l, W o o t o n , M etropo litan  B ank  Building, W ashington, D . C.

That the United States is fully alive to the important part 
chemistry plays in modern warfare is indicated by the vast 
amount of chemical work which is being done by government 
agencies or under the direct supervision of the government. 
Practically every one of the many chemical laboratories in the 
city is devoting a considerable portion of its time to war work.

Much of the chemical work which is in progress ¡11 Washington, 
or is being directed and controlled from the capital, is of a 
nature which precludes any public discussion. This applies 
particularly to the work being done under the direction of the 
Committee on Chemicals of the Council of National Defense, 
of which Dr. Win. H. Nichols, of New York, is chairman. It  also 
applies to the very extensive experimentation by the Bureau of 
Mines with poison gases. It  has not been deemed good judgment 
to disclose many facts with regard to the work being done by the 
Carnegie Geophysical Laboratory and the Bureau of Standards 
on optical glass. Some of the problems being worked upon at 
the Bureau of Chemistry are of such a nature as to preclude 
even the mention of the class of work being condufcted.

It is agreed that splendid judgment was shown by Van. H. 
Manning, director of the United States Bureau of Mines, by 
Dr. Chas. L. Parsons, the chief chemist of that bureau, by George 
E. Hale, chairman of the National Research Council, and by 
Prof. Marston T. Bogert, chairman of the Committee on Chem­
istry of the same organization, in undertaking several months 
ago a census of all chemists in the United States. As a result 
of the foresight shown, more than 10,000 names have been 
classified. This long list, which is thought to include a large 
proportion of the chemists of the United States, has been card 
indexed under the personal direction of Albert H. Pay, statistician 

. for the Bureau of Mines. The chemists have been classified 
under no less than forty heads, so that ample sources of informa­
tion on any subject are available to any one working in the 
government interest. It is also anticipated that it will be neces­
sary to draw many men from this list for Federal Service, as 
Congress comes to realize the need for more chemical aid and 
appropriates for this work.

Speaking generally, however, Dr. Nichols’ committee is can­
vassing the requirements of the country for chemical supplies 
and is matching this information against available supplies. 
Its efforts will be directed largely toward keeping the require­
ments and the production on a parity. Diligent work is under 
way to make available adequate supplies of such chemical 
materials as may show a deficiency. The importance of the 
work is more clearly understood when it is said that many of 
these materials are essential to our national life. The Nichols 
committee will give preferential attention to general industrial 
and munitions chemistry. A full understanding has been had 
with all government and many private agencies, so as to co­
ordinate the work and to eradicate duplication.

Means by which poison gas attacks may be combatted form 
one of the principal problems being considered by the Chemistry 
Committee of the National Research Council, of which Marston 
T. Bogert, professor of organic chemistry at Columbia Univer­
sity, is chairman. It  may be stated that definite results have 
been accomplished and that the assistance which the Committee 
is rendering is being increasingly recognized by the government.

Research, looking to betterments in non-corroding alloys 
also has been given preferential attention by Prof. Bogert’s 
committee. The importance of these alloys has been increased 
tremendously during this war by the necessity of providing 
more lasting linings to lengthen the life of big guns, by the 
demand for guns to be mounted on submarines and by the need 
for non-corroding alloys in submarine and torpedo construction. 
Fixation of atmospheric nitrogen, problems involved in treating 
balloon envelopes and the means of detecting hydrogen escaping 
from a gas bag give an idea of the varied problems which are 
under active investigation by the Chemistry Committee.

The development of industries, totally new to the United 
States, and the working out of certain standards for munition 
manufacturers and for those directing other businesses, give 
an indication of the tremendous scope of the work in hand. In 
fact, Prof. Bogert’s committee is' the clearing house for the 
chemical research work of the country. The organization is 
comprised of the main committee and some thirty sub-com­
mittees. Each of the sub-committees in turn functions as a 
clearing house. The whole chemical field has been subdivided 
and each division placed in charge of a sub-committee. The re­
turns of the census of the chemists taken by the National Re­

search Council, including replies from more than 10,000 chemists, 
have been classified carefully. Each sub-committee will be 
supplied with a list of the experts handling the class of work to 
which the sub-committee is assigned.

The Chemistry Committee is mainly coordinating and sup­
plementing work being done by the various government bureaus. 
No work is undertaken until it is certain that efforts can be 
combined to advantage and care is taken to see that there is no 
duplication of effort. As a result of the stress of the existing 
war situation, investigations being conducted by the government, 
by universities and by privately conducted enterprises, are 
being forced into a much closer coordination. The old barriers 
of secrecy are being broken down. What had been impossible 
of attainment in times of peace is being accomplished quickly 
now, as a result of a great increase in efficiency. It  is expected 
that this entente will be maintained after the close of the war.

Recently a ship carrying a cargo worth S i0,000,000 was sunk 
by a submarine. Prof. Bogert points out that a fraction of this 
sum would be sufficient to mobilize all the scientific brains of 
the country, and he is strongly of the opinion that more 
financial assistance should be given the scientific agencies which 
are at work on problems of the utmost importance to the wel­
fare of the nation. As it is, much of the scientific work is being 
carried on by volunteers and their immediate friends at very 
heavy expense to themselves.

Due to the strain being placed upon the transportation facilities 
of the country, Dr. Carl L. Alsberg, chief of the Bureau of Chem­
istry of the Department of Agriculture, is making every effort 
to reduce to a practical basis the drying of fruits and vegetables, 
thereby eliminating ninety per cent of their weight and facili­
tating their transportation and preservation. Another great 
advantage of the drying process is the important difference in 
the expense between this and other methods of preservation.

High prices being demanded for copper sulfate have set the 
Bureau of Chemistry to a thorough checking up of the Pickering 
method of preparing Bordeaux mixture. The noted English 
chemist maintains that the amount of copper sulfate in Bordeaux 
mixture can be reduced materially without impairing its effi­
cacy. In addition to laboratory work in this connection, actual 
field experiments are being conducted 011 an extensive scale.

Due to the fact that the chemical properties of lead arsenates 
never have been studied exhaustively, the Bureau of Chemistry 
is conducting important work with these compounds. It has 
been found that the common lead arsenates in many cases were 
not compounds, but mixtures instead. Since tri-lead arsenate is 
not formed by the ordinary processes of manufacture, work on 
this chemical is receiving special attention. Study is being made 
of the action of water upon the lead arsenates. Natural waters 
have been found with such chemical content as to break up a 
lead arsenate. Since arsenic in a soluble form is highly injurious 
to foliage, this problem is a very important one. I t  also has 
been found that some other spray materials, when combined 
with lead arsenates, also break up the compound. Calcium 
arsenates are being studied in the hope of providing a cheaper 
substitute for lead arsenates.

Rapid progress has been made by the congressional com­
mittees on the Trading with the Enemy Bill. The House 
Committee on Interstate and Foreign Commerce has ordered 
the bill reported favorably. Representative Montague, of 
New Jersey, was authorized to write the report and is now en­
gaged in this work. A sub-committee of the Senate Com­
mittee on Commerce, consisting of Senators Ransdell (chairman), 
Vardaman and Fernald, is now engaged in the study of the bill. 
It  probably will be reported to the full committee before the 
end of the present week. The sub-committee has found no 
objection to that portion of the bill which provides for the 
manufacture within the United States of such products as may 
be protected by a patent owned by an enemy of the nation. 
The bill authorizes the Federal Trade Commission to license 
the manufacture of such products if it shall be for the public 
welfare. The bill provides that the person undertaking the 
production of an article covered by such a patent shall file with 
the Federal Trade Commission a full statement of the extent of 
the use and enjoyment of the license that lie has made. Five 
per cent of the gross sums received by the licensee from the sale 
of these inventions are to be deposited with the government 
for the protection of the owner of the patent.

Ju n e  19, 1917
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PERSONAL NOTES
The Franklin Institute made the annual presentation of its 

Franklin Medal on M ay 16, 1917. The medal was presented 
to Admiral David Watson Taylor, Chief Constructor, Chief of 
Bureau of Construction and Repair, United States Navy, in 
recognition of his "fundamental contributions to the theory of 
ship resistance and screw propulsion, and of his signal success 
in the application of correct theory to the practical design of 
varied types of war vessels in the United States N avy,”  and to 
Prof. Hendrik Antoon Lorentz, President Royal Academy of 
Sciences, Amsterdam, Professor of Mathematical Physics, 
University of Leiden, in recognition of his "researches which 
have so largely contributed to laying on a new foundation our 
knowledge of the nature of light and in developing our ideas 
concerning the ultimate constitution of matter.”  Chevalier 
W. L. F. C. van Rappard, on behalf of the Royal Netherlands 
Government, received the Franklin Medal for Prof. Lorentz, 
and addressed the Institute. Admiral Taylor addressed the 
Institute on the subject of "The Science of Naval Architecture.”

Memorial services were held in Lawrence, Kansas, June 7, 
in honor of the late George E . Patrick, who, at the time of his 
death, was Chief of the Dairy Laboratory of the Bureau of 
Chemistry, U. S. Department of Agriculture. Following the 
service the ashes of Professor Patrick and of his wife were de­
posited in the cemetery at Lawrence. Professor Patrick was 
from 1874 to 1883 head of the Chemistry Department of the 
University of Kansas. In connection with the memorial ser­
vices addresses were made on different phases of his life and work 
by Dr. Erasmus Haworth, Dr. E . H. S. Bailey, Hon. J .  D. 
Bowersock, Dean L. E . Sayre and Chancellor Frank Strong. 
Professor Patrick left to the University a fund of something over 
$7,000 in memory of his wife. The interest of this fund is to 
be used for a series of'prize essays by students on "The Applica­
tion of the Teachings of Jesus to the Practical Affairs and Rela­
tions of Life.”

Dr. C. G. Storm has resigned his position as directing chemist 
of the Aetna Explosives Co., Inc., New York City, to accept a 
position as consulting explosives chemist with the Ordnance 
Department of the War Department, at Washington, D. C.

Dr. Wm. L. Gomory has discontinued practice in New York 
City as a consulting chemical engineer and is now associated 
with the Wabash Refining Company as general manager at their 
refinery in Robinson, Illinois.

At the M ay meeting of the Rhode Island Section of the A. C. S., 
a Chemical Section of the Providence Engineering Society was 
formed, which will have its meetings in conjunction with the 
Local Section of the A. C. S. It is expected that this affiliation 
will awaken greater interest in chemistry in that locality and be 
of benefit to both the chemists and the engineers.

The National Academy of Sciences gave a reception at the 
Smithsonian Institution, Washington, D. C., in honor of the 
members of the French Scientific Mission to the United States, 
on Thursday evening, June 14, 1917.

The Industrial Sites Association of America has been recently 
organized and incorporated, with offices at 115  Broadway, New 
York City. The purpose of the I. S. A. A. is to serve as a clear­
ing house for data concerning the properties, sites, buildings, 
railroad and water facilities, labor conditions, population, etc., 
of all towns and cities where manufacturing plants could be ad­
vantageously established. This information will be given free.

William C. Carnell, chemical director for Harrison Brothers 
Co., Philadelphia, has resigned to become associated with 
Charles Lennig & Co., manufacturers of chemicals, Philadelphia.

Dr. T. R . Ball, of the University of Illinois, has been ap­
pointed assistant professor in chemistry at Washington Uni­
versity, Saint Louis, Mo.

Mr. Edward L. Pierce, vice-president of the Semet-Solvay 
Company, has been elcctcd president of the Solvay Process 
Company to succeed the late Mr. Frederick R . Hazard.

Beta Rlio, a local chemical fraternity of Washington Uni­
versity, Saint Louis, was installed 011 June 9, as Alpha Epsilon 
Chapter of Alpha Chi Sigma, the national chemical fraternity. 
The installation was conducted by Dr. L. I. Shaw, of North­
western University, and Dr. L. F. Nickell, of Washington 
University, assisted by members of the Saint Louis Alumni 
Chapter. The members of the active chapter are Messrs. 
L. F . Nickell, E . E. Fickett, F. B. Langreck, I. C. Walker, 
E . J .  Ulbriclit, A. E. Goldstein, J .  S. Logan, W. C. Adams, 
P. G. Marsh, J .  F. Stickley, H. M. Van Horn, G. F. Dreimeyer, 
A. W. Roth, M . E. Schwarz, J .  S. Boulden, C. W. Studt.

A Committee 011 Research to cooperate with the National 
Research Council has been appointed at Washington Uni­
versity, St. Louis, consisting of B. M. Duggar (Chairman), 
J .  Erlanger, E . Flad, W. W. Homer, A. S. Langsdorf, E. Mal- 
linckrodt, R . McCulloch, L. McMaster, G. T. Moore, E . L. 
Opie, L. Pyle, P. A. Shaffer and J . L. Van Omum.

Dr. E. C. H. Davies, of the University of Chicago, has been 
appointed instructor in chemistry at Washington University.

Mr. F. A. Lidbury, manager of the Oldbury Electrochemical 
Company, Niagara Falls, N. Y ., has been elected president of 
the Engineering Society of Buffalo.

Mr. B. A. Foley has terminated his connections as assistant 
manager of the Palo Co. and is now associated with the Lenz 
Apparatus Co., Inc., 9 - 11  East 16th Street, New York City.

Mr. Clifton Taylor, until recently general sales agent of the 
Electric Reduction Company, has been elected assistant treas­
urer. Mr. Taylor is located at the Washington plant office.

Drs. J .  R. Bailey, H. W. Harper and E. P. Schoch, of the 
University of Texas, have recently taken over the solution of 
all chemical problems in connection with the largest army camp 
in this country, situated at San Antonio, Texas.

A complimentary dinner was given to Mr. Thomas J .  Parker 
by some of his friends, at the Chemists’ Club, New York City, 
on the evening of May 19th. The speakers were Dr. Milton C. 
Whitaker, Prof. Chas. F. Chandler, Dr. Charles H. Herty and 
Dr. Hugo Schweitzer.

Prof. C. E . Davis has resigned as professor of chemistry at the 
Utah Agricultural College at Logan, and accepted a position as 
research chemist for the National Biscuit Co., with headquarters 
in the Havemeyer Laboratory, Columbia University.

Dr. R. P. Rose, until recently with the Mellon Institute and 
the General Coal Products Company, is now in Saint Louis in 
connection with work on a phenol plant.

Dr. William R. Cathcart has been appointed technical di­
rector of the mill and paper division of the Com Products 
Refining Company, succeeding the late George M. MacNider.

James Mason Crafts, formerly president of the Massachusetts 
Institute of Technology (1898-1900), died at his summer home 
in Ridgefield, Conn., on June 20, aged 78 years.

The U. S. Civil Service Commission announces the following 
open competitive examinations: Organic Chemist (male), for 
filling two vacancies in the Bureau of Science, Manila, P. I., 
at entrance salaries from $1800 to $2250 a year; Laboratory Aid  
and Junior Chemist (male), at entrance salaries of $3.28, S3.84, 
S4.48, and $5.04 per diem.

Mr. Edward R. Taylor, charter member of the American 
Electrochemical Society, and for several years on the Board of 
Directors as manager and vice-president, died at his home in 
Penn Yan, N. Y ., on M ay 28th. He was best known for his 
electrical carbon bisulfide furnace.

Platinum ware, consisting of two dishes, eight crucibles, 
and covers, and ten feet of wire, was stolen from 
the chemistry department of Miami University, Oxford, O., 
about M ay 26th.

Prof. Lloyd Van Doren, of Earlham College, Richmond, Ind., 
has been cooperating with The McIntosh Stereopticon Co., 
Chicago, in the compilation of a series of lantern slides suitable 
for illustrating topics in general chemistry and in industrial 
chemistry.

The Technical Section of the Canadian Pulp and Paper 
Association held its Summer Meeting, June i4-i6th, in the 
course of a visit to the plants of the Belgo-Canadian Pulp and 
Paper Co., The St. Maurice Paper Co., and Laurentide Co., 
Ltd., all situated in the province of Quebec. The Technical 
Association of the Pulp and Paper Industry sent delegates 
headed by President H. P. Carruth.

Dr. Allerton S. Cushman, president of the Institute of Indus­
trial Research, with headquarters at Washington, D. C., has 
been commissioned a major in the Officers’ Reserve Corps, 
and will do special research work under the ordnance section on 
the chemistry of high explosives.

The Blaw Steel Construction Company, Pittsburgh, Pa., an­
nounce the appointment of Mr. G. E. Land as advertising man­
ager. Mr. Land was recently connected with the advertising 
department of the National Tube Company.

Miss Helen S. French, instructor of chemistry in Wellesley 
College, has been advanced to an assistant professorship.
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Mr. James F . Couch has been elected president of the Des 
Moines Chemical Society.

Prof. G. H. Clevenger, of Leland Stanford University, has 
been appointed research professor in metallurgy and will relin­
quish his elementary and routine teaching.

Dr. E . C. Worden is in Texas directing the development of 
a new oil and sulfur property near Houston.

Mr. John C. Summers has recently been appointed as head 
of the Baking Department of the Dunwoody Institute at Minne­
apolis. He will sever his connections with the Operative Miller 
and Baker School and Laboratories Ju ly  1st and take up his 
new duties at that time in Minneapolis. Mr. Summers has 
previously been connected with the experiment stations in 
the Louisiana State University, Purdue University, Colorado 
Agricultural College, and Kansas Agricultural College, and has 
also filled the position of chief chemist with the Holley Sugar 
Company, Denver, Colorado.

The Fourteenth Annual Meeting of the American Leather 
Chemists’ Association, held in Atlantic City, N. J ., June 7-9, 
1917, was the most successful ever held, both in point of attend­
ance and the character of the papers presented. One hundred 
and thirty-five of the less than four hundred members of the 
association were present. Westerners predominating.

The following members of the Philadelphia Section A. C. S. 
are chairmen of subcommittees of the Chemistry Committee 
of the National Research Council, of which Dr. M. T. Bogert 
is chairman: Mr. Arthur H. Thomas, president Arthur H. 
Thomas Company, Philadelphia; Dr. A. E . Taylor, Rush pro­
fessor of physiological chemistry'. University of Pennsylvania; 
Dr. Arthur M. Comey, director of the Eastern Research Labora- 
tories, E. I. du Pont de Nemours & Company.

Mr. James J .  Bajda, formerly chief dye chemist and chemical 
engineer for B. Heller & Company, will have charge of the dye 
plants, now under construction, of the Block Chemical Labora­
tories.

The Marden, Orth & Hastings Company has recently opened 
a new branch office in the Hoge Building, Seattle. This is the 
fifth American branch of the firm, which has its main office at 
61 Broadway, New York City.

The Bayer Company is suing the United Drug Company 
for alleged infringement of the trade mark “ Aspirin.”

A fire in the Barrett Manufacturing Co.’s chemical plant at 
Philadelphia, destroyed the naphthalene building and damaged 
several others, loss ¿40,000.

A new company has recently been organized at Stockholm, 
Sweden, for the manufacture of nitric acid and other chemicals. 
The works will be erected at Trollhattan and will be supplied 
with electric energy by the "Royal Waterfalls Committee.” 
The company intends to use the Birkeland-Eyde process and 
will produce about 7000 tons annually of concentrated nitric 
acid and a large quantity of nitrates as a by-product. It  is 
planned to commence operations this year.

Experimental laboratories of the Aetna Explosives Company, 
at 1387 Sedgwick Avenue, Bronx, New York City, were partially 
wrecked by explosion on Tuesday night, M ay 29, 1917.

Harrisons, Inc., who recently became affiliated with the du 
Pont Chemical Works, Wilmington, have purchased the plants 
of Cawley, Clark & Company, large paint and color manu­
facturers, Newark, N. J . ,  and the lithopone plants of the Beckton 
Chemical Company in Newark and Philadelphia. The deal is 
said to involve over $2,000,000.

Walter Birge, president of the Air Reduction Company, has 
confirmed previous reports that negotiations were in progress 
looking to a merger of his Company with the Union Carbide 
Company. He stated that should any basis of exchange of 
stock be agreed upon he would offer only the oxy-acetylene 
business of the Air Reduction Company. The Company has 
been devoting much time to the development of the nitrogen 
end of its business and, Mr. Birge reported, expected to be work­
ing its nitrogen plants on a commercial basis within a few days.

The American Association of Pharmaceutical Chemists at 
their annual convention in Atlantic City, N. J ., adopted, on 
June 12, resolutions urging Congress to suspend the patent 
rights of alien enemies of the United States during the war.

W. E. Tottingham, assistant professor of agricultural chemistry. 
College of Agriculture, Madison, Wis., is on leave of absence 
and is working at Johns Hopkins University with Prof. Livings­
ton, on special problems in plant chemistry and physiology.

Mr. C. D. Geidel, chemist and bacteriologist in the state food 
laboratory, Madison, Wis., has accepted a position in the mis­
cellaneous laboratory. Bureau of Chemistry, Washington, 
D. C., and assumed his new duties on June 15.

FOREST PRODUCTS LABORATORY

Mr. C. P. Winslow has been appointed director of the Forest 
Products Laboratory to succeed Mr. H. F. Weiss, now in charge 
of the Division of Forest Products of the C. F . Burgess Labora­
tories.

Dr. A. W. Schorger, who for seven years has been connected 
with the Forest Products Laboratory, has resigned to take 
charge of organic chemistry with the C. F. Burgess Labora­
tories. The Burgess Laboratories are actively engaged at present 
upon problems of national preparedness and defense and are 
represented on both national and state committees. Dr. 
Schorger’s immediate duties will be in connection with some 
of these problems, especially those relating to foodstuffs.

Mr. R . C. Palmer resigned as chemist in charge of wood dis­
tillation to become chief chemist of the Newport Resin & Turpen­
tine Co., with headquarters at Pensacola, Fla. Dr. L. F . 
Hawley has succeeded him.

Dr. S. F . Acree severed his connection as chief chemist at the 
laboratory on April 1st. He is now with the National Wood 
Chemical Association, with headquarters at Syracuse University.

Dr. F. W. Kressman is now manager of the Standard Lesse Co. 
plant at Fullerton, La.

Mr. Sidney D. Wells has left the paper and pulp division to 
become superintendent of the Chesapeake Pulp & Paper Co. 
plant at West Point, Va.

The Synthetic Manufacturing Co., of North Tonawanda, 
N. Y ., of which Mr. A. E . Summey is general manager, has 
recently engaged as production manager one of the production 
engineers of the Scoville Manufacturing Co. This was neces­
sitated by the large demand on the Synthetic Co. for their 
products ortho and para nitrophenol and salicylic acid.

The American branch of The Treibacher Chemical Works of 
Treibach, Austria, contemplates the erection of an American 
plant. One of their chemists, Mr. Goldfogle, has recently 
returned from Austria where he spent several months familiariz­
ing himself with the German process for the manufacture of 
rare earth metals. I t  is understood the Central Empires are 
using rare earth alloys in place of tungsten steel.

Contracts have been awarded by the Powers-Weightman- 
Rosengarten Co. for the erection of a shed at their factory, Ridge 
Ave. and Calumet St., Philadelphia, and for repairs to the factory. 
The shed will cost $5,500 and the repairs $9,000. The repairs 
are to replace the damage done in a recent fire at the plant.

The National Aniline & Chemical Company, located for 
more than twenty years at 100 William Street, have leased 
three floors in the new Heckscher Building at 244 Madison 
Avenue, New York City, for executive offices.

Through a cooperative agreement with Cornell University, 
representatives of the Bureau of Mines have been stationed at 
Morse Hall, where the electric furnace equipment of the de­
partment of chemistry has been utilized in some metallurgical 
work of the Bureau. Experiments on the electric melting of 
brass have indicated that a suitable electric furnace might ma­
terially reduce the metal losses from volatilization and avoid the 
use of costly crucibles. The Bureau is now testing a commercial- 
size furnace with special attention to its suitability for use on 
brasses for cartridges and shrapnel cases. Another electric 
furnace problem studied by the Bureau has been the production 
of ferro-uranium from the uranium oxide obtained as a by-product 
in the extraction of radium from its ores. Ferro-uranium is 
used in making uranium steel, which is said to be used by Ger­
many for the liners of big guns which will stand up at a rate of 
fire so rapid that other steels fail. It  is undecided whether the 
work on gun steel will be done at Cornell or some other uni­
versity.

INDUSTRIAL NOTES
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GOVERNMENT PUBLICATIONS
B y R . S. M c B r i d e ,  B ureau of S tandards, W ashington

NOTICE—Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Department from which 
they originate. Commerce Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu­
lar subscription rate for these Commerce Reports mailed daily is 
$2.50 per year, payable in advance, to the Superintendent of 
Documents.

BUREAU OF STA N D A RD S  

Rules and Regulations for the Enforcement of the Lime- 
Barrel Act. A n o n y m o u s .  Circular No. 64, 5 pp. Issued 
April 20. Paper, 5 cents.

Structure of the Coating on Tinned Sheet Copper in Relation 
to a Specific Case of Corrosion. P a u l  D. M e r i c a .  Technologic 
Paper No. 90, 17 pp. Paper, 5 cents.

NATIONAL ADVISO R Y  COM M ITTEE FO R A ERO NAUTICS  

Annual Report. This report includes the following five 
supplements which contain the principal technical findings as 
developed by the Board during its two years’ work: General 
specifications covering requirements of aeronautic instruments; 
nomenclature for aeronautics; mufliers for aeronautic engines; 
gasoline carbureter design; experimental researches on the re­
sistance of air.

GEOLOGICAL SURVEY  

Zinc in 1915. Production and Resources. C. E . S i e b e n -  
T i i a l .  From Mineral Resources of the United States, 1915, 
Part I, pp. 851-981. Published April 30.

S p e l t e r  P r o d u c e d  a n d  C o n s u m e d  i n  t h e  U n i t e d  S t a t e s  i n  1915
Production of prim ary  spelter (a) (Short tons)

From  dom estic o re ......................................................................... 4 5 8 ,135
From  foreign o re ............................................................................  3 1 ,384

489,519
Production of secondary spelter (a ) .................................................

R edistilled ......................................................................................... 29,764
R em elted ...........................................................................................  23.136

542,419
A pparent consum ption of prim ary  sp e lte r............................ 364,494

(a) "P rim ary  spelter,” which is produced d irectly  from ore, is here 
d istinguished from "secondary  spelter,” which is obtained  by  refining zinc 
ashes, skiminings, drosses, and  old m etals. T he  s tatistics  of secondary 
sp e lte r are given on page 856.

Fuel Briquetting in 1916. C. E . L e s h B R . From Mineral 
Resources of the United States, 1916, Part II , pp. 1-4. Pub­
lished M ay 4. "The production of fuel briquets in 1916 was 
2 9 5 , 1 5 5  net tons, valued at $1,445,662, an increase, compared 
with 1915, of 73,618 tons, or 33 per cent, in quantity and 
$409,946, or 40 per cent, in value. The production in 1916 
was the greatest recorded and exceeded that of 1914, the previous 
high record, by 44,520 tons.”

Gypsum. R, W. Stone. Bulletin 666-E. 3 pp. "The 
three years 19 13-19 15  saw no marked fluctuation in the gyp­
sum industry. For some time the annual output has been near
2,500,000 tons of raw material.

"This particular industry could not suffer from restraint 
-of ocean traffic, because the imports, which come wholly from 
New Brunswick and Nova Scotia, are normally only about 
one-fifteenth as much as the domestic production, and gypsum 
is so abundant and widespread in the United States that the 
nation is easily industrially independent in this respect.

"In  1915 there were 77 active mines or quarries which sup­
plied 69 gypsum plants. A number of plants are standing 
idle. In case of greatly increased demand for gypsum products

the idle plants could quickly be put into commission, and the ac­
tive plants that are working only one or two shifts could be 
put on a 24-hour schedule, thus making a large increase in the 
output. The production of gypsum boards probably could 
not be so quickly increased as that of other products, because 
they are made on machines which are not on the market.

"A s the deposits of high-grade gypsum in the United States 
are widespread, practically inexhaustible, and in many places 
close to present lines of transportation, and as the milling part 
of the industry can easily be made to increase its output, the 
outlook for this popular structural material is fair even in times 
of world-wide unrest.

"The principal uses of gypsum are as structural material 
and as ingredient in Portland cement. Gypsum wall plaster 
is in common use, and gypsum boards, blocks, and tile are fast 
making a market because of their light weight, convenience, 
and fire-resistant qualities. Because of the rapidity with which 
the plaster sets, permitting carpenters to follow the plasterers 
within a few hours, and because of the size and shape of the gyp­
sum block, tile, and board units, which favor quick construction, 
these materials are especially adapted to the hurried emergency 
building operations occasioned by great industrial activity.”

Grinding and Polishing Materials. F. J .  K a t z .  Bulletin 6 6 6 - K .  
3 pp. "The American industries requiring millstones, grindstones, 
pulpstones, oilstones, whetstones, scythestones, corundum, 
garnet, silica, feldspar, diatomaceous earth, and tripoli, have 
long been independent of foreign supplies, and the developed 
domestic sources of supply are capable of greatly increased 
production. The imports of these materials have been small 
in comparison with domestic production and have very probably 
been fostered only by a natural preference and conservatism 
in favor of articles that had long been used before the American 
supplies came into the market.

"American emery seems to be inferior to and unable to sup­
plant the emery from Naxos, Greece, imports of which have 
been very largely shut out. Artificial carbide and aluminum 
oxide abrasives can be substituted, but some manufacturers, par­
ticularly lens grinders, seem to be reluctant to make a change, 
probably because it would involve changes in technique. Neces­
sity must overcome such reluctance.

"Corundum for a number of years has been supplanted by the 
artificial abrasives. Very recently, however, there has been 
a small revival in corundum mining.

"No domestic source of satisfactory lump pumice has been 
exploited commercially.

"The country remains dependent on foreign sources for 
diamond dust and bort, imports of which in the last three years 
have been about 25 per cent less than the average during the 
previous three years.

"The pottery industry, however, is in need of siliceous pebbles 
for grinding quartz and feldspar in tube mills. Substitutes 
that contain even small quantities of iron cannot be used.

"Metallurgic plants and cement mills have used a far larger 
quantity of flint pebbles than the pottery industry. The pure 
silica pebble is not required for them, the only essentials being 
toughness and hardness. For these purposes there are large 
quantities of suitable granite and porphyry pebbles in many 
localities along the New England coast which have not yet been 
drawn upon.

“ Dimension blocks cut from quartzites in Florida, Tennessee, 
and Iowa, have appeared on the market during the last two 
years and seem to be satisfactorily supplanting foreign flint 
lining.”
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Potash. H o y t  S. G a l e .  Bulletin 6 6 6 - N .  4  pp. "The 
output of potash salts and potash products in the United States 
during 1916 has been reported to the amount of 35,739 short 
tons, having a mean potash content of about 27 per cent K 20  
and a total potash content of 9,720 short tons of K 20 . This is 
almost exactly 10 times the production reported for 1915, al­
though it is still perhaps less than 5 per cent of the normal 
potash consumption. In 1913 the only potash known to have 
been produced within this country was made from wood 
ashes.

"The almost entire stoppage of supplies from abroad and 
the meager stocks on hand with which to meet the require­
ments have at times carried the price of potash from a normal 
figure of 50 to 75 cents to $5 or $6 a unit (1 per cent of potash 
per ton of material).

"The forms in which potash has been produced and marketed 
are so diverse that it is difficult to make a summation of actual 
tonnage that will have any real significance. Therefore the 
tonnage reports of all forms have been reduced to terms of avail­
able or water-soluble potash (K2O) contained in the product, 
which is the standard commercial unit by which the potash 
value of these materials is usually expressed.

S u m m a r y  o f  P o t a s h  P r o d u c t i o n  i n  1 9 1 6
Available

potash Value of
(KjO) point of

S o u r c e (short tons) shipm ent
N atural salts or brines........... .... —  . — ..................  3,994 $1,937,600
Alunite and silicate rocks, including recoveries

through furnace d u s t.............................. ..................  1,850 715,000
K elp .................................................................. 781,100
Wood ashes (potashes, pearl a s h ) ......... ..................  412 270,000
Distillery w aste (m olasses)....................... ..................  1,845 500,900
Miscellaneous organic sources................. ..................  63 38,130

9,720 $4,242,730

"The foregoing list does not include many fertilizer materials 
previously on the market, such as cottonseed meal and tobacco 
stems, some of which are largely or chiefly valued for their 
potash content and whose price has accordingly risen in the pres­
ent market. These materials, being by-products of other indus­
tries, are not produced primarily because of their content of 
potash. The total given therefore represents the marketed 
production of potash salts and products manufactured especially 
or chiefly for their potash value.

"The present situation of this country concerning potash, 
with a view to possible emergency requirements, though not 
ominous, requires most careful consideration. It  may be as­
sumed that the stocks of high-grade salts of German origin 
remaining in the United States and, indeed, throughout the 
world except in the central allied countries are now practically 
exhausted. The actual domestic production of high-grade salts, 
moreover, is still very small and is limited to a very few sources, 
and the difficulties in the way of refining the large bulk of low- 
grade potash materials would probably be great.”

Bauxite and Aluminum. J a m e s  M. H i l l .  Bulletin 666-0 . 
"The consumption of bauxite in the United States has increased 
steadily because of increase both in the consumption of alu­
minum and in the output of other products made from bauxite. 
It is particularly gratifying to know that although the consump­
tion of bauxite in the United States in 1916 amounted to 425,- 
130 long tons, an increase of 41 per cent over the consumption 
in 1915 and of 74 per cent over the consumption in 1914, prac­
tically all domestic requirements were met by the American 
producers. This bears out the forecast made by the Geological 
Survey in 1914, that the domestic deposits would be more 
actively developed to supply the demand formerly met by 
French bauxite.

"Deposits of bauxite in Pulaski and Saline Counties, Ark., 
have yielded the larger part of the domestic output. The de­
posits in the bauxite field of northern Georgia and Alabama 
have contributed a considerable quantity, and in recent years

725

the fields in central Georgia and Tennessee have made additions 
to the output.

"The growth of the American aluminum industry has been 
steady heretofore, but it is probable that the production in 
1917 will show a pronounced increase, owing to the operation of 
the new plant at Badin, N. C., which is practically completed 
and which made a small output in 1916. This project, started 
by French capital, was taken over by American interests in 19 15 
and pushed to completion.

"The uses of aluminum are myriad, but as some are more 
essential than others, it is likely that the minor articles formerly 
made from aluminum will for the present be made in smaller 
quantity, because the available supply of aluminum will prob­
ably be diverted to more urgent uses.

"In  statistics for years prior to 1 9 1 6  published by the United 
States Geological Survey, the output of aluminum abrasives 
has been included with that of other artificial abrasives and 
cannot now be separated, but the domestic production in 1 9 1 6  

amounted to 3 0 , 7 0 8  short tons, having a value of $ 2 , 1 3 9 , 2 3 0 .”

PU B L IC  H EA L T H  SE EV IC E

Vaccine Virus. A n o n y m o u s .  Public Health Reports, 32, 
6 8 7 - 9  (May 1 1 ) .  Virus of various manufacturers purchased 
at drug stores has been found, though within the stamped ex­
piration date, to give less than 5 0  per cent of "takes;”  but when 
obtained direct from the manufacturer, "takes”  were nearly 
1 0 0  per cent. Vaccine virus at pharmacies is often kept in the 
cellar or in the soda fountain cooler, and the temperature of these 
places, both winter and summer, has been found to be in the 
neighborhood of 1 5  ° C. ( 5 9  ° F.) or higher. This is by no means 
satisfactory. Ice-box temperature is not freezing tempera­
ture, but usually several degrees above freezing. Vaccine 
virus should be kept in a metal container in constant contact 
with the ice itself. If it can be kept at or below the freezing 
point, so much the better. There is no danger of keeping it 
too cold.

Conference of Health Authorities. United States Public 
Health Service in Annual Conference with State and Territorial 
Health Authorities, Washington, April 30 and May 1, 19 17. 
Public Health Service, 32, 6 8 9 - 9 1  (May 11) . This is a summary 
of the proceedings.

Drinking Fountains. Investigation of Fountains at the Uni­
versity of Minnesota. H. A. W h i t t a k e r .  Public Health Re­
ports, 32, 6 9 1  (May 1 1 ) .  "This investigation included the 7 7  

drinking fountains in use at the University of Minnesota. These 
fountains represented 1 5  different types, all of which were found 
to be improperly constructed to prevent them from contamina­
tion by the consumer. The bacteriological examinations 
conducted on these fountains showed that 8 0  per cent were in­
fected with streptococci, and that the water from 1 1  per cent 
of these fountains contained organisms of this type when they 
were not found present in the water supplied to the fountains. 
These results indicate that drinking fountains may be a factor 
in the transmission of communicable diseases, a condition 
which should be remedied.

"Experiments were conducted with various fountain nozzles 
to supplant those in use, and a type was designed which is eco­
nomical to construct and safe from a sanitary point of view.”

Public Health Administration in South Bend, Indiana. C a r ­
r o l l  Fox. Public Health Reports, 3 2 , 7 7 6 - 8 3 4  (May 2 5 ) .  Of 
interest to municipal and state health officials.

The Public Health Service in Time of War. Executive Order 
Making the United States Public Health Service a Part of the 
Military Forces of the United States. Public Health Reports, 
3 2 , 7 7 3  (May 2 5 ) .  "Under the authority of the Act of Con­
gress approved Ju ly  1 , 1 9 0 2 , and subject to the limitations 
therein expressed, it is ordered that hereafter in times of threat­



72Ó 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  Vol. 9, No. 7

ened or actual war the Public Health Service shall constitute a 
part of the military forces of the United States, and in times 
of threatened or actual war the Secretary of the Treasury may, 
upon request of the Secretary of War or the Secretary of the 
Navy, detail officers or employees of said service for duty either 
with the Army or the Navy. All the stations of the 'Public 
Health Service are hereby made available for the reception of 
sick and wounded officers and men, or for such other purposes 
as shall promote the public interest in connection with mili­
tary operations.

(Signed) Woodrow Wilson
The White H ouse, 3 April, 1917."
Maintenance of Health in Industries. Its Relation to the Ade­

quate Production of War Materials. J .  W. ScherESChëwsky. 
Public Health Reports, 32, 835-839 (June 1).

COMMERCE R EPO R TS—M AY, I 917
Owing to the cutting off of the Austrian supply, exports of 

magnesite from Greece to the United States have greatly in­
creased. Details of its mining, calcimining and uses are given. 
(Pp. 4 11-4 15 .)

Several plants in Switzerland are preparing to manufacture 
synthetic alcohol and acetic acid, starting with calcium carbide. 
The proposed annual output is 7,500 to 10,000 tons of alcohol. 
(P. 426.)

Tests made at the Bureau of Standards upon “ palau”  as a 
substitute for platinum in crucibles, have shown that it com­
pared favorably with platinum. It  is, however, much more 
attacked by fused pyrosulfate than is platinum. (P. 427.)

The output of porcelain from Bohemia in 1916 was about half 
the normal amount. Fears are expressed as to future trade 
in the United States owing to American and Japanese com­
petition. (P. 480.)

The Norwegian production of whale oil is about 58 per cent 
of the world’s production. The oil obtained by boiling the 
flesh and bones is of inferior grade, containing as much as 50 
per cent of free fatty acids. Fertilizer and cattle food are 
obtained as by-products. (P. 454.)

Investigation of platinum deposits in Spain has shown that 
platinum is present in the sands of 12 or more rivers, in amounts 
up to 2 or 3 g. per cubic meter. The investigation is to be 
continued and will also include study of associated iron chromium 
and nickel deposits. (P. 476.)

Export of argols from Argentine is decreasing on account of 
increased production and consumption of tartaric acid in Argen­
tine. (P. 484.)

Production of rubber in the Dutch East Indies shows a large 
increase. (P. 497.)

A factory for the manufacture of “ kraft”  paper has been es­
tablished in British Columbia. (P. 498.)

Great efforts are being made to increase the production of 
camphor in Formosa. (P. 500.)

Details of the cultivation of coconuts and production of copra 
in East Africa are described. (P. 502.)

Japan is now suffering from an over-supply of potassium 
chlorate, the price of which has greatly declined. (P. 553.)

Imports of copra and coconut oil into the United States for 
1917 are nearly twice those of 1916. The three principal sources 
are the Philippines, Australia and the Dutch East Indies. (P. 
556-)

Plans are being made in Russia to increase the production of 
cement to four or five times the present annual production 
(25,000,000 barrels). {P. 574.)

Hull, England, is now the world's greatest center for the 
vegetable-oil industry, based on the quantity of oil-yielding 
materials handled. Marseilles is first in yield of oil. The prin­
cipal materials used are linseed, rape-seed, cottonseed, castor 
seed, soya beans, illipe, mowra, poppy seed, sesame seed, palm 
kernels, peanuts, and copra. The oils are in demand for marga­

rine, and as a source of glycerine; and the "cake”  for cattle food. 
(Pp. 580-588.)

A list of dyestuff manufacturers, prepared by the Bureau of 
Foreign and Domestic Commerce, contains the names of 158 
manufacturers. (P. 590.)

Lignite is to be used as fuel in Australian power plants. (P. 
603.)

Statistics are given for the Japanese production and export 
of antimony, molybdenum, tin, and tungsten. (P. 647.)

Production of platinum in Russia in 1916 was 86,800 troy 
ounces, about 75 per cent of the 1915 production. (P. 647.)

Export of nitrate from Chili has again decreased, owing to 
the shortage of vessels and to strikes. (P. 678.)

A company has been formed in Nonvay for developing the 
extensive deposits of titanium iron ore. (P. 709.)

The use of coal gas for firing furnaces for the heat treatment 
of metals- is increasing greatly in England. (P. 715.)

Exports of copper from Chile in 1916 are higher than ever 
before, being 20,000 tons greater than in 1915. (P. 725.)

Production of mica in India is over 50 per cent greater than 
usual. (P. 734.)

Plans are being made in British Guiana to manufacture 
alcohol instead of rum (import of which into the United States 
has been forbidden). An annual production of 4 or 5 million 
gallons of alcohol is anticipated. (P. 751.)

New deposits of copper and gold are reported from Central 
Asia. (P. 769.)

Large deposits of chrome iron ore and molybdenite are reported 
from Australia. (P. 794.)

Any appreciable export of soya beans from Manchuria to the 
United States is unlikely, owing to the local demand and to 
the lack of shipping. Details of the production and handling 
of the beans are described. (P. 796.)

Large iron works are to be erected at Ekaterinburg, in the 
Urals. (P. 799O

Russia furnishes practically the world’s whole supply of 
licorice which is used in medicines, candy and tobacco. The 
industry is described in some detail. (P. 806.)

The mineral output of British Columbia in 1916 was over 
40 per cent greater than in 1915. It  includes gold, silver, lead, 
copper, zinc, coal, and coke. Some manganese was obtained 
as a by-product of zinc smelting; about 40 ounces of platinum were 
recovered in placer mining; and small amounts of antimony and 
molybdenum ores were also produced. (Sup. 236.)

S p e c i a l  S u p p l e m e n t s  I s s u e d  D u r i n g  t h e  M o n t h  
D e n m a r k — 4 a  D o m i n i c a n  R e p u b l i c — -2 6 a
S w e d e n — 1 6 a  H a i t i — 3 0 a
C a n a d a — 2 3 6  a n d  c A d e n — 4 9 a

S t a t i s t i c s  o f  E x p o r t s  t o  t h e  U n i t e d  S t a t e s

L o n d o n — 642 
R ubber 
Tin 
Hides 
Indigo

N o t t i n g h a m — 686 
Leather 
Pain ts 
Hides 
Stonew are

V e r a  C r u z — 702 
C h ide  
V a n i l l a  
Hides 
R ubber 
Lead 
M ica 
M ercury 
Silver

D o m i n i c a n  R e p u b l i c
— Sup. 26a 

Hides 
M olasses 
Copper ore 
Rosin 
Sugar 
W ax 
F ustic  
Logwood

D e n m a r k — Sup. 4a B ritish  Columbia—
Chalk Sup. 23b
Chem icals Bullion
D iam onds Cascara
F lin t pebbles Coal
Fusel oil Explosives
Hides Fertilizer
Ink Firebrick
L eather H ides
Paper Lim e
Porcelain C opper ore
Rags Gold ore
R ennet R ubber
Sw eden— Sup. 16a T in
C hina N ova Scotia— Sup.
Glassware 23b
Enam eled ware Cod oil
Hides Fertilizer
Iron  and  steel G rindstones
Iron  ore G ypsum
M atches Hides
Fusel oil Lim e juice
Creosote oil M anganese ore
P aper P aper stock
P otash H aiti—Sup. 30aSoda Beeswax
W ood pulp C astor beans
W in nipeg— Sup. 23c Coconuts
Hides F ustic
Paper G uano
Senega root H ides
W ood pulp Logwood
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NEW PUBLICATIONS
B y I r e n e  D e M a t t y ,  L ibrarian, M ellon In s titu te  of In d u s tria l R esearch, P ittsb u rg h

Agricultural Geology. R. H . R a s t a l l .  8v o . 331 pp. Price, $3.25.
G. P . P u tn am ’s Sons, New Y ork.

A griculture: Productive Agriculture. J . H . G e h r s . 12mo. 436 pp.
Price, $1.00. T he  M acm illan Com pany, New York.

Analysis: A Brief O utline of Q ualitative Analysis. J .  O .  P r a n k . 8 v o .
22 pp. Price, $0.50. Castle-Pierce Press, Oshkosh, Wis.

Applied M echanics: Cours élém entaire  de m écanique industrielle. E.
G o u a r d  a n d  G .  H e r n i a u x . 2  Vol. 8v o .  5 4 9  pp. Price, 7 fr. H .  
D unod e t  E . P in a t, Paris.

Cem ent Industry : A P ractical T reatise  on the Building, Equipping and
R unning of a  Portland  C em ent P lan t. W. A. B r o w n . 8 v o . 158 pp.
Price, $3.00. D. Van N ostrand  Com pany, New York.

Chemical T ests  for M inerals. A. J . B u r d i c k . 12mo. 93 pp. Price, 
$1.25. G atew ay Publishing Com pany, Beaum ont, Cal.

C hem istry: E xperim ental G eneral Chem istry. J. H. R a n s o m . 2nd Ed.
12mo. 191 pp. Price, $1.00. M cG raw -H ill Book Com pany, New
York.

Chem istry: H istorical Introduction  to Chem istry. T .  M .  L o w r y . 12mo.
581 pp. Price, $2.50. T he M acm illan Com pany, Neyir York.

Chem istry: Les Sciences physiques du  brevet élém entaire. Notions 
de physique e t de chim ie. A. B r Ô m a n t . 16mo. 3 7 4  p p .  P r i c e ,  8  fr. 
E. A rrau lt e t  Cie, Paris.

Chem istry of F arm  Practice. T . E. K e it t . 12mo. 265 pp. Price, 
$1.25. John W iley & Sons, New York.

Com pressed Air for the  M eta l W orker. C. A. H i r s c h b e r g . 8 vo. 321 
pp. Price, $3.00. C lark Book Com pany, New York.

Engineers’ M anual. R . G. H u d s o n  a n d  O t h e r s . 12mo. 310 pp.
Price, $2.00. John  W iley & Sons, New York.

Food Analysis: A Course in  Food Analysis. A. L. W i n t o n . 8 vo. 2 5 2  p p .
Price, $1.50. John  W iley & Sons, New York.

Gasw orks: M odern  G asw orks P ractice. A l w y n E  M e a d e . 4to. 529
pp. Price, $7.50. D. V an N ostrand  Com pany, New York.

H ydrodynam ics. H o r a c e  L a m b . 4 th  Ed. 8 vo. 708 pp. Price, $6.25.
G. P. P u tn am 's  Sons, N ew  Y ork.

H ydroelectric P ractice: Am erican H ydroelectric Practice. W. T .  T a y ­
l o r . 8 vo. 4 3 9  pp. Price, $ 5 .0 0 .  M cGraw-Hill Book Company,
New York.

Inorganic Chem istry: E xperim ental Inorganic Chem istry. A l e x a n d e r  
S m i t h . 5 th  E d. 12mo. 171 pp . Price, $1.00. T he C entury  Com­
pany, New York.

M arine Engineering. W . F . D u r a n d . 8 v o .  9 8 2  p p .  Price, $ 6 .0 0 .
M arine Engineering, New York.

M aterials: R ésistance des m atériaux appliqués aux constructions. E.
A r a g o n . 8 vo. 662 pp. H . D unod e t E. P ina t, Paris.

M echanical M ovem ents, Pow ers and  Devices. G. D . H iscox . 15th Ed. 
8 vo. 409 pp . Price, $3.00. N orm an W. H enley Publishing Com­
pany, New York.

Scientific W orks: Bibliographie des travaux scientifiques. J .  D e n i k e r .
4to. 206 pp. Price, 5 fr. E rnest Leroux, Paris.

Sewage: T he Activated Sludge P rocess of Sewage Treatm ent. A Bibli­
ography of the  S ub ject w ith A bstracts. J . E. P o r t e r . 8 v o . 40 pp. 
Price, $0.25. G eneral F iltra tion  C om pany, Rochester, N . Y.

Solution: The N ature  of Solution. H . C. J o n e s . 8 vo. 380 pp. Price, 
$3.50. D . Van N ostrand  Com pany, New York.

Storage B atteries  Sim plified; O perating Principles, Care and Industrial 
Applications. V. W. P age . 12mo. 208 pp. Price, $1.50. N orm an
W. H enley Publishing C om pany, New York.

Sulfuric Acid: T he  M anufacture  of Sulfuric Acid and Alkali; a  Theoretical 
and Practical T reatise . Supplem ent to Vol. 1. G e o r g  L u n g e . 4th 
Ed. 8 vo. 347 pp. Pricc, $5.00. D. V an N ostrand  Company, New 
York.

Tube Milling. A. D e l  M a r . 8 v o . 159 pp. Price, $2.00. M cGraw-Hill 
Book Com pany, New York.

W hite Coal (T asm anite): La H ouille blanche. A. B e r c é s . 8 vo. 24 
pp. Price, 3 fr. Joseph B aratier, Grenoble.

RECENT JOURNAL ARTICLES
Acetylene: Cutting S teel R isers w ith Oxy-Acetylene. A. K r e b s . The

Acetylene Journal, Vol. 18 (1917), No. 12, pp . 664-666. I 'J
Ammunition: P roblem s in A m m unition M anufacture. A. L. H u m p h r e y .

The Iron Trade Review, Vol. 60 (1917), No. 23, pp. 1227-1233.
Chemical Reactions of O re Sm elting. W a l t h e r  M a t h e s i u s . The Iron 

Trade Review, Vol. 60 (1917), No. 23, pp . 1234-1236.
Coal-Tar Dyestuff Industry . I. F . S to n e . The Chemical Engineer, Vol.

25 (1917), No. 3, pp. 110-112.
Coke Braize and  Its  Utilization. W. A. H a m o r . Coal Age, Vol. 11 (1917), 

No. 18, pp . 780-781.
Compressed Air. C. L. H u b b a r d . Industrial Management, Vol. 53 (1917), 

No. 2, pp. 225-246.

Electric Furnace: A Convenient and  Inexpensive E lectric  Furnace for 
H igh T em peratures. A . W . F a h r e n w a l d . Metallurgical and Chemical 
Engineering, Vol. 16 (1917), No. 10, pp. 565-566.

Flax Straw  a s  a  M aterial for Paperm aking. E . B . B i g g a r . Paper, Vol. 
20 (1917), No. 9, pp . 13-14.

Flotation: T he  Cascade F lotation M achine. C. R .  W i l f l e y . E ngi­
neering and M inijig Journal, Vol. 103 (1917), No. 20, pp. 871-873.

Flow of W ater over T riangular W eirs. H . E. B r o u g h t o n . Technology 
Monthly, Vol. 4 (1917), No. 2, pp. 21-25.

Furnace: N on-Reversing R egenerative Furnace for Copper Sm elting. 
W. G. P e r k i n s , M in ing  and Scientific Press, Vol. 114 (1917), No. 22, 
pp. 759-762.

G lass Analysis. E . W . H a g m a i e r . Metallurgical and Chemical E n- 
gineerittg, Vol. 16 (1917), No. 10, p. 604.

Industria l C hem ists and  the  Fertilizer Crisis. H .  C .  L i n t .  The Chemical 
Engineer, Vol. 2 5  (1917), No. 3, pp . 86-89.

Industria l Scales and  W eighing. H . T . W a d e . Industrial Management, 
Vol. 53 (1917), No. 2, pp . 252-271.

Leaching of Low -Grade Copper O res. J o s e p h  I r v i n g . Engineering and 
M ining Journal, Vol. 103 (1917), No. 21, pp. 932-933.

Lead M ining in  D erbyshire. L. C .  S t u c k e y .  The M in ing  Magazine, 
Vol. 16 (1917), No. 4, pp. 193-200.

M etallurgy: Five Y ears of M etallurgical P rogress. F . A . T h o m s o n .
M ining and Scientific Press, Vol. 114 (1917), No. 19, pp. 654-656.

M etallurgy of Ferro-Silicon. R .  J . A n d e r s o n . The Iron Trade Review, 
Vol. 60 (1917), No. 19, pp .1025-1029.

M etals: T he Scientific Cutting of M etals. A . L .  D e L e e u w .  The Iron 
Trade Review, Vol. 60 (1917), No. 22, pp. 1178-1180.

Microscopic P aper F iber Analysis. G. K .  S p e n c e  a n d  J . M .  K r a u s s . 
Paper, Vol. 20 (1917), No. 11, pp. 11-13.

M ilk: The Composition of M ilk. P .  S .  A r u p  a n d  O t h e r s . The Analyst, 
Vol. 42 (1917), No. 493, pp. 118-124.

Nitrogen: Relation of the Transform ation  and  D istribution of Soil Ni­
trogen to the  N utrition of C itrus P lan ts . I. G. M c B e t h . Journal of 
Agricultural Research, Vol. 9 (1917), No. 7, pp. 183-252.

Oil and  G as in  Southw estern Texas. A . J . H a z l E TT. Oil Trade Journal, 
Vol. 8  (1917), No. 6 , pp. 92-94.

Ore T rea tm en t a t the  Perseverance M ine, W est A ustralia. W . R .  C l o u t - 
m a n . The M in ing  Magazine, Vol. 16 (1917), No. 4, pp. 202-208.

Paper: H andm ade P aper and  I ts  W aterm arks; A Bibliography. D a r d

H u n t e r . Paper, Vol. 20 (1917), No. 12, pp. 20-26.
Paper: Folding E ndurance of Paper. F . P .  V e i t c h  a n d  O t h e r s . Paper, 

V o l .  20 (1917), N o .  12, pp . 13-19.
Petrography as an  Aid to Flotation. D. G. C a m p b e l l . Engineering and  

M ining Journal, Vol. 103 (1917), No. 21, pp. 929-931.
Plum as Copper Belt. G . H . G o o d h u e . Engineering and M in ing  Journal, 

Vol. 103 (1917), No. 22, pp. 969-970.
Potash  “ Noose.”  T h o m a s  H. N o r t o n . The Chemical Engineer, V o l .  2 5  

(1917), N o .  3, pp. 84-86.
Radioactivity. W . L. H a r d i n . Radium , Vol. 9 (1917), No. 2, pp. 30-39.
Refractories: T he D eterioration of R efractories. H . B . C r o n s h a w . The 

Iron Trade Review, Vol. 60 (1917), No. 20, pp. 1086-1088.
Refrigeration: O perating the  Absorption Refrigeration M achine. D . L.

F a g n a n . Refrigerating World, Vol. 5 2  (1917), No. 5 ,  pp. 13-14.
Salt M anufacture by Solar Evaporation of Sea W ater. L. A . P a l m e r . 

Metallurgical and Chemical Engineering, Vol. 16 (1917), No. 6 , pp. 317- 
319.

Science and Commercialism. R .  G. D i c k i n s o n . Technology M onthly, 
Vol. 4 (1917), No. 2, pp . 26-28.

Silica: A ccurate Silica D eterm ination  in Com m ercial Analysis. F . G. 
H a w l e y .  Engineering and M ining Journal, Vol. 103 (1917), No. 13, 
pp. 541-543.

Silica as a Com ponent of Furnace Slags. W . G. I m h o f p . Blast Furnace 
and Steel Plant, Vol. 5 (1917), No. 4, pp. 155-159.

Silicate: A New Silicate of Lead and  Zinc. P . A. v a n  d b r  M e u l e n . 
Bulletin of the American Institute o f M ining Engineers, 1917, No. 125, pp . 
783-785.

Slags: C haracteristics of Electric Furnace Slags. W . G. I m h o f p .  Blast 
Furnace and Steel P lant, Vol. 5  (1917), No. 5 ,  pp. 204-206.

Specific Gravity in R ubber Compounding. A . H .  K i n g . Metallurgical and 
Chemical Engineering, Vol. 16 (1917), No. 11, pp. 655-656.

S tarches—Properties Useful to M ills. G. M .  M a c N i d b r . Paper, Vol. 
20 (1917), N o .  2, pp. 16-17.

Steam  vs. Oil Engines for Sm all L ight P lan t. L. H . M o r r i s o n . Power, 
Vol. 45 (1917), No. 20, pp . 657-659.

Steam  D istillation: S tudies in  S team  Distillation. H . D . R i c h m o n d .
The Analyst, Vol. 42 (1917), No. 493, pp. 125-139.

Steel for Aeronautical Engines. G. A. R i c h a r d s o n . The Gas Engine, 
Vol. 19 (1917), No. 6 , pp. 277-278.
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IN O R G A N IC  C H EM IC A L S

4 .5 0 4 .55
Alum, lum p am m onia ............. ........................ . 100 Lbs. 4.00 4 .25
Aluminum Sulfate, high-grade........... ........... 70 .00 80.00
Ammonium C arbonate, dom estic ................ ......... Lb. 11*/» 12
Ammonium Chloride, w h ite ........................... 15 15 »/a
Aqua Ammonia, 26°, d ru m s ......................... 6»/i @ 7
Arsenic, w hite ...................................................... 18 19
Barium  C hloride................................................. 80 .00 90 .00
Barium  N itra te ................................................... 11 11»/*
Barytes, prim e white, foreign........................ 30.00 <à 40.00
Bleaching Powder, 35 per c e n t..................... .100 Lbs. 1.75 <Ú> 2 .00
Blue V itrio l.......................................................... 9 1 / 1 10
Borax, crystals, in bags.................................... 7»/4 8»/i
Boric Acid, powdered c rysta ls ....................... 13 13»/*
Brim stone, crude, dom estic............................ .Long Ton 45.00
Bromine, technical, bu lk ...................... .. .........Lb. 55 @ 60
Calcium Chloride, lum p, 70 to  75%  iused,.........Ton 30 .00 @ 32.00
Caustic Soda, 76 per c en t.......................... .........Lb. 6.75 6.85
Chalk, light p rec ip ita ted ................................... 4»/t ® 4V«
China Clay, im ported ....................................... ......... Ton 18.00 @ 30.00
F eldspar................................................................. 8.00 (Ś 15.00
Fuller's  E a rth , foreign. Dowdered................ 35 .00
G lauber’s Salt, in bbls...................................... .100 Lbs. 70 @ 75
Green Vitriol, b u lk ............................................ .100 Lbs. 1.00 @ 1.05
H ydrochloric Acid, commercial, 18°........... ...........Lb. IV* @ I1/*
Hydrochloric Acid. C . P.. conc., 2 2 ° ......... \'/<  @ 2
Iodine, resublim ed............................................. 3 .5 0 3 .55
Lead Acetate, white c ry s ta ls ........................... .........Lb. 15 @ 15»A
Lead N itra te ........................................................ 15»/« @ 16
Litharge, A m erican........................................... 11 11»/*
Lithium  C arbonate ............................................ . . . . . L b . 1.25
M agnesium  C arbonate, U . S. P .................... .........Lb 20 22
M agnesite, "C alcined’’..................................... 60.00 65.00
N itric Acid, 3 6 ° ................................................... . .  . .L b . 67» @ 6*/i
N itric  Acid 4 2 ° .................................................... . .  . .L b . 7 »/* 8 »/a
Phosphoric Acid, s p .g r .  1.710....................... ......... Lb. 33 37
Phosphorus yellow............................................. .........Lb. 1.45 <3 1.50
Plaster of P a ris ................................................... 1.50 1.70
Potassium  B ichrom ate, casks .......................... .........Lb. 36 37
Potassium  Bromide (g ranu lar)....................... .100 Lbs 1.00 1.10
Potassium  C arbonate, c»lcined, 80 @ 85% ..------Lb. 65 75
Potassium  C hlorate, crystals, sp o t................ ____ Lb. 54 @ 56
Potassium  Cyanide, bulk. 98-99 per c e n t . .. . .  M ixture 2 .30 2 .40
Potassium  Hydroxide, 88 @ 9 2 % ................ ..........Lb. 82 @ 83
Potassium  Iodide, bu lk .................................... .........Lb. 2 .90
Potassium  N it r a te . ........................................... ..........Lb. 30 @ 32
Potassium  Perm anganate, bu lk .................... ......... Lb 4 .00 4 .25
Quicksilver, flask................................................,. 75 lbs 85.00
Red Lead, American, d ry ............................... ......... Lb. 11»/« 13
Salt Cake, glass makers*.................................. .........Ton 19.00 20.00
Silver N itra te ...................................................... ......... Or. 4 7*A
Soapstone in b a g s .............................................. 10.00 12.50
Soda Ash. 58% , in b a g s ................................... . 100 Lbs. 2 .70 @ 2 .8 0
Sodium A ceta te .................................................. ......... Lb. 9 @ 10
Sodium B icarbonate, dom estic...................... .100 Lbs. 2 .10 @ 2.25
Sodium B ichrom ate ........................................... ......... Lb. 15 V* @ 16»/a
Sodium C h lo ra te .............................................................Lb. 23 V s @ 24 »/ 1

Sodium Fluoride, com m ercial........................ ......... Lb. 12»/* @ 13»/a
Sodium  H yposulfite ........................................... .100 Lbs. 1.75 @ 1.85
Sodium N itra te , 95 per cen t, sp o t............... .100 Lbs. 4 .0 5 4 .15
Sodium  Silicate, liquid, 40° B é .................. .100 Lbs. 1.60 @ 1.70
Sodium Sulfide, 60% , crystals, in b b ls----- ......... Lb. 2*A @ 3
Sodium Bisulfite, pow dered ............................ ......... Lb. .05 @ .05»/«
Strontium  N itra te .............................................. ......... Lb. 28 @ 30
Sulfur, flowers, sublim ed.................................. .100 Lbs. 3 .05 @ 3.45
Sulfur, ro ll............................................................ . 100 Lbs. 2.85 @ 3.25
Sulfuric Acid, cham ber, 66° B é .................... ......... Ton 29 .00 @ 30.00
Sulfuric Acid, oleum (fum ing)....................... .........Ton 40.00 @ 42.00
Talc, American w h ite ....................................... 10.00 @ 12.00
T erra  Alba, American, No. 1......................... .100 Lbs. 85 90
Tin Bichloride, 5 0 °............................................ .100 Lbs. 19.75
Tin O xide.............................................................. ......... Lb. 66 68
W hite Lead, American, d r y ........................... ......... Lb. 11»/* 12
Zinc C arbonate ................................................... ......... Lb. 23 @ 25
Zinc Chloride, com m ercial.............................. ......... Lb. 16 @ 17
Zinc Oxide, American process X X .............. . . . . . L b . 15 @ 15 V*

ORGANIC CHEMICALS

Acetanilid. C. P., in bbls............................................ Lb. 47 @ 48
Acetic Acid. 56 per cent, in b b ls .................. ......... Lb. 10 @ 10»/a
Acetic Acid, glacial, 99*/«%. in carboys . . ......... Lb. 37 42
Acetone, d ru m s................................................... ......... Lb. 27 29
Alcohol, denatured, 180 p roof....................... ......... Gal. 1.00 1.01

Alcohol, grain, 188 proof................................... .........Gal. 3 .24 @ 3 .3 0
Alcohol, wood, 95 per cent, refined............. 1.00 @ 1 .02
Amyl A ceta te ...................................................... 4 .25 @ 4 .50
Aniline O il............................................................. 29 @ 30
Benzoic Acid, ex-toluol.................................... ......... Lb. 5 .0 0 @ 5.50
Benzol, 90 per c e n t ............................................. 55 58
Cam phor, refined in bulk, bbls.................................Lb. 89 @ 90
Carbolic Acid, U. S. P., crystals, d ru m s ... .........Lb. 40 @ 42
Carbon Bisulfide.................................................. .........Lb. 6 @ 6»/»
Carbon Tetrachloride, drum s, 100 gals.................Lb. 16 @ 17
Chloroform ............................................................. 60 @ 61
C itric Acid, dom estic, c ry sta ls ........................ ------ Lb. 74 @ 75
Creosote, beechw ood.......................................... ......... Lb. 1.90 @ 2..00
Cresol, U. S. P ....................................................... 1.25 @ 1.30
D extrine, corn (carloads, bags)....................... 100 Lbs. 6 .35 @ 6.,40
D extrine, im ported p o ta to ................................ . . . . L b . 15 16
E ther, U. S. P ., 1900.......................................... . . . . L b . 23 @ 30
Form aldehyde, 40 per c en t............................... . . . . L b . 18 18»/a
Glycerine, dynam ite, drum s included........... . . . . L b . 58»/a @ 59
Oxalic Acid, In casks........................................... . . . . L b . 46 47
Pyrogallic Acid, resublimed b u lk .................... . . . . L b . 3.25
Salicylic A cid......................................................... . . . . L b . 1.35 @ 1 .40
Starch, cassava...................................................... —
Starch, corn (carloads, bags) p ea rl................ 100 Lbs. 5 .05 @ 5.. 10
Starch, p o ta to ........................................................ . . . . L b . 12»/a 13
Starch, rice ............................................................. . . . . L b . 10 12
F lour, sago.............................................................. . . . . L b . 6 6»/>
Starch, w h eat.................. ...................................... . . . . L b . 5»/i @ 6»/»
Tannic Acid, com m ercial.................................. . . . . L b . 45 50
T a rta r ic  Acid, c ry sta ls ....................................... . . . . L b . 80 81

OILS, WAXES , ETC.

Beeswax, pure, w h ite .......................................... . . . . L b . 60 © 65
Black M ineral Oil, 29 g ra v ity ......................... . . . .G a l . 13»/i 14
C astor Oil, No. 3 .................. ............................... . . . . L b . 25 26
Ceresin, yellow...................................................... . . . . L b . 14 @ 18
Corn Oil, c ru d e .................................................... 100 Lbs. 15 @ 16
Cottonseed Oil, crude, f. 0 . b. m ill................ . . . .G a l . 1.10 @ 1.11
Cottonseed Oil, p. s. y ........................................ 16‘A @ 16»/*
M enhaden Oil, crude (sou the rn ).................... ___ Gal. — © —
N eat's-foot Oil, 20°............................................. 1.70
Paraffine, crude, 118 to  120 m. p..-.................. ------ Lb. 7»/* 7*/*
Paraffine Oil, high viscosity .............................. 29 »/t @ 30
Rosin, “ F "  G rade, 280 lbs................................ . . .  .Bbl. 6 40
Rosin Oil, first ru n ............................................... 37
Shellac, T . N .......................................................... 60
Sperm aceti, cake ................................................... . . . . L b . 24
Sperm Oil, bleached winter, 3 8 ° ..................... nom inal
Spindle Oil, No. 200............................................ 24 @ 25
Stearic Acid, double-pressed............................ . . . . L b . 24 @ 25
Tallow, acidless..................................................... . . . .G a l . 1.50 @ 1.60
T a r Oil. d istilled ................................................... . . . .G a l . 31»/i
T urpentine, spirits o f.......................................... . . . .G a l . 43

M ETALS

A luminum, N e. 1, ingo ts ............... ............................Lb. 59 @ 61
A ntim ony, o rd in a ry ........................ ........................... Lb. 19»/a @ 20
Bism uth, N . Y .................................. 3.00 @ 3.10
Copper, e lectrolytic ......................... ........................... Lb. 33
Copper, lak e ....................................... ........................... Lb. 31
Lead, N . Y .......................................... 11»A @ 12
Nickel, electro ly tic.......................... ........................... Lb. 55 @ 56
Platinum , refined, s o ft ................... 105.00
Silver.................................................... ........................... Oz. 77 V*
Tin, S tra i ts ......................................... 64 @ 64»,
T ungsten  (W O i)................................ 20.00
Zinc. N . Y ........................................... ..............100 Lbs. 9 V* @ 9»,

FERTILIZE!* M ATERIALS

Ammonium S u lfate ...............................................100 Lbs. 5 .8 5  @ 6.00
Blood, dried, f .o .b .  C hicago.......................................Unit 5 .5 0  @ 5.60
Bone, 4 and 50, ground raw ...................................Ton 35 .00
Calcium C yanam id .............................U nit of Ammonia 4.00
Calcium N itra te , N orw egian .............................100 Lbs. —
C astor M eal...................................................................... U nit —
Fish Scrap, domestic, dried, f. o. b. w orks.............U nit nom inal
Phosphate, acid, 16 per c e n t........................................Ton 14 @ 15
Phosphate rock, f. o. b. mine:

Florida land pebble, 68 per c en t.................... Ton 1.75 @ 2.00
Tennessee, 78-80 per c en t................................ Ton 4 75 @ 5.00

Potassium  ''m u ria te .”  basis 80 per c en t...............Ton 350.00 @ 365.00
Pyrites, furnace sire, im p o r te d .................................. Unit nom inal
Tankage, high-grade, f. o. b. C hicago...................Unit 5. 10 & 10
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Chemical P lan ts and M ints using Coors Porous Porcelain find it a dependable 
agent in their filtration and electrolytic processes. M ade to m eet special 
requirem ents.

SAM PLES FOR TESTS SENT ON REQUEST

The H erold China &  Pottery Company
olden , Colorado

MERCK&CQ
St. Louis • NEW YORK Montreal

M ain  W orks a t R a h w a y , N. J .

MEDICINAL ANALYTICAL

PHOTOGRAPHIC TECHNICAL
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT
Absorption Towers

B adger & Son* Co.. E. B., Boston, M ass. 
D uriron  C astings Co., N  Y . C.
General Ceram ics Co., N . Y . C.
K nigh t, M aurice A., E ast A kron, Ohio. 
Lum m us Co., T h e  W alter B.» Boston, M ass. 
P ra t t  Eng. & M ach. Co., A tlan ta , G t. ,  & 

N . Y . C.
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
T herm al Syndicate, L td ., T he, N . Y. C.
U . S. S tonew are Co., The, Akron, O.

Acid and Alkali Resistant Apparatus
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
C leveland Brass M fg. Co., T he, C leveland, O. 
D uriron Castings Co., N . Y . C.
E lyria  Enam eled  Prod. Co., E lyria , O., & 

N . Y . C.
Jacoby, H enry  E ., N . Y . C.
P faudler Co., R ochester, N . Y ., Chicago, 111., & 

N . Y . C.
P r a t t  Eng. & M ach. Co., A tlan ta , G a., & 

N . Y . C.
Acid Condenser Tubes—Glass

Corning G lass W orks. Corning, N . Y.
Acid Distillation Apparatus

T herm al Syndicate, L td ., The, N . Y. C.
Add Eggs

B ethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F dy  & M ach. Co., Buffalo, N . Y . 
D evine Co., J .  P ., Buffalo, N . Y.
Jacoby, H enry  E ., N . Y. C.
P r a t t  Eng. & M ach. Co., A tlan ta , G a .f & 

N . Y . C.
Schu tte  & K oerting  Co., Philadelphia, Pa.
U . S. Stonew are Co., T he, A kron, O.

Acid Pitchers
Bausch & Lom b O ptical Co., Rochester, N . Y . 
G uernsey E arthenw are Co., C am bridge, O. 
K nigh t, M aurice A., E a s t A kron, O.
Palo Co.. N . Y . C.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. S tonew are Co., T he, A kron, O.

Acid Plants (Complete or in Part)
K nigh t, M . A., E as t Akron, O.

Acid Proof Brick
General Ceram ics Co., N . Y . C.
K nigh t, M . A., E ast A kron, Ohio.
Steiger T erra  C o tta  and P o tte ry  W orks, San 

Francisco, Cal.
U . S. S tonew are Co., T he, Akron, O.

Acids
E im er & Am end, N . Y. C.
M erck & Co., N . Y . C.
Palo C om pany, N . Y. C.

Acid Valves
Chadw ick-Boston Lead Co., Boston, M ass. 
Cleveland Brass M fg. Co., T he, C leveland, O. 
D uriron C astings Co., N . Y. C.
General Ceram ics Co., N . Y . C.
P r a t t  Eng. & M ach. Co., A tlan ta , G a., & 

N . Y. C.
S chu tte  & K oerting Co., Philadelphia, Pa. 
Y ork M anufacturing  Co., Y ork, Pa.

Acid Ware
G eneral Ceram ics Co., N . Y. C.

Acid Ware (Vitrified Clay)
G uernsey E arthenw are  Co., Cam bridge, O. 
S teiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., The, A kron, O.

Agitators or Mixers
Cleveland B rass M fg. Co., T he, C leveland, O. 
D evine Co., J . P ., Buffalo, N . Y.
D orr Co., The, D enver, Col., & N . Y . C. 
D uriron  Castings Co., N , Y . C.
E lyria  Enam eled P roducts  Co., E lyria , O. 
G eneral F iltra tion  Co., Inc ., Rochester, N . Y. 
Jacoby , H enry  E., N . Y. C.
Pfaudler Co., Rochester, N . Y ., Chicago, & 

N . Y. C.
P r a t t  Eng. & M ach. Co., A tlan ta , G a., & 

N . Y. C.
Sowers M fg. Co., Buffalo, N . Y.
Stevens B rothers, N . Y. C. #
W erner & Ffleiderer Co., Saginaw, M ich.

Air Compressors
Abbé Engineerinç Co., N . Y . C.
Crowell Engineering Co., Brooklyn, N . Y. 
G eneral E lectric Co., Schenectady, N . Y. 
H u b b ard 's  Sons, N orm an, B rooklyn, N . Y. 
S chu tte  & K oerting  Co., Philadelphia, Pa.

Air-Diffusing Plates
General F iltra tion  Co., Inc., R ochester, N . Y. 

Air Washers
C arrier Engineering Corp., N . Y . C.

Alundum Ware
N orton  Co., W orcester, M ass.
Scientific M aterials Co., P ittsbu rgh , Pa.

Ammeters
Brown In stru m en t Co.. Philadelphia, Pa. 
G eneral E lectric Co., Schenectady, N . Y.

Ammonia
M allinckrodt Chem ical W ks., S t. Louis. M o. 
U nger, John  S., Chicago, III.

Ammonia Fittings and Supplies 
Y ork M anufactu ring  Co., Y ork, Pa.

Ammonia—Salts of
M erck & Co.. N . Y. C.

Ammonia Stills
B adger & Sons Co., E . B .. Boston, M ass.

Analysis—Gas
Sarco Co., Inc ., N  Y . C.

Analysis—Gas Apparatus
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, 111.
E berbach & Son Co., Ann Arbor, M ich.
E im er & Am end, N . Y. C.
E m il Greiner Co., T he, N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa.
H eil Chem . Co., H enry, S t. Louis, M o.
Palo  C om pany, N . Y. C.
Sarco Co., Inc ., N . Y . C.
Sargent & Co., E. H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T hom as Co., A rthu r H ., Philadelphia, Pa. 
T irrill Gas M ch. L tg  Co., N . Y . C.

Analytical Apparatus
B ausch & Lom b O ptical Co., Rochester, N . Y. 
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San  Francisco, 

Cal.
D aigger & Co., A., Chicago, 111.
E berbach & Son Co., Ann A rbor, M ich.
E im er & Am end, N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem . Co., H enry, S t. Louis, Mo. 
L abora to ry  Supply Co., C olum bus, O 
M ine & Sm elter Supply Co., N  Y . C.
Palo  C om pany, N . Y. C.
S argen t & Co., E. H ., Chicago, 111.
Schaar & Co., Chicago, III.
Scientific M aterials  Co., P ittsbu rgh , Pa. 
T hom as Co., A rth u r H ., Philadelphia, Pa. 
T irrill Gas M ch. L tg. C o., N . Y . C.

Analytical Laboratories
C olum bus Laboratories, Chicago, 111.
D earborn Chem ical Co., Chicago, 111.
S ad tler & Son, Sam uel P ., Philadelphia, Pa.

Aniline Oil—Salts of
M erck & Co., N . Y . C.

Antimony—Salts of 
M erck & Co., N . Y . C.

Arsenic—Metallic & Salts
M erck & Co.. N . Y . C.

Arsenic Plants (Acid Proof Stoneware)
K nigh t, M . A., E as t Akron, O.

Asphalt & Tar Testing Apparatus
E im er & Amend, N . Y. C.
Scientific M aterials  Co., P ittsbu rgh . P a . 
T hom as Co., A rthu r H ., Philadelphia, Pa.

Autoclaves
E im er & Amend, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa.
T irrill Gas M ch. L tg. Cow, N . Y. C.

Autoclaves (Glass Enameled Steel)
Pfaudler Co., R ochester, N . Y ., Chicago, 111., & 

N . Y. C.
Autoclaves (High and Low Pressure)

Buffalo F dy . & Mch. Co., Buffalo, N . Y.
Automatic Pressure Regulators

T aylor In s tru m en t Cos., R ochester, N . Y .
Automatic Temperature Regulators

T ay lo r In s tru m en t Cos., R ochester, N . Y.
Bakelite

G eneral Bakelite Co., N . Y . C.
Balances and Weights

Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, 111.
E berbach  & Son Co., Ann Arbor, M ich. 
E im er & A m end, N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem . Co., H enry, S t. Louis, Mo. 
L abora to ry  Supply  Co., C olum bus, O.
M ine & Sm elter Supply Co., D enver, S alt Lake 

C ity , E l Paso, & N . Y. C.
Palo  C om pany, N . Y . C.
Sargent & Co., E. H ., Chicago, 111.
Schaar & Co., Chicago, III.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T hom as Co., A rthur H ., Philadelphia, Pa. 
W hitall T a tu m  Co., Philadelphia, Pa.

Barium—Salts of
M erck & Co., N . Y . C.

Barometers
T aylor In s tru m en t Cos., R ochester, N . Y.

Barometer Tubing Glass
Corning Glass W orks, Corning, N . Y.

Beakers
Bausch & Lom b O ptical Co., R ochester, N . Y.

B raun-K necht-H eim ann Corp., San Francisco,. 
Cal.

Corning G lass W orks, Corning, N . Y.
D aigger & Co., A., Chicago, 111.
E im er & A m end, N . Y . C.
G uernsey E arthenw are  Co., Cam bridge, O. 
H erold C hina & P o tte ry  Co., Golden, Col. 
M acbeth-E vans Glass Co., P ittsbu rgh , P a . 
Palo  C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, III.
W hitall T a tu m  Co., Philadelphia, Pa.

Belt Cement
Schieren Co., Chas. A., N . Y. C.

Belt Dressing
Dixon Crucible Co., Joseph, Jersey C ity , N . J .  
Schieren Co., Chas. A., N . Y . C.

Benzol
M erck & Co., N . Y . C.

Betanaphthol
M erck & Co., N . Y . C.

Betanaphthol Apparatus
Buffalo Fdy . & M ch. Co., Buffalo, N . Y.

Bismuth—Metallic & Salts
M erck & Co., N . Y. C.

Blowers
Abbé Engineering Co., N . Y. C.
Crowell M fg. Co., B rooklyn, N . Y.
D uriron Castings Co., N . Y . C.
E im er & Amend, N . Y . C.
Palö C om pany, N . Y. C 
P ra t t  E ng. & M ach. Co., A tlan ta , G a., & N .Y . C- 
S chu tte  & K oerting  Co., Philadelphia, Pa. 
Scientific M aterials  Co., P ittsbu rgh , Pa.

Boiler Insulation
B run t & Co., H . H ., Chicago, III.

Boiler Water Treatment
D earborn  Chem ical Co., Chicago, 111.
Dixon Crucible Co., Joseph, Jersey  C ity , N. J 
M erck & Co., N . Y. C.

Bolting Cloth
Abbé Engineering Co., N . Y. C.

Bone Black
B ooth A pparatus Co., Syracuse, N . Y.
T och Bros., N. Y. C.

Books
Chem ical Publishing Co., T he, E aston , Pa. 
Longm ans, Green & Co., N . Y. C.
Sargent & Co., E . H ., Chicago, 111.
Van N ostrand  Co., D .. N . Y . C.
Wiley & Sons, Inc., John, N . Y . C.

Bottles (Glass)
E im er & Amend, N . Y. C.
W hitall Tatum" Co., Philadelphia, Pa.

Brick (Heat Insulating)
B ru n t & Co., H . H ., Chicago, 111.
Dixon Crucible Co., Joseph, Jersey  C ity , N . J.

Brinell Machines
E im er & Am end, N . Y. C.
Palo  C om pany, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Burner Guards
K nigh t, M . A., E a s t A kron, O.

Burners—Gas and Oil
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, III.
E berbach  & Son Co., Ann Arbor, M ich. 
E im er & Am end, N . Y. C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem ical Co., H enry. S t. Louis, Mo. 
L aboratory  Supply  Co., Colum bus, O.
M ine & Sm elter Supply Co., N . Y . C.
Palo Com pany, N . Y. C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, III.
S chu tte  & K oerting  Co., Philadelphia, Pa. 
Scientific M aterials Co., P ittsbu rgh , Pa. 
T hom as Co., A rthu r H ., Philadelphia, Pa. 
T irrill Gas M ch. L tg . Co., N . Y. C.

Burners—Pyrites
P r a t t  Eng. & M ach. Co., A tlan ta , Ga., &

N. Y . C.
Burners—Sulphur

P r a t t  Eng. & M ach. Co., A tlan ta , Ga., & 
N . Y . C.

S chu tte  & K oerting Co., Philadelphia, Pa.

Burnishing Pots and Baskets (Acid Proof) 
K nigh t, M . A., E a s t A kron, Ohio.

By-Product Machinery 
Swenson E vapora to r Co., Chicago, 111.

Cable & Wire
General E lectric Co., Schenectady, N . Y.

Cadmium—Salts of 
M erck & Co., N . Y. C.
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C O A L -T A R  P IT C H  is m ore  re s is ta n t 
th a n  o th e r  b itu m in o u s m a te ria ls  to  chem ical 
reactions such as ox idation .

I t  is m ore re s is ta n t th a n  o th e r  b itum inous 
m ateria ls  to  th e  so lv en t ac tion  of m o st acids.

I t  is abso lu te ly  unaffected  b y  prolonged 
co n tac t w ith  w ate r, in  m ark ed  c o n tra s t w ith  
o th e r  b itu m in o u s m ateria ls .

I t  is v ery  h igh in d ie lectric  s tre n g th .

I t  can be o b ta in ed  in  a n y  desired  co n s is t­
ency  from  a  s tick y  sem i-solid m a teria l of 
io o ° F .  m e ltin g -p o in t to  a  d ry , h a rd  su b ­
stance of 3 0 0 ° F . m elting -po in t.

Write to the Research Department, The Barrett Com­
pany, 17  Battery Place, New York City, for specific 
information about the physical or chemical properties 
of Coal-Tar Pitch, wtlh relation to your particular 
problem.

Company

New Vork Chicago Philadelphia Boston S t. Louis 
Cleveland C incinnati P ittsburgh  D e tro it B irm ingham  
K ansas C ity M inneapolis N ashville S alt Lake C ity 
Seattle Peoria - f - —
T h s  P a t e r s o n  M p o . C o . ,  L i m i t s d :
M ontreal Toronto Winnipeg Vancouver 
S t.John . N .B . Halifax, N .S. Sydney. N.S.

W IL L IA M S  P A T E N T

WOOD HOGS 

CHIPPERS 

RECHIPPERS 

SHREDDERS

As a resu lt of our 21 years’ experience in the m anufacture of Crushers, Grinder», Pulverizers and Shredder», we are  now in a  position 
to offer to  the  trade, absolutely th e  best in the  way of reduction m achinery. W e have m ade the bringing dow n of m ateria l from one size 
to  ano ther o ur life s tudy , and are  »incere w hen we say th a t  the Williams line of m achines is th e  m ost suitab le for m ost classes of work. 
In  our m any  years of experience we have solved numerous difficult problems. If confronted w ith a  reduction problem  consult W illiams. 
S tudy  the  tab le  of catalogs as shown below, and let us know which num ber treat» on your m ateria l; a  request will bring  i t  to  your de»k 
w ithin a  sh o rt time.

NO. 10 NO. 10-A NO. 10-B NO. 10-C NO. 10-D NO. 10-E NO. 10-F SPECIAL
Li me« to nr
Lim e
G ypsum
Coal
Ochres
Dry Colors

S h ale  
Clay 
A sphalt 
Sand  
All Clay 

M aterial

T ankage
B one
S h ells
P ou ltry  Food  

and  all 
Fertilizer  

M aterial

Oil Cake 
Linseed  
C otton  Seed 
Castor« N itre 
Salt Cake 
Soy Bean  
Copra» Etc.

S tock  Food  
Cereals 
Alfalfa  

and all 
B y-P rod u cts  

from
Flour M ills

Coal Crushers 
for

Coke O vens 
Gas P la n ts  

and  all 
In d u str ia l 

Plan ts

Shredders 
Bark, C hips  
W ood P u lp  
L icorice-R oot 

and  a ll 
Fibrous  

M aterial

Soap  Powder  
All Drug  

M aterial 
P ap er S tock  

and  all 
C h em ica ls

THE WILLIAMS PATENT CRUSHER & PULVERIZER CO.
G eneral Sales D ep t.:

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

CRUSHERS

GRANULATORS

GRINDERS

PULVERIZERS
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(Contfnue</)
Calcium—Salts of

M erck & Co.. N . Y. C.

Calorimeters—Fuel and Gas 
B ausch & Lomb O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Daigger & Co., A., Chicago, III.
E im er & Am end, N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem . Co., H enry , S t. Louis, Mo.
Palo C om pany, N . Y . C.
Sarco Co., Inc., N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh ,_ Pa. 
T hom as Co., A rthu r H ., Philadelphia, Pa.

Cane (Or Solid Glass Rods)
Corning G lass W orks, Corning, N . Y.

Capsules
Bausch & Lom b O ptical Co., R ochester, N . Y 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
E im er & Amend, N . Y . C.
N orton  Co., W orcester, M ass.
Sidio C om pany of A m erica .Inc ., The, N . Y . C. 
Therm al Syndicate, L td ., The, N . Y . C. 

Carbon Bisulfide 
M erck & Co., N . Y . C.

Carbon Tetrachloride
M erck & Co.. N . Y. C.

Carboys
W hitall T a tu m  Co., Philadelphia, Pa.

Carboy Inclinators
E im er & Am end, N . Y . C.

Carboy Stoppers
W hitall T a tu m  Co., Philadelphia, Pa.

Carboy Stoppers (Acid Proof)
K nigh t, M . A., E a s t Akron, O.
Steiger T erra  C o tta  and P o tte ry  W orks, San 

Francisco, Cal.
Casseroles

Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
C orning G lass W orks, Corning. N . Y .
D aigger & Co., A., Chicago, III.
D uriron  C astings Co., N . Y . C.
E im er & A m end, N . Y . C.
G uernsey E arthenw are  Co., C am bridge, O. 
H erold C hina & P o tte ry  Co., Golden, Colo. 
Palo  C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsb u rg h , P a .

Castings (Acid and Heat Resisting)
Bethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
C leveland Brass M fg. Co., The, C leveland, O. 
D evine Co., J . P., Buffalo, N . Y.
D uriron  C astings Co., N . Y. C.
Jacoby, H enry  E ., N . Y . C.
Pacific Foundry  Co., San Francisco, Cal.
P ra t t  Eng. & M ach. Co., A tlan ta , G a., & 

N . Y . C.
Castings—Caustic

Buffalo F d y . & M ch. Co., Buffalo, N . Y.
Castings (Chemical)

Bethlehem  F d ’y & M ach. Co., So. B eth ., P a . 
Buffalo Fdy . & M ach. Co., Buffalo, N . Y. 
C leveland Brass M fg. Co., The, C leveland, O. 
Devine Co., J .  P ., Buffalo. N . Y.
D uriron C astings Co., N . Y . C.
Jacoby, H enry  E ., N . Y . C.
P ra t t  E ng . & M ach. Co., A tlan ta , G a., & 

N . Y . C.
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co., Saginaw , M ich.

Castings—Chemical, Acid and Caustic
Buffalo F dy . & M ch. Co., Buffalo, N . Y.

Castings—Evaporator & Vacuum Pan
Buffalo F dy . & M ch. Co., Buffalo, N . Y.

Caustic Potash
M erck & Co., N . Y . C.

Caustic Pots
Bethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
Devine Co., J. P ., Buffalo, N . Y.
P ra tt  Eng. & M ach. Co., A tlan ta , G a., & 

N . Y . C.
Caustic Soda

G eneral Chem . Co., N . Y. C.
M allinckrodt Chem ical W ks., S t. Louis, M o. 
M erck & Co., N . Y. C.

Caustic Soda Dissolvers—Automatic
Lum m us Co., T he  W alter E .f B oston, M ass.

Cement Filler
T och Bros, N . Y . C.

Cement Refractory
N orton  Co., W orcester. M ass.

Cement Testing Apparatus
B ausch & Lom b O ptical Co., Rochester, N . Y. 
B raun-K necht-H eim ann Co.. San Francisco. 

Cal.
D aigger & Co.. A., Chicago, 111.

E im er & Am end, N . Y . C.
Griebel In s tru m e n t Co., C arbondale, Pa.
H eil Chem ical Co., H enry , S t. Louis, M o.
Palo C om pany, N . Y. C.
Sargent & Co., E . H ., Chicago, III.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T hom as Co., A rth u r H ., Philadelphia, Pa.

Centrifugals
Bausch & Lom b O ptical Co., Rochester, N . Y. 
B raun  C orporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
Heil Chem ical Co., H enry , S t. Louis, Mo. 
In te rna tiona l E quipm en t Co., B oston, M ass. 
Palo Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Schaum  & Uhlinger, Inc ., Philadelphia, Pa. 
Scientific M aterials Co., P ittsbu rgh , Pa. 
Sharpies Specialty  Co., The, W est Chester, P a . 
T o lhurst M achine W orks, T roy, N . Y.

Centrifuges
Chicago Surgical & E lectrical Co., Chicago, 111.

Centrifugal Engineers 
Sharpies Specialty Co., T he, W est C hester, Pa. 
T o lhu rst M achine W orks, T roy , N . Y.

Cerium Oxalate
M erck & Co., N . Y. C.

Charcoal 
B ooth A ppara tu s Co., Syracuse, N . Y.

Chemical and Process Patents
F oster, A. B., W ashington, D . C.

Chemical Apparatus
Buffalo Fdy . & M ch. Co., Buffalo. N . Y. 
E im er & Amend, N . Y. C.
Scientific M aterials  Co., P ittsbu rgh , Pa .

Chemical Glass Tubing
Corning Glass W orks, Corning, N. Y.
E im er & Am end, N . Y . C

Chemicals
Badische Com pany, N . Y . C.
B aker & Adam son Chem ical Co., E aston , Pa. 
B aker Chem ical Co., J . T ., Phillipsburg, N . J. 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  Corporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
B ru n t & Co., H . H ., Chicago, 111.
Daigger & Co., A., Chicago, III.
D earborn Chem ical Co., Chicago, HI. 
E berbach & Son Co., Ann A rbor, M ich. 
E im er & Am end, N . Y . C.
G eneral Chem ical Co., N . Y. C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem ical Co., H enry , S t. Louis, Mo. 
M allinckrodt Chem . Co., S t. Louis, Mo. 
M erck & Co., N . Y. C.
M ine & Sm elter Supply  Co., N . Y. C. 
N ationa l Aniline & C hem ical Co., N . Y . C. 
N ew port Chem ical W orks, Inc ., N . Y . C.
Palo Com pany, N . Y. C.
Pfizer & Co., Charles, N . Y . C.
Roessler & H asslacher Chem ical Co., N . Y. C. 
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, III.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T hom as Co., A rth u r H ., Philadelphia, Pa. 
T och Bros.. N . Y . C.

Chemicals—C. P.
E im er & Am end, N . Y  C.
M erck & Co., N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Chemicals—Laboratory
E im er & Amend, N . Y . C.
M erck & Co., N . Y. C.
Scientific M aterials  Co., P ittsbu rgh . Pa.

Chemicals—Medicinal
E im er & Am end, N . Y . C.
M erck & Co., N . Y . C.

Chemicals—Photographic
Eim er & Amend, N . Y . C.
M erck & Co., N . Y. C.

Chemicals—Technical
Eim er & Amend, N . Y . C.
M erck & Co., N . Y. C.

Chemical Glassware 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B rau»-K nccht-H eim ann Co., San Francisco,

Cal.
Corning G lass W orks, Corning, N . Y.
D aigger & Co., A., Chicago, 111.
E berbach & Son Co., Ann Arbor, M ich.
E im er & Am end, N . Y. C.
Griebel In s tru m en t Co., Carbondale, Pa.
Heil Chem ical Co., H enry, S t. Louis, Mo. 
L aboratory  Supply  Co., Colum bus, O.
M ine & Sm elter Supply Co., N . Y . C.
Palo Com pany, N . Y. C.
Sargent & Co., E . H ., Chicago, III.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., Pittsburgh,^ Pa. 
T hom as Co., A rthu r H ., Philadelphia, Pa. 
W hitall T a tu m  Co., Philadelphia, Pa.

Chemical Mfrs.
M erck & Co., N . Y. C.

Chemical Plants (Complete Installation)
B adger & Sons Co.. E- B.. Boston, Masa. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y .

D evine Co., J . P ., Buffalo, N . Y.
K nigh t, M . A., E a s t A kron, O.
Lum m us Co., T he  W alter E ., Boston, M ass. 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga., & 

N . Y. C.
Swenson E v ap o ra to r Co., Chicago, 111. 

Chemical Plants (Erected and Supervised) 
B adger & Sons Co., E . B „ Boston, M ass. 
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
M cN am ara, M ., E v e re tt, M ass.
P r a t t  Eng. & M ach. Co., A tlan ta , G a., & 

N . Y. C.
Swenson E vapora to r Co., Chicago, 111.

Chemical Reagents
B aker Chem . Co., J . T ., Phillipsburg, N . J. 
Bausch & Lom b O ptical Co., Rochester, N . Y. 
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
G eneral Chem ical Co., B aker & Adamson 

W orks, E aston , Pa.
Heil Chem ical Co., H enry , S t. Louis, Mo. 
M allinckrodt Chem . Co., S t. Louis, Mo. 
M erck & Co., N . Y. C.
Palo C om pany, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Chemical Specialties
M erck & Co., N . Y. C.

Chemists* and Assayers’ Supplies
E im er & Amend, N . Y. C.
M erck & Co., N . Y. C.

Chlorine Generators—Acid Proof
K nigh t, M . A., E a s t A kron, O.

Chlorine—Liquid
Electro Bleaching G as Co., N . Y. C.

Chromel Metal
Hoskins M fg. Co., D e tro it, M ich.

Chromium (Metal & Salts)
M erck & Co., N . Y. C.

Circuit Breakers and Switches
G eneral E lectric Co., Schenectady, N . Y. 

Clarifiers
Sharpies Specialty  Co., T he, W est C hester, Pa.

Classifiers
D orr Co., T he, Denver, Colo., & N . Y . C.

Classifiers or Washers
D orr Co., T he, D enver, Colo., & N . Y . C.

Coal-Tar Products
Badische C om pany, N . Y. C.
B arre tt Co.. The, N . Y. C.
M erck & Co., N . Y. C.
N ational Aniline & Chem ical Co., N . Y . C. 
N ew port C hem ical W orks, Inc ., N . Y. C.

Coal-Tar Products (Plants for)
D evine Co., J . P., Buffalo, N  Y.

Coal Testing Apparatus
Eim er & Amend, N . Y . C.
Scientific M aterials  Co., P ittsbu rgh , Pa.

Cobalt—Metal & Salts
M erck & Co., N . Y . C.

Cocks—Plug (Acid Proof)
Chadw ick-B oston Lead Co., Boston, M ass. 
C leveland Brass M fg. Co., The, C leveland, O. 
D uriron  Castings Co., N . Y . C.
K night, M . A., E a s t Akron, O.
P ra t t  Eng. & M ach. Co., A tlan ta , Ga., & 

N . Y . C.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., T he, Akron, O.

Coils or Worms (Acid Proof Stoneware)
K night, M . A., E a s t Akron, Ohio.

Colorimeters 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Calif.
Daigger & Co., A., Chicago, 111.
Eberbach & Son Co., Ann Arbor, M ich.
E im er & Am end, N . Y. C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem ical Co., H ew y , S t. Louis, M o.
Palo  C om pany, N . Y . C.
S argen t & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, III.
Scientific M aterials  Co., P ittsbu rgh , Pa. 
Thom as Co., A rth u r H ., Philadelphia, Pa.

Colors—Aniline
M erck & Co., N . Y . C.

Colors—Aniline and Alizarine 
Badische Co., N . Y . C.
M etz , H . A., N . Y . C.
N ational Aniline and  Chem ical Co., N . Y. C.

Combustion Tubes and Boats
Bausch & Lom b O ptical Co., Rochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
Germ an-A m erican Stonew are W ks., N . Y . C. 
G uernsey E arthenw are  Co., Cam bridge, O. 
Heil Chem ical Co., H enry , S t. Louis, Mo. 
L aborato ry  Supply Co., Colum bus, O.
N orton  Co., W orcester, M ass.
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Laboratory o f the P IC IIE R  Lead Co., Joplin , Mo. 
Coated with R J .W . II . &  L.

Light in 
the Laboratory
y H E  d ingy , d a rk -w alled  w orkshop  of 

o th e r  d ay s  is fa s t  being  su p p la n te d  
b y  th e  b rig h t, s a n ita ry  a n d  su b s ta n tia l 
la b o ra to ry . M icroscop ists  a n d  chem ists 
realize th a t  ac c u ra te  w ork is ab so lu te ly  
d ep e n d en t on  b rig h t, c lean  su rround ings, 
an d  m a n y  of th e  la rg e s t la b o ra to rie s  in 
th e  c o u n try  a re  co a ted  w ith

HOSPITAL & 
LABORATORY 

ENAMEL.

J T k
\ft£MEMBER JT $

ITT
This white coating is not merely a paint— it is a 
technical compound made by noted specialists 
primarily for technical use. It docs not absorb 
light and even exposure to chemical fumes will 
not turn its color.

I t  dries in a hard, smooth surface that does not 
present dust-accumulating cracks or fissures, and 
it may be washed with any neutral soap and 
hot or cold water.

It is a coating that will increase the efficiency 
of your laboratory. It will pay you to in­
vestigate.

Write ¡or H . 6- L. Booklet, Dept. X

T o c h  B r o t h e r s
Technical and Scientific Paint Makers since 184S

320 FIFTH AVENUE NEW YORK
Works: New York; London, Eng.; Toronto, C»n.

\ REM EMBER ITS WATERPROOF]

*  ^
STEEL NEED NOT RUST! r c g . u . s . p a t .  o f f .

WOOD NEED NOT ROT!
NOR CONCRETE DUST!

X  ■ '!k V
- r ^  ■ : ■ ^

GE NER AL  B AK E LI T E  COMPANY
2 R E C T O R  S T R E E T ,  NEW  Y O R K

55-160

If  you  are  a b so lu te ly  su re  th a t  y o u r  m oulded 
in su la tio n  will n ev e r be exposed to  th e  d e te r­

io ra tin g  effects of h e a t, y o u  can  use a lm o st any  
good in su la tin g  m a te ria l. B u t you  c a n ’t  fo re­
te ll all con d itio n s of use. M ay b e  y o u r a p p a ­

ra tu s  will be condem ned  because th e  in su la tion  
fails fro m  h e a t  or shock.

W hy n o t b e  safe always b y  using

BAKELITE
I t  is ju s t  a s  good an  in su la to r  as a n y  a n d  i t  fa r  
surpasses h a rd  ru b b e r  an d  resinous substances 

in  m echan ica l s tre n g th  a n d  h e a t  resis tance. 

I t  re s is ts  co rrosive  influences, s team , h o t oils. 

C om bined  w ith  th e se  rem a rk a b le  qualities 
B A K E L IT E  com es from  th e  die finished w ith ­
o u t th e  h a n d  fin ish ing  necessary  w ith  h a rd  ru b ­

b er an d  s im ila r p ro d u c ts .

N one of y o u r  p ro d u c ts  shou ld  fall dow n sim ply  
because of th e  in su la tio n . Y ou can  m ake  th e  
in su la tio n  eq u a l to  th e  o th e r  q u alitie s  of y o u r 

p ro d u c t. __________________

Heat-Resisting 

Moulded Insulation
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Sidlo C om pany of Am erica, Inc ., T he, N . Y . C. 
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Combustion Tubes and Boats (Platinum)
B aker & Co., Inc ., N ew ark, N . J.

Compressors, Rotary
Crowell M fg. Co., B rooklyn, N . Y. 

Concentrator—Sulphuric Acid 
T herm al Syndicate, L td ., T he, N . Y . C.

Condensers (Barometric and Surface)
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
D evine Co., J . P ., Buffalo, N . Y.
D urlron  C astings Co., N . Y . C.
Jacoby, H enry  E ., N . Y. C.
Lum m us Co., T he W alter E .. B oston, M ass. 
S chu tte  & K oerting  Co., Philadelphia, Pa. 
S tevens B rothers, N . Y . C.

Condensers—Nitric Acid
T herm al Syndicate, L td ., T he, N . Y. C. 

Conductivity Measuring Apparatus 
Leeds & N orth rup  Co., The, Philadelphia, P a , 

Consulting Chemists and Chemical Engi- 
neers
A bbott, W . G., J r .,  W ilton, N . H .
Booth A pparatus Co., Syracuse, N . Y. 
B rickenstein, John H ., W ashington, D . C. 
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
Burrell, G. A., P ittsbu rgh , Pa.
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D annerth , Frederic, N ew ark, N . J .
Foster, A. B., W ashington, D. C.
Hersey Co., L td ., M ilton, New Y ork, M on­

treal, Winnipeg.
In s titu te  of Industria l Research, W ashington, 

D . C.
Levin, Isaac  H ., N ew ark, N . J .
L ittle , A rth u r D ., Inc ., Boston. M ass. 
M cN am ara, M ., E v e re tt, M ass.
M antius, O tto , 233 B roadw ay, N . Y . C. 
M arsh, C. W ., N . Y. C.
Parker, C . L ., W ashington, D. C.
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Contracting Engineers 
Swenson E vapora to r Co., Chicago, 111.

Controlling Instruments
T ay lo r In s tru m e n t Cos., R ochester, N . Y.

Converters—Rotary
G eneral E lectric  Co., Schenectady, N . Y.

Copper—Salts of
M erck & Co., N . Y . C.

Cores
N orton  Co., W orcester, M as*.

Corn Oil (Extracted)
W oolner & Co., Peoria, 111.

Counters—Revolution
Brown In stru m e n t Co., Philadelphia, Pa.

Coverings for Pipes and Boilers 
B ru n t & Co., H . H ., Chicago, 111.

Critical Point Determination Apparatus
Brown In s tru m en t Co., Philadelphia, Pa. 
E im er & Am end, N . Y . C.
Hoskins M fg. Co.. D etro it, M ich.
Palo Com pany, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa. 
Thw ing In s tru m en t Co., Philadelphia, Pa. 
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Sidlo C om pany of Am erica, Inc ., T he, N . Y. C. 
Therm al Syndicate, L td.,T he,N .Y .C .(V itreosil.)

Crucibles, Platinum
American P la tinum  Works», N ew ark, N . J. 
B aker & Co., Inc ., N ew ark, N . J.
B ishop & Co., J . M alvern, Pa.
E im er & Amend, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Crushers and Grinders (Industrial and 
Laboratory)
Abbé Engineering Co., N . Y . C.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Calif.

D aigger & Co., A., Chicago, III.
E im er & Amend, N . Y . C.
H eil Chem ical Co., H enry , S t. Louis, M o.
M ine & Sm elter Supply  Co., N . Y. C.
Palo  Com pany, N . Y. C.
R aym ond Bros. Im p a c t P ulv . Co., Chicago, 111. 
Sargent & Co., E . H ., Chicago, III.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa. 
Thom as Co., A rthu r H ., Philadelphia, Pa. 
W illiams P a te n t C rusher & Pulv. Co., Chicago, 

III.
Crystallizers—Ammonia Nitrate

Buffalo Fdy . & M ch. Co., Buffalo. N . Y. 
Crystallizing Pans (Acid Proof)

K nigh t, M . A., E a s t A kron, Ohio.
Cupels

Bausch & Lom b Optica! Co.. R ochester, N . Y. 
B raun  C orporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, III.
E im er & Am end, N . Y. C.
Heil Chem ical Com pany, H enry , S t. Louis, Mo. 
Hoskins Mfg. Co., D etro it, M ichigan.
M ine & Sm elter Supply Co.. N . Y . C.
N orton  C om pany, W orcester, M ass.

Cylinders (Glass)
Bausch & Lom b O ptical Co., Rochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Corning Glass W orks, C orning, N . Y.
Daigger & Co., A., Chicago, III.
E im er & Amend, N . Y. C.
Griebel In s tru m en t Co., C arbondale, Pa.
Palo C om pany, N . Y. C.
Scientific M aterials Co., P ittsburgh , Pa . 
W hitall T a tu m  Co., Philadelphia, Pa.

Decanting Pots—Acid Proof
K nigh t, M . A., E a s t Akron, O.

Denitrating Apparatus
Buffalo F dy . & M ch. Co., Buffalo. N . Y.

Diaphragms—Acid Proof
G eneral F iltra tion  Co., Inc ., R ochester, N . Y. 
H erold C hina & P o tte ry  Co., Golden, Colo.

Diffusion Apparatus
G eneral F iltra tion  Co., Inc ., R ochester, N . Y. 
Lum m us Co., T h e  W alter E-, Boston, M ass. 
Swenson E vapora to r Co., Chicago, 111.

Dipping Baskets & Ja rs— (Acid Proof)
K night, M . A., E a s t A kron, Ohio.

Dishes (Platinum)
Bishop & Co., J ., M alvern, Pa.
E im er & Amend, N . Y. C.

Dissolving Tanks—Automatic
B adger & Sons Co., E . B., B oston, M ass. 
Lum m us Co., T he  W alter E-, B oston, M ass. 
W erner & Pfleiderer Co., Saginaw , M ich.

Distilling Machinery and Apparatus 
B adger & Sons Co., E . B ., Boston, M ass. 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Booth A pparatus Co., Syracuse, N . Y .
B raun  C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Calif.
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
C leveland Brass M fg. Co., T he, C leveland, O. 
Daigger & Co., A., Chicago, 111.
D evine C om pany, J . P ., Buffalo, N . Y. 
D uriron  C astings Co., N . Y . C.
E im er & A m end, N . Y . C.
E lectric H eating  A pparatus Co., N . Y . C. 
E ly ria  Enam eled  Prod. Co., E lyria , O., & 

N . Y . C.
Germ an-A m erican Stonew are W orks, N . Y. C. 
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem . Co., H enry , S t. Louis, M o. 
Jacoby, H enry  E ., N . Y . C.
L aborato ry  Supply  Co., Colum bus, O. 
Lum m us Co., T h e  W alter E ., Boston, M ass. 
Palo Com pany, N . Y . C.
Pfaudler Co., Rochester, N . Y ., Chicago, 111., 

& N . Y. C.
Roos’ Son, A ugust, N . Y . C.
S argent & Co., E . H ., Chicago, III.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa.
Sidio C om pany of America, Inc ., T he, N . Y . C. 
Sowers M fg. Co., Buffalo, N . Y .
S tokes M achine C om pany, F . J . ,  Phila., Pa. 
Swenson E v ap o ra to r Co., Chicago, III.
T hom as Co., A rthu r H ., Philadelphia, Pa. 
T irrill G as M ch. L tg . Co., N . Y . C.
Unger, John  S., Chicago, III.
W erner & Pfleiderer Co., Saginaw , M ich. 
Zarem ba Com pany, Buffalo, N . Y.

Draft Gauges
B raun-K necht-H eim ann Co., San Francisco. 

Cal.
Brown In stru m e n t Co., Philadelphia, Pa.
Palo Com pany, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa .

Drum Dryers—Vacuum and Atmospheric
Buffalo Fdy . & M ch. Co., Buffalo, N . Y.

Dry Blast Plants
C arrier Engineering Corp., N . Y. C.

Dryers—Atmospheric
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 

Dryers—Vacuum
B adger & SonsfCo.. E . B., Boston, M ass. 
Buffalo F dy . & M ch. Co., Buffalo» N . Y.

D evine C om pany, J . P ., Buffalo, N . Y.
Jacoby, H enry  E ., N . Y . C.
Sowers M fg. Co., Buffalo, N . Y.
Stokes M achine Co., F . J ., Philadelphia, Pa. 
W erner & Pfleiderer Co., Saginaw, M ich. 

Drying Apparatus and Machinery 
B adger & Sons Co., E . B ., Boston, M ass. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D evine Co., J. P ., Buffalo, N . Y.
E im er & Amend, N . Y . C.
G eneral E lectric Co., Schenectady, N . Y. 
Jacoby, H enry  E ., N . Y . C.
Sowers M fg. Co., Buffalo, N . Y.
Palo  Com pany, N . Y. C.
W erner & Pfleiderer Co., Saginaw , M ich

Duriron—Acid-Proof
D uriron Castings Co., N  Y . C.

Dyestuffs
Badische Co., N . Y. C.
M etz, H . A., N . Y. C.
M erck & Co., N . Y. C.

Dynamos and Motors
G eneral E lectric  Co., Schenectady, N . Y.

Efficiency Gas Burners
T irrill G as M ch. L tg . Co., N . Y. C. 

Efficiency Instruments
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Brown In stru m e n t Co., Philadelphia, Pa. 
E im er & Amend, N . Y . C.
Hoskins M fg. Co., D etro it, M ich.
Palo C om pany, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa. 
Thw ing In s tru m en t Co., Philadelphia, Pa. 

Electric Heating Devices
Chicago Surgical & E lectrical Co., Chicago, 111. 

Electrical Instruments
Brown In s tru m en t Co., Philadelphia, Pa. 
G eneral E lectric Co., Schenectady, N . Y. 
Hoskins M fg. Co., D etro it, M ich.
Palo C om pany, N . Y. C.
Thw ing In s tru m en t Co., Philadelphia, Pa. 

Electrical Measuring Instruments
G eneral E lectric  Co., Schenectady, N . Y. 
Brown In s tru m en t Co., Philadelphia, Pa. 
Leeds & N o rth ru p  Co., Phila., Pa.
Palo C om pany, N . Y . C.

Electrical Supplies
G eneral E lectric Co., Schenectady, N . Y.

Electric Locomotives—Industrial
G eneral E lectric Co., Schenectady, N . Y. 

Electrodes—Platinum
American P la tinum  W orks, N ew ark, N . J. 
B aker & Co., Inc ., N ew ark , N . J.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B ishop & Co., J ., P la tinum  W orks, M alvern , Pa. 
B raun  C orporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A ., Chicago, III.
E im er & Am end, N . Y . C.
Engelhard, Chas., N . Y . C.
Heil Chem ical Co., H en iy , S t. Louis, M o.
Palo Com pany, N . Y . C.
Sargent & Co., E. H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa.

Electrolytic Apparatus—Acid Proof
K nigh t, M . A., E ast A kron, O.

Enameled Apparatus (Acid Resistant)
E lyria  Enam eled Prod. Co., E lyria, O., & 

N . Y. C.
Jacoby, H enry  E ., N . Y . C.
P faudler Co., R ochester, N . Y .t Chicago, & 

N . Y. C.
Enamel Paint (Impervious to Acid Fumes)

G eneral B akelite Co., N . Y . C.
Toch B rothers, N . Y. C.

Essential Oils
M erck & Co., N . Y. C.

Evaporating Machinery
B adger & Sons Co., E . B ., B oston, M ass. 
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
D evine C om pany, J . P ., Buffalo, N . Y. 
E lectric  H eating  A pparatus Co., N . Y . C. 
Jacoby , H enry  E ., N . Y. C.
Lum m us Co., T he  W alter E ., Boston, M ass. 
P r a t t  Eng. & M ach. Co., A tlan ta , G a., & 

N. Y . C.
Sowers M fg. Co., Buffalo, N . Y.
Sperry  & Co., D. R ., B atav ia , 111.
Stokes M ach. Co., F . J ., Philadelphia, Pa. 
Swenson E vapora to r Co., Chicago, III.
W erner & Pfleiderer Co., Sagihaw, M ich. 
Zarem ba C om pany, Buffalo, N . Y.

Evaporating Pans and Dishes
Bausch & Lom b O ptical Co., Rochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
Daigger & Co., A., Chicago, 111.
D uriron C astings Co., N . Y. C. (Acid Proof.) 
E im er & Am end, N . Y. C.
E lyria  Enam eled Prod. Co., E lyria , O., & N.Y.C. 
G eneral Ceram ics Co., N . Y . C.
Guernsey E arthenw are Co., C am bridge, O. 
Heil Chem ical Co., H enry , S t. Louis, Mo. 
H erold C hina & P o ttery  C o., Golden, Colo. 
K nigh t, M aurice A., E ast Akron, Ohio. 
L aborato ry  Supply Co., Colum bus. O.
Palo Com pany, N . Y. C.
Pfaudler Co., Rochester, N . Y ., Chicago, ID.. & 

N . Y. C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, III.
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“Barrett Standard” Means— 
Quality in Refined Coal-Tar Products

The name B A R R E T T  has for a long time stood for all that was 
best in Coal-Tar and its primary products—pitch, oils, roofings, etc.

“ The Barrett Specification,”  for instance, is a guarantee of a roofing 
quality and as such is recognized the world around.

In  refined Coal-Tar products the same recognition has been awarded 
to The Barrett Company, and today careful buyers are specifying Barrett 
Standard Benzol, Barrett Standard Toluol, Barrett’s Naphthalin, Barrett 
Standard disinfectants, etc.

The very names of many Coal-Tar Chemicals which are known to 
every one today were little known and seldom mentioned in this country 
a few years ago.

But even in those years we had already developed original specifica­
tions and were m aintaining the high standards of quality which now en­
able explosive and dyestuff manufacturers to employ refined Coal-Tar 
products of domestic production in their most accurate processes.

It  is with a justified feeling of pride, therefore, that we now find so 
many purchasing departments specifying Barrett Standard  when they de­
sire the best in refined Coal-Tar products, because it is an easy w ay to 
save words, also money and trouble.

To insure your receiving the B A R R E T T  S T A N D A R D  
o f quality, buy from  the originators o f that quality.

The

C h e m i c a l  D e p a r t m e n t  
17 Battery Place N ew  York, N. Y.

Company
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT—(Con/mucc/)
Scientific M aterials  Co., P ittsbu rgh , Pa.
Sidio C om pany of America, Inc ., The, N . Y. C. 
Therm al Syndicate, L td ., The, N . Y. C.
U. S. Stonew are Co., T he, Akron, O.

Evaporators—Crystallizing
Buffalo F dy . & M ch. Co., Buffalo, N . Y.

Evaporators—Single and Multiple Effects
Buffalo Fdy . & M ch. Co.. Buffalo. N . Y .

.Exhaust and Ventilating Fans
G eneral E lectric Co.. Schenectady, N . Y. 

Exhaust and Ventilating Fans—Acid-Proof 
D uriron Castings Co., N . Y. C.

Extracting Apparatus
B adger & Sons Co., E . B., Boston, Mass. 
D evine Co., J . P ., Buffalo, N . Y.
E im er & A m end, N . Y . C.
Lum m us Co., T he W alter E ., Boston, M ass. 
Scientific M aterials Co., P ittsbu rgh , Pa. 
W erner & Pfleiderer Co., Saginaw, M ich. 

Extraction Cylinders
B adger & Sons Co.. E. B ., B oston, M ass. 
Lum m us Co., T he W alter E ., B oston, Mas*.

Extraction Thimbles
Angel Co.. Inc ., H . Reeve, N . Y. C.
E im er & Am end, N . Y. C.
N orton  C e., W orcester, M ass.

Extractors—Centrifugal
In te rn a tio n a l E qu ipm en t Co., Boston, M ass.

Fabroil Gears & Pinions
G eneral E lectric  Co., Schenectady, N . Y. 

Faucets (Stoneware—Acid -Proof)
G eneral Ceram ics Co., N . Y . C.
K night, M aurice A., E a s t A kron, Ohio.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., T he, Akron, O. 

Fertilizer Industries Equipment
Schu tte  & K oerting  Co., Philadelphia, Pa.

Filter Cloth (Metallic)
Sw eetland F ilter Press Co., Brooklyn, N . Y.

Filtering Media
G eneral F iltra tion  Co., Inc ., R ochester, N . Y. 
H erold C hina & P o tte ry  Co., Golden, Colo.

Filter Paper
Angel Co., Inc ., H . Reeve, N . Y . C.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco. 

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
H eil Chem ical Co., H enry , S t. Louis, M o. 
L aboratory  Supply Co., C olum bus, O. 
M allinckrodt Chem ical W ks., S t. Louis, Mo. 
Palo Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa. 
Thom as Co., A rth u r H ., Philadelphia, Pa. 
W hitall T a tu m  Co., Philadelphia, Pa.

Filter Paper Clippings
Angel Co., Inc .. H . R eeve, N . Y. C.

Filter Paper (Whatman)
Angel Co., H. Reeve, N . Y. C.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Daigger & Co., A., Chicago, 111.
E im er & Amend, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Filter Presses (Laboratory & Industrial)
Abbé Engineering Co., N . Y. C.
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San F randsco .C al. 
E im er & Amend, N . Y . C.
In te rna tiona l F iltra tion  C orp., N . Y . C. 
Jacoby, H enry  E ., N . Y . C.
K elly F ilter Press Co.. Sa lt Lake C ity , U tah. 
Lungw itz, E . E ., N . Y. C.
Palo C om pany, N . Y . C.
S argen t & Co., E . H ., Chicago, 111 
S h n v er & Co., T ., H arrison, N . J.
Sperry  & Co.. D. R ., B atav ia , III.
Sw eetland F ilte r Press Co., Brooklyn, N ..Y . 
W erner & Pfleiderer Co., Saginaw, M ich.

Filter Pulp
Angel Co., Inc ., H . Reeve, N . Y . C.

Filters
General F iltra tio n  Co., Inc ., R ochester, N . Y. 
N orton  Co., W orcester, M ass.

Filters— (Acid Proof)
G eneral F iltra tio n  Co., Inc ., R ochester, N . Y 
K nigh t, M aurice A., E a s t AJcron, Ohio.

Filters, Folded
Angel Co., Inc ., II . R eeve. N . Y . C.
E im er & Amend, N . Y. C.

Filters—Vacuum
D evine Co., J . P ., Buffalo,' N . Y.
General F iltra tion  Co., Inc ., R ochester, N . Y.

Filters—Water
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
B ooth A pparatus Co., Syracuse, N . Y.
Daigger & Co., A., Chicago, III.
E im er & Am end, N . Y . C.
G eneral Ceram ics Co., N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa.
H eil Chem ical Co., H enry , S t. Louis, Mo.
Palo Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, III.
Schaar & Co., Chicago, III.
Schu tte  & K oerting  Co., Philadelphia, Pa. 
Thom as Co., A rth u r H ., Philadelphia, Pa.

Filtros
G eneral F iltra tion  Co., Inc ., Rochester, N . Y.

Filtros—Vacuum
D evine Com pany, J . P ., Buffalo, N . Y.

Fire Brick and Clay
B ru n t & Co., H . H ., Chicago, 111.
Dixon Crucible Co., Joseph, Jersey  C ity , N / J .  
M ine & Sm elter Supply Co., N . Y . C.
Steiger T erra  C o tta  and P o tte ry  W orks, San 

Francisco, Cal.
Flasks

Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco. 

Cal.
Corning Glass W orks, Corning, N . Y.
Daigger & Co., A., Chicago, 111.
E im er & Am end, N.*Y. C.
Palo C om pany, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa. 
W hita ll T a tu m  Co., Philadelphia, Pa.

Fuel Gas Plants
Eim er & Am end, N . Y . C.
T lrrill Gas M achine L ighting  Co., N . Y . C.

Funnels
K nigh t, M . A., E ast Akron, Ohio.
W hitall T a tu m  Co., Philadelphia, Pa.

Furnace Linings
B ru n t & Co., H . H ., Chicago, III.
Dixon C rucible Co., Joseph, Jersey  C ity , N . J .

Furnaces—Annealing— (Hardening and
Enameling)
Abbé Engineering Co., N . Y . C.
Brown In stru m e n t Co., Philadelphia, Pa. 
E lectric  H eating  A pparatus Co., N . Y . C. 
G eneral E lectric Co., Schenectady, N . Y. 
Hoskins M fg. Co., D etro it, M ich.
Palo  C om pany, N . Y . C.

Furnaces (Case Hardening, Rivet and Bolt)
Abbé Engineering Co., N . Y . C.

Furnaces—Electric Laboratory
Bausch & Lom b O ptical Qo., R ochester, N . Y. 
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann C o.,San  Francisco,Cal. 
Brown In s tru m en t Co., Philadelphia, Pa. 
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y. C.
Electric  H eating  A pparatus Co., N . Y . C. 
Engelhard, Chas., N . Y. C.
General E lectric Co., Schenectady, N . Y. 
Griebel In s tru m en t Co., Carbondale, Pa. 
H anovia  Chem ical & M fg. Co., N ew ark, N . J. 
Heil Chem ical Co., D etro it, M ich.
Hoskins Mfg. Co., D etro it, M ich.
M ine & Sm elter Supply  Co., N . Y. C.
Palo C om pany, N . Y. C.
Sargent & Co., E. H ., Chicago, 111.
Schaar & Co., Chicago, III.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T hom as Co., A rthu r H ., Philadelphia. Pa. 
T irrill G as M ch. L tg . Co., N . Y. C.

Furnaces—(Forge)
Abbé Engineering Co., N . Y. C.
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
E lectric H eating  A pparatus Co., N . Y . C. 
Hoskins M fg. Co., D etro it, M ich.

Furnaces (Melting, Oil or Gas)
Abbé Engineering Co., N . Y . C.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,C al. 
Daigger & Co., A., Chicago, 111.
E lectric H eating  A pparatus Co., N . Y. C.
H eil Chem ical Co., H enry, S t. Louis, Mo.
M ine & Sm elter Supply  Co., N . Y. C.
Palo Com pany, N . Y. C.
T irrill G as M ch. L tg . Co., N . Y . C.

Furnaces—Muffle
Abbé Engineering Co., N . Y. C.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
Daigger & Co., A., Chicago, 111.
E im er & Amend, N . Y. C.
E lectric H eating  A pparatus Co., N . Y . C.
Heil Chem ical C o„ H enry, S t. Louis, M o. 
Hoskins M fg. Co., D etro it, M ich.
Palo  C om pany, N . Y. C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, III.
Scientific M aterials  Co., P ittsbu rgh , Pa.

Furnaces—Pyrites
P r a t t  Eng. & M ach. Co., A tlan ta , Ga., & N .Y .C . 

Furnaces—Sulphur
P ra t t  E ng. & M ach. Co., A tlanta , Ga., & N .Y .C . 
Schu tte  & K oerting  Co., Philadelphia, Pa.

Galvanizing Tanks and Jars—Acid Proof
K night, M . A., E a s t Akron, O.

Gas Analyzers 
Braun-K necht-H eim ann Co., San Francisco, 

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y. C.

Gas Apparatus
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.

Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
H eil Chem ical Co., H enry, S t. Louis, M o. 
L aborato ry  Supply Co., Colum bus, O.
Palo C om pany, N . Y. C.
Schaar & Co., Chicago, 111.
S chu tte  & K oerting  Co., Philadelphia, Pa. 
Scientific M aterials  Co., P ittsb u rg h , Pa. 
T irrill Gas M ch. L tg. Co., N . Y. C.

Gas Burners—Incandescent
Tirrill G as M ch. L tg . Co., N . Y . C.

Gas Machines
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
E im er & Amend, N . Y . C.
Palo Com pany, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa .
T irrill G as M ch. L tg . Co., N . Y . C.

Gas Pipe & Fittings (Chamotte)
K nigh t, M . A., E a s t A kron, O.

Gauges—Recording. Section & Vacuum 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Brown In s tru m en t Co., Philadelphia, Pa.

Gauze—Base Metal 
Hoskins M fg. Co., D etro it, M ich.

Generators (Electro-Oxy-Hydrogen)
Shriver & Co., T . H arrison, N . J .

Glass
Bausch & Lom b O ptical Co., Rochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Corning G lass W orks, Corning, N . Y.
Daigger & Co., A., Chicago, 111.
E berbach & Son Co., Ann A rbor, M ich. 
E im er & Am end, N . Y . C.
L aborato ry  Supply Co.. Colum bus, O.
Palo C om pany, N . Y. C.
Scientific M aterials  Co., P ittsbu rgh , Pa. 
W hita ll T a tu m  Co., Philadelphia, Pa.

Glass Blowing
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San Francisco, Cal. 
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
G reiner Co., Em il, N . Y . C.
Griebel In s tru m en t Co., Carbondale, Pa.
Heil Chem ical Co., H enry . S t. Louis, M o. 
L abora to ry  Supply  Co., Colum bus, O.
Palo Com pany, N . Y . C.
Sargen t & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T irrill Gas M ch. L tg . Co., N . Y . C.
W hitall T a tu m  Co., Philadelphia, Pa.

Glass Enameled Apparatus 
E ly ria  Enam eled Prod. Co., E lyria , O., & N . Y. C. 
Pfaudler Co., Rochester, N . Y ., Chicago, 111., & 

N . Y. C.
Graduates—Glass 

Eim er & Amend, N . Y . C.
Scientific M aterials Co., P ittsb u rg h , Pa . 
W hitall T a tu m  Co., Philadelphia, Pa.

Graphite Products 
Dixon C rucible Co., Joseph, Jersey  C ity , N . J.

Grinders
Abbé Engineering Co., N . Y . C.
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San Francisco, Cal. 
M ine & Sm elter Supply  Co., N . Y . C.  ̂
R aym ond Bros. Im p ac t P ulv . Co., Chicago, IU. 
W illiams P a t. C rusher & Pulv. Co., Chicago, 111.

Hardness Testing Apparatus
B raun  C orporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco 

Cal.
E im er & Am end, N . Y . C.
Palo Com pany, N . Y . C.
Schaar & Co., Chicago, 111.
Scientific M aterials  Co., P ittsbu rgh , Pa.

Heating Apparatus (Laboratory)
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  Corporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Brown In stru m en t Co., Philadelphia, Pa. 
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
E lectric  H eating  A pparatus Co., N . Y . C. 
G eneral E lectric Co., Schenectady, N . Y. 
Hoskins M fg. Co., D etro it, M ich.
Palo Com pany, N . Y. C.
S argent & Co., E . H ., Chicago, HI.
Scientific M aterials  Co., P ittsbu rgh , Pa.
T irrill Gas M ch. L tg . Co., N . Y. C.

Heating Specialties 
Tirrill Gas M ch. L tg . Co., N . Y . C.

Heating Stoves
Chicago Surgical & E lectrical Co., Chicago, 111. 

Hot Plates (Laboratory Purposes)
B ausch & Lom b O ptical Co., Rochester, N . Y. 
B raun  Corporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., S an  Francisco, 

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
E lectric H eating  A ppara tu s Co., N . Y . C. 
G eneral E lectric Co., Schenectady, N . Y.



Ju ly ,  19X7 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

LEHIGH CAR, WHEEL & AXLE WORKS
Main Office and Works: CATASAUQUA, PENNA.

M ANUFACTURERS OF

THE FULLER-LEHIGH PULVERIZER MILL
For pulverizing various re frac to ry  m ateria ls

Pulverized Coal Equipm ent 
Gyratory Crushers, Roll Crushers 
Rotary Dryers, Chem ical C astings

SPROCKET AND TRACTION W HEELS GYRATORY CRUSHER CONCAVES
CAR W HEELS AND AXLES ROLL SH ELLS FOR ROLL CRUSHERS
We r e  r o p e  r o l l e r s  a n d  s h e a v e  w h e e l s  r o l l s  f o r  d i s i n t e g r a t o r s
SPUR AND BEVEL GEARS M ULLER RIN GS FOR DRY PANS
ROLL HEADS AND RIN GS FOR RO LLER M ILLS TRA£ K  PLATES AND PERFORATED SCREENS FOR

CONVEYOR GUDGEONS AND BEARINGS M IXER BLADES OR PADDLES
JAW CRUSHER PLATES LINING PLATES FOR CHUTES
GYRATORY CRUSHER CONE HEADS REPAIR PARTS

SEND FOR CATALOGUE NO. 10 
DESCRIBING THE FULLER-LEHIGH PULVERIZER MILL

SEND FOR CATALOGUE NO. 50 DESCRIBING SEND FOR CATALOGUE NO. 7/ DESCRIBING
FULLER QUALITY PRODUCTS PULVERIZED COAL EQUIPMENT

NEW Y O R K  OFFICE PITTSBU R G H  OFFICE CHICAGO OFFICE
SO C h u rch  S t. Farm ers Bank B uild ing  M cC orm ick  B u ild in g

Is Advertising Worth While?
LE F A X  has n o t been 

ad v e rtised  in an y  
m agazine or society  p u b ­
lication . D u r i n g  th e  
p a s t  fo u r y ea rs  th e  b u s ­
iness h as  grow n from  
$4,000  to  $50,000  a n ­
nually . T h is  success has 
b een  ach ieved  b y  m e rit 
th a t  has  been m ade 
know n b y  subscribers to  
th e ir  friends. B eyond 
th is  on ly  d irec t circu ­

la riz ing  h as  been  used  to  le t o th e rs  know, how 
genu ine th e  serv ice  is an d  how  h igh ly  i t  is valued . 
T h is  ad . is designed  to  d iscover w h e th e r we have  
been  neg lec tin g  an  efficient m eans of le ttin g  peo­
p le  know  of a  serv ice th a t  th e y  need. T h e  p u r ­
pose is to  d iscover w hich  m agazine or society  
p u b lic a tio n  is th e  b e s t m ed ium  to  b rin g  Lefax to  
th e  know ledge of th o se  w ho w a n t it.

WHAT IS LEFAX?
L efax supp lies a  flexible classifying, indexing an d  
filing sy s tem  th a t  can  easily  be a d a p te d  to  an y

business. I t  fu rn ishes d a ta  sheets, b la n k  sh ee ts  
an d  p o ck e t b inders, so th a t  y o u  can  m ak e  up  
y o u r ow n p o ck e t book  to  su it y o u r  own business.
I t  also supplies filing boxes a n d  cab in e ts , so th a t  
you  can  m ake  y o u r  ow n lib ra ry , from  w hich  you  
can  tra n s fe r  d a t a 'to  y o u r p o ck e t book  as  needed .
I t  saves m uch  v a lu ab le  in fo rm a tio n  t h a t  is now  
piled up  in  useless shape  o r th ro w n  in to  th e  w aste  
b ask e t. T H £ M AC AZIN E

Lefax also supplies a well-balanced pocket magazine that 
appeals to the common sense of business men, engineers 
and others who desire to be briefly well informed.
Full particulars of the Lefax services, copy of magazine, 
sample data sheets and blank forms are mailed free of 
charge. It  will pay you to fill in your name and address 
below, and mail the coupon to-day to

LEFAX, Inc.
Sheridan Bldg., 9th and Sansom  St«., Philadelphia, Pa.

L E F A X , S h e rid a n  B ld g ., P h ila .
G e n t l e m e n : W ithou t obligating me in any  way, you may 

send me full inform ation abou t Lefax.

N am e.........................................................................................................................

M ail A ddress..........................................................................................................

J . I. & E. C.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT-(ConiimW)
H eil Chem ical Co., H enry , S t. Louis. M o. 
Hoskins M fg. Co., D etro it, M ich. 
In te rna tiona l G lass Co., The, MtllvIDe, N . J . 
Palo Com pany, N . Y . C.
S argen t & Co.. E . H ., Chicago, 111.
S chaar & Co., Chicago. III.
Scientific M aterials Co., P ittsbu rgh . Pa. 
T hom as Co.. A rth u r H .. Philadelphia, Pa. 
T irrill Gas M ch. L tg. Co.. N . Y. C.

Hydrochloric Acid Apparatus
K nigh t. M . A., E a s t Akron, O.

Hydro Extractors
T olhurst M achine W orks, T roy , N . Y.

Hydrometers
Bausch 8c Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco. 

r ny
Daigger 8c Co., A., Chicago, 111.
E im er 8c Amend, N . Y. C.
G reiner Co., Em il. N . Y . C.
G riebel In s tru m en t Co., C arbondale, Pa.
H eil Chem ical Co., H enry, S t. Louis. M o. 
L aborato ry  Supply Co., Colum bus. O.
Palo Com pany, N . Y . C.
Sargent 8c Co., E . H ., Chicago, 111.
Schaar & Co.. Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa .
T ay lo r In s tru m en t Cos., R ochester. N . Y. 
T hom as Co.. A rth u r H ., Philadelphia, Pa.

Hygrometers
T aylor In s tru m en t Cos., Rochester, N . Y.

Ice-Making Machinery
General E lectric Co., Schenectady, N . Y.
Y ork  M anufacturing  Co., Y ork, Pa.

Ichthyol 
M erck & Co.. N . Y . C.

Impregnating and Drying Apparatus— 
Vacuum
Buffalo F d y . & M ch. Co., Buffalo. N . Y. 

Incinerators
Tirrill Gas M ch. L tg. Co.. N . Y . C. 

Incubating Room 
Chicago Surgical & E lectrical Co., Chicago, 111. 

Incubators—Surgical
Chicago Surgical & E lectrical Co.. Chicago, 111.

Indicating Instruments 
T ay lo r In s tru m en t Cos., R ochester. N . Y. 

Indicators—(Speed & Test)
Brown In s tru m en t Co.. Philadelphia, Pa, 
Scientific M aterials Co., P ittsbu rgh , Pa. 

Industrial Burners & Specialties 
T irrill Gas M ch. L tg . C o .. N . Y . C. 

Industrial Gas Appliances 
T irrill G as M ch. L tg . Co., N . Y . C.

Industrial Motor Control Devices
G eneral E lectric Co.. Schenectady, N . Y.

Injectors for Acids and Gases
K nigh t, M . A.. E ast Akron. O.

Instrument—Precision Manufacturers
Scientific M aterials Co., P ittsbu rgh , Pa .

Iodine—Salts of
M erck & Co., N . Y. C.

Iron—Metal and Salts 
M erck & Co.. N . Y . C.

Iron and Steel Analysis Apparatus— 
Manufacturers
Eim er & Amend, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa .

Jars, Museum & Specimen
Eim er & Amend, N  Y. C 
W hitall T a tu m  Co., Philadelphia, Pa.

Jars (for Primary & Storage Batteries)
Corning G lass W orks. C orning. N . Y.
Daigger 8c Co.. A.. Chicago. 111.
General Ceram ics Co., N . Y. C.
G uernsey E arthenw are  Co., Cam bridge, O. 
W hitall T a tu m  Co., Philadelphia, Pa.

Jars and Jugs (Acid Storage)
B ausch & Lom b O ptical Co., R ochester, N . Y. 
G eneral Ceram ics Co., N . Y. C.
G uernsey E arthenw are  Co., Cam bridge, O. 
H erold C hina & P o tte ry  Co., Golden. Col. 
K night. M . A., E a s t Akron, O.
Steiger T e rra  C o tta  and  P o tte ry  W orks. San 

Francisco, Cal.
U . S . Stonew are Co., The, Akron, O.

Kettles—Caustic Soda
Buffalo Fdy . & M ch. Co.. Buffalo, N . Y.

Kettles (Chemical Castings)
Buffalo F dy . & M ch. Co.. Buffalo, N . Y. 
C leveland Brass M fg. Co., The, C leveland, O. 
D evine Co., J . P .. Buffalo, N . Y.
D uriron  C astings Co., N . Y . C.
Jacoby, H en ry  E ., N . Y . C.
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co., Saginaw, M ich.

Kettles (Lined)
Badger 8c Sons Co., E . B ., Boston, M ass. 
E ly ria  Enam eled Prod. Co., E lyria, O., N .Y .C . 
P faudler Co., Rochester, N . Y., Chicago, 111., 

8c N . Y . C.
Sowers M fg. Co., Buffalo, N . Y .
W erner 8c Pfleiderer Co.. Saginaw, M ich.

Kettles (Steam Jacketed)
B adger 8c Sons Co.. B. B ., Boston, M ass. 
Bethlehem  Fdy . 8c M ch. Co., S ou th  Bethlehem , 

Pa.

Buffalo Fdy . & M ch. Co., Buffalo. N . Y. 
D evine Co.. J . P .. Buffalo, N . Y.
D uriron C astings Co.. N . Y . C.
E ly ria  Enam eled Prod. Co., E ly ria , O., 8c 

N. Y . C.
Jacoby. H enry E .. N . Y  C.
Pfaudler Co.. R ochester. N . Y ., Chicago, 111..

& N . Y. C.
Sowers M fg. Co., Buffalo. N . Y.
Sperry & Co.. D. R .. B atav ia , 111.
Stevens B rothers. N . Y. C.
W erner & Pfleiderer Co., Saginaw, M ich.

Kettles (Stoneware)
G eneral Ceram ics Co., N . Y. C.
K night, M. A.. E ast Akron, O.
Steiger T erra  C o tta  and P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., The, A kron, O.

Laboratory Apparatus—Designing &
Manufacturing 
Eim er & Am end, N . Y. C.
Sargent & Co.. E. H ., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa.

Laboratory Burners 
Eim er & Amend, N . Y. C.
Scientific M aterials Co., P ittsburgh , Pa.
T irrill Gas M ch. L tg . Co.. N . Y. C.

Laboratory Chemicals
Eim er & Am end, N . Y. C.
M erck & Co., N . Y . C.

Laboratory Gas Machine 
Eim er & Am end, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa.
T irrill Gas M ch. L tg . Co., N . Y. C.

Laboratory Glassware
Corning G lass W orks, Corning, N . Y.
E im er & Am end, N . Y. C.

Laboratory Supplies
Bausch & Lom b O ptical Co., R ochester. N . Y. 
B raun Corporation, Los Angeles. Calif. 
B raun-K necht-H eim ann Co., San Francisco. 

Cal.
Corning G lass W orks, Corning, N . Y.
Daigger & Co., A., Chicago, 111.
D uriron  Castings Co., N . Y. C.
E im er & Amend, N . Y . C.
G reiner Co., Em il, N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem . Co., H enry, S t. Louis, M o. 
Laboratory. Supply  Co.. The. Colum bus, O. 
M ine 8c Sm elter Supply  Co., N . Y. C.
Palo  C om pany, N . Y . C.
S argen t 8c Co., E . H ., Chicago. 111.
Schaar 8c Co., Chicago. 111.
Scientific M aterials Co., P ittsburgh , Pa. 
T hom as Co., A rthu r H ., Philadelphia, Pa. 
T irrill G as M ch. L tg . Co.. N . Y. C.
W hitall T a tu m  Co., Philadelphia, Pa.

Laboratory Supplies, Platinum 
B aker 8c Co.. Inc ., N ew ark, N . J.
E im er & Amend, N . Y . C.

Lace Leather
Schieren Co., Chas. A., N . Y. C.

Lacquer
G eneral Bakelite Co., N . Y. C.

Lactic Acid
M allinckrodt Chem ical W ks., S t. Louis, Mo. 
W oolner & Co., Peoria, III.

Lamps—Arc and Incandescent
G eneral E lectric Co., Schenectady, N . Y.

Leaching Cells
Swenson E vap o ra to r Co., Chicago, 111. 
Zarem ba Co., Buffalo, N . Y.

Lead Burning
M cN am ara, M .. E v ere tt, M ass.

Lead Lined Pipe and Accessories 
Badger & Sons Co., E . B., Boston, M ass. 
S chu tte  & K oerting  Co., Philadelphia, Pa.

Leather Belting (Regular Oak Tanned 
and Duxbak Waterproof; Round; Link) 
Schieren Co., Chas. A., N . Y . C.

Leyden Jars (Glass)
Corning G lass W orks, Corning, N . Y.

Lenses Pressed (Glass)
Corning G lass W orks, Corning, N . Y .

Lightning Arresters
G eneral E lectric Co., Schenectady, N . Y. 

Linings, Cupola
Herold C hina & P o tte ry  Co., Golden, Col.

Lithopone
N ew  Jersey  Zinc Co., T he, N . Y . C. 

Lubricants
D earborn  Chem ical Co., Chicago. 111.
Dixon Crucible Co., Joseph, Jersey  C ity , N . J .

Machinery
M ine 8c Sm elter Supply Co., N . Y . C.

Machinery—Chemical
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 

Machinery—Electrical 
G eneral E lectric Co., Schenectady, N . Y. 

Machinery—Mining and Metallurgical 
Abbé Engineering Co., N . Y . C.
B raun  C orporation, Los Angeles. Calif.

B raun-K necht-H eim ann Co., San Francisco, 
Cal.

E im er & Amend, N . Y . C.
General F iltra tion  Co., Inc ., R ochester, N . Y. 
M ine & Sm elter Supply Co., Denver, Salt 

Lake C ity , E l Paso, & N . Y. C.
Stokes M achine Co., F . J ., Philadelphia, Pa . 
W erner & Pfleiderer Co.. Saginaw. M ich.

Machinery—Mixing and Kneading
Abbé Engineering Co.. N . Y . C.
E lyria  Enam eled Products Co., E lyria , O. 
Jacoby, H enry  E ., N . Y. C.
Pfaudler Co., Rochester, N . Y ., Chicago, 111..

& N . Y . C.
P ra t t  Eng. 8c M ach. Co., A tlan ta , G a., 8c 

N. Y . C.
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co.. Saginaw, M ich.

Machinery—Pulverizing
Abbé Engineering Co., N . Y. C.
B raun Corporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
E im er & Am end, N . Y . C.
P ra t t  Eng, & M ach. Co., A tlan ta , Ga., 8c 

N . Y. C.
R aym ond Bros. Im p ac t P ulv . Co.. Chicago, 111. 
W erner 8c Pfleiderer Co., Saginaw, Mich. 
W illiams P a te n t C rusher & Pulv. Co., Chicago, 

111.
Machinery (Special)

B adger & Sons Co., E . B., Boston, M ass. 
Buffalo Fdy . 8c M ch. Co., Buffalo, N . Y. 
C leveland B rass M fg. Co., The, C leveland, O. 
D evine Co., J . P ., Buffalo, N . Y.
D uriron C astings Co., N . Y . C.
Jacoby. H enry  E-, N . Y. C.
P ra t t  Eng. & M ach. Co., A tlan ta , Ga,, & 

N . Y . C.
Sowers M fg. Co., Buffalo. N . Y.
Stevens B rothers, N . Y . C.
W erner & Pfleiderer Co., Saginaw, M ich.

Magnesium—Metal and Salts
M erck & Co.. N . Y. C.

Mercury—Salts of
M erck & Co.. N . Y . C.

Metallographie Apparatus
Bausch & Lom b O ptical Co., R ochester. N . Y. 
E im er & Amend, N . Y . C.
Heil Chem ical Co., H enry , S t. Louis, M o.
Palo Com pany, N . Y . C.
Schaar & Co., Chicago. 111.
Scientific M aterials  Co., P ittsbu rgh . Pa .

Metallurgical Laboratory Equipment
Bausch & Lom b O ptical Co., Rochester, N . Y. 
B raun Corporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco,

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Amend, N . Y . C.
Hoskins M fg. Co., D etro it, M ich.
Palo Com pany, N . Y . C.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsburgh , Pa. 
T hom as Co., A rth u r H ., Philadelphia, Pa.

M eters—Flow Air, Gas, Water
G eneral E lectric  Co.. Schenectady. N . Y.

Microscopes
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  Corporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., S an  Francisco, 

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
H eil Chem . Co., H enry  S t. Louis, M o. 
L aborato ry  Supply Co., C olum bus, O.
Palo C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, I1L 
Schaar & Co., Chicago, III.
Scientific M aterials Co., P ittsburgh , Pa. 
T hom as Co., A rth u r H .f Philadelphia, Pa. 

Microtomes 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
E im er & Am end, N . Y. C.
Heil Chem ical Co., H enry, S t. Louis, M o.
Palo Com pany, N . Y . C.
Sargent & Co.. E . H ., Chicago, 111.
T hom as Co., A rth u r H ., Philadelphia, Pa .

Micro Photographic Apparatus . Manu­
facturers
E im er & Am end, N . Y . C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Mills—Ball, Pebble and Tube
Abbé Engineering Co., N . Y . C.
E im er & Amend, N . Y. C.
M ine & Sm elter Supply Co., N . Y. C.
Palo Com pany, N . Y. C.

Mixers
E lyria  Enam eled P roducts  Co., E lyria, O. 
P faudler Co., Rochester, N . Y ., Chicago, IlL, 

& N . Y . C.
Sowers M fg. Co., Buffalo, N . Y .
W erner & Pfleiderer Co., Saginaw, M ich.

Mixing Tanks
Badger & Sons Co., E. B., Boston, M ass. 
Buffalo Fdy . 8c M ch. Co., Buffalo, N . Y. 
D evine Co., J . P., Buffalo, N . Y.
D uriron C astings Co., N . Y . C.
E lyria  Enam eled P rod. Co., E lyria , O., à. 

N . Y. C.
L um m us Co., T h e  W alter E ., B oston, M ass. 
P faudler Co., R ochester, N . Y ., Chicago, Iu., 

& N . Y . C. '
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V i/reo si/ s PureSi/ica
Thermoelectric Pyrometer Protection 

and Insulation Tubes
Unbreakable with sudden temperature changes 

For continuous use up to 1100° C.
For intermittent use at higher temperatures 

Homogeneous Non-porous
Send for Dala and Prices

THE THERMAL SYNDICATE LTD
C h e m i s t s  B u i l d i n g ,  5 0  E a s t  4 1 s t  S t r e e t

NEW YORK CITY

ALUNDUM  
PYROMETER TUBES

FOR 
PROTECTING  

THERMOCOUPLES 
A T  HIGH  

TEMPERATURES

S ta n d a rd  sh a p e s : Vis" B ore b y  n /w " O utside D iam ete r, fu rn ish ed  w ith  o r w ith o u t
collars in  th e  follow ing le n g th s : 6 ", 8", 1 0 ", 1 2 ", 1 4 ", 1 6 ", 1 8 ", 20", 2 2 ", 2 4 ", 2 7 ",
 / /  it „  / -  n _  _  / /  .  .  / /  . q it
3 0  , 33  . 3 6  . 3 9  . 4 2 . 48 ■

N o r t o n  C o m p a n y

WORCESTER, MASSACHUSETTS. U. S. A. 

Refractories Sales Department

874
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT— (Continued)
Sowers M fg. Co., Buffalo, N . Y.
Stevens B rothers, N . Y. C.
W erner & Pfleiderer Co., Saginaw, M ich.

Molybdates
M erck & Co., N . Y . C.

Molybdic Acid 
Eim er & Amend, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Montejus—Automatic
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
D evine Co., J. P., Buffalo, N . Y .
G eneral Ceram ics Co., N . Y. C.
K night, M aurice A.. E a s t Akron, O.
S chutte  & K oerting Co., Philadelphia, Pa. 
S teiger T erra  C o tta  and  P o tte ry  W orks. San 

Francisco, Cal.
Mortars & Pestles

Eim er & Amend, N . Y . C.
W hitall T a tu m  Co.. Philadelphia. Pa.

Muffles
E im er & Am end, N . Y. C.
N orton  Co., W orcester, M ass.

Nickel—Salts of
M erck & Co., N . Y. C.

Nitrating Apparatus
Buffalo Fdy . & M ch. Co., Buffalo, N . Y.

Nitrating Pots
Bethlehem  Fdy . & M ach. Co., S outh  Bethle­

hem, Pa.
Buffalo Fdy. & M ch. Co., Buffalo, N . Y. 
D evine Co.. J. P ., Buffalo, N . Y.
D uriron Castings Co., N . Y. C.
E lyria  Enam eled Products Co., E lyria , O. 
General Ceram ics Co , N . Y . C.
K night, M aurice A.. E a s t Akron, O.
P faudler Co., R ochester, N . Y., Chicago, & 

N . Y. C.
P ra tt  Eng. & M ach. Co.. A tlan ta , Ga., & 

N . Y. C.
Sowers M fg. Co., Buffalo, N . Y.
S tevens Bros., N. Y. C.
U. S. Stonew are Co., The, Akron, O.
W erner & Pfleiderer Co., Saginaw, M ich.

Nitrators—Sulphonators, Etc.
Bethlehem  F dy . & M ach. Co., S outh  B eth le­

hem, Pa.
S tevens Bros., N . Y. C.

Nitre Pot Acid Pipes
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
Cleveland Brass M fg. Co., The, Cleveland, O. 
D uriron Castings Co., N . Y. C. (Special Alloy.) 
E lyria  Enam eled Prod. Co., E lyria , O., & 

N . Y. C.
General C eram ics Co., N . Y. C.
P ra t t  Eng. & M ach. Co., A tlanta, Ga., & 

N . Y . C.
Sidio C om pany of America, Inc., T he, N . Y . C. 
T herm al Syndicate, L td ., N .Y .C . (Silica W are.)

Nitric Acid Apparatus
Buffalo F dy . & M ch. Co., Buffalo, N . Y . 
D uriron Castings Co., N . Y . C.

Nitric Acid Plants—Chemical Stoneware
K night, M aurice A., E ast Akron, O.

Nitric Acid Retorts
Buffalo Fdy . & M ch. Co., Buffalo, N . Y.

Nozzles (Acid Proof)
D uriron C astings Co., N . Y . C.
S chu tte  & K oerting  Co., Philadelphia, Pa.

Oil Testing Instruments
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Daigger & Co., A., Chicago, III.
E im er & Amend, N . Y. C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem ical Co., H enry, S t. Louis, M o. 
Palo Com pany, N . Y. C.
Sargent & Co., E . H „ Chicago, III.
Scbaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsburgh , Pa. 
T ay lor In s tru m en t Cos., R ochester, N . Y . 
T hom as Co., A rthu r H „ Philadelphia, Pa.

Optical Instruments
Bausch & Lomb O ptical Co., R ochester, N . Y. 
Daigger & Co., A.. Chicago, 111.
E im er & Amend, N . Y. C.
Palo Com pany, N . Y. C.
Thw ing In s tru m en t Co., Philadelphia, Pa.

Optical Pyrometer 
Palo Com pany, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa.

Oxygen (Pure)
Levin, Isaac  H ., N ew ark, N . J .

Packings (Condensing Tower)
General Ceram ics Co., N . Y. C.
K night, M aurice A., E a s t Akron, O.
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. S tonew are Co., T he, Akron, O.

Paints 
Toch B rothers, N . Y . C.

Panels, Rheostats, Motor Generator Sets 
and Tungar Rectifiers

G eneral E lectric Co., Schenectady, N . Y.
Paper, All Kinds

Angel Co.. Inc.. H . Reeve. N . Y . C.

Par ani tramline
M erck & Co.. N . Y . C.

Partition Rings (Chemical Acid Proof)
K nigh t, M aurice A., E as t A kron, O.

Patent Attorneys
Brickenstein. John  H ., W ashington, D . C. 
Foster. A. B.. W ashington, D . C.
Parker, C. L., W ashington, D. C.
Tow nsend, C linton P ., W ashington, D. C.

Percolators
Badger & Sons Co., E . B., Boston, M ass. 
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
Devine Co., J . P., Buffalo, N . Y.
E ly ria  Enam eled Prod. Co., E lyria , O., & 

N . Y. C.
General Ceram ics Co., N . Y . C.
Pfaudler Co., Rochester, N . Y .. Chicago, & 

N. Y . C.
W hitall T a tu m  Co., Philadelphia, Pa.

Perhydrol
M erck & Co., N . Y. C.

Pharmaceutical Dryers
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 

Pharmaceutical Preparations 
M erck & Co., N . Y. C.

Phenol Apparatus
Buffalo Fdy . & M ch. Co.. Buffalo, N . Y. 

Photo-Micrographic Apparatus
Bausch & Lom b O ptical Co., R ochester, N . Y. 
E im er & Amend, N . Y. C.
Palo Com pany, N . Y. C.
T hom as Co., A rth u r H ., Philadelphia, P a .

Picric Acid Apparatus
K nigh t, M aurice A., E a s t A kron, O.

Pipe and Accessories (Glass)
C orning G lass W orks, Corning, N . Y.

Pipe and Accessories (Acid Proof)
B ethlehem  F dy . & M ach. Co., S ou th  B eth le­

hem, Pa.
Chadw ick-B oston Lead Co., Boston, M ass. 
C leveland B rass M fg. Co., T he, C leveland, O. 
D uriron C astings Co., N. Y . C.
E ly ria  Enam eled P rod Co., E lyria, O., & 

N . Y. C.
G eneral Ceram ics Co., N . Y . C.
H erold C hina & P o tte ry  Co., Golden, Col. 
K night, M aurice A., E a s t Akron, O.
P ra t t  Eng. & M ach. Co., A tlan ta , Ga., & 

N . Y . C.
S chu tte  & K oerting  Co., Philadelphia, Pa. 
Sidio Com pany of America, Inc ., T he, N . Y. C. 
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
T herm al Syndicate, L td ., The, N . Y. C. (Fused 

Silica.)
U. S. Stonew are Co., The, Akron, O.

Pipe Covering
B ru n t & Co., H . H ., Chicago, 111.

Pipe and Fittings—Lead or Tin Lined
Chadw ick-Boston L ead Co., Boston, M ass. 
S chu tte  & K oerting  Co., Philadelphia, Pa.

Pipes—Steam Jacketed
D evine Co., J . P., Buffalo, N . Y.

Pitch for Protective Coatings 
T he B arre tt Co., N . Y. C.

Platinum (Sheet, Wire and Foil)
A merican P la tinum  W orks, N ew ark, N . J. 
B aker & Co., Inc., N ew ark, N . J.
Bausch & Lom b O ptical Co., Rochester, N . Y. 
B ishop & Co., J ., P la tinum  W orks, M alvern. 

Pa.
D aigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
Heil C hem ical Co., H enry , S t. Louis, Mo.
P alo  Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.

Platinum Ware (Laboratory)
American P la tinum  W orks. N ew ark, N . J. 
B aker & Co., Inc., N ew ark, N . J.
B ausch & Lom b O ptical Co., Rochester, N . Y. 
B ishop & Co., J ., P la tinum  W orks, M alvern, 

Pa.
B raun  Corporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, 111.
E im er & Am end, N . Y. C.
E ngelhard, Chas., N . Y. C.
Griebel In s tru m en t Co.. Carbondale, Pa.
Heil Chem . Co., H enry, S t. Louis, M o.
M ine & Sm elter Supply Co., N . Y . C.
Palo Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Scientific M aterials Co.. P ittsburgh , Pa. 
T hom as Co., A rth u r H ., Philadelphia, Pa.

Porcelain Ware—Laboratory
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, 111.
E im er & Am end, N . Y. C.
G riebel In s tru m en t Co., C arbondale, Pa. 
G uernsey E arthenw are Co.. C am bridge, O. 
Heil Cbem . Co.. H enry, S t. Louis, Mo.
H erold C hina & P o tte ry  Co., Golden, Col. 
L abora to ry  Supply  Co., Colum bus. O.

M ine & Sm elter Supply Co., N . Y . C.
Palo Com pany, N . Y. C.
S argen t & Co., E . H ., Chicago, III.
Schaar & Co., Chicago, 111.
Scientific M aterials  Co., P ittsbu rgh , Pa. 
Thom as Co., A rth u r H ., Philadelphia, Pa .

Portable Ozonators
G eneral E lectric  Co., Schenectady, N . Y.

Potassium—Salts of
M erck & Co.. N . Y . C.

Pots—Acid Proof Stoneware
K nigh t. M aurice A., E ast Akron. O.

Precision Instrument Makers
Scientific M aterials Co., P ittsbu rgh , P a .

Protecting Tubes, Thermocouples
Hoskins M fg. Co.. D etro it, M ich.

Publishers
Chem ical Publishing Co.. E aston . Pa. 
Longm ans, G reen & Co., N . Y . C.
Van N ostrand  Co., D ., N . Y. C.
W iley & Sons, Inc ., John, N .Y . C.

Pulverizers—Laboratory
Abbé Engineering Co., N . Y . C.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation. Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
Heil Chem ical Co., H enry, S t. Louis, M o.
Palo  Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Thom as Co., A rthu r H ., Philadelphia, Pa. 
W illiam s P a te n t C rusher & Pulv. Co., Chicago.

Pumps
Tin-ill G as M ch. L tg . Co., N . Y . C.

Pumps—Acid
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Chadw ick-B oston Lead Co., Boston, M ass. 
C leveland Brass M fg. Co., The, Cleveland, O. 
D evine Co., J . P ., Buffalo, N . Y.
D uriron  Castings Co., N . Y. C.
E im er & Amend, N . Y . C.
G eneral Ceram ics Co., N . Y . C.
Palo  Com pany, N . Y. C.
Schu tte  & K oerting  Co., Philadelphia, Pa.
U. S. S tonew are Co., T he, Akron. O.

Pumps (Laboratory Vacuum)
A bbé Engineering Co., N . Y . C.
Bausch & Lom b O ptical Co., Rochester. N . Y 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
Crowell M fg. Co., Brooklyn, N . Y.
Daigger & Co., A., Chicago, 111.
D evine Co.. J . P .. Buffalo. N . Y.
E im er & Am end, N . Y . C.
H u b b a rd ’s Sons, N orm an, Brooklyn, N . Y. 
Palo  Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schu tte  & K oerting  Co., Philadelphia, Pa. 
Thom as Co., A rth u r H ., Philadelphia. Pa. 

Pumps (Vacuum)
Abbé Engineering Co., N . Y . C.
Buffalo Fdy . & M ch. Co.. Buffalo. N . Y. 
Crowell M fg. Co., Brooklyn, N . Y.
D evine Co., J . P ., Buffalo, N . Y.
Jacoby, H enry  E ., N . Y . C.
Schu tte  & K oerting  Co., Philadelphia, Pa.

Pump Parts Metal (Acid Proof)
D uriron Castings Co., N . Y. C.
S chu tte  & K oerting  Co., Philadelphia, Pa. 

Pyrometer Tubes
N orton  Co., W orcester, M ass.

Pyrometers
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Brown In s tru m en t Co., Philadelphia, Pa. 
D aigger & Co., A., Chicago. 111.
E im er & Am end, N . Y. C.
Engelhard, Chas.. N . Y . C.
Greiner Co., Em il, N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa. 
H anovia Chem ical & M fg. Co., N ew ark, N. J. 
Heil Chem. Co., H enry  E ., S t. Louis, Mo. 
H oskins M fg. Co., D etro it, M ich. .
Leeds & N o rth ru p  Co., The, Philadelphia, Pa. 
Palo C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co.. Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T ay lo r In s tru m en t Cos., Rochester, N . Y. 
Thom as Co., A rth u r H ., Philadelphia, Pa. 
Thw ing In s tru m en t Co., Philadelphia, Pa.

Pyrometers—Electrical
Brown Instru m en t Co.. Philadelphia, Pa. 
E im er & Amend, N . Y. C.

Pyrometers (Optical)
B raun-K necht-H eim ann Co., San Francisco 

Cal.
Brow n In s tru m en t Co., Philadelphia, Pa.

Pyrometers (Radiation)
Leeds & N o rth ru p  Co., The, Philadelphia, Pa 
T ay lo r In s tru m en t Cos., R ochester, N . Y. 
Thw ing In s tru m en t Co., Philadelphia, Pa.

Quartz
B ooth A pparatus Co., Syracuse, N . Y.

Quartz Glass
Bausch & Lom b O ptical Co.. Rochester, N. Y- 
B raun C orporation, Los Angeles- Calif.
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Chemical Engineering A udits
P ro p e r  bo o k k eep in g  m e th o d s  a re  o f v ita l  im p o rta n c e  to  ev e ry  successfu l 

b usiness, a n d  business m en do n o t h e s ita te  to  call e x p e rt a c c o u n ta n ts  to  th e ir  aid  
in  cases of especial d ifficulty .

Y o u r books a re  a tra n sc r ip t of w h a t y o u  do , a n d  th e ir  reco rds show  
w h e th e r  y o u r  business h as  been  done a t  a  loss o r p ro fit.

R ea l econom y in  p u rch asin g  an d  th e  u tm o s t  efficiency in  p ro d u c tio n  are  
as im p o r ta n t  as a c c u ra c y  in  bookkeeping .

A C hem ica l A u d it of y o u r  p la n t will g ive you  ju s t  th e  ex p e rt in fo rm a tio n  
y o u  re q u ire  to  m ak e  th e  b a lan ce  on th e  r ig h t side of th e  ledger a t  th e  end  of th e  
y ea r . I t  w ill su p p ly  th e  fac ts  reg a rd in g  th e  ac tu a l w ork ing  econom y of y o u r  s u p ­
p lies, th e  efficiency of y o u r  processes, th e  sources an d  e x te n t of loss. I t  w ill cover 
y o u r  p la n t  fro m  coal pile to  sh ipp ing -room , an d  p o in t th e  w ay  to  b e t te r  m e th o d s  
a n d  la rg e r  p ro fits .

O u r la rge  o rg an iz a tio n  of engineers an d  ch em is ts  a n d  th e  full e q u ip m e n t of o u r 
la b o ra to r ie s  a re  a t  y o u r  se rv ice  for chem ical a u d its  of y o u r  p la n t  a t  reg u la r  in te rv a ls .

WRITE FOR DETAILS

ARTHUR D. LITTLE, Inc.
93 Broad St., Boston, Mass., U .S .A .

A RTH U R D. L IT T L E , Limited, 137 McGill Street, Montreal, Canada

C H E M IS T S  E N G IN E E R S  M A N A G E R S

File Y our Chemicals and R eagen ts  
S chw artz  Sectional Systemwith the

P a t. Jan . I I. 1910.

N o tic e  th e  m a n n e r  in  w h ic h  d ra w ers  sw ing  
to  o n e  aide w h e n  o pen

("'AN you keep your stock of cheini- 
cals in perfect condition by the 

method you are using? Can you find 
the chemical you desire without hunt­
ing for it?
P )0  your chemicals take up too much 

valuable space in the laboratory? 
Do you duplicate articles already in 
stock?
D Y  adopting the Schwartz System 

your chemicals will always be 
found in a sanitary condition. Any 
articles wanted will always be at the 
finger tips. There will be no duplica­
tion of chemicals infrequently used 
and the stock can be put in one-third 
the wall space it now occupies.

We Index Your S to ck
Standard size units, finished to 

match your woodwork.
W rite for Booklet I w ith pictures ot various 

equipm ent and prices.

INDIANAPOLIS DRUG 
CABINET CO.

INDIANAPO LIS, U. S. A.
Licensed Canadian Mfg.,

JO N E S BROS. & CO.. L td ., Toronto, Can.

TH E IN D EX

’’T H E  S chw artz  Sectional System  
is a tried, tested and perfected 

system . I t  is in use in  leading 
drug^ stores all over the  country, 
and  in the  following:

S. N aval D ispensary, W ash 
ington, D . C.

P rest-O -L ite Co., Chem ical Labo 
ra to ry , Indianapolis.

H enry F o rd  H ospital, D etro it. 
U niversity  of M ichigan, D epart 

m ent of Pharm acy.
E li Lilly & Co., Scientific Labora 

tory, Indianapolis.
B attle  Creek Sanitarium .
B arnes H ospital, S t. Louis. 
P h iladelph ia  College of Pharm acy 
U niversity  of W ashington, D epart 

m ent of Pharm acy.
C hildren’s H ospital, Philadelphia.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT—(Continued)
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Brown In s tru m en t Co., Philadelphia, P a . 
D aigger & Co., A., Chicago, 111.
E im er & Am end, N . Y. C.
E ngelhard, Chas.. N . Y. C.
G reiner Co., Em il, N . Y . C.
Griebel In s tru m en t Co., C arbondale, Pa. 
H anovia Chem ical & M fg. Co., N ew ark, N . J. 
H eil Chem . Co., H enry , S t. Louis, M o. 
L abora to ry  Supply Co.. Colum bus, O.
Palo  Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa.
Sidio Co. of America, The, N . Y. C.
T herm al Syndicate, L td ., The, N . Y . C. 
T hom as Co., A rthu r H ., Philadelphia, Pa.

Radium
E im er & Am end, N . Y. C.
H eil Chem ical Co., H enry, S t. Louis, Mo.
Palo Com pany, N . Y. C.

Reagent Bottles
E im er & Amend, N . Y. C.
W hitall T a tu m  Co., Philadelphia, Pa.

Reagents—Chemical
B aker Sc A dam son Chem . Co., E aston , Pa. 
B aker Chem . Co., J .  T ., Phillipsburg, N . J. 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
D aigger & Co., A., Chicago, 111.
E im er & Am end, N . Y . C.
Griebel In s tru m en t Co., C arbondale. Pa.
Heil Chem ical Co., H enry, S t. Louis, M o. 
M erck & Co., N . Y . C.
Palo Com pany, N . Y. C.
Sargent & Co., E . H „  Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa. 
T hom as Co., A rth u r H ., Philadelphia, P».

Recording Instruments
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Brown In s tru m en t Co., Philadelphia, Pa. 
E im er & Amend, N . Y. C.
G eneral E lectric Co., Schenectady, N . Y. 
Hoskins M fg. Co., D etro it, M ich.
Palo C om pany, N . Y. C.
Scientific M aterials Co., P ittsbu rgh , Pa .
T ay lo r In s tru m en t Cos., Rochester, N . Y. 
Thw ing In s tru m en t Co., Philadelphia, Pa.

Recording Instruments (For Pressure, 
Temperature, Etc.)
Brown In stru m en t Co., Philadelphia. Pa. 
Scientific M aterials Co., P ittsbu rgh , Pa.
T ay lo r In s tru m e n t Cos., Rochester, N . Y.

Reduction Kettles
Buffalo Fdy . & M ch. Co., Buffalo, N . Y.

Refineries—(Oil—Sugar Installation)
L um m us Co., T he W alter E ., B oston, Mas*.

Refractories
B ru n t & Co., H . H „  Chicago, III.
G uernsey E arthenw are Co., Cam bridge. O. 
H erold C hina & P o tte ry  Co., Golden, Colo. 
N orton  Co., W orcester, Mass.
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Refrigerating Machinery and Apparatus

G eneral E lectric Co., Schenectady, N . Y.
Y ork M anufactu ring  Co., York, Pa.

Regulators (Automatic Humidity)
C arrier Engineering C orp., N . Y. C.

Relays
G eneral E lectric  Co., Schenectady, N . Y.

Resistance Ribbon—Base Metal
H oskins M fg. Co., D etro it, M ich.

Resistance Wire—Base Metal
Hoskins M fg. Co., D etro it, M ich.

Resistance Wire—Platinum
American P la tinum  W orks, N ew ark, N . J. 
B aker & Co., Inc ., N ew ark, N . J.
B ishop & Co. P la tinum  W ks., J ., M alvern, Pa.

Retorts
B adger & Sons Co.. E . B „ Boston, M ass. 
B ausch & Lom b O ptical Co., R ochester, N . Y . 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
D aigger 8c Co., A., Chicago. 111.
Dixon Crucible Co., Joseph, Jersey  C ity, N . J. 
G uernsey E arthenw are Co., Cam bridge. O. 
Heil Chem ical Co., H enry, S t. Louis, M o. 
L aborato ry  Supply  Co., Columbus, O. 
Lum m us Co., T he  W alter E ., Boston, M ass. 
Palo Com pany, N . Y . C.
Sidio Com pany of America, Inc ., The, N . Y. C. 
T herm al Syndicate, L td ., The, N . Y . C.

Retorts (Cast Iron)
Buffalo Fdy . & M ch. Co.. Buffalo, N . Y. 
Devine Co., J . P ., Buffalo. N . Y.
Sargent & Co.. E . H ., Chicago. III.
Sowers M fg. Co., Buffalo, N . Y.

Retorts—Acid (Cast Iron)
Bethlehem  Fdy. & M ach. Co., So. B eth ., Pa. 
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
D evine Co., J . P ., Buffalo. N . Y.
Griebel In s tru m en t Co., Carbondale, Pa. 
H erold C hina & P o tte ry  Co., Golden, CoL

Rotary Compressors or Blowers 
Abbé Engineering Co., N . Y. C.
Crowell M fg. Co.. B rooklyn. N . Y.

Rotary Dryers—Vacuum and Atmospheric
Buffalo Fdy . & M ch. Co., Buffalo, N . Y.

Rotary Lead Fans
S chu tte  & K oerting  Co., Philadelphia, Pa.

Rubber Tubing, Laboratory
Angel Co., Inc ., H . Reeve, N . Y % C.
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun-K necht-H eim ann Co., $an  Francisco, 

Cal.
Daigger & Co., A., Chicago, 111.
E im er & Amend, N . Y. C.
G riebel In s tru m en t Co., Carbondale, Pa.
Heil Chem ical Co., H enry, S t. Louis, M o.
Palo Com pany. N . Y. C.
S argent & Co., E . H ., Chicago, 111.
Scientific M aterials Co., P ittsbu rgh , Pa. 
Thom as Co., A rthu r H ., Philadelphia, Pa. 
T irrill G as M ch. L tg . Co., N . Y . C.
W hitall T a tu m  Co., Philadelphia, Pa. 

Scientific Apparatus 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Cal. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Daigger & Co., A., Chicago, 111.
E berbacb & Son Co., Ann Arbor, M ich.
E im er 8c Am end, N . Y. C.
H eil Chem ical Co., H enry, S t. Louis, M o. 
Hoskins M fg. Co.. D etro it, M ich.
Palo  Com pany, N . Y . C.
Sargent & Co., E . H ., Chicago, III.
Scientific M aterials  Co., P ittsbu rgh , Pa.

Scientific Instrument Makers
Scientific M aterials Co., P ittsbu rgh , Pa.

Screens (Grinding & Pulverizing)
R aym ond Bros. Im p ac t P ulv . Co., Chicago, 111.

Searchlights and Headlights
General E lectric Co., Schenectady, N . Y. 

Separators—Air
R aym ond Bros. Im pact. P ulv . Co.. Chicago, 111.

Separators—Centrifugal
In te rna tiona l E qu ipm en t Co., Boston, M ass. 
Schaum  & Uhlinger, Inc ., Philadelphia, Pa. 
Sharpies Specialty  Co., The. W est C hester, P a . 
T o lhu rst M achine W orks. T roy , N . Y.

Sheet Metal Apparatus (Special)
T irrill Gas M ch. L tg . Co.. N . Y . C.

Shelf Dryers—Vacuum
Buffalo Fdy . & M ch. Co., Buffalo, N . Y.

Shredders 
W illiams P a te n t C rusher & Pulv. Co., Chicago, 

111.
Silica—Fused

Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun Corporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
B run t & Co., H . H ., Chicago, 111.
D aigger & Co., A., Chicago, III.
E im er & Am end, N . Y . C.
Engelhard, Chas., N . Y . C.
G reiner & Co., Em il, N . Y. C.
Greibel In s tru m en t Co., Carbondale, Pa.
Heil Chem . Co., H enry, S t. Louis, M o. 
L aborato ry  Supply  Co., Colum bus, O.
Palo Com pany. N . Y . C.
S argen t & Co., E . H „  Chicago, III.
Schaar & Co., Chicago. 111.
Scientific M aterials Co., P ittsbu rgh , Pa.
Sidio Co. of Am erica, The, N . Y. C.
T herm al Syndicate, L td ., The, N . Y . C. 
Thom as Co., A rth u r H ., Philadelphia, Pa.

Sinks, Laboratory Acid Proof
D uriron Castings Co., N . Y. C.
K nigh t, M aurice A., E a s t A kron, O.

Slide Warmers
Chicago Surgical & E lectrical Co., Chicago, 111.

Soda Recovery Machinery
Swenson E v ap o ra to r Co., Chicago, 111. 

Sodium-Benzol-Sulphonate Dryers 
Buffalo Fdy . & M ch. Co.. Buffalo. N . Y.

Sodium—Salts of
M erck & Co., N . Y. C.

Soldering Iron Heaters 
Tirrill G as M ch. L tg. Co., N . Y . C.

Solenoids
Chicago Surgical & E lectrical Co., Chicago, III.

Solvent Recovery Apparatus (Vacuum) 
B adger & Sons Co., E. B., Boston, M ass. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D evine Co., J. P .. Buffalo, N. Y.
E lyria  Enam eled Prod. Co., E lyria . O., & 

N . Y . C.
L um m us Co., T he W alter E ., Boston, M ass. 
Pfaudler Co., R ochester, N . Y., & N . Y. C. 
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co., Saginaw, M ich. 

Spelter
New Jersey  Zinc Co., T he, N . Y . C. 

Spiegeleisen 
New Jersey Zinc Co., T he, N . Y . C.

Spray Nozzles
S chu tte  & K oerting Co., Philadelphia, Pa.

Steam Engineering Specialties
Sarco Co., Inc ., N . Y. C.

Steam Reducing Valves
T aylor In s tru m e n t Cos., R ochester, N . Y.

Steam Traps
Sarco Co., Inc., N . Y . C.

Sterilizers
Chicago Surgical & Electrical Co., Chicago, 111.

Stills—Aniline, Phenol and Betanaphthol
Buffalo F dy . & M ch. Co., Buffalo. N . Y.

Stills—Nitric Acid and Sulfuric Acid
Buffalo Fdy . & M ch. Co., Buffalo, N . Y . 

Stirring Apparatus
B ooth A pparatus Co., Syracuse, N . Y. 
C leveland B rass M fg. Co., The, C leveland, O. 
D evine Co., J . P ., Buffalo, N . Y.
D uriron  C astings Co., N . Y . C.
E ly ria  Enam eled Prod. Co., E lyria , O., & 

N . Y. C.
Jacoby, H enry  E ., N . Y. C.
Palo C om pany, N . Y. C.
P faudler Co., R ochester, N . Y., Chicago, III., 

& N . Y . C.
Sowers M fg. Co., Buffalo, N . Y.
Stevens B rothers, N . Y . C.
W erner & Pfleiderer Co., Saginaw, M ich.

Stoneware—Chemical (Laboratory)
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco, 

Cal.
Daigger 8c Co., A., Chicago, 111.
E im er & Am end, N . Y. C.
G eneral Ceram ics Co., N . Y. C.
Griebel In s tru m en t Co., C arbondale, Pa.
Heil Chem . Co., H enry, S t. Louis, M o.
K night, M aurice A., E a s t A kron, Ohio 
Palo C om pany, N . Y . C.
S argent & Co., E . H ., Chicago, 111.
Schaar & Co., Chicago, 111.
Schutte  & K oerting  Co., Philadelphia, Pa. 
Scientific M aterials Co., P ittsbu rgh . Pa. 
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Thom as Co., A rth u r H ., Philadelphia, Pa.
U . S. Stonew are Co., T he, Akron, O.

Stoneware (Acid Proof—Industrial Pur­
poses)
G eneral Ceram ics Co., N . Y . C.
K nigh t, M . A., E ast A kron, O 
S chu tte  & K oerting  Co., Philadelphia, Pa. 
Stieger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
TJ. S. Stonew are Co., The, Akron, O.

Stoppers—Rubber
E im er & Amend. N . Y. C.
W hitall T a tu m  Co.. Philadelphia, Pa.

Storage Battery Recharging Apparatus
G eneral E lectric  Co., Schenectady, N . Y.

Strontium—Salts of
M erck & Co.. N . Y . C.

Succinic Acid
W oolner & Co.. Peoria, 111.

Sugar Mill Machinery
Swenson E vapora to r Co., Chicago, III.

Sulphonating Apparatus
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
D uriron Castings Co., N . Y. C.

Sulphuric Acid
New Jersey Zinc Co., The, N . Y. C. 

Sulphuric Acid Apparatus
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
D uriron  C astings Co., N . Y. C.

Sulphuric Acid Concentrating Pans
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 

Sulphuric Acid Plants—Chemical Stone­
ware
K night, M . A., E a s t Akron, O.

Sulphuric Acid Recovery Apparatus 
Buffalo F dy . & M ch. Co., Buffalo, N . Y.

Switchboards
General E lectric Co., Schenectady, N . Y.

Synthetic Oils & Chemicals
M erck & Co., N . Y. C.

Syphons
G eneral Ceram ics Co., N . Y . C.

Syphons—Steam Jet
Cleveland Brass M fg. Co., T he, Cleveland, O. 
D uriron  Castings Co., N . Y . C. (Acid Proof.) 
E ly ria  Enam eled P rod. Co., E lyria, O., «  

N . Y . C.
Sch u tte  & K oerting  Co., Philadelphia, Pa.

Tachometers
Brown In stru m en t Co., Philadelphia, Pa.
Palo  Com pany, N . Y. C.
T ay lo r In s tru m en t Cos., R ochester, N . Y.

Talc
M erck & Co., N . Y . C.

Tanks—(For Acid or Basic Reaction)
Badger & Sons Co.. E . B .. Boston, M as,. 
Buffalo F dy . & M ch. Co.. Buffalo, N . Y. 
Chadw ick-B oston Lead Co., Boston, Mass. 
C leveland B rass M fg. Co. The, Cleveland, O.


