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Some of the Materials with which the “ Universal” 
Kneading and Mixing Machines have been Successful
A ccu m u la to r M a ss
A n ilin e
A sp h a lt
B la c k in g
B la stin g  P ow ders
B o n e  F a t
B u tte r
C a lc iu m  C arb id e
C ellu lo id
C heese
C h o co late
C o co a
C olours, D r y  an d  W e t
C om p o sition s o f all k in d s
C o re  S an d  and L oam
C o rd ite
C ru cib le  P aste
D ex trin e
D o g  B iscu its
D o u g h s of e v e ry  descrip tion

D ru gs
E lectro d e M a ss
E le ctric  C arb on s
E m e ry  W h eel C om positions
E n am el
E xp lo sives
F a ce  P ow d er
F e lt  (A rtificial)
G lass
G u m  (C hew in g)
G u n  C o tto n  
G u n p ow d er 
G u tt a  P erch a 
H orn  (A rtificia l)
In d ia  R u b b er and G u tta  P erch a 
In d igo  D ou gh s and Solutions 
In su la tin g  M ateria l 
Iv o r y  (A rtificial)
L acq u e rs  o f e v e ry  description 
L ea d  P encil Com position

L ea th er (A rtificia l)
L in oleu m
M acaron i, V erm icelli, etc.
M a rga rin e
M ilk  (Condensed)
M o d elin g  C la y
M olasses
P ap er C ellu lose
P ap er P u lp
P ap ier M a ch e
P a in t
P u lp
P u tty
R u b b er and  R u b b e r  S olu tion s 
S ilk  (A rtificia l)
S ta rch  
Viscose 
V u lca n ite  
W a ll P ap er 
Y e a s t

For Mixers and Kneaders, Vacuum 

K neaders, P resses, 

M asticators, Rapid 

Dissolvers and Solu

tion Making Machines

Inquiries Solicited 

Demonstrations Arranged

M ixer for S tiff M ass. Pow er T iltin g  A rran gem en t.

WERNER & PFLEIDERER COMPANY
MAIN O FFICE AND FACTORY

SAGINAW, W. S., MICHIGAN
NEW  Y O R K , 41 Park R ow  SAN FRANCISCO, P acific B u ild in g  PH IL A D ELPH IA , D rexel B u ild in g

Cannststt-Stuttgart, Wuerttemburg, Berlin, Cologne, Hamburg, Frankfort, Dresden, Vienna, London, Peterborough, Pari*, Zurich, Hague, Milan, Moscow, Buenos Ayres
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SANBORN
Single and Multiple Effect

EVAPORATORS
FOR A LL DUTIES

S a n b o rn  S in g le  an d  M u ltip le  E ffe c ts  for e v a p o ra tio n  and  d is tilla tio n ; a d a p te d  to 
a n y  d u ty  an d  b u ilt  o f m eta l or a llo y  su ite d  to  o p e ra tin g  co n d itio n s; m a d e  in  a n y  
size  an d  in  co m b in a tio n s secu rin g  h ig h e st eco n o m y . U n d e r  th is  sy ste m , tru e 
film  e v a p o ra tio n  is o b ta in e d  w ith o u t  th e  a id  o f a n y  m ech a n ica l d ev ice s, b y  m eans 
o f th e  sh a p e an d  gro u p in g  o f th e  h e a tin g  elem en ts.

N o  m o v in g  p a rts , few e st jo in ts  an d  m in im u m  c o st o f u p -keep . G a se s  e v o lv e d  
d u rin g  o p e ra tio n  can  be e n tir e ly  rem o v ed  an d  u tilize d , if d esired .

N O T E :  —  T h e  S a n b o rn  S y s te m  is a p p lic a b le  to m a n y  ty p e s  of 
ex istin g  in s ta lla tio n s  a t  sm a ll exp en se, red u cin g  u p -k eep  costs  and  
in crea sin g  th e e ffic ien cy  from  5 0  to  1 0 0  per cen t.

F o r  co n d itio n s w h en  film  e v a p o ra tio n  is n o t desired , w e b u ild  im p ro v e d  su b 
m erged  tu b e  a p p a ra tu s  to  m eet th e  p a rtic u la r  req u irem en ts.

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

ENGINEERS, DESIGNERS AND MANUFACTURERS 

of General Equipment

W R I T E  U S

SANBORN EVAPORATOR COMPANY
50 BROAD STREET, NEW YORK CITY
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S in g le  an d  M u ltip le  effects  d esign ed  to  m e e t  
c o n d it io n s  as w e find th em .

S ta rt th e  n ew  year by p la n n in g  a ca m p a ig n  
to  red u ce you r co st o f m a n u fa c tu r e  (sav in g  coal, 
labor, repairs, e tc .) by th e  in s ta lla t io n  of m od ern  
e q u ip m e n t d esig n ed  for your Work by evaporation  
en g in eers  w h o  have th e  exp erien ce  n ecessary  to  
w arran t you r  con fid en ce .

S T A N D A R D  S W E N S O N  E V A P O R A T O R S  for
straight concentration. Hundreds of installations have proved 
the merit of this design.

PATENTED SECO BASK ET TYPE EVAPORATORS for crystallizing solutions. 
Also used where scale is apt to form on heating surface. Maximum circulation of b o th  steam and 
liquor. Easily cleaned. For salt caustic, calcium chloride, glycerine, distilled water, etc.

STA N D A RD  VERTICAL TUBE PANS for large installations, equipped for crystallizing 
solutions, also for straight work. All pans fitted with our patented vapor and steam controlling device, 
giving a perfect and uniform distribution of vapor to all the tubes, thereby increasing the amount of 
work possible with a given tube area.

SPECIAL LEAD EVAPORATORS (patent granted) for acid concentration. A  design 
which is durable and efficient. Not lined or coated, but a substantial lead pan built for hard and con
tinuous service.

EVAPO RATO RS FOR SPECIAL SO LUTIO NS made of bronze, copper, aluminum,
steel, cast iron, etc. Any of our standard type pans can be lined with brick, tile, cement or metal—a
proven success for a good many years.

A NEW  EVAPORATOR FOR H IG H  D E N SIT Y  W ORK
—our latest and most important improvement. With this apparatus you can 
economically concentrate solutions (whether crystallizing or not) much 
heavier than is possible in any commercial equipment previously offered. 
We have successfully and continuously boiled down in this equipment 
calcium chloride to a 68 per cent solution with steam. Simple operation, 
easy cleaning, uniform results and small repairs make this an ideal design 
for high density work.

E con om y, d u ra b ility , a ccess ib ility , low  repairs, easy  
o p era tio n  and  m a x im u m  s im p lic ity  in  d es ig n  (c o n s is te n t  
w ith  th e  a tta in in g  o f th e se  resu lts) ch a ra cter ize  S w en so n  
Service. We can  refer to  m ore th a n  600 in s ta lla t io n s — 
fu lly  h a lf o f w h ich  have b een  “ rep ea t” orders. A ss is ta n ce  
given  in  p rocesses u t iliz in g  w a ste  so lu t io n s  or n ew  c h e m i
cal p rod u cts.

Let us send  one of our engineers to look over your conditions to  d e te rm in e  
the  type  best su i ted  to you r  requ irem en ts

ANY CAPACITY ANY LIQUOR
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A LARGE SW EETLAND SE L F-D U M PIN G  FILTE R —OPEN

A | n All-Metal, Self-Dumping
FILTER PRESS

T h e  S w e e tla n d  F ilte r  offers a t  le a st a tw o -fo ld  m ean s for o b ta in in g  u n u su al effi
c ien cy . C o n stru c te d  th ro u g h o u t o f m eta l (even  to  th e  filter c lo th ) it  resists 
b o ilin g  c a u s tic  so lu tio n s as th o u g h  th e y  w ere w a te r  an d  is u n affe cte d  h y  m a n y  
o f th e  a cid  so lu tio n s; and  th e  S e lf-D u m p in g  fe a tu re  g r e a tly  fa c ilita te s  th e  w o rk  
o f c le a n in g  an d  c lo sin g  b etw e en  ch arges.

AU TO M ATIC DUM PING ACTION
req u irin g  b u t a m in im u m  of h an d  lab o r, is th e  p rin cip le  o f o p e ra tio n — and 

q u ic k , p o s itiv e  resu lts  are  a lw a y s  assured .

S w e e tla n d ’s P a te n t  M e ta llic  F ilte r  C lo th  filters  lik e  c o tto n  d u c k . B e in g  s a fe 
gu ard ed  a g a in st a t ta c k  b y  a lk a lie s , th is  c lo th  im p ro ve s  th e  p rocess a  hun- 

d red -fo ld .

S w e e tla n d  F ilte r  design  an d  c o n s tru c tio n  h a v e  o u t-c lassed  com m on  p ra ctice s .
T h e  s u p e rio rity  o f S w e e tla n d  p rin cip les can  b e  d e m o n stra te d  to  th e  sa tis fa c t io n  
o f in d u stria l rep rese n ta tiv es.

Ask for Catalogue 12. Ju s t  off the  Press.

THE SWEETLAND FILTER PRESS CO.
928 Singer Building, N ew  York
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The Economy of Pulverizing Materials by the

RAYMOND A R LSEPARATING SYSTEM
has been proven by 400 p la n ts  which  are reducing  
m ore  than  100 m a teria ls  o f  w idely  varying character

IV /T A N Y  of these concerns who were originally in doubt as to the adaptability 
of the Raymond System to their special grinding problem have, after a

thorough trial, been unconditionally convinced of the economies produced by this
system in their grinding departments.

T he  Raymond System produces these economies in many and various ways,
the most striking of which is the elimination 
of expensive screening, elevating and con
veying machinery. This is accomplished by 
using air-separation instead of screens to pro
duce the fineness; at the same time, without 
any extra power, this air delivers the finished 
product direct to the next point of operation 
or storage.

This reduces the amount of labor and 
repairs required with other methods of grind
ing and at the same time produces a greater 
capacity per horse-power and a finer, more 
uniform product than any other method.

W ouldn’t it be worth your while to in
vestigate the possibilities of the Raymond 
System in your grinding department?

THE COUPON IS FOR YOUR CONVENIENCE -
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Air Floated Material

Patented

J J J

WE are now prepared to 
produce on the new W il
liam s system  a finished

produćt of 100, 2 0 0 , 3 0 0  or 
4 0 0  mesh goods, on dry soft 
material. These results are made 
possible by combining our ex
perience in the manufacture of 
grinding machinery and air sys
tems with that of an expert in air 
separation.

T he W illiams name as ap
plied to grinding machinery is a 
household word among industrial 
plants using crushing and grind
ing machinery, and extends over 
a period of 20  years’ experience, 
and the application of this air 
separator to our W illiams line
makes a perfect grinding and
separating unit.

T h e  separator in question has been in operation for over two years under the personal supervision of 
the inventor. W e have just installed one large plant producing 2 ' / 2 tons per hour of Sulphur, 95%  of 
which will pass 200 mesh sieve.

This system is compact and the entire grinding and separating unit may be direct connected to one 
motor, doing aw ay entirely with transmission machinery, conveyors and elevators. This system may be 
had in units of from 100 lbs. per hour up to 6 or 8 tons per hour, or any intermediate size.

it operates with much less power than similar grinding machines doing this work, and the separator 
itself will produce a product much finer than any other air separator on the market. T h e  operator may . 
change the fineness of his product at any time from 100 mesh to 400 mesh or finer in thirty seconds by the 
simple operation of turning an adjusting lever. This attachment is fool-proof and can be locked in so as 
always to maintain the same product.

W e are prepared to contract for any size grinding and separating unit desired, giving assurance that 
any installation which we may make will live up to the performance claimed for it.

For farther in form ation write for B u lle tin  N o . 10-G . W e are prepared to m ake  tests  for a ll parties in teres ted ,
at our testing  plant in S t .  L ou is , on receipt o f 100 lb s . o f m ateria l, a ll  transporta tion  charges prepaid .

W e issu e  7 C a ta lo g s  a n d  m a n y  B u l le t in s .  W r ite  to d a y  fo r  th e  o n e  y o u  a re  in t e r e s te d  in

NO. 10 NO. 10-A NO. 10-B NO. 10-C NO. 10-D  1 NO. 10-E NO. 10-F SPECIAL

L im esto n e
L im e
G yp su m
Coal
O chres
Dry C olors

S h a le  
Clay  
A sp h alt 
Sand  
All Clay  

M ateria l

T an k age
B one
S h ells
P o u ltr y  F ood  

an d  a ll 
F ertilizer  

M ateria l

O il Cake 
L in seed  
C o tto n  Seed  
C astor, N itre  
S a lt  Cake 
S oy  B ean  
C opra, E tc.

S to ck  Food  
C ereals  
A lfa lfa  

an d  all 
By P rod u cts  

from
F lou r  M ills

Coal C rushers  
for

C oke O vens 
G as P la n ts  

a n d  a ll 
In d u str ia l  

P la n ts

Shredders  
Bark, C hips  
W ood P u lp  
L icorice-R oot  

an d  all 
F ibrous  

M ateria l

S oap  Pow der  
All D rug  

M ateria! 
P ap er S to ck  

an d  all 
C h em ica ls

The Williams Patent Crusher & Pulverizer Company
W o rk s:

ST. LOUIS, MISSOURI
G e n e ra l S a le s  D e p t .:

OLD COLONY BLDG., CHICAGO, ILL.
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Quality in
every 
Circle
D e p e n d a b le  quality charac
terizes every grade of genuine 
W h a tm a n  F ilter  Paper. 
Put up in handy sealed boxes 
distinctively labeled with grade 
and size. Ask your supply 
house for full information about

~  X V H A X M A N "

HÜERP4PERSE tic h
G r a d e

G u aran teed  F ree \from \C h lor in e  an d  S tarch

No. 1 
No. 2 
No. 3 
No. 4 
No. 5 
No. 30 
No. 40
No. 41

R etain sF o r general q u an tita tive  and qu alita tive  work.
B arium  Sulphate.

Sim ilar to  N o. 1 b u t 50 per cent, heavier. R a p id ly  filters 
fine precipitates. L eaves clear, bright filtrate.

A  still heavier paper adapted to pressure and vacuu m  fil
tration. F ilters fa irly  fast, y e t  retains fine precipitates.

V e ry  soft, open in texture. R a p id ly  and p erfectly  fil
ters fru it juices, syrups, oils, varnishes, etc.

A  sp ecially  hardened paper of great p u rity . V e ry  strong; 
retain s finest precipitates.

H ydrochloric acid treated. Low  ash, close textu re. F o r 
q u an tita tive  work.

A  paper treated b y  both H ydrochloric  and H ydrofluoric 
A cids. H as less ash than N o. 30. F o r very  accu rate  qu an 
tita tiv e  work. R etain s finest precipitates.

T reated  sam e as N o. 40 b u t more open and filters quicker. 
N o t  recom m ended for filtering v e ry  fine p recipitates 
unless p roperly  precip itated .

E v ery  o th e r  v a r ie ty  o f  h ig h -g r a d e  f i lte r  p a p e r  is in  c o u rse  o f  p r o d u c t io n

H. REEVE ANGEL & COMPANY
120 Liberty Street NEW YORK

Sole R epresen ta tives  for U nited  S ta te s  an d  Canada
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FIVE SETTLING TANKS replaced by 

THREE DORR THICKENERS
Valuable Floor Space, Labor and M oney S aved

n p H E  original installation in th is instance consisted of 
five 33-ft. in term itten t settling tanks. Dorr C ontin

uous Thickener m echanism s were placed in three of them . 
The three tanks are now doing the work formerly done 
by five.

Our engineering departm ent is in a position to study  
your problems. Write us.

THE DORR CYANIDE MACHINERY CO.
812-824 Cooper Bldg., Denver, Colo.

17 Battery Place, New York City 16 South St., London, England

Buy Time-Tested Apparatus
Three-quarters of a century of apparatus making insures quality characteristics 

which will save you money.
W e are the oldest house in the United States in the enameling business. A s 

a result our acid-proof apparatus is the last word in efficiency.
W e m a k e  th e  fo l lo w in g  a p p a r a tu s  in  e i th e r  a c id -p r o o f  p o rc e la in  

o n  c a s t  iro n  o r in  p la in  iro n

Vacuum Stills Nitrating Stills
Steam Jacketed Kettles Autoclaves
Evaporating Dishes Retorts
Storage Cans Annular Kettles
T anks Sterilizers

SPECIAL APPARATUS BUILT TO ORDER

G et on the list for our new Catalog, to be shortly issued.

The Stuart &  Peterson Co.
E s ta b l is h e d  1840

95 L ib erty  S t .,  N ew  Y ork B U R L IN G T O N , N . J .
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E V A P O R A T O R S
O F A N Y  S IZ E -F O R  A N Y  SERVICE

The Zaremba Patent Evaporator

The Zaremba Crystallizing Evaporator
for concentration beyond the point of crystallization

High Concentrators
for securing extra high density

ZAREMBA CO
D. S. M ORGAN  

B U IL D IN G BUFFALO, N. Y

KELLY FILTER PRESS PATENTED
Used in the fo llow ing  industries: Mines, 
Chemical W orks, Paper Mills, O il R e 
fineries, Sugar Houses, Soap and Soda 
W orks, Sewerage Disposal Plants, Color 
Works, W ater W orks, Tanneries, etc.

We furnish these presses, Copper, Lead and Nickel 
lined, and cast of Brass, Copper, Phosphor Bronze and 
Monel Metal. Also jacketed to keep presses hot or cold.

For Dry Cakes, Complete Wash, Minimum Labor Costs 
and Continuous H ard Service, buy “ T h e K e lly .”  We are prepared to 
make quick delivery from stock•

FILTER PLATES  TH E DAVIS PA TEN T: M ade of heavy metal, inde
structible, filtering as fast and clean as cloth.

F*TT r I I A  U  • A new decolorizing carbon of exceptional efficiency, and economical
A ¿ / " Y l Y  • in price. Available in various grades of fineness to meet all require

ments. Free of sulphur and arsenic. Regular supplies guaranteed.

For inform ation , catalogs, b lueprints, e tc ., apply  to the nearest agency

N ew Y o r k : EM IL E. LUNG W ITZ, 30 CHURCH STREET
K E L L Y  F IL T E R  P R E S S  C O M PA N Y , S a l t  L a k e  C i ty ,  U ta h  B e r lin  : A . L. C E N T E R , F R E D E R IC H S T R . 60
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A c id  and Alkali  Resistant Glass  
— - Enameled Apparatus ■—

W e also 
make

Plain Welded 
Tanks

not enameled

Special 
shapes or 

construction 
as desired

Light Weight Pressed Steel Containers, all shapes and sizes up to 100 gallons. Covers furnished if desired.

All k inds of Evaporating and  Crystallizing Dishes—Special Laboratory A pparatus
ALL SE A M L E SS O N E -P IE C E

THE ELYRIA ENAMELED PRODUCTS CO
ELYRIA, OHIO.

N ew  Y ork  O ffice
50 CHURCH ST,

Notwithstanding the unprecedented demand at this time for

CHEM ICAL STONEW ARE
our stock in some lines is fairly complete

We can still make PROMPT DELIVERY of

RECTANGULAR TANKS, CROCKS, LARGE EVAPORATING 
BASINS, CHLORINE GENERATORS, ACID ELEVATORS, 

CONDENSING COILS and LARGE PIPING 
12n diameter and over

We have exceptional facilities for the manufacture of ware to your special requirements

Ask us to e s t im a te

GERMAN -AMERICAN STONEWARE WORKS
O ffice, 50 C hu rch  S tree t, N ew  York C ity

F A C T O R Y , K E A SB E Y , N . J .
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Come to Woodbridge, N. J.,
m anufacturing  S t O n 6 W c l l * e  P l f o d l l C t S

Geologically and geographically, Woodbridge, N ew  Jersey, constitutes an ideal 
locality for the manufacture of Stoneware Products.

Not only is this section in immediate touch with the greatly increased market demand 
in the East, but in W oodbridge there is a great variety of Clays of pure and adapt
able quality.

W oodbridge enjoys unequalled transit facilities. Good industrial sites are readily ac
quired and labor is plentiful.

Situated within eighteen (18) «miles from the City Hall of New York City, W ood
bridge is within reach of more than 10,000,000 people who represent every sort of 
industrial activity and manufacture.

We want live, energetic manufacturers who can make the most of the excellent pos
sibilities which W oodbridge offers for the manufacture of Stoneware Products.

W e w il l  fu r n is h  s a m p le s  o f  W o o d b r id g e  C la y  fo r y o u r  in s p e c tio n  a n d  
t e s t ,  a n d  w ill  a lso  g ive  a n y  fu r th e r  d e ta i l s  d e s ire d .

Woodbridge Industrial and Development Co.
C H A R L E S L. ST E U E R W A L D , M a n a g er

P o st Office B ldg. W OODBRIDGE (Middlesex Co.), N . J.

Our Guarantee
Trade --------------------------------------------

R oyal G u ern sey  P orce la in , C asserole w ith  P o rce la in  H a n d le s , 
G lazed In sid e  an d  O u tsid e

Guernseyware for your Laboratory

41 E ast End S treet
R oyal G u ern sey  P o rce la in  E vap oratin g  

D ish  w ith  Lip Cambridge, Ohio R oyal G u ern sey  P orce la in  
Covered C ru cib le

W h e n  y o u  see th is  T r a d e  M a r k  on C h e m ic a l P o rc e la in w a re , y o u  k n o w  
th a t  i t  has been  th o ro u g h ly  te sted  an d  is th e  eq u al o f a n y  L a b o r a to r y  P o rc e 
la in  m ade. W e  sta n d  b a c k  of e v e r y  p iece o f G U E R N S E Y W A R E , w ith  our 
g u a ra n te e  o f Q u a lity  and  S e rv ic e , th e eq u a l o f a n y  S ta n d a rd  P o rc e la in  m a d e 
a n y w h e re  in  th e  w o rld . A  p iece o f G U E R N S E Y W A R E  th a t  does n o t g iv e  
as s a t is fa c to r y  serv ice , w e w ill rep la ce  to y o u  w ith  y o u r  fo llo w in g  sh ip m en t. 
N o  Charge. A ll  w e a sk , is th e sam e tre a tm e n t in usage.

W rite  n o w  fo r  M a rch  1, 1916, C a ta lo g  “ B ”  a n d  p r ic e s , b e fo re  y o u  p la c e  y o u r  n e x t  o rd e r

The Guernsey  
Earthenware Company
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CHEMICAL APPARATUS
W e are the only concern in the U nited States w ith  the expert en- 
g in eerin g  know ledge, p lant and experience necessary to furnish ^ ^ ^

|_ Q  4  1  m uch of the special equipm ent required b y the chem ical industry 37 J[ J  
■ 1 at the present time. A  know ledge of this has m eant thousands of — — -

dollars to m any concerns under special conditions now existing.

R e ce n t in stalla tio n s and  orders 
include :

Stills—
Vacuum
P ressu re
B ad ger-B arb et

Continuous, D iscontinuous for:

T oluol
B en zol
X ylol
A cetone
E th er
M eth y l A lcohol 
E thyl A lcohol 
Am m onia
Carbon T etrach lorid e
Phenol
E th yl N itrite
K e to n e  O ils
W ood O il
R um
A cetic  A cid, in  crude form , refin ed  

form , m ixtures

Iron A utoclaves 
Copper A utoclaves 
L ead-lin ed  A utoclaves 
S ilver-lined A utoclaves 
Iron and Copper M ultip le  E ffect 

Evaporators 
M ixing T an k s 
M ixin g  Stills 
D issolvin g T an k s 
C rystallizin g T an k s 
R etorts
Copper and Iron  T an k s 
N itrators 
C on den sers 
A bsorption C olum ns 
S team -jack eted  Copper and Iron 

K e ttle s  
Piping
P yrom eter S ystem s

C O M P L E T E  P L A N T S

B E N Z O L  R E C O V E R Y  
B E N Z O L  R E F IN IN G  
A L C O H O L  P R O D U C T IO N  
P H E N O L  M A N U F A C T U R E  
W O O D  D IS T IL L A T IO N  
A C E T O N E  P R O D U C T IO N  
E T H E R  M A N U F A C T U R E  
S O L V E N T  R E C O V E R Y

Our Line and Service
Apparatus

W e construct any type of standard or special apparatus for chem i
cal industries, in clu d in g  stills, dryers, evaporators, extraction  and 
absorption equipm ent, etc.

Plants
W e contract for the erection of com plete plants, in vo lv in g  our 
special apparatus or systems.

Research
W e investigate conditions under w h ich  apparatus m ust w ork; 
m ake tests on m aterials to be handled, and advise on process, 
design of apparatus, arrangem ent of plant, etc.

Why You Should Come to Us
Engineering

W e have in our E n gin eerin g  D epartm ent and in consulting 
capacity, experts of recognized h ighest authority.

Design
O ur standard and special equipm ent represents absolutely the latest 
developm ents in its line.

Workmanship
W e construct p ractically  a ll apparatus furnished b y  us in our own 
shops; have sk illed  w orkers in lead, silver, copper and iron.

Deliveries
W e specialize in q u ick  deliveries and m ake them  as promised.

O ur custom ers include p ractically  a ll of the largest chem ical concerns in the U nited 
States, and in m any cases w e are exclu sive  constructors for them  of apparatus in our 
line. W e have proved that they cannot obtain elsew here such service as w e g iv e  them.

E. B. Badger & Sons Company, Boston, Mass
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EDITORIALS
S P R IN G  M E E T IN G  O F  A M E R IC A N  C H E M IC A L  S O C IE T Y

T h e F ifty -S e co n d  M eetin g of th e A m erican  C hem ical 
S o ciety  will be held a t th e U n iv ersity  of Illinois, Ur- 
b an a-C h am p aign , from  T u esd a y , A pril 18th, to F r i
d a y, A p ril 21st, inclusive. T h e B ea rd sley  H otel, 
C h am p aign , has been chosen as h ea d q u arters; all 
m eetings w ill be held at th e  U n iv ersity  of Illinois.

T h e provisional program , printed  elsew here in th is 
issue, includes as a special featu re the dedication  of 
the new chem istry b uild in g U n iv ersity  of Illinois, 
w hen addresses will be m ade b y  G overnor E dw ard  
J. D unne of Illinois, P resident E dm u n d  J. Jam es, 
U n iv ersity  of Illinois, W . R . W h itn ey  of th e U. S. 
N a v a l B oard , and Professor A lexander Sm ith  of 
C olum bia  U n iversity . T h e p ub lic lectures will be 
on th e  “ P roduction  and Use of R a d iu m ,”  b y  C. L. 
Parsons of the U. S. B ureau  of M ines, and D r. C . F. 
B urn ham  of B altim ore. A  special excursion h a s'b ee n  
arranged to D an ville , Illinois, where th e follow ing 
w ill be visited : H egeler B ro th ers’ Zinc Sm elter and
Su lfu ric  A cid  P la n t, W estern  B rick  C o m p a n y ’s K ilns, 
T h ree R ivers C o al C o m p a n y ’s Strip Coal M ine.

C O O P E R A T IO N  IN  F O R E IG N  T R A D E

A n address b y  Joseph E . D avies, C h airm an  of th e 
F ed eral T rad e Com m ission, before the N atio n al 
F oreign  T rad e C oun cil, a t N ew  O rleans, discusses the 
epochal op portun ities th a t now  confront A m erican 
business in foreign  trad e , w hich has su d d en ly  becom e 
a large fa cto r in our n ational outlook.

M r. D avies -sum m arizes th e  general problem s con
n ected  w ith  th e developm en t of foreign trad e as fo l
low s: production , shipping, b an kin g and credit fa c ili
ties, creation  of m arkets and m eeting of in tern ation al 
com petition .

E ig h ty -fiv e  per cen t of the thousan ds of replies th a t 
th e  T rad e Com m ission has received  from  a ques
tion n aire directed  to  th e business men of the U n ited  
S tates disclose a dem and for perm ission to  cooperate 
in  foreign trad e, under Federal regulation .

C on dition s of foreign  com petition  w hich existed  in 
th e  w orld ’s m arkets prior to  th e  w ar are illu stra ted  b y  
ty p ic a l exam ples of th e effectiveness and com pre
hen sive character of foreign  m ethods:

" A  com bination of non-com peting m an ufacturin g p lants of 
G re a t B ritain , for instance, are equipped to  establish, and h ave  
established, jo in t selling agencies, w ith  branch offices and w are
houses, and w ith  such effective organizations th a t th e y  are 
equipped to handle an y  k in d of service w ith in  their lines, from  
th e sale of a handsaw  to  the building of a  railroad.

"M u c h  of the oriental business of G erm an y, is alleged to  h ave  
been acquired through so-called rings, * * * * T h e
m arkets are scientifically studied and assiduously cu ltivated . 
I n  one of these rings, 48 different G erm an m anufacturers 
p articipated . Its  organization w ith  th e lo ca l b a n k  and home 
b an k connections w as com plete. I t  had w ith in  its  organization 
facilities for selling to  a Chinam an a five  cen t file, or for planning, 
financing, and com pleting th e industrial developm ent of an 
entire province, opening harbors, building railw ays and tele
graph lines, sinking mines, erecting factories, installing ligh t and 
pow er plants, and even to  clothing th e people and m arketing 
of products. * * * * * *

"P rio r  to  th e w ar, in  G erm any, approxim ately 600 cartels or 
m anufacturing and selling syndicates, of a  high degree of in te
gration  in in du stry and cap acity, w ere projecting their a ctiv ities

into foreign m arkets. I t  is generally recognized th a t a t the 
sam e tim e there w ere approxim ately 130 international cartels 
of a sim ilar character; and it  m ay occasion surprise to  know  th a t 
th e control of a sm elting and refining p lant in Colorado was 
owned b y  such a little  know n international organization.

“ A t  the U n iversity  of K ie l there has existed, and does now 
exist, an in stitute for the stud y of world trade, subsidized b y  the 
Im perial G overnm en t of G erm any, and organized w ith  a  corps 
of h igh ly  trained econom ists. In  T u rk ey , during th e last several 
years, a  G erm an trade paper has been published d aily  in both 
French and G erm an.

“ T h e  Im perial G overnm en t of Jap an  has projected its enter
prise in to foreign countries, w ith  its governm ent m onopolies of 
salt, cam phor, and tobacco. In  Chosen, w hich is a  new nam e 
for K o rea, it  is significant th a t there has been established an 
in stitute for the developm ent of n ative  Japanese chem ical and 
industrial engineers. I t  is generally recognized th a t exporting 
and m arketing Japanese firm s threaten  th e com plete dom ination 
of the Chinese trade.

“ These m anifestations of a c tiv ity  in E urope and in the O rient 
are in dicative of th e kind and character of com petition  th at w ill 
be m et in foreign trade in th e future. Subsequent to  th e w ar 
these conditions w ill be em phasized and a ctiv ities w ill be in
tensified by  the spur of econom ic necessity in som e of the nations 
of Europe. U nder conditions such as these, the em barkation  
of A m erican enterprise into foreign trad e and th e m aintenance 
of its rightfu l place there, w ill require the strongest in itia tive  
and the highest order of business intelligen ce.”

T w o-th ird s of our exports consist of foodstuffs and 
m aterials to  be used in m an u factu re abroad ; these 
p ra ctica lly  sell them selves, so th a t here our m ain 
problem  is th a t of conserving these n atu ral resources.

“ T h e rem aining one-third of our exports are m anufactured 
articles, and consist generally of tw o classes— specialties and 
staples. H ere dem and m ust be created; and foreign com 
petition  m ust be  m et. In  specialties, the dem and is largely 
created and the com petition m et through th e popular character 
of th e product. In  staples, w hich constitute the large b u lk  of 
international trad e in m anufactured goods, the condition differs. 
T h e  developm ent of the dem and is difficult, and the com petition 
to  be m et m ost severe. * * * * * *

" R e la tiv e ly  few of th e larger organizations of th e cou n try  
m anifest a  desire to  enter into exten sive cooperation in foreign 
trade. T h e y  do n ot seem  to  feel th e need of cooperative effort, 
because of their a b ility  and cap a city  to  p ro ject their own enter
prises. In  th a t connection it m ay be  said, w ith  som e reserva
tion, th a t a  v e ry  substantial p art of our foreign trade has been 
developed through large organizations of this character. T his 
developm ent of our foreign trade is characterized b y  th e fact 
th a t th e ow nership and m anagem ent of plants reside in a  single 
corporation, and is in d istin ct con trast in the m anner in w hich 
th e  foreign trade of some E uropean countries has been de
veloped, w here sim ilar results h ave  been obtained through the 
syn dicated relations of sm aller m anufacturers w ho retain  the 
in dividual ow nership and individu al control of their respective 
p lan ts.”

T h e dem and for cooperation  com es esp ecially  from  
th e  m an u factu rer of staples. In  m an y lines of m anu
fa ctu re  it  is im possible for a sm all concern to  engage 
d ire ctly  in foreign  en terprise: cost is p roh ib itive , risk 
is to o  great, w arehousing and credit facilities are 
in d iv id u a lly  im possible.

T h e  census ta k e n  b y  th e  F ed eral T rad e  Com m ission 
discloses th a t  m isapprehension as to  th e ap p licatio n  
of th e a n ti-tru st law s to  foreign  com m erce, and doubt 
as to  th e  le g a lity  of such enterprise in  th e  foreign  
fields am ounted  in m an y instan ces to  a prohib ition  of 
a n y  action  in the foreign  m arket.

" I t  is th e opinion of th e F ederal T rad e  Com m ission th a t 
enterprise in foreign trade should n ot be im peded b y  conditions 
of th is kind. In  the absence of in ju ry  to  a n y  A m erican  interest 
a greater degree of cooperation in export trade th an  is allow ed in 
dom estic trad e m a y  be beneficial to  th e cou ntry. I f  th is is not 
now perm itted b y  law , new legislation, to  th a t end, properly 
safeguarding the public interest, should be enacted .”
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ORIGINAL PA PERS
R E S E A R C H  O N  T H E  C O R R O S IO N  R E S IS T A N C E  O F 

C O P P E R  S T E E L
By D. M . B u c k 1 a n d  J . O. H a n d y 2 

R eceived Jan u a ry  22, 1916

In order to  obtain  fu rth er definite inform ation  
re lativ e  to  th e influence of v a ry in g  am ounts of copper 
and other elem ents w hen a lloyed  w ith  steel, an ex 
ten ded  series of service tests w as un dertaken  b y  th e 
authors in th e spring of 1914.

F o llo w in g w ork w hich had been done b y  one of us,3 
we continued th e  p ractice  of conductin g th e tests  on 
full size, u n coated  sheets, under exact service condi
tion s, extrem e care being tak en  so to  plan th e  w ork 
th a t those differences foun d in th e various grades of 
steel used could be sa fe ly  ascribed to  th e  influence 
of th e  p articu lar elem ent w hich had been added.

In  addition  to  repeatin g w ork w hich had alread y 
been done on th e  effect of th e  addition  of ap p roxi
m a tely  0.25 per cent copper, we h a ve  included in th is 
te st steels w ith  a copper con ten t as low  as 0.04 per 
cen t, as well as steels w ith  higher am ounts up to and 
including 2 per cent copper.

A s will be seen from  T a b les I to  II I , we also m ade 
additions of phosphorus, silicon, alum inum , sulfur, 
roll scale, and, fo llow in g a suggestion  b y  a co lleagu e4 
th a t th e  addition  of cold steel to  th e  m iddle ingots 
of th e  heat w ould  cause th em  to  ou tla st th e  first 
poured ingots, a sim ilar am ount of cold steel turn in gs 
w as added to  one of th e ingots in ex a ctly  th e sam e 
m anner in which th e copper had been added to  th e 
others.

Som e w ork has also been done on the influence of 
annealing tem p eratu res higher th a n  th e  average 
practice, and we h a ve  k ep t careful records of inside 
and outside sheets of th e p a ck ,6 and of th e  presence or 
absence of m ill scale on th e  surface of the sheets at the 
tim e of exposure, to  determ in e w hether or n ot these 
differences in in itia l p rotection  affected  th e  u ltim ate  
tim e of fa ilure of th e sheets.

S T E E L S  U S E D  IN  T E S T S

Several h eats of open-hearth  and B essem er steel 
were used in th e  tests. T a b le  I gives th e additions 
as th e y  were m ade: th e  grade num bers given  here 
are those used th ro u g h o u t th is paper. I t  w ill be 
noted  th a t  in one instan ce ten  ingots were used from  
a single heat, and th a t  th e y  differed one from  th e 
other on ly  in th e am oun t and kind of elem ent w hich 
w as added. In  T a b les II and II I  appear th e final 
an alyses of th e sheets rolled from  these ingots.

In  th e m a n u factu re of basic open-hearth  heat No.

1 M etallurg ical Engineer, A m erican S heet and  T in  P la te  Com pany, 
P ittsbu rgh , Pa.

2 D irecto r of L abora to ries  of th e  P ittsb u rg h  T esting  L aborato ry , 
P ittsb u rg h , Pa.

3 T h i s  J o u r n a l ,  6 (1913), 447; Iron Age, Ju n e  3, 1915; Iron  Trade 
Review, June  10, 1915.

4 In s titu te  of In d u s tria l R esearch , Bull. 5.
5 Sheets are rolled in packs and  th e  tw o ou tside  sheets of th e  pack 

alw ays carry  on th e ir  surfaces m uch m ore mill scale (m agnetic oxide of iron) 
th an  do the  inside sheets.

7750, an effort w as m ade to produce a w ild, oxidized 
h eat. T h e steel w as m elted “ h o t;”  ore w as fed  faster 
th an  usual and continued even after carbon had been 
reduced to  0.12 per cent. Silica sand was added 
instead of dolom ite. T h e heat had a v e ry  wild a p 
pearance, rose stron gly  in th e m oulds, and in a d d i
tion, we had a running stopper in the ladle g iv in g  a 
d ivided  stream , w hich of course favored  oxidation. 
A n alyses of th e sheets from  th is heat b y  th e  L edebuhr 
m ethod showed an oxygen  conten t avera gin g  on ly  
0.03 per cent, which is no higher than  th a t in norm al 
open-hearth  steel.

B asic  open -h earth  heat N o. 8857 w as m ade w ith ou t
T a b l e  I — S t e e l s  U s e d  i n  T e s t s  a n d  A d d i t i o n s  M a d e  t o  M o d i f y  T h e m  

B a s i c  O p e n - H e a r t i i  H e a t  
H e a t  N o. H e a t  No.

6807
G rade

8805(a)
G rade

Ingo t
No.

Additions
M aterial Amount

2
3
4
5
6
7
8 
9

10 
11

2
3
4
5
6
7
8 
9

10
11

1
2
3
4
5
6
7
8 
9

10
11

N one
Copper
Copper
C opper
C opper
N one
Phosphorus 
Silicon 
A lum inum  
Sulfur 
Cold steel

0.‘25% (d) 
0 .5 0  % (d) 
1 . 0 0  % (d)
2 . 0 0% (d)

oiioo % (d)
0 .3 0 0 % (d) 
8 ozs.
0 . 1 0 0 % (d) 
6  lbs.

H eat N o . 
8815 

G rade

H eat N o . 
7699(6) 
G rade

Ingo t
No.

12
13
14

12X
13X
14X

2
2
3

C opper to  ladle 
C opper to  m ould 
None

0 .2 5 % (d )  
0 .25  % (d)

H ea t  N o . 
7750 

G rade
Ingo t
No.

19
20
21
22
23
24

4
6
7
8 
9 
3

C opper 
( C opper 
( Roll scale 

Roll scale 
Silicon 
P hosphorus 
N one

0 .2 5  %(</) 
0 .2 5  % (d) 

20  lbs.
20  lbs. 

0 . 1 0% (d) 
0 . 1 0  %(</)

H ea t  N o . 
8857 

G rade
Ingo t
No.

25
26

2
3

N one
C opper 6!35 % (d)

H igh  Sulfu r  Be ssem er  H eat  [R e sidual  (N ot Added) S u l fu r ]

G rade
In g o t

N o.
15
16

(c)
(c)

C opper
N one

0 .2 5  % (d)

G rade

N ormal Be ssem er  H eat 
I ngot 

N o.
17
18

(c) 
(c)

C opper
N one

0 .2 5 %  {(I)

(a) A bout 0.04 per cen t residual copper.
(b) A bout 0.05 per cen t residual copper.

(c) See test.
(d) A imed a t.

th e  addition  of m anganese or other deoxidizer a t a n y  
stage.

B asic  open-hearth heat N o. 8805 corresponds to 
h eat N o. 6807 (grades 2 to  11 inclusive) and th e  sam e 
additions were m ade in e x a ctly  th e  sam e w a y  and in 
th e  sam e order. T h e com position  is quite sim ilar to  
N o. 6807 except that the copper (residual) is ab ou t 
0.04 per cen t in all grades excep t th ose to  w hich copper 
w as added. C om parison  of th e results on sheets from  
these tw o heats affords in fo rm ation  re lativ e  to  th e  
influence of co m p a ra tiv e ly  sm all copper conten ts. 
T h e  grade num bers for h eat N o. 8805 are th e sam e as 
for N o. 6807 excep t th a t an “ X ”  has been added to  
each.

B asic open-hearth h eat N o. 7699 corresponds to
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heat N o. 8815 and th e additions were the sam e. This  
heat, however, contained 0.05 per cent residual copper. 

S H E E T  M A N U F A C T U R E  AN D  E X P O S U R E  OF T E S T  P IE C E S

A ll of the operations of b loom ing, rolling, sheet 
rollin g, etc., were conducted  accordin g to  regular mill 
p ractice  and were under th e personal supervision  of 
the authors. E nough sheet bars were ta k en  from  the

T a b l e  I I — L o s s  in  O u n c e s  p e r  S q u a r e  F o o t  p e r  M o n t h  fo r  E a ch  P e r io d

P ercentages P resen t Annealing Scottdale
tem p. 6.5 9.53

G rade C M n S P Si Cu mo. mo.
2 0 .0 6 0.41 0.039 0.032 0.004 0.272 1400

1600
0.1411 
0.1405

0.1361 
0.1382

3 0 .0 6 0 .43 0.045 0.041 0.004 0.549 1400
1600

0.1423 
0 .1374

0.1345 
0 .1338

4 0.07 0 .43 0.039 0 .036 0.004 1.085 1400
1600

0.1389 
0 .1375

0.1319 
0.1353

5 0 .0 6 0 .42 0.042 0.040 0.004 2 .180 1400
1600

0.1314 
0 .1332

0 .1294 
0 .1303

6 0 .0 6 0 .45 0.047 0.035 0.004 0.018 1400
1600

0.3723
0.2632

0.4202
0.3831

7 0 .0 6 0-44 0.047 0.089 0.009 0.016 1400
1600

0 .3040
0.2692

0 .3564
0 .3258

8 0 .0 6 0.41 0.045 0.034 0.319 0 .016 1400
1600

0.3521
0 .3186

0.4747
0.3909

9 0 .0 6 0 .43 0.047 0.036 0.007 0.017 1400
1600

0.3764
0.3591

0.4732
0.4758

10 0 .0 6 0 .43 0.075 0.028 0 .008 0.019 1400
1600

0.4327
0.4211

0 .5144
0 .5206

11 0 .05 0 .4 4 0.037 0.030 0.003 0 .014 1400 0 .3746 0 .4538

O.O03
1600 0.3023 0.3693

12 0 .0 6 0 .4 6 0.028 0.035 0.242 1400
1600

0.1386 
0 .1406

0.1381 
0.1394

13 0 .0 6 0 .5 6 0 .034 0.033 0 . 0 1 0 0.266 1400
1600

0 .1388 
0.1431

0.1401 
0 . 1377

14 0 .08 0 .6 0 0.035 0.032 0.006 0 .014 1400
1600

0 .3344
0.2729

0.3477
0 .3104

15 0 .0 6 0 .5 0 0 .140 0.093 0.006 0.256 1400 0.1332 0 .1458
16 0 .0 6 0 .47 0.142 0.096 0.004 0 .008 1400 0.4221 0.5018
17 0 .07 0 .4 8 0.048 0 . 1 1 2 0 . 0 1 2 0 .260 1400 0.1280 0 .1358
18 0.07 0 .49 0.052 0 . 1 1 ^ J . 0 1 0 0.004 1400 0.3301 0.3911
19 0.07 0.29 0.029 O.Olo 0.009 0.265 1400 0.1403 0.1366
20 0 .0 6 0.31 0.039 0.018 0.005 0 . 1 0 2 1400 0.1469 0 .1478
21 0 .0 6 0 .2 6 0 .030 0.017 0.005 0.014 1400 0.2849 0 .2984
22 0 .0 6 0 .29 0.033 0 .018 0 . 123 0.016 1400 0.3026 0.3342
23 0 .0 6 0 .29 0.035 0.068 0 .006 0.015 1400 0 .2366 0.2571
24 0 .0 6 0 .3 0 0.027 0.016 0.004 0.014 1400 0 .2752 0.2939
50 0 . 0 2 0 .03 0.031 0.005 0 . 0 0 2 0.041 1400 0 .1588 0.1577

prod u ct of each in got to  give us a large excess of sheets 
for our tests. T h e  bars were taken  from  th e piles at 
such points as to  represent th e w hole in got from  top  to 
b otto m , th u s securing th e average p roduct of th e  in 
got. A ll grades were g iven  ex a ctly  th e sam e tr e a t
m ent in all of th e  m an u factu rin g operations, and each 
sheet received  th e cu stom ary  one (straightenin g) pass 
th rough  th e cold rolls.

A ll sheets (except th ose annealed  at higher te m 
perature) were annealed a t one tim e in th e sam e 
furnace, th u s securing uniform  heat treatm en t. T o  
determ ine th e  possible influence of higher annealing 
tem peratu re , one-half of th e  sheets of grades 2 to  14, 
inclusive, were annealed at a tem p eratu re abou t
T a b l e  I I I — L o s s  in  O u n c e s  p e r  S q u a r e  F o o t  p e r  M o n t h  f o r  E ach  

P e r io d  o p  E x p o s u r e  
P e r c e n t a g e s  P r e s e n t  M cK e e s p o r t  T e s t s

.   *------------------------------8.2 10.9 E l e m e n t
G r a d e  C M n S P  Si C u  ino. mo. A v. A d d ed

2X  0.06 0.49 0.033 0.029 0.004 0.290 0.1033 0.1057 0.1045 C opper
3X  0.04 0.45 0.033 0.033 0.004 0.555 0.1021 0.1035 0.1028 C opper
4X  0.05 0.46 0.033 0.031 0.004 0.990 0.1038 0.1022 0.1030 C opper
5X  0.05 0.46 0.031 0.025 0.011 1.940 0.1001 0.0979 0.0990 C opper
6 X  0.06 0.48 0.034 0.032 0.002 0.041 0.1293 0.1296 0.1294 N one
7X  0.06 0.46 0.039 0.085 0.003 0.040 0.1187 0.1210 0.1198 P hosphorus 
8X  0.06 0.43 0.028 0.030 0.332 0.036 0.1352 0.1267 0.1309 Silicon
9X  0.06 0.47 0.032 0.029 0.006 0.037 0.1241 0.1301 0.1271 A lum inum

10X 0.06 0.46 0.082 0.028 0.004 0.044 0.1493 0.1810 0.1651 Sulfur
11X 0.06 0.46 0.033 0.032 0.010 0.037 0.1257 0.1314 0.1285 Steel
12X 0.06 0.53 0.033 0.033 0.004 0.270 0.1046 0.1012 0.1029 C opper
13X 0.06 0.41 0.031 0.022 0.006 0.314 0.1072 0.1047 0.1059 C opper
14X 0.06 0.41 0.031 0.024 0.006 0.050 0.1173 0.1167 0.1170 N one
25 0.06 0.15 0.032 0.012 0.005 0.017 0.1922 0.2195 0.2058 N one
26 0.06 0.16 0.030 0.012 0.004 0.404 0.1096 0.1055 0.1075 C opper

2oo° F . higher th a n  th e  norm al tem p eratu re  for sheets. 
T h e rem ainder of th e sheets of these grades and all 
other grades were annealed a t th e  usual tem peratu re 
(1400° F .). A fte r  th e annealing process th e sheets 
were laid  ou t in piles and th e tw e n ty -fo u r  (24) sheets

required  for our tests were ta k en  a t regular in tervals 
from  th e piles, an average p roduct being th u s ob
tained.

E ach  sheet w as stam ped w ith  a d istin guishin g m ark, 
and th e y  were num bered con secu tive ly  from  1 to  24. 
In the case of the grades 2X  to  14 X  inclusive, and 
also grades 25 and 26, six sheets of each were selected

o f  E x p o s u r e  in  T e s t s  a t  S c o t t d a l e  a n d  M cK e e s p o r t , P e n n s y l v a n ia

T e st s M c K e e s p o r t T e s t s R a n k
8.2 10.9 G r a n d See E l e m e n t

A v. m o. m o. A v. A v. T e x t A d d ed

0 .1386 0 .1134 0.1057 0.1095 0.1241 9 C o p p e r
0.1393 0.1041 0 .1045 0.1043 0.1218 C o p p e r
0 .1384 0.1089 0.1047 0.1068 0 .1226 8 C o p p e r
0 .1356 0.1043 0.0961 0.1002 0 . 1179 C o p p e r
0 .1354 0.1039 0.1007 0.1023 0.1188 3 C o p p e r
0.1364 0.0991 0.0962 0 .0976 0.1170 C o p p e r
0 .1304 0.1005 0.0941 0.0973 0 .1138 1 C o p p e r
0.1317 0 .0966 0.0905 0.0935 0 .1126 C o p p e r
0.3962 0.1843 0.2215 0.2029 0 .2996 19 N o n e
0.3231 0 .1634 0.2007 0.1820 0 .2526 N o n e
0.3302 0.1589 0.1682 0.1635 0.2469 16 P h o sp h o ru s
0.2975 0 .1460 0 .1620 0 .1540 0.2257 P h o sp h o ru s
0.4134 0 .2016 0.2027 0.2021 0 .3078 20 S ilicon
0.3547 0.1527 0 .1656 0.1593 0.2569 S ilicon
0 .4248 0.2103 0.2335 0.2219 0.3233 22 A lu m in u m
0 .4174 0 .1932 0 .1890 0.1911 0.3043 A lu m in u m
0.4735 0.2341 0.2926 0.2633 0 .3684 24 S u lfu r
0 .4708 0 .1960 0 .2464 0.2212 0 .3460 S u lfu r
0 .4142 0 .1923 0 .2204 0.2063 0.3103 21 S tee l
0.3358 0 . 1717 0.1823 0 .1770 0 .2564 S tee l
0.1383 0 .1073 0 .1030 0.1051 0.1217 5 C o p p e r
0 .1400 0.1107 0 .1056 0.1081 0.1241 C o p p e r
0 .1394 0.1043 0 .1064 0.1053 0 .1224 7 C o p p e r
0 .1404 0.1079 0.1073 0 .1076 0 .1240 C o p p e r
0 .3410 0.1785 0.1745 0.1765 0 .2588 17 N o n e
0 .2916 0.1788 0 .1914 0.1851 0 .2384 N o n e
0.1395 0.1022 0 .1020 0.1021 0 .1208 4 C o p p e r
0 .4619 0.2547 0.2353 0 .2450 0.3535 23 N o n e
0 .1319 0 .1028 0.0963 0.0995 0.1157 2 C o p p e r
0 .3606 0.1895 0.1922 0.1908 0.2757 18 N o n e
0.1384 0 .1074 0.1037 0.1055 0 .1220 6 C o p p e r
0.1473 0.1155 0.1125 0.1140 0.1307 10 C o p p e r  a n d  sca le
0 .2916 0.1649 0.1711 0 .1680 0.2298 14 S cale
0 .3184 0 .1604 0.1606 0.1605 0 .2394 15 S ilicon
0 .2468 0 .1406 0.1476 0.1441 0.1955 12 P h o sp h o ru s
0.2845 0.1677 0 . 1684 0 .1680 0.2263 13 N o n e
0.1582 0 .1156 0 . 1178 0.1167 0 .1375 11

in th e sam e m anner as above, and were num bered
from  1 to  6 . A ll sheets w ere 26 gauge, 26 in. X  96 in.

A  strip  2 in. wide w as cu t len gth w ise from  each
sheet, and these strips were given  th e  sam e dis
tin gu ish in g num bers as th e  sheets from  w hich th e y  
were cut, and were sent to  th e laboratories, where
each one w as carefu lly  an alyzed . A s soon as th is w ork 
had been com pleted, and we were th us assured th a t  no 
m istakes h ad  been m ade in m arkin g th e sheets, th e y  
were corrugated  and forw arded  to  S co ttd a le  and 
M cK ee sp o rt, P en n sylvan ia . T w e lv e  (12) sheets of 
each grade, 2 to  24 in clusive, were exposed a t each 
station , w hile th e  other grades 2X  to  14 X , 25 and 26 
were exposed a t M cK ee sp o rt on ly.

M ean w hile, there had been ob tain ed  in th e  open 
m arket, from  three d ifferen t sources, th ree lots of one 
of th e so-called “ pure iro n s,”  w hich  on an alysis p roved  
to  h a ve  a copper con ten t of 0.041 per cent. Several 
sheets of each lo t were exposed e x a c tly  as received, 
w ith o u t p ick lin g  or clean ing of a n y  k in d  (this has 
been the in varia b le  p ra ctice  on all corru gated  sheets 
of all grades in th is te st and in  all previou s tests m ade 
b y  one of us).

A ll of th e  grades ab ove m entioned, in cludin g th e 
so-called “ pure iro n ”  (grade 50), were exposed as 
roof panels a t M cK ee sp o rt on J u ly  7, 1914, and at 
S co ttd a le  on J u ly  9, 1914. A t  ap p ro x im ately  th e 
sam e tim e th a t  th e fu ll size sheets were exposed, a 
series of 2 in. X  4 in. te st pieces cu t from  th e  2 in. 
strips before m entioned, and consisting of one piece 
from  each sheet (636 in all), w as exposed. T hese
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test pieces were cleaned b y  a v e ry  ligh t w ash of su l
fu ric  acid, dipped in am m onia w ater to  n eutralize all 
acid, then  th o ro u g h ly  w ashed, dried, w eighed and 
arran ged in wooden racks in such a m anner as to 
afford all free and equal exposure to  th e  w eather.

T h e m ethod of rem ovin g, cleaning and  w eighing 
these test pieces w ill be discussed later. T h e results 
ob ta in ed  are g iven  in T a b les II  and II I .

IN S P E C T IO N  O F E X P O S E D  S H E E T S

A t th e tim e of exposure of the fu ll size corrugated  
sheets careful notes were ta k en  concerning th e  ph ysical 
appearance of th e sheets as affected  b y  th e am ou n t of 
m ill scale w hich w as present, and as to  w hether th e y  
were outside or inside sheets of th e packs. D urin g 
th e  progress of th e te st, th is featu re was carefu lly  
w atch ed, and the tim e of u ltim ate  fa ilure of sheets 
w hose surfaces were co m p a ra tiv e ly  free from  mill 
scale w as com pared w ith  others of th e sam e grade, 
w hose surfaces were well covered  w ith mill scale. 
F ro m  these ob servation s, we concluded th a t  th e  in 
fluence of th is original surface oxide is sligh t, and is 
lost in the ea rly  stages of rustin g, for no difference in 
final fa ilure could be n oticed. T h e ph otographs 
show n on pages 212 and 213 were taken  from  tim e to  
tim e durin g th e  tests, and show  in  a graphic m anner 
th e  progress of th e  corrosion a t variou s stages.

C arefu l inspections of th e  sheets were m ade ap 
p ro x im ately  once ev e ry  tw o  m onths. A t  th e first 
inspection , d istin ct differences were n oticed  in the 
p h ysical conditions of th e  variou s panels: th e corrosive 
action  of th e atm osphere had  produced a decided 
difference in color, th e  steels w ith  a copper conten t of 
0.25 per cen t or m ore being d istin ctly  d arker than  the 
others w hich contain ed  on ly  a trace  of copper; a t th e 
sam e tim e, these dark brow n panels were sm oother 
to th e tou ch  th a n  th e  others, and th e rust w as denser 
and m ore adherent. In asm uch as th is sam e 
phenom enon had been n oticed  in form er tests, it  was 
th u s in d icated , even a t th is ea rly  stage, w hich steels 
w ould be the m ost resistant. I t  w as also noted ' th a t 
several of th e panels to  w hich ingredients other th an  
copper had been added, c. g., su lfur and alum inum , 
ga v e  in d ication s th a t  th e  rate  of corrosion w as pro
ceeding even  fa ster  th an  w ith  those steels to  w hich 
no addition s had been m ade. T h e fa c t th a t  such 
ea rly  inspection s are va lu ab le, and th a t  th e  re lativ e  
m erits of th e  variou s steels and irons can be predicted  
w ith  fa ir  a ccu ra cy , is borne out b y  th e results of later 
inspections, and b y  th e  order of fa ilure of th e  various 
panels.

T h e  peculiar p iebald  appearance of th e sheets 
(ph otographs were ta k e n  im m ed iate ly  a fter exposure 
of th e  sheets) in C u ts A -x, 2, and 3, is caused b y  the 
irregu lar d istribu tio n  of m ill scale. T h e outside 
sheets show  a un iform  d ark  color while th e  inside 
sheets are lig h t in th e  areas where mill scale was 
absent and  vice versa.

I t  w ill be n oted  th a t  th e tw e lv e  (12) sheet panels 
h a ve  been d ivid ed  into  tw o  panels of six (6) sheets 
each. In  the cases of G rades 2 to 14 in clu sive th e le ft 
h a lf of th ese consists of sheets annealed a t 1400°,

w hile those in th e right h a lf were annealed a t 1600°. 
In  all other cases th e tw o  h a lves received  iden tical 
treatm en t.

R eferring to  C u ts E - i ,  2 and 3, an u n u su ally  severe 
w ind storm  occurred a t S co ttd ale  on N o v. 18, 1915, 
w hich b le w  a w a y  all fragm en ts of sheets which were 
han gin g b y  one end, on ly  those sheets rem ain ing which 
were in good condition  and w hich still contain ed a 
considerable am ount of uncorroded m etal.

T h e rate  of corrosion of the various grades m ay be 
observed b y  stu d yin g  P hotograp hs A , B , C , D  and E, 
of th e Sco ttd ale  test, and F , G , H and I, of th e M c 
K eesp o rt test. W hile th e corrosion a t M cK ee sp o rt 
w as som ew hat slower than  at S co ttd ale , y e t b y  a 
s tu d y  of th e ph otographs and tables, it  w ill be seen 
th a t  the relations betw een the variou s grades are a p 
p roxim ately  th e same.

W e call particu lar atten tion  to  th e ph otograph 
of th e  S co ttd ale  test taken  D ecem ber 1, 1915 , 17 
m onths a fter th e test w as erected. A t  th is tim e all 
of the non-copper steels and the “ pure iro n ”  had 
com p letely  failed, w hile ev e ry  panel to  w hich copper 
had been added was in tact.

R E L IA B IL IT Y  OF T E S T S  ON SM A LL P IE C E S

I t  has been cla im ed 1 th a t  tests m ade b y  determ in ing 
th e  losses in w eight on exposure of co m p a ra tiv e ly  sm all 
test pieces are in accu rate  and m isleading. A s tu d y  
of th e tables which we present herew ith , show in g the 
w eight losses due to  corrosion of th e  variou s grades of 
steel and iron, in th e shape of 2 in. X  4 in. te st pieces, 
togeth er w ith  the ph otographs show ing th e  conditions 
of th e large size sheets, will p rove th a t  th e  results 
accord rem arkab ly, and th a t  th e w eigh t losses corre
spond to th e re lativ e  endurances of th e  large sheets.

In  these experim ents, we ad op ted  th e  p ra ctice  of 
rem oyin g and cleaning one-half of th e  sm all te st 
pieces a fter th e lapse of several m onths, a llow in g th e 
others to  -remain exposed for som e tim e longer. T h is 
was done in an effort to determ ine if there w as a n y  
ten d en cy  of th e rust film  to b eh ave d ifferen tly  on 
different sheets. I t  w as th o u g h t th a t  th e sponge-like 
rust w hich is n orm ally  form ed on n on-copper steels 
m ight accelerate corrosion m ore th a n  th e dense a d 
herent film  on copper steels. T h a t th is  id ea  w as 
correct, is shown b y  the results (discussed below ).

C L E A N IN G  O F SM A LL T E S T  P IE C E S

T o  clean the rust from  th e te st pieces before final 
w eighing, we used an am m oniacal solution  of am m o
nium  citrate . T h is solution  com p letely  rem oves th e 
rust in abou t 12 hours, w ith  th e m inim um  a tta c k  upon 
th e  un derlying m etal. C arefu l experim ents show  th a t  
th e a tta c k  on bare iron and steel b y  th is solution  is 
p ra ctica lly  nil. On rusted  pieces, due no d ou b t to  
electrolysis, it  is a  little  greater, b u t still n eglig ib le  
com pared w ith  th e  to ta l losses ob tain ed . F u rth e r
m ore it  is ap p ro x im ately  th e  sam e on all grades used 
in  th is test. T h is  is fu rth er su b sta n tia te d  b y  th e  fa c t  
th a t th e order of final fa ilure of th e  large sheets coin 
cided alm ost e x a c tly  w ith  th e  w eigh t losses ob ta in ed  
on th e  sm all pieces b y  th is  m ethod.

1 C ushm an, Proc. A m . Iron  and Steel Institu te, 1915.
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T h is report does n ot include details of th e various 
inspections nor detailed  tables show ing losses of 
in d iv id u al test pieces, b u t presents ta b les of sum m aries 
g iv in g  average results. T h e losses are in each case 
expressed in ounces per square foo t of exposed surface 
per m onth, and th e results are averages of from  six 
to tw e lv e  determ in ations in each c a s e .1 C om plete 
detailed  notes m a y be found a t th e  a u th o rs’ offices, 
and are ava ila b le  to  an yon e who wishes to  s tu d y  
them .

R E S IS T A N C E  TO C O R R O SIO N  O F V A R IO U S G R A D E S

T a b le  II  sum m arizes th e results on all grades w hich 
were exposed in both  locations, and com pares losses 
during each en tire period of exposure, and also 
grand averages. T h e -column headed “ r a n k ”  gives 
the order of resistance to  corrosion of th e various 
grades— i being best, and 24 poorest. In th is ran kin g 
we h ave com pared on ly  those grades annealed at 
14000 F. In  th is list th ere are ten  grades to  which 
copper w as added in am ounts from  0.25 to  2.00 per 
c e n t.1 T h ese h a ve  ta k e n  th e ten  highest positions, 
and there is a rem arkab le  u n ifo rm ity  in  corrosion rate 
am ong th em , th e greatest loss being .0.1307 and th e 
low est 0.1138. H igher am ounts th a n  .0.25 per cent 
copper g ive  s lig h tly  b ette r  results, b u t th e  differences 
are so sm all as to  be negligible, esp ecially  when con
sidering th e  added cost.

T h e  so-called “ pure iro n ”  w ith  a copper con ten t of 
0.041 per cen t ta k es  n t h  p lace , w hile th e  other

T a b l e  IV — A v e r a g e  C o r r o s io n  p e r  M o n t h  (pro m

(A)
B o t h  T e m p e r a t u r e s

S t e e l s  A v e r a g e d  S co ttda le  M cK eesport
G rades 2 to  50 ....................................................... 0 .2596  0.1502.
C opper s tee ls .......................................................... 0 .1376  0 .1037
All o th e rs ................................................................. 0 .3528 0 .1857

grades w hich h a ve  on ly th e usual traces of copper 
ta k e  positions from  12 to  24, th e  poorest being those 
to  w hich su lfur w as added  (N o. 10) and w hich con
tained  high sulfur resid u ally  (N o. 16), th e  la tte r  
show ing losses ap p ro x im ately  th ree tim es as great as 
th e copper steels.

T h e addition  of alum in um , silicon and cold  steel in 
each case has s lig h tly  increased th e  corrosion rate  
(com pare N os. 9, 8 and 11 w ith  N o. 6). A  ph os
phorus addition  has som ew hat lessened th e corrosion 
(com pare N o. 7 w ith  N o. 6 and N o. 23 w ith  N o. 24): 
th is is in line w ith  som e of our previous w ork.

G rades 19 to  24, a lthough from  a h eat w hich w as 
supposed to  be h ig h ly  oxidized, h a ve  show n som ew hat 
low er losses th an  the oth er heats. F ro m  other w ork 
we h ave done, we ascribe th is  to  th e  som ew hat low er 
sulfur conten t (com pare N os. 6 and 14 w ith  N o. 24).

In stu d y in g  th e results on G rades 15, 16, 17 and 18 
(Bessem er), we note th e a cceleratin g  effect of v e ry  
high sulfur. A t  th e  sam e tim e, th e addition  of 0.25 
per cent copper to  th e sam e steel has en tirely  
n eutralized  th is influence and th e  resu lts are quite 
com parable to  those obtained  w ith  norm al copper 
steels.

Considering T a b le  I I I ,  G rades 2X  to  14 X , to  w hich 
th e sam e additions were m ade as to  N os. 2 to  14

1 In  grade N o. 20, th e  steel was so wild th a t  i t  was very  difficult to  add 
th e  copper properly, and  some was lost.

(T a b le  II ) , we find th a t as low  a copper con ten t as 
0.04 seem s to  h ave m aterially  lessened corrosion 
— com pare 6 X  w ith  6, 14 X  w ith  14, and 10 X  w ith 
10, e tc.: from  th e la tte r  we learn th a t  0.04 per
cen t copper p a rtia lly  n eutralizes th e  influence of as 
m uch as 0.082 per cen t sulfur.

P an el 25, from  a h eat to  w hich no deoxidizer was 
added, and w hich was co m p a ra tiv e ly  low  in m an 
ganese, shows a corrosion rate  greater th a n  th a t of 
norm al basic open-hearth steels, in d icatin g  no b enefit 
b ecause of low er m anganese b u t a possible detrim en t, 
from  th e  steel not h a vin g  been deoxidized. P an el 
26 from  th e sam e h eat, w ith  copper ad ditio n , is quite 
th e eq ual of other steels to  w hich copper w as added.

T ab le  IV (A )  in d icates th e re la tiv e  rates of corrosion 
in th e tw o different atm ospheres, of all varieties of 
steel tested. On p lain  steels we find th a t  th e  corrosion 
in th e coke regions, th a t  is, a t S co ttd ale , is n early  
tw ice as great as th a t a t M cK ee sp o rt in  a norm al mill 
d istrict. T h e  difference is v e ry  m uch less when 
considering copper-bearin g steels, th e  ratio  being ap
p ro x im ately  as follow s:

All steels: 100 a t  M cK eespo rt to  173 a t  S co ttdale
C opper steels: 100 a t  M cK eesport to  133 a t  S co ttdale  
P la in  steels: 100 a t  M cK eesport to  190 a t  S co ttdale

F rom  T a b le  IV (B )  we learn th a t  th e  benefit of 
h igher annealing tem p eratu res in th e  case of plain  
steels is ap p roxim ately  12 per cen t greater endurance, 
w hile for copper steels it  is p ra ctica lly  negligible.

T a b l e  I ) :  R e s u l t s  in  O u n c e s  p e r  S q u a r e  F o o t  
(B ) F ro m  (C) G r a d e s  2 t o  24

G r a n d  A v e r a g e  S co ttda le  M cK eesport
1400° 1600° 1st period 2nd period  1st period 2nd period

0 .1206
0.3021

0 .1196
0 .2686

0 .1379
0.3383

0 .1369
0.5122

0 .1066
0.1875.,'

0 .0917
0 .2343

In determ in ing th e  losses of th e  w eighed test pieces, 
th e  authors adopted  th e  p ractice  of rem ovin g th em  
from  th e  racks a t different periods. A t  th e  end of 
these periods, w hich w ere 6.5 and 8.2 m onths, re
sp ective ly , w e rem oved  one-half of th e  te s t pieces and 
cleaned and w eighed them . T h e rem aining h alf we 
le ft exposed for ap p roxim ately  3 m onths longer, a t 
th e end of w hich tim e th e y  also were taken  down, 
cleaned and w eighed. V ariou s conclusions m ay be 
draw n from  a s tu d y  of corrosion rates durin g these 
tw o  periods of exposure.

In  T a b le  IV (C )  in th e  S co ttd a le  te st we n otice th a t 
in th e  first period th e rate  of corrosion of copper steels 
w as 0.1379 and of th e  sam e steels in th e  second period, 
0.1369, show ing th a t  th e corrosion rate  does n ot in 
crease for successive periods of exposure, w hile w ith  th e  
plain  steels, we find a decided increase in th e  second 
period  over th e  first, viz., 0.3383 in th e  first to  0.5122 
in th e second, a 51 per cen t increase in  corrosion rate. 
S im ilar resu lts were ob ta in ed  in th e  M cK ee sp o rt 
test.
T a b l e  V— C o m pa r is o n  o f  C o p p e r  S t e e l s  o f  N o r m a l  A n a l y s is  w it h  

O t h e r  S t e e l s  t o  w h ic h  n o  A d d it io n s  w e r e  M a d e :
(f r o m  T a b l e s  I  a n d  II )

C opper steels P la in  “ Pure  Low copper
0.25%  Cu steels Iro n ” steels

T e s t  P eriod  (2 -12 -13 -17 ) (6-14-18) (50) (6 X ) (14X)
S co ttda le  1st 0 .1366  0 .3456  0 .1588  _____  ___

2nd 0 .1394 0 .4737 0 .1554  _____  ___
M cK eesport 1st 0 .1069 0.1841 0 .1156  0 .1293  0 .1173

2nd 0 .0905 0 .2325 0 .1244  0 .1307 0 .1147
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In  T a b le  V , we h ave set a p a rt th e copper steels which 
agree in copper conten t w ith  the am ount used in th e 
average m aterial w hich is p laced  on th e m arket, th a t 
is, 0.25 per cent, and we h a ve  com pared these w ith  
plain steels to  w hich no additions h ave been m ade, and 
also w ith  so-called “ pure iro n .”  Such com parisons 
h ave been m ade both  in th e S co ttd ale  test and in th e 
M cK ee sp o rt test. W e find again  th a t w ith  copper 
steels, as in T a b le  I V (C ) , th e  corrosion rate does not 
accelerate in th e  second period  of exposure, w hereas 
w ith  plain steels, th e  reverse is true, th e corrosion 
ratio  being 100 : 177. T h e pure open-hearth iron 
contain ing 0.04 per cen t copper has shown' greater 
to ta l corrosion loss th a n  th e  copper steels, y e t, p rob 
a b ly  due to  its copper conten t, it  ranges itself w ith the 
copper steels, in th a t th e  corrosion rate is not in 
creased in th e second period. T h e sam e statem en t 
applies to  th e  norm al open-hearth steels contain ing 
0.04 per cen t copper, as w ill be n oted  b y  th e results on 
Pan els 6 X  and 14 X . I t  w ill also be noted th a t 
G rade 6 X , a norm al open-hearth steel w ith  0.041 
per cent copper is n early  as good as N o. 50 (pure iron 
w ith  0.041 per cent copper), w hile G rade 14 X  w ith 
0.05 per cent copper is b etter th a n  N o. 50. (T he 
test roofs h ave been shown at th e  different stages of 
ru stin g  to  m any parties of m etallurgists and other 
in vestigators of corrosion problem s.)

A D D IT IO N A L  “ P U R E  IR O N ”  T E S T S

In addition  to  th e  tests  reported  above, one of the 
au th o rs1 has conducted  som e tests, th e results of w hich 
give  fu rth er corrob orative  evidence on the behavior 
of low  copper “ pure irons”  under atm osp heric in-

fluences, and also on th e progress of rusting during 
successive periods of exposure. A  description of these 
tests follow s:

A t  th e  request of one of th e authors, tw o m anu
facturers of “ pure iron ”  furnished sheets of their 
m aterial, w hich were an alyzed , corrugated  and in 
cluded in th e  w eather exposure tests a t M cK eesp o rt. 
T e st pieces w ere also cu t from  th e sheets and the losses 
of w eight determ in ed b y  exposure, in th e P ittsb u rg h  

1 M r. H andy .

atm osphere, under th e  sam e conditions, w ith  copper- 
b earin g steels and plain  steels. T h e  sheets were of 
26 gauge, excep t in th e case of T y p e  A , 1st lo t, w hich 
had a th ickness of 0.022 in. in stead  of 0.0185 in - 
T h e y  were first exposed on Ju ly  16, 1914, N ovem b er 7, 
1914 and A u g u st 5, 1914, resp ectively . T h e analyses 
of th e  “ pure iron ”  sheets were as follow s:

T ype A: Low-copper T y p e  B
P e r c e n t a g e s  1st lo t  2 n d  lo t 0 .04  to  0 .0 5 %  C u
C arb o n ................................  0 .013 0 .020  0 .014
M anganese ......................... 0 .0 4  0 .094  0 .049
P h o sp h o ru s ........................ 0 .004  0 .005  0 .003
S u lfu r...................................  0 .030  0 .018  0 .033
Silicon..................................  0 .002  0.002
C o p p er................................. 0 .027  0 .0 2 0  0 .045
O xygen................................  0.031 . . .  . . .
A lu m in u m ............................ 0 .0 0 5  . . .  . . .

t y p e  a , i s t  l o t — O bservations showed th a t in less th an  i 
m onth this lo t w as rusting b a d ly  and the ru st had th e ligh t 
brow n color which had been found to  be characteristic  of th e 
m ore rap id ly  corroding steels; in less than  2 m onths th e  sam e 
sheet had becom e v ery  rough, resem bling in this respect the 
m ost rap id ly  rusting steels containing added sulfur and silicon; 
in 9 m onths it  had becom e as thin as paper a t  the edges; in 
12 m onths it  had frayed  and broken a t  the bottom , b u t did n ot 
break transversely when pressed; in 15 m onths it  had broken 
through near th e bottom , though fa irly  strong a t  th e upper 
end; a fter 18 m onths, one square foot of i t  had rusted aw ay 
a t  th e bottom , and it  w as cracked half w a y  up; it  cracked 
transversely when ligh tly  pressed near th e top.

t y p e  a ,  2 ND l o t  showed a th ick, ligh t brow n ru st a fter abou t 
2 m onths’ exposure; a fter 4 m onths, there w as a  th ick , ligh t 
brow n scale; a fter 6 m onths, the sheets w ere thin a t  th e bottom , 
bu t could not then be broken b y  ligh t pressure; a fter 9 m onths, 
the sheets were rusted a w ay  a t  the bottom — one sheet w as full 
of holes in the low er half and the rusting had proceeded further 
than in the case of the is t  lo t a t  th is period; a fter 12 m onths 
the sheets had becom e detached and w ere rusted so b a d ly  th a t 
th ey  could be broken easily b y  hand in a n y  part.

T h e more rapid corrosion of th e  second lo t of th is 
“ pure iron ”  is believed  to  be due to  th e low er copper 
content.

t y p e  b — -It w ill be noticed th a t th is ty p e  of "p u re  iron”  con
tained more than tw ice as m uch copper as th e "p u re  iron”  of 
T y p e  A . T h e percentages of copper in the different sheets were 
0.043, 0.044 and 0.048, w hich places it  in the class w ith  the 
"p u re  iron”  in the m ain test and w ith  the sheets 6 X  and 14 X , 
a lread y described as being far more durable th an  plain steel or 
“ pure iron”  of T y p e  A , especially  in the 2nd lot. A fte r  6 
m onths, th ey  were graded as show ing no more corrosion th an  
the copper-bearing steels which had been exposed for 7 m onths; 
a fter 8 m onths th ey  w ere graded as being no longer as resistan t 
to  corrosion as the copper-bearing steels con tainin g approxi
m ately  0.25 per cen t copper— the ru st w as qu ite  rough, re
sem bling 7 X , 14 X  and th e "p u re  iron”  in the m ain te st; a fter 
11 m onths, w hile th e ru st w as rough and deep, there w as no 
perceptible thinning a t  th e edges and 110 sagging; a fte r 14 
m onths, one sheet broke w hen ligh tly  pressed; a fte r 17 m onths, 
one sheet was perforated and cracked— the second sheet w as 
cracked and had a  sm all perforation w hile th e th ird  sheet w as 
not then broken through.

q u a n t i t a t i v e  w e i g h t  l o s s e s  of th e te st pieces ex 
posed for ap p roxim ately  equal periods, th o u g h  a t 
sligh tly  different seasons, in th e P ittsb u rg h  a tm o s
phere were as follow s:

T im e Loss in ounces p e r sq. f t.
T ype  A, 1st lo t 6  mo. (Oct. to  A pr.) 2 .7 0
T y p e  A, 2nd lo t 5 1/* mo. (N ov. to  A pr.) 2 .3 4
T ype  B, 5 1/* nio. (O ct. to  A pr.) 1.64
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T h e test pieces, of w hich there were three in each 
case, were, a fter cleaning w ith am m onium  citra te  solu
tion  an d 'w eigh in g, exposed for three m onths longer.

Tim e, 3 mo. (M ay to  A ug.) Loss in oz. per sq. ft. C opper percentage
T y p e  A, 1st lo t ...............................   1.26 0.027
T y p e  A, 2nd lo t ...................................... 1 .66  0 .019
T ype  B .............................................  0 .9 9  0.045

I t  w ill be seen th a t, when exposed under e x a ctly  
th e sam e conditions, th e  losses of w eigh t were in versely  
prop ortional to  th e  sm all and s lig h tly  v a ry in g  copper 
percentages.

T h e  fo llow in g exp erim ent shows th e com parison b e
tw een  w eigh t losses during one, tw o  and th ree m on th s’ 
exposures of separate te st pieces of “ pure iro n ,”  T y p e  
A , 2nd lot.

Loss in oz. per sq. f t .
Ju n e  1st to  Ju ly  1st......................................................  0 .74

' '  “ A ugust 1 s t......................................................  1.42
“  "  “  Sep tem ber 1 s t.......................................  2 .27

I t  had been n oticed  in  other experim ents th a t the 
copper-bearing steels show ed less loss of w eight for 
eq ual periods of exposure, a fter th e first dense rust co a t
ing had form ed. T hese experim ents show th a t the n early  
eq u al corrosion loss durin g th e  second m onth and the 
greater corrosion loss during th e  th ird  m onth place 
th is low  copper “ pure iro n ”  in the sam e class of in 
ferior w eather-resistin g m aterial w ith  p lain  steel free 
from  copper.

C O R R O S IO N  L O S SE S (O Z . P E R  SQ. F T .)  O F C O P P E R -B E A R 

IN G  S T E E L , P L A IN  S T E E L  A ND “ P U R E  IR O N ”

T e st pieces were exposed in rack s for one-month 
periods in th e  P ittsb u rg h  atm osphere. T h e  results 
in th e fo llow ing ta b le  do not represent progressive 
rusting, a new  te st piece h a vin g  been exposed on the 
first of each m onth.

C opper-bearing  steel P la in  “ P u re  iro n "
C o r r o sio n  L oss  0 .2 5 %  C u  s tee l 0.045%  C u

M a y ............................. 0 .5 2  0 .9 0  0 .6 4
J u n e ............................  0 .3 8  0 .6 5  0 .49
J u l y .............................  0 .5 6  0 .9 5  0 .7 6
A ugust........................ 0 .5 4  0 .7 5  0 .6 8

T e st pieces were exposed for from  i-  to  5-m onth 
periods in th e P ittsb u rg h  atm osphere w ith  th e  fo llo w 
ing results. T hese results represent progressive losses, 
six (6) pieces h a vin g  been exposed a t th e  sta rt and one 
tak en  dow n a t a tim e a t th e end of each m onth.

Period exposed C opper-bearing  steel P la in  " P u re  iro n ”
M o nths  0.25%  C u steel 0.045%  Cu

1...................................  0 .5 2  0 .9 0  0 .64
2 . .   0 .6 4  1.82 0 .9 2
 3 ...................................  0 .95  3 .0 0  1.41
 4 ...................................  1.13 3 .6 4  1 .46
 5 ...................................  1.13 4 .41  1.61
 6...................................  1.17 5 .5 3 (a) 1 .76

(a) T his piece of plain steel was a t  th is  tim e reduced from  an  original 
w eight of 18.3 gram s to  0.9 gram , and  was wholly d isin tegra ted .

F rom  th e ab ove tables, it w ill be n oticed  th a t the 
progress in  rustin g under th e original rust coat is 
m uch more rapid in th e case of th e  plain  steel th a n  
in th e  case of the copper-bearing steel, and m a terially  
less rap id  in the case of th e copper-bearing steel than  
in th e  case of the “ pure iro n .”  H ow ever, th is “ pure 
iron”  contains enough copper to accoun t for its a p 
proxim atin g in  corrosion resistance th e  copper-bearing 
steel. I t  is of great interest to  note th a t  corrosion 
p ra ctica lly  stopped in the case of th e copper-bearing

steels a fter th e  fou rth  m onth: th e  rust had form ed an 
efficient p ro te ctive  coating.

SU M M A R Y

Sheet steel or iron contain ing c o p p e r  shows grea tly  
increased corrosion resistance when exposed to  a tm os
pheric conditions. T h e m ost e ffective  am ount of 
copper to be used for th is purpose is ap p roxim ately  
0.25 per cent. Sm aller am ounts of copper dow n to  as 
little  as 0.04 per cen t h ave a considerable influence in 
lessening corrosion, b u t the results are not as good as 
w ith  th e higher am ount m entioned above. W ork 
prev iou sly  done b y  one of us has in d icated  th a t  0.15 
per cen t copper is in  n early  all cases as efficient as 
0.25 per cent. H igher am ounts of copper, up to  2 
per cent, g iv e  little  or no added benefit. C opp er is as 
n ecessary in th e  so-called “ pure irons”  to  insure 
corrosion resistance as it  is in norm al open-hearth  
and Bessem er steels.

p h o s p h o r u s  added to  open-hearth steel s ligh tly  
low ers th e  corrosion rate, s i l i c o n , w hile p ro b ab ly  
w ith o u t effect in th e am ounts n orm ally  present in  open- 
hearth  and • Bessem er steels, accelerates corrosion 
when added in am ounts from  0.10 to  0.30 per cent. 
T h e  addition  of sm all am ounts of a l u m i n u m  p ro b ab ly  
has little  influence on corrosion: th e  a b o ve  tests  in d i
cate it  to  be harm ful rath er th a n  beneficial. T h e 
addition  of s u l f u r  to  steel g rea tly  increases the 
corrosion rate  and when resid u ally  present in abnorm al 
am ounts, it  is p ro b ab ly  also detrim en tal from  a cor
rosion stan dp oin t. T h e  addition  of c o l d  s t e e l  to  
m olten steel does n ot low er th e  corrosion rate , but, 
if it  has a n y  influence a t all, i t  is to  increase th e  cor
rosion.

LO SS IN  W E IG H T  D E T E R M IN A T IO N S  ON  SM A LL

t e s t  p i e c e s  are foun d to  be a ccu rate  and va lu a b le  
when determ in ing th e  re la tiv e  corrosion resistance 
of various sheet m etals. T h e  m ethod of clean ing such 
test pieces w ith  am m oniacal am m onium  c itra te  solu 
tion is foun d to  be th e  m ost con ven ien t and accu rate  
th u s far in vestigated .

C O N C L U S IO N S

I— C opp er increases th e  resistance of steel and iron 
to  atm osp heric corrosion:

1—- I ts  influence is ap paren t w hen th e copp er 
con ten t reaches on ly  0.03 per cent.

2— Its  effect is a lm ost a t a m axim um  when 
th e  copper reaches 0.05 per cent.

3— T h e best am oun t of copper for com m ercial 
steel has been foun d to  be 0.25 per cent.

II — Steel con tain in g 0.25 per cen t copper ou tlasts 
“ pure iro n ”  con tain in g 0.04 per cent copper.

I I I — Steel con tain in g 0.05 per cen t copper lasts as 
long as “ pure iro n ”  con tain in g 0.04 per cent copper.

IV — Sulfur in steel accelerates corrosion v e ry  
m arkedly.

V — Sulfur oxides in th e air accelerate th e corrosion 
of steel.

V I — C opp er in steel cou n teracts or retards b oth  th e 
corroding influences n oted ;n I V  and V .

P it t s b u r g h
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IN T R O D U C T IO N

T h e fu n dam en tal im portance of th e  iron-carbon 
therm al equilibriu m  diagram  in th e scientific m eta l
lu rg y  of iron and steel and its u tility  to  p ractica l 
w orkers h ave long been realized, and a ccord in gly  th is 
su b ject has received  a tten tio n  from  m an y points of 
v iew  and from  m an y in v estig a to rs during th e  p a st tw o 
decades.

In v iew  of th is fa ct , it m ight seem  superfluous to 
add to  the existin g literatu re  excep t for th e  follow ing 
consideration s. E arlier w orkers h ave for th e m ost 
part confined their atten tion  to  special portions of the 
d iagram  or to  d isputed questions of th eory. T heir 
th erm al studies h a ve  n ot been carried ou t w ith  the 
degree of a ccu racy  now atta in a b le . T h e y  have 
p ra ctic a lly , w ith o u t excep tion, em p lo yed  com m ercial 
m aterials of v a ry in g  degrees of p u rity . In tw o papers2 
published  in 1913 P rof. H. M . H ow e, as a result of a 
thorough exam in ation  of the literatu re , has fixed the 
m ost probable position  of th e  eq uilib riu m  lines. His 
net conclusions are th a t “ th is calcu lated  line is not 
en titled  to  great w eigh t because of th e w eakness of the

T a b l e  I — P e r c e n t a g e  C o m p o s it io n  o f  I r o n -C a r b o n  A l lo y s  U s e d  by 
V a r io u s  I n v e s t ig a t o r s  in  D e t e r m in a t io n s  o f  C r it ic a l  P o in t s

No. A u t h o r it y D ate C Si M n P S
1 C arp en ter and Keeling(/z) 1904 0 .3 8 0 .0 6 T race 0 .0 3 0 . 0 1
2 C arp en ter an d  K eeling . . 1904 1 .85 0 .0 9
3 C arp en ter an d  K eeling . . 1904 3 .9 8
4 C arp en ter and  K eeling . . 1904 4 .5 0 0 ‘. 12
5 C arp en ter and K eeling . . 1904 2 .6 3
5A C arp en ter and  K eeling . . 1904 2 .8 5
6 C arp en ter and  K eeling . . 1904 2 .8 5 Trace?
7 Heyn(& ).................... ........... 1904 0 .3 9 0 .0 4 0 .0 3
8 H e y n ...................................... 1904 0 .9 5 0 .0 4 0 .0 6
9

10
R osenhain (c ) ....................

on B rayshaw ’s steel A? , 1910 1 .1 4 0 .0 9 0 .4 0 0 .0 1 4 0 .0 1 8
11 B ened icks(d )...................... 1908 1 . 0 0 0 .2 5
12 C harpy  and  G re n e t( i) . . . 1903 0 .6 4
13 C harpy  and  G re n e t......... 1903 0 .6 4
14 C harpy  and  G re n e t......... 1903 0 .9 3
15 C harpy  and  G re n e t......... 1903 0 .9 3
16 C harpy  and  G re n e t......... 1903 1 .5 0
17 B rayshaw  (/) No. W<. . . . 1910 1 .15 o! 2 i 0 .3  i o .ô i i  =*= 0 . 0 i 2 =fc
18 B rayshaw  No. W j ........... 1910 1 .1 6 0 . 1 0 0 .3 7 0 .0 1 4 0 .0 2 3
19 Brayshaw  N o. A ;.............. 1910 1 .1 4 0 .0 9 0 .4 0 0 .0 1 4 0 .0 1 8
20 I,evy (g )................................. 1913 0 .2 3 0 .0 3 9 0 .0 5 0 .0 1 3 0 . 0 1 0
21 L ev y ....................................... 1912 0 .9 2 0 .1 4 0 .1 2 3 0 .0 0 9 0 . 0 1 1
22 Howe and  Levy(/»)........... 1913 0 .0 2 7 0 .2 6 0 .0 0 5 0 .0 2 4
23 Howe and  L e v y ................ 1913 0 .1 0 5 o!oi3 0 .2 4 0 .0 1 5 0 .0 2 8
24 Howe and  L e v y ................ 1913 0 .2 1 4 0 .0 3 9 0 .0 5 0 .0 1 3 0 . 0 1 0
25 Howe and  L e v y ................ 1913 0 .2 2 7 0 .0 3 9 0 .0 5 0 .0 1 3 0 . 0 1 0
26 H owe and  L e v y ................ 1913 0 .2 3 5 0 .0 3 9 0 .0 5 0 .0 1 3 0 . 0 1 0
27 H owe and L e v y ................ 1913 0 .2 4 4 0 .0 5 0  N il Nil 0 .0 0 7
28 Howe and  L e v y ................ 1913 0 .3 8 2 0 .0 2 7 0 . 2 2 0 .0 0 4
29 H owe and L e v y ................ 1913 0 .4 0 0 .1 0 3 0 . 16 o!6i4 0 . 0 1 2
30 H owe and  L e v y ................ 1913 0 .5 6 3 0 .1 8 0 . 15 0 .0 1 3 0 .0 1 3
31 Howe and  L e v y ................ 1913 0 .5 9 0 .1 4 4 0 .1 7 0 .0 1 8 0 .0 1 3
32 Howe and  L e v y ................ 1913 0 .7 3 0 . 141 0 .0 7 0 . 0 1 2 0 .0 1 9
33 H owe and  L e v y ................ 1913 0 .9 2 0 .1 4 0 .1 2 3 0 .0 0 9 0 . 0 1 1

(a) C arp en ter and  Keeling, Jour. Iron  and Steel In s t., 65 (1904), 244; 
Collected R esearches of th e  N a t ’l P hys. L ab ., 1, p. 227.

(¿>) H eyn, “ Verh. des V ereins zu r Beförderung des Gewerbfleisses, 
1904, p. 371.

(c) R osenhain , Proc. In s t. Mech. Eng., 1910, p. 6 8 8 .
(d) Benedicks, Jour. Iron  and Steel In s t., 77 (1908), 218.
(«) C harpy  and  G renet, Bull. Soc. d 'Encouragement pour VIndustrie 

Nationale, 1903, p. 480.
(/) B rayshaw , Proc. In s t. Mech. Eng., 1910, pp. 525, 537, 656, 670.
(g) H owe, Bull. A m . In s t. M in in g  Eng., 1913, p. 1068.
(h) H owe and  L evy, Ib id ., 1913, p. 1076.

ev id en ce,”  and th a t  “ m uch b etter d a ta  are needed, 
reached w ith  pure m aterials and w ith  th e m any 
causes of error reduced to  a m inim um .”  In  T a b le  I, 
com piled from  P rof. H ow e’s papers, are given  an alyses

1 Published w ith the  perm ission of the  D irector of th e  B ureau of S tan d 
ards.

* "A ei, th e  E qu ilib rium  T em p era tu re  for Ai in C arbon S teel,” Bull. 
A m . In s t. M in ing  Eng., 1913, p. 1066; "A  Discussion of the  E xisting  D a ta  
as to  the  Position  of Aej,” Ib id ., 1913, p. 1099.

of th e m aterials used in som e of th e m ore im portan t 
recent in vestigation s. A  glance at the ta b le  will show 
th e  ju stice  of th e conclusions quoted ab o v e. T h e 
analyses are incom plete even for th e im purities ord i
n arily  determ ined, and en tire ly  ignore th e possible 
presence of other im purities, such as Cu and N i; b u t 
so far as th e y  go, th e y  indicate a v e ry  appreciab le 
degree of contam in ation  b y  S, Si, M n, elem ents w hich 
we know  exert a m arked effect on th e  critical ranges. 
I t  m ay be said th a t th e iron-carbon d iagram  has never 
been w orked out w ith pure iron-carbon alloys. T h e 
present paper describes the p rep aration  of a series of 
high degree of p u rity  to  be used as the basis of a more 
accu rate  stu d y  of the equilibriu m  diagram  th an  has 
heretofore been attem p ted .

F or the production  of pure iron on a fa ir ly  large 
scale, th e electro lytic  refining m ethod w as o b vio u sly  
m ost su itab le and w as therefore adopted  in th is w ork. 
P ure carbon w as m ade b y  calcin in g in a D ixon grap h ite  
crucible th e pure sugar used as sto ck  for B ureau of 
Standards an alyzed  sam ple N o. 17. T h e  la tte r  co n 
tains, as the on ly  im p u rity  of im portan ce for present 
purposes, 0.003 per cent ash, and th e carbon  ob tain ed  
from  it has an ash con ten t of 0.17 per cent.

M A K IN G  T H E  E L E C T R O L Y T IC  IR O N

T h e electro lytic  m ethod, using soluble anodes, has 
been freq u en tly  em ployed in sim ilar in v e stig a tio n s1 
and its essentials are well know n , so th a t  we g iv e  de
tails on ly  for the sake of com pleteness and because, 
in one respect, our m ethod d eviates from  th a t u su a lly  
follow ed, n am ely, in the use of porous anode co m p a rt
m ents. T h e first iron w as m ade on a sm all scale.
T h e essential details of th e b a th  are as fo llow s: T w o
cylin drical anodes of in got iron 2 abou t 2 in. in d iam eter 
b y  5 in. long, contain ed in porous c la y  cups; th ree 
cathodes of sheet iron, each 4 in. sq uare; e lectro ly te , 
25 to  30 per cen t F e C l2 solution  (m ade b y  d issolvin g 
the ingot iron in chem ically  pure h yd ro ch loric  acid), 
prepared as n early  neutral as possible; curren t d en sity  
abou t 0.5 to  0.7 am pere per square decim eter; te m 
perature durin g electrolysis ap p ro x im ately  th a t of the 
room . N o a ttem p t w as m ade to  determ ine th e y ield  
or to  secure high current efficiency. G ood adheren t 
deposits were ob tained , the greatest th ickn ess being 
abou t 0.5 cm . O w ing to  the u n favo ra b le  curren t 
d istribution  when w orkin g w ith anodes and cath od es 
of such unequal sizes, th e th ickness of deposit w as 
not uniform  all over th e p lates. Q u a lita tiv e  tests
of th e sludge from  th e  anode cells show ed th a t  there

1 Lenz, J . prakt. Chem., 108 (1869), 438; C ailletet, Compt. rend., 80 
(1875), 319; Roberts-A usten, Jour. Iron and Steel In s t., 1 (1887), 71; A rnold 
and Hadfield, Stahl u. Eisen, 1894, p. 526; H icks and  O’Shea, Electrician, 
1895, p. 843; W inteler, Z . Elektrochem., 4 (1898), 338; H aber, Ib id ., 4 
(1898), 410; Abegg, Stahl u. Eisen, 1901, I I , p. 736; Skrabal, Z. Elektro
chem., 10 (1904), 749; C. F . Burgess and H am buechen, Trans. A m . Electro- 
chem. Soc., 5 (1904), 201; M axim owitsch, Z . Elektrochem., 11 (1905), 52; 
R yss and  Bogomolny, Ib id ., 12 (1906), 697; Cowper-Cowles, C. A .,  3, 
1371; 5, 3013; 8, 3648; C. F . Burgess an d  W atts , Trans. A m . Eleclrochem. 
Soc., 9 (1906), 229; A m berg, 7.. Elektrochem., 14 (1908), 326; K e rn , Trans. 
A m . Eleclrochem. Soc., 3 (1908), 103; M üller, Metallurgie, 6 (1909), 145 
(contains bib liography); PfafT, Z . Elektrochem., 16 (1910), 217; T ucker 
and  Schram m , T h is  J o u r n a l , 2 (1910), 237; W atts  an d  Li, Trans. A m . 
Eleclrochem. Soc., 25 (1914), 529; Y ensen, U niversity  of Illinois, Bull. 72, 
1914.

2 Anatysis as follows: C, 0.016; S, 0.022; M n, 0.029; P , 0.001; Si,
0.002; and  Cu, 0.15.
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w as an accu m u latio n  of m anganese and copper derived  
from  anodic im purities. T h e porous cups therefore 
seem ed to  b e of service in p reven tin g anode im purities 
from  m igratin g to  th e cathodes, and th e y  were accord 
in g ly  used in one of th e larger b ath s to  be described 
later. In another sim ilar ta n k  th e cups were om itted. 
T a b le  II shows th a t  th e cathode deposits from  the 
b ath  w ith ou t th e cups were a little  higher in copper 
th a n  th e others b u t were otherw ise of sim ilar q u a lity . 
I t  w as found th a t  there w as m uch oxidation  of th e 
surface layers of th e e lectro ly te  as th e electrolysis
w ent on, resu lting in th e production  of basic salts of

F i g . I — T a n k  f o r  P r e p a r in g  E l e c t r o l y t ic  I ro n

iron, w hich floated  in th e  b ath  and w hich m igrated  
to  som e exten t to th e  cathodes. W ith  th e  in ten tion  
of a vo id in g  or m inim izing this oxidation, th e  sm all 
b a th  w as p rovided  w ith  a h y d ra u lica lly  sealed cover 
h a vin g  w indow s for ob servation  and con duits for th e 
curren t leads. T h e air in th e space o ver th e elec
tro ly te  was displaced w ith  purified carbon dioxide 
and th e electrolysis con d u cted  as before. T h is m ethod 
led to no m arked im p rovem en t and it  w as abandoned, 
esp ecially  as th ere seem ed to  be a ten d en cy  tow ard  
higher p ercen tages of carbon  in th e  cath od ic  deposits. 
A lth o u gh  th e  greater p a rt of th e sedim ent settled  to  the 
b otto m , th e b a th  w as n ever quite free from  tu rb id ity  
caused b y  these basic salts, and th ere is no doubt th a t
T a b l e  I I — P e r c e n t a g e  C o m p o s it io n  o f  E l e c t r o l y t ic  I r o n  fro m  

V a r io u s  S o u r c e s
T o ta l Anal- 

N i and  im - ysis 
Source C S P M n  Si C u Co p u rity  by

\(a , b )   0 .004  0 .002  T race  T race  0 .003  0 .005  0.011 0 .026  B. S.
2(c ,b )   0 .004  0 .003  T race  T race  0 .0 0 6  T race  0.011 0 .0 2 4  B. S.
3 ( d ,b ) ......... 0 .004  0 .006  T race  T race  0 .0 0 8  0 .006  0.011 0 .035  B. S.
4 (c)..............  0 .004  0 .0 0 4  T race  T race  0 .005  0 .008  0.011 0 .033  B. S.
5 (f)........... 0.063  0 .002  0 .005  0 .009  0 .005  .....................  0 .0 8 4  M üller
6 (g ) .............. 0 .008  T race  0 . 0 0 2  0 .009  0 .0 1 4  .....................  0 .033  S tead
7 (h ) .............. 0 .008  0 .0 0 4  T race  T race  0 .0 0 6  0.011 . . .  0 .029  B. S.
8 (f ) ..............  0 .009  0 .003  T race  T race  0 .0 0 6  0 .0 0 6  . . .  0 .024  B. S.

а) B. S. (w ith porous cups).
б) B ureau  of S tan d ard s  analysis of anodes from  which th is  iron was 

m ade: C, 0.013 p e r cen t; S, 0.020 per c en t; P , 0.003 p e r cen t; M n, 0.025 
per c e n t; Si, 0.003 per c en t; Cu, 0.024 per c en t; and  N i -f- Co, 0.021 per cent. 
(Cf. Bttrgess and  Crowe, B ull. B u r . Stand., 10 (1914), 342.)

(c) B. S. (w ith  porous cups).
(e) B. S. (from sm all tan k ). (g) H . C. H . C arpen ter.
(d) B. S. (w ithou t porous cups). (h) L angbein-P fanhauser.
(f) A. MQller, Melallurgte, 6 (1909), 152. (*) C. F . Burgess.

th e deposits were con tam in ated  b y  them  in slight
degree. T h is w as of no consequence, inasm uch as 
these im pu rities were eith er vo la tilized  or were re
duced to  iron in subsequen t m eltin g operations. 
T h e  an alysis of th e  iron stripp ed  from  cathodes of th e 
sm all e lectro ly tic  b a th  is g iven  in  T a b le  I I .  A b o u t 
2 or 3 kg. were m ade in th is b ath .

T h e  large e lectro ly tic  b ath  is shown in F ig. I. 
T h e  anode cups were m olded from  a m ixture of equal 
parts b y  vo lu m e of alun dum  cem ent and of clean 
w h ite  O tta w a  sand; a fter careful d ry in g in an oven 
th e  cups were burned a t a tem p eratu re of 1000° to 
i i o o ° and were then  found to  h ave a sa tisfa cto ry  
degree of porosity. T h e current d en sity  during 
electro lysis varied  from  0.3 to  0.4 am pere per sq. 
dm . T h e electro lyte  contain ed 23.3 per cen t FeCl2 
(m ade from  th e in got iron p rev iou sly  described) and 
10.3 per cent N a C l, and was n early  n eutral. A n alyses 
of e lectro lyte  from  th e anode and cathode co m p a rt
m ents m ade after a w ee k ’s run were as follow s:

P e r  C e n t  I ro n  
Anode com partm en t C athode  com partm en t

O rig inal.....................................  9 .5 2  7 .8 8
A fter one w eek’s ru n   8 .8 2  7 .53

T h e ch aracter of th e deposits is show n b y  F igs. II 
and II I . D ep osits of 5 to  7 mm. th ickn ess were ob
ta in ed; th e ch aracteristics of these w ere a b ou t th e 
sam e as of those m ade in th e sm aller b ath . T h e y  
were v e ry  hard  and b rittle  in consequence of con
tam in atio n  b y  hydrogen . On rem oval from  th e  b ath  
and after w ashing w ith  distilled  w ater th ey  corroded 
ra p id ly  in  th e air. N o accou n t w as taken  of th is 
surface oxidation, inasm uch as th e iron w as to be 
used for m akin g iron-carbon alloys in such a w ay  
th a t  th e oxidized  com pounds of iron w ould be re
duced to  m etal and th e  h yd ro gen  expelled. A b o u t 
12 to  15 kg. of iron w ere m ade for use in prep aring the 
a lloys. In T a b le  II  are g iven  analyses of th is iron 
m ade w ith  and w ith o u t th e use of porous anode com 
p artm en ts, and for com parison an alyses of e lectro ly tic  
iron from  other sources.

M E L T IN G  T H E  E L E C T R O L Y T IC  IR O N

T h e next step for th e  fu rth er u tilizatio n  of th e 
electro-dep osited  iron is to  m elt it into  ingots. 
T h e m aterial as ta k en  from  th e b ath  is b rittle

F ig . I I — C a t h o d e  D e p o s it

and is co n tam in ated  w ith  occluded chlorides from  
th e  e lectro ly te , w ith  h yd ro gen , and w ith oxidized  
com pounds of iron. A n n ealin g  a t 6000 to  8000 
suffices to  rem ove m ost of th e h yd rogen  and som e of 
th e  chlorides; th is renders th e iron m ore m alleable 
and resistan t to  corrosion, but to  a tta in  a still h igher 
degree of p u rity  and to  sim p lify  subsequen t operations 
th e  iron m ust be fused, p refera b ly  in a reducin g 
atm osphere, and  held in a sta te  of fusion  for some
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m inutes. O w ing to th e high m elting point of iron 
(153 0 °), to  its  stron g ten d en cy  to  com bine w ith  or 
to be con tam in ated  b y  substances lik e ly  to be present 
as vapors in electrica lly  heated  furnaces (Si, S,' C , P t, 
and th e  like), or as gases in th e  p roducts of com 
bustion  of a fuel-fired furnace (C O , S 0 2, SO3, C 0 2, 
H 20 ), and esp ecially  because of th e  corrosive action  
on crucibles of m olten oxides of iron, w ith  resulting 
possible con tam in ation  of th e m elt b y  slags, etc., it  is 
ev id en t th a t  great care m ust be tak en  in th e choice of 
furnaces and crucibles for w ork of th is kind. W hile 
it  is true th a t iron in the m olten  condition  contain ing 
as little  as 0.1 to  0.2 per cen t of th e im purities ordi
n arily  determ in ed has been produced com m ercially  
for som e tim e, th e  conditions of lab o rato ry  preparation  
on a sm all scale are en tire ly  different and lead  to  new 
difficulties.

1— C o n tam in atio n  b y  the hearth, or crucible m a
teria l, or b y  gases, is less in  large-scale operations, 
ow ing to  th e re la tiv e ly  sm aller surface exposed com 
pared w ith  th e w eigh t of m etal being handled.

2— A d d ition s, such as ferro a lloys, alum inum , or 
tita n iu m  for purifica
tion  of th e  m elt, as 
used c o m m e r c i a l ly ,  
are n ot perm issible in 
an in vestig a tio n  of 
this kind.

3— T h e use of slags 
for p rotection  from  
the prod u cts of com 
bustion  or for elim 
in atin g im pu rities and 
controlling com posi
tion in desired w ays 
is excluded.

T h e im p ortan ce of 
t h e  c o n d i t i o n s  fo r  
m elting pure iron and 
its alloys to  secure 
products of v e ry  high 
p u rity  does n ot seem  
to h ave been recognized  sufficien tly  in th e past, and 
we shall therefore g ive  fu ll d etails of our m ethods.

F U R N A C E S

e l e c t r i c  f u r n a c e s — F or ease and convenience of 
m anipulation  a furnace used for m eltin g pure iron 
should m ain tain  con tin u ou sly  a tem p eratu re of n ot 
less th a n  1600°. T h e  tem p eratu re required  elim inates 
furn aces w'ound w ith  n ickel or nichrom e; m olybdenum  
or p latin u m -w ou n d  furnaces are n ot desirable for w ork 
in high v a c u a , ow ing to  v o la tiliza tio n  of these m etals 
w ith  resu ltin g  con tam in atio n  of th e m elt and de
stru ction  of th e  heater. T u n gsten  w indings could 
no d ou b t be used, b u t no su itab le  fu rn ace of th is ty p e  
was a va ila b le  a t th e  B u reau . Our w ork w ith  electric 
furnaces has been confined, therefore, to  those em 
p lo y in g  carbon in  som e form  as resistor. A  furnace 
of th e k ry p to l ty p e , show n in F ig . IV , w as constructed  
and has been fou n d  sa tisfa cto ry . T h e  A rsem  va cu u m  
fu rn ace,1 show n in  F ig . V , w as exten sively  used and is

1 W . C . A rsem , Trans. A m . EXeclrochem. Soc., 9 (1906), 152.

v e ry  su itab le  for w ork of th is character. T h e Hel- 
berger crucible furnace was used for m eltin g som e of 
our alloys. T h is furnace is inten ded to  be used w ith  
con ductin g crucibles, but our w ork w as done w ith  
am orphous carbon tubes as resistors. B ecause of the 
la ck  of protection  of these from  th e oxid izing action  
of th e  air their life is in co n ven ien tly  short. T h e 
resistance of Acheson graphite tu b es w as foun d to  be 
too low  to perm it the desired tem p eratu res to  be 
reached. T h ere were difficulties in securing good 
electrical con tact betw een th e term in als and th e  re
sistor so th a t th is sty le  of furnace as used b y  us is not 
to  be recom m ended for w ork at 1600° or ab ove. T h e 
d ifficu lty  com m on to  all the ty p e s  of electric  furnaces 
used (unless th e precautions m entioned la te r  were 
observed) wTas th a t th e m elts were con tam in ated  b y  v o la 
tile  sulfur, silicon, or carbon derived  from  the resistors 
used. T h is contam in ation  w as least in th e A rsem  
furnace when protectin g  th e crucible, as show n in F ig . V , 
and was greatest in the H elberger fu rn ace and in th e  k r y p 
to l furnace when using am orphous carbon as resistors.

T a b le  I I I  shows th e am ounts of con tam in atio n  in-

X  250
a s  D e p o s it e d : S e c t io n  P e r p e n d ic u l a r  t o  t h e  E l e c t r o d e

trod u ced  b y  m eltin g pure iron in variou s ty p e s  of
furnaces. A n analysis of the am orphous carbon  used 
as filling m aterial in th e  k ry p to l fu rn ace and  for th e  
resistor tubes of th e  H elberger fu rn ace show ed 0.75 
per cen t sulfur and 0.07 per cen t silica. T h e high
T a b l e  I I I — P e r c e n t a g e  C o m p o s it io n  o p  B u r e a u  o f  S t a n d a r d s  E l e c 

t r o l y t ic  I ro n  a f t e r  M e l t in g  in  V a r io u s  F u r n a c e s  
M a n n e r  of m e ltin g  C  S i S  M n  P  C u

O rig in a l iro n  n o t  m e lte d . .  . 0 .0 0 4  0 .0 0 1  0 .0 0 4  T ra c e  T ra c e  . . .
I n  k ry p to l  fu rn a c e  filled

w ith Acheson g ra p h ite . . . 0 .0 1 2  0 .0 1  0 .0 0 4  T race  T race  . . .
In  H elberger fu rnace ................ 0 .0 1 4  0 .0 2 4  T race  T race  . . .
In  Arsem  fu rn ac e ....................  0 .0 1 0  0 .0 0 7  0 .0 0 7  T race  T race  0 .0 1 2
In  H elberger furnace and  re 

m elted in Arsem furnace. 0 .0 0 9  0 .0 0 4  0 .0 0 5  T race  T race  . . .
In  gas fu rn ace .............................. 0 .0 1 2  0 .0 0 3  0 .0 2  T race  T race  . . .

sulfur in  th e  am orphous carbon resistors is due to  th e  
use of petroleum  coke in th e ir  m an u factu re . A n a ly se s  
of th e  best grades of petroleum  coke ob ta in ed  b y  th e  
G eological S u rv ey  show ed percen tages of su lfur ra n g 
ing from  0.63 to  1.37 per cen t. A fte r  h a vin g  d is
covered  these defects in  am orphous carbon we discon 
tin u ed  its  use, em p loyin g gran ular A cheson  grap h ite  
of th e b est grade for th e  k ry p to l fu rn ace, and a grap h ite

x  100
F ig . I l l — E l e c t r o l y t ic  I ron
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spiral for th e  A rsem  furnace. A  resistor from  th e 
A rsem  furnace contain ed 0.02 per cent sulfur and 
0.03 per cen t silica. T h e results were sa tisfa cto ry . 
I t  m ay  b e concluded th a t if  carbon  resistance furnafces 
are inten ded  for m akin g m elts w ith  m inim um  con
tam in ation  b y  v o la tile  substances from  th e heatin g 
elem ent, th e  b est m aterial a va ila b le  a t present is 
firs t-q u a lity  grap h ite; and  th a t  the resistors should be 
carefu lly  a n a lyzed  to  insure again st im p u rity  before

in stallin g th em  in th e  furnace. I t  is fu rth er ev id en t 
th a t  if th e  refra cto ry  w alls of th e  fu rn ace are in im 
m ediate co n tact w ith  th e  heater, th e form er should be 
m ade of m aterial n ot lik e ly  to  react w ith  th e  h eated  
carbon. Such reaction  %vould cause n ot on ly  possible 
con tam in atio n  of th e  m elt, b u t also irregularities in 
th e w orkin g of th e furnace. F or th is reason ord in ary  
fire c la y  or silica bricks, or a n y  others contain ing 
silica  in considerable am ount, are excluded. In  our 
ow n k ry p to l furnace com m ercial m agnesite bricks 
were used, and w hile th e y  w ere n ot all th a t could be 
desired th e y  p roved  serviceab le, p rovided  th e resistor 
w as renew ed occasion ally.

g a s  f u r n a c e s — T w o  ty p e s  of gas furnace, show n in 
F igs. V I  and V I I ,  were used and  no d ifficu lty  w as ex
perienced in m ain tainin g th e  n ecessary tem peratures. 
T h e furnace show n in F ig. V I  w as a stan d ard  ty p e  
excep t in  respect to th e  b low pipe, w hich is sim ilar to 
th a t used in too l forges, or for b razin g purposes. A  
preheater raised th e  tem p eratu re of th e  n ecessary 
volum e of air to  a b o u t 350°. In  som e experim ents 
m ade w ith  th is fu rn ace pure p latin u m  w ire w as m elted, 
in d icatin g  th a t  a tem p eratu re in excess of 1750° had 
been a tta in ed . T h e re fra cto ry  lin in g supplied  b y  th e 
m anufacturers w as found to  h a v e  a v e ry  short life 
under these conditions, so th a t we la ter  covered  it 
w ith  alun dum  cem ent, or w ith  a m ixture of alun dum  
cem en t and c la y , w hich prolonged th e  life. T h e 
surface com bustion  fu rn ace (F ig . V II)  p roved  to  be 
v e ry  suitable. T h is fu rn ace has a lrea d y  been illu s
tra ted  and briefly  d escrib ed .1 T h e sam e tro u b le  w as 
experienced w ith  th e original refra cto ry  lining, and 
repairs were again  m ade w ith  alun dum  and  clay . 
T h e highest tem p eratu re reached  in th is furnace, 
1670°, w as obtained  when b urn ing a b o u t 180 cubic 
feet of c ity  gas per hour. In  using th is  ty p e  of furnace 
for pure m elts, th e crucible m ust be p ro tected  from  th e 
large am ount of v e ry  fine dust blow n ou t of th e  co n ta ct 
m aterial during operation.

c r u c i b l e s

A  few  prelim inary experim ents w ith  c la y  crucibles 
show ed th a t it w ould  be ou t of th e question  to  use

1 L u ck e , T h is  J o u r n a l , 5 (1913), 801.

these for m eltin g pure iron-carbon alloys. T h e  clays 
used for m akin g th e crucibles w hich we tried  w ere not 
sufficien tly  refra cto ry  and were b a d ly  corroded b y  th e 
iron oxide w hich coats th e  surface of a ll m elts m ade 
in gas-fired furnaces. T h is did n ot occur ' in the 
electric  furnaces, b u t here th e  reducin g atm osphere, 
w hich p reven ted  oxidation , also caused th e in trod u ction  
of re la tiv e ly  large am ounts of silicon from  th e  c lay . 
A lu n d u m  crucibles were tried , b u t ga v e  th e sam e 
trou b le  as those of c la y . C rucib les m ade of elec
tr ica lly  fused  or sintered m agnesia from  tw o d ifferen t 
sources were g iven  a tria l in th e various ty p e s  of 
furnaces, b u t w ith  these also there w as m ore con
tam in atio n  of th e  m elts b y  silicon th a n  seem ed de
sirable (T a b le  IV ).

T a b l e  IV — P e r c e n t a g e  C o m p o s it io n  o f  A l lo y s  M a d e  in  C r u c ib l e s  
o f  C o m m e r c ia l l y  P u r e  M a g n e s ia

N o. M e t h o d  o f  M e l t in g  C Si S
P  27 G as and  vacuum  fu rnaces ..................................  0 .5 8 4  0 .056  0 .004
P  28 G as and  vacuum  fu rnaces ..................................  0 .022  0 .029  0 .030
P  29 G as and  vacuum  fu rnaces ..................................  0 .367  0 .015  0 .029
P  41 Single m elt in H elberger fu rn ac e ..................... 0 .886  0 .024  0 .013
P  39 M elted  tw ice in H elberger fu rn ace ................. 0 .6 8 8  0 .0 5 4  0 .026
P  31 H elberger and vacuum  fu rnaces ....................... 0 .2 1 0  0 .032  0 .020
P  32 H elberger and  vacuum  fu rnaces....................... 0 .252  0 .022  0 .010
P  33 H elberger and  vacuum  fu rnaces ....................... 0 .0 9 4  0 .041 0 .024
P  35 H elberger and  vacuum  fu rnaces ....................... 0 .1 4 6  0 .0 5 0  0 .029
P  37 H elberger and  vacuum  fu rnaces ....................... 0 .0 8 8  0 .0 5 0  0 .039

' P  40 H elberger and  vacuum  fu rn aces ....................... 0 .765  0 .033  0 .015
P  42 H elberger and  vacuum  fu rnaces.......................  0 .0 5 8  0 .0 7 0  0 .016
P  36 M elted  tw ice in k ry p to l fu rn ace .....................  0 .927  0 .045  0 .019

A s it h ad  becom e ev id en t th a t th e desired results 
could  not be secured w ith  a n y  k in d  of crucible on the 
m arket, we b egan  th e  exp erim ent of m akin g our 
crucibles of variou s grades of ch em ically  pure m agnesia

F ig . V— A r s e m  F u r n a c e  w it h  C r u c ib l e  a n d  P r o t e c t in g  T u b e  in  P l a c e

calcined  in th e  electric furnace a t 1600° to  1800°. 
A lth o u gh  our p rod u ct contain ed  u su a lly  n ot over 
0.05 to  0.10 per cen t silica  th e  a llo ys m elted  in  crucibles 
m ade from  such m agnesia still carried  too  m uch 
silicon (see T a b le  IV ).. B ecause of th e  d ifficu lty  
of securin g from  chem ical dealers m agnesia  suffi
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cien tly  low  in silica, th e high cost of a good grade of 
th is m aterial, and th e  need of large q u an tities for 
several con tem plated  in vestigation s, we decided to 
prepare our ow n m aterial. A n en deavor w as m ade 
to develop a m ethod free from  too m an y com plicated  
m anipulation s. A s raw  m aterial we used tw o or 
three grades of p h arm aceu tica l m agnesium  carbon ate

F ig . V I— S m a ll  G as  F u r n a c e  w it h  P r e h e a t e r

carry in g  0.1 or 0.2 per cen t silica, and later a calcined 
G recian  m agnesite w ith  ab ou t 3.5 per cen t silica. 
A tte m p ts  to  prepare silica-free m agnesia from  these 
sources b y  d issolvin g th em  in hyd roch loric  acid, 
e v ap o ratin g  th e  solutions to  dryness and baking, 
follow ed b y  solution  of th e M gCl», filtration  and pre
cip itation  of m agnesium  carbon ate b y  am m onium  
carbo n ate were n ot v e ry  successful on th e scale tried, 
for th e  techn ique w as difficult and th e  p rod u ct un 
sa tisfa cto ry , as w ell as expensive. A fter  trials of 
several oth er m ethods we developed  th e follow ing 
procedure, w hich has produced a m agnesium  oxide 
carry in g  u su ally  n ot over 0.01 per cen t silica, and at 
low  cost:

T h e G recian  m agnesite w as d isso lved  in com m ercial 
acetic acid  (70 per cen t), using a slight excess of th e 
latter; m ore of th e m agnesite was then  added un til th e 
solution  w as a lkalin e to litm u s paper, a fter which the 
solution  w as d iluted  w ith abou t tw ice  its volum e of 
w ater, th e  whole th o ro u g h ly  stirred  and allow ed to 
stan d  in barrels for a d a y  or tw o ; a t th e end of th is tim e 
th e clear solution  was siphoned off into  a large w rought - 
iron basin  and ra p id ly  evap o rated  over a large F letch er 
burner, addin g fresh liquid  a t in tervals  un til a suffi
cient am ou n t of th e m agnesium  acetate  had separated. 
T h e ev ap o ratio n  w as th en  carried to th e point where 
the solution  solidified on cooling, a fter w hich th e de
com position of th e acetate  into  oxide was effected  b y  
directin g th e  flam e from  a large T eclu  burner over th e 
surface of th e  sep arated  salts. T h e m agnesium  oxide 
so ob tain ed  is con tam in ated  b y  carbon, undecom posed 
acetate , and a little  iron, b u t a fter calcin in g is quite 
su itab le for use in  m akin g crucibles. T h e calcining 
w as done in large gas furnaces w hich ga v e  a  tem p era
ture of from  1550° to  1650°. T h e m agnesia, as ta k en  
from  th e iron basin , w as m oistened sligh tly  w ith 
w ater and m ade up in to  large balls, wrhich were placed 
inside an o rd in ary  N o. 20 p lum bago crucible coated 
on th e inside w ith  alun dum  cem ent, or lined w ith an 
A cheson  grap h ite  crucible. T h e  crucible w as care
fu lly  covered  durin g th e calcin in g operation, which

lasted  abou t tw o  hours. A s a result of th is tr e a t
m ent th e  m agnesia had shrunk to  abou t on e-third its 
original volum e, all the carbon had burned out, and 
th e silica conten t was v e ry  s lig h tly  increased. W e 
foun d it  im p ortan t to blow  air th rou gh  th e fu rn ace 
for several m inutes a fter sh u ttin g  off th e  gas, in order 
to  rem ove th e last traces of products of com bustion  
carry in g  sulfur. If these are allow ed to rem ain  in the 
furnace during th e cooling period, th e m agnesia takes 
up som e sulfur; our best m aterial contain ed less th a n  
0.01 per cent of this elem ent. C alcin in g in th e  gas 
furnace- at th e tem perature n am ed gives a p roduct 
w hich still shrinks a little  when used in crucibles 
heated  to  higher tem peratures, b u t we had no serious 
trouble w ith  crucible failures on th is accoun t.

T w o  sizes of crucibles were used w hich, togeth er 
w ith  th e m olds em ployed for m akin g them , are show n 
in F ig. V I I I .  T h e calcined m aterial was m ixed w ith  
abou t 10 per cent b y  w eight of u n calcin cd  m agnesia 
and th e whole w et w ith w ater u n til it  form ed a p a sty
T a b l e  V— P e r c e n t a g e  ok S il ic a  in  M a g n e s ia  f r o m  D if f e r e n t  S o u r c e s

S o u r c e  S iO *
Calcined G recian m agnesite ................ ................................ 3 .1 5  and 4.61
U niversity  of Illinois electrically calcined M gO   1.99
M agnesium  alum inate  tu b e .................................................  5 .3 9
M gO reagent (uncalcined) A ...............................................  0 .03
MgO reagen t (uncalcined) B ...............................................  0 .07
B ureau of S tandards  M gO prepared  from  a ce ta te   0 .008
B ureau of S tandards  M gO calcined in gas fu rnace. . . .  0 .013  and  0 .017
Crucible m ade from B ureau of S tan d ard s  calcined

M g O .........................................................................................  0 .025  .

mass. T h e th in  brass cups used for lining th e  molds 
were p u t in place and there w as in troduced  into  th e 
m old a sufficient am ount of th e  m aterial (ascertain ed 
b y  prelim in ary tria ls); a pressure of 5,000 to  10,000 
pounds per square inch w as applied  to  the head of th e 
plunger and k ep t there a m inute or tw o  a fter th e 
plunger had been driven  dow n as far as it  w ould go. 
T h e m old was then  opened b y  rem ovin g th e rings, the

F ig . V II—S u r f a c e  C o m b u s t io n  C r u c ib l e  F u r n a c e

brass cup carry in g  th e  crucible rem oved, and th e  
plunger tak en  out. T h e  crucibles w ere dried a t io o °  
to 120 0 for a d a y  and the brass cups stripp ed  off b y  
m eltin g th e  solder from  th e  jo in ts. T h e y  were th en  
either used d ire ctly  for m elts, or a fter h ea tin g  to  
1200° to  1600° in a gas or electric  furnace. T h e
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la tte r  procedure is n ecessary for all crucibles th a t  are 
to  be used in vacu u m  furnaces.

P R O C E D U R E  I N  M A K IN G  A LLO YS

W e first a ttem p ted  to  m ake in gots in th e follow ing 
m anner:

■ T h e iron as stripp ed  from  the cathodes w as dried, 
b roken  into sm all pieces, and p laced  in  one of th e  larger 
m agnesia crucibles (F ig. V I I I ) ,  togeth er w ith  a su itab le 
q u a n tity  of carbon. T hese _were b rou gh t gra d u ally  
to  tem peratures ab o v e  th e m eltin g point of iron and 
le ft in th e fu rn ace for 10 or 15 m inutes. A fter  cooling,

■ 11
F ig . V III—C r u c ib l e  M o ld s

th e  crucibles were rem oved  and b roken  a w a y  from  the 
in gots. T h is procedure, w hile a p p a ren tly  w astefu l, 
w as n ecessary for several reasons: (1) M agnesia
crucibles are extrem ely  fragile a t high tem peratures 
an d  a n y  a ttem p t to handle them  results in  b reakage 
w ith  resu ltan t loss of m elts; (2) w ith  th e sm all m ass of 
m etal w hich we used (100 g.) it  w ould  be im possible 
to  pour successfu lly; and (3) even  if it  could be a c
com plished, pourin g w ould  be ob jection ab le  because 
o f th e  added danger of contam in ation. M oreover, 
th e loss of th e crucible is n ot serious, since th e m aterial 
can  be recovered and w orked up into new crucibles 
rep eated ly.

T h e in gots ob tain ed  in th e m anner a b o ve  described 
were foun d to  be v e r y  unsound and  fu ll of blow holes; 
in th is respect there w as little  difference betw een  those 
m ade in th e  various furnaces. T h is  seem ed sur
prising in v ie w  of th e difference in atm osphere over 
th e m elt in a gas furnace, w here th e conditions are 
oxid izing to  iron, and in an electric  furnace, where 
carbon dioxide, w ater va p o r, or oxygen — th e gases 
which would oxidize iron a t h igh tem p eratu res— are 
present on ly in v e ry  sm all am ounts. I t  w ould thus 
appear th a t th e  blow holes in iron m a y be caused b y  
carbon m onoxide as wrell as b y  a n y  or all of th e other 
gases nam ed, and th a t th e m ain tenance of a reducin g 
atm osphere is no gu aran tee of freedom  from  b lo w 
holes. T h a t the m elts m ade in th e k ry p to l furnace 
w ere m ade under reducin g conditions is ev id en t from  
F ig . IV , w hich shows th a t  th e  crucibles are com 
p le te ly  covered w ith  carbon a t all tim es; th is is further 
e v id en t from  an oxygen  determ in ation  m ade on 
drillings from  an ingot m elted in  th e  k ry p to l furnace. 
T h e  percen tage of oxygen  in this in got, n o tw ith stan d 
in g th e fa c t th a t no deoxidizer had been used, was 
0.03.1 T h e w eigh t of these ingots w as a b ou t 100 g.

1 W e are indebted  to  J . A. Aupperle, m etallurg ist of the  Am erican 
Rolling M ill Co., for th is analysis.

F ig. IX (a )  is a ph otograph of a sp lit in got, show ing 
the unsound structure.

T h e in trod u ction  of a regulated  am ount of carbon 
into  th e a lloys ga v e  a good deal of trouble. In  th e gas 
furnace th e am ount of oxid izing gases w as so great, 
re lativ e  to  th e w eigh t of carbon introduced, th a t  th e 
la tter  w as all burned out before the m eltin g operation  
w as com pleted, even when special precaution s were 
ta k en  to  p ro tect th e crucibles. T hese difficulties were 
fin ally  overcom e b y  using th e  fo llo w in g  procedure 
w hich has been fa ir ly  sa tisfa cto ry : T h e e lectro ly tic
iron w as first m elted dow n in th e larger cru ci
bles in a gas or electric  furnace. T h e -.ingots of 
pure iron so m ade were saw ed into  lon gitu d in al 
strips of con ven ien t size for insertion into  the 
sm aller m agnesia crucibles (F ig. V I I I )  and  th e 
n ecessary am ount of carbon w as added. T h e  cru 
cible w as placed in the va cu u m  furnace w ith  the 
p rotectin g  chim ney in place as shown in F ig . V . T h e 
furnace w as e v acu a ted  to  0.2 m m ., and th e  cu rren t 
th rough  th e heater w as increased gra d u ally  u n til th e 
iron had m elted and dissolved the carbon; th is  point 
w as determ ined b y  ob servation  th rough  th e  w indow . 
A s soon as th is sta ge  was reached a vio len t ebullition  
to o k  place; som etim es th e conten ts of the crucible 
were ejected . W e a ttr ib u te  th is p rin cip a lly  to  the 
expulsion of gases from  th e  cav ities in th e  ingots. 
In  10 or 15 m inutes th e surface of th e  m elt becam e 
quiescent and th e operation  was ended. A fte r  cooling, 
the in gots were rem oved  b y  b reakin g th e crucibles.

F ig . IX (6 ) shows the sound stru ctu re of these ingots, 
w hich were u su ally  en tire ly  or n early  free from  b lo w 
holes. A fter  d iscardin g th e surface dow n to  clean 
m etal, th e ingots were turned dow n to  th e  size re 
quired for th e th erm al test specim ens, F ig . IX (c ) , re-

F ig . I X —S p l it  I n g o t s  a n d  T e s t  Sp e c im e n

ta in in g  th e  chips for an alysis. C om p lete  an alyses 
of ty p ic a l sam ples are g iven  in T a b le  V I . F or com 
parison, T a b le  V I I  is g iven , show in g 'the results of 
a ttem p ts  b y  tw o  earlier w orkers to  m ake pure iron- 
carbon alloys.

W e are now  b u ild in g a larger va cu u m  fu rn ace for 
producing large in gots of pure iron and iron-carbon  
a lloys, w hich w ill be exam ined eith er as m ade or a fter 
forgin g, rolling, and a p p licatio n  of h ea t -treatm en t
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as to  ph ysical properties, m agn etic and electrical 
ch aracteristics, resistance to corrosion, and related  
properties. R ep orts of progress in th is w ork  w ill be 
issued as th e y  are justified . L a te r  we shall deal w ith  
th e  effect of a llo y in g elem ents other th a n  carbon on th e  
properties of iron.
T a b l e  V I— P e r c e n t a g e  C o m p o s it io n  o f  T y p ic a l  B u r e a u  o f  S ta n d a r d s  

I r o n -C a r b o n  A l lo y s

c Si # S P M n Cu Ni and  Co T o ta l
0 .084 0.007 0.009 T race T race 0 . 0 2 0 0 . 0 1 1 (a)

0 . 0 1 1 (a)
0.047

0.376 0.013 0.009 T race T race 0.005 0 .038
0.395 0.008 0.013 T race T race 0 . 0 1 2 0 . 0 1 1 (c) 0 .044
0.597 0 . 0 1 0 0.008 T race T race 0.004 0 . 0 1 1 (a) 0 .033
0.624 0.004 0 . 0 1 0 T race T  race 0 .008 0 . 0 1 1 (a) 0 .033
0.692 0.006 0.011 T race T race 0.008 0 . 0 1 1 (a) 0 .036
0 .860 0.006 0.006 T race T  race 0.007 0 . 0 1 1 (a) 0 .030
1 .087 0 .006 0.006 T race T race 0.013 0 . 0 1 1 (a) 0 .036
1 .797 0 . 0 1 0 0.005 T race T race 0 .018 0 . 0 1 1 (a) 0 .044
2.240 0.005 0.005 T race T race 0 . 0 2 0 0 . 0 1 1 (a) 0.041
2.560 0.005 0.005 T race T race 0.014 0 . 0 1 1 (a) 0.035
3.27 0 .006 0.006 Trace T race 0 .016 0 . 0 1 1 (a) 0.039

(a) T h e  figures given for nickel find cobalt do n o t rep resen t indiv idual 
d e te rm ina tions  for each specim en since th e  am o u n t of sam ple was in 
sufficient to  allow of these being carried  ou t. F o u r represen ta tive  analyses 
on pure  iron and  iron-carbon alloys having  given the  resu lt ind icated , i t  
was assum ed th a t  these  elem ents were p resen t in th a t  am o u n t in all the  
sam ples.
T a b l e  V II— D e g r e e  o f  C o n t a m in a t io n  (P e r c e n t a g e s ) o f  I r o n  M e l t s  

M a d e  b y  O t h e r s

C Si P S  M n
M üllcr's  electro ly tic iro n ...... 0 .0630  0 .0053 0 .0045 0 .0024  0 .0090
M aile r’s e lectro ly tic iron a fte r re 

m elting in  vacuo in “ pure  M gO
crucib le” (a ) .............................  0 .017  0 .089  0 .028  0 .037  0.025

C. F . B urgess’ electro ly tic  i r o n . . . .  0 .009  0 .0 0 6  0 .001  0 .010  T race
C. F . B urgess’ e lectro ly tic  iron 

m elted  w ith  sugar carbon in
m agnesia crucible by  H ow e(6) .  . 2 .954  0 .0 4 0  0 .0 5 0  0 .035  N one

(a) A. M üller, M etallurgie, 6 (1909), 159.
(b) Howe, Bull. A m . In st. M in ing  Eng., 1913, p. 1118.

D IS C U S S IO N  OF T H E  SO U R C E S  O F C O N T A M IN A T IO N

s i l i c o n — In our earlier experim ents, w here we were 
obliged  to  m ake crucibles of m agnesia higher in  silica th a n  
th a t produced b y  the acetate  m ethod a lread y  described, 
we noted th a t  occasion ally  an a lloy  of ve ry  low  silicon 
co n ten t w ould result from  a m elt m ade in  a  crucible 
r e la t iv e ly  high in silica. T h e  use of our purified m agnesia 
had elim in ated  all tro u b le  from  silicon con tam in ation  
of m elts, b u t we later decided to  m ake som e experi
m ents to  determ in e th e  relationship  betw een  th e in tro 
duction  of silicon and tem perature of m elting. For 
th is purpose a series of runs w as m ade in th e va cu u m  
furnace v a ry in g  in d ep en d en tly  th e  tem peratu re of 
m eltin g and th e  silica con ten t of crucibles. One per 
cen t of carbon  w as added to  all these m elts since in th e 
presence of carbon th ere is additional likelihood of 
con tam in ation  of silica a t high tem peratures. T he 
results in T a b le  V I I I  show th a t if the tem peratu re is 
not a llow ed  to  rise m uch ab ove i6 o o °, crucibles con
ta in in g as m uch as 0.9 per cent silica m ay be used 
safely . T h is is of im portan ce when a great deal of 
w ork is being done, for it  enables one to  use rep eated ly  
old crucible m aterial un til th e  silica  becom es danger
ou sly  high.
T a b u s  V III— F a c t o r s  G o v e r n in g  C o n t a m in a t io n  o f  M e i .t s  by  S il ic o n

SiOi in Si in SiO t Si in
T em pera tu re crucible m elt T em pera tu re crucible melt

of m elting Per Per of m elting P er P er
(degrees) cent cent (degrees) cent cent

1610.................... . .  0 .57 0.007 1720..................... . 1.27 0.040
1610.................... 0 .007 1780..................... . 1 . 2 0 0.042
1610.................... . .  0 .75 0.007 1770..................... . 0 .19 0.007
1610................. 0 .006 1720..................... . 0 .2 4 0.006
1610.................... 0 .015 1760..................... . 0.31 0 . 0 2 1
1610................. . .  1 . 6 6 0.023 1740..................... . 0 .6 0 0.031
1650.................... . .  1.35 0 .032

s u l f u r — A s has been shown, con tam in atio n  b y  
sulfur m a y  resu lt from  th e  use of gas furnaces or of 
petroleum  coke carbon in  electric  furnaces. On 
abandoning th e  use of gas furnaces and em p loyin g

A cheson graphite as resistor m aterial th is d ifficu lty  
disappeared, as is apparen t from  a com parison of 
T a b les V  and V II .

m a n g a n e s e  a n d  p h o s p h o r u s — B oth  these elem ents 
h ave been reduced to  mere traces (less th a n  0.001 per 
cent) in all our alloys.

c o p p e r — T his im p u rity , one of th e m ost difficult 
to  gu ard against, is present in ob jection ab le  q uan tities 
in some of our m elts and to  som e exten t in all. T h e 
in got iron used for anodes contains copper w hich is not 
com p letely  rem oved in th e e lectro ly tic  refining process, 
so th a t  our deposits contain  a b ou t 0.005 Per cent of 
th is elem ent. T h is copper persists through th e m elt
ing operation, and unless great care is ta k en , m ore is 
introduced, ow ing to th e use of copper connections in 
furnaces. In particu lar, th e copper b locks used in the 
vacu u m  furnace m ust be sm ooth and m ake good 
con tact w ith  the graphite heater, since a n y  arcing 
causes th e vap o rization  of considerable q u an tities of 
copper w'ith resulting contam in ation  of th e  m elt.

n i c k e l  a n d  c o b a l t — Our anode iron contain s 0.02 
per cent (N i +  C o); .in th e e lectro ly tic  refining th is is 
reduced to  0.01 per cent w hich persists th rou gh  th e  
m eltin g operations.

m a g n e s i u m — A s all our m elting w as done in m ag
nesia crucibles it w as th o u gh t desirable to  look for 
th is elem ent as a possible im p u rity . Several analyses 
of ingots m ade in  th e  regular w a y  show ed th a t  M g 
w as not present in a n y  determ in able q u a n tity . A 
rath er interestin g result, howrever, w as ob ta in ed  on 
a n alyzin g som e ingots w hich had been m elted a t high 
tem peratures (over 1700°). I t  w as foun d th a t  these 
contained appreciable am ounts of M g (from  0.005 t0 
0.01 per cent). Furtherm ore, th e  sam ples were so 
b rittle  th a t th e pieces broke w hile tu rn in g  in the 
lath e. It  appears a t least possible th a t  th ere m a y be a 
d irect connection  betw een th e  tw o  circum stances, 
th o u gh  our present d a ta  are n ot sufficient to  ju s tify  
a definite conclusion to  th a t  effect.

o x y g e n — U n fo rtu n a tely , th e  B ureau is n ot at 
present prepared to  m ake accu rate  oxygen  d eterm in a
tions on th is class of m aterial, b u t it  is hoped later to 
publish  analyses of som e of th e  a lloys for th is elem ent, 
if i t  is found to  be present. In  our m ethod of p rep 
aration , sta rtin g  w ith  an in got a lread y  low7 in  oxygen  
and carburizin g in a va cu u m  furnace w here th e  carbon 
m onoxide resu ltin g from  in teraction  of oxides.or oxygen  
w ith  carbon w ould be rem oved  as form ed, th e de
oxidation  would tend to w a rd  com pletion, and a c
cord in gly  th e a lloys should contain  b u t sm all residual 
am ounts of oxides and oxygen.

s p e c t r o s c o p i c  e x a m i n a t i o n  

In order to  confirm  th e  resu lts of th e  chem ical 
analyses for sm all q u an tities of im purities, th e  arc 
sp ectra  of a num ber of sam ples of iron and iron-carbon  
alloys were studied  b y  D r. K . B u rn s1 of th is B u reau , 
to  w hom  we are ind ebted  for th e  d a ta  g iven  below : 

m a g n e s iu m — The spectra fully confirmed the chemical tests. 
Line 2851.iA  showed strong in two samples containing 0.007 
and 0.010 per cent Mg while it was very faint' or absent in

1 F o r an  account of the  m ethods used, cf. K . B urns, B ull. B ur. Stand., 
12 (1916), 179-196.
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unfused irons and in a lloys w hich failed to  give m agnesium  b y  the 
chem ical m ethod.

s il ic o n — L ine 2881.5A  show ed presence of silicon in the 
alloys, b u t unfused iron showed no traces.

m a n g a n e s e — Several m anganese lines show in various sam ples 
of e lectrolytic  iron th a t h ave  been m elted. T hese  lines are 
absent from  the spectrum  of unm elted e lectrolytic  iron. T h e 
faintness of the m anganese lines as com pared w ith  those given 
b y  a  specim en containing 0.01 per cen t of this m etal indicate a 
v e ry  low  m anganese content.

ch rom ium — T he statem ents m ade in regard to  m anganese 
also a p p ly  to  chrom ium .

c o p p e r — Lines 3247.7 and 3274.1 A  are a lw ays present though 
so fain t as to  be questionable in unm elted specimens.

n i c k e l  a n d  c o b a l t — Several n ickel and cob alt lines show 
fa in tly  in the various samples.

In  the course of the exam ination of th e arc spectrum  of pure 
iron several fa u lty  identifications h ave  been corrected.

2795-542 ascribed to  m agnesium  is iron;
3369-555 ascribed to n ickel is iron and nickel;
3412.347 ascribed to iron is p robably  cobalt; and 
3443.645 ascribed to  iron is no doubt cobalt.
N o  a ttem p t has as y e t  been m ade to  clear up all th e do ubtful 

identifications in  the iron spectrum ; the above list is g iven  to  
show  th e possibilities in th is direction w hich m a y  be realized b y  
m eans of the use of pure iron.

M E T H O D S O F C H E M IC A L  A N A L Y S IS

T h e an alyses recorded in th is paper were carried out 
accordin g to  w ell-kn ow n  principles w ith  su itab le 
precaution s, and th e  m ethods are g iven  below  m erely 
for reference.

T h e  chips ob tain ed  when m akin g th e  th erm al test 
specim ens were th o ro u g h ly  m ixed before w eighing 
portions for analysis. C hips from  high-carbon alloys 
w hich contain ed adm ixed grap h ite  were finely  ground 
and m ixed before w eighing.

c a r b o n  w as determ ined b y  the barium -carbonate titration  
m ethod devised b y  one of the au th ors.1 T h e  chips (1 to  5 g.) 
w ere burned in purified oxygen, passing the products of com 
bustion  into a  solution of barium  hydroxide; th e barium  car
bonate w as filtered and w ashed in an  atm osphere free from  
carbon dioxide (see the original for details of apparatu s used), 
and the barium  carbon ate w as titra ted  again st standard h y d ro 
chloric acid, using m eth yl orange as indicator.

s u l f u r  w as determ ined b y  dissolving 5 g. of th e m etal, con
tained in an appropriate evolution  ap p aratu s h avin g  a ll ground- 
glass connections, in concentrated hydrochloric acid, the gases 
given  off being passed into an  am m oniacal solution of hydrogen 
peroxide. A fte r  com plete solution of the m etal th e contents of 
th e evolution  flask w ere boiled for 10 m inutes w h ile  a  slow 
current of purified hydrogen w as passed through th e solution. 
T h e  am m oniacal peroxide solution w as transferred to  a beaker 
and boiled a  few  m inutes, then the solution was sligh tly  over
neutralized w ith  hydrochloric acid and th e sulfur precip itated  
a t  boiling tem perature as barium  sulfate. A fter  digestion for a 
sufficient length of tim e the p recip itate  w as filtered, w ashed, 
ignited and weighed, and the percentage of sulfur calculated.

s i l ic o n — F iv e  to  10 g. of m etal w ere dissolved in an Iirlen- 
m eyer flask in hydrochloric acid (equal volum es of w ater and 
hydrochloric acid of specific g ra v ity  1.20), the solution evaporated 
to  dryness and the flask heated on th e h o t p late  a t  a b o u t 2000 
for an hour. T h e  residue was digested w ith  hydrochloric acid 
of th e sam e strength as th a t used for dissolving; the insoluble 
m a tter containing the silica w as filtered off, w ashed w ith  dilute 

1 J . _R. Cain. "D eterm ina tion  of C arbon in Steel and  Iron  b y  the  
B arium  C arbonate  T itra tio n  M ethod .” Technologic Paper N o. 33 of th e  
B ureau of S tandards.

hydrochloric acid  and w ater, ignited in a p latinum  crucible and 
weighed, a fter which the silica w as volatilized  w ith  h yd ro
fluoric acid and its am ount determ ined from  the change in w eight 
of the crucible a fter again  igniting. T h e  results w ere then 
calculated to  silicon.

p h o s p h o r u s — T h e  usual m ethod of precipitation  as am m o
nium  pliosphom olybdate w as em ployed, and the phosphorus 
estim ated b y  com paring the volum e of th e precipitate w ith  th at 
produced b y  treatin g a  standard steel in th e sam e w ay.

m a n g a n e s e — T h e  sodium  bism uthate m ethod w as used. 
c o p p e r -— T en  to  20 g. of m etal were dissolved in a slight excess 

of hydrochloric or sulfuric acid, and hydrogen sulfide passed into 
the h o t solution until all th e copper w as precipitated . T h e 
p recip itate  w as filtered off, and, a fter w ashing the paper carry
ing it, w as transferred to  a  porcelain crucible, and th e whole 
ignited until a ll th e  carbon w as burned off. A  little  potassium  
bisu lfate  w as added and th e copper oxide brou gh t in to solution 
b y  fusion, following b y  leaching w ith  w ater and filtration. T h e  
solution was com pared w ith  a standard solution colorim etrically, 
either b y  an am m onia or ferrocyanide m ethod, or b y  both.

m a g n e s iu m — T en  to  20 g. of m etal w ere dissolved in aqua regia, 
th e solution evaporated to  dryness, and dehydrated. T h e 
residue w as dissolved in 1 : 1 H C 1 and silica rem oved b y  filtra
tion. T h e  iron w as extracted b y  the ether m ethod. A fte r  the 
rem oval of the iron, hydrogen sulfide w as passed through the 
solution (acidified w ith  acetic  acid) to  precipitate copper, etc. 
M anganese and residual iron were rem oved  from  the filtrate  
b y  brom ine and am m onia and th e  m agnesium  precipitated  as 
m agnesium -am m onium  phosphate. T h e  accuracy of th e above 
procedure w as checked b y  ru n n in g. duplicates to  w hich sm all 
am ounts of a  m agnesium  sa lt had been added.

n i c k e l  a n d  c o b a l t — T h e solution of 10 g. of the iron in 
H N O 3 +  H C 1 w as evap orated  to  dryness, dehydrated, taken 
up w ith  H C 1 of 1.1 specific g rav ity , filtered, th e filtrate  evaporated 
to  a  sm all volum e, and the iron rem oved b y  the ether m ethod. 
C opper w as p recip itated  w ith  hydrogen sulfide, and the iron and 
m anganese in th e filtrate  w ere p recip itated  b y  am m onia and 
brom ine. T h e  filtrate  w as acidified w ith  acetic acid, and nickel 
and cob alt w ere p recip itated  as sulfite from  th e boiling solution. 
T h e  tw o m etals w ere either w eighed as oxides or deposited 
e lectro lytica lly  from  am m oniacal solution, the tw o m ethods 
giv in g concordant results. T h e  oxides (or m etals) w ere dissolved 
in  hydrochloric acid, th e solution w as neutralized, and finally 
m ade acid w ith  acetic  acid and th e cob alt p recip itated  as 
K 3C o (N 0 2)6. A fter filtering and igniting th is p recip itate  a t  a 
low  tem perature, the co b a lt w as dissolved, reprecipitated  w ith  
hydrogen sulfide, and finally  w eighed as CoSO (. T h e  nickel 
w as determ ined b y  th e d im ethylglyoxim e m ethod in  th e filtrate  
from  th e cobalt. T h e  sum  of these determ inations checked v ery  
closely w ith  the to ta l (N i +  C o) found directly.

SU M M A RY

M eth od s h a ve  been developed  for producing la b o ra 
to ry  sam ples of iron-carbon  a lloys, of a v e ry  high 
degree of p u r ity ; sources of con tam in atio n  of m elts 
and m eans of elim inatin g th em  h a ve  been described; a 
m ethod for producing m agnesia of a sa tis fa cto ry  degree 
of p u rity  for m akin g crucibles to  be used in w ork of th is 
kind  has been developed; a procedure for m akin g sm all 
in gots, w hich are sound and free from  blow holes, 
w ith o u t th e  use of deoxidizers has been w orked out. 
A  series of iron-carbon  a lloys con tain in g 99.96 per 
cen t of th e tw o  elem ents has been prepared, to  serve 
as a basis for th e redeterm in ation  of th e iron-carbon 
equilibrium  diagram .

B u r e a u  o f  S t a n d a r d s  
W a s h in g t o n , D. C.
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R E C O V E R Y  O F  G A L L IU M  F R O M  S P E L T E R  IN  T H E  
U N IT E D  S T A T E S

By W . F . H il l h d r a n d  a n d  J . A. S c h e r r e r  

R eceived F eb ru a ry  5, 1916

Som e m onths ago a few  gram s of gallium  of A m eri
can production  were received  b y  one of us (S.) from 
M r. P . G. M cC u tch eo n , C h em ist of th e B artlesv ille  
Z inc C o m p a n y, B artlesv ille , O klahom a. R e ce n tly  
the other (H .) received 50 g. m ore from  M r. M c
C u tch eon .

T h e  first m aterial contain ed a  little  indium  and 
zinc and a trace  of calcium , as determ ined sp ectro
sco p ica lly  b y  D r. K . B urn s a t th e  B ureau of Standards. 
T h e  second lot is of sim ilar com position, presum ably. 
A n  as y e t  incom pleted  te st b y  one of us (H .) indicates 
an indium  con ten t p ro b ab ly  of less th a n  one per 
cent.

T h e  m etal or a llo y  is a liquid  resem bling m ercury in 
appearance, b u t it  w ets glass and porcelain  and ad 
heres so te n a cio u sly  th a t  if a g ita ted  in a glass v ia l 
th e conten ts can be seen o n ly  as a coating on th e walls. 
T h is  la tte r  p rop erty  is n ot in evidence if th e  m etal is 
covered w ith  h ydroch loric or su lfuric acid.

A lth o u gh  gallium  m elts a t a b ou t 30°, it is said  to  
rem ain liquid  fa r below  th is tem p eratu re , indefin itely  
unless in o cu lated  w ith  solid gallium .

In q u iry  of M r. K u r t  S to ck , Superin ten dent of th e 
B artlesv ille  Zinc C o m p a n y, b rou gh t out som e ex
ceedin gly  interestin g inform ation , as show n b y  the 
follow ing extracts  from  his letter of reply, dated  O c
tob er 21, 1915:

" H is  atten tion  [Mr. M cC u tch eo n ’s] w as draw n to  peculiar 
beads and drops, in appearance like m ercury, w hich seemed to 
sw eat ou t of zinc-lead dross plates a fter these had been exposed 
to  the w eather for a tim e. M r. M cC u tcheon , w ith  the help 
of his tw o  assistants, m ade a  great num ber of tests, proving the 
m aterial to  be an a lloy of gallium  and indium  w ith  sm all am ounts 
of zinc * * * » * "

" Y o u r  hope th a t a  new source of su pply for both m etals has 
been opened up, w ith  the prospect of continued m anufacture, 
is n ot shared b y  me, as the conditions leading to  the concentra
tion of gallium  and indium  are v ery  unusual and are based on the 
abnorm al state  of the spelter m arket. Y o u  are aw are th a t the 
present dem and for high-grade spelter has led zinc sm elters 
to  the practice of redistillation, and it  is the final lead y  residue 
from  such continued redistillation  th a t carries gallium  in notice
able quantities * * * * \ y e are not a t all sure which
of the large v a rie ty  of ores is responsible. G allium  is not found 
in all dross and where it is found it does n ot occur continuously 
» * » » » * * > >

" T h a t  th e am ount in the original ores m ust be extrem ely 
sm all can  w ell be realized w hen y o u  consider th a t the residue 
from the continued d istillation  of abou t 12,000 lbs. of spelter 
weighs abou t 60 lbs., and represents our raw  m aterial from  which 
we can obtain  a  few  gram s of the alloys. H ow ever, w e have a t  
present abou t 45 tons of dross on hand, w hich w e suspect carries 
gallium .”

" A  v e r y  interesting featu re is th a t bo th  gallium  and indium  
are v o latile  a t  th e tem perature p revailing in our ore furnaces, 
where a  m axim um  of 1350° C . is reached for only a  few hours, 
b u t th ey  resist d istillation  if k ep t for three w eeks and longer a t 
the tem perature a t  w hich w e operate our redistilling furnaces, 
nam ely abou t 1000° C .”

"P lease  be assured th a t w e shall leave  nothing untried to  save 
these rare m etals, b u t do n ot get im patien t if results are not 
forthcom ing for a while * * *

" Y o u  m a y  use this v e ry  general in form ation  a n y  w a y  yo u  de
sire.”

I t  w ill be of interest to  determ ine if th is m etal, 
h itherto  such a ra r ity , possesses qualities of valu e 
in itse lf or when com bined in sm all am ounts w ith  other 
m etals, and if it has such, w hether th eir im portance 
will ju s tify  continued production  after th e price of 
spelter falls.

So far. as know n to  us, th e on ly uses for gallium
th a t h ave been so far suggested  are in a llo y  w ith
alum inum  as cathode m aterial in m etal va p o r lam p s1 
and  for th e production  of op tical m irrors. T h e  fa c t
th a t it w ets q u artz w ould seem  to  n ega tive  th e  su g
gestion th a t it m ight be su itab le  in q u artz  th erm om e
ter tubes for m easuring tem peratures too  high for 
glass instrum ents. T h e authors w ould  g la d ly  receive 
further suggestions.

A lso of interest is th e p articu lar source of th is ga l
lium . M r. S tock  assures us th a t it com es from  dom estic 
ores, p rob ab ly  from  certain  as y e t un determ ined  ones 
of Joplin. Its  presence has been reported  in th e  past 
in a num ber of dom estic blendes, in cludin g one from  
Joplin. A  v e ry  recent statem en t from  M r. S tock  
is to  th e effect th a t th e  dross produced of la te  show's 
no gallium  and th a t th e  am ount of gallium  a t first 
th o u gh t to  be a vailab le  w ill n ot com e up to  ex p e c ta 
tions: “ I am  more convinced than  ever th a t  gallium
w ill rem ain a ra r ity  and th a t a com m ercial produc
tion  is ou t of th e question .”

Since th e foregoing w as w ritten , sp ectroscopic 
tests h ave been m ade a t th e  B ureau  of S tan dards b y  
D r. K . B urns upon seven sam ples of zinc ore k in d ly  
supplied b y  M r. S. M . R odgers of th e A m erican  
Steel and W ire C om p an y. G erm an ium  w as also 
included in th e m etals looked for. T h e  d a ta  concern 
ing th e precise sources of som e of th e  ores tested  are 
u n fo rtu n a tely  m eager, p a rticu la rly  w ith  respect to  
N os. 2, 4 and 7, b u t th e presum ption  is stron g th a t 
N o. 4 cam e from  th e Joplin d istrict. O f special in terest 
is th e fa ct th a t this ore show ed m ore of b oth  galliu m  
and germ anium  th a n  a n y  of th e others. T h e tests 
obtained b y  D r. B urn s follow , accom pan ied  b y  his 
com m ents:

S p e c t r o s c o p ic  T e s t s  o p  Z in c  O r e s  
N o. K in d  a n d  S o u r c e  o f  O r e  G erm anium  G allium

1 Sulfide— Sunset, Id a h o .....................................  M oderate  M oderate
2 Sulfide— A u stra lia ..............................................  N o t found M oderate
3 Sulfide— Frisco, Id a h o ......................................  W eak M o derate
4 Sulfide— M issouri............................. ..................S trong  S trong
5 C arbonate— M onarch, L eadv ille ................... A bsen t M oderate
6  C arbonate— D octor M ine, A lm ont, Colo—  M oderate  N o t found
7 C arbonate— U tah , N e v ad a .............................  V ery w eak R a th e r  w eak

" B y  m eans of the carbon arc th e spectrum  w as exam ined in 
the region 2800 A  to  3600 A . L arge  am ounts of iron w ere 
present in all these sam ples. T h is  m akes th e  determ ination  of 
indium  b y  our m ethod n ot v e ry  accurate, as th e m ost sensitive 
lines of indium  coincide either w ith  carbon lines or w ith  iron 
lines. I t  is certain, how ever, th a t  indium  is n ot present in these 
ores in quantities approaching one-tenth of th e gallium  found in 
ores m arked ‘m oderate.’ ”

B u r e a u  o f  S t a n d a r d s , W a s h in g t o n , D. C.

1 T. W. Vogel, Zenlralblall. 1910, I, 703. German patent.
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A  P R O P O S E D  M E T H O D  F O R  T H E  P R O F IT A B L E  U T IL IZ A 
T IO N  O F  W A S T E  S U L F IT E  L IQ U O R

B y H e r m a n  V: T a r t a r  

R eceived D ecem ber 23, 1915

T h e u tilization  of th e w aste liquors resu lting from  
the m anufacture of paper pulp b y  th e sulfite process 
is a problem  th a t has received  as m uch careful a tte n 
tion  and sy stem atic  s tu d y  perhaps as th a t  of a n y  
other w aste p roduct of th e present d ay. T h e te ch 
n ical literatu re contains reports of m an y exhaus
tiv e  in vestig ation s on different phases of th is problem . 
O ver 150 p aten ts h ave been secured for u tilizin g  th e 
w aste sulfite liquor. In spite of all th is experim ental 
w ork, how ever, th is m aterial is still classed as a w aste. 
Considering th e am ount, it  is one of th e  m ost va lu a- 
able jvaste m aterials know n to  industria l chem istry.

M ost of th e paper m ills get rid of th e  w aste liquor 
b y  em p tyin g  th e sam e into  stream s. A n  estim ate 
of th e q u a n tity  of th is m aterial d ischarged an n u ally  
into  th e stream s of th is co u n try  is g iven  in th e  fo llo w 
ing ta b le  ta k en  from  W a ter-S u p p ly  P ap er 226 of th e  
U n ited  S tates G eological S u rv ey :

A m o u n t  o f  S u l f it ij W a s t e  L iq u o r  D is c h a r g e d  in t o  S t r e a m s  o f  t h e  
U n it e d  S t a t e s  d u r in g  1906

M illion gallons
M ain e ..............................................................  560,000,000
M assach u se tts .............................................. 45,000,000
M ich igan ........................................................  175,000,000
N ew  H am psh ire ..........................................  380,000,000
N ew Y o rk ......................................................  1,000,000,000
O hio .................................................................  41,000,000
O regon  ...............   52,000,000
P en n sy lv an ia ................................................  217,000,000
V irg in ia ..........................................  84,000,000
W est V irg in ia ...............................................  89,000,000

.W isconsin ....................................................... 540,000,000
All o th e r s ta te s ............................................ 44,000,000

3,227.000,000

W hen one takes into  accou n t th a t  of this enorm ous 
q u a n tity  of liquor discharged an n u ally  in to  stream s 
th ere is 10 per cen t b y  w eight, or more th a n  2 .5  b il
lion lbs. of solid m atter, large ly  organic, it  m ust be 
conceded th a t its  disposal is a problem  of no sm all 
m agnitude. In fa ct, th e pollution  of stream s in th is 
m anner is one of th e m ost serious w ater pollution  
problem s confron ting th is and several foreign coun
tries. “ T h e seriousness of th e  problem  is th e d irect 
result of tw o  factors— th e trem endous vo lu m e of 
such w aste liquors and t'heir high co n te n t of organic 
m atter of extrem ely  undesirable ch ara cter.”

Besides the usual ob jection s to  th e  addition  of 
organic m atter to  stream s, som e of th e  paper mills 
of Oregon and other w estern states h ave m et w ith  
the fu rth er ob jection  th a t  th e  sulfite liquor m ay be 
toxic and poisonous to  fish. T h is  la tte r  ob jection  
is an im p ortan t one w hen th e w aste liquors are dis
charged into  stream s where th e salm on can nin g in 
d u stry  has reached considerable proportions.

A t  the Suggestion of th e C row n  W illam ette  P aper 
C om p an y of P ortlan d, Oregon, Professor C harles 
M archand, of th e P ern ot L ab orato ries of th e  sam e 
c ity , decided to  d evote  som e of his tim e and a tte n 
tion to  th e  u tilization  of w aste sulfite liquor. He 
began w ork during th e sum m er of 1914 and carried 
ou t his in vestigation s in term itten tly  for som e m onths. 
He fin a lly  succeeded in devising a process w hich, 
from  sm all lab o rato ry  tests, in dicated  th a t it  is possi

ble to m ake alcohol p ro fitab ly  from  th e w aste liquor 
and also to  deto xicate th e liquor so th a t  it  is n ot h arm 
ful to  fish a fter it  is d iluted som ew hat w ith w ater. 
T h e paper m an ufacturin g com pan y m entioned above 
desired to  tr y  the process on a scale sufficien tly  large 
th a t th e results obtained  w ould give som e idea of its 
a ctu al com m ercial value. T h e requirem ents speci
fied b y  internal revenue law s regu latin g  alcohol dis
tilleries, how ever, are such th a t  an experim ental 
d istillery  could not be arran ged for b y  th e parties 
concerned w ith ou t m uch incon venien ce and consid
erable expense. T h e federal law s do accord to  the 
agricu ltu ral experim ent, station s special privileges 
w hich m ake th e  establishm en t of an experim ental 
d istillery  a co m p a ra tiv ely  sim ple m atter. For th is 
reason, th e  a gricu ltu ral experim ent station  of this 
sta te  w as requested  to  ta k e  p art in th e  w ork and 
establish  w h a t is know n  under th e  federal law s to  be 
an “ agricu ltu ral experim ent d is tille ry ”  for m aking 
alcohol for den aturation  only.

Because of th e great im portance of th e  problem  to  
th is sta te  and th is co u n try  in general, th e experim ent 
station  authorities decided to  ta k e  up th e  w ork. A n  
“ agricu ltu ral experim ent d is tille ry ”  w ith  proper stills, 
fe r m e n tin g ' va ts , e tc., for h andling 500 gallons of 
liquor, w as established a t th e  p la n t of th e  C row n  
W illam ette  P aper C o m p a n y  a t Oregon C ity , Oregon, 
and Professor C harles M archan d, M r. V an ce P. 
E dw ardes and th e au th or u n dertook th e necessary 
experim ental w ork. P ra ctica lly  all of th e  details 
of th e experim ents were carried out b y  Professor 
M arch an d  and M r. E dw ardes, th e  w riter h avin g 
charge of th e  experim ental p lan t and a ctin g  larg e ly  in 
an ad viso ry  c a p acity . T h e follow ing is a brief de
scription  of th e process used in th e experim ents:

T h e am oun t of sulfurous acid, free and com bined, 
in th e w aste liquor is first q u a n tita tiv e ly  estim ated  
b y  a cid ify in g  a know n q u a n tity  of th e liquor w ith  
sulfuric acid  and then distillin g th e sulfur dioxide 
into  a defin ite q u a n tity  of sodium  h y d ro xid e  and 
fin ally  titra tin g  th e  excess of a lkali. A  d eterm in a
tio n  of reducin g sugar is also m ade, a fter th e  re
m oval of tann in, b y  th e usual reduction  m ethod w ith  
F eh lin g ’s solution. Sufficient d iluted  com m ercial su l
fu ric  acid  (the concen trated  acid  d iluted  1 to  3) is t h e n ' 
added to  th e liquor ta k en  for trea tm en t to  be th e 
reactin g eq u iva len t of the free and com bined sulfurous 
acid  present. T h is will g ive an excess of sulfuric 
acid  because a portion of th e  sulfurous acid  in the 
liquor is present as free acid.

T h e liquid  is then evap o rated , p referab ly  in vacuo, 
to  half its vo lu m e a t a tem p eratu re not exceeding 
85° C . A  tem peratu re higher th an  th is m ay destroy 
som e of th e  ferm en table sugar. B y  this ev ap o ra 
tio n  all' b u t a trace  of th e sulfurous acid  is rem oved. 
T h e  sulfur dioxide driven  off b y  th e evap oratio n  
m a y be passed into  m ilk of lim e and m agnesia to pre
pare new  cooking acid.

T h e last trace  of sulfurous acid  rem aining in th e 
ev ap o rated  liquor is tran sform ed in to  su lfuric acid  
b y  m eans of an oxid izing agen t. T h is is a v e ry  v ita l 
step in th e process because it fin ally  effects th e com-
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plete rem oval of sulfur com pounds w hich are anti- abou t 48 hours. In som e of th e experim ents a sm all
ferm en ts. P otassium  perm anganate seems to  be one of portion of th e liquor w as allow ed to  ferm en t over 100
th e cheapest m aterials w hich can be used for this process. hours w ith o u t a n y  further production  of alcohol.

A fte r  th e  oxidation  of th e rem aining sulfurous acid T h e trea tm en t of ev ery  500 gallons of liquor re-
is accom plished, th e  liquor is th en  n eutralized  w ith  quired  abou t 23 lbs. of sulfuric acid  and 0 .5  ounce of
calcium  hydroxide, using litm u s paper to  in d icate potassium  perm anganate. T h e ap p aren t percentages
th e  poin t of n eu tra lity . G reat care should be tak en  of ferm en table sugar in th e  liqu or b efore and after
n ot to  add an excess of th e  m ilk of lim e; th e  liquid  is concen tration  indicate th a t th e d igestion  w ith  sul-
n ext allow ed to  cool and is draw n off from  the calcium  furic acid increases th e q u a n tity  of ferm en table  sugar;
su lfate, w hich settles out, into th e ferm en ting ta n k . there seems to be no other w a y  of accou n tin g for the

T h e  con cen trated  liquor contains, as a rule, ab ou t increase in sugar during th e concen tration  of th e acid-
6 per cen t of ferm en table sugar. F in a lly  ord in ary  ified liquor. T h e y ield  of alcohol w as som ew hat
brew ers’ y ea st is added and  th e  ferm en tation  is car- low  considering the th eoretical y ield . T h e low  y ield
ried on for 40 to  60 hours a t a tem peratu re around was un do u bted ly  due to  v o la tiliza tio n  perm itted  b y
270 C. D u rin g th e  ferm en tation  th e  liquid  is agita- th e im perfectness of th e ap p aratu s used. T h e w riter
ted  (or a little  air is forced th rou gh  it) to  fa v o r  th e believes th a t a y ield  of 1 per cen t of absolute alcohol
process; the form er m ethod is preferable, because in could be obtained w ith a prop erly  con stru cted  and
the la tter  there is som e loss of alcohol. controlled plant.

F in a lly , th e alcohol is distilled off in th e usual A  few  tests, m ade to  ascertain  th e q u a n tity  of 
m anner b y  m eans of a continuous still. sulfur dioxide rem oved  b y th e  sulfuric acid  treat-

Several experim ents were carried out b y  th e ab ove m ent, indicated  th a t the q u a n tity  of sulfur dioxide
described process m akin g som e va ria tio n  w ith  th e liberated  was ap p roxim ately  0 .8  per cen t of the
len gth  of the tim e of ferm en tation , th e a cid ity  of th e original liquor.
liquor ferm en ted and th e concen tration  of th e liquor. T h e solids of the liquor are reduced n early  30 per
T h e  resu lts of these experim ents are sum m arized in cen t b y  th e above described process and th e  liquor
T a b le  I. rem aining after the d istillation  of th e  alcohol is, when

T h e  figures for dextrose are som ew hat high. U nder som ew hat diluted, a p p a ren tly  n ot n o ticea b ly  toxic

T a b l e  I — R e s u l t s  o p  F e r m e n t a t io n  E x p e r im e n t s  w it h  t h e  T r e a t e d  W a s t e  S u l p it e  L iq u o r

P ercen tage by volum e
G allo n s  o f from  o rig in a l l iq u o r

c o n c e n tra te d  F e r-  * P e r  c e n t  F e r m e n t a b l e  S ug a r  P e r  Y ie l d  o p  A l c o h o l
G allons G allons P e r liquor m en- Ferm en- ✓---------------------*--------------- ------. cen t   *-------------------.

of of liquor cen t a fte r  ta tio n  ta tio n  In  In  concen trated  liquor of 190° T heoretical
E x p t . liquor a fte r concen- ferm en- period tem p. original before a fte r sugar Abs. proof yield
N o. tre a te d  tre a tm e n t tra tio n  ta tio n  H ours ° C. liquor ferm entation  ferm entation  ferm ented  ale. ale. abs. ale.

 1........................ 490 200 4 0 .8  ? ? ? 2 .8 0  5 .75  2.71 3 .0 4  (a) (a) 0 .6 4
 2 ........................ 1270 432 3 4 .0  394 60-72 2 3 .3 -2 5 .5  1.70 5 .4 0  2 .6 0  2 .8 0  (6) (b) 0 .4 9
 3 ........................ 488 245 5 0 .2  181 36-56 1 8 .3 -2 4 .0  3 .3 3  6 .6 6  3 .4 3  3 .23  0 .8 0  0 .8 4  0 .8 4
 4 ........................ 505 253 50 .1  181 40-50 2 2 .2 -2 4 .4  2 .9 8  7 .47  3 .1 9  4 .2 8  0 .7 6  0 .8 0  1.11
 5 ........................ 552 237 4 3 .0  186 36-46 2 0 .0 -2 2 .2  2.91 6 .8 8  2 .3 0  4 .5 8  0 .7 9  0 .8 3  1.03
 6 ........................ 515 259 5 0 .3  200 45-55 2 3 .3 -2 5 .0  3 .0 2  7 .66  2 .4 4  5 .2 2  0 .8 6  0 .9 0  1 .36
(a) T h e  d is tilla tion  was. lost because of im perfect ap p ara tu s. (6) Acetic acid ferm entation  set in before d istillation.

th e  conditions w hich prevailed  th e experim ental to  fish. E xp erim ents were tried  placin g gold fish in the
w ork had  to  be accom plished in  a lim ited  tim e and d iluted  liquor; the fish seem ed n ot to  be in jured  b y
con sequ en tly  in m akin g th e determ in ation  of ferm en ta- th e liquor. Sim ilar experim ents m ade using th e  un-
ble sugar th e  tan n in  w as not rem oved  previous to  trea ted  liquor caused th e  death  of th e fish in  a few
th e 'reduction ’ w ith  th e F eh lin g solution. Since seconds. A lth o u gh  th e trea ted  liquor is d eto xicated ,
th e tan n in  also reduces F eh lin g ’s solution, th e  results it  m ust still be considered a source of stream  pollu-
are a fraction  of a per cent too  high. T h e  results are tion  because of th e large am ount of organic m aster
com p a ra tiv e , how ever, and th a t  is all th a t  is claim ed, present. F u rth er experim ents h a ve  n ot been m ade
In  E xp erim en ts i ,  2, 3 and 4, th e  ferm en tation  was to  ascertain  if th e liquor rem aining a fter th e ferm en-
carried  ou t under v e ry  s lig h tly  a lkalin e conditions, ta tion  can be utilized  p rofitab ly .
w hile in  5 and 6 th e  trea ted  liqu or w as s lig h tly  acidi- I t  w as p ra ctica lly  im possible w ith  an exp erim en tal
fied. T h e  results ob tain ed  in d icate th a t  th e ferm en ta- p la n t of th e size used in th e  w ork here reported  to
tion  proceeds m uch b ette r  under sligh tly  acid  condi- get a t th e cost of producing alcohol on a large’ p la n t
tion s. T h e  proper conditions m ay be obtained  b y  basis. Citreful and con servative estim ates in d icate,
addin g 1 p a rt of sulfuric a cid  to  1000 parts of th e  liquor how ever, th a t  th e production  of alcohol b y  th e  ab ove
obtained from  th e  n eu tralization  w ith  lim e. described process is an econom ic p o ssib ility . T h e

T h e liquor is easily  ferm en ted  after trea tm en t; experim ents m ade showed th a t a p p ro x im ately  5 cents
th e  process appears to  effect th e com plete rem oval , w orth  of sulfur w as recovered  for each gallon  of alco-
of th e  sulfur com pounds w hich a ct as antiferm ents, hoi produced.
N o special y ea st is required as is th e  c a s e in  some of ' Several other m ethods h a ve  been proposed for th e 
the proposed processes of securing alcohol from  sul- m anufacture of e th yl alcohol from  w aste sulfite liquor,
fite liquor. O rdin ary  brew ers’ y ea st was used w ith  Of these, th e  one w hich com pares m ost fa v o ra b ly
good success in  a ll th e  experim ents w hich h a ve  been is the E k stro m 1 process. I t  is now  bein g used in
tried. T h e  ferm en tation  ta k es  place rap id ly  and, Sw eden and a t one large p la n t in  th is  co u n try . In
under th e  conditions here reported, it  is com plete in I F o r  re fe re n ces  to  p a t e n ts  see  Chem. Abs., 8 (1914), 1669.



228 T E E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 8, No. 3

th is process th e sulfites are p a rtia lly  rem oved b y  
precip itation  as th e calcium  salt. T h e  liquor is then  
concen trated  and ferm en ted b y  a special sulfur-re
sisting yeast. T h e  m ethod here given , how ever, 
appears to  have several a d van tages over th e E kstrôm  
process.

On the w hole, th e ab ove described process appears 
to be sound. T h e reactions b rou gh t a b ou t are definite, 
sim ple and easily  controlled.

C O N C L U S IO N S

1— A sim ple and easily  controlled  process has been 
proposed for the econom ic production  of alcohol from  
w aste sulfite liquor.

2— T h e process also detoxicates th e  su lfite  liquor 
so as to  m ake it, when d iluted  in th e usual am ount, 
p ra ctica lly  harm less to  fish.

A g r ic u l t u r a l  E x p e r im e n t  S t a t io n  
C o r v a l l is , O r e g o n

T H E  U S E  O F  C O P P E R  O X ID E  F O R  F R A C T IO N A T IO N  
C O M B U S T IO N  O F  H Y D R O G E N  A N D  C A R B O N  

M O N O X ID E  IN  G A S  M IX T U R E S
B y G. A. B drrbll  and G. G. Obbri'EU .1

Received O ctober 6, 1915

T h e purpose of th is paper is to  record  th e  a u th o rs ’ 
experience in using copper oxide for th e d eterm in a
tion  of h yd ro gen  and carbon m onoxide in gas m ix
tures. T h e m ethod had given  us m uch b etter satis
factio n  th a n  m ethods th a t  dem and th e  use of acid  or 
am m oniacal solutions of cuprous chloride for d eter
m ining carbon  m onoxide, or of pallad iu m  asbestos, 
pallad iu m  sponge, or colloidal pallad iu m  solution  
for determ in ing hydrogen . I t  is believed  th a t  th is  
m ethod should be m ore w id ely  used th a n  it  is.

In  th e use of copper oxide th e  oxygen  for th e com 
b u stion  com es from  th e reagen t itse lf. A fte r  it  has 
been used for a tim e som e red cuprous oxide b e
gins to  show  or even som e com p letely  reduced copper. 
I t  is then  n ecessary to  h ea t it  and pass air over it, 
w hen it  is again  rea d y  for use.

A  g rea t a d va n ta g e  of th e  m ethod over th e  use of 
absorben ts for carbon m onoxide and h yd ro gen  is th e  
elim ination  of th e p rep aration  of solutions and th e 
fa ct th a t  copper oxide does n ot becom e poisoned as a t 
tim es do som e p allad iu m  prep aration s th a t  are used 
for th e  h yd ro gen  determ in ation.

C uprous-chloride solutions for th e  carbon  m onoxide 
determ in ation  are som ew hat tedious to  ‘ prepare and 
h a ve  a  sm all absorp tion  ca p a city . In  addition, tw o  
solutions h a ve  to  be used for precise w ork. C opp er 
oxide, on th e other hand, lasts for p ra ctic a lly  an in 
definite num ber of determ in ations, and is easily  re
stored to  a c t iv ity  when p a rtly  reduced b y  draw ing 
air over it  when hot.

Jager2 w as th e  first to  use copper oxide for th e 
fraction al com bustion  of hydrogen  in  th e presence 
of m ethane. He found th a t h yd rogen  w as com p letely  
burned when passed over copper oxide k ep t a t a te m 
perature of 250° C . T h e tu b e  contain ing th e copper 
oxide w as surrounded b y  an oven  heated  w ith  a gas

1 Published by  perm ission of th e  D irector of th e  B ureau  of M ines.
2 J . Gasbel., 41 (1898), 764.

flam e. Jager recom m ended th a t  n ext th e m ethane 
be burned b y  h eatin g th e tu b e con tain in g th e copper 
oxide to  b righ t redness. K n o rre ,1 in using th e m ethod, 
replaced th e soft glass used b y  Jager, b y  one m ade of 
tran sp aren t q u artz. L. U ebbelohde and de C a stro 2 
also used a q u artz  tu b e  for hold ing th e copper 
oxide: th e  tu b e  w as surrounded b y  an asbestos oven:
th e y  used a tem p eratu re  of 270° C . for burn in g the 
hydrogen  and copper oxide and a  red h eat for b u rn 
ing paraffin  hydrocarbons.

E . T erres and E . M a n gu in 3 sta te  th a t  h yd ro gen  is 
burned com p letely  a t 250° to  300° C. T h e y  found 
th a t d ry  carbon m onoxide b y  itse lf in th e d ry  sta te  
is on ly 90 to  94 per cen t burned a t 3000 C .; also th a t 
even  when hydrogen  w as m ixed w ith  a cety len e and 
eth ylen e the la tte r  did not burn com p letely  because 
of th e  deposition  of carbon  on th e copper oxide. 
T h e y  add further th a t  benzene resem bles eth ylen e as 
regards com pleteness of com bustion , and th a t  m ethane 
begins to  burn a t 310 ° C ., th e  tem p eratu re being lo w 
ered a few  degrees, how ever, b y  th e  presence of h y d ro 
gen, and is com p letely  burned a t a red heat. T h e 
oxidation  of d ry  carbon m onoxide b egan  at 145° C ., 
and of w et carbon m onoxide b elow  100° C ., b u t was 
n ot com plete a t 310 ° C . H ydrogen  b egan  to  oxidize 
a t 160 0 to  170° C . and at 250° C. th e  oxidation  w as 
com plete. C arb on  m onoxide burned com p letely, h ow 
ever, in th e presence of sufficient h yd rogen  a t 3000 C .

J. G. T a p la y 4 uses a  tem perature of 270° C . for 
hydrogen  and 850° C . for th e paraffin  hydrocarbon s. 
S. H. W orrell5 confines th e  copper oxide in  a silica  
tu b e  of V-i-in. bore and 7 in. long, and h eats it w ith  a 
gas flam e. H e sta te s th a t copper oxide passing an 
80-mesh sieve should n ot be used. A  tem p eratu re of 
250 to 260° C . is used b y  him  for burn in g hydrogen  
and carbon m onoxide, and red h eat for m ethane.

D ennis6 confines th e  copper oxide in a so ft glass 
tu b e and burns th e h yd rogen  and carbon  m onoxide 
to g eth er a t 270° C ., b u t prefers to  burn paraffin  h y d ro 
carbons, if  present in th e  gas m ixtu re , b y  m eans of a 
platin u m  spiral in a D ennis com bustion  p ip ette. His 
chief o b jection  to  th e  m ethod of determ in ing m ethane 
w ith  copper oxide lies in th e  fa c t th a t  prolonged 
h eatin g  of th e  com bustion  tu b e  to  a high te m p era 
tu re and repeated  passage of th e gas th rou gh  it  are 
n ecessary for th e com plete oxidation  of th e  m eth an e.”

W ib a u t7 m ixes cerium  oxide w ith  the copper oxide 
in  sufficient q u a n tity  to  produce a grayish  w hite 
m ixture w ith  th e  la tter . He states th a t  th e com bus
tion  is m ade m ore rap id  b y  th is  means.

T a y lo r 8 h eats th e  copper oxide in  a glass tu b e  b y  
m eans of a sm all electric  furnace. T h e  h yd ro gen  and 
carbon m onoxide are burned a t a tem p eratu re  of 275° 
C . for gases in w hich th e average va lu e  of n in C„H2» + 2 
is as high as 1 .6 5 , and paraffin  h yd ro carb on s are 
burned w ith  oxygen  b y  m eans of a h eated  p latin u m

‘ Chem. Zlg., S3 (1909). 717.
* J .  Gasbel., 64 (1911), 810-814.
’ Ibid.. 68 (1915), 8-11.
< J .  Gas Lighting. 118 (1912), 217, 285.
» M et. Chem. Eng., 11 (1913), 245-247.
6 L. M . D ennis, “ G as A nalyses,”  1913, pp . 198-206.
* Chem. Weekblad, 11 (1914), 498.
» Jour. Soc. Chem. In d ., 6 (1914^, 845.
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spiral. He says th e  exa ct tem peratu re th a t can be 
used will depend upon th e n ature of the h yd ro ca r
bons present, and th a t w ith  m ethane on ly, 3000 C. 
is p ro b ab ly  n ot to o  high, b u t a t th is tem perature 
there is danger of oxidation  of th e  higher hom ologs 
of m ethane. T ests  b y  T a y lo r  also showed th a t not 
o n ly  m ay h yd rogen  and carbon m onoxide be burned 
in th e  presence of m ethane w ith o u t danger of o xid a
tion  of th e la tte r  b u t also in  th e presence of high con 
cen tration s of Jiigher paraffins. He states th a t  th e 
tim e required  for th e com plete b urn ing of th e hydrogen  
and carbon m onoxide does n ot seem  to  be a fun ction  
of th e q u an tities present as m uch as th e n ature of the 
gas m ixture. For ord in ary  illu m in atin g gas he found 
th a t  the hydrogen  is u su ally  com p letely  rem oved  in 
6 to 10 slow  passes over th e  copper oxide. W ith  some 
low -tem p eratu re coal d istillates, not scrubbed, there 
were required  as high as 40 m inutes to  rem ove 3 to  5 
cc. ■ T a y lo r  concludes th a t, in general, w hen th e con
tractio n  due to  th e burning of th e  hydrogen  has ceased, 
th e carbon m onoxide m a y be assum ed to  h a ve  been 
com p letely  oxidized, unless it  be present in much 
greater concen tration  th a n  th e hydrogen , in which 
case passage th rough  th e copper oxide should be con
tin ued som e m inutes longer.

N em sjelo w 1 uses a tem p eratu re of 250° C. He 
foun d th a t silver oxide could  also be used, although 
it  is n ot as p ractical.

E X P E R IM E N T A L

T h e ap p aratu s w ith  w hich th e authors perform ed 
th eir w ork is show n in F ig . I. T h e  b u rette  a has a 
c a p a c ity  of 100 cc. and is grad u ated  in 0.1 cc.; an a t
tach m en t, j ,  n, com pensates for outside changes of 
tem peratu re and pressure during th e course of the 
a n alysis; h and  i  are th ree-w a y  stop-cocks; b contains 
caustic potash  solution  for th e  rem oval of carbon 
dioxide; c, fum in g su lfuric acid  for rem ovin g u n satu ra
ted  h yd ro carb on s; d, a lkalin e p y ro ga llate  solution for 
rem ovin g oxygen ; e is a slow -com bustion  p ip ette 
con tain in g an electrica lly  heated  p latin u m  spiral. 
T h is coiled sp iral is 4V2 in. long and N o. 30 B. & S. 
gauge. T h e  glass tubes sup portin g th e spiral are filled 
w ith  m ercury. T h e la tte r  acts as electrical con tacts 
b etw een the ends of th e platinum  spiral and the 
p latin u m  wires sealed into  th e b otto m  of each tube. 
T h e  ends of th e  p latin u m  spiral are fused to  th e inside 
of th e  open glass tu b es a t the top . T h u s fastened 
and w ith  th e ends of th e spiral d ipping into  th e m er
cu ry , th e y  a lw a ys s ta y  in place. A  current of abou t 
4 to  4 .5  am peres a t 6. 2 vo lts  is used to raise th e wire 
to  a w hite h eat for burn ing th e paraffin hydrocarbons. 
M ercu ry  is used in th is p ip ette, also in the b u rette; 
/  is a glass tu b e (inside d iam eter, 4 m m .) contain ing 
the copper oxide, surrounded b y  an electrica lly  heated  
oven, g ,2 w hich is supported  b y  a stan dpipe, b y  m eans 
of w hich it  can be raised from  th e copper oxide tub e 
w hen n ot in use. C opp er oxide th a t  passes a 100- 
mesh sieve is n ot used in th e  tu b e. One U -tube used 
b y  th e  authors for holding copper oxide contain ed
3 - 3  gram s and a free space volum e of 1 .8 9  cc.

1 Z . anal. Chem., 48 (1909). 232-272.
2 S im ilar to  th e  one used by  T ay lo r (loc. cit.).

In  F ig. I, o and p are th ree-w a y  T  stop-cocks, so th a t 
th e gas can be passed eith er th rou gh  th e branch 
o,p into  th e  pip ette d or th rough  the copper oxide tu b e 
and thence into  th e p ip ette  e. T h e  bulbs in and I 
slide up and dow n on tw o  stan dp ip es (not show n). 
A  sim pler b u rette  is shown at I, in case it  is desired to  use 
w ater in th e b u rette  instead of m ercury.

U S E  OF T H E  A P P A R A T U S  S H O W N  IN  F IG . I

T h ere follow s the m ethod of m akin g an analysis 
of a gas m ixture contain ing carbon  dioxide, u n satu ra 
ted  hydrocarbon s (prin cipally  eth ylen e), oxygen , ca r
bon m onoxide, m ethane, ethan e, h yd rogen  and n itro 
gen.

B efore proceeding w ith th e an alysis th e cap illa ry  
train  and U tu b e are sw ep t free of oxygen  or residual 
gases from  a previous determ in ation  b y  d raw in g a 
sam ple of air into  the b u rette  and passing it into  th e 
alkaline p yro ga llate  p ip ette  d to  rem ove oxygen. 
T h e residual nitrogen is then  passed into  all th e  p ip ettes 
and through the C uO  tu b e to sw eep out other gases

(usually  oxygen) th a t  m ay h a ve  been con tain ed  therein . 
In stead  of ex tra ctin g  nitrogen from  th e air for th is 
purpose each tim e, a su p p ly  of n itrogen  m a y be k ep t 
on hand. T h e  electric  current is th en  tu rn ed  th rou gh  
th e  oven. P relim in ary  tria ls  w ill h a ve  show n th e 
cu rren t stren gth  dem anded. T h e ovens in use b y  
th e authors require a b ou t 2.4 am peres a t 30 vo lts. 
C on nection  is m ade th rou gh  regu la tin g  resistances 
to  th e 220 v o lt  ligh tin g  c ircu it of th e b u ild in g th rou gh  
a lam p b an k  rheostat. T h e curren t is sw itch ed  on 
a t th e  begin nin g of an an alysis so th a t  th e  oven  will 
be h eated  to  th e desired tem p eratu re  (2 7 5 0 to  300° C .) 
b y  th e tim e th e a n a lyst is rea d y  to  m ake th e  fractio n al 
com bustion  analysis.

Som e of th e gas m ixture is th en  draw n  into  the b u 
rette , m easured and passed in to  th e  p ip ettes b, c and d, 
for th e  rem oval of carbon dioxide, illum in an ts and 
oxygen. A fter  the p ercen tage of th ese co n stitu en ts
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has been recorded, th e stop-cocks 0, p and s are turn ed  
so th a t com m unication  is m ade betw een th e b u rette  
and th e  p ip ette c, th rough  th e copper oxide tub e. B y  
th is tim e th e la tter  will h a ve  reached th e desired te m 
perature. T h e furnace is n ext low ered over th e  cop
per oxide tu b e and th e gas m ixture slow ly  passed b ack  
and forw ard through it  betw een th e b u rette  and 
slow -com bustion  p ip ette e until no fu rth er dim inution  
in vo lu m e is noted b y  readin g th e gas vo lu m e in th e 
b urette. T h e  authors h a ve  foun d th a t  a m axim um  
of abou t 15 m inutes is required to  burn com p letely  
th e  carbon m onoxide and hydrogen  in variou s gas 
m ixtures. C arbon  m onoxide burns readily  in th e 
presence of hydrogen , b u t m uch m ore slo w ly  when 
burned alone. A fter  com bustion  is com plete the 
electric oven  is raised from  th e copper-oxide tu b e  
and th e la tter  allow ed to  cool. T h e authors hasten  
the cooling b y  p la y in g  a b last of cold air from  a com 
pressed air pipe on the tu b e: th is op eration  re
quires ab ou t 5 m inutes. A  safe w a y  is to  m ake a 
sercond readin g of th e gas vo lu m e a fter a few  m in utes’ 
tim e to  m ake sure th a t no fu rth er con traction , due 
to  cooling, tak es place. N ex t th e carbon dioxide is 
rem oved  b y  passing th e  gas m ixture in to  p ip ette  b 

(the K O H  p ip ette). G as in th e train  and ccrpper- 
oxide tu b e contain ing carbon dioxide is sw ep t into 
th e K O H  p ip ette  b y  raisin g and low ering th e  level 
bulb m, w ith  stop-cocks s, p, 0 and x open.

A fte r  th e h yd rogen  and carbon m onoxide h ave 
been determ ined, th e  residual gas is passed into th e 
K O H  p ip ette  b  for storage and  th e  sto p -cock  closed. 
E n ough oxygen  to  burn th e  paraffin  h yd rocarb on s is
T a b l e  I — A n a l y s is  (by  C uO M e t h o d ) o f  G as fro m  C o a l  D is t il l a t io n

N o . 1 N o . 2 P e rc e n ta g e  
cc. cc . N o . 1 N o . 2

V o lum e of sa m p le  t a k e n ........................................  4 0 .2  4 1 .5
V o lum e a f te r  K O H  a b s o r p t io n ........................... 3 9 .6  4 0 .9
C arb o n  d iox ide  (C O 2) a b s o r b e d .........................  0 .6  0 .6  1 .5  1 .5
V o lu m e a f te r  fu m in g  s u lfu r ic  ac id  a b s o rp 

t i o n ............................................................................... 3 9 .3  4 0 .7
I l l u m in a n t s , e tc ., a b s o r b e d ...............................  0 .3  0 .2  0 .7  0 .5
V o lum e a f te r  a lk a lin e  p y ro g a l la te  a b s o rp 

t i o n ............................................................................... 3 9 .3  4 0 .7
O xygen  a b s o rb e d  (O a).............................................  0 .0  0 .0  0 .0  0 .0
V o lum e a f te r  C u O  b u r n in g ................................... 2 6 .1  2 7 .0
H y d ro g e n  in  sa m p le  (H s ) ...................................  . 1 3 .2  1 3 .7  3 2 .8  3 3 .0
V o lum e a f te r  K O H  a b s o rp t io n ........................... 2 3 .8  2 4 .6
C a rb o n  m o n o x id e  in  sa m p le  (C O ) .................... 2 .3  2 .4  5 .7  5 .8
V o lum e ta k e n  fo r slow  c o m b u s t io n .................  2 3 .8  2 4 .6
O xygen  a d d e d .............................................................. 9 2 .7  9 2 .2
T o ta l  v o lu m e ...............................................................  1 1 6 .5  11 6 .8
V o lum e a f te r  b u rn in g ..............................................  6 9 .1  6 8 .0
C o n tra c tio n  d u e  to  b u r n in g .................................  4 7 .4  4 8 .8
V o lum e a f te r  K O H  a b s o rp t io n ........................... 4 5 .2  2 3 .3
C a rb o n  d iox ide  a b s o rb e d .......................................  2 3 .9  2 4 .7
M e th a n e  in  sa m p le  (C H 4) ..................................... 2 3 .3  2 3 .9  5 8 .0  5 7 .6
E th a n e  in  sa m p le  (C jH e )  ..................................... 0 .3  0 .4  0 .7  1 .0
N itro g e n  in  sa m p le  (b y  d iffe re n c e )................................. . . .  0 .6  0 .6

then  draw n into  th e b u rette, m easured and passed 
into  th e slow -com bustion  p ip ette  e (not th rou gh  th e 
U -tube /), and the p latin u m  spiral therein  h eated  to 
alm ost a w hite h eat. N ext th e  residual gas is w ith 
draw n from  the p ip ette  b  into  th e  b u re tte  and from  
there slow ly  passed, a t th e  rate  of abou t 10 cc. per 
m inute, into  the p ip ette e. Slow  com bustion  b e
tw een  th e  oxygen  and com bustible residual gas therein  
takes place as fa st as th e oxygen  enters and an a c 
cu m u lation  of th e m ixture n ecessary for an explosion 
can not ta k e  p la ce .1 O nly enough of th e  residual 
gas should be ta k en  for th e final com bustion  an alysis 
so th a t  th ere w ill be an excess of oxygen  for th e  com -

1 T o  p ro te c t  th e  o p e ra to r  fro m  p ossib le  a c c id e n t, th e  co m b u s t io n  p ip e t te  
c s h o u ld  b e  su r ro u n d e d  w ith  a  w ire  gauze.

bustion . In case of d ou b t a final determ in ation  of 
oxygen  b y  m eans of th e a lkalin e p y ro g a llate  solution 
in p ip ette  d can be m ade. A fter  com bustion  is com 
plete th e resulting con traction  and carbon dioxide 
are m easured and th e  gas m ixture again  passed into 
the slow -com bustion  p ip ette  and burned again. T h ere 
a lw ays results fu rth er sligh t con traction  and a sm all 
am oun t of carbon dioxide.

T a b le  I gives th e observed d a ta  of the an alysis of a 
sam ple of gas collected  from  coal d istillatio n  a t high 
pressures and te m p eratu re s.1

T a b le  II  shows, an alyses of tw o  sam ples of gas. ' In
one case th e  carbon m onoxide and hydrogen  were
determ ined b y  b urn ing th em  w ith  copper oxide, and
in th e other case the carbon m onoxide w as absorbed
b y  m eans of am m oniacal cuprous chloride solution
and th e hydrogen  b y  collo idal p a llad iu m  so lu tio n .2
T a b l e  I I — P e r c e n t a g e  A n a l y s e s  o f  a S a m p l e  o f  G as  b y  T w o  M e t h o d s

/--------------S a m p le  1---------------* --------------- S a m p le  2---------7— >
• C o l lo i d a l  p a l la d iu m  C u O  C o l l o i d a l  p a l la d iu m  C u O  

a n d  c u p r o u s  c h lo r id e  M e t h o d  a n d  c u p r o u s  c h lo r id e  M e t h o d

C O j ................................... 0 .2  0 .4  0 .0  0 .0
C2H 4, e t c ......................  . 4 4 .6  4 4 .6  1 2 .7  1 2 .5
O 2 ......................................  1 .7  1 .6  0 .2  0 .2
C O ....................................  0 .8  0 .9  1 .0  0 .8
H 2 ......................................  7 .7  6 .7  4 2 .3  4 2 .2
C H 4 ..................................  2 6 .4  2 6 .4  4 1 .2  4 1 .1
C 2H . ................................. 1 1 .4  J 1 .2  0 .0  0 .0
N j ...................................... 7 .2  8 .2  2 .6  3 .2

T a b le  I I I  shows tw o an alyses of th e sam e sam ple. 
One w as m ade b y  burn in g the h yd rogen  and carbon  
m onoxide over copper oxide w ith  th e  ap p aratu s show n  
in F ig . I. T h e  other w as m ade b y  burn ing th e  car
bon m onoxide, h yd ro gen  and  m ethan e to g eth er (triple 
com bustion) and a slow -com bustion  p ip ette  of a H a l
dane gas-an alysis apparatu s. W ith  th e  la tter, gas 
vo lu m es as sm all as 0.002 cc. could  be m easured.
T a b l e  I I I — P e r c e n t a g e  A n a l y s e s  b y  C o p p e r  O x id e  a n d  by  T r ip l e  

C o m b u st io n

A n a ly s i s  b y  C O 2  C2H 4, e t c .  O2 H 2 C O  C H 4  N 2

C o p p e r o x i d e .................... 3 .9  0 . 0  1 5 .5  0 .0  0 .3  0 .9  7 9 .4
T r i p l e  c o m b u s t i o n   3 .9 0  0 .0 0  1 5 .4 6  0 .0 2  0 .1 7  0 .8 4  7 9 .6 1

N ext a gas m ixture w as prepared con tain in g 4 per 
cent each of hydrogen , carbon  m onoxide and m ethane, 
and 88 per cen t air. A n a ly sis  N o. 1 show s th e results 
ob tain ed  b y  b urn ing th e  h yd ro gen  and carbon m on 
oxide a t a tem p eratu re of 290° C. and m ethan e a t a 
tem peratu re of 8000 C. T h e copper-oxide tu b e w as 
m ade of q u artz. A n a lysis  N o. 2 show s th e  results 
ob ta in ed  b y  absorbing th e carbon  m onoxide w ith  
cuprous chloride, th e  h yd rogen  b y  collo idal p allad iu m , 
and th e  m ethane in  a slow -com bustion  p ip ette  w ith  
a hot p latin u m  spiral.
T a b l e  IV — P e r c e n t a g e  A n a l y s e s  o f  a S a m p l e  o f  G as  by  T w o  D if f e r e n t  

M e t h o d s
N o .  A n a l y s e s  b y  C O  H 2 C H 4

1 C o p p e r o x i d e ...................... .......................................... 3 .8  3 .6  4 .2
2 C u p r o u s  c h lo r id e ,  c o l lo id a l  p a l la d i u m  a n d

h o t  s p i r a l ...................................................................  4 .1  4 . 0  4 .0

N ex t a m ixtu re of hydrogen  (50 per cent) and n a tu ra l 
gas3 (50 per cent) w as prepared. N o. 1 a n a lys is  
was m ade b y  b urn ing th e  h yd ro gen  w ith  copper 
oxide and th e  m ethane w ith  a hot p la tin u m  spiral 
(slow com b u stion ).

1 T h e  c o p p e r  o x id e  w a s  h e a t e d  t o  2 9 0 °  C .  in  t h is  a n d  o t h e r  a n a ly s e s  

t h a t  fo llo w  in  d e t e r m in in g  h y d r o g e n  a n d  c a r b o n  m o n o x id e .  T e m p e r a t u r e s  

r a n g in g  fr o m  27 5 °  t o  3 0 0 °  w e r e  fo u n d  t o  w o r k  s a t is f a c t o r i ly .

2 T h i s  J o u r n a l ,  6 (1914), 992.
* C o n t a i n i n g  84.7 p e r  c e n t  C H 4 . 9 .4  p e r  c e n t  C 2 H e, 3 .0  p e r  c e n t  C » H g ,

1.3 p e r  c e n t  C4H 10, 1.6 p e r  c e n t  N 2.



M ar., .1916 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 231

N o. 2 was m ade b y  absorbing th e hydrogen  w ith 
collo idal pallad ium  solution  and burning th e  m ethane 
w ith  a hot p latin u m  spiral.
T a b l e  V— P e r c e n t a g e  A n a ly s e s  o f  a  M i x t u r e  o f  N a t u r a l  G a s  a n d  

H y d r o g e n  b y  T w o  D i f f e r e n t  M e th o d s  
N o. • A n a l y s e s  b y  H 2 N a tu ra l gas

1 C opper oxide and  slow co m bustion ..................  5 0 .7  48 .3
2 C olloidal pallad ium  and  slow com bustion   5 0 .2  48 .1

T h e above an alyses show ed th a t th e  paraffin h yd ro 
carbons higher th a n  m ethane were not oxidized, a t 
least in a n y  significan t am ount, b y  th e copper oxide.

L a st ly , there is shown work upon th e  analysis of 
th e  artific ia lly  m ixed coal and w ater gas of P itts 
b urgh. T h e first an alysis was m ade b y  burning 
the carbon m onoxide and hydrogen  w ith  copper oxide 
a t ab ou t 290° C. and paraffin  h ydrocarb on s in the 
slow -com bustion  p ip ette  w ith  a hot p latin um  spiral. 
T h e  second an alysis w as m ade b y  using copper oxide 
at ab ou t 290° C. to  burn the carbon m onoxide, a solu
tion  of colloidal pallad iu m  to  absorb th e hydrogen, 
and a hot p latin u m  spiral to  burn th e paraffin h y d ro 
carbons. T h e th ird  a n alysis w as m ade b y  burning 
carbon m onoxide and h yd rogen  a t . abou t 290° C. 
w ith copper oxide and b y  burning th e  paraffin  h y d ro 
carbons a t a red h eat w ith  copper oxide.

T a b l e  V I— P e r c e n t a g e  A n a l y s e s  o f  t h e  A r t if ic ia l  I l l u m in a t in g  G as 
o f  P it t s b u r g h

N o. CO2 I l l u m i n a n t s  O2 CO H 2 CH< C2He N 2 T o t a l

 1 ..........  2 .5  7 .4  0 .4  11.5 4 3 .6  3 0 .6  2.1 1.9 100.0
 2 ........  2 .6  7 .0  0 .4  11.7 4 3 .9  30 .7  2 .2  1.5 100.0
 3 ........  2 .4  7 .5  0 .4  11.5 4 3 .4  3 0 .4  2 .2  2 .2  100.0

S U M M A R Y

I— T h e a u th o rs’ experience w ith  the copper-oxide 
m ethod, devised  b y  Jâger for th e fractio n al com bus
tion  of h yd rogen  and carbon m onoxide, is described.

II— A  gas-an alysis ap p aratu s, em b od yin g a copper- 
oxide tu b e som ew hat different in  form  from  others 
on th e  m arket, b u t con tain in g no new principle, is 
also described.

II I— A  tem p eratu re of th e copper oxide of betw een  
2750 and 3000 is ad ap ted  for b urn ing hydrogen  and 
carbon m onoxide in a wide v a r ie ty  of m ixtures. M ost 
previous experim enters have adopted  tem peratures 
in th is range.

L a b o r a t o r y  G a s  I n v e s t ig a t io n s  
B u r e a u  o f  M in e s , P it t s b u r g h , P a .

A  N E W  A C C U R A T E  M E T H O D  O F  G A S  A N A L Y S IS

B y  O. A. K r o n e  

R eceived A ugust 26, 1915

F igs. I and II  show th e ap p aratu s used for estim a
tin g  th e  q u an tities  of carbon dioxide, illum inants, 
oxygen, carbon  m onoxide, m ethane, ethane, h y d ro 
gen and nitrogen  in gaseous m ixtures.

B .B ! are 100 cc. b u rettes grad u ated  th e entire len gth  
in 0.1 cubic cen tim eter. C ,C i are w ater jack ets  
for th e  b u rettes. D  is a th ree-w a y  glass Geissler 
cock of 2 m m . bore. E ,E i are bent cap illa ry  tubes 
of 1 mm. bore. F  is a th ree-w a y  Geissler cock, G  
is a tw o -w a y  cock  h a vin g  a T  cap illa ry  fused to  F. 
H is a b en t i . 5 m m . bore cap illary , whose orifice, 
H i, is m elted to  m easure 0 .3  mm. I is a piece of 
glass tu b in g  h a v in g  w alls of sufficient stren gth , and 
an internal d iam eter of 1 .7 5  cm . draw n dow n to  a

cap illary  of 1 .5  mm. internal d iam eter. J is th e  
brass b o d y  holding th e com bustion  tub e. K  is a 
th ree-w ay  glass cock of 2 mm. bore. N is a tw o -w a y  
glass cock of 5 mm . bore. P is a glass-covered p ip ette  
stan d  whose h eigh t is ad ju stab le. Q is a set screw  
for ad ju stm en t of P . J, th e brass b o d y  holding th e  
com bustion  tu b e, has tw o sm all holes, a little  sm aller 
th an  1 .5  mm . diam eter, drilled from  th e posterior 
side into  1/ 3 of th e b od y J. ’ In to  these are fitted  th e  
tw o  legs of a p latin um  com bustion  tu b e of 1 .5  mm. 
outside and 0 .5  mm. inside diam eter. T h e sm all 
holes are 1 cm. apart. T h e p latin um  tu b e is a b o u t 
10 to  11 cm . long and is bent to form  a U , th e  
tw o legs of which run parallel ab ou t 1 cm . a p a rt. 
In to  th e forep art of th e b o d y  tw o  large holes, a b o u t 
8 mm. in diam eter, are drilled, whose centers m eet 
th e centers of th e  1 .5  mm . holes drilled from  th e  rear.

T h e brass b o d y  has grooves m illed in  large enough 
to h a ve  a w ater circulation  to  keep th e  rubb er tu b in g  
cool, w hich holds th e bent glass capillaries of 1 . 5 mm. 
bore fittin g  t ig h tly  into th e larger holes A ,A . T h ese

F ig . I —A r r a n g e m e n t  o f  A p p a r a t u s  
W, a  4 lite r b o ttle  for s to ring  oxygen over w ater, is connected  to  b o ttle  

Y  of th e  sam e size placed above i t  to  keep  th e  oxygen u n d er pressure

glass capillaries are bent so th a t  th e  com bustion  tu b e  
protrudes in  th e rear of th e  ap p aratu s. A ro u n d  th e  
brass b o d y  is soldered a piece of sheet copper to  form  
a cup for w ater. T h e p latin u m  tu b e is th en  soldered 
in, gas-tight.

If m ercu ry is used as th e confining fluid in b u re tte  
B , th e p latin um  tu b e is eith er b razed  or silvered  in , 
gas-tigh t. T h e  ends of the p latin u m  tu b e  are tap ered  
so th a t tig h t jo in ts are secured b y  forcin g th e  ends 
into  th e  brass b ody.

A  sm all piece of asbestos paper is fitted  onto th e  
p latin u m  cap illa ry  to  p reven t th e  unused h ea t from  
soften in g th e  solder.

A  M<?ker or B ausch  and  L om b high te m p eratu re  
burner is used to  h eat th e  tu b e  and  is ad ju sted  to  
position w ith an iron clam p fasten ed  to  th e  a p p a ra 
tu s support. A ll rubber connections should b e  m ade 
w ith  th e  b est h ea vy-w a lled  rubb er tu b in g  w hich should 
be of sm all enough size to  g ive  a t ig h t jo in t.

A ll glass capillaries should fit shoulder to  shoulder
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when connections are m ade, and all rubber conn ec
tions should be w ired b y  iron wire 1 mm. in diam eter, 
a t th e edge of th e tu b in g . A ll jo in ts th a t  are to  be 
rigid  should be stiffened b y  w rapping a piece of sheet 
copp cr of su itab le  size around th e  rubb er w ith in  th e 
sp ace of th e tw o  iron w ires w hich hold th e  tu b in g  
t ig h t a t th e edge and then  w irin g th is sheet on t ig h tly  
w ith  th ree iron wires, 1 mm. in diam eter.

A S S E M B L Y  OF A P P A R A T U S

D is fasten ed  to  th e b o d y  of b u rette  B w ith  rubber 
tu b in g , wired and stiffened. K  is fasten ed  in like 
m anner to  B i. B is then  p u t into  C , th e rubb er sto p 
pers p u t into  place a t th e ends of C . E  and Ei are 
fasten ed  to  D  and K  w ith  rubber tu b in g  and w ired. 
T h e  b u rette  B is fasten ed  to  th e rig h t side of a p p a ra 
tu s  su p port w ith  a u n iv ersa l clam p. T h e  b u re tte  
B i is fasten ed  to  th e left side in th e sam e w a y. F 
and G  are conn ected  to  D , w ired and  stiffened. H is 
fitted  t ig h tly  into I a t  Hi w ith  a piece of rubber tu b 
ing. I is conn ected  to  J w ith  rubb er tu b in g . J is 
conn ected  to  K  in like  m anner. P and P i are th en
a d ju sted . N is conn ected  to  B i, w ired, stiffened
and fasten ed  to  ta b le  b y  w irin g it to  a large cork
n ailed  to  th e table .

N is th en  conn ected  w ith  36 inches of h ea vy-w a lled  
m ercu ry rubber tu b in g , w ired, and  conn ected  to  the 
m ercu ry aspirator b o ttle  w hich connection  is also 
w ired. T h e  low er 18 in. of th is  tu b in g  should  be

F i g . I I — D e t a i l  o f  C a p i l l a r y  a n d  T r a p

w rap ped  w ith  good adh esive ta p e  to  p rev en t th e 
m ercu ry from  bulging th rou gh  th e  tu b in g  w hen th e 
aspirator b o ttle  is raised. A ll stoppers are w ired to  
th e  cocks. T h e  m ercu ry aspirator b o ttle  is th en  filled 
w ith  m ercury.

A  is conn ected  and wired to  40 in. of sm ooth bore 
h ea vy-w a lled , b est grade rubb er tu b in g , w hich  is 
then  conn ected  to  a 500 cc. aspirator b o ttle  w hich 
is filled w ith  one p a rt of H C 1 (sp. gr. 1 .2 )  to  10 parts 
d istilled  water-. T h e  w ater ja c k e ts  are filled w ith  
distilled  w ater.

If preferred, m anom eters and  com pensatin g tubes 
m ay be added to  th e b u re tte; otherw ise com pared C en ti
grade therm om eters should be inserted in th e  w ater 
ja ck ets  th rough  th e  top  rubb er stoppers.

M ercu ry  should n ot be a llow ed to  get into  the 
p latin um  cap illa ry  nor should exp losive m ixtures 
be run th rough  too  fa st w hen th e jo in ts are soldered, 
as th is  will d estroy th e solder jo in ts.

F or a ccu racy  it  is preferred to  use m ercu ry in 
b u rette  B also.

A  sm all am ount of w ater on th e  surface of th e  m er
cu ry  m a y be allow ed, p rovided  th e  b u rettes are cali

b rated  for m ercu ry and th e w ater m eniscus for th e 
am ount of w ater on th e  m ercu ry surface.

R E A G E N T S  U SE D

(1)— One part of purified stick  potash  to  one p a rt 
pure w ater b y  w eigh t: 150 cc. of th is  solution  are 
poured into a stoppered, single H em pel p ip ette  filled 
w ith  clean iron turn in gs to  increase th e  absorbing 
surface of th e potash.

(2)— N ordhausen sulfuric acid , or where prefera
ble, sa tu rated  brom ine w ater.

(3)— Y e llo w  phosphorus cast into  5 mm . stick s set 
u p righ t in a stoppered, single H em pel p ip ette  covered 
b y  150 cc. of pure d istilled  w ater.

T h e H em pel p ip ette  b o d y  is p ain ted  b la ck . A  
V2-inch strip  exten d in g len gth w ise on th e fron t side 
of th e phosphorus b ulb  and  th e  cap illa ry  are le ft u n 
painted  so th a t th e action  .of th e  phosphorus m ay be 
observed.

(4)— A  stoppered, double H em pel p ip ette  filled 
com p letely  w ith  s tra ig h t 1 . 5 m m . copper w ires and 
covered  b y  125 cc. of th e  fo llow ing solution: one 
p a rt b y  w eigh t of am m onium  hyd ro xid e (sp. gr. 0.90) 
to  four p a rts  b y  w eigh t of pure d istilled  w ater. A  
large excess of am m onium  chloride is th en  added to  
th is d iluted  am m onium  h yd ro xid e and  a satu rated  
solution  is m ade a t a b ou t 800 F . A fte r  being sure 
th e solution  is sa tu rated , th e  excess of am m onium  
chloride is allow ed to  settle  and th e  clear solution  
decan ted  into a clean flask, stoppered, and  k e p t for 
use. T h is  copper p ip ette  is th e  b est absorb in g agen t 
for oxygen  b u t can n ot be used w hen carbon  m on
oxide or dioxide is present. S atu ra ted  am m onium  
chloride in am m onium  hyd ro xid e (sp. gr. 0.90) should 
not be used as th e  n itrogen  of th e th e o retica lly  
ionized NH4 is, to  a certain  exten t, oxidized  to  free 
n itrogen  w hen a 9 9 %  oxygen  is an alyzed . W eaker 
solutions of am m onium  chloride should  likew ise be 
avoided .

Phosphorus, accordin g to  G. L u n g e’s 1914 p u b lica 
tion , is th e  best reagen t for absorb in g oxygen  from  
illu m in atin g or h eatin g  gases. T h is  assertion  has 
been p roven  to  be correct.

L ow  con cen tration s of oxygen , up to  5 per cent 
oxygen , m ixed w ith  gases such as h yd ro gen , w ater 
gas, coal gas, etc., were sep arated  b y  trea tm en t w ith  
phosphorus and in no case w as a percep tib le  excess 
con traction  n oticed. On th e other hand, high con
cen tration s of oxygen , 9 8.6%  pure, w ith  h yd ro gen  
and  oth er com bustib le gases, w hen trea ted  w ith  
phosphorus, show ed excess co n traction  due to  ch em 
ical com bin ation  w ith  som e of th e h yd rogen  or other 
gas w ith  th e  oxygen.

W ith  high con cen tration s of oxygen  th e  phosphorus 
m elted, trap p in g  gas. E v e n  air, w hen allow ed to  
com e into co n tact w ith  th e  phosphorus, gra d u ally  
m elted th e phosphorus, n ecessitatin g th e  recastin g 
of th e phosphorus. H ence for low  con cen tration s of 
oxygen , w hen carbon  m onoxide is present, phosphorus 
w as ctpnsidered th e  best reagen t to  be used.

T h e  oxygen  is absorbed  v e ry  rap id ly . A s soon as 
th e w hite ph osphorus p en toxide fum es h a ve  n early
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settled  or if th e pentoxide fum es are w ashed into  
solution  g iv in g  the sm all am ount of oxygen  diffused 
in th e gas th e  o p p o rtu n ity  of com ing in con tact w ith 
th e  m oist phosphorus, as th e  pentoxide fum es retard  
th e  m ovem en t of th e  m olecules of th e  gas, th e abso rp 
tion  is com plete. F u rth er trea tm en t of the gas 
w ith  phosphorus causes no con traction .

P hosphorus gives va lu a b le  in dication  of th e  com 
plete absorption  of th e  u n satu rated  h ydrocarb on s 
b y  th e  fum ing su lfuric acid  or brom ine w ater. A  
phosphorus p ip ette  lasts  m uch longer th a n  a pyro- 
ga llate  p ip ette  and one p ip ette  can be used for all 
of th e gases w hile w hen using alkalin e p yrogallo l 
it  is n ecessary to  h a ve  a sep arate p ip ette  for each 
kind of gas analyzed .

P hosphorus is m uch speedier in action  th a n  pyro- 
ga lla te; besides, con tin u ou sly  a ccu rate  results are 
ob tain ed  b y  its use, w hich can n ot be said  of p y ro 
gallol. P yro g allo l prepared as directed  b y  R . P. 
A n d erson 1 is also v e ry  un pleasan t to  handle.

F u m in g su lfuric acid  should a lw a y s be fresh enough 
so th a t  th e reactio n  betw een  th e  oxygen  and phos
phorus is n ot in terfered  w ith , due to  presence of re
m aining hydrocarbon s.

F or con cen tration s of oxygen  higher th a n  5 per 
cent and w here carbon  m onoxide or dioxide is not 
present, th e  b est m ethod for absorbing oxygen  is b y  
copper w ith  th e  am m onium  chloride solution  as d i
rected  p reviou sly . Such a p ip ette  lasts a v e ry  long 
tim e. W e h a ve  used one d a ily  for abou t tw o m onths 
w ith ou t renew ing a n y  p a rt of it  and it does n ot a t 
present show  a n y  signs of becom ing exhausted. I t  
m ust b e rem em bered to  use th e  am m onium  chloride 
solution as specified.

T h e  results obtained  b y  th is m ethod agree ex a ctly  
w ith  th ose secured b y  com bustion.

Sam ples of air a n a lyzed  ga v e  a va lu e  of about 20.87 
per cen t oxygen , and sam ples of com m ercial oxygen 
a n a lyzed  checked  am ong th em selves to  th e hun 
dredths of one per cent when m easurem ents were 
perform ed a ccu ra te ly  and these results checked w ith  
th e oxygen  determ in ed b y  com bustion  over a large 
num ber of determ inations.

T h e p ip ette  should h a ve  as m uch copper surface 
as possible; therefore th e copper wires should be th in  
and stra ig h t and should  fill th e entire len gth  of the 
p ip ette  b o d y  as otherw ise th e absorption  of oxygen 
is n ot as rap id  as is possible.

T h e copper w ires should be v e ry  clean and  bright 
before p u ttin g  th em  into  the p ip ette  and th e last bulb  
of th e  p ip ette  should h a ve  a litt le  of th e am m onium  
chloride solution  in it  also. T h e copper going into 
solution b y  chem ical change seems to  be precipitated  
back  onto th e  m etallic  co p p er as th e m etal, to  some 
exten t. W hen m akin g an absorption  of oxygen  b y 
copper it  should be rem em bered th a t  th e absorption 
tak es place on th e m oist surface of th e  copper; con
seq u en tly  th e  aim  should be to  wash ge n tly  over 
th e copper w ith  th e am m onium  chloride solution so 
th a t  th e  blue com pound is dissolved, g iv in g  a fresh

1 T h is  J o u r n a l , 7 (1915), 587.

copper surface, and not to shake th e  p ip ette  to  h a ve  
th e liquid  absorb th e oxygen.

W hen using a m ercury b u rette  care should be ta k en  
th st no m ercury com es in co n tact w ith  th e  copper 
surface as it readily  am algam ates a t th e surface of 
the copper. T h e salts of m ercury also p recip ita te  
on th e surface of th e copper as m etallic  m ercu ry  and 
th is spoils th e pipette.

A P P L IC A T IO N  OF T H E  M E T H O D  TO A N A L Y S IS

E x a c tly  100 cc. of th e sam ple of gas to  be an a lyzed  
are draw n into th e w ater b u re tte . T h e ca p illa ry  is 
then washed b y  turnin g cock G , and to  seal th e gas 
in the b urette, acid u lated  w a ter is 't h e n  allow ed to  
com pletely  fill all of th e capillaries and trap  I up to  
th e edge of th e cock K . T h e  potash  p ip ette  is th en  
connected to  th e cap illa ry  E , and th e gas in th e b u rette  
aspirated  b ack  and forth  th ree tim es. T h is  procedure 
rem oves all of th e carbon dioxide. T h e residue is 
m easured and th e readin g recorded. T h e difference 
betw een  100 cc. and th is readin g gives th e per cen t 
of carbon  dioxide present in th e sam ple.

T h e potash p ip ette  is d isconnected, th e  cap illa ry  
washed, th e gas in th e b u rette  p u t under sligh t pressure, 
the th u m b  is placed on th e end of cap illa ry  E , cock  
D  is opened and th e w ater in th e  c a p illa ry  a llow ed  to  
run alm ost to  th e end of E . C o ck  D is th en  closed 
and th e fum ing sulfuric acid  p ip ette  a tta ch ed  to  E . 
N ot m ore th a n  0.02 cc. of air should  be in troduced  
a t th is point, if th e pin ch in g up of th e  su lfuric acid  
in th e p ip ette  cap illa ry  and  th e  conn ection  is m ade 
carefu lly . T h e gas is asp irated  b a c k  and fo rth  tw o  
tim es, th e acid  draw n b ack  to  th e sam e m ark in ca p il
la ry  and cock  D is closed. A  q u ick , sm ooth pull 
w ith  one hand and w ith  th e th u m b  and  finger of th e 
other h an d  pinching th e  rubb er tu b e  con n ectin g p ip ette  
w ith  E  p reven ts th e  acid  from  g e ttin g  in to  th e  rubb er 
connection. T h e other th u m b  is q u ic k ly  slipped 
over th e end of E , p reven tin g diffusion of th e sm all 
am oun t of gas in th e cap illa ry  w ith  th e  air.

W ater from  a w ash b o ttle  is now  blow n in to  th e 
rubber connection  of th e potash  p ip ette  and th is  
p ip ette  q u ick ly  conn ected  to  E , a t th e  sam e tim e 
w ith d raw in g th e  th u m b . T o  ta k e  ou t the su lfu ric  
fum es, th e  gas is passed b ack  and fo rth  fou r tim es. 
T h e  readin g is ta k en  and recorded. T h e  difference 
betw een  th is and th e previous readin g gives th e  per 
cen t of illum in an ts (u n satu rated  h yd ro carb on s, b en 
zene vap o r, etc.). If  all of th e  illu m in an ts are n ot 
w ithdraw n  b y  tw o passages th rou gh  th e  su lfu ric  
p ip ette  th e y  should be rem oved  b y  passing th rou gh  
one more tim e.

N ext rem ove th e  oxygen  w ith  phosphorus. A llow  
th e gas to  rem ain  in co n ta ct w ith  th e  m oist ph os
phorus u n til m ost of th e  fum es disappear. T h e  gas 
is then  draw n into  th e  b u rette, m easured and  th e  
am oun t recorded. T h e  difference b etw een  th is  and 
th e  previous readin g gives th e  per cen t of o xygen  in 
th e  m ixture.

A  gas holder is m ade b y  con n ectin g tw o  500 cc. 
aspirator b o ttles w ith  ru b b er tu b in g , w hich  is w ired 
on. A  i-h o le  rounded ru b b er sto p p er is fitte d  to
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the neck of one of th e aspirator b ottles and a piece 
o f cap illa ry  glass tu b in g  inserted. T h e end of th is 
c a p illa ry  is th en  closed w ith  a piece of rubber tu b in g 
a n d  a pin ch -cock  ju st as th e p ip ettes for th e reagents. 
E n ough a cid u lated  w ater (distilled) is added to  th is 
holder to  com pletely  d isplace th e air in th e b ottle  
h a vin g  the cap illa ry . T h e other b o ttle  is fitted  w ith 
a tu b e  and rubber stopper to  b low  th e w ater ou t of 
th e cap illary.

T h e rubber stopper for th e cap illa ry  b o ttle  should 
be rounded into  an in verted  basin-like depression 
so th a t  th e air m ay be q u ic k ly  and com p letely  d is
placed. T h is is done b y  h eatin g a h e a v y  copper wire
to  redness and m oulding th e stopper to  th e  proper 
shape. T h e stopper is th en  rath er so ft and unfit
for use, b u t it  should be hardened b y  im m ersing it  in
a  little  fum in g su lfuric acid.

T h e  residue of gas le ft a fter determ in ing th e  oxygen  
is tran sferred  to  th is holder, a m easured excess of o x y 
gen is th en  added b y  opening cock F  and allow in g 
th e oxygen  to  flow into th e w ater b u rette. A fter 
m easuring, th e oxygen  is tran sferred  to  th e  holder 
and  th e entire gaseous m ixture shaken, a t th e  sam e 
tim e pin ch in g th e  rubb er connection  b etw een  th e tw o 
a sp irato r b o ttles  to  p reven t air from  en terin g or gas 
from  lea vin g  th e holder. M ercu ry  m ight be used 
in th is holder h a vin g  a v e ry  sligh t am ou n t of a cid u 
la ted  w ater on its  surface.

A fte r  th o ro u g h ly  m ixing the gas and oxygen , 100 
cc. of th e  m ixture or a close approxim ation  to  100 cc. 
are draw n  into th e  w ater b u rette  and th e  am oun t 
a cc u ra te ly  m easured. T h e  m ercu ry b u re tte  is th en  
a d ju sted  so as to  contain  15 or 20 cc. of air. W ater 
fills all of th e  capillaries, including th e  tra p  I up to  
cock K .

A  250 cc. a sp irato r b o ttle  can be m ade a p a rt of 
b u rette  B , using a sm all rubb er stopper, then  th e en
tire  m ixture m ay be burned in stead  of 100 cc. in one 
operation.

A fter  recordin g all of th e  m easurem ents th e  w ater 
in  th e  trap  I is forced  into  th e w ater b u rette  b y  p u t
tin g  th e m easured am ount of air in th e  m ercu ry 
b u rette  under pressure and opening cocks D  and K  
so th a t th e flow  is into  th e  w ater b u rette. A s soon 
a s  th e  w ater reaches th e  orifice H i cock  D  is closed, 
th e m ercu ry in  th e  b u rette  leveled , and cock  N closed. 
C o c k  K  is k ep t open. T h e burn er h eatin g  th e  p la t
inum  cap illa ry  is th en  ligh ted . I t  should g ive a flam e 
hot enough to  m elt to  a globule th e  end of a piece of 
cop p er wire 1 m m . in d iam eter in 5 to  8 seconds. A  
B ausch and L om b high tem p eratu re burner or a M eker 
b urn er should be used. A fte r  th e  p latin u m  tu b e 
becom es h eated  to  a b righ t red, . D  is opened, th e 
a sp irato r b ottle  on th e w ater b u rette  is raised slow ly  
so th a t th e  w ater rem aining in th e  cap illaries is not 
forced  th rough  the h eated  tu b e, and  th en  p u t on th e 
h igh shelf.

T h e  sm all am ount of w ater, n ot m ore th a n  o . 1 cc., 
w hich is forced  into  th e  trap , p reven ts th e explosion 
o f th e m ixture of gases from  tra v e lin g  b a c k  in to  th e  
b u rette, w hich, if it should occur, w ould w reck th e 
a p p a ratu s.

C o ck  N is now  slig h tly  opened and th e exp losive 
m ixture of gases allow ed to  b ubb le th rou gh  th e  w ater 
in trap  I a t a m oderate rate  and as soon as a ll of the 
gas has passed th rou gh  th e  w a ter seal, th e  w ater is 
allow ed to  rise un til th e begin nin g of th e  h eated  por
tion  of th e tu b e is reached.

C o ck  N  should be closed as soon as w ater flows 
th rough  th e  orifice Hi. C o ck  D should n ext be closed 
when th e h eated  portion  of th e  com bustion  tu b e  is 
reached. T h e  h eatin g is th en  stopped  and w ater 
th row n  on th e hot tu b e  from  a wash b o ttle  to  cool 
the tu b e  rap id ly . C o ck  D is opened and th e  w ater 
allow ed to  com e to  th e edge of cock K , w hich is th en  
closed.

T h is  residue of gas, a fter com bustion , is m easured 
and th e  am ount recorded. T h e  potash  p ip ette  is 
n ow  connected to  E i and th e gas aspirated  b ack  and 
forth  four tim es. T h e am ount, of gas le ft is m easured 
and recorded and th e p ip ette  disconnected. T h e 
pressure on th e gas is now  sligh tly  decreased and 1 
cc. of a cid u lated  w ater draw n into  th e  m ercu ry b u rette. 
T h is  is done to  p rev en t m ercu ry  from  foulin g th e 
copper in th e  copper p ip ette. T h e copper p ip ette  is 
connected to  E  and th e  residue . of gas com p letely  
tran sferred  thereto. In order to  absorb oxygen  com 
p le te ly  in th is  step it is not n ecessary to  d isconnect 
the copper p ip ette  to  shake it. I t  is on ly n ecessary 
to  see th a t  th e copper w ires h a ve  a clean copp ery  
color b y  w ashing over th em  a tim e or so g e n tly  w ith  
th e  solution  in th e p ip ette. A s soon as th e  clean co p 
per color is seen th e  oxygen  is com p letely  absorbed, 
th e  absorp tion  being v e ry  rapid.

A fte r  draw ing th e  residue of gas in to  th e  b u rette , 
it  is m easured, th e n  passed into  a d ilute solution  of 
su lfuric acid  to  see w hether a n y  am m onia fum es are 
ta k e n  out. T h is  last residue is th en  m easured and 
th e am oun t recorded.

I t  is n ecessary to  h eat th e  p latin u m  com bustion  
tu b e  to  th e degree m entioned, as otherw ise th e  paraffins 
w ill n ot be com p letely  decom posed.

M ercu ry  should  n ot be run into or th rou gh  th e  com 
bustion  tu b e. T h e  b u rettes should be calib rated  
and th e proper m eniscus used. One passage th rough  
th e p rop erly  h eated  tu b e  decom poses a ll of th e  gases 
q u a n tita tiv e ly . C o ck  K  and b u rette  B should be 
th o ro u g h ly  w ashed ou t w ith  a cid u lated  w ater b y  
opening N and d raw in g th rou gh  1 p a rt of su lfuric acid  
to  4 p arts w ater. C o ck  K  is com p lete ly  rev o lv ed  
several tim es while draw in g th e a cid u lated  w ater in to  
th e b u rette. T h e form u la  used for calcu latin g  th e  
com bustion  results is easily  rem em bered. R e p re
sen tin g th e  oxygen  used in th e  chem ical com bin a
tion  b y  O2, th e con traction  b y  C , we ha.ve:

H 2 =  C  —  0 2
3 0 : —  (C  +  C 0 2 form ed)

v_̂ XJL4 — — : -
3

C O  =  CO« form ed m inus C H 4

T h e n itrogen  is foun d b y  difference. I t  can also 
be calcu lated  b y  th e  residual n itrogen. B o th  m ethods 
g iv e  th e  sam e results.

W hen a p a rt of th e  m ixture of gas and oxygen  is
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taken  for com bustion  as directed  ab ove, a proportion  
m ust be m ade betw een  th e am oun t of th e  m ixture 
used for com bustion  and th e  to ta l am oun t on hand. 
T h e  fo llow ing exam ple ta k en  from  p ractice illustrates 
th e m ethod of w ritin g dow n th e m easurem ents and 
m akin g th e com putations.

A n a l y s e s  b y  H . h .  D a h m

Sam ple of w a ter gas Ju ly  3, 1915
B ure tte  reading  cc. P er cent

5 .4 COa 5 .4
20 .2 14.8
2 0 .8 O2 0 .6
------ C H 4 17.86

R esidue for c o m b u stio n .. .  . 79 .2 CO 25.94
H 2 31 .56
n 2 3 .8 4

100.00
R esidue of gas for co m bustion ............................ 7 9 .2  cc.
A m ount of oxygen ta k e n ......................  77 .2  cc.

T o ta l m ix tu re ...................................................  156.4 cc.
A m ount of m ixture  taken  for c o m b u stio n ... .  100.00 cc.

5 3 .6  cc. reading  a fte r com bustion 
— 15.0 cc a ir in m ercury  b u re tte

3 8 .6  cc. m easurem ent of the  residue of th e  100 cc. of gas taken  
for com bustion

100.00 cc. tak en  for com bustion 
— 3 8 .6  cc. residue a fte r com bustion

6 1 .4  cc. con traction  for 100 cc. of the  m ixture
5 3 .6  cc. read ing  of gas a fte r com bustion plus the  15.0 cc. of a ir 

— 2 5 .6  cc. read ing  of residue a fte r using po tash  p ipe tte

2 8 .0  cc. equals the  CO2 form ed in 100 cc. of th e  m ixture
25 .6  cc. reading  a fte r using po tash  p ip e tte  

— 15.0  cc. read ing  a fte r using copper p ipe tte

10.6 cc. of O2 left which did n o t tak e  p a r t  in th e  com bustion.
T h is  am o u n t also con tains the  oxygen in 15 .0  cc. 
of a ir used

10.6
—  3 .1  am o u n t of O2 in 15.0 cc. a ir

7 .5  cc. equals th e  oxygen n o t tak in g  p a rt in th e  chem ical
com bustion of 100 cc.

C om pute  the  con trac tion , th e  carbon dioxide form ed, and  the  excess 
oxygen for the  156.4 cc. of the  m ixture, to  get the  p roper figures for the 
entire  m ixture, by  using the  proportions 156.4 : 100.0 cc.

6 1 .4  X =  96 .03 , con trac tion  for to ta l gas

2 8 .0  x  =  4 3 .8 , CO, for to ta l gas

7 .5  X j — =  11.73, excess oxygen for to ta l gas
77 .2  cc. of com m ercial oxygen is added to  the  79 .2  cc. gas for com 

bustion . T h is  oxygen contains 1 .3  per cen t nitrogen.
7 7 .2  X 0 .013  =  1 .0  cc. of n itrogen in 77 .2  cc. O2

—  1.0  cc. nitrogen

76 .2  cc. pure  oxygen added 
— 11.73 cc. excess oxygen, left a fte r com bustion

64.47 cc. equals th e  oxygen used to  com bine chem ically w ith the  gas
96 .03  —  64 .47  (oxygen used) =  31 .56  per cen t hydrogen 

3 X 64.47  (oxygen used) =  193.41 m inus
96 .03  -f- 4 3 .8  (CO2 form ed) -  — 139.83

_  17.86 per cen t CH .

4 3 .8  (CO: form ed) —  17.86 (CH .) =  25 .94  per cent CO.
N itrogen  is found by  com puting  as follows: In  the  15.0 cc. of air

used we have 11 .9  cc. N 2. T h e  residue of nitrogen a fte r burn ing  the  100.0 
cc. of the m ixture  p lu s the  nitrogen of th e  a ir a fte r tak ing  o u t a ll th e  oxy
gen equals 15.0 cc.

15 .0  cc.
— 11.9  cc. Na in the  a ir used

3.1  cc. N 2 in 100 cc. of m ixture 
In  to ta l m ixture  156.4 we will have

^ =  4 .8 4  cc. N 2 due to  the  nitrogen in th e  original gas
plus th e  n itrogen in th e  com m ercial oxygen used. In  th is  case 
th e  n itrogen as calculated  previously equals 1 .0  cc. in th e  com
mercial oxygen added
4 .8 4  

— 1.0

3 .8 4  cc., am o u n t of nitrogen in the  original gas

W hen it  is desirable to  m easure th e  to ta l co n trac
tion— th a t is, th e  con traction  due to  th e  form ation  of 
the H 20  +  C 0 2— th e fo llow ing form ulae m ay be 
used:

R epresen tin g th e  to ta l con traction  b y  C  and th e 
oxygen  used in th e  chem ical com bin ation  of th e  gases 
b y  0 2 we h ave:

3
CO =  CO! —  C H .
H i =  C —  (Oi +  COi)
N itrogen is figured by  difference

Should we use these form ulae, th e  figures of the 
previous w ater gas analysis w ould  appear as follow s:

B ure tte  reading P er cent
5 .4  CO2 5 .4

20 .2  Illu m in an ts  14.8
2 0 .8  O2 0 .6

Residue of g a s .............  79 .2  cc. C H 4 17.86
Im pure  oxygen added. 77 .2  cc. CO 25 .94

T o ta l m ixture 156.4 cc. Ha 31 .55
N 3 .85

1 0 0 .0 0
5 3 .6  cc. residue a fte r com bustion 

— 25 .6  cc. residue a fte r using potash
2 8 .0  cc. CO2 formed in 100 cc. of m ixture

100.0 cc. of m ixture taken  for com bustion 
+  15.0 cc. air

115.0 cc.
— 2 5 .6  cc. residue a fte r using p o tash

89 .4  cc. to ta l contraction  for 100 cc.
2 5 .6  cc. residue a fter using potash  

— 15.0 cc. residue a fte r using C u p ipe tte

10.6 cc. unused oxygen plus oxygen in 15 .0  cc. a ir 
—  3 .1  cc. oxygen in 15.0 cc. air.

7 .5  cc. unused oxygen in 100 cc. of m ixture
2 8 .0  X 1.564 =  43 .80  =  to ta l CO2 =  CO2
89 .4  X 1.564 =  139.82 =  to ta l con traction  ** C

7.5  X 1.564 =  11.73 =  to ta l unused oxygen
77 .2  cc. =  im pure oxygen added

—  1 .0 ’cc. Na “  1 .3  per cen t n itrogen in im pure oxygen

76 .2  cc. *= pure  oxygen added 
-11.73 cc. unused oxygen

64.47  cc. =  used oxygen =  O2
C H . -  -  64 .47  X 3 =  193.41

3 — 139.82

si so
• =  17.86 p e rc e n t  CH<

CO => CO2 —  C H 4 «  43 .80  
— 17.86

25 .94  per cen t CO 
Ha »  C —  (O +  COa) =  64 .47  139.82

+ 4 3 .8 0  — 108.27

108.27 31 .55  per cen t H 2

U sing th is m ethod, a com plete a n alysis can be 
m ade in tw e n ty  m inutes, as I h a ve  rep eated ly  m ade 
an analysis in th is  tim e.

A  con ven ien t w a y  of clean ing ph osphorus is b y  
addin g a 3 per cent solution  of h yd ro gen  peroxide, 
if possible free from  acetan ilide, to  th e  p ip ette  and  
allow in g it  to  rem ain  un til phosphorus assu m es th e  
yello w  w a xy  color.

W hen th e  ethane is to  b e 1 estim ated  th e  h yd rogen  
is absorbed in a colloidal palladium , solution  or in a 
pallad iu m  tu b e as d irected  in G . L u n g e’s (1914) 
“ T ech n ica l G as A n a ly sis .”

A n oth er wash b o ttle  contain ing pure w ater is a t 
ta ch ed  to  th e  ap p aratu s along th e  side of th e w ash b o t
tle  contain ing th e  d ilute h yd ro ch loric  acid.

A fter  absorbing th e h yd rogen  th e  residue consisting 
of carbon m onoxide, m ethane, eth an e and n itrogen  
is tran sferred  to  th e  gas holder and excess of oxygen  
added and th e gases burn ed  as before.

T h e th eoretical form ulae for calcu latin g  th e  co n stit
uen ts of th e  m ixture, when 0 2 equals th e  oxygen  used 
in th e chem ical action, C  equals th e  ob served  co n tra c
tion , and CO» equals th e observed carbon  dioxide 
form ed, are
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C2H6 = 0 2 —  C 
CH = 3Q2 CO2

3

q o  — 4CO2 +  C —  3O2 
3

It  is u su ally  n ecessary  to rem ove th e carbon m on
oxide before th e  absorp tion  of h ydrogen .

T h e m ercu ry can be cleaned b y  p u ttin g  it  into a 
tw o or three liter b o ttle  w ith  som e d ilute n itric  acid  
and sh akin g it  un til th e  m ercu ry is fin a lly  d ivided. 
R e p ea t th is  operation  w ith  pure w ater.

W hen m ercury is used in b u re tte  B , a glass cock 
ex a ctly  th e sam e as is used a t th e  b o tto m  of b u rette  
B l is a tta ch ed  to B. T h e  m ercury surface should be 
leveled  a t th e low est p a rt of th e  m eniscus show in g as 
a sort of b righ t line.

B urrell and Seibert in B ureau of M ines Technical  
Paper  5 4  (1913) again  call a tten tio n  to  certain  cases 
of gas an alysis w here corrections in calcu latin g  re
su lts are to  be m ade due to  certain  of th e gases not 
ob eyin g th e  ideal gas law s.

B elow  is a new  easier m ethod of calcu latin g  cor
rected  results and  proven  b y  sim ple sto ich iom etry  
to  g iv e  a t least as accu rate  results as th e  m ethod 
given  in B urrell and S eib ert’s paper.

W hen carbon m onoxide, m ethane and ethan e are 
estim ated  together, and th e  factors for th e p artia l 
pressures of th e  carbon dioxide form ed for each con
stitu en t are used, as is n ecessary in B urrell and Sei
b e rt’s calcu latio n , th e  sum  of all of th e sep arate  parts 
of corrected  carbon dioxide does not equal th e  to ta l 
corrected  carbon dioxide calcu lated  b y  d ivid in g th e 
to ta l m easured carbon dioxide b y  its  p a rtia l pressure 
factor.

T h eo re tica lly , accordin g to  A v o g a d ro ’s h ypothesis 
and G a y -L u ssa c ’s law , e tc., th e  m olecules in one v o l
um e of m ethane com bine w ith  th e  m olecules in tw o 
volum es of oxygen  to  form  th e  m olecules in one v o l
um e of carbon dioxide and th e  m olecules in tw o  v o l
um es of w ater vap o r.

T h is  w ater va p o r should condense a t th e  ord in ary  
tem peratu re and pressure if  th e  original gases were 
sa tu rated  w ith  m oisture.

Therefore, 1000 cc. of m ethane should  com bine 
w ith  2000 cc. of oxygen  to  form  1000 cc. of carbon 
dioxide.

B y  ob servation  it had been foun d th a t  th e num ber 
of m olecules in 1000 cc. of m ethane com bine w ith  th e 

2
m olecules in 2002 —  cc. of oxygen  to  form  th e  mole- 

9 9 9

cules in 995 cc. of carbon dioxide a t th e  o rd in ary  
9 9 9

tem perature and pressure.

I f  th is am ount of carbon  dioxide is corrected  b y  
d ivid in g b y  th e  q u otien t ob tain ed  b y  d ivid in g th e 
theoretical b y  th e  observed specific g r a v ity  of car
bon dioxide a t 20° and 760 m m ., th e corrected  am ount

will equal th e ideal am ount of m ethane 1001--— cc.
9 9 9

and if th is last am ount is m ultiplied  b y  th e  quotien t 
of th e th eoretical, d ivid ed  b y  th e observed g ra v ity  
of m ethane, as show n in B urrell and S eib ert’s paper, 
th e  p roduct w ill be th e  a ctu al am ount of m ethane 
m easured.

N ow  if th e m ethane is to  be calcu lated  from  th e 
con traction  the m easured am ou n t of m ethane m ust 
be d ivid ed  b y  its pressure fa cto r  and th e  carbon d i
oxide form ed also m ust be corrected  in th e sam e w ay. 
D iv id e  th e  corrected  contraction  b y  2 and th e  quotien t 
will be th e  ideal vo lu m e of m ethane. M u ltip ly  th is 
qu otien t b y  th e pressure fa cto r  for m ethan e and  the 
p roduct equals th e m easured volum e of m ethane.

T h is m ethod of reasoning can be extended  to  more 
com plicated  form ulae.

Therefore, if th e  original am oun t of gas present as 
m easured or calcu lated  from  th e  th eo retica l form ulae 
be divided  b y  th e factors for th e sep arate  gases 
and th e  m easured vo lu m e increased b y  th e difference 
betw een  th e  ca lcu lated  am ount and th e  m easured 
am ount, also if th e  carbon dioxide as m easured is 
corrected  b y  d ivid in g b y  its  pressure fa cto r, th e  ideal 
q u an tities  of a ll of th e  gases present can be calcu lated  
b y  th e  usual th eoretical form ulae b y  using th e cor
rected  va lu es for th e  con traction s and th e  carbon 
dioxide.

A n  oil gas gave, these com bustion  m easurem ents: 
C  =  1 3 0 .6 9  cc., 0 2 = ' 1 1 7 . 7 8  cc., CO2 =  s 5- s 1 cc.

B y  th e usual th eoretical form ulae th e  m ethane 
equals 5 5 .7 1  per cent, th e  carbon m onoxide — 0.20 
per cent, th e  h yd ro gen  equals 1 2 .9 1  per cen t, and the 
nitrogen  equals 0 .2 8  per cent. T h e  to ta l w as 6 8 .7  
per cen t of th e  original 100 cc. ta k en  for analysis.

T h e  carbon dioxide p a rtia l pressure equaled  50.3 
per cen t and th e  p a rtia l pressure of th e  m ethane w as
8 4 .7  per cent. F rom  B urrell and S e ib ert’s paper th e 
m olecular vo lu m e fa cto r  for th e  carbon  dioxide is 
0 .9 9 7 17  and for m ethane 0 .9 9 9 15. D iv id e  5 5 .5 1  cc. 
b y  0 .9 9 7 17 ; th e q u otien t, 55.668, is th e  corrected 
vo lu m e of carbon  dioxide. D iv id e  5 5 .7 1  cc., th e  ca l
cu lated  am ount of m ethane, b y  0 .9 9 9 15 ; th e  q u otien t, 
5 5 .7 58  cc., is th e corrected  vo lu m e of C H i if 5 5 .7 1  
cc. w as th e  m easured vo lu m e of m ethane. T h is  is 
not th e  case here; th e  id ea  is to  get th e increase of th e 
corrected  o ver th e  th e o retica lly  calcu lated  m ethane; 
add th is difference to  th e  to ta l vo lu m e of gas for com 
bustion  in order to  arrive a t th e  corrected  figures for 
th e  con traction .

T h is  difference is 0.048 and can be added  to  th e  un 
corrected  con traction  provided  th e  difference be
tw een  th e  corrected  and m easured carbon  dioxide is 
su b tracted , as th is  last d ifference is o . 158 cc., th e  cor
rected  con traction  is 130. 58 cc. T h e corrected  carbon 
dioxide is 55.668 cc. T h e  oxygen  used is 1 1 7 .7 8  cc.

B y  th e o rd in ary  th eo retica l form u lae th e  ca lcu la 
tion s are com pleted  and g iv e  th e  fo llo w in g  va lu es:

M eth an e  5 5 .6  per cen t
H ydrogen  12.8 per cen t
N itrogen  0 .3  per cen t

From  th e  foregoing deduction s, th e  m olecular 
vo lu m e fa cto rs and th e  specific g r a v ity  of th e  pure 
gases can be determ in ed b y  th e  o rd in ary  com bustion
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m ethod as described in th is paper p rovided  pure 
gases can  be ob tain ed  as d irected  in B ureau  of M ines 
Technical Paper, 104 (1915) b y  B urrell, S eib ert and 
R obertson.

F or a ccu rate  w ork in these determ in ations larger 
m easuring in strum ents should be used.

5120 C o l o g n e  A v e ., S r .  L o u is .  M is s o u r i

A R A P ID  M E T H O D  F O R  T H E  A N A L Y S IS  O F  R E D  LE A D  
A N D  O R A N G E  M IN E R A L

B y  J o h n  A . S c h a e f f e r  

R ece ived  A u g u s t 4, 1915

In  estim atin g th e  chem ical va lu e  of red le a d fa n d  
orange m ineral, it is essential th a t  th e tru e red lead, 
PbjO^, con ten t or th e  lead dioxide, P b 0 2, conten t be 
determ ined. W here a large consum ption of these 
p roducts or their purchase on specifications necessitates 
a determ in ation  of these con stitu en ts a t all tim es the 
m ethods in  use a t present are rath er long and in 
vo lved .

T h e  fo llow ing m ethod has been perfected  for th is 
analysis and gives accu rate  results in a m ost rapid 
m anner.

T h e m ethod depends upon th e in itia l decom position 
of th e true red lead, PbsO.,, w ith  n itric  acid, according 
to  th e fo llow ing rea ctio n :1

P b 30 4 +  4H NO3 =  2 P b ( N 0 3)2 +  H 20  +  H 2P b 0 3. 

T h e H 2Pb03 or P b 0 2 is then  decom posed w ith  hydrogen 
peroxide as fo llo w s:2

P b 0 2 +  H 20 2 =  P bO  +  H 20  +  0 2.

T h e excess of stan dard  hydrogen  peroxide used is then 
titra ted  w ith  a stan dard  potassium  perm anganate 
solution.

In  carry in g  ou t th e analysis, one gram  of th e red 
lead or orange m ineral is trea ted  w ith  15 cc. of n itric 
acid, h a vin g  a specific g ra v ity  of 1.2. T h e  m ixture 
is th en  stirred  u n til th e  first reaction  given  is com plete, 
as is ev iden ced  b y  an entire disappearance of all red 
color. T h ere  is then  added from  a calib rated  b urette 
or p ip ette  ex a ctly  10 cc. of d ilute hydrogen  peroxide, 
made up of a m ixture of 1 p a rt of 3 per cent hydrogen 
peroxide solution  to  3.5 parts of w ater. I t  has been 
found th a t  a 10 cc. a u tom atic  pip ette, w ith  a three- 
w ay  stop-cock, is excellent for deliverin g a definite 
volum e of h yd rogen  peroxide solution a t all tim es.

A fter  th e  addition  of th e hydrogen  peroxide solu
tion, th e  resu ltan t m ixture is stirred un til alm ost 
com plete decom position  of th e lead peroxide has been 
effected, as show n b y  th e second reaction. T h e 
decom position is com pleted  b y  th e  addition  of a little  
hot w ater and stirrin g. T h e contents of th e  beaker, 
after com plete decom position and solution of th e lead 
peroxide, are d iluted  w ith  hot w ater to  abou t 250 cc. 
volum e and titra te d  d ire ctly  w ith  a stan dard  potassium  
perm anganate solution  h a vin g  an iron va lu e  of 0.005. 
T h e solution  is titra te d  to  a fa in t pink perm anganate 
color.

A  b lan k  titra tio n  is th en  m ade on ex a ctly  th e  same
1 Treadw ell and  H all, “ A naly tical C h em istry ,"  Vol. I I ,  p. 623.
2 Ib id ., Vol. I, p. 53.

volum e of th e hydrogen  peroxide solution  and n itric  
acid  in th e sam e m anner.

T h e  difference b etw een  th e num ber of cc. of potassium  
perm anganate solution required for th e  b lan k  titra tio n  
and th e num ber of cc. required  for th e red lead titra tio n  
is th e am ount required for th e h yd rogen  peroxide
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necessary for th e com plete decom position  of the lead 
peroxide. T h is difference m ultip lied  b y  3.058 gives 
th e  percentage of red lead accord in g to  th e  fo llow in g 
proportion:

2Fe : P b 304 =  0.005 • X ,  or, 112 : 685 =  0.005 : X  
whence, X  =  3.058.
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T o  determ ine th e lead peroxide present th e difference 
is m ultiplied  b y  1.067, accordin g to  th e follow ing 
proportion:

2Fe : P b O î = 0.005 : X ,  or, 112 : 239.0 =  0.005 : X  
whence, X  =  1.067.

These calcu lation s h ave been arran ged in a series 
so devised as to p erm it th e d irect readin g of th e red 
lead percen tage. T h e basis of th e calcu lation s de
pends on the fa c t th a t each cc. of potassium  perm an ga
n ate solution  (iron va lu e, 0.005) is eq u iva len t to  3.058 
per cen t of tru e red lead; or, each 0.1 cc. is eq u ivalen t 
to  0.3058 per cent tru e red lead on a one gram  sam ple.

A  red lead or orange m ineral h a vin g  a 100 per cent 
true red lead  con ten t requires 32.7 cc. potassium  
perm anganate solution  of th e  ab ove stren gth .

T h e calcu lation , therefore, arranges itse lf as follow s: 
E ach  0.1 cc. on the selected b u rette  represents 
0.3058 per cent tru e red lead. T h e num ber 32.7, 
being eq u iva len t to  100 per cent, occupies an analogous 
position on the chart. A  rep resen tative portion  of 
th e series is show n alongside F ig . I. T h e  series is con
tin u ed  upw ard  in steps of 0.1 and dow n w ard  in  steps of 
0.30 and 0.31 to  such points as are required for th e 
red lead  u su ally  exam ined.

F ig . I is an illu stration  of th e ap p aratu s in use; 
calcu lation s h ave been continued  u p w ard  to  40.0, 
or to  th a t point where th e hydrogen  peroxide solution 
used is of such stren gth  th a t 10 cc. of th e hydrogen  
peroxide solution  require 40 cc. of th e  potassium  
perm an gan ate solution. C alcu latio n s h a ve  been con 
tin u ed  dow n w ard to  9.48 per cent true red lead  conten t.

In  using th e  series th e ch art is a tta ch ed  to  th e 
b u rette  b y  a screw  clam p. A  b lan k determ in ation  
is first m ade on th e hydrogen  peroxide solution  and 
the va lu e found is p laced  opposite zero on th e b urette. 
In th e an alysis of th e red lead th e  value is then read 
off d irectly . A s a h yp o th etica l case we will use 
hydrogen  peroxide solution  w ith  a b lan k  titra tio n  of 
34.1 cc. In the an alysis of th e  red lead  or orange 
m ineral 4.2 cc. of potassium  perm an gan ate solution  
are required for a final titra tio n  va lu e. T h e ca lcu la 
tion  shows the difference betw een  th e tw o  readings 
to be 29.9 cc. or m ultiplied  b y  3.058 equals a tru e red 
lead percen tage of 91.43 per cent. C om p arin g th is 
w ith  th e series of calcu latio n s we find 4.2 cc. from  th e 
valu e 34.1 to  be 91.43 per cent.

Should it  be preferred to  determ ine d ire ctly  the 
lead peroxide con ten t, th e ca lcu latio n  w ill be based 
on th e value 0.1067 f ° r each 0.1 cc. on th e potassium  
perm anganate b u rette . I t  is un derstood th a t  the 
division  m ust be m ade to  correspond w ith  each 0.1 cc. 
on th e  b urette. I t  is a lw a ys a d visab le  to  m ake 
several b lan k determ in ations each d a y  w here th is 
analysis is co n stan tly  carried out, or when o n ly  occasion 
a lly  used a b lan k titra tio n  should be m ade before th e  
final analysis. T h e stren gth  of the h yd ro gen  peroxide 
solution w ill v a r y  from  tim e to  tim e when a sto ck  
solution  is k ep t on hand, b u t th e perm anence of th e 
potassium  perm anganate solution renders th e  m ethod 
a ccu rate  over a long period of tim e.

C h e m i c a l  L a b o r a t o r y , P i c h e r  L e a d  C o m p a n y  

J o p l i n , M i s s o u r i

C H R O M IU M  O X ID E  A N A L Y S IS

B y  A l l a n  J . F ie l d  

R eceived  A u g u s t 13, 1915

T h e chief d ifficu lty  in chrom ium  oxide an alysis is 
in th e fusion. Sodium  peroxide affords th e q uickest 
and m ost com plete fusion b u t has th e d isadvan tage of 
a tta ck in g  nickel, copper and p latin um  crucibles. As 
nickel crucibles contain  iron th e y  can n ot be used if 
iron is to  be determ ined in the chrom ium  oxide.

T h e m ethod of heatin g th e crucible as suggested  b y  
T rea d w e ll-H a ll1 has given  v e ry  good results. He 
recom m ends using a porcelain  crucible which is placed 
inside a larger porcelain  crucible and heated  for fifteen 
or tw e n ty  m inutes over a sm all flam e. T h e  fusion is 
dissolved ou t w ith  w ater and evap o rated  dow n to  
dryness to rem ove th e last traces of peroxide.

T h e author has foun d th e follow ing m odification sto  a f
ford  decided ad van tages. In stead  of using a p o rcela in  
crucible, w hich interferes w ith  th e silica d eterm in ation, 
a p latin u m  crucible is used. T h e sodium  peroxide 
has v e ry  little  action  on th e  p latin u m  crucible when 
it  is p laced  inside of a porcelain  crucible and heated  w ith  
a low  flam e. A fter  m akin g tw e n ty  determ in ations 
th ere w as a loss of on ly  0.019 g- in th e  w eigh t of th e 
p latin u m  crucible, w hich loss too k  place p rin cip ally  
in th e  clean ing of th e crucible a fter each d eterm in a
tion.

A n oth er m odification  is th a t  it  is n ot n ecessary  to  
ev ap o rate  th e solution  to  dryness to  decom pose all 
peroxide as 20 m in utes’ boiling decom poses it  en tire ly; 
in  fa c t a fter 10 m in utes’ boiling no peroxide could be 
found.

(T o  d etect peroxide th e  follow ing test was w orked 
o u t: T o  5 cc. of a 1 per cen t solution  of su lfan ilic
acid add one drop of th e  sodium  chrom ate solution, 
w hich should be n eu tral, then  2 drops of a 5 per cen t 
oxalic acid  solution. If peroxide is present a p in k  
color develops im m ed iately . T h is is a v e ry  d elicate  
test and w ill show  m inute quan tities.)

For th e determ in ation  of chrom ium  th e follow ing 
vo lu m etric  m ethod has given  excellen t results: One-
h alf g. of th e  finely pow dered chrom ium  oxide is  
m ixed in tim a te ly  w ith  3 g. of sodium  peroxide in a 
p latin u m  crucible. T h e crucible is p laced  inside of a  
larger porcelain  crucible and h eated  w ith  a low  flam e 
so th a t th e  m ixture ju st m elts. A fte r  h eatin g in th is  
m anner for 20 m inutes all th e  chrom ium  is con verted  
into  soluble sodium  chrom ate. T h e fusion is d is
solved  ou t w ith  w ater and th e solution boiled  for 15 
or 20 m inutes. If th ere is a n y  iron it  w ill be insoluble 
and should be filtered  off before proceeding further. 
T h e  solution  is m ade n eutral w ith hyd roch loric  acid  
and d ilu ted  to  250 cc. in a grad u ated  flask. A n  a liq u o t 
portion  of xoo cc. is ta k en  ou t into a liter E rlen m ey er 
flask, 10 cc. conc. hyd roch loric  acid  are added and the 
solution  d iluted  to  a b ou t 300 cc. w ith  w ater. A b o u t 
3 g. of potassium  iodide are added and th e  liberated  
iodine is titra te d  w ith  N / 10  sodium  th iosu lfate .

T h e  g ra vim etric  determ in ation  of chrom ium  as 
oxide does n ot give v e ry  a ccu rate  results p ro b ab ly  due,

1 "A n a ly tica l C h em istry ,”  Vol. I I  (1913), 675.
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accordin g to  G. R o th a u g ,1 to  th e p recip itate  absorbing 
atm osp heric oxygen  during ign ition  w ith  th e form ation  
of chrom ic chrom ate (C ^ O s^ C rO s). If ign ition  takes 
place in a current of hydrogen , a ccu racy  will be secured.

In th e  absence of su lfates th e author used th e  fo l
low in g m ethod to  check  up th e vo lu m etric  m ethod and 
ob tain ed  results agreeing v e ry  closely. T h e sam ple 
is fused as in th e vo lu m etric  m ethod, then  dissolved 
ou t and m ade n eutral w ith  acetic  acid , 0.5 cc. glacial 
acid  is added in excess and th e solution  d ilu ted  to  400 
cc. T h e chrom ate is p recip itated  a t the b oilin g te m 
perature w ith  a d ilute solution  of b arium  acetate. 
T h e  barium  acetate  should be added b y  drops so as to 
avoid  carry in g  dow n som e of th e barium  acetate  w ith 
th e barium  chrom ate. A fter  th e p recip itate  settles 
it  is filtered off on a G ooch crucible, w ashed w ith  dilute 
alcohol and dried.

C h e m i c a l  L a b o r a t o r y ,  G. S i e g l e  C o m p a n y  

R o s e b a n k ,  S t a t e n  I s l a n d ,  N e w  Y o r k

T H E  S O L U T IO N  O F  T H E  C E R IU M  G R O U P  O X ID E S  B Y  
C E R T A IN  A C ID S

B y W . S. C hase 
R eceived S ep tem ber 13, 1915

A s is well know n , th e  oxides of th e  tr iv a le n t rare 
earth  m etals are m oderately  stron g bases, resem bling 
the a lkalin e earth  oxides in th a t  respect. W ith  this 
fa c t in m ind, one w ould exp ect th a t  th e addition  of 
a  d ilute m ineral acid  to a m ixture of cerium  group 
oxides w ould  effect th e q u ick  solution  of the more 
basic earths w ith  b u t sligh t action  on th e least basic. 
I f  th is did occur, the result w ould  be th e com plete 
separation  of C e 0 2, w hich is th e least basic of all 
th e rare earth  oxides and v e ry  resistant to acids. 
Such a sep aration , w hich indeed w ould con stitu te  a 
rapid  and easy  m ethod for th e extractio n  of cerium , 
m ight be exp ected  when it is considered th a t the 
other oxides present are, for th e  m ost p art, am ong 
the m ore b asic  of th e rare earth  oxides.2

U n fo rtu n a tely , th e addition  of d ilute or even 
concen trated  acid  does n ot produce th e expected  
result, and th is m ust be due to  th e  influence of the 
C e 0 2. T h is sub stance is p ra ctica lly  insoluble even 
in hot con cen trated  acids, excep t sulfuric acid. It 
possesses th e  pow er of com bining w ith  th e  other 
rare earth  oxides, and to  th is  com bin ation  is u n d o u b t
edly due th e  fa ilu re of acids to  react w ith  th e  m ix
ture of oxides in th e  m anner th a t  m ight be expected. 
A nother resu lt of th is com bin ation  is th a t th e C e 0 2, 
when th u s com bined, d issolves rea d ily  in acids in 
which it is otherw ise insoluble provided  its va lu e  in 
the" m ixture does n ot exceed 55 per cent. Therefore, 
on trea tin g  th e  m ixed oxides w ith  acid  th e basic earths 
do n ot rap id ly  dissolve and th e C e 0 2 rem ain untouched, 
b ut, instead , th e  en tire m ixture goes into solution 
a t a m od erately  rap id  rate. T h is beh avior is ,ra th e r  
rem arkable in v ie w  of th e  fa c t th a t C e 0 2 itself is p rac
tica lly  insoluble, and th a t  the other oxides b y  them - 1 
selves w ill dissolve in sta n tly  in a sm all excess of very  
dilute acid.

T h e  ra te  of solution  of th e m ixed oxides can be v e ry
1 Z . anorg. Chetn., 84 (1913), 165-189.
* Levy, “ T h e  R are  E a rth s .”  pp. 117, 118.

g re a tly  increased b y  th e  addition  of som e substance 
th a t  will reduce cerium  to  th e cerous condition. H y 
drogen peroxide answ ers th is purpose ad m irab ly , 
for not only is th e  reaction  v e ry  rapid  and com plete 
b u t there is th e added a d va n ta g e  th a t  no other salt 
is introduced into  th e  solution  (as is th e  case for 
exam ple when K I  or F e C l2, e tc., are used).

E X P E R IM E N T A L

T h e rare earth  residue ob tain ed  after th e ex tra c
tion  of thorium  from  m on azite sand w as th e  m aterial 
used in this w ork. T h is residue consists essen tially  
of th e oxides of th e cerium  m etals th o u gh  possibly  
sm all q uan tities of th e y ttr iu m  elem ents m ay be 
present. N o attem p t w as m ade to  sep arate th e la t
ter as th e y  were n ot in sufficient q u a n tity  to  be d etri
m ental in a n y  w ay. T h e principal co n stitu en t of 
the m ixed oxides was, of course, C e 0 2, w ith a va lu e  of 
52.70  per cent, the others in order of im portance 
being N d 203, L a 203, P r40 7  and Sa203.

T h e com position of the ord in ary  com m ercial resi
due is quite constan t, th e C e 0 2 va lu e  for instance 
flu ctu atin g  betw een 50 and 60 per cen t, and in m ost 
cases being around th e m ean of those va lu es. T h e  
color of th e m ixed oxides varies from  reddish brow n 
to  chocolate, depending on th e com position  of th e 
sam ple, ignition  te m p era tu re ,1 etc. T h eir  so lu 
bilities in sulfuric, hydrochloric, n itric  and a ce tic  acid 
of different concentrations were stu d ied , as w as also 
th e use of H 20 2 as a reducin g agen t for C e 0 2.

T h e  th eoretical q u a n tity  of acid  required  to  rea ct 
w ith  1 g. of sam ple was calcu lated  on th e basis of 
R 0 2 = 55 per cent, R 203 =  45 per cen t (abou t the 
a verage com position of th e residues handled  in th is 
lab o rato ry) and th e fo llow ing figures were th u s o b 
tained:

A c i d  Sulfuric N itric  H ydrochloric  Acetic
A pproxim ate s tren g th   96%  70%  38%  9 9 .5 %
Cc. per 1-g. sam ple .............  0 .5 8  1.33 1.7  1.2

s u l f u r i c  a c i d — A s is w ell know n , w ith  a large ex 
cess of acid and evap oratio n  to  stron g fum in g, com 
plete solution is obtained. T h e C e 0 2 d issolves w ith  
b u t slight reduction, so th a t th e solution  is of a y e l
low  or yellow ish red color due to  th e  eerie su lfa te . 
H ow ever, th is process is rath er tedious, and as it  is 
desirable th a t th e  fum ing operation  be a void ed , if  
possible, the- action  of H 20 2 along w ith  d ilu te  H 2SO< 
w as tried.

A  few  experim ents sufficed to  show  th a t  w ith  a 
m oderate excess of acid  d iluted  as m uch as i  : 10 
or m ore, and a sim ilar excess of H 20 2, solution  is rap id  
and thorough. For exam ple, i cc. each of acid  and 
30 per cen t H 20 2 and 10 cc. of w ater were ad ded  to  
1 g. of th e oxides and th e  m ixture h eated  for 3 m in
utes, b y  w hich tim e solution w as com plete. T h is e x 
perim ent indicates th a t these oxides are d issolved  b y  
dilute Ih S O i  +  H2O2 m uch m ore ra p id ly  th a n  b y  
concentrated II2SO4 'alone, and fu rth er th e fu m in g  
nuisance is also avoided.

n i t r i c  a c i d — T h e m ixed earths d issolve fa ir ly  re a d 
ily  in th is acid, w hich is m ost efficient w hen concen 
trated . H ow ever, when d iluted , even  as m uch as

1 Levy, “ T he R are  E a rth s ,”  p. 119.
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1 : 2, it still acts fa ir ly  sa tisfa cto rily  th o u gh  som ew hat 
slow ly . W hen th e acid  alone is em p loyed  it is a lw ays 
n ecessary  th a t  a  considerable excess be ta k en , b u t th e 
q u a n tity  of th e la tter  n a tu ra lly  decreases as the 
size of th e  sam ple increases. W ith  th e sm aller sam 
ples, in order to  avoid  th e use of a v e ry  great excess 
of acid, the sam e should be d iluted , w hich serves to 
increase th e vo lu m e enough so th a t  all th e acid  is 
not boiled off before com plete solution  can occur. 
T hese points are in dicated  b y  the fo llow ing d a ta:
Sam ple N i t r i c  A c i d  U s b d  T o ta l ec. M inu tes required

used P a rts  P a rts  T im es of liquid for solution
G ram s acid w a ter theore tical a t  s ta r t  (approxim ate)

1 1 2 6 24 7
3 1 2 4 48 20
5 1 2 3 60 20
1 1 0  8 10.5 4
5 1 0 6 40 10

T h e use of H2O2, how ever, produces results g rea tly  
superior, in ev e ry  w a y, to those ob tain ed  w ith  the 
n itric  acid  alone, b u t esp ecially  so in regard  to  speed 
of reaction  and  excess of acid. Solution  occurs so 
q u ick ly  and com p letely  th a t  even  sm all sam ples can 
be rea d ily  dissolved  in a sligh t excess of acid , it  being 
un necessary to  h a ve  a considerable vo lu m e of liquid  
a t th e sta rt, on accou n t of th e  ra p id ity  of th e rea c
tion. T h e fo llow ing results in d icate th e a d van tages 
pertain in g to  th e use of H2O2. P ra ctica lly  th e sam e 
results could  be ob tain ed  w ith  con sid erably  m ore d ilute 
acid.

Sam ple S o l u t i o n  M i x t u r e T o ta l cc. M inu tes  required
used P a rts  P a rts  Cc. of liquid for solution

G ram s HNOa w ater H 2O2 a t s ta r t (approxim ate)
1 1 2 0 .5 5 1
3 1 1 1.5 10 1

h y d r o c h l o r i c  a c i d — T h e action  of this acid  abou t 
parallels th a t of n itric, or if an yth in g , it  is som ew hat 
m ore • efficient, for a lthough con cen trated  h y d ro 
chloric is o n ly  abou t one-half as stron g as con
cen trated  nitric acid, it acts  w ith  equal speed. O w ing 
to its lesser con cen tration  a larger vo lu m e is required  
for th e  sam e eq u ivalen t of acid  th a n  w ith  n itric, and 
it w as foun d th a t  ow ing to  th is, a sm aller excess of 
h yd ro ch loric  could be used for a given  sam ple th a n  is 
n ecessary when n itric  is em p loyed ; c. g., a  5 g. sam ple 
w hich was rea d ily  dissolved b y  4 tim es th e th e o 
retical am oun t of hyd roch loric  acid, required  6 tim es 
the th eoretical q u a n tity  of n itric  acid  to  effect its 
solution.

T h is b eh avior w ith  h yd ro ch loric  acid  w as quite 
u n expected, th e w riter h a vin g  a lw a ys been under th e 
im pression th a t  these oxides were p ra ctica lly  insolu
ble in it excep t in th e  presence of a reducin g agen t. 
T h e chloride ion a p p a ren tly  acts in th e la tter  role, 
free chlorine being given  off during th e  reaction. 
H2O2 acts w ith  h yd ro ch loric  acid  in e x a c t ly ,th e  sam e 
m anner as w ith  nitric.

a c e t i c  a c i d — T h e acid used contain ed  9 9.50  per 
cent HC2H3O2 and p roved  to  be a v e ry  u n satisfac
to ry  so lven t for these oxides. Its  action  is ex trem ely  
slow, so th a t  long boiling, w ith  th e consequent neces
s ity  of a large excess of acid, is n ecessary in order to 
obtain  th e  solution  of even  a m oderate am oun t of m a
teria l: e. g., a i-g . sam ple w as trea ted  w ith  20 tim es 
the required q u a n tity  of acid , th e  m ixture h eated  to  
boiling, then  p laced on th e steam  b ath  and freq u en tly

shaken; a fter half an hour th e  residue w as filtered off, 
th e filtrate p recip itated  w ith  oxalic acid, and th e 
oxalates ign ited  to  oxides; th is oxide did not exceed 
m ore th a n  abou t 0.05 g. in w eight.

V e ry  p ecu liarly  H2O2 does n ot seem  to  fa cilita te  solu 
tion  in this case, repeated  experim ents using large 
excesses of th e  peroxide g iv in g no b etter results th a n  
th a t ab ove noted. A s suggested  b y  D r. W . C . M oore, 
of the R esearch  L ab o rato ry , th is beh avior m ay be 
due to  som e reaction  ta k in g  place betw een  th e hydrogen  
peroxide and th e acetic  acid  itself.

SU M M A R Y

I—— T h is in vestigation  has show n th a t th e  cerium  
group oxides are fa ir ly  readily  dissolved b y  sulfuric, 
n itric  or hyd roch loric  acid, and esp ecially  so when 
th e con cen trated  acids are used, a lth ou gh  in th e case 
of th e la tte r  tw o, considerable dilution  still perm its 
of sa tisfa cto ry  results being obtained. H ow ever, it  is 
n ecessary to  use a considerable excess of the respec
tiv e  acid , and m ore p a rticu la rly  so if th e sam ple is 
sm all and it is required  to  dissolve it  in con cen trated  
acid.

II— A cetic  acid  w as show n to  be a v e ry  u n satisfac
to ry  solven t.

I I I — T h e use of h yd ro gen  peroxide m akes rapid  
d issolvin g of th e oxides b y  a v e ry  sm all excess of su l
fu ric , n itric  or hyd roch loric  acid , possible even  in 
q uite d ilute solution. W ith  acetic  acid, how ever, 
th e use of h yd rogen  peroxide does n ot produce th is 
fa vo ra b le  result.

A n a l y t i c a l  L a b o r a t o r y , N a t i o n a l  C a r b o n  C o m p a n y  

C l e v e l a n d . O h i o

A  M E T H O D  F O R  T H E  D E T E R M IN A T IO N  O F  A L C O H O L  
IN  T H E  P R E S E N C E  O F  P H E N O L 1

By J. E h r l i c h  

R eceived O ctober 27, 1915

I t  has been rep eated ly  observed in this lab o rato ry  
th a t th e usual m ethod of determ in ing alcohol in th e 
presence of phenol b y  m eans of d istillatio n  from  stro n gly  
a lkalin e solution  is b y  no m eans exact. N o tw ith sta n d 
ing th e  presence of a large excess of a lkali, a brom ine 
test on th e  d istillate  in v a r ia b ly  in d icates th a t  a portion  
of the a lkalin e ph en ate a lw a y s undergoes h yd ro lysis, 
a llow in g phenol to be carried over.

In asm uch as tribrom ph enol or sodium  tribrom - 
p h enate w ould  be exp ected  to  h a ve  a m uch higher 
dissociation  co n stan t th a n  phenol or sodium  ph en ate 
because of th e  brom in ated  nucleus, it  w as th o u g h t 
th a t th e  conversion  of th e  la tte r  in to  th e form er w ould 
result in decreased h yd ro lysis  and hence o b v ia te  the 
d ifficu lty  referred to ab ove. T h e  m ethod p roved  to  
be practicable.

A queous solutions (8.6 and 20.0 per cent b y  volum e) 
of e th y l alcohol were prepared, an a ccu ra te ly  sta n d a rd 
ized  b o ttle  p ycn o m eter being used for the d eterm in a
tion of specific g r a v ity . T h ro u gh o u t th e  w ork solu
tion s were m easured and th e alcoh o lic  d istillates 
w eighed a t 250 C . T h e  50 cc. receiv in g flask and  th e 
25 cc. and 50 ce. p ip ettes were foun d to be re la tiv e ly  
correct a t  25° C.

1 Published by  perm ission of the  S ecretary  of Agriculture.
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W hen em p loyin g th e schem e outlin ed  below  th e 
follow ing results were ob tain ed :

8.6%  Pheno l Alcohol 
alcohol added  found 

No. Cc. G ram s P er c en t No.
1 50 1 8 .6  4
2 50 3 8 .6  5
3 50 10 8 .6  6

20.0%  Phenol Alcohol 
alcohol added found 

Cc. G ram s P e r cent 
50 1 2 0 .0
50 3 2 0 .0
50 10 2 0 .0

In  testin g  th e m ethod th e phenol w as dissolved in 
50 cc. stron g N aO H  solution  in th e distillin g flask to 
w hich th e  know n  alcohol solution  w as then  added.

M E T H O D

P ip ette  50 cc. of sam ple in to  a 300 cc. flask con
tain in g 30 cc. w ater. M ak e stro n gly  a lkalin e with 
an excess of strong N aO H  solution  so th a t  th e final 
vo lu m e is ab ou t 100 cc. and th e  odor of phenol is 
absent. A d d  glass b eads and distil in to  a 50 cc. 
grad u ated  flask contain ing 1 or 2 cc. w ater. T h e end 
of th e condenser or ad ap ter should alm ost tou ch  th e 
surface of th e  d istillate  in th e  receiver, especially  
a t th e  beginning of a d istillation . A  draw n-out th istle  
tu b e is serviceable in th is  connection. T h e  flask is 
low ered as d istillatio n  proceeds.

W hen n early  50 cc. of d istillate  h ave been collected, 
rem ove th e  receiver, d ilute w ith  w ater to  m ark, shake 
th o ro u g h ly  and p ip ette  25 cc. into  another 300 cc. 
flask con tain in g 30 cc. w ater. P recip itate  th e phenol 
as its  trib ro m -d eriv a tive  b y  adding brom ine w ater, 
drop b y  drop, to  sligh t excess while ro ta tin g  flask. 
W ith o u t d elay  add norm al “ h y p o ”  solution (a few  
drops w ill be sufficient) to  decolorize (i. e., to  rem ove 
th e  free brom ine excess) and fin ally  add enough strong 
N aO H  solution  to  d issolve th e w hite tribrom phenol 
as its  ph enate, and th en  a decided excess of alkali. 
T h e  final vo lu m e w ill be less th a n  100 cc. A fter the 
addition  of glass beads distil into  th e  50 cc. flask as 
before, d ilute to  m ark and determ ine den sity  b y  w eigh
ing. T h e  p ercen tage of alcohol in th is last d istillate 
m ultip lied  b y  2 gives th e required figure.

F or high concen trations of alcohol a 100 cc. receivin g 
flask m ay be su b stitu ted  in th e ab ove m ethod and 50 
cc. of d istillate  trea ted  and redistilled. F or high 
concen trations of phenol the m ethod is d irectly  ap p li
cable since th e am ou n t of phenol w hich passes over 
during th e first d istillation  is sm all. If th e  original 
phenol con ten t is low , th e first d istillation  m ay be 
om itted. In  th is case th e 50 cc. sam ple plus 30 cc. 
w ater in th e 300 cc. flask is treated  d irectly  w ith 
brom ine w ater to  sligh t excess as shown b y  color; 
then add “ h y p o ,”  a lkali, e tc., as above and distil 
into  a  50 or 100 cc. flask accordin g to  alcohol concen tra
tion. Sam ples high in phenol can not b e treated  
d irectly  in  th is  m anner because th e  b u lk y  p recip itate 
of tribrom ph en ol p reven ts thorough m ixing while 
adding th e brom ine w ater, m aking it  im possible to 
perceive when an excess of brom ine is present.

T h e h yd ro brom ic acid  form ed b y  th e action  of 
brom ine on th e  phenol is n eutralized  and retained 
b y  th e a lkali.

C O N C L U S IO N

T h e m ethod is seen to  be n ot on ly accu rate  in  result 
b u t extrem ely  sim ple in m anipulation, no filtration  
or separation  being required. T h e results obtained

dem onstrate th a t  a low  con cen tration  of brom ine 
actin g during a short period of tim e has no appreciable 
effect on aqueous e th yl alcohol a t room  tem p eratu re.

T h e beh avior of m eth yl alcohol w hen present in 
phenolic e th y l alcohol m ixtures w ill be in v estig a ted  
in th e sam e w ay.

N . Y .  F o o d  a n d  D r u g  L a b o r a t o r y  

B u r e a u  o p  C h e m i s t r y

T H E  A N A L Y S IS  O F  M A P L E  P R O D U C T S , V I1 

A  Volum etric L ead  S ubacetate  T e s t for P u rity  of M ap le  Syrup
By J . F .  S n e u . ,  N. C. M a c F a r l a n k  a n d  G. J .  Van  Z o e r e n  

Received A ugust 20, 1915

T h e fa ct th a t  lead su b acetate  produces a h e a v y  p re
cip itate  in genuine m aple syru p  has been u tilized  in 
various w a ys for the detection  of a d u ltera tio n .2 In  
th e m ethod here com m unicated  a m ore d ilute solu
tion  of this reagen t than  is em p loyed  in a n y  of th e  
older m ethods is gra d u ally  added to  the d iluted  
syru p  from  a b u rette  and the en d-poin t of the t itr a 
tion  is determ ined b y  m eans of m easurem ents of 
electrical resistance in th e m anner suggested  b y  va n  
Suchtelen  and Ita n o .3 T h e  m ethod in d eta il is as 
follow s:

S O L U T IO N

A  filtered solution of H orne’s lead  su b acetate  of 
specific g ra v ity  1 .0 3 3 .4 T h is solution  is to  b e kep t 
in  a b o ttle  connected w ith  a b u re tte  and p rotected  
from  atm ospheric carbon dioxide b y  a soda-lim e tub e.

M E T H O D

D ilu te  th e syru p w ith  w ater, boil u n til th e  te m p era 
tu re  reaches 2 19 0 F ., and filter th rou gh  c o tto n  wool. 
A fter cooling, d ilute 10 cc. to  100 cc. w ith  d istilled  
w ater and m easure 60 cc. of th e d ilu ted  syru p  in to  a 
100 cc. beaker.

M easure th e electrical resistance using a dip elec
trode.5 M ain tain in g th e  tem p eratu re  con stan t, add 1 
cc. of th e lead su b acetate  solution  from  th e  b u rette , 
stir well and again  m easure th e  electrical resistance. 
C on tinue th e  additi6n  of th e  su b acetate  in th is  m anner, 
1 cc. a t  a tim e, un til 10 cc. h a v e  been added. P lo t 
the resistances found again st th e  q u an tities  of su b 
acetate  solution  used. If th e  syru p  is genuine the 
results of th e p lot will be tw o  in tersectin g  stra ig h t 
lines. In  the 70 genuine m aple syru p s,6 to  w hich  th e

1 P resented  a t  th e  51st M eeting  of th e  A m erican Chem ical Society a t  
Seattle , A ugust 31 -S ep tem ber 2, 1915. Prev ious papers of th is  series: 
T h i s  J o u r n a l ,  5 (1913), 740, 993; 6 (1914), 216, 301; 8 (1916), 144. An 
account of th e  prelim inary  experim ents leading to  th e  volum etric  te s t  is 
given in P aper V, T h i s  J o u r n a l ,  8 (1916), 144.

2 H o rtv e t, J .  A m . Chtm . Soc., 26 (1904), 1543; B ureau of C hem .. 
U. S. D ep t. Agric., Circ. 23 (1905); Jones, V erm ont Agr. E x p t. S ta ., 18th 
A n n . Rept., 1904-5, p. 322; Thos. M acFarlane, L abora to ry  In la n d  R evenue 
D ep t., O ttaw a. Bull. 120 (1906); W inton  and  K reider, J .  A m . Chem. Soc., 
28 (1906), 1204; M cG ill and  V alin, L ab o ra to ry  In lan d  R evenue D ep t., 
O ttaw a, Bull. 140 (1907); 228 (1911); R oss, B ureau  of Chem ., U. S. D ep t. 
Agric., Circ. 53 (1910); D epartm en t of In lan d  Revenue, O ttaw a, Circ. G  994.

* van  Suchtelen and  Itan o , J . A m . Chem. Soc., 36 (1914), 1793.
* W e m ake a  cold, s a tu ra ted  solution of th e  subace ta te , d ilu te  to  a p 

proxim ately th e  correct density , filter and  a d ju s t to  exactly  1.033, as 
m easured by  a  hydrom eter.

* A suitab le  form of electrode is described in a  paper by  Van Zoeren, 
published in th e  Journal o f the A m erican Chemical Society, M arch , 1916. 
T he  re s t of the  ap p ara tu s  used by  us for th e  m easurem ents of electrical 
resistance is described in P aper I  of th is  series ( T h i s  J o u r n a l ,  5 (1913), 
740).

6 These syrups were all collected from  th e  m akers in th e  Province of 
Quebec, 62 in th e  season of 1915 and  8 in th a t  of 1914.
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m ethod has been applied, the intersections h ave all 
fallen  betw een  4 .8  and 6 .6  cc.

s p e c i m e n  p l o t — T h e accom p an yin g d iagram  is a 
ty p ic a l specim en of th e  p lots ob tain ed  w ith  a pure 
syru p  and w ith m ixtures of th e  sam e syru p  of equal 
d en sity  m ade from  com m ercial w hite sugar.

t h e  e f f e c t  o f  t e m p e r a t u r e — M easurem ents at 
20°, 250 and 30 0 C . w ith  five of th e syru p s indicate 
th a t  th e p articu lar tem p eratu re a t w hich th e m easure
m ent is m ade is of no consequence as long as th e  te m 
perature rem ains con stan t durin g th e  m easurem ents. 
T h e resistances were u n ifo rm ly higher th e low er the 
tem p eratu re b u t th e  intersection  points did  n ot change.

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

T a b le  I g ives the results of determ in ations of, re
sp ective ly , (1) th e  “ vo lu m etric  lead n u m ber,”  viz., the 
abscissa of th e point of in tersection  of the tw o  stra ig h t 
lines, and (2) th e C an adian  lead n um ber, upon 20 
syru p s (10 of w hich were dark-colored, late-run  prod-
T a b l e  I— V o l u m e t r ic  a n d  C a n a d ia n  L ea d  N u m b e r s  o p  20 P u r e  M a p l e

S y r u p s  a n d  T h e ir  M ix t u r e s  w it h  C a n e  S ug a r  S y r u p  o p  E qu a l

1-
D e n s i t y  

— V o l u m e t r i c  L e a d  N u m b e r s 2— C a n a d i a n  L e a d  N u m b e r s
N o . 100% 90% 80% 70% 60% 100% 80% 70% 60%

1 4 .8 4 .9 4 .8 C C 5.35 2 .85 2 .72 2 .23
2 4 .9 5 .9 4 .7 C C 1.94 1.40 1.02
3 4 .9 5 .8 4 .8 C C 2 .43 1.44 1.17
4 6 .0 6 .2 5 .0 C C 2 .5 8 1.68 1 .35
5 6.1 5 .3 4 .9 C C 1 .96 1 .14 0 .8 4
6 5 .4 5 .6 4 .7 5 .4 4 .4 3 .2 5 1.96 1.53
7 5 .8 6 .0 5 .5 C C 2.23 1 .45 1.11
8 5 .6 5.1 5 .0 5 .0 C 2.67 1 .85 1.10

15 6 .0 5 .3 5 .7 c . C 1.82 1 .38 0 .99
19 6 .0 5 .3 4 .8 C C 2.29 1 .14 0 .99
31 5 .8 5 .8 5 .3 C C 4.27 2 .80 2 .38 1 .6
32 5 .8 6 .0 5 .9 C C 4 .4 4 2 .53 2 .06 1.5
33 6 .0 6 .2 5 .5 C C 3 .9 0 2 .46 2.01 1.31
34 5 .4 5 .5 5 .2 C C 1.72 1.03 0 .59 . .5
35 5 .4 4 .8 4 .8 C C 4.11 2 .54 2 .23 1.79
36 6 .2 6 .4 5.1 C C 2 .56 1.72 1.18
37 5 .4 5.1 5 .0 C C 2.21 1.58 0 .9 6 ! !4
38 5 .9 5 .9 C C 4 .5 4 .76 1.96 1.29
39 6 .0 5 .7 5 .9 C C 3 .7 0 2 .59 2 . 15 \ ‘.65
40 5 .3 6 .0 5 .9 5 .5 C 2.54 1 .95 1.31

V o l u m e t r i c C a n a d i a n

M axim um  for pure  s y ru p ..................... ...............  6 .6 5 .3 5
M inim um  for pure s y ru p ...................... ...............  4 .8 1 .7 2

D ifference.................................................... ...............  1 .8 3 .6 3
M ean for pu re  s y ru p ............................... ...............  5 .6 4 3 .0 4
V ariation , per cen t of m ean ................. ............... 3 1 .9 113
V ariation , per cent of m in im um ........ ...............  3 7 .5 211

ucts) and upon m ixtures of these w ith  a syru p  of equal 
d en sity  m ade from  com m ercial gran ulated  sugar. 
In  th e  ta b le  a sm ooth cu rve on th e p lot is represented 
b y  th e letter  “ C .”  Such a cu rve is g iven  b y  all b u t 
2 of th e  m ixtures con tain in g 60 per cent of m aple 
sy ru p  and b y  all b u t 3 of those contain ing 70 per cent. 
T h e tw o  excep tion al 60 per cent m ixtures g ive  in ter
sections outside th e  lim its (4 .8  to  6 .6  cc.) foun d in 
genuine syrups.

T h e C an adian  stan dard  (m inim um ) for C an adian  
lead num ber is 1 .7 .  T w o  of th e 62 per cen t and 6 of th e 
70 per cent m ixtures a tta in  to  th is stan dard.

T h e results of Snell and S c o tt1 show  (as well as can 
be show n b y  th e stu d y  of so sm all a  n um ber of syrups) 
th a t th e C an adian  lead m ethod has th is  a d va n ta g e  
o ver all th e other curren t tests, th a t  its  va lu e  fa lls  off 
m ore rap id ly  th a n  in proportion  to  th e  adu lteration  
w ith  cane sugar syrup . T h e basis of com parison 
em p loyed  b y  Snell and S co tt in their paper appears 
scarcely  applicable to  th e vo lu m etric  lead  su b acetate  
test, inasm uch as th e  90 per cen t m ixture freq u en tly ,

1 P a p e r  I I  of th is  series, T h is  J o u r n a l , 5 (1913), 993.

and th e 80 per cen t m ixture occasion ally , gives a higher 
intersection  point th a n  th e pure syru p  itself. If, 
how ever, we assum e as a provisional stan d ard  for th e 
vo lu m etric  lead num ber the m inim um  valu e found 
in our 70 syrup s (i. e., 4 .8 ) it is clear th a t  th is  test 
condem ns all th e 60 and all b u t 3 of th e 70 per cent 
m ixtures, w hereas th e C an adian  lead  te st, as we h ave 
seen, passes 2 of th e  60 and 6 of th e 70 per cent m ix
tures and it  seems probable from  Snell and S c o tt ’s 
w ork th a t th e other tests, had th e y  been applied, 
w ould h a ve  m ade a still poorer showing.

R A N G E  OF V A R IA T IO N  IN  G E N U IN E  SY R U P S

T h e range of va riatio n  of th e vo lu m etric  lead  n um 
ber am ong th e  70 syru p s (4.8 to  6.6) am ounts to  on ly  
37. S per cen t of th e m inim um  or 3 1 .9  per cen t of the

T y p ic a l  P l o t s  f o r  a P u r e  M a p l e  S y r u p  a n d  f o r  M ix t u r e s  C o n 
t a in in g  90  to  60 P e r  C e n t  o p  t h e  S a m e  w it h  C a n e  S u g a r  

S y r u p  o f  E q u a l  D e n s it y . V a r ia t io n s  in  E l e c t r ic a l  
R e s is t a n c e  a s  L e a d  S u b a c e t a t e  

S o l u t io n  is  A d d ed

m ean (5 .6 4 ). In  th e sam e syru p s th e c o n d u c tiv ity  
valu e shows a ran ge of 97 per cen t of th e  m inim um  
or 74 per cen t of th e  m ean (125). T h e vo lu m etric  
lead  n um ber, therefore, appears to  h a ve  a narrow er 
range th a n  th e  c o n d u c tiv ity  va lu e, w hich, as w ill be 
seen b y  reference to  T a b le  V  of P ap er I I I ,  excels all 
the older a n a ly tic a l va lu es in th is respect.

In  28 of th e 70 syru p s (8 of th e  season of 1914 
and 20 of th e season of 1915) th e C an ad ian  lead n u m 
ber has been determ ined. In  these 28 sam ples th e 
th ree va lu es determ ined com pare as follow s:
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C onductiv ity  C anadian  Volum etric
Value Lead No. Lead No.

M ax im um ........................................ .........  189 7 .55 6 .6
M in im um ......................................... .........  108 1.72 4 .8

D ifference........................................ 81 5 .83 * 1.8
M ea n ................................................. .........  134 3 .22 5 .77
R ange, per cen t of m ean ........... .........  60 181 31
R ange, per cen t of m in im u m ... . . . .  75 339 37.5

M E A S U R E M E N T S  ON N O N -M A P L E S Y R U P S -— W e have
applied th e m ethod to  5 of th e non-m aple and com 
pound m aple syrup s referred to  in P ap er I, viz., N os. 7 
and 13 of T a b le  V I I I — a golden syru p  and a syrup 
m ade from  a pale brow n com m ercial sugar— th e latter  
of w hich had given  a c o n d u c tiv ity  va lu e  w ithin  the 
lim its for m aple syrup-— and N os. 11, 31 and 33 of 
T a b le  I X . A ll five of these syru p s gave sm ooth 
cu rve plots.

A  com pound syru p , a syru p sold as pure b u t know n 
to be ad u lterated , and 5 syrup s m ade from  raw  cane 
sugars b y  d issolvin g in  w ater, b oilin g to  2 19 0 F ., and 
filtering, gave sm ooth curves. T w o  other syrups 
m ade from  raw  cane sugars and a sam ple of raw  beet 
sugar ga v e  breaks a t 3 .4 , 4 .1  and 4. 2, resp ective ly ,—  
all outside th e lim its for m aple syrups. T w o  of these 
syru p s had c o n d u c tiv ity  va lu es (143 and 210) w ithin 
th e lim its foun d in m aple syrups. In  3 sam ples of 
cane m olasses no m aterial change in  th e  electrical 
resistance (w hich, of course, w as m uch low er th an  
w ith  m aple syrup ) w as produced b y  th e addition  <?f 
th e  10 cc. of lead su b acetate  solution.

t i m e  r e q u i r e d  f o r  t h e  t e s t — T h e tim e required 
to  reboil, filter and cool th e syru p and to  m ake the 
test is ab ou t h alf an hour. T h e  tim e consum ed in 
th e te st itse lf is less th a n  5 m inutes.

SU M M A R Y

J — T h e vo lu m etric  lead  su b acetate  test consists 
in d ilu tin g th e syru p to  10 tim es its original volum e 
and titra tin g  w ith  lead su b acetate  solution  of sp. gr. 
1 .0 33 , ob tain in g th e  en d-poin t b y  m easurem ents of 
electrical resistance.

I I — T h e vo lu m etric  lead num ber is th e abscissa 
of th e  point o f intersection  of tw o  stra ig h t lines on the 
plot of vo lu m es as abscissae w ith resistances as ordinates.

I I I — S ev en ty  genuine Q uebec 1914 and 1915 syrups 
gave vo lu m etric  lead  num bers ranging from  4 .8  to  
6 .6 — a ran ge of 3 7 .5  per cent of th e  m inim um , as 
com pared w ith  97 per cent for th e co n d u ctiv ity  va lu e. 
In  28 of these syrup s, th e ranges of vo lu m etric lead 
n um ber, c o n d u c tiv ity  va lu e  and C an adian  lead n um 
ber were, resp e ctively , 3 7 .5 , 75 an(i  339 per cen t of 
the m inim a.

IV — Seven teen  out of 20 syrups contain ing 30 per 
cent of sucrose syru p  gave sm ooth cu rve plots: 18 
out of 20 con tain in g 40 per cent sucrose syrup gave 
sm ooth curves and th e rem aining tw o ga v e  in tersec
tions outside th e  lim its for genuine syrups.

V — O f 18 a d u ltera te d  and  non-m aple syru p s, 12 gave 
sm ooth cu rve  p lots, 3 ga v e  intersections outside th e  
lim its foun d in  genuine syrup s and in th e rem aining 
3 (cane m olasses) th e electrical resistance rem ained con
stan t.

C O N C L U S IO N

If fu tu re w ork b y  ourselves and others corroborates 
our experience of its  re liab ility , we believe th a t, com 

bining as it  does th e m erits of ra p id ity , narrow  range 
of values in genuine m aple syru p and rap id  fa llin g  off or 
early  d isappearance as th e syru p  is ad u lterated  w ith 
cane sugar syrup , th is te st w ill prove th e  m ost useful 
single test for p u rity  of m aple products y e t proposed.

M a c d o n a l d  C o l l e g e , P r o v i n c e  o k  Q u e b e c

C O M P A R IS O N  O F  L IM E  R E Q U IR E M E N T  M E T H O D S

B y  J . W .  A m e s  a n d  C. J . S c h o l l E n b e r g e r  

Received Sep tem ber 17, 1915

T h e results presented h ave been . ob tain ed  in th e  
soil investigation s p ertain in g to  th e  effects of lim e 
treatm en t being conducted a t th e Ohio E xp erim en t 
Station . A n estim ation  of th e  lim e requirem ent 
in relation  to  effectiveness of application s of lim e under 
different conditions of fertilizer trea tm en t has been 
m ade, using several of th e  m ethods proposed for th is 
determ ination.

m e t h o d s — T h e m ethods used included th e V eitch , 
H opkins, H u tch in son -M acL en n an ,1 M a c ln tir e 2 and 
V acu u m 3 m ethods. T h e V eitch  and th e  H opkin s, 
w hich are tw o of th e m ore gen erally  used m ethods, 
are en tirely  different in principle. T h e  H utchin son - 
M acL enn an  m ethod and th a t proposed b y  M a c ln tir e , 
tw o  of the m ore recent of th e num erous m ethods w hich 
h ave been published, are som ew hat sim ilar, a  solution  
of calcium  bicarb on ate being th e carrier of base in 
th e  tw o latter-m entioned  m ethods. In  the H utchin son  
m ethod th e soil is k ep t in co n tact w ith  th e  b icarb on ate 
solution for 3 hours and a portion  of th e  filtrate  is 
titra te d  again st N / 10 acid , using m eth yl orange as 
indicator, to  obtain  a figure for th e  am oun t of calcium  
absorbed. T h e M a c ln tire  m ethod differs in th a t th e  b i
carbonate solution  is evap o rated  in c o n ta ct w ith  th e 
soil to  a th in  p aste; a fter transferring to  a su itab le  flask, 
th e  excess of calcium  carbon ate is determ in ed b y  
addition  of acid  and estim ation  of liberated  carbon 
dioxide.

s o i l s — T hese five m ethods were com pared on soils 
from  a num ber of va rio u sly  trea ted  p lots from  one of 
the fe rtility  sections of th e W ooster farm , located  on 
silt loam  soil w hich is larg e ly  derived  from  sandstones 
and shales. So far as its h isto ry  is know n , it  contains 
no n atural su p p ly  of calcium  carbon ate, and each y ea r 
it becom es in creasin gly difficult to  secure a sa tisfa cto ry  
grow th  of clover unless lim e is applied. T h e  w est 
half of th e plots had been trea ted  w ith  1875 lbs. per 
acre of calcium  oxide in 1903, and  2000 lbs. of lim estone 
in 1909. T h e com position of th e lim e m aterials a p 
plied was such th a t the eq u iva len t of 5700 lbs. of cal
cium  carbonate had been applied  to  th e  lim ed h alves 
of th e plots previous to  th e  tim e sam ples were ta k en  
from  th e plots, w hich w as 3 years a fter th e  last tr e a t
m ent w ith  lim e.

From  determ inations of calcium  carbo n ate w hich
1 Chem. News. 110, No. 2854, Aug. 7, 1914.
» A m . Ferl., 41, No. 11. N ov. 28, 1914.
* T h is m ethod was proposed by  E . W . G aither, form erly of th is  labo ra

to ry , an d  is essentially a  m odification of th e  T acke  procedure for estim ation  
of degree of acid ity  of p e a t soils. In s tead  of boiling th e  m ix ture  of soil 
and  calcium  carbonate  a t  100°, th e  soil was h eated  in c o n ta c t w ith finely 
divided calcium  carbonate  under reduced pressure as in th e  M arr  (Jour. 
Agr. Science, 3, P a r t  2, p. 155) procedure for de te rm ination  of soil carbonates; 
the  carbon dioxide liberated  by  decom position of th e  calcium  carbonate  
by  th e  soil is taken  as a  m easure of th e  lim e requirem ent.
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are a vailab le  for several of th e  differen tly  fertilized  
p lots on w hich lim e requirem ent determ in ations were 
m ade, it is ev id en t th a t  th e  greater portion  of th e lim e 
applied  has disappeared or no longer exists in the 
carbon ate form .

Q u a n t i t i e s  o f  C a l c i u m  C a r b o n a t e  P r e s e n t  i n  t h e  L i m e d  H a l v e s

P l o t  F e r t i l i z e r  L b s .  p e r  a c r e

0 N o n e ................................................................................................................. 150
2 Acid p h o sp h ate ..........................................  225
3 M u ria te  p o ta sh ..........................................  450
5 Sodium  n i t r a te .............................................................................................  575

11 C om ple te ........................................................................................................  300
24 C om plete, including am m onium  sulfa te  as carrie r of nitrogen N one 
26 Com plete, including bone meal as carrie r of phosphorus. . . . 250 
29 Com plete, including basic slag as carrie r of phosphorus   300

W hen tested  w ith  litm us paper, all of th e  soils— • 
th e lim ed soils contain ing a sm all am ount of lim e car
b onate residual from  ap p licatio n  m ade, as well as the 
unlim ed soils— ga v e a decided acid  reaction. T h e 
am ounts of C aC 0 3 required  for 2,000,000 lbs. (approxi
m ately) per acre 6 in. of soil are sta te d  in T a b le  I.

T a b l e  I — L b s . C aC O j I n d ic a t e d  f o r  2 ,000 ,000  L b s . S o il

o '3 rt 3 rt
P lo t F e r t i l i z e r  W >  % W >

0 N o n e ........................................................................  3440 2000 3550 2925 7300
N one -f  L im e .......................................................  100 Aik. 2250 1700 4900

2 Acid P h o sp h a te ...................................................  2640 2000 3850 2700 7800
Acid P hosphate  +  L im e ..................................  80 Aik. 2400 975 3800

3 M u ria te  P o ta s h ....................................................  3240 2000 3550 3025 ___
M u ria te  P o tash  +  L im e ..................................  200 Aik. 2650 1600 . . . .

5 Sodium  N itr a te ...................................................  3640 1200 3550 2550 6200
Sodium  N itra te  +  L im e ................................... 120 Aik. 2500 1250 4225

11 Acid Phos. +  M ur. P o t. - f  Sod. N itr   3080 1800 3850 2825 7100
Acid Phos. +  M ur. P o t. -f* Sod. N itr . +

L im e..................................................................... 80 Aik. 2500 1375 5900
24 Acid Phos. +  M ur. P o t. +  Amm. Sulf. 4240 3000 4000 2700 8300

Acid Phos. +  M ur. P o t. +  Am m . Sulf. +
L im e .....................................................................  260 200 2850 1475 5700

26 Bone M eal -f  M ur. P o t. - f  Sod. N itr . 2940 2000 3700 2250 7350
Bone M eal -f  M ur. P o t. +  Sod. N itr . -f-

L im e .....................................................................  360 Aik. 2900 1325 4050
29 B asic Slag +  M ur. P o t. +  Sod. N itr . 2560 1200 3600 2250 6600

B asic Slag - f  M ur. P o t. 4- Sod. N itr . +
L im e .....................................................................  150 Aik. 2100 1075 4050

18 M a n u re ................................................................... 2760 2600 4200 3100 8500
M anure +  L im e ..................................................  120 Aik. 2950 1950 5200

T h e fa c t  th a t no residual carbon ate is present 
in th e soil, and th e  poor grow th  of clo ver on the plot 
w hich  received  am m onium  su lfa te  as th e n itrogen 
carrier, is in accord  w ith  th e  lim e requirem ent in dicated  
b y  th e  Y e itc h  and  H opkins m ethods, since th e  figures 
for th e  un lim ed end of th is p lo t are higher th a n  those 
ob tain ed  for a n y  of th e other plots, b y  eith er of these 
m ethods, w h ile th e  M a c ln tire , H utchin son  and V acu u m  
m ethods each  show  th e  h igh est lim e requirem ent in 
the case of th e  m an ure-treated  plot.

A  com parison of th e  figures for th e soils w here three 
different carriers of phosphorus (acid ph osphate, bone 
meal and basic slag) h a v e  been used, shows a higher 
lim e requirem ent for th e  acid  ph osph ate-treated  
soil b y  th e  H opkins, M a c ln tire  and H utchin son  
m ethods. T h e  V eitch  and V acu u m  m ethods give 
sligh tly  higher results for th e  bone m eal p lot, while 
the H utchin son  m ethod gives th e  sam e figure for 
both  th e  bone m eal and basic sla g  plots. W ith  this 
one exception, all th e m ethods in d icate  a low er re
quirem ent for th e  basic slag plot. T h e  figures b y  those 
m ethods w hich show  a low er requirem ent for the 
basic slag and bone plots agree w ith  th e  grow th  of 
clover on th e unlim ed ends of these p lots, since a more 
sa tisfa cto ry  stan d  of clo ver is secured on these plots 
th a n  on th e p lot w here acid  ph osphate is th e  carrier 
of phosphorus.

T h e variation s show n b y  several of th e  m ethods

in d icate th e possible usefulness of som e of these 
m ethods for com p arative purposes w here different 
soil treatm en ts h ave been m ade. F or th e soils which 
h a ve  been lim ed, b u t w ith  am ounts w hich w ere e v i
d en tly  too sm all, since th e  grow th  of clo ver on th e 
lim ed halves of th e plots indicates th a t  th e y  w ill be 
benefited  b y  addition al q u an tities, th e M a c ln tire , 
H utchin son  and V acu u m  m ethods h a ve , no doubt, 
g iven  a b etter indication  of th e op tim um  q u a n tity  
of lim e n ecessary to  m ake conditions sa tisfa cto ry  for 
th e  grow th  of legum inous plants.

If eith er th e H opkins or th e  V eitch  te st were used 
to  obtain  a figure for th e  lim ed so il’s requirem ent, 
th e results w ould  lead to  erroneous conclusions, b e
cause th e V eitch  m ethod indicates th a t  th e lim ed halves 
of all th e  p lots are a lkalin e, excep tin g th e one where 
am m onium  su lfate  has been used; and th e H opkins 
te st has show n a v e ry  sm all requirem ent for th e  lim ed 
halves of th e p lots, th e  largest am oun t of calcium  
carbon ate required, accordin g to  th is test, being 360 
lbs. per acre. T h e  results ob tain ed  b y  th e H u tch in 
son, M a c ln tire  and V acu u m  m ethods are m uch higher 
th an  those b y  either th e  H opkins or V e itc h  te s t for 
th e  soil w hich has been lim ed.

W hile th e  figures obtained  for th e unlim ed soil b y  
th e several m ethods do n ot exh ib it th e w ide va riatio n  
th a t is foun d for th e lim ed soil b y  th e  V eitch  and 
H opkins m ethods as com pared w ith  th e other m ethods, 
th ere are appreciab le differences indicated . E x c e p t
ing th e am m onium  su lfate-treated  p lot, t h e ‘ results 
for th e  unlim ed soil are u n ifo rm ly  low er b y  th e V eitch  
test. In  som e instances there is a v e ry  close agree
m ent betw een  th e H opkins and M a c ln tire  results, 
a lthough in th e  m a jo rity  of cases th e  H opkins and 
H utchin son  m ethods agree m ore closely. T h e  re
su lts b y  th e  V eitch  m ethod for P lo ts 24 and 26, w hich 
h a ve  received  different carriers of phosphorus and  
n itrogen , correspond to  those secured b y  th e  H u tch in 
son m ethod. In  th e case of th e  m anure-treated  soil, 
th e  results b y  th e V eitch  and H opkins m ethods are 
p ra ctic a lly  th e  sam e.

T h e  V acu u m  m ethod shows a m uch larger am ount 
of lim e required th an  is in d icated  b y  th e other m ethods, 
and it  m a y  be th a t  for n on-calcareous soils th e  figures 
closely  ap p roxim ate th e a ctu al am ount of calcium  
carbo n ate required. H ow ever, for m an y soils n a tu ra lly  
sup plied  w ith  calcium  carbo n ate and w hich ga v e  an 
alkalin e reaction  w ith  litm us, results b y  th is m ethod 
in d icate  a fu rth er need of lim e, th e  am ount required 
in m an y cases being con sid erably  in excess of th e 
am ount of calcium  carbo n ate present. T h is w ould 
seem  to  in d icate  th a t th e  results ob tain ed  for lim e 
requirem ent are p ro b ab ly  too  high and th a t th e m ethod 
w ould n ot be ap p licab le  to  soils in general.

In  T a b le  II  th e  differences betw een  th e  results o b 
ta in ed  for th e  lim ed and unlim ed soil of th e  several 
fertilized  p lots is expressed in percen tages of th e 
figures for th e  unlim ed soil. C on siderin g to  w h at 
exten t th e soils lim e requirem ent has been satisfied 
fo llow ing th e  lim e trea tm en t, the results ob tain ed  b y  
th e H opkins and V eitch  m ethods exh ib it a m arked 
u n ifo rm ity , a lth ou gh  th e  lim e requirem ent for th e  un 
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lim ed soil b y  th e  H opkins te st is considerably in excess 
of th e  am oun t shown b y  th e V eitch  te st. T h e  figures 
show  th a t th e decrease in lim e requirem ent as m easured 
b y  eith er th e H opkins or V eitch  te st is q u ite  uniform  
for all th e  plots.
T a b l e  I I — P e r c e n t a g e s  o p  t h e  O r ig in a l  L im e  R e q u ir e m e n t  S a t is f ie d  

by  L im e  T r e a t m e n t
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N o n e ......................................................................................... 97 100 36 41 32
Acid p h o sp h a te ..................................................................... 97 100 37 60 51
M u ria te  of P o ta s h ............................................................... 94 100 25 47
Sodium  N itr a te ..................................................................... 96 100 29 50 31
Acid Phos. +  M ur. P o t. +  Sod. N itr ........................ 97 100 35 51 17
Acid Phos. +  M ur. P o t. -f- Am m . Sulf...................... 94 93 28 45 31
Bone M eal -f- M ur. P o t. +  Sod. N itr ........................ 87 100 21 41 45
Basic Slag -f- M ur. P o t. -f* Sod. N itr .......................... 94 100 41 52 38
M an u re .................................................................................... 95 100 29 37 39

T h e M a c ln tire  and H utchinson m ethods exhib it
a  va riatio n  betw een  th e  soils va rio u sly  fertilized , the 
figures b y  th e M a c ln tire  procedure for th e  m a jo rity  
of th e  soils show ing th a t  a sm aller percen tage of the 
lim e requirem ent has been satisfied  b y  th e lim e tr e a t
m ent p reviou sly  given  th e  plots.

C H A N G E S  I N  L IM E  R E Q U IR E M E N T  D U R IN G  1 6  Y EA R S

A  com parison of th e  lim e requirem ent figures for 
.soil sam pled in 1896 and again  in 1912 is of interest 
in relation  to  changes w hich h a ve  ta k en  place in soil 
during a period of 16 years. B y  inspection  of re
su lts grouped in T a b le  I I I , it w ill be noted th a t, as 
m easured b y  th e  H opkins m ethod, th e requirem ent 
of th e  unlim ed soil a t th e earlier period is m arkedly  
low er th a n  th a t  ob ta in ed  b y  th e other m ethods, while 
th e sam e soil a t th e la tte r  date of sam pling has a higher 
requirem en t b y  th e  H opkins m ethod th an  b y  the 
other m ethods, excep tin g th e  V acu u m  m ethod, and 
in one case th e M a c ln tire  m ethod.

T h e V eitch  results bein g low er a t th e  la tter  sam pling 
as com pared w ith  th e earlier sam pling are ju st th e re
verse of those b y  all the other m ethods w hich have 
in d icated  a decidedly  increased lim e requirem ent 
for th e soil a fter a period of 16 years. A lth o u gh  all 
th e  m ethods excep tin g th e V eitch  show  an increase
T a b l e  I I I — C o m p a r is o n  o f  L im e  R e q u ir e m e n t  o f  S a m e  S o il  S a m pl e d  

in  1896 a n d  1912
Hop- M ac- H u tch - Vac-

F e r T i l i z e r  Sam pled kins V eitch In tire  inson uum
Am m onium  S u lfa te .................................  1896 750 4000 3000 1750 5500
Am m onium  S u lfa te .................................  1912 4240 3000 4000 2700 8300
A m m onium  S ulfate  +  L im e ...............  1912 260 200 2850 1475 5700
N one . . .  1896 625 4000 2700 1575 6100
N o n e .. .    1912 3440 2000 3550 2925 7300
N one.   1912 100 Aik. 2250 1700 4900

in th e  lim e requirem ent for th e soil a t  th e la tter  date 
as com pared w ith  th e earlier sam pling, th e H opkins 
m ethod in dicates a m uch greater increase th an  the 
other m ethods. In  d irect con trast to  th e low er re
sults b y  th e V eitch  m ethod for th e  soil a t th e  later 
d ate com pared w ith  results b y  th e sam e m ethod for 
th e first sam pling, is th e fa ct th a t for th e soil when 
first sam pled, th e  V eitch  m ethod gave higher indications 
th an  th e H opkins, M a c ln tire  or H utchinson m ethods.

I t  should be sta te d  th a t  th e determ inations on the 
soil collected  in 1896 and th a t  in 1912 were m ade b y  
each of th e  m ethods used, a t th e sam e tim e, so th a t  the 
differences foun d can not be a ttr ib u ted  to  factors 
introduced  b y  variation s in th e procedure em ployed.

M a n y  changes h ave ta k en  place in th e  soil during 16 
years. F ollow in g th e deeper plow in g and b etter c u lti
vation  the soil has received  since th e 1896 sam pling, 
th e  p h ysica l condition  of the soil and its organic con
ten t will h ave been affected  to  an exten t sufficient to 
cause th e variation s observed in th e lim e requirem ent 
of th e old and new soil b y  th e several m ethods. 

IN F L U E N C E  O F V A R IA T IO N S  IN  M E T H O D  ON R E S U L T S

I t  m ay be pointed  out th a t these m ethods for the 
determ ination  of a “ Lim e R eq u irem en t”  are em pirical 
in nature, and co m p a ra tiv ely  sligh t va riatio n s in p ro
cedure affect the results obtained  m arked ly. T h u s, 
th e V eitch  m ethod is m uch affected  b y  th e degree of 
c la rity  of th e extract— th e clearer th e e x tra ct th e 
low er the lim e requirem ent, and a m ethod of filtration  
rem ovin g ev e ry  trace of suspended c la y  m ight p ossibly  
show a zero requirem ent in a great num ber of cases 
where th e usual procedure indicates a considerable 
lim e requirem ent. On th e other hand, all soils do not 
settle  to th e  sam e exten t when allow ed to  stan d  over 
n ight, and a co m p a ra tiv ely  sm all am oun t of suspended 
c la y  will preven t a n y  appearance of a pin k  color on 
boiling, a lth ou gh  calcium  hyd ro xid e solution  in q uite 
m easurable q u a n tity  is added d ire ctly  to  th e  boiling 
solution. For th is reason, it  w as th o u g h t b est to  em 
p loy  filtration.

T en  gram s of soil were w eighed into  a porcelain  dish, 
w et w ith  sufficient w ater to  g ive  a b o u t 50 cc. of liquid  
after th e stan dard  lim e w ater h ad  been added  and 
evap orated  on the steam  b ath  as rap id ly  as possible, 
stirrin g once or tw ice before th e m ass is d ry . I t  w as 
then  w ashed into a 100 cc. Jena flask w ith  100 cc. 
w ater, shaken occasion ally  for 15 to  30 m inutes, 
and allow ed to  stan d  over n ight. T h e conten ts of 
th e flask were shaken and poured onto an S. & S. 
18 cm. folded filter; th e first 30 or 40 cc. were rejected , 
th e  n ext 50 cc. collected, a few  drops of ph enolp hthalein  
added, and im m ed iately  boiled dow n to  a b ou t 5 cc. 
in a Jena beaker. A  d istin ct pin k  color w as ta k en  to  
indicate a lk a lin ity , b u t in cases w here th e  color was 
on ly  fa in t, th e result w as recorded as d ou b tfu l and th e 
experim ent repeated.

T h e H opkins m ethod will not g ive th e  sam e in d ica 
tions if another sa lt is su b stitu ted  for K N 0 3. In 
th is w ork, 100 g. air-dry soil were shaken  w ith  250 
cc. N  K N O 3  for 3 hours, using a sh akin g m achine, 
then  filtered im m ed iately , 125 cc. p ip etted  off, boiled 
and titra te d  w ith  N /10  N aO H , using ph enolp hthalein . 
T h e fa cto r 2.5 w as used.

T h e m ethod proposed b y  M a c ln tire  is q uite sensi
t iv e  in this respect; th e  directions call for e v a p o ra 
tion  “ to  a th in  p a ste ,”  b u t higher results are obtained
T a b l e  IV — L im e  R e q u ir e m e n t  b y  M a cI n t ir e  M e t h o d . L b s . CaCC>3

p e r  2 ,000 ,000  L b s . S o il
G. in

100 cc. T r e a t m e n t  C aC O a
10 E v ap o ra ted  to  th in  p aste  im m ed ia te ly ........................................... 7500
10 E vapora ted  to  dryness im m ed ia te ly ................................................ 8200
10 T o th in  p aste  im m ediately , to  d ryness next m o rn ing .................  8900
10 L e t s tan d  over n igh t, to  d ryness next m orn ing ..........................  8100
20 E v ap o ra ted  to  th in  p aste  im m ed ia te ly ..........................................  5750
20 E v ap o ra ted  to  d ryness im m ed ia te ly ................................................ 6300

if th e evap oration  is carried to  dryn ess. T h e  results 
also v a ry  w ith  th e  tim e required  for th e  evap o ratio n , 
even when it is carried to  th e sam e stage (see T a b le  I V ) .
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I t  should be n oted  th a t  th e soil used in th is ex
perim ent had a rath er high requirem ent, and th a t  if 
the requirem ent as determ ined when using 10 g. soil 
to  100 cc. of solution  w as th e  correct figure, 20 g. of 
th e  soil should be m ore th a n  sufficient to  exhaust 
100 cc. of th e C a ( H C 0 3)2 solution. A s a m atter of 
fa ct, on ly  a b ou t three-fourths of th e  to ta l am ount 
of C a C 0 3 w as decom posed b y  th e 20 g. charge. 
T h e soils under in vestig atio n  show ed a requirem ent 
of abou t on e-third th e to ta l calcium  carbon ate in 100 
cc. b icarb on ate solution  when 20 g. of soil were used; 
th e  evap oratio n s were carried to  dryness as rap id ly  
as possible, and stirred  se v e ra l' tim es m eanwhile. 
T h e  residual C 0 2 was determ ined b y  the M arr m ethod.

T h e H utchin son  m ethod seem s to  be affected  to  
som e exten t b y  allow ing th e  soil and C a(H C 0 j)2  
solution  to  rem ain  in  co n ta ct for a period longer th an  
3 hours. T h u s, a determ in ation  in w hich 40 g. soil 
w as shaken w ith  200 cc. C a(H CO s)2 solution  for 3 
hours in d icated  a calcium  absorption  of 3025 lbs. per 
acre; 100 g. of the sam e soil shaken w ith  300 cc. of 
th e  sam e b ica rb o n ate  solution  for 3 hours, then  allow ed 
to  stan d  over n ight, on titra tio n  show ed a requirem ent 
of 3600 lbs. per acre. T h e soil used for' this exp eri
m ent w as from  plot trea ted  w ith  m uriate of potash. 
T h e  b icarb on ate ex tra ct of th e  soil showed b u t a fa in t 
trace  of chlorine, no potassium , b u t traces of sodium  
and m agnesium . T h e  calcium  in th e b icarb on ate ex
tra c t  b y  perm an gan ate titra tio n  w as on ly abou t 
0.4 cc. low er th a n  th e figure ob ta in ed  b y  d irect titration  
w ith  acid, b oth  b ein g on th e N / 1 0  basis. T h is  shows 
th a t  w ith  th e  H utchin son  m eth o d  in terch an ge of bases 
p la ys b u t a v e ry  sub ordin ate p a r t  and th e  chief fa cto r  
is absorption. T h e m ethod w ill som etim es show  a 
lim e requirem ent in  th e  case of a soil w hich contains 
a great excess of carbonate.

F or th is w ork, 20 g. soil to  200 cc. so lu tio n  w as the 
rule, th e  air in th e b o ttle  w as displaced b y  C 0 2, th e 
b o ttle  secu rely  stoppered , shaken for 3 hours, im 
m ed iately  filtered , and 100 cc. of th e  filtrate  titra te d  
w ith  N / 10  H C l, using m eth yl orange; 100 cc. of the 
original solution  w as titra te d  in th e  sam e w ay.

T h e V acu u m  m ethod, it  w ill be noticed, in v a r ia b ly  
shows th e  h igh est figures for th e lim e requ irem en t; 
th is is doubtless because th e  conditions of th e m ethod 
are such th a t th e decom position  of CaCC>3 b y  th e  soil 
can  proceed to  a m axim um  w ith o u t hindrance.

O h i o  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  

W o o s t e r , O h i o

T H E  A C T IV IT Y  A N D  A V A IL A B IL IT Y  O F  IN S O L U B L E  
N IT R O G E N  IN  F E R T IL IZ E R S  A S  S H O W N  B Y  

C H E M IC A L  A N D  V E G E T A T IO N  T E S T S '

B y  F. R . P e m b e r  a n d  B u r t  L. H a r t w e l l  

Received J u l y  30, 1915

Since 1908 th e  A g ricu ltu ra l E xp erim en t S tation  
of th e  R hode Islan d  S ta te  C ollege has con ducted  
vegetatio n  tests in pots under greenhouse conditions 
to  ascertain  th e  a v a ila b ility  of th e  w ater-in soluble

1 C on tribu tion  217 of th e  A gricultural E xperim ent S ta tion  of the 
R hode  Island  S ta te  College.

nitrogen of certain  brands of com m ercial fertilizers 
collected  in th e sta te , and in various nitrogenous 
substances, such  as K a n o n a  tan kage , rap e m eal, 
castor pom ace, etc.

U n til th e  season of 1910, th is sta tio n  had em p loyed  
no m eans, excep t th e vegetatio n  te st, for d ifferen tiatin g 
betw een  th e organic n itrogen of one brand of com 
m ercial fertilizer and th a t of another. In M arch, 
1910, th e directors of th e  N ew  Y o rk , N ew  Jersey  and 
N ew  E n g la n d  Station s adopted  th e a lkalin e perm an 
gan ate m eth od 1 as a; m eans of .d istinguishing b etw een  
th e m ore or less a ctiv e  form s of th e w ater-in soluble 
organic n itrogen  of m ixed fertilizers.

T h e R h o d e Island S tation , h a vin g  a lrea d y  secured 
results b y  th e  v egetatio n  m ethod show in g a wide 
va ria tio n  in th e  a v a ila b ility  of th e  w ater-insoluble 
n itrogen  of certain  com m ercial fertilizers, su b m itted  
to  M r. C . H. Jones, for a c t iv ity  tests b y  th e  a lkalin e 
p erm an gan ate m eth o d ,'so m e of th e  sam e n itrogenous 
m aterials as were used in th e  ve g e tatio n  te sts  and he, 
w ith ou t kn ow in g th e  vegetatio n  results, secured a 
close agreem en t.2

I  E F F E C T  O F  S E A S O N  O N  P L A N T  G R O W T H

In  carry in g  on v egetatio n  tests a t different seasons 
of th e  year, it  w as fe lt th a t  th e season and different 
soil conditions m ight h a ve  a v e ry  im p ortan t influence 
upon th e re lativ e  grow th  of a p la n t or different kinds 
of p lants. W ith  th is in v ie w  tw o experim ents were 
con ducted: th e first  from  N ovem ber 11 , 1910, to  
F eb ru a ry  15, 19 11 , and th e second from  F eb ru a ry  
23, 19 11 , to  M a y  30, 19 11 : th us 96 d ays elapsed b e
tw een  p lan tin g and harvestin g. In  b oth  experim ents,
6-inch ga lvan ized  iron p ots were used, each con tain in g 
1 lb. of soil and 6.5 lbs. of a m edium  fine, fresh-w ater 
beach sand. O at and rye  plan ts were grow n in pots 
h a vin g  th e  sam e m ixture of sand and soil, and oats 
alone were grow n in a m ixture of th e  sam e sand and 
a  different soil: otherw ise th e trea tm en t of all th e  pots 
was th e sam e, w ith  th e excep tion  of th e  n itrogenous 
m aterial w hich w as added to  furnish 0.1 g. of n itrogen 
per p o t excep t w here th e  am ou n t of b lood w as doubled. 
A ll of th e pots received  3 g. of potassium  su lfate  and 
8 g. of acid  ph osphate. T h e  m ixture of sand and soil 
w as chan ged in each po t for th e second exp erim ent 
so th a t  th e  tw o  were id en tical in e v e ry  w a y  excep t 
for th e  season of yea r in w hich th e y  were conducted.

I t  w ill be seen from  th e  w eights of th e  d ry  tops as 
given  in T a b le  I th a t  th e  p lan ts grow in g from  F eb ru a ry  
23rd to  M a y  30th m ade a greater grow th  in ev ery  
in stan ce th a n  those grow in g from  N ovem ber n t h  
to  F eb ru a ry  15th  under la te  fa ll and ea rly  w inter con
ditions. T h e  per cen t of n itrogen  in th e  d ry  top s of 
th e  first experim ent w as enough larger, how ever, th a n  
th a t in those of th e second experim ent to  m ake the 
to ta l am ount of n itrogen  recovered  in th e  top s m uch 
alike in th e tw o  experim ents h a vin g  th e sam e tr e a t
m ent.

1 R ep o rt on N itrogen, C. H . Jones, Referee, A ssociation of Official 
A gricultural C hem ists. Proceedings of th e  T w enty-seven th  A nnual C on
vention , 1910.

2 " T h e  A vailability  of Insoluble N itrogen  in C erta in  C om m ercial 
F ertilizers ,” B. L. H artw ell and  F . R . Pem ber, T in s  J o u r n a l ,  3 (1911), 584.
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P lan ts h a vin g  th e  double am ount of blood showed 
a  m arked increase in yield  and nitrogen recovered 
o ver those h a vin g  half as m uch, while plan ts h avin g 
th eir n itrogen  in th e form  of garbage tan kage, or 
fertilizer No. 2 were unable to  recover in th e ir  tops 
a n y  m ore n itrogen  th an  those receivin g no nitrogen 
in th e  m anures.

T h e rye plan ts were un able to  m ake as great a grow th 
as the oats under th e sam e condition, b u t th e re lative

grow th in all of th e pots. T h e average w eigh t from  
th e  no-nitrogen p ots w as 36.2 g. of d ry  top s as com 
pared w ith  49.2 g. from  those receivin g blood, or a 
difference of 13 g.

Since there w as v e ry  little  la ck  of n itrogen  in the 
soil, as shown b y  th e  oat crop, and as th e m illet had the 
benefit of a n y  nitrogenous residues le ft b y  th e  oats, 
togeth er w ith  a like nitrogen ap p licatio n  as in th e  first 
experim ent, th e  w eights of th e  tw o  crops are ta k en

T a b l e  I — S h o w i n g  t h e  R e l a t i v e  A v a i l a b i l i t i e s  o p  N i t r o g e n  f o r  D i f f e r e n t  P e r i o d s , C r o p s  a n d  S o i l s

O a t s  i n  S a n d  a n d  “ S t a t i o n  S o i l ”  O a t s  i n  S a n d  a n d  “ L a r k i n  S o i l ”  R y e  i n  S a n d  a n d  “ L a r k i n  S o i l ”

S o u r c e
o f

N i t r o g e n

N one

Blood

Blood
(doubled) 

G arbage 
tankage 

Fertilizer 
No. 1 

Fertilizer 
No. 2

D ry T ops N  in D ry  T ops 
G ram s P e r cen t G ram  

I I I  I I I  I  I I
8.39 9.39 0.89 0.86 0.0746 0.0807
8.16 10.92 0.88 0.76 0.0718 0.0829

10.52 13.73 0.85 0.76 0.0894 0.1043
8.92 13.65 1.10 0.86 0.0981 0.1173

13.18 16.15 0.99 0.83 0.1304 0.1340
13.80 13.78 0.92 0.99 0.1269 0.1364
8.49 10.66 0.91 0.77 0.0772 0.0820
8.65 10.40 0.89 0.79 0.0769 0.0821
9.49 12.61 0.86 0.79 0.0816 0.0996

10.44 12.64 0.89 0:75 0.0929 0.0948
7.62 9.26 1.08 0.79 0.0822 0.0731 ■
7.45 10.43 0.96 0.80 0.0715 0.0834

Avail- D ry  T ops N  in D ry  Tops 
ab ility  G ram s Per cen t G ram  
I  I I  I  I I  I  I I  I  I I
0 0 6.64 9.84 0.84 0.69 0.0557 0.0678

6.94 9.50 0.92 0.77 0.0638 0.0731
80 80 10.74 13.14 0.86 0.74 0.0923 0.0972

10.39 13.87 0.95 0.74 0.0987 0.1026
289 109 14.86 17.76 0.88 0.74 0.1307 0.1314

14.76 17.82 0.90 0.77 0.1328 0.1372
6.59 9.50 0.87 0.73 0.0573 0.0693

8 6.95 10.37 0.88 0.73 0.0611 0.0757
56 8.50 11.65 0.84 0.73 0.0714 0.0850

9.26 12.47 0.82 0.70 0.0759 0.0872
- 7  5.97 9.70 0.94 0.79 0.0561 0.0766 -

6.26 10.92 0.95 0.74 0.0594 0.0808

16
93

-41

A vail- D ry  T ops N  in D ry  T ops A vail
ab ility  G ram s P er cen t G ram  ab ility
I  I I  I  I I  I  I I  I  I I  I  I I
0 0 4.35 6.20 1.23 0.77 0.0535 0.0477 0 0

4.50 6.57 1.26 0.81 0.0567 0.0532 
80 80 6.40 8.79 1.30 0.92 0.0832 0.0808 80 80

6.91 8.13 1.40 0.88 0.0967 0.0715
170 169 9.18 11.11 1.30 0.87 0.1193 0.0966 155 173

8.31 10.60 1.42 0.94 0.1180 0.0996
0 6 3.59 5.69 1.37 0.89 0.0491 0.0506 — 20 — 26

4.16 5.72 1.25 0.85 0.0520 0.0486
44 50 4.94 7.23 1.29 0.86 0.0637 0.0621 28 28

5.49 7.01 1.25 0.91 0.0686 0.0637
-1 4  13 3.75 6.88 1.31 0.85 0.0491 0.0584 — 17 9

4.13 6.38 1.28 0.89 0.0528 0.0567

grow th  in com parison w ith  So, as representing the 
increase in y ield  of th e plan ts receivin g the sm aller 
am ount of blood over those to  w hich no nitrogen was 
added, was m uch the sam e in all.

I I — ST A N D A R D  O F C O M PA R IS O N  F O R  N IT R O G E N  

A V A IL A B IL IT Y  T E S T S

T h e results in T a b le  II are from  vegetation  tests 
con d u cted  in 8-in. W agn er pots contain ing abou t 
12 lbs. of an air-dry, ligh t, san d y  loam  soil, which, 
previous to  lim in g in preparation  for the experim ent, 
had been deficient in ava ila b le  nitrogen under field 
conditions. T h e  w ater-in soluble nitrogen used, aside 
from  th a t in th e  blood, cam e from  brands of com m ercial 
fertilizers sold in N ew  E n glan d  in 1910, w hich b y  the 
alkalin e p erm an gan ate m ethod showed a wide range 
in activ ities.

T h e  oats grew , from  N ovem ber 11, 1910, to  M arch 
20, 19 11 . T h e  sam e pots were replanted  June 10th 
w ith  Japanese m illet, w hich grew un til A u gu st 25th.

T a b l e  I I — -P o t  T e s t s  o n  S o i l  D e f i c i e n t  i n  N i t r o g e n

S o u r c e  
o f

N i t r o g e n

N o n e .......................  4 2 .0
F ertilizer 5 1 7 . . . .  53 .5  
F ertilizer A 2 . . . .  56 .5
F ertilizer CIO  5 1 .0
F ertilizer C l4 . . . .  5 7 .0
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D ried Blood and  

E x tra  P hos
phorus................  5 3 .0

D ried Blood,
doubled .............  5 5 .0

N itra te  of S o d a . . 6 1 .0
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together in calcu latin g  th e re lative  a v a ila b ility  of 
th e w ater-insoluble nitrogen in th e various fertilizers. 
T h is is based arb itra rily  on 80 as representin g th e 
increase in grow th caused b y  th e  dried b lood (when 
n itrate  of soda is used as th e  stan dard  of com parison 
th e increase caused b y  it is u su a lly  considered as 100).

I t  w ill be seen readily  th a t  b y  th is m ethod of ex
pressing th e a v a ila b ility  of th e w ater-in soluble n itrogen  
in th e various nitrogenous substances, th e  greater the 
difference in grow th  betw een  th e plan ts receivin g 
no nitrogen and those receivin g dried blood, th e less 
th e effect of sm all differences in grow th  w ill be upon 
the degree of a va ila b ility . W hen th e difference is 
ju st 80 g., then  a va riatio n  of 10 g. in grow th  would 
change th e  a v a ila b ility  on ly  10 p o in ts 'w h ile  w ith  a 
difference of only 40 g., a  va riatio n  of 10 g. in y ield  
would change th e a v a ila b ility  20 points.

A s m ight be expected, considering th a t  th e  plan ts 
were grown in soil in which there w as no m arked  de
ficiency of n itrogen, th e a c t iv ity  values (per cen t of 
th e  insoluble n itrogen w hich is “ a c t iv e ”  or is liberated  
b y  th e alkalin e perm anganate m ethod from  th e w ater- 
insoluble nitrogen) for th e fertilizers w ere n ot in close 
accord w ith  th e vegetatio n  results.

I I I - -  V E G E T A T IO N  T E S T S  OF F E R T IL IZ E R S  SOLD IN  R H O D E  

IS L A N D

Before each p lan tin g  all of th e pots received optim um  
am ounts of potassium  and phosphorus in sulfate of 
potash, T h om as slag and acid phosphate. T he 
accom p an yin g nitrogen application  was 0.1 g. of 
n itrogen per pot. T h e soil p roved  to  be on ly sligh tly  
deficient in n itrogen  w ith  th e  first crop, oats, for the 
average w eigh t of d ry  top s from  the no-nitrogen pots 
was 44.8 g., and from  those receivin g blood, 52.2 g., 
a difference of on ly  7.4 g. T h e m illet m ade a fair

V egetatio n  experim ents h a ve  been con ducted  during 
th e last four w inters, using one or m ore brands of 
com m ercial fertilizer from  m ost of th e  d ifferen t com 
panies doing business in th e sta te  of R hode Islan d , 
to test th e a v a ila b ility  of th e  w ater-in soluble n itrogen  
as com pared w ith  nitrogen in blood, and also to  show  
to  w h at exten t th e a v a ila b ility  as show n b y  th e  oa t 
crop agreed w ith  the a c t iv ity  ob tain ed  b y  th e a lk a 
line perm anganate or n eutral p erm an gan ate m ethod. 
M o st of th e fertilizers chosen for th e  tests  w ere those 
contain ing a t least 0.75 per cen t w ater-in soluble n itro 
gen h avin g an a c t iv ity  of less th a n  65 b y  th e  a lkalin e 
perm anganate m ethod. T h e  fertilizers were ground 
fine enough to pass th rough  a 1 mm. sieve and  w ashed 
free of w ater-soluble n itrogen. T h e w ashing a t first
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was b y  décan tation  b u t fin ally  all of th e  m aterial 
was p laced on the filter and w ashed un til 15 cc. of 
d istilled  w ater per gram  of th e  original m aterial had 
been used. A fter  the w ashed m aterial had been

Check F e rt. F e rt.  F e rt.  Blood N itra te  T riple 
997 982 36 of Soda  Blood

F ig . I — G r o w t h  o p  O ats w it h o u t  N it r o g e n , an d  w it h  E q u a l  A m o u n t s  
o f  N it r o g e n  in  t h e  I n s o l u b l e  P a r t  o f  C e r t a in  F e r t il iz e r s  

a n d  in  O t h e r  U n e x t r a c t e d  M a t e r ia l s

allow ed to  d ry  a t a low  tem p eratu re, it  w as resifted  
and a n alyzed  for n itrogen. D ried  blood, th e  sam e 
as used for th e  stan dard , was su b jected  to  th e sam e 
grinding and w ashings as th e  fertilizers; another 
sam ple of b lood w as also included for com parison 
w ith  th e first. T w o  pots h a vin g  alum in um  nitride 
were included in th e  experim ent.

E igh t-in ch  W agn er pots were used for these tests. 
T h e  soil m edium  w as com posed of ab ou t 15 lbs. of 
fine, d ry  sand, and 3 lbs. of d ry  soil w hich under field 
conditions was deficient in n itrogen. O ptim um  
am ounts of potassium  and  phosphorus were provided  
in  su lfate  and m uriate of potash , potassium  m agnesium  
carbon ate, acid  ph osphate and T h om as slag. F or 
the first three w inters each po t received  20 g. of well- 
rotted , finely chopped h a y. In  1911 th e sand and 
soil were in o cu lated  w ith  250 cc. of a garden soil ex 
tra c t and th e n itrogen  ap p licatio n  w as 0.3 g. per pot.

O ats were p lan ted  in all of th e  pots D ecem ber 27, 
19 11 , and h arvested  A p ril 9, 1912, ju s t as th e best 
p lants were rea d y  to  put out heads. F ig . I shows 
th e general condition  of th e  plan ts th e  w eek before 
th e y  w ere h arvested .

T h e  results of th e  tests appear in T a b le  II I . In 
selectin g th e 19 11 brands for rep etition  in 1912, those 
showing in m ost cases a rath er m arked  difference 
betw een th e  a v a ila b ility  as determ in ed b y  th e  oat 
p lan t and th e  a c t iv ity  b y  th e  a lkalin e perm an gan ate 
m ethod, were chosen. T h e  1912 crop w as a llow ed  to 
m ature and produce grain.

I t  w ill be seen b y  T a b le  I I I  th a t  th e  re lativ e  a v a il
a b ility  as show n b y  th e  tw o  ve g e tatio n  tests  agrees 
q uite closely; th a t  th e addition  of th e  extra  ph os
phorus w as n ot needed and th a t th e  n itrogen in th e  
w a ter-extracted  blood w as ju st as a v a ila b le  as th a t  
in th e  u n extracted . A lum in um  nitride proved  to  be 
u tte rly  worthless.

T h e re lative  am ounts of n itrogen  determ in ed in  th e 
d ry  tops correspond v e ry  closely w ith  th e re lativ e

a v a ila b ility  obtained  from  th e w eights of th e d ry  
tops. T h e  am ount of n itrogen  in th e d ry  top s of. the 
1912 oats grow n w ith  fertilizer N o. 17 w as foun d to  
be 0.9594 g-i representing a re lativ e  a v a ila b ility  of 
63. In  securing th e re lativ e  a v a ila b ility  based upon 
th e  n itrogen  in th e  1912 oat plan ts, th e  am ounts g iven  
in T a b le  V  for th e  plants receivin g blood and no 
nitrogen resp e ctive ly  were used.

F or purposes of com parison an a v a ila b ility  for the 
oat p la n t of less th a n  45 as related  to  one of 80 for 
dried b lood is in  th e present p aper considered as repre
sen tin g inferior w ater-insoluble n itrogen. L ikew ise an 
a c t iv ity  of less th a n  80 b y  th e  n eutral, and less th a n  
SS b y  th e a lkalin e m ethod is herein considered as in 
d icatin g inferior m aterial. W ith  these bases of com 
parison it  w ill be seen in T a b le  I I I  th a t  7 of th e  18 
fertilizers were shown b y  th e  oat p la n t to  h a ve  in 
ferior insoluble n itrogen, of w hich 4. were also d etected  
b y  th e  a lkalin e m ethod and 5 b y  th e n eutral m ethod. 
T h e a lkalin e m ethod rated  fertilizer 51 as poor w ith  
an a c t iv ity  of 30 w hile th e a v a ila b ility  w as on ly 46; 
and th e  n eutral m ethod rated  fertilizer 33 as poor, 
w ith  an a c t iv ity  of 79 w hile th e  a v a ila b ility  was 49.

T a b l e  I I I — V e g e t a t io n  T e s t s  o n  F e r t il iz e r s  So ld  in  R h o d e  I sl a n d
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N o n e .......................... 6.5 7.0 6.0 0.1016 0 0 0
Fertilizer 8 5 ............. 21 21 66 69 86
F ertilize r 36 ............. 21 23 70 71 92
F ertilize r 988 ........... 15 16.5 0.2125 60.5 61.5 42 52 79 87
F ertilize r 3 4 ............. 26.5 23.5 93 88 84 97 71 93
F ertilize r 936 ........... 23 22.5 74 77 90
F ertilizer 75 ............. 19 19.5 0.2902 58 72 92
F ertilizer 95 8 ........... 16.5 17.5 48 66 83
F ertilize r 6 7 ............. 16 18.5 49 67 80
F ertilizer 26 .............. 15 15.5 0.2532 40 65 83
F ertilizer 17............. 17 21 7 0 ‘ '¿ 7 57 63 59 81
F ertilizer 9 8 2 . . . . . . 11.5 12 40 41 24 20 60 77
F ertilizer 99 7 ........... 8.5 8 0*1102 33 34.5 8 9 58 70
F ertilizer 72 .............. 13 13 29 52 80
F ertilizer 28 ............. 14 13 32 50 79
F ertilize r 51 .............. 17 15 0.2198 60.5 55.5 44 47 50 81
F ertilizer 77 ............. 13.5 11.5 27 49 70
F ertilize r 50 .............. 8 9.5 0.1176 35.5 34.5 10 ii 45 55
F ertilizer 5 3 ............. 18 16.5 49 60 79
A lum inum  N itrid e .. 5.5 7 —-1
D ried  B lood ............. 25.5 23 24 80 80
D ried B lood+ex tra

81P h o sp h o ru s .......... 25 24
D ried  Blood, w ater-

e x tra c te d ............... 24 25.5 82
D ried  Blood, trip le

a m o u n t.................. 61.5 60.5 ___  246
D r i e d  B l o o d ,

an o th e r sam p le ... 30.5 27.5 102
N itra te  of S o d a . . . . 43.5 39.5 158

T a b le  I V  gives th e  a ctiv itie s  secured b y  th e a lkalin e 
and n eutral p erm an gan ate m eth od s,1 and, w ith  certain  
m odifications of th e  la tte r  b y  M r. R . A . L ich ten th aeler, 
on th e  w ater-in soluble n itrogen  in th e  com m ercial 
fertilizers used in th e previous ve g e tatio n  tests. T h e 
m odifications of th e n eutral p erm an gan ate m ethod 
consisted of changes in th e  reaction  of th e  solution  
b y  th e  ad ditio n  of Na2C03, C aC O s or H 2SO.i and in 
th e  tim e and  tem p eratu re of digestion. A ll of the 
a ctiv itie s  ob ta in ed  b y  m eans of th e  d ifferen t m odifica
tion s were low er th a n  th ose ob ta in ed  b y  th e  unm odified 
m ethod; in m ost cases th e y  were m uch low er.

1 J . P . S tree t, “ N ote  on  th e  N eu tra l P e rm anganate  M ethod  for the  
A vailab ility  of O rganic N itrogen ,” T h is  J o u r n a l , 4 (1912), 437.
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Digesting for 18 hours at 250 C. with Na2C0 3 present gave 
the highest activities of the various modifications but the average 
of the activities was 19 points lower than those secured by the 
unmodified method of digesting at the temperature of boiling 
water for half an hour, while digesting for 30 minutes at 40° C. 
reduced the average of the activities 26 points, and digesting 
for 30 minutes at 6o° C. without Na2C0 3 present reduced the 
average of the activities 37 points. Substituting CaCOj for 
Na2C 0 3 and digesting for 30 minutes at 400 C. reduced the 
average of the activities 32 points, or 6 points lower than where 
Na2C 0 3 was used under otherwise like conditions. Acidifying 
the solutions to N/100 with H2SO< and digesting for 30 minutes 
at 400 C. gave the lowest activities of any of the modifications, 
while digesting for 18 hours at 25 0 C., otherwise under like con
ditions, raised the average of the activities more than 10 points.

IV  S E C O N D  T E S T S  O F  T A N K A G E S , E T C .

A fter  th e  vegetatio n  results of th e  w ater-insoluble 
n itrogen  in certain  fertilizers sold in th e  sta te  in 19x1 
had been obtained , th e m anufacturers were inform ed 
of such result as concerned th em  in d iv id u a lly , and 
in certain  cases, w here th e  a v a ila b ility  w as v e ry  low, 
th e m an u factu rer sent a sam ple of ta n k a ge d irect 
from  his fa cto ry , claim ing such sam ple was th e basis 
of his 1911 goods. These, w ith  tan k ages collected
in th e sta te  in 1912, and also sam ples of castor pom ace, 
rape m eal, and K a n o n a  ta n k a ge , were sub jected  to  the 
sam e trea tm en t as th e com m ercial fertilizers. Blood 
from  the sam e lo t as used in 1911 for th e stan dard 
w as again  used, and pots receivin g their nitrogen in 
calcium  n itrate  and A m erican  C alciu m  C yan am id  
were included. T h e  nitrogen application  w as 0.6 g. 
per po t excep t w here th e extra  am ount of blood was 
used. T w o  of th e  pots to w hich dried blood was
applied  each received  7.22 g. C . P. C a C 0 3 to  ascer
tain  w hether th e  effect of th e  C alcium  C yan am id  m ight 
be- a ttr ib u ta b le  in p a rt to  its calcium , and tw o others
T a b l e  IV — A c t iv it y  D e t e r m in a t io n s  o f  t h e  W a t e r - I n s o l u b l e  N it r o 

g e n  in  C e r t a in  C o m m e r c ia l  F e r t il iz e r s , by  t h e  N e u t r a l  
P e r m a n g a n a t e  M e t h o d  w it h  C e r t a in  M o d if ic a t io n s : 

D ig e s t io n  w it h  K M n O i S o l u t io n

P c rm a n -  W ith  N asC O s W i th o u t  W ith  W ith
F e r ti l-  g a n a tc  ' --------*-------'  N aiC O a A7/1 0 0  11:SO < C aC O j

ize r M e th o d  4 0 °  C . 2 5 °  C . 2 5 °  C . 4 0 °  C . 2 5° C . 4 0 °  C .
N o . A ik . N c u t .  l/t h r .  18 h rs . >/: h r . >/i h r . 18 h rs . >/i h r .
8 5 .............. 69 86 53 64 50 10 25 14
3 6 .............. 71 92 67 . . 57 . . . . ••

9 8 8 .............. 79 87 59 83 . .  20 42 37
3 4 .............. 71 93 64  73 40  — 2 17 14

9 3 6 .............. 77 90  57 66 44 16 29 23
7 5 .............. 72 92  60 57 48 19 29 23

9 5 8 .............. 66 83 47 56  41 13 20 13
6 7 .............. 67 80 59 68 52 23 35 27
2 6 .............. 65 83 52 63 44 12 22 16
17 .............. 59 81 57 60  38 14 20 14

9 8 2 .............. 60 77 47 70 36 17 23 47
9 9 7 .............. 58  70 58 54 32 27 24 21

7 2 .............. 52 80 43 . .  40 . .  . .  ••
2 8 .............. 50 79 46  49 56 21 26 22
5 1 .............. 50 81 64 . .  55 . .  •• ■ ■
7 7 .............. 49 70 50 61 52 26 39 30
5 0 .............. 45 55 40  36 16 12 . .  12
5 3 .............. 60 79 61

received a h alf more th a n  th e regular application  of 
potassium  and phosphorus. O ats were planted  in all 
of th e pots on Jan u ary  20, 1913, and were allow ed
to m ature seed.

I t  w ill be seen in T a b le  V  th a t  th e plan ts receivin g 
their n itrogen  in o rd in ary  ta n k a ge , castor pom ace, 
rape m eal or som e of th e fertilizers were as good, if 
not b etter, th a n  those receivin g it in blood. T h e 
am ount of n itrogen  in th e d ry  tops w as determ ined 
in certain  cases. Here again  th e am ount of nitrogen 
found in each case bore abou t th e sam e relation to  th e 
stan dard as th e w eigh t of th e d ry  tops. P lan ts de

pendent upon K a n o n a  ta n k a ge  for their n itrogen were 
unable to  m ake a v e ry  sa tisfa cto ry  grow th , show ing an 
a v a ila b ility  of 39 com pared w ith  80 for blood. T h e 
0.6 g. of n itrogen per p o t in A m erican  C alciu m  C ya n am id  
proved  quite injurious to  th e yo u n g plan ts, b u t th e y  
were able to  recover sufficien tly  to  m ake a fa ir  grow th.

A ccep tin g  th e sam e a rb itra ry  stan dard  as used in 
th e  preceding experim ent for c lassify in g  th e w ater- 
insoluble nitrogen in fertilizers, we find th a t of th e 18 
fertilizers tested  b y  th e oat p la n t as g iven  in  T a b le  V ,
6 were shown to h ave inferior insoluble n itrogen. T h e 
alkalin e m ethod detected  3 of the poor ones and con 
dem ned 2 more w ith  a vailab ilities  of 54 and 50. T h e 
n eutral m ethod detected  th e 6 poor ones, and also 
condem ned 4 more w hich had ava ila b ilities  of 81, 74, • 
54 and 50, resp ectively .

In conductin g th e vegetatio n  a v a ila b ility  te st of 
th e w ater-insoluble n itrogen  in som e of th e fertilizers 
collected  in 1913, 5 g. of corn m eal was added to  
each pot w ith  th e regular fertilizer ap p licatio n  and 
rotted  h a y, excep t th a t tw o  of the pots to  w hich th e

T a b l e  V — S e c o n d  S e r i e s  o p  T e s t s  o n  T a n k a g e s , e t c .
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75 76.5 74 64 85
61.5 59.5 51 64 84
75.5 74 73 63 86
51.5 47.5 34 63 68
76.5 77 76 62 81
78.5 81.5 1.1299 si 81 62 84
89 89.5 95 61 90
53 56.5 0.8088 45 42 61 68
80.5 79.0 81 60 75
36.5 32 10 60 51
71.5 70.5 67 59 83
69.5 65.5 62 58 83
77.5 73.5 74 56 77
47.5 43 27 54 77
33 32.5 0.5115 12 8 53 59
63 62.5 54 51 71
59.5 61 0.8523 50 50 41 66
29.5 30.5 3 28 67
82 85.5 87
78 76 76
84.5 92 94
85 78 83
96.5 94 105
88.5 93.5 98
52 53.5 39
78 81.5 78.5 0.5561 (o) 80
80 78.5 79

83.5 75.5 81
116.5
104 111.5
70.5 72.0

Source 
op

N itrogen
N o n e ...............................................
Fertilizer 2 2 2 ..................................
Fertilizer 155..................................
Fertilizer 2 3 5 ..................................
Fertilizer 177..................................
Fertilizer 182..................................
Fertilizer 157..................................
Fertilizer 147..................................
Fertilizer 163..................................
Fertilizer 179..................................
Fertilizer 2 1 8 ..................................
Fertilizer 2 6 3 ..................................
Fertilizer 2 3 0 ..................................
Fertilizer 2 4 0 ..................................
Fertilizer 2 1 1 ..................................
Fertilizer 2 1 0 ..................................
Fertilizer 2 1 2 ..................................
Fertilizer 2 1 5 ..................................
Fertilizer 189 ..................................
T ankage 19.....................................
T ankage 2 0 .....................................
T ankage 2 1 ...................................
T ankage 2 2 ......................................
C astor Pom ace............................
R ape  m ea l.....................................
K anona T an k a g e ........................
D ried B lood..................................
D ried Blood +  ex tra  L im e .. .
D ried Blood +  ex tra  P o tas

sium  +  Phosphorus ..............
D ried Blood (triple am o u n t)..
Calcium  N i t r a te .   ....................
A m erican C y an am id .................

(a) T ops from one pot.

stan dard  am ount of b lood w as added, received  n either 
th e  corn m eal nor th e h a y . T h e  addition  of corn m eal 
w as m ade after considering th e  results ob ta in ed  in 
the preceding experim ent, in w hich p lan ts h a vin g  their 
nitrogen in th e  form  of rape m eal or castor pom ace 
m ade larger grow th s th a n  w ith  a n y  other form  of or-, 
gan ic nitrogen used. I t  seem ed prob ab le th a t  th e 
increase in grow th  w as due to  th e  greater am ou n t of 
carbonaceous m aterial rath er th a n  because th e  n itrogen  
w as in th e  form  of v egetab le  in stead  of anim al m atter.

F or som e un explain ed reason th e  oa t p la n ts h a vin g  
th e  stan dard  application  of b lood to g eth er w ith  ro tted  
h a y  and corn m eal m ade th e v e ry  u n sa tis fa cto ry  grow th  
of 49 gram s of d ry  top s per p o t w hile under like  con
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ditions, b u t w ith ou t th e ro tted  h a y  and corn meal, 
the w eigh t w as 67 gram s per pot, w hich is n early  th e 
norm al w eight for oat plan ts h a vin g  th a t am ount 
of n itrogen  in blood when grow n under like  conditions 
for th e sam e period, as show n b y  th e  preceding and 
succeeding experim ents. A lth o u gh  th e plan ts h a vin g  
extra  b lood m ade a good increase over those h avin g 
th e stan dard  am ount, n am ely  82 com pared to  49 gram s 
d ry  top s per pot, th e grow th  w as ab ou t h alf th e  usual 
am ount. P la n ts receivin g their nitrogen in n itra te  
o f soda m ade a norm al grow th.
■ In  T a b le  V I  are g iven  th e w eights of th e  dried tops 
cu t M a y  11 , 1914, and their re lativ e  a vailab ilities, 
also th e a ctiv ities  b y  th e  a lkalin e perm anganate

T a b l e  V I— T e s t s  o n  1913 F e r t il iz e r s , e t c .

S o u r c e
W eight of 

A ir-D ry A vailability

A ctiv ity
by

Alkaline
P erm an 

o f O at-T ops of N itrogen ganate
N it r o g e n G ram s for O ats M ethod

N o n e ........................................................... 24 19.5 0
F ertilizer 310 ........................................... 60 .5 62 .5 70 68
Fertilizer 319 ........................................... 48 52 .5 50 56
Fertilizer 426 ........................................... 24 26 .5 6 48
F ertilizer 328 ........................................... 63 .5 55 .5 66 63
Fertilizer 329........................................... 51 .5 54 .5 55 48
Fertilizer 341 ........................................... 38 •37 28 52
F ertilize r 350........................................... 38 31.5 23 53
F ertilizer 355 ........................................... 48 .5 50 48 59
F ertilizer 356 ........................................... 46 50 46 59
F ertilizer 367........................................... 63 .5 58 .5 69 61
F ertilizer 371 ........................................... 58 .5 61 67 75
F ertilizer 373 ........................................... 50 48 .5 48 57
F ertilizer 382........................................... 42 .4 43.5 37 66
F ertilizer 391 ........................................... 41 .5 43.5 36 54
F ertilizer 397........................................... 47 44 42 66
1146 M ass................................................. 53 .5 46.5 50 54
Dried B lood ............................................. 49 49 48
D ried Blood •+• ex tra  P o tash  and 

P ho sp h o ru s .......................................... 52 .5 52 .5 54
D ried  Blood w ith o u t corn m eal or 

h a y .......................................................... 67 67 .5 80
D ried Blood (trip le  a m o u n t) ............. 85 78.5 106
N itra te  of S o d a ...................................... 91 .5 98 .5 129

m ethod. In asm uch as th e  stan dard  blood plan ts 
h a vin g  rotted  h a y  and corn m eal m ixed w ith  th e soil 
m ade such a poor grow th , those grow n w ith  th e  sam e 
am ount of blood b u t w ith o u t th e  ro tted  h a y  and corn 
m eal w ere ta k en  as th e  stan dard.

On th e bases sta te d  p rev iou sly , th e oat p lan t con
dem ned 6 of th e 16 fertilizers tested  as h a vin g  inferior 
w ater-in soluble n itrogen. T h e a lkalin e m ethod rated  
4 of th e  6 as poor, and condem ned 2 m ore w ith  a c
tiv ities  of 48 and 54 w hich had a va ila b ilities  of 55 and 
50. I t  is in terestin g to  note th a t th e  la tter  h ad  an 
a v a ila b ility  of 49 w hen tested  a t th e M assachusetts 
A g ricu ltu ra l E xp erim en t Station .

V T E S T S  OF 1 9 1 4  F E R T IL IZ E R S , E T C .

In  con d u ctin g  th e vegetatio n  te st for th e  a v a il
a b ility  of th e  w ater-in soluble n itrogen  in certain  of 
th e fertilizers collected  in 1914, th e  use of ro tted  h a y  
and corn m eal w as dispensed w ith , excep t w here used 
in certain  p ots to  determ ine th eir to x ic  effect, if an y. 
F ou r of the fertilizers tested  in 1913, Nos. 310, 328, 
356 and 426, were included, in order to  ascertain  to  
w hat exten t th e grow th  of th e  o a t plan ts was influenced 
in th e last experim ent b y  th e addition  of ro tte d  h a y  
and corn m eal. D r. R . N. B ra ck ett, C lem son C ollege, 
S. C ., A . 0 . A . C . referee on n itrogen , k in d ly  fu r
nished us w ith  sam ples of ta r ta r  pom ace, N os. 5 and 6 
nitrogenous m anures and b eet root m anure, from  the 
sam e m aterials as furnished th e  different station s in 
1914 for n itrogen determ in ations and  a ctiv ities  b y  
th e  alkalin e and n eutral p erm an gan ate m ethods.

A ll of these m aterials were g iven  th e sam e lab o ra 
to ry  trea tm en t as th e fertilizers. T w o  pots were in 
cluded h avin g oxam ide, C2O2N2H4, prepared b y  D r. 
John E. B ucher, B row n  U n iv ersity ; likew ise tw o w ith  
soot for use in p la n t grow ing, an E nglish  im portation .

T h e  fertiliz in g  m aterials w ith  C a C O i a t th e rate  of 
tw o  tons per acre were added to  th e soil m edium  
D ecem ber 31, 1913, and th e oats p lanted  Jan u ary
13, 1914. T h e w eights of th e d ry  oa t top s and rela
tiv e  a va ila b ilities  are given  in T a b le  V I I , also the 
a ctiv ities  b y  th e  a lkalin e and n eutral perm an gan ate
m ethods. T h e a ctiv ities  for th e m aterial received
from  D r. B ra ck e tt were obtained  b y  avera gin g  those 
reported  from  th e different station s. F ig . II shows 
th e  grow th  of oats w ith ou t n itrogen and w ith  an equal 
am ount of n itrogen in b lood and in th e w ater-insoluble 
p a rt of th e A . O. A . C . m aterial.

I t  will be seen b y  th e w eights of th e d ry  top s th a t 
th e addition  of th e  ex tra  potassium  and phosphorus 
to  th e  stan dard  blood pots did n ot change th e  grow th

Check T a r ta r  N o. 6 Beet No. 5 Blood
Pom ace N itrogenous R oot N itrogenous

M anure M anure  M anure 
F ig . I I — G r o w t h  o f  O a t s  w it h o u t  N it r o g e n  a n d  w it h  a n  E qu a l  

A m o u n t  o f  N it r o g e n  in  B l o o l  a n d  in  t h e  I n s o l u b l e  
P a r t  of  O t h e r  M a t e r ia l s

of th e  plan ts, w hile th e  ad ditio n  of rotted  h a y  increased 
th e  grow th  of th e d ry  top s ab ou t 10 g. per pot, and 
rotted  h a y  and corn m eal n early  as m uch. W here 
a trip le  am ou n t of th e  corn m eal (15 g.) w as used w ith 
ou t a n y  ro tted  h a y , th e  grow th  wras depressed abou t 
10 g. per pot. Furtherm ore, b y  com parin g th e w eights 
of th e  d ry  top s for fertilizers N os. 310, 328, 356 and 426 
in T a b le  V I I  w ith  those in T a b le  V I  it  appears th a t 
w ith  on ly  one excep tion , fertilizer N o. 328, th e  com 
bined w eights of th e  d ry  top s for th e  tw o  pots were 
a little  larger in  th e first tr ia l. I t  is in terestin g  to  
note th a t  oxam ide, w hich  is insoluble in w ater, ranks 
betw een  b lood and n itra te  of soda as a source of n itro 
gen for th e oat p lant.

On th e  bases p rev io u sly  sta te d , it  w ill be seen in 
T a b le  V I I  th a t  of th e  20 fertilizers tested  b y  th e oat 
p lan t, 11 were foun d to  con tain  inferior insoluble n itro 
gen. Of these th e  a lkalin e m ethod d etected  6 and 
failed  on 2 m ore b y  on ly  tw o  points or less eith er w a y.
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T h e n eutral m ethod d etected  8 of th e n  poor ones and 
rated  1 good one as poor. T h e oat p la n t show ed the 
nitrogen in th e m aterial from  D r. B ra ck e tt to  be of 
v e ry  inferior q u a lity : th e a lk alin e m ethod rated  3 
as h a vin g  inferior n itrogen, w hile th e n eu tral m ethod 
condem ned b u t 1.

T a b l e  V II— T e s t s  o f  1914 F e r t il iz e r s , e t c .
W eight of A vail A ctiv ity  by

S o u r c e A ir-D ry ab ility P erm anganate
o f O at-T ops of M ethods

N i t r o g e n G ram s N Aik. N eut.
N o n e .................................................... . 12.5 10 0
F ertilizer 50 6 .................................... . 41 48 43 56 76
Fertilizer 512 .................................... . 35 32 29 70 87
Fertilizer 513 .................................... . 20 21 12 50 73
Fertilizer 525.................................... . 47 51 .5 49 63 89
Fertilizer 53 6 .................................... . 60 59 .5 63 55 86
F ertilizer 547.................................... . 7 3 . 5 69 77 70 86
F ertilizer 548.................................... . 20 .5 17 10 44 74
F ertilizer 57 5 .................................... . 37 .5 42 .5 37 55 89
F ertilizer 584..................................... . 43 47 44 55 88
F ertilizer 591..................................... . 63 59 64 58 88
F ertilizer 592..................................... . 41 .5 44 41 50 74
F ertilizer 598..................................... . 19 20 .5 11 40 74
F ertilizer 605.................................... . 57 .5 54 51 65 88
F ertilizer 606..................................... . 32 34 28 50 65
F ertilizer 310.................................... . 57 .5 59 .5 61 68 89
F ertilizer 426..................................... . 23 .5 22 .5 15 48 77
F ertilizer 328 .................................... . 63 64 .5 68 63 64
Fertilizer 356..................................... . 4 2 .0 48 .5 44 59 78
T a r ta r  P om ace ................................. . 11.5 13 1 35 60
No. 5 N itrogenous M a n u re ......... . 28 35 26 57 86
No. 6  N itrogenous M an u re ......... . 16 16 6 49 80
B eet R oo t M an u re ......................... . 11.5 10.5 0 23 85
S o o t...................................................... . 57 52 56
O xam ide, C i O z N - H * ....................... ,.  91 .5 91 .5 104
D ried B lood ....................................... . 70 76.5 80
D ried Blood -f- ex tra  P otassium  

and P h o sp h o ru s .............................  72 74 80
D ried Blood +  R o tted  H a y . . . . , . 83 84 93
D ried Blood R o tte d  H ay  -f- 5

g. Corn M ea l..................................  81 .5 82 91
Dried Blood +  15 g. Corn M eal. . 63 65 .5 68
Dried Blood (trip le  a m o u n t) ----- ..161 158 191
N itra te  of S o d a ................................ 105 118

SU M M A R Y

1— R y e  and oat p lan ts grow n  during late  fall and 
ea rly  w inter conditions did n ot m ake as large a grow th 
as those grow n after m idw inter for th e  sam e period 
under otherw ise th e  sam e conditions, b u t th e am ount 
of n itrogen  rem oved in th e top s of th e plants w as m uch 
the sam e in b o th  experim ents.

2— A lth o u gh  th e  rye  plants did n ot m ake as large 
a grow th  as th e oat plan ts, th e  re lativ e  grow th  was 
m uch th e  sam e w ith  those h a vin g  like treatm en t.

3— P la n ts h a vin g  th eir n itrogen  added in th e form  
of garbage ta n k a g e  or alum inum  nitride m ade no larger 
grow th th a n  those to  w hich no nitrogen w as added.

4— N itro gen  in w a ter-extracted  blood proved ju st 
as a va ila b le  to  th e oat p la n t as th a t in th e unw ashed 
blood.

5— P la n ts securing their w ater-insoluble nitrogen 
in anim al ta n k a g e  m ade fu lly  as large a grow th as 
those receivin g it in blood.

6— T h e w ater-in soluble nitrogen in castor pom ace 
, and rap e m eal proved  excellent sources of nitrogen

for th e grow th  of o a t p lants While K an o n a ta n k age 
p roved  to  be q uite an inferior source of nitrogen.

7— A n  a p p licatio n  of 0.6 g. n itrogen in C yan am id  
(165 lbs. of n itrogen  per acre) p roved  to x ic  to  th e 
youn g plan ts b u t th e y  were able to  overcom e the to x ic ity  
and m ake a fa ir grow th.

8— A ll the w ater-in soluble nitrogen in th e m aterial 
received from  D r. B ra ck e tt, A . O. A . C . referee on 
n itrogen, p roved  to be of inferior va lu e  w hen sub
jected  to  th e  p la n t test.

9— T h e n itrogen  in soot had an a v a ila b ility  of 56 
com pared w ith  th a t  in b lood a t 80.

10—  N itrogen  in oxam ide produced p la n t grow th  
a b ou t equal to  th e  avera ge  produced b y  th a t  in blood 
and in n itra te  of soda.

11— L ow er a ctiv ities , secured b y  m odifications of 
th e n eutral perm anganate m ethod, in general agree 
no b etter w ith  th e  a va ila b ilitie s  th a n  th ose secured 
b y  th e  unm odified m ethod.

12— Of th e 56 fertilizers tested , not on ly b y  th e oat 
p lan t b u t also b y  th e  a lk alin e and n eu tral perm an 
gan ate  m ethods, 24 were found to  contain  w ater- 
insoluble nitrogen h avin g an a v a ila b ility  of less th an  
45 as com pared w ith  blood nitrogen  a t 80; of these, 
13 were a ctu a lly  classed as inferior b y  h a vin g  an ac
t iv it y  of less th an  55 b y  the a lkalin e p erm an gan ate 
m ethod, and 3 more were p ra ctica lly  so classed, th eir 
a ctiv ities  being only one to tw o  points higher: 2 
h avin g a vailab ilities of only 54 and 50 were condem ned 
b y  a ctiv ities  of 51 and 41. N one w as condem ned b y  
the alkalin e m ethod which proved to  h ave a high a v a il
a b ility .

13— T h e neutral m ethod, on th e basis of a ctiv ities  
of less than  80, d etected  19 of th e 24 inferior ones and 
three more h a vin g  a vailab ilities  of on ly  54, 50 and 49, 
b u t u n fo rtu n a tely  condem ned three w ith  th e sa tis
fa cto ry  a vailab ilities of 81, 74 and 68.

14— C on cern in g th e A . 0 . A . C . inferior nitrogenous 
m aterial, d istributed  for coop erative w ork in 1914, 
th e in feriority  of 3 of th e 4 sam ples w as d etected  b y  
th e alkalin e m ethod, w hereas on ly 1 of them  w as de
te cte d  b y  th e n eutral m ethod.

15— I t  will be seen th a t abou t th e  sam e .p ercen tage 
of th e  inferior sam ples w as d etected  b y  th e  tw o  m ethods, 
b u t th a t th e n eutral m ethod condem ned som e sam ples 
w hich proved to h ave sa tisfa cto ry  ava ila b ilities  a c 
cording to  th e vegetation  tests.

16— T h e percen tage of th e insoluble n itrogen  a t
tacked  b y  the potassium  perm an gan ate solution  agrees 
m uch closer %vith th e  re lativ e  a v a ila b ility  b y  v e g e ta 
tion  test, in case of th e a lkalin e than  of th e  n eutral 
m ethod.

A g r ic u l t u r a l  E x p e r im e n t  S t a t io n  
R h o d e  I sl a n d  S t a t e  C o l l e g e  

K in g s t o n , R . I .

A P R O P O S E D  N E W  M E T H O D  F O R  C IT R A T E -IN S O L U B L E  
P H O S P H O R IC  A C ID

B y  C h a s . H . H u n t  

Received Septem ber 24, 1915

T h ere is, perhaps, no other p o in t in th e  ch em istry  
of fertilizers w hich has called forth  so m uch discussion 
and difference of opinion as th e m ethod for th e  d e
term ination  of c itrate-soluble or reverted  phosphoric 
acid  b y  m eans of n eutral am m onium  c itra te . T h e 
present a rb itra ry  m ethod for th is  determ in ation  is 
u n satisfacto ry  and also unscientific, since th e  sam e 
substance freq u e n tly  gives different results in th e hands 
of different an alysts. If  a  m ethod could be foun d 
th a t w ould m easure the am oun t of c itrate-in solu b le  
P 205 and, in d irectly , th e  am ou n t of c itrate-so lu b le  
P2O5, in w hich th ere are n ot so m an y fa cto rs  th a t  in 
fluence th e  results, it  w ould be of great a id  to th e  
fertilizer chem ist. I t  is b elieved  th a t  th e  m ethod 
proposed below  will, in  a  w a y, help so lve th e  problem .
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I t  has been know n  for som e tim e th a t  lim e,1 lim e
stone and  other form s of calc iu m 2 added as a filler or 
as an essential ingredient in fertilizers, decreases th e 
a va ila b le  P2O5, or, in other w ords, increases th e  citrate- 
insoluble P 206, and also, th a t th e rate  of increase in 
the am ount of c itrate-in solub le P2O5 is proportional 
to  th e  am ount of added calcium . T h is  fa c t has been 
fu rth er confirm ed in this lab o rato ry . I t  is believed 
th a t  th e  exp lan ation  for th is is th a t  th e calcium , in 
w h a tev er form  it  m ay be, reacts w ith  th e m ono- and 
d ica lciu m  ph osphate, in  th e am m onium  c itra te  m edium , 
and  changes th em  into  th e trica lciu m  ph osphate, a 
form  w hich is supposed to  be insoluble in n eu tral 
am m onium  citrate , accordin g to  th e fo llow ing eq u a 
tion s:

C a H 4( P 0 4)2 +  2CaO  = C a 3(P 0 4)2 +  2H20 
C a 2H 2(P 0 4)2 +  C aO  = C a ,( P 0 4)2 +  H 20  

W h eth er a sim ilar reaction  takés place in those fer
tilizers con tain in g no added lim e or other form s of 
calcium  th e  w riter is n ot able to  sa y  iu st now , b u t it  
has been n oticed  th a t  th ere is a fa irly  con stan t ratio  
b etw een  th e am ount of calcium  oxide, determ ined 
as such, b oth  in those fertilizers th a t  do and those 
th a t  do n ot contain  added calcium  com pounds, and 
th e citrate-in solub le P2O5, as is show n in T a b le  I. T h e 
proposed m ethod is based upon som e of these facts.

^ T a b l e  I
P er cent 
c itra te - 

insoluble
F e r t il iz e r  P i O î

T a n k a g e ....................................................  8 .55
T an k a g e  : ................................... 4 .85
T an k a g e ................................................  4 .83
Bone m ea l............................................. 16.65
F ish  fe rtilize r....................................... 1.80
C o m p lc te(a)......................................... 10.80
C o m p le te(a)............................................  6 .25
C o m p le te (a ) ...........................................  8 .45

(a) C ontains added calcium  com pounds.

M E T H O D

T h e fertilizer is d igested  as in th e Official m ethod3 
for to ta l phosphoric acid  and m ade up to  a definite 
volum e. A n  a liq u ot is then  ta k e n  and an excess of 
am m onia is added w hereupon a w hite p recip itate  
of trica lciu m  ph osph ate is form ed.4 I t  is then  filtered 
and w ashed th o ro u g h ly  w ith  w ater. T h e p recip itate  
is dissolved on th e  filter paper w ith  n itric  acid  and 
the phosphoric acid  determ in ed in th e filtrate  according 
to  th e  vo lu m etric  op tion al m ethod.6

F rom  th is in v estig a tio n  it has been foun d th a t the 
phosphoric acid  is in excess of th e calcium  th a t is 
n ecessary to  com bine w ith  it  to  form  trica lciu m  ph os
ph ate, or th a t all of th e  phosphoric acid  is n ot p re
c ip ita ted  w ith  am m onia. N ow  th e  am oun t of tr i
calcium  ph osph ate precip itated  w ith  am m onia de
pends upon the am ount of calcium  present in  the 
fertilizer. A lso th e am ou n t of citrate-in solub le P^Os 
depends upon th e am oun t of calcium  as has a lread y  
been pointed out. N ow  if th e  am oun t of calcium  
govern s these tw o  factors th en  th ere m ust be som e

1 W ash. Agric. Exp. S ta tion , Bull. 116.
* T in s  J o u r n a l , 6 (1914), 20; also 5 (1913), 933.
* U. S. D ept. Agric., B ull. 107, R ev. E d ., p. 2.
4 Perk in , "Q u a lita tiv e  C hem ical A nalyses,” p. 8 6 , foot-note. If  iron is 

p resen t i t  will be p recip ita ted  here.
6 U . S. D ep t. Agric., Bull. 107, R ev. Ed., p. 4.

definite ratio  betw een  th e factors them selves. T h is 
ratio  is show n in T a b le  II.

T a b l e  I I
R atio  of citrate- 

P e r cen t (a) insoluble PjOs 
P e r c en t P2O5 c itra te - to  P2O5 
prec ip ita ted  insoluble p rec ip ita ted  

F e r t i l i z e r  w ith  am m onia  P 2O6 w ith  am m onia
M ea t and  b o n e ...................................  22 .45  17.39 1 : 1 . 2 9
C oncen trated  fe rtilizer..................... 19.75 10.80 1 : 1.82
V egetab le .............................................. 19.00 13.02 1 : 1.46
M ea t and  b o n e ...................................  15.35 9 .1 0  1 : 1.68

• Rose la w n .............................................  2 0 .9 0  12.60 1 : 1 . 6 8
Law n fe rtilize r....................................  14.15 9 .4 3  1 : 1 .6 7
C o n cen tra ted .......................................... 13.60 9 .0 6  1 : 1.52
Bone m eal............................................. 22 .35  16.03 1 : 1 . 3 9
Bone m eal............................................. 19.70 14.07 1 : 1 . 4 0
Blood and  b o n e .................................. 14 .90  10.04 1 : 1 . 4 8
F ish  fe rtilizer..........................................  8 .85  6 .47  1 : 1.37

(a) D eterm ined by  Official m ethod.

I t  is seen th a t th e  ratio  betw een  th e  ' c itra te -in 
soluble P2O5 and th a t  p recip itated  w ith  am m onia is 
ab ou t 1 : 1.50. H ence, b y  d iv id in g th e am ount p re
cip itated  w ith  am m onia b y  1.50 we ob tain  a figure 
w hich is ap p ro x im ately  equal to  th e citrate-in solu b le 
P 2Os as ob tain ed  b y  th e O fficial m ethod. T h is  ratio  
varies in som e cases. T h e  proposed m ethod does 
n ot seem  ap p licab le  to  superphosphates, perhaps due

T a b l e  I I I
Per

P er cent P er
Per cent c itra te - cen t

Per cent w ater- in- P2O5
cent to ta l soluble soluble New

N o. F ertilizer N P2O5 P 2O4 P2O5 m ethod DifT.
1413 Bone m ea l..................... 2 .98 23.63 17.39 14.96 — 2.43
1595 Bone m ea l...................... 3 .0 2 26 .20 18.07 15.36 — 2 .71
1518 Bone m ea l................... 0 .9 4 33 .75 27 .40 21.53 — 5.87
1540 Bone m e a l . ........... 3 .73 23.29 15.50 12.70 — 2 .8 0
1530 Bone m ea l................... 4 .0 8 24 .60 16.03 14.90 —  1.13
1281 Bone m ea l................... 3 .9 4 19.80 14.07 13.13 — 0 .9 4
1314 Bone m ea l................... 3 .9 8 23.85 16.65 12.27 — 4.38
1619 B one m ea l................... 4 .0 6 2 0 . 1 0 11.40 13.26 +  1 . 8 6
1716 Bone m ea l................... 3 .6 6 26 .20 18.55 17.06 —  1.49
1730 Bone m ea l................... 4 .07 2 0 . 2 0 15.15 13.00 — 2. 15
1774 Bone m ea l................... 2 .6 3 25.85 15.25 17.00 +  1.75
1791 Bone m ea l................... 4 .31 24.22 16.60 15.70 — 0 .9 0
1669 Bone m ea l................... 3 .85 21 .98 13.55 14.40 +  0 .85
1687 Bone m ea l................... 4 .0 8 22.69 16.57 14.80 —  1.77
1511 T a n k a g e ....................... 4 .37 16.10 8 .55 10.63 +  2 .08
1545 T a n k a g e ....................... 7 .23 1 0 . 2 0 4 .85 6 .63 +  1 .78
1515 T a n k a g e ....................... 7 .07 11.27 4 .8 3 5 .6 3 +  0 .8 0
1668 T a n k a g e ....................... 7 .05 5 .1 9 1.90 2 .2 4 +  0 .3 4
1672 T a n k a g e ....................... 5 .5 8 16.48 5 .29 8 . 13 +  2 .8 4
1673 T a n k a g e ....................... 5 .27 13.86 9 .2 0 9 .1 0 — 0 . 1 0
1676 T a n k a g e ....................... 7 .13 7 .20 2 .7 0 4 .2 6 +  1.56
1688 T a n k a g e ......................... 8 .47 3 .23 0 .79 0 .53 — 0 .2 6
1731 T a n k a g e ....................... 4 .7 2 14.20 8 .3 0 9 .5 6 +  1.26
1767 T a n k a g e ....................... 7 .93 15.13 7 .8 0 9 .6 6 +  1 . 8 6
1788 T a n k a g e ....................... 3 .3 8 19.70 12.35 13. 17 +  0 .8 2
1267 Bone and  b lo o d ........... 4 .05 14.98 10.04 9 .9 3 — 0 . 11
1596 M ea t and  bone ............ 6 .4 8 15.90 9 .1 0 10.23 +  1.13
1728 M ea t and  bone ............ 2 .6 4 24 .80 16.90 16. 13 — 0.77
1737 M ea t and  b o n e ............ 7. 18 12.65 8 .25 8 .46 +  0 . 2 1
1475 F ish  g u an o .................. 13.60 4 .5 0 1.80 1 .40 — 0 .4 0
1278 F ish  g u an o ..................... 7.11 8.97 6 .47 5 .9 0 — 0.57
1772 F ish  g u a n o .................. 9 .3 4 6 .15 2 .23 3 .6 0 +  1.37
1670 Sheep g u an o ................. 3 .77 1.93 0 .62 0 .82 +  0 . 2 0
1671 Sheep g u an o .................. 4 .4 8 3 .83 1.37 1.38 +  0 . 0 1
1522 C om plete fe r ti liz e r .. . 2 .95 15.30 O'. i 8 11.35 9 .7 0 —  1.65
1523 C om plete fertilizer . . 2 .7 0 20.03 2.95 10.80 13.16 +  2 .3 6
1516 C om plete  fertilizer . . 2 .4 4 19.08 0 .0 8 13.02 1 2 . 6 6 — 0 .3 6
1581 C om plete fertilizer . . 3 .9 0 11.85 3 .1 0 6 .25 7 .7 6 +  1.51
1576 C om plete fertilizer . . 5 .61 21 .65 12.60 13.93 +  1.33
1564 C om plete fertilizer . . 3 .0 2 13.60 2 ! 45 8 .5 0 8 .85 +  0 .35
1541 C om plete fe rtilizer . . 4 .45 14.35 0 .71 8 .45 9 .4 3 +  0 .9 8
1542 C om plete fertilizer . . 3 .9 9 14. 10 1.40 8 .95 9 .0 6 +  0 . 1 1
1616 C om plete fertilizer . . 3 .19 10.60 2 .2 6 6 .3 0 6 .13 — 0.17
1618 C om plete fertilizer . . 1 .98 12.40 3.45 6 .25 7 .60 +  1.35
1622 C om plete fertilizer . . 2 .05 14.35 5 .25 6 .6 0 8 .93 +  2 .23
1625 C om plete fertilizer . . 3 .0 8 16.40 4 .65 8 .15 10.50 +  2 .35
1679 C om plete fertilizer . . 4 .6 0 11.75 0 .9 6 6 .3 0 7.17 +  0 .87
1712 C om plete fertilizer . . 7 .17 10.70 6 . 2 0 6 .7 0 + 0 .5 0
1727 C om plete fertilizer . . 3 .3 2 16.10 12.05 10.40 — 1 .65
1781 C om plete fertilizer . . 3 .4 8 8 .25 2'.58 4 .05 5 .17 +  1 . 1 2

to  th e fa c t th a t  a large p a rt of th e calcium  has been 
rem oved  as w ater-soluble P 205. A lso, since th e  am ount 
of citrate-in solu b le  P2O5 in a fertilizer depends upon 
th e  am ou n t of m aterial d igested ,1 we can rea d ily  
a ccou n t for th e low  results in th e  case of those fertilizers 
con tain in g a large am ou n t of w ater-soluble P2O5, 
because th e  am ou n t of m aterial trea ted  has been con-

1 W iley, “ Principles and  P rac tice  of A gricultural A nal.,"  Vol. I I ,  p. 136.

R atio  c itra te -
Per cent insoluble P2O5
calcium to  calcium

oxide oxide
2 0 . 0 0 1 : 2 .3 4
11.72 1 : 2.41
11.50 1 : 2 .38
31 .80 1 : 1.91

4 .0 6 1 : 2 .25
27 .34 1 : 2 .53
13.78 1 : 2 . 2 0
19.35 1 : 2 .29
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sid erab ly  decreased from  th e am ount supposed to  be 
used in m akin g th e d eterm in ation. If  th e am ount 
of c itrate-in solub le P jO j depends upon th e w eigh t of 
m aterial d igested, is it  n ot illo gical to  determ ine the 
am ount of citrate-in solub le P2O5 on a 2 gram  sam ple 
in th e  case of bone m eal or ta n k a g e  and m ake th e sam e 
determ in ation  on th e residue of a 2 gram  sam ple, 
a fter th e w ater-soluble P2O5 has been rem oved, w hich, 
in m an y cases is m uch less th a n  2 gram s, in th e  analysis 
of a m ixed fertilizer contain ing superphosphate? 
R esults ob tained , on th e sam e sam ple, b y  th e Official 
m ethod and th e  proposed new  m ethod are g iven  in 
T a b le  I I I . W h ile  these results v a ry  som ew hat, 
there is y e t a degree of u n ifo rm ity  in th e variation s. 
T hose ob tain ed  b y  p recip itation  w ith  am m onia are 
u su ally  'low er th an  th ose b y  th e  O fficial m ethod in 
the case of bone m eal and  gen erally  higher in th e case 
of ta n k a g e  and com plete fertilizers. T h e  plus and 
m inus errors for a ll classes of fertilizers reported  are 
n early  equal to  each oth er, which fa c t seem s to  suggest 
a p o ssib ility  of using a different fa cto r for different 
typ es of fertilizers. A g ain , it  is n oticeable th a t the 
differences betw een  th ose ob tain ed  b y  th e Official 
and proposed m ethods are, in m ost cases, no greater 
than  th e  variation s in those obtained  b y  different 
an a lysts  w orkin g upon th e  sam e sam ple, when the 
Official m ethod is used.

SU M M A R Y  A ND C O N C L U S IO N S

I— L im e, lim estone and other calcium  com pounds, 
added as a filler or as an essential in gredien t increases 
the citrate-in solu b le P2O5.

II— T h e ratio  betw een  th e calcium  oxide, determ ined 
as such, and th e citrate-in solu b le P2O5 is fa ir ly  co n 
sta n t b oth  in  those th a t  do and those th a t  do n ot con
tain  added calcium  com pounds.

II I— In th e  proposed m ethod th e fertilizer is d i
gested as for to ta l P2O5. A n  aliq u o t is m ade alkalin e 
w ith am m onia and th e P2O5 is determ ined in the 
p recip itate  th u s form ed.

IV — T h e ratio  betw een  th e  citrate-in soluble P2O5 
and th e P2O5 p recip itated  w ith  am m onia is abou t 
1 : x.50.

V — B y  d ivid in g th e  am ount of P2O5 p recip itated  
w ith am m onia b y  1.50 we obtain  a figure w hich is 
a p p roxim ately  eq ual to  th e citrate-in soluble P2O5 
determ ined b y  th e  O fficial m ethod.

V I— T h e plus and m inus errors in th e  final results 
n early  b alance each other. T h e  fa ct th a t  th e  errors 
for bone m eal are n early  th e sam e and th a t  for ta n k a ge  
and com plete fertilizers are also n early  th e  sam e b u t 
of opposite q u a n tity , seem s to  suggest a p o ssib ility  
of using a d ifferen t fa cto r for different ty p e s  of fertilizers.

V I I — T h e difference betw een  th e results obtained  
b y  th e O fficial and proposed m ethods are no greater 
than  th e  differences in th e  results obtained b y  different 
a n alysts  w orkin g on th e  sam e sam ple when the Official 
m ethod is used.

V I I I — T h e proposed m ethod claim s to  be m uch 
shorter and less expensive, doing a w a y  w ith  the use 
and p rep aration  of n eutral am m onium  citrate.

S t a t e  C o l l e g e  F oo d  a n d  F e r t il iz e r  L a b o r a t o r y .
P u l l m a n , W a sh in g t o n

L A B O R A T O R Y  N O T E S  O N  T H E  S T A N D A R D IZ A T IO N  O F  
T H E  M E R C U R IA L S

By D o n a ld  K . S t r ic k l a n d  

Received Septem ber 7. 1915

Six m ethods for th e  estim ation  of m ercury were su b 
m itted  for s tu d y ,1 b y  th e com m ittee on q u a n tita tiv e  
m ethods of the division  of p h arm aceutical chem istry 
of th e A m erican  C hem ical S ociety . T h ese included:
( i)  th e H em pel vo lu m etric m ethod for m ercurous 
chloride, brom ide and iodide, in v o lv in g  th e  use of 
iodine and sodium  th iosu lfate  solutions; (2) a m odifica
tion  of th e m ethod of R u p p , in which th e m etallic 
p recip itate  is redissolved in n itric  acid  and repre
cip ita te  as m ercuric iodate, which a t len gth  is de
term ined vo lu m etrica lly  b y  the use of sodium  th io 
su lfate; (3) an electro lytic  m eth od ;2 (4) th e w ell-know n 
R u p p 3 form aldeh yde m ethod for m ercuric sa lts; (5) 
a m ethod in w hich m ercuric arsenate is w eighed; and 
(6) a gravim etric  estim ation  as m ercurous chloride. 
These m ethods were studied  w ith  the o b ject of devisin g 
m ethods w hich m ight be used as ph arm acop oeial 
m ethods, where a stan dard  of p u rity  for m ercury salts 
has been required, w ith ou t offering an official m ethod 
of exam ination.

T h e m ethods in use to -d a y  for estab lish in g th e  sta n d 
ard of p u rity  of these chem icals are no d ou b t quite 
uniform  and th e best m ethods h a ve  long since been 
established in practice. T h ese were pointed ou t b y  
C. E . S m ith .4 T h e H em pel m ethod serves b est for 
th e analysis of calom el and m ercurous iodide, w hile 
m ercuric chloride, iodide, and am m oniated  m ercu ry 
are an alyzed  b y  the m ethod of R u p p . F or oxide of 
m ercury th e m ethod m ost serviceab le is th a t  of R . 
C ohn 5 sim plified b y  R u p p  and K ra u s ,6 w hich is foun d 
in th e  G erm an Pharm acopoeia.

R e ce n tly  th e  effort has been m ade, n ot o n ly  to  
determ ine th e p u rity  of these salts as th e y  en ter into  
th e m an ufacturin g processes, b u t also to  stan dardize  
th e  finished products, esp ecially  in tablets and pills. 
L. F . K eb ler7 reported th e results ob tain ed  upon 
analysis of 30 sam ples of calom el and of calom el and 
sodium  b icarb on ate ta b le ts, 12 of w hich (or 40 per 
cent) varied  m ore th a n  10 per cen t from  th e  claim  
on th e label as to  th e calom el con ten t. In  th is th e y  
were s lig h tly  more in accu rate  th a n  th e  average of th e  
sam ples of ta b le ts  on th e  A m erican  m ark et a t th a t 
tim e. I t  w as foun d in th is in vestig a tio n  th a t  36.7 
per cen t of all th e ta b lets  varied  m ore th a n  10 per cen t 
from  th e stan dard  claim ed. A t  th e sam e tim e, 5 
ta b lets  of corrosive sublim ate, ou t of 17 exam ined, 
were foun d to  v a r y  10 per cen t or m ore from  th e  d ec
laration  on th e label. T w o  an tisep tic  m ercuric 
chloride tab lets  were exam ined, both  of w hich were 
in accurate b y  m ore than  10 per cent. In  th is  im 
p o rta n t con trib ution  to  p h arm aceu tica l ch em istry  
there are recom m ended for th e  estim atio n  of calom el

1 A m . Jour. Pharm., 83 (1911), 186.
2 Sm ith, "E lectro-A nalysis,”  90-94.
3 Bcr., 39 (1906), 3702.
K A m . Jour. Pharm., 83 (1911), 311.
* Bcr., 34 (1901), 3502.
« Ibid., 35 (1902), 2015.
7 J . A m . Pharm. Assoc., 3 (1914), 1069.
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three methods.: (1) th e H em pel, (2) a gravim etric ,
and (3) a vo lu m etric  m ethod, in w hich th e calom el 
is decom posed w ith  norm al sodium  hyd ro xid e and the 
chloride ion is titra te d  w ith  silver n itra te  b y  the 
V olh ard  m ethod. F or the corrosive su b lim ate tab lets  
there was utilized : (1) the R u p p  form ald eh yd e m ethod,
(2) precip itation  of m ercuric sulfide and (3) a m eth od 1 
in v o lv in g  th e conversion of m ercuric chloride into the 
undissociated  m ercuric cyan id e and th e titra tio n  of 
the hydrochloric acid.

J. W . M arden 2 has pointed out th e  m any difficulties 
arising in th e assay of calom el ta b lets  in control work. 
In  p a rt a t least, these difficulties are due to  th e  fa ct 
th a t gum  acacia , confection  of rose, e tc., are used in th e 
process of m anufacture. A . W . B en d er3 notes sim ilar 
d ifficulties in th e  assay of m ercuric iodide tab lets. 
T h e  general resu lt of these difficulties in th e  assay of 
m ercurial preparations, so fa r as ta b le ts  and pills are 
concerned, has given  rise to  num erous proposed 
m ethods for th eir assay, m any of w hich are based upon 
the fu n dam en tal idea of rem ovin g b y  oxidation'1 the 
sugar w hich interferes.

R . M . C h ap in 5 in a paper on the assay of m ercuric 
chloride ta b lets  points out th e  difficulties in v o lved  
in using th e R u p p  m ethod in th e presence of am m onium  
chloride and gives a m odification  of th e  R u p p  m ethod 
to  a p p ly  to  ta b le ts  of th e W ilson form ula.

In  th e w ork of stan dardizin g  m ercurial preparations 
a  v e ry  considerable experience has dem on strated  th a t a 
perfect calom el ta b le t is prepared b y  using lacto se as 
the d iluent, a 10 per cen t solution  of cane sugar in 
d istilled  w ater as gran u latin g  m aterial and avoid in g 
a ll use of gum s, confections, etc., so th a t th e  finished 
ta b le t contains on ly  0.9 per cen t lu b rican t and 1.5 
per cen t chalk  besides th e gran u lation . T a b le ts  m ade 
b y  this m ethod were assayed  for som e tim e b y  th e 
sim ple m ethod of H em pel, ju st as if th e y  consisted of 
m ercurous chloride alone. T h e  recent literatu re  ab ove 
quoted , w hich shows discrepancies in results obtained  
in assayin g ta b le ts  b y  th e H em pel m ethod, has caused 
me to  a n a lyze  in th e routine w ork th e sam e sam ples 
of calom el p roducts b y  three m ethods, g iven  in detail 
in th e experim ental part. Since th e  first m ethod 
m ust be correct, th e  com parison w ith  th e other quicker 
and m ore com m on ly  used m ethods is interestin g in 
in d icatin g th e error caused b y  th e presence of lactose. 
T h e w riter is stro n gly  inclined to  th e  v iew  th a t  a 
ta b le t w hich m ust be boiled w ith  a q u a  regia  to dissolve 
th e calom el, does n ot represent a su itab le  prod u ct. 
T h e results g iven  in T a b le  I I I  show  th a t, for ta b le ts  
m ade as stated  ab ove, th e H em pel m ethod is accurate, 
and th a t  th e  m ethod in v o lv in g  th e titra tio n  of th e 
chloride ion had a ten d en cy  to  low  results.

W e h a ve  n ever had cause to  d ou b t th e  a ccu racy  
of th e H em pel m ethod w hen used on m ercu ry prot- 
iodide ta b lets  and pills.

F or th e determ in ation  of m ercuric chloride, th e

> Apoth. Ztg.. 24  <1909). 939.
* A m . Jour. Pharm., 86 (1914), 511.
> T h is  J o u r n a l , 7 (1914), 753.
4 A. W . B ender, Loc. cit., and  R. I. G ran tham , J .  A m  Pharm. Assoc., 

4 (1915), 442.
6 A m . Jour. Pharm ., 86 (1914), 1.

h yd rogen  sulfide m ethod is used for th e ta b le t of 
W ilson ’s form ula  th u s avoid in g th e  d ifficu lty  presented 
b y  possible secon d ary reactions betw een am m onium  
chloride and form aldeh yde. T h e  R u p p  m ethod is 
used for all other m ercuric chloride tablets.- T h e 
ta b le t m ade accordin g to  th e  W ilson form u la  is a 
com pressed ta b le t and b y  a ssayin g th e  granulation  
before com pression a closer approach to  th e  desired 
stren gth  is possible th an  in th e  m oulded ta b le t m ade 
accordin g to  th e B ern ay. form ula. In  fa c t th is large 
m oulded ta b le t of b rittle  n ature is very, difficult to 
bring to  th e  sam e degree of a ccu racy  as is possible for 
m ost other ta b le ts: here a ccu ra cy  is sacrificed for th e 
sake of sp eedy so lu b ility.

I too k  occasion before u tilizin g  th e R u p p  m ethod for 
stan dardizin g  m ercuric iodide products to  see if th e 
presence of lacto se even  to  th e exten t of 25 tim es the 
w eigh t of th e m ercuric iodide present caused an y 
interference w ith  th e  m ethod, b u t n oted none. P ro 
vided  th e  a lk a lin ity  of th e solution  is sufficient and 
th e length of tim e given  to th e reduction  is am ple, 
th e estim atio n  proves to  be exq u isite ly  accurate.

T h ere is appended, in th e exp erim ental p art, the 
m ethods used w ith  exp ed ien cy for th e various m ercu ry 
oin tm en ts. Our a tten tio n  w as directed  to  these b y  
th e  paper of S m ith .1

E X P E R I M E N T A L

T h e m ethods used for o b ta in in g th e results upon 
calom el ta b u la te d  are as follow s:

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

T I O N S ,  T A B L E T S  A N D  P I L L S

(¿1)— A  q u a n tity  of m aterial contain ing 0.324 g. 
(5 grains) calom el is treated  w ith  w arm  w a ter during 
a  period of a b ou t 30 m inutes. F ilter  th e un dissolved 
calom el upon a w eighed, p rev io u sly  ign ited  G ooch 
crucible, wash w ith  w ater, fin a lly  w ith  alcohol, and 
d ry  a t io o °  C ., cool in' desiccator, and w eigh. H eat 
th e G ooch crucible in a B unsen flam e sufficien tly  to 
vo la tilize  com p letely  th e calom el. T h e  difference in 
w eigh t represents calom el. In  th e  case of calom el and 
sodium  b icarb on ate ta b le ts, the sodium  b icarb on ate 
m ay be estim ated  vo lu m e trica lly  in th e filtrate.

( B )— A  q u a n tity  of th e  gran ulation  or a num ber of 
th e  finished ta b le ts  or pills con tain in g 0.324 g. (5 
grains)2 of calom el is p laced in a glass stoppered  
E rlen m eyer flask. A d d  1 gram  of p otassium  iodide 
and 5 to  10 cc. w ater. R o ta te  th e flask  a few  tim es 
and  add 30 cc. of N /10  iodine solution. S top per the 
flask and shake u n til th e  m ercury has dissolved. R e 
m ove th e  stopper, rinsing it so th a t  th e  w ashings 
flow into  th e flask and  titra te  th e excess of iodine w ith  
iV/10 sodium  th io su lfa te  solution, using starch  solu 
tion  as an in d icator, u n til th e b lue color disappears, 
and la s tly  w ith  N /10  iodine solution  u n til th e blue 
color returns. 1 cc. iV/10 iodine =  0.02361 g. calom el.

(C )3— T h e m aterial in am oun t sufficient to  con tain
0.324 g. of calom el is first d isin tegrated  w ith  30 cc.

1 Loc. cit•
5 In  th e  case of tab le ts , etc., con tain ing  large q u an titie s  such as 1 grain, 

2 0  tab le ts  were weighed and  pow dered and an  a liquo t w eight equ ivalen t to 
5 grains of calom el was taken .

* J. W . M arden  and  O. E . C iishm an, Loc. cit.
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T a b  Li? I — A s s a y  o f  G r a n u l a t i o n s  o f  C a l o m e l  a n d  M i l k  S u g a r  b y  t i i e  
H e m p e l  M e t h o d  

(These d a ta  a re  given as ind ica ting  the  n a tu re  of th e  results. T he  
m ethod w as used on 37 p roducts . T h e  average e rro r of th e  calom el in 
g ranu lation  is 2.23 per cen t, while in th e  finished ta b le t th e  average error

C a lo m e l  p e r  
W e i g h t  P r o s p e c t i v e  C a lo m e l E r r o r C a lo m e l E r r o r

L o t T a k e n T a b l e t p e r  T a b l e t P e r  c e n t in  F in i s h e d P e r  c e n t
N o . G r a m s F o u n d R e q u ir e d C a lo m e l T a b l e t C a lo m e l

20134 5 .0 0.006433 0 .00648 — 0 .7
20229 5 .0 0.0063 0 .00648 — 2 . 8
20271 5 .0 0.00632 0 .00648 — 2 .5
20329 5 .0 0.006499 0.00648 + 0 .3
20480 5 .0 0.006455 ' 0 .00648 — 0 .4 0.ÔÔ6575 +  i • 5
20556 5 .0 0.00632 0.00648 — 2 .5 0.006272 — 3 .2
20884 5 .0 0.00649 0.00648 +  0 .15 0.00662 + 2 . 2
20889 5 .0 0 .00628 0.00648 — 3.1 0.006358 —  1.9
21248 6 .5 0 .00633 0.00648 — 2 .3
20005 2 .5 0 .01584 0.0162 — 2 . 2
20535 1.5 0 .0156 0 .0162 — 3 .7 0 .Ôi 56 — 3 .7
20600 2 . 0 0.01584 0.0162 — 2 . 2 0.01568 — 3 .2
20833 2 . 0 0.0161 0 .0162 — 0 . 6 0.0161 — 0 . 6
21510 2 . 0 0 .0156 0.0162 — 3 .7 0.01588 — 2 . 0
20583 6 . 0 0.003213 0.00324 — 0 . 8 0 .00312 — 3 .7
20415 4 .0 0 .00783 0.0081 — 3 .3 0.008133 + 0 .4
20799 0 .5 0.03178 0 .0324 —  1.9
20816 1 . 0 0 .0312 0 .0324 — 3 .7 0.Ô 3Ü — 4 .0
20062 0 . 8 0.0633 0.0648 — 2 .3 0.06351 — 2 . 0
20254 0 .7 0.06163 0.0648 — 4 .9 0.06374 —  1 . 6
20774 0 .5 0 .06214 0 .0648 — 4 . 1
20926 0 .5 0.1283 0.1296 —  1 . 0

T a b l e  I I - - A s s a y  o f C a l o m e l  P i l l s  b y  H e m p e l  ^Me t h o d

C a l o m e l  p e r  P i l l
L o t
N o .

N o .  o f  P i l l s  
U s e d F o u n d R e q u ir e d

E r r o r  
P e r  c e n t  C a lo m e l

24736 20 0.01612 0.0162 — 0 .5
24812 5 0.06559 0.0648 +  1 . 2
25842 50 0.00647 0.00648 — 0 . 1
24828 50 0.006445 0.00648 — 0 .5
24460 10 0.03152 0.0324 — 2.7

A v e r a g e  E r r o r  o f C a l o m e l  i n  P i i l s .................... 1 . 0

T a b l e  I I I — C o m p a r i s o n  o f  R e s u l t s  O b t a i n e d  u p o n  A s s a y i n g  C a l o m e l  
P r e p a r a t i o n s  b y  G r a v i m e t r i c ,  H e m p e l  a n d  C h l o r i d e  T i t r a t i o n  

M e t h o d s

C a l o m e l F i n a l
p e r  T a b l e t E r r o r E r r o r

L o t M e t h o d P e r  c e n t C a lo m e l P e r  c e n t
N o . ( S e e  t e x t ) F o u n d R e q u ir e d C a lo m e l in  T a b l e t C a lo m e l

21845 A 0.0631 0 .0648 — 2 . 6
B 0.06186 0.0648 — 4 .5 0.06384 —  i .4
C 0 .06044 0 .0648 — 6 .7

21849 A 0.00642 0.00648 — 1 . 0 N o t  d e t .
B 0.00640 0.00648 — 1 . 2 N o t  d e t .
C 0.00648 N o t  d e t .

21854 A 0.00654 0.00648 + 6 ‘.9 N o t  d e t .
B 0.006516 0.00648 +  0 .5 N o t  d e t .
C 0.006044 0.00648 — 6 .7 N o t  d e t .

21749 A 0.03153 0.0324 — 2 .7
B 0.03168 0 .0324 — 2 . 2 0 .0 3 i9 7 —  Ü 3
C 0.03017 0.0324 — 6 . 8

21835 A 0 .1859 0 .1944 — 4.3
B 0.1866 0.1944 — 4 .0 o . i â i ô - 7  6 .6
C 0.1821 0.1944 — 6 .3

21601 A 0 .1620 0 .Î561 —  3 ! 6
B 0.1620 0.157 —  3 .1
C 0 .1620 0 .1428 — 1 1 . 8

21580 A 0 .0162 0 .01624 +  0 . 2
B 0.0162 0.01662 +  2 . 6
C 0.0162 0.01639 +  1 . 2

w ater and m ade s lig h tly  acid  to  litm us w ith  dilute 
n itric acid ; sodium  peroxide is added a little  at a tim e, 
w ith stirrin g, un til th e m etallic m ercury separates 
out: a b ou t i gram  of sodium  peroxide is added in 
excess. A fter  w arm ing for a v e ry  few  m inutes, the 
precip itated  m ercu ry is filtered onto a  G ooch crucible

and w ashed w ith w ater. T h e  filtrate  is rendered acid  
w ith  nitric acid, N / io  s ilver n itra te  is added in ex
cess, and th e excess of silver n itra te  is t itra te d  w ith  
N /10  am m onium  su lfocyan ate, using ferric alum  as an 
indicator, i cc. N / io  A g N 0 3 solution  =  0.02361 g. 
calom el.

IX- -A SSA Y  OF C A LO M E L A ND S O D IU M  B IC A R B O N A T E  

T A B L E T S  AND G R A N U L A T IO N S

( 1 )  D E T E R M IN A T IO N  OF S O D IU M  B IC A R B O N A T E  A
q u a n tity  of th e granulation  or of th e pow dered ta b le ts  
eq u ivalen t to  5 to 10 grains of sodium  b icarb on ate is 
transferred to  a covered beaker and ab ou t 10 cc. of 
w ater are added. N ow  add a q u a n tity  of stan dard  
sidfuric acid  solution w hich is in excess of th e required  
am ount.

1 cc. N /20  H2SO4 =  0.0042 g. N a H C O i .

For exam ple, if 10 ta b le ts  of 0.5 grain  ( =  0.324 g.) 
N aH C O s is used, then 0.324/0.0042 or 77.2 N / 20 acid 
is required. N ow  add a vo lu m e in excess of th e 
calcu lated  q u a n tity . A fter  effervescence has stopped, 
tran sfer b y  filtration  to  a 100 cc. gra d u ated  flask and 
wash the beaker and filter paper con tain in g the in 
soluble calom el w ith cold w ater, fin a lly  brin gin g up 
to th e m ark.

T h e excess of acid  is titra te d  in an a liq u o t of th e 
filtrate . M e th y l orange m ay be used as an in d icator 
for d irect titra tio n . . I f  th e filtrate  is ligh t pin k  th e 
solution m ay be boiled and cooled and quite a ccu ra te ly  
titra te d  w ith  phenolphthalein.

(2) d e t e r m i n a t i o n  o f  c a l o m e l — T ran sfer th e  filter 
paper contain ing th e  calom el to  a glass stoppered 
E rlen m eyer flask and proceed as described ab ove 
under determ in ation  of calom el (M eth o d  B ).

I l l  A SSAY O F C A LO M E L A N D  B IS M U T H  S U B N IT R A T E

PR O D U C T S

T ran sfer a q u a n tity  of th e  m aterial sufficient to  
contain  5 grains of calomel- to a glass stoppered  E rlen 
m eyer flask. A d d  sufficient d ilute h yd ro ch loric  acid  
to dissolve th e b ism uth  su b n itrate  and th en  filter 
through a hardened filter, retain in g as m uch of th e 
calom el in th e  flask as possible. R ep ea t w ashing b y  
d ecan tation , using d ilute hyd roch loric  acid  to  rem ove 
th e  bism uth su b n itrate, and  fin ally  rem ove th e  acid  
b y  w ashing w ith  w ater. R e tu rn  th e  filter paper to  
th e flask and proceed w ith  th e determ in ation  of calom el 
as outlin ed above (M eth o d  B ).  ,

T a b l e  IV- - A s s a y  o f  G r a n u l a t i o n s  a n d  T a b l e t s  o f  C a l o m e l  a n d  S o d i u m  B i c a r b o n a t e  ( H e m p e l  M e t h o d )  

(F o rty  assays of these form ulae gave th e  sam e average e rro r as here recorded)
G r a m

G r a m s C a l o m e l  p e r E r r o r

L o t T a k e n P r o s p e c t i v e  T a b l e t P e r  c e n t
N o . f o r  A s s a y F o u n d R e q u ir e d C a lo m e l

20681 2 .5 0.00644 0 .00648 — 0 . 6
20776 2 .5 0.00658 0 .00648 — 1.5
21478 5 .0 0.00633 0 .00648 — 2 .3
21555 5 .0 0 .00634 0 .00648 — 2 . 1
20242 2 .5 0 .0164 0.0162 +  1 . 2
20277 2 . 0 0 .01564 0 .0162 — 3 .4
20572 1.5 0.0151 0 .0162 — 6 . 8
20584 1.5 0.Ö156 0.0162 — 3 .7
20456 1 . 0 0 .0618 0 .0162 — 4 .6
20852 1 . 0 0 .0644 0.0162 — 0 . 6

G r a m  S o d i u m  
B i c a r b o n a t e  p e r  

P r o s p e c t i v e  T a b l e t
Found
0.0637
0.0642
0.0633
0.0607
0.0659
0.01644
0.0640
0.060
0.0617
0.0623

R equired
0.0648
0.0648
0.0648
0.0648
0.0648
0.0162
0.0648
0.0648
0.0648
0.0648

E r r o r  
P er cent 

S o d a  

— 1.7 
— 0 .9  
— 2 .3  
— 6 .3  
+  1.7  
+  1.5 

—  1.2  
— 7 .4

G r a m  A c t u a l l y  
i n  F i n i s h e d  T a b l e t
Calom el
0 .0064
0.00635
0.00623
0.00634

0.ÔÎ57 
0 .1626 
0 .160  
0 .0637 
0 .0626

Soda
0 .0648
0.06233
0.0634
0.06065

0.ÔÎ63
0.0642
0.0637
0.0648
0.0652

E r r o r  
P e r  c e n t  

C a l o m e l  

—  1 . 2  
— 2.0 
— 4 .0  
— 2.2

S o d a

0.0
-3 .8
- 2.0
-6 .4

A verage e rro r in calom el an d  sodium  b icarbonate  g ranu lations. 
A verage e rro r in calom el and sodium  b icarbonate  tab le ts  or pills.

— 3.1 
+  0 .4  
— 1.2(o) 
— 1.7(6) 
— 3 .4  

2.68 
2 .13

+0.6
— 1.0
— 1.7(a)
— 0.0(6)
+0.6

3 .1 6
1.80

(а) I t  was estim ated  th a t  a  correction of 3 per cen t of the  w eight of th e  tab le t should be added to  th e  w eight calcu lated  in th e  ta b le t m anufac tu ring  
d ep artm en t. . , , . . f

(б) W as ra ised  2 per cen t. T h is  ta b le t is m ade b y  m ixing d ry  granu lations and  th e  m ix tu re  is assayed before com pression.
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T a b l e  V — A s s a y  o f  C a l o m e l  a n d  B i s m u t h  T a b l e t s  f o r  C a l o m e l

No. of E rror
L ot T ab le ts C alomel p e r  T ablet P e r cent
No. Used Found R equired Calom el

21905 50 0.00646 0.00648 0 .3
20356 25 0.00648 0.00648 0 . 0
20775 50 0.00627 0.00648 — 3 .2
21579 50 0.00645 0.00648 — 0 .5

I V  D E T E R M I N A T I O N  O F  M E R C U R Y  P R O T I O D I D E  ( Y E L L O W )

I N  G R A N U L A T I O N S ,  T A B L E T S  A N D  P I L L S

T h e m ethod of analysis used is p ra ctica lly  id en tical 
w ith  the m ethod described ab ove for calom el.

1 cc. N /10  iodine = 0.032752 g. H g l.

T a b l e  V I — A s s a y  o f  M e r c u r y  P r o t i o d i d e  P r o d u c t s

(T his m ethod gave sim ilar resu lts  w ith 27 p roducts)
G ram

G ram  H g l H g l in
per Prospective E r r o r Finished E r r o r

L ot T ak en  for T ab le t o r Pills P e r  cent T ab le t P er cen t
No Assay Found R equired H g l or Pill H g l

20015 40 T ab le ts 0.0081 0.00818 +  1 . 0
20353 2 .5  G ram s 0.ÔÎ617 0.0162 — 0 ’. 2
20361 4 .0  G ram s 0.01045 0 .0108 — 3 .2 O.ÔiÔ44 — 3 ’.3
20709 0 .5  G ram 0.03174 0.0324 — 2 . 0
21324 3 .0  G ram s 0.01216 0.01296 — 6 . 2 0.ÔÎ268 — 2\ I
24730 20 Pills 0.0162 0.01637 +  1 . 0
24536 10 Pills 0 .0324 0.03183 —  1.75
24758 24 Pills 0.0081 0.00812 +  0 . 2
24870 20 Pills 0.0162 0.01626 + 0 . 4
25232 20 Pills 0 .0162 0.01588 —  1.9
25302 10 Pills 0 .0324 0.03201 — 1 . 2
25414 40 Pills 0.0081 0.00801 — 1 . 1
25464 25 Pills 0 .01218 0.01296 — 6 . 0 0.01262 — 2 . 6

A v e r a g e  E r r o r  f o r  H g l i n  G r a n u l a t i o n s ......................... 2 .9
A v e r a g e  E r r o r  f o r  H g l i n  T a b l e t s  ......................  2.1
A v e r a g e  E r r o r  f o r  H g l i n  P i l l s ............................................  1.27

V D E T E R M I N A T I O N  O F  M E R C U R I C  C H L O R I D E

( . 4 )  m e t h o d  o f  r u p p — F or h y p o derm atic  tab lets, 
com pressed ta b le ts  and pills, introduce a q u a n tity  
eq u iva len t to  2 to  4 grains of m ercuric chloride, 
a ccu ra te ly  w eighed, into  a 250 cc. E rlen m eyer flask, 
dissolve in 25 cc. w ater, add 2.5 gram s of potassium  
iodide (dissolved in 5 cc. of w ater), 30 cc. of N  sodium  
h yd ro xid e solution  (above th e q u a n tity  required  to  
m ake the solution  alkalin e in th e first p lace), and 3 
cc. of a 37 per cen t form ald eh yd e solution. M ix 
th o ro u g h ly  and set aside for 15 to  30 m inutes w ith 
occasional shakin g. R en der th e solution  acid  w ith  
18 per cen t acetic  acid  and m ix. F in a lly  add 25 to  
50 cc. of iV/10 iodine solution, stopper th e  flask  and 
shake v ig o ro u sly  un til all th e m ercu ry has been dis
solved . T itra te  th e  excess of iV / ic  iodine solution 
w ith  N /10  sodium  th iosu lfate  solution  usin g starch  
as an indicator.

1 cc. N /10  iodine solution  = 0.01385 g. H g C l2.

F o r the assay of an tisep tic  ta b le ts  of th e B ern a y  and 
W ilson form ula, we h a ve  used th e ab ove m ethod for th e

T a b l e  V I I — A s s a y  o f  M e r c u r i c  C h l o r i d e  P r o d u c t s

G ram E rror
L ot K ind  of ‘ M ethod M ercuric C hloride P e r cen t
No. T ab le t Used F  ound R equired HgCla

21225 B ernay  (small) V (A) 0 .1135 0 .1179 — 3 .7
21225 B ernay  (small) V (B) 0 .1133 0 .1179 - 3 - .  8
21933 B ernay  (small) V (A) 0 .1133 0.1179 — 3 .8
21933 B ernay  (small) V (B) 0 .1190 0 .1199 +  1 . 0
21725 W ilson (large) (a) V (A) 0 .4728 0 .4730 0 . 0
21725 W ilson (large) (a) V(B) 0 .4810 0 .4730 +  1.7
21682 W ilson (large) (a) V (A) 0 .4698 0 .4730 — 0 .7
21682 W ilson (large) (a) V(B) 0.47705 0.473 + 0 . 8
18706 W ilson (large) (a) V(A) 0.4842 0.47304 +  2 .4
18706 W ilson (large) (a) V (B) 0 .46694 0.47304 +  1.3
21409 T r itu ra te V(A) 0.00214 0.00216 — 0 .9
21936 B ernay  (large) V (A) 0 .4622 0.473 — 2 . 2
21936 B ernay  (large) V(B) 0 .4736 0 .4730 + 0 . 1

(a) Com pressed tab le t.

form er p roduct and h a ve  occasion ally  checked  it  b y  
th e follow ing m ethod. T h e ta b le t m ade accordin g 
to  W ilson ’s form ula  is also assayed  as outlin ed  below .

( B )  D E T E R M I N A T I O N  B Y  W E I G H I N G  T H E  S U L F I D E ----

T h e sm aller ta b le t (B ern ay, sm all) contains 1.82 
grains and th e larger (B ern a y  and W ilson) contain s 
7.3 grains of corrosive sublim ate. Of the sm aller, 
d issolve 15 in 500 cc. T a k e  an a liq u ot of 100 cc. for 
analysis. Of th e  larger, ta k e  5 ta b le ts  in 500 cc. and 
rem ove 100 cc. for analysis. A c id ify  th e solution  w ith  
dilute h ydroch loric acid , p recip itate  m ercuric sulfide 
w ith hydrogen  sulfide and filter on a w eighed Gooch. 
W ash w ith  w ater, alcohol (10 cc.) and fin a lly  w ith  
carbon disulfide un til all th e  free sulfur has been re
m oved. D ry  a t 100° and weigh. M ercuric sulfide 
m ultiplied  b y  1.1756  =  corrosive sub lim ate . I t  is seen 
from  T a b le  V I I  th a t th e  m ethods check b u t th a t  th e 
m ercuric sulfide m ethod has a ten d en cy  to  give high 
results.

V I — D E T E R M I N A T I O N  O F  M E R C U R I C  I O D I D E

T h e m ethod described under V (.4 ) w as successfu lly  
used for th e determ in ation  . of m ercuric biniodide. 
Before a p p ly in g  it  to  various p roducts it  w as tried  out 
upon know n  q u an tities in th e  presence of varied  
am ounts of sugar of m ilk. I t  w as foun d th a t th e sugar 
did n ot affect th e  result. O ther factors in the reaction

T a b l e  V III— I n f l u e n c e  o f  V a r i o u s  F a c t o r s  o n  R u p p  M e t h o d  f o r  
M e r c u r i c  I o d i d e

G ram G ram s Cc. Ar Cc. AT/10 G ram s E rro r
Hgl* Lactose Alkali T im e Iodine Hgl* P e r cen t

T aken T aken A dded M in. Used R ecovered Hgl*
0 . 2 3 .5 0 .5 10 0 .3 8 0 .0086 — 95 .7
0 . 2 3 .5 0 .5 40 0 .45 0 . 0 1 0 2 — 94.9
0 . 2 3 .5 13.0 80 7 .99 0.1815 —  9 .2
0 . 2 3 .5 2 5 .0 10-15 8 .69 0 .1974 —  1.3
0 . 2 3 .0 3 0 .0 10-15 8 .7 0 .1976 —  1 . 2
0 . 2 5 .0 3 0 .0 40 8 . 8 0 .1999 —  0.05
0 . 1 3 .0 30 .0 30 4 .4 2 0 .1004 +  0 .4
0 . 1 5 .0 3 0 .0 30 4 .3 9 0.0997 —  0 .3
0 .2 5 1 . 0 30 .0 30 11.06 0.2512 +  0 .5
0 . 2 3 .5 3 0 .0 30 8 .83 0 .2006 +  0 .3
0 . 2 4 .0 3 0 .0 30 8 .75 0 .1998 —  0 . 1
0 . 2 5 .0 60 .0 10 8 . 8 0.1999 —  0 .05
0 . 2 5 .0 60 .0 20 8 . 8 0 .1999 —  0 .05
0 . 2 5 .0 60 .0 30 8 .82 0 .2004 +  0 . 2

T a b l e  I X — A s s a y  o f  M e r c u r y  B i n i o d i d e  P r o d u c t s  b y  R u p p  P r o c e s s

E rro r G ram s H g li 
G ram s H g lî per P e r in Fin ished  E rro r

L o t T ak en  P rospec tive  T a b le t c en t T a b le t P er cen t
N o. for A ssay F ound  R equired  Hgl* o r Pill H gla

20527 4 gram s 0.003104 0 .00324  — \ .2  0 .003205 — 1.0(a)
21199 5 gram s 0.003882 0.00405 — 4.1  0.00387 — 4 .4
21265 1.25 gram s 0.01571 0 .0162 — 3 .0  __
25196 24 pills ____ 0.0081 . . .  0 .00804  — 0 .7
21476 2 .5  gram s 0 .00804 0 .0081 — 0 .7  0.008122 + 0 .2

(a) W as raised  2 per cent.

were varied . T h u s it  w as ob served  th a t  th e tim e w hich 
th e solution  stood a fter a lka li and form ald eh yd e were 
added w as im p ortan t. T h e m ost im p ortan t factor, 
how ever, is th e  a lk a lin ity  of th e  solution. Unless 
there is a considerable excess of a lka li present the 
m ercu ry is n ot p recip itated  q u a n tita tiv e ly : 30 m inutes 
is th e  tim e required.

1 cc. N /10  iodine =  0.02272 g . 'H g I 2.
V I I  V O L U M E T R I C  D E T E R M I N A T I O N  O F  M E R C U R Y  I N

O I N T M E N T S

( A )  O I N T M E N T  O F  A M M O N I A T E D  M E R C U R Y 1 H eat
a b o u t 5 gram s of th e  o in tm en t a ccu ra te ly  weighed, 
in a sm all flask  upon a w ater b ath  w ith  25 cc. of 12.5 

■ per cen t h yd ro ch loric  acid, for 30 m inutés. P our the 
acid  liquid  th ro u g h  a sm all p lu g get of co tto n  in to  a 
100 cc. gra d u ated  flask. W arm  th e  fa t  once m ore 
w ith  20 cc. of d iluted  h yd ro ch loric  acid  and then 
tw ice  m ore w ith  20 cc. portions of w ater, and add these

1 T h is  m ethod  is readily  ad ap ted  to  th e  assay  of am m oniated  m ercury 
itself.
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rinsings to  th e  solution  a lread y  in th e flask. M ake 
th e vo lu m e up to  xoo cc., m ix th o ro u g h ly  and tran sfer 
an a liq u ot of 25 cc. to  a 250 cc. glass stoppered Erlen- 
m eyer flask. P roceed as in th e assay of m ercuric 
chloride ta b lets, using 15 cc. 2 N  sodium  h ydroxide 
solution  after first rendering th e stro n gly  acid  solution 
alkaline.

1 cc. N /10  iodine solution = 0.01257 S- am m o- 
n iated  m ercury.

(B ) a s s a y  o f  m e r c u r i a l  o i n t m e n t 1— H eat under a 
reflux condenser a b ou t 2 gram s of th e ointm ent 
(accu rate ly  w eighed into  a sm all flask) w ith  20 cc. 
n itric  acid  un til all th e m ercu ry has dissolved. Pour 
the acid  solution  th rough  a p lu gget of cotto n  into  a 
100 cc. grad u ated  flask, and rinse the fa t in the flask 
on the w ater b ath  tw o  or three tim es m ore, first w ith  a 
sm all q u a n tity  of d iluted  n itric  acid and then  w ith 
20 cc. portions of w ater. T o  this solution, add a 
3 per cen t p otassium  perm an gan ate solution un til th e 
form er is perm an en tly  pink or until brow n flakes 
separate. D ecolorize w ith  a 3 per cent solution of 
ferrous su lfa te  and fin ally  m ake th e  volum e up to 
100 cc. T o  an aliq uot of th is solution, add a few  
drops of ferric alum  solution , and add an excess of 
N /10  K S C N  solution. T itra te  th e excess w ith  N /10  
HgNC>3 solution, and fin ally  com plete th e titra tio n  w ith 
N / 10 K S C N . 1 cc. K S C N  solution = 0.01 g. m ercury.

(C) o i n t m e n t  o f  r e d  m e r c u r i c  o x i d e 2— T h is is 
assayed  b y  th e  ab ove m ethod using five gram s of the 
ointm ent.

1 cc. N /10  K S C N  =  0.0108 g. m ercuric oxide.
{D) o i n t m e n t  o f  m e r c u r i c  n i t r a t e  is assayed as 

ab ove described, using 10 gram s.

In  conclusion, th e  author wishes to th a n k  Dr. 
F rederick  W . H eyl a t whose suggestion  th e  w ork of 
review in g th e  stan d ard izatio n  of these preparations 
was ta k en  up.

T h e  U p j o h n  C o m p a n y  

K a l a m a z o o , M i c h i g a n

ELECTROLYTIC DETERM INATION OF MERCURY IN  
M ERCURY OLEATES

By B. L. M u r r a y  

Received Septem ber 13, 1915

O w ing to  the greasy  n ature of th e num erous oleates 
of m ercu ry th e determ in ation  of m ercury in th em  b y  
the older m ethods of analysis presents som e difficul
ties. T h e n ecessary separation  and rem oval of the 
oleic acid  to g eth er w ith  th e tedious determ ination  
of m ercu ry b y  th e  usual precip itation  m ethods m ay 
perhaps h a ve  deterred som e from  assayin g the oleates 
heretofore. T h e ten d en cy  has been to  ta k e  the 
oleates m ostly  on fa ith . In  our experience, how ever, 
an effort has been m ade to get a w a y  from  routine 
and en d eavor to  m ake a new  application  of the electro
ly t ic  determ in ation  of m ercu ry, a lread y  found so useful 
and sa tisfa cto ry  on other ph arm aceu tical products.

T h e m ethod th a t  is g iven  below  has been in use
1 T h is  m ethod is n o t as p rac tical as th e  one given in th e  U. S. P.
5 In  assaying  an  o in tm en t of yellow oxide of m ercury  which contains 

only 0. 8  p er c en t of th e  m ercurial, i t  was found necessary first to  rem ove 
th e  base w ith  e ther. I t  w as then  possible to  ob ta in  results approxim ately 
correct; i. e.. 0.75 per cent.

in its present form  abou t tw o or three years and in 
our hands proves accurate. One w ould h a rd ly  be
lieve q u a n tita tiv e  results could be ob tain ed  if th e m ix
ture is observed ju st before the electrolysis. T h e 
apparatu s, a cathode beaker, contains m etallic  m er
cu ry , toluene, h ydroch loric acid  10 per cent, and the 
oleate of m ercury. U pon turnin g on th e  electric 
curren t, how ever, and alm ost as if b y  m agic, th is h etero
geneous m ixture readju sts itself into orderly  arran ge
m ent, and in a short tim e th e m ercury th a t  w as com 
bined in th e greasy  oleate lies shining and b rig h t on 
th e b otto m  of th e  cathode beaker rea d y  to be w eighed.

m e t h o d — A b o u t 0 .7  to  1 .0  gram  of th e  o leate is 
w eighed d ire ctly  into  a m ercu ry cathode cup (such as 
a sm all beaker, c a p a c ity  50 to  75 cc.). T o  th is sam 
ple there are added 15 to  20 cc. of 10 per cen t h y d ro 
chloric acid  and 15 cc. of toluene. T h e cath od e cup 
w ith  its conten ts is placed w ithin  a som ew hat larger 
crysta lliz in g  dish or beaker w hich la ter  can be filled 
w ith cold w ater to  keep th e  tem p eratu re of th e  rea c
tion  dow n as desired. A fter  a tta ch in g  the anode and 
m akin g th e connections in th e  cu sto m a ry  w a y, e lec
tro lysis  of this non-uniform  m ixture is begun, g ra d 
u a lly  and slow ly  increasing th e curren t up to  3 a m 
peres, using abou t 10 m inutes to  do it. T h e  curren t 
(3 to  3 .5  am peres a t a b ou t 8 volts) is th en  m ain 
ta in ed  for abou t 30 m inutes, th e  anode ro ta tin g  a t 
abou t 800 revolution s per m inute. A s th e  electro l
ysis continues, th e conten ts of th e cup becom e heated  
n early  to  the boiling point of som e of th e  con stitu en ts, 
th u s m elting th e m ercu ry oleate. I t  is essential 
th a t  th e m ercu ry oleate should m elt. If  the liq u id  in 
th e cathode cup becom es too  hot and appears a p t to  
boil over, it should be cooled dow n b y  pourin g w ater 
in to  the crysta llizin g  dish or oth er surrounding v e s
sel, b u t it  should not be cooled dow n below  600 C . 
W hen th e  m ercu ry is all deposited  th e  cath od e cup 
is washed out b y  siphonation  in th e cu sto m a ry  w a y  
w ith  w ater, a fter w hich th e m etallic  m ercu ry is w ashed 
w ith alcohol, dried w ith  ether and fin ally  w eighed.

L a b o r a t o r y  o p  M e r c k  &  C o m p a n y  

R a h w a y ,  N . J .

ELECTROLYTIC DETERM INATION OF B ISM U T H  IN  
B ISM U T H  0-NA PH TH O L

B y B. L. M u r r a y  

Received Septem ber 13, 1915

A n oth er useful application  of th e  electric curren t 
in a n a lytic  w ork has been foun d in th e d eterm in a
tion  of bism uth in bism uth /3-naphthol. A side from  th e 
electro lytic  portion it  is o n ly  n ecessary to  ign ite  th e  
com pound in order to  rem ove organic m atter and d is
solve th e b ism uth  oxide and m etal th u s form ed in 
n itric  acid. T h e resu lting b ism uth  n itra te  is then  
electrolyzed .

m e t h o d — A  sam ple of 0 .3  gram  is w eighed in to  a 
porcelain  crucible and h eated  v e ry  g e n tly  to  decom 
position of th e /3-naphthol. T h e crucible is fin a lly  
heated to  th e  fu ll red heat of a M eker burner for 3 
m inutes to  burn  off th e  last traces of carbon. T h e 
residue resulting is yellow  in color and is com posed 
chiefly  of b ism uth  oxide to g eth er w ith  a sm all q uan 
t i t y  of m etallic b ism uth. T h e  crucible is p laced  in  a
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sm all beaker and a m ixture of 4 cc. of n itric  acid 
(sp. gr. 1 .4 )  and 5 cc. of w ater is added, a fter w hich 
it  is heated  on a steam  b ath  to  com plete solution. 
T h e  solution  is w ashed w ith  distilled  w ater into  a 
m ercu ry cathode cup, keep ing th e vo lu m e dow n to 
20 cc. T h e  cathode cup is co n ven ien tly  m ade from  
a 50 cc. E rlen m eyer flask. T h e  20 cc. solution  is 
then  e lectro lyzed  under th e fo llow ing conditions:

C u r r e n t  (m a x im u m ), 4 .5  a m p e re s  a t  6 v o lts .
R e v o l u t io n s  p e r  m in u t e , 1000. T im e , 45 m in u te s .

T h e. in itia l ap p licatio n  of th e curren t is i  am pere 
and th is is follow ed b y  a  grad u al increase to  4 .5  
am peres. Som e b la ck  m asses are seen to  form , b u t 
rapid  rotation  of th e  anode p reven ts th e form ation  
of a large q u a n tity  and all disappear. W hen th e b lack  
m asses h a ve  en tirely  disappeared th e  rotation  of the 
anode is stopped  and th e cathode is w ashed w ith  
d istilled  w ater b y  siphonation  while th e  fu ll stren gth  
of^current is on. T h e  e lectro ly te  should be tested  for 
b ism uth  w ith  hydrogen  sulfide. A fte r  2 to 3 w ashings 
w ith  w ater, follow ed b y  alcohol, and then  b y  ether, the 
m ercu ry cathode is weighed. T h e increase in  th e w eigh t 
of th e  m ercu ry cathode is due to  th e  b ism uth  w hich has 
been deposited  on and a m algam ated  w ith  th e m ercu ry.

L a b o r a t o r y  o p  M e r c k  &  C o m p a n y  

R a i i w a y ,  N . J .

ELECTROLYTIC DETERM INATION OF MERCURY  
IN  M ERCURY SALICYLATES

B y  B .  L .  M u r r a y  

R eceived Sep tem ber 13, 1915

A  rapid  and conven ien t m ethod of determ in in g m er
cu ry  in m crcu ry  sa licy lates is herew ith  presented. It  
consists in a new  ap p licatio n  of th e a lrea d y  w ell and 
fa v o ra b ly  know n e lectro ly tic  deposition of m ercury. 
T h e m ethod here given  as used on sa licy lates of m er
cu ry  has been in use ab ou t tw o years and has p ro v ed  
reliable.

A b o u t 0 .3  gram  is w eighed into th e m ercu ry  cath od e 
dish and dissolved in xo cc. of sodium  sulfide solution  
(sp. gr. abou t 1 .1 8 ) . T o  th is solution  are added 
20 cc. of 10 per cent potassium  h yd ro xid e solution. 
T h e  m ixture is now  electro lyzed  using a curren t of 1 
am pere a t 7 vo lts  un til th e  m ercu ry is com p letely  
deposited, u su a lly  a b ou t one-half hour being re
quired. T h e  anode should rotate  a b ou t 500 revo lu 
tion s per m inute. A fter th e  deposition  th e  e lectro 
ly te  is decanted, th e  m ercu ry is w ashed w ith  w ater 
until free from  a lk a lin ity , th en  w ith  alcohol, fin ally  
w ith  ether, and then  w eighed.

L a b o r a t o r y  o p  M e r c k  &  C o m p a n y  

R a h w a y ,  N . J .

LABORATORY AND PLANT
DETERM INATION OF SULFUR DIOXIDE AND SULFUR  

TRIOXIDE IN  FLUE GASES
By R . J . N e s t e l l  a n d  E . A n d e r s o n  

R eceived Ja n u a ry  15, 1916

In  carry in g  on som e exp erim en tal w ork  recen tly  on 
the gases issuing from  th e roastin g furnaces a t one of 
th e  large A rizon a  copper sm elters, a rap id , accu rate  
and con ven ien t m ethod for th e  q u a n tita tiv e  estim atio n  
of S 02 and S 03 w as of p rim ary  im portan ce. T h e 
conditions of th e  w ork in hand dem anded:

1— T h a t th e  determ in ation  of b oth  su lfur oxides 
should be m ade upon th e  sam e sam ple of gas.

2— T h a t th e tim e n ecessary for such determ in ations 
should be as short as possible in order th a t  a n y  change 
in th e com position  of th e  gases g iven  off in  consequence 
of v a ry in g  conditions in  th e  op eratio n  of th e  furnaces 
m ight be ra p id ly  and con tin u ou sly  determ in ed  b y  one 
or tw o  operators.

3— T h a t th e  ap p aratu s required  should  not be too 
fragile  or u n w ie ld y  in  ch aracter b u t cap ab le of con
ven ien t tran sp o rtatio n  to  a n y  poin t of th e sm elter 
construction .

4— T h a t th e  a n a ly tica l operations n ecessary should  
be of such a n atu re as to  ad m it of re a d y  perform ance 
in the field.

In  considering th e  variou s m ethods, ap p licab le  to  
th is problem , p rev iou sly  proposed or em p loyed  b y  oth er 
w orkers and of w hich we h a ve  fou n d  a n y  record, it  w as 
ev id en t th a t no one of th em  fulfilled  all th e  requ ire
m ents of th e  present case.

A  schem e proposed b y  H a w le y 1 for sep aratin g  SO3 
from  SO2 seem ed to  be the m ost prom ising. T h is

> Eng. l l i n .  Jour., N ov. 23. 1912, p. 987.

consists of hum idizing th e  gases w ith  H 20  va p o r to  
c o n v ert a n y  S 0 3 in to  th e w h ite  fog of H2SO4 and th en  
passing th em  th rou gh  a double filter paper held b e
tw een  th e large ends of tw o  funnels. T h is  m echan 
ic a lly  reta in s th e  H 2SO.i and  allow s th e  S 0 2 to  pass 
th rough . T h e  H 2SC>4 so cau gh t is th en  determ in ed b y  
p lacin g th e filters in a sm all b eaker w ith  a b ou t 50 cc. 
of w ater, addin g a drop of m eth yl orange and t itr a 
tin g  w ith  stan d ard  alkali.

In  sup port of th e a ccu ra cy  of th is  m ethod H a w ley  
g ives th e  fo llow in g d a ta  of tests  m ade b y  him  in  w hich 
know n am ounts of H2SO4 were h eated  in a hard glass 
tu b e  and  th e  fum e, m ixed w ith  air, passed th rou gh  th e  
filter and th e  acid  so cau gh t determ ined:

1 2 3
G ram s H 2SO4 ta k e n ............................  0 .0 6 4  0 .0 5 0  0 .034
G ram s HjSO« fo u n d ............................  0 .0 6 0  0 .047  0 .032
P er cen t fo u n d ......................................  9 3 .7  9 4 .0  94 .1

W e h a v e  m ade a series of sim ilar tests in  w hich 
a cc u ra te ly  w eighed am oun ts of H2SO4 were h eated  in  a 
*V shaped hard  glass tu b e  and  th e vo la tilized  acid  
draw n  w ith  a curren t of air th ro u g h  th e  “ H a w le y ”  
filter. T h e H2SO4 rem ain ing in  th e  tu b e  and  also 
th a t cau g h t on the filter were then  determ ined. T h is  
ga v e  e x a c tly  th e  am ou n t of acid  vo la tilized  and re
covered. T h e fo llow ing d a ta  were ob tained:

1 2 3 4 5
G ram s SOj ta k e n ...............  0 .572  0 .0989 0 .0708  . 0 .0230  0 .0482
G ram s SOj fo u n d ............... 0 .5 6 4  0 .0976  0 .0692 0 .0228  0.0481
P e r cen t fo u n d .................... 9 8 .6  9 8 .7  9 7 .7  99 .1  9 9 .8

T h ese figures show  a con sid erably  h igher efficiency 
for th e m ethod th a n  do H a w le y ’s and dem on strate it  
to b e sufficien tly  a ccu rate  for general applicatio n .

T o  a p p ly  th is  m ethod th en  to  our w ork it  w as neces
sa ry  to  p rovide only for th e  estim atio n  of th e S 02
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passing the “ Hawley” filter. This might be done by 
bubbling the gas through a measured excess of standard 
iodine solution, containing sufficient NaHC0 3 to 
neutralize the HI and H2SO4 formed in the reaction 
between the S0 2, I2 and H2O, and titrating back with 
N a2S20j.

There were certain disadvantages in using this 
method such as: (1) the necessity of employing two 
different standard solutions than were required for the 
SO3 estimation; (2) the danger and the necessity of 
providing against loss of iodine by volatilization on 
passing hot gases through the solution; (3) the possible 
presence of reducing gases other than S0 2; (4) the loss 
of iodine by air oxidation during aspiration (this 
latter loss is slight).

The iodine method was therefore dismissed from con
sideration and it was decided to use standard Na2C03 
as the medium for absorbing the SO2, using a measured 
excess and titrating back with standard acid. This 
method presents no difficulties if note is taken of one 
fact, viz.:

The reaction between the Na2C03 and the SO2, 
where the former is in excess, proceeds according to the 
equation

(1) Na2C0 3 +  S0 2 — Na*SO* +  C0 2.
When the solution, then, containing Na2S03 and the 
excess of Na2C03, ig titrated with standard acid, using 
methyl orange as indicator, the two following re
actions take place:

(2) Na2COj +  2HCI — >- zNaCl +  C0 ; +  H20 
and

(3) Na2S0 3 +  HC1 — >- NaHSOs +  NaCl 
NaHS0 3 being neutral to methyl orange, this indicator 
does not show acidity until the two reactions stated 
here have been carried to completion. The amount 
of HC1 used in this titration is therefore not only a 
measure of the Na2C03 remaining unused, but also 
of the NaHS0 3 formed in the titration which must be 
borne in mind when calculating the results.

When, however, a solution of Na2S03 is exposed to 
air, or slightly agitated during titration, and particu
larly if the air be actually drawn through such a solu
tion, as must be done in these determinations in order 
to displace all the S0 2 from the apparatus, some of the 
Na2S0 3 is oxidized to Na2SO.(. The sulfate thus 
formed does not react with the HC1 in the titration 
to form an acid salt, and the amount of S0 2 calculated 
will be high to that extent.

For this reason all of the Na2S0 3 formed was 
oxidized, before titration, with H2C>2—this being first 
made neutral to methyl orange—the reaction taking 
place being as follows:

(4) Na2S0 3 +  H2Oj — ^ Na2S0 4 +  H20
The acid then used in the titration is therefore a 

measure of the excess sodium carbonate, only, from 
Equation 1 where the normal salt is formed.

In the usual method of determining the excess of 
alkali by titration with acid in the presence of the 
sulfite and with methyl orange as indicator leading 
to the formation of the acid sulfite, it is evident, from 
the equation, that each cc. of N / 1 0  alkali consumed

is equivalent to 0.0064 g- S0 2, while in the modifica
tion we have employed, where the sulfite is first 
oxidized to sulfate, each cc. of N / 1 0  alkali = 0.0032 
g. S0 2.

The following tests were made which illustrate 
clearly the influence of air oxidation above mentioned, 
a solution of S0 2 in water being used.

(1)—20 cc. of the S02 solution were titrated with N/10 iodine 
of which 24.3 cc. were required, showing the S 0 2 content of the 
solution to be 0.00380 gram per cc.

(2)—20 cc. of the S 0 2 solution were added to a m ixture of 
25 cc. N/10 N a 2C 0 3 and 5 cc. neutral H2O2. M ethyl orange 
was then added and the excess alkali determined w ith N / 10 HC1. 
Of this latter 0.65 cc. was required, showing 24.35 cc. N / 10 
NajCOs used up by the SO2. A repetition of this test under 
parallel conditions gave 24.38 cc. alkali consumed, showing 
S 0 2 content of the solution to be 0.0039 g- per cc.

(3)—20 cc. of the SO2 solution were added to 25 cc. N/10  
N a 2C 0 3 and, without the addition of H 20 2 or any further aera
tion than was caused by mixing the two solutions, titrated w ith  
JV/10 HC1: 12.2 cc. of the latter were required, using m ethyl 
orange. This shows 12.8 cc. of the N a ;C 0 3 to have been used 
up and, as each cc. thereof is equivalent to 0.0064 g. S 0 2, it 
would indicate an S 0 2 content of 0.0041 g. per cc. This ap
parently too high value is readily accounted for by the fact that 
part of the N a2S 0 3 formed in the reaction between the S 0 2 and 
the N a2C 0 3 had been oxidized to N a 2S04 either previous to or 
during the titration w ith the N/10 HC1 and in consequence 
thereof less HC1 was required to  react w ith the N a 2S 0 3 to form 
N a H S 0 3 thus giving, indirectly, a  higher value for the am ount 
of N a 2C 0 3 consumed.

(4)—20 cc. of the SO2 solution were added to  25 cc. N / 10 
N a2C 0 3 and then 2000 cc. of air were bubbled through the 
mixture, requiring 15 m inutes for the aspiration. T he solution  
was then titrated w ith N/10 HC1, of which only 9.45 cc. were 
required, indicating an S 0 2 content of 0.00497 g. per cc. Of 
course the same explanation applies here as in (3) above.

It is evident, therefore, that in titrating the residual 
alkalinity of solutions containing Na2S0 3, where the 
possibility of air oxidation of this compound exists, 
due precaution must be taken to guard against the 
error introduced by this factor.

The use of H20 2 eliminated this difficulty and has 
been proved to render the method accurate, simple and 
readily applicable to field work. The addition of the 
H20 2 may be made after aspiration is completed and 
just prior to the titration with standard acid.

For practical work in the field the apparatus shown 
in Fig. I was employed.

The joints between the several members of the 
outfit are close and made tight by short lengths of 
rubber tubing. B ,  C  and D  are held in a small, 
open-top wooden box about 18 in. long, 5 in. wide and 
4 in. high with partitions to support and prevent 
motion of B  and D  when carried about. The whole 
apparatus, without the aspirating bottles, ready for 
a determination, weighs less than 5 lbs. Two of these 
outfits can be easily carried under each arm.

In making a test the sampling tube A  is connected 
to B  and inserted at any particular point of the furnace 
or stack; the aspirator E  is connected to D  and aspira
tion started at the desired rate by loosening the pinch- 
cock G.

Throughout our work 2000 cc. in each case was the
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volume of gas aspirated through the apparatus and 
determined by noting when the water in F  had reached 
a mark showing that volume to have passed over.

The tube A  is then withdrawn from the furnace 
and, while still attached to B ,  a further volume of 
1000 cc. of air aspirated. This was found sufficient 
to remove completely the last trace of SO» from all 
parts of the apparatus in front of D.  A  is then dis
connected, the outside wiped off with a cloth or damp 
sponge, and the inside thoroughly washed down into a 
small beaker with distilled water. This point is very 
important, for it was found that in many cases ap
proximately 50 per cent of the SO3 had condensed and 
been retained in A .

The contents of B  are next added to the washings 
from A  and this tube also thoroughly washed out. 
The two funnels carrying the filters are then dis
connected, the filter papers placed in the beaker con
taining the washings from A  and B ,  and the funnel

of the aspirated gases is sufficiently high, appreciable 
amounts of S0 2 are oxidized to S0 3 on contact with 
the hot dust and walls of the tube. If, then, the gases 
be drawn through slowly this will introduce large 
errors.

In a number of instances when the gases were 
aspirated from the hottest hearths of the roasting 
furnaces, the temperature being between 6000 C. and 
700o C., the ratio of SO3 to S0 2 found was 1 : 10 when 
the aspiration rate was 300 cc. per minute, while 
when the gases were drawn through at 45 cc. per 
minute the ratio was 1 : 6 .  With an aspiration of 
approximately 1000 cc. per second, obtained by allow
ing the gases to rush into a partially exhausted 2 liter 
bottle and then drawing this gas through the ap
paratus, the ratio of SO3 to S0 2 was 1 : 12. With a 
temperature less than 450° C. this catalytic action is 
very slight and can probably be neglected, but with 
hotter gases it is necessary either to aspirate with 
sufficient rapidity or to cool the sampling tube by 
means of a water jacket.

T a b l e  I — T y p i c a l  A n a l y s e s  o f  F l u e  G a s  p o r  SOa a n d  SO2 
T em p era tu re  of flue gases in each case averaged a b o u t 400° C.

Volum e of gas tak en , 2000 cc. P ressure, 655 mm.
T em 
pera- Aspira- 

tu re  in tion  Cc. N /1 0 -
asp ira- tim e NajCOa for G ram  found Volum e

tion M in- ,-------*-------* - * ■» P er cen t R atio  of
b o ttle  u tes SO3 SO2 SOs SO2 SOs SO2 SO3 to  SO2 

38 5 5 .4  7 8 .4  0 .0216 0 .2508  0 .4 0  5 .8 2  1 : 14.55
60 5 3 .5  50 .1  0 .0140  0 .1632 0 .2 8  4 .0 5  1 :1 4 .4 5
38 20 4 .1  6 7 .8  0 .0164 0 .2170  0 .3 0  5 .0 2  1 :1 6 .7 3
49 15 4 .15  4 8 .0  0 .0166  0 .1539 0 .3 2  3 .7 0  1 : 1 1 .5 6

Table I shows analyses of gases taken from the 
outlet flue of a multiple hearth roasting furnace which 
are typical of a large number in which the method 
here described was employed.

L a b o r a t o r i e s  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

F i g .  I
A— H ard  glass o r q u a rtz  sam pling  tu b e , x/ k" d iam eter, 3 ' long.
B— H um idizing  bu lb  con ta in ing  ju s t  enough w a ter to  seal th e  bend.
C— D ouble S. & S. N o. 589 o r M u n k te ll No. 0 filters held betw een the  

la rge  ends of tw o  funnels by  a section  of ru b b e r tu b in g  such  as is used  for 
holding Gooch crucibles.

D— D ouble-action  A llihn gas w ash-bo ttle  co n ta in ing  N /1 0  N ajCO s and  
H 2O2.

E , F — S yphon a sp ira tin g  b o ttle s  hold ing  a b o u t 3 lite rs  each.
G-—Pinch-cock to  regu la te  flow of syphon  w ater.
H — T herm om eter.

which has been next to B  also washed and the wash
ings added to the same beaker.

A drop of methyl orange is added to the contents 
of the beaker and the H2SO4 present titrated with 
N / 1 0  Na2C0 3.

To determine the S0 2 caught, methyl orange is 
added to D  and the excess of Na2C0 3 determined by 
titration with N / 10  HC1. The volume of the N /10  
Na2C03 used up during the aspiration of the gases is a 
measure of the amount of S0 2 present.

It was found by repeated trials that the one ab
sorption bottle D  was sufficient to retain all S0 2 even 
when the gases were aspirated at the rate of 2000 cc. 
in 4 minutes. An important source of error in de
terminations of this kind is the catalytic action of the 
walls of the sampling tube and also of dust particles 
which may collect in the tube. When the temperature

BOILING AND C O ND ENSING  P O IN T S OF ALCOHOL- 
W ATER M IX TU R ES1

B y P . N . E v a n s  

R eceived D ecem ber 22, 1915

The boiling points of alcohol-water mixtures de
pend on the proportions of the constituents, and 
range from about 78 o C. for pure ethyl alcohol to 1000 
C. for pure water. Except at a concentration of 96 
per cent alcohol by weight (9 7 .5  per cent by volume) 
any mixture of alcohol and water when boiled gives 
off a vapor of different composition from that of the 
liquid, the vapor being richer or poorer in alcohol 
than the liquid when the latter contains respectively 
less or more than about 96 per cent of alcohol. The 
vapor has, of course, a condensing point identical 
with the true boiling point of the liquid from which 
it is given off.

The purpose of the work here reported was to ascer
tain experimentally the relation between’ the boiling 
point (or condensing point) and the composition of 
both the liquid and vapor phases, that with the in
formation so obtained it might be possible by observa
tion of the corrected boiling point to learn the com-

1 A bstracted  by  au th o r from  In d ia n a  A cadem y of Science R ep o rt for 
1913.
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position of th e boiling liquid  and th a t of th e vapor 
being ev o lve d  at a n y  m om ent during distillation.

T h e relation  betw een  th e  b oilin g point and th e com 
position of th e liquid  phase w as determ ined for low 
percen tages of alcohol b y  J. J. P o h l,1 and for all con
cen tration s b y  D upré and P a g e ,2 and b y  G rón in g,3 
b u t th e  results were v e ry  d iscordant. H. W . W ile y 4 
gives a rule for calcu latin g  the stren gth  of alcohol- 
w ater m ixtures contain ing n ot over 5 per cent of a lco
hol. W . A . N oyes and R . R . W arfe l6 determ ined 
th e relation  betw een  boiling point and com position 
over th e  w hole range, w ith  special reference to  the 
m inim um  b oilin g poin t, w hich th e y  foun d to  be 78. 7 4 0
C. for 96 per cen t alcohol b y  w eight, and m ention is 
m ade b y  th em  of th e determ in ation  b y  J. K . H ayw ood “ 
of boiling points of m ixtures containing less th an  85 
per cent of alcohol. So far as know n to  th e w riter 
th e relation  b etw een  the com position and condensing

stated . T h e average of th e percen tages foun d in 
th e liquid  in th e flask before and a fter d istillatio n  
w as ta k en  as th a t of th e liquid  phase, and the p er
centage *in the d istillate  as represented in  th e vapor 
phase at th e tim e when th e b oilin g point w as observed 
ha lf-w a y  th rough  th e d istillation.

T h e original vo lu m e of th e liquid  in th e  flask w as 
restored b y  th e addition  of 15 cc. of w ater, and the 
sligh tly  more dilute m ixture so ob tain ed  w as used 
for th e n ext experim ent. In th is w a y  43 m ixtures 
were exam ined, ranging from  91 to o per cen t a lco 
hol.

C orrection s were introduced  in th e tem p eratu re 
readings for th e barom etric pressure and for th e  ex
posed m ercury colum n, as follow s: R egn au lt and
C laassen 1 h ave shown th a t the effect of such variation s 
of pressure as m ay be due to  atm osp heric conditions 
is p ra ctica lly  th e sam e on th e boiling point of w ater

point of th e  vapor phase has not been previously  de
term ined.

P R O C E D U R E

T h e g r a v ity  and tem peratu re of a strong alcohol 
were determ in ed w ith  a W estphal balance, and th e 
w eight per cen t of alcohol calcu lated  b y  m eans of 
M en d ele jeff’s ta b le .7 F iv e  hundred cubic centim eters 
were p laced  in a one liter distilling flask w ith an ac
curate therm om eter grad u ated  in ten th s of a degree 
inserted w ith  its  b ulb  ju st below  the side-neck. Ih e  
liquid was then slow ly  distilled  at a uniform  rate of 
abou t one drop per second un til 15 cc. had passed over, 
the d istillin g tem p eratu re being read when 7 .5  cc. 
had collected  in the grad u ated  receiver. I h e  per 
cen t of alcohol in th e  d istillate  and th a t in th e  resi
due were determ ined from  th e gravities as a lread y

1 Jahresber., 1850, p. 455.
2 Phil. Trans., 1869, p. 591.
3 W atts ’ "D ie t. C hem .,” 1872, I, p. 95.
4 Jour. A m . Chem. Soc., 18 (1896), 1063.
5 Ibid., 23 (1901), 463.
8 J .  Phys. Chem., 3 (1899), 318.
7 B iederm ann’s “ Chem . K a l.,”  1914, I, p. 296.

and th a t  of alcohol, so it seem ed ju stifiab le  to  use 
L a n d o lt’s correction  for these m ixtures and add 0.043 
to  the observed readin g for each m illim eter below  
760 shown b y  th e barom eter. T h e observed te m p era 
tu rę readin g w as also corrected  for the exposed m er
cu ry  colum n b y  addin g N ( T —  I) 0 .000154, in  w hich 
N  is the len gth  of th e  exposed colum n in degrees, 
T  th e observed boiling point, and I th e  room  te m p era 
ture.

T h e therm om eter used w as com pared th ro u g h o u t 
th e range of observation s w ith  a sim ilar in stru m en t 
calib rated  b y  th e R eich san sta lt. T h e  corrections in 
no case exceeded o . i °  and were disregarded, as on ly 
th is degree of a ccu racy  was aim ed at. T h e  te m p era 
ture results are p ro b ab ly  accu rate  w ith in  o . 2 degree, 
and the concen trations w ith in  2 per cen t (in m ost 
cases w ithin  1 per cent).

R E S U L T S

T h e results obtained  a rc  g iven  in T a b le  I. T h e  
relations existin g b etw een  th e  b oilin g  point or con-

1 B iederm ann’s “ Chem . K a ł.,” 1914, II, pp. 112, 113.
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£  E g  •? E 8 53d
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£•3 S> o-3 t ,3  &>ci*75 S ?  L, ^ Cj"’ E f4 L,'̂  4,0
I  S *  Í -  S '3 i 2 £ “  £ b 5?
 1..................... 0.815  20 91.1  0 .812  23 91.1  91.1
 2..................... 0.822  22 87.7  0.821  23 87.7  87.7
 3..................... 0 .829  23 8 4 .6  0.829  23 84 .6  84.6
 4..................... 0 .836  24 81.5  0.838  22 81.5  81.5
 5..................... 0.845  22 78.7  0.843  25 78 .8  78.8
 6..................... 0.852  22 7 5 .8  0.851  23 75 .8  75 .8
 7..................... 0.857  24 72 .9  0 .860  21 72.9  72.9
 8..................... 0 .864  23 70 .4  0 .866  23 6 9 .6  70 .0
 9..................... 0.873  21 67.5  0.873  21 67.5  67.5

10..................... 0.879  21 65 .0  0 .880  21 6 4 .6  64 .8
I  I ..................... 0 .884  21 62.7  0.885  23 61 .4  62 .0
1 2 ..................... 0.891  22 59 .2  0.893  20 59 .2  59.2
1 3 ..................... 0.898  20 57 .1  0 .899  21 57 .5  57.3
1 4 ..................... 0 .904  21 54.1  0 .904  23 5 3 .2  53 .6
1 5 ..................... 0 .908  23 51 .4  0 .910  22 5 1 .0  51 .2
1 6 ..................... 0.915  22 4 8 .6  0 .916  22 4 8 .2  48 .4
1 7 ..................... 0.920  22 4 6 .4  0 .923  22 4 5 .0  45.7
1 8 ..................... 0.926  23 4 3 .8  0 .928  22 42 .5  43.1
1 9 ..................... 0.933  22 40 .5  0.932  25 4 0 .0  40 .2
2 0 .....................  0.936  24 3 8 .0  0.938  23 37 .5  37.7
2  1..................... 0 .940  24 3 6 .0  0 .942  23 35 .5  35.7
2 2 ..................... 0.945  23 33 .9  0.947  22 3 3 .3  3 3 .6
2 3 ..................... 0.949  23 31.7  0 .950  23 31.1  31 .4
2 4 ..................... 0 .952  24 3 0 .0  0.955  23 28.1  29 .0
2 5 ..................... 0 .956  23 27 .5  0 .956  25 26.9  27.2
2 6 ..................... 0.958  24 2 6 .2  0.961  22 24.7  2 5 .4
2 7 ..................... 0.962  23 23.7  0 .964  23 22 .3  23 .0
2 8 ..................... 0.965  23 21.7  0 .966  23 2 1 .0  21 .3
2 9 ..................... 0 .966  23 2 1 .0  0.969  23 18.9  19.9
3 0 ..................... 0 .970  . 23 17.9  0.972  22 16.7  17.3
31 ..................... 0 .973  22 15.8  0 .974  24 14.4  15.1
3 2 .....................  0 .975  24 13.3  0.977  25 12.3  12.8
3 3 .....................  0.977  25 12.3 0.979  25 11.0  11.6
3 4 ..................... 0 .980  22 11.0  0.982  23 9 .3  10.1
3 5 .....................  0.982  23 11.0  0.984  24 7 .9  9 . 4
3 6 ..................... 0.985  22 7 .9  0.987  22 6 . 4  7.1
3 7 ..................... 0.987  22 6 . 4  0.989  20 5 . 0  5 .7
3 8 ..................... 0 .990  21 4 . 4  0.991  23 3 .9  4.1
3 9 ..................... 0.991  23 3 .9  0.992  24 2 . 8  3 .3
4 0 ..................... 0.992  24 2 .8  0.994  22 2 .2  2 .5
4  1..................... 0.995  22 1.7 0.996  21 1.1 1.4
4 2 ..................... 0.996  22 1.1 0.996  23 0 .9  1.0
43 (a)................  0.998  25 — 0 .5  0.999  22 —0 .3  —0 .4o \u j .....................   \ j.yyo  io  — v.

(a) T h is  experim ent was w ith w a ter only.

densing point and th e  com position  of th e  liquid  and 
va p o r phases are show n c learly  b y  th e p lot in F ig . I. 
A  con ven ien t ta b le  of results estim ated  from  the curves 
appears in T a b le  II , w hich enables one to  determ ine 
q u ic k ly  th e  ap p roxim ate con cen tration  of a n y  alcohol- 
w ater m ixture b y  ob servation  of its  b oilin g point, 
w ith  correction s for b arom etric  pressure and exposed 
m ercu ry colum n. I t  is also possible to  te ll th e  ap 
proxim ate com position  of b oth  liquid  and vap o r (or 
d istillate) a t  a n y  m om ent during th e  d istillatio n  of a

T a b l e  I I — V a l u e s  E s t i m a t e d  p r o m  C u r v e s  i n  F i g .  I
W eight W eight W eight

Boiling per cen t Boiling per cent Boiling per cent
po in t alcohol in p o in t alcohol in po in t alcohol in
° C . liquid vapor 0 C. liquid vapor ° C . liquid  vapo r
78 .2 91 92 8 2 .0 41 79 9 1 .5 8 55
78 .4 85 89 82 .5 36 78 9 2 .0 8 53
78 .6 82 88 83 .0 33 78 92 .5 7 51
78 .8 80 87 83.5 30 77 9 3 .0 6 49
79 .0 78 86 8 4 .0 27 76 93 .5 6 46
79.2 76 85 84 .5 25 75 9 4 .0 5 44
7 9 .4 74 85 8 5 .0 23 74 9 4 .5 5 42
79 .6 72 84 85.5 21 73 9 5 .0 4 39
79.8 69 84 8 6 . 0 20 72 95 .5 4 36
80 .0 67 83 86.5 18 71 9 6 .0 3 33
80 .2 64 83 8 7 .0 17 70 96 .5 3 30
80 .4 62 82 87.5 16 69 97 .0 2 27
80 .6 59 82 8 8 . 0 15 68 97 .5 2 23
80 .8 56 81 88.5 13 67 9 8 .0 1 19
81 .0 53 81 8 9 .0 12 65 98 .5 1 15
81 .2 50 80 89.5 11 63 9 9 .0 0 10
81 .4 47 80 9 0 .0 10 61 99 .5 0 5
81 .6 45 80 90 .5 10 59 1 0 0 . 0 0 0
81 .8 43 79 9 1 .0 9 57

m ixture. T h e a ccu ra cy  is, of course, less th a n  b y  
the usual and more difficult a n a lytica l m ethod of 
d istillation  and the determ in ation  of the g r a v ity  of 
the d istillate  w ith  a pycnom eter.

P u r d u e  U n i v e r s i t y  

L a f a y e t t e  I n d i a n a

toa
.5 .2 .s aU3

bo
a

c
.2

-a

c 
gr

av
it

y 
at

e

3  rt 
■OB

5u 0 0U 4-»3 «
u 2n

t 
al

co
ho

l 
at

e

du0
E g
*"* rt 
0'£

•a
eS
0
u
u0

0
V
fc.2
0  0  
«  a

u a  
cj rs

V  u 3
riu
cj
O.
EV tio

n 
fo

r 
ex

pc
 

iry
 

co
lu

m
n

a
to
.H
' 0

T3
CJ

IS —;

V a

CJ

E a
°:3 
u ^

> tf) u
V  TD E •

■2 e
E 2
O ’3 S

0 ' C
0
CJHu

cv o
C/3

cj w 
í-i « «'•3

p* 0 °
012 « « s  

«
0
« 0 s

Ü
0
0

0.811 22 91 .8 77 .2 750 0 .4 23 0 . 6 78 .2
0.815 23 9 0 .0 77 .2 750 0 .4 22 0 . 6 78 .2
0 .819 22 89 .6 7 7 .4 750 0 .4 22 0 . 6 78 .4
0 .823 22 8 8 . 0 77 .6 748 0 .5 22 0 . 6 78.7
0.825 22 86 .5 77.7 743 0 .7 22 0 . 6 7 9 .0
0.827 22 85 .8 77 .8 740 0 . 8 22 0 . 6 79 .2
0.829 23 84 .6 78. 1 741 0 . 8 22 0 . 6 79 .5
0.832 22 83 .8 78 .4 741 0 . 8 23 0 . 6 7 9 .8
0.833 20 84 .2 7 8 .6 743 0 .7 21 0 . 6 79 .9
0 .835 20 83 .5 7 8 .9 743 0 .7 21 0 . 6 8 0 .2
0 .838 19 82 .7 79.1 743 0 .7 21 0 . 6 80 .4
0 .839 20 81.9 79 .5 750 0 .4 2 1 0 . 6 80 .5
0 .839 2 1 81.5 79 .6 750 0 .4 21 0 . 6 80 .6
0.839 23 80 .8 80 .2 757 0 . 1 23 0 . 6 80 .9
0 .840 21 81.2 80 .3 756 0 . 2 22 0 . 6 81.1
0 .842 2 1 8 0 .4 80 .5 756 0 . 2 22 0 . 6 81 .4
0.843 20 80 .4 8 0 .8 756 0 . 2 22 0 . 6 81 .7
0 .844 2 1 7 9 .6 81 .0 756 0 . 2 22 0 . 6 81 .8
0.845 20 79 .6 81 .2 755 0 . 2 19 0 . 6 8 2 .0
0 .8 4 8 19 78 .8 81.5 755 0 . 2 20 0 . 6 82 .3
0 .846 20 79 .2 81 .6 . 755 0 . 2 20 0 .7 82 .5
0 .849 19 78 .3 82 .0 755 0 . 2 20 0 .7 82 .9
0.851 20 77.1 8 2 .4 755 0 . 2 21 0 .7 83 .3
0 .853 20 76 .2 82 .7 756 0 . 2 21 0 .7 83 .6
0.853 21 75 .8 82 .5 748 0 .5 20 0 .7 84 .0
0 .856 2 2 74 .2 83 .4 748 0 .5 22 0 . 8 84 .7
0.858 19 73.7 83 .7 750 0 .4 21 0 . 8 84 .9
0.859 20 73.7 84 .3 750 0 .4 21 0 . 8 85 .7
0.860 22 72.5 8 4 .8 747 0 .5 22 0 . 8 8 6 . 1
0 . 8 6 6 22 7 0 .0 85 .5 745 0 . 6 23 0 . 8 86 .9
0.865 23 7 0 .0 8 6 . 2 747 0 .5 23 0 . 8 87 .5
0.873 23 66.7 86 .9 . 756 0 . 6 24 0 .9 88 .4
0 .882 24 62 .5 8 8 . 1 748 0 .5 25 0 .9 89 .5
0.891 21 60 .0 89.1 750 0 .4 22 0 .9 90 .3
0.901 20 55 .8 90.1 750 0 .4 22 0 .9 91 .4
0 .9 1 0 22 51 .4 91.1 750 0 .4 22 0 .9 9 2 .4
0 .919 22 46 .8 9 2 .2 750 0 .4 23 0 .9 9 3 .5
0.927 22 43.7 93.1 747 0 .5 21 0 .9 9 4 .5
0.947 2 1 33 .5 9 4 .3 747 0 .5 22 0 .9 9 5 .7
0.953 21 30 .6 9 5 .2 747 0 .5 22 0 .9 9 6 .6
0 .964 21 23 .6 9 6 .0 747 0 .5 22 0 .9 9 7 .4
0 .972 22 16.7 9 6 .8 751 0 .4 22 0 .9 98. 1
0 .999 21 — 0 . 1 98 .7 753 0 .3 22 0 .9 9 9 .9

A  R A P ID  P Y C N O M E T R IC  M E T H O D  F O R  “ G R A V IT Y  
S O L ID S ”  IN  C A N E -S U G A R  F A C T O R IE S

B y  H e r b e r t  S. W a l k e r  

R eceived Sep tem ber 13, 1915

Since th e in trod u ction  into sugar fa c to ry  control 
b y  D eerr1 of th e  term s “ g r a v ity  p u r ity ”  and “ g ra v ity  
so lid s,”  and his dem on stration  th a t  th e d eterm in a
tion  of to ta l solids b y  th e B rix  sp indle, w hile n ot abso
lu te ly  accu rate  excep t in pure sucrose solutions, when 
applied  to  ju ices, sugars, and m olasses a t ap p roxi
m a te ly  th e sam e d ilution  (abou t 15 ° B rix) yield ed , in 
consequence of consisten t error, results fu lly  as v a lu a 
ble f o r . fa c to ry  control w ork as th e  m ore tedious 
process of d ry in g  to  m ore or less con stan t w eight, 
th is la tte r  m ethod has been en tire ly  abandoned in 
m an y factories.

T h e  prin cipal ob jection  to  th e  su b stitu tio n  of densi- 
m etric for d irect d ry in g  m ethods has been th e  la ck  
of even  re lativ e  a ccu ra cy  in B rix  spindle readin gs; 
th is, as regards a ccu racy  of readin g th e  graduation s 
on th e stem  of th e  spindle, has been som ew h at im 
p roved  b y  several devices suggested  in recent years, 
b u t th ere still rem ain  certain  inherent errors in th e 
m ethod, due to  variab le  v isc o s ity  and surface tension  
of liquids, w hich are v e ry  difficult to  elim inate.

T h e  p ycn o m eter is gen era lly  conceded to  be an ex
ceed in gly  a ccu rate  m eans of determ in ing specific 
g ra vities , b u t has th u s fa r foun d little  fa v o r  in cane-

1 Bull. 41, Agr. and  Chem . Series, H . S. P . A. E x p t. S ta tion .
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sugar factories, ow ing p ro b ab ly  to  real or fancied 
d ifficu lty  of m anipulation  and to  th e extra  calcu la
tion  in volved . B y  m eans of a few  sim ple m odifica
tions, how ever, a p ycn o m eter determ in ation  m ay be 
m ade alm ost as easily  as an ord in ary  B rix  test, and 
w ith no calcu latio n  other th a n  looking up th e B rix 
in a specific g r a v ity  table .

A  100 cc. pycn o m eter w ith  ground-in therm om eter 
and cap illa ry  side arm  is used; since all determ inations 
are m ade a t room  tem p eratu re , th e  cap of th e  side 
arm  is throw n  a w a y  and th e arm  itself cut off tw o 
or th ree m illim eters ab ove th e graduation  m ark, 
thus fa cilita tin g  rap id  filling to  a definite volum e.

A ll calcu lation s could be elim inated b y  m akin g a 
p ycn o m eter to  contain  ex a ctly  100 g. w ater at a given 
stan dard  tem p eratu re , such as 1 7 .5 ° ,  20°, 2 7 .5 °  
(w eighed in air), or 4 0 (w eighed in vacu u m ), a c
cording to  th e tables one intends to  use. T h e w eight 
of th e liquid  in th e  pycn o m eter w ould th en  be xoo 
tim es its d en sity  as com pared w ith  w ater a t th a t 
tem peratu re , and if a  ta re  were m ade to  ju st balance 
the e m p ty  p ycn om eter, then  th e  w eights required to 
balance th e  p ycn om eter filled w ith  sugar solution 
w ould in d icate ' th e d en sity  of th a t solution w ith ou t 
calcu latio n ; B rix  could then be obtained from  the 
tables, a p p ly in g  th e sam e correction used for B rix 
spindles in case th e determ ination  were not m ade at 
ex a ctly  stan dard  tem perature.

I t  is, u n fo rtu n a tely , difficult to  obtain  a pycnom eter 
of e x a ctly  a desired c a p a city ; one a little  too  large 
m a y  be reduced b y  grinding in th e therm om eter w ith  
em ery pow der, a rath er tedious though n ot difficult 
process; b u t a b o ttle  of too  sm all c a p a city  is difficult 
to en large w ith  accu racy.

In such cases it  is easiest so to  regulate th e  tare  th a t 
the addition al w eights required to  balance the p y c 
nom eter fu ll of w ater a t stan dard  tem perature shall 
be ex a ctly  100 g., irresp ective of th e true volum e 
of the p ycn om eter, i. e., if pycnom eter contains 101 g. 
w ater a t stan d ard  tem peratu re and w eight of tare 
equals w eigh t of pycnom eter, then

P ycn o m eter +  w ater = tare  +  101 g.

In creasin g w eight of tare  b y  1 g.,

P ycn o m eter +  w ater =  tare  +  100 g., 

and w ith  pure w ater th is pycnom eter and tare  will 
a lw ays in d icate  a d en sity  b y  d irect w eighing of 1.0000.

W ith  d ilute sugar solutions, a pycnom eter as much 
as 1 cc. “ o f f”  in c a p a c ity  will give densities w ith very  
little  error, b u t when w orkin g w ith  m ore concen trated  
solutions a sm all correction  m ust be m ade to  th e o b 
served w eights, since the 1 cc. excess c a p acity  which, 
in th e case of pure w ater, was com pensated for b y  the 
1 g. h eavier tare , will now weigh more th an  1 g. 
In  th e ab o v e  case of a 101 cc. pycnom eter w ith  tare 
ad ju sted  for jm re w ater, if it be used w ith a solution 
of 1.3000 d en sity , th e extra  1 cc. weighs of course 
1 .3 0  gram s, w hile on ly  1 g. has been com pensated for 
b y  th e excess w eigh t of tare.

K n o w in g  th e c a p a c ity  of a pycnom eter, it is a sim 
ple m atter to  m ake a ta b le  of corrections to be applied 
a t d ifferen t densities. Such a ta b le  for a pycnom eter

contain ing 101 cc. (a cc. here being considered to  be 
the volum e occupied b y  1 g. of w ater a t th e tem p era 
ture tak en  as a stan dard  for th e  d en sity  tables it is 
desired to  use) w ould be as follow s:
W eights used— g ra m s .. . .  100 101 105 110 120 130
Cor. to wts. (su b tra c t)   0 .0 0  0.01 0 .0 5  0 .1 0  0 .2 0  0 .3 0 g .

A ccordin g to th e am ount of change in ta re  needed
to  g ive  a w eight of 100 g. w ith  pure w ater, a ta b le  
such as the ab ove can be easily  con stru cted  for a n y  
p ycn om eter; thus, if it contain  100.30 g. w ater a t 
stan dard  tem perature, m ake ta re  eq ual w eigh t of
pycnom eter +  0.30 g., and th e correction  ta b le  for 
different densities is th e one given  ab ove m ultiplied  
b y  0.30. T h e follow ing is an exam ple of p ycn o m eter 
calibration :
W eight of P ycnom ete r......................................................................  47 .4 0  g ram s
W eight of P ycnom eter +  w ater a t  29° C ...............................  146.93

W eight of w a te r...................................................................................  99 .53  gram s

A ssum ing th a t th is p ycn o m eter is to  be used w ith  
^ • S V ^ - S 0 tables, and th a t  the a vera ge  te m p era 
ture a t which it  is to  be used approxim ates th a t of ca li
bration, the change of vo lu m e due to  expansion of glass 
m ay be neglected and th e  w eigh t of w ater contain ed  
a t 1 7 .5 °  (or its vo lu m e in term s of “ 1 7 .5 °  c c .” ) m a y  
be considered to  be 9 9.53 X (d en sity  aq. 1 7 .5 °  -3- 
d en sity  aq. 290) or 9 9.53 X  (0 .99872/0.99598) =  
99.80. If a tare  is then  m ade to  equal w eigh t of p y c 
nom eter minus o. 20 g., or 47. 20 g., th e w eights needed 
to  balance p ycn om eter fu ll of w ater a t 17 . 5 0 will be 
100 g., thus g iv in g d en sity  d irect. T h e  correction  
for densities greater th an  1.0000 will b e :
W eights u sed   100 101 105 110 115 120 125 130 g.
Correction ( a d d ) . . 0 .0 0  0 .002  0.01 0 .0 2  0 .0 3  0 .0 4  0 .0 5  0 .0 6 g .

A fte r  looking up th e  B rix  correspon din g to  a n y  
den sity, th e  cu stom ary  B rix  correction  for te m p era 
tu re of ob servation  m ust of course be m ade.

In case th e lab o rato ry  tem p eratu re p revailin g  were 
as high as th a t  ju st n oted, it  w ould perhaps be m ore 
conven ien t to  use ta b les ca lcu lated  for i7 .5 ° / 2 7 .5 ° ,
in w hich  case the calcu latio n  of ta re  and correction
ta b le  would be th e follow ing:

W eight w a ter con ten t a t  27.5° -  99.53 X (0.99641/0.99598) -  99.57 g.
W eight ta re  should be 47.40 —  0.43 =  46.97 g.

W ts. u s e d . . 100 101 102 105 110 115 120 125 130 g.
Cor. (add) 0 .0 0  0 .004  0 .009  0 .0 2  0 .0 4  0 .0 6  0 .0 9  0 .11  0 .1 3 g .

W here it  is desired to  use a pycn o m eter for ju ices 
or solutions of a lw ays the sam e ap p roxim ate d en sity , 
th e correction for th is d en sity  m ay be in corpo rated  
in th e tare. In case the above pycn o m eter were to  be 
used solely  w ith  solutions of a b ou t 15 ° B rix  or 1 .0 6  
den sity, th e correction  could be added a u to m a tica lly  
b y  m aking tare  0.02 g. lighter th an  for pure w ater,
i. e., 4 6 .9 5  g. instead of 46-97 g- D en sities aroun d 
1 5 0 B rix w ould then  be ob tain ed  b y  d irect w eighing, 
w ith  abso lu tely  no correction  other th a n  th a t  for te m 
perature sub seq uen tly  applied  to  th e B rix  reading.

T h e calib ration  of a new p ycn o m eter, in cludin g a d 
ju stm en t of a tare  (best m ade from  a sm all b o ttle  
w eighted  w ith  shot) and con stru ction  of a correction  
tab le , can easily  be done in less th a n  an hour; th e 
calib ration  of a new  B rix  spindle a t th ree points on 
th e stem , w hich is ju s t as necessary, ta k es  con sid erab ly  
m ore tim e th an  this.
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A n  o rd in ary  determ in ation  of d en sity  of a ju ice  or 
d iluted  m olasses consists sim p ly  of filling th e pycnom e- 
ter to  th e  m ark  and w eighing th e cen tigram s bn a n y  
o rd in ary  sugar balance, w hich requires from  3 to  5 
m inutes, h a rd ly  m ore tim e th an  is needed for an ac
curate determ in ation  b y  m eans of the B rix  spindle.

A s regards a ccu racy , an error of more th a n  0 .0 1 
gram  in w eighing is un usual; th is, a t 15 ° B rix , corre
sponds to  0 .0 2 3° B rix , or abou t one-fourth  th e  a v er
age error in readin g a B rix  spindle.

D e p a r t m e n t  o p  S u g a r  T e c h n o l o g y  

C o l l e g e  o p  H a w a i i , H o n o l u l u , H a w a i i

S E E D  A N A L Y S IS

B y N a h u m  E. K a t z  

Received A ugust 30, 1915

T h e chem ical an alysis of cotto n  seed is of interest 
and va lu e  to  oil m ill operators o n ly  when- a cc o m p a 
nied b y  a ta b le  show in g th e a va ila b le  y ie ld  of p roducts 
th a t m a y be exp ected  from  each ton  of seed.

T h e  fo llow ing form ulae are offered as a m ethod for 
calcu latin g  th e th eoretical y ield  of prod u cts per ton 
of seed, based on th e results of a chem ical an alysis 
o f  th e seed. A s th e d erivation  of th e form ulae is rather 
len g th y, it is om itted.

L et a = p er cen t kernels in whole seed 
b — hulls in whole seed 
/  — per cen t oil in whole seed 
g =  per cen t am m onia  in whole seed
I = p er cen t oil lost in the  hulls, as m ade in the  mill, due to  im perfect 

separation  
p =  lbs. of oil left in cake 
L  = lbs. of lin t rem oved in delinting 
V  — lbs. of w aste due to  m ots, d irt , loss in m oisture, etc.
A  =  per cen t am m onia  desired in th e  cake
0. 2  per cen t be assum ed to  be the  average per cen t of oil n a tu ra lly  

found in th e  hulls as m ade in  th e  mill 
0.3 per cen t be assum ed to  be th e  average p er cen t of am m onia n a tu ra lly  

found in th e  hulls as m ade in th e  mill 
r =  lbs. of hulls, which are necessary to  m ix  w ith th e  kernels in order* 

to  d ilu te  the  cake to the  desired per cen t of am m onia 
z ~  p e r cent of r  in th e  uncooked and  unex trac ted  m eats.

II

II  — lbs. of hulls to  be m ade to  th e  ton of seed 
O =  lbs. of oil to  be pressed o u t per ton  of seed 
C =  lbs. of cake to  be m ade to  the  ton  of seed 

Then:
A  (2000 —  20 / +  P +  0. 0 -\b —  1.002L) —-^2000*

0.67)
V

2000

■!_.(,  — \
0.3 \  2000 —L J2000- 

-//(0.0I I -  0.002)

1.002A  — 1(0.0 IA  — 0 .01) — g /a  (3.331 

0  -  ^ (2 0 / —  0.046 —  p +  0 .002L).(^l 

C =  2000 —  ( / /  .+  0  +  L  +  10 

r =  b ^ 2 0  —  L  —  ff(1.0067 —  0.0333J)

_  ,0° r 
2000 — V  —  L — f l

C  m a y also be ca lcu lated  b y  th e form ula
v

2000— l  j

I f  it  be agreed to  consider th e num erical va lu es 0 .7  
per cen t for /, 75 lbs. for L , and 57 lbs. for p , as sta n d 
ard valu es, th en  the ab o v e given  form ulae m ay be
con sid erably  sim plified. T h e y  then  appear as fo l
low s:

yl (1981.85 —  20 / +  0.046) —  2000g /  V  X  
1.66«/a — 0.3 \  ~  1925 /

Ml

[(2000— 2 0 /+  />+ 0.046— 1.002Z.) M l -\ 2000— L )  J
77(1.002—0.01/)

II

■ ( -

0.995/1

O =  £ (20 /—  0.046 —  56.85)

C «= 1925 —  (II +  0 +  V) 

o r C =  [  (1981.85 —  20 / - f  0.046) 

V

1 9 2 5 /J
• 0 .005 //

* ( 2 0 ------—  ) —  75 —  0.
V 100/

995 11

1925

100>
JOOr_
—  I I —  V

983 H

T h e form ulae for r and z are esp ecially  va lu ab le  
to  th e sup erin ten den t. K n o w in g  th e  percen tage of 
hulls w hich  should  be m ixed w ith  th e  kernels, and com 
parin g it  w ith  th e  percen tage ob ta in ed  b y  an a ctu a l 
test on th e  m eats, he is en abled  to  te ll w hether th e 
proportions of kernels and hulls in th e  m eats are cor
rect or n ot, before th e  m eats are carried  to  the cru sh 
ing rolls.

C h e m i c a l  L a b o r a t o r y , E a g l e  C o t t o n  O i l  C o m p a n y  

M e r i d i a n , M i s s i s s i p p i

ADDRESSES
T H E  U S E  O F  D IA G R A M S  IN  C H E M IC A L  C A L C U L A T IO N S

B y H o r a c e  G. D e m i n g  

Received M ay  15, 1915 

T h e use of charts or diagram s for the solution  of arith m etical 
problem s is well know n to  th e  engineering profession, and 
several books h ave been w ritten  on th e  su b je ct.1 T h u s we 
h a v e  the graphical representation of forces and m om ents, 
K u tte r ’s form ula for the flow  of w ater, in dicator diagram s 
for steam  engines, and vecto r diagram s for th e diagram m atic 
representation or graph ical solution  of problem s in altern ating 
curren t theory. In  m etallu rgy w e h a v e  diagram s for the repre
sen tation  of th e eomj)osition o f slags; in chem istry th e  fam iliar 
rectan gu lar and trian gu lar diagram s for th e representation 
of the phase relations betw een th e  m em bers of tw o-com ponent 
an d  three-com ponent system s; and, in chem ical technology, 
d iagram s for th e calculation  of m ixtures for th e m anufacture 
o f cem ent.

In  spite of such scatterin g instances of th e use of graphical

1 d ’Ocagnc, “ T ra ité  de N om ographic ." Paris: G authier-V illars; Peddle, 
" T h e  C onstruction  of G raphical C h arts ,"  New Y ork: T he  M cG raw -H ill 
Book Co.; T urner, "G raph ical M ethods in Applied M ath em atic s,"  London: 
M acm illan and  Co.

m ethods in industrial chem istry, i t  appears th a t chem ists do 
n ot in  general ta k e  a d van tage  of the rea lly  rem arkable oppor
tunities th a t the use of diagram s presents for the qu ick  solu
tion  of chem ical problem s m et in e very-d ay  w ork; and b u t little  
system atic  stu d y  of the possibilities of the graphical m ethod 
in chem istry has ever been published.1 T h e  diagram s th a t 
are here presented are selected from  am ong a  large num ber 
devised b y  th e w riter w ith  a  v iew  to  illu stratin g  som e of the 
principal com putations th a t m a y  be solved b y  graphical m eans; 
th ey  in dicate  a t  the sam e tim e w h at a  great v a rie ty  of prob
lem s are susceptible to  such treatm en t, and w h at diverse typ es 
of diagram s m a y  be used. I t  is hoped th a t those presented 
m a y  suggest others b etter adap ted  to  th e in dividual needs of 
the readers of T h i s  J o u r n a l ; for th is reason it  w ill be neces
sa ry  to  m ention the m ath em atical principles on w hich th e con
stru ction  of th e different typ es of charts is based; b u t, since w e 
are concerned rath er w ith  general principles th an  w ith  details 
o f execution, w e can  do no m ore th an  refer to  m an y interesting 
charts th a t differ from  those here given  in b u t a  few  particulars.

1 B u t see a  scries of articles by  N ickel, Z . physik. Chem., Vols. 10 to  14. 
Of som ew hat different scope is K rem ann , “ L eitfaden d e r graphischen 
Chem ie,”  Berlin: Geb. B orntraeger, 1910.
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I t  is evid en t th a t any relation  capable of exact m athem atical 
expression m a y . be given  in graphical form . T here are, in 
fact, m any m ethods th a t m ight be used in an y  p articu lar case. 
C onsiderations of ease of construction and accu racy of reading 
m ust determ ine w hich of the different possible charts is the 
one to  be em ployed; or w hether the desired result m ay not be 
m ost easily  obtained b y  calculation  w ith  a  slide-rule or b y  direct 
reading from  a  table.

T h e  ordinary slide-rule is accurate  to  w ithin  abou t 1 part 
in 500, and the ordinary ch art to w ith in  abou t 1 p a rt in 250. 
T h e  graphical m ethod has the advan tage  th a t it  can cover 
m an y com plicated form ulas in volvin g operations impossible 
w ith  a  slide-rule; and a  com bination of slide-rule and chart 
w ill in m an y cases effect the greatest saving of tim e. F or 
problem s th a t dem and a  degree of precision n ot to  be reached 
b y  the use of graphical m ethods, the la tte r often still afford a 
quick and convenient m eans of checking results, a  fa c t which 
w ill lead us to  consider one or tw o charts th a t we should other
wise regard as of little  p ractical use.

RADIAL CHARTS

T h e fam iliar ty p e  of diagram , in which tw o variables are laid 
off along perpendicular axes on cross-section paper and the 
relation betw een them  expressed b y  m eans of a  curve, serves 
principally  for the graphical representation of experim ental 
results, presenting to  the eye  in an easily com prehensible form  
a collection of d a ta  th a t could n ot be so easily interpreted if 
given in  a  table. B u t, as a  m eans of com putation, charts of 
this form  are of rath er lim ited use, for the reason th a t th e re
lation  betw een  tw o variables m ay generally  be expressed m ost 
con ven ien tly and accu rately  in the form  of a  table. I t  is only 
where the precise m athem atical relation betw een tw o variables 
is unknow n or v ery  com plicated, or where more th an  tw o varia
bles enter th a t it  m ay be w orth w hile to con struct a  diagram  
to  save a p a rt of the labor in volved in draw ing up a  table.

A s an exam ple' of the sim plest chart of th is description le t us 
consider the conversion of a  tem perature reading in C entigrade 
degrees into degrees of the F ahrenheit scale, according to the 
equation

F  =  9/5 C +  32.

T his relation  m a y  be expressed as a  straigh t line inclined to  the 
horizontal axis a t  an angle whose tan gent is 9/5, and cuttin g 
the vertica l axis 32 units above the origin. T h is ch art is shown 
in F ig . 1, its use being self-explanatory. I t  is evid en t th a t an y  
other relation  betw een tw o variables th a t can  be p u t into the 
form

y — ax +  b

can be expressed in a diagram  of this typ e. In  practice such a 
chart is best constructed b y  locating tw o points b y  calculation, 
then passing through them  a  stra igh t line of indefinite length. 
T h e best sort of cross-section paper to  use is th at having h eavily  
ruled square-centim eter divisions, w ith  square-m illim eter sub
divisions (the so-called standard m illim eter cross-section paper).

W hen the con stan t b in the above equation becomes zero 
we h ave  a  sim ple p roportionality  betw een the tw o variables. 
Problem s of this sort are best solved w ith a  slide-rule, where 
the q u an tity  a  is a real constant, invariable from  problem  to 
problem. B u t  w here a m ay have different values we m ake use 
of one of the ty p es of charts illustrated in Figs. 2 and 3, 
w hich will be called radial charts, because th ey  are charac
terized b y  a series of axes and construction lines th a t radiate 
from the low er left-hand corner.

In  F ig. 2 w e h ave  a  ch art for the conversion of a given w eight 
of one com pound into the equ ivalen t w eigh t of another. In  
constructing this ch art distances were first m easured to the 
righ t along the horizontal axis, each equal (in centim eters) to 
one-fifth th e m olecular w eigh t of some definite compound. 
F rom  the points thus located vertica l axes were erected and

labeled w ith  the form ulas of th e com pound or elem ents to w hich 
th ey  correspond. T h u s th e axis for m agnesium  oxide is placed 
1/5 X  40.32 =  8.06 cm. to  the righ t of the v ertica l axis; along
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the le ft side of the chart is laid down a  scale of w eights, each cin. 
being equ ivalen t to  10 mg.

I f  it  be required to con vert 100 mg. of potash into its  e q u iv a 
lent w eight of carbon dioxide, locate a point A  on the K 20  
axis, corresponding to 100 m g. w t. C on n ect th is p oin t w ith  
the origin of 0 . N otice th a t the CO2 axis is crossed a t  an e leva
tion corresponding to  47 m g., th e equ ivalen t of 100 mg. of p ot
ash.

A n  axis a t  the right-hand m argin of th e ch art, 20 centimeters 
from the origin, gives the num ber of m illim ols of the substances 
concerned. T hus, in the problem  w e h ave  ju s t  been consid
ering, the dotted  construction line cuts this axis a t  1.0 6 , the 
m olecular equ ivalen t of 100 mg. pf potash or 47 mg. of carbon  
dioxide. I t  is apparent th a t the construction  line OA need 
n ot a ctu a lly  be drawn, it  being sufficient to  la y  a  tran sparen t 
straight-edge on the chart to  connect the points A and 0 .

A  ch art of this kind m ight be used for ca lcu la tin g  the w eight 
of oxygen needed to  b u m  a fuel of a given  com position, th e 
w eight of silica necessary for com bination w ith  a m ixture of 
basic oxides, or in general the w eigh t of a n y  one su bstance 
needed to  react w ith  definite w eights of one or several others. 
Since the volum e occupied b y  a  given  w eigh t of a gas is in 
versely proportional to  its  m olecular w eight, w e m a y  use the 
sam e ch art in calculatin g the volum es corresponding to  definite 
w eights of different gases, an additional axis in this case being 
erected 22.38 cm. to  the righ t of the origin, since the gm .-m ol.

volum e of gases is 22.38 1., and the oz.-m ol. volum e (b y  a  h a p p y  
accident) is v e ry  closely 22.38 cu. ft. I f  the w eigh t of the gases 
be expressed in gram s, their volum e, read from  th e  volum e- 
axis, w ill be given  in liters; if th eir w eigh t be given  in ou n ces 
their volum e w ill be in cubic feet. E a ch  centim eter of d is 
tance along th e volum e-axis w ill represent 2 units of volum e, 
this being dependent on th e scale-units used in grad uatin g th e 
horizontal and vertical axes. A  ch a rt derived from  th a t ju s t  
discussed m ay be used for con verting solutions of one strength 
of specific g ra v ity  into equ ivalen t w eigh ts or volum es of anoth er 
strength. In  F ig . 3 w eights in lbs. or kg. are p lotted  alon g a
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horizontal axis, and percentages of sulfuric acid along a  v e r
tical axis a t  th e right-hand edge of the diagram . Specific 
gravities or degrees B au in e m ay con ven ien tly  be laid oil a long 
th e v ertica l scale as well.

L e t it  be required to  find w h at w eigh t of acid of 66° B ., 
corresponds to  1430 lbs. of acid of 6o° B . D raw  lines 
connecting the origin a t  0  w ith  th e points corresponding to 
60 0 and 66° B . F rom  the point M  corresponding to  1430 
lbs. pass v ertica lly  to the 60° line a t  M \ thence horizon tally  
to  intersect the 66° line a t  N', thence downward to  N, where 
we read 1190 lbs. of 66° acid.

A  slight m odification of this ch art w ill enable us to  calculate 
volum es. A t  the le ft edge of the diagram  la y  down a scale of 
liters, and from the ten th m ain division of this scale la y  off to 
the righ t a  scale of specific gravities, in such a  w ay  th a t the 
slopes of straigh t lines draw n to connect points on the la tter 
scale w ith  the origin w ill in a ll cases be equal to  th e reciprocal 
of the specific g ra v ity . In  th e figure, four such lines have 
been draw n, n am ely those passing through points on th e  specific 
g ra v ity  scale corresponding to 60 °, 62°, 64° and 66° B .

L e t it now  be  required to con vert 1190 kg. of acid of 66°
B . into liters. F rom  1190 on the horizontal scale (which 
in this case m ust be  read in kg. instead of in lbs.) w e pass upw ard 
to  N" on the line draw n through th e  g ra v ity  corresponding 
to  66° B ., thence horizon tally  to  Q, w here w e read 650 liters, 
Ans.

L e t us consider one more problem , in which 650 liters of acid 
o f 66° B ., are to be converted into liters of acid of 60° B . 
F rom  the point corresponding to  650 liters, a t  Q on the v ertica l 
scale, pass horizon tally  to  intersect the 66° g ra v ity  line a t  N", 
thence v ertica lly  dow nw ard to  in tersect the 66° w eight line 
a t  N ’ , thence h orizon tally  to  the 600 w eigh t line a t  M', thence 
u pw ard to  the corresponding g ra v ity  line a t  M", thence hori
zo n ta lly  to  P, w here we read 830 liters, Ans.

I f  w eights of acid are n ot to  be considered, b u t volum es alone, 
as in the last exam ple, the ch a rt as ju s t described m ay be m ade 
to read in other units th an  those of the m etric system , the 
v ertica l scale a t  the le ft being sim ply relabeled gallons or cubic 
feet. B u t  if w eights of acid are to  be used in the calculation, 
it w ill be necessary to graduate new' axes for the U . S. gallons or 
cubic feet. I f  the horizontal axis be read in lbs. the vertical 
axis will give the num ber of lbs. of w a te r occup yin g the sam e 
volum e a t  6o° F . S ince 623 lbs. of w ater =  10 cu. ft., an axis 
for cu. ft. m ay be located b y  draw ing through th e poin t R, 
a t  623, a  horizontal line to  intersect a  10 cm . radius from  
the origin a t  a  p oin t S, w hich is m arked 10 cu. ft. T h e  line 
OS is then draw'n and graduated to  th at scale. A n  axis for 
U . S. gals, m ay be located in a sim ilar w ay, h a v in g  given  th at 
S 3 3 .7  lbs. of w ater a t  60° F . =  100 U . S. gals.

In  certain  problem s w e have to  deal w ith  tw o constituents. 
F or exam ple, w e m a y  need to  find the SO3 con tent of sulfuric 
acid  of a  g iven  percentage of H ;SO v T h is is m ost con ven ien tly  
■done b y  graduatin g the scale a t  th e righ t of the diagram , on 
one side w ith  percentages of H 2S04, and on the other w ith 
percentages of SO3. T h e vertica l axis of B au m e degrees is in 
th is case displaced to  th e right, and graduated b y  locatin g the 
points of intersections of radial lines passing through definite 
percentages. W ith  such a  ch art we can calculate  th e am ount 
of w ater to  be added b y  fum ing acid in order to con vert it into 
com m ercial acid of a n y  desired strength.

T h is typ e  of chart m ight be used to  calcu late  the am ount of 
w ater to  be added to  a  solution o f definite strength to  produce 
a  solution of another strength, for the difference betw een equ iv
a len t w eights of tw o solutions m ust represent the w eigh t of w ater 
t o  be added to the stronger one. C harts of this ty p e  have also 
been devised for calcu latin g the am ount of filler to  be added 
to  a  fertilizer to  reduce it to  a  desired percentage of a single 
e lem en t; for determ ining the am ount of w ater to  be rem oved

b y  evaporation  during the concentration of a  solution from  a 
low'er to  a  higher den sity; and for calcu latin g the proportions 
in w hich tw o raw  m aterials need to  be m ixed in order to pro
duce a  m ixture containing a  given  percentage of some one con
stituen t. B u t, since problem s of this sort m a y  be solved som e
w h at more con ven ien tly  b y  m eans of other charts to  be de
scribed later, no description of these diagram s need be given.

I t  is w orth  while noting th a t radial charts, such as those 
described above and illustrated in F igs. 2 and 3, m a y  be used 
for the solution of a n y  problem , in w hich the relation 

x/a = x'/a'
obtains, *  and x ' being distances along th e horizontal axis, 
and 1 /a  and i/ o ' being constants proportional to  the slopes 
of the radiatin g lines. T h e  constants a and o ' should h a v e  un
changing valu es in all the problem s th a t are to  be solved b y  the 
use of a  given  chart, since in this case we m ay draw  th e radia
tin g  lines once for a ll w hen the chart is first constructed. If 
a and a' are variables, w’e are forced to  draw  new lines w ith  slopes 
resp ectively  proportional to  i/ o  and i/ o ' for each problem  to 
be  solved, or to draw  in the beginning a great num ber of radia
tin g  lines, and afterw ard resort to  interpolation. F o r this 
reason a set of com putations in w hich the constants a and o ' 
v a ry  from  problem  to problem  is best carried out b y  a  m odifica
tion of th e "fig u re -fo u r”  chart to  be  described later.

T h e  principles in volved in the preceding diagram s m ay fre
q u en tly  be applied in the solution of rath er com plex form ulas.
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A s an  exam ple, let us consider th a t for the con stan t of dissocia
tion of a gas y ield in g tw o gaseous products of dissociation:

£ _  —-----
( I - X ) V

In  F ig. 4 the valu es of x are laid down along the horizontal 
axis and the curve  OAB draw n through the calculated values 
of x2. T h e  valu es of V  are then laid dow n along the v ertica l 
axes and the valu es of the reciprocal of k from  right to  le ft along 
a  horizontal axis. G iven  72 per cen t dissociation and a  volum e 
of 130 calculate the con stan t of dissociation. E n ter th e dia
gram  a t 72 on the base-line, pass upw ard to  cross the curve 
a t  the p oin t A. C on n ect A  w ith  C and produce th e line thus 
obtained until it  cuts the horizontal line passing through 130 
units of volum e, a t  P. Passing dow nw ard w e read the value 
of l/k, viz., 70, from  w hich k — 0 .14 3 . Vice versa, if we h ave  
a  volum e of 130 units and kn ow  th a t th e v a lu e  of i/k  is 70, 
we locate the poin t P  corresponding to  these d ata  and draw  
th e line PC; from  the point A where th is line cuts th e curve, 
w e pass v ertica lly  to  the base line, where we read 72 per cent 
dissociation.

O f course in practice  it  is unnecessary to draw  the construc
tion  lines in this and sim ilar diagram s. I f  the edge of a  tran s
parent triangle is passed through the desired points or, b etter 
ye t, a straigh t line scratched on the under side of a  sheet of cellu
loid, it w ill be possible to  m ake readings d irectly . T h e  hori
zontal scale through the m iddle of th e diagram  m ight also have
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been graduated d irectly  in valu es of k, instead of in reciprocal 
values, b y  layin g  down graduations proportional to the recipro
cal of th e num bers th a t appear in P ig . 4; b u t scales of reciprocals 
have the d isadvan tage th a t their divisions are n ot equal, hence 
there is a  loss of accuracy in interpolation. F o r this reason 
it  is b etter to  read th e values of i/k  d irectly, and con vert them  
into values of k b y  m eans of a slide-rule or table  of reciprocals.

r  RECTANGULAR COORDINATE CHARTS

C losely related to  the preceding ty p e  of chart is one in which 
the com position of a  com pound or m ixture is expressed by 
the rectan gular coordinates of a  p oin t in a  plane or in space. 
A s an exam ple, le t us tak e  a  ch art for the determ ination of the 
ratio  of th e num ber of atom s of carbon and hydrogen in an 
organic com pound, h avin g  given the percentage of each of these 
elem ents (Fig. 5).

A lon g th e  vertica l axis of the diagram  is laid dow n a scale of 
hydrogen, in such a w a y  th a t th e percentages of th a t elem ent 
in the com pounds to  be  considered fall w ith in  the lim its of the 
chart. A lon g th e  horizontal axis is laid dow n a scale of per
centages of carbon, in such a  w a y  th a t 1 1 .9  per cent of carbon 
is the sam e linear distance as 1 per cent of hydrogen, since the 
atom ic w eigh t of carbon is 1 1 .9  (on a  basis of H  =  1). T he 
horizontal and vertica l divisions of the ch art are also m arked 
5, 10, 15, etc., to  indicate the re lative  num ber of atom s of each 
elem ent.

L e t us suppose th a t a given  com pound contains 60.0 per cent

o f  carbon and 6 .1  per cen t of hydrogen. L ocate  th e point P  
■corresponding to  this com position and la y  a straight edge through 
OP. W here th is line happens to  pass through the corner of a 
square m a y  be read the atom ic ratio. I t  w ill be seen th at there 
a re  four corners, Q, R, S, and T, which v e ry  nearly coincide 
with th e given  line. Q corresponds w ith  the ratio  C13H15, 
R  w ith  C olin , 5 w ith  C5H0, and T  w ith C 4H 5. W hich of these 
form ulas is the correct one w ill of course need to  be determ ined 
from other considerations; for the errors of organic com bus
tion m ethods are of such a  m agnitude as to  leave th e m atter 

•of a  form ula more or less in doubt, unless the percentages of 
the elem ents other th an  carbon and hydrogen be taken into 

•consideration.
A n oth er m ethod of w orking this same problem  is to con vert 

the percentage of hydrogen found into its equivalent percentage 
•of carbon b y  m eans of th e radial diagram  of F ig. 2. T h e  ratio 
betw een this num ber and th a t giv in g the percentage of carbon 
actu a lly  found is then tak en  b y  means .of a  slide-rule. T h e 
chart ju s t  described m ay of course be modified for use w ith any 
other p air of elem ents.

In  Fig., 6 w e h a v e  a  diagram  for the adjustm ent of various 
raw  m aterials to  g ive  a  m ixed fertilizer containing desired 
percentages of nitrogen and phosphorus. Percentages of 
nitrogen are laid  off alon g the horizontal axis, and percentages 

■of phosphoric acid  (P2O5) along a  vertical axis. Suppose th a t 
■we have to  prepare a m ixed fertilizer containing 10 per cent

nitrogen and 5 per cen t P3O5 (point M) and th a t there are 
availab le  for the purpose th e four fertilizers whose com positions 
are expressed b y  the four points, A , B , C  and D, togeth er w ith  
filler, w hich, since it  contains zero per cen t o f the elem ents of 
p lan t food, is of course, represented b y  the point O. I t  w ill 
first be noticed th a t th e point M, representing the required 
com position of the m ixed fertilizer, lies w ithin a triangle form ed 
b y  connecting up th e points A , B  and C; th is m eans th a t it  is 
possible to  secure the desired m ixture b y  a  com bination  of these 
three raw  m aterials. On the other hand, a  triangle obtained b y  
connecting th e points A , C  and D  does n ot include the point 
M ; i t  is therefore im possible to  produce the desired m ixture 
b y  a n y  com bination of these th ree raw  m aterials alone, in  spite 
of th e fa c t th a t som e of the raw  m aterials contain  more and 
others less nitrogen or phosphoric acid than th e m ixture. T h e  
first use of th e chart w e h ave  constructed is therefore to  tell 
us w hich of the various raw  m aterials placed a t  ou t disposal 
m ay be used in m aking up a  m ixture of th e desired com posi
tion.

N o w  suppose th a t it is desired to  m ake up 1000 lbs. of the 
m ixture having the com position denoted b y  th e point M , using 
for th e purpose the raw  m aterials B  and C  and filler. C on n ect 
B  and C, and draw  from  th e  point O, representing filler, a  line 
passing through M, w hich is produced until it  cuts the line B C  
a t T. F rom  T  draw  th e line T Z  to  the point representing 1000 
lbs., the w eight of m ixture to  be m ade. D raw  the line M Y  
parallel to  T Z  to  intersect the base line a t  Y.

T h a t  portion of th e line B C  most distant from  B  is m arked b, 
and th a t m ost d istan t from  C is m arked c; in th e sam e w ay  
th a t portion of O T  m ost d istan t from  0  (filler) is m arked /, 
w hile th a t m ost d istan t from  B  and C  is m arked b +  c. T h e  
distances O B ' and O T ' are laid off equal to CB  and CT, respec
tiv e ly  and th e segm ents th us found are m arked b and c a c
cording to  th e portion of B C  to  w hich th e y  correspond. N e x t 
connect B '  w ith  the poin t Y, p reviou sly located, and draw  
T 'X  parallel to  B 'Y .  T h e  distance OX, ly in g  under the 
segm ent b of the line OT, is the am ount of raw  m aterial B  
needed to m ake up the fertilizer; th e distance X Y ,  ly in g  under 
the segm ent c, is the am ount of C  to  be tak en ; while the 
distance YZ, ly in g  under the segm ent /, is th e am ou n t of filler 
needed.

If  for a n y  reason it  had been decided to  m ake up th e m ixed 
fertilizer from  A , B  and C, w ith o u t using a n y  filler, th e con struc
tion lines needed would have been those show n full length  in 
the diagram  to  distinguish them  from  the broken construction  
lines of the preceding problem . D ra w  th e line A M  through M, 
the point representing the com position of the desired m ixture, 
and produce it  to  intersect B C  a t  5 . Since th e line yló’ does 
n ot pass through 0, i t  w ill be necessary in th is case to  draw  
an auxiliary  line A 'S '  m aking a n y  convenient angle w ith  the 
base line. A lon g this line take A 'M '  a n y  convenient m ultiple 
of A M  (say three tim es A M ), and A  '.S' th a t sam e m ultiple 
of A S. If 2000 lbs. are to  be m ade, connect S '  w ith  the poin t 
W  representing th a t w eight, and draw  M 'V  parallel to  S 'W . 
T h e segm ents M S  and M 'S ' are labelled a, and the segm ents 
A M  and A 'M '  aré labelled b +  c. T h e  distances CS  and CB  
are transferred to  OS" and OB", and the construction  finished 
b y  draw ing the parallel lines B " V  and S "Z '.  T h e  distance 
OZ', under the segm ent b of the line C 'S ',  represents th e am ount 
of raw  m aterial B  to  be taken; the distance Z 'V  represents th e 
am ount of C; and th e distance VW  represents th e am ount of 
A  th at w ill be  needed.

T h e  preceding chart m ay be adopted v e ry  rea d ily  to  the prepar
ation  of m ixtures of a n y  sort in which definite precentages of 
tw o different com ponents are to  be secured. I f  three different 
com ponents are to  be considered, the sam e ch a rt m a y  be used 
provided th a t the sum  of the three adds up to  100 per cen t; 
or a  slight m odification of the chart, which can n ot be presented
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here, w ill serve for m ore com plex cases. I f  each of the raw  
m aterials contains b u t a  single one of the constituents to  be 
considered in the final m ixture, th e problem  becom es sim ply 
one in inverse proportion, and m a y  be m ost sim ply solved b y  
m eans of a  slide-rule. I t  is w orth m entioning th a t another

m odification of the ch art la st 
described will perm it one to  
calculate  the proportions in 
w hich feeding-stuffs need to  be 
mixed in order to  form  a 
standard ration  according to 
a n y  one of the several system s 
in use.

LOGARITHMIC CROSS-SECTION 

CHARTS

Our next class of charts in
cludes those plotted  on log
arith m ic cross-section paper, 
nam ely, on th a t in which the 
graduations along the perpen

dicular axes are proportional to  the lo garith m s of th e variables, 
instead of to  the variables them selves. T h is paper m ay be 
obtained from  dealers in d raftm an ’s supplies.

Since th e equations

y = ax and x/a = x'/a' 
m ay be p u t in the logarithm ic form

log y =  log a +  log x, and, log x  —  log a — log x ' —  log o ', 

it  is possible to construct logarithm ic cross-section charts to 
solve the sam e problem s as the radial charts of F igs. 2 and 3. 
T here is, however, nothing im portan t to  be  gained b y  such a 
procedure, and there is even som e loss of a ccu racy  in so doing, 
since interpolations are less easily  m ade on logarithm ic cross- 
section paper.

T h e  m ost im portan t use of the logarithm ic charts is in the 
solution of equations of the general form  

y = amx";
b u t in equations in w hich several factors are to  be m ultiplied 
together such charts are v e ry  convenient, provid ing th a t a 
reading to  th e nearest 2 or 3 per cen t is accurate enough for the 
purposes in hand. In  F ig. 7 is a  ch art for the cap a city  of cylin 
drical tan k s in U . S . gallons, th e diam eter of the tan k s and the 
depth of th e liquid being given  in inches. In  this case the 
form ula used is

c = ^ l L_
4 x  231

where d is th e  diam eter of the ta n k  in inches, and h is th e depth 
of the liquid it  contains. P u ttin g  this into the logarithm ic 
form  w e have

ird2
log C =  l o g  b log h.

924

N o te  th a t all the con stan ts in the equation  are com bined w ith  
a  single variab le  d, th e variab le  h, representing th e depth of 
liquid  in the tan k, being k ep t free of constants.

Trd~
T o  con struct the ch art w ork o u t the values of —  b y  m eans

924
of a  slide-rule for a ll th e  values of d th a t are lik ely  to  be used, 
and la y  off the results along th e vertica l logarithm ic scale. 
From  the points th us located draw  a series of lines sloping u p 
w ard tow ard the righ t a t  an angle of 4 5° w ith  the horizontal, 
and label each w ith  th a t valu e  of d to  w hich it  corresponds. 
A lon g th e horizontal axis la y  dow n a  logarithm ic scale of depths 
(values of h, in inches) and graduate the vertica l axis in gal
lons.

L ogarithm ic cross-section paper is v e ry  useful in  recording 
results th a t w ould extend over too great a range if  p lotted  on

ordinary cross-section paper; for exam ple, in the p lottin g of 
absorption spectra, the coordinates representing resp ectively  
logarithm s of v ib ratio n  frequencies and m illim eters length of 
the absorbing la yer of solution. In  certain  w ork experim ental 
results p lotted  on logarithm ic cross-section paper fall very  
n early  on a stra igh t line, where ordinary cross-section paper 
w ould give a curve; this happens, for exam ple, in a  stu d y  of 
the volum es of filtra te  delivered b y  a  filter-press in vary in g  
periods of tim e. I f  an em pirical equation  exists connecting the 
variables in such a  set of experim ental data, a  logarithm ic 
chart w ill frequen tly  reveal its  form  and the valu es of some of 
the con stan ts th a t appear in it m uch more read ily  than th ey 
m ay be obtained in a n y  other w ay.

F IG U R E -F O U R  CHART 

A n  equation  of the general form

ax +  by = u/v
m ay be treated b y  m eans of a chart we are abou t to  discuss, 
w hich has tw o parallel axes intersected b y  a  third in such a  
w a y  as to  rem ind one of a  “ figure-four.”

In F ig. 8 the axes o f the ch a rt arc PR, P S  and ST. L e t the 
distance PQ — ax; le t TS = by; le t P U  = u; and let P  V = v, 
UV  and RS  being draw n through U and S  parallel to  a  line 
connecting Q and T. W e h ave then QR =  TS, w hence PR =  
ax +  by. F rom  sim ilar triangles w e h ave  then 

PR : P S  = P U  : PV;
th a t is,

ax +  by = u/v, 
if the distance P S  be taken  as unity.

A s  a  first exam ple of the application  of th is ch a rt le t us con
sider the equation  for finding th e n u tritive  ratio  o f a  foodstuff, 

e. g;
P =  1

c +  2.25/ r
P u ttin g  this in the standard form  for the ty p e  of chart w e are 
discussing, w e  h ave

p
c +  2.25 /  = — .

i/r
T o  con struct th is ch a rt (Fig. 9) la y  dow n a  scale of percentages, 
of d igestible carb oh ydrates along th e axis PR, in such a  w ay  
th a t th e highest percentage m et w ill fall w ith in  th e lim its o f 
th e chart. D raw  an inclined axis m akin g a n y  convenient 
angle w ith  the axis ju s t  draw n, and tak e  P S  a m easured dis
tance equal to, say, 30 centim eters. F rom  5  la y  down a  scale 
of percentages of digestible fa t, and graduate it downward, 
using a  scale u n it 22.25 tim es th a t used in graduatin g the scale 
of digestib le carbohydrates.

On the opposite side of the axis PR  from  the graduations, 
representing percentages of d igestible carbohydrates, la y  down 
a  scale of digestib le protein. I f  the u n it of this scale be tak en  
as n tim es the unit of the carb oh ydrate scale, then u n it d istance
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along th e inclined axis w ill be n tim es the distance PS. In 
this particu lar case it w ill be convenient to h ave  the divisions 
of the protein  scale tw ice as long as those of the carbohydrate 
scale; th e u n it distance along P S  w ill then be 2 X  30 =  60 cm. 
N o w  since th e  q u an tity  i/r  appears in the equation  above in 
place of th e variab le  v in  the general equation of this ty p e  of 
chart, w e m ust tak e  the reciprocals of the various values of r, 
thus gettin g  a  series of fractions 1/3, 1/4, 1/5, etc. S ince the 
unit distance along P S  is 60 cm. the p oin t corresponding to the 
fraction 1/3 w ill be 20 cm . from  the le ft end of the inclined axis. 
T h is point is m arked w ith  the valu e  of r, which is of course 3, 
since 1 /r is 1/3. In  a  sim ilar w a y  locate other points 
corresponding to  other values of i/ r  and m ark them w ith the 
values of r. A  skillfu l com bination of slide-rule and engineer's 
scale w ill enable a n y  one to  graduate this p art of the chart in 
a  few m inutes.

T o  use the ch art la y  down th e edge of a draftsm an’s triangle 
to  connect the percentages of digestible carbohydrates and 
fat (say 44 and 14 per cents, respectively). Slide the triangle 
along the edge of another triangle until its ruling edge passes 
through the percentage of digestible protein (say 12 per cent). 
T h e place where this edge of the triangle cuts the inclined 
axis (at T) gives the second term  of the n utritive ratio, which 
in this case is read 1 : 6 .3 .

A n oth er w a y  to  use this chart is to  construct it on paper 
thin enough to  be transparent to  a series of h eavily  ruled parallel 
lines on a sheet placed beneath it. T h e  chart is m oved until 
one of these parallel lines, seen through the transparent paper 
of the chart, connects the percentages of carbohydrate and 
fat; then another parallel line, passing through the percentage 
of protein, is followed up until it intersects the inclined axis, 
where th e n u tritive  ratio  is read.

A  chart v e r y  sim ilar to  th a t ju st described m ight be con
structed for calculatin g the rate  of transfer of h eat from  cir
culating h ot w ater to iron, according to  the equation 

H  _  1-67 +  V ti 

t 0.02

where H  is the num ber of calories of heat transferred in one 
second to  a  square m eter of surface, t is the tem perature differ
ence betw een w ater and m etal (degrees C .), and v is the 
v elo city  of th e w ater in centim eters per second.

In  F ig. 10 w e h ave  a ch art for converting specific gravities 
greater th an  u n ity  into degrees of the B au m e scale. In  this 
case th e inclined axis of the chart has been m ade horizontal, 
though this need n o t necessarily be done. A  point P  is located 
on the le ft axis 145 units above the horizontal axis; the right- 
hand axis is graduated in the sam e scale units as those used in 
locating P, while the horizontal axis is graduated in specific 
gravities, the distance betw een the tw o vertica l axes being taken 
as u n ity. A  line connecting the point P  w ith the observed 
specific g ra v ity  w ill in tersect th e vertica l axis in the correspond
ing num ber of the B au m e scale. T h e  equation for this chart is 

145 —  6 =  145/g, 

the values of b being laid off upward a long the right-hand axis, 
because of th e n egative sign of b in the equation.

The equation for the constant of a unimolecular reaction 
m ay be put into the form

I
log a —  log (o — x) =  — ,

1 / k

which is evid en tly  one capable of being solved w ith the help 
of a ch art o f the kind we have been considering. In  Fig. 11 
the scales for a and a —  x  are logarithm ic, while those for t 
and 1 /k are not. O f course the values of k corresponding to 
the different valu es of 1 /k m ight have been calculated and laid 
down on th e chart, b u t in practice it w ill be found more con
venient to con vert valu es of 1 /k read from  the chart into values

of k b y  the use of a  slide-rule or table  of reciprocals. T h e 
equation  for the con stan t of a  bim olecular reaction  m ay be 
worked out w ith  this sam e chart, th e valu es of a(b —  a;) and 
b(a —  x) being read from  a slide-rule before th e ch art is entered.
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A  diagram  of th is sort is p robably  the quickest m eans of d eter
m ining the order of a  reaction  being investigated for the first 
tim e.

A s a  final exam ple of a ch art of this class, consider th a t in 
F ig. 12 for the representation of th e com position of furnace 
slags. T h is ch art is constructed on cross-section paper, each 
m ain (centim eter) division of the cross-sectioning representing 
2 per cen t silica in the slag, or som e equ ally  convenient figure. 
A  scale of percentages of silica is p lotted  ju s t w ith in  the left- 
hand border of the chart.

Ju st outside the scale o f silica la y  dow n a  scale of lime, such 
th a t the point corresponding to  3 0 .15  per cent silica (Si0 2 -*■
2 =  3 0 .15 ) coincides w ith  the point corresponding to  28.04 
per cen t lime (CaO  -5- 2 =  28.04). A t  th e right-hand side 
of the chart construct a  scale of ferrous oxide, le ttin g  35.92 
p er cen t FeO  occup y the sam e linear distance as 3 0 .15  per cent 
S i0 2.

A s an exam ple of the use of the ch art le t us suppose th a t a 
slag is found to h ave  the percentage com position FeO , 44; 
C aO , 17; S i0 2, 37; other substances, 2. R equired its  chem ical 
form ula and a p 
proxim ate m elting 
point. C o n n e c t  
t h e  p o i n t  M , 
r e p r e s e n t in g  the 
ferrous oxide, w ith 
the point N, repre
senting the lime; 
a t  P, where the in
c l i n e d  a x i s  is  
crossed, w e read 
"3 3  m olecules of 
C aO  in the slag for 
100 m olecules of 
( F e O  +  C a O ) . ”
From  a point, S, 
r e p r e s e n t i n g  the 
silica in the slag, 
draw  a  line, ST, parallel to  MN. Th e  point T, where the
inclined axis is crossed, w ill g ive the num ber of m olecules of 
S i0 2 f o r 'i 00 m olecules of (C aO  +  F eO ). In  the present case 
there are 33 molecules of lime, 67 m olecules of ferrous oxide,
and 67 molecules of silica for 100 m olecules of basic oxides,
hence the form ula of th e slag is v e ry  closely

Ca0 .2F e0 .2S i0 2.

T his chart gives also th e m elting points o f slags of various 
com positions. T hu s, if w e pass v ertica lly  upw ard from  P  
to  m eet the horizontal from  S  a t the point R, w e find ourselves 
on th e contour line m arked 1100°, the m elting p oin t of the slag 
in question. T h e  diagram  shows, m oreover, th a t a  slight in-
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crease in th e percentages of ferrous oxide and silica a t the ex
pense of th e lim e w ould result in a  slag of low er m elting point.

In  the case of h igh ly  acid slags the point T  w ill lie so far to 
the righ t as to  fall entirely  w ith o u t the lim its of th e diagram . 
In  this case it  is' best to  enter the chart w ith  half or one-fifth 
of the actu al percentage of silica, the m olecules of silica per 
100 m olecules of basic oxides read from  th e ch art being m u lti
plied b y  2 or 5, respectively. M eltin g  points are in this case 
best gotten  b y  consulting a  separate set of m elting-point curves, 
which are a lw ays m ore accurately  read th an  contour lines. 
T h e la tte r have, m oreover, th e disad van tage of being too m uch 
dependent on the jud gm en t of the person who first plots them  
from  experim ental d a ta ; y e t  for rough approxim ations w ithin  
a  lim ited range, th e m elting poin t contour lines shown in  the 
diagram  w ill be found v ery  useful.

M IX T U RE CHARTS

A n oth er class of charts closely related to  th e one ju s t de
scribed is th a t for dealing w ith  m ixtures. M a n y  special cases 
occur, according to  w hether the com position of th e final m ix
ture or either of its constituents is con stan t or variable  in com 
position; according to  w hether results are to  be  calcu lated  to 
a  basis of a  fixed w eight of m ixture or of one of its constituents; 
and according to  w hether or n ot different ingredients arc to  be 
reduced to  a basis of chem ically  equivalen t quantities, etc. 
L a c k  of space preven ts us from  giv in g  more th an  three of the

m an y interesting charts th a t m ight be presented here, each 
w ith  its ow n special advantages.

In  F ig . 13 is a  ch art for preparing m ixtures for the m anufac
ture of cem ent from  clay  and lim estone, assum ing th e con
te n t of alum ina and silica in the raw  m aterials to be so nearly 
con stan t as to  p erm it th e m ixture being controlled b y  deter
m inations of calcium  carbon ate alone. T o  con struct this chart 
draw  tw o v ertica l axes, a n y  convenient distance ap art, and 
graduate them , both downward, in  percentages of calcium  car
bonate, choosing such a  scale u n it th a t th e percentages of ca l
cium  carbon ate lik e ly  to  be m et in the c lay  or cem ent rock (left 
axis) and in the lim estone (right axis) fall w'ithin th e lim its of the 
chart. I t  is necessary to  use the sam e scale u n it in graduating 
b o th  axes, b u t neither scale needs to  be carried upw ard to  zero, 
nor is the re la tive  position of the low er lim its of the twro scales 
a  m atter of a n y  im portance. I f  the final m ixture is to  be a d 
justed  to  75 per cent C aC O i, connect the points m arked 75 
per cen t on th e tw o scales, and divide the inclined axis thus 
gotten  into tw en ty  equal parts, each representing 100 lbs. of 
lim estone in  one ton of final mixture.

A s an exam ple of the use of this chart, suppose th a t w e h ave  
a  cem ent rock containing 58 per cen t CaCC>3, and a  lim estone 
containing 97 per cen t C a C 0 3. C onnect these tw o points, 
best b y  m eans of a  straigh t line scratched on th e low er surface 
of a  sheet of transparent celluloid. W here th e inclined scale 
is crossed is read 875 lbs., th e w'eight of lim estone to  be contained 
in one ton  of the m ixture.

N o t on ly m ay diagram s sim ilar to  th a t ju s t described be

used to  calcu late the proportions in w hich tw o raw  m aterials 
of variab le  com position need to be m ixed in order to give a  m ix
tu re of con stan t com position, b u t th e converse problem  m ay be 
solved: if the ingredients of a m ixture are of con stan t com 
position the proportions in which th ey  are present in a given  
m ixture m a y  be readily determ ined. T h u s, if a sam ple of red 
lead is assum ed to  consist of a m ixture of litharge and lead dioxide 
(disregarding the possible presence of other oxides of lead) the 
percentage of each m ay be gotten  from  a  determ ination of the 
percentage of lead in the m ixture, points representing th e per
centages of lead in litharge and in lead dioxide, respectively, 
being located on separate axes and connected b y  a  line, w hich 
is graduated from  le ft  to  righ t in percentages of th a t oxide 
whose com position has been located on th e right-hand axis. 
B y  connecting points 011 th e tw o v ertica l axes representing the 
percentage of lead found in a  given  sam ple of red lead, th e per
cen tage of lith arge and of lead dioxide m a y  be read d irectly  
from  the chart. T h e  reader w ill h ave  little  d ifficu lty  in  adap tin g 
this chart to  other cases of indirect analysis.

R etu rn in g now' to  a  consideration of the preparation  of m ix
tures of lim estone and c la y  for the m an ufacture of cem ent, 
if w e w ish to  calcu late  the w eigh t of lim estone to be taken , 
n ot for a  ton of mixture as before, b u t for a ton of clay, w e have
the diagram  show n in F ig . 14. N o tice  th a t here the percentages
of calcium  carbonate are laid  dow n along v ertica l axes, startin g 

from  a  horizontal base-line, the gradua
tions of one scale running downward, 
and those of the other upward. T o  use 
this ch art pass a straigh t line through 
the point denoting the percentage of
calcium  carbonate in the lim estone (M) 
and th a t denoting the percentage of
calcium  carbon ate in the final m ixture 
(iV). T h is line intersects a  horizontal 
line (of the cross-sectioning) passing 
through the percentage of calcium , car
bonate in the c lay  a t  some p oin t A .
F rom  this point pass upward to  the point
B, where w e read the num ber of pounds
of lim estone th a t w ill be needed for one

ton  of c lay . T hus, if the c la y  contains 58 per cent C aC O i
and th e lim estone 97 per cen t C aC O j, there w ill be needed
I535 lbs. of lim estone for e ve ry  ton  o f c lay . I f  the percentage
of calcium  carbon ate in th e c la y  is so low th a t there w ill be
needed m ore lim estone th an  clay, the cross-sectioning of the 
ch art m a y  be  carried further to  the right; or the problem  m ay 
be so changed as to  calcu late  the num ber of pounds of c lay  
to  be used for one ton  of lim estone.

In  F ig. 15 w e h a v e  a  ch art for determ ining th e num ber of 
pounds of w ater th a t m u st be added to  a  given  w eigh t of solu
tion of definite specific g ra v ity  or percentage strength in order 
to  produce a  definite diluted solution; or the num ber of pounds 
of w ater th a t m ust be evaporated from  a given  solution  in 
order to  produce a  m ore concentrated one.

T h e  chart is constructed w ith  three v ertica l axes. A , B, and 
C, the u n it of scale B  being tw ice th a t of scales A  and C. T h e 
horizontal distance betw een the axes A  and C  is d ivided into 
100 equal p arts representing percentages of evap oration  or dilu
tion. S ince dilution m a y  am ount to  m ore th an  100 per cent, 
the graduations are carried ou t to  the rig h t of scales A  and B, 
sa y  to  250 per cent.

A s an exam ple of the use of this chart, le t  us suppose th a t a 
sugar solution of 20° B rix  is to  be evap orated  to a  syrup of 55° 
B rix. C on n ect this p oin t on scale C representing 55 ° B rix  
w ith  the zero of scale A  (representing w ater). A t  th e point 
M, where the horizontal through 20° B rix  is crossed, w e  read 
64 per cen t evaporation.

C on versely, if 64 per cen t of w ater w ere to  be evaporated
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from  a  solution  of 20° B rix , locate th e point M  where the vertical 
through 64 per cen t intersects th e horizontal through 20° B rix 
(scales A  and C). C on n ect the p oin t M  w ith  the zero of scale 
A , and produce the line thus gotten  until it  cuts the C-scale 
a t  55°, the required B rix  of the syrup.

In  a  sim ilar w a y  w e m ight calculate the am ount of w ater 
th a t w ould need to  be added to  a  syrup of 5 5 ° B rix  to dilute 
it  to 20° B rix. N o te  th a t in this case the result is th e num ber 
of pounds of w ater to be added for every  100 pounds of diluted, 
solution.

I f  it  is desired to  calcu late  th e dilution for 100 parts of syrup 
as is generally  the case, instead of for 100 parts of diluted solu
tion, a som ew hat different m ethod is used. T hu s, if w e wish 
to determ ine the w ater th a t w ould have to  be added to  a solu
tion of 5 5 ° B rix  in order to  produce one of 20° B rix, connect 
the points representing 20° B rix  on scales B  and C. W here 
this line cuts the horizontal through 5 5 ° B rix (scale A )  we read 
175, the num ber of p arts of w ater to be added to  one hundred 
parts of syrup (b y  w eight).

Since scale A  is used on ly in problem s dealing w ith dilution, 
it  m ay be om itted from  the chart if only evaporation is to  be 
considered. In  a n y  case it is better to letter scale A  in red ink, 
since there is otherw ise some danger of interchanging scales 
A  and B  in reading the chart. T h e  reader w ill perceive th at a 
chart of this sort m a y  be used for diluting concentrated solu
tions of a n y  kind from  one percentage strength 
to another. I f  specific gravities or degrees Baum 6 
are to be used the scales are graduated, first in 
percentages, the percentage graduations being erased 
after a  scale of specific gravities or degrees B aum c 
has been laid  down. I t  is on ly w ith sugar solu
tions and the B rix  scale th a t the percentage 
strength c f  the solution w ill be d irectly  given  b y  
the areom eter reading. If volum es of solutions 
are to  be brought into consideration in dilution 
problem s, a  m odification of the diagram  given in 
Fig. 3 w iil be found to  offer the m ost convenient 
solution.

ALINEMENT CHART

T h e n ext typ e  of ch art to  be considered is th a t in 
which three variables are connected b y  the equation 

ax +  by — cz.

T h is ch art consists of three parallel axes (Fig.
16), the left-hand one being for the values of x, the right-hand one 
for y, and th e m iddle one for z. T o  construct this chart draw  the 
le ft and righ t axes exa ctly  parallel, a t  a n y  convenient distance 
apart. G rad u ate  the le ft axis in valu es-o f x  a t  the rate  of A  
units per centim eter, beginning the graduations a t  a n y  con
venient poin t on the axis, A  being so chosen th a t the scale 
for x  and th e scale for z (to be graduated afterw ard) w ill not 
be in convenien tly  long or short. In  a  sim ilar w a y  graduate 
the right axis a t  th e rate  of B  units per centim eter. N ow  it 
m ay be show n b y  geom etry th a t if each value of z is to  lie in 
the sam e stra igh t line w ith  corresponding values of x  and y 
(on th e other tw o axes), then the distance m from  the le ft axis 
to  the m iddle axis m ust be such th at

bBn 

m ~ aA +  bB ’

where n is th e  distance betw een the tw o outside axes; and th a t 
the m iddle axis m ust be graduated w ith  value« of z a t the rate 
of C  units p er centim eter, where

aA +  bB 

c
T h e ch art is used b y  lining up corresponding values of x, y 
and z by m eans of a  straigh t edge, whence the nam e alinement 
chart.

In  F ig. 17 w e h ave  a  chart for determ ining the m illigram s of 
sodium  oxide and of potassium  oxide, respectively, shown b y  
an analysis in w hich the tw o m etals are first weighed as chlorides, 
the potassium  being afterw ard collected and weighed as p otas
sium  chloroplatinate. S ince the factor for con vertin g p otas
sium chloroplatinate into potassium  chloride is o . 3068, and th a t for 
converting sodium  oxide into sodium  chloride is 1.583, w e have 

0.3068 x  +  1.58 3 y =  z, 

where x  is the num ber of m illigram s of potassium  chloroplatin ate 
obtained, y is the num ber of m illigram s of sodium  oxide in the 
sam ple, and z is the com bined w eight of sodium  and potassium  
chloride.

L e t the outside axes be taken 20 cm. ap art. G rad u ate  the 
le ft  axis a t  th e ra te  of 5 mg. of potassium  chlorop latin ate per 
centim eter. T h e  right axis is to  be graduated in m illigram s 
of sodium  oxide a t  the rate  of 2 mg. per centim eter, beginning 
w ith  20 mg. (if th a t is the least w eigh t of sodium  oxide th a t is 
likely  to  be m et in a n y  of the analyses). T h e  distance from  the 
le ft axis to  the middle axis is then

2 X  1.58 3 X  20 
m = --------------------------------— - =  13 .4 7  cm .

5 X  0.3068 +  2 X 1 . 5 8 3

L o cate  the m iddle axis a t this distance to  the rig h t of the le ft 
axis. N o w  40 mg. of sodium  chloride arc equ iva len t to  40 -f- 
1.583 =  25.25 mg. of sodium  oxide. T herefore la y  a  stra igh t
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edge to  connect the zero of th e potassium  chloroplatin ate scale 
w ith  25.25 of th e sodium  oxide scale. T h e  point where the 
m iddle axis is crossed is m arked 40. In  the sam e w a y  100 mg. 
of sodium  chloride correspond to  6 3 .16  p arts of sodium  oxide; 
therefore connect the zero of the potassium  chloroplatinate 
scale w ith  6 3 .16  on the sodium  oxide scale, and m ark the point 
where the middle axis is crossed 100. T h e  distance betw een 
the points 40 and 100 on the m iddle axis is then divided into 
six ty  equal parts and the graduations continued upw ard and 
dow nw ard to  th e lim its of the chart.

A s an exam ple of the use of the chart, le t us suppose th a t a 
m ixture of the chlorides of sodium  and potassium  w eighs 94 
mg. and th a t 8 1 .8  mg. of potassium  chloroplatinate are ob
tained. C onnect these points on the m iddle and le ft axes, re
spectively, b y  a  straigh t edge; where the la tte r intersects the 
right axis is read 4 3 .5  mg. of sodium  oxide, while ju s t w ithin  
th e le ft m argin of the chart we read 1 5 .9  m g. of potassium  
oxide. T h e  scale of potassium  oxide here referred to  is con
structed b y  dividing the space betw een o and 100 of the p otas
sium  chloroplatinate scale into 19 .38  equal p arts, since th e fac
to r for converting potassium  chloroplatinate in to potassium  
oxide is o . 1938.

O f course the preceding ch a rt m ight h a v e  been constructed 
w ith a n y  other rate  of graduation  for th e outside axes, the
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m iddle axis being placed accordingly, and either of the outside 
axes m ight have been begun a t  a n y  convenient point. W hen 
one point of the m iddle axis has been located b y  calculation, 
the other graduations m a y  be laid down b y  the m ethod ju st de
scribed; or, if the calculated value of C  in the equation  above 
happens to  be a round num ber all the divisions of the m iddle

scale m ay be laid off 
d irectly  w ith  an en
gineer’s rule. T h is typ e  
of chart m ay be used 
in a  great m any in 
d i r e c t  a n a l y s e s ;  for 
exam ple, those in w hich 
the percentage of each 
of tw o m etals in a  m ix
ture of their carbonates 
is determ ined from  the 
volum e of carbon diox
ide th a t the m ixture 
evolves on being treated 
w ith  an acid; or those 
in w hich the am ount of 

each of several gases in a  m ixture is determ ined from  the de
crease in volum e observed and carbon dioxide form ed when 
th e m ixture is burned. A  m odification of th e chart in F ig. 13 
w ill frequ en tly  serve th e sam e ends. O ther uses for ‘ the 
alinem ent chart are in calcu latin g the form ulas of isom orphous 
m ixed m inerals from  a n a lytical d ata , in calcu latin g heat ex
change and loss b y  radiation  in evaporation  problem s, and in 
finding th e  am ount of a given  substance necessary to react w ith 
a  m ixture of tw o others.

F ig . 18 is an  alinem ent ch art for determ ining the crystalliza- 
ble sugar in sugar-cane juice, according to  the form ula 

C — S  (1.4 —  40/P), 
w here C =  per cent crystallizable  sugar; 5  =  per cent sucrose; 
and P  =  per cen t p u rity  of the juice. P u ttin g  this in log
arithm ic form  w e have

L o g  5  =  log C —  log ( 1 .4  —  40/P).
P lo t values of log C  a long the le ft axis, le ttin g  u n it logarithm ic 
distance equal 25 centim eters {A =  1/25). P lo t v a lu es1 of 
— log ( 1 .4  —  40/P) along th e right axis, le ttin g u n it logarithm ic 
distance equal 100 centim eters {B =  1/100). Since the q u an tity  
( 1 .4  —  40/P) is less th an  unity, its n egative logarithm  will 
be positive, and is hence measured upw ard along the right 
axis. I f  the tota l distance betw een the outside axes is 20 cm ., 
the m iddle axis w ill need to  be 4 cm . from  th e le ft  axis. T h e 
m iddle axis is graduated a t  a ra te ' w hich m a y  be calculated 
to be 1/20 u n it per centim eter (from the general equation  for 
the valu e of C in the discussion above o f the principle of the 
alinem ent chart).

T h is chart is given, n ot so m uch because of its p ractica l im 
portance, as because it  illustrates as w ell the w a y  in which 
a  v e ry  com plicated equation  m ay often be solved b y  th e aline
m ent ch art m ethod. In  practice  it w ould be easier to  calculate 
crystallizab le  sugar from  another form ula, in which th e B rix  
o f the solution is used instead of its p u rity , e. g.,

C -j- 0 .4  B =  1 . 4 5 .

T h is  m ay be charted a t once b y  the alinem ent m ethod, w ithout 
recourse to  logarithm s, or even  as a  figure-4 chart.

COMBINATION CHARTS 

O ther typ es of charts m ight be described, b u t it will be found 
th a t in practice the ones here given  w ill serve for the solution 
o f alm ost a n y  problem  th a t does not dem and greater accuracy 
th an  th a t of w hich the graphical m ethod is capable. T h e  differ
ent typ es of charts are all interrelated, and there are so m any 
interm ediate ty p es th a t the classification here adopted is b u t

‘ T abu la ted  by Geerligs, “ M ethods of C hem ical C ontro l in Cane 
Sugar Factories,”  A ltrincham : N orm an Rodger, 1905.

a v ery  arb itrary  one. A  single ch art m ay illustrate a t  once the 
principles of several different types, so th a t w e have w h a t m ight 
be term ed com bination  charts, illustrated in F igs. 19 to  21.

F ig. 19 is a  ch art th a t is a  com bination of an  alinemenl chart 
w ith  a mixture chart, for calcu latin g th e percentage of sucrose 
in sugar cane, h av in g  given  the w eigh t and com position of the 
bagasse and expressed ju ice  (dry grinding). I t  is w orth noting 
th a t this chart m ay be used to  solve the m ost general case of 
m ixtures, nam ely, th a t in which tw o con stituen ts of vary in g  
com position are m ixed in a n y  proportion to  give a  final m ix
ture of v ary in g  w eigh t whose com position is to  be calculated.

In  F ig. 20 is a com bination of tw o alinem ent charts w ith  a 
m ixture ch art for calcu latin g the num ber of pounds of lim e
stone to  be added to  one ton of cem ent rock to  prepare a  m ix
ture for th e m anufacture of cem ent, according to  the form ula 
of M ea d e ,1 which dem ands 90 per cen t of the calcium  oxide 
th a t would be needed to  form  tricalcium  silicate and tricalciu m  
alum inate w ith  the silica and alum ina in th e raw  m aterials.

In  F ig. 21 is a double logarithm ic alinem ent chart for reducing 
the volum es of gases from  one tem perature and pressure to 
another. I t  m ight easily be constructed for problem s in w hich 
the tem perature is expressed in degrees Fahren heit, and the 
pressure in inches of m ercury. S ince the reader who has been 
sufficiently interested to  follow  us th us far w ill be able to  d is
cover for him self the exa ct m anner of construction  of these last 
three charts, th ey  are here presented w ith o u t further com m ent.

CONCLUSION
In  constructing graphical charts one should ta k e  care to  use 

on ly drafting tools of tested accuracy, since triangles and 
T -squares n ot p erfectly  stra igh t are often  discovered. T h ere  
are certain  kn acks in d raftin g th a t enable one to  rule p arallel 
lines w ith  precision and subdivide th e m ain graduations o f the 
axes v e r y  rap id ly. T h e  draw ings th a t illustrate this article  
h ave  been so m uch reduced in photographing th a t none of them  has 
been subdivided to the degree w hich w ould be advisable in p rac
tice, and only the larger divisions of the cross-sectioning appear.

In  conclusion, it  need h ard ly  be rem arked th a t one should 
consider carefully  w hich one of the various ch arts th a t m ay 
be used in a n y  given  case is th e sim plest to construct, and which 
the easiest to  read. I t  will often be found th a t a  sligh t change 
in the conditions of a problem , or a  sim ple transform ation  of
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the m anner of its expression, w ill suggest m ethods o f ch artin g  
far more suitable th an  the one first brou gh t to  mind.

Since the w riter expects to  publish in book-form  a  m ore de
tailed description of these charts and others th an  is possible 
in a  periodical like this, he w ill be obliged to  those w ho d irect 
his a tten tion  to  published or unpublished w ork 011 th e su bject.

In  conclusion, he wishes to  express his ob ligation  to  his as
sistant, M r. Francisco Quisum bing, w ho drew m an y of the 
charts used to  illustrate  th is article.

U n iv e r s it y  o f  t u b  P h il ip p in e s  
C o l l e g e  o f  A g r ic u l t u r e  

L os B aKo s . P . I .

1 M eade, '* P o rtlan d  C em en t,” E aston , P a .: Chem . P ub . Co.. 1907
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N E C E S S IT Y  F O R  A N  A M E R IC A N  D Y E S T U F F S  IN D U S T R Y  
T O  A ID  E X P O R T  T R A D E  IN  T E X T IL E S 1

B y  H e n r y  H o w a r d 2 

A  year ago, a t  S t  Louis, I  discussed th e chem ical industry 
under the general su bject of "P ro blem s A rising in W a r and 
Com m erce.”  A t  th a t tim e im portation had fallen off only 
3a/< per cen t from  Ju ly  to  N o vem b er inclusive, as com pared 
w ith th e sam e period in  1913. Im portations of dyestuffs were 
com ing in regu larly  from  G erm an y and there was 110 actu al 
shortage. A s I pointed out, the greatest effect of the w ar upon 
the chem ical in dustry w as a national aw akening to th e absolute 
dependence of A m erican  upon foreign countries for products 
which are essential to  our national welfare.

G erm an y w as stric tly  lim iting us to 75 per cent of the tonnage 
of dyestuffs th a t w e b ought from  them  during the tw elve m onths 
preceding the w ar; th a t is, she allowed us to b u y  on ly one- 
tw elfth  of this q u a n tity  each m onth, so th at, i f  we attempted to 
increase the volume of our textile business and of other businesses 
using dyes beyond what it was the preceding year, we would be 
confronted with a shortage of dyes, and I further pointed ou t th at 
this was likely to prove a serious obstacle in  the development of any 
large foreign business in  the goods affected. H ow  true this state
m ent w as is now apparent to  every  one.

GERMAN FIRMS RESPONSIBLE 

M r. I. F . Stone,. President, N ational A niline &  Chem ical 
C om pany, recen tly  sa id :

I say, therefore, th a t  the G erm an firms are responsible for 
the difficu lty and the acu te position of the A m erican consumers. 
T heir prim ary reason for this holding back  of shipm ents w as 
probably due to  the fa c t th a t th ey  did n ot w an t Am erican con
sumers to  get an oversup p ly of colors so th a t th ey  could m ake 
up extra quantities of goods w hich th ey  m ight use for export 
to  custom ers in other countries w ho had form erly bought the 
sam e goods from  G erm any, b u t w'ho could no longer obtain  them .

W ithin  three m onths a ffer our S t. Louis convention, the 
im portation of all chem ical products from  G erm an y w as stopped, 
and w e h ave  since been getting along w ith  w h at had been ac
cum ulated outside of G erm an y plus the am ount th at our small 
dyestuffs in dustry could produce in this country.

T here is no d o ub t th a t a t  present G erm an y has some dyes 
available for distribution, and the B ritish  O rder in C ouncil 
perm its its shipm ent to this country-. W e  m ust, therefore, draw 
our ow n inferences w hether G erm an y does n ot w an t us to  have 
these dyes unless w e give cotton  in exchange or whether she 
wishes to  restrict our a c tiv ity  in foreign trade.

DYE SHORTAGE DISASTROUS 

T h e result has been disastrous to  w h at w e all desire— nam ely: 
an increase in our foreign trade in textiles. M a n y  textile mills 
have been obliged to  curtail their ou tp u t a t a  tim e when, if we had 
been independent of other countries, w ith a dye  industry well 
established, these sam e m ills could have been running night 
and d a y  m an ufacturin g goods for export and establishing foreign 
connections b y  aid of w hich a considerable percentage of this 
business m ight h ave  been retained a fter the close of th e war.

L e t us go b a ck  for a m om ent now and see w h y  there is no 
adequate coal-ta i in du stry in this country. Investigation  shows 
th a t the fau lt cannot be  charged to  the D em ocratic p a rty  b u t 
to the strenuous efforts of the foreign m anufacturers and A m er
ican im porters, a b ly  assisted b y  the short-sighted selfishness 
of these sam e textile  m anufacturers w ho are now the principal 
sufferers. I  believe th at, in m any cases, these textile  m anu
facturers did n o t a c t  of their own in itiative bu t were influenced 
b y  th e c lever argum ents of Am erican representatives of foreign 

color m anufacturers.
1 A ddress before the  T h ird  N ational Foreign T rade  Convention 

New Orleans, J an u a ry  27 to  29, 1916.
2 V ice-President M errim ac Chem ical C om pany; C hairm an of Execu

tive C om m ittee  of th e  M anufac tu ring  C hem ists’ Association of the  U nited 
States.

In the w in ter of 1908-9 I took a ctiv e  p art in W ashington on 
behalf of the chem ical m anufacturers to  tr y  and m aintain  the 
sm all protection w e had left, and to  get su itable  protection on 
basic coal-tar products so th a t the in d u stry  could be established 
here on a  firm  foundation from the ground up, because in no 
other w a y  can  it be independent of other nations. Y e t  our efforts 
failed, largely  as th e result of th e opposition of th e w ell-protected 
textile m anufacturers.

COAL-TAR DUTY INCREASE PROTESTED 

If you will look 011 Page 146 of the T ariff H earings before th e 
C om m ittee on W ay s and M ean s of 1908-9, yo u  w ill find a  
mem orial and p rotest in opposition to  any advan ce in duties on 
coal-tar colors and dyes signed b y  the following com panies:

Am o sk e a g  M a n u f a c t u r in g  C o m pa n y , \ l a n c h e s t e r ,  N . H .
H a m ilt o n  M a n u f a c t u r in g  C o m pa n y , L ow ell, M ass .
P a c if ic  M il l s , Lawrence, M ass.
M a s sa c h u s e t t s  C o tt o n  M il l s , L ow ell, M ass.
M e r r im a c  M a n u f a c t u r in g  C o m pa n y , L ow ell, M ass.
C o c h ec o  M a n u f a c t u r in g  C o m pa n y , D o v e r, N . H .
A m e r ic a n  P r in t in g  C o m pa n y , Fall R iv e r , M ass.
T h e  U. S. F in is h in g  C o m pa n y , N ew  Y o rk .
T h e  A pp o n a u g  C o m pa n y , A p p o n au g , R . I.
G a r d n e r  & C o m pa n y , P leasan t Valley, N . Y.
P a ssa ic  P r in t  W o r k s , Passaic, N . J.
A r n o ld  P r in t  W o r k s , N o r th  Adam s, M ass.
W in d s o r  P r in t  W o r k s . N o r th  A dam s, M ass.
R e n f r e w  M a n u f a c t u r in g  C o m pa n y , Adam s, M ass.
Q u e e n  D y e in g  C o m pa n y , Providence, R. I.
S. H. G r e e n e  & S o n s  C o r p o r a t io n , R iverpoin t, R . I.
A sp in o o k  C o m pa n y , Jew e tt C ity . Conn.

T h e fo lly  and unreasonableness of the textile  m anufacturers 
in lending their pow erful influence to  the foreign m anufacturers 
of dyestuffs in their successful effort to  crush ou t our coal-tar 
industry m ay b e  appreciated b y  a  consideration of the follow ing 
figures given  b y  M r. I. F . Stone in an address before th e N atio n al 
Exposition  of Chem ical Industries, held in N ew  Y o rk  C ity  
last Septem ber:

T h e lines of m anufactures w hich are dependent on their 
supply of dyestuffs, to continue their regular production, the 
m ost im portant, perhaps, are the textile  m anufactures, com 
prising cotton, wool, carpets, k n it goods, silk, cordage, shoddy 
dyeing and finishing. T h e  follow ing figures are tak en  from  the 
Census of 1909:

Estab lish - Em - 
m ents ployees

C o tto n ................ 1,324 387,771
W ool...................  985 175,176
C arpets ............... 139 34,706
K n it G oods  1,374 136,130
S ilk ......................  852 105,238
C ordage.............  164 27,214
S hoddy ............... 88  2,320
D yeing and F in 

ish ing .............. 426 47,303

5,352 915,858 51,841,242,131 S384,522,370 51,684,636,499

W hen you  consider th a t the valu e  of th e coal-tar products 
ann ually  im ported is norm ally on ly $10,000,000, of w hich n ot 
more th an  75 per cen t or §7,500,000 is used for textiles, an in 
crease of 10 per cen t in th e d u ty  if the w hole am ount had been 
paid b y  the textile  m anufacturer would h a v e  been $750,000, 
or less th an  4V2 cents

($750,000 -j- $1,684,636,000 =  0.00044) 

for each $100 w orth of textiles produced, a sum  so insignificant 
th a t it could have had no appreciable influence on th e a b ility  
of the textile  interests to m eet foreign com petition, and w ould 
have been m oney well expended, n ot on ly as an insurance again st 
the condition w hich now exists, b u t w ould in m an y cases have 
resulted in the ultim ate lowering of the price of goods in w hich 
there is no com petition a t present.

FATAL TARIFF REDUCTION IN 1883 

F ew  people rem em ber th a t in 1882 w e had qu ite  a  flourishing 
youn g coal-tar industry w hich, w ith  consistent protection, w ould 
have long since been a large— if n ot a  dom inating— factor in 
our color s u p p ly .^ T h e  fata l tariff reduction  w as m ade in 1883

C ap ita l
$822,237,529

430,578,574
75,627,010

163,641,171
152,158,002
76,020,366

6,886,825

114,092,654

Salaries 
and  W ages 

$147,270,903 
82,523,776 
17,745,092 
52,431,680 
46,097,364 
10,995,545 

1,196,376

26,261,634

V alue of 
P roduct 

$628,391,813 
435,978,558 

71,188,152 
200,143,527 
196,911,667 
61,019,986 

7,446,364

83,556,432
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through the in itia tive  .of th e im porters, backed up b y  th e co
operation  of users of colors. L e t  me quote from  a statem en t 
m ade b y  E . P. W heeler, Vol. 1, page 230, of R ep o rt of the T ariff 
Com m ission, 1882:

W ould it  be a w ise policy  for us to  build up a  m an ufactory 
o f aniline dyes in this cou ntry w hen th ey  can  be m ade more 
ch eap ly  abroad because the raw  m aterial is found in a cheaper 
condition in E ngland? T h e  English coal, as everyb o d y  knows, 
is richer in the hydrocarbons or inflam m able m atter than  our 
A m erican  coal, and it  is well know n th a t w e do im port to  some 
exten t English coal to  m ake gas, although the d u ty  on it  is a 
high one. T h e  on ly objection  th a t has been or could be m ade 
in regard to th a t w ould be th a t if w e go t into a w ar w ith  some 
of th e E uropean countries w e should be a t  a  d isadvan tage in 
regard to  these colors. I suggest th a t th a t is a  v ery  contingent 
and rem ote d isad van tage; th a t the possibilities of such a  w'ar 
are insignificant.

AMERICAN DYESTUFFS INDUSTRY GAVE PROMISE IN 1882 

In  V ol. i ,  p age 207, there is a  le tter from  H . K . Lansing, 
Treasurer of th e A lb a n y  A niline W orks, dated F eb. 8, 1882, 
from  w hich I w ill quote, and w hich shows the prom ising state  
o f the in du stry a t th a t tim e:

W e  arc now  engaged in th e m anufacture of a ll th e fine aniline 
blues, and expecting ere long to  m ake all th e finer colors m ade 
in Europe. A s an illustration of the benefit the cou ntry has 
derived from  our efforts, w e can state  th a t large crystals of red 
w ere sold in 1868 a t  $6.50 gold. W e now- su pply th e trade 
w ith  an acknow ledged better color a t  $2.50 per pound. B lues 
w ere sold one y ear ago a t  $4. S ince w e com m enced m aking, the 
price has dropped to  $2.50. W e th ink w e deserve th e sym p ath y  
and encouragem ent of the powers th a t be.

In  refreshing con trast to  th e textile  m an ufacturers’ action  in 
1908, allow  m e to  quote from  a  statem en t of Jam es H endrick, 
President of th e A lb a n y  A niline &  C hem ical W orks, page 256, 
T ariff C om m ission’s R eport, 1882:

T h e  P acific  H ills  and other like m anufactories in this cou n try  
express th e strongest hope th a t w e shall receive from  you  the 
encouragem ent w e are entitled to. In  a  letter addressed to  me 
w ith in  a  w eek b y  M r. Saltonstall, the treasurer, he said there 
w ere som e im porters, or the agents of foreign color com panies 
going through the m ills in N ew  E ngland, expecting to  g e t a 
petition  signed in fav o r of the reduction of the d u ty  on aniline 
colors, and he said th ey  w ould have no sym p ath y  from  them  
and cautioned me again st them .

EUROPEAN DYE MAKERS URGED TARIFF REDUCTION 

A gain , in a  com m unication from  V . G . B loede, representing 
the A m erican  A niline W orks of Parkersburg, W . V a ., dated 
A u g . 21, 1882, V ol. 1, pages 565-568, T ariff Com m ission R ep ort, 
1882, M r. B loede says:

T h e  actu a l disposition of the largest consum ers of the anilines 
is fa irly  represented b y  th e follow ing sentence in a  letter re
c en tly  received b y  me from  one of these consum ers: "T h e
rep resentatives of a  large European aniline w orks are m aking 
a great push to  h ave  the duties on anilines reduced. I enclose 
y o u  their circular, which th ey are sending to  all the m anufac
turers to  obtain  signatures. W h a t do you  as a m anufacturer 
th ink o f it, and w h a t w ould you  propose? W e can  stand it 
as it  is, and, having all the protection w e  need on our m anufac
tures, are w illing to  give all th a t is required to  others.”

T h e  subsequent h istory of th e aniline in du stry is lam entable. 
T h e  T ariff A c t  of J u ly  1, 1883, m ade a  h e a vy  reduction in the 
d u ty . N o  new factories w ere started, and w ith in  one y e a r a fter 
the new tariff took effect, five  of those a lread y established were 
forced to  succum b and go o u t of business, leavin g on ly four to  
continue the work. T hese h ave  since stayed  in the business, 
b u t h ave n ot been able to  develop to  a n y  e xten t.1

AMERICAN MANUFACTURERS READY TO COOPERATE 

In bringing to  ligh t past h isto ry  I do n ot w ish to  be understood 
as bearing grievance against the textile  m anufacturers for an y  
m istaken policy w hich th ey  m a y  h ave  heretofore adopted. 
N o  one recognizes the error of th is policy more keenly th an  these 
m anufacturers them selves, and I am  credibly inform ed th a t 
th ey  now  stan d  ready to  cooperate in a n y  w a y  possible in order 

1 See "W ho  Killed Cock R obin?" Hesse, T h is  J o u r n a l , 7  (191*), 694.

to  establish a  perm anent coal-tar in dustry w ith in  the U nited 
States.

I t  is in structive to com pare the present condition of textiles 
in this cou n try  w ith  th at of iron and steel. T h e  la tter industry, 
th an ks to  the consistent protection w hich for years w as extended 
to 1 every  branch of the business, is now  absolu tely  independent 
of the rest of the w orld in its  a b ility  to  m anufacture all standard 
grades of iron and steel products in this country, w ith  th e result 
th a t n ot on ly are all A m erican  users of iron and steel products 
gettin g their supplies as regu larly  as before th e w ar began, b u t 
a  large export business is being developed as th e result of the 
p aralysis of this in du stry abroad. In  textiles th e saving of a 
possible 4V2 cents on §100 w orth  of produ ct has resulted in so 
th ro ttlin g  the textile in du stry th a t it is h av in g  hard w ork to  
su p p ly  our local m arkets, m uch less to gain  a  strong foothold in 
the foreign m arkets form erly supplied b y  th e belligerent countries. 

N o w  w h at lesson can w e learn from  these disquieting facts?

PERMANENT NON-PARTISAN TARIFF COMMISSION 

I t  seems to  m e th a t first and forem ost it points to  th e absolute 
necessity of a  perm anent non-partisan tariff com m ission of ex
perts th at w ill s ift th e facts, a n alyze  th e situation  and recom 
m end rates consistent w ith  th e tariff policy of the p a rty  in power, 
and thus enable Congress to  accom plish w h a t it w ants to  do.

Such a  com m ission should be created a t  the earliest possible 
m om ent b y  Congress, and if our textile  in du stry is to  ta k e  a n y  
a ctiv e  p art in foreign trade during th e w ar the first business the 
T ariff Com m ission should tack le  is the stu d y  of the C hem ical 
Schedule w ith  the ob ject of enabling Congress to  am end the 
tariff so as to  develop a  perm anent coal-tar d y e  in dustry on a 
large scale in th is country. A t  present, in spite of high prices, 
chem ical m anufacturers h ave  been afraid  to  in vest a n y  large 
sum s in perm anent equipm ent, realizing as th ey  do th a t as soon 
as th e w'ar is over th e in du stry w ould qu ick ly  disappear under 
the present in adequate tariff.

DESTRUCTIVE SELLING POLICY OP FOREIGN DYE MAKERS 

U n fair com petition  is another m eans b y  w hich the foreign 
syndicates h ave k ep t th e coal-tar in du stry from  gettin g  a  fo o t
hold here. F or instance, aniline oil, one of the prim ary products, 
w as selling a t  a  high price a  num ber of years ago, and an A m e r
ican com pany b u ilt a  p lan t and started  to  m arket its product. 
T h en  the price w as im m ediately  cu t on th e im ported article to 
a  point abou t 10 per cen t below th e  cost of production in this 
cou ntry, and k ep t there until th e A m erican  firm  ga ve  up the 
business. W hen th is result w as accom plished, th e  price w as 
advanced to  abou t the original level.

A gain , in 1913, a  d u ty  of 10 per cen t w as placed on aniline 
oil, and the m anufacture wras again started, w ith  th e result th a t  
the foreign producers n ot on ly absorbed the w hole of the d u ty  b u t 
actu a lly  lowered th e price again  to  a  p oin t where the business 
showed a  loss to  th e A m erican  m anufacturer— and this condition 
w as m aintained until the w ar intervened.

N o w  such com petition  is m an ifestly  unfair. I t  is n o t w h at 
m ight be  called legitim ate dum ping to  dispose of surplus p rodu ct 
in som e foreign cou ntry, b u t is a  well-considered p olicy  designed 
to destroy a  new A m erican  industry. Such a  practice  ou gh t not 
to  be perm itted, and I th in k  I am  righ t in sayin g th a t the present 
adm inistration  has under consideration legislation to p reven t it.

GERMAN DYESTUFFS PLANTS AS MUNITION FACTORIES 

T h ere  is one other reason— one of public policy— w h y  a coal- 
ta r  d y e  in du stry is im portan t to  the future of this cou ntry. A t  
present every  one is th in king and ta lk in g of preparedness, and 
one of its m ost essential item s is our a b ility  to  produce enorm ous 
qu an tities of high explosives w hen th ey  are needed. G erm an y 
w as able to  do this over n igh t in th e plants used for coal-tar 
dyes in tim es of peace. E ngland, F ran ce  and R ussia, su bstan 
tia lly  w ith o u t th is industry, w ere a lm ost helpless in th is respect, 
and it m ay be said ju s tly  th a t the existence of the h igh ly  developed
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dye in dustry in G erm any, coupled w ith  its  non-existence in Russia, 
France and En glan d, has been a  determ ining factor in their 
relative' a b ility  to  obtain  high explosives, and in the rem ark
able successes G erm an y has m aintained in the w ar up to date.

R etu rn in g again to  textiles. W e already produce the cotton  
for th e fabric and all the raw  m aterials necessary for the dyes—  
how m uch b etter it  w ould be  for the cotton  growers of the 
South and for m anufacturers and laborers of the whole country 
if more finished goods and less raw  cotton w ere exported, and the 
dom estic consum ption of raw  cotton  enorm ously increased.

In  closing, I can n ot do b etter th an  quote from  the conclusions 
in m y discussion of this su bject a  y e a r ago as follows:

O ur dependence upon foreign countries for chem icals, whether 
th ey  be in the n ature of raw  m aterials, interm ediate products, 
or finished articles, is a m atter of national concern, and I sin
cerely  hope th a t the G overnm ent, the consumer and the chem ical 
m anufacturer m ay unite in friendly cooperation in w orking to 
w ard a  com m on end, viz., the establishm ent of a coal-tar dye 
and chem ical in du stry in this cou ntry free and independent of 
all the w'orld.

N o r t h  W o b u r n , M a s s a c h u s e t t s

M A G N E S IU M 1
By W. M . G r o s v e n o r

T h e  alk ali earth  division of the second group in the Periodic 
T a b le  consists of m ore or less soft, w hite  m etals and all show great 
av id ity  for oxygen, decom posing w ater more or less readily. 
N one except alum inum  has found large com m ercial use b u t of 
the others m agnesium  leads th e list b y  a  long distance. Its  
chief uses are:

1— S caven gin g alloys, i. e., clearing up oxides of other m etals 
and m akin g far denser, cleaner, stronger and more hom ogeneous 
alloys. I t  is valu ab le  in alum inum , nickel, copper, brass, bronze, 
etc., and special steels, because of its intense a v id ity  for both 
oxygen and nitrogen.

2— A llo yin g  itself, w ith  alum inum  or alum inum  containing 
traces of one or more of the other m etals C u, N i, Zn, Pb, B i, 
Sb, F e, etc . M agnesium  grea tly  modifies crystallography and 
physical properties and a lloys readily  w ith  m ost m etals and m elts 
a t a convenient heat.

3— Illum ination, as in m ilitary  uses, for shrapnel trailers, star 
bom bs, flare lights, etc. and in p hotography for flashlights. 
Its  easy in flam m ability  (about 8oo° C .), the high h eat of com 
bustion (134,000 cal.), the re la tiv ely  low h eat of vaporization  
(1100° C .), th e  intensely w h ite  oxide produced and the high 
tem perature of volatilizatio n  of this oxide, are the essential 
factors.

MARKET AND PRICES

H ow  m uch is used? R ecords of im ports for th e year prior to 
the w ar indicated 38,000 lbs. A b o u t 100 lbs. a day, therefore, 
seemed to  be a  safe production to undertake. Prices before the 
w ar had been v e ry  stead y  around $1.45 per lb. b u t it  seemed 
reasonably certain  the cost need not exceed $1.00 per pound, 
and a fter th e  w ar began th e prices being paid for rem nants of 
im ported lots qu ick ly  rose to  $2.50. Som e of the first demands 
here w ere from  w h olly  unexpected quarters, in surprising am ounts 
and a t  am azing prices. T h e  m ost urgent, alm ost pitiful de
mands, cam e from  quarters th a t were n ot even suspected to  be 
interested in th e least. One consum er has contracted for 24,000 
lbs. and another 15,000, these tw o alone taking for strictly  do
m estic use m ore th an  w as supposed to  be the total im portation. 
T here are a t  least three other buyers of sim ilar quantities b u t 
exact am ounts are n ot y e t  established. Sales are largely m ade 
b y  yearly  con tract and even a t  present prices the consum ption 
for str ic tly  dom estic use is about 50 tons. W e found th a t a 
great deal of th e m aterial w as being im ported under other names 
and m ost carefu lly  disguised— secrecy being preferred to  econom y.

1 A ddress before th e  N ew  Y ork Section of the  Am erican Electrochem 
ical Society, in jo in t  session w ith th e  New Y ork Section of th e  American 
C hem ical Society, C hem ists’ C!ub, F eb ru a ry  11, 1916.

Prices as high as $10.00 per pound w ere g la d ly  paid a t  first for 
dom estic product. F o r some m onths then  th e  prices jum ped 
around from  $5.00 to $7.50 b u t every  effort w as m ade to  reduce 
conditions to  some sort of order b y  dealing direct w ith  th e 
consumer. T h is w as p a rtly  the result of a  deliberate p o licy  for 
b etter and more intelligent service of th e  consum er’s precise 
dem ands as to  q u ality  and delivery, b u t p a rtly  also the result 
of m eeting quite  unexpectedly th e com petition of our own 
p rodu ct a t  prices from  25 per cent below  to  50 per cent above 
the prices w e had m ade. Som e of N ew  Y o r k ’s clever W ar 
G oods brokers added 10 per cen t each through a chain of four 
or five m iddle men. O thers assum ed d irect quotations to  h ave  
already been through this process and kn ocked off 20 per cent, 
trusting th a t “ real cash business”  w ould squeeze down the m iddle 
men th ey  supposed to  exist and still leave  5 per cent for the real 
seller. N ow , how ever, for a  num ber of m onths the price has 
been p ractica lly  fixed a t  $5.50 per lb . of “ G uaran teed 9 9 % ,”  
a ctu a lly  abou t '99.5 per cent. O ccasio n ally  a  lo t th a t has been 
picked up in th e antebellum  m arket for speculation is le t go a t  
low er figures, or a lo t of low er grade m aterial com es on the m arket 
from  abroad, b u t there is p ractica lly  110 volum e of these sales.

In  spite of the beautifu l appearance of th e G erm an bars th ey  
rarely exceeded 98 and often fell as low as 96 per cent. T h e  
process of extrusion conceals im purities b y  draw ing them  out 
into m inute threads. I t  is safe to  sa y  th a t th e regular com m ercial 
grade of m etal m ade here now is superior to  an yth in g  ever im 
ported.

REASONS FOR THESE PRICES

I t  m ay seem ridiculous to  ask  or p a y  such prices. L e t us 
consider. T h e  a lloy m arket con stitutes th e bu lk  of the busi
ness, and governs prices. In  alum inum  castings, for instance, 
less th an  2 per cent of m agnesium  cleans up the alum inum  
and leaves 3/i to  1V2 per cen t in th e casting, a b o u t doubling 
its tensile strength, and quadrupling its resistance to  shock or 
jar. I t  reduces the cost of m achining m ore th an  50 per cent, 
h alv ing th e num ber of resets on the cu ttin g  tool, g iv in g  clean- 
c u t m achine surfaces, and p erm itting a  polish to  be secured w ith  
the last c u t instead of a  separate operation. W ith  care, 1 '/ 2 
per cen t of m agnesium  a t $5.50 per lb. is all th a t is needed, i. e., 
8V< c. per lb. of casting a ctu ally  required to do th e sam e work. 
T h e increase in strength m eans, in some cases, a  reduction  in 
w eigh t of casting of 50 per cen t and generally  n ot less th an  25 
per cent. T h e  saving in m achine work alone w hen the casting 
is to  require m uch m achine w ork more th an  p a ys for the use of 
m agnesium.

S o m uch for the consum er or user. N o w  th e m anufacturer 
of magnesium  has a t present certain  considerations (of necessity 
rath er th an  m ere excuse) for the high prices. C o st of produc
tion abroad prior to  the w ar approxim ated $1.00 per lb. S ales 
in E n glan d w ere abou t $1.30 and here abou t $1.45 per lb. A t  
th a t tim e M g C l;.6H 20  w as selling for abou t $18 per ton. Pres
ent prices here are now abou t $60. O ther chem icals used in 
th e m anufacture have increased to  ten tim es their norm al price. 
One other factor, i. e., insurance, m ust be considered in tw o  fo rm s: 
First, the insurance against cu t prices and dum ping th a t m a y  com e 
im m ediately upon the close of th e wrar, m aking th e p lan t and m ar- 
ket-developm ent w ork absolu tely  worthless. Second, th e in 
surance against partisan  interference. A s  a  m atter o f fa c t in 
the case of tw o p lants not a  pound of m aterial from  either of 
w hich has gone for foreign m ilitary  purposes so far as w e know , 
there have been repeated efforts a t  m olestation  and som e serious 
interruptions.

In  considering prices i t  is well to  m ention sep arately  exp ort 
prices. B efore the w'ar n early  all th e m agnesium  for E n glan d, 
as well as the U . S . and F ran ce  cam e from  G erm an y. Since th e 
w ar bo th  F rance and E n glan d  are producing in considerable 
quantities of excellent p u rity . T h is  fa c t  and th e failure abroad 
to realize th e strenuous conditions here, accou n t for th e  un



\
276 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol.-8, No. 3

willingness of bu yers abroad to  p a y  m ore th an  $3.50 for powdered 
m etal (all th e above-nam ed prices w ere in got or bar).

PRESENT PRODUCTION

A t  present there is being produced here a t  tw o points abou t 
all the present a lloy  m arket w ill absorb, and an  increase of p lant 
is being m ade of abou t 25 per cen t th e present cap acity. One 
other producer m akes on ly abou t his own requirem ents. T w o  
others are soliciting business b u t h a v e  failed to fill orders— in 
one case the order is n ot over a y e a r old and still stands un 
filled. A ll told, w e believe the present production is a t  th e rate 
of som ething over $1,000,000 a  y ear and will be s ligh tly  in ex
cess of th e present dom estic needs.

p o s s i b i l i t i e s

T h e use o f the m etal for scavenging purposes depends on price 
of m etal com pared w ith  price of m aterial to  be scavenged. F or 
use w ith  copper, brass, bronze, etc., th e m agnesium  can be used 
a t  far higher prices th an  for steel. B u t  th e big. consum ption of 
the m aterial can com e on ly w hen it  d irectly  replaces alum inum  
as the predom inant m etal in the a lloy, and arrives a t  a  corre
spondingly low  price. I t  m akes beautifu l castings, m achines 
easily  and w ell, is abou t a  third ligh ter th an  alum inum  and can 
be m ade abou t tw o to  four tim es as strong. T h e  coefficient of 
expansion reported is p ra ctica lly  the sam e as for alum inum . 
W hen  properly pure (over 99.5 per cent) it  is ap p aren tly  quite  
as resistant to  corrosion as alum inum , equal if n ot superior in 
electrical co n d u ctiv ity  (about half th a t of copper) and superior 
in  h ea t co n d u ctiv ity  to  alum inum  (also abou t half th a t of copper).

PROCESSES

I — r e d u c t i o n  o f  f u s e d  M g C l2 w i t h  s o d iu m  in volves the 
production  of m etallic sodium ; w e h ave  been using th e C astn er 
process for th is purpose to  sa tis fy  ourselves ju s t  w h a t th e sodium  
w ould cost and w h a t the possibilities in this direction were. 
E xistin g  conditions, th e dem and for sodium  and sodium  per
oxide, forbid its  consideration w ith  a m inim um  of abou t 2 lbs. 
of sodium  consum ed for eve ry  lb. of m agnesium  produced, and 
the n ecessity  of producing deh yd rated  fused M gC l? to  start w ith.

I I — e l e c t r o l y s i s  o f  t h e  f u s e d  d o u b l e  c h l o r i d e  (usually 
M g C l2.2 K C li)  has been perfected and is v e ry  la rge ly  used abroad. 
W e h a v e  com m ercially used and studied the process here and, 
w ith  th e cheapest w ater pow er and chloride, prices even  under 
norm al conditions b y  th is process must rule above $1.00.

h i — r e d u c t i o n  w i t h  c a r b o n  (p a t e n t e d ) is abso lu tely  fasci
n ating in its possibilities. T h e  produ ct is a  b lack  or g ra y  pow der. 
B elievin g such a  produ ct w ould be valu ab le, th e m anufacture 
w as carried ou t on a  scale of a b o u t 25 lbs. per hr. A s  th e diffi
c u lty  o f selling th e product becam e apparent, m uch tim e and 
effort w ere devoted  to  a ttem p ts to  recover th e  m etal in fa irly  
pure form . O w ing to  serious objection  bo th  on the side of cost 
and regu larity  of p ro du ct th is process w as superseded.

T h e  other processes— electrolysis of dissolved M g O ,1 reduction 
of fused M g C lj w ith  alum in u m ,1 reduction  of oxide or carbon ate 
to  slag-form ing residues,1 etc .— w ill be discussed on som e other 
occasion w hen the engineering problem s th e y  in vo lve  are be
lieved  to  be finally  solved in the best w a y  and th e p aten t office 
has finished considering them . T h e  chem ical side of each has 
been th orou ghly w orked out, how ever, so th a t som e conclusions 
m ay be draw n from  th e large lab oratory  or sm all com m ercial 
operations. T hese m a y  be  o f considerable interest.

A t  least one of the processes appears to  be  adap ted  to  produce 
d irectly  m etal averagin g 99.6 per cen t p u rity  in tons per day 
instead of pounds. L a b o ra to ry  tests give a  raw  m aterial cost 
of 4 c. per lb . o f m agnesium  and in dicate a fuel cost w hich a p 
proaches 3 c. as a  theoretical lim it, th ou gh th e  p ractical figure 
w ill p ro bably  be several tim es as high. T h e  final selection of 
v arious possible engineering m eans an d  m ethods rem ains to  be 
w orked out, b u t it  scarcely seems possible th a t eith er labor 

1 P a te n t applied for.

or repairs should exceed 2 c. per lb. T h u s if com m ercial yields 
m ain tain  th e experim ental level and three tim es the theoretical 
pow er is com m ercially required, w e  h a v e  prospects of a  net 
facto ry  operation cost (w ith out interest, am ortization, insur
ance, patent, adm inistration  or selling) of 17 c. per lb. I f  on ly 
75 per cen t yield  is obtained this n et facto ry  cost w ould be abou t 
22 c. or a  to ta l cost w ith  a ll overhead expenses of 35 c. and a 
selling price of 40 c. to  50 c. according to  tonnage.

I t  m a y  be asked w ith  perfect propriety, " W h y  ta lk  abou t it 
now? Som e fool w ill certain ly  w a n t y o u  to  m ake a  con tract 
w ith  him  a t  low er prices, possib ly a t  50 c. H e w ill n ot realize 
th a t i t  is on ly  th e present price of $5.50 th a t justifies or even 
m akes possible th e  $1000 and $10,000 experim ents th a t h a v e  been 
tried and m ust be  tried  again  and perhaps again  during th e n ext 
three to  five  years before th e tid e turns. Y o u  w ill be pestered 
for years w ith  th is 17 c. ta lk .”  W e h ave carefu lly  considered 
th is p ro bability. T h e  men w ho are doing this w ork do n ot cu lti
v a te  ta lkativen ess as a  preference. Ju st a t  this tim e, how ever, 
certain  consideration of public w elfare should ta k e  precedence 
of preference. N atio n al self-preservation dem ands the subordi
nation  of personal interest. I f  w e expect rep resentatives a t 
W ashington to  je ttison  th e pork barrel, the arm y post, the high- 
tid e n a v y  yard , and political trading generally, and give us a 
fighting chance for our lives in the scrap th a t is certain ly  com ing, 
w e m ust set th e exam ple of considering national in terest first. 
I f  w e are to  h ave  the a rm y  and n a v y  preparedness for w hich w e 
h a v e  a lread y w asted  m ore m on ey th an  G erm an y has paid  for her 
w ond erfu lly  efficient fighting m achine, if w e arc to  h ave  any 
preparedness instead of repairs or regrets, w e m ust cooperate 
w ith  all w e h ave  in service, in form ation  and suggestion.

Therefore, a t  the risk of criticism  and possible financial 
sacrifice it  seems to  be a  d u ty  a t  this tim e to  p oin t ou t w h at 
m ay possib ly be expected of m agnesium . F ew  realize th e ex
te n t to  w hich it is valu ab le  in m ilitary  w ork. O ne of the great 
foreign explosive experts stated  th a t he w ould be glad  to  p a y  
$1.50 per lb. for 500 tons. A  single con tract for shrapnel being 
executed in  th is cou n try  w ould require abou t 50 tons. T h e  
illum inating bom bs to  m ake d a yligh t over th e enem ies’ w orks 
and trenches consum e large quantities. T h e  trailers attach ed  
to  shells serve a t n igh t to  sliowr the effectiveness of the fire. 
F o r all these purposes m agnesium  produces a  result th a t cannot 
be approached b y  antim on y or alum inum . B u t  consider w h a t 
it  m eans to  aeroplane, dirigible, and m otor construction, to  h igh
speed engines of e ve ry  typ e, to  reduce w eigh t one-third and 
double strength . T h is  m aterial has a den sity  of 1.75 and m a y  be 
hot-rolled to  a tensile stren gth of 35,000 lbs. per sq. in. or cold- 
rolled v ery  m uch higher. A lth ou gh  five or six m en are being 
k ep t p ractica lly  all their tim e on the developm ent of these possi
bilities, the broad, qu ick  developm ent is a  task  for the energy of 
hundreds, even thousands. F eelin g th e responsibility  w hich 
know ledge of the possibilities entails, it  becam e th e d u ty  of those 
in charge of th is w o rk  to  le t others kn ow  and be a ctiv e  in their 
side of preparation— the ap plication  of the m aterial.

50  E a s t  41s t  S t r e e t , N e w  Y o r k

T H E  R O L E  O F  T H E  C H E M IS T  IN  T H E  C E M E N T

IN D U S T R Y 1
By C. N . W ile y  

R eceived Jan u a ry  3, 1916 
M uch  m y stery  atten ded the processes em ployed in the early  

m an ufacture of Portlan d  cem ent. W h en  th e brick  la y er of 
Leeds discovered th a t he could m ake an artificial w ater cem ent 
from  a  m ixture of T h am es ch alk  and M ed w a y  m ud, he took  every  
precaution  to  insure th a t none should discover th e secret of his 
process. W hen  engaged in m akin g his raw  m ixture, i t  is said 
th a t he a ttired  him self in flow ing b lack  gow n and th e pointed 
h a t of th e m ystic  and perform ed curious in can tation s over his 

1 A ddress p resen ted  before th e  A labam a Section of th e  A m erican 
C hem ical Society, D ecem ber, 1915.
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operations. I . C . Johnson in 1845 w rote: ‘ ‘T h u s he had a  kind 
of tra y  w ith  several com partm ents and in these he had powdered 
su lfate  o f copper, pow dered lim estone and several other m atters. 
W hen a la y er of w ashed and dried slurry and the coke had been 
p u t in to the kiln, he w ould go in  and scatter som e handfuls of 
these pow ders from  tim e to  tim e as the loading proceeded, so 
the w hole th ing w as surrounded b y  m y ste ry .”

One cau im agine w ith  w h at intense interest M r. Johnson 
observed th is rem arkable procedure and it  is sm all wonder th at 
he w as fired w ith  a stronger determ ination to  know  of w h at the 
com position of th is cem ent consisted. Procuring a  sample, he 
had one of th e m ost prom inent chem ists of E n glan d m ake an  
analysis and th e chem ist’s rep ort th a t th e substance contained 
90 per cen t phosphate of lim e m ystified Johnson still further. 
B u t th in king th a t a t  last he had won the secret of this hydraulic 
com pound, he m ade a  large collection of bones from  the butchers 
of th e c ity  and proceeded to  calcine them . Needless to  say, he 
w as induced to  discontinue his operations b y  the outraged 
citizens of th e v icin ity .

So up to  th is tim e, th e  chem ist proved rath er an obstruction 
than a  help to  the solution of the cem ent problem. B u t b y  the 
world-old m ethod of tr ia l and error, Johnson a t la st succeeded 
in m akin g a cem ent w hich w as equal in every  respect to  th a t of 
A spdin  and from  th is on th e in dustry began to  expand and 
thrive.

In  the early  d ays of th e Portlan d cem ent industry, the correct 
adjustm en t of th e proportion of carbonate of lim e to c lay  was 
purely an em pirical process. In  the first place, m ixtures were 
made in v a ry in g  proportions from  w hich sam ples of cem ent were 
prepared and th e proportion giv in g the best cem ent w as adopted. 
A n y  irregularity  due to variation s in the chem ical com position 
of the m aterials, or carelessness on th e p a rt of the workm en, 
w as ascertained b y  sam pling th e m ixture frequently, the samples 
being burned in  a  trial kiln . From  a  close observation of the 
resulting cem ent, w hen tested for soundness, color etc., the 
“ sam pler”  w as, b y  long experience, enabled to  judge w hether the 
correct proportions w ere being m aintained. T h is  w as a tedious 
and an u n satisfactory  process, for w hile a  sam ple w as being 
prepared and tested, the bu lk  it  represented had passed beyond 
the reach of alteration. I f  the slurry w as run into backs, any 
error w as corrected b y  altering th e m ixture and luting or stirring 
the contents of the back, from  w hich a sam ple w as occasionally 
prepared. W ith  th e G oreham  process, no alteration  of the 
previously prepared m ixture w as possible: it  would probably be 
dry and read y for the k iln  before the results o f th e sam ple w ere 
known. I f  the contents of a n y  particular drying-flat or cham ber 
proved to  be over- or under-clayed, th e burner could be in
structed to b u m  it  lig h tly  or h ea vily  as the case m ight be  and 
this w as rea lly  a ll th a t could be  done.

W hen it  is rem em bered th a t if the m aterials are in the first 
place suitable, success depended on the proper proportion of the 
carbonate of lim e to  c lay  and th a t for the same m aterial this pro
portion w as a  con stan t one, it  is evid en t th at, if the carbonate of 
lim e in a  norm al sam ple w as known, th e correctness of the 
m ixture could be  checked b y  th e determ ination of this substance 
in the trial sam ple. A n d  it  w as upon this determ ination th a t 
chem ists depended largely  for th e proper com position of their 
m ixtures.

A n  instrum ent know n as Scheibler’s calcim eter, originally 
devised b y  D r. Scheibler for determ ining the am ount of car
bonate of lim e present in anim al charcoal used in sugar re
fining, w as frequ en tly  em ployed for determ ining carbonate of 
lim e in P o rtlan d  cem ent m ixtures. T h e  principle of its action 
is w ell know n to  chem ists and it  w as th e principal instrum ent 
of m ixture control in th e cem ent in dustry up to  ten years ago. 
T h e results obtained th rough it, although "n ear enough”  for 
m an y techn ical purposes, w ere far from accurate. T h e  car
bonic oxide evo lved  is collected over w ater in which it  is to

some exten t soluble and a  correction has to be m ade dependent, 
of course, upon the volum e of gas evo lved . T h e  Lu n ge n itrom 
eter, in w hich the gas is collected over m ercury, w as also 

.com m only used. V e ry  little  know ledge of chem istry or chem ical 
m anipulation w as necessary for the use of the calcim eter or 
nitrom eter.

T hu s in the early  days, the chem ist w as h ard ly  know n in the 
cem ent in du stry and it  w as u nthough t of for a cem ent m anu
facturer to  em ploy the exclusive services of a professional 
chem ist. T h e  em ployee responsible for the m aintenance of a  
correct and uniform  m ixture of raw  m aterials w as b u t a w o rk 
m an of more than the ordinary intelligence whose success de
pended on the ra p id ity  w ith  w hich he could m ake his test bu rn 
ings and the degree of m em ory he possessed in profiting b y  p ast 
experiences.

R edgrave  rem arks in his book on calcareous cem ents th a t " th e  
sam ple k iln  should n ot be ignored w h en  w orking w ith  new  and 
untried m aterials and m uch m a y  be learned from  th e m ethods 
of the old-tim e sam pler, his m ethods of w ork and the uncon
scious in stinctive w ay  in w hich he reasoned from  the appearance 
of his samples. I t  should n ot be forgotten  th a t Portlan d cem ent 
w as discovered b y  a  brick layer and th a t its  rep u tation  w as 
established long before the process o f m an ufacture becam e a 
scientific question.”

In  this country, the early  m anufacture of P o rtlan d  cem ent 
w as chiefly confined to  the Lehigh V a lle y  region through w hich 
ran a belt of argillaceous lim estone, the com position of w hich 
w as alm ost in the exact proportions for m aking a  high-grade 
cem ent equal in every  respect to the m ore com plicated m ixtures 
of European m anufacturers. T h e  process of trial and error w as 
largely  responsible for the early  success of m en lik e  D . O. S aylo r 
and it  w as n ot until som ew hat la ter th a t the chem ist w as first 
called into consultation  and his advice w as asked more for the 
purpose of locating new deposits of su itable  ro ck  and in the 
w orking ou t of problem s w hich arose in th e operation of the 
m anufacturing process.

John W . E c k e rt m ay be called th e fath er of cem ent chem ists 
in this country. A t  the tim e S aylo r and his associates w ere 
perfecting their processes above A llentow n, E ck ert w as w orking 
as an assistant to  Professor W . H . C handler a t Leh igh College, 
now U n iversity, South B ethlehem , P a. H e w as asked to  m ake 
analyses of rock from  the different beds in the quarries of the 
C op la y  C em ent W orks, of w hich D . O. S ay lo r w as president. 
C em ent w as then m ade from  each of these d istin ctive  rocks and 
these cem ents were' analyzed. In  th is w a y  it w as determ ined 
w hich beds w ere su itable  for P ortlan d  cem ent and the other 
beds could be used in the m anufacture of their A n ch or brand 
natural cem ent. In  his report of 1875-6, the S ta te  G eologist 
com m enting on th is says th a t "m u ch  technical and scientific 
supervision is necessary to  determ ine w hich stone to  use and 
w hich to  re ject in order to  m ake a cem ent capable of u nder
going th e tests now applied b y  engineers and arch itects.”  So 
it  m ight be  said th a t the activit>  of th e chem ist in the cem ent 
in dustry depended grea tly  on the increasing severity  of the 
specifications laid down b y  »engineers and architects.

E ck e rt w as finally  engaged b y  th e C o p la y  C em ent W orks 
to  devote his entire tim e and know ledge to  the process of m an u 
facture and he thus becam e the first cem ent chem ist in this 
country. H is efforts resulted in more certain ty  and less chance 
in the preparation of proper m ixtures and a  m ore uniform  
product n aturally  resulted.

Som ew hat later, R o b ert W . L esley, of th e pioneer m anu
facturers, w as experim enting w ith  th e bricks in to w hich th e 
slurry w as pressed preparatory to  burning and he solicited the 
cooperation of G eorge W . deSm edt, then  a  G overnm en t chem ist 
engaged in th e stu d y  of asph alts and kindred m aterials. T o 
gether these tw o m en w orked o u t various problem s and w ere 
the first to  m ix the slurry w ith  hydrocarbons before castin g into
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bricks. T h e  incorporation of th is hydrocarbon n ot on ly  m ade 
an excellent binder b u t in the k iln  the burning ou t of this binder 
rendered the brick  more or less porous so th a t the m ass could 
be more even ly  burned.

L esley  and deSm edt also discovered the difference betw een 
crystallin e  and gelatinous silica and L esley  took ou t a  p atent 
for the m anufacture of gelatinous silica w hich th ey  th ou gh t was 
of great im portance.

A ll cem ents in those d ays w ere quick-setting and m an y 
efforts w ere m ade to  retard  th is settin g for obvious reasons. 
W hen P. I. G iron, affectionately  called " P ig  Iro n ” b y  his men, 
a  Fren ch chem ist in the em ploy of the A tla s  C em ent C o., w as in 
France he had n oticcd the w orkm en adding a  w h ite  substance 
to  cem ent before th ey  applied sam e in building sidew alks. A s 
gypsum  w as in com m on use in F ran ce  in building operations, 
he suspected th a t th is w as the w h ite  m aterial and he found 
th a t b y  adding a  sm all am ount of this substance to  th e  cem ent, 
the settin g tim e w ould be m ateria lly  lengthened. D yckerh off 
in G erm an y w as also m aking use of p laster to season his cem ent 
and he obtained a  slow er settin g cem ent. L esley  took  ou t a 
p a ten t for seasoning cem ent, th e principle of w hich w as to  
sprinkle the clinker w ith  sulfuric acid.

T h e  question as to  w h a t Portlan d cem ent rea lly  is early  
received m uch atten tion  from  investigators. C hem ical in
vestigations, so far, have failed more or less com pletely to  throw  
ligh t on the com plex structure of th is substance, although 
m ineralogical exam inations h ave  been m ore successful. A l
though chem ical m ethods h a v e  failed  to  reveal th e actu al stru c
ture of P ortlan d  cem ent, m uch has been learned b y  th e stu d y  
o f syn th etic  com pounds. P ro b ab ly  V ic a t  w as the pioneer in 
this line of research, follow ed b y  R iv o t, C lia ton ey  and Frem y.

In  G erm an y, H eldt, Fuchs, S ch ott, M ichaelis, Erdm enger, 
D yckerh off, M ey e r and others w ere a tta ck in g  the problem  along 
th is line. U p  to 1885 th e various theories advan ced  defined 
m ore or less defin itely  the chem ical com position of the cem ent, 
b u t all believed th a t upon addition  of w ater the cem ent broke 
dow n into sim pler com pounds and free calcium  h yd rate . B e 
lievin g th a t if th is free lime could be rem oved from  th e an 
hydrous cem ent m uch m ore could be learned of th e actu a l 
com position, in vestigators sought reagents b y  w h ich  this ex
traction  could be accom plished. R e b u ffat w as the first to  m ake 
use of an aqueous sugar solution, b u t M ich aelis and F e re t ob
je cte d  th a t results obtained in th is w a j m ust be  incorrect.

P rob ab ly  the m ost satisfactory  test w hich w e h a v e  for free 
lim e is th a t devised b y  Professor A . D . W hite. T h e  m ethod is 
based on th e form ation on th e  slide of a  m icroscope of a  char
acteristic  crystallin e calcium  phenolate readily  recognizable in 
polarized ligh t. T h e  reagent is prepared b y  dissolving c ry sta l
lized  phenol in an  im m iscible and rath er non-volatile solvent, 
such as nitrobenzol, and adding a  trace of w ater. T h u s it  is

possible, b y  this test, to  determ ine w h ether th e chem ical balance 
betw een the calcium  and the other constituents in a  good cem ent 
has been attained.

A s m entioned above, m uch has been learned of the con
stitu tion  of cem ent through m ineralogical investigations. A s 
these investigations w ere conducted in m an y cases b y  chem ists, 
it  is on ly proper to  gran t the chem ist credit for his p a rt in solving 
th e problem . L eC h ate licr w as one of the first to  a tta ck  the 
problem  along these lines and he w as follow ed b y  m an y in
vestigators. In  this cou ntry, the w ork w as being carried on b y  
such chem ists as R ichardson, the N ew berrys, C am pbell and 
others and m uch w as learned from  their experim ents. Several 
years ago, D a y  and Sheperd and scientists o f  the G eophysical 
L a b o ra to ry  have, from  exten sive investigations, com e to a 
conclusion as to  the true con stitution  of P ortlan d  cem ent and 
th ey  are now engaged on studies of hydration.

T h e  technical chem ist has not had th e tim e to  devote  nor the 
op p ortun ity to  pursue in vestigation s like the above b u t he has 
con tributed to  th e know ledge of th e  su bject in no sm all degree 
b y  w orking ou t technical processes w h ereby a  high-grade product 
m a y  be  m ade and m aintained. H e has found th a t th e cem ent 
rocks of th e Lehigh V a lle y  are n ot necessary for th e production 
of a  high-grade produ ct b u t has gone into alm ost e ve ry  S tate  
o f our U nion and has found there m aterials w hich w hen properly 
com bined w ould produce a P o rtlan d  cem ent of high qu ality . 
On accou nt of th e varia tio n  in com position of these raw  m a
terials, he has developed m ethods for their proper control. 
T h e  increasing severity  of ccm ent specifications has caused 
a  greater w atchfulness through ou t th e process of m anufacture 
un til a t  th e present d a y  the chem ist has in control every  step 
of th e process from  th e tim e th e rock is w on from  th e deposit 
until the finished cem ent is placed in th e hands of th e u ltim ate 
user. A n d he has gone y e t  further, for he has show n th e user 
how  th is cem ent m a y  be used to  best ad van tage  and has pointed 
o u t the necessity for closer inspection of the m aterials w ith  
w hich it  is com bined.

T h e  chem ist has shown th a t a  true Portlan d  cem ent can be 
m ade from  b la st furnace slag, heretofore a w aste product. T h e  
u tilization  of this w aste produ ct has resulted in a  great in du stry 
producing over 10 per cen t of th e to ta l production  in this 
country.

S o in these years of progress and expansion, th e cem ent 
in du stry  has seen th e hum ble "sa m p ler”  develop in to the 
present h ighly  trained scientist w hose w ord is law  concerning 
th e  process of m anufacture. T h e  chem ist alone is responsible for 
th e  q u ality  of th e product, and the fa c t th a t A m erican-m ade 
P o rtlan d  cem ent is recognized as superior to  th a t m ade in other 
countries is a  trib u te  to  th e untiring efforts and a b ility  of our 
chem ists.

B i r m i n g h a m . A l a b a m a

CURRENT INDUSTRIAL NEWS
S E L E N IF E R O U S  P Y R IT E S  IN  T H E  M A N U F A C T U R E  O F 

S U L F IT E  C E L L U L O S E

Som e selenium , says th e Paper Maker, is contained in all p y 
rites. T h e  percentage of selenium  is ascertained b y  th e h yd ro
sulfide m ethod and th e ratio  betw een  su lfur and selenium  fluc
tu ates betw een 1 : 10,000 and 1 : 100,000. T h e  q u an titative  de
term ination  is best carried ou t as follow s: a  m ud rich in se
lenium  is deposited in the colder p arts of th e gas pipes of chem 
ical pulp mills; th e m ud is lix ivia ted  u ntil the reaction  is neutral 
an d  treated in th e w ater b a th  w ith  concentrated potassium  
cya n id e  solution u ntil its reddish color disappears; th e solu
tion is then filtered and th e selenium  is p recip itated  as cherry- 
red flakes b y  hydrochloric acid. W hen p yrites is roasted, 
th e  selenium  escapes as selenium  dioxide and enters into th e

roastin g gases and the cooking liquor. A s a  rule, how ever, 
sm all qu an tities of selenium  do n o t m atter. Sulfurous acid is 
oxidized in th e  a ir b u t selenious dcid is reduced, red  selenium  
being deposited. T h is  reduction  form s an excellent con tact 
surface. B o th  the flyin g  dust and also th e selenium  form ed 
can  be on ly  p a rtia lly  rem oved from  th e  roasting gases even  w ith  
v e r y  good scrubbing apparatus. Som e selenium  w ill a lw ays 
be contained in th e'liqu or.

T h e  flying dust acts ca ta ly tic a lly  on th e sulfur dioxide and 
the lime, w hich are con verted  respectively in to su lfuric acid and 
plaster of Paris and are th us lost to  th e cooking process. In  
th e cooking stage, w hen th e p ercentage of sulfur dioxide and 
lim e suddenly falls, th e sulfuric acid, w hich is form ed, colors 
th e  pulp dark, m akes it  brittle , difficult to  b leach and th us ren



M ar., 1916 T U E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 279

ders it  of inferior qu ality . T h is  defect is m et w ith  especially 
when m akin g readily b leachable chem ical pulp because a longer 
tim e and a  higher tem perature m ust be em ployed. S ystem atic  
investigations h ave  shown th a t th e percentage of selenium in 
p yrites is prim arily  n ot an injurious constituent b u t the' per
centage of dust, in th e sam e pyrites, containing dust, yielded 
a bad liquor w hile one free from  dust b u t w ith  th e same per
centage of selenium yielded a  perfect liquor.— M cM il l a n

S P A N IS H  P L A T IN U M  D E P O S IT S

C arefu l inquiries, says th e  Milling Journal, have been m ade 
regarding th e  recen t p latinum  discoveries in Spain. T h e  lo ca lity  
m ay be indicated b y  follow ing th e direction of the Sierra N evad a  
as it  enters th e p rovince of M alaga. T h e  end of the chain is 
called the Sierra de R ond a and contains several ranges of igneous 
rocks o f th e peridotite  fam ily , the m ost extensive covering a 
space of 45 mi. b y  12V2. T h e  rock-system  shows a striking 
analogy to  th a t of the U rals. T h e  peridotites of the Spanish 
rocks v a ry  considerably according to  the proportion of basic 
and acid elem ents th e y  contain. T h e  central mass is form ed 
of th e m ost basic rock, dunite, w hich consists of a com bination 
of olivine and chrom ite, th e  platinum  being alw ays associated 
w ith th e  la tter; further th e m etal is n ot concentrated b u t scattered 
through th e mass.. T h e  rocks h a v e  been subm itted to  a  careful 
exam ination, both  chem ical and spectroscopic, and their com posi
tion m in u tely  studied. T h e  platinum  zone w as determ ined to  
be 40 ft. deep w ith  an average thickness of 5 feet and, from this, 
an estim ation  of the profitable tonnage has been made. Of 
the sam ples taken, one-third were rejected as too high, owing 
to pure grains of m etal having been picked up; of the remainder, 
a  th ird  g a v e  from  2 to  3 gram s per ton of wash, another third 
gave 0.25 to  2 gram s, and th e rem aining th ird  w as considered 
too poor for treatm ent. L ittle  alum ina is found to  be present 
so th a t th e treatm en t of these alluvials w ould be cheap and easy, 
and it  is generally  taken  th a t th e w orking of platinum  sands 
can be econom ically undertaken from  th e level of 0.25 gram  per 
ton.

F urth er investigations are being m ade to  em brace th e whole 
fields and th e Spanish G overnm ent, recognizing the im portance 
of the discovery, is supplying the necessary funds for carrying 
out th e w ork.— M .

S U L F U R IC  A C ID  F R O M  N IT R E  C A K E

Investigation s h ave  been m ade b y  a  com m ittee of sulfuric 
acid users in Y orksh ire, E ngland, w ith  a  v iew  to  com bating the 
scarcity of this acid ; nitre cake, a  by-prod uct of the m anufacture 
of sulfuric and n itric  acids, has been found a  suitable substitute.

T h e cake contains th e  equ ivalen t of 30 per cent pure sulfuric 
acid and has h itherto been looked upon as a  w aste product. 
Experim ents m ade w ith  th e  cake indicate th a t its use 
presents certain  difficulties, b u t i t  is hoped th a t these will 
be overcom e. Since it  has on ly 30 per cent availab le sulfuric 
acid, i t  m ust be used in larger quantities and on account of the 
liquid w hich drains from  it, its storage and transport give rise to 
difficulties. I t  is also pointed ou t th at th e general use of the 
cake for th e above purposes w ill p robably entail a  sudden dis
organization in th e textile  and other trades.— M .

C U L T IV A T IO N  O F  M E D IC IN A L  H E R B S

In  consequence of th e shortage of drugs due to the w ar, steps 
are being taken, according to  the Pharmaceutical Journal, to 
experim ent on th e hom e cu ltivation  of these in Queensland, 
under the control of th e B oard  of A griculture. A m ple funds 
are to  be provided.

I t  is proposed to  w ork in conjunction w ith  a hospital and, thus, 
to m ake th e  experim ents of practical value. A s a first step, 
seeds and plants w ill be im ported and distributed to the various

high schools to  be tested in th e school gardens, and th e  plants 
w ill be sent to  d istricts w here th e  soil appears to  be m ost suitable 
to  give successful results. T h e  products w ill be tested in the 
laboratories of th e hospital and the B oard of A gricu lture. T h e  
results will be published and w ill g ive  an  idea of the districts 
best suited for the cu ltivation  of certain  plants. W hen this 
stage is reached, persons desiring to tak e  up drug grow ing w ill 
be in vited  to  com m unicate w ith the B oard  and w ill get th e neces
sary  instructions. G row ers w ill be guaranteed a certain  m arket 
and a  definite price for their produce.— M .

M IN IN G  IN  T H E  G R E E K  IS L A N D S

R ecen t official reports show th at previous to  th e war, th e m ining 
industry in th e G reek Islands w as suffering from  depression. 
, In  1914 th e iron mines a t  S yra  w ere n ot worked a t  all, and the 
production from  Syphnos, Seriphos, and K y tlm o s am ounted 
to on ly 133,825 tons com pared w ith  206,416 tons of the previous 
year. T h e  N axm is em ery industry, w hich suffered severely from  
strikes in 1913, show ed a  production of 6,876 tons, th e greatest 
p art of w hich w as exported to  th e U n ited  S tates.— M .

B R IT IS H  R U B B E R  T R A D E  F O R  1 9 1 5

A ccording to  figures published in the India Rubber Journal, 
th e im port of raw  rubber during the p ast year reached th e record 
figure of 182,565,900 lbs. T h e  valu e  w as $97,080,288, w hich 
w orks out a t a  little  over $0.50 per lb . T h e  greatest bu lk  of 
the im port is now of B ritish  grow th. F orest production  seemed 
to  h ave been som ew hat ousted b y  p lantation  production and the 
im port of forest-grow n rubber now ranks a t b u t little  over one- 
quarter of the total.

T hus, in a  v ery  few years, a  trade has been b u ilt up which 
renders every  m anufacturing cou n try  dependent on B rita in  for 
its raw  m aterial. From  the figures it  w ould seem th a t m ore 
m aterial has been re-exported th an  one should h a v e  expected 
under present conditions. I t  cannot, how ever, be  said th a t 
neutrals have been m uch inconvenienced b y  th e hoarding up 
of supplies a t  home.— M .

S H E L L S

D r. J. E . S tead  in a paper to  the C levelan d  In stitu te  of E n gi
neers reports on analyses m ade b y  him  of a  large num ber of 
fragm ents of G erm an shells. A ccording to  his opinion, w hich 
is th a t of an expert, a  shell should not be rejected on the result 
of its chem ical analyses provided th e m echanical tests are satis
factory. T h e  shell used b y  the G erm ans, he found to  be, gen
erally, of re la tively  high ten acity  and is m uch m ore liable to 
break up b y  shock th an  the m aterial found in B ritish  shells. 
I t  seemed probable th a t some of the G erm an shells w ere m ade 
b y  the basic Bessem er process ju d gin g  from  the re la tiv ely  high 
percentage of nitrogen found present in one of th e toughest and 
best fragm ents exam ined. T h is  specim en also contained 0.07 
per cent sulfur and phosphorus. Shells w ith  betw een 0.07 
and 0.1 per cen t phosphorus did n ot bu rst in the gun, hence it  
does not seem to be absolutely necessary th a t great freedom  from  
th a t elem ent is required.— M .

S U L F U R  C E M E N T

I t  is often necessary, according to  th e Engineer, to  seal up 
holes in transform er or oil-sw itch cases w here wires pass through. 
F o r this purpose, th e m ost com m only used m aterial seems to  
be a  m ixture of sulfur and plaster of Paris. E ith er m aterial 
used b y  itself m ay answ er th e purpose in some cases bu t, if  the 
tw o are m ixed half and half, it  gives a  v e ry  hard substance when 
it  has set and one w hich is im pervious to  transform er oil. T h e  
sulfur m ay be m elted in a  ladle or p ot and then  an equal q u an tity  
of plaster of Paris m ixed th orou ghly into it. T h e  m ixture should
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be poured into place w hile hot. T rou ble  is often experienced 
from  oil being siphoned ou t of transform er cases on accou nt of 
the braided insulation on th e lead wires. W hen  th is occurs it  
is u su ally  found th a t the insulation on th e  wires dips down into 
the oil. I f  the oil level is lowered below  th e term inal board 
inside the case and the insulation on th e  leads scraped off so 
th at w here the w ire enters th e surface of the oil its  m etallic 
surface on ly  is exposed to  possible con tact w ith  the oil and the 
leads are p roperly  sealed, there w ill be little  trouble due to  siphon 
action .— M .

M IN IN G  IN  K O R E A

K o rea  is reported to  be rich in m inerals. T h e  d istricts of 
P in gyan g and K an gto n g , P rovince of Pyong-an  produce large 
qu an tities of anthracite  coal, the mines in th e form er place 
being under G overnm en t control. T h e  n aval briqu ette  factory  
a t  T o k u y am a  (Japan) uses up an n u ally  over 84,000 m etric tons 
of P in gyan g anthracite  valu ed  a t  abou t $165,000. A  new 
coal mine, opened a t  A n zu  in the P rovince o f S ou th  Pyong-an, 
in 1911, is being developed.

Japanese cap ita lists are beginning to  p a y  m ore atten tion  to  
the gold mines in K orea, and several new  claim s, viz., Chikj-san, 
K u ngsong, S yonchon and Syn -an  in th e district of P in gyan g 
show promise. T h e  principal placer gold deposits are found in 
Syn -an  district.— -M.

B R IT IS H  F O R E IG N  T R A D E  IN  1915
Official figures for B ritish  Foreign  T ra d e  in th e y ear 1915 

have  now been published. In  th e chem ical industry, im ports 
of n itrate  of soda w ere 132,158 tons as com pared w ith 171,910  
tons for 1914 and 140,926 tons for 1913. N itra te  of potash 
w as im ported to  th e  exten t of 276,580 cw ts. as again st 209,439 
cw ts. and 237,880 cw ts. for th e tw o preceding years. T h e  
im ports of calcium  carbide w ere 521,523 cw ts. again st 575,443 
cw ts. in 1914 and 513,797 cw ts. in 1913 and of sulfur 711,102 
cw ts. again st 435,979 cw ts. in 1914 and 364,283 cw ts. in 1913, 
w hile the exports of p yrites am ounted to  903,401 tons against 
803,249 tons and 78 1,711 tons for th e preceding tw o  years. 
T h e  valu e  o f acids im ported for last y ear w as £ 4,231,216 against 
£1,575,836 for 1914 and £1,718 ,922 for 1913, the increase, 
of course, being due to  the w ar. T h e  coal-tar products were 
m uch th e sam e as for th e previous year; benzol and toluol 
am ounted to  7,334,436 gallons; ta r  oil and creosote to  35,687,286 
gallons. T h e  exports of C h in a  c la y  show a  decrease: th e am ount 
exported la st y e a r  w as 333,206 tons as again st 628,620 in 1914 
and 629,703 ton s in 1913. Petroleum  im ports also show  a  slight 
decrease, th e to ta l being for la st y ear 595,158,694 gallons 
again st 646,712,631 gallons for 19x4 and 488,106,963 in 1913. 
E x p o rts  of m ining m ach in ery w ere valu ed  a t  £571,000 again st 
£819,486 for 1914 and £ 1,0 18 ,150  for 1913.— M .

E F F E C T  O F  B O M B A R D M E N T  O N  C O N C R E T E  A N D  
B R IC K W O R K

A  feature of the p ictures of the B elg ian  forts bom barded b y  
42 cm. guns, is, says a  contem porary, th a t  th e w alls and roofs 
stru ck  b y  projectiles are not pierced b y  shots b u t com pletely  
sh attered even w here the explosive force o f shells p lays no part. 
T hese fortifications w ere b u ilt chiefly  o f concrete and arm ored 
concrete.

Professor P . R olilan d  states th a t the sam e phenom enon has 
been observed in experim ental p ractice w ith  targets of reinforced 
concrete. Shots did n ot b reak  holes as in steel ta rg ets b u t 
caused th e w hole ta rg et to  crum ble to  sm all fragm ents. T h e  
reason for this, he further holds, lies in th e fa c t th a t  there is a 
condition of high tension in sheets or w alls, roofs, etc., of con
crete due to  th e colloidal chem ical n ature of cem ent where 
separate particles are pressed extraord in arily  close together.

W hen th is tension is relieved a t  a n y  point b y  a  bursting shell, 
th e com plete crum bling of th e entire sheet o f concrete is the in
evitab le  result. H ence, he advises a return  to  the use of brick  
for fortifications. W hen a brick  w ail is struck b y  shot, th e re
su lt is m erely the tearin g of a b ig  hole, since, ow ing to  the loose
ness of structure, on ly the p arts in im m ediate con tact w ith  the 
spot h it  are affected.— M .

M A N U F A C T U R E  O F  D R U G S  A N D  C H E M IC A L S  IN  JA P A N

F urth er particulars h ave been published regarding the schem e, 
devised b y  the Japanese G overnm ent, for subsidizing th e m anu
factu re of dyestuffs, drugs and chem icals. T h e  products pro
v ided for under th e new  law , according to  th e official organ of 
the B oard  of T rade, are the follow ing: acetanilide, benzoic acid, 
carbolic acid, sa licylic  acid, antipyrin , chloral h yd rate , chloro
form , cresol, form alins, glycerine, guaiacol, cau stic  soda, po
tassium  carbonate, creosote, alkaloids; also, th e by-prod ucts 
from  coal ta r  b y  dry distillation, viz., ligh t oil, neutral oil, crude 
and refined benzol, toluol, xylo l, naphthalene and anthracene. 
T h ree  com panies h a v e  been form ed, one to  specialize in glycerine, 
the second in form aline and th e third in drugs.— M .

T H IO P H E N E  IN  B E N Z E N E

T h e follow ing m ethod for estim ating th e am ount of thiophene 
in benzene is said to  g ive  good results. A  little  m ore th an  the 
calculated q u an tity  of m ercuric oxide is dissolved in glacial 
acetic  acid and the liquid cooled, m ercuric acetate  being deposited. 
T h e  benzene to  be tested is added and the m ixture heated on a 
boiling w ater b ath  for abou t 15 m inutes. T h e  precip itate form ed, 
w hich consists of thiophene tetra-m ercuriacetate, is separated 
from  th e cold liquid, w ashed several tim es w ith  ether, dried a t 
100 0 and w eighed.— M .

P O T A S H  F R O M  T H E  A S H  O F  T H E  P R IC K L Y  P E A R

T h e Chemical News states th a t sprayin g w ith  arsenic trichloride 
solution is being used to  exterm inate th e  p rick ly  pear p est in 
th e C actu s E sta tes of D u lacca  in Queensland.

T h e  ash of the pear contains 15 per cen t potash and a  yield  
of 7 tons of ash per acre has been obtained. H a lf a  ton  of 80 
per cen t potassium  carbon ate w as collected from  the ash of 5 
acres of th e b u rn t cactus. T h e  ash is gathered up b y  m eans of 
a  suction p lan t.— M .

A U S T R A L IA N  M E T A L S

A ccordin g to  a  recen t statem en t m ade b y  the Com m onw ealth 
Prem ier, the ou tlook for th e A u stralian  m etal m arket a t  the 
beginning of 1915 w as v e r y  gloom y, due m ain ly to  G erm an 
dom ination. T h e  w hole m etal in d u stry  seem ed to  be on the 
p oin t of collapse. N ow , how ever, th ings h ave  changed som ew hat; 
th e in du stry  is in a  flourishing condition  and prospects are bright. 
C op p er ores can  n ow  be treated  locally  w ith o u t th e need for ex
portation  and arrangem ents are being m ade for th e establish
m ent of zinc and lead refineries.— M .

B R IT IS H  S U L F A T E  O F  A M M O N IA

In  view  of th e u n certa in ty  in G re a t B rita in  as to  the sufficiency 
of supplies o f su lfate  of am m onia to  m eet hom e dem ands during 
the n ext few  m onths, it  has been decided on the recom m endation 
of the F ertilizers’ com m ittee, w ith  the govern m en t’s approval, 
to  suspend for th e present the issue of licenses for th e export 
of su lfate of am m onia. U nder norm al conditions, the produc
tion  of this substance considerably exceeds hom e requirem ents, 
b u t i t  is hoped th a t farm ers w ill th is y e a r g rea tly  increase their 
dem ands for fertilizers so as to  stim u late  as far as practical 
the production of the land and so reduce th e im portation  of 
foodstuffs into B ritish  Isles.— M .
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M E T H O D  F O R  D E T E R M IN A T IO N  O F  H A R D N E S S

M r. M . F . T urpin , in the Revue de Melallurgie for F ebruary, 
1915, describes a sim ple device adap ted  to  determ ine hardness in 
m an y m anufacturing processes. I t  entails the use of a steel ball 
protruding from  the end of a  hollow m andrel backed b y  a  cylin 
drical slug of know n hardness according to  the Brinell scale. 
T h e  slug is surm ounted b y  a plunger w hich protrudes from  the 
opposite end. W hen a  test is to  be m ade the ball is brought
into con tact w ith  th e sam ple and the free end of the plunger 
is struck w ith  the ham m er. T h e  indentation m ade is then com 
pared w ith  th e stan dard slug. T h e  device is 30 mm. in diam eter 
and 90 m m . long.— M .

B R IT IS H  B O A R D  O F  T R A D E

D uring th e m onth of Jan u ary th e B ritish  B oard of T rade 
received inquiries from  firm s in th e U n ited  K in gdom  and abroad 
regarding sources of su p p ly for the following articles. Firm s 
which m a y  be  able to  su p p ly inform ation regarding these things 
are requested to  com m unicate w ith  th e D irector of the C om 
m ercial Intelligence B ran ch, B oard of T rade, 73 Basinghall 
S treet, London, E . C .
A lum inum  pow der F ram es, photograph
Asbestos, crude G lass tubes
A utom atic  gas ligh ters  Gold leaf
Bangles, im ita tio n  ivo ry  Hoop iron
B ottles for poison  ̂ Incandescen t lam ps
Boxes, sm all tin , p rin ted  in colors Incandescen t m antles, up righ t and
Burners, paraffin oil lam p inverted
Calcined bone ash  Jars , stone
Casein, liquid or pow der Lam pwick
Celluloid, su itab le  for accum ula to r M argarine

cells M achinery  for m aking lead pencils
C halk flin t boulders M etallic  vessels for resisting
Chains, sm all unsilvered  corrosion by  acids
C hemicals O rpim ent, red

A cetone Oil, crude for use in Semi-Diesel
P o tassium  carbonate  engines
M agnesium  chloride Pearls, im ita tion
Calcium  sulfide (lum inous) Porcelain articles for w reaths
S altpe tre  (a t least 99%  sodium  Presses, copying

n itra te ) P ap er for artificial flowers
Sodium  peroxide R ings, steel for lea ther purses
U ran ium  oxide Sewing machines
Cream  of t a r ta r  su b stitu te  Stockings, k n itted  ram ie, for

C otton  wool, abso rb en t for surgi- incandescent m antles
cal purposes T alc  sheets

E lectric pocket lam ps V acuum  flasks

_ _ _  — m .
M IN E R A L  P R O D U C T  O F  U N IT E D  K IN G D O M  F O R  1 9 1 3  

A N D  1 9 1 4
T h e  follow ing tab le  show ing q u an tity  and valu e of minerals 

produced in th e U n ited  K in gdom  is taken from  the general 
report on M ines and Quarries.

1913 1914
Mineral Tons Value (£) Tons Value (£)

Alum Shale... 8,741 874 6,078 607
Arsenical Pyrites.. .  35 29 . . . .  ........
Arsenic.........  1.695 16,616 1,988 19,052
Barium compounds 50,045 42,136 48,930 43,506
Bauxite......... 6,055 1,563 8,286 2,159
Bog Ore........ 3,835 959 2,342 585
Chalk............ 4 , 858,126 213,479 4 , 291,170 197,154
Chert Flint..  74,858 12,781 76,213 13,304
Chromite................. . . . .    100 50
Clay and Shale. 13,892,807 1, 790,805 13, 124,361 1, 731,779
Coal...............287,430,473 145,535,669 265,664,393 132,596,853
Copper o r e .. 2,569 21,138 2,373 16,985
Copper precipitate. 163 5,891 185 5,529
Diatomite....  154 308 . . . .  ......
Fluorspar.....  53,663 14,955 33,816 11,005
Gold Ore......  4 434 47 318
Gravel and Sand.... 2 ,409,152 184,818 2,498,872 215,351
Gypsum.......  285,338 90,450 265,365 83,868
Igneous Rocks........  7 ,098,473 1,386,022 7 , 135,243 1,369,242
Iron Ore.......  15,997,328 4 ,543,558 14, 867,582 3 ,921,683
Iron Pyrites. 1 1,427 5,988 11,654 4,759
Lead Ore......  24,282 293,525 26,013 309,813
Lignite..........  81 40 300 150
Limestone (other __

than chalk). 12, 740,664 1,369,168 12, 158,441 1,295,512
Ochre............ 15,135 14,460 11,069 10,635
Oil Shaie......  3 ,280,143 822,394 3 ,268,666 837,249
Salt...............  2 ,247,758 608,869 2 ,069,989 560,893
Sandstone....  3 ,977,303 1, 143,431 3 ,464,528 1,057,096
Slate.............  370,756 926,739 318,912 806,196
Soapstone.............  40 30 180 90
Sulfate of Strontium 18,425 14,287 13,157 10,439
Tin Ore (dressed)..  8,355 960,134 8,085 661,865
Uranium Ore 95   344 Not stated
Wolfram Ore..........  182 17,483 205 19,722
Zinc Ore.......  17,294 69,502 15,419 56,652

Total £ ................................ 160, 112,607 145.863,032
— M .

B L E A C H IN G  O F  F A T S  A N D  O IL S

A ccording to  Nature, palm -oil, w hich is used in v e ry  large 
quantities in the soap industry, m ay be bleached ( i)  by  exposure 
in th in  layers to  air and sunlight, (2J b y  blow ing air through the 
h o t oil, (3) b y  action  of bleaching pow der or chrom ic acid.

T h e  great developm ent in scientific m ethods of c a ta ly tic  
reduction as a  m eans of hardening fats and oils appears to  have 
suggested th e idea th a t sim ilar m ethods m ight be applied to  
the oxidation and bleaching of oils. E xperim ents reported 
in the Transactions of the Chemical Society, London (107, 1828) 
shows th a t a  large num ber of m etallic com pounds can  be used 
to stim ulate the oxidation, th e m ost effective being those con
taining m anganese and cobalt, a lthough nickel, iron and lead 
w ere also active. Of th e com pounds em ployed, th e borates 
were found to be m ore effective th an  the oxalates, palm itates, 
sulfates or oxides, and th e m ost effective of a dozen cata ly sts 
w as cobalt borate. U sing on ly 0.01 per cen t o f this sa lt a  reddish 
sam ple of oil w as bleached w h ite  in th e course of 3V2 hours b y  
passing air through it a t  80 to  90 0 C . T h e  bleaching w as found 
to  be perm anent during 15 m onths and did n ot destroy the 
fain t odor of v iolets w hich is characteristic  of the oil; th e bleached 
oil also gives a colorless soap and its  soap-m aking qualities 
were in no w a y  interfered w ith .— M .

T H E  C R U C IB L E  S IT U A T IO N  IN  T H E  U N IT E D  S T A T E S

T h e crucible m anufacturers h ave  been p u t to  sore straits 
for the past eighteen m onths in the securing of their raw  m aterials. 
T h e  em bargo on C eylon  plum bago (lifted a fter a  few m onths) 
le ft the m arket in a depleted condition: the n atural result was 
a  trem endous advance in price.

N ex t cam e the exhaustion of th e foreign c lay , w hich is used 
in crucible m aking as a binder. T h e  c la y  used, as far b a ck  as 
crucible h istory in this cou n try  goes, has com e from  the little  
p rin cipality  of K litigenburg in th e B lack  F orest in B av aria , 
where, it  is said, th e entire governm ent expenses are paid out 
of the export duties collected from  the c lays shipped out. T h is 
K lin gen burg clay has, for years past, been the on ly c la y  the 
crucible m akers seemed to  th ink th ey  could satisfactorily  use. 
N o  shipm ents of this c lay  h ave  been m ade since the beginning 
of 1915. Som e m akers h ave  husbanded the enorm ous supplies 
of the foreign c lay  w hich th ey had on hand w hen hostilities 
started. T h is husbanding the stock of th e now  alm ost priceless 
raw m aterial, has been done b y  p artia lly  su bstitutin g c lays from  
various parts of the U nited States, and m ixing w ith  th e K lin gen 
burg clay.

T h e  tests and trials m ade b y  the crucible m akers during the 
past 12 m onths have been alm ost endless. T h e  fact th a t it  
takes from  6 to  10 w eeks to  prepare a  graph ite  crucible for 
service in th e foundry gives some slight idea of w h a t the crucible 
m aker has to  contend w ith. A dd ed  to  this delay, and before 
he can even start in on these goods th a t w ill n ot be m arketable  
for tw o m onths to come, the chem ists’ laboratory tests and trials 
m ust be m ade: these run into the thousands. T hen  m ust com e 
the practical tests in a sm all w a y  in the foundry, for th e crucible 
m aker w ould stare b an kru p tcy  in the face, if he were to  continue 
m aking up hundreds of thousands of dollars w orth  o f goods 
ou t of C eylon  plum bago, costing from  17V2 to  25 cents per lb., 
only to find a t  the end of tw o or three m onths th a t the produ ct 
w as useless.

‘ H ow ever, in m an y cases the crucibles m ade w ith  A m erican  
c lays h ave  gone a  surprisingly long tim e in th e  fires. In  one 
instance there is a  report on a  N o . 300, w hich ran  40 heats on 
m anganese bronze, and dozens of others as high as 38 and 40 
heats on N o . 100’s m elting car box-m etal. T h e  annoyances 
now seem to be the non-uniform ity of the products secured, 
crucibles m ade b y  th e sam e potter, o u t of sim ilar m aterials, 
a t  th e sam e tim e, an d  b u rn t in th e sam e kiln , w hen ru n  b y  one 
m elter on same grade of m etals, rise and fa ll to  a  v aria tio n  th a t
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is a shock to  both  user and m aker. B u t  all this w ill in tim e be and the valu e  of th e various products m anufactured. I t  also
rectified. A s soon as th e m anufacturers h a v e  becom e m ore gives the production of casing-head gasoline in 1914 and includes
fam iliar w ith  the m ixing and blending of our n ative  clays, th e y  the follow ing sum m ary of the production of crude petroleum  b y
will no doubt be able to  produce in tim e a  crucible as satisfactory, fields in th a t y ear as reported b y  the U n ited S tates G eological
or superior to  those m anufactured heretofore. S u rvey.

T h e  user, how ever, must' exercise more care in handling C r u d e  P e t r o l e u m  P r o d u c t i o n  ^  In

the A m erican  c lay  crucibles. I t  is im perative th a t these crucibles 1905 1914 crease
be th orou ghly dry and w arm  before going into the fire and th a t ' c f c ,  55’ 471' 601 " , 775,327 79.9

th e y  be heated up very slowly on th e  in itia l h eat Som e users p^ ŝ v - ( A p p a l a c h i a n ) . ' . : :  2°! 5 3 5 ^ 4  24^01 ¡048 - l \ l
m ake a litt le  fire w ith  charcoal inside th e crucible, and others Illino is ............................................................... 30 ,8 9 8 ,3 3 9  2 1 ,919 ,749  — 29.1

put h o t ashes in before placing the p ot in the fire, so th a t the £ ^ ¿ ™ ü „ a V . V . ! ' . ! ! ! ! ! : : : ! ! ! ! - 38!3
crucible is h o t w hen it  goes into the fire for the first heat. T h ere  Colorado, Wyoming, and other fields.. 336,667 3 ,790,940 . . . .

are ccrtain  advan tages in heatin g the crucible from th e inside Total production (barrels—42 gallons) 183, 170,874 265,762,535 45.1
first rath er th an  th e outside.

T h e  m atter of w edging m ust also be guarded against, as T h c  valu e  of th e annual production has increased b y
A m erican c lays h ave  n ot th e sam e tensile strength w hen hot, $*59.363,746. or 67.2 per cen t over those of 1909.
as foreign c lay  T h e  gasoline produ ct of the petroleum  refineries does not

T h e  advan ce  in prices of cruciblcs is due to  the u nusually  include casing-head gasoline condensed from natural gas a t  the gas
high price of C eylon  plum bago ju s t  a t  present, ju s t as w ith  zinc, w ells- T h e  to ta l gasoline production, including casing-head gaso-
copper, alum inum , lead, etc., b u t as soon as the w ar insurances linc. w as 24,711,565 barrels of 50 gaUons, or 1,235,578,250 gallons,
are a  th in g of the past, p lum bago w ill be a t  a norm al figure T h e  production of lubricatin g oils here reported does n ot in-
once more, and crucibles w ill again  be m arketed a t  as low  or elude th a t of establishm ents engaged in the com pounding or blend-
low er prices th an  th ey  h a v e  been for m an y years past. inE of petroleum  oils, b u t only the ou tp u t of petroleum  refineries.

-------------- O f the 176 refineries in 1914, 48 w ere in P en nsylvan ia, 38 in
C E N S U S  B U R E A U ’S  S U M M A R Y  F O R  T H E  P E T R O L E U M  C aliforn ia, 23 in O klahom a, 13 in K ansas, 9 in T exas, 9 in

R E F IN IN G  IN D U S T R Y  F O R  19*4  Illinois, 8 in  N ew  Jersey, 7 in Ohio, 6 in N ew  Y o rk , 4 in C olorado,
A  prelim inary statem en t of the general results of th e 1914 3 in M arylan d , 3 in W est V irgin ia, 2 in W yom in g, and one each

census of m anufactures for the petroleum -refining in du stry  is- in Indiana, Louisiana and M issouri.
sued b y  th e B ureau  of the Census, D ep artm en t of Com m erce, T h e  com p arative statistics for 1914 and 1909 are sum m arized
reports the q u an tity  of crude petroleum  used b y  th e refineries in  the accom pan ying table.

1909 1914 P e r  cen t
r *------------------------* ✓------------------------ *------------------------ n Increase

P etro leum  R e fin in g  in  th e  U. S. B arrels V alue B arrels V alue Bbls. V alue
N o. of E stab lishm en ts  147 176 19.7
T o ta l P roduction  C rude P e tro leu m ..........................................  183 ,170 ,874  265 ,762 ,535  45.1
C rude Petro leum  U sed ...................................................................  120 ,775 ,439  $152 ,307 ,040  191,262,724 $249 ,727 ,856  5 8 .4  6 4 .0

P roducts 
N ap h th as  and  L igh ter P roducts:

Gasoline (from  C rude P e tro leu m ).........................................  10 ,806 ,550  39 ,7 7 1 ,9 5 9  23 ,9 0 8 ,2 4 2  1 0 6 ,1 4 0 ,1 7 0 ) , 70  ~ *
All o th e rs .........................................................................................  5 ,29 2 ,5 2 2  15 ,779,137 } z

Illum inating  O ils ...............................................................................  33 ,4 9 5 ,7 9 8  9 4 ,5 4 7 ,0 1 0  38 ,7 0 5 ,4 9 6  96 ,8 0 6 ,4 5 2  15 .6  2 .4
F uel Oils .....................................................................................  3 4 ,034 ,577  36 ,4 6 2 ,8 8 3  74 ,669,821 84 ,0 1 7 ,9 1 6  119.4 130.4
L u bricating  O ils .......................................................   10 ,745,885 3 8 ,8 8 4 ,2 3 6  10,348,521 55 ,8 1 2 ,1 2 0  — 3 .7  43 .5
R esiduum  or T ar, including L iquid A sphaltic  R oad  O ils . . 1 ,787 ,008  2 ,2 1 5 ,6 2 3  2 ,6 9 6 ,8 8 7  4 ,0 1 7 ,8 5 8  5 0 .9  81 .3
G reases ..................................................................................................  138,302 1 ,567 ,647  280,128 3 ,536 ,491  102.5 125.6
Paraffin W ax .......................................................................................  946 ,830  9 ,3 8 8 ,8 1 2  1 ,150 ,776  8 ,8 9 7 ,1 0 6  21 .5  — 5 .2
A sphalt, o th e r th a n  L iqu id  A sphalt— T ons (2000 lb s .)   233,328 2 ,7 2 4 ,7 5 2  465,157 4 ,8 6 7 ,2 1 3  9 9 .4  7 8 .6
All o th e r p ro d u c ts ............................................................................  11 ,434,737 16 ,486,942 4 4 .2

T o ta l V alue of P ro d u c ts .......................................................  $236 ,997 ,659  $396 ,361 ,405  6 7 .2
Gasoline from  N a tu ra l G as (casing-head gasoline, n o t included in refinery p roducts) barre ls (50 gallons) (U nited  S ta te s  Geological S u rv ey ). . 853,053
T o ta l G asoline P roduction , excluding dup lica tion  as fa r as possible, barre ls  (50 ga llons).........................*...............................................................................  24 ,711 ,565

NOTES AND CORRESPON DEN CE
F O R E IG N  A P P R E C IA T IO N  O F  T H E  A M E R IC A N  

C H E M IC A L  S O C IE T Y

Editor of the Journal of Industrial and Engineering Chemistry:
A ll m em bers o f th e A m erican  C hem ical S ociety , w hich for 

some tim e has had th e largest m em bership o f a n y  chem ical 
society in the w orld, should be interested in th e following, 
tran slated from  p. 3 of the Chemiker Zeitung for 1916:

"T h e  technical chem ical literatu re of A m erica  is v ery  im por
ta n t b u t it  has h itherto been altogether too little  appreciated 
in G erm an y. T h e m ost distinguished of the A m erican  pu blica
tions is the Journal of Industrial &  Engineering Chemistry, 
published b y  the A m erican  Chem ical S ociety; this journal fu r
therm ore publishes com prehensive articles on th e econom ic 
phases of chem istry .”

Furth er, th ey  should be  interested in th e following, tran s
lated  from  p. 35 of E n glan d ’s “ H andelskrieg und die Chem ische 
Ind ustrie,”  b y  A . H esse and H . G rossm ann:

" I t  should here be pointed o u t th a t the A m ericans h ave  m ost 
sk illfu lly  avoided th a t division into scientific and technical 
societies w hich has so u nfortun ately  occurred w ith  us, and th a t 
th ey  h ave  succeeded in v e ry  rap id ly  buildin g up a large and, 
therefore, v e ry  efficient organization w hich p rovides for and 
em braces all interests.”

T h is first and v e ry  m uch belated  foreign recognition of our 
h a vin g  one of the m ost efficient chem ical organizations in the 
world, of publishing th e best technical chem ical journal in this 
country', and th a t heretofore A m erican  chem ical w ork has been in 
sufficiently appreciated abroad, ou gh t to  be a  great satisfaction  to 
e very  A m erican; it  ou gh t to  m ake each A m erican  chem ist not 
now  a  m em ber of th e A . C . S . m ost anxious to  becom e one of 
us. A b o ve  all it  should m ake all of us rea d y  and w illin g to  
leave  nothing undone to  m aintain  th e  proud position  w e h ave  
now  reached a fte r fo rty  years of continued effort and during 
w hich long tim e recognition  both  a t  hom e and abroad has been 
largely  w ithh eld  from  us and from  those of our m em bers w ho 
have  labored u nosten tatiously b u t effectively.

A ll of us who are now reaping the benefits of th is  self-sacri
ficing and arduous labor can n ot escape and m ust n ot shirk th e 
grea t d u ty  of doing everyth in g  th a t m ay be needful to  preven t 
an y  retrogression in the good w o rk  of those w ho h a v e  preceded 
us, and further, to  enhance and to  advan ce  th is proud ach ieve
m en t w hich is now  placed in our keeping.

B e r n h a r d  C . H e s s e
25 B ro a d  S t r e e t , N e w  Y o r k  

F e b ru a ry  14, 1916
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S O M E  O V E R L O O K E D  IN V E S T IG A T IO N S  O N  W H E A T

Editor of the Journal of Industrial and Engineering Chemistry:

T h e  C hem ical Section of th e  Colorado Experim ent Station  
has been engaged for several years in a  stud y of Colorado w heat, 
to find out, if  possible: (1) w h ether Colorado w h eat has an y  
distin ctive  q u ality  w hich m ay be considered characteristic of 
it; (2) to  determ ine th e facto r or factors in our conditions which 
are accountable for the same.

T h e  result of our first tw o ye ars ’ w ork w as the publication  of 
Bulletin 205 of th is S tation , entitled “ Y ellow -berry  in W heat; 
Its  C ause and P reven tion .”  F u rth er reports on this w ork are 
contained in Bulletin 208 a lread y issued, and 217 which w ill 
appear soon.

I endeavored to  g ive  credit in these publications to everyone 
to w hom  I am  in a n y  w a y  indebted. I hold th is to  be th e im
perative d u ty  of e ve ry  author, even if his production should be 
of insignificant im portance. Since the m anuscript of Bulletin 
217 was turned over to  th e D irector of the Station , I have found 
th a t H . R itth au sen  and D r. R . P o tts carried ou t a  series of ex
perim ents in 1872, an  accou nt of w hich m ay be found in Die 
landvnrtschaftlichen Versuchs-Station, B an d X V I ,  1873, pp. 
384-399, w hich, in th e m ain, is parallel to  mine to  such an ex
tent, and th e conclusions are so similar, th a t i t  m ight be thought 
th at I had copied th eir plan  of experim entation and adopted their 
conclusions. T h is  applies to  the bulletin  on Yellow -berry  to 
such an  exten t th a t som e of m y conclusions look like paraphrases 
of theirs. I t  does n ot a p p ly  to  Bulletins 208 and 217 to the sam e 
extent. S till, it  applies in some measure, and a  portion of the 
work still to  be reported w ill again  be parallel.

R itthausen  and D r. P o tts  used spring or sum m er w heat. 
T h ey  used n itrates and phosphorus on some of their plots alone 
and in excessive quantities. I, also, did these things, and for 
the sam e reasons, b u t I  used potash on some other p lots and 
th ey did not.

T h e y  hold th a t clim atic conditions as a  cause for th e qu ality  
of w h eat is so general, indefinite and unsatisfactory th a t one 
must seek som e m ore evid en t one— a v iew  th a t I  have repeatedly 
expressed, and w hich I, in a  general w ay, m aintain  in Bulletin 
205, in w hich I show th a t it  is insufficient as an explanation.

T h e y  sta te  th a t their check plots produced light-colored, 
half-m ealy or transitional kernels. T h e plots to  w hich phos
phoric acid or superphosphates w ere applied, produced th e same 
kind of seed.

I record th a t m y  check p lots produced grain affected w ith 
yellow -berry, m ealy or half-m ealy kernels, and th a t this con
dition w as n ot affected  b y  the application of phosphorus as super
phosphate.

T h e y  record th e effects of n itrate  to  be the production of small, 
well-formed kernels w hich w ere hard, flin ty  and dark-colored.

M y  statem en t is th a t  th e application  of n itrate  depresses 
or entirely  p reven ts yellow -berry and produces sm all, flinty, 
and often shrunken berries.

T h e y  observed th a t n itrates used in conjunction w ith other 
fertilizers produced effects sim ilar to  those produced b y  nitrates 
alone. I h ave  m ade the sam e observation.

I used potash on three series of plots and th ey  did not. I  
observed th a t potash g rea tly  increased the am ount of yellow - 
berry. T h e y  did not.

T h e  exam ination  of th e kernels and flour also w ill run in 
their larger features parallel, which, of course, is to  be expected. 
T h e tw o studies are n ot identical, b u t th e general features are 
so sim ilar th a t one m ight readily  be considered a  copy of the 
other, which is not the case.

M y  w ork w as planned and three seasons’ w ork done on m y 
general p ro ject before I learned of the existence of this article, 
giving the record of th is w ork done b y  these authors a t  Poppels- 
dorf. I shall in no wise change th e plan of m y work, as I hoped 
from the beginning to  carry  m y  investigation  far beyond its

present stage. T h e  w ork so far done seemed necessary, before 
it  would be justifiab le  for me, or anyone else, to  assign a n y  cause 
or causes for the characteristics of our w heat. Indeed, it  is 
not even y e t  certain  th a t one can properly speak of C olorado 
w heats as h av in g  a n y  predom inant and fixed characteristic.

I t  is a  m atter of surprise to  me th a t this w ork of R itth a u se n ’s 
has received ap p aren tly  no atten tion . I found an  a b stra ct 
of the article in th e Journal of the Chemical Society, London. 
T his ab stract did n ot g ive  a  v e r y  adequate idea of th e  facts 
presented in the article. I  h ave  also found it m entioned in the 
literature given b y  Schindler, in his " D e r  G etreidebau ”  a t  the 
end of the section " D e r  W eizen .”

C o l o r a d a  E x p e r i m e n t  S t a t i o n  W . P. H E a d d BN
F o r t  C o l l i n s ,  C o l o r a d o ,  J a n u a ry  21, 1916

T E M P E R A T U R E  C O N T R O L  I N  W O O D  D IS T IL L A T IO N

Editor of the Journal of Industrial and Engineering Chemistry:

T h e note b y  M r. R . B . G oetschius in T h i s  J o u r n a l  8  ( 1 9 1 6 ) ,  
1 9 6 , on "T em p eratu re  C ontrol in W ood D istillation  P la n ts”  
has been read w ith  m uch interest. S ince m uch of th e agitation  
on this subject referred to  b y  him  has been la rge ly  the result 
of experim ents m ade b y  th e U nited S tates F orest P rod ucts 
L aboratory  th e discussion is tim ely  and of especial interest, 
as it  affords an opportun ity to  clear up several points w hich are 
apparen tly misunderstood.

I t  is p robably correct th a t the present design of wood dis
tillation  plants is n ot adapted to  th e greatest possible increases 
in products resulting from  scientific tem perature control b u t 
experim ents in th e laboratory, and also in com m ercial p lants, 
subject to  all the variables of facto ry  operation  h a v e  shown 
m uch greater possibilities along th is line th an  is gen erally  sup
posed b y  p lant operators. T h e  results of p relim inary experi
m ents w hich form  th e basis for th is statem en t w ere g iven  in 
T h i s  J o u r n a l  7  ( 1 9 1 5 )', 6 6 3 .

F ortu n ately , it  is n o t possible to  control th e distillation  
irrespective of a n y  variation  in size of pieces in a com m ercial 
size retort, so th a t all th e w a ter is distilled o u t o f th e charge 
before destru ctive decom position tak es place. A n y  control em 
bodying such a  conception w ould certain ly  result in a  v e r y  great 
absence of control during th e la tte r  stages of the distillation  
as the decom position of a large volum e of v e ry  d ry  w ood is 
likely  to  be extrem ely violent.

Experim ents b y  the F orest Products L a b o ra to ry  h ave  show n 
th a t apparen tly certain  well defined relations exist betw een 
the rate  of rise of the tem perature in th e retort, th e flow of dis
tillate, and th e y ie ld  of products. T h e  in teraction  betw een 
the various products in th e re to rt in th e presence of th e  ho t 
charcoal undoubtedly p lays an im p ortan t p a rt in th e  yields. 
Tem perature control in th e distillation  of wood, as interpreted 
b y  these experim ents, is then to  m ake th e greatest possible 
proportion of the distillations follow  the proper com bination 
of these factors w hich w ill g ive th e best yields. A  technical 
operation in volvin g th e ra te  of rise of the tem perature as an  im 
portant factor is ob viously best conducted b y  em ploying 
pyrom eters.

In  a continuation of these studies in longer tests in  com 
mercial plants, results of w hich h ave  n ot y e t  been published, 
it  w as found, strangely enough, th a t abou t equal m ixtures 
of large pieces of sp lit wood and sm aller pieces of saw ed wood 
more readily  gave the desired rate  o f rise of tem perature th an  
either of th e tw o kinds alone. Therefore, instead of requiring 
even ly sized w ood in order to  secure good results w ith  pyrom eters, 
possibly b y  proper control th e v a ria b ility  of th e  size of w ood 
m ay even prove an  advan tage.

Aside from  this m ore scientific basis for th e ap plication  of 
control there are other reasons w hich it  w ould  seem w ere alone 
sufficient for em ploying p yrom eters in w ood distillation  plants. 
T h e  great varia b ility  of raw  m aterial in size, m oisture content,
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etc., has been w ell pointed out. W ould  n ot an y  m ethod which 
would ten d to overcom e some of these difficulties be an ad
van tage? A lso, operators w ho have, u nfortun ately, had to 
rely  on untrained firem en h ave found pyrom eters to  be of great 
assistance in preven tin g excessive firing and other injurious 
practices.

I t  is und ou btedly true th a t th e proper com bination of the 
various factors, such as flow of d istillate  and tem perature rise, 
w ill v a ry  som ew hat w ith  different p lants because of differences 
of size and condition of w ood and th e  best adap tation  of these 
principles w ill h ave  to  be  w orked ou t for th e in dividual plant. 
T h e  great valu e  of know ing as accu rately  as possible these con
ditions in applyin g scientific control has been w ell dem onstrated, 
and it  is believed th a t a  general adoption  of pyrom eter tem pera
tu re control in th e  prim ary d istillation  w ill help to bring the 
wood d istillation  in du stry o u t of the som ew hat em pirical con
dition w hich has m arked it  up to  w ith in  th e la st few  years.

F o r e s t  P r o d u c t s  L a b o r a t o r y  R .  C . PALMER
M a d i s o n ,  W i s c o n s i n ,  F e b ru a ry  11, 1916

R E M A R K S  O N  T H E  P R O D U C T IO N  O F  R A D IU M  B Y  
T H E  B U R E A U  O F  M IITES 

Editor of the Journal of Industrial and Engineering Chemistry:

T h e w ork of th e B ureau  of M in es in cooperation w ith  the 
N atio n al R adiu m  In stitu te  C om p an y in th e production of 
radium  has been given  an unusual am ount of new spaper pu b
lic ity . T h e  statem ents supplied b y  D r. Parsons and others 
interested in th e w ork h a v e  often been considerably altered or 
abbreviated  in publication  and a  great deal of m isconception 
in regard to  the w ork p revails in th e public mind. H ow ever, 
w e read in the m em orandum  for the press, issued several m onths 
ago b y  th e S ecretary  of th e Interior, th a t th e B ureau  of M ines 
has “ devised m ethods for the production  of radium  from  cam o- 
tite  ore of C olorado and U ta h  a t  an  average cost of $36,500 
a gram , tw o-thirds cheaper th an  the m arket price of $120,000 
asked b y  foreign producers, th e new cheaper m ethods m aking 
it  m ore certain  th a t m edical institutions w ill be  able to  procure 
a  sufficient q u an tity  of radium  for th e treatm en t of cancer and 
m align ant grow ths,”  etc.

T h e  w riter has been interested in th e com m ercial production 
of radium  from  carn otite  since 1912 and n atu ra lly  has followed 
w ith  interest th e w ork of D r. Parsons and his associates along 
th is line. T h e  problem  to  be solved w as d e a r ly  ap p reciated1 
before a n y  w ork w as carried ou t b y  the B ureau  of M ines and 
it  w as som ew hat of a  shock to  the w riter to  see how  little  has 
been accom plished in th e a tta ck  on th e  real problem  as testi
fied b y  th e d ata  given  in a  recent bu lletin .2 B riefly , the problem  
consists in devising m eans for econom ically w orking up th e low- 
grade carn otite  ore, w hich form s b y  far th e greater proportion 
of th e radium  ore occurring in C olorado and U tah . T h is  w ould 
in vo lve  an econom ical process for concentrating th e ore, as w ell 
as an efficient chem ical m ethod for extracting the radium , 
uranium  and van ad ium  from  th e concentrates, and th e refining 
of these products.

T h e  carn otite  ore from  th e C olorado field w ill average abou t 
1 per cent, or less, of uranium  oxide and b y  hand-picking from  
5 tons of m ine ore, it  is u su ally  possible to  sort ou t a  ton  of 
m aterial averagin g betw een 1.5 and 2.0 per cen t of uranium  
oxide. T h e  rem aining ore has in th e p ast been considered too 
poor to  ship and so has accum ulated on the ore dum p, w here 
th rough w eathering, etc., losses of th e valu es result. U p  to  
date  the com pany w ith  w h ich  th e w riter is associated has shipped 
abou t 5,000 tons of carn otite  ore from  its  m ines to  th e reduc
tion  p lan t a t  C anonsburg, P a. N a tu ra lly , the endeavor has 

1 B ureau  of M ines, Bull. 70 (1913), 8 .
* B ureau of M ines, Bull. 104. “ E xtraction  and  R ecovery of R adium , 

U ranium  an d  V anadium  from C arno tite ,”  b y  C. L. Parsons, R . B. M oore, 
S. C . L ind and  O. C. Schaefer.

been to  ship as high a  grade of ore as possible, consistent w ith  
the q u an tity  requirem ents, since th e ore m ust be packed to  the 
foot of the trails b y  burro, then hauled 40 to  60 m iles b y  w agon 
to  the nearest railroad, m aking tran sportation  charges v ery  
high. R ich  claim s h ave  been stripped bare in this effort, and still 
th e average on all of the shipped ore w as 1.6 per cen t of uranium  
oxide. A p p roxim ately  20,000 tons of low-grade ore w ere either 
n ot m ined or n ot shipped ow ing to  the poor q u ality  of th e ore.1

T h e  results so far a tta in ed  b y  the B ureau  of M in es m ay be 
sum m arized briefly. A b o u t 1000 tons of high-grade carn otite  
ore (2.5 to  2.6 per cen t U 3Os) h ave been treated  (w ith out con
centration) b y  a  m ethod (extraction  w ith  concentrated n itric 
acid) w hich is n ot d irectly  applicable to  concentrates, and a 
fa irly  high extraction  of radium  has been atta in ed  (85 to  90 
per cent). T h e  uranium  in the ore has been extracted  as crude 
sodium  uranate w ith  an efficiency of a b o u t 85 per cent, and the 
vanadium  as iron van ad ate  w ith  an efficiency of 21.4  per cent. 
N e a rly  5 gram s of radium  (element) h a v e  been extracted from 
the ore in the form  of raw  radium  barium  sulfates containing 
abou t 1 mg. of radium  per kg. of salt, and of th is m aterial abou t 
h a lf has been w orked up to  yield  radium  sa lts of sufficient p u rity  
for th e designed th erapeutic uses. N o th in g  essentially p rac
tical has been contributed to  the a rt of radium  production, 
and th e cost data, as given, are of no great significance for actu al 
large scale production of radium , since th e conditions under 
w hich th e B ureau  of M ines produced th e radium  w ere abnorm al 
and cannot be duplicated in present p ractice  on accou nt of the 
la ck  of high-grade ore.2 In  Bulletin 104, there is no sum m ary 
w hich w ould show th e to ta l am ounts of each chem ical required 
per ton of ore, and there is no cost price stated  for th e acids and 
alkalies. T h e  result is th a t there is no sim ple w a y  for an o u t
sider to  figure costs on the B ureau  of M ines process. F u rth er
more, in figuring th e cost of an y  artic le  i t  is necessary to  add

1 Since the  beginning of 1911, th e  carno tite  ore shipped in Colorado 
and  U ta h  had  a  u ranium  oxide c o n ten t of approxim ately  ¿00 m etric  tons. 
Of th is  ore, ab o u t 55 per cent has been trea ted  in th e  U nited  S ta tes  and  the  
balance has been shipped abroad. In  the  earlier years a  large proportion  
of th e  carno tite  ore was shipped abroad by  the  G eneral V anadium  C om 
pany  for th e  recovery of vanadium . T h e  rad ium  is th e  residue a fte r the  
extraction  of th e  vanadium  was no t refined; however, these residues have 
since been offered for sale— so th a t  th e  rad ium  will probably  be ex trac ted . 
T he to ta l am oun t of rad ium  in the  carno tite  ore so fa r mined and  sh ipped 
am ounts to  a b o u t 66  gram s and  assum ing an efficiency of ex trac tion  of 
70 per cen t th e  recovered rad ium  would be ab o u t 46 gram s, of w hich 25 
gram s should have been ex tracted  in the  U nited  S ta te s  and  ab o u t 21 gram s 
(including G eneral V anadium  Co. residues) ab road . T h is  represents th e  
bulk  of the  w orld’s p resen t supply of radium , since none of th e  o th e r de 
posits of rad ium  com pare w ith the  Colorado and  U tah  deposits.

* Considering th a t  these investigations were m ade in p a r t  (B ull. 104, 
p. 13) " to  enable the  m iner and  prospector to  ob ta in  a ju s t re tu rn  for the  
ores” i t  is  hard  to  reconcile th is s ta tem en t w ith the  p itifu lly  inadequate  
prices paid  to  the  m iners by  the  N ationa l R ad ium  In s titu te  for high-grade 
ore— afte r the  w ar had  cu t off the  E uropean ore m arket. Before th e  w ar 
carn o tite  con tain ing  2 per cen t UaOa was sold to  French  buyers a t  $3.30 
per lb. of UaOa, and  offers w ent as high as $4.00 for th is  ore. These prices 
figure $132 and  $160 per ton  of 2 per cen t ore, and  a t  the  sam e ra te , would 
give $178.20 and $216 per ton  of ore con tain ing  2.6 per cen t UaOa, such as 
was worked by  th e  B ureau of M ines, and  shown in Bull. 104 in th e  costs 
a t  $96.36 per ton . In  addition  to  th e  ore m ined from  th e  C rucible Steel 
M ining and M illing C o.'s claims, ore was purchased d irec tly  from miners 
and  for this ore th e  N ationa l R ad ium  In s titu te  paid  in  one know n instance 
$1.70 per lb. of UaOa in abou t 25 tons of ore, f. o. b . Placerville , Colo., 
th a t  averaged 3.19 per cen t UaOs or a t  th e  ra te  of $108.46 per ton  of ore. 
F o r ore containing from  2 per cen t to  5 per cen t UaOa th ey  offered, f. o. b. 
D enver, $2 per lb. of UaOs, or $80 per ton  of 2 per c en t ore. (F re igh t ra te  
Placerville to  D enver $ 6  per ton, P lacerville to  New Y ork  $11.57 per ton , 
Placerville to  H am burg  or Liverpool, via  G alveston, £14.50 per ton .) W hen 
i t  was evident th a t  the  N ationa l R ad ium  In s titu te  was in th e  field to  buy  
ore, th e  S ta te  Com m issioner of M ines in Colorado m ade public announce
m ent advising m iners to  hold th e ir  ore for a t  least $2.50 p e r lb. of .UaOa 
in 2 per cen t ore and  proportionally  higher prices for higher g rade ore. 
Y e t i t  is on the  basis of the  rich ore ob tained  “ for a  song” th a t  th e  B ureau  
bases its  p roduction  figures for cheap rad ium ’. C onsistency seem s lacking 
in th e  a rgum ent th a t  th e  m iner will p ro fit by  cheaper rad ium . I t  is possible 
th a t  th e  various a rgum ents a re  to  app ly  independently , one to  the  m iners, 
others for the  physicians and  hospitals, etc. .....................
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the cost of m arketing (which has not been done in the $37,599 
per gram  of radium — Bull. 104, p. 117) and a sum for the safe 
and certain  profits on the investm ent. T hese charges are in
dispensable and v e ry  considerable item s for an  article like radium . 
Indeed, w ith  an uncertain  m arket such as radium  has, the a l
lowances for these item s m ust be far higher in proportion to 
the cost of production th an  on such staples as gasoline, copper, 
etc., and for these articles the selling price is b y  no means the 
cost of production of the m ost favored producer.

A verage m ining costs cannot be estim ated b y  stripping out 
800 tons of high-grade ore from  one rich claim , nor will the mining 
of several hundred tons of ore on adjacent claim s give an 
average for the w hole C olorado field. In  actu al practice a  great 
deal of prelim inary w ork m ust be done before the ore is un
covered and on ly in rare cases are considerable bodies of high- 
grade ore found w hich w ould com pare w ith  the Maggie C claim , 
from w hich th e B ureau  of M ines secured m ost of the ore. W ith 
rich claim s advan tageou sly  located, so th a t little  if an y  packing 
b y  burro w as necessary and w ith  th e good roads already con
structed, it  is n ot surprising if ore costs were low.

D issolving cam o tite  in strong n itric  acid w as the analytical 
m ethod used m ore th an  ten years ago in the q u an titative  de
term ination of radium  in this m aterial. T his is the basis of 
the B ureau  of M ines m ethod and w hen applied to  rich ore ground 
to  20 m esh gives an  efficient extraction. T h e sam e m ethod, 
however, w ill n ot a p p ly  to  the 200 mesh concentrates, since 
the finely pow dered silica in the concentrates m akes it alm ost 
impossible to  filter the m ixture (see also Bull. 104, p. h i ) .  
Low -grade ore containing 0.8 to  1 per cent U jOs m ust be  con
centrated. A  2.5 per cen t UaOs concentrate from such ore is 
much higher in M g, A l, P e  and C a  salts than a  straigh t 2.5 
per cent ore and w ould require m ore n itric acid than th e uncon
centrated ore. I t  is n ot y e t  show n th a t the presence of consider
able am ounts of gypsum  (which frequen tly  occurs w ith the car- 
notite and w ould be found in th e concentrates) would not in
troduce difficulties in the w a y  of a poor extraction, should 
m echanical or other m eans be found to  overcom e' the filtration 
difficulty. T hese  are th e problem s of the practical radium  pro
ducer w hich the B ureau  of M ines has barely touched, problems 
of th e highest im portance for the real conservation of our radium  
deposits.

U nder the agreem ent m ade, th e Crucible Steel Com pany, 
which owns the claim s th a t were w orked {Bull. 104, p. 8) "agreed 
th at if th e N atio n al R adium  In stitu te  should be form ed these 
claim s w ould be leased to th e In stitu te  on a  15 per cent ro y a lty  
basis under an  agreem ent providing for the return of the uranium  
and van ad ium  con tent of th e ore to the com pany.”  Vanadium  
in the form  of ferro-vanadium  has a  high valu e in the steel in
dustry, and y e t  th e B ureau  w as satisfied w ith an extraction pro
cess for radium  where the vanadium  recovery is sham efully low. 
This is adm itted  for w e read (p. 107): "T h e  process described
in this bu lletin  could n ot be recom m ended were the recovery 
of the van ad ium  in th e ore the m ain ob ject.”  H owever, in 
spite of th e con tract to  deliver to  the C rucible Steel Co. the 
uranium  and vanadium , we find th at little  effort w as made 
to extract th is van ad ium  for (p. 109) " la te ly , on an  average 
55-5 per cen t of the vanadium  in the ore rem ains in th e residue, 
and 13.6 per cen t rem ains in the iron-calcium  precipitate, while 
8.i per cen t appears in th e sodium uranate and 21.4 per cent in 
the iron van ad ate. T h e  to ta l average recovery in vanadium , 
including th a t from  th e sodium  uranate, is, therefore, a  little  
less th an  30 per cen t.”  N o  statem ent is m ade as to  th e am ount 
of this m aterial delivered nor as to  the opinion of the Crucible 
Steel C o., w ith  regard to  the results, of the process for uranium 
and vanadium . D oubtless such a  m ethod of extraction could 
hardly appeal to  th a t com pany as satisfactory.

A s regards th e m ining and concentration of lower grade ore, 
Bulletin 104, p. ix ,  says: " A  separate report on th e mining

and concentration of radium  ores is being prepared and w ill 
sh ortly  be published b y  th e B u reau .”  D r. Parsons in a  lecture 
a t  the C hem ists’ C lu b  in N ew  Y o rk , before the N e w  Y o r k  S ec
tion of the S ociety  of C hem ical In d u stry, on D ecem ber 17, 1915, 
stated th at the concentration  experim ents were being m ade 
using the air separator, the R aym on d m ill being used. H e w as 
not prepared to  state  results. H ow ever, th e w riter can  say , 
as a  result of the experim ents of one com pany, th a t this m ill 
will not give an econom ical treatm en t of low -grade ores, and it  
can h ard ly  be said th a t this result is due to  la ck  of experience, 
since the R aym on d separator has been in use b y  the Stan d ard  
Chem ical C om p an y since th e beginning of 1912. In  try in g  
this particular apparatu s the B ureau  of M ines w as on ly borrow 
ing a  m ethod already in use.

T h e  N ational R adium  In stitu te  has profited largely  b y  th e 
cooperative agreem ent w ith  the B ureau  of M ines, since th e  con
ditions under which th e agreem ent w as m ade w ere such as to 
insure either the delivery  of the radium  or th e term ination  of 
the w ork if the radium  could n ot be produced. H ow ever, it 
does not require the production of 5 gram s of radium  from  high- 
grade ore b y  a  "skim m in g the cream ”  m ethod to  determ ine 
whether or not radium  could be  produced b y  the B ureau  of M ines, 
and it  is significant th a t costs w ere figured on th is m ethod rath er 
than on a  m ethod in volvin g the use of the average ore. C osts, 
using the B ureau  process and based on norm al conditions, w ould 
show n early  double the stated  cost of production and would, 
of course, n ot v erify  th e earlier assertions of th e officials of the 
B ureau w ith  regard to  their process. H avin g  dem onstrated 
the a b ility  to  prepare radium , it  is rath er odd th a t th e purposes 
of the Bureau and th e N atio n al R adiu m  In stitu te , nam ely, the 
stu d y  of the m ining and concentration  of ores and th e  w orking 
up of the concentrates, has been delayed w hile radium  w as being 
extracted for a  p rivate  corporation for use— in one instance a t  
least— in a  p riv ate  hospital for p riv ate  gain. A ccordin g to  
Bull. 104 (pp. 8 and 9), such a cooperative agreem ent is legal 
and justified in view  of sim ilar cooperative w ork betw en  the 
D epartm ent of A gricu lture and farm ers, and th e A ssistan t 
Secretary of the Interior approved of th e arrangem ent. T h is 
explanation, how ever, really  does n ot seem to  ju s tify  the actu al 
arrangem ents m ade, for in the case of th e D ep artm en t of A g ri
culture the results obtained benefit m an y others since th e re
sults are general in nature, w hereas here a  corporation  has, 
through some considerable expense to  the G overnm ent, profited 
in securing m uch valu ab le  m aterial under special arrangem ents, 
and under conditions which do n ot offer equal op p ortun ity  to  
all. O stensibly the purpose of this w ork b y  the N atio n al 
R adium  In stitu te  is to further the cause of radium  th erap y  
— and the production of radium . T h e  results so far h ave  been 
the exact reverse. T h e  m arket for radium  for th erapeutic 
purposes in A m erica has been killed, since th e physician  w ho 
reads in th e new spaper th a t the G overnm en t has produced 
radium  for one-third th e present selling price hesitates to  b u y  
radium , and as a  result of the statem ents w id ely  spread bo th  b y  
the B ureau of M ines and b y  the president of the N atio n al 
R adium  In stitu te  to  th e effect th a t i t  is useless to  tr y  to  cure 
cancer w ithout the application  of com p aratively  enorm ous 
am ounts of radiu m ,1 w e find the surgeons and physicians hesi-

1 In  connection w ith the  m a tte r of high  dosage i t  is of in te res t to  note 
th a t  the  London R adium  In s titu te , a  charitab le  foundation  no t for gain, 
which has over 2 gram s of rad iu m  for application, in th e  la s t rep o rt of work 
shows the  following am ounts of rad ium  elem ent as th e  highest used in th e  
trea tm en t of those m alignan t conditions which require heavy  dosage: 
Cancer esophagus, 61 mg.; cancer u terus, 107; cancer b ladder, 64.2; cancer 
breast, 187; cancer thyroid , 225; cancer rectum , 134; cancer p ro sta te , 97; 
periosteal sarcom a, 8 6 ; lym phosarcom a, 225; lym phadenom a, 268; splenic 
leukemia, 145; fibroid disease of the  uterus, 107; m ediastinal tu m o r (p a tien t 
died suddenly less than  2  m onths a fte r trea tm en t), 480. T h e  q u an titie s  
given are m axim um  and more frequently  sm aller am ounts suffice.

T o  the  certain  knowledge of th e  w riter, there  are in th e  U nited  S ta tes, 
besides the  hospitals benefited by  the  rad ium  produced by  th e  B ureau  of 
M ines, 3 institu tions and  medical men possessing 200 o r m ore mg. of rad ium
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ta tin g  to  ven tu re  in to th e field of radium  th erap y. T h e  result, 
practica lly , is to  confirm  th e N atio n al R adiu m  In stitu te  in a 
m onopoly o f "radium for therapeutic purposes. Legislation  in 
regard to  the G overnm en t radium  lands is again pending and it 
seems m ore th an  a  coincidence th a t Bulletin 104 should appear 
w ith  its g litte r of cheap radium — a t th is m om ent.

S t a n d a r d  C h e m i c a l  C o m p a n y  C h a r l e s  H .  V io l
P i t t s b u r g h ,  F eb ru ary  16. 1916

CO M M ENTS ON ‘‘GAUGING OF STORAGE TANKS” 1 
Editor of the Journal of Industrial and Engineering Chemistry:

W e  have studied th e above-m entioned article  b y  M r. Ogden 
w ith  a great deal of interest. T here is certain ly  a  v e ry  real 
need of a  sim ple and accurate m ethod of gauging the volum e 
of m aterial contained in these storage tanks. Such a  m ethod 
should tak e  account of th e  m aterial contained in th e bum ped 
heads, should be reasonably accurate  and should be sim ple and 
easy to  ap p ly. T h e  w riter is inclined to  be of the opinion, 
how ever, th a t  M r. O gden’s m ethod scarcely  m eets this need 
satisfactorily, basing th is opinion upon the follow ing features of 
M r. O gden ’s m ethod: ( i)  lack of accuracy, (2) lack of simplicity 
or general applicability.

DESCRIPTION OF METHOD 

M r. O gden treats the contents of th e tan k  as consisting of 
tw o com ponent parts, (1) th e con tent of m aterial in th e  cylin 
drical portion of th e tan k, i. e., th e  tan k  exclusive of th e bum ped 
heads, and (2) th e con tent of m aterial held b y  the bum ped 
heads. B y  determ ining the valu es of these com ponent volum es 
for each vertica l inch o f heigh t and adding them  together, M r. 
Ogden obtains the to ta l content of m aterial for each vertica l 
inch of height. T h is  am ounts to  a  v irtu a l calibration  of the 
tan k  for each inch of height.

In  discussing th is article, w e shall endeavor to  follow  this 
m ethod of M r. Ogden in treatin g th e tw o-com ponent volum es 
sep arately  and w e shall designate them  as V o l. A (volume of 
cylindrical tank) and V ol. B  (volume of a single bumped head). 
T h en  Total Vol. =  V o l. A +  2 V ol. B

Volum e A  is equal to  the product of th e length o f th e tan k  
and the cross-sectional area of th e liquid form ed in a  plane 
perpendicular to  th e  axes of th e tan k. T h is  cross-sectional area 
is th e segm ent of a  circle. M r. Ogden correctly  states th a t its 
valu e  can  be obtained b y  integral calculus b u t th a t a  sim pler 
m ethod consists in th e  use of trigon om etry and geom etry. M r. 
O gden seems to  feel, how ever, th a t  th e la tte r m ethod is still 
too com plex for his purposes and he, therefore, adopts an  a p 
proxim ation consisting su bstan tially  as follows: V o l. A is con
sidered as consisting of a  num ber of fla t slabs 1 in. th ick , of 
trapezoidal cross-section, and piled one upon th e  other. M r. 
Ogden obtains b y  geom etry th e v a lu e  of th e m edial line of each 
trapezoid. M u ltip ly in g  th is valu e  in inches b y  the lehgth  of the 
tan k  in inches, he obtains th e  volum e of each slab. A d d in g the 
volum es of these slabs, he obtains th e v a ry in g  valu es for V ol. A. 
C learly  th is is quite  cum bersom e and on ly  an approxim ation  w ith  
its degree of accu racy dependent upon th e ratio  of th e “ u n it of 
calibration ”  (in th is case 1 in.) to  th e to ta l diam eter of the tan k. 
I f  th e v a lu e  o f th is ra tio  is sm all, th e  in accu racy introduced is 
n ot v e ry  considerable. O n th e other hand, if  th is ratio  is large, 
the m ethod becom es v e ry  inaccurate. Regardless, how ever, 
of the degree of accu racy atta ined , there scarcely seems to  be 
a  v e ry  real need of a  m ethod of approxim ation  since w e h ave  v e ry  
accurate Engineering T ab les w h ich  g iv e  accu rately  th e area of

elem ent, and, besides these there  are 1 0  in s titu tions  and  physicians th a t  
possess 100 o r m ore mg., and 16 th a t  have 50 or more mg. availab le . T he  
results in rad ium  th e rap y  reported  b y  these  in s titu tio n s  an d  physicians 
show th a t  th e  qua lity  of the ir work com pares favorab ly  w ith  th e  work in 
ins titu tions  where over a  gram  of rad ium  is availab le, th e  num ber of pa tien ts  
trea ted , of course, being smaller.

1 R . I .  O g d en , T h is  J o u r n a l , 8 (1916). 58.

th e circular segm ent from  a  know ledge of the ra tio  of its heigh t 
to  the diam eter of th e circle.1

In  determ ining V olum e B there is more w arran t for an a p 
proxim ation since no m ethod has ap p aren tly  up to  the present tim e 
been published w hich gives th is volum e con tent accu rately . Vol. 
B  consists of a  portion of the segm ent of a sphere. M r. Ogden 
treats th e radius of th is sphere as equal to  th e diam eter of th e 
tan k  w hich assum ption, in v iew  of th e practice of tan k design, 
is essentially correct. M r. O gden’s m ethod of determ ining V o l. 
B is su b stan tia lly  as follows: V olum e B is considered as con
sisting of a  num ber of 1 in. slabs piled one upon th e other. 
T hrough th e center of each of these slabs, M r. Ogden passes a 
horizontal plane. T h e  area of th e plane section is, s tr ic tly  
speaking, a  circular segm ent, b u t is regarded b y  M r. O gden as 
parabolic. T h e  base and a ltitu de of th is parabolic section are 
determ ined geom etrically  b y  M r. Ogden and th e  area of the 
section tak en  as 2/3 of their product. T h e  volu m e of each slab is 
then determ ined as th e produ ct of this area and th e thickness 
1 in. and V ol. B is determ ined for v ary in g  heights as the sum 
of th e volum es of these slabs. T h is m ethod of calculation  is 
n ot on ly  inaccurate b y  reason of the assum ption of th e section 
being parabolic, b u t it  is also inaccurate in assum ing th e volum e 
of each slab to  consist of th e product of th e area of th e m edial 
section and th e th ickness of th e slab. A s in the case of V ol. A , the 
m agnitude of the la tte r error is dependent upon th e ratio  of the 
“ unit of calib ration ”  to  the diam eter of the tank.

a c c u r a c y — A s stated  previously, M r. O gden’s m ethod in
troduces a  num ber of inaccuracies, the m agnitude of w hich is 
chiefly  dependent upon th e ratio  of the "u n it  of calib ration ”  to 
th e diam eter of th e tan k. F o r a  given  tan k  of 7 ft. diam eter, th e 
error introduced is n ot v ery  large if th e tan k  is calibrated for each 
1 in. of height. T h e  calculation, how ever, in volved in m aking 
th is calculation  for each 1 in. of heigh t is v e ry  large and con
sum es a  grea t deal of labor. On th e other hand, if th e calibra
tion is m ade for 3 or 4 in. in tervals, th e labor of calcu latin g is 
decreased, b u t errors of considerable m agnitude are introduced. 
It, therefore, becom es a m ethod w hich requires th e sacrifice 
of accu racy or of sim p licity  of calculation.

A t  th e conclusion o f M r. O gden ’s article, he gives an exam ple 
a ttem p tin g  to  com pare th e  true volu m e of a  cylind rical tan k 
and th e volu m e obtained b y  using his m ethod. T h is com 
parison is som ew hat m isleading. In  the first place, i t  is m ade 
betw een the to ta l volum es of the ta n k  and n ot betw een v o l
um es of m aterial p a rtia lly  filling the tan k. T h e  errors in tro
duced b y  M r. O gden’s m ethod are b y  no m eans a t  their m axim um  
percentage v a lu e  in  th e  case of th e  calculation  of th e total 
volu m e of the tan k. A  true index of th e a ccu racy  of M r. O gden’s 
m ethod can  be obtained on ly b y  m akin g th e com parison a t  the 
p oin t a t  w hich the errors of M r. O gden’s m ethod are a t  their 
m axim um  percentage valu e.

SIMPLICITY OF CALCULATION AND GENERAL APPLICABILITY—  
T h e  m ain criticism  of M r. O gden’s m ethod does n o t rest, how 
ever, w ith  its in accu racy, b u t rath er w ith  its  la ck  of sim p licity  
and d ifficu lty  o f application. A s seen from  the foregoing 
description of M r. O gden’s m ethod, th e  determ ination of the 
volu m e con ten t of m aterial in  a n y  tan k  requires a  long and 
laborious calculation  of th e volu m e con tent of each inch of 
m aterial in th e tan k, w h ich  am ounts to  a  v irtu a l calibration  of 
th e  tan k. C learly  th e labor in volved  in such a  calculation  
w hich m ust be m ade in the case of each tan k  containing m aterial 
to  be  m easured, is a  feature w hich argues stron gly  again st this 
m ethod. In  th e past, it  has been th e  custom  of engineers to  
trea t these storage tan ks as though th e y  w ere true cylinders. 
T h e  vertica l " in n a ge ”  of m aterial in th e tan k  is m easured and is 
expressed as a  decim al fraction  of the diam eter. R eference is 
then  m ade to th e engineering tables for “ A rea  of C ircu lar Seg
m en ts”  and a  factor is found w hich corresponds, to th e above 

1 See K en t, "M ech . Eng. H andbook ,” 8th  E d ., pp. 121-122.
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m entioned decim al fraction. T h is factor m ultiplied b y  th e prod
u ct of the square of the diam eter of the tan k  and the length repre
sents th e volum e con tent of m aterial in the tan k  regarding the 
sam e as a  true cylinder. T h u s, from  a  know ledge of th e height 
of m aterial in the tan k  and the tan k  dim ensions, th e volum e 
con tent o f the m aterial can be obtained w ith  fair accu racy  and 
b y  m eans of a  v e ry  sim ple calculation. W hile  this m ethod is 
in accurate in so far as it  fails to  tak e  accou n t of th e bum ped 
heads of th e tan k, y e t  it  does n ot require a long or laborious 
calculation  of the volum e contents of each inch of the tank.

In  conclusion, the w riter feels th a t there rem ains a v ery  
real and present need for a  m ethod of gauging these storage 
tan ks w hich w ill be m ore accurate  and less laborious th an  M r. 
O gden’s m ethod and w hich will, a t  the sam e tim e, tak e  account 
of th e m aterial contained in th e bum ped heads.

T ub B a r r b t t  C o . ,  17 B a t t e r y  P l a c e  K .  B . H o w e l l
N e w  Y o r k ,  Jan u a ry  19, 1916

. U . S . D Y E S T U F F  S IT U A T IO N  A T  C L O S E  O F  19 1 5 -  
C O R R E C T IO N

' In  m y  article  under th e above title . T h i s  J o u r n a l  8 (1915), 
166, th e  follow ing corrections should be m ade:

P a ge  167, C ol. 2 : m o n th ly  ou tp u t of naphthalene should read 
“ 1,000;”  phenol, "830 to n s.”

Page 168, th e follow ing additions should be m ade:

MANUFACTURERS OF COAL-TAR CRUDES 
" T h e  U nited  G as Im provem en t Co., P h iladelph ia .
"T h e  Sem ct-Solvay Co., P ittsb u rg h .
"A  num ber of firms engaged in the  m anufac tu re  of high explosives, 

o r organized for th e  special purpose, a re  engaged in the  p roduction  of syn 
th e tic  phenol.”

MANUFACTURERS OF COAL-TAR INTERMEDIATES 
“ In  add ition  to  the  above, m ention  m ay well be m ade of th e  following 

com panies, which have p u t up  large p lan ts  for the  m anufactu re  of aniline, 
b u t w hich consum e the  bu lk  of th e  o u tp u t in th e ir  own works:

F IF T Y -S E C O N D  M E E T IN G  O F  T H E  A M E R IC A N  
C H E M IC A L  S O C IE T Y — U N IV E R S IT Y  O F  IL L IN O IS  

U R B A N A -C H A M P A IG N — A P R IL  18  T O  2 1 ,  1 9 1 6

T h e  F ifty-S econ d  m eeting of the A m erican  C hem ical Society  
will be held  a t  th e U n iversity  of Illinois, U rbana-C ham paign, 
from  T u esd ay, A p ril 18th, to  F rid ay , A p ril 21st, inclusive. 
T h e  B eard sley  H otel, C ham paign, has been chosen as head
quarters. A dd itio n al accom m odations can be obtained a t 
the H otel Inm an , located  on U n iversity  A ven ue, one b lock  from 
the Illinois C en tra l station  and on the car line to th e U n iversity . 
A ll m eetings w ill be held a t  the U n iversity  of Illinois w hich can 
be reached b y  car from  th e com er of M ain  and N eil Streets, 
one b lock  south  of the B eard sley  H otel.

CHAIRMEN LOCAL SECTION COMMITTEES 
E d w a r d  B a r t o w ,  General Committee.
W . A. N o y e s ,  Finance.
C .  W .  B a l k e ,  Reception and Registration.
C .  G .  D e r i c k ,  Entertainm ent and Program.
D .  M .  M c F a r l a n d ,  Transportation and Excursions.
E. W . W a s h b u r n ,  Smoker.
S .  W .  P a r r ,  Banquet.
G .  D .  B e a l ,  Press and Publicity.
H . L. O lin ,  E xhibits.
M iss  I s a b e l  B b v i e r ,  Entertainm ent o f Ladies.

PROVISIONAL PROGRAM 
M o n d a y ,  A pril 17th, Evening, Council D inner followed by  Business M eeting. 
T u e s d a y ,  A pril 18th, M orning, G eneral session.

Aflertioon, Excursions to  U niversity  buildings and  grounds, including 
exhibition of live stock, floral display, and a  v isit to  the  p lant-breeding 
laborato ries. R eview  of U niversity  brigade.

Evening, C oncert by  th e  U niversity  M ilita ry  B and. Sm oker. 
W e d n e s d a y ,  A pril 19th, M orning, Sectional meetings.

Afternoon, D ed ication  of th e  new C hem istry  Building. G overnor E dw ard  
J . D unne, of Illinois, will preside. A ddresses will be given by  P residen t 
E dm und  J . Jam es. W . R . W hitney , of th e  G eneral E lectric Com pany, 
and  m em ber of th e  U. S. N aval B oard, and Professor A lexander Sm ith, 
of C olum bia U niversity . R eception  and  inspection of C hem istry  
Building.

Evening, S ubscrip tion  dinner.
T h u r s d a y ,  A pril 20th, M orning, Sectional m eetings.

Afternoon, E xcursions on U niversity  cam pus, including laboratories 
of m echanical, m ining, hydrau lic , electrical and  railw ay engineering. 
Sectional m eetings. .

Evening, p u b l i c  l e c t u r e s :  “ P roduction  of R adium , b y  C. L. Parsons,
B ureau  of M ines, W ashington.

M illville M anufac tu ring  Co., M illville, N .
B. F . Goodrich Co., A kron, Ohio.
G oodyear Chem ical Co., A kron, Ohio.
L ym an G. B ourne, Inc ., A uburn, Ind .
N au g atu ck  R u b b er G oods M anufac tu ring  Co., N augatuck , C t. 
M erck & Co., R ahw ay , N . J .
T he  du  P o n t de N em ours Co., W ilm ington, Del.
T h e  A etna  Explosives Co., P ittsb u rg h , P a .”

MANUFACTURERS OF ARTIFICIAL DYESTUFFS 
“ T he  U nited  S ta te s  C oal-T ar P ro d u cts  Co., N ew  Y ork C ity .
“ T he  Sherw in-W illiam s Co., New Y ork C ity .”
W a s h i n g t o n ,  F eb ru a ry  9. 1916 THOM AS H . NORTON

A L U M IN A  IN  A L U M IN U M  S A L T S — C O R R E C T IO N

T h e factor w eigh t to be  taken  in th e analysis o f alum inum  
salts b y  m y rapid m ethod should be "3.4067”  and n ot 3.4038 as 
given in m y  paper printed in T h i s  J o u r n a l  7 (1915), 1059.

T h is factor is based on titration  w ith  N /2 acid. W hen acids 
are prepared w ithout reference to  n orm ality  strengths, this facto r 
w eight is derived as follow s: th e valu e  of 100 cc. o f the acid, in 
term s of HjSO«, is m ultiplied b y  four tim es th e facto r th a t gives 
the equ ivalen t A 12O j; i. e., if the standard acid used has a  
strength of 0.02 g. H2SO4 per cc. th e facto r w ould be: 
2 X 0.3473 X 4  =  2-7784-

L a d r e l  H i l l ,  L o n o  I s l a n d  W i l f r e d  W . SCOTT
N e w  Y o r k ,  Jan u a ry  3, 1916

R A D IU M , E T C ., F R O M  C A R N O T IT E — C O R R E C T IO N  

In  m y  article in T h i s  J o u r n a l ,  8 ( 1 9 1 6 ) ,  5 1  w ill be found 
the statem en t: " T h re e  or four crysta llizatio n s on ly  are neces
sa ry  to  bring the m ajor p art of th e radium  to  a  concentration  
of 6 0  to  80 per cen t radium  brom ide.”  T h is  should read: 
" T w e lv e  to  tw en ty  crystallization s on ly  are n ecessary.”

Jan u a ry  22, 1916 C . L . PARSONS

“ Use of R ad ium  in  th e  C ure of C ancer,” by  C. F . B urnham , M .D . 
B altim ore.

F r i d a y ,  A pril 21st, E xcursion to  D anville, Illinois, for th e  purpose of 
v isiting:

H egeler B ro thers ' Zinc Sm elter and  Sulfuric Acid P lan t;
W estern Brick C om pany’s K ilns;
T h ree  R ivers Coal C om pany 's  S trip  Coal M ine.

E sp ecia l a tten tion  is called  to  the excursion b y  special train  
to  D an ville  on F rid ay , A p ril 21st. T h e  sm elter o f th e H egeler 
Z inc C om p an y w as b u ilt in 1908, and is one of th e m ost m odem  
and best arranged in th e cou n try; th e  ca p a city  has recen tly  
been treb led; the sm elter u tilizes th e fum es from  roastin g the 
zinc ore. T h e  brick and tile  p lan t of th e W estern  B rick  C o m 
p an y is one of the largest in th e cou ntry. O f unusual interest 
are the open-pit shale an d  coal m ines furnishing m aterial and 
fuel; th e strip-pit coal m ine gives a  splendid illu stration  of the 
location  o f coal; u su ally  a  bed of coal a  qu arter to  a  half-m ile 
long and fifty  to  one hundred feet w ide is exposed. A rran ge
m ents are being m ade for optional v isits  to  other plants.

A ll titles of papers should be in the S ecre ta ry ’s hands on or 
before A p ril 7 th  or in th e hands o f th e secretaries o f divisions 
b y  A p ril 5th  in order to  be placed on th e final program . B y  
v o te  of the C ouncil no papers can  be  presented a t  th e  m eetin g 
th e titles of which are n o t p rinted on th e final program .

ADDRESSES OF DIVISIONAL SECRETARIES

Agricultural and Food Chemistry, G. F . M ason. H . J . H einz C om pany , 
P ittsbu rgh , Pa.

Biological Chemistry, I .  J .  Phelps, B ureau  of C hem istry , W ash ing ton . 
Fertilizer Chemistry, F . B . C arpen ter, V irg in ia-C arolina  C hem ical C om pany, 

R ichm ond, Va.
Industria l Chemists and Chemical Engineers, S. H . Salisbury , J r .,  Lehigh  

U niversity , So. B ethlehem . P a .
Organic Chemistry, H . L . F isher, C o lum bia U n ivers ity , N ew  Y ork  C ity . 
Pharmaceutical Chemistry, D r. Beorge D . Beal, U n ivers ity  of Illinois, 

U rbana , 111.
Physical and Inorganic Chemistry, Jam es K endall, C olum bia U n ivers ity , 

N ew  Y ork C ity .
Water, Sewage and Sanitation, D r. H . P . C orson, U . S. Pub lic  H e a lth  Service, 

G rove C ity , Pa .
C . L .  P a r s o n s , Secretary

SCIENTIFIC SOCIETIES
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N E W  Y O R K  S E C T IO N  O F  A M E R IC A N  E L E C T R O 
C H E M IC A L  S O C IE T Y

E L E C T R O C H E M IC A L  W A R  S U P P L IE S  S Y M P O S IU M

T h e  N e w  Y o rk  Section of the A m erican  Electrochem ical 
S ociety  m et jo in tly  w ith  th e N e w  Y o rk  Sections of th e A m erican 
C hem ical S o c iety  and th e S o ciety  of C hem ical In d u stry  at 
R u m ford  H all, C hem ists’ C lub, F eb ru ary  11 , 1916.

T h e  in tro du ctory  address, b y  W . L . Saunders, of th e N a v a l 
B oard, em phasized the la ck  of relation  existin g betw een our 
industries am ong them selves, as w ell as th e la ck  of inform ation 
possessed b y  th e U n ited  S tates G overnm en t concerning the 
capacities o f th e industries of the cou ntry. M r. Saunders 
feels th a t th e train ing o f the men of the U n ited  S tates in the 
industries is far more im p ortan t th an  train in g them  as soldiers. 
H e called special atten tion  to  th e fa c t th a t industrial efficiency 
of a  nation  m a y  be  m easured b y  its coal consum ption, and gave 
the per cap ita  consum ption of coal b y  countries as follows: 
U n ited  S tates, 5 tons per annum ; E ngland, 4 tons per annum ; 
G erm an y, 4 tons; R ussia, V < ton; and France, 1.6 tons. Special 
em phasis w as p u t on the fundam ental im portance of the chem 
ical industries of th e U n ited  S tates, since chem istry is th e basis 
of all industrial projects. I t  is M r. Saunders’ opinion th a t our 
industries could scarcely  be organized along lines of preparedness 
for w ar in a  period o f ten  years.

E lectrochem ical W a r Supplies. B y  L a w r e n c e  A d d ic k s . 
On accou nt o f illness, M r. A d d ick s w as unable to  be present, 
b u t the chairm an, M r. C olin  G . F in k, read a  brief le tter from  
M r. A dd icks, in w hich he em phasized the basic im portance of the 
electrochem ical in du stry in its relation  to  w ar supplies and pre
paredness for w ar.

A ir Saltp eter. B y  W . S . L a n d i s . M r. Lan dis called a tte n 
tion to  the fa c t th at, a t  the ou tbreak  of the w ar, G erm an y had 
no plants for th e m akin g of n itric  acid  from  air, b u t it possessed 
in its  various w ell organized and h igh ly  developed chem ical 
industries p lants and trained em ployees th a t w ere easily  m ade 
availab le  for the m an ufacture of am m unition and various w ar 
products. F o r  instance, a t  the beginning of the w ar, G erm an y 
possessed on ly  three C yan am id  factories w ith  com bined cap aci
ties of a  little  over 50,000 tons per year; a t  th a t tim e it  w as 
im porting nitrogenous products th a t approxim ated 850,000 
tons o f n itra te  o f soda, 40,000 tons o f n itrate  of lim e and a t  least
20,000 tons N orw egian  cyan am id  per annum . E ighteen  m onths 
a fter the beginning of the w ar, G erm an y w as producing nitrates 
for w ar purposes and for agricultural purposes on an annual 
basis of 600,000 tons C yan am id, and 10,000 tons arc process 
n itric  acid. T h e  present G erm an in vestm ent in th e air-fixation 
processes is over $100,000,000.

I t  w as pointed ou t th a t in order to  accom plish this result the 
strain  on the staffs of th e chem ical w orks m ust h ave  been enor
mous and the im portance o f the U n ited  S tates h avin g  w ithin  
its boundaries plants th a t could be thus diverted  from  their 
original purpose w as esp ecia lly  em phasized. T h e  m anufacture 
of C yan am id  on th is side o f th e A tla n tic  is now  conducted on 
C anadian  soil under A m erican  direction.

M r. L an dis reports th a t the m an ufactu re o f C yan am id  a t  N i
agara  F a lls  is carried on a t a  considerably higher efficiency than 
th a t existing in G erm an y a t  the tim e of his v is it  to  th e w orks 
there, w hich w as ju s t  a t th e beginning of the present w ar. F u r
therm ore, the product being m ade is of higher grade and the 
transform ation into am m onia is a t  an  efficiency equal to  th at 
of the G erm an process, while th e operation  is a ctu a lly  conducted 
w ith  few er men and a  sim pler form  of apparatus. Furtherm ore, 
th e A m erican  m anufacturers possess in tim ate know ledge of the 
design of such p lants and v ery  sh ortly  a  fair-sized p lan t w ill 
be producing n itric  acid  from  C yan am id  b y  oxidation  of the 
am m onia w hich can  be obtained d irectly  from  C yan am id. 
[For further reference to  th e m aking o f am m onia from  C yan am id

and reference to  th e apparatu s now  in use a t  N ia ga ra  F alls 
see T h i s  J o u r n a l , 8 (1916), 156.] M r. L an dis concluded w ith  
the statem en t th a t this cou n try  is now  in as good, if n ot a  b etter 
position to su p p ly  n itric  acid  in case of w ar th an  G erm an y w as 
in th e fall of 1914.

[Dr. B aekelan d  asked concerning the cost of obtaining nitrogen 
from  air for use in m aking C yan am id  and other a ir-nitrate 
products. D r. L an dis replied th a t this process w as v e ry  sim ple 
and the cost so slight as to  m ake it an exceedingly m inor feature 
in the process. ]

H ydrogen  for M ilita ry  P u rp oses. B y  E . D . A r d r e y  (U. S. 
A rm y). T h e  speaker discussed the preparation  of hydrogen 
and various m ethods b y  w hich it  can  be produced. H e also 
w en t into considerable detail concerning th e m ethods used 
b y  th e different nations in recent w a r tim es for the production 
of hydrogen for use in m ilitary  balloons.

N ew  W a r P rod u cts. B y  A l b e r t  H .  H o o k e r . M r. H ooker 
called atten tion  to  th e w onderful developm ent of electrochem ical 
industries a t  N iagara  F alls since th e N ia ga ra  F a lls  pow er p lan t 
started , abou t 1891. T h e  list of products w ith o u t w hich it 
m a y  be sa fely  said th e industries of th e U n ited  S tates w ould be 
p ra ctica lly  p aralyzed  includes the follow ing: chloroform ; crys
tallized graphite and carborundum  used in preparation  of parts 
for autos, shells, m achines of a ll kinds; ferrotungsten and ferro- 
m olybdenum — 75 per cen t of th e steel products of th e U nited  
S tates to -d ay  depend on th e su p p ly  from  N ia ga ra ; cau stic soda 
— for refining of oils and general use in a ll chem ical industries; 
m etallic sodium ; hypochlorites, for w hich th e N ia g a ra  plants are 
the m ain source; liquid chlorine; cyanam ide— used as fertilizer 
and as an interm ediate product in the m anufacture of am m onia 
from  air nitrogen. M r. H ooker deprecated a n y  a tte m p t to 
in jure the sp ectacu lar b e a u ty  of N iagara  F alls, b u t stated  th a t 
m an y tim es the pow er now tak en  from  th e N ia ga ra  R iv e r  could 
be developed w ith o u t changing th e appearance of the falls a n y  
m ore th an  ordin ary changes caused b y  th e w inds and regular 
variation s in th e level of L a k e  E rie. H e also em phasized the 
wisdom  of h avin g  availab le  the m axim um  possible pow er th a t 
m ight be developed from  th e N iagara  F a lls  in case of w ar, since 
under w ar conditions it  w ould be abso lu tely  necessary to  m ake 
air n itrates b y  electrical m ethods as our su p p ly  of am m unition 
w ould be entire ly  dependent upon our su p p ly  of sa ltp eter in 
case the n atural resources of C hile  w ere m ade unavailable.

M agn esium . B y  W . M . G r o s v e n o r . T h is  paper is printed 
in full in this issue of T h i s  J o u r n a l , p age 275.

Liquid  Chlorine. B y  G . O r n s t e i n . T h e auth or discussed 
the various chem ical processes for producing chlorine and 
showed slides of th e various typ es o f cells now  in use for this 
purpose. H e took up th e h isto ry  of liquid chlorine and show ed 
the m achinery used in handling it. H e discussed its use for 
m akin g bleaching solutions and its  various ad van tages over 
ordinary hydrochlorite. H e also described in considerable detail 
the use of liquid  chlorine in w ater sterilization. T h e  last p art 
of the paper w as given  up to  a  brief discussion of the m arket 
price of liquid  chlorine and th e possible injuries caused b y  the 
inhalation  of chlorine. I t  is th e auth or’s opinion th a t th e new s
paper accounts of these effects h ave  been exaggerated. T h e 
use o f liquid chlorine in th e m anufacture of picric acid  w as 
m entioned b u t i t  w as the speaker’s opinion th a t liquid  chlorine 
is more v a lu ab le  for peaceful purposes th an  those o f w ar.

E lectric  S teel. B y  G . W . S a r g e n t . M r. S argen t reported 
th a t he had  understood th a t th e m eeting w as to  discuss inform ally  
th e su b ject of electrochem ical supplies and th a t he had n ot pre
pared a form al paper, b u t w ould do so and present the sam e a t 
the regular m eeting of the S o ciety  a t  A tla n tic  C ity .

E lectro lytic  Z inc. B y  W . R . I n g a l l s . In  th e absence of M r. 
Ingalls his paper w as briefly  abstracted  b y  D r. J . W . R ichards.
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PERSONAL NOTES
T h e  nineteenth annual m eeting of the A m erican  S ociety  for 

T estin g M ateria ls w ill be held a t  A tla n tic  C ity , N . J., June 27 to  
Ju ly  1, 1916.

T h e  U n ited  S tates C iv il S ervice Com m ission announces 
the follow ing open com p etitive exam inations: Analyst, for 
m en only, a t  a  sa lary  of $800 to  $1,020, on M arch  8, 1916. Junior 
chemist, qualified in fuels, for m en only, a t  a sa lary  of $1,020 
to  $1,200 per annum , on M arch  22 and 23, 1916. F urth er 
inform ation m a y  be had from  the U nited S tates  C iv il Service 
Com m ission, W ashington, D . C .

John A . H ill, president of th e H ill Publishing C o., died suddenly 
from  h eart failure on Jan u ary 24th, a t  th e age of fifty-seven  
years. M r. H ill w as th e organizer and largest stockholder 
of th e H ill P u blish in g C o., w hich prints th e follow ing technical 
journ als: T h e  American Machinist, foreign editions of which 
are issued in London and B erlin, Power, th e  Engineering and 
Mining Journal, Engineering News, and Coal Age. H e w as also 
president of th e M cG raw -H ill C o., Inc. M r. H ill w as vice- 
president of the M ach in ery  C lub  and a  m em ber of th e Engineers’ 
C lub  of N ew  Y o rk , the R ailroad  C lub, th e Cam pfire C lu b  and 
th e A m erican  S ociety  of M ech an ical Engineers.

Prof. H . V . T a rta r , head of th e Oregon E xperim en t Station  
D ep artm en t of C hem istry, has been granted a  tw o-year leave 
of absence to  pursue research w ork a t  som e of the leading 
eastern universities.

N ew s has been received from  Sw eden th a t th e  actu al delivery 
of th e N obel prize in C hem istry for 1914, aw arded to  Prof. 
T heodore W . R ichards, of H arvard  U n iversity , together w ith  
the other N obel prizes for 1914 and 1915, w ill be postponed 
until J u n e 'is t  of th is year. T h e  prize winners are in vited  to 
go then  to  Sw eden in person to  receive their prizes, and to  give 
their N o bel lectures.

C harles V . M apes, an industrial agricultural chem ist of 
N e w  Y o rk  C ity , died Jan u ary 23rd, in his eightieth year.

T h e  O klahom a C hem ical C o., San d Springs, O kla., con
tem p late th e erection of a sulfuric acid p lan t a t  L a k e  Station . 
O ther chem icals, including silica and cau stic  soda, w ill be m anu
factured.

I t  is reported th a t w ork has been a ctiv e ly  com m enced and 
new m achinery is being erected to  produce potash from  Searles 
L ak e , C al. A  reduction  p lan t w ill be established a t  San  Pedro, 
C al., b y  th e  com pany, w hich is an  E n glish  corporation.

M r. Jam es H . P ayn e, a  consulting chem ical and m etallurgical 
engineer of B altim ore, died Jan u ary 26th, a t the age of th irty- 
four. H e w as educated a t  the M assach usetts In stitu te  of 
T ech n o logy and had  been successively em ployed b y  the E astm an  
K o d a k  C o., T ex a s P ortlan d  C em ent C o., S ecu rity  C em ent 
and L im e C o., V irg in ia  P ortlan d  C em ent C o., Jam estow n 
P ortlan d  C em en t C o., w ith  R ich ard  K . M eade and w ith  the 
B rad en  C op p er C o ., in C hile. F o r th e past y ear he had been 
occupied w ith  independent consulting w ork. H e  w as a  specialist 
in th e use of ro ta ry  furnaces and had designed plants for re
burning lim e w aste, nodulizing p yrites cinder, etc. A t  the 
tim e of his death he w as interested in the m anufacture of b arytes 
com pounds.

A t  a  m eeting of th e  Council of th e R o y a l S ociety  of A rts. 
London, J an u ary  24th, th e S ociety  A lb e rt M ed al w as awarded 
to S ir J. J. T hom son for his researches in chem istry and physics 
and th eir ap plication  to  th e  advan cem en t of arts, m anufacture 
and com m erce.

Prof. W . H . Perkin , F . R . S . o f O xford U n iversity , has been

appointed head o f the research departm en t of th e B ritish  D y es 
L im ited, and chairm an of the A d viso ry  C om m ittee to  succeed 
th e la te  Prof. R ap h ael M eldola.

T h e  In stitu te  of A rts  and Sciences o f C olu m bia  U n iversity , 
N ew  Y o rk  C ity , ga ve  the following series of lectures during the 
m onth of F eb ru ary  on H igh w ay Engineering:

"T h e  R egulation  of D ifferent Classes of Traffic on Pub lic  H ig h w ay s,"  
by  E dw in DufTey, C om m issioner of H ighw ays of the  S ta te  of N ew  Y ork.

"L im ita tio n s  of T ests  which Define th e  E ssen tial P ropertie s  of S tone 
Block, P av ing  Brick. W ood Block and  C em ent-C oncrete  when Used in 
P av em en ts,” by  W . W . C rosby, Chief E ngineer, M ary lan d  Geological and  
Econom ic Survey.

“ T he M an u fac tu re  of P av ing  B rick ,"  by  W . P. B lair, Secre ta ry , N a tio n a l 
P av ing  Brick M an u fac tu re rs ' A ssociation, C leveland.

"E ssen tia l D etails of the  C onstruction  and  M ain tenance  of B rick P ave
m en ts,”  by  W. A. Howell, E ngineer of S tree ts  and  H ighw ays, N ew ark , N . J .

"A ggregates, M ixing P lan ts  and  E xpansion  Jo in ts  for C em ent-C oncre te  
P av em en ts,”  by  L. R. Ferguson, A ssistan t S ec re ta ry  A ssociation of A m eri
can P o rtland  C em ent M anufac tu rers , P h iladelphia .

"B ond  Issues as a  Source of R evenue for H ighw ay Im p ro v em en ts ,”  by
E . P . Goodrich, C onsulting  E ngineer to  th e  P res iden t of th e  B orough of 
M an h a ttan , New Y ork C ity.

"T h e  Legal S ta tu s  of H ighw ay B oundaries and  D isposal of Surface 
W aters ,”  by  J . C. W ait, A tto rney -a t-L aw , N ew  Y ork C ity .

T h e C h attan ooga C hem ical C o., of C h attan oo ga, T en n ., 
has started  w ork on its  new  p lan t to  cost $150,000, to  m an ufactu re 
phenol, toluol, etc. T h e  m ach in ery and other equipm ent 
h ave been purchased and th e p la n t w ill sh o rtly  be read y to  
s tart operations. Lew is T . W olle, president of th e C h attan oo ga  
G as and C oal Products C o., is president and general m anager 
of the new concern.

M r. W illiam  H . B ow ker, of B oston , died on J an u ary  4th, 
a t  the age of sixty-five years. M r. B ow k er w as for forty-th ree  
years a ctiv e ly  a t w ork in th e fertilizer trad e and w as one of the 
best inform ed men connected in an y  w a y  w ith  th e  fertilizer 
industry.

T h e  regular m on thly m eeting o f th e  D e tro it Section  o f the 
A . C . S. w as held on F eb ru ary  17th. M r. M a tth ew  H . B ishop, 
president of th e  "L a w y e rs ’ C lu b ,"  addressed th e m eeting on 
“ T h e  L a w  for the B usiness M a n .”  T h e  M arch  m eeting w ill 
be held on M arch  16th, a t  w hich M r. Joseph M . B ou rg, of the 
P a rk  C hem ical C o., w ill lecture on " T h e  C hem ical C om position  
of Steel in Its  R elation  to  I ts  Industrial U ses.”

T h e  th irty-eigh th  regular m eeting of th e C on n ecticu t V a lle y  
Section of th e A . C . S. w as held on F eb ru ary  12th. T h e  pro
gram  consisted of the follow ing papers: “ T h e  C h em istry  of 
S yn th etic  C aoutch ou c,”  b y  Prof. Joseph S . C ham berlain, 
and " T h e  C olor Problem  in th e P ap er In d u stry ,”  b y  M r. R .
F . H atch.

M orse H all, hom e of th e chem istry departm ent a t  C ornell 
U n iversity , w as destroyed b y  fire on F eb ru ary  13th w ith  a  loss 
o f $300,000; the insurance am ounts to  $200,000. T h e  b laze  
started  in the photograp hy room s of J. P . T r o y  on th e th ird  
floor. R ecords of research, and valu ab le  ap p aratu s and chem i
cals, w hich ow ing to  the w ar can n ot be du p licated  a t  present, 
w ere lost in the flames. F iv e  thousand books from  th e chem ical 
lib rary  on th e first floor w ere saved  b y  students. T h e  u n iversity  
departm ent of chem istry announces th a t it  purposes to  continue 
its work.

W aldem ar R . K rem er w as appointed general sales m anager 
of the V ilter M an u facturin g C o., a t  th e  recen t m eetin g o f the 
board of directors succeeding th e la te  M r. F red  U lrich . M r. 
K rem er has been connected w ith  th e com p an y for n early  ten  
years as consulting electrical and m echanical engineer in th e 
sales departm ent. H e is a  grad u ate  of th e  electrical and m e
chanical engineering courses of th e  R o y a l P o lytech n ica l In sti
tu te , M unich, G erm an y, and th e M assach usetts In stitu te  of 
T echn ology, B oston. In  his new  ca p a city  he w ill h a v e  general 
charge of sales and supervision of branch offices and agencies 
in  this and foreign countries.
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GOVERNMENT PUBLICATIONS
By R . S. M cB r id e ,-Bureau of S tandards, W ashington

NOTICE —  Publications for which price is indicated can  be 
purchased .from the Superintendent of D ocum ents, G overnm ent 
P rintin g Office, W ashington, D . C . O ther publications can 
usually  be supplied from  th e B ureau  or D ep artm en t from  w hich 
th ey  originate. C onsular R ep orts are received b y  a ll large 
libraries and m a y  be  consulted there, or single num bers can  be 
secured b y  application  to  th e B ureau  of F oreign  and D om estic 
Com m erce, D ep artm en t o f  Com m erce, W ashington. T h e  regu 
lar subscription rate  for these C onsular R ep orts m ailed d a ily  is 
$2.50 per year, p ayable  in advance, to the Superintendent of 
D ocum ents.

BU R EA U  OF TH E M IN T

A nnual R eport and R eport on the Production  of the P reciou s 
M eta ls  in the C alen dar Y e a r  1 9 1 4 . D i r e c t o r  o k  t h e  M i n t .  
304 pp. C loth , 60 cents. " T h e  gold production of the U n ited  
S tates, including its insular dependencies, for th e calendar year
1914 is estim ated to  h a v e  been §94,531,800, and the production 
o f silver is estim ated a t  72,455,100 fine ounces.

" T h e  ou tp u t of gold in th e U n ited  States, including its ou t
ly in g  territories in 1914, exceeded th a t of 1913 b y  $5,647,400. 
O f th is excess $1,300,000 w as from  A lask a , n early  $1,800,000 
from  C olorado, and $1,090,000 from  C aliforn ia. G ain s and 
lo sses,in  other sections w ere unim portant.

" T h e  construction  of a  G overnm en t ra ilw ay  into A la sk a  is 
looked forw ard to  as a  step lik e ly  to  h ave  great influence upon 
future developm ents in th a t territory. O therw ise there is 
nothing in sigh t upon w hich to  base a  prediction as to  an expan
sion or falling off of m ining operations except th a t the effect 
of th e E uropean  w ar in controlling copper and lead production 
w ill h ave  th e incidental effect o f reducing th e y ie ld  of gold and 
silver from  copper and lead ores.

" T h e  am ount of gold consum ed in the industrial arts during 
the calendar y ear 1914 w as $42,728,893, of w hich $34,621,619 
w as new m aterial. S ilver consum ed am ounted to  29,233,117 
fine ounces, of w hich 22,474,787 fine ounces were new m aterial. 
T h e  n et exports o f U n ited  S tates gold coin for the fiscal year
1915 were $23,445,028.”

F u ll d a ta  are given  for the production  of gold and silver in 
each state  and in other countries of th e w orld and the m ovem ent 
of gold and silver togeth er w ith  a  num ber of other interesting 
statistics are discussed.

T h e  charge for ore assays m ade b y  th e m in t and a ssay offices 
of this B ureau  has been reduced from  $3.00 to  $1.00 for gold 
and silver and $1.00 for each of th e follow ing m etals: C opper,
tin , zinc, iron, lead, and tungsten. In  th is connection it  is 
interesting to  note th a t th e average cost per assay a t  th e P h ilad el
phia m in t w as $0,686 for app roxim ately 53,000 assays m ade, 
including ap p aren tly  all overhead expenses. A t  som e of the 
other m ints the cost of assay is reported as low  as $0.30 for gold 
or silver, ap p aren tly  n ot including overhead expenses, how ever.

T h e  purchases of silver for coinage am ounted to  3,400,000 
fine ounces a t an average price of $0.51 per ounce. T hese pur
chases "so  stim ulated th e m arket, whose unsteadiness had 
threatened a  p artial paralysis o f th e silver-m ining in dustry 
all over the world, th a t production of silver has continued 
p ra ctica lly  w ithout abatem ent. I t  also had th e effect of a id 
ing the production of gold, inasm uch as all silver bullion carries 
a  certain  am ount of go ld .”

T h e  sale of e lectrolytic  slim es containing platinum  has been 
p artia lly  discontinued in order to p erm it the m elting and spin
ning o f the platinum  for the use of G overnm en t laboratories. 
D u rin g  the past m onths, platinum  m eltin g equipm ent has been 
installed in the N ew  Y o rk  office and th e P hiladelphia m in t has 
perfected m achinery for spinning th e  m etal and m anufacturing

it in to utensils for use in G overnm en t laboratories. In  this 
connection it  is interesting to  note the q u an tity  o f these b y 
products obtained, w hich are reported as follows:

O unces Value
P la tin u m ..................... 2,507.08 S 9 2 ,6 7 l8 2
P a llad iu m ...................  320.24 12,540.88
I r id iu m .......................  102.00 5,100.00
O sm irid iu m ...............  4.79 167.65
C opper.........................  14,880.97 2,738.55

B U R E A U  OF M IN ES

G asolin e M in e  Locom otives in R elation  to S a fety  and H ealth . 
O . P. H o o d  a n d  R . H . K u d l i c i i ; w ith  a chap ter on M eth o d s of 
A n alyzin g E xh au st G ases , b y  G . A . B u r r e l l . B u lletin  74. 
83 pp. Paper, 15 cents. T h is  article  discusses th e  volum e and 
character of exh aust gases under different conditions of opera
tion  and describes results of tests on locom otives to  determ ine 
the e xten t to  w hich th e y  v itia te  mine air, and results in th e p ro
duction  of carbon m onoxide. T h e  m ethods of gas analysis 
described are the sam e as those in B ureau  of M in es B u lletin  42.

Sam pling and A n alyzin g F lu e  G ases . H e n r y  K r e i s i n g e r  
a n d  F . K .  O v i t z . B u lle tin  97. 64 pp. Paper, 15 cents. 
" T h is  bulletin  is- intended to  be a  com panion to T echn ical 
Pap er 80,1 and is w ritten  in non-technical language, as 
far as possible, so th a t it  m ay be read ily  understood b y  per
sons w ho h ave  n ot had th e ad van tage  of a  technical education. 
W henever possible, illustrations of apparatu s and m ethods 
of handling have been used rath er th an  elaborate descriptions.”

P ra ctica lly  none of the m aterial describes new  w ork and the 
descriptions are extrem ely elem entary, including illustrations 
and descriptions of equipm ent w ith  w h ich  every  person w ho 
has ever done a n y  chem ical w ork w ould  be th orou ghly fam iliar.

M an u factu re  and U ses of A lloy S te el. H e n r y  D . H i b b a r d . 
B u lletin  100. 77 pp. Paper, 10 cents. " T h e  o b ject of this
rep ort is to  g ive  briefly inform ation of present v a lu e  relatin g to 
th e m anufacture and uses o f th e various com m ercial a lloy  
steels, w ith  the hope of stim u latin g  th e  dem and for such steels 
and extending their p ractica l use. T h e  rep ort is issued b y  the 
B ureau  o f M ines as a  con tribution  to  th e increase of efficiency 
in the preparation  and utilization  o f th e m ineral resources of 
th e U n ited  S ta tes .”

F o r each of the steels discussed, m ethods of m an ufacture and 
w orking, properties and uses, com position and general in form a
tion of in terest are given, including in several instances a  brief 
bib liograp hy and a  discussion of th e th eory  in volved . A llo y- 
treated  steels and stru ctural a llo y  steels are discussed, including 
the follow ing: (1) S im ple tu n gsten  steels; (2) sim ple chrom ium
steels; (3) m anganese steel; (4) sim ple n ickel steels; (5) nickel- 
chrom ium  steels; (6) silicon steels; (7) high-speed tool steels; 
(8) chrom ium -vanadium  steels.

T h e  L im its of Inflam m ability  of M ix tu res  of M eth an e  and 
A ir. G . A . B u r r e l l  a n d  G . G . O b e r f e l l . T ech n ical Paper 
119. 30 pp. Paper, 5 cents. T h e  conditions influencing 
th e exp lo sib ility  of m ethane and a ir m ixtures are discussed 
and experim ents to  determ ine th e lim its are described in detail. 
T h e  sm allest proportion of m ethane th a t w as found to  perm it 
self-propagation  o f flam e was 4.9 per cen t; this result w as ob
tained b y  ignition  a t  th e bottom  of a  box con tainin g th is m ix
tu re w ith  an electric flash produced b y  p ulling a p art tw o copper 
wires through w hich a  curren t of 7 am peres an d  220 v o lts  was 
flowing. T h e  m axim um  percentage w hich p erm itted  self
propagation  of flam e w as betw een 15 and 15 .4 per cen t m ethane.

1 H en ry  K reisinger, “ H and  F iring  Soft C oal u nder P ow er-P lan t B oilers,*' 
Tech. Paper  80, B ureau  of M ines, 1915, 83 pp.
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PU B LIC  H EA LT H  SERVICE

S tan d ard s for M ilk ; T h e ir  N ecessity  to th e W elfare  of the 
D airy  Industry. J o h n  F . A n d e r s o n . Public Health Re
ports, 31 (Jan. 7, 1916), pp. 2-8. T h is is an address before 
th e International A ssociation  of D a iry  and M ilk  Inspectors, 
delivered in W ashington, O ctober 27, 1915. T h e  con trast be
tw een th e stan dards of different com m unities is pointed^ out 
and the im portance of greater u n iform ity  em phasized.

SA N ITA R Y  L EG ISLA TIO N
P roduction, C are and S ale  o f M ilk  and M ilk  P rod u cts. T h e 

follow ing ordinances establish ing standards for m ilk and m ilk 
p roducts and prescribing regulations as to th e production, 
care and sale of these articles are p rinted in Public Health Re
ports, 31 (1916). In  each case certain  requirem ents as to  fat, 
w ater, to ta l solids, or bacterial cou nt are included. G reat 
d iv ersity  of standards is to  be noted. T h e  page reference and 
date in parenthesis is in each case th e page and date of the re
port in Public Health Reports. T h e  last regulation gives a 
m odified stan dard for grade “ B ”  m ilk and specifies new  regula
tions as to  pasteurization.

K ansas C ity , M issouri, Ord. 23314, Ju ly  17, 1915. (P . 34, Jan . 7th.)
Phoenix, A rizona, Ord. 64, A ugust 14, 1915. (P . 96, Jan . 14th.)
C alifornia S ta te  Act, June  11, 1915, C hap. 742. (P . 147, Jan . 21st.)
W ichita, K ansas, Ord. 5261, N ovem ber 18, 1915. (P . 292, Feb. 4th.)
B ay C ity , M ichigan, Ord. D ecem ber 6 , 1915. (P . 280, Feb. 4th .)
R ichm ond, V irginia, Reg. B oard of H ealth , D ecem ber 13, 1915. (P.

346, Feb. 11th.)
N . Y . S ta te , Reg. Pub lic  H ealth  Council, O ctober 5. 1915. C hap. 3. 

(P . 344, Feb . 11th.)

U se of B oric A cid  as a P reservative. U n ited S tates Suprem e 
C o u rt D ecision in th e C ase  of Price v. S ta te  of Illinois, 35 Sup. 
C t. R ep . 892. D ecided June 21, 1915. T h is  decision upholds 
the Illinois Pure F oo d  L a w  w h ich  prohibits th e use of boric 
acid in a  p reservative for foodstuffs. I t  is concluded th at " th e  
law  to prohibit the use of boric acid in a preservative, although 
such p reservative w as n ot a  food in itself and w as n ot show n to  
be injurious or unw holesom e,”  w as proper and valid .

A n alysis of Ice . K an sas B oard of H ealth  R egulation, O cto
ber 4, 1915. (Pp. 275-6, F eb . 4th.) T hese regulations re
quire the analyses of ice in th e S ta te  B oard  o f H ealth  labora
to ry  a t  intervals, and set a  lim it o f 100 bacteria  per cubic cen ti
m eter and a  requirem ent th a t no organism s of B. coli 
group be found b y  test of 1 cub ic  centim eter. Ice  w hich does 
not m eet these requirem ents m ust be sold for refrigeration pur
poses on ly  and n ot for dom estic consum ption.

BU REA U  OF ST A N D A R D S

U nited S tates  Stan d ard  T a b le s  for P etro leu m  O ils. A n o n y 
m o u s .  C ircular 5 7 , issued J an u ary  2 9 , 1 9 1 6 . 6 4  p p .  and 2  in
sert cards. T h is circular contains the following 5  tables:

1— Specific g ra v ity  a t 6 o°/6o° F . of oils having, a t  the desig
n ated  tem peratures, the ap p aren t specific gravities indicated.

2— D egrees B aum e a t  60 0 F . of oils having, a t  the designated 
tem peratures, the ap p aren t degrees Baum 6 indicated.

3— V olum e th a t w ould be occupied a t  600 F . b y  a q u an tity  
of oil, of various specific gravities, occupyin g unit volum e a t 
th e designated tem peratures.

4— D egrees Baum 6, pounds per gallon, and gallons per pound 
corresponding to  the designated specific gravities.

5— Specific gravities, pounds per gallon, and gallons per 
pound corresponding to  the designated degrees Baum 6.

" T h e  expansion tables contained in this circular are based 
upon the results of experim ents carried out a t this B ureau  be
tw een Ju ly , 1912, and D ecem ber, 1914. D uring th a t tim e 
abou t 100 sam ples of crude and refined petroleum  oils from  
various parts of the U nited  S tates w ere exam ined and their 
densities determ ined a t  various tem peratures.

“ T h is  in vestigation  has shown th at w ith in  th e lim its of ordi
n ary  m easurem ents the rate  o f change of specific g ra v ity  w ith  
change of tem perature is the sam e for all oils of the sam e specific 
g rav ity . In  the calculation  o f the expansion tables (Tables 
1, 2 and 3) the average rate  of expansion found for all oils of each 
designated specific g ra v ity  has been used.”

T h e  tables contained in th is circular ap p ly  to  all petroleum  
oils, both  crude and refined, produced in th e U n ited  S tates. 
E ach  grade o f oil, gasoline, illum inating oil, lubricatin g and 
fuel oil, etc., falls in to its proper place in the tables b y  reason 
of its specific g ra v ity . In  th e case o f oils containing paraffin 
or other m aterials th a t becom e solid a t  low  tem peratures the 
expansion shown b y  the tables is som ew hat too sm all a t  tem pera
tures below the poin t o f solidification.

M icrostructural C han ges A ccom panying the A n nealing of 
C ast B ronze. H e n r y  S. R a w d o n .  T echn ologic P ap er 6 0 , 
issued J an u ary  25, 1 9 1 6 . 1 7  pp. [For extended a b stra ct see
T h i s  J o u r n a l ,  8  ( 1 9 1 6 ) ,  1 0 9 .]

T h e D eterm in ation  of Barium  C arbonate and B ariu m  S u lfate  
in V ulcanized R u b b er G oods. J o h n  B . T u t t l e .  T echn ologic 
Paper 6 4 , issued Jan u ary 21, 1 9 1 6 . 5 pp. [To appear in full in
the n ext issue of T h i s  J o u r n a l .]

D etection  of R esin  in D rier. E . W . B o u g h t o n .  T ech n o 
logic P ap er 6 6 , issued Jan uary 15, 1 9 1 6 . 9  pp. " A  m ethod has
been developed for the detection of resin in driers w hich is re
liable except w hen the resin con tent is v e r y  sm all, e. g., less 
than 6 per cen t of the ash-free non-volatile p ortion .”

T hree separate procedures are described. T h e  first is com 
p a rative ly  sim ple b u t less sensitive. I f  this does n ot d etect 
the resin, the second, more com plicated b u t m ore sensitive 
procedure, m ay be follow ed; and if this in turn g ives n egative  
results, the th ird  p ractica lly  conclusive test, b u t one w hich re
quires greater tim e for its perform ance, can  be applied.

Som e Q ualitative T e sts  for G um  A rabic and Its  Q uan titative 
D eterm ination. C . E . W a t e r s  a n d  J. B . T u t t l e .  T e c h 
nologic P ap er 6 7 , issued Jan u ary 3 1 , 1 9 1 6 . 15 pp. " A n  in 
correct report to the effect th a t a certain  sam ple of m ucilage 
contained no gum  arabic led to a stu d y  o f m an y of th e published 
tests for this gum , as w ell as to  a  search for others th an  the 
few  th at proved to be reliable.

" T h e  ob ject of this paper is to  bring togeth er all the m ore 
im portan t q u alitative  and q u an tita tive  m ethods th a t h ave  
been published and to  present a new procedure for the d eter
m ination of gum  arabic.

" I t  was found th a t basic lead acetate  gives the m ost charac
teristic  reaction, while m ixtures of copper su lfate  and sodium  
hydroxide, and of neutral ferric chloride and alcohol are of valu e  
as confirm atory tests.

“ A  sum m ary of the m ore im p ortan t m ethods th a t h ave  been 
proposed for th e q u an tita tive  estim ation  o f gum  arab ic  is n ext 
given, follow ed b y  a  description of th e steps th a t led th e authors 
to  th e use of alcoholic copper acetate-am m onia solution for this 
determ ination.”

Turpentine T ab les . A n o n y m o u s .  Supplem ent to  T ech n o
logic Pap er 9 . 2 C ards. T hese  tables include the follow in g
four sheets of conversion data :

1— F o r reducing observed specific gravities of turpen tin e a t  
various tem peratures to  true specific g ra v ity  a t  6o°/6o° F .

2— F o r reducing observed degrees Baum 6 of tu rpen tin e a t  
various tem peratures to  true degrees Baurn6 a t  6 0 0 F .

3— Show ing the degrees B a u m i, pounds per gallon, and ga l
lons per pound corresponding to  various specific gravities.

4— Show ing the specific g rav ity , pounds per gallon, and ga l
lons per pound corresponding to various degrees B aum e.

BU RE A U  OF FO R E IG N  A ND D O M ESTIC  COM M ERCE

T e sts  U sed  in Cotton Ind ustry. W . A . G r a h a m  C l a r k . 
Special A ge n ts ’ Series 105. 22 pp. Paper, 5 cents. T h is  b u lle
tin  explains briefly the correct use of com m on term s in cludin g 
the various system s of cotton -yarn  num bering, designation o f 
various kinds o f cloth, and th e translation  o f foreign te rm s- 
25 conversion tables applicable to th e in d u stry  are included.

C otton G oods in C hina. R a l p h  M . O d e l l . Special A g e n ts ' 
Series 107. 242 pp. Paper, 25 cents. In  addition  to  a de
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ta iled  stu d y  of the cotton-goods trade of C h in a  and a descrip
tion o f cotton  grow ing and m anufacturing in th a t country, 
th ere are included descriptions of abou t 200 sam ples of cotton  
goods of interest in this connection.

D yestu ff S ituation  in the U nited S tates, N ovem ber, 1 9 1 5 . 
T h o m a s  H . N o r t o n .  Special A gen ts’ Series i n ,  19 pp. 
Paper, 5 cents.

G E O L O G IC A L  SU R V E Y

O rigin of the Z inc and L ead  D ep osits of the Joplin R egion, 
M issou ri, K a n sa s, and O klahom a. C . E .  S i e b e n t h a l . B u lle 
tin  606. 283 pp. " A  valiiab le  contribution  to  the stu d y  of
the lead and zinc deposits of the M ississippi V a lley , w hich are 
n ot on ly of great econom ic im portance b u t have long been in
ten sely interesting to  studen ts of ore deposits because th ey  
con stitute  a conspicuous exam ple of the occurrence of sulfide 
ores in a region where plutonic or volcan ic  a ctiv ities can  have 
had no p a rt in th eir genesis. T h e  author holds th a t the Joplin 
ores were segregated from  dissem inated zin c an d  lead  m inerals 
in the C am brian  and O rdovician  rocks of the O zark u p lift, b y  
circu latin g artesian alkaline-saline su lfureted waters, and his 
careful observations and cogent reasoning h ave  gone far to  
establish the general conclusion th a t ordin ary cold artesian w ater 
m ay under some circum stances be a  v e r y  efficient agen t in the 
solution, transportation, and deposition o f th e constituents 
of certain  sulfide ores. T h e  illustrations include topographic 
and geologic m aps and cross-sections of the O zark  u p lift, d ia
gram s show ing early  and la te  stages in O zark artesian  circu la
tion, and halftone plates show ing the m anner of occurrence 
of the ores in certain  of the m ines.”

R ecen t A lunite D evelopm en ts n ear M arysvale  and B eaver, 
U tah. G . F . L o u g h l i n . B u lletin  620 -K , from  C on tribu tions 
to  E conom ic G eology, 1915, P a rt I, pp. 237-70. Published 
D ecem ber 3, 1915.

N o tes on the Fin e G old  o f S n ak e  R iver, Idaho. J. M . H i l l . 
B u lletin  620-L, from  C on tribu tions to  E conom ic G eology,
1915, P a rt I, pp. 271-94. Published D ecem ber 21, 1915. 
"U n d er the present conditions of distribution, character of the 
gold, and m ethods of its recovery, i t  seems v e r y  doubtfu l if an y  
ven tu res of a  size large enough to exp ect success can  be com 
m ercially  profitab le.”

T h e  A ztec  G old  M in e, B ald y, N ew  M exico. W i l l i s  T . LEE. 
B u lle tin  620-N , from  C on tribu tions to  E conom ic G eology, 1915, 
P a rt  I, pp. 325-30. Published J an u ary  15, 1916.

C assiterite  in  S an  D iego County, C alifornia. W a l d e m a r  
T . S c i i a l l e r . B ulletin  620-P, from C on tribu tions to  Econom ic 
G eo logy , 1915, P a rt I , pp. 351-4. Published Ja n u a ry  15,
1916. F urth er prospecting in this d istrict has n ot revealed 
a n y  general deposits nor the source of the cassiterite  w hich has 
recen tly  been found in sm all q u an tity . F u rth er prospecting 
is contem plated.

G eology and C oal R eso u rces of N orthern  T eton  County, 
M on tan a. E u g e n e  S t e b i n g e r . B ulletin  6 2 1 -K , from  C on 
tributions to  E conom ic G eology, 1915, P a rt I I ,  pp. 117 -5 6 . 
Published J an u ary  5, 1916. T h e  scope of th is paper is lim ited 
to  th e geologic and econom ic features o f th is d istrict w h ich  h ave  
a  bearing on the valu e and q u a n tity  of coal resources.

N atu ral G as R eso u rces of P a rts  of N orth T ex a s. B u lletin  
629. 126 pp. T h is bulletin  includes the follow ing three a rti
cles w hich have been prepared b y  rep resentatives of th e G eologic 
S u rv ey  in cooperation w ith  the cities of D allas and F t. W orth, 
T ex a s: (1) G as in the A rea  N orth and W est o f F o rt W orth .
E u g e n e  W . S h a w .  (2) G as P rosp ects South and S ou th east of 
D allas. G e o r g e  C . M a t s o n .  (3 ) N o tes on the G as F ie ld s o f  
C en tra l and Southern  O klahom a. C a r r o l l  H. W e g e m a n n .

G old, S ilver, Copper, L ead , and Zinc in A rizona in 1 9 1 4 . 
V . C . H e i k e s .  S eparate 1 5 , from  M in eral R esources o f th e 
U n ited  S tates, 1 9 1 4 , P a rt I, pp. 4 2 7 - 7 5 . Published D ecem ber 
1 4 , 1 9 1 5 . In  1 9 1 4  A rizona mines produced these m etals valu ed

a t  $60,000,000 w hich represented a  decrease of $11,000,000 in 
v alu e  from  th e previous year. T h e  decrease w as p rin cipally  
in copper b u t slight decreases w ere noted also in lead and zinc. 
G old  and silver show ed sligh t increase. T h e  ou tp u t of zinc in
creased in q u an tity  b u t declined in value.

G old, S ilver, Copper, L ea d  and Zinc in Idaho and W ashin gton  
in 1 9 1 4 . C . N .  G e r r y .  (M ines R ep ort.) Sep arate 18, from  
M in eral Resources of the U n ited  S tates, 1914, P a rt  I , pp. 5 9 7 - 
654. Published D ecem ber 17, 1915. " T h e  v a lu e  of th e  mine 
production of gold, silver, copper, lead and zinc in Idaho in 
1914 w as $24,645,848, an  increase of $496,799 over the v a lu e  in 
1913. T h is  w as n ot a  large increase, as th e m etal m arket w as 
dull during half the year, b u t the to ta l valu e w as greater th an  in 
a n y  previous year. M ark ed  increase, and, in fact, a  record 
production, w as m ade in silver, lead and zinc, b u t there w as a 
decrease in gold, ill copper, and in th e q u an tity  of ore m arketed 
or trea ted .”

G old, S ilver, Copper, L ea d  and Zinc in N evada in  1 9 1 4 .
V . C . H e i k e s . (M ines R eport.) Sep arate 19, from  M in eral
Resources of th e U n ited  S tates, 1914, P a rt  I , pp. 6 5 5-716 . 
Published D ecem ber 21, 1915. T h e  m ine production from
4,500,000 tons of ore, including th e placer output, w as valu ed  
a t  $29,300,000, representing a  decrease of n early  $8,000,000 
in valu e  as com pared w ith  1913. T h e  num ber o f producers 
w as abou t the^same as th e previous year. T h e  production  of 
copper w as n early  28 per cen t of the to ta l va lu e  b u t represented 
a  decrease of $6,000,000 in the previous year. E a ch  o f the 
other m etals also decreased sligh tly  in value.

G old, S ilver, Copper, L e a d  and Zinc in  U tah  in 1 9 1 4 . V . C . 
H e i k e s .  (M ines R eport.) S ep arate  20, from  M in eral R e 
sources of the U n ited  S tates, 1914, P a rt  I, pp. 717 -5 6 . P u b 
lished D ecem ber 23, 1915. T h e  mine production  in 1914 w as 
valu ed  a t  $37,000,000 or $7,700,000 below  th e previous year. 
F ifty -fo u r per cen t o f the production w as copper, b u t this w as 
valu ed  a t  $5,000,000 less than  the previous year. G old, silver 
and zinc show ed decreases, b u t lead increased in q u an tity  
though decreased sligh tly  in value.

G old, Silver, Copper, L e a d  and Zinc in M on tan a in  1 9 1 4 .
V . C . H e i k e s . (M ines R eport.) Sep arate 21, from  M ineral
Resources o f the U n ited  S tates, 1914, P a rt I, pp. 757- 97- 
Published D ecem ber 24, 1915. T h e  m ine production of this 
state  am ounted to  ap p roxim ately  $48,000,000 b u t show ed a 
decrease of $14,000,000 in valu e  com pared w ith  the previous 
year, due p rin cipally  to  the reduced ou tp u t of copper, although 
silver and lead also decreased slightly.

T h e  Production  o f Iron O re, P ig  Iron  and S teel in 1 9 1 4 . 
E r n e s t  F . B u r c h a r d .  Sep arate 16, from  M ineral R esources 
of th e U n ited  States, 1914, P a rt  I , pp. 477- 539- Published 
D ecem ber 9, 1915. " T h e  q u an tity  of crude iron ore m ined 
in the U n ited  S tates in 1914 am ounted to  41,439,761 long tons, 
as com pared w ith  61,980,437 long tons m ined in 1913, a  de
crease of 20,540,676 long tons, or 33.14 per c e n t  T h e
a verage price of ore per ton  for th e w hole cou n try  in 1914 w as 
$1.8 1, as com pared w ith  $2.19 in 1913. T hese qu an tities of 
ore, bo th  m ined and m arketed, include th e iron ore used for 
fluxing other m etallic ores a t  sm elters in the W estern  S tates,
b u t the m arketed ore does n ot include the iron ore sold for the
m an ufactu re of paint. T h e  q u an tity  of iron ore for p a in t 
m arketed in 1914, w hich is reported in detail in  another chap ter 
of M ineral R esources, am ounted to  18,452 long tons, valu ed  a t  
$46,995. T h e  ore reported as sold for fluxing purposes other 
th an  in the m anufacture of p ig iron am ounted to  42,677 long 
tons, v alu ed  a t  $114,985, in 1914 .”

T h e  statistics also include d ata  of im ports, exports, the
C ub an  iron industry, and the production of iron ore in the
principal countries of th e world. T here is also included a  new  
section on beneficiated iron ores w hich include those iron ores 
w h ich  are im proved in q u ality  b y  some physical or chem ical
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treatin g such as hand-picking, drying, roasting, w ashing, jigging, 
m agnetic separation  or agglom eration.

" T h e  production in 1914 of all kinds of pig iron, including 
such ferro-alloys as spiegeleisen, ferrom anganese, fcrrosilicon, 
and ferrophosphorus, produced in b la st furnaces as well as some 
th a t w ere e lectrica lly  produced, was 23,332,244 long tons, com 
pared w ith  30,966,152 tons produced in 1913, a  decrease of 
7,633,908 tons, or 24.65 per cent.

“ T h e  m arketed production of p ig iron in 1914 am ounted to 
22,263,263 long tons, v alu ed  f. o. b. a t  th e furnaces a t  $298,- 
777,429, a  decrease in q u an tity  of 26.74 Per cent, and in value 
o f 34.81 per cent. T h e  average price per ton in 1914 w as $13.42, 
a  decrease in 1914 of $1.66 a  ton. T hese values represent the 
a p p roxim ate  price per ton  f. o. b. a t  the furnaces; this approxi
m ate price elim inates freight costs, selling comm issions, and 
oth er items, w hich are included in the m ark et prices of certain  
grad es of pig iron as published in the trad e jou rn als.”

Production o f  Pig Iron in 1914, ny G rades (Long Tons)
Bessemer and low phosphorus....................................... 7 , 859,127
Basic (mineral fuel)(o)...................................................  9 ,670,687
Forge pig iron..................................................................  361,651
Foundry and ferrosilicon................................................ 4 , 533,254
Malleable.......................................................................... 671,771
Spiegeleisen......................................................................  79,935
Ferromanganese............................................................... 106,083
White, mottled, direct castings, etc.............................  49,736

Total.........................................................................  2 3 ,332,244
(g)Includes a small quantity of basic iron made with charcoal.

M arketed  Production o f  F e rro -A llo y s in 1914 (Long Tons)
Quantity Value

Ferromanganese............................................................  100,731  $4 ,440,253
Spiegeleisen....................................................................  76,625  1 ,586,139
Ferrosilicon and ferrophosphorus...............................  77 ,182  1 ,621,830
Ferromolybdenum, ferrovanadiuni and ferro-

tungsten...................................................................... 986 1 , 702,023

T o ta l.. .................................................................... 255,524  5 9 ,350,245

Copper in 1914. B . S . B u t l e r . (General R ep ort.) Sep
a ra te  17, from  M in eral R esources o f the U nited  States, 1914, 
P a rt  I, pp. 5 4 1-96 . Published D ecem ber 8, 1915.

" T h e  follow ing statistica l statem en t sum m arizes the copper 
in d u stry  in the U n ited S tates in 1914:
P roduction  of copper

Sm elte r o u tp u t .................................................... 1,1 5 0 ,137 ,192  lbs.
M ine p ro d u c tio n ................................................  1 ,148 ,431 ,437  lbs.

Refinery p roduction  of new copper:
E lec tro ly tic ...................................................... 991 ,573 ,073  lbs.
L a k e ...................................................................  158,009,748 lbs.
C asting  and  p ig .................................................... 60 ,8 4 0 ,3 6 8  lbs.
T o ta l dom estic ..................................................  1 ,210 ,423 ,189  lbs.
T o ta l dom estic and  fo reign .......................  1 ,5 3 3 ,781 ,394  lbs.
T o ta l new and  old co p p er.........................  1 ,7 9 0 ,000 ,000  lbs.

T o ta l ore p ro d u ced ................................................  3 5 ,187 ,118  sh o rt tons
C opper ore p ro d u ce d ............................................  35 ,175 ,541  sh o rt tons

A verage yield of c o p p er..................................  1.60  per cent
Im p o r ts ....................................................................... 306 ,350 ,827  lbs.
E x p o r ts .......................................................................  840 ,080 ,922  lbs.
C onsum ption :

T o ta l new c o p p er............................................... 7 II ,624 ,158  lbs.
T o ta l new and  old co p p er..............................  968 ,000 ,000  lbs.

V alue of p roduction  in th e  U nited  S ta te s . .  $ 152,968,246

“ T h e  sm elter production of copper in 1914 showed a  con
siderable decrease from  th a t of 1913. T h e  refinery production, 
like th a t of the sm elters, show ed a  reduction from  th at of 1913, 
due to  the sam e causes.

"R egard less of the unfavorable  conditions, the average cost of 
producing copper in 1914 w as doubtless considerably less th an  in 
1913. T h e  average cost per pound in 1914 of producing elec
tro ly tic  and castin g copper, as com piled from  the annual reports 
o f com panies g iv in g  this item , w as 8.62 cents, as com pared w ith  
9.49 cents in 1913 and w ith  8.74 cents in 1912. T his cost for 
e lectro lytic  and castin g copper is p robably  som ew hat below  the 
average cost of the entire output, b u t doubtless represents the 
general trend of costs for the three years. T h e  average cost per 
pound for L a k e  copper, as com piled from  the reports of com panies 
g iv in g  this item , w as 10.94 cents in 1914, as com pared w ith 
13.44 cents in 1913 and w ith  10.28 cents in 1912. T h e cost 
figures for the y ear are som ew hat surprising, in v iew  of the 
m arked curtailm en t of ou tp u t for a  p art of the year, w hich m ight 
be supposed to  raise the cost.

“ T h e  dem onstration  o f this e lastic ity  and a b ility  to  m eet

v ary in g  conditions should be a  source of satisfaction to  all 
interested in the copper industry.

“ T h e average selling price of e lectro lytic  copper, as com piled 
from  the reports of com panies giv in g th a t item , w as 13.4 cents 
in 1914, and th a t of L ak e coppcr w as also 13.4 cents. T h is  was 
n ot quite 2 cents a pound low er than the selling price for 1913, 
and it is evid en t th a t the profits of th e in d u stry  were con
siderably less in 1914 th an  in 1913, regardless of th e lowering 
of the cost price.”

L ead  in 1914. C . E . S iEb e n t h a l . (G eneral R eport.) 
Separate 22, from  M ineral Resources of the U nited  States, 1914, 
P a rt I, pp. 799-827. Published Ja n u a ry  14, 1916. “ T h e  
ou tp u t of refined lead produced in th e U n ited  S tates from  
dom estic ores in 1914 was 512,794 short tons, valu ed  a t  $39,- 
997.932, based on the average N ew  Y o rk  price o f refined lead .”  

T h e  Production  of N atural G as in 1914. J oh n  D . N o r t h r o p . 
Separate 32, from  M ineral Resources of the U n ited States, 1914, 
P a rt II , pp. 747-818. Published D ecem ber 15, 1915. “ T h e  
qu an tity  of natural gas com m ercially utilized  in the U n ited  S tates 
in 1914 exceeded th a t so u tilized  in a n y  previous y e a r  in the 
history of the natural-gas industry. T h e  q u an tity  produced 
and used, w hich am ounted to  app roxim ately 591,866,733,000 
cu. ft., constitutes a  new  record, exceeding b y  n early  10,000,- 
000,000 cu. ft., or 1.7 per cent, the form er record established in 

1913-
"O f the record-breaking production of n atural gas credited to 

1914, it is estim ated th a t a  to tal of 203,104,358,000 cu. ft., or 
about 34 per cent, was supplied to  dom estic consum ers a t  an 
average price of 28.04 cents per 1,000 cu. ft., and th a t 388,-
762,375,000 cu. ft., com prising the rem aining 66 per cen t, was 
supplied to  industrial consum ers a t an average price of 9.56 
cents per 1,000 cu. ft. D uring the last four years the ratio  of 
dom estic to  industrial consum ption has varied  b u t sligh tly . 
Form erly, a  re la tiv ely  greater proportion of the annual yield  
w as supplied to  industrial consum ers.”

T h e  Stone Industry in 1914. G . F . L o u g h l i n . Sep arate 
33, from  M ineral Resources of the U n ited  S tates, 1914, P a rt  II , 
pp. 819-91. Published D ecem ber 3 1, 1915.

P etroleum  in 1914. J o h n  D . N o r t h r o p . Sep arate 34, 
from  M ineral Resources of the U n ited  S tates, P a rt II , pp. 
893-1098. Published Jan uary 12, 1916. " T h e  com bination 
of the figures for m arketed production and of the estim ated 
q u an tity  of oil p laced in producers’ storage g ives more th an  
290,000,000 bbls. as the tota l yield  of the oil w ells of th e U n ited  
S tates in 1914 ."

T h e P u blic  In terest in M in eral R eso u rces. G e o r g e  O t i s  
S m i t h . Separate from  P a rt I, M in eral R esources of the U n ited  
States. 9 pp. Published D ecem ber 3 1, 1915.

D E P A R T M E N T  O F A G R IC U L T U R E  

M eth o d s for the Exam ination  of B itum inous R o ad  M ateria ls . 
P r e v o s t  H u b b a r d  a n d  C h a r l e s  S. R e e v e . D ep artm en t 
B ulletin  314. 48 pp. " I t s  ob ject is to  present a  description
of m ethods now in use b y  the Office of P u blic  R o ad s and R u ra l 
Engineering for the exam ination of bitum inous road m aterials 
in such form  th at, w ith  a little  p ractice  and proper equipm ent, 
such exam inations m ay be m ade b y  an in telligen t person. T h e  
various tests have, therefore, been described rath er m ore in 
detail than w ould be necessary if th e y  w ere intended for th e use 
of chem ists only, and illustrations of p ra ctica lly  all of th e a p 
paratus required have also been included.”

T h e  tests included are the follow ing: Specific g ra v ity , 
specific viscosity , float test, penetration  test, m elting point, 
flash and burning points, vo latilizatio n  test, d istillation  test, 
d im ethylsulfate  test, bitum en soluble in carbon disulfide, 
bitum en insoluble in paraffin n aphtha, bitum en insoluble in 
carbon tetrachloride, fixed carbon, paraffin scale, extraction  of 
bitum inous aggregates, grading the m ineral aggregate, voids 
in the m ineral aggregate and bitum inous emulsions.
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BOOK REVIEWS
E n gineering a s  a C areer. A  series of papers edited b y  P r o 

f e s s o r  F . H . N e w a l l , U n ivers ity  of Illinois, and C . E .
D r a y e r , R ailroad  Engineer, C levelan d, O .:  D .  V a n  N os-
tran d Co. 214 pages. P rice, S i .00, net.

T h e  enorm ous strides m ade b y  engineers and engineering 
in recent years, a t  rates th a t are them selves increasing year 
b y  year, and in fields often  not even suspected b y  th e general 
public, h a v e  m ade engineering p robably  the m ost prom ising 
of a ll careers for the you n g m an of proper calibre. T h is  being 
the case, it  w ould seem  as if a book devoted  to  an exposition of 
engineering as a  career w ould be a  valu ab le  contribution  not 
on ly to  engineering literatu re as a statem en t of th e statu s of 
engineering a t  th e present tim e, b u t to  every  prospective stu 
den t and h is fam ily.

One w ould expect to  find in a  true sto ry  of th is sort 
an irresistible lure, a ttractin g  an y  b o y  w ith a spark of 
am bition  in him, for w h at b o y  has n ot dream ed of doing 
great things? W ith  such a  p ossib ility  in v iew  this book is a  m ost 
disappointing product. In  th e first place, it  fails u tte rly  in 
giv in g  a  representation of engineering a ctiv ities as th ey  are, 
and it  is ju s t abou t a ttra ctiv e  enough to drive a n y  prospective 
studen ts of engineering into the m inistry where, if report .is to  
be believed, there is p len ty  o f room . T w e n ty-tw o  different 
authors, in 214 pages, have con tributed essays averagin g  10 
pages each, and y e t, to  use the language of the stage, th e y  have 
u tte rly  failed to  " p u t  it  o v e r,”  co llective ly  speaking.

C . E . L u c r e

T h e R are  E arth  Industry. B y  S i d n e y  J .  J o h n s t o n e , B .S c.
D . A p p leton  &  C o., 1915. R o y a l 8vo., v ii +  136 pp. Price,
7s 6d, net.

T h is book is the second of a  series o f M an u als of C hem ical 
T echn ology edited b y  G eoffrey M artin . In its tex t con tent of 
126 pages, 33 are devoted  to  the T horium  and C erium  In d u stry, 
w hile the rem ainder of th e book consists of a  technological de
scription  of T itan iu m , Zirconium , T an ta lu m  and N iobium , 
T un gsten, the Incandescent E lectric  G low  L am p  In d u stry, 
U ranium , and Vanadium , w ith  a  final chap ter of 16 pages on the 
In d u stry  of R a d io active  Substances, w hich has been w ritten  
b y  A lexander S. Russell, M .A ., D .Sc.

T h e  book is designed to  be essentially of a  p ractical charac
ter, and lim its itself to  the com m ercial aspects of th e elem ents 
and subjects enum erated in the nine chapters.

T h e  salient points o f each elem ent and its uses are brought 
into prom inence, th ou gh in m an y cases in on ly  the m ost general 
w ay. T h e  impression of a  com pilation  is brou gh t to  the a tte n 
tion of the reader rath er th an  th a t of first-hand know ledge on 
the p art of the author.

On th e whole, the m ost im p ortan t m ethods for extraction  
of th e earths and the rare m etal com pounds are outlined, and 
the preparation of th e elem ents and their uses are noted. A t 
tention is draw n throughout the book to the m an ufacture and 
uses of the various rare elem ents in w h atever form  th e y  are 
adaptable  to  the problem s of m odem  artificial illum ination.

T h e  final chap ter on th e In d u stry  o f R a d io active  Substances 
is a brief resume of these bodies, their sources, separations, 
m ethods of testin g their strength , and their m edicinal and gen
eral uses.

T h e  w ork is a general description of the technological uses 
of th e more com m ercially im p ortan t rarer elem ents, together 
w ith  brief descriptions of certain  phases of th e  industries to 
w hich these elem ents are allied.

V ic t o r  L e n h e r

G uide to the R eports, Eviden ce and Appendices of the R oyal 
Com m ission of S ew age D isposal. B y  G . B . K e r s h a w . 
N e w  Y o r k :  D . V a n  N ostrand  Co. 8vo. 178 pp. Price,.
$2.00.

A s is stated  in th e preface, th e ob ject of preparing th is syn op
sis has been to  p rovide a  h an d y  reference book or guide to  the- 
su b je c t m atter of th e various reports and appendices presented 
b y  th e R o y a l Com m ission on Sew age D isposal.

T h ese  docum ents term inated w ith  th e issue of th e ten th 
report: their to ta l num ber (published under sep arate  covers)- 
am ounts to  som e th irty  volum es, and it  is no easy  m a tter for 
th e reader interested in a special su bject to  find th e  p a rtic u la r  
volum e he requires, and even w hen th e volu m e has been found,, 
to  isolate th e special section required.

In  th is synopsis, th e C om m ission’s reports h ave  been dea lt 
w ith  seriatim , the plan  followed being to  extra ct from  each 
report, appendix, etc., all th e headings and sub-headings, thus, 
giv in g in condensed form  the su bject m atter contained in them .

O pposite to  each heading or sub-heading w ill be found th e 
page or pages of th e R ep ort in w hich th e y  occur, w hile the num 
ber of the R ep o rt is given  a t  th e  to p  of each page.

T h e  index is in three divisions, covering " N a m e s,”  " P la c e s” ' 
and “ S u b je cts ,”  resp ectively. E a ch  one of th e several R e 
ports is treated sep arately and headings are given  w h ich  per
m it read y  reference to  th e ground covered b y  th e R e p o rt, so  
th a t a  m im inum  of tim e is required to  find d ata  dealing w ith  
such su bjects as “ Sew age P o llution  of T id a l W ate rs ,”  " C o n 
tam in ation  of Shell F ish ,”  " L a n d  T reatm en t of S ew age,”  “ S ep 
tic  T a n k s ,”  “ Sew age F ilte rs ,”  " C o n ta c t  B ed s,”  "S e w a ge  
Slud ges,”  “ N u isan ces,”  “ Stan d ard s for Sew age E ffluents,”  
"D isp o sa l of D istillery  R efu se,”  "E x ce ssiv e  G row th  of G re e n  
S ea  W eeds,”  "D isp o sa l of M an u factu rin g  W aste s”  and th e like.

T h e  b u lk y  volum es of T h e  R ep orts of th e  R o y a l C om m ission  
are exceedingly difficult to  properly  use w ith o u t assistan ce 
such as is offered b y  th is valu ab le  guide.

W . P .  M a s o n

F arb en  und F arbstoffe. B y  A . Z a r t . Illu strated  w ith  31 
figures. B . G . T e u b n e r , L eip zig , 1915. 100 pp. Price,
1.25 M .

■ T h is  is a sm all volum e form ing p a rt of a series of m onographs 
in popular science, being a  collection  “ aus N a tu r und G eistes- 
w e lt,”  a  form  of technical literatu re w hich is b o th  com m on 
and popular in G erm an y. T h e  present little  han dbook deals, 
w ith  th e th eo ry  of color and th e h isto ry  of dyestuffs. I t  then  
briefly  discusses th e n ature of inorganic pigm ents togeth er w ith  
th e general m ethods of their preparation  and m an ufacture. 
C hap ters on th e n atural d yestuffs and th e coal-tar dyes are 
also given, togeth er w ith  considerable m atter re la tive  to  th e  
com m ercial preparation  of sy n th e tic  dyes. T h e  uses o f the 
v ario u s dyes in dyein g and prin tin g is also described, and the 
general m ethods of testin g the n ature and fastness of dyestuffs.

T h e  book is rem ark ab ly  up-to-date, and while th e descrip
tions are necessarily brief and rath er sk etch y, y e t  the exam ples 
are well chosen an d exh ibit a  good grasp of the su bject. T h e  
m a tter is presented in a  sim ple and clear m anner in keeping 
w ith  the popular scientific character of the book. T h e  volum e 
is especially  apropos ju s t how  in v iew  of th e wide-spread and 
p opular in terest in dyestuffs, and is even  w ell w o rth y  of being 
read b y  a n y  chem ist w ho is a t  all interested in th is su bject 
and w ho has a  fa ir reading know ledge of G erm an.

J .  M e r r i t t  M a t t h e w s
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NE-W PUBLICATIONS
B y  I r e n e  D e M a t t y ,  L ibrarian , M ellon In s ti tu te  of In d u s tria l R esearch , P ittsb u rg h

C O R R E C T IO N : P a in t in g  b y  I m m e r s io n  a n d  b y  C o m p re ss e d  A ir.
A. S. J e n n i n g s .  T he price of $2.75 quoted  in T h i s  J o u r n a l ,  7 (1915), 
page 1094, should read $3.50,

A l te r n a t in g  C u r re n ts ,  L a b o ra to r y  M a n u a l .  L . C. E d d y .  12mo.
21 pp. Price, $0.50. D . Van N ostrand  Co., New Y ork.

A n a ly t ic a l  C h e m is tr y .  V ol. 2 . Q u a n t i ta t iv e  A n a ly sis . F .  P. T r e a d -  

. w e l l .  4 th  E d .  8 v o .  Price, $3.75. C hapm an  & H all, L o n d o n ..  

A n a ly tic  M e c h a n ic s .  J . A. M i l l e r  a n d  L .  B. L i l l y .  8 v o .  297 pp.
Price, $2.00. D . C. H e ath  & Co., New York.

A n a ly t ic a l  M e c h a n ic s .  H . M . D o u d o u r i a n .  2nd E d . 8 vo. 431 pp.
Price, $3.00. D . Van N ostrand  Co., New Y ork.

C a ta ly s is  a n d  I t s  I n d u s t r i a l  A p p lic a tio n s .  E. J o b l i n g .  8 v o .  Price, 
$0.65. J . & A. Churchill, London.

C e l lu lo se : D ie H y d ro ly se  d e r  Z e llu lo se  u n d  des H o lzes . E r i k

H a e g g l ü n d .  8 v o .  52 pp . Price, $0.35. F . E nke, S tu ttg a r t. 
C h e m is t r y :  H a n d w o e r te r b u c h  d e r  C h em ie . 122 Lfg. Price, $0.65.

F . Vieweg & Sohn, Braunschweig.
C o llo id -C h e m is try .  W o l f g a n g  O s t w a l d .  8 v o .  Price, $3.00. P . B lak- 

is ton ’s Son & Co., Philadelphia.
C o llo id s : A n  I n t r o d u c t io n  to  t h e  P h y s ic s  a n d  C h e m is tr y  o f C ol

lo id s . E m i l  H a t s c h e k .  2 n d  E d .  8vo. 118 pp . Price, $0.75. J. &
A. C hurchill, London.

C o lo r a n d  I t s  A p p lic a tio n s .  M . L u c k i e s h .  8vo. 357 pp . Price, 
$3.00. D . V an N o stran d  Co., New York.

D a m s  a n d  W e irs : a n  A n a ly t ic a l  a n d  P r a c t ic a l  T re a tis e .  W. G. 
B l i g i i .  8 vo. 2 0 6  p p .  Price, $ 1 .5 0 .  A m erican Technical Society, 
Chicago. ,

E le c tr ic a l  M e a s u re m e n ts  a n d  T e s t in g .  C. L .  D a w e s .  4to. 39 pp.
Price, $0.75. J . W iley & Sons, New York.

E le c t ro p la te r s ’ H a n d b o o k . J . H . W e s t o n .  16mo. 178 pp . Price,
$1.00. F . J .  D rake  & Co., Chicago.

G e n e ra l  L a b o ra to r y  A p p a ra tu s  a n d  S u p p lie s .  Catalogue (1916).
Lenz & N aum ann , In c ., 17 M adison Ave., N ew  York.

H e a t  P o w e r E n g in e e r in g , E le m e n ts  o f. C. F . H i r s c i i f i e l d  a n d  

W . N . B a r n a r d .  2nd E d . 8 vo. C hapm an & H a ll ,  London. 
I n o r g a n ic  C h e m is t r y :  G m e lin  a n d  K r a u t 's  a n o rg a n is c h e  C h em ie .

190-194 Lfg. F r i e d h e i m  a n d  P e t e r s .  7th  E d. P r ic e ,  $0.40. K a r l  

W inter, Heidelberg.
I r r ig a t io n  P r a c t ic e  a n d  E n g in e e r in g . V ol. 3. I r r ig a t io n  S t r u c tu re s .

B. A. E t c h e v e r r y .  8vo. 438 pp . Price, $4.00. M cG raw -H ill Book 
Co., New Y ork.

M a r in e  S te a m  E n g in e s .  R .  S e n n e t T  a n d  H .  J .  O r a m .  8 v o .  5 0 2  p p .

Price, $6.00. Longm ans, G reen & Co., New York.
M a te r ia ls ,  S t r e n g t h  o f :  T a b e l le n  u e b e r  d ie  T r a g f a c h ig k e i t  v on

S tu e tz e n  a u s  F lu s s s ta h l ,  F lu s s e is e n , G u ss e ise n  u n d  H o lz . E d. 
G u b l e r .  8 v o .  Price, $ 0 .7 5 . W epf, Schwabe & Co., Basel. 

M e c h a n ic s :  H a n c o c k ’s A p p lie d  M e c h a n ic s  fo r  E n g in e e rs .  N . C.
R i g g s .  Rev. E d. 8vo. Price, $2.50. M acm illan Co., New York. 

M in in g :  A n  I n t r o d u c t o r y  C o u rse  in  M in in g  S c ien ce . J o s e p h  

P a r k e r .  2nd E d. 8 vo. 192 pp . Price, $0.50. Oliver & Boyd, 
London.

P a t e n t s :  H a n d b o o k  o f P a t e n t  L aw . (All Countries.) W . P. T h o m p 

s o n .  16th E d . 8 vo. 240 pp . Price, $0.75. S tevens & Sons, London. 
P e t r o l e u m :  C h e m is c h e  T e c h n o lo g ie  d e s  E rd o e ls . R i c h a r d  K i s s -

l i n g .  8vo. 805 pp . Price, $7.50. F . Vieweg & Sohn, Braunschweig. 
P o ta s s iu m  S a l t - B e d s :  D ie E n t s te h u n g  d e r  d e u ts c h e n  K a lisa lz la g e r . 

E r n s t  J a e n e c k e .  8 v o .  109 pp. Price, $1.00. F . Vieweg & Sohn, 
Braunschweig.

R e in fo rc e d  C o n c re te  C o n s t r u c t io n .  Vol. 3 . G .  A .  H o o l .  8 v o .

688  pp. Price, $5.00. M cG raw -H ill Book Co., New York.
R u b b e r :  T e c h n o lo g ie  d e r  K a u ts c h u k w a re n .  K u r t  G o t t l o b .  8 v o .

2 5 6  p p .  Price, $ 2 .3 5 . F. Vieweg & Sohn, Braunschweig.
S u g a r :  A H a n d b o o k  fo r  C a n e  S u g a r  M a n u f a c tu r e r s  a n d  T h e ir  

C h e m is ts .  G. L . S p e n c e r .  16mo. 529 pp . Price, $3.50. J . Wiley 
& Sons, New Y ork.

T a b le s :  C h e m ik e r -K a le n d a r  fo r  1916. R . B i e d e r m a n n .  2 Vols.
Price, $0.98. J . Springer, Berlin.

T e m p e r a tu r e  M e a s u r e m e n t :  D ie  G ru n d lä g e n ,  M e th o d e n  u n d  
E rg e b n is s e  d e r  T e m p e r a tu r m e s s u n g .  F . H e n n i n g .  8 v o .  297 p p .  

Price, $2.50. F . Vieweg & Sohn, Braunschweig.

RECENT JOURNAL ARTICLES

C h e m is t r y :  S o m e  S c ie n tif ic  A d v an ce s  d u r in g  1915. H . R .  H o s m e r .

General Electric Review, Vol. 19 (1916), No. 2, pp. 92-95.
C h ro m e - I r o n  O re a s  L in in g  fo r  R e v e rb e ra to ry  F u r n a c e s .  E d g a r  

H i l l .  Engineering and M in ing  Journal, Vol. 10 1  ( 1 9 1 6 ) ,  No. 6 , p p .  

2 6 7 - 2 6 8 .
C oal a n d  C oke E ffic ien cy  in  B la s t  F u r n a c e  O p e ra tio n . B .  F . B u r m a n .  

Metallurgical and Chemical Engineering, Vol. 14 (1916), N o. 3, pp . 137-140.

C o llo id s  a n d  C o llo id a l S lim es . E . E . F r e e .  Engineering and M in ing  
Journal, Vol. 10 1  ( 1 9 1 6 ) ,  No. 6 , p p .  2 4 9 -2 5 4 .

C ry s ta l  T w in n in g  b y  D ire c t  S t r a in .  C. A. E d w a r d s .  Iron Trade 
Review, Vol. 5 8  ( 1 9 1 6 ) ,  No. 6 . p p .  3 4 1 - 3 4 6 .

E le c tr ic a lly  H e a te d  B o m b  F u r n a c e .  D . F .  C a l h a n i j  a n d  H .  A .  L a v e n e .

Metallurgical and Chemical Engineering, Vol. 14  ( 1 9 1 6 ) ,  No. 3 ,  p p .  1 4 0 - 1 4 3 .  

E le c tro ly s is : E ffec ts  o f E lec tro ly s is  o n  U n d e rg ro u n d  P ip in g  S y s te m s .
A . F . G a n z .  N atural Gas Journal, Vol. 10  ( 1 9 1 6 ) ,  No. 1 , p p .  2 3 - 2 5 .  

F e r t i l iz e r :  T h e  P r e s e n t  F e r t i l iz e r  S i tu a t io n .  H a r r y  H o d g s o n .

The American Fertilizer, Vol. 4 4  ( 1 9 1 6 ) ,  No. 3 , p p .  2 7 - 2 9 .

F o r m ic  A c id  as a  R e a g e n t  i n  E s s e n t ia l  O il A n a ly s is . W . H .  S im m o n s .

The Analyst, Vol. 40  ( 1 9 1 5 ) ,  No. 4 7 7 ,  p p .  4 9 1 - 4 9 4 .

G a so lin e  V a p o r : A c tio n  o f G a so lin e  V a p o r in  A ir. G. A .  B u r r e l l .

Compressed A ir  Magazine, Vol. 2 1 ( 1 9 1 6 ) ,  No. 2, p p .  7 8 9 5 - 7 8 9 6 .

G as W eld in g  a n d  C u t t in g .  C .  K  B r y c e .  Proceedings o f the E ngineers’ 
Society o f Western Pennsylvania, Vol. 3 1  ( 1 9 1 5 ) ,  No. 8, p p .  6 9 6 - 7 0 7 .

G la s s : D as  J e n a e r  G las  u n d  d e r  K rie g . E . Z s c h i m m e r .  Chemiker- 
Zeitung, Vol. 4 0  ( 1 9 1 6 ) ,  No. 1 / 2 ,  p p .  7 - 8 .

G ra d in g  I n d u s t r ie s .  E . S .  W i a r d .  Metallurgical and Chemical E?tgi- 
neering, Vol. 1 4  ( 1 9 1 6 ) ,  No. 2 , p p .  9 1 - 9 6 .

H e a t  T ra n s fe r ,  A S tu d y  o f. T . G .  T n u R S T O N . Refrigerating World, 
Vol. 5 0  ( 1 9 1 6 ) ,  No. 1 , p p .  2 5 - 2 6 .

H ig h  T e m p e ra tu re  I n s u l a t i o n  a n d  C o n tro l .  P . A. B o e c k .  Steel 
and Iron, Vol. 5 0  ( 1 9 1 6 ) ,  No. 2 , p p .  6 1 - 6 6 .

H o is ts :  H a n d lin g  M a te r ia ls  i n  M a n u f a c tu r in g  P la n ts .  R . L.
S t r e e t e r .  Engineering Magazine, Vol. 5 0  ( 1 9 1 6 ) .  No. 5 , p p .  6 8 2 - 7 0 7 .  

H y d ro g e n a t io n :  D ie k a ta ly t i s c h e  F e t th a e r tu n g  m i t t e l s  N ic k e l
ox y d en . W . M e i g e n .  Journal fuer praktische Chemie, Vol. 9 2  ( 1 9 1 5 ) ,  
No. 2 2 , p p .  3 9 0 - 4 1 1 .

I r o n :  D as G lu e h e n  v o n  E isen o x y d  b e i d e r  g r a v im e tr i s c h e n  E is e n 
b e s t im m u n g .  E . S e l c h .  Zeitschrift fu er  analytische Chemie, Vol. 
5 4  ( 1 9 1 5 ) ,  No. 9 , p p .  4 5 7 - 4 6 3 .

I r o n :  V e rsu c h e  u e b e r  d a s  V e rh a l te n  v o n  E ise n  g e g e n u e b e r  v o n  
W asser u n d  w a e s se rig e n  L o e s u n g e n  im  D a m p fk e ss e l .  E . B oss- 
h a r d  a n d  R .  P f e n n i n g b r .  Chemiker-Zeitung, Vol. 4 0  ( 1 9 1 6 ) ,  No. 
1 / 2 ,  p p .  5 - 6 .

I r o n  a n d  S te e l P l a n t :  N ew  P l a n t  o f t h e  Y o u n g s to w n  I r o n  a n d  
S te e l Co. C .  C .  L y n d e .  Blast Furnace and Steel P lant, Vol. 5 0  ( 1 9 1 6 ) ,  

No. 2 , p p .  6 8 - 7 5 .

I r o n  O re : C o n s e rv a tio n  o f I r o n  O re . C .  K .  L e i t h .  B ulletin  o f the
American Institu te  o f M in ing  Engineers ( 1 9 1 6 ) ,  N o. 1 1 0 , p p .  2 2 7 - 2 3 1 .  

M ilk : T h e  P e rs is te n c e  o f H y d ro g e n  P e ro x id e  i n  M ilk . E . H i n k s .

The A nalyst, Vol. 4 0  ( 1 9 1 5 ) ,  No. 4 7 7 ,  p p .  4 8 2 - 4 9 1 .

N a tu r a l  G a s :  N e cessa ry  U se a n d  E ffec t o f G as  C o m p re ss o rs  o n  
N a tu r a l  G as  F ie ld  O p e ra t in g  C o n d it io n s .  S .  S .  W y e r .  B ulletin  
o f the Am erican Institu te  o f M in ing  Engineers ( 1 9 1 6 ) ,  N o. 1 1 0 , p p .  2 8 1 - 2 9 7  

N itro g e n :  T h e  F ix a t io n  o f A tm o s p h e r ic  N itro g e n . R .  G .  S k e r r e t t .

The Iron Age, Vol. 9 7  ( 1 9 1 6 ) ,  N o. 6 , p p .  3 5 9 - 3 6 2 .

O ils a n d  F a t s : R e c e n t  A d v a n ces  R e la t in g  to  t h e  C o m p o s i t io n  a n d  
A n a ly sis  o f E d ib le  O ils a n d  F a ts .  E . R .  B o l t o n  a n d  C e c i l  R e v i s .  

The Analyst, Vol. 4 0  ( 1 9 1 5 ) ,  N o. 4 7 7 ,  pp. 4 9 4 -5 0 3 .

O ils a n d  O th e r  R e a g e n ts  i n  F lo t a t io n .  R .  J .  A n d e r s o n .  M etal
lurgical and Chemical Engineering, Vol. 1 4  ( 1 9 1 6 ) ,  No. 3 , p p .  1 3 5 - 1 3 7 .  

O re : D ro p p in g  O re t h r o u g h  a  1 135-F oo t R a ise . C .  M .  C a r t e r .

Engineering and M in ing  Journal, Vol. 10 1  ( 1 9 1 6 ) ,  No. 6 , p .  2 6 2 .

P a c k in g  fo r  A m m o n ia -C o m p re s s o r  S tu f f in g  B oxes. F .  L .  F a i r b a n k s .

Power, Vol. 4 3  ( 1 9 1 6 ) ,  N o. 6 , p p .  1 7 9 - 1 8 1 .

P a p e r :  T h e  V o lu m e tr ic  E s t im a t io n  o f P a p e r .  E . H . H i a e r n e .

Paper, Vol. 1 7  ( 1 9 1 6 ) ,  No. 2 0 , p p .  1 4 - 1 5 .

P la t in u m :  U e b er d e n  E in flu s s  v o n  k a ta ly s a to r g i f t e n  a u f  d ie  L ic h 
te le k t r i s c h e  E m p f in d l ic h k e i t  d e s  P la t in s .  F .  K r u e g e r .  Zeit
schrift fuer Elektrochemie, Vol. 2 1  ( 1 9 1 5 ) ,  No. 2 3 , p p .  5 6 2 - 5 6 9 .  

P lu m b -B o b  I l l u m in a t o r .  R .  K .  W a r n e r .  Engineering and M in ing  
Journal, Vol. 10 1  ( 1 9 1 6 ) ,  N o. 5 ,  p .  2 2 3 .

P u lv e r iz e d  C o a l: I t s  P r e p a r a t io n  a n d  U se i n  I n d u s t r i a l  F u r n a c e s .  
S .  H .  H a r r i s o n .  Engineering Magazine, Vol. 5 0  ( 1 9 1 6 ) ,  No. 5 ,  pp . 
7 4 2 - 7 5 3 .

R e s e a rc h  P ro b le m s . W . H .  C o g h i l l .  M in ing  and Scientific Press, 
Vol. 1 1 2  ( 1 9 1 6 ) ,  N o. 5 , p p .  1 5 9 - 1 6 0 .

S te e l:  S c ie n ce  T e s t in g  o f M a lle a b le  a n d  C a s t  S te e l. A .  H a r l e y .

The Foundry, Vol. 4 4  ( 1 9 1 6 ) ,  No. 2 , p p .  6 1 - 6 7 .

T e m p e r a tu r e s : J u d g in g  N o n -F e r ro u s  M e ta l  P o u r in g  T e m p e r a tu r e s .
R .  R .  C l a r k e .  The Foundry, Vol. 4 4  ( 1 9 1 6 ) ,  No. 2 , p p .  7 1 - 7 5 .

T oo l M a k in g :  J o h a n s s o n  G a u g e s  i n  T o o l M a k in g . L .  R u t h e n b e r g .

Am erican M achinist, Vol. 4 4  ( 1 9 1 6 ) ,  N o. 6 , p p .  2 4 2 - 2 4 5 .

V alves, T h e ir  U ses a n d  A b u se s . G .  A .  C a m b l i n .  Ice and Refrigeration, 
Vol. 5 0  ( 1 9 1 6 ) ,  No. 2 , p p .  1 1 3 - 1 1 4 .

W a te r  P o w er L aw s a n d  T h e ir  R e la t io n  to  I n d u s t r y  a n d  P ro g re ss .
F . D a r l i n g t o n .  Engineering M agazine, Vol. 5 0  ( 1 9 1 6 ) ,  N o. 5 ,  p p .  

7 2 2 - 7 3 3 .
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INO RG AN IC  CHEM ICALS
A cetate of Lime, g ra y ....................................... .100 Lbs. 7 .00 @ 7.25
Alum, lu m p ........................................................... .100 Lbs. 4 .2 5 © 4 .75
Alum inum  Sulfate, h igh-grade...................... .100 Lbs. 5 .00 @ 5.25
A m m onium  C arbonate, dom estic ................. ......... Lb. 9 © 9>/i
Am m onium  Chloride, g ra y .............................. ......... Lb. 8 >/» 9
A m m onium  P hosphate, com m ercial,9 8 -100% . .L b. 11 @ n » A
A qua Am m onium , 16°, d ru m s .................... ......... Lb 2 >A
Arsenic, w h ite ...................................................... ......... Lb. 5 '/* © 57*
B arium  C hloride ................................................. ......... Ton 1 1 0 . 0 0 @ 1 2 0 . 0 0
B arium  N itra te .................................................... ......... Lb. 15 @ 16
B arytes, prim e white, foreign........................ 19.00 @ 23.00
Bleaching Pow der, 35 per c e n t...................... .100 Lbs. 13.50 @ 14.50
Blue V itrio l........................................................... ..........Lb. 2 0 >/i © 21
Borax, crystals, in b ag s .................................... ......... Lb. 7 @ 77«
Boric Acid, powdered c ry s ta ls ....................... ......... Lb. 1 2 »/* @ 14
Brim stone, crude, dom estic ............................ • Long Ton 2 2 . 0 0 @ 22.50
Bromine, technical, b u lk .................................. ......... Lb. 5 .0 0 © 6 .5 0
C alcium  Chloride, lu m p . ................................. ......... Ton — @ 11.78
C alcium  Chloride, g ran u la ted ........................ — @ 14.78
C austic Soda, 74 per c e n t............................... ..........Lb. 6 ‘A @ 67*
C austic Soda, 76 per c e n t................................ ......... Lb. 6 >A @ 67*
C halk, light p rec ip ita ted ................................. ......... Lb. 4>A @ 5 V i
China Clay, Im ported ....................................... 1 1 . 0 0 @ 16.00
Feldspar.................................................................. ......... Ton 8 . 0 0 © 1 2 . 0 0
Fu ller’s E a rth , foreign, pow dered ................ . 100 Lbs. 80 © 1.05
G lauber's Salt, in bbls....................................... .100 Lbs. 60 @ 75
Green V itriol, b u lk ............................................. .100 Lbs. 75 @ 80
H ydrochloric Acid, commercial, 18°........... .100 Lbs. 2 .5 0 @ 3 .0 0
H ydrochloric Acid, C. P ., conc., 2 2 ° ......... .100 Lbs. 3 .0 0 @ 3 .5 0
Iodine, resublim ed.............................................. ......... Lb. 4.25 @ 4 .3 0
Lead A cetate, w hite c ry s ta ls ......................... ..........Lb. 13»/» © 14
Lead N itra te .........................................................
L itharge, A m erican............................................

......... Lb.

..........Lb.
16‘/ j @

6 >A
16*/«

L ith ium  C arb o n a te ............................................ ......... Lb. 90 @ 1 . 0 0
M agnesium  C arb o n ate ..................................... ......... Lb. 10 © 12
M agnesite, "C alcined” ..................................... 37 .50 @ 40 .00
M ercuric Chloride, com m ercial..................... ...........Lb. 1.85 @ 2.15
N itric  Acid, 36°................................................... ..........Lb. 7*/> © 8
N itric  Acid 42° ..................................................... ..........Lb. 9 © 9 V*
Phosphoric Acid, sp. gr. 1.750....................... ......... Lb. 30 @ 32
P hosphorus ............................................................ ......... Lb. 35 © 1 . 0 0
P laste r of P a ris .................................................... ......... Bbl. 1.50 © 1.70
Potassium  B ichrom ate, casks........................ ......... Lb. 65 @ —
Potassium  B rom ide ............................................ ..........Lb. 5 .5 0 © —
Potassium  C arbonate, calcined, 80 @ 85% . .........Lb. 1 . 0 0 @ 1.15
Potassium  C hlorate, crystals, s p o t.............. ......... Lb. 65 @ —
Potassium  C yanide, bulk, 98-99 per cen t. ......... Lb. 30 © 35
Potassium  H ydrox ide ........................................ ......... Lb. 55 @ 60
Potassium  Iodide, b u lk ..................................... ......... Lb. 3 .70 © 3 .7 5
Potassium  N itra te .............................................. ......... Lb. — © —
Potassium  Perm anganate, b u lk ..................... ..........Lb. 2 . 0 0 © —
Quicksilver, flask, 75 lbs.................................. 325 .00 © .—
Red Lead, Am erican, d r y ................................ ......... L b. 7 'A © —
Salt Cake, glass m akers’................................... . 100 Lbs. 55 @ 65
Silver N itra te ....................................................... 36 @ ■ 38
Soapstone in b a g s ............................................... .........Ton 1 0 . 0 0 © 1 2 . 0 0
Soda Ash, 48 per c e n t . . .................................... . 100 Lbs. — © —
Sodium  A ceta te ................................................... ..........Lb. 1 0 'A © 11
Sodium  B icarbonate, dom estic ...................... .100 Lbs. 1.60 © 1.70
Sodium  B icarbonate, E ng lish ......................... ......... Lb. 3>/t © 3‘/ .
Sodium  B ichrom ate ........................................... ......... Lb. 45 © 50
Sodium  C arbonate , d r y .................................... .100 Lbs. 3 .7 5 © 4 .0 0
Sodium C h lo ra te ................................................. ............Lb. 40 © 50
Sodium  F luoride, com m ercial......................... ..........Lb. 15 @ —
Sodium  H yposulfite ............................................ .100 Lbs. 3 .0 0 @ 3.25
Sodium  N itra te , 95 per cent, s p o t ............... . 100 Lbs. 3 .1 0 © —
Sodium  Silicate, liqu id ...................................... .100 Lbs. 85 © 1 . 1 0
Sodium  Sulfide, 30% , crystals, in b b l s . . . . ..........Lb. 2 © 27*
Sodium  Sulfite, c ry s ta ls ....................................
S tron tium  N itra te ..............................................

, , Lb. 
..........Lb.

7 ©
38

8

Sulfur, flowers, sub lim ed .................................. .100 Lbs. 2 .30 © 2 .7 0
Sulfur, ro ll............................................................. . 100 Lbs. 1.90 © 2 . 2 0
Sulfuric Acid, cham ber, 6 0 ° ............................ .100 Lbs. 2 . 0 0 © 2.5 0
Sulfuric Acid, conc., sp. gr. 1.842................. .100 Lbs. 2 .5 0 © 3 .0 0
Sulfuric A d d , oleum (fum ing)....................... .100 Lbs. 2 .5 0 © 3 .0 0
Talc, A m erican .................................................... 9 .0 0 © 13.00
T erra  Alba, American, No. 1......................... .100 Lbs. 75 © 80
Tin Bichloride, 5 0 ° ............................................ ......... Lb. 14 & —
T in O xide................................... 47 © 49
W hite Lead, American, d r y ............................ 6 >/> © —
Zinc C arb o n ate .................................................... 24 © 25
Zinc Chloride, com m ercial............................ ......... Lb. 12 © 18
Zinc Oxide, American process....................... ......... Lb. 9 © 18
Zinc S u lfa te .......................................................... Lb

O R G A N IC  C H E M IC A L S

7>A @ 77*

A cetanilid, C. P., in bbls.................................. ..........Lb. 1.15 © 1 . 2 0
Acetic Acid. 28 per cent, in b b ls .................. 7»/i © 8
A cetic Acid, glacial. 99V«%, in c a rb o y s ... ___ Lb. 32 © 36

Acetone, d ru m s .................................................. ............Lb. 35 @ 40
Alcohol, denatu red , 180 p roof..................... .............Gal. 50 52
Alcohol, grain, 188 p roof............................... ............Gal. 2 .62 © 2 .64
Alcohol, wood, 95 per cent, refined ........... ............Gal. 55 @ 57
Amyl A ceta te ..................................................... ............Gal. 4 .5 0 @ 5 .5 0
Aniline O il........................................................... ............Lb. 90 1 . 0 0
Benzoic A dd , ex-toluol.................................. ............Lb. 4 .0 0 4 .6 0
Benzol, 90 per c e n t ......................................... 80 @ 90
C am phor, refined in bulk, bbls................... ............Lb. 44 —
Carbolic Acid, U . S. P ., crystals, d ru m s .. ...........Lb. 1.25 1.30
C arbon Bisulfide............................................... ............Lb. 6 15
C arbon T etrachloride , drum s, 100 gals— ............Lb. 16 17
C hloroform .......................................................... ............Lb. 70 @ 75
C itric  Acid, dom estic, c ry s ta ls ...................... ........... Lb. 65 @ 70
Cresoh, U. S. P ................................................... 1.15 1.25
D extrine, corn (carloads, b ag s)..................... .  100 Lbs. 3 .1 0 © 3 .2 0
D extrine, im ported  p o ta to ........................................ Lb. 12 @ 13
E ther. U. S. P., 1900........................................ ........... Lb. 18 @ 20
Form aldehyde, 40 per c e n t....................................... Lb. 97* @ 10
Glycerine, dynam ite , drum s included ........ ........... Lb. 45 @ —
Oxalic Acid, in casks....................................... ............ Lb. 58 @ 60
Pyrogallic Acid, resublim ed b u lk ............... ............ Lb. 1.25 @ 1.45
Salicylic A cid ...................................................................Lb. 4 .0 0 @ 4.1 5
Starch , cassav a .............................................................. Lb. 3*/« @ 47«
Starch , corn (carloads, b ag s)....................... .. .  100 Lbs. 2 .25 @ 2 .3 6
Starch , p o ta to .................................................... .............Lb. 6 67«
Starch , rice ....................................................................... Lb. 8 10
Starch , sago.......................................................... ........... Lb. 37« @ 3»/«
S tarch , w h ea t..................................................... ............ Lb. 5 6
T annic  Acid, com m ercial............................................ Lb. 75 & 76
T a rta r ic  Acid, c ry s ta ls ...................................... ......... Lb. 55 57

OILS, W AXES, ETC.
Beeswax, pure, w h ite .................................. ................ Lb. 47 55
Black M ineral Oil, 29 g ra v ity ................ ................ Gal. 13 @ 14
C astor Oil, No. 3 .......................................... ................ Lb. 17*/« @ 187«
Ceresin, yellow .............................................. ................ Lb. 10 @ 14
Corn Oil, c ru d e ............................................ ___ 100 Lbs. 9 .25 @ —
C ottonseed Oil, crude, f. o. b. m ill........ ................Gal. 63 @ 64
Cottonseed Oil, p. s. y ................................ 9*/« @ 10
Creosote, beech wood.................................. ................ Lb. 8 .50 @ 9 .0 0
C ylinder Oil, light, filtered ....................... ................ Gal. 20 @ 25
Fusel Oil, c ru d e ............................................ ................ Lb. 4 .0 0 @ 4 .5 0
Jap an  W ax..................................................... ................ Lb. 13 @ —
Lard Oil, prim e w in ter............................... ................ Gal. 92 @ 96
Linseed Oil, raw (car lo ts )........................ ................ Gal. 72 @ —
M enhaden Oil, crude (so u th e rn )............ ................ Gal. — —
N a p h th a . 68  @ 7 2 ° ..................................... ................ Gal. 30 @ 35
N e a t’s-foot Oil, 20®..................................... ................ Gal. 95 97
Paraffine, crude, 117 & 119 m. p ............ ................Lb. 37* 4
Paraffine Oil, high v iscosity ..................... ................ Gal. 247* 25
Rosin, " F "  G rade, 280 lbs........................ ................Bbl. 5 .80
Rosin Oil. first ru n ...................................... ................ Gal. — 32
Shellac, T . N .................................................. ................ Lb. 22 23
Sperm aceti, c ak e .......................................... ................ Lb. 25 @ 26
Sperm  Oil, bleached w inter, 3 8 ° ............ ................ Gal. 74 @ 75
Spindle Oil, No. 200................................... ................ Gal. 197* @ 20
Stearic Acid, double-pressed.................... ................ Lb. 147« @ 15
Tallow , acidless............................................. ................ Gal. 78 @ 80
T a r Oil. d istilled ........................................... ................ Gal. 30 @ 31
T urpen tine , sp irits o f .................................. ................ Gal. 55 @ 56

M ETALS

Alum inum . N o. 1, ingo ts ................................. ......... Lb. 53 @ 55
A ntim ony, o rd in a ry ........................................... ......... Lb. 44
B ism uth , New Y o rk .......................................... ......... Lb. —
Copper, e lectro ly tic ............................................ ......... Lb. 287*
Copper, lak e .......................................................... ......... Lb. 287*
Lead, N . Y ............................................................. .100 Lbs. 6 .30
N ickel, e lectro ly tic ............................................. ..........Lb. 50 @ —
Nickel, shot and  in g o ts ..................................... ......... Lb. 45 @ —
P la tinum , refined ................................................ 87 .50 @ 9 0 .0 0
S ilver........................................................................ ......... Oz. 567»
T in ............................................................................ . 100 Lbs. 4 2 .1 2 7 *
Zinc. N . Y .............................................................. 217*

FER TIL IZER  M ATERIALS

Am m onium  S u lfa te ............................................ .100 Lbs. 4 .2 5
Blood, d r ie d .......................................................... ......... U n it 3 .3 5
Bone. 47* and  50, ground, ra w ..................... ..........Ton 37 .50
Calcium  C y an am id ............................ U n it of A m m onia 2 .45
Calcium  N itra te , N orw egian .......................... .100 Lbs. —
C asto r M ea l.......................................................... —
Fish Scrap, dom estic, dried, f. 0 . b. works 3 .85 6 * 10
P hosphate, a c id ................................................... 80 @ 85
P hosphate  rock; f. 0 . b. m ine:

F lorida land  pebble, 68  per c e n t......... ......... Ton 2 .75 @ 3 .0 0
Tennessee, 70-80 per c e n t...................... ......... Ton 5 .0 0 @ 5 .5 0

Potassium  "m u ria te ."  basis 80 per c e n t . . . ......... Ton 490.00 @ —
Pyrites, furnace size, Im p o r te d ...................... 147« @ 14*/
Tankage, high-grade; f. 0 . b. Chicago. . . . ......... Unit 3 .1 5 6 * 10



M ar., 19x6 T H E  J O U R N A L  O F I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  23

For Production of Sulphur Dioxide

It is to your interest to use

Tromblee & Pauli 
Rotary Sulphur Burners

They are supreme in their field of operations and 
will be furnished in a size to meet requirements 
on receipt of information concerning proposed 

hourly sulphur consumption.

Made by

Glens Falls Machine Works, Glens Falls, N. Y.

M E R C K ’ S
L A B O R A T O R Y  
C H E M I C A L S

B L U E  L A B E L  R E A G E N T S
a n d  also

Other Laboratory Chemicals

M E R C K  & CO.
New  Y o rk  St. L o u is M ontreal 
M ain W o r k s :  R a h w a y ,  N . J .

Hci'Ve you. re ce iv e d  
y o u r  c o p y  ?

A copy of the 1916 issue of “Merck’s 
Laboratory Chemicals” will be sent on 
request. Under the name of each reagent 
in this booklet are given its standard of 
purity and the tests by which its purity is 
established—condensed from the book of 
standards “Chemical R eagents: Their 
Purity and Tests” (2nd edition, revised). 
Many uses for the chemicals are also 
mentioned in the booklet.

M E R C K  &  C O .
New Y  ork • St. Louis ■ Montreal

Main W orks at R ah w a y, N. J.
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For Your Acid  
and Chemical 
Pipe Lines

T o avoid worry, vexatious break-downs and de
lays, fo llow  the example of some of the largest 
plants in this country.
In sta ll our modern process F langed Lead- 
Lined Iron Pipe and F langed F ittings, A cid- 
P roof Valves, etc,,
and bid goodbye to such troubles.

Catalog upon application

GHADW ICK-BOSTON LEAD CO.
in g ress  S t . BO STO N , M A SS

C E N T R I F U G A L S
for DEPENDABLE SERVICE  

and HEAVY D U TY
T h e  su sp en d ed  ty p e  c e n tr ifu g a l 
w ith  b o tto m  d isch arge , as illu s
tra te d  in  th is a d v e rtise m e n t, is 
p o p u la r  fo r  a w id e  ran ge  o f 
serv ice . T h is  m a ch in e is a d a p t
ed  for b e lt, d ire c t con n ected  
steam , or m o to r d riv e .

E a s y  an d  free  access to b a sk e t 
is a co m m en d a b le  fea tu re.

A  v e r y  effic ien t e x tr a c to r  for 
a m m o n iu m  su lp h a te  d ry in g .

Our catalog is yours fo r  ihe asking

4 0 ' SU SP E N D E D  B A SK E T , B O T T O M  D IS C H A R G E

SCHAUM & UHLINGER, Inc., Gk'"wood pViIITdeCphiT ^ -^ “1



CLASSIFIED INDEX TO ADVERTISERS' PRODUCTS
Absorption Towers

D uriron  C astings Co., N . Y . C. 
G erm an-A m erican S tonew are W ks.. N . Y . C. 
K nigh t, M aurice A ., A kron, Ohio.
Lum m us. W alter E ., Boston, Mass.
U. S. Stonew are Co., T he, A kron, O.

A cetylene and Oxy-Acetylene Generators 
and Equipment
In te rn a tio n a l Oxygen Co., N . Y. C.

Acid and Alkali R esistant Apparatus
E lyria  Enam eled Prod. C o.,E lyria,O ., & N .Y .C . 
P faudler C o.,R ochester.N .Y ., D etro it, & N .Y .C .

Acid Eggs
Bethlehem  F d ’y & M ach. Co., So. B eth ., P a . 
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
Jacoby, H enry  E ., N . Y . C.

A cid  P itch ers
B ausch & L om b O ptical Co., R ochester, N . Y. 
K nigh t, M aurice A., Akron, Ohio.
U. S. S tonew are Co., T he, A kron, O.

Acid Proof Brick
B ausch & Lom b O ptical Co., R ochester, N . Y. 
G erm an-A m erican S tonew are W orks, N .Y .C . 
K night, M . A., A kron (E ast Side), Ohio. 
T herm al S yndicate , L td ., New Y ork C ity .
U. S. Stonew are Co., T he, A kron, O.

Acid Valves
C hadw ick-B oston  Lead Co., Boston, M ass. 
C leveland B rass M fg. Co., T he, C leveland, O.

Agitators, or M ixers
D orr C yanide M achy  Co., D enver,C ol.,& N .Y .C  
G eneral F iltra tio n  Co., Inc .. R ochester. N . Y. 
P faud ler Co.. R ochester,N . Y., D e tro it & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Air Compressors
A bbé Engineering Co., N . Y . C ity .
Cro»vell Engineering Co., B rooklyn, N . Y. 
H u b b a rd ’s Sons, N orm an , B rooklyn, N . Y.

Am m onia
Unger, John  S.. Chicago, III.

A n alysis— G as Apparatus
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco,C al. 
E im er & Am end, New Y ork C ity .
H eil Chein. Co.. H enry . S t. Louis. Mo.
Lenz & N aum ann , Inc., N . Y . C.
P alo  C om pany, N . Y. C.
Sarco Co.. Inc ., New Y ork C ity.
Scientific M ateria ls  Co., P ittsbu rg , Pa.

Analytical Apparatus
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co.,San Francisco,CaL 
Buffalo D en tal M fg. Co., Buffalo, N . Y.
E im er & Am end, New Y ork C ity.
Heil Chem . Co., H enry , S t. Louis, M o.
Lenz & N aum ann , Inc.. N . Y. C.
P alo  C om pany , N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsb u rg , Pa. 
Thom as Co., A rth u r H ., Philadelphia, Pa.

Analytical Laboratories
C olum bus Laboratories, Chicago, 111.
D earborn  Chem ical Co., Chicago, 111.
Sad tle r & Son, Sam uel P ., Philadelphia.

A sph alt F low  P la te s
H ow ard & M orse, N . Y. C.

B akelite
G eneral B akelite  Co., New Y ork C ity.

B alances and W eights
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  C c..S anF rancisco  Cal. 
E im er & Am end, New York C ity .
Heil C hem . Co., H enry , S t. Louis. M o.
Lenz & N aum ann , Inc ., N . Y . C.
Palo C om pany , N . Y . C.
Sargent & C o., E . H . .Chicago, 111,
Scientific M aterials  Co.. P ittsb u rg , Pa.
T hom as Co., A rth u r H ., Philadelphia, Pa.

B oilers
Sowers M fg. Co., Buffalo, N . Y.

Boiler W ater T reatm ent
D earborn  Chem ical Co., Chicago, 111.
M erck & Co.. N . Y . C.

Blow ers
Abbé Engineering Co., N . Y. C.
Crowell M fg. Co., B rooklyn, N . Y .

Bolting Cloth
Abbé Engineering Co., N . Y . C.

Ç on e  B lack
B ooth A ppara tu s Co., Syracuse, N . Y.

Books
Chem ical Publish ing Co., T he, E aston , Pa.
Van N o stran d  Co., D ., N . Y . C.

B riquette M old s 
H ow ard & M orse, N . Y. C.

Brim stone, Crude
U nion S u lp h u r Co., New Y ork C ity.

B urners— G as 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 F rancisco ,Cal. 
Buffalo D en tal M fg. Co.. Buffalo, N . Y .
E im er & Am end, New Y ork C ity .
Heil Chem . Co., H enry , S t. Louis, M o.
Lenz 8z N aum ann . Inc ., N . Y. C.
Palo  C om pany, N . Y . C.
Sargen t. E . H . & Co., Chicago, HI.
Scientific M aterials  Co., P ittsb u rg , P a .

Burners— Sulphur (Rotary)
Glens Falls M achine.W orks, G len F alls, N . Y*

Calorimeters—Fuel and Gas
Bausch & Lom b O ptical Co.. R ochester, N . Y. 
B raun  C orporation , Los Angeles. Calif. 
B raun-K necht-H eim ann C o.,San Francisco,C al. 
E im er & Am end, New Y ork C ity .
Heil Chem . Co., H enry , S t. Louis, Mo- 
Lenz & N aum ann , Inc., N . Y . C.
Palo  C om pany, N . Y. C.
Sarco Co., Inc ., New Y ork C ity.
Sargent, E . H . & Co., Chicago. 111.
Scientific M aterials Co.. P ittsb u rg , Pa.
T hom as Co.. A rth u r H ., Philadelphia, Pa.

C apsules
B ausch & Lom b O ptical Co., R ochester, N . Y. 
N orton  Co., W orcester, M ass.
T herm al Syndicate, L td ., New Y ork C ity.

Carboy Stoppers
B ausch & Lom b O ptical Co., R ochester, N . Y. 
K nigh t. M aurice A., Akron, Ohio.

Castings (Acid and H eat Resisting)
Bethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D uriron  C astings Co.. N . Y . C.
Jacoby, H enry  E ., N . Y . C.
Pacific F o u n d ry  Co., San F rancisco , Cal.

Castings (Chemical)
B ethlehem  F dy . & M ach. Co., So .B eth lehem .P a. 
Buffalo F dy . & M ch Co., Buffalo, N . Y. 
D uriron  C astings Co., N . Y. C.
Jacoby, H enry  E ., N . Y . C.
Pacific F o u n d ry  Co., San F rancisco , Cal. 
W erner & Pfleiderer Co., Saginaw , M ich.

Caustic Pots
Buffalo F dy . & M ch. Co., Buffalo. N . Y.

Caustic Soda
G eneral Chem . Co., N . Y . C. 
H ooker-E lectrochem ical Co., N . Y. C.

Cem ent Filler
Toch B ro thers, N . Y. C.

Centrifugal Engineers
Sharpies Specialty  Co., The, W est C hester, P a .

Centrifugals
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco.C al. 
D eLaval S epara to r Co., N . Y. C. 
In te rn a tio n a l In s tru m e n t C o.,C am bridge,M ass. 
Schaum  & U hlinger. Inc .. Ph iladelph ia . 
Sharpies S pecia lty  Co., The. W est C hester, Pa . 
T o lh u rst M achine W orks, T roy , N . Y. 

Charcoal
Booth A ppara tus C o., Syracuse, N . Y.

C hem ical C astings
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
D uriron  C astings Co., New Y ork C ity.
W erner & Pfleiderer Co., Saginaw . M ich.

C hem ical G lassw are
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Caloris Co., M illville. N . J.
G riebel In s tru m e n t Co., C arbondale. Pa. 
Corning G lass W orks. C orning, N . Y.

Chemicals
Badische C om pany, New Y ork C ity.
B aker & A dam son Chem ical Co., E aston , Pa. 
B aker C hem ical Co., J . T ., Phillipsburg, N . J. 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco,C al. 
D earborn  Chem ical Co., Chicago, 111.
E im er & Am end, N ew  Y ork C ity 
G eneral Chem ical Co., N ew  Y ork C ity.
Heil C hem ical Co., H enry , S t. Louis, M o.
Lenz & N aum ann , Inc ., N . Y . C.
M allinckrod t Chem  C o .,S t .  Louis, M o.
M erck & Co., New Y ork C ity .
N ationa l Aniline & C hem ical Co.. N . Y . C. 
P alo  C om pany , N . Y . C.
Pfizer & Co.. C harles. New Y ork C itv. 
Pow ers-W eightm an-R osengarten C o .,P h ila ., Pa. 
S argen t & Co.. E . H ., Chicago, 111.
Scientific M aterials  Co.. P ittsb u rg . Pa.
Squibb & Sons, E. R ., N . Y. C.
T hom as Co., A rth u r H ., Philadelphia.

Chemical P lants (Complete Installation)
Lum m us. W alter E ., B oston, M ass.

Chemical P lants (Erected and Supervised)
M. M cN am ara , E v e re tt, M ass.

Chemical Reagents
B aker & 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. 
M allinckrod t Chem . Co., S t. Louis, M o.
M erck & Co., N . Y . C.

Chloride of Lime
H ooker-E lectrochem ical Co., N . Y . C.

Chlorine— Liquid
Badische C om pany, New Y ork C ity .
E lec tro  B leaching G as Co., N . Y . C.

Classifiers
D orr C yanide M ach .Co., D enver, Col., & N .Y .C .

C lassifiers or W ash ers
D orrC yan ideM ach .C o ..D enver. C ol., & N .Y .C .

Clay (for Stoneware Products)
W oodbridge Ind .&  D ^ e l .  C o., W oodbridge. N .J .

C oal T a r  P rod u cts
N atio n a l Aniline & Chem ical C o., N . Y . C.

Cocks— Plug (Acid Proof)
D uriron C astings Co., N . Y . C.

Colorimeters
Bausch & Lom b O ptical C o.. R ochester. N . Y . 
B raun  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  C o.,San F rancisco , Cal 
E im er & Am end, N- Y . C.
Heil Chem . Co.. H enry , S t. Louis, M o.
Lenz & N aum ann . Inc .. N , Y . C.
P a lo  C om pany , N . Y . C.

Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials Co., P ittsbu rg , Pa. 
Thom as Co.. A rthu r H.. Philadelphia, Pa.

C olors— A niline and A lizarine 
F arbw erke-H oechst Co., N . Y. C.
N a tio n a l Aniline and  Chem ical Co.. N . Y. C.

Com bustion T u b es and Boats
B ausch & Lom b O ptical Co., R ochester, N . Y. 
N orton  Co., W orcester, M ass.
T herm al Synd icate , L td ., New Y ork C ity .

C ondensers (Barom etric and Surface)
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
Jacoby, H enry  E .. N . Y. C.
Lum m us, W alte r E ., B oston , M ass.

Consulting C hem ists and C hem ical E n gi
neers
A bbott, W . G., J r ., W ashington, D . C.
F oster, A. B .. W ashington, D . C.
H all & Paul, P ittsb u rg h , P a .
L ittle , A rthu r D ., Inc ., B oston, M ass.
M unn . W. F a ito u te . E a s t  O range, N . J.
N ey, A. H ., N . Y . C ity .
Sadtler & Sons. Sam uel P ., Philadelphia. 
Unger, John  S., Chicago, III.

Corn O il (E xtracted)
W oolner & Co.. Peoria . 111.

Crucibles
Am erican P la tinum  W orks, N ew ark . N . J 
Baker & Co., Inc ., N ew ark , N . J . (P latinum ) 
Bausch & Lom b O ptical Co.. R ochester, N . Y. 
B ishop & Co., J ., M alvern. Pa. (P latinum ) 
Buffalo D en tal M fg Co., Buffalo. N . Y.
Dixon C rucib le Co.. Joseph, Jersey  C ity , N . J. 
D uriron C astings Co.. N . Y. C. (Acid Proof). 
Heil C hem ical Co., H enry , S t. Louis, M o. 
N orton  Co. W orcester. M ass. (A lundum ). 
T herm al S yndicate , L td ., N . Y . C. (V itreosil).

C ru sh ers and G rin ders (Industrial and 
Laboratory)
Abbé E ngineering Co., New York C ity . 
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.C al. 
E im er & Am end. New Y ork C ity .
Heil Chem ical Co., H enry , S t. Louis. M o.
P alo  C om pany, N . Y. C.
R aym ond Bros. Im p ac t Pulv. Co., Chicago, 111. 
S argen t & Co., E . H ., Chicago, 111.
W illiam s P a te n t C rusher & P ulv . Co., Chicago. 

Cupels
B ausch & Lom b O ptical Co., R ochester, N . Y. 
H oskins M fg. Co., D etro it, M ichigan.
N orton  C om pany, W orcester, M ass.

C ylin ders (O xygen  and H ydrogen )
In te rn a tio n a l In s tru m e n t Co.. N . Y. C ity .

D iaphragm s
G eneral F iltra tio n  Co., Inc ., R ochester, N . Y.

D iffusion Apparatus
G eneral F iltra tio n  Co., Inc ., R ochester, N . Y. 
Lum m us, W alter E ., B oston, M ass.

D issolving T a n k s— A utom atic
Lum m us. W alter E ., B oston, M ass.
W erner & Pfleiderer Co., Saginaw , M ich.

D istillin g M ach in ery  and A pparatus
B adger & Sons Co., E . B ., Boston, M ass. 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B ooth  A ppara tu s  C o., Syracuse, N . Y.
B raun  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  C o..SanFrancisco , Cal. 
D evine C om pany. J . P.. Buffalo, N . Y.
E im er & Am end, New Y ork C ity .
E lectric  H eating  Appliance Co.. N . Y . C. 
E ly ria  Enam eled P rod. Co.. E ly ria , O., & N .Y .C . 
G erm an-A m erican S tonew are W orks, N . Y. C. 
Heil Chem . Co., H enry , S t. Louis. M o.
Lenz & N aum ann , Inc ., N . Y . C.
Lum m us, W alter E-. Boston. M ass.
Palo C om pany, N . Y. C.
P faud lerC o ..R ocheste r.N .Y ., D e tro it, & N .Y .C . 
Sanborn  E v ap o ra to r Co., N . Y. C.
S argen t & Co., E . H ., Chicago, 111.
Scientific M ateria ls  Co.. P ittsb u rg h , Pa.
S tokes M achine W k s ./F . J ., P hiladelphia .. 
Swenson E v a p o ra to r Co., N . Y . C.
T hom as Co., A rth u r  H ., P h iladelphia , Pa. 
U nger, John  S., C hicago, 111.
W erner & Pfleiderer Co., Saginaw , M ich. 
Zarem ba C om pany, Buffalo, N . Y.

D ry e rs— V acuum
B ethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo Fdy . & M ch. Co., Buffalo. N . Y. 
D evine & C om pany, J .  P ., Buffalo, N . Y. 
Jacoby , H enry  E ., N ew  Y ork C ity .
S tokes M achine Co.. F . J ., P h iladelphia , Pa. 
W erner & Pfleiderer Co., Saginaw , M ich.

D ryin g Apparatus and M ach in ery
B ethlehem  F d ’y & M ach. Co.. So. B eth ., P a . 
Buffalo F dy . & M ch. Co.. Buffalo, N . Y. 
Jacoby, H en ry  E ., N ew  Y ork C ity .
W erner & Pfleiderer Co, Saginaw . M ich.

Ductility Machines 
H ow ard & M orse, N . Y. C.

D yestu ffs
F arbw erke-H oechst Co., N ew  Y ork C ity.

Electrical Instrum ents 
Thw ing In s tru m e n t Co., P h iladelph ia  Pa

E lectrica l M ea su rin g  Instrum en ts
Leeds & N orthxup Co., P h ila., Pa.

E lectrodes— Platinum
A m erican P la tin u m  W orks, N ew ark, N . J. 
B ak er & Co.. In c ., N ew ark , N . T.
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ACIM
Trade Mark. Reg.

VALVE
Patented

ANGLE
TYPE

M ade also in G lobe 
and Freflo Types

Valves to get are Acimet
/

T H E Y  A R E  T H E  M O S T  
E C O N O M I C A L  A C I D -  
P R O O F  V A L V E S  O N  
T H E  M A R K E T .

G E T  O U R  S P E C I A L  
T R I A L  P R O P O S I T I O N  
N O W .

IT  M E A N S  A  S A V IN G  
A N D  M U C H  S A T I S F A C 
T IO N  T O  Y O U .

T he Clevelan d  Brass Mfg . Co.
Sole M anufacturers

4608 HAMILTON AVE. CLEVELAND, OHIO
WALTER E. LUMMUS

BOSTON, MASS.
—  '   ■ s s s s s s i

Benzol Refining
STILLS

JU M M U S  C O L U M N  S T IL L S  in present
service, producing the above grades, 

show the following marked advantages:

Finished products in one operation 

Small volume of intermediate fractions 

Very low steam consumption 

Simplicity of manipulation

These Stills cost less than other column stills 
on the basis of actual production.
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Bausch & Lom b O ptical Co., Rochester, N . Y. 
B ishop & Co., J ., P la tinum  W orks, M alvern , Pa . 
E im er & A m end, New York C ity.
Engelhard , C has., New Y ork C ity.
Heil C hem ical Co., H enry , S t. Louis. M o.
Palo C om pany, N . Y . C.

E n am eled  A pparatus (Acid R esistant)
Elyria  Enam eled Prod. Co.. E lyria , 0 ..& N .Y .C . 
Pfaudler C o.,R ochester,N .Y ., D etro it, & N .Y .C .

E n am el P ain t (Im pervious to A cid Fum es)
G eneral B akelite  Co., N . Y . C.
Toch B rothers, N . Y. C.

Evaporating D ish es
Bausch & Lom b O ptical Co., R ochester, N . Y. 
D uriron Casting« Co.. N . Y . C. (Acid Proof). 
E lyria Enam eled Prod. Co., E ly ria , 0 .,& N .Y .C . 
G erm an-A m erican S tonew are W orks, N. Y. 
P faud ler C o.,R ochester,N . Y., D e tro it, & N .Y .C . 
S tu a rt & Peterson Co., The, B urling ton , N . J . 
T herm al Syndicate. L td ., New York C ity.

Evaporating M achin ery
B adger & Sons, Co.. E. B .. Boston, M ass. 
B ethlehem  F d 'y  & M ach. Co., So. B eth ., Pa. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D evine C om pany, J .  P ., Buffalo, N . Y. 
E lectric H eating  A ppara tu s  Co., N . Y. C. 
Jacoby, H enry  E ., N . Y . C.
Lum m us, W alter E ., B oston , M ass.
.Sanborn E v ap o ra to r Co., New Y ork C ity . 
Stokes M achine C om pany ,F .J.,P h iladelph ia ,P a . 
Swenson E v ap o ra to r C om pany, Chicago, 111 
W erner & Pfleiderer Co., Saginaw , M ich. 
Z arem ba C om pany, Buffalo, N . Y.

E xtractin g Apparatus
Lum m us, W alter E ., Boston, M ass.
W erner & Pfleiderer Co., Saginaw , M ich.

E xtraction  C ylinders
Lum m us, W alter E ., Boston, M ass.

F au cets (Ston ew are— A cid Proof)
G erm an-A m erican S tonew are W orks, N . Y. C. 
K nigh t. M . A., Akron (E ast S ide), Ohio.
U. S. S tonew are Co., T he, A kron, O.

F ertilizer Ind ustries Equipm ent
S ch u tte  & K oerting  Co., Philadelphia.

F ertilizers
G erm an K ali W orks. N . Y . C'.

F ilte r C loth (M etallic)
Sw eetland F ilte r  P ress Co., N . Y . C.

F ilterin g  M ed ia
G eneral F iltra tio n  Co., Inc ., R ochester, N . Y. 
K ieselguhr Co. of Am erica, L os Angeles. Cal. 

F ilte r P a p er (W hatm an)
H . R eeve Angel & Co., N ew  Y ork.

F ilter P re sse s  (Laboratory &  Industrial)
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco.C al. 
In te rn a tio n a l F iltra tio n  C orp., N . Y . C. 
Jacooy, H enry  E .f N ew  Y ork C ity.
K elly F ilte r Press Co., S a lt L ake C ity , U tah . 
Lungw itz, E . E .. New Y ork C ity.
Shriver & Co., T ., H arrison , N . J .
Sperry & Co., D . R ., B atav ia , 111.
Sw eetland F ilte r Press Co., T he, N . Y. C. 
Swenson E v a p o ra to r Co., Chicago, 111.
W erner & Pfleiderer Co., Saginaw , M ich.

F ilters
G eneral F iltra tio n  Co., Inc ., R ochester, N . Y.

F ilters— W ater
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. 
B ooth A ppara tu s  Co., Syracuse. N . Y.
E im er & Am end, N . Y . C ity . 
G erm an-A m erican S tonew are W orks, N . Y . C. 
Heil Chem ical Co., H enry , S t. Louis, M o.
Lenz & N aum ann . Inc ., N . Y. C.
Palo  C om pany , N . Y. C.
Sargent & Co., E . H .. Chicago, 111.
Thom as Co., A rth u r H ., Philadelphia.

F iltros
G eneral F iltra tio n  C o., In c ., R ocheste r, N . Y .

F ire  B rick  and C lay
Buffalo D ental M fg. Co., Buffalo, N . Y.
Dixon Crucible Co. Joseph, Jersey  C ity , N . J. 
K ieselguhr Co. of Am erica, Los Angeles, Calif.

F urnace Linings
Kieselguhr Co. of A m erica, Los Angeles, Calif.

F urn aces— A n nealing— (H ardening and
Enam eling)
Abbé Engineering Co., N . Y . C.
Buffalo D ental M fg. Co., Buffalo, N . Y. 
E lectric H eating  A ppara tu s Co., N . Y. C.

F urnaces (C ase H ardening, R ivet and Bolt) 
Abbé Engineering Co., N . Y . C.

F  urnaces— E lectric 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. 
E im er & Am end, New Y ork C ity .
E lectric H eating  A pparatus Co., N . Y. C. 
E ngelhard , C has., N , Y . C ity .
Heil Chem ical Co., H enry , S t. Louis, M o. 
Hoskins M fg. Co., D etro it, M ich.
Lenz & N aum ann , Inc., N . Y . C.*
Palo  C om pany, N . Y. C.
Sargent & Co.. E . H . Chicago. 111.
Scientific M aterials  Co., P ittsbu rg , Pa. 
Thom as Co.. A rth u r H ., Philadelphia.

F u rn aces— (Forge)
Abbé Engineering  Co., N . Y . C.
B raun C orporation , L os Angeles, Calif. 
B raun-K nech t-H eim ann  Co.,San Francisco. C al. 
Buffalo D en tal M fg. Co., Buffalo, N . Y . C. 
E lectric H eating  A p p ara tu s  Co.. N . Y . C.

F u rn aces (M eltin g, O il or G as)
A bbé E ngineering  Co., N . Y . C.
B raun C orporation . Los Angeles. Calif. 
B raun-K nech t-H eim ann  Co.. San Francisco ,C al.

Buffalo D en tal M fg. Co., Buffalo, N . Y. 
E lectric  H eating  A ppara tu s Co., N . Y . C.
H eil Chem ical Co., H enry , S t. Louis, Mo.

Furnaces— Muffle
Abbé E ngineering Co., N . Y . C.
Bausch & Lom b O ptical Co., R ochester. N  Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,Cal. 
Electric H eating  A ppara tu s  Co., N . Y C 
Heil Chem ical Co., H enry , S t. Louis, M o. 
H oskins M fg. Co., D etro it, M ich.
Lenz & N aum ann , Inc ., N . Y. C.

Furnaces— Sulphur
S ch u tte  & K oerting  Co., Philadelphia.

Gas Analyzers
B ausch & Lom b O ptical Co., R ochester, N . Y.

Gauges
B ausch & Lom b O ptical Co., R ochester, N . Y.

Generators (Electro-O xy-H ydrogen)
S hriver & Co., T ., H arrison, N . J .

Glass
C om ing Glass W orks, Corning, N . Y.

Glass Blowing
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco,C al. 
Caloris Co., The, M illville, N . J.
C arbondale  In s tru m e n t Co., C arbondale, Pa. 
E im er & Am end, New Y ork C ity.
G reiner Co., Em il, N . Y. C ity .
Heil Chem ical Co., H enry , S t. Louis, M o.
Palo  C om pany, N . Y . C.
S argen t & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsbu rg , Pa.

■ G lass Enam eled Apparatus
Elyria  Enam eled Prod. Co.. E lyria . O., & N .Y .C . 
Pfaudler Co., R ochester,N . Y ., D etro it, & N .Y .C .

Graphite Products
Dixon C rucible Co., Joseph, Jersey  C ity , N . J

Grinders
Abbé E ngineering Co., N . Y. C ity .
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann C o .,San  Francisco.C al. 
R aym ond Bros. Im p ac t Pulv. Co., Chicago. 111. 
W illiam s P a te n t C rusher & P ulv . C o ., C hicago.

H eating Apparatus (Laboratory)
Bausch & Lom b O ptical Co., R ochester, N . Y. 
E lectric H eating  A ppara tu s Co., N . Y . C. 
Hoskins M fg. Co., D etro it, M ich.
Lenz & N aum ann , Inc ., N . Y. C.

H ot P lates (Laboratory Purposes)
Bausch & Lom b O ptical Co., R ochester, N . Y. 
E lectric H eating  A ppara tu s  Co., N . Y . C. 
H oskins M fg. Co., D etro it, M ich.

Hydro Extractors
T o lh u rst M achine W orks, T roy , N  Y.

Hydrom eters
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Caloris Co.. The, M illville, N. J.
Griebel In s tru m e n t Co., C arbondale, P a . 
G reiner Co., Em il, New Y ork C ity .
H eil Chem ical Co.. H enry , S t. Louis, M o.

Hydrogen Generators
In te rn a tio n a l Oxygen Co., N . Y . C.

Hydrogen (Pure)
In te rn a tio n a l Oxygen Co., N . Y. C. 

Insulation
K ieselguhr Co. of A m erica, Los Angeles, Calif

Jars and Jugs (Acid Storage)
B ausch & Lom b O ptical Co., R ochester, N . Y. 
G erm an-A m erican Stonew are W orks, N . Y. C. 
K nigh t, M . A.. A kron (E ast Side), Ohio.

K ettles (Chemical Castings)
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D uriron  C astings Co., N . Y . C.
Jacoby, H enry  E ., N ew  Y ork C ity .
W erner & Pfleiderer Co., Saginaw . M ich.

K ettles (Lined)
E ly ria  Enam eled Prod. Co.. E lyria , O.. & N .Y .C . 
Pfaud lerC o .. R ochester,N .Y ., D e tro it, & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

K ettles (Steam  Jacketed)
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
E ly ria  Enam eled Prod. Co.. E lvria . O.. & N .Y .C . 
P faud ler Co., R ocheste r,N .Y., D e tro it, & N .Y .C . 
Sowers M fg. Co., Buffalo, N . Y.
Sperry & Co., D  R ., B atav ia , 111.
S tu a r t & Peterson  Co., T he, B urlington, N . J. 
W erner & Pfleiderer Co.. Saginaw , M ich.

K ettles (Stoneware)
G erm an-A m erican S tonew are W orks, N . Y . C. 
K nigh t, M . A., A kron (E as t Side), Ohio. 

K ieselguhr
K ieselguhr Co. of A m erica. Los Angeles, C alif.

Laboratory Supplies
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation , Los Angeles. Calif. 
B raun-K nech t-H eim ann  Co., San F rancisco .C al. 
C aloris Co., T he , M illville, N . J .
C arbondale  In s tru m e n t Co., C arbondale, Pa. 
C om ing G lass W orks, Corning, N . Y.
E im er & A m end, New Y ork  C ity .
G reiner C o., E m il, New Y ork C ity .
H eil Chem . Co., H en ry , S t. Louis, M o.
Lenz & N au m an n . Inc ., N . Y . C  
Palo  C om pany, N . Y . C.
S argen t & Co., E . H ., Chicago, 111.
Scientific M ateria ls  C o., P it tsb u rg , Pa. 
T hom as Co.. A rth u r H ., Ph ilade lph ia , P a .

Lacquer
G eneral B akelite  Co.. New Y ork  C ity .

Lactic Acid
W oolner & Co., P eoria , HI.

Leaching Cells 
Zarem ba Co.. Buffalo. N . Y ,

L ead  Burning
M . M cN am ara, E v e re tt, M ass.

Lead Lined Pipe and A ccessories
Schu tte  & K oerting  Co., Philadelphia.

Lubricants
Dearborn Chem ical Co., Chicago, 111.
Dixon C rucible Co., Joseph, Jersey  C ity , N . J

M achin ery— M in ing and M etallurgical
Abbé Engineering Co., New Y ork C ity.
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co..San Francisco.C al 
G eneral F iltra tio n  Co., In c ., R ochester, N . Y. 
Stokes M achine Co., F . J ., Philadelphia. 
W erner & Pfleiderer Co., Saginaw , M ich.

M achin ery— M ixing and K n eading 
Abbé Engineering Co.. New York C ity 
P faud lerC o .,R ocheste r,N .Y ., D e tro it, & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

M achin ery— Pulverizing 1 
Abbé Engineering Co., New Y ork C ity.
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann C o.,San F rancisco.C al 
G eneral F iltra tio n  Co., Inc ., R ochester, N . Y. 
R aym ond Bros. Im p a c t P ulv . Co.. Chicago. Ill 
W erner & Pfleiderer Co.. Saginaw . M ich

M achin ery (Special)
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D uriron C astings Co., N. Y. C.
W erner & Pfleiderer Co., Saginaw , M ich.
Y ork E lec tric  & M achine Co.. Y ork . Pa.

M icroscopes
Bausch & Lom b O ptical Co., R ochester, N . Y 
B raun C orporation . Los Angeles. Calif. 
B raun-K nech t-H eim ann  Co., San Francisco  Cal 
E im er & Am end, New Y ork C ity.
H eil Chem . Co.. H enry , S t. Louis, Mo.
Lenz & N aum ann , Inc ., N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsbu rg , Pa. 
T hom as Co.. A rth u r H .. Philadelphia, Pa

M icrotom es
Bausch & Lom b O ptical Co.. R ochester, N . Y. 
H eil C hem ical Co., H enry , S t. Louis, M o.
Lenz & N aum ann , Inc., N . Y . C.

M ills— B all, P e b b le  and T u b e
A bbé E ngineering Co., New Y ork C ity .

M ixers
P faud lerC o ., R ocheste r.N .Y .,D e tro it, & N .Y .C . 
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co., Saginaw , M ich.

M ixing T an k s
E ly ria  Enam eled  P rod. Co., E lyria , O., & N .Y .C  
Lum m us, W alter E ., B oston, Mass. 
P faud lerC o ., R ochester, N .Y ., D e tro it, & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

M on teju s— A utom atic
Buffalo F d y . & M ch. Co., Buffalo, N . Y. 
G erm an-A m erican S tonew are W orks, N . Y . C 
S ch u tte  & K oerting  Co., Philadelphia.

N ickel-C hrom ium  G au ze
H ow ard & M orse, N . Y . C.

N itratin g P ots
Pfaud ler C o .,R ochester.N .Y .,D e tro it, & N .Y .C . 

N itre P o t A cid P ip es
D uriron C astings Co., N . Y . C. (Special Alloy) 
E ly ria  Enam eled Prod. Co., E lyria . 0 . .& N .Y .C . 
T herm al Syndicate, L td ., N .Y .C . (Silica W are;

N ozzles (Acid Proof)
D uriron C astings Co., N . Y . C.

O il T estin g  Instrum ents
B ausch & Lomb^ O ptical Co., R ocheste r, N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco.C al 
Lenz & N aum ann, Inc ., N . Y . C-

Optical Instrum ents
Bausch & Lom b O ptical Co., R ochester, N . Y

O xygen  G en erators
In te rn a tio n a l Oxygen Co., N . Y . C ity

O xygen  (Pure)
In te rn a tio n a l Oxygen Co., N . Y. C ity .

O xygen  T estin g  Apparatus
In te rn a tio n a l Oxygen C om pany , N . Y C ity

P ackings (Condensing T ow er)
G erm an-A m erican S tonew are W ks., N . Y. C. 
K nigh t, M . A., Akron (E ast S ide), Ohio.
U. S. Stonew are Co., T he, A kron, O.

P ain ts
Toch B ro thers, N . Y . C ity .

P aten t Attorneys
B rickenste in , Jo h n  H ., W ash ing ton , D . C. 
F oster, A. B ., W ashington , D . C.
P arker, C. L ., W ashington. D . C.
Sieck, H erbert, C hicago, 111.
Tow nsend. C lin ton  P ., W ash ing ton , D . C. 

P en etro m eters
H ow ard & M orse, N . Y. C ity .

P ercolators
E lyria  E nam eled  Prod.C o., E ly ria . O.. & .N .Y .C  
K ieselguhr Co. of A m erica. Los Angeles, Cal. 
P faud ler Co., R ochester N .Y .,D e tro it, & N .Y .C .

P h oto-M icrograp hic  Apparatus
B ausch & Lom b O ptical C o., R ochester, N . Y

P ip e and A ccessories
B ausch & Lom b O p tica l Co., R ochester, N . Y  
C orning G lass W orks, Corning, N . Y.

Pipe and A ccessories (Acid Proof)
D uriron C astings Co., N . Y. C.
E lyria Enam eled P rod. Co., E ly ria , O., & N .Y .C  
G erm an-A m erican S tonew are W orks, N . Y . C. 
K nigh t, M . A., A kron (E as t Side), Ohio. 
S ch u tte  & K oerting  Co., Philadelphia. 
T herm al S yndicate , L td .,N . Y . C . (Fused Silica). 
U. S. S tonew are Co.. T he , A kron, O.

P ip e and F ittings— L e a d  or T in  L in ed
C hadw ick-B oston  L ead  C o., B oston , M ass.
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POTASH SALTS
FOR AGRICULTURAL and INDUSTRIAL USES

We sell M U R IA T E  O F  P O T A S H , S U L F A T E  O F  PO T A S H , D O U B L E  M A N U R E  
S A L T , M A N U R E  S A L T , K A IN IT  and K IE SE R IT , in single cars and upwards, to Chemical 
Works, Fertilizer Mixers, Jobbers and Dealers.

We also sell direct to Consumers, for agricultural use, any quantity of Muriate, Sulfate or 
Kainit from one 200-lb. bag up.

Sales to Manufacturers for direct importation from Germany are made by the New York 
Office. Meyer, Wilson & Co., San Francisco, Cal., are Agents for the Pacific Coast.

Books relating to Production and Uses of Potash in Agriculture sent free on request.

T h e  G e r m a n  K a l i  W o r k s
4 2  Broadway, NEW YO RK

BR A N C H  OFFICES A T  CHICA G O, S A V A N N A H , N E W  O RLEA N S A N D  BA LTIM O R E

-Ü

M A D E  I N

U°S°A° DENATURED
ALCOHOL

We can supply every require
ment —  our facilities permit 
offering Denatured Alcohol 
according to any and every 
approved U . S. Government 
Formula. This Alcohol is of 
the highest quality and will 
stand any test.

Special and prompt atten
tion given to carload shipments. 
Submit your specifications and 
we will gladly make quotations.

WOOLNER & CO.
PEORIA ILLINOIS

T e s t  a S a m p l e  of
’’pT'vi • T -

—  the Ma c h i n a b l e ,  
Acid-Resisting A lloy

Users of C O R R O SIR O N  have proved th a t  it is p a rtic u 
larly  ad ap tab le  to  m any  exacting  cond itions of requ irem en t. 
T hey  have been able to  c as t i t  in difficult, in tr ic a te  shapes. 
I t  is being cas t a round  steel p ipes, shafts, e tc ., and  castings 
of nearly  three inches in  th ickness have failed to  show flaws.

C O R R O SIR O N  is deserv ing  of you r a tte n tio n  and  we 
are anxious th a t  you su b m it a  sam ple to  y ou r chem ical te st.

W e  a r c  m a k i n g  C e n t r i f u g a l  P u m p s  u p  t o  s ix  i n c h e s  a n d  
a r e  c a r r y in g  V a lv e s  a n d  P l u g  C o c k s  in  s t o c k

Pacific Foundry Company
Harrison and Eighteenth St*. SAN FRANCISCO, CAL.



CLASSIFIED INDEX TO ADVERTISERS' PRODUCTS- (  Concluded)
Platin um  (Sheet, W ire  and Foil)

; ■ “Am erican 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., R ochester, N . Y . 
B ishop & Co., J ., P la tinum  W orks. M alvern . Pa.

Platinum  W are  (Laboratory)
A m erican 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., R ochester, N . Y. 
B ishop & Co., J ., P la tinum  W orks, M alvern , Pa. 
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco.C al. 
E im er & A m end, N ew  Y ork C ity .
Engelhard , C has., New Y ork C ity.
Heil Chem . Co., H enry , S t. Louis, M o.
Lenz & N au m an n . Inc .. N . Y . C.
P a lo  C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials  Co.. P ittsb u rg . Pa. 
T hom as Co.. A rth u r H ., Philadelphia.

P orcelain  W are — Laboratory
B ausch & Lom b O ptical Co.. R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun -K nech t-H eim ann  C o.,San Francisco.C al. 
E im er & A m end, New Y ork C ity .
H eil Chem . Co., H enry , S t. Louis, M o 
Lenz & N au m an n . Inc .. N . Y . C.
P a lo  C om pany, N . Y . C.
S argen t & Co., E . H ., Chicago, 111.
Scientific M ateria ls  Co., P ittsb u rg , Pa. 
Thom as Co., A rth u r H ., Philadelphia.

Potash Salts
G erm an K ali W orks, N . Y . C.

Pulverizers— Laboratory 
Abbé Engineering  Co., N ew  Y ork C ity. 
B ausch & L om b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  C o.,SanFrancisco . Cal. 
E im er & Am end. New Y ork C ity .
H eil Chem ical Co.. H enry , S t. Louis. M o.
Palo C om pany, N . Y . C.
W illiams P a te n t C rusher & Pu lv . Co., Chicago. 

Pu m p s— Acid
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B ethlehem  F d y . & M ach. Co., So. B e th ’m, Pa. 
D evine Co., J . P., Buffalo, N . Y.
D uriron  C astings Co., New Y ork C ity . 
G erm an-A m erican S tonew are W orks. N . Y. C. 
S ch u tte  & K oerting  Co., Philadelphia.

Pum ps (Laboratory Vacuum)
Abbé Engineering  Co., New Y ork C ity. 
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Buffalo D en tal M fg. Co., Buffalo, N . Y. 
Crowell M fg. Co., B rooklyn, N . Y .
H u b b ard s’ Sons, N orm an , B rooklyn, N . Y.

Pum ps (Vacuum)
Abbé Engineering Co.. N . Y. C.
Bethlehem  F d y . & M ach. Co., So. B e th ’m, Pa. 
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
Crowell M fg. Co., B rooklyn, N . Y.
D uriron  C astings Co.. N . Y. C.
Jacoby , H enry  E ., New Y ork  C ity .

Pum p P a rts M eta l (Acid Proof)
D uriron C astings Co., N . Y . C.
S ch u tte  & K oerting  Co., Philadelphia.

Pyrom eters
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco.C al. 
E im er & Am end, N ew  Y ork C ity .
Engelhard , C has., N ew  Y ork C ity .
G reiner Co., Em il. New Y ork C ity .
Heil Chem. Co., H enry  E ., S t. Louis, M o. 
H oskins M fg. Co., D etro it, M ich.
Lenz & N aum ann , Inc ., N . Y. C.
P a lo  C om pany , N . Y . C.
Sargen t & Co., E . H ., Chicago, 111.
Scientific M ateria ls  Co.. P ittsb u rg , Pa. 
T hom as C o., A rth u r H ., Philadelphia.
Thw ing In s tru m e n t Co., P h iladelph ia , Pa .

Q uartz
B ooth A p p ara tu s  C o., Syracuse, N . Y.

Quartz Glass 
B ausch & Lom b O ptical Co., R ochester, N . Y . 
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco .C al. 
E im er & Am end, N ew  Y ork C ity .
E ngelhard , Chas, New Y ork C ity.
G reiner Co., Em il, New Y ork C ity .
H anovia  C hem ical & M fg. Co., N ew ark. N . J  
Heil Chem . Co., H enry . S t. Louis, M o.
Lenz & N aum ann , Inc ., N . Y . C.
P alo  C om pany, N . Y . C.
S argen t & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsb u rg , Pa. 
Therm al Syndicate, L td ., N ew  Y ork C ity . 
Thom as Co., A rth u r H .. Philadelphia.

Radium
Eim er & Am end, New Y ork C ity.
H eil C hem ical Co., H enry , S t. Louis, M o.
Lenz & N aum ann , Inc.. N . Y . C.
Palo  C om pany, N . Y . C.

R eagen ts— Chem ical
B aker & Adam 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. 
Heil C hem ical Co., H enry, S t. Louis, M o. 
Hoffm ann & K ropff Chem . Co., B rooklyn, N . Y. 
M erck & Co., N . Y . C.
Squibb & Sons, E . R ., N . Y. C.

R efin eries— (O il— Su gar Installation)
Lum m us. W alter E ., B oston , M ass.

Refractories
K ieselguhr Co. of A m erica. Los Angeles, Calif. 
N orton  Co., W orcester, M ass.

R esistan ce  W ire
Am erican P la tinum  W orks, N ew ark , N . J. 
B aker & Co., Inc ., N ew ark , N . J.
B ishop & Co., J .,  M alvern , Pa.

Retorts
Dixon C rucible Co., Joseph. Jersey  C ity , N . J. 
H eil Chem ical Co., H enry, S t. Louis, M o. 
Lum m us, W alter E ., Boston, M ass.
T herm al Syndicate, L td ., N . Y . C.

R etorts (Cast Iron)
Buffalo F dy . & M ch. Co., Buffalo, N . Y.

R etorts— Acid (C ast Iron)
Bethlehem  F oundry  & M ach. Co.. So. B eth., Pa. 
Buffalo F d y . & M ch. Co., Buffalo, N . Y.

Rotary Com pressors or B low ers
Abbé Engineering Co., N . Y. C.
Crowell M fg. Co., B rooklyn. N . Y.

Rotary L ead  Fans
S chu tte  & K oerting  Co., Philadelphia.

Screen s (G rinding & Pulverizing)
R aym ond Bros. Im p a c t P u lv  Co., Chicago. 111.

Separators— Air 
R aym ond  Bros. Im p ac t. P u lv  Co., Chicago, 111.

Separators— C entrifugal
In te rn a tio n a l In s tru m en t C o .,C am bridge,M ass. 
Schaum  & U hlinger, Inc ., P h iladelphia . 
T o lhu rst M achine W orks, T roy , N . Y.

S h redd ers
W illiam s P a ten t C rusher & Pu lv . Co.. Chicago.

Sieve A gitators
H ow ard & M orse. N , Y . C ity .

S iev es (Testing)
H ow ard & M orse. N . Y . C ity .

S ilica — F used
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.C al. 
E im er & Am end, New Y ork C ity.
Engelhard , C has., N ew  Y ork C ity .
G reiner & Co., E m il, N . Y . C.
Heil C hem . Co., H enry , S t. Louis, Mo.
Lenz & N aum ann  Inc ., >T. Y . C.
P alo  C om pany, N . Y. C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials Co., P ittsb u rg , Pa.^ 
T h erm al Syndicate, L td ., N ew  Y ork C ity . 
T hom as Co., A rth u r H ., Philadelphia.

Solvent R ecovery A pparatus (Vacuum ) 
Elyria  Enam eled Prod. Co., E ly ria . O.. & N .Y .C . 
Lum m us, W alter E ., Boston. M ass.
P faud ler C o .,R ochester,N .Y ., D e tro it,& N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Spelter
New Jersey  Zinc Co., T he, N . Y . C .

Spray N ozzles
S ch u tte  & K oerting  Co., Philadelphia.

S team  E n gin eerin g Sp ecialties
Sarco Co., Inc ., New Y ork C ity.

Steam  T raps and M eters
Sarco Co., Inc ., N ew  Y ork C ity .

Stirring Apparatus
B ooth A ppara tus C o., Syracuse, N . Y.
D uriron  C astings Co., N . Y . C.
E ly ria  Enam eled Prod. C o .,E ly ria , O., & N .Y .C . 
P faud ler C o .,R ochester.N .Y ., D e tro it, &: N .Y .C . 
W erner & P fleiderer Co., Saginaw , M ich.

Ston ew are— C hem ical (Laboratory)
B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco.C al. 
E im er & A m end, N ew  Y ork  C ity . 
G erm an-A m erican S tonew are W orks, N . Y . C. 
Heil Chem . Co., H enry , S t. Louis, M o. 
K n igh t, M aurice A., A kron .Ohio.
Lenz & N aum ann . Inc ., N . Y . C.
Palo  C om pany, N . Y . C.
S argen t & Co.. E . H ., Chicago, 111.
Scientific M ateria ls  Co., P ittsb u rg , Pa. 
T hom as Co., A rth u r H ., Philadelphia.
U. S. S tonew are Co., T he, A kron. O.

S ton ew are  (Acid Proof— Industrial P u r
poses)
G erm an-A m erican S tonew are W orks, N . Y . C. 
K nigh t, M . A., A kron (E as t S ide), Ohio.
U. S . S tonew are C o., T he, A kron, O.

Succin ic  A cid
W oolner & C o., Peoria , HI.

Sulphur, Crude
Union S u lphu r C o., New Y ork C ity .

Su rface  C om bustion Equipm ent
B ausch & Lom b O ptical Co., R ochester, N . Y.

Syphons— S team  Jet
D uriron C astings Co., N . Y . C. (Acid Proof). 
Schu tte  & K oerting  Co., P h iladelphia , Pa. 
E ly ria  Enam eled P ro d u cts  Co., E ly ria , O., and 

N . Y. C.
T a n k s— (For A cid  or B asic  Reaction)

E ly ria  E nam eled  P roducts  Co., E ly ria , O., and 
N . Y. C. '

G erm an-A m erican S tonew are W orks, N . Y . C 
K nigh t, M aurice A., A kron, Ohio.
Lum m us, W alter E ., B oston , M ass.
P faud ler Co., R ochester.N . Y .,D etro it. & N .Y .C . 
U . S. S tonew are Co., T he , A kron, O.

T an k s— (M easu rin g & Self-decanting)
E ly ria  Enam eled P rod. Co., E ly ria . O., & N .Y .C . 
P faudler Co., T he, R ochester, N . Y.
L um m us, W alter E ., B oston, M ass.

T an k s— P ressu re
E lyria  Enam eled P rod. Co., E ly ria . O., & N .Y .C . 
G erm an-A m erican Stonew are W orks. N. Y C. 
P faud ler C o.,R ochester.N . Y., D e tro it, & N .Y .C . 
U. S. S tonew are C o.; T he, A kron, O.

T a n k s (Steel)
Stevens B ro thers, N . Y. C.

T an k s (Storage)
E lyria  Enam eled Prod. Co., E lyria . O.. & N .Y .C . 
G erm an-A m erican Stonew are W orks, N . Y. C. 
K nigh t, M . A.. A kron (E ast S ide). Ohio 

.P faud lerC o .,R ocheste r.N . Y ., D e tro it, & N .Y .C . 
U. S. S tonew are Co., The, A kron. O.

T em perature Control Instrum ents
Thw ing In s tru m e n t Co.. P h iladelph ia , Pa.

Therm om eters
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Caloris Co., T he, M illville, N . J.
C arbondale  In s tru m e n t Co., C arbondate , Pa. 
Engelhard, Charles, New Y ork C ity .
G reiner Co., Em il, New Y ork C ity .
H eil Chem ical Co., H enry , S t. Louis, M o.
Lenz & N aum ann , Inc ., N . Y. C.

Therm ostats
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Thw ing In s tru m e n t C o.. P h ilade lph ia ., Pa.

T h icken ers, or D ew aterers
D orr C yanide M ch’y  Co., D enver. Col., N . Y. C. 
In te rn a tio n a l F iltra tio n  Corp., N . Y . C.

T ile  (Tower)
G erm an-A m erican S tonew are W orks, N . Y. C 
K nigh t, M . A., A kron (E as t S ide), Ohio.
U . S. S tonew are Co.. The, A kron, O.

T riangles
B ausch & Lom b O ptical Co., R ochester, N . Y. 
T herm al S yndicate , L td ., New York C ity.

Vacuum  D ryin g Apparatus
B ethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F d v  & M ch. Co.. Buffalo. N . Y. 
D evine Co.. J . P ., Buffalo. N . Y.
E ly ria  Enam eled Prod. Co., E ly ria , O., & N .Y .C . 
Jacoby  H enry  E ., New Y ork C ity.
Pfaudler Co., R ocheste r.N .Y., D etro it, & N .Y .C . 
S tokes M achine Co., F . J ., Philadelphia. 
W erner & Pfleiderer Co., Saginaw , M ich.

Vacuum  P an s
B adger & Sons Co., E . B ., B oston , M ass. 
D evine Co., J . P .. Buffalo, N . Y.
E ly ria  Enam eled Prod. Co., E ly ria ,0 .,& . N .Y .C . 
G erm an-A m erican Stonew are W orks, N . Y C. 
Jacoby, H enry  E .. New Y ork C ity .
Lum m us, W alter E ., B oston , M ass.
Pfaudler Co., R ochester.N . Y ., D etro it, & N .Y .C . 
S anborn  E v ap o ra to r Co., New York C ity 
Sowers M fg. Co., Buffalo, N . Y.
Sperry  & Co., D. R ., B atav ia , 111.
S tokes M achine Co.. F . T., Philadelphia. 
S tu a r t & Peterson  Co., T he, B urling ton , N . J. 
Swenson E v a p o ra to r Co., C hicago, 111.
W erner & Pfleiderer C o., Saginaw , M ich. 
Zarem ba Co., Buffalo, N . Y .

Vacuum  Pum ps 
Abbé E ngineering Co., N . Y . C ity .
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Crowell E ngineering Co., B rooklyn, N . Y. 
H u b b a rd ’s Sons, N orm an, B rooklyn. N . Y. 
Y ork E lec tric  & M achine Co., Y ork, Pa.

Vacuum  Stills
E ly ria  Enam eled  P rod.C o., E lyria.O ., & N .Y .C . 
Lum m us, W alte r E ., B oston, M ass.
P faud ler C o ..R ochester.N . Y ., D e tro it, & N .Y .C . 
S tu a rt & Peterson  Co., The, B urling ton . N . J. 
W erner & Pfleiderer Co., Saginaw , M ich.

Valves and F ittin gs— Lead
S chu tte  & K oerting  Co.. Ph iladelph ia . Pa.

Varnish— Coil Im pregnation
G eneral B akelite  Co., New Y ork C ity .

V ats (Rectangular)
Pfaueiler Co.. R o ch este r.N .Y .,D e tro it.& N .Y .C .

V icat N eed les
H ow ard & M orse, N . Y . C ity .

V iscosity  F loats
H ow ard & M orse, N . Y. C ity .

W ater B ath (Laboratory)
B ausch & Lom b O ptical Co., R ochester, N . Y. 
E lectric  H eating  Appliance Co., N . Y . C.

W ater Softenin g A pparatus
B ooth  A ppara tu s  Co., Syracuse, N . Y.

W eigh in g M ach in ery— (Autom atic)
W erner & P fleiderer C o., Saginaw , M ich.

W elding and C utting A pparatus
In te rn a tio n a l Oxygen Co., N . Y . C.

W ire  Cloth
H ow ard & M orse, N . Y . C ity .

W ire , R esista n ce
D river, H a rris  W ire Co., H arrison , N . J .

W ood D istillation  Equipm ent
B adger & Sons, Co., E . B ., B oston, M ass. 
E ly ria  Enam eled  P rod. Co., E ly ria , O., & N .Y .C . 
L um m us. W alte r E .. B oston , M ass.
P faud ler Co., R ochester N .Y ., D etro it. & N .Y .C . 
Swenson E v ap o ra to r Co., C hicago, 111. 
Z arem ba Co., Buffalo, N . Y.
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FOUNDED 1818

Powers-Weightman 
Rosengarten Co.

M anufacturing  
Chem ists

PHILADELPHIA
N E W  Y O R K  
S T .  L O U I S

S u p p lied  by Dealers th rou gh ou t  
th e  U n ited  S ta tes

A  Full Line of Chemicals of 
Standard Purity and 

Excellence
C o m p le te  L is t on R eq u est

The
Multithermograph

Six Temperature-Time 
Records

A l l  in one chart, each in a 
different color

I t  is  u sed  w ith

H e r a e u s  R e s i s t a n c e  T h e r m o m e t e r s

o r

T h e r m o - E l e c t r i c  P y r o m e t e r s

T h e continuous ch art w ith  rectan gu lar co
ordinates, th e d irect ind icatin g scale, its 
extrem ely high resistance, and great accu racy, 
com bined w ith sim p licity, and robustness of 
construction, together w ith  absolute d istin c
tion betw een each in d ivid ual record are 
qualities possessed b y  this instrum ent, and 
w ith  w hich  no other can com pare.

M a y  w e tell you  m ore ?

Charles Engelhard
30 C hurch  S t., New York
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A New Freas Electric Vacuum Oven
T h e  O ven  illu stra ted  is id en tica l w ith  th e  F reas E le ctric  V a c u u m  O ven  excep t 

for its  size and a sligh t ch an ge in th e arran gem en t o f th e door.

T h e  O ven  proper is con stru cted , h eated  and regu la ted  on th e  sam e lines as the 

regu lar F reas D ry in g  O ven , T y p e  R .

T h e  ca st b ron ze va cu u m  ch am b er— in tern al dim ensions 9 inches deep, 9 inches 

d iam eter— fits in th e oven  as illu stra ted . I t  is p ro v id ed  w ith  rack s fo r  shelves, 

va cu u m  gau ge and conn ection s fo r  va cu u m  and for p assin g in h eated  air or re

du cin g gases. T h e  groun d surfaces o f th e  oven  and  its  door are held to g eth er 

p e rfe ctly  b y  s tu rd y  sp rin g clips. T h is  con stru ctio n  a llow s th e  su rfaces to  be 

ea sily  reground in case o f need; it  perm its a lso  in sta n t rem oval o f th e  door.

T h e  va cu u m  cham b er is rea d ily  rem ovab le, p e rm ittin g  th e use o f the oven  proper 

— ch am b er dim ensions 12 b y  12 inches, for regu lar d ry in g  purposes.

T h e  F rea s E le c tr ic  V a c u u m  O ven  is  th e  o n ly  o v e n  fo r  u se  w ith  
v a c u u m  t h a t  c a n  b e  m a in ta in e d  a c c u r a te ly  a t  a n y  te m p e r a tu r e  
d esired  u p  to  180° C. I t  is  c o n s id e r e d  t h e  m o s t  sa t is fa c to r y  
v a c u u m fo v e n  a v a ila b le . R e p e a t  o rd ers r ece iv ed — o n e  r e c e n t ly  
fo r  fo u r  o v e n s— prove t h e  s a t is fa c t io n  i t  is  g iv in g .

Complete with Vacuum Cham ber, inside dim ensions 9 x 9  inches, 
Complete with Vacuum C ham ber, inside dim ensions 8 x 1 8  inches,

S O L E  D I S T R I B U T O R S

E I M E R  and A M E N D
(F o u n d ed  1851)

IN D U S T R IA L AND ED U CA TIO N A L LA B O R A TO R Y  APPARATU S  
C H E M IC A L S  AND D RU GS

NEW YORK g
N . Y .  VJ

PITTSBURGH


