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ANY LIQUORANY CAPACITY

S in g le  an d  M u ltip le  effects d esign ed  to  m e e t  
co n d it io n s  as w e find th em .

S ta rt th e  new  year by p la n n in g  a ca m p aign  
to  red u ce you r co st o f m a n u fa c tu re  (saving coal, 
labor, repairs, etc .) by th e  in s ta lla t io n  of m od ern  
e q u ip m e n t d esign ed  for your w ork by evaporation  
en g in eers  w h o have th e  experience 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 BASKET 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.

STANDARD 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.

EVAPORATORS 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 EN 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  
op eration  and  m a x im u m  s im p lic ity  in  d esig 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 racter 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 of w h ich  have b een  “ rep ea t”  orders. A ssista n ce  
given  in  processes u t iliz in g  w a ste  so lu tio n s  or n ew  c h e m i­
cal p rodu cts.

L et un send one of our engineers to look over your conditions to determ ine  
the type best suited to your requirements

C w E N S D N p y a P O R A T O R  f o !

945 Monadnock Bldg. CHICAGO, ILL.
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ZAREMBA CRYSTALLIZING EVAPORATORS
represent  the  h igh-water  m a rk  in appara tus  for the concentra t ion  

of Crystal l iz ing and  Precip i ta t ing  Solutions

T h e se  c u t s  r e p r e se n t  a Q u a d ru p le  E ffect — th e  la r g e s t  e v a p o r a tin g  
e q u ip m e n t  in  u se  fo r  th e  c o n c e n tr a t io n  o f e le c tr o ly t ic  c a u s t ic  liq u o r

V IEW  F R O M  EV A PO R A T O R  F L O O R

V IEW  FR O M  F IL T E R  FL O O R

Third instal la tion of  this  type  m a d e  for the  Niagara Alkali  Co

ZAREMBA COMPANY, Buffalo, U.S.A.
N ew  Y ork  A g e n t, H . E. J a c o b y , 95-97 L ib erty  S t .
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W ebster ’s says

This forcibly applies to

Bethlehem-Built 
Chemical Apparatus

a n d  to Tantiron— the  
Most Resistant, Easiest 
Machined Metal.

Bethlehem Foundry & Machine Co.
124 South Front Street 
So. Bethlehem - Pa.

W. A. W IL B U R , J . G E O R G E  L E H M A N , I .  E. K R A U S E ,
Presiden t. Vice-Pres. and G en 'l M gr. Secretary -T reasurer.

A. H . ST E V E N S . R O B E R T  E . W IL B U R .
G eneral Sales Agent. A ssistan t to  G eneral M anager.
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'  I ’H IS  is the M ix in g  

T a n k  that w on so 

m uch favorable com ­

m e n t at th e  S p r in g  

M eeting o f the A m er­

ican C hem ical Society  

in  Urbana.

It  is one o f m any d if­

ferent types o f

pfaudler
Glass Enameled 
S te e l Apparatus

It is one piece o f open hearth steel, in­

cluding the jacket. M ost important o f 

all, it is lined with what we believe to be 

the most resistive, homogeneous and tena­

cious protective surface ever developed—  

Pfaudler Resistive Glass Enam el— fused 
into the steel under intense heat. Even 

the A gitator— propeller typ e— is Glass 

Enam eled Steel.

It w ill withstand almost a ll corrosive 
action and wTill not be injured by rapid 

changes o f  temperature.

T h e o n e-p iece , Resistive-Enam eled 
Tank at your right was especially designed 

to withstand considerable pressure, yet it

cT5e Pfaudler Co.
Rochester, N.Y

C hicago D etro it

N ew  Y o rk  S an F ran cisco

V —  ____

is characteristic o f  our W elded Storage 
Tank construction.

A  great many Manufacturers in the Indus­
trial Chemical field are solving difficult prob­

lems with Pfaudler Glass Enameled Steel 

Jacketed Kettles, Mixing Tanks, Vacuum Pans, 
Autoclaves, Storage and Car Tanks and other 

Apparatus, all especially designed and built to 
their  specifications.

Consultation with us was confidential, cost 

them nothing, and proved quite worth while.

May we send you our Bulletin C-2 ?
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Lummus Apparatus
FOR

SIMPLICITY AND RELIABILITY

W e do not attem pt to specialize in all lin es but for fu lly  de­
veloped chem ical distilling, refining and extracting  sy s­
tem s for com m ercial plants you w ill do w ell to adopt the

Lum m us B enzol Stills Lum m us System of Logwood Extraction
for B en zol Pure, T olu ol and S o lv en t N ap h th as C ontinuous series b a ttery  extraction  and concen­

tration

Lum m us Acetone Stills Lum m us Formaldehyde Plants
for 9 9 ■/;% uniform  produ ct F orm aldehyde generators, double colum n con ­

tinuous refiners, etc.

L um m us Alcohol Stills Lum m us Turpentine Stills
C on tin u ou s or Periodic for con cen tratin g and Producing pure w h ite  turpentine, free from  oils

rectify in g  on spot test

Your specifications, advising crudes, quantities and products desired, are solicited

The Walter E. Lummus Company
173 Milk St. (Cor. India St.), Boston, Mass.

KELLY FILTER PRESS PATENTED
Used in the following industries: Mines, 
Chemical Works, Paper Mills, O il R e ­
fineries, Sugar Houses, Soap and Soda 
Works, 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 Hard Service, buy “ T h e  K e l ly .”  We are prepared to 
make quick delivery from slock.

FILTER PLATES  T H E  D A V IS  P A T E N T : M ade of heavy metal, inde­
structible, filtering as fast and clean as cloth.

P J ¥ rT , Z'*T_T A D  # A new decolorizing carbon of exceptional efficiency, and economical 
*  V / l  JL f-V lV  • jn price. Available in various grades of fineness to meet all require­

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

For information, catalogs, blueprints, etc., apply to the nearest agency

N e w  Y o r k : E M I L  E . L U N G W IT Z , 30 C H U R C H  S T R E E T

KELLY FILTER PRESS COMPANY, Salt Lake City, Utah Berlin : A. L. GENTER, FREDERICHSTR. 60
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M A L L I N C K R O D T  C H E M I C A L  W O R K S
F O U N D E D  1868 N E W  Y O R KS A IN T  L O U IS

P U R E  M E D IC IN A L  A N D  T E C H N IC A L  C H E M IC A L S
Paraldehyde, Ether for Anesthesia, Bismuth Subcarbonate and Barium Sulphate for X-Ray, Mercuric 
Chloride, Red Oxide of M ercury, Tannic Acid Technical, Pyrogallic Acid Technical.

M. C. W. PRODUCTS SET NEW STANDARDS OF PURITY AND RELIABILITY  
FOR THE LABORATORY AND DARK ROOM :

M ethyl Alcohol Acetone-free, M ercury C. P. distilled from glass, Absolute Alcohol, Absolute Ether, 
Resublimed Iodine, Potassium Iodide C. P., Gold Chloride, Silver Nitrate, Sodium Sulphite Anhydrous, 
Sodium Carbonate “ Photo.”

F or S a t is f a c t io n  s p e c i f y  “ M . C . W F u l l  L i s t  o n  A p p l ic a t io n

A T T E N T I O N  A N A L Y S T S ! S P E C I M E N
L A B E L

SQUIBB’S REAGENTS
A  new lin e  added to o u r list  
of H igh  G ra d e  C h e m ic a ls.  
A  tr ia l w ill convince. Send us 
y o u r w a n t lis t  and we sh a ll 
be pleased to quote prices

S Q U I B B ’ S  R E A G E N T

Sodium  Chloride
NaCI

c o n t a i n s : p e r c e n t . :

S u lp h a te ............................................... (25 G m . )  none
A m m o n iu m  Sa l t .  . . (5 G m . ,  Nessler) none
B a r i u m .......................................  . (20 G m . )  none
C a l c i u m ..............................................(SO G m . )  none
M a g n e s i u m .....................................(50 G m . )  none
I o d i n e ....................................................(5 G m . )  none
Iron as F e ........................... (co lo r im etr ic )0 .00005

T h e  figures in parentheses  express  the  
quantit ies taken for each determination.  LOT 19126

E R i S o y i B B  S i S o n s
M a n u f a c t u r i n g  C h e m i s t s , n e w  Y o r k

For Faster W ork
and

ABetter Product
in denitrating, dehydrating and general sep­
aration work, you will play safe b y  installing

TOLHURST CENTRIFUGALS
Their self-balancing feature permits safe 

handling of unbalanced loads at high speed. 
Their design uses gravity to secure this self- 
balancing. N o  springs, rubber cushions or 
other devices to complicate matters in our 
standard machine.

T o  secure the greatest efficiency, Tolhurst  
Centrifugals are belt driven. Where a heavy  
pull is required to start the centrifugal, belt  
drive means greater flexibility. When desired, 
direct motor drive will be provided.

Patent adjustable idlers make Tolhursts  
adaptable to any sort of drive.

Tolhurst Centrifugals will make your work 
more profitable.

“ Buy a ‘Tolhurst’ and Play Safe”

Investigate.

Tolhurst Machine Works
T R O Y , N. Y .

A utom atic
Lock-lifted

R em ovable 
A lum inum  
Cone Valve

A nnular

for D is­
charged 
M aterial

A nnular B o ttom  D ischarge

D ischarge 
H opper 
F urn ished  
By User

Position 
Of Cone 
W hen Open 
and  Load Is  
D ischarged
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SPRING MEETING AMERICAN CHEMICAL SOCIETY
The Fifty-Second Meeting of the American Chemical 

Society was held at the University of Illinois, Urbana- 
Champaign, April 17th to 21st. The meeting was 
the largest to date, the total registration being 728 
(570 members and 158 guests).

The Council met on Monday evening at 6 o’clock 
in the Woman’s Building, where they dined as guests 
of the local Councilors. The dinner was served by  
the Department of Home Economics and was followed 
by the regular business meeting, which was held in the 
library of the new Chemistry Building. Among the 
various items of routine business transacted and re­
ported directly in the J o u r n a l o f the Society , the fol­
lowing are of especial interest.

Mr. Crane, Editor of A bstracts, reported that ad­
vance subscriptions to the number of 1,938 had been 
received for the ten-year index to A bstracts. On the 
basis of this report Mr. Crane was authorized to pro­
ceed at once with his plans for getting out the index. 
Further discussion of the details will be found in a 
note to be published by Mr. Crane in the next issue 
of T h i s  J o u r n a l .

The Committee on Industrial Diseases reported 
that they are planning a symposium on industrial 
diseases for the next general meeting of the Society; 
the installation of plants for the manufacture of dyes 
has brought up several points worthy of discussion.

A  committee was appointed to consider the possi­
bility of the establishment by the Society of a pub­
licity bureau to aid in the dissemination of correct 
information of a chemical character to the public 
through the newspapers and the popular magazines.

At the suggestion of President Herty, the editors 
of the J o u rn a l of the Society  and of T h i s  J o u r n ’ a i .  

were authorized to exchange dates of iss’.tT V' soon 
as the necessary arrangements can be made, T h i s  J o u r ­

n a l  will appear on the first of the month and the 
J o u rn a l o f the So ciety  on the sixth of the month.

The regular opening session was held in the Uni­
versity Auditorium Tuesday morning. Professor W. 
A. Noyes introduced President Edmund Janes James, 
who welcomed the Society in the name of the Uni­
versity. President James outlined the history of the 
University, and pointed out the influence of the peo­
ple of the State on the growth and development of 
the university departments, citing the Ceramics 
department as an example; the Clay Workers’ Asso­
ciation of Illinois have been responsible for the in­
crease of the building appropriations for this depart­
ment from S i,000 to $150,000 in a period of eight 
years.

President Herty responded for the Society and con­
trasted the meagre appropriations ordinarily allowed 
by the various States with those obtained for the 
University of Illinois. President Herty was of the 
opinion that the great success of the University of 
Illinois was due to the broadmindedness and efficiency 
of the various departments and to the sympathetic 
attitude maintained toward the people of the State.

He emphasized the part that institutions of this sort 
must play in meeting the chemical problems now be­
fore the American people, one of the principal ones 
being the necessity of making clear to the public 
that the foundation of the dyestuffs industry is abso­
lutely necessary in order that proper equipment 
and the trained men essential to the manufacture 
of explosives in case of war may be available. To  
meet this need the chemical departments of the various 
universities must necessarily expand, but the adminis­
trative heads are warned against encouraging the 
students to leave with Bachelor’s degrees in order to 
accept the large salaries that will be offered for con­
trol work. For the proper development of the 
chemical industries and chemical science in the United 
States it is absolutely necessary that the number of 
men up for the Doctor’s degree must likewise increase, 
since upon these men will devolve the research upon 
which all progressive industrial development is based.

The opening addresses were followed by the five 
general addresses listed in the Society program printed 
elsewhere in this issue.

The public lectures given complimentary to. the 
people of Urbana-Champaign by Professor Charles 
L. Parsons and Doctor Curtis F. Burnam on the pro­
duction of radium and its use in the treatment of 
cancer were well attended. The lectures were well 
illustrated by specimens, models and moving pictures.

On Wednesday afternoon the new Chemistry  
Building of the University of Illinois was dedica­
ted, the exercises being held in the auditorium.

O r d e r  o k  E x e r c i s e s  

H o n o r a b l e  E d w a r d  F . D u n n e , G o v e r n o r  o p  I l l i n o i s , P r e s id in g  

S c r i p t u r e  R e a d i n g  a n d  P r a y e r , R e v . G e o r g e  P .  H o s t e r , D . D . ,  R e c t o r  
o f  E m m a n u e l  E p i s c o p a l  C h u r c h ,  C h a m p a i g n

M u sic .......................................................................................................................“ Illinois"
A d d r e s s ............................................................................ P r e s i d e n t  E d m u n d  J a n e s  J a m e s

A d d r e s s , “ T h e  T r a i n i n g  o p  C h e m i s t s , ”  A l e x a n d e r  S m i t h , P r o fe s s o r  o f  
C h e m i s t r y ,  C o l u m b i a  U n i v e r s i t y  

A d d r e s s , “ R e s e a r c h  a s  a  N a t i o n a l  D u t y , ”  W i l l i s  R o d n e y  W h i t n e y , 
M e m b e r  o f  t h e  U .  S .  N a v a l  B o a r d ,  D i r e c t o r  o f  t h e  R e s e a r c h  
L a b o r a t o r y  o f  t h e  G e n e r a l  E l e c t r i c  C o m p a n y  

M u s i c ............................................................................................................................................... “ A m e r i c a ”

The addresses by President James, Professor Smith 
and Doctor Whitney, with an illustrated description 
of the new building, will appear in the next issue of 
T h i s  J o u r n a l .  After the regular program the audience 
adjourned for an inspection of the Chemistry Build­
ing, and for a reception at which Mrs. W. A. Noyes,  
Mrs. E. W. Washburn and Mrs. Arthur W. Palmer 
were hostesses.

The meetings of the Divisions were held in the 
various lecture rooms of the Chemistry Building. 
All the Divisions were unusually well attended, and 
offered programs of exceptional interest. The pro­
grams are printed elsewhere in this issue, and a large 
number of the papers will appear in full in the Jour­
nals of the Society. Some notable features were 
the special program on Home Economics held by the 
Division of Biological Chemistry; the Symposium 
on the Activated-Sludge Method of Sewage Purifica­
tion, offered by the Division of Water, Sewage and
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Sanitation; and the Symposium on “ The Chemist and 
Food Control” by the Division of Agricultural and 
Food Chemistry.

The University of Illinois has the only brigade of 
college students in America, and the largest number of 
cadets, 2,100 men being enrolled. On Tuesday afternoon 
a review of the University Brigade was held on the 
drill grounds, and was witnessed by a large audience. 
The University Military Band is claimed to be the 
best college band in America; the complete assembly 
of two bands, with a trumpet and drum corps, offers 
a monster band of 160 to 170 pieces. The First Regi­
ment Band of 75 pieces, which is the concert band 
of this organization, gave a concert in the University 
Auditorium at 7.30 p .m .  on Tuesday. This was much 
enjoyed by the large audience present. It was fol­
lowed by the “ Get-Together Smoker” in the g y m ­
nasium. Here refreshments were served as a measure 
of preparedness for the rest of the evening. The en­
tertainment consisted of novel experiments illustra­
ting various principles such as are usually treated in 
the courses on physical, inorganic, analytical, organic, 
pharmaceutical, physiological and agricultural chem­
istry. The audience was invited to join in the songs 
and limericks, copy of which was furnished in the 
program. The various stereopticon views shown fur­
nished considerable amusement.

The regular banquet was held on Wednesday eve­
ning at the Masonic Temple. The room was lavishly  
decorated with pink roses and pink and white carna­
tions furnished by the greenhouses of the University.

Four hundred and two guests sat down to an elegant 
eight-course repast, after which President Herty pro­
posed a toast to the University of Illinois, rendered in the 
single word “ Pep.” He then introduced as toast­
master Professor Bogert, of Columbia University, who, 
with his well-known humor, presented the following 
speakers:

G e o r g e  B .  F r a n k f o r t e r , D ean of the School of C hem istry , U niversity  
of M innesota.

L o u is  K a i i l e n b e r g , Professor of C hem istry , U niversity  of W isconsin.
W i l d e r  D .  B a n c r o f t , Professor of Physical C hem istry , Cornell U ni­

versity .
W i l l i a m  B. M c K i n l e y , Congressm an from  the N in e teen th  D is tric t 

of Illinois.
H e n r y  P. T a l b o t , Professor of C hem istry  in C harge of D ep artm en t, 

M assachuse tts  In s titu te  of Technology.

The central idea of the speeches was the willingness 
of the American chemist to cooperate in defense of our 
country and the necessity for extensive application 
of scientific knowledge to the multitude of industrial 
problems now before the American people. The man­
agement of the Beardsley Hotel Company is to be 
especially complimented for the efficient and rapid 
manner in which they handled the serving of the 
banquet to such a large number of people.

Delicious luncheons were provided in the Gymnasium  
Annex on Tuesday, Wednesday and Thursday, by  
the Department of Home Economics. The conven­
ience of this arrangement was greatly appreciated and 
the department deserves much priase for serving so 
many people with excellent food.

The regular Abstractors’ dinner was held in the 
Y. M. C. A. building on Tuesday evening at 6 o’clock, 
the dinner being served by the management of the
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Y . M. C. A. Cafeteria. Brief talks were made by  
Editor Crane, former Editor J. J. Miller and Dr. 
Bigelow.

Tuesday and Thursday afternoons from 1.30 to 
4.30, and Wednesday afternoon after the dedication 
were given over to excursions about the buildings and 
grounds of the University. The visitors were divided 
into small groups furnished with special guides. The  
16-page itinerary of excursions containing statistical 
data and much information concerning the various 
buildings and departments was found exceedingly use­
ful and the thoughtfulness of the Illinois Section in 
providing them was greatly appreciated.

The College of Agriculture was an especially popular 
place; it runs an especially modern and efficient 
creamery, which contains the only dry hardening room 
operated by a dairy department in this country, and 
owns the only commercial sized condensing pan 
operated by any school dairy department in this country. 
In the Animal Nutrition and Dairy Husbandry Labora­
tory, charts, photographs and exhibits illustrated the 
cutting of beeves, the composition of feedingstuffs, 
the study of rations of different protein contents upon 
the growth and development of pigs, and the influence 
of different proportions of concentrates and rough­
ages and of varying amounts of feeds upon the digesti­
bility of cattle rations. Especial interest was shown 
in the exhibits of plant breeding in the crop produc­
tion laboratories and pot-culture department. The  
experimental plots started by Professor Morrow in 
1879 are the oldest in the United States. The green­
houses have a floor space of 28,000 square feet under 
glass, and twenty-four professional students are busy 
carrying out experiments, mainly on commercial
fertilizers and plant diseases. In the Genetics Build­
ing are 400 cages, containing 2500 mice and rats; 
a total of about 10,000 mice have been raised; 33 
generations consisting of 55,000 individuals of the 
fruit fly, D rosop hila , have been grown; twelve ex­
periments are being carried on relating to the differ­
ent phases of heredity and variation. In the Stock
Pavilion the visitors inspected representatives of the 
University herd, flocks, and studs, which include 
about 500 pure-bred beef cattle, sheep, swine and 
horses; several hundred fowls, ducks and turkeys; 
and 100 pure-bred and 80 grade cattle.

Among the other buildings visited the following 
deserve special mention: The Locomotive Testing
Laboratory, fireproof building, 117 ft. b y  42 ft., 
connected by a spur with the Illinois Traction System’s 
tracks; the Ceramics Engineering Building, built of 
texture brick and polychrome terra-cotta, and intended 
to present modern achievement in the use of ceramic 
structural materials; the Ceramics and Mining Labora­
tory, containing a large kiln, a large furnace room, a 
mining engineering laboratory, a chemistry laboratory 
for the Department of Mining Engineering, and a 
mine rescue station equipped and arranged for train­
ing men in the methods of mine rescue work; the Physics 
Laboratory; Engineering Hall; the Pumping Station 
of the University Water Works, containing a masonry 
reservoir providing for the fire reserve supply and

having the various pumps, tanks and connections ar­
ranged to give opportunities for experimental work; 
the Laboratory of Applied Mechanics; the Electrical 
Engineering Laboratory; the Botany Annex; the 
Central Heat and Power Plant; Mechanical Engineer­
ing Laboratory; the Vivarium, intended to provide 
the Departments of Zoology and Entomology and the 
State Laboratory of Natural History with facilities 
for experimental work with living animals under 
controlled conditions; the Metal Shops; the Library 
Building; and the Law Building erected in 1878 as 
a chemical laboratory and so used until the building 
of the larger chemical laboratory in 1902.

In the basement of the Chemistry Building the 
chemical show described in our previous issue was 
available for visitors during the entire session of the 
meeting. The exhibits were as follows:

Abbd Engineering Com pany, New Y ork. L abora to ry  ball mill, vacuum  
pum p, model of tube mill.

A m erican Coal and B y-P roducts  Co., Chicago. C oal-ta r products.
A rm our A m m onia W orks, Chicago. A nhydrous am m onia.
P . B lak iston 's Son & C om pany, Philadelphia. Technical books.
B raun  C orporation, Los Angeles. A nalytical e lectrolytic outfit.
Celluloid Zapon Co., Chicago. Lacquer m aterials.
C en tra l Scientific Co., Chicago. G eneral labo ra to ry  apparatu s.
C hattanooga  Chem ical C om pany, C hattanooga . C oal-ta r products.
D earborn  Chem ical Co., Chicago. System  of boiler w ater tre a tm e n t 

w ith  typical exam ples of flue corrosion.
J . P. D evine Co., Buffalo. D isplay  of photographs of chem ical m a­

chinery.
D uriron C astings Co., New Y ork. D uriron .
Edison Storage B a tte ry  Co., Chicago. Edison cells.
E im er and  Am end, New Y ork. G eneral labo ra to ry  apparatus.
E lyria  Enam eled P roducts  Co., E lyria, Ohio. G lass enam eled a p ­

para tu s.
Fairview  F luorspar Lead Co., Golconda, 111. Fluorspar.
G eneral E lectric Co., Schenectady. T he  R esearch L abora to ry  ex­

h ib it from  th e  Panam a-Pacific Exposition.
H enry  H o lt & C om pany, New Y ork C ity . Technical books.
Herold C hina P o tte ry  Co., Golden, Colo. C hem ical porcelain.
L abora to ry  Supply  Co., C olum bus. G eneral labo ra to ry  apparatu s.
Leeds & N o rth ru p  C om pany, Philadelphia. E lectrical m easuring ap p ara ­

tus. Room 165.
Lenz & N aum ann , Inc., New Y ork. C hem ical apparatus.
L ibby G lass C om pany, Toledo. Chem ical glassware.
Longm ans, Green & Co., New Y ork. Technical books.
Em il E . L ungw itz, New Y ork. F ilte r press.
M acbeth -E vans G lass C om pany, P ittsbu rgh . Chem ical glassware.
M an h a ttan  R ubber Co., Passaic, N . J . R ubber from crude s ta te  to 

finished products.
M cG raw -H ill Book Com pany, N ew  Y ork. Technical books.
M cIn tosh  S tereopticon Co., Chicago. T h e  stereopticons used in the 

sessions of m eeting.
M etallurgical Chem ical Engineering, N . Y.
M itchell Lim e C om pany, M itchell, Ind iana . Lim e products.
M ojonnier Bros. C om pany, Chicago. M ilk testing  m achinery.
N ational C arbon C om pany, C leveland. E lectric  cells and carbon 

specialties.
N ational Lead C om pany, Chicago. Lead products.
N orton  C om pany, W orcester. A lundum .
Palo Co., New Y ork. Therm om eters.
T h e  P e rm u tit C om pany, Chicago. D em onstration  of P e rm u tit p ro­

cess.
P faudler Com pany, R ochester. Enam eled  tanks.
Sarco Com pany, Inc ., New Y ork. T em pera tu re  regulators and  steam  

traps.
Schaeffer & B udenberg M fg. Co., Chicago. G auges and  therm om eters.
S chu tte  & K oerting  C om pany, Philadelphia. Chem ical m anufactu ring  

m achinery.
Scientific M ateria ls  C om pany, P ittsb u rg h . L abora to ry  apparatu s.
Sharpies Specialty  C om pany, Chicago. D em onstration  of centrifugals.
Sowers M anufac tu ring  Co., Buffalo. V acuum  pans, kettles, etc. 

D uplicate of exhib it a t  New Y ork show.
E- R . Squibb & Sons, N ew  Y ork. Chem icals.
S tan d ard  C alorim eter C om pany, M oline, 111. T he  P a rr apparatu s.
Sw eetland F ilte r Press C om pany, New Y ork. D em onstration  of 

filter press.
T herm al Syndicate, N ew  Y ork. “ V itreosil.”
Thw ing In s tru m en t C om pany, Philadelphia. Pyrom eters.
Toch B rothers, N ew  Y ork. P a in ts  and  enam els.
U. S. B ottlers M achinery  C om pany, Chicago. B ottling  m achinery.
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U. S. M etals  Refining Co., Chrom e, N . J . Sam ples of precious m etals.
W alrus M fg. Co., D ecatur, 111. L abora to ry  desks.
John  W iley & Sons, New Y ork . Technical books.

Members and guests to the number of 206 left 
Urbana-Champaign on Friday morning at 8 
o’clock for Danville. A  special train was furnished 
b y the Illinois Traction System. Members of the 
Chemistry Faculty and of the State Geological De­
partment pointed out and explained the geology and 
the plants of interest as they were passed by the party. 
The cars stopped first at the Hegeler Zinc Smelter. 
This plant began operations in August, 1908, with 
1S00 retorts: at the present time there are S4°° re" 
torts in operation with a daily production of 75 tons 
of spelter. High-grade Joplin blende concentrates 
are roasted in Hegeler multiple hearth kilns, the sulfur 
dioxide being utilized in sulfuric acid manufacture 
by the lead chamber process. The acid systems have 
a daily capacity of 150 tons of H2SO4 (6o° Bd.). The 
roasted ore is mixed with anthracite slack coal and 
carried by belt conveyors to the charge bins in the fur­
nace building. The distillation furnaces are of the 
Hegeler producer-gas fired type and have 900 retorts 
each. Boilers are installed upon some of the furnaces 
to utilize waste heat. During the morning visit all 
the operations connected with the beginning and 
end of the 24-hour cycle for each retort were seen, 
including drawing and casting of the zinc, removing 
and cleaning the condensers, removing residues from 
the retorts, recharging the retorts, setting up and 
closing the ends of the condensers.

The party was entertained in Danville by the 
Chamber of Commerce, who furnished a most delicious 
luncheon, cafeteria style, consisting of an enormous 
variety of cold meats, salads, relishes and sandwiches, 
with steaming hot coffee.

In the afternoon the parties divided, one section 
going to a glassworks, which is making window glass, 
and the other to the Carbon Hill Stripping Mine. 
In this mine a 5-yard steam shovel with a 90-ft. 
boom is operating along a face from a quarter to a 
half mile long, taking out a strip from 28 to 35 feet 
wide, with an overburden from 8 to 43 feet in thick­
ness. The coal seam averages about six feet in thick­
ness and the product is of good quality. Of unique 
interest to chemists is the pyrite washery operated 
at this mine, which runs through 75 tons of material 
per day, yielding 35 tons of high-grade pyrite. This is 
sold to acid manufacturers as “ coal brasses” on a 
guarantee of 47 per cent sulfur. The company also

owns the Mission Field Mine, the oldest and most 
extensive stripping in the district. This was seen from 
the train on the return trip to Champaign: it has been 
worked for over 25 years and is now exhausted: 
underground operations are continued, however, by  
means of slope and drift mines.

The party then proceeded to the plant of the W est­
ern Brick Company, which manufactures a number 
of different kinds of brick and tile. The shale used is 
taken from the strata lying above the coal seam in 
the company’s strip mine adjacent to the plant. The  
company has two other plants in the vicinity of Danville. 
In all they operate 76 kilns and have an annual 
production of xoo million brick.

The number of ladies at the meeting was not as 
large as usual. The ladies of the town and the ladies 
of the faculty, under the leadership of Miss Isa­
bel Bevier, were especially active in looking after 
those present. On Tuesday afternoon, Mrs. S. T.  
Busey and Mrs. David Kinley were hostesses at a 
reception in the Woman’s Building; afterwards auto­
mobiles were available for excursions through the 
grounds. All the exercises of the regular program 
were attended by the ladies and their guests. On 
Wednesday a reception and luncheon at the Cham ­
paign County Country Club, with Mrs. B. F. Harris, 
Mrs. D. P. McIntyre and Mrs. Stanley Boggs as 
hostesses, was given in honor of the visitors. On 
Thursday afternoon the Woman’s Building was open 
for inspection, and Mrs. Bartow and Mrs. Green were 
hostesses. The ladies present expressed themselves  
as not only well entertained, but considerably educa­
ted by their visit, as the Home Economics Depart­
ment is an exceedingly complete and efficient one, 
and the Woman’s Building, with its wonderfully com­
plete equipment, offered many interesting sugges­
tions to home-makers.

The visiting members were amazed at the efficient 
manner in which arrangements had been made to 
carry out smoothly the various features of the pro­
gram; everywhere one noted the pains that had been 
expended on the plans to make comfortable in a small 
town the large number of guests present. The Local 
Committees, headed by Professor Edward Bartow, 
and made up almost entirely from the faculty of the 
Chemistry Department, can be congratulated on hav­
ing engineered our most successful and largest general 
meeting and on having furnished another illustration 
of the executive ability of the American chemist.

ORIGINAL PAPERS
T H E  D E V E L O P M E N T  O F  L O W  E X P A N S IO N  G L A S S E S 1

By E. C. S u l l i v a n

Low thermal expansion coefficient in glass is useful 
mainly because it carries with it the property of with­
standing sudden heating and cooling without fracture. 
The expansion is one of six factors which determine 
the ability of the glass to resist such treatment.2

1 Presented  before the Society of C hem ical In d u s try  on M arch 74, 1916.
2 W inkelm ann and  Scho tt, A n n . Phys. Chcm., 51 (1894), 730.

This coefficient of thermal endurance is proportional 
directly to the tensilg strength and to the square root 
of the heat conductivity and proportional inversely 
to the expansion coefficient and to the modulus of 
elasticity and to the square roots of the specific gravity  
and of the specific heat. Thanks to the pioneer work 
of Otto Schott of Jena, Germany, we know that the 
expansion can be varied over a very wide range. Dis­
regarding quartz glass and speaking only of glasses
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which can be melted and worked by the usual methods, 
the expansion of glass now can be varied in the ratio 
of six or seven or more to one. There is no reason to 
think that any such range is possible with respect 
to the other properties mentioned.

Ordinary lead glass has a linear expansion coefficient 
of 0.0000092 while lime glass is somewhat higher. 
.Glasses are made without difficulty having expansions 
as high as 0.0000130 or 0.0000140, copper by way of 
comparison being 0.0000175, 'ron 0.000013. Going 
down the scale we find the Jena normal thermometer 
glass 19 " '  at 0.0000085, ar>d Jena borosilicate ther­
mometer glass 69” ' at 0.0000064. The well-known 
brands of laboratory ware are made of glass having 
expansion from 0.0000055 to 0.0000075. A glass 
recently developed in America which is finding some 
application for laboratory ware and for culinary utensils, 
although the bulk of it goes into battery jars and lan­
tern globes for railroad purposes, has expansion of 
0.0000032.1 This expansion is practically the same 
as that of the best porcelain and the glass makes a 
satisfactory permanent seal with porcelain. Quartz 
glass has an expansion of 0.0000006 to 0.0000007.

The glass maker who endeavors to reduce the 
expansion of his glass soon encounters the serious 
difficulty that as expansion decreases, fluidity is likely 
to decrease also. The glass of low expansion tends to 
become very stiff at the ordinary glass-melting tem­
perature. This is obviated to some extent b y  the use 
of boric oxide, but this has its limitations not only be­
cause the expansion of the glass passes through a 
minimum and begins to increase again as the amount 
of boric oxide is increased, but also because boric oxide, 
used in large quantities, affects the stability of the 
glass very injuriously. One successful low expansion 
glass containing an unusual percentage of boric oxide 
was slowly but completely soluble in water. Jars of 
this glass Vs in. thick went to pieces with water in 
them in two or three months, while acid ate through 
them in a few days, and yet the glass was perfectly 
satisfactory for certain service and hundreds of tons 
of it were used.

Two glasses of equally low expansion will not, how­
ever, in general have precisely equal viscosity and it 
is by taking advantage of slight differences in vis­
cosity when the expansions are alike that the most 
favorable relation between expansion and meltability  
is worked out step by step.

t h e  e x p a n s i o n  is measured by the method of Hol- 
born and D a y in a water-jacketed electric furnace 
consisting of a horizontal porcelain tube wound with 
resistance wire. Within the tube is supported hori­
zontally a rod of the glass to be measured, about  
3 mm. in diameter and 25 cm. long and pointed at each 
end. Directly beneath the pointed ends of the rod 
are vertical openings in the bottom of the furnace 
through which, by means of totally reflecting prisms, 
small telescopes can be sighted on the points. Cross­
hairs and a micrometer screw on each telescope fix 
the position of the extremities of the rod and so its

1 Sullivan and  T aylor, T h i s  J o u r n a l , 7 (1915), 1064.

length. The temperature cold is determined by  
means of a thermometer thrust into the end of the 
porcelain tube and hot by means of platinum platinum- 
rhodium thermocouples which extend half the length 
of the tube. The temperature is carried usually to 
350° C. or 400° C. and the expansion coefficient as 
determined is accurate to a few tenths of one per cent 
which is adequate for the purpose.

A more direct comparison of coefficients of thermal 
endurance which requires less time than the expansion 
measurement, is made by heating eight or ten glass 
rods in a vertical electric furnace to a definite tempera­
ture and then dropping the rods all at once into water 
by removal of the supporting asbestos slide. The  
temperature at which 50 per cent of the rods fracture 
is a figure which for purposes of comparison represents 
the coefficient of thermal endurance of the glass in 
question.

t h e  s o f t e n i n g  t e m p e r a t u r e  is measured by a 
method similar to that described b y  Dr. Schaller of the 
Jena laboratory.1 A thread of glass approximately 1 
mm. in diameter and 23 cm. long is suspended vertically 
through a small electric furnace in such a way that  
the thread is heated through- the upper 9 cm. of its
length. The temperature is raised and noted at
short intervals and as the thread elongates of its own 
weight the movement of the lower end is read off on 
a scale and plotted against the time. The moment 
at which the thread was elongating at the rate of 1 
mm. per minute is read from the curve at a glance and 
the temperature of the upper part of the thread at
that moment is taken as the softening point of the
glass. This is, of course, an arbitrary point.

This method gives us the viscosity at low tem­
peratures and is useful in determining the sealing quali­
ties of a glass. It does not, however, give us as much 
information as we should like regarding the viscosity  
at high temperatures, which goes far toward determin­
ing the ease of melting. Behavior when worked in 
a hot flame gives some indication on this point.

t h e  w o r k a b i l i t y  of a glass depends on its freedom 
from tendency to crystallize, on its viscosity curve, 
and on its surface tension. The glasses which are most 
satisfactory in the hands of the glassworker are those 
which remain pasty through an extended range of 
temperature. It is this possession of a viscosity curve 
which is low at comparatively low temperatures and 
yet does not decrease rapidly as the temperature rises 
which gives lead glass its advantage in the construc­
tion of electric incandescent lamps and other apparatus. 
The lead glass after being sealed to wire or other glass 
as it cools remains soft to a low temperature and thus 
can yield to stresses caused b y  uneven cooling or un­
equal expansions and can cool without strain. Lime 
glass is more like a crystalline substance, w;hich 
remains rigid until a definite temperature (its melting 
point) is reached, when it at once becomes very fluid. 
The viscosity curves of such glasses cross, and the 
lead glass which is softer, that is, less viscous than the 
lime glass at low temperatures, is harder or more viscous

» Abegg, "H an d b . d. aaorg . C hem ." Bd. I l l ,  A bt. 2 (1909). 373.
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at high temperatures. This is easily shown in the 
pull-test, which is a simple method used by the glass- 
worker for comparing the working qualities of glasses. 
The two glasses in cane or tube of the same diameter 
are sealed together and heated as nearly alike as possi­
ble and are then removed from the flame and slowly 
pulled out a few inches, the joint being first slightly 
blown up in the case of tube. The harder glass will 
have greater diameter at the joint than the softer 
after pulling out. This is a sensitive and very useful 
method for checking up the uniformity of different 
lots of glass. In this test as already indicated the 
result in the case of glasses which differ widely in com­
position may depend on the temperature of pulling. 
A lead glass which appears softer than a lime glass at 
low temperatures may turn out to be harder than the 
same lime glass if the test is made quickly when the 
glasses are very hot.

t h e  t e n d e n c y  t o  c r y s t a l l i z e  is determined by a 
method described by Schaller.1 A number of small 
crucibles containing the glass under investigation are 
maintained at a low temperature favorable to crystalliza­
tion for a definite time, and the proportion of cases 
in which crystallization begins is taken as a measure 
of the tendency of the glass to devitrify.

R E S IS T A N C E  TO A T T A C K  BY R E A G E N T S  is most accu­
rately measured by forming beakers of the glass and sub­
jecting them to the solvent action of redistilled water 
on the steam bath. The temperature thus attained 
is about 800 and the usual time is 48 hours. The solu­
tion is evaporated in a small platinum dish and the 
residue weighed. Nonvolatile matter in the water 
used is determined and allowed for. Titration of the 
alkali dissolved instead of weighing is sometimes per­
missible but should be employed only for the com­
parison of similar glasses as the assumption is not 
always warranted that the alkali found is proportional 
to the total amount dissolved.

On the other hand, neither the alkali nor the total 
solids dissolved from the glass will in all cases answer 
as index to the serviceability for the reason that some 
glasses leave more opaque residue on dissolving than 
others do. The glass which is less soluble may be­
come more cloudy when attacked by reagents than 
that which is more soluble. For comparison in this 
respect we find a steam digester useful with pressure 
at about 100 lbs.

A rapid method which has been very satisfactory 
consists in enclosing a short length of glass rod with 
10 cc. distilled water in a steel tube provided with 
screw cap and maintaining at a temperature of 180° C. 
for 2 hrs. The alkali in the water is then titrated. 
Eight or ten of these tubes are run at one time.

An unexpected result when the glass baking dishes 
were put into service was the fact that baking took 
place more rapidly in them than in dishes of the ordi­
nary materials.2 Investigation developed a sufficient 
reason for the phenomenon but the fact was never­
theless very surprising. Metal reflects according to 
various authorities from 83 to 99 per cent of the radiant

1 Loc. cit.
- Sullivan and  T ay lo r, Loc. cit.

heat which strikes it while glass reflects only 3 to 
14 per cent. That radiation and not convection or 
conduction is the preponderant factor in baking was 
established by the following experiment:

The reflectivity of a glass baking dish was changed 
in part from that of glass to that of metal by silvering 
in a thin film on the outer surface in alternate quarters. 
A  cake was baked in it in an ordinary kitchen oven 
heated by a gas flame. Where the cake had been 
protected by the metal coating, the bottom after 
baking was light-colored, sticky, and imperfectly baked, 
while in the other quarters it was brown and well done. 
As the cake was turned out bottom up the quartering 
was plainly visible on it.

C o r n i n g  G l a s s  W o r k s  

C o r n i n g , N. Y .

A  R A P ID  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
S O L U B L E  N IT R O C E L L U L O S E  IN  G U N C O T T O N

By H . C. M a l l i n s o n  

Received Decem ber 21, 1915

According to the British Government specifications 
the determination of soluble nitrocellulose in guncotton 
is conducted as follows:

“ F ou r gram s of d ry  guncotton are shaken up w ith 200 cc. 
of ether alcohol every  15 m inutes for abou t 6 hours and then 
allowed to  settle. W hen the solution above the guncotton  
is clear, 75 cc. are transferred to  a sm all weighed flask, the sol­
v en t evaporated, and the residue dried until con stan t in w eight, 
a t  a tem perature n ot exceeding 65° C .”

This method, which may be styled the evaporation 
method, is, to say the least, extremely tedious; and 
what is of more importance, it is not at all accurate 
owing to the occlusion of solvent which cannot be driven 
off. A step in the right direction is the method used 
by some analysts in which water is added to the solu­
tion before evaporating. This “ indirect precipitation” 
method is as tedious and takes a little longer time than 
the regular evaporation method, although the results 
are lower, denoting greater accuracy, for it is obvious 
that if none of the ether alcohol-soluble matter is lost, 
the lower the results the greater the accuracy.

It is our practice at the laboratory of the smokeless 
plant of the American Powder Mills, to determine solu­
bilities by what may be called the “ direct precipitation” 
method, which is not only much quicker but gives 
more accurate results.
k  Some comparative data (percentages) on different 
samples show interesting results:

B ritish
Specification " In d irec t "D ire c t

Sam ple E vapora tion  Precip- Precip-
N o. M ethod i ta tio n ” ita tio n ”

 1.....................................................  7 .30  7 .2 0  7 .00
 2 .....................................................  9 .3 0  8 .5 6  8 .4 0
 3 .................................................  20 .00  19.22 18.82
 4 .................................................  25 .05(a) 24 .26  23 .82

(a)O bviously the e rror in the  evaporation  m ethod  increases as the  
so lubility  rises. B y app ly ing  a  correction, solubilities m ay  be found by 
p recip ita tion  a nd  m ade to  agree closely w ith resu lts  o b tained  by  evaporation .

The following results show that repeated determina­
tions are fully as satisfactory by the direct precipita­
tion method as by the other methods, the same sample 
of cotton giving:

D irect P rec ip ita tion  " In d ire c t E vapo ra tion
M ethod 2b P rec ip ita tio n "  M ethod

16.84 17.20 18.08
16.84 17.66 18.16
16.88 17.36 18.10
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The evaporations were all conducted at the same 
time and under identical conditions. I am of the 
opinion that if they were evaporated under different 
conditions of heat and humidity, these results would 
not check quite so well, while with our method there 
is no chance for conditions to play a part.

Another sample, treated according to each of the 
three methods quoted below, gave these results:

M ethod N u m b e r..........................  1 2a 2b
Percen tages .................................... 11.36 11.28 11.34

We carry out the direct precipitation method as 
follows:

A  5-gram sample (or if the solubility is known to 
be 25 per cent or higher, a 2-gram sample) is treated 
with 200 cc. of ether alcohol in a 200 cc. graduated 
cylinder. After settling, 50 cc. of the supernatant 
liquid are transferred to a porcelain dish of 650 or 
700 cc. capacity. About 500 cc. of water at a tempera­
ture of 75 or 800 C. are slowly poured down the inside 
of the dish. This completely precipitates the dissolved 
cotton and the last traces of solvent are driven off 
by submerging with a glass rod the floating disk of 
cotton. The appearance of the precipitated mass 
determines the next step.

1— P recip ita te  consists o f one mass or d isk  (or one 
disk  and a few  sm all particles o f cotton w hich may be 
added conveniently to the d isk with fo rcep s). The disk 
is removed and laid as flat as possible on a piece of 
filter paper which has been marked with the sample 
number, and rests on a folded towel or some other 
absorbent material. The sample is now moistened 
with alcohol to shorten the time necessary for drying, 
covered with another filter paper, and the towel folded 
over all. B y  pressing with the hand the disk is dried 
to such an extent that drying in the oven occupies 
but a very short time, about 20 minutes at 160° F. 
if the sample is not large. The top filter paper is 
removed before drying, the lower one with the sample 
being placed in the oven until curling and crispness 
indicate dryness. The sample is then transferred to 
the balance and weighed directly. (IF/, in  grams X  
80 — P e r  cent solu tion .)

2— P recip ita te  docs not hold together and (1) is  im p ra c­
tica l. (a) Counterpoise two filter papers of convenient 
size, fold, and place one within the other, putting both 
in a funnel. The mixture of water and precipitate is 
poured onto the filter, any traces adhering to the sides 
of the dish being freed by a policeman. The dish is 
then rinsed with alcohol, and the alcohol poured onto 
the filter so that it washes the cotton down into the 
apex of the cone. The filters are removed from the 
funnel, flattened out by pressing between the folds 
of a clean towel, then removed to the oven. When 
dry, the sample is weighed by placing the outer filter 
paper on the weight side of the balance. Thus the 
weight is found directly.

(6) A  quicker and very exact method is to use a 
tared metal or porcelain Gooch crucible. Ordinarily 
this will suffice to hold the precipitate without any  
trouble whatever, and the bulk of the water may be 
poured through first. But if this seems inadvisable 
in certain cases, the largest mass may be transferred

to the crucible, carefully covering the perforations; 
it then acts as an excellent filtering medium, retaining 
the smaller particles when the remainder is poured 
through. The filtrate should be caught in a clean 
beaker and examined to make sure that it is free from 
precipitate. The mass is moistened with alcohol, 
the crucible placed on a clean folded towel, and the 
cotton is pressed first against the side of the crucible 
with a glass rod, then down on the bottom, somewhat 
after the manner of making a Munroe crucible. In 
the case of an isolated sample, or when the cotton has 
been badly separated, a Munroe crucible may be used 
to good advantage.

Cotton treated by the direct precipitation method 
has much greater stability than when evaporated 
from an ether alcohol solution, and will stand a tem­
perature of 170° F. without loss of weight long after 
it is dry.

Fig. I I :  X ,X '— Cross-section of bar. A— C ylinder-section in place.
B—  Hole in th e  b a r th ro u g h  w hich the  cy linder is inserted .
C— A Vs in. hole a t  a r ig h t angle to  B.
D — A loose-fitting  ru b b e r p lunger.
E — Screw for forcing p lunger again st A.
F — M eta l p la te  screwed to  b a r, th readed  to  fit screw  E .

We usually have results in half an hour after drawing 
off the clear liquid, or in an hour and a half after the 
dry cotton is put into the cylinder and the solvent 
added. Complete solution of the soluble matter is 
effected in less than an hour b y  placing the flasks in 
a revolving apparatus, instead of taking 6 hours when 
shaken 4 times per hour by hand. A  revolving shaking 
apparatus may be obtained from any chemical ap­
paratus dealer (e. g., Eimer & Amend, No. 6148). 
If the revolutions are 6 per minute, then the flask is 
inverted 360 times in an hour, more agitation than 
it would get by hand-shaking in 6 hours.

We obtain the same results by attaching two box­
like containers to the shaft of a water-wheel as in Fig. I. 
The cylinders are held in place with straps, and the 
wheel revolves five or six times per minute.

An excellent apparatus for the purpose may be made 
from a 3-in. diameter wooden bar. Holes slightly 
larger than the diameter of the cylinders are bored 
along the length of the bar, alternating at right angles 
to each other; if bearings are provided at the ends one 
may be furnished with a handle for hand turning, and 
the other with means for attaching to or connecting 
with a motor (small electric or water) arranged to 
give from five to ten revolutions per minute. Fig. II 
shows a way by which cylinders may be quickly in­
serted and held firmly in place. This can be easily 
made by any mechanic, and is quite as convenient and 
easy of operation as one obtained at greater expense.

M a y n a r d . M a s s a c h u s e t t s
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O X Y G E N  D E M A N D  O F  S E W A G E S
B y  F . W .  B r u c k m i l l i ' k  

R eceived D ecem ber 6, 1915

During a recent investigation1 of the sewage dis­
posal plants of the state, the nitrate method for oxygen 
demand was used in preference to the modified English 
dilution method, for the following reasons:

I— It is more easily manipulated.
II— It lends itself better to field work.

I l l — It is not open to any great errors in manipula­
tion.

The modified English dilution method2 consists 
in making dilutions of the sewage in question with 
aerated distilled water, incubating at 20° C. for 10 
days, determining the residual oxygen, and, from that  
dilution in which between 30 to 60 per cent of the oxy­
gen is used up, the oxygen required for the sewage 
is calculated. Since each sewage is different from 
every other one, that dilution which will work for one 
sewage will not always work for another. A prelim­
inary series of dilutions must, therefore, be made 
on each sewage in order to determine the proper di­
lution. This requires time and considerable equip­
ment, both of which were lacking in the work under 
discussion. Furthermore, considerable laboratory ap­
paratus is required to make the dilutions as well as 
the oxygen determinations, all of which must be made 
in the field where the sample is collected.

The nitrate' method3 on the other hand adapts itself 
to field work. No dilutions are necessary which, 
as has been previously shown, are a great source of 
error in the English method.4 In an unknown sewage, 
Lederer5 advocates that varying quantities of N a N 0 3 
(equivalent to 100, 130, 160, 190, 210 and 240, P. P. 
M. 0 .) be added to a constant quantity of sewage 
and that the sample which remains sweet and free 
from sediment be taken as the one containing the proper 
quantity of oxygen. From the residual nitrate and 
nitrite present, the oxygen equivalent can be readily 
calculated. At most, this procedure requires 6 bottles. 
Instead of adding varying quantities of NaNOi, an 
excess can be added to one bottle and the presence of 
nitrate be indicated by methylene blue. This was the 
procedure adopted in our work, after we had satisfied 
ourselves that the excess N a N 03 had no effect on the 
biological action during incubation. The results ob­
tained were quite gratifying. No determinations need 
be made in the field. After incubation, the samples 
can be chloroformed and sent to the laboratory for ex­
amination. This in itself is a great feature in favor of 
the nitrate method for oxygen demand in field work.

Because of the manipulations through which the 
sewage must go in the English method, it is open to 
many grave errors. In the first place, in making the 
dilutions, aeration results unless great care is exer­
cised. Oxygen is lost during incubation through 
leaky stoppers. Gases invariably collect under the 
glass stoppers and escape when the stopper is removed

1 U nder the  d irection of the  S ta te  Chem ical R esearch D ept, and Sani­
ta ry  Engineering D ept., of K ansas.

" T h i s  J o u r n a l ,  6 ( 1 9 1 4 ) ,  8 8 4 .
* J . Infect. D is., 14, 4 8 2 .
* T h i s  J o u r n a l ,  6 ( 1 9 1 4 ) . 886.
5 J . Infect. Dis., 14, 4 8 5 .

to introduce reagents. That oxygen is lost in this 
way has been shown by a number of investigators.1 
Only when the dilution is such that the same per­
centage of oxygen is used up in each sample do the 
results coincide very well. To get this dilution each 
time is rather difficult and constitutes one of the 
greatest objections to the dilution method. Lastly, 
errors in the oxygen determinations are possible. 
Unless all the organic matters and nitrites are removed, 
accurate results are not possible.

The simplicity of the nitrate method eliminates 
any errors due to manipulations. Its great source 
of error lies in the determination of large quantities 
of nitrites and nitrates. An error in the determina­
tion of the latter is of more concern than in the former, 
since the former are seldom present in quantities 
greater than 5 P. P. M. An error of 1 P. P. M. in 
the nitrite would, therefore, not seriously affect the 
results, producing, as it were, in oxygen equivalent, 
an error of only 1.7 P. P. M. of oxygen which is well 
within limit of error on sewages that demand 300 
P. P. M. of oxygen. B y making the dilutions care­
fully with respect to the nitrates and using the phenol- 
disulfonic acid method for their determination, reason­
able accuracy can be assured.

Because of these considerations, the nitrate method 
was used in all the oxygen demand determinations 
connected with our sewage investigations.

The sewages with which we worked wrere all domestic 
sewages from small towns. Partial analyses of a few 
typical sewages are given in Table I.

T a b l e  I — R e s u l t s  E x p r e s s e d  i n  P a r t s  p e r  M i l l i o n

N i t r o g e n  Oxygen Chlo- Oxygen
------ S o l i  d s --------------- . Free Or; consum ed rine dem and

No. T o tal Volatile Suspended N H j ganic
630 734 446 120 70 80 88 142
131 800 458 172 20 30 70 220
317 974 344 376 5 35 700 105 297
528 482 304 58 16 50 112 72 63
572 814 546 96 8 25 220 68 75
407 1638 992 476 16 35 650 230 89

A two weeks’ stay was made at each town. A  
portable laboratory permitted the estimation of oxygen 
consumed, chlorine and oxygen demand, together 
with a number of engineering observations. Com ­
posite samples were sent to the laboratory at Lawrence, 
where the solids and the nitrogen content were de­
termined. As only one man made the trips it was 
necessary to simplify the work as much as possible. 
This factor more than any other led us to use the 
nitrate method in preference to the dilution method 
for oxygen demand; not, however, until we convinced 
ourselves by experiments herewith related and also 
by those of others that the results from the nitrate 
method could be depended upon.

For nitrate procedure we filled a 250-cc. bottle 
through a funnel with settled sewage, overflowing 
half in order to get rid of all the air in the bottle. The  
nitrate solution was of such a strength that 2 cc. were 
equivalent to 500 P. P. M. of oxygen. The samples 
wrere incubated at 20° for 10 days. Such a quantity  
of sewage was taken for estimation of nitrates that  
a reading of about 30 on the colorimeter was always 
obtained.

1 Lederer, A m . J .  Pub. Health, 5 , 355; also Lederer, T h i s  J o u r n a l ,  6 
(1 9 1 4 ), 8 8 7 .
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In general, we secured consistent results. Once in 
a while anomalies would occur; that is. we would ob­
tain results which were entirely out of harmony with 
the other values. These errors were mostly plus in 
character and were attributed to an ununiform mixing 
of the sample of sewage. Rarely was a determination 
lost and then only due to carelessness or technical 
errors. Some samples wTent foul the third or fourth 
day when experience had shown that they contained 
enough nitrate to keep them sweet at least xo days. 
These “ freak” results were also attributed to poor 
mixing of the sample, or the presence of an undue 
amount of organic matter in suspension. In general, 
how'ever, the method worked quite smoothly and 
gave consistent resu is all through the work.

Before the investigation began, some preliminary 
work in the laboratory was done, the results of which 
strengthened the conclusions above noted. In con­
nection with other collaborators of Dr. Lederer on the 
English method, we endeavored to find the best di­
lution and also a value at 5 days from which the abso­
lute value of oxygen demand could be calculated. 
This we found not to be feasible. The results in Table  
II show no agreement whatsoever in the various dilu­
tions. One would expect the error in a 1 per cent dilu­
tion not to be any more than twice as large as the error 
in a 2 per cent dilution. Our experience, as the table 
shows, has been contrary to this supposition. A 
method whose results vary so with each dilution em­
ployed requires, in our judgment, some further study  
in order to determine the reason for the deviations.

T a b l e  I I — E f f e c t  o f  V a r y i n g  D i l u t i o n s  o f  S e w a g e  

Incubation  a t  20° C. 7.6 P . P . M . Oxygen a t  S ta r t
P e r  cen t Oxygen R atio
Sewage 

in
M ixture 

0 .3 6

1.00

2 .0 0

Incu­ Absorbed in of Oxygen Oxygen Absorbed
bation D ilu ted  Sewage Absorbed in (Basts of Sewage)
D ays P . P .M . P er cent 5 : 10 days P . P . M. P er cent

1 0 .4 5.55 1 1 1 . 1 5.25
2 0.0 0.00 1 1 1 . 1 5.25
3 0.6 7.90 166.6 7.89
4 0.6 7 .90 166.6 7.89
5 1 .1 14.42 68 P er cent 305.5 14.47
6 1 .4 18.40 511.1 24.20
7 1 .6 21.05 584.0 27.66
8 1 . 6 21.05 584 .0 27.66
9 1 .6 21.05 584.0 27.66

10 1 .6 21.05 584 .0 27.66
1 1 .6 21.05 222.2 10.54
2 1 .6 21.05 222.2 10.54
3 1 .6 21.05 222.2 10.54
4 1 .6 21.05 222.2 10.54
5 1 .6 21.05 51 P e r cent 222.2 10.54
6 2 .2 28.94 305.8 14.47
7 2.2 28.94 305.8 14.47
8 2.6 34.21 361.3 17.20
9 2 .6 34.21 361.3 17.20

10 3 . 1 40.79 431.0 20.40
1 3 .8 50 .00 2 1 1 . 0 10.00
2 4 .6 60.52 255.5 12 .1 0
3 5.1 67 .10 283.2 13.43
4 5 .4 71 .05 299.5 14.20
5 5 .6 73.68 93 P er cent 310.3 14.72
6 5 .8 76.31 322.2 15.56
7 5 .8 76.31 322 .2 15.56
8 5 .8 78.34 322 .2 15.56
9 6.0 78.94 333.5 15.80

10 6.0 78.94 333.5 15.80

days’ incubation at 20° C. in 250 cc. glass stoppered 
bottles.

T a b l e  I I I — O x y g e n  D e m a n d  (P . P. M .)  b y  N i t r a t e  M e t h o d  

A— By adding excess NaNOa 
B— By adding 10 cc. N aN O i (26.56 g. per liter)

T ria l N o. 1 2 3 4 5 6 7 8 9 10
M ethod A ................... 300 265 250 310 287 326 297 269 307 278
M ethod B ................... 310 270 248 308 290 320 300 265 310 275

The agreement in Table III  shows that the excess 
of NaNOs does not affect the biologic process upon which 
the loss of oxygen depends. From this we decided 
that the addition of excess N a N 03 to the sewage w-ould 

■ give us as reliable results as the use of varying con­
centrations would.

In order to see whether the two methods, the ex­
cess nitrate and the dilution method, gave results of 
close agreement, the two were tried on a known sewage. 
For the dilutions, aerated distilled water -with a tem­
perature of 20° C. was used: 250 cc. bottles were 
filled to overflowing and 3 cc. of sewage added near 
the bottom of the bottle. After mixing they were 
incubated for 10 days at 20° C. The Rideal and 
Stewart1 procedure was used. Thirty-five per cent 
of the oxygen was absorbed at the end of 10 days.

T a b l e  I V — C o m p a r i s o n  o f  O x y g e n  D e m a n d  (P . P . M .)  b y  t h e  N i t r a t e  
a n d  t h e  D i l u t i o n  M e t h o d s . I n c u b a t i n g  a t  20° C.

T ria l D ilution N itra te T ria l D ilution N itra te
No. M ethod M ethod No. M ethod M ethod

1 305 301 11 293 298
2 298 285 12 298 296
3 301 299 13 307 303
4 310 312 14 290 285
5 302 304 15 310 306
6 285 283 16 288 295
7 297 294 17 296 300
8 289 285 18 298 293
9 300 298 19 302 299

10 294 291 20 289 294

Aside from the fact that the nitrate results are con­
sistently lower than the dilution results, the two de­
terminations agree fairly well. In fact, they agree 
well enough for all practical purposes, and strengthened 
us in our decision that the nitrate method would give 
satisfactory results in the field; also they are in strict 
accord w'ith those obtained by Lederer.2 Furthermore, 
our experience has confirmed this decision, and after 
a year’s trial, we conclude that the nitrate method is 
far better adapted to field wTork than the modified 
English dilution method.

W a t e r  a n d  S e w a g e  L a b o r a t o r y  

U n i v e r s i t y  o f  K a n s a s . L a w r e n c e

Using a known sewage, comparisons of both methods 
of procedure of the nitrate method were made. The  
results contained in Table III confirm those published 
by Lederer.1 Those in M ethod A  were obtained by  
adding varying quantities of N aN O i to the sewage, 
and noting the one which just remained sweet. Those 
in Method B were obtained by adding an excess of 
N a N O i and 0.4 cc. methylene blue to just one bottle 
of sewage. All determinations were made after 10

1 J . Infect. Dis.. 1 4 , 4 8 5 .

A  C O M P A R IS O N  O F  T H E  P E R M A N G A N A T E  M E T H O D S  
F O R  T H E  D E T E R M IN A T IO N  O F  R E Q U IR E D  O X Y G E N

B y  J o h n  H .  S a c h s  

Received D ecem ber 3, 1915

As the determination of required oxygen is of very  
great3 importance in the examination of waters, it 
was thought that it would be well to look into the 
methods in use for the same and to choose from among 
them the one that seemed to give the best results. 
It was realized at the start that the method is not 
quantitative, and that the results obtained are only 
comparative. On the other hand, were a large number 
of waters examined in exactly the same way, the

» Analyst, 26 (1901), 141.
2 Loc. cil.
* Fleck, Z . angew. Chem.. 1 8 8 9 , 580.
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results would surely show the relative quantities of 
oxidizable matter present.

As early as 1851, Forschammer1 began using a 
dilute solution of potassium permanganate for the 
oxidation. He proceeded by simply .adding this to 
one liter of the water under examination until a faint 
pink color persisted for one-half hour. From this 
method has sprung the many methods now in use. 
These methods may be divided into twro classes: 
(/) O xid ation  in  acid solution; (2) O xid ation  in  a lka lin e  
solution. These methods have been further modified 
according to the time taken for the oxidation, the 
temperature at which the oxidation is carried out and 
the amount of permanganate used for the oxidation.

OXIDATION IN ACID SOLUTION

T h e k u b e l 2 m ethod is as f o l lo w s :  T o  200 cc. of the w ater
to  be exam ined there are added 10 cc. of dilute H 2SOi (1 : 3). 
T o  this, when heated to boiling, there is added from a burette 
a  standard dilute solution of the perm anganate until a  decided 
red color rem ains. T h e  boiling is continued ten m inutes with 
the addition of more perm anganate if the color tends to fade 
out. S tan dard oxalic acid solution is then added until the 
pink color has com pletely disappeared. T h e  excess o f oxalic 
acid is then titrated w ith  the standard perm anganate solution. 
T he difference betw een the to ta l am ount of perm anganate used 
and the perm anganate equ ivalen t to the oxalic acid added, 
gives the am ount of perm anganate reduced. C orrection m ust 
be made for ferrous salts, nitrites or hydrogen sulfide, if th ey  
be present.

k o b r i c i i 5 recom m ends th a t the perm anganate solution be 
made b y  dissolving 0.5 g. of the sa lt in one liter of w ater; 
after the addition of 150 cc. pure concentrated H =SOj, the 
whole is heated a t g o 0 for 3 hrs. in a  flask w ith  a  long neck. 
T he solution is then standardized w ith  oxalic acid. 100 cc. 
of the w ater to  be  tested are then m ixed w ith  50 cc. of the per­
m anganate solution and 15 cc. H sSO<. T his is heated in the 
same kind of flask as w as used above a t  90° for 3 hrs. He 
points out th a t chlorides m ust be rem oved and corrections 
made for nitrites present.

t i d y ’s 4 process differs from  the rest in th at the oxidation is  

carried out a t  ordinary tem peratures. H e recom m ends the 
use of 2 50  cc. of the w ater; to this is added 10  cc. H2SO1 and 
io  cc. K M n O (. A fter standing in a  stoppered bo ttle  for 3 
hrs. a t ordinary room tem perature an  excess of K I  solution 
is added, and the iodine liberated titrated  w ith  thiosulfate. 
A  blank experim ent in w hich recen tly  distilled w ater is used is 
also made.

t i i r e s h ’s 5 m e t h o d — 250 cc. of the w ater to be exam ined are 
measured in a flask fitted w ith  a stopper. T o  this are added 10 
ce. H2SO4 and 10 cc. of a perm anganate solution, of such strength 
th at i cc. =  o. 1 mg. availab le  oxygen. T h e  stopper is then 
inserted and the flask w ith  its contents incubated for 3 hrs. 
a t 37 I f  the pink color tends to  face out, more of the perm an­
ganate solution is added. A fter 3 hrs. the flask is cooled, 
i cc. of a 5 per cent K I  solution added and the iodine liberated 
is titrated  w ith  th iosulfate. W hile the w ater to be tested is 
incubating, a blank test is run. T h e  ferrous salts, nitrites, 
etc., are a t  first determ ined b y  finding how much oxygen is 
consumed in 5 min. a t 37°.

OXIDATION IN ALKALINE SOLUTION

s c h u l z e ’s 6 p r o c e s s — io o  cc. of the w ater are placed in a

1 Fresenius, Z . anal. Chon., 2 (1863), 425.
’■ B raun, Ibid., G (1867), 253.
1 Kobrich, Chem.-Zlg., 11, 4.
'  T idy, J . Chem. Soc.. 35 (1879), 66
6 Thresh, "E xam ination  of W ater and W ater Supplies,” 1913, 309.
' Trom m sdorff, Z . anal. Chem., 8 (1869), 350.

flask of 300 cc. cap acity. One-half cc. N aO H  solution (2 : 1) 
is added and from a burette 10 cc. of standard perm anganate. 
A fter boiling 10 min. the contents of the flask are cooled to 
50-60°. 50 cc. H 2S0 < ( i : 3) are then added and from  a burette
10 cc. of a standard solution of oxalic acid. T h e procedure 
from this point is sim ilar to  th at of the K u bel method.

E X P E R IM E N T A L

To choose from among these methods the following 
series of determinations were carried out, using water 
solutions of certain organic compounds. The solu­
tion of permanganate used was of such a strength that 
1 cc. = 0 . 1  mg. available oxygen.

A c id  S o l u t io n — 100 ec . w a te r  +  15 c c . K M n O i  +  10 cc . H iSOi (1 : 3)
A l k a l in e  S o l u t io n — 100 c c . w a te r  4- 15 cc . KMnO< - f  1 c e . N a O I I  (1 : 1)

A c id  T r e a t m e n t s  A l k a l i n e

1 Boiled in E rlenm eyer beaker 10 m inutes (K ubel).................. V
I I  H eated  in Erlenm eyer beaker 8 5 °  for 1 h o u r..........................  VI

I I I  Incubated  in closed flask 37° for 3 hours (T h resh )...............  V II
IV Allowed to  s tan d  in closed flask a t ord inary  tem pera tu re

for 3 hours (T id y ) ...........................................................  V III

After treating as above, the flasks were quickly 
cooled to 1 0 - 1 5 0. The alkaline solutions were acidi­
fied with HîSOj. An excess of K I  was added and the 
iodine liberated titrated with thiosulfate. Both the 
thiosulfate and the permanganate solutions were 
frequently standardized. The results, expressed in 
mg., of oxygen consumed by ioo cc. of the water 
are given in Table I.

T a b l e  I
R esults in M g. Oxygen Consum ed per 100 cc. W ater

A c i d  S o l u t i o n s  A l k a l i n e  S o l u t i o n s
T rea tm en t: I I I  I I I  IV V V I V II V III

1 L actose...........................  0.547 0.592 0.110 0.033 0.505 0.473 0.309 0.272
1 G lucose...........................  0.641 0.652 0.054 0.027 0.587 0.641 0.543 0.415
1 Sucrose............................ 0.783 0.739 0.096 0.020 0.620 0.636 0.488 0.317
1 U rea .................................  0.086 0.092 0.023 0.017 0.081 0.083 0.038 0.040
1 Dried Egg A lb  0.400 0.483 0.156 0.173 0.415 0.461 0.254 0.161
1 S ta rc h .............................. 0.571 0.334 0.027 0.016 0.415 0.312 0.178 0.108
1 A gar.................................  0.613 0.505 0.046 0.035 0.397 0.402 0.161 0.127
1 G elatine .......................... 0.119 0.178 0.037 0.033 0.359 0.312 0.175 0.119
1 Dried M ilk ....................  0.600 0.537 0.072 0.028 0.524 0.520 0.236 0.212
5 Dried Egg A lb  0.908 1.100 0.577 0.484 0.923 0.953 0.496 0.358
5 G elatine .......................... 0.242 0.552 0.100 0.077 0.808 0.729 0.407 0.442
5 L actose ............................ 1.500 1.500 0.138 0.033 1.183 1.131 1.050 0.888

It is at once seen that at the high temperatures 
the most oxygen is consumed. It will also be noticed 
that there is little difference in the results at 85 and 
100°. At the lower temperatures, especially in the 
acid solutions, the consumption of oxygen is much 
smaller. In almost every case the oxygen consumed 
at ordinary temperatures is less than that consumed 
at 37°. In Methods V II  and V I II  the solution usually 
took on a green color, due to the formation of KoMnOj. 
These methods were, therefore, discarded. In Methods  
V  and VI there was usually a larger quantity of the 
MnO« separated than in any other method. This1 
acts catalytically to reduce more K M nO j. Grünhut2 
has shown that the presence of Mn in water intro­
duces quite an error by these methods. For these 
reasons the alkaline methods were discarded.

Another set of experiments w'as then arranged in 
which the oxidation of 100 cc. of w-ater was carried out 
in Erlenmeyer flasks two ways: (1) heating for 1 hr. 
at 85°, and (2) incubating for 3 hrs. at 37°. Here the 
amount-of K M n 0 .i was varied. The results of these 
experiments are shown in Table II.

From these results, it can be seen that at the higher 
temperatures the more K M n O j used for the oxidation, 
the more oxygen is consumed. A t  37° there is little

> Noll, Z. angcw. Chem., 24 (1911), 1509.
* G rünhu t, Z. anal. Chem., 52 (1913), 36.
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T able II
R esu lts  in M g. Oxygen C onsum ed per 100 cc. W ater

1 H our—  85°
KMnO« Solution: 15 cc. 20 cc. 25 cc. 30 cc. 40 cc.
5 G e latine ................................................... 0 .552  0 .697 0.821 0 .872  0.952
5 D ried Egg A lb......................................  1.100 1.293 1.425 1.526 1.790
5 Dried M ilk ............................................. 1.500 1.850 2 .142  2 .336  2.706
Sewage N o. 1............................................. 1.252 1.452 1.588 1.786 2.094
Sewage No. 2 ............................................. 1.228 1.415 1.530 1.655 1.730
Sewage No. 3 ............................................. 1.082 1.280 1.422 1.605 1.675
C ity  ta p  w a te r ..........................................  0 .372  0 .440  0.461 0 .482  0.527

3 H ours— 37°
5 G e latine ................................................... 0 .100  0 .103 0 .108  0.123 0 .140
5 Dried Egg A lb......................................  0 .549  0 .539 0.565 0 .618  0 .670
5 Dried M ilk ............................................. 0 .460  0 .475 0 .490  0 .494  0.477
Sewage No. 1............................................. 0 .426  0 .452 0 .444  0 .459  0.431
Sewage No. 2 ............................................. 0 .435 0 .460  0 .440  0.473 0.455
Sewage No. 3 ............................................. 0 .455 0 .633 0 .490  0 .482  0.473
C ity  ta p  w a te r..........................................  0 .155 0 .160  0 .162  0 .178  0.182

difference in this respect. This makes it quite clear 
that in comparing results of oxygen consumed at 
high temperatures, only those results can be compared 
that are obtained by a method in which the same 
amount of permanganate is used for the oxidation. 
This is a very important point. However, at 37°, 
the amount of KMnO< used for the oxidation plays 
no large part and hence such results can be com­
pared no matter whether or not the same amount 
of permanganate is used.

Although the presence of chlorides interferes with 
the determination of oxygen required in acid solution, 
the 37° acid solution method of Thresh seems best. 
The chlorides can be readily removed by A g20  and 
hence offer no great difficulty.

C i t y  H e a l t h  D e p a r t m e n t , B a l t i m o r e

E S T E R  G U M S  O R  A R T IF IC IA L  R E S IN  E S T E R S
By C a r l e t o n  E l l i s  a n d  L o u i s  R a b i n o v i t z  

Received F eb ruary  2, 1916

The neutralization of acid resins for use in varnishes 
where the acid character of the resin is detrimental 
to the quality of the varnish is a problem that has 
engaged the varnish chemist for a long time. The  
tendency of acid resin varnishes to “ liver” or thicken 
is a phenomenon that frequently occurs in the case 
of the so-called enamels or varnishes containing me­
tallic oxides and is one of the greatest difficulties 
encountered by varnish chemists in the preparation 
of colors ground in a varnish vehicle. In order to 
obviate this difficulty it has been the practice among 
the manufacturers of varnishes to use gums relatively 
low in free acid such as Kauri and others, which, 
however, cannot be employed in the cheaper enamels 
and other similar coating compositions, owing to the 
comparatively high cost of these gums.

The hard varnish gums for years past have been 
growing scarcer and more expensive, and the only 
really abundant source of resin is common rosin. 
The latter is too soft for use in high-grade varnishes, 
while in grinding varnishes the acid of the rosin com­
bines with the pigment and makes the product thick 
or even solid after it has stood a considerable time. 
Grinding varnishes constitute one-fourth to one-third 
of the total volume of business of many varnish houses; 
hence the preparation of a varnish which is stable 
to basic pigments is an important matter.

l i m e  t r e a t m e n t — One method of treating rosin 
is to heat it with lime which neutralizes some of the 
acidity and has a hardening effect. It is not feasible

to use enough lime to make a neutral product as the 
material would be insoluble in oil and turpentine. 
Highly limed varnishes do not stand outside exposure 
satisfactorily.

This condition of the resin market has led to the 
careful scrutiny of the products known as rosin esters 
or ester gums which are prepared by esterifying 
ordinary rosin or similar resin with glycerine and the 
like. These rosin esters are soluble in oil and tur­
pentine and have been found fairly free from the ob­
jection of “ livering” or thickening with basic pig­
ments. For a time the consumption of such esters 
was small but as their value came to be appreciated 
by the varnish manufacturer the demand increased 
and has now grown to very substantial proportions. Up 
to the present time in this country rosin esters have 
not been made for general sale but a few varnish 
manufacturers for some time past have been preparing 
esters for their own consumption. A considerable 
quantity of ester gum made in Germany and England 
has been imported. These products vary considera­
bly in quality and the acid numbers range from 10 
or 12 to about 50.

A t the. present time, owing to the lack of consump­
tion abroad of copal and other hard gum, a great re­
duction in the price of this raw material has been 
made and in consequence the making of medium- 
priced grinding varnishes with hard gums is more 
feasible than it was a few years ago. On the other 
hand, glycerine, which enters into the manufacture 
of ester gums, is now extraordinarily high in price 
and these conditions may tend to diminish temporarily 
the consumption of rosin esters. Such a condition is, 
however, only temporary, for at the close of the pres­
ent European war a large demand will spring up for 
hard varnish gums, and rosin esters will be again 
restored to the place which they attained in the resin 
market prior to the opening of the war.

Before reviewing the previous work on the neutral­
ization of resins it will be rather instructive to pre­
sent the views held by various investigators regard­
ing the cause of the phenomenon of “ livering” or 
thickening.

Rosicki1 holds that the thickening of the varnish 
is due to the formation of salts difficultly soluble in 
the varnish formed by the reaction of the free resin 
acids and the metallic oxide present. In support 
of this theory he cites the fact that copals like Congo 
and Manila when melted in the normal way do not 
yield varnishes which stand the addition of basic 
pigments; they do so, however, when melted or “ run” 
with a loss of 30-35 per cent. This result he claims, 
is due to the large drop in the acid number of the copal 
during the melting process. In some cases the acid 
number falls from 150 to about 25. The tendency  
of varnishes towards thickening decreases propor­
tionately with the decrease in acid number.

Muehle2 is of the opinion that the thickening phe­
nomenon is due to the coagulation of the high molecu­
lar copal particles rather than to the formation of in-

1 F arben-Ztg., 1913, 1194.
* I b id ., 1913, 1119. 1944, 2058. 2178.
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soluble salts. Through extensive experiments which 
he carried out he claims to have found that neither 
neutralization of the copal acid by basic substances, 
such as lime and magnesia, nor their esterification, 
nor any other method tending towards the satura­
tion of the free acids were of use in preventing the 
coagulation of the varnish. Muehle1 states that 
neither he nor his associate, Hammelmann, succeeded, 
through combining the carboxyl group of resin acids 
by all possible methods (esterification, acetylation, 
forming anhydrides, etc.), in producing varnishes 
from Congo and Manila copals, which would stand 
the addition of pigments. They were able to bring 
the acid number down to a very low figure, but the 
danger of thickening was by no means eliminated.

Megerle,2 commenting on the controversy between 
Rosicki and Muehle, states that according to his ob­
servations during his experience extending over a 
period of more than twenty years, he is of the opinion 
that the gelatinizing of varnishes in the presence of 
zinc or lead basic pigments is due to not one but to 
both the reactions claimed b y  Rosicki and Muehle.

N E U T R A L IZ A T IO N  03? R O S IN  W IT H  M E T A L L IC  O X ID E S

The hardening of resins by treatment with lime has 
long been known. In 1884 Kissel observed that the 
melting point of natural acid resin could be increased 
considerably by neutralizing it with lime, magnesia, 
or zinc oxide, and that the hardness increased pro­
portionately with the amount of material introduced 
into the resin.3 Later1 he improved his method by  
removing the last traces of the free rosin acid that  
invariably occurred in the hardened rosin by washing 
the powdered compound with ammonia water. In 
this way he claims to have obtained a neutral product.

Melvin6 describes a method of preparation of zinc 
resinates according to which zinc oxide is added to 
rosin at 230° F., in the proportion of 2'/2 to 25 parts 
of zinc oxide to 100 parts of rosin. The preparation 
of the resinates of calcium, magnesium and zinc is 
described by Prager.0 Zinc resinate is stated to be 
less affected by water than the corresponding com­
pound of calcium.

Pirschl7 claims an improvement in the method of 
preparing metallic resinates by introducing a flux 
causing a greater percentage of the metallic oxide 
to combine with the acid resin. The flux that he 
generally employed was rosin oil. According to him 
the temperature should differ with the metallic oxide
employed. The hydroxides he claims are to be pre­
ferred to the oxides as more complete neutralization 
can be effected with the former. He found that rosin 
is capable of taking up 16 per cent of manganese di­
oxide, 10 per cent of barium oxide, 40 per cent of 
lead oxide and 8 per cent of calcium oxide.8

1 For details of a  controversy  betw een Rosicki and  M uehle see S tevens 
and A rm itage 's "T rea tise  on the  Technology of W ood Oil.”

- Farben-Zlg.. 1913, 2230.
3 See D. R. P. 30,000, M arch  5, 1884; U. S. P a te n t Reissue N o. 10,714, 

April 20, 1886; U. S. P a te n t No. 303,436, A ugust 12, 1884.
* U. S. P a te n t No. 414,366. N ov. 25, 1890.
s U. S. P a te n t No. 370.640, Sept. 27. 1887.
• Seifen.-Zlg., 1915, 705.
7 U. S. P a te n t No. 521,270, Ju n e  12. 1894.

See also G entzsch, U . S. P a te n t N o. 657,696, Sept. 11, 1900.

The practice of liming rosin and other acid resins 
has been in vogue in most varnish works for a great 
many years and the cheaper grade of varnishes con­
taining largely rosin as the resinous stock almost in­
variably carries a considerable percentage of lime or 
other base for hardening purposes. The acidity, 
however, can be only partly neutralized as the use of 
a sufficient amount of base to furnish a neutral product 
would yield a resinous body insoluble or very diffi­
cultly soluble in the usual varnish thinners. Thus  
it is not feasible to rely upon liming to prepare a grind­
ing varnish sufficiently neutral to be free from tend­
ency of livering.

According to Prager1 rosin may be hardened by  
the addition of 5-10 per cent of sulfur at 140-150°  
C. The cooled product is dark green in color, pos­
sesses a sulfur-like odor, and is quite resistant to the 
action of weather and chemical reagents.

N E U T R A L IZ A T IO N  OF R F.SIN S W IT H  O R G A N IC  S U B S T A N C E S

In order to prepare ordinary esters of soft resins, 
such as rosin, the softer constituents of the raw resin 
are removed by distillation in a vacuum in the pres­
ence of superheated steam or a current of indifferent 
gas up to 300-350° C., or sometimes by extracting 
the raw resin by means of solvents such as dilute 
alcohol. The residue is then heated with equivalent 
proportions of glycerine, phenol, naphthol, or carbo­
hydrate at a high temperature with or without the 
addition of the dehydrating agents and with or with­
out pressure. For example, rosin is heated in a 
vacuum at 350° C. to remove the volatile materials, 
the residue is treated with resorcin in the proportion 
of 100 parts of rosin to 17 parts of resorcin and the 
vapors which are formed are allowed to escape by  
opening a valve of the autoclave. The operation of 
blowing off the generated steam is continued until 
esterification is substantially complete. This can be 
roughly determined by shaking an éther or benzene 
solution of the ester with a dilute aqueous solution 
of caustic soda and noting the degree of action of the 
alkali.

Glycerine esters which can be immediately employed 
in the varnish industry are prepared according to 
Bottler2 by heating abietic acid to 180-210.° and add­
ing to it 10 to 16 parts of glycerine under constant 
stirring while subjecting to a vacuum of 10 cm. After 
the addition of the glycerine the temperature is grad­
ually raised to 280° C., while the vacuum is main­
tained constant. The operation is continued until 
the esterification is complete. In order to impart to 
the ester a greater degree of hardness, the softer por­
tions are distilled off under reduced pressure or in an 
atmosphere of an indifferent gas at ordinary pressure. 
If the product becomes very thick toward the end of 
the operation some linseed oil may be added. Finally, 
the residue is treated with \/t to 2 per cent of man­
ganese peroxide or red lead and the heating is continued 
until the solution is complete. The varnish stock 
thus obtained is of a light color and is readily solu­
ble in benzene and turpentine.

» Seifen.-Zlg.. 1916, 706.
- "H arze  und H arzeindustrie ,” H anover, 1907.
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Suter1 claims that he was able to bring about com­
bination between dehydrated molasses and rosin in 
the presence of asphalt oil dissolved in a vehicle such 
as alcohol or turpentine. For example, 30 lbs. of 
copal and 20 lbs. of rosin are supposedly combined 
with 25 lbs. of molasses and 5 lbs. of asphalt distillate.

Schaal1 has described various methods of producing 
resin esters and for separating the soft and hard con­
stituents. He observes that resin acids combine 
freely with carbohydrates as well as the lower and 
higher alcohols, phenols, naphthols and similar aro­
matic hydroxy bodies to form resin acid esters. These 
products are partly soft and partly very hard resin­
ous substances. The esters may be made (1) by  
heating equivalent proportions of the materials to 
a high temperature with or without pressure and with 
or without the addition of substances capable of ab­
sorbing water such as acids or acid salts; (2) by passing 
through the mixture heated neutral gases so as to ex­
pel the water thus formed; (3) by heating the metallic 
salts of the resin acids with haloid or sulfo combina­
tions of the phenols and their homologues. In an 
example given by Schaal, colophony is distilled in 
vacuum at a temperature up to 350° C. in order to re­
move volatile constituents and the residue, which 
consists chiefly of a hard resinous substance, is mixed 
with 10 per cent by weight of dehydrated glycerine. 
The mixture is heated with agitation and under 
a pressure of several atmospheres to 250° C. After  
some time the pressure rises, due to the formation of 
steam, and the latter is blown off from time to time. 
When the formation of water ceases the resin esters 
which have been formed are subjected to distillation 
for the purpose of separating the softer from the harder 
portions.

B y the foregoing process it will be noted that the 
reaction of the resin acid with the hydroxy body 
takes place under a pressure of several atmospheres, 
while in the method described below Schaal main­
tains a vacuum in the chamber in which the resin 
acid and hydroxy body are heated.

The formation of mixed esters of Manila copal and 
rosin is described by Schaal.3 According to a pro­
cedure given by him, 30 lbs. of Manila copal are melted 
and an equal amount of rosin added. The tempera­
ture is raised to about 1S0-2100 C. and a mixture of 
6 lbs. each of fruit sugar and glycerine is gradually 
added. The mixture is constantly agitated and the 
temperature is slowly raised to 280° C.; at the same 
time a vacuum of about 100 mm. is maintained in 
order to remove the aqueous vapors which are formed. 
While the temperature is being raised to 280° C , 
such portion of the hydroxy body as distills off is re­
placed by fresh material until the formation of the 
ester is completed. In place of the mixture of fruit 
sugar and glycerine a mixture of 16 lbs. of phenol 
with 4 lbs. of cane sugar or mannite and 4 to 5 lbs. 
of glycerine may be used. The addition of boric 
acid is regarded as favoring the reaction.

1 U . S. P a te n t No. 905.384, Dec. 1, L908.
5 U. S. P a ten t No. 335.485, Feb. 2, 1886; Reissue Xo. 10,823, M arch 

29, 1887.
« U. S. P a te n t Xo. 501.446, Ju ly  11. 1893.

An apparatus used by Schaal in the manufacture 
of rosin esters is shown in Fig. I. The kettle A is 
equipped with a charging funnel and stirring device 
and a gooseneck connects this vessel to a receiver, B. 
The outlet pipe d is connected with an air pump so that 
a partial vacuum can be maintained in the apparatus. 
The rosin acids are placed in the kettle' A  and heated 
to 180-240° C. when the glycerine or other hydroxy  
body is added under constant agitation. A vacuum  
of 100 mm. is maintained in the apparatus. The tem­
perature is then gradually raised to about 280° C. 
while the agitation is continued and the heating 
operation progresses until a portion taken from the 
kettle A  and dissolved in benzine, or ether, or ground 
fine in water, does not give up any soluble matter 
when mixed with an aqueous solution of sodium car- 

.bonate.
A further suggestion by Schaal1 is that of oxidizing 

the resinous product before esterification. For ex­
ample, the rosin is reduced to a fine powder and is 
subjected to the action of oxygen, which is stated to 
have the effect of raising the melting point of the rosin 
to a point where it approaches that of the copals. 
This product may then be esterified with glycerine, 
glucose, levulose or cane sugar.

Terrisse2 has esterified a variety of varnish gums

with glycerine. Fossil resins (including Congo copal, 
Zanzibar and Madagascar anime, kauri, Benguela 
copal, pontianak, Manila and others) are “ solubil­
ised” 3 by heating them, preferably under pressure 
in an autoclave at a suitable temperature (240-360° 
C'.), with or without the addition of naphthalene or 
phenol. The naphthalene or phenol is removed by  
distillation or otherwise, the acid value of the fused resin 
is determined, and an excess of high-boiling alcohol 
such as glycerine is added. The mixture is then heated 
until the uncombined alcohol is distilled off, the prod­
uct consisting substantially of a neutral resin acid ester, 
readily soluble in linseed oil. For example: (1) 100 
g. of ground Zanzibar gum are heated with 350 g. of 
naphthalene at 280° C. and 4 atmospheres for 4 hrs., 
or until a test portion is soluble in linseed oil. The 
acid value is determined, and some excess above 
the calculated amount of glycerine is added. The  
mass is then heated in a still or open vessel at 280- 
320° C. until a test on glass remains transparent on 
cooling. (2) 100 kilos of Congo copal are fused by the

■ U. S. P a te n t Xo. 698,741, A pril 29, 1902.
2 J .  Soc.C hem. Ind ., 1916, 57; B ritish  P a te n t No. 23,055, N ov. 25,1914
3 J .  Soc. Chem. Ind ., 1904, 552; 1908, 457.
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open-kettle method; its acid value is then determined 
and the calculated amount of glycerine is added. 
15 kilos of copal oil, redistilled under reduced pressure 
to the state of a greenish yellow viscous liquid, are 
added, and the mixture is heated in a still, or open 
vessel, to 280° C.; 5 to 6 kilos of glycerine are then added 
and heating continued until a test gives a clear bead.

E X P E R IM E N T A L

Investigations were carried out with the object of 
finding a simple and at the same time an efficient 
method for producing substantially neutral rosin or 
other resinous compounds that would resist the action 
of basic pigments, such as white lead and zinc oxide. 
To be of commercial value the products are required 
to possess not only a low acid number but good color 
and hardness as well. This offers difficulties as it is 
not easy, for instance, to obtain an ester possessing 
both a low acid number and a good color. Either 
one or the other property has to be sacrificed in a 
measure unless special and expensive precautions 
are taken. To some extent the same is true of color 
and hardness.

Partial esterification of rosin by means of glycerine 
readily took place by bubbling gases through a mix­
ture of rosin and glycerine in slight excess, at 280- 
300° C. Hydrochloric acid gas, carbon dioxide, 
hydrogen, air and oxygen were successively tested. 
In no case, however, was an ester obtained of suffi­
ciently low acid number to warrant their use except, 
possibly, in special cases. A difficulty encountered 
inithe use of these gases was the considerable loss of 
glycerine carried over by the gaseous current. A 
rosin ester obtained by the use of hydrochloric acid 
was of almost a semifluid consistency, while the esters 
prepared by the use of air or oxygen were generally 
dark in color. This method gave esters having acid 
numbers of 30 to 40. The use of bodies expected • 
to aid the reaction by catalytic or dehydrating effect, 
such as sulfuric acid, zinc chloride, sodium acid sul­
fate and others in the presence of gas, did not ma­
terially assist the ester formation. With the excep­
tion of hydrochloric acid gas the action of the gases in 
bringing about partial esterification of the rosin is 
probably largely a mechanical one. On bubbling 
through the melted rosin and glycerine the gas brings 
these two substances into intimate contact with one 
another. On the other hand, as already stated, the 
passing gas also causes considerable loss of glycerine. 
This accounts for the fact that only partial esterifica­
tion takes place when using approximately equiva­
lent amounts of rosin and glycerine under these condi­
tions.

A considerable improvement in the preparation 
of rosin esters was made by the introduction of a me­
chanical stirring device. This afforded the agitating 
effect of the gases without the drawback of excessive 
volatilization of glycerine. To reduce further the 
loss of glycerine a reflux condenser was used. Prod 
ucts were obtained in some of the tests having an acid 
number as low as 6 or 7. It may be stated, however, 
that the products having such a low acid number 
were generally darker in color.

In each of the following runs 60 parts by weight of 
rosin and 8 parts of glycerine were employed. The  
yield in each case was about 60 parts of ester. The 
acid number of the rosin employed was 156.

E x p e r i m e n t  I E x p e r i m e n t  I I
T im e T e m p . A c id T im e T e m p . A c id

H r s . M in . ° F . 0 C . N o . H rs . M in . ° F . 0 C . N o .
10 2 4 0 118 0 2 4 0 116
20 2 5 0 121 20 3 6 5 185
3 0 3 0 0 149 3 0 4 0 0 2 0 4
6 0 4 0 0 20 4 45 415 213

1 15 425 21 8 5 0 4 5 0 232
1 3 0 4 6 0 2 3 8 1 5 4 6 5 241
1 45 4 75 2 4 6 1 25 4 9 0 2 5 4
2 10 5 0 0 2 6 0 2 5 0 0 2 6 0
2 35 5 0 0 2 6 0 4 5 .0 2 3 0 50 0 26 0 3 2 . 0
3 5 0 0 2 6 0 2 55 50 0 26 0
3 3 0 5 25 27 4 3 6 .0 3 15 5 2 0 271 20.2
4 5 5 2 0 271 3 3 0 5 2 0 271
4 15 5 2 0 271 1 3 .5 3 45 5 2 0 271 1 2 .9

E x p e r im e n t a l  R e s u i .T S C a l c u l a t e d

W t,. o f  R o s in  (C20H30O1) (a) . . . '  6 0 ,,0 N 6 0 .0
W t.. o f  G ly c e r in e 8 ..0 6 . 1
W t,. o f  E s t e r ------- 60 .0 6 2 .5

(a) W. F ahrion , BischoU and  N astvogcl. See Allen’s "Com m ercial 
Organic A n a ly sis /’ Vol. I I ,  P a r t  3 (1907), p. 159.

It was found that under ordinary conditions ethyl 
alcohol, phenol, cresol, aniline and alpha and beta 
naphthylamine, sugar, starch and glucose did not re­
act with the rosin to form neutral products. Experi­
ments carried out with sugar, glycerine and starch 
under pressure in the presence of a water-absorbing 
adjacent layer of unslaked lime similarly gave nega­
tive results. For example, 100 parts of rosin 
and 1 5 parts of crystallized dextrose reduced to a 
fine powder and intimately mixed were placed in 
an open container surrounded by unslaked lime and 
heated in an autoclave at 253° C., for 3 hrs. 
The pressure did not rise above 3 atmospheres. The  
final product consisted of unchanged rosin, the acid 
number of which was 145.6, while the dextrose was 
completely converted into a carbonaceous mass. 
Aniline and alpha and beta naphthylamine when 
heated with rosin under pressure likewise gave nega­
tive results.

According to Hibbert1 the condensation of poly- 
hydric alcohols is facilitated by the presence of iodine. 
Tests carried out on the rate of formation of rosin 
ester of glycerine in the presence of small quantities 
of iodine did not disclose any beneficial result.

c o l o r  o f  t h e  e s t e r - — The production of rosin esters 
meeting the requirements of varnish manufac­
ture as regards lightness of color is a matter of some 
difficulty, as the resin discolors rather rapidly when 
exposed to air or oxygen at the high temperature re­
quired for esterification. In consequence it is desira­
ble to maintain an atmosphere of an inert gas over 
the esterifying material during the progress of the re­
action and while cooling. Once an ester has become 
discolored by oxidation it is extremely difficult to bet­
ter the color by bleaching operations. Small scale 
experiments carried out to determine the effect of 
various bleaching agents such as bone-black, fuller’s 
earth and sulfur dioxide showed the coloring matter 
of the ester to be practically unaffected by these agents.

In some of our experimental work we used appara­
tus as shown in Fig. II. This consisted of a kettle 
fitted with a tight cover and stirrer mounted on a 
varnish kettle truck carrying a countershaft. The

‘ A m . Chem. Soc., 1915, 1748; U. S. P a te n t N o. 1,126,467, Jan . 26. 
1915.
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stirring device was operated by a motor. The kettle 
could be readily moved on and off the fire without 
affecting the operation of the.stirrer. This apparatus 
proved very convenient to handle.

D E T E R M IN A T IO N  OF T H E  ACID  N U M B E R  OF R O S IN

e s t e r s — One gram of the ester is dissolved in 2 5 cc. of ben­
zol or ether and the solution is titrated with N / 1 0  
alcoholic caustic potash, using phenolphthalein as an 
indicator.

r o s i n  a n h y d r i d e s — What appears to be the an­
hydride of rosin acids is readily obtained by passing 
an inert gas through the rosin at 300° C. The an­
hydride is soluble in organic solvents such as alcohol, 
ether, benzol, but it differs from ordinary rosin in 
its behavior towards aqueous alkali. Rosin dissolved 
in benzol or ether shaken with a cold aqueous solution 
of caustic alkali readily reacts with the latter with a 
formation of rosin soap. The anhydride of rosin 
under the same conditions remains unaffected or but 
slowly affected. This gives a simple rough method 
for the determination of the “ anhydride content” of 
rosin. The procedure consists in dissolving a definite 
quantity of the materials in benzol or ether and titra­
ting the solution with aqueous caustic potash or soda 
solution, stirring the mixture vigorously after each 
addition of alkali and using phenolphthalein as an

F i g . I I

indicator. Toward caustic potash dissolved in alco­
hol, rosin and the anhydride of rosin behave alike.

IÏFFECT OP TEM PERATURE ON THE ACID NUM BER OF THE ANHYDRIDE 
D e t e r m i n e d  B y  A q u e o u s  A l k a l i  

T im e  ( H r s . ) . . .  1 2 3 4  5 6 7
T e m p .  ( '  C . ) . .  155 2 0 0  2 4 5  2 9 0  3 2 0  3 4 0  35 7
A c id  N o   4 4  3 4  3 0  2 0  19 18 1 8 .5

Common rosin of normal acid number was heated 
at about 300° C. until its acid number, determined by  
titration with aqueous caustic potash solution, was found 
to be reduced to approximately 20. However, on 
titration with alcoholic potash solution  the acid number 
was found to be but slightly reduced. As the anhy­
dride thus appears to have a greater degree of resis­
tance to alkalies than the original resin acids, a series 
of “ livering” tests were carried out with a consider­
able number of basic pigments. The results showed

the anhydride to be capable of combination with such 
pigments causing thickening of the mixtures.

• p r o p e r t i e s  o f  e s t e r  g u m -— An ester gum made from 
a good grade of rosin and glycerine when properly 
prepared should have a light amber color or pale straw 
color, should be bright and clear, with freedom from 
tackiness. It should not contain an excess of glyc­
erine, and should dissolve readily in benzene or tur­
pentine. A  solution of equal parts of the latter and 
the ester gum should remain clear on standing. Rosin 
ester is practically insoluble in 80 per cent alcohol 
and should be substantially unaffected by a 10 per 
cent solution of sodium carbonate. Even boiling 
aqueous solutions of sodium carbonate should have 
little or no immediate effect. The ester gum should 
be free from burnt or tarry odor.

d a m m a r  g u m — A mixture of 50 parts dammar gum 
and s parts of glycerine Was heated for one-half hour 
under agitation at 250° C. The acid number of the 
gum dammar fell from 39 to 12.3. The final product 
was dark in color.

c o p a l  g u m s — The esterification of the copals is a 
far more difficult problem than that involved in pro­
ducing the esters of rosin. The copals normally are 
insoluble in the ordinary solvents of the varnish in­
dustry and require to be cracked b y  protracted heat­
ing at high temperatures until they become soluble. 
It is possible to esterify the raw resin or to crack it 
and esterify the cracked product. It is commonly 
thought by varnish makers that after an ester of 
glycerine has been formed it should not be subjected 
to protracted heating because of the tendency of de­
composition with loss of glycerine. Our observa­
tions have shown that a number of the esters are very 
stable at high temperatures, and contrary to thie pre­
vailing idea that glycerine is not lost by heating in 
this manner. The esterification of copal gum with 
glycerine and subsequent treatment at a cracking heat 
is, however, sometimes prejudicial to the color of the 
preformed ester and usually it is desirable to crack the  
product first and then esterify the soluble resin so 
formed. Great care, however, has to be taken in 
esterifying this product to regulate the temperature 
properly, as infusible products may be formed. For 
example, Congo gum was run at 327° C. (620° F.) 
until soluble in turpentine, and was then treated with 
glycerine. Reaction took place readily, yielding a 
spongy product which could not be fused even on 
heating to over 360° C. (700° F.). On cooling, a 
porous resinous mass was obtained.

p o n t i a n a k  c o p a l — 92 parts by weight of fused 
gum and 8 parts of glycerine w'ere heated for 5 hrs. 
at 260-280° C. under constant agitation. The acid 
number fell from 74 to 34.

c o n g o  g u m — 100 parts of fused or cracked Congo- 
gum and 5 parts of glycerine were heated for 4 
hrs. at 250-260° C. with stirring. The acid num­
ber fell from 72 to 16.

SUM M A R Y

1— The method of preparing rosin esters was re­
duced to simplest terms. Esters were prepared from
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rosin and glycerine having an acid number as low as 
6 or 7, which were as a rule darker in color than 
the rosin employed. Esters were prepared whose 
acid numbers lay between 13 and 13.5 which were 
good in color.

2— Ethyl alcohol, phenol, cresol, aniline, alpha 
and beta naphthylamine, sugar, starch and dextrose 
did not combine with the rosin to form neutral sub­
stances under ordinary conditions. Aromatic amino 
compounds did not combine with the rosin in pres­
ence of dehydrating agents even under considerable 
pressure.

3— Bone-black, fuller’s earth and sulfur dioxide 
had no beneficial effect^on the color of rosin esters.

4— A qualitative and quantitative method for 
determining rosin anhydrides in the presence of rosin 
acids and rosin esters was studied.

5— Congo gum, pontianak gum and dammar gum 
were esterified with glycerine to a greater or lesser 
degree. Copal gums which had been cracked and 
rendered soluble in varnish makers’ solvents were found 
to esterify readily.

M o n t c l a i r , N e w  J e r s e y

C E A N O T H U S  V E L U T IN U S  (S N O W  B R U SH ) A S  A  S O U R C E  
O F  W A X  A N D  T A N N IN

B y  C h a s . C. S c a l i o n e  a n d  H e r b e r t  S. B l a k e m o r e  

R eceived N ovem ber 4, 1915

The study of this shrub- was undertaken with the 
hope of being able to utilize a material that at present 
is both a fire menace and a nuisance in California 
forests. This study, though not complete, will show 
that this plant contains easily available products of 
high commercial value.

B O T A N IC A L

Ceanothus velu tin us  (Douglas),1 commonly known 
as “ Snow Brush,” is a widely branching shrub, two 
to six feet, and sometimes more, in height. The  
leaves are alternately petioled, roundish. or broadly 
ovate, about three inches in length and have polished 
resinous upper surfaces, but are somewhat pubescent 
beneath.
. The area habitated by this plant is bounded roughly 

by the Coast Range of California on the west, the 
Columbia river on the north, Colorado on the east, 
and San Francisco Bay on the south. It is especially 
plentiful in the Shasta National Forest in the neighbor­
hood of Sisson, California, where it has been estimated2 
that 30,000 tons could be gathered within 5 miles of 
the railroad and three times this amount could be 
gathered within 13 miles.

We are indebted to the United States Forest Service 
for 500 lbs. of leaves and twig ends used in this investi­
gation. This material was gathered at Sisson, Cali­
fornia, and shipped to Berkeley.

E X A M IN A T IO N  FO R  E S S E N T IA L  OILS

An attempt was made to distill about 50 lbs. of 
leaves and twigs for essential oils. The distillate was 
slightly opalescent and by redistillation and extrac-

1 P arson’s “ W ild Flow ers of California ”
2 Personal com m unication from A cting Fo reste r of F ifth  D istrict.

tion of the distillate a minute quantity of a pungent­
smelling oil was isolated. This quantity was not 
sufficient for examination. Probably if the leaves 
had been distilled as soon as cut, sufficient oil would 
have been isolated to study, but the yield would not 
be of commercial importance.

E X T R A C T IO N  OF W AX 

The remainder of the twig ends, after drying on a 
steam radiator, were separated from the leaves by 
threshing. The leaves were ground in a coffee mill 
and sifted through a twenty-mesh screen. They were 
next thoroughly extracted with dry 86° Be. gasoline 
in a specially designed Soxhlet extractor of 10 lb. 
capacity. The average yield of wax was 7.3 per cent 
of the weight of leaves.

The wax had a greenish appearance, due to a little 
chlorophyll. At first it was of pasty-like consistency,

F i g . I

but on standing on the steam bath and driving off 
more solvent it became brittle, breaking with a con- 
choidal fracture. The crude wax had the following 
constants:
Free ac id .......................................  20 .3  R eichert-M eissl N o . . 7 .5
Saponification n u m b er  93 .4  Sp. gr. a t 15°................  0 .988
Iodine v a lu e ................................. 19.5 M elting  p o in t...............  78-79° C.

C H E M IC A L  E X A M IN A T IO N  O F W AX

In order to separate the wax into some of its com­
ponents, a well-dried portion was extracted with 
alcohol in a Soxhlet extractor. The material remaining 
in the cartridge when dried was a dark brown paraffin­
like mass. When boiled with alcoholic potash a por­
tion saponified. The unsaponified material was sepa­
rated from the soap liquors. On examination, this 
portion proved to be a hydrocarbon. It could not
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be obtained in a purified state and appeared to be 
composed of a number or homologous hydrocarbons, 
having a melting point between 50-57° C. Upon 
cooling, the potash soap became a mucilaginous mass. 
On acidifying, filtering and recrystallizing from alcohol 
solution, an acid crystallizing in straight needles, having 
a melting point of 76-76.5°, was isolated. Creotic 
acid melts at 77.8°. When titrated in an alcoholic 
solution with caustic potash its acid number was 
140.5. The acid number of creotic acid ranges from 
136-146.1

On cooling, crystals separated out of the original 
alcoholic extract. Water was added to this alcoholic 
extract and the fats separating out were filtered. They  
were washed entirely free of chlorophyll with dilute 
alcohol solution. The fats were saponified in fairly 
concentrated potash solution, the solution diluted

and the unsaponified portion 
filtered off. The soap liquids 
were evaporated to a small 
volume on the steam bath 
and acidified. The fatty  
acids separating out were 
filtered, washed and dried. 
They melted at 65-67°.

A fractional crystallization 
was made of these fatty  
acids with magnesium acetate 
in hot alcohol.2 This frac­
tionation was repeated three 
times and two acids of fair 
purity were isolated. One 
melted at 61-62°, the other 
at 68—69°. The silver salt 
of the former when ignited 
yielded 28.85 Per cent of 
silver,, the latter 27.56 per 
cent of silver. Palmitic acid 
melts at 62° and combines 

with 29.55 Per cer>t silver. 
Stearic acid melts at 7 1 -7 2 °  
and combines with 27.43 per 
cent silver. The alcohols 
liberated in the saponifica­

tion of the palmitic and stearic acids were washed
with dilute ethyl alcohol and dried. The melting
point was between 78 and 8o°. When heated with 
soda lime3 and the resulting acids separated, an acid 
showing the properties of creotic acid as previously 
described was isolated. This would indicate ceryl 
alcohol. A higher acid with properties corresponding 
to melissic acid was isolated, indicating myricyl alcohol. 
Some traces of a lower acid were present but not 
sufficient to identify it. The original wax is probably 
composed of creotic acid in the free condition, a hydro­
carbon, and-palmitic and stearic acids in combination 
with ceryl and myricyl alcohols. A faint acrolein test 
seemed to point to the presence of a small quantity of 
glycerides.

1 Lew kow itsch’s “ Oils, F a ts  and  W axes,” 1898, 51.
2 Leathers "M onograph on F a ts ,’* p. 79.
3 Lewkowitsch’s "O ils, F a ts  and  W axes,”  p. 74.

E X A M IN A T IO N  OF L E A V E S

t a n n i n g — The extract from these leaves responded 
to the following qualitative tests for tannins: hydro­
gen ion gave a brown precipitate; salt gelatine solu­
tion, a heavy white precipitate; iron alum, a green 
coloration; and bromine water, an immediate pre­
cipitation. These tests would indicate the presence 
of catechol tannins.

An examination for mixed tannins was made as 
directed by Procter.1 [The separation of the catechol 
from the other tannins by this method depending 
on the insolubility of the catecholic tannin compound 
with formaldehyde in the presence of hydrochloric 
acid.] In this case it was found that the tannins 
were exclusively of the catecholic variety, for on filter­
ing the precipitate and testing the filtrate with salt- 
gelatine solution, no more tannins were detected.

A  portion of the tannin that had been separated 
b y adding dilute acid2 was thoroughly dried, and dis­
tilled in a retort. The distillate recrystallized from 
alcohol had a melting point of 110°, was soluble in 
water and ether and with iron alum gave a deep green 
coloration. An empirical formula calculated from 
combustion and molecular weight data could be repre­
sented as Cr,H.i(OH)2. This corresponds to catechol.3

Glucose was identified partially free but to a greater 
extent combined, as a glucoside. A  water extract 
of the leaves was taken and divided into two samples. 
The first sample was treated with lead subacetate and 
polarized. The second sample wras treated with dilute 
hydrochloric acid, clarified and polarized. The polari­
zation was dextro in both cases, but in the second sample 
was greatly increased. The presence of glucose was 
confirmed by preparing the glucosazone and micro­
scopically studying the crystal form and determining 
the melting point.

A weighed sample of leaves was extracted with a 
Procter sand filter. The extract analyzed by the 
official method of the American Leather Chemists’ 
Association4 showed 17.3 per cent tannins.0

i n o r g a n i c  e l e m e n t s — In order to determine.whether 
or not these leaves contained inorganic salts that in 
any way would injure hides in tanning, an ash de­
termination was made with the following results:

P er cent
M oistu re  in leaves ........................................................ 11.2
T o ta l a sh .......................................................................... 5 .53
S i0 2....................................................................................  0 .65
C aO .................................................................................... 1.30
F cO ....................................................................................  0 .15

T A N N E R Y  T E S T S

Through the courtesy of Mr. David Bloom, of Samuel 
Bloom & Sons, tanners in San Francisco, a practical 
test of ceanothus leaves was conducted on hides under 
tannery conditions.

Samples of hides from the “ lime,” “ pickle” and 
“ bate” were treated in water with these leaves ground

1 P ro c te r’s "L ea th e r C hem ists’ Pocketbook,”  p. 51.
2 T rim bell’s "T an n in s .”
3 T ro ttm a n ’s “ L eather T rades C hem istry ,” p. 98.
4 P rocter's  “ L ea ther C hem ists’ H andbook .”  pp. 94-96.
5 T his m ateria l com pares very  favorably w ith o th e r sources of leaf 

tans. According to  T ro ttm an  pistacia contains 14—16 per cent tann ins; 
tam m ari, 9 -10  per cent; quebracho, 17-20 per cen t; oak bark , 12 per cent; 
sum ac (crude), 19 per cent.
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to pass a twenty-mesh screen. The hides tanned 
quickly, the grain being completely struck through 
in a short time. It was found that this material did 
not plump the hides properly. The hides were in 
all three cases completely tanned without harmful 
discoloration. A side of hide that had been prepared 
for the one-bath chrome, one-bath vegetable tan, 
was submitted to these leaves for the vegetable tan. 
Here, too, the hide was well tanned but not properly 
plumped. Another objection raised was the bulkiness 
of the leaf residue in the tanning vats. To do away  
with this nuisance it would be necessary to make this 
material up into an extract. To this extract suitable 
plumping organic acids could be added.

The preliminary data above described would indi­
cate that these leaves are an extremely satisfactory 
source of tannin for tannery purposes. Work along 
this line is progressing in the tannery.

SU M M A RY

Ccanothua velu lin u s, a widely distributed plant, has 
been found to contain 7.3 per cent and 17.3 per cent 
tannins. The wax was composed of free hydrocar­
bons, free creotic acid and in a great part of palmitic 
and stearic acids in combination with ceryl and myricyl 
alcohols. A trace of glycerides appeared to be present.

The tannin was found to be of the catecholic variety. 
Tests in the tannery have led the authors to believe 
that a suitable extract for tanning purposes could 
be made from these leaves. From the quantity of 
this shrub available, its objectionable presence in the 
forests and the value of the products obtainable from 
it, this material should become of considerable economic 
importance.

In concluding, we would wish to thank Mr. Carl 
A. Kupper and Mr. C. S. Smith, of the United States 
Forest Service, for' obtaining the material for the in­
vestigation and for the survey of its occurrence; 
Professors W. C. Blasdale and H. C. Biddle, of the 
Chemistry Department of the University of Cali­
fornia, for valuable suggestions given during the progress 
of the work; and Mr. David Bloom, for permitting 
the experimental work in the tannery.

U n i v e r s i t y  o f  C a l i f o r n i a , B e r k e l e y

S O M E  Q U A L IT A T IV E  T E S T S  F O R  G U M  A R A B IC  A N D  IT S  
Q U A N T IT A T IV E  D E T E R M IN A T IO N 1

By C. E . W a t e r s  a n d  J . B. T u t t l e  

Received D ecem ber 16, 1915

IN T R O D U C T IO N

The group of polysaccharides includes such diverse 
substances as the starches, cellulose, the dextrins, 
the true gums and the plant mucilages. They possess 
in common the property of being decomposable hydro­
lytically into one or more sugars, usually pentoses 
or hexoses. B y  oxidation the acids corresponding 
to these sugars are formed, but the first step toward 
this reaction appears to be hydrolysis.

The true gums, of which gum arabic is typical, 
dissolve in cold water, yielding clear solutions which,

1 Published by  perm ission of the D irector of. the  B ureau of S tandards. 
Copies of the  com plete paper, from which th is  is abridged, can be obtained 
by application to  the  D irector, B ureau of S tandards, W ashington, D , C.

though viscous and adhesive, can be filtered. The  
closely related and quite similar mucilages, such as 
gum tragacanth and cherry-tree gum, simply swell 
up and form more or less homogeneous suspensions 
that cannot be filtered. Perhaps most of the so- 
called gums are mixtures of one or more representa­
tives of the above classes.

As might be expected from their chemical nature, 
the gums do not readily lend themselves to reactions 
of a definite qualitative or quantitative value. One 
of us learned how unsatisfactory some of the quali­
tative tests are when samples of mucilage first came 
to the Bureau of Standards for examination. This 
led to an extended study of the literature and of the 
various qualitative reactions that have been published, 
and finally to a comparatively accurate quantitative 
method. In the last part of this work the two of us 
joined forces, hoping to carry on a much more ex­
tended investigation than was found later to be possible.

The object of this paper is to discuss briefly some 
of the more important qualitative and quantitative  
methods and give references showing, as far as possible, 
what other methods have been published.

Q U A L IT A T IV E  T E ST S

In nearly all cases a 2 per cent solution of gum 
arabic was used. Similar solutions of dextrin and 
of gum ghatti, a substitute for arabic, were subjected 
to the same tests.

( 1 ) F E R R IC  C H L O R ID E  AN D  A LC O H O L A mixture
of 2.5 volumes of 5° per cent alcohol and 1 volume 
of neutral ferric chloride solution containing 25 g. 
of the salt in 100 cc., precipitates gum arabic, though 
often only on long standing.1 Gum ghatti gives no 
precipitate, and dextrin a very slight one.

(2) p o t a s s i u m  h y d r o x i d e — According to Lieber- 
mann,2 solutions of gum arabic and of dextrin become 
amber-yellow when warmed with potassium hydroxide, 
while the closely related gum Senegal gives at most 
a faint yellow color. Sollman3 stated that dextrin 
when so treated turns more or less brown, while 
some sugars and gums other than arabic, behave 
similarly. Rideal and Youle1 came to the conclusion 
that this test is of no value. Two samples of gum arabic, 
among a number tested by them, gave a green color; 
a solution of ghatti turned pink, and dextrin a very  
dark red or almost black. Nevertheless this test is 
among those recommended in the latest edition of 
“ Lunge.”6 Our own experiments amply confirm the 
statements that this test is of no value.

( 3 ) c o l o r  r e a c t i o n s  w i t h  p h e n o l s — Reiche6 found 
that gum arabic gives a flocculent blue precipitate 
when boiled with orcinol and concentrated hydro­
chloric acid. Other carbohydrates gave yellow or 
brown colors. Other investigators obtained reactions

1 Roussin, J . Phartn. Chim , [4] 7 (1868), 251. See also A llen's “ Com. 
Org. A nal.,’’ 4 th  Ed., Vol. I l l ,  p 443.

= Chem.-Ztg., 14 (1890), 665.
* A m . J .  Pharm., 83, 176; Chem. Zentr., 82, I (1911), 1560.
* J .  Soc. Chem. Ind ., 10 (1891), 610.
5 "C hem .-T ech. U ntersuchungsm eth .,” 6th  Ed., Vol. I l l  (1911). pp. 

167-8.
* Ber. Ges. Fdrder. Chem. Ind .. 1879, 74; Chem.-Ztg., 4 (1880), 191.
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with other phenols.1 In our work, nine different 
phenolic compounds were used in alcoholic hydro­
chloric acid solution. Quite a wide range of colors 
was obtained, but the test was found to be unreliable 
for the carbohydrates which were studied.

(4) b a s i c  l e a d  a c e x a t e — An aqueous solution of 
neutral lead acetate precipitates neither dextrin nor 
gums arabic and ghatti. An alcoholic solution of the salt 
does, however, slowly precipitate gum arabic.2

As might be expected from its employment in clari­
fying sugar solutions before polarization, basic lead 
acetate is an excellent precipitant for many gums. 
The solution may be made basic by adding ammonia3 
or by boiling with litharge. The precipitate formed 
when gum arabic solution is added, is of a peculiar 
curdy consistency, and of such characteristic appear­
ance that it is hardly necessary to make any con­
firmatory tests. Allen4 speaks of this precipitate 
as a “ white jelly.” Dextrin solutions' are, at most, 
made slightly cloudy by the reagent, while gum ghatti 
yields a very small amount of precipitate, most of 
which remains suspended in the liquid.

The basic acetate solution used in this wrork was 
made by long continued boiling of 40 g. of crystallized

(6) m i s c e l l a n e o u s  q u a l i t a t i v e  t e s t s — Many other 
reagents for gum arabic have been suggested, but they  
need only be referred to as follows:

(a) Oxidase reaction for distinguishing between 
gums arabic and tragacanth.1

(b) Warming with hydrofluoric acid as a test for 
gum arabic, glue and dextrin.2

(c) Color reaction with alkali and diazobenzene- 
sulfonic acid.3

(d) Reaction with acidified egg albumen as a test 
for gum arabic and dextrin.4

(e) Nessler’s reagent to detect gelatin in gum arabic 
solutions.5

(/) Reduction of mercuric acetate in the presence 
of sodium chloride.6

(g) Reduction of molybdic acid.7
(li) Color reaction with cobalt nitrate and alkali.8
(i) Color reaction with colloidal gold solution.’
Other reagents for gum arabic, such as sodium or 

potassium silicate, borax or ammonium oxalate,10 
would seem to depend largely upon the natural calcium 
content of the gum, though some of the reagents 
are said to cause gelatinization. In our work numerous 
other reagents were tried, but even such promising

T a b l e  I — C h i e f  Q u a l i t a t i v e  T e s t s  f o r  G u m s  a n d  D e x t r i n

R e a g e n t  

Ferric  chloride and  alcohol 
Basic lead ace ta te  
C opper sulfate and sodium 

hydroxide, cold 
C opper su lfa te  and  sodium  

hydroxide, boiled 
Iodine solution

G u m  A r a b i c  

Precip ita te  
Dense precip ita te  
Blue p recip ita te , colorless 

solution 
P rec ip ita te  darker, pale blue 

solution
N o characteristic  color reactions

G u m  G h a t t i  

N early  clear 
Cloudy
D ark  blue solution, often 

cloudy 
S light reduction.

G u m  G e d d a  

Slight p rec ip ita te  
Less precip ita te  th a n  arabic 
L igh t blue precip ita te , dark  

blue solution 
Prec ip ita te  d arker

D e x t r i n  

Sligh tly  cloudy 
S ligh tly  cloudy

D ark  blue solution 
C om plete reduction

R eddish purp le  solution

lead acetate, dissolved in 250 cc. of water, with an 
excess of litharge. It was filtered, after which it re­
mained clear for a long time.

Basic lead acetate has been recommended probably 
more frequently than any other reagent as a quali­
tative test for gum arabic, as well as for removing this 
and other gums from wines, liqueurs, etc., in which 
other constituents are to be determined.6

(5) C O P P E R  S U L F A T E  AN D  SO D IU M  H Y D R O X ID E  Jettel6
does not mention the basic lead acetate test, but re­
lies chiefly upon the behavior of dextrin, gum arabic, 
etc., towards copper sulfate and sodium hydroxide. 
The test was devised by Liebermann7 for detecting 
dextrin and gum Senegal in the presence of gum arabic. 
The details are given quite fully by Jettel. We 
need only say that gum arabic gives a blue precipitate, 
the supernatant liquid being colorless. Ghatti gives 
a dark blue solution which is sometimes turbid, but 
which clears up on warming gently; there is a little 
reduction on boiling. Dextrin gives a precipitate 
which dissolves on warming; at the same time there 
is considerable reduction to cuprous oxide.

1 Ih l, Chem.-Ztg., 9 (1885), 231; C lerm ont and  C h au tard , Compt. rend., 
94, 1254; Jahresber., 1882, 684.

5 C hauvin, M on . Sci., [5] 1 (1911), 317-8; Chem. Zentr., 82, I  (1911), 
1656.

* v. L ippm ann, "C hem ie der Z uckerarten ,” 3rd Ed., p. 1616.
4 Op. cit., p. 441.
5 R ideal and Youle, J . Soc. Chem. Ind ., 10 (1891), 610; F rom m , Z. 

anal. Chem., 40 (1901), 143; Papasogli, L'Orosi, 21 (1898), 263-5; Scheibler, 
Z. Ver. Zuckerind., 23, 288; B a ttu t, Suer. Indig . el Colon., 32, 285; v. L ipp ­
m ann, “ Chem ie der Z uckerarten ,”  p. 1616.

* "Z undw aren” in Lunge’s "C hem .-T ech. U ntersuchungsm eth .,” 6th  
Ed., Vol. I l l ,  pp. 167-8.

7 Chem.-Ztg., 14 (1890), 635.

ones as basic zinc salts and sodium zincate were found 
to be useless.

In Table I is given a comparison of the more reliable 
reactions for the identification of dextrin, gums ghatti 
and gedda, and for gum arabic from différent sources. 
Some of these samples were obtained after most of 
the work described above had been completed, and 
only the tests tabulated were applied. All samples 
of gum arabic behaved alike.

Q U A N T IT A T IV E  M E TH O D S

Since the chemical nature of the gums is such as 
to render most of the qualitative tests of at least 
doubtful value, it is not surprising that there are 
difficulties involved in their quantitative separation 
and determination. Some of the methods that have  
been proposed will be mentioned below, after which 
our own procedure will be described.

( l )  F E R R IC  C H L O R ID E  A ND C A L C IU M  C A R B O N A T E ----

The details of this method, which was proposed by  
Roussin,11 are given by Allen.11

■ P aye t, Apoth.-Ztg., S5, 116; Z . anal. Chem., 44 (1905), 453.
: B orntrager, Oeslerr. Chem.-Ztg., 3, 1888; Z. anal. Chem., 40 (1901), 131.
I Petri, Z. physiol. Chem., 8 , 291; Jahresber., 1884, 1328.
4 G ünsberg, J . prakl. Chem., 88, 239; Z . anal. Chem., 2 (1863), 218.
5 V am vakas, A n n . chim. anal, appl., 12 (1907), 12, 139; Analyst, 32 

(1907), 193, 226.
6 H ager, Pharm. Cenlr., 18, 313; Z . anal. Chem., 17 (1878), 380.
7 H ager, “ C om m entar zu r ersten deutschen P harm akopoe ," Vol. I I ,  

p. 116; cf. S tohm ann in " M u sp ra tt ,”  4 th  Ed., Vol. I l l  (1891), p. 1917.
8 Papasogli, L'Orosi, 21 (1898), 263-5.
9 Zsigm ondy, Z . anal. Chem., 40 (1901), 697.

10 Allen, Op. cit., p. 441.
II Op. cit.; also, Auguet. A nn . Fais., 2, 136-8; Chem. Abs., 5 (1911), 

538.
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( 2 ) F E R R IC  C H L O R ID E  AND SO D IU M  C A R B O N A T E----

This method was employed by Landwehr1 for the de­
termination of glycogen and, incidentally, of gum 
arabic. In connection with this he determined the 
percentages of water held by ferric hydroxide when 
dried to constant wreight at different temperatures.

(3) l e a d  a c e t a t e — The use of this salt, dissolved 
in alcohol, was proposed by Chauvin2 and recom­
mended by Rocques and Sellier.3 As far as we know, 
the basic salt has not been used qiiantitatively. Vari­
ous formulas have been ascribed to the precipitate, 
and it is not unlikely that it varies in composition.4

(4) a l c o h o l — Chauvin employed alcohol acidified 
with hydrochloric acid to precipitate gum. The acid 
is unnecessary, for strong alcohol has often been used 
to precipitate gum from plant extracts, wines, etc.6

(5) m i s c e l l a n e o u s  m e t h o d s — Methods depending 
upon hydrolysis,7 followed by estimation of hexoses 
or pentoses, and those b y  which the gum is oxidized 
to mucic acid,8 are of no value because samples of 
gum from different sources yield different percentages 
of the products. Wide variations in the iodine ab­
sorption, acidity, and the amount of alkali taken up 
from alcoholic potash, are also found.“

( 6 )  c o p p e r  s u l f a t e  a n d  a l k a l i — Madsen5 esti­
mated the gum in licorice juice (S u ccu s  liq u iritia c)  
by throwing it out with strong alcohol, dissolving 
in water, and precipitating with copper sulfate and 
sodium carbonate. The gum is not identical with 
gum arabic, but for botanical reasons may well be 
quite similar to it.

During the course of our work, wrhile still unaware 
of the work of Madsen, it was attempted to use the 
same reagents, together with alcohol, to precipitate 
gum arabic quantitatively. The filtrates were always 
cloudy. Slightly better, but still far too low, results 
were obtained when sodium hydroxide instead of car­
bonate was used, and having the combined solutions 
contain 60 per cent of alcohol. Since any excess of 
copper over the gum present would be thrown down 
as hydroxide, thus increasing the difficulty of washing 
and drying the precipitate, some modifications of 
Fehling’s solution were next tried. The best results 
were obtained with a reagent made up with copper 
acetate, sodium potassium tartrate and sodium h y ­
droxide. When this was added to a solution con­
taining about 0.25 g. of gum arabic in 40 cc. of water, 
there was no precipitation, or at most a slight turbidity. 
An amount of 95 per cent alcohol equal to the volume 
of the mixed solutions was then added, with vigorous 
stirring. This resulted in the formation of a fine­
grained precipitate that could be filtered off and washed

1 Z . physiol. Chem., 9 (1884), 164.
- See footnote 9; also A n n . Fals., 5, 27-30; Chem. Zentr., 83, I  (1912),

756.

with comparative ease. It was dried, weighed, ig­
nited and the ash weighed. The results by this method 
varied a few per cent below and above 100.

Copper acetate was chosen for making up the re­
agent because no sodium sulfate or other salt in­
soluble in alcohol of the strength used could be formed. 
Even this reagent is not ideal, and the final step taken 
is described below. .

(7) m e t h o d  f i n a l l y  a d o p t e d — Copper acetate dis­
solved in ammonia possesses certain advantages over 
all the other solutions employed. In order to as­
certain the best conditions for precipitation, a few 
preliminary tests were made. One-quarter gram of 
gum arabic was dissolved in 50 cc. of water, 25 cc. of 
ammoniacal copper acetate solution (see below) added, 
and then enough alcohol to give the required per­
centage of the total volume of the mixture. Thirty  
per cent of alcohol gave no precipitate. With 40 
per cent there was a faint precipitate, so finely divided 
that it was practically impossible to filter. With 
50, 60, and 70 per cent of alcohol, respectively, dense 
and easily filtered precipitates were formed. The  
addition of more alcohol to the filtrates from these 
three caused no further precipitation. These pre­
cipitates gave on ignition the following amounts of 
ash, practically all cupric oxide:
Percentage of Alcohol E m ployed: 50 60 70
Ash, g ra m .....................................................................  0 .0412 0 .0436 0 .0544

0.0402 0 .0446 0 .0564
0 .0398 0 .0452 0 .0548

3 A n n . chim. anal, appl., 16 (1911), 218-20; Chem. Zentr., 82, I I  (1911),
394.

* Riegel, Arch. Pharm ., [2] 54, 155; Jahresber., 1 (1847-8), 795; B a ttu t, 
Suer. Indig . et Colon., 32, 285; Scheibler, Z . Ver. d. Zuckerind., 23, 288.

5 Loe. eit.
6 D iehl, Pharm. Rundschau, 1, 31; Z . anal. Chem., 22 (1883), 622; 

M adsen, Pharm. Centr., 20, 144; Z . anal. Chem., 22 (1883), 134.
7 v. L ippm ann, Loc. cit.
8 K iliani, Ber., 15 (1882), 34-7.
3 W illiams, Chem. News, 58, 224; Z . anal. Chem., 28 (1889), 732.

A verages........................................................  0 .0404 0.0445 0 .0552

From this it will be seen that in the presence of 50 
per cent of alcohol, the gum is precipitated quantita­
tively and carries down with it less occluded matter 
than when the mixture contains more alcohol.

The following procedure was finally adopted for the 
determination of gum arabic: Fifty grams of copper
acetate were dissolved in water, an excess of ammonia 
added, and the solution diluted to 1000 cc., using water 
and alcohol in such proportions that the final solu­
tion contained 50 per cent of alcohol. For each de­
termination a 50-cc. portion of a gum arabic solution, 
representing 0.25 g. of gum, was pipetted into a 250-cc. 
beaker, an equal volume of alcohol added, and then  
25 cc. of the copper reagent, with constant stirring. 
The precipitate was allowed to settle, was filtered on 
a tared paper, washed with 50 per cent alcohol con­
taining ammonia, then with 75 per cent, and finally 
with 95 per cent alcohol. It -was dried to constant 
weight at 105 °, ignited in a porcelain crucible and the 
ash weighed. The amount of ash was deducted from 
the weight of the original precipitate and the differ­
ence called “ net gum arabic.” The amount of mois­
ture in the gum originally taken for analysis must be 
allowed for. This is determined by drying in a current 
of hydrogen at 105°. No allowance is made for the 
potassium and calcium wrhich form an integral part 
of the gum. These may be to some extent retained 
in the precipitate and, therefore, be included in the 
ash. A ny error that may be introduced by neglecting 
this is small and very much less than the error inherent 
in the method.

In some of the preliminary work the gum-copper
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precipitate was dried at 95° and then at 105°. The  
additional loss in weight at the higher temperature 
was usually about 3 or 4 mg., or 1.5 per cent. The  
following results were obtained with 0.25-g. portions of 
gum:

R e s u l t s  O b t a i n e d  b y  t h e  A m m o n i a  C o p p e r  S u l f a t e  M e t h o d  

S e r i e s  A B C  D
Percentage of gum found ............................  9 6 .6  100.1 100.4 101.6

9 8 .0  9 9 .0  101.2 102.8
9 6 .9  98 .3  99.1 103.3
9 8 .4  99 .3  99 .7
96 .7  100.7 98 .8

A verages................................................... 9 7 .3  99 .5  9 9 .9  102.6
G eneral average . ; ...............................  99 .5

It is evident from an inspection of the figures that  
the method as finally modified is capable of giving 
results as accurate as could be expected. It is realized, 
however, that much work could yet be done upon mix­
tures of gum arabic with ghatti, dextrin, etc., as well 
as upon mucilages of known composition. A  few 
preliminary determinations, made while Fehling’s 
solution was still being experimented with, indicate 
that dextrin and ghatti tend to be carried down with 
gum arabic. At the same time a sample of mucilage 
was prepared according to the formula in the U. S. 
Pharmacopoeia; from this the gum was precipitated 
with strong alcohol, dried and analyzed. The net 
gum found in four determinations was about 91 per 
cent. This low result may be due to a fault of the 
method or to partial hydrolysis of the gum.

The publication of the results so far obtained has 
been so long delayed, and the opportunity to complete 
the work seems so remote, that it has been decided 
to present this paper without further postponement.

SUM M A RY

The most characteristic qualitative test for gum 
arabic is the precipitate formed with basic lead acetate. 
Mixtures of copper sulfate and sodium hydroxide, 
and of neutral ferric chloride and alcohol are of value 
as confirmatory tests. A summary of the more im­
portant methods that have been proposed for the esti­
mation of gum arabic is followed by a description of 
the steps that led the authors to the use of alcoholic 
copper acetate-ammonia solution for this determination.

B u r e a u  o f  S t a n d a r d s , W a s h i n g t o n

T H E  O C C U R R E N C E  O F  A Z E L A IC  A C ID  A S  A P R O D U C T  
O F  T H E  S P O N T A N E O U S  O X ID A T IO N  O F  F A T S

B y  B e n  H. N i c o l e t  a n d  L e o n a r d  M . L i d d l e  

Received O ctober 13, 1915

It is very well known that azelaic acid, C 0 0 H- 
•(CH-OtCOOH, is a normal product of the artificial 
oxidation of various unsaturated fatty acids. All 
of the common eighteen-carbon unsaturated fatty  
acids (oleic, linolic, linolenic) very probably have a 
double bond located between the ninth and tenth car­
bons, that is, in the center of the carbon chain. It is 
further pretty well established that neither linolic 
nor linolenic acid has a double bond between this 
position and the carboxyl group. Consequently it 
was to be expected, and it has been found, that azelaic 
acid results from the oxidation of these acids. with 
alkaline permanganate, from the decomposition of 
their ozonides, and from the breaking down of their 

■ nitrogen peroxide addition products.

It seemed probable to us that the difference between 
artificial and natural oxidation would be one of de­
gree, or perhaps only one of time, rather than a com­
plete difference in kind. In this case azelaic acid 
should be a product, and perhaps an important prod­
uct, in the development of rancidity, and particularly 
in its more advanced stages.

Groger1 exposed some oils to air on filter paper and 
examined them after four years. One of the products 
isolated was an impure azelaic acid, supposed to be 
mixed with some suberic acid.

Scala2 isolated from rancid material a number of 
fatty acids ranging from formic to pelargonic, and 
also most of the corresponding aldehydes. He ob­
tained one fraction of nonvolatile, water-soluble 
acids, which yielded crystals that he suspected of 
being azelaic acid.

Here apparently the matter rests to-day. It is 
the purpose of the present note to c;;li attention to 
the occurrence in very highly rancid cottonseed oils 
of amounts as high as 10 per cent of azelaic acid or 
a glyceride of this acid. The glyceride, whose pres­
ence is indicated, would belong to a type heretofore 
unknown.

Certain grades of fuller’s earth are largely used in 
the bleaching of refined cottonseed oil. The oil re­
maining absorbed in the earth after filtering and press­
ing, is in an ideal condition for oxidation b y  air. In 
fact the oil-soaked clay, in large scale work, frequently 
becomes heated to the ignition point by simply stand­
ing in contact with air. The oil from a specimen- 
of earth that had been used to bleach cottonseed oil, 
and had since been kept for a year and a half without 
any effort to protect it from the air, was extracted for 
examination.

■ From ioo g. of clay, low-boiling petroleum ether 
extracted only 4 g. of oil. Hot alcohol extracted 
25 g. The characteristics of the oils from these two  
extracts are given below.

E x t r a c t  E th e r  Alcohol
A m ount of E x tra c t (g ram s)......................................................... 4 .0  25 .0
Acid N o. (mg. K O H  per g. o il) .................................................  145.4 144.8
Saponification No. (mg. K O H  per g. oil saponified)  282 .0  260 .0
Volatile Acids (mg. K O H  to  t itra te  steam -volatile  acids

from  1 g .) ..................................................................................   . 4 6 .0  3 5 .0
Azelaic Acid (after sapon ification).........................................  3%  10%

In spite of its high acid number, the fraction ex­
tracted by alcohol gave very little azelaic acid when 
extracted with hot water. It was accordingly saponi­
fied, and the liberated fatty acids extracted with hot 
water. The water solution thus obtained was concen­
trated and gave in various fractions crystals of crude 
azelaic acid amounting to about 10 per cent of the fat  
saponified. This crude acid, after two or three re­
crystallizations from water, showed the constants 
of pure azelaic acid.

Found P u re  azelaic acid
M elting  p o in t............................................................  105° 106°
E qu ivalen t weight (by t i tr a t io n ) .......................  9 5 .9  9 4 .0

Another sample of clay was extracted wholly with 
alcohol, and azelaic acid determined in the hot water 
extract both from the original material and from 
the acids obtained on saponification.

1 Z. angew. Chcm., 1889, 6 2 ; J .  Soc. Chem. Ind ., 1889, 2 0 2 .
* S/as. sfier. agr. Hal., 30 (1897), 613; Gazz. chim. ital., 38, I  (1908)* 

307; a b strac t Chem. Zentr ., 1908, I, 2085.
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A z e l a i c  A c i d  F o u n d  T o t a l
Before saponification A fter saponification

0 .6  per cen t 9 .8  per cen t 10.4 per cent

The crude acid had an equivalent weight of 112 
(calc. 94).

A  "shredded” (laundry) soap, which had developed 
2 per cent of free acid on storage, was also worked 
up for azelaic acid. About o. 5 per cent was found.

The most remarkable thing about the oxidized 
cottonseed oil described is, however, not so much its 
abnormally high content of azelaic acid, as the form 
in which it was evidently present. Only about one- 
eighteenth of the total amount was present as free 
acid. The rest was in a form that was insoluble in 
hot water, and became soluble only after saponifica­
tion. The simplest assumption to explain this be­
havior is that the oxidation proceeded practically 
independently of hydrolysis, and thus gave rise to 
the formation of glycerides of a hitherto unknown 
type, the semiglycerides of dibasic acids. The simplest 
one that might be present here may be called tri- 
semiazelain,

CH.»OCO(CH2) 7C O O H

C H O C O ( C H 2)7C O O H

!
C H 2O C O ( C H 2)7C O O H  

The formation of mixed glycerides is of course not ex­
cluded. For instance, a-palmito diolein might be 
expected to give a-palmito disemiazelain,

C H 2O C O C 15H3,

I
C H O C O ( C H 2),C O O H

I
C H 2O C O ( C H 2)7C O O H

These results tend also to justify the modern ten­
dency to regard rancidity of fats and oils as due not 
simply to hydrolysis of the glycerides present, but at 
least equally to oxidation phenomena which are not 
necessarily dependent on such hydrolysis. In the case 
described, it is evident that the oxidation and hydrol­
ysis were entirely independent processes.

M e l l o n  I n s t i t u t e  o p  I n d u s t r i a l  R e s e a r c h  

U n i v e r s i t y  o p  P i t t s b u r g h

J E L L Y  IN V E S T IG A T IO N S
By W . V. C r u e s s  a n d  J .  B. M c N a ir  

Received F eb ru a ry  14, 1916

A great deal of work has been done upon the chem­
istry of pectin and related bodies from both the purely 
scientific -and practical standpoints. One of the best 
pieces of work has been done by Th. von Fellenberg,1 
who seems to have obtained more definite informa­
tion upon the derivation of pectin from more complex 
compounds and upon its composition and chemical 
behavior than any of the other investigators. Bigelow 
and Gore in B u ll. 94 of the U. S. Dept, of Agric., 
Bureau of Chemistry, gave a very good summary of 
the literature at that date. Miss N. E. Goldthwaite2 
studied jelly making largely from the practical side 
and dealt w'ith such factors as effect of acid concen-

1 T h . von Fellenberg, M itt. Lebensm. Hyg., 1914, 2 2 6 -2 5 6 .
2 N .  E . G oldth  waite, T h i s  J o u r n a l ,  1 (1 9 0 9 )  3 3 3 ;  2 (1 9 1 0 ), 4 5 7 .

tration, character of acid, sugar concentration, charac­
ter of sugar, temperature, pcctin concentration and 
source of pectin, on quality of jelly.

The experiments discussed in the following paper 
were undertaken to throw light upon some of the 
practical phases of jelly making, rather than to add  
anything to the knowledge of the chemical composi­
tion of pectin. The main points investigated were: 
(i) Suitability of various fruits and vegetables for 
jelly making; (2) yields of jelly from various fruits;
(3) clarification of jelly stock;1 (4) loss of fresh fruit 
flavor in jelly making by hydrolysis and evapora­
tion and production of jellies without application of 
■heat; and (5) effect of sugar and acid concentrations 
on jelly. These topics will be discussed in the order 
given.

S U IT A B IL IT Y  OF V A R IO U S F R U IT S  A ND V E G E T A B L E S  FO R  

J E L L Y  M A K IN G

To produce a jelly of the proper consistency when 
the liquid, obtained from the fruit by cooking with 
or without addition of water, is mixed with sugar in 
the proper proportion and cooked, the fruit must 
contain a good supply of both pectin and acid, or if 
not a large supply of pectin, a large amount of com­
pounds that break down into pectin at the tempera­
ture of boiling water. Some fruits were found to con­
tain sufficient acid and pectin while others lacked one 
or the other of these necessary constituents. Where 
the fruits were low in acid, attempts were made to 
produce jelly without addition of acid and also with 
addition of citric acid or lemon juice. In most cases 
the pectin was extracted in the usual way b y  cutting 
the fruit into small pieces, adding water to cover, 
boiling slowly until tender and expressing the hot 
juice by pressing in a small fruit press or by straining 
through a coarse cloth with gentle pressure.

The solution so obtained was analyzed for Balling 
or Brix degree (per cent dissolved solids) and acidity, 
and if much more dilute than the juice of the fresh 
fruit itself, was concentrated before being made into 
jelly. In making jelly, sugar was added in most cases 
at the rate of 1V4 volumes of sugar to 1 of solution. 
The mixture was then heated to boiling and boiled 
down to a boiling point of 104-1050 C. or to a con­
centration of 65-70 per cent dissolved solids. A t  
these concentrations, a jelly will form if the fruit is 
suited to the purpose.

The tests enumerated in Table I show that cull 
blackberries, loganberries, Isabella grapes, T ok ay  
grapes, oranges, lemons, and pomelos can be used as 
jelly stock without addition of acid. These fruits 
are produced in from moderate to very large quantities in 
California. The culls resulting during picking and 
packing are in many instances a total loss. Of those 
noted, only the loganberry is used to any great extent 
as jelly stock. Commercially, this fruit is boiled with 
a small amount of water, pressed and the juice is steril­
ized in 5-gal. cans. It is stored in these cans until 
needed. The liquid settles in the cans so that when

1 By “ jelly s tock" is m ean t the  pectin-contain ing  solution obtained  
from fru it o r vegetables by  heating  the  m ateria l w ith o r w ithou t add i­
tion of w ater, and  pressing or strain ing  to  separate  liquid from  pulp.
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the can is opened and the juice is decanted from the extracts were kept separate and tested individually
sediment, only a small amount of the total need be for their jelly making properties. They were also
filtered. The other fruits noted above can be treated combined in various amounts to ascertain maximum
similarly with good results, as small scale tests have amounts of pectin solutions from the last extractions
shown. Oranges do not always contain sufficient acid that could be blended with the first two extracts and
for jelly making, while lemons are too high in acid to still give a jelly. Oranges and lemons mixed in the
make a palatable jelly. A  mixture of the two fruits ratio of two oranges to one lemon gave a maximum
in the ratio of two oranges to one lemon gives more yield of 1585 cc. jelly per 1000 g. of fruit, or approxi-
uniform and satisfactory results. T okay grapes give mately 392 gals, of jelly per ton of fruit, or 8363
a jelly of neutral flavor and should, therefore, be 6-oz. glasses of jelly per ton. Yields of 300 gals, of
mixed with highly flavored grapes such as Muscat, jelly from the mixed fruits have been obtained often
Isabella or Concord. Muscat and Tokay culls are in the laboratory. Red loganberries gave a maximum
obtainable in great quantities in California for S3 to yield of 1890 cc. jelly per 1000 g. fruit or approxi-
Sio per ton. mately 467 gals., or 9962 6-oz. glasses, per ton.

Cull apples, apple cores, and peels, are, of course, Similarly, Mammoth blackberries gave 290 gals,
used in large quantities for jelly stock, both for apple jelly per ton. With addition of acid, these yields
jelly and blended jellies. B y  one of the most common were considerably increased so that the yields were
methods, the w’aste apples are dried, baled, and sold limited rather by lack of acid than lack of pectin,
to bakeries and jelly manufacturers. The manu- c la r if ic a tio n— A jelly to be most attractive should
facturcr then boils the dried fruit with water as the be clear. Two methods of clarification are in general

T a b l e  I — C o m p o s it io n  o f  J e l l y  S t o c k s  f r o m  V a r i o u s  F r u i t s , a n d  S u it a b il it y  o p  V a r i o u s  F r u i t s  f o r  J e l l y  M a k in g

P e c t i n  S o l u t io n  C i t r i c  
B a l l in g  A c id i ty  A c id  F i n a l

F r u i t  o r  V e g e t a b l e  • (a) (b) A d d e d  A c id i ty  C h a r a c t e r  o f  R e s u l t i n g  J e l l y
A p p le ,  Y e llo w  N e w to w n ,  S m i t h  C id e r ,  G r a v e n s te in  W in e s a p  . . . .  . . . .  . . . .  . . . .  G o o d  j e l l y  in  a l l  c a s e s  e x c e p t  w h e r e  f r u i t  w a s

o v e r r ip e
A p r i c o t ......................................................................................................................................  . . . .  0  . . . .  G o o d  j e l l y  in  s o m e  c a s e s .  D o e s  n o t  a lw a y s  j e l l
C h e r r y  B la c k  T a r t a r i a n ................................................................................... 2 3 .2  0 .5 5  0 . 3 0  0 . 8 0  V e r y  s o f t  j e l ly .  N o t  s a t i s f a c to r y
C i t r o n  M e l o n ............................................................................................................  7 .1  0 . 3 2  0  0 . 3 2  D id  n o t  j e l l
C i t r o n  M e l o n ............................................................................................................  7 .1  0 . 3 2  0 . 6 8  1 .0 0  S o f t  j e l ly ,  b u t  f a i r ly  s a t i s f a c to r y
C i t r o n  M e l o n ............................................................................................................  7 .1  0 . 3 2  2 . 6 8  3 . 0 0  S t if f  je l ly
C r a n b e r r y ..........................................................................................................................................  . . . .  . . . .  . . . .  S t if f  j e l ly
C u r r a n t ........................................................................................................................ 7 . 0  1 .8 6  0  1 .8 6  G o o d  je l ly
C u r r a n t  (2 n d  b o i l in g  o f  p u l p ) ....................................................................  1 .3  0 . 2 8  1 .2 2  1 .5 0  G o o d  je l ly
B la c k b e r r y ,  M a m m o th  V a r i e t y ................................................................. 7 . 6  1 .1 8  0  1 .1 8  G o o d  je l ly
B la c k b e r r y ,  H i m a la y a  V a r i e t y ..........................................................................................  . . . .  . . . .  . . . .  G o o d  je l ly
F ig ,  M is s io n  V a r i e t y .........................................................................................  1 3 .1  0 . 2  ( a p p .)  0 . 3  ( a p p . )  0 . 5  G o o d  je l ly
F ig ,  M is s io n  V a r i e t y .........................................................................................  1 3 .1  0 . 2  ( a p p . )  0  0 . 2  ( a p p .)  D id  n o t  j e l l
G r a p e ,  I s a b e l l a ....................................................................................................... 2 0 . 0  . 0 . 8  0  0 . 8  G o o d  je l ly
G r a p e ,  T o k a y .......................................................................................................... 2 0 . 0  0 . 7  0  0 . 7  G o o d  je l ly
H u c k l e b e r r ie s ..................................................................................................................................  . . . .  . . . .  . . . .  D id  n o t  j e l l
L e m o n s ........................................................................................................................  4 . 0  ( a p p .)  3 . 0  0  3 . 0  G o o d  j e l l y  ( th i s  r e p r e s e n ts  d i lu t io n  o f  o n e -h a lf )
L o g a n b e r r y .................................................................................................................  1 3 .5  1 .8 5  0  1 .8 5  V e r y  g o o d  j e l ly
L o g a n b e r r y  (2 n d  b o i l i n g ) ..................................................................................  7 . 0  0 . 9 6  0  0 . 9 6  F a i r  j e l l y ,  a  l i t t l e  s o f t
L o g a n b e r r y  ( 3 rd  b o i l i n g ) ...................................................................................  3 . 0  0 . 4 0  0  0 . 4 0  D id  n o t  j e l l
O ra n g e ,  N a v e l ........................................................................................................  8 . 0  0 . 6 5  0  0 . 6 5  G o o d  je l ly
O r a n g e  ( 2 n d  b o i l i n g ) ............................................................................................. 2 . 0  0 . 2 7  0 . 5  0 . 7 7  G o o d  je l ly
O r a n g e  (3 rd  b o i l i n g ) ..............................................................................................  1 .0  0 . 1 0  0 . 5  0 . 6 5  D id  n o t  j e l l
O r a n g e  ( V a le n c ia )  +  L e m o n s  in  r a t i o  7 : 1 b y  w t ..................... 7 . 0  0 . 6 4  0  0 . 6 4  G o o d  j e l l y
P e a c h ,  M u i r .....................................................................................................................................  . . . .  . . . .  . . . .  D id  n o t  j e l l
P e a r ,  B a r t l e t t .......................................................................................................................  ........  ......... ......... D id  n o t  j e l l
P o m e g r a n a t e ............................................................................................................... 6 . 3  0 .6 1  0  0 .6 1  D id  n o t  j e l l
P o m e g r a n a t e ............................................................................................................ 1 2 .6  1 .6 0  0  1 .6 0  D id  n o t  j e l l
P o m e lo ....................................................................................................................................... ......... ......... ......... G o o d  je l ly
P o m e lo  p lu s  L e m o n s  in  r a t i o  6 : 1 b y  w t .......................................... 8 . 0  0 .6 5  0  0 .6 5  G o o d  j e l ly
S t r a w b e r r y ...............................................................................................................  5 . 8  0 . 7 6  0  0 . 7 6  D id  n o t  j e l l

(a) B a l l in g  d e g re e  e q u a ls  p e r  c e n t  d i s s o lv e d  s o lid s ,  p r in c ip a l ly  s u g a r s .
(b) A c id i ty  a s  c i t r i c  o r  m a l ic .

fruit is needed for jelly making. Loganberries and commercial use. The most common practice is to
citrus fruits have been treated similarly in this labora- filter the hot pectin solution. Often the boiled fruit
tory with good results. and liquid are thrown together into some form of cloth

Citron melons were found to be high in pectin, but or felt bag filter. This process is slow and troublesome
low in acid. T hey could possibly be mixed w'ith acid and does not ordinarily give a brilliantly clear fil-
fruits when used for jelly. trate.

The suitability of cranberries and currants for jelly The second method consists in sterilizing the hot
is so well known that they need not be dwelt upon, juice from the press in 5-gal. cans. These are stored

Peaches, pears, pomegranates and strawberries were until the sediment deposits. This will ordinarily
found to be too low. in pectin for jelly. be a period of several months. The settled juice is

Mission figs contain sufficient pectin, but are too low then decanted or siphoned off from the sediment di­
in acid to make jelly. The localities that produce rectly into the cooking kettles. The process is often
figs often produce lemons; thus the two fruits could modified to the extent of giving the hot juice a bag
be mixed to advantage. filtration before canning.

yields— T he amount of jelly obtainable from any Laboratory tests were made to ascertain the effect
fruit without addition of acid will depend on the of Spanish clay and infusorial earth on the rate of
pectin and acid content of that fruit. Maximum filtration. These substances were added in powdered
yields from several fruits were obtained by making form to the hot juice and the rates of filtration and
from four to six successive extractions of pectin by clearness of filtrates compared with those of the un-

■ boiling the fruit with water and pressing. The several treated juice. The Spanish clay, when added dry.
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gave an “ earthy” taste and did not appreciably hasten 
filtration. Infusorial earth, when added at the rate 
of 5 g. per 100 cc., greatly increased the rate of 
filtration and gave a clearer filtrate with one filtration 
than could be obtained without the addition of this 
substance. It was also found that the filtration through 
short fiber asbestos pulp in the Seitz type of filter was 
very much more rapid and resulted in a clearer filtrate 
than was obtained with the bag filter. A mixture of 
Seitz asbestos No. 5 and Seitz “ Brilliant” asbestos 
added to and mixed with juice to give a filtering layer 
about Vs in. thick gave good results. The flavor of 
the juice is not impaired. Filtration in all cases is 
made before any sugar is added to the juice.

Jelly stocks from loganberries, currants, and a 
mixture of oranges and lemons were prepared by boil­
ing the fruits with a small amount of water until soft 
and pressing through a coarse cloth. The oranges 
and lemons were mixed in the ratio of two oranges to 
one lemon before boiling. The juices were divided 
into small portions. To these portions were added 
casein from a 2 per cent solution in dilute N H 4OH  
at the rate of 20, 40, 60 and 100 g. per hectoliter, 
respectively. To other portions were added egg al­
bumen in the same amounts as noted for casein. To  
others were added 250, 500, 1000, 1500 and 2000 g. 
Spanish clay per hectoliter from a 10 per cent sus­
pension of this substance in water. Untreated checks 
were also prepared. The various lots were bottled 
and sterilized one-half an hour at 100° C. It was 
found that the lemon-orange jelly stock settled very  
satisfactorily in 24 hrs. after sterilization without the 
addition of any clarifying material. The untreated 
loganberry and currant checks did not settle very  
satisfactorily in 24 h r s .f  but after several weeks’ 
storage did settle fairly well. Currant juice prepared 
by heating the crushed fruit to S50 C., pressing and 
sterilizing at 85° C., settled better than the juice from 
the same fruit heated to ioo° C. The casein and egg- 
albumen findings gave poor results in all cases and re­
sulted in making the liquids more cloudy than the un­
treated checks. Spanish clay at 250 g. per hectoliter 
did not aid in clearing; 500 g. per hectoliter seemed to 
aid considerably in clearing. In some cases, 1000 g. 
per hectoliter gave a perfect clarification in 24 hrs.; 
in other cases, 1500 to 2000 g. of Spanish clay per 
hectoliter were needed to effect clearing of the juice. 
This was especially true of loganberry juice. In 
applying this method in practice, preliminary tests on 
a few hundred cc. of the material should be made be­
fore clarifying any large amount.

The Spanish clay was prepared by soaking it in a 
small amount of water ûntil soft. It was then worked 
up with the water into a finely divided, thin “ mud” or 
suspension. This can be made to a definite concen­
tration; e. g., 20 per cent or 10 per cent mixtures were 
found satisfactory. The flavor of the juice is not im­
paired by the use of the clay in this form.

Preliminary tests with fire clay indicate that this 
substance can probably be used in a way similar to. 
that employed with Spanish clay.

AROM A AND F L A V O R  C H A N G E S IN  JE L L Y  M A K IN G

Fruit jellies when made in the ordinary way usually 
have a different aroma and flavor than those of the 
fresh fruits from which they are made. Ordinarily, 
jellies are made by extracting the pectin by boiling, 
followed by addition of sugar and boiling until the 
mixture boils at about 220° F., or until the mixture 
jells, or until a Balling or Brix degree of 65° (corrected 
for temperature) is obtained. The high temperatures 
resulted in marked changes in flavor, giving a so- 
called “ cooked” taste to the resulting jelly.

It was thought that this change in flavor and aroma 
might be due in part to hydrolysis and in part to loss 
by volatilization. To throw light on loss by evapora­
tion, attempts were made to make jelly from currants, 
loganberries, blackberries, and a mixture of orange and 
lemons, at temperatures of room temperature, 6o°, 70°, 
80°, 90° and ioo° C. The fruits were crushed and 
heated in water-jacketed aluminum pots to the tempera­
tures indicated and pressed. Cane sugar was added to in­
crease the Brix degree to 65° and the juices were heated 
to the temperatures indicated to dissolve the sugar.

To note whether loss of flavor was also due to hy­
drolysis, a second series at the same temperatures 
indicated above was carried out in a 500-cc. flask 
fitted with a long water-cooled reflux condenser.

The jellies made by the two methods were compared 
shortly after they were made. The jellies made in 
the open kettle at the lower temperatures were superior 
to those made at the higher temperatures as regards 
amount of fresh fruit flavor and aroma retained. The  
same applied to the jellies made under the reflux con­
denser. After two to three months’ storage, the differ­
ences in flavor and aroma were not so pronounced. The  
orange jelly, after long storage, developed a “ turpcn- 
tine” -like taste, probably due to oxidation of the 
orange oil.

The jellies made at room temperature were especially 
close to the flavor of the fresh fruits from which they  
were made. Loganberry and in one or two cases 
blackberry and orange jelly were made without applica­
tion of heat, but strawberries did not yield a jelly in 
any case. Loganberries very readily give a highly 
flavored aromatic and firm jelly in this way. So far 
as known, this method has not been described in the 
literature before.

The jellies made under the reflux condenser were 
superior in flavor and aroma to those made at the corre­
sponding temperatures in the open kettle.

The facts that jellies made at high temperatures 
(85-105° C.) were poorer in fresh fruit flavor than 
those made at room temperature and 60-75° C., 
and that jellies made under the reflux condenser were 
stronger in fresh fruit aroma and flavor than jellies 
made at the same temperatures in an open kettle, 
indicate that loss of flavor and aroma is due both to 
volatilization and to decomposition of flavoring and 
aromatic bodies.

E X P E R IM E N T S  ON R O L E  O F SU G A R  IN  J E L L Y  M A K IN G

The addition of sugar in jelly making is necessary 
to raise the concentration of dissolved solids sufficiently
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to cause jelling of the pectin. The amount of sugar 
necessary to cause jelling will depend upon the pectin 
and acid concentrations, but the amount used normally 
is controlled by the concentration of sugar necessary 
to prevent fermentation or molding. Tests with 
loganberry and orange jellies showed that jellies could 
be obtained at 60° Brix or lower, but that in such cases 
molding or fermentation took place unless jellies were 
sterilized in sealed containers. Jellies with varying  
amounts of sugar were inoculated with mold and yeast 
and caps were placed on the glasses. It was found that  
65° Brix prevented spoilage but that much below this 
concentration, mold grow'th took place. Where the 
sugar concentration was increased from 72° to 75° Brix 
crystallization of sugar often took place. This crys­
tallization depends on the ampunt of cane sugar pres­
ent. The tendency to crystallize was most noticeable 
in jellies of low acid content and in which little hy­
drolysis of the cane sugar had probably taken place. 
Where glucose is used for jelly making, the concen­
tration may be considerably above 70° Brix W’ithout 
crystallization.

In the ordinary household method of jelly making, 
equal parts of volume of juice and sugar are used. 
The mixture is then boiled down until it jells. This 
results in prolonged boiling at temperatures above 
ioo ° C. and consequently in considerable loss in flavor 
and aroma. Jellies were made by this method and 
compared with jellies from the same fruits made by  
adding enough sugar to bring the juice to the proper 
concentration (65° Brix) at once and only heating 
enough to dissolve the sugar. The latte'r method gave  
jellies of better flavor and aroma than the former.

A simple method for calculating the amount of sugar 
to add to a juice of a given degree Brix to bring the 
liquid to 65° Brix is as follows:

Let a — Brix of juice.
V  — Volum e of juice.
5  =  G ram s sugar necessary to  bring to  65° Brix.
T hen  (65 —  a) V /35  «  S.
Exam ple:
V  =  250 cc. a «  5° Brix.
(65 —  5) 250/35 =  5  = 428.5 g. sugar.

For practical purposes, a little more than 1V2 of 
sugar to one of juice by weight will be found satis­
factory.

If this method is used, the fruit juice cannot be so 
dilute as where a mixture of one of sugar to one of 
juice is used and where the pectin is concentrated by  
boiling off excess water. The juice must contain 
enough pectin to give a jelly without concentration 
of the juice.

Sugar added to the crushed fruit before pectin ex­
traction seemed to help retain the flavor and the jelly 
so made appeared to be superior in this respect to jelly 
made by the usual methods.

A solution of 65° Brix will boil at 103.90 C. or 219.02° 
F. at sea level. This point can be used to determine 
the proper density of the boiling jelly if the proper 
allowance is made for elevation of locality in which 
the jelly is made. The boiling point of water for any  
given locality may be determined and then the boiling 
point of jelly at the proper concentration will be 
3.9° C. or 7.02° F. above the boiling point of water.

T E S T S  ON E F F E C T  OF ACID IX  JE L L Y  M A K IN G

It was found that pectin solutions made by boiling 
and pressing fruit and containing less than 0.5 per 
cent acid as citric or tartaric usually did not jell, 
but it was also found that if the acid were increased 
to 0.7 or 0.8 in such cases, it almost invariably gave 
a jelly. This was noticed especially with citron melon 
and fig solutions, both naturally deficient in acid, but 
containing sufficient pectin for jelly making. Tests 
made with a 1 per cent solution of pure orange pectin1 
in distilled water indicated that a concentration of 
0.3 per cent acid in the final jelly was necessary to give 
a firm jelly. Increase of acid in the final jelly to 1.9 
per cent acid resulted in softening of the jelly; 1 per 
cent acid in the final jelly gave good results and corre­
sponds to about 1.5 acid in a fruit juice before addition 
of sugar. 0.3 per cent acid in the final jelly would 
similarly correspond to about 0.5 per cent acid in the 
fruit juice before addition of sugar. This would indi­
cate a range of 0.5 to 1.5 per cent acid in the original 
fruit juice for the proper concentration of acid calcu­
lated as citric acid. This corresponds very well with 
results obtained with pectin-containing orange juices 
made by boiling this fruit and pressing. In this case 
an acidity of 1.5 per cent in the juice gave a finished 
jelly that set quickly but w'hich finally softened, while 
0.3 per cent gave a fairly good jelly, and less than 0.5 
per cent did not give a jelly or resulted in a very soft 
jelly.

Working with purified pectin and different amounts 
of pure citric acid, it was found that for the same treat­
ment as regards amounts of sugar added, time of boil­
ing, etc., the color of the resulting jelly wras darkened 
in direct proportion to the amount of acid used. The  
colors were compared by means of a Dubosq colorim­
eter. This darkening is probably due to carameliza- 
tion of the sugar.

SUM M A RY

I— It was found that of the fruits produced 
in any great quantity in California, namely, grapes, 
apples, loganberries, blackberries, lemons and po­
melos in all cases contained sufficient acid and pec­
tin to give satisfactory jellies. Oranges alwrays con­
tained enough pectin, but were found to give better 
results if mixed with lemons to increase the acidity. 
Apricots and cherries occasionally gave jellies, but in 
general were not satisfactory because of deficiency in 
pectin. Pomegranates and strawberries did not. have 
enough pectin to give jellies, although the acidity was 
sufficient. Peaches, pears, and the huckleberries 
lacked sufficient pectin and acid. Figs and citron 
melon gave satisfactory jellies when acidified with 
citric acid or lemon juice.

II— Maximum yields of 392 gals, jelly per ton of 
oranges and lemons mixed in ratio of two oranges to

1 T h is  pectin w as prepared  by boiling the  sliced oranges under a  reflux 
condenser w ith 95 per cent alcohol three  successive tim es w ith  three  different 
lots of alcohol. T his rem oves m ost of th e  sugars, acid, etc. T he  residual 
pulp  was then  heated  w ith distilled w ater under pressure. T h e  h o t liquid 
was pressed o u t and  filtered. T he  pectin was p rec ip ita ted  w ith 95 per cent 
alcohol an d  purified by  redissolving in w ater and  p recip ita ting  w ith 95 
per cent alcohol. T his purification was twice repeated . T he resulting 
pectin  was w hite and friable.
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one lemon, 467 gals, per ton of loganberries and 290 
gals, per ton of blackberries were obtained in this 
laboratory.

III— Orange jelly stock was found to clear satis­
factorily by settling twenty-four hours; other juices 
required a longer time and did not settle so completely 
as the orange jelly stock did. All juices tested were 
clarified satisfactorily by the addition of 1000-2000 
g. Spanish clay per hectoliter (from a 10 or 20 per 
cent suspension of the clay in water), followed b y  heat­
ing to 1000 C. and settling.

IV— Changes in and loss of fruit flavors and aromas 
in jelly making were found to be due to decomposition 
by heat and to direct loss by volatilization.

V— Jellies with practically all of the aroma and 
flavor of the fresh fruit were made by crushing fruits 
high in pectin, pressing out the juice, and adding suffi­
cient sugar to increase the Brix degree to 65°. Logan­
berries and currants were especially adapted to this 
procedure.

VI— An acidity between 0.5 and 1.5 per cent for 
fruit juices to be made into jelly seemed to be the opti­
mum range for production of satisfactory jellies.

V II— A Brix degree of 65° was necessary to prevent 
spoilage b y  mold and yeasts where jellies were inocu­
lated with these organisms.

U n i v e r s i t y  o f  C a l i f o r n i a  E x p e r i m e n t  S t a t i o n  

B e r k e l e y

T H E  A N A L Y S IS  O F  N O N -A L C O H O L IC  L E M O N  A N D  
O R A N G E  E X T R A C T S

By E . L. R e d f b r n  

R eceived N ovem ber 29, 1915

During the last year there have appeared on the 
market various flavoring extracts 'containing no alco­
hol but made up with gum tragacanth and glycerine 
in which the essential oils are held in suspension. 
It is obvious that the amount of oil present cannot 
be determined by the ordinary methods and an at­
tempt was made to devise some method by which the 
oils could be determined quantitatively to see if this 
class of extracts was up to the legal standard. These 
extracts are quite viscous and unless warmed slightly, 
pour with difficulty, but, by warming for a few min­
utes they can be measured in an accurately graduated 
cylindrical graduate. The use of a pipette for meas­
uring is not satisfactory, as a considerable amount of 
the mixture adheres to the inside of the pipette and 
is difficult to remove, while with a graduate it can be 
removed by letting the graduate drain for a few min­
utes into the flask to be used in the analysis and then 
rinsing with a little alcohol. A  standard extract 
containing 5 per cent of lemon oil was made up as 
follows: 150 cc. gum tragacanth, which had been 
soaked in water and reduced to the proper consistency, 
40 cc. glycerine and 10 cc. pure lemon oil.

First an attempt was made to extract the oil in a 
separatory funnel with ether but an emulsion was 
formed which could be only partly broken up by run­
ning in the centrifuge. The ether ŵ as drawn off 
through a small dry filter into a tared flask, evaporated 
off spontaneously and dried for a few hours in a

desiccator. The final weight of oil obtained from 
10 cc. of the 5 per cent extract was 0.2664 and 
0.2246 g. in duplicate determinations. Ten grams of 
extract were then mixed with anhydrous CuSO^ to 
apparent dryness and extracted in a Soxhlet ex­
tractor with anhydrous ether but only 17 per cent 
of the oil was recovered. Distillation with steam 
gave 24 per cent recovery of oil. The fact that  
gums are precipitated with alcohol suggested a 
possible solution of the difficulty: 25 cc. of the
standard extract were measured out and transferred 
to a 200-cc. Erlenmeyer flask, 25 cc. of 95 per cent 
alcohol were added and the flask was then shaken 
vigorously. The alcohol was filtered on a Gooch cruci­
ble and collected in a 100-cc. graduated flask, care 
being taken to prevent any of the precipitated gum 
from running into the crucible. The precipitate 
was washed several times with 95 per cent alcohol 
and the filtrate made up to 100 cc. The precipitation 
method using 50 cc. of this solution did not give uni­
form results, owing to the fact that with this high 
strength of alcohol a considerable quantity of the oil 
was held in solution. The method suggested by  
Howard1 was then used which gave 4.96 and 5 per 
cent oil in duplicate tests on the 5 per cent standard.

An orange extract was made up as in the case of 
lemon, using orange oil, and gave in duplicate tests 
with Howard’s method 4.80 per cent of oil.

Duplicate tests of an unknown extract gave 5.2 
and 5.04 per cent. ' In these tests a Babcock milk 
bottle graduated to 1 per cent was used to insure 
more accurate reading as the amount of oil in the dilu­
tions is small. Especially is this true in substandard 
extracts. If the analysis of an extract shows that it is 
much below standard, the author has found it advisable 
to repeat the analysis using a skim milk bottle grad­
uated to 0.01 per cent, which makes it possible to 
read very small arftounts of oil. The supernatant 
liquid in the skim milk bottle can be easily drawn off 
b y attaching a suction tube to the filling tube on 
the bottle and decanting off the remaining small 
amount through the capillary tube as the chloroform 
carries the oil present and remains on the bottom. 
The method has been used in this laboratory for sev­
eral months and has given unifprm results.

I o w a  D a i r y  a n d  F o o d  C o m m i s s i o n  

D e s  M o i n e s

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 , VIII 

T h e  Application of the Conductivity and Volum etric L ead  S ub­
acetate  T e s ts  to M ap le Sugar

By J . F . S n s ix  a n q  G. J . V a n  Z o e r k n  

Received A ugust 27, 1915

In Papers I 2 and V I P  of this series a conductivity  
test and in Paper V I 4 a volumetric lead subacetate test 
for purity of maple syrup have been described. The  
question remained how these tests could best be ap­
plied to sugars. Two methods of procedure sug­
gested themselves: (i) A quantity of sugar sufficient

1 J .  A m . Chcin. Soc.,  1908, 6 0 8 .
! T h i s  J o u r n a l ,  5 (1 9 1 3 ) ,  7 4 0 .
> I b i d „  8 ( 1 9 1 6 ) , 3 3 1 .
‘ Ib id .,  8 ( 1 9 1 6 ) . 2 4 ! .
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for the test could be weighed out and dissolved in a 
definite quantity of water; (2) a larger quantity of 
sugar could be dissolved and the solution boiled down 
to a syrup, which could then be tested as a syrup.

Under the direction of the senior author, Mr. J. M.  
Scott in 1913 determined the conductivity values of 
some twenty pure sugars by both of these methods of 
procedure. For the first, 15 g. of sugar were dissolved 
in hot water and made up to 50 cc. at 250° C. For 
the second method a solution of the sugar was boiled 
until the temperature reached 2190 F. The values 
obtained were seldom identical; in some instances the 
former method, in other instances the latter method, 
gave the higher result. This indicated variation in 
sampling, and as material suitable for a study of the 
question of sampling wras not immediately available 
the investigation was laid aside. It has now been 
resumed w'ith reference to the volumetric lead test as 
well as to the conductivity test.

Ten of the syrups of the season of 1915 used in the 
work reported in Papers VI and V II  were used in these 
new experiments. About 200 cc. of each were boiled 
to 243-2450 F., poured into moulds, and allowed to 
stand for a day or two. The sugars thus obtained 
were redissolved, boiled to 2190 F. and filtered through 
cotton wool. The conductivity values and the volu­
metric lead numbers were then redetermined on the 
regained syrups and compared with those found in 
the original syrups. The results are given in Table I. 
They show no material difference between the original 
syrup and that obtained by redissolving the sugar. 
This method of applying the tests to maple sugar is, 
therefore, satisfactory.
T a b l e  I — C o m p a r i s o n  o f  V a l u e s  i n  O r i g i n a l  a n d  R e g a i n e d  S y r u p s  

N o. 10 13 14 16 18 19 22 27 29 43 Av.
C o n d u c t i v i t y  V a l u e :

Original S y ru p ............... 107 119 99 106 97 108 112 109 117 125 109.9
Syrup Iron? Sugar. . .  . 106 119 99 106 98 106 112 110 113 125 109.4

V o l u m e t r i c  L e a d  N o .
Original S y ru p   5 .3  5 .3  5.1 5 .3  5 .S  6 .0  5 .7  5 .1  5 .6  5 .2  5 .4 4
Syrup from Sugar. . . 5 .4  5 .6  5 .3  5 .4  5 .4  6 .2  5 .6  5 .0  5 .5  5 .8  5 .52

The tests have been applied in the same manner to 
16 sugars of the season of 1913, which were collected 
from the makers with the syrups reported in Paper 
I I I .1 75-100 g. of sugar were dissolved, the solution 
boiled to 2190 F. and filtered through cotton wool.

The conductivity values found vary from 97 to 
148 and the volumetric lead numbers from 5.1 to 6.5. 
These results are all within the limits found in pure 
maple syrups.2 The conductivity values obtained by  
Mr. Scott by this same method (22 pure sugars) are 
also within the limits found in pure maple syrups.

Three sugars collected from grocers in the western 
provinces of Canada in 1912, tested in like manner, 
gave the following results:

C onductiv ity  Volum etric
No. V alue Lead No.

1   16 0
 2 .......................................................................... 146 5 .6
 3 .............................................................................. 79 0

Nos. i and 3 are condemned by the tests, while No. 2 
appears to be a genuine maple sugar.

m e t h o d — Dissolve a  fairly large representative 
sample (say 100 g.) of the sugar in hot water. Boil

1 T h i s  J o u r n a l  6 ( 1 9 1 4 ) . 2 16 .
2 See Papers V I and  V II.

to 2190 F. (103.9 0 C.). Filter through cotton wool. 
Test the resulting syrup as directed in Papers VI and 
VII.

SU M M A RY

Pure maple sugars converted into syrups give con­
ductivity values and volumetric lead numbers within 
the limits found in genuine maple syrups.

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 f  Q u e b e c

D E T E R M IN A T IO N  O F  T A R T A R IC  A C ID
B y B. G. H a r t m a n n , J. R . E o f f  a n d  M . J. I n g l e  

Received Decem ber 30, 1915

The determination of tartaric acid in numerous 
soda fountain beverages, grape juices, wines and other 
food products, has necessitated a modification of the 
Halenke and Môslinger method, the provisional 
method of the Association of Official Agricultural 
Chemists.1 Since modifications of this method pre­
sented as reports of the Associate Referee on Wine 
of the above Association have not thus far been avail­
able to many chemists who may be doing work of this 
nature, it is considered desirable to review' briefly 
the recent methods for the determination of tartaric 
acid2 and to give the results of a successful search 
for the cause of the discrepancies noted in the deter­
mination of this acid. These variations in results, 
even of the same analyst, wrere noted especially on 
w’ines containing free acid and alcohol.3

Most of' the earlier methods depended on the pre­
cipitation of potassium acid tartrate, the original 
method being that of Berthelot and Fleurieu4 pub­
lished in 1889. This method wras modified by Halenke 
and Môslinger5 in 1895. Of the numerous methods 
which have been described for the quantitative de­
termination of total tartaric acid in wines, this method 
may be considered as deserving first mention as to 
simplicity of manipulation, accuracy and adapta­
bility to varying conditions. This is the method 
which the authors have still further modified.

Magnier de la Source6 was perhaps one of the first 
to note the fact that when free tartaric acid was pres­
ent the cream of tartar precipitate did not represent 
the total tartaric acid content. He, however, sug­
gested the neutralization of one-fifth of the total 
acidity by adding standard alkali. This procedure 
did not give satisfactory results on wines containing 
much free tartaric acid, such as Catawba and Scup- 
pernong. The Goldenberg method7 for the estima­
tion of the tartaric acid content of argols or crude 
tartar, consisted in dissolving the argols in hydro­
chloric acid and, after completely neutralizing with 
potassium carbonate, adding acetic acid to trans­
form the neutral salt to . the insoluble acid tartrate. 
This procedure, however, was open to criticism, 
since (as noted b y  Lampert and by Ordonneau8) iron

1 U. S. B ureau of C hem istry , Btill. 107 (1912), 86.
5 K. P. H aüssler, Schweiz. Apoth. Zeil., 52 (1914), 525-7, 537-40, 

553-6, 569-72.
3 B. G. H artm an n , Proc. A . O. .4. C., 1914.
4 M . B erthelo t, Chimie Végétale el Agricole, 4 (1889), 423, in collabora­

tion  w ith M . de Fleurieu.
5 A. H alenke and  W. M ôslinger, Z. anal. Chern., 34 (1895), 263.
6 M . L. M agnier de la  Source, A n n . chim. anal., 1 (1896), 205-6.
7 Zeit. anal. Chtm ., 47 (1908), 57-59 (from Chemischen Fabrik).
8 M . C. O rdonneau, Bull. soc. chim., 7 (1910), 1034—41.
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and aluminum, commonly present in argols, tend to 
lower the result. Heczko1 calls attention to the 
fact that the freshly precipitated calcium carbonate 
tends to react with the neutral potassium tartrate. 
The Marseille method2 was used as an approximate 
method for the determination of tartaric acid in argols 
and depended on the precipitation of neutral calcium 
tartrate from an ammoniacal solution.

The most recent precipitation method is that de­
veloped by A. Kling.3 This is an extremely satis­
factory procedure and, as tried out at the Enological 
Laboratory of the Bureau of Chemistry, gave the best 
yield of any method tried. The principle of the 
method is the formation of the very insoluble calcium 
racemate under conditions which give a theoretical 
yield from synthetic solutions. When applied to 
two authentic wines representing the extremes in ratio 
between cream of tartar and free tartaric acid, it gave 
results which were ali that could be desired.4 As the 
tartaric acid present in thé grape and the commer­
cial article derived from it is always the dextro form, 
the addition of an excess of laevo salt would form the 
racemate, so that b y  forming the calcium salt under 
the favorable conditions prescribed, a most efficient 
method is developed. This is accomplished by adding 
calcium acetate and alkaline laevo-tartrate of ammonia 
in excess, and titrating the calcium racemate pre­
cipitate with a standardized potassium permanganate 
solution.

Iron and aluminum introduce a source of error in 
this determination which has been corrected by a 
modification, using an ammonium citrate solution.5 
The presence of esters of tartaric acid is also allowed 
for by saponification as detailed by Kling and Gelin.6 
The present prohibitive price of laevo-tartrate of 
ammonia, the instability of a tartrate solution, which 
requires a preservative, and the need of a microscope, 
are all factors tending to inhibit a general use of this 
method in commercial laboratories.

Other investigators have made use of the reducing 
action of the tartaric acid radical; thus Chapman  
and Whitteridge7 oxidize a bismuth tartrate precipi­
tate; Mestrezat8 and Kling also finally titrate writh 
potassium permanganate. Pozzi-Escot5 oxidizes bar­
ium tartrate, while Ferentzy10 ignites magnesium tar­
trate and weighs the resultant MgO, but Gowing- 
Scopes11 modifies this method and titrates the mag­
nesium tartrate w'ith permanganate.

Evaporation, wùth a subsequent addition of alco­
hol, or alcohol and ether, has been advanced by Pas­
teur, Reboul, Magnier de la Source, and Malvezin. 
The addition of potassium bromide brings the free

1 A rnold Heczko, Z . anal. Chem., 50 (1911), 73-82.
2 M . d 'H ec to r de R ochefontaine, A n n . chim. anal., 1 (1S96), 25.
1 Andre K ling and  I,. G obert, A n n . fa is., 4 (1911), 185.
* J .  Xjsoc. of Offu. Agr. Chem., 1 (1915), 136.
1 M. A ndre K ling and  D . F lo ren tin , Proc. 8lh Intern. Cong. A pp l. 

.Chem.. 1 (1912), 237-9.
s M. Andre K ling and  Ë . Gelin, Ib id ., 1 (1912), 251-6.
7 A lfred C. C hapm an and  Percy  W hitteridge, A nalyst, 32 (1907), 163-6.
8 N o te  of M . W . M estrezat p resented  by  M . M üntz, Compt. rend., 143 

(1906), 185.
• E m  Pozzi-Escot, A n n . chim. anal., 13 (1908), 266-9.

111 Josef V. Feren tzy , Chem. Zeit., 31 (1907), 1118.
■J1 L. Gowing-Scopes, A na lyst, 33- (1908), 315-19.

tartaric acid into the reaction, so that on the addi­
tion of the alcohol-ether mixture all the tartaric acid 
is precipitated as tartar. These methods are not 
considered satisfactory as the evaporation is produc­
tive of losses through volatilization of esters and possi­
ble decomposition, and acid malates are titrated as 
tartrates1 as are also other acid-reacting substances. 
This method as given by Malvezin was also tried out 
in the Enological Laboratory, and gave concordant 
but uniformly high results.

It has been demonstrated in routine work by the 
authors that the Halenke and Môslinger method 
is unreliable when employed on wines and fruit juices 
containing a considerable amount of free tartaric 
acid, such as Catawba, Iona, or Scuppernong grape 
juices or wines. This is due to the failure of the 
method to precipitate the free tartaric acid quanti­
tatively as potassium acid tartrate and is attribu­
table to the reversibility of the main reaction (H2T  +  
K C 1 H K T  +  H C 1). It has been noted by  
the authors that the addition of potassium acetate 
for the purpose of offsetting the disturbing influence 
of the hydrochloric acid formed (K A c +  -HC1 < > 
K C 1 +  HAc) does not altogether correct this fault, one- 
fifth to one-third of the free tartaric acid being lost.2 
Furthermore, the addition of the potassium acetate 
to wines not containing free tartaric acid has a ten­
dency to decrease the yield by dissolving the potas­
sium acid tartrate.3

Having thus recognized that the value of the Halenke- 
Môslinger method was in the main dependent upon 
the elimination of the disturbing ‘influence of the h y­
drochloric acid liberated, the authors decided that the 
best preventive for the formation of hydrochloric 
acid was to completely neutralize the acidity of the 
wine and to add the molecular equivalent of tartaric 
acid for the alkali added in order to convert thé neu­
tral tartrates into acid tartrates, and from this point 
on to proceed as prescribed in the Halenke-Môs­
linger method, omitting the potassium acetate addi­
tion altogether. B y this procedure no intermediate 
products which' might possibly interfere with or re­
dissolve the potassium acid tartrate were to be ex­
pected, thus forming favorable conditions for a 
quantitative separation of the total tartaric acid as 
potassium acid tartrate. Trials of the procedure 
upon various synthetic solutions of tartaric acid 
and its salts proved its superiority to the older 
method.

Unfortunately, these experiments are not final 
since they were for the greater part undertaken on 
aqueous solutions, but it is quite possible that the 
behavior of a wine containing various other ingre­
dients, such as phosphates and sulfates, may aug­
ment the usefulness of the method.

This modification has the decided advantage over 
the Halenke-Môslinger method in that, wrhere there 
is a small amount of tartaric acid present in a wine 
(as in ports, sherries, and other fortified wines), the

1 M . L. M agnier de la  Source, A n n . chim. anal., 2 .(1897), 281-3.
2 B. G. H artm an , B ureau of C hem istry , Bull. 162 (1913), 71.
3 A n n . chim. anal., 1 (1896), 205-6.
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addition of the tartaric acid insures a precipitation 
that otherwise might not occur.

H A R T M A N N  AND E O F F  M ETH O D

f o r  w i n e s — Neutralize too cc. of wine with nor­
mal sodium hydroxide. The amount of alkali neces­
sary for neutralizing may be calculated from the 
acidity of the wine previously determined. To the 
neutralized wine add the molecular equivalent in grams, 
of powdered tartaric acid,1 corresponding to the 
amount of alkali required for neutralization. After 
the tartaric acid has dissolved add 2 cc. glacial acetic 
acid and 15 g. potassium chloride and after solution 
add 15 cc. alcohol (95 per cent). Stir until precipi­
tation has started, then allow to stand over night 
at a temperature not above 15 0 C. After this inter­
val filter the solution through either a Gooch cruci­
ble prepared with filter paper pulp or a Buchner fun­
nel of 7 cm. diameter, into which is fitted exactly
T a b l e  I— D e t e r m i n a t i o n s  o f  T a r t a r i c  A c i d  b y  H a r t m a n n - E o f f  

M e t h o d

R esults in G rains T a rta r ic  Acid per 100 cc. L iquid
A ctual H and M e c h a n i c a l l y  S t i r r e i

S u b s t a n c e C onten t Stirred 3 0  min. 15 min.
T a rta r ic  Acid S o lu t io n .. . 0 .4 8 1 0 .4 8 2

0 .4 8 1 0 .4 8 3
0 .2 4 1 o !  2 3 8
0 .2 4 1 0 .2 3 6
0 .2 4 1 0 .2 3 8
0.120 0 . 1 10
0 .0 4 8 o !Ô42 o !<325
0 .0 4 8 0 .0 4 2 0 . 012 (a )

California Hock W ine . . 0 .2 5 4 (6 ) 0 .2 4 0 0 .2 5 5
California Sau ternc W ine. 0 . 221 (6) 0 .2 1 5 0 .2 1 7
California Zinfandel W ine 0 .2 3 3 ( 6 ) 0.211 0 .2 4 3 . * .
California Sherry  W ine ... 0 .0 8 8 0 .0 9 9
California P o rt W ine. . . . 0 .  113 0 . 120
California Sherry  No. 2 . . 0.101 0 . 100
C alifornia P o r t No. 2 . . . . 0 . 120 0.120

(а) S tirred  one hour.
(б) C on ten t determ ined by m ethod given on p. 86 of U. S. D ep t. Agr., 

Bureau of C hem istry, Bullu 107 (R ev.).

a strong filter paper; use gentle suction and wash three 
times with 7 cc. of a solution composed of 100 cc. of 
water, 15 g. potassium chloride and 20 cc. of 95 per 
cent alcohol. Transfer the precipitate and paper 
to the original beaker with 50 cc. hot water, bring to 
a boil and immediately titrate with N / 1 0  sodium h y ­
droxide, using phenolphthalein as indicator. In­
crease the burette reading by 1. ; cc. as a correction 
for solubility, multiply by 0.015 ar>d subtract the 
tartaric acid added. This will give the total tartaric 
acid in the wine in terms of grams per 100 cc.

O T H E R  M O D IF IC A T IO N S

s t i r r i n g — It was noted that stirring until a pre­
cipitate actually formed was essential to the accuracy 
of the method. B y means of the mechanical stirring 
of solutions the time factor was lessened and it was 
found practicable by this expedient to determine 
correctly the tartaric acid content of a synthetic
solution in 15 to 30 minutes.

h a l f - n e u t r a l i z a t i o n  m e t h o d . — An attempt to 
neutralize one-half of the acidity of wine proceeding 
according to the Halenke-Moslinger method, omitting
T a b l e  I I — D e t e r m i n a t i o n '  o f  T a r t a r i c  A c i d  i n  W i n e s  i n  W h i c h  t h e  

A c i d i t y  w a s  H a l f  N e u t r a l i z e d  
Experim ent N o .  1 2  3  4  5  6 7

Hartm ann-EofT M eth o d   0 . 7 4  0 . 5 4  0 . 9 9  0 . 7 6  0 . 7 2  0 . 7 8  0 . 8 0
H alf-N eutra lization  M eth o d . . 0 . 6 8  0 . 5 0  0 . 9 6  0 .7 1  0 .6 3  0 .7 1  0 .7 7

the potassium acetate addition, gave less accurate 
results than complete neutralization, from 3 to 9 
per cent less acid being found than was present.

1 The acid used should be pure and well dried.

t e m p e r a t u r e — The authors also find that the 
temperature at which the reaction mixture of the 
Halenke-Moslinger method is held for 15 hrs. in­
fluences the precipitation, there being a decided in­
crease in yield of tartrate at low temperatures.

T a b l e  I I I — E f f e c t  o f  C h i l l i n g  o n  P r e c i p i t a t i o n  w h e n  U n m o d i f i e d  
M e t h o d  w a s  U s e d

T em p e ra tu re G r a m  T a r t a r i c  A c i d
P er cent 

Acid
No. ° C. A ctual Found Recovered

1 5 0.994 0.774 77 .9
2 5 0.994 0.792 79.7
3 5 0.497 0.401 80.7
4 5 0.497 0.405 81.5
5 17 0.994 0.698 70.2
6 17 0.994 0.698 70 .2
7 17 0.497 0.354 71 .3
8 17 0.497 0.357 71 .8

Before entering upon the final description of the 
methods resulting from these experiments it should 
be remarked that although other investigators have  
attempted to avoid the disturbing influence of mineral 
acids by neutralizing a part of the acidity of the wine, 
the authors have been unable to find records showing 
that this has been done with any marked degree of 
success and that the addition of tartaric acid to the 
neutralized solution for the purpose of precipitating 
potassium acid tartrate has evidently not been pre­
viously tried.

R O C H E L L E  SA LT M ETH O D

The tartaric acid required may be efficiently added 
as Rochelle salt. In that case the method is based 
on the following reactions:

N a K T  +  H2T  = N a H T  +  H K T ,  and
N a H T  +  K C 1 =  K H T  +  N aCl  

As Rochelle salt contains exactly four molecules of 
water of crystallization, it may be used without dry­
ing. For every cc. of normal alkali required for neu­
tralization, add o. 141 g. of the salt. As only 53.17  
per cent of the salt is normally tartaric acid, weighing 
errors are minimized. If this salt is ground or unduly 
exposed to the air it may lose some of its water of crys­
tallization. It is, therefore, necessary to obtain the 
actual acid content at the time used. This may be 
done by dissolving 1 g. of the salt in 100 cc. of water, 
adding 2 cc. acetic acid, 15 g. K C 1, and 20 cc. of 95 
per cent alcohol, stirring until precipitation starts, 
and allowing to stand in an ice box with a maximum 
temperature of 1 5 0 C. The addition of alkali may, 
therefore, be dispensed with.

The following results were obtained on five samples 
of grape juice, using the proposed method and the 
Rochelle salt method:

T a b l e  I V

G ram s G ram s T a r t a r i c  A c i d  i n  J u i c e  U s i n g
Rochelle Salt T a rta r ic  Acid Rochelle T a rta r ic  Acid

No. Added in S alt Salt H .-E . M ethod
1 0.776 0.031 0.624 0.627
2 1.297 0.720 1.170 1.205
3 0 .874 0.485 0.624 0.636
4 1.199 0.665 0.620 0.638
5 0.677 0.372 0.640 0.637
Rochelle

Salt } 1.000 0.555

f o r  g r a p e  j u i c e — Take 50 cc. of the filtered juice 
and neutralize with N  NaOH. After neutralizing 
make to 100 cc. volume with distilled water. From 
this point on, the H.-E. procedure as described under 
wine is followed, using 20 cc. instead of 15 cc. of
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95 per cent alcohol. The occlusion of other organic 
acids with precipitated pectin bodies and cream of 
tartar makes the use of only 50 cc. of grape juice ad­
visable for the determination.

In case of syrups, fermentation of sugar or a separa­
tion of the acid therefrom as the lead salt1 is advisable. 
It may be of interest to mention that Halenke and 
Môslinger advise a double precipitation in the case 
of grape juices.

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

p h o r i c  a c i d  a n d  a l c o h o l — While experimenting 
with synthetic solutions, containing tartaric acid, free 
phosphoric acid and alcohol, it was found that neither 
the Halenke-Môslinger method nor the Hartmann 
and Eoff method gave satisfactory results. Further, 
it developed that these two methods became less re­
liable as the solutions under discussion aged. This 
condition was found to be brought about by the forma­
tion of ethyl esters of tartaric acid, the amount of 
ester formed increasing with the time allowed for the 
reaction. This was shown by saponifying the solu­
tion with an excess of alkali before determining the 
tartaric acid, a complete recovery of the theoretical 
amount of acid being thereby obtained. It was also 
observed that in cases where much free phosphoric 
acid was present the Halenke and Môslinger method 
failed to give any precipitate of potassium acid tar­
trate whatever, notwithstanding the presence of con­
siderable tartaric acid in the solution. These two 
points, the loss of tartaric acid through esterifica- 
tion and the failure of the Halenke-Môslinger method 
to give even approximate results in presence of free 
phosphoric acid, were made the subject of investiga­
tion in 1914 by the Associate Referee on Wines of the 
Association of Official Agricultural Chemists. The  
heretofore unpublished work of five collaborators 
was very satisfactory and fully substantiates the 
findings recorded above.

The behavior of alcohol and tartaric acid in the 
pres'ence of other free organic acids (formation of 
esters) is a well-known phenomenon and was pointed 
out by Berthelot and Fleurieu in their original paper 
describing the alcohol-ether method. Estérification 
in part may explain why very old wines, when em­
ploying the customary methods for determining the 
total tartaric acid, very often show an exceedingly 
small amount of this constituent.

It is very important to know the extent of esterifica- 
tion in artificial products containing free phosphoric 
acid, alcohol, and tartaric acid, since the ordinary 
methods may not reveal the tartaric acid that is pres­
ent even in amounts as high as 3 g. per 100 cc. of solu­
tion.

It was found that by adding 5 cc. N  N aO H  in ex­
cess of neutralization to 50 cc. of the solution under 
examination, bringing to a boil and allowing to stand 
over night, a complete saponification could be ob­
tained. The addition of the required amount of tar­
taric acid, dilution to 100 cc. with water and then pro­
ceeding as detailed for wines, yielded quantitative  
results for total tartaric acid.

1 C. S chm itt and  C. H iepe, Z. anal. Chcm., 21 (1882), 534—41.

Solutions indicated in Table V  were analyzed by  
different analysts on different dates with the results 
given.

T a b l e  V— (R esults in G ram s per 100 cc.)
H a l e n k e  a n d  H a r t m a n n - E o f f  M e t h o d

M ô s l i n g e r Half Com pletely
D e t e r m i n a t i o n M e t h o d N eutralized Neutralize*!

A cidity  as T a rta r ic . . . 4 .92 2 .52 1.96
T o ta l T a rta r ic  A c id ... .. 2.00 1 .80 1.89
Phosphoric A c id .......... 1 .91 0 .48 0.048
C aram el.......................... 1.20 1.20 1.20
A m a ran th ...................... 0 .024 0.024 0.024
C ane Sugar.................... 5 .00 5 .00
A lcohol............................ 5 .00 5 .0 0 5 .00

Table V I presents results obtained on three synthetic  
solutions, on the dates indicated.

T a b l e  V I— R e s u l t s  (G. per 100 cc.) o n  T h r e e  S y n t h e t i c  S o l u t i o n s

H a l e n k e H a r t m a n n  a n d  E o f f  M e t h o d
Solution D a t e a n d N eu tralization Prelim inary
N um ber 1914 M ô s l i n g e r Half Com plete Saponification

I 7/20 0 .7 4 1.88 1.90
8/12 0.64 1.69 1.84
8/24 0 .06 1.54 . 1.76
8 /26 0 .63 1.66 1 .67 2 !oo

10/30 0.00 1.61 1.65
I I ......... 7 /20 1.03 1.76 1.76

8/12 0.90 1.62 1.68
8/24 0.67 1.51 1.62
8/26 0.91 1.57 1 .58 1.79

10/30 0.65 1.51 1.63
I l l  , . 7 /20 1.23 1.87 1.87

8/12 1.18 1.77 1.77
8/24 1.00 1.68 1 .77
8/26 1.22 1.72 1 .71 1.89

10/30 0.92 1.63 1.67

The low results obtained by the Halenke and Môs­
linger method show the necessity of starting the pre­
cipitation by stirring as illustrated by the results ob­
tained on August 24th, and October 30th. The gradual 
esterification of the free tartaric acid is shown by  
the lower results obtained as the solutions aged.

B u r e a u  o f  C h e m i s t r y , W a s h i n g t o n

T H E  D E C O M P O S IT IO N  O F  T H E  O R G A N IC  M A T T E R  
O F  K E L P  IN  T H E  S O IL 1

B y  A .  W .  C h r i s t i e  

Received N ovem ber 15, 1915

Considerable interest has been evinced of late in 
the possible use of kelp as a commercial fertilizer. 
Burd2 has shown that probably the most practical 
and profitable way of utilizing kelp would consist 
in drying at a, low temperature and grinding. The  
resulting product, in addition to the valuable potash 
(11.45 per cent K 20  in air-dried kelp (M a crocystis) ) , 
contains all the nitrogen and organic matter. Stewart3 
has shown that the nitrogen (1.18 per cent N  in air- 
dried kelp (M acrocystis)) becomes slowly available 
in the soil. In connection with the probable use of 
dried and ground kelp as a commercial fertilizer or 
as a filler for mixed fertilizers, it becomes of interest 
to learn the fate of the organic matter and whether 
any agricultural value may be assigned to it. The  
extent and rate of decomposition of kelp in soil were 
compared with the following materials which are 
common sources of organic matter in the soil, viz., 
manure, straw and alfalfa.

p l a n  o f  e x p e r i m e n t  

In each of 14 glass jars were placed 300 g. of air- 
dried soil (fine sandy loam from Anaheim, California),

1 See also work of U. S. D epartm en t of A griculture on K elp. { E d i t o r ' s  

N o t e .]
2 "E conom ic Value of Pacific C oast K elps,” Bull. 248, C alifornia A gri­

cu ltu ra l E xperim ent S ta tion .
3 "A vailab ility  of N itrogen in Pacific C oast K e lp s / ' J . Agr. Research, 

4, N o. 1 (1915), 21.
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and to each jar were added x 5 g. of the organic material 
to be tested. The two samples of kelp used were 
M acrocystis pyrifera  and N ereocystis leu lkean a , the 
varieties of greatest commercial importance on the 
Pacific Coast. These samples were oven-dried and 
finely ground and then allowed to come to constant 
moisture content by exposure to the air at room tem­
perature. The manure, alfalfa and straw were also 
finely ground and thoroughly air-dried. Jars 11 
and 12, in addition to the 15 g. M acrocystis, were in­
oculated with a few cc. of a solution from a jar of de­
composing kelp, to ascertain if the partial steriliza­
tion due to oven-drying would have any effect on the 
subsequent decomposition in the soil. All jars were 
loosely stoppered to prevent excessive evaporation, 
yet allowing easy access of air, and were kept at an 
average temperature of 30° C. for 5 mos. The moisture 
content was maintained at 18 per cent (optimum for 
the soil) by frequent additions of sterile water, ac­
companied by cultivation of the soil.

A t the end of 5 mos. the contents of each jar were 
removed, thoroughly air-dried and ground for analysis. 
A 10-g. portion from each jar was analyzed for humus 
and humus nitrogen, using the method of Grandeau, 
as modified by Hilgard.1 Table I gives the results 
obtained.

This table shows that dried and ground kelp in this 
experiment was decomposed to form humus to approxi-

in which these materials were added to the soil are 
not the same as would obtain in field practice. None 
of the materials would be finely ground, with the possi­
ble exception of the kelp, if it were part of a complete 
fertilizer. The alfalfa would ordinarily be plowed 
under green and the manure moist and fresh: these 
conditions accelerate their decomposition in the soil. 
The kelp used in this experiment, as has already been 
pointed out, was heated to a much greater tempera­
ture than would be the case in commercial practice 
and hence was probably less readily decomposed. 
The conditions in the laboratory may favor the de­
composition of one substance more than another.

The per cent of humus is not necessarily a definite 
index of the value of the organic matter in the- soil. 
Therefore, it is not desired, to convey the im pression  
that the organic matter o f kelp is  proven by this exp eri­
ment to be as valuable as the other m aterials used. The  
experiment does prove, however, that kelp is not an 
inert substance in the soil and that its organic matter 
has some fertilizing value. Final judgment upon 
these points would require data obtained from field 
experiments.

P E N T O S A N  D E C O M P O S IT IO N

Hoagland1 has shown that kelp contains considerable 
amounts of pentosans and since the other materials 
used are also high in pentosans, it is desirable to study  
the fate of this group in the soil. The materials were

T a b l e  I — R e s u l t s  o f  5 - M o n t h  T e s t s

M a t e r ia l  
Ja rs  A d d e d  

I & 2 Alfalfa 
3 & 4 S traw  
5 & 6 M anure 
7 & 8 Nereocystis 
9 & 10 M acrocystis 

11 & 12 M ac. (inoc.) 
13 & 14 [Blanks)

P e r  c e n t  H u m u s  i n  S o il
D uplicates

0 .98  
1 . 14 
1 .08 
1.03 
0 .96  
0 .98  
0 .65

1 .08 
1.24 
1 . 1 1  
1.16 
1.03 
1 .06 
0.66

Av. 
1.03 
1.19 1 .10 1.10 
1.00 1.02 
0.66

G a in

0 .37
0 .53
0 .44
0 .44
0 .34
0 .3 6

%  P e n t o s a n s
%  N  in %  O r g a n ic  M a t t e r %  P e n t o s a n s R e c o v e r e d P e r  c e n t  O r ig in a l
JE ium us O r ig in a l  H u m if ie d in  O r ig in a ls D u p l i c a t e s Av. P e n t o s a n s  D e c o m p o s e d

10.15 89 .00 8.81 1 2 . 18 3 .17 2.47 2 .82 77
8 .25 96 .50 11.49 27.75 4 .34 6.88 5.61 80
9 .5 4 65.50 13.98 11.57 2 .45 2.49 2.47 79

10.50 43 .60 21 .00 6.16 1.46 1.64 1.55 77
11.55 59 .60 11.85 7.11 1 .72 1.81 1.76 75
9.95 59 .60 12.65 7.11 1.62 1.64 1 .63 77

13.82

mately the same degree as the substances ordifiarily 
employed for that purpose. On a basis of equal 
weights of original material, the N ereocystis  is sur­
passed only by straw, is equal to manure and superior 
to alfalfa. The M acrocystis  is somewhat inferior but 
nearly equal to alfalfa. The inoculation of the 
M acrocystis  slightly increased its humification but 
not sufficiently to cause it to surpass any of the other 
materials. The variations in the percentage of nitro­
gen in the humus are slight and no great importance 
is attached to them.

Since the various materials used contain very differ­
ent amounts of organic matter which might be humified, 
the percentage of the organic matter humified during 
the period of incubation is important. The per cent 
of organic matter in the original materials and the 
average per cent of this organic matter which humified 
appear in Table I. On the basis of a unit amount 
of organic matter, the N ereocystis  is by far the best 
humus producer and even the M acrocystis  is sur­
passed only by the manure. The conditions under 
which this experiment was carried out, viz., constant 
moisture content of 18 per cent and constant tem­
perature of 300 C. for 5 mos., would certainly be 
equivalent to a considerably longer period under 
field conditions. Furthermore, the form and manner

1 H ilgard, "Soils,” p. 132.

analyzed for pentosans according to the Official method,2 
which is empirical and depends upon the production 
of furfurol from whatever source derived; hence, conclu­
sions regarding the decomposition of pentosan materials 
must be based simply upon comparative data. • The  
samples of soil and organic materials were the same as 
those previously described. After 5 mos. incubation 
the soils were analyzed and the percentages of pentosans 
found calculated to the original weight of materials 
added to the soil. Tests on untreated soil showed 
only very small amounts of furfurol-yielding sub­
stances, and corrections were made for the blanks. 
The extent of decomposition in each case is given 
in Table I. It is evident that the pentosans in the 
different materials are all decomposed to about the 
same extent, since in all cases between 75 and 80 per 
cent of the total amount has been decomposed regard­
less of the original source or amount. Some slight 
differences which are evident can be reconciled with 
previously established facts, e. g., it is known that  
N ereocystis  is more easily decomposed than M a cro ­
cystis; inoculation slightly increased the decomposi­
tion of M acrocystis. These data also indicate that  
from the standpoint of pentosan decomposition, kelp 
may be ranked with the other materials tested.

1 “ Organic C onstituen ts  of Pacific C oast K elps,” J . Agr. Res., 4 , 
No. 1 (1915), 39.

5 B ureau  of C hem istry , U. S. D ep t. Agr., Bull. 107, 54.
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S U M M A R Y

Dried and ground kelp decomposes in the soil under 
laboratory conditions, increasing the humus content 
to an extent comparable with alfalfa, manure and 
straw.. Of the pentosans present, 75 to 80 per cent 
was decomposed in all the materials.

Acknowledgment is made to Professor D. R. 
Hoagland, at whose suggestion the above work was 
performed.

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  

U n i v e r s i t y  o f  C a l i f o r n i a . B e r k e l e y

E S T IM A T IO N  O F  -C A R B O N  D IO X ID E  A S  B A R IU M  C A R ­
B O N A T E  A P P L IE D  T O  T H E  M A R R  M E T H O D  

F O R  D E T E R M IN A T IO N  O F  C A R B O N ­
A T E S  IN  S O IL

B y  C .  J .  SCIIO LLE N B ER G ER  

Received Decem ber 27, 1915

Closely following the publication by Marr1 of a 
method for soil carbonates, a modification embodying 
its essential features, which are evolution of carbon 
dioxide by boiling with dilute acid under reduced 
pressure and absorption of the evolved carbon dioxide 
in a solution of sodium hydroxide, the carbonate therein 
being subsequently estimated by the well-known 
double titration method of Brown and Escombe,2 
was extensively studied in this laboratory and a form 
of apparatus adapted to it subsequently described 
by E. W . Gaither.3

Extended experience with this method, both in 
every-day use on routine samples and with the special 
samples furnished by the Referee on Soils for the Asso­
ciation of Official Agricultural Chemists’ work in 1914 
and 1915, has served to establish the fact that the 
decomposition of soil at a moderate temperature 
in  vacuo by dilute hydrochloric acid is undoubtedly  
the most accurate of all procedures so far proposed 
for this determination, as it reduces to a minimum 
the activity of acid on organic material. When the 
soil is treated with acid in the cold there will be for 
some samples, depending on the nature of the carbon­
ates present, an incomplete decomposition of carbonate. 
If the soil be boiled at atmospheric pressure with acid 
there will be an excessive action on the organic matter 
with consequent liberation of carbon dioxide not de­
rived from carbonates, necessitating a blank de­
termination on an extracted sample and the applica­
tion of a correction for carbon from organic sources 
which involves. considerable uncertainty.

There is, however, a source of error in the Marr 
method if the double 'titration procedure is used for 
determining the evolved carbon dioxide. This is 
indicated by the fact that the results by the Marr 
method, although showing excellent agreement with 
those obtained by boiling with stronger acid, the 
proper correction being applied and the double titra­
tion procedure used in each case, do not show such 
good agreement when compared with results obtained 
by boiling at atmospheric pressure and measuring 
the carbon dioxide gas, the corresponding correction

! Jour. Aer. Science, [2] 3, 155.
= Phil. Trans. (B), 193 (1 9 0 0 ) , 2 8 9 .
» T h i s  J o u r n a l , 4 (1 9 1 2 ) . 6 1 1 .

for action of acid on organic matter being applied. 
Nor is it usually found possible to recover by the 
double titration method all the carbon dioxide from 
samples of pure carbonates.

As the result of work done in this laboratory, and 
having for its object the improvement of the Marr 
method and at the same time the retention of its 
essential feature, which is decomposition of soil car­
bonates by dilute acid at reduced pressure and tem­
perature, involving the least possible attack upon 
soil organic matter which is compatible with complete 
decomposition of carbonates and complete evolu­
tion of the gaseous carbon dioxide in the minimum 
period of time, it has been found possible to do away  
with the objectionable double titration. This is ac­
complished by effecting the absorption of the car­
bon dioxide evolved from the sample in barium hy­
droxide solution contained in a- Meyer bulb tube. 
The precipitated barium carbonate is filtered off 
and determined as described by Cain.1 The method 
is essentially the same as that recommended for 
adoption as a tentative method by the Referee on 
Soils of the Association of Official Agricultural Chem­
ists in 1915.

E. Truog2 has described a method for the deter­
mination of carbon dioxide by absorption in a meas­
ured excess of barium hydroxide solution and titra­
tion of the excess-of barium hydroxide, using phenol- 
phthalein as indicator. A  trial was made of this 
method also, but effecting the absorption in a Meyer  
bulb tube, which seemed to be better adapted to the 
purpose in this instance than did the ingenious bead 
tower described b y  Truog. The results were satis­
factory when the acid used for the titration was 
standardized by the use of a sample of known car­
bonate content, as pointed out by Brady.3 If the 
theoretical strength of the acid had been employed 
in making the calculations, a considerable minus 
error might have been introduced. The method offers 
important advantages over the double titration pro­
cedure, and will probably give better results in the 
hands of operators not thoroughly familiar with the 
latter method/ but it must not be forgotten that it 
is subject to the same great source of error, viz., the 
presence of substances supposedly neutral to phenol- 
phthalein, but through hydrolysis, alkaline to that  
indicator— sodium bicarbonate in the one case and 
barium carbonate in the other.

For the reasons enumerated above, it is evident  
that absorption in barium hydroxide solution and 
titration of the residual hydroxide offers only a slight 
advantage over the older scheme of absorption in 
sodium, hydroxide and double titration on the score 
of accuracy of results, although it does offer some ad­
vantages in the points of speed and convenience. 
B y careful standardization of the method, it would 
doubtless give satisfactory results for routine work. 
The filtration method proposed by Cain is not sub­
ject to the above sources of error, and should give

1 Technological Paper 33, B ureau  of S tandards; also T h i s  J o u r n a l .  

S (1 9 1 4 ) ,  4 6 5 .
2 T h i s  J o u r n a l ,  7  (1 9 1 5 ) , 1 045 .
> Ibid.. 6 (1 9 1 4 ) ,  8 4 3 .
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very accurate results when properly carried out. 
While not so speedy as the simple titration, its free­
dom from the usual sources of error entitle it to the 
preference for all exact work.

In Table I are presented results obtained by several 
methods on a series of six soils, identical with those 
supplied by the Referee on Soils of the Association of 
Official Agricultural Chemists for cooperative work 
in 1915. The figures in parenthesis following sam­
ple No. 1 serve as an approximate measure of the 

'extent to which organic matter has been attacked  
by the reagents in each case, and these percentages 
have been deducted in the cases of the next three 
samples in order to afford a better comparison between 
methods. A  similar blank for Nos. 5 and 6 was ob­
tained by extracting a sample of No. 5 with cold dilute 
hydrochloric acid (1 volume concentrated acid diluted 
to xo, the same as used for those methods requiring 
boiling at atmospheric pressure), then washing thor­
oughly with C02-free water. 0.0099 Per cent car_ 
bon was obtained from the extracted soil b y  boiling 
and estimation by double titration, while none what­
ever was obtained b y  the Marr method in either of two 

T a b l e  I — P e r c e n t a g e s  C a r d o n  b y  V a r i o u s  M e t h o d s  
‘S a m p l e s  A n a l y z e d

1— Silt Loam , deficient in Organic M a tte r  and  supposedly free from 
C arbonates

2— No. 1 +  a small am o u n t of 100 mesh Lim estone
3— No. I +  100 m esh D olom ite
4— N o. 1 *f 100 mesh D olom ite
5— Black C lay Loam , contain ing  C arbonates and  much G rit (pre-

venting  fine grinding)
6— N o. 5 +  100 mesh D olom ite

R e s u l t s  b y
M a r r  M e t h o d  ( M o d i f i e d )

Boiled a t  A tm ospheric (Brown-
Pressure w ith 1 : 10 HC1 (C ain’s) R esidual Escombe)

Double Gaso- BaCOj B a(O H )j Double
N o. T itra tio n m etric T itra ted T itra ted T itra tio n

1 (0.0096) (0.0093) (0.0015) (0.0018) (0.0007)
2 0.0276 0.0276 0.0274 0.0276 0.0291
3 0.0276 0.0280 0.0279 0 .0270 0.0289
4 , 0.2133 0.2220 0.2237 0.2204 0.2194
5 0.1485 0.1508 0.1498 0.1462 0.1454
6 0.2835 0.2880 0.2868 0.2750 0.2759

trials. In this connection it is bu.t fair to state that  
only one other analyst reported no carbon by the 
Marr method from No. 5 after extraction, but, on the 
other hand, only one reported more from No. 5 after 
extraction than from No. 1, although No. 5 contains 
by far the larger amount of organic matter. The 
explanation may be either that No. 1 actually con­
tains a trace of carbon dioxide, or that extraction 
with cold dilute acid removes or causes the decomposi­
tion of the most readily attacked part of the organic 
matter. It was noted that the acid extract from No. 
S was very dark in color.

In conclusion, the writer wishes to express his obliga­
tions to Mr. J. W. Ames, chief of the Department  
of Chemistry at this Station, for helpful suggestions 
and permission to publish this article.

O h io  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 io n  
W o o s t e r , O h io

S O M E  N O T E S  O N  S A N D A L W O O D , IT S  A S S A Y , Y IE L D  O F 
O IL, A N D  C H A N G E S  IN  T H E  O IL D U R IN G  

D IS T IL L A T IO N 1
B y  C. H . B r ig g s  

Received Septem ber 13, 1915

The data set forth in this paper have been collected 
at various times during the last few years, and as

1 P resented  a t  th e  51st M eeting of the  Am erican Chem ical Society, 
Seattle , Aug. 31-S ep t. 3, 1915.

similar results have not been noted elsewhere in the lit­
erature, it was thought it might be of interest to others.

A few years ago twelve samples of various grades 
of sandalwood were obtained from the Mysore Province, 
India. These samples consisted of small pieces of the 
unground wood representing certain types or classes 
of sandalwood which could be bought from the Mysore 
government. The samples varied in weight from a 
few ounces to a pound, and as there was a considerable 
range of prices, we were naturally much interested 
in the content of santal oil in the different grades.

A  search of the literature failed to reveal any method 
of assay for the amount of santal oil in sandalwood 
that could be applied to these small, samples. At first 
it was thought that this problem was hopeless, but 
after considerable experimentation a method of assay 
was evolved which proved to be quite satisfactory. 
It is as follows:

Place xoo g. of the finely powdered drug in a Soxhlet 
extractor and extract with sulfuric ether for one day  
or until completely extracted. Transfer the ether 
extract to a 200-cc. side neck distillation flask and 
evaporate off the ether on a steam bath with the aid 
of a stream of air. Add 35 cc. of glycerine and distill 
in a vacuum until about 25 cc. of the glycerine have 
distilled over. Add 25 cc. of water to the distillate 
and extract with chloroform, using three portions of 
about 25 cc. each. Evaporate the combined chloro­
form extracts in a tared dish on a water bath with the 
aid of a stream of air until the chloroform has all been 
removed, dry in a vacuum desiccator over sulfuric 
acid and weigh.

Sandalwood contains a large amount of fixed oils 
as well as the essential oil and both are extracted by  
ether. The essential oil cannot be separated quanti­
tatively from this extract by distillation in a vacuum  
unless glycerine is also added to help carry over the 
last traces of the essential oil. The essential oil can 
be separated from the glycerine in the distillate by ex­
tracting with chloroform. A 5-g. sample of santal 
oil was dissolved in ether and assayed by the above 
method as a check: practically all of the oil was re­
covered.

The twelve samples of sandalwood obtained from 
the Mysore government and representing as many 
different grades assayed as follows:

N o .  %  O i l  N o .  % O i l  N o .  %  O i l

1 . 3 . 7  5  3 . 7  9  3 .8 4
2 7 . 4 4  6 6 . 5  10 3 . 5 3
3 5 . 9  7 4 . 7  11 3 . 6 6
4 8 . 3  8 4 . 7 3  12 3 . 8

S a m p l e  f r o m  S t o c k , 6 .0 %  O il

It will be noted that these samples varied from 3.7 
to 8.3 per cent. It would be of much value to dis­
tillers of santal oil if the cost of the wood could be 
based on the content of oil, but the commercial con­
ditions governing the sale of sandalwood are such 
t h a t ’ this cannot be carried out successfully. How­
ever, the assay is of value in checking the yield of 
santal oil from the wood when distilled on a large scale.

C H A N G E S IN  T H E  O IL  D U R IN G  D IS T IL L A T IO N

During the course of this work, it was noted that  
oil obtained from sandalwood by this method of, assay 
had an optical rotation of — 180 or above, whereas



M a y ,  1 91 6  T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 429

the same wood when distilled with steam in an ordi­
nary essential-oil still yielded an oil having an optical 
rotation of — 140 or less. It was also noted that the 
oil obtained by the assay method was readily soluble 
in 5 volumes of 70 per cent alcohol at 250 G., whereas 
the oil obtained by the ordinary steam distillation 
required more than 5 volumes of 70 per cent alcohol 
to dissolve it. Thus a sandalwood which was known 
to contain an oil which would meet the U. S. P. re­
quirements, would yield by ordinary steam distilla­
tion an oil which would no longer meet these require­
ments. There must, therefore, be some decided 
change in the oil during distillation with steam.

To study this condition, 500 lbs. of sandalwood were 
distilled with steam and samples of each day’s run 
collected and the physical properties determined. 
The results were as follows:

Day Sp. Gr. Ref. Ind . O pt. R ot. in 5 p a rts  70%  alcohol
1st 0.969 1.5017 — 12° 34 ' O. K . a t  40° to  50° C.
2 nd 0.970 1.5020 — 12° 22' O. K . a t  25° C.
3rd 0.972 1.5027 — 12° 46 ' O. K . a t  25° C.
4th 0 .974 1.5030 —  12° 54' O. K . a t  25° C.
5 th 0 .976 1.5035 — 16° 10 ' O. K . a t  25° C.
6th 0 .978 1.5037 — 12° 30 ' O. K . a t  25° C.
7th 0 .978 1.5045 — 1 1 ° 8' O. K . a t  25° C.
8th 0.9795 1.5046 — 10° 4 ' O. K . a t  26.5° C.
9th 0.981 1.5046 — 9° 10' O. K . a t  29° C.

10th 0.9815 1.5046 — 8° 20' O. K . a t  32° C.
1 1th 0 .9820 1.5045 — 7° 45 ' O. K . a t  35° C.
12th 0.983 1.5045 — 7° 8 ' O. K . a t  38° C.
13th 0.982 1.5046 — 6 ° 34 ' O. K . a t  44° C.

It will be noted that there was a gradual increase 
in specific gravity with each day’s run from 0.969 to 
0.982. Also that the refractive index steadily increased 
from 1.5017 to 1.5046. The optical rotation was fairly 
constant for 5 days a t — -120 t o — 13 0 and then steadily 
decreased to — 6° 34'. With the exception of the 
first day’s run, the oil was soluble in 5 parts of 70 
per cent alcohol at 250 C. for the first 7 days, but the 
eighth day’s run was no longer soluble at 250 C. and 
the solubility grew gradually less up to the end of the 
distillation.

To determine if this change in the optical rotation 
of santal oil during distillation was due to prolonged 
exposure of the oil to boiling water, a sample of oil 
having an optical rotation of — 200 40' was boiled 
continuously for several weeks in a glass flask with 
a reflux condenser. .The same experiment was also 
carried out by boiling with a 10 per cent solution of 
sodium chloride.

E x p e r i m e n t  I E x p e r i m e n t  I I
O b s e r v a t io n  W ater 1 0 %  N aC l W ater 1 0 %  N aC l

At beginning of ex p erim en t— 20°  4 0 '  — 20 °  4 0 '  — 2 0 °  4 0 '  — 2 0 °  4 0 '
A iter boiling 1 w eek  — 18° 50 ' — 19° 42 ' .......... ............
After boiling 2 w eeks...........................  ............ — 16° 10' — 19° 40 '
After boiling 2 l/< w eek s .. .  — 15° 40 ' — 19° 45 ' .......... ............
A fter boiling 3 w eeks  F lask  broke — 19° 30 ' ..........  ............
After boiling 3 l/* w eeks......................  ............ — 13° 16' — 16° 40 '
After boiling 6 w eeks...........................  — 17° 3 0 ' ............ ............

It will be noted that there was a very decided change 
in the optical rotation of the santal oil by boiling with 
water, the rotation decreasing from — 20° 40' to — 13 0 
16' in 3V2 weeks. The change by boiling with the
10 per cent salt solution was much less, being reduced 
to — 16 0 40' in the same length of time.

We must conclude then that under certain condi­
tions prolonged contact with boiling water brings 
about decided changes in the composition of santal
011 and greatly reduces the optical rotation: These

same changes take place in the oil to a greater or less 
extent during the distillation of the oil from the wood 
with steam and probably accounts for much of the 
santal oil on the market having a low optical rotation 
and poor solubility.

The writer wishes to express his thanks to Mr. 
S. T. McCallum for his assistance during this work.

C h e m i c a l  L a b o r a t o r y , P a r k e , D a v i s  &  C o m p a n y  

D e t r o i t . M i c h i g a n

NOTE ON AMERICAN CHARLOCK OIL
B y  H . S. B a i l e y  a n d  L. B. B u r n e t t  

Received D ecem ber 21, 1915

During the course of an investigation into the 
“ Production, Botanical Composition and Volatile 
Oil Strength of American Wild Mustard Seed,” Win- 
ton and Bornmann1 separated from northwestern 
wheat screenings several samples of fairly pure char­
lock (B ra ssica  arvensis) seed. These we combined 
and further purified in the laboratory until our material 
was 98-99 per cent charlock, the remainder being nearly 
all brown mustard (B rassica  ju n c e a ).

After taking out a sample for analysis, the seed was 
ground in a drug mill and pressed cold in a small 
hydraulic press, the material remaining under pressure 
over night. The press cake was then reground and 
divided into two portions, one of which was extracted 
with petroleum ether (b. p. 35-60°) and the other 
with ethyl ether in a Soxhlet apparatus.

The original seed contained 4.1 per cent moisture, 
as determined in an atmosphere of C 02 at 100° C., 
30.0 per cent ether extract and 29.6 per cent petroleum 
ether extract. The chemical and physical factors 
of the expressed and extracted oils together with an 
analysis b y  Grimme2 of oil of charlock, probably the 
ether extract of S in a p is  arvensis, are given in the ac­
companying table.

P h y s i c a l  a n d  C h e m i c a l  F a c t o r s  o f  C h a r l o c k  O i l s  
** Petroleum

Expressed E th e r E th e r G rim m e's 
Oil E x trac t E x tra c t Analysis

Specific G rav ity , 1 5 /15 .......  0.9221 0 .9272 0 .9212 0 .9228
R efractive  Index, 2 5 ° ..........  1.4734 1.4739 1.4729 1.4720(a)
Saponification N o ..................  182.9 183.1 181.0 179.4
Iodine No., H a n u s ................ 121.1 119.8 119.3 102.6(1»)
Insoluble Acids and  Un-

saponiliab le.......................... 9 5 .3  9 5 .4  95 .2  94.21
Soluble A cids........................... 0 .0  0 .0  0 .0  . . . .
M ean M ol. W t. of Ins. A c id s  339.1 338.1 334 .8  312 .4
L i q u i d  A c i d s :

P e r c e n t ................................  89 .3  9 0 .0  9 0 .0  . . . .
Iodine N o .............................  126.0 122.3 125.0 . . . .

S o l i d  A c i d s :
P e r c e n t ................................  3 .1  1 .6  2 .0  . . . .
Iodine N o ........................................... 6 2 .0  6 1 .0  . . . .

(a) C alculated to  25° from G rim m e's value 1.4738 a t  20°.
ib) P robab ly  no t by H anus’ M ethod.

As has been pointed out by Winton and Bornmann, 
there are large quantities of so-called “ Wild Mustard” 
which contain varying proportions of charlock and 
brown mustard separated from American grains. 
Some of this is already being utilized as an oil material. 
Whether or not this oil can be sufficiently refined to 
make it suitable for food purposes remains to be 
seen, but undoubtedly it can be used in soap making 
and possibly in cheap paints.

B u r e a u  o f  C h e m i s t r y , W a s h i n g t o n

1 T h i s  J o u r n a l ,  7  (1 9 1 5 ) , 6 8 4 .
2 Lew kow itsch’s “ Chem . Tech. and  A nal, of Oils, F a ts  and  W axes,”  5th 

E d ., Vol. I I ,  p. 271.



4 3 ° T H E  J O U R N A L  OF I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vo l .  8, No.  5

LABO RATO RY AND PLANT
G A U G IN G  O F  S T O R A G E  T A N K S — M E T H O D  O F  A C C U ­

R A T E L Y  A N D  R A P ID L Y  D E T E R M IN IN G  T H E  
V O L U M E  C O N T E N T  O F  M A T E R IA L  

IN  H O R IZ O N T A L  C Y L IN D R IC A L  
T A N K S  W IT H  B U M P E D  

H E A D S
By K .  B. H o w e i . l  

Received Jan u a ry  19, 1916

M any horizontal cylindrical tanks find employ­
ment in industrial operations of the present day. 
Some of these serve for storage or transportation 
of liquid materials, others for purposes of distilla­
tion, still others for purposes of admixture or agita­
tion of liquid materials. In connection with these 
tanks, there often arise occasions where it becomes 
extremely desirable to k n o w . the quantity of liquid 
material which is contained in them. There have 
been published from time to time various formulas, 
charts and mathematical tables which aim to calcu­
late the volume of material contained in these tanks 
from a knowledge of the vertical height of the material 
in the tank and the dimensions of the tank. These 
formulas and methods of calculation, however, are prac-

tically without exception based on the assumption that 
the tank is a true cylinder. They, therefore, become ap ­
plicable with accuracy only to those cases where the 
tank or still has flat heads. In the majority of cases 
met with in practice, however, the mechanical ad­
vantages to be gained have required that the heads 
of the tanks be bumped. To such tanks it is impossible 
to apply the aforementioned method of calculation 
without the introduction of a considerable error. In 
the case of the average S,ooo-gal. tank car, the volume 
content of the two bumped heads is about 277 gals., 
or about 3.5 per cent of the total contents of the car. 
Since, therefore, the percentage content contained in the 
heads varies from o, when the tank is empty, to 3.5 per 
cent, when it is one-half full, it becomes necessary for

us in many cases to employ methods of measurement 
which take-account of this varying volume content.'

Probably the only relatively accurate method is 
b y a direct empirical calibration of the tank filling the 
same with measured quantities of water. This method 
is quite slow and laborious.

It has, therefore, seemed to the writer advisable 
that a method of calculation be worked out for the 
determination of the volume content of the liquid 
material contained in a horizontal tank containing 
bumped heads which shall eliminate the necessity of 
a laborious calibration of the tank and at the same 
time permit the calculation to be of a reasonable de­
gree of accuracy. In other words, the method of 
calculation should possess the following features:

1— Sim plicity  of C alculation
2— G eneral A pplicability
3— Accuracy C om m ensurate w ith th e  Possible Accuracy of M easurem ent

Expressing the proposition in a somewhat more 
mathematical form, our problem then resolves itself

F n  C  T O R
F i g .  I — F o r  D e t e r m i n a t i o n  o f  L i q u i d  C o n t e n t s  o f  B u m p e d  

T a n k s  i n  H o r i z o n t a l  P o s i t i o n  

L i q u i d  C o n t e n t s  o f  T a n k s  ( E x c l u s i v e  o f  B u m p e d  H e a d s )  is  e q u a l  t o  
F a c t o r  X D i a m e t e r 2 X L e n g t h  o f  T a n k  in  f t .

into a determination of a method of calculating the 
volume of the figure formed by the sides and heads 
of a “ bumped” tank and a horizontal plane at any 
height, H , from the bottom of the tank. This volume 
we have represented by V . It may be considered as con­
sisting of two parts, the volume V c contained in the true 
cylindrical portion of the tank which is exclusive 
of the bumps, and the volume Vb contained in each 
bumped head. The relationship between these values 
is expressed by the following equation:

V  = V c +  i V b
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M E T H O D  OF D E T E R M IN IN G  V c

This volume is the segment of a true cylinder. Its 
volume can. therefore, be readily determined by any of 
the methods, charts or tables recognized in general 
engineering practice and referred to previously in this 
article. Fig. I is a graphical adaptation of one of these 
tables from K en t’s “ Mechanical Engineers’ Hand­
book,” page 121. It is used in connection with the
following formula:

V c =  7.48 X (F . No. 1) X D !L  
where L *= length  of ta n k  in ft.

D =  d iam eter of ta n k  in ft.
7.48 =  conversion fac to r for cu. ft. to gals.
F . N o . 1 “  fac to r obtained from Fig. I

F. No. 1 is obtained as follows: Express the height
' II  as a fraction of the diameter D . Locate the re­
sultant value on the vertical axis of the chart. From

of a complex figure formed by the surface of a sphere, 
a fixed vertical plane and a horizontal plane at varying  
height, H , from the lowest point, L , of intersection of 
the vertical plane and sphere. This may be other­
wise expressed as the volume of a portion of a spherical 
segment cut off by a plane at vertical height, H , from 
the point L .

The development of any general formula or method 
of determining this volume is rendered simpler and of 
somewhat more general application by reason of the 
very general practice of tank design by which the radius 
of the bump of the tank head is made equal to the 
diameter of the tank. While it is quite possible to 
design and determine upon a method of calculation 
which applies to a different radius of “ bump” yet the

. Height H Expressed a n  Frg ctio n  

of Jiaroefer D.
F ig . I I

this point, move horizontally across the chart until 
intersection with the curve occurs. From the point 
of intersection, drop down to the vertical axis. The  
point of intersection with the latter represents the de­
sired factor F. No. 1.

M E T H O D  o r  D E T E R M IN IN G  V b

This proposition is considerably more complex. 
It consists essentially in the determination of the volume

F a c t o  r

F i g . I l l — F o r  D e t e r m i n a t i o n  o f  L i q u i d  C o n t e n t s  o f  
B u m p e d  T a n k s  i n  H o r i z o n t a l  P o s i t i o n

almost universal acceptance of the above formula has 
led us to confine our proposition to the above condi­
tion. In our subsequent calculations, therefore, we 
shall take advantage of this condition which results 
in making the diameter of the base of our segment 
equal to the radius of our sphere.

Expressed in terms of mathematical symbols, our 
problem is as follows:
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D ’ \ 3

H ';  Area

M ETH O D  OF C A L C U L A T IO N

G ive n :
S p h e r e  S  : D iam eter — 2 D

S p h e r i c a l  S e g m e n t  : D iam eter ■» D; H eight ® D  —

C i r c u l a r  A r e a  L E F C  : D iam eter =  D 
C i r c u l a r  S e g m e n t  C E F  : Base C E  «= B; H eight — h 
C i r c u l a r  A r e a  G E C K  : D iam eter =  D '
C i r c u l a r  S e g m e n t  G E C  : Base =  CE  —  B; H eight 
S e c t i o n  o p  S p h e r i c a l  S e g m e n t  G E L C

Required:
Volume Vfj of Section G E L C  

T h is volum e m a y  be expressed b y  the following expression:

V b =  d H

To make this expression capable of integration 
the value must be expressed as a function of II . The  
expression for A  in terms of II  contains the inverse 
sine and is, therefore, difficult of ready mathematical 
integration. It has, therefore, seemed more advisable 
to plot this function graphically on Fig. II and per­
form the integration graphically.

This method of calculation consists essentially of 
four parts:

( 1 ) — Determination of A  for given values of H
(2)— Plotting these values on Fig. II
(3)-— Planimetering of Fig. II to determine values 

of Vb for given values of II
(4)— Plotting these values on Fig. I l l
( 1 ) d e t e r m i n a t i o n  or A — A  is the area of a seg­

ment of height //' of a circle of diameter D ' . Its 
value may be determined from the tables of Kent if 
the value of D ’  and H '/ D '  are known. These values 
are obtained as follows:

¡ 7 )’ ■Hy

T  "  ^  D'- —  (P  — h )

D ' =

D' - D h2 2 V3

; v 3
£>'

Expressing I I '  in terms of fractions of D ' , we obtain 
numerical values for I I '/ D '.  Employing these values and 
using the tables in Kent for the determination of the 
area of a segment, we obtain the values shown in Table I.

11
0.05 D 
0.10 D 
0.15 D 
0.20 D 
0.25 D 
0.30 D 
0.35 D 
0.40 D 
0.45 D 
0.50 D

T

H '/D '
0.0270
0.0505
0.0707
0.0879
0.1022
0.1138
0.1227
0.1290
0.1327
0.1339

A B L E  I  
F acto r 
N o. 1 

0.00246 
0.00603 
0.00964 
0.01297 
0.01583 
0.01854 
0.02020 
0.02156 
0.02240 
0.02265

<4
0.00782 £>2 
0.02026 £>2 
0.03287 £>2 
0.04721 D- 
0.05936 D'- 
0.07119 D- 
0.07898 D*~ 
0.08538 £>2 
0.08938 D 2 
0.09060 D-

I I  
0.05 D 
0.10 D 
0.15 D 
0.20 D  
0.25 D 
0.30 D 
0.35 D 
0.40 D 
0.45 I) 
0.50 D

T a b l e  I I  

Vb
0.00017 £>* 
0.00085 
0.00221 D 3 
0.00420 D3 
0.00687 D* 
0.01048 £>3 
0.01386 D * 
0.01805 D* 
0.02234 £>* 
0.02697 D»

F ac to r 
No. 3 

0.00017 
0 .00085 
0 .00221  
0 .00420 
0.00687 
0 .01048 
0 .01386 
0.01805 
0 .02234 
0.02697

(2) p r e p a r a t i o n  o f  f i g .  ii— The values of .4 are 
then plotted on Fig. II against the corresponding 
values of II  expressed as fractions of the diameter. The  
scale of this chart is as follows:

V e r t ic a l— 1 in . * 0 =  0 .0 2  D- 
H o r iz o n ta l— 1 in .  =*C= 0 .0 5  D 
1 sq in .  =  0.001 D 5 •

(3) d e t e r m i n a t i o n  o f  IV— The area of the portion of 
Fig. II beneath the curve and between the origin and any

given height, H , represents the desired ■ volume V b 
as cut off by the plane at height II. These areas have 
been very carefully planimetered, the values of F& 
determined for varying values of II  and the results 
tabulated in Table II.

( 4 ) p r e p a r a t i o n  o f  f i g .  h i — The values Vb are 
expressed as decimal fractions of the cube of the di­
ameter of the tank. The decimal portion of these 
expressions we have plotted on Fig. I l l  against the 
values of II  expressed as a fraction of the diameter D . 
B y reference to this chart, then, we are enabled to 
obtain for any height, II , expressed as a fraction of D , 
the necessary decimal fraction with which to multiply 
the cube of the diameter of the tank in order to ob­
tain the volume contained in the bump. This volume 
can be expressed in terms of gallons as follows:

I ’6 =  7.48 X (F . No. 3) X D 1 
w here D — d iam eter of tan k  in ft.

7.48 *= conversion fac to r (cu. ft. to  gals.)
F . No. 3 *■ factor obtained  from Fig. I l l

in a manner exactly similar to the manner in which 
F. No. 1 is obtained from Fig. I.

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

As previously stated, the total'volume is expressed 
by the formula:

V  =  V c +  2 Vb

We have then the following formula for the de­
sired partial volume V  of a bumped headed tank:

V  -  7.48 X (F. No. 1) X D'- X L  +  2 X 7.48 X (F. N o. 3) X 
w here D — d iam eter of the  tan k  in ft.

L = length of the  tan k  in ft.
7.48 =  conversion factor (cu. f t. to  gals.)
F . No. 1 and  F . No. 3 are factors obtained  from Fig. I  and  Fig. I l l  

as previousl}r described

The use of this formula not only permits the deter­
mination of the gallon contents of liquid material 
contained in bumped tanks from a knowledge of the 
dimensions of the tanks and the height of the liquid, 
but also permits the calibration of these tanks by a 
simple mathematical calculation avoiding the laborious 
method of filling with known quantities of liquid. 
A t the same time this method affords an accuracy as 
great as is generally desired in manufacturing operation.

d i s c u s s i o n  o f  d e g r e e  o f  a c c u r a c y

The method of calculation employed is theoretically 
accurate. The degree of accuracy is limited only by 
the size scale on which the graphical results are plotted 
and the number of numerical figures carried in the 
mathematical calculation.

In so far, however, as the actual mechanical con­
struction of tanks and stills varies necessarily to some 
extent from the design, it is hardly of any advantage  
to employ a method of calculation of an accuracy 
greater than one yielding a maximum error less than 
o.i per cent of the total content of the tank.

To obtain this desired degree of accuracy requires 
that the maximum possible error in determinating 
Vb and V e should be less than o.i per cent of V. Since 
I’;, is seldom greater than 3 per cent of V , this requires 
that the accuracy of F. No. 3 and the corresponding 
Figs. II and III shall be such as to permit an error 
not over 2 per cent. In plotting these charts and in
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all calculations, a considerably greater accuracy was 
maintained.

In the case of Vc, however, a certain amount of 
difficulty arises. V c represents approximately 95 to 100 
per cent of V. To maintain the desired final accuracy, 
requires that F. No. r be obtained with an accuracy 
correspondingtoamaximum error of approximately one- 
tenth of one per cent, and consequently that Fig. I be 
plotted on a scale capable of reading to this degree of 
accuracy. While such a scale is quite possible, it is quite 
inconvenient and the writer would recommend in cases 
where extreme accuracy is desired that the value
F. No. 1 be determined from the table for “ Determina­
tion of Areas of Circular Segments” given in K en t’s 
“ Mechanical Engineering Handbook,” page 121. The  
factor under the heading “ Area” represents the de­
sired value F. No. 1 and is given to very great accuracy. 
In general, however, the above Fig. I plotted on scale 
0.1 to the inch is sufficiently accurate for most manu­
facturing calculations.

T h e  B a r r e t t  C o m p a n y  
17 B a t t e r y  P l a c e , N e w  Y o r k

T H E  U N IT  O F  V IS C O S IT Y  M E A S U R E M E N T
By P a r k e r  C. M c I l h i n e y  

Received M arch  1, 1916

The scientific world expresses the results of measure­
ment of viscosity in terms of absolute viscosity of 
which the units are directly related to the fundamental 
units of mass, length, and time. The practical world 
speaks of Saybolt seconds, Engler numbers, etc. 
The absolute C. G. S. unit of viscosity is a relatively 
large one so that water and similar liquids have ab­
solute viscosities which are inconveniently small num­
bers, and furthermore, without giving it a name it 
is impracticable to use such a unit in commercial 
testing. M any people have the idea that absolute 
viscosities cannot be determined except when the 
viscosity is deduced from the absolute dimensions 
of the instrument and that the practical instruments 
are not adapted to determine absolute results. The  
fact is that there are many practical methods by which 
viscosity may be measured, some of them better than 
others, all of them subject to disadvantages which 
differ according to the circumstances of their use, 
but all of them giving results capable of being trans­
lated into the common language of absolute viscosity.

The study of this important physical property of 
liquids has been seriously hampered b y  the lack of 
any kind of uniformity in its measurement. The 
principal use which is made of viscosity measurements 
to-day is in the case of lubricating oils, but their use 
is not more widely extended because workers in dif­
ferent countries with different kinds of instruments 
think they are unable to obtain anything by their 
work but results of merely personal interest. Few  
of them know how to translate the results which they  
obtain into results comparable with those obtained 
with another instrument.

This state of affairs would be radically improved 
if there were some unit of measurement of viscosity 
which . was generally intelligible and in which the 
results of any determination with any instrument might

be expressed. The absolute unit as already mentioned 
is inconveniently large and it has no name. The  
suggestion has been made by Deeley and Parr1 that  
the unit of viscosity expressed in C. G. S. units should 
be called the “ poise” in honor of Poiseuille, but the 
suggestion has not been adopted generally and it is 
customary to simply speak of the “ absolute” viscosity 
of a liquid. If the “ poise” is adopted as the name 
of the absolute unit, it has been suggested that we might 
use the decimal multiples and submultiples of this 
unit, and that then the centipoise— i cp  =  o .o i  p—  
would be almost exactly the viscosity of water at 200 
C. or 68° F. Thus for all practical purposes in the 
lubricating oil business, it would be sufficiently near 
the truth to say that the viscosity expressed in centi- 
poises is the specific viscosity, that is, the viscosity 
as compared with water at 20° C. or 68° F. as a standard 
liquid.

There are, as is well known, a variety of instru­
ments with which the viscosity of liquids generally 
may be determined. There are three of these instru­
ments which are in commercial use largely for the 
examination of lubricating oils, namely, the Saybolt  
Universal, the Engler, and the Redwood. All three 
of these instruments are capable, as shown by the 
work done at the Bureau of Standards in Washington,2 
of determining the viscosity of oils with the accuracy 
usually required in present-day industrial testing. 
In these instruments, the number of seconds required 
for a given amount of oil to flow through a small 
tube or orifice in the instrument is measured.

Tables have been prepared by the use of which the 
true viscosity may be calculated from the number 
of seconds required for any one of these three instru­
ments. If these tables could be brought into general 
use, a determination of the number of seconds required 
by the Saybolt Universal, Engler, and Redwood  
instruments would be reported in terms of centipoises. 
If the centipoise is used as a unit, the figure obtained 
will be 1.0042 for water and a larger number for all 
oils, and the number will represent the true relation 
between the viscosity of the oil examined and that of 
water with sufficient accuracy for commercial pur­
poses, and also the true or absolute viscosity.

In scientific work, the use either of absolute vis­
cosity expressed in C. G. S. units or of the centipoise 
for convenience, will enable the workers in all the dif­
ferent fields in which viscosity may be determined, to 
express their results in a universal language and the 
result will certainly be that the use of viscosity as a 
valuable physical property will no longer be con­
fined practically to oils but will be extended to many 
other lines of work. If, for example, the instrument 
recently described by MacMichael3 should prove 
serviceable in many fields, investigations in viscosity 
can be carried on with it upon materials for which it 
is adapted and the results readily compared with those

1 "T h e  V iscosity of G lacier Ice ,"  Phil. M ag., [6 ] 26 (1913), 85.
2 D r. C. W. W aidner, "C onversion  T ab les for S aybo lt U niversal, 

Engler, and  R edw ood V iscosim eters," Proc. A m . Soc. Test. M at.. 15 (1915), 
284.

3 R . F . M acM ichael, “ A New D irect-R ead ing  V iscosim eter," T h is  
J o u r n a l , 7  (1 9 1 5 ), 9 6 1 .
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obtained by any other worker using a different form 

of apparatus.
In order to facilitate such comparisons as well as 

to assist in the introduction of a uniform method of 
expressing results throughout the world, it would

bring to the attention of those who are engaged in 
any kind of viscosity determinations the desirability 
of expressing all their results in terms of either the 
centipoise or the poise.

The accompanying tables have been prepared as

U ncorr. 
S e c o n d s  viscosity

Uncorr. 
S e c o n d s  viscosity

Engler Say- R ed­ centi- E ngler Say- R ed­ centi- Engler
No. bolt wood poises No. bolt wood poises No.

3 .82 141 118.0 26 .2 6 .16
3 .85 142 119.0 26.5 6 .18
3.88 143 119.9 26.8 6.21
3.91 144 120.8 26.9 6 .24
3 .93 145 121.4 27.1 6.27
3 .96 146 122.4 27.3 6 .29
3 .98 147 123.0 27.4 6 .32
4.00 148 123.6 27 .6 6 .34
4 .02 149 125.0 27.7 6 .37
4.05 150 126.0 28.0 6 .4 0
4.08 151 126.9 28.3 6 .42
4.10 152 127.5 28.4 6 .45
4.13 153 128.4 28.6 6 .48
4. 16 154 129.4 28.9 6.51
4. 18 155 130.0 29. 1 6 .53
4.21 156 130.9 29.3 6 .56
4.24 157 131.9 29.5 6 .59

2! 00 67! 8 5 9 . 2 1 i ! 5 4.27 158 132.8 29.8 6.61
2.02 69 59.8 11.7 4 .29 159 133.4 29.9 6 .64
2.05 70 60.7 12.0 4 .32 160 134.4 30.2 6 .67
2 .08 71 , 61 .7 12.2 4 .35 161 135.3 30 .4 6 .69
2. 10 72 62.4 12.4 4.37 162 135.9 30 .5 6.72
2.12 73 63.0 12.5 4 .40 163 136.8 30 .8 6.75
2. 14 74 63.8 12.7 4 .43 164 137.8 30 .9 6.77
2. 17 75 64.7 13.1 4 .45 165 138.4 31. 1 6 .80
2.20 76 65 .8 13.2 4 .48 166 139.3 31 .3 6 .83
2.21 77 66.2 13.4 4.47 167 139.0 31.3 6.85
2.24 78 67.1 13.6 4 .5 0 168 140.0 31.5 6 .89
2.27 79 68.1 13.8 4 .53 169 141. 1 31.8 6.91
2.29 80 68.7 14.0 4 .55 170 141.7 31.9 6 .93
2.31 81 69.4 14.2 4 .58 171 142.7 32.2 6 .96
2.34 82 70.3 14.4 4.61 172 143.6 32 .4 6 .99
2 .36 83 71 .0 14.6 4 .63 173 144.2 32 .5 7.01
2.39 84 71.9 14.9 4 .66 174 145.2 32.7 7 .04
2.41 85 72.7 15.0 4 .69 175 146. 1 33 .0 7.07
2.44 86 73.6 15.3 4.71 176 146.7 33.1 7 .09
2 .46 87 74.3 15.4 4 .74 177 147.7 33.3 7 .12
2 .49 88 75.2 15.7 4.77 178 148.6 33 .6 7.15
2.51 89 75.9 15.9 4 .79 179 149.2 33 .8 7.17
2 .54 90 76.8 16. 1 4 ,82 180 150.1 34 .0 7 .20
2.56 91 77.6 16.3 4.85 181 151.1 34.2 7.23
2.59 92 78.5 16.5 4.87 182 151.7 34.3 7.25
2.60 93 78.8 16.6 4.91 183 152.9 34.7 7 .28
2.63 94 79.7 16.8 4 .93 184 153.6 34 .8 7.31
2.66 95 80.6 17.0 4 .95 185 154.2 35 .0 7 .33
2.69 96 81.5 17.4 4 .98 186 155.1 35.2 7 .36
2.70 97 81.8 17.6 5 .00 187 156.0 35.3 7.39
2.73 98 82.9 17.7 5 .02 188 156.6 35.5 7.41
2.76 99 83.9 17.9 5 .05 189 157.6 35.7 7 .44
2.78 100 84.5 18.1 5 .08 190 158.5 35.9 7 .47
2.80 101 85. 1 18.2 5 .10 191 159. 1 36.1 7 .49
2.82 102 85.7 18.4 5.13 192 160.1 36.3 7 .52
2.85 103 86.6 18.6 5 .16 193 161.0 36.5 7.55
2.88 104 87 .6 18.9 5 .18 194 161.6 36 .7 7.57
2 .90 105 88.2 19.1 5.21 195 162.6 36 .9 7 .60
2.93 106 89.2 19.3 5 .24 196 163.5 37.1 7 .63
2 .96 107 90 .3 19.5 5 .26 197 164.1 37.3 7.65
2 .98 108 90.9 19.7 5 .29 198 165.0 37.7 7 .68
3.01 109 92.1 19.9 5 .32 199 166.0 37.7 7.71
3.04 110 9 3 .0 20.2 5 .34 200 166.6 37.9 7.73
3.02 111 92 .4 20.0 5.37 201 167.5 38.1 7 .76
3.05 112 93.3 20.3 5 .40 202 168.5 38.4 7 .79
3 .08 113 94 .2 20.5 5 .42 203 169. 1 38.5 7.81
3.11 114 95 .2 20.7 5 .45 204 170.0 38.7 7 .84
3 .13 115 95 .8 20.9 5 .48 205 171.0 38.9 7.87
3 .16 116 96.7 21.1 5 .50 206 171.9 39.1 7.89
3. 19 117 9 7 .6 21.4 5 .52 207 172.5 39.3 7 .92
3.21 118 98.2 21.5 5 .55 208 173.4 39.5 7.95
3 .24 119 99.1 21.8 5 .58 209 174.4 39.7 7.97
3.27 120 100.4 22 .0 5.61 210 175.3 39 .9 8 .00
3 .29 121 101.0 22.1 5 .63 211 175.9 40.1 8 .03
3 .32 122 101.9 22.4 5 .6 6 212 176.9 40.3 8 .05
3 .35 123 102.8 22.6 5 .68 213 177.5 40 .4 8 .08
3.38 124 103.8 22.9 5.71 214 178.4 40.7 8.11
3.41 125 104.7 23.1 5 .74 215 179.4 40 .9 8 .13
3.43 126 105.3 23.1 5 .76 216 180.0 41 .0 8 .16
3.46 127 106.2 23.4 5 .79 217 180.9 41 .2 8 .19
3.48 128 106.8 23.7 5.82 218 181 .9 41 .5 8.21
3.51 129 108.1 23.7 5 .84 219 182.5 41 .7 8 .24
3.54 130 109.0 24.0 5 .87 220 183.4 41 .9 8.27
3.57 131 110.0 24.3 5 .90 221 184.4 42.1 8 .29
3.59 132 110.6 24.4 5 .92 222 185.0 42.3 8 .32
3.62 133 111.5 24.7 5.95 223 185.9 42 .6 8.35
3.65 134 112.4 25.0 5 .98 224 186.9 42 .8 8.37
3 .68 135 113.3 25.2 6 .00 225 187.8 42. S 8 .40
3 .70 136 114.0 25.3 6 .03 226 188.7 43 .0 8.43
3.73 137 114.9 25.6 6.05 227 189.4 43.2 8.45
3.74 138 115.1 25 .6 6 .08 228 190.3 43.5 8 .4 8
3.77 139 116.5 25.8 6 .10 229 190.9 43.7 S . 51
3.79 140 117.1 25.9 6.13 230 191 9 43.9 8.53

therefore seem to be a rational procedure to use

Uncorr. 
S e c o n d s  viscosity  

in 
centi- 
poiscs 
44. 1
44.2
44.5
44.7 
44 .9
45 .0
45.3
4 5 .4
45.6
45 .8
46 .0
46 .2
4 6 .4
46.6
46 .8
47 .0
47.2
47.4
47 .6
47.9
48.1
48.3
48.5
48.7
48.9
49 .0
49.2
49.5
49.7
49 .8
50 .0
50.2
50.4
50 .6
50 .8
51 .0
51.2
51.4
51.5
51 .8
52 .0
52.2
52.5
52.7
52.7
53.1
53.3
53 .4
53.7
53.9
54 .0
54 .2  
54.5.
54 .6
54.8
55 .0
55.2
55 .4
55 .6
55.7
56 .0
56.2
56.3
56.5
56 .8
56.9
57.1
57.3
57.5
57.7
57.9
58 .0
58.3
58.5
58.7
58.9
59.2
59 .4
59 .6
59.8
60 .0
60.2
60.4
60.5
60.7
60.9
61.1
61.3  
61 .5 
61 .7

U ncorr. 
S e c o n d s  viscosity

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260 
261 
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280 
281 
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320

195.3
196.3 
196.9
197.8
198.4
199.4
200.3
200.9
201.9 
202 .8
203.8
204.3
205.3
206.3
206.9
207.8
208.8
209.4
210.3
211.4 
211.9  
212.8
213.8
214.4
215.6
216.3
216.9
217.8
218.8
219.4
220.4
221.3
221.9 
222.8
223.7
224.4
225.4
226.3
226.9
227.9
228.8
229.4
230.4
231.3
231.9
232.9
233.8
234.4
235.4
236.3
236.9
237.9
238.8
239.4
240.4
241.3
241.9
242.9
243.8
244.5
246.0
246.3
247.0
247.9
248.8
249.5
250.4  
251 .3
252.0
252.9
253.8
254.5
255.4
256.3
257.0
257.9
258.9
259.5
260.4
261.4
262.0
262.9
263.9
264.5
265.4
266.4 
267.0

E ngler »Say- R ed- centi- 
No. b o lt wood poises
8 .5 6  321 267 .9  61 .9
8 .5 9  322 268.9  62.1
8.61 323 269.5  62 .4
8 .64  324 270 .4  62 .5
8 .67  325 271 .4  62 .7
8 .69  326 272 .0  6 2 .8
8 .7 2  327 272 .9  63 .0
8 .75  328 273 .9  63 .3
8.77 329 274.5  63 .4
8 .8 0  330 275.4  63 .6
8 .83  331 276 .4  63 .8
8 .85  332 277 .0  6 4 .0
8.88 333 278 .0  64 .2
8.91 334 278.9  6 4 .4
8 .9 3  335 279.5  6 4 .6
8 .9 6  336 280 .4  64 .9
8 .99  337 281 .4  65.1
9 .01  338 282 .0  65 .3
9 .0 4  339 283 .0  65 .5
9 .07  340 283.9  65 .7
9 .0 9  341 284.5  65 .9
9 .1 2  342 285.5  6 6 . L
9 .15  343 286.4  66 .3
9 .1 7  344 287 .0  66 .5
9 .2 0  345 2 8 8 .0  66 .7
9 .2 3  346 288 .9  66 .9
9 .25  347 289.5  6 7 .0
9 .2 8  348 290.5  67 .2
9.31 349 291.4  67 .5
9 .3 3  350 292 .0  6 7 .6
9 .3 6  351 293 .0  6 7 .8
9 .3 9  352 293 .9  6 8 .0
9 .41 353 294.5  68 .2
9 .4 4  354 295.5  6 8 .4
9 .4 7  355 296 .4  68.6
9 .4 9  356 297 .0  68.8
9 .5 2  357 298 .0  6 9 .0
9 .55  358 298 .9  69 .3
9 .57  359 299.5  69 .3
9 .6 0  360 300 .5  69 .5
9 .6 3  361 301 .4  6 9 .8
9 .65  362 3 0 2 .0  69 .9
9 .6 8  363 303 .0  70.1
9 .71 364 303 .9  70 .4
9 .7 3  365 304 .5  70 .5
9 .7 6  366 305 .5  70 .8
9 .7 9  367 306 .4  71.1
9 .8 2  368 307 .4  71 .3
9 .8 4  369 30 8 .0  71 .5
9 .8 7  370 308 .9  71.7
9 .8 9  371 309 .6  71 .8
9 .9 2  372 310 .5  72 .0
9 .9 5  373 311 .4  72 .2
9 .9 7  374 312.1 72 .4

10.00 375 313 .0  7 2 .6
10.03 376 313 .9  72 .8
10.05 377 31 4 .6  7 3 .0
10.08 378 315 .5  73 .2
10.11 379 316.4  73 .4
10.13 380 317.1 73 .5
10.16 381 318 .0  73 .8
10.19 382 318 .9  74 .0
10.21 383 319 .6  74.1
10.24 384 320 .5  74 .3
10.27 385 321 .5  74 .5
10.29 386 322.1 74 .7
10.32 387 32 3 .0  74 .9
10.35 388 324 .0  75.1
10.37 389 32 4 .6  75 .3
10.40 390 325 .5  75 .5
10.43 391 326 .5  75 .7
10.45 392 327.1 75 .8
10.48 393 32 8 .0  76.1
10.51 394 329 .0  76 .3
10.53 395 32 9 .6  76 .4
10.56 396 330 .5  76 .6
10.59 397 331 .5  76 .8
10.61 398 332.1 7 7 .0
10.64 399 33 3 .0  77 .2
10.67 400 3 3 4 .0  77 .4
10.69 401 3 3 4 .6  7 7 .6
10.72 402 335 .5  7 7 .8
10.75 403 336 .5  78 .0
10.77 404 337.1 78.1
10.80 405 3 3 8 .0  78 .4
10.83 406 339 .0  7 8 .6
10.85 407 339 .6  78 .8
10.89 408 340 .9  79 .2
10.91 409 341 .5  79 .3
10 93 410 342.1 79 .5

U ncorr. 
S e c o n d s  viscos-

✓ * v ity  in
E ngler Say- R ed- centi- 

N o. bo lt wood poises 
1 0 .9 6  41 1  3 4 3 . 0  7 9 .7
1 0 .9 9  4 1 2  3 4 4 .0  7 9 .9
1 1 .0 1  4 1 3  3 4 4 . 6  8 0 . 0
1 1 .0 4  4 1 4  3 4 5 . 6  8 0 .3
1 1 .0 7  4 1 5  3 4 6 .5  8 0 .5
1 1 .0 9  4 1 6  3 4 7 .1  8 0 . 6
1 1 . 1 2  4 1 7  3 4 8 .1  8 0 . 8
1 1 .1 5  4 1 8  3 4 9 . 0  8 1 . 0
1 1 .1 7  4 1 9  3 4 9 . 6  8 1 .2
1 1 .2 0  4 2 0  3 5 0 . 6  8 1 .4
1 1 .2 3  4 2 1  3 5 1 .5  8 1 .6
1 1 .2 5  4 2 2  3 5 2 .1  8 1 . 8
1 1 .2 8  4 2 3  3 5 3 .1  8 2 . 0
1 1 .3 1  4 2 4  3 5 4 . 0  8 2 . 2
1 1 .3 3  4 2 5  3 5 4 .6  8 2 .3
1 1 .3 6  4 2 6  3 5 5 . 6  8 2 . 6
1 1 .3 9  4 2 7  3 5 6 .5  8 2 . 8
1 1 .4 1  4 2 8  3 5 7 .1  8 2 .9
1 1 .4 4  4 2 9  3 5 8 .1  8 3 .1
1 1 .4 7  4 3 0  3 5 9 .0  8 3 . 3
1 1 .4 9  431 3 5 9 .6  8 3 . 3
1 1 .5 2  4 3 2  3 6 0 .1  8 3 .7
1 1 .5 5  4 3 3  3 6 1 .5  8 3 . 9
1 1 .5 7  4 3 4  3 6 2 .1  8 4 .1
1 1 .6 0  4 3 5  3 6 3 .1  8 4 .3
1 1 .6 3  4 3 6  3 6 4 .0  8 4 .5
1 1 .6 5  4 3 7  3 6 4 .6  8 4 . 6
1 1 .6 8  4 3 8  3 6 5 . 6  8 4 .9
1 1 .7 1  4 3 9  3 6 6 .5  8 5 .1
1 1 .7 3  4 4 0  3 6 7 .1  8 5 .2
1 1 .7 6  441 3 6 8 .1  8 5 .4
1 1 .7 9  4 4 2  3 6 9 . 0  8 5 . 7
1 1 .8 1  4 4 3  3 6 9 .7  8 5 . 8
1 1 .8 4  4 4 4  3 7 0 .6  8 6 .1
1 1 .8 7  4 4 5  3 7 1 .5  8 6 .4
1 1 .8 9  4 4 6  3 7 2 .2  8 6 .5
1 1 .9 2  4 4 7  3 7 3 .1  86.8
1 1 .9 5  4 4 8  3 7 4 . 0  8 7 . 0
U .9 7  4 4 9  3 7 4 .7  8 7 .1
1 2 .0 0  4 5 0  3 7 5 . 6  8 7 .3
1 2 .0 3  451 3 7 6 .5  8 7 .6
1 2 .0 5  4 5 2  3 7 7 .2  8 7 .7
1 2 .0 8  4 5 3  3 7 8 .1  8 7 . 9
1 2 .1 1  4 5 4  3 7 9 .0  8 8 .1
1 2 .1 3  4 5 5  3 7 9 .7  8 8 .3
1 2 .1 6  4 5 6  3 8 0 . 6  8 8 .5
1 2 .1 9  4 5 7  3 8 1 .5  8 8 .7
1 2 .2 1  4 5 8  3 8 2 .2  88.8
1 2 .2 4  4 5 9  3 8 3 .1  8 9 .1
1 2 .2 7  4 6 0  3 8 4 .1  8 9 .3
1 2 .2 9  4 6 1  3 8 4 .7  8 9 .4
1 2 .3 2  4 6 2  3 8 5 .6  8 9 .6
1 2 .3 5  4 6 3  3 8 6 . 6  8 9 .9
1 2 .3 7  4 6 4  3 8 7 .2  9 0 . 0
1 2 .4 0  4 6 5  3 8 8 .1  9 0 . 2
1 2 .4 3  4 6 6  3 8 9 .1  9 0 . 4
1 2 .4 5  4 6 7  3 8 9 .7  9 0 . 6
1 2 .4 8  4 6 8  3 9 0 . 6  9 0 . 8
1 2 .5 1  4 6 9  3 9 1 . 6  9 1 . 0
1 2 .5 3  4 7 0  3 9 2 .2  9 1 . 2
1 2 .5 6  471 3 9 3 .1  9 1 .4
1 2 .5 9  4 7 2  3 9 4 .1  9 1 .7
1 2 .6 1  4 7 3  3 9 4 .7  9 1 . 8
1 2 .6 4  4 7 4  3 9 5 . 6  9 1 .9
1 2 .6 7  4 7 5  3 9 6 .6  9 2 . 2
1 2 .6 9  4 7 6  3 9 7 .2  9 2 . 3
1 2 .7 2  4 7 7  3 9 8 .1  9 2 .5
1 2 .7 5  4 7 8  3 9 9 .1  9 2 .7
1 2 .7 7  4 7 9  3 9 9 .7  9 2 .9
1 2 .8 0  4 8 0  4 0 0 . 6  9 3 .1
1 2 .8 3  481 4 0 1 .6  9 3 . 3
1 2 .8 5  4 8 2  4 0 2 .2  9 3 .5
1 2 .8 8  4 8 3  4 0 3 .1  9 3 .7
1 2 .9 1  4 8 4  4 0 4 .1  9 4 .0
1 2 .9 3  4 8 5  4 0 4 .7  9 4 .2
1 2 .9 6  4 8 6  4 0 5 .6  9 4 .5
1 2 .9 9  4 8 7  4 0 6 . 6  9 4 . 6
13.01 488 407 .2  94 .8
13.04 489 408 .2  94 .9
13.07 490 409 .0  95 .2
13.09 491 409.7  95 .4
12.12 492 410.7  95 .6
13.16 493 411.9  95 .8
13.17 494 412.2  95 .9
13.20 495 413.2  96.1
13.23 496 414.1 96 .4
13.25 497 414.7  96 .5
13.28 498 415.7 96 .7
13.31 499 416 .6  96 .9
13.33 500 417.2  97 .0

name “ poise” in the way suggested by Deeley and Parr, 
to use the “ centipoise” which is one-hundredth the size 
of this as a unit for practical measurements, and to

a help in such comparisons. They have as a basis 
the work done at the Bureau of Standards by Dr. 
C. W. Waidner in which a careful investigation was 
made of the relation between readings of the Engler,
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the Saybolt Universal, and the Redwood instruments 
as. well as of their reliability.

The accompanying conversion tables do not take  
into account the varying specific gravity of the liquids 
examined. For commercial work with oils this is 
not done at present with the commercial instruments 
so that no new error or inaccuracy is introduced in 
such work by comparing the results of different instru­
ments with each other or b y  converting them into 
true viscosity on the assumption that they have a 
uniform gravity of 1 . 0 0 0 , but if accuracy is desired, 
the figure found in the column headed “ Uncorrected 
Viscosity in Centipoises” should be multiplied by the 
density of the liquid at the temperature of the ex­
periment. The density is the specific gravity of the 
liquid at the temperature of the test in terms of water 
at 4 0 C.

N e w  Y o r k  C i t y

A  M E T H O D  F O R  T E S T IN G  T H E  E F F IC IE N C Y  O F  B O IL E R  
S C A L E  P R E V E N T A T IV E S

B y  H .  K .  B e n s o n  a n d  O .  A .  H o u g e n  

Received M arch  23, 1916

For the purpose of selecting a commercial boiler 
compound, the engineers of the University of Wash­
ington Power Station submitted samples of scale and 
of the feed water together with several boiler com­
pounds. After analytical studies of the water, scale, 
and the boiler compounds were made, a method for 
determining the relative efficiency of the compounds 
was devised.

p e e d  w a t e r  a n d  s c a l e — The feed water contained 
considerable suspended organic matter, fine silt and 
clay, together with temporary and permanent hard­
ness. The percentage composition of the resulting 
scale was as follows:

O rganic M a t te r .............................................................................. 10.93
Silica (SiOO.....................................................................................  29 .70
Iron  and  A lum ina (FeaOa +  A hO j).......................................  7 .42
Lim e (C aO ).....................................................................................  38 .09
M agnesia (M gO )........................................................................... 4 .9 0

b o i l e r  c o m p o u n d s — Sample A was a liquid con­
sisting of water, sodium carbonate, graphite, and 
an organic solid. Sample B consisted of sodium phos­
phate (NaîPOi) in the solid form. Sample C was 
a commercial liquid compound of undetermined com­
position.

e x p e r i m e n t a l — 9 0 0  cc. ' of feed water were con­
centrated to about 6 0  cc. A  small quantity of solid 
matter settled out readily. Upon treating the clear 
filtrate with filtered solutions of the boiler compounds 
a large quantity of very finely divided colloidal pre­
cipitate was obtained; upon boiling, this coagulated 
into a flocculent precipitate. Inasmuch as all of the
boiler compounds formed such a precipitate it is ap­
parent that some other property than precipitation 
must determine the relative efficiency of boiler com­
pounds. From the nature of scale deposition it was 
assumed that the function of boiler compounds is to 
form precipitates which do not settle out readily but 
remain suspended in a colloidal or flocculent condition. 
While the precipitate from concentrated feed water 
with Sample B settled completely in 2 hrs., that with 
Sample A  was still partly suspended at the end of 5 hrs.

In order to compare the rates of settling, a 2 per 
cent solution of calcium chloride and magnesium ni­
trate was prepared. T o aliquot portions of this solu­
tion equal quantities of Sample B, unfiltered Sample A, 
filtered Sample A, and graphite, respectively, were 
added. T o a fifth portion no preventative was added. 
To each of these five solutions 1 g. of sodium carbonate 
was added to precipitate the carbonates of calcium 
and magnesium.

The ratio of settling was observed, first from a cold 
solution, then from one which had been boiled for
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several hours at constant volume. The results are 
shown in Figs. I, II, and III.

c o n c l u s i o n s

From the curves on Fig. II it will be observed that  
the filtered compound has very little effect in up­
holding suspended water while the unfiltered compound 
is the most effective. Graphite, likewise, has no effect. 
While the flocculent phosphate precipitate is effective, 
the colloidal organic matter seems to be most effective
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F!K. 1 1

Al«Oj held in place by the fire-clay cylinder E . The  
annular space F  was filled with infusorial earth, and 
the whole contained within the sheet iron jacket G. 
The bottom was protected with several layers of 
l /\ iij. asbestos board, on which the fire-clay cylinder 
containing the alumina-packed heating unit was placed.

The unit II  served as a base for the two inner alundum 
cylinders, and into this were cemented two Marquard 
tubes, one of which (L ) carried the required atmos­
phere to the melting chamber I ;  while the other (A/) 
opened through J  into the winding chamber B .

Fig. II shows the manner in which this gas distri­
bution was accomplished. The parts here shown were 
moulded from alundum cement and when dry were 
carved to proper shape, and then burned. The larger 
unit II  was so constructed that when the disc K  was 
cemented into place over the depression J  shown in 
II  a practically gas-tight chamber was formed con­
necting gas tube M  to the openings N ,  which led to 
the winding chamber. The tube L  connected opening 
0 with the crucible chamber.

Fig. I l l  shows the inner tube A ,  with winding of 
spring coiled wire (which was wound more closely 
near the end of the tube) in position on its alundum 
base. The winding here shown was of 10.o mil 
tungsten wire, but it was found subsequently that  
there was less danger of fracturing the heating element 
if several wires were stranded and then wrapped 
around the tube without coiling. Before placing in 
the furnace, a heavy coat of alundum cement was added 
to keep the wire in position. For this work the smooth 
tubes seem to possess a less tendency to crack than do 
those made with the spiral groove.

Fig. IV shows the exterior of the completed furnace 
with gas tubes projecting. These tubes are connected 
directly by rubber hose to the gas supply. Electrical 
connection was made by twisting several wires onto 
the ends of the heating coil and carrying them through 
the insulating materials to binding posts on the out­
side (on the far side of the furnace in Fig. IV).

This furnace could be raised to 1500° C. in about 
45 min. and held at that point on a wattage of approxi­
mately 800; hence, if the drop of potential across the 
furnace was 100 volts, 8 amperes would be required. 
The constancy of temperature depended almost en­
tirely upon the regulation of gas flow. The insula­
tion was so efficient that when the heating chamber 
registered 1500° C. the outer jacket was at about

F iK. I l l  F ig. IV

800 C. This furnace was run up to 1800° C. and in 
one experiment it was maintained at a temperature of 
1500° C. for six days with no variation that could be 
detected with an optical pyrometer.

C a s e  S c h o o l  o f  A p p l i e d  S c i e n c e  

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

F i g . I

Fig. I is a vertical section showing the wire-wound 
inner tube A ,  the annular winding space B , and the 
second concentric tube C. These tubes were of a 
vgry dense alundum, and were quite impervious to 
gases. The space D  was filled with pure, finely ground

in holding the precipitate in suspension. While 
several factors, such as the concentration of the 
compounds, have not been taken into account, it is 
believed that the method is of some use in comparing the 
relative efficiency of the various commercial compounds 
in the form in which they are offered for actual' use.

L a b o r a t o r y  o k  I n d u s t r i a l  C h e m i s t r y  

U n i v e r s i t y  o f  W a s h i n g t o n , S e a t t l e

A P R A C T IC A L  D E S IG N  F O R  A  T U N G S T E N  O R  
M O L Y B D E N U M -W O U N D  F U R N A C E

By F . A. F a h r e n w a l d  

Received F eb ru a ry  21, 1916

The design of furnace herein described is that worked 
out for use in a series of experiments which required 
long-time runs at high and constant temperature.
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T H E  M A N U F A C T U R E  O F  C H E M IC A L  A P P A R A T U S  IN  TH E 
U N IT E D  S T A T E S 1

B y  A r t h u r  H .  T h o m a s

I propose to remind you briefly of the facts regard­
ing our sources of supply of a few representative 
classifications of chemical apparatus as they existed 
before the European war: to compare with these the 
conditions as they now exist, and then to consider 
the possibilities of retaining and extending the manu­
facture of this same merchandise in the United 
States.

In this tabulation the term “ hollow glassware” 
is used to designate the product of the glass factory 
with a furnace— the “ hohlglashutte” of Germany— • 
and the term “ lamp-blown and volumetric ware” 
to designate the product of the glass-blowing shop—  
the “ glasblaserei” of Germany— where the finished 
product is shaped before the lamp from glass tubing, 
which tubing is, of course, always made in the glass 
factory or “ hutte.” In the United States these two 
industries are mostly conducted separately, while 
in Europe they are frequently combined in the same 
establishment.

I

C L A S S IF IC A T IO N  A  H O L L O W  G LA SSW A R E

FLASKS, BEAKERS AND OTHER FACTORY-MADE2 SHAPES INCLUDING 
BLANKS FOR SOME VOLUMETRIC WARE. TARIFF 45 

PER CENT ad valorem

s o u r c e s  b e f o r e  t h e  w a r — With the exception of 
one large factory in the United States which made, 
in addition to extensive products in other lines, a 
few flasks and beakers of excellent quality and reason­
able price, this ware was purchased exclusively in 
Europe. The American production was not, in any 
commercial sense, a factor in the situation.

t h e  p r e s e n t  s i t u a t i o n — Five factories in the United 
States are now regularly making flasks and beakers 
in large quantities. The glass used by one of these 
is superior in several important physical character­
istics to that used for similar vessels by the European 
factory whose flasks and beakers have been hereto­
fore considered the best in the world. The four other 
makers are using a resistance glass much alike in 
physical characteristics which, while not quite equal 
to either the American or European product above 
referred to, is unquestionably superior to the glass 
generally used throughout Germany and Austria. 
There are two other American factories making flasks 
and beakers, about which I have no definite informa­
tion from actual tests. The ware turned out in one 
of , them is of excellent appearance and that of the 
other I have not seen. Neither factory is reported 
as producing large quantities as yet.

With the present conditions of shortage in almost 
all of the raw material involved, in the labor situation, 
and in the exhausted condition of stock in many of 
the large college and university storerooms, a consid­
erable shortage for some time seems inevitable unless

1 Address p resented  before the  American Chem ical Society, U rbana- 
C ham paign, A pril 18-21, 1916.

2 W hile o rd inary  bo ttles  are, of course, a factory-m ade product, my 
rem arks are n o t in tended to  apply  to  them.

additional capacity is operated. Under normal con­
ditions the total convenient production of these seven 
American factories would more than meet our usual 
consumption.

c l a s s i f i c a t i o n  B — l a m p - b l o w n  a n d  v o l u m e t r i c  w a r e

ALL SHAPES m a d e  OF TUBING BEFORE THE BLAST LAMP INCLUD­
ING THE GRADUATION OF BLANKS MADE IN THE FACTORY 

IN ADDITION TO THOSE MADE BEFORE THE LAMP
t a r i f f  45  p e r  c e n t  ad valorem

s o u r c e s  b e f o r e  t h e  w a r — With the exception 
of a few items not of significance to our discussion, 
such as hydrometers and thermometers for clinical 
and industrial use, homeopathic vials and test-tubes, 
milk bottles and syringes, all staple stock was pur­
chased in Europe. Repair work and the manufac­
ture of a great variety of special items, not in sufficient 
demand to warrant arrangement for importation in 
large quantities, was conducted in a few glass-blowing 
shops operated by some of the larger dealers, in sepa­
rate small shops in a few of the larger cities, and in 
the south Jersey district as an important side line 
in connection with three large glass factories.

t h e  p r e s e n t  s i t u a t i o n — Two of the south Jersey 
factories referred to have practically given up the 
making of any regular stock in this classification be­
cause of the shortage of labor and the great demand 
for their own specialties. The other south Jersey 
factory has greatly increased its capacity for the more 
staple and easily made shapes and is making a com­
mendable, but as yet totally inadequate, attempt 
to meet present requirements. This factory, with 
the few shops just described, constitutes the entire 
capacity in the United States to make lamp-blown 
and volumetric chemical apparatus. There are a 
few additional shops competent to make certain 
chemical ware, but not so engaged because of obliga­
tions in more profitable directions.

The combined output of all these establishments 
in the great variety of items in this classification is 
far from sufficient to fill the daily orders for immediate 
shipment. Commitments at the present time for 
large educational quantities, as usually undertaken 
at this time of the year, seem not to be justifiable 
with definite obligation as to either price or time of 
delivery.

c l a s s i f i c a t i o n  C — p o r c e l a i n  w a r e  f o r  c h e m i c a l  

l a b o r a t o r y  u s e  

t a r i f f  5 0  p e r  c e n t  ad valorem 

s o u r c e s  b e f o r e  t h e  w a r — These goods were all 
purchased in Europe. One attempt to manufac­
ture and market American laboratory porcelain 
ware some seventeen years ago proved unsuccessful 
because of poor quality of the product.

t h e  p r e s e n t  s i t u a t i o n — Three potteries in the 
United States are now making crucibles and dishes 
and some other shapes in fair quantity. Another 
factory, not yet marketing their ware but conducting 
extensive experimental work, promises a product 
superior in quality to those already offered. One 
Japanese concern is regularly shipping large quanti­
ties of very excellent porcelain ware and a second
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Japanese factory is sending samples and is reported 
to have- made some shipments. Some Danish ware 
is being offered and several well-known British factories 
are advertising laboratory porcelain in the British 
journals, but it is unlikely that their production is 
equal to their own demand. The dishes and crucibles 
made in the United States have not thus far been as 
serviceable for all purposes as is desirable, but have 
apparently been acceptable to many users, and in 
one instance some recent tests show a distinct improve­
ment in quality.

C L A S S IF IC A T IO N  D F IL T E R  P A P E R

T a r i f f  3 0  PER CENT ad valorem

s o u r c e s  b e f o r e  t h e  w a r — For several years 
there were two, and sometimes three, paper factories 
in the United States making qualitative paper of good 
quality. Both qualitative and quantitative paper 
were offered by two other American firms, not paper 
makers, who supposedly purchased their paper stock 
and subjected it to the usual acid washing and other 
treatment in their own laboratories. The two brands 
of filter paper in widest use and for the greatest variety 
of purpose were purchased entirely in Europe.

t h e  p r e s e n t  s i t u a t i o n — The two paper factories 
referred to are still making filter paper but are unable 
to contract for large orders because of the great short­
age of suitable rags. The two other firms have given 
up deliveries for the present. Other experienced 
America’n paper makers are actively experimenting 
on quantitative papers. One of the widely used Euro­
pean brands still obtainable is being shipped at in­
frequent intervals, and prices have been advanced 
xoo per cent. One new British filter paper has ap­
peared in considerable variety as to purpose and in 
some quantity, but with deliveries now much behind­
hand. Still another new English maker has made 
a few shipments, and a third is offering qualitative 
grades only, but has made few, if any, large ship­
ments. The Bureau of Standards at Washington 
is working on standard methods for the testing of 
filter papers, which information is urgently needed, 
as the reports on the same paper from users in actual 
laboratory work differ widely.

c l a s s i f i c a t i o n  E — h a r d w a r e  a n d  s h e e t  m e t a l  w a r e

BURN ERS, CLAMPS, SUPPORTS, W ATER  BATH S, DRYING OVENS,
e t c .  t a r i f f  20 p e r  c e n t  ad, valorem

s o u r c e s  b e f o r e  t h e  w a r — Practically all items in 
sufficient demand to be called staple were made in 
the United States. A great variety of articles gen­
erally listed in dealers’ catalogues, but not used 
in sufficient quantity to justify manufacturing by 
American methods, were imported.

t h e  p r e s e n t  s i t u a t i o n — The above mentioned 
condition has undergone no significant change. Amer­
ican factories are now making some of the usually 
imported items in addition to those made heretofore. 
They would doubtless have undertaken many more 
such were it not for the general industrial stress now 
existing.

C L A S S IF IC A T IO N  F  O P T IC A L  M E A S U R IN G  IN S T R U M E N T S

SPECTROSCOPES a n d  s p e c t r o m e t e r s ,  p o l a r i m e t e r s  a n d  
s a c c h a r i m e t e r s ,  r e f r a c t o m e t e r s ,  c o l o r i m e t e r s  a n d  

m i c r o s c o p e s ,  t a r i f f  3 5  p e r  c e n t  ad valorem  
EX CEPT o n  m i c r o s c o p e s ,  2 5  PE R  CENT

s o u r c e s  b e f o r e  t h e  w a r — The instruments in 
this classification as used in chemical laboratories 
were all purchased in Europe with the exception of 
microscopes, the manufacture of which has, as you all 
know, been extensively and successfully conducted 
in America for many years.

t h e  p r e s e n t  s i t u a t i o n — There is no new manu­
facturing in America to be recorded in this line as a 
result of the war. The explanation is again the enor­
mous pressure being put upon the several factories 
equipped for such work for deliveries of prism binocu­
lars, range finders, telescopes as used in gunnery, 
periscope optics, etc. Two British factories have 
extended their lines to include certain refractometers 
and saccharimeters not heretofore made in England, 
but their deliveries are much delayed because of the 
control of these works by the British government 
for war requirements. The same situation explains 
both the inability of certain very excellent French 
makers of optical instruments to extend their lines, 
or even— with one exception— to make any deliveries 
of their regular goods.

C L A S S IF IC A T IO N  G — A N A L Y T IC A L  A ND A SSA Y  B A L A N C E S 

A N D  W E IG H T S

t a r i f f  20  p e r  c e n t  ad valorem  o n  b r a s s  w e i g h t s ,  5 0  p e r  
c e n t  o n  g o l d  p l a t e d  w e i g h t s

s o u r c e s  b e f o r e  t h e  w a r — Practically no assay 
balances have been imported from Europe in recent 
years, the demand for such balances having been 
particularly well met by the excellent instruments 
of two American manufacturers. The business in 
analytical balances was about equally divided between 
three standard American makers, and three equally well- 
known European makers. I include in this statem ent 
those imported free of duty for educational use. An­
alytical weights, although made in the United States of 
excellent quality, were mostly imported because of price.

t h e  p r e s e n t  s i t u a t i o n — The only change to note 
is that at present all of the American makers are far 
behind in their deliveries even though one of the foreign 
makers referred to is still accessible.

II
Let us now consider the possibilities of the future, 

mentioning first “ Hollow Glassware,” particularly 
flasks and beakers. It seems probable that a fair 
share of our consumption of flasks and beakers will 
be made in the United States after the conclusion of 
the war without any increase in duty or any curtail­
ment of the duty-free privilege. With some restric­
tion of duty-free entry they would, I think, all be 
made here. This statement is based upon the follow­
ing facts:

1— The intrinsic excellence of our product. This is certainly 
the basic economic factor in determining where any merchan­
dise is to be made under normal conditions of competition.

2— The highest priced American flasks and beakers are now
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sold a t exactly the duty-paid prices prevailing before the war for  
the best European brand. Furtherm ore, all other A m erican 
flasks and beakers are now  not on ly  sold a t  less than these prices, 
bu t a t prices no higher, generally speaking, than those hitherto 
prevailing on European goods of inferior quality.

3— T here is a  sufficient industrial and other duty-paid  dem and 
to ju stify  the continuation of a  part, a t least, of our present war 
tim e production even though the large educational business is 
again  placed abroad for duty-free im portation. T his du ty- 
paid dem and is increasingly restricted to  flasks and beakers of 
the highest qu ality . T hose of you  engaged in industrial w ork 
will agree th at in th e w orks laboratory the first consideration 
is n ot w h at the flask or beaker costs b u t rath er th at it m ust 
not break in use.

4— F lasks and beakers are m ade in large and well organized 
glass factories of w hich we have in the U nited S tates several 
quite com petent to undertake such w ork, and the A m erican 
glass blow er accustom ed to  the m anufacture of incandescent 
lam p bulbs, therm os bottles, ordinary bottles, and the m any 
shapes of household and other ware, can  u su ally  m ake them  
w ith  a few w eeks’ practice.

5— A n d this is im portant— T here is some possibility as to the 
application of autom atic glass-blow ing m achines (which have 
reached a tru ly rem arkable developm ent in the U nited States 
as applied to the blow ing of bottles and incandescent lam p bulbs) 
to the m anufacture of flasks and beakers if a  sufficiently large 
demand develops. If this should com e to  pass I th ink the term  
" d u ty -fre e ”  would no longer be used in connection w ith flasks 
and beakers!

Reasoning in a manner akin to the above seems to 
justify a similar conclusion— with some qualifica­
tions in each instance— for the classifications of “ Porce­
lain Ware,” “ Filter Paper” and “ Optical Measuring 
Instruments.” “ Hardware and Sheet Metal W are” 
and “ Analytical and Assay Balances and W eights” 
have already shown their ability to take care of them ­
selves.

This disposal of these groups leaves us for further 
consideration the very important Classification B 
“ Lamp-Blown and Volumetric Ware.” It is the 
shortage in this group which is now causing- the great­
est inconvenience and it is about the making of such 
goods that we have much to learn if any significant 
fraction of our annual consumption is to be regularly 
manufactured in the United States. As compared 
with flasks and beakers we here face quite a different 
array of facts.

1— Our product thus far is, as a general statem ent, d istin ctly  
inferior in w orkm anship, appearance and (too frequently  b u t 
not alw ays) in accuracy of graduation.

2— These goods m ust be sold, on the basis of costs prevailing 
before the w ar, a t m uch higher prices th an  the du ty-paid  prices 
on equivalent item s of foreign m ake. S ince the w ar this differ­
ence in cost has been still furth er increased, in m an y instances 
to the exten t of i o o  per cent.

3— T h e du ty-paid  dem and does n ot con stitute  nearly as large 
a fraction of the to ta l consum ption as is  the case w ith  flasks 
and beakers.

4— T h is ware is m ostly  m ade in com p aratively  sm all and often 
poorly organized establishm ents. T h is  is frequen tly true 
even though the shop is operated b y  a  firm w hich m ay be fairly  
designated as “ large and w ell organ ized”  in other directions. 
The supply of skilled glass blow ers com petent to  handle the 
gTeat v a rie ty  of such chem ical w are is exceedingly lim ited. I 
doubt if there are 250 such w orkm en in the U n ited S tates a t  
the present tim e. T hese  men h a v e  m ostly  com e to us from 
Thiiringian factories a s  skilled and accom plished artisans w ho

were well paid a t  home. T h e y  n aturally  dem and and get still 
m ore here. A  good all-round w orker now  gets from  $45.00 to 
$60.00 per week. T h e y  do n ot a lw ays lend them selves to  the 
proper subdivisions of labor for econom ical production. T h e y  
are quite united in their com m on interests and n aturally  n ot 
greatly  interested in the training and developm ent of appren ­
tices. T h e y  frequen tly  are com pelled to  give up w ork on gen ­
eral chem ical ware because of the high w age th ey  can earn on 
piece work specialties.

One large concern in south Jersey is here deserving of special 
m ention because of their ou tp u t in this line which, while as y e t 
confined largely  to the sim pler and more staple item s, is m ade 
alm ost exclu sively  b y  young men and w om en n ative in the 
lo ca lity  under the direction of a few more experienced workers. 
I recen tly  visited  this p lant and w as favorably  impressed w ith 
the v e ry  encouraging progress these operatives had m ade in a 
com p aratively  few  m onths.

5— A n d this again  is  im portant— T here seems to be little  
possibility as to th e application  of autom atic m achines to this 
line, w ith the exception of those a lread y developed and in 
efficient use for hom eopathic v ia ls  and syringes.

I l l

With the important Classification B, “ Lamp-Blown 
and Volumetric Ware,” before us, and with flasks 
and beakers of Classification A still in mind, let us 
consider for a moment the conditions pertaining to 
this industry in Europe.

Not a few of you have visited that attractive little 
section of Thiiringia which has, since the beginnings 
of modern chemistry and before, supplied the world 
with chemical glassware and with many other inter­
esting things as well. Ilmenau, Stützerbach, Schmiede­
feld, Gehlberg, Frauenwald are names familiar to 
you from catalogues if not from visits. Each of these 
towns and many others have their one or two “ hütten” 
mostly with a “ bläserei,” “ ätzerei” and “ schleiferei” 
operated by the same firm. There are also many 
separate lamp-blowing and graduating shops both 
in the towns and nestled alone among the fir-clad 
hills, in number quite beyond the reach of a single 
visit.

Here we still find the formerly wide-spread house- 
working industry -—now decreasing because of the mod­
ern organized shop— where certain members of the 
family too old or unable for other reasons to make 
full time at the shop, do a great variety of work at home 
on a piece work basis. They take this finished work 
to the factory on Saturday night and, securing their 
supply of tubing for the next week’s work, carry it 
home on their backs.

They also have there the local testing bureaus of 
the Kaiserlichen Normal-Eichungs-Kommission, such 
as the Herzoglich Sächsische Eichamt in Gehlberg, 
from which must radiate a vast influence toward 
the development of precise standards of workmanship.

There is also their well organized apprentice system  
and that most important institution, the “ Fach-schule.” 
I am not clear enough in the details of either of these to 
explain them with any authority, but am quite sure 
that we have in this country no trade or manual 
training school where a young man can learn the funda­
mentals of chemical or any other glass blowing, to ­
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gether with such science instruction as is required in 
such work.

Back of all this, and possibly more fundamental 
than any of it, there is throughout Germany and 
elsewhere in Europe, a well established association 
between the chemist in his laboratory and the glass- 
blowing industry, particularly as regards new ap­
paratus. This association usually begins with the 
laboratory glass blower and has its first commercial 
extension through the medium of the small outside 
glass-blowing shop which is so generally found adja­
cent to almost every European institution maintain­
ing a laboratory where any original work is done. 
Such shops are often quite independent of the labora­
tory but are usually a direct outcome of the work 
therein, and the world has been largely dependent 
upon them for the pioneer apparatus in many fields.

This laboratory glass blower and this adjacent 
outside shop seem to form the connecting link in Europe 
between the chemist in his laboratory and the more 
highly organized Thüringian manufacturer who dis­
tributes throughout the world his large production 
of staple articles. The development of the Beck­
mann thermometer and other apparatus for the de­
termination of molecular weight by the glass blower 
to The Laboratory of Applied Chemistry, in Leipzig, 
under Beckmann’s own direction; the manufacture 
and sale in another Leipzig shop of a great variety  
of apparatus for physical chemistry after Ostwald 
and Luther; the development and early manufac­
ture in the basement of the Technical High School, 
in Dresden, of the whole line of gas analysis appara­
tus after Hempel under his own direction (with its 
further development by Dennis, of Cornell University), 
are a few of the many illustrations of this connection.1

In the United States we now have some labora­
tory glass blowers, but should he not be a part 
of every chemical laboratory conducting original work 
if we are to develop and manufacture lamp-blown 
chemical apparatus to any extent? Should wre not 
also encourage the establishment and support of these 
small outside shops under the wing of our large uni­
versities and research institutions where the new and 
special apparatus which has been developed in their 
laboratories may be made, still more or less under 
the watchful eye of the author and sold to those in­
terested until the demand warrants its manufacture 
in large quantities at the lower prices possible in an 
organized shop?

Our present great need and our natural aptitude 
for new enterprise may indeed produce some increase 
in our capacity for organized manufacturing before 
the laboratory glass blower and the small outside 
shop habits become greatly extended. The south 
Jersey establishment previously mentioned is. in 
fact, already an instance of this, but it must have for 
its future profitable existence a fairly constant and

1 H ere a t  th e  U niversity  of Illinois you  have a  skillful glass blow er in 
connection  w ith  th e  C hem ical L abora to ries  who has rendered  valuable 
assistance in the  m aking of glass p a rts  of th e  new a p p ara tu s  for the  
m easurem ent of th e  co nductiv ity  of e lectro ly tes as developed by  D r. E . W. 
W ashburn , especially  th e  glass cell w hich will be known in th e  fu tu re  as 
the  “ W ashburn  C onductiv ity  Cell!”

large demand for such recognized staples as can 
be made in great quantities and with a minimum of 
highly skilled labor, and should not be burdened with 
too much special work. You could render great as­
sistance to such effort by eliminating from your regu­
lar laboratory practice the many shapes and sizes of 
lamp-blown' ware not in wide use, but the making and 
selling ’of which hampers the manufacturer and cum­
bers the shelves of all the larger dealers, and in both 
places tends to greatly increase the overhead charges 
and, in turn, the ultimate cost to you of all apparatus 
you buy.

Let us now consider for a moment, in conclusion, 
that bugaboo of the whole matter— the tariff! Is a 
higher tariff fundamentally necessary to the permanent 
establishment of the manufacture of chemical appara­
tus in the United States? It certainly is not so far 
as much of the apparatus we have considered is con­
cerned. Even in our particular Classification B  
of “ Lamp-Blown and Volumetric W are” it seems not 
so important as a possible curta ilm cnl o f duty-free  
im portation. I am not unmindful that to those of 
you engaged in teaching, such a suggestion may seem 
to jeopardize the very existence of educational work 
in science and to be entirely too high a price to pay  
for the problematic transplanting of any industry 
of no great commercial importance.

It  might, however, be practicable to discontinue 
the duty-free entry of at least such glass and porce­
lain ware as has hitherto been imported in such enor­
mous quantities for routine student work. I mean the 
flasks, beakers, funnels, burettes, pipettes, evapora­
ting dishes, crucibles, test-tubes and the like which 
are dispensed from the laboratory storeroom to the 
students for their individual work and for which the 
institution is paid b y  laboratory fees, breakage charges 
and similar arrangements.

The first result of such a change would certainly 
be a far keener interest on the part of possible manu­
facturers in the United States whose first question 
is always “ How much of the consumption is provided 
for by duty-free importation?” Another outcome 
might be that the laboratory glass blower or the small 
outside glass-blowing shop would naturally add the 
function of dealing to that of glass blowing and would 
carry in stock for sale to the students the exact ap­
paratus required by the student for his particular course 
and for which he has always paid in one way or another.

In such event the institution would be relieved of 
the outlay and expense attendant upon providing and 
keeping up the present large storeroom stocks and a' 
tendency to extravagance because of the necessity 
of making up large duty-free orders surely to anticipate 
the needs for a long period of time might be lessened. 
The carelessness and indifference of the student, as a 
result of the apparent abundant supply of apparatus and 
the direct cash outlay required of him, might also 
be materially reduced without,, great, if any, increase 
in the cost to him of his laboratory, courses.

Paragraph 573 of the Tariff Act of October 3, 1913, 
provides for the duty-free entry of “ philosophical 
and scientific apparatus” b y  certain societies and in­
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stitutions “ subject to such regulations as the Secre­
tary of the Treasury shall prescribe.” This sugges­
tion as to possible curtailment of duty-free entry 
might, therefore, be carried out by a comparatively  
simple^ehange in the present regulations of the Treasury 
Department, such as might be suggested by a suitable 
committee of the American Chemical Society! It is 
conceivable that a reasonable and moderate-restriction 
of this sort submitted to the Secretary of the Treasury 
by a society composed of both educational and 
industrial users of apparatus might be more prompt 
and less disturbing in its effect than an effort on the

part of manufacturers and labor organizations to 
secure the necessary Congressional action for the with­
drawal of the entire duty-free privilege as provided 
for in paragraph 573!

In the apparatus line as in the dyestuffs we shall 
do well to remember that the answer to the daily 
question “ W hy do we not make it in America?” re­
quires a more profound analysis than is apparent in 
newspaper editorials and that what is now indicated is 
an intelligent and, above all, an unselfish cooperation 
between the manufacturer, dealer and chemist.

W e s t  W a s h i n g t o n  S q u a r e , P h i l a d e l p h i a

INDUSTRY AND THŁ UNIVERSITY
A d d r e s s e s  b e fo r e  t h e  N e w  Y o r k  S e c tio n  o f  t h e  A m e r ic a n  C h e m ic a l  S o c i e t y , C h e m is t s ’ C lu b ,  A p r i l  7 , 1916

THE INDUSTRIES AND THE UNIVERSITIES
By W i l l i a m  H . N i c h o l s  

C hairm an  o f th e  B oard of D irectors of th e  G eneral C hem ical C om pany

In  com m on w ith  you  all, I w as grea tly  interested in the pro­
gram  laid down b y  D r. W agner, our Chairm an, looking tow ard 
a contribution  to the question of bringing the universities in 
closer touch w ith  the industries— an end not on ly desirable, 
bu t v ita l. N a tu ra lly  he began w ith  the universities, and you  
have doubtless read w ith  great pleasure and profit the con­
tributions m ade b y  the representatives of tw o of them  on the 
first tw o evenings of the discussion, the speakers confining them ­
selves more p articu larly  to  the su bject of chem istry. I confess 
m y feelings of pleasure w ere som ew hat modified when in F lorida, 
a little  w hile ago, I received notice from  D r. W agn er th a t I w as 
to be honored w ith  th e d u ty  of statin g the point of v iew  of the 
industries, a  rath er large con tract considering their d iversity  
and m y lim itations. O f course, I understood perfectly  th at this 
was not in an y  w a y  a  contest betw een opposing forces; b u t sim ply 
an effort to get th e points of view  of those w ho had been differ­
ently situated, and whose experiences varied , the hope being 
th at out of this seed m ight spring a great tree w hich would be of 
service to  hum anity. E v e ry b o d y  to-d ay listens w ith  the utm ost 
interest to  w h at is said b y  a n y  of our great professors: p a rtly  
because th ey  know  so little  abou t w h at the professors are doing, 
and m ystery  is a lw ays a ttractiv e , and p artly  because th ey  ju stly  
have a great respect for anyth in g th ey  say, know ing th a t th ey  
are picked men, n ot actu ated  b y  selfish m otives, and who rarely  
advertise them selves.

W hen I w as a  youngster, if you  will pardon a  personality, 
those who w ere interested in m y progress concluded, a fter painful 
thought, th a t I w as u tterly  unqualified for a n y  business occupa­
tion, and th a t the on ly role which I held ou t a n y  promise of 
being able to fill w ith credit w as th a t of professor of som e sort 
not specified. T h is shows th a t the professor in those d ays w as 
sometimes looked upon as a kind of a  hum drum  person whose 
duties w ere to  explain, more or less lu cid ly, to  budding m inds 
w hat some other professors had p u t into books, and, where their 
own experience justified it, w hich w as seldom  the case, deliver­
ing lectures of their own. I had a  v e r y  different view , however, 
and felt th a t w hile I adm itted the premise th a t I w as entirely  
unqualified for business w ork, I did not see any reason for sup­
posing I w as qualified for the a ltern ative; and so, on m y  own 
motion, w ithout takin g a n y b o d y ’s advice, I proceeded to  do the 
best I could to  acquire an  education as a technical chem ist— a 
profession w hich in those d ays had v ery  few  followers.

Im m ediately on graduation  I proceeded, w ith  the assistance 
of one w orkm an, to  enter th e field of technical chem istry, and 
have been more or less em ployed in th a t field ever since. One 
of the v ery  first discoveries I m ade w as th a t college professors 
would be a p t to  kn ow  a great m an y things which I did not, and

I took occasion more than once to accep t the k in d ly  invitation  
of D r. C handler to consult him, w ithout charge, on a n y  prob­
lems confronting me. I rem em ber, in th is connection, another 
m an who w as not a  u niversity  professor, b u t who w as qualified 
to be one, w ho also rendered a n y  advisory sendee w hich I called 
upon him  to  undertake. T h a t gentlem an w as D r. M anuel 
Alsberg, long since passed aw ay. T h e  on ly  thing like a quarrel 
w hich I ever had w ith  D r. A lsberg resulted from  his com plaint 
th a t I did n ot consult him  often enough, as, for some reason or 
other, he seemed to  have taken an interest in m y progress. So 
you  see th a t the su bject of the coordination of the universities 
w ith  industries, as far as I am  concerned, began practica lly  w ith 
the beginning of m y business life, and has been prom inent in m y 
thoughts ever since. W hile this does not q u alify  me particu ­
larly  to  discuss the question before us, it a t  least shows th at I 
approach it  w ith  friendly feelings, and th at it  is not a novel 
proposition w ith  me.

T h e  first address of this series was delivered b y  President 
B u tler of C olum bia, and will well rep ay preservation. In  the 
first paragraph he m akes a statem en t th at has an immense 
bearing on the w hole subject, a lthough I th ink he p u t i t  in as 
a  m ere pleasantry. H e said th at he had an  impression th at 
there had been so m an y changes in chem ical knowledge during 
the th irty-five  years w hich had elapsed since he had listened to  
D r. C handler’s lectures, th a t if he were to  attem p t to  reproduce 
a n y  of this excellent instruction  you  m ight th ink him  ą  student 
of archaeology rath er than of chem istry. W hile, w ithout any 
derogation of D r. C han dler's lectures of th a t day, it m ust be 
adm itted  th a t the period alluded to b y  President B u tle r has 
produced the m ost astounding changes, it  m ust n ot be forgotten 
th a t th irty-five  years hence a n y  speaker being educated in C olu m ­
bia  to-d ay, and who should n ot follow up th e w ork, would surely 
h ave  to  m ake a sim ilar confession, for the science of chem istry 
has gone forw ard w ith  such leaps and bounds, and is of such 
lim itless extent, th a t it  has long since been impossible for a n y ­
one to  fill all of th e  fields. In  fact, m an y of the fields are, them ­
selves, divided up into several departm ents, so th a t the great 
chem ist of to -d ay  is u su ally  a  specialist, and som etim es a  specialist 
in quite a narrow area. T h e  im portance of this lies in th e fact 
th a t the nation  w hich is generally credited w ith  having m ade 
the greatest advance during the past fifty  years, m a y  n ot be 
the nation w hich w ill m ake the greatest advan ce during th e next 
half cen tury. N o  one can tell w ho w ill h ave  th e honor then; 
b u t it is perfectly  safe to  state  th a t w hichever cou n try  stands 
a t  the head, it  w ill be on ly a fter trem endous efforts m ade b y  the 
others. T here is, therefore, no reason, w h atever, w h y  the 
A m erican  chem ist, w ith  his conceded in gen u ity  and im agination, 
m ay not well look forw ard to  being the chem ist in th e lead a 
half cen tu ry  hence, even though he be engaged in fields w hich 
do n ot bring him  so prom inently before the eye of the public
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as if he were m aking dyes and colors. T h u s President B u tle r ’s 
pleasantry is really  a word of hope.

I also like the w a y  he described the problem , and I cannot 
do it better th an  in  using his own language:

"T h e  problem — if I m ay use a m ilitary  term — is from  one 
point of v iew  a  problem  of m obilization of resources, of facilities, 
of opportunities for a peaceful w ar in the in terest of science and 
of industry. T h e  problem  from  another point o f v iew  is a prob­
lem  of conservation— the conservation of our natural, our hum an 
and our institutional resources. F rom  still another point of 
view  it  is a  problem  in efficiency engineering, applied on a great 
national scale through an organized undertaking to  care for the 
thousand points of con tact betw een theoretical knowledge and 
practical life.”

I do n ot believe th at the problem could be  b etter stated, and 
I shall certain ly not attem p t the task. A  careful consideration 
of it leads to  so m an y trains of thought, th a t an address of the 
length perm itted in this cannot possibly touch upon m an y of 
them . F ortu n ately  it  is so clearly  stated  th a t any m an, w hether 
a chem ist or not, giv in g it his careful thought, can think out 
along lines w ith w hich he is fam iliar, and arrive a t  results.

THE INDUSTRIAL VISITING BOARD

President B u tler 's  device to  bring abou t th e cooperation 
through an industrial v isitin g  board, w hich seems to  him  to  be 
practical, m akes a  different im pression on m y mind, as far as 
the field of chem istry is concerned. On more than  one occasion 
I have alluded to  the fact th a t the chem ical engineer in the m aking 
is very  m uch more ham pered than the electrical, civil, m echanical, 
or m ining engineer, because the la tter have great operations 
which have been conducted b y  m asters of the w ork, w hich they, 
as well as their teachers, can see and stu d y, w hich is n o t often 
true in the field of chem ical engineering. President B u tler's 
suggestion th a t those w ho are in the industrial chem ical field 
should form them selves, or be form ed, into representative bodies 
of visitors, advisors, and counsellors, so th a t the student would 
have the benefit of con tact w ith  those engaged in the industry, 
and learn the problem s w ith  which th e y  are confronted, or which 
th ey have solved, I fear w ould n ot be practicable, how ever de­
sirable from th e educational standpoint. I t  w ould tak e  too 
long to  get results, and depends for its valu e  upon a  degree of 
altruism  to w hich the m anufacturers, as I  see them , h ave  not y e t 
attained. If such a  com m ittee can be form ed, how ever, b y  all 
m eans set about form ing it.

IMPORTANCE OF THE SMALL UNIVERSITY

President M aclaurin , of the M assach usetts In stitu te  of 
T echn ology, in his able address of this series, la y s  a  good deal 
of em phasis on the fa c t th a t his institution, w hile n ot called a 
university, is one, ju s t the same, for reasons given b y  him , and 
w hich are all p erfectly  sound and conclusive. I  allude to  this 
m erely to  poin t out th a t in a  full discussion of th is m atter we 
m ust not anyw here le t th e impression go abroad th a t on ly the 
cooperation of large universities is desirable. N o th in g  could 
be further from  th e truth  th an  this v iew  of the su bject. A fter 
all is said, it  is the individual professor, him self, and n ot the 
u n iversity  w ith  w hich he happens to  be a t the m om ent con­
nected, who w ill h ave  to  solve m an y of the problem s subm itted. 
O f course, it is of untold valu e  to  the individual th a t he h a v e  the 
backing of a  great institution, w ith  all of its laboratories and 
other equipm ent, to say nothing of the esprit de corps inseparable 
from  such an organization. I t  m ay w ell happen, how ever, th at 
the v e ry  best m an capable of following ou t a  given  line of re­
search, m ay be found in one of th e sm aller institutions, and m ay 
be, himself, alm ost unknow n. In  a  discussion of this question 
w e m ust n ot lose sight of these m en; bu t, on th e contrary, m ust 
m ake it  appear to  them th at th ey  w ill be cordially  welcom e, 
not on ly in the discussion, b u t in a n y  subsequent m ovem ent 
th at m ay grow out of it. I  am  quite sure th a t President M a c ­
laurin would agree w ith  me in this, and had no idea of stating

the con trary; b u t I think it wise to m ention it, to prevent any 
possible m istake. A fter alluding to  several m atters which the 
w ar has brought sharply to our attention, he goes on to  say  we 
h ave  the schools of applied science here, to  contribute to  a  solu­
tion of the problem , w hich m ust be along the line of giv in g their 
support to the organization of industry, so as to m eet the needs 
of the nation  as a  whole, though their m ain con tribution, here 
as elsewhere, m ust be in the supplying of men properly trained 
for the task. H e n atu ra lly  points out th a t there are grea t differ­
ences in the students them selves, and th a t the m ost th a t can 
be expected from  the school is th a t i t  gives them  tliree th ings—  
a  know ledge of the fundam entals, the m ethod of a ttack , and the 
spirit of industry and alertness for im provem ents. It is quite 
true, as has been so well stated  b y  him, and others, in this d is­
cussion, th a t the universities have to take such m aterial as comes 
to  them , and m ake the best th ey  can  of it. Som e graduates 
I h ave  seen h ave p la in ly  shown th at th e y  have not been worth 
the tim e and expense w hich th ey  h ave  cost the university, 
and it has seemed to  me th at while it  is true th a t an institution  
of higher education can n ot select the students w hich com e to it 
originally, it  ought to  be v e ry  well able a t the end of the first 
year, or sooner, to  decide w hether a  student should be perm itted 
to  cum ber the ground any longer in th a t in stitution , or w hether 
it w ould be an a ct of kindness to all parties, to inform  him  th at 
he does n ot hold ou t sufficient inducem ents to  encourage the 
institution  in proceeding further w ith  his education. I11 some 
such wra y  as this, w hile the original m aterial could not be selected, 
it could a t  least be culled more thoroughly than is done a t pres­
ent; and while a  sm aller num ber of graduates w ould result, 
I th in k  a larger am ount of benefit to th e world w ould be forth ­
com ing. T his is a t  least one w a y  in w hich the u niversity  can 
contribute to the industries. In  concluding his address, Presi­
dent M aclaurin  says: “ T h e universities are anim ated b y  the
spirit of service, and anxious to  do all th ey  can to  help. L e t 
the industries tell us c learly  w h at th ey  w a n t.”  T h is is a  fair 
challenge, and deserves a concrete reply.

In  Professor T a lb o t’s address, delivered on th e sam e evening, 
we find m uch of great value, and w o rth y  of the careful study 
w hich it w ill doubtless receive. T h e  reference to Professor 
M an n ’s investigation, resulting in fourteen hundred replies, 
m ain ly from  m em bers of th e engineering societies, to questions 
designed to  bring out the factors w hich th e engineers regard as 
contributing m ost certain ly  to  success in personal work, and also 
to  learn th e opinions of the sam e m en as to  the efficiency of 
our educational institutions a t  th e present tim e w ith respect 
to  those factors, D r. T a lb o t finds th a t in certain  v ery  im portant 
m atters th e ou tp u t of the universities seems to be lacking. Of 
course w e  all know th a t one of th e m ost im portan t kinds of 
know ledge th a t i t  is necessary for a  m an to  acquire, is a  knowledge 
of hum an nature. T h is proposition has on ly to  be stated to 
receive im m ediate assent. A s everyone know s, its possession 
is essential to  great usefulness in m any fields, if n ot in all. I do 
n ot see how  a  u n iversity  can  be expected to  teach  this im portant 
branch, nor w h y  it  should be blam ed because its students do 
n ot enter life fu lly  posted in this regard. I t  is one of the great 
elem ents of education w hich com e to  a m an after he has left 
the college w alls, and has com m enced to  associate w ith  the 
w orld a t large and rub up against those who are not interested 
in his success, or, for th a t m atter, not interested in him  a t all, 
except in so far as he m akes him self of value, or a nuisance. Its  
possession, how ever, is necessary if a  m an is to  m ake even a good 
foreman, and even more necessary if he is to  m ake a good super­
intendent, or, possibly, later, a m anager of a  great concern. L et 
us n ot hold th e universities to  blam e because th e y  can n ot do the 
im possible. T here arc so m an y splendid th ings th ey  can do, 
th at w e should confine our w ork to  these. I  can say, for the 
encouragem ent of the you n g graduate, who is full of a knowledge 
of facts and theories, th a t  this post-graduate stu d y  w ill be found
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to be one of the most interesting in w h ich  he can  possibly engage, 
and w hen acquired w ill be of the utm ost valu e  to him  in th e ap ­
plication of w h a t he lias hitherto learned. T hough the whole 
of life  should be a  school, and 110 man should grad uate from  it 
until his spirit leaves his body, it  w ill be found th at the schooling 
is none too long to  acquire a  w orking know ledge of hum an nature.

SUMMER WORK IN FACTORIES

Professor T a lb o t’s suggestion th a t chem istry studen ts should 
have the ad van tage  of sum m er w ork in factories, w hile doubtless 
of great valu e  to  th e student, has som etim es been found, when 
tried, to be som ething of a  nuisance in th e p lant— provided it 
be a  chem ical p lant. I  am  sure he w ill n ot forget th a t these 
are not educational institutions, except in so far as th ey  are pro­
vid in g for a perm anent staff. I  h ave  little  doubt, how ever, 
th at the chem ical studen t would receive great benefit from  spend­
ing his vacation s in plants of general character, where he could 
not fail to learn a  great deal w h ich  would be of subsequent 
value, and a t least gain in th e  stu d y  of hum an nature.

Professor T a lb o t th orou ghly appreciates the im portance of 
arranging some w a y  b y  w hich able men should serve both  in­
dustries and universities. H e alludes to the advan tages w hich 
the industries have in being able to  offer greater em olum ents to 
brigh t men, and th inks it is possibly too m uch to ask  of the in ­
dustries to  refrain  from  securing their services; bu t, he says, 
" I t  seems v ery  desirable to m ake an  effort to devise som e plan 
of cooperation w hich will, in a considerable num ber of cases, 
perm it able men to  serve the industries w ith o u t severing their 
connection w ith  the educational in stitution s.”  I  th ink th at 
is one of the questions w hich w e are try in g  to  solve in this series 
of talks, and is a  natural sequence to  President M a d a u rin ’s 
challenge.

Professor W alker, in his excellent address, m akes some well- 
deserved criticism s of th e industries, hoping th a t he m ay elicit 
corresponding criticism  of th e universities w hen the industries 
have their inning. A s I said a t  the beginning, this is not, as 
I understand it, a  com petition  betw een  the universities and the 
industries, b u t rath er a  discussion leading to further and better 
cooperation. H ence I w ill acknow ledge the force of som e of 
Professor W alk er's  criticism s, and m ake no effort to  excuse the 
industries. It  is true the la tter do n ot disclose all their prob­
lems, and it is equ ally  true th a t th e y  are foolish for n ot doing 
this, unless th ey  are satisfied th a t th e y  h ave  w ithin  their own 
staff men who are capable of satisfactorily  solving them . I  do 
not believe th a t th ey  hide their problem s because th e y  lack  
faith in the universities; b u t rath er on the theory th e ostrich 
is popularly supposed to  entertain.

PUBLICITY FOR INDUSTRIAL RESEARCHES

I also acknow ledge Professor W alk er’s point th a t scientific 
advantage obtained in industrial research should be m ade public, 
and heartily  agree th a t 110 scientific m an should be  satisfied w ith  
a purely m on etary return for his labor. Professor W alker 
points out th a t this p u b lic ity  need n ot result in a n y  w a y  in in jury  
to the particular in du stry w hich directed the research, and m en­
tions Professor G ies’ adm irable exam ple of Pasteur. I  also 
acknowledge the force of the criticism  th a t technical directors 
are needed in our industries, and it  has a lw ays been a  m ystery  
to me how an y  concern w ould expect to  succeed w ithout such 
intelligent direction. I m ight say, how ever, th a t w h atever m ay 
be their shortcom ings, th e y  m ake safe com petitors.

Professor W alk e r’s suggestion th a t universities m ust su p p ly 
intelligent foremen, is w o rth y  of careful consideration, and m ay 
have in it a suggestion of considerable valu e.

H r. L ittle  has, for a  long tim e, been a  real lin k betw een th e 
universities and the industries, and has had considerable ex­
perience w ith those residing in outer darkness. H is reference 
to efficiency in governm ent, and certain  prevailing notions re­
garding labor, w ealth, and brains, are rea lly  refreshing. R e ­

garding th e su bject under discussion, how ever, I w as p articu larly  
interested in his rem arks abou t the desirability  of studen ts 
leavin g the u niversity  w ith  a  definite purpose in view . I t  has 
a lw ays been beyond m y com prehension how so m an y of our 
youn g men can prepare for college, and pass through it, and come 
ou t w ith  on ly the vagu est ideas of w h at th ey  really  w an t to  do. 
T o  th ink of. spending all of the years necessary to  prepare for 
life, w ithout having some definite line laid ou t to  pursue, w ould 
seem im possible if it  were not so com m on. I hope M r. L ittle 's  
words, added to  those of so m an y before him, w ill sink in to  enough 
m inds to  produce some real specialists of th e future.

H is rem ark about the n eglect of th e  English language as a 
business tool well expresses a th ough t w hich has often been in 
m y ow n m ind. I t  is not on ly of the greatest v a lu e  to  a n y  kind 
of an engineer or scientific m an to  be able to  express his thoughts 
in good English, b u t som etim es it is abso lu tely  essential. I 
knew  a  m an who held a high place in th e ranks of engineers, 
w ho reached th at point because of his know ledge of English, 
and n ot because of his know ledge of engineering. I do not say 
this to  con vey th e idea th at the form er m ight take th e place 
of the la tter; but on ly to  show how it  helped a t  least one inferior 
engineer to  reach distinction. .

I have not alluded to  Professor G ies’ address, as it  was ex­
tem poraneous, and I, u nfortunately, w as absent. Professor 
L u ck e ’s, delivered the sam e evening, contains m uch of valu e 
to  th e industries, as does th a t of Professor W hitaker. B oth  
gentlem en have had m uch experience in industrial w ork; th ey 
h ave  discovered m an y w eaknesses existing therein, which are 
generally  acknow ledged b y  industrial m anagers.

“ PURE”  AND APPLIED CHEMISTRY

A t  this p oin t I would like to  in ject a  few w ords regarding 
so-called pure and applied chem istry, as I think their relation 
has som etim es been m isunderstood, and a  good deal of harm 
occasioned thereby. I am  a great believer in the enorm ous 
im portance of w ork done along lines of pure chem istry, some of 
w hich w ould seem to  the casual observer to  be of no possible 
valu e  for the present, or for the future. T here is no need of 
takin g a m om ent of you r tim e to discuss this, as every  one of 
you w ill readily  adm it the great im portance of w ork w hich is 
done along purely theoretical lines, and w ithout anyth in g in 
the m ind of th e w orker looking to its  application. A t  the same 
tim e I believe it  to  be im possible to  work out a n y  purely scientific 
theory, or arrive a t  a n y  scientific fact w ithout either directly, 
or indirectly, contributing to  the good of hum anity. I am 
aw are th a t pure theorists m ay con tradict this view , strange 
as it m a y  seem to those of us who have been engaged on the prac­
tical side. T a k e  the great D r. W itt, for exam ple. In  more than 
one conversation he expressed to  m e the contem pt he fe lt for 
those chem ists in his own cou n try  w ho were prostituting chem ­
ical science to  th e m aking of m oney; and y e t  no one w ould be 
more ready th an  D r. W itt, him self, to  adm it th a t th e great or­
ganic chem ical in du stry of G erm an y w ould never h ave  pro­
gressed as it has done, w ithout the m agnificent w ork in pure 
th eory  done b y  him self and m an y others. T h e  righ t v iew  of 
the case, in m y opinion, is th a t pure and applied chem istry are 
sim ply different phases of th e sam e science, and th at one cannot 
live  w ithout the other. A pplied chem istry is the bringing ou t 
to  useful needs of theories evolved b y  pure chem istry, w hich, 
in turn, is pushed forw ard to  further in vestigation  b y  the re­
sults obtained in ap p lyin g these theories. Som e m en are b etter 
adap ted  to  theoretical w ork th an  to  practical, and of others 
the converse is true. L e t each m an be “ fu lly  persuaded in his 
ow n m ind,”  and bring fow ard the results of th a t w hich he, 
him self, can  do th e best, and th e w orld w ill be the richer be­
cause of the labor of all. I f  the universities are to  assist the 
industries, therefore, a m eans m ust be  found w h ereby n ot on ly  
the a b ility  of the practical m inds of th e  fa cu lty  can be  utilized,
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w hich is com paratively  easy, b u t th e a b ility  of the pure theorist 
can also be taken ad van tage  of, which is n ot so easy.

Referring to  President B u tle r ’s statem en t of the problem , 
we find th a t the whole m atter resolves itself into one word—  
cooperation; and cooperation in its broadest sense, involving 
governm ent, finance, the industries, and w h at is pleased to call 
itself labor. I f  we are to  stand an y  chance in the peaceful 
w arfare of the future, w e m ust learn how to  m ake all of these 
forces cooperate better th an  a n y  other people can do, or a t least 
as well. O ur form  of governm ent m akes it  v e ry  m uch more 
difficult for us than for some others; and y e t  the result m ust be 
reached unless we expect to  oppose a rabble to  a  well-organized 
arm y. G erm an y has given  us an instance of governm ent co­
operation w hich has been extrem ely efficient; b u t p robably  goes 
too far to  be followed in this country. I m ust confess, however, 
th a t I  w as m uch impressed, n ot only in Berlin, b u t in Vienna, 
when I w as travelling in the interest of th e E ighth  International 
Congress of A pplied  C hem istry, b y  th e extrem ely intelligent 
and com prehensive know ledge which governm ent officials pos­
sessed regarding th e chem ical industry, and the v e ry  great in­
terest w hich th ey  exhibited in furthering it. I  could not help 
th inking th a t w ith  th a t kind of intelligent governm ent coopera­
tion how easy it w ould be for us to  do things in this country, 
which now seem to  be alm ost impossible. B u t there are other 
m ethods of governm ent cooperation w hich I believe would be 
more valu ab le  to  us, of which evidences are already appearing, 
and w hich I tru st w e w ill in  tim e fu lly  enjoy. E fficiency is a 
great deal; b u t it is possible to p a y  too m uch for one branch of 
it, a t the expense of others.

ENGLISH APPRECIATION OF CHEMISTRY 

In  England, for some reason difficult to  understand, the 
chem ist has in th e past had v ery  little  cooperation from the 
governm ent, w h atever m ay h a v e  been true of other branches of 
industry. A s far as I am  advised the governm ent, itself, has 
never before the w ar shown an y  particular interest in, or ac­
quaintance w ith, our profession, and th ey are ju st now realizing 
their m istake, and takin g steps to recover lost tim e. D r. M . 
O. Forster, F .R .S ., .has been w orking for years in the endeavor 
to  in terest th e English governm ent and people, and is a t  present 
presiding over th e T echn ical C om m ittee of B ritish  D yes, L td ., 
an institution  w ith  which you  are doubtless fam iliar. In  a 
paper read a t the A nnual A utum n Congress of th e T extile  
Institu te, held last O ctober a t  the T echnical College, H udders­
field, he said several things which I will quote, as th ey  will ex­
press th e a ttitu d e I have alluded to, as he has observed it: 

“ A m ong the num erous topics which the war, like a  huge 
cauldron of boiling liquid, has brought to  the surface of public 
discussion, is the proper relation betw een Science and Industry. 
I t  is n ot new, nor is it  really  more urgent th an  it  has been a t 
any tim e during the past th irty  years, b u t present circum stances 
h ave  com bined to  impress it so deeply upon the public mind 
th a t p robably  for the v a s t  m ajority  of our people its considera­
tion cam e w ith  an air of n ovelty . A fter a year of conflict, even 
those w ho never gave m uch th ou gh t to  the su bject are now 
agreed th at a  union, approaching in perm anence and in tim acy 
th a t of m atrim ony itself, m ust in future link these tw o forms of 
hum an a c tiv ity  if th e com m ercial prosperity of the B ritish  E m ­
pire is to  be m aintained and the social welfare of its citizens 
augm ented. T h e  celebration of th is union has been delayed 
and ham pered b y  some confusion as to  w hich is the bridegroom  
and which the bride. A n oth er factor w hich, in m y opinion, 
has operated more strongly, lies in the fact th a t Industry, bold, 
assertive and enterprising, has failed to  recognize in the m odest 
and retiring v irtues of Science an y  of those qualities w h ich 'are  
desirable and helpful in a  life-partnership. In  some cases In ­
dustry has been content to  use Science as a handm aiden w ithout 
adm ittin g her to  the privileges of com plete union. A n  ex­
ception to  this generalization m ay be claim ed for engineering, 
however, where, in m ost of its branches, full use has been made 
of the underlying scientific principles by  its practitioners.”  * * * 

“ M y  purpose in thus tracing, as briefly as possible, the rrtanner 
in which organic chem istry has secured its  grip on the textile 
industry, is to  show th a t each stage has been reached only b y

p atien t research, and th at when reached, it has offered a  fresh 
v ista  of industrial enterprise capable of yielding new  sources 
of profitable developm ent. A m ong the reasons w h y  this cou ntry 
has fallen so far behind in the application of chem istry to this 
branch of in dustry is the fact th a t it appears to  be p ractica lly  
impossible to  explain to  the bu sy m an of affairs ju st w h at chem ­
ical research involves, and w h at it  is capable of yielding. T he 
business genius of this country, drugged b y  the engineering tra ­
dition and b y  fa t dividends, has been blinded to  the fact th at 
successful chem ical enterprise n ot only yields fa t dividends b u t 
is com pletely dependent upon engineering. Hence, even those 
business men whose horizon is lim ited b y  profits and m achinery 
could have w allow ed in profits and rioted in m achinery during 
the conduct of a  successful courtship of chem istry, either per­
sonally or b y  p ro xy .”  * * * * *

A fter  explaining the su bject, he goes on to say:
“ T h is is research, and it is because the few people who, from 

tim e to  tim e, have been able to  m ake dyes in this country, 
h ave been discouraged from  em ploying chem ists in conducting 
their researches, while such researches have been sedulously 
prosecuted in G erm any, th at w e and the U nited States find our­
selves where we are, nam ely, in the cart; happily, the cart has 
n ot y e t reached the scaffold, although the guillotine is in 
sight.”  * * * * *

“ I believe, however, th a t the color-m akers of this country 
are honestly and industriously attem pting this undertaking, 
and it  is of the utm ost im portance th a t th ey  should receive the 
greatest possible encouragem ent from  the consumers, who m ust 
rigidly den y them selves the expectation of miracles, for m iracles 
are not on the list of experim ents. T h e  neglect of th irty  years, 
w ith the m oral and intellectual dam age arising therefrom  
are not to  be repaired b y  the w ave of a  m agician’s w an d .”  * * *

“ R everting, in conclusion, to  the textile  in du stry and or­
ganic chem istry, it  m ay be w orth while to  point out th a t A m er­
icans are m aking a  determ ined effort also to  throw  off the color- 
yoke of G erm any, and in certain  respects th e y  are situated more 
favorably  than ourselves. In  th e first place, their business 
elem ents comprise m any alum ni of the m odem  university, 
and are therefore alive to  the im portance of em ploying graduates 
in their organization. Secondly, th ey  possess a flourishing h eavy  
chem ical industry, including the technical skill necessary to  the 
production of oleum, the elixir of chem ical life. T h ird ly , th ey  
have great power of organization, and lastly, when the tim e 
comes, th ey  can rely  upon w h atever ty p e  of intelligent G overn ­
m ent support m ay appear a t  the critical m om ent m ost potent 
in application.”

E v id e n tly  D r. F orster has more faith  in the ease w ith  which 
A m erican law s can  be m ade to  fit the necessities arising, than 
m an y Am ericans w ith w hom  I have conversed, and whose language 
w ould n o t m ake polite reading here.

GOVERNMENT COOPERATION IN JAPAN

In som ew hat sharp contrast w ith this, le t us look for a moment 
a t  a law  passed in Japan the 19th of June, 1915, called “ T he 
L aw  for th e Encouragem ent of M an u facture of D y es and M ed i­
cines.”  A fte r  defining w h at is m eant b y  th e title, the law 
proceeds:

“ W hen a  jo in t stock com pany established in accordance 
w ith  Im perial Japanese law s and ordinances, more than one- 
h alf of whose capital, as well as a controlling num ber of votes, 
belongs to  Japanese subjects, undertakes the m anufacture in 
Japan of dyes and medicines according to the provisions of 
ordinance, a  subsidy for a period of n ot more th an  ten years 
from  the date of enforcem ent of this law  m ay be granted to  such 
com pany. T h e  am ount of the subsidy shall be such as to  m ake 
the dividends which the com pany pays in each business year 
reach a  rate  of 8 per cent on the paid up shares.”

T h e  law  and ordinances connected w ith  it go into particulars 
as to  how profit shall be com puted, and how the com pany shall 
be m ade up; b u t the gist of the m atter is, th a t su bject to  those 
rules and regulations the Japanese G overnm en t guarantees 
a return, for a period of ten years, of 8 per cent on the capital. 
C on trast th a t action  taken p rom ptly when the dye situation be­
gan to  becom e acute, w ith  some of the struggling efforts we have 
seen in our own country, and I th ink y o u  w ill agree w ith me th at 
our O riental friends h ave  gone m uch further along the lines of 
governm ent cooperation than w e have in th is cou ntry, w ith  all 
of our vau nted  superiority.

So m uch for governm ent cooperation. W ith o u t the most
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efficient kind, supervised b y  men w ho kn ow  w h at th ey  are talking 
about, and who understand w h at is said to  them , the m any 
problem s before us w ill, in m y judgm ent, never be satisfactorily  
solved.

So much has been said and w ritten  abou t the im portance of 
cooperation of the other elem ents alluded to  before, nam ely, 
finance, the industries, and labor, th a t it  is h ard ly  necessary in 
an address of this character to dwell p articu larly  upon them . 
I t  is, how ever, absolutely  clear to me th a t some m eans m ust be 
found w ithin  a reasonable tim e, which w ill bring abou t such 
u n ity  of action  of all forces, th at our cou n try  will be w orking 
as a  u n it and not as a disorganized mass. T o o  m uch stress 
cannot be laid upon this m atter here, or anyw here, although 
I am  aw are th a t the su bject under discussion is far more lim ited 
th an  the great su bject of universal cooperation. T h e  point is, 
th at while it is desirable, and necessary, th a t the universities 
and industries should cooperate, if th ey  are the only forces th a t 
do cooperate, w e w ill not get along v e ry  far in the solution of 
our problem s, as a  nation. F ortu n ately , universities teach m any 
things beside chem istry, and it  m ay be th a t some of them  w ill 
discover a m ethod for producing intelligent law m akers, who, 
on account of their love of truth, will place th e old, efficient, 
a lm ost-forgotten  v irtu e  of patriotism  above the m odern, v icious 
idea of party.

A D V I S O R Y  C O U N C I L  F O R  I N D U S T R I E S

T h e question w e have been discussing is not a  n ew  one. It  
is as old as universities them selves. M uch older than in­
dustries in their present h ighly  organized state. T h e  universities 
have a lw ays been ready to  do their share. T h e  industries have 
been gettin g  them selves into a  condition to  reciprocate. M a n y  
of them  have arrived a t  a  point where the leaders recognize the 
need of som ething w hich th ey  h ave  n ot got, to  help them  for­
ward tow ard the ends w hich th ey  h ave  in view . N a tu ra lly  a 
line of con tact which w ould serve one industry m ight n ot serve 
another. In  fact, it  is practically  certain  th a t different in­
dustries w ould require different m ethods of con tact w ith the 
universities. A fte r  years of th ou gh t I  have arrived a t a m ethod 
which, w hile peculiarly  adap ted  to  the needs of the C om pany 
over whose B oard I have th e honor of presiding, has, I think, 
some points of valu e for other com panies, w hether in the sam e 
field or an entirely different one. T h is plan is now in process 
of evolution, and, to a m oderate exten t, is an accom plished fact. 
I trust it w ill be rounded ou t com pletely w ithin  a  com p aratively  
short time.

B riefly  stated , m y  plan is as follow s: W e are form ing w h at 
we call an  "A d v iso ry  C ou n cil,”  com posed of great chem ists in 
their several lines, located in various universities and schools 
of science. E ach  m em ber of th e C ouncil w ill receive a m odest 
honorarium , and be expected to  atten d m eetings occasionally, 
a t w hich specific problem s will be  discussed, as w ell as a n y  other 
subject of interest to  an y  of the m embers. In  order th a t the 
touch m ay be as com plete as possible, I hope to  a tten d  these 
m eetings m yself, and to  h ave  the h ighly  valu ab le  assistance of 
tw o or three of the best of our staff. N atu ra lly , as th e m eetings 
will on ly be occasional, correspondence betw een th e head office 
and mem bers of the Council, and betw een th e m em bers them ­
selves, w ill be frequent. N ew  problem s w ill be referred to  the 
Council, and b y  it  referred to  th e  m em ber best qualified to  solve 
it. T h e report, if favorable, will, a fter discussion, be passed 
along to  the Research D ep artm ent of the C om p an y, w hich, 
in time, if th ou gh t advisable, w ill bring it before th e engineering 
staff. Problem s originating w ith  the m em bers of th e Council, 
itself, w ill be treated in the sam e w a y , and it  is hoped th a t this 
w ill g ive  the m em bers an  op p ortun ity of bringing forw ard th e 
results of their research w'ork, to  ascertain  if it  be practically  
valuable. A n yth in g  of valu e  resulting from  th is w ork, w hether 
originating w ith  the C om p an y, or w ith  th e m em bers of the C ou n ­
cil, w ill n atu ra lly  be rew arded w ith  a share of the profits resulting.

S tartin g  w ith  a sm all num ber, the Council w ill e lect its own 
members, su bject on ly to  the approval of the highest officials 
of the C om pany, thus insuring the m ost agreeable relationships, 
w ithout w hich the best w ork cannot be accom plished.

Y o u  can  see a t a  glance m any of. the advan tages w hich would 
accrue to both th e C om p an y and m em bers of the Council, 
from  this close touoh. T h e  la tter will be brought face to  face 
w ith  real problem s, w ill be allowed to w o rk  a t  their share in them  
in their own w ay, in their own laboratories, to  the great benefit 
of their own students, and, in doing this, will have the benefit of 
association, not on ly w ith  their fellows, b u t w ith  som e of the 
best m inds w hich have been devoted for years to the more prac­
tical side of the question. T h u s w e w ill have a com pleted cycle, 
and thus the world ought to  benefit as a  result of the p lay  of all 
these forces.

T here m ay be m any other w a ys of bringing abou t the same, 
or better, results; b u t a fter years of th ou gh t I have been unable 
to devise one. I  see 110 reason w h y  th is plan should n o t be 
ju s t as efficacious in a  steel mill, or a silk mill, or a n y  other kind 
of mill in w hich the chcm ist p lays a  part; b u t it need n ot be con ­
fined to  chem ists. A n y  u niversity  m an who can  contribute 
som ething of valu e would surely find his place in some of the 
industries.

T h is is m y answer to D r. M aclau rin ’s challenge, and to  P ro­
fessor T a lb o t’s suggestion. T h e  problem s aw aiting solution 
are m any, the difficulties arc great, and the call for universal 
cooperation imperious. I trust th a t officials of other industries, 
for whom  I have no righ t to  speak, w ill seriously tak e  up this 
question, cither on the lines we h ave  adopted in our C om pany, 
or im prove upon them  and give us all the benefit of their stu d y. 
L e t cooperation be the w atchw ord of the futur?.

25 B r o a d  S t r b k t , N e w  Y o r k  C it y

DISCUSSION
B y  M a r s t o n  T a y l o r  B o c b r t  

Professor of O rganic C hem istry , C olum bia U niversity

T o  review  all th a t has been said a t  these m eetings and to ex­
press a n y  carefu lly  considered opinion upon the m an y adm irable 
suggestions w h ich  have been presented, w ould require the en­
tire evening, and I  am  conscious of th e fact th a t there are other 
speakers upon the program .

O f th e m an y w a ys in w hich our chem ical industries and our 
universities can cooperate to m utual advan tage, I can  discuss 
b u t one or tw o in the few  m om ents ava ilab le  and have, therefore, 
selected those w hich appeal to  m e as deserving of especial em ­
phasis ju s t now , in  th a t th ey  lead d irectly  and speedily to  the 
desired goal, nam ely, results o f im m ediate practical valu e  to 
both.

A s  has often been pointed out, th e universities exist for the 
diffusion and extension of know ledge, and for public service 
through its application, and it  is upon these grounds th a t th ey  
appeal to  and receive the support of th e com m unity. T h e y  are 
n ot intended to  be m oney-m aking enterprises and, in fact, are 
alm ost in variab ly  run a t  a  loss, w hich loss is m ade good from  
endow m ent funds or in other w ays, so th a t the am ou n t of the 
tu ition  fees m a y  not exclude capable and deserving students.

O ur chem ical industries, on the other hand, are organized 
prim arily  for the purpose of m aking m oney and everyth in g  else 
m ust be subordinated thereto. T h e  universities are essentially 
a ltru istic  and philanthropic; the industries, since th ey  m ust 
earn dividends for their stockholders, are a p t to  be egoistic 
and m ercenary, to  p u t th e  case b lu n tly .

LACK OF COOPERATION IN  THE DIFFUSION OF KNOWLEDGE

In  th e m atter of th e dissem ination of know ledge, p articu larly  
th a t relatin g to  industrial practice, it  m u st be evid en t to  a ll 
th a t there is b u t little  cooperation betw een th e m anufacturers 
and the universities. I t  is n ot strange th a t the m anufacturers
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should be averse to  the publication of discoveries m ade in  their 
plants since, in m anufacturing as elsewhere, "know ledge is 
pow er,”  and new know ledge gained in the laboratories of the 
corporation m ay often be regarded v e ry  properly as am ong the 
m ost valu able assets of the concern.

From  the standpoint of the universities, the great disadvantage 
of the above policy is this locking up of knowledge, for it  causes 
a serious retardation of the general grow th and developm ent of 
the science and renders it m uch more difficult for the universities 
to train men properly for such industries, since all textbooks 
and general inform ation availab le  are far behind actu a l m anu­
facturing practice. T h is is a serious handicap to  those en­
deavoring to  give up-to-date instruction in industrial chem istry, 
and one felt keenly b y  all teachers of the subject. A nother 
im m ediately harm ful effect of th e above policy upon the uni­
versities is th a t it not infrequently  results in some of their m ost 
capable investigators spending m an y of the best years of their 
lives and considerable sums of m oney in attem p ts to  solve prob­
lems, the clues or answers to  which had been discovered and 
filed aw ay  long before in the laboratory records of the factories.

I t  is, of course, futile  to ask m anufacturers to  publish to  the 
w orld their m ost cherished "tra d e  sccrets,”  or to endeavor to 
secure from  them  articles for our chem ical journals describing 
all th e m anufacturing details of their industries. B u t  in m any 
of the great industries w hich have been in operation for a n y  length 
of tim e, inform ation has been accum ulated in the course of the 
w ork which could be m ade know n w ithout irreparable in jury  to  
the firm concerned and to  the considerable advan tage  of the 
chem ical profession. I t  m ay happen, for exam ple, th a t a cor­
poration decides to  abandon a  certain  line of work, either be­
cause conditions h ave  m ade it  no longer profitable or because 
it  wishes to  devote itself to  other m ore lu crative ones. In  
such cases there seems no good reason w h y th e new know ledge 
gained in the prosecution of the abandoned process or product 
should n ot be m ade public. N ew  an alytical m ethods and new 
form s of laboratory apparatu s are u su ally  published, I  believe, 
w ith o u t a n y  objection  on the part of the corporation.

INDUSTRIES AND UNIVERSITIES SHOULD SO COOPERATE THAT 
THE WORK IN PURE SCIENCE IS NOT SACRIFICED

A n y  plan  of cooperation should be rejected which com pels 
the u niversity  chem ical departm ent to  devote all of its energies 
and resources to  the solution of industrial problem s, the results 
of w hich arc n ever to  be divulged except to  the m anufacturer 
who has paid for them . T h e  laboratory w hich follows such a 
plan  has ceased to  be a productive unit so far as its u niversity  
function of dissem inating know ledge is concerned, and has 
becom e to  all intents and purposes a w orks laboratory  run in 
th e interest of the chem ical m anufacturer w ho subsidizes it. 
Research for profit takes the center of th e stage, and research 
for its  ow n sake is driven out. I do n ot intend to  argue here 
the question of w hether research for its ow n sake and for the dis­
covery  of w h olly  new chem ical fields, the so-called "p u re ”  
research, is w orth y of encouragem ent or not, as th e m aterial 
progress of th a t nation where "p u re ”  research is m ost assiduously 
cu ltivated  and where it is held in highest honor, nam ely, G er­
m any, is a  sufficient ob ject lesson to  a n y  w ho care to  stu d y  it, 
b u t w h a t I do w a n t to  em phasize is th a t if the universities w ith­
draw  from  research of this typ e, there is little  likelihood of its 
being carried on elsewhere. T h a t is a prospect w hich cannot 
be regarded w ith  equ an im ity either b y  the universities or b y  
the industries them selves, for it  means, the death of the goose 
w hich has already laid m an y golden eggs.

W h a t th e  m anufacturers should do, then, is not to  weaken 
in any w a y  the w ork of th e universities in pure science by*di- 
vertin g it  into other channels, b u t to  supplement it  b y  providing 
additional men and funds for th e solution of th e industrial 
problem s. T h is is th e ideal com bination, pure science and a p ­

plied science a t  w ork side b y  side, each reinforcing and adding 
to  th e zest and interest of the other, the point of con tact being 
the scientific staff of the university.

ADVISORY COMMITTEES OF MANUFACTURERS FOR THE UNIVERSITIES 
AND OF UNIVERSITY PROFESSORS FOR THE INDUSTRIES

T h e universities possess staffs of scientific experts, well- 
equipped laboratories and libraries, all of which th ey  are willing 
to  share w ith  the industries in return for financial and other 
assistance from the latter, b u t the proper adjustm en t of this 
cooperation calls for some care and thought.

A n y  m ethod of handling the question, to  get the best results, 
m ust ob viously be based upon close relations of m utual con­
fidence and respect. If the m anufacturer is unw illing to  take 
the u niversity  officer entirely  into his confidence, the coopera­
tion w ill prove a  failure and u n satisfactory to  both  parties. A s 
P rof. W alker has a p tly  expressed it, if th e u niversity  professor 
cannot be trusted w ith  all of th e problem , he is a dangerous man 
to  be trusted w ith  a n y  of it.

T h e  speaker believes th at such cooperation should include 
also, on the part of th e universities, the creation of an advisory 
com m ittee of m anufacturers recognized as leaders in those chem ­
ical industries m ost closely related to  the work of the particular 
laboratory  concerned; and, on the p a rt of the chem ical indus­
tries, of a  sim ilar advisory  com m ittee, com posed of those u ni­
v ersity  professors best qualified b y  inclination and attainm ents 
to  render service to  th a t particu lar industry. W hether or not 
these advisory com m ittees are constituted , the w a y  is open to 
those m anufacturers who wish to  establish such cooperative 
relations w ith u n iversity  officers, and th e u niversity  professor 
stands willing and eager, in the great m ajority  of cases, to  m eet 
the m anufacturer half w a y  in all such m atters.

RESEARCH FELLOWSHIPS AND A RESEARCH INSTITUTE

A n  excellent m ethod of m akin g cooperation of this kind 
effective, is for the m anufacturer to establish industrial research 
fellowships a t the u n iversity  for the solution of problem s of 
im m ediate im portance to  him, supplying sufficient funds to se­
cure rea lly  skillfu l investigators, and providing raw  m aterial 
and any special equipm ent needed, the u niversity  giv in g the 
use of its laboratories and libraries and the sendees of its  scientific 
staff to  supervise and direct the work. T h e  results of these 
investigations then becom e the property of the m anufacturer 
who has paid for them , and m ay or m a y  not be published as 
the m anufacturer and the u niversity  agree. A s these industrial 
fellowships m u ltip ly  in the university, and the special equip­
m ent provided therefor increases, th ey  com pose a real graduate 
school of specific industries where advanced students (usually 
those who have a lread y received their P h .D . degrees) m a y  re­
ceive th a t special training in th e details of m anufacturing prac­
tice w hich it is not feasible to include in the regular under­
graduate curriculum , and from  which the door into th e factory  
stands open for men of dem onstrated energy and a b ility . T h e 
u niversity  teacher benefits greatly  from  this con tact w ith  the 
industries b y  gaining fam iliarity  w ith  m anufacturing m ethods 
and the industrial point of view , and is enabled to infuse new 
life and interest into his lectures. A s the natural result of his 
stud y of m an y of these industrial problem s, he finds im portan t 
pure science problem s cropping up everyw here, and these he 
refers to his group of pure science investigators, com posed m ainly 
of candidates for the P h .D . degree, a degree w hich is awarded 
on ly on the basis of published results. Such a  graduate school 
should be housed p referably in a  building of its own, devoted 
exclusively  to  chem ical research.

I t  is difficult to  conceive of a n y  more beneficent endow m ent 
for a  great c ity  like N ew  Y o rk  than the establishm ent of a prop­
erly  equipped research in stitute  for pure and applied chemistry', 
to  do for chem istry w h at th e R ockefeller Institu te, for exam ple, 
is now doing for the cause of m edicine. Such an institution
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could render the com m un ity splendid service, n ot on ly b y  the 
research w ork w hich it  actu a lly  accom plished and b y  th e highly 
trained men it turned out, b u t also b y  actin g as a  clearing house 
betw een the m anufacturers on the one hand and the research 
chem ists of th e cou n try  011 the other, to  bring together the prob­
lem s to  be solved and the men capable of solving them . Its  fine 
equipm ent, its distinguished staff, the confidence engendered 
b y  its results accom plished, and the prestige it w ould enjoy 
am ong both m anufacturers and in vestigators w ould m ake it 
em inently qualified for such service. In  fulfilling this function 
it would, on the. one hand, gath er and keep on file, properly 
classified and indexed, a  list of th e various industrial problem s 
requiring solution: wastes, by-products, unutilized raw  m aterials, 
new uses for chem ical products, th e im provem ent of w asteful 
and costly  processes, th e  production of new and useful chem ical 
substances, and the like. On the other hand, it  w ould keep 
also a full list of th e research workers and consulting experts 
of the country, their special lines of work, equipm ent, etc. I t  
w ould then be in position to  render th e follow ing definite se rv ice :

1. t o  t h e  m a n u f a c t u r e r — T o  explain  to  him  in w h a t w ays 
th e efficiency of his m anufacturing operations seems capable of 
im provem ent b y  th e chem ist, and to  tell him  who are the best 
qualified men in th e cou n try  to  help him  w ith  these particular 
problems.

2. t o  THE u n i v e r s i t y  l a b o r a t o r i e s — T o  call the atten tion  
of th e m en in  charge to  those in du strially  im portan t problem s 
w hich seem m ost n early  related  to  th e research w ork for w hich 
the laboratory  is noted. T h ere  are m any laboratories w hich 
would a tta ck  w ith  eager enthusiasm  such problem s w ere th e y  
aware of th eir existence. M o st studen ts are p articu larly  keen 
for problem s of ju s t this kind, y e t  the teacher is often uninform ed 
concerning th e character or am ount of the by-prod ucts going 
to w aste in his im m ediate neighborhood, a  careful stu d y  of w hich 
m ight bring th e abiding satisfaction  of h av in g  con verted useless 
substances into som ething of service to  th e com m unity, and 
lead n ot on ly to  financial rew ard for th e m an ufacturer as well 
as for th e  in vestigator, b u t m ight also save  us m uch of th e present 
pollution of our stream s and tidew aters and of the a h  we breathe.

A n  in stitution  conducting w ork of th is n ature need never 
fear th a t it  w ill be giv in g a w ay  all of its research su bjects, for 
there w ill a lw ays be far m ore th an  enough to  go round and the 
careful stu d y  of a n y  one in ev ita b ly  leads to  the uncovering of a 
whole new crop of problem s. F urth er th an  this, the. influence 
of an in stitution  rendering such service can  scarcely be  over­
estim ated. I t  w ould be the handm aid of all, and y e t  recognized 
as the leader of all, n ational in its scope, w ith  a director and ad­
visor}' council, keeping close w atch  on th e industrial chem ical 
research w ork of th e cou ntry, coordinating, assisting, encouraging 
and stim ulating it  in every  w a y  possible.

T h e best proof th a t such w ork can be done here is th a t m uch 
the same kin d of w ork is now' being done w ith  conspicuous success 
in the applied science field b y  th e M ellon  In stitu te  of th e U n i­
versity  of P ittsburgh, an adm irab ly equipped establishm ent, 
founded b y  the princely generosity of the M ellons of P ittsbu rgh ; 
and, in the pure science field b y  th e K aiser W ilhelm  Institute, 
in th e D ahlem  suburb of Berlin.

T h e  success of the M ellon  In stitu te  has been phenom enal, 
far surpassing th e dream s of its m ost enthusiastic supporters. 
A lthough its fine new  building w as com pleted b u t a  y ear ago, 
it  is already filled to  overflow'ing w ith  industrial research fellows, 
and the D irector has announced th a t th e y  can n ot accom m odate 
any more. N e a rly  forty different fellow ships are now  in opera­
tion there or h a v e  been arranged for, occupyin g th e atten tion  
of betw een six ty  and seven ty  grad uate w orkers gathered from  
all parts of th e cou ntry, for the support of w hich the m anufac­
turers w ill this y e a r con tribute over $130,000, w ith  from  $50,000 
to $60,000 additional offered in  bonuses for th e successful solu­
tion of certain  of these problem s. T h e  la test addition  to  this

industrial research institute, and it is a significant one, is a pro­
fessorship of research in pure chem istry, to which chair D r. 
M artin  A . R osanoff has been called.

A s to  the great K a iser W ilhelm  In stitu te  for research in pure 
chem istry, I w ould rem ind you  th a t it too is supported largely 
b y  the chem ical m anufacturers. In  1913, w hen I had th e pleasure 
of v isitin g  th is establishm ent, it  had tw o large and im posing 
stone structures, one for Ph ysical C hem istry, under the direc­
tion of Prof. H aber, and one for O rganic C hem istry, under the 
direction of G eheim rat B eckm ann and Prof. W illstâtter.

T h ere  is thus nothing new in th e plan of cooperation suggested 
above, as it is essentially th a t w orked ou t and first given  a prac­
tical trial b y  the la te  Prof. D uncan, and has culm inated in the 
founding of the M ellon  Institute. T h e reasons w h y I h ave  
picked it  ou t for em phasizing are, as stated , th a t it  appears 
to  m e to  lead m ost d irectly  to  the goal sought, th a t it is not an 
untried experim ent b u t a  dem onstrated and conspicuous success, 
and one w hich has accom plished m ore in a  short tim e than any 
other w ith  which I am  fam iliar, and because th e chem ical m anu­
facturers of this v ic in ity  have not y e t availed  them selves of 
it  to  an y  great extent.

W hen it  com es to  the troublesom e question of the publication 
of the results of industrial investigations and the diffusion of 
chem ical knowledge, th e situation  m ust be faced squarely and 
the fact c learly  recognized th a t m anufacturing corporations are 
not universities, b u t are organized to turn ou t a  product a t  a  
profit. I t  is unreasonable, therefore, to  criticize them  as though 
th e y  had been founded for purely a ltru istic  and philanthropic 
ends.

President B utler, in his adm irable address,1 points out c learly  
the distinction  betw een  th e functions o f th e college and of th e 
u n iversity  in  th e com m unity, and th a t this problem  of coopera­
tion touches both. In  th is paper the w riter has confined his 
rem arks to  those features of the problem  w hich concern the uni­
versities chiefly.

T o  sum  up, the w riter favors closer and more confidential 
relations betw een th e chem ical industries and the u niversity  
professors, the creation of ad visory  com m ittees of m anufacturers 
for the u n iversity  laboratories and of u niversity  professors for 
the industries, the establishm ent of industrial fellowships b y  th e 
m anufacturers a t  the universities, to  supplem ent and reinforce 
th e  w ork a lread y being carried on there, or still better, th e 
creation  of a  great chem ical research institute in th is world 
m etropolis.

T o  a tta in  th at efficiency which is the on ly sure path  to  suprem ­
a cy  in a n y  field of hum an endeavor, our universities and our 
industries m ust w ork together in entire sym p ath y  and under­
standing, and it  rests now  w ith the m anufacturer to  decide 
w hether he w ill seek th is closer cooperation or not.

O r g a n ic  L a b o r a t o r y  
C o l u m b ia  U n i v e r s it y . N e w  Y o r k

DISCUSSION
B y E l o n  H u n t in g t o n  H o o k e r  

Presiden t of th e  H ooker E lectrochem ical C om pany

“ W h a t can the U n iversity  do to  foster the ra p id ly  expanding 
chem ical industries?”

" W h a t can the Industries do to  prom ote a  higher yield  o f 
U n iversity  leaven, to  their own uplifting, and to  the general 
good?”

Perhaps no field offers a  more prom ising outlook to  the u n i­
versity  graduate of to-day than chem ical engineering. T h e  
dem and for him  has com e w ith an acceleration w hich is rendering 
the su pply inadequate. Indeed, a  few  years since he w as 
h ard ly  to  be found.

O f la te  the universities h ave  tried to  produce him  " in  e m b ry o ."  
T h e  task  is a  large one and so far as I  know  has n ot y e t  been 

1 T h i s  J o u r n a l , 7  ( 1 9 1 5 ) ,  1 0 6 9 .
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solved. O ur own experience to  date has been th a t we m ust 
tak e  a  chem ist and train  him b y  dint of serious inroads on the 
treasu ry  to  be an engineer or failing this w e have been forced 
to  train engineers to be chem ists.

I th in k  I speak a  th ough t to  w hich m anagers of industrial 
enterprises w ill respond sym p ath etically  in sayin g th a t thus 
far engineers and chem ists show in their w ork w h at seems super­
ficially  a  natural a n tip ath y  for one another. Probed under 
the surface there is disclosed m erely a  difference in habits of 
thought, units of measurem ent, and w orking m aterials. I t  
is hard for one to get the v iew poin t of the other.

W e find a  d isp arity  of v iew  in other w alks of life. T h e 
studen t trained in the law school to  a  com m endable respect 
for precedent finds this trend becom ing fixed in the early  years 
of his practice. A s he ripens to greater usefulness he finds 
him self fixed as w ith a gyroscope to certain  lines of th ough t 
which m ake precedent and respect for orderly process so nearly 
an end in them selves th a t his usefulness as a hum an factor is 
im paired. H e can on ly  respond w ith  prodigious effort to  those 
rap id ly  changing conditions w hich m ust be w isely  m et a t w h at­
ever strain  to legal procedure.

I t  is the hum an fact, not the orderly process, w hich is the 
param ount issue. A lon g these lines we have suffered m uch in 
the field o f governm ent these recent years. So it is w ith  chem ists 
and engineers.

O ur experience is th a t chem ists are unable to force them selves 
into form s of procedure w hich w ill produce a  reasonable estim ate 
of cost; th at engineers are unable to w o rk  ou t a  problem  ex­
p erim entally on a laboratory scale w ith  glass and rubber b u t 
m ust go to  costly  steel, concrete, bricks and m ortar for trivial 
experim ents and th at both fail to carry  their experim entation 
far enough to insure ultim ate success, b u t em bark prem aturely 
in operation.

P ran k M un sey once explained to me w h y it w as undesirable 
th at youn g men should go to  college. H e rounded out his ar­
gum ent b y  pointing to G eorge W . P erkin s’ career. O ne could 
n ot help benig am used a t his deduction. T h e  concentration, 
con tin uity of purpose, keenness of m ind and prodigious w orking 
c ap acity  w hich M r. Perkins has a lw ays exhibited are qualities 
w hich would have brought him to  the front w ith  or w ithout 
college. M r. Crane of C hicago form erly expressed view s sim ilar 
to M r. M u n sey ’s, b u t w e m ay look upon th a t line of argum ent 
as belonging to the past.

T h e essential thing is th at the youn g graduate should enter 
practical affairs w ith  h u m ility  and w ith  the realization th at 
for business purposes he is a t the m om ent several years behind 
the man of the same qualities who did not go to  college. He 
w ill gradually  outstrip the other if he concentrates on his w ork 
w ith a  w illing hand. T h e  first essential in the u niversity  
m an is a  trained m ind habituated to reach logical and accurate 
conclusions from the facts a t his com m and. T his m ental .train­
ing should be in the main acquired before entering th e university.

T h e chem ical industry' needs m ost to-d ay technical graduates 
of broader culture. A  pithy, succinct, clear and forcible pre­
sentation of a  mediocre proposal often  goes further th an  an in­
v o lved  presentation of an excellent proposition.

G ood general education preceding the technical training has 
becom e increasingly im portant. Em phasis on English and 
econom ics has often been laid, b u t i t  should be further em ­
phasized and more stress be given to  public speaking. T o  this 
d a y  the benefit of a  course in R om an law  a t college in teaching 
habits o f analysis is gratefu lly  remembered. T h e stud y of 
sciences can give equal m ental training b u t notw ithstanding 
D r. A brah am  F lexn er’s new school proposals, there is nothing 
equal to G reek and L a tin  for w idening the vocabulary.

I have long thought the universities and colleges should teach 
geography. W h a t elem ents w e received in school m ade b u t a 
passing impression. T here is o f course a much broader pre­

sentation  of this su bject to-day, b u t a stu d y  in m aturer years of 
physical geography and the resources— agricultural, mineral, 
political and hum an— of the different countries would offer a 
ready k e y  to stores of inform ation needed b y  the technical 
graduate. I t  could be m ade a  m ost interesting and inspiring 
field.

A fter all w h at is needed of the student, as in after-life, is 
single-m indedness and ten acity  of purpose. W illiam  Jam es 
has used a  term  "en ergizin g”  to indicate an a ct of w ill b y  which 
one individual of equal brain  cap acity  w ith another y e t  surpasses 
him b y  occasionally breaking through, b y  conscious effort, 
into a sub-stratum  of the brain where a c tiv ity  y ields a higher 
q u ality  of product. T h e  cu ltivation  of this cap acity  brings 
results in research as well as in active  life.

In  urging where possible a  liberal foundation before the tech­
nical course I h ave  in m ind th a t heretofore m ost m en have 
secured their u n iversity  train ing before th ey  were old enough 
to  appreciate and m ake th e m ost of it. I t  has seemed a  cata s­
trophe to lose a  y ear during the college period. On the contrary, 
those men who tak e  a  y ear off to w ork in som e in dustry have 
th e sam e ad van tage  in subsequent usefulness w hich lies w ith  
those who are forced to w ork their w a y  through college. T h e y  
kn ow  w h at th ey  are a fter and realize th a t m oney is being spent 
and sacrifices m ade to  acquire a  definite asset.

T h e  obvious th ing w hich the u n iversity  can do for the in­
dustries is to  send professors 011 sabb atical years to w ork in the 
outside world and draw  in increasing m easure from  men in the 
industries for lectures to students. Cornell has done this con­
sisten tly  Jor som e tim e; Colum bia and the M assach usetts 
In stitu te  of T echn ology have done the same. I t  should be 
further em phasized.

M en in after-life rem em ber w ith an alm ost personal apprecia­
tion or resentm ent those professors whose lecture field enters 
into the every-d ay routine of their p articu lar business or 
profession. T h e teacher whose exposition of algebra w as dull 
and depressing to  a  future engineer, who had enjoyed his preced­
ing m athem atics and found keen interest in the ensuing calculus, 
is rem em bered through life, r ig h tly  or w rongly, as the m an 
w ho gave  him  a "gam e leg.”

On the other hand, keen enthusiasm  is aroused and lasting 
benefit secured as a t  Zurich from the lectures of C onrad Z sch o k k a , 
w ho cam e often to ta lk  on hydraulics, leavin g the n igh t train  
from  M arseilles, fairly dripping w ith  experiences of the d a y  be­
fore in the construction of the great harbor w orks there, or the 
m ovable dam s in the Seine and Rhone.

T h e  obligation of in du stry to  the u niversity  is great; the dis­
charge of the responsibility  should be a  pleasure. Our indus­
tries m ust not on ly  m aintain  them selves b u t m ust forge ahead, 
p articu larly  in a  tim e of w orld readjustm ent and opportun ity 
such as the present. T h e  textbooks of to-d ay are superseded 
through th e discoveries of to-m orrow. Research and scientific 
scholarship m ust ever follow the lead of and find their best op ­
p ortu n ity  through the u n iversity  organism .

Scientific w ork is now, of course, appreciated and w ell re­
m unerated b y  the more advan ced  of th e industries and it  is 
con stan tly  on its m ettle to  keep ahead providing new and orderly 
channels for the in vestm ent of capita l and of a n y  exuberance 
of a ctiv ity . T h e  frequent failure of research to  lead to  useful 
ends is offset b y  th a t inertia of in du stry w hich finds difficulty 
in keeping pace w ith  the opportunities presented for revision 
of m ethods and m achinery.

Prizes were once offered to  forem en and officials of an in dustry 
considered b y  some of its friends to  be in the forefront of 
technical developm ent. T h e adm inistration w as sw am ped 
w ithin  tw o m onths w ith  enough valu ab le  suggestions for im ­
provem ents to  require five years for installation, and had to 
w ithdraw  further prizes from  pure plethora o f invention. It
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has not y e t  caught up w ith  the m anifest opportunities dis­
closed.

R eproach has been m ade th a t the industrial m anagers do not 
open up problem s in their entirety to  the universities for fear 
data  m ay be disclosed to  com petitors. T here is m uch to be said 
in rep ly  for certain  of the industries.

E v e ry  right-th inking m an feels th e hum an im pulse to  offer 
freely  of th e result of his labor and brains for the advancem ent 
of science and in the inte.-est of education. I t  is easy to  say 
th a t b y  th e tim e you r com petitor has leaiMed w h at you  are doing 
and copied it, a  w ide-aw ake concern w ill be several jum ps in 
advance. M o st of us, I th ink, also concede th a t process and 
m achinery p aten ts are of value in the m ain on ly to  enable one 
to  bring together capita l and afford protection during a  form ative 
period. N evertheless, i t  is equ ally  true th a t the details of ap­
p aratus operation, the so-called “ tricks of the trad e,”  the de­
ductions from  accum ulated d ata  w hich serve to  guide th e d rive r 
to  keep his engine 011 the rails— all these are v ita l and are the 
inestim able accum ulation of the years. In a  specialized in dustry 
these m ay represent huge sums of past waste and th ey  are 
n ot lik ely  to  be  disclosed to  th e advan tage  of a com petitor b y  
an executive w ho feels his responsibility as a  trustee.

T here is a  v e ry  real contribution  from  the world of in du stry 
to  the universities which the recen tly  organized Research 
C orporation aspires to  m ake. I refer to  affording a channel 
through which the ou tp u t of invention in u niversity  faculties 
and am ong graduate and research students m ay be saved to 
the advancem ent of industry'. M a n y  ideas of undoubted in­
dustrial valu e  are thus generated b u t go no further because 
opportun ity is not a t  hand for their exploitation.

T h e  Research Corporation, as som e of you  m ay be aware, 
aim s to present itself as a nonpartisan elem ent betw een in­
ventor, licensee, m anufacturer, consum er and even the p aten t 
office and other governm ent bureaus and departm ents a t hom e 
and abroad to  aid in w orking out im provem ents of ad van tage  
to the industrial world and a t  the sam e tim e capable of m aking 
m oney for the further endowm ent of science.

Here is an op p ortun ity w hereby original ideas developed 
in the universities m ay becom e productive, of lasting benefit 
to science and to  in du stry. T h e corporation b y  charter pro­
vision devotes all of its earnings and the a ctiv ities of its notable 
governing board to  the cause of science through gifts to  in sti­
tutions of learning.

4 0  W a l l  S t r e e t , N e w  Y o r k  C it y

DISCUSSION
B y  P .  A . LEV ENE 

M em ber of th e  R ockefeller In s titu te  for M edical R esearch

A ll through history, from th e early  to  present days, science 
w as and still is a  function of the econom ic needs of a  people.

T h e  science of the early  agricultural state  w as astronom y; 
m athem atics and again astronom y were the sciences of the 
state  econom ically bu ilt on dom estic and foreign trade. M ore 
advanced agriculture encouraged biology and th e present in­
dustrial state  is founded on the exact sciences. Theodore 
Richards, as B erlin  exchange professor, rem arked in his opening 
address: ‘ ‘ I f  Leonardo da V in ci had lived to-d ay, he should
have chosen engineering for his profession.”

A ll through h istory science w as m ade to  serve society through 
its tw o d istin ct branches: one dealing w ith  th e fundam ental 
conceptions of natural (at tim es supernatural) forces, th e other 
w ith the problem s of practical life. One is science in its larger 
theoretical aspect; the other science in narrow specialized fields. 
One led up to  reconstruction of social orders, to  econom ic revo­
lutions, to  th e founding of industries; the other introduced im ­
provem ents in m ethods of production of one com m odity or 
another, a t tim es perhaps of a  sm all branch of an industry.

One created the w ealth  of nations; the other helped in accum u­
lating fortunes which seemed v a s t on ly on a  scale of personal 
property.

A ll through history  the tw o branches of science w ere housed 
and nursed b y  tw o classes of people d istinct in their tem pera­
m ents, susceptibilities, and reactions. One class was grouped 
around academ ies and universities, and the other around the 
guilds, trades and crafts.

I t  is im portant th a t the leaders of in du stry of to-day should 
bear in m ind the respective debt for their existence th a t th ey  
ow e to every  one of these tw o branches of science. I t  is still 
more im portan t for them  to  realize th a t in the race for suprem acy 
betw een nations th e v ic to ry  w ill belong to the one strongest in 
scientific attainm ent.

U p  to  the present, our own industries, and our chem ical in­
d u stry  am ong them , were bu ilt on foreign and 011 borrowed sci­
ence. Our contributions were principally in the line of practical 
im provem ents in the m ethods of production. O ur schools 
were professional and technical schools. Conditions are chang­
ing rap id ly. O ur industries are challenging those of the rest 
of the civilized world. T here is a  vagu e aw akening of a feeling 
of the v a lu e  of science. A n d jud gin g from th e addresses de­
livered in the m eetings of th is society there seems to  be a tendency 
to  draw  the scientific u niversity  force in to direct service of the 
industry.

T here is grave danger in it for this cou n try  where universities 
are m aintained b y  p rivate  endowm ent. I t  is im portant for the 
industries to  realize th a t discretion is needed also in the em ­
ploym en t of our scientific forces. M en  of great executive ab ility  
are not kep t in positions of subordinate clerks. M en  endowed 
w ith  a b ility  for theoretical research should not be m ade to  
w aste their energies in the im provem ent of methods of produc­
tion. T h is is a  m atter of u ltim ate econom y. Service on 
advisory  boards of industries necessarily m ust distract the en­
ergies of the university  professor. T h e  practice is p articu larly  
dangerous for the reason th a t a  president of an industrial cor­
poration m ay also be a m em ber of the governing board o f a 
university.

U n dou bted ly  there is need for cooperation betw een the indus­
tries and the university. Industries being the principal bene­
ficiaries of scientific achievem ent should also be the principal 
contributors in the m aintenance of the theoretical work of the 
university. Since the teaching duties in our universities are 
very' burdensom e, the establishm ent of research professorships, 
and research fellowships seems m ost advisable. T h e G erm an 
industries h ave  realized the sagacity' of such a plan, for recen tly  
there w as organized b y  them  a  group of institutes for theoretical 
research under th e nam e “ D ie N aturw issenschaftlichen K aiser- 
W ilhelm -In stitu te.”  In order th at the institutes m a y  enjoy 
all the advan tages of the university, every  in stitute  director is 
m ade university  professor. T h e  industries provide the endow ­
m ent. T h e  u niversity  does not require teach ing duties; th e 
industries do n ot require service on ad visory  boards. T h e gain 
w ill be for both u niversity  and industry.

X e w  Y o r k  C i t y

DISCUSSION
By B. L. M u r r a y  

Chem ist, M erck and  C om pany

In order to  bring abou t the fullest cooperation betw een our 
universities and our industries tw o lines of w ork seem to  be 
necessary. One is the effort to  learn new  things, to  discover 
new  know ledge: th a t is, to  con du ct a  cam paign of research. 
T h e  other is to  m ake fuller application  o f our present know ledge. 
N eith er one of these lines should be m inim ized, neither be­
littled  nor neglected, for in each lies trem endous possibilities 
for our n ational welfare. In  the atm osphere and com pany of 
scientists one m ay hear so m uch abou t investigation, abou t orig­
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inal work, abou t research, th a t this line w ould seem to  be the 
on ly one of im portance. B u t in the society of the industries is 
found a  con stan t stu d y  of how  to  increase efficiency— th at is, 
how to ap p ly  our present knowledge and appliances to better 
advantage.

If you  inquire w hich of -these tw o lines is of greater im portance 
and along w hich our efforts shall be expended it  w ill be neces­
sa ry  to m ake a  guarded answer; for a  single successful re­
searcher in a single piece of w ork m ay revolutionize a  whole 
in dustry— or do far more. H e m ay discover som ething as im­
portant as th e  telephone or electric light. H e may do this. 
O f course it  is uncertain, b u t it becom es v ery  im portant i f  
successful, and so is w orth  trying. On the other hand, th e better 
application  of our present know ledge is sure of success. I t  
lacks the elem ent of u ncertainty and has in addition a  breadth 
w h olly  unrealized b y  m ost of us. I  th ink it w ould be safe to 
sa y  th a t our m ost pressing need is for cooperation in the use of 
the inform ation already a t  hand. W ork of this n ature would 
furnish relief to  industries alm ost from the outset, and it could 
easily  continue for years w ithout wearing itself out. B u t our 
cou n try  is large enough, and our resources sufficient for 11s to 
carry on research a t the sam e tim e; and th a t is advisable.

In  review ing the papers of the various educators th at we 
have had th e pleasure of hearing 011 this su bject during the past 
w in ter it is found th a t alm ost every  one feels the need of more 
funds th e b etter to further the ends of teaching. Indeed one 
educator feels th a t w ith m oney w e could so expand our present 
m ethods of teaching as to  m ake them  all-sufficient. T h e  second 
note sounded b y  the speakers is the call for more intim ate con­
ta c t  betw een the Universities and the industries. I t  is evident 
th a t both  these points are well taken. Funds and still more 
funds are necessary: C on tact, friendly contact, intim ate con­
ta c t  is ju s t as necessary; th ey  go together; neither w ill accom plish 
m uch alone. Im agine a condition in w hich the university, 
while draw ing its funds from  industry, m akes no adequate re­
turn  to  it. Im agine in dustry in close con tact w ith  and in large 
m easure dependent upon the university, b u t still refusing to 
support it. B oth  conditions are intolerable and fortun ately  
are on ly im aginary. T h e  question a t  hand is how to  prom ote 
both funds and con tact to  a greater exten t th an  a t  present. 
I am satisfied th a t w ith  con tact carried to  the proper extent, 
alm ost if n o t quite to  intim ate contact, funds w ill becom e ava il­
able. T h is  is said because it is felt th a t w ith  fuller acquaintance 
leaders of in dustry w ill acquire greater confidence in our educators 
and be read y  to  exchange their funds for im provem ents in their 
industrial operations. Is it  not purely an exchange proposition?

T here is in fa c t a great lack  of con tact, of fellowship, or 
com radeship, even  a  great lack  o f acquaintanceship betw een the 
officials and teachers of our schools and th e officials and re­
sponsible m en of our industries. If one stops to  consider the 
subject, the impression grow s th a t to  a  great extent, perhaps 
even  generally, these tw o groups are essentially strangers: T h e y
are w orking so independently of each other in w h at should be 
a  comm on field. Exam ples w ill readily come to mind on reflec­
tion. T h e  condition is aggravated  b y  m any sm all things often 
overlooked. T h e  atm osphere of life in the profession of teach­
ing is so u tterly  different from  th a t of the business world. S urely 
no elaboration of this point is needed; nor is there need of an 
attem p t to  place the responsibility for the situation  011 either 
side. I t  is sim ply a  question of how to  bring th e tw o together 
in harm ony.

W h a t are th e means of developing th is contact? W h at 
suggestions can come from  th e industries to  the universities 
th a t w ill help out in our present tim e of need? S ix  w a ys of 
developing con tact have com e to  m y atten tion  and w ill be 
briefly reviewed.

One of the m eans of producing the deshed contact, th a t 
h as been tried on a more or less extensive scale, is the fellowship

idea. Fellowships and scholarships have been established a t 
universities b y  num erous industries. A t  tim es, perhaps, it  has 
been done m erely as an advertisem ent for the p a rty  m akin g 
the gran t of the funds, although in some cases, a t least, the 
fellow  is supposed to stud y problem s of interest to, and finally  
to  join  the ranks of, the firm  involved. T h e  success or failure 
of this seems to depend in large p a rt on th e relations existing 
betw een the professor and the mem bers of the firm. D isagree­
m ent m ay arise, since it is necessary for some one to decide 
w h at particular w ork is of interest to the firm  and ju s t w h at 
the fellow shall do. In  som e educational in stitution s this 
m eans of con tact is discouraged, and it  is th ou gh t to  be of 
lim ited value. Y e t  it is n ot a lw ays so. In  some cases the stu ­
dent spends p art of his tim e w ith  the firm and p art w ith  the 
teacher. T h is m eans of con tact should be continued, b u t only 
lim ited results seem to be  prom ised b y  it.

T h is leads n aturally  to  th e second m eans of im provem ent in 
contact, w hich I shall call in term ittent training. Prof. T a lb o t 
says th a t teachers often m arvel a t  th e more intelligent and 
recep tive a ttitu d e  noted in  students w ho for one cause or a n ­
other h ave  been obliged to  spend a  year, or even a  summ er, 
in som e industry before or during their student career. It  
is usually the poor b o y ’s privilege to  “ s ta y  out a year and earn 
some m on ey.”  A nd in all seriousness it  is generally b etter for 
him  than going to school th a t p articu lar year. L e t the b o y  go 
to  his classroom s for tw o or three years and then go into in ­
dustrial w ork for a few m onths. H e ’ll soon find ou t w h a t he 
w ants to  stu d y  w hen he goes back  to  his classes. H e w ill have 
a  m uch keener appreciation of w h a t is going to  be useful to 
him.

W h y n ot encourage or require the students to  g e t som e p rac­
tical experience before th ey  graduate? I t  is well w orth  try in g  
on an extensive scale. In  som e lines it  has long been th e custom . 
I t  is in vogu e to -d ay  in m an y schools of p harm acy, in some schools 
of com m erce, in partial effect a t  least in den tistry and in m edi­
cine.

I w ould not, however, h ave  the m ovem ent stop w ith  the 
students. I t  w ould be an  excellent idea, as a lread y suggested 
b y  others, for teachers to  tr y  a  few  m onths in industrial life. 
T h e universities could w ell afford to  grant the necessary leaves 
of absence, regularly, if th e y  are necessary. In  som e cases, 
no doubt, the teachers w ould welcom e such an op p ortun ity  
during the vacation  m onths, although it m ust be confessed th at 
in an experience of m an y years an  application  from  a teacher for 
vacation  em ploym ent cannot be recalled. S till there is un­
doubtedly in this an  op p ortun ity  for real im provem ent in the 
teaching force of the universities.

W e have heard from  the speakers a t previous m eetings th at 
the u niversity  cannot select the raw  m aterial from w hich to 
produce graduates. T h e  teaching force is draw n from  the sam e 
raw  m aterial. A n d w e are told in addition  th at th e best m aterial 
for teaching cannot be held in th e universities because the in­
dustries p a y  higher. T h is  in effect am ounts to sayin g th a t the 
teaching force of our universities is a p t to  be less efficient than 
the graduates th a t enter industrial life. I t  is th ou gh t too th a t 
faculties m any tim es are inbred. A n  in qu iry  m ade in one large 
un iversity  chem ical laboratory som etim e ago discovered only 
one teacher th a t had seen service in the industries. H ow  
can teachers fit studen ts for industrial life w ith o u t a know ledge 
of it them selves? H ow  can th ey  g ive  to  studen ts a  positive 
leaning or properly  d irect them  to  specific fields w ith o u t such 
fields being w h olly  fam iliar to  the teachers?

A n other means of con tact th a t is excellent tak es th e form  
of lectures or addresses delivered b y  capable m en selected from  
th e industries. Such speakers can supplem ent the teach er’s 
lectures in a  w a y  th a t is especially interesting to  the students. 
T h e y  can  be in structive as well. Organize th is m ovem ent and 
it  can  be m ade im portant, and w o rth y  of m uch m ore extended
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application  than it  enjoys a t  present. I t  can be m ade som ething 
more th an  a pleasant diversion from  the routine of stud en t 
lectures.

I f  the industries a t  tim es furnish speakers to  address the 
college students, w h y  n ot reverse the situation  and have the 
teachers address the industries? N ea rly  all industries are 
organized, and n early  all h ave  occasional m eetings. Such m eet­
ings provide appropriate occasions for good rousing addresses 
b y  prom inent educators. T h e y  m ust, of course, be in sym p ath y 
w ith  the audience. Industries sh ou ld  in vite  such speakers. 
If this suggestion, w ere follow ed ou t hundreds of opportunities 
for con tact of tliis .k ind  w ould occur during the course of a  year.

T h e  v isitin g  com m ittee m entioned b y  President B u tler would 
also seem to  be an excellent m eans of con tact. T h e  various de­
partm ents of the u n iversity  are v isited  b y  a  bo d y of men, a p ­
pointed from industrial life, whose d u ty  it  is to  exam ine the 
teaching and offer con structive  criticism . I t  requires broad­
m inded men for good w ork 011 such a  com m ittee, and to  adopt 
suggestions from  such a  com m ittee requires broad-m inded 
teachers. Our cou n try  is full of both. M a y  I  suggest th a t the 
mem bers of such v isitin g  com m ittees be recruited in p a rt at 
least from  the various organizations of the industries.

T h e  extension w ork of our universities is regarded b y  me as 
a m ost im portant m ethod of cooperation w ith  our industries. 
I t  m ay be m ade a  powerful m eans of con tact betw een u niversity  
and industry. Such a  form  of cooperation w ill n ot appear a t  
first sight as v ery  prom ising, because it  is so m odest in its nature. 
It does not seek to  furnish inform ation to the captains of in dustry 
or to  th e captains of research; nor does it  seek to solve the difficult 
problem s of in vestigation  th a t are more properly solved b y  other 
means. B u t  it  does g rea tly  increase efficiency; and a t  th e v ery  
point in in d u stry  w here efficiency needs an increase. T h a t  is, 
it helps the hum ble worker, the foreman, the boss, or perhaps 
the superintendent or chem ist.

T here are in the ranks of in dustry thousands of men to whom  
the op p ortun ity  of a  college or u n iversity  training never came. 
B u t these men are none th e less deserving of such a  training. 
T h ey  often have a keen desire for learning and self-im provem ent. 
T h ey  are our sturdiest citizens and w ill u su ally  be found direct­

A DIAGRAM FOR THE CALIBRATION OF VOLUMETRIC 
APPARATUS AND THE REDUCTION OF THE 

VOLUMES OF LIQUIDS TO A STANDARD 
TEMPERATURE OF 20° C .1
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I t  is surprising how  m an y chem ists fail to  correct for the v a ria ­
tion in the stren gth  of stan dard solutions due to  changes in 
tem perature. T h e  fa c t does n o t seem to  be generally  know n 
or rem em bered th a t errors o f as m uch as a fifth  of a  per cent 
m ay easily  be introduced b y  such neglect.

I t  is believed th a t a  p a rt of th e nonobservance of th is pre­
caution is due to  th e  difficu lty th a t is experienced in m aking th e 
necessary com putations, for it  is hum an n ature to  seek to  avoid  
th at w hich is found to  be difficult. F o r th is reason an yth in g  
th at tends to  m ake easy  th e introduction  o f corrections for 
errors of this k in d has a  ten den cy to  raise th e  average standard 
of an alytical w ork th rough ou t th e world. A  ch art is here pre­
sented th a t serves to  reduce the calculation  of tem perature 
errors to  a  sim ple m echanical operation. I t  is hoped th a t its 
publication w ill lead to  a som ew hat m ore general observance 
of desirable precautions in routine a n a lytical w ork.

1 See also B ureau of S tan d ard s , Circular 19, for tab les from  which the  
corrections in the  calib rations can be quickly derived. [ E d i t o r ' s  N o t e .]

ing the w ork of others. A tten dan ce for a  few  w eeks a t exten ­
sion courses, especially if those courses cover subjects w ith  w hich 
th e men are d a ily  occupied, w ill quicken and keen and hearten 
them  to  a rem arkable degree. Such students w ill often gath er 
from  an extension teacher ju s t th e stra y  bits of inform ation th at 
w ill help them  in their d a ily  tasks. I t  leads to  their ad van ce­
m ent in the works. H ope is n ew ly aw akened in them , th ey  see 
some progress, and their futures assum e new and brigh ter as­
pects. I t  does not u su ally  tak e  long for such men to  com ­
m and greater respect from  their associates, and in addition to 
encourage the la tte r to  greater efforts on their own part. In ­
creased efficiency results, and it  com es to  the atten tion  of the 
em ployer.

I t  is im possible to  escape the feeling th a t this m atter is not 
fu lly  understood and not fu lly  appreciated b y  our educators. 
I t  m ay even  be u n attractive  to  som e of them . I t  does n ot re­
su lt in a  long list of graduates w hen C om m encem ent D a y  com es 
around. I t  does n ot increase the num ber of original papers 
th a t m ay be published in the u n iversity  press. In  fact, it is 
n ot show y a t  all. I t  is ju s t sim ply effective. I t  m a y  well be 
called th e m ustard-plaster form  of con tact betw een  universities 
and industries. I t  takes hold. A nd it  is on ideas sim ilar to 
this th a t B enjam in F ranklin , P eter C ooper and others founded 
such excellent schools of practical training.

I kn ow  men who, a fter w orking all day, will sn atch  a  quick 
supper and trav el tw o hours to  a tten d  extension courses; and, 
a fter the evening has been spent under the reassuring and en­
couraging influence of th e teacher, bringing w ith  him  th e atm os­
phere of a different w orld, the hom ew ard jou rn ey m ust be 
m ade, again  a t  the expense of tw o  precious hours. S tu d en ts of 
this kind are a lw ays eager to  take su bjects to  the v ery  lim it of 
their physical endurance.

I heartily  suggest to our regents, trustees, and other educators 
to  bring their teaching m ore fu lly  w ithin th e reach of these 
eager students. I f  the courses offered bear d irectly  on p ractical 
w ork of e very-d ay  industrial life one of th e m ost pow erful 
m eans of con tact w ill be found, and certain ly  a  great step  in 
cooperation w ill be accom plished.

R a h w a y , N .  J .

A  recen t paper1 explained th e underlying principles of a 
num ber of charts or diagram s, am ong others the so-called 
■alignment chart, of w hich th e ch art here presented is an ex­
am ple. T h e  la tte r has been accurately  constructed, and readers 
w ho wish to  m ake use of it  w ill be  able to  em ploy a  tracing. 
B u t  it  is th ou gh t w orth  while to describe the principles of its 
construction, in order th a t the same m ethod m ay be applied to 
other sim ilar problem s, such as the reduction of weights to  a 
v acuu m , and the correction of refractom eter readings for changes 
of tem perature. T h e  ch art abou t to  be described is really  a 
com bination o f tw o charts, th at w ill be explained separately.

C A L I B R A T I O N  O F  V O L U M E T R I C  A P P A R A T U S

T h e  ch art consists of three parallel scales, A , B ,  and C, equal 
distances apart. A lon g A  is p lotted  a  logarithm ic scale, from  
5 to  100, each num ber representing th e ap p aren t w eight, in 
gram s, of w ater w eighed in th e a h  w ith  brass w eights a t  a n y  
given  tem perature. T h e  p oin t representing 10 g. is m arked p. 
U n it distance on the logarithm ic scale, nam ely, th e distance 
from  10 to  100, was taken  as 33V3 cm. in the draw ing from  
w hich the ch art on th is page w as reduced, the reduction  being 
a b o u t one-half.

A lon g the rig h t side of C, tow ard its  upper end, is p lotted  a  
logarithm ic scale o f tem peratures, from  10° to  33°, for use 

1 T i n s  J o u r n a l . 8  (1 9 1 6 ) , 2 6 4 .

ADDRESSES
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in the conversion of grams to cubic centimeters. E ach num bered 
degree of tem perature a p p e a rs 'a t a point m easured off from  a 
reference point, r, and situated a t a distance from the latter 
th a t is proportional to  the logarithm  of the volum e £ j

(F )  b y  which a kilogram  of w ater, weighed 
in the air a t the given  tem perature, exceeds 
the cap acity  of a  flask holding exa ctly  ioo o  5 —
cc. a t  a  standard tem perature of 20° C . T h e
qu an tities th at need to  be considered arc the 
apparent loss of w eigh t of a kilogram  of 
w ater, due to the b u oyan cy of the air (taken 
as 1.05 g .); the density (d) of w ater a t the 
tem perature a t  which it is weighed; and the 
cubical coefficient of expansion of glass (taken 
as 0.000027). T h e la tter is needed because 
it is desired to  know the volum e of the flask, 
not a t  the tem perature a t which it  is cali­
brated , b u t a t the standard tem perature of 
20° C . I t  is evid en t th at

1000 +  1.05 r , /, M
I = --------------------- IOOO[l +  0.000027(/ —  20) J,

d

If V is expressed in cubic centim eters, it w ill 
be convenient to take the unit logarithm ic  ̂
d istance along C  equal to  th at adopted in 9 
laying down the graduations of A .

T h e scale B  is placed exactly  m id w ay 
betw een A  and C; and a point, q, ly in g in a 7 
straigh t line passing through p and r, is taken 
as the reference point in laying off the gradua­
tions of B. T hese graduations are carried in 
both directions from q, unit distance being 
half th a t adopted in layin g  off the tw o outer 
scales. A  more convenient w a y  of locating 
the points on the m iddle scale is to  connect 
each point on scale A in turn w ith  the point r.
T h e intersections of the lines thus draw n w ith 
B  give the graduations of the latter.

N o w  since o  =  log 1, the point r, which 
has been taken  as the zero point of scale C, 
represents a  tem perature a t  which 1000 g. of 2 
w ater exceed 1000 cc. b y  1 cc. nam ely, b y  1 
p art in 1000. C onnecting this point w ith  p, 
which has been taken as 10 g., w e intersect the 
middle axis a t a  point q, w hich, therefore, 
corresponds to  the product of 1/1000 and 
10, nam ely, to 0.01 cc. (See the principle 
of the alignm ent chart, as explained in the 
form er paper.)

T h e  point r is, therefore, labelled w ith  the 
v alu e  0.01, and the other points of the middle 
axis are given values proportional to  the 
num bers of scale A  to which th ey  correspond.

) T h e  chart is now ready for use in the calibra­
tion of volum etric apparatus for a standard 
tem perature of 20 0 C ., b y  weighing w ater a t 
a n y  tem perature. L e t us suppose th at a 
graduated pipette has been found to discharge 
49.8,5 g. of w ater a t  30 0 C . C onnect 50 0 
(approxim ately 49.85) on scale A , w ith 30° 
on the right side of scale C b y  a straigh t 
edge. N o te  th a t scale B  is intersected a t  0.26.
T h e  true cap acity  of the p ipette a t  200 C . is, 
therefore, 49.S5 +  0.26 =  50.11 cc., its cap acity  
a t  the tem perature a t w hich it  w as calibrated 
being a  trifle m ore.1

B y  following this m ethod, all the pieces of 
volum etric apparatus in the laboratory will 

1 Sec also T ab le  3.3, Bur. of S tandards , Circ. 19.
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have been adjusted to the same temperature, 
be preferable to the method described in 

some textbooks, in which no allowance is 
made for the change in volume of the 
apparatus with change of temperature. 
The result of the latter plan is that each 
piece of apparatus has its volume deter­
mined at the temperature that the water 
used in calibration happened to have. 
The error involved is about o.oi per cent 
for every difference of 3 ° between the 
temperatures at which the vessels are 
standardized, 

g The absolute accuracy with which the 
£ corrections on scale B  can be read is, of 
N course, dependent on the part of that 

scale from which a reading is made; yet 
it is one of the important properties of 
a logarithmic scale that the proportional 
errors in reading from different parts of 
the scale are approximately equal. There 
should be no difficulty in reading this 
chart to the nearest o.oi of the total 
volume. If a given weight is too large 
to be found on scale A ,  enter the chart 
with one-tenth that weight, and multiply 
the correction read by ten.

The chart may also be made to solve 
the converse problem of finding the weight 
of water that must be taken in order that 
a flask graduated at the meniscus may con­
tain some definite volume at the standard 
temperature. Thus, let it be required 

3  to find the weight of water that must be 
V 1  taken at 23 ° in graduating a flask, in 

■g order that the latter may have a capacity 
£ of exactly 250 cc. at 20°C. Since 250 is 

too large to be found in the chart, we 
enter the latter with one-tenth the given 
value, namely, 25. Connect 25 on scale 
A  with 230 on scale C and note that scale 
B  is intersected at 0.085. Multiply this 
by ten, giving 0.85 for the final correc­
tion. Bearing in mind that the weight in 
grams is always less than the volume in 
cc., we see that this correction is to be 
subtracted. Therefore, 250 —  0.85 = 
249.15 g. of water must be taken in 
graduating the flask.1
REDUCTION OF VOLUMES OF LIQUIDS TO A 

STANDARD TEMPERATURE 
The chart just described may be com­

bined without difficulty with another for 
the reduction of the volumes of liquids 

 ̂ to a standard temperature. Scales A  
"  and B  remain as before. Point r is 

\  § again taken as the reference point in the 
|  graduation of C; and on the left side of C  

is laid off a scale of temperatures above 
20° C., each numbered temperature ap­
pearing at a distance from r proportional 
to the logarithm of the apparent ex­
pansion of water in a glass vessel in 
being heated from 200 C. to the given 
temperature. The corrections at these 
temperatures are, of course, all to be 
subtracted. On the right side of C  are 

1 See also Table  2 5 . B ur. of S tandards . Circ. 19 .

This seems to 
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likew ise laid off tem peratures below 20° C ., a t  distances 
from  r proportional to  th e logarithm s of th e apparent con trac­
tion of w ater in glass vessels in being cooled from  200 C . to the 
given  tem perature. T hese corrections are, of course, all additive.

In  order to  preven t m istakes in th e use of the chart, the gradua­
tions on scale C  should be m arked v e ry  p la in ly  in a w a y  th at 
w ill show w hether th ey  correspond to ad d itive  or su btractive  
corrections, and w hether th ey  are to  be used in the calibration  
of apparatu s b y  w eighing w ater, or in the reduction of volum es 
to  a  standard tem perature of 20° C . I t  is v e r y  easy  to  m ake 
an error b y  reading a tem perature from  the calibration scale 
when a  correction of volum es is w anted, and vice versa. In  
copyin g this ch art it m ight be a  good plan to con struct th e cali­
bration  scale of tem peratures in red ink in order to  lessen the 
danger of an error of th is kind.

A s an illustration  of the use of the ch art for the reduction of 
volum es to  a standard tem perature, le t us suppose th a t a  bu rette  
reading of 35.25 cc. has been obtained a t  28°. C onnecting 35 
on scale A w ith 28° on the le ft side of scale C we note th a t scale 
B  is crossed a t  0.06 cc. B ecause this correction is indicated as 
being su btractive, it is deducted from  the burette reading, 
g iv in g  35.19 for the volum e reduced to  20° C . I t  w ill be noticed 
th a t 0.06 cc. in a to ta l volum e of 35 cc. corresponds to  a  relative 
error of abou t l/6 per cent, and one th a t is w ell w orth  correcting.

Since the rate  or expansion of w ater over sm all ranges of 
tem perature is app roxim ately constant, it is possible to  use the 
ch art ju s t constructed for the reduction of volum es to  1 5 0 C . 
In  this case each of the num bers on the le ft side of scale C  is 
decreased b y  5 units.

A n  interesting p ro p erty  of the alignm ent ch art is th a t it per­
m its us to  introduce a  con stan t factor w ith o u t changing a n y ­
thing other th an  the re la tive  positions of p. q and r. F o r  ex­
am ple, if it  is desired to  use the ch art ju s t constructed for the 
reduction to  the standard tem perature of a liquid h avin g  a  
cubical coefficient som ew hat greater than  th at of w ater, this 
m ay be done b y  sim ply m oving the scale C upw ard a  sligh t dis­
tance w ith  respect to  th e other tw o scales. F or every  10 per 
cen t increase of expan sib ility  over w ater, scale C  w ill have 
to be m oved upw ard a distance of 6 m m . in a ch art th e size of 
that here given. F o r exam ple, if w e h ave to  deal w ith  a  liquid 
h aving a cubical coefficient of expansion abou t 30 per cen t 
greater th an  th a t of w ater, w e m a y  reduce a n y  given  volu m e of 
it to the standard tem perature o f 20° b y  m eans of the ch art 
constructed for w ater, w ith  the sole difference th at each point 
denoting tem perature is to  be tak en  as occurring a b o u t 18 
mm. above its actu a l location. A s th is rule is on ly  an approxi­
m ate one, true w ith in  sm all ranges, i t  is sufficient to  estim ate 
these distances b y  eye  a t  th e tim e the ch art is read. I f  more 
accurate results are w anted, w ith  liquids whose coefficient of 
expansion is several tim es th a t of w ater, it w ill be necessary to  
construct anoth er ch art on th e principles th a t h ave  been de­
scribed.

I t  is w orth noting th a t the coefficient of expansion of norm al 
sulfuric acid and norm al solutions o f the alkalies appears to  be 
abou t 50 per cen t greater th an  th a t of w ater, and th a t o f norm al 
hydrochloric acid  abou t 20 per cen t greater. F o r th is reason 
one should be especially  careful to  m ake th e  necessary tem pera­
ture corrections if solutions of this strength are used in titration . 
F or the ordinary- N /10  solutions th e coefficient of expansion m ay 
be taken as a b o u t 10 per cent greater th an  th a t of w ater. T h u s 
w ith 45 cc. of N  N a O H  a t  28° C ., the correction is — 0 .117  cc., 
the result being obtained b y  reading the ch art as if th e 28° m ark 
had been m oved upw ard 30 m m ., or else b y  reading th e correc­
tion for w ater and increasing th e result b y  50 per cen t of itself.

A side from  the correct graduation  of th e scales, the on ly  points 
th a t need to  be especially observed in the construction  of the 
chart are th a t the three scales are e x a ctly  parallel, th a t scale 
B  is exa ctly  m id w ay betw een the others, and th a t th e points

p, q and r lie in the sam e straigh t line. I f  these conditions are 
observed, th e  parallel scales m ay be  a n y  distance ap art, and the 
graduations m ay begin a t  an y  point.

T h e  w riter is indebted to M r. Francisco Q uisum bing for the 
carefu lly  executed draw ing th a t illustrates this article. I t  
is based on the d a ta  of Thiesen, Scheel, and D iesselhorst, as 
given  in V a n  N o stran d ’s “ C hem ical A n n u al,”  2nd E d ., page 
459, the corrections for the b u oyan cy  of th e air and the ex­
pansion of glass betw een 200 and the tem perature of calibration  
being as given  above.

U n i v e r s i t y  o p  t h e  P h i l i p p i n e s . M a n i l a

T H E  A M E R IC A N  C H E M IS T  A N D  T H E  W A R ’S P R O B L E M S '

B y J a m e s  R .  W i t h r o w

A  volum e could be w ritten  upon this su bject if one possessed 
the pow er to  assem ble the m aterial. T h e  new problem s which 
have arisen; th e old ones w hich have becom e acute because of 
changed conditions; th e splendid w a y  in w hich the problems 
h ave  been m et where th ey  w ere a  m atter of invention or skill; 
the new m ethods and processes w hich have sprung up as though 
born full-grow n; the m an y old ones w hich h ave  been im proved, 
altered and u tilized  in new  connections; th e w a y  in which the 
chem ists o f the country' h ave  risen to  em ergencies which have 
com pelled them  to  m anufacture products in whose m anufac­
ture th ey  had had no prior experience— all these would easily 
fill entire chapters in such a volum e. E ven  so, no earthly 
progress, achievem ent or consideration can lift the pall w hich 
settles over us w hen w e p erm it our m inds to  dw ell upon th e spec­
tacle  of th is w ar. A n d  whose m ind can  be diverted from it 
for a n y  length of tim e? H e m ust indeed exist far below  the 
kindling point who does n ot resent and despise w ith all his soul 
the philosophy and ideals w hich m ade it  possible. I t  would 
be ou t o f place, therefore, to  consider our subject from  the 
p oin t of v iew  of achievem ent, or felicitation, on a n y  alleged 
good w hich has com e to  the science of chem istry because of the 
w ar. S u rely  no one w ould w an t progress a t  such a cost to  his 
fellow  m an. W e approach the su bject rather in a  spirit of 
thankfulness th at w e  have been enabled to  save som ething 
out of th e w reck, and th a t our experience had prepared u s in 
advan ce so th a t we h ave been enabled to  p revent the collateral 
business and econom ic tragedies of the w ar from  spreading 
u niversally. I t  is n ot in a n y  sp h it of gladness, therefore, a t 
th e evil providence w hich has fallen upon our European neigh­
bors, th a t w e  recognize th a t th is w ar has exalted the im por­
tan ce of chem istry in the minds of those who had n ot m uch 
opportunity’ h itherto to  appreciate its valu e, nor is i t  w ith  any 
ju b ilation  th a t w e  ta k e  pleasure as chem ists in m eeting our new 
problem s and em ergencies arising from  th e war.

T h e  satisfaction  to  m an y industrial chem ists in the la st tw o  
years of being able to  contribute to  the solution of these p ro b ­
lem s and of being conscious of the salvation  of m an y businesses 
from  financial ruin through the exercise of their chem ical ex­
perience, has seldom been so w id ely distributed as it  now  is. 
W h a t an inspiration it would be to  read, spread ou t upon the 
pages of such a book as w e have m entioned, the chem ical suc­
cesses, b ig  and little , of th e past tw o years. I t  is not lik e ly  th a t 
many’  of them  w ill be know n for a w hile because of th e fact 
th a t business caution  forbids their p u b lic ity  in m a n y cases, 
and th a t th e vigorous cam paign of destruction of equipm ent and 
diversion of supplies in order to  ham per export from  th is coun­
try , m akes silence a necessity in self-defense.

The problems o f the war are of two kinds, those due to changed 
conditions, and those arising from  supplying m unitions at high 
speed. A m ong th e  form er are changes in raw  m aterials m ade 
necessary b y  th e failure of im ports or b y  unusual consum p-

x A ddress p resented  before Section C of th e  A m erican Association 
for th e  A dvancem ent of Science, C olum bus. Ohio D ecem ber 30, 1915.
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tion of raw  m aterial in other channels, such as for products 
n ot heretofore m anufactured in th is  cou ntry, to  the extent 
m ade necessary under present w ar conditions. T hese  changed 
circum stances w ere also due in p art to  new dem ands for m a­
terials and products, w hich have arisen in the com plete re­
arrangem ent of things th a t has come abou t in m any circles 
since the w ar began. T h e  other w ar problem s which have 
arisen, those d irectly  connected w ith m unitions supply, are 
frequen tly  of a difficult nature. A ll these various problem s, 
how ever, have been m et in practically  every  case w ith  a de­
gree of success th at has surprised even ourselves.

N a tu ra lly  one of the first serious effects of th e w ar on A m er­
ican  industries was the stagnation  produced b y  the enforced 
cessation of exports in various lines Such things as rosin, 
turpentine, petroleum  products, acetate  of lim e and m eth yl 
alcohol were seriously affected for a  vary in g  length of tim e. 
T h en  the dem and for m unitions, for instance, becam e th e wood 
distillation  in d u stry ’s sa lvation  and w ith  great celerity, ace­
tone plants were a ttach ed  to m any of the w orks of this indus­
tr y  and the high prices which its  products com m and have 
brou gh t unprecedented prosperity and h ave  correspondingly 
ham pered progressive im provem ents. Production, not effi­
ciency, is a t  present the slogan for th is and m an y other indus­
tries. S etbacks of the n ature cited usually  tak e  tim e for re­
adjustm en t and frequen tly  the chem ist is a m aterial factor 
therein. T h e  producer him self is often  com pelled to  add the 
n ext m anufacturing step to  his ow n operations. W here the new 
dem ands w ere am ple, these a ttem p ts h a v e  succeeded and the 
w ar’s conclusion w ill find an increased ten den cy to  m anufacture 
a t  the source.

T h e  setbacks to  in dustry arising from  the disturbance in 
exports, while th ey  w ere im portan t financially, w ere m inor 
m atters com pared w ith  those arising from  such changed con­
ditions as failure of raw  m aterials or their curtailm en t b y  ab­
sorption in  new or abn orm ally  expanded industries. I t  is here 
th a t the chem ist is needed m ost and it  is here th a t he has been 
of im m easurable service, and has m et th e problem s th a t have 
arisen in w onderful style. H e w as seriously ham pered a t first, 
b y  the u n certain ty  as to  the facts. T h e  fundam ental th in g in 
every  in du stry is the m arket. A t  first m uch dam age was 
w rought and delay  produced b y  false reports as to  stocks on 
hand and supply, particu larly, of im ports. M u ch  w ithholding 
of goods for higher prices w as practiced and even y e t the pirates 
of com m erce seek w ays and m eans of evadin g contracts, even 
on deliveries of goods w hich th ey  w ere receiving w ithout cessa­
tion, so as to  avail them selves of the inflated m arket prices. 
Som e clever w ork b y  consum ers trapped a t  least some of these 
unscrupulous brokers and sellers. A ll m anner of fictitious 
prices w ere dem anded of those unfam iliar w ith  the facts.

A s soon as the true status of dem and and su p p ly becam e 
reasonably certain, m an y changes w ere effected which w ill give 
gradual and p robably  u ltim ate relief. On every  hand w e see 
chem ical a c tiv ity  w ithout end. P roducts like syn th etic  phenol 
and barium  salts, n ot m ade in this cou ntry before the w ar, are 
now m ade in large am ount. G reat expansion in production 
h as taken place in the case of such m aterials as benzol, toluol, 
aniline products, naphthalene, carbon tetrachloride, acids, 
alkalis, chlorates, bichrom ates, and even oxalic acid. W ith  
all of these w e w ere largely  or in p a rt dependent on im ports, 
b u t have alm ost ceased to  be so since the w ar began. N ow , 
fertilizer plants erect their ow n sulfuric acid w orks and insec­
ticide m akers their ow n arsenic plants, textile  m ills m ake their 
own bleach. N um bers of m anufacturers are replacing potash 
com pounds b y  sodium com pounds and to  m y ow n surprise at 
least, often w ith  great im provem ent in results. Professor 
W atts has ju st told you  this afternoon how the ceram ist is m aking 
this cou ntry less and less dependent upon im ports in th a t field 
b y  scientific purification and utilization  o f dom estic clays.

M an ufacturers of num erous m iscellaneous chem icals and phar­
m aceutical preparations proceed to refine and produce their own 
crude raw  m aterials and interm ediates. T h e  dye  fam ine—  
for it  is real in certain  quarters— stirs up corporations w ith  capi­
ta l of hundreds of millions to  enter the field. One of these new 
com panies has installed half a m illion dollars’ w orth  of m achinery 
in the last few weeks. Indigo and other dyes are being m ade 
in n early half-ton  batches w hich w ill soon expand to a  several- 
ton size. W here form erly w as th e m ost peaceful of occupa­
tions, even fertilizer m anufacture, every  effort now goes to  the 
m aking of m unitions. N ew  plants spring up a t  the beck and 
call of new conditions such as the world has n ever seen. T hin k  
of a b a tte ry  of 100 n itric acid stills each charging 4000 lbs. of 
sodium  n itrate three tim es a  d ay! T h in k  of the sulfuric acid  
required and th e n itric acid produced! T h in k  of the fact th a t 
this one of a  num ber such (the largest n itric acid p la n t in the 
world, it  is said) is a  p lan t which a  y ear ago did not exist 
except in the m ind and plans of a  group of chem ical engineers. 
H ow  little  are w e able to  com prehend the rea lity  of pro­
ducing 1,000,000 lbs. per d ay of guncotton  where a  y ear ago 
w as m erely pine woods. W h a t does it mean w ith reference to  
design of p lant, erection and operation to  anyone who has 
not m anaged chem ical engineering operations, to  recount the 
engineering operations in volved in th is enorm ous production 
of guncotton  in a  single p lant? W ork th a t is conducted in ten 
to  fifteen parallel procedures or “ cotton-lines,”  w hich w ith  their 
accom panying accessories include cleaning and alkali digestion 
of th e  cotton ; bleaching w ith  chloride of lim e; m anufacture of 
sulfuric acid for the production of n itric acid and “ m ixed a c id ;”  
nitration  of the cotton  in 30-lb. batches; th e hazardous w ring­
ing and h a sty  subm erging of the cotton  in w ater, to avoid  th e 
consequences of heatin g b y  too slow dilution of the strong acid 
held sponge-like b y  the cotton ; th e con veyin g of this m aterial 
in the “ cotton -lin e”  to  th e w ashers where the rem aining acid  
in the tube-shaped cotton  fibers is rem oved; and finally th e re­
m oval from  the w ater as w et or dam p guncotton, the com m ercial 
product of m an y plants. T h is  end-product, of course, is b u t 
the beginning of raw  m aterial for the various nitrocelluloses, 
sm okeless pow ders and other high explosives. Y e t  this scale 
of operations is n ot going on in ju s t one p lant of this k in d o r  
even in this one industry. T h is is a  sam ple of w h at is happen­
ing every  d a y  and is the A m erican  chem ical engineers’ answer 
to  the question, " H o w  are you  m eeting the w a r's  problem s?”

A t  some of these things w e are p erm itted to tak e  a t  least a 
peep. N o  one m an can know all of even such gross develop­
m ents, and p ractica lly  every  chem ist w e m eet has his enthusias­
tic  story  of the progress of his own and fam iliar fields. W e 
all do know, how ever, th a t if this is the character of the outw ard 
developm ents, there m ust be  legions of quiet research and other 
experim ental a tta ck s on the new  problem s, and litera lly  hun­
dreds of solutions being w orked ou t for m inor problem s in 
factory  and plant, not to  speak of the v a s t  am ount of w ork in 
other departm ents of chem istry m ade necessary b y  all these 
things. T hen, too, there is th e ever-verd an t crop of interesting 
suggestions, revolu tion ary changes and inventions throughout 
the list of the chem ical industries. In  fact, th ey  are doubly 
num erous and aggressive under th e stim ulation  of such a tim e 
as this. I t  is never w ise to  predict their success or failure in 
m an y cases until years even h ave  elapsed. I t  is true th a t a 
large num ber o f these new things never m ake good. I t  is equally 
true th a t som e of them  m il  m ake good and th a t all of them 
indicate progress, for th ey  are strivings, and progress com es b y  
striving.

I t  is equ ally  true also th a t m any of the chem ical expedients 
which are in successful use under w ar conditions w ill au to m ati­
ca lly  be p u t aside w hen norm al conditions resum e. I t  is fun da­
m ental industrial chem ical intelligence th a t a  procedure w hich 
is ridiculous under some conditions m ay be a godsend under-
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others. W e  do n ot expect every  change installed to  be really 
norm al progress, for it w ill n ot be so in the ordinary sense a t  
least. On the other hand, it  w ould be w rong also to  say  th a t 
the m ushroom  plants producing m unitions are not signs of prog­
ress. T h e y  unquestionably are not such signs in so far as th ey  
are tem porary. T h e y  do n ot m easure true expansion in their 
respective fields. H e w ould be  a  novice or singularly  blind, 
how ever, w ho did n o t see th a t th e  construction of such plants 
on th e undream ed-of scale I h ave  a lread y m entioned, not to  
speak of th e new  m aterials and procedures w h ich  h a v e  been 
incorporated in m an y of them , m akes for grea tly  enlarged ex­
perience in chem ical engineering designing, construction and 
operation. I t  is easy to  see the pressure these things are going 
to  exert upon th e future developm ent of A m erican  chem ical 
industries. T h e  A m erican  chem ist's experience is becom ing 
grea tly  expanded and the significance of this is apparen t when 
we consider th a t engineering progress is a function of dem and 
and skill or experience in solving problem s. T h e dem and in­
crem ent is ever expanding w ith  the developm ent of the country. 
In  addition, the skill acquired in the production of m unitions 
is a  valu ab le  potential asset for defense should such a necessity 
ever arise. Such preparedness is h ighly  to  be desired. T hen, 
too, a t th e close of the w ar w hen the ou tp u t of these plants is 
no longer needed for th a t purpose, their equipm ent and in telli­
gence w ill be directed into w h atever field prom ises m ost. A l­
read y some of these concerns are assured th a t some of their 
products will find a continuous dem and a fter th e m anufacturing 
of m unitions ceases, w hich w ill be some little  tim e a fter actu al 
hostilities are a t  an  end. T h e  field of dye  production is already 
a ttractin g  som e of them . W ith o u t doubt the industrial re­
arrangem ents to  follow the w ar w ill leave us m uch better situated 
in our a b ility  to  cope w ith  the problem s of chem ical produc­
tion. A t  a n y  rate, pow erful financial interests w ill a tta ck  
these problem s as th ey n ever h ave been a ttack ed  before. These 
interests w ill con stitute  another great force, w hich w ill be par­
ticu larly  effective a fte r the w ar. W hen th ey  seek new ou t­
lets for m aterials such as alcohol, benzol and acids, whose pro­
duction th ey  are greatly  acceleratin g a t the present, the gasoline 
and other problem s w ill be grea tly  affected. These interests 
will be found a fter the w ar lined up behind the industrial chem ­
ists w ho have been strugglin g for years again st all kinds of un­
fair com petition and disreputable depreciation. T h en  again, 
any change in process, be it  ever so tim ew orn or tran sien t in 
its chem ical nature, if it  actu a lly  is p u t into successful opera­
tion under th e then existing conditions, m ust of necessity push 
out the • boundaries of experience to  greater and greater dis­
tances and m ake us b etter able to  m eet the problem s of the 
future. C hem ical engineering is like a n y  other division  of 
engineering, it  grows b y  w h a t it accom plishes. In  this proof 
of a b ility  to  m eet a  transient em ergency th e A m erican  chem ist 
is certain ly reaping a hundredfold as a result of his unad­
vertised care in the m eeting of his industrial problem s of the 
years gone by. Ind ivid ual cases of progress and developm ent 
which I have m entioned, it  is easily  seen, are rarely  of great 
im portance in them selves. W e have n ot been revolutionizing 
011 a great scale nor have w e been jum ping a t  once into great, 
new, national industries, b u t w e are rath er directing th e norm al 
steady ga it of our progressive industrial developm ent, w ith  a 
keener perception tow ard more com plete self-containedness, 
and thorough industrial preparedness. Som e of the industries 
mentioned w hich receive m uch public atten tion  are of re la tiv ely  
little im portance com pared w ith  m an y other item s affected. 
T he dyestuff shortage appears to  ann oy m an y, b u t th e com ­
plaint is ou t of all proportion to  th e facts and the dam age done, 
compared w ith  th a t of other com m odities. W e  im port nor­
m ally, for instance, $9,000,000 in coal-tar dyes per annum , 
and if we should m ake them  a ll ourselves— w hich w e w ill on ly 
gradually approxim ate— w e w ould increase our chem ical m anu­

factures only 2 per cen t and our total m anufactures 0.05 
per cent.

T h o u gh  we have m ade reasonable h ead w ay on our problem s 
w e are keen ly aw are th a t m uch rem ains to  be done. W e do 
not expect to set the m arket right in th e dye  or other m atters, 
in a  y ear or tw o. T hese developm ents tak e  tim e and h ave  a l­
w a y s taken tim e. N eith er should w e deceive ourselves or the 
public w ith th in king because Of w h at w e are doing th a t w e could 
turn  out, w ith o u t th e m ost careful and detailed previous p lan ­
ning, adequate m unitions for our own defense “ in six ty  d a y s ”  
to  su pply the “ tw o million men w ho w ould  spring to  a rm s,”  
as w e so often hear w ould happen in th a t undesired em ergency.

I t  would be interesting to  discuss in detail som e of the tran ­
sient, as w ell as probably perm anent advances, where th ey  hap 
pen to be a m atter of personal knowledge, if it  w ere w ise to  hand 
inform ation to  the assassins w ho lie in w a it to ham per some of 
them , for m ilitary  reasons. I t  m ight be well, therefore, to 
spend ju st a  little  tim e in em phasizing some general considera­
tions w hich are connected w ith  this subject.

T here is little  use in attem p tin g  to  disguise th e fact th a t the 
present w ar is a  struggle betw een the chem ical engineering genius 
of the C entral Pow ers and th at of th e rest of the world. Q uite 
irrespective of the w a r’s origin, aim s, ideals or political circum ­
stances, these are the cohorts from  w hich each side derives its 
power.

W hen w e consider th e strategic position of th e C en tra l P o w ­
ers them selves, their capable education and training, their sys­
tem  of governm ent, w hich, no m atter w h at w e m ay think 
of its selfish effect on the w orld as a  whole, w e m ust adm it 
m akes for more effective concentration  upon its ow n govern ­
m ental ob jectives— w hen we tak e  in to accou nt all these things 
it m ust often appear to  us th a t th e greatest outstanding fea­
ture of th e past tw o years is the m iracle of th e E n ten te  P o w ers ' 
resistance to  the terrib ly  efficiently prepared onslaught of the 
C entral Pow ers. T h is resistance is due, to  an extrem ely large 
extent, to  the efficiency of the chem ists of th e neutral and 
E n ten te  nations. T h e chem ists of the E n ten te  Pow ers and of 
A m erica have arisen to the em ergency as 110 chem ists have 
ever done before in the h istory of the world. C onfronted a t  
the beginning of the w ar b y  antagonists whose m unitions in­
d u stry  for years had been developed for ju st such a  contingency, 
these chem ists have in less th an  tw o years b u ilt up a  riv a l in­
d u stry  a t  least as strong. P lan t a fter p lant has sprun g up 
of such perfection of design and operation th a t one wonders 
how th e m ind of m an was capable of such engineering. T h o u gh  
th e speed w ith w hich these new and unexpected problem s have 
been solved m ay appear surprising, no one who is inform ed as to 
the progress and developm ent of industrial chem istry in this 
country' could have reason to d o ub t th a t A m erican  chem ical 
engineers and industrial chem ists would rise to  a n y  em ergency 
w hich it w as w ithin  hum an pow er to  m eet. T h e y  h ave  a h e ad y  
and w ill continue to  live  up to  w h a t w e h ave  a  righ t to  expect 
of them , in view  of their past successes. W e w ould be sur­
prised if a sim ilar degree of success did not crow n th e efforts 
of th e chem ists of the other countries, France, B rita in , Ita ly , 
G erm any, A u stria  and R ussia; for it has n ever been th e  h ab it 
of Am erican chem ists to  bo astin gly  claim  superiority  because 
of a n y  advan tage, real or im aginary, w ith  w hich th ey, like a n y  
group, are a p t to  be blessed for a greater or less period o f tim e. 
W e have a lw ays appreciated chem ical contributions to  progress 
from  w h atever source th e y  h a v e  com e and praised unstin tin gly  
th e individual, w herever he m a y  be, w ho has taken  a d istinct 
step forw ard, for w e firm ly believe th is is an im p ortan t help 
in advan cin g the progress of the science.

T hese general developm ents are n atu ra lly  n ot a  m atter of 
public inform ation, except w hen a tten tion  is called to them . 
T h e  chem ist w orks alm ost entirely  ben eath the surface of things, 
and on ly  in a  few  spectacu lar cases is public atten tion  draw n to
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his work. I t  is quite natural, therefore, th at appreciation and 
praise of foreign chem ical achievem ent and p articu larly  our 
consistent praise of G erm an achievem ent to  our studen ts b y  
our u niversity  teachers of chem istry have been m isunderstood, 
and have prepared a fertile field for foreign propagandas to  es­
tablish a false impressipn of the superiority of certain  groups 
of foreign chem ists. W e w ould scarcely ob ject to  a good- 
natured adulation  o f an yo n e’s fatherland and its achievem ents. 
Such things a lw ays contain good and are stim ulating to  eve ry ­
one, and it is a pleasure to hear them when free from arrogance, 
even when the adulation  contains little  th a t is new or even 
strictly  true. W hen, how ever, this privilege is abused so th at 
the point of superiority  m ust be. m ade b y  depreciating Am erican 
efforts it has a vicious, positive result upon the minds of the un­
inform ed. and a t tim es causes great financial loss to  them .

If the shortcom ings- of A m erican chem istry were fran k ly  
discussed and com pared w ith  foreign successes in a chem ical 
publication, some help m ight be given  to those w ho could de­
rive benefit from it. W hen th is is not fran k ly  done, b u t sim ply 
issued as an incidental depreciation of A m erican  chem istry, 
p articu larly  when discussing foreign chem ical achievem ent, 
and still worse when in  a non-chem ical publication, the ob ject 
can scarcely be rated  as creditable.1

If the m y th  of the overw helm ing industrial chem ical supe­
rio rity  of G erm an chem ists ever w as rea lly  believed in th a t coun­
try , the m ilitary  forces of the C entral Pow ers a t  least m ust 
m arvel a t  the w a y  the supposedly inferior foreign industrial 
chem ists have displayed such astounding a b ility  and speed in 
m eeting the problem s of m unitions production, particularly, 
too, in countries where governm ental m obilization of industries 
was unknow n before the w ar and, in A m erica  a t  least, still is 
unknown. A t  a n y  ra te  it  has becom e evid en t th a t lack  of 
self-advertisem ent is no sign of lack  of a b ility  or a c tiv ity , and 
th at a b ility  to  handle science sk illfu lly  and pow erfu lly is not 
confined to  a n y  one race or nation. W e do n ot feel th a t there 
is much to be gained b y  confuting claim s of the chem ical supe­
rio rity  of foreign countries in this and other sim ilar articles, 
for it is curious how th is w ar has developed farsightedness to  
the exten t th a t som e Am ericans can see on ly th e chem ical de­
velopm ents abroad.

I hope I h ave  m ade it clear th a t it is the abuse of a  privilege 
against which I  speak, and n ot against individuals, for we do 
not le t narrow -m inded a tta ck s affect our regard for in dividual 
G erm ans a n y  more th an  w e allow  our opinions on the h istory 
of th e past tw o  years to  affect this regard for such individuals. 
E veryon e  of us know  G erm ans w ho are the m ost whole-souled 
and k in d ly  men— w ho we are grateful to know  and who 
scorn to  be g u ilty  of, or take ad van tage  of, chauvinism . 
D epreciations of A m erican  efforts w ill b u ry  them selves, w ith ­
out an y  assistance from  us, and I em phasize them  here on ly  to 
call the atten tion  of teachers of chem istry to the fact th at we

A  Y E A R ’S  W O R K  IN  F O R E S T  S E R V IC E  IN D U S T R IA L  
IN V E S T IG A T IO N S

T h e annual rep ort of the Office of Ind ustria l In vestigation s of 
the F orest S ervice show s developm ents in  its w ork of d irect in­
terest to  the wood-using industries and consum ers of forest 
products generally.

One new phase of this work is the form ation of a  wood waste 
exchange and the collection of detailed inform ation regarding 
th e su pply of wood w astes and th e dem and for it. T h is  in­
form ation is m ade availab le  in th e form  of specific quotations 
from bona fide  buyers and sellers of w aste w ho cooperate b y  
supplying com plete inform ation regarding th e exact form , 

1 Specific reference om itted  by  ed ito r w ith consent of au tho r.

owe protection to the business com m unity and the public again st 
such m isrepresentation. W e should n ever cease our apprecia­
tion of foreign chem ists of w h atever nation, b u t in addition  it 
is our d u ty  first to  inform  ourselves and then our students as to 
w h at our own chem ists h ave  done to solve our problem s in this 
country. W e h ave  been able to blam e our sh irking this d u ty  
in the past upon the fact th a t it w as easy to  get inform ation 
abou t foreign chcm ical achievem ent and no one seemed anxious 
to give pu blicity  to A m erican  developm ent. W e, as teachers, 
have certain ly  done little  to rem edy this condition. T h e  Am er­
ican Chemical Society, how ever, has spread the results of A m er­
ican efforts before us and m ade them  accessible in its 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  for the last tw o 
years, in th e shape of a  series of addresses 011 the chem ist’s 
contributions to  Am erican industries. T here are other addresses 
in these sam e volum es profoundly inform ing along these lines and 
this is p articularly  true of the Perkin  M ed al addresses each 
y e a r in the sam e Journal. I n  addition, Professor S. P . Sadtler, 
in the Am erican Journal o f Pharmacy, for O ctober, 1915 (an 
address before the N atio n al Exposition  of C hem ical Industries), 
in giv in g popular inform ation along this line lim its him self 
entirely  to chem ical industries originated as well as developed 
b y  the A m erican  chem ist, and E d ga r F. Sm ith 's " H is to r y  of 
C h em istry  in A m erica,”  b u t recen tly  issued, should be read 
b y  e ve ry  student of chem istry.

N one of this w ork is in a n y  sense a vain , glorious adulation 
o f the chem ist as som e superbeing, nor is it  an  a ttem p t to com ­
p ete in the questionable gam e of lauding one n ation ality  above 
another. I t  is m erely a  m atter of a  belated form  of edu cation  
w hich our universities and chem ists h itherto have largely  denied 
to  the Am erican business m an, and w hich he has a rig h t to 
expect of them . T h e  record is one for w hich w e h a v e  good 
reason to  be th an kful and, as w e teachers no longer have the ex­
cuse of ignorance abou t A m erican  progress, w e are a t fault, 
if the rising generation has not an appreciation  of the progress 
of chem istry in A m erica, com m ensurate w ith  the high level 
of its developm ent.

In  conclusion then, le t us take courage from the fact th at 
though m uch dam age has been done to  us and our industries 
b y  th e w ar, our efforts a t  sa lvage benefit us as experience, 
pow er and preparedness. W e have seen th a t the chem ists of 
A m erica  h ave  m et the w ar situation  well and do n ot require 
defense a t  the hands of anyone. I t  becom es increasingly ev i­
den t th a t business has been aw akened to the valu e  of chem istry 
as a  source of pow er and w ealth as business has n ever had oc­
casion or opportun ity to  be h itherto. L e t us hope a lso-th at not 
on ly  th e spectators b u t also a ll the com batants m ay learn, 
even if im pelled b y  b itter w a r’s experience, to  appreciate the 
w orth, each of the other, and th at all nations are " m a d e  of one 
blood to dwell on the face of the earth .”

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

species, sizes, and am ounts of w aste availab le  or desired. S ch ed­
ules requesting this inform ation w ere sent to  a  num ber of wood- 
using establishm ents and a  list w as grad ually  b u ilt up. It 
now contains th e nam es of several hundred m anufacturers. 
L ists o f opportunities to  b u y  or sell w aste are published every 
three m onths and sent to  th e various cooperators. M an u fa c­
turers h ave  cooperated h eartily  and reports of sales are being 
received regularly.

A  large am ount of specific inform ation has been m ade a va il­
able to  th e public regarding the location  of m anufacturers, 
buyers, sellers, im porters, and exporters of forest products. 
D etailed  inform ation has also been collected regarding the forms 
of raw  m aterial needed or availab le  a t  various establishm ents
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and the value of various products f. o. b. mill and at the prin­
cipal markets. Records of lumber prices secured in coopera­
tion with various lumber associations from mills throughout 
the United States were issued quarterly. Besides the records 
that have been issued in former years for the important woods 
in the principal producing regions, quarterly records were added 
for spruce and hemlock in West Virginia, New York, and New 
England, and for cedar poles in Minnesota and chestnut poles 
in the East. Information as to the conditions involved were 
obtained whenever possible. A directory of American saw­
mills was compiled in cooperation with the Department of 
Commerce, showing the kind of lumber cut by each mill, the 
forms and dimensions of its products, and the railroads over 
which the material is shipped.

In cooperation with the Bureau of Crop Estimates, statistics 
on the lumber production of the United States were collected 
and a report published covering the year 1913, which showed 
the production of nearly as much lumber in that year as in 1912. 
Steps were taken, in cooperation with the American Wood 
Preservers’ Association, to secure for the coming year statis­
tics on the number of poles and ties and the amount of various 
other kinds of forest products purchased by the principal rail­
road, telephone, and telegraph companies; and a report on the 
amount of wood preservatives used and the amount of timber 
treated in the United States in 1914 was published. Approx­
imately 100 plants cooperated in supplying information re­
garding the amount of wood preservatives used, including prac­
tically all of the establishments of importance engaged in the 
industry.

Data were also compiled on the veneer, box, and cooperage 
industries. A preliminary report on the box industry was 
published in cooperation with the National Association of Box 
Manufacturers. This report furnished information of use to 
the industry, and to the Interstate Commerce Commission 
in their investigations of shipping containers. It was also made 
use of by the American Society for Testing Materials in work­
ing out standards for shipping containers.

The Office has also enlarged its activities in cooperation with 
various other branches of the Federal Government. The work 
has been chiefly the inspection of lumber, the revision of speci­
fications, the furnishing of information regarding prices and 
the suitability of various woods for particular uses, the sugges­
tion of better methods of handling and storing lumber, and thé 
preparation of lists of bidders on various products. At the re­
quest of the Navy' Department, a study was made of the meth­
ods of handling and piling lumber at various navy yards, and 
a report was prepared in w'hich recommendations were made 
regarding the best means of preventing* deterioration. A  large 
amount of lumber was inspected for the N avy Department 
at various points east of the Mississippi. Generally the object 
of the inspection was to determine whether the shipment was 
up to the grade called for in the specification; but occasionally 
the Forest Service was called upon for the identification of 
species. Specifications for grading hickory handles were pre­
pared and were adopted by the N avy Department, the War 
Department, and the Panama Canal. The Panama Canal 
used these specifications in the purchase of a large number of 
handles during the year. The specifications are coming more 
and more into commercial use, and eleven large railway systems 
have adopted them in one or more of their divisions.

A field study of southern pines in the Carolinas, Georgia, 
Florida, Alabama, Mississippi, Louisiana, Arkansas, and Mis­
souri was conducted to determine the quality of wood grown 
in the various parts of the Southeast and the quality of lumber 
in the typical markets in the East and Middle West. The work 
resulted in the collection of data of immediate practical use in 
connection with the preparation of more satisfactory rules for 
grading structural timbers.

The reports on the wood-using industries of the various States 
were continued, and three new' reports were published— Penn­
sylvania, New Jersey and Georgia. This makes a total of 33 
State w'ood-usitig industry reports issued so far. Reports for 
Indiana and West Virginia were completed and placed in the 
hands of the publishers. Data on the wood-using industries 
of the remaining States have been collected. A final report 
on the wood-using industries of the United States is in prepara­
tion, in which combined data collected in the various studies 
will appear by species and by industries.

Many requests were received from the public for information 
regarding the most profitable uses of certain woods, the markets 
for them, the most satisfactory woods for certain uses, where 
they may be obtained, etc. Inquiries come from small sawmill 
owners, timber owners, and manufacturers of finished and semi- 
finihed forest products. Through the wood-using industry 
studies the Office is well equipped to give such information. 
A  large amount of utilization data is compiled monthly, in­
cluding lists of wood-using establishments and specifications 
for raw' material, and will be used for the benefit of lumbermen, 
woodlot owners, and the Forest Sendee cooperators throughout 
the United States.

In connection with the general lumber industry study now 
being carried on by the Forest Service, the Office of Industrial 
Investigations has studied the adaptation of grading and manu­
facturing to consumers' needs, particular attention being given 
to yellow pine and oak. Data were compiled also on the rela­
tive values of oak logs in lumber, veneer, cooperage, and ties.

NEW COAL FIELD
According to the London Evening Post, a Stavanger morning 

paper states that a Norwegian Company has been formed 
for the purpose of exploiting the extensive coal fields of Beeren 
Island, near Spitzbergen. Geologists and engineers, who have 
investigated the deposits, report that the quantity of coal ob­
tainable is practically inexhaustible, while it seems to be of 
very good quality, its heating power being greater than that 
of ordinary British coal. Beeren Island is always accessible, 
so that export trade can be carried on during the whole year. 
It is expected that no difficulty will be experienced in finding 
good harbors.— M c M i l l a n .

TREATMENT FOR DISCOLORED CHINA CLAY
According to the Dyer and Calico Printer, the yellow discolora­

tion of clay is due to presence of iron and, to remedy it, a blue 
coloring agent such as a soluble aniline dye is added. This 
neutralizes the yellow and makes the clay appear whiter. It 
has also been proposed to remove the iron altogether by chem­
ical treatment. An entirely new' method has been patented 
by Messrs. Feldheimer and Gee, London [B. P. 894 (1915) ]- 
To nullify the discoloration, some of the clay is first washed 
to free it from impurities and to this is added a very dilute solu­
tion of ferrocyanide (less than 1 per cent) to produce sufficient 
Prussian blue to neutralize the discoloration of the remainder 
of the clay.— M . ___________

MINERAL RESOURCES OF CHINA
Iron ore can be found, according to an article in Engineer 

(121, No. 3142), in almost every province in China, but the 
w'orking of the ore on an extensive scale has been carried out 
in only a few'. The annual production of pig iron in Hupeh 
in the last two years was almost 160,000 tons, while the total 
amount produced in all the other provinces together was also 
about 160,000 tons. If up-to-date, thoroughly modern, meth­
ods of smelting were employed, the production of pig iron would 
be sufficient to supply the needs of the country and also to per­
mit of large shipments being sent to foreign countries, especially 
Japan and the United States. Tin ore is found to some ex­
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tent in China, the most important deposits being those of Yün- 
nan, Kiangsi, Honan, Kweichow and Szechwan. The out­
put of pure tin is about 4,000 tons without taking into account 
the considerable quantity of tin ore mined in other provinces.

Copper comes from the districts of Yünnan, Szechwan, 
Kirin, Anhui, and Kansuf the annual production of pure copper 
being about 2,400 tons. China is the largest producer of anti­
mony in the world, no less than 20,000 tons crude antimony,
4.000 tons refined antimony, and 15,000 tons of the ore being 
produced annually. The chief centers of the antimony indus­
try arc Hunan, Yünnan, and Kwantung.

Lead deposits are found in Hunan, Yünnan, Kwangsi, Szech­
wan and Kweichow, the annual production of ore being about
16.000 tons.— M.

BRITISH ALCOHOL TRADE

According to the Engineer, it is authoritatively stated that 
the British Government has decided to take over all the patent- 
still distilleries. The requirements of strong spirits in connec­
tion with the manufacture of munitions are still under 15,000,- 
000 gallons per annum, whereas the total output of patent- 
still distilleries is over 40,000,000 gallons. This output will, 
however, be substantially reduced by the curtailment of the 
imports of raw materials. The Government scheme was dis­
cussed at a meeting of the distillers of the United Kingdom 
in London recently, but the proceedings were not divulged. 
It is understood that nearly all the great distilleries have hitherto 
been making for the Government spirit at 60 per cent overproof 
for the manufacture of high explosives. The time has now 
been reached when it is felt that a larger supply and more expe­
ditious production are urgently needed with the result that it is 
proposed to commandeer all the grain distilleries.— M.

MINERAL RESOURCES OF GREAT BRITAIN

The British Board of Agriculture and Fisheries gives notice 
of the publication of three volumes containing special reports 
on the mineral resources of Great Britain. These reports have 
been specially prepared by the Director of the Geological Sur­
vey in response to numerous inquiries that have arisen through 
the conditions brought about by the war. In Vol. I, the uses, 
distribution, treatment and output of tungsten and manganese 
ores are dealt with and particulars of mines, active and inac­
tive, are given. Vol. II deals with the sources, uses, and treat­
ment of barytes and witherite, the sulfate and carbonate of 
barium. The mines, from which the minerals are raised, are 
described in full. Vol. I l l  gives a description of the proper­
ties, uses, treatment and modes of occurrence of gypsum, an­
hydrite, celestine and strontianite. Details of the workings 
in all parts of Great Britain are given with statistics as to out­
put. The price of Vols. I and III is 24 cents, and Vol. II, 36 
cents.— M.

LATEST COKE RECOVERY PLANT INSTALLATIONS
A very complete and modern plant, says Chemical News 

{113, No. 2939), has been installed at Normanby Park Steel­
works, Yorkshire, England, for the making of coke, tar, ammo­
nia and benzol. The buildings are of ferro-concretc on the 
Monchel-Hennebique system and, in addition to an immense 
washing apparatus, two batteries of 48 generative coke ovens 
of the Semet-Solvay type, capable of dealing with 3,000 tons of 
coal per week have been installed. The power for the working 
of the plant is supplied by gas engines which use up the blast 
furnace gases. The main washery building is 65 ft. long by 
40 ft. wide, two-thirds of it being 77 ft. high, while the re­
mainder rises in the form of a tower 94 ft. high and is surmounted 
by a huge ferro-concrete tank capable of holding 62,000 gallons. 
The coking ovens are supplied with washed coal at any re­
quired rate up to 100 tons per hour by means of conveyor bands

connected by a runway under which changing machines receive 
and stamp the slack into compression boxes. Each of the 96 
ovens carbonizes 50 tons washed coal per week. The coke is 
pushed out through the quenchers to an inclined hearth over 
which it passes to 36 in. tray conveyors which deliver the 
product to the central screening machine and thence to the 
blast furnaces. The gases from the ovens are collected into a 
large main and exhausted through air and water condensers, 
thence passing through the extractors and scrubbing washers 
for the absorption of benzol and remaining ammonia. After 
this treatment the gases are utilized, one-half for heating the 
flues in the coke ovens, the other half in the steelworks. The 
tar-ammonia liquor and benzol extracted from the gases are 
treated in buildings situated between the coal washery and the 
batteries of coke ovens.— M.

MALAY STATE WOLFRAM
Reports show that the output last year was 3,940 pikuls 

(1 pikul = 142.7 lbs.), compared with 3,898 pikuls for the 
previous year. The chief producer was the Titi Mines Company, 
which had a yield of 1,199 pikuls. The market price in London 
was 55/- per unit, but to producers abroad the price was lower, 
thus, in Melbourne and Sydney, it was 48/1 per unit. A 
company recently was formed in Melbourne with a capital of 
£50,000, called the King Island Scheclite Company, for the 
purpose of treating deposits there. The assay value of the ore 
is equal to 2.34 tungstic acid.— M.

RUSSIAN TRADE
The British Vice-Consul at Ekaterinburg reports that, in 

Ural mining works, a great dearth of machinery is beginning 
to be felt, and fears are being expressed whether the allied pow­
ers will be able to supply the enormous quantity formerly sup­
plied by the Germans. Not to mention new enterprises, ma­
chinery at present in use, owing to the difficulty of repairing 
parts, will likely be run out so that all current business will in 
all probability require new machinery after the war. The de­
mand for catalogues and specifications in the Russian language 
has never been so great as at present. Russian buyers are eager 
to find where reliable information can be had as to where their 
requirements can be obtained. Great preparations should 
be made by firms anxious to get a share of the Russian trade 
after the war. Travellers with a knowledge of the Russian 
language and technical knowledge of machinery' should be 
sent to the Ural mining district, where the Russians will be 
glad to give them every' assistance.— M.

THE USE OF POLARIZED LIGHT IN ENGINEERING 
TESTS

Some interesting and highly important revelations were made 
by Prof. E. C. Coker in a lecture given before the Royal Insti­
tute, London. Recent researches show that polarized light 
can be made use of in such practical matters as bridge build­
ing and aeroplane construction. The stresses and strains in 
a great bridge and in the different parts of air cfaft are very 
hard to work out. The calculations can, however, be simpli­
fied if a model be made of transparent material and the strains 
watched by polarized light. The lecturer showed how a bridge 
intended to be thrown over a gorge, was first made of glass. 
Polarized light was passed through every' part and in analysis 
each stress was shown by the colors which different parts as­
sumed. Full brown color indicated 1,000 lbs. per sq. in., 
while a brilliant red showed enormous pressure. It was found 
that glass and glass-working were too costly for making models, 
and xy'lonite, which could be moulded into any shape, was 
afterwards selected. Polarized light, if sent through under 
normal conditions, gives no colors but, if the slightest bend or 
strain is applied, color effects are produced. Prof. Coker
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showed on the scrcen series of the links of aeroplanes made from 
xylonite models; the change of color could be watched to indi­
cate how strains affected them. This new method of testing 
the designs of structures would seem to have a great future.— M.

POTASH FROM OLIVE OIL RESIDUES
From analytical results published in L ’lta lia  Agricola by A. 

Aita, olive oil residues (the blackish turbid liquid deposited at 
bottom of sink under oil presses) contained the following:

Per cent
Soluble in w a te r ........................................................  13.57
A lkaline chlorides..................................................... 1 .57
Iron  oxide (F eO )..........................................................  1 .34
C arbon dioxide (C O i)............................................. 1.87
Insoluble in w a te r ........................................................  1.05

The amount of potash in the liquid is given as about 1.5 
per cent or slightly more. By the evaporation and combus­
tion of 100 gals, of this residue from 30 to 35 lbs. of ash were 
recovered. The volume of the liquid is double that of the 
olive oil produced. If the average yearly production of olive 
oil in Italy is estimated at 44,000,000 gals., it is calculated 
that 15,000 tons ash can be recovered from the liquid residuum 
and the value of this exceeds $400,000. A Commission has 
been formed to consider the possibility of utilizing this residuum 
for the manufacture of potash salts. The Commission in­
formed the Associazione cliimica industriali of Turin that the 
process was simple and the expenses of concentrating in ordi­
nary triple action apparatus were not greater than 10 cents 
per 100 gals., reckoning fuel at about $6 per ton. The nitro­
gen content in olive oil residuum is equal to about one-third 
the potash content and, therefore, of great value. It would be, 
perhaps, advisable to secure both the nitrogen and the potash 
by, adopting a method other than the incineration one.— M.

Cruciferac and Leguminosae are most "favorably affected by 
treatment with calcium sulfate although the latter appears to 
stimulate seed production in cereals such as barley and oats, 
but to have little or no effect on the straw. In the case of clover, 
the increase of air-dry content due to calcium sulfate was 23 
per cent, while with rape, calcium sulfate mixed with complete 
fertilizer, gave a crop of 17 per cent heavier than with complete 
fertilizer alone; with radishes, the increase in crop under the 
same conditions was 9 per cent. The root development of red 
clover and rape showed a marked increase under the influence 
of calcium sulfate dressing. Free sulfur is harmful, even in 
large supplies of calcium carbonate.— M.

MINING IN MADAGASCAR
According to the M ining World, Madagascar seems to be 

rich in mineral deposits. In addition to gold, which is found in 
alluvial deposits widely spread over the island, ores of anti­
mony, copper, iron and tin are stated to be in abundance, to 
say nothing of asphalt, coal, graphite, mica, platinum, precious 
stones and petroleum. No coal developments have taken place 
of late in the coal-bearing area discovered in the southern prov­
ince of Betroka, but a concession for working copper near 
Ambositra has been granted and also one for working nickel. 
Alluvial gold deposits have been found in the valley of the Am- 
poasary, a tributary of the Mananjary River about 40 miles east 
of the town of Ambositra and in the district of Maevatanana. 
About 5,000 natives are employed in washing auriferous gravel 
in pans. The production of fine gold for 1912 amounted to 
only 2,120 kilograms, which showed a decrease of 730 kilograms 
on the previous year, the decrease being mainly due to the diffi­
culty of obtaining labor in the principal mining districts. Graph­
ite is worked chiefly in the neighborhood of Tananarive and 
is found disseminated in the form of spangles interstratified 
in the gneiss and appears to occupy the place of mica. It is 
easily separated from the gneiss by hand washing. Pros­
pecting for graphite is engaging the attention of many pros­
pectors in Madagascar at the present time. Galena is found 
at Ankitokazo in the northern province of Diego-Suarez. 
No work is at present being done in petroleum claims. Small 
quantities of platinum are being obtained in the province of 
Vatomandry. The principal workings for precious stones are 
those of Mount Ibity and of the river Manandona, near Antsi- 
rabe.— M.

EFFECT OF SULFATES ON CROPS
Certain plants, says the Pharmaceutical Journal, seem to be 

benefited by treatment with sulfates, but others show less re­
sponse to sulfates than to phosphates. Plants belonging to

UNITED KINGDOM IM PORT DUTIES
T h e  fo llo w in g  l i s t  g iv e s  t h e  i m p o r t  d u t i e s  o n  i t e m s  o f  i n t e r e s t  

t o  t h e  c h e m ic a l  t r a d e ,  in  a c c o r d a n c e  w i th  a  g e n e r a l  o r d e r  o f th e  
B o a r d  o f  C u s to m s  a n d  E x c is e .  T h e  t a r i f f  q u o te d  in  t h e  “  R e ­
t u r n ”  is  t h a t  in  o p e r a t io n  o n  J a n u a r y  1, 1916:

I m p o r t  D u t i e s

R ates  of d u ty  
Ar t icles  £  s d

C hloral h yd ra te , per lb .........................  1 9 SO.42
Chloroform , per lb .........................................  4 4 1.04
Collodion, per gal.....  .............................. 1 14 11 8 .38
E ther, acetic, per lb ....................... .’ . .  . 2 7 0 .62
E ther, bu ty ric, per ga l.......................... 1 1 10 5 .04
E ther, sulfuric, per gal..........................  1 16 6 8 .76
E th y l brom ide, per lb .............................  1 5 0 .34
E th y l chloride, per ga l.......................... 1 1 10 5.04
E th y l iodide, per gal...................................   19 0 4 .56
Glucose, solid, per cw t..................................  5 11 1.42
Glucose, liquid, per c w t...............................  4 3 1.02
M oto r sp irit(a), per gal.............................  6 0 .12
S accharin(6) and  m ixtures containing 

saccharin or o ther substances of
like action— per o r .............................. 3 0 .72

Soap, tran sp aren t, in m anufacture  
of which sp irit has been used— per
lb ...................................................................  3 0 .06

(a) In  cases where Com m issioners of C ustom s and Excise m ay approve, 
m otor sp irit m ay be delivered w ithou t paym en t of d u ty  or in p aym en t 
of half du ty .

(&) T h is  substance n o t to  be im ported  in packages containing less th an  
11 lbs., m ust n o t be packed w ith goods of any  o ther description and m ust 
be specially repo rted  and  im ported  and entered  for w arehousing a t  following 
ports  only: Dover, Kolkstone, Goole, G rangem outh , G rim sby, H arw ich, 
Hull, L eith , London, N ew haven, Sou tham pton , W est Hartlepool.

— M .

BRITISH BOARD OF TRADE
D u r in g  t h e  m o n th  o f  M a r c h ,  t h e  B r i t i s h  B o a r d  o f  T r a d e  

r e c e iv e d  in q u i r i e s  f r o m  f ir m s  in  t h e  U n i te d  K in g d o m  a n d  a b r o a d  
r e g a r d in g  s o u rc e s  o f  s u p p ly  f o r  t h e  fo llo w in g  a r t ic le s .  F i r m s  
w h ic h  m a y  b e  a b le  t o  s u p p ly  in f o r m a t io n  r e g a r d in g  t h e s e  t h in g s  
a r e  r e q u e s t e d  t o  c o m m u n ic a t e  w i th  t h e  D i r e c to r  o f t h e  C o m ­
m e rc ia l  I n te l l ig e n c e  B r a n c h ,  B o a r d  o f  T r a d e ,  73  B a s in g h a l l  
S t r e e t ,  L o n d o n ,  E .  C . :
A eroplane fittings M achinery  for shaping  vulcanite
Alloy, ignition for pocket lighters and gala lith  rods in c igarette
B o t t l e s ,  g u m  h o ld e r s
C a n e ,  w h a n g h e e  M a c h in e r y  f o r  a u to m a t i c a l l y  fill-
C h a r c o a l ,  s t i c k  a n d  lu m p  in g  s a c k s  a n d  t i n  b o x e s
C h e m ic a l s : M in in g  p l a n t  f o r  o u t p u t  o f  300 to n s

A c id  p h o s p h a te  o f  s o d iu m  a n d  p e r  d a y  o f  15 p e r  c e n t  p u r e  N a N O j
a m m o n iu m  in c lu d in g  c o m p le te  r a i l w a y  e q u ip -

A c e t ic  a c id ,  60 p e r  c e n t  m e n t ,  s t a t i o n a r y  e n g in e s ,  e tc .
B le a c h in g  p o w d e r  M a s k s ,  d o lls ,  p a p ie r  m a c h é ,  f a c e d
L a c t i c  a c id ,  50 p e r  c e n t  w i th  s ilk

S^furicUrc id erm anEanate N ails, wire, for b u tte r  boxes
P hosphate  for self-raising flour N euberg chalk, su b stitu te  for m etal
P otassium  n itra te  polish
Sodium  brom ide Needles, pearl, m achine

C atches, silver and nickel-silver Paste, soldering, noncorrosive
for purses P ith , finely ground

Celluloid beads Precious stones, agate , onyx, lapis,
Celluloid caps for pom ade po ts  jade.
Celluloid w atch  covers R ollers, hard  tungsten  steel
Cylinders, m ining, rustless R ollers, for rolling mills, tem pered
C utlery , rustless, stainless steel
Engines, detachab le  for row boats S traps, chin, rubber
Hoop-iron, Vs in. by  30 gauge S tuds, collar, m etal ,
H oop-iron, >/< in. by 26 gauge Screws, iron
H ydrogen gas p lan t, "L in d e”  sys- Silk, artificial, 1,000 lbs. required

tem  Slide rules
Iron  clam ps, sm all, cheap T ea ts , ru b b er, on cards
J e t, raw , for m aking cigare tte  T ru n k s, m etal, for export

holders T orto ise  shell, real and  im ita tion
L ifting  jacks, screw V acuum  flasks, cheap

A f i rm  in  B r a z i l  is  m a k in g  in q u i r ie s  r e g a r d in g  s o u rc e s  o f  s u p ­
p ly  o f  t h e  fo llo w in g  c h e m ic a ls ,  fo r m e r ly  im p o r t e d  f r o m  G e r m a n y :
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Chloride of lime; acetic acid; alum ; sodium  sulfide; G lauber 
sa lt (calcinated), also crystal; Epsom  salts; sodium  nitrate, 
alum inum  sulfate; dextrin and potato starch. Firm s su p p ly­
ing these m ay ap p ly  to  B oard of T rade, London; reference 
num ber [85] should be quoted .— M .

UTILIZATION OF PEAT

T he econom ical utilization  of p eat in the generation of gaseous 
fuel even w ith  the recovery of the by-prod ucts is said to  be 
to-d ay, an accom plished fact. T h e  tar, on distillation, accord­
ing to  w ork described in the Journal of Society of Chemical 
Industry [35 (1916), 247], gives neutral oils differing from  those 
obtained from  coal tar and from  the paraffins b y  being h ighly 
unsaturated. T his is show n b y  the ra p id ity  w ith  which th ey  
absorb atm ospheric oxygen. W hen extracted  w ith  alkaline 
solutions, substances w ith  high boiling points and pow erful 
germ icidal a c tiv ity  arc rem oved. T hese oils are sparingly 
soluble in w ater bu t m ay be used in suspension or emulsified 
b y  soap solutions or, as solid disinfectants, w hen m ixed w ith  
hard soap, dextrin  or sim ilar substances. Sm all quantities 
of pyridine bases occur in the crude p eat tar oil. T h e  higher 
fractions of the n eutral oils are w axes and resem ble m ontau 
w ax lignite. T h e residue from  distillation  of p eat tar is a typ ical 
soft pitch, suitable for use as asphalt, caulking or electrical 
insulation.— M .

SELENIUM

In a series of articles published in the F ebru ary  num bers of 
the Electrician, W . K . C oop er has given  an account of the 
properties o f selenium  w hich w ill prove of valu e to  a n y  who 
m ay be interested in the technical applications of th e sensi­
tiveness to  ligh t w hich the substance exhibits. Such inform a­
tion had, previous to  the appearance of the above papers, to 
be sought for in the scientific journals published in all parts 
of the world, a  task  som etim es b y  no m eans easy. T h is  is now 
availab le  in a com p act and readable form . A n  accou nt is first 
given of the various form s of selenium  w ith  the modes of prepara­
tion. T h eir sensitiveness to  ligh t in general and to th e v a ria ­
tions of th e w a ve  length of the ligh t is then discussed and, a l­
though no general theory has been deduced from  the experi­
m ental facts a t  hand, sufficient inform ation is availab le  to  indi­
cate th at, before long, it  w ill be more in tensively  used th an  a t 
present, w hen its use is m ain ly restricted  to  th e autom atic 
lighting o f isolated buoys a t sea.— M .

NICKEL

From  official papers given to  the C anadian  Parliam ent, says 
the Mining Journal, it  appears th a t th e International N ickel 
C orporation has agreed to  a request ' from the governm ent 
and w ill erect in the D om inion a t  such point as seems in their 
jud gm en t m ost econom ical for operation, a  p lant for refining 
nickel of such initial cap acity  as w ill secure to  G reat B rita in  
and C an ada w ithin  them selves, a su pply sufficient for their 
requirem ents. T h e  com pany is reported to  have ju s t con­
cluded a  con tract w ith G reat B rita in  for a  large tonnage of 
nickel equal to  20 per cent of the production to  be delivered 
in m onthly instalm ents over one year.— M .

MINING DEVICE
A  device has recen tly  been patented intended to  indicate 

th e slightest m ovem ent of ground, when adjusted in stope or 
tunnel, and thus to  give w arning of im pending falls of roofs. 
In sta n t intim ation is given  to  a  w atchm an or to th e mine m an­
ager’s office b y  com pletion of a  circuit through the instrum ent. 
T h e  ringing of a  bell and the showing of a  red ligh t in th e de­
v ice  itself m ay serve where it is near the miners. T h e M ining-

Com m issioners in the South A frican  gold mines and also in 
A ustralia  state  th a t there is need for such an  instrum ent and, 
in the la tter country, legislation for its use in dangerous mines 
is abou t to be m ade.— M .

OIL PROPERTIES IN GUATEMALA

T h e governm ent of G uatem ala  is said to  h ave taken measures 
to  retain exclusive right of the oil deposits of the R epublic. A  
recent presidential decree specifies th at oil and hydrocarbons 
m ay be acquired or worked in 110 other w ay th an  b y  lease 
from  the governm ent for term s of not more than  10 years and 
such leases can be m ade on ly b y  n ative  or naturalized residents 
of G uatem ala. Special regulations give term s in w hich oil 
fields m ay be purchased.— M .

PHOSPHATES FROM PACIFIC ISLANDS

In a bulletin  from  the Im perial Institu te, London, it  w ould 
app ear th a t phosphate is the chief m ineral product of the G er­
m an Pacific Colonies. N au ru  and O cean Island of the M a r­
shall group are estim ated to  contain  n ot less th an  50,000,000 
tons phosphate rock, w hile A n gau r Island, in the Pelew  group, 
is supposed to  contain 2,500,000 tons phosphatic deposit. T h e 
to ta l exports of phosphate from  N au ru  and A n gau r in 1912, 
which w ent principally  to  A ustralia , N ew  Zealand and Japan, 
were valued a t a quarter of a m illion sterling.— M .

NEW PROJECTS IN SPAIN

It is rum ored th a t there will sh ortly  be form ed a  subsidiary 
com pany of the C om pañía M in era  de Sierra M enera w ith  a  cap ­
ital of 20 m illion pesetas for the establishm ent of b last furnaces 
in Sagunto, also, th a t the R eal C om pañía A stu rian a  is to  lay  
down a t  A rn ao another large zinc p lant b u t fitted  for treating 
blende.— M .

TEMPERING OF STEEL

A ccording to  th e Gas World, gas has com e into use in France 
as a  m eans of heating-up tools of “ rapid  s te e l”  (chrom e-tungsten 
steel) for the purpose of tem pering them . T h e  tem perature 
required is io o o °  C . (1,832° F.) and the tool is plunged in 
a  bath  of fused caustic soda. T h e  m aterial being rath er frag­
ile, a n y  defects in tem pering shorten the life of the tool, b u t it 
is found th a t w ith  gas tem pering the life of th e tool is fu lly  tw ice 
as long as th at of a  sim ilar tool tem pered w ith a  coke or oil 
fire.— M .

SCIENTIFIC RESEARCH IN AUSTRALIA

M r. H ughes, the Prim e M in ister of A ustralia , who is a t  pres­
ent on a  v is it to  E ngland, outlined a  schem e for the establish­
m ent of an organization  for scientific research in A ustralia , 
in a  recent speech delivered in London. H e m entioned th e  fo l­
low ing, especially, as questions for im m ediate stu d y: T h e  re­
co v ery  o f lanoline and potash salts in the “ dross”  throw n aw ay  
a fter wool-scouring; the cu ltiva tio n  of beet for sugar; the de­
velopm ent of fisheries; the im provem ent of gold recovery  and 
other m etallurgical problem s; the extraction  of v alu ab le  oils 
and resins from  n egative plants; afforestation and the system ­
atic  investigation  of diseases affectin g stock .— M .

SALT MINES IN VENEZUELA

T h e lease of the V enezuelan salt mines b y  the R iv er and C oast 
N a vig ation  C om p an y having expired on D ecem ber 31, 1915, 
and no application  for another lease h av in g  been received in 
response to  a call in N ovem b er last, the governm ent of V ene­
zuela took  over th e direct adm inistration  of the salt mines on 
Jan u ary 1, 1916, in accordance w ith a presidential decree.— M .
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SCIENTIFIC SO CIETIES
LAYING OF THE CORNER STONE OF THE CHEMISTRY 

BUILDING OF THE BUREAU OF STANDARDS, 
WASHINGTON

On M arch  23, 1916, the corner stone of the new  chem istry 
building of the B ureau of Standards, a t W ashington, D . C ., 
w as laid b y  the H011. W illiam  C . R cdfield, S ecretary  of C om ­
m erce. T h e  building is abou t 60 X  200 ft., constructed of 
brick  an d  stone, and is to  be four stories in height, in addition 
to  a ttic  and basem ent. I t  w ill p rovide adequate laboratory 
space for abou t 120 chem ists, besides room s for offices, sup­
plies, etc. I t  w ill probably be ready for occup ancy early  in 
th e spring of 1917.

In his opening rem arks, D r. S. W . S tratto n , director of the 
B ureau  of Standards, sketched the early  h isto ry  of th e  B ureau  
and the circum stances leading to  th e selection of the present 
site, and to the erection of the various buildings, of w hich the 
new  chem istry building is th e seventh. In discussing the work 
of the chem istry division, he said:

“ I t  can safely  be stated th a t the B ureau  of Standards has 
led all other institutions of its kind in the association of chemis-

render her secrets. T h ey  are extracted from  her b y  toil, and 
of the toilers w ho draw  them  forth it  m ay be said w ith truth, 
‘to  him  th a t h ath  shall be given and he shall have abun d an ce.’ 
Such w ork is the trium ph of the spirit of man and of the m ind 
of m an over m aterial things. T h e  progress th at has been made 
seems slow when m easured in its  d a ily  m arch, y e t if w e look 
back  far enough to  get a  due perspective w e can see th a t the 
road th a t has been traveled  is long. I t  has not been an easy 
road. I t  has been conquered step b y  step. W e have had to  
build the ladders b y  w h ich  w e clim bed and to  m ount to our 
present know ledge round b y  round. T here has gone m uch of 
hum an patience, m uch of struggle, m uch of unselfishness, 
m uch of enthusiasm  for truth for its own sake, into the w inning 
of the w a y  th a t has thus far been won. A  great thinkei; has 
said, 'T h e  U niverse is plastic in the hands of m an in propor­
tion as he brings the pow er of the C reator to  bear upon it . ’ 
T h e  w ork w hich w ins has a lw ays a  spiritual valu e. M oral im ­
potence does n ot achieve perm anent successes. T h e seeker 
a fter tru th  m ust, in the main, him self be true, else are his con­
quests lim ite d . * * * * *

" S o  the best of m ind and h eart and spirit are united here 
both as w e look tow ard the p ast and forw ard into the future. 
W ho know s w h at shall be w hen this building shall have w rought 
its perfect and finished w ork and m ade w a y  in its turn to  its 
successor? T h u s m uch we can sa y  of th a t tim e, th at the things

L a y i n g  t h e  C o r n e r  S t o n e  o f  t u b  N e w  C h e m i s t r y  B u i l d i n g  o f  t h e  B u r e a u  o f  S t a n d a r d s , W a s h i n g t o n

try w ith  physics and engineering in the solution of problem s 
arising in connection w ith  standards and standardization. B y  
this gathering togeth er the chem ical w ork of the B ureau  in a 
single building equipped w ith  apparatus and utilities peculiar 
to chem ical w ork, the w ork of the chem ical division will be 
greatly  facilitated. I t  is hoped th a t this concentration of the 
chem ical w ork w ill n ot preven t the segregation of its ap plica­
tion to  the various fields of the B ureau ’s activ ities— -for the 
B ureau ’s success in all lines w ill ever depend upon the close 
coordination of chem istry, physics, and engineering.”

In  his address, th e S ecretary  of Com m erce, in speaking of 
the w ork of the B ureau of Standards, said:

“ I have often  th ou gh t of th is service as one w hich pushes 
back more and more each d ay the shades of darkness which 
lim it our present know ledge. N a tu re  does not readily  sur-

th a t then shall be w ill be based upon the w ork th a t is here to  
be w rou ght out. T h e foundations of our present know ledge 
were laid b y  the great investigators of th e past. On them  
you are here to build th a t which in its turn  shall sustain  th e 
structure of the future. L e t us hope th a t the chem ists o f a 
future d a y  shall find their w ork for m ankind m ore effective 
and their efforts in th a t w ork more inspired b y  w h a t is here to 
be done.”

A fter  the corner stone w as laid b y  the S ecretary  of Com m erce, 
D r. W . F . H illebrand, chief chem ist of the B ureau, first referred 
to  his early  associations w ith  governm ent chem ical w ork, in 
the D en ver laboratory  of the G eological S u rvey , and then  said:

“ W h at the dim  future m ay h ave  in store in th e w a y  of suc­
cessors or additions to  th e structure w e are now  dedicating,
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each one m ay tr y  to  picture for him self, b u t there is no doubt 
in m y own m ind th a t this future foreshadows credit fo r the 
Bureau and the chem ical profession if w e and our successors 
hold fast to the guiding principles th at have been established 
already— seriousness of purpose, never-ending study, open- 
mindedness, largest willingness and intention to cooperate, ac­
cu racy in work, and entire honesty and fairness in presenting 
the results of th a t w o rk .”

H e then read a list of the articles enclosed in the copper 
box, which had been herm etically sealed and deposited in the 
com er stone. T his list included photographs of the personnel, 
w ith autographic signatures, various reports and publications 
showing the B ureau  activities, especially of the chem istry d iv i­
sion, a few standard analyzed sam ples, specim ens of paper, 
w ritten  upon in ink (included to test their lastin g qualities), 
and also a  bo ttle  of lim e to  absorb moisture.

In  conclusion, D r. H illebrand paid tribute to  the interest 
and cooperation of the S ecretary of Com m erce, the director of 
the Bureau, the building com m ittee, the engineer of the Bureau, 
and the architects who designed th e building.

ORGANIZATION FOR INDUSTRIAL PREPAREDNESS
To the Members of the American Chemical Society:

C om p lying w ith  President W ilson ’s request of Jan uary 13, 1916, 
published in the F eb ru ary  num ber of T h i s  J o u r n a l ,  the follow ing 
mem bers of our S ociety  have been appointed representatives 
on the S ta te  boards of th e O rganization for Industrial Prepared­
ness :

Alabama Louisiana
B. B. R o ss  W . L. H ow ell

A uburn, Ala. Room 315, C ustom  House
A laska  N e 'v  O r le a n s ,  L a .

W . P .  L a s s  M aine
c /o  Speel R iver P ro jec t R . H . M cK ee

Juneau , A laska Orono, M e.
. . „ M aryland

„  vr „  Arizona  w  B D _ PBNNIMAN
F. N . G u i l d  .  . 6 E . F rank lin  S tree t

Tucson. Arizona B altim ore, M d.
Arkansas Massachusetts

J . B .  R a t h e r  . A .  D .  L i t t l e
Agrie. E x p t. S ta tion  93 B road S tree t

Fayettev ille , Ark. Boston, M ass.
California M ichigan

E d m u n d  O ’N e i l l  H. T . G r a b e r
Univ. of C alifornia 697 T rum bu ll Avenue

Berkeley, C a l .  D etro it, M ic h .
Colorado M innesota

R . B. M o o r e  G . B. F r a n k f o r t e r
502 F oster B uilding Univ. of M innesota

D enver, Colo. M inneapolis, M inn.
Connecticut M ississipp i

E . W . M o r l e y  W. F . H a n d
W est H artfo rd , C onn. A gricultural College, M iss.

Delaware M issouri
C h a r l e s  L. R e e s e  L. F . N ic k e l l

Box 424. C hester, Pa. W ashington U niversity
District o f Columbia S t. Louis, M o .

C h a r l e s  L. P a r s o n s  M ontana
Box 505, W ashington, D . C . E. P .  M a t h e w s o n

• Florida  A naconda. M on.
E . R. F l i n t  Nebraska

G ainesville. F la . C .  F . C r o w l e y
3315 B u rt S tree t

F . N . S m a l l e y  n  . 0 m a h a - N eb '
R . F . D . 2, Box 20

S avannah , G a. M a x w e l l  A d a m s
U niversity  of N evada 

4 /aa /jo  R eno, N ev.

• l | r i c .  E xp t. S ta tion
Moscow. Idaho  H . K . M o o r e  ^  b  ̂

IU tnots .
W il l ia m  H o s k in s  i t  c  ** Jersey

20 0 9  W . M onroe S tree t H - S . M i n e r
Chicago, III. W elsbach L igh t Com pany

.  .. G loucester C ity , N . J.Ind iana  „  .
H  F  B a r n \ r d  New Mexico

' S t ^ e  L abora to ry  of H ygiene J. D. C l a r k  .
Indianapolis, In d . U niv . of N ew  M exico

. A lbuquerque, N . M .Iowa , T . .
W. F . C o o v e r _  _  __ York

Iow a S ta te  College * •
Ames, Iow a ^  B atte ry  Place

K ansas  N ew  Y ork, N .
W . A . W h it a k e r  North Carolina

U niversity  o f  K ansas F .  P .  V e n a b l e
Lawrence, K an . C hapel H ill, N . C.

K entucky North Dakota
A. M .  B r e c k l e r  E- F .  L a d d

1801 F irs t S tree t _ A gricultural College
Louisville, K y . Fargo, N . D.

Ohio Texas
J . R .  W i t h r o w  G .  W .  G r a y

Ohio S ta te  U niversity  T he Texas C om pany
Colum bus, Ohio H ouston, Tex.

l Utah
„  _  _  Oklahoma W . C. E b a u g h
E d w i n  D e B a r r  208 D ouglas S tree t

N orm an , Okla. S a lt L ake C ity , U tah
Oregon Vermont

O. F . S t a f f o r d  G. W. B u r r o w s

Eugene, Ore. 299 S. Union S tree t
Pennsylvania  B urlington, V t.

R .  F. B a c o n  Virginia
Univ. of P ittsb u rg h  F . B. C a r p e n t e r

P ittsbu rgh , P a . V irginia-Carolina C hem . Co.
, T , , R ichm ond, V a.

Rhode Island  ,
J .  E .  B u c i i e r  „  „  „  W ashington

Brown U niversity  H -
Providence, R. I. U m v- of W ashington

Seattle , W ash.
„  . .  South Carolina \yest Virginia
R .  N . B r a c k e t t  a . R .  W i i i t e h i l l

Clem son College, S. C. b ox 394, M organtow n, W . Va:
South Dakota _ _  „  Wisconsin

W . J . S lIA R W O O D  C. F . B u ro e s s
Lead, S. D . ®25 W illiamson S tree t

T en n essee ..............................................  M adison, Wis.
J . F. N o r r i s  Wyoming

V a n d e r b i l t  U n i v e r s i t y  R .  B .  M o u d y

Nashville. T enn. Laram ie, W yom ing

T h e w ork of this organization is abou t to begin. T h e  details 
have been thoroughly prepared. I t  is extrem ely desirable th a t 
the w ork should be p rom ptly com pleted. T o accom plish this 
the earnest cooperation of each m em ber of the S ociety  w ith his 
state  representative is abso lu tely  necessary. W ith  the w ork 
distributed am ong our n early  8,000 m em bers the burden should 
n ot prove undulj onerous upon a n y  individual m ember.

I  feel it  is unnecessary to m ake a n y  special plea for loyal effort 
in this p atriotic service.

C h a r l e s  H .  H e r t y

C h a p e l  H i l l , N .  C .  President American Chemical Society 
M arch  25. 1916 __________________

FIFTY-SECOND]. MEETING AMERICAN CHEMICAL 
SOCIETY, URBANA-CHAMPAIGN, ILLINOIS 

APRIL 18 TO 21, 1916 
PROGRAM OF PAPERS

G ENERAL PR O G RA M
A ddress of W elcom e. E d m u n d  J . J a m e s , Presiden t of U niversity  of 

Illinois.
R esponse. C h a r l e s  H o l m e s  H e r t y , P residen t of Am erican Chem ical 

Society.
G eneral A ddresses: T he Composition of Corn as A ffected by N ineteen

G enerations of Seed Selection. L. H . S m i t h .

T he M anufacture  of Chem ical Apparatus in the  U nited S ta te s .
A r t h u r  H .  T h o m a s . (See T h i s  J o u r n a l , 8 (1 9 1 6 ) ,  4 3 7 .)

The W ar and  the  A m erican C hem ical In d u stry . R a y m o n d  F . 
B a c o n .

On the Influence E xerted  by E lectrolytes on the  Equilibrium  
of Em ulsions, Je llies , and  Living Cells. G. H . A. C l o w e s . 

Som e Effects of H igh P ressu res . J o h n  J o h n s t o n .

U niversity Convocation and  D edication Exercises. H o n . E d w a r d

F . D u n n e , G overnor of Illinois, presiding. A ddresses: P r e s . E d m u n d  

J .  J a m e s , U niversity  of Illinois; P r o f . A l e x a n d e r  S m i t h , C olum bia U ni­
versity ; D r . W .  R .  W h i t n e y , G eneral E lectric C om pany, and  m em ber 
of the  U nited  S ta te s  N aval B oard.

Public L ectu res: P roduction  of R adium . C h a r l e s  L .  P a r s o n s .

Use of R adium  in T rea tm en t of Cancer. C u r t i s  F. B u r n a m .

AGRICULTURAL AND FO O D  C H EM IST R Y  D IV ISIO N
L .  M .  T o l m a n , Chairman  G l e n  F . M a s o n , Secretary

C hem ist in Food Control
A. M anufactu ring  S tandpoint:

1 . C a t t le  Foods. C a r l  S. M i n e r .

2. S tarch  and  G lucose. A .  P. B r y a n t .

3. Canning. W . D. B i g e l o w .

4 . G elatine. J .  R . P o w e l l .

5. F lour. H a r r y  S n y d e r .

6 . Salt Purification. W . W . S k i n n e r .

7. Flavoring E xtracts. G e o r g e  L l o y d .

S. G eneral. W . M . H o s k i n s .

B. D istributing  Standpoint:
9. G eneral Foods. A. V. H . M ory .

C. Law E nforcem ent Standpoint:
10. City. L u c i u s  P .  B r o w n .

11. S t a t e .  D a v i d  K l e i n .

12. N ational. L. M . T o l m a n .
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Food Investigations
13. P reven ting  the  S taling of B read by Cooling in a P red e te rm in ed  

A tm osphere. A r n o l d  W a i i l .
14. T he  U se of Picric Acid in M eat Sugar Solutions. W . B . S m i t h .
15. Analysis of M aple P roducts . V III. J .  F . S n e l l .
1G. C hinese P reserved  Eggs. P idan . C h i  C h e  W o n g  a n d  

K a t h e r i n e  B l u n t .
17. A S tudy of A m erican B eers to Show the  Effects on T heir Com­

position of Various R aw  M aterials  U sed in T heir P roduction . L. M . T o l - 
m a n  a n d  J . G. R i l e y .

A gricultural C hem istry
18. T he Effects of P la n t Foods upon th e  A m ount and  Q uality  of Sub­

stances U sed  for Foods, P articu larly  F ru it and  V egetables. H . A . H u s t o n .
19. D oes the  Oxidation of T e tra th io n a te  to Sulfate  Affect th e  Accuracy 

of the  E stim ation  of T h iosu lfate  by M eans of Iodine? P. L. B l u m e n t h a l  
a n d  S . D. A v e r i t t .

20. Separation  and  E stim ation  of Polysulfides and  Thiosulfate  in 
L im e-Sulfur Solutions. S . D. A v e r i t t .

21. Som e S tudies on Liquid F ertilizer. G. D . B e a l  a n d  D. T . E n g l i s .
22. T he  D etection  of Lim e U sed as a  N eutra lizer in D airy P roducts . 

H . J. W ic h m a n .

BIOLOGICAL C H E M IST R Y  D IV ISIO N
C . L . A l s b e r g , Chairman  I . K .  P h e l p s . Secretary

1. O n the  Form ation  of Soap Jellies  and  the P rocess of Blood Coagula­
tion. G. H . A. C l o w e s .

2 . T he So-Called C aseinates. W . D .  B a n c r o f t .
3 . Action of R enn in  on C aseine. W . D. B a n c r o f t .
4. O n E lectro ly te A ntagonism s in Physical and  Biological S ystem s.

G. H .  A . C l o w e s .
5 . O n A nesthesia. G . H .  A . C l o w e s .
6 . F u rth e r O bservations on  the  Surface T ension  of Saponin Solutions. 

C . L. A l s b e r g  a n d  H  E . W o o d w a r d .
7. Relative Sensitivity of Som e Com m ercial L itm us P apers. A. 

V lEIIO VER AND C . O . E w iN G .
S. T he A ération M ethod for Total N itrogen D eterm inations. R .  S. 

P o t t e r  a n d  R .  S . S n y d e r .
9 . T itrim etric  D eterm ina tion  of N itrite  N. B . S . D a v is s o n .

10. D eterm ination  of A m m onia by A eration. B. S. D a v is s o n .
11. Investigation of the  K jeldah l M ethod for D eterm in ing  N itrogen. 

A New A eration A pparatus. I. K .  P h e l p s  a n d  H .  W . D a u d t .
12. R em arks on the  P hysical and  Biological C hem istry of F at. M a r t in

H . F i s c h e r .
13. M utaro ta tion  of G elatine and  Its  Significance in  G elation. C . R . 

S m i t h .
14. S tud ies upon the  Effects of Acids on th e  Swelling of C ertain  

Colloids. A. D . H i r s c h f e l d e r .
15 . B rain  Lipoids as  a  H aem ostatic . A . D .  H i r s c h f e l d e r .
10. T he Pharm acological Action of C itra tes. R . A. H a l l  a n d  R . E- 

M o r r is .
17. T he F a te  of M ethy lene Disalicylic Acid and  D erivatives in  th e  

Body. R .  A  H a l l  a n d  E .  D .  B r o w n .
18. T he R ole of Cystine in the  M ain tenance  of N itrogenous Equilib­

rium  in Dogs on a Low P ro tein  D iet. H . B. L e w i s .
19. T he  Excretion  of Uric Acid a fte r Ingestion  of Sodium  B enzoate 

in M an. H .  B. L e w i s  a n d  W . G . K a r r .
20. A Com parative S tudy of the  U rea C ontent of th e  Blood and  T issues 

of Some V erteb ra tes. W . G. K a r r  a n d  H . B. L e w i s .
21. O n the E stérification  of Amino Acids. H . A . S h o n l E a n d  H . H . 

M i t c h e l l .
22. F eed ing  E xperim ents  on th e  N utritive Value of C asein. E . M . 

K. G b il in g  a n d  H . H . M i t c h e l l .
23. O n the  D eterm ination  of the  D igestibility  of the  C onstituen ts  of 

a  M ixed D iet. H . H . M i t c h e l l  a n d  H . S . G r in d l b y .
24. T he H ydrogen E lectropotentia ls of P h th a la te , P hosphate , and 

B orate Buffer M ix tu res. W . M .  C l a r k  a n d  H . A . L u b s .

25. C hem ical S tud ies on th e  D ecom position of R ed O ak by Fomes 
applanalus and  of R ed Spruce by Trametes p in i var. abietis. E. J .  P i p e r , 
C. J. H u m p h r e y  a n d  S . F. A c r e e .

26. Som e O bservations on  th e  B acteria l M etabolism  of Sulfur Com­
pounds. F . W . T a n n e r .

27. A Colorim etric M ethod of E stim ating  Amylolytic Activity. V. C. 
M yers .

28. T he Colorim etric D eterm ina tion  of G lucose, Sucrose, D extrin , and  
Starch in Food Stuffs. V . C. M y e r s  a n d  A . R .  R o s e .

2 9 . O n th e  Citric Acid P roduction  of Aspergillus niger. J . N .  C u r r i e .

30. T he E quation  of F erm en ta tion  of G lucose by Bacillus coli com­
munis. O. K a m m .

31. T h e  L iberation of A m m onia from  A m m onium  Salts by B. coli 
communis. R .  B e n g i s  a n d  A . R .  R o s e .

32. T he Change in U rinary  C onstituen ts Following the  F eed ing  of
B. coli communis. A. K n u d s o n  a n d  A. R .  R o s e .

33. A S tudy of th e  E therea l Sulfates of the  U rine in C ertain  Chronic 
D iseases. J .  R o s e n b l o o m .

34. T he  A m m onia C onten t of H um an  G astric  Ju ice . J .  R o s e n b l o o m  

a n d  J e n a  M i l t a n .

35. Som e A uxoam ylases. E .  W .  R o c k w o o d .

36. A Chem ical and  Bacteriological S tudy of Som e N on-Pathological 
G astric  R esiduum s. C .  C .  F o w l e r . M .  L e v i n e  a n d  S .  B. M o r e .

37. A S tudy of E ighty Sam ples of G astric  R esiduum s O btained  from 
A pparently Norm al W om en. C .  C .  F o w l e r  a n d  Z .  Z e n t m i r e .

38. T he  P repara tion  of a Synthetic  M ilk for U se in In fan t M etabolism  
Studies. A .  W . B o s w o r t i i .

39. Concerning the  U tilization of Inosite  in the Anim al O rganism . 
T he Effect of Inosite  upon the M etabolism  of M an. R .  J . A n d e r s o n  a n d

A . W  B o s w o r t i i .

40. C oncerning the  U tilization of Inosite  in the  Anim al O rganism . 
In  th e  Dog. R .  J. A n d e r s o n .

41. T he  Analysis of U rine as a  P a r t  of the  Physical Exam ination  of 
the College M an. G. O. H i g l e y .

42. T he  N on-P ro tein  C onstituen ts of Foods and  Feed ing  Stuffs. H . S. 
G r i n d l e y  a n d  H . C .  E c k s t e i n .

43. Sw ine F eed ing  E xperim ents to D eterm ine  the  Nutritive Value 
of the  Amino Acids. J . C. R oss.

44. Chem ical M ethods in D iagnosis. I. R enal Function. L .  J. 
D e s h a .

45. C ontributions of th e  C hem ist to the  Science an d  A rt of M edicine. 
L .  J .  D e s h a .

46. T he R eaction of th e  P ancreas  and  O ther O rgans. J . H . L o n g  

a n d  F .  F e n g e r .

47. T he  Chem ical Aspect of P ho tosyn thesis  in P lan ts . H . A . S p o b h r .

48. T he  G row th of Iso la ted  P lan t E m bryos. G. D .  B u c k n e r  a n d  

J .  H .  K a s t l e .

49. P lan t Im m uno-C hem istry . R .  W .  T h a t c h e r .

50. T he P resen ce  and  Origin of Volatile F a tty  Acids in Soils. E .  H . 

W a l t e r s .

51. T he O rganic P hosphorus of Soil. R .  S .  P o t t e r  a n d  T .  H . B e n t o n .

52. T he  C hanges in the  Amino Acid N itrogen and  “ Soluble N on- 
P ro tein  N itrogen’* in H eated  Soils. R . S .  P o t t e r  a n d  R . S .  S n y d e r .

53. S tud ies on th e  D istribu tion  of N itrogen in Egg Lecithin. M . L .  

F o s t e r .

54. T he N itrogen D istribution  in C ertain Seeds. C .  L. A l s b e r g  

a n d  F .  B r e w s t e r .
55. Oxalic Acid and  I ts  Salts in Foods and  Spices. A. V i b h o b v b r  

a n d  J . F .  C l e v i n g e r .
56. O n Som e P ro tein s  from  the  Jack  B ean, Canavalia ensiformis. 

C .  O. J o h n s  a n d  D .  B .  J o n e s .
57. O n an  A lcohol-Soluble P ro tein  from  K afir Corn, Andropogon 

sorghum. C .  O. J o h n s  a n d  D .  B .  J o n e s .

58. A S ynthesis of T etracarbon im id . D .  E .  W o r r a l l  a n d  M .  K .  

M c N a m a r a .
Special P rogram  for H om e Economics

59. D iet in Its  R elation  to the  T rea tm en t of D iabetes. E .  E .  B u t t e r ­

f i e l d .
60. A S tudy of C arbohydrates as M ilk M odifiers. R u t h  W h e e l e r .

61. T he O ccurrence of C reatin  in the  Urine of C hildren. L o u i s e  

S t a n l e y .
62. The R elation  of a  D iet H igh in Calcium to the Calcium  C onten t 

of the  T issues. A m y  L. D a n i e l s .
63. Phospholipins, Lecithin, Cephalin, and  Sim ilar S ubstances. M .

L o u i s e  F o s t e r .
64. D igest of D ata  on M ineral S ubstances in the D iet. G r a c e  M a c ­

L e o d .
65. T itle  announced a t the m eeting. F .  W .  H o w e .

66. Title announced  a t  the  m eeting. A l i c e  F .  B l o o d .

67. R eport of a  Survey of the  Food Conditions a t  Sing Sing P rison . 
E m i l y  B .  S b a m a n .

68. T he R elation of Biological C hem istry to P roblem s of th e  Com­
m unity. E m i l y  B .  S e a m a n .

69. A B acteriological S tudy of H am burger Steak- E d w i n  L b f e v r b .

70. T he T em pera tu re  of P o tatoes while Cooking and  a  M ethod of 
M easuring  T em pera tu re  during  Cooking and  Canning. R .  D .  M i l n e r .

71. W ashing  and  Cleaning. W . D .  B a n c r o f t .

72. W hipped Cream , Etc. W . D. B a n c r o f t .

73. M ayonnaise. W . D. B a n c r o f t .

74. C leaning Silver by C ontact with A lum inum  in  A lkaline Solution. 
H .  L .  L a n g  a n d  C .  F . W a l t o n , J r .

75. Iron  R u st and  I ts  Rem oval— New M ethods. H . L .  L a n g  a n d  * 
A n n a  H . W h i t t b l s e y .

76. Solution of A ntim ony from  Som e E nam eled  Cooking U tensils. 
E l i z a b e t h  W .  M i l l e r .

FE R T IL IZ E R  C H EM IST R Y  D IV ISIO N

J . E .  B r B c k e n r i d g e , Chairman F .  B .  C a r p e n t e r , Secretary

P la n t Food Deficiencies of C oasta l P la in  and  P iedm on t Soils. C .  B. 
W i l l i a m s .

R eports of Com m ittees.
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IN D U STRIA L C H E M IST S AND C HEM ICAL E N G IN E E R S D IV ISIO N
I I .  E. H o w e , Chairman S . H .  S a l i s b u r y , J r ., Secretary

1. The D eterm ination  of Ash in Coals with a H igh Percen tage  of 
Calcium  C arbonate. S . W . P a r r .

2 . T he M echanical Sam pling of Illinois Coal. S . W . P a r r .

3 . A New Form  of Adiabatic C alorim eter. S . W . P a r r .

4. R eport on Last Y ear’s  P rogress of the  Industria l Fellowship 
System  of the  M ellon In s titu te . R .  F. B a c o n .

5. An Investigation of Com position Flooring. R .  F. B a c o n  a n d  

R .  R .  S h i v e l y .

0 . A C ontribution to the  Chem istry of Laundering. H . G . E l l e d g e .

7. On the Use of C ertain Y east N utrim ents in B read M aking. H. A.
K o h m a n .

8 . O n H ydrated  Lime. J. F . M acK ey .
9 . On the Prevention  of G lass P o t Corrosion. S . R .  S c h o l e s .

10 . O n the  Behavior of M anganese in G lass. S . R .  S c h o l e s  a n d

E .  W .  T i l l o t s o n .

11. F u rth er Experim ents on the Volatilization of P la tinum . G. K . 
B u r g e s s  a n d  R. G. W a l t e n b e r g .

12. H istory and P resen t M ethods of F luorspar P roduction  in Illinois. 
C a r l  C . L u e d e k i n g .

13. C hem istry and  Technology of G lass. A l e x a n d e r  S il v e r m a n .
14. New Volum etric D eterm ination  of Nickel and Cobalt. W . D. 

E n g l e  a n d  R . G . G u s t a v s o n .
15. Copper D eposition in Electrotyping B aths. (P relim inary R eport.) 

W . B l u m , H .  D . H o l l e r , H .  R a w d o n  a n d  E . L . L a s i i ir .
1 6 . O ur U nnecessary W aste of P o tash  Com pounds. J a m e s  R .  W i t h ­

r o w .
17. Experim ents on the  Corrosion of Iron  and  S teel. W . D . R ic h a r d ­

s o n .
18. E thyl Alcohol from  W ood W aste. IV. Yields from  Various 

Species of W ood. F . W . K r e s s m a n n .

19. N otes on T ar from  Som e M id -W estern  C annel Coals. J . C. 
I n g r a m .

20. C om m ents on the K rebitz P rocess of Soap M anufacture  and  
Glycerol Recovery. G. S. W r islBy .

21. An U nusual Explosion in Connection with P o tassium  C hlorate .
F .  E .  R o w l a n d .

22. L aboratory  Control in the M anufacture  of Corn Syrup. A. P. 
B r y a n t .

23. Effect of Aging upon the  C onstants of C hinese Wood Oil. D . F . 
M c F a r l a n d  a n d  H .  R .  L e e .

24. Effect of Fillers in Synthetic M olding Com pounds. L . V. R e d ­
m a n , A. J . W e i t h  a n d  F. P. B r o c k .

25. Prin ting  P la te s  from  P heno l R esins. L . V. R e d m a n , A. J . W e i t h  
a n d  F. P. B r o c k .

26. The Effects of M oisture In troduced  into the  D igestor in the  Cook­
ing of Soda Pulp. S i d n e y  D . W e l l s .

ORGANIC C H EM IST RY  DIV ISIO N
C. G. D e r i c k , Chairman  H. L. F i s h e r , Secretary

1. The Synthesis of />-Cymene M onocarboxylic Acids and  of C ertain
of T heir Derivatives. M . T .  B o g e r t  a n d  J .  R .  T u t t l e .

2 . Benzoylene U rea and  Som e of Its  N itro D erivatives. M . T . 
B oc.e r t  a n d  G . S c a t c h a r d .

3 . A New G roup of Azo D yestuffs. M . T .  B o g e r t .
4. M ethylene Disalicylic Acid and D erivatives. R o b e r t  A . H a l l .
0. The A ddition Com pounds of Phenols with Organic Acids. J a m e s

K e n d a l l .
6 . Derivatives of Isocam phoric Acid— An U nusual Form ation of a 

M ethyl E ther of a H ydroxy Acid. G. S . S k i n n e r  a n d  W. A. N o y e s .
7. R esearches on Pyrim idine-N ucleotides. New D evelopm ents. 

T r e a t  B . J o h n s o n .
5. T he Action of Ferric  Chloride and O ther Ferric  Com pounds upon 

Cellulose. L o u is  K a iil e n b e r g .
9 . The Isom eric Lactones, Caryophyllin and Urson. F r a n c is  D . 

D o d g e .
10. Tautom eric Equilibrium  C onstants and  Chem ical S tructu re . A 

M easure  of Valence in T erm s of Energy. C . G . D e r i c k .
11. P repara tion  and C haracterization of T rim ethylene Oxide. D . 

W . B i s s e l  a n d  C. G. D e r i c k .

12. The Action of M etallic Oxides on T rim ethylene H alides and of 
H eat upon ClCH 2CH 2CH2- 0 -M g-I. E. H. V o l l w e i l e r  a n d  C. G. D e r i c k .

13. T he  P repara tion  and  the  C haracterization of e-Acetylcaproic Acid. 
S t. E l m o  B r a d y  a n d  C. G. D e r i c k .

14. The Behavior of /3-Phenoxy E thyl Brom ide in the W urtz Synthesis. 
S t . E l m o  B r a d y .

15. T he P repara tion  and C haracterization of o-Acetylvalerianic Acid. 
R . W . H e s s  a n d  C. G. D e r i c k .

16. A S tudy of the  Isom eric A m inoethylbenzenes and C ertain  of T heir 
D erivatives. O. S. K e e n e r , O. K a m m  a n d  C. G. D e r i c k .

17. S yntheses in the N aphthalene Series. O l i v e r  K a m m  a n d  H . B .  

M c C l u g a g e .

18. A S tudy of the  Equilibrium  in the F riede l and  C rafts R eaction. 
O l i v e r  K a m m  a n d  S .  D .  K i r k p a t r i c k .

19. On the  R eactions of the  Form dm idines. V. On Som e Pyrazolone 
D erivatives. F .  B .  D a i n s , H .  R .  O ’ B r i e n  a n d  C .  L .  J o h n s o n .

20. Contribution to our K now ledge of D ichlorether. P a rt n. G . B .  

F r a n k f o r t e r  a n d  S .  J .  R e i c h e r t .

21. T he Action of A lum inum  C hloride on th e  Alcohols and Carbo­
hydrates Alone and  in the P resence  of O ther O rganic Com pounds. G . B . 

F r a n k f o r t e r  a n d  V .  K o k a t n u r .

22. A Catalytic D ecom position of Some Pheno l Salts. W . H .  H u n t e r .

23. Som e W ork on the R eim er-T iem ann R eaction. W . H . H u n t e r .

24. N otes on the Use of the  M ultiple U nit E lectric Furnace and of a 
M odified Carbon Dioxide G enerato r in the  D um as M ethod for the  D e­
term ination  of N itrogen. H a r r y  L .  F i s h e r .

25. The R elations in Composition of Petro leum , Coal, and  N atural 
A sphalts. C .  F .  M a b e r y .

26. The O ccurrence of Esdragol in Rosin. C h a r l e s  H .  H e r t y  a n d  

V .  A .  C o u l t e r .

27. On the Phenolsulfonphthalein D yes and  the  Q uinonephenolate 
Theory of Indicators. E .  C .  W h i t e , H .  A .  L u b s  a n d  S .  F .  A c r e e .

28. On the Use of. Viscose as a D ialysis M em brane . H . A .  L e w i s  

a n d  S .  F .  A c r e e .
29. On the  Tautom eric R eactions of the Silver and M ercury  Salts of

l-Phenyl-4,5-dihydro-5-oxy-3-triazoly l M ethyl Sulfone with Alkyl H alides.
E .  H . W i g h t  a n d  S .  F .  A c r e b .

30. On the  R eactions of Both the  Ions and M olecules of Acids, B ases, 
and  Salts: T he Inversion of M enthone by Sodium , Po tassium  and  L ithium
E thylates. W . A .  G r u s e  a n d  S .  F .  A c r e e .

31. T he G alactan of Larix occidentalis. R .  W .  S c h o r g e r  a n d  D. F .  

S m i t h .
32. F u rth er Evidence for the Electronic Form ula of B enzene and  the  

S ubstitu tion  Rule. H . S . F r y .
33. R eactions in N on-Aqueous Solvents: C hrom yl Chloride and  P hos­

phorus H alides. H . S . F r y  a n d  J .  L .  D o n n e l l y .

34. E lectronic T autom erism : T he E xistence of E lectrom ers in 
D ynam ic Equilibrium . H . S . F r y .

35. P a rtia l H ydrogenation of C ottonseed Oil. B e n  H . N i c o l ET .

36. T he R eaction betw een Alcohols and  H ydrochloric and Hydrobrom ic 
Acids. J a m b s  F .  N o r r i s .

37. T he  N itro P henyl E ste rs . H . I. J o n b s .

38. E sterification of Acids by Isom eric  M ercap tans. J . W . K i m b a l l  

a n d  E .  E m m e t  R e i d .
39. Esterification of Isom eric Acids by M ercaptan . J . H . S a c h s  a n d

E .  E m m e t  R e i d .
40. Catalytic P repara tion  of N itriles. G . D .  V a n  E p p s  a n d  E .  E m m e t  

R e i d .
41. T he P repara tion  of N itriles. G . D .  V a n  E p p s  a n d  E .  E m m e t  

R e i d .
42. T he Identification  of Acids. E .  E m m e t  R e i d .

43. Som e A nom alies in the  Solidification Po in ts of F a ts . B . H. 
N i c o l e t  a n d  L .  M .  L i d d l e .

44. O n th e  N itra tion  of Toluene. I. W . H u m p h r e y .

45. T he H ydrolysis of C hloropentanes as Affected by H igh P ressu res : 
Synthetic F use l Oil. H . E s s e x  a n d  B .  T. B r o o k s .

46. The Effect of Sulfur on the  A uto-O xidation of Organic Com pounds.
B .  T . B r o o k s , I. W . H u m p h r e y  a n d  B .  Y .  L o n g .

47. Two New M ethods of D eterm ining A cetylene in G aseous M ixtures.
G . O . C u r m e , J r .

48. N ote on Lead Propionates. S .  F r a n k  C o x .

49. Crystalline /3-M ethyl F ructoside and Its  T e trace ta tes . C .  S .  

H u d s o n  a n d  D .  H .  B r a u n s .
50. A F ourth  Crystalline P e n tace ta te  of G alactose and  Som e R elated 

Com pounds. C .  S .  H u d s o n  a n d  J .  M .  J o h n s o n .
51. T he  Isom eric P en tace ta te s  of G lucosam ine and  of C hondrosam ine.

C .  S . H u d s o n  a n d  J .  K .  D a l e .
52. Ind irec t M easu rem en ts of the  R otatory Pow ers of Som e of the 

Alpha and  B eta Form s of the  Sugars by M eans of Solubility M easurem ents.
C .  S .  H u d s o n  a n d  E .  Y a n o v s k y .

53. Som e N um erical R elations am ong the  R otatory Pow ers of the 
Compound Sugars. C .  S .  H u d s o n .

PHARM ACEUTICAL C H EM IST R Y  D IV ISIO N

J o h n  H .  L o n g , Chairman G e o . D .  B e a l , Secretary

1. T he New F e a tu res  of the  U. S. P . IX. J o s e p h  P. R e m i n g t o n .

2. T he Toxicity of the  Volatile Princip les of Coffee, w ith Com m ents 
on Coffee Substitu tes. L .  E .  S a y r e .

3. T he  P ancreatin  T ests  of the  Pharm acopoeia. J . H .  L o n g .

4. R en n e tt: A N ote and  a Correction. H o w a r d  T . G r a b e r .

0. Pepsin : A R 6sum 6 of T ests . H o w a r d  T . G r a b e r .

6. R elative Toxicity of D ifferent Species of D igitalis. R o b e r t  A . 

H a l l , E. L .  N e w c o m b  a n d  R .  E. M o r r i s .
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13. Activated Sludge Experim ents a t the Baltim ore Sewage D isposal 
P lan t. C a l v in  W . H e n d r ic k .

7. O n the A pparent and R eal Ash C ontent of D igitalis. N o r b e r t  
M u e l l e r  a n d  E d w a r d  K r ij m e r s .

8. Alkaloidal Assay by Im m iscible Solvents. H . F. L e w i s  a n d  G .

D .  B e a l .

9. T he  P repara tion  and  C haracteristics of E m etine. F r a n k  O . 
T a y l o r .

10. Some Unexpected Reactions in Pharm aceu tica l M ix tures. F r a n k  
O . T a y l o r .

11. T he S treng th  of Fluid E xtracts. H . A . L a n g e n h a n  a n d  E d w a r d  
K r e m e r s .

12. On T incture  of Pepperm int for Coloring Purposes. N o r b e r t  
M u e l l e r  a n d  E d w a r d  K r e m e r s .

13. F u rth er N otes on th e  Identification of the E m odin-C ontaining 
D rugs. R u t i i  E .  O k e y  a n d  G . D .  B e a l .

14 . D eterm ination  of Sm all Am ounts of W ater and  Alcohol in E th er 
■for A naesthesia. E . M a l l in c k r o d t , J r .

15. The D etection of M inute Q uantities  of U nsa tu rated  H ydrocarbons 
in  Liquid P e tro latum . C. H. B r ig g s  a n d  W . L. I r w i n .

PH Y SICA L AND IN O RG A NIC C H EM IST R Y  DIV ISIO N
I r v in g  L a n g m u i r , Chairman J a m e s  K e n d a l l , Secretary

1. T he Chrom ic-Chrom ous P o ten tia l a t M ercury E lectrodes. G e o r g e  
S h a n n o n  F o r b e s  a n d  H .  N .  R i c h t e r .

2. H eterogeneous Equilibria betw een Aqueous and M etallic Solu­
tions: A S tudy of M ixed Sodium  and  P o tassiu m  Salt Solutions a t  Total 
■Concentrations Varying from  0.2 N  to 4.0 N . G . M c P h a il  S m it h  a n d  
T .  R . B a l l .

3. T he C ontam ination of P rec ip ita tes  in G ravim etric Analysis: Solid 
Solution and A dsorption vs. H igher-O rder Com pounds. G .  M c P h a i l  

S m i t h .

4. An E lectrically  Controlled C alorim eter for M easu ring  H eats  of 
D ilution. D . A . M a c I n n e s  a n d  J. M . B r a h a m .

5. O n the Evolution of the E lem ents According to the  H ydrogen- 
H elium  System . W . D. H a r k in s .

C. Theoretical R elations of the Atomic W eights. W . D . H a r k in s .
7. A New G ravim etric M ethod  for the Separation  of A lum inum  from  

Zinc, M anganese, N ickel, Cobalt, Iron , and C hrom ium . L o u is  K a h l E n - 

b e r g  a n d  K .  P .  Y o u n g .

8. T he Electrom otive Forces of C oncentration Cells and T heir R e­
lation to the  T ransference  N um ber. D . A .  M a c I n n e s .

9 . T he  Com plete Solubility Curve of Calcium C arbonate. J o h n  
J o h n s t o n .

10. T he Specific C onductivity of P u re  W ater in  E quilib rium  with 
Atm ospheric Carbon Dioxide. J a m e s  K e n d a l l .

11. An A pparatus for D eterm ining Freezing Po in t Lowering. R .  G . 
V a n  N a m e  a n d  W . G .  B r o w n .

12. T he Colloidal Phosphates and  A rsenates of Iron . H a r r y  N .  
H o l m e s .

13. T he  Form ation of C rystals in  G els. H a r r y  N .  H o l m e s .
14. T he Po ten tia l of Iodine C oncentration Cells. G r i n n e l l  J o n e s .
15. A Supposed Effect of th e  Form  of C ontainer upon th e  D ensity  of a 

Gas. W il l ia m  A. N o y e s  a n d  L a u r e n c e  C. J o h n s o n .
16. A D em onstration  of the  Selective “ Action”  of Clay on Soluble 

Sulfides. J o h n  C . I n g r a m .
17. T he T heory  and M echanism  of Adsorption. I r v in g  L a n g m u ir .
18. The Oxides of Iron . II . M agnetic P roperties  of the  System  

Fe203-Fe30<. R. B. S o s m a n  a n d  J . C. H o s t e t t b r .
19. T he D issociation of Ferric  O xide in Air. J .  C . H o s t e t t b r  a n d  

R. B. S o s m a n .
20. On the  M easu rem en t of the T rue  and  A pparent E lectrical Con­

ductivities of Solutions: Inductance, Capacity, F requency, and  R esistance 
Relations. H . P .  H a s t i n g s , W . A . T a y l o r  a n d  S . F .  A c r e e .

21. Separation  of the E lem ents of the  Tin G roup. J .  M . W e l c h  
a n d  H. C. P. W e b e r .

22. D ifferential Iodim etry . H I. D eterm ination  of V anadium  in the
P resence  of Iron  and  U ranium . O . L .  B a r n e b e y .

23. D ifferential Iodim etry . II . D eterm ination  of Chrom ium  in the
Presence of Iron. O . L . B a r n e b e y .

24. P recipitation of M agnesium  A m m onium  O rthophosphate. 
E d w a r d  G .  M a h i n .

25. Som e Laboratory  E xperim ents on the E xtraction  of R ad ium  from  
C arnotite O res. A. G. L o o m is  a n d  H e r m a n  S c h l u n d t .

26. A System  for R eports on Q uantitative Analysis to be U sed in 
Teaching. E . Gn.L.

27. T he Action of A nhydrous A lum inum  Chloride upon U nsa tu rated  
H ydrocarbons. W . E .  H e n d e r s o n  a n d  W. C. G a n g l o f f .

28. T he D eterm ination  of Solubility Curves by the  M ethod  of F lo tation . 
W . E .  H e n d e r s o n  a n d  G e b h a r t  S t e g b m a n .

29. D eterm ination  of T ransition  P oin ts by the  M easu rem en t of E lec­
tromotive Force. W . E .  H e n d e r s o n  a n d  I. W . G e i g e r .

30. A System atic P rocedu re  for th e  Separation  of the  A nions. F irst 
Group. H . A. W in c k e l m a n n  a n d  H . C. P . W e b e r .

31 . On Som e M olecular Com pounds in G lass. E .  W . T il l o t s o n .

32. O n the V ariable R otatory Pow er of Dissolved Organic Substances. 
M . A .  R o s a n o f f  a n d  H .  A .  M o r t o n .

33. On the  C onstant a of Van der Waals* E quation . M . A .  R o s a n o f f  

a n d  H .  C .  C o r l i s s .

34. O n the  Change of T ransition  P oin ts w ith P ressu re . M . A . 

R o s a n o f f .

35. A R ational P rocess of Fractional D istillation. M . A .  R o s a n o f f .

36. A S tudy of Some of the  Physical P roperties  of M ix tu res of D i­
electric Oils and W ater. (P relim inary R eport.) L. I. S i i a w  a n d  L. A .  

P a p p e n h a g e n .

37. Change of Conductivity with Tim e in the  System  M eO H  -f 1». 
(P relim inary R eport.) L. I. S h a w '  a n d  J . P .  T r i c k e y .

38. Atomic W eight of Y ttrium . C .  W .  B a l k e  a n d  B .  S .  H o p k i n s .

39. T he P o tassium  Iodide R eaction for P la tinum . W . J . P r i n c e  a n d

H . C .  P .  W e b e r .

40. The Viscosity of Alcoholic Solutions. O. F .  T o w e r .

41. The R elation betw een  M olecular Cohesion and  Surface Tension. 
Ebtvos Law. A l b e r t  P .  M a t h b w s .

42. D eterm ination  of A lum inum  as Oxide. W i l l i a m  B l u m .

43. A S tudy of T an ta lum  P en tach loride  for Atomic W eight Purposes.
G .  W . S e a r s  a n d  C .  W. B a l k e .

44. A S tudy of the D ialysis of a Colloidal Solution of H ydrous Chromic 
Oxide in Chrom ium  Chloride. M a r k s  N e i d l e  a n d  J . B a r a b .

45. T he T em pera tu re  Effect in D ialysis, and  a  Sim ple R apid D ialyser. 
M a r k s  N e i d l e .

46. Production  of T riatom ic H ydrogen by R adium  Rays. G. L.
W e n d t .

47. T he Effect of D issolved Substances on the  Velocity of Crystalliza­
tion of W ater. J . H . W a l t o n  a n d  A .  B r a u n .

48. The Atomic W eight of D ysprosium . E d g a r  W. E n g l e  a n d

C .  W . B a l k e .

49. P otassium  Lead T artra te . R .  S .  D e a n .

50. D ensity  of Aqueous Copper Sulfate-Sulfuric Acid Solutions.
H . D .  H o l l e r  a n d  E .  L .  P e f f e r .

51. An E lectrical In su la ting  M aterial for U se in M oist A tm ospheres. 
E d w a r d  W . W a s h b u r n .

52. Types of W heatstone  B ridges for A lternating  C urrent W ork. 
E d w a r d  W . W a s h b u r n .

53. Induced  R eactions in the  Analytical Chem istry of Lead. V. H . 
G o t t s c h a l k .

54. An A ttem pt to Com bine N itrogen and Chlorine D irectly. B .  R .  

H o n o v s k i , L .  C  J o h n s o n , F .  O. A n d e r e g g  a n d  W . A .  N o y e s .

55. T he  N ernst Lutegration  C onstant in G aseous System s. N. 
H o w e l l  F u r m a n .

56. T he Reactivity of Acids. H u g h  S .  T a y l o r .

57. T he  Specific H ea t and  the  Specific M olecular Energy of C hem ical 
E lem ents and Com pounds. F r e d  P .  S i e b e l .

58. Vapor P re s su re s  of E thyl Alcohol and  Alcohol W ater M ix tures a t 
25° and  C om position of Vapors in E quilibrium  with the  M ixtures. I. H. 
D e r b y  a n d  F  D a n i e l s .

59. Com plete D issociation in C oncentrated  Solutions of Sodium  
Chloride and  P o tassiu m  Chloride. I. H . D e r b y , D .  M a y a r d  a n d  E .  T. 
F e g o n .

60. T he D issociation P ressu res  of Various Salt H ydra tes and  the  
Vapor P ressu res  of T heir S a tu ra ted  Solutions. I. H. D e r b y  a n d  V. Y n g v b .

61. T he  Sw elling of R ubber in Various Liquids and the  N ature  of the 
Process. I. H . D e r b y , P .  D .  S c h u l t z  a n d  O. D . C u n n i n g h a m .

62. A S tudy of 0.1 N orm al HC1 Calomel E lectrodes. N . E .  L o o m i s .

W ATER, SEW AGE AND SANITATION DIV ISIO N

E d w a r d  B a r t o w , Chairman  H . P .  C o r s o n , Secretary

1. S an itary  Surveys as a F ea tu re  of Public H ealth  W ork. H. E .

B a r n a r d .

2 Sanitary  Survey M ethods. J . C .  D i g g s .

3. A S an itary  Survey of Logansport, Ind . J .  C .  D i g g s .

4. Swim m ing Pool Sanitation. W . L e e  L e w i s .

5. T he R ate  of Am m onia D istillation in W ater. F .  W . B r u c k m i l l b r .

6 . A M odification of the W hipple M ethod for D irect N esslerization .
F .  W .  B r u c k m i l l e r .

7. T he  D eterm ination  of Carbonic Acid, Com bined and  F ree , in 
W ater. J o h n  J o h n s t o n .

• 8. T he  N um erical T rea tm en t of B. coli V alues in W ater A nalysis. 
E a r l e  B .  P h e l p s  a n d  W i l l i a m  F .  W e l l s .

Sym posium  on the Activated Sludge M ethod  of Sew age Purification:
9. T he  Developm ent a t Law rence, M ass., of the  M ethod of Sew age 

Purification  by A eration and G row ths—Activated Sludge. H . W .  C l a r k .

10. Com position of the  Effluent Air from  an  Activated Sludge T ank .
F .  N .  C r a w f o r d  a n d  E d w a r d  B a r t o w '.

11. Experim ents w ith Activated Sludge a t M ilw aukee, W is. W. D. 
C o p e l a n d .

12. T he A eration of Sewage in the  P resen ce  of Activated Sludge from 
the  Standpoint of an  E ng ineer. E .  J .  F o r t .
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14. Chem ical O bservations of the  Activated Sludge P rocess as  Applied 
to Stock Yards Sewage. A r t h u r  L e d e r e r .

15. T he Activated Sludge Process. W . D. R ic h a r d s o n .
10. T he Sewage E xperim ent Station of the  Illinois S ta te  W ater Survey.

J . F . SCHNELLBACII AND EDWARD BARTOW.
17. The Experim ents with Activated Sludge a t Brockton, M ass. 

R o b e r t  S p u r r  W e s t o n .
18. Som e Results* on the  T rea tm en t of Packing  H ouse Sewage by the 

A eration P rocess in th e  P resence  of Activated Sludge. P a u l  R u d n ic k  
a n d  G . L . N o b l e .

19. T he  Saving Effected by U sing a Softened W ater in Boilers. G. S. 
C o t t e r .

2 0 . T he  T rea tm en t o f  In d u stria l W astes. H a r r is o n  P .  E d d y .
21. Som e S tud ies on Chem ical Self-Purification  in the  Ohio River. 

E a r l e  B. P h e l p s  a n d  H a r o l d  W. S t r e e t e r .
22. Oxygen D em and D eterm ination  in the  F ield . F . W . B r u c k - 

m i l l e r .
23. T he D eterm ination  of N itra tes  in Sew ages by th e  O rtho-T oluid ine 

R eagen t. E a r l e  B. P h e l p s  a n d  H. L. S h o u b .
24. S tud ies on the  Rem oval of M anganese from  W ater Supplies.

H . P. C o r s o n  a n d  E d w a r d  B a r t o w .
2 5 . The Value of Softened W ater to a  R ailroad . R .  C .  B a r d w e l l .
26. Softened W ater and  Its  B enefits in L aundry  W ork. J o h n  H. 

R y a n .
2 7 . Som e F e a tu res  of Swim m ing T ank  Control. W . L e e  L e w i s .
28. F inal R eport of the  C om m ittee on S tan d ard  M ethods of A nalysis

AMERICAN ELECTROCHEMICAL SOCIETY, TWENTY- 
NINTH GENERAL MEETING, WASHINGTON 

APRIL 27 TO 29, 1916
T h e T w en ty-N in th  G eneral M eeting of the A m erican  E lec­

trochem ical S ociety  w as held a t  W ashington, D . C ., A p ril 
27 to  29, 1916, w ith  headquarters a t th e N ew  W illard  H otel. 
A ll of th e sessions were held a t  the N ew  W illard  H otel except 
th e S atu rd ay  (29th) m orning session, a t  the B ureau  of Standards, 
A ssem bly H all of the E lectrical B uild ing. T h e  annual business 
m eeting of the S ociety  w as held a t the T h u rsd ay  (27th) m orn­
ing session.

PR O G RA M  O F PA PE R S 
P res iden tia l A ddress, L a w r e n c e  A d d i c k s .

Sym posium  on Cooperation in Industria l R esearch : T he P rofessional 
Society. L a w r e n c e  A d d i c k s , F . A .  L i d b u r y .

T he U niversity. W . D. B a n c r o f t , W .  H. W a l k e r .

T he G overnm ent. D . A .  L y o n .

T he Corporation. L .  H . B a e k e l a n d , W .  R .  W h i t n e y .

T he D etectors in W ireless Telegraphy. W . D. B a n c r o f t .

H ydrogen for M ilitary Purposes. E .  D. A r d e r y .

Liquid Chlorine. G .  O r n s t e i n .

M agnesium . W . M .  G r o s v e n o r .

Sym posium  on N iagara Falls Pow er and  the  A m erican In d u s trie s :
T he Pow er Developm ent. I. R .  E d m a n d s .

Electric  Furnace P roducts . F . J . T o n e .

T he Chem ical In d u strie s . A .  H . H o o k e r .

T he N itrogen Q uestion. W . S .  L a n d i s .

R eclam ation Service W ater Pow er. A .  P .  D a v i s .

T he B rittleness of A nnealed Copper. W . E .  R u d e r .

Cobalt as  an  E lem ent for Therm ocouples. O . L .  K o w a l k e .

E lectrical R esistance of Copper-N ickel Alloys. F. M . S b b a s t  a n d

G .  L .  G r a y .

Faults in  th e  Sm all E lectric  Arc Furnace. W . M .  M c K n i g h t .

The R ennerfelt Electric Arc F urnace. C . H . V o m  B a u r .

W ater Pow er D evelopm ent for E lectrochem ical Purposes. J .  H . 
P i e r c e .

T he Passive S ta te  of M etals . C. W . B e n n e t t  a n d  W . S .  B u r n h a m . 

Overvoltage, C. W, B e n n e t t .

Overvoltage and  M onatom ic H ydrogen. W . D . B a n c r o f t . 

Depolarization by E lectrical W aves. W. D . B a n c r o f t .

E lectrode Surface P henom ena. W . C. A r s e m .

Contact R esistance of M eta l E lectrodes. N . K .  C h a n e y .

C ontact P o ten tia ls  and E lectrochem ical P o ten tia ls . I .  L a n g m u i r '. 

Polarization in LeC lanche Cells. D . A .  M a c I n n e s .

Electrolytic Form ation  of Perch lora te . C. W . B e n n e t t  a n d  E .  L .
M a c k .

U nstable  S ta tes  in Arc and  Glow. W . G .  C a d y .

Electric Arcs in Vapors and  G ases a t  Low P ressu re s . W . A .  D a r r a h .

T he M oore T ube for Color M atching. W . M cF . M o o r e .

Corrosion and the  Engineer. W .  H . W a l k e r .

Effect of R ust upon the P rog ress of R ust. J . A s t o n .

Influence of Frequency of C urrent on E lectrolytic Corrosion. B. 
M c C o l l u m  a n d  G .  H .  A h l b o r n .

Som e Unsolved P roblem s of th e  Electroplater. G. B .  H o g a b o o m .

Nickel P la ting . F . C .  M a t h e r s , E. H . S t u a r t  a n d  E. G. S t u r d e - 

v a n t .

R apid Nickel Plating . O . P. W a t t s .

T ests  of Tin P lating  B aths. F . C .  M a t h e r s  a n d  B. W . C o c k r u m .

Peptone as an Addition Agent in S tan n o u s  Am m onium  O xalate B aths.
F . C .  M a t h e r s  a n d  B. W . C o c k r u m .

Addition Agents in E lectrodepositing Silver from  Silver N itra te  Solu­
tions. F . C .  M a t h e r s  a n d  J . R . K n e b l e r .

Electrolytic Zinc. W . R. I n g a l l s .

R ecen t P rogress in E lectrolytic Iron . O . W .  S t o r e y .

T h e A m erican  In stitu te  of E lectrica l Engineers held a m eet­
ing 011 W ednesday, A pril 26th, a t  th e N ew  W illard  H otel, to 
w hich the mem bers of the A m erican  E lectrochem ical S ociety 
w ere invited. T h e  program  w as as follows:

A ddress. P r e s i d e n t  J o h n  J .  C a r t y .

Electrochem ical In d u strie s  and  T heir In te re s t in the  Developm ent of 
W ater Pow er. L a w r e n c e  A d d i c k s .

W ater Pow er Developm ent and  th e  Food Problem . H . S. C u s h m a n .

R elation of W ater Pow er to Increased  T ransporta tion . L .  B. S t i l l ­

w e l l .
T he R elation of W ater Pow er to the  N ational D efense. W . R. 

W h i t n e y .
T he W ater Pow er S ituation, Including Its  Financial Aspect. G a n o  

D u n n .

R ecip rocally, the m em bers of th e A m erican  In stitu te  of E lec­
trica l Engineers w ere in vited  to  th e sessions of th e A m erican  
E lectrochem ical Society, those on T h u rsd ay  h av in g  been a r­
ranged to  be of particu lar interest to  electrical engineers.

STANDARD METHODS OF SAMPLING AND ANALYSIS 
AND STANDARD SAM PLES

B y W . F . H i l l e b r a n d  

Received A pril 13, 1916

T h e  w riter presented to  th e Second Pan -A m erican  Scientific 
Congress a  paper bearing th e above title , th e  u ltim ate p ublica­
tion  of w hich is uncertain. T h e  greater p a rt of th e paper dis­
cussed th e  su bject in its relations to  th e countries p articip atin g  
in th e  Congress, in  th e ligh t of certain  resolutions w hich the 
Congress had received as a  legacy from  its im m ediate predeces­
sor. C erta in  portions of this rpight be of som ew hat general 
interest, b u t can n ot well be divorced from  their con text. T h e  
la tte r  p art of th e  paper, how ever, m ay h ave  sufficient interest 
to  chem ists of the U n ited  S tates to  w arran t im m ediate and 
separate publication, and is herew ith presented in its original 
form , except as to  a  few  m inor changes necessitated b y  the 
present form  of publication.

PRINCIPLES ON WHICH STANDARD METHODS AND SAMPLES 
SHOULD BE BASED

T h e fundam ental principles th a t should guide in establish­
ing standard m ethods and standard sam ples, principles th a t 
h a v e  been oftentim es in the past too little  considered in spite 
of the warnings of various writers, m ay be stated  as follows:

CRITERIA FOR STANDARD METHODS

WTh a t are the criteria  b y  w hich a  stan dard  m ethod 
for com m ercial use should be judged? T h e  chief of these a p ­
pear to  be:

1— T h a t its lim its of a ccu racy  and ap p licab ility  are clearly 
defined and understood.

2— T h a t i t  should yield  sufficiently accurate and concordant 
results in th e hands of different analysts.

3— T h a t it  should n ot dem and such close adherence to  detail 
or such m an ip ulative skill and judgm ent, or such tim e consum p­
tion as to  affect seriously its  usefulness.

4— T h a t  it  should h ave been tested  upon m aterial of high 
p u rity  or upon m aterial carefu lly  analyzed b y  independent 
and reliable m ethods.

5— T h a t th e results obtainable upon a  given  class of m aterials 
should n ot be too dependent upon the com position (steel, iron).

Based upon these and perhaps other criteria  i t  is probable th at
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m any m ethods used as standard fail to m easure up to  our ideal 
requirem ent.

CRITERIA FOR STANDARD SAMPLES

In  fixing the criteria  b y  w hich to jud ge the fitness of standard 
sam ples w e h ave  to  distinguish betw een those (A )  which serve 
m erely as a  check upon an alytical procedure and those (B ) 
w hich find use as prim ary standards in volu m etric and polari- 
m etric analysis or in calorim etry. Sam ples o f the first class are 
usually  more or less com plex m ixtures of chem ical (mineral) 
individuals, w hile those of the second are single chem ical in ­
dividuals of th e highest a tta inable  purity.

c l a s s  A : i — T h e  m a t e r ia l  m u s t  b e  s im ila r  i n , a l l  e s s e n ­

t i a l  c h a r a c t e r is t ic s  ( p h y s ic a l  a n d  c h e m ic a l)  t o  t h e  c o m m e r c ia l  

m a t e r ia ls  t h a t  a r e  t o  b e  t e s t e d  in  c o m p a r is o n  w i t h  it .

2— T h e sam ple should be so hom ogeneous in all its parts 
th at the variation s are negligible for the purposes in view .

3— Its 'co m p o sitio n  should have been determ ined b y  inde­
pendent and reliable m ethods affording agreeing results.

4— I t  m ust be so stab le  under all ordinary conditions th a t 
no detectable change of com position w ill occur during the 
anticipated life of the sample.

T h is la st proviso excludes a t  once substances th a t are prone 
to  oxidation (most, if n ot all, sulfide ores and all coals) and those 
whose m oisture content varies w ith th a t of the atm osphere 
(coals and m any ores, etc.).

c l a s s  J3 . 1 1— T here m ust be reasonable ease of preparation 
and accurate reproducibility.

2— T h e p u rity  m ust be determ inable w ith  sufficient accu racy 
and the purified m aterial m ust be stable indefinitely under 
ordinary conditions of the laboratory.

3— T h e use of the m aterial in regular w ork m ust dem and 
neither com plex apparatu s nor difficult m anipulation.

4— Such precision m ust be atta in able  w hen it is used w ith 
ordinary care, th a t one or a t  th e m ost few  determ inations 
suffice for the fixing of the valuS  of a  standard solution or to  
calibrate an  instrum ent.

5— T h e accuracy obtained under ordinary conditions of its 
use in standardization  m ust be a t least as great as th at re­
quired in the use of th e solution or instrum ent to  be  stan d ard ­
ized.

G oing still further back  w e m ust presuppose for the a tta in ­
ment of results of h igh accuracy, both  in the stu d y  of prim ary 
methods and in the ap plication  of these to  standard samples, 
th at the ultim ate standards upon which th ey  are based are of an 
accuracy com m ensurate w ith  the needs of the case. T hus, 
there should be used on ly  reagents of the highest q u ality , in­
strum ents of accuracy calibrated on the sam e basis, the sam e 
units of - m easurem ent, and, last b u t n ot least, the question of 
atom ic w eights should n ot h ave been overlooked.

In explanation  of th e expression “ the sam e units of m easure­
m en t”  only one exam ple need be m entioned. W e h ave  the 
M ohr liter and the true liter. M an ifestly  these cannot be used 
interchangeably. T h en  the tem peratures of standard solu­
tions m ust be app roxim ately a like if com parable results are to  
be expected. W ith  this last condition is closely connected 
the tem perature a t  w hich the m easuring vessels h ave  been 
calibrated. W ide difference m a y  result from  the use of some 
w ith reference m ark 15 ° and others w ith  25 hence the need 
for uniform  calibration.

The question of atom ic w eights is of peculiar interest and has 
been urged b y  others in tim es past. I t  is also perhaps th e one 
most often overlooked. F o r some gravim etric w ork it  is of no 
significance w hether or n ot the atom ic w eights are accu rately  
known or the la test accepted ones are used, as for instance, 
when the am ount of alum inum  oxide in a m aterial is sought 
and it is e ven tu ally  to  be weighed as such. T h e  case is differ-

1 S. M cB ride, J . A m . Chcm. Soc., 34 (1912), 394; B ureau  of S tandards, 
Circ. 40 (1912). 4 .

en t when an elem entary substance sought is weighed as part 
of a com plex m olecule or when the determ ination of an elem ent 
or com pound is based on volum etric analysis, the prim ary stan d­
ard for which is n ot the same elem ent. N eglect to  take this 
consideration in to account m ay m ake a large difference in the 
valu ation  of cargo lots of m aterials based on volum etric analysis, 
as w hen different atom ic w eights are used b y  cooperating analysts.

F ortu n ately  w e have as to  atom ic w eights a  b o d y  of recog­
nized au th ority  in the International C om m ittee on A tom ic 
W eights, whose annual revisions are know n to  all chem ists.1

F in ally , it should be borne in mind th a t to  some of the atom ic 
w eights uncertainties a ttach  which are larger th an  the differ­
ences or errors of some m ethods of analysis. I t  is, therefore, 
a  w aste of effort to  try  to  refine a  com m ercial m ethod so far 
th a t its probable error falls below  th at of the atom ic weights 
th at are involved.

M ATERIALS COVERED B Y  METHODS OF LEG AL OR OTHER AUTHORI­

TA TIV E STANDING IN THE UNITED STATES

T h e use of m ethods th a t h ave  been proposed as standard 
is v ery  seldom binding upon anyone, n ot even upon mem bers 
of societies w hich m ay have adopted them  form ally. T o  cer­
tain  of them , how ever, there has been given legal standing, 
recognized in courts of law , either through a ct of some federal, 
state, or m unicipal body, or of departm ental officers whose ac­
tio n  m ay be regarded as having the force of law . I t  is proper, 
therefore, in a list of so-called standard m ethods, to  discrim inate 
betw een those which have been legalized in the above sense 
and are m an datory  under certain  circum stances and those which 
have no m andatory or legalized character, although th ey m ay 
h ave  been recom m ended form ally b y  some com petent body. 
T here m ay be considered, further, a  class of m ethods whose use 
is com pulsory in the laboratories of certain  large industrial 
concerns or which are p u t forth b y  others as the m ethods b y  
which the com position or qu ality  of goods contracted for shall 
be determ ined. In  cases like the last, the m ethod of test m ay 
form  p art of the specification for the article  or m aterial in ques­
tion. I t  has been difficult to  decide for some m ethods in which 
of the above categories th ey  should be placed, or even if th ey  
should find place a t  all. T h e  list which follows includes no 
m ethods th at were published m erely as reports of progress. 
I t  is, how ever, p robably  n ot exhaustive and m ay n ot be free 
from error in some of its details, b u t i t  is believed th at it em ­
bodies 110 flagran t om issions or im perfections. T he author 
w ill esteem  it a  favor if those w ho m ay be aware of om issions 
or other im perfections w ill bring them to  his attention.

A  w ord of w arning m ay not be amiss as to  the real standing 
th a t should be accorded a given  m ethod in this or any other 
list th a t m ay y e t  be prepared. Som e organizations p u t forth  
no m ethod th a t has not been either critically  studied experi­
m en tally  or else form ulated b y  experts on the basis of special 
know ledge and inform ation. O thers throw  no such safeguard 
a bou t the m ethod th ey  recom m end, b u t copy from other bodies 
or adop t m ethods th a t m ay be in more or less com m on use but 
h ave n ever been critica lly  tested. M ethods of the last ty p e  
are necessarily less to  be trusted th an  th e others. A gain , 
unfortun ately, instances are not lackin g where m ethods h ave  
been form ulated b y  com m ittees n ot well qualified for the task. 
A gain st such as these the average user is w ith o u t protection.

I— METHODS RECOGNIZED B Y  COURTS OF LAW  IN TH E UNITED

STATES

I  METHODS OF THE UNITED STATES PHARMACOPOEIA COVER­

ING THE TESTING OF DRUGS AND M EDICINES, as given  in th e  
E igh th  D ecennial R evision. T h e  N in th  R evision  is in press 

1 I t  will perhaps be known to  m ost readers th a t  the  8th  In te rn a tio n a l 
Congress of Applied Chem istry recom m ended th a t  for com m ercial t r a n s ­
actions th e  atom ic weights p u t forth  by  the  above com m ittee should rem ain  
in force from one Congress to  the  next and  should no t change from year to 
year.
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an d should appear w ithin  th e n ext few  m onths. T h e  specifica­
tions and m ethods of the Pharm acopoeia are com pulsory in 
the enforcem ent of the Federal F ood and D ru gs A c t of 1906, 
in so far as th ey  are applicable, and of law s of m an y states regu­
latin g drugs and medicines.

2— m e t h o d s  o f . t h e  a s s o c i a t i o n  o f  o f f i c i a l  a g r i c u l t u r a l  

c h e m i s t s , as published in B ull. 10 7  (revised), 1908, o f the Bureau 
o f C hem istry, D epartm ent o f A gricu lture, and abou t to  appear 
freshly revised in th e F ebru ary, 1916, and subsequent num bers 
o f the Quarterly Journal o f Official Agricultural Chemists, C arl 
L . A lsberg, Secretary, W ashington, D . C .

T h e  use of these m ethods, in so far as th ey  ap p ly, is com pul­
so ry  in th e enforcem ent of the Federal F oo d  and D ru gs A c t 
o f 1906, and of th e Insecticide A c t  of 1910. Som e of the m eth­
ods are provisional only, not h avin g  been subjected as y e t to  
sufficient trial to  ju s tify  final adoption, b u t th ey are none the 
less recognized b y  the Federal Courts. T h e y  are also recog­
nized b y  the legislatures of some states and b y  some public 
organizations, and are followed rath er generally w herever a p ­
plicable. T h e  m aterials for w hich m ethods are provided in 
the forthcom ing publication are:

Organic and  Inorganic P hos­
phorus in Foods, Feeding 
Stuffs, and  Drugs 

Phosphoric Acid 
P o tash
Saccharine P roducts  
Soils 
Spices
Sugars (see also I-4-a, below) 
T ann ing  M aterials  
T ea
T esting  C hem ical R eagents 
V egetables (Canned)
Vinegars
W ater in Foods and  Feeding Stuffs 
W ater (Potable, m ineral, in ­

dustria l, irrigation , from  the 
chem ical p o in t of view. See 

also II-4 , p. 469)
W ine

Baking Pow der 
Beer
Cereal P roducts
Cocoa and  Cocoa P roducts
Coffee
Coloring M atte r 
C ondim ents o th e r th an  Spices 
D airy  P roducts  (A dulteration) 
D airy  P roducts  (General)
F a ts  and  Oils (Edible)
Feed A dulteration  
Flavoring  E x trac ts  
Foods, Feeding Stuffs, and  D rugs 
Foods (General)
F ru its  and F ru it P roducts  
H eavy  M etals in Foods 
Inorganic P lan t C onstituen ts  
Insecticides 
L iquors (D istilled)
M ea t and Fish 
M edicinal P lan ts  and  D rugs 
N itrogen: Separation  of N itrogenous 

Substances: M ilk and  Cheese,
M ea t P roteins

3 — UNITED STATES GOVERNM ENT SPECIFICATIONS FOR PORT- 

l a n d  c e m e n t — Established b y  order of the President of the 
U nited  States, A p ril 30, 1912, and published in Circ. 3 3  of the 
B ureau  of Standards. T h e  specifications and m ethods of test­
ing are obligatory- upon all branches of th e F ederal G overn ­
m ent in testin g Portland cem ent intended for governm ent use, 
and th ey  are su bject to  m odification from  tim e to  tim e as neces­
sity  arises.

4 — m e t h o d s  o f  t h e  u n i t e d  s t a t e s  t r e a s u r y  d e p a r t m e n t  •

(a)— Sugar and Molasses: T reasury  D ep artm ent D ocum ent
N o. 2470 (1907), D ivision  of Custom s. R egulation s govern ­
ing weighing, taring, sam pling, classification, and polarization 
of im ported sugars and molasses.

T here is an International Com m ission for U niform  M ethods 
of Sugar A n alysis whose m ethods arc  follow ed b y  the European 
countries represented on the com m ission. In  the U n ited  S tates 
their use is w holly optional, n otw ithstanding th a t this country' 
has representatives upon th e com m ission from  governm ental 
as well as industrial ranks. A  sum m ary of the m ethods of the 
International Com m ission is given in W ieclim ann’s “ Sugar 
A n alysis,”  J. W iley  &  Sons, New' Y o rk , 1914.

(&)— Denatured Alcohol: R egu lation  N o . 30— R evised  (A p ­
pendix), B ureau  of Internal R evenue.

(c)— Alcohol: In  R evised S tatu tes 3249 the legal specific 
gra v ity  of proof spirits is defined as 0 .7939 a t  60 0 F . T h is 
statu te  practically  com pels th e chem ists of th e B ureau  of In ­
ternal R even ue to use th is specific g ra v ity  in a ll th eir w ork on 
alcohol. In  T reasu ry  D ocum ent N o. 34543, the use is author­
ized of the alcoholom etric tab le  N o . 7, as given  in  th e G au gers’ 
M an u al o f 1913. T here are slight variation s from  earlier edi­
tions of the table.
. (d)— Sampling o f Ores and Crude Metals: T reasury  D ep art­

m ent D ocum en t N o. 35216 prescribes regulations under S u b ­
section 1 of P aragraph N  of Section 4, T ariff A c t  of O ctober 3, 
1913. A s to  assay of the m aterials covered b y  the regulations, 
it  is directed m erely th at th is shall be b y  " th e  w et assay, w ith ­
ou t deduction.”  T h e  procedure for determ ining m oisture in 
im ported ores is briefly outlined. T reasury  D ocum en t N o. 
35219 extends the use of th e " w e t  a ss a y ”  to lead-bearing ores.

(e)— Tea: T reasu ry  D ocum ents N os. 34256 and 34411 give 
the latest directions for the testin g of tea  b y  the R ead  m ethod.

( f)— Number of Yarn in  Cotton Cloth: T reasu ry  D ocum ent 
N o. 34255. A n  addition  of 8 .5  per c en t,is  to  be m ade to the 
bone-dry w eight in ascertaining th e num ber of yarn  in cotton  
cloth, instead of 7 per cen t as form erly.

II— METHODS NOT HAVING LEG AL RECOGNITION BU T APPROVED 

B Y  SCIEN TIFIC OR TECHNICAL ORGANIZATIONS

 1 METHODS RECOMMENDED B Y  TH E AMERICAN CHEM ICAL SO­

C IE TY, C h a rle s ,L . Parsons, Secretary, P. O. B ox  505, W ashing­
ton, D . C .

(a)— Glycerine: T h i s  J o u r n a l , 3 (19 11), 679. . M ethods 
for glycerine w ere form ulated b y  a  com m ittee of th e A m erican 
C hem ical S ociety  actin g in cooperation w ith  B ritish, G erm an, 
and French com m ittees or representatives. In  the U n ited  
S tates the m ethods are n ot generally em ployed, there being 
no organization of soap m anufacturers or glycerine distillers, 
b u t in England, where there is a  pow erful organization, the 
acetin  m ethod recom m ended b y  the com m ittee is follow ed in 
a ll com m ercial transactions. T h e  w riter is unable to  sa y  w h at 
is th e practice  in G erm an y and France.

(b)— Resin in  Shellac: J . A m . Chem. Soc., 29 (1907), 1221.
(c )— Copper (Battery Assay): T h i s  J o u r n a l ,  7  ( 1 9 1 5 ) .  5 4 6 -
(d)— Spelter [Zinc): Ibid., 7 (1915), 547-
 2 METHODS RECOMMENDED B Y  TH E AM ERICAN SO CIETY FOR

t e s t i n g  m a t e r i a l s ,  E d gar M arbu rg, Secretary, U n iversity  of 
Pen nsylvan ia, Philadelphia, P a . Y e a r  B ook, 1915.

(а)— Methods Adopted as Standard: P lain  C arbon Steel (p. 201); 
A llo y  Steels (p. 225); S p elter (p. 345); C em ent (p. 375) (pre­
v iou sly  approved b y  th e A m erican  S ociety  of C iv il Engineers 
and th e A m erican R a ilw a y  Engineering A ssociation); R a w  
Linseed Oil from  N o rth  A m erican Seed (p. 4 17); B oiled L in ­
seed Oil from  N o rth  A m erican  Seed (p. 420); R a w  C hinese W ood 
Oil (p. 423); T urp en tin e (p. 428); Soluble B itum en  (p. 444); 
Pen etration  of B itum en  (p. 446); Oil and A sp h altic  Com pounds 
(Loss on H eating) (p. 447); C otton  R ubber-Lin ed Hose 
(A nalysis of R u bb er Lining) (p. 449).

(б)— Methods Adopted as Tentative: P ig  and C a st Iron (p. 
519); P a in t T liinners other th an  T urp en tin e (p. 567); B leached 
Shellac (M oisture) (p. 5 71); W h ite  Pigm ents (p. 579); C oal 
(p- 5 9 i — L arge Scale Sam pling) (p. 596— L a b o ra to ry  Sam pling 
and A n alysis); Creosote Oil (p. 625).

T h e  m ethod for laboratory  sam pling and analysis of coal 
was form ulated jo in tly  b y  com m ittees of the A m erican  S ociety  
for T estin g  M aterials and th e A m erican  C hem ical S ociety , 
revising th e m ethods originally  p u t forth b y  th e latter.

T h e  te n ta tive  m ethods for P ig  and C a st Iron  are intended 
to  replace the m ethods heretofore in com m on use b y  fou nd ry- 
m en1 and w ere in fac t originally  intended to  serve as basis for 
discussion of m ethods for international use, representatives of 
G reat B rita in , G erm any, and th e U n ited  S tates  p articip atin g 
under th e auspices of the International A ssociation  for T estin g  
M aterials.

T h e  m ethod for cem ent is essentially th a t proposed originally 
b y  a  com m ittee (on U n ifo rm ity  in th e A n alysis of M eth o d s ' 
for the Portlan d C em ent Ind ustry) established b y  th e N ew  
Y o rk  Section  of the S ociety  of C hem ical Ind ustry, the procedure 
h avin g  been first published in the Journal o f the Society of Chem­
ical Industry, 21 (1902), 12, and a  y e a r la ter in the Engineer­
ing News and Engineering Record.

1 Trans. A m . F ounirym cn 's  Association, 16 (1907), 44.
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T h e m ethod for cem ent under I-3 (p. 468) is also based upon the 
same original procedure, b u t has undergone more m odification 
than th a t approved b y  the A m erican  S ociety  for T estin g M a ­
terials.

 3 METHODS RECOMMENDED BY THE AMERICAN FOUNDRY-
m e n ’s  a s s o c i a t i o n ,  R ichard  M oldenke, Secretary, W atchung, 
N . J.

Coke: Trans. Am. Foundrymen's Association, 20 (19 11), 559. 
These m ethods are under revision b y  the above Association, 
cooperating w ith  the A m erican S ociety  for T estin g M aterials.

 4 METHODS RECOMMENDED BY THE AMERICAN PUBLIC HEALTH
a s s o c i a t i o n .  Office 289 F ou rth  A ven ue, N ew  Y o rk  C ity .

Water (from the san itary  point of v iew ): "S ta n d a rd  M ethods 
for th e  E xam in ation  of W ater and Sew age,”  1912, 2nd E dition. 
T o  appear in revised form  in 1916. T h e  m ethods cover p h ys­
ical, chem ical, m icroscopical, and bacteriological exam ina­
tion. T h e  m ethods for the third edition h ave  been com piled 
and revised in cooperation w ith  a  com m ittee of the A m erican  
C hem ical S ociety  and representatives of th e A ssociation of 
Official A gricu ltu ral Chem ists (see 1-2, ante, for th e reference 
to  th e publication  b y  the la tte r organization). I t  is expected 
th a t th ey  w ill also be approved b y  th e A m erican Chem ical 
Society.

 5 METHODS RECOMMENDED BY THE AMERICAN LEATHER CHEM­
ISTS’ a s s o c i a t i o n ,  H . C . Reed, Secretary-Treasurer, 227 F ulton  
S t., N ew  Y o rk  C ity .

Journal American Leather Chemists' Association, 10 (1915), 
110: M ethods official in th e A ssociation  for 1915 cover analysis 
of vegetable m atters containing tannin, sam pling of tanning 
m aterials, and analysis of leather. T here is also a  provisional 
m ethod for sulfonated oils.

 6 METHODS RECOMMENDED BY SOCIETIES INTERESTED IN
COTTON PRODUCTS.

Methods of Analysis of Cotton Seed Products, prin ted in the 
following pam phlets:

(a)— R ep ort of the Proceedings of th e S ixth  A n nu al M eeting 
of the S ociety  of C otton . Products A n alysis, G . C . H ulbert, 
Secretary, A ugusta, G a.

(¿1)— M in utes of th e m eeting of the C hem ists’ C om m ittee of 
the In terstate  C o tto n  Seed Crushers A ssociation  a t  A sheville, 
N . C ., A u gu st 10, 1914, F . N . Sm alley,' Secretary, S avan n ah , G a.

(e)— Proceedings of the T w en ty-first A n n u al Session of the 
T exas C o tto n  Seed Crushers A ssociation, R o b ert G ibson, 
Secretary, D allas, Texas!

(d)— M ethods of A n alysis of th e N ew  Y o rk  Produce Exchange, 
W. A . S torts, Chairman, C o tto n  Seed Products C om m ittee of 
the N ew  Y o rk  Produce E xchange, N ew  Y o rk  C ity .

T h e first (a) of the above is th e la test publication  th a t con­
tains the In terstate  C o tto n  Seed Crushers A ssociation ’s official 
methods, including m inor changes and additions adopted b y  
the A ssociation in Septem ber, 1915.

7;— METHODS RECOMMENDED BY THE AMERICAN RAILWAY
e n g i n e e r i n g  a s s o c i a t i o n .  Office, 900 South M ich igan  A venue, 
Chicago, 111.

O N  T H E  E X T R A C T IO N  O F  R A D IU M , E T C ., B Y  T H E  
U. S . B U R E A U  O F  M IN E S

Editor of the Journal of Industrial and Engineering Chemistry:
I h ave  read w ith  in terest th e letter of F eb ru ary  16th, b y  D r. 

Charles H . V io l, of th e Stan dard C hem ical C om pany, page 
284 of the M arch  issue of y o u r Journal. I am  especiall> in­
terested to  kn ow  th a t D r. V io l concedes th a t some of the state­
ments issued b y  the B ureau  m a y  h ave been altered or abbre­
viated in the public press, b u t I regret th a t I  feel it necessary

(a)— Creosote Oil: M an u al A m erican  R a ilw a y  Engineering 
A ssociation, 19 11, p. 441.

(b)— Zinc in Treated Timbers: Ibid., p. 451.
(c)— Cement: Ibid., p. 478. T h e  m ethod is th a t recom m ended 

b y  the C om m ittee on U n iform ity  in T echn ical A n alysis of 
the N ew  Y o rk  Section of th e S ociety of C hem ical Industry. 
See also I-3 (p. 468) and II-2 (p. 468).

I l l  METHODS IN  USE IN  LABORATORIES OF CERTAIN INDUSTRIAL
ESTABLISHMENTS

T h e num ber of industrial organizations th a t have stan dard­
ized m ethods of analysis for use in their business is unknow n, 
b u t is p robably  n ot a t  all large, A  few  of the more notable 
instances are here given.

I  METHODS OF THE UNITED STATES STEEL CORPORATION
FOR THE SAMPLING AND ANALYSIS OF:

(а)— Gases: Pam phlet. A lso  Metallurgical and Chemical 
Engineering, 9 ( 1 9 1 1 ) ,  3 0 2 , 3 5 6 .

(б)— Iron Ores: Pam phlet, 1914, superseding th a t of 1909 
and the reprints of th a t year in the technical press.

(c)— Pig Iron: P a m p h le t ,  1 9 1 2 . A lso Eighth International 
Congress of Applied Chemistry, 1  ( 1 9 1 2 ) ,  9 1 ,  a n d  T h i s  J o u r ­

n a l , 4 ( 1 9 1 2 ) ,  8 0 1.

(d)— Plain Carbon Steels: Pam phlet, 1915.
(e)— Alloy Steels, Pam ph let, 1915.
(/)— Coal and Coke, including th e by-products. In  p repara­

tion.
(g)~Ferro-Alloys and Bearing Metals. In preparation.
(h)— Slags, Fluxes, and Miscellaneous Materials. In  prepara­

tion.
T h e  pam phlets are to  be had a t  th e price of one dollar ($1.00) 

each from  M r. C am p, Chairman, C hem ists’ C om m ittee, Carnegie 
Steel C om pany, P ittsburgh , Pa.

2— m e t h o d s  o f  t h e  u n d e r w r i t e r s ’ l a b o r a t o r i e s ,  under 
the direction of th e N atio n al B oard of F ire  Underwriters.' Prin­
cipal office, 207 E a st Ohio S t., C hicago, 111.

(a)— Rubber Compounds Used for Electrical Insulation. 
Pam phlet, 1915.

(b)— Rubber Compounds Used for Rubber-Lined Fire Hose. 
Pam phlet, 1914.

(c)— Rigid Conduit. In press. C on tain s chem ical m ethods 
of determ ining th e q u an tity  of zinc per square foot and the cop ­
per su lfate  test m ethod.

3— r a i l r o a d s . — T h e P en nsylvan ia  R ailroad w as probably 
the first railroad to  include in  its specifications m ethods b y  
w hich purchases should be tested and it  has a very  com plete list of 

such methods.

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

T o  the m an y gentlem en w ho have been of help to  me in the 
preparation of th is paper, colleagues in the B ureau  of S tan d ­
ards, fellow workers in the A gricu ltu ral and other Federal 
D epartm ents, and others in u n iversity  and industrial life, m y 
cordial thanks are tendered.

B u r e a u  o p  S t a n d a r d s , W a s h i n g t o n

to  add th a t no one has so fostered m isstatem ent as D r. V io l 

him self and other em ployees of the com pany w hich he repre­

sents. T o  a ttem p t to  show up all the errors and m isstate­
m ents th e y  h a v e  issued is qu ite  unnecessary and beyond th e 
lim it of space w hich you  can allow  me. I shall accordingly 
confine m yself to  tw o  instances only— the article referred to  
above and one other w hich appeared in "Radium ," the pro­
prietary  publication  of th e Standard C hem ical C om pany, of 
which D r. V iol is editor.

NOTE.5 AND CO RRE.5PO N D E.N Ct
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In  this publication (page 54, N ovem ber, 1915, issue) the fol­
low ing appeared, on ly  such portion being reprinted as is perti­
n ent to the p oin t a t  issue:

“ THE COST OF RADIUM”
" B e lo w  w e quote in full a  le tter from  L. O. H ow ard, of S alt 

L a k e  C ity , to  th e editor of Mining and Scientific Press, which 
w as published ifi th a t journal Septem ber 25, 1915:

‘ “ Editor— Sir: O n page 406 of you r issue of Septem ber 11,
it w as stated  th a t the fact the B ureau of M ines has reduced 
th e cost of producing radium  to $36,050 per grain of brom ide 
w ill perhaps m ake a v isit to  the radium  booths interesting.’ 

"A ssu m in g  this statem en t to  be correct, except for th e su p ­
posedly typ ograp hical error which substitutes grain for gram, 
w e are again  su bject to the skillfu l exaggeration w hich the 
B ureau  used so successfully in its cam paign again st th e radium  
producers last year. T h is statem ent was connected w ith  the 
fact th a t radium  w as selling a t  $120,000 per gram . * * * *
T h e  price a t  w hich radium  is sold is given  in term s of radium  
elem ent whereas the cost th a t you  report is given  in term s 
of the salt, radium  brom ide. * * * * ”

In  the la tte r p a rt of Ju ly  D r. V io l had been sent the original 
statem en t b y  S ecretary  L an e to which M r. H ow ard refers and 
which read as follows:

" T h e  cost o f one gram  of radium  m etal produced in the form  
of brom ide during M arch, A pril, and M a y  of the present y ear 
w as $36,050.”

D r. V iol acknow ledged the receipt of this statem en t and 
expressed his interest in it. On reading the statem ent in 
"Radium ," I  w rote D r. V io l and called his atten tion  to  w h at 
I  supposed to be  an unintentional error, to  the original statem en t 
sen t him, and to his acknow ledgm ent thereof— on ly  to receive 
his reply, th a t the letter of M r. H ow ard w as published in his 
periodical w ith  his know ledge and approval. W ie n  M r. 
H ow ard ’s atten tion  w as brought to the m isstatem ent he very  
courteously acknow ledged his error and offered to  p u blicly  
correct it. U p  to the present tim e, how ever, D r. V io l has 
m ade no correction in “ Radium " of this gross m isrepresenta­
tion nor has he ever published a n y  original statem en t w h a t­
soever issued b y  the B ureau  of M ines regarding the m ining or 
p lan t operations of th e B ureau  or referred thereto w ith o u t 
falsification. I  m ust accordin gly assum e th a t he in tention ally  
publishes w h at he know s to be untrue.

D r. V iol in an  article on “ T h e  R adiu m  Situation  in A m e rica ”  
Radium, page 106, M arch , 1915, says:

" B y  takin g th e cost of production on the basis of a mg. of 
hydrous brom ide (for w hich th e present selling price is $64.32 
per m g.) and com paring their figures on this basis w ith  the 
present m arket price of radium  elem ent ($120 per m g.), th e 
B ureau  of M ines officials are able to  secure v e ry  startlin g com ­
parisons.”

T h e  B ureau  of M in es has in variab ly  used the term s “ radium  
elem en t”  or “ radium  m e ta l,”  and the "co m p a riso n s”  of bro­
m ide to elem ent h a v e  originated in th e im agination of D r. 
V io l or in th e m isstatem ents of reporters for new spapers who 
h a v e  been unfam iliar w ith  scientific terms.

On page 108 of the sam e issue D r. V io l says:
"R e p e a te d  requests b y  m em bers of the Congressional C om ­

m ittee for the w ritten  agreem ent betw een th e B ureau  of M ines 
and the N atio n al R adium  In stitu te  brou gh t forth  the promises 
th a t th e agreem ent w ould be m ade a  m atter of record. S o  far, 
how ever, it has not been m ade p u blic.”

T h e  full agreem ent w as printed on page i p j  of the v e ry  docu­
m en t from  which D r. V iol w as quoting and had been in p rint 
for over a  year.

T h e  rest of th e article  m akes interesting reading to  those 
fam iliar w ith  the situation. H is extended quotations are quite 
characteristic  of his journal.

I t  has not been the policy of the B ureau  of M in es to  authorize 
replies to  a n y  atta ck s in the public press or in periodical litera­
ture, although m an y h ave  been m ade b y  em ployees of th e com ­
p an y  which D r. V io l represents. In  the present instance, 
how ever, the article appears in a  journ al w hich reaches all

parts of the w orld and is a  public and perm anent record in all 
the large libraries. T o  the m an y chem ists in this cou ntry 
interested in the radium  industry and to  whom  th e  raison d’etre 
of D r. V io l’s letter is well known, no rep ly  is even now  neces­
sary. 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 ,  how ever, w ill be consulted in the future for references 
to  radium , and m an y unfam iliar w ith  conditions m ay accept 
D r. V io l’s statem en ts as facts. T herefore, for the sake of the 
h istory of the in du stry these statem ents should be corrected. 
I t  is not, how ever, m y  intention to  enter into a n y  argum ent 
of a  controversial nature. F ortu n ate ly , D r. V io l him self and 
others of his com pany are on record, especially in testim ony 
g iven  before th e Sen ate and H ouse C om m ittees on M in es and 
M ining, although those hearings are n o t readily  availab le  to  
a n y  one searching the literature.

THE COST OF MINING

A t  the hearings before th e C om m ittee 011 M ines and M ining, 
H ouse of R epresentatives, Jan u ary 19 to 28, 1914, p ractica lly  
a ll of tlie  chief producers of uranium  ore and chief brokers were 
present and gave  testim ony. T h e  following testim ony was 
given  regarding the cost of m ining:

Pages 62 and 65, Hearings before H. R. Committee, M r. J. M . 
F lan n ery, President of the S tan d ard  Chem ical C om pany, 
testified :

" T h e  average cost of m ining carn otite  ore w ould be $15 or 
$20 a  ton; sacking and hauling, $22.50; freight to P ittsburgh, 
$12 per ton .”

Page 166, same Hearings, Thos. F . V . C urran  testified th at 
th e m ining costs averaged $42 per ton and transportation  costs 
to P lacerville  $20 per ton, giv in g a to ta l ore cost laid dow n in 
P lacerville  of $62 per ton.

Page 267, same Hearings, a signed statem en t from  K . D . 
H equem bourg gives the following figures:

P e r ton  average
D evelopm ent w o rk ................................................ $ 6 .00
Ore m ined, sorted, sacked, e tc .......................... 20 .00
Packing to  wagon ro a d ........................................ 5 .0 0
W agon hau l to  ra ilw ay ........................................  20 .00
Loading and  un load ing ........................................  1.50
A ssaying....................................................................  3 .0 0

T o ta l average per to n .................................  $55.50

“ C osts depend largely  on size, con tin u ity  and grade of ore 
b o d y and th e experience of the m en sorting th e ore to  the grade 
for shipping. A b o ve  prices are based on sorting to  a grade of 
2 per cen t or less o f UsOa contained. I f  a  higher grade is w anted, 
th e cost per ton  w ould be m ateria lly  higher for th e item s of 
‘ m in in g ’ and 'd evelo p m en t.’ ”

I believe these costs of m ining w ere underestim ated, b u t th ey  
are th e best w e h ave. In  v iew  of th is testim ony, th e cost of 
the ore from  the m ines operated b y  th e N atio n al R adiu m  In ­
stitu te  appears high rath er th an  low  as claim ed b y  D r. V iol. 
T h e  M ag gie  C  claim , operated b y  the N atio n al R adiu m  In sti­
tu te , w as one of th e  four or five m ost extensive p ockets found 
in the P aradox region. I t  w as, how ever, no m ore extensive 
th an  claim s such as th e L a s t Chance, C op p er Prince, etc., 
ow ned and m ined b y  others. M in ing on the M ag gie  C  claim  
has been more costly  than on som e of th e sm aller pockets 
w orked b y  the N a tio n a l R adiu m  Institu te, w here m uch less 
barren ro ck  had to  be m oved.

PRICE o f  o r e

A t  both  the S en ate and H ouse H earings referred to, extended 
testim ony w as g iv en  regarding th e m arket price of ore:

Page 5 o, II. R. Hearings, M r. Thos. R . H enahen testified 
th a t the round figures for th e present price (January, 1914) 
of 2 per cen t ore, P lacerville , were a b o u t $80 per ton.

Page 150, M r. O. B . W illm arth  testified th a t $50 a  ton  a t  the 
m ine w as a  fair average price for 2 per cen t uranium  ore.

Page 165, M r. T hos. F . V . C urran  testified, referring to ore 
shipm ents, “ W e g e t for it  (delivered in France) a t  the present 
tim e abou t $3.30 a  pound of U 3Os.”

Page 267, M r. K . D . H equem bourg in  a  signed statem en t 
ga v e  th e prices received b y  m iners a t  ra ilw ay  as follows:
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P r i c e s  B a s e d  o n  P e r  C e n t  U r a n i u m  O x i d e

P er cen t UjO(  l ' / i  l ' / i  2 2V< 2V i 2>/i
Price per ton, n e t .  $45 $60 $80 $90 $105 $120

“ T h e  grade m ost frequently  shipped is abou t 2 per cent. V ery  
few  shipm ents h ave been found in the 2 ‘/< per cen t grade. T h e  
m iner had great d ifficu lty  in gettin g a tonnage of the 2 per cent 
grade.”

T h e  R ep ort of th e  M ines and M in ing C om m ittee, F ebru ary  
3, 1914, 011 these hearings, found as follows:

“ M an y  foreign agents have been in th is cou ntry seeking sup­
plies for shipm ent abroad and a  m uch stronger dem and for ores 
lias caused prices to  advan ce so th at ore containing 2 per cen t 
uranium  oxide readily  brings $80 per ton a t  the railroad a t  
P lacerville , C olo .”

M r. A . M . W ilson, of N u cla, one of the largest individual 
producers, w rote S ecretary  Lane, F eb ru ary  2, 1914, page 59, 
Senate Hearings, th a t the prices offered him  a t  th a t tim e f. o. b. 
P lacerville, Colo., w ere as follows:

“ P e r cen t Price offered by Price offered by
U ranium  oxide S tan d ard  Chem ical Co. G erm an broker

 2...............................................  $ 64 .00  $ 80 .00
2 i / j ..........................................  82 .50  110.00
 3...................................................  110.00 138.00
 4...................................................  148.00 200.00

N o  offer by  the  S tan d ard  Chem ical Co. on any  ore under 2 per cen t UaOs.”

Page j o q , Senate Hearings, W . L. Cum m ings, anoth er pro­
ducer of carnotite, testified th a t F eb ru ary  17, 1914, the price 
of ore had been advan cin g and th at he w as then paid $2 per 
pound U3O8 f. o. b. Placerville, Colo. (S80 per ton of 2 per cent 
ore.)

Page 128, Senate Hearings, w ritten  statem en t, F ebru ary  17, 
1914, from  D av id  T ay lo r, a  large ore broker: " F o r  a  standard
ore 2 per cent uranium  oxide the m arket price is abou t $125 per 
ton delivered in Europe on a basis of com plete p aym en t on a 
valu ation  u su ally  less th an  th e A m erican  valu ation  a t  p robably 
6 m onths from th e date of sh ipm ent.”

T h e price of ore advan ced sligh tly  betw een F ebru ary  and 
A u g u st w hen the European w ar began. T h e  price quoted b y  
the Stan dard Chem ical C om p an y to producers as late  as Ju ly  
10 ,19 11 , for ore delivered a t  the railroad station  D olores, Colorado, 
was $98 per ton for 2 to 2 .2 4  per cent, incl., and $ 114  per ton 
for 2 .25  to  2 .4 9  per cent, incl. T hese  prices average approxi­
m ately $2.35 per pound U 3Os. T h e  con tract w hich th ey  offered 
contained the following clause:

“ T h e  bu yer shall be under no obligation  to  ta k e  or p a y  for 
a n y  ore running less th an  1 .7 5  per cent uranium  oxide.”

I t  further contained the clause:
“ T h e  ‘ se ller’ has sold to  the Stan dard C hem ical C om pany, 

hereinafter called the ‘ b u y er,’ all carn otite  ores on the dumps, 
or hereafter m ined or produced, on the follow ing described m in­
ing claim s.”

I f  th e con tract w as legal th is p ractica lly  tied the seller up 
to furnish all of th e ore he m ight in future produce, a t  the prices 
named, to  this com pany.

D r. V iol, w ith  his usual desire for accuracy, quotes on page 
284 of T h i s  J o u r n a l ,  M arch , 1916:

“ B efore the w ar carn otite  containing 2 per cen t U3OS w as 
sold to French buyers a t  S3.30 per lb. U3OS, and offers w en t 
as high as $4.00 for th is ore.”

A s his com pany w as a ctiv e ly  purchasing ore, D r. V io l m ust 
have know n th a t the statem en t of M r. C urran  (half again  as 
high as an y  other) w hich he selected for q u otation  w as exaggerated. 
T h e m agnitude of the exaggeration  should, how ever, n ot trouble 
D r. V iol, w ho testified before the H ouse C om m ittee on M ines 
and M in ing (page 116 )  th a t in his opinion radium  could be e x ­
tracted from  ordinary soils com m ercially.

I t  w ill p robably in terest D r. V io l still further to learn  th a t 
there w as a m isunderstanding betw een M r. C urran  and the 
purchaser of the ore, w ho b o u gh t on th e basis of the radium  
content “ O ne hundred francs per mg. of hyd rous radium  b ro­
mide delivered in F ran ce for a ll ore running over 6 -10  mgs. 
(Senate Hearings, p. 7 3 )."  M r. C urran  supposed th a t he was 
selling on th e  basis of radium  actually' present in the ore, while 
the purchaser w as b u yin g  on th e  basis of the radium  he w as 
able to  extract. A s  the extraction  w as la ter found to  be less 
than 70 per cen t, th e n et price received for th e ore, deducting

freight to France, insurance, dust losses in transportation, etc., 
w as essentially in' accord w ith the testim ony of the other ore 
dealers.

I t  was d istin ctly  pointed ou t in B ull. 104 of the B ureau  of 
M ines ju s t  w h at effect an  increase in the m arket price of ore 
w ould h ave  on the cost of radium  produced b y  the B ureau of 
M ines process. T h is again D r. V io l con ven ien tly  forgets in 
his article in T h i s  J o u r n a l .  T here has been no m arket price 
for ore since the w ar in Europe began, as there have been no 
purchases until the N atio n al R adium  In stitu te  recen tly  bought 
som e lots th a t had been held in storage for m an y m onths. T h e 
In stitu te  then becam e, until quite  recently, the on ly corpora­
tion m aking offers for ore.

EFFICIENCY OF EXTRACTION

In  v iew  of D r. V io l’s statem ents th a t nothing has been gained 
b y  the Bureau of M ines process, a lthough th a t process has suc­
ceeded in producing a t  a  p lant in Colorado several gram s of 
radium  a t a  cost of ap proxim ately $37,000 per gram , w ith  an 
efficiency averagin g above 85 per cent, and indeed over 90 per 
cent, on m an y carload lots, the following predictions and state­
m ents taken  from the Hearings referred to  above m ay prove 
enlightening:

Page 54, H ouse Hearings, M r. J. M . F lan n ery, President 
Stan d ard  C hem ical Com pany', testified:

" W e  w orked on it  3 years and endeavored to  develop a process 
for the extraction  of radium  from  these ores, and found it  a  very  
difficult and costly  proposition. W e h ave  spent to-day, in­
cluding our property and all, up to the first of January', $650,- 
000, d ivided abou t as follows:

$100,000 for properties; $225,000 or $230,000 for labor 
and m aterials used in the process; and for plants, m a­
chinery, equipping the mill, etc.

W e have, up to  th e first of Jan uary, 1914, produced 2 g. of 
radium , the m arket price of w hich is $120,000 a  gram , or a to tal 
of $240,000. W e figure this radium  has cost us about $480,000 
and w e received for it abou t $240,000; not a n y  m ore.”

Page 65, M r. F lan n ery  further states: " I t  would be prac­
tically  an u tter im possibility to  produce in the S tate  of Colorado 
radium  a t  anyw here near th e price we can  produce and sell it. 
I th in k  it  w ould cost more than $100,000 a  gram  for an yb od y  
to-day to  go into Colorado and undertake it .”

Page 93, M r. F lan n ery: “ I w a n t to  say  from m y knowledge 
of the extraction  of radium  as it  goes to-day, th a t if th ey  h ave  
n ot a  process as good as one I know  of, those claim s (claim s 
leased b y  the N ational R adium  In stitu te) they have w ill n ever 
produce 7 gram s of radiu m .”

Page 19, Senate Hearings, M r. F lan n ery stated : " I  said
th a t w ith  the know ledge th e y  have now I don’t  th in k  th ey  could 
go ou t and build a  p lant and equip it, and w ith  th at $450,000 
produce a  gram  of radium .”

Page 22, Senate Hearings, M r. F lan n ery  stated: " T h is  w ork 
has cost the Stan d ard  C hem ical C om pan y thus far $700,000 
w ith o u t as y e t  y ield in g an y  profit.”

Page 23, Senate Hearings, M r. F lan n ery: “ I t  to ok  the 
Stan d ard  C hem ical C om pan y tw o and three-quarter years to 
w ork ou t such a  process a t  an  expenditure of approxim ately 
$400,000 for th is alone.”

Page 29, M r. F lan n ery: “ W e spent approxim ately $700,000
up to  Jan. 1, 1914, and w e have realized out of th a t expendi­
ture on ly $300,000 for our to ta l production of radiu m .”

O n page 118 , of Radium, for M arch, 1915, D r. V io l, referring 
to  the w ork of the B ureau of M ines, states:

“ One thousand tons of picked ore w ould p robably average 
not m uch b etter than  2 per cen t U 3O j and w ould contain  en toto 
abou t 9,500 mgs. radium  brom ide. On th is basis it  would re­
quire abou t 74 per cent efficiency in extraction  if even  7 g. of 
brom ide are to  be obtained. T h is is an  efficiency th a t w ill be 
difficult to  obtain, and it  is v ery  doubtful w hether th e  govern ­
m ent w ill ever receive an y  radium  from  the 1,000 ton s of ore.”  

Page 119 , Radium — " C e r ta in ly  those results hard ly  ju s tify  
th e belief in th e statem ent th a t 7 g. of radium  (brom ide) w ill be 
produced b y  the B ureau  of M in es b y  th e end of 1915 a t  a  cost 
of $40,000 per gram  of radium  elem ent, as th e statem en t would 
lead one to  expect. I t  is a  tr ite  sayin g th a t the governm ent 
production of an yth in g  is notoriously inefficient, slow  and ex­
pensive.”
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The efficiency of extraction secured by the Standard Chemical 
Company' has never been definitely stated, but can be calcula­
ted from the following testimony-. It  varies from 1,000 tons of 
1 per cent U3Oi ore to 400 tons of 1V2 per cent ore, required to 
produce 1 g. of radium, being an efficiency varying from 26 to 
65 per cent. M ost of the statements show an efficiency of ex­
traction by this company- approximating 55 to 60 per cent. 
The extraction figures of a number of foreign plants have been 
reported to the Bureau of Mines, and no one of them has ob­
tained an efficiency of more than 70 per cent.

Page 66, House Hearings, Mr. Flannery testified: “ If you
purchase a mine of 1 per cent ore it would take you somewhere 
between 1,000 and 1,600 tons. If you purchase a mine of 2 
per cent it would probably take 400 to 500 tons (to produce 1 
gram of radium). T hat has been found out by actual spending 
of money so far as we are concerned.”  This would indicate a 
radium extraction of less than 50 per cent.

Page 105, House Hearings, Dr. Viol stated: “ T o produce 
that quantity of radium chloride, containing a gram of radium 
element, would require from 350 to 400 tons, or even more—  
it depends, of course, on the quality of your ore, but as a mini­
mum it would require from 350 to 400 tons of cam otite ore.”

Page 107, Dr. Viol stated, referring back to his previous state­
ment that the quality of the ore would have to be "somewhere 
around 1.5  or 2 per cent— that is, taking the ore as we get it.”

On i '/ i per cent ore, 400 tons would be an efficiency of 65 
per cent; 2 per cent ore, 350 tons would show an efficiency of
55.7  per cent.

A s before stated, the radium extraction efficiency of the Bureau 
of Mines process has averaged above 85 and, indeed, above 90 
per cent on many carload lots.

Dr. Viol’s statement regarding the Bureau of Mines extrac­
tion of vanadium on page 284 of T h i s  J o u r n a l  is incorrect, 
although he quotes correctly on page 285. The facts are that 
between 29 and'30 per cent of the vanadium has been recovered 
in merchantable form as iron vanadate and that 85 per cent 
of the uranium has been recovered, not as crude sodium uranate, 
but as high-grade black oxide of uranium.1 While it is true 
that the Bureau’s process in its regular course does not obtain 
as large a proportion of the vanadium as might be wished, B ull. 
104 carefully points out that vanadium was sacrificed at this 
point in order to increase the radium extraction. Nothing was 
said about the further treatment of the residues to obtain the 
vanadium they contained, for a t that time the work had not 
been done. Dr. Viol will, however, be relieved to know that 
the vanadium can be easily and profitably' extracted from the 
residues. The method will be described in a later bulletin.

In regard to the operations of the company' with which he 
is connected, Dr. Viol testified before the House Committee 
(page 106), regarding the value of the by-products from the 
uranium ore, as follows: “ W e have not gotten a cent from 
that. Our ore is a rather low-grade uranium and vanadium 
ore. It is an expensive proposition to recover vanadium from 
low-grade ore.”

On page 284 of T h i s  J o u r n a l ,  Dr. Viol states:
"W hen it was evident that the National Radium Institute 

was in the field to buy ore, the State Commissioner of Mines in 
Colorado made public announcement advising the miners to 
hold their ore for at least $2 .50 per lb. UjOs.”

In this statement Dr. Viol refers to a telegram printed in the 
Norwood Post which was sent under date of December 3, 1915, 
and signed “ c a r r o l l . "  M r. Fred Carroll is the mining com­
missioner of Colorado, but he did not send the telegram. 
This he has definitely stated to the Bureau and afterwards in

1 An error which inadverten tly  crept in to  Bull. 104 m ay  be corrected 
here. In  describing the electric furnace used in experim ents on u ranium  
oxide i t  was s ta ted , page 66, th a t  “  the  iron  pot, cooled w ith  w ater externally , 
was used as one electrode and container, th e  o th e r electrode being m ade of 
Acheson g raph ite ."  T he  facts are th a t  th e  iron p o t was sim ply a  con­
ta ine r and  tw o Acheson g raph ite  electrodes were used in the  form  of a  double 
arc therein. T he voltage on each arc  would therefore be approxim ately  
one-half th a t  to  be expected .from the  d a ta  on page 67 of th e  bulle tin .

the Norwood Post. M r. Carroll’s public denial Dr. Viol con­
veniently overlooked. The author of the telegram is unknown.

Dr. Viol is quite correct in his statement that it is highly' de­
sirable that low-grade ores obtained in connection with the 
mining of the higher grade ores should be directly and profitably' 
treated. This was one of the chief reasons w hy the Bureau of 
Mines undertook its radium investigations. He was present at 
m y lecture a t the Chemists’ Club in New Y o rk  on December 
1 7 . 1915, and, as usual, correctly quotes me in part only. 
The Bureau of Mines is using a slightly modified Raymond 
mill for the concentration of the low-grade ore obtained in 
connection with regular mining operations. A t  the Chemists’ 
Club, Dr. Viol stated that ore which he had treated averaged
1.7  per cent (not 1.6  per cent as he now states) uranium 
oxide and that his company had up to that time extracted 14 
grams of radium element. In  reply to his question, I answered 
in the presence of 100  or more of m y colleagues that the concen­
tration experiments on low-grade ore were successful, that we 
were able to treat ore containing 0 .8  of 1 per cent uranium 
oxide, concentrating 6 tons to 1 and obtaining a concentrate 
of approximately 3 per cent UsOs and that the concentrate so 
obtained would cost us less per pound of uranium oxide laid 
down in Denver than the regular ore we had' been operating 
upon. I further stated that methods had been developed for 
treating this concentrate direct and although it was harder to 
filter, the difficulty had been overcome by special pressure filters.'  
I further publicly stated that so far as his contention was con­
cerned the Bureau of Mines method could not treat 1 .7 per cent 
ore successfully. I was prepared to say that there was no ques­
tion if he would furnish the same amount of 1 .7  per cent ore, 
which they had used in producing 1 4  grams of radium element, 
at the highest price per ton at which they had purchased a single 
car-load of this grade of ore, it  would be a simple matter 
to treat the ore for a cost not exceeding $35,000 per gram of 
radium element extracted and in my' opinion some 16 to iS 
grams of radium element could be recovered therefrom instead 
of the 14 actually produced.

I am rather surprised to note that Dr. Viol acknowledges 
that the mill for low-grade ore his company built on the San 
Miguel River in the Paradox, which uses air separation and 
which cost, according to the statements of the president of his 
company, approximately $ 100,000, has not been a success—  
especially as the successful concentration mill built by  the N a ­
tional Radium Institute has cost less than $9,500 including repairs. 
So far as I am able to determine, there are three reasons for this 
difference in cost and in results. One is the technical control 
of the mill of the National Radium Institute; another, certain 
auxiliary arrangements preventing losses of cam otite dust; 
and the third is that this mill is small and is planned to be moved 
from one center of low-grade ore to another so that hauling 
charges to the mill will be minimized.

If statements made to me by persons familiar with condi­
tions in the Paradox are correct, the transportation charges 
to the large mill built by Dr. V iol’s company must be a large 
item of the cost of treating the 6 tons of ore necessary to yield 
1 ton of concentrates. If the details reported to me are cor­
rect, the cost of haulage is itself nearly as much as the total 
cost of concentration at the mill of the National Radium 
Institute. In m y opinion the failure, if such, to obtain com­
mercial results has been due to business reasons of this kind 
and not to any essential fault in the method of air separation 
involved which, as Dr. Viol states, was much the same in both 
instances.

I wish to assure Dr. Viol and any others interested in the 
production of radium that the treatment of the concentrate 
from low-grade ores obtained incidental to mining higher 
grade ores and heretofore wasted, presents no real difficulties. 
It can be treated successfully by itself. However, the radium
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producer who wishes to  obtain  the greatest profit from  a 
carn otite  deposit w ill continue to  separate as m uch high-grade 
ore as possible from  the low -grade in order to  sa ve  radium  
values, for there is a  considerable loss of carn otite  in an y  pro­
cess of m echanical concentration. T h e  m ost efficient m ethod 
o f operating b y  the B ureau  of M ines process w ill be to d irectly  
trea t w ithout concentration all ore rich enough to  stand trans­
portation  costs to  some p lant near to  the source of the necessary 
chem icals. T here should be mixed w ith  this 20-mesh ore, 
when treated, the carn otite  dust obtained b y  concentrating 
a t  the mine the low-grade ore obtained.

B u r e a u  o f  M i n u s , W a s h in g t o n  CHARLES L .  PARSONS
M a r c h  22 , 1916

O N  S Y N T H E T IC  P H E N O L  R E S IN S

Editor of the Journal of Industrial and Engineering Chemistry:
T h e account of the presentation of the P erkin  M ed al b y  the 

N ew  Y o rk  Section  of the S ociety  of Chem ical In d u stry  a t the 
Chem ists’ C lub  to  D r. Leo H endrik  B aekelan d Jan uary 21, 
1916, as described in T h i s  J o u r n a l  for F ebru ary, 1916, from  pp. 
177 to  190, contains some inaccuracies which h ave  crep t into the 
presentation address and should be  corrected, if w e are to pre­
serve an  accurate record of the scientific and industrial develop­
m ent of syn th etic  phenol resins. T hese inaccuracies refer 
p articularly  to  the discoveries in the art of phenol condensation 
products.

One m ethod of producing these resins w as developed b y  D r. 
B aekeland and th e resulting resin he nam ed "B a k e lite .”  T his 
im provem ent consisted in adding to equal volum es of phenol and 
com m ercial form aldehyde (40 per cent) a basic condensing agent 
in the proportions of less th an  one-fifth of a  mol. of the basic 
condensing agen t per mol. of phenol used. T h e  basic con­
densing agent w as added a t  the beginning of the reaction. A s 
difficu lty w as experienced in preventing the escape of form alde­
hyd e a t  tim es, counter-pressure w as used a t  the sam e tim e th at 
heat w as applied to  prevent the escape of the form aldehyde gas 
and to preven t bubbling.

T h e  tw o steps w hich resulted in the production of bakelite 
consisted in adding th e basic condensing agen t in certain  pro­
portions a t  the beginning of the reaction, in place of adding the 
basic condensing agen t a fter the reaction  had proceeded for a 
short tim e in an  acid solution as L u ft  had done, and in the use 
of increased heat and counter-pressure where it  w as necessary to 
prevent the escape of form aldehyde and in th is w a y  also pre­
ven tin g porousness or bubblin g in th e m ass due to  form alde­
hyde and w a te r escaping. L u ft used an acid condensing agent at 
the beginning of his reaction, he washed out the acid completely and 
added a basic condensing agent to finally  transform the resin. 
Dr. B aekelan d deviates from  L u ft ’s process in one step only. 
L u ft added an acid a t  the beginning of the reaction and later 
washed ou t the acid and added a  basic condensing agent, while 
D r. B aekelan d adds the basic condensing agen t a t  the beginning 
of the reaction; L u ft ’s process is more rapid and gives the same 
typ e of insoluble resins.

W ith  regard to  the am ount and kind of basic condensing 
agent w hich could be used, it w ill be interesting in this con­
nection to  quote D r. B aekelan d ’s p aten t N o. 942,809, applied 
for O ctober 15, 1907, renewed application  Septem ber 17, 1908, 
and p a ten t gran ted D ecem ber 7, 1909. On p. 2, col. 1: 
" I t  is therefore essential th a t th e proportion of base should not 
exceed certain  definite lim its, and the m axim um  perm issible 
proportion has been found to be  less th an  one-fifth of the equi- 
m olecular proportion of phenolic b o d y  present. I f  larger pro­
portions of base be  used there are form ed in th e m ass such 
am ounts of d isturbing bodies as serve to  render th e product 
technically inferior or w orthless for th e purposes of this in­
vention.”

In  v iew  of th is p oin t it seems rath er rem arkable th a t D r.

C . F . C handler in his presentation address should have m ade 
th e statem en t found on p. 179, col. 2, line 26: "In stea d  of 
form aldehyde, other substances w hich have the sam e functions 
m a y  be utilized, as, for instance, m eth ylal "p araform  and 
h e x a m e t h y l e n e t e t r a m i n e . ”

D r. B aekelan d ’s scientific and p aten t publications do not 
s h o w 'th a t he w as aware th a t hexam ethylenetetram ine. could 
be com bined directly  w ith  phenol until long a fter w e had 
perform ed such reaction and the fact was quite generally 
known. D r. B aekelan d ’s m ain process exp licitly  states 
th a t less th an  one-fifth mol. of the condensing agent m ust 
be used per m ol. of phenol, and if the nitrogen in the 
hexam ethylenetetram ine be calculated and regarded (for argu­
m en t’s sake) as a  condensing agent, then licxam ethylene- 
tetram ine contains 300 per cen t more than th e m axim um  per­
m issible proportion for the purpose of his invention. I f  the 
nitrogen is n o t regarded as a condensing agent, then no con­
densing agen t is added. In  either case, the use of hexam ethylene­
tetram ine clearly  does n ot fall w ithin  th e D octo r's  specific 
im provem ent 011 the well-known w et form aldehyde process. 
T h e  use of hexam ethylenetetram ine in the presence of w ater 
w as m entioned in W etter 's  B ritish  p aten t N o. 28009 applied 
for D ecem ber 19, 1907, and granted Ju ly  20, 1908, in which he 
states: " th e  40 per cen t form alin m ay be replaced b y  the p olym ­
erization products as w ell as b y  substances w hich y ie ld  form al­
dehyde, such for exam ple as hexam ethylenetetram ine;”  and, 
th e U . S. P aten t Office has ruled again st the p aten tab ility  of 
claim s which w ould cover such use in w e t solution.

T h e  case w as argued exh au stively  b y  the con testan ts in person 
before the P aten t Exam iners and the p a ten t office has taken 
the position and ruled th a t D r. B aekelan d w as n ot entitled to 
m ake claim s in w hich hexam ethylenetetram ine and phenol are 
used in the anhydrous condition giving as the only by-product 
am m onia and presenting such a reaction  as is com pletely an h y­
drous. W c m ay m ention here th a t there is not even a  trace of 
w ater form ed when phenol crystals are used, and no trace of 
formaldehyde is formed at any time during the anhydrous process.1

T h e decision of the U . S. P a ten t Office w as rendered N o vem ­
ber 11, 1914, on the su bject of syn th etic  resins, interference 
N o. 34995, quoting from  th e la st paragraph: " T h e  claim s
subm itted above cannot be m ade b y  B aek ela n d .................because
th ey  h ave  elected to  claim  a  process involving' the presence of 
w ater and because their specifications afford 110 indication of a 
distinction betw een a  process in which w ater is present and 
one from  which w ater is excluded.”

In fact it  appears the D octor w as not only not aware of the use 
of hexam ethylenetetram ine b u t even warns against the excess use 
of am m onia lest hexam ethylenetetram ine be form ed which he 
m entioned as a  detrim ental substance. T o  quote from  his 
patent N o. 942,809 granted D ecem ber 7, 1909, col. 2, line 95: 
" T h e  proportion of bases used as condensing agents has a pre­
ponderant influence on th e n ature of the ultim ate products. 
For instance, i f  a large amount of ammonia be used, hexamethylene­
tetramine is  formed, which is  a crystalline body o f definite chemical 
properties. L ikew ise, if large am ounts of caustic soda be used 
there are obtained alkaline d erivatives of phenol-alcohol. I t  
is therefore essential th at the proportion of base should not 
exceed certain  definite lim its, and the m axim um  perm issible 
proportion has been found to  be less than one-fifth of the equi- 
molecular proportion o f phenolic body present. I f  larger pro­
portions of base be used there are formed in  the mass such amounts 
of disturbing bodies as serve to render the product technically 
inferior or worthless for the purposes of this invention.”

T o  quote D r. C handler further on p. 181, col. 1, line 6 : " th e  
action  of am m onia in presence of form aldehyde in this process 
is entirely sim ilar to th a t of th e use of hexam ethylen etetram in e.”  
T h is cannot possibly be true, as th e form aldehyde and am m onia 

» T h is  J o u r n a l , 6 (1 9 1 4 ) . 3 .
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would leave 60 per cen t of w ater present in the reaction which 
is troublesom e a t a n y  tim e. F urth er it  would be impossible 
to  use form aldehyde and a  sm all am ount of am m onia in th e same 
w a y  in th e reaction where phenol resins are hardened b y  the action 
of hexam ethylenetetram ine. T h e  use of free form aldehyde and 
a sm all am ount of am m onia m akes a  resin w ith  a blinding, 
stifling odor of form aldehyde w hich can not possibly be used 
com m ercially, w hile the use of hexam ethylenetetram ine gives an 
odorless, m olding com pound which can be used anyw here w ith 
the greatest ease. Indeed, it  is significant th a t the phenol 
condensation products, used for m olding, to-d ay, show the 
presence of more than tw o and one-half per cent of am m onia, 
w hich indicates th at if the am m onia be reckoned as a  supposed 
condensing agent it is used in a t  least double a  fifth  of a  mol. 
of the condensing agent to  one mol. of phenol.

In  D r. B aekelan d ’s p aten t N o. 1,038,175 on a  divisional ap­
plication filed Ju ly  6, 1911, and granted Septem ber 12, 1912, 
lines 78 to  90, D r. B aekeland adds: “ I f  this base be am m onia,
it  will im m ediately react w ith form aldehyde to  form  hexa- 
m ethylenetctram ine, as pointed out in m y  prior U . S. P a ten t N o. 
942,809 issued D ecem ber 7, 1909. So th a t the technical effect 
is the sam e w hether hexam ethylenetetram ine be  introduced as 
such or as a  m ixture of am m onia and form aldehyde.”  B u t this 
second date of application is subsequent to  th e w ork which the 
w riter did in the U n iversity  of K an sas on hexam ethylene­
tetram ine and the p aten t itself is granted subsequent to  m any 
of the patents issued to  A ylesw orth  on the hardening of phenol 
resins w ith hexam ethylenetetram ine, and further in v iew  of the 
decision of the p a ten t office rendered N o v. 11, 1914, which 
stated th at there w as no indication in a n y  of D r. B aek elan d ’s 
application  th a t w ater had been excluded, it  becom es im possible 
to  contend further th a t th e D octor w as aw are of such a reaction 
as the use of phenol and hexam ethylenetetram ine in th e an ­
hydrous condition previous to  our discoveries.

L . V . R e d m a n ,  A . J. W e i t h  a n d  F . P . B r o c k

L a b o r a t o r ie s , R e d m a n o l  C h e m ic a l  P r o d u c t s  C o m p a n y  
6 3 6 - 6 7 8  W . 2 2 n d  S t r e e t , C h ic a g o

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

Editor of the Journal of Industrial and Engineering Chemistry:
I have noticed in the technical press, references to an address 

m ade b y  D r. C . F . C handler and printed in you r Journal. T h e  
address contains the follow ing:

“ C has. M . H all, a  Perkin m edalist, had brou gh t out his 
beautifu l and sim ple process for extracting alum inum  from 
alum ina in 1886, and had given  a  practica lly  new  m etal to  the 
w orld to  replace copper, tin, and zinc in m an y arts .”

T o  the best of m y  know ledge the above is entirely  incorrect. 
I le ft the em ploy of the C ow les E lectric  Sm elting C om p an y 
January 1, 1887. H all had a t  th a t tim e not y e t  com e w ith  this 
C om pany. I believe he started  to  w ork in July, 1887. Rom aine 
C ole  w as then, and had been for some tim e, w ith the com pany.

W hen H all and Cole broke aw ay  from  the com pany th ey  a t­
tem p ted  to  use external h ea t on ly and did not produce any 
alum inum  until (1889) th ey  appropriated Cow les’ ideas which 
H eroult and M in et had already appropriated and produced 
alum inum . N ow , as I rem em ber it, using external heating, 
neither H all nor H eroult in Europe ever evo lved  a process th at 
gave an ounce of pure alum inum  or th a t w as in a n y  wise differ­
ent from w h at G ratzel had been doing three or four years pre­
vious a t Brem en, where he w as em ploying externally  heated 
crucibles w ith  cryolite and alum ina.

In  the Journal of Franklin Institute, F eb., 1886, pages 118 
and 119, there occurs the following:

“ T h e  future of the process is one of great promise, and will 
undoubtedly lead to  the production of cheap and pure alum inum  
itself w ith in  a v e ry  brief period. Indeed, ‘ T h e  C ow les E lectric  
Sm elting C o m p an y ’ asserts, on the b a ck  page o f its pam phlet, 
th a t it  expects to p u t the pure m etal on th e m arket w ith in  a 
year. W hen you  are inform ed th a t w e can  charge iron, m an­

ganese, tin, copper, nickel, etc., w ith  a  very  high percentage 
of m etallic alum inum  in this furnace, and th at, also, w ithout 
a n y  base m etal in the furnace, w e can satu rate  the charcoal 
contained therein w ith  m etallic alum inum , m ost of w hich will 
be in a  state  of m echanical m ixture w ith  the carbon; and further, 
th a t w e h ave  produced specim ens of alum inum  99 per cent 
pure in a t  least three different m ethods b y  the electric fur­
nace; and th a t notw ithstanding a ll this w e have n ot m ade much 
of an effort in this direction, the m ajority  of you  w ill agree th a t 
the great problem  of producing pure and cheap alum inum  is 
practica lly  solved. H ow  cheap this m ethod w ill be you  m ay 
jud ge from  the fa c t th at, a t  our L o ck p ort works, w hich will 
have a  cap a city  of on ly tw o or three tons per day, w e expect 
to produce the alum inum  in bronze w ith  th e little  silicon con­
tained in it  a t  a  cost n ot to  exceed 40 c. per lb., or w ith  copper 
a t  12 c. per lb., the bronze w ill rea lly  cost b u t abou t 15 c. per 
lb.

" In  truth, ‘ T h e  C ow les E lectric  S m elting and Alum inum  
C om p an y ’ is founded upon the faith  th a t ere long w e shall be 
m arketing pure alum inum  a t a cost n ot exceeding 50 or 60 c. 
per lb. A n  appreciation of how cheap this w ould be, can be 
had from  the fa c t th a t one lb . of alum inum  w ould go  abou t as 
far as three and one-half of copper, it  being th a t m uch more 
bu lk y, and in rea lity  it w ould be  abou t as cheap as copper at 
18 c. per lb., w ith o u t counting its v a s t  superiority over copper 
for m any purposes 011 account of its greater lightness and re­
sistance to  corrosive influence.”

[No t e— S ince the above paper w as filed w ith  th e S ecretary  of 
the Institu te, it w as found possible to prolong the length of the 
“ h e a t”  of the furnace for five hours, and increase the charges 
to  over 100 pounds in w eigh t, and during the sam e wreek a 
b u tton  o f cast alum inum , five ounces in w eight, w as separated 
from  the m atrix  of carbon, in w hich it  w as reduced b y  a  process 
so sim ple and econom ical, th a t th e  production  of pure alum inum  
from  its oxide b y  th e agency of h ea t and carbon only, is now 
dem onstrated beyon d all question.— E . H . C . ]

C ow les a t  this tim e w as w orking on alum inum  from  alum ina.
I f  you  are interested in the h isto ry  of the Cow les, C ole and 

H all con troversy w hich took so m an y years in the courts, and 
concerning w hich I  believe I ta lked  w ith  y o u  personally (as I 
w as called in from  tim e to  tim e on it  and therefore interested), I 
w ould refer you  to  m y brother, C ecil L . Saunders, Ithaca, N . Y . ,  
w ho has a  large num ber of letters from  H all to  Cole, w ritten  
during these early  years, the contents of w hich w ill clear the 
m atter for a ll tim e.

R om aine C ole w as m y brother’s brother-in-law, and these 
letters cam e to  m y brother upon R om aine's death, and it  is a 
p ity  th a t th ey  w ere n ot produced m an y years before to  have 
settled th a t tedious heart breaking litigation. I hope the le t­
ters w ill be used.

T h e  above is sim ply an a ttem p t to  set the records straight.

P h i l a d e l p h i a  W m . E. SAUNDERS
F e b r u a r y  14, 1916

O N  T H E  H IS T O R Y  O F  A L U M IN U M

Editor of The Journal of Industrial and Engineering Chemistry:
T h e correct h istory of the production of alum inum  w ill be 

interesting to  you r readers, and a  portion of this correct history 
is found in th e excellent translation  b y  D r. Leonard W aldo, of 
N ew  Y o rk , of the volum e entitled “ T h e  Production  of A lum inum , 
E tc .,”  b y  A dolphe M in et (Officer of public instruction, and 
E d ito r of “ L ’E lectrochem ie,”  Paris), in the chapter b y  D r. 
W aldo on "A lum in u m  in the U nited S tates”  wherein D r. W aldo, 
referring to  those “ M asters of F ire ”  the Cow les brothers (Alfred 
and Eugene) states as follows:

“ T h e testim ony of these gentlem en in the long continued 
p aten t litigation  form s the m ost im portan t source of history in 
th is connection. A  sketch in th e notebook of M r. E u gen e H. 
Cow les dated June, 1883, and bearing the title  "P ro p osed  E lectric  
F urnace for W ork in g  Pecos O res,”  contains the essentials of the 
la ter patented form s for the sm elting of alum inum  alloys. T h e 
m ass of m ixed ores for reduction  b y  incandescent heat, the 
posing inclined carbon term inals, the ven ts a t the top  of the 
furnace, and the tap  hole for w ithdraw ing the m olten charge, 
all are present.”

H ere then w as the invention of the incandescent electric fur­
nace and the process of internal heating used therew ith w hereby 
alum inum  and all high h eat products are made.
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In fact early  in 1886, T h e  F ranklin  Institute, of Philadelphia, 
in a  long and exhaustive report, aw arded the Cow les brothers 
tw o gold m edals and th e S co tt legacy prem ium  for their in­
ventions relatin g to  alum inum  and am ong other things set, 
forth, this extended report states as follows:

"This process is applicable to the reduction of all kinds of 
ores but particularly to those unreducible by other means.

" T h e  com m ittee is of the opinion th a t the M essrs. Cow les and 
their associates deserve th e highest com m endation for their 
inventions, furnishing, as th ey  do, a  d istin ctly  new  and im ­
p ortan t m etallurgical process.”

On presentation of this report to the session of the Franklin 
Institute the following was adopted.

"A m end ed to incorporate a recom m endation for the aw ard of 
the John S co tt L e ga cy  Prem ium  and M ed al to the inventors 
for their electric sm elting furnace; and of the E llio tt Cresson 
M ed al, for the invention  of a  new  process in the m etallurgical 
arts for th e reduction  of refractory  substances: and as so 
am ended, ad op ted .”

 ....................   . . .  H . R . H e y l , Chairman
Philadelphia, A p ril 7, 1886.

T h e advan ce b y  the Cow les brothers in the production of 
alum inum , as far b a ck  as 1885, is show n b y  D r. T . S terry  H u n t of 
M ontreal, C anada, in a  paper read b y  him  a t  the H alifax  m eeting 
in 1885 of T h e  A m erican  In stitu te  of M in ing Engineers as fo llo w s:

" B u t  it  w as reserved to E ugene and A lfred  H . Cow les, of 
C leveland, Ohio, to  tak e  a  new  step in the m etallurgic a rt b y  
m aking the (internal) h ea t th us produced a means of reducing 
the oxides n ot on ly th e alkaline m etals, b u t of calcium , m ag­
nesium, m anganese, aluminum, silicon and boron, w ith  an ease 
th at perm its the production of these elem ents, and their alloys 
w ith copper and other m etals on a  com m ercial scale.”

D r. T . S terry  H u n t in th e sam e paper stated  th a t he had ju st 
spent a  num ber of d ays in the Cow les brothers’ w orks in C leve­
land, in investigations, and in actu al direction of one of their fur­
naces (see pp. 101 to  104 of E xh ib its  in the alum inum  litigation).

In the spring of 1887, C harles M . H all applied to  th e Cow les 
E lectric  S m elting and A lum inum  C om p an y for a  position in 
said com p an y’s w orks, he claim ing to  have an electric process 
for the production  of alum inum  which he wished to  develop, 
and 011 his representations he w as em ployed in July, 1887, and 
rem ained w ith  said com pany until July 27, 1888, and w as given 
the freedom of th e Cow les C o m p an y ’s p lant in his experim ents 
and w ork. A t  the v e ry  beginning of his connection w ith  the 
Cow les C om p an y in Ju ly , 1887, and frequen tly  thereafter the 
Cow les C om p an y notified H all th a t in th e Cow les original 
applications for patents the reduction  o f alum ina w ith cryo lite  
was m entioned, using therew ith  an internally heated furnace 
and th a t th ey  had used th a t process long before th e y  ever knew  
of or m et th e said H all, and th a t if H all proposed to  use the 
alum iua-cryolit^-internally heated process, he w ould be tres­
passing on w h at th e C ow les C om p an y claim ed as its own. 
H all thereupon disclaim ed an y  such use, claim ing th a t his 
(H all’s) process w as b y  the use of other substances in an  ex­
ternally heated crucible. H all w orked w ith  his stated  m ethod 
a full year a t the C ow les C o m p an y ’s p lan t and never in all that 
tune was he able to, nor did he, produce one ounce of aluminum.

A t  the expiration  of H a ll’s em ploym ent, Ju ly  27, 1888, H all 
w ent to  P ittsburgh , P a ., and organized a  com pan y to  perfect a  
process and m anufacture alum inum .

H all continued his external heating process in P ittsburgh  for 
months, and all w ith o u t success, and u ntil the officers and stock­
holders of his com pany b itte rly  com plained a t  his failure and 
thereupon H all changed to  th e Cow les process of internal h eat­
ing, as show n in  H a ll’s le tter to  R om aine C . Cole, dated Pitts­
burg, January 8 , i 8 8 q , w herein he states he had trouble and th a t 
“ T h e electrolyte  hardened a t  the bottom  of th e p ot because it  
was n ot h o t enough to  keep it  from  hardening.”  H all then 
changed to  internal h eatin g and states " th a t  has been alm ost 
overcom e b y  using carbon sticks w hich are up in the bath  and v ery  
hot, for n egative electrodes instead of the pot, is avoided en tire ly .”

A lso in H all’s letters to  C ole dated January 13, 1889, and 
June 30, 1889, H all show s his said change in his m ethod of 
h eatin g (see com plainant’s E xh ib its o f H a ll’s letters to  C ole 
in the alum inum  litigation  referred to herein).

W hen H all started  his com pany a t  P ittsburgh  and failed to  
produce alum inum , he secretly  hired the said R om aine C . C ole 
(who w as then  a  m etallurgical expert in th e em ploy of the 
C ow les C om pan y) and also several other em ployees, heads of 
departm ents of the Cow les C om pany, aw ay  from  the Cow les 
C om pany.

H all had w ritten  the said C ole  as follows: "S im ple  cryolite
plus alum ina, qu ick ly  spoils and is no good.”

H all also la ter w rote C o le 1 as follows:
"B ra d le y  has recen tly had a  p aten t issued on ‘Fusing and 

E lectro lyzin g  b y  the E lectric  C u rren t.’ H e has broad claim s 
in the office w hich m ay or m ay n ot be rejected which would 
cover our commercial method of working, and his applications 
date back to 1883.

“ W h a t m akes it  more im portan t is th a t w e know  th at some 
of B rad le y ’s claim s still in the office are a llow ed.”

“ Y o u rs  hastily,
C h a r i . e s  M . H a l l ”

B u t H all, 011 being show n b y  the said experts he had hired 
a w ay  from  the C ow les C om pany, the proper w a y  to use said 
process of alum ina and cryolite  in conjunction w ith internal 
heating, as stated to  H all, b y  the Cow les C om pan y as said 
C om p an y ’s process, under p aten t owned b y  said Cow les C o m ­
p an y an d so stated  w hile H all w as in  the em ploy of said C ow les 
C om pan y in 1887 and 1888. Thereupon, in 1889 H all adopted 
said process b o d ily  and it w as for the use of this identical pro­
cess th a t H a ll’s C om p an y (T h e P ittsbu rg  R eduction  C om p an y, 
now  the A lum inum  C om p an y of A m erica) w as defeated and 
enjoined from  further m anufacturing alum inum , b y  the U . S  
C ircu it C ou rt of A ppeals, sittin g  in the C ity  of N ew  Y o rk , in 
th e su it of T h e  (Cowles) E lectric  Sm elting and Alum inum  
C om pany, again st said H all’s C om pany, in w hich case the 
C ou rt held as follows:

" T h e  process patented to H all adopts external heat to p ro­
duce fusion”  (125 Federal R eporter, 934).

A s to the p atent owned b y  the Cow les C om pany, the C o u rt h e ld : 
“ Its  process is not confined to cryolite  or alum inum : it  relates 

to  all ores or com pounds of alum inum  and all other refractory 
ores of like typ e. C ryo lite  is m entioned as an illustration  in 
the specification b u t i t  m ight as well h ave  m entioned alum ina 
or a n y  other sim ilar ore. T h a t  there is n othin g in th e p a ten t 
or o u t o f the patent, requiring the lim itation  to  cryo lite  seems too 
plain  for debate. T h e  process m ay be used w ith  cryolite  alone 
or alum ina alone or both together w hether applied synchronically  
or successively. In either case the essential features of the pro­
cess are appropriated”  (125 Federal Reporter, 935).

On the issuing of said injunction there w as done w h at is 
stated  on page 1081 of the D ecem ber (1915) num ber of T h i s  
J o u r n a l ,  nam ely:

" A  settlem ent w as arrived a t  betw een the tw o com panies 
wherein the H all C om p an y paid the Cow les C om p an y a large 
sum  for p a st infringem ent and a ro y a lty  on all alum inum  to  be 
produced up to  the end of the life of the B rad ley  (Cow les C o m ­
p an y's) patent. T h e  B rad ley  p a te n t being held to  dom inate 
th e H all p aten t and process, m ade it im possible for th e  H all 
C om p an y to  continue in business w ithout com ing to  an  agree­
m ent w ith the C ow les C o m p an y.”

A ll of th e foregoing are m atters of record, and clearly  show 
th a t H all w as not the in ven tor of th e "process for extractin g 
alum inum  from  alum ina,”  and laym en, w ho are not fam iliar 
w ith  the full facts fall into th e error of believing and statin g th a t 
H all w as th e inventor of the process for so producing alum inum , 
as did D r. C . F . C handler who is quoted in the F eb ru ary , 1916, 
num bers of several techn ical journ als as using th e follow ing 
language in a  presentation address of th e  Perkin  M ed al to  D r. 
B aekelan d before th e S o ciety  of C hem ical In d u stry , to  w it:

1 See com pla inan t’s “ E xhib its  in the  A lum inum  L itigation ."
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"C h a rle s  M . H all, a Perkiu  M ed alist, had brought out his 
beautifu l and sim ple process for extracting alum inum  from 
alum ina, in 1886, and had given  a p ractica lly  new  m etal to  the 
world to  replace copper, tin  and zinc in m an y arts .”

Sim ple justice  dem ands th a t such errors should be corrected. 
For above it is shown that Hall never made an ounce of aluminum- 
before 1889, for in a  letter to  Leonard W aldo, E sq., dated 
“ Oberlin, 0 ., August 29, 1888,”  set forth in the exhibits in said 
litigation, H all states as follows:

" I  am not doing anything at present regarding the production 
of pure aluminum, b u t am  w aiting m ain ly to  get m y p aten t 
m atters in better shape. M y  patents are n ot y e t  issued 
and are, if I m ay use the expression 'in  the w oods.’ ”

A s shown heretofore b y  H a ll’s le tter to  Cole, H all adm itted  
th at the B rad ley  p aten t dom inated his process, and the U . S. 
C ircu it C ou rt of A ppeals also so found and held, as quoted from  
the C o u rt’s opinion above, and it  is therefore clear and un­
answerable th a t D r. Chandler's erroneous and unsupported 
statem en t is to  be held as naught; and should a n y  further proofs 
be desired reference is also hereby m ade to  C harles M . H a ll’s 
adm issions in his cross-exam ination, betw een pages 724 and 
753 of defendant’s testim ony in the aforesaid case, and also to  all 
th e adm issions b y  H all in a ll the letters set forth as exhibited in 
said case.

F r a n c i s  C . M c M i l l i n  
G eneral C ounsel for the (Cow les) E lectric  S m elting 

and Alum inum  C om p an y 
1 1 1 B r o a d w a y , N e w  Y o r k  C it y  

M arch, 1916

N O TE ON T H E  D ETECTIO N  OF FAU LTY SIZIN G  IN 
H IG H -G R A D E  PA P E R S

Editor of the Journal of Industrial and Engineering Chemistry:
Reference is m ade b y  H erzberg1 to  th e test for the detection 

of fau lty  sizing in high-grade papers,2 in w hich he states th a t 
the m ethod is n ot new and is sim ilar to  th a t of K lem m .3

H erzberg has ap p aren tly  overlooked the actu al principle 
upon which the m ethod is based.

In th e proposed m ethod the paper is carefully  draw n over 
the surface of an  iron tan nate ink and allow ed to  drain and dry. 
T his procedure differs considerably from th a t of K lem m , in 
which the paper is allowed to float for a  longer period of tim e 
and the excess ink su bsequently  b lotted  oft. T h e  inked as 
well as the reverse side of the paper is judged for uniform ity 
of color, th e tim e it  takes should the ink strike through, and 
whether i t  has com e through uniform ly. From  this appear­
ance it  is possible w ith  experience, to  ju d ge the sizing qu ality.

Should it  be desired to  test a  paper for its w ritin g qu ality  
only, K lem m  claim s th a t ten m inutes’ floatin g on th e ink, ex­
am ining both  the w ire and top  side, is sufficient. T h e  appear­
ance of the inked and reverse sides' is noted for the charac­
teristics above m entioned, and if  the ink does n ot penetrate 
the sheet, it  is considered properly sized for all practical pur­
poses.

Should it be desired to  m ake further distin ctive  tests K lem m  
says it is only necessary to  float th e paper for in tervals of 2 , 
5 , 1 0 , 2 0 , 3 0  and 6 0  mins. and exam ine as before, from  which 
m ost instructive results can be obtained.

In  th e  proposed m ethod th e  new  and distin ctive featu re is 
in the exam ination of the individual fibers under a  m agn ify­
ing glass to  observe the absorbed ink. I t  is upon the absorp­
tion of the ink b y  the fibers and not upon the appearance of the 
surface as a  w hole th a t the accu racy of this test depends and 
upon which claim  for its origin ality  and superiority  is based.

T h e possible results w hich K lem m  m a y  obtain  b y  his pro­
cedure do n ot approach the refined distinctions in sizing q u ality  
betw een tw o well-sized papers th a t the proposed m ethod will

1 M itt. kgt. Materiat-prOfungsamt, 1 1  (1915), 130.
1 B ureau  of Chem istry, Circ. 107.
s Bandbuck der Papierkunde, 1910, 312.

bring out. U n iform ity of color is n ot the best criterion for 
distinguishing the sizing qu ality . T h e depth of color of the 
inked surface is far more differentiating, as has been mentioned 
in Circular 107. Furtherm ore, in the procedure of K lem m  there 
are m any factors w hich m a y  influence the results, such as the 
am ount of ink, the evaporation, the form ation of the sheet, 
the m oisture in the paper, its w eight, loading, and thickness. 
T h e  proposed m ethod is largely  independent of the variation s 
w hich m ay be caused b y  these factors as it deals entirely  w ith 
the appearance of the fibt-rs on the surface of the paper, and 
as has been stated , "U p o n  exam ining the inked surface w ith  
a m agnifying glass it  w ill be found th a t a  well-sized paper w ill 
show no indication of the fiber having absorbed the ink, * * *”

T h e  experiences of m any w ho have used this m ethod properly 
h ave  shown it  to  give distinctions in the q u ality  of sizing where 
other m ethods h ave  failed.

L e a t h e r  a n d  P a p e r  L a b o r a t o r y  C . F r a n k  S a m m e t
B u r e a u  o f  C h e m is t r y , W a s h in g t o n  

M arch 14. 1916

M ETH O D  F O R  D ETER M IN A TIO N  OF H ARD N ESS

Editor of the Journal of Industrial and Engineering Chemistry: 
R eferring to  the note "M e th o d  for D eterm ination  of H a rd ­

ness,”  T h i s  J o u r n a l ,  8  ( 1 9 1 6 ), 2 8 1 , th e w riter begs to  state  
th a t the m ethod described is n ot a  Fren ch invention, b u t is the 
product of A m erican  brains. I t  is covered b y  U . S. P aten t 
N o. 1 , 1 2 5 ,9 1 2 , issued Jan uary 1 9 , 1 9 1 5 , to  M essrs. A lbert 
R in glan d and F ra n k  H . Schoenfuss, of Philadelphia. T h is 
paten t covers " T h e  m ethod of ascertaining the B rinell hardness 
of a  piece to  be tested, w h ich  consists in placing a  ba ll betw een 
said piece and a standard piece of know n Brinell hardness, 
ap plyin g a  force to  the assem blage to  produce a  ball depression 
in each piece and then  com paring the depressions and thereby 
ascertaining the B rinell hardness of th e piece to be tested.”  

I t  w ill readily  be seen th a t th is m ethod is a  v e ry  clever schem e 
to  extend the application  of th e accurate Brinell m ethod to  m etal 
pieces w hich cannot be placed into the Brinell m achine; it  per­
m its accurate Brinell hardness determ inations of m etal m asses 
of p ra ctica lly  a n y  size or shape, and in an y  place or structure. 
T h e  proportion of the tw o ball indentations used for com parative 
m easurem ents is an  absolu tely  direct one, independent of the 
pressure applied. I t  is vary in g  d irectly  as the spherical areas 
of the tw o  impressions, consequently v ary in g  d irectly  as the 
squares of the diam eters of each impression. On basis of this 
proportion, a tab le  can  be easily  w orked out, which w ill give the 
B rin ell hardness for a n y  readings. H e r m a n  A . H o l z

50 C h u r c h  S t r e e t , N e w  Y o r k  
M arch 15, 1916

CO PIES OF JANU ARY AND FEBRU AR Y ISSU E S OF OUR 
JOU RN ALS W AN TED

Editor of the Journal of Industrial and Engineering Chemistry: 
O w ing to  the rapid  increase in m em bership of the A m erican 

Chem ical S ociety, the early  issues of th e 1 9 1 6  journ als are a l­
ready p ra ctica lly  exhausted. T w o  hundred and sev en ty  (2 7 0 ) 
more m em bers h ave  been elected in  the early  m onths o f this 
y ear th an  in 1 9 1 5 : accordingly, th e plans for publication  were 
underestim ated and the S ecretary  is now advertisin g for these 
num bers.

M em bers n ot binding their journ als w ill con vey a  great favor 
b y  returning to  the S ecreta ry ’s office a n y  Jan uary and F ebru ary  
issues of a n y  o f the S o c iety ’s publications th a t th e y  can  spare. 
T h e  num bers especially w anted are the J an u ary  and F ebru ary  
issues of both th e Journal of the American Chemical Society 
and Journal of Industrial and Engineering Chemistry, and the 
Jan uary 2 0 , 1 9 1 6 , issue of Chemical Abstracts.

C h a r l e s  L . P a r s o n s ,  Secretary
B o x  505, W a s h in g t o n , D. C.

M arch 24, 1916
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PE R SO N A L NO TL5
H arry C lary  Jones, professor of physical chcm istry a t  Johns 

H opkins U n iversity , died suddenly a t his residence in B a lt i­
more 011 A p ril gtli, aged 51 years. Professor Jones received 
his P h .D . degree from  Johns H opkins in 1892 and later studied 
in Leipzig, Am sterdam  and Stockholm . H e returned to  Johns 
H opkins in 1895 as an instructor in physical chem istry and in 
1904 he becam e a  professor. Prof. Jones w as a  m em ber of the 
Am erican C hem ical S ociety , the Am erican Ph ysical Society, 
th e A m erican Philosophical Society, and the W ashington 
A cadem y of Sciences. H e w as Lan gstreth  m edalist of F ranklin  
In stitu te  in 1913.

T h e  W illard  G ibbs M ed al, founded b y  'VY'**iam  A . Converse, 
of C hicago, has been aw arded to  D r. W illis R o d n ey  W hitn ey, 
d irector of research laboratories of th e G eneral E lectric  C om ­
pany, S ch en ectad y, N . Y .  T h e  presentation will be m ade 
on M a y  19th, in connection w ith  the m eeting of the C hicago 
Section of th e A m erican  C hem ical S ociety , w hen D r. W h itn ey  
w ill m ake an address on "In cid e n ts  of A pplied R esearch.’ ’

A rth u r D . L ittle , of B oston, has been retained b y  the C a n a ­
dian P acific  R a ilw a y  to  establish a  central organization for re­
search w ork to  carry  ou t L ord  S haughn essy’s proposal for a 
scientific in vestigation  of C an a d a ’s m ineral, m etal, h yd ro­
electric and chem ical resources, and to  stop w aste  in forests, 
mines and mills. T h e  new  organization  will be known as the 
C an adian  Research Bureau.

T h e  U n ited  S tates C iv il Service Com m ission announces the 
following open com petitive exam inations: Assistant petroleum 
chemist, for men only, sa lary  $1,800 per annum , on M a y  16, 
1916; assistant alloy chemist, for m en only, sa lary  $1,620 per 
annum , on M a y  17 and 19, 1916; laboratory aid in  chemistry and 
physics, for m en and wom en, sa lary  $600 to $900 per 
annum , on M a y  3 and 4, 1916; chemist, for men only, salary 
$1,200 a year, on June 7, 1916. F u rth er inform ation m a y  be 
had from  th e U n ited  S tates C iv il Service Com m ission, W ash­
ington, D . C.

D r. Charles H olm es H erty , president of the A m erican  Chem ical 
Society, delivered an address on "C h e m istry  as an A id  to  the 
Efficiency of D em ocracy ,”  before the Indian a Section of the 
A. C . S., on A pril 21st.

Colum bia U n iversity  w ill hereafter confer the degree of 
M aster of Science upon graduate engineering students who 
satisfactorily  com plete the grad uate course in H igh w ay E n gi­
neering. F rom  1911 to  1915, th e  grad uate engineering students 
who h ave  specialized in H igh w ay Engineering h ave  been candi­
dates for the degree of M aster of A rts.

M r. W alter E . Lum m us, d istillation  engineer, of Boston, 
has recen tly  incorporated his com pany w hich is now  known 
as T h e  W alter E . Lum m us C om pan y, and has m oved from 
88 B road S treet to  173 M ilk  Street, B oston, where he has taken 
more th an  tw ice th e space form erly occupied and has added 
to his staff in order to  properlj handle the increasing business. 
M r. Lum m us provided increased m anufacturing facilities 
last year.

T h e  D orr C om pan y, w ith  offices in N ew  Y o rk , D en ver and 
London, is successor to  T h e  D o rr C yan id e  M ach in ery  C om p an y, 
taking over the patents and com m ercial business of its pred­
ecessor. John V . N . D orr is president o f T h e  D orr C om pan y.

A rth u r Low enstein  has resigned his position as technical 
director of M orris &  C om p an y, and is now  engaged in  practice 
as a  consulting chem ical engineer a t  1723 F irst N atio n al B an k  
B uilding, C hicago.

A lfred  W . B osw orth, associate chem ist a t  the N ew  Y o rk  
A gricu ltu ral E xperim ent S tation , has been appointed biological 
chem ist for the B oston F lo a tin g  H ospital.

A  fire on M arch  24th, believed to  have been due to  a  blazing 
burner, dam aged the H arrison C hem ical L a b o rato ry  building 
a t  the U n iversity  of Pen n sylvan ia  to  the exten t of $1,000.

H orace B ow ker, of B oston, has been elected a  director of the 
A m erican  A gricu ltu ral C hem ical C om pany, succeeding th e late 
W . H . Bow ker.

T h e  F ran klin  In stitu te  has aw arded the E llio tt Cresson 
M ed al to  D r. R o b t. G ans, of G erm any, for his Perm utit.

Grinnell Jones has been appointed assistant professor of 
chem istry in H arvard  U n iversity.

D r. O tto  Diels, of B erlin, has been called to the chair of 
chem istry a t  K ie l.

D r. R . W illstatter, professor of chem istry a t  Berlin, has 
been elected a  foreign m em ber of the Swedish A cadem y of 
Sciences.

S ir T hom as H . H olland, F .R .S ., professor of geology in the 
U n iversity  of M anchester, has bee» appointed chairm an of a 
com m ission w hich th e B ritish  G overnm en t is form ing to su rvey 
the econom ic resources and industrial possibilities of India, 
w ith  a  v iew  to  prom oting business after the war.

M r. C . S. Gibson, of S idn ey Sussex College, England, has 
been appointed assistant to  the professor of chem istry a t  the 
U n iversity  of Cam bridge.

T h e  authorities of O xford U n iversity , England, intend sh ortly  
to  change th e system  of exam ination for an honors degree in 
chem istry. I t  is proposed th a t research be introduced as an 
essential tow ards the obtaining of a  degree.

M r. Iva n  L evenstein, of the w ell-known M an chester firm 
of aniline dye  m anufacturers, died on M arch  15th a t  his residence 
in Cheshire, England, a t  the age of 70 years.

M r. A . V . H ill, H um phrey Owen Jones lecturer in physical 
chem istry a t  the U n iversity  of Cam bridge, has been elected 
a  fellow of K in g 's  College.

T h e  eighth sem i-annual m eeting of the Am erican In stitu te  
of C hem ical E ngineers w ill be held in C leveland, Ohio, June 
14 -17 , 1916. ,

T h e  p lant of the C arco lite  C hem ical C om pany, a t  C opper 
H ill, T en n ., w hich is controlled b y  the Tennessee C op p er C o m ­
p an y, is to  be  rebuilt. I t  w as recen tly  destroyed b y  fire, the 
loss exceeding $250,000.

D r. E . C . B ingham , w ho for the past few years has been 
professor of chem istry in R ichm ond College, R ichm ond, ,V a .,‘ 
is spending the y e a r 19 15 -16  in the B ureau  of Standards, W ash ­
ington, D . C .

D r. G arrett R ylan d  has been m ade professor of chem istry 
a t  R ichm ond College, R ichm ond, V a .

M r. M . F . Lindsley spoke on “ T h e  H istory, C haracteristics 
and M ethods of M an u facture  of M odern E xp lo sives,”  before 
the regular m eeting o f the C in cin n ati Section  of the A . C . S., 
on A p ril 12th.

D r. F rederick H. W agner, of the B a rtle tt, H ayw ard  C om ­
pany, ga ve  an  illustrated lecture on " C o a l G as R esid uals,”  
a t  th e  13th regular m eeting of th e  M ary lan d  Section  of the 
A . C . S ., on A pril 15th.
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GOVERNMENT PUBLICATIONS
B y R. S. M cBr id e , B ureau of S tandards, W ashington

N O T IC E — Publications for which price is indicated can  be 
purchased from  th e Superintendent of D ocum ents, G overnm ent 
Printing Office, W ashington, D . C . O ther publications can 
usually be supplied from  the B ureau  or D ep artm ent from  w hich 
th ey originate. Consular R ep orts are received b y  a ll large 
libraries and m a y  be consulted there, o r single num bers can  be 
secured b y  application  to  th e B ureau  of Foreign and D om estic 
Com m erce, D ep artm ep t o f Com m erce, W ashington. T h e  regu­
lar subscription rate  for these Consular R ep orts m ailed d a ily  is 
$2.50 per year, payable  in  advance, to the Superintendent of 
D ocum ents.

GEOLOGICAL SURVEY

G round W ater in  L a sa lle  and M cM u llen  Counties, T ex a s. 
A l e x a n d e r  D e u s s e n  a n d  R . B . D o l e . W ater S u p p ly  Paper 
3 7 5 -G , from  C ontributions to  the H yd rolo gy  of the U nited 
States, 1915, pp. 14 1-7 3 ; published F eb ru ary  17, 1916. T h is 
report includes a  discussion of the general characteristics of 
w ater and the relation  of the q u ality  to geologic strata  and the 
geographic position. T h e  desirable characteristics of w ater 
for dom estic use, for irrigation, and for boiler use are discussed 
and a tabu lation  o f analyses of w ater from  these districts is 
included.

' D EPARTM ENT OF AG RICULTURE

M illin g and B ak in g  T e s ts  of W h eat Containing A dm ixtures of 
R ye , C orn  C ockle, K in gh ead  and V etch . R . C . M i l l e r . D e ­
p artm en t B u lletin  328. 24 pp. Paper, 10 cents. " T h e  re­
su lts o f these tests show th a t the presence of more than 2 per 
cent o f a n y  of these im purities in w h eat as m illed has detri­
m ental effects on the m illing and baking qu alities.”

U tilization of A m erican  F lax  Straw  in  the P ap er and F iber- 
B oard Industry. J a s o n  L . M e r r i l l . D ep artm en t B ulletin  
322. 24 pp. Paper, 5 cents. T h is  rep ort gives an account of
recent w ork regarding utilization  of straw  from  A m erican  seed- 
flax. I t  is of in terest to  chem ists and m anufacturers as well as 
to flax farm ers. '

F erm en ted  M ilk s. L .  A .  R o g e r s . D ep artm ent B ulletin  
319. 3 1 p p . Paper, 5 cents. T h is bulletin  describes the various
form s of ferm ented milks, discusses their food valu e  and gives 
a b ib liograp hy on the subject.

T h e  M illin g  of R ice  and Its M ech an ica l and C hem ical E ffect 
upon the G rain . F .  B .  W i s e  a n d  A .  W .  B r o o m e l l . D ep art­
m ent B ulletin  330. 31 pp. Paper, 10 cents.

T h e  P rese n t S tatu s of the P asteu rization  of M ilk . S. H e n r y  

A y e r s . D epartm ent B u lletin  3 4 2 . 1 6  p p . P a p e r ,  5  cents.

T h e U tilization of C herry B y-P rod u cts. F . R a b a k . D e­
p artm ent B ulletin  350. 24 pp. T h is  article describes in vesti­
gation m ade to  determ ine m ethods for th e application  o f m aterials 
now  w aste products in the cherry in du stry. A p p licatio n s for 
fixed and volatile  oil, meal and juice are discussed.

Boron: Its A bsorption and D istribu tion  in P lan ts and Its 
E ffect on G row th. F . C .  C o o k . Journal o f A gricu ltu ral R e ­
search, 5 (Feb. 7), 877-90.

R elation  betw een  the Prop erties of H ard n ess and T o u g h ­
n ess of R oad-B uild ing R ock. P r e v o s t  H u b b a r d  a n d  F . H . 

J a c k s o n , J r . Journal of A gricu ltu ral R esearch, 5 (Feb. 7), 
903- 7-

N itrogen C ontent of the H um us of A rid  Soils. F r e d e r i c k  

J. A l w a y  a n d  E a r l  S. B i s h o p . Journal o f A gricu ltu ra l R e-
earch, 5 (Feb. 14), 909-16.

Som e F actors Influencing the Longevity  of Soil M icroorgan­
ism s S u b jected  to D esiccation, w ith  Sp ecial R eferen ce  to S oil 
Solution. W a r d  G i l t n e r  a n d  H . V i r g i n i a  L a n g w o r t h y . 

Journal of A gricu ltu ral R esearch, 5 (Feb. 14), 927-42.

Apparatus for M easu rin g  the W ea r of C oncrete R oads. 
A . T . G o l d b e c k . Journal of A gricu ltu ral R esearch, 5 (Feb. 14), 

951- 4 -

A  M eth o d  of C orrecting for Soil H etero gen eity  in V ariety  
T ests . F r a n k  M . S u r f a c e  a n d  R a y m o n d  P e a r l . Journal 
o f A gricu ltu ral R esearch, 5 (Feb. 28), 1039-50.

C hem ical T estin g  of M ilk  and C ream . R o s c o e  H . S h a w . 

U nnum bered publication from  the B ureau  of A n im al In d u stry; 
issued F ebru ary  17, 1916. 38 pp. T h is report gives com plete
sim ple laboratory instructions for determ ination of fat, to ta l 
solids, specific g ra v ity  anjl a cid ity  of m ilk and cream  and gives 
directions for calcu latin g to ta l solids b y  form ula and for the 
detection of p reservatives. A  list of chem icals and apparatu s 
necessary for th is an alytical w ork is given. T h e  w hole con­
stitu tes a v irtu a lly  prim er of m ilk-testing m ethods.

BUREAU OF M INES

Econom ic M eth o d s of U tilizing W estern  L ign ites. E . J . ’ 
B a b c o c k . B ulletin  89. 67 pp. Paper, 15 cents. "T h e
purpose of this bulletin  is to  present a sum m ary of the results 
th us far obtained in the w ork done a t the college of m ining 
engineering and a t  th e m ining substation  of N o rth  D ak o ta , 
and to  indicate th e prospects th a t the results hold out for the 
future developm ent of the lign ite  fields of th e  W est.

“ In this w ork special atten tion  has been paid to the pro­
duction o f gas and its u tility  and econom y for heating, lighting, 
and pow er purposes and the m anufacture of briquets. In 
addition, m any other im provem ents in m ethods of burning and 
u tilizin g lignite have been attem pted . A s th e  F ederal G overn ­
m ent controls great tracts of land underlain w ith  lignite, it has a 
d irect interest in the u tilization  of this fuel, and the B ureau  of 
M ines, in its investigations of fuels belonging to  or for the use 
of the G overnm ent, has cooperated in the stu d y  of lignite.

“ W h a t has been accom plished in this experim ental w ork leads 
to  th e belief th a t great im provem ents can  be m ade in the m ethods 
of utilizin g lignite and in the manufafcture o f cheap gas for 
pow er and other purposes, and th at the m aking of high-grade 
fuel briquets can be put on a  com m ercially satisfactory  basis. 
T h e  result will be  th at n ot on ly w ill lignite be m uch more 
serviceable and m uch more generally used, b u t an  imm ense 
q u an tity  of slack and coal th at w ould otherw ise be  w asted  w ill be 
saved.

“ Furtherm ore, b y  the process described in this bulletin, large 
quantities of gas, especially valu ab le  for pow er purposes, m ay 
be obtained a t  a low  cost, as the w ork thus far carried on indi­
cates th a t th is gas can  be used successfu lly w ith  an internal 
com bustion engine for th e production of e lectricity  so as greatly  
to reduce the cost of pow’er production and th us m ake possible 
a wide utilization  of cheap electricity  for industrial purposes.”

T h e m ethods of handling lignite and of briqu et m anufacture 
and testin g -which have been found m ost desirable are described, 
including the m achinery and com m ercial equipm ent needed for 
this work.

M an u facture  of G asolin e and B en zen e-T o lu en e from  P etro ­
leum  and O th er H ydrocarbons. W . F . R i t t m a n , C . B . D u t t o n  

a n d  W . E . D e a n . B ulletin  114. 268 pp. Paper, 35 cents.
(T h e free su p p ly  of this publication  is exhausted, copies can 
be secured on ly  through th e Superintendent of D ocum ents
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a t the price nam ed.) F o r an extended abstract of this B ulletin  
see T h is  J o u r n a l , 8 (1916), 3 5 1-6 1.

T h e  full paper includes an extended bibliography of the su b­
je c t  which has been com piled b y  M . S. H oward.

BU REA U  O F STA ND A RD S

V alue of the H igh -P ressu re  S team  T est of Portland Cem ents. 
R . J . W ig  a n d  H . A . D a v i s . Technologic Paper 47. 34 pp. 
Paper, 15 cents. " T h e  investigation  reported in this paper w as 
m ade to establish, if possible, a  relationship betw een the behavior 
of Portlan d cem ents in high-pressure steam  and their physical 
properties under norm al conditions of use and exposure, and 
to determ ine w h at value, if any, the high-pressure steam  test 
has as a m eans of detecting unsoundness which m ight cause a 
w eakening or disintegration of the cem ent or conciete.

"F o r  practical w ork tinder norm al conditions of construction, 
the results of this in vestigation  fail to show th a t the high- 
pressure steam  test is of value as a m eans of determ ining the 
u ltim ate soundness of con crete.”

Stan dard T e s t Specim ens of Zinc B ronze. P a rt I. P rep ­
aration and Specifications. C. P. K a f r . T echnologic Paper 
59. Pp . 1-45. Paper, 25 cents. “ F or the present in vestiga­
tion the following tests w ere finally  decided upon to  be carried 
out in connection w ith  the m ethods of preparing the a lloy:

“ i — Experim ents to determ ine the best form  of test block 
and test piece.

"2 — T ests to  determ ine the best castin g tem perature, to  be 
m ade after the best form  of test block and test piece have been 
determ ined.

“ 3— -Tests of the follow ing sorts on all the bars cast for the 
tests N os. 1 and 2 above: (1) T ensile test, including the
determ ination of elongation, reduction of area, and tensile 
strength, and recording of the stress-strain curve; (2) com ­
pression test; (3) stud y of m icrostructure; (4) therm al 
analysis.

“ W ith  the exception of the com pression tests, this program  
has been carried out as planned.

" T h e  operations of casting and m olding, etc., as well as the 
experim ents on the variation s in foundry practice, arc de­
scribed in considerable detail, so th a t the exact bearing of the 
results obtained m ay be the more readily  appreciated, and for 
the reason, well know n to practical foundrym en, th a t m inute 
variations in seem ingly insignificant details are often  crucial 
in determ ining the resulting properties of th e cast m eta l.”

A ppendix A  gives com plete set of suggested specifications for 
preparation of stan dard zinc bronze test bars.

P a rt II . M icrostru cture. H e n r y  S. R a w d o n . Technologic 
Paper 59. Pp. 47-67. Included w ith  above publication, in 
paper, 25 cents. “ T h e general conclusion from  the stu d y  of the 
m icrostructure is th a t the presence of oxides is a  m uch more 
potent source of m echanical weakness of the a llo y  in its cast 
condition than a n y  of the other causes enum erated. From  the 
standpoint of m icrostructure, the variation s in m ethods of 
casting, pouring tem perature, etc., are to  be regarded prim arily 
as m eans for the production of sound oxide-free m aterial and to 
confer no m ysterious properties upon th e alloy. T h e  frequent 
occurrence of oxides in this series, prepared under careful super­
vision and using precautions for avoid in g such contam inations, 
suggests the abundance of such inclusions in sim ilar a lloys as 
prepared com m ercially. T h e  failure of such cast a lloys for 
m any purposes is m ost p robably  to  be ascribed to  the presence 
of oxide films rath er th an  to a n y  other cause.”

From  this in vestigation  th e follow ing conclusions are 
drawn:

"(a )  T h e  addition of the sm all percentage of zinc does not 
affect the theoretical m icrostructure of the alloy.

“ (b) T h e m ethod of casting, pouring tem perature, etc., 
affect the structure on ly indirectly b y  influencing the rate  of 
cooling, am ount and distribution of inclosures, etc.

“ (c) T h e m icrostructure offers an explanation for the char­
acteristic  appearance of the tensile bars a fter testing.

“ (d) O f the various m icrostructural features affecting the 
physical properties, oxide films m ust be considered to exert the 
greatest influence, b y  far.

“ (e) T h e  changes of m icrostructure accom panying annealing 
are explained and illu strated .”

D eterm ination  of Carbon in S teels and Irons by  D ire ct Com ­
bustion in O xygen  at H igh T em peratures. J. R . C a in  a n d  

H . E . C l e a v e s . Technologic Pap er 69. 10 pp. Paper, 5 
cents. Published p ractica lly  in full, T h is  J o u r n a l , 8 (1916), 

321- 4 -
P U B L IC  H E A L T H  SE R V IC E

V itam ines and N utritional D ise a se s. A . S e i d e l l . Public 
H ealth  R eports, 31 (Feb. 18, 1916), pp. 364-9. A vailab le  also 
as a. reprint. T h is article reports 011 a stable form of vitam ine, 
which is efficient in the prevention and cure of certain  n utri­
tional deficiency diseases. T h e  source of the m aterial is the 
w aste brew ers’ yeast which appears to  be rich in the valuable 
constituents.

P u blicity  of Form ulas of P a ck a ge  M ed icin es. M a r t in  I. 
W i l b e r t . Pu blic H ealth  R eports, 31 (M arch 17, 1916), pp. 
7 1 1 -1 4 . T his is a discussion of recent legislation and the nature 
of requirem ents w hich are effective in affording reasonable 
p u blicity  as to  the exact com position of proprietary drugs. 
I t  is argued th at the value of published form ulas is so great as to  
fu lly  ju s tify  this publicity.

SA N IT A R Y  L E G IS L A T IO N

Poisons and H abit-Form ing D ru gs. M a r t i n  I. W i l b e r t . 

P u blic  H ealth  R eports, 31 (Feb. 25, M arch  3 and 10, 1916), 
pp. 468 -511, 551-6 10 , and 651-703. T h is is a  long report 
w hich consists of a digest of law s and regulations, which h ave  
been enacted during 1914 and 1915 in the U nited States, regula­
tin g the possession, use, sale, and m anufacture of poisons and 
habit-form ing drugs. T h e m aterial is presented as a  third 
supplem ent to  P u blic H ealth  B ulletin  56. T h e  preceding 
supplem ents are availab le as reprints of the Public H ealth  
Service N os. 146 and 240.

S ellin g Foodstuffs Containing A rsenic. P u blic H ealth  R e ­
ports, 31 (M arch 3, 1916), p. 550. T his is a report on the case of 
W eeks v. U nited States, 224 Fed. R ep. 69, in which the U n ited  
States C ircuit C ou rt of A ppeals decided th at a  conviction  w as 
justified  for selling shellac varnish for use in glazing cheap 
candies even though it appeared im probable to the person sell­
ing the m aterial th at the q u an tity  of arsenic w as sufficient to  
be injurious to  the health. T h e sales com pany claim ed th a t the 
q u an tity  w as not sufficient to be deleterious to  health under a n y  
ordinary conditions b u t the findings of the ju ry  as to  this ques­
tion were of the opposite im port. I t  w as held th at the ju r y  
should properly determ ine this question.

R egulation  of Industries in w hich Poisonous F um es or D u sts  
M ay  B e Produced. Illinois Legislature A c t, June 29, 1915. 
P u blic  H ealth  R eports, 31 (M arch 17, 1916), pp. 74 6 -5 1. 
T h is  regulation m akes certain provisions as to  the prevention 
of industrial diseases which result in factories and elsewhere 
because of the fum es and dust produced. T h e  requirem ents 
are of interest to  chem ical w orks affected.

Efficacy of A ntiseptic D ressin g for Floors. Louisiana B oard 
of H ealth  R egulation, Jan uary 18, 1915. P u blic H ealth  R e­
ports 31 (M arch 17, 1916), p. 759. T h is  regulation specifies 
th a t m anufacturers and dealers subm ittin g floor dressing for
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use in schools m ust give to the State. B oard of H ealth  s a t is ­
factory  evidence from  reputable bacteriologists and m ust su b­
m it a  guarantee th at the m aterials are efficient for the pur­
poses for which th ey  are sold.

Production, C are, and Sale of M ilk  and M ilk  Products.
R evised R egulations of Louisiana B oard of H ealth, June 15, 
1915. Public H ealth Reports, 31 (M ar. 17, 1916), pp. 755-8.

Standards for V iruses, Serum s, Toxins, and Analogous 
Products. R egulation 104, M innesota B oard of H ealth, adopted 
N ovem ber 14, 1915. P u blic H ealth  R eports, 31 (M arch 24, 
1916), p. 793. T his regulation forbids the use of any of these 
products for therapeutic purposes, if their efficacy has been 
disapproved b y  the U nited  S tates Public H ealth  Service.

Labelling A rticles Containing W ood Alcohol. A c t  of the 
R hode Island Legislature, adopted M arch  12, 1915, C hap. 
1183. Public H ealth  Reports, 31 (M arch 24, 1916), p. 814. 
T h e conditions under w hich m eth yl alcohol can be used in 
articles sold for external or internal use are prescribed.

C O M M ER C E R E P O R T S — M A R C H , 1916

A  plant for the production of soda ash and by-products is 
to  be established in H olland. (P. 833.)

M an gan ese  ore is now being shipped from  Colon, Panam a, 
to  the U n ited  States. (P. 839.)

T h e provisions of the recen t Japanese law  for the subsidizing 
o f  com panies for m anufacturing dyes and drugs are given.

( P .  874-)

Efforts are being m ade to develop, under governm ent super­
vision, the m ining resources of H upeh Province, China, especially 
iron, coal, lead  and copper. (P. 887.)

In a  recent B ritish  process, w ool is being dyed  various shades 
o f  yellow  and khaki color, by  treatm en t w ith  n itric  acid (about 
5 p ercen t H N O s) a t  a tem perature of 180 0 F ., and subsequent 
imm ersion in alkali, or alkaline m ordants. (P. 898.)

A m ong the n ative drugs exported from  Siam  are gum , benzoin, 
gam boge, cutch, cardam om s, licorice, turm eric, and sesam e. (P.
916.)

T h e Chilian nitrate in dustry continues to im prove. (P. 918.)

T h e  savin g and collection of rags and old paper are urged in 
order to relieve the present shortage of paper stock. (P. 929.)

Efforts are being m ade to  develop the production of tanning 
extract from  B razilian  m angrove. (P. 935.)

A n  experim ental e lectric copper sm elter w ith  a cap acity  of 
12 tons of ore per d a y  is being tried  ou t in N ew foundland. (P. 
9 5 0 .)

O w ing to the dem and for n atural dyes, the production of 
cutch, used for both dyeing and tanning, is increasing in Borneo. 

( P .  9 5 8 .)

The pricc of cam phor in Japan shows a  m arked increase. (P. 

9 7 9 - )

A  serious shortage of wood pulp exists in  Spain. (P. 981.)

Barrels for the shipm ent of sugar are being m ade in H aw aii 
from  fiber board produced from  bagasse. (P. 984.)

A  proposal is m ade to  cast sew er pipes and bricks directly  
from m olten la v a  in H aw aii. (P. 994.)

Conditions in the cem ent industry of Silesia are d istin ctly  
u n favorable. (P. 998.)

Recom m endations of a  com m ittee of the B ritish  B oard of 
T ra d e  include protective tariff upon paper, silverw are, cutlery, 
g la ss  and earthenw are. (P. 1000.)

T h e  new  m ining law of Chosen (K orea) restricts new  claim s

to  Japanese subjects; and foreigners acquiring old claim s m ust 
have their head office in Chosen. (P. 1003.)

I t  is predicted b y  the U. S. G eological S u rv e y  th at the oil 
sh a les of Colorado, U tah, and W yom in g w ill provide a  large 
part of the gasoline and other oils for this country. (P. 1007.)

A bu n dan t quantities of rock-crystal are availab le  in B razil. 
(P. 1070.)

T h e B ureau of S tandards is in vestigatin g the danger involved 
in th e filtration of gasoline through chamois, etc., due to  the 
production of an electrical charge, w hich m ay give rise to  a 
spark. (P. 1125.)

A  decrease in the ou tp u t and consum ption of coal in B ritish  
C olum bia is a ttribu ted  to  the increasing use of im ported fuel 
oil. (P. 1126.)

C alcium  carbonate m ade in this cou ntry has been found to 
be a  satisfactory  su bstitute  for English w hiting for use in ceram ic 
g lazes and bodies. N e w  dom estic sources for glass pot and 
crucible c lays have been discovered. (P. 113 1.)

T h e  U . S. G eological S u rv ey  w ill have this y ear tw elve parties 
stud yin g th e m ineral and w ater pow er resou rces of A laska. 
(P. 1133.)

T h e  m ineral production of C an ada in 1915 shows an increase 
for all m etals except silver; and a  decrease in building m aterials. 
(P. 1136.)

In  statin g  the opportunities for labor-saving m achinery in 
the Chilean nitrate beds, the present m ethods of operation are 
desired. (P. 1144.)

A  new English m ethod for recovery of grease  and potash 
from  w ool scouring liquors involves separation of the free 
grease b y  centrifuging and repeated use of the liquor till it 
contains 6-8 per cent of potash, when it is evaporated for re­
co v ery  of th e potash. (P. 1172.)

T h e  G erm an G overnm en t is ta k in g  m easures to  increase the 
sugar b e e t cu ltivation  in th a t country. (P. 1187.)

In  order to  provide a  su pply of tungsten, the B ritish  G overn ­
m ent has taken  over all stocks o f tungsten ores in  B ritish  colonies. 
(P. 119 1.)

T h e new edition o f the U . S. Pharm acopoeia w ill m ake use 
of the m etric system  exclusively. (P. 1208.)

T h e  greatly  increased production and export of porcelain, 
etc., from Japan has necessitated the introduction of im proved 
m ethods and m achinery. (P. 1218.)

N o rm ally  m ost of the platinum  ou tp u t of C olom bia is ex­
ported to  England, b u t in 1915 over 11,000 ounces w ere exported 
to  the U n ited  S tates. (P. 1219.)

R ecen t observations of the B ureau  of Standards upon con­
crete roads confirm  their previous conclusion, th a t concrete 
expands in w inter and spring ow ing to  increase of m oisture 
content, and con tracts in sum m er due to  loss of m oisture. (P. 
1223.)

L arge quantities of dyew oods are availab le  in San to Dom ingo, 
especially fustic  and logwood. (P. 1254.)

Supplem ents issued in M arch  are 5a France, 236 B ritish  
Colum bia.

S t a t i s t i c s  o f  E x p o r t s  t o  t u b  U n i t e d  S t a t e s . ( P p .)

F r a n c s — S u p .  5 a
A lbum en
Alum inum
Bones
Chem icals
P o tte ry
D rugs
Glassw are
Glue
Glycerine
Hides
Soap
P la tinum , etc. 
Saffron

B r i t i s h  C o l u m b i a —  
Sup. 236 

Gold 
C ascara 
Fertilizer 
Fire-brick  
G lycerine 
Hides 
R ubber 

-Lime 
C opper ore 
P o tash  
W hale oil

S t r a i t s  S e t t l e m e n t s  
— 1175- 

Benzine 
G am bier 
G um  copal 
G um  dam ar 
G u tta  je lu tong  
G utta -pe rcha  
M angrove bark  
R ubber 
T in
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B O O K  REVIEWS
T ransactions of the A m erican  In stitu te  o f C hem ical E n gin eers.

V ol. V I I  (1914). Office of th e Secretary, C ooper U nion,
N ew  Y o rk , N . Y .  Published b y  the In stitu te  through D .
V a n  N ostrand C om pan y, N ew  Y o rk , 1915. 8vo. iii +  308
pp.

T h e  seventh volum e of these T ransactions is som ew hat larger 
than its predecessor. T h is  is because of the greater average 
length of the papers published and because an  unusual num ber 
of illustrations are included in the volum e. M a n y  of these 
have  n ever been p reviou sly published elsewhere and cover opera­
tions h itherto unpictured. T h e  volum e is printed on a  b etter 
surfaced paper th an  custom ary w ith  the series and, therefore, 
does justice  to  the illustrations. In  other respects it  is b u ilt 
and arranged like the preceding one except th a t some com m ittee 
reports are included, for the first tim e in three years. In  this 
case th e y  are the previously om itted reports of progress of the 
In stitu te ’s C om m ittee on C hem ical Engineering E d ucation .

T h e  following addresses, reports and papers read before the 
In stitu te  are contained in the publication:

"Som e Professional O bligations,” M . C. W hitaker.
“ D istribu tion  of In d u stria l O pportun ities ,” G. O. Sm ith .
"R ep o r t of the  C om m ittee on Chem ical E ngineering E duca tion .”
“ T h e  Present S ta tu s  of th e  Chem ical Engineering  W ork of th e  Am er­

ican In s titu te  of Chem ical Engineers.”
"R ep o r t of th e  C om m ittee  on Chem ical Engineering E d u ca tio n .”
“ T h e  N eed of Revised Chem ical S ta tis tic s ,” B. C. Hesse.
" T h e  A pplication of Physical C hem istry  to  In d u stria l Processes,” 

W . F . R ittm an .
" T h e  Use of H ydrom etallurg ical A ppara tu s  in Chem ical E ngineering ,” 

J . V. N . Dorr.
"S tu d ies  on F il tra tio n ,” J . W . Bain and  A. E . Wigle.
"S crubber for Chem ical L ab o ra to ry  V acuum  S ystem ,”  C. Baskerville.
"S hoddy  and  Carbonized W aste ,” L. J . M atos.
"C hem istry  of the  B leaching of C o tton  C lo th ,”  J . C. H ebden.
"O zone in V en tila tion ,” J . C. Olsen and  W m. H . U lrich.
" T h e  P resen t P a te n t S itu a tio n ,”  M . Toch.
“ T he D evelopm ent of th e  R o ta ry  K iln and  I ts  A pplication to  Various 

Chem ical and  M etallurg ical Processes,” R . K . M eade.
"A  C om bination  W ater Softener and  S torage T a n k ,” L . M . B ooth.
“ F eldspar as a  Possible Source of A m erican P o ta sh ,” A. S. C ushm an 

and  G. W. Coggeshall.
" T h e  H ardw ood D istillation  In d u s try  in A m erica,” E . H . F rench  and 

J. R . W ithrow .
"P a in tin g  Defects, T h e ir Causes and  P reven tion ,” G. W . T hom pson.
“ Code of E th ics .”

T h is volum e illustrates like  its predecessors the In stitu te ’s 
varied  interests. T h e  address of th e retiring president, M r. 
W hitaker, on "S o m e Professional O bligations,”  bears m uch food 
for th ough t and should be read b y  every  chem ist as w ell as chem ­
ical engineer. T h e  need of revised chem ical statistics, greatly  
accentuated b y  present conditions, is c learly  em phasized b y  D r. 
Hesse and it  is to  be regretted th a t th e In stitu te  w as unable to 
secure the services of D r. Hesse as chairm an of its  com m ittee 
to assist in am eliorating the present condition of chem ical sta­
tistics. T h e  paper b y  D orr on th e possibilities in th e use of his 
w ell-known hydrom etallurgical apparatu s in chem ical engi­
neering w ill m ark a  new epoch in chem ical engineering progress. 
T his w ill take tim e and p atien t developm ent b u t bids so fair 
th a t w e have w ondered for years w h y chem ical engineers in cer­
tain lines did n ot g ive  these devices more atten tion . T h e  paper 
b y  Thom pson is in his w ell-know n thorough style. A  distinct 
contribution to  th e  bleaching problem  is m ade b y  H ebden. 
T h e other papers in th e list are enrichm ents of the literature and 
should encourage others to  open th eir hearts and tell th e details 
of their industries in turn for the benefit of general developm ent.

J a m e s  R . W i t h r o w

T h e M etallograph y and H e at T reatm en t of Iron and S teel. B y  
A l b e r t  S a u v e u r .  Second E dition. 486 pp., 438 illustra­
tions. S au veu r &  B oylston , Cam bridge, M ass.: Price, $6.00.

T his second edition of S au veu r’s "M e ta llo g ra p h y  of Iron 
and S te e l”  is a  com plete revision, some fifty  pages of te x t and

abou t 100 new  illustrations h av in g  been added. T h e  first 85 
pages deal w ith apparatu s for th e m etallographic laboratory  
and their m anipulation, the m ethods of preparation  and of e tch ­
ing specimens, etc.

C hap ter IV , on pure m etals, takes up their stru ctu re, the 
effect of strain  and of annealing, and explains very  clearly  the 
am orphous cem ent th eory of B eilb y  and Rosenhain, T w inning, 
N eum ann lines. N e x t the structure of pure iron is explained, 
followed b y  chapters on w rought iron, low-carbon, medium, 
and higli-carbon steel. O f v ery  great interest is the chapter 
on the im purities in steel. Som e 50 pages discuss the critical 
points of iron and steel, their causes and effects. N ex t comes 
the structure of cast steel, the effect of h o t and cold work, the 
annealing and hardening and the tem pering of steel w ith a  
short, clear presentation of the various theories of hardening. 
C em entation  and case-hardening are followed b y  an excellent 
discussion of a llo y  steels. C ast iron, its  im purities and their 
effects on structure; m alleable cast iron and its course of changes 
are then  dealt w ith. On page 396, in discussing the proxim ate 
chemical* analysis of cast iron of 2 per cent Si, the whole of this 
is set down as F eSi, instead of F e2Si. A ll of the m anganese 
is taken  as com bining w ith the S  and the carbon to  form  M n S  
and M n 3C : some of i t  finds its w a y  in to the ferrite of the pearlite, 
w e believe.

C hap ter X X V -— the constitution  of m etallic a lloys— is v e r y  
elem entary, dealing on ly w ith the copper-nickel (or P t-A u ) 
and the silver-copper typ e  curves. T h e Sb-P b  curve is given  
w ith  the eutectic a t 228° C . instead of 247 0 C.

T h e  chapter 011 the equilibrium  diagram  of the iron-carbon 
alloys is brief and to  th e point. One obvious error occurs in 
explaining th e freezing of a  hypo-eutectic cast iron, F ig . 4 11 , 
b y  sayin g th a t i t  begins to  solidify a t  1230° C., w hen crystals 
of iron containing 1 .7  per cent C  (saturated austenite) begin 
to  form ! A gain , the statem ent th a t the eutectic is com posed 
of m inute crystals of saturated austenite and m inute crystals 
of cem entite, is hard ly  acceptable— a m echanical m ixture, o f 
course, w ith a typ ical eutectic structure, b u t not of m inute 
crystals surely.

T ak en  as a  w hole the book is a  good one, and gives a  broad 
presentation of the m etallography of iron and steel in a  simple, 
straightforw ard m anner. W ith  such a^book a t  hand, no one 
interested in iron and steel, their properties and treatm en t, 
can excuse his ignorance of m etallography b y  sayin g it  is too 
abstruse for anyone outside of a  college. I t  is a  book for the 
practical m an ju s t as m uch as for th e w orker in th e college 
laboratory. T ak en  in sections, there is b u t one criticism  o f  
a n y  w eight, and th a t deals w ith  the chap ter on th e con stitu ­
tion of m etallic alloys. T h is is too short for a  book of the size. 
T h e  m ain ty p e  diagram s could easily be explained, w ith  ex­
am ples such as F e-M n  : F e-N i : F e-C u  : Fe-Si : F e-P h os; and 
lastly  F e-F eS . In  fact, a  page on th e sim plest case of tern ary  
a lloys used to  explain the phosphide eutectic  in high phosphorus 
c a st-iro n  could also be added.

Professor Sau veur is to  be con gratu lated on giv in g us a  bo o k  
th a t is interesting, practical and useful.

W i l l ia m  C a m p b e l l

N ahrungsm ittel Chemie in Vorträgen. H erausgegeben von  D r .
W . K e r p .  Leip zig: A kadem ische V erlagsgesellschaft, 1914.
P rice in paper, M . 26.50; bound, 28 M . ■

T h is  volum e of 579 pages reports the lectures delivered in 
the first Fortbildungskursus for G erm an food chem ists (M arch,
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1912). T h e topics, authors, and distribution o f space arc as 
fo llo w s:

General outline of food legislation and control in G erm an y 
(K erp), 32 pages; A p p lication  o f m odern physicochem ical theory 
to  food chem istry (Paul), 78 pages; R ecen t studies of cell m etab­
olism b y  chem ical m ethods (Abderhalden), 14 pages; B io ­
logical differentiation of the proteins w ith  special reference 
to  forensic blood and flesh investigation  (U hlcnhuth), 4S pages; 
Problem s of the d a y  in food chem istry (K erp ), 32 pages; R ecen t 
developm ents in the legal aspects o f food chem istry (Juckenack), 
30 pages; Custom s- and im post-problem s for the food chem ­
ist (Fritzw eiler), 20 pages; C ontrol o f the m ilk in dustry (M ai), 
16 pages; B io lo gy  of m ilk (W eigm ann), 32 pages; R ecen t m eth­
ods for the investigation  of edible fats and oils (H eiduschka), 
19 pages; W ine problem s (K ulisch and G unther), 112 pages; 
B ran d y  (von B uchka), 8 pages; R ecen t m ethods for the ex­
am ination  of honey (Friehe), 33 pages; W ater and sewage 
(G run hut), 93 pages; Forensic chem istry and m icroscopy (Popp), 
27 pages.

K erp  points ou t th a t the latest of the law s controlling com ­
m erce in com m odities of popular consum ption in G erm any, 
the w ine law  of 1909, w as enacted ju st 30 years later than the 
fundam ental food law  of 1879. H e then  proceeds to  review  
th e developm ent o f the food industry in G erm an y during th at 
period (w ith statistics for the y ear 1909-10) and to outline the 
food law s and the functions of the food chem ist. U nder prob­
lem s of the d a y  in food chem istry he discusses the use of pre­
servatives in food, the renovation  of butter, refined vegetable  
fats, the coatin g  of rice, the bleaching of flour, the greening of 
vegetables b y  means of copper salts, the glazing of coffee and 
th e problem  of substitutes in foods and beverages. P aul re­
view s the ionization theory, especially in its application  to ana­
ly tica l m ethods and the interpretation  and expression o f results, 
beginning w ith  A rrhenius and ending w ith  such problem s as 
th e selection of indicators, the determ ination o f “ free”  and 
"b o u n d ” sulfurous acids in foods, and the m ethod of statin g 
results of a  mineral w ater analysis.

T h e  scope of the other chapters is sufficiently indicated b y  
their titles.

G eneral criticism s of the volum e are scarcely feasible because 
o f the d iversity  of topics upon which it  touches and the differ­
ences of m ethod and sty le  am ong the num erous authors who 
h ave  independently w ritten  the separate chapters w hich com ­
pose the book. T h e fact th at these were originally  prepared 
esp ecia lly  as lectures to be delivered b y  and to official G erm an 
food chem ists adds interest and w eigh t to the w ork as a  pre­
sentation  o f the G erm an view poin t. I t  rem ains to be seen in 
w h at w ay  and to w h a t fact this v iew p oin t will be perm anently 
m odified as the result of the friendly a ttitu d e  tow ard the Ersatz 
m ade necessary b y  w ar conditions in G erm any.

A s a means of com paring the problem s of the G erm an food 
chem ist w ith our own, and as indicating the judgm ent of the 
G erm an  com m ittee in charge as to  the su bject m atter m ost 
needed in a Fortbildungskursus for food chem ists, as well as for 
its  sum m aries of recent advances in certain  lines of food anal­
ysis, the w ork should be of d istin ct in terest to  chem ists engaged 
in the food industries or in food control. ,

H. C . S h e r m a n

E xplosives, T h eir M an ufacture, Prop erties, T e s ts  and H istory.
B y  A r t h u r  M a r s h a l l ,  A .C .G .I ., F .I .C .,  F .C .S ., C hem ical
Inspector, Indian  Ordnance D epartm ent, N a in i T a l, India,
1915. P . B lak iston ’s Son &  C o., Philadelphia. 624 pages,
137 illustrations. Price, $7.00 net.

T his book is p robably the m ost com prehensive general w ork 
on  the subject o f explosives th at has been published in English, 
an d  contains m uch of interest and value to  the m anufacturer

or chem ist in the explosives industry, as well as to the student. 
I t  is largely  a collection of well-cliosen facts from  the best litera­
ture on the su bject, including m ost of the best m aterial pu b­
lished in the journals in recent years. T h e auth or’s general 
treatm en t of the subject shows excellent insight into the 
m an y topics discussed, and indicates both a  practical kn ow l­
edge of the in dustry and a  thorough fam iliarity  w ith  th e litera­
ture on the su bject. References to original articles are liberally  
supplied— a fa c t w hich g rea tly  increases the value of the book—  
and it is gratify in g  to  note th e num erous references to  Am erican 
work.

A  thorough review  of this book w ould cover m any pages, 
and it is therefore im possible to  enter into an y  great detail in 
th is review. T h e  auth or has given  his atten tion  chiefly  to  su b­
je cts  w hich have n ot been a lread y fu lly  discussed in other books. 
T hus, he has considered on ly briefly the details of m anufac­
ture and practical use of explosives, b u t has elaborated 011 such 
su bjects of present-day interest as the stab ility  of nitrocellu­
lose, developm ents in physical and chem ical testin g of exp lo­
sives, im provem ents in m eans of in itiatin g explosive re­
actions, etc. A  review  of the early  h istory of explosives and 
their developm ent up to  the present tim e occupies 39 pages. 
T h e  m anufacture of b lack pow der (34 pp.) and its  raw  m aterials, 
and the m anufacture of n itric  and sulfuric acids (20 pp.) are 
discussed on ly briefly. O f in terest to  explosives m an ufactu ­
rers is the u nfortun ately  too brief discussion of m ixed and waste 
acids, their handling and recovery. T h e  usual processes of 
n itratin g  cellulose and nitrocellulose, including the displace­
m ent process, are described in detail, and the m ost recen t k n ow l­
edge of stab ilization  w ell presented. N itroglycerin , its  raw  
m aterials, properties and m anufacture (40 pp.), and sm okeless 
powders, their com position, m anufacture and requirem ents, 
including shot-gun pow ders (34 pp.), are given  due considera­
tion. U nder Solven ts special atten tion  is given  to  the su bject 
of acetone, its m anufacture, im purities and recovery  from 
cordite, presenting facts not availab le  in the literature. T h e  
discussion of b lastin g explosives (34 pp.) includes n itro glyc­
erin explosives, chlorate explosives and am m onium  nitrate  
explosives. T h e  su itab ility  of various explosives for purposes 
of peace and w ar is briefly treated in 15 pages. U nder Proper­
ties o f E xp losives (82 pp.) is found a  sum m ary of the la test w ork 
on the therm ochem istry o f explosives, a  v e ry  good discussion 
of the rate  of detonation of explosives, and a  description of 
recent in vestigation s of detonating com positions. A ll of the 
im portant p hysical tests for explosives are described. Special 
explosives (40 pp.) treats of sa fety  and deton atin g fuses, de­
tonators, and " s a fe ty  explosives”  for coal m ining, describing 
the tests m ade a t  a ll of the U . S. and E uropean testin g stations: 
22 pages are d evoted  to  th e proper construction and p rotec­
tion o f facto ry  buildings, m agazines, etc.

U nder S ta b ility  and S ta b ility  T ests (27 pp.) is a  good d is­
cussion of the decom position of sm okeless powders, its re tard a­
tion  b y  th e use of various stabilizers, and the more com m only 
used stab ility  tests. In  the section d evoted  to M ateria ls and 
their A n alysis, th e author has attem p ted  to  discuss in 53 pages 
the general m ethods for testin g m ost of the m aterials used in 
the m anufacture of explosives, and the preparation and proper­
ties of m an y of them . T h e  list includes acids, solvents, g ly c ­
erin, cotton , nitroglycerin, nitrocellulose, azides, fulm inates, 
and n itrosubstitution  com pounds. M a n y  im portan t points 
are n ecessarily  treated on ly briefly. A n  appendix contains 
the Im perial G erm an R a ilw a y  C om m ission’s regulations re­
garding tests of explosives for safety  in transportation, and also 
some excellent therm ochem ical tables.

T h e  entire book is exception ally  free from  typographical 
errors and is excellen tly  illustrated.

C . G . S t o r m
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NE.W PUBLICATIONS
B y I r e n e  D b M a t t y , L ibrarian , M ellon In s ti tu te  of In d u s tr ia l R esearch, P ittsb u rg h

C O R R EC T IO N : The M etallography and  H ea t T rea tm en t of Iron  and Steel. 
A l b e r t  S a u v e u r . T he price of $4.00 quoted  in T h i s  J o u r n a l , 8 
(1916), 393, should read  $0.00. T h e  publishers are Sauveur & Boylston, 
Cam bridge, M ass., and  n o t th e  M cG raw -H ill Book Co.

A m m onia: T he  Therm odynam ic P roperties  of Ammonia. F . G.
K e y e s  a n d  R .  B . B r o w n l EE. 4 to .  7 3  p p .  Price, $ 1 .0 0 . John  Wiley 
& Sons, New York.

A nalysis: O utline of the  M ethods of Q ualitative Chem ical Analysis.
R . J . C a r n e y . 6th  E d. 8vo. 37 pp . Price, $0.20. G. W ahr, Ann 
A rbor.

Atom: T he U niverse and  the  Atom; th e  E th er Constitution, C reation and
S tructu re  of A toms. M a r io n  E r w i n . 12mo. 314 pp. Price,
$2.00. D . V an N ostrand  Co., New York.

Coal and  Coke. F . H . W a g n e r . 8 v o . 413 pp. Price, $4.00. M c­
G raw -H ill Book Co., New York.

Concrete and Reinforced Concrete. W . L. W e b b  a n d  W . H. G i b s o n .
12mo. Price. $1.50. Am erican Technical Society, Chicago.

Explosives: M anual on Explosives. A. F . J . R a m s e y  a n d  H. C.
W e s t o n . 8 v o . 123 p p .  Price, $0.25. George R outledge & Sons, 
London.

Galvanizing and  Tinning. W . T . F l a n d e r s  a n d  O t h e r s . 8 v o . 3 5 0  
pp. Price, $ 3 .0 0 .  D. W illiam s Co., New York.

G as: D as G as als W ärm equelle und T riebkraft. F . S c h a e f e r  a n d  

O t h e r s . S v o . 2 4 9  p p .  Price, $ 3 .0 0 . R .  Oldenbourg, M unich.
Iron: D ie physikalische und  chem ische G rundlagen d. E isen h u e tten -

w esens. W a l t h e r  M a t i i e s i u s . 8 v o . Price, $5.20. O. Spam er, 
Leipzig.

L athe D esign, Construction and  O peration. C. O. E. P e r r ig o . 8 v o .
469 pp . Price, $2.50. N orm an W . H enley Publishing Co., New Y ork. 

M achine D esign, Q uestions and P rob lem s in. F .  D .  F u r m a n . S v o .

68 pp. Price, $0.80. T he  A uthor, H oboken, N . J.
M etallu rg ists’ and  C hem ists’ H andbook. D. M . L i d d e l l . 16mo.

603 pp. Price, $4.00. M cG raw -H ill Book Co., New York.
O rganic Chem istry: G rundriss  der O rganischen Chem ie. C a r l

O p p e n h e i m e r . 9th  E d. 8vo. 168 pp. Price, $0.75. G. Thiem e, 
Leipzig.

Oxy-Acetylene W elding  and  C utting. H . P. M a n l y . 8 v o .  215 pp.
Price, $1.00. F red . J . D rake & Co., Chicago.

Packing H ouse and Cold Storage C onstruction. H . P . H s n s c h i e n .
8vo. 3 1 0  pp. Price, $ 5 .0 0 . N ickerson & Collins Co., Chicago. 

Physiological Chem istry. A . P . M a t t h e w s . /  8vo. Price, $ 5 .2 5 .
Bailltere, T indall & Cox, London.

P o tassium  Salts: D ie K alirohsalze, ih re  G ew innung und  V erarbeitung.
W. M ic h e l s  a n d  C. P r z ib y l l a . 8 v o . Price, $4.60. O. Spam er, 
Leipzig.

Pow er P lan t D esign. E . *F. M i l l e r . 4to. 178 pp. Price, $1.50.
Suffolk E ngraving & E lec tro typ ing  Co., Boston.

R ubber: I ts  Sources, Cultivation an d  P repara tion . H a r o l d  B r o w n .
12mo. 245 pp. Price, $2.00. D. Van N ostrand  Co., N ew  Y ork. 

R ubber Industry  of the  Amazon. J . F . W o o d r u f f e . 8 v o . 435 pp.
Price, $5.50. G. E . S techert & Co., New York.

Salt and  Alkali In d u stry , Including  Po tassium  Salts and  th e  S tassfu rt 
Industry . G e o f f r e y  M a r t in  a n d  O t h e r s . 8 v o . 108 pp. Price, 
$1.90. C rosby Lockwood & Son, London.

S teel: T he  M etallography of S teel and  C ast Iron . H . M . H o w s.
8vo. 641 pp . Price, $10.00. M cG raw -H ill Book Co., N ew  Y ork.

Steel and  I ts  H e a t T rea tm en t. D . K . B u l l E n s . 8 v o .  431 p p .  Price, 
$3.75. John  W iley & Sons, New York.

Sulfuric Acid and  Sulfur P roducts . G e o f f r e y  M a r t in  a n d  J .  L. 
F o u c a r . 8 v o . 93 p p .  Price, $1.90. C rosby Lockwood & Son, 
London.

Technical and  Scientific G erm an. E . V. G r e e n f i e l d . 8 v o .  284 pp.
Price, $1.00. D . C. H eath  & Co., N ew  Y ork.

Therm odynam ics: Les theories  s ta tistiques  en therm odynam ique.
H . A. L o r e n t z . 8 v o . 120 pp. Price, $1.50. B. G. T eubner, Leipzig. 

Therm odynam ics: T ex t Book of M echanics. Vol. 6 . L . A. M a r t i n , 
J r .  12mo. 313 pp . Price, $1.75. Jo h n  W iley & Sons, N ew  Y ork.

W ater: H arp e r’s H ydraulic  T ab les for th e  Flow of W ater. J . H.
H a r p e r . 192 pp . Price, $2.00. D. V an N o strand  Co., New Y ork.
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W HOLESALE PRICES PREVAILING IN TH E NEW  YO R K  M ARKET ON A PRIL 2 0 TH.

IN O R G A N IC  C H E M IC A L S
A cetate of Lime, g ra y ......................................... 100 Lbs.
Alum, lu m p ............................................................. 100 Lbs.
A lum inum  Sulfate, high-grade.........................100 Lbs.
A m m onium  C arbonate, dom estic ............................Lb.
Am m onium  Chloride, g ra y ........................................ Lb.
Am m onium  Phosphate, com m ercial,9 8 -100% . .L b .
A qua Am m onium , 16°, d ru m s ....................................Lb
Arsenic, w hite................................................................. Lb.
Barium  C hloride............................................................ Ton
Barium  N itra te ...............................................................Lb.
B arytes, prim e white, foreign ................................... Ton
Bleaching Powder, 35 per c e n t........................100 Lbs.
Blue V itrio l...................................................................... Lb.
Borax, crystals, in bags .................................................Lb.
Boric Acid, powdered c ry sta ls ..............................   .L b .
Brim stone, crude, dom estic ...............................Long Ton
Bromine, technical, b u lk .............................................Lb.
Calcium  Chloride, lu m p ..............................................Ton
Calcium  Chloride, g ran u la te d .................................. Ton
Caustic Soda, 74 per c e n t..........................................Lb.
Chalk, light p rec ip ita ted ...............................................Lb.
C hina C lay, im p o rted ................................................... T on
F e ld sp ar............................................................................ Ton
Fu ller’s E a rth , foreign, pow dered .................. 100 Lbs.
G lauber’s Salt, in bbls.........................................100 Lbs.
G reen Vitriol, b u lk ............................................... 100 Lbs.
Hydrochloric Acid, com m ercial, 18°..............100 Lbs.
H ydrochloric Acid, C. P., conc., 2 2 ° ............100 Lbs.
Iodine, resublim ed .........................................................Lb.
Lead A cetate, white c ry s ta ls .......................................Lb.
Lead N itra te ................................................................... Lb.
L itharge, A m erican .......................................................Lb.
Lith ium  C arb o n ate .......................................................Lb.
M agnesium  C arb o n ate ................................................ Lb.
M agnesite, "C a lc in e d " ................................................ Ton
N itric  Acid, 3 6 ° ............................................................... Lb.
N itric  Acid 4 2 ° .......................................................  Lb.
Phosphoric Acid, sp. gr. 1.750.................................... Lb.
Phosphorus .......................................................................Lb.
P laster of P a ris ................................................................ Bbl.
Potassium  B ichrom ate, casks....................................Lb.
Potassium  B rom ide.......................................................Lb.
Potassium  C arbonate, calcined, 80 @ 8 5 %  Lb.
Potassium  C hlorate, crystals, s p o t........................ Lb.
Potassium  Cyanide, bulk, 98-99 per c e n t........... Lb.
Potassium  H ydrox ide.................................................... Lb.
Potassium  Iodide, b u lk ................................................Lb.
Potassium  N itra te .........................................................Lb.
Potassium  Perm anganate, b u lk ................................Lb.
Quicksilver, flask, 75 lbs..............................................
Red Lead, American, d r y ...........................................Lb.
Salt Cake, glass m akers’.............................................Ton
Silver N itra te ..................................................................Oz.
Soapstone in b a g s .........................................................Ton
Soda Ash, 48 per c en t..........................................100 Lbs.
Sodium  A ceta te ..............................................................Lb.
Sodium  B icarbonate, dom estic ........................100 Lbs.
Sodium  B icarbonate, E ng lish ...................................Lb.
Sodium  B ichrom ate ......................................................Lb.
Sodium C arbonate, d r y ......................................100 Lbs.
Sodium C h lo ra te .............................................................. Lb.
Sodium  Fluoride, com m ercial.................................. Lb.
Sodium  H yposulfite ..............................................100 Lbs.
Sodium N itra te , 95 per cent, s p o t..................100 Lbs.
Sodium  Silicate, liqu id ........................................ 100 Lbs.
Sodium Sulfide, 30% , c rystals, in b b ls .................Lb.
Sodium  Sulfite, c ry s ta ls ..............................................Lb.
S tron tium  N itra te .........................................................Lb.
Sulfur, flowers, sublim ed................................... 100 Lbs.
Sulfur, ro ll...............................................................100 Lbs.
Sulfuric Acid, cham ber, 6 0 ° ......................................Ton
Sulfuric Acid, conc., sp. gr. 1.842................... 100 Lbs.
Sulfuric Acid, oleum (fum ing)......................... 100 Lbs.
T alc , Am erican w h ite ................................................. Ton
T erra  Alba,» American, No. 1...........................100 Lbs.
T in  Bichloride, 5 0 ° ............................ ...........................Lb.
Tin O xide........................................................................ Lb.
W hite Lead, American, d r y ..................................... Lb.
Zinc C arb o n ate ............................................................. Lb.
Zinc Chloride, com m ercial........................................ Lb
Zinc Oxide, American process..................................Lb.
Zinc S u lfa te .................................................................... Lb.

O R G A N IC  C H E M IC A L S

7.00 
4 .25
5.00  

9 ‘/t

2V«
6 l/s

115.00 
15

24.00
6.75

17 
6»/4

IP /4
29.00

4 . 75 
11.75 
14.78

4 V*
15.00 
8.00

80
70

1.25
2 .50
3 .0 0  
5 00

15 V  8
17»/*

90
10

6»/4
8»/:

28»/i
35

1.50 
56

85
72

90
4 .3 0

I .80
125.00 

9*A
13.00 

40»/*
12.00
3 .0 0  

131/s
1.75 

3»/«
60

4 .00  
45
18

2 .25  
3 .4 0
1.25 

2 
7

22
2 .30 
1.95

6 5 .00
2 .50
2 .50  

15 00
75
16 
60

20
14
8*/s
6»/t

LING IN THI

@ 7.05
© 4 .75
© 6.00
© 10

@ 9
@ —
© 2»/j
@ —
@ 140.00
@ 16
@ 26.00
© 8.00
@ 20
© 7
@ 15
© 3 0 .0 0
© 5 .25
© 12.00

© 15.00
@ 6

© 5*/4
© 18.00
@ 12.00
@ 1.05
@ 85
@ 1 .50
@ 3 .0 0
© 3 .5 0
© 6.00
© 16

18
9»/4
© 1.00
© 11
© —

1 @ 7
@ 9 ‘/4
© 30
© 1 . 00
@ 1.70
© 60
© —
© 90

©

8V4

Acetanilid. C. P .. in bbls.................................... . . . . L b . 2 .50 © 2.55
Acetic Acid. 28 per cent, in b b ls ..................... ----- Lb. 7*/s © 8
Acetic Acid, glacial, 99»/j% . in c a rb o y s ... . . . . L b 50 © —
Acetone, d ru m s ..................................................... 40 © 50
Alcohol, denatu red , 180 p roof......................... ___ Gal. 59 © 61

Alcohol, grain, 188 proof............................... ............Gal. 2.68 @ 2 .7 0
Alcohol, wood, 95 per cent, refined........... ............ Gal. 65 © 68
Amyl A ceta te ..................................................... ............Gal. 4 .25 @ 5 .0 0
Aniline O il........................................................... ............Lb. 80 @ —
Benzoic Acid, ex-toluol.................................. .............Lb. 6 .50 © 7 .00
Benzol, 90 per c e n t .......................................... 85 © 90
C am phor, refined in bulk, bbls................... ............ Lb. 52 © —
C arbolic Acid, U. S. P ., crystals, d ru m s.. ...........Lb. 90 © —
Carbon B isulfide............................................................Lb. 8 © —
C arbon T etrachloride, drum s, 100 g a ls ... . ........... Lb. 20 © —
C hloroform ......................................................... ............ Lb. 80 © —
C itric Acid, dom estic, c ry s ta ls ...................... ........... Lb. 65 © 70
Cresol, U. S. P ................................................... 1.15 © 1.25
D extrine, corn (carloads, b ag s)................... . .  100 Lbs. 3 .2 0 © 3 .2 6
D extrine, im ported p o ta to ............................ ............Lb. — ® —
E ther, U. S. P., 1900........................................ ............Lb. 15 © 20
Form aldehyde, 40 per c e n t........................................Lb. 11 © 12»
Glycerine, dynam ite, drum s included. ........... Lb. 63 © —
Oxalic Acid, in casks....................................................Lb. 73 @ —
Pyrogallic Acid, resublim ed b u lk ............... ............Lb. 2 .50 © —
Salicylic A cid ..................................................... ............Lb. 4 .2 5 © —
Starch , cassava ..................•............................... ............Lb. 3*/4 @ 4 1
Starch , corn (carloads, b ag s) ....................... . .100 Lbs. 2 .25 © 2 .3 6
Starch , p o ta to .................................................... ............Lb. 12 @ —
Starch , rice.......................................................... ............Lb. 8 @ 10
Starch , sago ........................................................ .............Lb. 3 »A © 4
Starch , w h e at..................................................... ............Lb. 5 © 6
Tannic Acid, com m ercial................................ ........... Lb. 60 © 64
T a rta r ic  Acid, c ry s ta ls ..................................... ........... Lb. 66 © 68

92
4 .3 5

1.90

4 .0 0
14.00
2.00 

3V*
70

4 .2 5  
55 
20

2 .50
3 .5 0  
1.75

2»/*
8

24
2 .7 0
2 .25  

70 .00
3 .0 0
3 .0 0  

17.00
80
16*/«
62

24 
15
8V*
7»/4

O IL S, W A X E S, E T C .

Beeswax, pure, w h ite ....................................................Lb.
Black M ineral Oil, 29 g ra v ity ................................... Gal.
C astor Oil, No. 3 ............................................................Lb.
Ceresin, yellow ................................................................Lb.
Corn Oil, c ru d e ...................................................... 100 Lbs.
C ottonseed Oil, crude, f. o. b. m ill.......................... Gal.
C ottonseed Oil, p. s y ..................................................Lb.
Creosote, beechw ood.....................................................Lb.
Cylinder Oil, light, filtered ......................................... Gal.
Fusel Oil, c ru d e ...............................................................Lb.
Japan  W ax .......................................................................Lb.
L ard  Oil, prim e w in te r..'.............................................Gal.
Linseed Oil, raw (car lo ts) .......................................... Gal.
M enhaden Oil, crude (so u th e rn )..............................Gal.
N aph tha. 68 ©  7 2 ° ...................................................... Gal.
N ea t’s-foot Oil, 2 0 ° .......................................................Gal.
Paraffine, crude, 118 & 120 m. p ............................. Lb.
Paraffine Oil, high v iscosity .......................................Gal.
Rosin, " F ” G rade, 280 lbs..........................................Bbl.
Rosin Oil, first ru n ........................................................ Gal.
Shellac. T . N ....................................................................Lb.
Sperm aceti, cake ............................................................ Lb.
Sperm Oil, bleached w inter, 3 8 ° .............................. Gal.
Spindle Oil, No. 200..................................................... Gal.
S tearic Acid, double-pressed..................................... .L b .
Tallow, acidless.............................................................. Gal.
T a r Oil, d is tilled .............................................................Gal.
T u rpen tine, spirits o f................................................... Gal.

M ETA L S

47
12»/*
20
10

9 .7 5  
71
10 »/1

9 .0 0
20

3 .7 5  
17
97 
76

38
98 

5
26

55
13 
28
14 

10.00
74
1)

10.00
25

4 .5 0
20
99

©

5 .05
32
23
25
78
19
14
86
30
49»/*

Alum inum , No. 1, ingo ts................. ......................... Lb. 58 @
A ntim ony, o rd in a ry ........................... ......................... Lb. 40 ©
Bism uth, N . Y ..................................... 3.15 ©
Copper, e lectro ly tic ............................ ......................... Lb. 29»/«
Copper, lak e ......................................... ......................... Lb. 29 »A
Lead, N . Y ............................................ 7 .50
N ickel, e lectro ly tic ............................. ......................... Lb. 50 ©
N ickel, shot and  ingo ts ..................... .........................L b. 45 ©
P la tinum , refined ................................ ......................... Oz. 90 .00 ©
S ilver....................................................... ......................... Oz. 65*/*
T in ............................................................ ................ 100 Lbs. 50 .50
Zinc. N . Y .............................................. ......................... Lb. 19 ©

99

28

24
26
79
19 */a
14»/*
70
31
50

60
41

3 .2 5

F E R T IL IZ E R  M A T E R IA L S

Am m onium  S u lfa te ............................................... 100 Lbs.
Blood, d ried .......................................................................U nit
Bone, 4»/j and  50, ground, raw   ................. Ton
Calcium  C y an am id .............................U n it of Ammonia
Calcium  N itra te , N orw egian............................. 100 Lbs.
C astor M ea l...................................................................... U nit
F ish Scrap, dom estic, dried, f. o. b. w orks........... U nit
Phosphate, a c id ................................................................U nit
P hosphate  rock; f. o. b. mine:

F lorida land pebble, 68 per c e n t......................Ton
Tennessee, 78-80 per c e n t..................................Ton

Potassium  “ m uriate .” basis 80 per c e n t................ T on
Pyrites, furnace size, im p o r te d ................................U nit
Tankage, high-grade; f. o. b. C h icago ....................U nit

3 .5 5  
2 .80

29 .00
2.55

80 ©

2.75
5.00

400.00
15

2.85

85

3 .0 0
5 .50

15»/t
10
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You Would See
if you could cut 
through the Drum of a

Rotary Sulphur Burner
A Blazing Sulphur Bed, A  Blazing Shell 

and Innumerable Blazing Drops

T h e  slow ly revolving D ru m  so a g ita te s  th e  su lp h u r as to  b rin g  a  new  su rface  c o n s ta n tly  in to  

c o n ta c t w ith  th e  flam e. H en ce  ev ery  a to m  of th e  su lp h u r is q u ic k ly  co n su m ed . P e rfe c t oxidization  

a n d  an  even gas are  th e  resu lts .

T h e se  sim p ly  s ta te d  facts  c o n ta in  th e  so lu tio n  of difficult su lp h u r-b u rn in g  problem s.

P lease  s ta te  desired  h o u rly  su lp h u r c o n su m p tio n . W e h a v e  a p p a ra tu s  of p ro p e r size to  m eet 

a n y  re q u ire m e n t.

Glens Falls Machine Works, Glens Falls, N. Y.

MERCK’S 
LABORATORY  
CHEMICALS

1 9  1 6

B L U E  L A B E L  R E A G E N T S
a n d  a ls o

O ther L aboratory C h em ica ls

M E R C K  S. C O .
N ew  Y o rk  St. L o u is M ontreal 
M a i n  W o r k s :  R a h w a y ,  N . J .

H c i ' V e  y o t i  r e c e i v e d  

y o u r  c o p y  ?

A  copy of the 1916 issue of “M erck’s 
Laboratory Chemicals” will be sent on 
request. U nder 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 eag en ts : Their 
Purity  and T ests” (2nd edition, revised). 
M any uses for the chemicals are also 
mentioned in the booklet.

MERCK & CO.
N ew  York - St. L ouis * M ontreal

M ain W orks at R a h w a y . N. J .
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A L P H A B E T I C A L  L I S T  O F  A D V E R T I S E R S

See pages J0-3Ó fo r  Classified L ist of Chemical Equipm ent

Page

A bb e Engineering Co., 222 B roadw ay,
N . Y .  C ....................................................... 12

A b b o tt, W . G „  Jr., W ilton, N . H .........  75
Am erican Platin um  W orks, 225-231 

N ew  Jersey R .R . A ve ., N ew ark, N . J. 73 
A ngel &  Co., H. R eeve, 120 L ib erty

S t., N . Y .  C ..............................................  13
B adger & Sons C o., E . B ., 63 P itts  S t.,

Boston, M a s s.....................................  I4~ i5
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Easton, P a .................................................  66
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Come to Woodbridge, N. J., 
manufacturing Stoneware Products

G eologically  and  geographically , W oodbridge, N ew  Jersey, constitutes an ideal 
locality for the m anufacture of S tonew are Products.

N ot only is this section in im m ediate touch w ith  the greatly increased m arket dem and 
in the E ast, but in W oodbridge there is a great variety of C lays of pure and ad a p t­
ab le  quality.

W oodbridge enjoys unequalled  transit facilities. G ood industrial sites are readily  ac ­
quired  and  labo r is plentiful.

S ituated  w ithin eighteen (1 8 ) miles from the C ity  H all of N ew  York; C ity , W ood­
bridge is w ith in  reach of m ore than 10 ,000 ,000  people w ho  represent every sort of 
industrial activity and  manufacture.

W e w an t live, energetic manufacturers w ho can m ake the most of the excellent pos­
sibilities w hich W oodbridge offers for the m anufacture of S tonew are Products.

We will furnish samples of Woodbridge Clay for you r  inspection and  
test, and will also give any further details desired.

Woodbridge Industrial and Development Co.
CHARLES L. STEUERWALD, Manager

P o st Office B ldg. W O O DBRIDGE (M id d lesex  C o.), N . J.

R. C. P. CO.
Crown Brand

Chemical Stoneware
O u r  C R O W N  i m p r i n t  on  every piece w h ic h  

m e a n s  Q U A L I T Y ,  S E R V I C E  a n d  R E L I A B I L I T Y .

THE ROBINSON CLAY PRODUCT CO.
Factory a n d  General Office, A K R O N , O H IO

BRANCHES: Chicago: The N. A. Williams Co., Boston: The Eastern Clay Good* Co., Toronto,Ont.: The Toronto Pottery Co., Ltd.
Chamber of Commerce Bldg Oliver Bldg. Dominion Bank Bldg.

W e m a i n t a i n  d is t r ib u t in g  ya rd s in  N e w  Y o r k ,  

C h ic a g o ,  B o sto n , B u ffalo, S yra cu se, a n d  T o r o n to ,  

O n t.

FOR QUICK A T T E N T I O N  ’PHONE  
N E A R E S T  B R A N C H

New York: 1005 Flat Iron Bldg. Buffalo: 1154 Seneca St. Syracuse: 401 Fulton St.



3° CLASSIFIED INDEX TO ADVERTISERS' PRODUCTS
Absorption T ow ers

D uriron Castings Co., N . Y . C. 
G erm an-A m erican S tonew are W ks.. N . Y . C. 
K night, M aurice A.. Akron, Ohio.
L um m us Co., T he W alter E ., Boston, M ass. 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
U. S. Stonew are Co.. T he, Akron, O.

Acetylene and Oxy-Acetylene Generators 
and Equipment

In te rn a tio n a l Oxygen Co., N . Y. C.
Acid and Alkali Resistant Apparatus

E ly ria  Enam eled Prod. Co.,E lyria ,O ., & N .Y .C . 
Pfaudler Co. .R ochester.N . Y ., D etro it, & N .Y .C . 
P r a t t  E ng. & M ach. Co., A tlan ta , G a. & N .Y .C .

Acid Eggs
B ethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F d y . & M ch. Co.. Buffalo, N . Y. 
Jacoby. H enry  E .. N . Y. C.
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

Acid Pitchers
Bausch & Lom b O ptical Co., R ochester, N . Y. 
K nigh t. M aurice A., A kron, Ohio.
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
I). S» Stonew 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 Stonew are W orks, N .Y .C . 
K night, M . A., A kron (E as t Side), Ohio. 
T herm al Synd icate , L td ., New Y ork C ity.
U. S. S tonew are Co., T he. Akron. O.

Acid W are (Vitrified Clay)
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Acid Valves

C hadw ick-B oston L ead Co.. B oston, M ass. 
C leveland Brass M fg. Co., T he, C leveland, O. 
P r a t t  E ng . & M ach. Co., A tlan ta , Ga. & N .Y .C .

Agitators, or M ixers
D orr Co., The, D enver. Col. & N . Y . C. 
G eneral F iltra tion  Co., Inc .. Rochester. N . Y. 
P faud ler Co.. R ochester.N . Y ., D e tro it & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta , G a. & N .Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Air Compressors
Abbé Engineering Co., N . Y. C ity.
Crowell Engineering Co., B rooklyn, N . Y. 
H u b b ard ’s Sons. N orm an, B rooklyn, N . Y.

Air W ashers
C arrier Engineering Corp., N . Y . C.

Ammonia
U nger, John  S., Chicago. III.

Analysis— Gas Apparatus
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.
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.
Scientific M aterials  Co., P ittsbu rg , Pa.

Analytical Apparatus
B ausch & Lom b O ptical Co., 'Rochester, N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San Francisco.Cal. 
Buffalo D en tal M fg. Co., Buffalo, N . Y.
E im er & A m end, New Y ork C ity.
Heil Chem . 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.
Scientific M aterials Co., P ittsbu rg , Pa. 
Thom as Co., A rth u r H .. Philadelphia , Pa.

Analytical Laboratories
Colum bus L aboratories, Chicago, 111.
D earborn Chem ical Co., Chicago, 111.
S ad tler & Son, Sam uel P ., Philadelphia.

Asphalt Flow Plates
H ow ard & M orse, N . Y. C.

B akelite
G eneral B akelite  Co., New Y ork C ity.

Balances and W eights
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, St. Louis. M o.
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 rthu r H ., Philadelphia, Pa.

Belt Cement
Schieren Co., Chas. A., N . Y . C.

Belt Dressing 
Schieren Co., Chas. A., N . Y . C.

Boilers
Sowers M fg. Co.. Buffalo. N . Y.

Boiler W ater Treatment
D earborn Chem ical Co.. Chicago, 111.
M erck & Co.. N . Y. C.

Blowers 
A bbé Engineering Co., N . Y . C.
Crowell M fg. Co.. B rooklyn, N . Y .
P r a t t  E ng. & M ach. Co., A tlan ta , Ga.[& 'N ,Y .C.

Bolting Cloth
Abbé Engineering Co., N . Y . C.

B on e B lack
Booth A ppara tu s  Co., Syracuse. N . Y.

B ooks
B lakiston’s Son & Co., P ., Philadelphia, Pa. 
Chem ical Publishing Co., The, E aston . Pa.
Van N ostrand  Co.. D .. N. Y. C.
W iley & Sons, John, N . Y. C.

B riquette M old s
H ow ard & M orse, N . Y. C.

Brim stone, Crude
Union S u lphu r Co., New Y ork C ity.

B rin ell M achines
Scientific M aterials  Co., P ittsbu rgh , Pa.

B urn ers— G as and Oil
Bausch & Lom b O ptical Co.. Rochester, N . Y. 
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.C al. 
Buffalo D ental M fg. Co.. Buffalo, N . Y.
Elm 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.
Palo C om pany, N . Y . C.
Sargent, E . H . & Co.. Chicago, 111.
Scientific M aterials Co., P ittsbu rg , Pa.

B urn ers— P yrites
P r a t t  E ng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

B urn ers— Sulphur
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

B u rn ers— Sulphur (Rotary)
Glens Falls M achine W orks, Glen Falls, N . Y.

C alorim eters— F uel and G as
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 . Co., H enry, S t. Louis. M o.
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.
Thom as Co.. A rth u r H ., Philadelphia, Pa.

C apsules
B ausch & Lom b O ptical Co., R ochester, N . Y .1 
N orton  Co., W orcester, M ass.
T herm al S yndicate , 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., A kron. Ohio.

Castings (Acid and Heat Resisting)
Bethlehem  F d ’y & M ach. Co., So. B eth ., Pa. 
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
D uriron  C astings Co.. N . Y . C.
Jacoby, H enry  E ., N . Y . C.
Pacific F o undry  Co., San Francisco, Cal.
P ra t t  Eng. & M ach. Co., A tlan ta , G a. & N .Y .C .

Castings (Chemical)
Bethlehem  F dy . & M ach. Co., S o .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 Francisco, Cal.
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
Stevens-A ylsw orth Co., N . Y . C.
W erner & Pfleiderer Co., Saginaw , M ich.

C austic Pots
Buffalo F dy . & M ch. Co.. Buffalo. N . Y 
P r a t t  E ng. & M ach. Co., A tlan ta , G a. & N .Y .C .

C austic Soda
G eneral Chem . Co., N . Y . C. 
H ooker-E lectrochem ical Co., N . Y. C.

C em ent F iller
Toch B ro thers, N . Y. C.

C em ent T estin g  Apparatus
Scientific M aterials  Co., P ittsbu rgh , Pa.

C entrifugal E n gin eers *
Sharpies Specialty  Co., T he, W est C hester, Pa.

C entrifugals
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 eL aval 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. In c .. P h iladelphia . 
Sharpies Specialty  Co., T he, W est C hester, Pa. 
T o lh u rst M achine W orks, T roy , N . Y.

Charcoal 
B ooth A ppara tu s  C o., Syracuse. N . Y.

Chemical Castings
Buffalo F d y . & M ch. Co.. Buffalo, N . Y. 
D uriron  C astings Co., New Y ork C ity.
P r a t t  E ng. & M ach . Co., A tlan ta , Ga. & N .Y .C . 
W erner & Pfleiderer Co.. Saginaw . M ich.

Chemical Glassware
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Caloris Co.. M illville. N . J.
F ry  G lass Co.. H . C .. Rochester. Pa.
Griebel In s tru m e n t Co., C arbondale  Pa. 
Corning G lass W orks. Corning. N . Y.
Scientific M aterials  Co., P ittsbu rgh , Pa.

Chem icals
Badische Com pany, New Y ork C ity.
B aker & Adam son Chem ical Co., E aston . Pa. 
B aker Chem ical C o . , J .  T ., Phillipsburg, N . J. 
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. 
D earborn Chem ical Co., Chicago, 111.
E im er & Am end, New Y ork C ity 
G eneral Chem ical Co.. New 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 allinckrodt Chem  C o .,S t .  Louis, Mo. 
M erck & Co., New Y ork C ity.
N ational Aniline & C hem ical Co.. N . Y. C. 
Palo C om pany, N . Y . C.
Pfizer & Co., Charles. New Y ork C itv. 
Pow ers-W eightm an-R osengarten Co., Phila., Pa. 
Roessler & H asslacher Chem ical Co., N . Y . C. 
Sargent & Co., E . H ., Chicago, III.
Scientific M aterials Co., P ittsbu rg , Pa.
Squibb & Sons, E . R .. N . Y. C.
Thom as Co., A rth u r H .. Philadelphia.

Chemical Plants (Complete Installation)
Lum m us Co., T h e  W alter E .f B oston, M ass. 
P r a t t  Eng. & M ach. Co., A tlan ta . Ga. & N .Y .C .

Chemical Plants (Erected and Supervised)
G uaran tee  C onstruction  Co., N . Y . C.
M . M cN am ara, E v e re tt, M ass.
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

Chemical Reagents
B aker & Adam son Chem . Öo.. E aston , Pa. 
B aker Chem . Co., J . T ., Phillipsburg, N . J. 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
M allinckrodt 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 Com pany, New Y ork C ity .
E lec tro  B leaching G as Co., N . Y . C.

Classifiers
D orr Co., T he. D enver, Col., & N . Y. C.

Classifiers or Washers
D orr C o., T he, D enver, Col., & N . Y . C.

Clay (for Stoneware Products)
W oodbridge Ind.&  De-'el. Co., W oodbridge. N .J .

Coal Tar Products
N ationa l Aniline & C hem ical Co., N . Y. C.

Cocks— Plug (Acid Proof)
D uriron C astings Co., N . Y . C.
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C .

Colorimeters
Bausch & Lom b O ptical Co.. R ochester, N . Y . 
Braun C orporation . Los Angeles, Calif. 
B raun-K necht-H eim ann C o.,San Francisco, Cal 
Eim er & Am end, N . Y . C.
Heil Chem . Co.. H enry , S t. Louis, M o.
Lenz & N aum ann . Inc .. N . Y . C.
Palo  C om pany, N . Y . C.
S argent & Co.. E . H ., Chicago, 111.
Scientific M aterials Co., P ittsbu rg , Pa. 
T hom as Co.. A rth u r H .. Philadelphia, Pa.

Colors— Aniline and Alizarine
F arbw erke-H oechst Co., N . Y. C.
N ational Aniline and  Chem ical Co.. N . Y. C.

Combustion Tubes and Boats
B ausch & Lom b O ptical Co.. R ochester, N . Y , 
N orton Co.. W orcester, M ass.
Scientific M aterials  Co., P ittsb u rg h , Pa. 
T herm al Syndicate, L td ., New Y ork C ity .

Condensers (Barometric and Surface)
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
Jacoby. H enry  E .. N . Y . C.
L um m us Co., T h e  W alter E ., Boston, M ass.

Consulting Chemists and Chemical Engi­
neers
A bbott, W. G .. J r .,  W ashington, D . C.
F oster. A. B .. W ashington, D. C.
G uaran tee  C onstruction  Co., N . Y. C.
H all & Pau l, P ittsb u rg h , Pa.
L ittle , A rth u r D ., Inc ., Boston, 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 .
P r a t t  E ng. & M ach. Co., A tlan ta , Ga. & N .Y .C.. 
S ad tler & Sons. Sam uel P ., Philadelphia. 
U nger. John  S., Chicago, 111.

C ontracting E n gin eers
G u aran tee  C onstruction  Co., N . Y. C.

Corn O il (E xtracted)
W oolner & Co.. Peoria. III.

C ritical Point D eterm in ation  Apparatus
Scientific M ateria ls  Co., P ittsb u rg h , Pa.

Crucibles
A merican P la tinum  W orks, N ew ark , N . J. 
B aker & 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 Crucible 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  C o.. W orcester. M ass. (A lundum ). 
T herm al S yndicate , L td ., N . Y . C. (Vitreosil)..



Acid Proof Pipes, Fittings and Valves
The lead lining is thoroughly bonded to the iron pipe

W hen some of the largest A c id  and Chemical Plants in this 

country come to us to help them out with their problems in con­

ducting and handling A c id — a n d  g e ttin g  th e h e lp  they  w a n t  

— it occurs to us to ask “ Can we help y o u ?”

Catalog upon application

CH ADW ICK-BOSTON LEAD CO.
angress S t . BO STO N, MASS.
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ACIMET VALVES
Trade Mark Reg. Patented

4 6 0 8  H A M I L T O N  A V E .,  C L E V E L A N D , O H I O
SO LE M A N U FA C T U R E R S O F A C IM E T  VALVES

A R E  T H E  M O S T  E C O N O M I C A L  
E Q U I P M E N T  F O R  C O N T R O L ­
L I N G  S U L P H U R I C  A C I D  A N D  
O T H E R  C O R R O S I V E  L I Q U I D S

F IR S T  C O S T  IS L A S T  C O S T

A S K  U S  A B O U T  O U R  S P E C IA L  
T R IA L ! P R O P O S I T I O N ;  I T  IS  
Y O U R S  F O R  T H E  A S K IN G .

D O  I T  N O W

THE CLEVELAND BRASS 
MFG. CO.

V A T  V E S  A R E  “ O N  T H E  J O B ”  T W E N T Y - F O U R  H O U R S  A  
D A Y ;  S U M M E R  A N D  W I N T E R ,  A L L  T H E  T I M E

THE W AY WE PERFECT THEM MAKES ACID RESPECT THEM



32 CLASSIFIED INDEX TO ADVERTISERS' PRODUCTS.— ( Continued)
Crushers and Grinders (Industrial and 

Laboratory)
Abbé Engineering Co., New York C ity . 
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 .
Heil Chem ical C o.', H enry , S t. Louis, M o.
Palo 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.
Scientific M aterials Co., P ittsbu rgh , Pa.^ 
W illiams P a te n t C rusher & Pulv . Co., Chicago.

Cupels
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Hoskins M fg. Co., D etro it, M ichigan.
N orton  C om pany, W orcester, M ass.

Cylinders (Oxygen and Hydrogen)
In te rn a tio n a l In s tru m en t Co., N . Y. C ity .

D esign in g E ngineers
G uaran tee  C onstruction  Co., N . Y . C.

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. 
L um raus Co., T he W alter E ., B oston, M ass.

D issolving T an k s— Autom atic 
L um m us, Co., T h e  W alter E  , Boston, M ass. 
W erner & Pfleiderer Co.. Saginaw , M ich.

D istilling M achin ery and Apparatus
B adger & Sons Co., E . B ., B oston , M ass. 
B ausch & Lom b O pticàl Co., R ochester, N . Y. 
B ooth A ppara tus Co., Syracuse, N . Y.
B raun C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  C o.,SauFrancisco, Cal. 
Devine Com 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  E nam eled Prod. Co., E ly ria , O., & N .Y .C . 
G erm an-A m erican Stonew are W orks. N . Y. C 
H am ilton  C opper & B rass W orks, H am ilton , O. 
Heil Chem . Co., H enry , S t. Louis. M o.
Lenz & N aum ann . Inc ., N . Y . C.
Lum m us Co., T he  W alter E ., Boston, M ass. 8 
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 aterials  Co.. P ittsb u rg h . P a . 
S tevens-A ylsw orth Co., N . Y . C.
S tokes M achine W ks., F . J ., Philadelphia . 
Swenson E v ap o ra to r Co., N . Y. C.
T hom as Co., A rth u r H ., Philadelphia, Pa. 
U nger, John  S., Chicago, III.
W erner & Pfleiderer Co., Saginaw , M ich. 
Z arem ba C om pany, Buffalo, N . Y.

D ry  B last P lan ts
C arrie r Engineering C orp.. N . Y . C.

D ryers— V acu um
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 ., New Y ork C ity.
Stokes M achine Co., F . J ., Ph iladelph ia , Pa. 
W erner & Pfleiderer Co., Saginaw , M ich.

D ryin g A pparatus and M achin ery
Bethlehem  F d ’y & M ach. Co.. So. B eth ., Pa. 
Buffalo Fdy . & M ch. Co., Buffalo, N . Y. 
Jacoby, H enry  E .. New Y ork C ity.
W erner & Pfleiderer Co, Saginaw . M ich.

D uctility  M achin es
H ow ard & M orse, N . Y. C.

D yestuffs
Farbw erke-H oechst Co., New Y ork C ity.

E fficiency Instrum ents
Scientific M ateria ls  Co., P ittsb u rg h , P a .

Electrical Instrum ents
Thw ing In s tru m e n t Co., Philadelphia. Pa 

E lectrical M easu rin g  Instrum ents 
Leeds & N o rth ru p  Co., Phila.. Pa.

Electrodes— Platinum  
American P la tinum  W orks, N ew ark, N . J . 
B aker & Co.. In c ., N ew ark . N . T.
Bausch & Lom b O ptical Co., R ochester. N . Y . 
B ishop & Co.. J ., P la tinum  W orks. M alvern , P a . 
E im er & Am end, New Y ork C ity .
Engelhard , C has.. New Y ork C ity.
Heil Chem ical Co., H enry , S t. Louis. M o.
Palo C om pany, N . Y . C.

Enameled Apparatus (Acid Resistant)
E lyria  E nam eled Prod. Co.. E lyria , 0 ..& N .Y .C . 
P faud lerC o .,R ocheste r,N . Y ., D etro it, & N .Y .C .

Enamel Paint (Impervious to Acid Fumes)
G eneral B akelite  Co.. N . Y . C.
T och B ro thers. N . Y . C.

Evaporating D ish es
Bausch & Lom b O ptical Co.. R ochester, N . Y. 
D uriron Castings Co.. N . Y . C. (Acid Proof). 
E ly ria  E nam eled P rod. Co., E lyria . 0 ..& N .Y .C . 
G erm an-A m erican Stonew are W orks. N . Y. 
P faudler C o..R ochester.N .Y ., D e tro it, & N .Y .C . 
Scientific M aterials  Co., P ittsb u rg h , Pa. 
S tu a rt & Peterson  Co., The, B urling ton , N . J . 
T herm al Syndicate. L td ., New Y ork C ity .

Evaporating Machinery
B adger & Sons, Co.. E . B ., B oston , M ass. 
B ethlehem  F d ’y & M ach. Co.. So. B eth ., Pa. 
B uffalo Fdy . & M ch. Co., Buffalo, N . Y. 
D evine C om pany, J . P ., Buffalo. N . Y. 
E lectric  H eating  A ppara tus Co., N . Y . C.

Jacoby, H enry  E .. N . Y . C.
Lum m us Co., T h e  W alter E ., Boston, M ass. 
P r a t t  Eng. & M ach; Co., A tlan ta , Ga. & N .Y .C . 
Sanborn E v ap o ra to r Co., N ew  York C ity . 
S tokes 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. 
Zarem ba C om pany, Buffalo, N . Y.

Extracting Apparatus
L um m us Co., T h e  W alter E .. Boston, M ass. 
W erner & Pfleiderer Co., Saginaw , M ich.

Extraction C ylinders
Lum m us Co., T h e  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 n igh t M . A., Akron (E as t Side), Ohio. 
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U . S. Stonew are Co., The, Akron, O.

F ertilizer Industries Equipm ent 
S ch u tte  & K oerting  Co., Philadelphia.

F ertilizers
G erm an K ali W orks. N . Y. C.

F ilter Cloth (M etallic)
S w eetland F il te 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, Los Angeles. Cal.

F ilter Paper
Scientific M ateria ls  Co., P ittsbu rgh , Pa.

F ilter P ap er (W hatm an)
H . R eeve Angel & Co., New York.

F ilter P re sse s  (Laboratory &  Industrial)
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-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 ., New Y ork C ity.
K elly F ilter 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 ap 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. 
Booth A ppara tu s Co., Syracuse, N . Y .
E im er & Am end, N . Y . C ity . 
G erm an-A m erican Stonew are W orks, N . Y . C. 
Heil C hem ical Co., H enry , S t. Louis, Mo.
Lenz & N aum ann . Inc ., N . Y . C.
P alo  C om pany, N . Y. C.
S argen t & Co., E . H .. Chicago, 111.
T hom as Co.. A rth u r H ., Philadelphia.

F iltros
G eneral F iltra tio n  Co., In c ., R ochester, N . Y.

F ire  B rick  and C lay
Buffalo D ental M fg. Co., Buffalo, N . Y.
Dixon C rucible Co. Joseph, Jersey  C ity , N . J . 
K ieselguhr Co. of A m erica. Los Angeles, Calif.

F urnace Linings
K ieselguhr Co. of Am erica. Los Angeles, C alif.

F u rn aces— A nnealing— (H ardening and
Enam eling)
A bbé E ngineering Co., N . Y . C.
Buffalo D en tal M fg. Co., Buffalo, N . Y. 
E lectric  H eating  A ppara tus Co., N . Y . C.

F u rn aces (Case H ardening, R ivet and Bolt)
A bbé Engineering  C o., N . Y . C.

F u rn aces— E lectric 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, Cal. 
E im er & A m end, New Y ork  C ity .
E lectric  H eating  A ppara tus Co., N . Y . C. 
E ngelhard , C has., N . Y. C ity .
H eil Chem ical Co., H enry , S t. Louis, M o. 
H oskins M fg. Co., D e tro it, M ich.
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 aterials Co., P ittsb u rg , Pa. 
T hom as Co., A rthu r H .. Philadelphia.

F u rn aces— (Forge)
Abbé Engineering  Co., N . Y . C.
B raun C orporation , Los Angeles. Calif. 
B raun-K necht-H eim ann Co..San Francisco. Cal. 
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 urnaces (M elting, Oil or G as)
Abbé E ngineering Co., N . Y . C.
Braun C orporation , Los Angeles. Calii. 
B raun-K necht-H eim ann Co.. San Francisco .C al. 
Buffalo D en tal M fg. Co., Buffalo, N . Y. 
E lectric H eating  A ppara tus Co., N . Y . C.
Heil C hem ical Co., H enry , S t. Louis, Mo.

F urn aces— M uffle
Abbé E ngineering Co., N . Y. C.
Bausch & Lom b O ptical Co., Rochester. N . Y. 
B raun C orporation . Los Angeles. Calif. 
B raun-K necht-H eim ann Co., San Francisco.C al. 
E lectric H eating  A ppara tu s  Co.. N . Y . C. 
Heil C hem 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.
Scientific M ateria ls  Co., P ittsb u rg h , Pa.

F  urnaces— P yrites
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 

F urnaces— Sulphur
P r a t t  E ng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
S chu tte  & K oerting  Co., Philadelphia.

G as A n alyzers
B ausch & Lom b O ptical Co., R ochester, N . Y.

G as Apparatus
Scientific M ateria ls  Co., P ittsbu rgh , Pa.

G auges
Bausch & Lom b O ptical Co., R ochester, N . Y.

G en erators (E lectro-O xy-H ydrogen )
S hriver & Co., T ., H arrison, N . J.

G lass
C orning G lass W orks, Corning, N . Y.

G lass 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., T he, 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, III.
Scientific M aterials  Co., P ittsbu rg , Pa.

G lass E n am eled  Apparatus
E ly ria  E nam eled Prod. Co., E lyria . O., & N .Y .C . 
P faud lerC o ., R ochester.N .Y ., D etro it, & N .Y .C .

G raphite P roducts
Dixon C rucible Co., Joseph, Jersey  C ity , N . J

G rinders
A bbé Engineering Co., N . Y . C ity .
B raun  C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.C al. 
R aym ond Bros. Im p ac t P ulv . Co., Chicago, 111. 
W illiams P a te n t C rusher & P ulv . C o ., Chicago.

H ard n ess T estin g  A pparatus
Scientific M ateria ls  Co., P ittsbu rgh , Pa. 

H eating A pparatus (Laboratory)
B ausch & 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.
Lenz & N aum ann . Inc ., N . Y. C.

H ot P la tes (Laboratory Purposes)
B ausch & Lom b O ptical Co., R ochester, N . Y. 
E lectric  H eating  A p p ara tu s  Co., N . Y . C. 
H oskins M fg. Co., D etro it, M ich.

H ydro E xtractors
T olhu rst M achine W orks, T roy, N  Y.

H ydrom eters
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Caloris Co., T he, M illville. N . J.
G riebel In s tru m e n t Co., C arbondale, Pa. 
G reiner Co., Em il, New York C ity .
H eil Chem ical Co.. H enry , S t. Louis. M o.

H ydrogen G enerators
In te rn a tio n a l Oxygen Co., N . Y . C.

H ydrogen (Pure)
In te rn a tio n a l Oxygen Co., N . Y . C.

Insulation
K ieselguhr Co. of Am erica, Los Angeles, C alif.

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 as t Side), Ohio. 
S teiger T erra  C o tta  and  P o tte ry  W orks, S an  

Francisco, Cal.
K e ttle s  (Chem ical 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 .. New Y ork C ity .
S tevens-A ylsw orth  Co., N . Y . C.
W erner & P fleiderer Co., Saginaw , M ich.

K e ttle s  (Lined)
E ly ria  E nam eled  Prod. Co.. E lyria , O.. & N .Y .C . 
P faudlerC o., R ochester,N .Y ., D e tro it, & N .Y .C ^ 
W erner & Pfleiderer Co., Saginaw , M ich.

K e ttles  (Steam  Jacketed)
Buffalo F dy . & M ch. Co., Buffalo. N . Y. 
E ly ria  Enam eled  Prod. Co., E ly ria , O., & N .Y .C . 
P faudler Co., R ocheste r,N .Y .,D etro it, & N.Y .C., 
Sowers M fg. Co., Buffalo, N . Y.
Sperry  & Co., D . R ., B atav ia , 111.
S tu a rt & Peterson  Co., T he, B urlington , N . J. 
W erner & Pfleiderer Co., Saginaw , M ich.

K e ttles  (Stonew are)
G erm an-A m erican S tonew are W orks, N . Y. C. 
K nigh t. M . A.. A kron (E ast Side). Ohio. 
S te iger T e rra  C o tta  an d  P o tte ry  W orks, San 

Francisco, Cal.
K iese lgu h r

K ieselguhr Co. of A m erica, Los Angeles, C alif.
L aboratory 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. 
Corning G lass W orks. C orning, N . Y.
E im er & A m end. New Y ork C ity .
G reiner Co., Em il, New Y ork C ity .
H eil Chem . Co.. H enry . S t. Louis. M o. 
L abora to ry  Supp ly  Co., T he, C olum bus, O hio-
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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
42 Broadway, NEW YORK

B R A N C H  OFFICES A T  C H I C A G O , S A V A N N A H ,  N E W  O R L E A N S  A N D  B A L T I M O R E

STEIGER
T E R R A  C O T T A  A N D  P O T T E R Y  W O R K S

fo r  15 years have manufactured

ACID W A R E
to the extent to date of 968 varieties of V I T R I F I E D  

C L A Y  pipes, jars, cocks, coils, receivers,' distributers, 

towers, tiles, and fittings for the greatest producers 

and users of N I T R I C , S U L F U R IC  and H Y D R O ­

C H L O R IC  A C I D S  IN  A M E R I C A .

P rom pt E stim ates  on 
Definite R equ irem en ts

PLANT
SOUTH SAN FRANCISCO

OFFICES
729 Mills Bldg., SAN FRANCISCO

P U L S O M E T E R  N o . 732
C A L IF O R N IA , U. S. A .



CLASSIFIED INDEX TO ADVERTISERS’ PRODUCTS -{Continued)
Lenz & N aum ann . Inc ., N . Y. C.
Palo C om pany, N . Y. C.
S argent & Co., E . H ., Chicago, 111.
Scientific M aterials  Co., P ittsb u rg . Pa. 
T hom as Co.. A rth u r H .. P h iladelph ia , Pa.

Lace Leather
Schieren Co., Chas. A., N . Y . C.

Lacquer
G eneral B akelite  Co.. New Y ork C ity .

Lactic Acid
W oolner & Co., Peoria. 111.

Leaching Cells
Z arem ba Co.. Buffalo. N . Y.

Lead Burning
M . M cN am ara , E v e re tt. M ass.

Lead Lined Pipe and Accessories 
S chu tte  & K oerting  Co.. Philadelphia.

Leather Belting (Regular Oak Tanned 
and Duxbak Waterproof; Round; Link)
Schieren Co., C has. A.. N . Y . C.

Lubricants
D earborn Chem ical Co., Chicago, 111.
Dixon C rucible Co., Joseph, Jersey  C ity , N . J.

Machinery— Mining and Metallurgical
Abbé Engineering Co., New Y ork C ity .
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co..San Francisco.CaL 
G eneral F iltra tion  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 neading
Abbé Engineering Co.. New Y ork C ity 
P faud lerC o ..R ochester,N .Y ., D e tro it. & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlanta,' Ga. & N .Y .C . 
W erner & Pfleiderer Co.. Saginaw. M ich.

Machinery— Pulverizing 
Abbé Engineering Co., New York C ity.
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co.,San Francisco.Cal. 
G eneral F iltra tio n  Co.. Inc .. R ochester. N . Y. 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
R aym ond  Bros. Im p ac t Pu lv . Co.. Chicago. Ill 
W erner & Pfleiderer Co., Saginaw . M ich.

Machinery (Special)
Buffalo Fdy . & M ch. Co., Buffalo. N . Y. 
D uriron C astings Co.. N . Y. C.
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
W erner & Pfleiderer Co., Saginaw . M ich.
Y ork E lectric  & M achine Co.. Y ork . Pa.

M etallographie A pparatus
Scientific M ateria ls  Co., P ittsbu rgh , Pa. 

M etallu rgical L aboratory Equipm ent
Scientific M aterials  Co., P ittsbu rgh , Pa.

Microscopes 
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.
Heil 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 ittsb u rg . Pa. 
T hom as Co.. A rth u r H .. Philadelphia. Pa.

Microtomes
B ausch & Lom b O ptical Co.. R ochester, N . Y. 
H eil Chem ical C o., 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
Abbé Engineering Co., New Y ork C ity .

M in erals, M eta l &  C hem icals (Rare)
M ackay, A. D ., N . Y. C.

Mixers
PfaudlerC o., R ochester.N .Y ., D etro it, & N .Y .C . 
Sowers M fg. Co., Buffalo, N . Y.
W erner & Pfleiderer Co.. Saginaw , M ich.

Mixing Tanks
E lyria  E nam eled Prod. Co., E lyria . O., & N .Y .C  
L um m us Co.. T h e  W alter E ., Boston, M ass. 
P faud lerC o ..R ocheste r.N .Y ., D e tro it, & N .Y .C . 
W erner & Pfleiderer Co., Saginaw . M ich.

Montejus— Automatic
Buffalo F dy . & M ch. Co., Buffalo, N . Y. 
G erm an-A m erican S tonew are W orks, N . Y. C 
S chu tte  & K oerting  Co.. Philadelphia.

Nickel-Chromiuin Gauze
H ow ard & M orse, N . Y . C.

Nitrating Pots
Pfaudler C o ..R ochester.N .Y ..D etro it, & N .Y .C . 
P r a t t  E ng. Sc M ach. Co., A tlan ta , G a. & N .Y .C .

Nitre Pot Acid Pipes
D uriron Castings Co., N . Y . C. (Special Alloy) 
E lyria  E nam eled Prod. Co., E lyria . O.. & N .Y .C . 
P r a t t  E ng . & M ach. Co., A tlan ta , G a. & N .Y .C . 
T herm al Syndicate, L td ., N . Y .C . (Silica W are)

Nitre Cake
d u  P o n t de N em ours & Co., E . I ., W ilm ington, 

Del.
Nozzles (Acid Proof)

D uriron C astings Co., N . Y . C.
Oil Testing Instruments

B ausch & Lom b O ptical Co., R ochester, N . Y. 
B raun  C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.Cal 
Lenz & N aum ann . Inc ., N . Y . C.
Scientific M ateria ls  Co., P ittsb u rg h , Pa.

Optical Instruments 
Bausch & Lom b O ptical Co., R ochester, N . Y.

Optical Pyrometer 
Scientific M aterials  Co.. P ittsbu rgh , P a .

Oxygen Generators 
In te rn a tio n a l Oxygen Co., N  Y. C ity

Oxygen (Pure)
In te rn a tio n a l Oxygen Co., N . Y. C ity .

Oxygen Testing Apparatus
In te rn a tio n a l Oxygen C om pany, N . Y C ity

Packings (Condensing Tower)
Germ an-A m erican Stonew are W ks., N . Y. C. 
K night, M . A., Akron (E as t Side), Ohio.
U. S. Stonew are Co., T he, A kron, O.

Paints
T och B rothers, N . Y. C ity .

Patent Attorneys
B rickenstein. John  H ., W ashington , D . C. 
F oster, A. B.. W ashington, D. C.
Parker, C  L.. W ashington D. C.
Sieck, H erbert Chicago. 111.
Tow nsend, C lin ton  P ., W ash ing ton . D . C.

Penetrometers
H ow ard & M orse, N . Y. C ity.

Percolators
E lyria  E nam eled Prod.C o., E lyria. O.. &.N .Y .C . 
K ieselguhr Co. of A m erica. Los Angeles Cal. 
P faudler Co., R ocheste r.N .Y .,D etro it, & N .Y .C .

Photo-Micrographic Apparatus
B ausch & Lom b O ptical Co., R ochester, N . Y

Pipe and Accessories
B ausch & Lom b O ptical Co., R ochester. N . Y 
Corning G lass W orks, Corning, N . Y.

Pipe and Accessories (Acid Proof)
D uriron C astings Co., N . Y. C.
E lyria Enam eled Prod. Co., E lyria , O., & N .Y .C  
G erm an-A m erican S tonew are W orks, N . Y. C. 
K night. M . A.. A kron (E as t Side) Ohio.
P r a t t  E ng. & M ach. Co., A tlan ta . Ga. & N .Y .C . 
^ ch u tte  & K oerting Co., Philadelphia.
Steiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
Therm al Syndicate, L td .. N . Y. C. (Fused Silica). 
U. S. Stonew are Co.. T he. A kron, O.

Pipe and Fittings— Lead or Tin Lined
C hadw ick-B oston Lead Co., Boston. M ass.

Platinum (Sheet, W ire and Foil'
A merican P la tinum  W orks, N ew ark , N. J. 
B aker & Co., Inc ., N ew ark, N . J.
Bausch & Lom b O ptical Co . R ochester. N  Y. 
B ishop & Co., J ., P la tinum  W orks. M alvern . Pa.

Platinum W are (Laboratory)
A merican 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. 
Bishop & Co., J ., P la tinum  W orks, M alvern , Pa. 
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., New Y ork 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 & Co., E . H „  C hicago, 111.
Scientific M aterials  Co.. P ittsb u rg . Pa. 
T hom as Co.. A rth u r H ., Philadelphia.

Porcelain Ware— Laboratory
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 o.,San Francisco.C al. 
E im er & A m end, New Y ork C ity .
Heil Chem . Co., H enry , S t. Louis, M o 
H erold  C hina and  P o tte ry  C o., G olden, Colo. 
Lenz & N au m an n . 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. 
T hom as Co.. A rth u r H .. Philadelphia.

Potash Salts
G erm an K ali W orks. N . Y. C.

Pulverizers— Laboratory
Abbé E ngineering Co., N ew  Y ork C ity. 
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.,SanFrancisco . Cal. 
E im er & A m end. New Y ork C ity.
H eil Chem ical Co.. H enry , S t. Louis. M o.
P alo  C om pany , N . Y . C.
W illiam s P a te n t C rusher & P ulv . Co.. Chicago.

Pumps— Acid
B ausch & L om b O ptical Co., R ochester, N . Y . 
B ethlehem  F d y . & M ach. Co.. So. B e th ’m, Pa. 
D evine C o., J . P ., Buffalo, N . Y.
D uriron  C astings Co., New Y ork C ity . 
G erm an-A m erican Stonew are W orks. N . Y . C. 
S ch u tte  & K oerting  Co.. Philadelphia.

Pumps (Laboratory Vacuum)
AbSé Engineering  Co., N ew  Y ork C ity . 
B ausch & L om 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.

Pumps (Vacuum)
Abbé E ngineering Co.. IT. Y . C.
Bethlehem  F d y . & M ach . Co., So. B eth '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.

Pump Parts M etal (Acid Proof)
D uriron C astings Co., N . Y. C.
S chu tte  & K oerting  Co., Philadelphia.

Purified Cotton for Nitration, Etc.
M assasoit M fg. Co., Fall R iver, M ass.

Pyrometers 
Bausch & Lom b O ptical Co., R ochester, N . Y. 
B raun C orporation , Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francisco.C al. 
E im er & Am end, New Y ork C ity.
Engelhard , Chas., New 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. 
Hoskins 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.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials Co.. P ittsbu rg . Pa. 
Thom as C o., A rth u r H ., Philadelphia.
T hw ing In s tru m e n t Co.. Philadelphia, Pa.

Quartz
B ooth A ppara tu s  C o., Syracuse, N . Y. *

Quartz Glass 
Bausch 8c 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, 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  Chem 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 argent & Co., E . H ., Chicago, 111.
Scientific M aterials Co., P ittsb u rg , Pa. 
T herm al Syndicate, L td ., New Y ork C ity . 
T hom as Co., A rthu r H .. Philadelphia.

Radium
E im er & Am end. New Y ork C ity.
Heil Chem ical Co., H enry , S t. Louis, Mo.
Lenz & N aum ann , Inc ., N . Y. C.
Palo C om pany, N . Y . C.

Reagents— Chemical 
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 C o., R ochester, N . Y . 
H eil Chem ical Co., H enry . S t. Louis. M o. 
M erck & Co.. N . Y. C.
Squibb & Sons, E . R .. N . Y. C.

Refineries— (Oil— Sugar Installation)
L um m us Co., T h e  W alter E ., Boston, M ass.

Refractories
K ieselguhr Co. of A m erica. Los Angeles, Calif. 
N orton  Co., W orcester, M ass.

Regulators (Automatic Humidity)
C arrier E ngineering C orp., N . Y . C.

Resistance Wire
American P la tinum  W orks, N ew ark . N . J. 
B aker & Co., Inc ., N ew ark, N . J .
Bishop & Co., J ., M alv e rn ,,P a .

Retorts
Dixon C rucible Co., Toseph. Jersey  C ity , N . J. 
Heil C hem ical Co., H enry, S t. Louis, M o. 
L um m us Co., T he  W alter E ., B oston, M ass. 
T herm al Syndicate, L td ., N . Y . C.

Retorts (Cast Iron)
Buffalo F dy . & M ch. Co., Buffalo, N . Y.

Retorts— Acid (Cast Iron)
Bethlehem  Foundry  & M ach . Co.. So. B eth ., Pa. 
Buffalo F dy . & M ch. Co., Buffalo. N . Y.

Rotary Compressors or Blowers
Abbé Engineering  Co.. N . Y. C.
Crowell M fg. Co., B rooklyn. N . Y .

Rotary Lead Fans
Schu tte  & K oerting  Co., Philadelphia.

Rubber Tubing, Laboratory
Scientific M aterials  Co., P ittsb u rg h , Pa.

Screens (Grinding & Pulverizing)
R aym ond Bros. Im p ac t P u lv  Co., Chicago, III.

Separators— Air
R aym ond Bros. Im p ac t. P u lv  Co., Chicago. 111.

Separators— Centrifugal
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 ., P h iladelph ia . 
T o lhu rst M achine W orks, T roy , N . Y.

Shredders
W illiam s P a te n t C rusher & P ulv . Co., Chicago.

Sieve Agitators
H ow ard & M orse. N . Y. C ity .

Sieves (Testing)
H ow ard 8c M orse, N . Y . C ity .

Silica— Fused
B ausch & Lom b O ptical Co., R ochester, N . Y. 
3 ra u n  C orporation , Los Angeles, Calif. 
B raun-K nech t-H eim ann  Co., San Francisco.Cal. 
E im er & A m end, New Y ork C ity .
Engelhard , C has., N ew  Y ork  C ity .
G reiner & Co., Em il, N . Y . C.
Heil Chem . Co., H enry , S t. Louis, M o.
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W e D esign , C o n s tr u c t, P la ce  in  O p eratio n  
an d  D e m o n stra te  th e  G uaranteed  R esults

Sulphuric Acid Plants
(Operating under the Patented Pratt Processes)

A l ’ °  66° and 97s% Concentrating Plants
W e D esign  an d  B u ild

Acid Machinery and Apparatus
E xh a u sters , E ggs, V alves, D am p ers, B lo w  Boxes, F u rn a ce s  fo r  B rim sto n e  
an d  P y rite s , N itre  O ven Iron  W ork, Iron  F lu es, S p ecia l C a stin g s

Evaporators, Pulverizers, W et and Dry Mixers

Pratt Engineering &  Machine Co.
M a in  O ffic e  a n d  W o r k s :  D is t r ic t  O ffic e :

A tla n ta , G a . 61 B ro a d w a y, N ew  Y o r k  C ity

22 Years’ Manufacturing Experience
13 Years Devoted to Producing

Chemical Equipment
---------------of Metal —
Nitrators, Stills, Tanks, Condensers, etc.

SPECIAL APPARATUS
Plate Steel, Cast Iron and Steel Equipment

E x p e r t
en g in ee r in g

W e offer a service and facilities that will produce the
equipment you require.

a ssista n ce
ren d ered STEVENS BROTHERS
on a l l Engineers Contractors

p ro b lem s R oom  929 149 B roadw ay N ew  Y ork



CLASSIFIED INDEX TO ADVERTISERS' PRODUCTS.-(Co«dH*d)
Lenz & N aum ann  Inc ., Y. C.
Palo  C om pany, N . Y . C.
Sargent & Co., E . H ., Chicago, 111.
Scientific M aterials Co.. P ittsbu rg , Pa. 
T h erm al Syndicate, L td ., New Y ork C ity. 
T hom as Co., A rthu r H ., Philadelphia.

Solvent R ecovery Apparatus (Vacuum ) 
E lyria  Enam eled Prod. Co., E ly ria , O., & N .Y .C . 
L um m us Co., T h e  W alter E ., Boston, M ass. 
P faudler C o .,R ochester,N .Y ., D e tro it, & N . Y .C . 
W erner & Pfleiderer Co., Saginaw , M ich.

Spelter
N ew Jersey  Zinc Co., T he, N . Y. C .

Spray N ozzles
S chutte  & K oerting  Co., Philadelphia.

S team  E n gineering Specialties
Sarco Co., Inc ., New Y ork C ity.

S team  T raps and M eters
Sarco Co., Inc ., New 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. Co.. E lyria, 0 ..& N .Y .C . 
Pfaudler C o.,R ochester,N .Y ., D e tro it, & N .Y .C . 
W erner & Pfleiderer Co.. Saginaw , M ich.

Stonew are— C hem ical (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,C al. 
E im er & Am end, New Y ork C ity. 
G erm an-A m erican Stonew are W orks, N . Y. C. 
Heil Chem . Co., H enry , S t. Louis, M o. 
K night, M aurice A., A kron .Ohio.
Lenz & N aum ann , Inc ., N . Y . C.
Palo C om pany, N . Y . C.
Robinson Clay P roducts  Co., Akron, O. 
Sargent & Co.. E . H .. Chicago, 111.
Scientific M aterials  Co., P ittsbu rg . Pa.
S teiger T e rra  C o tta  an d  P o tte ry  W orks, San 

F rancisco , Cal.
T hom as Co., A rth u r H .. Philadelphia.
U. S. Stonew are Co., The, A kron. O.

Ston ew are (Acid Proof— Industrial P u r­
poses)
G erm an-A m erican Stonew are W orks. N . Y . C. 
K night, M . A.. A kron (E ast Side), Ohio. 
S teiger T e rra  C o tta  and  P o tte ry  W orks, San 

F rancisco, Cal.
U. S. Stonew are Co., The. Akron. O.

Succin ic  Acid
W oolner & C o., Peoria, 111.

Sulphur, Crude
Union S u lphur Co., New Y ork C ity .

Syphons— Steam  Jet
D uriron C astings Co., N . Y. C. (Acid Proof). 
Schu tte  & K oerting  Co.. Philadelphia, Pa. 
E ly ria  Enam eled P roducts  Co., E lyria , O., and 

N . Y . C.

T an k s— (For A cid or B asic  Reaction)
E ly ria  Enam eled P roducts  Co., E lyria , O., and 

N . Y. C.
G erm an-A m erican Stonew are W orks, N . Y . C 
K night, M aurice A., A kron, Ohio.

Lum m us, W alter E ., Boston, M ass.
P faudler Co., R ochester.N . Y.. D etro it. & N .Y .C . 
S teiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., T he, A kron, O.

T an k s— (M easuring & Self-decanting)
E lyria  Enam eled Prod. Co., E lyria, O., & N .Y .C . 
Pfaudler Co., The, R ochester, N . Y.
Lum m us. W alter E ., Boston. M ass.

T  anks— Pressu re
E lyria  Enam eled P rod. Co., E lyria, O., & N .Y .C . 
Germ an-A m erican Stonew are W orks. N . Y. C. 
P faudler C o..R ochester.N . Y., D etro it, & N .Y .C . 
Steiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., T he. Akron. O.

T an k s (Steel)
Stevens B rothers, N . Y. C.

T an k s (Storage)
E lyria E nam eled Prod. Co., E lyria . O., & N .Y .C . 
Germ an-A m erican Stonew are W orks, N . Y . C. 
K night, M . A.. A kron (E ast Side), Ohio. 
P faud lerC o .,R ocheste r.N .Y ., D e tro it, & N .Y .C . 
S teiger T e rra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U. S. Stonew are Co., The, A kron. O.

T em perature Control Instrum ents 
Thw ing In s tru m e n t Co.. P h iladelphia , Pa.

T herm om eters
B ausch & 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 C o., C arbondale. Pa. 
Engelhard , Charles, N ew  Y ork C ity .
Greiner Co., Em il, New Y ork C ity .
H eil Chem ical Co., H enry , S t. Louis, Mo.
Lenz & N aum ann . Inc ., N . Y. C.
Scientific M aterials  Co., P ittsb u rg h , Pa.

Therm ostats
Bausch & Lom b O ptical Co., R ochester, N . Y. 
Scientific M aterials  Co., P ittsbu rgh , Pa. 
Thw ing In s tru m e n t Co., P h ilade lph ia ., Pa.

T hicken ers, or D ew aterers
D orr Co., T he , D enver, Col., and  N . Y. C. 
In te rn a tio n a l F iltra tio n  C orp., 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. 
S teiger T erra  C o tta  and  P o tte ry  W orks, San 

Francisco, Cal.
U . S. Stonew are Co.. The. A kron, O.

T riangles
B ausch & Lom b O ptical Co., R ochester, N . Y. 
T herm al Syndicate, L td ., New York C ity.

V acuum  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 lyria  Enam eled P rod. Co., E ly ria , O., & N .Y .C . 
Jacoby  H enry  E ., New Y ork C ity.
P faudler Co., R ochester.N .Y ., D e tro it,& N .Y .C . 
S tokes M achine Co., F . J ., Philadelphia. 
W erner & Pfleiderer Co., Saginaw . M ich.

Vacuum  P an s
Badger & Sons Co., E . B ., B oston, M ass. 
D evine Co., J . P .. Buffalo, N . Y.
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. C. 
Jacoby. H enry  E .. New Y ork C ity .
Lum m us Co., T h e  W alter E ., B oston, M ass. 
Pfaudler Co., R ochester.N .Y ., D etro it, & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
Sanborn E vap o ra to r Co., New Y ork C ity . 
Sowers M fg. Co., Buffalo, N . Y.
Sperry & Co., D. R ., B atav ia , 111.
Stokes M achine Co.. F . T-, Philadelphia.
S tu a rt & Peterson  Co., The, B urlington, N . J. 
Swenson E v ap o ra to r Co., Chicago, III.
W erner & Pfleiderer C o., Saginaw , M ich. 
Zarem ba Co., Buffalo, N . Y.

V acuum  Pum ps 
A bbé Engineering Co., N . Y. C ity .
B ausch & Lom b O ptical Co., R ochester, N . Y. 
Crowell Engineering Co., Brooklyn. N . Y. 
H u b b ard ’s Sons. N orm an , B rooklyn, N . Y. 
York E lec tric  & M achine Co., Y ork, Pa.

Vacuum  Stills
E ly ria  Enam eled Prod.C o., E lyria,O ., & N .Y .C . 
L um m us Co., T he  W alter E ., Boston, M ass. 
P faud ler C o ..R ochester.N .Y .,D e tro it, & N .Y .C . 
P r a t t  Eng. & M ach. Co., A tlan ta , Ga. & N .Y .C . 
S tu a rt & Peterson Co., The, B urling ton , N . J. 
W erner & Pfleiderer Co., Saginaw , M ich.

V alves and F ittings— Lead
S chu tte  & K oerting  Co.. Philadelphia. Pa.

Varnish— Coil Im pregnation 
G eneral B akelite  Co., New Y ork C ity .

Vats (Rectangular)
P faudler C o .,R ochester.N .Y .,D etro 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 Softening Apparatus
B ooth A ppara tu s Co., Syracuse, N . Y.

W eighin g M ach in ery— (Autom atic)
W erner & Pfleiderer Co., Saginaw , M ich.

W elding and Cutting Apparatus
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 esistan ce
D river, H arris  W ire Co., H arrison , N . J .

W ood D istillation  Equipm ent
B adger & Sons, Co., E . B ., Boston, M ass. 
E ly ria  Enam eled Prod. Co., E lyria , 0 . .  & N .Y .C . 
L um m us Co., T he W alter E ., Boston, M ass. 
Pfaudler Co., R ochester N .Y .,D etro it. & N .Y .C . 
Swenson E v ap o ra to r Co., Chicago, 111.
Zarem ba Co.. Buffalo. N . Y.

Farbwerke-!-loechst Company
Form erly

H . A . M E T Z  &  C O .
Aniline and Alizarine Colors, DyestufFs and Chemicals

Sole Licensees and Im porters of the Products of

FA R B W E R K E , vormals M E IS T E R  L U C IU S & B R U E N IN G ,

Hoechst -o n -M ain , Germany.

122 Hudson Street, N e w  York, N .  Y. 210 South T ryon  Street, Charlotte. N .  C.
140 Oliver Street. Boston, Mass. ' 1418 Empire Building. Atlanta. Ga.
104  Chestnut Street, Philadelphia, Pa. 20-22 Natoma Street. San Francisco, Cal.
2 3  South Main Street. Providence, R. 1 45  Alexander Street, Montreal
3 1 7  North Clark Street. Chicago. 111. 28  Wellington Street. Toronto
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MANGANESE
Chem ical and  M etallurgical

MAGNESITE
Crude and  Calcined

CHROMITE
BARYTES

Crude and  Ground

CELESTITE  
C A R N O TIT E  

V A N A D IN IT E  
W OLFRAM ITE  

M O LYBD EN ITE  
W ULFENI TE

A. D. M ACK A Y
130 P earl S t . ,  N EW  Y O R K  

Rare Minerals Rare Metals Rare Chemicals

TH E  BENEFITS
of CONCENTRATION

W h y  n o t  g e t  th o se  B en efits  ? A t  

t h e  sa m e  t im e  le t  u s relieve y o u  of  

t h e  r e sp o n sib ility  of p rop erly  p r o ­

p o r t io n in g  y o u r  tra in  of e q u ip m e n t .

W e f u r n is h  D ryers, E vapo rato rs,  

S tills ,  F ilte r  Presses a n d  all th e  A llied  

M a c h in e r y  a n d  E q u i p m e n t .

We build Special 
Apparatus of 

any kind

H EN RY E. JACOBY
Contracting Engineer

95-97 L ib e rty  S tre e t N EW  Y O R K

L A C T IC  
ACID

The demand for our Lactic Acid, 
for use by Tanners and as a pre­
servative, has grown to such an 
extent that we have had to 
greatly increase our capacity.

As a result we are able to fill 
any size order for Lactic Acid 
p r o m p t l y .  The ingredients 
used in our Lactic Acid are 
chem ically p u r e  and of the 
h i g h e s t  quality obtainable. 
Samples will be gladly sent on 
request.

W OOLNER & CO.,
P E O R IA , IL L IN O IS

A  Satisfactory 
fAcid-Resisting Material
W e  d o  n o t  m a k e  e x t r a v a g a n t  c la im s  fo r

ow
 b u t we are justified in referring  to th e  m any  successes
which it has accom plished in its  resistance to  Sulphuric 
and N itric  Acids a t  various s tren g th s  and  to  the  fact th a t  
it  can be readily  m achined.
C O R R O SIR O N  is also giving g rea t satisfac tion  in o th e r d i­
rections where acids and alkalies are encountered .
W e are  p repared  to  furn ish  P ipes, V alves, F ittin g s , Pum ps, 
and  general castings fo r Acid an d  C hem ical W orks, and  we 
can m ake p ro m p t deliveries.

M a y  w e  s e n d  y o u  a s a m p le  o f  C O R R O S I R O N  
fo r  y o u r  t e s t  ?

P acific F o u n d r y  C o m p a n y
Harrison and Eighteenth Sts. SAN FRANCISCO, CAL.
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Notwithstanding the unprecedented demand at this time for

CHEMICAL STONEW ARE
our stock in some lines is fairly complete

W e can still make PROM PT DELIVERY of

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

CONDENSING COILS and LARGE PIPING 
12n diameter and over

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

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 S B E Y , N. J.

Acid-Proof, Vitrified, Salt-Glazed

CHEMICAL STONEW ARE
O u r  w a re w ill  w i t h s t a n d  th e  a c t io n  of A c id s, A lk a lie s  a n d  

C h e m ic a ls .  H o t  or cold, s tr o n g  or w e a k

We make every de­
scription of Acid- 
P roof C h e m i c a l  
S to n e wa r e ,  from 
spec i a l  pieces to 
complete plants.EA R TH E N W A R E B U RN E R  G U A RD S 

These guards concen tra te  an d  hold  th e  h eat, 
an d  afford a stro n g  su p p o rt.

M ade in tw o s tan d a rd  sizes and  carried  in stock.

M A R IO T T E  O R  C LO SED  JA R S  
F or distilled  w a ter or acids.

M ade in sizes to m eet requ irem ents, w ith 
gauge and  o u tle t sockets.

MAURICE A. KNIGHT <r. o. box *» East Akron, Ohio
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JSiRVfia- &

T H E ' U . S .  S T O N E W A R E ' C O . A K R O N . O H IO .

Chemical Stoneware
— A cid-Proof A lkali-P roof 
— Phenomenal Growth o f Business 
— Greatest Facilities. Largest Production

N o tw ith sta n d in g  we h av e  increased o u r facilities for M a n u fa c tu rin g  C hem ical S to n ew are 

m ore th a n  three-fold in th e  la s t th ree y e a rs, we find it  necessary to  still fu rth e r increase.

W e h a v e  th erefo re  com m enced th e  s tru c tu re  of a  large pow er p la n t w hich will give us 

a n  in crease of m ore th a n  fo u r  tim es  o u r p re se n t c a p acity .

W h y  th is success? Q u a lity  a n d  p ro m p t service is th e  answ er.

N o t genuine p ro d u c t of o u r facto ry  w ith o u t /  U.S.STONEWARE CO.
• j M A K E R S

th is  in s c r ip tio n  b u r n e d  in  o n  e v e r y  p ie c e :—  ( akron, o ., u.s .a.

S e n d  u s  y o u r  d r a w in g s  or w r i te  u s  y o u r  r e q u i r e m e n t s . W e c a n  p le a se  y o u .

The 

U.S. Stoneware 

Company
Established 1865

Akron, Ohio, U. S. A.
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Elyria Apparatus
Glass Enameled in a 
manner that assures 
resisting qualities 
eq u a l to that o f  
C h e m i c a l  G l a s s

T h e  illu stra tio n s show  som e of o u r 

L ig h t W e ig h t P ressed  S teel C o n ­

ta in ers. W e m ake th ese  in sizes up  

to  5 0  gallons an d  can  fu rn ish  covers 

w hen so desired .

W e m ak e all k in d s of E v a p o ra tin g  

a n d  C ry stalliz in g  D ishes, also

PLAIN WELDED T A N K S e n a m e le d

S pecial S h ap es o r C o n stru c tio n  of 

E ly ria  A p p a ra tu s  ca n  be fu rn ish ed  

to  y o u r o rd er.

Special
Laboratory
Apparatus

Seamless
One-Piece

ria Enameled Products Co
ELYRIA, OHIO

50 Church St. Chicago Office: 1033 IV. Lake St.
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Hamilton A  utomatic Continuous Benzine Still
SIM PLE DURABLE
EFFICIENT ECONOMICAL

C R O W E L L  Rotary  |
Air Compressors  a n d  

Vacuum Pumps
Especially adapted for Chemical and Laboratory Use

E xtrem e sim p licity— m inim um  floor 
space—  autom atic lubrication —  high 
econom y at all speeds— these are four 
valuable characteristics of the Crow ell 
design recom m ending it for service 
dem anding from 4 to 400 cubic feet of 
free air per m inute at pressures up to 
25 lbs. Used as a vacuum  pump, these 
m achines w ill handle from 29 to 30 in. 
vacuum  under ordinary conditions.

Send for Descriptive Circular

IN V E S T IG A T E  the m any merits of this apparatus. 
W e guarantee it to save you 4 0  per cent in steam 
and w ater consum ption. It is autom atic as w ell as 

continuous, operating  as long as there is dirty gasoline 
to distill w ith  absolutely no attention. T h is  still is 
as near perfect as it can be  m ade and  em bodies, in 
add ition  to the foregoing, m any distinct features you 
should investigate, such as guaranteed  absolutely dry  
and crystal-clear gasoline for im m ediate use, over­
boiling avoided, special catch-all trap  for grease and 
soap oil vapors, guaranteed capacity  per hour, etc.

T h e  H am ilton  A utom atic Continuous S till is 
very strongly bu ilt throughout. N o te  the condenser 
has the sam e leg supports as the distilling vessel 
and  that the bottom  of condenser is flanged. T h e  
oval-shaped  distilling vessel has m any advantages 
you should investigate.

H A M IL T O N  CO PPER & B R A SS W O R K S
90 to 109 Springdale Pike H A M I L T O N . O H IO  Department A

Crowel l
290 T A A F F E  P L A C E

M anufacturing Co.
B R O O K L Y N , N . Y.

Write today for illustrated and descrip­
tive pamphlet of this new improved distilling 
apparatus. S o iled , D irty  an d  O ily  B en zin e , G a so lin e , N a p h th a  

an d  S im ila r  C lean sin g  M ateria ls  
S izes, 50 to  1,500 G allons* G u aran teed  C ap ac ity  Per H our
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Norman Hubbard's Sons

OFFER

STRICTLY HIGH G RADE

— Vacuum Pumps—
R O T A R Y  a n d  P I S T O N  T Y P E  

S I N G L E  S T A G E  R O T A R Y
(28 to 2 9 ' Vacuum)

T W O  S T A G E  R O T A R Y
(One-tenth inch (i/io') Barometer)

267 W A T E R  S T R E E T ,  B R O O K L Y N , N . Y .

A Special Opportunity

in Vacuum Pumps
Y O U  can secure, a t  a big 

bargain, one or more high- 
grade R o ta ry  Oil Seal V a c ­

uum  Pum ps.

W hen delivered, each Pu m p 'w ill 
bear a ta g  show ­
ing its perform ­
ance under a c­
tu al w orkin g 
conditions.

O n ly  a  lim ited 
num ber of these 
are availab le, 
and w e reserve 
the rig h t to  fill 
orders for those 
w ho first m ake 
application.

F u r th e r  
in f o r m a t io n  
a n d  p r ic e s  
g iv e n  u p o n  
r e q u e s t

York Electric & M achine Co. 
York Pa.

Chemical Engineering
W e  design, install and 

test chem ical engi­

neering apparatus.

If interested, send 

for our folder e n ­

titled “ T he Syracuse 

Chemical Engineer.”

The Booth Apparatus Co.
SYRACUSE, N. Y.

14'  D IA M . B A S K E T Consult

International
Instrument

Q j L S . t p )

about

Laboratory

Centrifuges

Catalog Cm. on requut
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l i S S i "   "

v i i 'U Î Ô lB

Jackaled A g i ¿a lo r  Tank s  
for p iv ssu re  or vacuum

C a st Iro n  a n d  ^ n o e n s ^ u m K s  m u > r-* a n x .s  P le to .S U elK eU les
P la te. S te e l  Stills.

■ S in g le  or d ou ble

T an k s and  C h em ica l A p p aratu s of A ll K in ds
C an  build  from specifications certain sizes of tanks in one 
w eek to ten days. G ray  Iron and  S teel C astings for chem ­
ical w ork— special resisting irons—agitator tanks— shipments 
from stock. T anks, kettles and p ipe, lead  lined or glazed.

W r ite  u s  r e g a r d in g  y o u r  n e e d s

S te v e n s-A y lsw o rth  C o m p a n y , 140 C ed a r S t .,  N. Y .  C ity

A g itator Tanks 
built to specifications

S ta ck s  a n d  F lu es

A n n o u n c e m e n t
I t  gives u s m u c h  ple asu re  to a n n o u n c e  t h e  a d v e n t  of

THE SPERRY EVAPORATOR

N e a r
C h ic a g o

We are installing acid-proof filter tanks for gravity or vacuum filtration. Superin­
tendence of installation can be furnished if desired.

FI LTROS plates are used extensively by manufacturing chemists. Repeat orders 
are being constantly received.

D o you require a filter for organic acids, mineral acids or for salt solutions ? Con­
sult us freely about your filtration requirements, perhaps we have just the filtering 
medium you are seeking.

C u t le r  Bldg., ROCHESTER, N. YG e n e r a l  F i l t r a t i o n  C o m p a n y , In c

SHRIVER FILTER 
PRESSES

have been in use in the largest m etallurgical and  
chem ical p lan ts in this country for m any years.

W e are p repared  to design and  construct presses 
for any class of industrial filtration.

Sm all presses for laboratory  work.
C u t illustrates 3 0 "  sq. side feed press.

T . S H R IV E R  & C O .
Offic« and Work», 830 Hamilton Si. H A R R I S O N ,  N .  J .
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Wanted— Back Numbers
of the

American Chemical Society Journals

The Society is anxious to  complete certain volumes of its publications . 
which are nearly exhausted, and for which there is a heavy demand.

T he  Society will Buy
The amount indicated is offered for the publications named, subject 
to withdrawal w ithout notice. Only those listed below are desired.

journal American Chemical Society
Vol. 17 : N os. 1, 5, 8 and 9, 75 cents each.
Vol. 17: N os. 2, 3 and 4, $1.00 each.
Vol. 18: N o . 5, $1.25; N o. 8, 50 cents.
Vol. 19: Nos. 1 and 4, 75 cents each.
Vol. 19: N os. 2, 3, 5, 7, 8 and 11 , 50 cents each.
Vol. 20: N o. 3, 75 cents; N os. 4, 8, 10 and n ,  50 cents each.
V ol. 21: N o . 12, 25 cents.
Vol. 22: N os. 3, 4, 9, io , 11 and 12, 50 cents each.
V ol. 37: N o. 12, 25 cents.
V ol. 38 (present y e ar): N os. I ,  2 and 3, 25 cents each.

Chemical Abstracts
V ol. 1: N o . 2, 50 cents.
Vol. 1 : N os. 3, 12, 13, 14. 15 and 16, 25 cents each.
V ol. 10 (present y e ar): N os. 1, 2, 3 and 4, 25 cents each.
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