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ST. LOUIS MELTING, AMERICAN CHEMICAL SOCIETY
D IV IS IO N S  T O  T H E  F R O N T

Each General Meeting of the A m e r i c a n  C h e m i c a l  

S o c i e t y  has its distinctive note. The 59th Meeting, 
held at St. Louis, Mo., April 12 to 17, 1920, was no ex
ception in this respect, for above all else there stood 
out the strength of the divisional and sectional meet
ings, with their strong programs, fine attendance, and 
spirited discussions following the'presentation of the 
papers.

We interpret this as the return of the chemist to his 
normal surroundings and his resumption of problems 
interrupted by the call of war service. T h at service 
was thoroughly performed and its problems have been 
laid aside, but it is evident that the intense stimulation 
of the war period is being carried over into the days 
of peace, hence the rich outpouring of papers for the 
divisional programs.

The meeting was notably successful. The registra
tion of 976 is an index of the general interest, for while 
there have been meetings more largely attended, 
nevertheless the present one was held at a point quite 
distant from the S o c i e t y ’s  center of membership, 
and during the week when the uncertainties of travel 
weighed heavily against the promptings of even the 
most enthusiastic of attendants of meetings. The  
classification of the attendance by states shows how 
widely representative was the meeting.

A t t e n d a n c e  C l a s s i f i e d  b y  S t a t e s

A rkansas ........................ 3 New Je rse y ............. . .  . 21
6 . 54

C olo rado ........................ 4 N o rth  C aro lina___ 1
C o n n ec ticu t.................. 2 O hio........................... . . . 80
D elaw are......................... 18 O klahom a................ . . . 10
D istric t of Colum bia. . 26 Pennsylvania...........
G eo rg ia................. 6 R hode Is lan d .......... 1
Illinois ............................ . 152 South D a k o ta ........ 2
In d ia n a ........................... . 26 T ennessee................. 3
Io w a ................................ 17 T exas ......................... 9
K ansas........................... 19 U ta h .......................... 4
K en tu ck y ...................... 5 V irginia..................... 2
L ouisiana ....................... 5 W isconsin................. . . . 28
M ary lan d ...................... 4 W yom ing................. 1
M assachuse tts ............. . 20 C hina ......................... 1
M ichigan....................... 16 C an ad a ..................... 4
M inneso ta ..................... 9 M exico...................... 1
M ississippi.................... 2 H olland ..................... 1
M issouri......................... . 372 J a p a n ......................... 1
N eb rask a ....................... 9

T o t a l ......................... . . .  976

The arrangements for the meeting were in the hands 
of an excellent local committee headed by Dr. Charles 
E. Caspari. Even the local weather bureau was in
duced to do its part towards making the meeting a 
success, and it responded nobly.

Two new sections held their inaugural meetings, 
the Sugar Section and the Leather Section, while the 
D ye Section assumed a place as a division of the 
S o c i e t y .  The christening of these youngest children 
of the parent organization was auspicious, and their 
programs gave proof of the sound judgm ent of those 
who had worked for their creation.

An interesting development was the program of the 
Rubber Division. A  marked tendency to “ open up” 
was noticeable, and the process proved delightful. 
It  is believed that the fine example set by one of the 
chief laboratories in this respect marks the beginning 
of a new day for that division.

So, too, in the Dye Division the proportion of scientific

papers to general discussion showed a marked increase, 
and gave promise of future programs which will attract 
the chemists of the dye laboratories.

Unusual interest attached to the joint symposium  
on colloids, the attendance at this meeting equaling 
that at the general opening meeting.

To confirm our judgm ent as to the marked excellence 
of the divisional and sectional meetings, we assumed the 
role of a reporter and secured from the several officers 
the following statements:

INDUSTRIA!, AND ENGINEERING CHEMISTRY DIVISION 
The attendance at the meetings of this division and the dis

cussion brought forth b y the papers presented m ay be taken as 
indicative of the intense industrial interest in the division, 
notably so in the case of the ideas brought forth in estimating 
the economic status of the chemist and the high ideas the manu
facturers have for their requirements of the chemist’s education, 
and the incentives they offer to research in pure as well as ap
plied chemistry.

H. D. B a t c h e l o r ,  Chairman

BIOLOGICAL CHEMISTRY DIVISION 
This division completed its program Wednesday by remaining 

in session until 6 :2 0  p .m ., in order that the members might at
tend the colloid symposium Thursday morning. W e had a 
splendid attendance, standing room only being available for 
part of the time. The point which stands out most prominently 
is the fundamental studies which are being made in the field of 
biological chemistry. The papers presented were not merely 
reports of general observations, but nearly all of them went down 
into the deeper fields of the reasons underlying biological phe
nomena. The most important papers were perhaps those deal
ing with the vitamine question, and I feel that very important 
results were accomplished.

R. A. G o r tn e r , Chairman

SUGAR s e c t io n

The first meeting of the Sugar Section was attended by about 
6 0  enthusiastic members representing various branches of the 
sugar industry in all sections of the country. Great interest 
was manifested in the papers which related to the general topics 
of saccharimeters, beet sugar chemical control and decolorizing 
carbons. T he sugar chemists spoke of the great benefit of having 
organized as a section of the A m e r i c a n  C h e m i c a l  S o c i e t y .  
From the opinions of members present and absent it is believed 
that the attendance and program of the next meeting will be 
more than doubled.

C. A. B r o w n e ,  Chairman

LEATHER CHEMISTRY SECTION 
The first meeting of this section was gratifying in the number 

who attended and the quality and scope of the discussion of the 
papers presented. M any chemists working along allied lines 
were attracted to the meetings, and took active part in the dis
cussions, showing that the field which has just been plowed and 
sown will undoubtedly bear the fruit of success.

Louis E. L evi, Chairman

AGRICULTURAL AND FOOD CHEMISTRY DIVISION 
The meeting of this division was particularly well attended 

and the papers presented were both interesting and important. 
Perhaps the most significant feature of the meeting was the 
earnest and intelligent discussion which each of the papers brought 
forth, and which was equally as valuable to the author as to the 
division. Of the fifteen papers on the program, twelve were 
actually read; the railroad conditions having prevented several 
members from reaching St. Louis. These conditions also pre
vented several papers from reaching the secretary in time to be 
placed on the printed program, so, according to the rules of the 
S o c i e t y ,  they could not be read at this meeting. T he general 
opinion was that the divisional meeting was in every w ay suc
cessful.

C . E. C o a t e s ,  Chairman
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ORGANIC CHEMISTRY DIVISION 
A successful session showing the present interest in the making 

of organic substances, reflecting the great commercial activity  
in dyes, pharmaceuticals, and other organic products, was held. 
Organic chemistry is the field in which we have been furthest 
from national independence, but great strides are now being made 
in bringing organic research and applied organic chemistry to
gether.

E . Emmet R e i d ,  Chairman

RUBBER DIVISION 
Less and less secrecy is being maintained b y  the different 

companies regarding their research work in the development of 
rubber compounding. T he meetings are getting to be of in
creasing interest as this move gains favor. The division expressed 
its disapproval of the marketing of compounding ingredients and 
accelerators under trade names, such compounds being of a poorer 
grade than standard or mixed with other cheaper material. 
The composition of these materials will be exposed to the public. 
The necessity for cooperative research in the rubber industry 
becomes more and more apparent. The chemists are really 
starting to get together on this.

A r n o l d  H. S m i th ,  Secretary

PHYSICAL AND INORGANIC CHEMISTRY DIVISION
The papers and discussions in this division seemed to divide 

into three main subjects: chemical reactivity and catalysis, 
the structure of the atom, and colloids. N ew  studies bearing 
on the quantum theory seem to indicate that it is possible to 
calculate the speed of reactions from measurement of energy 
given off from atoms. It was suggested that all chemical ac
tivity  may be caused by radiation. Announcement was made 
of the discovery of meta-chlorine, and the indication therefrom 
of the existence of a whole new species of atoms. The colloid 
symposium, arranged jointly by several divisions, aroused so 
great interest that the general meeting room was filled to over
flowing. The papers presented brought out the practical ap
plications of colloidal chemistry to a variety of industries.

W . D . H a r k i n s ,  Chairman

DYE SECTION
The meeting was very successful and the great interest shown 

fully justified the Council’s action in .raising the youthful section 
to the dignity of a division. Only three of the twenty-one 
papers were read by title. An account of the dye patents of 
the Chemical Foundation was very elucidating as to the methods 
by which licenses can be obtained. The use which will be made 
of the earnings of the Foundation in fostering chemical research 
was brought out. A  paper on dye research also created con
siderable interest and discussion. Among other interesting papers 
was one on the physical constants of aniline, bringing out par
ticularly its hygroscopic quality. T he number and quality of 
the papers from the Color Laboratory of the Bureau of Chem
istry of the Department of Agriculture added much to the in
terest of the session. The members of the section seemed 
filled with enthusiasm and awake to their responsibilities. Keen 
interest was shown in the legislative situation affecting the in
dustry represented, and a universal hope for its early enactment. 
The resolutions passed by the Council were read to the division, 
and the technical progress made in this country was reviewed.

C h a s .  L. R e e s e ,  Chairman

w a t e r ,  s e w a g e  a n d  s a n i t a t i o n  d i v i s i o n  
T he meeting of this division was very well attended, the pro

gram was carried out in full, and the various papers evoked con
siderable discussion. Dr. Bartow’s report of the Sewage Dis
posal Committee of the National Research Council contained a 
great deal of interesting material. It  is expected that at the 
Chicago meeting the further report of this work will be one of 
the most important features of the program. Some of the tests 
are to be conducted in the vicinity of Chicago, and will probably 
be ready for inspection in September. The matter of activated 
sludge and other methods proposed for the treatment of the sew
age, especially the effluents from industrial plants, is a matter 
of extreme public importance, both from the standpoint of health 
and the general improvement of community conditions. The paper 
outlining the study of sewage and trade wastes at Bridgeport, 
Conn., furnished an interesting basis for this latter discussion.

W. W . S k i n n e r ,  Secretary

p h a r m a c e u t i c a l  c h e m i s t r y  d i v i s i o n  
Our meeting was well attended, the most important discussion 

centering around the subject of the stability, chemistry, and

pharmacology of chloraminę antiseptics. N ew  work on hyp
notics and anesthetics was reported. The division made im
portant recommendations to be laid before the S o c i e t y ’s  com
mittee on the revision of the forthcoming pharmacopeia at the 
decennial convention. Steps were taken toward the changing 
of the name of the division to that of Chemistry of Medicinal 
Products Division. It  is felt that this is a less restricted term, 
and will place the accent on chemistry rather than pharmacy.

C h a s .  E . C a s p a r i ,  Chairman

M A T T E R S  O F  B U SIN E SS

In spite of the difficulties incident to travel during 
the week of the railroad strike, 97 members of the 
Council, some more or less delayed, assembled at the 
University Club, President Noyes presiding. The  
proceedings of the lengthy session were broken by the  
delightful dinner served in the rooms of the Club.

Great interest attached to the many valuable re
ports of committees which were summarized by the  
President. Six of these reports are printed on pages 
438 to 443 of this issue. B y  ballot of the Council 
vacancies on the Committee on National Policies 
(Advisory Committee) were filled. Dr. H. E. Howe 
will take the place of Dr. M. C. Whitaker, who was in
eligible for reelection, and Dr. George D. Rosengarten 
will fill the unexpired term of Dr. B. C. Hesse, resigned. 
This committee was enlarged b y the addition of two 
ex-officio  members, the editors of the J o u r n a l o f  the  

A m e r ic a n  C h e m ic a l S o c ie ty  and the J o u r n a l o f  I n d u s tr ia l  

a n d  E n g in e e r in g  C h e m istr y .  Dr. A. V. H . M ory was 
elected councilor-at-large to fill the vacancy caused 
by the election of Dr. W. A. Noyes to the presidency.

Much interest attached to the selection of the place 
for holding the next Spring Meeting. The invitation  
of the Rochester Section was accepted. An invitation  
from the Pittsburgh Section for the Annual Meeting 
of 1921 was under the constitution laid on the table. 
After prolonged discussion and a statement of the pref
erence of the members of the Chicago Section it was 
voted that it would be inadvisable to hold the 1920 
Annual Meeting during convocation week with the A. A. 
A. S., the Council fixing the second week in September 
as the time for the Annual Meeting.

Dr. Charles L. Parsons was appointed to represent 
the S o c i e t y  at the International Union of Pure and 
Applied Chemistry in Rome in June 1920.

A  measure of international significance was the ac
ceptance by the S o c i e t y  of the invitation of the Amer
ican Metric, the London and Manchester Decimal 
Associations, and the World Trade Club to join in form
ing a World Metric Standardization Council, and calling 
a conference in San Francisco in M ay 1920.

Continued thefts of platinum in various laboratories 
gave rise to serious consideration of the question of 
possibly overcoming this by congressional legislation. 
A  committee was appointed to consider carefully this 
question.

The question of the difficulties attendant upon the 
manufacture, sale, and use of stills under the Bureau 
of Internal Revenue regulations was brought to the 
attention of the Council in a forcible manner b y  Mr.
H. J. Cary-Curr, of Chicago. A committee was ap
pointed to confer with the officers of the Bureau and
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to formulate suggestions which might be acceptable 
to the Bureau and give the needed relief.

The following resolution was unanimously adopted 
b y the Council and ordered telegraphed to members 
of the Senate Finance Committee.

T h e  A m e r i c a n  C h e m i c a l  S o c i e t y  through its representative 
Council urges upon our Senators the necessity of prompt passage 
of the Longworth Bill in the form reported by the Senate Finance 
Committee. Under the absolute protection afforded b y  the 
blockade of German ports and encouraged by the favorable 
legislation of the preceding Congress the coal-tar chemical in
dustry has grown b y leaps and bounds. B ut to meet the unusual 
competition threatened from the present unified German in
dustry far greater safeguards must be established than were 
formerly considered necessary. The delay in enacting such legis
lation has caused the withholding of large amounts of capital 
and the creation of an atmosphere demoralizing to research and 
to the technical development of the industry. W e feel that the 
fate of this industry lies now with the United States Senate 
and we urge the enactment of the bill as originally reported to 
the Senate by its Finance Committee, convinced that this legis
lative support will speed the industry’s complete development, 
thereby assuring American consuming interests freedom from 
outside domination and providing a powerful factor in national 
defense.

The question of inadequate pay of professors in the 
universities, of the injustice of the situation, in view of 
the high cost of living, and of the danger involved to  
the whole structure of chemical education was given  
serious and earnest consideration b y the Council. 
As a result of this discussion a committee was appointed 
to draft resolutions to be presented to official bodies.

The full proceedings of the Council Meeting are 
printed in the M ay issue of the Jou rn a l o f the A m erica n  
C h em ical Society.

A t a well attended session of the Directors of the S o c i e t y  
two matters were approved which affect to a marked degree the 
work of the Journal of Industrial and Engineering Chemistry. 
It was voted to appoint the Chemical Catalog Company, Inc., 
1 Madison Avenue (Metropolitan Tower, 17th Floor), New  
York City, to conduct the advertising business of the S o c i e t y , 
under the direction of the Editor of the Journal of Industrial 
and Engineering Chemistry. This arrangement was approved as 
of April 1, 1920. This company has a strong staff, a wide touch 
with the chemical industries, and has proved its ability to make 
a success of its undertakings. It is felt that under this new  
policy the power of the Journals of the S o c i e t y  as advertising 
mediums will be largely increased.

The Directors approved the leasing of space in the M etro
politan Building, 1 Madison Avenue, N ew  York City, for the 
editorial headquarters of T h i s  J o u r n a l . This change was 
necessitated by the exorbitant increase in rent at the old 
location. The move to the new quarters on the thirty-fourth 
floor of the tower was effected during the past week.

G E N E R A L  M E E T IN G

On Tuesday morning, April 13, the large ballroom 
of the Hotel Statler was filled with members for the 
opening general session. Dr. Charles E. Caspari, 
Chairman of the Local Executive Committee, presided, 
and introduced M ayor Henry W. Kiel, who extended 
a cordial welcome to the S o c i e t y  and expressed his 
best wishes for a successful meeting. In responding, 
President Noyes touched upon a vital situation in the 
life of our science, speaking in part as follow's:

I t  is with very great pleasure that we meet in St. Louis at this 
time. W e romember the long and honorable record of your city  
in matters of education and the cultivation of the sciences. W e 
remember that here you have the great Washington University

and Medical School. The Missouri Botanical Gardens have 
made the name of St. Louis famed to the botanists of the world, 
and we remember many other ways in which St. Louis has fos
tered education and science. N o t least among these, some of 
us remember with the greatest pleasure the meeting of the chem
ists in this city seventeen years ago, at the time of the Exposi
tion, which was unique among the expositions of the world, 
the Congress of Arts and Sciences. In our own science there 
were gathered such men as Arrhenius, Ramsay, van’t Hoff, 
Moissan, Ostwald, and Sir Ernest Rutherford, six or seven chem
ists whose names at that time could not be equaled with another 
six or seven in the whole world, and St. Louis gathered those men 
here in the Congress of Arts and Sciences, and many of us are 
very grateful for what she did at that time, so it is with pleasure 
that we meet in St. Louis now. On our side we are thankful 
for the growth of this S o c i e t y ,  now numbering, our Secretary 
tells me, over 15,000 chemists, an organization that is not equaled 
in its character and numbers b y  any other scientific organiza
tion in the whole world— an organization which is nearly more 
than twice in number that of any other organization of chemists 
in the world. When our Secretary assumed office only thirteen 
years ago we had a budget of perhaps $30,000, I  have forgotten 
the exact numbers, and a membership of only 3,000; now 
the annual budget is more than $200,000. And we are now as 
chemists standing almost a t the parting of the ways in our sci
ence in America. Chemistry is going forward into new achieve
ment as never before in the history of our science in this country, 
almost as never before in the world, and this S o c i e t y  of ours is 
the organization upon which devolves the duty of helping in this 
tremendous development which is upon us. Yesterday after
noon and evening some of us worked for some six or eight hours 
upon the business of the S o c i e t y .  M an y important things 
were done: I could not this morning, if I would, adequately
summarize the work of that meeting and of literally dozens of 
men who have been at work upon our committees and have 
brought to us reports of great value, merely summarized in that 
meeting last night. Our S o c i e t y  and its Council took important 
action in various directions. There is only one, however, that 
I  will mention, because it is most vital to our profession at the 
present time. This was the action urging upon presidents, 
boards of trustees and all others who support educational in
stitutions to provide adequate compensation for the teachers 
of chemistry in our colleges and universities. M an y of us in 
that work know that the present time is critical in the education 
of chemists, and we know that that education lies at the very  
foundation of the development which must come in chemistry 
in America if we would not fail in the work that should be done, 
and so it is of the greatest importance that the present tendency 
of our best young men to go into the industries should be checked 
in some way or other, if we are to have a solid foundation for the 
future. And more than that, another item which was not em
phasized so much in the Council Meeting, one of the pitiful 
situations in the teaching profession at the present time is the 
fact that so many of our young men who go into teaching are in 
their younger years so overloaded with a heavy burden of teach
ing that research and professional growth are almost impossible. 
T h at is almost more serious than the financial difficulty. If our 
young men have to face both lack of time for research and an 
inadequate salary, the future of chemical education in America 
is in a very sad way.

The presiding officer then turned the chair over to 
President Noyes, and Secretary Parsons presented the 
nomination by the Council of Ernest Solvay, of Belgium, 
for honorary membership in the S o c i e t y ,  and a unani
mous election resulted. A  memorial on the death of 
Professor Alfred Werner, of Zurich, honorary member 
of the S o c i e t y ,  was presented and adopted.
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It was announced that owing to the legislative situa
tion in Washington, Hon. E. P. Costigan, of the Tariff 
Commission, had been forced to cancel his engagement 
to speak. A t the last moment the local committee

E d w a r d  M a l u n c k r o d t , S r . ,  H o n o r a r y  C h a i r m a n , E x r c u t i v b

C O M M IT T IJU

was fortunate in securing an address by Mr. Paul 
W. Brown, editor of A m erica  at W ork, who spoke on 
“ The Physical Basis for the Economic Development of 
the Mississippi Valley.” While the subject was an 
unusual one for an address before the A m e r i c a n  

C h e m i c a l  S o c i e t y ,  the delightful method of presenta
tion held the close attention of the audience. Follow
ing Mr, Brown an address was made by the editor of the 
J ou rn a l o f In d u stria l and E ngineering  Chem istry, 
which is printed on page 429 of this issue.

An interesting and suggestive development of the 
St. Louis meeting was an informal gathering of all 
chairmen and secretaries of local sections present, 
twenty-eight in number. It was felt that the local 
sections have so many problems in common that a 
conference of these officers at each General Meeting 
would bring light upon these problems from many 
different angles, and that from a joint exchange of ex
periences in the conduct of local sections valuable 
points could be gained for furthering this important 
feature of the S o c i e t y ’s  organization. As a result of 
the deliberations of this gathering a recommendation 
was made to the Council that there be formed a sec
tion of Local Section Officers, to hold one session at 
each General Meeting. Pending formal action by the 
Council on this matter provisional officers were elected: 
Professor R. H. M cKee, of the New York Section, 
Chairman, and Dr. Edgar B. Carter, of the Indianapolis 
Section, Secretary, to formulate plans for such a con
ference at the Chicago meeting.

On Wednesday evening in the auditorium of the 
Central High School an address on “ Chemical Warfare’' 
was given before a large and enthusiastic audience 
by Lt. Col. Amos A. Fries, head of the Chemical War

fare Service. Colonel Fries brought to the subject 
many new points of view and his narration of experi
ences at the Front during the war gripped his audience 
in deeply sym pathetic interest. Colonel Fries paid 
glowing tribute to individual chemists who had served 
under him in the trying days of the formation of the 
Service. A t the conclusion of his address graphic 
moving pictures of gas warfare were exhibited, which 
showed more clearly than words could tell the actual 
experiences of the men at the Front.

e n t e r t a i n m e n t s  a n d  e x c u r s i o n s

On Tuesday evening a delightful smoker was en
joyed by more than 800 chemists. On Thursday eve
ning the banquet was held in the Hotel Statler ball
room, at which Mr. A. C. Boylston, of St. Louis, was 
toastmaster.

Following the dinner an address was made by Mr. 
W. Frank Carter, president of the St. Louis Chamber 
of Commerce, who spoke of St. Louis as a chemical 
center, pointing out that the chemical industry was 
second only to the automobile industry in the matter 
of its expansion during the last few years. Mr. Carter 
was followed by Chancellor Frederic A . Hall, of Wash
ington University, who spoke of the high ideals which 
give dignity to the work of the scientist. President 
Noyes, representing the A m e r i c a n  C h e m i c a l  S o c i e t y ,  

spoke in sincere appreciation of the many hospitalities 
shown by the sections acting as hosts, and emphasized 
the necessity of carrying high ideals into one’s scientific 
work if his science is to fulfill its real mission. Brief

T .  R .  B a l l , C h a i r m a n , R e g i s t r a t i o n  a n d  I n f o r m a t i o n  C o m m i t t b e

addresses were made by L. V. Redman, Chas. L. 
Reese, W. D. Bancroft, R. H. M cKee, and Ellwood 
Hendrick, epitomizing the spirit of the various oc
casions of a highly successful week. In conclusion 
Dr. Caspari paid a graceful tribute to his co-workers 
in the various local committees, giving credit to them  
for the success with which the plans for the meeting had 
been carried out.
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The gathering afforded opportunity for the getting 
together of various groups of members with common 
interests, notably reunions of chemical alumni of some 
of the larger universities. The Alpha Chi Sigma 
chemical fraternity dinner brought out an attendance 
of 104 members on Wednesday evening preceding 
Colonel Fries’ address. The members of the American 
Institute of Chemical Engineers, of whom some forty 
were present, were hospitably entertained at dinner by  
Dr. F. W. Frerichs at his home.

I.. M c M a s t e r ,  H e a d  o p  C h e m i s t r y  D e p a r t m e n t ,  W a s h i n g t o n  U n i -  
v b r s i t y ,  St . L o u i s ,  M o .

A not unusual but always enjoyable feature of the 
week’s program was the excursions of Thursday after
noon and Friday, notably to the LaClede Gas Works, 
Monsanto Chemical Works, LaClede-Christy Clay  
Products Plant, the Standard Oil Refinery, at Wood 
River, 111., and the Illinois Glass Company, at Alton,
111. A delightful luncheon was served at the Mineral 
Springs Hotel, Alton, by courtesy of the St. Louis 
Section.

A D D R E SS E S

IN T R O D U C T O R Y  ADDRESS

B y W . A. Noyes

Two years ago our Army in France was dependent, among other 
things, on what the chemists of America could do and upon the 
men in France who were using the materials the chemists in 
America could make for them; and some of us chemists have not 
realized perhaps as we should how far we were dependent upon 
the men who knew how to use those supplies in the right way in 
military affairs. I know from friends who were very close to 
Colonel Fries in the war that the Chemical Warfare Service in 
France was exceedingly fortunate when he was selected as its 
head, and we may count ourselves fortunate here in America 
that he is now the head of the Chemical Warfare Service of the 
United States. It is our great good fortune to have with us 
to-night the man who was at the center of things and who did 
things in France. He will speak to you.

c h e m i c a l  w a r f a r e  

By Amos A. Fries1 

L t .  C o t.,  U .  S .  A r m y ,  C h i e f  o f  C h e m i c a l  W a r f a r e  S e r v i c e

The old adage that "There is nothing new under the sun” 
is often quoted by those who would detract from the glory of a 
new achievement or condone the evil deeds of those who have 
broken the faith. The Germans did not invent poisonous gases, 
nor did they invent the earliest methods used in gas attacks. 
Neither did the Wrights invent flying, nor the basic methods used 
in their first flights— but to their everlasting glory they gleaned 
from a thousand pages the thoughts of many men in many 
countries, and by applying the knowledge thus acquired made 
flying a reality. The Germans gleaned from many lands the 
possibilities of poisonous gases, together with methods of using 
them— and to their everlasting shame broke faith with the coun
tries then in the war, and on April 22, 1915, launched the first 
really effective gas attack in the history of the world.

But whatever we may think of that first attack, chemical war
fare is to-day an established fact. No modem nation dares to 
give it up, and ere long no modem nation will want to give it 
up unless indeed all war can be abolished. But that day, un
fortunately, is too far distant for me to take up any of your 
time to-night talking about it.

I am not going to discuss the chemistry of chemical warfare. 
I am simply going to tell you what chemical warfare is, tell you 
what it did in the World War, tell you something of the great 
part played b y  the chemists in that war, and, lastly, tell you the 
future of chemical warfare as I see it.

In the first place, chemical warfare is a complete science in 
itself. N o other invention since that of gunpowder has made 
so profound a change in warfare as gas is making or will make in 

the future.
To-day there are only four really distinct arms of the Service, 

viz., the Infantry, the Artillery, Aviation, and Chemical War
fare. All other forms of warfare are a combination, more or less 
complete, of these. The gases, smoke, and incendiary materials 
that make up chemical warfare are used to a greater or lesser 
extent by other arms, but wherever gas is used it compels pre
cautionary measures that are found in no other branch of the 
Service.

No officer, however well trained in other branches of the War 
Department, can handle gas until especially trained in its use. 
It is the most universal of weapons, and as it drifts with the very 
air, becomes the most difficult of all methods of warfare to avoid. 
No form of precaution heretofore used on land or sea is effective 
against it. The mask and training that go with it are totally 
unlike any other element of war. Thus, from the laboratory to 
the enemy, gas warfare is new, requiring new methods, new

1 Amos Alfred Fries was born M arch 17, 1873, in Vernon C ounty , 
Wisconsin, and  moved as a  boy to  M issouri, thence to  Oregon. A fter a 
sho rt teaching experience he entered  W est Po in t by  com petitive exam ina
tion, graduating  seventh  in his class A pril 26, 1898. H e was commissioned 
Second L ieu tenan t in the  Corps of Engineers, and  appoin ted  F irst L ieu
te n an t in 1901, C ap tain  in 1904, M ajor in 1912, L ieu tenan t Colonel in 1917.

He served w ith C ap tain  John  J . Pershing on an expedition in to  th e  
M oro country , as Chief Engineer Officer, was D irector of M ilitary  E ngi
neering a t  the  Engineer School, W ashington B arracks, W ashington, D. C., 
from 1911 to  1914, and  a t  th e  ou tbreak  of the  w ar was in charge of the  
construction of roads and  bridges in Yellowstone N ationa l Park . Perhaps 
his chief work w ith the  Corps of Engineers was in  connection w ith th e  im 
provem ent of Los Angeles H arbor.

Leaving Yellowstone Park  Ju ly  15, 1917, he reached Paris A ugust 14, 
nd  was assigned as D irector of Roads, b u t five days la te r was appo in ted  

Chief of the  G as Service, A. E. P ., which position he held th roughou t th e  
war. On A ugust 16, 1918, he was commissioned Brigadier G eneral, U. S. 
A rm y, and placed in charge as Chief of Chem ical W arfare Service, A. E . F .

He was decorated by  France w ith the  Cross of C om m ander, Legion of 
H onor, October 30, 1918, and  received the  Cross of the  Com panion of St. 
M ichael and S t. George, of England, Ju n e  9, 1919. On Ju ly  26, 1919, 
he was aw arded the  D istinguished Service M edal.

On M arch I, 1920, Brigadier G eneral Fries (now re tu rned  to  his form er 
ran k  of L ieu tenan t Colonel) was appoin ted  Chief of th e  Chem ical W arfare  
Service, vice Gen. W . L. Sibert, transferred .



knowledge and new training. Depending more or less upon the 
wind, and being affected b y  the weather, b y  the character of the 
ground, and b y the verdure on the ground itself, chemical war
fare requires the expert to take into consideration conditions 
which it is not necessary to consider to an appreciable extent in 
any other fighting branch.

Considering its power it has no equal. Physical vigor is one 
of the greatest assets in any army. Gas, used properly and in 
quantities that will be easily obtainable in future wars, will make 
the wearing of the mask a continuous affair for all troops within 
two to five miles of the front line, and in certain places, for many 
miles beyond. If it  never killed a man the reduction in physical 
vigor and, therefore, efficiency of an army forced at all times to 
wear masks, would amount to at least 25 per cent, equivalent to 
disabling a quarter of a million men out of an army of a million.

B u t gas does kill and it does wound, in spite of all precautions, 
and there is every reason to believe that when handled with 
proper energy and given its legitimate place it will account for 
50 per cent of all casualties in future wars.

4 2 4  T H E  J O U R N A L  OF I N D U S T R I A L

A m o s  A .  F r i e s , L t . C o l . ,  U .  S .  A r m y , C h i b f  e F  C h s m i c a l  W a r f a r e  S b r v i c b

One great reason why chemical warfare will continue is that 
it fills a long-felt want on the part of the soldier, that of shooting 
successfully around a stump or rock. The gas cloud is ines
capable. It sweeps over and into everything in its path. No 
trench is too deep for it, no dugout, unless hermetically sealed, 
is safe from it. Night and darkness only heighten its effect. 
It is the only weapon that is as effective in a fog or the inky black
ness of a moonless night as in the most brilliant sunshine. Only 
the mask and the training that go with it protect. Terror, confu
sion, lack of discipline and control are fatal.

One naturally wonders why the German decided to start the 
use of gas. A realization of what has just been said indicates 
his probable line of reasoning. He hoped to win the war in his 
first powerful onslaught that actually carried him almost to the 
outer walls of Paris. He wanted first to separate the English and 
the French and then by holding the French channel ports make 
it impossible for England to send troops into France, or else 
force England to transport her troops long distances by sea to 
western and southwestern French ports. Besides having far 
longer sea voyages the ships would have been exposed to a hundred 
times the danger from submarines. His terrific check at the 
Marne, coupled with the defeat of his later attempt to break 
through to the channel ports, showed him that the war could 
not be won at one stroke, unless he could devise some substance 
or some method of fighting absolutely unknown, and against 
which there was no protection. Of all things known or ever

considered gas alone promised such a result. The date when 
the Germans began active preparations for the first attack is 
as yet unknown outside of Germany. It  must have been quite 
early in the war, very probably soon after the battle of the Marne 
— certainly not later than his repulse in the attack of October 
1918, when he strove to drive through to the channel ports.

That first attack was extremely well worked out and successful, 
from the German point of view. The Allied line was completely 
broken for a distance of three to five miles, and had the German 
possessed full faith in his weapon he could have pushed whole 
armies through that gap before reinforcements had closed it on 
the following morning. Even with his slowness to take advantage 
of the break caused by the chlorine cloud, he penetrated so far 
into the Allied lines as to capture nearly all of the dead and most 
of the seriously wounded. Thus it happens that the total 
casualties have never been accurately known. The best estimates 
place it in the neighborhood of 15,000, of which 5000 were deaths, 
with only 7000, mostly of the less severely wounded, remaining 
in the hands of the British.

FIRST BRITISH MASKS

Realizing the fatal effects that might follow a second attack, 
Lord Kitchener made a dramatic appeal to the women of Eng
land and France to furnish cotton pads as masks. So quickly  
were these furnished that within forty-eight hours the greater 
part of the front line in the area exposed to attack had the crude 
protection formed by those pads when dipped in sodium bi
carbonate and hypo solution. These pads were insanitary, 
the solution was often misplaced, and the same individual 
seldom got the same pad twice.

This was followed a little later b y  the black veil respirator, 
in which a larger pad was tied over the face. Some glycerol 
was added, and the solution lasted longer.

It was reported about this time that the Germans had been 
seen in a gas attack with hoods pulled completely over their 
heads. This gave rise to what is known as the P. H. helmet. 
T h at is simply a sack made of two thicknesses of flannel cloth 
with two celluloid eyepieces. It was hot, stuffy, and irritating. 
However, it furnished fair protection and was all that was avail
able until the small box respirator, the model f@r all American- 
made masks, came into use between April and October 1916. 
This development in the mask situation is thus given at con
siderable length because of the vital bearing it had on the whole 
later history of chemical warfare.

As indicated above, the death rate in the first gas attack was 
probably in the neighborhood of 35 per cent of all casualties—  
and everybody in front of the wave was a casualty. W ith the 
development of masks and methods of training in the use of the 
mask and in taking advantage of the ground, the cieath rate fell. 
A t  the same time the total number of casualties fell, but not at 
all in the same ratio as the decrease in the death rate. From a  
probable death rate of 35 per cent in the first attack it fell to  
24 per cent, then to 18 per cent, and, as gas attacks b y artillery 
became general, to 6 per cent, and finally with the extended use 
of mustard gas the rate fell to 2.5 per cent or less. In the mean
time phosgene, five times as deadly as chlorine, had been intro
duced. Tear gases that forced the wearing of the mask, and thus 
wore out the physical vigor of the man, came into general use. 
In 1917 mustard was introduced and a little later the famous 
German sneezing gas which added to the discomfort and diffi
culty of protection, by penetrating every mask in common use 
throughout the war.

DIPHENYLCHLORARSINE AND THE CONNELL MASK

And right here is an interesting story. T o  the average Amer
ican who served in France, sneezing gas is only a type of the many 
failures the Germans made in the war. The gas was looked 
upon with more or less contempt, and yet it  had, and still has, 
enormous possibilities. This diphenylchlorarsine, or sneezing 
gas, is twice as deadly as phosgene. Being a smoke or dust it

A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  12,  N o .  5
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penetrated all masks that depended upon the absorption of gases 
by charcoal and soda-lime granules as readily as bird shot will 
trickle through a lot of large-sized broken stone, and in the same 
manner. It can be kept out only b y  filters of paper or other 
materials.

Realizing the possibilities of this gas early in the spring of 1918 
those of us in the laboratory and in the field charged with protect
ing American troops had one of the most anxious periods of our 
lives. W e worked with great haste to develop a filter— and this, 
first developed by the British and later perfected by the two 
nations working together, was put into production in April 
1918. I t  took the form of a complete outer covering for the 
canister that carries the charcoal and chemicals. It added 
greatly to the breathing resistance, already unduly high. Never
theless 200,000 were ordered and the majority manufactured, 
while complete specifications for making them were cabled to 
the United States and manufacture begun here.

A t the same time the Connell mask, the work of an American 
doctor, was perfected. This mask had a new type canister which 
inclosed a paper filter that would completely filter out the di- 
phenylchlorarsine. Tw o hundred thousand of these canisters 
were also made. This Connell mask is one of the great achieve
ments of the war, and something of which I  shall have more to 
say later. Fortunately the German never succeeded in getting 
over enough of the diphenylchlorarsine to be dangerous. A t  
the time of our feverish haste in developing this means of pro
tection, we knew how it could be gotten over in quantities that  
would be terribly dangerous if we could work out the mechanical 
means of doing so. A ll of this was communicated to the United 
States as rapidly as possible, and work pushed here both in getting 
protection against the diphenylchlorarsine and in developing 
methods of getting it over. W e hoped to beat the German, 
and we did, and I think that is one of the reasons why he quit 
when he did. There were other reasons, of course, such as Colonel 
Wm. H. Walker’s hundreds of tons of mustard gas.

MUSTARD GAS
Starting the use of mustard gas in July 1917, the German 

had the fiendish glee of noting its effect and the number of casual
ties caused b y  it for nearly eleven months before he tasted a dose 
of his own medicine. H e told his men that it would win the war, 
that the Allies had no defense against it, since it burned the body 
through the clothing as readily as it burned the lungs and the 
eyes. H e told his men that the Allies could not produce it, and 
in a very large measure he was right. M ustard gas not only 
produced a tremendous number of casualties, but caused methods 
of protection to be adopted that w'ere a terrible burden to trans
portation and a nightmare of discomfort to those using them. 
The oiled gas-proof suits might be fine for Turkish baths in hot 
weather, but they were brutal when serving guns in the heat of 
battle.

Then, too, the Allies had not developed a production of the 
two ingredients necessary for manufacturing mustard gas by the 
German method— the only one known prior to the war. While 
this discovery was a severe blow in the beginning, it turned out 
eventually to be an extremely fortunate thing for the Allies, 
as it forced them to develop the now well-known sulfur mono
chloride method. This in turn enabled them to build up a pro
duction that must have been perfectly appalling to the German. 
Th at he had some general knowledge of our capacity for manu
facturing gas we must assume as certain. W e who served in the 
battle zone through the war got so much information of what 
was going on in Germany that we knew it was impossible that 
he was not getting a great deal of the same information from our 
own country. This information had to be sorted and studied 
and factors of truth applied, but practice enabled this to be done 
fairly closely.

f i r s t  a l l i e d  u s e  o f  m u s t a r d ,  g a s — The French first^fired 
mustard gas against the Germans in the Marne salient about 
June 18, 1918. From that time the amount of mustard gas

fired by the Allies steadily increased, though neither the British 
nor the American manufacturing capacity was developed quickly 
enough to get it into the field in noticeable quantities. B u t the 
German must have known it was coming. His men had been 
told the power of mustard gas and dreaded it. When he found 
it coming back in greater quantities than he sent it over, he had 
a problem in the psychology of training that he never fully solved. 
He had taken so much pains to impress his men with the power 
of mustard gas that he never succeeded in getting them to look 
upon it as only one of the incidents of war, and one that, while it  
causcd many casualties, would not necessarily be fatal to his 
campaign.

M ustard gas made a radical change in methods of fighting 
— not alone with gas, but with other implements of war as 
well. I t  forced a change in the mask which the Americans, 
with open minds and no binding precedents to bother them, 
were the first to grasp. T he wearing of the mask changed from 
short periods with everybody quiet to long periods in which men 
had to fight and do their other tasks. Comfort in the mask 
became all-important. This to the American spelled the doom 
of the mouthpiece and noseclip, so that we, in France, began 
work on this problem as early as November 1917.

You have all read accounts of gas attacks, where the gas was 
always referred to as a cloud. This arises from the fact that 
gas was first let loose in large quantities from cylinders placed 
close together. The rapid expansion of liquid chlorine and other 
liquid gases into true gases caused condensation of vapor, and 
thus formed the well-knowTn cloud. A t a later date certain smokes, 
such as tin tetrachloride, were added, because the smoke was 
irritating and penetrated the early masks in the same manner 
as diphenylchlorarsine penetrated the later masks.

It was not long until the screening value of the cloud formed 
b y gas began to be appreciated. It  was felt th at these or similar 
clouds might be used to screen attacking troops, and enable them 
to get close to the enemy. This, of course, was not a new idea, 
but the practical use of the smoke cloud on the field of battle 
was brought home to those encountering it in gas attacks.

The German after a considerable time hit upon the scheme of 
generating a non-poisonous smoke cloud and throwing his at
tacking troops upon the Allies while the latter were wearing the 
mask. This proved highly successful at first since the English 
had been taught upon the approach of a gas cloud to adjust their 
masks and stop all movement. W ith the coming of mustard 
gas the formation of a cloud during a gas attack was found not 
necessary— in fact the absence of a cloud had some distinct ad
vantages. I t  made the presence of the gas less easy to detect, 
and that is one of the reasons w hy the British in the first mustard 
gas attack in July 1917 thought it was only the ordinary "strafing”  
of the German. Accordingly they simply took refuge in their 
trenches and dugouts without putting on their masks, or taking 
any other precautions against gas. They paid no attention to the 
pungent smell of the mustard gas, since it caused no discomfort. 
W e can realize the amazement and the extreme anxiety of the 
officers and medical men and the Chemical Warfare Service 
when a few hours later men began to go temporarily blind, to 
get pains in their chests, and to cough, and as the numbers 
ill rose to hundreds and then to thousands the British realized 
that a new form of gas had been sprung upon them. Gathering 
a few duds they rushed them to the field laboratory, 40 or 50 
miles away, and soon knew what the substance was, but what 
the final effects on the men would be was not then known. Severe 
bums showed on many parts of the body. The eyes in many cases 
were closed for five to fifteen days. A  certain percentage of the 
men died, whether from the effects on the lungs or from the bums 
was not known. A ll this happened just as the British were pre
paring for their heavy and long-continued attacks against Ypres.

I  tell you this in order that you can imagine a little of the feel
ings of the fellow in the field charged with the responsibility of 
protecting armies from the enemy’s gas, and for developing
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means for successfully counter-attacking the German with his 
own gases. It is no disparagement of the British nor of anyone 
else to say that they held up the date of their attack for two weeks 
pending further investigations into the effects of this new gas 
that had little or no smell, no immediate effects, and that burned 
the body inside and out, thereby producing casualties that later 
figures showed to be not less than fourteen times as great as 
were produced by all methods of gas warfare previously known.

NEED OF AMERICAN LABORATORY IN FRANCE

W e Americans then began to call for American chemists and 
an American laboratory to be located in France, where we could 
get some immediate emergency work done on such problems 
as mustard gas presented. W e never expected to establish in 
France any considerable research laboratory. W e felt that this 
could be done better in the United States. But we felt, and in 
this our judgment was sound, that with a reasonable laboratory 
equipment and a few of the ablest chemists and research men 
actually on the field in France, we could learn vastly more quickly 
and better the problems that had to be encountered, and possibly 
something of the methods for meeting those problems.

An idea that was probably in the minds of many was voiced 
by a certain officer who made a trip early in 1918 to France and 
to the front. He said, ‘ ‘You don’t  need a laboratory here. 
All you need to do is to state your problems to us in the United 
States and we will work them out.”  He forgot that stating a  
problem is often half solving it, and perhaps more— that to dis
cover and properly state that problem requires greater ability  
and maturity of thought than its actual solution. A  great deal 
of your research is done b y  students while working for their de
grees, but the man who lays out the work and supervises it is the 
ablest you can get.

Tw o short reports of six and two pages, respectively, written 
by Prof. G. N . Lewis, of the University of California, in the last 
days of March during the progress of the great German drive 
against the English, in which he was caught, brought these facts 
forcibly home to me. He came to me in France as an able chem
ist, or as one young doctor put it, "one of the best physical chem
ists in the world.” Our laboratory was then just arriving. W hat 
to do with him was a question. I sent him to an English Gas 
Defense School to ieam that side of training. He was put in 
with the Canadians, where he had the fine experience of making 
his way back for forty miles during the English retreat from that 
terrible onslaught of the Germans starting March 21, 1918. 
His two little reports above mentioned showed a military grasp 
of the situation that I had not expected from a professor of 
chemistry. They showed that he realized the powers and possi
bilities of gas, and had the true winning spirit: that the offensive 
spirit, the spirit that knows that victories are won not by sitting 
still but b y vigorous offensives.

W e were then sorely in need of a man to take charge of training 
the entire American Arm y in methods of wearing the mask and 
otherwise protecting themselves from the enemy’s gas. Pro
fessor Lewis was promptly made assistant on this work and 
three weeks later put in entire charge. And he made a tre
mendous success of it. I need only add that this demonstrates 
the value of having some of the ablest men at the front. A  less 
able man, without a wide knowledge of men, materials and 
affairs, would not have grasped the significance of the use of 
gas in that battle as Professor Lewis grasped it, or have been 
able to take up and devise methods of training and apply them 
to meet future gas attacks.

W hat gas did in the World War is such an absorbing topic, 
and is of such importance that I could talk to you for hours—  
but I won’t. It almost won the war for the Germans in the 
huge drive above referred to. It caused 75,000 of the 275,000 
casualties that American troops suffered on the field of battle, 
and yet the German used it in a halting and comparatively feeble 
manner. I t  is fortunate indeed for us that he never used it on

the scale that he might have, had he realized its value and could 
he have gotten the production of gases that we were getting when 
the war closed. ,

SMOKE

Chemical warfare includes gas, smoke, and incendiary materials 
and they can’t well be subdivided. As before stated, all the 
early gas attacks were in the form of clouds. T he value of that 
cloud, not only for carrying gas, but for screening purposes, 
began to be realized in the fall of 1917. Clouds of smoke may 
or m ay not be poisonous and they will or will not be poisonous, 
at the will of the one producing the smoke. For that reason 
every cloud of smoke in the future must be looked upon as possi
bly containing some deadly form of gas. When you consider 
this for a moment, you can realize the tremendous possibilities 
for ingenuity that gas and smoke afford the attacker.

- The American, trained for 300 years in meeting nature on her 
great plains and in her vast forests, was early appealed to b y  this 
side of chemical warfare. As early as November 3, 1917, the 
United States was urged, in a cablegram from the Chemical 
Warfare Service in France, to push the development of a large 
phosphorus supply for use as smokes. N o t only were the early 
intuitions of the value of gas borne out by later events, but to
day the future of smoke appears greater still. The battlefield 
of the future will be covered with smoke— not the all-pervading 
black smoke of the battles of the Civil W ar and of earlier wars 
before smokeless powder came into use, but a field covered with 
dots and patches of smoke, big and-little, here and there, and 
everywhere.

Every man who has hunted ducks and been caught in a dense 
fog with ducks quacking all around, and who has tried to get 
ducks by firing at the quack in the fog can realize the difficulty 
of hitting a man on the battlefield when you cannot see him and 
have only a quack, or less, by which to locate him. The smoke 
will be generated in candles or two- or three-pound cans that can 
be thrown out in front of trenches; by knapsacks that can be 
carried and which will give off dense white smoke in large volume 
for many minutes; b y  grenades which while they m ay be thrown 
b y hand will generally be fired from rifles; by artillery shells 
reaching 10, 15, 20 miles back of the main battle line; and finally 
from aeroplane bombs whose radius of action is limited only 
b y the size of the earth. And thus smoke becomes one of the  
great elements of wrar in the future. I t  is more or less wholly 
protective in its nature; but as it costs more and takes longer to  
train a man in the various problems involved in modern war 
than ever before in this history of the world, it  is worth while 
taking every precaution to protect him, once you have him 
trained.

INCENDIARY MATERIALS

Intimately associated with smoke are the incendiary materials. 
One of the best of all the smokes is that given off b y  burning 
white phosphorus, which is also an offensive agent of first-class 
power. T o  me, the bursting and burning of quantities of phos
phorus in the field is one of the most difficult situations in the 
world to imagine keeping cool in, and it certainly proved to be so, 
so far as the Germans were concerned, in the latter part of the 
war. This brings me to the point where I want to say a few 
words about the First Gas Regiment, organized originally as the 
30th Engineers.

FIRST GAS REGIMENT

“ W hat’s in a name?” is an expression known to every man, 
and often used. The First Gas Regiment, on the starting of the 
second battle of the Marne on July 18, 1918, realized what there 
is in a name. They were organized and known as the 30th Engi
neers. Now  the duties of engineers in war have been known, 
more or less, for scores of years. The two companies of the regi
ment were ready to put off a big projector gas attack, but General 
Foch’s counter-attack was launched one day too early. The  
General Staff immediately put the First Gas Regiment to work
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on the roads, because they were known as the 30th Engineers. 
Upon the earnest appeal of Colonel Atkisson, commanding the 
regiment, they were allowed to go forward and join the infantry 
in an attem pt to take machine, gun nests with burning phos
phorus and thermite shells fired from 4-inch Stokes mortars. 
Colonel Atkisson and his officers insisted strongly that they could 
do this if given a chance; no one outside the Chemical Warfare 
Service believed they could do it, but as the losses from German 
machine gunners were becoming exceedingly serious, they were 
given the chance, and they made good— so good, in fact, that the 
regiment got little chance to do anything else throughout the 
remainder of the war. They carried heavy 4-inch Stokes mor
tars, with their 25-pouud shells, for miles, and in many instances 
kept up with the attacking infantry.

The 4-inch Stokes mortar is a weapon developed by the British 
for trench warfare and one which they felt could not be used in 
open warfare. Y e t the boys of the First Gas Regiment carried 
these things and fought with them, and as one infantry officer 
recently told me, "they were certainly not afraid to go anywhere 
where they could be of use, whether it was in the front line trench, 
or in front of the front line trench”— and this last is no exag
geration. In at least one instance in the start of the battle of 
the Argonne, boys of the First Gas Regiment set up their Stokes 
mortars out in No M an’s Land to establish a smoke screen be
hind which the attacking infantry could move. But the First 
Gas Regiment never forgot the value of gas. On the few occasions 
that presented themselves they used gas and used it effectively.

Then, too, in order to -be in on every problem, they developed 
the use of high explosive in Livens projectors. This projector, 
I might say, is the simplest gun known, being a straight drawn 
steel tube closed at one end, and from 2 ft. 9 in. to 4 ft. in length. 
It fires a bomb carrying 30 lbs. of liquid gas or high explosive a 
distance of a mile— a distance that in the future will be increased 
to at least a mile and a half. T h ey were fired in large numbers 
simultaneously by being connected up with electric firing bat
teries, and were exceedingly effective, whether with high explosive 
or gas. Indeed they provided the method of gas attack most 
dreaded by the Germans.

For a moment just consider what was done at the attack on 
Lens in the spring of »9x8, an attack participated in by the first 
two companies of the First Gas Regiment. On that occasion 
2500 of these 60-lb. drums, filled with phosgene, were dropped 
on the enemy at one time, in the middle of the night. The con
centration of gas in such attacks is terrific, the detonation of the 
bursting bombs is terrifying, and the war proved that none but 
the most highly disciplined soldiers could stand up under the 
strain of these attacks. But projectors were difficult, slow, and 
laborious to install. Our efforts in those days, as they will be 
in the future, were to make these attacks mobile, much easier, 
and consequently of far greater frequency.

The Gas Regiment in the St. Mihiel battle fired on the Cote 
des Esparges one hundred of these high explosive bombs at the zero 
hour on the morning of the attack. That hill, famous for its 
strength through four years of struggle between the French and 
Germans, disappeared completely as an enemy strongpoint. 
Nothing remained but torn and broken barbed wire, bits of con
crete pill boxes and trenches filled with debris, and a few scattered 
fragments of clothing.

The gas troops will, in the future, handle all short-range methods 
of firing gas, smoke, or high explosive. They will deliver the 
greatest quantities of material possible up to ranges of a mile and 
a half or a mile and three-quarters. So effective and so efficient 
are these short-range methods of projection that the No Man’s 
Land of the future will be the width covered by these projectors 
and mortars. They can’t, and never will, compete with the 
artillery, where range and great accuracy are the most important 
factors. The efficiency of artillery gas shell, or artillery smoke or 
high explosive shell is only one-fifth that of the projector. Hence

for economy and efficiency the artillery will be used to fire gas, 
smoke, high explosive, and incendiary materials only at ranges 
beyond those reached b y the gas troops.

So greatly were these possibilities appreciated in the summer 
of 1918 that the number of gas troops authorized for use against 
the Germans was increased from 6 companies to 54. Back of 
all this, however, was the productive capacity of the United States 
which insured that those troops would be able to fight day and 
night, summer, winter, and fall until the war was over. No  
wonder the German quit— it was time, and he knew it.

COOPERATION OP CHEMISTS

Interesting as is this discussion of work of the Chemical 
Warfare in France, it must be dropped now to give a few moments 
to the discussion of the future relations of the Chemical W ar
fare Service with the chemists and the chemical industries of 

the United States.
T hat relation must be one of whole-hearted cooperation. The  

Chemical Warfare Service cannot be a success unless the chemists 
of America back it; unless they are willing to codperate with it 
as they did in the war. If they will do that, the United States 
need have no fear of any future struggles.

w o r k  d u r i n g  t h e  w a r — Neither the history of the World War 
nor, indeed, the history of any other war, shows such whole
hearted, enthusiastic cooperation of professional men as was 
shown by American chemists during the World War. Starting 
under Dr. Manning, of the Bureau of Mines, at the American 
University, and at numerous colleges and research institutions 
throughout the United States in February before the war began, 
the organization grew until the Research Division alone contained 
1200 technical men and 700 service assistants. Its work covered 
exhaustive research into over 4,000 different materials.

FUTURE RESEARCH IN THE CHEMICAL WARFARE SERVICE— The  
Government cannot afford, and we do not believe it would be 
advisable, to attempt an organization of even one-tenth of this 
size to operate in peace-times under the Chemical Warfare 
Service. The Chemical Warfare Service must maintain a small 
research organization. There will be certain lines of investiga
tion that can best be carried on there, or lines which no other 
institution desires to touch upon. The Chemical Warfare Ser
vice must have enough trained men to tell, at least tentatively, 
whether a new idea, a new substance, or a new method, can 
probably be successfully adapted to chemical warfare. This 
will involve, 111 large measure, a thorough understanding of mili
tary problems, military organization, and military methods. 
W e shall expect to be experts in that and to be ready at all times to 
take up any and every question that you, from the four corners 
of the United States, m ay submit to us. W e want your ideas—  
all of them. If something comes to us which has been proven 
impractical or impossible, we shall courteously tell you why the 
idea is unusable and will request you to submit others.

The thousand research men that are working throughout’ the 
United States as compared with every one that the Chemical 
Warfare Service can maintain will certainly bring forth 75 to 
90 per cent of all the new ideas, materials, and methods for use 
in chemical warfare. We hope that you will be able to make 
researches along certain definite lines that the War Department 
m ay ask you to pursue. W e hope that we shall be able to keep 
in such close touch, and work in such full cooperation with the 
chemical industries of the country that the magnificent plant 
at Edgewood Arsenal may soon be a thing of the past. W e do 
not believe the Government should attem pt to manufacture 
poisonous gases on a huge scale. M an y of these gases are now 
proving useful and even large factors in commercial processes. 
W e hope to keep in such touch with the various chemical indus
tries that we can count upon this one and that one all over the 
United States to produce within a given number of days on the 
outbreak of war, a given quantity of gases. W e believe that 
in this way we can build up, more quickly and to a greater ex
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tent than by any other method, the necessary large output of 
poisonous gases required in a war with a first-class power. 
When that time comes the great government plants will be 
abandoned. Our Edgewood plant should be capable for at least 
five years, with moderate upkeep, of being put into large-scale 
production without notice. B y  that time we hope to have 
worked out with the chemists, the research institutions, and the 
great chemical industries a plan for utilizing all chemical re
sources, men, and factories in less than 30 days after the out
break of war. W e believe that if this is done satisfactorily it 
Will be one of the greatest possible guarantees of future peace.

The universal adoption of gas warfare on sea and land and in 
the air, combined with its persistent quality, will make that 
nation able to produce and use gas in the largest quantity su
perior in war to any other nation on the globe. The United States 
can reach that position and maintain it, and I believe that we 
are going to get such encouragement from the W ar Department 
that we can do it. I  feel sure that the Army appreciates the 
value of chemical warfare, and that it appreciates also the value 
of the chemists to chemical warfare.

The German had forty years of chemical research and de
velopment before the war and he had over two years of swift 
chemical development in the war before the Americans started 
in. W ith a lack of foresight which I trust will never be evidenced 
again in America, we had done nothing to meet the chemical 
warfare activities of the Germans. We entered the war, then, 
in 1917, with as big a handicap as could be imagined, but through 
the energy and cooperation of the chemists, we not only, in 
1918, overcame that lead of forty years and more, but we sur
passed it, so that in the end we led Europe not alone in quantity 
of manufacture, but in research, in training, and in actual gas 
tactics on the field of battle.

The war taught us conclusively that what m ay be a tremendous 
success in the test-tube in the laboratory m ay be an utter failure 
in the field. Hydrocyanic acid gas, called "Vincennite” b y  the 
French, is a brilliant example. Instantly fatal in high concen
trations, it has almost no serious effects in concentrations ap
preciably below the fatal one. Hydrocyanic acid, being known 
to be so fatal, was at once seized upon by the Allies, and par
ticularly the French, as a great battle gas; and notwithstanding 
it was such a complete failure, there are even yet writers on 
chemical warfare and chemical matters who are not aware of 
the fact, as shown b y  the following quotation from a French 
writer on chemistry in the war. He stated that two French 
professors discovered a gas “ which produced instant mortal 
action, but which our chiefs, from an excess of humanitarian 
scruples, which were indeed superfluous, decided not to employ.”  
W hat an error! It was employed in hundreds of thousands, 
perhaps millions, of shells and the Germans thought so little of it  
that in a memorandum to the German armies they stated that 
the French gas, meaning Vincennite, was harmless, except in 
the concentrations in which the Germans themselves used it to 
kill vermin.

TRIBUTES TO INDIVIDUAL CHEMISTS

R ight here I want to say a few words of praise and apprecia
tion of the chemists who served with me in France. You all 
know pretty well the names of those who pointed the way to 
successful chemical warfare over here. Each of you knows of 
Walker and McPherson and their coworkers who created at  
Edgewood Arsenal the greatest chemical plant in the world.

Y ou all know of Burrell, Kohler, W . K . Lewis, Bancroft, 
Lamb and a score of others who made the American University 
the greatest research organization ever dreamed of.

You know of Dewey and his five and a quarter million Amer
ican-made masks; of Dorsey and his Development Division at 
Cleveland, and scores of others who did work equally as brilliant 
though in less prominent positions. But how many of you 
know the story of M ajor Karl Connell?

M ajor Connell was not a chemist by profession, but a physi
cian in New York City. Before the war he had won consider
able fame by inventing masks for administering anesthetics. 
As said before, he was not a chemist, but he had a large store of 
practical chemical knowledge. His name was handed to me in 
France as that of an energetic, able man who had served several 
years with the 71st Regiment, National Guard of N ew  York. 
I cabled for him, and he reported early in November 1917. 
I had intended to assign him to training; but when, in the first 
hour of our interview, I had elicited from him a statement as 
to his work on anesthesia, I showed him models of all masks in 
use by the Allies and the enemy and told him that we felt that 
we must eventually have a fighting mask; that while we had 
adopted the English mask this was simply because it was the best 
in existence and we believed in using what was available, though 
at the same time we also believed in starting investigations 
toward the ideal. After another hour’s work with these masks 
he said he believed he could make a new one embodying the 
principles of clear vision, comfort, ease of adjustment and fool
proofness— that is, a mask that would be easy to put on and 
difficult to disarrange and one that could be manufactured eco
nomically on a large scale.

I  sent him to Paris where in three weeks he produced the first 
model. Though it was crude he had faith enough in it to try  
it in a high concentration of chlorine. It leaked a little but the 
general result was so satisfactory that I sent him to England t °  
complete his work. I consider his first model a marvel, inasmuch 
as he did it in a strange city, speaking a language foreign to him, 
and working with- a tinsmith who knew no English. His work 

was continued in England under the most trying circumstances. 
Doubters and even scoffers called him everything but a genius 
and a wise man, but he persevered, and by the first of M arch  
1918 had produced the first all-American mask that was then, 
and is to-day, a complete protection against all known gases. 
It embodied the principles of the latest type American mask 
that was not perfected until nearly eight months later. Its  
principal features were pressed metal facepiece, sponge rubber 
to make a gastight fit between the face and the mask, a canister 
carried on the back of the head, the omission of the mouthpiece 
and noseclip, and the bringing of the inspired air over the eye
pieces so as to keep them clear.

Sent to the United States in July to take up the question of 
producing this mask, he was told that the sponge rubber could 
not be made successfully here and that a mask with a fabric 
facepiece was being developed which would be superior to his. 
H e dropped his own development and threw his whole soul into 
the problem of developing what is now the 1919 American mask, 
the finest mask in the world.

His reward?— no promotion, no medals, not even a citation—  
only the proud feeling of a man who did all that he could for the 
cause and who won the love and undying admiration of those 
who knew him as I knew him.

Then there was G . N . Lewis, of whom I have already spoken, 
Professor of Chemistry in the University of California, who 
stepped from the quiet of the university into the maelstrom of war 
in one of the greatest battles of history, and won in the Chemical 
Warfare Service a recognition of greatness equal to that which 
he possesses to-day in the field of chemistry.

Then there was Colonel Zanetti, a teacher of chemistry and a 
master of the French language, who reported to me in the middle 
of October 1917. Feeling the urgent need of closer contact with 
the French, he was at once assigned as Chemical Warfare Service 
Liaison Officer with them. He did a tremendous work in ce
menting cordial relations between the French and American 
Chemical Warfare Services and was allowed to delve deeper into 
French secrets than any other foreigner living.

Then there was Goss, of Princeton, young, energetic, with a  
considerable knowledge of the Arm y gained in the National 
Guard of N ew  Jersey. Arriving in France about the middle



M a y ,  1 92 0  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

of October he was assigned as Chemical Advisor and put to work 
coordinating the chemical information we were getting. N ot 
satisfied with doing only two or three men’s work, he proceeded 
to get into the field— in touch with the British, to hunt Germans 
in No M an's Land, and eventually to rise to be Chief Gas Officer 
of the Second Arm y and one of the best experts on chemical 

warfare.
There was Colonel Hildebrand, also of the University of Cali

fornia, who progressed so rapidly in the military application of 
chemical warfare problems that he was put in command of the 
Proving Ground and the American Arm y Gas School, a position 
he filled with the greatest credit to himself and to the United 

States.
Another was M ajor Keyes, of the Boston "Tech,” who got 

together in the United States, transported to France, and there 
put up and operated one of the finest laboratories in all Europe. 
The work of that laboratory was small in comparison with the 
work done in American University, but it was vital and would 
have become vastly more so had the war continued another year. 
The emergency problems in the field— such as the determination 
of when the chemicals in the canisters were destroyed, and the 
opening and determining of the contents of new gas shells— were 

problems looming bigger and bigger all the time.
Then there was M ajor Pope, a  chemical engineer, whose re

port on the impossibility of our manufacturing gases in France 
was timely, correct, and vital. Up to that time certain persons 
contended that Americans must manufacture their gas in France 
and must fill their shells there. His lucid report on the impossi
bility of doing that work stopped all such talk and kept the 
United States from embarking on an impossibility.

There were many others in the field and in the laboratory or 
on the proving ground who did all that man could do in their 
positions and thus contributed powerfully to winning the war. 
Among them I want to mention just one more name— that of 
Captain J. E. Mills, of the First Gas Regiment. Joining that 
regiment in the United States, he was among the first to reach 
France. Given many opportunities to go into the laboratory 
or on duty at headquarters, he always begged to stay with the 
regiment. He stayed there even to his own detriment, so 
far as promotion was concerned.

He was one of the mainstays of Colonel Atkisson in all his work, 
giving his entire strength and very nearly his life to the cause. 
In his loyalty to the regiment regardless of danger and hard
ships when even more important work under pleasanter condi
tions was offered him, he typified the best in American manhood. 
All honor to him and to the unsung thousands like him who 
suffered and risked all that “ Liberty might not perish from the 
earth.”

FUTURE OF CHEMICAL WARFARE

The future of chemical warfare has been pretty well indicated 
by what has been here said in regard to its use in the past war 
and its possibilities as the Chemical Warfare Service sees it. 
Gas is too deadly, too dangerous, too easy to develop and pro
duce in secret for any nation to afford to give it up.

There have been many stories of super-gases invented in 
America or elsewhere, that even in small quantities would 
wipe out whole armies. N o such gas was produced in the war. 
No such gas will be produced. A  gas may be discovered that 
will penetrate existing masks, and unless mask development be 
such as to stop the gas, the result will be disastrous to the army 
encountering it. It  is the business of the Gas Defense side of 
chemical warfare to prevent just such conditions. It  met and 
solved all such problems in the past war, and I have no doubt 
that it will meet and solve such problems in the future. If it 
can’t, we are lost— lost, because, while I have the greatest faith 
in human nature, I would not risk the lust for power and wealth 
that the future United States might engender in other peoples 
if the latter felt they had a substance that could wipe out our

Armies as fast as they approached. T h at all the world is feeling 
this way about chemical warfare is indicated by the following 
quotations. The first one is from a statement of the Under
secretary of War for England, when appealing to Parliament 
for funds to carry on chemical warfare. H e said, in part:

So long as there is any danger of other nations continuing 
these methods of warfare, research and experiment in chemical 
warfare must be pursued. Research must not only be directed 
towards the gases and apparatus likely to be employed in the 
future, but also towards protection against all possible gases. 
Training in the use of gas will be confined to appropriate branches, 
but training in defensive measures will include the whole army.

We must continue our studies of what is known as chemical 
warfare. N o nation has renounced the use of poison gases 
as the result of the Peace Conference. There are nations whose 
word we could not respect if they did renounce it. It is essential 
to study the offensive side of the chemical warfare if we are to  
be prepared for defense. The great importance of adequate 
defensive appliances arises from the fact that preparations for 
the offensive use of gas can be made in peace-time with great 
secrecy, and m ay have far-reaching and even fatal results in the 
early stages of a war.

...............For these reasons it is necessary to make adequate
provision for research, experiment, and design in connection with 
war material. I t  is equally necessary to avoid overlap, duplica
tion of effort, and the setting up of military institutions for 
scientific research which can better be done by existing civil 
institutions. It  is our policy to farm out to civil scientific 
institutions all pure research that can profitably be farmed out, 
and, generally speaking, to restrict military institutions to ap
plied research and the preliminary design of apparatus.

Another quotation is taken from a statement b y  General 
Debeney, Director of the French College of War. This state
ment first appeared in the United States in the March 20 issue 
of the Pittsburgh Dispatch. Among other things General Debeney 

said:
Should war begin now, aviation, and especially gas, would 

play one of the most important parts. The progress of aviation 
would make the rear of each front, and very far in rear, extremely 
dangerous, and the progress of chemistry would permit the use 
of gas on zones of such an extent as cannot be imagined.

M aking gas is naturally rapidly done, because all the manu- 
facturies of chemical products— still so numerous in Germany 
— can be requisitioned, but to make airplanes is much slower.

The defense against gas seems to be more difficult than against 
airplanes. I believe that against airplanes, the anti-aircraft 
artillery is susceptible of making rapid progress, and perhaps 
in that very instance gas will be one of the best ways, if with ap
propriate shells the air can be poisoned all around the attacking 
airplanes. I t  would be much more effective to create, for ex
ample, a sphere of poisoned air a mile around the airplane, in
stead of trying to hit the machine directly with bits of the shell.

Finally, the following statement, taken from the Des M oines 
Register of March 22, 1920, probably expresses about as well 
as any words I have yet seen the position that I believe the aver
age man in the United States takes regarding chemical warfare.

As to poison gas, we would as well accustom ourselves to the 
thought that it is now a permanent and important part of war. 
T o get hot about that is as futile as to scold the men who in
vented gunpowder, and is on the same plane. I t  is ridiculous 
to declaim about the incidentals of war while ignoring the truth 
that war itself is the enemy. If America ever again "draws the 
sword,” to use an expression that shows the difference between 
war of yesterday and war of to-day, America will go in with as 
much reliance on gas shells as her antagonist can possibly have. 
N obody in the military councils at Washington or W est Point 
even dreams of anything else. And if America does not add a 
few refinements to the use of gas it  will be because American wit 
and ingenuity have broken down, which isn’t likely.

VICTO RY AND IT S  R E SPO N SIBILITIES  

B y Charles H . Herty 

E d i t o r ,  J o u r n a l  o f  I n d u s t r i a l  a n d  E n o i n b b k i n o  C h e m i s t r y

A  half decade ago the common lament among men of our ilk 
was that the science we represent and its applications were not 
appreciated b y  our fellow-citizens. W e had grown accustomed 
to and accepted as almost ineradicable the popular conception
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of the chemist as a long-haired, bespectacled individual per
forming some mysterious magic in a carefully secluded work
shop. W e fretted over the grotesquely distorted reportorial 
accounts in the press of any matter pertaining to chemistry and 
our eyes looked in vain for intelligent and sympathetic dis
cussion of the chemist’s work on the editorial pages of the 
American press. Salaries were inordinately low and the general 
atmosphere surrounding the profession was such as to repel 
rather than attract the students in our universities.

To-day that state of affairs no longer exists, the American 
chemist has come into his own. Chemistry is on the lips of 
everyone, the real personality of the chemist is understood and 
his work is appreciated at its true value. A  victory has been 
won— a victory over public opinion. W hat are the evidences 
of that victory?

In the offices of the S o c i e t y ’s  News Service are thousands of 
newspaper clippings, the number mounting daily, from every 
section of the country. The clippings from the news columns 
show reasonably scientific accuracy, combined with an approved 
popular style of presentation which makes them readable for 
the masses of our people, while those from the editorial pages 
show a sound and far-sighted grasp of matters chemical.

In the bookshops there are large sales of popular books on 
■chemistry. M en like Ellwood Hendrick and Edward Slosson 
have made splendid contributions. In the Senate gallery lately 
I  happened to be sitting in the section just above the desk of 
Senator Knox of Pennsylvania. During the "morning hour”  
while a multitude of minor measures were being considered. I 
observed the Senator deeply engrossed in reading a book. W hat 
book do you suppose it was? N ot a work on international law, 
as might have been expected— no, it was Dr. Slosson’s book, 
"Creative Chemistry,” and the Senator was so delighted that he 
needs must share his pleasure, so he took the book to Senator 
M eN ary, evidently with a warm recommendation, for the 
Senator from Oregon immediately wrote a memorandum of the 
title and the publisher. Could that have happened five years 

ago?
Another evidence is the matter of salaries paid young chemists. 

T he head of one of the greatest research laboratories of the 
country told me just a few days ago that two years ago men just 
graduated from colleges with the Bachelor’s Degree were paid 
$18 per week. In that same laboratory they are now paid $34.

Five years ago but little was heard of industrial chemical 
research. Now the number of laboratories devoted to such 
work is legion and constantly increasing. Empiricism in in
dustry is steadily giving way to scientific control and develop
ment.

But undoubtedly the strongest evidence of victory won is the 
sympathetic attitude of the present Congress toward all measures 
affecting the chemist and his work. I am a thorough believer 
in the idea that our Congress is truly representative of our 
people and its present friendly disposition has its roots in a 
similar feeling on the part of the "folks at home.”

Five measures affect favorably our work one of which is now 
a  law; the other four have been passeo by the House of Rep
resentatives and are now before the Senate, three with favorable 
reports from Senate Committees and one doubtless soon to 
receive an equally favorable report.

Th at measure which is now a law is the N ati >nal Prohibition 
Act. In view of the past uniform policy of including 0 visit to a 
brewery in the list of plant excursions at our Gin.-r:il Meetings 
some of you may be taking exception to the ment:on o' this act 
as one affecting favorably the work of the chemist. In t vplana- 
tion, however, let me ask how many of you are aware of the 
wording of the title of this act? Here it is: "A n act to prohibit
intoxicating beverages, and to regulate the manufacture, pro
duction, use and sale of high-proof spirits for other than beverage 
purposes, and to insure an ample supply of alcohol and promote

its use in scientific research and in the development of fuel, 
dye and other lawful industries.” T h at title is the mandate of 
Congress to the Bureau of Internal Revenue in framing its rules 
and regulations for the carrying out of the act. And the Bureau 
has faithfully carried out the expressed purpose of Congress. 
Both the Congress and the Internal Revenue Bureau have 
leaned toward the chemical industries in the drafting of the 
law and in the administrative procedure thereunder. Tax-free 
"alcohol may be withdrawn * * * for the use of any
scientific university or college of learning, any laboratory for 
use exclusively in scientific research, or for use in any hospital 
or sanatorium.” Pharmaceutical and medicinal manufacturers 
have been aided b y  a modification of the act of 1906 which 
defined tax-free denatured alcohol to be such as "destroys its 
character as a beverage and renders it unfit for liquid medicinal 
purposes.” The present act requires only that the denaturing 
"render the alcohol or any compound in which it is authorized 
to be. used unfit for use as an intoxicating beverage.” Previously 
certain formulas for denaturing were set up by the Govern
ment and the manufacturer had to utilize whichever of these 
most nearly suited his needs. Now, however, if a manufacturer 
finds no suitable formula for denaturing he can demand such 
from the Government. Surely chemists have abundant grounds 
to be thankful that Congress in drafting this legislation which 
gave the knock-out blow to alcohol as a beverage nevertheless 
kept clearly and sympathetically in mind the importance of 
alcohol as a chemical reagent. A  copy of Regulation No. 61 
of the Bureau of Internal Revenue of the Treasury Department 
should be on the desk of every chemist.

Then there is the Longworth Bill for the safeguarding of our 
coal-tar chemical industry. Y ou are familiar with its details 
and you thoroughly understand the character and the source 
of the opposition it has met. I shall never forget the look of 
consternation on the faces of two of the leaders of the German 
dye industry last October when during a conference there was 
brought into the room a copy of the Frankfurter Naclirichten 
containing the announcement that the Longworth Bill had 
passed the House of Representatives. T h at news told them 
clearly that the American people were determined to make 
themselves forever independent of any foreign nation for such 
supplies, and it required no superhuman effort for them to guess 
which particular nation was in mind. Their gloom, however, 
was somewhat lightened when I explained to them that the bill 
had still to pass the Senate. Will it pass that body? I have 
always believed so, and in confirmation of that belief let me 
read to you an extract from a telegram I received from Sena
tor Watson, in charge of the bill, just before leaving New  
York:

I earnestly hope for the passage of the dyestuffs bill as re
ported from the committee. A  widespread propaganda is being 
engaged in by opponents but I feel sure that the measure that 
passes the Senate will fully protect the American dye industry 
and thereby give an impetus to industrial and engineering chemis
try in America.

But this was not all of Senator W atson’s telegram, he adds: 

Trust aho that the bill for the protection of surgical instru
ments and chemical glassware will soon become a law in order to 
stimulate an additional interest in these subjects in the minds of 
the American youth, particularly those who attend our colleges.
I assure you I am doing everything in m y power to secure the 
enactment of these measures.

(Signed) J a s .  E. W a t s o n

Plainly the Senator is in complete accord with the Council of 
this S o c i e t y  which voted in favor of the repeal of the duty-free 
importation clause and which unanimously recognized in this 
privilege a most dangerous channel for insidious propaganda 
among those who some day will constitute the chemical personnel 
of this country. The Bacharach Bill has a deep significance for 

chemistry.
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Another measure affecting directly the work of the chemist is 
the Nolan Bill, which seeks to strengthen the forces and increase 
the activities of the Patent Office. For years it was impossible 
to arouse public interest in this matter, but a few weeks ago a 
public hearing was held on this bill. The result was its speedy 
appearance on the House calendar with a favorable committee 
report. Its passage b y  the House with only one dissenting vote 
is a fitting example of the cordial attitude of the Congress.

Of deepest importance, however, is the feeling in Congress 
toward the Chemical - Warfare Service. In the face of the 
minimizing efforts of those highest in authority in the War 
Department, the House of Representatives has already voted  
that this Service shall be an independent unit in the new army. 
The bill is now being debated in the Senate, and the Senate 
Committee on M ilitary Affairs has taken an even stronger 
attitude in behalf of the Service than did the House. Just 
three days ago I  received the following telegram from Senator 
James W. Wadsworth, Jr., chairman of the Senate Committee 
on M ilitary Affairs.

You know, of course, that the Arm y Reorganization Bill already 
passed by the House of Representatives provides for the main
tenance of a separate Chemical Warfare Service in the War D e
partment. T he Senate Bill now under discussion in the Senate 
also provides for a separate Chemical Warfare Service. The  
Senate Committee on M ilitary Affairs was thoroughly convinced 
that the Chemical Warfare Service was of such vast importance 
that it should be allowed to develop its possibilities under its 
own officers and with the invaluable assistance of the chemists 
of the country rather than be merged in some other service of 
the Arm y in which it would inevitably occupy a secondary posi
tion out of all proportion to its real importance. In view of the 
action of the House of Representatives and similar action by the 
Senate Committee it is fair to assume that the legislation when 
finally completed will provide for a separate Chemical Warfare 
Service.

(S ig n e d )  J a m e s  W . W a d s w o r t h , J r .

The future of the Chemical Warfare Service is assured. Let 
us in turn respond to this action of the Congress and give to 
that Service that loyal support which will insure America’s 
leading the world in chemical warfare.

There is only one regret in this situation, the removal of M ajor  
General Sibert from the head command of the Chemical War
fare Service. This action by the authorities of the War De
partment was a distinct shock to the country. As an aggressive 
organizer of that Service, General Sibert had won the high 
regard and affection of the members of the Service and of civilian 
chemists. He had been unwilling to avail himself of the privilege 
of retirement at will, granted by Congress in appreciation of his 
work on the Panama Canal, and had determined to remain on 
active duty until the future of the Chemical Warfare Service was 
fully assured in the reorganization of the Army b y  Congress. 
From the outset he advocated fearlessly and convincingly the 
continuation of the Service as an independent unit of the Army, 
and his views prevailed, though they were in marked opposition 
to his superiors in the W ar Department. And he paid the 
price, and was removed from the head of the Service. Now  
comes the news of his voluntary retirement. A  man who played 
so conspicuous a part in the construction of the Panama Canal, 
and who assured to this country the future of the Chemical 
Warfare Service can well afford to rest upon his laurels. He 
will carry with him always the best of good wishes from the 

chemists of America.
It was fortunate that the only logical successor of General 

Sibert was L t. Col. Amos A . Fries, whose work as head of this 
Service with the American Expeditionary Force had demon
strated his fine ability and proved him thoroughly equipped for 
this important position.

W ith such evidences of victory over public opinion before us, 
the question naturally arises: How has this been accom
plished? It  is needless to say that war activities in the past 
few years have brought the chemist to the attention of our 
entire people. Upon the successful outcome of investigations

and their translation into large-scale production depended the  
lives of our soldiers and the task was worthily met. Then, too, 
the revelation in the early days of the war of our economic 
dependence in the matter of dyes and medicináis, of chemical 
glassware, of optical glass, chemical porcelain, and of scientific 
instruments cut deep into the very life of many of our most 
important industries. Dependence does not belong to the 
American make-up, and the speed with which this dependence 
was removed both as to quality and quantity of output made a 
story of amazing wonder. B u t it was necessary that that story 
be told and told in language that could be understood in order 
that the work should receive due recognition. Here it is that the 
chemist has worked a revolution within himself.

There was a time when the chemist felt that it was 110 business 
of his that interpretation of his work should be given in every
day language. His concern was with the day’s work in the  
laboratory and there his responsibilities ended. So, too, he felt 
that as an organized group he was not called upon to express an 
opinion on matters of chemical economics. I  remember well a t  
the Council Meeting in Seattle in 1915 when the suggestion was  
made that this S o c i e t y  should urge legislation which would 
insure a domestic dye industry there was so much opposition 
to the S o c i e t y ’s  so expressing itself, on the ground that it was 
an economic rather than a chemical question, that the matter 
was laid over until the following day. Fortunately the tide 
turned at that time and vigorous resolutions were passed which 
marked the beginning of the fight for an American industry.

Since that day this matter of interpretation of chemistry to the 
public has gone forward by leaps and bounds. Believing that we 
ourselves were responsible for the neglect on the part of the daily 
press, prominent chemists made up their minds to meet the press 
half way, and by their personal efforts furnish material which 
reporters could make into attractive stories for their papers. 
This material was greedily accepted by the press. Still there was 
a lack and this was filled by securing the services of an experienced 
newspaper man, M r. John Walker Harrington, who worked daily  
with the chemist in this matter of interpretation. The officers 
of the S o c i e t y  realized that the question of public education 
as to the real meaning of chemistry to the nation was essentially 
a function of this S o c i e t y .  Funds have been appropriated in 
steadily increasing amounts as the work has progressed. The  
details of the operation of this News Service have been eagerly 
sought by representative organizations here and in other lands. 
The success of the work is due solely to the one fundamental 
thought that we have striven to promote nothing but the welfare 
of our country through a better comprehension of chemistry. 
In an autocracy such as Germany was, chemistry was fostered 
by its ruler. In a democracy such as America is, we are seeking 
to foster chemistry through popular education and upon this 

sure foundation it will last.

Another form of public education which is developing is that 
of public addresses b y  chemists to non-technical audiences. 
I was deeply interested a few weeks ago in reading in a New  
York paper a lengthy account of an address b y our former 
President, Dr. Julius Stieglitz, before the Fashion Art League 
of America and the Alliance of A rt and Industry on the subject 
of "T h e American D ye Industry.” Those who know Dr. 
Stieglitz’s delightful method of presentation can readily under
stand the pleasure and profit o f his hearers, but m y chief pleasure 
lay in the fact that Dr. Stieglitz in the midst of his busy life 
found time and had the disposition to make such an address. 
He has set an example which should be followed by each of us.

Another powerful factor in public education as to chemistry 
has been the National Exposition of Chemical Industries. 
Originating amid predictions of failure, it soon demonstrated 
its useful public function. In that Exposition the chemist has 
taken the public into his confidence and furnished the opportunity 
for public inspection, not only of the products of the industry but
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of the crude natural resources from which and the machinery 
b y  which these products are manufactured. The character 
of the attendance at these annual expositions is illustrative 
of the widespread interest in chemistry and of the eagerness 
with which people will listen to the story of the chemist when 
it  is attractively told.

W hat have been the results of this victory over public opinion?
Capital has been attracted to the chemical field in constantly 

increasing quantities. According to the statistics of the New  
York Journal of Commerce the authorized capital of new chemical, 
drug, and dye companies during the past five years was as fol
lows:

191 5 ........................................  S 65,565,000
191 6 ........................................  99,244,000
191 7 ........................................... 146,160,000
191 8 ........................................  73,403,000
191 9 ........................................... 112,173,000

while the total for the first three months of 1920 is $60,188,000. 
This great influx of capital has increased the demand for chemists 
and with this has come increased remuneration for the chemists’ 
services. These conditions have attracted chemistry students 
in numbers which five years ago w ould have been incredible. 
The chief result of this victory, however, is the increased prestige 
which the chemist has gained. The legitimate feeling of gratifica
tion over such an outcome is not based upon complacent self- 
satisfaction but upon increased opportunity which is afforded 
for further service.

Such a victory as has been won carries with it distinct and 
increased responsibilities. It  would be a mere platitude to say 
to you, fellow chemists, that this new atmosphere brings to 
each of us inspiring cause for even more earnest effort. W hat 
I do want to leave in your minds is that in such a sympathetic 
atmosphere men can work with hope and freshened zeal, in the 
feeling that their work is being recognized in its true significance. 
I need not say more about this, because I think we all grasp 
that point. But, gentlemen, as we work in our laboratories 
we must show that same spirit of originality, of fearless willing
ness to break into new lines, to open new paths, that characterized 
the spirits of our pioneer forefathers. The old fetish of a certain 
foreign superiority in chemical matters is gone. America’s 
day is coming! America’s day in chemistry is coming, but it is 
not yet here in its full realization. The one responsibility that 
I want to bring home to you to-day is that of carrying on still 
further this question of public education. I t  is the same story 
I  have just been talking about. I have painted the rosy side 
of the picture, but there is much yet to be done. We can’t 
be satisfied and feel that our work is thoroughly understood in 
this country when two such institutions as Cornell University 
and the Massachusetts Institute of Technology formulate plans 
and offer the facilities of their laboratories, their equipment and 
their staffs, to the W ar Department, and have the War Depart
ment write back: "W e don’t need any chemistry in this matter
(referring to preparations for war).” Y e t that is exactly what 
happened in the spring of 1917. Of course, soon afterwards 
they woke up, and then began a general scramble. Now is the 
time for education and general understanding of chemistry to be 
completed.

In a much more recent time than three years ago when we 
went into the war, even within the past six months, there has 
been put forward by the Secretary of W ar a proposal to build 
a great engineering school down in the woods of Virginia, a 
twenty million dollar institution, and send down there graduates 
of W est Point, who have had fourteen weeks of chemistry, give 
them a year’s training, and let them do the research work for 
our Arm y in all the problems of chemistry which pertain to 
warfare. You laugh, but that is to m y mind one of the most 
suggestive of thoughts, that so intelligent a man as the Secretary 
should have, a t the close of this war, such a hazy idea of what it 
takes to make a research chemist, and should seriously make that

proposal. And General March says we don’t need any Chemical 
Warfare Service, because there isn’t  going to be any more 
chemical warfare. Those are the gentlemen at the head of the 
W ar Department. I  don’t know whether they are educated 
yet. General Sibert and Colonel Fries have gone strongly the 
other way and put this thing right, anyway it looks now as if 
it  is right. T h at is the situation to-day in spite of five years of 
education.

W e talk about chemistry being prolific around New York City. 
There are hundreds of chemical industries there, and 2,000 
chemists in the N ew  York Local Section, and rafts of them over 
on the Jersey flats, yet when the mayor of that great city  ap
pointed his Committee on Defense and announced that he was 
putting on it representatives of all the interests centered in and 
around N ew  Y ork there wasn’t a chemist within a mile of it. 
A  little while later the governor of N ew  York appointed another 
war committee consisting of representatives of the various in
dustries. I  went through the list carefully to find out which 
one of the boys was on the committee, and I am still looking 
for him.

W ith all that has been said in the papers, in the magazines, 
before committees of Congress, in both the Senate and the 
House, in spite of the fact that the President of the United 
States has twice selected a certain specific industry— the coal-tar 
chemical industry— and urged upon Congress favorable legis
lation in its behalf, there was introduced in Congress on the 
opening day of the session of last year, a bill to protect further 
that industry, and that bill is not yet a law!

Public opinion is not so organized, not so active in behalf of 
chemical matters that it  will immediately spring up and react 
favorably upon Congress. W hat happened the other day when 
the Appropriations Committee of the House brought in a report 
cutting the items of the Bureau of Foreign and Domestic Com
merce, cutting out the commercial attachés, and limiting the 
work of the Bureau? W hat happened? W ithin twenty-four 
hours business organizations in every section of the country 
were pouring telegrams and sending committees into Wash
ington, and that appropriation went back to normal size, and 
passed. T h at is what organized sentiment can do. In marked 
contrast was the action of Congress in severely cutting the 
appropriations requested b y  the Bureau of Standards, whereby 
the splendid work of that important scientific bureau will be 
badly hampered in the future. Scientific men have not rallied, 
as did the business organizations, to the support of that bureau 
which contributes so much to their interests. I  believe that 
Congress represents and desires to represent the people of this 
country, and yet an industry which has such tremendous rami
fications and deep-seated significance to this country from so 
many standpoints, as testified to by men in the Arm y, in the 
N avy, in the Administration, and b y  workers outside of the 
industry itself, waits restively for the passage b y the Senate 
of a bill which has been favorably reported by Republicans and 
Democrats alike with no trace of partisanship about the measure. 
W hy has not this bill become a law? Because public opinion 
hasn’t  awakened.

One other matter— at the National Exposition of Chemical 
Industries there have been shown from year to year the results 
of the efforts of the railway companies to utilize more and more 
the chemist in making chemical surveys of natural resources; 
in other words, the chemists were doing the work of industrial 
agents. B u t right now those laboratories are closed. An  
officer of one of the railroad companies stated recently that he 
doesn’t know whether they can ever get started again, that all 
records have been lost or destroyed, all specimens are gone. 
They have nothing to exhibit at this year’s Exposition. When 
an important movement like that can be completely wiped off 
the boards we haven’t yet taught our people fully what chemistry 
means to them.
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Here is another thing. When the expedition was being 
assembled to go to Paris to represent America in the formulation 
of the Peace Treaty there were brought together men from nearly 
every line of American effort. They were going to negotiate 
a peace with a nation which was primarily a nation of chemists, 
whose work was so well known to all, for the lack of whose 
chemical material we had suffered in this country in the early 
days of the war— and yet, how were the chemists of the country 
represented on that mission? I don't know M r. Summers 
personally. He has never been a member of the A m erican  
C h e m i c a l  S o c ie ty . H e has never been at our meetings. He 
has never published any articles in chemistry journals. He 
was first heard of down in Washington representing chemical 
matters on the War Industries Board. W e do know him some
what and somewhat unfavorably in connection with our platinum  
conservation program for munitions manufacture. M r. M ac- 
Dowell I know and am personally very fond of, but he doesn't 
pose as an organic chemist. He is in the fertilizer business, 
but he isn’t a chemist and doesn’t profess to be. As days went 
along, in came M r. Baruch. H e’s been a lot of things, but I  
never heard him called a chemist. I wrote a little squib once 
in the J o u r n a l ,  about a new use for the ultramicroscope: to 
find among the members of the Peace Commission someone who 
knew anything about chemistry. W ith the exception of Alonzo 
E. Taylor, a food chemist, I stick to that statement. If public 
education as to chemistry had been further advanced such 
a situation could not have arisen.

Our work affects the national security. It is up to us to make 
sacrifices, to answer the call df that man right there, the Chief 
of the Chemical Warfare Service, Colonel Fries, whom we hope 
soon to call again General Fries, it is up to us to meet him 
quick with the best we’ve got. It  isn’t his work, it ’s America’s 
work, and the chemists of America must meet that responsibility 
in every way. I want to quote the words of one of the most 
prominent industrial dye chemists in Germany, a remark made 
to a group of members of the Inter-Allied Commission which 
visited Germany soon after the armistice. Some of you met 
him over here at the Eighth International Congress, Dr. Duis- 
berg. Speaking about the Peace Commissioners in Paris, he said 
in words to this effect: "T h ey are going to make a hard treaty
for us. W e have got to accept it. Y ou  beat us on production 
in this war, but we are going to beat you on production in the 
next war.”  “ In the next war”— that is our responsibility to 
this country.

And then remember this. Before the W ays and Means Com
mittee in Washington last spring Mr. Francis P. Garvan, the 
Alien Property Custodian, was testifying in behalf of the Ameri
can dye industry. I t  was just a few days after the first dirigible 
came to this country from the other side. Mr. Garvan drew a 
graphic picture of what might be expected within a few years, 
outlining the possibility of a type of enemy dirigible carrying 
poisonous gases, flying across the ocean, and wiping out the 
city of N ew  York in a few minutes. Some said he was over
stating the danger. And yet Colonel Wm. N . Hensley, Jr., of 
the Air Service, gave out only the other day a statement 
made public b y  the W ar Department regarding the scheduled 
plan of the Germans for Thanksgiving D ay, 1918. I ’ll read it:

* * * the German effort was scheduled to take place about 
Thanksgiving D ay, 1918, and that the L-72, which he described 
as the "largest airship in the world,” was expressly constructed 
for the raid, measuring 775 feet from tip to tip and equipped 
with six engines of 260 horsepower each. The L-72 was capable 
of carrying five tons of high explosives and incendiary 
material.

Action for every hour and minute of the trip was foreseen. 
E very possible contingency of weather, fuel exhaustion, damage 
to} ship or machinery failure had been reckoned. Weather 
charts of the Atlantic were gathered, files of the German 
Adm iralty were combed and the records of the merchant 
marine were searched.

That was on the schedule for the latter part of November 
1918, fortunately just two weeks after the armistice was signed. 
Mr. Garvan spoke of a possibility, but it has now been disclosed 
that it was a positive intent scheduled in every detail. The  
Germans had already planned for this conquest.

Now I want to say a word to you about this same gentleman, 
M r. Francis P. Garvan. I think he is the strongest ally that the 
chemists of this country have. It  has been m y good fortune in 
an unofficial capacity to be associated with him for the last three 
years while he was Assistant Alien Property Custodian, and 
later Alien Property Custodian, in working out the ramifications 
of this German network of intrigue, and as president of the 
Chemical Foundation, in straightening out this patent tangle 
which has troubled us so much. I  received this telegram from 
him last night:

Please convey to the members of the A m e r i c a n  C h e m i c a l  
S o c i e t y  m y sincere appreciation of the great work performed b y  
them in the recent war. This war was essentially a chemists’ 
war andjthe initiative, energy, and self-sacrifice on the part of 
the chemists of this country was, I  feel sure, more than any other 
one thing responsible for the success of America. As a result 
of this victory the responsibilities of the American chemists have 
become increasingly greater. W e now look to them to make 
America the leader of this industry in the world. W e expect 
them to excel all other countries in the development of explo
sives, gases, and the other things necessary in warfare. We 
expect them to lead the world in the development in industrial 
chemistry so that the commercial supremacy of our country can 
be assured. W e expect them to excel the Germans in the manu
facture of dyestuffs so that never again will America have to de
pend upon Germany or any other country for these most impor
tant products. A  great responsibility rests upon the chemists 
of this country. Long and patient research work and the build
ing of more plants will be necessary so that the American chem
ists can fulfill the obligations which now rest upon them, responsi
bilities of our victory in the recent war. The American people 
are alive to and sympathetic with the work of the chemists of 
this country. I for one believe that within a very short period 
America will lead the world in chemical research work. W e are 
only a short w ay from that goal now. I want to see America 
the greatest chemical and dyestuff country in the world and I 
know that every member of your S o c i e t y  does too.

(Signed) F r a n c i s  P. G a r v a n

Now, gentlemen, I want to read finally one extract in further 
introduction to you of the personality of M r. Garvan. I t  is 
the conclusion of his testimony before the Senate Finance Com 
mittee. I do this because there is a thought in it which to m y mind 
is one of the most inspiring which has been brought forward by  

. a public man, at least as affecting our work.

Gentlemen, Dr. Albert and Bernstorff reported to their govern
ment that America could never establish the dye and pharma
ceutical industry in this country, as we lacked the moral power 
for the creation of such an industry; that her each party pursued 
its own selfish interests, but nobody kept the whole in m ind; 
that this problem could only be solved through regard for all 
points of view, and that the conflicting selfishness of this country 
rendered that solution impossible. Wrong: wrong; as ever, 
wrong! Let them await the answer of American patriotism, 
American sacrifice, and American ability.

W e felt that we would like to be a part in the taking of the 
forces of science developed by them— which they have only 
turned to the desolation and destruction of mankind— and 
placing them in the hands of what we believe to be a higher and 
purer civilization, to see if we cannot, out of the terrible mess of 
this war, do something constructive with these same scientific 
forces, do something to direct them into the channels of allevia
tion and helpfulness to humanity. I t  is only to give American 
principles and character a chance that we ask you to hold these 
people off until we get our education. Then we can meet them  
without any tariff.

T o  m y mind that puts the goal before us. T h at elevates our 
work far above mere commercialism. W hat in the world does 
it mean to make dyes, to make sulfuric acid, to make caustic 
soda? W e need them, they are a part of our civilization, and the 
men who are in the industry are entitled to a just return, but, 
m y fellow chemists, there is a higher mission ahead of us. I t  is
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foreseen in Mr. Garvan’s statement, though he ij not a chemist. 
These other things must of course be done and done well, but, 
oh, m y friends, the chemistry of the body is too little known. 
Think about the fact that the body is a mass of chemical re
actions, which when normal mean life, and health, and happiness, 
but when abnormal signify disease and misery and unhappiness. 
Y e t these are simply chemical changes. This country is spending 
millions of dollars for drugs on the bare chance that they may 
happen to be the right thing. W e must get these matters on a 
scientific basis. W e must get deeper into the knowledge of 
how these drugs act. It will take time, and a tremendous 
amount of research, but surely the goal of American chemists 
is a noble one, if it can start toward the attainment of the allevia
tion of the suffering of America. W hat lies beyond that we do 
not know, perhaps a prolongation of the average life of man
kind, perhaps more happiness through life. There is something 
deeper in our work than mere commercialism. I am talking 
about industrial chemistry now, too. I don’t  know exactly 
what it is. I can’t yet get m y thoughts clear about it, but 
down in m y heart I believe that when our people thoroughly 
understand what we are trying to do, and are thoroughly 
sympathetic with our aims and aspirations, when full oppor
tunity is given for the highest energy and effort of American 
chemists, somewhere in that science to which we devote our 
lives will be found that which is uplifting to life in every way.

C O LLO ID  S Y M P O S IU M

SOME PRACTICAL APPLICATIONS OF COLLOIDAL CHEM ISTRY  

B y Jerome Alexander

R i d g e f i e l d , C o n n e c t i c u t

" c o l l o id a l ”  FUEL

W hat promises to be one of the most far-reaching advances 
made under the stress of the recent war, when necessity literally 
was the mother of invention, is the discovery that by means of a 
suitable "fixateur” or peptizing agent and suitable treatment, 
very large percentages of cheap tars and finely powdered coal 
waste m ay be dispersed in fuel oil with a sufficient degree of 
permanence to enable the mixture to be stored, piped, atomized, 
and burned practically like fuel oil itself. Since this new com
posite fuel will at one stroke relieve the drain on the earth’s 
rapidly diminishing stores of petroleum, as well as lead to the- 
efficient utilization of all kinds of coal waste (culm, screenings, 
dust), inferior fuels (peat, lignite), and even cellulose waste 
(slabs, sawdust), it m ay be hailed as a powerful factor in the 
conservation of our natural resources and a lasting benefit to 
mankind.

Realizing the vital importance of the Allies’ oil supply in the 
conduct of naval, military, and manufacturing operations, the 
German submarines bent every effort to destroy tankers; and 
Marshal Foch is said to have cabled America: " If you don’t
keep up your petroleum service, we shall lose the war.” While 
the Allies’ navies were dealing with this peril in a most decisive 
fashion, Lindon W. Bates, head of the Engineering Committee 
of the Submarine Defense Association, with the assistance in 
laboratory matters of Dr. S. E. Sheppard and other chemists 
of the Eastman Kodak Laboratory, courteously opened to him, 
developed a colloidal fuel, which, by practically doubling the 
usefulness of every oil cargo, would have of itself materially 
assisted the defeat of the Hun efforts.

Coal or other combustible solid is prepared for dispersion by  
being pulverized so that about 95 per cent passes through a 
100-mesh, and 85 per cent through a 200-mesh screen. This 
of course means that by far the greatest weight is in particles 
hundreds and thousands of times larger than colloidal dimensions. 
B u t we should remember that the violent motion of the colloidal

particles causes the Brownian movement of much larger particles, 
as is the case in milk where the fat globules can be seen in the  
ultramicroscope oscillating about under the ceaseless bombard
ment of the casein ultramicrons. I t  has been found that a fluid 
fuel may be made containing as much as 40 per cent b y  weight 
of powdered coal, and mobile pastes containing up to about 
75 per cent; and mobile gels may be made both from the liquid 
and the pastes.

The exact nature of the fixateur is withheld pending the 
issuance of patents here or abroad, but it is stated that ordinarily 
between 0.5 and 1.5 per cent of the essential component of the 
fixateur is used, whereas about 0.1 per cent exercises a noticeable 
influence. The amount is determined by the nature of the 
mixture, the components, and the degree of permanence desired. 
The bulk of the particles does not begin to settle until the period 
of "life” has passed, the colloidal fuel having a limited "life”  
which may be regulated to meet requirements— days for power 
plants, weeks and months for ocean-going vessels and central 
storage stations. H eat and agitation revivify the liquid fuel, 
and the paste form may be kept for years.

Being heavier than oil or even water, colloidal fuel compresses 
in a unit volume the maximum thermal value, thus economizing 
storage space; and it may be stored under and extinguished by  
water, thus avoiding evaporation, deterioration, and fire risk. 
Its operative efficiency is high, for when sprayed into the hot 
fire box the oil-permeated particles of carbonaceous matter are 
still further atomized by the sudden gasification of their imbibed 
oil. It  possesses the advantages of fuel oil over coal— absence 
of smoke, dust, and ash, practical elimination of labor in loading 
into storage space and in firing, w ith resultant saving in time for 
"coaling” and for raising steam. As with oil, a protective 
smoke screen m ay readily be produced by over-firing, and the 
fire is subject to instant control.

SMOKES

While it is an ancient principle of strategy to attack an enemy 
under cover of natural fog or mist, the recent war resulted in an 
enormous development of artificial smokes as aids to naval and 
military offensive and defensive operations. Like the cuttle
fish, steamers strove to escape pursuing submarines in colloidal 
clouds of their own making, and soldiers crept to the attack  
under the protection of a smoke barrage. In the air, nature’s 
own clouds were favorite hiding places for aeroplanes and dirigi
bles, and the latter (especially Zeppelins) often produced their 

own concealing clouds.
In times of peace the treatment of smokes and fumes is mostly 

confined to their coagulation by the Cottrell process, by which 
sulfuric acid mist or zinc oxide fumes have been collected as 
part of the ordinary course of operations, and by which injurious 
industrial dusts, i . e., smelter and cement fumes, have been con
verted into sources of profit. There is, however, one case of the 
commercial production and utilization of smoke that possesses 
features of interest— the use of the so-called “ smudge-pot.”

Smudge-pots are burned in orchards, especially in spring or 
early summer, when weather conditions indicate that the tender 
blossoms or fruit are apt to be injured by frost. The heat 
emitted by the pots is apparently a small factor, their efficacy 
being due to the dense clouds of smoke evolved by the burning 
smudge oil. This remedy is of course useless in very cold 
weather, and serves only to prevent what agriculturists term a 
light frost, which has for its precursors a still, clear atmosphere, 
and a temperature approximating the freezing point. N o frost of 
this kind occurs on cloudy or windy nights.

The freezing process, in the absence of smoke, seems to proceed 
as follows: as the temperature drops, moisture deposits like dew 
upon leaves, fruit, buds, and other surfaces furnishing nuclei, and 
congeals into ice crystals or “ frost,” when the slight heat thus 
set free b y condensation is dissipated into the surrounding cold 
atmosphere, the freezing being also facilitated b y the evapora
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tion of part of the deposited water. The smoke, however, 
furnishes throughout the entire lower atmosphere innumerable 
nuclei for the deposition of moisture, and the slight but widely 
distributed heat thus liberated is sufficient to carry the tem
perature, locally, above the freezing point. Moisture on such 
small nuclei does not readily evaporate, and the smoke fog 
furthermore forms a kind of protective blanket which reflects 
terrestrial heat and prevents its dissipation.

SHOWER-PROOFING OF FABRICS

Ordinary textile fabrics are readily wet by rain, but if coated 
with a surface film of wax or the like (aluminum stearate), 
the falling droplets roll off "like water off a duck’s back.”  This 
water-proofing effect is readily understood if we consider the 
interfacial surface tensions involved:

1— Surface tension w a ter/a ir, denoted by  ffWA
2— Surface tension w ater/fab ric , denoted by <rWP
3—Surface tension a ir/fab ric , denoted by  crAF

Practically speaking, the surface attraction of the untreated 
fabric for water is so great («. e., <r\VF is so small1) that both 
the surface film or skin of the raindrop and the air film on the 
fabric arc burst; the raindrop spreads itself out on the fabric, 
and is absorbed into its pores. T h at is, wetting occurs if 

trWF <<rWA 4- o-AF or <*WA><rWF.—  crAF.

In the case of the treated fabric, j W F  is very much increased; 
becoming in fact the surface tension water/wax, for surface 
tension is only skin-deep. Therefore o-WF><r\VA +  <rAF 
or <rWA <oAVF —  o A F  and no wetting takes place.

FLOTATION

The understanding of what happens in flotation will be much 
simplified, if we bear in mind that, notwithstanding the presence 
of many disturbing and variable factors, there are two main 
triphasic systems involved. These are;

1— Ore/water/oil, from which the true ore (usually a sulfide) 
must emerge with a film of oil which enables it to be taken up 
b y the air bubbles and thus floated with the froth, while the 
gangue is wetted and flowed off at a lower level.

2— Air/water/oil, which yields the bubbles to float the oiled 
sulfide.

Denoting
1— Surface tension w ater/o il by  erWO
2— Surface ten s’on oil/sulfide by crOS
3— Surface tension w ater/su lfide  by ct\VS

the oil will then distribute itself over the interface water/sulfide 

(t. e., the sulfide will be oiled) if <rOS O W O  +  uWS or <r\VO> 
•crOS —  <rWS.

In the second system denoting

1—Surface tension w a te r /a ir  by <rWA
2—Surface tension  w ater/o il by  £7WO
3— Surface tension a ir/o il by  <jAO

the oil or some of its constituents distribute themselves at 
the interface water/air because

<rWA><rWO +  <rAO 
75 23 33 (approximate values).

This yields air bubbles with a more or less stable surface film, 
i. e., a foam or froth. This film is miscible with the oil film 

•on the sulfide, although not necessarily identical with it, because 
there may be a separation of the constituents of the oil by  
differential adsorption. The oiled sulfide particles therefore 
act like oil, and, distributing themselves at the interface water/ 
air, are attached to the air bubbles and lifted to the upper froth 
layer, if they are not too heavy or are not knocked off.

In the foregoing no account has been taken of complicating 
factors which arc always present and while space will not

1 I t  should be borne in m ind th a t  the  surface tension decreases, as the 
a ttra c tio n  between the  phases increases. In  fact, when the  positive surface 
•tension in a  tw o-phase system  becomes zero, solution m ay tak e  place.

permit an exhaustive discussion of them and their results, the 
most important will be considered.1

WATER— Here are found dissolved air, crystalloids, and 
colloids. The dissolved air aids in bubble formation b y  re
ducing the internal pressure of the water. For the most part 
the crystalloids, especially acid electrolytes, act beneficially, 
being adsorbed by and coagulating the fine slimes, clay, etc., which 
then tend to repel the flotation oil, recalling the old-fashioned 
household expedient of moistening the mouth and throat with 
orange or lemon juice before taking castor oil, and thus avoiding 
the taste. Some electrolytes, especially alkalies (i . e., N a2COj) 
in small percentages, are powerful deflocculators, and by reducing 
the surface tension water/oil and water/sulfide tend to emulsify 
the oil, wet the sulfide and deflocculate the slimes. Humic 
substances, especially when converted into alkali salts, and 
protective colloids generally, act in like manner— the injurious 
effects of glue are well known. Colloidal clay or very fine 
gangue act similarly— "fa t” clays will emulsify oils, coal tar, and 

asphalt.

ORE— Outside of soluble impurities which dissolve in the 
water, the fineness of grinding is most important. The gangue 
should be fine enough to flow off, but not so fine as to cause the 
undesirable effects just referred to above. If the sulfide particles 
are too large, the air bubbles cannot lift them, or they are easily 
knocked off; if they are too small, there is a great loss in effi
ciency, for the surface of the bubbles m ay be satisfied by a layer 
of small particles which represents a small weight of sulfide.* 
The results may also be adversely affected b y  the surface oxida
tion of the sulfide.

o i l — This is deserving of the most intensive study, since it is 
the factor most readily controlled. Moreover, the great and 
sudden development of the art of flotation has turned the various 
oil markets topsy-turvy, necessitating a constant search for 
new oils or combinations not only from financial considerations, 
but also because of actual shortage in the supply. Since condi
tions are different at each plant, and since different lots of ore 
even from the same mine may vary, a careful study is necessary 
to determine what oil or mixture is best, and also to know how 
to meet changing conditions. Particularly useful will be a 
determination of the foam-producing factor as opposed to the 

sulfide-oiling factor.
LUBRICATION

The consumption of petroleum is increasing so rapidly that a 
material decrease in the supply, if not actual exhaustion, lurks 
in the not far distant future. W. B. Hardy in a trenchant 
paper3 has shown that we may with confidence look to colloid 
chemistry to aid us in finding the lubricants or the future.

Glass surfaces selectively adsorb from the air rather more of the 
atmospheric impurities than of the elementary gases and water 
vapor, yielding a film about 1 ^  (i X  io ~ 7 cm.) thick, which 
Lord Rayleigh termed "grease” because it has the general 
properties of an oil.4 For this reason a new or raw glass surface 
has different mechanical properties than a satisfied or neutral 

surface.
It is not possible to get a raw surface5 of glass. One cannot 

cleave glass; but the "grease” film may be removed by rubbing 
the surface under water. Soaking is insufficient; actual vigorous

1 M echanical agita tion  and  tem pera tu re  exercise considerable influence. 
Callow estim ated th a t with four different oils, three  oil percentages, tw o pulp 
densities, and tw o tem peratu re  changes, there  are ab o u t 60,000 possible 
different com binations of conditions.

2 The layer of tiny  adhering ore particles forms an arm adillo-like arm or 
abou t the  a ir bubbles, which to  a  large ex ten t p ro tec ts  them  from  coales
cence and destruction .

* J .  Soc. Chem. l7 id .,3 S  (1919), It.
* This adsorbed layer of “ grease” tends to  m ake p ipettes and bu re ttes  

deliver inaccurately , so analy sts  rem ove it by oxidation with bichrom ate.
* Raw  surfaces are readily  m ade by cleaving mica, and if im m ediately 

p u t together again, they  adhere so strongly th a t  they  w ithstand  a powerful 
la te ra l pull, and  usually te a r the  surface when finally separated . IJ. A.]
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rubbing is necessary, preferably with the finger tips until a pe
culiar clinging feeling is produced: the same which is felt when 
the edge of a finger bowl is rubbed so as to give out a musical 
note. A  surface cleaned in this w ay has some remarkable me
chanical properties, the most striking being that two cleaned 
surfaces seize when pressed together with a relatively small 
force. This may be demonstrated very simply by measuring the 
tangential force needed to produce slipping. Th at true seizing 
occurs is proved by the tearing of the surfaces which takes place 
in the act of slipping.

The function of lubricants is to keep the applied surfaces in 
the neutral condition by maintaining a "grease” film on each. 
N o t all fluids, however, can act in this sense as lubricants for 
any particular surface such as that of glass. Water, ether, al
cohol, benzene, and strong ammonia are apparently entirely in
capable of maintaining a lubricating film on glass. Seizing 
occurs just as readily when they are present as it does with cleaned 
surfaces. Glycerol differs from the fluids mentioned above in 
the fact that though it will not maintain a lubricating film it 
does prevent seizing when present in excess. For instance, the 
maximal tangential force which a pair of cleaned surfaces would 
support without slipping was measured in grams, 55. Flooding 
the surfaces with water, benzene, alcohol, etc., left this value un
changed. When a film of glycerol was deposited on the surfaces 
the force still stood at 55, but it fell to 9 when the surfaces were 
fully flooded with glycerol.

The expression "film” used above denotes a layer of fluid 
on the solid surface of the order 10-7 cm. in thickness. W ith  
a true lubricant the facility for slipping is maximal when a 
layer of such excessive tenuity separates the solid faces and 
nothing is gained b y  increasing the thickness of the layer. 
Thus with castor oil the weight required just to start one face 
of glass slipping over another was 10 g. when only the invisible 
film of fluid mentioned above was present, and it was still 10 
g. when the surfaces were flooded with oil.

Some fluids indeed seem to lubricate better in thin than in 
thick layers; that is to say, to act in the contrary way to glycerol. 
Acids as a class behave in this way, the solid faces again being of 
glass.

P ui.1, i n  G r a m s

F h . m  K l o o d i j d

Acetic acid ......................... 40 47
Sulfuric ac id ...................... 37 47
Oleic acid ...........................  10 13

If this result can be fully substantiated it will be an important 
and striking physical fact likely, to throw much light upon the 
process of lubrication. One broad conclusion emerges from these 
facts, namely, that lubrication depends wholly upon the chemical 
constitution of a fluid, and the fact that the true lubricant is 
able to render slipping easy when a film of only about one mole
cule deep is present on the solid faces, suggests that the true 
lubricant is always a fluid which is adsorbed by the solid face. 
If this be so, then the problem of lubrication is merely a special 
problem of colloid physics.

Some solids, notably graphite, are lubricants themselves. 
But the chief function of graphite seems to be as an aid to 
lubrication b y  oil. The graphite is disintegrated in the bearing 
and besides filling up relatively large imperfections, its colloidal 
particles are adsorbed by the iron, forming in reality a graphite 
surface which has a lower surface tension against oil than iron 
has. Practically this means that the oil film adheres more 
strongly to the graphitized surface and therefore needs greater 
force or pressure to break it down; t. e., the bearing will stand 
greater speed and pressure. Acheson’s "oildag” consists of a 
paste of colloidal graphite dispersed in oil. A  small percentage 
is mixed with the lubricating oil and feeds with it through the 
finest orifices. "Aquadag” is the corresponding water-soluble 
product, stabilized with tannin.

CERAMIC PROCESSES ASSO CIATED W ITH COLLOID  
PH EN O M EN A 1

By A. V. Blelninger
P i t t s b u r g h ,  P e n n s y l v a n i a

This paper is intended to present some of the aspects of colloid 
chemistry which have a bearing upon the technology of clays. 
Within the scope of this contribution it  is not possible to consider 

* Published by  permission of th e  D irector of the  B ureau of S tandards.

the subject at all completely and attention can be called only 
to certain of the more important topics.

Clays are mixtures of finely divided hydrated aluminum 
silicates with granular matter such as quartz, feldspar, mica, etc. 
These represent all grades of subdivision, from the coarsest to  
the finest. The property of plasticity, the ability of the sub
stance to be molded when admixed with water and to retain the 
shape imparted to it, is to be attributed to the dispersed state  
of the aluminum silicates, principally Al2O3.2SiO2.2H2O, known 
under the general term of clay substance. The pure type  
mineral, known as kaolinite, sometimes found in crystalline form, 
rarely occurs in clays but has usually been reduced to particles 
apparently devoid of crystalline structure, of the magnitude of 
5(i or smaller, admixed with colloidal material like ferric oxide 
and organic matter and frequently strained by absorbed salts. 
Clays are not necessarily plastic in the natural state but m ay  
have been indurated b y  pressure or heat, or set through other 
agencies so they cannot be made plastic without the aid of 
grinding. This is particularly the case with materials consisting; 
of hydrated silicates other than Al2O3.2SiO2.2H2O, such as- 
halloysite, pyrophylite, indianite, etc.

The colloidal character of clays was recognized as early as; 
1874 by Schloesing1 and later more definitely by Rohland2 and 
Cushman,3 and it was agreed that a clay is very plastic, fat or 
sticky when the colloid matter is in excess or sandy; weak or 
non-plastic if the granular matter predominates.

The colloidal characteristics of clays are substantiated most 
effectively by ultramicroscopic examination. Recent work of 
Jerome Alexander1 has shown that the Brownian movement is 
observed with practically every type of clay suspended in water, 
varying from the rapid motion of the finest particles to the more 
sluggish one of the larger particles or aggregates or when hampered 
by the presence of electrolytes.

CLAY SUSPENSIONS

C lay suspensions in the deflocculated state when filtered 
through paper will show decided turbidity in the filtrate. Again, 
such a suspension, after the coarser portion has been allowed to 
settle out, will give rise to the familiar phenomenon of the 
Tyndall cone upon passing light through it.

C lay suspensions are affected in a very pronounced manner b y  
various reagents, both electrolytes and non-electrolytes. Prob
ably the first striking phenomenon observed in this respect is 
that of absorption. Upon adding solutions of salts like N H (C 1, 
B aC l2, A l2(SO<)3, and C11SO1, an appreciable amount of the 
basic ion is absorbed but practically none of the acid ion. Thus 
Sullivan6 found that 1 g. kaolin absorbed between 0.0038 and 
0.0169 g. of CuO from 50 cc. of a solution containing 2 g. of 
CuSOi, but was itself slightly dissolved. Cushman6 found the 
absorption of N H ( from NH<C1 to be 0.077, of B a from B aC l2 

to be 0.373, ancl of A 1 from AlaCSO^ to be 0.075 per cent after  
standing three days and using 0.1 N  solutions.

Deeply colored solutions of metallic salts may thus be de
colorized by passage through clay. Organic salt solutions like 
malachite green or methylene blue, consisting of large, complex 
molecules are absorbed to a very striking extent, and in fact 
Ashley7 employed the magnitude of absorption of the former 
as a measure of the colloid content or the plasticity of clay, 
using a solution containing 3 g. of the dye per liter. This type  
of absorption follows the general exponential equation with fair 
agreement.

‘ C om il. rend., 79 (1874), 376, 473.
* Z . anorg. Chcm., S I (1902), 158; 41 (1904), 325.
* Trans. A m . Ceram. Soc., 6, 65; B ureau of Chem istry, Bulletins 86  > 

(1904) and 92 (1905).
* P rivate  com m unication.
1 U. S. Geological Survey, Bulletin  312.
* B ureau of C hem istry, Bulletin  92,
1 U . S. Geological Survey, Bulletin  S88; B ureau of S tandards, Techno 

logic Paper *J.
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Salts as a class tend to coagulate clay while bases deflocculate 
it, as is common with all dispersed materials. This type of 
reaction is of considerable technical importance. Thus the 
action of N aOH , N a2C 0 3 or N a2Si0 3 in increasing the dispersion 
of the clay particles brings about a decided decrease in the 
viscosity of the system and, hence, according to Stokes’ law 
makes possible a sharper and more prompt separation of the 
granular matter and the clay substance proper, a fact made use 
of in the washing and purification of kaolins, first proposed by  
Keppeler.1 The clay thus treated and separated must later be 
coagulated with acid or salts to render possible its filter pressing.

Another industrial application of the deflocculation of clays 
is connected with the so-called casting process in which the con
stituents of a porcelain or other ceramic body are stirred with  
water containing about 0.3 per cent of N a2CO j and N a2Si0 3 
in terms of the dry weight of the clay materials, to form a thick 
but still readily fluid suspension. Here the addition of the 
alkaline reagents is effective in reducing the water content 
required to keep the mass in the liquid condition. In fact, the 
amount of water present is not greater than that found in the 
same mixture in the plastic state without the use of the alkali. 
This phenomenon may be readily demonstrated b y  adding to a 
plastic mass of kaolin a small amount of N a2COa or NaOH . 
It  will be noted that the plastic material is suddenly transformed 
into the fluid state. Upon the addition of acid or a salt like 
Alj(SO<)j it will revert to the plastic condition, thus illustrating 
the effect of deflocculation and coagulation. In casting, the 
clay suspension is poured into a plaster mold which absorbs a 
sufficient amount of water to cause the mass to solidify into a 
layer conforming to the outlines of the mold.

On the other hand, coagulating reagents, acids, and salts are 
used to increase the plasticity and strength of certain clays and to 
thicken suspensions of glazes and enamels.

All the phenomena of deflocculation and coagulation occur in 
phases. Thus the addition of alkali to a clay suspension brings 
about first a decided viscosity minimum, followed by alternating 
maxima and minima until finally the phases merge in a definite 
direction. Similar conditions prevail also in a coagulation series 
with the phases in reverse sequence. Schulze’s statement 
that the coagulating ions apparently increase in effectiveness 
proportionately with their valence is confirmed in the work with 
clays. Certain organic substances like the tannins react upon 
clay suspensions somewhat like the alkalies, though with less 
sharply defined phases. They may also assume the function 
of a protective colloid in that they render the clay less sensitive 
to the action of electrolytes. Kaolin suspensions are easily 
affected b y  the presence of impurities, and impure clays con
taining soluble sulfates deflocculate only with difficulty or not 
at all.

The fluidity of clay suspensions is probably the best means of 
following changes taking place in clay-water systems and for 
this reason technical viscosimeters have been used frequently 
for the estimation of the deflocculating or coagulating effect of 
reagents. While this practice is perhaps justified for suspensions 
containing a large excess of water it is not warranted for heavier 
ones, and the criticism of Bingham2 that such mixtures show 
evidence of viscous flow is justified, since the volume of the flow 
varies directly as the pressure. It would seem then that vis
cosimeters of the Bingham type should be preferred for measure
ments of this kind even though the technical instruments suffice 
to mark the maxima and minima which it is necessary to estab
lish. However, even such determinations of the viscosity or its 
reciprocal, the fluidity, of clay suspensions suffice to establish the 
relative plasticity of different clays inasmuch as equal concentra
tions will show fluidities inversely proportional to the general 

plastic nature of the materials.
1 Z. angew. Chem., 22 (1909), 526; B ureau of S tandards, Technologic 

Paper 23; B ureau of M ines, Bulletin  128.
1 B ureau of S tandards, Scientific Paper 278.

One of the most interesting phenomena observed with clay 
suspensions is the electrical deposition of the particles by a 
direct current upon the positive electrode against the flow of 
water away from it. This is the basis of the invention of 
Schwerin for removing clay from positively charged particles 
(iron bearing minerals) and depositing the former upon a metallic 
belt or revolving drum. The addition of small amounts of 
sodium hydroxide increases apparently the charge of the clay  
particles and facilitates their deposition. As a matter of fact 
the separation is effected far more completely b y  previous 
washing treatment with the use of sodium hydroxide for bringing 
about maximum deflocculation. The principal application of the 
Schwerin process consists in the deposition of the material upon 
the moving positive electrode, thus replacing the filter press 
just as in the electro-osmose filtering apparatus devised by the 
same worker. It seems that the migration velocity is that 
of the heavier ions and that the voltage determines the degree 
to which water has been eliminated.

These several phenomena of clays in the suspended state have 
been explained as being due primarily to the negative charge 
of the clay particles, so that the introduction of negative or 
OH-ions will bring about further dispersion or deflocculation 
and that of H-ions coagulation. It is apparent, however, that 
the case is not one of mere electrostatic repulsion or attraction. 
The presence of salt solutions not only brings about a change of 
the charges on the particles or neutralization but also a host of 
possible and complex interactions more or less complete as, for 
instance, in the addition of sodium carbonate to a clay already 
carrying absorbed calcium ions, and hydrolysis. Ashley com
pares these reactions ■with those of soap in that in either case we 
are dealing with a weak acid, only slightly soluble, the salts of 
which are all hydrolyzed and with the exception of those of the 
alkalies and ammonia but difficultly soluble.

PLASTIC CLAY

C lay in the plastic state likewise possesses some interesting 
properties most of which still require further elucidation.

The measurement of plasticity itself has not been possible up 
to the present time except b y empirical or indirect means, and 
it is only recently that progress has been made in this direction.

The simplest mechanical conception of plasticity would be to 
consider it a case of viscosity according to the relation d =  KW , 
where d — deformation, W  =  load, and K  =  constant. It  
seems, however, from the researches of Bingham that this is not 
the case but that we must differentiate between viscous and 
plastic flow in that the yield point of the former is zero and of the 
latter finite. In a diagram correlating pressure with volume 
of flow the curve of a viscous liquid will pass through the origin 
and in the case of a plastic substance we have an intercept 
on the pressure axis. In the case of clays studied b y  the writer1 
the pressure required to start initial flow through an orifice
0.25 in. in diameter varied from 40 to 75 lbs. per square inch 
according to the character of the clay. W ith decreasing water 
content the pressure required to produce flow increased very 
rapidly, and on the other hand with increasing amounts of water 
it dropped, so that the resulting curve was hyperbolic. Atter- 
berg2 has made use of the conception of flow and lower plasticity 
limits. He determined the amount of water required to just 
cause flow of the clay and also the water content at that stage 
where it can barely be rolled to form threads. The difference 
between these values he calls the plasticity number. Kinnison3 
has found this factor to be quite characteristic, though he con
siders that it should be plotted against the water content of the 
plastic clay and the resulting diagram used for the classification 
of the different materials.

The plasticity of clay is, without doubt, greatly affected b y  the

1 Trans. A m . Ceram. Soc., 16, 392.
* International Reports on Pedology, 1911.
* B ureau of S tandards, Technologic Paper 46.
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presence of organic matter, humus, tannins, etc., and it seems 
to be a fact that acidity is conducive to the greatest develop
ment of this property. The aging of clays does indeed improve 
their plastic working quality and it is believed that this is due in 
part to the formation of organic acids, caused b y  bacterial action 
or chemical processes. The addition of small amounts of re
agents like AI2CI5 to kaolins brings about similar results pro
vided the material is stored for some time, but no change is 
observed with the more impure materials. Tannic acid shows 
this action in a more marked degree.

Alkalies, on the other hand, are quite active in inhibiting the 
plastic quality of clays to a very pronounced extent. Elec
trolytes in general affect clays in that they increase or reduce the 
water required for the development of the plastic state and also 
the shrinkage upon drying. This effect depends obviously 
upon the kind and quantity of the salts already held b y  the 
materials and, as a rule, the purer clays are influenced to a 
greater extent than the more impure ones. Thus, upon adding 
up to 0.05 per cent of N aCl, CaCl», and AI2CI« to Georgia kaolin 
the volume contraction due to drying was reduced by about 
1.0 per cent. Here again the first small additions of the reagent 
show phases indicated by maxima and minima which gradually 
disappear as the concentration is increased. W ith most clays, 
the salts, chlorides, and sulfates increased the water content 
and drying contraction.

DRYING SHRINKAGE

In the drying process itself we have the contraction in volume 
of the plastic clay as a typical property of colloid materials 
which may show a magnitude of as high as 100 per cent, or as 
much as the true volume of the clay itself. The drying shrinkage 
is thus in a measure a criterion of the colloid nature of the clay, 
being the greater the more pronounced this development is. 
The presence of electrolytes affects not only the magnitude 
of the contraction in drying but the capillary flow of the water 
through the clay as well. Thus it is well known that the addi
tion of sodium chloride in small quantity will accelerate the 
passage of the water to the surface and thus lessen the strain 
imposed upon the clay in drying.

Upon drying clay and rewetting, it does not seem to recover 
its original plasticity at once and this is the more pronounced 
the higher the temperature to which it is carried. The re- 
tempering of the dried clay is associated with evolution of heat. 
W e are dealing therefore with a case analogous to that of a  
"set” gel, and a change which becomes irreversible at a given  
temperature, usually a t about 500° C., unless subjected to 
treatment with steam at high pressure.

It  is interesting to note, likewise, that the drying shrinkage 
is the greater the more slowly evaporation of the water is 
allowed to take place, and vice versa.

FIRING OF CLAY

In the firing of clay two points are of special interest during 
the early periods of the process, the expulsion of the hygroscopic 
and the chemically combined water. The removal of the 
former leaves the clay in a state exceedingly sensitive to the 
presence of water vapor and gases, absorbing them with great 
avidity. This condition is accentuated after the evolution 
oi most of the chemically combined water, when the material 
becomes an even better absorbent, taking up eagerly sulfur 
dioxide and trioxide. In this state it possesses marked 
catalytic properties, as in the oxidation of sulfur dioxide to 
trioxide, the formation of ethylene, etc. It is possible that this 
characteristic of dehydrated clays may find uses in the technical 
application of a number of chemical reactions. This material 
shows considerable activity also when ground together with 
calcium oxide and moistened, producing a cement of good 
hydraulic setting qualities.

The dehydration is necessarily endothermie and is associated

with a decided increase in molecular volume. Upon further 
heating of the clay an exothermic reaction takes place at about 
900° C. which may be associated with an irreversible change 
of a colloidal nature, or the dissociation of the aluminum silicate, 
perhaps into AI2O3.S1O! and silica.

As the firing temperature is raised the external clay volume 
contracts, especially in the presence of fluxes, due to the effect 
of surface tension until the heat intensity is sufficient to bring 
about practically complete closing of the pore space. It is said 
then that the clay has become vitrified. W ith increased soften
ing of the mass its lowered viscosity permits the surface-tension 
effect to become more and more prominent until finally the 
original shape has been lost and the surfaces curved analogous 
to the formation of a drop of water from a melting fragment of 
ice.

In the case of clay products the process, of course, is not 
allowed to proceed as far as this and the firing is stopped when the 
desired degree of vitrification has been reached, while with glass 
it is allowed to continue. A t  the same time the density of the 
vitrified or fused silicate decreases with increase in temperature, 
irrespective of the external contraction.

T h e relation between temperature, time, and contraction in 
volume is therefore a very important one and expresses the re
sult of the heat work done. It  enables us to represent graphically 
the progress of condensation or vitrification and is equally 
important in the study of the firing processes of carbon, alumina, 
zirconia, thoria. etc.

Although surface tension is probably the most important 
factor in bringing about the condensation of the substances 
with which we are here concerned, vapor pressure1 undoubtedly 
enters into the case in dealing with substances showing a vapor 
tension sufficiently high or in the admixture of inert materials 
with those of a more volatile character. Thus, the comparatively 
high vapor pressure of magnesia at temperatures considerably 
below its fusion point is instrumental in bringing about its 
earlier condensation. Formation of sillimanite from kaolin 
and alumina m ay be brought about at about 1500° C. by the 
addition of a small quantity of boric acid, and the cementation 
of carbon from coal is likewise made possible by the presence 
of volatile constituents.

In all the silicate reactions at higher temperatures diffusion 
through the semi-rigid mass plays an important role.

Finally, wherever the chemical composition and the heat 
treatment permit it the end result is the partial elimination 
of the colloid phases and their replacement by crystalline 
identities. Thus, the clay substance decomposes into silli
manite and silica, glass yields calcium silicate, and cement its 
several calcium silicates and aluminates, but there is invariably 
present a residuum of an isotropic matrix.

R E P O R T S

REPO RT OF COM M ITTEE APPO INTED TO DEFINE THE FIELD  
COVERED BY RESPECTIVE D IV ISIO N S AND SECTIO NS  

OF THE AM ERICAN CHEMICAL SO CIETY
The Committee Appointed to Define the Field Covered by  

Respective Divisions and Sections of the A m e r i c a n  C h e m i c a l  
S o c i e t y  has carried on correspondence with reference to the 
questions submitted, and now begs to report as follows:

1— It is believed that the designations which have been adopted 
for the different divisions and sections are themselves sufficient 
definitions of the field to be covered in each instance.

2— It is recommended that the established procedure of the 
S o c i e t y  shall be to give authors their choice of the division or 
section in which they are to present their papers whenever it 
is possible to do so. The Secretary of the S o c i e t y  shall be em
powered to assign the papers to other divisions or sections in 
case the paper is obviously out of place or when in his opinion 
it will be to the advantage of the division or to the program in 
general so to assign it.

3— When submitting the titles of papers authors must indi-

1 E . Podszus, Sfrcchsaal-Arch., N o . I, 1912.
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cate something of the discussion to be given, which might influ
ence the proper placement of the paper. The title only in some 
cases is not sufficient indication, since a given subject may be 
discussed from any one of several angles, each one of which 
might place it before a different division of the S o c i e t y .

Authors are required to state whether it is their bona fide 
intention to be present at the meeting so that papers to be read 
for them by others or to be presented by title can be properly 
indicated on the program.

4— The committee recommends that the secretaries of the 
divisions and sections adhere strictly to the vote of the Council 
that no papers shall be presented at the, meeting unless their 
titles appear in printed form on the final program.

The committee recommends that the Council discuss the de
sirability of extending the rule now in force in the Division of 
Industrial and Engineering Chemistry, with respect to abstracts, 
to all other divisions and sections of the S o c i e t y .  It has been 
suggested that all authors be required to submit a brief abstract 
of their paper to the Secretary of the division or section before 
which they wish to appear, supplying their abstract at the time 
their title is submitted for the program. In case of misplace
ments of papers the division or section secretary would forward 
abstract and title to the General Secretary who could then properly 
place the paper 011 the final program. It  is recognized that 
under such a plan the closing date for papers on the given pro
gram would be a few days earlier than at present, but it is be
lieved that the advantage to be gained would more than offset 
this slight disadvantage.

H. E . H ow e, Chairman

COM M ITTEE ON G UARANTEED REAG ENTS AND STANDARD  
APPARATUS

A  note was published in the December number of the Journal 
of Industrial and Engineering Chemistry requesting members 
of the S o c i e t y  to inform the committee of specific instances of 
unsatisfactory deliveries of chemicals or apparatus. There 
was little response to this request for collaboration, but the com
mittee has reason to believe from work done by its members 
and from correspondence with others that deliveries of unsatis
factory reagents and apparatus are frequently made. The com
mittee has assisted some members of the S o c i e t y  to obtain satis
factory chemicals for certain purposes.

In discussions in regard to apparatus the committee hears 
many complaints about delay in the testing and certification of 
apparatus at the Bureau of Standards. This question was con
sidered from various points of view. Members of the com
mittee visited the Bureau, meeting the Director and observing 
the testing of some kinds of apparatus. The committee believes 
that steps have been taken which will improve the conditions 
governing this work. W ith the present tendency to decrease 
appropriations for the scientific work of the government de
partments and the difficulty in obtaining persons to do the work 
at the salaries which can be paid, the committee feels that this 
question is one on which the S o c i e t y  m ay well continue to co
operate with the Bureau of Standards.

The committee was invited to a conference with members 
of the Bureau of Standards who have been studying the ques
tion of suitable glass tubing for making lamp-blown apparatus. 
It  was felt that the project was still at a stage where it could be 
handled best by the Bureau of Standards. The committee 
believes that the practical problem of securing a reliable uniform 
supply of such tubing is one which is of fundamental importance 
if we are to have wholly American-made apparatus. The ques
tion is an economic and business matter rather more than it is 
technical.

Work has begun on the obvious task of preparing specifica
tions for reagents. Manufacturers have given full details of 
their specifications and tests for the three acids and ammonia 
which were taken up for consideration. A  number of complete 
analyses have been furnished from different laboratories and re
sults are available of tests covering six or eight years in one 
laboratory. T he committee has data to show what has been 
delivered in the past on orders for these reagents. Complete 
specifications have not been drawn up by the committee for 
any of these reagents. It  was felt that a report of tentative 
specifications presented merely for discussion at this time would 
have little value.

The multiplicity of sizes and shapes of the ordinary laboratory 
apparatus has been a cause for complaint from dealers, manu
facturers, and users. The committee has gathered some data 
and made some tentative selections of sizes and shapes for some 
of the common articles. These selections have not yet been sub
mitted to manufacturers, and it does not seem worth while to 
publish them before they have been considered by the manu
facturers. The Association of Scientific Apparatus Makers

of the United States has a committee on Standardization of 
Chemical Apparatus with which your committee has been co
operating.

It is believed that all the lines of work which have been dis
cussed in this report might profitably be continued during the 
coming year.

W . D . B i g e l o w ,  Chairman

COM M ITTEE ON COOPERATION BETW EEN U N IV E R SIT IE S AND  
IN D U STR IE S

It is the unanimous opinion of your committee that it is de
sirable that such students as can spend five years in their train
ing should add a year of graduate study at the close of the work 
leading to the Bachelor’s Degree, rather than continue a fifth 
year in work covered by a fixed curriculum. The training of 
such students in methods of research is considered more im
portant than an increase in the number of formal courses of an 
undergraduate character. Some advanced courses should, 
however, be taken by such students during the fifth year. It  is 
further the opinion of our committee that four years is too short 
a time for the thorough training of a professional chemist.

Professor Ellery has reported that an arrangement has been 
made by which advanced students in chemistry at Union College 
are permitted to attend the colloquia held by workers in the re
search laboratory of the General Electric Company. Such an 
arrangement is evidently very useful and it is hoped that the re
search laboratories of other companies may follow the example 
which has been set.

W . A. N o y e s ,  Chairman

REPORT or THE COM M ITTEE ON OCCUPATIONAL DISEASES  
IN  THE CHEM ICAL TRADES

Since the last annual report (Buffalo Meeting, April 1919) 
some matters of interest have been the concern of your Committee 
on Occupational Diseases in the Chemical Trades which promise 
to be of importance.

(1) e y e  p r o t e c t i o n — A  representative of the committee 
(Dr. R. B. Moore or Dr. C. L. Parsons) has attended all the con
ferences of the General Advisory Committee on Industrial Safety  
Codes held under the auspices of the Bureau of Standards at 
Washington. A  plan of procedure, after discussions and much 
correspondence, has been agreed upon. Specifications for goggles 
for different purposes have been drawn up and discussed, and 
will soon be ready for issuance. The specifications may be had, 
on application, from the Bureau of Standards.

(2) i n f l u e n z a  a n d  p o i s o n o u s  g a s e s — D ata on the probable 
prophylactic action of very dilute chlorine against influenza 
have been collected and a summary of the facts published in the 
Journal of Industrial and Engineering Chemistry, 12 (1920), 293.

Immunity from influenza of workers in bromine plants is 
certainly indicated from the experiences in the largest producers 
in the United States. Just the contrary appears from data se
cured from smaller producers and users. It is to be hoped that 
an investigation of this matter may be undertaken.

In connection with this it may be mentioned that Dr. Louis
I. Dublin, Statistician of the Metropolitan Life Insurance Com
pany, has secured other interesting data on the immunity against 
influenza of people in illuminating gas works. Dr. A. Gregor1 
has found the number of cases of influenza among cordite and 
tin workers in fumes to be one-sixth to one-third of those not 
subject to fumes. Dr. F. Shufflebotham2 found one-twenty- 
fifth to one-fifteenth the number of cases of influenza in poison 
gas factories. Dr. Gregor’s further studies3 indicate that the 
immunizing action of nitrogen dioxide and sulfur dioxide is due 
to the production of an acid medium in the upper respiratory 
passages which is inimical to microbial growth. An influenza 
outbreak was stamped out at a military camp by sulfur dioxide.

Mr. H. N . Jordan, Sem et-Solvay Company, Syracuse, has 
found that a liberal and deep application of lanoline t o  the in
terior of the nose prevents the sensitive condition of the mucous 
membrane from irritating gases and germ infection which causes 
colds, etc.

(3 ) w o o d  ALCOHOL— B y  invitation the chairman addressed 
the New York Academy of Medicine upon "Some Chemical 
Aspects of the Wood Alcohol Problem.” The paper in full will 
appear in the New York M edical Journal. Certain phases of the 
subject are dealt with, especially some relative to prohibition, 
in a paper to be presented at the St. Louis meeting of our S o c i e t y .  
The chairman has conferred with and assisted officials of the 
Society for the Prevention of Blindness. A t least 90 per 
cent of the producers of refined methyl hydroxide have agreed

1 Brit. Med. J .,  M arch 1 (1919), 242.
> Ibid., A pril 1919, 478.
• Ib id ., O ctober 1919, 523.
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to eliminate the word "alcohol” entirely from their labels, using 
"methanol” instead. Their advertisements now so read. I t  is 
to be hoped that every chemist will endeavor to render the des
ignations "wood alcohol” and "m ethyl alcohol” obsolete.

N o material changes in state laws have been made since 
1912. This has been learned b y  correspondence with all the 
secretaries of the states. Administration of the present laws 
will conserve the public welfare and work little hardship upon the 
producers.

(4) DERMATITIS AMONG CHEMICAL WORKERS— Dr. E .  R .  
Hayhurst, Ohio State Department of Health, reports to the 
committee numerous complaints of dermatitis by workers in 
rubber plants, seemingly due to the use of hexamethylenetetra- 
mine as an accelerator.

Dr. W . S. Landis has directed attention, in Bulletin No. 10 
of the American Cyanam id Company, to the fact that "liquor 
and cyanamide are quite antagonistic.”  H eavy drinkers are 
unable to work in an atmosphere containing cyanamide. The  
dust seems to produce a skin irritation resembling eczema with  
those who imbibe mildly. This does not seem to have been the 
case in certain European plants, according to Dr. C. L. Parsons, 
and is now apparently of passing interest only in America.

A  note published in the Journal of Industrial and Engineering 
Chemistry, 11 (1919), 797, on development of skin diseases in 
working with certain lubricants created not a little correspon
dence and did some good.

More publicity of an educational nature in regard to occupa
tional rashes is deemed advisable.

(5) OCCUPATIONAL DISEASES AND DYE INDUSTRIES Dr. T . H.
Cone, National Aniline and Chemical Company, presented a 
valuable paper at the Eighth Annual Safety Congress, entitled, 
"Dangers in the Manufacture of Dyes.”  T he risks "are largely 
centered about the manufacture of intermediates.” The ex
plosion risks are the greatest, the dyes themselves being the 
dangerous element. "B e extremely critical toward dyes which 
are to be handled in the form of dry powders, unless they are 
well supplied with sulfonic acid groups.”

In connection with the above, particular attention is directed 
to a most valuable report b y  Dr. Alice Hamilton, entitled " H y 
gienic Control of the Anilin D ye Industry in Europe,” which has 
been reviewed and commented on b y  the chairman of the 
committee in the April number of the Journal of Industrial and 
Engineering Chemistry.

(6) COOPERATION WITH NATIONAL SAFETY COUNCIL— The  
National Safety Council has now nearly 4,000 members, includ
ing almost all the important industries doing safety work. The  
chairman continues his membership for the C h e m i c a l  S o c i e t y  
as the National Safety Council has become a clearing house for 
safety experiences. While many of these are specifically acci
dental in character and might not appear to come within the 
scope of the activities of this committee, yet many are distinc
tively occupational and deal directly with prevention of diseases, 
acute and chronic, growing out of, or arising from, the chemical 
trades. The National Safety News has become a valuable medium 
for the dissemination of information on every phase of industrial 
development. The Safety Practice Pamphlets distributed to 
members are alone worth the annual dues. Attention of chemical 
manufacturers, not already familiar with this excellent agency, 
is especially directed to the National Safety Council b y  the 
committee.

(7) i n s t i t u t e  f o r  i n d u s t r i a l  h y g i e n e — On November 14, 
1919, a serious conference on Industrial Hygiene was held at the 
request and under the auspices of the Rockefeller Foundation 
at the Y ale Club, N ew  Y ork City. Copies of the personnel 
list and digest of the important discussions may be had from 
M r. E . R. Embree, Secretary of the Foundation, 61 Broadway. 
The contribution of your chairman, who was one of the guests, 
is given in extenso. This has later been published in the Journal 
of Commerce (New York, February 23, 1920) and will appear 
also in Modern Medicine (Chicago). T he need of education and 
sane publicity, adequate social workers of qualified knowledge, 
and the necessity for research, with the cooperation of the chem
ist but the direction of a preventive medicine welfarer, were 
pointed out b y  your representative. The necessity for a program 
of magnitude calling for large financial support was agreed upon 
in principle, although there were the expected personal differ
ences as to details b y the experts present.

The trustees subsequently decided not to undertake the pro
ject, due to no lack of appreciation and sym pathy, but for fear 
"th at any studies or activities which in any way affected the 
industrial field would be subject to some prejudice and mis
understanding if carried on by one of the large foundations.” 
General Schereschewsky advocated it as a Federal function, 
perhaps as a part of the United States Public Health Service. 
The subject is one of fundamental importance, not only because 
its purpose is humanitarian, but because it is good business to

have workers healthy. Our S o c i e t y  should, and no doubt will, 
cooperate with other agencies in the furtherance of a project so 
commendable.

(8 ) f i n a n c i a l  s u p p o r t — I t  is patent to anyone* giving the 
matter consideration that the work of our committee has not 
been systematic. Although something of distinct value has 
been accomplished in the way of research, in legislation, and in 
publicity, it could not be organized on a satisfactory basis for the 
very good reason that it has had no financial support. The  
time has arrived when the Council needs to give the matter serious 
consideration. W e cannot get aw ay from the responsibility.

The mephitic odor of the laboratory or the "works” covers 
a maze of mystery in the lay mind and is held responsible for 
numerous maladies. The w'ord "chemical” is sinister. Where 
chemical processes are in operation, especially when fumes or 
vapors, even though the latter be only steam, are seen to escape 
from the works, there grows up a feeling of suspicion, often with 
reason, and all kinds of sickness are attributed to these "poisonous 
substances.” If the chairman may judge from numerous letters 
and many conferences, even the members of the medical pro
fession are not free from these sensations and confessions. And  
well they may be in many instances, for even though the action 
of many chemicals in varying degrees of concentration be known, 
the insidious effects of many more are absolutely closed books. 
T hey require most diligent study and painstaking research.

In this connection there is an urgent need for publication of 
an immense amount of valuable research carried on b y  the 
Chemical Warfare Service of the Arm y and N a vy, which now 
appears to have little chance to reach the light of day. T he  
data on the physiological factors and changes involved in fatigue 
are of immense value. The alterations in gas masks for use in 
chemical industries in peace-times constitute an important prob
lem. A  consideration of the few n ew . facts collected bearing 
upon the seeming influence of certain toxic gases, referred to else
where in this report, opens a vista comparable to the hopeful 
days of the Pneumatic Institute, out of which came inhalation 
anesthesia, gaseous disinfection, and foundational knowledge of 
bacterial changes.

C h a s .  B a s k e r v i l l e ,  Chairman

REPORT OF THE COM M ITTEE TO FO RM ULATE SPEC IFIC A 
TIO N S FO R THE CONSTRUCTIO N OF A  PO LARISCOPE  

FO R  LABORATORY USE
Before the committee was appointed there had been consider

able correspondence among sugar chemists regarding the de
siderata for a polariscope for ordinary laboratory use. The  
correspondents included the sugar chemists of the United States, 
Hawaii and Cuba and there were several conferences in the various 
places among the men who could arrange to meet. T he corre
spondence regarding this matter was available to the committee 
and greatly facilitated our work. It  has not been possible for 
our committee to arrange a meeting which all members could 
attend and most of our consultation has been by correspondence. 
There has been much personal conference among individual 
members of the committee however, and one conference was ar
ranged at which five members of the committee were present. 
W e have also had the advantage of the cooperation of manufac
turers of optical instruments in this country, one of whom has 
made a polariscope during the last year which complies with the 
requirements of the committee.

GENERAL CONSTRUCTION
The general construction of the saccharimeter outlined in these 

specifications should be as simple and substantial as possible. 
A ll parts of the instrument should be easily accessible'and the 
number of bolts and screws for holding the parts in place should 
be reduced to the necessary minimum.

So far as possible the instrument should have smooth, plain 
surfaces and be without unnecessary ornamentation. An ir
regular ornamented surface affords grooves and crevices for the 
accumulation of dirt and is not easily cleaned.

The instrument should meet the requirements of exposure to a 
humid tropical climate and must be constructed to withstand 
corrosion.

The construction of the saccharimeter, so far as possible, should 
be of such a type that repair parts can be furnished separately, 
thus obviating the expense, the delay, and the danger of shipping 
the entire instrument. Wherever this is not practicable manu
facturers should undertake to make repairs in a satisfactory 
manner without undue delay.

HEIGHT
T he standard height of most saccharimeters from table to 

center of field eyepiece is between 32 and 34 cm. This height 
is convenient for manipulation with the elbow of the operator 
resting upon the table and has found most general approval.
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MOUNTING
The saccharimeter should be mounted upon a rigid trestle 

support and not upon a tripod. Instruments mounted upon 
tripods are unstable and easily turned out of alignment, the re
sult being an error in the zero point.

T he base of the trestle should be a solid piece of metal at 
least 2 cm. thick, the bottom edge of which can rest at all points 
upon the table. A  base elevated above the table by supporting 
knobs or projections lacks rigidity and has the disadvantage of 
permitting coyer glasses and other objects to escape underneath.

As many chemists prefer to fasten their instruments to the 
table, the base of the trestle should be provided with slots or 
screw holes to facilitate this.

LAMP s u p p o r t

The lamp end of the trestle should be designed to accommodate 
a strong removable bracket for the convenience of those who 
may wish to use it as a lamp support, thereby keeping lamp and 
instrument always in undisturbed alignment.

The holder of the lamp must be placed at the proper focal 
distance and should be adjustable. Bracket and holder should 
be designed so as to prevent transmission of heat to the polarizer 
of the instrument.

For rooms of constant temperature the lamp should be in a 
separate room.

TROUGH
The trough, or tube holder, should be of solid metal, in one 

piece, and sufficiently thick to prevent denting or bending under 
ordinary conditions of usage. The diameter of the trough at the 
top should be about 3 cm. and should be adjusted exactly to 
fit the end pieces of the observation tubes. The cross-section 
of the trough should be semi-circular in shape. A  wredge- 
shaped trough does not give the necessary support to inversion 
tubes or other tubes of unstable equilibrium.

T he length of trough should be 42 cm. This length is neces
sary for the accommodation of the control tube which is used for 
verifying the accuracy of the scale. The short 20 cm. trough does 
not permit the use of the control tube and is also inadequate 
for the polarization of sweet waters and other dilute solutions.

The base of the trough should be supported to the frame of 
the trestle and there should be a 2 mm. space between its ends 
and the rest of the instrument. This clearance allows the es
cape of any liquid which m ay be spilled in the trough and pro
tects against warping of the trough and transmission of heat 
to the optical parts when polarizations are made at high tempera
ture. The base of the trough must be parallel with the optical 
axis of the instrument.

The trough should be made removable for the accommodation 
of other forms of tube supports or baths that m ay be needed in 
special cases. Owing to the corrosive action of solutions, which 
may be spilled inside of the trough, the screws for fastening the 
trough should be on the outside.

TROUGH COVER
The trough should be provided with a hinged cover for ex

cluding light. The cover should be long enough to cover the 
2 mm. space between trough and splash-glass holders, and should 
fold back to a horizontal position where it can be used in case 
of need as a receptacle for tubes.

The hinges of the cover should not be riveted. M an y chemists 
find the trough cover an encumbrance, and for the convenience 
of such it should be easily removable.

For the convenience of those who use continuous, or side- 
filled, polarization tubes, a slotted cover should be provided as 
an optional accessory.

SPLASH GLASSES
The splash glasses at the ends of the trough, for protecting 

prisms and wedges against dust and drops of liquid, should be 
mounted in holders which can be quickly removed, cleaned, and 
replaced without the use of tools. Slip holders with a tension 
spring are most generally preferred, and they should be designed 
to prevent sticking.

The two holders should be as near alike as possible, at least
1.5 cm. deep and so constructed that glasses can easily be removed 
for cleaning. For ease of replacement when damaged, the splash 
glasses should be of the same size as the standard polariscope 
tube cover-glass.

QUARTZ WEDGES
For a commercial saccharimeter all chemists prefer the com

pensating single-wedge system. The wedge should be of suffi
cient length to give a range of scale from — 35 to 115 sugar degrees.

If quartz of sufficient optical purity to give this lower range 
cannot be secured, a dextro quartz plate should be provided as 
an accessory for use in invert polarization.

The driving mechanism of the wedge should consist of a vertical 
rod supported to the front of the trestle frame and provided
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at the bottom with a milled head about 7 cm. from the table and 
convenient for operation with either hand.

The spiral rack and pinion with which the driving rod con
nects should operate smoothly and without lost motion.

SCALE
T he scale should be etched upon ground glass and read by  

transmitted light obtained from the light source of the instru
ment. The design of the instrument should be such that the 
scale can be illuminated, when continuous or control tubes are 
in upright position in the trough. The range of scale should be 
from — 35 to 115. This upper limit is necessary for those who 
wish to determine purities without diluting below 20°Brix.

The scale should have an adjustable double vernier, for plus 
and minus degrees, and should easily be read to 0.05 0 to which 
end the magnifying power of the reading microscope should be 
amply large. The error of scale graduation should nowhere 
exceed 0.05 °.

The adjusting screw for moving the vernier to the zero point 
of the scale should operate positively in either direction. In  
some instruments a spring is designed to act when the adjusting 
screw is withdrawn. The objection to such a spring is its lia
bility to stick and not to operate as intended.

Before shipment, the scale of each instrument should be care
fully standardized at suitable intervals throughout its entire 
range and the standardization values should be incorporated 
permanently in some w ay upon a plate attached to the instrument.

PROTECTION CASE
Scale and wedges should be enclosed in a tight protection case 

to prevent deposition of dust or spattering with drops of liquid. 
The covering of the case should be easy to take off, when it is 
desired to gain access to scale or wedge, by the removal of a few 
fairly large-size screws. The rim of the protection case should 
have a covered aperture for inserting the key of the adjusting 
screw.

Whenever desired the front of the case should be provided 
with a small thermometer having a range of io °  to 40° C. and 
with its bulb near the quartz wedge. The thermometer should 
be arranged so that it can be read in a darkened compartment 
b y light obtained from the lamp which illuminates the instrument.

SCREEN
The protection case should be designed to accommodate a 

removable screen to protect the eye which is not in use from the 
glare of the lamp. The screen should have a diameter of about 
15 cm. at the level of the two oculars.

ANALYZER
While the analyzer is one of the parts which should require 

least attention, there are occasions when it needs to be adjusted. 
It  should be made fairly accessible and be provided with simple 
means for firmly securing the adjustment.

LIGHT FILTER
The light filter should be placed between the polarizer and 

light source of the instrument and should be so supported that 
it can be quickly thrown into the field or out without disturbing 
the position of the instrument.

The standard bichromate cell should consist of a glass tube 
3 cm. long encased in a metal jacket with threaded ends to ac
commodate the screw caps for holding the glasses. The cell 
should have a sufficient diameter so as not to require refilling 
because of air bubbles during an ordinary campaign (or more 
than twice a year).

M any chemists desire a lightly ground glass over the aperture 
at the lamp end of the instrument to equalize the light. Such a 
glass, if properly tinted, might serve the double purpose of. light 
filter and equalizer. As a matter of convenience the instrument 
should be equipped with a light filter consisting of a glass plate 
of the same depth of color and absorptive power as the standard 
light filter.

OCULARS

The oculars in front of the instrument for reading field and 
scale should focus with a screw motion. The sliding eyepiece 
is objectionable, owing to the ease with which it is pushed out of 
adjustment by the face of the observer.

The distance from center of field eyepiece to center of scale 
eyepiece varies in present instruments from about 3 to 6 cm. 
For convenience and rapidity in reading, the interval between 
the two eyepieces should lie within these limits.

FIELD
American chemists with few exceptions prefer the customary 

double field with vertical semi-circular halves. The field should 
be of good size, sharply defined, and not obscured with the rim 
or halo of extraneous light, which results from improper optical 
construction.

T E E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y
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POLARIZER
The preferences as to polarizer are divided between the Lippich 

and Jellet-Cornu prisms. M an y chemists, while admitting 
certain advantages of the Lippich polarizer, complain of its 
frequent disintegration along the sharp edge of the half-prism 
upon which the telescope is focussed, the result being an im
perfect or shattered field. The disruption of the half-prism 
m ay result from a jar of the instrument or it may take place from 
no apparent cause. More saccharimeters are made unservice
able for this reason than for any other. The difficulty of re
pairing the damage, owing to the extreme fragility of the parts, 
renders the Lippich polarizer less suited for localities which are 
far distant from repair shops. M any chemists, on the other 
hand, who admit the greater stability of a modified Jellet-Cornu 
prism, complain of its lower degrees of sensitiveness owing to 
the pronounced dividing line of the field, the result either of too 
thick a film of balsam between the halves of the upper part of 
the prism or of imperfect alignment of the polarizer. The de
fects peculiar to each type of prism can largely be overcome by 
careful manufacture. There are many stable Lippich polarizers 
and many .Tellet-Comu prisms that are satisfactory in sensibility.

If manufacturers can make repairs rapidly and can furnish 
extra interchangeable half-prisms of easy adjustment, the use
fulness of the Lippich polarizer would be much widened and the 
majority of chemists in fairly accessible localities would probably 
then prefer it. For remote tropical countries where repairs are 
difficult and time-consuming a modification of the Jellet-Cornu 
prism would probably be the better type. For these reasons the 
type of polarizer should in great measure be left optional with 
the purchaser. In their manufacture of polarizing prisms manu
facturers should take every precaution to insure stability and to 
prevent drying out and cracking of the films of balsam cement.

A  very serious complaint from tropical countries is the infec
tion of the polarizer, analyzer, and other optical parts of the in
strument by molds, the mycelia of which grow over the prisms, 
corroding their surface and obscuring the field-. Efforts to pre
vent infection b y enclosing the parts more adequately have not 
proved successful. The best means of preventing the growth of 
molds seems to be a construction that permits of easy accessi
bility and removal of parts for cleaning and for placing in desic
cators during periods when the saccharimeter is not used.

m o u n t i n g  o f  p r i s m s — W ax, as a mounting material for prisms, 
has proved objectionable in warm climates on account of its 
softening. A  mounting in cork and plaster is said to be the most 
satisfactory.

h a l f - s h a d o w  a n g l e — The fixed lialf-shadow angle of the 
polarizer in most saccharimeters varies from 5 to 9 angular de
grees, the choice of angle b y different manufacturers seeming to 
depend somewhat upon the length and pitch of the quartz wedge. 
It is probable that for general commercial purposes the half
shadow angle should fall within this range. The sensibility is 
greater but the intensity at the end-point is less with the smaller 
half-shadow angle. Recent improvements in electric stereopticon 
lamps with concentrated filament and high candle power make it 
possible for manufacturers to adapt saccharimeters to a lower 
half-shadow angle than was formerly the case. For a normal 
weight of 26 grams the fixed half-shadow angle should have a 
magnitude of at least 7 °  for the average class of sugar factory 
raw products. The angle m ay be smaller than this for colorless 
products. The angle may also be reduced for raw products with  
instruments which arc adapted to a normal weight of 20 or 16.29 
grams.

Chemists who work constantly with dark-colored sirups and 
molasses prefer a polarizer with a rather wide half-shadow 
angle. It would, therefore, be a distinct advantage if manu
facturers could supply interchangeable polarizing prisms— one 
with a medium half-shadow angle between 5 and 8 angular de
grees and another with a higher half-shadow angle between 9 
and 12 degrees.

Polarizing prisms should be mounted in metal holders which 
can be easily removed and inserted and the adjustment of which 
can be quickly and securely fixed.

The sleeve, or cover, which protects the polarizer should be 
easy to take off by the removal of a few fairly large-sized screws.

The standard temperature for the calibration of saccharimeters 
shall be 20° C. For laboratories working at a temperature 
materially different from this, correction of polarizations to 
20° C. may be made at discretion by any of the following methods:

1— B y  the use of a table of temperature corrections for each 
particular product.

2— B y  changing the normal weight.
3— B y  changing the capacity of normal flask.
4— B y  changing length of normal tubes.
5— B y  having a scale calibrated by the manufacturer so that 

it is correct for the temperature desired.

W ith the exception of the first method these methods of cor
rection are strictly applicable only to products which contain 
no other optically active constituent than sucrose. For general 
sugar house and food products containing several sugars, in case 
constant temperature polarization at 200 C. is not permissible, 
M ethod 1 gives results which are nearest to those obtained at 
the standard temperature.

STANDARD OR NORMAL WEIGHT
A  large majority of chemists believe that the present is a most 

suitable time to abandon the inaccuracies and inconveniences of 
previous national standards and to agree upon a saccliarimetric 
scale which shall be accurate, convenient, and so far as possible 
international. From opinions expressed by leading chemists in 
America, England and France, it is apparently more easy to se
cure general agreement, in these three countries at least, upon the 
so-called international normal weight of 20 grams proposed in 
1896 by Sidersky and Pellet. According to this standard the 
100 degree point of the saccharimeter scale shall indicate the 
polarization of 20 grams of chemically pure dry sucrose dissolved 
in distilled water to 100 metric cc. and polarized in a 20 cm. tube, 
the temperature of solution and instrument to be 20 0 C. and the 
illumination to be white light filtered through a solution of potas
sium bichromate of such concentration that the percentage con
tent of the solution multiplied by the length of the layer of solu
tion in centimeters is equal to nine.

While many chemists believe that all saccharimeters hereafter 
manufactured for American use should be graduated solely ac
cording to this proposed international standard, it is the opinion 
of this committee that pending international agreement upon 
the question manufacturers of saccharimeters should standard
ize their instruments according to the scale desired by the in
dividual purchaser.

In the adoption of an international saccliarimetric standard 
this committee believes that— in order to avoid the numerous 
unfortunate changes which in the past have characterized pre
vious standards, and in order to have absolute accuracy and uni
formity in different parts of the world— the percentage content, 
specific gravity, refractive index and angular rotation of the nor
mal sugar solution, and the angular rotation, in terms of sodium 
and mercury monochromatic light, of the quartz plate, which 
shall read 100 upon the saccharimeter scale, should be established 
by carefully conducted experiments in the governmental labora
tories of the different countries; and that from the results thus 
found international agreement shall be reached in regard to the 
final values, upon which manufacturers shall base the standardiza
tion of their instruments. The U. S. Bureau of Standards has 
already completed investigations upon the rotation values and 
other constants of the 26 and 20 gram normal sugar solutions.

It is not intended that the establishment of an international 
normal weight shall throw out of use the large number of sac- 
charimeters which are at present doing excellent service. The  
transition is to take place gradually as in the change from Mohr 
to metric cc. Old instruments as they wear out are to be re
placed by instruments with the new scale. Owners can also 
have their old instruments rescaled but this should be done only 
when the accommodation of scale, polarizer, lenses, etc., secures 
an equal or greater accuracy in reading. If an old instrument 
is not rescaled it should at least be standardized and the weight 
of pure sucrose necessary to read 100 upon its scale be engraved 
or stamped upon a plate attached to the instrument. Correc
tion of instruments by the adjustment of an incorrect scale to a 
correctly standardized quartz plate is open to criticism, as a 
scale thus adjusted is accurate only for the reading of the plate 
and a considerable error may be introduced at other points of 
the scale, especially when readings have to be corrected for dilu
tion.

W. D. B i g e l o w ,  Chairman

REPO RT OF THE COM M ITTEE ON ENDO W M ENT OF THE  
AM ERICAN CHEMICAL SO CIETY

The committee, I. K . Phelps, Chairman, submitted a report 
which, in abstract, was as follows:

There is every reason w hy the A m e r i c a n  C h e m i c a l  S o c i e t y  
should be endowed since it shares with the universities the com
mon purpose of the advancement of learning.

The endowment should be general rather than specific, for the 
S o c i e t y  is a living thing with changing needs. For instance, 
just now it may seem desirable to provide for improvements and 
extensions in Chemical Abstracts, but in the course of time the 
plan may be revived, which Ernest Solvay developed before the 
war, of an abstract journal in various languages to care generally 
for the chemists of the world. If this plan should ever be carried 
out, it might involve a duplication of effort to continue a line 
of work here which to-day is greatly needed.



SUGGESTED USES FOR ENDOWMENT 
Conditions are now favorable for American journals to assume 

the leadership formerly held b y German journals. The S o c i e t y  
publishes three journals, all ably edited; but if the budget could 
allow adequate appropriations for the Journal of the American 
Chemical Society and Chemical A bslracts, and permit the Journal 
of Industrial and Engineering Chemistry to profit by its own 
earnings, all could be brought up to a better standard.

We have also to face the problem of publishing monographs 
and compendia. The urgency for the compilation and publica
tion of these is extreme, but the funds are lacking.

If the Secretary’s office could act as a clearing house for chem
ical information, coordinated with the National Research Council 
and the government activities, it could accomplish much in col
lating and spreading reliable chemical information. A  traveling 
assistant secretary, as suggested b y Mr. Little, could be added 
to that office with much profit.

Under present conditions, it will probably become necessary 
to raise the dues of the S o c i e t y  before long, thus cutting off 
from its benefits chiefly students and young chemists in the forma
tive period. Such an increase in cost would, therefore, be a tax 
on progress.

While the more immediate purpose of the endowment is for 
the spread of knowledge rather than for its initial achievement, 
it would be unfortunate to forbid the authorities of the S o c i e t y  
to use its funds for research if the need should arise.

PROPOSED PLAN OF SECURING ENDOWMENT 
It  is proposed that the present Endowment Committee be dis

charged after the completion of the work upon the plans for se
curing endowment; that two new committees be appointed by  
the President; the one (hereafter to be referred to as the Endow
ment Collection Committee) to carry out such plans of collect-
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mg endowment as shall be approved, the other (hereafter to be 
referred to as the Endowment Finance Committee) to receive 
and invest such moneys as are collected for endowment. This 
latter committee should have a banker included in its numbers.

To start the project, it is suggested that the Advisory Com
mittee select definite objects, upon which the Endowment Col
lection Committee can make a campaign; that the appeal of this 
committee be for a Permanent Endowment Fund, the income 
only of which shall be available for expenditure at any time and 
the objects for which this income shall be expended to be de
termined b y the Advisory Committee, the Directors or a new 
committee constituted for the purpose; that at the present time 
an attem pt be made to secure one million dollars for this fund; 
that the Endowment Collection Committee consist of a chair
man, who shall be appointed by the President and empowered 
to associate with himself such other helpers as may be approved 
by the President.

The following plans for use of the Endowment Collection Com 
mittee are suggested:

1— Direct appeal for contributions, under the advice of the 
President, to the end the appeals may not be overdone.

2— Appeals for bequests of definite sums by will from chemists, 
from chemical manufacturers, and from others.

3— Appeals for the purchase of Endowment Life Membership, 
to cost such a sum as shall by its interest during the life of the 
member defray his dues to the S o c i e t y  and at his death be trans
ferred to the General Endowment Fund together with any ex
cess in income which may be derived from the Endowment Life 
Membership Fund. This fund should be under the same man
agement and control as the General Endowment Fund, and en
tirely separate and distinct from the present Life Membership  
Fund.
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The results obtained from the low temperature dis
tillation of a non-commercial lignite coal1 in the state 
of Washington appeared of sufficient value to warrant 
further investigation on a semi-commercial scale. 
Such work is now under w ay with somewhat different 
apparatus on another lignite coal. In connection with 
the mining of sub-bituminous coals it has frequently 
been found unprofitable to work certain veins on ac
count of their high ash content or other unmerchant
able properties. For instance, the Bagley vein at 
Coal Creek, Newcastle, Washington, is described as 
being “ too dirty” for the production of a commercial 
fuel and although of sufficient size is not worked. 
It seemed of interest, therefore, to ascertain the suit
ability of this material for distillation purposes.

D E S C R IP T IO N  O F SA M PL E

The coal is black in color, but the streak is brown- 
black as the powder shades off to brown. It has a 
rather dull luster, is massive in texture, without 
joints, and has a conchoidal fracture. The proximate 
analysis is given in Table i.'

T a b l e  1— P r o x i m a t e  A n a l y s i s  o f  N e w c a s t l e  C o a l  ( P e r  c e n t )
Sam ple R eported 

U. S. Geol. Stir., Bull. 474 
As Received A ir-Dry

7 .1  5 .9
37 .8  38.1
4 2 .9  43.1
12.2 12.9
0 .34  0 .38
2 .44  2.61

10410.0 11300.0

> T h is  J o u r n a l ,  9 (1917), 946.

A P P A R A T U S  AND P R O C E D U R E

The methods of procedure and the apparatus were 
with a few minor modifications the same as previously 
described.

PR O D U C T S OF D IS T IL L A T IO N

The yield of raw products at the different distillation 
temperatures is given in Table 2.

T a b le  2—-Y ield  op D istillation P roducts

T em perature
T otal

D istillate
D ry
T a r

Aqueous
Solution Coke

Gas 
Cu. F t.

P er cent Per cent P er cent P er cent per Ton
150 6 .9 6 .9 90 .2 3
200 9 .2 0.5 8 .7 85.1 8
250 17.1 1.9 15.2 74.1 22
300 18.3 2.8 15.5 70.6 2070
350 19.8 3 .5 16.3 67 .2 3540
400 18.9 3 .2 15.7 66.1 4850
450 18.7 2.8 15.9 65 .3 5990
500 17.7 2 .3 15.4 64 .2 6910
550 17.1 1 .6 15.5 63.1 7670
600 16.1 1 .0 15. 1 62 .2 8310

GAS

A  wet test meter was used for measuring the gas 
the yields being indicated in Fig. I. The gas samples 
were analyzed in a Morehead gas apparatus and the  
percentage composition is given in Table 3.

T a b l e  3 — P e r c e n t a g e  C o m p o s i t i o n  o p  G a s e s

° C. COi 111. Oa CO H î C H 4 N j
250 45.1 3 .3 1.4 7.1 0 .3 8.6 34 .2
300 33 .2 3 .8 0.8 8 .3 0 .9 10.7 42 .3
350 20 .4 4 .9 0 .4 9 .6 8 . 1 23 .6 3 3 .0
400 18.9 5 .0 0 .4 1 1 .8 9 .8 2 1 .2 32 .9
450 17.3 4 .9 0 .4 13.3 11.5 20.2 32 .4
500 16.4 5.1 0 .4 14.5 13.0 18.4 32 .2
550 14.1 5.1 0 .4 15.6 15. 1 17.8 31.
600 12.6 5 .3 0 .4 16.8 15.9 17.2 3 1 .8

The calorific values calculated by Lunge’s method
are plotted against the temperatures of distillation
in Fig. II.

C O K E  R E S ID U E

The coke obtained up to 500° C. was of a dull 
black color and retained more or less the size and form

L abora to ry  Sample 
As Received A ir-D ry

M oistu re .................... 12 .1  5 .8
V olatiles..................... 3 6 .8  3 9 .4
Fixed C arb o n   4 0 .7  4 3 .6
A sh..............................  10.41 11.15
S ulfu r.......................... 0 .3 4  0 .36
N itrogen ....................  1.37 1.47
B. t .  u.........................  10410.0 11150.0
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of the original particles. From this point to 6000 C. 
the particles possessed more of a metallic or silvery 
luster and swelled slightly in size. Its composition

is given in Table 4, which also shows the yields per 
ton'ofxoal. In Fig. I l l  is shown the increase in calorific 
value with increase of temperature. The thermal 
values of the coke were obtained by means of the 
Emerson bomb calorimeter.

T a b l e  4 — Y i e l d  a n d  C o m p o s i t i o n  o p  C o k e

Tem p. Coke Volatiles Ash N itrogen
°4C. Lbs. P er cent Per cent Per cent B. t. u.
150 1804 3 8 .0 14.3 2 .9 11,800
200 1702 31 .8 15.1 2.7 12,210

12,500250 1482 26 .7 17.5 2 .5
300 1412 22 .5 18.2 1.8 12,690
350 1344 19.4 19.3 1.4 12,790
400 1322 16.2 19.5 1.1 12,870
450 1306 13.1 19.9 0 .9 12,930
500 1284 9 .9 20.1 0 .7 12,980
550 1262 6.8 20.4 0.6 13,020
600 1244 4.1 20.7 0 .5 13,040

A M M O N IA C A L L IQ U O R  A ND C Y A N ID E S

The total distillate was well washed and the wash
ings tested for ammonia and cyanides. M ost of the 
ammonia was found to be held b y the tar before it 
reached the acid wash bottle, while the cyanogen 
content seemed to be nearly all carried over to its 
respective wash bottle. The cyanide precipitated 
out upon the addition of ferric alum even at the lower 
temperatures. As this precipitate was intermixed 
with impurities, as noted by the color, no significance 
would attach to the amounts obtained at the various 
temperatures, but it was estimated that approximately
1.25 lbs. of cyanogen may be obtained at 6000 C. 
per ton of coal. The yield of ammonium sulfate in 
pounds per ton of coal is given in Fig. IV.

T A R  OILS

All of the water was extracted by calcium chloride 
from the crttde distillate and the dry tar obtained was 
red-brown in color and semi-solid at ordinary tempera

tures. Its specific gravity ranged from 0.975 to
1.033. The oils were distilled in small glass retorts 
and the percentage yields are given in Table 5, in
cluding the hard and soft paraffin separated by a modi
fication1 of Eisenlohr’s method.2 About half a gram 
of the paraffin oil was weighed to the nearest milli
gram in a tared 7-in. test-tube and warmed slightly.

T a b l e  5— P e r c e n t a g e  C o m p o s i t i o n  o p  O i l s

Tem p. 
° C.

To 
150° C. 
L ight 

Oil

150°- 
300° C. 
M edium  

Oil

Above 
300° C.
Paraffin H ard  Soft 

Oil Paraffin Paraffin Coke Loss
250 10.3 42.1 33.1 3 .9  1.3 9 .6 4 .3
300 10.7 42 .5 33 .4 5 .0  1.8 10.0 3 .3
350 11.3 41 .9 3 3 .9 5 .5  2.1 9 .7 3 .2
400 10.5 41 .7 33 .2 5 .2  1.9 10.3 4 .3
450 9 .3 41.4 31 .4 3 .4  1.5 13.6 4 .3
500 7 .8 41.5 39 .8 2 .1  1.4 15.9 5 .0
550 5 .9 41 .2 29.2 0 .9  0 .7 17.6 5 .9
600 3 .9 40 .9 27.8 0 .6  0 .5 21.1 6 .3

T a b le  6— Y ie ld  op O ils  in  P ounds p e r  T on op Coal
Tem p. R aw Light

ou
M edium Paraffin H ard Soft

0 C. T a r Oil Oil Paraffin Paraffin
250 38 3 .9 16.0 12.6 1.5 0 .5
300 56 6.0 23.8 18.7 2.8 1.0
350 70 7 .9 29.3 23.7 3 .8 1.5
400 64 6 .7 26.7 21.2 3 .3 1.2
450 56 * 5 .2 23.2 17.6 1.9 0.8
500 46 3 .6 19.1 13.7 1.0 0.6
550 32 1.9 13.2 9 .3 0 .3 0.2
600 20 0.8 8.2 5 .6 0.1 0.1

Tw enty cc. each of ethyl ether and ethyl alcohol were 
added and the mixture cooled to — 20° C. in a salt 
and ice bath. The flaky mass was filtered through a
4-in. funnel surrounded b y freezing mixture, the fil-. 
trate being evaporated and the soft paraffin deter
mined b y  freezing from an ether-alcohol (1 : 2) mix
ture after evaporating upon the water bath. Any  
admixture of impurities was removed by dissolving 
the paraffin in the filter b y pouring boiling ethyl alcohol 
through it and collecting the filtrate in a tared beaker,

the alcohol evaporated and the hard paraffin (m. p. 
4 5 ° to 55° C.) weighed.

1 School of M ines and  M etallurgy , Univ. of M issouri, Bulletin  [4], 3, 55. 
1 Z. angew. C h e m 1897, 300, 332.
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P R O P E R T IE S  OP TA R  O ILS 

The light oils were washed with sodium hydroxide 
and sulfuric acid, 20 per cent being soluble in alkali.

The washed oils were then treated with concentrated 
nitric and sulfuric acids in a reflux condenser, whereupon 
nitro derivatives were obtained to some extent, but 
the limited amount of oils obtained made it impractical 
to ascertain the yield. Phenols also were isolated 
upon the addition of bromine water to the cresols 
obtained from the alkali washings. The specific 
gravities of the various fractions are recorded in 
Table 7.

T a d l e  7 — S p e c i f i c  G r a v i t y  o p  T a r  F r a c t i o n s

T em p. 0 C. L igh t Oil M edium  Oil Paraffin Oil
250 0.807 0.905 0.939
300 0.815 0.908 0.950
350 0.812 0.915 0.957
400 0.815 0.926 0.968
450 0.816 0.935 0.966
500 0.816 0.938 0.978
550 0.818 0.946 0.983
600 0.821 0.955 0.985

D IS C U S S IO N

The most striking feature of the investigation 
is the well-defined decomposition point between 
350° C. and 4000 C., approximating closely the same 
temperature as in the previous study, viz., 380° C. 
This marks a maximum in the yield of tar oils, and an 
abrupt rise in the quantities of hydrogen and methane, 
the change of composition in the gas being evident 
from the shape of the curve (Fig. II). A t this point 
also occurs a decrease in paraffins, suggesting the 
possibility of the cracking of the oils.

Unlike the previous study, the presence of cyclic 
compounds in the light oil was proved by the formation 
of nitro derivatives and phenols. The light oils were 
distilled1 and very small amounts of benzene (to 
95° C.) and toluene (950 to 120° C.), and a considerable 
amount of solvent naphtha (120° to 200° C.) were

1 M et. &• Chem. Eng., 17 (1917), 551.

recovered. The light oils soluble in sodium hydroxide 
constitute the cresols and unsaturated acids. The  
medium oil is made up in part of naphthalene, an
thracene, and the higher paraffins, and is semi-solid 
at ordinary temperatures. Soft pitch is contained 
only in tars obtained at 500° C. and-above.

C O N C L U S IO N S

I— The maximum yield of tar oils is obtained at 
3 5 0 ° C.

II— About 3.5 per cent of the coal may be obtained 
as raw oils.

III— These raw oils are a mixture of coal tar and 
petroleum-like oil, with the former predominating.

IV— The yield of light oils decreases rapidly as the 
temperature increases, that of the paraffin_oils less rap
idly, while the yield of the medium oils remains fairly 
constant.

V— About 5.3 lbs. of paraffin wax per ton of coal may 
be obtained at 350° C.

V I— The gas given off up to 6000 C. is small in 
volume and low in heat value, but relatively high in 
illuminants.

V II— Appreciable amounts of ammonia may be 
obtained from the tar water and also small amounts of 
cyanides.

V III— The specific gravities of the tar oils and their 
respective fractions increase correspondingly with 
increase in the temperature of distillation.

IX — This coal, when subjected to destructive dis
tillation, has a temperature of marked decomposition 
which corresponds to a sudden increase in the amounts 
of hydrogen and methane evolved and a corresponding 
increase in the quantity of oil distilled which is gen
erally the maximum point, and, as in most low-grade
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coal, this temperature lies between 350° and 450° C.
X — The residue at 350° has a calorific value of 

12,790 B. t. u., which is an increase of 22.8 per cent 
over the coal as mined, and of 14.7 per cent over the 
dry coal.

H A R D E N IN G  E F F E C T S  O F VA RIO U S E L E M E N T S  U P O N  
LEAD

By Carl O. Thieme

M i c h i g a n  S m e l t i n g  a n d  R e p i n i n g  C o m p a n y ,  D e t r o i t ,  M i c h i g a n  

Received N ovem ber 22, 1919

During the war, the high price and the threatened 
famine in tin, due to labor conditions, shortage of ship 
bottoms, and possibly to the submarine warfare, 
caused the manufacturers of this country to search 
and experiment with other metals and alloys that could 
be used in place of those containing tin. Of course, 
the greater portion of this work was done on tin-base 
bearing metals, but the conservation of tin was aided 
by the substitution of other metal for tin, in brass and 
bronze alloys.

It is quite well known that the composition of gun 
metal, 88-10-0-2, was modified to 88-8-0-4, with 
results that were just as satisfactory. In other cases, 
tin was entirely omitted from bronzes, and aluminum 
substituted, producing alloys that were decidedly 
superior to the tin bronze, with regard to physical 
properties, although as a general rule difficulty was 
encountered in manufacturing aluminum bronze cast
ings. Commercial manganese bronze, which is essen
tially a copper-zinc-iron alloy, found a greater use, and 
the use of yellow brass mixtures in general became more 
popular. The tin content of brass mixtures containing 
the four elements, copper, tin, lead and zinc, in many 
instances was decreased, and one or two of the other

show the hardening effect of the various elements upon 
lead.

The hardening effect of the elements will be taken 
up in the order in which they appear in the accom
panying table.

c a l c i u m - — -Lead may be hardened by the addition 
of about one per cent of calcium.1 It then has a Brinell 
hardness of 15, and quite a metallic ring. The alloy 
does not long retain a luster, and in a short time darkens 
a great deal. It shows numerous small blisters ap
pearing on the surface of the metal, which will chip off, 
giving the metal a sort of pocked appearance. We 
believe that this alloy, upon remelting several times, 
loses its hardness, due, undoubtedly, to the oxidation 
and consequent skimming off of the calcium, together 
with the lead oxide. An admixture of barium and 
calcium is sometimes added as the hardening agent.

s o d i u m — Sodium added to lead hardens it consider
ably, giving a Brinell hardness of approximately 
5 to 6. This alloy also loses its hardness after several 
remelts. It  is believed b y some that the hardening 
constituent in an alloy of this kind is a substance 
having the formula N a2Pbs.2 The eutectic of lead- 
sodium alloys is 2.5 per cent sodium, and 97.5 per cent 
lead. As the sodium is increased, the Brinell hardness 
gradually increases until at 0.8 per cent (the maximum 
amount of sodium dissolved by lead) the Brinell 
hardness is 8. From 0.8 to 2.5 per cent the hard
ness does not increase, but falls off with sodium values 
higher than 2.5 per cent.

a r s e n i c — Arsenic hardens lead and increases the 
fusibility of the alloy. The quantity of arsenic added 
is generally under one per cent, and probably not more 
than 0.5 per cent. On account of the increased fusi
bility, this metal is used to advantage in making lead

H a r d e n i n g  E f f e c t  o f  V a r i o u s  E l e m e n t s  o n  L e a d

. H a r d n e s s  *
M agnified

Cu Sn P b
— C o m  

Sb
PO SIT

P
i o n  ( P e r  c e n t ) --------------------------------

M g C a N a  N i As Hg
H am m er

Scleroscope
B nnell
T est

Fig.
No.

9 9 .0 . . .  0 . 8- 1 .0  ........................... 14.0 15.0

99 .5 ..................... 0 .5  ................ 5 -6*
99 .2 ..................... 0.8  ................ 7 .5 -8 *
99 .5 ................................................0 .5 7 .5 -8 .5 *

98 .0 ..................................... 2 .0  . . .
90 .0 10*0 10- i l i4 !o ’ i ’
82 .0 18.0 14.0 16.0 2

0 .8  Trace 81 .0 18.0 0*. 15 24.0 3
82.0 17.5 17.5

6!5 82 .0 17.5 15.5
4 .0 82 .0 14.0 10— i 2 18.0 ’ 4
5 .0 81 .0 14.0 11-13 19.0
8.0 80 .0 12.0 14-15 20-21 ’ 5

. . .  1 1 .0 75.0 14.0 15-16 22.0 6
99.3 0 .7 12.0 15.0 7

!! !  i !o 98 .3 0 .7  ........................................... 12.0
2 .5 96 .8 0 .7  . . .  ' ........................... 10.5
5 .0 94 .3 0 .7  ........................................... 12.0

(K7.0 4-9*
100‘.0 4 -4 .5 *
100.0 5 -5 .5 *

* H ardness num bers followed by  asterisk, 100 kilogram  load and 10 m m . ball; all o thers, 500 kilogram 1c

R e m a r k s

An adm ixture of barium  and  calcium , som e
tim es added as hardening agent

K now n as shot lead, also added to  antim onial 
lead for bullets 

H ardness no t determ ined 
Popularly  known as antim onial lead 
M etallic packings— filling and ham m er m etal

Experim ental alloy

Experim ental alloy 
E xperim ental alloy 
Experim ental alloy 
E xperim ental alloy

C ast lead
Cold ham m ered lead

metals increased, producing alloys that were cheaper 
and gave just as satisfactory results for the purposes for 
which they were used.

As stated above, the conservation of tin was due 
largely to the use of lead-base and leaded white metals. 
It  is not my intent to enter into a discussion of the 
values of lead-base bearing metals at this time, for 
there are many articles, pro and con, published on this 
subject, but to present the following data which will

shot, for the time taken in solidifying gives the metal 
better opportunity to form a spherical drop.

n i c k e l — Nickel, when added to lead, has a decided 
hardening effect, but on account of the great difference 
in their melting points, the use of this alloy is rather 
out of the question. The component metals must be

1 Chem. &  M el. Eng., Sept. 28 (1918), p. 253.
* C. H . Desch, “ M etallography,”  2nd Ed., 1913; C. H . M athew son, 

Z. anorg. Chem., 50 (1906), 171.
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per cent of antimony added up to the eutectic point, 
when the proportionate increase of hardness in the alloy 
does not hold true. The hardness of a mixture of 10 
per cent antimony and 90 per cent lead is approximately 
14 Brinell, which corresponds to the calcium-lead alloy 
(Fig. 1).

An alloy of antimony and lead, of the composition 
87 per cent lead and 13 per cent antimony, shows 
neither lead nor antimony in excess, and is entirely 
composed of the eutectic. When the antimony con
tent is increased to 18 per cent the alloy shows a 
hardness of 16 Brinell. The grain of this metal, how
ever, varies greatly and is controlled only with con
siderable difficulty by pouring into a water-cooled 
mold. In order to prevent segregation, it is necessary 
to pour this metal as near the melting point as possible. 
The mixture is quite resonant, and, unlike the calcium 
and the sodium hardened lead alloys, does not lose its 
hardness upon remelting. It is brittle and fractures 
easily. Fig. 2 shows structure of an alloy of the com
position 82-18.

The addition of one per cent phosphor copper to 
the alloy just mentioned has a decided hardening effect, 
showing a Brinell hardness of 24.0. However, this 
alloy is more brittle than the antimony-lead mixture, 
and loses its luster more quickly. It is extremely 
hard to cast, as it pours very sluggishly, and segre
gation is bound to occur in spite of all precautions. 
This is explained b y the fact that, in order to cast a 
sound bar, the temperature must be raised to increase 
the fluidity, and flotation of the antimony crystals re
sults. The grain is finer than the 82-18 antimony- 
lead mixture, thereby offering an explanation for the 
increased hardness, and a fracture of the metal shows 
a finely crystalline grain, similar in color to gray iron. 
Fig. 3 illustrates the segregation of free antimony.

Magnesium hardens the alloy of antimony and lead, 
although not to as great extent as the addition of one 
per cent phosphor copper. One-half per cent of m ag
nesium added to this alloy produces a metal having 
a hardness of 17.5. It is almost silvery white when 
first cast, but the luster slowly disappears and the 
alloy darkens.

One-half per cent of tin does not noticeably alter the 
properties of this alloy, although a series of hardness 
tests shows a slight decrease to 15.5 Brinell. A micro
scopical examination reveals the formation of a few 
imperfectly formed tin-antimony cubes, very unevenly 
distributed throughout the section. These crystals 
are absent in the other alloys. As the tin content is 
increased to 4 per cent, and the antimony decreased 
proportionately, the resultant alloy gives a' Brinell 
hardness of 17.5 to 18.0 (Fig. 4). The addition of 5 
per cent tin produces an alloy of 19.0 Brinell hardness. 
On increasing the tin content still further to 8 per cent, 
the structure of the metal is changed, and as the com
position nears the hypothetical ternary tin-lead-an- 
timony eutectic (none formed) we find a fine grained 
alloy. This is an ideal alloy of the three metals, due 
to the fact that it retains its luster better than the 
majority of lead-base metals of this series, and readily 
takes a high polish. Its hardness is 20.0 (Fig. 5).

melted separately, and mixed in the molten condition. 
An alloy of 2 per cent nickel and 98 per cent lead has a 
good appearance and is quite resonant.

F i o .  1 ‘ — M a t r i x  o f  L r a d - A n t i m o n y  E u t p . c t i c .  E x c e s s  L k a d  S h o w i n g  
a s  C r y s t a l l i t e s

F i g . 2 — M a t r i x  o p  L h a d - A n t i m o n y  E u t e c t i c . E x c e s s  A n t i m o n y  C r y s 
t a l s  D i s t r i b u t e d  U n i f o r m l y  t h r o u g h o u t  t h e  S e c t i o n

F i g . 3 — M a t r i x  o p  L e a d - A n t i m o n y  E u t e c t i c . F r e e  A n t i m o n y  C r y s t a l s  
i n  E x c e s s  i n  W h i c h  I s  D i s s o l v e d  C o m p o u n d  C u z S b

a n t i m o n y — Antim ony has long been used to harden 
lead, and has a wide use commercially as filling metal 
and hammer metal, and in some instances as an anti
friction metal. When the alloy contains more than 
18 or 20 per cent antimony, it becomes too 
brittle for practical use. The hardness is proportional 
to the antimony content, and the increase is due to the 
formation of a eutectic having the composition 87 per 
cent lead and 13 per cent antimony. The hardness is 
increased approximately one number (Brinell) for each

1 All p h o t o m i c r o g r a p h s  s h o w n  h e r e  a r e  t a k e n  a t  1 0 0  m a g n i f i c a t i o n s  
a n d  a r e  e t c h e d  w i t h  a  d i l u t e  s o l u t i o n  o f  n i t r i c  a c i d  i n  e t h y l  a l c o h o l .
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F i g . 5 — L k a d - A n t i m o n y  E u t b c t i c  w i t h  a  F l o t a t i o n  o f  T i n - A n t i m o n y  
G a m m a  C o n s t i t u s n t  a n d  T i n  C r y s t a l s

An 11 per cent tin alloy of the same series gives a 
hardness of 21.5 to 22.0 Brinell (Fig. 6). It will be 
noticed in the tin-lead-antimony alloys that, as the tin 
is increased 1 per cent, the hardness is increased half 
a number in each instance. Most bearing metals of the 
lead-base series should not contain more than 10 per 
cent tin unless the antimony is increased propor
tionately. However, the alloy then becomes brittle, 
as in the case of the binary alloy of lead and antimony. 
Above 10 per cent tin, the addition of tin to lead- 
antimony alloys does not exert as great a hardening 
effect as is true when smaller percentages are added.

m a g n e s i u m — Magnesium1 hardens lead when added 
in small amounts, usually one per cent or under. 
An alloy containing one-half per cent magnesium has a 
Brinell hardness of 15.0. Difficulty is encountered, 
however, in alloying these metals. The alloys were 
made b y introducing small pieces of magnesium into 
the molten lead until the former gradually melted and 
dissolved. After the magnesium is alloyed with the 
lead it does not oxidize rapidly, and, therefore, retains 
its luster and its hardness upon remelting. The writer 
believes the hardening constituent in this alloy to be a 
substance having the composition M g2Pb, which 
Kurnakoff and Stepanoff found to solidify at 551° C .! 
The photomicrograph (Fig. 7), although considerably 
scratched, illustrates the formation of this material.

1 Metall u. Ers, n . s., 7  (1919), 79; a bstrac ted  in J . Inst. Metals, 2 1  (1919),

* G rube, Z. anorg. Chem., 4 4  (1905), 117; 4 6  (1905), 177.
435.

F i o .  7 — M a t r i x  o f  L e a d  i n  W h i c h  I s  I m b e d d e d  M g t P b  C o n s t i t u e n t  a s  
P r i m a r y  C r y s t a l l i t e s

The addition of one per cent tin to this mixture 
softens the alloy, giving a Brinell hardness of 12.0, 
while 2.5 per cent tin lowers it still further to 10.5. 
Between 2.5 and 5 per cent tin there is a limit to the 
falling hardness, and a mixture containing 5 per cent 
tin again raises the hardness to 12.0. An alloy of 
this composition would be rather expensive, as com
pared with the alloys previously mentioned, which 
give a greater hardness at a lower cost.

m e r c u r y — A recent investigation of lead alloys, 
with mercury, sodium, and tin, by J. Goebel,1 shows 
that mercury, when added to lead, increases its hard
ness from 4 to 9 Brinell. A ny amount of mercury 
up to a maximum of 7 per cent increases the hardness 
proportionately.

The hardness of cast lead and cold hammered lead 
is given at the foot of the table, to allow of comparison 
in degree of hardness.

T H E  SO LU B ILITY O F M O N O - A N D  D IA M M O N IU M  
P H O S P H A T E

By G. H. Buchanan and G. B. Winner

T e c h n i c a l  D e p a r t m e n t ,  A m e r i c a n  C y a n a m i d  C o . ,  N e w  Y o r k , N .  Y .

Received N ovem ber 29, 1919

In connection with certain experimental work re
cently carried on in this laboratory, more definite 
information than could be found in the literature was 
required concerning the solubility of the two commercial

* Z. Ver. deut, In g ., M ay 10, 1919; ab strac ted  in T h i s  J o u r n a l ,  1 1  
(119), 1065.

F i g . 4 — M a t r i x  o f  L e a d - A n t i m o n y  E u t e c t i c . I m p e r f e c t l y  D e v e l 
o p e d  T i n - A n t i m o n y  G a m m a  C o n s t i t u e n t  a n d  a  S m a l l  P e r c e n t a g e  
o f  E x c e s s  L e a d

P i g .  6— L e a d - A n t i m o n y  E u t e c t i c  M a t r i x  i n  W h i c h  I s  I m b e d d e d  T * w  
A n t i m o n y  G a m m a  C o n s t i t u e n t
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phosphates of ammonia. It therefore became neces
sary to prepare solubility curves for these two salts 
which would be of sufficient precision for the work in 
hand. The temperature ranges in which we were 
interested were, for the mono-salt, from about zero 
to the boiling point of the saturated solution, and from 
o° to about 70° C. for the di-salt. These solubility 
determinations were made with care, and with as 
great precision as was possible with the equipment in 
a technical laboratory. While we make no claims for 
the highest precision, we feel that the data are of suffi
cient value to warrant their general distribution.

Dammer, Abegg, and the Chem iker K a lcn d a r  state 
that the di-salt, (N H ^ H P O .,,  is soluble in four parts of 
cold water, and that the mono-salt, ( N H 4)H 2P0 4, is 
less soluble than the di-salt. Com ey adds that the 
mono-salt is soluble in 5 parts of cold water. Olsen1 
gives the same figure for the di-salt, but for the mono
salt he gives the solubility as 171 parts per hundred of 
water at 0° C. and 260 parts per hundred of water at 
3 1 0 C.; that is, the mono-salt is much more soluble 
than the di-salt. The new edition of Seidell's “ Solu
bilities” (1919) gives a value for the solubility of the di
salt, attributed to Greenish and Smith, of 131 g. 
( N H ^ H P O i  in 100 g. water at 15 ° C .

T H E  S O L U B IL IT Y  OF M O N O A M M O N IU M  P H O S P H A T E ,

( N H 4)H 2P 04

p r e p a r a t i o n — The salt was prepared by recrystal
lization of commercial mono-salt, “ Ammo-Phos,”  
and analyzed as follows:

Per cen t N H j *■ 14.80; Per cen t PiO i *■ 61.57; R atio  =  0.240. 
C alculated for (N H O H jPO«:

Per cen t N H j ■= 14.80; P er cen t P 2O» =* 61.72; R atio  *= 0.240.
(By " R a tio ”  we m ean th e  per cen t am m onia divided by  th e  per cen t 

PsO*. F o r th e  n ono-salt th e  " ra tio ” is 0.240, and  for the  di-salt 0.480.)

F io . 1

m e t h o d — The apparatus used is shown diagrammati- 
cally in the accompanying sketch (Fig. i). The tem
perature of the thermostatic bath was controlled by the 
introduction of steam or ice water, with an electrically 
heated hot plate as an auxiliary for the higher tempera
tures. For the very highest temperatures calcium 
chloride brine was used in the bath. This thermostatic 
bath was of large size and the water was kept in vigorous 
motion b y a motor-driven propeller. Although hand

1 Van N o stran d ’s "C hem ical A nnual,”  1918.

controlled, no difficulty was experienced in maintaining 
the temperature constant to within 0.50 C., which was 
as precise regulation as was desired.

To each of two glass bottles of about 250 cc. capacity  
there were added water and an amount of the salt 
largely in excess of the requirement for a saturated 
solution at the temperature in question. One of 
these bottles was cooled to about io °  below the de
sired temperature, while the other was heated to about 
the same distance above it. The bottles were now 
placed in the bath, the agitators introduced, and vig
orous agitation at constant temperature maintained 
for one hour. A t the end of an hour the agitators 
were stopped and samples of the clear liquid withdrawn 
in the special weighing pipette shown in the sketch

F io . 2

(Fig. 2), care being taken that the cotton filter on the 
end of the pipette was tight, preventing the intro
duction of crystals with the liquid. The agitators 
were again inserted and the stirring at constant tem 
perature continued while the samples were being 
analyzed for ammonia by distillation. A t the time 
of withdrawal of the sample a final temperature reading 
was taken in the bottles themselves by means of a care
fully standardized thermometer. This temperature 
was considered the temperature of the determination.

If the two portions agreed sufficiently well, it was 
assumed that equilibrium had been reached; if they  
did not agree, two more samples were withdrawn. 
This was continued until satisfactory agreement was 
secured. This agreement was rarely obtained in less 
than 2 hrs.; almost invariably the bottle with the rising 
gradient reached equilibrium more rapidly than the 
bottle with the falling gradient. From the ammonia 
determinations, the amount of ammonium phosphate 
present in the sample, and hence the solubility, was 
obtained. This method of calculation is applicable, 
since the mono-salt is entirely stable at solution tem 
peratures. An analysis of the material remaining in 
the bottles at the close of the series showed that the 
“ ratio” had not changed at all during the experiments.

The method of procedure outlined was employed for 
all the determinations up to and including that made 
at 90° C. In the case of the measurement at 1020 
both bottles were brought to equilibrium from below. 
The last point, which is that of the boiling saturated 
solution, 110.50 C., was obtained by withdrawing the 
samples from a saturated solution during vigorous 
ebullition.

All thermometers used were checked by comparison 
with a standard thermometer. Where necessary, suit
able stem exposure corrections were applied. We be



4 5 ° 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  V o l .  12,  N o .  5

lieve that the temperature measurements reported are 
certainly correct within =*=0.5° C.

e x p e r i m e n t a l  d a t a — When the solubility data are 
calculated as percentage solubility, that is, as grams 
of salt dissolved in 100 g. of the saturated solution, 
and these results are plotted (Fig. 3), we find that the 
points up to and including 900 C. lie in a straight line, 
none of the determinations lying off the straight line 
by an amount greater than the experimental error. 
From this straight line we derive the equation for the 
solubility of the mono-salt over the temperature range 
of 50 to 90° C. as follows:

Solubility of M onoam m onium  Phosphate (g. in  100 g. of s a tu ra ted  solu- 
tio  1 between 5 °-9 0 °) = 18.0 0 455/

The two high temperature points fall a little below 
the straight line, probably on account of the difficulty 
in withdrawing samples from the highly concentrated 
solutions. No determinations were made at tempera
tures below 5 0 C. but it is probable that the curve 
could be extrapolated at least to zero.

In Table I, which follows, are shown the experimental 
data and the solubilities derived therefrom. Column 
i shows the percentage solubility in the bottle which 
was heated to the required temperature, obtained 
b y dividing the observed percentage of ammonia 
by 14.So (the per cent of ammonia in monoammo
nium phosphate). Column 2 gives the percentage 
solubility in the bottle which was cooled to the de
sired temperature, and Column 3 gives the mean of 
Columns 1 and 2. Column 4 gives the percentage 
solubility as calculated by use of the above formula, 
and Column 5 gives the values of Column 4 recalculated 
as grams salt dissolved in 100 g. water.

T a b l e  I — S o l u b i l i t y  o p  M o n o a m m o n i u m  P h o s p h a t e , ( N H ^ H t P O *
 ---------- G ram s M onoam m onium  P hosphate---------- *
— 100 G. of S a tu ra ted  Solution—» 100 G W ater

Tem p. 0 C. (1) (2) (3) (4) (5)
4. 8 20.5 20.3 20 .4 20.2 25.3

18.,3 25.9 26.6 26.3 26.3 35.7
30. 0 31 .4 31.7 3 1 .6 31.7 46 .4
40. 0 36.1 36.3 36 .2 36.2 56.7
50.,0 40 .8 40 .8 4 0 .8 40 .8 69. 1
69.,0 49.7 49 .8 49 .8 4 9 .4 97.7
90,,0 59.3 58 .8 59. 1 58.9 143.0

102 .,0 63.2 63.2 64 .4 181.0
1 1 0 ..5 67 .3 67.3 68.3 215 .0

T H E S O L U B IL IT Y OF D IA M M O N IU M P H O S P H A T E ,

(NHOsHPO«

p r e p a r a t i o n — The diammonium phosphate used 
in these experiments was prepared by ammoniating 
at a temperature above 800 C. a nearly saturated solu
tion of mono-salt, cooling the mixture and filtering out 
the di-salt crystals. The air-dried crystals analyzed 
as follows:

P er cent NHa =  25.8; Per cent P:Os =  53.9; R atio  =■ 0.479 
C alculated for (N H O jH PO c  

P er cent NHa -  25.8; P e r cent PiOs ■= 53.8; R atio  =  0.480

m e t h o d — While the mono-salt is very stable at 
solution temperatures, the di-salt is much hydrolyzed, 
and precautions have to be taken, particularly at 
higher temperatures, to minimize ammonia losses. 
In the apparatus used by us it was not possible to 
entirely eliminate this loss, but its amount was de
termined in each experiment and its effect on the re
sults as a whole largely eliminated by proper weighting 
of the experimental results.

The • experimental procedure was practically the 
same as that used for the mono-salt, except that two 
samples were withdrawn from each bottle instead of 
one, as formerly. One sample from each bottle was 
analyzed for ammonia, and, if these showed satisfactory 
agreement, the other pair -were analyzed for P20 5 
by precipitation of the double magnesium salt. From  
the two analyses it was possible to arrive at the amount 
of decomposition which had taken place.

e x p e r i m e n t a l  d a t a — Table II gives the experi
mental data. The column headings are all self-ex
planatory, except possibly the last, which is intended 
to show the per cent of the dissolved phosphates of 
ammonia which was present as di-salt, as calculated 
from the “ mean ratio.” This column is of value in 
furnishing information as to the weighting of the data 
in deriving the solubility formula.

T a b l i j  I I — T im  S o l u b i l i t y  o f  D i a m m o n i u m  P h o s p h a t e  ( N H O j H P O *
P er cent 
D i-salt

Tem p. -— P er cen t N H j— » -— Per c en t PjOa— . R atio  from
0 C. Up Down M ean Up Down M ean (M ean) R atio

0 7.69 7. 62 7. 66 16. 28 16..28 16,,28 0.470 96
10 9 .89 9..85 9. 87 20 . 70 20 ..61 20 ,.66 0.478 99
20 10.54 10 . 46 10 . 50 2 1 . 94 2 1 ,.89 2 1 .,92 0 .480 100
30 10.87 10 . 89 10 . 88 23.,00 23.,00 23. 00 0.473 97
40 11.45 1 1 ,.46 1 1 . 46 24. 47 24.,55 24. 51 0.467 95
50 12.06 1 2 . 20 12 . 13 25. 41 25, 34 25. 38 0.478 99
60 12.58 12 ..55 12 . 57 26. 80 26.,90 26..85 0.468 95
70 13.07 13.,22 13. 15 27. 58 28..01 27. 80 0.473 97

Due to the decomposition which has taken place in 
some of the samples, there is sometimes a little doubt 
as to just how the percentage solubility should be cal
culated. In Table III  is shown in Column i the solu
bility as calculated by dividing the mean ammonia 
percentage by 25.78, the theoretical percentage of 
ammonia in diammonium phosphate. Column 2 
contains the solubility calculated in a similar manner 
from the P2O5 content of the solution, and Column 3 
is the mean of Columns 1 and 2. The values of Column 
3 are plotted in the accompanying graph (Fig. 3).

F i g . 3 — T h e  S o l u b i l i t y  o k  M o n o -  a n d  D i a m m o n i u m  P h o s p h a t e s

As will be seen, the values between 100 and 700 C. 
lie in a straight line, and we derive therefrom the solu
bility formula:

Solubility D iam m onium  P hosphate  (g. in  100 g. of the  sa tu ra ted  solution 
between 10°-70° C .) =  36.5 +  0.2131

The values of Column 4 are derived b y calculation 
from this formula. Column 5 contains the values of 
Column 4, calculated as grams diammonium phosphate 
dissolved in 100 g. water.
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T a b l e  I I I — S o i . u d i i . i t y  o f  D i a m m o n i u m  P h o s p h a t e  
-------------- G rains D iam m onium  Phosphate—dooÏ

of S a tu ra ted  Solution—s 100 G . W ater
.. ° c. ( 1) (2) (3) (4) (5)

0 29.7 30.3 3 0 .0
10 38.3 38 .4 38.4 38! 6 62 .8
20 40 .7 40 .8 40 .8 40 .8 69 .0
30 42 .2 42 .8 42 .5 42 .9 75 .2
40 4 4 .4 45 .6 4 5 .0 4 5 .0 81 .8
50 47 .0 47 .2 47.1 47 .2 89.2
60 48 .8 49 .9 49 .4 49 .3 97.3
70 51 .0 51 .8 51.4 51.4 106.0

SUM M A RY

Solubility determinations made on the two com
mercially important phosphates of ammonia permit 
the derivation of the following solubility equations, 
representing the grams of the salt dissolved in 100 
g. of the saturated solution between the temperature 
limits given:

5 ° C.
Solubility Monoammonium Phosphate 0 ^ " =

18.0 +  0.455/. 50 a

1 0 0 c
( Solubility Diammonium Phosphate q0 ^  =

36.5 +  0 .213;.
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The barley crop of the United States approximates 
200,000,000 bu. yearly, most of it being grown in 
North Dakota, California, Minnesota, South Dakota, 
Wisconsin, Kansas, and Iowa. The average annual 
yield per acre is about 25 bu. Heretofore fully one- 
third of the crop, or somewhat over 60,000,000 bu., 
has gone into malt for brewing and distilling, and a 
large amount is still malted for utilization in the manu
facture of malt extract. About one-half of the crop is 
used directly as feed for animals, and from 2 to 3 
per cent, or approximately 4,000,000 or 5,000,000 
bu., is kept b y the farmers for seed. This leaves a 
relatively small proportion of the entire crop (normally 
about 3,000,000 bu.) to go directly into human food as 
barley flour or pot and pearl barley. Except during 
the war, when a large portion of the crop was milled 
into a flour which was mixed with wheat flour and used 
for baking, barley has for the most part been consumed 
by man in the form of pearl or pot barley. In this 
form it has, of course, been used for many decades in 
Europe, particularly in Scotland where pot barley 
has met with special favor. About a score of manu
facturers in this country are now engaged in making 
pearl barley, the total output of which before the war 
was 500,000 100-lb. sacks. The present paper con
tains the results of a study of the method of manu
facture of pearl barley and of the chemical composi
tion of the various products of the pearling operations 
carried out b y the Plant Chemical Laboratory.

P E A R L  AND P O T  B A R L E Y

According to M cG ill,1 the reduction in weight in 
producing pot barleys is 46 per cent. Such barley 
contains from 0.89 to 2.44 per cent of ash. The loss 
in making pearl barley is greater, as is evident from the

1 Lab. In land  R ev. D ept., O ttaw a, C anada, Bulletin  329.

fact that M cGill finds that pearl barley contains from 
0.58 to 1.27 per cent ash. Tibbies1 states that Scotch 
barley is not decorticated as extensively as pearl 
barley. Church2 states that from 100 lbs. of barley 
only 63 lbs. of pot barley, or about 32 lbs. of pearl 
barley, are obtained. Doubtless this pearl barley is 
the product resembling the fifth pearl barley of com
merce. Gill3 states that when the integuments of the 
barley are removed and the product rounded and 
polished the result is pearl barley.

Sometimes in the process of manufacturing pearl 
barley, sulfur dioxide is used to whiten the final prod
uct, and talc or similar substances are added to brighten 
and give it a “ pearl-like” appearance. The amount 
of insoluble ash in normal pearl barley, which has not 
been subjected to the treatment with talc or other 
mineral substances, is less than 0.10 per cent. A c
cording to Liverage and H aw ley4 any sample of pearl 
barley containing a greater quantity of insoluble ash 
should be regarded as adulterated with mineral facing. 
Pluecker and Flebbs5 have shown that the use of sulfur 
or talc is not for the purpose of preventing the growth 
of microorganisms, as has been claimed by some 
manufacturers, but is simply a commercial practice.

M A N U F A C T U R E

The various steps to which barley is subjected in the 
pearling process are indicated in Fig. 1. The barley 
as first received is passed into storage bins from which 
it travels to automatic scales. The weighed grain is 
sent to the separator where it is partially cleaned by  
screens. From the separator it goes to the reel,

F i g . 1— D i a g r a m  S h o w i n g  B a r l e y  P e a r l i n g  P r o c e s s

which cleans it more thoroughly. The cleaning is 
completed by sieves and aspirators, after which the  
barley is ready for the pearling process. The grain

1 “ Foods, T heir Origin and  M anufac tu re ,”  p. 471.
8 “ Food ,” p. 74.
3 “ Bread M aker,” p . 75.
* J .  Soc. Chem. In d ., 34 (1915), 203.
5 Z . Nahr. Genussm., 28 (1914), 28.
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F ig 2

From the first pearler the mixture of offal and barley 
is sent to a reel which removes the offal or husk. 
From the reel the barley enters an aspirator where the 
remaining fine particles are removed. After cooling, 
the barley is ready for the second pearling.

The second operation, which is identical in process 
with the first, removes tTie next remaining layer of the 
grain, and the product thus obtained is likewise sent 
to a reel for the separation of the offal and the dust F i g . 4 — C o m p o s i t i o n  o f  O f f a l

is carried from the cleaning devices, which differ in 
various mills, to the small bin over the first pearler.

The pearling machine used in the preparation of 
pearl barley generally consists of a large, vertical, 
cylindrical abrasive stone surrounded by a metal 
sieve, and resembles an ordinary grindstone in shape 
and position. The whole is enclosed in a dustproof 
metal jacket. The stone, usually of corundum, 
carborundum, or emery, may be as much as 4 ft. in 
diameter, and is made to revolve from 300 to 400 times 
per minute. The sieve surrounding this stone re
volves about one-tenth as fast in the opposite direc
tion. The barley, introduced automatically from a 
small bin or hopper, is subjected to a scouring action 
between the stone and the sieve. This abrasion con
tinues for about 2 min., and the finer dust particles 
produced are removed from the enclosing jacket by  
means of dust collectors. The partly pearled barley 
and offal are then ejected, and a new charge of clean 
barley introduced. The entire process is automatic 
and practically continuous.

particles. The pearling is generally repeated from 
4 to 6 times in order to remove by attrition all the 
outer coats of the barley grain.

After passing through the third process the partly  
pearled barley is often sent to a grader where it is 
assorted (Fig. 1). The large kernels are subjected 
to further attrition, thus producing a pearl barley 
of special type, the grain of which is rather large and 
well rounded. The smaller broken particles are 
collected and ordinarily used for feed. If the pearling 
process is stopped at the stage where only the outer 
cuticle is removed a “ pot” barley (French, Orgc M o n d é) 
results. This is sometimes called Scotch barley, and 
is also known by various trade names. When the 
attrition is carried on still further a smaller type of 
pearl barley, w'hich is generally separated into grades 
according to size, is produced. The different pot and 
pearl barleys and offal are shown in Fig. 2.

E X P E R IM E N T A L  W O R K

s a m p l e s — Two sets of samples were obtained from a 
large cereal factory, one in 1916 and the other in 1917. 
In each case samples of the original barley, as well 
as of the products resulting from each pearling pro
cess, were collected. T h at is, the samples represent 
the original barley, the pearled or partly pearled barley, 
and the offal from each of the 6 pearling operations.

m e t h o d s  o f  a n a l y s i s — After grinding the samples 
so that they would pass through at least a i-mm. sieve, 
they were analyzed for moisture, ash, protein, fat, and

F i g .  3 — C o m p o s i t i o n  o p  P e a r l e d  B a r l e y
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fiber, according to the methods of the Association of 
Official Agricultural Chemists. The constituents of 
the ash were determined as follows: P 20 5 and K : 0

according to the official methods of the Association of

Official Agricultural Chemists; the silica also by the 
official method, except that it was not separated from 
carbon and sand, the amounts of which were so small 
as to be negligible. The calcium and magnesium were 
determined according to the McCrudden method,1 
with slight change in that it was not found necessary 
to boil the calcium solution during any part of the de
termination.
T a b l e  I — P e r c e n t a g e  C o m p o s i t i o n  o n  D r y  B a s i s  o p  P e a r l  B a r l e y

a n d  O f f a l  (5 O perations)
---------------------------Constituents--------------------------s

D e s c r i p 
t i o n  

Original 
barley 

1s t offal 
1st pearling 
2nd offal 
2nd pearling 
3rd offal 
3rd pearling 
4 th  offal 
4 th  pearling 
5 th  offal 
5 th  pearling

W t. 
per 

1000 
K cr- 

P . C. nels 
N o. G.

'Sx

ft
18408 28.
18410
18411 24.
18413
18414 21
18416
18417 18
18419
18420 16. 
18422
18421 13

.32 2.81 
7.25 

.37 2.15 
5.05 

.44 1.80 
3.73 

72 1.44 
2.42 

.18 1.15 
1.86 

.20 0.96

12.06 2.22 5. 
10.37 3.45 23. 
12.56 2.07 2 
18.00 6.43 10. 
11.69 1.73 1
17.12 4.98 
10.75 1.26 
13.81 2.43
10.13 1.16 
12.31 1.90
9.69 1.02

O 
£

89 0.962 
50 0.842 
.76 0.984 
.17 1.632 
.67 0.881 
.28 1.691 
.04 0.744 
.93 1.180 
.75 0.606 
.15 0.923 
.65 0.506

O
£

o
cl
Ü

0.654 0. 
1.170 0. 
0.553 0. 
1.180 0. 
0.501 0. 
0.977 0. 
0.400 0. 
0.609 0. 
0.340 0. 
0.496 0. 
0.276 0.

074 0.265 
117 0.284 
059 0.221 
.1190438  
,052 0.173 
.092 0.448 
.053 0.146 
,070 0.282 
052 0.108 
.063 0.186 
039 0.102

O
c/3

0.785
4.080
0.257
1.470
0.138
0.259
0.069
0.210
0.038
0.098
0.029

r e s u l t s  o f  a n a l y s i s — As has been stated already, 
from 4 to 6 pearling operations are necessary to secure 
a well-rounded, white, pearl barley. Tables I and II

T a b l e  I I — L o s s e s  D u b  t o  P e a r l i n g  ( 5  O perations)
Calculated from  Weights Taken at the M ill*

W t. per 
1000
K er- .-------------------C onstituen ts  (P er cent)-------------------■

D e s c r i p -  P . C. n e l s  Pro-
t i o n  N o. G. Ash tein  F a t F iber P1O1 KjO CaO MgO SiOj 

1st pearling 18411 11.5 3 0 .0  8 .0  17.6 58 .6  9 .4  25 .2  29 .7  2 6 .0  71.1
2nd pearling 18414 22.1 4 9 .2  25 .0  39 .7  77 .9  28 .7  40 .4  4 5 .8  4 9 .0  86.3
3rd pearling 18417 3 0 .9  6 3 .6  38 .5  60.1 8 7 .8  4 6 .4  57 .6  5 0 .0  6 1 .9  93 .9
4 th  pearling 18420 38 .1  74 .5  48 .3  67 .8  92.1 6 0 .9  67 .9  56 .7  78.5 97 .0
5th  pearling 18421 48.1 81 .7  58 .7  76.1 94 .3  72 .6  78.1 7 3 .0  8 0 .0  98.3

Calculated from  Weight per 1000 Kernels 
1st pearling . . .  13.7 34 .1  10.3 19.8 59 .8  12.0 2 7 .2  31.1 28 .3  71.8
2nd pearling . . .  24 .3  50 .6  2 6 .8  4 0 .9  78 .6  3 0 .7  4 2 .0  4 5 .0  50 .5  86.7
3rd pearling . . .  34 .2  6 5 .3  4 1 .2  62 .4  88 .3  4 8 .7  59 .5  52 .7  63 .4  92 .8
4th  pearling . . .  4 2 .8  76 .4  5 1 .9  70 .0  92 .7  6 4 .9  70 .2  5 9 .4  76 .6  97 .2
5 th  pearling . . .  5 3 .0  8 3 .5  62 .7  78 .2  9 4 .8  75 .3  80 .2  75 .7  81 .9  98 .2

1 A com plete charge from  one of the pearling m achines, consisting of 
from 50 to  100 lbs. of mixed barley  and  offal, was secured from each pearling 
operation. T he pearl barley w as separated  from th e  offal, and  the  percentage 
loss calculated.

(P. C. 18408 and 18422) show the results of the analysis 
of pearl barley and the products of pearling obtained

1 J .  Biol. Chem., 7  (1909), 98; 1 0  (1911), 187.

T a b l e  I I I — P e r c e n t a g e  C o m p o s it io n  o n  D r y  B a s is  o f  P e a r l  B a r l e y  
a n d  O f f a l  (6 O p era tio n s)

• C o n s t it u e n t s ---------------------.
W t. p e r  P ro -

1000 te in
P . C . K er- (N  X

D e s c r ip t i o n  N o . nels. G. A sh  6 .25) F a t  F ib e r  P iO j K jO  C aO  
O rig ina l b a r le y .. 17575 4 2 .5 0  2 .8 2  13 .1 9  2 .0 9  5 .0 8  1.02 0. 66  0 .0 6 2
1st o ffa l................  17577 6 .8 9  10 .5 6  2 .7 7  2 3 .7 4  0 .9 7  1 .1 2  0 .0 9 5
1st p ea rlin g   17576 3 9 .6 6  2 .1 7  12 .9 4  2 .0 2  2 .3 6  1 .07  0 .5 9  0 .0 4 8
2 n d  o ffa l..............  17579 5 .1 3  1 9 .5 6  6 .4 8  9 .2 5  1 .9 2  1 .15  0 .0 9 7
2n d  p e a rlin g   17578 3 4 .1 0  1 .8 0  1 2 .5 6  1 .4 7  1 .37  0 .9 4  0 .5 0  0 .0 4 3
3 rd  o ffa l...............  17581 3 .9 3  1 6 .3S 4 .9 2  4 .8 1  1.81  1 .03  0 .0 7 6
3 rd  p e a r l in g   17580 3 0 .4 0  1 .45  10 .2 5  1 .1 9  0 .9 1  0 .8 1  0 .4 1  0 .0 3 5
4 th  o ffa l............... 17583 2 .6 8  1 4 .3 8  2 .5 8  2 .0 6  1 .3 7  0 .7 0  0 .0 5 2
4 th  p e a r l in g   17582 2 4 .5 2  1 .2 0  1 0 .5 0  0 .9 1  0 .7 3  0 .6 8  0 .3 4  0 .0 3 3
5 th  o ffa l...............  17585 2 .1 3  13 .4 5  2 .0 4  1 .35  1 .14  0 .5 8  0 .0 4 7
5 th  p e a r l in g   17584 2 0 .1 3  1 .0 6  10 .3 7  0 .9 4  0 .5 8  0 .6 2  0 .3 2  0 .0 3 0
6th  o ffa l.............. 17585-y 1 .6 7  1 2 .5 0  1 .67  1 .2 2  1 .0 0  0 .4 7  0 .0 3 8
6 th  p e a rlin g   17585-1 14 .25  0 .9 8  9 .4 4  0 .8 9  0 .4 4  0 .5 6  0 .3 0  0 .0 3 5

t h r o u g h  5 o p e r a t i o n s .  T a b l e s  I I I  a n d  I V  ( P .  C .  

1 7 5 7 5  a n d  i 7 5 8 5 )  g i v e  s i m i l a r  r e s u l t s  o n  p r o d u c t s  

o b t a i n e d  f r o m  6 p e a r l i n g  o p e r a t i o n s .  T h e s e  r e s u l t s  

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

F i g s -  3 , 4 , a n d  5 .

T a b le  IV — L o sses  D u e  t o  P e a r l i n g  (6 O perations)
Calculated from  Weight per 1000 Kernels

W t. per .--------------- C onstituen ts  (P er cent)--------------*
1000 Protein

K ernels (N  X
D e s c r ip tio n  G. Ash 6.25) F a t  F iber P 20b KaO CaO
1st p e a rlin g   6 .7  2 8 .0  8 .5  9 .6  56 .7  2 .2  17.0 24 .2
2nd pearling ............. 19.8 4 8 .9  23 .7  43 .5  78 .4  2 6 .2  3 9 .8  45.1
3rd pearling .............. 28 .4  63.1 4 4 .6  59 .3  87 .2  4 3 .4  5 5 .3  58 .0
4 th  pearling .............  42 .3  75.5 54.1 74 .9  91 .7  61 .7  70 .3  69 .3
5th  pearling .............  52.7 82 .2  62 .7  78 .7  9 4 .6  71 .4  77 .2  77.4
6th  pearling .............  66 .5  88 .4  74 .4  85 .7  97.1 81 .8  85.1 80 .6

d i s c u s s i o n  o f  r e s u l t s — F r o m  t h e  c h e m i c a l  a n d  

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

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

( P .  C .  1 8 4 1 0  a n d  1 7 5 7 7 )  i s  c o m p o s e d  a l m o s t  e n t i r e l y  

o f  t h e  h u l l s  o f  t h e  b a r l e y  ( F i g .  2 ) .  T h i s  o f f a l  h a s  

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

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

s i l i c a  ( 2 3 . 6  p e r  c e n t  o n  a n  a v e r a g e  f o r  f i b e r  a n d  4 . 1  

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

T able V— P ercentage of M ineral  Constituents in  Ash
T o ta l   C onstituents--------- *

D escription  Ash PjOs KaO CaO M gO SiOj
Original barley   2 .82  3 6 .2  23 .4  2 .2  . . .  . . .

2.81 34 .2  23 .3  2 .6  9 .4  27 .9
1st offal........................ 6 .8 9  14.1 16.2 1.4  .......................

7.25 11.6 16.1 1 .6  3 .9  56 .3
1st pearling ................. 2 .17  49 .3  27 .2  2 .2  . . .  . . .

2 .15  4 5 .8  25 .7  2 .8  10.3 11.8
2nd offal......................  5 .13  3 7 .4  22 .4  1 .9  .......................

5 .05  32 .3  23 .4  2 .3  8 .7  29.1
2nd pearling ...............  1 .80 52 .2  27 .8  2 .4  . . .  . . .

1 .80 4 9 .2  27 .8  2 .9  9 .6  7 .7
3rd offal....................... 3 .9 3  4£. 1 26 .2  1.9  .......................

3 .73  4 5 .3  26 .2  2 .5  12 .0  6 .9
3rd pearling ................ 1.45 5 6 .0  28 .4  2 .4  . . .  . . .

1.44 51 .6  27 .7  3 .7  10.1 4 .8
4 th  offal.......................  2 .68  51.1 26.1 1 .9  .......................

2 .42  4 8 .8  25 .2  2 .9  11.6 8 .7
4 th  pearling ................ 1 .20  5 6 .6  28 .3  2 .7  . . .  . . .

1.15 5 3 .6  2 9 .6  4 .6  9 .4  3 .4
5 th  offal.......................  2 .13  53 .5  2 7 .2  2 .2  .......................

1 .86  4 9 .6  26 .7  3 .3  10 .0  5 .2
5 th  pearling................ 1.06 58 .5  3 0 .2  2 .8  . . .  . . .

0 .9 6  52 .7  28 .7  4 .0  10 .6  3 .0
6th  offal......................   1.67 5 9 .9  28.1 2 .3  ........................

6th  pearling ................ 0 .9 8  57.1 3 0 .6  3 .6  . . .  . . .

characteristics. There is no doubt, however, but 
th at there is some value as animal feed in the offal, 
even from the first pearling, because it contains an 
average of approximately 10.50 per cent of protein 
(N X 6.25) and an average of 3.11 per cent fat. The  
offal from the second-pearling (P. C. 18413 and 17579) 
contains over 18.75 Per cent  protein, 6.45 per cent 
fat, 9.70 per cent of fiber, and less than 1.5 per cent
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Si Os. The high content of P2O5 (over 32 per cent of 
the ash (Table V)), together with the high percentage 
of fat and protein, indicates that this offal is made up 
to a marked degree of the aleurone layer, or the so- 
called protein layer, a substance rich in protein, fat, 
and mineral ingredients. The second offal contains 
less than half as much fiber and about one-third as 
much Si0 2 as does the first offal. In addition, it 
contains twice as much fat and almost twice as much 
protein. A significant fact is the difference in ash 
constituents. The second-pearling offal contains less 
ash than does the first offal, but at the same time it 
contains twice as much P2O5, besides being much 
poorer in silica. All this shows that while at least two 
processes of pearling are essential for the production 
of an edible product, even this second pearling opera
tion removes an appreciable amount of food con
stituents.

The third offal is also rich in protein, fat, ash, and 
P2O5, as well as in fiber. T h at this fiber is composed 
chiefly of the bran coating, however, and not of the 
hulls may be assumed from the relatively low silica 
content, and from the high P2O5 content of the ash 
of this product.

The edible product obtained from the third pearling 
operation, or the pot barley, is almost entirely free 
from the aleurone layer, as is evident from the low 
percentage of fat, fiber, and ash (Nos. 1S417 and 17580 in 
Tables I and III). The fourth and fifth pot barleys 
are not only whiter, but are practically free from all 
bran material. They are still poorer in fat, fiber, and 
minerals than the pot barley from the third operation. 
The fifth pearl barley contains about one per cent 
each of ash and fat, and 0.6 per cent fiber. The ash 
contains a very high amount of P2Os and a very low 
amount of Si0 2. The fourth offal contains about 2.5 
per cent each of ash and fat, about 2.35 per cent 
nitrogen, and 2 per cent fiber, while the fifth offal 
still has about 2 per cent ash, nitrogen, and fat, and 
about 1.25 per cent fiber.

From Table V  it is evident that the amount of Si02 
in the ash in the first offal is over 56 per cent, and that 
it decreases rapidly, the offal after the second operation 
containing but a small Amount of silica. The ash 
of the third offal is composed of only about 8 per cent 
Si0 2, while that of the fifth contains only 5 per cent. 
On the other hand, the percentage of P2O5 gradually 
increases from 11 per cent in the first offal to over 50 
per cent in the fifth. The high P2O5 content and the 
low percentage of Si0 2 may well be considered a 
criterion of the quality of the product.

Tables I and III also show that the second-process 
pot barley (P. C. 18414 and 17578), which is practically 
free from hulls and constitutes the first product of the 
pearling process fit for human consumption, has, 
on the water-free basis, the following average percentage 
composition:

A sh ....................................................... 1.80
N itrogen ............................................. 1.94
F a t .......................................................  1.60
F ib e r .................................................... 1.52
PjOs.....................................................  0.91
KtO......................................................  0 .50
CaO.....................................................  0.048
M gO .................................................... 0.17
SiO j......................................................  0.138
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This is essentially the same as the composition of 
hull-less barley. W ith each process of pearling the 
percentage of nitrogen, fat, fiber, and the ash con
stituents gradually decreases. The fifth-pearling barley 
contains in per cent approximately:

A sh ........................................................  1.00
N itro g en ..............................................  1.60
F a t ........................................    1.00
F ib e r.................................................... 0 .6 0
P 2 O 5 .....................................................  0 .56
K 20 ...................................................... 0 .3 0
C aO ...................................................... 0.035
M gO ....................................................  0 .10
S i0 2...................................................... 0 .03

Table V I shows how regularly the weights of the 
barley and of the food constituents are distributed 
as the result of the successive operations in the making 
of pearl barley.
T a b l e  V I — A p p r o x i m a t e  L o s s e s  D u e  t o  t h e  V a r i o u s  P e a r l i n g  O p e r a 

t i o n s
Difference

between
 --------------- P e a r l i n g ------------ * 2nd and  6th

P e r  c e n t  L o s s  i n  1st 2nd 3rd 4 th  5 th  6th  Pearlings 
W eight per 1000 k e rn e ls .. 10 22 31 42 53 66 44
M ineral ingredients  31 50 64 76 83 88 38
N itro g en ...............................  9 25 43 53 62 74 49
F a t .........................................  15 41 60 72 78 85 44
F ib e r ......................................  57 78 88 91 94 97 19
P2Os........................................ 7 28 45 62 73 83 55
K 20 ........................................  22 40 57 70 78 85 45
C aO ........................................ 27 45 55 64 76 80 35
M gO ......................................  28 50 63 76 82 . .  32
SÍO2........................................  72 86 93 97 98 . .  12

Assuming that 5,000,000 bu. of barley are now 
being yearly converted into pearl barley, the figures 
given in Table V II represent the weight of barley 
material and of the food constituents removed as the 
results of the two essential pearling operations and 
of the four subsequent processes. These figures mean 
that if all these 5,000,000 bu. of barley were passed 
through the 6 operations of the pearl barley process, 
as against the 2 operations necessary to make pot 
barley, 52,000 tons of barley material, containing 
over 6,700 tons of protein, over 1,000 tons of fat, and 
x,ioo tons of mineral ingredients, would be removed.

T a b l e  V I I — A p p r o x i m a t e  A m o u n t  o p  B a r l e y  a n d  o p  B a r l e y  C o n s t i t 
u e n t s  R e m o v e d  b y  P e a r l i n g  ( i n  T o n s )

DifT. in 
W eight 
between 

2nd
W eight in and 6th

Original  --------------W eight in Pearlings--------------* Pearl-
r  ~   T»__1  1 .1  < i l .  c * l .  s. i l- :  L oss  i n  Barley 1st 2nd 3rd 4 th  5th  6th  ings

W eigh t  120,000 12,000 26,400 37,200 50,400 63,600 79,200 52,800
M ineral

ingrediente 3,000 930 1,500 1,920 2,280 2,490 2,640 1,140
P ro te in   13,650 1,229 3,412 5,896 7,234 8,463 10,159 6,747
F a t ................. 2,330 350 955 1,374 1,677 1,817 1,979 1,025
F ib e r .............  5,920 3,374 4,620 5,215 5,385 5,563 5,740 1,124
P:Os...............  1,068 75 299 481 662 780 886 587
K :0 ................ 702 154 281 400 491 547 597 316
C aO ...............  74 20 33 41 47 56 59 26
M gO .............. 288 80 144 181 220 236 . . .  92
SiO i................ 847 593 707 765 798 806 ' . . .  100

The figures in Table V show, moreover, that the first 
2 pearlings are sufficient to remove practically all 
of the hull- and silica-containing portions of the barley, 
or the portions of the barley which are recognized 
as being unfit for human food. This is evident from 
the fact that 78 per cent of the fiber and over 85 per 
cent of the silica are removed in the course of these 
first 2 pearling operations. It is interesting to observe 
that the offal from the sixth pearling has essentially 
the same composition as the pot barley resulting from 
the second pearling process (Table III, P. C. Nos. 
1 7 585-y and 17578). This indicates that the offal 
from the sixth pearling might properly be used as a 
barley flour.
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SUM M A RY

Pot barley results from the gradual elimination 
of the outer layers of the barley (chiefly the husk and 
bran) which is accomplished in from 2 to 3 pearlings. 
From s to 6 pearling operations, in which a certain 
amount of endosperm, in addition to the husk and 
bran, is eliminated, are necessary to make pearl 
barley a white pearl-like product. Chemical analyses 
of all the products obtained in the manufacture show 
that the first two operations of pearling, resulting 
in pot barley, consist in the removal of most of the husk 
which carries with it three-fourths of the fiber and 
seven-eighths of the silica. These two operations, 
considered essential in order to remove the portions 
which cannot be used as a food, cause a loss of 22 
per cent of the barley material, 25 per cent of the 
protein, 41 per cent of the fat, and 50 per cent of the 
mineral constituents. In continuing the operations to 
produce pearl barley the following constituents of the 
grain are removed: 65 per cent of the barley material;

• 74 per cent of the protein; from 80 to 85 per cent of the 
fat, P2OS, K 20 , CaO, and M gO ; and from 97 to 98 
per cent of the fiber and Si0 2. Assuming that 5,000,000 
bu. of barley are being pearled yearly, 52,000 tons of 
barley material, consisting of over 1,000 tons each of 
fat and mineral ingredients and 6,700 tons of protein, 
are removed.

E F F E C T  O F V A R Y IN G  T H E  A M O U N T  O F IN O C U LU M  AN D  
C O N C E N T R A T IO N  O N  T H E  D E T E R IO R A T IO N  

OF SU G AR  B Y  M O L D S 1 

B y Nicholas Kopeloff

D e p a r t m e n t  o f  B a c t e r i o l o g y , L o u i s i a n a  S u g a r  E x p e r i m e n t  S t a t i o n , 
N e w  O r l e a n s , L a .

In a previous paper2 it was shown that a decrease 
in concentration of films of known concentration in 
laboratory-made sugars was responsible for an in
crease in deterioration when heavily inoculated with 
mold spores. The industrial application of this con
clusion .is determined by two important variable 
factors, namely, the concentration of the films sur
rounding the sugar crystals, and the degree of infection. 
Therefore, a further investigation of the influence of 
these factors was considered necessary.

The method of procedure was identical with that 
outlined in the previous article, except that the in
cubation period was 5.5 mo. instead of one month. A  
series of sugars with films of known composition was 
made in the laboratory by coating large crystals of 
sterilized sugar with sterilized blackstrap molasses 
and 600 Brix sugar sirup in definite proportions and 
purging in the centrifugal, a method previously em
ployed with success. Blackstrap molasses, 5/ e black
strap +  Ve sirup, Vo blackstrap+ 2/ 6 sirup, and 3/ 6 black
strap +  3/o sirup when arranged in order of increasing 
moisture ratio are designated as Concentrations A, 
B, C, and D, respectively. These sugars were inocu
lated with A sp erg illu s  niger, A sp erg illu s  Sydowi 
Bainier and P é n ic illiu m  exp a nsum , at the rate of 100,

1 R ead before the  Louisiana Section of th e  American Chem ical Society, 
N ovem ber 21 , 1919.

* T h i s  J o u r n a l ,  1 2  (1920), 256.

iooo, and 10,000 spores per gram. A t the end of 5.5 mos. 
incubation at room temperature the contents of each 
flask were analyzed for sucrose b y direct polarization 
and modified Clerget, and for reducing sugars and 
moisture. It has already been shown1 that the most 
satisfactory criterion of deterioration of sugar is the 
gain in per cent of reducing sugars. In order to sum
marize the results as briefly as possible, there is given 
in Table I the increase over check of the averages of 
closely agreeing triplicate determinations of reducing 
sugars. The abbreviation M. R. stands for moisture 
ratio, which value is derived as follows: M. R. =

Moisture
----------- — ;— —— ; A sp . n. is the abbreviation for
100 —  P o la r iz a tio n

A sp erg illu s  niger, while A sp . S. B. and P e n . represent 
A sp erg illu s  Sydowi Bainier, and P e n ic illiu m  exp ansum .

T a b l e  I — S u m m a r y  S h o w i n g  t h e  I n f l u e n c e  o p  A m o u n t  o p  M o l d  I n 
o c u l u m  o n  t h e  D e t e r i o r a t i o n  o p  S u g a r s  w i t h  F i l m s  o p  K n o w n  

C o n c e n t r a t i o n . I n c r e a s e  i n  P e r  c e n t  R e d u c i n g  S u g a r s  
o v e r  C h e c k

• C o n c e n t r a t i o n --------------------------------- .
A  B C D

M . R. «  0.14 M . R . =  0.16 M . R. »  0.18 M . R . =  0.24

PQ pq cq £3
Nn • • • •

Spores =. W B 1/2 " M “ «

Gram
100 ...................................  0 .09  0.01 . .  0 .0 9  0 .0 7  . .  0 .1 0  0 .1 0

1000 . .  0 .02  0 .02  . .  0 .05  0 .04  0 .1 2  0 .2 2  0 .17  0 .04  0 .1 8  0 .18
10.000 0 .0 4  0.21 0.11 0 .03  0 .12  0.11 0 .27  0.31 0 .2 8  0 .1 2  0 .27  0 .28

It  will be seen from this table that in every instance 
but one an increase in the number of spores per gram  
caused an increase in per cent of reducing sugars over 
check. This held true not only at every concentration 
employed, varying in moisture ratio from 0.14 to 0.24, 
but likewise for every organism used at any single 
concentration. This fact is very significant and in
dicates conclusively that an increase in degree of in
oculation of mold spores at any definite concentration 
is responsible for an increase in deterioration of sugar. 
This corroborates our previous work where solutions 
varying from 10 to 70 per cent were employed,2 as 
well as the results obtained in the experiment just 
concluded,3 where an inoculation of 100,000 spores per 
gram at each of the above-mentioned concentrations was 
employed. A  closer scrutiny of the results presented 
in Table I reveals the fact that the increase over check 
of reducing sugars with an inoculation of 100 spores per 
gram is insignificant at practically all concentrations. 
The same is true of an inoculation of 1000 spores in the 
two higher concentrations, namely, A  and B. This 
is of practical importance in defining the limits at 
which deterioration occurs, since in plantation gran
ulated sugars the moisture ratio may be said ordinarily 
to be below 0 .18 . It is generally considered that good 
Cuban raw sugar likewise should have its moisture 
ratio below 0.25 to 0.33. Thus, it might be inferred 
from the foregoing data that where the moisture 
ratio is below 0 .18 , mold infection of less than about
5.000 spores per gram would cause slight, if any, de
terioration. As a rule we have rarely found sugars 
which had more than 250 mold spores per gram, al-

1 L ouisiana Bulletin  166.
* J . Agr. Res., 18 (1920), 537.
3 T h i s  J o u r n a l ,  L oc. cit.
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though no quantitative survey has been carried out as 
exhaustively as might have been desirable.
>• When the two lower concentrations C and D are 
considered, we find that there is evidence of deteriora
tive activity with 100 spores per gram, while with more 
than 1000 spores the deterioration is quite appreciable. 
It  would appear, therefore, that for safety (from the 
standpoint of mold infection) a sugar having a moisture 
ratio of 0.17 to 0.18 would have to contain less than  
100 mold spores per gram. On the other hand, a mold 
infection of more than 10,000 spores per gram will cause 
a deterioration in sugars with moisture ratios varying 
from 0.14 to 0.24. It may be noted in this connec
tion that in the previous investigation an inoculation 
of 100,000 spores per gram was responsible in one 
month for a deterioration in sugars with moisture 
ratios varying from 0.08 to 0.20.

An interesting fact which corroborates all our pre
vious work with sugars, as well as solutions, is that at 
any definite concentration and with an equal number 
of spores per gram A sp erg illu s  Sydowi Bainier is more 
effective than P c n ic illiu m  exp ansum , which in turn is 
more effective than A sp erg illu s  niger in deteriorative 
activity.
T a b l e  I I — S u m m a r y  S h o w i n g  t u b  I n f l u e n c e  o p  C o n c e n t r a t i o n  o p  

F i l m  o n  D e t e r i o r a t i o n  o p  S u g a r s  b y  M o l d s

-—Per cent Gain in Reducing Sugars over C heck-^ 
100 Spores 1000 Spores 10,000 Spores

per G. per G. per G.

Mois- 
Concen- turc 
tra tio n  R atio

A ................  0 .14

<o v»
-s n.

«
05

«
tn

C ................ 0 .18
D ................ 0.24

......................................  0 .02  0 .02  0 .0 4  0 .21  0.11

. .  0 .09  0.01 . .  0 .05  0 .04  0 .03  0 .12  0.11

. .  0 .09  0 .07  0 .12  0 .2 2  0 .17  0 .27  0 .3 1 0 .2 8

. .  0 .1 0  0 .1 0  0 .04  0 .1 8  0 .1 8  0 .12  0 .27  0 .2 8

In Table II is presented a summary of results so 
arranged as to show the influence of concentration of 
film on the deterioration of sugars b y molds. It 
must be stated at the outset, however, that where the 
increasing increments of moisture are so slight as in 
the present instance, and especially when dealing 
with the activity of microorganisms over such a 
long incubation period, it is hardly to be expected 
that the differences will be very sharply defined. 
However, it will be observed that as a rule an increase 
in moisture ratio (which actually signifies a decrease 
in concentration) is responsible for an increase in 
deterioration with any single inoculation. It is not 
necessary to repeat here what was stated in the dis
cussion of Table I concerning the limiting effects of 
concentration with any definite inoculum. Suffice 
it to say that this work fits in very closely with our 
preceding investigations and proves quite conclusively 
that with a high mold infection, deterioration takes 
place in sugars with moisture ratios below 0.14, or, 
according to the previous experiment, at 0.08. This 
substantiates the claim previously made that “ the 
factor of safety for sugars well infected with fungi 
would appear to be lower than is generally supposed,” 
and defines more clearly what such limits must be. 
In other words, knowing the number of molds present 
in any sugar, it may be predicted (from the standpoint 
of mold infection alone) what deterioration may be

T a b l e  I I I — C o m p a r i s o n  i n  C o n t e n t  o p  R e d u c i n g  S u g a r s  o p  I n o c u l a t e d  
S u g a r s  ( w i t h  F i l m s  o p  C o n c e n t r a t i o n  D )  a f t e r  1 a n d  5 .5  

Mos. I n c u b a t i o n ,  R e s p e c t i v e l y
G a i n  G a i n  G a i n

A s p .  o v e r  A s p .  o v e r  o v e r
I n c u b a t i o n  C h e c k  n. C h e c k  S .  B .  C h e c k  P e n .  C h e c k

A f t e r  1 r a o ....................... 0 . 2 3  0 . 4 4  0 . 2 1  1 . 1 0  0 . 8 7  0 . 7 7  0 . 5 4
A f t e r  5 .5  m o .................  0 . 2 3  0 . 5 3  0 . 3 0  1 . 4 6  1 . 2 3  0 . 8 7  0 . 6 4
G a i n  i n  r e d u c i n g

s u g a r s ,  p e r  c e n t . . .  0 . 0 0  0 . 0 9  . .  0 . 3 6  . .  0 . 1 0

expected in a storage period of about 5  mo. with a 
sugar of known moisture ratio. It is to be assumed 
that at the present time sugars are not stored for such 
a long period of time, but the differences obtained upon 
a long incubation period are not so much greater as 
to invalidate the above generalizations, as will be 
seen from Table III, which gives a comparison in 
the reducing sugar content of inoculated sugars with 
films of Concentration D (moisture ratio = 0.24) 
after 1 and 5 . 5  mo., respectively. It will be readily 
seen that the differences in incubation as represented 
by the gain in per cent of reducing sugars are indeed 
slight when compared with the initial gain over check 
in one month.

Next to the elimination of deterioration, the most 
important commercial consideration is prediction of 
the keeping quality of a sugar. Table IV  is a tentative  
plan based on the results obtained in all our investiga
tions which will give some conception of the deteriora
tion to be expected from a definite number of molds 
in sugars of known moisture ratio. It must be clearly 
understood that this plan is advanced with considerable 
diffidence, and that its value rests on further verifi
cation. Furthermore, it is of importance to note that 
in the above table mold infection only has been con
sidered. We have data which are concerned with  
deterioration due to bacterial infection and unques
tionably the bacterial flora would seriously influence 
the deterioration of sugars as shown in the important 
researches of previous investigators. However, since 
individual molds, such as A sp erg illu s  Sydowi Bainier, 
P e n ic illiu m  exp ansum , and A sp erg illu s  niger, are vastly  
more efficient in their deteriorative activity than any 
bacteria that have come to our attention, and since 
the first-named mold is to be found in practically all 
sugars, it may be that the above table will prove of 
some value to those who are ready to take cognizance 
of the molds which are undoubtedly causing large

T a b l e  I V — D e t e r i o r a t i o n  T o  B b  E x p e c t e d  f r o m  a  D e f i n i t e  N u m b e r  
o p  M o l d s  i n  S u g a r s  o p  K n o w n  M o i s t u r e  R a t i o

. .  M o i s t u r e
M o i s t u r e  R a t i o  — :— :— 7:—

1 0 0  —  P o l a r i z a t i o n

O v e r
N o .  o f  m o l d  s p o r e s  p e r  g .  0 . 0 8  0 . 1 4  0 . 1 6  0 . 1 8  0 . 2 0  0 . 2 4  0 . 2 4
0-100 ............................................................ —  —  ±  +  4* 4- 4*
100-1000  —  ± ± +  +  4* +
1000- 10,000   ±  +  +  +  4 * +  +
10,000-100,000..........................  +  +  +  +  -f  +  +

D e t e r i o r a t i o n  
—  N o  d e t e r i o r a t i o n  
±  S l i g h t ,  i f  a n y  d e t e r i o r a t i o n

economic losses in the sugar industry. In Table IV  
it will be seen that the facts previously discussed have 
been so arranged that one may tell at a glance what 
deterioration, if any, might be expected. It was not 
deemed necessary to carry out the work in moisture 
ratios beyond 0.24, because it is generally conceded 
that sugars having a moisture ratio above 0.30 are



M a y ,  1 92 0  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 457

susceptible to deterioration. Browne,1 Owen,2 and 
others have advanced much valuable evidence on this 
point.

This paper may be said to round out one phase of 
the problem of sugar deterioration, namely, that 
concerned with the importance of mold infection, 
which we have carried through to completion, from a 
survey of mold species in sugar and their deteriorative 
activities in sugars and solutions to a study of the effect 
of varying the amount of inoculum and concentration 
on deterioration.

The writer wishes to thank Messrs. D. F. Stanfill, 
Jr., and R. S. Hays for their help with the chemical 
analyses and the Station staff for their assistance, 
and is indebted to Mr. W. L. Owen for his kindness in 
reading the manuscript.

SU M M A RY

x-— -An increase in number of mold spores inoculated 
into sugars (with films of varying concentration) 
is responsible for an increase in deterioration.

2— A  decrease in concentration of the films surround
ing the sugar crystals is responsible for an increase in 
deterioration.

3— A  table is presented showing the deterioration 
which may be expected from a definite number of 
molds in sugars of known moisture ratio.

4— A t moisture ratios of less than 0.18 there is 
little, if any, deterioration with a mold infection of less 
than 5,000 spores per gram. More than this number of 
spores induces deterioration. A t moisture ratios 
above 0.18, deterioration occurs with upwards of 
100 spores per gram.

5— A t any definite concentration and with an equal 
number of spores per gram A sp erg illu s  Sydowi Bainier 
is more effective than P e n ic illiu m  exp ansum  or A s 
pergillus niger in its deteriorative activity.

A C ID IT Y  AN D A C ID IM E T R Y  O F S O IL S .’  II— IN V E ST IG A 
T IO N  O F ACID SO ILS B Y  M E A N S  O F T H E  

H Y D R O G E N  E L E C T R O D E  

B y Henry G. Knight

O k l a h o m a  A g r i c u l t u r a l  a n d  M e c h a n i c a l  C o l l e g e ,  S t i l l w a t e r ,  
O k l a h o m a  
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IN T R O D U C T IO N

Although the literature upon the subject of soil 
acidity is voluminous, the use of the hydrogen elec
trode in soil investigations has been rather limited.

Gillespie4 made use of the hydrogen electrode for 
determining the hydrogen ion concentration of a 
mixture of soil with pure water; but, for reasons which 
will develop in the investigations given herewith, the 
presence of a conducting medium was found to be 
desirable. Sharp and Hoagland5 studied the hydrogen

1 T h i s  J o u r n a l ,  10 ( 1 9 1 8 ) ,  1 7 8 .
2 Louisiana Bulletin  162.
* This is a  thesis subm itted  to  the facu lty  of the  U niversity  of Illinois 

in p a rtia l fulfillm ent of th e  requirem ents for the  degree of D octor of 
Philosophy. Acknowledgm ent is m ade of m any helpful suggestions and 
criticism s received from Prof. C. G. H opkins and  H . A. Noyes.

4 J . Wash. Acad. Sci., 6 (1916), 7.
* J . Agr. Res., 7 (1916), 124.

concentrations of suspensions of soils in pure water 
under various conditions, effects of natural salts and 
bases upon hydrogen ion concentrations of soil sus
pensions, and made titrations with various bases.

The purpose of the present investigation is to study: 
(i) the speed of reactions between neutral salt solutions 
and soils; (2) the speed of reactions in the presence of 
a base; (3) the change in hydrogen ion concentration 
with change of amount of base and with time, and the 
change in conductivity of soil solutions.

A P P A R A T U S

Preliminary experiments were conducted with an 
apparatus similar to that described by Hildebrand,1 
and some experiments described elsewhere with soil 
solutions were carried out, but for use with solutions 
in contact with the soil it was found to be rather unsat
isfactory. For all work reported, unless otherwise 
stated, a high-grade potentiometer (Leeds and North- 
rup, No. 28952) was used with a gas cell especially 
designed for the work.

g a s  c e l l — Preliminary experiments showed that for  
uniform results it was necessary to have a gas celt 
which could be agitated continuously, as apparently 
the agitation produced by the entering gas was not 
sufficient. After a number of trials the gas cell shown 
in Fig. 1 was designed for this work. It  is cylindrical 
in shape, 3.3 cm. in diameter and 16 cm. in length,

the ends being rounded off. A t one end an opening 
is provided of a size to carry a No. 4 rubber stopper, 
through which pass the electrical connection a to the 
platinum plate b to serve as the hydrogen electrode, 
the tube c for the ingress of hydrogen gas, and tube d 
for the outlet. Tubes c and d have capillary tubes 
sealed into the ends to regulate the flow of hydrogen. 
To make connections with the calomel half cell a glass 
tube, g, is provided at the further end of the gas cell 
provided with a stopcock, /, and a constricted tip, It. 
This tube reaches to within a few mm. of the bottom  
of the gas cell and as it did not readily clog with soil 
was found to be very satisfactory. The gas cell was 
designed to be of 100 cc. capacity and to be filled half 
full of liquid, leaving room for 50 cc. of gas. The  
reason for this arrangement will develop later.

The hydrogen electrode b is a rectangular piece of 
sheet platinum, 1.2 x 2.4 cm., with pieces of platinum  
wire welded to each end, and is similar to that used by

■ J .  A m . Chem. Soc., 35 (1913), 847.
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F ig  2.

Gillespie.1 The wires were welded into the glass tube 
at each extremity as shown, making connections with 
the mercury in the tube and at the same time support
ing the electrode rigidly.

Fig. 2 shows diagrammatically the method of agitating 
the cell and connections as measurements were being 
made, a is the calomel electrode provided with a stop
cock, b, and c is a U-tube filled with normal potassium  
chloride, making connection with the hydrogen gas 
cell by the tube d. The apparatus was placed upon a 
tilting table hinged at the point 0 to the base P. The  
table is rocked by means of the adjustable arm j and 
crank j  attached by suitable gears and pulleys to a 
constant source of power. In building up the shaking 
apparatus free use was made of the parts of one of the 
popular metal construction shapes to teach children to 
make their own toys.

It  was found by experiment that by giving the table 
72 complete oscillations per minute through a total 
angle of 6 0 to 7 0 the liquid in the gas cell was thoroughly 
agitated; that the rubber stopper was not wetted, but 
that the soil was kept thoroughly mixed with the 
solution while the coarser particles of sand in the soil 
would tend to collect in a nodal point n in the bottom  
of the cell near the center. A t this speed the hydrogen 
bubbles rose to about the point m  before they broke, 
causing the cell to be quickly freed of air. Except for 
very light peat soils there was no tendency for the 
soil to ascend into the tube d.

The arrangement of the different parts of the appara
tus as used in making measurements is shown diagram
matically in Fig. 3. The apparatus is designed to carry

1 Loc. cit.

two gas cells, marked E. M. F., so that duplicate mea
surements may be made without changing cells.

The use of the U-tube for making connections 
between the gas cells and calomel electrode was found 
to be a most satisfactory arrangement. The resistance 
of the chain is slightly increased, but diffusion is 
markedly reduced. During several weeks of con
tinuous use, the calomel electrode changed less than 
0.0005 volt. The gas cell is claimed to have the follow
ing advantages:

(1) large capacity, (2) absence of dead airspace, (3) ease of clean
ing, (4) all-glass contact with liquid, (5) freedom from clogging, 
(6) ease of manipulation, (7) adaptability to thorough agitation, 
(8) minimum possibility of diffusion.

c a l o m e l  e l e c t r o d e — Calomel was prepared by  
treating pure mercury with dilute nitric acid, precipi
tating with hydrochloric acid, washing tw enty times 
with potassium chloride, and finally shaking with 
normal potassium chloride and pure mercury, as 
recommended by Ellis1 for obtaining an electrode of 
constant potential. The electrodes were prepared 
with this gray mixture of mercury, calomel, and normal 
potassium chloride by first putting into the bottom of 
the carefully cleaned electrode cell a small amount of 
pure mercury to cover the platinum connection. No 
difficulty was experienced in getting electrodes to check 
within 0.0005 volt. The stopcock upon the tube leading 
from the calomel electrode was well greased and was 
opened only when readings were being taken. Con
nection was made to the U-tube c (Fig. 2) through a 
rubber stopper well driven home, making this side of 
the system practically gastight.

* J . A m . Chcm. Soc., 38 (1916), 737.

* 4 < »
_l___ I_____ I___1—

S cale
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h y d r o g e n  e l e c t r o d e — The platinum electrode w a s  

prepared by plating as a cathode in a one per cent 
solution of platinum chloride, containing a small 
amount (about 0.05 per cent) of lead acetate to cause 
the platinum black to adhere. A ttem pts were made 
to use a solution of pure platinic chloride as recom
mended by Ellis, but this proved unsatisfactory as the 
platinum black invariably washed off within a few 
minutes after being placed in the cell.

In plating a platinum anode was used. The strength 
of the current was varied from time to time but no 
variation in the potentials of the electrode or in the 
time required to become saturated was noted from this 
cause. If A e  evolution of hydrogen was too lively 
some of the platinum black was loosened. The plating 
was continued from 1 to 2 hrs., or until a good heavy  
deposit of platinum black was formed. The electrodes 
were placed in distilled water and given a final wash 
just before using.

h y d r o g e n  g e n e r a t o r — Hydrogen was prepared 
electrolytically as needed, using potassium hydroxide 
and nickel electrodes, as shown in Fig. 4. Tw o salt- 
mouth bottles, G and G ', were used. E  and E '  are the 
nickel electrodes, M  and M '  are glass partitions run
ning almost to the bottom of the cells to reduce diffu
sion as much as possible. P  and P '  are safety valves  
made of test-tubes. The outlets 0 and O ' were closed 
while hydrogen was being taken off. B y using two 
cells in parallel and electrolyzing with a current of 10 
amperes, about 150 cc. of hydrogen per minute were 
obtained. The usual general precautions were taken 
in washing and purifying the gas.

P R O C E D U R E

To fill the tube g of the gas cell (Fig. 1) the cell was 
partly filled with liquid, a stopper inserted in the 
opening e, and pressure exerted, so that, when the 
stopcock /  was opened, the liquid would fill the tube g 
and flow out at h. Care was taken to thoroughly wet 
the stopcock /  by loosening and turning. All measure
ments were made with this stopcock closed.

After the gas cell was filled with soil and solution 
and placed as shown in Fig. 2 the table was oscillated 
and hydrogen run in at /  for 4 or 5 min.; the tube g 
was closed and rocking continued for 4 min.; hydrogen 
was again run in for 4 min. to drive out the last traces 
of air; g was again closed, the stopcock b opened, and 
readings were taken immediately.

The procedure varied somewhat with the number 
of readings to be taken, type of experiment, etc. If 
readings were to cover a period of half an hottr or more,, 
after the first large volume of hydrogen was run in, 
it was found advisable to allow a small amount to  
bubble through to overcome any diffusion which 
might take place through the rubber connections.

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

Yellow -G ray S i l l  Loam , Sa m p le N o . 1— An acid subsoil 
collected from the southern part of the state of Illinois. 
This soil gave a lime requirement by the Hopkins 
method1 of 4.2 tons and by the Veitch method2 5.6 
tons calculated as calcium carbonate.3 No carbonates 
were present as determined by the Marr* method.

B la ck P ealy  Loam , S a m p le  N o. 1 - 2 8 1 5— Collected by  
C. G. Hopkins near Bolton, N. C. Limestone require
ment by the Hopkins method was 3.445 tons.

B lack C lay Loam , Sa m p le N o . 1—284— Collected b y  
C. G. Hopkins near Bolton and Byrdsville. Some leaf 
mold was present. Limestone requirement by the 
Hopkins method was 4.982 tons.

P eat, Sam p le N o. 1—2 4 1— Labeled deep peat or 
muck, collected near Titusville, Florida, b y C. G. 
Hopkins. Limestone required b y the Hopkins method 
was 3.267 tons.

B la ck M u ck , Sa m p le N o. 1—242— Collected from 
Wauchula, Florida, collected by C. G. Hopkins. Lime
stone requirement by the Hopkins method was 4.056 
tons.

-  +

F i g . 4

Yellow  S ilt  C lay, S a m p le  N o . 2660— Collected from 
C lay County, Illinois. A  silty clay, stiff and plastic.

■ U. S. D ept, of Agr., B ureau of Cliem., Bulletin  107 Revised (1908), 20. 
* J . Am . Chem. Soc., 24 (1902), 1120.
» All figures are based upon an  acre of soil 6!/ i  in. in dep th , calculated  

to  weigh 2,000,000 lbs., except peats which a re  calculated to  weigh 1 ,000,000 
lbs.

< J . Agr. Sci., [ I l l ,  3, 155.
6 N um bers refer to  th e  U niversity  of Illinois Soil Survey N um bers.
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Subsoil sample. Limestone required by the Hopkins 
method was s-oS tons.

Gray Clayey S i lt , Sa m p le N o . 2968— Collected from 
Jackson County, Illinois. A  compact, impervious 
subsoil containing iron blotches and concretions. 
Limestone required by the Hopkins method was 7.92 
tons.

Gray P la stic  C lay, Sa m p le N o . 3 9 57— Collected from 
Winebago County, Illinois. A  subsoil sample con
taining clayey sand. Limestone required b y the Hop
kins method was 2.6 tons.

Yellow  P la stic  Clayey S ilt, S a m p le  N o. 3 556 — Col
lected from C lay County, Illinois. A  subsoil sample. 
Limestone required by the Hopkins method was 4.67 
tons.

Yellow  S ilt  Loam , S a m p le  N o. 406S— Collected from 
La Salle County, Illinois. This was subsurface sample 
having a lime requirement by the Hopkins method of 
2.89 tons.

Brow n San dy Loam , Sam p le N o. 6 3 16 — This was 
subsurface sample having a limestone requirement by  
the Hopkins method of 1.65 tons.

E X P E R IM E N T A L

E X P E R IM E N T  I .  S P E E D  O F R E A C T IO N  B E T W E E N  AN

a c i d  s o i l  a n d  a  n e u t r a l  s a l t — This experiment was 
planned to observe the speed of change-in hydrogen 
ion concentration of a neutral salt solution when 
shaken together with an acid soil.

The gas cell was filled with 50 cc. of 0.5 N  salt solu
tion and after the potential had become constant, 
which was usually within 10 min., 5 g. of soil (2.5 g- 
in the case of peat soil) were quickly introduced and 
readings were taken at stated intervals.

T a b u ? I — S p e e d  o f  R e a c t i o n  b e t w e e n  A c i d  S o i l  a n d  a  N e u t r a l  S a l t  
S o l u t i o n

(R eadings are given in volts. T em pera tu re  25° C.)
Brown Yellow
Sandy P lastic

.----- Yellow-Gray S ilt Loam ----- . Loara Clayey Silt P ea t
T i m e 0.5 N >/< M ol. 0.5 N 0.5 N 0.5 N 0.5 N
M i n . KC1 CaClj K C 2H 3O1 KC1 KC1 KC1

0 0.6969 0.6823 0.7295 0.6966 0.6967 0.6967
5 0.4843 0.4947 0.6715 0.5658 0 .4944 0.5706

10 0.4843 0.4950 0.6707 0.5660 0.4944 0.5691
15 0.4848 0.4950 0.6706 0.5660 0.4944 0.5687
20 0.4854 0.4950 0.4944 0.5687
25 0.4860 0.6693 0.4946 0.5688
30 0.4865 O’. 4950 0Í5660 0.4946 0 .5690
40 0.4871 0.6693 0.4950 0.5692
60 0.4878 O’. 4957 0.6693 0.5664 .... 0 .5696
90 0.4890 0.4963 ....

120 0 !5670 0 Á 9 6 9
180 0Í4895 0Í4972 O'. 6688 0.4984
240

0 !4963^ O'. 5733*
0.5010
0.5063*

1 A fter 2 4  hrs. * A fter 4 8  hrs. * A fter 12  hrs.

Under the conditions of the experiment a voltage of 
0.6967 represents a hydrogen ion concentration of 
io~7 or true neutrality. Voltages less than this figure 
show a higher hydrogen ion concentration or a condi
tion of acidity while figures above show a hydrogen 
ion concentration of less than io~7 or an alkaline 
condition.

In Table I it will be noted that the lowest readings 
were obtained within 5 min. in all cases but two, the 
yellow-gray silt loam with potassium acetate, and 
peat with potassium chloride. The potassium acetate 
solution showed a marked alkalinity before the soil 
was added, therefore we should expect it to act more as 
a base. It will be discussed in connection with the

next experiment. The peat did not wet readily which 
may account for its behavior. After the low readings 
were obtained there was a gradual increase in the 
voltages, corresponding to a decrease in the hydrogen  
ion concentration.

It  is evident that the main reaction between the 
salt solution and the soil reaches an equilibrium very  
quickly. Secondary reactions are indicated b y  an 
increase in voltage after a lapse of time, except in the 
case where potassium acetate was used, where secondary 
reactions are not apparent to any great extent. Sec
ondary reactions of greater or less magnitude should 
be expected when the hydrogen ion concentration 
rises appreciably above io-7 . Reduction of nitrates1 
may be put forward as an explanation but this is 
immediately questioned since there is no evidence of 
the potassium acetate mixture showing a change 
toward alkalinity.

E X P E R IM E N T  I I .  S P E E D  O F R E A C T IO N  IN  T H E  P R E S 

E N C E  o f  a  b a s e — This experiment was similar to 
Expt. I. 50 cc. of 0.5 N  potassium chloride solution 
containing given quantities of calcium hydroxide, cal
culated as calcium carbonate, were used, as indicated 
in Table II. Five grams of soil were used except in 
the case of peat, when 2.5 g. were used.

T a b l e  I I — S p e e d  o f  R e a c t i o n  b e t w e e n  S o i l  a n d  S a l t  S o l u t i o n  i n
P r e s e n c e  o p  B a s e  

Brown Yellow
Sandy Yellow-Gray P lastic
Loam  S ilt Loam  C layey S ilt P ea t

T ime 2 T . 4 T . 10 T . 5 T . 10 T .
M i n .  CaCOj CaCOi CaCO j CaCOa CaCOa

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

1 0 ........................  0 .7 5 6 5  0 .6 9 2 3  0 .8 4 1 0  0 .6 3 0 2  0 .7 6 4 2
15 ........................  0 .7 4 4 0  0 .6 4 6 7  0 .8 3 6 3  0 .6 2 2 8  0 .7 3 7 0
2 0 ........................  0 .7 3 1 3  0 .6 1 6 1  0 .8 3 5 6  0 .6 1 9 9  0 .7 1 7 3
2 5 ........................  0 .7 2 6 9  0 .6 0 3 7  0 .8 3 3 7  0 .6 1 7 0  0 .7 0 5 3
3 0 ........................  0 .7 2 3 2  0 .5 9 7 8  0 .8 3 2 6  0 .6 1 4 8  0 .6951
4 0 ........................  0 .7 1 6 5  0 .5 9 3 5  0 .8 2 9 8  0 .6 1 1 1  0 .6 8 0 9
6 0 ........................  0 .7 1 1 3  0 .5 8 9 7  0 .8 2 7 3  0 .6 0 7 2  0 .6 6 7 2
9 0 ....................................... 0 .5 8 5 5  0 .8 2 6 2  . . . »  ____

120 ........................  0 .7 0 6 6      0 .5 9 8 7  0 .6 4 9 9
1 80 ....................................... 0 .5 8 2 0  0 .8 2 0 6  0 .5 9 5 1  0 .6 4 3 2

0.70221  ____ 0 .8186*  0 .5933*  0 .6394»
1 A fter 4 8  hrs. * A fter 5 hrs. * A fter 4  hrs.

The change in the hydrogen ion concentration was 
very rapid at first, but continually rose as long as the 
experiments were conducted. The plotted curves are 
all similar in character and of the general type shown 
in Fig. 5, which is for the yellow-gray silt loam with  
four tons of lime.

Although equilibrium is not reached for a considerable 
period under the conditions of the experiment, the 
greater portion of the reaction takes place within a 
few minutes. After the neutral point is reached the 
hydrogen ion concentration continues to increase at  
the same relative rate without change. This phe
nomenon explains the condition noted by M aclntire* 
who distinguishes between immediate and continued 
lime requirement and Truog3 who makes the division 
into active and latent soil acidity. Both investigators 
added an excess of lime to the soil while in certain of 
the above experiments the lime requirements were not 
satisfied. Apparently the reaction is in each case an 
equilibrium reaction. Such being the case, any division

1 An a tte m p t was m ade to  use potassium  n itra te  b u t i t  was no ted  th a t  
even in a  neu tra l solution reduction  of th e  n itra te  to  am m onia took place 
to  an ex ten t which could be noted  w ith organic indicators.

* T enn. E xpt. S ta ., Bulletin  1 0 7  ( 1 9 1 4 ) ,  1 9 3 .
* T h i s  J o u r n a l ,  8 ( 1 9 1 6 ) ,  3 4 1 .
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as indicated by them is an arbitrary one, and the 
results will not necessarily bear any relation to the 
total lime requirements.

Rio. 5

It would seem from an inspection of the curve that 
the relation may be expressed empirically b y the 
equation

f t "

in which x  is the hydrogen ion concentration with 
time t ,  A  the total change in hydrogen ion concentra
tion, and K  a characteristic constant for the system  
under consideration. It would appear that the longer 
the interval chosen the more nearly would the results 
approach the maximum lime absorption, provided 
side reactions are not considered. It is quite probable 
that under field conditions the reactions will be far 
slower than the above experiment would indicate. The 
conditions in the field are often such that reactions 
cannot take place rapidly, while the converse is true 
in the laboratory. In this experiment a salt solution 
was used with calcium hydroxide, a condition, cer
tainly, where reaction may take place with utmost 
speed.

This experiment would seem to throw some light 
upon the action of soil with potassium acetate in 
Expt. I. Potassium acetate is basic in character and 
even at the end of 1 8 0  hrs. the mixture with an 
acid soil contained only a slight excess of hydrogen 
ions.

, E X P E R IM E N T  I I I .  ST U D Y  O F C H A N G E  IN  H Y D R O G E N  

IO N  C O N C E N T R A T IO N  OF N E U T R A L  SA LT SO L U T IO N

C O N T A IN IN G  V A R Y I N G  A M O U N TS OF B A S E  50 CC. o f  a

0.5 N  neutral salt solution containing the desired 
amount of base were placed in the gas cell and readings 
were taken at the end of 20 min. The gas cell was 
rocked continuously as in the former experiments.

In the light of Expt. II, it can be readily under
stood that duplicates are somewhat difficult to obtain 
unless the manipulation is the same, and the time 
element eliminated. The speed of the reaction should 
depend somewhat upon the base used and the neutral 
salt with which it is combined. Considering these 
facts it is rather remarkable that the results obtained 
as shown in Table III  should be of the same order. 
The experiments were all conducted upon yellow-gray 
silt loam.

T a b l e  I I I — S t u d y  o k  C h a n g e  i n  H y d r o g e n  I o n  C o n c e n t r a t i o n  o p  a  
N e u t r a l  S a l t  S o l u t i o n  t o  W h i c h  V a r i o u s  A m o u n t s  o p  B a s e  

H a v e  B e e n  A d d e d  w h e n  P l a c e d  i n  C o n t a c t  w i t h  S o i l

^Results given in volts. Soil is yellow-gray silt loam . 5 g. were tak en  in 
each case)

Base 0.5 N 0.5 N 0.5 N 0.5 N 0.5 N
E quivalen t 

to  T . CaCOj
KC1 + N aCl + C a d s  + KaSO< -f KC1 +

Ca(OH)a C a(O H )j C a(O H )í C a(O H )i KO H
0.0 0.4843 0.4995 0.4966 0.5245 0.4843
1.0 0.5099 0.5118 0.5105 0.5345 0.5119
2.0 0.5247 0.5180 0.5259 0.5527 0.5269
3 .0 0.5428 0.5575 0.5475 0.5679 0.5505
4 .0 0.6019 0.6125 0.6215 0.6169 0.6136
4 .2 0.6187
4 .4 0.6342
4 .6 0.6405
4 .8 0.6651
5 .0 0.6868 0Í6890 o !6894 0!¿7Ó0 o ! 6888
5 .2 0.6943
5.4 0.7059
5 .6 0.7211
5 .8 0.7232
6.0 0.7387 o !74 Í4 o !7070 o !7330 OÍ 7391
7.0 0.7726 0.7743
8.0 0.7942

10.0 0.8529 o !¿335 o ! 7990 o !8443 o !8819

The salt solutions in contact with the soil (Series 
0 .0  T. CaCOs) in Table III show considerable differ
ence in potential, but all show about the same neutral 
point, i .  e., 5.0  T. CaCO j. Prom this point the variation  
in the readings becomes rather wide in both directions.

The general form of the curves is shown b y the type  
curve, Fig. 6. Two points regarding this curve may be 
discussed. It will be noted that the curve in the slope 
inclines more toward the vertical as the neutral point 
is reached and after this point is passed the slope 
inclines away from the vertical, approaching the slope 
at the lower end of the curve.

F ig . 6

There is no abrupt change in hydrogen ion con
centration, as was noted by Hildebrand,1 when a strong 
acid is neutralized by a base, but rather the curve 
approaches a straight line, i. e., for each addition of base 
there is a corresponding nearly equal change in hydro
gen ion concentration. One may represent the change 
in the hydrogen ion concentration by the equation 

log C = K B  +  Ki 

where C is the hydrogen ion concentration, B the base 
added, and K  and IQ characteristic constants.

The systems investigated above have all the charac
teristics of mixtures with a high reserve acidity,2 i. e., 
the hydrogen ion concentration suffers very little  
change with comparatively large additions of base. 
This would be expected if the acid is comparatively 
insoluble.

1 Loc. cit.
* W ashburn. J . A m . Chem. Soc., 30 (1908), 37.
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Referring again to Table III  it will be noted that 
after the neutral point is reached the hydrogen ion 
concentration for the system C a C l2 +  Ca(OH)2 +• 
Soil shows a higher hydrogen concentration than the 
system K C 1 +  K O H  +  Soil for the same equivalents 
of base. This may be accounted for by the precipi
tating action of calcium hydroxide. The difference 
in conductivity adds weight to this view.

When the base is allowed to act for a longer period 
of time there is in general a depression of the whole 
curve toward the acid side as is shown by Table IV  
and Fig. 7 which is the graph of the system 0.5 N  K C 1 

+  Ca(O H )2 +  Soil.

T a b l e  I V — E f f e c t  o f  T i m e  u p o n  A b s o r p t i o n  o f  B a s e  
(Soil used was yellow-gray silt loam. Tim e, 3 hrs. R esults recorded in

volts)
0.5 N  KC1 + 0.5 N  KC1 +

T . CaCOj C a(O H )i K O H
0.0 0.4963 0.4997
1 .0 0.5120 0.5157
2.0 0.5249 0.5276
3 .0 0.5418 0.5445
4 .0 0.5820 0.5959
5 .0 0.6397 0.6488
6.0 0.6797 0.6702
7 .0 0.7217 0.7268

It  will be noted that for the same amount of base 
there is a higher hydrogen ion concentration than 
shown in Table III. Hydrogen ion concentration 
increases with time in the presence of a soluble base.

To compare the change of the hydrogen ion con
centration of solutions in contact with different soils, 
a number of soils were chosen and similar determina
tions made as with the yellow-gray silt loam in Table
IV . All the soils were shaken for 3 hrs. with 50 cc. of 
0.5 N  potassium chloride solution containing the re
quired amount of lime. In each case 5 g. of soil 
were used, except in the case of the peat soils, of which 
2.5 g. were taken. The results are given in Table V.

Graphs of some of the above readings (Fig. 8) show 
nearly straight line functions. Certain of the soils 
tested, Nos. 1, 2, 3, 4, 6, and 11, show straight line 
functions for all measurements taken, while the others 
show more or less distinct changes in slope at two 
points, one being on the acid side, i. e., where the H+ 
concentration is greater than 10- 7 , and the other on 
the basic side. The same is true of the yellow-gray 
silt loam (Fig. 7). A t no point in these graphs is there' 
an abrupt change in slope, as would be expected if 
we were neutralizing a strong acid, but instead the

neutral point is reached at an angle depending upon 
the character of the soil. It requires comparatively 
large additions of base to produce a marked change in 
hydrogen ion concentration.

It may be readily understood that the organic 
indicators which change color at different hydrogen 
ion concentrations will show marked differences in the 
lime requirements of soils, because of the slight change 
in hydrogen ion concentration with the additions of 
lime. With the sandy loam soil a change in hydrogen 
ion concentration of the indicator from 10-6 (corre
sponding to the color change of methyl orange) to 
10-8 (corresponding to the color change of phenol- 
phthalein) would represent a change in the apparent 
lime requirement from 0.0 T. to 3 T .; and a change 
in the lime requirement for peat from about 1 T. to 
more than 20 T. of calcium carbonate. It  is evident 
that soil solutions may be distinctly acid to litmus 
while alkaline to methyl orange.

The slight changes in hydrogen ion concentration 
with addition of base will account for the great varia
tion in results obtained for the lime requirement of 
soils b y the different methods proposed. The greater 
the slope of the curve the less will be the differences 
observed. With sandy soils it would be expected that 
the results obtained by various methods would approach 
each other, greater variations would be observed with 
other inorganic soils, while with soils high in organic 
matter it would be expected that the widest differences 
would be noted.

The time factor becomes important, as is shown in 
Tables I and II. The longer the base acts the higher 
is the hydrogen ion concentration at all initial concen
trations of base. The temperature undoubtedly should 
receive consideration, for the speed of reaction is 
increased, salts are hydrolyzed to a greater extent,1 
and water of hydration may be decreased with increase 
in temperature.

We should expect that an acid soil would take up 
larger quantities of calcium from calcium carbonate 
than from calcium chloride, or sodium from sodium 
acetate than from sodium chloride as has been re
peatedly shown to be the case. This may be explained 
at least partially by differences in hydrolysis of the 
salts and the differences in the ionization of the acid.

1 L ando lt and  B6rnstein , “ Physikalisch Chem ische T abellen .”
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T a b l e  V - - C h a n g e  i n  H y d r o g e n  I o n  C o n c e n t r a t i o n  o f  S a l t  S o l u t i o n s  i n  C o n t a c t  w i t h  S o i l s  
(R esults recorded in volts)

( 1) ( 2) (3) (4) (5) (6) (7) (8) (9) ( 10) ( 11 )
Yellow G rayish

Black Black Yellow G ray G ray Plastic Yellow Yellow Brown
Ca(OH)s as P ea ty Clay Black S ilty C layey P lastic C layey Clayey Silt Sandy

T . CaCOj Loam Loam P eat M uck Clay Silt C lay Silt Silt Loam Loam
0.0 0 .5 2 9 0 0 .5 0 8 9 0 .5 6 5 4 0 .4 9 9 5 0 .4 9 7 9 0 .4 7 0 7 0 .5 0 7 2 0 .4 9 9 7 0 .5 0 3 4 0 .4 9 8 4 0 .5 7 5 3
1 . 0 0 .5 3 9 6 0 .5171 0 .5 6 9 9 0 .5 1 8 4 0 .4831 0 .5271 0 .5 0 6 5 0 .5 1 2 6 0 .5 1 7 7 0 .6 3 6 6
2. 0 0 .5 4 8 7 0 .5 2 5 7 0 .5 7 5 7 0 .5 1 9 9 0 .4 9 2 2 0 .5 5 2 6 0 .5 2 2 7 0 .5 3 8 6 0 .6 8 8 7
3 .0 Ó .5629 0 .5 3 5 2 0 .5 8 2 8 0 .5311 0 .5001 0 .6 0 7 7 Ó .5275 0 .5 3 3 8 0 .5 7 8 0 0 .7 3 4 0
4 .0 0 .5 4 6 3 0 .5 7 0 5 0 .5 4 8 5 0 .5 0 7 6 0 .6 4 0 8 0 .5 5 3 8 0 .6 3 6 4 0 .7 7 9 6
5 .0 0 .5 9 5 3 0 .5571 0 .5 2 4 8

0 .6 0 0 6
o ! 54 Í3 0 .5 9 4 2 0 .5 1 7 8 0 .6 9 7 4 0 Í5 7 Í9 0 .6 9 5 5 0 .8 2 4 0

6. 0 0 .5 6 7 9 0 .6 3 3 8 0 .5 2 0 6 0 .7 4 8 5 0 .6 2 3 3 o !6502 0 .7 2 9 7 0 .8 5 9 6
7 .0 0 .6 7 5 5 0 .6 7 4 8
8.0 0 .7 1 6 4 0 .7 2 1 6
9 .0 0 .7 3 7 2

10.0 016391 0 !6 i 05 0 Í6373 0 Í5 8 2 2 0 .7 7 7 0 0 Í5 8 2 0 0Í8483 0 !7658 0 .7 7 3 7 0 Í8 Í7 8 0 Í9 4 4 6
1 5 .0 0 .6 7 8 3 0 .6 4 7 0 0 .6 6 9 9 0 .6 1 9 8
20.0 0 .7 2 6 7 0 .7 0 0 6 0 .7 1 5 3 0 .6 6 8 4

With a carbonate as the reagent, since the point of 
equilibrium depends also upon the partial pressure of 
carbon dioxide, it may be understood that the apparent 
lime requirement may be changed by simply changing 
the partial pressure of carbon dioxide. The results 
reported b y Ames and Schellenberger,1 by the Hutchin- 
son-M acLennan2 and the vacuum methods, are in line 
with this argument.

The placing of the soil under artificial conditions 
with respect to temperature, the use of powerful 
reagents and the extremely finely divided material 
employed in most of the methods suggested will 
certainly affect the speed of the reaction. Furthermore, 
the equilibrium is without doubt a metastable one. 
The present researches may not be said to be free from 
these faults.

T a b l e  V I — C o n d u c t i v i t y  o f  S o i l  S o l u t i o n  C o n t a i n i n g  V a r i o u s  
Q u a n t i t i e s  o f  B a s e ,  i n  C o n t a c t  w i t h  A c i d  S o i l  

( B a s e  C a l c u l a t e d  a s  T o n s  o f  C a C O a  p e r  A c r e  
R e s u l t s  =* S p e c i f i c  C o n d u c t i v i t y  X 10*)

Black P ea ty  
Yellow-Gray Silt Loam
Loam . Base K O H

<55
11, ■

«
0 .0
1.0
2.0
3 . 0
4 . 0  
4 . 4  
4 . 8  
5 . 2  
5 . 6
6 .0  
7 . 0

10.0

Y ellow-Gray Silt 
Loam . Base Ca(OH)s

be Í-

' i Z  I *G tíco
+ j -«-* J3W W W

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

1 0 . 1 7 0  4 . 8 4 2  3 . 4 2 7

be u
a x•ocooci*"
W

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

4) £1
2 ***
w

0 . 9 1 3  
1 .1 3 2

1 .9 6 8  
2 . 4 0 2

B a « C a (O H )i « J  E
S  ÔT 

Iw aE Eoj
SIX'S

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

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

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

W 
3 . 8 1 3  
4 . 0 1 5

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

5 . 4 0 8
5 . 8 2 0

In soils in contact with solutions we have to deal 
with solid phases whose reaction velocities are neces
sarily very slow. The substances which produce the 
acid phenomena when salt solutions are added to acid 
soils are undoubtedly only slightly soluble and the 
products formed may pass into similar solid phases. 
E ven  substances which are assumed to be soluble may 
be held in the colloidal condition. Kahlenburg and 
Lincoln3 claim that the silicic acid of spring waters 
is present in the colloidal condition, and the fact that 
aluminum salts are hydrolyzed to a marked extent 
while the solubility of aluminum hydroxide is very  
slight may be taken as an indication that it is held in 
solution in part as a peptized colloid. The work of 
Mahin, Ingraham, and Stewart4 seems to be evidence

1 T h i s  J o u r n a l ,  8 ( 1 9 1 6 ) ,  2 4 3 .
1 Chem. News, 110 ( 1 9 1 4 ) ,  N o .  2 8 5 4 ,  6 1 .
* J . Phys. Chem., 2  ( 1 8 9 8 ) ,  88.
* J .  A m . Chem. Soc., 35 ( 1 9 1 3 ) ,  3 0 .

that the above statement is true in regard to the 
aluminates.

In anticipation of criticism from the use of neutral 
salt solution in the potential readings throughout these 
investigations the following experiment was planned.

It may be reasoned that if slightly soluble acids are 
present in acid soils it should be possible to measure 
the hydrogen ion concentration from such a water 
solution, if the acid ionizes at all, by means of the 
hydrogen electrode and other indicators. This has 
been done by Gillespie,1 but no attem pts have been 
made to follow the change in hydrogen ion concentra
tion upon the addition of a base. In repeating G il
lespie’s experiment, using yellow-gray silt loam, it 
was found that after shaking 5 g. of the soil with 50 
cc. of distilled water for one-half hour, the potential 
reading of the mixture was depressed to 0.565 volt, 
but there is question whether equilibrium had yet been 
attained considering the fact that neutral salts depress 
the reading to about 0.5 volt.

The above experiment was modified by using 50 cc. 
of distilled water containing the equivalent of 4 tons 
of lime calculated as calcium carbonate. After the 
readings had become constant 5 g. of yellow-gray silt 
loam were added and readings taken at stated intervals. 
The results are given in Table V II.
T a b l e  V II— C h a n g e  i n  P o t e n t i a l  i n  a n  A c i d  S o i l  o n  S h a k i n g  w i t h  

S o l u t i o n  o f  C a l c i u m  H y d r o x i d e  
T i m e

M inutes Volt
0 . ...........................................  0 . 9 7 2 3

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

2 4 0 .............................................. 0 . 6 5 2 9
4 2 0 .............................................. 0 . 6 4 1 6

Equilibrium evidently had not been reached after 7 
hrs. of continuous shaking. In performing the experi
ment some difficulty was encountered because of the 
high resistance of the chain, but the readings are typical. 
It  will be noted that the reaction is much slower than  
in the presence of a neutral salt as may be expected 
from a consideration of the number of ions present in 
each case.

The salt solutions used- throughout this research, 
unless otherwise stated, were 0.5 N ,  while the calcium 
hydroxide solution used above was 0.008 N ,  or an 
approximate ratio of 500 :8 at the beginning of the 
reaction. While the neutral salt concentration re
mained practically unchanged the calcium hydroxide 
concentration, and consequently the hydroxyl ion 
concentration, became progressively less.

* Loc. cit.
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The above experiment brings out another fact of 
importance. After the base has been neutralized the 
hydrogen ion concentration continues to rise slowly. 
The substance producing the action comes to an 
equilibrium very slowly with water, and 6 hrs. after 
the lime was neutralized hydrogen ions were still being 
thrown into the solution.

E X P E R IM E N T  IV . C O N D U C T IV IT Y  O F S O IL  S O L U 

T IO N S — To test the question of the insolubility of the 
products formed when a base is added to an acid soil, 
some conductivity experiments were conducted as a 
preliminary investigation.

Five grams of soil were shaken with 75 cc. of distilled 
water containing the required amount of base and con
ductivity measurements made upon the recently 
shaken mixture of soil and solution with a plunge 
electrode having a constant of 0.0305. All readings 
were taken at 250 =*= x°.

From an inspection of Table V I, the following 
deductions may be made:

The specific conductance increases with each addi
tion of base, but the increase is much greater with 
potassium hydroxide than with calcium hydroxide. 
The difference is far too great to be accounted for by  
the difference in conductivity of potassium and cal
cium ions.1 Either the calcium salts formed are less 
soluble or they must ionize to a far less extent than the 
potassium salts. The former view is substantiated  
by the difference noted in the soluble base left in solu
tion when a soil is treated with water containing an 
excess of base. From the standpoint of the absorption 
theory it may be argued that calcium hydroxide is 
absorbed to a greater extent than potassium hydroxide, 
but this theory can hardly be substantiated in face of 
the fact that potassium and calcium hydroxide seem 
to have practically equivalent power to neutralize the 
acid of the soil noted elsewhere in this paper.

The specific conductivity decreases with time. This 
is true in every case except with the black peaty loam, 
where this may be accounted for by the increase in 
soluble material brought into solution. It  will be 
noted that the conductivity of the water solution in 
contact with this soil increased after shaking, indi
cating that equilibrium had not been reached. If this 
is taken into account, the conductivity of the solution 
in contact with this loam also decreases with time. 
It  would seem that the reactions are progressive and 
that equilibrium is not reached for a considerable 
time period. This is directly in line with the change 
in hydrogen ion concentration determinations dis
cussed elsewhere in this paper.

As the acid-producing substances present in the 
soil are extremely insoluble, as shown b y the fact that 
the pure water extract shows little acidity with ordi
nary indicators, it would be expected that reactions 
would be exceedingly slow, especially near the equilib
rium point. It will be noted in this connection that

1 F o r m ethod of calculating conductance for calcium  and sodium  ions 
see B ates, J . A m . Chem. Soc., 35 (1913), 534; and  W ashburn, "Principles 
of Physical C hem istry ,”  N ew  Y ork, 1915, p. 214, for calculated values, 
th e  equivalent conductance of calcium  and  potassium  ions a t  infinite dilu
tion  being 51 and  63.3, respectively.

there was a much more marked change in conduc
tiv ity  with time at the higher concentrations of base.

The rather slow increase in conductivity would 
point to precipitation effects which are more marked 
where calcium is used as the base. Acid substances 
which are highly insoluble would show high reserve 
acidity, a condition which is quite evident in the soils 
investigated,

SUM M A RY

1— A new hydrogen electrode cell has been designed 
which has proved satisfactory for certain types of soil 
investigation.

2— When an acid soil is added to a neutral salt solu
tion the hydrogen ion concentration of the solution 
reaches a maximum almost immediately if the soil is 
wet thoroughly by the solution, but secondary reac
tions later cause a decrease in hydrogen ion concen
tration of the solution.

3— When an acid soil is added to a neutral salt solu
tion containing a free base the base is neutralized 
rapidly, as indicated by the change in hydrogen ion 
concentration of the solution, following closely the law  
for equilibrium reactions, but the hydrogen ion con
centration of the solution continues to rise for an 
unknown period.

4— There is no sharp break in the progress of base 
absorption by an acid soil which will warrant an y  
arbitrary division, such as active and latent acidity, 
or immediate and eventual lime requirement.

5— The changes in log C h approach nearly straight 
line functions with progressive addition of base in the 
presence of a neutral salt solution.

6— Different indicators will give differences in lime 
requirement for soils depending upon the slope of the

C h curve. The greatest differences may be expected 
with soils high in organic matter.

7— A  general explanation is given of the different 
results obtained by different methods for determining 
soil acidity.

8— When a base is added to an acid soil compara
tively insoluble products are formed. Calcium pro
duces a product less soluble than does potassium.

9— The specific conductance of a water solution of aa  
acid soil to which a base has been added increases with  
each addition of base, but the increase is greater with  
potassium than with calcium hydroxide, which is far  
too great to be accounted for by the difference in con
ductivity of potassium and calcium.

10— Calcium and potassium hydroxide have prac
tically equivalent power to neutralize the acid of an 
acid soil.

ix— The specific conductivity of a pure water solu
tion containing a base in contact with an acid soiL 
decreases with time.

1 2— An acid soil shows high reserve acidity.

13— The reaction between a water solution of a base- 
and an acid soil is much slower than in the presence o f  
a neutral salt.

14— The absorption of bases by acid soils is due: 
largely to relatively insoluble acids.
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During the past century an enormous amount of 
energy has been expended in efforts to devise a method 
for determining the tannin content, or rather the true 
tanning value, of vegetable materials. Numerous 
methods have been proposed,2 but without any indica
tion as to the correctness of the results obtained. In 
fact the methods now in general use, both here and in 
Europe, were made official without any knowledge as to 
their accuracy, but solely because they are of such 
nature that different analysts have comparatively little 
difficulty in getting concordant results. Since tanning 
materials are usually sold on a tannin basis, these 
methods have proved of very great value in enabling 
buyer and seller to agree as to price, but investigators 
who have blindly accepted the results as reliable have 
sometimes been led into serious error. In this paper 
we present what we believe to be the first successful 
method for determining the true tanning value of 
vegetable materials.

PR A C T IC A L  D E F IN IT IO N  O F T A N N IN

Work on the chemistry of the tannins is still so far 
from_ complete that no rigid chemical definition of 
them as a class can be given, but their extensive use, 
especially in the leather industry, has necessitated 
defining them in terms of some property of practical 
value. It  has therefore become customary to apply 
the name ta n n in  to that portion of the water-soluble 
matter of certain vegetable materials which will pre
cipitate gelatin from solution and which will form 
compounds with hide fiber which are resistant to 
washing. The remaining portion of the soluble matter 
is called non -tann in .

N E W  M ETH O D

p r i n c i p l e  o f  t h e  m e t h o d — The method aims, of 
course, to determine exactly what is called for in the 
definition. A convenient amount of the tanning ma
terial is shaken with a definite amount of purified hide 
ppwder until all tannin has been removed from solu
tion. This point is determined by filtering off a portion 
of the residual liquor and adding drop by drop, avoiding 
a large excess, a solution containing 10 g. of gelatin and 
100 g. of sodium chloride per liter; if the solution 
becomes turbid or a precipitate forms, it shows that all 
tannin has not been removed from solution, in which 
case the mixture must be discarded and the test 
repeated, using less of the tanning material or shaking 
for a longer time, until the solution after filtration gives 
no visible reaction with the gelatin-salt reagent. The 
tanned powder is then washed free from soluble matter, 
including the non-tannin removed from solution by the 
hide powder, which is responsible for the large errors 
in the methods now in use. It is then carefully dried 
and analyzed for tannin as in the regular procedure for

1 P resented before the  Section of L ea ther Chetr.istry a t  the  59th M eet
ing of the  A m erican Chem ical Society, St. Louis, M o., A pril 14, 1920

* F o r a  review  of work done since 1803, see P rocter’s “ L eather In 
dustries’ L abora to ry  B ook" (Spon, 1908), pp. 168-176.

vegetable-tanned leathers, and from this figure the  
percentage of tannin in the original material m ay  
readily be calculated.

s e n s i t i v i t y  o f  g e l a t i n - s a l t  t e s t  a n d  i t s  e f f e c t  

u p o n  t h e  m e t h o d — The gelatin-salt test appears to- 
be the most satisfactory one known for determining 
whether or not a tan liquor has been completely 
detannized. In the present official methods, it is 
assumed that the hide powder completely detannizes 
the liquor because the non-tannin filtrate remains 
clear upon addition of the gelatin-salt reagent. This, 
reagent, however, gives negative results with extremely 
dilute solutions of tannin. Another fact tending to- 
make it difficult to detect the presence of small amounts 
of free tannin in the liquor after shaking with hide 
powder is that these liquors are always turbid and 
must be filtered, and it is a known fact that filter paper 
will remove tannin from solution to some extent. It  
was therefore essential to determine the sensitivity  
of the test for the conditions under which the analyses 
were made.

If the time of shaking, volume of tan liquor, and 
quantity of hide powder are kept constant, the less the  
concentration of the liquor the greater will be the frac
tion of tannin removed by the hide powder. This  
made it desirable in checking the accuracy of the work 
to make- several sets of analyses for each tanning 
material examined, using a different concentration of 
liquor in each case. The most concentrated solution of 
each material noted in Table I was used to test the  
sensitivity of the gelatin-salt reagent by diluting to  
greater and greater extent and then  filtering and testing  
with the reagent under the same conditions as employed 
in the actual analyses. The reagent was added a drop 
at a time to 10 cc. of the clear filtrate in a test-tube. 
The dilutions at which the test failed, expressed in cc. 
of tan liquor diluted to 100 cc., were as follows: que
bracho 1, hemlock bark 2, oak bark 2, larch bark 2, 
chestnut wood 0.5, osage orange 2, sumac 1, and gam- 
bier 4. It therefore follows, since the detannized fil
trates from all these liquors gave a negative test with 
the gelatin-salt reagent, that more than 95 per cent of 
the tannin of the gambier liquor and more than 97 per 
cent of the tannin of every other liquor were removed 
from solution b y the hide powder. But the analyses 
were also carried out with much more dilute liquors, 
from which the hide powder should'remove an even 
greater percentage of the tannin. Since the results 
obtained for any one material, using several dilutions, 
checked so closely, we may reasonably conclude th at  
the hide powder removed practically  all of the tannin 
from all solutions which gave no test with the gelatin- 
salt reagent after the shaking process.

h i d e  p o w d e r — The hide powder used in this work is 
a highly purified product known as American Standard 
and is prepared by the Standard M fg. Co. of R idgw ay, 
Pa., especially for use in the analysis of tanning ma
terials. Since this hide powder is of variable com
position due to changes in water content, it was neces
sary to base our calculations upon the protein it con
tained, to which we shall hereafter refer simply as hide 
substance. Von Schroeder1 found hide substance to

1 P rocter, Loc. cit.
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contain 17.8 per cent of nitrogen, which figure is 
generally accepted. The per cent of nitrogen deter
mined by the Kjeldahl method, multiplied by 5.62, 
should therefore give the per cent of hide substance. 
The hide powder used in this work showed by analysis

P er cen t
W a te r ......................................................................................  12.29
A sh ...........................................................................................  0 .36
F a t (chloroform e x tra c t) .................................................... 0 .82
H ide substance (N  X 5 .62).............................................. 86 .50

T o t a l ............................................................................................. 9 9 . 9 7

from which it would appear that the factor 5.62 is 
correct.

m a t e r i a l s  e x a m i n e d — Eight materials were se
lected for examination which are fa ir ly  extensively 
used and which show great differences in properties, 
especially in so-called, astringency. The solid que
bracho extract and the four liquid extracts of oak bark, 
larch bark, chestnut wood, and osage orange are typical 
samples of the best of these materials now on the 
American market. The gambier is the ordinary pasty  
product from the East Indies; the sumac, consisting of 
ground leaves and small twigs, is from a reputable 
dealer in Palermo; and the hemlock bark came from 
the forests of Wisconsin.

p r o c e d u r e — The extracts were simply dissolved in 
hot water, cooled slowly, and made up to the mark. 
The bark and sumac were finely ground and leached 
by percolation, only the extracted portions being used 
after making up to definite volume. In each test, 12 
g. of hide powder (of known hide substance content) 
were put into a wide-mouth, rubber-stoppered, half
pint bottle, the tanning material dissolved in 200 cc. 
of solution was added, and the whole was shaken in a 
rotating box for 6 hrs.

The amount of material that could be used was 
limited by the amount of tannin that the hide powder 
was capable of taking up in 6 hrs. On the other hand 
it was desirable not to use too little, since the less the 
amount of tannin fixed per unit of hide substance, the 
less the accuracy of the method, since the tannin was 
determined b y  difference. Whenever the liquor after 
the 6-hr. shaking gave a turbidity or precipitate with 
the gelatin-salt reagent, the test was repeated with 
less material. The smallest amount used for any 
material represents the least we were able to use and 
still get reproducible results.

The tanned powder was washed by shaking with 200 
cc. of water for 30 min., squeezing through a suitable 
cloth, and repeating the washing operation until the 
wash water showed no color and gave no test with 
ferric chloride solution. Except for the osage orange 
and chestnut wood extracts, which are unusual in 
several" respects, not more than 12 washings were 
required to free the powders from non-tannin, which 
shows that the line of demarcation between tannin and 
non-tannin is fairly sharp for the commoner materials. 
The wash water continued to extract coloring matter 
from the powders tanned with osage orange until after 
the fiftieth washing, while as many as 25 washings were 
required to free the powders tanned with chestnut 
wood from soluble matter producing a dark color with 
ferric chloride. All wash water was tested with the 
gelatin-salt reagent, but in every case the test was

negative. This method of washing was found to be 
more efficient than using running water on a suction 
filter, probably because the mechanical agitation assists 
the diffusion of soluble matter from the interior of the 
hide fibers. „

The washed powders were dried at room temperature 
for 24 hrs. or longer and then analyzed for water, ash, 
fat, and hide substance. The difference between 100 
and the sum of these percentages was taken as the 
per cent of tannin in the leather. The parts of tannin 
per 100 parts of hide substance in the leather divided 
by parts of tanning material used per 100 parts of hide 
substance gave the fraction of tannin in the original 
material.

The results for the eight materials examined are given 
in Table I.

T a b l e  I  
Percentage Analysis of
T anned  H ide Pow der P er 100 G. of T an -

  t s H ide Substance nin
M a- H ide T an- *----------*----------* in

te ria l Sub- nin  T an - M a- M a-
Gram s stance (by  nin terial terial

per (N  X Differ- Found  Used Per
M a t e r i a l  L iter W ater Ash F a t  5.62) ence) G ram s G ram s C ent
Q uebracho  18.8 11.56 0.14 0.35 74.92 13.03 17.39 3 6 .8  47 .26
Q uebracho  18.8 11.42 0.08 0.35 75.05 13.10 17.46 36 .8  47.45
Q uebracho  11.5 13.81 0.03 0.30 77.53 8.33 10.74 22 .6  47 .52
Hem lock B ark . 150.0 9.94 0.12 0.24 76.54 13.16 17.19 287.9  5 .97
Hem lock B ark . 100.0 10.73 0.13 0.28 79.39 9.47 11.93 191.9 6 .22
Hemlock B ark . 75 .0  12.76 0.05 0.28 79.53 7.38 9 .2 8  147.1 6.31
Oak B a rk   67 .5  12.54 0.07 0.12 74.76 12.51 16.73 131.6 12.71
Oak B a rk   4 5 .0  11.19 0.09 0.24 79.36 9.12 11.49 8 7 .6  13.12
Oak B a rk   2 5 .0  13.53 0.05 0.34 81.00 5.08 6 .27  4 8 .9  12.82
Larch B a r k .. . .  67 .5  12.59 0.09 0.13 75.61 11.58 15.32 131.6 11.64
Larch B ark .. . .  4 5 .0  13.65 0.09 0.30 77.90 8.06 10.35 87 .7  H -8 0
Larch B a r k .. . .  2 5 .0  16.52 0.08 0.25 78.65 4.50 5 .7 2  4 8 .9  11.70
C hestnu t Wood 67 .5  12.43 0.11 0.05 75.76 11.65 15.38 131.6 11.69
C hestnu t W ood 4 5 .0  12.82 0.13 0.19 78.54 8.32 10.59 87 .7  12.08
C hestnu t W ood 3 7 .5  12.05 0.10 0.21 80.74 6.90 8 .55  71 .7  11.92
S um ac.................. 9 3 .8  11.39 0.16 0.36 74.92 13.17 17.58 179.3 9 .8 0
S um ac.................. 6 2 .5  12.26 0.23 0.31 78.38 8.82 11.25 119.5 9.41
Sum ac..................  3 7 .5  11.75 0.12 0.37 81.97 5.79 7 .06  73 .5  9.61
Osage Orange . 4 8 .8  12.82 0.13 0.17 77.35 9.53 12.32 9 5 .0  12.97
Osage Orange . 3 2 .5  12.83 0.09 0.25 80.09 6.74 8 .42  63 .3  13.30
Osage Orange . 26 .3  12.43 0.12 0.25 81.43 5.77 7 .09  51 .2  13.85
G am bier  5 0 .0  12.08 0.18 0.19 81.44 6.11 7 .5 0  9 7 .4  7 .70
G am bier  4 9 .5  11.77 0.26 0.28 81.70 5.99 7 .33  94 .7  7.74
G am bier  29 .0  13.06 0.14 0.35 82.74 3.71 4 .4 8  56 .5  7.93

C O M PA R IS O N  W IT H  A. L . C. A . M ETH O D

Practically all tanning materials are bought and sold 
in this country on the basis of tannin content as deter
mined by the official method of the American Leather 
Chemists Association. The principle of the method is 
similar to that of the new method as regards the shak
ing of a solution of the tanning material with hide 
powder, but differs in that the drop in concentration of 
the liquor upon shaking is taken as the measure of its 
tannin content, while the tanned powder is simply 
discarded. The details of the A. L. C. A .1, method 
follow:

The hide powder is specially prepared b y  giving it a light 
chrome tannage with chrome alum, washing it practically free 
from soluble matter, and squeezing it until it  contains not less 
than 71 nor more than 74 per cent of water. The solution of 
tanning material for analysis must contain not less than 0.375 
nor more than 0.425 g. of tannin per 100 cc., as found b y  this 
method. T o 200 cc. of this solution is added such an amount 
of the wet hide powder as contains not less than 12.2 nor more 
than 12.8 g. of dry hide powder and the whole is shaken fcr 10 
min. The limits defined are to some extent arbitrary, but it  has 
been found necessary to set limits of some sort in order to get 
concordant results. The detannized solution is separated from 
the powder by squeezing through linen and is then filtered through

1 J . A m . Leather Chem. Assoc., 14 (1919), 654.
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paper, after the addition of kaolin, the solution being returned 
until the filtrate is quite clear. The amount of r esidue from .an 
aliquot portion of this filtrate, after correcting for the water 
introduced b y  the hide powder, is taken as a measure of the 
non-tannin in the original material. T he difference between the 
total soluble matter and the non-tannin is called tannin.

Several outstanding sources of error in this method 
were emphasized by the authors in an earlier paper.1 
The most serious defect is that it does not take into 
account the fact that hide powder removes non-tannin 
of certain kinds, such as gallic acid, pyrocatechol, etc., 
from solution to an extent depending upon the con
centration. These substances do not make leather and 
are readily washed out. This explains the fact that 
where tanners try to keep a rigid cost account of tanning 
materials, they find no such amount of tannin in the 
leather as would be expected from the amount of 
tannin used, as determined b y the A. L. C. A. method. 
The analyses of the eight materials by the A. L. C. A. 
method are given in Table II along with a calculation 
of the percentage errors involved in this method, made 
upon the assumption that the results obtained by the 
new method are correct.

T a b l e  I I
  Percentage Analysis of M aterial *
  A. L. C. A. M ethod *

Soluble M atte r Percentage
New E rro r in

Insoluble N on M ethod A. L. C. A.
M a t e r i a l W ater M atte r tann in T ann in T annin M ethod

Q uebracho .......... 17.87 7 .16 6 .96 68.01 47.41 43
Hemlock B a rk .. . 8 .9 0 74.33 6.71 10.06 6 .17 63
Oak B ark ............. . 52 .66 3 .68 19.46 24.20 12.88 88
Larch B a rk ........ 51 .08 5 .88 20 .90 22.14 11.71 89
C hestnu t W ood . . 58 .90 1.50 13.80 25 .80 11.90 117
S um ac.................. . 9 .25 4 7 .20 17.99 25.56 9.61 166
Osage O ran g e ... . 46 .05 3 .45 10.63 39.87 13.37 198
G am bier................, 51.12 5 .36 18.57 24.95 7 .79 220

1 J . A m . Leather Chem. Assoc., 13 (1918), 429.
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Although the enormous errors in the A. L. C. A. 
method are nothing short of sensational, we are con
vinced that they are not at all exaggerated. The  
extent of these errors is less surprising, however, when 
the behavior of certain non-tannins, like gallic acid, 
in the presence of hide powder is studied. A  series of 
solutions of gallic acid of different strengths was pre
pared and treated by the A. L. C. A. method as though  
they were tan liquors of the required strength. The  
results for non-tannin should have been roo per cent 
in every case, if the method were reliable, but the 
actual data in Table III show that a very large pro
portion of the acid is taken up by the hide powder.

T a b l e  I I I — R e s u l t s  o f  T r e a t m e n t  o k  P u r e  G a l l i c  A e r o  S o l u t i o n s  b y  
t h e  A. L. C. A. M e t h o d  

Using 47 g. of wet hide powder (73%  w ater) to  200 cc. of solution
Gallic Acid N on-tann in  T annin

Gram s per L iter ,  Per cent P er cent
8.88  5 4 .0  4 6 .0
4 .44  47.1 52 .9
2 .22  4 3 .8  56 .2
1.11 4 0 .4  59 .6

T a b l e  I V — E f f e c t  o p  A l t e r i n g  P r o p o r t i o n  o p  H i d e  P o w d e r  u p o n  
A m o u n t  o p  G a l l i c  A c i d  R e m o v e d  p r o m  a  0.888 P e r  c e n t  S o l u t i o n  

Using th e  principle of the  A. L. C. A. m ethod
W et H ide Powder

(73%  w ater) N on-tannin  T annin
G. per 200 cc. P er c en t Per cent

5 9 1 .8  8 .2
10 8 6 .0  14.0
25 6 9 .6  3 0 .4
50 52.1 4 7 .9
75 4 3 .7  56 .3

Table IV  shows that the amount of gallic acid removed 
from solution is very largely dependent upon the 
proportion of hide powder employed. Our results by  
the new method for gambier indicate that this sample 
contains more than 4 times as much non-tannin as

SICILIAN SUMAC LEAVES



468 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  V o l .  12,  N o .  5

tannin. When we consider that more than 50 per cent 
of these non-tannins may be removed from solution 
by the hide powder, errors exceeding 200 per cent are 
to be expected by the A. L. C. A. method.

The reason for the necessity of arbitrary limits in the 
official method is suggested b y the gallic acid experi
ments, but is more strongly emphasized by similar 
experiments upon actual tan liquors. The effect of 
altering the proportion of hide powder with solutions 
of the eight tanning materials is shown in Table V  and 
Figs. 1 and 1 a. The zero points in the figure represent 
the percentages of tannin found by the new method. 
In none of these experiments did the solution after 
shaking give a test with the gelatin-salt reagent, but 
we nevertheless find enormous increases in per cent 
of tannin due to increasing the proportion of hide 
powder. This alone should be sufficient to show that 
the A. L. C. A. method cannot be considered an exact 
one and that the arbitrary limits were set so that differ
ent analysts would get concordant rather than more 
nearly correct results. Table V  and Fig. 2 show how 
the percentage error increases with increasing propor
tions of hide powder.

M a t e r i a l

Oak B ark .

G ram s

W et Hide 
Pow der (73% 
W ater) Used 
to D etannize 

150 Cc. T an A pparent Percentage
per L iquor Per cen t of E rro r D ue to

L iter Gram s T ann in H ide Powder
. .  3 70.0 68.18 44

3 5 .0 67.56 43
20.0 66.61 40
10.0 64 .36 36
5 .0 57.56 21

. .  20 70 .0 10.98 78
35 .0 10.60 72
20.0 9 .76 58
10.0 9 .35 52
5 .0 7 .98 29

70 .0 25.02 94
3 5 .0 24.59 91
17.5 24.01 86

8.8 22.09 72
4 .4 18.77 46

. . 4 .37 70 .0 28.10 140
35 .0 24.52 109
17.5 21.97 88
8.8 19.10 63
4 .4 16.24 39

. . 15 70 .0 26.87 126
3 5 .0 25 .80 117
20.0 24 .59 107
17.5 23.52 98
12.0 22.49 89

. . 4 70.0 24.98 160
35 .0 25.05 161

• 17.5 24.47 155
8.8 23.45 144
4 .4 21.45 123

. 8 70 .0 40.48 203
35 .0 • 39.47 195
20.0 38.21 186
10.0 36.27 171
7 .0 35.67 167

. .  4 .5 8 70 .0 29.04 273
3 5 .0 25.60 229
17.5 22.56 190

8.8 17.22 121
4 .4 13.38 72

T a b l e  V I
W et H ide Percentage Analysis of M ixture of 5 

Pow der P a rts  of Q uebracho E x tract to  9 
(73%  P a rts  of D ry  Gallic Acid

W ater) * * s
Used to  - A. L. C. A. M ethod  *

D etannize Soluble M atte r
150 Cc. T an  Insol- *---------- *----------» New

L iquor uble N on- M ethod

Percentage E rro r Due 
to  H ide Powder

'—Quebracho—'  G am 
in  Pres- bier 

Alone enceof (from 
(from Gallic Table

Gram s W ater M a tte r  tan n in  T annin  T ann in  Fig. I I )  Acid V)
4 .4 5 .8 0 3 .9 6 63 .34 26.90 16.93 18 59 72
8.8 5 .80 3 .96 53 .39 36.85 16.93 33 118 121

17.5 5 .8 0 3 .9 6 44.07 46.17 16.93 39 173 190
3 5 .0 5 .80 3 .9 6 37.14 53.10 16.93 43 214 229
70.0 5 .8 0 3 .9 6 33.87 56.37 16.93 44 233 273

which give the least errors are most astringent, while 
those giving greatest errors are least astringent. The  
order of the materials in Table II might almost be taken 
as the order of decreasing astringency, although an exact 
parallelism cannot be claimed since w e ' have no quan
titative measure of astringency. Quebracho and hem
lock bark are generally conceded to be the most astrin
gent, and sumac and gambier the least astringent of 
these materials. This suggested a relation between 
astringency and the ratio of non-tannin to tannin. In 
the experiments listed in Table I, the hide powder 
fixed more than twice as much tannin from the que
bracho liquors in 3 hrs. as from the gambier liquors

As might be expected, the greatest errors in the 
Official method are obtained with those materials con
taining the greatest proportion of non-tannin to tannin. 
Quebracho, having least non-tannin, gives the smallest 
error. However, if the quebracho is mixed with gallic 
acid to make the proportion of non-tannin to tannin 
about the same as in the case of the gambier, it gives 
errors nearly as great as in the case of the gambier. 
This is shown in Table V I.

Comparison of the two methods has brought out at 
least one fact of practical significance: Those materials

F io . 2

in 6 hrs. But, when enough gallic acid was added to 
the stronger quebracho liquors to give them the same 
proportion of non-tannin to tannin as in the gambier, 
the hide powder did not remove anywhere nearly all 
the tannin in 6 hrs. Upon addition of the gelatin-salt 
reagent to the liquors after shaking, huge precipitates 
were formed, suggesting a great reduction in astrin
gency. That the effect was only one of slowing up, the 
tanning action was proved by the fact that the hide 
powder was able to detannize the solution completely 
in 24 hrs.
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P R A C T IC A B IL IT Y  O F T H E  N E W  M ETH O D

The new method in its present form requires more 
time than the A. L. C. A. method, but this disadvan
tage must be considered negligible compared to the 
advantage of greatly increased accuracy. If the new 
method is to prove satisfactory from the standpoint 
of setting a price on tanning materials, it must give 
results which are readily reproducible in different 
laboratories. We are convinced th a t.it  will do this 
quite as well as the official method when the different 
analysts become used to manipulating it. The several 
results for any one material in Table I were determined 
days, and sometimes weeks, apart. The hide powder 
used in the new method is not chromed, but is used 
exactly as it comes from the manufacturer. If, how
ever, it is first chromed, it gives a higher result for 
osage orange, apparently due to the chrome acting as a 
mordant for the coloring matter. But this coloring 
matter does not precipitate gelatin nor does it form a 
stable compound with unchromed hide fiber and we 
feel that the method is the more accurate for not 
estimating this coloring matter as tannin. The ques
tion of putting a value on this coloring matter may 
have to be solved, but this problem will probably be 
confined to very few materials. On the whole we 
believe the new method will be found quite as prac
ticable and certainly very much more satisfactory from 
the standpoint of accuracy than the present official 
method. W hat has been said concerning the A. L. C. A. 
method applies equally well to the European methods 
since they differ only in detail.

s u m m a r y

A new method of tannin analysis is described which 
we believe determines exactly what is called for in the 
generally accepted definition of tannin from a practical 
viewpoint, namely, that portion of the water-soluble 
matter of certain vegetable materials which will pre
cipitate gelatin from solution and which will form 
compounds with hide fiber which are resistant to 
washing.

The analyses of eight common tanning materials b y  
the new method and by the official method of the 
American Leather Chemists Association indicate that 
the latter method is in error to the extent of from 43 
to 220 per cent.

The new method gives reproducible results and is 
considered entirely practicable.

P R A C T IC A L  M E T H O D S  F O R  T H E  D E T E R M IN A T IO N  OF
R A D IU M . I l l — A L P H A -R A Y  M E T H O D , G A M M A -  

R AY  M E T H O D , M IS C E L L A N E O U S 1

B y S. C. Lind

B u r e a u  o f  M i n e s  E x p e r i m e n t  S t a t i o n ,  G o l d e n ,  C o l o r a d o  

Received October 2 9 ,  1 9 1 9

In two previous papers1 the ■writer has described a 
form of interchangeable electroscope, the details of its 
construction, and its use in connection with the de
termination of radium by the emanation method.

1 Published w ith  permission of the  D irector of th e  U . S. B ureau of 
M ines.

* T h i s  J o u r n a l , 7  ( 1 9 1 5 ) ,  4 0 6 ,  1 0 2 4 .

In the present paper, it is proposed, first, to discuss 
briefly some more recent modifications in the con
struction of the electroscope, which have contributed 
materially to the ease and accuracy of its manipula
tion; second, to discuss rather fully the application 
of the a-ray method to the determination of radium  
in solids without reference to any particular form of 
electroscope; and, third, to consider briefly the 7-ray  
method of determining radium.

M O D IF IC A T IO N S  IN  T H E  IN T E R C H A N G E A B L E  E L E C T R O 
SC O PE

Conditions due to the European war necessitated 
an electroscope of American make. In devising one, 
the writer had economy and accuracy equally in mind, 
and sought to combine as far as possible in a single 
instrument the advantages of the various types already 
in use. The advantages sought have already been 
mentioned,1 but perhaps a somewhat fuller explana
tion in the way of acknowledgments will not be out of 
place. The “ interchangeable” feature, enabling the 
use of a detachable head carrying the reading device 
and leaf system, was first used by Professor Ebler,2 
in connection, however, with the Exner type of double
leaf electroscope. Instead of the latter, it was de
sirable to use the simpler single-leaf Wilson type so 
modified that the leaf could be readily removed if 
replacements were necessary.

The highly advantageous feature of having the 
reading microscope firmly fixed to the head so there can 
be no chance of accidentally changing the relative 
positions of leaf and micrometer scale of the micro
scope was adapted from the W ulf3 electrometer, thus 
providing rigidity while preserving complete visibility  
of the leaf system— an advantage not possessed b y the 
Wulf instrument.

The most far-reaching change in the instrument, 
since its earlier description, consists in the substitution 
of amber or amberoid insulation instead of sealing- 
wax for both insulators (points g and d in the original) .* 
This substitution made it necessary, however, to 
provide a new means of rendering the emanation 
chamber gastight. This has been accomplished 
without the use of any binding material by an ingenious 
arrangement, due to Mr. P. F. Elzi, of the Sachs- 
Lawlor Company, Denver. Fig. 1 illustrates its 
construction. The brass collar a is threaded into the 
lower chamber (not shown) at b and made gastight 
by means of a lead washer, c. The collar a is hollow 
and provided with an interior projecting shoulder, d, 
on which rubber washers rest at /  and / ' above and be
low. On /  and /  'rest amberoid discs, g and g ', pierced 
by the rods h and h ', both of which are threaded into 
the connector i. The holes through g and g’  are 
made tight by small rubber washers j  and j ' .  h 
terminates above in a shoulder, k,  resting on the 
washer j  and a tip I to make electrical contact with the 
spring i  attached to the leaf system above. Below, 
h ' is provided with a similar shoulder, k ' , which rests

1 P a rt I ,  Loc. cit.
* Chem. Kalendar, 1914, P a rt I I ,  367.
* Physik. Z .f 8 ( 1 9 0 7 ) ,  2 4 6 ,  5 2 7 .
4 P a r t  I ,  Loc. cit. Eig. 3
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on the washer j '  and leads below to the electrode e. 
B y  screwing h and /;' into the common connector i, 
tension is applied on the washers /  and / '  and j  and j ' ,  
thus giving gastightness to the lower chamber without 
any binding material. This simple device has proved 
eminently satisfactory, usually holds gastight for a 
year or more, and can be readily tightened or, if 
necessary, taken apart to renew the washers. Much  
labor in recalibrating the instrument is avoided in this 
way.

This method, as practically applied to radioactive  
ores, has been described by Moore and K ithil1 and 
briefly commented on by Parsons, Moore, Lind, and 
Schaefer. 2 Its refinement for scientific measurements, 
with reference to the penetration of layers of various 
depths b y a-rays, has been carefully worked out by  
M cC o y . 3 Owing to its sensitiveness, simplicity, and 
ease of manipulation, this method has been more 
generally used than any of the methods of measuring 
radioactivity. a-R a y instruments are now very  
generally used in prospecting, ore sorting and milling, 
and for certain purposes even in the control of radium  
plant operations. For qualitative and very roughly 
quantitative purposes the a-activity  furnishes a quick 
and satisfactory method. Attem pts to extend its use 
for more quantitative purposes are beset with m any 
pitfalls and uncertainties which are discussed in this 
paper. To illustrate the fundamental difficulty in 
its use for quantitative purposes, complaint has been 
made that the results of a-ray activity measurements 
frequently do not check even roughly with other 
results, such as the determination of uranium by  
chemical methods, or the direct determination of 
radium by the emanation method. These discrepancies 
have been especially marked for carnotite ores from 
different localities, as can be seen from Table I.
T a b l e  I — S h o w i n g  .t h e  V a r i a b i l i t y  o p  D i f f e r e n t  C a r n o t i t b s  i n  oc- R a y  

A c t i v i t y  p e r  U r a n i u m  C o n t e n t

PcÎr°An t * *.• «-A ctiv ityU3O# a -A ctiv ity  . . - --------  ■■■■ ■ --
S a m -  (By (A rb itrary  «-A ctiv ity  -g m  power ^ e r  c c n * UaO*
p l e  Analysis) Units) Per cent UaOj P er cen t U C orrected
1 . . .  1.52 0.087 0.0572 20 .4  102.7 0.0638
2 . . .  1.60 0 .064  0 .0400 50 .5  9 4 .9  0.0582
3 . . .  2 .07 0 .139 0.0671 2 9 .6  101.5 0.0804
4 . . .  3 .1 6  0 .172  0 .0544 39 .7  119.2 0.0631
5 . . .  4 .7 8  0.207 0.0433 33 .90  9 8 .8  0.0542
6 . . .  9 .1 2  0.259 0.0284 3 0 .4  84.1 0.0382
7 . . .  23 .40  0.733 0 .0313 4 5 .8  72 .4  0.0508
8 . . .  33 .20  1.206 0.0363 16.2 107.8 0.03§1

In Table I, the samples of carnotite represent all 
grades from a low to a high percentage of U 3Os, and 
also come from various localities in Colorado and 
Utah.

F i g . 1— C o l l a r  o p  E l e c t r o s c o p e  w i t h  A m d e r o i d  I n s u l a t o r s  M a d e  
G a s t i g h t  w i t h o u t  C e m i j n t

Further changes have consisted in replacing the two 
rubber-connected glass stopcocks with metal stopcocks 
brazed into the chamber. The microscope holder has 
also been made adjustable by means of a heavy milled- 
head screw (Fig. 2). In the new construction the front 
metal plate carrying the microscope fits into the head 
cylinder b y means of a V-groove carrying three tighten
ing screw's, by loosening which the plate can be rotated 
to bring the microscope to view the leaf at any desired 
part of its arc.

The changes mentioned above have materially added 
to the usefulness and accuracy of the interchangeable 
electroscope.

T H E  A L P H A -R A Y  M ETH O D  O F E S T IM A T IN G  R A D IU M  IN  

SO L ID S

In its simplest form, this method consists in exposing 
a solid powder covering a plate of definite surface and 
depth in the discharge chamber of an electroscope, 
which might be of the type illustrated b y the middle 
chamber show-n in Fig. 2. B y comparing the rates of 
discharge of the leaf as viewed through a microscope 
provided w'ith a micrometer scale, first using a solid 
writh knowTn uranium or radium content and later the 
unknown, a more or less approximate idea is obtained 
of the radium or uranium content of the latter.

Fro. 2

If the a-ray method, as usually applied, were really 
applicable to all carnotites, then the ratio of surface 
activity to the percentage of U3O8 given in the fourth

* U. S. B ureau of M ines, Bulletin  70 (1913), 64.
5 Ib id ., 104 (1916), 87.
> Phys. Rev., 1 (1913), 393.
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column should be constant. Evidently this is not 
even approximately true, and one can see at once how 
far astray one might be led in choosing any of these 
different samples as standards for other a-ray com
parisons.

In seeking the reason for these deviations, three 
principal causes present themselves:

1— Variation in the amount of the loss of radium 
emanation by gaseous diffusion from the ore; the per
centage loss is usually referred to as the “ emanating 
power.” This entails the loss of a-radiation, not only 
from the emanation itself, but also from the succeeding 
a-ray members, R aA , C, and F. The actual per
centage loss for the ores under consideration is re
ported in the fifth column of Table I, and, as has al
ready been pointed out b y Lind and Whittemore,1 
is not only unusually high for carnotite, but also quite 
variable.

2— A second possible source of error is the variability 
of the radium-uranium ratio in carnotite. As also 
reported by Lind and Whittemore,2 this variation is 
confined to sm all specimens of carnotite which can 
vary considerably from the normal value of the radium- 
uranium ratio. This variation is reported in the sixth 
column of Table I in terms of per cent, placing the 
normal (pitchblende) ratio equal to 100 per ccnt. 
In the last column the values of Column 4 have been 
corrected according to the data in Columns 5 and 6; 
that is, the discrepancies introduced by the variation 
of a-radiation, due to “ emanating power” and ab
normal ratio of radium to uranium, have been elim
inated. The improvement in the degree of constancy 
of activity compared with the uranium content can 
be seen to be very slight. Evidently there must be 
another source of error more far-reaching in its in
fluence than either of the first two.

3— This source of error lies in the position of the 
radioactive material in the individual grains and also 
to some extent in the nature of the gangue material. 
Since the a-ray can penetrate material of the density 
of silica very slightly— only about 0.03 mm., or 0.001 
in.— it is evident that the effective rays come only 
from near the surface, .and.ia.ny variation of the position 
of the active material in different samples with respect 
to the surface would have a great influence on the 
a-ray activity observed. It is also evident that fine 
grinding would not obviate the difficulty materially, 
as it would be impossible to produce comminution 
below 0.001 inch. M cC o y’s method of correcting for the 
absorption could be applied, but is hardly within the 
powers of the ordinary operator, does not obviate the 
difficulties due to 1 and 2, and involves time and 
labor to a prohibitive degree for ordinary practical 
purposes. In short, any efforts to make the a-ray  
method really accurate involve more labor than a direct 
radium determination b y the emanation method. 
There is one favorable factor, however, to the ad
vantage of the a-ray comparison, even for carnotite, 
namely, that specimens from the same mine or claim

■ / .  A m . C k im . S o c., 36 ( 1914), 2066.
J Loc. ctt.

do not usually show such wide deviation in the ratio

 a c tm ty  . -  as those reported in Table I.
per cent U3Ü8

W ith reference to carnotite in general, the con
clusion must be drawn that the a-ray method can by  
no means take the place of a direct radium determina
tion, nor of a uranium analysis, for purposes of sale or 
for scientific or commercial control. Qualitative and 
very roughly quantitative results only can be expected. 
It is not desired that the foregoing shall discourage the 
use of the a-ray method. Its application is so simple 
and its results so quickly derived that it will continue 
to be of great service in obtaining preliminary estimates 
of the content of radioactive materials as well as 
invaluable in their detection. It is merely meant to 
emphasize that it cannot be relied on for final quantita
tive measurements.

p i t c h b l e n d e — With reference to pitchblende, the 
case is decidedly more favorable for the use of the 
a-ray method. Since the emanation loss is small and 
varies only slightly in pitchblende, the first difficulty 
is practically eliminated. The radium-uranium ratio 
also appears to be constant for all different samples of 
pitchblende,1 which eliminates the second difficulty. 
From the results reported in Table II, the third
difficulty also appears to be slight, perhaps due to the 
primary nature of pitchblende as compared with 
carnotite, a secondary mineral. A t any rate, pitch
blendes of different grades can be compared with a fair 
degree of accuracy.

T a b i .u I I — S h o w in o  t u b  R e l a t i v e  C o n s t a n c y  o p  t h e  R a t i o

P e r  c e n t  UaOs ~ _
 : ------------------  i n  P i t c h b l e n d e s

o - A c t i v i t y

P er cen t UaO« o-A ctiv ity  Per cent U»Q>
S a m p l e  (By Analysis) (A rb itrary  Units) a-A ctiv ity

 1.................................4 .15  0 .150  27 .7
 2...........................  8 .02  0 .296  27 .0
 3...........................  10.55 0.388 29 .2
 4.............................  16.4 0 .576  28 .5
 5.............................  17.3 0 .572 30 .2
 6...........................  24 .7  0.931 26 .6
 7...........................  25 .3  0.973 26 .0

While it would hardly be advisable to use the method 
where great accuracy is desired, for many purposes 
it can be employed with convenience and satisfaction.

s u l f a t e s — One of the intermediate products in the 
production of radium by most of the different processes 
consists in a precipitated (Ra)BaSO<. The writer
has found by experience that if the radium content is 
not too high to preclude the possibility of using the 
a-ray method, the results approximate fairly closely 
to the radium content, as may be seen from Table  
III.

T a b l e  I I I — S h o w i n g  t h e  A p p r o x i m a t e  C o n s t a n c y  o p  -  ** ADIUMa-ACTIVITY
i n  C r u d e  (Ra)BaSO i 

Mg. R a  per Kilo a -A ctiv ity  R adium
S a m p l e  (E m anation  M ethod) (A rb itrary  Units) a-A ctiv ity

P i . . . . . .................  1.41 0.71 1.98
Pa...........................  2 .15  1.20 1.79
4 0 ...........................  1.32 0 .7 3  1.80
70..........................* 2 .18  1.28 1.70

While the results for the sulfates are not so good 
as with pitchblende, they show that for a quick measure
ment preliminary to the employment of the emana
tion method the a-ray method may be used with 
benefit. The a-ray method has also been used very

1 H eim ann and M arckw ald, Jahrb. Radioakt. Elcktronik., 10 (1913), 299.



472 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  V o l .  12 ,  N o .  5

successfully in the determination of other radioactive 
substances in small quantity for scientific purposes; 
but since it is the object of the present paper to deal 
only with the practical methods of measuring radium 
itself, they do not require consideration here.

T H E  GA M M A -RA Y  M ETH O D  O F M E A S U R IN G  R A D IU M

Radium itself emits a-rays only, but both R aB  
and R aC  emit 7-rays which present the most con
venient means of measuring radium in quantities 
above 0.1 mg. and of not less than 0.05 per cent purity. 
Since R aB and R aC  are products resulting from the 
decay of radium emanation, a gas, it is necessary to 
confine radium preparations in a closed vessel to 
prevent the escape of gas before the measurement is 
made. The measurement may be carried out after the 
vessel has been closed for a month or more, in which 
case the 7-radiation will have reached a constant 
maximum and no time correction will be necessary; 
the 7-radiation then having become directly pro
portional to the quantity of radium present, as is the 
case of all standard tubes of radium salt which have 
been sealed for more than a month. If the measure
ment is made prior to this period, a correction must 
be made for the unclapsed time. This correction is 
readily made by reference to the Kolowrat table, just 
as described in Part I I 1 for the emanation method.

F io . 3

In order that the accumulation of emanation shall have 
taken place over a definite period of time, the starting 
point must be rendered exact by sealing the radium 
salt in a glass tube as soon after crystallization as 
possible. It is first necessary, however, to dry the 
salt thoroughly by raising the temperature for 20 
min. or more to 250° C. or higher. Otherwise, de
composition b y the a-rays of any water remaining, 
even in the form of water of crystallization, would 
generate a dangerous gas pressure in the limited volume 
of the tube. If the zero period is indefinite or not 
known, a series of measurements must be made at 
different intervals, from which the final maximum  
value can be calculated by comparisons with the 
Kolowrat table.

The measurement itself consists simply of a com
parison of the rates of discharge produced by a tube 
with known radium content and that of the unknown, 
each being placed successively in the same fixed 
position at a suitable distance from the discharge 
chamber. Almost any type of electroscope may be 
used by placing a lead screen, one-eighth to one-

1 L oc. cit.

fourth inch thick, between the instrument and the- 
tube containing the radium. A  type of 7-ray electro
scope is shown in Fig. 3.

An accuracy of about 1 per cent can be readily 
attained with ordinary precautions b y the use of the- 
simple aluminum or gold-leaf electroscope.

Radium salts are bought and sold in the United. 
States almost entirely on the certificate of the Bureau 
of Standards. The measurements are made electro- 
scopically by the 7-ray method, using standards that, 
have been compared with the International standard. 
in Paris. Every radium laboratory should have at. 
least one secondary standard that has been certified 
by the Bureau of Standards.

Radium emanation, which is now quite largely used 
therapeutically instead of radium itself, m ay be- 
measured by the 7-ray method exactly as radium, 
and is expressed in equivalent units, one curie being- 
the amount of emanation in equilibrium with one- 
gram of radium element. It  is necessary only to- 
allow the emanation to remain in a closed vessel for  
4 hrs. to arrive at maximum 7-radiation before making 
the measurement. In making this measurement, one 
additional correction is necessary. On account of the  
short life of radium emanation (3.85 days half period) 
R aC  lags behind in decaying by 0.8 per cent; and since 
it is R aC , not emanation, which furnishes the principal 
7-rays, this correction must be deducted from the
7-ray indication to give the true quantity of emana
tion. If one wishes to know simply the 7-radiation  
and not the actual quantity of radium emanation, 
this correction is not necessary.

The writer is indebted to the Denver Fire C lay  
Company for Figs. 2 and 3, and to the Sachs-Lawlor 
Com pany of Denver for permission to describe Mr. 
Elzi’s arrangement shown in Fig. 1. The electro
scopes described are made by the Sachs-Lawlor Com 
pany and distributed by the Denver Fire C lay Com 
pany.

T H E  D IS T R IB U T IO N  O F C E R T A IN  C H E M IC A L  C O N 
S T A N T S  OF W O O D  O V ER  ITS P R O X IM A T E

C O N S T IT U E N T S

By W . H . Dore

D i v i s i o n  o f  A g r i c u l t u r a l  C h e m i s t r y , U n i v e r s i t y  o f  C a l i f o r n i a . 

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 , B e r k e l e y , C a l .

IN T R O D U C T O R Y

In a previous paper,1 the author has proposed a. 
scheme for separating wood into a number of proximate 
groups. In addition to the groups designated, certain 
organic radicals (such as CH 3.O  and C H 2.CO) are 
known to occur in woods. A ny given species is char
acterized by definite contents of these radicals which 
have accordingly become quite generally recognized 
as constants for that particular wrood. T hey found 
no place in the proposed scheme for the reason th at  
the quantitative relations between these so-called 
constants and the proximate groups w'ere not known 
and it appeared likely that their inclusion would pro
duce an overlapping of constituents. The purpose of

1 T h is  J o u r n a l ,  1 1  (1919), 556.
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the present investigation has been to learn the relations 
existing between the more important constants and 
proximate groups. Experiments have, therefore, been 
conducted to ascertain the distribution of (1) furfural- 
yielding groups, (2) acetic-yielding groups, and (3) 
methoxy groups, over the two chief proximate groups—  
■cellulose and lignin.

The three above-mentioned constants have been 
considerably investigated. The pioneer work of 
D eChalm ot1 on the furfural-yielding complex and of 
Benedikt and Bamberger2 on the methoxy groups has 
resulted in quantitative data for the most important 
woods and fibrous products and considerable infor
mation as to the relation of these data to the life history 
of the plant. Cross and B evan3 have studied the 
production of acetic acid from the lignocelluloses by  
various reactions of decomposition. Of these reactions, 
acid hydrolysis may probably be safely taken as a 
measure of the acetic-yielding groups preexistent in 
the woods, whic'h according to these authors are not 
acetyl groups, C H 3CO, but acetic residue groups 
CH 2.CO .4 Schorger6 has recently reported values for 
all three of these constants for a number of American 
woods.

The yields of acetic acid by hydrolysis and methoxy 
groups by the Zeisel method have a considerable 
industrial significance as measures, respectively, of 
the maximum commercial yields of acetic acid and 
wood alcohol obtainable by destructive distillation. 
The fact that the.full yield of these substances is never 
realized industrially, due to losses b y secondary 
reactions,6 detracts from the practical value of their 
•determination. On the other hand, it affords an 
incentive for the improvement of the manufacturing 
processes in the direction of a closer approach to 
theoretical yields. The furfural yield is not a measure 
of valuable products in the wood, but its determination 
in finished products has been used to give information 
as to the source of raw materials used in their manu
facture.7

While precise information is lacking as to the relation 
of these constants to cellulose and lignin, certain 
opinions have found considerable support. The 
methoxy group is generally recognized as being closely 
connected with the lignin complex and the methoxy 
determination has been proposed as a measure of the 
lignin content.8 The furfural-yielding groups have 
been found to be partly associated with the cellulose 
and partly with the lignin. W. E. Cross9 has concluded 
from his experiments that the groups yielding acetic 
acid b y hydrolysis are contained in the lignin and 
absent from the cellulose portion of woods.

The extent to which any of these radicals remain 
attached to either the cellulose or lignin, when ligno- 
cellulose is subjected to reactions of decomposition,

1 A m . Chem. J .,  1 6  (1894), 218; Cross and Bevan, “ Cellulose," p. 181.
* M onatsh ., 11 (1890), 260; "C ellulose," p. 188.
* "C ellulose," p. 191.
4 Cross and  Bevan, "R esearches on Cellulose," 3, 103.
* T h is J o u r n a l ,  9  (1917), 560.
* Palm er, Ibid., 7  (1915), 633; Schorger, Ibid., 9  (1917), 556.
* Tollens, J .  Soc. Chem. In d ., 2 6  (1907), 987.
8 B enedikt an d  Bam berger, Loc. cit.
» B er., 43, 1526.

must necessarily depend very much upon the nature 
and intensity of these reactions. The experiments 
herein described were conducted to ascertain the dis
tribution of the constants under certain specified con
ditions, namely, those of the analytical determinations 
of cellulose and lignin. The results may therefore be 
taken to indicate whether the constants are to be 
regarded as groupings attached to and subordinate to 
these chief proximate groups, or as possessing an inde
pendent existence and themselves entitled to rank as 
proximate groups.

E X P E R IM E N T A L

The experiments were confined to redwood (Sequoia  
sempervircns).  A  quantity of sawdust was obtained 
by making a number of cross-sectional cuts through 
a redwood slab. The mixture of coarse and fine saw
dust was sifted through a 50-mesh screen and the se
lected fine material used for the various determinations. 
The samples were analyzed in the air-dry condition 
with a moisture content of 11.62 per cent.

p r e p a r a t i o n  o f  e x t r a c t e d  w o o d — Portions of 2 g. 
were weighed into alundum thimbles and extracted in 
a Soxhlet apparatus for 6 hrs. with benzene, then for a 
further 6 hrs. with 95 per cent alcohol. The substance 
was then transferred to Gooch crucibles, containing as 
a filtering medium disks of mercerized cotton cloth, 
and washed with distilled water. Material so prepared 
is regarded as purified lignocellulose free from extrac
tives.

p r e p a r a t i o n  o f  c e l l u l o s e — Two grams of the 
wood, extracted as above, were subjected to the alter
nate action of chlorine and hot 3 per cent sodium sul
fite solution in accordance with the procedure of Sieber 
and W alter.1 The moistened material was placed 
in a Gooch crucible and the gas drawn through it by  
suction for 4 periods of 20, 15, 15, and 10 min. After 
each chlorination the residue was treated with half 
saturated sulfurous acid, washed with hot water, 
digested in 3 per cent sodium sulfite solution for 45 
min., filtered off, and washed thoroughly with hot 
water. After the final treatment the residue was dried 
for 16 hrs. at ioo ° C.

p r e p a r a t i o n  o f  l i g n i n — Two grams of the wood 
were extracted as before, partly dried at 600 C. and 
placed in a 750 cc. Erlenmeyer flask. 20 cc. of 72 per 
cent sulfuric acid were added and the flask rotated so 
as to bring all parts of the sawdust in contact with the 
acid. It  was then allowed to stand 3.5 hrs. F ifty  cc. of 
cold water were added, followed by 500 cc. of hot 
water, the mixture filtered on a Gooch crucible con
taining a cloth filtering disk, washed and dried for 16 
hrs. at 100° C.

a n a l y t i c a l  m e t h o d s  f o r  d e t e r m i n i n g  t h e  

c o n s t a n t s

f u r f u r a l - y i e l d i n g  g r o u p s — These were deter
mined by distillation of the material with 12 per cent 
hydrochloric acid (sp. gr. 1.06) and precipitation of the 
furfural in the distillate with phloroglucine, according 
to the method described by Schorger for pentosans.2 
No correction was made for methyl furfural, the total 
precipitate being calculated to furfural.

1 Papier-Fobr., 1 1 ,  1179; Chem. Abs., 8  (1914), 1202.
* T h is  J o u r n a l , 9 (1917), 558.
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a c e t i c - y i e l d i n g  g r o u p s — The material was hydro
lyzed by heating for 3 hrs. under a water-cooled reflux 
condenser with 100 cc. of 2.5 per cent sulfuric acid. 
The mixture was quickly filtered into a 750 cc. flask to 
avoid the introduction of carbon dioxide and washed 
with COs-free water to a total volume of about 200 cc. 
The acetic acid in the solution was then distilled off 
and determined by means of the following apparatus:

The 750 cc. flask was placed in a paraffin bath and 
closed by a rubber stopper containing a glass stop- 
cocked funnel tube and a delivery tube. The funnel 
tube served to introduce CCVfree water during the 
distillation and was protected by a soda lime tube 
attached to its open end by means of a rubber stopper. 
The delivery tube bent downward and terminated in a 
vertical condenser. This in turn was connected by a 
rubber stopper to a suction filter flask which served 
as a receiver for the distillate.

Suction was applied to the receiver and the paraffin 
bath raised to and maintained at 85° C. Higher 
temperatures were avoided as tending to the formation 
of formic acid from the hexose carbohydrates present. 
When most of the liquid had distilled over from the 
flask, 100 cc. of CC>2-free water were introduced and 
distilled over, after which the procedure was repeated 
with a second 100 cc. The total distillate was then 
removed and titrated with standard sodium hydroxide 
solution using phenolphthalein as indicator. The  
results, representing “ total volatile acids,” were 
expressed as acetic acid.

To obtain the actual acetic acid it was necessary to 
correct for the formic acid invariably present. A few 
cc. of silver nitrate solution were added to the solution 
after titration and the mixture left upon the steam 
bath for several hours. The silver formate was thereby 
decomposed, yielding an amount of metallic silver 
corresponding to the formic acid present. The pre
cipitated silver was filtered off, washed, dissolved in 
dilute nitric acid, precipitated as silver chloride, 
filtered off, washed, ignited, and weighed. From the 
weight of silver chloride so obtained the amount of 
acetic acid equivalent to the formic acid was calculated 
by multiplying by the conversion factor 0.4. This 
result, deducted from the total acidity as found above, 
gave the actual acetic acid present.

m e t h o x y  g r o u p s — M ethoxy groups were deter
mined b y the Zeisel method.1 The apparatus and 
procedure here described have been found to give 
consistent results.

The decomposition flask was a small distillation 
flask (of about 130 cc. capacity) having its side tube 
connected writh a carbon dioxide generator. In the 
mouth of the flask was placed a perforated cork carry
ing a delivery tube. This delivery tube ran vertically  
for 50 cm. and so acted to some extent as a reflux con
denser and fractionating column. It then made two 
right-angled bends and, descending, was connected at 
its lower extrem ity with two U-tubes in series. The 
first of these contained distilled water and a few milli
grams of phosphorus, the second distilled w^ater only.

1 Monaish., 6 (1885), 989; M eyer-Tingle, "D e term ina tion  of Radicals 
in C arbon Com pounds,”  John  Wiley & Sons, Inc ., p. 38.

The U-tubes were placed in a beaker of water arranged 
to be heated by a Bunsen burner. From the second 
U-tube, a delivery tube ran to the absorption apparatus 
which consisted of an Erlenmeyer flask and a Fresenius 
nitrogen bulb. The general arrangement and dimen
sions of the apparatus are shown in the accompanying 
figure. The paraffin and water baths and the carbon 
dioxide generator are omitted.

In the first and second absorption flasks were placed 
35 and 15 cc., respectively, of freshly filtered alcoholic 
silver nitrate solution. (The solution was prepared by  
dissolving i o g .  of solid silver nitrate in 25 cc. of water 
and adding 225 cc. of 95 per cent alcohol.) 0.3 g. of 
material was placed in the decomposition flask and 
15 cc. of hydriodic acid (1.70 sp. gr.) were added. The 
mixture wras heated to 130° C. on a paraffin bath and 
the temperature maintained at 130° to 140° C., while a 
slow stream of carbon dioxide wTas passed through the 
apparatus. The beaker of water surrounding the 
U-tubes was kept at a temperature of 50° to 6o° C. 
throughout the process. The operation was continued 
until the precipitated silver iodide in the absorption 
apparatus settled out, leaving a clear supernatant 
liquid, indicating the completion of the reaction.

The apparatus was then disconnected and the con
tents of the absorption flasks rinsed into a 600 cc. 
beaker. Water sufficient to make about 500 cc. was 
added and the whole evaporated on the steam bath  
to a volume of 150 to 200 cc. in order to expel the
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alcohol. A few drops of nitric acid were added, the 
solution again diluted to about 500 ec. and allowed to 
stand on the steam bath for about one-half hour for the 
silver iodide to settle. The precipitate was then col
lected in a tared asbestos Gooch crucible, washed, 
dried at 130° C. for 2 hrs., and weighed. C H 3. 0  was 
calculated from the weight of silver iodide by multi
plying by the factor 0.132.

B y the above methods the furfural yield, acetic 
yield on hydrolysis, and methoxy yield were deter
mined upon the raw wood, extracted wood, cellulose, 
and lignin. The results are shown in the table.

D i s t r i b u t i o n  o p  G r o u p i n g s  i n  R e d w o o d  

Expressed in Percentages of A ir-D ried W ood (11.62 P er cent M oisture)
Total

Volatile Form ic A ctual
Acids by Acid Acetic

Fu rfu ra l H ydroly Expressed Acid by M ethoxy
Yield sis as Acetic Difference G roup

R aw  W ood ............... , , , 5 .73 0 .94 0 .16 0 .78 5 .46
5.95 1.03 0 .16 0.87 5 .74

A v e r a g e . . . , 5 .84 0 .83 5 .60
E x trac ted  W ood . . . . . 5.77 0 .75 0 .09 0.66 5 .33

5 .65 1.03 0 .06 0 .97 5 .35
A v e r a g e . . . . . .  5.71 0 .82 5.34

Cellulose.................. , , ,  2 .36 0 .75 0.21 0 .54 0 .35
2.69 0.66 0 .10 0 .56

A v e r a g e . . . , . .  2 .52 0.55 0!35
L ign in ...................... . 0 .24 0 .09 0 .09 5 .49

0 .23 0 .09 0 .09 5.78
A v e r a g e . . . 0 .24 0 .09 5.63

Determinations w'ere also made of the furfural yield 
of the filtrates and washings from the cellulose deter
mination. The combined solutions from four determina
tions or 8 g. of wood were evaporated to somewhat less 
than 500 cc., placed in a 500 cc. volumetric flask, and 
diluted to the mark. 125 cc. aliquots corresponding to 
2 g. of original wood were placed in the distilling flasks 
and mixed with 30 cc. of concentrated hydrochloric 
acid. The determination was then carried out as usual. 
Three determinations gave 2.30, 2.08, and 2.08 per 
cent of furfural in the chlorination liquors, the results 
being referred to the weight of air-dried wood.

Determinations of the methoxy group were made 
upon portions of lignin that had been hydrolyzed by  
boiling with 2.5 per cent sulfuric acid for 3 hrs. after 
being separated b y the usual treatment with 72 per 
cent sulfuric acid. The methoxy content based on the 
original wrood was 4.08 and 3.88.per cent. There is 
accordingly an average loss of 1.65 per cent of methoxy 
during the hydrolysis. Separate experiments have 
shown that the weight of lignin after the treatment is 
about 2 per cent less than when prepared in the usual 
manner. From the above results it is evident that the 
loss in weight of lignin is due chiefly to the splitting off 
of the methoxy group.

D IS C U S S IO N

The foregoing results indicate that none of the three 
radicals investigated is to be regarded as existing 
entirely independent of the proximate, constituents 
cellulose and lignin. Apparently they are so related 
to these substances that, when lignocellulose is attacked  
by hydrolytic reactions, they tend to remain at least 
partially joined to the cellulose or the lignin or to both.

No method is known whereby lignocellulose may be 
separated so as to yield both cellulose and lignin 
unchanged, but in every case one of them is obtained 
as a residue while the other is converted into alteration 
products and removed. It is therefore unsafe to draw

the conclusion that radicals found with either cellulose 
or lignin, or both, exist similarly associated with them  
in the original lignocellulose complex. The radical 
is rather to be regarded as occupying an intermediate 
position between these chief proximate constituents, 
and remaining with the residue according to the extent 
that it resists the treatm ent employed. The same 
portion that remains with the cellulose under the 
conditions of one type of decomposition may remain 
with the lignin under another set of conditions.

A comparison of the data for raw and extracted wood 
shows that none of the three constants examined is 
materially affected b y treatment with non-hydro
lyzing solvents.

About half of the furfural-yielding complex remains 
in the cellulose residue. M ost of the remaining portion 
is found in the chlorination liquors. As was pointed 
out in a previous paper1 this last portion is probably 
due to xylan or other true pentosan existing as such 
in the wood, while the non-hydrolyzable furfural- 
yielding material contained in the cellulose is probably 
oxycellulose. The amount of furfural-yielding material 
remaining with the lignin is almost negligible.

The amount of acetic acid present in redwood is 
small and its determination is rendered uncertain by 
the presence of formic acid either preexisting or pro
duced by the action of the hydrolyzing acid upon 
hexoses. No general conclusions can therefore be 
drawn in regard to its distribution but it appears to be 
associated chiefly with the cellulose constituent. With  
the lignin there is very little. The combined amount 
found with the lignin and cellulose is slightly less than  
the total amount in the wood, indicating that part of 
the acetic-yielding groups separates independently. 
In view of the small quantities involved the results are 
not conclusive. In the case of redwood, and probably 
also in the case of other coniferous woods, which yield 
only small amounts of acetic acid on hydrolysis, it 
would appear that acetic acid should not be considered 
as an independent proximate group but as a radical 
already largely accounted for in the cellulose and 
lignin residues. This conclusion probably does not 
apply to hardwoods, where the acetic yield is much 
higher.

The methoxy groups are found quantitatively in the 
lignin constituent, directly confirming the frequent 
assertion that methoxy is a purely lignin characteristic. 
This occurs only w'hen lignin is separated b y the 
method described and subsequent hydrolysis avoided. 
If this is not done there is considerable splitting off of 
the methoxy groups.

These facts have an important bearing upon the 
proximate analysis of wood. A summative analysis 
of a wood may be made by drying, extracting with 
benzene and alcohol, and determining the cellulose and 
lignin in the manner previously described. It appears 
from the foregoing results that, when this is done, the  
cellulose and lignin constituents account for all of the 
methoxy group, nearly all of the acetic-yielding groups, 
and about half of the furfural-yielding groups. Except 
for the furfural due to hydrolyzable pentosans found

1 D o r e ,  T h i s  J o u r n a l , 1 2  (1920), 264.
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in the chlorination washings, these constants are not 
to be regarded as proximate constituents but rather 
as radicals connected with the constituents cellulose 
and lignin. With the exception noted, these constants 
may be ignored in the summative analysis of coniferous 
woods.

SUM M A RY

I— A  study is made of the distribution of the groups 
contained in redwood which yield furfural, acetic acid, 
and methoxy, with the object of learning their relation 
to the constituents cellulose and lignin.

II— About half of the furfural-yielding groups are 
associated with the cellulose, but only a small aihount 
with the lignin. The portion present as true pentosan 
is hydrolyzed and removed during chlorination.

III— The acetic-yielding groups are partly associated 
with the cellulose, much less so with the lignin. A  
small amount appears to be detached from either. The  
results are not conclusive in view of the small amount 
present in redwood and the analytical difficulties. In 
the case of coniferous woods acetic acid probably need 
not be considered as a proximate group.

IV— The methoxy groups are wholly associated 
with the lignin. T h ey may be partially split off from 
it by acid hydrolysis.

V— In the summative analysis of coniferous woods, 
all of the acetic-yielding and methoxy groups and part 
of the furfural-yielding groups may be disregarded as 
already accounted for in the cellulose and lignin. The  
furfural-yielding substances contained in the chlorina
tion washings and representing hydrolyzed pentosans 
should be estimated.

T H E  P R O X IM A T E  A N ALY SIS O F C O N IFE R O U S W O O D S

B y W . H . Dore

D i v i s i o n  o p  A g r i c u l t u r a l  C h e m i s t r y , U n i v e r s i t y  o p  C a l i f o r n i a  
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 ,  B e r k e l e y , C a l .
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IN T R O D U C T O R Y

A  method has been recently proposed by the author 
for the summative proximate analysis of woods.1’ * 
Later investigations have shown the advisability of 
certain modifications of the original scheme which are 
considered in detail in this paper.

The proposed system for the analysis of wood 
effected a separation of the wood substance into the 
following fractions: loss on drying, benzene extract, 
alcohol extract, water-soluble, soluble in one per cent 
sodium hydroxide, cellulose, and lignin. Full informa
tion as to the composition of these fractions was lacking, 
but it was believed that the wood constituents were 
separated into logical groups based upon chemical 
similarity and economic value.

The scheme was found to account for nearly all of 
the material of coniferous w'oods in that the sum of all 
constituents varied from 96 to 97 per cent for the three 
conifers examined. W ith the hardwoods the method 
was unsuccessful, as 10 to 17 per cent of the constit
uents remained unaccounted for. The available data 
seem to indicate that the chemistry of the hardwroods 
is an entirely separate problem. The woods of the 
broad-leaved trees have accordingly been omitted

* N um bers refer to  Reference, page 479.

from consideration in this investigation and the con
clusions are applicable to the conifers only.

D E F E C T S  I N  P R O P O S E D  SC H E M E

( 1 )  IT S  F A IL U R E  TO G IV E  C O R R E C T  R E S U L T S  F O R  C E L L U 

LO SE  a n d  l i g n i n — It was noted in the original paper* 
that when digestion in one per cent sodium hydroxide was 
used less cellulose and lignin were obtained than when 
this treatment was omitted. In a subsequent paper1 
it was shown that the diminished yield of cellulose was 
due to partial destruction of true cellulose instead of to  
greater purity of the product. Accordingly the results 
for cellulose are incorrect. No direct data are available 
for lignin, but it has been shown in the preceding paper 
that lignin readily loses a portion of its methoxy groups 
when it undergoes acid hydrolysis. Possibly the same 
effect is produced by alkalies.

( 2 ) T H E  V A G U E  S IG N IF IC A N C E  OF T H E  W A T E R -S O L U B L E

a n d  a l k a l i - s o l u b l e  f r a c t i o n s — In the absence of de
tailed studies of the substances contained in these por
tions, it was believed that they consisted of substances 
corresponding approximately to Konig’s “ proto” and 
“ hemi” forms of cellulose and lignin.3 It is apparent 
from subsequent studies,2 however, that they contain 
also degradation or hydrolytic products of true cellu
lose and true lignin. The numerical expression of these 
fractions has therefore no value as an analytical state
ment of wood constituents.

( 3 ) T H E  F A IL U R E  TO E X P R E S S  T H E  H E  MIC E L L U L  O SE S-----

Schorger’s studies of mannan4 and galactan5 have shown 
that these carbohydrates are found in all conifers, 
sometimes in considerable quantity. X ylan is well 
known as a constituent of woods. It is therefore evi
dent that a complete analysis of a wood should take  
these hemicelluloses into consideration. In the pro
posed scheme the water- and alkali-soluble portions 
only partially accounted for these bodies together 
with other substances.

(4) o r g a n i c  r a d i c a l s — The original scheme took no 
account of organic radicals present— the so-called 
“ wood constants.” The preceding paper has shown 
that, with the exception of the furfural-yielding sub
stances soluble in the chlorination washings, these 
radicals may be disregarded as proximate constituents 
of coniferous woods.6 The original scheme is defective, 
however, in that it ignores this soluble furfural-yielding 
substance.

The remedies for the above defects are quite evident. 
The cellulose and lignin determinations should be 
made reliable by omission of the alkaline hydrolysis. 
The water- and alkali-soluble fractions would dis
appear, leaving the hemicelluloses entirely unaccounted 
for. It would then be necessary to give the hemi
celluloses a -separate place in the scheme, and methods 
would be required for their estimation either collec
tively or individually. The soluble furfural-yielding 
substance (probably the pentosan, xylan) would be 
included in the hemicelluloses.

The present investigation is an attem pt to revise 
the original scheme in accordance with the above 
suggestions. Methods have been applied for the 
determination of the hemicelluloses. The revised 
procedure has then been checked b y making these and
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the other determinations required for a complete 
summative analysis on the three coniferous woods 
formerly employed.

E X P E R IM E N T A L  

The woods examined were redwood (Sequoia sem-  
pirvircns),  yellow pine (P i n u s  ponder osai), and sugar 
pine ( P i n u s  lambertiana).  The original material was 
in the form of slabs. In the case of the redwood it 
represented mostly sapwood with a small amount of 
the outer portion of heartwood. In the case of the 
pines it represented sapwood only.

The samples were in the form of fine sawdust obtained 
by making a number, of cross-sectional cuts of the 
slabs and screening the resultant material through 
a sieve having 50 meshes to the linear inch. As con
siderable coarse material was rejected, the samples 
cannot be regarded as strictly representative of the 
original material. That, however, is of no importance 
to the purpose of this study which was to determine 
the applicability of the analytical methods to the 
woods employed.

A N A L Y T IC A L  M ETH O D S

l o s s  o n  d r y i n g — Two grams of the wood were dried 
at ioo ° C. to constant weight.

b e n z e n e  e x t r a c t — Tw o grams of material dried as 
above were placed in an alundum thimble and extracted 
in a Soxhlet apparatus for 6 hrs. with benzene. The  
solvent was then evaporated and the residual extract 
dried for 1 hr. at io o ° C., and weighed.

a l c o h o l  e x t r a c t — The residue from the above 
treatment was extracted for 6 hrs. with 95 per cent 
alcohol. The solvent was evaporated and the residue 
dried and weighed as before.

c e l l u l o s e — Two grams of material after extraction 
with benzene and alcohol as above were transferred to 
a Gooch crucible containing a cloth filtering disk and 
washed with distilled water. The cellulose was deter
mined by the Sieber and Walter method as described 
in the preceding paper and elsewhere.7 The residues 
were tested for lignin by digestion in 72 per cent 
sulfuric acid and when appreciable amounts were 
found, the lignin was filtered off and weighed, and the 
cellulose corrected for it.

l i g n i n — Two grams of material after extraction 
with benzene and alcohol were air-dried at low tem 
perature (6o° C.) and transferred to a 750 cc. flask. 
20 cc. of 72 per cent sulfuric acid were added and the 
mixture allowed to stand at room temperature for 3.5 
hrs. 50 cc. of cold water were added, then 500 cc. of 
hot water. The residue was filtered off on a tared 
Gooch crucible, washed thoroughly with hot water, 
dried, and weighed.

h e m i c e l l u l o s e s — The hemicelluloses are apparently 
contained quantitatively in the chlorination washings,2 
and it was thought at first that these solutions might 
be utilized for their determination. T h ey were found 
to be unsatisfactory for this purpose except in the case 
of the soluble pentosans. The presence of lignin 
derivatives interferes seriously with either the col
lective estimation of the hemicelluloses by reducing 
sugar methods or the separate mannan and galactan 
determinations.

s o l u b l e  p e n t o s a n s — The chlorination filtrates and 
washings from four cellulose determinations representing 
8 g. of original material were evaporated to a little  
less than 500 cc., transferred to a 500 cc. volumetric 
flask and made tfp to volume. Aliquot parts of 125 cc. 
each were placed in the distilling flask of the pentosan 
apparatus, 30 cc. of concentrated hydrochloric acid 
added, and the furfural distilled off in the usual manner. 
The furfural was precipitated as phloroglucide, and the 
precipitate filtered off, washed, dried, and weighed. 
The results were calculated to xylan by means of 
Krober’s tables.

m a n n a n — The method used was that described b y  
Schorger.8 Ten grams of the wood were hydrolyzed  
by boiling for 3.5 hrs. with 150 cc. of hydrochloric acid 
(sp. gr. 1.025) in an Erlenmeyer flask under a reflux 
condenser. The mixture was then filtered and the  
residue rinsed into a beaker and digested with 100 cc. 
of water for a few minutes on the hot plate. The solu
tion was poured through the filter and the residue again 
rinsed back into the beaker and the digestion repeated. 
This process was continued until about 500 cc. of 
filtrate were obtained. The filtrate was neutralized 
with sodium hydroxide and the solution made slightly  
acid with acetic acid, after which it was evaporated to  
150 cc. It was filtered into a glass-stoppered Erlen
meyer flask, and a mixture of 10 cc. of phenylhydrazine 
and 20 cc. of water acidified with glacial acetic acid 
wTas added. The mannose hydrazone was in every 
case immediately precipitated. The whole was allowed- 
to stand for 2 hrs. with frequent shaking and then 
filtered on a Gooch crucible fitted with a filtering disk 
of mercerized cotton cloth. It was washed several 
times with cold water and then with acetone, dried at 
100° C. and weighed. The weight of residue was- 
calculated to mannan by multiplying by the factor 0.6.

g a l a c t a n — Five grams of the material were placed 
in a 100 cc. beaker, and 60 cc. of nitric acid (sp. gr. 1.15) 
were added. The beaker was placed in a water bath  
and the liquid evaporated to about 20 cc., care being 
taken not to allow' the temperature of the water bath  
to exceed 87° C. The mixture was then diluted to- 
about 75 cc. with hot water, and filtered. The residual 
cellulose was w'ashed until the filtrate came through 
practically colorless. A total volume of about 250 cc. 
w'as generally thus obtained. The filtrate and washings 
W'ere evaporated on the water bath at 87° C. to a 
volume of about 10 cc. The residue was set aside for 
several days to allow the mucic acid to separate out. 
Large crystals (possibly oxalic acid) always formed a t  
first, then a day or twro later fine flakes of mucic acid  
separated out. A t this point the mixture was stirred 
vigorously to facilitate the precipitation. About 24 
hrs. after the mucic acid appeared the mixture wras. 
diluted with 20 cc. of cold water. The larger crystals 
redissolved leaving the mucic acid unaffected. After  
a further 24 hrs. standing, the mucic acid was filtered 
off on a tared asbestos Gooch crucible and washed 
w'ith about 50 cc. of water, 60 cc. of alcohol, and several 
times with ether. It was then dried at 1000 C. for 3. 
hrs. and weighed. Galactan was calculated by mul
tiplying the weight of residue by the factor 1.2.
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R E S U L T S

B y  the foregoing methods the following results were 
obtained for the three coniferous woods examined. 
The figures are in every case averages of two or more 
determinations. In the first three columns are given 
the results on air-dry material as found by analysis; 
in the second three, the same results are recalculated 
to the oven-dry basis.

A n a l y s e s  o p  W o o d s  (R esults in Percentages)
— A i r - D r y  B a s i s —* -—O v e n - D r y  B a s i s —>

S a m p l e  N o ............................  1 2 3 1 2 3
R ed- Yellow Sugar R ed- Yellow Su^ar
wood Pine Pine wood Pine Pine

Loss on d rying a t  100° C. 11.62 8 .98  9 .8 4  .......................................
Benzene e x tra c t............... 0 .3 0  2 .02  2 .56  0 .3 4  2 .22  2 .84
Alcohol e x tra c t................  3 .8 8  1.36 1.71 4 .3 9  1.49 1.90
Cellulose............................. 48.51 52 .54  53 .36  54 .89  57 .72  59 .18
L ignin .................................. 30 .49  26 .82  26 .60  34 .50  29 .47  29.50
Soluble pentosans (as

xy lan ).............................  3 .2 4  3 .1 8  1.68 3 .6 7  3 .4 9  1.86
M an n an ..............................  2 .84  5 .8 0  5 .98  3.21 6 .37  6 .63
G alac tan ............................. 0 .44  0.71 0 .45  0 .5 0  0 .7 8  0 .50

T otal.............................  101.32 101.41 102.18 101.50 101.54 102.41

D IS C U S S IO N  O F M ETH O D S

c e l l u l o s e — It has been previously shown that the 
method here practiced (omission of preliminary hydrol
ysis) gives the maximum yield of cellulose free from 
hemicelluloses and lignin. The process therefore con
forms to the requirements of an accurate cellulose 
method and the product to the proposed definition of a 
true cellulose derived from lignified material.2

l i g n i n — The term “ lignin” has not yet been defined 
with sufficient precision to permit a comparison of the 
product with exact specifications. Lignin is generally 
understood to denote the non-cellulose portion of the 
wood tissue proper and this conception implies its 
freedom from extractives, hemicelluloses, and cellulose. 
The most accurate method for lignin is therefore the 
one that yields the greatest amount of the substance 
with the highest purity according to the above stand
ards.

It is believed that there is sufficient evidence to 
justify the claim that the method used conforms to 
these requirements. Both acid and alkaline hydrolysis 
result in diminished yield of product and it has been 
shown that this is due (at least in the former case) to 
a partial splitting off of the methoxy groups which are 
characteristic portions of the lignin complex. Accord
ingly, only by the complete omission of hydrolysis is 
the full yield of lignin obtainable.

Inasmuch as the lignin disappears completely on 
being submitted to the alternate action of chlorine gas 
and sodium sulfite solution, it is free from cellulose 
which would otherwise remain as a residue. On 
hydrolyzing with 2.5 per cent sulfuric acid no reducing 
sugars were obtained, so the material is free from 
hemicelluloses. The preliminary treatment with ben
zene and alcohol precludes the possibility of the pres
ence of extractives. The residue may be therefore 
considered “ pure” in accordance with the requirements 
outlined.

s o l u b l e  p e n t o s a n s — Dilute alkaline solutions have 
been recommended for extracting xylan or wood gum  
from the hard woods.9 It has been asserted, howrever, 
that the wood gum of coniferous woods is much less 
readily soluble in alkaline solvents than that from the 
wood of the broad-leaved trees.10 For this reason it

appeared to be desirable to use the chlorination liquors 
for the determination of soluble pentosans.

m a n n a n — The method gave results that were in good 
agreement with each other and consistent with those 
given b y Schorger11 for the corresponding woods. 
Small portions of the residue, recrystallized by alcohol, 
gave a melting point of 1880 C.

g a l a c t a n — In their paper on the galactan of the 
western larch, Schorger and Smith12 report only traces 
of soluble galactans in the coniferous woods examined. 
In their experiments 100 g. of the material were digested 
several times in hot water and the resulting solution 
evaporated nearly to dryness, and treated with nitric 
acid in the usual manner. Other investigators,13 howr- 
ever, have reported the presence of galactan in sulfite 
waste liquors, indicating that galactans are contained 
in some of the paper-making woods. It therefore 
seemed probable that galactans are present in not 
readily soluble form. Accordingly no attem pt was 
made in the present investigation to extract the galac
tan as such from the wood by means of solvents. 
Instead the procedure of attacking the wood directly 
with nitric acid was decided upon as the best means of 
giving the full galactan content of the wood.

The evaporation of the wood substance with nitric 
acid results in the production of a large amount of 
insoluble oxycellulose which interferes with the separa
tion of the mucic acid. This difficulty was overcome 
by the procedure devised by M iyake14 in which the 
mixture, after evaporation, is diluted, and the solution 
containing the mucic acid is filtered off from the 
insoluble matter and again evaporated.

The author has pointed out the uncertainty of yield 
of mucic acid by the usual process when only small 
amounts of galactan are present.16 Schorger and 
Sm ith16 have shown that much better results are 
obtained if the temperature is not allowed at any time 
to exceed 87° C., instead of maintaining the bath at 
940 to 96° C., as prescribed in the official method for 
galactan.17 The use of the lower temperature has 
accordingly been adopted.

Considerable difficulty was encountered at first in 
obtaining a crystallization of the mucic acid after 
evaporation. This appeared to be due chiefly to the 
interfering action of oxalic acid or other substances 
contained in the solution. When the latter was evapo
rated to the usual volume of 20 cc., no separation of 
mucic acid occurred even after several days’ standing. 
B y evaporating to a smaller bulk clear crystals separated 
out after one or two days. These crystals on standing 
increased in size and a day or two later the charac
teristic mucic acid flakes were precipitated. After the 
last precipitation was judged to be complete, the 
larger crystals were easily removed by diluting the 
solution to the usual volume of 30 cc. The amounts 
of residue were always too small to permit of a melting- 
point determination but the appearance of the pre
cipitate was such as to leave little doubt that it was 
actually mucic acid.

Considering the nature and difficulties of the method, 
the agreement of results m ay be considered satisfac
tory. Redwood gave 0.40 and 0.47 per cent; yellow
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pine gave 0.96, 0.66, 0.43, and 0.80 per cent; sugar pine 
gave 0.55 and 0.35 per cent of galactan. It is believed 
that the described procedure gave approximately 
correct results. A  critical study of the whole galactan 
method is still much needed, however.

D IS C U S S IO N  O F R E S U L T S

It is believed that analyses of coniferous woods made 
by the methods described account for all important 
constituents of those woods. The sum is in every case 
slightly over 100 per cent but not more so than might 
be expected from the character of the methods em
ployed. A  variation of several tenths of a per cent 
between duplicate determinations is usual. The 
cellulose and lignin are probably always slightly over
estimated on account of the practical impossibility of 
getting complete contact between all particles of the 
material and the attacking reagents. This difficulty 
could be partly overcome by better mechanical condi
tion of the wood.

The possibility of overlapping of values due to cer
tain constituents being included in more than one 
determination has received careful consideration 
throughout these investigations. It  is believed that 
such double estimations have been largely avoided. 
Most of the proximate groups can be shown to be free 
from any of the constituents contained in the other 
groups. It has already been pointed out that this is 
true in the case of cellulose and lignin. Mannan and 
galactan determinations depend upon reactions too 
specific to admit of the inclusion of other constituents.

B y improving the mechanical condition of the sample 
in respect to fineness, better results should be obtained 
in all the determinations. Some of the determinations, 
particularly that of galactan, could probably be made 
more accurate and reliable. These changes would no 
doubt give a considerably better summation and a 
consequently more satisfactory accounting of the con
stituents of the coniferous woods.

SU M M A R Y

1— An improved procedure is described for the 
summative analysis of coniferous woods. Methods 
are given for the estimation of the following con
stituents: loss on drying, benzene extract, alcohol 
extract, cellulose, lignin, soluble pentosans, mannan, 
and galactan.

2— B y the omission of preliminary hydrolysis, more 
reliable results are obtained in the cellulose and lignin 
determinations than b y methods previously used.

3— Soluble pentosans are determined in the chlorina
tion liquors, mannan and galactan on separate por
tions of the original material. Improvements in the 
galactan determination are described.

4— Complete analyses of redwood, yellow pine, and 
sugar pine are carried out by these methods.- A  sum
mation of slightly over 100 per cent is obtained in 
every case.

5— The results indicate that overlapping of the 
proximate groups, i.  e., partial inclusion of any con
stituent in more than one group, has been largely 
avoided.

6— Analyses b y the proposed scheme probably

account for all important constituents of coniferous 
woods.
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A certain sample of sulfur was reported to contain 
arsenic. It  had been tested by a method first devised 
by Schaeppi1 and later accepted by many authorities.2 
We found that the sulfur contained no trace of arsenic, 
but that when it was tested by Schaeppi’s method, a 
decided qualitative test for arsenic was obtained. On 
further investigation it was found that this method con
tains a fundamental error which makes it useless as 
a test for small quantities of arsenic.

The method as described by Schaeppi consists es
sentially in first digesting the sulfur with dilute nitric 
acid for the purpose of removing calcium chloride, 
sulfate, and sulfide. The sulfur washed free from acid 
is now treated with dilute ammonia solution for 15 
min. at 700 to 800 C. Schaeppi assumes that any 
arsenic present in the sulfur must exist as sulfide, 
mainly arsenious sulfide, and will be dissolved by the 
ammonia. The arsenic is then estimated indirectly 
through determination of the amount of sulfide by  
precipitation with silver nitrate in neutral solution.

“ For very rough estimations, it is sufficient to treat 
10 g. of finely ground sulfur with nitric acid, to extract 
with ammonia, and to add silver nitrate. From the 
intensity of the color or the quantity of the precipitate 
of silver sulfide, it may be judged whether the sulfur is 
approximately free from arsenic or is strongly con
taminated.” 3

Schaeppi endeavored to test the accuracy of his 
method by dissolving known amounts of pure arsenious 
sulfide in ammonia solution, carefully neutralizing with 
nitric acid, and titrating with decinormal silver nitrate 
using chromate as indicator. His results showed fairly 
good agreement between the quantities of arsenic taken 
and those found. However, his results would have

‘  Chem . In d . ,  i  (1881), 409.
* Crooks, “ Select M ethods of Chem ical A nalysis,”  4 th  ed., 416; Lunge, 

“ Technical M ethods of Chem ical Analysis,”  1 (1908), 267; Lunge, “ The 
Technical C hem ist’s H andbook,” 1916, 107.

* Crooks, L o c cit.
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been conclusive only if the arsenious sulfide had been 
added to the sulfur and the mixture tested by his 
method. Any other sulfide if present in the ammonia 
solution would also be precipitated by the silver nitrate. 
As a m atterof fact, we found that sulfur continuously 
reacts with dilute ammonia at 700 to 800 C. to form 
sulfides, so that even arsenic-free sulfur will give a quali
tative test for arsenic by this method.

E X P E R IM E N T A L

The sulfur used in these experiments was obtained 
from Texas deposits1 and was found to be absolutely 
free from arsenic when tested by the Gutzeit method 
as described later in this paper.

Ten grams of a representative sample, powdered to 
pass a ;6o-mesh, were digested with 25 cc. of hot water, 
to which 0.4 cc. concentrated nitric acid was added. 
I t  was then washed free from acid and sulfides and 
digested with 25 cc. water and 0.5 cc. ammonium 
hydroxide (sp. gr. 0.90) at a temperature of 700 to 
80° C. for 15 min.

The filtrate was somewhat tinged with a bright yellow  
color and gave a heavy dark brown precipitate on the 
addition of silver nitrate. The sulfur was now washed 
clean from alkali and sulfides and the extraction re
peated with ammonia solution as before. Again the 
filtrate gave a heavy precipitate on the addition of 
silver nitrate.

The extraction was repeated a third and a fourth 
time, washing the sulfur clean from alkali and sulfur 
in each case and the same results were obtained. The  
precipitate with silver nitrate in the last extract seemed 
as heavy as that in the first.

A  sample of flowers of sulfur was tested in the same 
way, the extraction with dilute ammonium hydroxide 
being repeated three times. The results were the same as 
in the case of the crude sulfur.

To determine whether the ammonium hydroxide 
solution really contained arsenic or not, the first ex
tract from 10 g. of crude sulfur was acidified with 
hydrochloric acid, a crystal of potassium chlorate 
added, and the solution boiled until all the chlorate was 
decomposed. This solution was now tested by Gut- 
zeit’s method for arsenic and none was detected.

Further, 8 g. of crude sulfur were extracted with 
•dilute ammonia at 700 to 80 0 C. The extract was acidi
fied with strong nitric acid and evaporated to dryness 
on a water bath. A few cc. of concentrated nitric acid 
were added and was again evaporated to dryness. The 
residue was dissolved in water and tested b y G utzeit’s 
method for arsenic with negative results. In a check 
test, 0.00004 g- of arsenic under similar conditions in 
the Gutzeit apparatus gave a well-marked arsenic 
stain.

These experiments indicate that sulfur reacts with 
■dilute ammonium hydroxide at 700 to 800 C. to form 
ammonium sulfides. This is substantiated by the 
well-known fact that sulfur readily dissolves in hot 
solutions of the strong alkalies to form polysulfides.

* F rom  the recently  developed deposits of th e  Texas G ulf Sulfur Co., 
a t  Gulf, M atagorda Co., Texas. T he three  g rea t deposits of sulfur which 
a re  being worked commercially in th e  coun try  (Union Sulfur Co., F reeport 
•Sulphur Co., Texas G ulf Sulfur Co.) are all free from  arsenic.

A  sample of arsenic-free sulfur would, therefore, con
tinue indefinitely to give a test for arsenic by Schaeppi’s 
method.

T E S T IN G  T H E  S U L F U R  F O R  A R S E N IC  B Y  G U T Z E IT ’S 

M ETH O D

To prepare the solution for the test, Scott1 recom
mends the following procedure:

Ten grams of the material (brimstone) are treated with 30 
cc. of carbon tetrachloride mixture (3 parts C C 14 +  2 parts Br) 
and after standing for 10 min. 25 cc. strong nitric acid are added 
in small portions (a watch glass covering the beaker during the 
intervals of addition). T he mixture is taken to dryness on a 
steam bath, water is added, and the evaporation repeated. 
Arsenic is now determined on the residue by the Gutzeit method 
for arsenic.

In our experience 25 cc. of strong nitric acid were 
insufficient to oxidize the sulfur bromide even when 
added drop by drop from a pipette; 10 to 15 cc. more 
were needed, depending on the length of time the solu
tion was allowed to stand on the water bath. It was 
found advisable to warm the sulfur bromide slightly 
before adding the nitric acid from a dropping pipette. 
The final evaporations were carried out directly over a 
flame, instead of on a water bath, until sulfur trioxide 
fumes appeared.

B y the action of the bromine and nitric acid the 
sulfur is completely oxidized to sulfuric acid. The  
carbon tetrachloride is added to moderate the violence 
of the reaction and to prevent the precipitation of 
sulfur. A ny excess of these reagents is expelled by the 
final evaporations. The acid solution remaining in the 
flask was now tested for arsenic b y G utzeit’s method, 
details of which may be found in any standard tex t
book on chemical analyses.

The crude sulfur used in the work on Schaeppi’s 
method was tested in this w ay with the following re
sults:

1— Ten g. of sulfur gave no test for arsenic. A t  
the completion of the test 1 cc. of 0.001 N  As2C>3 
solution (0.00004 g- As) was added to the solution 
remaining in the Gutzeit apparatus and a strong test 
for arsenic was obtained in a few minutes. This 
proved that no substance was present which would 
prevent the arsenic test from showing, had arsenic been 
present.

2— Ten g. of crude sulfur to which 0.00004 g- As 
were added gave a distinct test for arsenic, quite com
parable with the stain obtained when a solution con
taining an equal quantity of arsenic was tested directly 
in the Gutzeit apparatus.

s u m m a r y

I— It has been found that sulfur reacts somewhat 
with dilute ammonium hydroxide at 700 to 800 C. 
to form sulfides.

II— Schaeppi’s method of testing for arsenic in sulfur 
has been shown to contain a fundamental error due to 
this interaction of sulfur with dilute ammonium 
hydroxide.

III— The method of testing for arsenic in sulfur 
which consists in oxidizing the sulfur with bromine 
and nitric acid and testing the residue by G utzeit’s 
method for arsenic has been proved to be reliable.

i L oc. cit., 415.
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In a recent article2 it was shown that normal butyl 
alcohol is an excellent medium in which to conduct the 
quantitative saponification of esters. This suggested 
its use in the determination of the saponification 
numbers of fixed oils, fats, and waxes. The method 
of Koettstorfer3 has, with little modification, been 
generally adopted.4 T h at difficulties are met with is 
shown by the number of modifications that have been 
proposed. The chief trouble has been in getting some 
of the fats and waxes into perfect solution in the ethyl 
alcoholic potash.

Sm ithan6 adds 20 cc. of ether, and Henriques8 uses 
petroleum ether to aid solution in his cold saponifica
tion method.

Lewkowitsch7 advises heating fats which are difficult 
to saponify under pressure, using copper bottles with  
screw caps.

Kossel and Obremueller treat the sample with abso
lute alcohol in which metallic sodium has been dis
solved.

Wool fat has given much trouble. Lewkowitsch 
says “ wool wax must be boiled with an excess of 0.5 N  
alcoholic potash for a least 24 hrs.” Fabrion8 has 
completely saponified it in an open capsule, on the 
water bath, with 2 N  caustic soda, repeatedly boiling 
it almost to dryness to get rid of the water, and taking  
up the residue each time with strong alcohol.

Winkler3 recommended the use of propyl alcohol, 
since it is a better'solvent for fats and has a higher 
boiling point. He tried twelve oils, fats, and waxes, and 
obtained good results.

Normal butyl alcohol, boiling at a higher tempera
ture than either ethyl or propyl alcohol, makes possible 
the use of higher temperatures for the saponification. 
Its longer hydrocarbon chain increases its solvent power 
for fats, waxes, etc. From the work of Anderson 
and Pierce10 it appears that at 250 the saponification 
velocities of an acetate in methyl, ethyl, and isoamyl 
alcohols are in the ratio 1 : 7 : 15. From this saponi
fication might be expected to proceed much more rapidly 
in normal butyl than in ethyl alcohol.

The simple method of Koettstorfer gives excellent 
results for the more common oils and fats and, by  
various modifications, special cases can be taken care 
of, but it is desirable to have a simple method which 
will be applicable to a wide variety of materials with-

1 Our thanks are due to  D r. G . S. Jam ieson, in  charge of Oil, F a t, and  
Wax L aborato ry , U . S. B ureau  of C hem istry, for several helpful criticism s. 
T he experim ental work was carried  o u t a t  W ashington and  Jefferson 
College by  A. M . Pardee and  R . L. Hasche.

*  T h i s  J o u r n a l ,  12 ( 1 9 2 0 ) ,  1 2 9 .

1 Z . anal. C hem ., 18 ( 1 8 7 9 ) ,  1 9 9 .

4 Official an d  Prpvisional M ethods of Analysis, U . S. D ept, of Agr., 
B u lle tin  107 (1911), 137; T h i s  J o u r n a l ,  11 (1919), 1165.

« A n a ly st, 18 ( 1 8 9 3 ) ,  1 9 3 .

* Z .  angew. C hem ., 1895, 7 2 1 ,

7 “ Chem ical Technology of Oils, F a ts  and  W axes,”  1 (1909), 85.
8 Z .  angew. C hem ,, 1898, 2 6 8 .

• I b id . ,  24 (1911), 636.
10 J .  P h y s. C hem ., 22 (1918), 51.

out extra precautions. The official directions read 
“ boil for 30 min. or until the fat is completely saponi
fied.” The operator is thus required to observe and to 
decide when the “ fat is completely saponified,” since 
much longer time is required for some fats than for 
others.

The plan of the present study was to put a number 
of fats, oils, and waxes through identically the same 
treatment, making the manipulation as simple as 
possible in the hope of finding a simple routine method 
with wide application. For comparison, runs were 
made using ethyl alcoholic soda in the same volume 
as when butyl alcohol was used. It  is the common 
practice to use considerably larger proportions of 
ethyl alcohol than this, so as to effect complete solution, 
and thereby excellent results are obtained. The com
parison is simply between butyl and ethyl alcohol under 
these special conditions.

M A T E R IA L S

The ethyl alcohol for making the standard solution 
was purified by treating with caustic potash and silver 
nitrate, and distilling. The normal butyl alcohol 
was used as obtained.in the market. In each case, the 
alcoholic alkali was prepared by adding metallic 
sodium to the alcohol. The oils, fats, and waxes were 
the best commercial samples obtainable, rancid and dis
colored specimens being rejected. Those which ap
peared to contain water were dried at x io °. T h ey were 
selected according to the groups given in Allen’s 
“ Commercial Organic Analysis.”

E X P E R IM E N T A L  P R O C E D U R E

One-gram samples were taken. The fats were 
weighed into 100-cc. round bottom Jena flasks, five of 
which, making a series, were fastened to a rack so that 
they could be lowered and raised simultaneously. T hey  
fitted into five openings in a steam bath and were 
provided with 3 ft. air condensers.

The oils were weighed into the saponification flasks 
from small Erlenmeyer flasks fitted with dropping 
pipottes. The waxes were cut into small cubes, while 
the butter, wool fat, and lanolin were weighed in small 
glass capsules.

To the material in the flask were added 10 cc. of the 
standard 0.5 N  alcoholic alkali. The flask was placed 
immediately on the steam bath and heated exactly  
one hour when it was removed, 50 cc. carbon dioxide- 
free water added, and the excess alkali titrated with 
0.5 N  hydrochloric acid. In case the unsaponified 
material was high melting the mixture was kept hot 
during the titration.

As the butyl alcohol was nearly anhydrous, 0.5 cc. 
of water was added to each flask containing this alcohol, 
half an hour after the heating had begun, to provide 
for the saponification of the butyl ester, the formation 
of which is the first thing that takes place.

R E S U L T S

The results are given below in tables, the figures 
in each line representing simultaneous experiments. 
“ E ” designates the series in ethyl alcohol and “ B ” those 
in normal butyl alcohol. Under “ Difference” is placed 
the percentage b y  which the average of the ethyl al-
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cohol figures falls short of the butyl. Since it has been 
customary to give saponification numbers in terms of 
K O H , the results obtained with the sodium alcoholates 
have been calculated to this basis and are so put down 

in the tables.

T a b l e  I— S ap o n if ic a t io n  N u m be r s  in  E t h y l  a n d  B u t y l  A lcoh o ls

P er
c e n t 

ag e  
A v - D if -
ER- FER-

OlLS AGE ENCE
C a sto r .........................E  180.0 180.6 180.7 180.2 179 .9  180.3

B 17 9 .1  18 1 .5  18 1 .9  182.0 18 1 .5  18 1 .2  0 .5
C o co n u t..................... E  2 4 7.1  248.7 249.1 . . .  248.3

B 250.0 249.6  249.8 250.8 . . .  250.0 0 .7
C o d -livcr.................. E  17 9 .7  17 8 .7  179 .5  178 .7  178 .9  179 .1

B  19 1 .0  190.3 190 .7 190.2 190.4  190.5 6 .0
C otton seed.................E  190.3 189.6  190.2 190.2 . . .  190.1

B 193.2 18 7.6  193 .5  189.3 193 .5 1 9 1 .4  0 .7
C ro to n ......................... E  204.8 206.1 206.4 206.1 2 0 5.1 205.7

B 2 2 5.7  225.4  224.7  2 2 5 .1  2 2 5.1  225.3  8 .7
L inseed ........................E  186.3 18 7.6  189.0 18 5 .5  180.0 185.6

B  198.0 198.8 19 7 .4  199 .4  198.9  198.5 6 .5
N e a t’s-foot................. E  112 .3  109.8 109.5 1 1 1 .8  1 14 .1  1 1 1 .5

B 132 .5  13 3 .5  130.7 13 2 .1  . . .  1 3 1 .7  15 .3
P a lm ............................ E  198 .2 196.9  196 .7  197 .0  . . .  197.2

B 204.1 206.5 205.8 204.3 204.4 205.2 3 .9
Peach K e rn e l............E  189.9  190.6 189.1 190.6 . . .  190.0

B 1 9 1 .1  190.9 189.4  19 1 .8  18 9 .7  190.6 0 .3
R ape S eed ..................E  169.0 16 7 .3  168.0 168 .7 168 .3 168.3

B 17 5 .9  176 .5  17 4 .1  « 17 5 .2  17 4 .5  175 .2  4 .0
S esam e........................ E  19 1 .4  190.1 190.1 188.8 . . .  190.5

B 19 1 .4  19 1 .7  190.5 19 1 .8  1 9 1 .6  1 9 1 .4  0 .4
S p erm ..........................E  13 3 .4  13 2 .1  134 .2  134 .0  13 4 .1  13 3 .5

B 14 7 .7  148.6  14 7 .7  14 7 .3  1 4 8 .7 .1 4 8 .0  9 .7
Sperm ,adulterated  E  13 6 .7  138.1 13 7 .7  13 8 .7  139.0  138.5

B  1 5 1 .4  15 2 .7  153 .4  1 5 1 .1  1 5 1 .3  152.0  8 .9
W a x e s

Beesw ax, yellow ....E  82.4  8 2.3 80.6 83.8 8 1 .5  8 2 .1
B 9 1 .4  9 1 .4  9 2 .2  9 0 .7  9 1 .3  9 1 .4  10.2

Beesw ax, w h i t e . . .E  79 .9  7 4 .7  70 .9  78 .5  7 6 .9  76 .2
B 9 4 .4  9 4 .7  9 6 .6  9 6 .4  9 7 .2  9 5 .9  20.5

S p erm aceti.................E  114 .9  116 .2  114 .3    1 15 .2
B 126.0 125.2  126.3 12 5.3  126.2  125.8  8 .5

F at s

B u tte r ......................... E  2 2 7.9  2 19 .3  223.3 2 19 .4  2 2 1.0  220.5
B 232.4  230.6 229.4  2 3 1 .5  228 .6 230.5 4 .3

Japan W a x ................E  218.0  2 14 .4  2 15 .6  2 16 .8  2 19 .0  2 16 .7
B 225.3 228.9 226.9 2 25.2  . . .  226.6 4 .1

T a llo w ........................ E  185.8  182.6  18 1 .8  184.5 183.6  183.7
B 19 7 .1  198 .7 199.0 198.3 . . .  198 .3 7 .4

W ool F a t , A n h y 
drous.......................E  10 1.3  98 .2  98.1   99 .2

B (120.0) 1 1 .1 6  1 12 .5  114 .2  1 13 .2  112 .9  12 .1
L an olin ....................... E  5 6 .4  5 1 .0  48.3 4 9 .1  4 8 .1  50 .6  33.4

E 1 70.0  70 .5  70 .6  70 .7  . . .  70 .4
B 7 6 .5  7 4 .6  7 7 .3  76 .4  7 5 .2  76 .0  7 .3
E  8 4.7  7 7 .7  84.3 8 4.5 . . .  83.8
B  9 5 .6  9 5 .6  9 5 .4  99 .3  9 7 .9  96 .8  13 .3
E  6 7 .8  66.8  6 7 .7  6 6 .9  . . .  65.5
B  7 9 .5  80.0 8 2 .4  78 .6  79 .4  80.0 18.0

1 W ith  absolute alcohol and sodium, according to A llen 's “ Com m ercial 
A nalysis/* I I ,  495.

It appears from these runs that substantially the 
same values are obtained in ethyl and butyl alcohols 
for the more readily saponified oils and fats, though  
the values in butyl alcohol are always somewhat higher. 
For substances that are more difficult to saponify, 
considerably higher and more reliable values are ob
tained in butyl alcohol than in the same volume of 
ethyl alcohol. Doubtless the ethyl alcohol values 
would have come up to the higher figures had larger 
amounts of alcohol been employed, or had the heating 
been continued till complete saponification had been 
effected. The figures obtained in butyl alcohol agree 
well with the accepted values. Our sample of neat’s- 
foot oil must have been adulterated. The low re
sults with tallow in ethyl alcohol are surprising. T hey  
were repeated with a different sample of tallow which 
gave higher figures but those for the two alcohols were 
in the same ratio.

In order to get some idea of relative rates of saponi
fication in the two solvents, the following experiments 
were run. The procedure was exactly as in the fore
going except that the flasks were removed at the inter
vals noted.
T a b l e  I I — R e l a t i v e  R a t e s  o f  S a p o n i f i c a t i o n  i n  E t h y l  a n d  B u t y l  

A l c o h o l s
Tim e, M in. 5 10 15 20 25
Cod-liver Oil:

E  140.1 . . .  153.8 ................
B 190.2 . . .  190.4 190.3 190.3

C asto r Oil:
E 171.1 173.3   178.0 . . .
B 147.5 166.0 177.5 . . .  180.4 180.5

Sperm aceti:
E  . . .  56 .5  . . .
B 104.7 105.9 109.8

30

152.7

40 45

180.6

50 60

185.7

113.2
126.7 126.7

82

177.3 177.7

7 115.3 115.3

It appears from these results that the saponification 
of cod-liver oil is complete in 5 min. in normal b utyl 
alcohol but requires considerably more time in ethyl. 
Castor oil is saponified rapidly in both, while sperma
ceti is acted on less rapidly in both but much more 
rapidly in butyl than in ethyl.

C O N C L U S IO N

Normal butyl alcohol is found to be superior to ethyl 
as a medium for quantitative saponification, as b y  
its use satisfactory results are more readily obtained 
and special precautions are less often required.

A  N E W  M E T H O D  F O R  T H E  D E T E R M IN A T IO N  OF  
SU LFU R IN  O IL S 1 

B y C. E. Waters

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 ,  D. C.
Received N ovem ber 6 , 1919

It is well known that crude petroleum from what
ever sourcc contains more or less sulfur in combina
tion. The lubricating oils and other products ob
tained from the crude oil must also contain sulfur 
unless special methods of refining are applied. In 
addition to their original sulfur content, the oils may 
be contaminated b y  sulfonic acids2 which are formed 
when the oils are treated with concentrated sulfuric 
acid during refining, and are not afterwards completely 
washed out.

Little is known about the relation between the sulfur 
content and certain of the properties of oils. The chief 
reason for this m ay be the inconvenience, if not also 
the inaccuracy, of nearly every method that has been 
suggested for the determination of this element. 
Specifications have little to say about it. A limiting 
value may be set for fuel oils on account of the corrosive 
effect of the products of combustion. Transformer 
oils must contain a minimum amount. The test with 
polished copper, which is frequently called for, may be 
regarded as a demand for a low content of sulfur, be-

1 Published by  permission of the  D irector of the  B ureau of S tandards.
1 A lthough spoken of as sulfonic acids, i t  is certa in  th a t  they  

are, a t least in pa rt, the  acid esters of sulfuric acid and, therefore, analogous 
to  e thy l sulfuric acid. T he  true  sulfonic acids cannot be hydrolyzed by 
digestion w ith m ineral acids, b u t this action takes place readily  w ith the  
esters, and the sulfuric acid is recovered. W hen true  sulfonic acids, c. g., 
benzenesulfonic acid, is broken down by regulated  fusion w ith caustic  alkali, 
the  sulfite of the m etal is form ed A  heavy red oil (from F . R . Baxter, 
Vacuum  Oil Co.), known to  con tain  “ sulfonic acids," gave no reaction for 
sulfuric acid w hen digested w ith w ater, b u t a  slight reaction when so trea ted  
w ith 1 : 1 hydrochloric acid. W hen sealed up  w ith concentrated  hydro
chloric acid an d  heated inside a  steam  b a th , i t  gave a  strong  reaction  for 
sulfuric acid.
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cause it is commonly believed that this element will 
always blacken the metal,1 and will, therefore, have a 
bad effect upon bearings.

It is believed by some that “ sulfur compounds” are 
the cause of the tendency of an oil to form emulsions 
with water.2 This may be true if the compounds are 
“ sulfonic acids.”

It is well established that when an oil is heated in 
the air, the amount of asphaltic matter formed is in
creased by the presence of sulfur or sulfur dioxide.3 
It  might also be expected that the “ gumming” of an 
oil at ordinary temperatures will be affected by the 
presence of sulfur, unless it is due only to the loss of the 
more volatile constituents.

Sulfur is known to have a beneficial effect in the 
flotation of certain ores. This is referred to b y E. C. 
Bingham4 in discussing the reason for using it in cutting 
oils.

For about eleven years the author has worked, as 
opportunity offered, on a variety of methods for the  
determination of sulfur in petroleum oils. Not only 
the published methods but others that seemed promis
ing were tried. Because the subject first came up in 
connection with transformer oils, the aim was to find 
an accurate and convenient method which could be 
used with at least 2 or 3 g. of oil. With the bomb 
calorimeter, one gram is all that can be burned com
pletely. No more can be used when the oil is burned 
in a bottle of oxygen, according to the Graefe method, 
and even much less is almost certain to cause the burst
ing of Carius tubes. Other methods are too slow, 
inconvenient, dangerous, or unreliable. Even com
bustion in the bomb is believed to give slightly low 
results. Analyses made by the method described in 
this paper appear to prove this.

Some years ago it was found that concordant results 
for sulfur could be obtained by digesting the oil in a 
Kjeldahl flask with concentrated nitric acid. From  
time to time a little crystallized potassium perman
ganate was added. This quickly decomposed, the 
acid became filled with suspended manganese peroxide, 
and the oxidation was materially hastened. Per
manganate was chosen rather than chlorate because 
of this formation of a solid peroxide, instead of gaseous 
oxides. Chlorate was used about this time b y Gilpin 
and Schneeberger5 in the analysis of fractions from 
California crudes. T hey obtained results that checked 
those b y the Sauer method. Although digestion with 
nitric acid usually gives concordant figures, some of our 
recent work shows that a considerable part of the 
sulfur m ay be lost.

In 1911 the author worked out a procedure for the

1 T his ¡3 n o t true . A topped M exican crude, which- contained 4.05 
per cent of sulfur, barely  tarn ished  a  s trip  of copper which was heated  in 
it for 2 hrs. a t  290° to  295° C. A t room  tem pera tu re  th e re  was barely  any  
action in several days.

2 C. W. S tra tfo rd , p riva te  com m unication. A few experim ents in col
laboration  w ith G. A . K ram er indicate th a t  a  high con ten t of sulfur does 
no t always cause an  oil to  em ulc’fy  readily.

* Holde and  E ickm ann, M itt, kgl. M ateriaiprufungsam t, 1907, 145; 
Z. angevr. C hem ., 20  (1907), 1263, 1923; W aters, B ureau of S tandards, 
Tech. P a p er  4 (1911), 9; T h is  J o u r n a l ,  3 (1911),‘814; Southcom be, J . 
Soc. Chem . I n d ., 30 (1911), 261.

‘ U npublished paper.
s A m . C hem . J „  50 (1913) 66 .

determination of total sulfur in rubber goods.1 The  
rubber is first decomposed to a considerable extent by 
digesting it with concentrated nitric acid saturated 
with bromine. It is then completely burned b y heat
ing with a mixture of soda and saltpeter. The de
composition of oils by means of nitric acid and per
manganate requires many hours, and the disappearance 
of the oily drops does not indicate with certainty the 
end of the reaction. For this reason it was decided 
to try the method used for rubber, though with little  
hope of success. A topped Mexican crude, in which the 
sulfur content was found by nitric acid digestion to be 
2.2i, 2.17, and 2.27 per cent, was used. Three analyses 
by the method for rubber gave 4.06, 4.03, and 4.05 
per cent of sulfur. Similar data from another oil 
showed that more than half of the sulfur was lost 
by the nitric acid method. This loss was traced to the 
formation of a nitro-compound which contained con
siderable sulfur. This nitro-compound was thrown 
down when the digestion flask was washed out after 
all of the oil had, apparently, been decomposed. It 
was soluble to some extent in water and dilute nitric 
acid, could be extracted but incompletely by ether, 
and was slightly volatile with water vapor when heated 
on the steam bath. Although a clear yellow oil, it 
formed a very dark brown salt when dissolved in a 
solution of soda. The success of the new method for 
the determination of sulfur appears to depend upon 
the formation of nitro-compounds which react with 
soda, and are therefore not driven off during the 
subsequent fusion with soda and saltpeter, An oil 
which yielded 1.83 per cent of sulfur showed only 
1.37 per cent when the preliminary treatment with 
nitric acid and bromine was omitted.

D E S C R IP T IO N  O F M ETH O D

Weigh from 0.5 to 1.5 g. of oil into a 100 cc. porcelain 
crucible, add 5 cc. of concentrated nitric acid saturated 
with bromine, and at once cover with a watch glass. 
If there is danger of losing sulfur, as with a vulcanized 
oil or a rather volatile one, each sample should be 
treated with acid as soon as it is weighed out, and not 
left until the series of weighings is finished. It is best 
to weigh such oils in a covered crucible. Place on the 
steam bath, but not in direct contact with the steam, 
and digest for 30 min. or more, with an occasional 
gentle swirling of the crucible. If the mixture does 
not threaten to foam up to the cover, the crucible m ay 
now be heated directly by the steam for 2 or 3 hrs.

Rem ove the crucible from the bath and, when its  
contents are cold, raise the watch glass slightly and add 
cautiously in small portions, ro or 12 g. of anhydrous 
sodium carbonate. This is conveniently measured 
in a 15 cc. crucible, rather than weighed. The first 
portions of the soda usually remain on top of the oily 
layer, so that the crucible must be tilted or swirled 
slightly to start the reaction. When about half of the 
soda has been added it is safe to rinse the watch glass 
with x or 2 cc. of water and remove it permanently. 
A dd the rest of the soda and thoroughly mix the con
tents of the crucible with a stout glass rod (3 mm.

1 W aters and  T u ttle , B ureau  of S tandards, S cien tific  P a p er  1 7 4 ;  
T in s  J o u r n a l ,  3  ( 1 9 1 1 ) ,  7 3 4 ,
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thick and about 12 cm. long). The resulting pasty mass 
is spread around on the sides and one-half to two- 
thirds of the way to the top. If the right amount of 
water is used the mass will adhere to the crucible. 
The rod is not removed. D ry on the steam bath, 
or in an air bath at about ioo ° C., place the crucible 
in an inclined position on a wire triangle and start the 
ignition over a low flame. When more than a gram of 

■ oil has been taken, there is a tendency for it to burn 
too briskly, but this is controllable by judicious use 
of the stirring rod, which scrapes the burning portion 
away from the rest. When part of the mass is burned 
white, a fresh portion is worked into it, and so on 
until all of the organic matter is destroyed. It  is 
necessary to hold the edge of the crucible with tongs. 
Towards the last half of the operation the flame should 
be increased somewhat, but it is never necessary to 
heat the crucible to redness. With care a crucible 
can be used for at least ten or twelve analyses.

According to the amount of oil taken the mixture 
of sodium salts resulting from the combustion varies 
from pasty to granular. After cooling, place the 
crucible on its side in a 400 cc. beaker with about 
150 cc. of water. Cover and digest on the steam 
bath. When the salts have dissolved, remove and 
rinse out the crucible. Filter the solution to remove 
specks of carbon chips from the glass rod, etc. Acidify 
with concentrated hydrochloric acid, using Congo 
red paper as indicator, and add about 2 cc. of acid in 
excess. The reaction proceeds more safely if nearly 
the required amount of acid is placed in a covered 
beaker and the solution filtered directly into it. The 
total amount of carbonate and nitrite to be neutralized 
will depend upon how much oil was taken. Heat the 
acidified solution on the steam bath, add 10 cc. of a 

'10 per cent solution of barium chloride and digest 
until the sulfate is all thrown down. If time permits, 
the barium sulfate should be allowed to stand over 
night before it is filtered off, ignited, and -weighed.

A  blank should be run with the reagents. In doing 
this an ignition is to be made just as if oil were present, 
because the flame may contain some sulfur. The 
reagents used in making the analyses upon which this 
method is based gave only traces of barium sulfate 
when mixed in the usual amounts without ignition; 
including this, the correction amounted to 0.03 
per cent of sulfur, based on one gram of oil. M ost 
of this barium sulfate came down over night.

In this work, as in the routine analysis of rubber 
goods in this laboratory, a petroleum ether flame is 
used for the ignition. Gasoline can be used, but it is 
necessary to set the vessel which contains it in a beaker 
of warm water. A  simple gasoline gas generator was 
described in 1913.1 In place of the special form there 
described, a gas-washing bottle, containing a layer 
of glass beads to break up the bubbles, or even a wide
mouthed bottle with a good cork and two glass tubes, 
one of which extends to the bottom, can be used. A  
current of air blown through the petroleum ether 
carries with it enough vapor to supply a small burner 
of the Meker type. When first lighted the flame is

i T h is  J o u r n a l , 5 (1913), 853.

apt to be smoky, but this ceases when the ether be
comes chilled by evaporation. The smokiness is no 
great drawback because at the start of the ignition the 
flame should be so low as not to touch the crucible.

It is a merit of the method that a considerable num
ber of determinations can be started and completed 
at the same time. Individual attention is needed 
chiefly during the ignition; which takes from 15 to 
25 min. Rubber is so completely broken down that 
much less time is required. With oil there is so little 
change that most of it is driven off in clouds of vapor, 
and it seems that only a small part of the sulfur could 
possibly be held back. But the concordance of the 
results is strong, presumptive evidence that there is 
very little or no loss. In all, twelve oils were analyzed 
and found to contain from 0.29 to 4.05 per cent of 
sulfur. In three cases duplicate analyses differed by 
0.06, 0.05, and 0.04 per cent; twice the differences 
were 0.03 and o.ox per cent; and twice exact agree
ment was obtained. In three instances the dis
crepancy was 0.02 per cent.

In some recent work done in cooperation with the 
sub-committee on sulfur, Committee D-2, American 
Society for Testing Materials, three oils were analyzed 
in nine laboratories, including that of the author. 
The results varied widely and, in every case but one, 
the method just described gave the highest figures. 
The other members of the sub-committee used various 
methods: the bomb calorimeter, Sauer’s method, 
Conradson’s (burning in a lamp), and burning in 
oxygen at atmospheric pressure (Graefe’s method). 
Table I gives the highest and lowest figures1 obtained 
in the other laboratories, by all the methods. The  
results of all the analyses by the new procedure are 
also given. These have been corrected, by small 
amounts, for the sulfur in the reagents, in the flame 
and in the air. The correction calculated for one 
gram of oil was 0.03 per cent.

T a b l e  I — C o m p a r i s o n  o f  R u s u l t s  O b t a i n e d  b y  D i f f e r e n t  M e t h o d s

 ---------------------- P e r c e n t a g e s  o f  S u l f u r ------------------ s
B y  O th e r

O i l  L aboratories *----------B y N ew  M ethod------------ ^
M exican (topped crude 

w ith same vol. m ineral
sea l)................................. 1.27 to  1.98 1.83 1.82

Vulcanized 300 o il  0.80 to  1.22 1.31 1.37 1.32 1.32 1:33 Av. 1.33
H eavy red  o il...................  0.39 t o 0.53 0 .5 6  0 .55  0 .5 9  0 .5 8  Av. 0.57

The vulcanized oil contained much hydrogen sulfide
and probably also free sulfur. The heavy red oil 
contained “ sulfonic acids.”

In view of all the above figures it seems fair to 
claim that the present method is sufficiently accurate 
for the analysis of oils no more volatile than the 
“ 300” oils. It  has not yet been applied to kerosene 
or gasoline. The analysis of six fuel oils, both light 
and heavy, which were obtained for this purpose from 
the Bureau of Mines Experiment Station, Pittsburgh, 
Pa., has been begun. The few results so far obtained 
seem to show that the new method gives somewhat 
higher sulfur than the bomb calorimeter.

It is admitted that the conditions under which the 
barium sulfate is precipitated are far from ideal, be
cause of the occlusion of sodium salts. Of these the

1 T aken from the  repo rt of the  C hairm an, F . R . B axter, V acuum  Oil 
Co., and used by  his permission.
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sulfate tends to low results, while the nitrate has the 
opposite effect. Only by chance will these errors 
cancel one another.1 A  few determinations made with 
double the usual amounts of reagents seem to show 
that the net error due to occlusion is small.

The present paper is a preliminary one, and it is 
intended to publish a more detailed discussion of the 
whole subject later on.

SUM M ARY

The desirability of investigating the possible effect 
of sulfur compounds on the properties of lubricating 
oils is pointed out.

The disadvantages of the methods now in general 
use for the determination of sulfur are indicated.

A  new procedure, which gives results at least as 
accurate as those b y the bomb calorimeter, is de
scribed.

D E T E R M IN A T IO N  O F M IN U T E  Q U A N T ITIE S O F OIL
IN  SU LFUR  

By L. S. Bushnell and H. Smith Clark

F r e e p o r t  S u l p h u r  C o m p a n y ,  F r e e p o r t ,  T e x a s  

Received N ovem ber 25, 1919

The presence of very small amounts of oil in sulfur 
is objected to by manufacturers of certain sulfur 
products. The sulfur may contain carbonaceous 
residues from burned oil, and the method here de
scribed is not intended to include these.

The estimation of oil by simple extraction as ordi
narily made with a volatile solvent— such as sulfuric 
ether or petroleum ether— will not suffice in the case 
of sulfur, because, while the sulfur is only slightly 
soluble, there is usually such a small amount of oil pres
ent (from 0.001 per cent to 0.32 per cent, or more) that 
the extract contains considerably more sulfur than oil. 
In this method extraction is made as usual, and the 
solvent purified from sulfur by boiling it in a Wiley 
continuous extractor in which has been placed a roll 
of copper foil.

A P P A R A T U S

A sheet of copper foil 4 in. X 13 in. is rolled up in 
such fashion that no two points of its surface come in 
contact. It is desirable that the copper sheet be rolled 
uniformly so that there will be a space of about three- 
sixteenths inch between any one turn of the roll and the 
next turn. The sheet may be cut so that at one corner 
a tab three-eighths inch square projects. A  hole is 
punched in this tab so that the coil may be lifted 
from the W iley tube with a wire hook. The end 
with this tab should be rolled first, and the tab  
project from one end of the coil.

A xoo cc. volumetric flask; a thin glass beaker, tall 
form, without lip, 300 cc. capacity; and a Wiley 
continuous extractor, without crucible or thimble, 
complete the required apparatus.

P R O C E D U R E

Fifty grams of the pulverized sulfur (or a smaller 
quantity, if the oil content is known to be high) are 
weighed and transferred to the xoo cc. flask. On this 
are poured about 50 cc. of redistilled petroleum ether;

1 Allen and  Johnston , J .  A m . Chem. Soc , 3 2  (1910), 588; Johnston  and 
Adams, Ib id ., 3 3  (1911), 829.

the flask is thoroughly shaken every half hourj; for 
several hours, and allowed to settle. The petroleum 
ether is decanted through a filter into a W iley tube, 
and a second smaller quantity of the solvent is added 
to the flask, shaken, settled, and filtered, as before. 
The washing is continued in this way until the sulfur 
and the filter paper are free of oil, and the Wiley tube 
contains about 175 cc. of solvent, or enough to fill 
the tube above the top of the copper roll or coil.

The copper coil is cleaned with dilute nitric acid, 
washed with water, then with alcohol, dried with 
ether, and placed in the Wiley tube. The petroleum  
ether is then boiled until all of the sulfur has been 
deposited on the copper as copper sulfide.

The solvent is transferred to the tall beaker, filter
ing if necessary to eliminate the copper sulfide, which 
will doubtless partially flake off. The coil, the Wiley 
tube, and the filter are washed with small quantities 
of petroleum ether, the combined filtrate and wash
ings gently evaporated to dryness at very low heat, 
and the residue weighed.

N O T E  O N  T H E  SO LU B ILITY O F B E N Z ID IN E  SU LFATE  
IN  W A TE R  

B y C. S. Bisson and A. W . Christie

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

Received Septem ber 9, 1919

One of the methods for the determination of sulfates 
which has found considerable application consists in 
precipitation as benzidine sulfate, which may be 
quantitatively titrated with standard alkali or potas
sium permanganate. In most of the articles de
scribing such methods, the benzidine sulfate is said 
to be insoluble in water. A  review of the literature
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failed to reveal any definite data on its solubility 
except a statement by Muller1 which gives it as from 
0.01 to 0.03 per cent at 250 C. We have determined 
its solubility at different temperatures by agitating 
an excess of benzidine sulfate with pure water in a 
constant temperature thermostat.

The benzidine sulfate was prepared by adding an 
excess of dilute sulfuric acid to an aqueous solution 
of Kahlbaum’s benzidine. The precipitated sulfate 
was filtered and washed with distilled water till free 
of acid. From 3 to 5 g. were placed in a 500 cc. 
Pyrex flask containing pure water and the flask im
mersed in a thermostat which was regulated to 0.50 C. 
The contents of the flask were continually agitated b y a 
revolving glass stirrer. After a specified number of 
days the solution was removed and immediately 
filtered, the first 20 cc. of filtrate being discarded. 
Solubility determinations were made at 0°, 250, 50°, 
and 8o° C.

Two methods for determining the solubility of the 
benzidine sulfate were used. One method consisted 
in evaporating a measured volume of 100 or 200 cc. 
to dryness in a platinum dish on the steam bath. 
The residue was dried at ioo ° C., cooled in a desiccator, 
and weighed. The other method consisted in titrating 
a measured volume of the solution with 0.05 N  potas
sium permanganate after the addition of 5 per cent of 
sulfuric acid. The latter method is described in detail 
elsewhere.2

■ Ber., 35 (1902), 1587.
5 A. W . Christie and C. S. Bisson, T h i s  J o u r n a l ,  12 (1920), 171.

The solubility of benzidine sulfate in water as de
termined by the above methods is given in the accom
panying table.

S o l u b i l i t y  o p  B e n z i d i n e  S u l f a t e  i n  W a t e r  a t  V a r i o u s  T e m p e r a t u r e s

T em perature

0
25
50
80

By W eight 
G. per L iter 

0 .049 
0 .098 
0.141 
0 .290

■Determination-
By T itra tion
G. per L iter

0.048
0.096
0.149
0.252

The two methods gave concordant results at all the 
temperatures except 800 C. The solutions for the 
determination of solubility at 0“ and 250 C. were 
stirred in the thermostat for four days. Those at 50° 
and 800 C. remained in the thermostat only 24 hrs., 
since it was found that after several days the solu
tions became badly discolored, indicating that the 
benzidine sulfate had undergone decomposition. The 
solution obtained at 800 C. was slightly discolored 
even after 24 hrs., as was also the residue obtained on 
evaporation. This is probably due to the partial 
oxidation of the benzidine at the higher temperature, 
as evidenced by the low figure for solubility obtained 
by titration. The residue obtained from the 50 0 
solution showed only a very slight discoloration 
and the results may be considered to give the ap
proximate solubility at this temperature.

From a consideration of these results it is evident 
that in washing the benzidine sulfate in a quantitative 
determination of sulfate, the minimum amount of cold 
water should be used.

LABORATORY AND PLANT
A  C O N V E N IE N T  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 W A T E R  IN  P E T R O L E U M  A N D  O T H E R  

O R G A N IC  E M U L S IO N S 1 

By E. W . Dean and D. D. Stark

C h k m i c a i .  S e c t i o n ,  P e t r o l e u m  D i v i s i o n ,  U. S .  B u r e a u  o f  Arm as, 
P i t t s b u r g h ,  P a .

Received Jan u ary  15, 1920

IN T R O D U C T IO N

One of the problems frequently confronting the 
petroleum chemist is the determination of emulsified 
water. Numerous methods have been devised, several 
of which have been described in a previous publica
tion2 issued by the Bureau of Mines. Allen and 
Jacobs discuss in that paper the advantages and 
limitations of various types of procedure and recom
mend as most desirable the scheme of distilling in a 
special electrically heated still. This type of still 
involves heating the entire outer surface of a 250 cc. 
distilling flask and its use permits the “ breaking” of 
troublesome froth that is usually formed when a vis
cous petroleum emulsion is heated. Certain difficul
ties in the construction and operation of this still have 
led to discontinuing its use in favor of the more com
mon method of diluting the emulsion before distillation 
with a solvent immiscible with water. The present

1 Published by the  permission of the  D irector of th e  U. S. B ureau of 
M ines.

* See B ibliography, p. 490.

paper reports the work of the Bureau in modifying 
this latter method to obviate certain of its admitted 
disadvantages.

D IS T IL L A T IO N  IN  T H E  P R E S E N C E  O F AN IM M IS C IB L E  

SO L V E N T

There are various conditions under which it is desir
able to determine water in petroleum emulsions and 
no one method is best in all cases. The method of 
gravity separation1 is a convenient one and is satis
factorily reliable for emulsions that are not too viscous 
or that contain water in not too fine a state of sub
division. For the estimation of extremely small per
centages of water, in such products as transformer oils, 
special methods are necessary which are too delicate 
for ordinary needs. The distillation method is without 
doubt most generally applicable, highly reliable, and 
sufficiently accurate for all usual requirements. The 
use of a solvent not miscible with water offers several 
advantages, the most important of which is prevention 
of frothing. Its principle disadvantages concern details 
of operation, and the modified procedure described in 
the present paper has been found to obviate most of 
these difficulties.

This method of determining water has been used in a

1 A common procedure is to  place a  m easured volume of oil in a  suitable 
graduated  tube, d ilute w ith naph tha , and spin in a centrifuge. T he w ater is 
driven to  the  bo ttom  of the  graduated  tube  and  its  volume can be read 
directly .
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F i g . 1

variety of modifications and discussed in a number of 
published articles.1 The following description covers 
the procedure commonly employed in petroleum 
laboratories.

A measured volume of the oil to be tested is placed 
in a glass or metal distilling flask and a suitable volume 
of solvent, generally petroleum naphtha of proper dis
tilling range or a mixture of xylene and benzene, is 
added. The flask is connected with a condenser which 
delivers into some sort of a graduated receiver, heat 
is applied, and the distillation continued until the 
volume of water no longer increases. This volume is 
then read and the percentages of water in the original 
emulsion calculated. The principal objections and 
difficulties are:

1— Drops of water sometimes stick in the cool end 
of the condenser and are not easy to remove quantita
tively.

2— The distillation requires a certain amount of 
attention and the distillate must be examined from 
time to time to determine when all the water has been 
driven over.

3 — When emulsions of high-water content are tested 
it is sometimes necessary to add several successive 
portions of solvent to the contents of the distilling flask 
before all the water is driven over.

1 See B ibliography, p. 490.

4— If a solvent such as xylene-benzene mixture is 
used there is an error due to the fact that an appre
ciable amount of water is dissolved in the upper layer 
of the distillate. Results must be corrected for this 
error or, preferably, the solvent must • be saturated 
with water before adding it to the emulsion.

B U R E A U  OF M IN E S  M ETH O D

The experimental work incident to the development 
of the method described in the present paper brought 
out a number of facts, which, though interesting, do 
not seem of sufficient general importance to warrant 
a detailed discussion. The results of the work are, 
therefore, reported in the form of 
a definite recommendation concern
ing apparatus and procedure. The 
specific recommendations are dis
cussed in a subsequent portion of 
the paper. The following descrip
tion covers the method as employed 
by the Bureau for all ordinary 
types of petroleum emulsions.

a p p a r a t u s — The apparatus con
sists of a source of heat, a 500 cc. 
short-necked distilling flask, a 
special device combining the func
tions of distilling tube and receiver 
(hereafter referred to as “ distilling 
tube receiver” ) and a condenser.

The source of heat may be an 
alcohol or gas burner, but the 
authors prefer a special type of 
electric heater, similar to that de
scribed by one of us in a previous 
article.1 The form of the heater is, 
however, slightly different, as indi
cated in Fig. 1. The resistance 
elements now in service (with n o  
volt alternating current) are com
posed of 23 ft. of No. 27 gauge 
nickel-chromium wire, having an 
approximate resistance of 72 ohms 
and an approximate capacity  
of 165 watts. These heaters are 
used without regulating rheostats, 
the capacity indicated having been found just sufficient 
to maintain the desired rate of distillation.

The 500 cc. round-bottomed distilling flask is a 
readily obtainable stock article. The authors have 
found Pyrex flasks particularly satisfactory.

The “ distilling tube receiver” (Fig. 2) is usually 
made2 by attaching a proper side tube to a stock type  
of tapered graduated test-tube. It  is the one essential 
part of the apparatus that must be specially con
structed and the authors have been assured that the 
work is simple and that the article ought not to be 
expensive when put on the market.

The condenser, readily obtainable from chemical

1 E. W . D ean, "A  Convenient Electric H eater for Use in the  A nalytical 
D istillation of Gasoline,” T h i s  J o u r n a l , 1 0  ( 1 9 1 8 ) ,  8 2 3 .

s The au tho rs hereby acknowledge the ir indebtedness for aid in the  de
sign of th is device to  F . E . D onath , glass blower in the  P ittsbu rgh  Experi
m ent S ta tion  of the  B ureau of M ines.
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supply houses, is about 15 in. long over all, and has an
8-in. sealed-on water jacket. The outside diameter of 
the inner tube is about 15/S2 inch. Before being put into 
service the tip should be ground diagonally, as indi
cated in the figure.

The general method of assembling the glass parts 
of the apparatus is indicated diagrammatically in Fig. 2. 
Cork stoppers are used for the two junctions and if a 
good grade of cork is employed it is unnecessary to 
lute these joints.

For its own work the Bureau of Mines has developed 
a 4-unit electrically heated installation which has 
proven exceedingly satisfactory. A photograph of this 
installation is shown in Fig. 3.1

F i g . 3

i m m i s c i b l e  s o l v e n t — The authors have found the 
most satisfactory solvent to be a so-called cleaner’s 
naphtha derived from petroleum. The following 
specification covers the distillation range of this prod
uct, as determined by the standard method recom
mended by the Bureau:2

5 per cen t m ark  no t below 90° C. (194° F .)
nor above 100° C. (212° F .)

90 per cen t m ark  no t above 195° C. (383° F .)

A  mixture of 80 per cent of commercial xylene and 
20 per cent of commercial (so-called 90 per cent) ben
zene has also been found satisfactory. This mixture 
should not be saturated with water before using.3

1 T he au tho rs acknowledge the ir indebtedness to  W . A. Jacobs, Assis
ta n t  Chem ical Engineer, and  H a rry  Buss, Chief In s tru m en t M aker, of the 
P ittsbu rgh  Experim ent S ta tion  of the  B ureau, for the  design and  construc
tion  of th is  highly satisfactory  installation .

J E . W. Dean, “ M otor Gasoline, Properties, L abora to ry  M ethods of 
T esting , and  P ractical Specifications," B ureau of M ines, Technical paper  
214 (1919), 18.

* T he commercial hydrocarbon products derived from th e  distilla tion  of 
coal appear to  dissolve w ater in slight b u t appreciable degree. W ith  the  
original distillation  m ethod the  full am ount of solvent was distilled and col
lected in the  receiver in con tact w ith th e  w ater layer. A convenient means 
of com pensating for the  am ount of w ater necessarily dissolved was to  sa tu ra te  
th e  solvent before using. W ith  th e  modified m ethod herein described the  
volum e of solvent in con tact w ith  w ater in th e  receiving g raduate  is of the  
order of 10 cc. o r less and  the  e rror introduced th rough  solution of w ater 
by  th is q u an tity  is negligible. I f  th e  solvent is sa tu ra ted  before using, the  
am ount of w ater collected in the  receiver is alw ays in excess of th a t  actually  
contained by the oil tested.

p r o c e d u r e — Place ioo cc. of the emulsion to be 
tested in a graduate and measure out ioo cc. of solvent. 
Pour the emulsion into the 500 cc. flask, letting drain 
for a minute or two. Then wash all the emulsion out 
of the graduated cylinder, using successive portions 
of the measured 100 cc. of solvent. Drop a “ boiling 
stone” (a bit of unglazed porcelain) into the flask. 
Connect with the distilling tube receiver and the con
denser, making sure that the ground tip of the latter is 
placed so that drops of the condensate must fall into the 
receiving graduate and not into the side tube, and mak
ing sure that the position of the diagonally ground tip 
is approximately as indicated in Fig. 2.1

A pply heat until the distillation is proceeding at the 
rate of 2 to 4 drops per second, observing the rate of 
fall from the ground tip of the condenser, and establish 
the degree of heat necessary to maintain this rate. 
Allow the distillation to continue until all droplets of 
water in the flask, the distillation tube, and the con
denser have disappeared. This usually takes less than 
an hour and in routine work it is convenient to start 
the distillation, let it run for an hour, then come back 
and make the final readings. In case a ring of droplets 
of water is observed in the condenser tube the rate of 
distillation should be increased for a few minutes so 
that .the vapor level on the condenser tube is raised 
slightly, thereby sweeping off the water. The rate 
of distillation can be increased b y applying more heat, 
or by placing an insulating shield of asbestos paper 
over the flask. The formation of a ring of water 
generally does not occur if the condenser tube is clean.

The heat is then turned off and the distilling flask 
disconnected. (It is not necessary to wait until it 
cools provided care is taken not to let the escaping 
vapor ignite.) A  drop of water sometimes hangs on 
the ground tip of the condenser; this, however, prac
tically always falls off when the graduated receiver is 
detached from the condenser.

The volume of water collected i n ' the graduated 
receiver is then read, taking care that the tube is held 
in a vertical position. The receiver is emptied and 
dried, and is ready for another determination. The 
flask is usually set aside to cool and a previously 
cleaned and dried one used for the next determination.

D IS C U S S IO N  OF D E T A IL S  O F T H E  A B O V E  P R O C E D U R E

s o u r c e  o f  h e a t — The authors have tried electric 
heaters of the design described, and gas burners.2 The 
former are by far the more satisfactory but are not 
essential to the accuracy of the method. Perfectly

1 W hen determ inations are m ade in an  atm osphere of high hum idity  it 
is advisable to  take  certain  precautions designed to  p reven t any  extraneous 
w ater from entering the  receiving graduate . A p rotecting  shield such as a  
circle of b lo tting  paper m ay be slipped over the  condenser tu b e  and  held in 
place between the  cooling jack e t and th e  cork stopper connecting the  con
denser an d  distilling tube  receiver. T his obviates any  possibility of w ater 
dripping  from the  condenser and  passing th rough a cork th a t  is n o t absolutely 
tigh t. A nother more essential p recaution  for operations in an  atm osphere of 
high hum idity  is to  place a  loose p lug of absorbent co tton  in th e  upper 
(open) end of the  condenser tube, thereby  preventing  free access of a ir which 
m ight be deprived of m oisture w ith a  resulting increase in th e  volume of 
w ater apparen tly  separated  from the  oil. A properly trapped  calcium  chlo
ride tube  can, of course, be used instead  of a  plug of co tton , b u t th e  la tte r  
is regarded as adequate  protection  for all cases except those requiring ex
trem e accuracy.

* If a  flame heater is em ployed i t  seems advisable to  have th e  flask 
bo ttom  protected  by  a  piece of wire gauze.
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satisfactory results were obtained with gas burners 
but a little more attention was required. It is possible 
that the easily obtainable electric hot plate would 
serve, although in this case it probably would be desir
able to employ a flat-bottomed flask.

■ f l a s k — The authors generally employ a short- 
neck, round-bottom, 500 cc. Pyrex glass flask. 
None of these particular details are, however, essential. 
The size of the flask, in particular, may be varied in 
case the total volume of the charge of emulsion and 
solvent is notably more or less than 200 cc. Metal 
flasks can, if desired, be substituted for glass, and the 
scheme of using flat-bottomed distilling vessels has 
already received mention.

d i s t i l l i n g  t u b e  r e c e i v e r — Numerous designs for 
this device have been tried and the type recommended 
has proved most satisfactory. For certain types of 
work it can undoubtedly be modified to advantage and 
occasion has already arisen in the Bureau laboratories 
to substitute a plain tube with a glass stopcock. This 
modification permitted the handling of emulsions con
taining large percentages of water, the water being 
drawn off through the cock into a measuring cylinder 
from time to time. It  is entirely possible that other 
modifications may be desirable under conditions that 
may be encountered and the present device is recom
mended as simply the most convenient type that has 
been used with the types of emulsions that are generally 
tested in the Bureau laboratories. »

c o n d e n s e r — The type of condenser described was 
selected more or less by .accident but has been found 
entirely satisfactory.

s o l v e n t — A  considerable variety of solvents have 
been tried and the two recommended above were 
found most satisfactory. The desirable properties are 
those which insure “ smoothness” in distillation and a 
vapor temperature slightly above the boiling point 
of water. The solvent must have a certain percentage 
of constituents boiling below io o ° C., but this percent
age must not be too great. For instance, ordinary 
motor gasoline, with about 20 per cent boiling below 
ioo° C., was notably less satisfactory than the special 
naphtha that is described in a previous connection. 
The final boiling point of the solvent apparently should 
not be too high as was evidenced by the fact that 
unsatisfactory results were obtained by the use of a 
solvent made by blending kerosene with ordinary 
motor gasoline in sufficient proportion to reduce the 
portion distilling below ioo ° C. to between 5 per cent 
and 10 per cent.

The solvent must be immiscible with water but 
should, under ordinary conditions at least, be miscible 
with the oil or other non-aqueous constituent of the 
emulsion. The application of this latter requirement 
is illustrated later when the results of tests on coal tar 
are discussed. The degree of solubility of water in the 
solvent is of some importance, though such errors are 
minimized b y the fact that the quantity of non-aqueous 
distillate in the receiving tube is never more than 10 
or 12 cc. Water is almost perfectly insoluble in the 
petroleum naphtha. It is probable, however, that many

laboratories will find it more convenient to prepare 
the xylene-benzene mixture than to obtain a special 
grade of petroleum naphtha. Water is slightly soluble 
in coal-tar distillates and in addition there is sometimes 
a tendency for the distillate to be cloudy, due to the 
holding back of minute particles of water. Permitting 
this cloud to settle has never, however, added as much 
as 0.01 cc. to the volume of the water layer.

p r o c e d u r e — The use of a charge of 100 cc. of emul
sion and xoo cc. of solvent has proved satisfactory for 
oils containing between 0.5 and 10.0 per cent of water. 
If an accurate determination of water content of less 
than 0.5 per cent is desired it is necessary to use 200 
cc. or more of both emulsion and solvent, employing, 
of course, a correspondingly larger distilling flask. 
If the emulsion to be tested contains more than 10 per 
cent of water the quantity taken should be some suitable 
fraction of 100 cc. According to the authors’ experience 
it has not seemed necessary to change either the quan
tity  of solvent or the size of the distilling flask when 
this method of handling emulsions of high water con
tent is used.

The procedure recommended for measuring out the  
emulsion is a convenient one but not essential to the  
method. In some cases a pipette can probably be used 
to advantage. The use of a boiling stone has proved 
necessary and a number of determinations have been 
spoiled through failure to remember this detail. If it is 
omitted boiling sometimes begins explosively and oil 
is blown out through the top of the condenser.

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

The method has been tried with a number of emul
sions prepared by mixing known amounts of water with 
anhydrous oils. Results have almost invariably  
checked the theoretical water content within ± 0 . 1  cc., 
which apparently represents the normal magnitude of 
error. The applicability of the method for the separa
tion of water from refractory emulsions has been ques
tioned and tests have been made to settle this point. 
Water was determined according to the procedure 
described. The flasks were allowed to cool somewhat, 
then connected with an ordinary distilling tube and 
condenser and the distillation continued until a vapor 
temperature of 250o C. was reached. In no case was 
any additional water separated or observed, thereby 
indicating that distillation at the temperature existing 
in the presence of the solvent was adequate to “ break” 
the emulsion.

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

P E T R O L E U M

The method was tried with several samples of 
grease and yielded results that were considered highly 
satisfactory by the operator who had had considerable 
experience with the conventional methods for deter
mining the water content of greases. It was also tried 
with several samples of coal tar. The naphtha solvent 
proved useless for this type of emulsion, the tars in 
question being quantitatively insoluble in petroleum  
distillate. The xylene-benzene solvent, however, was 
satisfactory and the results of the determinations were
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apparently as reliable as when petroleum emulsions 
were tested.1

The authors believe that the method herein described 
is applicable to a wide variety of organic emulsions, 
possibly solid as well as liquid, and recommend its 
trial in all laboratories not fully satisfied with the 
methods at present in use. While it is not believed 
that results may necessarily be more accurate than  
those now obtainable, an increase in convenience and 
rapidity is anticipated.

P R E V IO U S  W O R K  A LO N G  S IM IL A R  L IN E S

On account of the simplicity of the modified method 
the authors have found it difficult to believe that their 
work could be new. The literature has been searched 
diligently, however, and it has been found that prac
tically all the distillation methods for water determina
tion have involved the use of apparatus of the con
ventional type and arrangement. The methods of 
Besson and Gray approach most closely the procedure 
recommended in the present paper. The basic idea of 
the authors’ method was conceived after reading a 
description of the apparatus of Besson. Neither his 
method nor that of Gray is, however, believed to be as 
practical as that of the authors. The apparatus is not 
as simple and convenient and no attem pt is apparently 
made to make the distillation continuous b y refluxing 
the solvent into the flask.

SUM M A RY

General experience has indicated that the method of 
distilling in the presence of an immiscible solvent is 
the most reliable and most generally satisfactory scheme 
of estimating the water content of organic emulsions, 
particularly petroleum emulsions.

The Pittsburgh Petroleum Laboratory of the Bureau 
of Mines has developed modifications of this method 
that add considerably to its convenience.

A  description of the apparatus and procedure em
ployed by the Bureau appears in the present paper.
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Some years ago the writer was engaged in develop
ment work along lines of fa tty  acid distillation. Be
fore this could be undertaken it was necessary to know 
the value of the heat of vaporization of fa tty  acids 
under operating conditions, i. e., at the temperature 
and reduced pressure usually employed in distillation. 
A  search of the literature of this subject failed to 
yield the desired information and the determination 
of these values was, therefore, undertaken by the writer. 
The results are given here in the hope that they may 
be of value to the profession.

The heat of vaporization can be calculated from the 
vapor pressure curve of the fatty  acids, and the latter 
can be determined in the laboratory. As a commercial 
fatty  acid distillation plant was available, however, 
advantage was taken of this fact to make a large-scale 
determination. This was preferred, as it was thought 
that it would not be possible to reproduce working 
conditions on a laboratory scale. One of the most 
important of these factors is the effect of the pitch 
in the still bottom. As it accumulates it becomes 
necessary to raise the distillation temperature sometimes



M a y ,  19 2 0  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  4 9 1

D ia g r a m  o f  E q u ip m e n t

as much as seventy-five degrees or more. It was also 
believed that any variation in composition of the fatty  
acids or other factors would be averaged in a larger- 
scale determination.

The fatty  acids were obtained from foots from the 
refining of crude cottonseed oil. The crude oil con
sists principally of a mixture of the glycerides of pal
mitic, linoleic and oleic acids containing also small quan
tities of glycerides of arachidic and possibly stearic 
acids.1 In addition to these glycerides there are also 
present the glycerides of all these acids in various 
stages of decomposition.

Crude cottonseed oil is usually refined with caustic 
soda, whereby the partially and wholly decomposed 
glycerides are separated out as a soap (foots). This 
soap is only partially saponified and contains con
siderable quantities of neutral oil, together with most 
of the coloring, nitrogenous and mucilaginous matter 
that was present in the crude oil. The preponderant 
constituent of the foots is probably a soda soap of 
oleic acid, inasmuch as olein, the glyceride of oleic 
acid, is largely present in cottonseed oil and is most 
readily broken down. The composition of the foots 
will vary considerably, depending to a great extent 
on the amount of neutral oil retained in refining.

The foots may be killed and acidulated, i. e., the 
saponification may be completed by boiling with 
sufficient alkali and the resulting soap treated with 
mineral acid to liberate the fa tty  acids; or the foots 
may be first treated with a mineral kcid to free it 
from alkali, and then saponified by the Twitchell or

1 Lewkowitsch, "C hem ical Technology and  Analysis of Oils. F a ts  and 
W axes,” a, 5th  E d., p. 197.-

other process to remove the remaining glycerol radi
cals. In either case the end result is a mixture of free 
fatty  acids ready for the distillation process.

Two distillations were run on entirely different lots 
of fatty  acids, since several months elapsed before the 
distillation plant could be spared for the second de
termination, and it was not practical under the existing 
conditions to store a portion of the first lot of stock 
for use in the second determination.

M ETH O D

The method employed in making the determination 
was as follows: The distillation plant was operated
on fresh fatty  acid stock, with no fatty  acid or pitch  
left in the still from previous distillations. Before 
starting the tests, distillation was carried on until 
conditions were constant. A  flying start and stop of 
the tests were used in a manner similar to that em
ployed in making evaporative boiler tests. Thus, 
without interruption or disturbance of the distillation, 
tests were started and stopped immediately after em pty
ing the condenser drums.

Measurements of all such quantities as were re
quired to write a heat balance of the plant were made. 
Assistants were stationed at points where manual 
control was necessary. All readings were taken at
5-min. intervals.

The accompanying diagram gives an outline of the 
distillation plant employed. It consisted of a coal- 
fired still, supplied with superheated steam through 
a reducing valve and a separately fired superheater. 
This still was fed continuously so that the volume in 
the still was constant, the level in a gauge glass being
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c a r e f u l l y  w a t c h e d .  T h e  c o m b i n e d  f a t t y  a c i d  v a p o r  

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

w a t e r - c o o l e d  t u b u l a r  t y p e  o f  c o n d e n s e r .  H e r e  t h e  

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

i n  t h e  b o t t o m  o f  t h e  c o n d e n s e r .  A t  i n t e r v a l s  t h e  f a t t y  

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

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

f e r r e d  t o  a  s c a l e  t a n k  f o r  w e i g h i n g .  T h i s  s c a l e  t a n k  

i s  s h o w n  o n  t h e  s a m e  f l o o r  l e v e l  a s  t h e  s t i l l .  A c t u a l l y ,  

a s  a  m a t t e r  o f  c o n v e n i e n c e ,  i t  w a s  p l a c e d  o n  a n  u p p e r  

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

d r o p p e d  i n t o  a  s t o r a g e  t a n k  o n  a  l o w e r  l e v e l .  H e r e  

e n t r a i n e d  m o i s t u r e  w a s  s e t t l e d  o u t  a n d  w e i g h e d .  

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

l a b o r a t o r y  t e s t s  s h o w e d  t h a t  a l l  t h e  m o i s t u r e  h a d  s e t 

t l e d  o u t .

T h e  s t e a m  p a s s e d  o v e r  t o  a  b a r o m e t r i c  c o n d e n s e r ,  

a n d  t h e  f i x e d  g a s e s  w e r e  t a k e n  c a r e  o f  b y  a  v a c u u m  

p u m p .  T h e  b a r o m e t r i c  c o n d e n s e r  d i s c h a r g e d  i n t o  a  

s e p a r a t o r y  c a t c h  b a s i n ,  w h e r e  t h e  s m a l l  q u a n t i t y  o f  

e n t r a i n e d  f a t t y  a c i d  w a s  r e c o v e r e d  b y  s k i m m i n g .

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

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

t h e  o p e n  c o n d e n s e r  a n d  t h e  s c a l e  t a n k s .  T h i s  a l l o w 

a n c e  w a s  b a s e d  o n  a c t u a l  l o s s  i n  e v a p o r a t i o n  o f  a n  o p e n  

v e s s e l  i m m e r s e d  i n  t h e  t o p  o f  t h e  c o n d e n s e r .

E x p e r im e n t a l  D ata  on  F a t t y  A cid  R e c o v e r y

T e s t  A  T e s t  B
M a r c h  M ay

L e n g th  of t e s t ...........................................  7 h rs . 7 h rs .
A verage  b a ro m e te r  co rrec ted  to

58 .4 °  F .....................................................  2 9 .6 2  in . H g  2 9 .1 0  in . H g
V acu u m  co n d en ser v a p o r  in le t co r

re c te d  to  58 .4 °  F .................................  2 4 .1 3  in . H g  2 4 .2 4  in . H g
V acu u m  co n d en ser v a p o r  o u t le t  co r

rec te d  to  58 .4 °  F ......................... . .  . 2 5 .1 7  in . H g  2 4 .6 8  in . H g
A v erage  te m p e ra tu re  a t  v a p o r  in le t 4 3 3 .8 °  F .  4 4 5 .5 °  F .
A verage  te m p e ra tu re  a t  v a p o r  o u t le t  1 4 1 .9 °  F .  1 3 4 .0 °  F .
A v erage  te m p e ra tu re  o f s to ck  in to

s e p a ra to ry  d ru m s ..........................   1 3 6 .8 °  F . 1 3 1 .9 °  F .
A v erag e  te m p e ra tu re  of co n d en sin g

w a te r  in to  c o n d e n se r ................... . .  3 3 .6 °  F .  5 2 .6 °  F .
A v erage  te m p e ra tu re  of condensing

w a te r  o u t  of c o n d e n se r ..................... 1 2 3 .1 °  F . 1 7 8 .0 °  F .
A v erage  te m p e ra tu re  of co n d en sin g

w a te r, b o tto m  o f c o n d e n se r   1 1 6 .0 °  F . 1 1 8 .5 °  F .
T o ta l  s te a m  c o n s u m e d   ............... 7 2 2 9 .0  lbs. 5 9 0 1 .0  lbs.
T o ta l  s to ck  in to  s e p a ra to ry  d ru m s  

(a f te r  d e d u c tin g  s e tt le d  w a te r  a n d
m o is tu re ) ............................................. . .  1 1 077 .0  lbs. 1 3091 .0  lbs.

T o ta l  s to ck  from  1st c a tc h  b as in  
(a f te r  d e d u c tin g  m o is tu re  co n 
te n t)  ..........................................................  3 1 7 6 .0  lbs. 2 8 3 9 .0  lb s .

T o ta l  s to c k  from  2 nd  c a tc h  b as in
(a f te r  d e d u c tin g  m o is tu re  c o n te n t)  2 8 6 .0  lb s . 2 7 8 .0  lb s .

T o ta l  s to ck  ( d r y ) .....................................  1 4539 .0  lb s . 1 6 2 0 8 .0  lbs.
A v erag e  m o is tu re  c o n te n t of s to c k . 0 .7 1 3  p e r  c e n t 0 .4  p e r  c e n t
W a te r  ca rried  w ith  s to c k  in to  s e p a ra 

to ry  d ru m s  a n d  se tt le d  o u t   5 3 8 .0  lb s . 2 7 2 .0  lb s .
W a te r  p re s e n t in  s to ck  in to  s e p a ra 

to ry  d ru m s  as  m o is tu re .................... 8 0 .0  lb s . 5 3 .0  lbs.
W a te r  p re s e n t in  s to c k  fro m  c a tc h

b a s in ......................................... ................  2 5 .0 lbs. 1 2 .0  lb s .
T o ta l  w a te r  ca rr ie d  o v e r a n d  p re s e n t

a s  m o is tu re ..................................   6 4 3 .0  lbs. 3 3 7 .0  lbs.
C o n d en s in g  w a te r ................................ . .  5 7 7 4 0 .0  lbs. 3 6 7 1 9 .0  lbs.
R a te  of e v a p o ra tio n  of condensing

w a te r  (lbs. p e r  sq . f t .  p e r  h r . ) . . . . 0 .5 4  lb . 1 .4 6  lbs.
A rea  from  w h ich  e v a p o ra tio n  to o k

p la c e ..........................................................  3 1 .0  s q . f t .  3 1 .0  s q . f t .
A re a  from  w hich  ra d ia tio n  to o k  p la ce  3 5 7 .9  sq . f t .  3 5 7 .9  sq . f t.

C a l c u l a t e d  R e s u l t s  
T o ta l h e a t to  ra ise  1 lb . of s to c k  fro m  

3 2 °  F . to  v a p o r  u n d e r  th e  te s t
c o n d itio n s ...............................................  3 1 5 .3  B . t .  u . 3 0 8 .2  B . t .  u.

H e a t  to  v ap o rize  1 lb . of s to c k  u n d e r
te s t  c o n d i t io n s .  ..................................  13 0 .5  B . t .  u . 1 1 8 .0  B . t .  u.

T o  m e a s u r e  t h e  v a c u u m ,  m e r c u r y  U - g a u g e s  w e r e  

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

v a p o r  p i p e  o u t l e t ,  a s  c l o s e  t o  t h e  w a t e r  s u r f a c e  a s  

p o s s i b l e .

T e m p e r a t u r e s  w e r e  t a k e n  a t  t h e s e  t w o  p o i n t s ,  a l s o  

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

face condenser, water near bottom of condenser shell, 
cold water supply, and fa tty  acids at outlet of conden
ser drum. Wherever possible, thermometer wells 
were used, filled with appropriate liquids— at the 
vapor inlet, oil, on account of the high temperature, 
and elsewhere mercury.

The quantity of steam was determined by means of 
a specially calibrated Gebhart steam flow meter 
located between the reducing valve and the super
heater. The quality of the steam was not determined. 
It  was calculated that with a drop of pressure in the 
reducing valve, of some sixty odd pounds, the steam 
was practically dry and saturated.

W ith one exception, conditions were kept very close 
to the average, there being little or no variations. 
This exception was the temperature of the cooling water 
at the top of the condenser. This fluctuated somewhat 
more than was desirable, because of the difficulty 
in the water control and the large volume present in the 
condenser shell.

In the table are given the data of the two tests and 
the calculated results.

C A L C U L A T IO N  O F R E S U L T S

The method of arriving at the calculated results 
was as follows: A  heat balance was struck. In this
balance it was assumed that the steam as measured 
was dry and saturated. An error of perhaps one-half 
of one per cent enters here. It was further assumed 
that there was practically no condensation in the vapor 
pipe connecting the still with the condenser. As 
this pipe pitched toward the condenser, any conden
sation would be collected in the condenser drum. 
This pipe was 12 in. in diameter and 14 ft. long, and 
was insulated with very heavy magnesia covering. 
The heat loss was a negligible percentage of the total 
passing.

The temperature at the condenser inlet was assumed 
to be that of saturated fatty  acid vapor, i. e., it was 
assumed the fatty  acid vapor carried no entrained 
liquid fatty  acid and was not superheated. The very 
large diameter and height of the still precluded en- 
trainment, and laboratory tests showed that at 
28.25 in. to 29.5 in. of vacuum the boiling point is 
very close to 4400 F. This checks very well with the 
actual large-scale tests where steam for distillation 
was used. As might be expected, somewhat lower 
temperatures were found.

The total heat in the superheated steam was ob
tained from the Molière chart and data published by  
Prof. C. C. Thom as.1

The heat lost b y radiation from the condenser shell 
was calculated from the values in K ent’s “ Mechanical 
Engineers’ Handbook.” 2 The value used for the mean 
specific heat of the fatty  acids was 0.46.

The heat balance as struck is given at top of next 
page.

The close agreements of the results is rather aston
ishing. There is a difference of only about 2 per cent 
in the values for total heat per pound of stock. However, 
the values for heat of vaporization differ by about

1 Trans. A m . Soc. Mech. Eng., 29 (1907).
* 1898 E d ., p .  536.
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T otal h ea t above 32° F . 
in the fa tty  acid dis
tilled

H ea t taken  up  by  con
densing w ater +

T T o ta l heat above 32° F.
of steam  entering con- —

L  denser

H e a t to  raise stock  in condenser drum  from  32° F  
to  drum  tem perature

H ea t lost by  evaporation 
of condensing w ater

T o ta l h ea t above 32° 
F . in steam  leaving 
condenser

+
H eat lost by  radiation  

from condenser shell

H e a t above 32° in w ater 
carried over w ith stock 
in to  settling  ta n k :]

H eat to  raise stock from catch  basin from 32° F. 
to  condenser tem peratu re

S ubstitu ting  the  p roper figures in th is  h ea t balance, and  dividing by the q u an tity  of fa tty  acid distilled, we find: T o tal heat above 32° F . per lb. of 
fa tty  acid distilled =» 315.3 B. t .  u. for T est A
t- W hence, on the  assum ptions before s ta ted , we have:,, H eat of vaporization per lb. of fa tty  acid a t 24.51 in. vacuum  =* 315.3-0.46 (433.8-32) *=* 
130.5 B. t. u.

S im ilarly we find for T est B the values 308.2 B. t .  u. and  118.0 B. t. u ., b u t a t  25.14 in. vacuum .

9 per cent. This discrepancy can be accounted for 
in two ways: Firstly, the stock was not the same in
both cases. Undoubtedly, there was some difference 
in the mixtures being distilled, but unfortunately no 
chemical analyses were made to determine the differ
ence; secondly, the two tests were made at somewhat 
different pressures and temperatures.

The heat of vaporization differs with temperature. 
If it did not the vapor pressure curve would be a 
straight line, and this we know is not the case. Prob
ably the discrepancy is due to a combination of these 
two factors.

The writer desires to express his appreciation of the 
assistance rendered in this work by Messrs. S. B. 
Murdock, J. W. Bodman, and A. D. W hitby, and to 
thank the N. K. Fairbanks Company, through whose 
courtesy these figures are published.
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By L. F. Hawley

F o r e s t  P r o d u c t s  L a b o r a t o r y , U. S . F o r e s t  S e r v i c e , M a d is o n , 
W i s c o n s in  
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In a previous study of extraction processes1 con
ducted at the U. S. Forest Products Laboratory, 
Madison, Wisconsin, it was found that no definite 
relation had ever been developed between the number 
of solvent treatments received by each charge of ma
terial and the number of cells or extractors required 
to furnish this number of treatments. It was also 
evident that the ideas in regard to such a relation were 
very much confused, and that the usual conception 
was the entirely unfounded one that for a certain 
number of treatments an equal number of cells was 
required or the same number plus one.2 After it had 
been determined how many treatments in series were 
required for efficient extraction and how much time 
would be required for boiling, pumping, discharging, 
charging, etc., there was still no method by which it 
could be determined how many cells or extractors 
would be required by the process.

In the development of the numerical relation be
tween the cells and the treatments it will be necessary 
to consider a general case covering all conditions; and 
this will require the use of terms and the assumption 
of conditions that may seem unusual or impractical 
to operators who have had experience with only one 
kind of extraction process and have used a peculiar

1 T h i s  J o u r n a l , 9 (1917), 866.
* K ressm ann, M et. b* Chem. Eng., 15 (1916), 78.

set of terms for describing the various operations. On 
this account indulgence is requested from the readers 
who find unusual processes described in unusual terms, 
and they are asked to overlook these until the general 
principles become clear.

There is, of course, a definite relation between the 
number of cells and the number of treatments. It 
varies with different methods of manipulation, how
ever, and several conditions of treatment must be 
known accurately before the relation can be developed. 
It is necessary to know the amount of time required 
for the operations performed on each charge other 
than the typical extraction operations, and this time 
must be known in terms of the typical extraction 
operations. These latter operations are:

x— The movement of solvent from one charge to 
another, from the last charge to storage or from the 
solvent tank to the first charge, which movements 
will be called “ pumping” and designated by p .

2— The period of the actual solution action of 
the solvent on the charge, whether b y standing, 
boiling, or agitating, which will be called “ boiling” 
and designated by b. These typical operations are 
necessary parts of every discontinuous extraction 
process and may vary only in the time required for 
their fulfillment.1 While there are only these two 
kinds of extraction operations, each m ay take place a 
variable number of times in a -complete cycle of ex
tractions. The non-extraction operations may vary  
widely in number, kind, and time required, and include 
charging and discharging the cells, or any preliminary 
or after-treatment performed on the charge while 
in the cells.

S IM U L T A N E O U S  P U M P IN G

The simplest way to determine the relation be
tween the number of treatments and the number of 
cells in terms of the time required for the various 
operations seems to be to use cut and try methods under 
several different sets of conditions and then to find the 
complete mathematical relation by inspection. This 
can be readily done by representing a series of ex
tractions graphically. The easiest system to start 
with is one in which t"he pumping of all cells in action 
is done simultaneously. A  series of "fextractions in 
four cells by this system can be represented as in 
Fig. 1.

In this method of representation the arrows indicate 
movement of the solvent or pumping; for instance, the 
first line of the diagram indicates simultaneous move-

1 As will be seen la ter, b m ay equal zero in some cases.



494 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  V o l .  12 ,  N o .  5

ment of solvent from cell 2 to cell 3, cell 3 to cell 4, 
and cell 4 to storage, while line 3 indicates simultaneous 
application of fresh solvent to cell 3, and movement of 
solvent from cell 3 to cell 4, and from cell 4 to cell 1. 
All cells are assumed to contain solvent except those 
with a double circle. Those indicated in line 2 as 
containing solvent but without solvent movement show 
the extraction or boiling period. B y following this 
series of operations we find that a complete cycle 
has been finished in 16 lines and that line 17 is the same 
as line 1. During this cycle each cell receives 5 
treatments and each batch of solvent is used 5 times. 
It will be noted that for a period of 3 boilings and 2 
pumpings (indicated by braces) each cell stands idle 
so far as solvent action is concerned; this period is the 
time available for charging and discharging and for 
other preliminary or after-treatment of the charge. 
The relation between this idle period, n, the number of 
cells, c, and the number of treatments, t, in terms of the 
boiling period, b, and the pumping period, p,  will now 
be worked out.1 In the case just shown n =  3 b +  2 p 
when c = 4 and I = 5.
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n = » 3 6 + 2 / >  «  =  2 6 +  p n = b
a ,s* 2 b '\-2 p  a t=‘ 2 b '\-2 p  a = * 2 6  +  2 £

In Fig. 2 is shown the same number of cells so used 
as to give each cell one more treatment. This arrange
ment shortens the idle period n  to 2 b +  1 p and our 
next relation is that when c =  4 and t =  6, 11 = 2 b 
+  p.  In the same way when one more treatment 
is obtained, the maximum possible in 4 cells, the time 
available for discharging, charging, etc., is reduced 
to a single boiling period. (See Fig. 3.)

Similar diagrams for various other numbers of cells 
and treatments were made and from them was pre
pared Table I in which the general relation between 
the factors c, t, n, b, and p becomes apparent.

From inspection of the table it is seen that n is 
composed of boiling periods equal in number to twice 
the number of cells minus the number of treatments, 
and of pumjfing periods always one less than the 
number of boiling periods, or

n  =  b{2 c —  t) +  p (2 c —  I —  1) or ( = 2 c —
b +  p

It is suggested that more confidence in the table
1 T he le tte rs  used in designating the  different variables are all shown 

either in th is sentence or in the  headings of Tables I  and I I .

and in the formula derived from it will be produced if 
the reader will verify a few of the relations shown 
in the table by preparing diagrams similar to these 
given, but for different values of c or I. This procedure 
will also make it possible to follow the further similar 
developments more readily.

T a b l e  I — A l l  C e l l s  P u m p e d  a t  O n e  T im e  
T im e A v a ila b le  

fo r C h a rg in g , T im e  b etw een
C e l l s  T r e a t m e n t s  Discharging, etc. Discharges

c I n a
2 2 2 b +  l p  2 6 +  2 /»2 3 l b  2 6 + 2 /)
3 2 4  b +  3 p  2 6 + 2 /)
3 3 3 6 + 2 /> 2 6 + 2 /)
3 4 2 6+l /> 2 b +  2 p
3 5 l b  2 6 +  2 />
4 3 5 b +  4  p  2 6 +  2 /)
4 4 4  6 + 3 i  2 6  +  2 /)
4 5 3 6 +  2 p 2 6  +  2 /»
4 6 2 6 + 1 /) 2 6  +  2 /)
4 7 1 6  2 6  + 2 /)
5 3 7 6  + 6/> 2 6  + 2 /)

It should be noted further that in this method of 
operation, viz.,  simultaneous pumping of all cells with 
a boiling period after every pumping period, the time 
elapsed between any similar operations on successive 
cells (which is the measure of the output of the system) 
is always the same, 2 b 2 p,  whatever the number of 
cells or treatments. This period is indicated by a 
on the diagrams and shows the time elapsed between 
the beginning discharge of two consecutive cells.

C O N T IN U O U S E X T R A C T IO N

It should be noticed here that these formulas are 
applicable also to continuous extraction. Continuous 
extraction is the same as the system of simultaneous 
pumping just described in which 6 = 0  and p is the 
period of time required for moving the liquid contents 
of one cell to the next or to storage. Under these

• • il “j” 4)
conditions, n  = p ( 2 c —  t —  1) or / = 2 c -------------

P
and a — 2 p.

S E P A R A T E  P U M P IN G

It has been shown1 that the method of pumping all 
cells simultaneously gives much less efficient ex
traction than pumping one cell at a time. It  might 
possibly be thought that the pumping of only one 
cell at a time would take so much longer that in the case 
of a large number of cells it would lose more in time 
than would be gained in efficiency of extraction. 
Some very interesting comparative figures are ob
tained b y developing the relations between c, t, n,  
etc., under this method of pumping. The method of 
representation of the extraction process is the same 
as in the other case, and the diagram, Fig. 4, shows that 
in an operation of 6 treatments in 4 cells n — 2 b +  4 p.

In this method there are two other variable time 
periods which are important and will also be studied; 
these are the average length of time each charge is 
boiled with each separate batch of solvent, designated 
by e, and the time elapsed between successive dis
charges, designated by a.

In this method of pumping the actual length of time 
each charge is boiled with each batch of solvent is not 
always the boiling period b only, but is variable. 
This is due to the fact that sometimes only one and 

1 T h i s  J o u r n a l ,  L o c . cit.
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4 C ELLS 5 T r e a t m e n t s  

n =  3 6 +  6 p 
c - 2 6 + 6 i  

&+*/»£

C e l l s T r e a t m e n t s

Tim e Available 
for Charging, 

Discharging, etc.

Tim e
between

Discharges

Average
Single
Boiling
Period

c t n a e
2 3 1 b 2 6  +  4/> 6 +  2 /3  p
2 2 2 b +  2 p 2 b  +  3 p 6
3 5 1 b 2 b -+• 6 p 6 +  8 /5  P
3 4 2 b - f  3 p 2 b  +  5 p 6 +  p
3 3 3 b +  4 p 2 6 + 4 / 1 6 + 2 / 3  p
3 2 4 b +  5 p 2 6  +  3/> 6 +  0 p
4 7 1 b 2 6 +  8 p 6 +  18/7 p
4 6 2 b +  4 p 2 6 +  7 p 6 +  2/>
4 5 3 b 6 p 2 6 +  6/> 6 +  8 /5  p
4 4 4 b +  8 p 2 6 +  5 /) 6 +  P
4
5

3
9 1 b

2 6 + 4 / »
2 6 +  10 p 6 +  32 /9  p

5 8 2 b  +  5 p 2 6 +  9 /) 6 +  3 P
5 7 3 b +  8 P 2 6 +  8/> 6 +  18/7 p
5 6 4 b  +  I l  p 2 6  +  7 / . 6 +  2 p

In the diagram showing 6 treatments in 4 cells, 
e =  b +  2 p and a — 2 b +  7 p.  In the next diagram, 
Fig. s, showing 5 treatments in 4 cells the time n  has 
increased to 3 ¿> +  6 />, e =  ¿ + 8 / 5 / »  and a — 2 b 
+  6 p.

In the same way diagrams have been prepared show
ing a wide variation in number of cells and number of 
treatments, and the resulting values for », a, and e 
are given in Table II.

From this table the following formulas were de
veloped1 showing the various relations between c, I, 
11, a, and e.

E x t r a c t i o n s  i n  W h i c h  E v e r y  C h a r g e  R e c e i v e s  T w o  T r e a t m e n t s  
w i t h  F r e s h  S o l v e n t

Simultaneous Pum ping ’
n *» (3 c —  /) 6 +  (3 c —  t —  1)/» 

a m 3 6 +  3 p 

e — b 

Separate Pum ping

n -  be (3c —  1) —  (3c —  / ( 3 c —  t -

n *= b c (3 c —  / — 1) —  

m ultiple of 3 

a «  3 b +  (t +  2)p

(3 c —  t •
3

.1)1.

— when I is m ultiple of 3

(3 c —  t —  1)
3 (3 c -

P when I is not

6 +  (i/3  —  1 )P when / is m ultiple of 3 

( / —  1)*—  (/ —  I)
b +  ■ 3 I*

■ ( 2  c  — 1 ) 6  +  f ( 2 i - l

■ 2 6 +  (1+  l)f  

(( — 1)»

p, when t is no t m ultiple of 3 

■5)p +  (21 +  4 )p

1 b +
21

p (when t is odd)

( 1)

(2)

(3 )

never more than two cells are in the pumping stage at 
one time, and as soon as one cell is pumped full it can 
immediately enter the boiling stage while the others 
are being pumped.

T a b l e  I I — E a c h  C e l l  P u m p e d  S e p a r a t e l y

l —  2g =  b -f- ------- P (when / is even)
2

These formulas are of particular interest in showing 
that:

1— The extra time available for charging, dis
charging, etc., n,  varies directly with the number of 
cells and inversely with the number of treatments 
obtained.

2— The length of time between successive discharges 
of material, a, which is really the reciprocal of the 
capacity of the system, is not  influenced by the number 
of cells but is increased to a slight extent by an in
creased number of treatments.

3— The average actual time each charge is exposed 
to the boiling operation is not affected by the number 
of cells but varies to a slight extent with the number 
of treatments.

A P P L IC A T IO N  OF FO R M U L A S

Suppose for example it had been determined that a 
certain extraction process would require 6 treatments 
and that the pumping would take 10 min., the boiling 
15 min., and the charging, discharging and solvent 
recovery 1.5 hrs. How many cells w'ould be required 
for the process?

1 T he developm ent of sim ilar form ulas for extractions in which every 
charge receives tw o trea tm en ts  w ith fresh solvent (T h is  J o u r n a l ,  L oc. cit.) 
will no t be given in detail b u t following are the  form ulas for th is  m ethod of 
ex traction  which have been developed by the  same m ethod as the fore
going.



496 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  V o l .  12 ,  N o .  S

n =  6(2 c —  t) +  p (2 c —  t —  1)
90 =  15(2 c —  6) +  10(2 c —  6 —  1)

=  30 c —  90 +  20 c —  70 
90 =  50 c —  160 

250 =  50 c 

C =  5

If, however, n  had been 60 min. instead of 90 min. 
the value of c would have come to 4.4; this would mean
that either 5 cells would have to be used with a wait
of 30 min. after charging before the first batch of
solvent is ready to run on or else the time of boiling
or of pumping would have to be lengthened so that 4 
cells could do the work. If, for instance, 4 cells are to 
do the work, the boiling period must be lengthened to 
25 min.

60 = 6(8 —  6) -f- 10(8 —  6 —  1)
60 = 2 b +  10

b =  25

or the pumping period to 30 min.

60 = 15(8 —  6) +  p(  8 —  6 —  1)
60 = 30 +  p 

p  =  30.

These examples show the method of using the formula 
in determining the number of cells required under 
different conditions of treatment.

C O M PA R IS O N  O F SIM U L T A N E O U S  A ND S E P A R A T E  P U M P IN G  

SY ST EM S

The formulas also make it possible to compare 
the time consumed between discharges when pumping 
simultaneously with that consumed when pumping 
separately, other conditions of extraction being the 
same. If we take, for instance, a series of 6 extractions 
in 4 cells, 6 = 15 and p =  5. W ith separate pumping 
n  will be 15(8 —  6) + 4 ( 8  —  6 —  5)5 +  (12 +  4)5 =  

30 —  60 +  80 =  50 

a will be 30 +  (6 -+ 1)5 =  65, and 

6 —  2
e will be 15 H------------- p — 25.

2

For a comparison it would not be fair to use b with the 
same value in simultaneous pumping as in separate 
pumping because in the latter case, in the example 
just given, although b is 15, the actual  total boiling 
time for each charge, e, is 25 min. (6 +  2 p)\ in order 
to have conditions the same in the two systems, 
therefore, the value of b in simultaneous pumping 
(which is always the actual total time of the boiling) 
must be 25 min. W ith c =  4, t =  6, b — 25, and 
p =  5 in simultaneous pumping

n =  25(8 —  6) +  5(8 —  6 —  1) =  50 +  s =  55 
a =  2 I +  j  ji =  50 +  10 =  60 
e =  b =  25.

That is, o, the time required between successive 
discharges of material is a little less in the case of 
simultaneous pumping.1 But there is a practical 
consideration which changes this relation slightly; 
pumping several cells at the same time is likely to take

1 A lthough th is is only one case i t  m ay be shown th a t  th e  difference 
between a (sep) and a (sim), w ith  o ther conditions the  sam e, is always p

when t is even and  *——- p  when t is odd.

longer than pumping a single cell, and therefore if 
p (sim) =  8, then a (sim) =  50 +  16 =  66 min., and 
a (sep) = 3 0  +  35 =  65 min., that is, when the pump
ing time is increased a little to allow for the increased 
difficulty of pumping several cells instead of one cell, 
the time required for a complete cycle may be the same 
or even less in the case of separate pumping.

SUM M A RY

1— Formulas have been developed which show the 
relation between the number of cells and number of treat
ments in terms of various typical extraction opera
tions both for separate and simultaneous pumping of 
the solvent in the cells. The formulas for simultaneous 
pumping are also applicable to continuous extraction 
processes.

2— These formulas make it possible to determine the 
number of separate cells or extractors required to 
furnish a certain number of treatments or extractions 
for each charge when the time required for each of the 
various operations is known.

3— With the formulas the time relation between 
simultaneous pumping and separate pumping has been 
developed, showing no advantage or very slight ad
vantage for the former.

V A P O R  C O M P O S IT IO N  O F A L C O H O L -W A T E R  M IX TU R E S  

B y W . K . Lewis
R e s e a r c h  L a b o r a t o r y  op  A p p lie d  C h e m is try , M a s s a c h u s e t ts  In 

s t i t u t e  op T e c h n o lo g y , C a m b rid g e , M a ss.

Received Decem ber 18, 1919

In the field of distillation there is no more important 
problem than the separation of ethyl alcohol from 
aqueous solutions. Accuracy in the design of apparatus 
for this separation is absolutely dependent upon 
exact data as to the composition of the vapors given 
off by any specific mixture of the two liquids. The 
data on this point hitherto available in the literature 
have been inadequate and unreliable. The figures 
usually accepted are those recalculated for Maercker1 
by Dônitz from the original experimental results of 
Grôning. These data check reasonably the results 
obtained a half century ago by Duclaux.2 The more 
recent work of Sorel does not check that of Grôning 
and is apparently less reliable. The work of E vans3 
is obviously unreliable in view of the fact that he finds 
the composition of vapor and liquid identical at 92 
per cent by weight, whereas a distillate of higher than 
95 per cent alcohol can be obtained in commercial 
practice.

In 1913 W rewsky4 published the results of a series 
of careful determinations of the vapor composition of 
alcohol-water mixtures, which bear the earmarks of 
reliability. On the other hand, W rewsky’s work was 
done, not at constant pressure, but at constant tem 
perature. Furthermore, he operated at only three 
temperatures, approximately 40o, 55°, and 75o C. 
His work is, therefore, not directly available for in
dustrial practice because the industrial distillation

* "H andbuch  der Spiritus F ab rik a tio n ,”  7 th  E d ., Berlin (1898), 590.
* A n n . chim. phys.t 14 (1878), 305.
* T h is  J o u r n a l , 8 (1916), 261.
« Z . phys. Chem., 81 (1912), 1.
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of alcohol is carried on entirely at temperatures above 
78°, i. e., at atmospheric pressure and, in the bottom  
of rectifying columns, even higher. In order to make 
these data available for industrial use we have recal
culated W rewsky’s results, extrapolating them up 
to the boiling point. The resulting data are given 
graphically in the accompanying plots and are be
lieved to be by far the most accurate figures avail

able on the vapor compositions of alcohol-water mix
tures.

A t each of the temperatures mentioned above 
Wrewsky determined the vapor composition curve. 
From these isothermal curves the vapor composition 
was read off at stated intervals of liquid composition 
and, for each definite liquid composition, plotted 
against the temperature. These temperature curves-
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were extrapolated up to the boiling point of the liquid 
in question. This gave the vapor composition curve 
shown in the diagram. Furthermore, the change in 
vapor composition with change in boiling point was 
determined from the slope of the temperature curves 
just described, and plotted to make possible the esti
mation of vapor composition of liquids boiling at 
pressures other than atmospheric. The boiling point 
curve given is from the data of Noyes and Warfie.1

The total pressure exerted by any mixture of alcohol 
and water, at any given temperature, divided by the 
pressure of pure water at the same temperature, is a 
ratio which changes but little with change in tem 
perature. The value of this ratio is, of course, unity 
for water, and rises rapidly with increasing alcohol 
content of the liquid to approximately 2.3 for alcohol 
itself. The ratio was determined from the pressure 
measurements of Wrewsky at the temperatures em
ployed by him, and graphically extrapolated to the 
boiling point in exactly the same way as the vapor 
composition. The value of this ratio at the boiling 
point is plotted as a separate curve, and will make it 
possible to estimate temperature-pressure relation
ships other than atmospheric, as for example in the 
lower part of a rectifying column.

' J .  A m . C h im . S oc.. 23 ( 1901),  154

In any problem in alcohol distillation the enrichment 
is easily realized until the constant boiling mixture is 
approached. The most important part of the opera
tion and hence of the design is that involved in en
richment above 90 per cent alcohol. It is, therefore, 
desirable to determine the data above this point with 
the greatest possible precision and to plot it corre
spondingly. We have, therefore, appended a separate 
vapor composition curve for compositions above 85 
per cent of alcohol in the liquid.

In order to secure greater accuracy for the vapor 
composition of these liquids rich in alcohol, the data 
of Wrewsky within this range were replotted in a 
somewhat different way. W rewsky’s values for the 
partial pressures of alcohol and of water, obtained by  
calculation from the measured values of the total 
pressure and of the vapor composition, were divided 
in each case by the pressure of pure alcohol and of pure 
water at the temperature of the determination. These 
ratios change but slightly with the temperature. 
For each of the three temperatures used by Wrewsky 
they were plotted against the molal composition of the 
liquid, and smooth curves drawn among the indi
vidual points. The ratios were read off these curves 
for each mol per cent of alcohol in the liquid, and these 
ratios plotted against the temperature. These last
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curves, either straight lines or very flat, were extrapo
lated up to the boiling point, and from the values thus 
obtained the vapor composition calculated. It will 
be noted that the extrapolation was in no case greater 
than four degrees, because the boiling points of these 
rich alcohol mixtures are nearly constant.

In order to show the applicability of these curves, 
let it be assumed that a 50 per cent alcohol-water mix
ture is boiling at a temperature of ioo ° C. at some 
point in the lower part of a rectifying column. It is 
required to determine the composition of the vapor 
and the pressure under which the liquid is boiling.

Were the liquid boiling at atmospheric pressure it 
would have a vapor composition at 77.7 per cent. 
Under these conditions it would boil at 82°. Sinoe 
it is boiling at ioo°, its boiling point has been increased 
180 by pressure. From the correction curve it is seen 
that the vapor composition changes 0.524 per cent per 
degree. This corresponds to a correction of 0.9 per 
cent. The correction is positive for a decrease in 
boiling point and is, therefore, negative for the case in 
question. Hence the vapor composition of the 50 
per cent alcohol at ioo ° is 76.8 per cent.

A t 100° water exerts one atmosphere pressure. 
It is seen from the vapor pressure ratio curve that a 
50 per cent solution exerts 1.97 times as much, i. e., 
the pressure at the given point in the still is 1.97 at
mospheres or 149 7 mm.

adding 0.1 cc. of milk to be tested and incubating, the 
writer found that the time required to match the 
colors, and to make the necessary changes of tubes to 
and from the comparator, was so great that a large 
number of tubes could not be read each hour by the 
colorimetric method.

3 5 fir r,r, r r, Jfi j  ¡g

F ie . 1

To make it possible to compare a great number of 
unknowns with the standard tubes, the*Jcomparator 
of Hurwitz, Meyer and Ostenberg1 wasjTmodified_as 
shown in the accompanying illustrations.

A S IM P L E  M E T H O D  F O R  T H E  P R E P A R A TIO N  OF  
SO D IU M  A M A L G A M  IN  F L A K E S 1 

By Arthur D . Hirschfelder and Merrill C. Hart
U n iv e r s it y  op  M in n e s o t a , M in n e a p o l is , M in n .

Received N ovem ber 28, 1919

In the course of preparation of saligenin by a slight 
modification of Hutchinson’s method made by Mr. 
Hurd,2 it has been necessary for us to use a 2.75 per 
cent sodium amalgam. This amalgam, when poured 
on to porcelain plates, forms solid layers, which re
quire a good deal of work and time to reduce to a powder 
in a mortar. We have been able to prepare a powder 
of very finely flocculent amalgam by pouring the hot 
liquid amalgam slowly into a battery jar of xylene 
or kerosene, which is already being rapidly agitated by  
an electric stirrer. The amalgam is broken up by  
the currents as fast as it is poured into the liquid and 
the fine flocculi settle to the bottom. T hey are then 
dried in a current of air on a porcelain plate. When 
the flocculi are clumped they are readily pulverized 
by a couple of blows with a pestle.

F ic . 2

AN  IM P R O V E D  C O M P A R A T O R  

By L. H. Cooledge

M ich ig a n  A g r ic u l t u r a l  C o l l e g e , E a s t  L a n sin g , M ich iga n  

Received Jan u a ry  12, 1920

While studying the change in hydrogen ion con
centration3 of water or of a solution of broth due to

1 From  the  D epartm ent of Pharm acology, U niversity  of M innesota, 
w ith the a id  of funds granted  by  the  U nited S ta tes In te rdepartm en ta l 
Social H ygiene Board for R esearch in the  prevention and care of venereal 
diseases.

3 A. H utchinson, Ber., 24 (1891), 173; Charles D. H urd , personal com
m unication.

* W . M . C lark and H. A. Lubs, J .  B a d ., 2 (1917), Nos. 1, 2, and  3.

Two sliding test-tube racks were constructed and so 
arranged in the comparator that the one carrying the 
standard tubes, B (Fig. 2), could be slid back and 
forth until a tube was found that compared in color 
with the first unknown in the second rack A. The  
second rack A carrying the unknowns, was then moved 
along one place and the reading of the second unknown 
found in the same way. The under surface of each 
sliding rack was indented opposite each test-tube, the- 
indentation being designed to receive a cog supplied 
with a spring. B y means o f. this . arrangement the 
tubes stopped with a click at the proper place in 
the path of light as the racks were moved back and 
forth. A cog plate and thumb screw to match might 
be used to facilitate the movement of the sliding racks, 
but these have not been found necessary. R ack B 
is so constructed that it can be removed readily and 
replaced by other racks containing standard tubes for 
other ranges of Ph -

1 Johns H opkins H ospital, Bulletin  27 (1916), 16.
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The readings may be made by using light directly 
transmitted or the comparator may be tilted by placing 
books under the end toward the observer and light 
may be reflected from a white surface through the tubes.

It is possible by using this improved comparator to 
examine, in a given time, many times the number of 
samples which could be examined by the old method.

SU B S TITU TES F O R  P L A T IN U M  W IRE IN  BEAD  A N D  
F L A M E  T E S T S  

By C. C. Kiplinger

M t . U nion  C o l l e g e , A l l ia n c e , Ohio 

Received Ja n u a ry  2, 1920

One very important source of waste in platinum  
arises from its extensive use in the qualitative labora
tory. The wire alloys with many of the metals with 
which it comes in contact in the several tests, becomes* 
brittle, breaks, and soon disappears. Under these con
ditions, the platinum is a total loss.

To avoid this waste it has been found feasible to 
use a lead pencil “ lead” in place of the wire for making 
bead tests. A  piece of the “ lead” 5 to 6 cm. in length 
is held b y tongs in the Bunsen flame until the end is 
red-hot, then dipped in borax and returned to the flame, 
holding it at such an angle that the borax glass forms 
a hanging drop on the end of the “ lead.” This drop 
constitutes the bead and the tests are made as usual. 
Each length of “ lead” serves for two tests at least, 
one on each end. Often the graphite can be scraped 
clean enough to permit of several tests with one piece. 
If not too large, the bead adheres firmly to the graphite, 
yet the cold borax glass may be readily removed with 
a^knife. The reducing action of the carbon does not 
seem to interfere materially.

In a method described by Ehringhaus,1 a small 
strip of filter paper is wet with the solution to 
to be tested and held in the flame, or one end of 
the paper is placed in the solution and the other 
end in the flame. The writer has found the latter 
method very convenient if used in conjunction with 
the following device: A glass tube 15 cm. long and 6 
mm. in internal diameter is bent at an angle of 45° 
2 cm. from one end, and the latter is held in the flame 
until the opening is reduced to a diameter of 3 mm. to 
4 mm. A  strip of filter paper 4 cm. long is rolled to 
fit tightly the reduced opening and forced into the tube, 
leaving about 3 cm. projecting. The longer arm of 
the tube is filled with the solution to be tested, or with 
dilute hydrochloric acid, if a powder is to be tested on 
the paper, and the paper wick is inserted in the flame, 
holding the tube at such an angle that it feeds properly. 
A  flame of 3 or 4 min. duration can easily be obtained. 
The burning carbon tends, however, to mask the color 
of the substances looked for. While this is of no con
sequence in spectroscopic tests, it is of vital importance 
in direct vision work. It is possible to eliminate the 
carbon flame partly by supporting a burner horizon
tally on a stand, and bringing the upper edge of the 
paper wick barely within the bottom portion of the 
flame. The salt solution is vaporized and colors the 
flame with a minimum consumption of paper.

A  clean iron nail not less than 3 mm. in diameter will 
be found to be of value in these tests. Owing to the 
relatively large surface offered by the head of the nail, 
the latter seems peculiarly adapted for this purpose. 
The nail can be easily cleaned and burned free from 
sodium, and in general the spectra of the iron salts do 
not interfere.

• Chem. 4&J., 13 (1919), 3115 .
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E. T . W h e r r y . Studying P lan t D istribution  w ith H ydrogen Ion  Indicators. 
C .  H . A . C l o w e s . Adsorption of Alkaloids.
O . H . P i e r c e . T he Chem ical R esources of the  S t  Louis D is tric t

AG RICULTURAL AND FOOD CH E M ISTR Y  D IV ISIO N

C . E . C o a t e s , Chairman T . J . B r y a n , Secretary
1. C . E . C o a t e s . Louisiana M olasses and  Sirup.
2. G e o r g e  D b f r b n . T he Use of R efined Edible Lactic Acid in Food

Products.
3 . H . S. G r in d l b y . PreUm inary Feeding E xperim ents w ith P igs to

D eterm ine the  Nutritive Value of the  Amino Acids of the  P ro teins 
of Feedingstuffs. (L antern.)

4. C. T . D o w e l l . P ro teins of Pecans.
5. F r bd  H . S m ith . Body F a t of H ogs F ed  on P eanu ts .
6. J . W. R e e d . An Accurate and Rapid D ry Com bustion M ethod for the

S im ultaneous D eterm ination  of Soil Organic M atte r and  O rganic 
Carbon.

7. J. W . R e ed  a n d  R . H. R id g e l l . T he Actual Carbon C ontent of Soil
Organic M atter and  Its  R elation to the  Use of Conventional Factor.

8. W . D . R ic h a rd s o n . Lim itations of the  W hite R at as  an  Experim ental
Animal.

9. W . D . R ich a r d so n . M am m alian vs. Avian D ietary  Experim ents.
10. H e r b e r t  B a i l e y  a n d  W . D. B a l d s ie f e n . T he E ther Insoluble

H exabrom ides of P u re  and  A dulterated  Linseed Oils.
11. J. S. H u gh es  a n d  E. F . F e r r in . T he Relative Nutritive Value of

Alfalfa a s  a  Supplem ent to a  D iet of Corn and T ankage and  Kaffir 
and Tankage.

12. J a y  B a r to n . D ata on B acterial Count of Beverages in M issouri.
13. C. O. S w a n so n . Hydrocyanic Acid P resen t in Sudan  G rass.
14. C . O. S w an so n  an d  W . L . L a t sh a w . Effect of Alfalfa on the  Sulfur

of the  Soil in Comparison with G rain Crops.
15. L. H . A l m y  an d  E. F ie l d . T he Preservation  of F ish  Frozen in Chilled

B rine. I —T he P en e tra tio n  of Salt.

BIOLOGICAL C H EM ISTR Y  D IV ISIO N  

R i A. G o r tn e r , Chairman  A. W . D ox, Secretary
1. C. O. Joh ns  a n d  H . C. W a t e r m a n . Some P ro teins from  th e  G eorgia

Velvet B ean, Stizolobium Deeringianum. (L antern .)
2. C. O. J oh ns  a n d  A . J. F in k s . T he D eficiency of. Cystine in  P ro teins

of the  G enus Phaseolus. (L antern.)
3. P . A. K o b b r . Studies on N eoarsphenam ines.
4. R . A . G o r tn er  an d  G e o r g e  E. H olm . On the Colorimetric E stim a

tion of Tyrosin by Folin’s  Pheno l R e a g e n t
5. G e o r g s  E. H olm  an d  R . A . G o r t n e r . O n the  Origin of the  H um in

Form ed by the  Acid H ydrolysis of P rotein . VI—The Effect of Acid 
H ydrolysis upon Tryptophane.

6. M . X . S u l l i v a n  an d  R . E. S t a n t o n . T he Alkali R eserve in Pellagra.
7. S. L. J o didi, S. C M o u lto n  an d  K . S. M a r k l b y . T he M osaic D isease

of Spinach as C haracterized by its N itrogen C onstituents.
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8. B. M  D u g g a r . T he Effect of Conditions on the  R elation of Seed
P lan ts  to H -Ion C oncentration of N utrien t Solutions.

9. W . H . C h a m b e r s . T he Relation of D extrose to H -Ion  Concentration
with Bacillus Coli.

1 0 . R i c h a r d  D .  B e l l  a n d  E d w a r d  A .  D o i s y .  T h e  D e t e r m i n a t i o n  o f
Small Am ounts of Chlorine in T issues.

11. H . E. P a t t e n  a n d  T .  O .  K e l l e m s .  Pectin  Studies. I —Effect of
Pectin  on the  H ydrogen Ion  Concentration of Acid and  of Alkaline 
Solutions.

1 2 . P .  A .  S c h a f f e r .  T he O xidation of Acetoacetic Acid by H ydrogen
P eroxide in the P resence  of Glucose.

13. A . W  D o x  a n d  L e s t e r  Y o d e r .  Influence of Ferm entation  on the
Starch  C ontent of Experim ental Silage.

14. A. D. E m m e t t  a n d  M a b e l  S t o c k h o l m .  W ater-Soluble /S-Vitamines:
Are the  A ntineuritic and  the G row th-Prom oting V itam ines the 
Same?

15. A . D . E m m e t t  a n d  M a r g u e r i t e  S t u r t e v a n t .  The Fat-Soluble A.
V itam ine and Xerophthalm ia.

16. C. R . M o u l t o n . Biological C hanges in the  F lesh  of Beef Animals
during P artia l Starvation.

17. J . S. H u g h e s  a n d  F .  E. F o x . Scurvy in Poultry.
1 8 . J. S .  H u g h e s  a n d  J . B .  F i t c h .  T he Relation of the  V itam ine C ontent

of Feed to the  V itam ine C ontent of M ilk Produced.
19. V i c t o r  E .  L e v i n e  a n d  E b e n  J . C a r e y .  Studies in  Em bryo-C hem istry.

I —T he Enzym es of the  Em bryonic P ancreas. A. Lipase.
2 0 .  V i c t o r  E. L e v i n e .  A New T es t for Sugar in th e  Urine.
21. E d g a r  J .  W i t z e m a n n .  D isodium  P hosphate  as  a  Specific C atalyst

for the  Q uantitative O xidation of Glucose to C arbon Dioxide with 
3 P e r cent H 1O2.

22. H a r p e r  F .  Z o l l e r .  T he Standardization  of th e  Borax Solubility
T est for Commercial Casein and  Its  Application. (L antern.)

23. H a r p e r  F . Z o l l e r .  T he P recipitation of G rain Curd C asein from
P asteu rized  M ilk Including P asteurized  Sw eet C ream  B utterm ilk. 
(L antern.)

2 4 .  M a n s f i e l d  C l a r k ,  H a r p e r  F . Z o l l e r ,  A .  O .  D a h l b e r g  a n d  A . C .
W e i m e r .  Grain Curd Casein. ( L a n t e r n . )

25. H a r r is o n  H a l e . Chlorine as a  “ F lu”  Preventive.
26. H o w a r d  B .  L e w i s  a n d  L u c i e  E .  R o o t .  T he Synthesis of Lysine in

the O rganism  of the  W hite R at.
* 2 7  C. H .  B a i l e y  a n d  A .  M .  G u r j a r .  R espiration  in C ereals. I I— The 

Respiration of Sprouted W heat. ( B y  title .)
2 8 .  C. H .  B a i l e y  a n d  A .  M .  G u r j a r .  R espiration in  C ereals. I H —T he

R espiration of R ice P ad d y  and  M illed Rice. (By title .)
29. C. H .  B a i l e y  a n d  A .  M .  G u r j a r .  R espiration in  C ereals. IV—The

R espiration of Frosted  W heat P lan ts . (By title .)
30. C. H .  B a i l e y  a n d  A .  M .  G u r j a r .  R espiration in  C ereals. V—T he

R espiration of W heat P lan ts  In fected  with S tem  R ust. (By title .)
3 1 .  S. D .  W i l k i n s  a n d  R .  A .  D u t c h e r .  T he Etiology of L im berneck in

Fowls. (B y title .)
32. S .  D .  W i l k i n s  a n d  R .  A .  D u t c h e r .  T he R elation  of V itam ines to the

D evelopm ent of Sex O rgans in Cockerels. (By title .)
33. V . E. N e l s o n  a n d  A .  R .  L a m b .  T he Effect of V itam ine D eficiency on

Various Species of Animals. I —T he Production  of Xerophthalm ia 
in the  R abbit. (By title.)

3 4 .  E. I .  F u l m e r ,  F .  S .  S h e r w o o d  a n d  V .  E. N e l s o n .  T he Role of Vita
m ines in the  G rowth of Y east. Are V itam ines E ssential?  (B y title .) 

■35. W . P . B o vie . A Correction of Two Previous P apers: (1) R ate  of
Recovery from  th e  Action of Fluorite  Rays. (2) Sensitization to 
H e a t D ue to Exposure to Light of Short W ave Lengths.

36. W . P . B o vie . T he G raphical R epresen tation  of H ydrogen Ion  Con
centration.

37. W . P . Bo v ie . Som e N otes Concerning Form ol T itration  of N itrogen.

D Y E SE C T IO N

C h a r l e s  L .  R e e s e ,  Chairman R .  N o r r i s  S h r e v e ,  Secretary
1. S . A . T u c k e r . D ye P a ten ts  of the  Chem ical Foundation, Inc.
2 .  W . F .  M e g g e r s  a n d  F .  J . S t i m s o n .  D yes for Photographic Sensi

tizing. (L antern .)
-3. J . F .  R a g s d a l e . Anthranilic Acid, P u rity  and  T ests  of the  Com

m ercial Product.
4. L. A. W att. O rtho-chlor-para-toluol Sulfonate, P u rity  and  T ests  of

the  Com m ercial Product.
5 . L a u n c b l o t  W. A n d r e w s .  U ses of Form ic and  Oxalic Acids in  the

D yeing Industry .
6 . G e o r g e  H b y l . Synthetic D yes as Applied to Chem icotherapy and

M icroscopy.
7. R o b e r t  E . R o s e .  D ye R esearch .
8. I .  M .  B e r n s t e i n .  T he H ydrogen Exponent in th e  C lassification of

Indicators and  Som e of I ts  Applications.
9 .  F . L .  E n g l i s h .  Application of TiCla in  Analysis of In te rm ed ia tes.

10. C. L . K n o w l e s . Som e Physical C onstants of P u re  Aniline. (By
a b s t r a c t . )

11. E . Q. A d a m s . T he A bsorption Spectra of the  N itric E s te rs  of Glycerol.
(L antern .)

1 2 .  L. A. M i k e s k a .  T etram ethylquinolines. (L antern .)

13. J . A . A m b l e r . N aphthalene Sulfonic Acids. Som e Difficultly Soluble
Salts of N aphthalene Sulfonic Acids. (L antern .)

14. J . A . A m b l e r . A M ethod for the  Q ualitative D etection  of Som e
N aphthalene Sulfonic Acids. (L antern .)

15. C. E. S e n s b m a n . T he P repara tion  of Disulfonic Acids from  B enzene
M onosulfonic Acid. (L antern .)

16. H . L. H a l l e r . S ynthesis of syro-Xylidine. (L antern .)
17. M a x  P h i l l i p s  a n d  H . D. G i b b s . Alkali Fusions. H —T he Fusion

of Sodium  B enzene D isulfonate w ith Sodium  H ydroxide for the 
P roduction of Resorcinol.

18. M a x  P h i l l i p s  a n d  H . D . G i b b s . A Synthesis of Thym ol from  />-
Cym ene. (L antern.)

19. K . P . M o n r o e . The Vapor P ressu re  of Phthalic  A nhydride. (L antern .)
20. K . P . M o n r o e . A New Source of Furfu ral and  an Investigation of the

P repara tion  and Properties of “ Furfural G reen .” (L antern .)
21. R o b e r t  E. H u s s e y . T he P rese n t Independence of A m erican Syn

thetic Dyes and How It W as Accomplished.

IN D U S T R IA L  AND E N G IN E E R IN G  C H E M IS T R Y  D IV IS IO N

H . D . B a t c h e l o r , Chairman H . E. H o w e , Secretary
I — Symposium on Cellulose Chem istry

1. J e s s i e  E. M i n o r . T he M echanism  of the  R eactions of Cellulose.
2. S. A . M a h o o d . Som e Observations on the  D eterm ination  of C ellulose

in  Wood.
3. R . C. W o o d b r id g e , J r . N itrocellulose from  Wood Pulp.
4. J . O. S m a l l  a n d  C. A . H i g g i n s . N otes on the  M anufactu re  of N itro

cellulose.
5. G. J . E s s e l e n . C ertain  Aspects of the  Chem istry of Cellulose Acetate

from  the Colloidal Viewpoint.
6. H . E. H ow e. P ro jec ts  of the  Prelim inary  C om m ittee on Am erican

Cotton R esearch .
7. J a s p e r  E. C r a n e . Is  I t Advisable to Form  a  Section of Cellulose

C hem istry?
8. L. F . H a w l e y . Som e O bservations on the  D eterm ination  of Cellulose

in Wood.
9. H . A . L e v e y . Cellulose P h th a la te : I ts  P reparation  and  P roperties.

I I—Papers
1. C l a r e n c e  W. B a l k e . Effect of Im purities on the  M etallurgy  of

T ungsten.
2. W . D . T u r n e r  a n d  K. K . K e r s i i n e r . Separation and Exam ination

of th e  Isom ers of Xylene.
3. H . L. D u n l a p  a n d  K . K . F i s c h l o w i t z . Preparation  of Fu rfu ra l from

Corn Cobs.
4. H . L. D u n l a p  a n d  K .  K .  K e r s h n e r . Carbonization of M issouri

C annel Coals.
5 . W . D. C o l l i n s . Problem s in Specifications for R eagen t Chem icals.
6. T h o s . B . F r e a s . T h e  Standardization  of Laboratory A pparatus and

In stru m en ts  in R espect to Quality, Shape, Size, and Packing.
7. I . N . K u g e l m a s s . Recovery of the  G rease from  the Soapy W ash

W aters in  Laundering.
8. I . N . K u g e l m a s s . A Rapid Soap D issolving-D istributing System .
9. M e r l b  R a n d a l l . T he Recovery of Iodine from  Kelp.

10. V ic t o r  L e n h e r . Selenium  and  Tellurium .
11. W . J . H a l e . A P lan  for Incentive to R esearch  in P u re  and  Applied

Chem istry.
12. A . M . C o m e y . T he Economic S tatus of the  Chem ist. (L antern .)
13. E d w a r d  J . M a h i n . Crystal Growth in B earing M etals. (L antern .)
14. F . W . B u s h o n o . T he Specific H eat of Pe tro leum  a t D ifferent T em 

pera tu res. (L antern .)
15. D . R . S p e r r y . T he Application of the  F ilter P ress  to P rob lem s in

Chem ical Industry .
16. D . T . S h a w . Chem ical Corrosion.
17. W . D. R ic h a r d s o n . The Solution of M eta l in Acids as  R elated  to

Corrosion.
18. W . D . R ic h a r d s o n . A Suggested Basis for an  Index  of Corrosion

for Iron  and Steel.
19. W . D. R ic h a r d s o n . A New Type of Catalyzer for th e  H ydrogenation

of Oils and  O ther Purposes.
20. F . C. V lL B R A N D T , S. L. S lIE N B F lB L D  AN D  JAM ES R. W lT H R O W . Sul-

fites a s  S tandards for Oxidizing R eagents.
21. D . C. M a p b s . T he C rystalline S tructu re  of Paraffin  Wax.
22. C. K . F r a n c i s . M id-C ontinent G asoline.
23. J .  C u l v e r  H a r t z b l l . T he R elation of C hem istry (Analytical and

Therm al) to the Fabrication  of Steel.
24. J . C u l v b r  H a r t z b l l . The Relation of the  Electric Furnace to the

Fabrication of C arbon and Alloy S teels , w ith Special R eference to the 
Chem ical and  Physical Changes Produced.

25. O. L. B a r n e b b y . Industria l U ses of Activated CharcoaL
26. E d w a r d  J . M a h i n . Inclusions and  F errite  C rystallization in S teel:

I I— Solubility of Inclusions.
27. H e r b e r t  B a i l e y  a n d  C. B . E d w a r d s . T he D eterm ination  of the  Spe

cific H eat of H eavy M ineral Oils.
28. W. C . H o l m e s . T he F reezing Po in ts of M ixtures of Sulfuric and

Nitric Acids. (B y title .)
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29. W . C. Co p e . S trength  and Velocity of D etonation of Various M ilitary
Explosives. (By title .)

30. J . W . T u r r e n t i n e .  Potash  and Reconstruction. (By title.)
31. J . W . T u r r e n t i n e .  The Experim ental K elp-Potash  P lan t of the U. S.

D epartm ent of Agriculture. 2nd R eport. (B y title .)
32. A l f r e d  R .  P o w e l l .  A Study of the Reactions of Coal Sulfur in the

Coking Process. (By title.)
33. A l f r e d  R . P o w e l l .  T he D esulfurizing Action of H ydrogen on Coke.

(By title.)
34. A l f r e d  R . P o w e l l .  T he Analysis of Sulfur Form s in Coal. (By title .)

L E A T H E R  C H E M IS T R Y  SE C T IO N
L o u is  E . L e v i ,  Chairman W i l l i a m  K l a b b r ,  Secretary

1. J o h n  A r t h u r  W i l s o n  a n d  E r w i n  J .  K e r n .  T he T rue Tanning
Value of Vegetable Tanning M aterials.

2 . J o h n  A r t h u r  W i l s o n  a n d  E d w i n  A . G a l l u n .  T he N eutral Salt
Effect and Its  B earing upon L eather M anufacture.

3 . E r w i n  J .  K e r n .  T he D eterm ination  of Sulfate in Sulfonated Oils.
4. A r t h u r  W . T h o m a s .  A New M ethod for the D eterm ination of Sulfuric

Acid in Leather.
5. A r t h u r  W. T h o m a s  a n d  M . J . K e l l y .  Tim e Factor in the  Adsorption

of the  C onstituents of Chrom i-Sulfate Solutions by H ide Substance.
6 . A r t h u r  W  T h o m a s  a n d  S. B. F o s t e r .  T h e  Conductivity T itration of

Chrome Liquors.
7. I. N e w t o n  K u g e l m a s s .  Physico-Colloidal In te rp retations of the

Tanning and Tawing P rocedures.
8. E d w a r d  E .  M a r b a k e r .  T he Currying of L eather for Belting.
9. L o u is  E . L e v i .  Chem ical W ork in the  Tannery.

O R G A N IC  C H E M IS T R Y  D IV IS IO N
E .  E m m e t  R e i d ,  Chairman R o g e r  A d a m s ,  Secretary

1. W .  D .  T u r n e r  a n d  A .  M .  H o w a l d .  M ethylam ines from  Carbinol
and Ammonium Chloride.

2. K .  K .  K e r s c h n e r  a n d  W. D . T u r n e r .  T he Synthesis and  Physical
C onstants of Benzene and Toluene Sulfonam ides.

3. T . C. W i i i t n e r ,  J r . ,  a n d  E .  E m m e t  R e i d  A Sulfide Alcohol.
4 .  Y. U y e d a  a n d  E .  E m m e t  R e i d .  A Sulfide Acid.
5. R .  E . R i n d f u s z  a n d  V. L. H a r n e c k .  Heterocyclic Compounds from

N-Arylam ino Alcohols.
6 . I . N . H u l t m a n ,  A n n e  W. D a v i s  a n d  H .  T . C l a r k e .  Use of the  Auto

m atic Separator in  Organic P reparations.
7. W . L .  L e w i s  a n d  W . V . E v a n s .  C ondensed Rings Containing Arsenic.
8. R o g e r  A d a m s ,  O. K a m m , H . T . C l a r k e  a n d  J. B. C o n a n t .  A Co-opera

tive P am phlet on Organic Chem ical P reparations.
9. R o g e r  A d a m s  a n d  J . B. S e g u r .  The P reparation  and  Physiological

Action of Oxazolidones and Their Decom position into S ubstitu ted  
/3-Amino E thyl Alcohols.

10. R o g e r  A d a m s ,  H. E . F r e n c h  a n d  L. H . U l i c h .  The R eaction betw een
A ldehydes and  Acid H alides.

11. O l i v e r  K a m m  a n d  C. S. P a l m e r .  T he K aufler-C ain Form ula for Di
phenyl Derivatives.

12. O l i v e r  K a m m  a n d . J .  H . W a l d o . /S,/3-Dichlorodiethyl E ther: T he
Oxygen Analog of M ustard  Gas.

1 3 . A . W . H o m b b r g e r  a n d  M . B o r r i e s .  Chlorination of Acetone.
14. C .  W . C u n o .  T he Use of a  C hart in Studying Organic Chem istry.
15. H e n r y  G i l m a n .  T he M echanism  of Som e R eactions Involving the

G rignard R eagent.
1 6 . L. C. R a i f o r d .  T he N itration of C ertain H alogenated Phenols.
1 7 . R a l p h  C  H u s t o n .  T he Action of Aromatic Alcohols on Phenols in

the  P resence  of A luminum Chloride.
18. A r n o l d  E . O s t e r b e r g  a n d  E. C. K e n d a l l .  D erivatives of Cyclo-

hexane.
19. H . C. P . W e b e r . T he Form ulation of Organic R eactions under the

E lectron Conception of Valence. Reaction of Form aldehyde.
20. V i c t o r  E. L e v i n b .  A New Color R eaction for Phenols B ased upon the

U se of Selenious Acid.
21. V i c t o r  E. L e v i n e .  A N ote on the D ifferentiation of Acetic Anhydride

from  Glacial Acetic Acid.
2 2 .  H i l t o n  I r a  J o n e s .  T he Poly-phenyl E thers.
23. H a r p e r  F . Z o l l e r .  Oxalyl Chloride in the  Synthesis of Triphenyl-

m ethane Dyes.
2 4 . F r e d  W .  U p s o n .  The Decomposition of A mines a t H igh T em peratures.
25. T . B . A l d r i c h .  The Benzoic Acid E ste r of T richlortertiary Butyl

Alcohol.
26. T r e a t  B .  J o h n s o n  a n d  P. G. D a s c h a v s k y .  The Utilization of W aste

in Silk Fibroin, (By title.)
2 7 .  T r e a t  B. J o h n s o n ,  A r t h u r  J .  H i l l  a n d  E r w i n  B. K e l s e y .  The

Conversion of A nilidesof Chloroacetic Acid into K etide-Iso th iocyanates. 
(By title.)

28. T r e a t  B. J o h n s o n  a n d  J .  B. F i s h m a n .  T he C ondensation of For
m aldehyde w ith o-Nitrophenol. (B y title.)

2 9 .  A r t h u r  J .  H i l l  a n d  J . J . D o n l e a v y .  The Alkylation of Aromatic
Amines by H eating  with Alcohols. (By title.)

30. T r e a t  B. J o h n s o n  a n d  L. A. M i k e s k a . The Search for P resso r Sub
stances in the Pyrim idine Series. (By title .)

31. W m . L .  E v a n s  a n d  L i l y  B e l l  S e f t o n .  The Oxidation of Isopropyl
Alcohol by M eans of Alkaline P otassium  P erm anganate.

PH A R M A C E U T IC A L  C H E M IS T R Y  D IV IS IO N

CnAR LEs E. C a s p a r i , Chairman  E d g a r  B. C a r t e r , Secretary
1. J u l e s  B e b i e .  Stability  of C hloram ine Antiseptics.
2. C a r l  N i e l s e n .  Chem istry and Pharm acology of the Chloram ines.
3. W i l b u r  L .  S c o v t l l b .  Colorimetric E stim ation of A drenalin.
4 . H .  V . F a r r .  Im proved M ethods for Arsenic Estim ation.
5. L .  A .  W a t t .  The M elting Po in t and the  D eterm ination  of F ree  Sali

cylic Acid in Acetyl Salicylic Acid.
6 . H e r b e r t  C .  H a m i l t o n .  Biological M ethods for D igitalis Assay.
7. E .  H .  V o l l w e i l e r .  R esearches on Hypnotics.
8. R o g e r  A d a m s .  R esearches on Anesthetics.
9. C h a s . B a s k e r v i l l e . Wood Alcohol and Prohibition.

10. G . II . A . C l o w e s  a n d  A .  L .  W a l t e r s .  D rug Absorption in the  In 
testinal Tract.

PH Y S IC A L  AND IN O R G A N IC  C H E M IS T R Y  D IV IS IO N

W m . D. H a r k i n s , Chairman  H . N . H o l m e s , Secretary

I — Colloid Symposium
1. J e r o m e  A l e x a n d e r .  Some Practical Applications of Colloid Chem 

istry .
2. W i l d e r  D .  B a n c r o f t .  G elatinous Precip itates.
3 . M a r t i n  H. F is c h e r . T he Colloid Chem istry of Soaps.
4. J o h n  A r t h u r  W i l s o n .  Vegetable Tanning as a  Colloid Chem ical

Process.
5 . A .  V .  B l e i n i n g e r .  Ceram ics from the  Colloid Viewpoint.
6 . W .  D .  H a r k i n s .  Surface Energy.
7. A r t h u r  W .  T h o m a s .  N om enclature in Colloid Chem istry. A P lea

for Reform.
II—Papers

1. G e r a l d  L .  W e n d t  a n d  A . C .  G r u b b .  A New Form  of Active Nitrogen.
2. G e r a l d  L .  W e n d t ,  R o b e r t  S  L a n d a u e r  a n d  A .  C .  G r u b b .  T he

Ozone Form  of H ydrogen at Atm ospheric P ressu re . T he Form ation 
of Ammonia.

3 . S .  C .  L i n d  a n d  L .  D .  R o b e r t s .  New D eterm ination  of the  A bsolute
Value of the  R adium :U ranium  Ratio.

4. S .  D u s h m a n  a n d  I r v i n g  L a n g m u i r .  A G eneral T heory  of C hem ical ’
Reactivity, Calculations of R eaction Velocities, Equilibrium  C onstants, 
and  Vapor P ressu res.

5. W . A .  N o y e s  a n d  G e o r g e  I I .  C o l e m a n .  The D irect Com bination of
N itrogen and Chlorine.

6. W i l b e r t  J . H u f f .  T he C auses and Prevention  of A fter-Corrosion
on the  Bores of F irearm s.

7. J . B . F e r g u s o n  a n d  A .  F .  B u d d i n g t o n .  T he B inary System , A ker-
m anite -G ehlen ite . (Lime, M agnesia, Alumina, Silica.)

8. E .  W .  P o s n j a k  a n d  H. E .  M e r w i n .  T he System  FeiOa-SOa-HaO.
9. J a m e s  K e n d a l l . The Ionization of Strong Electrolytes.

10. J . H .  M a t h e w s .  H eats  of Vaporization. (Lantern.)
11. R .  O .  E .  D a v i s ,  L .  B .  O l m s t e a d  a n d  F .  O .  L u n d s t r u m .  T he Vapor

P ressu re  of the  A m m onia-Lithium  N itrate System . (L antern.)
12 R .  O .  E .  D a v i s ,  L. B . O l m s t e a d  a n d  F .  O .  L u n d s t r u m .  T he Vapor 

P ressu re  of the  Am m onia-Calcium N itra te  System . (L antern.)
13. R .  B .  S o s m a n  a n d  H .  S .  R o b e r t s .  M agnetic Properties of D ilute

Solutions of C ertain M etallic Oxides in Silicate G lasses. (L antern.)
14. F a r r i n g t o n  D a n i e l s  a n d  A r t h u r  C .  B r i g h t .  P ressu re  M easure

m ents of Corrosive G ases: The Vapor P ressu re  of N itrogen P e n t-
oxide. (L antern.)

15. F .  O. A n d e r e g g .  The Form ation of Ozone and N itric Acid from  Air
in the  H igh Frequency Corona. (Lantern.)

16. W . S .  H e n d r i x s o n .  Electrom etric T itration of Iod ides and  a  P rac tica l
Potentiom eter for Such W ork. (L antern.)

17. W i l l i a m  D .  H a r k i n s .  T he Existence of the  N ucleus of the  M eta -
H ydrogen, the  Possible P resence  of M eta-H ydrogen in H ydrogen, 
and the  Evidence W hich Indicates th a t the  E lem ents M agnesium , 
Silicon, N ickel, Copper, Zinc, and  O ther E lem ents of the  Atomic 
N um bers from  28 to 80 (M ercury) Are M ixtures. T he Function o f 
B inding and C em enting E lectrons. (Lantern.)

18. J a m e s  C .  M c C u l l o u g h .  A M ethod of W elding Therm ocouples in
the Electric Arc.

19. H a m i l t o n  P .  C a d y ,  H o w a r d  M c K e e  E l s e y  a n d  E m i l y  V .  B e r g e r .
The Solubilities of Helium .

20. I. N .  K u g e l m a s s .  W ashing in H ard  W ater in the P resence  of Colloidal
Organic Hydrosols.

21. H a r r y  N .  H o l m e s .  M ineral O il-Soap Jellies as a Foundation  for
G reases.

22. S .  E .  S h e p p a r d  a n d  F e l i x  A .  E l l i o t t .  A Photom etric M ethod for
the S tudy of Colloids and  Some Applications to G elatine.

23. G .  H .  A .  C l o w e s .  Protoplasm  and Fuller’s E arth .
24. A r t h u r  M u t s c h e l l e r .  On Colloidal A dsorption: The H eterogeneous

Equilibrium  betw een Colloids and Ions.
25. F e l i x  A .  E l l i o t t  a n d  S .  F .  A c r e e .  A New Form  of H ydrogen Elec

trode Apparatus.
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26. F e l i x  A .  E l l i o t t  a n d  S. F .  A c r e b .  Prelim inary  Note on the  Use of
the  H ydrogen E lectrode for M easuring  the  Separate  Ionization 
C onstants of Polyacids and B ases; Specifically T artaric  Acid.

2 7 .  F e l i x  A .  E l l i o t t  a n d  S .  F .  A c r e e .  The Use of th e  H ydrogen Elec
trode in M easuring  the  Ionization of Acid Salts.

2 8 .  A l a n  W .  C. M e n z i e s .  A Surface Condensation E rror in C ertain
M easu rem en ts of Vapor P ressu re  by the  Gas C urrent Saturation  
M ethod.

2 9 .  A l a n  W .  C .  M e n z i e s .  T he Explanation of the  T am m an-Schottky-
P artington Anomaly.

30. A l a n  W .  C .  M e n z i e s .  A D ifferential T herm om eter.
3 1 .  A l b e r t  F .  O .  G e r m a n n .  T he Crystallization of G lass: A Surface

Phenom enon. T he R epair of Crystallized G lass Apparatus.
32. W i l l i a m  D .  H a r k i n s  a n d  C. E . B r o e k e r .  The Separation of the

E lem ent Chlorine into Chlorine and M eta-Chlorine.
3 3 .  W i l l i a m  D .  H a r k i n s  a n d  L e s t e r  A r o n b e r o .  A Force, Apparently

D ue to M ass, Acting on an  Electron, and  the N on-Identity  of Isotopes 
in Spectra and  O ther P roperties.

3 4 .  E r i c  K .  R i d e a l .  R adiation and  Chem ical Reactivity.
3 5 .  A l b e r t  G .  L o o m i s .  A S tudy of the  System  A m m onia-M agnesium -

M ercury.
36. R a l p h  E .  H a l l .  T he Influence of P ressu re  on the  Electrolytic Con

duction of Aqueous Solutions.
37. C . J . R o t t m a n n . A New Form  of P ortab le  S tandard  Cell.
3 8 .  H a r r y  B .  W e i s e r .  H ydrous Oxides. I I — H ydrous A luminum Oxide.
3 9 .  H a r r y  B .  W e i s e r .  Factors D eterm ining the  D egree of R eversibility

of P recipitation of Colloidal H ydrous Oxides.
40. H a r r y  B. W e i s e r  a n d  E v e r e t t  E .  P o r t e r .  Spontaneous Evaporation.
41. W i l l i a m  D. H a r k i n s  a n d  Y. C .  C i i e n o .  Negative Surface Energy.
42. W i l l i a m  D .  H a r k i n s  a n d  A .  M o r t o n .  T he Form ation of Ammonia

from  N itrogen and H ydrogen in the Corona.
43. M e r l e  R a n d a l l  a n d  C. C. S c a l i o n b .  T he E lectrical Conductivity

of D ilute Aqueous Solutions of the  Alkali H ydroxides.
44. M e r l e  R a n d a l l .  T he P artia l M olal Volume of the  C onstituents in

Solutions of Electrolytes.
4 5 .  H . H . W i l l a r d  a n d  R .  K .  M c A l p i n b .  A Revision of the  Atomic

W eight of Antimony. Prelim inary  Report.
46. H .  H .  W i l l a r d  a n d  D o r o t h y  H a l l .  A Separation and  Volumetric

D eterm ination  of Cobalt.
4 7 .  H .  H .  W i l l a r d .  A New Form  of Filtering  Crucible.
4 8 .  L .  J .  D e s i i a .  Q uantitative M easu rem en t of Fluorescence.
4 9 .  W m . H .  B l a n c h a r d .  N otes on the  D eterm iiiation of Chrom ium  ^ s

Chromic Oxide.
5 0 .  V i c t o r  E .  L e v i n e .  The P repara tion  of Colloidal Selenium .
51. C h a s .  W. C u n o .  A T heory  of Catalytic Action.
52. W . M . S t e r n b e r g .  Som e Applications of Sodium  Peroxide in Analy

tical Chem istry.
5 3 .  J . H .  H i l d e b r a n d ,  P .  S .  D a n n e r  a n d  B .  M .  B u r c h f i e l d .  The

Conductivity of E thyl Alcohol.
54. H . S .  F r y .  Electronic Form ulas of M etal-Am m ines. (By title.)
5 5 .  G e o r g e  W .  S e a r s .  The Separation  and D etection of A rsenate and

A rsenite. (By title.)

R U B B E R  D IV IS IO N
W . K .  L e w i s ,  Chairman A r n o l d  H .  S m i t h ,  Secretary

1. D iscussion of Report of C om m ittee on “ Physical T esting .”
2. W . K .  L e w i s  a n d  W m . H .  M c A d a m s .  Brom ine A ddition to R ubber.
3. J . M .  B i e r e r .  Relative Value of Shoddy in M echanical R ubber

Goods.
4 .  W . K .  L e w i s .  Recovery of Volatile Solvents in the R ubber Industry .
5 .  W . J. K e l l y .  The D eterm ination  of T rue F ree and  T rue Combined

Sulfur in Vulcanized R ubber.
6 . S .  W .  E p s t e i n .  Analytical D eterm ination  of the  Coefficient of Vul

canization.
7 . G .  D .  K r a t z  a n d  A . H .  F l o w e r .  Sm all Amounts of M agnesia and

C ertain Organic S ubstances as Accelerators.
8. W . K .  L e w i s  a n d  F .  P .  B a r k e r .  D ispersing Pow er of P igm ents.
9 .  C .  O .  N o r t h .  The Effect of Compounding Ingred ien ts  on the  Physical

P roperties  of R ubber. (L antern .)
10. H .  J . M a s s o n  a n d  I r e n b  D i n e r .  M icroscopic Exam ination of R ubber

Products . (By title .)
11. E .  B .  S p e a r .  R ubber C hem istry from  the Colloidal Viewpoint.
12. Sym posium  on the  T esting  of P igm ents. Led by W . W .  E v a n s .

SU G A R  SE C T IO N
C .  A . B r o w n e ,  Chairman  F r e d .  J .  B a t e s ,  Secretary

1. S .  J .  O s b o r n .  Chem ical Control in the B eet Sugar Industry .
2. C . A .  B r o w ’n b .  T he T esting  of Saccharim eters by M eans of the

Telescopic Control Tube.
3 .  C . A .  B r o w n e .  O bservations upon the Use of D ifferent Types of

Saccharim eters.
4 .  W a l t e r  L .  J o r d a n .  The F iltra tion  of Sugar Ju ices and Sirups.
5 . F .  W .  Z e r b a n .  The Clarification of Cane Juice  with D iatom aceous

E arth  and Decolorizing Carbon.
6 .  G .  P .  M e a d s  a n d  J .  B .  H a r r i s .  T he H ess-Ives T in t Photom eter

and Its  U se with Raw Sugars.

7. N . K o p e l o f p  a n d  H . Z. E . P e r k i n s . D eterioration  of C uban Raw
Sugar in  Storage.

8. N o e l  D e e r r . T he D evelopm ent of the  Polarim eter.
9. A . F. B l a k e . Changes in the  Analytical R atios of Sugar during  R e

fining.
10.. W. D . H o r n e . Boneblack and Decolorizing Carbons.
11. N . K o p e l o f f  a n d  L il l ia n  K o p e l o f f . T he Production  of the Gum ,

Levan, by M old Spores.
12. V . L .  A i k e n . T he D eterm ination  of M oisture in B eet Sugar Factory

Products.

WATER, SEWAGE AND SAN ITA TIO N  D IV ISIO N

J. W.' E l l m s , Chairman W . W. S k i n n e r , Secretary
1. E d w a r d  B a r t o w . Sewage D isposal C om m ittee of the N ational

R esearch  Council.
2. R . E . G r e e n f i e l d  a n d  G . C. B a k e r . R elation of H -Ion  C oncentra- 

* tion  and  Carbon Dioxide in N atural W aters.
3. G . C. B a k e r . Preparation  of A m m onia-Free W ater.
4 . W. W. S k i n n e r  a n d  J. W . S a l B. Sewage T rea tm en t a t Fort M yer.
5 . M . S t a r r  N ic h o l s . The N itra te  Content of 500 W aters W hich W ere

Considered Potable  from  a Bacteriological Standpoint. (L antern .)
6. H a r r y  E . J o r d a n . Seasonal V ariations of Bacterial Flora during

Filtration Process.
7. W . W . S k i n n e r  a n d  J. W. S a l e . A Study of Sewage and  T rade W astes

a t B ridgeport, Conn.

A M E R IC A N  E L E C T R O C H E M IC A L  SO C IE T Y

The Spring M eeting, held at Boston, April 8 to i o, 1920, was one 
of the best meetings of recent years. A  well-prepared program 
of nearly fifty papers was the main attraction, supplemented by  
visits to plants and social features of unusual drawing power. 
As a result, over two hundred and fifty members of the Society 
signed the register, and all the features of the meeting were well 

attended.
Over forty of the papers were available as preprints, thus 

adding materially to their intelligent discussion, and rendering 
unnecessary the tedious reading of papers in  exlenso by a 
laboring author to a usually bored audience.

The sessions of Friday, April 9, were held jointly with the 
American Institute of Electrical Engineers.

The Thursday session, held in Huntington Hall, Rogers Build
ing, one of the old "Technology” buildings, opened with the 
annual business meeting of the Society. Professor Talbot  
welcomed the visitors on behalf of the Institute. The treasurer’s 
report .showed that income just about balanced expenditures 
in 1919, even when including under the latter item $2,000 in
vested in Victory Loan bonds. W ith annual dues still at five 
dollars, the Society is certainly establishing for itself an enviable 
record for economical management in these days of strenuous 
financing to meet the acid test of H. C. L. The secretary’s 
report showed an increase of membership in 1919 of 306, due 
largely to the successful activity of Mr. Schluederberg, chairman 
of the membership committee. The present membership is 

over 2400.
The tellers of election reported on the voting for new officers 

as follows:

President: W . S. Landis, Chief Technologist of the  American C yanam id 
Com pany.

Vice Presidents: J . A. M athew s, P residen t of the Holcomb Steel Com
pany , L. E. Saunders, M anager of A brasive P lan ts  of th e  N orton  Com
pany , A. T . H inckley, Chem ist of th e  N ational C arbon C om pany.

Managers: Colin G. F ink , R esearch D irector of the Chile Exploration
Com pany, Acheson Sm ith , P resident of the  Acheson G raph ite  Com pany,
H . B. Coho, Business Engineer of th e  N ational Lead Com pany.

Treasurer: P . G . Salom, of Philadelphia.
Secretary: J . W . R ichards, Professor of M etallurgy a t  Lehigh U niversity .

The question of the Society’s approving the establishment of 
the metric system as the only legal standard of weights and 
measures in the United States was brought up and b y  motion 
referred to a referendum of the Society, as a guide to the Board 
of Directors in taking action for the Society. President Ban
croft announced the death, in February, of Prof. H. S. Carhart, 
who was the second president of the Society in 1904-5.



5°4 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  V o l .  12,  N o .  5

The scientific business of the meeting began with an address 
by the retiring president, Prof. Bancroft, on "C ontact Catalysis,”  
which reviewed thoroughly the history and present status of 
this knotty problem. It  will be found intensely interesting by  
everyone seeking light on these little understood phenomena. 
This was followed by a "Symposium on Colloid Chemistry,”  
which contained some notable contributions. H ulett and N el
son, in a long and brilliant paper, brought forward experimental 
proof that so-called graphitic acid is a colloidal oxide of carbon. 
T h ey assign it the formula C 40 or C11O3, and describe its prop
erties. Selvig and Ratliff, of the Bureau of Mines (Pittsburgh), 
discussed the analytical determination of graphitic carbon in 
various materials. W. C. Moore described examples of selective 
adsorption b y  the bacteria B . pyocyaneus— an essentially col
loidal action. W . A. Deane, of the Dorr Concentrator Company, 
discussed at length “ settling” problems, showing how they in
volved the detailed utilization and application of all the informa
tion we possess about the principles of colloid chemistry; in 
fact, the practical observations of M r. Deane go far to explain 
some so-far unexplained colloid phenomena, such as the strati
fication of settling solutions. M r. Deane has made a splendid 
contribution to applied colloidal chemistry. The other papers 
presented at this session were: Goodwin and Knobel, on the 
effect which alternating current, superposed 011 direct current, 
has on the over-voltage of hydrogen; Holler and Ritchie, on the 
concentration of hydrogen ions in dry cells, and its effect on the 
voltage of the cells; Maclnnes, Adler and Joubert on the exact 
chemical reactions taking place in the lead accumulator, in which 
they proved that no higher oxide than PbOi is formed; Wm. R. 
M ott, on flame colorations and condensed coatings obtained by  
introducing substances into the arc. The last paper dealt with 
several new methods of detection of elements, particularly the 
rarer ones, and is highly commended as rich in new analytical 
data of wide practical application.

After lunch, taken in the Walker Memorial Building at the 
new Institute of Technology group in Cambridge, the afternoon 
session was held in one of the numerous fine lecture rooms, the 
particular one selected happening to have "Faraday” inscribed 
over its portal. W ith an assembly which taxed the capacity  
of the hall, many students of “ Tech” and Harvard being present, 
the following papers were read and discussed: W . S. Landis, 
on the new cyanide formed b y  fusion of calcium cyanamide with 
salt and some calcium carbide, in a quick-melting electric fur
nace, forming a mixture of calcium chloride and sodium cyanide 
(25 to 40 per cent of the latter), which is sold and used for its 
cyanide content only; C. J. Rottman, on exact and quick de
termination of carbon in ferro-alloys— a difficult analytical 
problem, and T . D. Yensen, on a new method of determining 
carbon in iron, consisting in condensing the carbon dioxide 
produced in liquid air and afterwards evaporating the solidified 
carbon dioxide in an evacuated space, the pressure produced 
allowing determination of the carbon in the specimen to 0.001 
per cent; L. T . Richardson, 011 the influence of enclosed slag on 
causing corrosion of iron, showing that it  has practically no 
influence; Langdon and Grossman, on the effect of sand-blast 
cleaning and acid pickling on the properties of steel, showing a  
decided decrease of its resistance to rapid alternating stresses;
C . H. Brace, on the details of producing calcium electrolytically 
on a commercial scale, in a special form of fused-salt electrolyzing 
apparatus; G. J. Sargent, on electrolytic chromium plating, 
showing how deposits up to one centimeter thickness have been 
obtained; Mathers and Sowder, on bronze plating, describing 
two baths which work industrially; Hartman, Hougen and 
Kobler, of the Carborundum Company, on the resistance of 
twelve different special refractory materials to spalling, as tested 
by spraying when hot with cold water, and to abrasion, as tested 
when hot b y  grinding against a cold carborundum wheel. Sev
eral of the above papers led to lively discussion, particularly 
that on the corrosion of iron.

After this session, many of the visitors were guided through 
the magnificent new buildings of .the Institute, while a consider
able number stayed behind discussing with the Electric Furnace- 
Association the training of men for runnijig electric furnaces. 
This topic was discussed with great fervor until it  was time to- 
adjourn for dinner.

In the evening, Arthur D. Little, Inc., was host to the Society 
at its model industrial research laboratories in Cambridge. The  
museums, library, laboratories and semi-commercial plant in- 
the basement were admired by a gathering which literally filled 
the building. Later, there were speeches and singing and a good 
deal of fun, with unlimited smokes, and Professor Armstrong, 
of the Institute, entertained most charmingly with a pictorial- 
account of hunting with a camera in the wilds of N ew  Brunswick. 
He delighted and enthused his audience b y  his breezy account 
of a most fascinating summer vacation.

Friday was set for joint sessions with the American Institute  
of Electrical Engineers. The program was a morning session’ 
with a Symposium on Electrically Produced Alloys, an afternoon 
trip to the General Electric Works at Lynn, an informal subscrip
tion dinner, followed by an evening session.with a Symposium on- 
Power for Electrochemical Purposes. President Bancroft was 
chairman at the morning session, and President Townley of the- 
Electrical Engineers, in the evening. The 250 electrochemists,, 
together with about 150 electrical engineers, crowded the meet
ing place— the Swiss Room of the Copley Plaza Hotel— to its full' 
capacity, discussion was active, and the occasion was indeed a 
notable one.

A t the morning session, in the Symposium 011 Electrically- 
Produced Alloys, the following papers were read and discussed: 
H. E. Howe, a review of the fundamental problems in alloys- 
research, particularly reciting the physical and chemical data, 
which are needed for thoroughly studying alloys and alloying 
phenomena; R. J. Anderson and C. B. Gibson each discussed 
the broad outlines of the ferro-alloy industry, its rise and present 
commercial importance, and the technique of the general prob
lem of producing ferro-alloys; B. D. Saklatwalla described th e  
ferrovanadiuin industry, giving occasion for some pungent 
discussion of the limits of supply of vanadium and its commerciar 
exploitation; F. A. Raven described the physical properties and 
chemical uses of ferrosilicon; E. S. Bardwell, ferromanganese;; 
Alcan Hirsch, ferrocerium; R. M . M ajor, nickel chromium and 
similar alloys; R. C. M cKenna, on producing high tungsten 
high-speed steel in the electric furnace, resulting in considerable- 
discussion of the best form of electric furnace for getting a good 
mixture of these slowly alloying metals; E . Haynes, on cobalt- 
chromium alloys, known as stellite, used as high-speed cutting 
tools and for surgical instruments; T . D. Yensen, on the magnetic- 
and electric properties of iron-nickel alloys; Hunter and Bacon 
on similar properties of iron-titanium alloys. Finally, C . F. 
Harding related his experiments in fixing the nitrogen of the- 
air b y  a silent discharge process which is a t present of very low 
efficiency (one per cent) but which, contains the promise of' 
better things.

The trip to Lynn was made in eight electric cars, directly 
from and returning to Copley Square, both societies being in-- 
vited guests of the General Electric Company. A  printed 
itinerary gave all the details of the visit with great accuracy,, 
and it was carried out according to plan with military precision. 
While duly impressed b y the magnitude of the Lynn plants,, 
some of the more critical visitors were not as favorably impressed 
b y the details of execution of the work in some parts of the plants;, 
the Heroult electric steel furnace, however, appeared to be- 
casting steel dead— melted "to  the queen’s taste;”  this operation' 
was given unstinted commendation.

The informal dinner was attended by about a hundred and’ 
fifty, and was graced b y  the presence of our life-long friend,. 
Professor Elihu Thompson.

The evening session was almost a crush. The Symposium.
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on Power for Electrochemical Purposes was calculated to draw 
out every electrical engineer and every electrochemist within 
possible reach of Boston. Chairman Townley divided the 
program into three groups, viz., papers treating on the general 
question, discussion of specific electric furnace requirements, 
and presentation of the advantages of specific power sites. 
In the first class came the following: J. L. Harper, discussing 
the general requirements of power by electrochemical industries 
of -various kinds; E . A . Wilcox, on the central station man’s 
view of electrochemical customers and their requirements; 
A . Smith, on abuse of power demands by electric furnace opera
tors, in particular the necessity of controlling excessive surges 
on the lines. In the second class, H. L. Hess discussed the re
quirements of electric steel furnace plants; H. A. Winne the use 
of reactors on electric furnace circuits to reduce the momentary 
surges or ppaks in the power demands; J. A. Seede, on automatic 
controllers for regulating arc furnace electrodes so as to stabilize 
the current. In the third class of papers, C. T . M aynard de
scribed the power available at Rumford Falls, Maine, only two 
hundred miles from Boston; F. F . Fowler, the water powers of 
the Pacific Coast, developed and potential; J. W . Beckman, the 
power developments of Norway and Sweden, showing how far 
these countries have out-distanced the United States in develop
ing their power for electrochemical industries.

The Saturday morning session in the new Lecture Hall at 
Harvard University was lively and interesting. Professor T . W . 
Richards— "Atom ic W eights” Richards— gave the visitors a 
hearty greeting. The proceedings included the following: 
J. W . Richards— "Metallurgical Calculations” Richards—  
described the Soderberg self-baking, continuous electrode, 
which is already extensively used in Europe and is being installed 
on some ferrosilicon furnaces at Anniston, Alabama; C. A. K el
ler’s paper on synthetic, electric-fumace pig iron, described the 
great importance this product attained in France during the 
war, in utilizing steel turnings and producing cast-iron shells; 
E. F. Kern described experiments on reducing manganiferous 
silicate slags in an electric furnace to silico-spicgel; P. B. Short, 
a ‘ step-induction regulator of new form for electric furnaces;

F R E N C H  G A S W A R FA R E '

Little b y  little the mysteries of the great battle are being 
cleared up. Soon all the secrets will be known. To-day those 
of the murderous gas warfare are disclosed b y  Colonel Vinet, 
head of the office of chemical research at the Ministry of War.

Our enemies first used this barbarous weapon on April 22, 
1915, on the Belgian front between Bixschoote and Langemark. 
A t  five o’clock in the evening, a heavy cloud of greenish vapor 
appeared over the German trenches and, pushed along b y a 
light wind, covered the French lines. The assaulting waves 
followed. An entire division of the tenth army was overcome. 
Our men were seized with violent coughing fits and suffocated. 
M any held firm but paid for their resistance with their lives.

Germany had once more flagrantly violated the laws of war. 
On July 22, 1899, at the Hague she had indeed signed the inter
national convention prohibiting combatants to "spread asphyx
iating or poisonous gases.”

This attack most evidently took us by surprise. W e had to 
improvise everything. The task was pressing. W e had first 
of all to seek the means to protect our soldiers against these 
poisons, then give them the means to retaliate.

M . Kling, director of the Municipal Laboratory of the C ity  
of Paris, was hurriedly called to the front, and after a quick 
survey gave the preliminary instructions with decided far
sightedness. The means at hand had to be used— wads of 

1 T ransla tion  of an  article by  Lucien Chassaigne in  Le Journal, 
Paris, F eb ruary  24, 1920.

C. J. Weed, the general application of the electric furnace to 
metallurgy; L. B. Lindemuth described in detail the position of 
the electric furnace in manufacturing steel, concluding that it is 
the most flexible and most generally useful of all steel-making 
apparatus; H. M . St. John, on the evolution of the electric brass 
furnace. Some statements in the last paper as to advantages 
and power required for melting brass were questioned by Mr. 
Winder, giving rise to a very lively interchange of opinion 
between Messrs. Gillette, Baily, FitzGerald, Hering, Richards, 
and others, which, in general, substantiated the statements in 
the paper.

After the session. Professor Richards invited those present 
to inspect the Gibbs Research Laboratory, which opportunity 
was eagerly accepted. Lunch followed at the Harvard Union, 
and then a visit to the Huff Electrostatic Separator plant at  
Arlington closed the program. The visitors found the last item  
very instructive and interesting.

Thus Boston and the Electrochemical Society came together 
for the third time, to their mutual profit and advantage.

I ,e:i;h : h  U n i v e r s i t y  J. W . R IC H A R D S
S o u t h  B b t h m : h b m , P a .

April 13, 1920

C A LEN D A R  O F M E E T IN G S

American Pharmaceutical Association— Annual Convention, 
Washington, D. C., M ay 6 to 8, 1920.

Society of Cotton Product Analysts— n th  Annual Convention, 
Grünewald Hotel, New Orleans, La., M ay 10 and i i ,  1920.

National Foreign Trade Council— Convention, San Francisco, 
Cal., M a y  12 to 15, 1920.

National Fertilizer Association— 27th Annual Convention, 
W hite Sulphur Springs, W. Va., week of June 21, 1920.

American Institute of Chemical Engineers— Semi-Annual M eet
ing, Montreal, June 21 and 22; Ottawa, June 23; Shawinigan, 
June 24 and 25; L a Tuque, June 26, 1920.

Sixth National Exposition of Chemical Industries— Grand 
Central Palace, N ew  York, N . Y ., September 20 to 25, 1920.

cotton saturat'd with hyposulfite of soda, ordinary goggles to 
protect the eyes. A n appeal was then sent to the chemists and 

the work was soon organized.
A  commission for chemical research was created, happily real

izing the importance of its role, and jostling a little the estab
lished bureaucrats who were a little wary of these things which 
they had not foreseen. E very source was utilized, and the 
young school of French chemistry showed itself equal to its 
task. The Pasteur Institute, the School of Pharmacy, the 
Sorbonne, the College of France, the Conservatory of Arts and 
Trades, the F aculty of Medicine, all cooperated with ardor in 

the necessary research work.
Three sections were established: Studies on the front, di

rected by M . Kling; studies of means of offense, directed by  
Professor Mouren; and studies of means of protection, directed 
by Professor Vincent. Intimate relations were also established 
with general headquarters, which had started a gas warfare 
service, and had nominated "officers, army chemists.”  In 1917 
this service became interallied, and soon we were ready for both 
attack and defense.

Germany, in April 1915, had employed simple liquid chlorine 
escaping from metallic cylinders in which it had been com
pressed. In June, bromine first put in its appearance, being 
used in projectiles fired from mine throwers. I t  was from this 
time on that gases were used in artillery projectiles. The first 
serious use was in the Argonne, a t the Bois de la Gruerie. Suc
cessively, new compounds, of which formaldehyde and chlorine

NOTES AND CORRESPONDENCE
■ -_____________________________________ —~
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were generally the bases, were used b y  the enemy. A  salvage 
service allowed us to make investigations very quickly so as to 
determine the exact nature of these products, their physiological 
action, and to deduce the therapeutics and the means of effective 
protection.

These last arrived at a fine degree of perfection. Our sol
diers, wearing their masks, could in the last months of the war 
remain without inconvenience several hours in an atmosphere 
containing a high percentage of poisonous gases. Horses, dogs, 
and carrier pigeons, all had their protective devices.

From September 1915 to September 1918, 12,400,000 masks 
of different models were manufactured and delivered. From  
August 1915 to April 1916, 10,000,000 pairs of goggles were 
also delivered.

The effort to find means to retaliate was no less active. B e
ginning in September 1915, during the Champagne offensive, 
we used again the German shells loaded with tetrachlorosulfide 
of carbon, the only product which we had in sufficient quantities.

Messrs. Urbain and Lebeau then invented a gas with hydro
cyanic acid base, calling it "Vincennite,” which produced instant 
mortal action, but which our chiefs through an excess of human
itarian scruples, which were indeed superfluous, decided not to 
employ. The same decision was arrived at for phosgene, used in 
the beginning of the Battle of Verdun in February 1916, and 
which produced a panic which is recorded in the German orders 

of the day.
The chemists, not discouraged, then turned their efforts to

wards other products of chlorine or formaldehyde. Finally  
the choice fell on a product which the Germans had first used in 
July 1917 at the Battle of Ypres, and which was called for that 
reason “ Yperite,”  and which is chemically a sulfide of dichlor- 
ethyl. This possesses both toxic and blistering qualities.

The manufacture, despite the great difficulties and the dan
gers which it entailed, was pushed fast. Eleven factories made 
the necessary chlorine, and up to the armistice' had produced
24.000 tons. In the seven months, from April to November 
1918, 2,172,334 shells for the "75,” 90,810 for the "105,” and 
142,035 for the "15 5 ” had been loaded with yperite.

In all, there had been loaded and fired against the enemy
13.193.000 "7 5 ” shells, 3,930,000 heavy shells and trench bombs, 
and 1,140,000 grenades loaded with gas. W e have, besides, 
ceded 8,000 tons of asphyxiating gases and over a million loaded 
projectiles to our allies.

These figures are enough to show what a formidable effort 
was made by our French scientists and manufacturers, an 
effort of which they may be justly proud, and how well merited 
was the glorious citation given by Marshal Petain to the chem
ical services in the war.

C H E M IC A L  P R E P A R E D N E S S

Editor of the Journal o f Industrial and Engineering Chemistry: 

Some time ago you gave a talk before some of the chemists 
of our company assembled in the library. A t  that time it oc
curred to me that in spite of receiving encouragement from 
such men as yourself to keep up our good work, there has been 
one phase of the general subject of patriotic protective activities 
not generally considered.

It  is doubtless true that as a body of highly trained scientists 
the American chemists can easily adapt themselves to possible 
war-time activities, but most of us are really very far from 
knowing just what we can best do in an emergency. W hat a 
chaotic condition is bound to follow when a few thousand men 
are all suddenly attempting to produce something new and to 
learn how to do it at the same time!

To parallel the general agitation for universal military train
ing, why should not the A m e r i c a n  C h e m i c a l  S o c i e t y  and the 
large chemical industries get behind the development of a val

uable system of peace-time education of their chemists for the 
pursuit of definite, coordinated and specialized activities in 
times of possible war? How many of us know anything definite 
about the manufacture of phenol, picric acid, ethylene, mustard 
gas, formaldehyde, acetone or wood alcohol, nitrogen fixation, or 
about large-scale work upon such fundamental processes as 
nitration, sulfonation, etc., to say nothing of many other tech
nical processes, doubtless of great war-time importance?

It has occurred to me that the American chemical industry 
might in part repay the country for its many recent advance
ments if in peace-time in connection with the Government it 
should adopt a policy of lending its chemists two weeks each 
year for the purpose of pursuing special studies in "chemical 
war technology.” A  so-called "Chemical W ar College” would 
in fact be more of a university with its various specializing 
"colleges” made up of the laboratories and plants .of actually 
functioning industrial plants in various parts of the country. 
If the chemists were to be loaned the Government then the 
Government might pay traveling expenses and any peculiar 
living expenses necessarily incurred by the "war technology” 
student during his course of training. It would not be many 
years before we would have in this country an army of chemists 
each of whom would know exactly what his duty should be, 
where he should go, w ith what he would have to work, and how 
to go about his task in any emergency. These men should be 
classified and their names and records kept on file, each being 
subject to emergency call for technical or scientific service at 
proper salary.

Would it not be worth while to give this matter some discussion 
in the columns of the J o u r n a l ?

N a t i o n a l  A n i l i n e  &  C h e m i c a l  C o .  C. A. L v i 'O R D
B u f f a l o , N .  Y „  A p r i l  3 ,  1 9 2 0

D E C E N N IA L  C E LE B R A TIO N  F O R  T H E  F O R E S T  
P R O D U C T S  LA B O R A T O R Y

The Madison Association of Commerce and Forest Products 
Laboratory have made preliminary arrangements for the cele
bration at Madison of the tenth anniversary of the opening of 
the Laboratory. Present plans call for a two-day meeting 
during the latter part of June, with addresses by men of national 
reputation in science and industry, a banquet, tours of inspec
tion through the laboratory, informal discussions, and various 
forms of entertainment. Detailed arrangements will be an
nounced later.

The Forest Products Laboratory is a branch of the United 
States Forest Service, established in 1910 in cooperation with the 
University of Wisconsin, and is a consolidation of a number of 
testing laboratories and other units of the Forest Service which 
had been located at various points throughout the United States. 
It  is engaged principally in industrial research on problems 
connected with the manufacture and use of forest products, 
including beside lumber, posts, poles, ties, and similar products, 
pulp and paper, naval stores, hardwood and softwood distilla
tion products, and other chemicals and pharmaceuticals. A t  
the present time the laboratory employs about 200 people and 
occupies five buildings in whole or in part.

A M E R IC A N  FE L L O W S H IP S IN F R E N C H  U N IV ER SITIE S

The Society for. American Fellowships in French Universities 
offers each year for open competition among graduates of 
American colleges and other suitably qualified candidates, 25 fel
lowships to encourage advanced study and research in French 
universities. Fellowships of the amiual value of $1,000 are 
granted for one year and are renewable for a second year. 
Application blanks and further information m ay be obtained 
from the Secretary, Dr. I. L. Kandel, 576 Fifth Ave., N ew  
York City.
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FIR E  CAU SED  B Y  Y E L L O W  P H O S P H O R U S

Editor o f the Journal o f Industrial and Engineering Chemistry: 

Recently two notes appeared in your J o u r n a l  about fires 
caused b y  yellow phosphorus. In this connection I wish to relate 
a similar occurrence in our building. All stock chemicals of con- 
bustible nature are kept in a fireproof vault which is arranged 
with shelves made of concrete. The vault is heated with a steam  
radiator regulated to 55° F. with a thermoregulator. On the  
evening of February 12, 1920, the steam pipe in the vault burst 
and the escaping steam melted the yellow phosphorus in the 
cans and bottles. One bottle containing 3 lbs. of phosphorus 
broke and the molten phosphorus being on the top shelf, dripped

Caught in the cross currents of politics, filibuster and straight 
out-and-out opposition to its provisions, the dye bill is still 
before the Senate awaiting action.

The last month has seen but few favorable developments of 
importance in matters of keen interest to the chemical world 
which are pending in Washington. The delay in action on the 
dye bill promises to be lengthy and the chances of failure to get 
action this session are growing. The army reorganization bill, 
appropriation bills, peace resolution, and perhaps the soldier 
bonus measures will all get right of w ay in the Senate over the 
dye bill, under present plans.

An effort may be made by Senator Watson to get the measure 
up within the near future, but whether he will try sufficiently 
hard to succeed will depend largely upon the result of a con
ference which he is to have with Senator Penrose, chairman 
of the Finance Committee, at the latter’s home in Philadelphia 
in the near future. Senator Penrose, who has been absent for 
several months in Florida because of ill health and only recently 
returned to Philadelphia, is a high protectionist and, of course, 
in favor of protecting the dye industry, but he has not given 
any opinion as to the merits of the measure the committee re
ported out. It  is to get his support of the committee measure 
and have him exert his very powerful influence on the Senate 
to remove much of the obstruction tactics that the conference 
has been decided on.

A  peculiar situation has developed among the Republicans. 
Western senators, through a filibuster which showed itself on 
the floor when the bill enjoyed its fleeting consideration of a day, 
just prior to the taking up of the Treaty by the Senate for the 
second time, have succeeded in forcing the Finance Committee 
to report out tariff measures it had been determined to "smother’’ 
for this session. Since then, they have been at work trying to  
assure action on the floor on these measures and have nsed 
obstructionist tactics against the dye bill as a means of bringing 
pressure to win their point.

Several amendments to the bill are pending. The United 
States Tariff Commission in a report made to the Finance 
Committee on the Moses amendment criticizes it and states that 
it is unworkable in certain of its provisions. The Moses amend
ment would eliminate the embargo provisions of the committee 
bill and substitute therefor a system of special tariffs. It  is 
practically an anti-dumping measure. Senator Keyes, also of 
N ew  Hampshire, has introduced four amendments to the 
committee bill, upon the assumption, however, that the 
bill will be adopted without very material changes. His amend
ments are designed to afford more certain and greater protection 
to the dye consumer by changing the phraseology of the bill 
in places.

Senator Thomas, Democrat, of Colorado, has proposed as an 
amendment to the dye bill a measure imposing a tax equal to 
one hundred per cent 011 all political contributions of more than 
a thousand dollars. He has attempted to get action on this 
measure several times without success. He has been accused 
of indulging himself in sarcastic humor in this move. Needless 
to say, the dye bill has been the target of many charges hurled 
by opponents, who charge that possible campaign contribu
tions have had the effect of enlisting supporters. It is also 
needless to say that charges of "lo b by” and the crew of ad
ditional charges and innuendoes that usually accompanies the 
first, have been made in connection with other tariff measures 
pending, few of them escaping.

Favorable report also has been made by the Finance Committee 
on Senator Smoot’s anti-dumping measure. It has been sug

down and ignited. The fire caused only slight damage as it was 
soon extinguished with sand.

Whenever yellow phosphorus is received in cans it should be 
immediately transferred to glass-stoppered bottles containing 
water. Such glass containers should be placed in pails or other 
receptacles containing water and these in turn imbedded in sand. 
The container should always be kept on the floor and never on 
shelves. Periodic inspection of combustible substances of this 
nature will help to avoid future fires.

A l e x a n d e r  L o w y
S c h o o l  o p  C i i k m i s t r y  

U n i v e r s i t y  o p  P i t t s b u r g h  
P i t t s b u r g h ,  P a . ,  M a r c h  1 8 , 1 9 2 0

gested that this be made an amendment to the dye bill, but 
plans were changed and it was reported as a separate measure. 
While it is not proposed as a substitute for any section of the 
dye bill, it is interesting to note that Senator Smoot several 
times has expressed the opinion that anti-dumping legislation, 
supplemental to a high protective tariff, would be adequate to 
protect the dye industry. Although not an ardent supporter 
of the committee bill. Senator Smoot is not radically opposed to it, 
however, and will support it when it comes to a vote, accord
ing to those in charge of the bill.

As the situation stands at the present time the outlook for 
action on the bill in the near future is dark; while chances of 
action on the laboratory and scientific instruments bill are 
considerably less at this session. The same is true of other 
tariff measures. Only strong pressure upon members of the 
Senate to convince them of the necessity of enacting legisla
tion to protect the industry can bring any action, unless the 
Penrose-Watson conference results in the strong support of the 
former. There are many senators who would vote for the bill 
if brought up for action, but the fact that we still are technically 
at war, with war-time restrictions in force, has been a potent 
argument in the hands of those Republicans who arc opposed to 
an y tariff legislation until after election.

The Senate at the present time is engaged in consideration 
of the army reorganization measure, which was passed recently 
b y the House. Establishment of the Chemical Warfare Ser
vice as a separate department of the Arm y was provided for in 
the bill as it passed the House, and although the Senate has not 
yet acted finally on the provisions of the bill, it also will accord 
to this important warfare machinery the recognition it should 
have by making it a separate department, instead of placing 
it as a sub-division of another department as was proposed by  
General March, Chief of Staff.

Following hearings which brought scientific and technical 
men from all over the country to testify before the committee, 
the House passed the Nolan bill providing for reorganization 
of the United States Patent Office. This measure is now pending 
in the Senate Patents Committee of which Senator Norris is 
chairman. The bill provides for a general reorganization of the 
patent office, and increases the pay of the staff so as to prevent 
complete disintegration through resignations. Hearings were 
held on the bill on April 8, but no action was taken by the com
mittee at that time, because of lack of a quorum. Senator 
Norris is now in Nebraska and is expected to return here the 
latter part of April. Present plans are for the prompt calling of 
the committee and an immediate favorable report to the Senate, 
where it is proposed to press it for passage at this session.

St. John Perret, chief of the W ar Trade Board Section of the 
Department of State, has left here and is now in Europe, where 
he is acting as the representative of the United States in the 
allocation of the German dyestuffs through the allied com
missions provided for in the Treaty.

Latest official advices are to the effect that there is a prospect 
of the dock strike, which has tied up shipping at Amsterdam  
and Rotterdam for many weeks, being broken. Officials state  
that practically all of the dyes obtained from Germany through 
the reparations commission and under the option obtained by  
Dr. Charles H. Herty, from the German chemical cartel, are 
now in Rotterdam awaiting shipment. T hey have been there 
for several weeks, arriving just about the time the strike was 
begun. Shipping has been paralyzed however and it has been 
found impossible to move them. Once the strike is ended the 
barrier will be removed and the dyes will come forward to this
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country. Only a small percentage of the dyes were returned to 
the German factories because of failure to come up to the stand
ards required, advices state.

In its program of economy, the keynote of which has been 
cutting of appropriations allowed Government departments, 
Congress has severely cut the appropriations allowed the Bureau 
of Standards. The House, in cutting the estimates presented

The Bureau of Mines reports the results of investigations on 
electric sparking in mines from lightning. A  remarkable ex
plosion of fire-damp was recently caused by a discharge of light
ning at the Sitalpur coal mine, India, and numerous accidents 
have been caused b y  lightning entering by shot-firing wires. 
Suggestions are made as to precautions to be taken in wiring, 
in order to prevent such accidents.

Cibucao wood, which is imported from the Philippines to 
China, is largely used in the preparation of dyes for coloring 
cheap papers such as those used in the manufacture of fire 
crackers and cheap stationery. The Chinese process of ex
tracting the dye is very crude and wasteful, but the business is 
closely controlled by a strong syndicate which regulates the 
value of the manufacture and the price of the product.

The Bureau of Mines report on Petroleum Refineries in the 
United States indicates that the petroleum refinery capacity of 
the United States is considerably overbuilt. Refineries now 
have a total rated capacity over 50 per cent in excess of the re- 
finable oil supplies, and when refineries now being constructed 
are completed the excess may reach 80 per cent. In 1919 the 
oil runs were 361,520,153 barrels of crude oil, or 990,466 barrels 
per day.

The attar of rose production by Bulgaria has shown a heavy 
drop since the First Balkan War in 1912, the production falling 
from more than 126,Soo oz. in 1912 to 52,000 oz. in 1919, with  
a probable further decrease in 1920. The acreage planted to 
roses has decreased about 25 per cent in this time. During the 
war large stocks remained unsold in Bulgaria until early in 1919, 
when a considerable part of the stock was sent to the United 
States in exchange for flour. It  is estimated that the present 
available stock in Bulgaria hardly exceeds 50,000 ounces.

A  joint A rm y-N avy Board has been created by the Secretary 
of War and the Secretary of the N a v y  for the purpose of co
ordinating the various helium gas activities. The Bureau of 
Mines of the Department of the Interior has been invited to have 
a representative meet with this board.

Representative Graham of Illinois, chairman of the Com
mittee on W ar Expenditures, which is investigating the govern
ment’s nitrate and explosive manufacturing operations, recently 
told the House that the Nitro explosive plant near Charleston, 
W . Va., which cost the Government $70,000,000, has beens old 
to the Charleston Improvement Co. for $8,550,000, payable in 
installments in about 10 years. The company, Representative 
Graham said, is holding the property for the purpose of invest
ment and speculation.

The Far Eastern Division of the Bureau of Foreign and 
Domestic Commerce reports that the outlook for American dyes 
in Japan is good. American dyes do not suffer in manu
facture on account of the humidity of the climate, which prevents 
effective crystallization in the dye products of some coun
tries.

Tests made years ago at the Forest Products Laboratory 
indicated that sodium fluoride might be successfully used as a 
wood preservative because it had high toxicity, was not injurious 
to metal, and was convenient to handle. Tests extending over 
5 years on sap-pine ties used in a mine in Birmingham, Alabama, 
and on red oak ties in the tracks of the Baltimore and Ohio 
Railway Company show that ties treated with sodium fluoride 
remain in as good condition as those treated with zinc chloride, 
both showing very little deterioration. Ties treated with creo
sote were in still better condition, while untreated ties were in 
various advanced stages of decay.

The Senate has passed the bill authorizing the Federal Trade 
Commission to administer inventions for public welfare.

The National Research Council has received a gift of $10,000 
from the Southern Pine Association to pay for the incidental 
expenses of a scientific study by a number of investigators, under 
the advice of the Research Council’s special committee on for
estry, of the re-growth of trees or cut-over forest lands, with the 
aim of determining the best forestry methods for obtaining the 
highest productivity.

b y the House, pruned so well that the appropriation allowed is 
less than sufficient to maintain the present work of the Bureau. 
The Senate refused to materially increase the House appro
priations. This will mean that the Bureau cannot carry out 
some of the plans for extending the work and in some instances 
must cease work it is now' doing.

A pril 14, 1920

The United States Civil Service Commission announces a 
competitive examination for analyst in the Bureau of Mines, 
Pittsburgh, Pa., at $1,200 to $1,500 a year, open to both men 
and women. A bility to make routine analyses of coal, calori- 
metric experiments, and analyses of ores is required. Applicants 
must be high school graduates and have had three years’ analy
tical experience in a chemical laboratory, or have had three years' 
college training which included quantitative analysis. Appli
cations must be filed with the Civil Service Commission, Wash
ington, D. C., on or before M ay 11, 1920.

The United States Civil Service Commission announces an 
examination for metallurgist at the Engineering Experiment 
Station, N aval Academy, Annapolis, M d., at $7.60 per day. 
Applicants must be college graduates who have majored in 
chemistry, engineering or metallurgy, and have had one year’s 
experience in the use of the microscope in the examination of 
metals. Applications must be filed with the Civil Service 
Commission, Washington, D. C., on or before M ay 11, 1920.

The United States Civil Service Commission has announced 
an examination for surveillance inspector in the Ordnance D e
partment a t Large, a t $1,600 to $2,400 a year. Appointees 
whose services are satisfactory may be allowed the temporary 
increase of $20 a month. The duties of appointees will be general 
supervision of storage and testing of smokeless powder, high ex
plosives and loaded ammunition, making stability tests on smoke
less powders and high explosives, and inspection of explosives 
in storage. Graduation from a standard high school and two 
years of experience with smokeless powder and explosives are 
required. Applications must be filed with the United States 
Civil Service Commission, Washington, D. C., b y  M ay 11, 1920.

The specifications recommended by the Inter-Departmental 
Committee for the Standardization of Paint Specification in the 
purchase of paint for government use show two significant 
features: the recognition by paint technologists of the increasing 
importance of zinc oxide, and the latitude of the specifications. 
Less than ten years ago no zinc oxide was used by the Govern
ment except in the navy and lighthouse service, while now battle
ship gray pigment is 60 per cent zinc oxide.

The Technical Review describes investigations recently made 
in Switzerland on the use of acetylene as a motive power for 
automobiles. Two-stroke, four-stroke and Diesel engines were 
used, with a mixing valve which allows for the variation of the 
amount of air to be added to the gas. Comparisons of a motor 
using gasoline and acetylene are given. W ith acetylene the 
motor is less liable to overheat and the cylinders and valves keep 
unusually clean. Oil consumption is heavy when pure acetylene 
gas is used, but if a small amount of warm water is drawn into 
the cylinders in the form of a spray, the consumption is less than  
with gasoline.

Sixteen new' companies were chartered during the month of 
February 1920 for the production and distribution of chemicals, 
with a total capitalization of more than twelve and a half millions.

The Bureau of Mines has issued a report on the motor gasoline 
situation, embodying the results of investigations of the motor 
fuel supply of the United States. The number of automobiles 
in service increased about 1700 per cent from 1909 to 1918, 
while the production of gasoline increased 560 per cent, and the 
production of crude oil only 95 per cent. Because of the great 
demand for kerosene, it is unlikely that the quantity of gasoline 
can be increased by making it less volatile than now. The ex
traction of gasoline from natural gas is approaching its maximum. 
The supply of fuel oil from which gasoline m ay be obtained by 
cracking is sufficiently large, although the demand for fuel oil 
has increased rapidly and the price has more than doubled, but 
the process of cracking is expensive and would be unprofitable 
without a further increase in the price of gasoline. The use of 
alcohol as a motor fuel will probably increase, as well as the use 
of benzene produced from coal tar. The solution of the problem 
will probably be found in the designing of an automobile engine 
which will use fuel oil satisfactorily, since this will be the most 
efficient way of using fuel oil, and the supply of motor fuel will 
be limited only by the total supply of fuel oil.

INDUSTRIAL NOTES
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The Bureau of Mines, Department of the Interior, has recently 
issued a complete statement of coal-mine fatalities in the United 
States during 1919. The report shows a reduction of 10.58 per 
cent in fatalities as compared with 1918, although there was 
an increase in accidents due to gas and dust explosions. While 
the actual number of fatalities is considerably less than in 1918, 
the ratio on a tonnage basis is slightly higher.

The Bureau of Crop Estimates, Department of Agriculture, 
reports the area of winter wheat planted in foreign lands as fol
lows: Spain, 9,511,000 acres, or 109 per cent of the 5 year 
average from 1914 to 1918; France, 11,369,000 acres, or 89.5 
per cent of the 5 year average; Roumania 1,321,000 acres, or
28.1 per cent of the 5 year average; British India, 27,429,000 
acres, or 85.9 per cent of the 5 year average. The condition of 
cereals is good.

A National First-Aid and Mine-Rescue Contest will be held 
under the auspices of the Bureau of Mines, Department of the 
Interior, at Denver, Colorado, August 20 and 21, with a view  
toward stimulating the safety movement among the mines and 
metallurgical plants of the country. Teams from the principal 
mining companies of the country will participate in the contest 
for the national championship in first-aid and mine-rescuc work, 
and cups, medals and prizes will be awarded to the winners. 
Arrangements are being made to hold at the same time and place 
the annual meetings of the R ocky Mountain Coal Mining Insti
tute, the Colorado M etal Mining Association, the American 
Alining Congress and other mining associations. M r. D. J. 
Parker, of the U. S. Bureau of Mines, Pittsburgh, Pa., is in charge 
of the arrangements for the contests.

The Bureau of Mines has prepared a report on diatomaceous 
or infusorial earth, showing its uses, method of preparation, 
chemical composition of various samples, and distribution of 
deposits in the United States. Contrary to the general impres
sion, diatomaceous earth is not confined to the western part of 
the United States, but is well distributed in many eastern 
states.

Westinghouse, Church, Kerr &  Co., Inc., engineers and con
structors, have recently been merged with Dwight P. Robinson 
& Co., Inc., constructing and consulting engineers, of N ew  York  
City. The new company which will be called Dw ight P. Robin
son and Co., Inc., will have executive offices at 61 Broadway, 
New Y ork City.

The American-Scandinavian Foundation has established 
twenty traveling fellowships, each with a stipend of $1,000 to 
$1,200, to be awarded to men and women of American birth for 
technological research and humanistic study in the Universities 
of Sweden, Denmark, and Norway. Ten students will be sent 
to Sweden, and five each to Denmark and Norway, for a period 
of study extending over one academic year. Selection of the 
fellows will be made by a jury, of university professors and tech
nical experts appointed b y  the Foundation. Further informa
tion in regard to the fellowships may be obtained from The  
American-Scandinavian Foundation, 25 W est 45th Street, New  
York City.

The Pittsburgh Experiment Station of the Bureau of Mines 
is conducting a series of experiments on automobile exhaust 
gases in connection with the proper ventilation of tunnels and 
subways through which automobiles must pass. Tests are made 
on all sizes of cars and trucks under the various conditions, 
which are found in actual street use, to determine the amount of 
carbon monoxide produced. Dr. Yandell Henderson, of Yale  
University, is determining how many parts of carbon monoxide 
in 10,000 parts of air m ay be considered safe for a person to 
breathe for several hours without any ill effects. I t  is expected 
that the test will not only solve the problems of tunnel ventila
tion, but will be of great value to automobile owners and dealers 
in furnishing unbiased information on the efficiency of any given 
machine under particular conditions and on obtaining greater 
mileage through proper adjustment of the carburetor.

A  Chilean Section of the Société de Chimie Industrielle has 
been organized with forty members. I t  is hoped to include in 
this new section every industrial chemist who has studied in 
France.

In a report made to the Natural Gas Conservation Committee 
the rapidly diminishing supply of natural gas is being felt keenly 
by the printing industry of the country, including the manufac
turers of ink and paper for books, magazines and newspapers. 
Carbon black obtained from natural gas is the cheapest and 
best-known color base for printing inks, carbon paper, and type
writer ribbons, and is also used in the manufacture of phono
graph records and automobile tires. Because of the short life 
of natural gas fields, which prevents the manufacture in one 
place for a long time, manufacturers of carbon black must fol
low the opening of all new fields.

5°9

The War Department has recently sold the picric acid plant 
at Picron, Arkansas, to H. C. Couch, president of the Arkansas 
Light &  Power Co., who is understood to represent a group of 
Little Rock business men. Mr. Couch recently purchased the 
power plant, the water supply, and the gas supply systems. It  
is planned to make the plant an industrial center.

Experiments on the manufacture of dyes have been in progress 
for some time near Copenhagen, and although the results have 
been kept secret they are understood to be successful. Various 
intermediate products have already been made, and it is hoped to  
build up a dye industry which will render Denmark independent 
of foreign dyes.

The Southern Agricultural Chemical Corporation, subsidiary 
of the Tennessee Copper and Chemical Corporation of New York, 
is planning a $600,000 fertilizer factory a t Atlanta, which will 
be one of ten fertilizer plants to be erected by the company in 
the south. .

A  new edition of the chart for blending casinghead gasoline 
and naphtha has been prepared for the Bureau of Mines, D e
partment of the Interior, which provides an easy method of 
determining the amount of naphtha to be used per gallon of 
casinghead gasoline to obtain a product of any required gravity. 
Copies may be obtained on application to the Bureau of Mines, 
Washington, D. C.

The Vinegar Hill Zinc Co. has purchased from the Govern
ment the acid plant near Cuba C ity, Wisconsin, which was 
erected during the war, and plans to rush the completion of the 
plant for the manufacture of stdfuric acid. Production is ex
pected to begin about June 1.

The chemical industry in the Netherlands is reviving in 
spite of many difficulties which it has to face in the very low 
rate oi exchange, the difficulty in obtaining raw materials, high 
wages, high ocean freights, and foreign competition.

The recent discovery of a valuable molybdenum steel alloy 
b y a British metallurgist has resulted in an increased demand 
for molybdenum and an increase in price. Low-grade deposits 
of the mineral molybdenite are found in Australia, India, South 
Africa, and Peru. Peru mines are now producing nearly 80 per 
cent of the world’s supply. The mines are being exploited by  
American capitalists, who export the ores to the United States.

A t the recent formal inspection of the new laboratories at 
University College, London, b y  Prince Arthur of Connaught, 
Lord Moulton gave an address on “ The Training and Functions 
of the Chemical Engineer.” Another £50,000 is still required 
for the new chemical laboratories.

A t the 1919 meeting of the board of governors of the New  
Zealand Institute it was decided to establish a fellowship of 
the Institute, to be limited to forty fellows, based on research or 
distinction in science. N o t more than four are to be elected in 
any one year until the number is complete, after which vacan
cies will be filled as they occur.

The growing scarcity of gum camphor and the steadily in
creasing price has led to an investigation of the production 
of camphor oils from California sages. T he method of recovery 
by steam distillation is not complicated or expensive. The  
entire group of oils are recovered together, true gum camphor 
frozen out, and the remainder separated by fractional distilla
tion. The most prolific source of supply seems to be the desert 
sage of the western plains.

In a report on the Necessity for Helium Conservation, the 
Bureau of Mines describes the immense importance of helium for 
the filling of military lighter-than-air craft, on account of its 
perfect inertness and extreme buoyancy. A t  the time of the 
armistice about 150,000 cu. ft. of helium were ready on the dock 
for shipment to France. Since the supply of helium is limited 
to a special type of natural gas which is being consumed for 
domestic and industrial purposes, the Government is endeavoring 
to explore the extent of this resource and provide ways for its 
conservation. The Bureau of Mines Experiment Station a t Ft. 
Worth, Texas, would like to learn of any such gases, particularly 
"wind-gas,” and in appropriate cases will send cylinders for 
collecting samples for analysis.

O. Friedlander Chemical Co. has been awarded damages of 
$2,000 in a suit against William H. Knox &  Co., Inc. On April 
5, 1918, the plaintiff agreed to deliver 50 tons of soda ash to the 
defendant a t an agreed price of $3.20 per hundred pounds. The  
soda ash was tendered on September 13, 1918, but was refused 
on the ground that the Government had denied an export license 
to the defendant and that the price charged was in excess of that 
allowed by the authorities.

Prohibition of the importation of dyestuffs into British India, 
which went into effect September 6, 1919, has recently been 
removed.
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PERSONAL NOTES
Mr. Leon R. Whitcomb has resigned as chemical engineer 

with Hill &  Ferguson, New York City, and is now associated 
with the Refinite Co., of Omaha, Neb.

Mr. R. E. Hardee, formerly with the Florida Cotton Oil Co., 
Jacksonville, Fla., is at present associated with the Florida 
Industrial Corporation, Gainesville, Fla., as chemist.

Mr. Ivan P. Tashof, specialist in inventions relating to the 
chemical, electrochemical, and metallurgical industries, recently 
announced the opening of an office for the practice of patent and 
trade-mark law, in Washington, D. C.

Dr. Lawrence T. Fairhall, formerly M ajor in the Sanitary 
Corps, U. S. Army, is research chemist with the O ’Bannon 
Corporation, West Barrington, Rhode Island.

Mr. W. F. Rudd, of the department of chemistry, at the 
Medical College of Virginia, has been elected president of the 
American Conference of Pharmaceutical Faculties.

Mr. Ernest Jenkins Hoffman, who recently resigned as as
sistant chemist, U. S. Bureau of Mines, Pittsburgh, Pa., has 
accepted a position in organic research with W . B. Pratt, Inc., 
Boston, Massachusetts.

Mr. Douglas E. Scott, who for several years has been in charge 
of the Experimental Paper M ill of Arthur D. Little, Inc., Cam 
bridge, Mass., has resigned and is now with the United Fruit  
Co., located at Boston, Massachusetts.

M r. B. P. Caldwell is now with the Polytechnic Institute, 
Brooklyn, N. Y ., as professor of analytical chemistry.

M r. J. M . Clark, formerly chief chemist for the Sherwin- 
Williams Co., is now connected with the Deloro Smelting and 
Refining Co., Deloro, Ontario, Canada, in the capacity of 
superintendent.

Mr. J. B. Krak has left the West Virginia Geological Survey 
and has taken a position with the General Chemical Co., at the 
Laurel Hill Laboratories, Laurel Hill, Long Island.

M r. Henry W . Esterwood, formerly with the F. S. Royster 
Guano Co., Norfolk, Va., as chemist, is at present analytical 
chemist in the Jackson Research Laboratories of E . I. du Pont 
de Nemours &  Co., at Deep Water Point, Newr Jersey.

M r. Gaston J. Levy, who served as Second Lieutenant in the 
Chemical Warfare Service, at Hanlon Field, France, has accepted 
the position of chemist with the Sperry Flour Co., Spokane, 
Washington, and is in charge of their laboratory there.

Mr. Clarence E. Breckenridge, formerly chief engineer for 
Merck &  Co., New York, recently accepted a similar position 
with Rockwood &  Co., Brooklyn, N . Y .

Mr. J. O. Halverson, for the past three years associate in the 
department of nutrition in the Ohio Agricultural Experiment 
Station, recently took charge of nutrition work in the Agricultural 
Experiment Station at Raleigh, N . C.

M r. E. Olney Herman has resigned as industrial physicist at 
the Lynite Laboratories of the Aluminum Castings Co., Cleve
land, O., and is now in charge of general technical and efficiency 
matters for the Eureka Company, North East, Pennsylvania.

Mr. F. Rohde has resigned as vice president and general 
manager of the Palo Company, N ew  York City.

M r. E. Gorgas Bashore, formerly chief chemist of the Bab
cock &  Wilcox Co., has become a partner of M r. Cyrus Wm. 
Rice under the firm name of Rice &  Bashore, with offices located 
in Pittsburgh, Pennsylvania.

Dr. F. W . Zerban, formerly research chemist for the Louisiana 
Sugar Experiment Station, has accepted a position as research 
chemist with the firm of Penick & Ford, Ltd., N ew  Orleans, 
Louisiana.

M r. Arthur L. Davis has resigned as assistant catalytical 
chemist at the Fixed Nitrogen Research Laboratory, American 
University, Washington, D. C., and is now employed as re
search chemist with the International Coal Products Corp., 
Newark, N ew  Jersey.

M r. E. K . Kanet, formerly traveling superintendent of the 
Wm. F. Mosser Co., Richwood, W . Va., has become research 
chemist with the Goodyear Tire &  Rubber Co., Akron, Ohio.

Dr. F. M . Beegle, formerly chemist for the American Chemical 
& Manufacturing Co., Norfolk, Va., is now chief chemist for the 

Glidden Company, Cleveland, Ohio.

M r. Charles W . Studt, formerly a manufacturing chemist 
with the Mallinckrodt Chemical Works, St. Louis, M o., is now 
chief geologist for the Eclipse Oil Co., Fort Worth, Texas.

M r. William C. Dowd has left the American Smelting & R e
fining Co., Pueblo, Colo., where he was employed as chemist, 
to accept the position of chief chemist at the Austin Plant of the 
American Radiator Co., Buffalo, N ew  York.

M r. H. H . Hanson, formerly in charge of the feedingstuffs 
laboratory of the W est Virginia State Experiment Station, is at 
present state chemist of the State Board of Agriculture, Dover, 
Delaware.

M r. L. B. Shipley, formerly chemist and technical representa
tive, in matters pertaining to coal-tar heavy oils, for the Barrett 
Company, is now associated with the Bernuth Lembcke Co., 
Inc., N ew  York City, in a similar capacity.

M r. Oregon B. Helfrich has just received his Ph.D. degree 
from the Johns Hopkins University and has accepted a position 
with E. I. du Pont de Nemours & Co., doing research work in 
the Delta laboratory of that company at Arlington, New Jersey.

Dr. Percy W . Punnett, formerly in the organic research lab
oratory of the Butterworth-Judson Corp., Newark, N . J., is 
at present with the Rochester Button Co., Rochester, N ew  York, 
as chemist.

Dr. R. L. Kahn, formerly associated with New York University 
and Bellevue Hospital Medical College in the department of 
bacteriology, recently accepted an appointment as immunologist 
in the laboratory of the Michigan Department of Health, Lan
sing, Michigan.

Dr. Donald K . Tressler has resigned as research chemist of 
the varnish department of the Acme White Lead and Color 
Works, Detroit, Mich., to accept an industrial fellowship with the 
Mellon Institute of Industrial Research, University of Pitts
burgh, Pittsburgh, Pa.

Dr. John Charles Hessler has been appointed assistant di
rector of the Mellon Institute of Industrial Research of the 
University of Pittsburgh. Dr. Hessler, who is now serving as 
president of James M illiken University, Decatur, 111., will enter 
upon his new duties at the close of the present academic year. 
As a member of the administrative staff of the Institute, Dr. 
Hessler will be in supervisory charge of certain of the researches 
in organic chemistry, a field in which he has specialized during 
the past twenty years.

Dr. J. J. Elbert, a technologist with the American Cyanamid  
Co., New York City, and a member of both the American E lec
trochemical Society and the American Chemical Society, died 
suddenly at his home in Tuckahoe, N . Y ., on February 27. He 
was a graduate of Massachusetts Institute of Technology in 
chemical engineering, and of the University of Berlin.

Mr. Fred Olsen has resigned as chief of the research depart
ment of the Aetna Explosives Co., and is now attached to the 
Explosives Section of the Ordnance Department, Washington,
D. C., directing various researches in explosives.

M r. W . G. Koupal, a recent graduate of the University of Illi
nois, Urbana, 111., is at present with the Pittsburgh Plate Glass 
Co. as a chemist in their research laboratories at Creighton, 
Pennsylvania.

M r. Morris Schrero, formerly in the technology department 
of the Carnegie Library of Pittsburgh, Pittsburgh, Pa., has 
accepted a position as associate chemist in the research division, 
department of technical control, of the American Writing Paper 
Co., Holyoke, Massachusetts.

Dr. Lathrop E. Roberts, who received the degree of Ph.D. 
last December at the University of Chicago, Chicago, 111., is 
now assistant director of technical control, American W riting 
Paper Co., Holyoke, Massachusetts.

Mr. W . B. Burnett, formerly in charge of the science work at 
the Masonic Home, is serving as assistant on the inorganic 
staff of the University of Illinois, Urbana, 111., where he is at the 
same time doing graduate work.

M r. J. Wm. Barker, recently a student at Kansas State Col
lege, M anhattan, Kans., has accepted a position as control 
chemist in the Marysville, Kansas, mill of the Larabee Flour 
M ills Corp., Kansas City, Missouri.

M r. Frederick R. W ard has left the American Manganese 
Manufacturing Co., Dunbar, Pa., where he was employed as 
chief chemist and is now connected with the Tennessee M an
ganese Co., of Cleveland, Tenn., in the same capacity.

M r Arthur L. Day has changed from the Corning Glass Works, 
Corning, N . Y ., to the Geophysical Laboratory, Washington,
D. C.
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M r. Ralph E. Canfield, formerly with the American Nitrogen 
Products Co., at their nitric acid factory in Lake Buntzen, B. C., 
Canada, is now chemist for the Crown Willamette Paper Co., 
at their Camas, Washington, plant, where the laboratory work 
for all the paper mills of the company is now being centralized.

M r. T. B. Peters, a recent graduate from the Pennsylvania 
State College, has accepted a position in the operating labora
tory of E. I. du Pont de Nemours & Co., at their plant in Arling
ton, New Jersey.

Dr. David Klein has resigned as associate professor of biochem
istry in the Johns Hopkins University School of Public Health 
and Hygiene, and has taken a position with the Hollister Wilson 
Laboratories, Chicago, 111., as director of, research and control 
laboratories.

M r. G. A. Brewster, formerly chief chemist and metallurgist 
of the American Steel Foundries, has taken a position as metal
lurgist for the Arco Steel Department of the American Radiator 
Co., Buffalo, New York.

M r. H. K . Baumgardner, until recently research chemist for 
the Crown Cork and Seal Co., Baltimore, M d., is now conducting 
researches for the H. I. Roosen Co., Brooklyn and New York, 
manufacturers of printing and lithographic inks and dry colors.

Mr. J. R. Marston, formerly superintendent of lead refinery 
with the Cia Minera Fundidora y  Afinadora, of Monterrey, 
Mexico, has recently undertaken some research work for the 
United Verde Copper Co., Clarkdale, Arizona.

Dr. Henry Am stein has resigned as technical director with the 
Cereal Products Refining Co., and has opened consulting offices 
devoted to the manufacture of various food products, in San 
Francisco, California.

The Rumford Committee of the American Academ y of Art 
and Sciences at its recent meeting appropriated the sum of 
S250 to Prof. Julius Stieglitz in aid of the publication of Marie’s 
"Tables of Constants.”

Assistant Professor Gerald L. Wendt, of the department of 
chemistry, University of Chicago, Chicago, 111., has been appointed 
associate editor of the Journal of the Radiological Society of 
North America.

M r. W . K . Buck, formerly in the metallurgical laboratory of 
the N aval Engineering Experiment Station, Annapolis, Md., 
has joined the forces of the Aluminum Co. of America, in their 
technical direction department, N ew  Kensington, Pa.

M r. Charles A. Stanwick who was honorably discharged from 
the U. S. Arm y in July of last year, is at present in the employ 
of the Western Electric Co., N . Y . C., as electrical engineer. 
In addition to this M r. Stanwick is instructor in electrical engi
neering at Cooper Union Institute, N ew  York City.

Mr. Oliver C. Ralston has left the employ of the Hooker 
Electrochemical Co., Niagara Falls, N . Y ., where he was chief 
metallurgist, to become superintendent of the Seattle, Wash., 
station of the U. S. Bureau of Mines.

Dr. Colin G. Fink, head of the laboratories of the Chile E x 
ploration Co., recently lectured to the graduate students of the 
School of Chemistry, Yale University, on "Industrial Research,”  
and on "T h e Value of Physical Chemistry to the Organic Chem
ist.”

Associate Professor C. J. Frankforter is in charge of the de
partment of chemistry of the University of Nebraska, Lincoln, 
Neb. Some new courses in practical chemistry have been in
troduced by this department and have been working out very 
successfully since they were opened last September. The de
partment is housed in a very fine new laboratory and the chair
man of the chemistry faculty, Dr. F. W . Upson, is arranging for 
courses devoted to chemical engineering subjects. The depart
ment has also put in a course in oil and gas which is primarily 
for geologists.

M r. J. Roy Haag, previously assistant chemist of the R. I. 
Agricultural Experiment Station, Kingston, R. I., has become 
assistant chemist, department of soil investigations, Agri
cultural Experiment Station, College Park, Maryland.

Mr. W . B. Hicks lias resigned as chemist in the U. S. Geological 
Survey to take charge of analytical research for the Solvay  
Process Co., Syracuse, New York.

Mr. S. G. Keller, Jr., has severed his relations as assistant 
superintendent with the Standard Asphalt & Refining Co., 
Independence, Kansas, to become assistant superintendent of the 
Empire Refineries, Inc., Ponca City, Oklahoma.

M r. D. Fay Hosman for the past three years research and con
sulting chemist for the Blue Valley Creamery Co., Chicago, 111., 
has left that firm to become manager of the creamery department 
of the ScottsblufI Creamery Co., Scottsbluff, Nebraska.

M r. Andrew Bender, form 'rly with the Air Reduction Co., 
as research chemist in their Jersey C ity  laboratory, has joined 
the Barrett Co., and will be in charge of the control laboratory 
of their Frankford plant, Frankford, Philadelphia, Pa.

M r. Ivar Bull Simonsen, until recently connected with the 
Niagara Smelting Corp., Niagara Falls, N . Y ., as metallurgist, 
is at present with the Tennessee Manganese Co., as metallurgist 
at their plant in Cleveland, Tennessee.

M r. Frederick L. Begtrup has left the M etal & Thermit Co., 
Jersey City, N .J ., where he was employed as analytical chemist, 
and has taken a position with the Niagara Sprayer Co., Middle- 
port, N . Y .

M r. P. B. Caster, formerly with the Western Sugar Refinery 
and Spreckles Sugar Co., San Francisco, Cal., has joined the 
forces of the California and Hawaiian Sugar Refining Co., Crocket, 
Cal., as assistant to the plant manager.

M r. James F. Walsh, chemical engineer, and lately Lieutenant 
in the Chemical Warfare Service, in charge of the charcoal de
velopment at the Astoria Plant of the Gas Defense Division, is 
at present with Wheeler &  Woodruff, chemical engineers, of 
New York City.
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they originate. Commerce Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured b y  application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. T he regu
lar subscription rate for these Commerce Reports mailed daily 
is $2.50 per year, payable in advance, to the Superintendent of 

Documents.

CONGRESSIONAL COM M ITTEES 

Coal. House Report 600. 21 pp. February 6, 1920.
M ining of coal, phosphate, oil, gas, and sodium on public domain. 
Conference Report to accompany Senate Document 2775, sub
mitted by M r. Sinnott.

Dyes and Dyeing. Senate Report 425. 5 pp. February 14, 
1920. Importation of coal-tar products. Report to accompany, 
House Resolution 8078, submitted by Mr. Watson.

LIBRARY OF CONGRESS

List of References on Dyestuffs. 186 pp. Paper, 15 cents. 
Compiled under the direction of H. H. B. M e y e r .  Contains 
the chemistry, manufacture, and trade in dyestufTs.

PUBLIC HEALTH SERVICE

The Efficiency of Certain Devices Used for the Protection of 
Sand Blasters against the Dust Hazard. C .-E . A. W i n s l o w ,  
L e o n a r d  G r e e n b u r g  a n d  E. H. R e e v e s .  Public Health 
Reports, 35, 518-34. The article describes the dust problem in 
sand blasting, previous studies of the efficiency of helmets and 
respirators designed for the protection of the worker in dusty 
trades, installation and methods used in the present study, 
results of the present study, and gives a summary and practical 
conclusions in regard to the protection of sand-blast operators.

GEOLOGICAL SURVEY  

Deposits of M anganese Ore in Arizona. E .  L. J o n e s ,  J r . ,  
a n d  F. L. R a n s o m e .  Bulletin 710-D. Contributions to 
Economic Geology, 1919, Part I. 92 pp. Issued January 
29, 1920. F ifty scattered deposits were examined. Some of
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the deposits are within a few miles of a railroad, but most of 
them are more than 15 miles distant. N o roads have been built 
to some of the deposits, and from a few of them the ore is packed 
on animals to the nearest roads. The cost of transporting the 
ore to the railroad by wagon or automobile truck ranges from 
35 to 50 cents per ton-mile. The analysis of the manganese 
ore from various claims is given.

Deposits of M anganese Ore in Southeastern California. 
E . L. J o n e s ,  J r .  Bulletin 710-E. Contributions to Economic 
Geology, 1919, Part I. 24 pp. Issued December 30, 1919. 
The possibility of commercial production of manganese ore in 
this region is determined by the accessibility of the deposits and 
the cost of transportation and mining. Water and fuel must 
be hauled to the camps. All the mining is done by hand and the 
mining costs are high. The ore is sorted b y  hand or screened 
in order to bring it to the required grade. Although it appears 
to be well adapted to mechanical concentration b y  wet gravity  
processes, the lack of water near the deposits precludes the in
stallation of such machinery on the ground, and the expense of 
hauling the crude ore for considerable distances to water would 
probably not be justified.

The manganese ore consists of the oxides, of which psilomelane, 
pyrolusite, and manganite have been determined. Psilomelane 
is the dominant oxide in all these deposits. Calcite is universally 
present in the ores, though it varies largely in quantity. Iron 
oxides are scarce in most of these deposits. Quartz was no
where observed as a primary constituent of the manganese de
posits. No manganese mineral other than oxides was recog
nized in any of these deposits, but none of the workings had 
passed through the oxidized zone.

Oils in the Warm Springs and Hamilton Domes, near Ther- 
mopolis, Wyoming. A . J. C o u . i e r .  Bulletin 711-D . Contri
butions to Economic Geology, 1919, Part II. 12 pp. Issued 
January 16, 1920.

Preliminary Report on the Chromite of Kenai Peninsula, 
Alaska. A. G. G il l . Bulletin 712-D. Mineral Resources of 
Alaska, 1918-D. 31 pp. The amount of ore above sea level 
at Port Chatham, on the assumption that material containing 
10 per cent of chromic oxide can be profitably concentrated, has 
been estimated at 32,300 tons. Below sea level there may be 
a much greater amount, as the lower deposits are as a rule richer 
and heavier than those at higher altitudes. The exposures ex
amined lead to an estimate of 12,600 tons below tide. The  
amount of chromite in sight at Red Mountain is placed at 195,600 
tons. So long as chrome ore containing 40 or 45 per cent of 
chromic oxide is marketable, it  will probably pay to continue 
the present process of hand sorting. It  is estimated that one- 
half to three-quarters of the available tonnage of chromite in 
this region would require concentration, and if it  is found that 
ore carrying less than 10 per cent chromic oxide can be profit
ably milled, the tonnage of available chromite will be much 
greater than these estimates.

Deposits of M anganese Ore in Nevada. J .  T . P a r d e e  a n d
E . L. J o n e s ,  J r .  Bulletin 710-F. Contributions to Economic 
Geology, 1919, Part I. 40 pp. Issued March 15, 1920. M an
ganese is rather widely distributed in Nevada. In addition 
to the small amounts that occur in rocks generally it  is more or 
less abundant in many of the metalliferous quartz lode.s and in 
deposits of other types. T he classification and general features 
of the manganese deposits include deposits formed by replace
ment of country rock by carbonate or silicate minerals that have 
become partly or completely oxidized; deposits formed b y  re
placement of country rock b y  oxide minerals; and silicate and 
carbonate lenses in metamorphic rocks.

M etals and Nonmetals, Except Fuels. F. L. R a n s o m e  a n d
E . F. B u r c h a r d .  Bulletin 710. Contributions to Economic 
Geology (Short Papers and Preliminary Reports) 1919, Part I.
5  pp. 1920.

Gold, Silver, Copper, Lead, and Zinc in Utah in 1918. V. C.
H e i k e s .  Separate from Mineral Resources of the United 
States, 1918, Part I. 35 pp. Issued March 4, 1920. There 
was a decrease in 1918, as compared with 1917, in the output 
of ore and in the production and value of all the metals except 
silver, as shown b y  the following table:

M i n s  P r o d u c t io n  o f  G o l d , S i l v e r , C o p p e r , L e a d , a n d  Z in c  i n  U t a h
1917-1918

Decrease
1917 1918 in 1918 1864-1918

No. of p ro d u cers .. .  334 251 . . .  ..........
Ore, short tons  15,358,481 14,705,718 652,763 .........
G o ld '..........................  53,355,156 2,949,170 405,986 96,068,503
S ilv e r ,'f in e  ounces. 13,479,133 13,455,597 23,536 379,476,124
Copper, lb s ................. 246,674,153 227,169,630 19,504,523 2,189,332,043
Lead, lbs.................... 178,521,958 167,008,224 11,513,734 4,142,608,381
Recoverable zinc,

lbs............................ 21,286,871 18,399,417 2,887,454 210,357,026
T o tal V alue...............  ?99,328,155 86,047,597 13,280,558 1,002,202,934’

1 Includes sm all placer production.
3 The to ta l by  years to  the  end of 1913 appears in M ineral Resources 

for J 913, p t. 1, p. 366, 1914.

Mineral Waters in 1918. A. J. E l l i s .  Separate from 
Mineral Resources of the United States, 1918, Part II. 37 pp. 
Issued March 19, 1920. The statistics given refer only to 
domestic mineral waters that have been sold, imports being 
excepted. Three uses of mineral waters are recognized— table, 
medicinal, and in the manufacture of soft drinks. The sources 
of mineral waters are described, and the mineral water trade in 
1918 is reviewed as well as the mineral water trade b y states.

Architectural Concrete Stone and Concrete Blocks in 1917 
and 1918. G. F. L o u g h lin . Separate from Mineral Resources 
of the United States, 1918, Part II. 8 pp. Issued March 16, 
1920. The publication was prepared in response to numerous 
requests for statistical information on the production of artificial 
stone.

Asbestos in 1918. J. S. D rLLER . Separate from Mineral 
Resources of the United States, 1918, Part II. 12 pp. Issued 
March 20, 1920. Includes an account of th ; domestic output, 
varieties and types of asbestos, asbestos in the United States, 
prices, imports, exports, foreign deposits and production, and 
the world’s production.

The Data of Geochemistry. F. W. C l a r k e .  Bulletin 695, 
4th edition. 832 pp. 1920.

Bauxite and Aluminum in 1918. J. M . H i l l .  Separate from 
Mineral Resources of the United States, 1918, Part I. 14 pp. 
Issued March 16, 1920. T he quantity of bauxite marketed in 
the United States in 1918 showed an increase over the pro
duction of 1917 of about 7 per cent in quantity and about 11 
per cent in value. The production from the Georgia, Alabama, 
and Tennessee fields in 1918 showed a decrease of 31 per cent, 
but the Arkansas production showed an increase of approxi
m ately 1 per cent. Of the quantity of domestic bauxite 
marketed in 1918, apparently the producers of aluminum took 
about 419,043 long tons, the makers of chemicals about 63,896 
tons, makers of abrasives about 112,908 tons, and the makers 

of refractories about 9,874 tons.

T he value of primary aluminum produced in the United 
States in 1918 showed a decrease of about 10 per cent from the 
value of the output in 1917. The decrease was due very largely 
to the decline in price of aluminum during 1918 and does not 
represent a corresponding decline in quantity of output.

Copper in 1917. B . S. B u t l e r .  Separate from Mineral 
Resources of the United States, 1917, Part I. 74 pp. Issued 
March 13, 1920. The report includes: A  summary of statistics 

of the copper industry in the United States in 1912, 1913, 1914. 
I 9I5. 1916, and 1917; an account of the general condition of 
the industry, including the world’s production and consumption 
and domestic conditions; statistics showing the production, 
imports, exports, consumption, uses, prices and costs of copper; 
and a review of foreign production.
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BU RE A U  O F M IN E S

A  Glossary of the Mining and Mineral Industry. A. H. 
F a y .  Bulletin 9 5 . 7 5 4  pp. Reprint. Cloth, 7 5  cents. 1 9 2 0 .

Absorption as Applied to Recovery of Gasoline Left in Residual 
G as from Compression Plants. W . P. D y k e m a  a n d  R . O. 
N e a t , .  Technical Paper 232. Petroleum Technology 53. 
43 pp. Paper, 15 cents. 1920.

M etal-M ine Accounting. C. B. H o l m e s .  Technical Paper 
250. 63 pp. Paper, 10 cents. February 1920.

M etal-M ine Accidents in the United States during the 
Calendar Year 1918. Compiled by A. H. F a y . Technical 
Paper 252. 113 pp. Paper, 10 cents. 1920. Includes supple
mental labor and accident tables for the years 1911 to 1918, 
inclusive.

Accidents at Metallurgical Works in the United States during 
Calendar Year 1918. Compiled b y  A. H. F a y . Technical 
Paper 256. 23 pp. Paper, 5 cents. Issued January 1920.

B U R EA U  O F STA N D A R D S

Melting Points of Chemical Elements, and Other Standard 
Temperatures. Circular 35. 4th ed. 2 pp. Paper, 5 cents. 
Issued December 1, 1919.

Specifications for the Manufacture and Installation of Rail
road Track Scales. Circular 83. 35 pp. Paper, 5 cents. 
Issued January 31, 1920.

Recommended Specification for Basic Carbonate W hite 
Lead, D ry and Paste. Circular 84. 10 pp. Paper, 5 cents.
Issued December 27, 1919. Prepared and recommended b y  the 
United States Interdepartmental Committee on Paint Speci
fication Standardization, August 11, 1919. Basic carbonate 
white lead may be ordered in the form of dry pigment or paste 
ground in linseed oil. Material shall be purchased by net weight.

(a )  D r y  P i g m e n t — The pigment shall be the product made 
from metallic lead and shall have a composition corresponding 
approximately to the formula 2P b C 0 3.Pb(0H )2. It  shall be 
thoroughly washed after corroding, shall be free from impurities 
and adulterants, and shall meet the following requirements:

Color— Color Strength— When specified, shall be equal to that 
of a sample mutually agreed upon b y  buyer and seller.

M inim um  M axim um  
Per cent Per cen t

Coarse particles:
R etained  on S tandard  No. 2001 sc ree n .. . .  N one
R etained on S tandard  No. 3251 s c ree n .. . .  2 .0

Lead carbonate ....................................................... 6 5 .0  75 .0
T o ta l im purities, including m oistu re ....................... 2 .0

1 T he  No. 200 and No. 325 screens are th e  sam e as screens form erly 
known as 200 mesh and 350 mesh.

( b) P a s t e — The paste shall be made b y  thoroughly grinding 
the above-described pigment with pure raw or refined linseed 
oil.

The paste as received shall not be caked in the container and 
shall break up readily in oil to form a smooth paint of brushing 
consistency. The paste shall consist of:

M inim um  M axim um  
Per cen t Per cent

P ig m en t......................................................................... 90 92
Linseed o il....................................................................  8 10
M oisture and o ther volatile m a tte r .............................  0 .7
Coarse particles and “ skins" (to ta l residue re

ta ined on No. 325 screen based on pigm ent) . .  2 .0

Recommended Specification for Basic Sulfate White Lead, 
Dry and Paste. Circular 8 5 . 11 pp. Paper, 5  cents. Issued 
January 26, 1920. Prepared and recommended by the United 
States Interdepartmental Committee on Paint Specification 
Standardization, September 22. 1919.

Basic suliate white lead may be ordered in the form of dry 
pigment or paste ground in linseed oil. Material shall be pur
chased by net weight.

(a ) D r y  P i g m e n t — The pigment shall be the sublimed prod
uct prepared from lead sulfide ores, free from impurities and 
adulterants, and shall meet the following requirements:

Color— Color Strength— When specified shall be equal to that
of a sample mutually agreed upon b y buyer and seller.

M inim um  M axim um  
P er cen t P er cent

Coarse particles:
R etained  on stan d ard  No. 200* screen   . .  N one
R etained  on stan d ard  N o. 325* screen ................  0 .5

Com position:
Lead oxide..........................................    11.0 18.0
Zinc oxide.......................................................................  9 .0
T otal im purities, including m oistu re ....................  1 .0
T he rem ainder shall be lead sulfate

1 T he  No. 200 and  No. 325 screens are th e  sam e as screens form erly 
known as 200 and 350 mesh.

(b) P a s t e s — The paste shall be made by thoroughly grinding 
the dry pigment with pure raw or refined linseed oil.

The paste as received shall not be caked in the container and 
shall break up readily in oil to form a smooth paint of brushing 
consistency. I t  shall mix readily in all proportions without 
curdling with linseed oil, turpentine, or volatile mineral spirits, 
or any combination of these substances.

The paste shall consist o f:
M inim um  M axim um  

P er c en t P er cen t
P ig m en t......................................................................................  89 9 1 .0
Linseed o il.................................................................................  9 . 1 1 .0
M oisture and  o ther volatile m a tte r . . . . . ..............: —  . .  0 .7
Coarse particles and “ skins’' (to ta l residue re ta ined

on No. 325 screen, based on p igm en t)............................... 0 .5

M etals: Standard Samples Issued or in Preparation. 
Circular 25, ?upplement. 5 pp. Issued February 28, 1920. 
Supersedes all previous supplements.

Recommended Specifications for W hite Paint and Tinted 
Paints M ade on a White Base— Semi-paste and Ready M ixed. 
Circular 89. Prepared and recommended b y  the United States 
Interdepartmental Committee on Paint Specification Stand
ardization, January 26, 1920.

Prescribes specifications for pigment, liquid, semipaste, and 
ready-mixed paint, methods of sampling, laboratory examina
tions of semi-paste and mixed paint, analysis of pigment and 
reagents employed. It  is believed that this specification admits 
practically all high-grade prepared paints generally available in 
the United States, and which are therefore obtainable without 
requiring manufacturers to make up special lots.

Concerning the Annealing and Characteristics of Glass.
A. Q. T o o l  a n d  J. V a l a s e k .  Scientific Paper 358. 45 pp. 
Paper 10 cents. Issued January 31, 1920. Certain methods 
for determining the annealing range were tested, and the 
"annealing emperatures” obtained are given for a number of 
optical glasses. The critical temperature range for these glasses 
was determined. Some of the methods available for determining 
the relaxation time were tested. A  cooling procedure which 
proved very satisfactory in the laboratory is discussed.

Estimation of Nitrates and Nitrites in Battery Acid. L. B. 
S e f t o n .  Technologic Paper 149. 10 pp. Paper, 5 cents.
Issued February 24, 1920.

Determination of Ce’lulose in Rubber Goods. S . W . E p s t e i n  
a n d  R. L. M o o r e .  Teehnoogic Paper 154. 16 pp. Paper,
5 cents. Issued February 20, 1920. A  method is presented 
which is readily applicable to the determination of fabric in 
rubber sheeting, raincoat materials, waterproofed fabrics, 
spread goods, frictioned and calend red fabrics in general.

Cements for Spark-Plug Electrodes. H. F. S t a l e y .  Techno
logic Paper 155. 10 pp. Paper, 5 cents. Issued February 21,
1920.

Metallographic Features Revealed by the Deep Etching of 

Steel. H. S . R a w d o n  a n d  S a m u e l  E p s t e i n .  Technologic 
Paper 156. 24 pp. Paper, 10 cents. Issued March 19, 1920.
The method of deep etching of steel b y  means of concentrated 
acids was examined in detail. The metallographic features of 
steel revealed by deep etching are of three general types: 
Chemical inhomogeneity, mechanical nonuniiormity, and 
physical discontinuities.
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D E P A R T M E N T  O F A G R IC U L T U R E

A Pink Yeast Causing Spoilage in Oysters. A . C . H u n t e r .  
Department Bulletin 819. 24 pp. Issued March 10, 1920. 
Paper, 5 cents.

The Microscopical Examination of Flour. G. L. K eiînan  
a n d  M .  A . L y o n s .  Department Bulletin 8 3 9 . ■ 32  pp.

C O M M E R C E  R E P O R T S —M A R C H  1920 

Camphor allotments for January, February, and March, 1920, 
are as follows: United States, 379,635 lbs.; France, 56,876 
lbs.; England, 134,915 lbs. The price per hundred weight has 
been increased greatly. (P. 1220)

After extensive investigations in Sumatra and the Federated 
M alay States, the conclusion has been reached that it would 
not pay the rubber plantations to collect seed especially for 
the purpose of extracting oil therefrom unless other oil-bearing 
■seeds could be produced in the same locality. (P. 1221) 

Nothing is being done in New Zealand to utilize the wool 
scouring waste. (P. 1221)

Prices of tin plate in France continue to rise and available 
supplies tend to decline. Tin  plates of 1 meter and 25, 29, and 
33 centimeters in thickness are completely lacking on the market 
and are greatly needed. (P. 1231)

The difficulties of supply and price of gasoline in the British 
Isles can only be overcome b y  the discovery of new fields, in
creased production in and better distribution from existing 
fields, and the substitution of other liquid fuels for gasoline. 
Benzene, power alcohol, and coal gas are suggested as sub
stitutes. (Pp. 1236-7)

The production of cooking utensils from stainless or rustless 

steel is reported. (P. 1244)

Conditions in the petroleum refineries of Budapest are critical 

from want of raw material. (P. 1250)

The large German nitrogen works producing calcium cyan- 
amide would face immediate ruin were it not for the protection 
of a syndicate organized under the patronage of the state to 
maintain uniform prices for nitrogen products. The low ex
change also acts as a high tariff on imports into Germany. 
(Pp. 1251-2)

I t  is expected that the manufacture of textile substitutes 
will be highly profitable in Germany and strenuous efforts are 
being made to develop this industry. The production depends 
upon the availability of large supplies of both alcohol and nitric 
acid. (P. 1252)

The German aluminum industry was overdeveloped during the 
war when aluminum was used as a substitute for copper in most 
electrotechnical products. The low exchange value of the mark 
affords protection to the domestic industry, but under normal 
conditions the industry would be at a disadvantage as against 
the aluminum industry of other countries as the German works 
use brown coal, while other countries use water power. The  
difficulty of securing raw materials is another source of trouble. 
<P. 1252)

Another great German war industry is the manufacture of 
synthetic rubber. Whether this industry will continue to be 
profitable will depend upon the protection afforded by the low 
exchange value of the mark. (Pp. 1253-4)

The soap making industry has been revolutionized b y  the 
production of a colloidal clay soap. The clay increases the 
lathering and detergent properties of the soap and b y  its use the 
present proportion of fatty acids can be halved. (Pp. 
1262-3)

Statistics showing the production of beet sugar in Spain 
during the seasons July 1 to November 1, 1918 and 1919 are 
given. P. 1263)

A  market for brass and copper is reported in Argentina. 
(P. 1267)

The manufacture of paints in South Africa promises to be
come eventually an industry of considerable importance. A l
most inexhaustible supplies of earth pigments, ochres, and 
oxides exist there. Imports of ochres and linseed oil are 
diminishing. (Pp. 1293-4)

A  large stock of salt on hand is reported at Cadiz, Spain, 
due to the scarcity of shipping facilities and extremely high 
ocean freights. (Pp. 1294-5)

All restrictions on the purchase or sale of hides, calfskins or 
kips in Great Britain and Ireland have been withdrawn, but 
existing restriction 011 the export of these commodities will be 
maintained. (P. 1297)

Italy’s rubber industry is reported to be in a favorable condi
tion. (Pp. 1299-1300)

T he Venezuelan government has imposed certain regulations 
in regard to the tapping of trees producing gums, such as rubber, 
balata, etc. (P. 1302)

Statistics giving lhe final detailed estimate of India’s 1919-20 
sesame crop are given. The condition of the crop is reported 
to be generally good. (P. 1309)

A  French decree of March 2, 1920, prohibits from March 5 
the exportation and reexportation of coal tar and products 
obtained direct b y  distillation of coal tar, except under license 
from the M inistry of Finance. (P. 1329)

The test of concrete tanks used for water storage, under
taken b y the Bureau of Standards, has been discontinued be
cause the daily loss has become constant. These tests seem to 
demonstrate that the 1 :2 :4  concrete is sufficiently waterproof 
for this purpose. (P. 1331)

The French resources of iron ore are described. (Pp. 1356-61) 

The British government has placed a fund of £1,000,000 at 
the disposal of its Research Department to encourage industries 
to undertake research. The Advisory Council for Scientific 
and Industrial Research has therefore recommended that the 
fund be expended on a cooperative basis in the form of liberal 
contributions toward the income raised by voluntary associa
tions of manufacturers established for the purpose of research. 
The privileges accorded members, the establishment of informa
tion bureaus and research companies are described and a list 
is given of the associations organized and contemplated. The  
results of any research belong to the association, which will hold 
them in trust for the benefit of its members. (Pp. 1362-4)

A  technical committee has been appointed to study and report 
upon arrangements on a large scale for the distillation of the 
crude petroleum obtained from the Argentina oil wells with the 
object of extracting from it light oils and essences such as 
naphtha, gas oil, and benzine for industrial use. The oil is 
said to be of a very high quality. (Pp. 1368-9)

The production of antimony in the Province of Hunan, China, 
has fallen off considerably since the close of the war, many 
smelters having closed down. (P. 1370)

The Bureau of Standards is conducting an investigation with 
a view to the elimination of “ fish scaling”  in enamels for sheet 
steel. (P. 1374)

A  market for rubber goods in the Canary Islands is reported

(P. 1385)
Belgium is still in need of the following products to carry on 

her reconstruction program: hematite pig iron, puddled pig 
iron, semi-steel products, gas coal, mineral substances for the 
manufacture of chemical and pharmaceutical products and drugs, 
potassium chlorate, amorphous phosphorus, sesquisulfide of 
phosphorus, glue, paraffin, and aniline colors. The following 
products are now ready for export: silver sand, glue stock, 
precipitated phosphaté of lime, white lead, litharge, red lead, 
blueing, window glass, and sole leather. (Pp. 1399-1405)
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The shortage of Belgian plate glass continues and there are 
no prospects of immediate increase. (P. 1425)

The tanning industry in Sao Paulo, Brazil, has been estab
lished on a secure footing, due to conditions brought about by  
the war. (Pp. 1429-32)

The Indian Department of Statistics has issued its first fore
cast of the 1919-20 crop of winter rape, mustard, and linseed 

oils. (P. 1437)

A German trust company has been organized for financing 

the purchase of raw materials. (P. 1473)

The crude potash situation in France is reviewed. (P. 1474) 

Probably none of the wartime industries of Great Britain has 
shown greater development or more progress than that of glass 
making. (P. i486)

The Balkan Peninsula is said to be a good region for the 
manufacture of nitrates from the air because of the abundant 
water power. (P. 1490)

A  chemical company has been founded in Rumania to manu
facture chemicals from raw materials. (P. 1490)

The total production of whale oil in Norway during 1919 was 
23,654 metric tons, which is considerably less than the normal 
output. (P. 1505)

Foreign markets for inks are reviewed. (Pp. 1528-9)

The condition of the French mines and the iron and steel 
industries is reviewed. (Pp. 1588-91)

The tin supply of South China will soon go out of the markets 
of the world unless there is a rapid and complete change in the 
situation. Chinese tin is produced on the basis of a silver 
dollar whose exchange value is substantially that of $1 gold, 
while Straits Settlements tin, the chief competitor of Chinese 
tin in the markets of the world, is produced on the basis of a 
Straits dollar worth about 56 cents gold. (Pp. 1596-7)

The great scarcity of coal in France has caused some railway 
companies to transform their motive power from coal to fuel oil 
consumption. (P. 1597)

The gutta-percha industry is reviewed and statistics are given 
showing the quantities, values, and countries of destination of 
gutta-percha and gutta inferior exported from Singapore during
1918. (Pp. 1608-9)

For some years the production of kauri gum in N ew  Zealand 
has been decreasing. (P. 1611)

It is anticipated that the production and exportation of palm 
oil on the east coast of Sumatra will continue to increase. E x 
porters have been handicapped by a lack of suitable containers. 
Some shipments made in locally constructed wooden barrels 
resulted in a loss through leakage of 30 per cent. (P. 1614) 

Statistics showing the production o', copper in Sweden are 
given. (P. 1615)

The British dyestuffs industry has made considerable progress 
during the past year, but there is still a scarcity of certain colors. 
It is hoped with the greater attention now being paid to research 
departments the results will be more satisfactory, and that  
England will secure a powerful place in the world’s markets. 
(P. 1636)

An account is given of foreign markets for soaps and soap- 
making materials, including Algeria, Argentina, China, Jamaica, 
and Switzerland. (Pp. 1638-41)

A  description is given of the vegetable oil-bearing materials 
and products in Spain. (Pp. 1646-54)

The international metric system of weights and measures is 
the only system authorized in Belgium. Although on account 
of the disturbed state of affairs in Belgium there has been laxity  
in the enforcement of the use of the metric system, the disposi
tion is to have it obeyed. (P. 1654)

The American purchase of certain Bolivian petroleum deposits 
is announced and a railway line from Santa Cruz to Formosa is 
contemplated. This will serve as a very important gateway 
to a hitherto untouched section of Bolivia, the riches of which 
arc known to be considerable. (P. 1656)

Statistics are given showing the production of metals in 
Mexico since 1916. (P. 1661)

Aluminum is being considered b y  the Japanese hydroelectric 
plants to replace copper in their heavy transmission cables. 
(P. 1662)

A  reward of £10,000 is offered for the discovery in Australia 
of petroleum in commercial quantities. (P. 1670)

There is a demand for heavy chemicals in the Far East which 
should increase with the industrial development of that region. 
(P. 1705)

Considerable quantities of sole leather have been produced 
in China and beginning with 1920 the production of chrome 
leather of practically all ordinary grades was commenced. The  
quality of leather produced is of the cheaper grades and it is 
believed that there will be little clashing of interest between the 
American and European and the Chinese leathers. (P. 1708) 

The prohibition on the importation of dyestuffs into British 
India has been removed. (P. 1729)

Artificial silk is being manufactured b y  the British Cellulose 
and Chemical Manufacturing Co. in Great Britain. The silk 
thread is of such texture and quality that when converted into 
articles of clothing it will have the appearance and finish of 
natural silk. When fully developed one factory alone will 
produce 9 tons of artificial silk a day. The company also manu
factures noninflammable films, synthetic perfumes, and aspirin. 

(P. 173 9)
An Australian manufacturer has invented and patented a new 

composition called “ Keltona,”  made partly from waste products, 
which can be used for imitation tiling, chair bottoms, and for 
most purposes for which thin woods and stones can be used.

(P- 1756)
The exportation of nitrate of soda from Chile during January 

1920 was the largest in any one month in the history of the 

nitrate trade. (P. 1763)
There is said to be a steady demand in Sweden for drugs from 

the United States. In the case of salvarsan there is a most 
serious opposition to be met on account of the distinct pre
dilection among Swedish medical men to the use of the original 
German product. Among other drugs which could be ad
vantageously introduced are senega root, golden seal, sabadilla 

seed, and barbital. (P. 1779)
A  decrease in the opium crop in Greek Macedonia is reported 

in 1919. (P. 1788)
T he drug and chemical trade of Japan is briefly reviewed. 

(P. 1799)

S p e c i a l  S u p p l e m e n t s  I s s u e d  
S c o t l a n d — 22 a G u a t e m a l a — 32a
B r i t i s h  W e s t  I n d i e s — 25a S a l v a d o r — 39a
C o s t a  R ic a — 2 7 a  B r i t i s h  I n d i a — 5 3 c
C u b a — 28a E g y p t — 71a

M a d a g a s c a r — 72 b

S t a t i s t i c s  o p  E x p o r t s  t o  t h e  U n i t e d  S t a t e s

H o n g k o n g ,  C h i n a —  
(pp. 1254-5) 

A ntim ony 
C am phor 
Chemicals 
Explosives 
Fibers 
Hides
Leathers and m anu

factures 
P ean u t oil 
W ood oils 
Aniseed oil 
Cassia oil 
B ism uth 
M anganese 
W olfram

P aper and  m anufac
tures 

T in
W ood, unm anufac

tu red  and  m anufac
tu red  

P e r s i a — (p. 1787) 
G um  tragacan th  
Opium 
Skins, raw
F r a n c e — (pp. 1305-9)
A lum inum
Chem icals
H ides and skins
In d ia  rubber scrap
Paper
Perfum ery and  soap

Potash
R ubber goods 
Saffron
B e l g i u m — (pp. 1403- 

4)
H orsehides
R ab b it skins
Glass
Calfskins
Anilin colors

•Red powdered arsenic
Silver sand
M arble and  flint stone 
C rude rubber 
M edicinal p lan ts  
Fusel oil
M uria te  of ootash
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BOOK REVIEWS
Technical Handbook of Oils, Fats and Waxes. Vol. n — Prac

tical and Analytical. B y P e r c i v a l  J. F r y e r ,  F.I.C ., F.C.S., 
Chief Chemist and Director, Yalding Mfg. Co., Ltd., Lecturer 
in Oils, Fats and Waxes at the Polytechnic, Regent St., W. 
London Institute, and F r a n k  E. W e s t o n ,  B.Sc . (1st Hons.),
F.I.C ., Head of the Chemistry Dept., the Polytechnic, Regent 
St., W . xvi +  314 pp. 69 figures. Cambridge University 
Press, London, England, 1918. Price, $4.50.

The present volume considers the practical and analytical sides 
of oil and fat chemistry in the condensed and systematic manner 
characteristic of Volume I. The work is useful to the technical 
and industrial analyst, and perhaps even more so to the advanced 
college student of the subject. Practically all of the well-known 
methods for the testing and analysis of oils, fats, waxes, fatty  
acids, higher alcohols, glycerol, hydrocarbons and rosin and 
turpentine are given. It will be remembered that analytical 
methods were merely catalogued in the first volume. Excellent 
discrimination and judgment are shown in the selection of methods 
and all of the more important and some not so important are in
cluded. The illustrations are mainly from photographs, includ
ing apparatus of the fixed metallic and optical sort, and also 
assembled glass apparatus used in various tests. Diagrams and 
tables are frequent. The greatest drawback to the work is the 
lack of references to original literature for use in connection with 
various methods of analysis and tests, which tends to restrict 
the use of the book to beginners. Although a few such references 
are given, they are not general and numerous tests and methods 
are without references. The book is well printed on good paper. 
It  will be found useful in all oil and fat libraries, particularly 
for quick reference.

W . D . R i c h a r d s o n

Chemical Calculation Tables. B y  H o r a c e  L .  W e l l s .  2nd 
Ed., Revised. John W iley & Sons, Inc., N ew  York. Price, 

i i - 35 -

In preparing the second edition of this volume, first issued in 
1903, the author has taken the opportunity to revise the volume 
b y recalculating the constants in accordance with what the 
author designates as the latest international table of atomic 
weights, leaving the reader to ascertain what particular table has 
been used. The recalculation of the constants seems to have  
been made with great care, the author realizing the importance 
of accuracy in tables of this kind.

The volume includes a rather brief table of Gravimetric 
Factors with a table of Formula-Weights, Factors for Indirect 
Analyses and a table for the Reduction of Gas Volumes, and also 
a table for Calculation of Nitrogen from the Gas Volumes. These 
tables do not cover at all completely the factors required by the 
analytical chemist.

The Gravimetric Factors in addition to the substance weighed 
include only metals and their oxides and occasionally carbonates 
or sulfates so that the analytical chemist would have to add a 
great many factors for his every-day use. The selection of the 
factors to be included is not always the best possible. For 
ins ance, under lead, the factors for converting PbS to Pb and 
PbO are given, while the factors for conversion from Pb02 are 
not given. It is doubtful if lead is ever weighed as PbS, while 
in electrolytic work small quantities are frequently obtained as 
PbO- which would have been a much better factor to have in
cluded.

The table of Multiples for Organic Compounds will no doubt 
be found useful as well as the table for Molecular-Weiglit D e
term nations. The table for Weights and Measures is very  
limited.

The five-place table of Logarithms is undoubtedly the most 
valuable part of the volume as this table is very well printed and 
is extremely convenient lor use, being very well thumb-indexed 
and very legible.

J. C. Olsen

The Petroleum Handbook. B y  S t e p h e n  O. A n d r o s ,  A.B.,
B.Sc., E .M . 206 pp. 48 illustrations, 17 tables. Shaw
Publishing Co., 910 South Michigan A ve., Chicago, 111.
Price, $2.00.

This book, as stated by the author, is a compilation of general 
information on the origin, production, refining and marketing 
of petroleum and its products. It  contains a chapter on Gaso
line Specifications and State Laws covering gasoline and kero
sene.

There is no new information contained in the book. The 
compiler has evidently made no attem pt to discover and point 
out the errors in the original publications'. T he description 
of the methods of refining is very general and is incorrect in a 
great many cases. He states that the vacuum distillation process 
is in use in some refineries, whereas I know of no place where 
it is in use at the present time.

The compiler states that the method of refining asphalt 
base petroleum is substantially the same as in paraffin base, 
whereas, in fact, it is handled very differently.

On page 87 he states that the final boiling point of kerosene 
distillate is 450° F., whereas it is nearer 6oo° F.

The operation of the Trumble process (p. 95) is described 
in such a manner that one perfectly familiar with the process 
would not even recognize it.

The tabulation of the State Laws and Gasoline and Kerosene 

Specifications is also incorrect in a great many cases.

This book has the same objectionable features that I  have 
noticed in others of this kind which have been recently pub
lished, in that although it is a useful compilation of information 
for one who had has experience in oil, it  is a very poor guide for a 
beginner.

G . W . G r a y

Creative Chemistry. B y  E d w i n  E .  S l o s s o n .  311 pp. Century
Company, N ew  York City, 1919. Price, $2.50 net.

The prominence given to science b y  war activities has so 
emphasized it in the minds of the public that there is to-day a 
greater demand for scientific discussions presented in a popular 
wray than has ever been the case heretofore. There is real need 
for a popular presentation of the interesting problems in the 
field of chemistry, and "Creative Chem istry” does much toward 
fulfilling this need. It  is well written and illustrated and the 
public is sure to find it very readable.

From the chemist’s standpoint one might question the wisdom 
of giving prices (as on page 141) in view of the constantly chang
ing conditions in the chemical industry. A t  times there is a 
crossing of subjects which in no way detracts from the readability 
of the volume but suggests the possibility of a somewhat better 
arrangement in another edition of the work. There are a few 
inaccuracies of small consequence that might be eliminated the 
next time. The author seems to have had the same difficulty in 
adhering to his text as do some of our best-known lecturers who 
find a discussion of things chemical leading them into by-paths 
suggested as the subject is developed. It would seem worth 
while to present such valuable diagrams as those presented on 
page 147 in more legible form and the addition of discussions at
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some points or the inclusion of a glossary would seem help
ful.

The reading references are particularly valuable, especially to 
those who desire supplementary reading on various chemical 
subjects. The numerous bits of humor which M r. Slosson has 
sprinkled through the text will be appreciated, and the book 

should have a wide appeal, doing much toward creating the 
scientific public of which the chemist is in need.

H .  E. H o w e

White Lead— Its Use in Paint. B y  A . H. S a b i n .  128 
pp. John W iley &  Sons, Inc., N ew  York, 1920. Price, 
S1.25.

The purpose of this book is to give simple information regard
ing white pigments rather than to present the matter from the 
strictly chemical or scientific standpoint. It  outlines briefly the 
history of the white lead industry, touching upon the methods 
used in the production of white lead by the Old Dutch, Carter, 
Mitheson, mild, chamber, and various precipitation methods, and 
the process of sublimation. It describes briefly the methods used 
for drying, pulp mixing, and washing white lead, commenting 
upon the fineness, opacity, adhesion, water resistance, dura
bility, methods of mixing, application, defects, etc. In the dis
cussion of water resistance, affinity between lead and oil, etc., 
the author’s statements are rather vague and not in agreement 
with present conceptions of physical chemistry.

Information is given regarding methods of mixing white lead, 
how the pigment affects light tints made with blue or green, and 
how the white lead m ay occasionally be discolored through 
effect of sulfur gases in certain industrial communities. The  
discussion on lead-poisoning is well presented, but the statements 
made on page 59 are contradictory.

Information regarding leaded zinc, lithopone, zinc oxide, and 
their use in modem flat and gloss paints is presented in an 
interesting but not impartial manner.

An outline of the proper method of reducing, thinning, and 
tinting white lead paste for application to various kinds of lum
ber ollows.

The volume should prove of value to the painter and to the 
student interested in paints.

H. A. G a r d n e r

Mining and Manufacture of Fertilizing M aterials and Their R e
lation to Soils. B y  S t r a u s s  L . L l o y d ,  E .M . vi +  153 pp.; 
illustrated. D. Van Nostrand Company, N ew  York City,
1919. Price, $2.00.

The author expresses the hope that the book “ will appeal not 
only to manure manufacturers, but to farmers, as well as to agri
cultural students and all those who take an intelligent interest 
in the subject of agricultural chemistry.” T he book is divided 
into fourteen chapters. It treats of the functions and sources 
of nitrogen, phosphoric acid and potash, the action of lime and 
gypsum, nitrification and denitrification, the origin and composi
tion of soils, and the relation between soils and fertilizing ma
terials. The author presents in much detail the subjects of pebble 
phosphate ore and hard rock phosphate ore dressing and milling. 
Chapters are devoted to the more common fertilizer ingredients 
containing nitrogen, potash and phosphoric acid, and to the 
manufacture of superphosphate, precipitated phosphate, ammoni- 
ated phosphates, and complete fertilizers. Considerable space 
is devoted to the occurrence, mining and purification of nitrate 
of soda, and to the fixation of nitrogen as calcium cyanamide 
and calcium nitrate. M uch attention is given to the mining and 
purification of the German potash salts, and to the liberation of 
potash from feldspars by artificial means. The book closes with 
two chapters on the analysis of fertilizers and soils.

It will be noted that the book covers a rather unusual com
bination of subjects and is more suited to the general reader than 
to the student or analyst seeking special information. Most 
students will have neither the time nor desire to go into so much 
detail in regard to phosphate mining and fertilizer manufacture 
and the analyst will prefer a book which is not so restricted in its 
scope.

Greater care should have been taken in the preparation of the 
text. For example, the author after speaking of the formation 
of starch, says that "in some unknown way it becomes soluble,”  
so that it can be transferred from one part of the plant to another. 
He states that available phosphate "appears to hasten the ma
turity of plant.” It would seem that he could have said "it  
does” so.

In discussing the action of lime he asserts that its chief func
tion "is to improve the mechanical condition of the soil;”  where
as most authorities hold that its chief function is to counteract 
soil acidity and to break up or transform certain toxic substances 
which occur in such soils.

The author says that chemical analysis "does not attempt to 
ascertain and state in which form or forms the nitrogen is present 
in a fertilizer.”  He is evidently not aware that the forms of 
nitrogen are determined and published in some of the northern 
states. He adds that "compounds of ammonia are quite uncom
mon in commercial fertilizers,” which is not borne out 
b y the large amount of sulfate of ammonia used in mixed fertil
izers.

The sweeping statement that "the mineral forms of nitrogen, 
such as nitrate of soda and sulfate of ammonia, both dissolve 
easily in water, hence they would soon wash into the subsoil 
and out of reach of the plants,” certainly needs great quali
fication.

The writer makes the assertion that "before nitrogen in ammo
nium sulfate or organic substances can be taken up by plant life, 
it must be converted into nitrates." It is, nevertheless, well 
established that many plants may use nitrogen in one or both of 
those forms without change to nitrates. It is also asserted that 
“ the nitrogen in organic substances is chiefly in an albuminoid 
form,” no reference being made to other proteins and simpler or
ganic compounds.

In speaking of common salt no mention is made of the fact that 
sodium may replace some potassium in connection with the growth 
of at least certain cultivated plants, only the indirect action 
of the salt being mentioned.

Silica in the form of grains of sand is referred to as "form
ing the bulk of most soils,”— a statement which may perhaps 
be excused in the case of a resident of Florida. Reference is 
made to the formation of carbonate of lime by "organic activity” 
in the shells of the "crustaceans,” whereas a reference to the 
mollusca would have seemed more appropriate if a single refer
ence were to be made. In one place gypsum is referred to as 
"an important fertilizing material,” and elsewhere it is stated 
that it does not furnish "needed plant food.”

One is rather amazed at the broad, unqualified statement that 
"there is no way to tell, without experiment, what food constitu

ents a soil lacks.”
It  is asserted that sulfate of ammonia "should be used only 

when the soil has been lately limed,” regardless of the fact that 
large areas of soil require no lime.

A  strong odo- in a fertilizer is said to be "an indication that 
< rganic matter is decomposing and nitrogen is being lost,”  which 
is a rather surprising statement from one supposed to be familiar 
with the strong odor of sludge acid.

Other parts of the book are relatively much better, showing 
greater care in preparation or greater familiarity with the subject. 
M any an agricultural student or general reader will find in the 
book much that will be new to him, and consequently interesting.

H. J. W h e e l e r
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NELW PUBLICATIONS
By C l a r a  M . G u p p y , Librarian , M ellon In s titu te  of Industria l R esearch, P ittsb u rg h

Acids, Alkalies and Salts. G. H . J . Adlam. 8 v o  121 pp. Price, 2s. 6d.
Sir Isaac P itm an  & Sons, New York.

A sbestos and th e  A sbestos industry ; the W orld’s M ost W onderful M ineral, 
and  O ther Fireproof M aterials. A. L. S u m m e r s .  12mo. 107 pp.
Price, $1.00. Sir Isaac P itm an  & Sons, New Y ork.

Chem ical M olecule: La M olecule Chimique. R . L e s p i e a u .  287 pp.
Price, 3 fr. 50. F . Alcan, Paris.

C hem istry: A Class Book of Organic Chem istry. Vol. II. J. B . C o i i e n .
156 pp. Price, 4s. 6d. M acm illan & Co., L td ., London.

Chem istry and Technology of the  Diazo-Com pounds. J . C. C ain . 2nd 
Ed. 199 pp. Price, 12s. 6d. E . Arnold, London.

Chem istry for Textile  S tuden ts . B a r k e r  N o r t h  a n d  N o r m a n  B l a n d .
379 pp. Price, 30s. U niversity  Press, Cam bridge.

C hem istry: Service C hem istry; Being a Short M anual of C hem istry and 
M etallurgy and Their Application in the Naval and M ilitary Services. 
V. B . L e w e s  a n d  J . S. S. B r a m e .  5 th  E d. 8vo. 576 pp . 21s. 
Edw ard Arnold, London.

C hem ists’ M anual of N onferrous Alloys. J . R . D o w n ie . 168 pp. 
Price, 10s. E . & F . N . Spon, London; Spon & Cham berlain, L td ., 
New York.

Coal: Chem istry of Coal. J . B. R o b i n s o n .  96 pp. Price, 3s. 6d. G urney 
and Jackson, London.

Cordage and  Cordage H em p and F ibers. T h o m a s  W o o d i i o u s e  a n d  P. 
K i l g o u r .  12mo. 1 1 3  p p .  Price, $1.00. S ir Isaac P itm an  & Sons,
New York.

D yes: M anufacture  of In te rm ed ia te  Products for Dyes. J . C .  C a i n .
2nd Ed. 273 pp. Price, 10s. M acm illan & Co., L td ., London. 

Galvanizing and  Tinning. W . T . F l a n d e r s .  8 v o .  354 pp. Price, 
$4.00. U. P. C. Book Co., Inc ., New York.

H endricks’ Commercial R egister of the  United S ta tes for B uyers and  
Sellers, 1919-1920. 28th Annual Ed. 2703 pp. Price, $12.50. S. E . 
H endricks Co., Inc., New Y ork.

Ions, E lectrons, and  Ionizing R adiations. J . A. C r o w t h e r .  276 pp.
Price, 12s. 6d E. Arnold, London.

Iron : An Outline of th e  M etallurgy of Iron  and  S teel. A. H . Sexton  a n d  

J . S. P rimrose. 2nd E d. 8vo. 572 pp. Price, 15s. Scientific 
Publishing Co., Salford, England.

Lim es and  Cem ents: T heir N ature , M anufacture and  U se. An E lem entary  
T reatise . E . A. D a n c a s t e r .  2nd Ed. revised and  enlarged. 220 pp . 
7s. 6d. C. Lockwood & Son, London.

Lubricants: M em orandum  on Solid Lubricants. T .  C. T h o m s e n  a n d  
L. A r c h b u t t .  28 pp. H, M . S tationery  Office, London.

M etallurgy: Practical M etallurgy. T h o m a s  T u r n e r .  2nd Ed. 108 pp.
Price, 3s. 6d. C. Griffin & Co., London.

Oil Analysis: A Short H andbook of Oil Analysis. A. H . G i l l .  9 th  Ed.
revised. 215 pp. Pnce, $2.50. J . B .  L ippincott Co., Philadelphia. 

Organic C hem istry: Laboratory M anual of Organic C hem istry . H . L. 
F i s h e r .  8 v o .  331 pp . Price, $2.25. John W iley & Sons, Inc ., 
New York.

R arer M etals: M ineralogy of the  R arer M etals. E . C a h e n  a n d  W . O. 
W o o t t o n .  2nd Ed. revised. 246 pp. Price, 10s. 6d. C .  Griffin & 
C o . ,  London.

R eagent Chem icals: S tandards and T ests  for R eagen t Chem icals. B .  L. 
M u r r a y .  8 v o .  400 p p .  Price, $2.00. D . Van N ostrand  Co., New 
York.

Silk Industry  and  T rade: A S tudy of the  Economic O rganization of the 
Export T rade of K ashm ir and Ind ian  Silks with Special R eference to the 
Utilization in the B ritish and  F rench M arkets. R. C. H a w l l e y .  172 
pp Price, 10s. 6d. P . S. K ing & Son, L td ., London.

T extiles: Piece Goods M anual. A. E. B l a n c o .  Price, $1.25. S tatistical 
D ep t, of the  Inspecto rate  General of Chinese M aritim e Custom s, 
Shanghai. (Sold by G. D. S techert & Co., New York.)

Zinc and  Its  Alloys. ^T. E. L o n e s .  8 v o .  136 pp . Price, $1.00. Sir Isaac 
P itm an  & Sous, New York.

N E W  JO U R N AL

Discovery: A M onthly Popular Jou rna l of Knowledge. E d. by  A. S. 
R u s s e l l ,  8 Severn R oad, Sheffield. Price, 7s. 6d. Published by M r. 
John  M urray , 50a Albem arle S t., London, W . 1, England. (Sold by 
W. W esley & Son, 28 Essex S t. S trand , London, W. C., England.)

R E C E N T  JO U R N A L A R TIC LE S

A brasives: M anufacture of Artificial Abrasives in the  Electric Furnace. 
C, J . B r o c k b a n k .  Journal o f the Society o f Chemical Industry , Vol. 39 
(1920), No. 4, pp. 4U-44/.

Alcohol: Industria l Alcohol under th e  New Law and  Regulations. B .  R. 
T u n i s o n .  Chemical and Metallurgical Engineering, Vol. 22 (1920), 
N o. 11, pp. 513-518.

A lum inum  Bronze: T he Still P rocess for Casting A lum inum  Bronze. A 
Complete D escription of a  New M ethod for Preventing  the  Formation 
of Alumina in A luminum Bronze. P. H . G . D u r v i l l e . The Metal 
Industry, Vol. 18 (1920), No. 3, pp. 118-120.

Catalysis from  an  Industria l Standpoint. E. B. M axted. The Chemi
cal Age (L ondon), Vol. 2 (1920), No. 37, pp. 227.

C atalyzers in Pa in t and V arnish M anufacture. F . P. I n g a l l s . Chemical 
and Metallurgical Engineering, Vol. 22 (1920), No. 13, pp. 590-592.

Cellulose: T itration  of Cellulose. W a l t e r  Q v i s t . P ulp  and Paper 
Magazine, Vol. 18 (1920), No. 11. pp. 261-262.

Chem ical Industry : N eed of Cooperative E ducational W ork in the  Chemical 
Industry . J. G . C o i i e n . Chemical and Metallurgical Engineering, 
Vol. 22 (1920), No. 11, pp. 509-512.

C hem istry: Succeeding in C hem istry; a Relatively New Field Abounding in 
O pportunities. R . F . Y a t e s . Scientific American, Vol. 122 (1920), 
N o. 11, p. 272.

Colloidal Clay as a C atalyst in O xidation and  H ydrogenation. J . G. H a y . 
The Chemical Age (Londo i), Vol. 2 (1920), No. 36, p. 194.

Coloring Paper: T he  Theory and  Art of Coloring Paper. O t t o  K r e s s . 
P ulp and Paper Magazine, Vol. 18 (1920), No. 11* pp. 255-259.

Copper: T he R equirem ents of R efined Copper. L a w r e n c e  A d d ic k s . 
Chemical and Metallurgical Engineering, Vol. 22 (1920), No. 10, pp. 
449-453.

Cotton Oil Industry : P ictorial D escription of th e  Cotton Oil Industry. 
D a v id  W e s s o n . Chemical and Metallurgical Engineering, Vol. 22 
(1920), No. 10, pp . 465-472.

D ye Exports E ssential to Upkeep of A m erican Foreign T rade. L . W . 
A l w y n -S c iim id t . Color Trade Journal, Vol. 6 (1920), No. 3, pp. 
69-72.

F used  Silica: Commercial D evelopm ent of Fused Silica; an  Account of the 
D evelopm ent of the  E lectro therm al P rocesses of Fusing G lass Sand. 
J o h n  S c iia r l  a n d  W a l l a c e  S a v a g e . Chemical and Metallurgical 
Engineering, Vol. 22 (1920), No. 13, pp . 593-595.

G lass: Scientific R esearch  and the  G lass Ind u stry  in the  U nited States. 
M . W . T r a v e r s . Nature, Vol. 105 (1920), No. 2627, pp. 9-10.

Indigo Carm ine. I. J. M . M a t t h e w s . Color Trade Journal, Vol. 6 
(1920), No. 3, p. 96.

Lead: Action of W ater on Lead. J . F .  L i v e r s e e g e  a n d  A . W . K n a p p . 
Journal o f the Society o f Chemical Industry, Vol. 39 (1920), No. 3, pp. 
27/-33Z.

M alt: On the  Influence of the  T em peratu re , C oncentration, Duration 
of the M ash, and  Slackness of M alt on the  S tarch  P roducts  of the E x
tract of M alt. J a m e s  O ’S u l l i v a n . Journal o f the Society o f Chemical 
Industry, Vol. 39 (1920), No. 3, pp. 221-271.

M ineral Oils: Som e Laboratory T ests  on M ineral Oils. A r n o l d  P h il ip . 
Journal o f the Institute o f Petroleum Technologists, Vol. 6 (1920), No. 21, 
pp. 5-61.

M ustard  G as: H istory  of M ustard  G as. C. J . W e s t . Chemical and 
Metallurgical Engineering, Vol. 22 (1920), No. 12, pp. 541-542.

N itrogen: Political and  Com m ercial Control of the  N itrogen Resources 
of the  W orld. I. C. G . G i l b e r t . Chemical and Metallurgical Engi
neering, Vol. 22 (1920), No. 10, pp. 443-448.

Oil: The Conservation of Oil. P h i l i p  D u m a s . Journal o f the Institute of 
Petroleum Technologists, Vol. 6 (1920), No. 21, pp . 82-97.

Oxygen, N itrogen and R are G ases from  the Air. C. R. H o u s e m a n . The 
Chemical Age (London), Vol. 2 (1920), No. 36, pp. 198-199.

P aper from  B agasse; How Sugarcane R efuse Is T rea ted  to -M ake Good 
Paper Pulp. C. J. W e s t . Paper, Vol. 26 (1920), No. 2, pp . 26, 28.

Saccharin versus Sugar. J. F .  Q u e e n y . Chemical Age, Vol. 2 (1920), 
No. 2, pp. 367-369.

Shale-O il: D istillation of Shale-O il. J. A . B is h o p . M ining  and Scientific 
Press, Vol. 120 (1920), No. 11, pp . 371-375.

Solidification P oints of M ixtures of M etallic Chlorides. P a rt I. M ixtures 
of Sodium , P o tassium , and  Calcium Chlorides. F .  C. A . H . L a n t s- 
b e r r y  a n d  R. A . P a g e . Journal o f the Society o f Chemical Industry, 
Vol. 39 (1920), No. 4, pp. 37/-41/.

Sugar: Extraction and  P roduction of Sugar from  D ifferent Vegetable 
Sources. A . R . L i n g . Chemical News, Vol. 120 (1919), No. 3124, pp. 
98-101.

Talc: A Talk  on Talc. F r e e l a n d  J e w e t t . Chemical Age, Vol. 2 (1920), 
No. 2, pp. 389-390.

T ungsten: T he M etallurgy of T ungsten. C . W . B a l k e . Chemical AgeK 
Vol. 2 (1920), No. 2, p. 366.

Tungsten  O re D eposits in B urm a, N otes on. J. C. B r o w n . Journal 
of the Society o f Chemical Industry, Vol. 39 (1920), No. 4, pp. 44/-48J.

W ater: F iltration and Softening of W ater. G. G. H e p b u r n . The Chemical 
Age  (London), Vol. 2 (1920), No. 37, pp . 226-227.
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FIRST-HAND PRICES FOR GOODS IN ORIGINAL PACKAGES PREVAILING IN  THE NEW YORK MARKET

IN O R G A N IC CH E M ICA LS
Apr. 1 A pr. 15

Acid, Boric, cryst., bb ls........... ......... lb. . 16*/, .16»/,
Hydrochloric, com ’l, 22° ......... lb. .02 .02
H y d rlo d ic ........................... .19 .19
N itric, 4 2 ° ......................... . .08»/, .081/,
Phosphoric, 50%  tc c h .. . . .25 .25
Sulfuric, C. P ..................... ......... lb. .08 .08

Cham ber, 6 6 ° ............ 22 .00 22.00
O leum .......................... 27.00 27.00

Alum, am m onia, lu m p ............ ......... lb. .04 .04
Aluminum Sulfate (iron-free). ......... lb. .03 .03
Ammonium C arbonate, pw d.. .1 3 i /2 . 141/,
Ammonium Chloride, g r a n . . . ......... lb. .18 .18
Ammonia W ater, carboys, 26 ° . . . . l b . .10 .10
Arsenic, w hite............................. .14 .14
Barium  C hloride........................ 175.00 175.00

N itra te ................................. .11 .11
B arytes, w hite ............................. 25 .00 25.00
Bleaching Pow d.,35% , W orks,, 100 lbs. 4 .00 4 .50
Borax, cryst., bb ls..................... .091/, .091/,
Bromine, tech., b u lk ................ ......... lb. .85 .85
Calcium Chloride, fused .......... 22 .00 22.00
Chalk, prec ip ita ted ................... .05 .05
China Clay, im ported .............. 18.00 18.00
Copper S u lfate ............................ 100 lbs. 8 .25 8.25
F eldspar........................................ 8 .00 8.00
Fuller’s E a r th .............................. 100 lbs. 1.50 1.50
Iodine, resublim ed.................... 4 .1 0  . 4.35
Lead Acetate, white c ry s ta ls .. .14 .14

N itra te ................................. ......... lb. .15 .15
Red A m erican..................... 100 lbs. • io*/« . 101/ ,
W hite A m erican................ 100 lbs. .09*/, .091/,

Lime A ceta te ............................... 100 lbs. 3 .00 3 .25
Lithium  C arbonate................... ......... lb. 1.50 1.50
M agnesium  C arbonate, T ech. .12 .12
M agnesite..................................... 65.00 65.00
M ercury flask.............................. .75 lbs. 98 .00 104.00
Phosphorus, yellow................... ......... lb. .35 .35
Plaster of P a ris ........................... 100 lbs. 1.50 1.50
Potassium  B ichrom ate............ .40 .40

B rom ide............................... .90 .90
Carbonate, calc., 80-85% .......... lb. .22 .22
Chlorate, c ryst................... ......... lb. .15 .15
C yanide, bulk, 98-99% .. .30 .30
H ydroxide, 8 8 -9 2 % ........ ......... lb. .30 .30
Iodide, b u lk ........................ ......... lb. 3 .10 3.35
N itra te ................................. ......... lb. .14 .14
Perm anganate, U. S. P ... ......... lb. .75 .75

Salt C ake ................................. 18.00 25.00
Silver N itra te ............................... .80 .80
Soapstone, in bags ..................... 12.00 12.00
Soda Ash, 58% , bags ................ 100 lbs. 3 .25 4 .00

C austic, 7 6% ...................... 100 lbs. 6 .25 6 .00
Sodium A ceta te ......................... ......... lb. .08*/* .081/,

B icarbonate ......................... 100 lbs. 2 .25 2.25
B ichrom ate......................... ......... lb. .30 .30
C h lorate .............................. ......... lb. .10 .10
C yanide ............................... ......... lb. .27 .27
Fluoride, technical........... .16 .18
H yposulfite .......................... 100 lbs. 3 .60 3 .60
N itra te , 9 5 % ....................... 100 lbs. 3 .85 3 .80
Silicate, 40°........................ ......... lb. .02 .02
Sulfide.................................. ......... lb. .06V , .061/,
Bisulfite, pow dered.......... .061/, .06«/,

S trontium  N itra te .................... .25 .27
Sulfur. Dowers.............................. 100 lbs. 3 .75 3 .75

C rude .................................. long ton 30.00 30.00
Talc, Am erican, w h ite ............. 20 .00 20.00
T in  B ichloride........ ................... . 2 IV 1 .21»/,

O xide.................................... .60 .60
Zinc Chloride, U. S. P ............. ......... lb. .50 .50

Oxide, b b ls ......................... .22 .22

O R G A N IC  C H E M ICA LS

A cetanilid ..................................... .65 .75
Acid, Acetic. 28 p. c .................. 100 lbs. 3 .00 3 .25

G lacial......................... .14 .16*/*
A cetylsalicyiic.................... 1.00 .95
Benzoic, U. S. P., ex-toluol. . .. lb . .85 .85
Carbolic, cryst., U. S. P ., d rs .. .lb . .15 .15

50- to  110-lb. t in s . . . . .21 .21

Apr. 1 Apr. 15
Acid (Concluded)

Citric, crystals, bbls............... 1 .20 1.18
Oxalic, c r y s t , bbls.................. .45 .50
Pyrogallic, resublim ed........... 2 .50 2 .50
Salicylic, bulk, U. S. P .......... . . lb . .55 .55
T artaric , crystals, U. S. P . . . . . lb . .78 .83
Trichloracetic, U. S. P .......... . . lb . 4 .40 4 .4 0

Acetone, d ru m s................................ .16 .20
Alcohol, denatured , 190 proof — • gal. 1.01 1.01

E thyl, 190 p roo f................ • gal. 7 .50 8 .00
Wood, P u re ............................... • gal. 3 .0 0 3 .5 0

Amyl A cetate....................... ............. .gal. 4 .00 4 .0 0
Cam phor, J ap . refined.................. , ,1b. 2 .50 2.25
Carbon Bisulfide.............................. . .lb. .06 .06

T etrach lo ride............................ .11 .11
Chloroform, U. S. P ........................ . .lb. .30 .35
Creosote, U. S. P .............................. . . lb . .75 .75
Cresol, U. S. P .................................. .18 .18
Dextrine, co rn ................................... .06»/4 .06*/4

Im ported P o ta to ..................... .14 .14
E ther, U. S. P., conc., 100 l b s . . . . . .lb. .19 .19
Form aldehyde................................... .57 .53
Glycerin, dynam ite, d ru m s.......... . ,1b. .22 .21*/a
Starch co rn ..................................100 lbs. 5 .25 5.25

P otato , J ap ............................... . ,1b. .06 .06
R ice............................................. .25 .25
Sago............................................. .05 .05

OILS, W A X E S, E TC .

Beeswax, pure, w hite ..................... . ,1b. .65 .65
Black M ineral Oil, 29 g ra v ity . . . . • gal. .22 .22
Castor, Oil. No. 3 ............................. .18 . 18
Ceresin, yellow ................................. .14 .14
Corn Oil, c rude ................................. .18 .17*/,
Cottonseed Oil, crude, f. 0. b mill . .lb. .17*A .15*/,
M enhaden Oil, crude (southern). .gal. .95 .95
N e a t’s-foot Oil, 20°......................... .gal. 2 .25 2.25
Paraffin, 128-130 m. p., re f............., .lb . .11*/, .11* /,
Paraffin Oil, high v iscosity ........ .gal. .45 .45
Rosin, " F ”  G rade, 280 lbs............ ,bbl. 18.55 19.75
Rosin Oil, first ru n .......................... • gal. .90 .90
Shellac, T . N ..................................... . . lb . 1.35 1.35
Sperm aceti, cake.............................. .30 .30
Sperm Oil, bleached w inter, 3 8 ° .. .gal. 1.95 1.95
S tearic Acid, double-pressed........ .27*/, .27* /,
Tallow Oil, acidiess......................... • gal. 1.70 1.60
T a r Oil, d istilled............................... .gal. .60 .60
T urpentine, spirits o f..................... • gal. 2 .35 nom inal

METALS

A luminum, No. 1, ingo ts........ .31*/, .31*/,
Antim ony, o rd in a ry ................... 100 lbs. 11.75 11.75
B ism uth ......................................... 2 .52 2.52
Copper, e lectrolytic......... .18* /, .19

L ake........................................ lb. .1874 .19
Lead. N  Y .................................... lb. . 091/4 .091/*
Nickel, e lectrolytic..................... .45 .45
P latinum , refined, so ft.............. 155.00 155.00
Quicksilver, flask .................... 75 lbs ea. 98 .00 104.00
Silver............................................... 1.35 1.27
T in ................................................... .611/4 .62*/4
T ungsten  W olfram ite............... :per un it 7 .00 7.00
Zinc, N . Y ..................................... 100 lbs. 9 .0 0 9 .0 0

FERTILIZER M ATERIALS

Ammonium S ulfate ................... 100 lbs. 7 .10 7.10
Blood, dried, f. 0. b. N . Y ....... . .  .u n it 8 .0 0 8 .0 0
Bone. 3 and 50, ground, raw .. . . . .  ton 48.00 48 .00
Calcium Cyanam ide, u n it of Am-

m onia........................................ 4 .00 4 .0 0
Fish Scrap, dom estic, dried, f. 0. b.

works.......................................... 7 .25 7.25
Phosphate Rock, f. 0. b. m ine:

F lorida pebble, 6 8 % ........ 6 .85 6.85
Tennessee, 78 -80% .......... 11.00 11.00

Potassium  m uriate, 8 0 % ......... 2 .60 2.60
Pyrites, furnace size, im ported. . .  .u n it .18 .18
T ankage, high-grade, f. 0. b.

Chicago...................................... 7 .75 7.75
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A pr. 1 A pr. 15
C ru d e s

Benzol. C. P ....................................... .33 .33
C resol. U S. P .................................. . . l b .18 .18
N aphthalene, flake........................... .lb .10 .12 */i
Phenol, d ru m s.................................. . .15 .15
Toluol, 9 0 % ....................................... .gal. .34 .34
Xylol, w ater w h ite . ........................ .gal. .40 .40

I n te r m e d ia te s
Acids:

A n th ran ilic ................................ 2 .75 2.75
Benzoic........ ............................... .85 .85
B ro e n n e r 's . . . . ......................... . 1.75 1.75
C leves......................................... . 2 .00 2.00
Cresylic, 9 7 -9 9 % ...................... gal. 1.00 1.10
F  ............................................... 3 .00 3 .0 0
G am m a....................... ................. 2 .50 2 .50
H  .............................................. 1.85 1.85
M etanilic ..................................... 1.70 1.70
M onosulfonic F ....................... 3 .0 0 3 .0 0
N apthionic  c ru d e ..................... .70 .70
Neville & W in ther's ................ 1.90 1.90
P h th a lic ................................ .60 .60
P ic ric . . . . ................................... .25 .25
Sulfanilic...................................... .35 .35
T o b ia s ......................................... 2 .25 2.25

Amido Azo Benzol............................. 1.15 1.15
Aniline O il. ..................................... .35 .36

For R ed ................................... .65 .65
Aniline S a lt......................................... .47 .47
Anthracene. 8 0 -8 5 % ........................ .75 .75
A nthraquinone.................................... 4 .50 4 .5 0
Benzaldehyde, tech ........................... .75 .75

U. S P ..................................... .lb . 1.25 1.10
Benzidine Base................................... 1 .40 1.40
Benzidine S u lfa te ............................. 1.15 1.15
D iam idophenol................................... 6 .00 6 .00
D ia n is id in e ..................................... .... 9 .00 9 .0 0
P-Dichlorbenzoi.............................. .10 .10
D iethylaniline............... ..................... 1 .40 1.40
D im ethy lan iline ................. .. 2 .00 1.45
D initrobenzol...................................... .36 .36
D initrotoluol............................... .. .43 .43
D ipheny lam ine.. .............. .85 .80
G S a l t ................................................... .75 .90
H ydroquinone..................................... 2 .00 2 .00
M eto l...................................................... 11.50 11.50
M onochlorbenzoi................................ .12 .12
M onoethy laniline............................... 2 .15 2 .15
a-N  aphthylam ine............................... .45 .45
fr-N aph thy lam ine............................... 1.1,5 1.15
b-N aphthol, c r u d e . . . . . ...................., .lb .65 .70
m -N itraniline..................... ................ 1 .00 1.00
£>-Ni tram lin e ...................................... 1.50 1.55
N itrobenzol, crude............................. .16 .16

Rectified (Oil M y rb an e)......... .lb . .18 .18
¿-N itrophenol..................................... .80 .80
£-Nitrosodim ethy1amline................. 1.90 1.90
o -N itro to luo l....................................... .22 .22
£-N itrotoluol..................................... .. .lb, 1.15 1.15
m -Phenylenediam ine......................... 1.35 1.35
£-Phenylenediam ine................... 2 .50 2 .50
Phthalic  A nhydride........................... .lb .45 .45
Prim uline B ase ................................... .lb. 3 .0 0 3 .00
R  S a lt.................................................... .75 .75
Resorcin. te c h ..................................... 4 .00 4 .00

U. S. P .......................................... 6 .00 6 .00
Schaeffer S a lt...................................... .lb. .75 .75
Sodium  N a p h th io n a te ..................... 1.10 1.10
T hiocarbanilid ..................................... .60 .60
Tolidine, B ase............................... 1.75 1.65
Toluidine, m ixed.............. .. .44 .44
o-Toluidine......................... ........... .30 .30
m-T oluy lenediam ine.......................... 1.35 1.35
^-T oluidine........................................... 1.75 1.75
Xylidene, c rude.................................. .lb . .40 .40

C O A L -T A R  CO LO RS
A cid  C o lo rs

B la ck ..................................................... 1.15 1.15
Blu*........................................................ 3 .00 3 .00
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Apr. 1 Apr. 1.
A cid  C olors (Continued)

F uchsin ............................................. 2 .50 2 .50
Orange I I I ................................... 1.00 1.00
R e d ..................................................... 1.10 1.10
Violet 10B........................................ . . . l b . 6 .50 6 .50
Alkali Blue, dom estic ................... . . . I b . 4 .75 4.75

Im ported ............................. 8 .00 8.00
Azo C arm ine........ .......................... . . . l b . 4 .00 4 .00
Azo Yellow...................................... . . . l b . 2 .00 2 .00
E ry th ro s in e ..................................... 12.00 12.00
Indigotine, conc.............................. . . . l b .  * 3.00 3 .00

P a s te .................................... . . . l b . 1.50 1.50
N aphthol G reen............................. . . . l b . 1.50 1.50
P onceau........................ ................... 1.00 1.00
Scarlet 2 R ........................................ 1.00 1.00

D ire c t C olors

B lack ................................................. 1.00 1 .00
Blue 2 B ............................................. .70 .70
Brown R .......................................... . . . l b . 1.80 1 .80
F ast R ed ........................................... . . . l b . 3 .50 3 .5 0
Yellow............................................... 2 .00 2 .00
Violet, con’t ..................................... 2 .20 2 .20
Chrysophenine, dom estic ............ . . . l b . 2 .25 2 .25

Im p o rted ............................. 3 .80 3 .80
Congo Red. 4B T y p e ................... . . . l b . .90 .90
Prim uline, dom estic...................... . . . l b . 3 .00 3 .0 0

O il C olors

B lack .................................................. .70 .70
B lue.................................................... . . . l b . 1.65 1.65
O range............................................... . . . l b . 1.40 1 .40
R ed I I I ............................................. 1.65 1 .65
Scarle t............................................... 1.75 1.75
Yellow .................................................. . . l b . 1.70 1.7*
Nigrosine Oil. so lu tion ..................., . . lb . .90 .90

S u lf u r  C o lo rs

B lack................................................. .20 .20
Blue, dom estic .................................. . . l b . .70 .70
B row n................................................. .35 .35
G reen ................................................. 1 .00 1 .00
Yellow............................................... .. . . l b . .90 .90

C h ro m e  C olors

Alizarin Blue, b rig h t.................... , . . . l b . 7 .75 7.75
Alizarin Red. 20%  P aste .......... .. . . l b . 1 .10 1 .10
Alizarin Yellow G ......................... . 1 .00 1.00
Chrom e Black, dom estic............. . 1.25 1.25

Im p o rted .............................. 2 .20 2 .2 0
Chrome B lue.......................... . . . l b . 2 .5 0 2 .50
Chrom e Green, dom estic ............ . 1.50 1.50
Chrome R ed .................................... 2 .00 2 .0 0
G allocyanine.................................... 3 .25 3 .25

B asic  C olors

A uram ine, O, dom estic................ . . . l b . 2 .5 0 2 .5#
A uram ine, O O , ............................. . 4 .15 4.15
Bism arck Brown Y ......................... .90 .90
Bism arck Brown R ........ ................ 1.20 1.20
Chrysoidine R ..................... .. .75 .75
Chrysoidine Y ................................ .75 .75
Green C rystals, B rillian t............ . 6 .0 0 6 .0 0
Indigo, 20 p c. p a s te ................... .85 .85
Fuchsine C rystals, dom estic. . .  .lb. 5 .00 5 .50

Im p o rted ............................. 12.00 12.00
M agenta Acid, dom estic .............. 4 .25 4 .25
M alachite G reen, c ry sta ls ........... . 3 .75 3 .75
M ethylene Blue, tech .................... 2 .50 2.75
M ethyl Violet 3 B ......................... . . . l b 2 .60 2 .60
N igrosine, spts. sol........................ .. . . l b .&5 .85

W ater sol., blue.................. . . . l b .65 .65
J e t ........................................... . . lb .90 .90

Phosphine G., dom estic.................. . . l b . 7 .00 7 .00
R hodam ine B. ex-con’t ................. 35 .00 35 .00
Victoria B lur, base, domestic 6 .0 0 6 .0 0
Victoria G reen.................................. 6 .00 6.00
Victoria R ed ......................................, lb. 7 .00 7 .00
V ictoria Yellow................................ 7 .00 7.00
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NASH ENGINEERING CO.
South Norwalk, Conn., U. S.

NASH HYTOR
THE SIMPLEST VACUUM 
PUMP OR COMPRESSOR

TH E  pump for air, industrial gas, or acid gas. N o valves. 
N o gears. N o pistons. N o piston packing. N o sliding 
vanes. N o interior lubrication necessary. Absolutely  

clean air, delivered without pulsation. Rotor only moving part, 
cast in one piece, heavily shrouded, and mounted on ball bear
ings outside of casing. Long life. Constant efficiency. Posi
tive service.
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT
Absorption Towers

Duriron Castings Co., D ayton, O. (Acid Proof) 
Geoeral Ceram ics Co. N V C 
Knigb», M aurice A , East Akron, O h i o .  
Lum mus Co.. The W alter E Boston, Mass. 
Therm al Syndicate, L td ., The. N. Y. C 
U. S. Stoneware Co., The, Akron, O

Acid and Alkali Resistant Apparatus
Buffalo Fdy ft Mch. Co , Builalo. N Y 
Cleveiaud Brass Mfg Co., The, 01*v-i»nd O 
D uriron Casting* Co., D ay ton , O (Acid Proof) 
E lyria Enameled Prod Co., E lyn», O 
Jacoby, Henry E . N Y. C.
Pfaudler Co.. Rochester, N . Y.

Acid Distillation Apparatus
Therm al Syndicate, L td., The, N . Y. C.

Acid Eggs
Bethlehem F d 'y  ft M uch. Co., So Beth , Pa. 
Buffalo Pdv ft M ach Co., Buffalo. N Y 
Denver Fire Clay Co., The, Denver, Colo. 
Devine Co . J P., Buffalo, N. Y 
Jacobv, Henry E ,  N. Y C 
Schutte  ft Koerting Co.. Phila., Pa.
U. S Stoneware Co., The, Akron, O.

Acid Pitchers
Guernacyware Co., The, Cam bridge, O.
Heil Chem. Co.. Henry. S t. Louis, Mo.
K night. M aurice A., E ast Akron, O.
Palo Co . N Y C.
D S. Stoneware Co., The, Akron, O 
Will Corporation, The, R ochester, N . Y.

Acid Plants (Complete or in Part)
Knight, M A.. Ra9t A kron, O.

Acid Proof Brick
General Ceram ics Co., N Y C  
K night. M A.. E ast Akron, Ohio 
U, o. S tonew are Co., The, Akron, O.

Acids
C entral Scientific Co., Chicago. III.
Dow Chem ical Co The, M idland. Mich.
Eimer ft Amend. N Y C 
Gazzolo Drug & Chem ical Co., Chicago, III. 
Heil Chem Co.. Henry, S t. Louis, Mo 
M erck ft Co N Y C .
N ational Aniline & Chem ical Co., N . Y . C.
Palo Com pany, N. Y. C
Will C orporation, T he, Rochester, N. Y.

Acid Valves 
Cleveland Brass Mfg. Co., The, C leveland, O. 
Duriron Castings Co.. D ayton, O.
General Ceram ics Co , N. Y C.
Schutte ft Koerting Co., Phila., Pa.
York M anufacturing Co., York, Pa.

Acid Ware (Vitrified Clay)
Guernsey ware Co., The, Cam bridge, O.
U S Stoneware Co., The. Akron, O.

Agitators or Mixers
Cleveland Brass Mfg. Co., The, C leveland, O.
Devine Co., J P . Buffalo, N. Y
Dort Co., The, Denver. Col. & N V «
D uriron Castings Co .D ay to n , O (A dd.Proof) 
E lyna  fcnameleo P roducts Co., Elyri». u  
General F iltra tion  Co., Inc., Rochester N- Y. 
Jacoby, Heury H., N Y C .
Pfaudlei Co., Rochester, N. Y.
Sowers Mfg. Co.. Buffalo, N . Y.
Stevens Brothers, N Y. C.
W erner ft Pfleiderer Co., Saginaw, Mich.

Air Compressors
Abbé Engineering Co., N . Y. C.
Crowell Engineering Co., B rooklyn, N Y. 
General Electric Co., Schenectady, N Y. 
H ubbard ’* Sons N orm an, BrookIvn N Y 
N ash Engineering Co., So. Norwalk, Conn. 
Schutte & Koerting Co., Phila., Pa.

Air-Diffusing Plates
G eneral F iltra tion  Co., Inc., R ochester, N . Y.

Air Washers
Carrier Engineering Corp., N  Y. C.

Alcohol Apparatus (Builders of)
Egrot Co., L td ., The, Paris, France.

Alkalis
Arnold Hoffman Sr Co., Inc ., N . Y. C.
Lithflux M ineral ft Chem W ks., Chicago. I1Î. 
N ational Aniline f t  Chem ical Co., N . Y . C.

Alundum Ware
Denver Fire C lay Co., The, Denver, Colo.
Heil Chem. Co.. Henry, S t. Louis. Mo.
N orton Co.. W orcester. Mass 
Scientific M aterials Co.. P ittsbu rgh  P*
Will C orporation. The, Rochester, N . Y.

Ammeters 
Brown Instrum ent Co., Philadelphia, Pa. 
G eneral Electric Co., Schenectady, N. Y

Ammonia
Heil Chem . Co., Henry, S t. Louis. Mo.

Ammonia Fittings and Supplies
York M anufacturing Co., York, Pm— 

Ammonia— Salts of 
M erck & Co., N . Y. C.

m k

Analysis— Gas
Sarco Co.. Inc.. N Y. C.

Analysis—Gas Apparatus
B raun Corporation. Los Angeles, Calif
Braun Kn»cht Heim ann Co San Francisco.
C entral Scientific Co. Chicago, I1L
Daiggei ft Co.. A . ChicMgu. Til
Denver Fire Clay Co., The. Denver, Colo.
Eim er & Amend, N Y C
Em il Greinei Co., The, N Y. C.
Griebel Instrum ent Co., C arbondale, Pa.
Heil Chem Co Henry, St. Louis, Mo. 
p alo Com pany, N Y C .
Sarco Co Inc., N. Y C.
Sargent & Co.. E H^ Chicago, Til.
Scientific M aterial* Co., P ittsburgh , Pa. 
Thom as Co . A rthur H Philadelphia. Pa. 
Will C orporation, The. Rochester. N . Y.

Analytical Apparatus
B raun C orporation Los Angeles, Calif.
Braun K necht Heim ann Co. San Francisco. 
Central Scientific Co.. Chicago, 111.
Daigger ft Co A Chicago 111 
Denver Fire Clay Co.. The. Denver, Colo. 
Eirner ft Amend N Y C  
Griebel Instrum ent Co.. Carbondale. Pa.
Heil Chem Co . Henry, S t. Louis, Mo.
Palo C om pany, N Y C .
Sargent & Co., E H Chicago, III.
Scientific M aterials Co.. P ittsburgh, Pa. 
Thom as Co Arthur H . Philadelphia. Pa. 
Will C orporation. The, Rochester, N . Y.

Analytical Laboratories
Chemical L aboratories of N , Y., Inc ., N . Y. C. 
Colum bus Labor clones Chicago, 111.
Dearborn Chem ical Co Chicago Til 
Fo rt W orth Laboratories, F o rt W orth, Texas. 
General Chem ical L aboratories, N. Y. C. 
Sadllrf ft So« Samuel P Philudelphia. Pa. 
W eatport M ill, W estport, Conn.

Aniline O il— Salts of
M erck &  C o  N V  C
N ational Aniline ft Chem ical Co. N . Y. C.

Antimony— Salts of
Merck ft Co N Y. C.

Arresters (Dust)

Arsenic— M etallic & Salts 
M erck & Co.. N Y. C.

Arsenic Plants (Acid Proof Stoneware)
K night. M A., East Akron. O.

Asphalt &  Tar Testing Apparatus 
C entral Scientific Co.. Chicago. 111.
Denver Fire Clay Co., The. Denver, Colo. 
Eimer & Amend. N Y C  . . .
Heil Chem. Co.. Henry. St, Louis Mo.
Scientific M aterials Co P ittsbu rgh  Pa 
T herm o-Electric  In s tru m en t Co.. N ew ark. N . J. 
Thomas» t  o \r th u r  H Philadelphia Pa.
Will C orporation. The. Rochester. N . Y.

Autoclaves 
C entral Scientific Co.. Chicago. Til.
Denve Fire Clay Co.. The. Denver. Colo 
Devine Co I P Buffalo N Y  .
D uriron Castings Co., D ayton, O. (Acid-Proof)
E im er ft A m en d , N V I
Heil Chem  Co.. Henry. S t. Louis. Mo.
Scientific M aterials Co P ittsburgh. Pa 
Sowers M anufacturing  Co. Buffalo. N . Y 
Will C orporation. The. Rochester. N. Y.

Autoclaves (Glass Enameled Steel)
Pfaudler Co.. Rochester, N Y.

Autoclaves {High and Low Pressure)
Buffalo Fdy & Mch Co,; Buffalo. N . Y 
Devine Co., J P.i Buffalo N Y.

Automatic Pressure Regulators
Brown Instrum ent Co.. The.. Phila., Pa.
T avlor Instrum ent Cos . Rochester. N. Y

Automatic Temperature Regulators
Brown Instrum ent Co.. The. Phila., Pa. 
Engelhard, Charles. N. Y C.
T aylor In s tru m en t Cos.. R ochester. N  Y.

Bakelite
G eneral Bakelite Co., N. Y. C.

Balances and Weights
Becker Inc., C hristian . N. Y  C.
Braun C orporation Los Angeles, Calif.
Braun K necht Heim ann Co., San Francisco. 
C entral Scientific Co. Chicago. 111.
Daigger ft Co A., Chicago, 111
Denver Fire Clay Co.. The. Denver, Colo.
Eim er & \m en d  N Y C
Griebel Ins trum en t Co., Carbondale. Pa.
Heil Chem  Co., Henry St. Louis, Mo.
Palo Com pany N Y C  
Sargent ft Co.. E H . Chicago. III.
Scientific M aterial* Co P ittsburgh  Pa 
Thom as Co . Arthur H Philadelphia. Pa. 
Will C orporation, The, Rochester, N . Y.

Barium— Salts of
Dow Chem ical Co. The. M idland. Mich.
Heil Chem« Co.. Henry. St. Louis. Mo.
Merck & Co N Y C
Will C orporation, The. Rochester, N . Y.

Barometers
Brown Instrum en t Co., The, Phila., Pa.
Heil Chem. Co., H enry . S t. Louis. Mo.
T avlor Instrum ent Cos.. Rochester N . Y. 
Will C orporation, The, Rochester, N . Y.

Beakers
Braun K necht-H eim ann C orp.. San F randsca  
C entral Scientific Co.. Chicago, III.
Daigger ft Co.. A., Chicago, Til 
Denver Fire C lay Co., The, D enver, Colo. 
Eimer & Amend N Y . C 
G uernseyw are Co., T he, C am bridge, O.
Heil Chem. Co.. Henry. S t. Louis, Mo.
H erold C hina & P o ttery  Co., G olden, Col. 
Palo Com pany, N. Y C.
Sargent ft Co., E. H , Chicago, 111.
Scientific M aterials Co.. P ittsburgh . Pa.
Will C orporation, T he, R ochester, N . Y

Benzol
Gazzolo D rug & Chem ical Co., Chicago, 111. 
M erck ft Co N V C
N ational Aniline 8t Chem ical Co., N . Y. C.

Benzol Apparatus (Builders of)
E gro t Co. L td ., The, Paris, F rance.

Betanaphthol
Heil Chem . Co.. Henry, S t. Louis, M o.
MercK ft Co.. N  Y. C.
N ational Aniline & Chem ical Co., N . Y . C. 
Will Corporation, The, R ochester, N . Y.

Betanaphthol Apparatus
Buffalo Fdy. & M ch. Co.. Buffalo, N. Y

Bismuth— M etallic &  Salts
M erck & Co.. N . Y. C.

Blowers 
Abbé Engineering Co., N  Y. C.
C entral Scientific Co.. Chicago. I1L 
Crowell Mfg Co.. Brooklyn N. Y 
D enver Fire C lay Co., The. D enver, Colo. 
D uriron C astings Co.. D ay ton , O.
Eim er ft Amend. N  Y. C.
Heil Chem . Co.. Henry, S t. Louis. Mo.
Palo C om pany, N Y C
Scientific M aterials Co.. P ittsburgh . Pa.
Schutte ft Koerting Co., Phila.. Pa.
Will C orporation , The, Rochester, N . Y.

Boiler Coverings
M agnesia Association of America, N . Y. C

Boiler Water Treatment
D earborn Chem ical Co., Chicago. III.
Heil Chem . Co.. Henry, St. Louis, M o.
M erck & Co.. N . Y. C.

Bolting Cloth
Abb* Engineering Co.. N Y C .
M ulti M utai Co.. Inc ., N . Y . C.

Bone Black 
Heil Chem . Co., H enry  S t. Louis. M o.
Toch Bros . N Y C .
Will C orporation , T he, R ochester, N . Y.

Books
Chemical Publishing Co.. The, E aston , P*. 
S techert & Co., G. E ., N . Y. C.
Van N ostrand  Co., D., N. Y C.
Wiley ft Sons, Inc.. John. N Y. C.

Bottles (Glass)
C entral Scientific Co., Chicago. 111.
Denver Fire C lay Co., The, Denver, Colo. 
Eimer ft Amend N Y C  
Heil Chem. Co.. Henry. S t. Louis, Mo. 
Scientific M aterial. Co., P ittsburgh . Pa. 
W heaton Co T  C M illville N T 
Will C orporation, The, Rochester, N . Y.

Brinell Machines
C entral Scientific Co.. Chicago. 111.
Denver Fire Clay Co., The. Denver, Colo. 
Eimei ft Amend. N Y C .
Heil Chem. Co.. H enry, S t. Louis, Mo.
Palo Com pany, N Y. C.
Scientific M aterials Co.. P ittsburgh , Pa.
W ill Corporation, The, R ochester, N . Y.

Burner Guards
Heil Chem. Co., H enry. S t. LouU, M o.
Kn*ght M A , E ast Akron O
Will Corporation, The. Rochester, N . Y,

Burners— Gas and Oil
B raun C orporation, Los Angeles, Calif. 
B raun-K necht-H eim ann Co., San Francise». 
C entral Scientific Co., Chicago. III.
Daiegcr ft Co A Chicago Til 
D enver Fire Clay Co , The. Denver, Colo. 
D etro it H eating & Lighting Co., D etro it, M kh* 
Eimer ft Amend. N Y C .
Griebel Ins trum en t Co., C arbondale, Pa.
Heil Chem ical Co., H enry, S t. Louis, M o.
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C L A SSIFIE D  L IS T  O F CH EM ICAL E Q U IP M E N T —(CWmueĄ
Palo Company, N . Y. C.
Sargent & Co., E. H., Chicago, 111 
Schutte & Koertlng Co., Phila., Pa.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co , Arthur H., Philadelphia, Pa. 
Will Corporation, The, Rochester, N . Y.

Burners—Sulphur
Schutte ft Koerting Co., Phila., Pa.

Burnishing Pots and Baskets (Acid Proof)
Knight, M. A., East Akron, Ohio.

By-Product Machinery
Devine Co., J P Buffalo, N  Y.
Swenson Evaporator Co., Chicago, HI.

Cabinets (Laboratory, Chemical, Sample 
and Specimen)
Schwartz Sectional System. Indianapolis, Ind.

Cable & Wire
General Electric Co., Schenectady, N . Y.

Cadmium—Salts of
Dow Chemical Co., The, Midland. Mich. 
Merck & Co.. N  Y. C.

Calcium—Salts of
Dow Chemical Co., The, Midland. Mich. 
Merck & Co.. N. Y C.

Calorimeters—Fuel and Gas
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francises. 
Central Scientific Co.. Chicago. Ill 
Daigger & Co. A., Chicago 111 
Denver Fire Clay Co., The Denver, Colo. 
Eimer fir Amend, N Y C .
Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co., Henry, St. Louis, Mo.
Palo Company, N. Y. C.
Sarco Co., Inc., N  Y. C.
Sargent & Co., E. H., Chicago, 111.
Scientific Materials Co.. Pittsburgh, Pa. 
Thomas Co., Arthur H Philadelphia. Pa. 
Will Corporation, The, Rochester, N . Y.

Capsules
Braun-Knecht-Heimann Co.. San Frandscs. 
Central Scientific Co.. Chicago. Ill 
Denver Fire Clay Co., The, Denver. Colo. 
Eimer ft Amend N Y C .
Engelhard, Charles, N . Y. C rimpeTYite") 
Hell Chem. Co.. henry, St. Louis, M6.
Norton Co., Worcester, Mass.
Thermal Syndicate Ltd , The. N Y. C.
Will Corporation, The, Rochester, N . Y.

Carbon Bisulfide
Merck & Co N V C
N ational Aniline & Chemical Co., N . Y . C.

Carbon Tetrachloride
Dow Chemical C o , The, Midland, Mich. 
Gazzolo Drug ft Chemical Co., Chicago, IlL 
Merck & Co.. N . Y. C.

Carboys
Whitall Tatum Co. Philadelphia, Pa.
Will Corporation, The, Rochester, N . Y.

Carboy Inclinators
Central Scientific Co., Chicago III.
Denver Fire Clay Co., The, Denver, Cols. 
Eimer ft Amend, N Y C  
Hell Chem Co. Henry. St Louis. Mo 
Will Corporation The, Rochester, N . Y.

Carboy Stoppers (Acid Proof)
Knight M A., East Akron O 
Whitall Tatum Co., Philadelphia, Pa.

Casseroles 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago. 111.
Daigger & Co , A Chicago 111 
Denver Fire Clay Co., The. Denver,Cols. (Acid- 

Proof)
Duriron Castings Co.. D ayton, O.
Eimer ft Amend. N Y C  
Guernseyware Co^ The, Cambridge, O.
Hell Chem Co.. Henry. St. Louts. Mo.
Herold China & Pottery Co. Golden, Colo.
Palo Company. N Y C
Sargent & Co.. B H., Chicago, HI.
Scientific Materials Co. Pittsburgh, Pa.
Will Corporation, The, Rochester, N . Y.

Castings (Acid and Heat Resisting)
Bethlehem Fd'y ft Mach. Co., So Beth., Pa. 
Buffalo Fdy & Mch Co.. Buffalo, N. Y. 
Cleveland Brass Mfg Co.. The, Cleveland O 
Devine Co.. ) P , Buffalo. N Y 
Duriron Castings Co.. Dayton, O (Acid Proof) 
Jacoby, Henry B .. N Y C

Castings (Chemical, Acid and Caustic)
Bethlehem Fd y ft Mach Co So Beth., Pa  
Buffalo Fdy ft Mach Co Buffalo N Y 
Cast Iron Pipe Publicity Bureau, N  Y. (X 
Cleveland Brass Mfg Co The, Cleveland. O. 
Devine Co J P Buffalo. V V 
Dortron Casting* Co Dayton, O. (Acid Proof) 
Ferguson & Lange Foundry Co., Chicago, 111 
Garrtgae ft Co., William. Chicago, 111.

Castings (Chilled)
Jacoby, Ht-nry E ., N  Y . C.
Sowers Mfg Co., Buffalo. N . Y.

Castings—Evaporator & Vacuum Pan
Buffalo Fdy ft Mch Co.. Buffalo, N Y. 
Devine Co. J  P. Buffalo N Y 
Garrigue ft Co., William, Chicago, 111. 
Sowers Manufacturing Co., Buffalo, N . Y.

Castings (Machinery)
Ferguson ft Lange Foundry Co., Chicago, III.

Castings (Semi-steel)
Ferguson & Lange Foundry Co., Chicago, HI.

Caustic Potash
Gazzolo Drug ft Chemical Co., Chicago, HI. 
Merck ft Co.. N . Y. C.

Caustic Pots
Bethlehem Fd’y ft Mach. Co., So. Beth., Pa. 
Buffalo Fdy. ft Mch Co., Buffalo, N . Y. 
Devine Co.. J. P ., Buffalo, N . Y.

Caustic Soda
Arnold, Hoffman & Co., Inc., N . Y. C. 
General Chem Co.. N Y C  
Merck- ft Co N V C
National Aniline & Chemical Co., N . Y. C.

Caustic Soda Dissolvers—Automatic
Lummus Co., The Walter E ., Boston, Mass.

Cement Filler
Toch Bros, N . Y. C.

Cement Refractory
Hell Chem. Co., Henry, St. Louis, Mo.
Norton Co.. Worcester. Mass

Cement Testing Apparatus
Bausch ft Lomb Optical Co., Rochester, N  Y.
Braun-Knecht-Heimann Co.. San Francisco.
Central Scientific Co . Chicago. Ill
Daigger ft Co. A., Chicago ill
Denver Fire Clay Co., The. Denver, Colo.
Eimer ft Amend. N Y C
Griebel Instrument Co.. Carbondale, Pa.
Heil Chemical Co., Henry, St Louis, Mo.
Palo Company N Y C  
Sargent ft Co., E H., Chicago- 111 
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co Arthur H Philadelphia. Pa. 
Will Corporation. The, Rochester. N . Y.

Centrifugals
Bausch ft Lomb Optical Co., Rochester, N . Y. 
Braun Corporation. Los Angeles, Cal 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. Ill 
Daigger ft Co A.. Chicago 111 
DeLaval Separator Co., N . Y. C.
Denver Fire Clay Co., The. Denver, Colo. 
Eimer ft Amend, N Y C  
Fletcher Works, Philadelphia, Pa.
Heil Chemical Co., Henry, St Louis, Mo. 
International Equipment Co.. Boston, Mass. 
Palo Company, N Y C 
Sargent & Co.. E H., Chicago, 111 
Scientific Materials Co.. Pittsburgh. Pa. 
Sharpies Specialty Co.. The. West Chester. Pa. 
Tolhurst Machine W irks Trov N Y 
Will Corporation, The, Rochester. N  Y.

Centrifugal Dryers
Fletcher Works. Philadelphia, Pa.

Centrifugal Engineers
Fletcher Works, Philadelphia, Pa.
Sharpies Specialty Co The, West Chester, Pa. 
Tolhurst Machine Works. Trov. N. Y.

Cerium Oxalate
Merck & Co.. N. Y. C.

Charcoal
Hell Chem. Co., Henry, St. Louis. Mo.

Chemical Apparatus
Buffalo Fdy ft Mch Co., Buffalo. N. Y. 
Central Scientific Co.. Chicago HI.
Denver Fire Clay Co.. The. Denver, Colo.
Detroit Heating ft Lighting Co . Detroit, Mich.
Devine Co J P Buffalo. N  Y
Eimer ft Amend N Y C
Fletcher Works Philadelphia. Pa
Heil Chem Co Henrv St Louis. Mo.
Laboratory Materials Co.. Chicago. Dl.
Schaar & Co., Chicago. 111.
Scientific Materials Co Pittsburgh. Pa.
Sowers Manufacturing Co.. Buffalo N  Y 
Werner ft Pfieiderer Co., Inc., Saginaw, Mich. 
Will Corporation, The, Rochester. N . Y.

Chemical Glass Tubing
C entral Scientific Co.. Chicago. HI.
D enver Fire Clay Co., The. Denver, Colo.
Eimer ft Amend N Y C
Heil Chem Co. Henry, St. Louis. Mo.
Will Corporation, The, Rochester, N. Y

Chemical Glassware
Braun Knecht H eim ann Co., San Francisco. 
C entral Scientific Co., Chicago. 111.
Daigger ft Co . A Chicago, III 
D enver Fire Clay Co., T he. Denver, Colo. 
Eim er ft A m rnd, N. Y. C.
Griebel In s tru m en t Co., C arbondale Pa.
Heil Chem ical Co.. H eury, St. Louis, Mo.
Palo Com pany N Y C  
Sargent ft Co., E. H , Chicago, 111.
Scientific M aterials Co., P ittsbu rgh  Pa. 
Thom as Co A rthur H .. Philadelphia. Pa. 
W heaton Co T. C M illville. N  T 
Will C orporation, The, Rochester. N  Y

Chemical Plants (Complete Installation)
Buffalo Fdy & M ch. Co.. Buffalo. N Y. 
Devine Co J P Buffalo, N Y 
G arrigue ft Co William, Chicago. 111.
H ercules Engineering C orp., N . Y. C.
K nighi M A . East Akron. O 
Lum m us Co The W alter E.. Boston, Mas« 
M antius Engineering Co., N . Y. C 
Swrnsnr- .'...rn tor Co C hicago 111 
Technical Products Co., Inc ., N . Y. C. (used 

equipm ent)

Chemical Plants (Erected and Supervised)
Buffalo Fdy ft M ch Co. Buffalo. N Y.
Egrot Co. L td., The. Paris, France.
M cN am ara M . E vere tt, M ass 
Swenson E vaporato r Co., Chicago, III.

Chemical Reagents
Baker Chen. Co.. J. T ., Phillipsburg, N . J. 
C entral Scientific Co.. Chicago. 111.
Daigger ft Co A., Chicago, 111 
D enver Fire Clay Co., The, D enver, Colo. 
Eim er ft Amend. N. Y. C.
General Chem ical Co., Baker ft A dam ass 

W orks Easton, Pa.
Heil C hem iral Co., H enry, S t. Louis, Mo. 
Merck ft <*u N Y C .
N ational Aniline & Chem ical Co., N . Y. C.
Palo Com pany. \  Y. C
ccienti6e M aterials Co.. P ittsburgh . Pa.
Will C orporation, T he, R ochester, N . Y.

Chemicals
Baker Chem ical Co., J. T ., Phillipsburg, N . J. 
B raun Corporation, Los Angeles, Calif.
B raun K necht H eim ann Co., San Franciscs. 
C entral Scientific Co.. Chicago, HI.
Daigger ft Co A., Chicago. Ill 
D earborn Chem ical Co., Chicago. 111.
D enver Fire C lay Co., The, Denver, Colo.
Dow Chem ical Co , The. M idland Mich. 
E astm an K odak Co . R ochester. N  Y 
Eimer ft Amend. N  Y. C.
Gazzolo Drug & C hem ical Co., Chicago, 111. 
General Chemical Co . N. Y C 
General Chem . C o., B . & A. W ks., E aston , P a  
Griebel Instrum ent Co., C arbondale tm 
Heil Chem ical Co H enry, S t Louis, Mo. 
H ercules Powder Co., N . Y. C.
L aboratory M aterials Co., Chicago, 111.
Merck ft c .  N Y C.
M onsanto  Chem ical W orks, S t. Louis, M s. 
N ational Aniline ft Chem ical Co., N Y C. 
Newport Chem ical W orks, Inc., N . Y. C.
Palo Com pany. N Y. C.
Pfizer ft Co Charles. N . Y. C.
Roessler ft H asducher Chem ical Co., N . Y. C. 
Sargent ft Co E H ., Chicago. 111.
Schaar ft Co , Chicago, HI.
Scientific M aterials Co., P ittsburgh , Pa.. 
T hom as Co., A rthur H ., Philadelphia, Pa. 
Toch Bros N Y C .
Will C orporation The, R ochester, N . Y.

Chlorine Generators—Acid Proof
K night M A . E ast A kron, O

Chlorine—Liquid 
Arnold, Hoffman & Co., Inc ., N . Y. C.
E lectro Bleaching Gas Co., N . Y. C.

Chromel Metal 
Hosldns Mf* Co., D etro it, M ich.

Chromium (Metal & Salts)
Merck & Co.. N. Y. C.

Circuit Breakers and Switches
G eneral E lectric Co.. Schenectady. N . Y.

Clarifiers
Sharpies Specialty Co., The, W est C hest ee, Fa

Classifiers
Dorr Co.. The. Denver, Colo., f t N . Y . C. 

Classifiers or Washers
Dorr Co., The, Denver, Colo., & N . Y. C.
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One Way to Tell a 
Good Battery Jar

T'AKE your knife and cut into the edge o f the 

jar— as indicated in  th e  illustration. C ut 

into it about a half inch. Y ou have made a 

protruding sliver, slightly curled. Flick the end of 

the sliver lightly with your finger—as you would 

the string o f a banjo or mandolin. D o this 

several times.

I f  it bends, will move- back and forth under the 

play o f your finger— it’s a good jar, a jar made of 

tough, high quality rubber.

I f  it snaps off the m om ent you touch it, or keeps 

breaking off while cutting —  the rubber is too 

brittle, and  may crack in service.

T he knife test is the surest quick way to con

vince yourself o f the m erit o f  Goodrich Jars.

T H E  B. F. G O O D R IC H  RU B BER  CO.

iSlkrort, Ohio

Goodrich 
Battery Jars

T R A D E  M A R K
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CLASSIFIED LIST OF CHEMICAL EQUIPMENT—(Contfmi«/)
Coal-Tar Products

Barrett Co., The. N . Y. C.
Merck 8c Co.. N Y C .
National Aniline & Chemical Co., N . Y. C. 
Newport Chemical Works, Inc., N . Y. C.

Coal-Tar Products (Plants for)
Devine Co., J. P., Buffalo, N Y.

Coal Testing Apparatus
Central Scientific Co., Chicago. III.
Denver Fire Clay Co., The, Denver, Colo.
Eimer & Amend, N Y C.
Engelhard, Charles, N . Y. C.
Heil Chem. Co.. Henry. St Louis, Mo.
Scientific Materials Co.. Pittsburgh Pa 
Thermo-Electric Instrument Co., Newark, N . J. 
Will Corporation, The, Rochester, N . Y

Coating Sprays
Eureka Machine Co., Cleveland, O.

Cobalt—Metal & Salts
Merck & Co.. N . Y. C.

Cocks—Plug (Acid Proof)
Cleveland Brass Mfg Co.. The. Cleveland, O. 
Duriron Castings Co.. D ayton, O.
Knight, M A., East Akron, O 
U £  Stoneware Co. The Akron, O.

Cocks—Laboratory (Brass)
Mueller Mfg. Co., H., Decatur, 111.

Coils or Worms (Acid Proof Stoneware)
Knight. M A., East Akron, Ohio.

Colorimeters
Bausch & Lomb Optical Co., Rochester, N . Y. 
Braun Corporation, Los Angeles, Calif 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago, 111.
Daigger & Co , A , Chicago, 111 
Denver Fire Clay Co., The, Denver, Colo. 
Elmer & Amend. N. Y. C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chemical Co., Henry, St. Louis, Mo.
Palo Company, N Y. C.
Sargent & Co.. E. H., Chicago, IU.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co Arthur H.. Philadelphia. Pa.
Will Corporation, The, Rochester, N . Y.

Combustion Tubes and Boats
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co., Chicago, 111.
Daigger & Co , A., Chicago. IU
Denver Fire Clay Co., The, Denver, Colo.
Elmer & Amend, N. Y C
Engelhard, Charles, N . Y. C. ("Impervite”)
General Ceramics Co. N  Y. C
Guernseyware Co., The, Cambridge, O.
Heil Chemical Co., Henry, St Louis, Mo. 
Norton Co., Worcester, Mass.
Palo Company, N  Y. C.
Sargent & Co.. R. H., Chicago, 111.
Scientific Materials Co., Pittsburgh, Pa. 
Thermal Syndicate. Ltd.. The. N Y C .
Will Corporation, The, Rochester, N  Y.

Combustion Tubes and Boats (Platinum)
Baker & Co., Inc., Newark, N J.
Heil Chem Co.. Henry. St. Louis. Mo.
WIU Corporation, The, Rochester, N . Y.

Compressors, Rotary
Crowell Mfg Co., Brooklyn, N . Y.
Devine Co.. J. P.. Buffalo N  Y 
Heil Chem. Co.. Henry. St. Louis. Mo.

Concentrators—Sulphuric Acid
Thermal Syndicate, Ltd., The. N Y . C. 

Condensers (Barometric and Surface) 
Buffalo Fdy & Mch Co., Buffalo. N Y 
Devine Co.. J P.. Buffalo. N V 
Duriron Casting« Co D ayton, O. (Acid Proof) 
Jacoby. Henry E.. N Y C  
Lummus Co The Walter E ., Boston, Mass. 
Schutte & Koerting Co., Phlla., Pa.
Steven* Brothers. N Y C .

Condensers—Nitric Acid
Thermal Syndicate, Ltd.. The, N . Y. C.

Conductivity Measuring Apparatus
Central Scientific Co., Chicago. Ill
Leeds & Northrup Co., The. Philadelphia, Pa.

Consulting Chemists & ChemicalEngineers
Abhott. W G., J r . .  Wilton. N H.
Andrews, A. B., Lewiston, Me.
Bnckenstein. John H , Washington, D. C. 
Buffalo Fdy 8c Mch. Co Buffalo. N. Y.
Carlitz 8c Co , J. S., Philadelphia, Pa. 
Columbus Laboratories. Chicago, 111. 
EUis-Poster Co., Montclair, N  J.
Fort Worth Laboratories. The, Ft. Worth, Tex. 
Foster, A B.. Washington. D C 
Gorzo, Julius, Pittsburgh, Pa.
Maas, Arthur R , Los Angeles, Cal.
McNamara M Kverett Mas«
M antius Engineering C o., N Y . C.
Marvin Davis Laboratories. Inc., N . Y . C. 
Mount, W. D ., Roanoke, Va.
Parker, C. L.. Washington, D. C.
Pease Laboratories. N. Y. C.

Rutherford Laboratories, Rutherford, N . J . 
Sadtler & Son Samuel P., Philadelphia, Pa. 
Schwarz Laboratories, N. Y. C.
Sieck & Drucker, Chicago, 111.
Singer-Perlstein Co., Milwaukee, Wis.
Stillwell Laboratories, N . Y. C  
Sutton, Frank, N Y C.
Swenson Evaporator Co., Chicago, III. 
Townsend. Clinton P , Washington, D. C. 
Westport Mill.The (Dorr Co.). Westport, Conn. 
Wheeler & Woodruff N . Y. C.
W iley & Co., Inc , Baltimore, Md.

Contracting Engineers 
Swenson E vapora to r Co., Chicago, IU.

Controlling Instruments
Brown Instrument Co., The, Phila., Pa. 
Engelhard, Charles, N . Y. C.
Taylor Instrument Cos.. Rochester. N  Y.
Will Corporation, The, Rochester, N . Y.

Converters—Booster
Westinghouse Elec.& M fg.Co.,E.PltUburgh,Pa

Converters—Rotary 
General Electric Co., Schenectady, N . Y.

Copper—Salts of
Merck &  Co., N . Y . C.

Cores
Norton Co., Worcester, Mass.

Counters—Revolution
Brown Instrument Co., Philadelphia, Pa.

Critical Point Determination Apparatus
Brown Instrument Co., Philadelphia, Pa. 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N Y C  
Engelhard. Charles. N. Y. C.
Heil Chem. Co.. Henry, St. Louis, Mo.
Hoskins Mfg Co.. Detroit. Mich.
Palo Company. N Y C .
Scientific Materials Co., Pittsburgh, Pa. 
Thwlng Instrument Co.. Philadelphia, Pa. 
Will Corporation, The, Rochester, N . Y.

Crucibles 
Braun Corporation. Los Angeles, Cal. 
Braun-Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. 111.
Daigger 8c Co . A., Chicago, 111
Denver Fire Clay Co., The, Denver, Colo.
Duriron Castings Co., D ayton, O. (Acid proof.)
Eimer 8r Amend, N Y C
Engelhard. Charles. N. Y C. ("Impervite”)
Guernseyware Co., The, Cambridge, O.
Heü Chemical Co., Henry, St. Louis, Mo. 
Herold China 8c Pottery Co., Golden, Col. 
Norton Co., Worcester, Mass. (Alundum.) 
Palo Company. N. Y C.
Sargent & Co., B. H., Chicago, 111.
Scientific Materials Co., Pittsburgh. Pa. 
Thermal Syndicate. Ltd. The.N Y C (Vltreosü.) 
Will Corporation, The, Rochester, N . Y.

Crucibles, Platinum
American Platinum Works, Newark, N . J. 
Baker it Co., Inc., Newark. N. J.
Bishop & Co.. J Malvern, Pa.
Central Scientific Co.. Chicago. IU.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend. N Y C  
Heil Chem. Co.. Henry, St. Louis, Mo. 
Scientific Materials Co . Pittsburgh Pa.
Will Corporation, The, Rochester, N . Y.

Crushers & Grinders (Ind. &  Lab’y)
Abbé Engineering Co., N . Y. C.
Braun Corporation, Los Angeles. Calif 
Braun Knecht-Heimann Co., San Francisco. 
Central Scientific Co.. Chicago. 111.
Daigger & Co., A., Chicago. Ill 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend N Y C .
Heil Chemical Co , Henry, St. Louis, Mo.
Palo Company, N Y C.
Raymond Bros Impact Pulv. Co., Chicago, IU. 
Sargent 8c Co. E H., Chicago, IU.
Scientific Materials Co., Pittsburgh, Pa. 
Thomas Co., Arthur H . Philadelphia, Pa.
WiU Corporation, The, Rochester, N . Y. 
Williams Patent Crusher 8c Pulv. Co., Chicago.

Crystallize™—Ammonia Nitrate
Buffalo Fdy & M ch Co.. Buffalo. N . Y. 
Devine Co. J  P., Buffalo, N  Y.

Crystallizing Pans (Acid Proof)
Knight, M. A., East Akron, Ohio.

Cupels
Braun Corporation. Los Angeles, Cal.
Braun Knecht Heimann Co.. San Francisco.
Centra] Scientific Co.. Chicago. ILL
Daigger & Co A , Chicago. Ill
Denver Fire Clay Co., The Denver. Colo.
Eimer 8c Amend. N Y C
HeU Chemical Company. Henry, St. Lonls, Mo
Hoskins Mfg. Co., Detroit. Michigan.
Norton Company, Worcester, Mass.

Cylinders (Glass)
Braun-Knecht-Heimann Co., San Francis««. 
Central Scientific Co., Chicago, H1.
Daigger & Co., A., Chicago, III 
Denver Fire Clay Co., The, Denver, Colo. 
Eimer &  Amend, N. Y. C.
Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co.. Henry, SL Louis.kMo.
Palo Company. N. Y. C.
Scientific Materials Co.. Pittsburgh. Pa.
WiU Corporation, The, Rochester, N . Y.

Decanting Pots—Acid Proof
Knight, M A., East Akron O.
WiU Corporation, The, Rochester, N . Y.

Denitrating Apparatus
Buffalo Fdy. & Mch. Co.. Buffalo. N . Y.

Diaphragms—Acid Proof 
General Filtration Co., Inc., Rochester, N . Y. 
Herold China & Pottery Co., Golden, Colo.

Dictionary—Chemical
Chemical Catalog Co., The, N . Y . C.

Diffusion Apparatus
Devine Co., / .  P., Buffalo, N . Y.
General Filtration Co., Inc., Rochester, N . Y. 
Lummus Co., The Walter B , Boston, Mass. 
Swenson Evaporator Co., Chicago, IU.

Dipping Baskets & Jars—(Acid Proof)
¿ n igh t, M . A., Bast Akron, Ohio.

Dishes (Crystallizing)
Will Corporation, The, Rochetttr, N . Y.

Dishes (Glass)
Will Corporation, The, Rocheiter, N . Y.

Dishes (“Imperite”)
Engelhard. Charle«, N . Y. C.

Dishes (Petri)
Will Corporation, The, Rochester, N . Y.

Dishes (Platinum)
Bishop 8c Co., J.. Malvern, Pa.
Denver Fire Clay Co., The, Denver, Colo. 
Eimer & Amend, N  Y. C.
Heil Chem Co.. Henry, St Louis, Mo.
WiU Corporation, The. Rochester, N . Y.

Dissolving Tanks—Automatic
Lummus Co., The Walter E .. Boston, Mass: 
Werner & Pfleiderer Co., Saginaw, Mich.

Distilling Machinery and Apparatus
Braun Corporation, Los Angeles, Calif. 
Braun-Knecht-Heimann Co., San Francisco. 
Buffalo Fdy 8c Mch. Co.. Buffalo. N . Y. 
Central Scientific Co., Chicago, IU.
Cleveland Brass Mfg. Co., The, Cleveland, O. 
Daigger & Co., A , Chicago, HI.
Denver Fire Clay Co., The, Denver, Colo. 
Detroit Heating & Lighting Co.. Detroit, Mich 
Devine Company. J P . Buffalo N V 
D uPont Chemical Co., Inc., W ilmington, Del. 
Duriron Castings Co., D ayton, O.
Egrot Co., The, Paris, France.
Eimer 8c Amend, N Y C  
Electric Heating Apparatus Co., N . Y. C. 
Elyria Enameled Prod. Co Elvria. O 
Garrigue Co., Wm., Chicago, 111. (F atty  Acids) 
General Ceramics Co., N . Y C.

' Griebel Instrument Co., Carbondale, Pa.
Heil Chem. Co., Henrv, St. Louis, Mo. 
Jacoby, Henry E. N . Y. C.
Lummus Co., The Walter B., Boston, Mass. 
Palo Company, N  Y. C.
Pfaudler Co., Rochester, N . Y.
Sargent & Co., E H., Chicago, III.
Scientific Materials Co., Pittsburgh, Pa. 
Sowers Mfg. Co., Buffalo. N . Y.
Stevens Bros., N . Y. C.
Stokes Machine Company, F J., Phila., Pa. 
Swenson Evaporator Co., Chicago, IU.
Thomas Co., Arthur H.. Philadelphia. Pa. 
Wheeler Condenser 8c Eng Co., Carteret, N . J. 
WU1 Corporation, The, Rochester, N . Y. 
Zaremba Company, Buffalo, N . Y.

Draft Gauges
Braun-Knecht-Heimann Co., San Francisoo. 
Brown Instrument Co., Philadelphia, Pa. 
Central Scientific Co., Chicago. IU.
Denver Fire Clay Co., The. Denver, Colo.
HeU Chem. Co.. Henry. St. Louis. Mo.
Palo Company, N. Y. C.
Scientific Materials Co., Pittsburgh, Pa.

Drum Dryers—Vacuum and Atmospheric
Buffalo Fdy. 9c Mch Co.. Buffalo. N . Y. 
Devine Co., J. P., Buffalo, N . Y.

Dry Blast Plants
Carrier Bngineering Corp., N . Y. C
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Keeps New Metal New
E ven the newest of metal is liable to small defects and these 

may soon grow into large patches of corrosion.
Eternium is a high-grade black, coal-tar product that flows 

easily into th.ese places. I t  covers freely, with an impenetrable 
protective coating that is proof against acid, vapor, alkali and steam.

Use Eternium freely. It is put up in handy sized cans, drums 
and barrels. It costs little and goes far.

For fu r th e r  in fo r m a tio n  a n d  sa m p le s  address th e  
C h e m ic a l D e p a r tm e n t o f  The B a rre tt C om p a n y ,

17 B a tte ry  P lace, N ew  Y o rk  C ity .

Company

New York Chicago Philadelphia Boston riy— 1
St. Louis Cleveland Cincinnati Pittsburgh
Detroit Birmingham Kansas C ity Minneapolis
Nashville Salt Lake C ity Seattle Peoria
New Orleans Atlanta Duluth Dallas Milwaukee Bangor Washington 
Johnstown Lebanon Youngstown Toledo Columbus Richmond 

Latrobe Bethlehem Blizabeth Syracuse Buffalo Baltimore 
TUB BARRBTC COVCPAN’Y, Limited; Montreal Toronto Winnipeg 

Vancouver St. John, N . B. Halifax, N .S . Sydney, N . S.

SEMET SOLVAY CO.
B U IL D E R  A N D  O PER A TO R  OF B Y -P R O D U C T

COKE OVENS
COAL DISTILLATES AND ALLIED SYNTHETIC CHEMICALS 

Quality ' Service

SOLVAY CHEMICALS
BENZYL CHLORIDE SALICYLIC ACID CAUSTIC POTASH

BENZALDEHYDE METHYL SALICYLATE CALCIUM CHLORIDE

PHENOL, SYNTHETIC YELLOW PRUSSIATE OF SODA PROTECTIVE PAINTS
FO R  IRO N  A ND ST EEL

G en era l O ffices:

SYRACUSE, N. Y.
NEW YORK, 522 5tH Ave, CHICAGO, 332 So. M ichigan Ave. BOSTON, 77 Sum m er S t.
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C L A SSIFIE D  L IST  O F CH EM ICAL EQ UIPM EN T-(C ontfnu«0
Dryers— Atmospheric

Buffalo Fdy & Mch. Co., Buffalo, N . T. 
Devin* Co.. J P . Buffalo N Y 
Gordon Dryer Corp.. N Y C  
Philadelphia Textile M achinery Co., Phila., Pa.

Dryers— Centrifugals
Fletcher Works Philadelphia. Pa.
Tolhurst Machine W orki, Troy, N . Y.

Dryers— Vacuum
Buffalo Fdy ft Mch. Co., Buffalo, N. Y. 
Devine Company, J. P., Buffalo, N . Y.
Jacoby, Henry K., N Y C  
Sowers Mi* Co., Buffalo, N Y 
Stokes Machine Co., F. J., Philadelphia, Pa. 
Werner ft Pfleiderer Co., Saginaw. Mich.

Drying Apparatus and M achinery
Buffalo Fdy & Mch Co , Buffalo, N . Y. 
Central Scientific Co . Chicago. 111.
Devine Co.. J P., Buffalo, N. Y 
Eimer & Amend, N Y C.
Engelhard, Charles, N . Y. C.
General Electric Co., Schenectady, N . Y. 
Gordon Engineering Corp., N  Y. C.
Heil Chem Co.. Henry, St. Louis. Mo.
Jacoby, Henry E-. N. Y C.
Palo Company, N  Y C. .
Sowers Mfg Co., Buffalo, N  Y 
Tolhurst Machine Works, Troy, N  Y. 
Werner ft Pfleiderer Co Saginaw, Mich.
Will Corporation, The, Rochester, N . Y.

Duriron—Acid-Proof
Duriron Castings Co., N  Y. C.

Dyestuffs
du Pont de Nemours & Co., B. I..W ilmington, 

Del.
Gazzolo Drug & Chem. Co.. Chicago, 111. 
Merck & Co., N . Y. C.
Metz ft Co., H A.. N  Y C.
National Aniline & Chemical Co., N . Y. C . .

Dynam os and M otors
General Electric Co., Schenectady, N . Y.

Efficiency Instruments
Braun-Knecht-Heimann Co.,San Francisco,Cat 
Brown Instrument Co., Philadelphia, Pa 
Denver Fire Clay Co., The, Denver, Colo. 
Elmer & Amend, N. Y C.
Engelhard, Charles, N . Y. C.
Hell Chem. Co., H enry, S t. Louis, Mo.
Hoskins Mfg. Co., Detroit. Mich.
Palo Company N . Y C.
Scientific Materials Co., Pittsburgh Pa. 
Thwing Instrument Co., Philadelphia, Pa. 
Will Corporation, The, Rochester, N . Y.

Electric H eating Devices
Central Scientific Co., Chicago. 111.
Denver Fire Clay Co., The, Denver, Colo.
Heil Chem Co.. Henry. St. Louis. Mo.
Will Corporation The, Rochester, N . Y.

Electric Locomotives—Industrial
General Electric Co.. Schenectady. N . Y. 

Electrical Instruments 
Brown Instrument Co., Philadelphia, Pa. 
Central Scientific Co., Chicago. 111.
Genera] Electric Co., Schenectady, N . Y. 
Engelhard, Charles. N. Y. C.
Heil Chem. Co., Henry St. Louis, Mo.
Hoskins Mfg. Co.. Detroit Mich 
Palo Company, N Y C .
Scientific Materials Co., Pittsburgh, Pa. 
Thwing Instrument Co., Philadelphia. Pa.
Will Corporation, The. Rochester. N  Y . 

Electrical M easuring Instruments
Brown Instrument Co., Philadelphia, Pa. 
Central Scientific Co., Chioago. 111.
Engelhard, Charles, N . Y C
General Electric Co.. Schenectady. N. Y.
Heil Chem. Co.. Henry. St Louis. Mo.
Leeds & Northrup Co., Phila., Pa
Palo Company, N Y C
Will Corporation. The. Rochester, N  Y.

Electrical Supplies
General Electric Co.. Schenectady, N . Y. 

Electrodes—Platinum
American Platinum Works. Newark N J.
Baker & Co. Inc Newark. N J
Bishop & Co. J , Platinum Works. Malvern, Pa.
Braun Corporation. Los Angeles Cal
Braun Knt-^ht HeimannCo ,San Francisco.Cal.
Centra] Scientific Co. Chicago 111
Daigger ft Co . A . Chicago T|i
Denver Fire Clay Co., The. Denver, Colo.
Eimer & Amend, N Y C .
Engelhard Chas , N Y. C.
Heil Chemical Co.. Henry. St Louis. Mo.
Palo Company. N Y C  
Sargent 8? Co.. E H., Chicago, III 
Scientific Materials Co.. Pittsburgh Pa 
Will Corporation. The. Rochester N Y.

Electrolytic Apparatus—Acid Proof
K n i g h t  M  A E a s t  A k r o n  O

Enameled Apparatus (Acid Resistant)
Elyria Enameled Prod Co. Elvria O AN Y C 
Jacoby Henr* E N Y C 
P'fttiHler Cr» V V

Equipment— Plant (Used)
DuPont Chemical Co., Inc., W ilmington, Del. 

Essential OilB 
Gazzolo Drug ft Chem. Co . Chicago ill 
Merck ft Co N Y C  
National Aniline ft Chemical Co., N . Y. C. 

Ktber Apparatus (Builders of#
^grot Co Ltd.. The. Paris. Fra .v*

Evaporating Machinery
Buffalo Fd> & Mch Co., Buffalo, N. Y. 
Devine Com pany, J P , Buffalo, N. Y. 
Electric Heating A pparatus Co N Y C .  
H ercules Engineering Co., N . Y C.
Jacoby Henry E- N Y C.
Lum tnus Co , The W alter E., Boston, M ass. 
Sowers Mfg Co.. Buffalo. N Y 
Sperry ft Co., D R ,  B atavia , 111.
Stokes M ach Co , F  J., Philadelphia, Pa. 
Swenson E vaporator Co., Chicago III 
W erner & Pfleiderer Co Saginaw Mich 
W heeler Condenser & Eng. Co , C arte re t, N . J. 
Zarem ba Com pany Buffalo, N. Y

Evaporating Pans and Dishes
B raun K necht Heim ann Co..San Francisco.Cal. 
Buffalo Fdy & M ch Co.. Buffalo. N Y 
C entral Scientific Co., Chicago 111 
Daigger & Co A Chicago. Ill 
D enver Fire Clay Co., The Denver, Colo. 
Devine Co. ] P.. Buffalo N Y 
Duriron Castings Co Day ton, O .'A cid  Proof.) 
Eim er & Amrnd N Y C
E lvria Enam eled Prod Co., Elyria. O , ft N Y C. 
Engelhard Charles, N  Y C. (" Im p erv ite” ) 
General Ceram ics Co* N Y C  
G uem seyw are Co., The, Cam bridge, O.
Heil Chem ical Co Henry, St Louis Mo. 
Herold C hina & Pottery  Co , Golden Colo. 
K night, M aurice A , East Akron. Ohio 
Palo Com pany N Y C  
Pfaudler Co., R ochester, N Y 
Sargent & Co E H. Chicago. Ill 
Scientific MMterial« Co.. P ittsbu rgh . Pa 
Sowers M anufacturing  Co . Buffalo N . Y. 
T herm al Syndicate, Ltd. T he N Y C  
U S Stoneware Co The. Akron O 
Will Corporation, The. Rochester, N . Y.

Evaporators—Crystallizing
Buffalo Fdy & M ch Co Buflalo. N Y.
D erine Co. J P Buflalo. N  Y

Evaporators—Single and Multiple Effects
Buffalo FcW & M ch Co.. Buffalo N V
Chem ical Equipm ent Co., Chicago. HI. 
Devine Co J P , Buffalo N Y 
W heeler Condenser ft Eng Co , C arte re t, N . J.

Exhaust and Ventilating Fans
G eneral E lectric Co. Schenectady. N Y

Exhaust and Ventilating Fans—Acid-Proof
D uriron Castings Co D ayton , O.

Extracting Apparatus
C entral Scientific Co.. Chicago. III.
D enver Fire Clay Co., The, Denver, Colo. 
D evine Co. J P Buffalo. N Y 
E im er ft Amend N Y C  
E grot Co., T he, Paris. France.
F letcher W orks Philadelphia, Pa.
Heil Chem. Co.. Henry, St Louis. Mo. 
Lummu> Co . The W alter E., Boston, M ass. 
Scientific M aterial* Co P ittsburgh  Pa 
T olhurst M achine W orks, T roy , N  Y.
Will C orporation, The. R ochester, N  Y

Extraction Cylinders
L um m us Co.. T he W alter E .. Boston, M ass. 

Extraction Thimbles
Angel Co.. Inc , H Reeve, N Y C .
C entral Scientific Co.. Chicago. Ill 
D enver Fire Clay Co., The, Denver, Colo. 
Eim er ft Amend N Y C .
Engelhard, Charles. N. Y. C. (‘‘Im perv ite ’*) 
Heil Chem. Co.. Henry. S t Louis. Mo.
N orton  Co W orcester Ma*s
Will Corporation. The, Rochester, N . Y.

Extraction Thimbles (Greens)
Eim er ftA m end. N Y. C
Scientific M aterials Co., P ittsbu rgh , P a .
Thom as Co , A rthur H ., Philadelphia, Pa.
Will Corporation The. Rochester N  Y.

Extractors—Centrifugal
Fletcher Works. Philadelphia, Pa.
In te rna tiona l Equipm ent Co Boston M ass. 
T o lhurst M achine W orks T roy , N  Y

Fabroil Gears & Pinions
General Electric Co. Schenectady. N. Y.

Faucets (Stoneware—Acid Proof)
General Ceram ics Co N Y C  
K night M aurice A., E ast Akron, Ohio.
U S Stonew are Co., The, Akron, O

Filter-Cel
Cellte P roduct. Co.. N . Y. C.

Filter Cloth
U nited Filter« Corp., N. Y. C.

F ilte r  C loth 'M e ta l l ic ;
M ulti-M etal Co.. Inc., N Y. C. (M onel M etal) 
United Filters Corp.. N Y. C

Filterin g M*»dia
Celite P roducts  Co., N . Y. C.
O ru n m  fil tra tio n  v-o , Inc Rochester, N. Y 
Herold C hina ft Pottery  Co.. Golden Colo

F ilte r P aper
• Angel Co lm  H R eeve, N . Y. C 

B raun K necht Heim ann Co.. San Francisco. 
C entral Scientific Co Chicago. Ill 
Daigger ft Co A C hi'airo  Til 
D enver Fire Clav Co., The. Denver, Colo. 
Eim*"T Amend N' V C.
Gazzolo Drug ft Chem . Co., Chicago. 111.
Heil Chemical Co.. H enry, S t Louis Mo

Palo Com pany. N  Y. C.
Sargent ft Co., E. H., Chicago. HI.
Scientific Msteriali* Co., P ittsburgh , Pa. 
T hom as Co Arthur H , Philadelphia Pa 
Will C orporation, The, Rochester, N. Y

Filter Paper Clippings
Angel Co., Inc.. H Reeve, N . Y. C.

Filter Presses (Laboratory & Industrial)
Abbé Engineering Co.. N Y C
B raun C orporation. Los Angeles. Calif
B raun Knecht Heim ann Co..San Francisco C«>
C entral Scientific Co.. Chicago. Ill
D enver Fire Clay Co., The Denver, Colo.
Eim er & Amend. N Y C
Heil Chem Co.. Henry. St. Louis Mo
Johnson Co., Ihc., John, Brooklyn, N. Y.
In ternationa] F iltra tion  Corp., N Y C
Jacob> . Henry E., N Y C
Kelly F ilter Press Co., Sa lt Lake C ity , Utak
Lungwit* E E . N. Y C
Palo Com pany, N Y C .
Sargent & Co E. H., Chicago, 111 
Scientific M aterials Co.. P ittsburgh , Pa. 
Shriver & Co . T , H arrison. N J 
Sperry ft Co. D R B atavia III 
Sweetland F ilter Press Co., N Y . C ity.
United Filters Corp., N. Y. C.
Will C orporation, The. R ochester. N . Y

Filter Pulp
Angel Co., Inc., H. Reeve, N . Y. C

Filters
Engelhard, Charles, N . Y. C. (‘'Im p erv ite ’') 
General F iltra tion  Co,, Inc., R ochester. N. Y 
N orton Co W orcester Mass 
U nited Filter* Corp., N. Y. C.
Will Corporation The, Rochester, N. Y

Filters—(Acid Proof)
General F iltra tion  Co., Inc.. R ochester. N >' 
K night. M aurice A., E ast Akron, Ohio 
U nited Filters Corp., N . Y. C.

Filters (Bone Black)
Colwell, Lewis, Chicago, 111.

Filters, Folded
Angel Co , Inc , H. Reeve, N  Y. C.
Centra] Scientific Co.. Chicago. 111.
Eimer ft Amend. N Y C
Heil Chem Co Henry, St. Louis, Mo.
Sargent ft C r . E H-. Chicago III 
Scientific M aterials Co.. P ittsbu rgh  Pa. 
Thom as Co., A H . Philadelphia Pa 
Will C orporation, The, R ochester. N  Y.

Filters—Vacuum
A merican C ontinuous Suction F ilter 
(See United Filter« Corp., N . Y C.)
Devine Co J P , Buffalo, N. Y
General F iltra tion  Co. Inc., R ochester, N. 1
U nited Filters Corp., N  Y. C.

Filters—Water
B raun C orporation, Los Angeles, Calif 
B raun- Knecht- H eim ann Co., San Francisco,Cat 
Booth A pparatus Co.. Syracuse, N Y 
C entral Scientific Co., Chicago. 111.
Daigger ft Co A . Chicago. Ill 
D enver Fire Clay Co., T he, D enver, Colo. 
E im er ft Amend, N Y C  
Genera] Ceramic? Co. N Y. C.
Griebel Instrum ent Co., C arbondale Pa.
Heil Chem ical Co.. H eary , S t. Louis, Mo.
Palo Com pany. N Y C .
Sargent ft Co E H ., Chicago, 111.
Schutte  ft K oertlng Co., Phila., Pa.
Thom as Co Arthur H Philadelphia, Pa 
Will C orporation, The, Rochester, N. Y

Filtros
G eneral F iltra tion  Co., Inc ., Rochester. N. ^

Filtros—V acuum
Devine Com pany, J . P., Buffalo, N. Y

Fire Brick and Clay
D enver Fire C lay Co., The, Denver, Colo

Flasks
B raun-K necht-H eim ann Co.. San Francise 
C entral Scientific Co., Chicago. Ill 
Daigger ft Co. A Chicago, 111 
D enver Fire Clay Co., The, Denver, Colo. 
Eim er ft Amend. N Y *0.
Heil Chem Co.. H enry St. Louis. Mo.
Palo Com pany N Y C
Scientific M aterials Co P ittsburgh. Pa
Will C orporation. The, R ochester, N Y-

Foamite Firefoam
Foam ite  Firefoam  Co., N . Y. C.

Fuel Gas Plants
D etroit Heating ft L ighting Co.. D etro it. M ich
Eimer ft Amend N Y C
Heil Chêm*. Co.. Henry, S t. Louis. Mo

Funnels
Denver Fire Clay Co., The. Denver. Colo.
Heil Chem Co. Henrv St. Louis. Mo 
K night, M A.. East A kron, Ohio 
WUl potation . The, Rochester, N . Y


