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EDITORIALS
RO PE M AKIN G

Tearing to pieces a bit of hemp rope may indicate 
summer idling, but it has induced two thoughts—  
first, the individual bast fibers stand out preeminently 
as strong, hardy vegetable cells; second, the act of 
intertwining the individual fibers produces a rope of a 
strength multifold that of the sum of the individual 
fibers. What has this to do with chemistry? Quite 
a bit, in the light of coming events.

During the summer and early fall of 1921 four strong 
chemical organizations will hold their'annual meetings 
in America, namely, the Society of Chemical Industry 
(British), the Convention of Canadian Chemists, the 
American Chcmical Society, and the Seventh National 
Exposition of Chemical Industries.

These are all lusty bast fibers, each strong in itself 
as such strength goes, and there they lie individually 
on the table of 1921. Let’s get at the business of rope 
making, and thereby fashion for the Anglo-Saxon world 
a binding power which will hold fast for our respective 
countries those new chemical industries which have 
developed because of the war and whose importance 
to the national welfare cannot be overestimated.

W hy not bring these meetings together, and thereby 
enable all to partake of the benefits of such a gather
ing of Anglo-Saxon chemists? It is recognized, of 
course, that exposition week is an unfortunate time 
for scientific gatherings, for the distractions of the 
Exposition militate against a successful scientific 
program, but the whole problem could be solved if the 
American Chemical Society would hold its annual meet
ing a week or two later than usual, and the British organi
zation could postpone its visit to this country until 
September, 1921. Our Canadian friends would cer
tainly enjoy New York more in September than during 
the heated spells of July. On the basis of a two weeks’ 
program it would be possible for all to share in the 
meetings of the chemical societies, and to attend the 
Exposition. A t the same time, the opportunities for 
informal conferences and mutual acquaintance during 
exposition week would make possible a meeting to 
immediately follow the Exposition which would bring 
to more definite conclusion many policies which would 
be originated and informally discussed during the 
early days of the joint gathering. Aside from the 
visits to the Exposition, that week would offer excep
tional opportunity to our British and Canadian guests 
to visit in small groups many of the industrial plants 
in the vicinity of New York C ity . The journey to 
Canada at the closing of such an eventful gathering 
would attract many. Thus would strength be in
creased multifold b y  this intertwining of chemical 
forces.

It is remarkable how similar are the problems affect
ing chemistry in our three countries. There is the 
same fundamental need of public understanding of 
what our efforts mean; there is the same consequent 
difficulty in securing favorable legislative action; 
salaries are inadequate in all alike; progress during 
the last four years has been appreciably the same.

M uch still remains to be done. 1921 offers a great 
opportunity.

As a coordinating agency in this matter, we would 
suggest that the officers of the Chemical Exposition take 
this subject up at once with the officers of the several 
organizations concerned with a view to making such 
adjustments as will insure this joint gathering. Thus 
would be assembled a large group of chemists, inspired 
with the common purpose of making the Anglo-Saxon 
race supreme in the field of chemistry, to take part in 
deliberations which should prove historic for our science.

CANADIAN H O SPJTALITY

A t the recent joint annual meeting of the Canadian 
Section of the Society of Chemical Industry and 
the Canadian Institute of Chemistry, it was our 
good fortune to be the guest of Canadian chemists. 
Those last few words tell a story of most delightful 
hospitality, of charming entertainment, and of un
affected good fellowship. The meeting furnished 
opportunity for seeing Canadian chemists in vigorous 
action, progressive, wide-awake, developing policies 
suited to conditions of their country, and imbued 
through and through with a spirit of patriotic devotion. 
We can never forget the experience. We understand 
now the glorious record of Canadian soldiers through
out the war. And the long boundary line from the 
Atlantic to the Pacific has and needs no military guard 
of either nation.

ONE-SIDED G REASING

The National Prohibition A ct is a two-wheeled cart, 
and not a monocycle. It provides against the use of 
alcohol as a beverage and at the same time in specific 
terms declares that the use of alcohol in research and 
in the industries is to be encouraged and facilitated. 
The Volstead A ct exists for enforcing the provisions 
of the Prohibition A ct and for carrying out the intent 
of Congress. One wheel of this cart, the prohibition 
side, has been abundantly greased and is running 
smoothly and efficiently in spite of the obstacles 
deliberately thrown in the roadway, while the other 
wheel has received but scant attention. It is screak
ing badly and friction is developing.

In such situations this friction usually finds its 
expression in loud-mouthed complaints, but fortunately 
that does not hold true in the present case. There is 
always a spirit of cooperation hovering around, if we 
only try to find it. It has been found in the case of 
alcohol for research and the industries. On June 17, 
1920, there gathered in the office of the Commissioner 
of Internal Revenue in Washington, Lt. Col. Amos A. 
Fries of the Chemical Warfare Service, Mr. George W. 
Patterson, designated by Secretary Daniels to rep
resent the N avy Department, representatives of the 
American Chemical Society, the Manufacturing 
Chemists’ Association, the American Dyes Institute, 
the American Pharmaceutical Association, the Ameri
can Drug Manufacturers’ Association, the National 
Association of Retail Druggists, the National Whole



sale Druggists’ Association, the Manufacturing Per
fumers’ Association, the Proprietary Association of 
America, the Drug Trade Conference, and individual 
manufacturers and users of industrial alcohol.

Owing to the illness of Commissioner Williams the 
hearing was conducted by Mr. Paul Myers, assistant 
to the Commissioner, in the presence of several officials 
of the Bureau. Brief addresses were made by the 
representatives present, the burden of which was that 
it  was fully realized how pressing had been the prob
lems before the Bureau in the administration of the 
Act, and how great an organization had had to be 
quickly built up. The great importance of alcohol in 
the chemical, pharmaceutical, and drug industries was 
clearly pointed out. Likewise the large demands of 
the Government for alcohol in smokeless powder and 
poison gas manufacture in time of war were demon
strated by the officials present. Statistics were ex
hibited showing the present greatly reduced output of 

alcohol.
In view of these representations it was urged that 

a special officer of the Bureau possessing technical 
qualifications be designated to have direct supervision 
of this feature of the Act. It  was further suggested 
that if the Commissioner desired such aid, he invite the 
various national organizations to nominate representa
tives to an unofficial civilian board which would act 
in an advisory capacity to the Commissioner in work
ing out satisfactory solutions of the various technical 
questions involved.

A fine spirit pervaded the meeting, and should the 
Commissioner adopt the suggestions made at the meet
ing the friction of that other wheel will be diminished, 
the industries will prosper, and the intent of Congress 
be fully carried out.

AN UNFINISHED STO R Y

Congress has adjourned. The expected “ recess” 
instead of adjournment did not materialize. Satis
factory assurance from Democratic leaders that no 
attem pt would be made to create political capital by a 
presidential reconvening of Congress, the call of the 
two great national conventions, and the desire of both 
Republicans and Democrats to get into the great 
American quadrennial game of president-making led 
to adjournment. The record as to legislation affecting 
directly the chemical industries is only a half-told tale.

First and foremost— the future existence of the 
Chemical Warfare Service is assured. Both Senate 
and House voted favorably upon its independent 
character, and in the conference committee the 
Senate members accepted the wording of the bill 
as it passed the House, defining the duties of the 
Service. This was important, for without it there 
would always have been the possibility of a side
tracking of the Service by departmental rulings. There 
remains only one matter of vital importance, the ap
pointment of the Chief of the Chemical Warfare Service. 
The situation in regard to this is so clear, the individual 
with the necessary experience and demonstrated ability 
so easily recognized and so unique in the possession 
of these qualifications, that it is impossible to con
ceive of any other appointment by the Secretary of
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War and the Chief of Staff than that of Colonel Amos 
A. Fries, the present Chief of the Service. With 
Colonel Fries in command, bearing again the title of 
Brigadier General which he won in the field with the 
A. E. F., the enthusiastic cooperation of civilian 
chemists may be relied upon.

Second— The closely related dye bill remains in the 
position recorded in our last issue. The bill was not 
brought up for consideration by the Senate dur
ing the hurried closing days of the session. Senator 
Frelinghuysen, that indomitable fighter, read into 
the record an important communication from all of the 
smaller manufacturers of dyes, showing that the 
failure of Congress to enact adequate protective 
legislation for the industry would react destructively 
first upon these smaller manufacturers. Senator 
W olcott' of Delaware presented a lucid explanation 
of the Levinstein agreement, which showed that no 
world monopoly was contemplated or indeed possible 
under the agreement. The dye bill holds its place 
upon the Senate calendar, in position to be called up 
whenever the Senate desires during the short session 
beginning next December. A t that time the same 
senators will be present to vote upon it, and, for the 
same reasons given in our last issue, we again predict 
that before this Senate adjourns finally on March 
4, 1921, the dye bill will be passed and the industry 
thoroughly safeguarded. Meanwhile, the Sundry Civil 
Appropriation bill carries a significant item of $25,000 
for the, continuance of the work of the War Trade 
Board Section of the Department of State. The  
protection of the coal-tar chemical industry which 
has been afforded by the Trading with the Enem y A ct 
since the blockade was raised will be maintained.

Third— The Bacharach bill never reached considera
tion by the Senate. It is a strange outworking that 
this Congress, controlled in both Houses b y  that 
party which has always boasted of its policy of pro
tection for American industries, should have left with
out adequate protection, and for the most part on an 
absolutely free-trade basis, those industries which were 
called into being by the nation’s need in time of war and 
upon the strong urging of officials of our Government. 
These industries, for which skilled labor has had to be 
developed in every department, must for the next few 
months rely solely upon the patriotic support of Ameri
can consumers. There are to-day strange things going 
on which threaten their very existence.

Fourth— The Nolan bill, providing relief for the 
Patent Office, passed the Senate, but as it carried an 
amendment providing for assignment to the Federal 
Trade Commission of patents b y government em
ployees the bill had to go to conference, and there it 
remains, for the conductor was calling “ All aboard 
for Chicago,” and the engineer of the San Francisco 
special was getting up steam. W e’ve seen the boys 
in college get just as badly demoralized just before a 
big football game. We always have maintained that 
campus life is but a miniature reflection of the greater 
world outside. Well, when it ’s all over we’ll be as 
good Americans as ever, and our faith is still strong 
in the present Senate, though it sure is taking plenty 
of time to pass a few, plain, simple, necessary measures.

A N D  E N G I N E E R I N G  C H E M I S T R Y  627
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NO TES

It is with pleasure we announce that, beginning with 
the August issue, T h i s  J o u r n a l  will carry a monthly 
London letter from Dr. Stephen Miall, LL .D ., B.Sc. 
Dr. Miall is the co-secretary and treasurer o£ the 
Federal Council for Pure and Applied Chemistry, and 
is also managing director of the Brimsdown Lead 
Company. It is hoped that through Dr. M iall’s 
exceptional opportunity for close observation Ameri
can chemists will be kept in touch with the thought 
and policy of British chemists and with the most 
recent developments in the field of industrial chem
istry in Great Britain.

Announcement of the recess appointment of Pro
fessor Marston Taylor Bogert of Columbia Uni
versity as a member of the Tariff Commission brings 
a comfortable feeling to all chemists. It has long 
been felt that the intricate character of the questions 
involved in the tariff as applied to chemicals de
manded the presence on the Commission of one 
thoroughly familiar with matters chemical. Professor 
Bogert’s high attainments in chemistry make his 
appointment an appropriate one. The country is 
under many obligations to him for patriotic service 
rendered throughout the war, and his work on the 
Tariff Commission will constitute a further obligation 
of this nature. Dr. Bogert has served as President 
of the American Chemical Society and of the Society 
of Chemical Industry. He represented chemistry at 
the original White House conference on conservation 
called by President Roosevelt. It is peculiarly fitting 
that one who is above all else an organic chemist should 
have been appointed to the Commission at a time when 
organic chemical industries are being so rapidly de
veloped. Congratulations to both Dr. Bogert and the 
Tariff Commission.

It  is a matter of rejoicing that Arthur Lachman has 
returned to his home in San Francisco none the worse 
for wear during his absence of several months while 
suffering from amnesia. In fact, he seems to have 
spent his time profitably, for according to a communica
tion from a friend, he returned in the possession of a 
new suit of clothes and a hundred dollars earned in the 
automobile industry, which is a pretty good proof of 
chemical amnesia in these days. All of Dr. Lachman’s 
friends join in the hope for a speedy recovery of his 
usual good health.

Synthetic camphor is rapidly finding its place on the 
map. From time to time references have been made 
in these columns to the necessity of the development 
of this industry as a measure of economic independence. 
It is welcome news that three of our most prom
inent chemical manufacturers are now engaged in the 
manufacture of camphor from spirits of turpentine, 
while we hear rumors of another project using a method 
which gives promise of very valuable results. From  
America’s raw material America’s supplies of camphor 
will be produced, thus gaining another step forward 
in the march of economic independence.

Honors are coming thick and fast to Dr. F. G. 
Cottrell, who organized the Research Corporation and 
assigned to it the patents on his process of electrical 
precipitation for the threefold purpose of insuring 
sound commercial development of the process, of dedi
cating its profits to scientific research, and of in
suring his own freedom from the usual business cares 
connected with patents in order to devote his time 
uninterruptedly to scientific work. Within the past 
few months he has been appointed Director of the U. 
S. Bureau of Mines, has been chosen by his colleagues 
chairman of the Division of Chemistry and Chemical 
Technology of the National Research Council, and has 
been presented the Gibbs medal by the Chicago 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 .

Warmest possible welcome is given to the first 
bulletin of the Society of Chemical Industry News 
Service, of which Dr. E. H. Tripp, Central House, 
Finsbury Square, London E. C. 2, is Director. This 
bulletin contains the announcement of the award of the 
medal of the Society of Chemical Industry to Monsieur 
Paul Kestner, who “ was born in Alsace prior to the 
German occupation in 1871; he was one of the chief 
founders and the first president of the Société de Chimie 
Industrielle in France, which was established in 1917- 
He has been connected with engineering as applied to 
chemical industry throughout his career, and among 
his more notable achievements are the use of forced 
draught in acid towers, automatic acid elevators, the 
climbing film evaporator, the scale-less water-tube 
boiler, and several inventions in connection with beet- 
sugar manufacture. Very shortly before the armistice 
M , Kestner gave an address of outstanding interest 
and importance to the London Section of the Society on 
‘The Alsace Potash Deposits and Their Economic 
Significance in Relation to Terms of Peace.’ ”  The 
problem of public education regarding chemistry is 
the same in Great Britain as in America. This new 
medium for distribution of reliable information con
cerning the British chemical industry will perform a 
useful public function. We have tried it. We know.

There are those who for reasons easily understood 
have sought eagerly for justification of complaints 
about the handling of the reparation dyes by the War 
Trade Board and the Textile Alliance, In c.' These 
complainants have willfully ignored the retarding effect 
of Rhine overflows and the prolonged strike of dock 
laborers at Rotterdam, and have continually claimed 
that the British textile industry was getting a jump on 
the American industry because of tardy methods of 
our officials. To all such critics it must be some
what confusing to read in the report of the U. S. Con
sul General in London ( Com m erce Reports, M ay 3, 
1920, page 677) the following:

A fter a long and weary wait the first batch of reparation 
dyes has been distributed in Yorkshire and has been very 
heartily welcomed.

But after all— facts are not wanted by those who 
have axes to grind.
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Chemists, engineers, and technical men, associated equally 
with capitalists, have creatcd a new world of industry during 
the past fifty years, through scientific research applied to the 
mechanic arts. The automobile, the aeroplane, the submarine, 
and scores of Jules Verne fairy wonders have grown bit by  bit 
through experimentation into huge, international industries. 
Our science, applied chemistry, is their foundation. I t  is not 
necessary to prove it. It  must be admitted. This transforma
tion of the material world has produced intense, breaking stress 
in the mental world. These industrial changes have brought 
social conditions which present serious, swiftly growing difficul
ties. It  is our duty to lead in solving the social problems which 
exist, and helping to direct aright the tendencies of the day, 
for which we are responsible.

The mental activities, expressed in government, education, 
and religion, have been stagnant, unresponsive or hostile to the 
changes in social life. Those to whom wre have entrusted govern
ment have taken it for granted that methods of administration, 
drafted for thirteen agricultural, seaboard states in the infancy 
of the steam engine and forty years before the first railroad, arc 
equally suitable for the engineering age of 1920. Public school 
education clings to the long summer vacation and the program 
of the early nineteenth century, when ninety per cent of our 
people lived on farms where the food, clothing, and all the essen
tial materials of life were grown or manufactured at home. The 
churches, struggling along with alembic methods in a triple 
effect age, complain of their declining influence, destroyed by 
selfish, materialistic city life. To-day seventy per cent of our 
people live in overcrowded cities, as employees of the industries 
which arose from our scientific research. Villages and farms 
have telephones, electric lights, phonographs, and automobiles. 
Life has been completely reversed, yet we chemists and engineers, 
prosperous in dollars acquired in creating the causes of world 
social turmoil, live in the midst of it in indifference. As a civic 
force, we are ciphers.

n e e d  o f  a c t i v e  c i t i z e n s h i p

First, we should become active citizens, each in his own 
community. Among civic activities, those relating to modern
izing city government, public school education, reform of taxa
tion, reorganization of agriculture, and revivification of the 
church, are among the most urgent and promising. M any 
feeble volunteer societies struggle spasmodically with these 
problems, and attain trifling results. B ut technical men, im
mersed in industry, have devoted little time or effort to public 
affairs. We chemists cannot make social progress by scattered 
efforts, united only during thirty days before election, against 
opposing forces of stagnation and reaction that are on the job 
three hundred and sixty-five days a year.

The entrance of women into government presents a promising 
force for social improvement. War taught women public work. 
In peace they have the time to apply their power to reforms, in 
which they are more practical than men, because they are 
moved by a deeper sense of idealism. Locally, men can best 
advance social progress by  devoting their personal assistance 
and resources to support of level-headed, common-sense reforms 
in government, education, and sociology which women undertake.

Our constructive civic work must be devoted primarily to 
a new order of city life; to the upbuilding of personal character, 
through the home, the school and the church; and to what

1 R e a d  a t  a  m e e tin g  of th e  S y racu se  S ection , A m erican  C h em ica l So
c ie ty , A p ril 30, 1920,

Roosevelt called civic righteousness. Good government of our 
cities is fundamental to that of the nation. The whole equals 
the sum of its parts. The character and strength of a nation 
are the aggregate of its cities, which in turn are the sum of the 
character of the citizens. Character and the finest qualities of 
the mind have been smothered in gross materialism. "N ever 
was Carlyle’s image of a basket of serpents, each struggling to 
get its head above the rest, so expressively precise a picture of 
humanity as it is to-day." The old order of individual selfish
ness, necessary to self-preservation in the stone age and in 
colonial days, is impossible in this industrial age. As Samuel 
Adams said, "Unless we hang together, we will hang separately.”

LAW OF M ENTAL MASS ACTION

We have evolved the engineering industries by cooperative 
scientific research. The social world is disintegrating because 
we have not attempted to build a modem social order by research 
methods like those through which we created-the engineering 
industries. It  has been the notion that man is an individual, 
free to do what he chooses, and that 110 laws govern his mental 
action. B ut in recent years the combined study of history, 
statistics, anatomy, psychology and allied sciences, has begun 
to disclose that man is subject to law as distinct as that of gravity 
or of chemical reaction. Babson, Carlton Parker, Crile, Cannon, 
Veblen, and others have shown that mankind acts in mass move
ments similar to those of the tides; that close relationship exists 
between the physical body and the action of the mind, and that 
physical animal life action can exist, entirely dissociated from 
mentality. These studies indicate that we are at the threshold 
of a  century of mental scientific discovery, succeeding the 
nineteenth century of disclosure in material applied science.

Had any one in 1820 predicted that within one hundred years 
man would fly from America to Europe, and that his skill in 
flying would greatly excel that of the birds, or that with simple 
instruments he would send messages through the air from Paris 
to Honolulu, or that he would transmit and accurately reproduce 
the human voice over a copper wire from New York to San 
Francisco, a town which did not then exist, he would have been 
thought in danger of hell-fire, preceded by the fate of the Salem 
witches.

Sir Oliver Lodge’s belief in and hope of development in the 
mental sphere are conservative, compared with any prophet 
who, one hundred years ago, might have predicted things as
they are to-day.

We are learning that the human mind, in mass action, moving 
in waves through distinct cycles of years, expresses itself in 
financial inflation followed by panic, or in war followed by gross 
speculation and extravagance, which turns into industrial and 
financial depression and deep distress. Bolshevism, the mania 
for strikes, desertion of the farms and neglect of agriculture, 
overcrowding and insufficient housing in the cities, declining 
birthrate,— all these and scores of similar international wave 
activities prove man to be almost fluid in his mass response to 
social law.

The surgical investigators have disclosed that physical de
generation of the brain, the liver, the adrenal, and other glands 
is coincident with what we had formerly presumed to be purely 
mental emotions of anger, fright, and worry. As one writer 
says: "W hen stocks go down, diabetes goes up.”  The biologist 
maintains pulsating life for three months or more by transferring 
embryo heart tissue of a chick to a suitable culture medium. Sec
tions of veins, arteries, and nerves, dissected from the body and
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preserved for weeks in alcohol, and then grafted in place of 
tissue destroyed by accident or in war, begin nerve and blood 
circulatory functions and ultimately attain-normal-transfer-of 
blood and nerve action through the alcohol-preserved tissue. 
These studies prove that human physical and mental life is 
subject to laws, as definite and as discoverable as those of chem
istry or electricity. They await our research.

We can no longer expect to attain progress in government 
and social life by watchfully drifting. We must organize 
agencies for profound, experimental social research, applied to 
the mental departments of life. If we do not inaugurate such 
social research, and maintain it with increasing vigor similar to 
that of industrial research, our industries, our personal invest
ments, our life insurance, our homes, art, music, and all intel
lectual and spiritual attainments will be destroyed in political 
and social chaos, as in Russia. There is chaos because the two 
wings, the material and the mental, do not flop together. The 
mental wing is atrophied, and we are headed for a tail spin.

NECESSITY FOR SC IEN TIFIC  SOCIAL, RESEARCH

Eighty per cent of our people lack means of effective public 
cooperation. Our • highest mentality, the graduates of our 
engineering schools, universities, and colleges, and all intellec
tual people, have 110 agency for analyzing and testing their 
theories of social construction or for registering their opinions 
in practical, effective public action. Mediocrity is triumphant, 
because it is organized and aggressively led. In self-defense, 
we chemists and technical men should establish within our own 
industries, Departments of Social Public Relations, to educate 
our own staffs, to study and solve local social problems, and to 
cooperate with university men and women, with all intellectual 
people and with the public, in concerted, persistent social prog
ress, based on science.

Next, we should unite our engineering industries with the 
technical schools and universities, in Federations for Social 
Research, to undertake the work of evolving the highest attain
able individual and national growth in government, education, 
and religion, by scientific social research. Our fundamental 
principle should be that of Babsori, that action and reaction 
are equal in the mental world as they are in the physical world; 
that we get out of life what we put into it. We are getting 
Bolshevism, class misunderstanding and hatred now, because 
for the past thirty-five years we have put little else into life than 
materialism and selfishness. The research would be conducted, 
under our direction, by  engineering schools and universities, 
through the city, state or national government, to assure author
ity  to our work. Our results would be given full publicity 
to put the facts before the people, whose judgment is correct if 
they know the truth. If the truth be frankly and fearlessly 
presented, there is little need of reform activities. M ost abuses 
are the result of suppression and secrecy.

REV ISIO N  OF SOCIAt, PU BLIC  RELATIONS

Among the possibilities of public sendee through scientific 
research are:

(1) There should be reorganization of secondary education. 
“ The war has clearly shown that the popular education of to
morrow must be entirely different from that of to-day,”  says 
Anatole France. The Omaha mob which burned the court
house and nearly lynched the mayor was composed of youths 
sixteen to twenty-iive years old. They committed these crimes 
"just because they’d nothing else to do.”  Their school training 
had been so empty and purposeless that life suggested no other 
more interesting adventure.

In New York State alone there are about one-half million 
children who left school at fourteen, and who are employed in 
ineffective ways in the industries, or more frequently are de
moralized through lack of any occupation whatsoever. They 
are the Omaha mob. Our cooperative organizations of social 
public relations should develop a plan of citizenship education

to combine the resources of agriculture and the industries, in 
conjunction with the municipal activities of our cities, as the 
basis of education-for-this neglected half..million. In  this age 
of practical science we have rigidly excluded all children from 
observation of science applied in agriculture and industry, yet 
all of us earn our living in these activities. If we would swim, 
we must get into the water. The city  children should be taken 
on study trips to see the inspiring and interesting phases of life 
in operation, and become familiar with them. That which they 
see and observe should be made the basis of broad, liberal educa
tion. In this way, we can put daily life and the work of the 
world back where they were thirty years ago, when the boy and 
girl got the better part of their education from their daily tasks. 
Farm and home life in those days compelled growth of observa
tion, attention, and reasoning, and gave us self-reliant Yankees. 
That was before "Passing the buck” and “ Let George do it” 
were invented.

The training should be designed to make better citizens, 
and not mere factory operatives. If our people be educated to 
high ideals of life, if they be raised to high mental and spiritual 
standards, broad understanding of the interrelation of industries, 
trade and world commerce, of agriculture and nature, and of the 
love of books, art and music, they will automatically acquire 
wholesome home and community interests. If they know the 
land and its processes, and if they own their homes, they will be 
good citizens. Few men would fight for a rented flat, but nations 
have fought for their farms.

(2) Working with the state and federal government we can 
study to bring about new conditions in the production, dis
tribution, and preparation of food and clothing. We can make 
individual home ownership and personal thrift a national habit 
and establish a new social order, adapting the industries and the 
home to each other. The home and a family of pure racial blood 
should be the primary motive of our nation, and raising a family 
should be made more attractive and profitable than its avoidance. 
We should lay the technical journals 011 the shelf for awhile and 
read Madison Grant’s “ The Passing of the Great R ace,”  and 
Lothrop Stoddard’s "T he Rising Tide of Color.”

(3) Industry in recent years has been the victim  of lack of 
truthful publicity. In conjunction with the universities and 
other agencies representing highest national intellectuality, we 
should present the truth through the press, so that the public 
may realize that our research is solving the baffling and complex 
problems of social life. The packers and milk distributors are 
spending money lavishly to put the truth in the minds of the 
people by explanatory advertising, one to ten years belated. If 
we are sincere, we can secure cooperation of great journals, daily, 
weekly, and monthly, and through them place our work before 
the nation in a manner so convincing that it will insure our 
ultimate, complete success. Truth and publicity are absolutely 
destructive to social abuses. The evil results of venereal dis
ease are being steadily diminished by frank, dignified publicity. 
We need to study the problem of "Liberty and the News,”  as 
analyzed by W alter Lippman ¡11 his recent book of that title.

(4) We should develop a new class of engineers trained at the 
technical schools and universities to occupy positions in city, 
state, and national government similar to those occupied by 
engineers in industry. Their work should assure a lifelong 
career, with tenure of office based on merit, and transfer or pro
motion free from political, partisan, or sectarian influence. They 
should be the men who execute and maintain the findings of our 
social research. Through these engineers of social technology, 
we would rescue government from corroding reaction and put 
it on a modern basis of progressive, applied engineering. We 
would substitute scientific economics for the existing order of 
government by selfish, unenlightened, partisan politics.

The work proposed, though apparently highly idealistic, is 
merely the self-preservation of business and social life from the



dangers of swiftly progressive mediocrity. The four examples 
cited are only a few of the possibilities of social scientific research, 
attainable by a  federation of the chemical and engineering indus
tries, working in conjunction with the engineering schools and 
universities through the authority of city, state, or national 
government. A  nucleus already exists in the National Research 
Council, which includes departments of medical sciences, of 
biology and agriculture, and of anthropology and psychology. 
We should quickly expand that work by undertaking the most 
urgent tasks of social research in several industrial cities.

The object sought has been well ¿escribed by Professor George 
F. Swain: ''Continued progress and the interest of the social 
organism as a whole require that individual initiative and 
ability shall be encouraged to the utmost and allowed to enjoy 
the reasonable fruits of its exercise; that property should be pro
tected; that taxation shall be equable and uniform; that leaders 
shall be chosen from those most capable and judicious; and that 
those who are only fitted for manual labor shall not acquire a 
distaste for it or look down upon it as inferior in dignity to other 
occupations; that waste and extravagance shall be reduced to a 
minimum.”

AGRICULTURAL VS. INDUSTRIAL EPOCH

As an illustration of the splendid possibilities of scientific 
social research, let us outline a research study of agriculture 
in conjunction with education. The United States is a powerful, 
unique nation. Our close contact with nature, the sea and the 
wilderness, and the individual ownership of our farms and homes, 
made us intensely independent and highly individualistic. Kach 
one was free to develop his ability within his natural limitations, 
in a country of vast resources. Coincident with exhaustion of 
the free land, we entered the industrial era and our population 
shifted from 80 per cent agricultural to 70 per cent city dwelling, 
and a vast influx of Slavs, Semetics, Latins, Southeastern Euro
peans and Western Asiatics diluted our English and Northern 
European stock to a minority. Thus we have land and racial 
problems, in addition to those of congested city industrialism.

Formerly the child learned life by living. The household 
arts which used to supply home technical training have been 
almost completely superseded by factory manufactured food and 
clothing. Our light and fuel for cooking are delivered to our 
homes through pipes or over wires, displacing the kerosene lamp 
and the wood pile, the old oaken bucket and the chain pump, 
and the bucksaw. The water wheel a t the brook, the wind 
wheel on the woodshed, the figure-four trap and the muzzle 
loading shotgun have been supplanted by M ary Pickford, 
Douglas Fairbanks, and Charlie _ Chaplin, witnessed seated, in 
a dark room. Healthful play at home is rarely possible, for 
there is neither room nor play space. Play is transferred to 
city parks, where unmarried women of advanced years are hired 
to teach children to play.

The schools of former days and the long summer vacation were 
designed for New England village and farm life. The red 
schoolhouse education of that time was adequate, because the 
training in practical life which children received from their daily 
work at home produced self-reliant Yankees. The industrial 
changes during the past thirty-five years have robbed children 
of active experience in life, and have given them passive, com
mercialized amusement instead. Migration from the farms is 
making us a  restless, discontented, purposeless nation, flabby in 
muscle and in mind. We are being transformed from red- 
blooded, rigid vertebrates, to water-white, sloppy, physical and 
mental mollusks, encased in a shell of organized labor.

W ith this topsy-turvy condition in education, there came 
similar inversion in farm life and food production, aggravated 
by unenlightened and wasteful methods of food distribution. 
And finally we have entered upon a deplorable decline in the 
influence of religion. The religious spirit, based upon close 
touch with nature and ownership of the land, degenerates and
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dies when a nation falls under the control of commercialism or 
industrialism. The people leave the farms they own and become 
city tenants. They flock to Babylon, Athens, Rome, New 
York, where they succumb to unimaginative materialism. They 
lose their love and fear of nature, their respect for law and 
authority, and their reverence for the Deity. They no longer 
have chivalrous regard for womanhood. Marriage, the home, 
and the family cease to be the prime motives in life, the pursuit 
of pleasure and luxury becomes dominant, and there is general 
subsidence in art, music, and the finer qualities of the mind. 
Spiritual indifference follows, ending in the decline and death 
of religion.

F IELD  FOR SOCIAL EX PERIM EN TA TIO N

One of our most urgent social tasks, perhaps the most urgent, 
is scientific social research upon the interrelation of agriculture 
and country life, and the industries and city life in their prac
tical bearing upon education and religion. Therefore, let us 
conduct a social experiment to give our city boys some measure 
of American education by contact with nature and the land, 
like that which our sturdy Yankee grandfathers received.

An experimental group of boys, about one hundred, of ages 
eighteen, nineteen, and twenty, would be assembled and assigned 
to farm life combined with school training. The periods would 
be for the farm growing season of seven months, April to October, 
inclusive, of their eighteenth and nineteenth years, and for the 
entire time of their twentieth year of age. I he boys would be 
quartered in a suitable cantonment, in the center of a typical 
farm district to do the work on the farms, as many of our older 
chemists did when they were boys. They would be paid as we 
were, by  their board, clothes and education, with some, prefer
ably a small amount of, spending money.

Associated with their work, these boys would be given a 
generous amount of education in agriculture by simple, inter
esting, scientific instruction through lectures, farm and field 
demonstrations, and moving pictures. The fundamental prin
ciples of raising crops, preparation of the land, selection of seed, 
production and use of fertilizers and care of the crops from 
sowing to harvest should be taught, as well as the storage of the 
crops and their distribution to market. The breeding of poultry, 
cattle and all live stock should be taught, with special emphasis 
laid on the economic importance of pure breeds and the selec
tion of the most productive individuals for breeding, as proved by 
the experience of Holstein-Friesian breeding for milk production. 
Good breeding pays, whether of Holsteins, hogs or humans.

There would be abundant opportunity to teach many scien
tific facts of the out-of-doors relating to production of fruit and 
garden vegetables, protection against insect pests, cultivation 
of flowers and practical forestry. A  multitude of interesting 
topics regarding nature would occur to any alert teacher.

This instruction would afford not only pleasing recreation 
from manual labor, but also would give our boys broad and 
liberal education in agriculture and nature, and create an interest 
which would a t t r a c t 'm any of them permanently to the farm. 
I t  would give ail of them robust health and keen, lifelong interest 
in out-of-door life, and bring them into educational balance 
with the other ten per cent of high school boys. The educational 
portion of the experiment could be in charge of the state agri
cultural college.

The abundant supply of dependable labor from this source 
would permit farm work to be done in two shifts of six or eight 
hours, covering the entire day from sunrise to sunset. This 
arrangement of shifts would remove all cause for objection by 
the farmer to daylight saving, because he could direct his work 
to best advantage at all hours of the day.

As the boys would be in excellent condition from not more 
than eight hours’ labor, they could multiply the production of 
the farms by thorough, intense cultivation. Wasteful use of 
land could be ended. Inferior pasture or bush land could be
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brought into fruitful production or planted as forests. Rich 
bog lands could be drained. Scrub growth comers could be 
made permanent forests. Roadsides could be beautified and 
used for pasturage and fm it. Sheep-raising could be promoted 
to fertilize abandoned farms and to produce mutton and wool.

A  further advantage would be that tractors could be used 
intensely, by sending them from farm to farm and keeping them 
in action sixteen hours a day. In the rush season, tractors 
drawing plows or harrows could be used twenty-four hours a 
day, with the help of artificial light supplied by the tractor 
engine, and operated by eight-hour shift labor.

Housing the boys in central camps would relieve the farmer’s 
wife of the drudgery she now endures during the growing season, 
and would interfere in no way with the home life of the farmer. 
The boys could be trained in the Swiss military system, if de
sired. A  steady hand and keen eye would be developed by com
petitive rifle marksmanship.

RED U CTIO N  O F “ H . C. L .”  ASSURED

Three great fundamentals of living are food, clothing, and 
housing. Food is the product of agriculture. Wool, cotton, 
leather, and linen, the raw materials of clothing, are products of 
agriculture. Lumber, an important material in housing and in 
furniture, is a product of forestry, which is tree agriculture. 
The high cost of living can be reduced by abundant, cheap pro
duction of food, clothing, and housing. That result can be 
assured if this system of cooperation between education and

Norway is a thinly populated country with only a 
few notable natural resources, chief of which are the 
forests, fisheries, and water power. Of minerals, iron 
ore and cuprous pyrites are the only items that need 
be considered. Not more than 3 per cent of the area 
of the country is under cultivation, and it is estimated 
that fully three-fourths of that area are absolutely 
unsuited for agricultural development. Another serious 
handicap is the lack of native coal.

There has been, however, a great accumulation of 
wealth as a result of the war, for timber, fish, and 
electrochemicals have been exported in large quan
tities at very advantageous prices, and Norwegian 
shipping, in spite of all vicissitudes, has earned splendid 
dividends. This wealth will be used to develop native 
industries and will be put into hydroelectric projects, 
into the development of a real iron and steel industry, 
and into agriculture. Before the war Norway had 
been exporting a few dairy products, but importing 
cattle feed and cereals, and the disadvantages of such 
an arrangement have been amply demonstrated during 
the last few years. Much of the wealth will naturally 
be spent outside of the country for equipment for the 
new developments and for a long list of necessities and 
luxuries that were difficult to obtain during the war. 
The American chemical industry will be interested in 
the extent to which the manufacture of electrochem
icals is to be developed and in the extent to which 
dependence will be placed upon outside sources for 
other chemical products.

agriculture be evolved and brought into general practice, as the 
result of our scientific research.

The most highly perfected social organization in the world 
is that of the bees, who produce not only sufficient food for 
themselves but a liberal surplus for export to mankind, by their 
thoroughly organized food production. The plan proposed is 
essentially identical with that of the bees.

Country life compels attention, observation, reasoning, fore
sight, self-reliance and sturdy health. The Elkhom  ranch 
transformed Roosevelt from a sickly youth to our best example 
of vigorous physical and mental American life; and boyhood on 
the farm was the basis upon which Lincoln and most of the 
great American mental leaders built their lives.

The trends of civilization are swiftly flowing into a vortex of 
highly socialized life, directed by government. And govern
ment is becoming an aggregate of applied science through engi
neering. The situation is analogous to that in industry when 
Cornell, the Massachusetts Institute of Technology, and other 
engineering schools, were founded to educate engineers of applied 
material science as directors of industry. An extraordinary 
opportunity and duty confronts us: that we build a new social, 
intellectual, and spiritual structure, commensurate with our 
material one. For. as Anatole France recently said: "Whether 
we like it or not. the hour is at hand in which we must choose 
between being citizens of the world, or spectators at the death 
of civilization.”

E L E C T R O C H E M IC A L  I N D U S T R IE S

It is estimated that the water power available in 
Norw'ay is not less than 15,000,000 horse power, of 
which about 1,500,000 horse power are now actually 
utilized. It is widely distributed and, in the absence 
of coal, electricity is commonly used to an extent and 
for a variety of purposes that would be surprising 
even to an American. The greatest development has 
been along electrochemical lines, but there is an in
creasing call for current in the metallurgical industries, 
and it is used liberally for power, lighting, and heating.

Calcium carbide was the first product of the Nor
wegian electrochemical industry and production was 
so greatly stimulated b y the war that the capacity 
has been wonderfully developed. The total output 
in 1915 was estimated at 100,000 tons, but large plants 
have been erected since that time. In that year one 
concern produced 60,000 tons and another 30,000 
tons. A  considerable proportion of the carbide is 
now used in the manufacture of cyanamide.

As every chemist knows, it was cheap Norwegian 
electricity that made possible the first commercial 
utilization of atmospheric nitrogen. Between 300,000 
and 400,000 horse power are now used in Norway for 
the production of nitric acid, calcium nitrate (com
monly known as “ Norwegian saltpeter” ), and other 
nitrates and nitrites. The future of this industry is 
considered very promising.

There was a time when a great deal of iron was 
smelted iri Norway from the native ores, but even

CHEM ICAL INDUSTRIES AND TRADE OF NORW AY
By O. P . Hopkins
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before the war this industry was declining with the 
rise in the price of coal, and after hostilities began 
most of the remaining plants were obliged to close. 
Much attention is therefore being given to the estab
lishment of electric-smelting plants and there seems 
to be a good future in that direction. One plant that 
was in operation when the war began found it very 
difficult to obtain electrodes, but these are now manu
factured in the country. Plans are under way for the 
development of an electric steel industry in connection 
with the smelters.

Electricity is also used in the production of aluminum, 
much of which is used in connection with air-nitrate 
plants, and in the manufacture of ferrosilicon. A  
good idea of the character and quantity of articles 
produced electrolytically can be obtained by studying 
the table of exports in this article.

IM P O R T A N C E  O F  F I S H E R I E S

In value, the exports of fish and fish products amount 
to about half of the goods shipped out of the country. 
Cod, herring, whale, mackerel, and salmon form the 
principal catches, and the by-products of the industry 
are of interest to the chemist. Great quantities of 
oil are obtained from the livers of the cod, while the 
heads are used for fodder and fertilizer. Oil is also 
obtained from the blubber of the whale, the bones are 
crushed for use as fertilizer, and the flesh is used for 
both fodder and fertilizer.

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

As in Sweden, the production of wood pulp has 
grown to striking proportions in Norway, and the 
manufacture of paper has become increasingly im
portant. Exports of pulp amounted to nearly 700,000 
tons in 1913, the greater part going to England. Im 
port restrictions in various countries and difficulties 
in shipping decreased the sales abroad, but the general 
demand since peace was declared bids fair to continue 
and means renewed prosperity to the Norwegian manu
facturers.

Oxalic acid is made from sawdust and is an important 
item of export, the United States being one of the best 
customers.

Matches also go into the export trade in large 
quantities, although the industry has not reached the 
proportions attained in Sweden.

With supplies of native apatite, the manufacture of 
superphosphate has been developed to the point where 
more than 50,000 tons can be produced annually, as 
compared with a pre-war production of 20,000 tons.

Before the war, Norway imported something like 
1,400,000 lbs. of soap of various kinds, a large quantity  
when the small population is considered. As there 
is a scarcity of oils suitable for the manufacture of 
soap, it is likely that a good market will continue for 
imported soap. Before the war, England supplied the 
demand to a large extent, but during the last few years 
American manufacturers have been doing about 40 
per cent of the business and their products are enjoying 
popular favor.

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

T h e r e  a r e  n o  f i g u r e s  a v a i l a b l e  t o  s h o w  t h e  q u a n t i t y  

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

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

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

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

r e t u r n s  i s s u e d  b y  t h e  G o v e r n m e n t  B u r e a u  o f  I n s u r a n c e :

S om e  E ff e c t s  o f  t h e  W a r  u p o n  t h e  C h e m ic a l  I n d u s t r ie s
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G lu e ...................................................  5 75 0 .9 2  6  95 1 6 .3
I n s u la t in g  m a te r ia ls ...................  5 28 1 .2 9  3 58 1 6 .9
M a tc h e s ...........................................  4 919 1 .2 9  4 928  2 0 .4
O ils a n d  b y -p ro d u c ts .................  42 663 1 .0 2  51 907 2 2 .0
P a p e r  a n d  c a rd b o a rd .................  42 4 ,9 2 0  1 .1 3  47 5 ,3 9 0  1 8 .5
P e rfu m e s .......................................... 1 8 0 .6 4  1 5 2 0 .4
P h a rm a c e u tic a ls ...........................  12 76 0 .7 7  12 92 1 9 .6
R efin ing  o il .....................................  \  r  . . .  ( 6  426  2 1 .2
R efin ing  p e tro le u m .....................  ) °  ^56  1 .1 6  |  2 2 .5
S o a p . ................................................. 19 116 0 .9 8  17 109 1 8 .8
S o ap , cand les , p e rfu m e s   13 205 1 .0 0  12 265 1 6 .6
T a n n e r ie s ......................................... 78 574 1 .0 3  83 736 2 0 .4
T a r p a p e r ........................................  5 25 1 .0 0  9 52 2 0 .9
T ra in  o i l ........................................... 78 360  0 .9 1  82 295 1 8 .8
T re a tm e n t  of o re s ........................ 11 617 1 .2 5  17 1 ,4 5 5  3 0 .6
V a rn ish e s .........................................  6  41 0 .9 8  6  42 2 3 .3
W ood  p u lp :

C h em ica l.....................................  27 5 ,2 6 1  1 .17  27 5 ,0 9 9  2 0 .9
M e c h a n ic a l................................  69 3 ,7 3 5  1 .03  67 3 ,0 1 0  1 7 .4

A s  N o r w a y  i s  s e e k i n g  t o  e q u i p  h e r s e l f  t o  r e f i n e  a n d  

w o r k  h e r  o w n  m i n e r a l s ,  t h e  f o l l o w i n g  t a b l e  i s  i n s e r t e d  

t o  s h o w  t h e  m a t e r i a l s  a v a i l a b l e .  T h e  s t a t i s t i c s  a r e  

i s s u e d  b y  t h e  N o r w e g i a n  B u r e a u  o f  S t a t i s t i c s .

P r o d u c t io n  o f  M in e r a l s

1913 1915 1916
M e tr ic  M e tr ic  M e tr ic

M in e r a l s  T o n s  T o n s  T o n s
S ilv e r a n d  s ilv e r-b earin g  o re s —  . 5 ,4 1 1  8 ,4 3 1  7 ,5 1 5
C o p p e r o r e s ...........................................  7 0 ,3 4 9  5 6 .0 9 7  2 8 ,6 7 0
P y rite s  ( iron  a n d  c o p p e r) ...............  4 4 1 ,291  5 1 3 ,3 3 5  2 9 5 ,3 5 4
N ick e l o re ...............................................  4 9 ,9 9 0  7 7 ,0 1 8  79 ,9 0 3
I ro n  o r e ...................................................  5 4 4 ,6 8 6  7 14 ,917  4 1 7 ,8 9 9
Zinc a n d  le ad  o re s ..............................  897 1 ,8 2 9  1 ,017
C h ro m e  o r e . . ........................................   350  2 ,7 5 7
M o ly b d en ite  a n d  w o lfram ..............  12 97 137
R u t i le .......................................................  77 170 103
B ism u th  o re ...........................................   10 ..........
G ra p h ite ..................  3 00  ..........  ..........
A p a t i te ..............................   7-57 1,901 2 ,2 3 6
F e ld s p a r ..................................................  4 0 ,8 4 2  8 ,7 7 8  12,811
O th e r ........................................................  1 .5 0 0  380  5 ,6 4 0

T o t a l ..................................................  1 ,1 5 6 ,1 1 2  1 ,3 8 3 ,3 1 3  8 5 4 ,0 4 2
T ota l  V a l u e ..................................  $ 5 ,7 5 3 ,5 0 0  $ 1 1 ,0 2 0 ,4 0 0  $ 8 ,2 2 7 ,9 0 0

T H E  M A R K E T  F O R  IM P O R T E D  C H E M IC A L S

As already shown, Norway is displaying great ac
tiv ity  along certain chemical lines, but it should be 
borne in mind that the variety of products is decidedly 
limited and that almost total dependence is placed 
upon outside sources for the bulk of the articles usually 
described as chemicals and allied products. In some 
of these lines American manufacturers have successfully 
entered the market since the war started and their 
wares have made a uniformly good impression. The 
character and extent of the requirements of the market
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can be determined by a study of the following table, 
which is based upon official figures published b y the 
Norwegian Central Bureau of Statistics:

I m p o r t s  o p  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  (C ontinued)

I m p o r t s  o f  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s

1913
P o u n d s

C h e m ic a l s , D r u g s , D y e s , M e d ic in e s : 
A cids:

B o ric ..................................................
C arbo lic , p u re . . . . ......................
C arb o n ic , l iq u id ............................
C itr ic  a n d  t a r ta r ic .......................
M u r ia t ic ...........................................
N i t r i c .................................................
S u lfu r ic .............................................

G e rm a n y .....................................
N e th e r la n d s ...............................
S w e d e n .........................................
U n ite d  K in g d o m .....................
U n ite d  S ta te s  ...............

O th e r  a c id s ......................................
A lu m .......................................................

G e rm a n y .....................................
S w e d e n   ....................................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

F e r r ic ................................................
A m m o n ia , a n h y d r o u s .....................
A m m o n ia  co m p o u n d s: s a l t  of

h a r t s h o r n ....................................
O th e r ..................................................

B ak in g  p o w d e r ..................................
B rom ides , iod ides , a n d  c y a n 

ides of m e ta ls .................................
B ro m in e ................................................
C a m p h o r ...............................................
C a rb o n  d isu lf id e ................................
C a s e in ....................................................
C hem ica ls , n . e. s .............................
C h lo ride  of l im e ................................

U n ite d  K in g d o m ..........................
U n ite d  S ta t e s ................................

C h lo rides  of m e ta ls , n . e. s ..........
D ru g s , n . e. s ......................................
D y es  a n d  dy es tu ffs :

A n iline  a n d  a liza rin  d y e s .........
G e rm a n y .....................................
N e th e r la n d s ...............................
S w itz e r la n d ................................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

C hem ica ls , # h erb s , ro o ts ,
e tc ., u sed  in  d y e in g ................

C o ch in e a l.........................................
D y e  w ood e x t r a c ts ........................
In d ig o ................................................

G e rm a n y .....................................
E xp lo siv es:

G u n p o w d e r, sm okeless, in 
c lu d in g  b a l l is t i te .................

O th e r ; d y n a m ite  a n d  o th e r
ex p lo siv es ...............................

F ire w o rk s .........................................
M a tc h e s  of w ax, s te a r in ,

e t c ..............................................
O th e r .............................................

M in e rs ' fu se s ..................................
F r ic t io n  t in d e r  b o x es .................

G ly c e ro l.................................................
G e rm a n y ..........................................
N e th e r la n d s ....................................
S w e d e n ..............................................
U n ite d  K in g d o m ..........................

G ly ce ro l d ip ........................................
H y d ro x id es , n . e. s ...........................
In s e c t  p o w d e r .....................................
M ag n es iu m  c h lo r id e ........................
O xides, n . e. s .....................................
O x y g e n ...................................................
P e rfu m e ry  a n d  co sm e tic s:

C rea m s a n d  p a s te , so lid
o r  l iq u id ......................................

F u m ig a tin g  m a te r ia ls ................
H a ir  o il .............................................
P o m a tu m s  a n d  co sm e tic s .........
T o ile t w a te rs , a lco h o lic .............

N o n -a lco h o lic ............................
P h o sp h a te  of lim e (fo r c a tt le

f e e d ) ...................................................
P h o sp h o ru s ..........................................
P o ta s h ....................................................

G e rm a n y .....................................
S w e d e n .........................................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

C a u s tic ; p o ta sh  ly e ...................
P o ta s s iu m  c h lo ra te ..........................

C h lo r id e ...........................................
N i t r a t e ..............................................

G e rm a n y .....................................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

R a t  p o iso n ...........................................
R e n n e t;  cheese co lo r in g .................
S a lt  p re p a re d  fo r m ed ica l u se . .
S a lts  of m e ta ls , n . e. s ....................

1 N o t sh o w n  s e p a ra te ly .
* U n d er " fe r t i l iz e r”  in  1913.

2 3 ,8 6 9  
15 ,084  
4 ,3 2 8  

3 4 ,5 3 5  
6 0 4 ,2 0 0  

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

176

i 75]532  
6 ,8 8 6 ,7 9 6

(0 
(2)

23 2 ,8 3 0

1916
P o u n d s

4 0 ,8 1 6
3 2 ,2 2 2
13,827

104 ,824
54 6 ,2 6 5

386
3 ,2 3 9 ,7 4 8

64 9 ,1 8 9

2 ,56 7 ^2 5 6
15 ,322

3 3 8 ,4 8 8  
7 ,0 0 1 ,4 1 3  

135 ,473  
2 ,7 0 0 ,1 5 0  
3 ,0 8 2 ,6 7 0  
1 ,0 8 3 ,1 2 0  

4 0 8 ,9 1 8  
3 5 ,1 7 1 ,0 4 2

467 ,671
4 ,4 3 1 3 ,2 1 7

’30 ,8 7 5 3 8 ,3 3 1 2 7 ,9 3 5

0 ) 6 8 , 1 1 2 6 ,4 8 4
70

11 ,380 i Ó * 523 2 1 ,3 3 2
8 ,4 3 7 12 ,216

‘3 Ü 5 5 7 10,335 10 ,692
2 3 8 ,3 3 3 8 8 8 ,5 2 0 104 ,608

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

( 0 5 7 ,4 9 4 6,371
1 ,3 5 0 ,5 4 7 1 ,6 1 3 ,5 4 0 1 ,2 8 4 ,3 8 6

6 6 9 ,9 8 5 6 3 3 ,1 9 2 789 ,319
5 3 2 ,7 0 0 577 ,191 766 ,402
119 ,386 822

441 10 ,198
635 11,041

18,631 805

2 2 5 ,9 0 8 8 3 ,2 2 4 109 ,724
2 ,9 8 7 126

20 6 ,5 3 6 4 5 4 ,7 8 7 1 ,3 2 5 ,6 3 7
12 ,493 4 ,2 6 6 6 ,6 6 5
8 ,6 7 0 4 ,1 5 6 6 ,6 6 5

1 ,2 4 3 17 ,884

133 ,092 719 ,493 205 ,851
21 ,4 4 9 17 ,008 19,361

( l) 24
0 ) 3 ,9 8 8 6 ,8 9 0

1 1 2 ,590 109 ,225 2 6 2 ,1 7 2
0 ) 24 55

9 4 1 ,3 0 6 1 ,2 6 2 ,3 7 8 3 2 4 ,6 2 8
21 6 ,4 4 9
3 8 0 ,1 6 3 936 ’, i 5 7 2 2 5 ‘,535

111,945 5 4 ,0 7 7
328*672 211 ,921 4 5 ,0 1 2

2 ,1 1 6 3 ,3 0 7
0 ) 8 ,7 9 2 * 23^391
6 0 ,8 0 3 9 2 ,0 2 2 1 1 5 ,020
(0 7 00 ,785 9 9 2 ,9 0 7
(») 7 43 ,018 2 0 2 ,5 8 0
9 ,6 9 4 710 134

2 4 ,2 3 0 16 ,034 11,041
37 342

2 ,0 5 0 1 ,6 6 9 2 ,5 6 0
18,371 28,911 2 6 ,1 1 8
20,161 3 2 ,2 6 2 3 2 ,1 3 2

1 ,775 1 2 , 1 1 0 9 ,1 5 6

4 6 2 ,1 3 3 7 7 ,1 8 5 6 0 ,4 1 5
67 ,251 7 3 ,7 5 3 4 0 ,9 7 7

1 ,2 6 2 ,0 8 9 2 ,1 2 8 ,4 1 0 1 ,2 3 8 ,9 7 6
95 3 ,8 4 2 1 ,9 1 0 ,4 1 8 8 3 5 ,9 9 3

154 3 2 ,5 8 4 11 ,354
3 0 0 ,7 9 6 131 ,990

5 3 ,4 1 8 3 9 i ^430
2 ,4 7 2 ,‘ 350 3 ,2 3 7 ,2 5 2 2 ,6 8 8 ,5 1 0

82 0 ,5 5 2 2 ,1 3 9 ,7 2 0 2 3 ,5 8 9
C1) 1 ,1 1 8 ,4 3 4 7 01 ,692

1 ,1 5 1 ,7 7 1 20 ,811
1 ,1 3 3 ,6 0 6

12 ,059
'2Ó Í811

‘ ÍÓ',538 7 ,9 8 7 12,762
85 ,1 6 5 9 2 ,0 9 6 75 ,9 2 3
34 ,9 1 7 7 ,0 3 0 1 ,2 9 6

t l) 6 ,8 0 6 1 , 1 2 0

C h e m i c a l s ,  D r u g s ,  E t c .  (C o n c lu d e d ) :

1913
P o u n d s

1916
P o u n d s

1917
P o u n d s

1917
P o u n d s

4 1 ,0 1 0  
23 ,2 1 5  

882 
4 9 ,6 5 3  

6 0 4 ,3 6 4

1,555^427  
1 ,9 4 0

1 ,5 3 9 ,5 3 2  
2 ,7 5 6  

10 ,648  
36 5 ,1 8 7  

3 ,7 6 2 ,5 1 9  
25 0 ,5 7 8  

1 ,7 7 4 ,8 0 9  
7 96 ,354  
9 4 0 ,7 7 8  
7 7 3 ,4 8 5  

1 8 ,3 2 7 ,1 3 6

2 6 4 ,2 4 6

A u s tr ia -H u n g a ry .

F ra n c e .

S w e d e n .........................................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

C a u s tic ........................... ..................
G e rm a n y .....................................
U n ite d  K in g d o m . , .................
U n ite d  S ta te s * . . . . . . ...............

S o d iu m  b ib o r a t c . . . . . . . . .  7 . . . .
B ic a rb o n a te ....................................
S u lfa te ..............................................
S u lfite  an d  o th e r  s a l t s , ............

S o lu b le  g la s s        ..........
S u lfa te s  o f co p p e r, iro n , z i n c . . . . 
S u lfa te s  of m e ta ls , n . e. s .............

S p a in .

U n ite d  S t a t e s . . . .  
T a n n in g  m a te r ia ls :

A rg e n tin a ....................................
S o u th  A m erica , o th e r ............
E a s t  A fr ic a .................................
F r a n c e ..........................................
G e rm a n y .....................................
R u s s ia ...........................................
S w e d e n .........................................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

C a te c h u  a n d  g a m b ie r ................
D iv i-d iv i...........................................
G a lln u ts  a n d  v a lo n ia .................

T a r t a r ....................................................
T in  s a l t s ................................................

F e r ti liz e rs :
A m m o n iu m  su lfa te  a n d  o th e r

P o r tu g a l a n d  M a d e ira .
S w e d en ................................

S u p e rp h o s p h a te s .........
F r a n c e .................................
P o r tu g a l a n d  M a d e ira . 
U n ite d  S ta t e s ..................

P o r tu g a l a n d  M a d e ira .

P a in t s , P ig m e n t s , C o l o r s , 
V a r n is h e s :

B lack : b one  b la ck , la m p b la ck ,
g ra p h ite , p o t- le a d ........................

B lack ing , shoe  a n d  s to v e  p o lish ,
le a th e r  c re a m s ...............................

C h a lk , g ro u n d ; b a ry ta ,  ch in a
c la y ...............................................

D e n m a rk ..........................................
G e rm a n y ..........................................
S w e d e n ..............................................
U n ite d  K in g d o m ..........................

I n k ,  l iq u id ............................................
P o w d er; In d ia  in k ......................
P r in te r s ’, of a ll k in d s .................

L e a d , r e d ..............................................
W h i te .................... ............................

O cher, am b e r , E ng lish  r e d ...........
P a in t  boxes; p a in ts  in  tu b e s ,

v a s e s ..................................................
P a in ts  g ro u n d  in  o il..........................

C o m p o u n d e d  w ith  ta r ,  in c lu d 
ing  p a in t  fo r sh ip s ’ b o t
to m s .........................................

G e rm a n y .....................................
U n ite d  K in g d o m .....................
U nite 'd  S ta t e s ............................

P a in ts , liq u id , n . c. s .......................
M ixed , in  p a c k e ts ........................

S u g a r co lo ring  fo r b r a n d y ............
V arn ish es  co n ta in in g  a lc o h o l.. .  .

O th e r .................................................
Z inc  w h ite  a n d  d u tia b le  d ry

p a i n t ..............................................
B e lg iu m .......................................... .
G e rm a n y ..........................................
N e th e r la n d s ....................................
S w e d e n ..............................................
U n ite d  S ta t e s .................................

So a p  an d  C a n d l e s :
C an d les , s te a r in  a n d  ta llo w . . . .

W a x ...................................................
S o ap , g reen ; u n s c e n te d  so ap

p o w d e r...................... ..............
S w e d e n .........................................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

T ra n s p a re n t ,  o r  p e rfu m ed .
G e rm a n y .....................................
U n ite d  K in g d o rti.....................
U n ite d  S ta t e s ............................

C y a n a m id e .................. ........................
K a in i te  a n d  o th e r  p o ta sh  s a l t s .  .

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

1 1 ,4 5 4 ,1 0 9
2 1 ,8 2 6 3 ,3 2 2 ^5 5 2 1 0 ,9 9 9 ,1 2 5

19 ,4 5 8 ,0 4 1 8 ,5 3 8 ,1 0 7 76 ,390
52 ,161 2 2 8 ,529 15,630

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

3 , 79Ô’ 848 4 ,8 6 1 ,5 7 5 3 ,9 6 9 ,6 0 0
8 5 4 ,0 0 0 356 ,002

2 ,9 6 8 ,6 1 0 742 ,025
9 2 0 ,9 0 0 2 ,8 6 5 ,2 5 7

2 3 7 ,2 8 8 1 ,3 8 0 ,5 4 0 3 0 4 ,026
3 2 5 ,9 3 0 437 ,591 189,487

2 4 ,8 0 3 ,4 7 0 2 8 ,4 9 0 ,5 7 5 1 3 ,2 4 4 ,4 6 7
2 ,2 9 6 ,5 0 4 6 3 5 ,1 9 6 83 8 ,970

9 5 4 ,5 4 8 9 6 6 ,8 9 3 878 ,807
38 1 ,5 1 3 1 ,0 7 5 ,6 7 0 4 9 0 ,297

0 ) 50 9 ,0 1 4 4 8 0 ,4 4 9
3 3 ,9 7 4 ,9 1 0 1 6 ,0 1 0 ,6 5 0 8 ,9 7 4 ,1 8 0
1 6 ,3 0 7 ,3 2 7 8 ,6 2 7 ,7 4 5 2 ,1 8 3 ,2 8 0
4 ,2 8 8 ,1 4 4 5 4 0 ,1 3 2

1 2 ,0 1 6 ,3 6 0 6 ,7 3 4 ,4 3 8 3 3 5 ,014
108,335 6 ,4 5 5 ,8 6 2

1 3 ,3 3 3 ,7 9 6 1 3 ,6 7 7 ,6 7 0 8 ,0 4 8 ,2 3 9
3 ,6 1 1 ,1 5 7 2 ,6 1 4 ,9 0 2
1 ,8 3 1 ,3 6 1
2 ,0 8 8 ,0 4 3 5 95 ,468

5 8 5 ,3 4 3 5 ,7 7 6 8 ,8 1 8
7 ,2 9 2 ,3 1 1 2 3 ,2 1 4
2 ,0 9 8 ,3 8 2 110 ,230 4 7 8 ’,403
1 ,1 2 3 ,4 2 0 3 9 9 ,1 0 0 1 ,2 0 8 ,8 6 0
1 ,3 3 7 ,2 6 6 2 ,7 0 9 ,5 2 0 765 ,379

5 1 ,2 5 7 1 ,9 6 0 ,2 4 2 3 0 9 ,4 4 0
5 3 2 ,7 8 6 1 ,8 7 6 ,5 5 6 6 3 8 ,9 0 0
589 ,201 6 3 1 ,7 1 7 2 4 8 ,1 0 8

88
3 7 ,1 9 2 ’ 7 5 ‘,532 ’4 4 ’,033

875 33 159

1 9 ,8 3 9 ,7 4 0 1 6 ,6 7 7 ,3 2 3 2 1 ,4 5 2 ,7 0 0
2 ,9 4 8 ,2 1 1 14-, 166 ,208 98 ,7 5 7

1 0 ,6 5 3 ,7 0 5 7 ,2 7 2 ,1 6 8
4 6 .5 4 Í  ^553 2 6 ,1 2 3 ,1 2 1 2 5 ,1 3 8 ,3 1 0
4 6 ,1 3 8 ,8 0 0 2 2 ,7 8 1 ,3 8 8 2 5 ,1 3 8 ,3 1 0

2 ,9 0 9 ,8 5 2
4 2 0 ,8 5 8

9 ,6 8 3  j 860 2 4 ,5 6 6 ,9 6 0 82 ,524^595
7 5 6 ,178

2 3 ,8 1 0 ,7 1 6
7 3 ,5 5 5  !080

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

1 8 ,7 2 6  ,‘393 1 3 ,6 3 6 ,9 3 4
3 8 ,4 5 5 ,6 2 5

4 ,0 1 1 ,0 9 3 7 Ü J 3 8 8 87 ,735

1 ,0 6 5 ,0 7 4 9 7 2 ,4 5 9 1 ,1 6 3 ,5 1 2

281 ,691 2 9 3 ,2 0 5 2 5 4 ,9 3 4

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

3 0 9 ,5 9 5
*89*851 * 6 3 , i 07 5 3 ,8 5 2

4 ,5 8 8 8 ,8 9 6 7 ,915
3 1 2 ,2 2 6 2 7 9 ,9 3 3 108 ,855
9 9 2 ,6 6 5 1 ,2 5 3 ,7 5 6 5 8 3 ,5 6 4
193,013 177 ,735 2 3 0 ,1 6 3

3 ,8 7 7 ,5 7 8 3 ,3 3 7 ,9 3 0 2 ,7 3 0 ,1 6 0

2 6 ,4 6 8 3 3 ,8 6 0 3 3 ,0 1 4
2 06 ,617 2 8 8 ,7 6 0 194 ,205

2 9 9 ,7 6 2 3 9 6 ,4 5 3  * 3 3 0 ,2 7 4
6 2 ,2 8 0 2 ,1 8 3

3 1 3 ,0 3 2 3 2 5 ,5 7 9
2 ,2 2 7 375

’67 ,941 2 2 ,7 5 4 3 3 ,1 0 7
3 4 ,5 8 6 78 ,484 2 9 ,7 2 3

8 ,7 6 8 3 ,241
5 2 ,7 1 4 *37’,716 11 ,360

8 2 0 ,9 4 9 5 8 5 ,5 2 0 4 5 4 ,9 0 2

5 ,3 2 2 ,2 1 3 5 ,9 9 0 ,9 9 8 5 ,5 1 4 ,1 6 2
280,271 11 ,486

3 ,5 7 6 ,1 2 6 5 ,5 7 6 ,0 7 6 4 ,4 3 6 ’,547
1 ,3 7 0 ,9 0 7 2 14 ,773 12,932

7,121 3 4 ,5 7 7 1 ,0 1 6 ,7 6 5
110 8 ,5 1 6 3 3 ,6 7 6

6 9 ,6 8 5 9 ,0 1 5 60
6 ,5 3 7 1,327 1 ,0 4 3

119,981 7 0 ,9 4 6 9 4 ,5 4 5
8 5 ,2 1 2 12 ,588
1 3 ,7 5 4 5 3 ,4 9 2 ’ 1 2 ,2 9 8

4 ,9 7 8 4 ,7 2 9 2 1 ,8 9 0
8 7 ,4 7 6 1 0 5 ,340 181 ,273
3 8 ,7 7 3 1 ,294 240
3 5 ,0 7 8 7 0 ,4 3 7 134,634

2 ,2 9 3 18,585 3 6 ,9 8 0
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I m p o r t s  o p  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  (C ontinued)
1913 1916 1917

P o u n d s  P o u n d s  P o u n d s
S o ap  a n d  C a n d l e s  (C oncluded ) :

O th e r ......................................................
G e rm a n y ..........................................
U n ite d  K in g d o m ..........................
U n ite d  S ta t e s .................................

O il s e e d s :
C o p ra .....................................................
L in s e e d . .............................................

A rg e n tin a .........................................
S o u th  A m erica , o th e r ................
B ritish  I n d i a ..................................
R u s s ia ................................................
U n ite d  S ta t e s .................................

R ap e se e d ........................... . ................
B e lg iu m .  ......................................
B rit ish  I n d i a ........................... ..
U n ite d  K in g d o m ..........................

O il s , F a ts  a n d  W a x e s :
F a t t y  oils:

B u tte r  co lo rin g .............................
C a s to r  oil, resin  oil, a n d  o th e r

f a t ty  oils, n . e. s ..................
D e n m a rk .....................................
F r a n c e ..........................................
G e rm a n y .....................................
N e th e r la n d s ...............................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

C o co n u t o i l .....................................
A sia , n . e. s ................................
B rit ish  I n d i a .............................
F ra n c e ..........................................
G e rm a n y .....................................
U n ite d  S ta t e s ............................

C o rn  o i l  ..................................
C o tto n se ed  o il ...............................

B ra z il ............................................
G e rm a n y .....................................
N e th e r la n d s ...............................
U n ite d  K in g d o m .....................
U n ite d  S ta t e s ............................

H em p seed  o il .................................
L in seed  o il, r a w ............................

B o iled ...........................................
N e th e r la n d s .............. ; . ; . .
U n ite d  K in g d o m ................
U n ite d  S t a t e s .   .................

O live o i l ............................................
F r a n c e ..........................................
I t a l y ..............................................
S p a in .............................................

P a lm  o i l ............................................
R ap e se ed  o i l .................... _.............
S p erm  oil, o le in , la rd  o i l ...........

B e lg iu m .......................................
G e rm a n y .....................................
N e th e r la n d s .  ...........................
U n ite d  K in g d o m .....................
U n ite d  S t a t e s .  .......... . ...........

W h a le  oil, cod  liv e r o il, fish 
o i l ....................................................

L inseed  oil, ra w ; rap esee d  oil,
p a lm  o il ...................................

G e rm a n y ............. . ................
N e th e r la n d s ..........................
U n ite d  K in g d o m  ..........
U n ite d  S t a t e s .   ......................

V o latile  o ils:
T u rp e n tin e , ju n ip e r , b irch  oils
O th e r .................................................

B lu b b e r, cod  liv e r, e t c ................. ..
Lye of f a t  o r tra in  oil; d e g ra s . . . 
S te a r in , p a lm itin , paraffin ,

s p e rm a c e ti..................................
G e rm a n y ..........................................
N e th e r la n d s ....................................
U n ite d  K in g d o m ..........................
U n ite d  S ta t e s ................................

T a llow , o le o m arg a rin e  a n d  o th e r
g re a se s ..........................................

A rg e n tin a .........................................
G e rm a n y ..........................................
N e th e r la n d s ....................................
U n ite d  K in g d o m .............. ............
U n ite d  S ta t e s ................................

W a x .........................................................
O r e s :

A lum inum  ox ide , b a u x ite ,
c ry o l i te  .......................................

C h ro m e  o r e ..........................................
N icke l o r e .............................................
P y r i t e .....................................................
P y r ite  s la g .......................................
Z inc o r e .................................................

V a r io u s  P r o d u c t s :
G la s s .......................................................
G lue:

C apsu le s  o f g e la tin , f illed___
Is in g la ss  a n d  g e la tin  in

s h e e t s .   ......................................
L iq u id  g lue , e t c ............................
O th e r .................................................
S iz in g .................................................

P a p e r , ex c ep t p r in te d  m a t t e r . . .
P itc h  a n d  coa l p i t c h ........................
T a r :

C oal t a r ............................................

1 ,3 5 8 ,5 9 0
2 9 ,1 6 0

1 ,2 9 6 ,3 7 3
3 ,9 9 7

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

4 , 7 9 Í ]Ś26

1 ,0 2 4 ,9 6 7  2 ,6 4 5 ,0 2 7

891 ,761
125,391

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

1 ,4 4 2 ,4 6 7  
1 ,1 9 8 ,0 1 2

1 0 ,9 3 9 ,2 5 0  
1 3 ,3 8 5 ,6 5 2  
1 1 ,4 6 1 ,6 3 3

7 ,0 0 9 ,7 9 5  1 ,9 2 2 ,4 3 0

2 ,8 8 9 ,2 4 5 5 ,6 4 3 ,3 7 0
2 ,1 2 4 ,5 7 2 2 3 6 ,8 0 0 6 55 ,125
2 ,0 0 3 ,3 1 8

6 51 ,774
2 36 ,337

4 1 ,0 4 8 7 3 ,9 4 0 5 7 ,6 0 9

7 ,3 1 4 ,6 9 4 4 ,2 5 5 ,0 7 5 1 4 ,3 5 8 ,0 8 8
41 0 ,3 6 9 5 1 .0 8 0 9 ,1 5 5 ,3 1 2
934 ,981 1 ,5 2 7 ,2 3 0 1,672,5 .59

2 ,9 6 3 ,8 5 0
2 ,3 4 1 ,1 7 6 67 4 .0 8 5 5 7 ,2 3 2

182 ,388 6 4 0 ,9 2 8 3 ,0 6 4 ,6 6 8
30 2 ,2 5 3 1 ,3 1 9 ,2 9 0 3 9 4 ,7 6 0

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

5 ,0 0 2 ,1 7 7 1 ,8 6 5 ,1 1 0
45 3 ,4 0 3 5 4 7 ,5 6 2 2 6 5 ,9 6 5

1 ,2 0 8 ,0 2 2
93 ,6 5 2 3 3 9 ,7 9 8 3 2 ,8 7 0
3 0 ,3 3 6 76 ,787

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

572 ,981
2 ,3 8 3 ,6 1 1 3 0 4 .5 6 7
1 ,5 7 2 ,1 8 2 5 6 4 ,7 3 6 5 9 .3 0 4
6 ,8 4 2 ,8 6 0 2 2 ,7 4 4 ,4 9 3 2 6 ,5 5 7 ,7 4 2

3 1 ,5 7 0 3 ,0 4 2 3 1 ,1 9 5
1 ,4 0 9 ,5 4 7 1 ,4 4 6 ,7 1 7 2 .8 3 0 ,3 6 0
1 ,9 1 8 ,1 0 9 85 1 ,2 7 0 1 ,2 6 2 ,3 4 5

4 9 7 ,4 0 7 73 ,1 9 3 159 ,593
1 ,3 9 9 ,4 9 4 76 2 ,9 1 0 3 3 6 ,5 5 7

1 1.640 7 6 6 .1 9 5
2 ,4 0 8 ,4 3 9 7 ,3 9 2 ,6 0 6 3 ,8 6 3 ,0 5 0
1 ,0 1 1 ,8 7 8 2 3 9 ,5 7 6 71 ,4 9 6

7 01 ,643 4 8 ,0 6 0 2 ,0 7 2
5 6 9 ,8 7 3 7 ,0 8 0 ,1 6 7 3 ,7 2 3 ,3 0 0
174,341 107 ,740 2 1 1 ,3 5 7
4 8 2 ,5 9 2 2 1 0 ,0 7 8 195,991
5 7 8 ,9 3 4 3 4 0 ,7 0 2 1 ,2 3 4 ,8 9 7

6 5 ,3 2 3
128 ,816
3 0 1 .4 8 2 18,342

38 ,251 2 5 7 ,8 5 3 8 2 5 ,0 3 6
3 5 ,1 2 0 32 3 ,5 7 2

4 ,6 0 7 ,7 2 7 3 ,3 0 1 ,2 4 5 7 ,7 2 0 ,1 2 4

2 ,0 6 6 ,4 8 0 1 ,7 6 4 ,5 3 5 3 ,2 3 7 ,7 1 0
5 2 8 ,8 2 3 882
53 9 ,7 1 4 1 ,587 5 2 3 ,6 6 4
7 9 4 ,965 1 ,5 6 8 ,8 7 5 9 1 0 .8 1 8

375 4 0 ,3 0 0 1 ,8 0 3 ,2 2 8

3 6 2 ,8 3 3 5 9 7 ,667 2 9 8 ,5 2 8
25 ,6 9 3 3 3 ,2 7 2 3 2 ,3 9 2

13,073 992
9 3 7 ,5 6 0 2 1 8 ,7 2 0 181 ,396

1 ,6 2 8 ,6 7 0 4 ,5 5 3 ,6 6 5 1 ,3 7 2 .9 6 4
4 9 9 ,3 0 5 8 2 .4 8 7
27 3 ,635 5 6 ,7 2 0
7 5 9 ,3 7 4 3 ,6 4 8 ,8 5 8 6 4 2 .5 6 4

3 ,7 7 0 74 3 ,554 72 9 ,706

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

2 ,3 5 7 ,2 7 0 2 ,3 5 9 1. 124
1 ,3 5 7 ,5 6 2 3 2 7 ,7 3 9
2 ,4 1 0 ,6 6 6 2 ,2 5 2 ,8 3 8 3 4 9 ,1 0 0
8 ,7 3 0 .0 4 0 1 9 ,8 9 5 ,1 9 6 1 8 ,2 5 9 ,5 4 2

8 2 ,5 0 0 7 4 0 ,826 8 5 ,5 0 4
M etr ic  to n s M e tr ic  to n s M etr ic  to n s

4 ,3 6 3 12,071 10,291
2 ,8 9 7 4 ,6 7 7

569
600
323

330
P o u n d s P o u n d s P o u n d s

9 ,76 6 ,9 .3 0 1 3 ,9 8 4 ,6 8 5 2 9 ,6 1 3 ,3 6 5

505 258 298

37 ,811 31 .561 10 ,880
4 3 ,9 3 0 3 8 ,6 2 0 3 2 ,2 0 5

4 9 2 ,4 5 0 4 3 8 ,9 7 3 4 7 5 ,9 2 0
64 3 ,4 4 3 4 5 9 ,8 8 0 2 2 0 ,8 5 5

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

2 ,2 1 0 ,9 0 5 1 ,8 5 7 ,5 0 4 87 1 ,2 4 5

I m p o r t s  o f  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  (Concluded)
1913 1916 1917

P o u n d s  P o u n d s  P o u n d s
V a r io u s  P r o d u c t s  (C oncluded):

T a r  (Concluded):
W ood an d  p e a t  t a r .   ............... 4 ,1 2 4 ,3 2 0  5 ,8 4 8 ,7 7 5  2 ,4 4 9 ,2 0 0

C reo so te , c reoso te  oil, raw
p h e n o l........................................... 5 ,5 1 1 ,6 2 0  3 ,2 2 2 ,8 9 4  1 ,9 6 1 ,1 8 8

T u rp e n tin e ...............     1 ,373  1 ,2 0 4  3 ,4 6 1
R osin  a n d  s im ila r g u m s ............... 8 ,1 0 3 ,9 7 0  1 1 ,0 7 4 ,5 0 0  2 ,0 5 3 ,9 5 8
W oodpu lp , s tra w  p u lp ...................  6 9 ,1 3 2  9 1 ,8 5 3  5 4 ,1 0 3

E X P O R T  T R A D E

The extent to which the Norwegian chemical indus
tries have exceeded the needs of the home market in 
certain specialties is made evident in the next table, 
compiled from figures published by the Central Bureau 
of Statistics:

E x p o r t s  o f  C h e m ic a l s  a n d  A l l ie d  P r o d u c t s  
1913 1916 

P o u n d s  P o u n d s
C h e m ic a l s :

A c id s :
f 'n n r v l t r .................................... 1P 0.364 4 403

1917
P o u n d s

C a r b o n ic .................................. 4 .9 8 0
N i t r i c ......................................... 4 .6 3 0 8 .8 8 7 ,3 4 0 3 ,5 7 5 ,1 7 0
O x a l ic ........................................ 1 ,2 2 0 ,0 3 0 9 6 0 ,5 0 5 7 3 6 ,5 3 3

F r a n c e ................................. 2 7 8 ,5 9 0 9 7 .0 7 4
J a p a n ................................... 139 ,255 148 .428
U n ite d  K in g d o m .......... 134.938 2 9 ,3 8 8 2 3 7 ,5 9 7
U n i te d  S t a t e s ................. 1 ,0 2 6 ,6 3 8 3 7 9 ,9 5 5 170 .089

S u l f u r i c .................................... 61 I ,531
A lu m in u m  s u l f a t e .................. 6 6 .2 1 6 6 8 8 ,0 8 2
A m m o n iu m  n i t r a t e ............... 2 0 ,0 7 8 .3 1 5 131 ,4 8 1 .4 7 4 1 4 0 ,1 6 5 .7 4 5

F r a n c e . .................................... 7 4 ,2 4 9 ,4 3 0 1 0 2 ,4 1 8 .9 7 5
R u s s i a ....................................... 3 6 ,8 1 5 .5 1 5 1 5 ,3 0 0 ,7 8 4
U n i t e d  K in g d o m ............... 1 6 ,9 2 6 ,7 8 0 2 1 ,3 9 0 ,7 9 0
U n i t e d  S t a t e s ....................... 1 ,4 2 7 ,4 2 7 156,815

C a lc iu m  c a r b i d e ...................... . .  1 4 7 ,5 1 3 ,1 4 6 1 2 8 ,8 2 2 ,4 7 0 1 0 1 ,5 5 9 .5 2 4
A u s t r a l i a ................................. 2 9 ,4 7 3 ,5 6 8 7 ,5 6 9 ,6 8 0 7 8 2 .8 6 0
D e n m a r k ................................. 1 .4 1 4 ,5 7 4 2 ,4 2 1 ,0 7 2 8 ,1 3 6 ,6 8 7
G e r m a n y ................................. 4 6 ,0 2 3 ,0 6 3 6 3 ,9 5 2 ,3 7 0 5 3 ,7 6 3 ,9 2 4
N e t h e r l a n d s .......................... 4 .9 0 3 ,1 9 0 4 ,3 2 0 ,2 9 0 2 ,2 4 9 ,6 4 0
U n i te d  K i n g d o m ............... . ; 2 1 ,7 1 5 .5 4 3 3 9 ,9 6 9 ,6 9 0 3 4 ,9 1 2 ,7 2 7

C a s e in ............................................ 132,487 3 0 5 ,1 6 0
D ru g s ,  n . e, s . .......................... 1 ,603 12 ,075 2 ,0 4 6
E xp losives: 

G u n p o w d er 
ex p lo siv es . 

D y n a m i te , . .

a n d  o th e r

F e rti liz e rs :
A m m o n iu m  s u lfa te ..............
C y a n a m id e   ..........................

G e rm a n y ................... .........
N e th e r la n d s ...................
U n ite d  K in g d o m ..............

N o rw a y  s a l tp e te r ..................
D e n m a rk ..............................
F r a n c e .........................
G e rm a n y ..............................
S w e d en ........................
U n ite d  K in g d o m ..............

G lycero l, r a w ...............................
Io d in e , r a w   ...................
M ag n es ite , c a lc in e d .  ------ . . .
M a tc h e s ...................................... ..

B ritish  I n d i a ...........................
R u s s ia .................................
U n ite d  K in g d o m ...................
U n ite d  S t a t e s .    .................

N ick e l s u lf a te ..............................
O x y g en .......................... ................
P h o sp h o ru s ..................................
P o ta ss iu m  c h lo r a te . . . . . . . . .
R a t  p o iso n ....................................
S a lt  of le m o n s  (b io x a la te  of

p o ta s s iu m ) ...............................
S ilicon  c a rb id e , d u ru b it ,

e t c ...........................................
R u s s ia   ..................... ..............
S w e d e n ......................................
U n ite d  K in g d o m ...................

S o d a  c ry s ta ls  (w ash ing  soda)
S od ium  b is u l f a te . . ...................

C h lo ra te  .......... ..
N i t r a t e .................... ................

F ra n c e ...................................
S w e d en ..................................
U n ite d  K in g d o m ..............
U n ited  S ta t e s .....................

N i t r i n i t r a te .............................
N i t r i t e ........................................

G e rm a n y ........................ —
N e th e r la n d s ............ ..
U n ited  K in g d o m .............
U n ite d  S t a t e s .   ..............

P e ro x id e ....................................
S o lub le  g la s s    .................
T a n n in g  m a te r ia ls :

O ak  b a r k ..................................
O th e r  b a r k s ........................

( 0  N o t  show n sep a ra te ly .

3 8 ,2 2 8  3 2 ,3 3 7
4 ,2 5 3  1 ,292

M e tr ic  to n s  M e tr ic  to n s

2 ,4 9 1  

M e tr ic  to n s

138 50
2 2 , 1 1 1 13 ,152 2 ,3 1 3
12 ,188

1,591 ’ i ‘,253
3 ,4 4 4 10 ,172 1 ,320

70 ,9 2 7 4 6 ,0 0 1 3 5 ,9 3 2
4 ,5 1 2 1 ,118
8 ,7 3 8 1

4 5 ,2 3 8 19 ,805 1 6 ,2 7 9
139 1 ,130 1 ,4 2 5

4 ,8 7 4 2 5 ,0 6 2 1 7 ,1 1 0
P o u n d s P o u n d s P o u n d s
2 7 7 ,4 8 3 3 0 9 ,7 5 6 6 6 ,6 1 5

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

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

5 ,7 9 0 4 .4 0 9 ,8 4 0 2 ,9 4 6 ,9 4 0
3 ,4 6 7 ,8 7 0 3 ,4 0 5 ,2 3 7 185,607
2 .2 9 1 ,2 6 4 1 ,4 9 4 ,2 9 3 3 ,5 7 9 ,5 7 9

11 ,043
3 ,1 4 2

3 7 ,2 8 5
628*364

11 ,840 17^ 857

9 0 ,0 7 2 6 2 ,3 3 3 6 4 ,5 3 4

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

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

1 ,2 6 2  ,’ 080 90 5 ,9 0 0
3 ,7 6 0 ,1 4 9 55 1 ,1 5 6

2 7 ,5 5 0 174’,665
2 ,4 8 3 ,0 0 0 3 2 ,5 9 0 ,8 2 0 5 0 ,0 6 9 .6 2 2

5 ,2 3 6 ,5 7 3
2 ,9 6 9  !956 2 ,3 0 0 ,4 1 3

2 9 ,1 4 3 ,2 3 3 4 2 ,4 9 8 ,9 4 7
170 ,615

4 ,4 4 8 * 9 io 14 ,198
1 8 ,0 8 5 ,9 2 0 1 3 ,4 6 8 ,6 3 3 7 ,7 9 5 ’743
2 ,8 2 9 ,7 7 4 6 ,8 0 6 ,1 5 4 6 6 2 .8 6 4

1 3 ,5 6 1 ,5 7 0 6 5 .8 5 2 15 ,917
6 9 9 ,3 1 3 3 ,2 9 5 ,3 6 0 5 ,7 7 4 ,3 4 7
7 2 1 ,273 3 ,0 5 4 ,8 1 3 1 ,1 9 6 ,3 3 8

( l) 5 3 ,6 9 4 4 8 ,1 2 7
2 0 2 ,0 2 3 3 4 ,2 6 0

1 1 4 ,640 8 3 6 ,8 2 6
2 4 ,6 1 2 2 7 ,3 7 0
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E x p o r t s  o p  C h e m ic a l s a n d  A l l ie d  P r o d u c t s  (C on tinued)
1913 1916 1917

P o u n d s  P o u n d s  P o u n d s
P a in t s , P ig m e n t s , E tc .:

C o p p er p a in ts  fo r  s h ip s ’
b o tto m s .....................................  5 2 7 ,0 6 8

P a in ts  g ro u n d  in  o i l .................  2 5 ,8 5 0
Z inc w h ite  a n d  w h ite  le a d . . 106
O th e r  p a in ts  a n d  co lo rs   7 5 ,4 2 2
V a rn is h e s ....................................... 46

O il s , F a t s  a n d  W a x e s :
C o c o n u t o i l ................................... 0 )
L in seed  o il, rap esee d  o i l   2 5 ,4 1 3
T ra in  oil, g a l lo n s .......................  7 ,0 8 6 ,6 7 0

A u s tr ia -H u n g a ry ................... 4 4 ,8 0 4
G e rm a n y ...................................  3 ,5 7 4 ,3 7 8
N e th e r la n d s ................... 931 ,411
R u s s ia ......................................... 5 6 ,3 2 3
U n ite d  K in g d o m ...................  8 1 3 ,8 2 6
U n ite d  S ta t e s .......................... 2 6 0 ,6 6 4

T u rp e n tin e  o i l .............................  ..........
V eg e tab le  oils, s o lid .................. 5 3 ,2 1 5
B one f a t .........................................  5 35 ,975
B lu b b e r ........................................... 5 3 ,3 9 8
S te a r in , g a l lo n s ...........................  175 ,600

G e rm a n y ...................................  100 ,335
S w e d e n .......................................  18 ,1 4 9
U n ite d  K in g d o m ...................  2 3 ,5 3 8

T a llo w ............................................. 2 1 2 ,6 8 0
W h a le  f a t ,  s o lid .......................... 1 4 ,3 8 6 ,0 0 0

S o a p a n d  C a n d l e s :
S o a p .................................................  4 0 ,7 8 5

G e rm a n y ...................................  ..........
R u s s ia ......................................... 5 ,5 3 4
S w e d e n ....................................... 19 ,484

S te a r in  c a n d le s ............................ 584
M e tr ic  to n s

O r e s :
B ism u th  o re  a n d  o th e r  ores,

n . e. s .......................................... ..........
C h rom e o r e ................................... 20
C o p p e r  o r e .................................... 74
•Copper a n d  n ickel o r e   ..........
I r o n  o re  a n d  c o n c e n tr a te s . .  373 ,071

G e rm a n y ..............................  189 ,596
N e th e r la n d s ........................  9 0 ,3 4 5
U n ite d  K in g d o m ..............  9 2 ,8 2 7

B r iq u e t te s  .......................... 195 ,692
G e rm a n y ..............................  74 ,861
S w e d e n ..................................  2 ,5 1 2
U n ite d  K in g d o m ..............  118 ,319

L e ad  o r e .........................................  35
M an g an ese  o r e ............................ ..........
M o ly b d e n u m  o re .......................  5
N ick e l o r e .....................................  ..........
P y r ite  ( iro n  a n d  coppe r) . . . .  4 2 5 ,8 7 6  ‘

B e lg iu m ................................  26 ,251
G e rm a n y ..............................  4 0 ,8 9 2
N e th e r la n d s ........................  4 6 ,7 7 3
S w e d e n ..................................  8 9 ,5 1 8
U n ite d  K in g d o m ..............  138 ,134

S lag  (ric h  in  c o p p e r )   3 5 ,0 3 5
B e lg iu m ................................  399

1 N o t  sh o w n  s e p a ra te ly .

2 8 ,9 8 4
6 7 ,2 2 8

6 7 6 ,3 3 4
1 ,4 5 3

538

2 ,1 1 9 ,7 2 0
10,211

5 ,3 9 7 ,9 6 4
128 ,232

3 ,2 3 0 ,4 2 0
7 ,5 8 2

9 0 ,4 2 8
878 ,681

8 1 ,5 5 2

6 9 0 j 190 
6 6 0 ,1 5 2  

8,201 
24 ,991  
23 ,961  

53

852!849  
1 3 ,8 2 3 ,4 0 0

3 3 6 ,3 6 8  
3 0 9 ,3 9 2  

14 ,270  
10 ,988  

1 ,7 3 0  
M e tr ic  to n s

10
2 ,7 3 7
2 ,1 7 5

Í87,‘¿05
152 ,454

*35^086
2 1 6 ,8 9 6

21 6 ,8 9 6
10
22

141

253 ,’362

*84’,511 
10 ,145 

115 ,488  
2 1 ,8 4 4  
4 7 ,5 2 3

23 ,931
35 4 ,9 4 4

1,576

606
1 ,0 0 3 ,6 9 0

5 8 5 ¡708 
238 

2 0 6 ,3 2 3  
115 ,763  
78 ,0 3 8  
19 ,758

Í9 Í ',7 8 0

’ Í4ÍÓ 54
3 ,9 6 3

’ ÍÓÍÓ91

440

1 ,1 7 0
33

789
326
904

M e tr ic  to n s

2 ,3 9 5
809

ÍÍÓ ¡960 
135 ,814

" 9 ,9 5 6
4 6 ,8 7 5

46 ,8 7 5

201

2 Í2 .9 0 9

’ ¿ i  Í05 
8 ,9 1 4  

101 ,554  
5 0 ,7 7 0  
4 1 ,3 6 7

E x p o r t s  op  C h e m ic a ls  a n d  A l l i e d  P r o d u c t s  (C oncluded )
1913 1916 1917

A r t ic l e s  P o u n d s  P o u n d s  P ounds
O r e s  (C oncluded):

P y r i te  s la g  (C oncluded):
G e rm a n y ................................... 2 ,9 7 4  4 ,031
S w e d e n ....................................... 3 1 ,6 6 2  4 3 ,4 9 2

R u t i l e ..............................................  51 82
W o lfra m ......................................... ..........  ..........
Z inc o r e .......................................... 285 1

P a p e r :
P o u n d s ............................................ 4 1 0 ,9 7 6 ,9 4 7  4 5 3 ,1 7 7 ,4 9 7
V a lu e ...............................................  $ 8 ,6 4 2 ,4 9 1  S 1 5 ,6 0 1 ,2 7 2

F r a n c e ........................................ $ 7 ,8 2 6  $ 2 ,3 3 8 ,0 5 9
G e rm a n y ...................................  $ 5 4 2 ,3 5 2  $ 2 5 ,3 8 0
U n ite d  K in g d o m ...................... $  4 ,9 2 6 ,6 4 4  $  6 ,0 9 0 ,8 0 9
A u s tra lia . '.................................  $ 6 1 8 ,3 5 6  $ 1 ,9 6 9 ,1 8 4
B ritish  I n d i a ........................... $ 1 9 1 ,4 0 6  $ 8 3 4 ,4 7 2
C h in a .......................................... $ 9 2 9 ,3 7 0  $ 7 6 2 ,8 0 8
S o u th  A m e ric a ....................... $ 5 4 2 ,8 0 7  $ 1 ,6 9 9 ,1 2 0

P u l p  an d  C e l l u l o s e : M e tr ic  to n s  M e tr ic  to n s
C ellu lose, d r y ..............................  2 0 9 ,5 4 4  2 1 6 ,8 0 0

A rg e n tin a ....................................... 8 ,8 3 2  1 ,4 5 0
B e lg iu m ................................  1 2 ,0 6 4  ............
F r a n c e ...................................  2 2 ,8 0 3  3 2 ,8 3 9
G e rm a n y ............................ 7 ,6 1 3  ............
I t a l y .......................................  3 ,6 6 6  8 ,111
J a p a n .....................................  5 ,1 2 4  8 ,9 2 3
M ex ic o ..................................  3 ,3 4 4  51
N e th e r la n d s ........................ 5 ,6 0 4  4 ,6 4 0
S p a in ...................................... 2 ,9 2 9  2 ,9 5 7
S w e d e n .................................. 2 ,9 5 2  3 ,9 6 6
U n ite d  K in g d o m ..............  4 9 ,1 7 5  109 ,430
U n ite d  S ta t e s ..................... 7 7 ,7 7 7  40 ,3 3 1

W e t ............................................  1 ,6 3 4  5 ,5 4 0
B e lg iu m ................................  611 . . . . .
F r a n c e ...................................  267 1,211
U n ite d  K in g d o m ..............  510 3 ,9 4 9
U n ite d  S ta t e s ..................... ..........  ..........

W o o d p u lp , d r y ...........................  14 ,661 12 ,962
A rg e n tin a ............................. 3 ,5 8 5  680
F ra n c e ...................................  4 ,1 3 3  5 ,5 5 9
S p a in ...................................... 1 ,5 0 5  2 ,7 2 8
U n ite d  K in g d o m ..............  1 ,6 0 8  1 ,303
U n ite d  S ta t e s ..................... 1 ,6 7 2  207

W e t .............................................  4 8 1 ,0 8 0  4 5 5 ,5 2 2
B e lg iu m ................................  4 6 ,9 9 2  ............
D e n m a rk .............................. 19 ,773  2 0 ,4 1 6
F r a n c e ...................................  9 5 ,7 3 0  105 ,470
N e th e r la n d s ........................  2 1 ,1 6 3  14 ,316
S p a in ...................................... 41 7 ,7 0 7
U n ite d  K in g d o m ..............  2 9 5 ,2 1 0  3 0 2 ,4 1 8
U n ite d  S ta t e s ..................... 184 4 ,8 2 3

V a r io u s  P r o d u c t s :
G la s s ........................................  1 ,3 6 6 ,6 0 5  3 ,5 2 2 ,9 8 7
G lu e .................................................  4 5 3 ,8 9 6  198 ,872
P i tc h ................................................  5 4 9 ,7 1 8  6 0 6 ,6 4 4
T a r :

C o a l............................................  6 ,3 9 2 ,8 9 8  1 ,3 9 4 ,7 3 2
W o o d .......................................... 1 0 6 ,854  119 ,975

T a r  o il .............................................  9 ,0 5 7  2 0 ,9 4 8
V in eg a r a n d  a c e tic  a c id   626 77 ..........
L e a th e r  c re a m ................   1 ,4 3 3  1 0 9 ,188  9 ,0 8 5

3 ,9 2 5
37 ,307

114
2

540

18 5 ,7 1 8 ,2 7 0  
$ 1 3 ,1 2 2 ,6 7 4  

$615 ,944  
$ 9 ,3 0 0  

$ 5 ,0 0 9 ,0 8 1  
$ 1 ,9 4 5 ,4 3 9  
$  1 ,3 0 3 ,2 5 7  

$106 ,101  
$ 1 ,4 0 8 ,9 5 6
M e tr ic  to n s  

133,564 
25

“ ¿ ‘,905 

* '3 ,2 0 6

1,866
158

1 ,260
9 8 ,6 4 0
19,855
3 ,1 6 9

2 ,8 9 9
30

17,319
102

2 ,7 8 6
695

11,195
1,489

2 5 0 ,099

* *9¡748 
57 ,0 3 5  
10 ,862 
3 ,4 9 8  

148,861 
19,881

2 ,4 1 5 ,2 0 0
51 ,1 9 4

2 5 1 ,5 6 9

1 ,0 6 4 ,8 7 7
21 ,605

ORIGINAL PA PE R S
SO M E CA TALYSTS W H ICH  PR O M O T E  REACTION 

BETW EEN ANILINE AND ETH YL A LCO H O L1

By T. B. Johnson, A. J. Hill and J. J. Donleavy

D e p a r t m e n t  o p  C h e m is t r y , Y a l e  U n i v e r s it y , N b w  H a v b n , C o n n .

R ece iv ed  F e b ru a ry  24, 1920

The facts and experimental data recorded in this 
publication have been obtained as the result of a pre
liminary research dealing with the interaction of 
ethyl alcohol and aniline hydrochloride. Our main 
object has been to obtain information leading to a 
better knowledge of the experimental conditions 
governing the formation of diethylaniline by direct 
alkylation with alcohol. The details of our investiga
tion and the results obtained are discussed in the 
experimental part of the paper.

It has been known for several years that aromatic 
amines, of which aniline is the prototype, can undergo 
reactions with aliphatic alcohols if these reagents are 
heated together at high temperatures and under pres-

1 R esea rch es  on  A m ines, V I I .  T h e  p rev io u s  p a p e rs  of th is  series have  
been  p u b lish e d  in  th e  J o u rn a l o f the A m erica n  Chem ical S o c ie ty . P a p e r  V I, 
J .  A m . Chem . Soc., 38 (1916), 2507.

sure. T hey interact to give products of two different 
types, namely, nitrogen substituted amines like 
monomethyl- and dimethylaniline, which are prepared 
commercially in large quantities, or true carbon 
derivatives resulting from substitution of the alkyl 
group in the aromatic nucleus of the amine. Para- 
ethylaniline is a representative of this second type of 
compound.1 The molecular changes productive of 
these different compounds can be brought about by  
applying the alkylation reaction -to a salt of the aro
matic amine like aniline hydrochloride,1 and also by 
heating the free amine with an alcohol in the presence 
of a strong dehydrating agent like zinc chloride,5 or of 
certain catalysts which have been shown to promote

1 H o ffm an n , B er., S (1872), 720; 7  (1874), 527; IS , 1729; 15 (1882), 
1011, 1646, 2895; P ic te t  a n d  B unzl, Ib id .,  S i  (1889), 1847; S tu d e r , A n n .,  
211 (1882), 237; S enkow sk i, B er., 24 (1891), 2975; A n sc h u tz  a n d  B ecker- 
hoff, Ib id ., 28 (1895), 407 ; W illg e ro d t a n d  B e rg d o lt, A n n .,  327 (1903), 
286; M erz  a n d  W e ith , B er., 14 (1881), 2346; C a lm , Ib id ., 15 (1882), 1642; 
L ou is, Ib id ., 16 (1883), 105, 116; 17 (1884), 1221; 21 (1888), 1159; R o m - 
b u rg h , Rec. trav. eh im ., 3 (1884), 392 ; S am p a io , B er., 14 (1881), 2172; Benz, 
Ib id .,  15 (1882), 1646.

» S tae d e l, B er., 16 (1883), 30.
* W illg e ro d t a n d  B erg d o lt, Loc. cit.
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such transformations.1 The most important factors 
which regulate the course of the reaction with a given 
amine and alcohol are, apparently, the catalyst, and 
the temperature employed to bring about the change.

While the operation of alkylating aniline directly 
with methyl alcohol to dimethylaniline has been 
developed to a high degree of efficiency, and is applied 
successfully on a very large scale commercially by  
heating the sulfate or hydrochloride of the amine with 
wood alcohol, the application of a similar reaction 
with amines and the higher aliphatic alcohols appar
ently has not been very successfully applied. In the 
case of aniline and ethyl alcohol, which is of particular 
interest to us at this time, W alt her2 writes as follows: 
“ On the contrary, diethylaniline cannot be prepared 
with sulfuric acid.” On the other hand, Staedel3 
claims to have obtained this tertiary amine in a nearly 
theoretical yield by heating the hydrobromide or 
hydriodide of aniline with ethyl alcohol at 150° C. 
Schultz and Julius4 state that the same change can be 
brought about by using aniline hydrochloride for the 
reaction, but the product is less pure and contains 
a considerable amount of monoethylaniline.

There is apparently a definite temperature for each 
amine-alcohol mixture, above which it is impossible 
to obtain nitrogen alkylation if the reactions are 
applied in acid solution or in the presence of zinc 
chloride. This temperature reaches its maximum  
when alkylating with the lowest alcohol, namely, 
methyl alcohol. Application of the reaction at tem 
peratures above this maximum leads to the formation 
of nucleus-substituted amines due to rearrangement, 
and it seems to be true that the tendency to rearrange 
from nitrogen to carbon is influenced by the size of the 
alkyl group of the alcohol. In other words, the larger 
the alkyl group of the alcohol the greater the tendency 
to rearrange in acid solution, and consequently the 
lower the temperature at which the formation of 
tertiary amines can be accomplished successfully.6 
These rearrangements have been the subject of much 
investigation, especially in the case of the action of 
methyl alcohol on aniline and its homologs.6 The  
migrations in the majority of cases so far carefully 
examined are generally brought about by applying 
the reactions at temperatures above 250° C.

A  careful review of the major researches on amine 
alkylation b y heating with alcohols reveals the inter
esting fact that the investigator hitherto has generally 
proceeded to apply his reaction at a high temperature, 
namely, in the range of 250° to 300° C., or in some cases 
at much higher temperatures. The result has been 
that the product of his reaction has always been a 
nucleus-substituted compound, and in some cases 
the temperature has been sufficiently high to actually 
alter the constitution of the aliphatic group of the 
alcohol used. It seems also to have been quite general 
practice, when heating an amine directly with an alco-

1 K n o ev en ag e l, J .  p rak t. C hem ., 89 (1914), 31.
* C hcm .-Z tg ., 34 , 641.
* S tae d e l a n d  R e in h a rd t ,  B e r 16 (1883), 30.
4 "O rg a n ic  C o lo ring  M a t t e r s / '  p . 25.
* N iem en to w sk i, B er., 30 (1897), 3071.
* H o ffm an n , Loc. cit.
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hoi, to introduce zinc chloride to accelerate the alkyla
tion. This apparently promotes the splitting off of 
water and leads to the same results as are obtained by  
heating the salts of the amines with alcohol. In the 
case of reactions involving the use of methyl alcohol, 
which has received the most attention, the experimental 
data obtained indicate that temperatures below 230° 
C. are favorable for the formation of nitrogen deriva
tives. In the case of the higher alcohol homologs the 
optimum temperature for successful nitrogen alkyla
tion in acid solution will undoubtedly be found to be 
lower than 230° C. The results obtained by Niemen
towski,1 who investigated the behavior of aniline 
hydrochloride towards ethyl formate and ethyl acetate 
at 2230 C., are in conformity with this statement.

If we confine our attention to the chemistry of 
aniline it appears, therefore, that any experimental 
conditions which favor the formation of alkyl halides 
as intermediate products of the reaction will lead to 
the production of nucleus-substituted amines if the 
alkylation reaction is applied at a higher temperature 
than 250° C. On the other hand, when experimental 
conditions are adopted which exclude the possibility 
of intermediate alkyl halide formation, it is possible 
to heat aniline with alcohols at much higher tempera
tures than 250° to 300° C. and obtain easily nitrogen 
derivatives without rearrangement of the alkyl group 
to the benzene nucleus. For example, Mailhe and 
de Gordon2 have actually shown that mixtures of methyl 
alcohol and aniline vapors, when passed over thorium  
oxide, aluminum oxide or zirconium oxide at 4000 to 
500° C., interact smoothly to give mono- and dim ethyl
aniline. T hey state that aluminum oxide is the best 
catalyst of the three oxides. In other words, under 
these conditions aniline interacts with alcohol in a 
manner similar to that of the corresponding reduced 
amine, hexaphenylamine, which was investigated by  
Sabatier and Mailhe.3

In this connection it is of special interest to call 
attention to the interesting observations made b y  
b y Knoevenagel'1 who has shown that the presence of 
traces of iodine promotes the reaction between aro
matic amines and alcohols with formation of nitrogen 
alkyl derivatives. He obtained, for example, excellent 
yields of dimethyl- and diethylaniline by heating 
aniline with methyl and ethyl alcohol, respectively, in 
the presence of traces of iodine at 200 0 to 230° C. 
N ot only did he apply his reaction successfully with 
aniline and amyl alcohol under these conditions, but 
he also showed that a -  and (3-naphthylamines behaved 
in a manner similar to aniline. In other words, no 
rearrangement of alkyl from nitrogen to carbon was 
observed in any case examined. These interesting 
observations of Mailhe and Knoevenagel suggest that 
quaternary nitrogen combinations functionate as inter
mediate products in the molecular rearrangements of 
secondary and tertiary aromatic amines into their 
isomeric carbon-substituted compounds.

In the light of these results of Knoevenagel it seemed
* Loc. cit.
* C om pt. rend., 166 (1918), 467.
* lb id . ,  148 (1909), 898; 153 (1911), 621.
4 L oc . cit.
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probable to us that the reaction between aniline hydro
chloride and ethyl alcohol might be stimulated by  
the introduction of certain reagents. So far as we are 
aware, no attention has been paid to the question of 
catalytic influences in such reactions. A  research in 
this field seemed, therefore, very desirable both from 
a theoretical and a practical standpoint. The suc
cessful development of a method of operating which 
would be productive of diethylaniline in good yield, 
without recourse to ethyl bromide or ethyl chloride 
for alkylation, would be of the greatest practical 
interest. The results of our preliminary work on this 
problem are recorded in the following experimental 
part. The investigation is being continued and in 
our next paper we shall discuss experimental data  
obtained by working with the higher homologs of 
aniline.

E X P E R I M E N T A L

The experiments described in this paper were car
ried out in an iron autoclave of 1.7 liters capacity. 
This was constructed of heavy iron pipe and was 
furnished with a standard pressure gauge, thermometer 
well, and a glass or copper inset to avoid corrosion. 
The charge was heated b y suspension of the autoclave 
in a bath of cottonseed oil. The procedure which was 
followed in all the experiments herein described was 
as follows: After the completion of the heating period
the autoclave was allowed to cool and opened. The 
contents were transferred to a distilling flask and the 
excess of alcohol removed by heating at xoo° C. under 
diminished pressure. A large part of the excess 
alcohol could thus be profitably recovered. The  
residual oil was then made strongly alkaline with 
sodium hydroxide in order to liberate the aromatic 
bases from their hydrochlorides, and steam-distilled. 
The amines were separated from the aqueous distillate 
by extraction with ether and the ether solution dried 
over fused sodium sulfate. After removal of the 
ether the oil was fractionally distilled at atmospheric 
pressure. The correct boiling point of monoethyl- 
aniline is 204 0 C. and that of diethylaniline is 215.50 
C., at 760 mm.

During the preliminary experiments, and before the 
degree of alkylation of the aniline was observed to be 
notably raised by catalytic influence, a tolerably good 
idea of the success of any given experiment was gained 
by noting the range of distillation of the crude oil. 
We found, however, that a boiling point was no cri
terion of purity when oils containing 25 per cent and 
less of monoethylaniline were distilled. Constant 
boiling mixtures were always formed and it was abso
lutely necessary to analyze such oils.

The method which was used for the estimation of 
primary and secondary amines involved the use of 
acetic anhydride as a reagent. In brief this method 
is as follows: About one gram of the oil is weighed 
into a small flask having a ground glass neck. An 
equal, carefully weighed amount of acetic anhydride 
is added, and thé flask, after being attached to a con
denser provided with a ground glass connection, is 
heated for 30 min. on the. water bath. Fifty cc. of 
distilled water are then carefully added through the

condenser tube, and the mixture heated for 30 min. 
to hydrolyze the excess of acetic anhydride. After  
careful dilution in a graduated flask of convenient 
capacity an aliquot part is titrated with standard 
alkali solution in order to determine the excess of 
acetic anhydride. A  blank experiment run under 
similar conditions standardizes the latter. The differ
ence between the two analytical results is a measure- 
of the acetylizable impurity in the oil. This is then 
calculated in terms of monoethylaniline. The aro
matic bases which theoretically must be considered 
here together with diethylaniline are unaltered aniline,, 
monoethylaniline, and nucleus-substituted amines such 
as ethylaniline and its monoethyl derivatives repre
sented by Formulas I and II, respectively.

N H : N H C 2H 5

C0H5 c 2h 5
I II

The proportion of these nucleus-substituted bases is  
increased by heating aniline with ethyl alcohol at high 
temperatures.

A C T IO N  O F  E T H Y L  A L C O H O L  O N  A N I L I N E  I N  T H E

p r e s e n c e  o f  c a l c i u m  o x i d e — Theoretically, the sim
plest procedure for the ethylation of aniline is that  
involving the interaction of this amine with alcohol. 
This reaction is typified by the equation

CoHiNH. +  2C2H5OH =  C 6H5N (C 2H5)2 +  2H20 
and theoretically should be facilitated by the addition 
of a reagent capable of combining with water. So- 
far as the writers are aware only one investigator has- 
examined the influence of a basic oxide like calcium 
oxide on the activity of these two reagents. Calm 1 
tried to bring about a reaction between amyl alcohol 
and aniline by heating these reagents in the presence- 
of calcium oxide and also calcium chloride but reports- 
that no change was effected b y their presence. We 
have repeated this experiment with ethyl alcohol and 
our first set of preliminary experiments was therefore- 
made with this oxide present as the dehydrating agent.

The autoclave charge was as follows:
A n ilin e .......................................... 72 g.
A lcoho l3. .  ’. .................................  180 g.
C alc ium  o x id e ........................... 100 g.
T im e of h e a tin g  ..........  8 h rs .

Four runs were made at different temperatures and 
the results are recorded in Table I. Autoclave pres

T a b l e i
A n iline  A lcohol L im e T e m p e ra tu re T im e

K o . G . G. G. ° C . H rs. P ro d u c t
1 72 180 100 150 8 A niline
2 72 180 100 175 8 A niline
3 72 180 100 200 • 8 A niline
4 72 180 100 220-230 8 A niline

f  N o  lim e
5 72 180 < 10 g. K I  a n d  150 8 A niline

1 2  g. iod ine

sures were obtained as high as 5 0 0  and 7 0 0 lbs., but
in no case was alkylation obtained under the conditions-

‘ B er.. 15 (1882), 1642.
5 T h e  a lcoho l u sed  in  a l l  th e  ex p e rim en ts  desc rib ed  in  th is  p a p e r  co n 

ta in e d  a b o u t  1 p e r  c e n t o r less of w a te r. I t  w as p re p a re d  from  o rd in a ry  
95 p e r  c e n t a lcohol b y  p ro longed  d ig e stio n  w ith  a n  excess of quicklim e,, 
u n t i l  th e  desired  g ra v i ty  w as a t ta in e d .
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described. In Expt. 5 potassium iodide and iodine 
were substituted as catalytic agents in place of 
calcium oxide and the mixture heated at a tempera
ture of 150° C., but in this case also we obtained no 
evidence of the formation of alkylated derivatives.

A C T IO N ' O F  . E T H Y L  A L C O H O L  O N  A N I L I N E  H Y D R O 

C H L O R ID E — In the light of the results obtained by  
previous investigators, who have examined the behavior 
of ethyl alcohol toward aniline oil, we decided to con
fine our work to a study of the action of aniline hydro
chloride on ethyl alcohol. Here we have a condition 
favorable for the production of ethyl chloride which 
is known to react with aniline with formation of alkyl 
derivatives. Aniline hydrobromide is far more reactive 

” than the hydrochloride but is too expensive a reagent 
to use in manufacturing operations, while alkylation 
of aniline in the presence of sulfuric acid is not prac
tical, due to the tendency of alcohol to undergo dehy
dration in the presence of this reagent giving ether and 

ethylene.1
While the question of alkylation of aniline by inter

action of the halide salts of this amine with various 
alcohols has received much attention, no really satis
factory results have been obtained with ethyl alcohol, 
if one is to draw conclusion from what has been pub
lished in the chemical literature, as only generalized 
statements are available. The most productive results 
are those described in a publication by Staedel,2 and 
which were obtained by application of a process p at
ented by him.3 He states that diethylaniline may 
be obtained in nearly quantitative yields b y heating 
aniline hydrobromide or the corresponding iodide with 
a slight excess over two molecular proportions of ethyl 

alcohol at a temperature of 1 4 5 °  to r5° °  C. No 
description of a systematic series of alkylation experi
ments is recorded.

Concerning the use of aniline hydrochloride, only 
rather generalized statements are available in the 
literature in so far as they pertain to the synthesis of 
diethylaniline. For example, Schultz and Julius4 
state that diethylaniline is obtained by heating aniline 
hydrochloride and aniline with rather more than two 
moles of ethyl alcohol. The product contains a con
siderable quantity of monoethylaniline and in order 
to obtain the diethyl compound it is usually treated with 
sufficient ethyl bromide to complete the reaction. A c
cording to them this base is obtained more readily 
and in nearly theoretical yield b y heating aniline 
hydrobromide with 2.2 moles of ethyl alcohol at 1450 

i;o 150° C.
In respect to the preparation of monoethylaniline 

these authors state that it is obtained by heating 
aniline hydrochloride or a mixture of aniline and 
hydrochloric acid with rather more than one mole 
of ethyl alcohol at 200° C. Cain5 states the conditions 
for the preparation of mono- and diethylaniline as 
follows: For monoethylaniline, 95 parts of aniline 
hydrochloride and 28 parts of ethyl alcohol are heated

1 W a lth e r , C hem .-Z tg ., 34 , 641.
2 Loc. cit.
* D . R . P . 21.241.
* Loc. cit.
* " T h e  M a n u fa c tu re  of I n te rm e d ia te  P ro d u c ts  for D y e s ,”  p. 6 6 .

together in an enameled autoclave at i8o° C. for some 
hours.- The product contains 70 to 73 per cent of 
monoethylaniline which crystallizes out as the hydro
chloride. Diethylaniline may be prepared like mono
ethylaniline using aniline hydrochloride and ethyl 
alcohol. The product, however, contains a consider
able amount of monoethylaniline.

In our experiments with aniline hydrochloride we 
first operated at the temperature recommended by  
Staedel in his work on the corresponding hydrobromide 
and hydriodide, namely, 150°. We applied the reac
tion' under various conditions, using in some cases 
zinc chloride and calcium chloride as dehydrating 
agents, and also incorporating several reagents which 
we believed would exert a catalytic influence. It was 
found that the nature of the product was very much 
influenced b y the presence of certain reagents. The  
results of our preliminary experiments are recorded 
in Table II.
T a h i. e  I I — I n t e r a c t io n  o p  A n i l i n e  H y d r o c h l o r id e  a n d  E t h y l  A l c o h o l  

100 k- of an ilin e  h y d ro ch lo rid e  used  in  each  e x p e rim en t 
T e m p e ra tu re , 150°
T im e  of h ea tin g , 8 h rs.
W hen  ZnCla, C aC h , N a B r  o r  K I  w ere in tro d u c e d  as c a ta ly s ts , 10 g. 

w ere alw ays used
D is til la te

Z nC lj N a B r M oles >
8 o

oo 00o o \o CO o<N
f-c*
X
w

or
C aC lj

o r
K I

of
A lco S pecial

CN
1iO

CM
A A ok ¿ l' t J> Jb

10 G . 10 G. hol C a ta ly s t 2 CN CN CM <N CN CM CN
1 2 . 2 87 24 24 27 9
? 5 87 40 26 8 6

N a B r 5 96 7 38 26 12 2
4 K I 5 96 6 37 26 14 2
5 C aC lt K I 5 ¡2 5
6 Z nC lt K I 5

707 Z nC lt 5
73 148 Z nC lt K I 10

9 Z n C lt K I 5 C o p p er 92 65

10 ZnCls K I 5
lin in g

C o p p er 93 70

11 Z nC li K I 5
lin ing

C o p p e r 80

1 ? Z nC lt K I 5
s tr ip s  

5 g. C uO 63
19

17
1.1 Z nC l: K I 5 5 g. C uO 65

14 Z nC lj K I 5

+  8 g.
H C l 

5 g. C uC l 42 3
15 Z nC li K I 5 5 g. C uC l ¡1

16 Z n C lt K I 5

+ 8 g.
H C l 

3 g. 88 10

17 Z nC lj K I 5
(CíHOjNH 
5 g. C u C lt . . 2 93

18 Z nC lt K I 5 5 g. C uC lj
78

4 91
19 Z n C h K I 5 5 g. C uCla 8

?ri K I 5

+  8 g. 
H C l 

5 g. C uC lj 38 8
46?l Z nC li 5 5 g. C uC li

80
16

22 5 5 g. C u C h i 1

Expt. i , 1 Table II, shows the result of substituting aniline 
hydrochloride for aniline hydrobromide under the conditions 
used by Staedel in the case of the latter salt. A  theoretical 
yield of monoethylaniline would have been 92 g. Our product 
was very largely monoethylaniline. Nine grams of material 
boiling at 208° to 210° C. were obtained. Nothing, however, 
distilled within the range of diethylaniline. I t  is rather aston
ishing, in the light of Staedel’s work, that diethylaniline was not 
more predominant in the reaction mixture. The use of 5 mole
cules of alcohol (Expt. 2) did not give as good a result. This is 
in some degree contradictory, for in the presence of a  catalyst 
as well as at higher temperatures an increase of alcohol up to a 
certain limit is decidedly favorable in its effect.

1 E x c e p t in  specia l cases, th e  w rite rs  h a v e  conside red  i t  un n ecessa ry  
to  reco rd  in  th e  ta b le s  th e  re su lts  o b ta in e d  b y  d u p lica tio n  of th e ir  ex p e ri
m e n ts . I t  s h o u ld  be u n d e rs to o d  t h a t  a ll ex p e rim en ts  h a v e  been  ca re fu lly  
check ed , in  p a r t ic u la r  w here  a b n o rm a litie s  occu r. I n  E x p ts. 8 , 19, a n d  
20 th e  frac tio n s  in d ic a te d  u n d e r  co lu m n  206°—208° w ere co llec ted  from  
206o-2 1 0 ° , a n d  in  E x p t . 22 th e  fra c tio n  of 80 g. w as co llec ted  b etw een  
2 0 2 ° -2 0 6 ° .
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W ith the idea of obtaining a static condition similar to that 
existing when aniline hydrobromide or iodide is employed, 10 
g. of sodium bromides (Expt. 3) and a similar amount of potas
sium iodide (Expt. 4) were introduced into the reaction mixture. 
An increased total yield was the result. The addition of 10 g. 
of calcium chloride as a dehydrating agent (Expt. 5) was like
wise very favorable and slightly better than the former case, the 
total yield of monoethylaniline being of the order of 80 g. The 
substitution of zinc chloride (Expt. 6) for calcium chloride did 
not materially affect the result, whereas the omission of the 
iodide or bromide (Expt. 7) materially decreased alkylation. 
Increasing the alcohol factor to 10 moles (Expt. 8), together 
with the use of potassium iodide and zinc chloride, gave decidedly 
the best result yet obtained. For the first time a distillate 
boiling above 210° C. was obtained.

To summarize, the results of the first eight experi
ments recorded in Table II reveal the following facts:

1— T hat aniline hydrochloride when heated with 2.2 
molecules of alcohol at 150° C. gives a product con
sisting largely of monoethylaniline, in contradistinc
tion to Staedel’s results, in which the use of aniline 
hydrobromide (or iodide) gave a product composed 
essentially of diethylaniline.

2— That the alkali bromides and iodides (NaBr and 
K I) used in conjunction with the dehydrating effect 
produced by either calcium or zinc chloride, catalyze 
to a certain degree the ethylation of aniline.

3— T h a t . a large excess of alcohol is favorable for 
ethylation when used in the presence of the metallic 
salts.

During the course of our preliminary experiments 
it became necessary to employ a copper inset or lining 
in the autoclave, where a glass one had been used 
hitherto. The first two experiments (9 and 10) carried 
out with the copper lining gave rather good yields of 
diethylaniline. Since this lining had previously been 
used for other operations we had good reason to 
believe that the catalytic effects produced in our 
reaction might possibly be attributed to one of the 
following substances:

1— M eta llic  co p p e r
2— H y d ro ch lo ric  ac id
3— C u p ro u s  ch lo ride
4— D ip h en y lam in e
5— C u p ric  ch lo ride

Experiments were therefore designed to establish 
the identity of the catalyst and were carried out in a 
glass inset; and a basic charge of 10 g. potassium 
iodide, l o g .  zinc chloride, 100 g. aniline hydrochloride, 
and 200 g. alcohol was used, together with the catalytic  
substance whose effect was sought.

The result recorded in Expt. 11 is typical of those obtained 
when strips of clean copper were placed in the charge, or when 
a thoroughly scoured copper inset was used. No catalytic 
effect similar to that observed in Expts. 9 and 10 was produced. 
Expt. 12 shows the effect of the addition of 5 g. of cupric oxide. 
The larger proportion of the reaction mixture was monoethyl
aniline. Expt. 13 was similar to 12 except in the fact that a 
little free acid was added (conc. H C 1). The yield of mono- 
ethylaniline was increased, thus demonstrating the inhibitive 
effect of free hydrochloric acid on the final alkylation reaction.

A  most striking inhibitive action was observed in Expt. 14 
when cuprous chloride was employed. No diethylaniline was 
apparently formed and much unchanged aniline was present;

this being evidenced by the fact that the bulk of the distillate 
boiled below 200° C. Somewhat more'alkylation was observed 
in Expt. 15 when a small quantity of concentrated hydrochloric 
acid was added to the reaction mixture employed in Expt. 14. 
Expt. 16 shows the somewhat more favorable effect of diphenyl
amine as a catalyst. However, the yield of diethylaniline was 
insignificant.

Expt. 17 demonstrated very clearly the nature of the catalyst 
in that the addition of 5 g. of cupric chloride gave a most excellent 
yield of diethylaniline. This experiment was repeated (Expt. 
18) and a similar result obtained. It  is our conclusion, therefore, 
from these observations that the results obtained in Expts. 
9 and 10 were due to the presence of cupric chloride in the slightly 
corroded containers used in these operations. The unfavorable 
effect of moisture, even when cupric chloride was employed, is 
shown in Expt. 19 where a small amount of concentrated hydro
chloric acid was added to the charge.

An endeavor was made to obviate the use of either zinc 
chloride (Expt. 20) or potassium iodide (Expt. 21) when cupric 
chloride was used. Neither reagent could be omitted from the 
charge. However, the experiments did show the greater value 
of the zinc chloride as a catalyst as compared with the potassium 
iodide. The omission of both zinc chloride and potassium iodide 
(Expt. 22) gave no oil distilling within the range for diethylaniline.

The experimental work thus far reviewed established 
the fact that the autoclave charge when heated for 
8 hrs. at a temperature of 150° C. would give a product 
consisting largely of diethylaniline. The autoclave 
pressures recorded in all these experiments carried out 
at 150° C. averaged about 190 lbs.

10 g. of z inc  ch lo ride  
10 g. of p o ta ss iu m  iod ide 
5  g. of cu p ric  ch lo ride 

100 g. o f an ilin e  h y d ro ch lo rid e  
200 g. o f e th y l a lcoho l (99 p e r  cen t)

To summarize, the following substances were found 
either without appreciable effect, or slightly inhibitive 
in their action on the alkylation of aniline.

W iT nouT  E f f e c t  
C o p p e r 
C u p ric  oxide

I n h ib it iv e  
M o is tu re -free  HC1 
C u p ro u s  ch lo ride

P o s i t iv e  
C u p ric  ch lo ride  
D ip h en y lam in e

The next phase of our investigation which received 
attention was the proper temperature for efficient

to.

^6.7

£
I
-v.

G ra m s o f C u pric Chloride
F lo .  1

alkylation. Several experiments were run under the 
best conditions stated above and it was found that 
more consistent results, attended with better yields of 
diethylaniline, could be obtained by working at a 
constant temperature of 175° to 1800 C. instead of 
150° C. The results recorded in Expts. 1 and 2 of
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E x p t .

1
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20 
21

23
24

0 O
d "o

ja
0 U 8
s .

a
U 3 <

¡3 u
0

u
0 0

M Ü a V
"0

3
n
N ê ä

100 10 Z n C li 10 K I 5
100 10 ZnC ls 10 K I 5
100 10 Z n C li 10 N a B r 5
100 10 CaCl» 10 N a B r 5
100 10 C a C h 10 N a B r 5
100 10 C a C u 10 N a B r 5
100 10 CaCl* 10 N a B r 5
100 10 C a C h 10 N a B r 5
100 10 C aC h 10 N a B r 8
100 10 C a C h 10 N a B r 10
100 10 C aC h 10 N a B r 14
100 10 C aC h 1 N a B r 10
100 10 C aC h 25 N a B r 10
100 10 C a C h 5 N a B r 10
100 10 C a C h 15 N a B r 10
100 20 C a C h 10 N a B r 10
100 5 C a C h 10 N a B r 10
100 10 C aC h 10 N a B r 10
100 10 C a C h 10 N a B r 10
100 10 C a C h 10 N a B r 10
100 10 C a C h 10 N a B r 10
Í 15 10 C aC h 10 N a B r 10
( 36 A n iline
100 A niline 10 N a B r
100 20 C a C h 10 N a B r 9 5 %

Ale.

175-180
175-180
175-180
175-180
175-180
175-18,0
175-180
175-180
175-180
175-180
175-180
175-180
175-180
175-180
175-180
175-180
175-180
175-180
175-180

190
220

175-180

175-180
175-180

H
P
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
4

16
8
8
8

T a b l e  I I I

¥to
5
5
5
5
5
N o n e
2.59
1
5
5
5
5
5
5
5
5
5
5
5
5
5
5

5
5

96
96
99 

112
97 
83

105
96

103
100 
90 
85 
90 
92

100
105
100
95
98 
90 
94

96
88

.5

a
I . E .

VD O CN 00 0
0 O 0 OCN !N <N CN CN § Ö1 A 1 X (N 00 ocu
Cv OCN 0CN OCN OCN CN CN CN â

88
88
92 . *
93
89 6 . 7 9

2 72 10.00
3 95 7 . 3 5
3 88 8 . 1 0

90 6 .7 0
1 94 5 .0 0

8 3 .5 7 .6 0
3 77 11 .0 8
3 84 11 .6
2 87 7 .7

84 7 .1
9 2 .5 1 0 .5
87 9 .4

221 70 1 0 .6
3 9 1 .6 6 .8

85 8 .3
82 1 3 .0

69 11 M . E . A .

24 91 12 .2 4
83 11 .5 8

> T h e  frac tio n  w as co llected  from  208-212 .

Table III are representative of the effect of operating 

under such conditions.
Another phase of the investigation was concerned 

with the replacement of zinc chloride and potassium 
iodide by sodium bromide and calcium chloride 
(Table III). In Expt. 3, the substitution of sodium 
bromide for potassium iodide was productive of results 
wholly comparable with those obtained when potas
sium iodide was used, nor was the calcium chloride 
found to be less efficient than zinc chloride (Expt. 
4). In other words, our results indicated that the 
conditions for reaction and the relative proportions of 
reagents best adapted for the preparation of diethyl- 

aniline were the following:

C alcium  c h lo r id e ...............................................  10 g.
C u p ric  c h lo r id e ...................................................  8-
S o d iu m  b ro m id e ................................................. 15-
A lco h o l.................................................................... ?00  g.
A n iline  h y d ro c h lo r id e ......................................  g.
T e m p e r a tu r e ......................................................... I 7 o , „
T im e .........................................................................  8 h r s -

Adopting a unit charge represented above as the 
basis for further work, a series of experiments were 
conducted in which the factors of concentration, time, 
and temperature were thoroughly investigated. The  
amount of cupric chloride productive of the best results 
was first ascertained, the other ingredients of the 
reaction mixture being kept constant in quantity.
From inspection of Table III, as well as the curve
developed from the same (Fig. i), it may be seen that 
the effect of introducing cupric chloride is quite appar
ent even when small quantities are used (o— i g.), 
the effect becoming gradually less pronounced up to s 
g., when a product containing but 6.79 per cent of 
monoethylaniline was obtained. This was the purest 
sample of diethylaniline that we had thus far obtained 
in our experiments. However, at this point it should 
be noted that the total yield as well as. the 212 to 
218° fraction was falling off in amount, due to the 
initiation of some decomposition from the presence 
of the excess of copper. This amount of copper 
chloride, however, was deemed the most efficient

because it had promoted such a high degree of alkyla

tion.
Four experiments were carried out, using alcohol 

as the variable factor. Five, eight, ten, and fourteen 
molecular proportions of alcohol were employed, 
corresponding to 160, 288, 360, and 504 g. of this 

reagent, respectively.
The curve for alcohol (Fig. 2) remains practically 

flat up to 8 moles; from here it falls sharply to 10 
moles, where the monoethylaniline content of the oil 
was only 5 per cent, th e  b est p r o d u c t  o b ta in e d  i n  a ll  

o u t  e x p e r im e n t s .  Striking was the result, however, 
with the use of 14 moles, the purity of the product 
falling off to the extent of 7 . 9  per cent monoethyl
aniline. This is shown by the sharp rise in the curve 

from 10 to 14 moles.

7.6

Î 
1
&

5,0

14
0 M o le c u le s  o f ,A lc o h o l  

F ig .  2

With the following factors constant, sodium bromide 

was made the variable:
A niline h y d ro c h lo r id e .................................................. 100 g.
A lco h o l...............................................................................  360 g.
C u p ric  c h lo r id e ............................................................... ^  8*
S o d iu m  b ro m id e  (v a r ia b le ) ....................................... 10 g.
C alc ium  c h lo r id e . .......................................................... 10 g.

........................................................... 1 7 5 °-180°
  ..................................  8 h rs .

T e m p e ra tu re  
T im e ..............

Using but one gram of sodium bromide, the curve 
(Fig. 3) commences at a purity of u  per cent mono
ethylaniline, rising slightly at 2.5 g. (presumably due 
to mechanical errors), then falls steadily with 5 and
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10 g. of sodium bromide, reaching its lowest point 
with the latter figure. Further introduction of sodium 
bromide did not better the result, but if anything 
affected the purity, since the monoethylaniline con-

u.n>
//.oa

I
!
I
•+~
R

7 .7

7 . /

5.0

k

2 .5  5  10
Gram s o f  S o d iu m  B r o m id e

F io . 3

15

tent rose from 5 to 7.1 per cent. The effect of doubling 
the normal amount of calcium chloride is evidenced 
in the curve (Fig. 4) b y an abrupt rise, denoting an 
increase in the acetylizable impurities, probably in the 
nature of ^-ethyl substituted anilines. Using half 
the normal amount of calcium chloride was also 
unfavorable since incomplete alkylation was plainly 
manifest. In respect to concentration the following 
proportions of the catalysts were therefore the most 
efficient in their effect:

G ram s

S o d iu m  b ro m id e ..............................................................................  10
C u p ric  ch lo r id e .............................................................................  5
C a lc iu m  ch lo r id e .............................................................................  10

I
1
I

*

9,4
s '

\
\

f\
\

s

s   ̂ . /<? . 20
C a lc iu m  C h lo r id e  in  G ra m s

F io . 4

The effect of time on the degree of alkylation is 
best shown in Fig. 5, where the highest point on the 
curve represents the percentage of monoethylaniline 
when heated for a period of 4 hrs. Incomplete reaction 
is evident in comparison with 8 hrs., the lowest point 
on the curve. Extension of the time factor beyond 
8 hrs. was not productive of favorable results: in fact, 
at 16 hrs. the per cent of diethylaniline fell off slightly, 
showing the initiation of a reaction presumably typified 
by the expression

C gH5N (C 2H 6)2 — 5-  Cifet.CaH4.NHQ.H5.

In this case, in contradistinction to the 4-hr. period, 
the acetylizable material very probably is a nucleus- 
substituted derivative of aniline and not unchanged 
aniline.

It was our experience that temperatures below 175°  
C. made for results not as consistent as those obtained

lo .a

j: 6.B

I
I

5 .0

\

\
ÎS

Time in Hours 
F io .  5

16

when the higher temperature was employed. The 
question as to whether the optimum temperature was 
above 175° C. was next investigated. The tempera
ture of 190° C. (see Fig. 6) caused a rise in the acety
lizable impurities. This fact could be attributed only 
to rearrangement of the tertiary amine through the 
influence of the metallic salts at the elevated tempera
ture. This effect was even more striking at 220° C., 
when the impurity calculated as monoethylaniline 
rose to 13 per cent.

To summarize, the results obtained in our experi
mental work have led us to conclude that sodium

1.05

/3.

I
$  8.3

i-c
! ■ ^  S.O

5

__-

/

/
/

T e m p e r a tu r e  C e n t iq r a d e  

F io . 6

bromide, cupric chloride and calcium chloride jointly 
functionate as catalytic agents in the alkylation of 
aniline when the hydrochloride of this base is heated 
with ethyl alcohol. The relative proportions of the 
various reagents and the time and temperature factors 
w'hich are productive of the maximum yield of the 
tertiary base— diethylaniline— are given in the follow
ing table representing a unit autoclave charge. A  
unit charge run at a temperature of 175° to 1800 is 
productive of pressures in the autoclave varying 
between 280 and 310 lbs.
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A niline  h y d ro c h lo r id e ................................ • • • 100 g.
A lco h o l...................................................................  10 m oles (360 g.)
S od ium  b ro m id e ................................................. 10 g.
C u p ric  c h lo r id e ....................................................... 5 g.
C alc ium  c h lo r id e ................................................ 10 g.
T im e ..............................................................    ^ hrs.
T e m p e ra tu re ........................................................ 1 7 5 °-1 8 0 °  C .

We have run through a great many experiments 
under the above conditions and they have all been

16 .05

14.6
14.39

1 2 .6 2

-I

i
I"
I

5,5.

------
ZnC'¡2  -N aB t

a , -
\

NoBi
I \

I n / \ ZnC Z -K l

/ '■
\ /

\ ZnC ¡■¿-n■I 1
/ B

A /
Cj2 - Ha 81

/
I Cc /
/ Cc1CI2 - K I

/
/

O r KL

Co c i2 - N aB 'r

As previously stated, calcium chloride and sodium  
bromide had been utilized in place of zinc chloride and 
potassium iodide, respectively, purely from the stand
point of economical procedure. In the light of this 
fact it seemed of interest to ascertain the relative 
efficiency of these salts. The efficiency of zinc chloride 
as compared with calcium chloride is shown in Fig. 7 
(also Table IV), where Graph A represents the effects 
produced when the usual amounts of the catalysts are 
used. The second Graph (B) represents the effect 
when the amount of calcium chloride is reduced one- 
half, and also the sodium bromide or potassium iodide. 
The nature of the two results should check. A t the  
peak of each curve stands zinc chloride and sodium 
bromide with zinc chloride and potassium iodide just 
below it, while at the inception of Curve A  stands- 
calcium chloride and sodium bromide, with calcium  
chloride and potassium iodide slightly above it. In 
Graph B the conditions are reversed. The results 
may therefore be summed up in the statements, first, 
that zinc chloride is much less efficient than calcium  
chloride in alkylation, and, second, that the iodide is 
but slightly different in its effectiveness as compared 
with the bromide. Placing more emphasis on the  
zinc chloride results, the conclusion may be reached 
that the potassium iodide functions somewhat more 
favorably than the sodium bromide.

48.1

F ig . 7

productive of good yields of diethylaniline. The 
yields have always been very consistent. The total 
yield is more frequently above (i. e., 104—105 g.) than 
below 100 g. Complete alkylation, together with 
complete extraction of the alkylated material, should 
produce the theoretical yield of 115 g. Therefore, 
notwithstanding the many opportunities for mechani
cal losses, decomposition through autoclave heat, to 
say nothing of the purity of the commercial aniline 
hydrochloride, crude yields of the order of 87 to 91 
per cent are consistently obtainable.

Generally speaking, in the distillation of the crudes 
resulting from these best operative conditions, no oil, 
other than a drop or two, is obtained below 2 120 C. 
The loss of material in distillation is largely accounted 
for in the residue left in the flask, no doubt resulting 
from some decomposition during the distillation. 
The product, purified by distillation, is always a clear, 
highly refractive oil, possessing a slight yellow color.

An attem pt was made to lower the cost factor in 
the production of diethylaniline by our method, 
through the incorporation of some aniline base in 
place of the hydrochloride, and also through the use 
of 95 per cent alcohol. The substitution of aniline 
oil for an equivalent amount of the hydrochloride in 
our best unit charge gave a product consisting largely of 
monoethylaniline (Expt. 22). The use of 95 per cent 
alcohol (Expt. 23) instead of the product dehydrated 
over lime lowered the purity about 7 per cent; nor 
could this be prevented by the incorporation of double 
the usual amount of calcium chloride as a dehydrating 

agent (Expt. 24).
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In regard to the zinc chloride, it may be said in 
explanation of its action, that in all probability it
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T a b l e  IV
100 g. of an ilin e  h y d ro ch lo rid e  w ere used  in  each  e x p e rim en t. T h e  q u a n t i ty  of ZnCU  a n d  C aC U  in tro d u c e d  w as a lw ay s  10 g ., a n d  th e  tim e  of heating ' 

th e  au to c la v e  w as 8 h rs . I n  each  e x p e rim e n t th e  te m p e ra tu re  w as held  b e tw e en  1 7 5 °-1 8 0 °  C .
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5 .3
9 .5  
8 .7

16.05
14.39
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12.2 
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10.2 
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8.6

functions at a high temperature as a de-alkylating, 
as well as a dehydrating agent, and the smaller yield 
of diethylaniline produced by it in comparison with 
calcium chloride may be due to the fact that this salt 
rearranges some of the diethylaniline formed to a 
nucleus-substituted amine, such as the monoethylated 
derivative of ¿-ethylaniline or similar combinations.

Expts. i and 2 of Table II are illustrative of the 
results obtained b y heating aniline hydrochloride 
alone with alcohol at 150° C. In these experiments 
the concentration of the alcohol was 2.2 and 5 moles, 
respectively. In neither case was there any distillate 
within the range for diethylaniline. Expts. 8, 9, and 
10 of Table IV  furnish very interesting comparisons, 
when the reaction temperature of 175° to 180° C. is 
employed. Expt. 8 gave a product containing but 
51.9 per cent diethylaniline, yet even this result was 
distinctly better than the corresponding experiment 
carried on at 150°, while an increase of alcohol to 5 
(Expt. 9) and 10 moles (Expt. 10) decreased the mono- 
ethylaniline content to a marked degree. These 
results, shown graphically in Fig. 8, are very note
worthy, in that they demonstrate again the extremely 
favorable effect of the concentration of alcohol on the 
ethylation of aniline.

The introduction of 10 g. of sodium bromide to the 
most favorable alcohol concentration lowered the 
monoethylaniline content some 2 per cent, while the 
addition of 5 g. of pyridine (Expt. 12) produced a 
rather marked negative catalysis in that 15.9 per cent 
of the product was monoethylaniline.

Although we have been unable to better the results 
obtained (5 per cent monoethylaniline impurity) when 
the three inorganic salts are used, mention should be 
made of one very interesting experiment (Expt. 13) 
in which the addition of 5 g. of copper powder and 
sodium bromide to the usual amounts of aniline hydro
chloride and alcohol gave a product containing but 
8.6 per cent monoethylaniline. This result is rather 
interesting in the light of the experiment mentioned 
in the first part of the paper, when clean copper strips 
or a thoroughly cleaned copper inset were apparently 
without catalytic effect. The difference in results 
may of course be attributed to the state of division 
of the copper.

TH E EFFECT OF AIR IN STEA M  ON TH E COEFFICIENT 
OF HEAT TRAN SM ISSIO N  

By C. S. Robinson
M a s s a c h u s e t t s  I n s t i t u t e  o p  T e c h n o l o g y , C a m b r id g e , M a s s .

R ece ived  M a rc h  9, 1920

Recently the writer had occasion to discuss the 
effect of the presence of non-condensable gases in 
condensable vapor on the coefficient of heat transmis
sion. A study of the data in the literature1 showed 
that the information was not in a readily usable form, 
and that it was necessary to refigure it. The writer 
feels that the results of these recalculations will be of 
interest to engineers and that a presentation of the 
methods of calculation used may be of assistance to 
others who have similar problems to be solved. It  
should be emphasized that the relations hereinafter 
derived are approximate, and are based on very 
incomplete data. Until more information is available, 
they are, however, the best to be had.

The flow of heat from one point to another is in
versely proportional to the thermal resistance of the 
material between the two points. Where the material 
in the path of flow is not homogeneous, but is made 
up of successive sections having different resistances, 
the method used in calculating the over-all resistance 
is the same as that used in electricity, that is, the over
all resistance is the sum of the resistances of the suc
cessive sections.

In the special cases of the surface condenser and the 
evaporator, the heat flows from the condensing vapor 
to the separating wall, through this wall, and from the 
further side of the wall to the cooling fluid, which in 
the first case is the condenser water, and in the second, 
the boiling liquid. The coefficient of heat transfer from 
the vapor to the cooling fluid may be calculated, pro
viding the resistances of the successive sections of the 
path are known. These sections are: first, the film 
resistance on the vapor side; second, the resistance of 
the metal; and third, the film resistance on the liquid 
side.

The conductivity of metals has been carefully 
studied, and it is possible to obtain values of the

1 E . W . K e rr , “ T e s ts  u p o n  th e  T ra n sm iss io n  of H e a t  in  V acu u m  
E v a p o ra to rs ,”  T rans. A .  S . M . B .,  35 (1913), 731; G . A. O rrolc, " A ir  in 
S u rface  C o n d e n sa tio n ,”  Ib id ., 34 (1912), 713; J . A. S m ith , “ E ffec t of 
A ir in  F eed  W a te r ,”  L ondon  E ngineering , O ct. 7, 1904.
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coefficient of the metal from such handbooks as Kent 
and Marks. The film resistance on the liquid side 
has also been the subject of careful experimental work.
It has been found that this resistance is largely a func
tion of the liquid velocity, and recent work done at 
the Massachusetts Institute of Technology (not yet 
published) would indicate that the coefficient of con
ductivity of the film on the liquid side, he (the recip
rocal of the resistance), may be calculated closely 

from the equation
h e =  4S°V °'8>

where he is in B. t. u. per sq. ft. of heating surface per 
deg. F. temperature difference per hr., and V is the 
linear velocity of the liquid through small pipes (up 

to 2 in. diameter) in ft. per sec.
The film coefficient on the vapor side, however, has 

had less careful study. It has long been known that 
it  has been largely affected by such factors as

! — Steam velocity past the heating surface
2—*-Steam pressure
3— Rate of condensation
4— Rate of removal of condensed steam
5— Presence of non-condensable gases

The last of these factors is of very great importance 
and is the one in which the writer was particularly 

interested.
Of the information available from the three articles 

mentioned above, that in Professor Kerr’s article 
proved to be the only one with the data in such condition 
that it could be analyzed with respect to the film conduc
tiv ity  on the steam side, and the following calculations 
are based almost entirely on his data. His experi
ments were made with an experimental, vertical, tubular 
evaporator, with water inside the tubes. The pressure 
and temperature of the vapor in the steam belt were 
measured, and from the latter the partial pressure of 
the water vapor in the mixture of steam and air was 
determined with the aid of steam tables. The ratio 
of the partial pressure of the water vapor to the total 
pressure was calculated and tabulated against the 
coefficient of heat transmission of the evaporator. 
This ratio multiplied by 100 is equal to the percentage 
b y volume of the water vapor in the mixture, and in 

Table 1 it is so recorded.
T a b l e  1

coefficient of the given metal wall, he is the film coeffi- 

cient on the liquid side.
In the data referred to, K  only is known. It is, 

however, possible to approximate values for k m and 
he. The metal wall used was copper 0.05 in. thick. 
The heat transmission of copper is 220 B. t. u. figured 
as per foot of thickness. Therefore,

£ = ..X-J-2 = 53,000— a relatively large quantity.
0.05

The film coefficient for steam containing no gases 
is stated by various writers to lie between 2000 and 
4000. It is known that vertical tubular evaporators, 
when boiling water under test conditions, have given 
over-all coefficients of 1500. This would indicate 
that the film coefficient on the steam side was not less 
than double 1500, or 3000. The writer has taken this 
last value as the mean of the limits noted above, and 
as very probably near the true one for the conditions 

of the experiment.
The first test would then give the expression 

1 i . 1

S te a m  
b y  V olum e 

P e r  c e n t 
100 
100
9 9 .7
9 7 .3
9 3 .1
9 1 .6
9 1 .3  
9 0 .9
8 2 .2  
8 1 .1  
7 4 .2
7 4 .4
7 2 .4  
7 2 .1
6 7 .6
66.8

Coeff. of 
H e a t 

T ra n sm iss io n  
594 
533 
510 
464 
487 
408 
386 
300 
296 
284 
258 
241 
215 
240 
179 
147

F ilm  Coeff. 
S te a m  S ide  

3000 (assum ed) 
3000 (assum ed) 
2500 (ca lcu la ted ) 
2080 (ca lcu la ted ) 
2270 (ca lcu la ted ) 
1720 (ca lcu la ted ) 
1510 (ca lcu la ted ) 
1030 (ca lcu la ted ) 
1010 (ca lcu la ted ) 
970 (ca lcu la ted ) 
830 (ca lcu la ted ) 
740 (ca lcu la ted ) 
640 (ca lcu la ted ) 
750 (ca lcu la ted ) 
500 (ca lcu la ted ) 
377 (ca lcu la ted )

y
F ilm  Coeff. 
W a te r  S ide

4 . 5 5 757
4 . 3 5 658
4 . 4 5 650
4 . 4 5 606
4 . 4 5 628
4 . 4 5 541
4 . 4 5 523
4 . 4 5 427
4 . 4 5 421
4 . 4 5 405
4 . 4 5 377
4 . 4 5 360
4 . 4 5 324
4 . 4 5 356
4 . 4 5 281
4 . 4 5 242

.ctivity on the

steam side is calculated from the expression

J  +  
K  hs

+
¡h

i

594
 1- —   h , •
3000 53000 ne

The phenomena occurring in a vertical evaporator 
tube are well understood. The liquid at the lower 
end contains no vapor, and has relatively low velocity. 
The evaporation and therefore the volume of vapor 
increases as the liquid rises, and the mixture of vapor 
and liquid issuing from the top does so under maximum  
velocity. The film conductivity on the liquid side is 
some function of this velocity as noted above. Since 
ht =  /(V) and K  =  / '(V ), then it may be stated  
approximately that he =  / '( .K) since the greater the 
flow of heat, the greater the amount of vapor formed, 
and the greater the vapor velocity, and the writer has 
selected this function as he =  y K 0'8.

»
" T "

?s
r*

■

/1 /
/

/

f i l m  c o c r f t a e N T  "hs"  
1 1  ■ 1 i -

Ji10. I — S h o w in o  R e l a t io n  b e t w e e n  F il m  C o e f f i c i e n t  p o k  C o n d e n s 
in g  V a p o r  a n d  P e r c e n t a g e  S t jja ii  i n  St e a m -A i r  M ix t o r b s

X

594
. _ L _____ - I .   —

3000 53000 y (594)° 8

where K  is the over-all coefficient of the evaporator, 
hs is the film coefficient on the steam side, km is the

• ' • V =  4-55 
Repeating this calculation for the second test 

y  =  4-3 5-

The writer selected the mean, 4-45» as the value of y 
to use in the balance of the tests when air was present 
in the steam. Test 3 would then give the following:
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-  -   1 — —  ---------
510 hs 53000 4.4s(5io)°'s

hs = 2500

Table x gives the results of the calculation for all of the 
tests. Fig. I shows values of percentage of steam 
plotted against film coefficient— hs.

The data include steam percentages down to 66 
per cent only. The film coefficient for zero per cent, 
that is, all air, has been the subject of much careful 
work, the values of h being a function of the velocity 
and varying between 1 and 20. Since no information 
was given in Professor Kerr’s experiments as to the 
rate of removal of the air, the writer selected a mean 
value of 10 for this point in order that it might be 
possible to derive a suitable empirical equation to fit 
the above calculation.

—

lo g  h - lo g t IO 
-----1___i___i »

F i g .  I I — E f f e c t  o p  A i r  o n  “h ”  f o r  S t e a m :  x  =  P e r  c e n t  S t e a m  b y  
V o l u m e ,  h = F i lm  C o e f f i c i e n t

Inspection of the curve on Fig. I indicates that 
it has the form indicated by the exponential equation 

h =  aeBx,

where a and 0  are constants to be determined and 
x  is per cent steam by volume. In order to test the 
applicability of this type of equation, it may be recti
fied as follows. Take the logarithm of both sides of 
the equation

logcA =  log„a +  fix.

If a plot of the data in the form of (logeA —  logca) 
versus “ x ”  indicates a straight line, the equation 
selected is satisfactory. Since when x =  0, h = a, 
. '  . a — 10, and the resulting plot is shown on Fig. II.

The proper value for /3 was found by averaging all 
of the points, the resulting equation having the form 

log<./i =  2.303 +  0.0566.1; 

or //= 2.303 e 0'0566a'

a more convenient form of the equation is 

logio/i =  1 +  6.0240.x.

A plot of this equation is represented by the curve on 
Fig. I.

THE PROD UCTION OF PH O SPH O R IC ACID B Y SM ELT
ING PH O SPH A TE R O CK  IN A FUEL-FED FURNACE 

By William H. Waggaman and Thomas B. Turley
B u r e a u  o f  So i l s , U . S . D e p a r t m e n t  o f  A g r i c u l t u r e , W a s h in g t o n ,

. D . C .

[p r e l i m i n a r y  r e p o r t ]

R eceived  M arch  I ,  1920

Ever since the early days of the war when the high 
cost and scarcity of acid phosphate seemed to menace 
our agricultural interests, the Bureau of Soils has given

considerable attention to the production of soluble 
phosphates by means other than the usual method of 
treating phosphate rock with sulfuric acid.

Perhaps the most attractive and in many ways the 
most promising of these processes is that in which an 
intimate mixture of a natural phosphate, silica, and 
coke is smeltered at a high temperature, with the 
result that silicates of lime are formed and the phos
phoric acid volatilized and subsequently collected in 
some suitable manner. This process is really based 
on the method long in use for the manufacture of 
phosphorus, and in order to separate completely the 
phosphoric acid from the lime it is apparently necessary 
to have a sufficient quantity of reducing agent present 
to produce elementary phosphorus according to the 
equation

Ca3(P04)2 +  3Si02 +  SC = 3CaSi03 +  2P +  5CO. 

The phosphorus produced is subsequently burned or 
oxidized w’ithin or outside of the furnace b y carbon 
dioxide or air thus

2P2 +  5O2 =  2P .O 5 
or P2 +  5CO2 = P2O5 +  5CO.

It has been generally believed that the temperature 
and other conditions necessary to volatilize completely 
phosphorus and phosphoric acid from natural phos
phates could be attained only in the electric furnace,1 
and the Bureau’s early experiments were therefore con
ducted in furnaces of the arc type. As the results of 
these investigations have been described in previous 
articles, only a brief outline of the work is given in the 
present paper.

The first experiments were carried on in a rather 
crude electric furnace constructed at the Bureau’s 
experimental laboratories at Arlington Farm, Va., and 
here the Cottrell method of electrical precipitation 
was first successfully applied to the collection of the 
volatilized phosphoric acid. Ross, Carothcrs and 
Merz2 showed that by this means there could be ob
tained an acid of such high concentration that the 
added cost of manufacturing phosphoric acid by the  
volatilization process would be partly offset by the 
saving in transportation charges in shipping and 
distributing the product. Later a larger and more 
complete furnace with auxiliary apparatus was con
structed at Hoboken, N. J.

In reporting on this work Carothers3 showed that, 
assuming the price of electric power at $25 per h.-p. 
yr., phosphoric acid (P2O5) could be produced and 
recovered at a cost of 3.37 cents per pound exclusive 
of interest on investment, taxes, and royalties. B y  
using the acid thus obtained to treat more phosphate 
rock, however, a double superphosphate could be 
produced which brought down the price of the unit 
of soluble phosphoric acid very appreciably. The 
figures indicated that under the abnormal conditions- 
existing at that time, the cost per unit of phosphoric 
acid produced by the volatilization process compared 
favorably with the cost of this ingredient in ordinary 
superphosphate obtained by the sulfuric acid method.

> F . S. W a sh b u rn , U . S . P a te n ts  1 ,044,957 (1912); 1,100,639 (1914).
* T h is  J o u r n a l , 9  (1 9 1 7 ), 26 .
»Ibid., 10 ( 1 9 1 8 ), 3 5 .
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T a b ,  8 i  V o l a t i l i z a t i o n  0»  P h o s p h o r i c  A c i d  , r o m  M i x t u r e  o k  T r i c a l c i u m  P h o s p h a t e ,  S i l i c a  C o k e  a n d  A l u m in a  b y  S m e l t i n c  m  O r « «  a n d
T a b l e  I  V o l a t i l i z a t  m  a  D e n t a l  P u r k a c 8  b y  M e a n s  o f  I l l u m i n a t i n g  G a s  a ™  a n  A m  B l a s t  ^

P r o p o r t io n s  o f  M a t e r ia l s

S am ple C a4(PO 0a 
C ru c ib le  G ram s

SiO* AhOa 
G ram s  G ram s

C oke
G ram s

^—P e r c e n t a g e  C o m p o s it io n —> 
S iO î C aO  A hOa P 2O 5 C

12 A ........
12 G ------

C losed  (C lay ) 
O pen  (C lay )

2 0 .0
2 0 .0

1 6 .6
1 6 .6

5 .2
5 .2  1

4 0 .7
4 0 .7

2 5 .9
2 5 .9

0 .7
0 .7

2 1 .9
2 1 .9

1U.»
10 .8

12 N i . . .  
12 N ; . . . .
12 O ........
12 P .........

O pen  (G ra p h ite )  
O pen  (G ra p h ite )  
O pen  (C lay ) 
O pen  (C lay )

2 0 .0
2 0 .0
2 0 .0
2 0 .0

1 6 .6
1 6 .6
1 6 .6
1 6 .6

6 .6
6 .6

6^6

5 .2
5 .2  
4 .8  
5 .0

3 5 .1
3 5 .1
4 1 .1  
4 0 .9

2 2 .4
2 2 .4  
2 6 .2  
2 6 .1

1 4 .3
14 .3  
0 .7  
0 .7

1 8 .9
18 .9  
2 2 . 1 
2 2 .0

9 .3
9 .3  
9 .9

10 .3

12 Q ........ O pen  (C lay ) 2 0 .0 1 6 .6 6 .6 5*. 4 4 0 .7 2 5 .8 0 .7 2 1 .8 1 1 .0

12 R ____ O pen  (C lay ) 2 0 .0 1 6 .6 6 .6 5 .6 4 0 .5 2 5 .7 0 .7 2 1 .7 11 .4

I 2 i ........... O pen  (C lay ) 2 0 .0 1 6 .6 6 .6 5 .2 4 0 .7 2 5 .9 0 .7 2 1 .9 1 0 .4

1 2 j...........
12u..........

C losed  (C lay ) 
O pen  (C lay )

2 0 .0
2 0 .0

1 6 .6
1 6 .6

6 .6
2 .0

5 .2
5 .6

4 0 .7
3 8 .7

2 5 .9
2 4 .5

0 .7
5 .2

2 1 .9
2 0 .7

10 .4
10 .9

12i2........... C losed  (C lay ) 2 0 .0 1 6 .6 2 .0 5 .6 3 8 .7 2 4 .5 5 .2 2 0 .7 1 0 .9

12i$........ . O pen  (C lay ) 2 0 .0 2 0 .0 2 .0 4 .8 4 3 .6 2 3 .2 4 .9 19 .6 8 .7

12i6........ C losed  (C lay ) 2 0 .0 2 0 .0 2 .0 4 .8 4 3 .6 2 3 .2 4 .9 1 9 .6 8 .7

12 i7 .. . . O pen  (C lay ) 2 0 .0 2 2 .0 2 .0 4 .8 4 5 .9 2 2 .2 4 .7 1 8 .8 8 .4

1 2 ig .. . . . C losed  (C lay ) 2 0 .0 2 2 .0 2 .0 4 .8 4 5 .9 2 2 .2 4 .7 18 .8 8 .4

of
T e m p e ra tu re  T im e

» C. H rs.
1 0 .8  A bove 1400 0 .7 5  

A bove 1400 1

1200 
A bove 1400 
A bove 1400

A bove 1400 0 .7 5  4 .6 5

A bove 1400 0 .7 5  

1300 1

1300
1300

1300

1300

1300

1300

1300

PsOs
PaO i in  V o la ti-

S lag lized
C h a ra c te rP e r P e r  c e n t

ce n t of T o ta l1 of S lag
3 .2 4 8 9 .8 F lu id , g ray ish  b la ck
7 .2 0 7 6 .2 V iscous g ray . W h ite

bloom  on  su r fa c e 1
4 .9 2 8 0 .4 V iscous b lack
N o n e 1 0 0 .0 F lu id , b la ck
3 .3 6 8 9 .3 F lu id , lig h t g ra y
2 .2 2 9 3 .0 F lu id , l ig h t g ra y ;

b loom  on s u r fa c e 1
4 .6 5 8 4 .9 F lu id , lig h t g ra y ;

b loom  on  s u rfa c e 1
2 .4 5 9 2 .2 F lu id , l ig h t  g ra y :

b loom  on  su r fa c e 1
T ra c e 10 0 .0 F lu id , lig h t g ra y ;

la rg e  b lo o m 1
T ra c e 10 0 .0 F lu id , a ll s lag
5 .2 8 8 1 .3 V iscous lig h t g ray ;

b loom  on  s u r fa c e 1
1.91 9 3 .6 V iscous d a r k ;  no  

b loom
4 .2 6 8 3 .7 V iscous g ra y ; la rge

b lo o m 1
3 .5 2 8 6 .6 V iscous g ra y ; no

b loom
3 .9 0 8 4 .3 V iscous g ra y ;  la rg e

b lo o m 1
3 .7 5 8 4 .8 V iscous g ra y ; no  

b loom

than\a t^ffc|iiin^inixtiire?m̂ e^ opc^ ^ oti o? In^a^^^J^rophosiihate^^aiPiOrtfP^°nC

In a later investigation, W aggaman and Wagner* instances was equal to that of the underlying slag, 

pointed out that b y using the “ mine-run” phosphates 
of Florida, which in their natural state contain im
purities which preclude their treatment with sulfuric 
acid until they have been put through an elaborate 
washing and screening process, a great saving in 
phosphate could be effected and the cost of the soluble 
phosphoric acid produced therefrom very materially 

reduced.

It is assumed that the phosphoric acid distilling from 
the lower part of the mass recombined with or was 
fixed by the lime at the surface where oxidizing condi
tions prevailed, forming calcium pyrophosphate accord- 

ing to the following equation:

aCa^PCU):. +  P20 5 =  3Ca2P20 j

It was found, however, that when the fusion of the
 ----   . • rhxrop  was well under wav and the carbon or coke thus
The high cost of electric power ,»  t t o c o u n t , y ,  " “ s of molten slag, the covers of the

however, made it appear very desirable to test out the p . • c—
commercial possibilities of producing phosphoric acid 
for fertilizer purposes in a fuel-fed furnace, and, since 
crude oil is the cheapest and most accessible fuel for 
the phosphate regions of Florida, it was decided to 
undertake experiments with a view to producing phos

phoric acid by this means.
l a b o r a t o r y  e x p e r i m e n t s  

Preliminary work in the laboratory, ■where various 
mixtures were heated in a dental furnace b y means of 
gas and an air blast, showed that contrary to general 
Opinion the nearly complete evolution of phosphoric 
acid from a charge of calcium phosphate, carbon and 
quartz flour was perfectly feasible provided that reduc
ing conditions were maintained until a fusible slag was 
produced, and a temperature of approximately 15 °°  
C. was continued throughout the operation.

Table I shows in part the results obtained by heating 
such mixtures, with and without the addition of small 
amounts of aluminum oxide, in both open and closed

fire-clay crucibles.
An inspection of Table I will show that as a rule 

considerably better results were obtained where the 
crucibles were kept covered so that the oxidizing gases 
were not allowed to come into contact with the charge. 
When the crucibles were left open, it was noticed that 
a white crust or “ bloom” almost invariably formed 
over the slag and no matter how long the high tem 
perature was maintained this crust gave no sign of 
melting. The quantity of this crust in a number of

1 T h i s  J o u r n a l ,  10 (1918), 353.

crucibles could be removed without the formation 
of this crust and that the reaction continued in spite 
of the oxidizing conditions at the surface of the slag. 
The addition of small amounts of alumina to the charge 
seemed to aid the fusion somewhat, it being a well- 
known fact that the presence of this substance in 
limited amounts lowers the melting point of both acid 

and basic slags.
In most of these mixtures the ratio of silica to lime 

was approximately 39 to 61 per cent, but it was found 
later, in dealing with the natural phosphates of Florida, 
that ’better results could be obtained by varying these 
proportions according to the composition of the mineral 

used.
These laboratory experiments pointed almost con

clusively to the necessity of maintaining reducing 
conditions in the phosphatic charge until fusion has 
begun, and it appeared at first sight that the most 
practical method of doing so in a mass containing 
much finely divided material, such as the pebble phos
phates and the mine-run phosphates of Florida, was to 
heat the mixture in a separate chamber so that the 
oxidizing gases from the burning fuel would not come 
into contact with the charge until the latter had been 
brought to a state of incipient fusion.

l a r g e r  s c a l e  e x p e r i m e n t s

Accordingly in order to test this process on a semi
commercial scale, a fire-brick furnace of the type  
shown in Fig. 1, described by the senior author and
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others in U. S. Patent 1,282,994, was constructed at 
Arlington Farm, Va. This furnace comprised a cen
tral or inner chamber (holding about 150 lbs. of charge) 
open both at the top and bottom but constricted some
what at its lower end to prevent the charge from 
working through too rapidly. This chamber was 
supported on arches of carborundum brick above a 
hollow hearth intended to receive the molten silicate. 
The whole was surrounded by an outer chamber into 
the opposite walls of which were set two oil burners so 
placed that their flames played upon and around the 
lower part of the inner chamber, heating the charge 
by radiation through the 4-in. walls. Any fumes which 
were evolved from the smelting of the mass were to be 
drawn down through the charge chamber and passed 
together with the gases of combustion onto the Cottrell 
precipitator in order to collect the phosphoric acid.

F i g . 1— F u r n a c e  U s e d  i n  F ir s t  E x p e r im e n t s

This indirect method of heating the charge proved 
so inefficient and entailed such a loss of heat that after 
several trials lasting from 18 to 24 hrs. it was abandoned 
as impractical, and no molten slag was obtained, al
though a certain amount of phosphoric acid was driven 
off, and a sintered product obtained in the charge cham
ber. The experiments showed quite clearly that in or
der to make the process economically practicable the full 
calorific power of the fuel must be utilized, which can 
be done only by heating the charge directly in the 
flame. This conclusion only served to emphasize the 
problem of how to maintain the reducing conditions 
necessary for the volatilization of the phosphoric acid, 
when the maximum efficiency of the crude oil flame, 
or that of any other fuel, can only be obtained under 
oxidizing conditions. Moreover, the phosphates with 
which the experiments were being conducted are of 
such a character that it is impossible to handle them  
in a plant of the blast furnace type, as a flame cannot 
be forced through a mass of such finely divided ma
terial.

A t the suggestion of Professor Whitney, chief of 
this Bureau, the plan of spraying the phosphatic charge

into the furnace along with the fuel was then tried; 
one oil burner was entirely cut off and a concave 
baffle of carborundum brick built opposite the other 
burner. The charge was placed in a hopper from 
which it was mechanically fed through a screw conveyor 
and blown into the furnace against the baffle in a spray 
under an air pressure of 30 lbs. to the square inch. 
It  was found that if the charge was fed into the furnace 
very slowly a certain amount of slag low in phosphoric 
acid formed upon and ran down the wall of the baffle, 
but the vast bulk of the material, owing to its finely 
divided condition, was carried out of the furnace along 
with the gases of combustion and lost. After several 
trials with material of various degrees of fineness this, 
method was also abandoned.

B R IQ U E T T IN G  T H E  P H O S P H A T E  C H A R G E

It was then thought that perhaps the nodulizing or 
briquetting of the phosphate charge might present a 
solution of the problem, and experiments were begun 
on the briquetting of mixtures of finely ground pebble 
phosphate, sand and coke, using various binders such 
as solutions of magnesium chloride, calcium chloride, 
calcium sulfate, sodium chloride, sodium silicate, 
phosphoric acid, and an acid sludge from the refining 
of petroleum. Short cylindrical briquettes 1 in. thick  
and 1 in. in diameter were made in a mold under a  
pressure of about 1 ton, but none of the binders em
ployed proved satisfactory since the briquettes (either 
air dried or oven dried) shattered when dropped upon 
a stone table from a height of 1 to 3 ft. In 
the Florida hard-rock regions, however, the phosphate 
deposits in their natural state contain much soft phos
phate and clay-like material of considerable plasticity, 
and it was thought that possibly the binding qualities 
of this mine-run phosphate might prove sufficiently 
effective without the addition of any other ingredient.

T a b l e  I I — M e c h a n ic a l  A n a l y s is  o p  F i n e l y  G r o u n d  F l o r id a  P e b b l e  
P h o s p h a t e , M i n e - R u n  P h o s p h a t e , a n d  F u r n a c e  C h a r g e s  M a d e  u p  

f r o m  T h e s e  P h o s p h a t e s  
P e r c e n t a g e  o p  V a r io u s  S iz e d  P a r t ic l e s  i n  S a m p l e s  

F in e  
G r a v e l

a n d  M ed iu m  V ery
C oarse  S an d  F in e  F in e  S ilt C la y
S an d  D iam . S an d  S an d  D iam , D iam .
D la m . 0.5— D iam . D iam . 0.05— 0 .0 0 5 -

M a t e r ia l s  2 -0 .5  0.25 2 5 -1 .1  1-0.05 0.005 0 .000
A n a l y z e d  M m . M m . M m . M m . M m . M m .

1— F lo rid a  pebb le  
p h o s p h a te  (finely
g ro u n d ) ......................  0 .0  0 .0  2 0 .4  2 4 .8  3 6 .0  1 8 .8

2— M in e -ru n  p h o s
p h a te  from  h a rd
ro ck  reg io n s ............  0 .0  0 .2  3 0 .2  1 4 .6  2 1 .0  3 4 .0

3̂ —S am p le  1 m ixed  
w ith  fine ly  g ro u n d
s ilica  a n d  c o k e -----  3 .2  6 .4  3 6 .6  2 0 .2  2 7 .6  6 .2

4— S am p le  2 m ixed  
w ith  fine ly  g round
silica  a n d  c o k e . . . .  0 .4  0 .6  3 5 .0  1 8 .9  1 9 .5  2 5 .5

In order to compare the fineness of the washed and 
ground pebble phosphate with that of the mine-run 
phosphate, samples of each were ground in a ball mill 
and then submitted to the mechanical analysis em
ployed in this Bureau in connection with the classi
fication of soil types. Samples of these two phosphates 
mixed with the proper proportions of finely ground 
sand and coke to produce a charge suitable for furnace 
treatment were also analyzed in the same way. For 
results of these mechanical analyses see Table II.
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This table will show that the percentage of 
clay particles present (upon which the plasticity of 
the material largely depends) was nearly twice as 
great in the mine-run phosphate as in the sample 
of pebble phosphate, even after the two materials 
had been ground for several hours in a ball mill 
and passed through a 60-mesh sieve.

Experiments were then undertaken in briquetting 
samples of the original mixture except that the finely 
ground pebble phosphate was replaced in part and 
finally wholly by the mine-run phosphate. These 
charges in each case were mixed with 10 per cent of 
water and made into short cylindrical briquettes (1 in. 
in diameter) under a pressure of one ton.

The results of these tests1 are given in Table III.

T a b l e  I I I — S h a t t e r  T e s t s  o n  B r iq u e t t e s

R a t io  b e tw e en  th e  T w o 
P h o sp h a te s  in  C h arg e , P e r  C e n t

P ebb le
P h o sp h a te

100.0
9 0 .0
7 5 .0
5 0 .0
2 5 .0  

0 .0

M in e -R u n
P h o sp h a te

0 .0
10 .0
2 5 .0
5 0 .0
7 5 .0  

100.0

H e ig h t a t  W h ich  th e  
B r iq u e tte  S h a tte re d , F e e t 
A ir D ried  O ven  D ried
B r iq u e tte  

3
3
4 
4 
6 
9

B riq u e tte  
3
3
4 
6 
7

10

It is evident that a charge containing from 20 to 25 
per cent of finely divided material classed as clay can 
be formed into very satisfactory briquettes, but it was 
decided that the size of those used in the first tests 
was somewhat small for furnace treatment, so a larger 
mold was made and a round briquette 2 in. in diameter 
used in the next furnace experiment. The tediousness 
of preparing a sufficient number for a protracted run, 
coupled with a desire to test thoroughly the efficiency 
of the natural binder, prompted the writers to make 
arrangements with the Lehigh Coal and Navigation  
Co., of Lansford, Pa., to use their coal briquet
ting machinery on this phosphate mixture. This 
company kindly consented to turn over their bri
quetting plant for the experiment, and accordingly 
a half ton of the mixture was crushed to pass a 10- 
mesh screen, thoroughly mixed with xo per cent of 
water and shipped to Lansford in • air-tight barrels. 
Without any further treatment it was charged into 
a screw conveyor and fed directly to the hopper above 
a press of the Belgian Roll type. Very satisfactory 
briquettes in the shape of eggets (2.25 x 2' x 1.5) 
were produced which on drying withstood a drop of 
6 ft. upon a cement floor without shattering.2

D IR E C T  H E A T IN G  O F  B R IQ U E T T E D  C H A R G E

The furnace was then so modified that a portion of 
the flames and hot gases of combustion from the oil 
burners would play up through the central shaft and 
thus heat the charge of briquettes directly. The 
burners were lighted at 8  a .  1 1 . and run steadily until 
6 p. m., when a reading with an optical pyrometer was 
made which showed a temperature of over 1300° C. 
on the hearth. A  few lumps of coke were then dumped 
into the shaft followed b y 3 2 lbs. of briquettes. Within 
10 min. fumes of phosphoric acid began to be evolved,

1 T h e se  e a rly  b r iq u e ttin g  ex p e rim en ts  w ere m a d e  b y  M r. L . A. S te in - 
koenig, w ho  h as  since resigned  from  th e  D e p a r tm e n t of A gricu ltu re .

2 T h e  w rite rs  w ish  a lso  to  exp ress  th e ir  a p p re c ia t io n  of th e  co u rte sy  
e x ten d ed  b y  th e  G en e ra l B riq u e ttin g  C o ., of N ew  Y o rk  C ity . T h is  co m 
p a n y  n o t  o n ly  m ade a  n u m b e r of ex p e rim en ts  in  b r iq u e ttin g  th e  p h o sp h a te  
ch a rg e  b u t  a lso  b r iq u e t te d  a  to n  of m a te r ia l used  in  la te r  ex p e rim en ts.

and this continued for over an hour. A t 7.45 P .  M . 

a few more lumps of coke were added followed b y 32 
lbs. of briquettes. Copious fumes were evolved about 
15 min. later which gradually grew less dense until 
at 8.50 p. u. (one hour later) another charge of 
34 lbs. was added. This was followed b y a fourth 
charge of 33 lbs. at 9.03 p. m. The heat was continued 
until 12:00 midnight when the optical pyrometer gave  
a reading of 1470° C. on the hearth. The burners 
were then shut off and an attem pt made to tap the 
furnace, without success, due to the viscous nature of 
the slag produced.

After the furnace had cooled down, the slag was dug 
out and its phosphoric acid content determined. An 
average sample of the slag showed 11.52 per cent 
P2O5 while that which was more glassy and better 
fused contained only 3.53 per cent of PjOa- It was 
found that some of the briquettes which had not been 
fused were covered with a thin white glaze. This 
glaze evidently protects the carbon in the mass from 
the oxidizing gases until fusion takes place, for upon 
breaking the briquettes the coke was found unaltered, 
although they had been in the furnace several hours.

F i o .  2— E f f e c t  o f  t h e  D ir e c t  O il  F l a m e  u p o n  P h o s p h a t ic  B r iq u e t t e s  
JUST BEFORE FUSION T a KGS PLACE. N O TE THE UNALTERED 

C o k e  C o n t a in e d  w i t h in  t h e  M a s s

The effect of this direct heating on the briquettes before 
they are actually fused can be seen in Fig. 2. On the 
right are the briquettes as they appear before being 
charged to the furnace, and at the left of the picture 
are shown those which have been exposed to a high 
temperature for several hours bu^ not sufficiently 
high to cause them to melt. In the center are shown 
some of these latter briquettes broken open. It will 
be noted that there is a sharp line of demarkation 
between the thin glaze of the oxidized exterior of the 
briquettes and the interior containing the unaltered 

coke.
It was unfortunate that the furnace used was of such 

a type as to be ill adapted to the change from the 
indirect to the direct method of heating the charge. 
This fact accounts in part for the long time required 
in attaining a smelting temperature. With a view to 
overcoming this difficulty, firebrick “ annexes” were 
built on each end of the furnace and the burners thus 
placed further from the charge chamber so that the
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oil would have a better chance for combustion. The 
iron plates holding the burners were replaced b y cast 
iron water jackets to avoid the danger of injuring the 
burners, and a coil of pipe imbedded in a coke fire was 
also placed between the blower or fan and the furnace 
so that the air required for the combustion of the oil 
could be preheated before it was delivered to the 
burners.

The first test (No. 2, Table IV) made with these 
changes in the furnace was unsuccessful due to the 
cracking of the cast iron water jacket around one of 
the burners which made it necessary to close down 
after a few hours’ run. But the second run (No. 3, 
Table IV) was very encouraging, since phosphoric 
acid was copiously evolved but the temperature 
attained was not quite high enough. The third test 
(No. 4, Table IV ) was more successful while it lasted, 
but during the last hour of the experiment the charge 
chamber collapsed and the burners had to be shut off 
before the last of the charge was fully smelted.
T a b l e  IV — R e s u l t s  O b t a i n e d  i n  S m e l t i n g  B r i q u e t t e s  M a d e  o p  M in e -  

R u n  P h o s p h a t e ,  S a n d  a n d  C o k e  i n  a  S h a f t  F u r n a c e  H e a t e d  b y  
C r u d e  O i l  

T im e  P jO s
a f t e r  in  b r i-  PsOs

B r i q u e t t e s  F i r s t  T e m p .  A ir  q u e t t e s  PjO# V o la ti l iz e d ,
C h arg e d  C h arg e , to  Oil T e m p . A tta in e d  P e r  in S lag  P e r  C e n t 

T e s t  L bs. H rs . B u rn e r , ° C . in  F u rn a c e , ° C . C e n t  P e r  C e n t of T o ta l

1 153 6 . 5  15 O v er 1400 2 0 .4 6  { *3 ' 531 s s '8 2
2  97  1 100 to  1 50 A pprox . 1400 2 0 .4 6  1 K 3 6  51L 19

3 110 6 2 0 0  to  2 7 0  1 500  2 0 .4 6  { 5 3 '  j g

4  105 3 . 5  2 5 0  to  3 0 0  1 500  2 0 .4 6  {

1 B u lk  o f  s la g .
5 E v id e n tly  b e t te r  fused  slag.
s P a r t  of th is  slag  w as le f t in  th e  fu rn ace  from  th e  p rev io u s  te s t  a n d  its  

p h o sp h o ric  ac id  c o n te n t fu r th e r  red u ce d  b y  th e  la s t  h e a tin g  of th e  fu rn ace .

While it was only in the last run of the furnace that 
a slag was obtained nearly free from phosphoric acid, 
it appeared evident that by exposing the charge to a 
high temperature for a sufficient length of time nearly 
complete evolution of phosphoric acid could be brought 
about.

F i g . 3 — N e w  O i l  B u r n in g  F u r n a c e  w it h  A u x il ia r y  A p p a r a t u s

The erection of a furnace better adapted for the 
treatment of the material and for the more efficient 
utilization of the heat of the burners was then begun. 
Auxiliary apparatus for burning of any combustible 
gas evolved and heating of the air to the burners by  
waste gases was constructed, and the whole system

connected with a Cottrell precipitator for the collection 
of the volatilized phosphoric acid. This furnace 
(shown in Fig. 3) holding 700 lbs. of charge was com
pleted early in January 1920, but adverse weather 
conditions and certain necessary changes in the equip
ment have delayed its running. Only one short test 
has been made so far, and the breaking of the belt to 
one of the motors made it necessary to cut off the 
burners before the experiment was completed. The 
results obtained in this short run, however, have con
vinced the workers that the form of the furnace is well 
adapted for the purpose and the principle used appar
ently sound. It is expected that interesting and 
valuable data will be obtained within the next few 
months which will show the commercial practicability 
of this process.

E C O N O M IC  C O N S ID E R A T IO N S

It is too early yet to prophesy the cost of producing- 
phosphoric acid from mine-run phosphates by this new 
process, or to compare this method with that long in 
use for manufacturing soluble phosphates for fer
tilizer purposes. Certain advantages of this new 
process over the old sulfuric acid method, however, 
are so evident that they hardly need pointing out. 
For example, only high-grade phosphate rock con
taining a maximum of 4 or 5 per cent iron and alumi
num oxides are at present used by the fertilizer 
manufacturers in producing acid phosphate. In order 
to obtain rock of this grade in Florida an elaborate 
washing and screening process is employed. This  
combined washing and screening process entails great 
losses of finely divided phosphate material which is 
discharged along with the impurities contained in the 
phosphate beds. The losses of phosphate thus en: 
tailed are fully twice as great as the quantity marketed 
and although much work and considerable money has 
been spent upon the problem, no mechanical or chemical 
method has yet been devised which will separate the 
phosphate from these impurities. It appears pecu
liarly fortunate that much of the material in the hard 
rock regions of Florida as it occurs in the mines has a  
composition almost ideally fitted for this furnace 
treatment. Instead of requiring reinforcement or 
enrichment by the addition of higher grade phosphate 
much of it must be brought to the desired composition 
by the addition of silica or sand, of which there is an 
unlimited supply at hand throughout the phosphate 
area. It will be seen, therefore, that the saving which 
can be effected by cutting out the expensive washing 
and screening plants, coupled with the advantage of 
prolonging the life of the phosphate deposits, will go- 
far towards offsetting the additional expense, if any, 
involved in the preparation of the briquettes and the  
use of oil fuel rather than sulfuric acid as a reagent to  
convert the phosphoric acid into a soluble or available 
condition. Moreover, the product obtained is so 
concentrated that it can stand the expense of much 
longer shipments than the ordinary acid phosphate 
(which contains at best only from 16 to 18 per cent of 
soluble phosphoric acid) and by combining this con
centrated phosphoric acid with ammonia and potash, 
fertilizers of the highest grade can be produced.
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IN VESTIG ATIO N S ON ZIRCO N IU M 1 

By J. W . Marden and M . N. Rich
U . S . B u r e a u  0»  M i n e s ,  G o l d e n ,  C o l o r a d o  

R ece iv ed  M a rc h  29 , 1920

I — P R E P A R A T IO N  O F  Z IR C O N IU M  O X ID E

In the past two years much interest has been shown 
in zirconia as a refractory and in zirconium alloys. 
The demand for purified zirconium oxide has exceeded 
the very limited production. The following material 
is an abstract of a portion of a report2 submitted on 
this subject.

Although there is some supply of zircon sand to be 
had in this country, most of the experimental work 
recorded below has been done on the Brazilian ore 
(zirkite). The American zircon sand is relatively 
impure (40 to 60 per cent Zr02), and is much more 
difficult to get into solution than the Brazilian ore 
which consists of a mixture of zircon (ZrSiOO and 
baddeleyite (Zr02), having about 73 to 75 per cent 
Zr02.3

The following methods have been employed in de
composing zirconium ores:

1— Fusion with NaHSOt, commercial niter cake, etc.4

2— Fusion with caustic soda or soda ash together with sodium 
peroxide.6

3— Fusion with NaHFa or treatment with hydrofluoric acid.6

4— Ignition with charcoal and subsequent chloridizing.7

5— Electric arc fusions of zircon, CaO and carbon, leaching 
with water and chloridizing of the residue.8

T a b u ! I — E f f i c i e n c i e s  o f  V a r io u s  F u s io n  A g e n t s  o n  Z i r k i t e  
F u sio n  R a tio  of F u sio n  T im e  of P e r  ce n t
M ix tu re  M ix tu re  to  O re F u s io n  D ecom posed

K N O ? J .................................  l }  ' 1 1 h r . C le a r  liq u id  fu s ion  50

C o n c .H iS O t, 1 8 0 ° -9 0 °C . 10 : 1 D igested  0 .5  h r. 15
C one. HsSO«, bo ilin g .... 4 : I D ig es te d  5 h rs . a n d  h e a te d  to  80

d ry n ess
C one. H F . ........................  1 0 :  1 Boiled to  d ry n e ss  tw ice  70
K aaS sO i..............................  10 : 1 1 h r . C le a r liq u id  fusion  60

In c o m p le te

N a iC ^ .................................  :  ̂ 20 m in . C le ar fu s io n  100
N a C l ....................................  10 : 1 1 h r . C le a r  fu s ion  V ery

In c o m p le te

N a O i? 3...............................  2 } : * 0 .5  h r . C le a r  fu s ion  90

NaOH**...............................  2 } : 1 i h r . C le a r  fu s io n  100
N ajC O s...............................  4 ) > H ig h  te m p e ra tu re  a n d  con-
N ajB i0 7 .IO H 2O (bo rax ) 1 ) ' * tin u e d  fu s ion  necessa ry

fo r c o m p le te  d ecom posi
tio n

N a F .....................................  5 : 1 0 .5  h r . 100

After the ore is decomposed (with one exception) 
the zirconium is brought into solution and the hydrox
ide precipitated and converted into the oxide by igni
tion. The oxide is further purified by dissolving in

1 P u b lish ed  b y  p erm ission  of th e  D ire c to r  of th e  B u rea u  of M ines.
2 T h e  fu ll re p o r t w ill be  p u b lish e d  b y  th e  U . S. B u rea u  of M in es  in  th e  

n ea r fu tu re . T h a n k s  a re  d u e  to  D r. R . B . M o o re  a n d  D r. S . C . L in d  fo r 
th e ir  a id  a n d  ad v ice  d u rin g  th is  w ork .

a F o r  a  d iscussion  of th e  m in in g  a n d  c o n c e n tra tio n  of th e  B raz ilian  
o re  see M ey er, Foole M in era l N otes, N o v e m b e r  29, 1916.

* F ra n z , B er., 3 (1870), 58.
B B erzelius, A n n . M in e s , [ I ]  12 (1826), 297; S ch io tz  ("S u g g es ted  U se 

of N a iO i fo r A n a ly tica l W o rk ” ) ,  T id skr ift . Kern. F arm . T era p i, 14 (1917), 
256.

6 R ose , A n n . ch im . p h y s ., [3] 60 (1860), 260; M a rig n a c , Ib id .,  
13] 60 (1860), 257.

7 T ro o s t, C om pt. rend., 116 (1893), 1227, 1428; M oisson  a n d  L eng- 
fe ld , Ib id ., 122 (1896), 651.

• T ro o s t, Loc. cit.

acids and reprecipitating, or by recrystallization of a 
salt such as the oxychloride. M any trials of these 
methods were made on quantities of ore varying from 
one gram up to 10 lbs. (See Table I.)

These trials were made on small samples. On larger 
samples a longer time of fusion was necessary and in 
some cases stirring hastened decomposition.

On a commercial scale, the use of fluorides and salt
peter is expensive. The treatment of the ore with 
lime and coke and subsequent treatment with chlorine 
was attended with poor results, due partly to the 
small amounts of zirconium made soluble and partly 
to the difficulty of finding apparatus which would 
withstand the chlorine at the high temperature required 
for satisfactory chlorination.

The results of several trials in which zirkite ore has 
been fused and Zr02 subsequently produced with some 
success are described below.

( 1 )  C A U S T IC  S O D A , S O D A  A S II  F U S IO N  A N D  P R E C I P I 

T A T IO N  w i t h  S02— One pound of zirkite (100 mesh) 
was sifted into a thoroughly fused mixture of 3 parts 
of N a2C 03 and 3 parts of NaOH. The fusion was 
continued for 1 hr., the mass cooled, crushed, and 
lixiviated three times with hot water. The filtered, 
washed residue was digested with 1 : 1  HC1, the 
solution filtered and diluted. The acid was neutralized 
as nearly as possible with soda ash without incurring 
precipitation and S02 passed into the hot solution. 
The precipitate yielded 0.5 lb. of nearly white oxide 
containing 9S per cent Zr02, about 70 per cent of the 
theoretical quantity. The total cost for this produc
tion, exclusive of labor and equipment, is about forty 
cents a pound.

( 2 ) P H O S P H A T E  M E T H O D  O F  P R O D U C T IO N  O F  Z r 0 2 — • 

Ten pounds of niter cake were fused and one pound 
of zirkite (100 mesh) was sifted into the liquid melt. 
The fusion was continued for 1 hr., the mass cooled, 
crushed, and extracted with hot water. The liquid 
was filtered, some sodium peroxide and a small cal
culated excess of sodium phosphate added. The  
zirconium phosphate was filtered in a filter press, 
dried, and fused with 3 parts of caustic, soda, crushed, 
leached with water, filtered, and the residue treated 
with diluted H C1 to remove the iron and aluminum. 
The residue was dried and ignited. It gave a white 
oxide of 98 per cent purity at a cost of about forty  
cents a pound. A  60 per cent yield was realized.

(3) b a s i c  s u l f a t e  m e t h o d — One pound or a larger 
quantity of ore was slowly heated with four parts of con
centrated H2SOj until free of fumes and the temperature 
gradually raised to 650° C. After cooling the flour
like residue was extracted with 50 parts of cold water, 
filtered, and sodium carbonate added to neutralize any 
free acid until the zirconium hydroxide just began 
to form. The solution was allowed to stand for 
3 or 4 days, during which time the basic sulfate 
4Zr02-3S03.i4H20  gradually separated out. When 
this was ignited a very high-grade Zr02 was obtained, 
which in one case contained 99.84 per cent Zr02 and 
was free from any determinable trace of Si02. Exclu
sive of labor and equipment the cost for the production
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of 1 lb. of oxide by this method was about twenty 
cents.

(4) O X Y C H L O R ID E  C R Y S T A L L IZ A T IO N  M E T H O D  This
method was tried in several cases for the purification 
of zirconium compounds but it was found to be both 
too tedious and expensive for commercial work.

I I  P R E P A R A T I O N  O F  P U R E  P O T A S S IU M  F L U O R Z IR C O N A T E

A N D  T H E  C R Y S T A L L IN E  Z IR C O N IU M  A L U M IN U M  

A L L O Y S

Before pure metal can be prepared, the principal 
object of the investigations, pure zirconium oxide or 
zirconium salts, must first be obtained. Even the 
oxide prepared by the basic sulfate method of crystal
lization contains various impurities. The quickest 
and most satisfactory method of purification is by  
means of successive crystallization of K 2ZrFe, previously 
described by M arignac1 and others.

The K 2ZrF6 is prepared b y dissolving Zr02 in hydro
fluoric acid. This was done in the present work in 
lead vessels made for the purpose having a capacity  
of one to two gallons.

After heating, the oxide gradually dissolves and a 
clear solution is obtained. This is diluted and filtered 
(using a rubber funnel) into a clean lead dish. It 
should not come in contact with glass on account of 
the formation of fluorsilicates.

A filtered solution of C. P. potassium carbonate is 
added in sufficient quantity for the complete formation 
of all the K 2ZrF6, but not enough to neutralize all of the 
free acid. If too much K 2C O 3 is added the zirconium 
is precipitated as the hydroxide, and more hydro
fluoric acid is needed. Potassium carbonate should 
be used in place of potassium hydroxide because of 
its greater freedom from sodium salts. The sodium 
fluorzirconate is very insoluble and cannot be easily 
recrystallized.

The solubility of the potassium salt varies consider
ably with the temperature, as is shown from the follow
ing figures:

T e m p . 0 
100 
20 
18 
0

C .
G . in  100 cc. H sO  

K jZ rF« N ajZ rF a
2 5 .0  1 .67
1 5 .0

0 .3 8
0 .7 8

After cooling the hydrofluoric acid solution prepared 
above, the crystals of K 2ZrF6 are filtered off. The  
crystals are redissolved in hot water containing a little 
hydrofluoric acid, filtered while hot, and allowed to 
cool. The crystals of K 2ZrFc again separate.

Starting with 98 per cent Zr02, three crystallizations 
yield a perfectly white crystalline salt which analyzed 
32.10 per cent (theoretical: 32 per cent) Zr. A one- 
gram sample did not contain enough of either iron 
or titanium to give distinguishable colorimetric reac
tions after the fluorides had been removed and the 
salt was considered to be of at least 99.99 per cent 
purity.

In the production of zirconium metal the so-called 
“ crystalline zirconium” alloy has also been used. 
This alloy has often been mistaken for zirconium metal 
on account of its great stability toward chemical

1 Loc. cit.

agents and oxidation. It has been prepared by the  
method of Weiss and Newman.1

Recrystallized K 2ZrF6 is fused in a graphite dish, 
in a gas furnace. In this investigation bored-out 
graphite sticks in the shape of deep cylindrical vessels 
were used. A temperature of about 900° C. is neces
sary to get a clear liquid. When the fusion is com
plete 1.5 times its weight of aluminum are added, a 
little at a time. During these additions a vigorous 
reaction takes place. When the reaction is finished 
the heating is continued for 10 to 20 min., the whole 
mass covered with a layer of sodium and potassium 
chlorides, and allowed to cool. When the dish is 
broken the aluminum alloy is found collected free of 
salt in the bottom of the dish. Flat plate-like, appar
ently monoclinic, crystals are to be seen on the surface. 
The alloy is carefully cleaned off, broken up with a 
chisel and treated with strong solutions of caustic 
soda u n til. no more aluminum will dissolve. The 
residue is separated by decantation and filtration, 
then boiled with successive portions of 1 : 1 hydro
chloric acid to remove the zirconium hydroxide which 
forms.

On filtering and drying the residue it is found to 
consist of silver-white crystals about 0.5 to 1 mm. 
across, and about as resistive to chemical action as 
zirconium metal itself. The more silicon impurity 
present the larger the crystals. The following is an 
analysis of this material:

P er  c e n t
A1................................................................ 30
Z r ................................................................  68
F e , S i, sm all a m ts . T i, e tc .................  1 .0

T o t a l .............................................. 9 9 .0

A much purer product showed the following analysis:

P e r  ce n t
A1.............................................................. 2 9 .9
Z r .............................................................  7 0 .0 0
F e ............................................................. 0 .0 3
S i ..............................................................  0 .0 5
T i, n o t en o u g h  to  d e te rm in e

Total..........................  9 9 .9 8

Since the K 2ZrFe can be prepared in very pure condi
tion, the purity of the crystals is governed very largely 
by the purity of the aluminum metal used. The
so-called C. P. aluminum metal rarely runs over 99.5 
per cent Al, the principal impurities being iron and 
silicon.

This aluminide (ZraAl<) may be prepared in impure 
condition directly from zirkite by fusing the ore with 
sodium fluoride and then adding the aluminum. The  
treatment of the alloy (with caustic soda) after cooling 
is as above. Following is an analysis of this product, 
where a part of the aluminum is replaced by silicon:

P e r  c e n t
A l.............................................................  13 .10
Z r . ...........................................................  74 .4 7
F e .............................................................  0 .8 4
S i.............................................................. 11 .15
T i, n o t d e te rm in ed

Total..........................  9 9 .7 6

A crystalline silver zirconium alloy may also be 
prepared by the alumino-thermic reduction.

1 Z . artorg. C hem ., 65 (1910), 248.



nv  m r a s i i i H  m f t a t  form the white coherent metal, looking like iron steel, a
I I I  P R E P A R A T IO N  O F  Z IR C O N IU M  m e  little above i6oo° in a high vacuum in an atmosphere of

T h e  lite r a tu r e  re fers  to  fo u r  v a r ie t ie s  of z irco n iu m  exceedingly dry and pure hydrogen. If a small amount of air

„ e . a l ;  a m o rp h o u s, c r y s ta llin e , g r .p h it o ld a l ,  and  sin- ¿ ¿ g m *  8 5  5 & S & J 5
tered. T h e  p ro p ertie s  g iv e n  fo r  th e se  v a r ie tie s  of Ic000. When heated to 1000° C. the amorphous black metal
m etal b y  v a r io u s  a u th o rs  d iffer w id e ly . T h e  h is to r ic a l changes to gray-colored material, taking a metallic polish,
referen ces h a v e  b een  o m itte d  fo r  th e  m o st p a rt fo r th e  Hardness: Soft, velvety. Ignited above 1000° C. granular

, , , - Luster: Metallic when polished. When pressed into sticks
sake 01 b re v ity . at a high pressure and polished it has the appearance of a

T h e  fo llo w in g  m e th o d s h a v e  b een  e m p lo y e d  fo r th e  gray  metai.
p ro d u ction  of th is  m e ta l: Melting point: About 1600° C.

a amorphous— (1) Reduction of KjZrF« with sodium metal in Occlusion of gases: This material absorbs or occludes gases
an ron tube^ (2) Passing ZrCl, over heated sodium m etal- very readily. It also seems to have much affinity or moisture
/ \ r> , 7 )/, n  ... » Specific gravity: About 4-0. The specific gravity vanes with
(3) Reduction of Zr0 2 with calcium metal. t [le amount 0f heating. The amorphous metal when heated

b . c r y sta ll in e4— Reduction of K^ZrFj with large excess in the high vacuum furnace gradually shrinks and the specific
aluminum metal in a graphite dish. This so-called crystalline gravity increases until coherent metal is (Atained, which

, 11 r 1 1 ha<? a SDecific cravitv of more than 6.0. rhe amorphous
zirconium has been shown to be an alloy of aluminum and zir- metal ag ordinarily prepared has a specific gravity of about
conium. 4.0.

c. GRAPiiiToiDAL— The interaction of sodium zirconate and Volatility: Does not volatilize at 2000° C. in a vacuum of
iron is said to yield this variety5 of the metal. A fter repeated 1 to 2 mm.
failures in attempting to prepare it the conclusion is drawn that chemical
t h e r e  is no such varietv Combines readily with chlorine at low red heat; in nitrogen

y. . . .  it burns to nitride at dull red heat. When heated m the air to
d . sin ter ed6— In most cases the authors have introduced a dull red heat, it burns to the oxide with a white incandescence,

the word "coherent” for this variety of metal. It is readily soluble in hydrofluoric acid even when dilute. It
is slowly soluble in 1 : 1 hydrochloric acid. It is slowly soluble

1— Alumino-thermic reductions produce coherent metal. ¡n nitrjc acid but more readily soluble in sulfuric acid. It
2— Heating the amorphous product obtained in A -3  yields dissolves in the ordinary fusion agents such as potassium bisul-

, , ,  s . % ‘ , . . ,  fate, caustic soda, etc. Amorphous zirconium formed b y the
small lumps or granules of partly coherent metal. reduction of K jZrF , with sodium will dissolve in water, forming

3—-Reduction of ZrOs with carbon yields Zr metal mixed with bluish colloidal solutions which readily pass through the filter
carbide. paper.

In  th e  e x p e rim e n ta l w o rk , a ll o f th e se  m e th o d s h a v e  T h e  co h eren t m e ta l w a s  p re p a re d  a lu m in o - 
been tr ie d  in  th e  p ro d u c tio n  o f th e  am o rp h o u s an d  th e rm ic a lly  in  sm a ll b e ad s w h ich  sh o w ed  th e  fo llo w in g

coheren t v a r ie tie s  of zirco n iu m . a n a ly se s: v_______ p e r c e n t________ .

T h e  a m o rp h o u s m e ta l h as been  p re p a re d  b y  th e  _ ................................................... 9 9 . 40 9 9 .5 0
- . .  , ,  1 T i ........................................ 0 .4 5  0 .4 0
fo llo w in g  m e th o d s: F e . .............................  0-01 002

1— Reduction of K 2ZrFt in an evacuated iron tube with a A1 a n d  Si, by d if fe re n c e ...  -
small excess of sodium. This takes place on heating the tube T o t a l ................................ 100.00  100 .00

to a dull red heat. The mass is cooled and extracted with dilute ^  ty p ic a l  ch a rg e  fo r  th is  a lu m in o -th erm ic  re d u c -
hydrochloric acid until all the salts are removed. Samples were ^  ^  ̂  ^
prepared containing 98 per cent zirconium.

2— Reduction of K 2ZrF6 with aluminum in the Arsem vacuum K o o j V . ' . V . . . . . . • 3° *•
furnace, in which the excess salts were distilled away, yielded a    -to g.

good grade of amorphous zirconium contaminated with some ^  m a te ria ls  ^  first p u rifie d, th o ro u g h ly  m ixed

a ummum. ... , . . a n d  fin a lly  fired in  a fire -cla y  cru cible.
Reduction of Zr02 with aluminum will under certain con- «nfi J  metat was also prepared in the

ditions yield an impure amorphous metal. Arscm furnace in an evacuated atmosphere of very

properties of amorphous zirconium pure, very dry hydrogen b y the reduction of K 2ZrF6
physical with’ aluminum. ' This method is that used in the

Atomic weight: 90.6 (taken from literature). reduction to the amorphous, but this amorphous
Alloys: With one exception does not form alloys under leaucnon t +„ „„t, ’ ,,_w  t hp evacuated

ordinary conditions. Can be alloyed by heating with aluminum. metal cannot be made to cohere unless the
Does not form amalgams. a tm o sp h e re  in  th e  fu rn a ce  is  e n tire ly  free  fro m  m ois-

Boiling point: Very high. turc and air. The following is an analysis of this
Corrosion: Remains unchanged at ordinary temperatures „„*01.

although when suspended in water it apparently reacts slowly to • Pcr ccnt
f o r m  t h e  h y d r o x i d e .  F e  an d  s i    0 .2

Color; Black; heated above 1000° C . gray, metallic. a i .............................................. 99bsf nt
Electrical conductivity: V ery low: black amorphous non- Zr................................... —

co n d u c to r . ■ T otal..........................................99.7
Fusibility: According to Wedekind, it partly sinters at 10000  , ,

C. although we have never observed fusion at any such C o h e re n t m e ta l w as also  p re p a re d  b y  a rc in g  
low temperature. T he material apparently runs together to p ressed s t ic k s  of th e  cr y s ta llin e  z irco n iu m -a lu m in u m

1 B erzelius, A n n . P h y s . c k tm .  (P o g g .) , 4  (1825), 1 2 4 : 8 (1826), 186. a llo y  in an e v a c u a te d  atm o sp h e re  of h y d ro g e n .
1 T ro o s t.  C om pt. rend ., 61 (1865), 109.
■ W ed ek in d , A n n . ,  39S (1913), 149. P R O PER TIES OF CO HEREN T ZIRCONIUM
4 W eiss a n d  N ew m an , Z . anorg. Chent., 65 (1910), 248; A m t J . S e t .,  PHYSICAL

[4] 29 457; J .  Soc. Chem. In d .,  29, 2 1 8 . Alloys: Does not dissolve in lead, tin, or silver by simply
• ™ ' a n d ° ‘ w l k i n d ,  U .S .  P a te n t  1.088,909 (1914). heating above the melting point of the respective metal.
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W ill alloy with silver, aluminum, and iron when heated 
above the melting point of zirconium in the Arsem furnace. 
Alloys of silver, iron, nickel, or aluminum are easily made b y  
■simultaneous reductions at high temperatures (Goldschmidt’s 
process). Does not form amalgams.

Corrosion: Does not rust or tarnish on long standing in the 
laboratory but when polished remains bright white like 
polished nickel.

Color: White metallic.

Electrical conductivity: Fairly good conductor. Probably less 
than that of iron.

Fusibility: Can be readily fused under the proper conditions
aw ay from the air at about 1600° C.

Hardness: About 6-7 on the Molis scale. The hardness 
varies with the method of preparation and purity of 
samples. The pure samples were less hard than the more 
impure metal. In all cases the metal would readily scratch 
glass. As would be expected with a metal of this degree 
of hardness it is also quite brittle and can easily be broken 
by lightly pounding with a small hammer. The metal is still 
very hard although less brittle at a red heat. The hardness 
011 the Shore sclcroscope is 40 to 45.

Luster: W hite metallic. Takes a fine polish like nickel.

Melting point: About 1600 0 C. The U. S. Bureau of Stand
ards has found the melting point of the metal from 1400° 
to 2200° C. as it was prepared by various authors. In 
recent trials the metal prepared appears to melt very close to 
1600° C. in an atmosphere of pure dry hydrogen.

Occlusion of gases: When samples of zirconium are fused in 
pure dry hydrogen and rapidly cooled, a phenomenon similar 
to the so-called "spitting” of silver is observed. When silver 
is fused it dissolves oxygen and on cooling the oxygen is 
evolved, causing the "spitting” and leaving the metallic mass 
porous. The zirconium, when similarly treated in hydrogen, 
shows the same porous appearance. This porosity is not ob
served in samples prepared by the Goldschmidt process.

Specific Gravity: Partially sintered amorphous zirconium 
■shows a specific gravity of 4.39. The specific gravity of 
the alumino-tliermic, 99.5 per cent zirconium is 5.55, while 
the specific gravity of 99.5 per cent coherent metal pre
pared by the reduction of KjZrFo with aluminum was found to 
be 6.06. The specific gravity of zirconium, as with other 
metals, varies with the method of treatment.

C H E M IC AL

The white metal is much less chemically active than the 
amorphous metal. It does not react with chemical reagents 
readily at ordinary temperatures. This variety of the metal 
in a solid piece can be heated to a bright red heat in the blast 
flame with no more than a very thin bluish superficial surface 
oxidation. It can be burned in the air by heating to a white 
heat in the finely divided condition. It is insoluble in all acids 
except aqua regia and hydrofluoric acid. The metal dissolves 
easily in hydrofluoric acid ( 1 : 1 )  but it takes at least 5 hrs. to 
dissolve one gram of the solid metal by digesting in an excess of 
aqua regia. The metal is not readily dissolved by fusion with 
bisulfates, caustic soda, etc.

IV — C O M P A R IS O N  O F  T H E  M E T H O D S  O F  A N A L Y S IS

O n a tte m p tin g  th e  a n a ly s is  o f z irco n iu m  ores b y  
th e  d ifferen t m e th o d s in  th e  lite r a tu r e  v e r y  co n flic tin g  
re su lts  w ere  o b ta in e d . F o r  e x a m p le , a  sa m p le  of 
z irk ite  ore g a v e  th e  fo llo w in g  p ercen ta g es  of Z r 0 2 b y  
d iffe re n t m eth o d s:

T a b l e  I I — A n a l y s is  o f  Z i r k i t e  O r e  b v  D i f f e r e n t  M e t h o d s

W e ig h t of O re W e ig h t of W e ig h t of
M e th o d (o r A liq u o t) P h o sp h a te ZrO j Z rO j

E m p lo y ed G . G . G . P e r  c e n t
P h o s p h a te .................. .......... 0 .0 8 5 3 0 .1 2 1 5 0 .0 6 2 6 7 3 .3

0 .0 7 0 7 0 .1 0 1 0 0 .0 5 2 0 7 3 .5
•Sodium  th io su lfa te . .......... 0 .2 0 0 0 0 .1 7 4 0 8 7 .0

0 .2 0 0 0 0 .1 7 0 0 8 5 .0
-S odium  io d a te .......... .......... 0 .2 0 0 0 0 .0 9 4 7 4 7 .3 5

T h e  resu lts  o b ta in e d  b y  th e  p h o s p h a te  m e th o d  a re  
v e r y  n e a rly  th e  co rrect ones b u t an  in e x p e rie n ce d

w o rk e r w o u ld  h a v e  tro u b le  in  d e cid in g  ju s t  w h at 
p e rce n ta g e  of Z r 0 2 th e  ore sh o u ld  h a v e . T h e  th io su l- 
fa te  p re c ip ita te  is h ig h , d ue to  o cclu sio n  of large 
a m o u n ts  of so d iu m  sa lts , w h ile  th e  io d a te  resu lts  are 
lo w  d u e  to  to o  s tro n g  a c id ity  o f th e  so lu tio n  fo r  pre
c ip ita tio n .

T h e  fo llo w in g  m e th o d s in  m ore co m m o n  use are 
lis te d  an d  co m p ariso n s a re  m ad e  as to  th e ir  re la tiv e  
m erits . T h e  m ore im p o rta n t  m e th o d s fo r  th e  e stim a 
tio n  of z irco n iu m  are as  fo llo w s.

1— T h e  p h o sp h a te  p re c ip ita tio n . H illeb ran d , U. S . G eol. S u rv ey , B u ll. 
73 (1900); L un d e ll a n d  K n o w les , J .  A m . Chetn. Soc ., 41 (1919), 1801 j- 
N ic o la rd o t a n d  R cg lad e , Cornpt. rertd., 168 (1919), 348.

2— T h e  th io su lfa te  o r  SO j p re c ip ita tio n . B askerv ille , J .  A m . Chcm. 
Soc., 16 (1894), 475; F erg u so n , E ng. M in .  J . ,  106 (1918), 356, 793.

3 — T h e  io d a te  sep a ra tio n . D av is , A m . Chcm . J . ,  11 (1889 ), 25.

4— T h e  perox ide  p re c ip ita tio n . B ailey , J .  Chcm . Soc ., 149 (1886), 
481; W alk er, J .  A m . Chcm . Soc., 20 (1898), 513.

5— T h e  p h en y lh y d raz in e  p re c ip ita tio n . A llen , J .  A m . Chcm . Soc., 25 
(1903), 421.

6— T h e  cu p fe rro n  p re c ip ita tio n . F e r ra r i ,  A l i i  ist. Vcnata Scienzc Letlerc 
ed arti, 73 (1914), 445; B row n, J .  A m . Chcm . Soc., 39 (1917), 2358.

7— T h e  fluoride s e p a ra tio n . H ead d en , Proc. Colo. S c i. Soc., 11 
(1917), 185.

In  a  s tu d y  o f th e se  m e th o d s i t  w as fo u n d  th a t  th e  
flu o rid e  se p a ra tio n  is in co m p le te  a n d  th e  p ero xid e  
p re c ip ita tio n  ta k e s  p la ce  o n ly  w h en  th e  co n cen tra tio n  
of th e  p ero xid e  is v e r y  h ig h  in  th e  so lu tio n . M e th o d s 
4 an d  7 w ere th e re fo re  g iv e n  b u t sca n t a tte n tio n .

T a b l e  I I I — C o m p a r is o n  o f  R e s u l t s  b y  D i f f e r e n t  M e t h o d s  

W e ig h t of Z r 0 2 T a k e n  W e ig h t of ZrOa
G ram s F o u n d V a r ia t io n

P h o sp h a te  M e th o d : 
0 .0 8 6 5  ZrO j 
0 .0 3 5 7  FeiOa 
0 .0 4 7 1  AI2O 3

0 .0 8 7 5
0 .0 8 7 7 +  0 .0011

A v ., 0 .0 8 7 6

S od iu p i T h io su lfa te  M e th o d :
0 .0 8 6 5  ZrO j 
N o  F ej03  o r  AljOa

0 .0 8 4 5
0 .0 8 5 0

— 0 .0 0 1 8

A v., 0 .0 8 4 7

0 .0 8 6 5  ZrO : 
0 .0 6 4 3  AI2O3 
0 .1 5 1 4  Fe-O j

0 .0 9 8 8  
0 .1 8 7 3

N o  ch e ck ; la rg e  a m ts . iron  
a n d  a lu m  in p re c ip ita te

P h e n y lh y d ra z in e  M e th o d :
0 .0 8 6 5  ZrO j 
0 .0 3 5 7  FeiOa

0 .1 3 7 0  
0 .1 3 8 8

Z rO i, 0 .0 8 6 5  
AI2O3, 0 .0471

0 .0 4 7 1  AljOa

A v ., 0 .1 3 8 0  0 .1 3 3 6  +  0 .0 0 4 4
C u p fe rro n  M e th o d :

0 .0 8 6 5  ZrO j 0 .1 2 1 3  Z rO j, 0 .0 8 6 5
0 .0 3 5 7  F e2Oa 0 .1 2 1 9  FezOa, 0 .0 3 5 7
0 .0 4 7 1  AhOa 0 .1 2 1 3  -----------

---------------------------------------------------------------------  0 . 1 2 2 2 — 0 .0 0 0 7
A v., 0 .1 2 1 5

T h e  p h o sp h a te  is  b e st p re c ip ita te d  fro m  .about 10 
p er ce n t  su lfu r ic  a c id  t o  w h ich  H 20 2 is a d d ed  to  re ta in  
th e  t ita n iu m  in  so lu tio n . A n  excess o f d iso d iu m  p h o s
p h a te  sh o u ld  be used , th e  so lu tio n  h e a te d  to  b o ilin g  
a n d  a llo w e d  to  s ta n d , b efo re  filtra tio n . D u e  to  th e  
g e la tin o u s  n a tu re  of th e  p re c ip ita te  a n d  d ifficu lties  in 
w a sh in g  no la rg e r q u a n t ity  th a n  0.05 to  0.1 g. of
Z r 0 2 sh o u ld  be p re c ip ita te d  fro m  200 cc. o f so lu tio n
a t  on e tim e.

I t  h as been  fo u n d  fro m  T a b le  I I I  a n d  s im ila r ta b le s  
t h a t :

(1) The phosphate gives fairly good results in the presence of 
iron and aluminum but a 50 per cent excess of ammonium 
phosphate should be used when the acidity lies between 10 and 
20 per cent H2SO<.
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(2) The sodium thiosulfate method cannot be used iu the 
presence of much iron and aluminum salts.

(3) Phenylhydrazine precipitates the zirconium together with 
the aluminum, away from the iron, but this precipitate is slimy 
and difficult to wash free of impurities. The results by  this 
method should equal the weight of ZrO» +  the weight Al;03 
but are too high for this reason. If done in dilute solution the 
phenylhydrazine separates the Zr and A 1 from the iron.

(4) Cupferron serves to separate Zr and Fe from aluminum 
with a fair degree of exactness. The cupferron precipitate is a 
desirable one to handle.

(5) Although not shown here, the sodium iodate method can 
be used with accuracy in carefully neutralized solutions. It  is 
subject, however, to somewhat the same limitations as the 
sodium thiosulfate method.

A method of analysis for zirconium which could be 
applied to alloys must be such as to include separation 
from Fe, Al, V, Cr, Ni, Co, Ti, Si(?), and perhaps 
other elements. The method of analysis of ores is 
not complicated, as elements such as V, Cr, Ni, and 
Co are not usually found in zircon ores.

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

p r e p a r a t i o n  o f  s a m p l e — The alloys, which are for 
the most part brittle, are pulverized as far as possible 
in a steel mortar, while the ores are pulverized to pass 
a 100- to 200-mesh sieve before analysis is undertaken. 
The thorough grinding of samples of the ore is very  
important as much of the ease with which the samples 
go into solution in various fusion agents depends on 
the fineness of subdivision of the sample.

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

s i l i c a — Alloys should be dissolved in aqua regia using 
about 0.5 to 1 g. of the alloy and, after the solution 
has been made, diluting it up to 500 cc. or a liter so 
that a suitable aliquot of 100 cc. would represent 
about 0.05 g. of Zr02 for analysis.

If the percentage of zirconium and silicon in the 
alloy is high, the process of dissolving it in aqua regia 
will be slow. It is occasionally necessary to use 
hydrofluoric acid in a platinum dish in preparing the 
solution. The use of this is objectionable when the 
percentage of silicon is desired and the following pro
cedure is to be preferred:

After treatment with aqua regia and evaporating 
the solution nearly to dryness to separate the silica, 
if there is an insoluble residue other than silica remain
ing, the solution is diluted, filtered, and the residue 
ignited in a platinum crucible. This is then fused 
with sodium or potassium bisulfate, the fused mass 
cooled, dissolved in water, and the insoluble silica again 
filtered and washed. The filtrate is combined with 
the filtrate from the aqua regia treatment in a 500-cc. 
volumetric flask. The silica is determined by the 
usual method of volatilization with H F and H^SO-i, 
and if there is any weighable residue remaining after 
this treatment, this must be brought into solution by  
means of a second fusion with bisulfate, the solution 
from this fusion being combined with the other filtrates 
in the volumetric flask. Suitable aliquots of this 
solution, made up to 500 cc. and containing 5 per cent 
H2SO4, are taken for the zirconium determina

tion. In no case should more than o. 1 g. of ZrO> be 
taken.

In the case of ores, 1 g. of the ore is fused with four 
parts of N aO H  and one part of N a202 in a nickel 
crucible to a clear, dull red liquid fusion for 15 or 20 
min. The fused mass is cooled and dissolved out from 
the crucible with warm water to make a volume of 
about 100 cc. The zirconium and most of the titanium, 
are in the form of insoluble sodium zirconate and 
sodium titanate suspended in the solution. The solu
tion is then made about 10 per cent acid with sulfuric 
acid and heated to dissolve all the zirconium and 
titanium. After boiling down nearly to dryness the 
solution is again made up to about 200 cc. and the 
silica filtered off, together with any insoluble residue. 
The filtrate is reserved in a 500 cc. volumetric flask, 
while the silica is determined in the residue by the 
customary H2SO4 and H F treatment. If there is a. 
residue left after the hydrofluoric-sulfuric acid treat
ment this must be again fused with caustic soda and 
sodium peroxide and the solution obtained by the 
subsequent acid treatment combined with the filtrate 
in the volumetric flask for the analysis.

It is frequently the case that two and even three- 
fusions are necessary in order to obtain a complete 
solution. It might be further suggested in the deter
mination of the silica that the residues for this purpose 
be first ignited with a little sulfuric acid and weighed 
before the hydrofluoric acid treatment is attempted. 
If this is not done even where there is a small per
centage of silica sometimes the weight will be found 
to increase instead of decrease as it should.

A N A L Y S IS  O F S O L U T IO N  C O N T A IN IN G  Fe, Al, Cr, 
Ni, Mo, W, Ni, Co, Zr, Ti, a n d  P— The acid solution 
which is now free of silica and has been drawn off in a 
suitable aliquot to contain about 0.05 g. ZrC>2 is heated 
nearly to boiling (about 90° C.) and ammonium 
hydroxide added until a slight permanent precipitate- 
is formed. Dilute H C1 (1 : 1) is added from a burette 
drop by drop until the precipitate which has formed 
just redissolves and the solution is perfectly clear. 
About five drops more of the H C1 are added to the 
solution, which should now have a volume of about 
200 cc. Three cc. of phenylhydrazine which have 
previously been dissolved in 10 cc. of hot water are 
added, and the solution stirred vigorously and filtered 
immediately through quantitative paper. After wash
ing thoroughly with hot water, the paper and pre
cipitate are dried and ignited in a platinum crucible. 
This procedure separates practically all of the iron 
from the zirconium, titanium, and aluminum. In order 
to separate further the zirconium and titanium from 
the aluminum the following method is employed: 
Fuse the residue in the platinum crucible with 5 to 10 
g. of N a2C 03 and one g. K N 03; after cooling disinte
grate the fused mass with hot water, filter, and wash. 
The residue on the paper now contains zirconium and 
titanium free from all interfering substances such as- 
aluminum, vanadium, etc., with the possible exception 
of traces of iron. The paper containing the sodium  
zirconate and titanate is dried and ignited in a plati
num crucible and the titanium and zirconium obtained
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in solution by cautiously fusing with 5 to 10 g. of 
KHSO4, bringing the temperature up to a dull red heat 
for about one-half hour and using a cover on the 
crucible to avoid spattering during the process of 
fusion. The zirconium may be determined by prac
tically any of the methods mentioned above, using this 
solution, provided that the quantity of zirconium in the 
solution is not greater than 0.1 g. calculated as Zr02. 
Most precipitates of zirconium are more or less gelat
inous, bulky, and difficult- to filter and wash, and 
therefore if larger quantities are taken, accurate 
results cannot be attained.

If the zirconium alone is desired and there is no need 
of separating the iron, aluminum, etc., from the solu
tion, the phosphate method is the only one which 
gives accurate results and a clean separation from 
both the above-mentioned elements.

The solution which has been freed from silica, con
taining not over and preferably less than 0.05 g. ZrO2, 
is diluted to 200 cc. volume, made 10 per cent acid 
with H2SOi, 2 cc. hydrogen peroxide added, heated 
nearly to boiling and a slight excess of disodium phos
phate solution added. The zirconium precipitate is a 
white or greenish white flocculent, gelatinous precipi
tate. After allowing to stand for about 2 hrs. or 
longer the precipitate is filtered onto an 11 cm. filter 
paper and thoroughly washed with hot dilute sulfuric 
acid. The paper and contents are then transferred to 
a platinum crucible, ignited, and finally blasted to 
remove as much of the carbonaceous matter as possible. 
The proper ignition of this precipitate is one of the 
most difficult steps of the whole procedure. The 
weight of zirconium pyrophosphate, ZrP207, multiplied 
by the factor 0.4632 yields the weight of Zr02.

Iron is determined in the solution from the silica 
filtration by the method of precipitation as the sulfide 
from ammonium tartrate solution. This method is 
well known. To 100 cc. portions of the silica-free 
solution 0.5 g. of tartaric acid is added, the solution 
heated to boiling, made strongly alkaline with N H 4OH, 
and H2S added. The iron precipitates as the sulfide, 
is filtered out, washed, and weighed as FejOi.

The titanium may also be determined on a separated 
portion of the original solution (if all H F or H N O j 
has been first removed) by Weller’s colorimetric 
method with H202 or by titration with methylene blue.

Aluminum is usually determined by difference, the 
aluminum, zirconium and titanium being precipitated 
with sodium thiosulfate, S02, or phenylhydrazine 
practically free from iron, if the percentage of iron 
in the original is not high. In certain cases it is neces
sary first to remove the iron by the above-mentioned 
method and destroy the ammonium tartrate by the 
ordinary methods of wet combustion with nitric and 
sulfuric acids before the precipitation of the others is 
attempted.

V— B IB L IO G R A P H Y

Before much work on zirconium was attempted, all 
of the methods for the production of the metal, etc., 
described in the literature were reviewed and tried. 
A t the start there were many conflicting data regarding 
the properties and reactions of zirconium and its

compounds. A complete bibliography of the subject 
contained about five hundred references, from some 
forty-one different journals.

It  has been arranged in alphabetical order with 
regard to names of authors under the following head
ings:

1— Zirconium Minerals
2— Preparation, Properties, and Uses of Zirconium Salts
3— Analytical Chemistry of Zirconium
4— Zirconium Metal
5— Zirconium Alloys

The bibliography also includes references on the use 
of Zr02 as a refractory and as an opaquing agent in 
enamels, etc. All of the technical uses have been 
faithfully included. Section 5 has been devoted to 
the preparation and properties of zirconium alloys.

A CH EM ICAL STUD Y OF FROZEN F ISH  IN STO RAG E 
FOR SH O R T AND LO N G  PER IO D S

By E. D. Clark and L. H. Almy

F o o d  R e s e a r c h  L a b o r a t o r y , B u r e a u  o p  C h e m i s t r y , P h i l a d e l p h i a , P a .

R eceived  J a n u a r y  26, 1920

The present investigations upon fish commercially 
frozen and stored were undertaken in the hope of 
furnishing exact information upon which the public 
could base its opinion concerning the wholesome
ness of frozen fish as food. The part of these investi
gations of practical interest to the trade has already 
been published in Departm ental B u lle tin  635 of the 
U. S. Department of Agriculture, and entitled “ The 
Commercial Freezing and Storing of Fish.”

The magnitude of the frozen fish industry of this 
country is indicated by the fact that over 120,000,000 
lbs. of food fish,1 valued at more than $12,500,000 
to the wholesaler, entered cold storage in 1918. D e
pending upon the locality, the amount of frozen fish 
in storage during a year represents from 4 to 15 per 
cent of the annual catch.2 Furthermore, there are 
over 190 fish-freezing and storage plants in the United 
States, and the number is increasing. These statistics 
show that the practical advantage and economic 
necessity of cold-stored fish have long been realized 
by those familiar with the industry. Until recently, 
however, no chemical investigation has been made 
of the effect upon the food value of the freezing and 
storing of fish.

H IS T O R IC A L

In 1913 several Dutch scientists3 made experiments 
with ice-chilled and frozen fish to see what changes 
in microscopical appearance occurred under refrigera
tion and what part bacteria played in the process of 
deterioration. This commission found that certain 
changes take place in the reaction of the tissues to 
litmus, the flesh of some species being acid, and, of

1 E s tim a te  b ased  on  U . S . D e p t, of A g ric u ltu re , B u rea u  of M a rk e ts , 
R e p o r t of S to ck s  of F ro zen  a n d  C u red  F ish , D ecem b er 15, 1918; issued 
D ecem b er 28, 1918.

* H ea rin g s  befo re  th e  C o m m itte e  on  A g ricu ltu re , H o u se  of R e p re se n ta 
tiv es , o n  C old  S to ra g e  L eg is la tion , A u g u st 14, 1919, p . 203.

* J .  M . B o ttem a in e , " N o te s  o n  th e  In v e s tig a tio n  o f P re se rv in g  F ish  
b y  A rtific ia l C o ld .”  (a) P re lim in a ry  R e p o r t ,  48 pages; (b) P re p r in t ,  3 pages; 
3 rd  In te rn a tio n a l C ongress of R e fr ig e ra tio n , 3 rd  S ection  (T h e  N e th e rla n d s ) , 
W a sh in g to n -C h ic ag o  (1913).
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some, alkaline during decomposition. Some differ
ences in the histology of fresh and frozen fish were 
noted. All of this work was, however, of a preliminary 
nature and not in any sense an exact chemical investi
gation.

The quantitative chemical study of changes in fish 
flesh upon standing or during cold storage is a new 
one. The researches of Richardson and Scherubel,1 
Emmett and Grindley,1 and others upon meat during 
storage opened the way in that field. Pennington3 
and Wiley, el al,* have done fundamental work on the 
chemistry of ripening processes in the flesh of poultry 
and game.

The investigations of Sm ith5 and of Perlzweig and 
Gies6 on chemical changes in fish during cold storage 
are the pioneer contributions to our knowledge of this 
subject. T hey determined the chemical composition, 
ammonia content, etc., of fresh fluke, Paralithys  
denlatus, and flounder, Pseudopleuroneclcs am ericanas, 
before freezing, and also made the same determina
tions at intervals during two years on the same lot of 
storage fish. These fish were all handled according 
to the usual trade practices, except that they were 
probably frozen more promptly after catching than 
the average commercially frozen fish. Even at the 
end of two years of storage these investigators were 
unable to detect any appreciable variations in chemical 
composition or nutritive value attributable to freezer 
storage. There were no significant changes in the 
percentages of the ordinary food constituents, or of 
ammoniacal nitrogen, acidity of fats or reaction of the 
aqueous extracts; all of which would tend to show 
that neither autolytic nor bacterial influences had been 
active. Furthermore, two years after storage the fish 
were found palatable and entirely acceptable as food.

Recently, A lm y7 investigated the chemical changes 
in mackerel (Scom ber scom brus) after freezing and 
cold storage for 9 mo. Unlike the so-called 
“ bottom” fish used in the researches of Smith, which 
contain less than one per cent of fat, mackerel are 
tender, oily fish, very prone to rapid deterioration 
unless handled carefully and kept constantly under 
refrigeration. This investigation represented the first 
attempt to study the nitrogen distribution in the flesh 
of frozen fish, but, as the work was a continuation of 
that reported in the present paper, no attem pt will be 
made to describe the methods used but only to sum
marize the conclusions based on the study of a typical 
fat-containing fish. Alm y found that during storage 
there were in frozen mackerel slight increases in the 
amount of total nitrogen and coagulable nitrogen in 
the aqueous extracts, but no change in the content of 
ammonia and amine nitrogen. There were also slight 
increases in the acidity of the aqueous extracts of the

1 T h i s  J o u r n a l ,  1 (1 9 0 9 ), 9 5 .
1 Ib id ., 1  (1 9 0 9 ), 4 1 3 .
* H earin g s  before C o m m itte e  o n  M a n u fa c tu re s , U . S. S en a te , on  F o o d s 

H eld  in  C old  S to rag e , M a y  25, 1911, p . 57.
4 V . S. D e p t, of A g ricu ltu re , B u lle tin  115 (1908).
6 Biochem . B u ll., 3  (1 9 1 3 ), 5 4 .
• Ib id . ,  3 (1913), 69.
1 L. H . A lm y , u n p u b lish e d  re p o r t of a  s tu d y  of th e  chem ica l changes  

o ccu rring  in frozen  m a ck ere l d u rin g  s to rag e  fo r a  y ea r. R esea rc h  p erfo rm ed  
in  p a r t ia l fu lfillm en t of th e  re q u ire m e n ts  fo r th e  deg ree  of D o c to r of P h il
o so p h y  a t  C o lu m b ia  U n iv e rs ity , 1917.

flesh and of the fat extracted from the flesh of the cold 
stored mackerel. In no case, however, was there any 
significant change in the food value of the,fish or any  
evidence of deterioration at the end of 9 mo. At 
the end of this period of storage some of the mackerel 
were cooked and prepared for the table. Unlabeled 
portions of these cooked storage mackerel and of per
fectly fresh mackerel were served to a representative 
group of 15 people in New York C ity, and none of 
them was able to detect any difference between the 
fresh and frozen fish as judged by appearance and 
flavor.

M E T H O D S  O F  T H E  P R E S E N T  IN V E S T IG A T IO N  

n iS T O R Y  O F  F I S H  A N A L Y Z E D

Two species were used in the pr&sient investigation: 
weakfish, Cynoscion regalis, and blueflsh, Pom alom us  
sallatrix, which is carnivorous an<ir a voracious enemy 
of all fish smaller than itself. The medium sized fish 
of both species were studied. All of the specimens were 
caught off the New Jersey coast and promptly landed 
at the shore without any contact with ice. In all the 
lots but one the fish were eviscerated before they were 
landed. As soon as possible the different lots were 
weighed and carted a short distance to a fish freezer, 
where the specimens for freezing were washed and 
frozen in pans on brine pipes in the usual way. The  
temperature of the freezing room was — 5° F., and of 
the storage room about 0° F. This is lower than the 
customary storage temperature, but the isolated nature 
of the plant necessitated such a practice as a safe
guard to allow time for repairs in case of a break in the 
refrigerating machinery. The fish to be analyzed 
immediately in the freshly frozen condition were 
quickly chilled and frozen, and while still at a tempera
ture below o° F. were taken to the laboratory in Phila
delphia where they arrived hard frozen. They were 
then thawed slowly b y standing over night in an ice
box, cleaned, and prepared at once for analysis in the 
laboratory. The frozen fish for long holding were 
shipped in cork-insulated shipping cases, and upon 
reaching Philadelphia were at once transferred to a 
storage room where a temperature of about 1 5 0 F. 
was maintained during the various periods of storage. 
Each lot was boxed in the commercial way and re
glazed whenever necessary, which was about three times 
during a year. As indicated in the tables, some of 
the weakfish were not glazed- One lot was stored 
without removal of entrails (in the so-called “ round”  
condition), and another lot was wrapped in commercial 
semi-parchment paper without any glazing. These 
variations from the commercial practices were made 
in order to study the effects of such modifications.

P R E P A R A T I O N  O F  S A M P L E S  F O R  A N A L Y S IS

The thawed fish were prepared for sampling by  
separating as completely as possible the edible portion 
from the heads, tails, skins, entrails, and bones, which 
were discarded. The edible part was weighed and the 
difference between this weight and that of the whole 
fish represented the refuse or inedible portion. The flesh 
was ground three successive times in a meat chopper, 
and the samples of individual fish^mixed thoroughly
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by hand. In the case of bluefish, which were of con
siderable size, two specimens were used; but of the 
weakfish three were analyzed in each lot, the edible 
portions being united, ground again, and well mixed 
before final sampling for analysis.

The following section contains a description of the 
various determinations of chemical changes in the 
fish during cold storage, and is intended to include 
every determination that offered any possibility of 
giving useful information about fish flesh and its 
changes. Possibly, some of these determinations are 
unnecessary and some may be of little value, but all 
should help to give information about the adequacy 
of the methods themselves as applied to problems of 
this sort. M ost of the determinations have been 
adapted from the work of early investigators upon 
meat and poultry. Any new methods or modifications 
will be apparent to those familiar with chemical work 
on cold storage problems.

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

M O IS T U R E , E T H E R  E X T R A C T , A S H  A N D  T O T A L  N I T R O 

G E N — The methods used for the estimation of the per
centage of moisture, ether extract, and ash are those 
described in B u lletin  107 (revised) of the Bureau of 
Chemistry, U. S. Department of Agriculture. Total 
nitrogen was determined by the method of Kjeldahl 
and Gunning, using 0.1 N  acid and alkali.

f a t - f r e e  s o l i d s — It is a well-recognized fact that  
the flesh of fat fish contains a lower per cent of moisture 
than that of lean fish. The reciprocal relation of the 
per cent of moisture and fat in the flesh of fish of the 
same species is such that the per cent of fat-free solids 
is more or less constant. An increase of 2 per cent in 
the fat-free solids therefore shows that the per cent of 
moisture has decreased by 2 per cent. The per cent of 
fat-free solids was computed in each case by subtract
ing the per cent of fat from the per cent of solids.

A M M O N IA  A N D  A M IN E  -N IT R O G E N  B Y  A E R A T IO N -----

Loosely bound basic nitrogen compounds, which in 
fish flesh include ammonia and amine nitrogen, were 
estimated by a modification of the Steel-Gies method 
described b y the authors.1

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

G E N — The extraction of the flesh and the determina
tions of soluble nitrogen and coagulable nitrogen were 
made by the methods previously outlined.1

s o l i d s — One hundred cc. portions of the water 
extract of the flesh were evaporated on the steam bath 
in weighed platinum dishes, the residue being dried 
at ioo ° C. to constant weight.

a s h — The organic matter of the soluble solids was 
burned off in a muffle at low red heat to avoid any 
loss of chlorides.

o r g a n i c  e x t r a c t i v e s — This is the difference between 
ash and solids already determined.

a c i d i t y  o f  t h e  e x t r a c t s — Owing to the presence 
of both proteins and phosphates in extracts of fish 
flesh, it is not believed that direct titrations of acidity 
can give results of absolute value. For comparative

'  1 B id .  C hrm ., 33 (1918), 486.

studies in investigations of this sort, however, such 
direct titrations would certainly, show any significant 
increases in acidity due to changes occurring during 
a prolonged period of storage. Correction was made 
for the very slight acidity of the distilled water used 
in preparing the extracts. One hundred cc. of the 
original extract were titrated with o.i N  sodium 
hydroxide, using phenolphthalein as indicator. The  
end-point was taken as the point at which the alkali 
produced a pink color, permanent for one minute. 
In the tables the results are stated as the number of 
cc. of o.i N  sodium hydroxide required to neutralize 
the entire extract from a 50 g. sample.

n i t r o g e n  p r e c i p i t a t e d  b y  t a n n i n  a n d  s a l t —  

Proteose and peptone nitrogen were determined by 
the method of Bigelow and Cook.1 F ifty  cc. portions 
of the extract, after removal of coagulable protein, 
were treated in a 100 cc. volumetric flask with 15 g. 
of sodium chloride, and, when the latter was thoroughly 
dissolved, chilled to ice-box temperature (12 0 C.), 
treated with 30 cc. of a 24 per cent solution of tannic 
acid (cold), made up to volume with cold water, shaken, 
and allowed to stand at the temperature of the ice
box for 24 hrs., after which the precipitate was filtered 
off. The solution was kept cold, and the nitrogen 
in 50 cc. of the filtrate was determined according to the 
usual Kjeldahl procedure, except that the addition of 
potassium sulfate was unnecessary because of the large 
amount of sodium chloride present. Care was taken 
during the early part of the oxidation that the escaping 
hydrochloric acid did not cause the material to foam 
out of the flask. Since tannic acid invariably con
tains a certain amount of nitrogen, a blank determina
tion must be made with every experiment. The per 
cent nitrogen in the tannin salt precipitate was ob
tained by subtracting the per cent of nitrogen in the 
tannin salt filtrate from the per cent of non-coagulable 
nitrogen. The results obtained by this method were 
sometimes erratic but are included in the table as an 
indication of changes in peptone and proteose nitrogen.

p r o t e o s e  n i t r o g e n  b y  z i n c  s u l f a t e  p r e c i p i t a 

t i o n — For this determination 50 cc. of the filtrate 
from the coagulated protein were concentrated to 30 
cc. in a 100 cc. beaker and the resultant solution was 
saturated with zinc sulfate, according to the method 
of Bomer.2 When cold, the solution was filtered 
through a thin asbestos layer in a Gooch crucible and 
the precipitate washed with a saturated solution of 
zinc sulfate. The precipitate, together with the 
asbestos mat, was transferred to a Kjeldahl flask, and 
the nitrogen determined as usual.

n i t r o g e n  i n  p e p t o n e  b a s e s ,  e t c . — The figures 
under this heading in the tables were obtained by sub
tracting the sum of the amine and ammonia nitrogen, 
amino-acid nitrogen, proteose nitrogen, and coagulable 
nitrogen from the total soluble nitrogen.

a m i n o - a c i d  n i t r o g e n — This determination was made 
according to the general method of Sorensen3 on 50 
cc. of the filtrate after removal of coagulable nitrogen

> J .  A m . C h tm . Soc ., »8 (1906), 1485.
» Z . anal. C hcm ., 34 (1895), 563.
• Biochem . Z . ,  1  (1907), 64.
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in the extract. The presence of ammonia and the 
amines tends to interfere with the Sorensen titrations 
for amino acid but the results have comparative value 
in detecting changes during cold storage.

A M M O N IA  A N D  A M IN E  N IT R O G E N  B Y  A E R A T IO N -----

Portions of 150 cc. of the original extract were analyzed 
for ammonia in the same manner as the fish flesh.

D E T E R M IN A T IO N  O F  F A T  C O N S T A N T S  The methods
employed for the gross extraction of the oil from the 
flesh and for the determinations of specific gravity, 
index of refraction, iodine number, saponification 
number and acid value of the oil are the same as those 
described b y the writers.1

In the tables, the average of two or more concordant 
determinations is given in every case.

OBSERVATIONS AND R ESU LTS O F CHEM ICAL ANALYSES

(1) Unglazed Eviscerated Weakfish Stored without Wrapping 
(,Series 1001)

a p p e a r a n c e  A FTER s t o r a g e — These weakfish, stored with 
neither a glaze nor parchment wrapping, were unmarketable at 
the end of 4 mo. The whole fish were dried and wrinkled 
in appearance, while the noses and eyes were whitish and dried 
out.

A t the end of 8 mo. this lot of fish was very uninviting in 
appearance and unmarketable. As they were unfit for food, 
no further samples were taken after 8 mo. of storage. The 
whole fish were badly wrinkled, and white. The eyes were also 
white and sunken. When cooked the flesh seemed tasteless and 
dry.

c r o s s  a n a l y s i s — The quantitative variations in the com
position of certain fish due to season, age, and individual differ
ences are often very great, as shown by previous investigators 
and confirmed by the present writers,2 and the differences 
attributable to the two latter causes must be borne in mind 
before giving undue emphasis to variations in the gross analysis 
of cold stored fish in the accompanying tables. The tendency 
to lose moisture during storage is common to all flesh products. 
The loss of moisture from these unglazed fish was greater than 
that from any of the other fish as shown by the chemical analysis. 
The percentage of fat varied greatly but this is a characteristic 
of weakfish and was not due to changes in cold storage. The 
acidity of the aqueous extract showed no definite change.

NITROGENOUS c o n s t i t u e n t s — A ny of the minor but significant 
changes due to bacterial or enzyme action on the nitrogenous 
constituents of the stored fish would be indicated by the amounts 
of such constituents, but more especially by their relation to the 
total nitrogen, commonly called the "distribution of nitrogen." 
In general, these unglazed weakfish at the end of 8 mo. showed 
no greater changes in their nitrogen distribution than the glazed 
eviscerated weakfish (Series 1002) at the same period. Appar
ently, 8 mo. of storage temperatures did not produce significant 
alteration in the nitrogenous constituents of the frozen weak
fish even without the protection of this glaze. Ammonia and 
amine nitrogen increased in amount, but only at about the same 
rate as in the glazed weakfish. The changes in the soluble and 
coagulable nitrogen were irregular.

c o n s t a n t s  o f  f a t  e x t r a c t e d  f r o m  t h e  f l e s h — Since there 
is known to be considerable variation in the chemical properties 
of oils from individual fish, depending on their food, the relation 
to time of spawning, etc., it does not seem wise to consider that 
any of the changes in the composition of the fat in these fish, 
as recorded in Table IV, were due primarily to storage except 
in the case of the acid value.3 This value at the end of the 8 
mo. storage period showed a considerable increase as compared 
with that of the oil of the fish when first frozen. However, this 
change in the acid value was of the same magnitude as that of 
glazed weakfish (Series 1002) at the same period. Although 
this lot of weakfish did not have the protection of either glaze 
or W T a p p in g , it  showed no greater signs of aging than similar 
glazed fish; hence, we may conclude that the slight changes in

1 J .  B io l. C hcm ., 33 (1918), 487 , 493.
1 Ib id ., 33 (1918), 483.
* A naly ses of a  la rg e  n u m b e r  of fish h av e  show n  t h a t  th e  a c id  v a lu e  of 

th e  fa t v aries  w ith  th e  c o n te n t of fa t . I n  g en e ra l th e  le a n  fish h a v e  a  h ighe r 
acid v a lu e  th a n  th e  f a t  fish of th e  sam e  species. T h is  re la tio n sh ip  b etw een  
th e  acid v a lu e  of th e  f a t  a n d  th e  s ta t e  of n u tr i t io n  of th e  fish is  be in g  s tu d ie d  
fu r th e r. C o n s id e ra tio n  h as  been  g iv en  to  th is  fa c to r  in  a rr iv in g  a t  con c lu 
sions in  re g a rd  to  ch an g es  d u e  to  sto rag e .

oils of these frozen fish during the 8 mo. of storage are probably 
not due to their oxidation by oxygen of the air.

(2) Glazed Eviscerated Weakfish Stored without Wrapping 
(Series 1002)

a p p e a r a n c e  A FTER s t o r a g e — Up to the end of 1 3  mo. the 
fish of this lot looked bright under their glaze and were neither 
white nor wrinkled, except to a slight extent on the nose. The 
eyes were bright but slightly sunken. After cooking, the flesh 
had' a normal appearance and flavor.

After 2 yrs. in storage all of these weakfish were unmarketable 
owing to the whitish and wrinkled appearance, especially of 
the heads. The eyes were opaque and much sunken, and the 
gills yellow and dry. Some of the fins were yellowish and dry. 
When cooked, they were not unpalatable, but tasteless and flat.

g r o s s  a n a l y s i s — There were no noteworthy changes in the 
amounts of the various constituents during storage, aside from 
the usual variations found in the composition of fish of the same 
species even when of nearly uniform size and taken from the 
same school. Loss of moisture based on percentage of fat-free 
solids continued to occur until the twelfth month of storage, 
after which the results do not seem to indicate further loss of 
moisture. There was 110 definite increase in the acidity of the 
aqueous extract of the flesh.

NITROGENOUS c o n s t i t u e n t s — The percentage of ammonia 
and amine nitrogen made slight but definite increases during 
storage. However, these increases were not as marked or as 
uniform as in the case of frozen bluefish (Series 1006). The per 
cent of total soluble nitrogen increased up to the eighth month, 
then decreased. The per cent of coagulable nitrogen showed a 
similar rise and fall. The percentages of amino-acid nitrogen, 
as determined by the Sorensen titration method, showed a 
slight tendency to increase in the storage fish.

c o n s t a n t s  o f  f a t  e x t r a c t e d  f r o m  t h e  f l e s h — The only 
fat constant which changed during storage was the acid value, 
the latter increasing at an irregular rate during the entire stor
age period of 2 yrs. and 1 mo. As this was interstitial 
fat, the increase in the acid value was probably due to enzyme 
action rather than to bacterial or oxidation changes which might 
affect external fat. From unpublished work, it is known that 
the flesh of properly frozen fish is practically sterile.
(3) Unglazed Eviscerated Weakfish Stored with Paper Wrapping

(Series 1003)
a p p e a r a n c e  a f t e r  s t o r a g e —-After 8 mo. these wrapped 

fish appeared somewhat dried out and wrinkled on the heads. 
The eyes were sunken and dull but not opaque. A fter cooking, 
the flesh tasted normal in every way. A t the end of 13 mo. 
the fish were entirely unmarketable, being, much wrinkled, and 
white with opaque and deeply sunken eyes. As their condition 
was so bad, it was not deemed necessary to carry further the 
studies on these unglazed wrapped fish. When cooked, they 
tasted flat and stringy, with a slight bitter after-taste.

g r o s s  a n a l y s i s — The most striking fact about the composi
tion of the fish in this lot is that they were badly dried out at the 
end of 13 mo. storage. Judging by chemical analysis and by 
appearance, the wrapping around these unglazed fish slightly 
retarded their desiccation but did not keep them from becoming 
unmarketable and unfit for food after 13 mo. The ordinary 
food constituents showed no significant changes.

n i t r o g e n o u s  c o n s t i t u e n t s — As usual, there was a gradual 
increase in the percentage of ammonia and amine nitrogen during 
storage for 13 mo. However, this increase was no more marked 
than that found in glazed weakfish stored for about the same 
period. Like the glazed fish (Series 1002) the total soluble 
nitrogen and the non-coagulable nitrogen increased to the 
eighth month, then fell.

c o n s t a n t s  o f  f a t  e x t r a c t e d  f r o m  t h e  f l e s h — There was 
the usual increase in the acid value of the oils from the fish after 
13 mo. of storage. The magnitude of this change was about 
the same in the case of the glazed weakfish (Series 1002) after 
storage for the same period.
(4) Glazed Weakfish Stored with Entrails Intact and without

Wrapping (Series 1004) 
a p p e a r a n c e  a f t e r  s t o r a g e — After storage for 13 mo., the 

appearance of these fish was still good, only the slightly sunken 
condition of the eyes indicating aging. One of the weakfish in 
this lot had in its stomach 4 small fish about 6 in. long. None 
of these ingested fish showed any signs of enzyme action on the 
part of digestive juices or bacteria. However, at the end of 
storage for 2 yrs., the fish were entirely unmarketable owing to 
their general wrinkled and whitish appearance and sunken dull 
white eyes. Upon cooking, the flesh was tasteless and poor in 
quality, though not inedible.

g r o s s  a n a l y s i s — There were no noteworthy changes in the 
percentages of the ordinary food constituents during storage.
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T a b l e  I — G r o s s  F l u s h  A n a l y s i s

N o.

1002/1
1002/2
1 0 0 1 /1
1001/2
1001 /3
1001/4
1002/1
1002/2
1002/3
1 002 /4
1002/5
1003/1
1003 /2
1003/3
1004/1
1004 /2
1004/3
1004 /4

1006/1
1006/2
1006/1
1006 /2
1006 /3
1006 /4
1006/5
1 0 0 6 /la
1006/6

D esc rip tio n  of F ish  
W eakfish

E v isc e ra te d

E v isc e ra te d , n o t  g lazed , n o t w rap p ed  in p a p e r  

E v isc e ra te d , g lazed , u o t w rap p ed  in  p ap e r

E v isc e ra te d , n o t g lazed , w rap p ed  in  p ap e r  

N o t  ev isc e ra te d , g lazed , n o t w rap p ed  in  p a p e r

B luefish
E v isc e ra te d

E v isc e ra te d , g lazed , n o t w rap p ed  in  p a p e r

1 mo. 
1 rao.

S to rag e  
P eriod

F resh  
F resh
1 rao.
2 mo.
4  m o.
8 m o.
2 m o.
4  m o.
8 m o.
1 y r.

2 y rs .
4  mo.
8 m o.
1 y r . 1 m o.
4  m o.

10 m o.
1 y r. 1 mo.
2 y rs . 1 m o.

F resh
F resh
4  m o.
5 m o.
8 mo.
1 yr.
1 y r . 4 m o.
1 y r. 4 m o.
2 y rs . 3V a m o.

W e ig h t E d - 
of ible 

F ish  
A n a l
y zed  

G .

P o r
tio n
P e r
c e n t

■Per c e n t on M o is t B asis  *
A m 
m o n ia
an d

E th e r  T o ta l A m ine 
E x- N itro -  N i t ro 

gen

F a t-  
M ois- free 
tu re  S o lids A sh  t r a c t  gen

1273
1104
1585
1840
1597
991

2027
1655
1657
1543
2123
1660
1721
1505
1528
1518
1858
1863

5432
2982
4354
5030
4250
4801
4210
3930
3796

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

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

7 5 .5 9  
7 8 .7 0  
7 5 .8 6  
7 5 .9 8  
7 1 .7 8  
7 4 .7 2  
77 .61  
7 6 .6 5  
7 6 .9 2  
7 5 .1 4  
7 5 .1 6

1 9 .2 6  1 
19 .5 4  1 
2 0 .7 7  1 
2 0 .6 7  1 
2 0 .1 9  I 
2 2 .9 3  1 
2 0 .4 8  0 
2 0 .8 8  1 
2 1 .0 9  1 
2 2 .0 4  1 
2 1 .9 7  1

.18  5 . 

.24  1. 

. 14 3 . 
,08 3 . 
, 12  8 . 
31 2 . 
96 I .  
10 2 . 
18 1. 
16 2 . 
10 2 .

.0 0  0 .0 1 6  

.9 6  0 .0 1 8  
.0 6  0 .0 1 4  
.12  0 .0 1 8

19 0 .0 1 6  
.4 2  0 .0 2 4
99 0 .0 1 7  
13 0 .0 1 5  
12 0 .0 2 3
20  0.020 
17 0 .0 2 3

<—P e r  ce n t on D ry  B asis— 
A m 

m o n ia  
and

E th e r  T o ta l A m ine 
Ex- N itro -  N itro - 

A sh  t r a c t  gen  gen

4 .8 3  2 1 .1 0  12 .2 9  0 .0 6 5  
5 .8 2  8 .2 6  13 .8 9  0 .0 8 4
4 .7 2  1 3 .9 6  12 .67  0 .0 5 9  
4 .5 0  13 .94  12 .98  0 .0 7 3  
3 .9 7  2 8 .4 5  11 .3 4  0 .0 5 8  
5 .1 8  9 .2 7  13 .5 3  0 .0 9 3

7 7 .1 2  2 1 .5 3  1 .1 6  1 .3 5  3 .1 3  0 .0 1 9
7 2 .8 7  2 0 .9 6  1 .16  6 .1 7  3 .1 6  0 .0 2 1
7 5 .5 7  2 2 .0 3  1 .2 8  2 .4 0  3 .3 0  0 .0 2 3
7 4 .4 9  2 0 .6 3  1 .1 6  4 .8 8  3 .0 9  0 .0 1 9
7 5 .9 5  2 0 .9 8  1 .14  3 .0 7  3 .1 2  0 .0 3 0
75 .41  2 1 .4 0  1 .13  3 .1 9  3 .1 8  0 .0 2 8
7 5 .7 7  2 0 .5 2  1 .13  3 .7 1  3 .1 2  0 .0 3 2

4 .2 9
4 .71
5 .11
4 .6 7
4 .4 2
5 .0 7
4 .2 8
5 .2 4
4 .5 5
4 .7 4
4 .6 0
4 .6 6

8 .5 3  
10 .59  
8 .6 2  

11 .34  
11 .54  
5 .9 0  

2 2 .7 4  
9 .8 2  

19. 13 
12 .76  
12 .97  
15.31

7 6 .0 2
7 5 .6 4
7 4 .2 0
7 3 .9 8
7 4 .3 2
74 .7 4
74 .2 9
75 .6 7
7 3 .7 8

2 2 .8 5  1 .34  
2 2 .5 4  1 .32  
2 2 .4 7  0 .9 9  
2 2 .8 3  1 .1 4  
2 3 .6 6  1 .27  
23 .41  1 .22  
2 3 .9 0  1 .23  
2 3 .7 0  1 .26  
2 4 .8 9  1 .23

1 .13  3 .4 4  0 .0 1 9  
1 .82  3 .3 1  0 .0 2 4
3 .3 3  3 .3 4  0 .0 1 6  
3 .1 9  3 .41  0 .0 2 2  
2 .0 2  3 .5 6  0 .0 2 5  
1 .85  3 .3 7  0 .0 2 9  
1.81 3 .3 7  0 .0 2 6  
0 .6 3  3 .5 6  0 .0 2 1
1 .33  3 .6 3  0 .0 2 8

5 .5 8  4 .7 1  
5 .41  7 .4 0
3 .8 4  12 .9 0  
4 .3 8  12 .26  
4 .9 5  7 .8 7
4 .8 3  
4 .7 8  
5 . 18 
4 .6 9

7 .3 2
7 .0 4
2 .5 9
5 .0 7

13 .35  
13 .4 0  
13 .52
12 .87  
12 .75  
13 .67  
11 .64  
13 .50  
12 . 11 
12 .97
12.93
12.88

14.34  
13 .58
12 .94  
13. 10 
13 .82
13.34  
13. 10 
14 .63  
13 .85

0.076- 
0 .0 6 6  
0 . 101 
0 .0 8 1  
0.091  
0 .0 3 3  
0 .0 7 6  
0 .0 9 3  
0 .0 7 5  
0 .1 2 5  
0 . 112 
0 . 132

0 .081  
0 .0 9 7  
0 .0 6 0  
0 .0 8 2  
0 .0 9 7  
0 . 114 
0 . 100 
0 .0 6 7  • 
0 . 107

n i t r o g e n o u s  c o n s t i t u e n t s — With the exception of the pro
nounced tendency of ammonia and amine nitrogen to increase 
in these uneviscerated weakfish, there were no other changes 
different from these discussed in the case of the glazed evis
cerated weakfish (Series 1002). No other lot of fish exhibited 
such a tendency to form ammonia and amine nitrogen as did the 
weakfish stored "in the round.” As all the lots of weakfish 
came from the same school, and had a normal uniform con
tent of nitrogen in this form at the start, it would appear that 
the presence of the entrails in the fish during storage was con
cerned in this matter. The importance of this question, how
ever, is such that until further study has been made no definite 
conclusions should be drawn.

c o n s t a n t s  o p  f a t  e x t r a c t e d  p r o m  t h e  f l e s h — Except for 
the usual increase in the acid value there were no significant 
changes in the composition of the fat of these fish as revealed by 
chemical analyses.

(5) Glazed Eviscerated Bluefish Stored without Wrapping 
(Series 1006)

a p p e a r a n c e  a f t e r  s t o r a g e — There were no noticeable 
changes in the appearance of these bluefish until the end of 16 
mo. of freezer storage. When removed at the end of the six
teenth month, the lot showed a certain amount of drying out on 
the noses of the fish, which were wrinkled and yellowish; the 
eyes were somewhat sunken, but eyes and skin were fairly bright. 
Upon cooking, the flesh was palatable and the flavor did not 
noticeably differ from that of fresh bluefish. These fish were in 
marketable condition and only a person familiar with the appear
ance of frozen fish would have classed them as "old stock.”

The bluefish which were in storage for 2 yrs. and 3.5 mo. were 
in unmarketable condition when taken out for analysis. The 
noses and skin were dried, wrinkled, and yellowish. The gills 
were dry and brown. Some of the fins were swollen and soft. 
The eyes were sunken and opaque. The flesh seemed soggy 
after thawing but there was no odor of decomposition, only a 
peculiarly strong fishy odor. Upon cooking, the parts of the 
flesh near the skin were bitter and unpalatable, while the interior 
portions had a good flavor but were tough. As the fish had 
been kept glazed during the whole period of storage, there had 
been no opportunity for molds to attack their surface. From 
every point of view these fish were unmarketable and hardly 
fit for food.

g r o s s  a n a l y s i s — There were no variations in the proportions 
of the gross food constituents of bluefish which could not be 
explained as being due to a loss of moisture during the periods 
of storage or to natural variations in the composition of this 
species of fish. The difference between the average initial per 
cent of fat-free solids and the per cent of this constituent at the 
end of the several periods of storage indicates a gradual loss of 
moisture amounting to about 0.7 per cent at the end of one year 
and to about 2.2 per cent at the end of 2 yrs. and 3.5 mo., in 
spite of the protection afforded by the ice glaze. A t the close 
of the latter period the physical appearance of the fish confirmed

the analytical findings in this regard. The acidity of the aqueous 
extracts showed no change.

n i t r o g e n o u s  c o n s t i t u e n t s — There is a slight but definite ten
dency for the percentage of ammonia and amine nitrogen to 
increase during storage, both as determined on the flesh itself 
and on its aqueous extract. There was a considerable decrease 
in the amount of coagulable nitrogen after one year of storage. 
The proportion of soluble nitrogen showed a less marked decrease. 
Proteose nitrogen, as determined by zinc sulfate precipitation, 
was another constituent that decreased perceptibly during stor
age.

c o n s t a n t s  o f  f a t  e x t r a c t e d  f r o m  t h e  f l e s h — The acid 
value of the oil of the bluefish showed a definite increase during 
storage and a relatively high value at the end of over 2 yrs. 
In addition there appeared to be a decrease in the iodine number. 
This may have been due to a slight oxidation of the oil, a change 
which probably was wrought by the action of the air on the oil 
near the surface of the fish after this part of the fish had become 
somewhat dried out.

D IS C U S S IO N

One of the inevitable effects of cold storage upon 
frozen fish is loss of moisture. This evaporation of 
water at temperatures from — 50 to 15 ° F. is indeed 
slow, and within certain limits decreases in amount 
with decreasing temperatures. A t the beginning of 
the storage period the proportion of fat-free solids in 
the freshly frozen weakfish averaged 19.40 per cent. 
After 8 mo. the fat-free solids (Table I) of the frozen 
weakfish, which had been stored in the eviscerated 
condition without a protective coating of ice-glaze 
or paper, were 22.93 per cent, indicating a decrease of 
3.53 in the per cent of moisture. In contrast to this, 
the fat-free solids of the frozen weakfish, which had 
been stored for 25 mo. in the eviscerated condition 
and “ sealed” with a thin layer of ice, were 21.97 Per 
cent, corresponding to a decrease of 2.5 in the per cent 
of moisture. It is plain that the ice-glaze greatly 
retarded evaporation of water from the flesh. This 
slight desiccation of the fish is shown, not only by  
chemical analysis, but by the appearance as well. 
The unglazed fish stored without wrapping were 
unmarketable at the end of 4 mo. owing to their dried- 
out appearance, whereas the glazed fish were in market
able condition even at the end of 13 mo. Loss of
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T a b l e  I I — C o m p o s i t i o n  o h  t u b  C o l d  W a t e r  E x t r a c t  o p  t b s  F l e s h

-P e r  c e n t o n  M o is t B asis   v P e r  c e n t on  W a ter- , A sh-, a n d  F a t-fre e  B asis
*---------------------------- N itro g e n ---------------------------- *

In  In  
P ep - T a n -  
to n e  n in -

S to rag e
P e rio d

F re s h
F re s h

1 m o.
2 m o. 
4 m o. 
8 m o.
2 m o. 
4 m o. 
8 m o.

O r-

- N i t r o g e n -  
In  I n  

P ep - T a n -  
to n e  n in - 

B ases, S a lt5*51 y  „  B ases, S a lt A m - B ases, S a lt  A m -
of E * “ C o- e tc  (b y  P re - A m - m o n ia  C o- e tc .(b y  P re -  A in- m o n ia

« . . .  . . J P " « !  t r a c t  agu - D iffer- c ip j- P ro te -  ino  a n d  a g u - D iffer- d p i -  P ro te -  in o  and
Solids A sh M a t te r  C c. T o ta l  la b le  ence) t a te  ose A cid A m ine T o ta l la b le  ence) t a te  ose A cid  A m ine

7 .4 9
7 .2 8

5 .8 3
6 .0 4
7 .2 8  
8.88
6 .2 3
4 .1 0
4 .2 2

? y r ’, } 7 .2 81 mo.
2 yrs 
1 m o

4 m o.
8 m o.
1 y r . 1 
1 m o. ;
4  m o. 

10 m o.

iS o .h -

? i £ : i 7-67

1 .0 4  6 .4 5  1 5 .4  0 .8 5 8  0 .5 4 7  0 .2 3 3  0 .0 4 0  0 .0 1 0  0 .0 5 4  0 .0 1 4
1.11  6 .1 8  1 5 .0  0 .7 7 1 0 .4 9 9  0 .2 2 8  0 .0 3 3  0 .0 1 7  0 .0 5 4  0 .0 1 5
1 .0 7  4 . 7 6 . 1 5 . 1  0 .9 0 6  0 .5 5 4  . . .  0 .0 2 9  . . .  0 .0 9 0  0 .0 1 3
1 .08  4 .9 6  1 7 .8  0 .8 2 1 0 .4 8 9  0 .2 3 2  0 .0 3 1 0 .0 1 2  0 .0 7 4  0 .0 1 4
1 .0 5  6 .2 3  1 3 .6  0 .7 9 3  0 .4 8 2  0 .2 0 2  0 .0 2 7  0 .0 2 0  0 .0 7 4  0 .0 1 5
1.21  7 .6 7  1 6 .4  0 .9 9 8  0 .6 2 8  0 .2 6 6  0 .0 3 0  0 .0 1 1 0 .0 7 6  0 .0 1 7
0 .9 7  5 .2 6  1 8 .5  0 .8 3 4  0 .4 9 4  0 .2 3 5  0 .0 3 5  0 .0 1 0  0 .0 8 2  0 .0 1 3
1 .05  3 .0 5  15 .1  0 .8 4 3  0 .5 1 5  0 .2 2 0  0 .0 2 6  0 .0 1 5  0 .0 7 8  0 .0 1 5
1 .1 4  3 .0 8  1 6 .0  0 .9 4 9  0 .6 3 1 0 .2 1 6  0 .0 4 5  0 .0 1 0  0 .0 7 3  0 .0 1 9
0 .9 7  6 .3 1  1 6 .0  0 .8 0 7  0 .4 9 3  0 .2 2 4  0 .0 3 4  0 .0 1 3  0 .0 6 0  0 .0 1 7

■2 y f ; } 7 .3 6

4 .7 7
7 .8 5
7 .5 6

4 .4 8
7 .2 3

4 .7 5  3 .0 3  1 .2 9  0 .221  0 .0 5 5  0 .2 9 8  0 .0 8 2
4 .2 1  2 .4 5  1 .2 9  0 .1 8 0  0 .0 9 2  0 .2 9 5  0 .0 8 1
4 .6 2  2 .8 2  . .  0 .2 5 0  . . .  0 .4 5 8  0 .0 6 8
4 .1 6  2 .4 5  1 .16  0 .1 5 8  0 .0 6 0  0 .3 7 7  0 .0 7 2
4 .1 5  2 .5 2  1 .0 6  0 .1 4 4  0 ,1 0 3  0 .3 8 9  0 .0 7 7
4 .6 2  2 .9 0  1 .2 4  0 .1 3 9  0 .0 5 2  0 .3 5 2  0 .0 7 8

4 .2 7  2.5.3 1 .1 8  0 .1 7 9  0 .0 5 0  0 .4 2 1  0 .0 8 6
4 .2 6  2 .6 0  1 .1 3  0 .1 3 2  0 .0 7 3  0 .3 9 3  0 .0 7 6
4 .7 7  3 .1 7  1 .0 9  0 .2 3 4  0 .0 4 7  0 .3 6 5  0 .0 9 5
3 .8 6  2 .3 6  1 .07  0 .1 6 3  0 .0 6 3  0 .2 8 6  0 .0 8 0

0 .9 7  6 .3 9  1 8 .0  0 .8 1 3  0 .4 5 6  0 .2 5 4  0 .0 2 9  0 .0 0 8  0 .0 7 7  0 .0 1 8  3 .8 8  2 .1 8  1 .21  0 .1 3 9  0 .0 4 0  0 .3 6 7  0 .0 8 5

1 .07
1 .08  
1 .02

1 .07
1 .05

3 .7 0
6 .7 3

1 6 .6  0 .8 6 6  0 .5 1 1  0 .2 6 2  0 .0 3 9  0 .0 1 5  0 .0 6 4  0 .0 1 4  
1 7 .0  0 .8 9 7  0 .5 4 6  0 .2 5 6  0 .0 1 8  0 .011  0 .0 7 1  0 .0 1 3

3 .4 1  
fi. 18

72 0 .9 7  6 .7 5

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

1 6 .0  0 .8 5 5  0 .5 2 0  0 .2 3 3  0 .0 2 4  0 .0 1 4  0 .0 7 1  0 .0 1 7
2 5 .5  0 .9 9 2  0 .6 5 8  0 .2 0 5  0 .0 2 6  0 .0 2 1  0 .0 8 7  0 .021
1 5 .6  0 .8 4 9  0 .5 1 5  0 .2 2 1  0 .0 2 6  0 .0 1 5  0 .0 7 3  0 .0 2 5

4 .2 5  2 .5 1  1 .29  0 .1 9 2  0 .0 7 3  0 .3 1 2  0 .0 6 8
4 .5 3  2 .7 6  1 .2 9  0 .1 9 1  0 .0 5 7  0 .3 5 7  0 .0 6 6
4 .0 2  2 .4 0  1 .1 4  0 .1 0 1  0 .0 5 2  0 .3 6 0  0 .0 7 2

4 .3 9  2 .6 7  1 .2 0  0 .1 2 5  0 .0 7 4  0 .3 6 3  0 .0 8 6
5 .0 0  3 .3 2  1 .0 3  0 .1 3 1  0 .1 0 4  0 .4 3 8  0 .1 0 4
4 .1 9  2 .0 5  1 .58  0 ,1 2 8  0 .0 7 3  0 .3 6 1  0 .1 2 4

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

F re s h  7 .1 6  
F re s h  8 .5 0

4 m o. 4 .5 4
5 m o. 5 .6 5  
8 m o. 5 .4 9
1 y r . 6 .8 0

4  £ ? } « ■ »

i£o. I 6-98
2 y rs  j ? 22

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

1 .1 4  3 .4 0  3 0 .0  0 .7 6 9  0 .4 2 1 0 .1 7 5  0 .0 5 5  0 .0 4 4  0 .1 1 3  0 .0 1 6
1 .2 4  4 .4 1  2 7 .1  0 .7 6 0  0 .3 2 9  0 .2 6 6  0 .0 1 2  0 .0 3 5  0 .1 1 2  0 .0 1 8
1 .17  4 .3 2  2 8 .0  0 .8 1 8  0 .4 4 0  0 .2 2 0  0 .0 5 6  0 .0 3 4  0 .1 0 3  0 .0 2 1
1 .1 9  5 .6 1  3 8 .0  0 .8 4 9  0 .3 1 1 0 .3 2 9  0 .0 5 0  0 .0 4 4  0 .1 4 3  0 .0 2 2
1 .1 5  5 .1 2  3 6 .1  0 .7 8 5  0 .3 0 2  0 .3 1 9  0 .0 4 1 0 .0 2 8  0 .1 1 2  0 .0 2 4

4 .3 4  2 .2 3  1.31 0 .2 0 0  0 .2 5 1  0 .4 7 4  0 .0 7 8
5 .0 1  2 .7 3  1 .4 6  0 .2 5 4  0 .2 3 3  0 .5 0 4  0 .0 7 9
3 .5 8  1 .9 6  0 .8 2  0 .2 5 4  0 .2 0 3  0 .5 2 6  0 .0 7 4
3 .5 0  1 ,5 2  1 .2 2  0 .0 5 5  0 .1 6 2  0 .5 1 4  0 .0 8 1
3 .6 5  1 .9 6  0 .9 9  0 .2 5 0  0 .1 4 9  0 .4 5 9  0 .0 9 3
3 .8 2  1 .4 0  1 .4 8  0 .2 2 7  0 .1 9 7  0 .6 4 5  0 .0 9 7
3 .4 5  1 .3 3  1 .4 0  0 .1 8 0  0 .1 2 4  0 .4 9 2  0 .1 0 6

'A  mo,

1 .1 8  5 .8 0  3 1 .4  0 .8 6 3  0 .3 5 1 0 .3 5 0  0 .0 7 1 0 .0 2 1 0 .1 2 0  0 .0 2 1  3 .8 4  1 .5 6  1 .4 6  0 .3 1 6  0 .0 9 4  0 .6 3 6  0 .091  

1 .2 3  5 .9 9  3 7 .4  0 .8 6 3  0 .3 3 2  0 .3 3 4  0 .0 5 8  0 .0 3 2  0 .1 3 7  0 .0 2 8  3 .6 5  1 .4 0  1 .42  0 .2 4 5  0 .1 3 4  0 .5 7 9  0 .1 1 8

D esc rip tio n  
N o . of F ish

W eak fish  
1002/1 E v isc e ra te d  
1002/2

1001/1 E v isc e ra te d , n o t 
1001/2  g lazed , n o t
1001/3 w rap p ed  in
1001/4  p ap e r

1002/1 E v isc e ra te d ,
1002/2 g lazed , n o t
1002/3 w rap p ed  in
1002/4 p a p e r

1002/5

1003/1 E v isc e ra te d , n o t 
1003/2  g lazed , w rap p ed  
1003/3 in  p a p e r

1004/1 N o t ev isc e ra te d ,
1004/2  g lazed , n o t
1004/3 w rap p ed  in

p a p e r
1004/4

B luefish  
1006/1 E v isc e ra te d  
1006/2

1006/1 E v isc e ra te d ,
1006/2  g lazed , n o t 
1006/3 w rap p ed  in  
1006/4  p a p e r  
1006/5

1 0 0 6 /la

1006 /6
3

moisture is also slightly retarded by wrapping the 
fish in semi-parchment paper, although it is plain 
that the paper alone gives insufficient protection from 
the drying effects of the air. Glazing seals the fish 
in an almost air-tight manner, and is evidently a neces
sary precaution to preserve the bright and fresh ap
pearance of fish when removed from storage. It  is 
known that ordinary glazing processes add from 3 to 5 
per cent to the weight of the fish, but, on the other 
hand, during storage both the fish and the glaze lose 
weight as a result of the evaporation of water.

The rate of evaporation of water from the flesh of 
the glazed weakfish appeared to decrease markedly 
after the fish had been in storage for a year (Pat-free 
Solids, Table I). The losses of moisture from the 
flesh of all the glazed fish during the first 8 or 10 
mo. of storage were small and not such as to produce 
a material change in the appearance of the fish. Except 
for an occasional broken or dried fin these fish after 
thawing resembled closely those often found in markets 
and sold as fresh fish. This good showing was due to 
the fact that the fish were frozen in cakes, conforming 
to the size of the usual commercial pan used for the 
initial freezing, thus reducing the amount of surface 
exposed to the air; to the protection afforded by the 
ice-glaze, which was renewed as required; and to the 
uniformly low temperature (15° F.) at which the fish 
were kept. In most commercial fish freezers in this 
country even better results might be expected, as the 
average temperature of their storage rooms is 5 0 or 
io° (P.) lower than that of the rooms in which the 
experimental fish were held.

There is no evidence to show that the proportions

of the food constituents of fish, namely, fat, protein, 
and ash, underwent appreciable changes in cold stor
age. A t first glance it would seem that the variations 
in the amounts of these constituents in individual fish 
of the same school are surprisingly great. However, 
this lack of uniformity in composition is due almost 
entirely to the variations in the fat content, which is 
for the most part compensated for by changes in the 
moisture content. When due allowance is made for 
this natural variation, the proportions of protein, as 
represented by nitrogen in the tables, and ash do not 
change during storage except by amounts which can 
be accounted for by the slight loss of moisture.

Upon autolysis or bacterial attack the flesh of fish 
yields both ammonia and amines. In comparative 
investigations, such as here presented, the sum of the 
ammonia and amine nitrogen, or nitrogen determined 
by aeration, may be used as one index of changes in 
the nitrogenous constituents of fish flesh during stor
age. It is impossible to say whether such observed 
changes are due primarily to enzyme action or to the 
growth of bacteria. In either case, the nitrogen deter
mined by aeration represents end-products which 
collect and indicate aging processes in fish. During 
storage there seemed to be a slight tendency for 
ammonia and amine nitrogen to increase, but this was 
usually not marked until after one year of storage. 
Bluefish had a more pronounced tendency to form 
ammonia and amine nitrogen than most of the lots 
of weakfish. In the latter, the effects of glazing and 
wrapping on the production of this form of nitrogen 
were not apparent. However, the weakfish which 
were stored with entrails intact exhibited a relatively
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•------------------------------------------------- P e r  c e n t N itro g e n ------
I n

D esc rip tio n  of F ish  
W eakfish

E v isc e ra te d

E v isc e ra te d , n o t g lazed , n o t w rap p ed  in p a p e r

E v isc e ra te d , g lazed , n o t w rap p ed  in p ap e r

E v isc e ra te d , n o t g lazed , w rap p ed  in  p ap e r  

N o t  ev isc e ra te d , g lazed , n o t  w rap p ed  in  p a p e r

Bluefish
E v isc e ra te d

E v isc e ra te d , g lazed , n o t w rap p ed  in  p a p e r

N o .

1002/1 
1002/2 
1001/1  
1001 /2  
1001 /3  
1001 /4  
1002/1 
1002/2  
1002/3  
1002 /4  
1002/5  
1003/1 
1003 /2  
1003/3  
1004/1 
1004 /2  
1004/3  
1 004 /4

1006/1 
1006 /2  
1006/1 
1006 /2  
1006 /3  
1006 /4  
1006/5  
1 0 0 6 /la  
1 006 /6

strong tendency for this constituent to increase. In 
fact, the highest percentages of ammonia and amine 
nitrogen found in any case were in those weakfish 
frozen "in the round.”  Since these fish were hard 
frozen it is difficult to conceive that this increase was 
due to the slow diffusion of decomposition products 
into the flesh from the entrails or to the penetration 
of bacteria from the same source. Whatever the 
explanation may be, it does not seem impossible that 
these changes in the flesh are traceable to the presence 
of the entrails during storage. Further experimenta
tion is necessary before a definite conclusion can be 
reached.

During storage the bluefish showed a decrease in the 
amounts of water-soluble and coagulable nitrogen. 
These constituents increased at first and then de
creased in all of the weakfish, except those stored in 
the eviscerated condition without glazing or wrapping, 
in which the changes were irregular. The nitrogen 
in the form of peptone, bases, etc., did not seem to be 
a variable constituent in the case of any of the fish in 
storage. The proteose and peptone nitrogen, as pre
cipitated by tannin and salt, did not vary appreciably 
in amount. Proteose nitrogen, as precipitated b y the 
zinc sulfate method, decreased perceptibly in the blue
fish during storage, but not in the weakfish. Bluefish 
seem to contain, naturally, about three times as much 
proteose nitrogen as weakfish. Bluefish also contain 
more amino-acid nitrogen than weakfish, and both 
species show a slight tendency towards the accumula
tion of this constituent while in storage.

The interpretation of the meaning of the slight 
changes in the nitrogenous constituents just described 
is difficult owing to the small amounts involved, the 
apparently conflicting tendencies, and to the fact 
that the role of bacteria and enzymes in such changes 
is unknown for fish flesh in the hard frozen condition. 
However, the general conclusion to be drawn from the 
slight changes observed is that they indicate the begin
ning of the process of the breaking down of the larger 
protein molecules into intermediate products, and the

S to rag e
P eriod T o ta l

B ases, e tc . T a n n in -  
(b y  D iffer- S a lt 

S o lub le C o ag u lab le  ence) P re c ip íta te  P ro teo se
A m ino

A cid

A m m onia
an d

A m ine

F resh 100 2 8 .6 0 18 .2 6 7 .71 1 .33 0 .3 3 1 .80 0 .5 0
F resh 100 2 6 .1 3 15.21 8 .01 1 .12 0 .5 7 1 .83 0 .51
1 m o. 100 29 .6 1 18.07 1 .60 2 .9 3 0 .4 4
2 m o. 100 2 6 .2 5 15 .64 7 ] 40 1 .00 0 .3 8 2 .3 8 0 .4 5
4 m o. 100 2 4 .8 2 15 .07 6 .3 6 0 .8 6 0 .61 2 .3 2 0 .4 6
8 m o. 100 2 9 .1 9 18 .33 7 .81 0 .8 8 0 .3 3 2 .2 3 0 .4 9
2 m o. 100 2 8 .0 7 16 .63 7 .7 8 1 .18 0 .3 2 2 .7 7 0 .5 7
4 m o. 100 2 6 .9 3 16 .43 7 .0 6 0 .8 3 0 .4 8 2 .4 8 0 .4 8
8 m o. 100 3 0 .4 4 2 0 .2 3 6 .9 8 1 .49 0 .3 0 2 .3 3 0 .6 0
1 y r . 1 m o. 100 2 5 .1 9 15 .40 6 .8 9 1 .0 6 0 .4 0 1 .87 0 .6 3
2 y rs . 1 m o. 100 2 5 .6 6 14 .37 8 .0 5 0 .9 2 0 .2 6 2 .4 2 0 .5 6
4 m o. 100 2 7 .6 7 . 16 .3 4 8 .3 8 1 .2 6 0 .4 8 2 .0 3 0 .4 4
8 m o. 100 2 8 .3 8 17 .29 8 .0 8 0 .5 7 0 .3 5 2 .2 4 0 .4 2
1 y r . 1 m o. 100 2 5 .2 8 13.09 9 . 16 0 .6 4 0 .3 2 2 .2 6 0 .4 5
4 m o. 100 2 7 .6 6 16 .82 7 .5 4 0 .7 9 0 .4 7 2 .2 9 0 .5 4

10 mo. 100 3 1 .8 0 2 1 .1 2 6 .5 7 0 .8 3 0 .6 6 2 .7 9 0 .6 6
1 y r . I m o. 100 2 6 .7 2 13.07 10 .1 0 0 .8 2 0 .4 6 2 .3 0 0 .7 9
2 y rs. I m o. 100 2 5 .8 2 14.81 7 .0 9 1 .44 0 .4 8 2 .6 2 0 .8 2

F resh 100 2 7 .1 4 13 .9 4 8 .1 8 1.31 1 .57 2 .9 6 0 .4 9
F resh 100 3 2 .1 3 17.51 9 .5 5 1 .63 1 .33 3 .2 3 0 .5 1
4 m o. 100 2 3 .0 0 12 .60 5 .2 4 1 .63 1 .3 0 3 .3 8 0 .4 8
5 m o. 100 2 2 .2 6 9 .6 7 7 .7 8 0 .3 5 1 .03 3 .2 7 0 .51
8 m o 100 2 3 .0 4 12.37 6 .2 5 1 .58 0 .9 4 2 .8 9 0 .5 9
1 y r . 100 2 5 .1 6 9 .2 2 9 .7 7 1 .49 1 .29 4 .2 5 0 .6 3
1 y r . 4 m o. 100 23 .31 8 .9 8 9 .4 5 1.21 0 .8 4 3 .3 2 0 .7 2
1 y r. 4 m o. 100 2 4 .2 1 9 .8 4 9 .8 2 1 .99 0 .5 9 3 .3 8 0 .5 8
2 y rs . 3 l/» n io . 100 2 3 .7 9 9 .1 2 9 .2 6 1 .6 0 0 .8 7 3 .7 7 0 .7 7

simple substances like amino acids, and ammonia. 
Such changes are typical of the decomposition of pro
teins by enzymes or bacteria in ripening processes. 
The flesh of fish, unlike that of beef or poultry, is known 
to yield considerable amounts of amines when attacked 
by bacteria or enzymes. The changes occurring were 
very slight and of such a nature as would warrant the 
belief that they were brought about by autolysis 
rather than by bacterial action.

The iodine number of the fat of the fish which were 
analyzed after 2 yrs. of storage seemed to be somewhat 
lower than that of fish which had been stored for 
shorter periods. This was most pronounced in the 
case of the bluefish and is probably due to the oxidizing 
action of the air on the fa.ts near the surface of the 
fish which was more or less dried out at this stage.

The increase in the acid value of the oils from frozen 
bluefish and weakfish was the most striking effect 
noticed in the storage investigations. The weakfish 
contained a large and also more variable amount of 
fat when compared with bluefish. The latter did not 
show such large increases in acid value as the weak
fish. This change began to be most noticeable after 
8 mo. or a year in storage. Up to this time neither 
glazing nor wrapping the fish to protect them from 
the air seemed to have any effect on this aging process 
in the fat. For this reason, during this time it is 
probably not influenced as much by atmospheric 
oxidation as by the bacterial or tissue enzymes in the 
flesh of the fish itself. The action of such enzymes at 
the low temperature of storage is necessarily slow and 
the acids produced in the fats of these fish did not 
impart a “ rancid” flavor to the flesh of the fish which 
had been stored for a year in the glazed condition.

During the first 13 or 16 mo. of storage the changes 
in the chemical composition of the fish which had been 
frozen and stored under the best conditions were not 
reflected in changes in the flavor of the product after 
cooking. During the longer periods of storage, how
ever, an undesirable change in the flavor of the cooked 
flesh could be detected. However, it should be noted,
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N o.

1002/1
1002/2
1001/1
1001/2
1001/3
1001/4
1002/1
1002/2
1002/3
1002/4
1002/5
1003/1
1003/2
1003/3
1004/1
1004/2
1004/3
1004/4

1006/1 
1006/2 
1006/1 
1006/2 
1006/3 
1006/4 
1006/5 
1 0 0 6 /la  
1006/6

D esc rip tio n  o f F ish
W eakfish

E v isc e ra te d

E v isc e ra te d , n o t  g lazed , n o t  w rap p ed  in p a p e r  

E v isc e ra te d , g lazed , n o t w rap p ed  in p a p e r

E v isc e ra te d , n o t  g lazed , w rap p ed  in  p a p e r  

N o t  ev isc e ra te d , g lazed , n o t  w rap p ed  in  p a p e r

B luefish
E v isc e ra te d

E v isc e ra te d , g lazed , n o t  w rap p ed  in  p a p e r

T a b l e  I V -

S to rag e
P erio d

-A n a l y s i s  o f  F a t  
Specific 
G ra v ity  

2 5 /2 5 ° C.

F resh
F re sh
1 m o.
2 m o.
4 m o.
8 m o.
2 m o.
4 m o.
8 m o.
1 y r . 1 m o.
2 y rs . 1 m o.
4  m o.
8 mo.
1 y r . 1 m o.
4 m o.

10 m o.
1 y r . 1 mo.
2 y rs . I 1110.

F resh
F resh
4 m o.
5 m o.
8 m o.
1 y r .
1 y r . 4 mo.
1 y r . 4 m o.
2 y rs . 3 */a m o.

0 .9 1 8 3
0 .9 3 1 5

0 .9 i8 8
0 .9 1 9 5
0 .9 2 1 6
0 .9 2 4 0
0 .9 2 0 7
0 .9 2 5 4
0 .9 2 6 6
0 .9 3 3 3
0 .9 2 6 7
0 .9221
0 .9141
0 .9 1 8 7
0 .9261
0 .9147
0 .9 2 1 4

0 .9 3 1 0

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

In d ex  of 
R e frac tio n  

3 0° C .

1 .4745 
1 .4749

114709
1 .4726
1 .4727 
1 .4726  
1 .4743
1 .4724
1.4725
1 .4740
1 .4740
1 .4728 
1 .4704  
1 .4724  
1.4731 
1 .4703 
1 .4733

1 .4786
1 .4745

K 4723
1.4735
1 .4745 
1 .4694
1.4745 
1 .4710

Io d in e
N o .

142 .3
13 8 .9

132 .6
1 2 9 .6

132^9
12 4 .9
128 .3
136 .5

13ö! 7
13 3 .6  
124.1
140 .3
12 8 .6  
128 .8

126 .0
1 3 6 .4

137i9
126 .5
133 .4
127 .5  
118 .8
118 .5

S a p o n i
fication

N o .

185 .8
182 .6

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1
I!
1

1 
1

1

1 
1 
1 
l:

A cid
V alue

5 .5
1 2 .4

in connection with the longer -storage periods, that the 
holding temperature (15 ° F.) is higher than is ordinarily 
used commercially.

S U M M A R Y

Two species of salt water fish, i. e., bluefish, Pom a- 
tomus salta lrix, and weakfish, C ynoscion regalis, were 
frozen by the commonly used air process, stored in a 
holding room whose temperature remained near 15 0 
F. and examined chemically and organoleptically at 
the conclusion of holding periods varying in duration 
from 1 to 27.5 mo. The bluefish before freezing were 
eviscerated and were kept “ glazed” with an ice covering 
during storage. The weakfish were divided in four lots, 
each of which was prepared for storage in a different 
manner in order to determine the effects of glazing, 
paper wrapping, and the presence of entrails on the 
keeping quality of these fish.

I— Bluefish and the weakfish stored in the glazed 
condition remained palatable and wholesome during 
storage for 16 and 13 mo., respectively.

II— Weakfish, which had not been glazed or other
wise protected against loss of moisture, dried out so 
rapidly that at the end of 4 mo. they were considered 
unmarketable.

III— The loss of moisture in weakfish was checked 
but slightly by wrapping the fish in semi-parchment 
paper. Paper wrapping is by no means an adequate 
substitute for the ice-glaze.

IV— The keeping quality of glazed uneviscerated 
weakfish in storage up to 13 mo. was practically the 
same as that of the glazed eviscerated weakfish.

V— Both bluefish and weakfish became unpalatable 
after 2 yrs. of storage. The desiccation and consequent 
ruining of the appearance of the fish after long periods 
of holding were more marked than they would have 
been if the temperature of the storage rooms had been 
nearer the average commercial holding temperature.

VI— The following changes in the composition of the 
flesh of the fish during storage were noted:

(a) Water-soluble and coagulable nitrogen decreased 
m the bluefish, and increased at first, then decreased 
in all weakfish except those stored in the eviscerated

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

7 8 .9  3 8 . 9
7 2 .8  1 6 .3

8 7 ^ 9  2 K 8
2 7 .4

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

condition without glazing or wrapping. In the latter 
the changes were irregular.

(b) Proteose nitrogen decreased in the bluefish but 
underwent no distinctive change in the weakfish.

(c) Amino-acid nitrogen increased slightly in both 
bluefish and weakfish.

(d) Ammonia and amine nitrogen increased markedly 
in the glazed uneviscerated weakfish and only slightly 
in the other fish.

(i) The acid value of the extracted fat increased in 
all samples.

(/) The iodine number of the extracted fat decreased 
in all samples, the change being greatest in the blue
fish.

SOLID PH ASES OBTAINED B Y  TH E EVAPORATION OF 
CERTAIN SO IL E X TR A C TS1

By M . S. Anderson and William H . Fry

B u r e a u  o f  S o i l s , U . S .  D e p a r t m e n t  o f  A g r i c u l t u r e , W a s h i n g t o n ,
D . C .

[ p r e l i m i n a r y  p a p e r ]

R eceived  F e b ru a ry  9, 1920

In recent years a very considerable amount of 
investigation in the Bureau of Soils has been devoted 
to the nature and functions of soil solution and to water 
extracts of soils. The results are published in the 
various bulletins of the Bureau.2 For the most part 
these investigations have concerned themselves with 
the total material extracted and its relation to plant 
growth and to the so-called plant food constituents. 
Similarly in various other publications are found more 
or less extensive accounts of the relation of water to 
soil dealing with concentration,1_s’ * movement,5-10 meth
ods of extraction and materials extracted by water.11»15 
There can also be found in the literature an enormous 
amount of material dealing with the mineral composi
tion of sea water, saline lakes and deposits, well and 
drainage waters, etc. These publications are sum-

1 P u b lish ed  b y  p erm ission  of th e  S e c re ta ry  o f A g ricu ltu re .
5 See v a r io u s  p u b lic a tio n s  of th e  B u re a u  o f Soils, U . S. D e p a r tm e n t 

of A g ric u ltu re , W ash in g to n , D . C .
* N u m b e rs  re fe r to  B ib lio g rap h y , p . 668,
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marized and references found in Clarke's “ D ata of 
Geochemistry.” 16

In all these articles there is found almost no refer
ence to the actual character of the materials deposited 
from soil extracts upon evaporation. The usual forms 
of expression are the relative quantities of ions or 
radicals found, or a recalculation of these quantities 
according to conventional formulas supposed to repre
sent the compounds present. In an ordinary soil 
extract there are, in addition to the organic material 
present, many inorganic substances other than the 
so-called plant foods. It is not to be doubted that 
these may profoundly affect the properties of the 
soil solutions, and this is particularly true when it is 
considered that soil solutions become very concen
trated as the soils become air-dried and the aqueous 
films approach or reach saturation. It therefore 
seemed of interest to determine the nature of the actual 
salts crystallizable from soil extracts and to deter
mine if possible the variations in these in different 
types of soils. M any difficulties are encountered in 
an investigation of this sort, among them being the 
large volumes of solution and of soil which must be 
used to secure a workable amount of deposit. The 
extract contains not only relatively large amounts of 
organic matter but also considerable quantities of 
highly colored, non-crystallizable material which very  
seriously interfere with the petrographic examination 
of the deposits. Failure to properly estimate the 
difficulties in advance has rendered the results reported 
in the following pages somewhat fragmentary and this 
communication is to be regarded as a preliminary 
report upon the subject. A  more comprehensive 
investigation is now under way, but the data at hand 
are of such character as to render their present publica
tion desirable.

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

p r o c e d u r e — The general plan of operation, with 
such modifications as seemed advisable as the work 
developed, was to prepare extracts of the various soils 
by agitating large quantities with quantities of water 
ranging from 3 to 5 parts of water to one of soil. The 
water extract was filtered through Pasteur-Chamber- 
land filters and a portion of the extract evaporated 
to dryness. The soil and the dry extract were analyzed 
by the same methods. The main body of the extract 
was concentrated on a steam bath in a tin-lined copper 
kettle until crystallization began to take place. Con
siderable quantities of amorphous and undeterminable 
material separated before this point was reached. 
This was filtered off and subjected to complete analysis. 
The filtrate was allowed to evaporate spontaneously 
until a crop of crystals appeared. These were filtered 
off and examined with a petrographic microscope by  
the ordinary method.

p r e l i m i n a r y  w o r k — A certain amount of prelimi
nary work was done upon a sample of Chester silt 
loam from Oakton, Va. The quantity of soil extracted 
was about 100 kg. and the ratio of soil to water 
was one to five. After filtering, a portion of the solu
tion was evaporated to dryness and the extract dried 
at 1050 C. This extract was analyzed and the fol

lowing table gives the composition as compared with 
a sample of the original soil.
A n a l y s i s  o f  C h e s t e r  S i l t  L o a m , O a k t o n , V a ., a n d  W a t e r  E x t r a c t  

A n a ly s is  by L .  A .  S le inkoen ig
S o i l W a t e r  E x t r a c t

Loss on  ig n i tio n ...................... .......... 5 .3 0 57 .51
S ilica, S iO j.................................. 4 .1 4
T ita n iu m , TiC>2........................ ..........  1 .51 0 .0 2
I ro n , FeaO s................................. 0 .4 6
A lu m in a , AI2O 3......................... ..........- 1 2 .0 8 1 .7 8  .
M an g an ese , M n O ................... 0 .1 1
L im e, C a O .................................. 10 .52
M ag n es ia , M g O ....................... ..........  0 .3 5 4 .8 4
P o ta s h , K 2O .............................. ..........  1 .4 4 11 .36
S o d a , N asO ................................ ..........  0 .3 8 8 .71
P h o sp h o ric  ac id , P tO s ........... .......... 0 .2 3 0 .1 3

The greater portion of the extract was evaporated 
in an open kettle until a separation of solid material 
began, when it was transferred to a porcelain dish and 
evaporated under a pressure of 15 mm. As soon as a 
separation of a few grams of solid material had taken 
place the evaporation was interrupted and the solid 
material removed by filtration or decantation. In 
this manner 13 successive fractions were obtained, the 
last being a pasty mass of the total remaining material. 
The examination of the fractions of solid material was 
very difficult because of the precipitation of amor
phous and highly colored inorganic matter as well as 
of large quantities of organic substances. Neverthe
less by petrographic examination, the following crystal
line compounds were identified:

G y p su m , CaSO «.2H iO  M ira b ilite , N asSO i.lO H sO
C alc ite , C aC O j E p so m ite , M gSO <.7HjO
T h e n a rd itc , N atSO « C a m a ll ite , K M gC l* .6H tO
S y lv itc , KC1 S o d a  n ite r ,  N aN O *
K iese ritc , MgSO< +  H jO  H a li te , N a C l
P ic ro m erite , M gSO tK tSO « +  6H jO/

In view of these interesting results it seemed 
desirable to pursue the investigation b y a comparison 
of the salts deposited from the water extract of an 
alkali soil with those deposited from extracts from 
soils of humid areas.

E X A M IN A T IO N  O F  S A M P L E S  O F  S O IL  E X T R A C T S  A
sample of Yolo clay, secured from near Los Banos, 
Cal., was subjected to detailed examination. The 
sample was an alkali crust together with about 6 in. 
of underlying soil. This soil is described17 as follows: 
“ The type is a chocolate-brown clay 6 ft. or more 
in depth— wheat and barley are the principal crops 
grown. Alfalfa is successfully grown on this type.” 
This soil was selected because, as an alkali soil, the 
soluble salt content is relatively high.

The solution was prepared by treating 448 lbs. of 
the air-dry soil with water using 16 lbs. of soil for each 
extraction. After extraction the solution was filtered 
and evaporated in a steam-jacketed kettle. The total 
amount of solution used was 985.6 liters with a soluble 
salt content of about 2 g. per liter. After evaporation 
to about one-tenth of its volume the solution was 
filtered and returned to the kettle for further con
centration. The residue was- found to contain con
siderable quantities of carbonate but no estimation of 
its quantity or definite composition was made. The 
solution, which had become of an amber color, was 
slowly concentrated until a sample on cooling showed 
a deposition of crystals.

The whole of the solution, now about 12 liters in 
volume, was placed in a porcelain-lined pan and allowed
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T a b l e  I — W h i t e  A l k a l i  S o i l

Y olo c lay  loam  0 -4  in . deep  from  n e a r  L os B años, C a lifo rn ia . 448 lbs. of a ir -d rv  soil— 442 lbs of d rv  coil wt-rp «rith  qqk a  is* -«  ♦ -  • 1 *
to  440 p e r  ce n t of m o is tu re  c a lc u la te d  on  th e  w eigh t of soil used . O n e v a p o ra tio n  ca lc ites , gypsum , a m o rp h o u s  m in era l a n d  o rg an ic  5St
dow n to  a  v o lu m e of 13,260 cc ., w hen  th e  fo llow ing m in era ls  s e p a ra te d  o u t  in  c ry s ta llin e  form  o rg an ic  m a t te r  s e p a ra te d  o u t

M icroscopical work by W . H . F ry
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to cool over night. A  crop of well-formed and quite 
pure crystals of hydrated sodium sulfate separated 
out, together with a considerable quantity of a gray 
sediment. The sediment, about 5 g., washed free 
from soluble sulfates was analyzed and showed the 
following composition:

A n a ly s is  by M . S . A nderson
P e r  ce n t

L oss  on  ig n itio n  (in c lu d in g  C O 2) .....................................  3 7 .7 5
S ilica , S i0 2 .................................................................................. 13 .05
Iro n  oxide, FC2O3..................................................................... T ra c e
A lu m in a , AI2O3.........................................................................  2 .0 3
T ita n iu m  ox ide , T iO s............................................................  N o n e
L im e (C a O ) ................................................................................ 3 5 .3 0
M ag n es ia , M g O   .....................................................  9 .3 8
P o ta s h , K 2O   .................................................................  N o n e
S o d a , N a iO ................................................................................. 1 .78
C arb o n  d iox ide , C O j..............................................................  2 6 .8 0

The evaporation was now allowed to continue, at 
room temperature, in porcelain-lined dishes. No 
salt other than hydrated sodium sulfate separated 
until a concentration of 5,400 cc. was reached and from 
this point only traces of any solid phase separated 
until the concentration had reached a volume of 
4,400 cc. The whole deposit to this point is described 
as Crop 1 in Table I.

A second crop of crystals was recovered when a 
volume of 3,700 cc. was reached. The specific grav
ity of the mother liquor was also determined. The
evaporation was continued at room temperature until,
in all, 14 fractions of crystals were obtained. These 
were examined petrographically and the compounds 
identified as indicated in Table I.

In Column 5 are given the percentages of the water 
in each fraction from which crystals were obtained, 
calculated on the basis of the original soil. It  will be 
noted that no salts crystallized at a moisture content 
corresponding to the optimum for the soil and that no 
salts other than sodium sulfate and sodium chloride 
assumed the solid phase until the concentration became 
greater than that corresponding to air-dry soil. The 
residual liquid from Fraction 14 was a thick brown, 
pasty mass of such character that further petrographic 
examination was impracticable.

After the work with the extract from 448 lbs. of soil 
was completed, a 16-lb. sample of the same soil was

extracted with water and the extract evaporated to  
determine the point at which the sodium sulfate began 
to crystallize. This was found to be at a concentration 
of 6.6 per cent of the original soil weight. The total 
solid separated out at this point amounted to 0.0289S 
g. Its composition was as follows:

A n a ly s is  by  W . 0 . R obinson
P e r  ce n t

S ilica, S iO s...........................................................  13 .3 7
A lu m in a , A l*O j. ..............................................................  5 .5 3
I ro n  oxide, FC2O3.  .................................................................  0 .5 8
C alc ium  c a rb o n a te , C aC O j (c a lc u la te d ) ......................  3 2 .6 2
M ag n es iu m  oxide, M g O ........................................................  2 .4 5
P o ta ss iu m  ox ide , K s O . . ................................................. . . 0 .3 4
S od ium  oxide, N asO ...............................................................  1 5 .5 0
S u lfu r trio x id e , S O a . ............................................................  12 .70
P h o sp h o ru s  p en to x id e , P 2O5  .....................................  T ra ce
Ig n itio n  lo ss ....................................................................   16 .91

The solution from which the solid was removed had 
a volume of 1,234 cc. with a specific gravity of 1.112  
at 28° C. Its composition was found to be

A n a ly s is  by XV. 0 . R ob inson
G ram s  p e r  L ite r

S ilica, S iO s..................................................................................... 0 .3 4
A lu m in a , AI2O3........................................................................... T ra c e
F e rr ic  ox ide , FeaOa................................................................... T ra c e
L im e, C a O .................................................................   0 .2 5
M ag n esiu m  ox ide , M g O .........................................................  0 . 14
P o ta ss iu m  ox ide , K 2 0 .............................................................. 0 .4 8
S od ium  ox ide , N a 2 0 ................................................................  7 4 .4 9
P h o sp h o ru s  p en to x id e , P20*............................................... 0 .0 1 9
C h lo r in e .......................................................................................... 2 .3 4
S u lfu r tr io x id e , SOa............................................ . ..................  5 6 .9 9
C arb o n  d iox ide, C O 2......................... ...................................  1 .3 7

humid soils— I n order to contrast the alkali soil 
extract with a humid soil a sample of sassafras silt 
loam17 was collected in the.grounds of the Smithsonian 
Institution in Washington, D. C.

About 400 lbs. of this soil were extracted and 1,250 
liters of solution prepared, filtered through Pasteur- 
Chamberland filters, and evaporated in the steam  
kettle. The solid material which separated out when 
the volume was reduced to 33 liters was collected and 
analyzed. Evaporation was continued to a volume 
of 1.56 liters and the solid material again collected and 
analyzed.

The volume of the solution remaining when the  
more soluble salts began to crystallize was so small 
that it was not practicable to determine the volume 
and specific gravity of each successive fraction from 
which crystal crops were examined.
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A n a ly s is  by W . 0 .  R obinson
R e s id u e  a t  O p t im u m  R e s id u e  a t  A i r - D r y

W a t e r  C o n t e n t  
V o l u m e  3 3  L .  

P e r  c e n t
L oss on  ig n i t io n . . . ................. 2 5 .1 3
S ilica , S iO a.................................. 27 .91
A lu m in a , A liO a.........................  16 .8 4
Iro n  oxide, FeiO a........................  5 .4 1
M an g an ese  oxide, M n O   0 .4 3
C o p p e r ox ide , C u O 1.................. 5 .0 8
C alc iu m  ox ide , C a O .................  8 .8 0
M ag n es iu m  ox ide , M g O . . . .  2 .2 8
P o ta s s iu m  oxide, K jO   0 .6 6
S o d iu m  ox ide , N a iO .................  0 .5 4
S u lfu r  trio x id e , SO a................... 3 .9 1
P h o sp h o ru s  p en to x id e , P jO» 0 .2 3  

1 F ro m  s te a m  k e t tle .

W a t e r  C o n t e n t  
V o l u m e  1.56 L . 

P e r  c e n t 
8 .7 3  
2 .9 5  
2 .0 6  
1 .48  
0 .0 6  

T ra ce  
3 3 .6 2  

0 .4 8  
0.68 
1 .34  

4 5 . 15 
0 .0 5

The results of the pétrographie examination of the 
crystal crops are given in Table II, Column 8. The 
last fractions contained such relatively large quan

tities of organic matter that pétrographie examination 
was impossible. As a means of getting this material 
into workable condition it was dried and charred at as 
low a temperature as possible and the organic material 
thus destroyed or rendered insoluble. The residue was 
dissolved in a small amount of warm water and filtered. 
The filtrate was allowed to evaporate and the frac
tions of crystallized material examined. In similar 
manner Crowley silt loam subsoil from Crowley, 
La., was examined,17 and also a sample of Stockton 
clay adobe from Stockton, C al.17 One hundred 
pounds of each soil were used and 375 liters of each 
solution prepared. The results of these examinations 
are shown in Table II, Columns 9 and 10.

( i )
S tass -
fu r t

S a l t s  F o u n d  D ep o s its
S i n g l e  S a l t s  

Chlorides
S y lv ite— K C 1..............................................................................  x
H a lite — N a C l .............................................................................. x
B ischofite— M g C lt.6H iO .......................................................  x

S u lfa te s
G y p su m — C aS O i.2 H jO ..........................................................  x
A n h y d rite— C aS O i...................................................................  x
C e le s tite— S rS O i........................................................................ x
E p so m ite — M gSO <.7H iO .......................................................  x
K ie se r ite — M gS O i.H sO ........................................................... x
T h e n a rd ite — N ajSO «.......................................................................
M irabU ite— N aiS O i. IOH jO ..........................................................
M gSO «.6 H tO .......................................................................................

N itra tes
S o d a  n i te r— N a N O i.......................................................................
N ite r— K N O a.....................................................................................
N itro c a lc ite — C a (N 0 * )i.n H * 0 ................................................. ..
N itro m a g n e s ite — M g(N O a)i.nH aO ...........................................

Carbonates
C alc ite— C aC O a.........................................................................  x
A rag o n ite— C aC O a ..........................................................................
M ag n es ite— M gC O a........................................................................
T h e rm o n a tr i te — N ajC O a.H aO ....................................................
N  a t ro n — N  ajCOa. 1 O H jO ...............................................................
S o d iu m  c a rb o n a te — N ajC O a ............................................... ...

Phosphates
T ri-so d iu m  p h o s p h a te — N aaP O i...............................................

D o u b le  S a l t s  
Chlorides

C a rn a lli te — K C l.M g C lj.6 H jO .............................................  x
D o u g la s i te - 2 K C l.F e C lj .2 H iO ...........................................  x
T a c h y d r i te — C a C lj.2 M g C li.l2 H jO ................................... x

Su lfa tes
A p h th ita li te — (K N a)jS O « .....................................................  x
P ic ro m e rite — K 1SO 4.M gS O 4.6H aO ....................................  x
L e o n ite— K 1SO4.M gSO 4.4H 1O .............................................  x
L a n g b e in ite— K jS 0 4 .2 M g S 0 4 ..............................................  x
B lod ite— N a 1SO 4.M gSO 4.4 H 1O ...........................................  x
L o w e ite -2 N a jS O 4 .2 M g S 0 4 .5 H f0 ..................................... x
V an th o ffite— 3 N ajS 0 < .M g S 0 4 .............................................  x
G la u b e rite — NajS04.CaSC>4..................................................  x
K a lin ite — K jvS04.A lj(S04)a.24H j0............................................

S u lfa te s  a nd  Chlorides
K a in i te - K C l .M g S 0 4 .3 H j0 .................................................  x
S u lfo h a lite— 3 N a jS 0 4 .2 N a C l.....................................................

Carbonates
T ro n a -N a a C O a .N a H C O a .2 H s O ................................................
G ay lu ss ite— C aC O a.N ajC O a.5H iO ...........................................
D o lom ite— M gC a(C O a)a...............................................................
P irs so n ite— N a jC a (C O a ) t .2 H iO . .......................................

Silica tes
N a tro l ite — N ajA laSiaO io.2H aO ........................ ..........................

T r i p l e  S a l t s  
Su lfa tes

P o ly h a l i tc - K jS O 4.2 C aS O 4.M gSO 4.2H aO ......................  x
K r u g ite -K jS 0 4 .4 C a S 0 i .M g S 0 4 .2 H j0 ...........................  x

Chlorides a nd  A lu m in a le s
K o en en ite -2 M g C Ii.3 M g O .A ljO a .6 H jO  (o r 8 H jO ? ) . x 

Su lfa tes , Carbonates and  Chlorides
H a n k s i te -9 N a jS 0 4 .2 N a C 0 a .K C l............................................

Carbonates and  Chlorides
N o r th u p ite — M g C O a .N a jC O a.N aC l........................................

Carbonates and  Su lfa tes
T y c h ite — 2M gC O a.2N ajC O a.N ajS O <...............................

B o r a t e s
B o rac ite— M gjCljBisO ao......................................................... x
P in n o ite — M gBjC>4.3HiO......................................................  x
H y d ro b o ra c ite — C aM gB «O u .6H jO ...................................  x
H e in tz ite -h y d ro u s  b o ra te  of M g a n d  K , fo rm u la

d o u b tfu l ....................................................................................  x
A sc h a rite— 3 M g jB jO i.2 H tO .................................................  x
S u lfobo rite— 2 M g S 0 4 .4 M g H B 0 a .7 H a0  o r  3M gSO<.-

2M gaB 4 0 ..1 2 H a0 ................................  x
B orax— N ajB 40r. 1 O H jO ................................................................
C o lem an ite— C aaB eO n .5H jO .     .........................................
U lexite— N aC aB ftO » .8H tO .  .....................................................
H ow lite— HftCaaBtSiOi«     .   .......... .....................
N eoco lem an ite— C ajB «O u.5H jO ...............................................

T a b l e  I I — S a l t s  F o u n d  i n  S a l i n e  D e p o s it s  a n d  O b t a in e d  f r o m  W a t e r  E x t r a c t s  o f  S o il s

-A n a ly s is  by  IV. H . F ry—
( 2)

S ea
W a te r

^ (3)G re a t
B asin

R eg ion

(4)

S earles
M a rsh

(5)
W h ite
A lkali

Soil

(6) (7)
C h e s te r  V ario u s

S ilt
L oam

A lkali
C ru s ts

(8)
S m ith 
son ian

Soil

(9 )
S to c k to n

C la y
L o am

( 10) 
C row ley 

S ilt 
L o  am
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The Crowley silt loam extract had the composition 
as shown by the following analysis:

A n a l y s i s  o p  C r o w l e y  S i l t  L o a m  E x t r a c t  

A n a ly s is  by W . O. R ob inson
P a r t s  p e r  M i l l i o n  P a r t s  p e r  M i l l i o n  

o p  S o l u t i o n  o p  S o i l

T o ta l s o l id s .................................. 10 3 .8  8 5 6 .0
S ilica, S lO i....................................  1 7 .S 143 0
A lum ina , A ljO j...........................  T ra c e  T race
I ro n  ox ide , F e iO j.......................  T ra c e  T ra ce
L im e, C aO  ........................  2 0 .4  16 8 .0
M ag n es ia , M g O ...................  1.9 9 7
P o ta ss iu m  ox ide , K iO   0 . 5  4*1
S o d iu m  ox ide , N a sO ................. 10 . 1 8 3 ‘ 3
S u lfu r  tr io x id e , SO 3..................  3 . 7
C hlo rine , C l .................................. 1 . 8  14 ] 9

a l k a l i  s o i l  c r u s t s  Since complex salts were 
identified at solution concentrations corresponding to 
a moisture content a little below that of the air-dry 
condition of the alkali soil it seemed probable that in 
soils containing a large soluble mineral content the 
same minerals should be present in air-dry soils in the 
solid phase. To determine if this were true 14 alkali 
soil crusts from Ventura County, Cal., and from 
Arizona were selected and examined by means of the 
pétrographie microscope. The soils were examined 
without other treatment than pulverization and no 
attempt was made to secure especially dry samples. 
The highest number of soluble salts identified in any 
one soil was 8 and the total list of different minerals 
is found in Table II, Column 7.

thenardite, Na2SO.j, are next in order of frequency. 
One of the more notable facts is the occurrence of the 
more soluble carbonates in the soil extracts and their 
absence from the deposits from sea water and from the 
Stassfurt deposits. It is of course not to be expected 
that the extract from any single soil would deposit 
the whole range of salts obtained from sea water or in 
the natural deposits from it since the saline deposits 
represent the soil extract from the entire globe. It  is 
indeed remarkable that so great a similarity exists. 
The most notable difference between the soils and soil 
products is the entire absence of the borates in the 
latter. This would not be the case, of course, were 
soils containing borates subjected to examination. 
The Stassfurt deposits are marked by the absence of 
thenardite, Na2S04, while carrying large amounts 
of sulfates in the form of more complex salts. Both  
the chemical and petrographic analyses indicate that 
the sulfates, chloride, and carbonates of sodium form 
by far the greater portion of the soluble material of the 
soil extract. Hanksite, 9Na2S 0 4.2N a2C 0 3.K C l, is prob
ably next in abundance, though even this is in very  
small quantity. The remaining substances identified 
occur only as traces in the material examined. A l
though chemical analysis shows the presence of phos7 
phoric acid and of nitrates, it gives no indication of the
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W a te r  e x tra c ts  o f th e se  so ils  w ere m ad e, th e  e x tra c ts  
analyzed and the analyses calculated to the hypothet
ical combinations according to the usual method. 
Table III  contains the results, together with the 
minerals found in the air-dry soils.

D IS C U S S IO N  O F  R E S U L T S  

The existence of complex salts in the crystalline 
material deposited from the extracts of both alkali 
and humid soils renders interesting a comparison 
between these and the natural deposits of saline 
material and in Table II is given a summarization 
of the minerals found in Stassfurt deposits16. 18, the 
Great Basin region,19 Searles marsh,18 and obtained 
from the evaporation of sea water.4

An inspection of the tables reveals the fact that 
halite, N aCl, and calcite, CaCO j, are the only minerals 
uniformly present, while gypsum, C aS04.zH 20 , and

complexity of the compounds which separate out. 
It is probable that these salts are present in such small 
amounts that they may never be present in the solid 
phase under ordinary soil conditions. As will be seen 
from Table I, none of the soluble salts crystallize at a 
concentration corresponding to the optimum moisture 
content for the alkali soil, and until a concentration 
corresponding to the air-dry state is reached only 
sodium sulfate and chloride separate out. It is even 
more certainly true that in the humid soils the more 
soluble salts are constantly in solution in the soil 
moisture film.

It is to be noted with respect to the order of crystal
lization indicated in Table I for the Yolo clay extract 
that this order may be expected to vary with different 
soil extracts and with the temperature at which crystal
lization takes place. Van’t  Hoff11 has given the
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order of crystallization of minerals from a system  
containing sodium, potassium, magnesium, sulfate and, 
chloride in certain proportions as shown in Table IV.

H a u t s

 1....................  9 5 .4
 2....................  4 .4 2
 3....................  0 . 0 3
 4....................  0 .1 5

100 .
N a C l

T a b l e  IV
K i e s e r i t e  K a i n i t e  C a r n a i x i t e  B i s c i i o f i t e

1 .0 5
0 .3 5
0 .3 8
1 .7 8

2.02

2.02 
3 . 8  2 . 2

M gSO« K C l

0 .1
0 . 0 8  7 .6 2
0 . 1 8  7 .6 2

7 .8  
M gC li

In this system halite separates first and continues 
to come down throughout the process, and the other 
salts as indicated above, the temperature of the system  
being maintained at 25° C. The soil solution system  
is much more complex than this, not only in respect 
to  composition but also in the condition of crystalliza
tion. It is not therefore to be expected that the order 
of crystallization or even the composition of the salts 
would be just the same as that given in van’t Hoff’s 
summarization.20

The following geological profile of the Stassfurt 
deposits arranged in the order of the occurrence of the 
salts, from the bottom of the deposits upward, has been 
compiled from the data given by Clarke,20 and serves 
as a convenient means of comparison with the results 
shown in Table I.

L im esto n e
A n h y d rite
G y p su m
H a li te

G la u b e ri te
L a n g b e in ite

P o ly h a lite
K ie se rite
C a rn a lli te

S y lv ite
D oug las ite

T a c h h y d r ite  
B ischofite  

K a in ite  
B lo d ite  
L ow eite  
P ic ro m erite  
L e o n ite  
A p h th ita li te  

^ V an th o flite  
E p so m ite

The marked similarities which are observed are that 
halite having once begun to crystallize continues to do 
so during the entire process of evaporation. In the 
Stassfurt deposits we find a kainite group consisting 
of a mixture of kainite, blodite, loweite, picromerite, 
leonite, aphthitalite, and vanthoffite. This entire 
group is present, and in a comparatively narrow and 
contiguous range of evaporation in the white alkali 
extract. In these two respects at least the evaporation 
products from the white alkali extract very closely 
resemble the Stassfurt deposits.

All the results given in Tables I to IV  indicate that 
complex salts separate out from soil solutions when 
evaporation takes place to a sufficient extent and in 
Table IV data are given which indicate that the con
ventional method of expression of the analytical data 
of solution is not only improper by reason of the 
extensive ionization which takes place in dilute solu
tions, but is also not justifiable, at least in concentrated 
solutions, because of the formation of complex salts 
not represented by the conventional methods of cal
culation. This observation is not so important, 
probably, as the following.

There is an accumulating mass of data which indi
cates that the condition of salts in solution is more 
complex than we are ordinarily accustomed to con
sider it, not only by reason of the formation of hydrates 
but also because of the formation of complex salts and 
ions, some of which are markedly different in properties 
from their components. It  is not therefore without

significance that as soil solutions become more con
centrated the tendency toward the formation of com
plex ions increases and, with saturation, the deposition 
of complex salts takes place. These therefore may be, 
and probably are, present in soil moisture as the soil 
approaches the air-dry condition. The complex salts 
may very reasonably be assumed to play a role in the 
fertility of soils. What this role may be, whether 
beneficial or injurious to plant growth, is not apparent, 
but that it is of no consequence is not to be assumed. 
It is also possible that this question may be related 
to the much vexed one of the part played b y fertilizers 
in soils.

It is to be regretted that this investigation was 
limited b y its conditions in such a way as not to include 
a study of the organic constituents of the extract and 
a more detailed examination of the salts present in 
quantities less in amount or greater in solubility than 
those identified.

S U M M A R Y

(1) The salts deposited on the evaporation of the 
water extract of soils are much more complicated in 
character than is indicated by a simple statement of 
the ions existing in solution.

(2) There is a marked general similarity between 
the salts obtained on the evaporation of water extracts 
of soils and those obtained by both natural and arti
ficial evaporation of sea water. No soil can be expected 
to furnish all the salts occurring in natural deposits 
of saline material because these represent crystalliza
tion from a composite soil extract.

(3) Since complex salts begin to separate from a 
water extract at a point not far from the concentra
tion of an air-dry soil, it follows that the roots of 
growing plants may be in contact with solutions of 
these salts. Stated obversely, it is probable that the 
complex salts obtained from soil extracts may be 
present in the soils only in solution in soil moisture 
and never in the solid phase.
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DETERM IN ATION  OF NITRATE NITROGEN IN 
NITRATES AND FE RTILIZERS1 

By H . C. Moore
C h e m i c a l  L a b o r a t o r y , A r m o u r  F e r t i l i z e r  W o r k s , A t l a n t a , G a .

T h e  d e te rm in a tio n  of th e  n itr a te  v a lu e  in  n itr a te  of 
soda an d  p o ta sh  is an  im p o rta n t one. O fte n tim e s  a 
sam p le  re p re se n ts  se v e ra l th o u sa n d  to n s, a n d  a t th e  
p resen t p rice  of thesfe m a te ria ls  i t  is o b v io u s  t h a t  w id e  
d iscrep an cies le a d  to  co n tro v e rs ies . T h e re  h a v e  been  
m a n y  m e th o d s p ro p o se d  fo r  th is  d e te rm in a tio n , b u t  
th e  m a jo r ity  of th e m  h a v e  o n ly  a  h isto ric  in te re st. 
D e scrip tio n s  o f th e se  e a r lie r m eth o d s, w h ich  are 
sca rce ly  h e ard  o f re c e n tly , m a y  b e  fo u n d  in  th e  l ite r a 
tu re .2

T h e  m e th o d s w h ich  h a v e  b een  in  m ore or less use 
re c e n tly  m a y  b e  re ferre d  to  b rie fly  as fo llo w s:

I— CONVERSION TO N ITRIC  O X ID E:

(1) Nitrometer methods3,-*
(2) Schloesing3 and Schloesing-Wagner* methods

I I— DETERM IN A TIO N  AS AMM ONIA:

(1) Reduction in alkaline solutions
(а) Reduction with aluminum3
(б) Reduction with zinc dust and iron powder3*’
(c) Reduction with Devarda alloy4

(2) Reduction in acid solution
(а) R eduction w ith  reduced iron pow der*.6
(б) Reduction with reduced iron powder and zinc3

(3) Phenol-sulfonic acid method (Kjeldahl2’3'4'M-Gunning)

i n — w e s t  c o a s t  o r  r e f r a c t i o n  m e t h o d :  Determining method 
water-insoluble matter, chlorine aud sulfur trioxide, and cal
culating as the chloride and sulfate of soda. The difference 
between the sum of these four results and 100 is called sodium 
nitrate.

O f th e  a b o v e , th e  n itro m e te r  m e th o d s, o r so m e of 
th o se  un d er I I ,  h a v e  b een  in  q u ite  gen era l use. U n fo r
tu n a te ly  th e  W e s t C o a s t, or R e fra c tio n , m eth o d  has
been v e r y  m u ch  used , b e in g  e sp e c ia lly  p rescrib ed  in
c o n tra c ts  g o v e rn in g  th e  im p o rte d  C h ile a n  n itra te . 
D o u b tless  th is  m e th o d  w o u ld  be v e r y  a c c u ra te  if  th e  
four im p u ritie s  n am ed  w ere th e  o n ly  ones fo u n d

1 P re sen te d  a t  th e  5 8 th  M ee tin g  of th e  A m erican  C hem ica l S o c ie ty , 
P h ilade lph ia . P a .,  S e p te m b e r  2 to  6, 1919.

1 L unge, "T e c h n ic a l M e th o d s  of C hem ica l A n a ly s is ,”  1, P a r t  I, p p . 
309-11 ; F reseu iu s-C o h n , p . 573; S u tto n , “ V o lum etric  A na ly sis ,”  T h ird  
E d itio n , p  100

• Lunge, Loc. pit.
4 S co tt , “ S ta n d a rd  M e th o d s  o f C hem ica l A na ly sis ,”  p . 306.
‘ W iley , “ P rin c ip les  a n d  P rac tic e  of A gr. A n a l.,”  2 , p . 397.
* U . S. D ep t, of A gr., B u r. of C h em ., B ulle tin  107, 10.

in commercial nitrate, but other impurities also are 
sometimes present, such as K N 03, N a2C 03, NaClOa, 
NaClO^, Fe203, AI2O3, CaO and M gO .1 It is obvious, 
therefore, that the method favors only the seller, the 
buyer paying for all ingredients other than the four 
above named as sodium nitrate.

Probably the methods which are in most general 
use at present are the Nitrometer, Devarda, and 
Modified Kjeldahl-Gunning. In the fertilizer labora
tories either the Modified Kjeldahl or Modified Gun- 
ning, or the Modified Kjeldahl-Gunning methods fit 
most conveniently into the routine. Mr. W. S. Allen2 
described a modification of the Devarda method by  
which correct results may be obtained. He also 
reported the analysis of 6g samples by this method and 
by the West Coast method, and showed that for all of 
these samples the latter method gave higher results
as follows:

N aN O j
S a m p l e s  A g reem e n t w ith in  p e r  c e n t

5 0.1
11 0.3
19 0.5
32 0.8
35 1.0
54 1.5
63 2.0
67 2.5
69 3.0

He gives the complete analysis of several samples, 
showing that when proper allowance for all impurities 
was made, results by both methods agreed closely. 
It will be noted that for six of the above samples the 
buyer would lose from $1.00 to $2.00 per ton by the 
West Coast result.

M O D IF IE D  K J E L D A H L -G U N N I N G  M E T H O D  

The Modified Kjeldahl-Gunning method will be 
considered here, and when correctly applied will yield 
extremely accurate results. The method is based 
upon the following reactions:

/ O H
2 C „H / -f- 2N aN O, +  H2S04 =

COOH  
(Salicylic Acid)

.OH
2C6H /  +  2C02 +  Na2S04 +  2H2O (1)

X N 02 
(Nitrophenol)

This nitrophenol is next reduced to aminophenol. 
Just what this reaction is when using “ hypo” is not 
known, since there are present S02, H2S, and free 
sulfur. The reaction with zinc where hydrogen is 
liberated is probably as follows:

/ O H  OH
CsHi<  ̂ +  3H2 =  CeHi’y  -f- 2H20  (2)

X N 02 X N H ,
(Aminophenol)

And finally by continued digestion with sulfuric acid: 

/ O H
2 C „ h /  +  27H2S04 =

X N H 2
(NH*)2SOi +  12CO2 +  26SO2 +  j H 20  (3)

1 S c o tt , Loc. c it., p . 303.
* Proc. 8th In te rn . Congr. A p p l . C hem ., 1, 19.
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Reaction 3 is completed by adding mercury as in the 
Modified Kjeldahl method or potassium sulfate as in 
the Modified Gunning or by adding both as in the 
Modified Kjeldahl-Gunning method.

The four important considerations in the process of 
analysis by the Modified Kjeldahl-Gunning method 
are as follows: Solution, reduction, digestion, and 
proportion of reagents.

s o l u t i o n — The sample of nitrate must be dissolved 
in the salicyl-sulfonic acid (salicylic acid dissolved in 
sulfuric acid) before the reduction is begun. As 
usually accomplished this solution is a slow process 
requiring from one-half hour to a day or more with 
frequent shaking. It has been generally believed 
that this must be done in the cold and some have 
even kept the flasks cooled with ice water, hoping 
thereby to avoid loss of nitrogen as nitric acid. The 
loss of time occasioned by dissolving the sample, even 
at room temperature, was so great as to make burden
some the amount of work contemplated. Attem pts 
were made to hasten solution by heating gently, when 
it developed that solution could be effected very 
rapidly. The heating may be done by immersing 
flask in boiling water, or more easily over low flame 
or electric heater and with frequent shaking, heating 
the flask not much hotter than the hand can bear. 
A peculiar hissing sound is observed when the heat 
is applied, and the solution completed in from one to 
three minutes without the slightest loss of nitrogen. 
Results were even more concordant than when allowing 
to dissolve by long standing at room temperature.

r e d u c t i o n — While zinc dust is used by some analysts 
for the reduction, the writer has found sodium hypo- 
sulfite, “ hypo,”  more convenient and also that it 
gives more reliable results. This may be due to 
inexperience with zinc dust, which has given low 
results. The results reported herein were obtained 
using hypo. The hypo is added as soon as solution 
is complete to the warm solution and, after shaking, 
the flask is warmed gently at first until frothing ceases 
(about s min.), when the mercury and potassium  
sulfate are added and the heat increased. This man
ner of reduction is simple, rapid, and complete in a 
very short time.

d i g e s t i o n — The important considerations in this 
stage are the length of the digestion period, the rate 
of boiling or amount of heat applied, and the amounts 
of reagents employed, as will be noted from a study  
of Tables I to IV . It is noted that at least 45 cc. to 
50 cc. salicyl-sulfonic acid are required for 0.8517 g. 
sodium nitrate and that as much as 4 to 8 hrs. at gentle 
boil and using 5 g. potassium sulfate and 0.5 g. mercury 
are required for digestion, as per Reaction 3 above. 
It  is noted further that by using 10 g. potassium 
sulfate, 1 g. mercury, digesting at a brisk boil 1 hr. 
after solution had become clear, is sufficient.

p r o p o r t i o n  or r e a g e n t s — From Reaction r it 
may be determined that 1 g. sodium nitrate requires 
1.64 g. salicylic acid. In various textbooks it is stated 
that from 0.25 to 5 g. nitrate may be taken with 30 
to 35 cc. sulfuric acid and 2 g. salicylic acid. From  
this it may be understood 'why some analysts have not

obtained concordant and correct results on account 
of failure to use the correct proportion of reagents.

In 1 9 1 1 , the Committee on Nitrogen, Division of 
Fertilizer Chemists, A m e r i c a n  C h e m i c a l  S o c i e t y , 

received reports from fifteen analysts from cooperative 
work on a sample of nitrate of soda sent out by the 
committee, and the committee in its report noted the 
tendency to higher results when a 0.25 g. sample of 
nitrate was used than when using larger quantities. 
This is due to the fact that a more nearly correct pro
portion of reagents was employed when the smaller 
sample was used. Hardly any two analysts described 
the same details of analysis.

T a b l e  I
R e a g e n t s : 0.8517 g. so d iu m  n i t r a te  1 (20.01 p e r  c e n t N H a—

ac ce p te d  v a lu e ) ; 50 cc. sa licy l-su lfon ic  ac id  (co n ta in in g  2 g . sa licy lic  ac id) 
w arm in g  to  effec t so lu tio n ; 5 g. h y p o ; 5 to  6  g . p o ta ss iu m  s u lfa te ; 0.5 g. 
m e rc u ry ; 1 g. so d iu m  sulfide , e tc .
N o . d e te rm in a tio n s ..  4  2 7 8 15 7 15
D igestion  a f te r  so lu 

tio n  is  c lea r, bo iling
g en tly , h rs .1  1 1 .5  2 3 4 5 6 8

M ax . re s u lt , p e r  c e n t 1 9 .8 6  19 .95  1 9 .9 9  2 0 .0 2  2 0 .0 2  2 0 .0 2  2 0 .0 4  . . .
M in . re su lt , p e r  c e n t 19.81 19 .91  19 .81 19 .8 6  19 .9 2  19 .93  19.91 . . .
A v . of a ll, p e r  c e n t . .  19 .84  19 .93  1 9 .9 0  19 .9 5  19 .97  19 .9 7  2 0 .0 0  . . .

S a m e as Above, but A dded  10 g. P o ta ss ium  S u lfa te
N o. d e te rm in a tio n s ..  25 . . .  14 17 27 . . .  8 7
M ax . re su lt , p e r  c e n t 2 0 .0 4  . . .  2 0 .0 5  20 .0 1  2 0 .0 3  . . .  2 0 .0 2  2 0 .0 6
M in . re su lt, p e r  c e n t 19 .81 . . .  19 .91  19 .8 6  19 .9 3  . . .  19 .9 6  19 .92
A v. of a ll, p e r  c e n t. . 19 .95  . . .  19 .97  19 .95  19 .99  . . .  2 0 .0 0  20 .01
Sam e, but after A d d in g  10 g. P o ta ss ium  S u lfa te 'a n d  0.5 g. M ercury  at B risk

B o il2
N o . d e te rm in a tio n s .................................. 4  4 15 5 ...................
D igestion , h rs .............................  . . . .  0 .2 5  0 .5  1 .0  1 .5  .......................
M ax . re s u lt , p e r  c e n t ....................... 19 .9 5  19 .9 8  2 0 .0 3  2 0 .0 5  ...................
M in . re su lt , p e r  c e n t ....................... 1 9 .8 8  19 .9 3  19 .9 8  1 9 .9 6  ....................
A v . of a ll, p e r  c e n t ................................  19 .9 2  19 .9 5  20 .0 1  2 0 .0 0  ...................

1 B y  " g e n tle  b o il”  is  m e a n t su ffic ien t h e a t  to  keep  c o n te n ts  of flask 
j u s t  bo iling .

2 B y  “ b risk  b o il”  is m e a n t su ffic ien t h e a t to  k ee p  c o n te n ts  of flask 
b o iling  b risk ly , a n d  to  k ee p  th e  neck  of th e  flask  w ashed  dow n b y  th e  sul
fu ric  ac id  co n d en sin g  th e re in .

Probably most analysts use not over 0.5 g. sample 
of sodium nitrate for the analysis, and from other 
results obtained it was found that for 0.5 g. sample 
35 cc. of salicyl-sulfonic acid, containing 1 g. salicylic 
acid, 5 g. hypo, 5 to 6 g. potassium sulfate, 0.5 g. mer
cury, 1 g. sodium sulfide, and digesting for 1 hr. after 
clear at a slow boil, gave correct results. It thus appears 
that the proportion of reagents is very important. 
It was found further that 1 g. sample of sodium nitrate 
could be used with the same proportion of reagents 
as used in this work with 0 .8 517 g. Table III shows 
that at least 45 cc., and preferably 50 cc., salicyl- 
sulfonic acid are required for 0 .8 517 g. sample, and 
other reagents used, and Table 4 shows that for 1.7034 
g. sample 70 cc. are required. W hy it is necessary to 
use so great an excess of sulfuric acid with increase in 
sample is not apparent. It  is not to prevent loss of 
ammonia from ammonium sulfate, as was proved by 
using a sample of pure ammonium sulfate, weighing 
out 0.4259 g., 0 .8 517 g., and 1.7034 g. portions, digest
ing with 25 cc., 30 cc., 35 cc., and 40 cc. sulfuric acid, 
and adding 10 g. potassium sulfate, 0.5 g. mercury, 1 
g. sodium sulfide, 1 g. sugar, etc., and digesting for 2 
hrs. after clear at gentle boil. Results w7ere prac
tically the same with all portions and for all amounts 
of sulfuric acid.

e x p e r i m e n t a l  w o r k

The samples used for this experimental work, as 
reported partly in Tables I to IV, were as follows:

(1) Sodium nitrate 1, a sample of sodium nitrate
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T a b l e  I I
R e a g e n t s : 1 .0 1 3 4  g . p o t a s s iu m  n i t r a t e  ( e q u iv a le n t  t o  0 .8 5 1 7  g .

so d iu m  n i t r a t e ) ;  5 0  c c . s a l ic y l- s u lfo n ic  a c id  ( c o n ta in in g  2  g. s a lic y lic  a c id )  
w a rm in g  t o  e ff e c t  s o lu t io n ;  5  g . h y p o ;  5  t o  6 g . p o ta s s iu m  s u l f a te ;  0 .5  g . m e r 
c u ry ;  1 g . s o d iu m  s u lf id e , e tc .
N o. d e te rm in a tio n s ......................................................................... 6
D igestion  a f te r  so lu tio n  is c lea r, bo iling  g e n tly , h r s . . . .  4 6  *8 '
M axim um  re su lt, p e r  c e n t ......................................................... 2 0 .0 0
M in im um  re su lt , p e r  c e n t .......................................................... 19 .93  ! ! !  H i
A verage of a ll, p e r  c e n t ..............................................................  19 .9 8  . ! !  ! ! !

Sam e, but 10 g. P o ta ss ium  S u lfa te
N o. d e te rm in a tio n s ......................................................................... 9  g 8
M axim um  re su lt , p e r  c e n t ....................................................... 2 0 .0 3  2 0 .0 8  2 0 .0 3
M in im um  re su lt , p e r  c e n t .......................................................  19 .96  19 .93  19 .89
A verage of all, p e r  c e n t  ................................................  19 .9 9  20 .0 1  19 .95
Sam e, but 10 g. P o ta ss ium  S u lfa te , 1 g. M ercury  and  2 g. S o d iu m  Su lfide

D igesting  fo r  One H our after Clear
G en tle  B oil B risk  B oil

N o. d e te rm in a tio n s ........................................................................   4  26
M axim um  re su lt, p e r c e n t .........................................................  2 0 .0 7  2 0 .0 7
M in im um  re s u lt , p e r  c e n t ....................................................   2 0 .0 0  19 .99
A verage of a ll, p e r  c e n t ..............................................................  2 0 .0 3  20 !036

N o t e — 2 0 .0 3 8  p e r  c e n t  a m m o n ia  is  th e o r e t i c a l  f o r  p u r e  s o d iu m  n i t r a te .

of high purity, ground and dried at 130° C. The value 
was accepted as 20.01 per cent ammonia, being the 
actual result obtained as shown in tables and by com
parison with the sample of potassium nitrate.

(2) Potassium nitrate of high purity was recrystal
lized twice from water, dried at 100 0 C. and finally 
at 2100 C. This was found free from sulfate, chloride, 
etc., prepared as per Scott.1 In using this sample 
1.0134 g., equivalent to 0.8517 g. sodium nitrate, were 
used and results calculated as if pure sodium nitrate 
was used, containing 20.038 per cent ammonia.

As some laboratories use copper sulfate instead of 
mercury, some determinations were made using 0.5 
g. copper sulfate, but the few results obtained were 
practically the same though slightly less concordant. 
The same applies when using 0.5 g. each of mercury 
and copper sulfate. Copper sulfate offers no advantage 
over mercury and seems slower in action. Sodium 
sulfate was found to give the same results as when 
potassium sulfate was used. The effect of sodium chlo
ride was noted by adding from 0.1 g. to 0.5 g. sodium 
chloride without effect on the accuracy of the method.

The effect of using moist samples was noted by  
adding from 0.1 cc. to 0.5 cc. -water without affecting 
the results. A t times, however, adding the salicyl- 
sulfonic acid to moist samples has caused some heating 
and puffs of nitric acid could be noted, so dry samples 
are preferable. If not dry the sample may be dried 
after weighing, except for the difficulty of weighing a 
moist sample, by rotating flask over a low heat.

The details of analysis for samples of nitrate which 
give correct results are as follows:

REAGENTS

1— Salicyl-sulfonic acid: 40 g. salicylic acid are made up to one 
liter with concentrated sulfuric acid

2— Sodium hyposulfite (hypo): Commercial photographic, pea- 
size

3— Potassium, or sodium, sulfate, preferably dry powder
4— Metallic mercury (or mercuric oxide)
5— Caustic soda: Dissolve 30 lbs. commercial caustic soda in 

about 2.5 gal. water, let settle, siphon off the clear solu
tion. This strong caustic soda is practically free from 
carbonate

6— Sodium sulfide: Dissolve 100 g. fused sodium sulfide2 in 
water and dilute to 1,000 cc.

1 hoc. cit.
* T h e  sod ium  su lfide  so lu tio n  ca n  b e  m o s t conven ienU y m a d e  a  p a r t  

of the  w a te r  u sed  to  d isso lve th e  c a u stic  so d a . A b o u t 75 to  80 cc. of th is  
caustic  is req u ire d  w here  50 cc. su lfu ric  ac id  h av e  been  u sed . T w o  g ram s 
sodium  sulfide s h o u ld  b e  used  fo r  e a ch  te s t .

7 Pure granulated, or 20 to 30 mesh zinc: Pure zinc is essential 
as impure zinc reacts so actively with the NaOH that the 
rapid evolution of hydrogen carries over by entrainment 
some free alkali, even when using the Hopkins connecting 
bulb. This causes a variable blank. The Davisson1 
bulb will prevent this entrainment

8— 0.5 N  sulfuric acid solution
9— 0.25 N  or 0.1 iV NaOH solution

!o— Sodium alizarin sulfonate: 2 g. in 100 cc. water.

M E T H O D

Transfer 0.8517 g. N a N03 (one gram may be used 
if desired) preferably to a 650 cc. Pyrex Kjeldahl 
flask, add 50 cc. salicyl-sulfonic acid, preferably from 
a dispensing burette, rinsing down neck of the flask, 
warm over low heat or in boiling water or steam bath 
until action begins, shaking frequently until solution 
is complete, add 5 g. hypo, and heat over low heat 
until frothing ceases (about 5 min.), then add 10 g.

T a b l e  I I I
R e a g e n t s : 0.8517 g. sod ium  n i t r a te  1 (20.01 p e r  c e n t N H a);

v a ry in g  th e  am o u n t of sa licy l-su lfon ic  ac id  (co n ta in in g  in  each  ca se  2 g. 
sa licy lic  ac id) w arm in g  to  effect so lu tio n ; 5 g. h y p o ; 10 g. p o ta ss iu m  su lfa te ;
1 g. m e rcu ry ; 2 g. sod ium  sulfide, e tc ., d ig e stin g  a t  b risk  boil fo r one  h o u r  
a f t e r ‘clear.
N o . d e te rm in a tio n s ...................................  3
Salicy l-su lfon ic ac id , c c ...............................  35
M ax im u m  re su lt , p e r  c e n t .......................  19.91
M in im u m  re su lt, p e r c e n t . .....................  19 .79
A verage  of all, p e r  c e n t ............................  19 .86

7 7 15i 3
40 45 50 55

2 0 .0 0  2 0 .0 5  2 0 .0 3  2 0 .0 3
19 .9 2  19 .9 6  19 .9 8  19 .99
1 9 .9 6  2 0 .0 0  20 .01  2 0 .0 2

1 I n  th e se  15 d e te rm in a tio n s  on ly  0.5 g. m e rcu ry  a n d  1 g. so d iu m  sulfide 
w ere used , b u t  0.5 g. m e rcu ry  h as  been  fo u n d  to  g ive (w hen u sing  10 g. 
p o ta ss iu m  su lfa te )  th e  sam e re su lt as  1 g ., ex c ep t th e  l a t te r  a m o u n t causes 
th e  so lu tion  to  c lea r m o re  q u ick ly .

sodium of potassium sulfate, i g. mercury, and con
tinue digestion until clear, and for an hour afterwards, 
boiling briskly; cool, dilute with water to about 400 
cc., add a small piece of granulated zinc, or a small
pinch of 20 or 30 mesh zinc (0.1 g. is sufficient), 70 to
80 cc. caustic soda in which are dissolved 2 g. of fused 
sodium sulfide. The ammonia is distilled and col
lected in 0.5 N  sulfuric acid. About 150 to 200 cc. 
distillate are sufficient, requiring about 45 min. Use 
in receiving flask 21 cc. 0.5 N  sulfuric acid diluted to 
125 to 150 cc. with water and three drops of sodium 
alizarin sulfonate. The number of cc. 0.5 N  sulfuric 
acid neutralized by the ammonia gives per cent of the 
latter when using 0.8517 g. NaN Oj.

T a b l e  IV — U s i n g  S o d i u m  N i t r a t e  1 (2 0 .0 1  P e r  c e n t  N H i )
1 .7034  g. s am p le ; sa licy l-su lfon ic  ac id  a s  show n  (c o n ta in in g  in  each  

case  4 g . salicy lic  a c id ) ; 1 g . sod ium  sulfide fo r  each  0 .5  g. m e rcu ry .

C c .

------ M i x t u r e -------
M e r -

H y p o  KsSO* c u r y
N o .
o f M a x 

- R e s u l t :

M in 

s -------- s

A v e r 
A c id G . G . G . D i g e s t i o n  D e t n s . im u m im u m a g e
50 6 -7 5 0 .5 0 .5  h r . a f t e r  c le a r , 4 19 .80 19 .73 19 .78

10 10 0 .5
g e n t le  b o il  

4 h r s . a f t e r  c le a r , 5 19.85 19 .79 19.83

65 10 10 ' 1 .0
g e n t le  b o il  

1 h r . b r is k  b o i l  a f t e r 4 19.95 19 .90 19 .93

.10 10 1 .0
c le a r  

2 h r . b r is k  b o il 5 19.93 19 .8 0 19 .86
8 3 0 .5 4  h r s . a f t e r  c le a r , 2 2 0 .0 2 19 .97 2 0 .0 0

70
! 10 5 1 .0

g e n t le  b o il  
1 h r .  b r is k  b o i l  a f t e r 5 2 0 ,0 2 19 .94 20 .01

75 10 5 1 .0
c le a r

1 h r . b r is k  b o i l  a f t e r 2 19.95 19 .95 19 .95

80 10 5 1 .0
c le a r

1 h r .  b r is k  b o i l  a f t e r 3 ’ 2 0 .0 0 19 .9 3 1 9 .9 6
c le a r

Run a blank on all reagents and apply the correction 
thus obtained. With good reagents the blank should 
not amount to more than o.io  cc. 0.25 N  sulfuric 
acid, or on basis of 0.8517 g. N a N03 to 0.05 per cent 
N H a.

In the course of this work about 150 blanks were 
made, always running several at a time, and they

‘ T h is  J o u r n a l , 11  (1919), 4 6 5 .
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varied trom about 0.25 per cent NH3 in the early work 
to 0.05 per cent later when a new lot of sulfuric acid 
free from nitrogen was secured. Results were the 
same with the high blank as with the low one, but a 
low blank is obviously to be desired, and without 
making the blank allowances results exceeding the 
theoretical would have been obtained.

C O M P A R IS O N  O F  M E T H O D

Having developed a method for the accurate deter
mination of nitrate, as ammonia, it was decided to 
compare it with the West Coast, or Refraction, method. 
Accordingly, four samples of commercial nitrate, Nos. 
36059, 60, 61, and 62, received at our plants at various 
times, were selected for comparison, and results appear 
in Tables V and V I. These results only confirm the

T a b l e  V — R e s u l t s  o n  S a m p l e s  b y  t h e  W e s t  C o a s t  o r  R e f r a c t i o n
M e t h o d

36059 36060 36061 36062
P e r  c e n t P e r  c e n t P e r  c e n t P e r  c e n t

In s o lu b le ........................................ 0 .2 7  0 .1 4  0 .1 6  0 .4 8
N a C l ..................................................  0 .9 4  2 .3 7  1 .6 9  1 .29
N ajSO <..............................................  0 .1 6  0 .2 2  0 .2 5  0 .3 2
H :0  a t  130° C ...............................  0 .4 1  0 .5 5  0 .5 9  0 .5 6

T o t a l ....................................  1 .7 8  3 .2 8  2 .6 9  2 .6 5
N aN O a b y  d iffe re n ce ...............  9 8 .2 2  9 7 .6 2  9 7 .3 1  9 7 .3 5
K jO  fo u n d .......................................  0 .3 4  3 .3 3  3 .2 6  4 .2 6
E q u iv a le n t to  K N O a..................  0 .7 3  7 .1 5  7 .0 0  9 .1 4
E r ro r  in  N aN O a d u e  to  K N O a 0 .1 2  1 .1 4  1 .1 2  1 .46

more elaborate comparison of Mr. W. S. Allen,1 and 
show that on one sample the agreement is very close. 
In another it is very close after making allowance for 
the potassium nitrate, but in the other two samples 
correcting for potassium nitrate still leaves a dis
crepancy of nearly 1.5 per cent N aN O i, indicating that 
this error is due to other impurities. The West Coast 
method gives results which are often very deceptive 
and the buyer may pay for as much as 2 to 3 per cent 
N a N 0 3 more than he actually receives.

T a b l e  V I— R e s u l t s  o n  S a m p l e s  b y  D e t e r m i n a t i o n  a s  N H a b y  U s i n o  
0.8517 0., 50 cc. S a l i c y l - S u l f o n i c  A cid, E t c .

36059 36060 36061 36062
P e r  c e n t P e r  c e n t P e r  c e n t P e r  c e n t

1 9 .6 9  1 8 .8 4  1 8 .9 6  19 .22
19 .68  18 .8 9  18 .98  19 .18
19 .63  1 8 .9 0  18 .95  19 .28
19 .6 9  18 .9 4  1 8 .9 9  19 .22
19 .6 4  18 .8 6  1 8 .9 6  19 .22

A v e r a g e , 19 .6 7  1 8 .8 9  18 .9 9  19 .2 2
E q u iv a le n t t o  N a N O a ....................... 9 8 .1 7  9 4 .2 7  9 4 .7 7  9 5 .9 2
E r ro r  d u e  to  W e st C o as t— p e r

c e n t N aN O a .........................................  0 .0 5  2 .4 5  2 .5 4  1 .43
N e t  e r ro r  as  N aN O a a f te r  co r

rec tin g  fo r p e r  c e n t K N O a   0 .0 7  1 .31  1 .4 2  0 .0 3

The advantages of the proposed method are: (i) It 
is convenient, especially fitting the routine of the 
fertilizer laboratory. A  determination may be com
pleted in two and one-half hours; (2) the results 
are unusually concordant for a material of such high 
percentage and give theoretical results on pure potas
sium nitrate.

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

Following this work and the discovery that a rapid 
solution of the nitrate in the salicyl-sulfonic mixture 
by heating gave theoretical results, the 'question which 
naturally arises is: Would this same procedure apply  
to samples of mixed fertilizers containing nitrate? 
Accordingly a series of samples were prepared as fol
lows:

1 Loc. c it.

1— Cured acid phosphate ground to pass 30 mesh.
2— Commercial nitrate of soda, dried, and ground to pass 30 

mesh.
3— Tankage ground to pass 30 mesh.
4— Sulfate of potash, dry powder, same as used in ammonia 

digestions and found free from nitrogen.

The following five mixtures were made up from 
these samples; the ammonia was not determined on the 
materials used, but only in the mixture. Mixture 
1 serves as a check sample, the amount of acid and 
tankage remaining the same in all five mixtures. All 
of these mixtures were made with the utmost care, 200 
g. mixtures being made, and all materials weighed on 
an analytical balance and very carefully mixed.

(1) (2) (3) (4) (5)
G r a m s  G r a m s  G r a m s  G r a m s  G r a m s

A c id  p h o s p h a te ................... 100 100 100 100 100
T a n k a g e .......................................  5 0  5 0  5 0  5 0  50
N i t r a t e .....................................  —  10 2 0  4 0  50
S u l f a t e  o f  p o t a s h   5 0  4 0  3 0  10  —

The sample of nitrate of soda was analyzed by the 
method previously described and found to contain 
18.98 per cent ammonia.

The ammonia content of Sample i was determined 
using salicyl-sulfonic acid and reagents as described in 
Table V II. Various amounts of acid were used but 
35 cc. gave the same results as greater amounts, and the 
ammonia was found to be 2.40 per cent. Samples 
2, 3, 4, and 5, therefore, should contain as follows:

(2 )  3 .3 5  p e r  c e n t  a m m o n ia  (0 .9 5  p e r  c e n t  f ro m  n i t r a t e )
(3 ) 4 .3 0  p e r  c e n t  a m m o n ia  (1 .9 0  p e r  c e n t  f ro m  n i t r a t e )
(4) 6 .2 0  p e r  c e n t  a m m o n ia  (3 .8 0  p e r  c e n t  f ro m  n i t r a t e )
(5) 7 .1 5  p e r  c e n t  a m m o n ia  (4 .7 5  p e r  c e n t  f ro m  n i t r a t e )

From a study of Table V II it will be noted that 
results are practically theoretical when allowing the 
sample to remain in the salicyl-sulfonic acid 10 to 15 
min. at room temperature with frequent shaking, then 
adding hypo and proceeding as in the method de-

T a b l b  v i i

1 .7 0 3 4  g . s a m p le ;  3 5  c c . s a l ic y l- s u lf o n ic  a c id  ( c o n ta in in g  1 g . s a lic y lic  
a c id ) ;  5  g . h y p o ;  5 t o  6  g . p o t a s s iu m  s u l f a te ;  0 .5  g . m e r c u r y ;  1 g .  s o d iu m  s u l 
f id e ;  e tc . ,  d ig e s t in g  1.5 h r s .  a f t e r  c le a r  a t  g e n t l e  b o il

S a m p l e ..................................................................................... 2  3  4  5
C a l c u l a t e d , P e r  c e n t .................................................... 3 . 3 5  4 . 3 0  6 .2 0  7 .1 5

(1 ) S t a n d in g  o v e r n ig h t  in  s a l i c y l- s u lf o n ic  a c id  a t  
r o o m  t e m p e r a t u r e  a n d  s h a k in g  s e v e r a l  t im e s  b e 
fo re  a d d in g  r e a g e n t s .............................................................. 3 . 3 2  4 . 3 0  6 . 0 8  6 .9 8

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

A v e r a g e , 3 . 3 6  4 . 3 0  6 .0 7  7 .0 2

(2 )  S t a n d in g  1 0 -1 5  m in .  a f t e r  a d d in g  s a l ic y l- s u l 
fo n ic  a c id  a t  r o o m  t e m p e r a t u r e  a n d  s h a k in g
s e v e r a l  t im e s  b e fo re  a d d in g  r e a g e n t s ........................  3 . 3 2  4 . 2 8  6 .0 9  7 .0 7

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

A v e r a g e , 3 .3 3  4 . 2 5  6 .1 3  7 .0 5

(3 )  S a m e  a s  (2 )  b u t  s to o d  1.5 h r s .  a f t e r  a d d in g
s a lic y l- s u lfo n ic  a c i d ................................................................. 3 .3 1  4 .2 7  6 .1 2  7 .0 6

3 .4 2  4 .2 7  6 .1 3  6 .9 1
A v e r a g e , 3 . 3 6  4 .2 7  6 .1 3  7 .0 1

S a m e as Above , but U sing  0 .8517 g. Sa m p le  
S a m e  a s  (1 )  a b o v e ........................................................................  3 . 3 3  4 . 2 7  6 .1 2

3 .3 3  4 .3 4  6 .1 2
3 .3 2  4 . 3 6  6 .1 4
3 .3 7  4 . 2 4  6 .1 9

6 .1 3
A v b r a c E , 3 . 3 4  4 . 3 0  6 .1 3

S a m e  a s  (2 ) ,  a b o v e .......................................................................  3 . 3 3  4 .2 7  6 .1 3  7 .1 4
3 . 3 8  4 .2 7  6 .1 8  7 .1 1
3 . 3 0  4 . 3 4  6 .1 8  7 .1 4
3 . 3 2  4 . 2 9  6 .1 6  7 .1 8

A v e r a g e , 3 . 3 3  4 . 2 9  6 .1 6  7 .1 4



J uly , 1920 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  6 7 3.

scribed previously. It  will be noted that results for 
Samples 3, 4, and 5 are slightly better when using
0-8517 g- than when using 1.7034 g. It was also found 
from results not reported, using Sample 5, that using
1-7034 g- sample with 50 cc. salicyl-sulfonic acid 
(containing 1.5 g. salicylic acid), 5 g. hypo, 5 to 6 g. 
potassium sulfate, 1 g. mercury, 2 g. sodium sulfide, 
etc., that the same results were obtained as when using 
0.8517 g. with 35 cc. of acid, etc. Here again the 
proportions of reagents and sample are found to be 
important and indicate that for samples containing 
high nitrate content, say, 4 per cent ammonia or over, 
more correct results may be obtained by using 0.8517 
g. sample, as the use of 50 cc. of acid is hardly to be 
recommended.

Determinations were also made on Samples 2, 3, 4, 
and 5 b y  warming after adding the salicyl-sulfonic 
acid, as described before in case of nitrate, but for all 
samples the results were slightly lower, amounting 
from 0.05 per cent to 0.10 per cent ammonia.

S U M M A R Y

From the foregoing it appears that the best and 
really most convenient procedure for the determina
tion of total ammonia in fertilizers containing nitrate 
is as follows:

Weigh 1.7034 g. sample (0.8517 g. in case of mixtures 
high in nitrate) preferably into a 650 cc. Pyrex Kjel- 
dahl flask, add 35 cc. salicyl-sulfonic acid, containing 
1 g. salicylic acid, and after shaking frequently for 15 
min. add 5 g. hypo, heat gently until frothing ceases, 
add 5 g. potassium or sodium sulfate, 0.5 g. mercury, 
and digest until clear and for 1.5 hrs. or more after
wards, cool, dilute to about 400 cc. and proceed as in case 
of nitrate samples, using in this case x g. sodium sulfide.

Altogether over 1,000 determinations have been 
made on nitrate samples and about 200 determinations 
on the four mixed fertilizer samples and the results 
summarized in the foregoing tables. All determina
tions have been corrected for ammonia in reagents, by  
blank determinations run with nearly every set, 
measuring apparatus carefully calibrated, standard 
solutions frequently checked and allowance made for 
change in temperature of these solutions. The 0.5 N  
sulfuric acid solution was standardized by three 
methods: (1) B y sodium carbonate prepared as per 
Scott,1 (2) by acid potassium phthalate prepared and 
used as described by Dodge,2 and (3) b y determination 
as barium sulfate, cold precipitation method of Allen 
and Bishop. The results by the three methods of 
standardizing agreed closely, .and were as follows in 
order named: 100.20 per cent, 100.13 per cent, and 
100.17 Per cent ° - 2 average 100.17 per cent.

The writer hopes that this contribution to the litera
ture for the correct valuation of nitrate and the deter
mination of total nitrogen in samples of fertilizer con
taining nitrate may be of value to others and serve in 
some measure toward the adoption of more uniform 
methods of analysis; also that the West Coast method 
for valuation of commercial nitrate of soda may be 

relegated to the obsolete.

'  Loc. cit.
» T h i s  J o o s h a i ,  7 (191S), 29.

A DIRECT M ETHOD F O R  TH E D ETERM IN ATION  O F  
RUBBER H YDRO CARBO N IN  RAW  AND 

VULCANIZED RU BBER1 

By W . K . Lewis and W . H. McAdams
D e p a r t m e n t  o f  C h e m i s t r y  a n d  C h e m i c a l  E n g i n e e r i n g , M a s s a c h u 

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

In the fall of 1916 the writers noticed in the litera
ture2 a number of articles concerning analytical methods 
for the determination of rubber hydrocarbon in raw  
and vulcanized rubber, depending upon the bromine 
absorbed b y rubber. A survey of these articles showed 
that several different types of bromination methods 
had been proposed, but the results appeared to be very 
discrepant. The most promising type seemed to be 
the one involving the addition of a known amount of 
bromine, dissolved in a suitable organic solvent, such 
as carbon tetrachloride, to a solution of the rubber in 
an organic solvent. After the solution had stood for 
a period of time the unabsorbed or excess bromine 
was determined by titration, usually by the addition 
of standard sodium thiosulfate in the presence of K I  
solution and starch paste.

Inasmuch as this paper will not deal with the struc
tural formula of rubber, the conventional formula. 
(CioHie)„ will be used to designate rubber hydrocarbon, 
with the understanding that this contains 2 n double
bonds. Two types of reaction are possible, involving  
in the first case, addition, and in the second, substitu
tion, of bromine.

(CioHia)« +  2wBr2 =  (CioHi6Bri)n (1)
(C ,oH I9)„ +  wBr2 =  (CioHuBr),, +  «H Br (2)

In the second reaction it will be noted that two atoms; 
of bromine arc necessary to substitute one atom of 
hydrogen, thereby producing one formula weight of 
HBr. Some of the investigators found that substitu
tion occurred, and tried to choose conditions such that 
substitution would be minimized or entirely prevented.

M cllhiney3 has shown that in the bromination of 
unsaturated oils in an organic solvent the bromine 
not only adds to the double bonds as in Reaction 1 
but a considerable amount is substituted as in Reac
tion 2. Gill1 states that rosin oil shows a very high 

substitution.
This paper deals with the application of the M c

llhiney method, developed for unsaturated oils, to  
rubber hydrocarbon. Briefly, it consists in determin
ing b y a volumetric method the substitution which 
does occur under the particular conditions of the 
analysis in question, and deducting twice the observed 
substitution from the bromine consumed, which gives 
a measure of the true bromine addition, from which 
the rubber hydrocarbon is readily calculated.

E X P E R IM E N T A L  P A R T  R A W  R U B B E R

F  P R E P A R A T IO N  O F  P U R E  R U B B E R  H Y D R O C A R B O N  S O L U -

TI0N— Plantation pale crêpe was extracted overnight 
with acetone4 in the standard extraction apparatus

1 R ea d  before  th e  R u b b e r  D iv ision  a t  th e  S t. L o u is  M eetin g , A m erican  
C hem ica l S o c ie ty , A p ril 12-16, 1920.

> See B ib lio g rap h y , p . 676.
> J .  A m . Chem . Soc., Ï 1  (1899), 1084.
< “ Oil A n a ly s is ,”  9 th  E d . (R ev ised ), p . 67.
* T h e  ac e to n e  w as a llow ed  to  s ta n d  w ith  N a tC O i a n d  CaCla a n d  th e n  

frac tio n a lly  d is tilled .
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to remove the resins, then carefully dried, dissolved 
in pure carbon tetrachloride, and finally filtered to 
remove the proteins and other insoluble matter. The  
resulting solution of pure rubber hydrocarbon was 
analyzed by evaporation to determine the total solids 
present in a known volume, and this known rubber 
hydrocarbon content was used as a basis of com
parison with the calculated figures found by bromine 
addition as described below.

p r o c e d u r e — To a known volume of the above pure 
rubber hydrocarbon solution, containing approxi
mately 0.2 g. (CioHie),,, a measured volume of bromine 
in pure carbon tetrachloride corresponding to approxi
mately 150 per cent excess bromine above that neces
sary for addition was added, and the mixture was 
allowed to stand in glass-stoppered bottles for varying  
lengths of time in a dark closet at room temperature. 
After this exposure to bromination, 10 cc. of a 3 per 
cent K I solution were added to take up the excess 
bromine, and the resulting iodine was titrated by 
means of 0.25 N  standard sodium thiosulfate, using 
starch paste as an indicator. In order to determine 
the substitution which had occurred, 10 cc. of 5 per 
cent KIO3 were now added to convert the equivalent 
of the HBr into iodine, which was then titrated to a 
second end-point. A blank was run under the same 
conditions as the rubber determination in order to  
determine the bromine added to the rubber analysis, 
and to eliminate any error caused by impurities in the 
reagents used. The sample calculation given below 
indicates the relation of the various readings.

R u b b e r  ta k e n  «  0 .2000 G . T h io su lfa te  S o lu tio n  =  0 .235 N
E q u iv a le n t W e ig h t of R u b b e r  H y d ro c a rb o n , (C ioH ie)M *= 34

Cc. T h io .
F o r  b la n k ........................................................................................................ 7 0 .0 0
E xcess fo u n d  b y  firs t t i t r a t i o n ............................................................. 3 8 .0 0
C o n s u m e d ......................................................................................................  3 2 .0 0
T w ice  second  t i t r a t io n ,  (2) ( 3 .5 ) ........................................................ 7 .0 0
T ru e  a d d i t io n ...............................................................................................  2 5 .0 0

2-^ - 0 . 2 Ù 0 0 V l 2(K )0 X  1 0 0  "  1 0 0  P "  C e n t  t h e 0 r C t i C a l  a d d i t i 0 U

n o t e s — In order to avoid loss of bromine vapor 
upon opening the bottle after the bromination period, 
the bottle was cooled by immersion for a few minutes 
in ice water, in the dark, and the K I solution was 
introduced b y  means of i-in. rubber tubing attached 
to the neck of the bottle and extending up above the 
stopper.

The carbon tetrachloride was purified by subjecting 
it to the action of saturated chlorine water for several 
days in diffused daylight, followed b y washing with 
water and drying with CaO, previous to a distillation 
in which the fraction boiling within x ° C. of the proper 
boiling point was taken.

d i s c u s s i o n  or r e s u l t s — The attached plot shows 
typical results1 of runs on extracted, filtered pale crêpe. 
It will be noticed that the substitution increased with  
the bromination time, but that the addition followed 
closely the theoretical 100 per cent line, when the time 
of exposure was 2 to 4 hrs. The substitution is doubt
less a function of the conditions under which the experi
ment is conducted. For example, it is quite possible 
that a small amount of water present during the 
bromination would increase the substitution.

1 B randegee , 1917. T hesis  s u b m it te d  in  p a r t ia l  fu lfillm en t of th e  r e 
q u ire m e n ts  fo r th e  S .B . degree a t  th e  M a ssa c h u se tts  I n s t i t u te  o f T ech n o lo g y .

One possible objection to this method is that sub
stitution might continue after the addition of the K I  
solution. It will be noted that after this time no 
halogen except iodine is present in the solution, and 
iodine is known to be much less apt to substitute 
hydrogen than bromine. Furthermore, if iodine sub
stitution during titration took place before the first 
end-point no error whatever would be introduced; 
the effect would be the same as if bromine had been 
substituted, as the HI so formed would be determined 
in the second titration and hence an automatic correc
tion would be introduced for this action. However, 
if iodine substitution took place after the first end
point (by the substitution of iodine produced by the 
action of KIOs on the HI already present) the second 
titration would be high and the calculated addition 
would be low, because the addition is obtained by 
subtracting twice the second titration from the 
bromine consumed in the first. Furthermore, if at 
any time HBr splits off from the brominated molecule 
and this action is not accompanied by further addition, 
the calculated addition would be low. The results 
as shown in the attached plot indicate that if such 
undesirable actions occurred they were negligible in 
effect.

T I I 

Run E F P C - C ,

Hours
o ________ ________ _________________1________ 1--------------------------  1

2 4  6  s 10 /z 14 16

v u l c a n i z e d  r u b b e r

The above results have shown the method to be 
satisfactory for raw rubber; it remained for Sackett 
and Seltzer1 to adapt it to vulcanized rubber. Since 
carbon tetrachloride will not “ dissolve” vulcanized 
rubber, a new "solvent” had to be obtained, and the 
choice was tetrachlorethane.

In addition to the rubber hydrocarbon, resins, and 
proteins present in raw rubber, vulcanized rubber 
may contain fillers and compounding materials, such 
as mineral oxides or salts, carbon, mineral rubber, 
organic accelerators, vulcanized oils (factice), free 
sulfur, and sulfur combined as polyprene disulfide, 
(C l0H16S2)„.

The acetone extraction of the finely cut sample 
was made to remove not only resins but also free

1 S a c k e tt  a n d  S e ltze r, 1918. T hesis  s u b m it te d  in  p a r t ia l  fu lfi llm en t of 
th e  req u ire m e n ts  fo r th e  S .B . degree a t  th e  M a s sa c h u se tts  I n s t i t u te  o f  
T echno logy .
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sulfur and other acetone-soluble materials. The rubber 
residue was dissolved by refiuxing with tetrachlor- 
ethane1 for several hours, diluted to a definite volume 
with carbon tetrachloride, and allowed to settle, then 
an aliquot part was pipetted out for bromination as in 
Brandegee’s method. The finely divided fillers were 
excluded from the aliquot part so taken by placing a 
wad of cotton in tht, tip of the pipette, and applying a 
gentle suction. B y this means the troublesome centri
fuging procedure for eliminating solid material was 
avoided.

During the course of the experimental work Sackett 
and Seltzer found that substitution could be reduced 
practically to zero by titrating the brominated sample 
in very dim daylight, thus eliminating a difficulty pre
viously met by them in an unstable end-point during 
the second titration. When the per cent excess 
bromine above that necessary for addition was small 
(50 per cent) the results were low; 100 to 150 per cent 
excess bromine gave the best results.

c o m b i n e d  s u l f u r  p r o c e d u r e — The combined sulfur 
was found b y  evaporating to dryness in a porcelain 
casserole an aliquot part of the tetrachlorethane solu
tion free from insoluble matter, and determining the 
sulfur b y the method of Davies.2 This consisted in 
adding 10 cc. of saturated arsenic acid solution, 10 
cc. of fuming nitric acid, and 3 cc. of bromine water, 
and evaporating to a sirupy consistency. (If all the 
organic matter is not destroyed, more fuming nitric 
acid is added, and the mixture again evaporated to a 
sirupy consistency.) After the addition of a few 
crystals of potassium chlorate, the solution is evapo
rated to dryness, heated to boiling with 50 cc. of 10 per 
cent hydrochloric acid solution, filtered through paper, 
and diluted to 300 cc. with distilled water in a beaker. 
The sulfuric acid is precipitated as barium sulfate by  
the addition of barium chloride, and determined 
gravimetrically in the usual manner.

C A L C U L A T IO N  O F  T O T A L  R U B B E R  H Y D R O C A R B O N -----

The rubber hydrocarbon combined with the sulfur 
thus found is calculated by multiplying the percentage

,  , ,  ,  C i o H i s  1 3 6
of sulfur b y — - — , or —— = 2.13- 

S 2 6 4

The total rubber hydrocarbon is calculated by adding 
the rubber hydrocarbon combined with the sulfur 
and the uncombined rubber hydrocarbon found from 

the bromine addition.
p r o c e d u r e  f o r  v u l c a n i z e d  r u b b e r — Extract a 

weighed sample (approximately 1.5 to 2.0 g.) of vul
canized rubber with acetone for 8 hrs. in the standard 
extraction apparatus, evaporating the acetone to 
obtain the percentage of acetone-soluble material.3 
Aspirate CO2 through the rubber to remove the traces 
of acetone, reflux 4 hrs. with approximately 100 cc. 
of tetrachlorethane, cool, and make up to mark in a 
250 cc. calibrated flask with carbon tetrachloride. 
Remove a 25 cc. aliquot portion by applying gentle

1 T h is  s o lv e n t w as  pu rif ied  in  th e  sam e m a n n e r  as  th e  ca rb o n  te t r a 
chloride.

2 C hcm ist-A na lys t, 15 (1915), 4.
1 I n  case " fa c t ic e ”  (vu lcan ized  oil) is p re se n t, i t  sho u ld  b e  rem oved  

by  tr e a tm e n t in  th e  u su a l m a n n e r  b y  e x tra c tio n  w ith  a lcoholic  p o ta sh . 
T h is  t r e a tm e n t w as un n ecessa ry  fo r th e  sam ples used.

suction to a pipette containing a small piece of cotton 
in its tip. Place this sample in a glass-stoppered’ 
bottle of 250 to 500 cc. capacity, add from a burette 
a measured amount of bromine in carbon tetrachloride 
corresponding to at least 100 per cent excess bromine 
above that necessary for the addition reaction, insert 
the stopper tightly, and allow to stand for 3 hrs. in a 
dark closet. A t the end of this time, darken the room, 
add 10 cc. of 10 per cent K I solution, shake, and 
titrate rapidly with 0.1 N  standard sodium thiosulfate, 
using starch paste as an indicator. As soon as the  
first end-point has been noted, add 10 cc. of 1 per cent 
K IO 3  solution, and titrate rapidly to the second end
point with thiosulfate. The titration of a blank run 
under similar conditions gives the thiosulfate equiva
lent of the bromine added.

The method of calculation of the results is entirely 
similar to that used in the case of raw rubber, except 
that to get total rubber the rubber equivalent to 
combined sulfur is added to that determined by  
bromination.

R E S U L T S
T a b l e  I — R u b b e r  H y d r o c a r b o n  b y  A d d i t i o n

I n d i v i d u a l  R u n s  A v S k a o E
S a m p l e  P e r  c e n t  P e r  c e n t

A .................................... 8 6 .2  8 6 .6  8 6 .2  8 3 .8  8 5 .5
H . ............... 6 3 .5  6 6 . 5 . . . .  6 5 .0
C - "  .................  5 6 .6  5 2 .6  5 2 .7  5 0 .7  5 3 .2
D  . .  5 4 .2  5 5 .0  5 3 .5  5 5 .0  5 4 .4
E  . . ................. 45 .4  4 5 .2  . . . . 4 5 .3
F ....................................  8 0 .5  8 1 .9  7 4 .9  7 4 .7  7 8 .0

The final analyses are summarized in Table II.
T a b i , b  I I

R u b b e r  U n co m - E rro r
E q u iv a -  b in ed  T o ta l in

C o m - le n t of R u b b e r  R u b b e r  T o ta l
N a tu re  b in ed  C om - (by T o ta l K n o w n  R u b b e r

A cetone of C oin- Sul- b in e d  B ro m i- R u b b e r  C om - H y d ro -
E x tra c t  p o u n d in g  fu r  S u lfu r n a t io n )  (b y  p osition  ca rb o n

P er  M a- P e r  P e r  P e r  A nalysis) P e r  P e r
S am ple  c e n t te r ia l c e n t c e n t c e n t P e r  c e n t c e n t ce n t

a  3 46 N o n e  3 .4  7 .2  8 5 .5  9 2 .7  9 3 .7  1 .05
B I 90 L ith a rg e  3 .1  6 .6  6 5 .0  7 1 .6  75 — 3 .4
C  2 i l  Z inc oxide 3 .3  7 .0  5 3 .2  6 0 .2  60 + 0 . 2
D  2 .3 3  S ub lim ed  '

le ad  1 .6  3 .5  5 4 .4  5 7 .9  60 2 .1
£  . .  Z inc oxide

a n d  o r-

ac ce le ra to r 1 .1  2 .4  4 5 .3  4 7 .7  48 0 .4
p  . . M in e ra l

ru b b e r  a n d  _ .
a c ce le ra to r 2 .1 6  4 .6  7 8 .0  8 2 ,6  8 0 .5  + 2 .1

Table II compares the percentages of total rubber 
hydrocarbon as found b y analysis with the known 
figures for rubber content supplied by the compounders 
of the samples. In no case did the analyst have any 
information as to the composition of the samples. 
The analytical figures average low, as they should do 
because of the resin and protein content of the raw 
rubber. The analytical results are, however, probably 
high for true rubber hydrocarbon, because any sulfur 
combining with resin, protein, or accelerator to give a 
product insoluble in acetone but soluble in tetrachlor
ethane is figured over to its equivalent of rubber, and, 
further, any sulfur substituting in rubber hydrocarbon 
itself will increase the results. These factors are 
probably negligible, except for sulfur combined with 
artificial accelerators. Any unsaturated organic ma
terial insoluble in acetone but dissolved by tetrachlor
ethane will also increase the analytical results. This 
is probably a cause of the high figures in the presence 
of mineral rubber. Few compounding materials are
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sufficiently unsaturated, however, to be serious in 
this regard.

It is believed that this procedure is by far the sim
plest and most accurate direct estimation of the rubber 
content of vulcanized articles. It should prove 
especially useful in the evaluation of shoddies, because 
it shows the extent to which the unsaturation of the 
rubber has disappeared, due to previous vulcanizations.

Within the experimental error, the results prove 
that rubber hydrocarbon is unsaturated to an amount 
equivalent to four atoms of bromine for each C10H16, 
and further that “ combined” sulfur reduces this un
saturation b y two bromine atoms for each sulfur com
bined. These facts seem incompatible with any 
theory other than that the sulfur taken up by rubber 
on vulcanization is chemically combined.

S U M M A R Y

I— Working with a filtered carbon tetrachloride 
solution of acetone-extracted plantation pale crêpe, 
it has been shown by a volumetric method involving 
a double titration that the bromine consumption, 
corrected for the observed substitution, is a true mea
sure of the actual amount of pure rubber hydrocarbon 
known to be present. Although the amount of sub
stitution increases with the length of the bromination 
period, the addition corresponds quantitatively to the 
actual amount of pure rubber hydrocarbon present, 
when the bromination time is from 2 to 4 hrs.

II— Experimental data are given to show that the 
actual per cent of (C ioH i6)„ in vulcanized soft rubber 
can be determined by a volumetric bromination method 
herein described, involving a second titration to correct 
for the substitution which accompanies the particular 
analysis; by titrating in dim daylight, this substitu
tion correction can be made very small.

III— Tetrachlorethane is a suitable “'solvent” for the 
soft vulcanized rubber goods used.

IV — Experimental data shows that the so-called 
“ combined sulfur” in soft vulcanized rubber is actually 
combined with the double bonds of the rubber hydro
carbon.
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M ETH O D  FO R  TH E D ETERM IN ATION  OF TH IO- 
CYAN ATES IN AM M ON IACAL LIQUOR AND W ASTE 

LIQ UO R FRO M  AM M O N IA STILLS IN THE 
B Y-PR O D U CT CO K IN G  IN DUSTRY 

By Joseph A. Shaw 
K o p p e r s  C o m p a n y  L a b o r a t o r i e s , P i t t s b u r g h , P a .

R eceived  J a n u a ry  8, 1920

To soo cc. of ammoniacal liquor are added 3 to 5 g. 
of ferrous sulfate in water solution and about 100 cc. 
of a 10 per cent sodium hydroxide solution. This is 
stirred thoroughly and allowed to stand overnight. 
It is then filtered with gentle suction and washed with 
cold water containing about 30 g. of sodium hydroxide 
per liter. The long standing in alkaline solution is 
necessary in order that the insoluble organic matter 
may be removed thoroughly from the solution. If 
this is not done it will continue to settle out from time 
to time and is liable to cause the analyst to be doubtful 
of the sharpness of some of his reactions.1

B y this procedure organic and inorganic material 
insoluble in alkalies and the sulfides have been removed 
from the sample and the cyanides changed to ferro- 
cyanides. The alkaline solution is heated to 6o° C ., 
made slightly acid with dilute sulfuric acid, and the 
ferrocyanides precipitated with a slight excess of a 10 
per cent ferric chloride solution. After standing a short 
time the Prussian blue, together with a considerable 
sludge insoluble in acid solution, is filtered off on a 
filter similar to the one used to filter the sulfide sludge. 
The residue may be used to determine total cyanogen 
after having been washed with a 5 per cent solution of 
sulfuric acid containing 5 per cent by weight of sodium 
sulfate.

The filtrate is now made to a definite volume and

* I t  is n ecessa ry  to  use a  specia l f ilte r  fo r th e  rem o v a l of th e  sludge 
from  th e  so lu tio n  m e n tio n e d  above . T h is  f ilte r is m a d e  by  p lac in g  a  p e r 
fo ra te d  p o rce la in  p la te  in  a  funne l a t ta c h e d  to  a  f ilte r flask  a n d  cove ring  i t  
w ith  a  p iece of o vers ized  filte r p a p e r. W hen  th is  is d ra w n  in to  p la ce  b y  th e  
su c tio n  a  th in  la y e r  of a sb es to s  p u lp  is p o u re d  on  th e  filte r an d  a n o th e r  
p iece of f ilte r p a p e r  c u t  co n s id e rab ly  u n d e r  size  is p la ced  on  to p . A fte r  a 
l i t t le  w ash in g  a n d  a d ju s tm e n t  th e  f ilte r is  re a d y  to  use. O r if des ired  and  
a v a ilab le  a  sm all B ü ch n e r funne l m a y  be  u sed  in s te a d  o f th e  fu n n e l and  
p o rcela in  p la te  em p lo y ed  above .
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one-tenth aliquot parts taken. These are heated to 
70° C., about 15 cc. of 1 : 4 sulfuric acid added, fol
lowed by a decided excess of sodium acid sulfite solu
tion, and the thiocyanate precipitated with a hot 10 
per cent solution of copper sulfate. After standing 10 
min. the C u C N S  is filtered off through a Gooch cru
cible, the bottom of which is covered with a circle of 
filter paper, followed by a layer of paper pulp which 
is in turn partly covered by a small piece of filter paper. 
Too long standing previous to filtering is to be avoided 
as it increases the tendency of the C u C N S  to pass 
through the filter as a colloid. The impure C u C N S  
is washed with hot water of about the same tempera
ture as the original solution which was filtered. Since a 
little C u C N S  sometimes passes through the filter in 
the colloidal form, the filtrate, if clear, should be 
removed and discarded as soon as the last of the liquid 
has been poured through the filter. If a litt le  of the 
precipitate now passes through the filter upon washing, 
a quantity of paper pulp may be added to it and the 
wash water refiltered through an ordinary paper filter, 
washed with hot water, and combined with the major 
portion of the C u C N S  precipitate.

The residue, consisting chiefly of paper pulp and 
C u C N S, is treated with 25 cc. of N  sodium hydroxide, 
a little bromine water is added to oxidize the copper, 
and after a few minutes the paper pulp is filtered off 
and thoroughly washed with hot water. A little more 
bromine water is added to the alkaline solution and it is 
digested at the boiling point for one hour. It is made 
slightly acid with hydrochloric acid, the bromine 
boiled off, and the solution taken to dryness. The  
dry residue is taken up with hot water containing a 
little H C1 and filtered from silica. The sulfur present 
originally in the C u C N S  is the only sulfur now left 
in the solution and it is entirely in the form of sulfate. 
This may now be precipitated with barium chloride 
and determined in the usual manner and the thio- 
■cyanate calculated.

For the purpose of checking the method, the thio
cyanate content of the liquor was determined by the 
above method and also the thiocyanate content of 
■the liquor to which a known amount of potassium 
thiocyanate had been added. The results indicated 
th at thiocyanate in ammoniacal liquor can be deter
mined b y this method to within o.ox g. per liter.

Aside from the exercise of a little technique in filter
ing, the analysis proceeds quite nicely.

VOLUM ETRIC M ETH O D FO R  TH E DETERM IN ATION  OF 
D IASTATIC CAPACITY 

By J. T . Flohil
C e r e a l  P r o d u c t s  C o m p a n y , M a n i t o w o c ,  W i s c o n s i n  

R ece iv ed  J a n u a r y  16, 1920

A^s per cent malt solution is prepared according to 
Lintner.1 One cc. of the extract is introduced into 
100 cc. of a 2 per cent soluble starch solution in a 200 

•cc. flask, left to act for exactly one hour at 20° C., 
then treated with 10 cc. of 0.1 N  sodium hydroxide to 
stop .the diastatic action, and diluted with water to the 

-200 cc. mark.

» Z . prakl. C h tm ., 138S, 386.

Twenty-five cc. of this solution are transferred to a 
300 cc. Erlenmeyer flask, exactly 10 cc. each of Feh- 
ling’s Solutions I and II added, and the volume brought 
up to 50 cc. with 5 cc. water. The mixture is boiled 
slowly for 2 min., and immediately cooled under the 
cold water faucet, but not much under 250. Ten cc. 
of a 30 per cent potassium iodide solution, or 3 g. 
potassium iodide and 10 cc. of a 25 per cent sulfuric 
acid solution, are added successively and the liberated 
iodine titrated with a 0.1 N  thiosulfate solution to a 
creamy yellow color, the soluble starch present serving 
as an indicator.

CALCULATION

Let p cc. be the amount of thiosulfate used in this 
titration, n  cc. the amount of thiosulfate used in a 
blank test (25 cc., 5 cc. water, 20 cc. Fehling’s solution); 
then n —  p =  m is the amount of thiosulfate equiva
lent to the copper sulfate reduced by the maltose sugar.

According .to Lintner, if 1 cc. of a 5 per cent malt 
infusion in 100 cc. of 2 per cent starch solution pro
duces just enough maltose to reduce 50 cc. of Fehling’s 
solution its strength is ioo°. This solution diluted to 
200 cc. of 1 per cent starch solution will also reduce 50 
cc. of Fehling’s solution, and 25 cc. will reduce 6.25 
cc. of Fehling’s solution. We here assume that the 
quantity of copper sulfate reduced is proportional to 
the amount of maltose present, without making an 
appreciable error.

If 20 cc. of the Fehling’s solution is equivalent to 
n cc. 0.1 N  thiosulfate, then 1 cc. is equivalent to 
11/20 cc. thiosulfate.

If 25 cc. of the solution mentioned in the beginning 
of this article reduce Fehling’s solution equivalent to
6.25 11/20 cc. of thiosulfate, the Lintner value is 100°.

If 25 cc. of the solution reduce Fehling’s solution
equivalent to m cc. of thiosulfate, its strength is

—— -  X 100 = 320 Vl degrees Lintner.
6.25 11 n

20
e x a m p l e — I n a b la n k  te s t  t h e  a m o u n t  of iodine  set 

free b y  t h e  co p p e r  s u lfa te  w a s  e q u iv a le n t  t o  27.0 cc. 
o. 1 N  th io su lfate ,  or 11 =  27.0.

In the actual test the amount of iodine set free by 
the copper sulfate was equivalent to 15.0 cc. 0.1 N  
thiosulfate; therefore m = 27.0— 15.0 =  12.0 and 
the diastatic capacity is 320 12/27 or 1420 Lintner.

TH E UNIFORM  CO M POSITIO N  OF CO M M ERCIAL 
“ STEARIC”  A C .D S, AND IT S EXPLANATION 

By Ben H. Nicolet
M e l l o n  I n s t i t u t e  o f  I n d u s t r i a l  R e s e a r c h , P i t t s b u r g h , P a .

R eceived  O cto b e r 27, 1919

Sometime ago the writer had occasion to make some 
comparative tests on a number of samples of commercial 
stearic acids chosen at random. The titers were sur
prisingly uniform throughout the series and when 
these were corrected for the small and varying iodine 
numbers which the different samples showed, the 
agreement became startling. The maximum varia
tion in the corrected titers for the six samples, coming 
from five entirely different sources, was less than 0.5°.
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Such a finding appeared to demand an explanation, 
and one is here offered, based on the known series of 
solid solutions formed in mixtures of stearic and 
palmitic acids.

The results of interest in the present connection are 
given in Table I. The samples examined may be 
described as follows:

(1) D om estic , so u rce  u n k n o w n
(2) " B e s t ,”  C elin a  S te a r ic  A cid C o m p a n y
(3) “ S ta n d a r d ,”  E m e ry  C an d le  C o m p a n y
(4) " D o u b le  p re ssed ,”  R u b -N o -M o re  C o m p a n y
(5) " T r ip le  p re ssed ,”  R u b -N o -M o re  C o m p a n y
(6) " F in e s t  im p o r te d ,”  D u tc h

Technical stearic acid is produced by successive 
pressings of fatty  acid mixtures which originally have 
a considerable content of unsaturated fatty  acids. 
A t each pressing, a lower melting fraction is removed, 
and after two or three pressings little of the unsaturated 
acids remain, as shown by the iodine numbers found.

T a b l e  I — E x a m in a t io n  o p  C o m m e r c ia l  " S t e a r ic ”  A c id s

S am ple  n u m b e r ............................. 1 2 3 4 5 6
Io d in e  n u m b e r .............................  1 .3  1 .6  8 .0  4 .0  1 .9  2 .4
O leic ac id  (calc, p e r  c e n t ) . .  1 .4  1 .8  8 .8  4 .4  2 .1  2 .6
T i t e r 1 .............................................  5 5 .2 °  5 5 .3 °  5 3 .9 °  5 4 .3 °  5 5 .0 °  5 4 .8 °
T i te r  fo r ze ro  I j  n u m b e r

( c a lc .) ....................................... 5 5 .4 8 °  5 5 .6 6 °  5 5 .6 6 °  5 5 .1 8 °  5 5 .4 2 °  5 5 .3 2 °
1 T h e  t i te r s  c a lc u la te d  fo r ze ro  iod ine  n u m b e r  w ere o b ta in e d  b y  ad d in g  

to  th e  t i te r s  fo u n d  0 .2 °  fo r e a ch  p e r  c e n t o leic ac id  p re s e n t . T h is  is an  
a p p ro x im a te ly  c o rre c t a llo w an ce  fo r sm all am o u n ts  of oleic ac id  in  an y  
s te a r ic -p a lm itic  ac id  m ix tu re .

T he constancy of the titers given in the last line of the 
table indicates that the ratio of stearic to palmitic acid 
approaches a definite value as the pressing is continued.

To explain this it is necessary to refer to the curve 
showing the solidifying points of the system stearic 
acid-palm itic acid. De Visser1 and Carlinfanti and 
Levi-M alvano2 have drawn such curves and pointed 
out the relations which they indicate as to the forma
tion of solid solutions. Since titer determinations 
as ordinarily carried out vary somewhat in principle 
as well as in practice from the carefully determined 
solidification points of these authors, a similar curve 
of titers of mixtures of stearic and palmitic acids is 
given in the accompanying curve. The values from 
which this curve is constructed were determined for a 
different purpose and will be given elsewhere.

From A, the titer of pure stearic acid, the curve falls 
continuously to B, then with further addition of pal
mitic acid rises slightly to a maximum at C and then 
falls to D. From D the curve again rises normally 
to E, the titer of pure palmitic acid. The curve is 
thus divided into sections in which the effect of frac
tional crystallization, either with or without a solvent, 
will be very different. The pressing to which the acids 
are subjected is equivalent to a fractional crystalliza
tion.

The general laws describing the behavior of solid 
solutions indicate that a mixture whose composition 
was represented by any point between B and A would 
eventually yield pure stearic acid. Similarly, pure 
palmitic acid would be the end-product from a mixture 
lying between D and E. On the other hand, a mix
ture originally represented by a point on the section 
B D  would approach the composition represented by

i Rec. trav. chirn., 17  (1 8 9 8 ) , 1 82 , 3 1 6 .
* G u m . chim . H al.,  [ I I ]  39 (1 9 0 9 ), 3 6 8 .

the maximum at C and thereafter show no further 
separation.

The point C represents a palmitic acid content of 
SS per cent, and a titer of SS-4°- This appears to be 
a rather close description of the “ stearic” acids exam
ined. Furthermore, their titers are depressed by 
successive small additions of palmitic acid. A  little 
stearic acid added lowers the titer, and further addi
tions raise it rather rapidly. The acids have all 
therefore approximately the composition C, which 
apparently is represented on the curve with a titer a 
few tenths of a degree too low.

All the samples examined are thus seen to contain 
palmitic acid to the extent of 52.5 to 55 per cent of 
their saturated acids. If the explanation here put 
forward be accepted, it follows that in the material

A

100 ao  6 0  4 0  2 0  0% STEARIC
Acio

0  2 0  4 0  6 0  a o  loot PALMITIC
ACIO

T I T E R S  O F S T E A R IC -P A IM IT IC  ACID M IX T U R E S

originally subjected to pressing, the saturated  acids 
contained between 50 and 72 per cent palmitic acid.

Very little is actually known as to the ratio of pal
mitic to stearic acid in fats and oils. Most of the 
information on the subject in the literature comes 
from the work of Hehner and M itchell1 on the deter
mination of stearic acid. T hey report a commercial 
stearic acid examined by them as having iodine num
ber 2.3, melting point (not titer) 56.2°, and stearic 
acid 48.7 per cent (the mean of five determinations 
varying from 47.0 to 50.6 per cent). In view of the 
uncertainty of their method, these results do not contra
dict the conclusions here reached.

S U M M A R Y

Attention is called to the remarkable constancy of 
the ratio of palmitic to stearic acids in a number of 
technical “ stearic” acids.

1 A n a ly s t, 21 (1 8 9 6 ), 3 1 6 .
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An explanation of this constancy is offered based 
on the solid solutions formed between these two acids. 
This requires that “ stearic” acids showing this effect 
should have as their source acid mixtures, the saturated 
acids of which contain between 53 and 72 per cent of 
palmitic acid.

PH O TO BIBLIO G RA PH IC RESEARCH  M E TH O D S— THE 
CO M PILA TIO N  OF TECH NICAL DATA W ITH  

TH E AID OF PH O TO G R A PH Y 

By Arthur Worischek
P a t e n t  D e p a r t m e n t , G e n e r a l  E l e c t r ic  C o ., W a s h in g t o n , D .  C.

R ec e iv ed  M a y  11, 1920

The methods employed by professional searchers, 
■compilers and “ experts in patent causes,” although 
not yet standardized, have nevertheless been very 
ably described.1

The weakest point in any system of searching and 
collating technical data is the accurate transcription 
of tabulated matter and the reproduction of illus
trations when these occur in the text. In the author’s 
opinion, it should be possible to copy articles, tables, 
complicated diagrams and even entire chapters of text
books by means of some cheap and simple process and 
without causing annoyance to fellow readers or damage 
to  the books consulted. If a journey to a distant 
library is necessitated it should be possible to so plan 
the trip that copies of all the data needed in a given 
investigation may be brought home in a convenient 
form. A research worker would then be able to com
pile his own textbook on any given subject and arrange 
the subject matter to suit his own particular con
venience and needs.

The author having had occasion to undertake exten
sive research searching during the past few months 
was struck by the lack of any simple method for 
•copying articles and diagrams. Tedious scribbling 
appears to be the method exclusively employed, with 
occasional laborious and time-consuming tracing. A  
search through the literature revealed a number of 
attempts along this line, all based upon some adapta
tion of photography.2

Microphotographie copying of printed matter was 
-employed for the transmission of intelligence during 
the siege of Paris in 1870.3 Despatches were printed 
on a large sheet of paper which was then microphoto- 
graphically copied onto a film of collodion. According 
to Tissandier4 each page contained some 5,000 letters,

1 A. B . E a so n , “ S ources o f T e ch n ica l In fo rm a tio n ,”  Electrician  (L on .), 
02 (1919), 3 2 6 -7 ; E . D . G reen m a n , “ T e ch n ica l L i te ra tu re  a n d  H ow  to  Use 
I t , ”  Spec ia l L ibraries, 9 (1918), 89; H . H ib b e r t ,  “ T h e  A r t  of S earch ing  
C hem ical L i te ra tu re ,”  Chem . M et. E ng ,, 20  (1919), 578; W . F . Jaco b , 
“ T h e  T e ch n ica l L ib ra ry  a n d  I t s  U se ,”  Polytech. E n g ., 16 (1916), 36;
E . N . Jesso p , “ G erm an  P a te n t  B ib lio g ra p h y ,”  T h i s  J o u r n a l , 8 (1916), 
1053.

* F o r  a n  ex ten s iv e  b ib lio g ra p h y  on th e  su b je c t of “ P h o to g ra p h y  in  
L ib ra ry  W o rk ,”  see  G . A . E v e rs , M aandblad  voor Bibliotheekviezen  ( ’sGraven-

-*<tge), 1 (1913), 10, 225.
* D ag ro n , “ T h e  P re p a ra t io n  of M ic ro p h o to g rap h ie  D esp a tch e s  on 

F ilm ,”  J .  P ho t. Soc. L ondon , 15 (1871), 102; B rit . J .  P hot., 18 (1871), 616.
4 “ H is to ry  a n d  H a n d b o o k  of P h o to g ra p h y ,”  L on d o n . T ra n s la te d  

h y  J .  T h o m so n . L ow , M a rs to n ,  L ow  a n d  S earle , 1876. “ M icroscopic 
D e sp a tc h e s  d u rin g  th e  S iege of P a r is ,”  C h ap . 6 , p p . 234-48.

As the explanation given must stand or fall with 
the necessity of the fulfillment of this condition, and as 
the writer is not sufficiently familiar with the manu
facture of “ stearic” acid to know whether in general 
it is fulfilled, discussion on this point is particularly 
invited.

equivalent to 300 despatches, and 16 of these pages 
were copied onto a collodion film 2 in. long and 1 in. 
wide, weighing less than one grain. These films were 
transmitted by carrier pigeons and upon arrival at 
headquarters were placed in a projecting lantern and 
thrown upon a screen, while a number of copyists or 
scribes transcribed the despatches.

Fessenden1 described a method for photographically 
compiling his own data collection. His method con
sisted in copying pages of books onto standard sized 
plates from which standard sized prints could be made, 
suitable index numbers being marked upon the film 
before printing. Other workers have also proposed 
similar schemes and a method was described in 19092 
in which the book to be copied was placed upon the 
floor and copied by means of a camera equipped with 
a reversing mirror and using bromide paper instead of 
plates. In the “ reflection by contact” or “ catatyp e” 
method3 a sheet of sensitized paper is placed with its 
sensitive side in contact with the print to be copied, 
the light being allowed to pass through the paper. 
The method does not, however, appear to have come 
into practical use.

J. L. M auch4 has obtained a patent for a “ photo
genic copying device.”  He has combined “ means for 
applying a sensitized strip to a surface to be copied 
with means for projecting light through said strip 
upon said surface and means to obtain a uniform 
exposure of said strip.” The apparatus is to be held 
in the hand and “ rolled” over the page of a book, 
etc., the unexposed sensitive paper being drawn from 
one spool and the exposed paper wound up on another 
spool. This, therefore, appears to be a mechanically 

■ controlled application of the “ reflection by contact” 
method. A patent b y H. H. Curtiss5 relates to a 
similar device.

Various commercial methods have been proposed 
for copying directly upon bromide paper without the 
intermediary of a negative.

A  number of years ago there was introduced a 
commercial bromide paper copying machine known 
as the “ Record Camera,” 6 which was equipped with a

1 “ Use of P h o to g ra p h y  in D a ta  C o llec tio n s ,”  Elec. W orld , 28  (1896),
222 .

* “ P h o to g rap h in g  R a re  B ooks a n d  M a n u s c r ip ts  in  L ib ra r ie s ,”  B ull, 
de la  Soc. Franc, de P hot., [2\ 25  (1909), 396.

* E . E- F o u rn ie r  d ’A lbe, “ O n P h o to g ra p h y  b y  R eflec tion  u n d e r  C o n 
ta c t ,”  S ci. Proc. R oy . D ublin  Soc ., (N ew  S eries) 12 (1909), 9 7 ; G . de  
F o n te n a y , “ C a ta p h o to g ra p h y ; R e p ro d u c tio n  of D o cu m e n ts  b y  R e flec tio n ,”  
Cornpt. rend., 152 (1911), 1055, 1298.

* “ P ho to g en ic  C o py ing  A p p a ra tu s ,”  U. S. P a te n t  1,251,076 (D ec . 25, 
1917); Offi. G az. U . S . P a t. Office, 245  (1917), 894.

4 “ M e th o d  a n d  A p p a ra tu s  fo r  P h o to g ra p h y ,”  U . S. P a te n t  1 ,007,120 
(M ay  19, 1914); Offi. Gaz. U . S . P a l. Office, 202  (1914), 745.

6 “ M ak in g  P h o to g ra p h ic  C op ies w ith o u t a  N e g a tiv e ,”  A m . M a ch in is t, 
[1J 31 (1908), 781; E a s tm a n ’s “ R ec o rd  C a m e ra .”

LABORATORY AND PLANT
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reversing prism and a magazine containing a roll of 
bromide paper. Upon development a reversed nega
tive (white on black) was obtained. This machine 
was followed by the well-known “ photostat” 1 which 
embodies the basic principles of the earlier machine 
but is equipped with means for immediately develop
ing and fixing the print. The cost of a photostat 
print ranges from 25 to 35 cents per page. Positives 
(black on white) are secured by copying a negative 
print, and enlargements and reductions within the 
capacity of the machine are readily made. S. C. 
Williams2 has discussed the cost of photostat work 
from a scientific viewpoint, and gives formulas for 
computing the various elements of expense involved. 
A  comparison of the relative costs of brown prints, 
blue prints, and photostat copies (on a square foot 
basis) has been made by the Ordnance Department, 
U. S. A rm y.3 The “ rectigraph” 4 and the Powers 
“ cameragraphs” (simplex and duplex)6 are similar 
machines, the last mentioned being designed to photo
graph on both sides of a sheet.

In addition to methods intended purely for the copy
ing of printed matter there has been developed a port
able camera for use in reading electric and gas meter 
indices. This is termed the “ factograph” camera6 
and is arranged to carry its own source of illumination 
in the form of several small battery-operated lamps 
which are lighted by means of a lever which latter also 
automatically opens the shutter for any desired length  
of time. A modification of this camera is termed the 
“ finger-print camera” and is used for keeping uniform
sized finger-print records.

E X P E R I M E N T A L

The author modified Dagron’s microphotographie 
process b y  substituting motion picture film for the 
wet collodion pellicle and an /  3.5 anastigmatic lens for 
the slow doublet of 1870. Textbook and periodical 
pages were photographed, the process used being 
essentially the same as that used by the cinema com
panies in copying titles, telegrams, and letters for 
incorporation into film plays. It was found possible 
to enlarge the negative film onto bromide paper up to 
a certain limit in size, e. g., about 5 by 7 in., and although 
the image was slightly blurred the outlines of the 
diagrams could nevertheless be distinguished and 
could be strengthened by inking in. When the film 
(both negative and positive) was projected onto a 
screen the print and diagrams were distinctly readable. 
Oswald,7 however, has little faith in the use of cinema 
film for purposes of direct enlargement.

Reasoning from Simpson’s and Dagron’s postulates,

1 L . D . B u rlin g am e , “ P h o to s ta t  an d  I t s  U ses,”  M ach inery , 21 (1915), 951. 
J .  X . C oh en , “ M eth o d s  a n d  C o s t of R ep ro d u c in g  a n d  R ed u c in g  E ng in eerin g  
D raw in g s ,”  E n g . &• C ontr., 46 (1916), 198; “ N ew  R ep ro d u c in g  M ach in e  
of th e  C om m ercia l C am era  C o .,”  I r o n  Trade Rev., 56 (1915), 1106.

* “ P h o to s ta t ic  R ep ro d u c tio n  C o s t,”  A m . M ach in is t, 44 (1916), 487.
* U . S. A rm y , O rd n an ce  D e p t.,  “ C o s t o f  P h o to s ta ts , v a n  D y k es , 

B lue  P r in ts , C o m p a re d ,”  E ng . N ew s-R ecord , 82 (1919), 1065.
« L u m ière  i l e c 25 (1914), 217.
» E ng . R ec ., 72 (1915), 32 ; Iro n  A ge , 95 (1915), 1122.
• “ C am era  fo r R e a d in g  M e te rs ,”  A m . Gas L t .  J . ,  103 (1915), 141; 

M achinery , 22 (1915), 75. F o lm e r, U . S . P a te n ts  1,139,022, 1,139,023 
(M a y  11, 1915); Offi. Gaz. U . S . P a t. Office, 214 (1915), 497.

1 “ T h e  M ov ie  an d  th e  S till P ic tu re ,”  L ite ra ry  Digest, J u ly  5 , 1919.

cited above, there appears to be no reason why entire 
works like Beilstein could not be photographed onto a. 
continuous film1 (larger in size than ordinary cinema 
film if necessary)2 and projected with a suitable appara
tus.

A  second series of experiments involved the con
struction of a portable machine of the “ photostat” or 
“ rectigraph” type.

This was accomplished, as shown in Fig. i, by using 
an Eastman double-extension bellows, revolving back, 
3.25 in. by 4.25 in. Auto-Graflex camera. The advan
tage of the reflex camera resides in the ease with which 
focusing may be effected, although any ground-glass 
focus camera may, of course, be used. The lens was 
equipped with a photoengraver’s reversing prism and 
a simple type of studio shutter, although the camera’s 
own focal plane shutter could also be used. East
man “ Insurance Bromide” paper, Grade B, was used 
instead of film, being wound on the regular film spools. 
An exposure (ordinary daylight) of 15 to 20 sec. a t  
/  4.5 to /  6.3 produced a perfect miniature “ photostat”  
print. Exposure under one 16 candle-power incan-

F io .  1— I n s t a n t - F o c u s in g  R e f l e x  C a m e r a  E q u ip p e d  w it h  P r is m  a n d - 
L a r g e - C a p a c it y  B r o m id e  R o l l  H o l d e r , S h o w in o  M e t h o d  o p  U s e

descent lamp, representing ordinary New York library 
lighting conditions, required about 10 sec. longer.. 
Experiments were made using a 5 b y 7 view camera, 
equally good results being obtained, the detail and 
sharpness of the prints being remarkable. A  whole 
page of Beilstein when reduced to 3.25 by 4.25. 
in. in size was as distinctly readable as the original, 
and when such a small print was recopied and enlarged 
several times by a regular “ photostat”  machine its- 
size was restored to that of the original page without 
any material sacrifice in sharpness of definition.

Such spools of bromide paper when tightly wound 
so as to fill completely the regular film spools in the- 
case of the camera mentioned above represent 15 to-

1 O tle t, in  1918, ex h ib ite d  ex am p les  of su ch  w ork  befo re  v a r io u s  A m er
ic a n  l ib ra ry  g a th e rin g s .

* “ P ro je c tin g  L a rg e r  P ic tu re s  w ith  th e  S ta n d a rd  M o tio n  P ic tu re  
F ilm ,”  Phot. J .  A m .,  56 (1919), 180. S ta n d a rd  size of film  re ta in e d . F ilm - 
is m oved  h o riz o n ta lly  a n d  p ic tu re  is  as  h ig h  as  th e  o rd in a ry  im ag e  is w id e  
a n d  tw ice  as w ide as  th e  re g u la r  im ag e  is h igh . T h e  g re a te r  s ize of th e  film* 
p e rm its  g re a te r  e n la rg em e n t.
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20 exposures, and a dozen or two of such spools are 
sufficient for copying a book of respectable size.

The development of a roll of 20 exposures is of 
course an extremely simple matter, requiring but a 
few minutes, while the developed paper may be ac
corded much rougher handling than would be with
stood by film. It may, for example, be cut and trimmed 
while still wet, pasted onto sheets and reports while 
still damp and portions of illustrations may be inked 
in with waterproof India ink, the rest of the image 
being bleached out by some suitable means1 and the 
■“line cuts” so obtained used for reproduction. After 
the first print is made it may be recopied to produce 
black-on-white copies or “ positives.”

It should, of course, be noted that a suitable “ head” 
•or starting piece and "tail” or ending piece of non-

F i g . 2— S e l f - I l l u m in a t e d  C o p y in g  D e v i c e  S h o w in g  P r is m , M e t h o d  o f  
I l l u m i n a t i o n , a n d  5 0  E x p o s u r e  B r o m id e  P a p e r  R o l l  H o l d e r

actinic or “ post office” paper must be pasted onto 
each end of the sensitive strip for the purpose of 
starting and ending the spool without spoiling the 
first and last exposures made. It was discovered, 
however, that simple blackening of both sides of the 
bromide paper with India ink for a distance of about 
one foot from each end of the roll served the same 
purpose. Inasmuch as no black “ duplex” backing 
paper is used with the bromide paper as in the case 
of film, the number of the exposure must be indicated 
in some manner. This is readily accomplished by  
marking the number of the exposure on the back of the 
paper with the aid of a cardboard template; a rachet-

1 E . S en io r, “ C o n v e rtin g  a  P h o to g ra p h  in to  a  L ine  D ra w in g ,"  K now l-  
" l ie ,  11 (1914), 71.

controlled winding jig is also a great aid in rolling up 
such homemade spools. The numbering and marking 
of i o  to i o o  ft. of bromide paper proved to be some
what tedious and a solution of the difficulty was found 
in the use of the magazine film holder corresponding 
to the Bannister patent.1

This type of holder was intended for the use of 
unbacked, un-numbered film, contained on a wooden 
spool. The film was caused to pass over a large 
measuring roller carrying two needle points which 
punched the film at regular intervals corresponding 
to the size of the picture desired, and the film was 
prevented from progressing until a suitable release 
lever had been depressed, or else some external indi
cating device signaled readiness for a fresh exposure.

Although the apparatus described above is an 
extremely convenient device for copying books in a 
distant reference library, it nevertheless appeared 
possible to render the process of copying more auto
matic in operation and less dependent upon the 
operator’s judgment regarding sharpness of focus and 
conditions of illumination. The author, therefore, 
utilized the principle of the self-illuminated meter 
reading and finger-print camera mentioned above and 
built the experimental apparatus depicted in Pig. 2. 
It  was of course necessary to employ the reversing 
prism used with the reflex camera previously described. 
This feature makes the apparatus rather awkward and 
cumbersome, one portion being at 'right angles to the 
other, and there ore slightly “ top-heavy,” but if such 
a device were t be produced on a commercial scale, 
a more conven ent form, possibly involving the use 
of a suitable system of reversing mirrors, would un
doubtedly be evolved. Pressing the antinous release 
opens the shutter leading to the lens and prism and 
simultaneously lights the battery-operated lamps which 
illuminate the object to be copied. A suitable clock
work or other timing device may, if necessary, be used 
to actuate the shutter and light-controlling levers so 
as to insure uniform length of exposure. We would 
thus have the following practically ideal operating 
conditions: fixed focus lens, constant intensity of 
light, uniform time of exposure, and fixed size of 
object to be copied with a fixed ratio of original to the 
copy. The apparatus m ay be built in various forms 
and sizes, i. e., “ page-copier,” “ diagram-copier,” 
“ equation-copier,” etc., depending upon the size and 
use to which the device is to be put. The device 
might also be so designed as to operate somewhat like 
a numbering stamp, a simple downward push sufficing 
to open the shutter and illuminate the object for the 
required length of time, the mechanism being arranged 
to automatically supply and wind up the sensitive 
paper used. H. S. Leach2 has suggested the advisa
bility of sending expeditions of research workers 
abroad equipped with photostat machines to copy 
and bring back material for scholarly study, and the 
present author would modify the suggestion to the  
effect that a more portable machine of this type

1 B a n n is te r , " R o il  F ilm  H o ld e r / ’ U . S . P a te n t  316,933 (M a y  5, 1885); 
Offi. G az. U . S . P a t. Office, {1 ] 3 1  (1885), 523.

5 " P h o to s ta t  as  a n  A id to  R e se a rc h ,”  S ci. A m .,  122 (1920), 276, 291.
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would be a valuable aid to anybody having occasion 
to make use of a reference library, and the above
proposed small portable machines carried by investi
gators and translators m ay very well be used as “ feed
ers” for the large machine in the home plant. The  
cost of the bromide paper is about S i.75 per 100 ft., 
and a 100-ft. roll of paper measures only 4.375 in. wide 
b y 4 in. diameter and has a capacity of about 300 
exposures. The entire apparatus weighs but a few 
pounds and does not occupy more than the table space 
allotted to any one reader or the space occupied by a 
large dictionary or several volumes of some periodical, 
and no reasonable objection to its use can be inter
posed by any librarian, the argument, if any, being 
on the side of the reader, inasmuch as the book to be 
copied may be released for issue to another reader 
in an incredibly short time after “ pushing the button.”

C O N C L U S IO N

There is apparently a need for a portable and 
cheaply operated photographic device for copying 
illustrations and articles on file in reference libraries—  
for the purpose of compiling the technical data needed 
in an investigation. The experiments described indi
cate that the use and manufacture of such a device 
are both within the range of commercial possibility. 
It is believed that a device combining the operating 
principles of the existing bromide paper copying 
machines and the self-illuminated meter-reading cam
eras would prove to be a valuable aid in data compila
tion, and simple enough in operation for use by non
technical clerical assistants. There appears to be no 
reason why it should not be possible to simply “ push 
the button— and read the book at home.”

PO TA SH  FRO M  K ELP. II— TH E EX PERIM EN TAL D IS
TILLATION OF K E L P  A T LO W  TEM PE R A TU R ES'

By G. C. Spencer
U . S . K e l p  P o t a s h  P l a n t , S u m m e r l a n d , C a l i f o r n i a  

R eceived  M arch  9 , 1920

A study of the experimental, destructive distillation 
of dried kelp was undertaken to determine whether or 
not under carefully controlled conditions any relation
ship could be established between the temperature at 
which distillation was taking place and the nature of 
distillation products. The work was done in the 
Forest Products Laboratory of the U. S. Department 
of Agriculture, Madison, Wis., in order that the appara
tus and technique developed there in the destructive 
distillation of wood might be available for the research 
in hand.2

Kelp was distilled in an oil-jacketed retort which was 
built for experimental wood distillation, which has been 
fully described and illustrated by L. F. Hawley and 
R. C. Palmer.3 While this retort was adapted for

1 T h e  firs t p a p e r  of th is  series, e n t it le d  “ T h e  E x p e rim e n ta l P la n t  of 
th e  U . S . D e p a r tm e n t  of A g r ic u l tu re /’ b y  J . W . T u r re n t in e  a n d  P a u l S. 
ShoafT, a p p e a re d  in  T h i s  J o u r n a l , 11 (1919), 864.

1 A ck n o w led g m en ts  a re  d u e  to  D ire c to r  W inslow , to  D rs. H aw ley , 
M a h o o d , a n d  o th e rs  a t  th e  F o re s t P ro d u c ts  L a b o ra to ry  fo r ass is tan c e  a n d  
co u rte s ie s  ex ten d ed , a n d  to  P ro f. O. L . K o w a lk e  of th e  U n iv e rs ity  of W is
consin  fo r th e  use of la b o ra to ry  sp ace  a n d  a p p a ra tu s  fo r su p p le m e n ta ry  
w ork .

* “ Y ields from  th e  D e s tru c t iv e  D is til la tio n  of C e r ta in  H ard w o o d s/*  
U . S. D e p t, of A gr., B u lle tin  129.

wood distillation, experience showed that it was not 
suitable for kelp. However, an interesting collection 
of data was obtained which is summarized in the 
paragraphs which follow.

Reference to the specimen log of a distillation run 
which is here reproduced, as well as a glance at the 
composite time-distillate curve, will show how the high 
moisture content of the dried kelp prevents a rapid 
rise of temperature when the kelp starts to distil. 
This gradual expulsion of water vapor with its accom
panying organic matter undoubtedly tells a story of 
the volatile kelp constituents that the more rapid 
heating in a much hotter retort would fail to do.

The retort was preheated by lighting the gas flames 
of the retort the evening before the run was to be made.

C o m p o s i t e  T i m e - T e m p e r a t u r e  C u r v e  o f  K e l p  D i s t i l l a t i o n  i n  O i l -  
J a c k e t e d  R e t o r t  R e p r e s e n t i n g  R u n s  2, 3 , 5 , 6 , a n d  7

The kelp was charged into the retort in a cylindrical 
iron cage 3 ft. long and 1 ft. in diameter, inside dimen
sions. This cage was lined with heavy wire netting 
preparatory to distilling the dried kelp, and two 
partitions of the same material were set lengthwise 
in the middle of the cylinder to provide an air space for 
the escape of vapors from the middle of the kelp charge.

Sixteen distillations of kelp (average weight of charge 
30.2 lbs.) were made in this manner. The first run
nings of distillate were always clear and of a bright 
green color. This condition continued with only a 
slight increase in density until a temperature, usually 
above 150° C., was reached, when a turbidity became 
noticeable in the liquid, which also changed from 
green to amber. This turbidity indicated a change
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in the nature of the distillate and the first distillation 
cut was accordingly made at this point. As the dis
tillation progressed the turbidity increased until a 
light brown flocculent precipitate separated, which 
gradually settled out.

Experience showed that the next cut should logically 
be made at the temperature where the tar commenced 
to come over, but for convenience two and sometimes 
three fractions were taken before this point was 
reached. The density of the liquids increased from 
approximately i.ox to 1.065, and the amounts of dis
solved substances also increased as long as the aqueous 
distillate continued to flow. It can be seen that the 
liquor driven off up to the point indicated as turbidity 
is mostly water. The amount of dissolved material 
in this fraction is necessarily low, and in all probability 
this turbidity point represents the first stage of the 
cellular decomposition. There was at no time any 
evidence of an exothermic reaction.

Reference to the time-distillate curve will show that, 
from the point where the first turbidity appears to that 
where the tar begins to flow, the distillation rate is 
pictured by a nearly straight line. Above the “ tar 
point” the curve begins to bend and the volume of 
distillate decreases. The nearly straight line may 
indicate the passing over of some substance of nearly con
stant composition, and this belief is substantiated by 
the isolation of the glycerol-like liquid which will be 
described in another paper.1

The tarry substances were emulsified with an approxi
mately equal quantity of the aqueous distillate and 
consequently always floated on the watery layer. A 
sharp separation was impossible, however, since the 
tar showed a strong tendency to adhere to the glass of 
the cylinder or of the separatory funnel and to con
ceal the actual amounts of water and tar.

When kelp is distilled at high temperatures the 
liberated gas is always combustible. This gas has 
never been analyzed, but its calorific power has been 
determined and found to be sufficient for use as a fuel.2 
Such gas, if properly applied, would go far toward 
reducing fuel costs in a kelp plant.

Samples of gas from the low temperature distilla
tions were analyzed and tested but in no case were 
the evolved gases inflammable.

The following analyses of gas fractions show that the 
composition of the gases evolved at different tempera
tures is nearly the same:

A n a l y s e s  o f  G a s  F r a c t io n s  
I 3 l ° - I 3 5 °  163°—167° 226°—229° 2 7 1 °-2 7 5 °

P e r  ce n t P e r  c e n t P e r  c e n t P e r  ce n t
C O j ..................................  8 0 .5  8 5 .5  8 5 .0  8 2 .8
O i.....................................  0 .0  0 .0  0 .0  0 .6
C O ......................................  1 1 .3  1 0 .3  1 1 .4  10 .2

The residual gases were in each case mixed with an 
excess of air in an explosion pipette but in no case was 
there a contraction of volume.

The last distillation of kelp that was made in the 
oil-jacketed retort was modified by mixing 24.1 lbs. 
of kelp with 5 lbs. of quicklime and carrying out the

1 “ T h e  P re lim in a ry  E x a m in a tio n  of K e lp  D is tilla tes .'*
2 J .  W . T u rre n t in e , “ N o te  on  th e  D is til la tio n  of K elp,'* Proc. 8Ik 

In tern . Congr. A p p l . C hem ., 1 5 , 313.

distillation like those preceding. The aqueous dis
tillate differed from those of the former runs b y being 
alkaline, although at no stage was there any odor of 
ammonia.

Two gas fractions were taken at 158° to 17 3 0 and 
2550 to 260°, respectively. T hey differed in composi
tion from those described above in containing less 
carbon dioxide, which was kept back by the lime, and 
more carbon monoxide, which would naturally be 
higher in percentage under such circumstances. No 
advantage was apparent from mixing lime with the 
kelp^charge.

I G N I T IO N  0 1  C H A R  1 5  I N  A C L O S E D  R E T O R T

Inasmuch as none of the charcoal produced in the 
oil-jacketed retort had been heated sufficiently to 
remove all of its volatile matter, a portion of the char
coal from Run 15 was heated in an iron retort 
to as high a temperature as could be attained by a 
flat burner and a Meker burner together. The retort 
was set in a holder that prevented air currents from 
interfering with the flames, but even with this advan
tage the retort did not appear to be heated to redness. 
Three and three-tenths pounds (1.5 kg.) of No. 15 char 
were heated for an hour and a quarter. The retort 
was not entirely tight and a little of the gas was lost 
by leakage. The first drop of distillate appeared 
when the off-take temperature was 98° C. At the 
same time white vapors began to come over through 
the condenser. After 40 min. the temperature of the 
distillate had risen to i o i ° C. A t this temperature 
the aqueous distillate was brown in color and a dark- 
colored oil floated thereon. A flocculent precipitate 
appeared in the watery distillate. When the char had 
been heated an hour the white vapors stopped coming 
over, and the temperature rose to 109° C. After this 
the off-take temperature dropped to 8o° C. and no 
more distillate came. The watery distillate contained 
ammonium salts.

W eigh t of c h a r  a f te r  ig n i tin g .................................. 3 .0 1  lb s . (1 .3 6  kg .)
T o ta l w eigh t of d is t i l la te ......................................... 5 4 .2  g. ( 3 .6  p e r  cen t)
W eig h t of t a r .............................................................  1 1 .5  g.
W eigh t of w a te r ........................................................... 4 2 .7  g.

This experiment shows that the charcoal produced 
in the oil-jacketed retort still contains about 9 per 
cent of volatile matter, which renders it unfit for many 
purposes. For instance, its aqueous extract is brown 
in color when it should be water-white, and it is further
more not sufficiently ignited to be a good filtering 
medium or absorbent. The residual charcoal from 
this ignition, on the other hand, is jet-black and its 
water extract is free from any color whatsoever.

In June 1918 about 10 lbs. of unleached kelp char 
from Run 6 were forwarded to Dr. F. W. Zerban, 
of the Louisiana State Sugar Experiment Station at 
New Orleans, La. Dr. Zerban reignited this char in 
a closed iron container and leached the residue with 
water and acid, then made tests on the resulting Char
coal to determine its value as a decolorizing agent for 
sugar solution.1

i F . W . Z e rb an  a n d  E . C . F re e la n d , T h i s  J o u r n a l , 1 0  (1918 ), 812.
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The kelp char made in the oil-jacketed retort did not 
prove as satisfactory as thbse originally prepared at 
higher temperatures.

In the specimen distillation log that follows, the 
column named “ middle temperature,” indicates the 
temperature at the center of the kelp charge, while 
“ maximum temperature” refers to the oil bath sur
rounding the retort.

C o n d i t i o n s :

D i s t i l l a t i o n  o f  K e l p  

L o g  of R u n  7, M a y  17, 1918 
R e to r t  p rev io u sly  h ea ted  to  220° C . 

M id d le  M ax . T o ta l
S tro n g ly  h ea ted  a t  first

T im e T e m p . T e m p . D is til la te
A.M. ° C. ° C . Cc. R e m a r k s

8 :20 140 182 C h arg ed  re to r t
8:35 104 175 D is til la tio n  com m ences  b u t  

soon s to p s
8:45 102 187 M in im u m  te m p e ra tu re
9:00 114 211
9 :02 118 215 D is til la tio n  recom m ences
9:15 134 231 36 *.5
9 :30 148 244 97 C le a r, g reen
9:45 158 260 177 .5

10:00 170 273 190 .5 B ecom ing  tu rb id . F ra c t io n  
104 °-1 7 0 °, 497 g.

10:15 180 285 191 F la k y  p re c ip ita te
10:30 191 296 184 .5
10:45 201 305 183
11:00 213 319 188 F ra c t io n  1 7 0 °-2 1 3 ° , 745 g.
11:15 225 333 185
11:30 231 340 173
11:45 247 345 166 R ed u ced  flam e1
12:00

P.M.

256 350 144 T a r  com ing  ov er. F ra c t io n  
2 l3 ° -2 5 6 ° ,  668 g.

12:15 267 352 162
12:30 273 353 119 T a r ,  19 g.
12:45 281 354 136

1:00 289 354 115
1:15 295 355 109 W a te r  f ra c t io n  2 5 6 ° -2 9 5 ° ,
1:30 300 355 87 530  g. T a r ,  50  g.
1:45 304 352 73
2:00 308 350 59 T a r ,  55 g.
2:15 310 346 48
2:30 311 345 43 T a r ,  29 g.
2:45 313 350 4 3 .5 S h u t  off gas. W a te r  f rac tio n , 

in c lu d in g  d r ip  n e x t m o rn in g , 
373 g.

3:00 317 352 34
3:30 320 T a r , 71 g.

T o ta l w eigh t of ta r ,  224 g.
(1 .4  p e r  ce n t)

* T h e re  a re  tw o  k in d s  of ta r  o il: th e  first t h a t  conies o v e r is d a rk  b row n  
w ith  a  p e n e tra tin g  th o u g h  fa in t o d o r re sem b lin g  a n  essen tia l o il o r  c e rta in  
k e to n es ; th e  second  is b la ck e r a n d  h as  a  m ore  u n p le a s a u t o d o r.

R e s u l t s  o p  R u n  7

W e ig h t of k e lp  d is ti lle d ....................................... 2 7 .5  lbs.
W e ig h t of b a sk e t a n d  kelp  a f te r  h e a t in g . . .  1 0 7 .6  lbs.
T a r e ..............................................................................  9 0 .0  lbs
R es id u a l ke lp  (n o n -v o la t i l e ) ............................  1 7 .6  lb s . (6 4 % )
L oss by  h e a tin g  ( to ta l  v o l a t i l e ) . . . . ............... 9 .9  lbs. (3 6 % )
W eigh t of c h a rg e ................    12,500 g.
T o ta l w eigh t of liq u id  d is t i l la te ......................  3 ,042  g. ( 2 4 .3 % )
G aseous d is t i l la te .....................      . . . .  (1 1 .7 % )

A n a l y s e s  o p  W a t e r  C u t s  L o o  7

S olids
F ra c tio n Specific in  10 C c.
D egrees ; ' G ra v ity G ram s
104-170 1.007 0 .1 6 9 9
170-213 1.013 0 .2 6 8 7
2 13-256 1 .032 0 .9 1 5 9
256-295 1 .0 5 0 1.5961
2 95-320 1 .063 2 .4 8 3 3

S U M M A R Y

Sixteen distillations of dried kelp were made in an 
oil-jacketed wood retort at temperatures not exceeding 
320° C. These yielded aqueous liquor, tar, and a non- 
inflammable gas. The residual charcoal was insuffi
ciently heated either for a good extraction of potash 
or for use as a filtering medium. 'This work has dem
onstrated the necessity for distilling kelp at a much 
higher temperature.

TAR -STILL O PERATIO N IN H ARDW OOD DISTILLATIO N  
PLAN TS

By L. F. Hawley and H. N. Calderwood, Jr.

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 ic e , M a d is o n , 
W is c o n s in

R ece ived  F e b ru a ry  21, 1920

Sometime ago the authors carried on efficiency 
studies at several wood-distillation plants with the 
purpose of preparing a standard set of directions for 
the use of the refinery foremen and stillmen. The 
results of the work on the operation of the tar still 
were of special interest. Since these results are directly 
applicable to the tar-still operations of many other 
wood-distillation plants, it was decided to publish 
them.

The operation carried out in the tar still is for the 
purpose of recovering the acetic acid that remains in 
the settled tar after the pyroligneous acid has been 
removed. In general, the method consists of heating 
the tar by means of steam in closed coils until the 
water is driven off, and then, while keeping the closed 
coils still in use, blowing live steam through the charge.1 
It  is obvious that the most desirable conditions for 
running a tar still are those under which the most 
acetic acid may be produced in the shortest time and 
with the greatest degree of concentration. The best 
conditions for this distillation with respect to speed, 
length of time, and pressure of steam in the closed 
coils, have never been determined, and the commercial 
practice varies greatly.

E F F E C T  O F  S P E E D  O F  D IS T IL L A T IO N

Two test runs were made with a charge of 510 gal. 
of tar in a depth of 40 in. The conditions were the 
same in both runs, except that the speed at which the 
live steam was blown through the tar was different. 
The results are shown in Tables I and II. The tables

T a b l e I — S l o w  S p e e d
T o ta l

T im e S peed D is til I n  F ra c 
S ta r t G al. la te A cid tion T o ta l P re ssu re

12 : 50 p e r  H r. G allons P e r  c e n t P o u n d s P o u n d s in C o ils
1 : 05 40 10 2 0 .6 17.1 17.1 45
2 : 05 30 40 19 .35 48 . 1 6 5 .2 43
3 : 05 25 65 13.31 2 7 .6 9 2 .8 46
4 : 05 24 89 9 .6 8 1 9 .2 11 2 .0 41
5 : 05 23 112 6 .2 5 1 2 .0 1 2 4 .0 43
6 : 05 26 138 4 .6 2 1 0 .0 1 3 4 .0 43
7 : 05 24 162 3 .0 0 5 .9 139 .9 35
8 : 05 23 185 2. 12 4 .1 1 4 4 .0 42
8 : 35 22 196 2 .0 8 1 .8 145 .8 40
9 : 05 22 207 1 .87 1 .6 147 .4 40
9 : 35 24 219 1 .69 1 .6 1 4 9 .0 41

10 : 05 12 225 1.61 0 .8 149 .8 45
10 : 35 12 231 1 .52 0 .8 150 .6 45

R es id u a l ta r  0 .28  p e r  c e n t ac id

show that the speed has a slight effect on the concen
tration, that is, that a certain number of gallons of 
water in the form of steam going through the charge 
of tar will remove more acetic acid when the steam

1 T h e re  is no  m y s te rio u s  effec t of " s te a m  d is ti l la tio n ’* in  th is  s e p a ra tio n  
o f ac e tic  ac id  from  ta r .  T h e  s te a m  is su p e rh e a te d  a ll th e  t im e  i t  is in  con 
ta c t  w ith  th e  t a r  a n d  a c ts  like  a n y  n e u t ra l  gas in  i t s  e ffec t on  th e  d is ti lla 
tio n . I n  fa c t, a s  fa r  as  th e  d is tilla tion  is co n cern ed , th e  sam e  fra c tio n a tio n  
of ac id  a n d  o il w ould  b e  o b ta in e d  b y  d ire c t fire h e a t in  a  d is ti l la tio n  w ith o u t 
s te a m . T h e  se p a ra t io n  of ac id  from  oil a c tu a lly  ta k e s  p lace  a f te r  th e  
co n d e n sa tio n  of th e  v a p o rs  w hen th e  ac id  is d iv id e d  b e tw e en  th e  w a te r  an d  
oil acco rd in g  to  i t s  re la tiv e  so lu b ility  in  th e se  tw o  s u b stan ce s . T h is  in 
d ic a te s  th e  d e s ira b ili ty  of w ash in g  c e rta in  frac tio n s  of th e  oil w ith  w a te r  to  
reco v e r a  fu r th e r  q u a n t i ty  of ac e tic  acid .
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T a b l e  I I — F a s t  S p e e d

T im e S peed T o ta l I n  F ra c 
S ta r t G al. D is til la te A cid tio n T o ta l P ressu re

p e r  H r. G allons P e r  c e n t P o u n d s P o u n d s in  Coils
2 : 25 75 45
2 : 40 50 ' 2Ó 23 ! Í 3 5 '8 35 T 8 44
3 ; 20 51 54 1 5 .0 4 2 .3 78. I 47
3 : 40 60 70 9 .4 1 2 .5 9 0 .6 47
4 : 10 50 95 6 .5 1 3 .4 10 4 .0 49
4 : 40 46 118 4 .7 9 .0 1 1 3 .0 43
5 : 10 44 140 3 .1 5 .6 11 8 .6 40
5 : 40 46 163 2 .6 5 .0 123 .6 43
6 : 10 44 185 2 .0 3 .6 12 7 .2 38
6 : 40 50 210 1 .8 3 .6 130 .8 46
7 : 10 50 235 1 .6 3 .3 e 1 3 4 .1 44
7 : 40 48 259 1 .5 3 .0 137. I 47
8 : 10 48 273 1 .8 2 .1 139 .2 46
8 : 40 24 285 1 .9 1 .8 141 .0 46
9 : 10 24 297 1 .7 1 .6 142 .6 46

R e s id u a l t a r  0 .82 p e r  c e n t ac id

goes through slowly than when the steam goes through 
quickly.

A slow speed of distillation is, therefore, desirable 
from the standpoint of high concentration of distillate, 
and the speed should be kept as low as is consistent 
with the capacity of the tar stills. Sometimes it might 
even be desirable to build an additional still in order 
to make slower distillation possible.

E F F E C T  O F  S T E A M  P R E S S U R E

The effect of different pressures of steam in the 
closed coils was not determined in the commercial 
still, but a laboratory experiment was carried out that 
showed this effect. Tw o charges of the same tar were 
distilled with steam. The tar was kept at a tem 
perature corresponding in one case to a 10-lb. steam 
pressure, in the other case to a 50-lb. steam pressure. 
The results of the two distillations are shown in Table III.

T a b l e  I I I — E f f e c t  o f  S t e a m  P r e s s u r e

- 1 5  Lbs 
A cid

. P ress  u rt 
A cid  in

-----50 LI
A cid

3s. P ressu re  
A cid  in

F ra c tio n P e r F ra c t io n T o ta l P e r F ra c t io n T o ta l
N o . C c. c e n t G ram s A cid C c. ce n t G ram s A cid
1...... 66 3 .5 2 .3 2 .3 58 6 .8 3 .9 3 .9
2 ........... 71 2 .8 2 .0 4 .3 74 5 . I 3 .8 7 .7
3 ........... 78 2 .0 1 .6 5 .9 69 2 .5 1 .7 9 .4
4 ........... 73 1 .6 1 .2 7 .1 71 1 .3 0 .9 1 0 .3
5 _____ 77 1.1 0 .8 7 .9 73 0 .4 5 0 .3 1 0 .6
6 ........... 81 0 .8 0 .7 8 .6 70 0 .2 5 0 .2 1 0 .8

It is plainly to be seen from these results that more 
acetic acid can be obtained with less steam when 
the tar is kept at a higher temperature, that is, when 
the pressure in the closed coils is kept higher. For 
instance, at a 50-lb. pressure four fractions, with a 
total volume of 272 cc., contain 10.3 g. of acid, but, 
at a 15-lb. pressure six fractions, with a total volume 
of 446 cc., contain only 8.6 g. of add.

E N D - P O I N T  O F  D IS T IL L A T IO N

After it is known that a slow speed and high steam  
pressure are desirable conditions for tar distillation, 
to insure an efficient operation one other matter must 
be determined— the point at which to stop the opera
tion. It may be seen from all three tables that the 
concentration of acid in the distillate decreases as the 
distillation progresses;1 it finally reaches a point at 
which the concentration is so small that it is no longer

1 T h e re  a re  tw o  rea so n s  fo r  th is :  F i r s t , th e  p ro p o rtio n  of ac e tic  ac id  
in  th e  o il d is ti llin g  o v e r  decreases as  th e  d is ti lla tio n  p rogresses, since th e  
boiling  p o in t of th e  ac id  is low er th a n  t h a t  of th e  o il; a n d  second , th e  p ro 
po rtio n  of o il to  w a te r  dec reases , s ince  a t  a  c o n s ta n t te m p e ra tu re  th e  v a p o r  
p ressu re  of th e  re s id u a l t a r  dec reases  as  th e  low er bo iling  oils a re  rem oved  
an d  m ore w a te r  v a p o r  is  req u ire d  to  c a rry  o v e r th e  sam e  a m o u n t of oil.

profitable to recover acetic acid from the distillate. 
The proper degree of concentration at which to stop 
the distillation is determined, on the one hand, b y  
the price of acetate, and, on the other, by the cost of 
the necessary fuel, labor, and apparatus. This com
putation must be made for each plant according to 
local costs for these items, the main cost being for the 
fuel required to make the steam for removing the acid 
from the tar and for evaporating the acetate of lime 
solution.

After the proper end-point for stopping the distilla
tion has been decided upon, it is necessary to find a 
method for determining when this point has been 
reached. Probably most tar stills are operated on a 
time schedule. If the proper lengths of time are deter
mined for reaching the end-point under certain con
stant conditions of distillation, and if those constant 
conditions could be maintained in subsequent runs, 
this method of operating the still would be satisfactory. 
However, variations in the original tar are unavoidable, 
and accurate regulation of speed and pressure are very  
difficult to maintain, so that the end-point cannot 
readily be ascertained by the length of time of dis
tillation. The end-point is most accurately deter
mined by an actual chemical analysis by titration of 
the acid contained in the distillate. This analysis 
may readily be made by the Stillman if he is furnished 
with standard alkali and a graduated cylinder or 
pipette.

In some plants the dissolved tar left in the copper 
still after the distillation of the crude pyroligneous 
acid is mixed with the settled tar and distilled in the  
tar still; in other plants the copper still has sufficient 
capacity so that the dissolved tar may be distilled by  
steam without removal for the recovery of the acetic 
acid. In the latter case the same suggestions as to- 
speed, pressure, and end-point apply to the dissolved 
tar in the copper still as to the settled tar in the tar  
still.

D IR E C T IO N S  F O R  T A R -S T IL L  O P E R A T IO N

The following set of directions for running the tar 
still at one plant is given as an example:

(1) Distil with closed coils at steam pressure of 10 lbs. at the 
start, increasing to 50 lbs., as rapidly as possible without boiling 
over, until very little distillate is coming over.

(2) W ith steam in closed coils remaining at 50 lbs. or higher, 
if readily possible, blow in live steam at a speed of 30 to 35 gal. 
per hour when the charge is 40 in. deep (equivalent to 510 gal.), 
or at a correspondingly different speed when the charge is differ
ent. Continue this speed until 9.1 cc. of distillate are required 
to neutralize 10 cc. of 0.5 N  alkali.

(3) Reduce the flow of live steam to at least one-half, and 
continue the distillation as long as not more than 9.4 cc. of dis
tillate are required.

Such directions will, of course, vary with different 
plants and with varying conditions at the same plant. 
With the information offered in this paper, combined 
with a knowledge of local conditions, it should not be 
difficult to prepare _a similar set of directions that 
would help to prevent loss of product on the one hand 
and loss of efficiency on the other.
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TH E H ESS-IVES T IN T-PH O TO M ETE R  AND ITS USE 
W ITH  RAW  SU G A R S1 

By George P. M eade and Joseph B. Harris
C e n t r a l  C o n t r o l  L a b o r a t o r y , C o b a n - A m e k i c a n  S u g a r  C o ., C a r d e n a s ,

C u b a

The Hess-Ives tint-photometer is described by the 
makers as “ an instrument for comparing different 
shades and hues of light colored materials or liquids 
with each other and with fixed standards, in order to 
differentiate and classify them and give them numeri
cal expression.” Light from an artificial daylight 
lamp placed at the back of the instrument shines on 
two blocks of magnesia from which it is reflected by  
means of a mirror through two adjustable light open
ings or slits into the instrument itself. The light from 
each slit is distributed over the corresponding half of 
a circular field by means of a patent device called an 
optical mixing wheel, which is rotated rapidly by a 
small motor. The left-hand slit may be adjusted from 
full open to tight closed b y means of a shutter operated 
by a lever. The lever moves over a scale which reads 
zero when the slit is closed and 100 when it is open. 
The right-hand slit is adjustable through narrower 
limits, the adjustment being used to bring the two 
halves of the field to equal intensity when the lever 
actuating the left-hand slit is brought to 100 on the 
scale.

When a sample is placed on the magnesia block 
before the right-hand opening the light entering this 
aperture is reduced, and the corresponding half of the 
field appears darker. To measure the amount of the 
reduction the lever is moved d6wn the scale until the 
field is matched again, and the amount the left-hand 
aperture has been closed is read on the scale. If the 
sample is of a gray shade without any specific color 
the field can be matched without the use of a color 
screen, but for colored materials readings are made 
by matching the field through each of the three color 
screens, red, green and blue-violet, provided with the 
instrument.

When working with liquids the solution to be exam
ined is placed in a small glass cell with clear glass 
bottom on a shelf interposed between the right-hand  
magnesia block and the right-hand light opening, so 
that the light passes through the column of liquid. 
Provision is made so that no light enters the liquid 
except through the bottom. It is essential to place a 
cell containing distilled water to the same depth as 
the solution under examination on the shelf before the 
left-hand light opening, to compensate for the light 
cut off by the glass and the water of the solution. If 
this is done the same reading will be obtained irrespec
tive of the depth of the column of liquid, provided the 
same amount of color is maintained. Our work has 
been done entirely with liquids, and no study has been 
made by us of the use of the instrument with solid 
materials.

The pamphlet accompanying the tintometer is 
vague, particularly as regards the arrangement of the 
attachment for liquids, and considerable study is

1 P re se n te d  a t  th e  5 9 th  M ee tin g  of th e  A m erican  C hem ica l S oc ie ty , 
S t .  L ou is, M o ., A pril 15, 1920.

necessary to set the instrument up properly. The 
position of the scale makes it awkward to read, but 
otherwise the tintometer as it comes from the manu
facturers is well made and mechanically easy to operate.

S C A L E  R E A D IN G S

The problem which presents itself when the instru
ment is put into practical use is the meaning of the 
scale readings. The readings are in “ per cent luminos
ity ” or, subtractions of the readings from “ one hundred 
per cent darkness.” But how can these percentages 
be interpreted in terms of color concentration? Jour
nal articles dealing with the tint-photometer which 
have come to our attention since this study was taken 
up also recognize this difficulty. Kress and Mc- 
Naughton1 add the three readings through the three 
color screens together and subtract from 300, calling 
the results “ parts black.” As will be seen later this 
method will serve only for readings in one part of the 
scale, and will then be only approximate.

Zerban2 says, “ since the readings obtained in de
grees of the instrument bear no direct relation to the 
color concentration, it was first necessary to stand
ardize the instrument for the purpose of translating 
the readings into concentrations.”  This he did by 
making an arbitrary standard solution of dark molasses, 
30 g. per liter, and making up a series of dilutions con
taining 1 per cent, 2 per cent, 3 per cent, etc., up to 
20 per cent, then by 2 per cent intervals up to 30 per 
cent, and by 5 per cent intervals to 100 per cent. 
Each of these solutions was then read in the tintometer 
through the three color screens and the readings 
recorded. He called the color of his standard molasses 
solution 100, and by comparing readings of other 
solutions with those obtained on the various concen
trations of his standard he was able to express any 
scale reading in terms of the standard.

For reading solutions other than sugar solutions 
(e. g., colorimetric determinations of iron and of the 
polyphenols) he made similar series of readings on 
standard solutions of the substance to be examined, 
but here he encountered the difficulty that “ the color 
readings of the solution to be analyzed did not always 
agree in each color region with the readings obtained 
on those of known concentration.”

I N T E R P R E T A T I O N  O F  S C A L E  R E A D IN G S

The tint-photometer was purchased by this labora
tory for determining the color of raw sugars, and prac
tically all of our study has been done on solutions of 
raw sugars. A weighed amount of sugar was dissolved 
in a given quantity of water, a liberal amount of kiesel- 
guhr added, filtered through paper, pouring back until 
the filtrate was brilliant.

A series of solutions of a certain raw sugar were made 
up containing, respectively, 1 g., 2 g., 3 g., in 25 cc. and 
readings were made on each of the solutions through 
each of the color screens. The tabulation shows 
the readings, which are presented graphically in Fig. 1.

1 " A  N u m erica l E xp re ss ion  fo r C o lo r as  G iv en  b y  th e  Iv e s  T in t-  
P h o to m e te r ,”  T h i s  J o u r n a l , 8 (1916), 711.

1 " T h e  C o lo r of S u g a r C an e  P ro d u c ts ,”  L o u is ia n a  B u lle tin  165, M arch
1919.
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The instrument is accurate to one degree of the scale, 
the blue field being somewhat more difficult to match 
than the others.

T a b l e  I — R e a d i n g s  o n  V a r i o u s  S t r e n g t h  S o l u t i o n s  o p  t h e  S a m e  R a w  
S u g a r , S h o w i n g  t h e  V a r i a t i o n  o f  t h e  S c a l e  R e a d i n g s  f o r  C o n 

c e n t r a t i o n

in  25 cc. R ed G reen B lue
G. S creen S creen Screen
1 87 74 47
2 75 55 24
3 65 40 12
4 57 30 7
5 50 22 T o o
6 43 16 d a rk
7 37 12 to
8 32 8 read
9 27 6 a c cu 

10 24 4 ra te ly

It is seen from these figures that neither the scale 
readings themselves nor the scale readings subtracted 
from 100 are direct expressions of the relative amounts 
of color, but that as the amount of sugar is increased

Giro ms of Su^nr
F i g .-I

the scale readings decrease by a constantly decreasing 
amount.

A study of these curves and figures and of other 
similar series brought out the fact that the readings 
in any series run in powers of the first reading of the 
series, i. e., the reading for one unit of material, no 
matter which color screen or what class of material was 
used. (For mathematical purposes, the scale readings 
must be considered as decimal fractions.) For example 
in the first series given in Table I: .87 X .87 = 
■757 X .87 =  .658 X .87 = .574, etc. The scale does 
not admit of the reading of fractions.

The reason why the readings follow this rule lies in 
the make-up of the instrument itself. Consider the 
two halves of the field evenly matched with the scale 
set at 100, i. e., with the same amount of light entering 
both apertures. Now if a solution containing one 
gram of the sugar used in Table I is placed before the 
right-hand opening, it will permit only 74 per cent of 
the light to pass when viewed through the green 
screen. To match the field again, the left-hand open

ing must be reduced until it is 74 per cent of its size, 
or, in other words, the lever must be moved down the 
scale to 74. The conditions are now the same as when 
the instrument was in adjustment at 100; the same 
amount of light is entering both apertures and the 
field is evenly matched.

The first solution is now replaced by one containing 
2 g. of the sugar. This second gram of sugar will 
cut off the same percentage of light that the first gram 
did, that is, it will permit only 74 per cent of the light 
now entering to pass, and the left-hand opening must 
be closed to 74 per cent of its present width in order 
to match the field again. (.74 X .74 = .548 or 55 
in practice.) A third gram of sugar will again re
duce the light 74 per cent of the amount entering after 
the field is matched with the 2 g., and the scale must 
be moved to 74 per cent of .548, or .406, a reading of 
40 in practice.

This relationship between the scale readings and the 
amount of material taken can be expressed algebrai
cally by the equation y =  K r,

where y = any scale reading
K  — the scale reading for one unit of the material

= the number of units of material which will give the 
scale reading y.

With this equation, given the scale reading for a 
unit amount of material, it is possible to calculate 
what reading would be obtained with any other amount 
of the same material; or, given the scale readings of 
unit quantities of two materials, the amount of color 
in the one as compared to the other may be computed.

For example: To find what 5 g. of sugar would read through 
the red screen, given that one gram reads 87,

y =  .87* = .498 or 49.8 against 50 in practice (Table I)

Five grams of Raw Sugar A read 58 through the green screen; 
the same quantity of Raw Sugar B reads 41. Problem: To find 
how much more color B has than A or how much of A would 
be required to give the reading of 5 g. of B.

Solving the equation for x:

_ log y __ log -41 _ -3873 _ 
log K  log .58 .2366 3

That is, through the green screen, B has 1.636 times as much 
color as A, or it would require 1.636 times as much of A to give 
the reading of any given quantity of B.

To prove this in practice, a solution containing 8.2 g. of A 
(1.64 X  5 g.) was read through the green screen. One observer 
read 41, the other 42, as against a reading of 41 for 5 g. of B.

Through the red screen, 5 g. of A  read 78, and 8.2 g. read 67. 
W hat should the 8.2 g. have read according to the equation?

y = .781 84 = .665 or 66.5 on the scale

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

O F  C O L O R

It  is also possible by means of the equation to com
pare all scale readings with some fixed number as a 
standard. This has the advantage that K  becomes a 
constant in the logarithmic calculation.

To avoid repeating the logarithmic calculation, we 
adopted K  =  99 as a standard, and calculated a table 
by means of the equation for each scale reading from 
100 to 1 (Table II). B y this table all solutions are
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compared to a hypothetical solution which would give 
a reading of 99 for all three color screens. The num
ber 99 was selected because it represents the smallest 
amount of color which can be read in the instrument, 
and therefore the color corresponding thereto can be 
taken as unity. The table gives opposite each scale read
ing (y) the number of units (æ) of the hypothetical solu
tion (K  =  99) which it would take to give the scale 
reading; or, taking the color of the hypothetical solu
tion as unity, the number of color units corresponding 
to  that scale reading.

T a b l e  I I — F o r  T r a n s l a t i n g  H e s s - I v e s  T i n t - P h o t o m e t e r  S c a l e  R e a d 
i n g s  t o  U n i t s  o p  C o l o r

y  — K x , w h e r e  y “  s c a le  r e a d in g ;  *  =  u n i t s  o f  c o lo r ;  K  — 9 9  ( c o n s t a n t )
Scale U n its Scale U n its Scale U n its Scale U n its S cale U n its
R e a d  of R e a d  of R e a d  of R e a d  of R e a d  of

ing C olor ing C olor ing C olor ing C olor ing C olor
y X y X y X y X y X

100 0 .0 80 2 2 .2 60 5 0 .8 40 9 1 .1 20 16 0 .0
99 1 .0 79 2 3 .4 59 5 2 .5 39 9 3 .6 19 165 .0
98 2 .0 78 2 4 .7 58 5 4 .2 38 9 6 .2 18 170 .5
97 3 .0 77 2 6 .0 57 5 5 .9 37 9 8 .9 17 176 .0
•96 4 .0 76 2 7 .3 56 5 7 .7 36 101 .6 16 18 2 .0
95 5 .1 75 2 8 .6 55 5 9 .4 35 104 .4 15 189 .0
94 6 .1 74 2 9 .9 54 6 1 .3 34 107 .3 14 196 .0
•93 7 .2 73 3 1 .2 53 6 3 .1 33 110.3 13 2 0 3 .0
-92 8 .3 72 3 2 .6 52 6 5 .0 32 113 .3 12 2 1 1 .0
■91 9 .4 71 3 4 .0 51 6 7 .0 31 116 .5 11 2 1 9 .0
90 10 .5 70 3 5 .5 50 6 8 .9 30 119 .7 10 2 2 9 .0
89 1 1 .6 69 3 7 .0 49 7 0 .9 29 123.1 9 239 .5
88 12.7 68 3 8 .4 48 7 3 .0 28 126 .6 8 2 5 1 .0
87 13 .8 67 3 9 .9 47 75 .1 27 130 .2 7 2 6 4 .0
86 1 5 .0 66 4 1 .3 46 7 7 .2 26 13 4 .0 6 2 8 0 .0
85 16 .2 65 4 2 .8 45 7 9 .4 25 137 .8 5 2 9 8 .0
84 1 7 .4 64 4 4 .4 44 8 1 .6 24 141 .9 4 3 2 0 .0
83 18 .6 63 4 6 .0 43 8 3 .9 23 146 .2 3 3 4 9 .0
82 19 .8 62 4 7 .6 42 8 6 .2 22 15 0 .6 2 3 8 9 .0
81 2 1 .0 61 4 9 .2 41 8 8 .7 21 15 5 .0 1 4 5 8 .0

Any of the illustrations used to show the workings 
■of the equation can now be worked out much more 
sim ply by the table.

For example: To find what 5 g. of sugar would read through 
the red screen, given that 1 g. reads 87.

From the table, 87 = 13.8 color units 
13 8 X  5 = 69.0

From the table, 69 corresponds to a scale reading of 49.8 (50)
Sugar A reads 58 through the green .screen
Sugar B reads 41 through the green screen
From the table, 58 = 54.2 color units; 41 = 88.7 color units 

88 7
Then B  has —— =  1.64 times as much color as A 

54-2

B y means of the table, then, any scale reading for 
any color screen can be immediately translated into 
units of color, irrespective of the class of material under 
examination.

D E T E R M IN A T IO N  O F  C O L O R  O F  R A W  S U G A R S

The following method for determining the color in 
raw sugars has been adopted: Dissolve 20 g. of sugar
in distilled water and make up to 100 cc. Filter 
through paper in which are placed two or three tea- 
spoonsful of kieselguhr, pouring back until the filtrate 
is brilliant.

Transfer 25 cc. of this solution to the observation cell 
on the right side of the instrument, and place a cell 
containing 25 cc. of distilled water on the left-hand 
side. Read the solution through each of the three 
screens, record the readings, and note the color units 
for these readings as taken from the table. Add the 
color units thus obtained and divide by three, recording 
this as the color of the sugar. Whole numbers only 
are used.

In case the sugar is so dark that any of the readings 
fall below 20 it is best to take a smaller amount of the 
solution (diluting it to 25 cc. if desired). The result 
can be calculated to 5 g. The instrument is 
rather hard to read accurately in the lower part of the 
scale, and one degree error with the lower numbers of 
the scale represents a much greater amount of color 
than with the higher scale readings.

The use of 5 g. and the division of the sum of the 
color units by three were adopted as they were found 
to give convenient sized numbers for our work. The 
time required to make a color determination in this 
way is about the same as that required for a direct 
polarization.

T a b l e  i n — T y p i c a l  R e s u l t s  o f  C o l o r  D e t e r m i n a t i o n s  o n  R a w  S u g a r s  

C la s s  S c a l e  R e a d i n g s  U n i t s  p r o m  T a b l e  T o t a l  U n its
of R ed G reen B lue R ed G reen B lue 3

S u g a r S creen  S creen S creen S creen S creen S creen o r  Color
C u b a n  R aw s 

1920 C r o p , , .  , , . 64 40 12 4 4 .4 9 1 .1 2 1 1 .0 116
65 41 16 4 2 .8 8 8 .7 182 .0 105
66 47 25 4 1 .3 75 .1 137 .8 95
70 50 21 3 5 .5 6 8 .9 155 .0 87
72 52 25 3 2 .6 6 5 .0 137 .8 78
71 53 31 3 4 .0 6 3 .1 116 .5 71
70 55 37 3 5 .5 5 9 .4 9 8 .9 64
80 62 35 2 2 .2 4 7 .6 10 4 .4 58

C u b a n  R aw s
1919 C r o p . . . . . .  59 29 10 5 2 .5 123 .0 2 2 9 .0 135

69 42 16 3 7 .0 8 6 .0 182 .0 102
72 53 41 3 2 .6 6 3 .1 8 8 .7 62

W a sh ed  R aw
1919 C rop . .  84 76 53 1 7 .4 2 7 .3 6 3 .1 36
1920 C ro p  , , . .  99 97 85 1 .0 3 .0 1 6 .2 7

R efinery
H ig h  R e m e lt. . .  95 89 73 5 .1 1 1 .6 3 1 .2 16

R efinery  M olasses 
S u g ar

O ne G r a m . . . .  73 51 23 3 1 .2 6 3 .1 150 .6 82
(C a lcu la ted  to  5 g.) 82 X  5 -  410

S U M M A R Y

The scale readings of the Hess-Ives tint-photometer 
are meaningless in themselves as they do not express 
directly the relative amounts of color.

It was found that the scale readings for solutions 
containing 1, 2, 3, 4, etc., units of material run in 
powers of the reading for one unit, considering the 
scale readings as decimal fractions. This is due to 
the mechanical make-up of the instrument, and is 
true no matter which color screen or what class of 
material is used.

Expressed algebraically, this relationship between 
the scale readings and the amounts of color becomes 
y =  K 1, where y is any scale reading, K  is the reading 
for one unit of material, and x  is the number of units 
of material required to give the scale reading y.

B y means of this equation solved for *  the color of 
two materials may be compared, given scale readings 
for equal quantities; or all scale readings may be com
pared to a standard.

To avoid the repeated calculation, a table has been 
calculated which gives the units of color corresponding 
to each scale reading from 100 to 1. A convenient 
method for determining the color of raw sugars, using 
the table, is given, together with results for various 
sugars.
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PRESERVATIVES FO R  FERM ENTABLE BEVERAGE 
SAM PLES 

By J. S. M cCune and A. N. Thurston
D i v i s i o n  o p  L a b o r a t o r i e s , O h i o  S t a t e  D e p a r t m e n t  o p  H e a l t h , 

C o l u m b u s , O h i o  

R e c e iv e d  O c t o b e r  2 7 , 1 9 1 9

Before prohibition went into effect, the Liquor 
Licensing Board in Ohio was collecting many samples 
■of alcoholic beverages in connection with the licensing 
laws. These were analyzed at the Department of 
Health Laboratory, where all state analytical work 
is now done. Some of the samples collected in terri
tory which was dry because of local option were near 
beers and ciders.

Argument arose about these samples as to the 
possibility of fermentation before delivery to the 
laboratory, but after the sale of the liquid. With 
near beers and particularly with ciders there was no 
doubt as to this having occurred in some instances 
where delivery was unavoidably delayed. For the 
purpose of testing out the necessity of preservatives, 
and the chemicals best suited for this use, cooperation 
between the two departments was arranged. However, 
when prohibition became effective, the Liquor Licens
ing Board ceased to exist, which has handicapped 
the work to some extent. Sweet cider could not be 
•obtained, and so the preliminary experiments have 
been made on near beer. The tests are of interest, 
however, and will be of value in court cases for the 
enforcement of dry laws in the state.

The experiments made are listed below, and since 
lack of samples has prevented any extensive study, 
the conclusions are open to revision. Information 
from any bureaus or departments engaged in control 
work would be welcome.

e x p e r i m e n t  i— “ Bruin,” a near beer manufactured 
in Columbus, Ohio, and sold in bottles, was allowed to 
stand open at room temperature.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e

O rig in a l................................. N o n e
A fte r  I d a y . . . . ................. N o n e
A fte r  2 d a y s .......................  N o n e
A fte r  5 d a y s .......................  0 .1 9  (h eav y  m o ld  g ro w th )

Conclusion: The bottled beer would not ordinarily 
ferment, even when open.

e x p e r i m e n t  2— Same, with i cc. of a suspension of 
Pleischman’s yeast.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e

O rig in a l................................. N one
A fte r  1 d a y .........................  1 .47
A fte r  5 d a y s ........................ 2 .0 5

Conclusion: With yeast 2.00 per cent alcohol were 
obtained, the large portion in 24 hrs.

e x p e r i m e n t  3— Bruin and 1 cc. yeast as above, 
but with varying preservatives, each added as 0.20 
per cent.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e

M ercu ric  C h lo ride  S alicy lic  A cid
A fte r  1 d a y   ....................................  0 .2 0  0 .2 0
A fte r  4 d a y s ................................................ 0 .1 3  0 .1 0

S od ium  B en zo a te  S o d iu m  B isu lfite
A fte r 1 d a y .................................................  0 .1 6  0 .7 3
A fte r  *4 d a y s . .............................................  0 .1 0  2 .2 0

Conclusion: Two-tenths per cent of mercuric chlo
ride, salicylic acid, or sodium benzoate are satisfactory

to prevent fermentation. The same percentage of 
sodium bisulfite is unsatisfactory.

e x p e r i m e n t  4— Same as Expt. 3, but beer was 
allowed to ferment one day before adding preserva
tive, to determine whether started fermentation would 
be checked.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e

M ercu ric  C h lo ride  S alicy lic  A cid
A fte r  1 d a y , w ith o u t p re s e rv a t iv e ...................... 1 .0 8  1 .04
S am e, 3 d ay s , a f te r  p re se rv a tiv e  a d d e d   1 .0 4  1 .02

S od ium  B enzoa te  S od ium  Bisulfie
A fte r  1 d ay , w ith o u t p re s e rv a t iv e ..................... 1 .04  1 .04
S am e, 3  d ay s , a f te r  p re se rv a tiv e  a d d e d   1 .95  1 .89

Conclusion: Two-tenths per cent of mercuric chlo- 
-ride or of salicylic acid are satisfactory to check started 
fermentation, but the same amount of sodium ben
zoate or sodium bisulfite is unsatisfactory.

e x p e r i m e n t  s— Same as Expt. 4, but with sodium 
benzoate only, to determine whether the sodium 
benzoate result could be confirmed.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e

S od ium  B e n ro a te  
N o . 1 N o . 2

O ne d a y 's  fe rm e n ta tio n  befo re  ad d in g  b e n z o a te . . .  . 0 .4 7  0 .4 8
A fte r  3 d a y s  a d d itio n a l w ith  0 .20  p e r c e n t b e n z o a te  1 .9 4  1 .95

Conclusion: Sodium benzoate (.0.20 per cent) is 
unsatisfactory to check fermentation.

e x p e r i m e n t  6— Draft near beer, purchased from keg, 
with 0.20 per cent sodium benzoate and without, to 
determine whether draft beer would ferment without 
added yeast and whether benzoate would prevent the 
fermentation.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e  

W ith o u t W ith
P re se rv a -  0 .20  P e r  ce n t 

tiv e  B enzoa te
As p u rc h a s e d .....................  0 ,4 3  0 .4 3
A fte r  1 d a y . . . ................... 1 .18  0 .4 7
A fte r  3 d a y s .......................  1 .4 3  0 .4 3
A fte r 8 d a y s ...............................   0 .4 3  (h e a v y  m old  g ro w th )

Conclusion: (a) Draft near beer would ferment rap
idly as purchased; (6) sodium benzoate, 0.20 per
cent, prevented this fermentation.

e x p e r i m e n t  7— Draft near beer, without yeast, pre
servatives, 0.20 per cent, added on day of purchase.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e

M ercu ric  C h lo rid e  S alicy lic  A cid
A 9 p u rc h a s e d ................................. ................... 0 .63  0 .63
A fte r 3 d a y s  w ith  p re s e rv a t iv e .................. 0 .6 3  0 .60

S o d iu m  B en z o a te  B o ric  A cid
A s p u rc h a s e d ...................... .................................0 .63  0 .63
A fter 3 d a y s  w ith  p re s e rv a t iv e .................... 0 . 7 5  1 5 3

Conclusion: Mercuric chloride, or salicylic acid 
(o.20 per cent), satisfactory to prevent fermentation; 
sodium benzoate (0.20 per cent), doubtful; boric acid 
(0.20 per cent), unsatisfactory.

e x p e r i m e n t  8— Draft near beer as in Expt. 7, but 
preservatives added after one day’s standing.

A l c o h o l  C o n t e n t : P e r  c e n t  b y  V o l u m e

M ercu ric  C h lo ride  S alicy lic  A cid

A s p u rc h a s e d  ........................................... ................ 0 . 63 0 . 63
A fte r 1 d a y  w ith o u t p re s e rv a t iv e  ............... 1.35 1.35
A fte r 3 d a y s  a d d itio n a l w ith  p re s e rv a t iv e   1.30 1.36

S od ium  B en z o a te  B oric  A cid

As p u rc h a s e d ......................................................................  0 .6 3  0.63
A fte r 1 d a y  w ith o u t p re s e rv a t iv e  . . . . . . . . .  1.35 1.35
A fte r 3 d ay s a d d itio n a l w ith  p r e s e r v a t iv e .  -----  1.50 1.56
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Conclusion: Fermentation nearly complete in one 
day, but results in general checked conclusions of 
Expt. 7.

G E N E R A L  C O N C L U S IO N S

These experiments show the efficiency of the above 
preservatives used in untreated draft beer and bottled 
beer treated with Fleischman’s yeast.

Sodium benzoate, 0.20 per cent, is unreliable as a 
preservative.

Sodium bisulfite and boric acid, 0.20 per cent, 
are worthless.

Mercuric chloride and salicylic acid, 0.20 per cent, 
are satisfactory preservatives.

Due to the poisonous nature and higher cost of 
mercuric chloride, salicylic acid, 0.20 per cent, is recom
mended as the preservative to be used when fermentable 
samples are to be tested for alcohol content and when 
immediate delivery to the laboratory is not possible.

A SIM PLE ALCO H O L-TESTING D EVICE1 
By Sigmund Waldbott

T b s  L l o y d  C h e m i c a l  R e s e a r c h  L a b o r a t o r y , C i n c i n n a t i , O h i o  

R eceived  D ecem ber 16, 1919

A  simple device has been developed which readily 
differentiates between a beverage of low alcohol con
tent, c. £., 0.5 per cent, and one containing more, e. g., 
3 per cent alcohol. It is not intended to replace the 
exact methods of alcohol determination, but rather to 
aid them, by giving preliminary information as to 
alcoholic contents. Its principle is to boil out the 
alcohol, separate it from the water vapor by means 
of a simple fractionating device, and demonstrate 
the alcohol vapor by ignition.

The apparatus consists of a copper flask and a 
fractionating attachment as shown in the sketch, 
made of glass or metal. The fractionating medium 
consists of glass beads which fill the receptacle 
of the attachment. The bend in the exit tube 
has some advantage in the demonstration. In 
heating the flask b y a Bunsen burner, or by an

1 P re se n te d  a t  a  m eeting  of th e  C in c in n a ti S ection , A m erican  C hem ica l 
S oc ie ty , O ctobe r 15, 1919.

A  PLAN FOR INCENTIVE TO  RESEARCH  IN PURE AND 
APPLIED CH E M IST R Y1 

By William J. Hale
D o w  C h e m i c a l  C o . .  M i d l a n d , M i c h i g a n  

In these post-bellum days of industrial reconstruction we can
not fail to note the prominence gained by American chemists. 
Those with adequate training and experience meet with little 
difficulty in their forward progress, but far too many realize 
more and more that lack of broader training in their early aca
demic career. Only those young men thoroughly grounded in 
the fundamentals of their science and well versed in engineer
ing and mathematics can ever expect to gain the prominence 
they seek. Colleges everywhere must recognize this situation

1 R ea d  a t  th e  5 9 th  M eetin g  of th e  A m erican  C hem ica l S oc ie ty , D iv is ion  
of In d u s tr ia l  an d  E ng in eerin g  C h em is try , S t.  L ou is, M o ., A pril 12 to  16,
1920. A  c o m m ittee  has  been  ap p o in te d  b y  th is  D iv ision  to  s tu d y  th e  
q u es tio n s  here in  p re sen ted  a n d  to  d raw  u p  a  d efin ite  p la n  fo r ac tio d .

alcohol lamp, use an asbestos plate with a i-in. 
opening in the center.

Fifty cc. of the fluid, e. g., beer, are put into 
the flask, and heated over 
a medium-sized Bunsen 
flame to boiling, regula
ting the flame according to 
apparent needs. When 
using a glass attachment, 
the progress of condensa
tion is easily observed.
In the case of metal, the 
sense of touch will tell.
When the alcohol vapor 
appears at the orifice, 
ignite it with a burning 
match or candle.

If the beer contains 3 
per cent alcohol, a semi- 
luminous, blue flame 
about 3 in. long will con
tinue to burn for 120 to 
150 sec. depending on the 
size of the Bunsen flame.
When the beer contains 
only 0.5 per cent alcohol, 
the flame of the same 
length lasts about 20 to 
25 sec. under the same 
conditions of heating the 
bulb. Thus the duration 
of the flame is approxi
mately proportional to 
the alcohol contents. To  
this extent, the apparatus 
permits even approximate 
quantitative estimations.

The apparatus may serve 
as a lecture experiment, 
and may prove useful as a legal instrument in the 
hands of government officials charged with the enforce
ment of laws relating to alcoholic contents of beverages.

and strengthen decidedly their prescribed chemical train
ing.

For the university man who is soon to enter actively the 
chemical profession it has thus appeared as most reasonable to 
recommend the further pursuit of the science for a year or more 
on some problem of research, and under competent guidance; 
to this end a number of industries have endeavored to lend en
couragement through the offer of material aid. This aid usually 
follows some plan more or less in keeping with precedent at 
the particular university and beyond this much is left to the 
good will of all concerned. Though the best of motives may 
have prompted this action on the part of the industries, I feel 
that they have not sufficiently weighed the outcome of their 
well-intended efforts. In other words, I believe that a far 
better plan for the furtherance of chemical research lies open 
to us. You may characterize m y plan as daring, but I shall 
choose to call it the plan of incentive, and in order to draw sup.
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port for m y propositions, I wish now to analyze the present- 
day conditions.

Introductorily speaking, I found myself only a few years ago 
firm in the conviction, unreasonable to the point of intolerance, 
that any research save that in pure science was merely guesswork. 
Its degrading effect was apparent to all who really studied the 
question and hence I constituted myself a disciple of pure un
adulterated chemistry. Do not think me alone in this cate
gory. Too many, yes, far too many of our chemists thought 
alike with me. W e all entertained a horror'of perverting the 
science to mundane ends, and thus, in contrary fashion, sought 
steadfastly to elevate it at least into terrestrial temples. The 
march of progress has made" steady inroads upon chemical 
knowledge; the simpler points readily yielding to industrial de
velopment, as noted so well by the applications of inorganic 
and physical chemistry. Applications of the more complex, 
the physiological and organic, have only recently come into 
prominence. In this latter field I am obliged to characterize 
myself as having held aloof and thus ensconced its isolation from 
a world of activities. W hether or not I have erred I leave to 
you to judge.

T Y P E S  OF R E S E A R C H

Let us consider briefly three general types of research in opera
tion. First, the purely industrial research carried on in indus
trial laboratories either in connection with specific industries 
or under independent organization. Second, university re
search which, as its name implies, embraces those researches 
conducted at a university either by the university staff or its 
advanced students. And third, the endowed research or that 
type supported by permanent endowments and placed under 
the direction of our institutes of research.

This latter class is indeed ideal in its organization and deserves 
our heartiest support. The highest class of work may here be 
accomplished through the employment of well-known scientists. 
It is possible also that a number of these purely research men 
may be attracted by universities to research professorships, 
the highest possible bestowal of honor by any university, and 
there exert a marked influence upon scientists yet in the making. 
An admirable outline of this plan with its purpose and scope 
is to be found in an address b y  Dr. R. A. Millikan, entitled 
"T h e New Opportunity in Science,”  and published in Science, 
September 26, 1919. In one sentence, "O ur greatest need 
is not for facilities, but for the selection and development of 
men of outstanding ability in science,”  Dr. Millikan has summed 
up the situation of scientific endeavor in America, and upon this 
theme rests the raison d’être of m y discussion.

The first or purely industrial type of research will receive due 
consideration throughout m y discussion. It  must be recog
nized as broad in scope and broadening more day b y  day. The 
results, however, for commercial reasons do not find imme
diate publicity save in patent literature, and this literature, I 
regret to state, is little fathomed by American chemists. It is 
coming rapidly into prominence and bids fair to rank as high 
here as it does in other countries. In many cases, the applica
tions for a patent far outrank some of the most noted articles 
appearing in our purely scientific journals.

I t  is the second or university type of research that I would 
now set before you for analysis. It  will be necessary for us to 
consider it in detail and for this purpose I choose to mention 
the two distinct policies in its prosecution. The first policy 
comprehends the operation of those special departments, usually 
a t state universities, where competent men are employed to 
investigate questions affecting the health and welfare of the 
public. The men thus engaged are subject to call for assis
tance on the part of various public organizations, but they are 
able also to devote considerable time to problems of research, 
and much good results therefrom. As an outgrowth of this 
plan we m ay view- the possible establishment, already under

discussion at several universities, of Research Bureaus, a t the 
request of various manufacturers’ associations. These bureaus 
are to be organized to handle problems submitted to them by 
the manufacturers. The reports no doubt are to be made pub
lic, but at the same time to be utilized by whatsoever manu
facturer directly interested. Though good results may be 
attained, the researches themselves will rarely embrace any 
more than passing fancies. In this day any vital question 
necessary for a growing manufacturing establishment will have 
its best investigators closely connected with the establishment—  
otherwise the manufacturers might well seek some more ele
mentary pursuit. The scheme, however, should work to ad
vantage in promulgating new enterprises and offering new possi
bilities to old ones. Further, it will acquaint the university 
man with elementary industrial problems and thus serve to 
widen his all-too-narrow vision to the point of making him more 
decidedly human— an attribute most desirable in those who 
would teach others.

The second policy comprehends the operation of the graduate 
schools and corresponding faculties in research for itself alone. 
Students enrolled in these graduate schools receive a thorough 
training as ground work for their chosen subject and find it possi
ble to devote about half of their time to special research. Within 
a few years they are enabled thus to attain the degree of Doctor 
of Philosophy, and the results of these researches immediately 
find publicity in our scientific publications. It  is this form of 
research that appeals strongly to those who have received just 
such training. Naturally it may be contended that this is only 
the early stage in research work. True, of course, but much 
of value I believe may be accomplished by the student in this 
prescribed course, especially so if he is of mature and original 
mind.

In order that students may be encouraged to spend these 
few extra years at the university, various kinds of assistant- 
ships and fellowships are open to award. The assistantships 
offer only small recompense but are of inestimable value where 
not more than a quarter of the students’ available time is re
quired. The fellowships carry with them a not inconsiderable 
stipend or honorarium without the adjunct of teaching responsi
bilities and when awarded upon the basis of merit and ability 
alone there is no higher honor in student life. Both assistant
ships and fellowships, therefore, concern us directly as research 
opportunities.

IN D U S T R IA L  FE L L O W SH IP S

I come now to the particular point at issue. In recent years 
we note the introduction of a new class of fellowship— possi
bly falling under the supervision of graduate schools but more 
or less removed from such beneficent influence and left to various 

. departments as distinctly technical and pertaining more directly 
to a super-graduate school; at least the holder of such fellowship 
will preferably be chosen from among those who have attained 
their doctorates. I refer to the so-called industrial fellowship 
established by such and such company at this or that univer
sity— a living stipend for the Fellow, reservation of publications 
by  the university, but nevertheless certain prior claims in honor 
due as reports to the company. Though a number of such fel
lowships have been maintained throughout American univer
sities in former days, this number has been more than trebled 
during the past year or two; a direct result of the war, as you 
may infer, and yet more directly a result of growth and adver
tising on the part of the specific industry. A t bottom, however, 
the industries will eventually benefit by the further training 
of our young chemists, and if industral fellowships alone were to 
make this' possible, then industrial fellowships there must be.

It  is m y purpose to criticize this purely industrial fellowship 
and offer a new' plan which I believe will accomplish all that the 
founders of fellowships could ever hope for and a t the same time 
give to each and every chemist, no m atter where or how situ
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ated, an equal chance with every other chemist to do and to make 
or the betterment of himself and his profession. Possibly I 

fought first to characterize what I shall call the scientific stu
pidity of any, if such there are, who believe that a young chemist, 
as holder of a fellowship, is suddenly endowed with such powers 
as will enable him to assist any particular industry in solving 
some all-important problem. Were the holder of a fellowship 
of equal rank to a Doctor of Philosophy, as the average instruc
tor, I still could not be persuaded that he had anything at all in 
his favor unless perchance he had first-hand and direct knowl
edge of the industrial side of the question before him. If, on 
the other hand, the fellowship is awarded to a mere graduate in 
chemistry or chemical engineering, he has no chance whatso
ever of accomplishing anything worth while in shorter time 
than a-less well-trained chemist could accomplish under proper 
guidance at the chemical plant itself.

TECHNICAL AND PHILOSO PH IC PROFESSORS

This is not an arraignment of our college graduates in chem
istry. Latently they possess much ability and knowledge and 
will develop in good order when once introduced to chemical 
practice. They display, however, little evidence of chemical 
common sense; their minds function but not in unison with the 
reactions before them. Only practical experience with abundant 
responsibility will develop them effectively for serious work. 
This same adverse criticism is not alone applicable to the young 
chemist graduate. It is even more applicable to the average 
professor. Certain professors, the technical professors, who are
indeed scientific artisans, have become well informed in matters

\
of chemical industry and realize the importance of industrial 
procedure over recognized methods. The artless, however, the 
philosophic professor, is that class of man who never pictures 
to himself the conditions necessary for worldly success. It is 
extraneous in his make-up. To him processes in plant opera
tion are merely large-scale laboratory experiments. I have yet 
to learn of a process developed in the laboratory which remained 
identical with its original set-up when once the process had been 
placed in operation in a plant. There may be one on record, 
but none has been reported to me from numerous inquiries of 
industrial leaders. How less likely then are the students of 
these philosophic professors ever to be able to cope with indus
trial problems. The technical professor naturally will be abun
dantly able to direct the students in proper style if he himself 
continues to keep abreast of the times, but this type of pro
fessor is so rare that we can hardly expect the result of his teach
ing to produce more than a ripple on the sea of chemical train
ing for yet a few years. It is not m y intention to belittle the 
work of the philosophic professor. I intend to show that it 
should be ideal. He ought not, however, to concern himself 
with industrial research. It is beyond his ken. How few, how
ever, of these very philosophic professors will thank me for my 
words. They know; they comprehend; their vision is full; 
all is as glass. Bear with me in this invective, for remember I 
was once as such. It is this type of man one enjoys showing 
about a chemical plant. They converse learnedly, admire swiftly, 
condemn idiotically, and depart thinking they have learned 
something of the various steps in our processes. The techni- 
cist arrives and is aware of his ignorance. He departs and real
izes he has yet much to learn. He is the kind though who 
knows that it is absolutely impossible for the greatest chemist 
on earth to learn much at a plant beyond what is scheduled for 
him to learn. There are some reported as still extant who think 
they can learn by observation alone.

A N A L Y S IS  O F  P R E S E N T  S T A T U S  O F C H E M IS T R Y  IN  A M E R IC A

As m y theme concerns itself with the development of men 
into able chemists, it  is manifest that this second type of uni
versity research policy— the graduate school— affords the great
est opportunity for broad and higher training and hence for

betterment of chemistry in America. I shall confine myself 
therefore to this phase of the subject, and aim to show the actual 
interdependence of research in both scholastic and applied 
domains. In order that I may draw support for m y construc
tive plan of research, I  wish first to typify the present status 
of chemistry in America as visualized in both university and in
dustry. I make bold, therefore, to introduce four premises 
and after their cursory examination we shall pass directly to my 
conclusions. Inwardly I delight in such procedure, for by these 
very premises I wish, as it were, to offer m y critics their choice 
of weapons.

M y  first premise, as follows, will probably incite greatest 
furore: There is scarcely any possibility of direct advance in in
dustrial chemical enterprise through industrial research under
taken in  a chemical laboratory of a university. F ive years ago 
there was every possibility of such an advance. Since then 
the transition is complete and the suddenness of it simply baffles 
our imagination. During this period of transition a number of 
men actually developed processes which stood ready for semi
plant operation. This eventuality may occur again sporad
ically but it will more than likely be the result of some enthusiast 
coming upon new ideas which he is particularly well suited to 
develop alone. The enormous strides recently made by the 
industries have reacted in fact upon these organizations and 
they have come into a full realization of the importance of 
constant and continuous rerearch as a sine qua non for healthy 
and vigorous growth. The industrial laboratories are equipped 
for every phase of work attending their plant processes, and are 
fast approaching the most ideal conditions necessary for those 
new features which stand in contemplation. Every' modem 
appliance is placed at the chemist’s disposal; whatever he de
sires he has but to mention and the most costly contrivance 
is provided without a moment’s hesitation. The thought of 
farming out, as it were, any new project of an industrial plant 
to a university laboratory is ridiculous in the extreme and the 
horrible thought of asking some outside party to conduct re
searches, to assist the plant with difficulties underlying any 
one of its valued processes, is utter nonsense— almost sacrilegious. 
The only possibility thus left to an outsider will be the investiga
tion of minor points which in themselves are valueless but 
which, through more detailed and extended study, may appear 
in new garb and become of value when they again are turned 
over to the industrial specialists. A little outside investiga
tion a t little cost may save time and energy on the part of the 
really productive men; quite so, but I must soon demonstrate 
the criminal nature of this procedure.

Granted, however, that industrial fellowships are to be founded 
only for altruistic purposes and that they are to carry with 
them no ties whatsoever to influence the recipient to take up 
industrial problems, there remain yet two most necessary ad
juncts— the fellowships must be awarded through some manner 
of examination and the holder must be subject to the rulings 
of the graduate schools. I  do not hesitate to recommend a 
Board of Examiners who shall prepare questions and submit 
the same to possible candidates at certain stipulated times and 
places. The successful candidates will then select the uni
versity and type of work they hope to pursue. Any method of 
establishing such ideal industrial fellowships at this or that uni
versity because of some family ties or of some favored influence 
is not to be encouraged in this modern era. W hat chemistry 
needs is able men, what able men need are energy and enthusiasm. 
These cannot come into being through continuation of old, be
fogged ideas. The young men must seek out the real enthusiasts 
in the chemical world and together they will make for. advance
ment. Thus, I believe, the young fellowship men should be 
given carte blanche to go to  whatsoever university they would 
and seek the guidance of those men most highly esteemed in 
the scientific world. University instructors everywhere soon
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would picture to themselves that goal of goals: wherein they, 
through the publication of excellent researches, might be able 
to draw brilliant young chemists to their laboratories. W ith 
industrial fellowships thus constituted as a type of higher uni
versity fellowship I doubt if any can deny the highly beneficial 
effect this plan m ay exert, but this particular ideal industrial 
fellowship I have outlined does not seem to be the type recently 
launched. Indeed that form most frequently brought to our 
attention is an industrial fellowship founded for industrial 
ends, and, if perchance the industrial purpose is dormant, the 
fellowship is apparently allotted to a university with power 
to act. The baneful effect of this latter step may be gathered 
from my earlier remarks.

T H E  U N IV E R S IT Y  E V II,

In further corroboration of m y first premise and distinctly 
as basis of m y sccond, I must express myself on the evils that 
obtain at our universities and are operating in such manner 
as to retard the very advancement of chemistry in America. 
Do not think for a moment that I wish to enumerate all of the 
defects that may be apparent either here or there in the uni
versity world, but let me state m y second premise gathered 
from many observers and fast becoming known to all: The
science of chemistry in the American university to-day is not 
keeping pace with its advancement in the industries. M any of my 
hearers will scorn this remark, m any will question m y veracity, 
but none can disprove it. Of course, there are some outstand
ing advances in the realms of the pure science itself, but for 
every one of these I can cite two or three remarkable discoveries 
made outside the academic walls. T hat I may escape the 
brunt of possible criticism, allow me to read at once a recent 
statement by John Hayes Hammond: "O ur universities do
not lead in scientific thought, but usually follow. In mining, in 
engineering, and in nearly all of the professions excepting possi
bly medicine, where the union between teaching and practice 
is admirable, the universities are as a  rule well behind instead 
of well ahead of current practice. It cannot be otherwise if 
the teaching staffs are in touch with current practice only by 
hearsay.” 1

This statement I assure you will be substantiated by the great 
majority of America’s best chemists. B u t the cause is what I 
seek, and herein lies a university evil that escapes our earnest 
efforts to combat. This evil is briefly expressed. The uni
versity authorities do not recognize the absolute subservience 
of ability to enthusiasm and energy on the part of their teach
ing staff. The industries employ chemists of just as much 
and even more ability than the universities, but the industries 
prize those men who possess greatest energy and enthusiasm. 
These are the men who master almost superhuman difficulties 
and accomplish ends almost unbelievable. I will grant that this 
same type of men would play havoc within moss-covered walls. 
M y critics, of course, will insist that my reference must chiefly 
concern mechanical questions, but can you cite for me any 
chemical process that is not in the main mechanical? I can re
verse hundreds of processes which run apparently in one way 
in your laboratory because of your peculiarly small volume re
actions within narrow ranges of temperature, pressure, and 
catalyst. The man who has taught chemistry for a long time 
and accustomed himself to think in certain time-worn channels 
and to operate in certain erroneous textbook methods of pro
cedure is almost useless in a plant. His advice as to how the 
industries should handle questions is worse than useless. All 
respect him but his day is done.

DEGRADATION OP U N IV ERSITY  INSTRUCTOR 

There is, however, at the university a type of man whose 
interests I have a t heart. This is the young instructor, the newly 
fledged Doctor, but a man who has in him all that American 

1 C ollier's. J a n u a ry  10 (1920), p . 36

chemistry needs for the future. He has ability, of course, and 
his energy and enthusiasm are growing in leaps and bounds. 
His reputation is all before him, but he is unfortunately human. 
The salary he earns is meager and it  really cannot be otherwise, 
for you would not advise a sumptuous salary till he has shown 
his worth. Above all, he has highest hopes of achieving some
thing and thus he should be given all the aid possible. Amid the 
difficulties that encompass this young instructor, the lack 
of competent student assistants to aid his researches, and the 
continual encroachments on his free time weigh more and more 
heavily. His advancement is found to depend upon so many 
factors that he soon comes to realize that the least important is 
his productivity in research; the most important, unfortunately, 
is his subservience to those higher up. It may be that the 
young man will seek to gain recognition through general service 
in university activities, or he will seek outside work more often 
in the capacity of analyst for industrial corporations. In both 
events his ability to accomplish the bigger things in chemistry 
is likely to atrophy and that is the end of him. W hat the young 
chemist needs is actual help and guidance on the part of the 
older men, and all the assistance possible heaped upon him. 
Encouragement possibly, in a word, will express m y meaning, 
if the financial side is not overlooked, and where there is a likeli
hood of university trivialities making an inroad upon his time, 
the older men should guard him against the evil thereof. The 
young man’s energy and enthusiasm is bound to carry him for
ward, but unless he is guarded on every hand his ability in the 
service of chemistry will soon be lost sight of amid the daily 
routine roundabout. Think of the constant interruption at a  
university in one’s plans for investigation. Think of the child
ish meetings for discussions which m ay be far better handled, 
classified, and solved by an average clerk. Will the universi
ties ever wake up to the importance of advancement in their 
several sciences and humanities to the utter banishment to 
Augean stables of all the silly nonsense that encumbers the many 
departments? W hy permit this perversion of enthusiastic 
young chemists, with marked ability to accomplish something 
worth while, to the role of clerk and committee-man just be
cause he has energy and a goodly nature withal. So soon as a 
university chemist is drawn into clerical work and begins his 
lifelong service on a committee for this or a committee for that, 
that moment his future possibilities in advanced chemical re
search will vanish. From a man of ability he has sunk into the 
hardly able class in the eyes of the chemical world.

Lest some one surmise that these statements arise from an 
overdose of committee work during m y university service, let 
me set his conjectures at rest; during fourteen years’ residence at 
one university I served on only one committee. I recall it well, 
it was a military committee of some sort. A fter a few meetings, 
at tea and crackers, I observed that one professor had a  pen
chant for conversation and debate which eventuated in the 
elimination of all other views but his own. These same analyt
ical results were obtained by a few of m y friends on the com
mittee, but out of respect for the president, board of regents, 
governor of the state, and others, they did not refrain as I did 
from attending subsequent meetings. Now, of course, I had 
just as much respect for all these dignitaries but I felt they had 
just as much for me and would not mind if I chose in preference 
the stinks and smells of m y natural habitat. I did, though, 
sign the voluminous document— a report, I think, they called 
it— and actually did keep m y promise to attend the otherwise 
soporific faculty meeting where it  was read. I recall further 
that I  was invited to serve on one other committee, but the only 
hour I could get free was j i p. m ., and that was too late 
for tea and crackers, which was over at nine.

No one can deny this frightful waste of valuable time among 
our professors at a university. There are exceptions, of course, 
but the general condition is exactly as I have portrayed it. I
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am forced to characterize this condition as a crime, but more 
often it is styled as the university evil. M any university men 
will tell you it is a part and function of university service. ' Those 
who really know will tell you it is a part and function of uni
versity non-productiveness. The condition naturally did have 
its inception in that period where a few men alone constituted 
the entire working mechanism of a university. But to-day 
when every university is organized more or less upon a rational 
basis, why are we cursed with this primeval practice? If we 
accept it as acadcmic custom, then away henceforth with such 
obsolete custom. The cause of this evil is not far to seek, 
simply this: The non-recognition of ability as subservient 
to energy and enthusiasm.

TH E TEACHER PAR EXCELLEN CE

I must not, however, overlook the teacher par excellence. 
In the college and high school, his position is paramount and
rightly so. Teaching for itself alone is his aim in life. Through
close association with productive minds, he may reflect in class
room the best spirit of the day. His service in colleges and col
lege departments of universities will ever command the greatest 
respect and appreciation, but in the graduate and technical 
schools of a university, as the seats of highest learning, he
can play but minor part. The greatest inspiration to
wide-awake students will ever come from the productive pro
fessor no matter whether he lectures or rambles in the class
room. In the ideal university, therefore, the non-productive 
professor, usually of the leisure class, will best devote himself to 
service in clerical and curule capacity outside of the four to 
eight actual hours per week required of him in university teach
ing. The ideal professor thus freed from detail and retarding 
influence of his non-productive colleague could then marcli 
steadily forward to the glory of himself and the university. 
Though these ideal conditions are far from realization, there 
are many professors who actually accomplish much of value 
in the realms of advanced thought. You  will ever find them 
among those who shun this routine side of university life. 
Imagine, for example, the title of the clerical professor suddenly 
changed to read Chief Clerk of Committee on Attendance. 
How quickly he would resent this correct appellation, and yet 
this is his true category. He masquerades only under the 
title of professor and, due to his inactivity in what he professes, 
chemistry to-day at the university is no longer keeping pace with 
i ts advance in the industries.

IDEAL CONDITIONS FOR RESEARCH

If this deplorable condition is what we desire in our universi
ties, then there is 110 point in my discussion. I am convinced, 
however, that the university is the proper place for research 
in pure chemistry. The conditions at the university which 
should make for quiet, undisturbed study, and rich and abundant 
association with minds alert in chemical and allied sciences, 
offer the very best opportunities for the development of the true 
chemist. The young man develops thus in the broadest man
ner and his outlook is characteristically broad. His subjects 
for investigation should be purely scientific and not necessarily 
commercial. The industrial chemical problems ought not to 
be overly emphasized in the earlier years. The closer the young 
man keeps to the pure science itself the better for him, the bet
ter ior the universities, and the better for the industries. When, 
later, he may choose to enter industrial work he will find his 
training none amiss and his breadth of view most highly ser
viceable. It is here that I must firmly maintain that those 
young men who jump into industrial problems too soon after 
graduation have little or no chance of broadening their general 
knowledge of chemistry. The tendency to specialization is too 
well marked even in the industrial world. Everywhere you 
will meet with young men who realize this all-important fact. 
Their opportunity for broader development is past. It is not

likely to return. Discouragement is easily discernible in their 
features. Had they but known of some plan upon graduation 
which would have offered a chance for pure research with a real 
live hope of remuneration, that chance would have been seized 
forthwith. W hatever the result, the better self of that future 
chemist never could deprecate his early ventures, and corre
sponding content would characterize now his daily endeavors.

Through the planning of researches and publication of results 
the science as a whole will advance. Chemical self-confidence 
is obtained no more readily and decisively than by publications, 
for these stand out as theses which the author is ready to sus
tain before a world of chemists. Indeed, this side of research 
may after all appeal so strongly to the young man that he will 
choose to continue it in the university setting. His gradual 
rise to a professorship with research ever his goal will inaugurate 
an era of greatest chemical activity in America. W e have at 
present all too few of this type, so few that they are almost lost 
amid the multitude. I have never been able to see any other 
form of investigation in chemistry than that of pure unadul
terated research, for itself alone, with 110 thought of service or 
utility, as anywhere near so broadening in its influence upon 
the student’s development. The university is, of course, the 
proper place for such studies and I deduce from the considera
tions above m y third premise: There is the greatest possibility
for advancement in pure chemistry in the investigations under
taken in a university or endowed laboratory.

It should be clearly emphasized that I am not criticizing the 
research at special institutions and at industrial research labora
tories. The young chemist graduate, however, when situated in 
these positions has not the freedom to browse about to his lik
ing and strike out where his fancy leads. The atmosphere of 
the university almost overstimulates this freedom, but the re
sults cannot be other than encouraging for the future of the 
science.

Upon the three premises already discussed m y fourth premise 
finds support and may be stated, as follows: The industries
will profit most in a general way from the published investigations 
in pure chemistry issued from the university and endowed labora
tories. Naturally, the industries will profit by their own ad
vanced researches. The scientists though who conduct these 
researches must ever keep in touch with advanced thought. New 
ideas and new methods as elucidated from various investigators 
are seized with greatest zeal and thus almost a direct good re
sults to the industrial organization through the advances made 
in the pure science. So firmly am I convinced of this that I 
feel it m y duty to draw attention of chemists everywhere to 
the golden opportunities that manifest themselves for further
ing this devotion to pure chemistry. T hey will not develop 
by themselves. The road is too difficult and encumbered with 
many hazards. M y  conclusion, therefore, to the four premises 
I have drawn is simply this: The universities, the industries,
and American chemists must encourage the further study of pure 
chemistry by the young graduates of our colleges.

M ONETARY REM U NERATION  FOR S C IEN TIFIC  CONTRIBUTIONS

I have consumed so much time in the statement of basic 
troubles that I shall merely outline the plan which I believe is 
adequate in all respects. I would have the royalties paid to 
authors for books and magazine articles paralleled in some form 
for those who publish original chemical contributions in our 
representative chemical journals. These contributions need 
not be confined to any one branch of chemistry. They should 
be all-comprehensive. The only criterion for consideration is 
their mark of originality.

In detail I should suggest that the three most interested par
ties contribute in every way possible to encourage chemical re
search. Thus, a group of universities, a group of industries, and 
the A m e r i c a n  C h e m i c a l  S o c i e t y  might share in this contribu
tion. It cannot be assumed that these three interested groups
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will contribute equally, but each in itself m ay assist directly in 
the remuneration which X believe the contributors should re
ceive. First and foremost, the several Boards of Editors 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  should be willing to serve as 
judges upon contributions received. When an article is ac
cepted, the author or authors should receive at once an imme
diate award or honorarium. The amount possible must of 
course depend upon the resources at hand and, more directly, 
upon the size of the endowment which we hope can be estab
lished in the S o c i e t y  for this purpose. Naturally without such 
endowment, the S o c i e t y  could not encourage expenditures in 
this direction. From the university in whose honor the contri
bution was made, the author cannot expect to receive any mone
tary remuneration other than the continued supply of needed 
resources for actual work. Public recognition, however, of each 
contribution should freely be accorded but the university will 
best honor itself and the young authors by  establishing a title 
of honor directly attainable upon publication of some ten to 
twelve researches; thus such title as “ Assistant Director of R e
search” would amply gratify the young man who wras working 
for the advancement of science. Their former title might 
still stand as a “ Fellow,”  "Assistant,”  or "Instructor,”  but when 
it is actually possible to earn a title by real work, you can ap
preciate how much more valuable the entire framework of a 
university career would loom up in the eyes of thinking men. 
After another ten to twelve researches, the contributor may 
well be given the title of “ Director of Research.”  The over
abundance of non-productive chemists in our universities would, 
I  assure you, most clearly be demonstrated by such a procedure. 
Naturally, our chemical drones will object to these suggestions, 
but I ’doubt if any university will weigh their objections seriously. 
They have so little influence in the chemical world that they 
must sooner or later lose all influence in the academic world.

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

The real financial remuneration for the articles accepted 
must come, undoubtedly, from some industrial endowment. It 
would seem best to make only a portion of this subject to award 
on the part 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 .  The larger 
portion should remain intact and should be subject to award 
by a committee properly elected by the industries concerned. 
Upon notification by the Boards of Editors 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  of the award of an honorarium to some 
author for a contribution of original research, this industrial 
endowment committee should award the author a proportionately 
larger sum and thus the findings of our editors may be made the 
criterion for the second allotment. For example, let us suppose 
the editors voted an honorarium of one hundred dollars from 
their share of the industrial endowment. The industrial en
dowment committee might then be able to quintuple the award 
and thus six hundred dollars could be sent to the author at once. 
This is, I assure you, none too small a recompense n-hen we con
sider the annual royalties paid by publishers to authors o our 
second and third rate textbooks.

r e s e a r c h  m e n  d e s e r v e  b e s t  r e w a r d s  

The critics of m y plan will naturally jump at the opening I 
leave; namely, monetary award for scientific endeavor. “ The 
honor of contributing to our J o u r , n a l  should suffice alone as 
recompense.”  T o this I can answer now but briefly: You 
speak of by-gone days. Here and there a young man will turn 
his fancy into research with little thought of to-morrow; the 
best men, the live men, the men who have the mental grasp 
for bigger things, will not tarry too long where life is difficult 
and honor shallow'. A  world of endeavor surrounds us all and 
we must join in the quest or remain as useless adjuncts of a for
gotten past. N o matter how our philosophers may wail, they 
can no more change the trend of endeavor to-day than a firefly 
can change the temperature of a mighty iceberg.

Young chemists everywhere may here find a really practical 
w ay in which to devote themselves to research. They must 
have some incentive else only the weak will be left to carry 011 
the university work. The strong may just as well develop in 
one direction as in another and the plan I offer is simply one 
to induce the best types of minds to try their fortune at pure 
investigation for itself alone. Our journals accordingly should 
overflow with good material. But I can well imagine the 
thunderous protests that will resound from pseudo-chemists 
who will fear gravely that a mass of worthless material may 
find its way to publication. Our editors, however, are chosen 
for their ability and are representative of the best American 
chemists. 1 should not lose confidence in them. Just let thé 
pseudo-chemist contribute a trifle now- and then himself. It  is 
usually his type who will find the most worthless data. W hat 
we wish is everything that savors of originality and I assure you 
the mass cannot be too voluminous to bother for a moment 
our industrial specialists. If we must wade through oceans of 
data, the mere chance of finding an isolated and much-valued 
pebble on some far-ofl beach will well repay us. According to 
this plan, you will note how both instructor and professor, how 
both college graduate and assistant come into the same consid
eration. The title of the chemist is supernumerary, the results 
only will count. Possibly the older professor may be awakened 
to the opportunities that confront him and ideas almost dormant 
may be brought into the light of day. Certainly the young 
graduates will find herein an excellent means for further develop
ment. The assistantships at a university will suddenly be en
hanced in value, for these positions can well be held by men in
tent upon research. The small livelihood which an assistant- 
ship affords will be amply sufficient to start the young men 011 
their course. In fact, it is to be hoped that a  greater number 
of assistants in our laboratories can be honored by an oppor
tunity to work under the direction of productive men. There 
is nothing so demoralizing about a chcmical laboratory and 
nothing so detrimental to the spirit of research therein as the 
presence of an aimlessly drifting assistant. If all assistant
ships could be offered primarily to young investigators, I  feel 
confident there soon would be need of devising some scheme 
for receiving and weighing applications from young men intent 
upon pursuing advanced work at the various universities. W ith 
increased competition in selection of graduate assistants who 
actually are more effective than most professors in laboratory 
teaching, the overabundance of dead professorial timber may 
finally be eliminated, to the good of the university and of the 
science.

Just how far this plan ought to be extended, if ever put in 
practice, would be a matter left to the endowment committee. 
Though I have had only the young assistants and instructors 
in mind, I see 110 reason why it could not be equally applicable 
to the full professors. Certainly they should receive a mone
tary recompense for their services— no matter whether or not 
the old, moss-grown ideas of honor alone as recompense still 
obtain in their circles. The entire plan appears, upon closer, 
analysis, to be the counterpart of that ideal industrial fellowship 
heretofore described as a fellowship nowhere existent but one 
that might be granted to young chemists through competitive 
examinations and then placed in operation at whatsoever 
university the fellowship holder selects. Such ideal industrial 
fellowships naturally entail the services of an examining board 
for the applicants and this board indeed might serve for many in
dustries. M y  plan simply eliminates all examinations and ac
cepts the findings of the several Boards of Editors as a  final 
criterion of merit. The recompense may thus be construed in 
the same sense as that for an ideal industrial fellowship— but 
with a distinction that is distinct; namely, the money is paid 
only upon the accomplishment of something worth while and 
not thrown around helter-skelter among doubtful candidates in
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pleasantly located laboratories, hoping for something to happen.
This plan of reward for meritorious research comes now as a 

further bestowal of honor upon those fellowship holders who 
would offer original contributions to science. Throughout my 
discussion you will find this plan— the plan of incentive— ever 
adds to the good things that are and detracts from the bad 
that persist. The system certainly offers possibilities far be
yond what I have pictured.

I sec in this plan no adverse turn. It  should accomplish 
what universities have long desired. It  should instill in the 
young men that desire for research which teaching alone is slow 
to impart. It  should open to industrial scientists the possibility 
of further study in spe'cial fields under the direction of some promi
nent university man. Through this advance in the study of 
pure and applied chemistry, the entire chemical activities of 
America will march forward in steady progress.

In substantiation of my selection of the three most interested 
parties, I scarcely need explain the interests which representa
tive universities will ever take in problems of research; technical 
schools and institutes of research naturally fall into the same 
group. Industrial organizations already realize the importance 
of scientific advance as directly stimulating their activities and 
instilling new spirit into their investigations. In a far broader 
sense and with correspondingly greater responsibility do I view 
the interests 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  in the advance
ment of research in America. Having grown with prodigious 
strides into the greatest society of its kind in the world, is it not 
fitting that we launch some project that will return to port laden 
with scientific production— the most valued treasures in this 
world of progress? T o this end, I earnestly hope our several 
Boards of Editors will consider my proposal in its several aspects 
— more poignantly from the standpoint of increased duty in 
judicial capacity. If our Directors and members of the Council 
will then approve the expenditures of money to this purpose, I 
assure you the industries will gladly espouse a cause so heartily 
endorsed by these several groups of scientific men. M any uni
versities, I believe, will aid in every way possible a step that will 
make for the enhancement of all those lesser positions now so 
poorly filled. A ny reward of honor naturally will come slowly, 
but I believe it will come surely.

The universities should lead in scientific thought and en
deavor. The difficulties in chemical art should best find their 
solution in university circles. Thus the universities may be 
dependent upon the industries for the revelation of reactions 
so little understood, and again the industries should ever be 
dependent upon universities for leadership both in scientific 
development and in the broadest intellectual development of 
the young college graduates. Both university and industry 
must benefit through mutual progress, and as thus interde
pendent may they ever be of greatest assistance the one to the 
other.

TH E RELATION OF THE CH EM IST TO TH E UNITED 
ST A TE S PHARM ACOPOEIA*

By Charles H. LaWall
C h a i r m a n . R e v i s i o n  C o m m i t t e e , U . S . P h a r m a c o p o e i a  

The United States Pharmacopoeia this year celebrated its 
centenary, the first issue of the work having been published in 
1820. It is the second oldest national Pharmacopoeia in the 
world, the only older one being the French Codex, as the corre
sponding work is called in France. It was originated by physi
cians, and the statement of the reasons for its beginning made 
in the preface of the original 1820 edition is essentially true to-day, 
as will be seen by the following quotation:

It is the object of a Pharmacopoeia to select from among sub
stances which possess medicinal power, the utility of which is 

1 P re se n te d  a t  th e  A pril M ee tin g  of th e  P h ila d e lp h ia  S ec tion  of th e  
A m erican  C hem ica l S ocie ty .

most fully established and best understood, and to form from 
them preparations and compositions in which their powers may 
be exerted to the greatest advantage. It should likewise dis
tinguish those articles by convenient and definite names, such as 
may prevent trouble or uncertainty in the intercourse of physi
cians and apothecaries.

It  was planned at the beginning to revise it every ten years, 
and this has continued up to the present time.

In the 1830 edition the help of apothecaries was acknowledged, 
and in 1840 the pharmacists were requested officially to aid in 
the revision of the work. When the first Pharmacopoeia was 
issued in 1820, there were no separate schools of chemistry or 
pharmacy and few chemical manufacturers. M ost pharmacists 
were chemists and some of them like Scheele, Vauquelin, Pelletier, 
Caventou, Sertumer, Derosne, and others, had made discoveries 
of moment.

The earlier editions of the Pharmacopoeia, therefore, con
tained a large number of methods for preparing chemical sub
stances now manufactured only on a large scale and never at 
present prepared in the small way for commercial purposes. 
Among these may be mentioned:

C itr ic  ac id — from  lem on  ju ice .
E th e r  ( th e n  ca lled  su lfu ric  e th e r )— from  alcoho l a n d  su lfu r ic  ac id .
W a te r  of am m o n ia— from  am m o n iu m  ch lo rid e , lim e, a n d  w ate r.
A m m o n iu m  c a rb o n a te — from  a m m o n iu m  ch lo rid e  a n d  ca lc ium  c a r 

b o n a te .
S ilve r n i t r a te — from  silv e r, n itr ic  ac id , an d  w a te r.
B ism u th  s u b n itr a te — from  b is m u th , n it r ic  ac id , a n d  w ate r.
M ercu ric  ch lo rid e  (ca lled  o x y m u ria te )— from  m e rc u ry , su lfu ric  ac id , 

a n d  so d iu m  ch lo ride .
M ercu ro u s  ch lo ride— from  m e rcu ric  ch lo rid e  a n d  m ercu ry .
S od ium  b ic a rb o n a te — from  sod ium  c a rb o n a te  a n d  ca rb o n  d iox ide.
Z inc oxide— from  m e ta llic  z inc  b y  o x id a tio n  in  a  re d -h o t cru c ib le .
P rocesses fo r m a n u fa c tu r in g  m o rp h in e  a n d  q u in in e  w ere a lso  inc luded  

in  som e of th e  e a rly  ed itio n s .

These will indicate that the pharmacist of those early days 
had to possess chemical knowledge and manipulative technique 
of no mean order. There was little or no attem pt to standardize 
substances except in such a crude way as is shown under hydro
chloric acid, then called muriatic acid, in which it is stated that 
"a  fluid ounce should dissolve 220 grains of carbonate of lime.”

The usefulness of pharmacists upon the Revision Committee 
of the Pharmacopoeia was so apparent that by  1880 they had 
begun to predominate, a condition which has continued down to 
the present time.

The United States Pharmacopoeia of 1880 may be said to be 
a turning point in its history, for by  this time manufacturers 
supplying chemicals of all kinds were common enough to enable 
some of the processes for manufacturing chemicals to be dropped 
and to require more thorough consideration of scientific stand
ardization. The change then begun has developed until at the 
present time the Pharmacopoeia is largely a book containing 
the approved nomenclature, descriptions, and standards of sub
stances which are used in medicine and the processes are limited 
to those mainly for galenical preparations, i. e., the liquid prep
arations of vegetable drugs, such as fluidextracts, tinctures, 
etc., and also for the simpler chemical solutions.

T he personnel of the Committee of Revision lias likewise 
changed— originally composed of physicians only, later of phar
macists and physicians, the committee of fifty who revised the 
tenth edition (ninth revision) in 1910, which is official until 
the work of the convention meeting in M ay 1920 is completed, 
included physicians, pharmacists, chemists, biologists, phar- 
macognocists, and other workers in specialized lines. Inasmuch 
as nearly one-half of the 782 official substances may be classified 
as chemical substances, there is a comparatively large group 
of chemists on the present Committee of Revision. I believe 
that over 20 per cent of the fifty members are members of 
the A m erican  C hemical So ciety  and several of these have 
been prominently identified with that organization for years. 
The United States Pharmacopoeia is not a work of interest 
solely to physicians and pharmacists. In the Federal Food and 
Drugs A ct and in the corresponding laws of many states, its 
standards are recognized as having legal authority.
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The business management of the Pharmacopoeia is vested in a 
Board of Trustees of seven members who, with the Committee 
of Revision of fifty members, are elected decennially from the 
delegates who assemble in Washington on the second Tuesday 
of M ay in the years whose figure ends in a cipher. These dele
gates constitute a convention in w'hom the ownership of the

Brief mention was made in the June issue of T his J ou rnal  
of the presentation of the Willard Gibbs Medal to Dr. Frederick
G. Cottrell, recently appointed Director of the U. S. Bureau of 
Mines. It gives us pleasure to reproduce-below the admirable 
address of the recipient of the medal, and Dr. W hitney’s remarks 
in presentation.— [Ed itor .]

PR ESEN TATIO N  ADDRESS 

By W . R . Whitney

Dr. Cottrell, in presenting to you this medal on behalf of the 
Chicago Section of the A m erican  C hem ical S o c iety , in memory 
of the great Gibbs, I am not going to recite a list of your well- 
known achievements. This is not merely because these achieve
ments are so well known, but because I  prefer to preach a brief 
sermon.

I choose to call attention to your process rather than your 
product. I believe that the way you have done things is even 
more important than the actual things themselves. Our country 
might get along without the particular products of your effort, 
but it  could not get along without men personifying your pro
cedure. We are not so much interested in recovery of fumes, 
the abatement of the smoke nuisance, in the saving of silver, 
zinc, or sulfuric acid, in the production of helium, or any other 
of the definite undertakings which are attributed to you, though 
these are in themselves very valuable, but rather we exalt that 
human quality which insures advanced undertakings of public 
welfare and interest. You are one of those who intelligently 
decline to proceed along entirely old paths but map out and push 
along new ones. You are one who, no matter how wisely you 
may act, must withstand many rebuffs and disappointments, 
because, in blazing new trails, countless obstructions must be 
encountered and surmounted. Herein you have always retained 
your momentum and your good nature. All our improved ways 
of living, our broadened views, our greater activities, and our 
increased pleasures are due to new and difficult steps, often 

, seemingly absurd when judged by us who are impelled by habit 
only. In tilling new ground and in opening unbeaten paths 
you have needed your well-advanced scientific education for 
keeping high your coefficient of success; a  splendid personal 
quality of open-heartedness and a carefully controlled physical 
constitution. All of these you have clearly and unselfishly 
devoted to the public good. You  have not been satisfied to 
accept things as they w-ere, and we chemists highly appreciate, 
ideals and those new ideas which, while not at first acceptable 
to the average man, can be made so by  human effort. Your 
support of one universal language may be looked at as only a 
few' years too early, but it is a type of the thing for the realiza
tion of which people will have to depend on someone like yourself, 
if it is ever to be realized. Your work in the West and your 
radical undertaking in the East, in establishing the Research 
Corporation, together constitute a trail blazer which calls 
attention to the possibilities of cooperative research and to the 
position of our Government in relation to ideas and inventions 
of its employees. You have started something w’hich may well 
grow far beyond your anticipation. You have set an example 
not only in accepting the responsibility of such public work, but 
your patient persistence in carrying out your own plans with

Pharmacopoeia is vested and which is now a chartered body. 
The delegates mainly come from medical and pharmaceutical 
colleges and societies, but the A m erican  C hem ical  S ociety  
is one of the organizations regularly authorized to participate, 
as are also the various departments of the United States Govern
ment whose work bears any relevancy to medicine or pharmacy.

support which only your well-known integrity, industry, and 
enthusiasm could insure, forms a new high plane of activity for 
the emulation of the American chemist.

We are glad that you have been added to that group of chiefs 
of the Bureau of Mines, Holmes and Manning, which our G ov
ernment has so fortunately possessed. We will be willing to 
forgive in you many possible errors or mistaken undertakings 
in the future, if your ideals and your will to be right and the 
intuition to be constructively dissatisfied with imperfect existing 
conditions, persist as they have hitherto existed.

M EDAL ADDRESS 
INTERNATIONAL SCIENTIFIC RELATIONS 

By F. G. Cottrell

The experiences of the war have served to illustrate as never 
before the importance of the position held by  the scientist both 
pure and applied, not only to our daily life at home, but also 
in international affairs, and during the war perhaps no branch 
of science carried a more important load or gave a better general 
account of itself than did chemistry in all its various branches. 
The details of chemical war work have filled a good part of our 
journals for so long that to dwell on them here would be b r in g 
ing coals to Newcastle; but what the chemist’s part is to be in 
the reconstruction period upon which the world is entering still 
lies before us and has a most legitimate and insistent call 011 
our serious attention.

The war certainly furnished a great stimulus to discovery and 
invention, but from the standpoint of technical achievement it 
bids fair to have served only as the prelude to a vaster industrial 
development of truly international character which may reason
ably be expected to follow in its wake. The stress and strain 
of the period we have passed through has awakened the imagina
tion of the rising generation to a world consciousness as nothing 
less far-reaching could possibly have done, and we in this coun
try are destined perhaps even more than those in Europe itself 
to feel the full effect of this swelling pulse, because to the Euro
pean nations international contacts have long been matters 
of course and from a physical aspect almost as natural as inter
course among the states of our own Union. But this was a new 
experience to the majority of the 4,000,000 young Americans 
who just at this most impressionable age have been thrown 
into daily physical and mental contact with their fellows of 
foreign countries, as also the conditions and traditions of home 
and economic life in these countries. T hey have brought back 
with them a mental leaven which, though it may take some time 
to fully develop, and will undoubtedly require careful guard
ing against the wild yeasts of Bolshevism and other extraneous 
growths, should eventually make itself clearly felt as a tre
mendous power for good and for the broadening of the concepts 
of our national life both human and economic.

in ter n atio n al  relatio n s  fostered  

Chemists in this country, as a class, have recognized and fos
tered international relations probably as much, if not more, 
than have most of the technical and engineering professions. 
This is perhaps due in no small part to the very close and cordial 
cooperation which has existed from the first between pure and 
applied chemistry in this country, for it is usually easier to get

WILLARD GIBBS MEDAL AW ARD
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perfectly free international cooperation in the pure sciences 
than in applied branches where questions of business expediency 
at once intrude themselves. But the chemists in the past have 
been remarkably successful with their undertakings in both 
fields; as, for instance, the International Committee on Atomic 
Weights on the one hand and the International Congresses of 
Applied Chemistry 011 the other. Even the primarily social 
side has found its expression in the systematic exchange of cour
tesies between such organizations as the Chemists’ Club in New 
York, which has come to be really a national rather than local 
institution, and the more recently established Chemical Indus
try Club in London, while beyond there is already the fore
shadowing of a similar club among the French chemists.

The fact that the Chemists’ Club in New Y ork avowedly 
embraces in its membership all fields of chemistry, both pure 
and applied, while even in its name the London club empha
sized the distinction be
tween the academic and 
the industrial phases, em
phasizes a rather clearly 
marked difference in point 
o f view between chemists 
in this country and abroad.

In this country we have 
come to accept so tacitly 
as almost axiomatic, the 
close cooperation of these 
two divisions of the pro
fession, that we may easily 
fail to appreciate how 
questions of this kind ap
pear to our friends across 
the water, and the differ
ence in historical back
ground underlying this.
Y e t if we are to work most 
effectively with our foreign 
colleagues we must acquire 
a  sympathetic understand
ing of their points of 
view, whether we entirely 
agree with them or not, 
and where we do not agree 
let us hope we will restrain 
ourselves sufficiently to 
avoid unduly adding to 
the partly justifiable and 
now rather widespread im
pression among Europeans 
that so many Americans 
feel themselves thoroughly 
competent both from ex
perience and native ability 
to come over and quite de 
novo reorganize European civilization on a (to them) thoroughly 
satisfactory basis.

Lest I leave an unfair and misleading impression with you, I 
should perhaps add that this aloofness between the pure and 
applied sides of chemistry abroad shows some signs of gradually 
abating, as was clearly evident to those of us who participated 
in the organization of the International Chemical Council at 
the meetings in Paris, London, and Brussels last year.

A  significant illustration of this is also to be found in the his
tory of the Société de Chimie Industrielle de France organized 
during the war. A t the outset the newcomer was looked 
upon with a good deal of anxiety by the old established Chem
ical Society of France, which naturally and historically repre
sented primarily the academic side of the subject and was con
trolled largely by chemists in academic positions. Their chief

fear was apparently that the creation of the new society and 
journal would only serve to scatter and dilute over too wide a 
field the meager funds available to the chemists as a whole for 
organization and publication purposes, and thus weaken the 
entire structure. As a matter of fact, however, the new society 
and its journal "Chtm ie-& Industrie”  have, under the able and 
broad-minded leadership of Paul Kestner, the society’s first 
president, prospered from the very start, and, instead of dividing 
and weakening the support of the older society, have brought
in such a wide range of new interests and given such stimulus
to French chemical industry in general that both societies are 
profiting by it.

Those responsible for the guidance of the new society have 
definitely and officially taken the constructive and liberal stand 
that since pure science is fundamental to industrial science, 
but the latter is naturally more closely associated with the ma

terial returns and with 
the interest of the public
generally, it  has a moral
responsibility to help the 
academic organizations to 
maintain their high stand
ards of scientific work and 
independence of industrial 
considerations.

Due to entirely different 
traditions and circumstances 
existing in France, it would 
not be easy or probably 
desirable, at any rate for 
the present, to merge the 
two branches in one large 
society and single group of 
journals as we have them in 
this country, but the French 
are rapidly working out 
their own methods of close 
and cordial cooperation 
which will undoubtedly fit 
their needs as well as our 
form of organization meets 
our own.

Great Britain, as you 
well know, has had her 
strong Society of Chemical 
Industry for many years 
and there has long been a 
fair degree of cooperation- 
between this and the Chem
ical Society of London as 
well as other academic 
groups, but as a  result of 
war emergencies these, as 
well as other bonds between 

various special groups both on the pure and applied side of 
chemistry, were strengthened and to a large extent centralized 
through the creation of the British Federal Council for Pure 
and Applied Chemistry-. Much the same processes have also 
been working in other countries, but the above serve suffi
ciently to show the general tendency of the day, the great im
portance of which, for the subject in hand, lies in the greater 
facility which these broadly comprehensive national organiza
tions furnish for effective international cooperation.

P R O T E C T IO N  A G A IN ST  M ISU N D ER STA N D IN G S 

If international cooperation in science can be made effective 
in both the pure and applied branches it will unquestionably 
furnish one of the most powerful forces possible against the 
growth of national misunderstandings. It  is, of course, easier 
for the devotees of pure science to work freely together than

F r e d e r i c k  G .  C o t t r e l l , W i l l a r d  G i b b s  M e d a l i s t
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for those more closely associated with the business relations of 
their subjects.

Secrecy, however, even in business relations, if not disappear
ing, is a t least rapidly corning to be viewed generally from a 
very different standpoint than heretofore, and it is interesting 
to note how this change began and first received official recog
nition on the distinctively scientific and technical side of busi
ness, viz., in the matter of patents of invention, the government 
offering the inventor certain definite legal regulation and pro
tection in lieu of his secrets if he would make these latter frankly 
and fully known to the public. A t the time our patent system 
was created, few, if any, would probably have been found 
who could have clearly seen foreshadowed in this even as a dis
tant possibility, the necessity or the justification for the publicity 
of purely business details of railroad operation, with which the 
Interstate Commerce Commission has since been charged. This 
step, again, was recognized in the special ease of the transporta
tion companies and other public utilities corporations long be
fore people were ready to consider the extension of similar ideas 
to other lines of business. Thus the creation of the Federal 
Trade Commission came many years after that of the Interstate 
Commerce Commission, though in the broad economic sense 
the greater part of the work of the Interstate Commerce Com
mission, as well as many questions of patent administration 
now left chiefly to the courts, logically constitute only special 
branches of the general subject for whose study and guidance 
the Federal Trade Commission was established, viz., the main
tenance and safeguarding of fair trade practices, including the 
regulation of monopolies in the public’s interest.

The fact is that as the civilized world progresses and we ac
cept the benefits of that developing civilization, we are less and 
less able to live to ourselves alone. W hat was so nearly a man's 
purely private affair when his business was small, becomes with 
the growth of that business itself so much more largely a public 
concern that we may very properly recognize the need eventually- 
for a certain readjustment in the distribution between the indi
vidual and the public both of interest in, and responsibility for, 
the conduct of that business.

These same problems must eventually enter in principle at 
least into the consideration of the international questions which 
are rapidly being forced upon our attention. Fortunately, 
however, very few' of these latter are apt soon to reach a stage 
where detailed legislation must be undertaken, but in working 
out the corresponding national phases of the same problems 
we should at least have in mind the desirability ofjbuilding up an in
telligent public interest in the international aspects of the subject. 

r e s p o n s i b i l i t i e s  o p  T H E  S C IE N T IS T

The order of approach in the international phase is apt to 
be much the same as in the national, which again inevitably 
places special responsibilities upon scientific and technical men. 
Thus, at the meeting of the Engineering Section of the Inter
national Research Council in Brussels last July, the chief sub
ject of discussion was the possibility of working out some form 
of international patent which would gradually tend to unify 
the present wide divergence in patent procedure among the 
different countries and also to lighten the burden both of detail 
and expense upon the patentee. The opinion wras pretty clearly 
brought out at the meeting that it would probably not be prac
ticable even if desirable to secure any essential changes in the 
patent laws of the individual countries as an immediate result 
of such a program, but that the effort should be made rather 
to secure a central international office where the specifications 
and claims might be gotten into a standard form acceptable 
to all of the countries and the novelty and patentability of the 
invention or discovery determined as far as possible by an ex
amination somewhat similar to that made in our own patent 
office, but of wider scope with reference to foreign laws, publica
tion, and practice. This would then be filed in the countries 
selected and would be subject in each to the laws governing

patents therein. It was hoped, however, that all the countries 
would cooperate in working out the procedure of the central 
office and that this in turn would have a tendency to react upon 
the development of their own patent system, at least in so far 
as gradually adopting reciprocal relations in regard to the treat
ment of these international patents.

It was generally felt that cooperative international effort 
of this kind would have a very stimulating and salutory effect 
011 the patent system of the individual countries involved. 
Here again, this should be looked upon as a matter of interest, 
not merely to the technical man and the inventor, but one in 
which the academic scientist should also take a part. The 
spirit of our patent laws clearly holds that a patent to be valid 
must be a true and full disclosure of the novel discovery or in
vention claimed, but it is too often the evident intent of the 
patentee or his attorney to give only as little real information 
as he feels is absolutely necessary to fulfill the letter of the law. 
If  more genuinely scientific work were published by scientists 
of standing and ability in the form of patents, even if also pub
lished elsewhere, it would have a very much to be desired effect 
in raising the general tone and standard required in this respect 
in patent specifications; for patent examiners and courts are 
after all human, like the rest of us, and we are all influenced, 
if not even compelled, when placed in a judicial position, to 
set our standards with some reference to the average of the ma
terial available.

S PR E A D  O P T H E  M E T R IC  S Y S T E M

Turning for a moment to the matter of standardization of 
weights and measures: This is, of course, one of the oldest 
and best recognized fields for international cooperation, and 
here again the scientists have led the way. The use of the metric 
system is now essentially universal in pure science, and is making 
good headway in the newer branches of technology; such as 
chemical and electrical engineering, and to a considerable extent 
in mining and metallurgy, but in mechanical and civil engineer
ing, especially where these touch, respectively, land surveys and 
diversified manufacturing, the greatest opposition to change is 
naturally to be found. While my whole training as a chemist 
naturally gives me the strongest possible prejudice in favor of 
the metric system, and, viewed from the international side, I 
see nothing else in the field having any chance of final world
wide adoption, it yet seems to me that in this country a t least 
for the present, reform should still be sought more through 
education and example than by resort to mandatory legislation. 
We already have legislation permitting and encouraging the 
widest possible use of the metric system in all its details through
out the whole country. It must be remembered that manda
tory legislation touching as broad a field as this, and so ramify
ing into every detail of the daily life of every individual, can 
only be really successful in attaining its object if its enactment 
is preceded by a thorough awakening of interest in the public 
mind and a real appreciation of the question a t issue. This 
statement should not1 be construed to mean that the present 
rather widespread agitation for mandatory legislation in Con
gress on the use of the metric system is producing no useful 
result. On the contrary, I am inclined to think that entirely 
aside from whether any of the legislation sought is eventually 
secured, the effort expended will be beneficial by maintaining a 
focus of public interest and discussion upon the whole problem 
of international units and standardization of technical equip
ment generally. _

The metric system goes a long ways toward international 
standardization, so far in fact for the purposes of the chemist 
that, he is apt to overestimate its relative significance in, say, the 
field of mechanical engineering, where to-day probably the great
est inertia, not to say, opposition, exists with respect to its gen
eral adoption. The chemist is dealing for the most part merely 
lvith quantities of matter in bulk. He could change his weights 
and measures and go over in almost any chemical factory from
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any other system to the metric, and vice versa, almost overnight, 
without a single change in his machinery except for the scales 
and measuring appliances themselves. Whereas, if his master 
mechanic were forced to do the same thing with regard to all 
his tools and repair parts, it would mean practically a complete 
rebuilding of the factory. Nor would the mere general adop
tion of the metric system completely solve the mechanical 
engineer’s problem of international standardization. Take as 
fundamental a matter as screw threads. Each country, and 
one might almost say, each industry, has adopted its own shape 
and standard pitch. W ith this, and many other similar dis
crepancies staring him in the face, is it any wonder that the 
manufacturer of mechanical equipment has a tendency to view 
the metric system in its present stage of development as only 
one bite at the cherry, and to ask himself whether, in view of 
the changing of all his patterns, and jigs, and machine equip
ment in this one respect, when there are others just as important 
awaiting later consideration, it is not like cutting ofT the dog’s 
tail by degrees? '

G E N E R A L  IN T E R N A T IO N A L  ST A N D A R D IZ A T IO N  

D o not misunderstand me as arguing against the adoption 
of the metric system, but rather for a wider and more compre
hensive application of its fundamental conception of general 
international standardization, even if in so doing, our progress 
for the moment may seem to slacken somewhat.

W hat is needed most is a wider, stronger, and more closely 
interwoven network of international, scientific, and technical 
organizations, working earnestly for better understanding and 
cooperation between all concerned for the purposes of the com
mon needs and common good of humanity as a whole, and fortu: 
nately, the spirit of the times gives good promise of real and 
rapid progress in this direction.

D E V E L O P M E N T  O P A N  A U X IL IA R Y  L A N G U A G E  

In his introductory remarks Dr. Whitney made reference to 
my interest in the problem of an international auxiliary language. 
Even here we have an interesting illustration of how prominent 
a part the physical scientist has played in international projects 
even so far removed from his own direct field as the problem of 
language would seem to be; for closely linked with the history 
of the Esperanto and Ido movements we find such well-known 
names as Lorenz, Bourlet, Ostwald, Ramsey, Donnan and 
Morse, while last year in London and Brussels it was among 
the members of the chemical group that the project first took 
shape to secure the appointment by the International Research 
Council of a committee "to  investigate and report to it the pres
ent status and possible outlook of the general problem of an 
international auxiliary language”  and “ to cooperate in its 
studies with other organizations engaged in the same work.”  

This has already led to the authorization of similar com
mittees by the British and the American Associations for the 
Advancement of Science, as well as a definite movement in a 
number of our leading universities to take up the problem not 
only from the purely linguistic aspect but even more particu
larly from the side of sociology, psychology, and pedagogy, since 
as a matter of research these latter departments find a more 
fertile and interesting field for study than do even the linguists. 
In fact, if we are to have synthetic linguistics as a seriously 
recognized subject we must probably develop a new type of 
linguist for it, just as the coming of physical chemistry necessi
tated the development of a new kind of chemist. W hy, it  may 
be asked, should the scientist take more interest in this problem 
than the linguist? For answer, one may point to the develop
ment of stenography and ask where it would be to-day if it  
had been left to the linguist, for the fact is that the present type 
of professional linguist is interested almost exclusively in either 
the philological or the literary aspect of his subject and looks 
upon its purely utilitarian developments from much the same 
point of view as the extreme type of academic research scientist 
does upon the routine of applied technology.

W hat the scientist, and for that matter the business man and 
the man in the street, wants for international purposes is pri
marily not a literary language but a simple and serviceable 
code, bearing somewhat the same relation to the ordinary 
ideas of every-day life that the formulas of the chemist or the 
equations of the mathematician do to these specialists’ own 
domains of thought. As a matter of fact, scientific terms are 
already practically international and so all that remains to be 
done is to bring the simpler and non-technical half of our con
cepts up to the same international standard of expression.

Here, too, we must again emphasize the auxiliary character 
of such a proposed international code language, since it is in 110 
wise intended to compete with any national language except for 
purely international purposes, where the only desiderata arc 
simplicity, dearness, and entire neutrality. Herein as a purely 
auxiliary tool it escapes completely from the type of opposi
tion already discussed in connection with the compulsory adop
tion of the metric system.

Few realize how much real progress has been made and how 
much tangible material as the basis for a critical study of the 
general problem has already been accumulated in this field. 
Thus at the outbreak of the war there were, for example, about 
a hundred journals being published in Esperanto alone and over 
half this number survived the cataclysm and are still appear
ing, with new ones being constantly added, especially from the 
newly created states, and suspended journals gradually 
resuming publication.

However it is not my purpose to go into details here, but 
merely to use this subject as a suggestive illustration of how 
wide and fundamental are even the apparently incidental con
tacts of the scientist with these larger world problems.

SO U N D  IN T E R N A T IO N A L  P O L IC Y

In the above I have confined myself chiefly to what might be 
termed the intangibles, because in casually thinking of the sub
ject we are perhaps more apt to overlook these. However, 
from the material side the chemist’s responsibilities are, if any
thing, even greater and more specific. W hatever the political 
excuses given, in reality more wars have probably centered 
about the control of raw materials than any other question; 
and who is there better equipped than the chemist to look into 
the future with regard to the world’s needs for raw materials? 
He it must be who will ultimately advise our statesmen as to 
these basic facts upon which alone a sound and just national 
as well as international policy can be built. In this regard we 
are certainly at the parting of the wa ys, as discussions and nego
tiations all over the world clearly indicate. The petroleum 
situation perhaps occupies for the moment the center of the 
stage and well illustrates h°w a single raw material may be
come the pivot on which the whole international situation 
turns.

Petroleum and natural gas in this connection immediately 
suggest helium, which, though almost the antithesis of petro
leum as regards its scarcity, is commanding nearly equal in
ternational interest on this very account, coupled with its unique 
military importance. Thus far we have in this country the 
only developed large natural supplies and the only other known 
source which as yet promises to be significant lies to the north 
of us ¡11 the hands of our friends, the Canadians. The newness 
of this whole subject and the intricacy of its relations to both 
war- and peace-time aviation present problems of national and 
international policy in whose decision the advice of the chemist 
and engineer must necessarily enter with great weight

Petroleum and helium are only two examples picked almost 
a t random from the multitude of available material already 
familiar to you, but they serve well to illustrate the point I 
set out to emphasize; namely, how responsible and important 
a part the chemist must take in the guidance of new international 
relationships now rapidly pressing upon us.
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ELEM EN TARY OR IN TR O D U CTO RY CH EM ISTRY*
The facts and principles of chemistry are available for all who 

will take time to read. But do not conclude that the essential 
facts and leading principles of chemistry are buried deep in 
technical journals and heavy textbooks. There are many 
interesting and reliable books on chemistry written solely for 
those who have not made a special study of this science. Hen
drick’s "Everym an’s Chemistry”  (Harper, 1917; 374 pp.) is a 
lively account of modem chemistry. This book is "designed 
chiefly for those who declare that they do not understand any
thing about the subject.”  Another book written for the general 
reader is Philip’s "Romance of Modern Chemistry”  (Lippin- 
cott, 1910; 348 pp.). It  contains an absorbing discussion of 
flame, fuels, explosives, extremes of temperature, crystals, and 
the by-products of chemical processes. Still another is Slosson’s 
“ Creative Chemistry” (Century Co., 1920; 311 pp.), which de
scribes in plain language such timely topics as cellulose, rubber, 
plastics, sugars, fats, and electric furnace products. Chemistry 
is so vast that you can read several similar books without duplicat
ing topics. Hence you will enjoy two books by Martin : "Modern 
Chemistry and Its Wonders” (Van Nostrand, 1915; 358 pp.), 
and "Triumphs and Wonders of M odem Chemistry”  (Van 
Nostrand, 1911; 358 pp.). Both books describe in non-technical 
language some of the recent striking advances in chemistry. 
Special topics are treated in Bird’s "M odem  Science Reader” 
(Macmillan, 1911; 217 pp.). This book consists of reprints of 
original articles by experts on such topics as the oxy-hydrogen 
process of cutting metals, combustion of coal, coal-tar dye 
industry, electrochemistry, and artificial silk.

C H E M IST R Y  H A S  IT S  H U M A N  IN T E R E S T S

Three books by Duncan should be read by everyone who 
wishes to know something about modem chemistry and its 
relation to human interests. “ The New Knowledge” (A. S. 
Bames and Co., 1905; 263 pp.) is a lucid account of the new 
physics and new chemistry in their varied applications. "The 
Chemistry of Commerce” (Harper, 1907; 263 pp.) is a fascinating 
interpretation of various phases of modem industrial chemistry. 
"Some Chemical Problems of To-day”  (Harper, 1911; 254 pp.) 
recites recent contributions to theoretical and industrial chem
istry. These books are written in beautiful language, which 
can be understood by the general reader.

Chemistry is a progressive science. M any commonplace 
facts are deeply rooted in chemistry. Going back many years 
we can find their origin and trace their growth. Tilden’s "Chem 
ical Discovery and Invention in the Twentieth Century”  (Dutton, 
1 9 1 7 ; 4 8 7  P P - )  is a vivid narration of the growth and progress 
of chemistry from 1 8 0 0  to the present time. Sometimes its 
development is so rapid we can hardly keep pace with the move
ment. We need a survey of the field, especially in the applica
tion of what is sometimes called "pure chemistry.”  Findlay’s 
"Chem istry in the Service of M an” (Longmans, 1 9 1 6 ; 2 8 0  pp.) 
is a review of the world’s indebtedness to  the chemist, including 
applications of modem principles to chebiical industries. Alex
ander’s "Colloid Chemistry” (Van Nostrand, 1 9 1 9 ; 9 0  pp.) is a 
summary of this interesting field of chemistry.

H E A L T H  A N D  S A N IT A T IO N  

_ The relation of chemistry, to personal and public health is a 
vital topic. Bailey’s "Sanitary and Applied Chemistry”  (Mac
millan, I9 i 7;,394  PP-) treats of the atmosphere, fuels, heating, 
ventilation, lighting, purification of water supplies, disposal of 
sewage and household wastes, cleaning, and disinfectants. The 
book also contains many experiments. A more elaborate book 
is Baskerville’s “ Municipal Chemistry”  (McGraw-Hill Co., 
1910; 526 pp.). This is a compilation of a series of lectures by 
experts treating of such important topics as city sanitation, 
drinking water and disease, purification of water, milk, food 
adulteration, food inspection, street cleaning, smoke, textiles, 
paints, corrosion of iron, and cement.

Everyone has heard of radium, but not all realize the compre
hensive inquiries conducted by chemists to find out the many 
secrets of this marvelous substance. A  brief, accurate, and 
entertaining book on radium is Venable’s "R adio-Activity” 
(Heath, 1917; 54 pp.). A  larger work is Soddy’s "T he Inter
pretation of Radium” (Putnam, 1912; 284 pp.). This book is
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the substance of several popular lectures and is written in non
technical language.

Chemistry does not stand alone. It overlaps other sciences, 
especially physics. To understand part of the language of 
chemistry we need to read border-line topics. In Stewart’s 
"Chemistry and Its Borderland” (Longmans, 1914; 327 pp.) 
physico-chemical topics are discussed. Talbot and Blanchard’s 
"Electrolytic Dissociation Theory”  (Macmillan, 1907; 85 pp.) 
treats of the theory of electrolytic dissociation, ions, and ioniza
tion in a compact, informative way. A summary of the work 
of the leaders in chemistry and physics during the last quarter 
of a century may be found in Jones's “ New Era in Chemistry” 
(Van Nostrand, 1913; 328 pp.).

Chemistry grows so fast it is hard to keep up with it; hence 
sometimes we must resort to periodic reports. One of the best 
of these is "Annual Reports on the Progress of Chemistry”  (Van 
Nostrand). These are epitomes of the progress of pure chemis
try compiled by specialists selected by the Chemical Society of 
London and are indispensable for those who wish the latest data.

H IST O R Y  A N D  B IO G R A P H Y

Chemistry is essentially a human science. Its important 
discoveries are linked with the names of men whose lives are 
often like a romance. Some knowledge of the history of chemis
try, especially of the great discoveries, is needed for an intelligent 
interpretation of the chemistry of to-day. There are scores of 
books telling about famous chemists and their work. One of 
the best of the shorter books is Thorpe’s "H istory of Chemistry” 
(Putnam, 1910; Vol. I, 195 pp.; Vol. II, 202 pp.). It begins 
with the chemistry of the ancients and ends with contemporary 
chemistry. M any portraits add to its interest. Venable’s 
“ Short History of Chemistry”  (Heath, 1894; 163 pp.) is a com
pact, brief book. Two other books covering the same ground, 
though in a different way, are Hilditch’s "History of Modem 
Chemistry”  (Van Nosirand, 1911; 273 pp.) and Armitage’s 
“ History of Chemistry”  (Longmans, 1907; 286 pp.). The 
former contains a biographical index of chemistry and a chro
nology of chemical events since the time of Boyle.

We must not forget that chemistry is largely the product of 
experiments and that these experiments were performed by 
diligent men who worked much as chemists work to-day. Hence, 
there are many books devoted to the biographical side of chem
istry. Roberts’ "Famous Chemists” (Macmillan, 1911; 247 
pp.) describes briefly the chief work of famous chemists and the 
part played by each in the development of chemistry. M uir’s 
"Heroes of Science— Chemists” (Young, 1883; 338 pp.) recounts 
the progress of chemistry by incorporating selected biographies 
into a popular history of chemistry, while Sm ith’s "Chemistry 
in America” (Appleton, 1915; 356 pp.) is a vivid story of the 
chemical pioneers in our own country; this book contains val
uable and interesting information not readily found elsewhere. 
Thorpe’s "Essays in Historical Chemistry” (Macmillan, 1902; 
5S2 pp.) is a collection of biographies of about a dozen famous 
chemists from Boyle to Mendeleeff; considerable space is given 
to the French chemist Lavoisier, who laid the broader founda
tions of the science of chemistry'. Ram say’s “ Gases of the 
Atmosphere” (Macmillan, 1916; 314 pp.) is a narrative o f  early 
experiments and speculations on gases and of the author’s dis
covery of argon, helium, and other rare gases in the atmosphere. 
Portraits enhance the value of the book.

Among the larger books devoted to the history of chemistry, 
which may be consulted or read in part, are “ Chemical Society 
Memorial Lectures, 1893-1900” (Gum ey and Jackson, London, 
1901), Von M eyer's "H istory of Chemistry”  .(Macmillan), 
M uir's "History of Chemical Theories and Laws”  (Wiley, 1907; 
555 PP-)> and Freund’s "Study of Chemical Composition” 
(Macmillan, 1904; 650 pp.).

P E R S O N A L IT IE S

There are many books about the life or the special work of a 
single chemist. The "Century Science Series”  (Macmillan) 
includes in separate volumes biographies of Dalton, D avy, Fara
day, and Liebig. No one should fail to read Tyndall's "Faraday 
as a Discoverer”  (Appleton, 1894; l 7 l PP-)— a charming biog
raphy of a famous chemist written by a noted scientist. A dis
coverer's own account of his work brings us close to the man. 
Fortunately there are reprints in English of many original papers. 
Several are included in the "Alem bic Club Reprints”  (University 
of Chicago Press, Chicago, III;). In these little books Priestley 
tells how he discovered oxygen, Cavendish recounts his work 
on air, etc. Nos. 1, 2, 3, 4, 6, 7, 8, 9, 12, 13, 18 are the best.
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O TH ER B O O K S

This reading list is short. There are many other interesting 
books on chemistry, especially 011 single topics. Here is a sup
plementary list of a few more books you may wish to read:

B enson , “ In d u s tr ia l  C h e m is try .”  A co n d en sed  tr e a tm e n t  of im p o r ta n t  
in d u stries .

D err, “ P h o to g ra p h y  fo r S tu d e n ts  of P hysics  a n d  C h e m is try .”  T re a ts  
of th e  g en e ra l p rinc ip le s  a n d  p rocesses of p h o to g ra p h y .

G reene, "C o a l an d  C oal M in es .”  A n  a c c o u n t of pe rso n a l experiences.
M a r tin , “ S to ry  of a  P iece of C oal.”  C ondensed .
M ead e , “ S to ry  of G o ld .”  N o n -tech n ica l.
S m ith , “ S to ry  of I r o n .”  N o n -tech n ica l.
S n y d e r, “ C h e m is try  of P la n t  a n d  A n im a l L ife .”  P o p u la r .
S u rface , “ T h e  S to ry  o f I r o n .”  N o n -tech n ica l.
T o w er, “ S to ry  of O il.”  A no n -tech n ica l a c c o u n t of th e  in d u s try .
W o o lm an  a n d  M cG o w an , “ T e x tile s .”  A  com p reh en siv e  a c c o u n t of 

th e  chem ica l n a tu re  of te x tile s .

H OUSEH OLD CH E M IST R Y1

The home is the center of our national life. Chemistry plays 
a large part in the activities of the home, and some knowledge of 
chemistry is essential for its successful management.

E CO N O M Y  IN  TH E  H OM E

Let us begin with the household itself. The United States 
Government recently issued a series of bulletins containing indis
pensable information on household chemistry and allied subjects 
(Circulars 55, 70, and 75, Bureau of Standards, Washington, 
D . C.). The first tells about measurements in the home. The 
second describes the most common materials, other than food 
and drugs, used in the home. The third discusses the problem 
of safety. However, the main task in the home is to feed the 
family. You  may find out how to do it in Rose’s "Feeding the 
Fam ily”  (Macmillan, 1917; 449 pp.). The author tells in a 
clear and concise way how to provide proper food for different 
members of the family, young, old, thin, fat, sick, and well. 
Even if you yourself do not have to feed a family, you will find 
the book an entertaining and accurate account of the application 
of the science of nutrition to daily living. Household manage
ment is also a task in the home. A  suggestive, practical book is 
Kinne and Cooley’s “ Foods and Household Management” 
(Macmillan, 1914; 401 pp.). This book treats of kitchen fur
nishings, preparation of food, cost and purchase of food, menus 
and dietaries, the family budget, how to buy, clean, and launder. 
Cook books are not usually regarded as books to read, but per
haps a cook book may be needed to supplement the two books 
just described. Farmer’s ‘ ‘Boston Cooking-School Cook Book” 
(Little, Brown and Co., Boston, 1918; 656 pp.) is said to be 
"T he best general cook book on the market.”  It contains con
siderable information about food besides the recipes. More 
description and fewer recipes will be found in Wellman’s "Food 
Study” (Little, Brown and Co., Boston; 324 pp.); besides the 
selected recipes and the accurate descriptive material, there are 
practical tables of food values; a supplementary pamphlet on 
“ Economy in Food” (36 pp.) contains helpful suggestions about 
saving money in buying, serving, storing, and cooking food.

FO O D  A N D  N U T R IT IO N

If you wish to read about the whole field of food and nutrition 
in its intimate relation to yourself and others, you will find 
reliable information in “ Food and the W ar” (Houghton Mifflin 
Co., 1918; 379 pp.). Don’t be misled by the title. Although 
this book was prepared under the direction of the United States 
Food Administration as a war book, it has become a peace book. 
It is full of all kinds of up-to-date information about food, 
nutrition, and diet. Incidentally, you will find in this book a 
great deal about feeding the Belgians and other European peo
ples. After all, eating is the large problem. We have many 
old-fashioned notions on food and eating. Now if you wish 
to start on the right track in improving your food habits, read 
Haw'k's "W hat We E at” (Harper, 1919; 232 pp.). This book 
is based 011 simple experiments which were performed to find 
out "w hat the human stomach actually thinks of all the common 
foods which enter into the diet of man.”  It answers in a simple 
way questions about drinking water with meals, drinking milk, 
coffee, and tea, oleomargarine versus butter, and eating ice cream, 
pastry, and candy. Parents who wish to feed their children prop
erly ought to read this book. Sherman’s "Chemistry of Food 
and Nutrition” (Macmillan, 1918; 454 pp.) is a more scientific 
book on food requirements and nutrition. While it is a text
book and perhaps intended for those who have some knowledge 
of chemistry, much of the book is suited to the needs of readers
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who wish to have reliable information about digestion, metabo
lism, food requirements, dietary standards, and inorganic food 
material. Special emphasis is laid on the food requirements of 
man. The best of the brief books on food values is S y ’s “ Food 
Values” (Bulletin No. 2, University of Buffalo, Buffalo, N. Y ., 
1917; 40 pp.; not available for free distribution). This compact 
account of the value of food is illustrated by colored charts 
depicting the proportions of the food principles in common foods.

If you desire general information about food products, read 
Bailey’s "Source, Chemistry, and Use of Food Products”  (Blakis- 
ton, 1917; 539 pp.). The book contains practical rather than 
specialized information about the sources, history, manufacture, 
preparation, composition, and uses of the important foods and 
beverages. One of the simpler books dealing with food, its 
nutritive value, and cost, is Olsen's “ Pure Foods” (Ginn and Co., 
1911; 210 pp.). Numerous experiments of varying degrees of 
difficulty are grouped at the ends of the chapters.

D E F E A T  FO R  T H E  H IG H  C O ST O F L IV IN G

The relation of the composition of food to its cost may be 
found in two books. In Rose’s “ Laboratory Handbook for 
Dietetics”  (Macmillan, 1917) there is an explanation of the 
problems involved in calculating food values, food requirements, 
and the construction of dietaries; while in Gephart and Lusk’s 
“ Analysis and Cost of Ready-to-Serve Foods” (American Medical 
Association, Chicago, 1915; 71 pp.) you will find both text and 
tables showing the composition, fuel value, and cost of well- 
known kinds of food served in a chain of New York restaurants. 
This is a unique book, because it shows the close relation of 
money to food actually prepared and served to thousands of 
patrons.

A book devoted entirely to household chemistry is Snell’s 
"Elementary Household Chemistry”  (Macmillan, 1914; 307 
pp.). I t  contains text and experiments. The first half is de
voted to general chemistry; the second half to household chem
istry, including the study of foods, soap, bleaching, dyeing, and 
many other chemical topics.

Besides the books described in this reading course, there are 
many others you may wish to read. The following might be 
mentioned:

B elcher, “ C lean  M ilk "  (O ran g e  J u d d  C o ., N . Y .) . D escribes  p rac tica l 
m e th o d s  fo r exc lud ing  b a c te r ia  from  m ilk .

C on n , "B a c te r ia , Y easts , a n d  M olds  in  th e  H o m e .”  W e ll-te s ted  b o o k  
on  th e  re la tio n  of m ic ro o rg an ism s to  h o u seh o ld  affairs.

G ra n t, " C h e m is try  of B rea d -M a k in g .”  T re a ts  of th e  p rocess on a 
la rge  scale.

H a r t ,  “ L e aven ing  A g en ts .”  B rie f discussion* of b a k in g  pow ders  an d  
y ea st.

H a llig an , " F u n d a m e n ta ls  of A g ricu ltu re ,”  A nsw ers m a n y  questions- 
a b o u t th e  farm .

J o rd a n , " P rin c ip le s  of H u m a n  N u tr it io n .”  N o n -te c h n ic a l; he lp fu l 
tab les .

K ellogg a n d  T a y lo r , “ T h e  F o o d  P ro b lem .”  A  w ar book  on food and  
d igestion .

S h e rm a n , “ F o o d  P ro d u c ts .”  A com p reh en siv e  bo o k  (594 pages) p 
c o n ta in s  a n  ap p e n d ix  on  th e  F o o d  a n d  D ru g s A ct.

V u ltc  a n d  V en d e rb ilt, "F o o d  In d u s tr ie s ."  C overs th e  p ro d u c tio n  a n d  
m a n u fa c tu re  of s ta p le  foods.

W ood , " S to ry  o f a  L oaf of B re a d ."  S ta r t s  w ith  w h e a t grow ing  a n d  
ends w ith  th e  fin ished  loaf.

GENERAL AND PH YSICAL C H E M IS T R Y 1
The Great W ar raised American chemistry to its rightful place. 

First came the shutting-off of imports, then the demands of the 
Allies, and finally the needs of Uncle Sam in action. The story 
is so recent that, for the most part, it has yet to be told, but all 
men know that the American chemist acquitted himself well, 
both in research and in engineering. Is he quitting his efforts 
with the ending of the emergency? Of course not! Stimulated 
by great opportunities and by the knowledge that the nation 
now realizes much more clearly its need of him, the chemist 
returns to the arts of peace with a new spirit and with new. 
recruits.

W ar called for quick action and the use of knowledge and skill 
already attained; now comes “ the long pull,”  in which the suc
cessful will be those who best learn and keep up with their sub
ject— who saturate themselves with it. And this means reading, 
both review and new.

U P  O U T O F TH E D A R K N E S S

To turn, once in a while, and look down over the way we have 
come is an inspiration; and what a fascinating past chemistry 
has! Our present-day commonplaces take on new interest

* B y  D r. A u stin  M . P a tte rs o n .
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when we reflect how they were once fought over. Moreover, 
yesterday’s solution may contribute a hint to to-day’s problem. 
"A  History of Chemistry”  by J. C. Brown (Blakiston, 1913; 
S3-501) is not only one of the latest of such histories, but is a 
valuable and eminently readable book. Those who are espe
cially interested in recent progress (which, as is well known, has 
been very rapid) will find real enjoyment in reading "Chemical 
Discovery and Invention in the Twentieth Century”  by W. A. 
Tilden (Dutton, 1917; $3.50). It recounts the advances in pure 
and applied chemical science and describes several famous labora
tories in different countries.

" W H A T  O T H ER S  H A V E  D O N E . .

One of the greatest stimuli one can have is acquaintance with 
the struggles and triumphs of great men through their biog
raphies. "Famous Chemists”  by E. Roberts (Macmillan; 
$0.80) consists of short sketches of the life and work of such men 
as Boyle, Lavoisier, Liebig and Pasteur. A  fascinating biography 
of Ramsay, the discoverer of the inert gases, has recently been 
written by an East Indian: "Sir William Ram say,”  by T. C. 
Chaudhuri (Buttenvorth & Co., 1918; 66 pp.).

SO M E A M E R IC A N  A C H IE V E M E N T S  

American chemical history has been somewhat neglected by 
textbook writers, but Dr. Edgar F . Smith, chemist and also 
provost of the University of Pennsylvania, is a delightful writer 
and lecturer, and his fellow scientists are correspondingly in
debted to him for two recent books' about important early 
achievements here: “ The Life of Robert Hare”  (Lippincott, 
!9 i 7 ; $5-oo) and "Chem istry in America”  (Appleton, 1914; 
$2-50).

F O R  T H E  B E G IN N E R  

Chemistry is one of the most fascinating of studies. The 
mysterious transformations which matter undergoes never fail 
to excite interest, which can be held if the subject is well pre
sented. No one will be content with merely reading about 
chemical experiments or even with seeing them performed; 
he should make them himself to whatever extent is possible. 
Fortunately many elementary books are now available which 
contain directions for experiments or are accompanied by a 
laboratory manual. Laboratories are also numerous in these 
days, but the real future chemist will not be deterred by lack 
of access to one. Indeed, he will get some helpful experience in 
"rigging up” his own apparatus while finding his w ay to regular 
equipment. Among the best of the beginning books are "General 
Chemistry”  by L. C. Newell (Heath, 1914; $1.20, complete in 
two parts; or Part I, S i.00, and Part II (experiments), $ 0 .60) ,  
which gives very full laboratory directions, and "A  First Course 
in Chemistry” by  McPherson and Henderson (Ginn; $1.25), 
which is full of practical applications. Persons who have never 
studied chemistry but are mature enough to use a somewhat 
more advanced text may prefer “ An Elementary Study of Chem
istry” by McPherson and Henderson (Ginn, 1917; $1.60).

C O L L E G E  C O U R SES 

A  well-known chemist once said that he made it a practice to 
read a good college chemistry every so often because, being 
immersed in his specialty, he could best realize the advance of 
the science in that way. There are many who could profit by 
doing this and who would enjoy the review. There are others 
who have already studied chemistry in an elementary' w ay and 
are ready for something harder, or even beginners who are not 
afraid to tackle a college text. Among the books of proved value 
for these purposes are "General Chemistry' for Colleges” by 
Alexander Smith (Century Co.; revised edition, 1916) and “ A 
Textbook of Chemistry”  by W. A. Noyes (Holt, 1913; $2.25).

M O R E  IN T E R E S T IN G  T H A N  IT  L O O K S  

To some minds the words "theoretical chemistry” may not 
presage thrilling interest, yet after all man never observes facts 
that he does not immediately start to inventing theories about 
them. Even as a child he wants to know “ w hy.” Both facts 
and theory are indispensable to the grow'th of science and the 
aspiring chemist will lay a good theoretical foundation. “ Ele
mentary Chemical Theory” by J. M . Wadmore (Van Nostrand, 
1912; S1.50) is a simple treatment; a larger book, presupposing 
some knowledge of both physics and chemistry, is “ Outlines of 
Theoretical Chemistry,”  by F. H. Getman (Wiley, 1913; S3.50).

T H E  D A Y  OF P H Y S IC A L  C H E M IST R Y  

Physical chemistry is a development of the last generation, 
but it will play a large part in the new era, commensurate with 
its importance to-day. Physics and chemistry are at bottom 
one, and physical chemistry is not a mere borderland province,

1 P rice s  q u o te d  th ro u g h o u t a re  as of th e  d a te  of p re p a ra tio n  o f th is  re 
p o r t  a n d  a re  p r in te d  s im p ly  to  serve  a s  a  gu id e  to  th e  gene ra l tre n d  of p rices.

but a central area of immense strategic importance. A11 excellent 
book for a first course is "Practical Physical Chemistry”  by F. W. 
Gray (Macmillan; S i .25). Somewhat more advanced are 
"Theoretical and Physical Chemistry”  by S. L. Bigelow (Century 
Co., 1912; S3.00) and “ An Introduction to the Principles of 
Physical Chemistry” by E. W. Washburn (McGraw-Hill, 1915; 
S3-50). The latter brings the discoveries in radioactivity and 
atomic structure up to a recent date.

a n d  c o l l o i d s !

It is a long time since Graham first distinguished between 
"colloids”  and "crystalloids,”  yet colloid chemistry is one of the 
most active fields of physical chemistry. An unusually readable 
little book which gives a very comprehensive idea of the subject 
is "A n  Introduction to the Physics and Chemistry of Colloids” 
by Emil Hatschek (Blakiston; Si.oo). One of the most satis
factory books on colloids in English is “ The Chemistry of Col
loids, and Some Technical Applications”  by W . W . Taylor 
(Longmans; $2.00).

SOM E O TH ER B O O K S  

H i s t o r i c a l

T . P . H ild itch , "A  C oncise H is to ry  of C hem istry .* ’ V an  N o s tra n d , 
1911; $1.05. A  b rie f sk e tc h , v a lu ab le  a s  a n  a id  in rev iew in g  th e  s u b je c t;  
n o t recom m ended  a s  an  in tro d u c tio n ,

A. L a d en b u rg , “ le c tu r e s  on th e  H is to ry  of th e  D ev e lo p m en t o f C h e m 
is try  since th e  T im e of L a v o is ie r ."  T ra n s la tio n ; V an  N o s tra n d , 1900, 
A n  in te re s tin g  le c tu re  cou rse  p u b lish ed  o rig inally  in  1869 a n d  b ro u g h t dow n  
n e a rly  to  th e  en d  of th e  c e n tu ry  b y  a d d e d  lec tu res .

E . von  M ey e r, "A  H is to ry  of C h e m is try .”  T h ird  E n g lish  ed itio n ; 
M acm illan , 1906. L ong  a  s ta n d a rd  book  on th is  su b je c t.

E . T h o rp e , " H is to ry  o f C h e m is try ,”  2 vols., i l lu s tra te d . P u tn a m , 
1910; $2.00.

B e g i n n i n g  C h e m i s t r y

R . P . B row nlee , a n d  o th e rs , " T h e  C h e m is try  of C om m on  T h in g s .” 
A llyn  & B acon , 1914; $1.50. R a th e r  superficial an d  u n s y s te m a tic  b u t  c o n 
ta in s  a  g re a t dea l of in fo rm a tio n  a b o u t ap p lied  c h e m is try ; p re se n te d  in  a n  
e lem en ta ry  w ay.

J .  C . H essler a n d  A . L . S m ith , "E s s e n tia ls  of C h e m is try .”  S an b o rn  
& C o ., N ew  Y ork , 1912; $1.25 (w ith  m a n u a l, $1 .45). A  rev ised  ed itio u  of a  
good te x tb o o k  of th e  "assem b lag e  of fa c ts”  ty p e .

L . K ah len b erg  an d  E . B. H a r t ,  " C h e m is try  a n d  I t s  R e la tio n s  to  D aily  
L ife .”  M acm illan , 1913; $1.25. A help fu l, p ra c t ic a l book  b y  experienced  
teachers .

W ilhelm  O stw ald , "C o n v e rsa tio n s  in  C h e m is try .”  W iley , 1906; P a r t  I ,  
$1 .50; P a r t  I I ,  $2,00. G en era l ch e m is try  in  s im p le  la n g u ag e  in  th e  fo rm  
of conve rsa tions  b etw een  te a c h e r  a n d  p up il.

A lexander S m ith , " A  T e x tb o o k  of E le m e n ta ry  C h e m is try .”  C e n 
tu r y  C o .; $1.25. A  v e ry  v a lu ab le  a n d  in te re s tin g  book b y  a  w ell-know n 
a u th o r . N o t as  sim p le  as  som e e lem en ta ry  w orks.

M . S. H . U nger, "R ev iew  Q uestions a n d  P ro b lem s in  C h e m is try .”  G in n , 
$0.50. A  co m plete  a n d  sa tisfa c to ry  c o m p ila tio n  usefu l fo r th o se  w ho  h ave 
fin ished  a  beg inners’ course.

A d v a n c e d  G e n e r a l  C h e m i s t r y

C . L . B loxam , " C h e m is try , In o rg a n ic  a n d  O rg an ic .”  T e n th  e d i tio n ; 
B lak is to n , $5.50. A  s ta n d a rd  reference  book  p ro b a b ly  c o n ta in in g  m ore  in 
fo rm a tio n  in  one v o lum e th a n  a n y  o th e r  in  E ng lish . I t  h a s  som e fau lts  
com m on  to  d esc rip tiv e  b ooks w hich  h av e  p assed  th ro u g h  m a n y  ed itio n s .

W . M cP h erso n  a n d  W . E . H en d e rso n , " A  C ourse  in  G en era l C h e m is t r y / ’ 
G in n , 1913; $2 .25 . A  college te x t in  w hich  m ode rn  th e o ry  a n d  d esc r ip tiv e  
m a te r ia l a re  w ell ba lan ced .

W ilhelm  O stw a ld , " O u tlin e s  of G en e ra l C h e m is try .”  T ra n s la tio n ; 
th ird  ed itio n , 1912; $4 .50 . A  w ell-know n book  b y  a  le ad in g  G erm an  
chem ist, in  w hich  ch e m is try  is t r e a te d  especia lly  from  th e  s ta n d p o in t  o f 
energe tics, th e  a to m ic  th e o ry  bein g  avo ided .

L a b o r a t o r y  M a n u a l s

W . S. H en d rix so n , *'A L a b o ra to ry  M a n u a l of G en e ra l C h e m is try .”  
F o u r th  ed itio n ; G rin n e ll, Io w a , 1918. A n e le m e n ta ry  book  w h ich  w ill 
g ive a  good u n d e rs ta n d in g  of th e  re la tio n  of q u a l ita tiv e  an a ly s is  to  g en e ra l 
ch em is try .

A . B . L a m b , " L a b o ra to ry  M a n u a l of G en era l C h e m is try .”  H a rv a rd  
P ress, 1916. C o n ta in s  a d v a n c e d  ex p e rim en ts, m a n y  of w h ich  a re  new , a n d  
is n o ta b le  fo r i t s  c lea r d iscussions. T h e  la s t  th ird  of th e  book  is d ev o ted  
to  ino rg an ic  p rep a ra tio n s .

H . B . N o r th , " L a b o ra to ry  E x p e rim en ts  in G en era l C h e m is try ."  V a n  
N o s tra n d , 1913; $1 .00 . C o n ta in s  500 w ell-se lected  ex p e rim en ts .

T h e o r e t i c a l  a n d  P h y s i c a l

S. A rrh en iu s , "T h e o rie s  of C h e m is try ."  L o n g m an s , G reen , 1907; 
$1.75. A  c ritic a l e x a m in a tio n  of chem ica l theories, b y  a  recogn ized  a u th o r 
ity .

S . A rrh en iu s , "T h e o rie s  of S o lu tio n s ."  Y ale  P ress , $2.25. A  course 
of le c tu re s  d e livered  in  1911 b y  a  s c ie n tis t of f irs t ra n k  an d  b ro a d  v iew p o in t. 
V a luab le  fo r th o se  w ho  a re  s o m e w h a t v e rsed  in  p h y s ica l ch e m is try .
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W . H . B rag g  a n d  W . L . B rag g , " X - R a y s  a n d  C ry s ta l S tru c tu re s .”  
M acm illan , 1915; $2.25.

A. F in d la y , “ O sm otic  P re ssu re .”  L o n g m an s , G reen , 1913; $1 .00 . An 
excellen t exposition  o f a  s u b je c t, th e  li te ra tu re  on  w hich  is s o m e w h a t con- 
fused .

A. F in d la y , “ P rac tic a l P h y sica l C h em is try .”  T h ird  e d i tio n ; L o n g 
m a n s, G reen , $1.20. A  s ta n d a rd  la b o ra to ry  m an u a l.

A. F in d la y , “ T h e  P h ase  R u le  a n d  I t s  A p p lic a tio n s .”  L o n g m an s , 
G reen , 1917; $1.75. A  book  o f recogn ized  m e rit w h ich  firs t a p p e a red  in  1904.

. J .  B . F ir th ,  “ P rac tic a l P h y sica l C h e m is try .”  V an  N o s tra n d , 1916; 
$1.00. A la b o ra to ry  m a n u a l n o t d iffe ring  g re a t ly  from  o th e r  b ooks of 
i ts  k in d , b u t  of re c e n t d a te  a n d  inc lud ing  som e ex p e rim en ts  on  colloids.

W . M cC . Lew is, “ A S y s te m  of P h y sica l C h e m is try .”  * L o n g m  ns, 
G reen , 1916; 2 vo ls., $2 .50  each . V ery  good as  an  ad v a n c e d  te x t.

J .  W . M ello r, “ C hem ica l S ta t ic s  a n d  D y n am ics .”  L o n d o n , 1914; 
$ 2.00.

R . A. M illik an , “ T h e  E le c tro n .”  C h icag o  P ress , 1917; $1.50. B ased  
on  th e  w ork  of th e  a u th o r  a n d  his s tu d e n ts .

J .  L . R . M o rg an , ‘‘T h e  E lem e n ts  of P h y sica l C h e m is try .”  F if th  
e d itio n ; W iley , $3.00. A  w ell-know n book w hich  is n o t  now  a l to g e th e r  u p  
to  d a te  in  gene ra l v iew po in t.

W . N e rn s t,  “ T h e o re tic a l C h e m is try .”  M acm illan , 15s.
W ilhelm  O stw a ld , “ F u n d a m e n ta l P rin c ip les  of C h e m is try .”  T ra n s 

la tio n ; L ongm ans, G reen , 1909; $2.25. A  clear, a t t r a c t iv e  p re se n ta tio n  by  
a  fo rem o st G erm an  chem ist.

W olfgang O stw a ld , “ A n In tro d u c tio n  to  T h e o re tic a l a n d  A pplied  C o l
lo idal C h e m is try .”  T ra n s la tio n ; W iley , 1917; $2.50. A b ro ad  su rv ey  of 
th e  w hole su b je c t, ta k e n  from  le c tu res  de livered  in  1913-14.

S . E . S h ep p a rd , “ P h o to -C h e m is try .”  L on g m an s, G reen , 1914; $3.50. 
A m ost excellen t resum 6 co n ta in in g  a  su rp ris in g  a m o u n t of m a te r ia l. N o t 
to  be con fused  w ith  w orks on  p h o to g ra p h ic  ch e m is try .

S. Sm iles, “ T h e  R e la tio n s  b etw een  C hem ical C o n s titu tio n  a n d  Som e 
E hysica l P ro p e rtie s .”  L ongm ans, G reen , 1910; 14s. A  m o st v a lu ab le  
co llec tion  an d  review  of o the rw ise  s c a tte re d  d a ta .

J a m e s  W alk er, “ In tro d u c tio n  to  P h y sica l C h e m is try .”  M acm illan . 
A  good n o n -m a th em a tic a l tre a tm e n t.

R . Z sigm ondy , "C o llo id s  a n d  th e  U ltra m ic ro sco p e .”  T ra n s la tio n ; 
N ew  Y o rk ; $3.00. A w ell-know n te x t.

M is c e l l a n e o u s

R . M . B ird , “ M o d ern  Science R e a d e r .”  M acm illan , 1911. A collec
tion  of in te re s tin g  a rtic le s  on p u re  an d  ap p lied  ch e m is try  fo r co lla te ra l 
read ing .

M . L . D o lt, “ C hem ica l F re n c h ."  C hem ica l P u b lish in g  C o ., $3.00. 
A com pan ion  vo lum e to  “ C hem ica l G e rm a n ."

J .  W . M ello r, “ H igher M a th e m a tic s  fo r S tu d e n ts  of C h e m is try  an d  
P h y sic s .”  F o u r th  e d i tio n ; L o n d o n , 1913, $4.50. E n la rg ed  ed itio n  of a 
h igh ly  successfu l w ork  show ing  how  th e  ca lcu lu s  an d  o th e r  m a th em a tic s  
a re  ap p lied  to  p ra c tic a l p rob lem s.

J .  C . O lsen , e d ito r , “ V an  N o s tra n d ’s C hem ica l A n n u a l.”  1918; $3.00. 
A h an d b o o k  of usefu l d a ta .

J . R  P a r tin g to n , “ H ig h er M a th e m a tic s  fo r C hem ical S tu d e n ts .”  
M e th u e n  & C o., L ondon , 1911; 3s. 6d . A v a luab le  boo k  for s tu d e n ts  w ho 
h av e  h ad  som e m a th e m a tic s  b u t  need  help  in ap p ly in g  i t  to  th e ir  chem ical 
p rob lem s.

F . C . P h illip s, "C h e m ic a l G e rm a n .”  Second e d itio n ; C hem ica l P u b 
lish ing  C o ., $2.00. In c lu d e s  exercises in chem ical G erm an , e x tra c ts  from  
th e  w ritin g s  of G erm an  a u th o rs , an d  a  G erm an -E n g lish  v o ca b u la ry .

INORGANIC AND ANALYTICAL CH E M IST R Y1
American cVemists made a substantial contribution to win

ning the war. They now face a great opportunity and a great 
responsibility. Most laymen now have a greatly increased 
interest in chemical developments as an important factor in our 
future national life. It is up to the chemist. He must broaden 
his outlook; he must add to his mental equipment, however good. 
The science of chemistry makes rapid progress. T o pause or be 
satisfied with one’s present training is to lose ground.

Inorganic chemistry has made noteworthy advances during 
the past twenty-five years, among which may be mentioned the 
discovery of the inert gases and of the radioactive elements, the 
further investigation of the rare earths, and the study of the 
complex compounds of cobalt, platinum, and other metals. In
dustrial processes based on inorganic chemistiy have been of 
great importance in a military w ay and will be even more so 
in times of peace. An unconventional, racily written “ Intro
duction to Modern Inorganic Chemistry” (Longmans, Green, 
1914; $1.30) is furnished by J. W. Mellor. The same author has 
written another stimulating book called “ Modem Inorganic 
Chemistry” (Longmans, Green, 1912; $2.20), which is prized by 
teachers and as a small reference book.

AN U P-TO-D A TE SURVEY
Any one who has had a year or more of chemistry and who

1 B y  D r. A ustin  M . P a tte rso n .

wishes to take up the special study of the inorganic department 
of the science, as well as the chemist who wishes— and it is a 
splendid idea— to review the field, will find an excellent and 
up-to-date survey in Alexander Smith’s "Introduction to Inor
ganic Chemistry” (third edition, rewritten; Century Co., 1917; 
$2.60). Another standard book suitable for those who have 
already had a good preparation in chemistry, and some calculus, 
is “ A  Textbook of Inorganic Chemistry”  by A. F . Holleman 
(fifth English edition; Wiley, 1916; $2.20).

TH E PHYSICO-CHEM ICAL V IEW PO IN T 

Inorganic chemistry and physical chemistry are, of course, 
not two separate and mutually exclusive fields. The first is part 
of a classification based on the kind of substances with which it 
has to deal, while the second is a particular w ay of looking at all 
substances. The study of inorganic chemistry from the physico
chemical standpoint is most instructive. "Inorganic Chemis
try ” by H. P. Cady (McGraw-Hill, 1912; $2.50) comes well 
recommended for this purpose.

LIN K IN G  U P W ITH  INDUSTRY 
It is not often that one finds a .treatment combining pure 

science with industrial applications, yet such an arrangement 
is entirely rational, for the two go hand-in-hand. E. Molinari’s 
“ Treatise on General and Industrial Inorganic Chemistry”  
(Blakiston, 1912; $6.50) is a well-known Italian work translated 
into English. It  is provided with many illustrations.

m e t a l s  a n d  n o n - m e t a l s  
This list would not be complete without a mention of Roscoe 

and Schorlemmer’s comprehensive "Treatise on Chemistry”  
(Macmillan, Vol. I, 1911; Non-metals, $5.00; Vol. II, 1913; 
Metals, $7.50), which serves as a small reference work and is 
good reading besides.

FOR BALLOONS— HELIU M  
One of the latest illustrations of the close relation of pure and 

applied science is the use in balloons of helium, a gas which only 
yesterday was considered rare and which day before yesterday 
(or so it seems) was known only by its spectrum in the sun! 
"T he Gases of the Atmosphere”  by William Ramsay (Mac
millan, 1915; $2.00) presents an account of the discovery of 
helium and the other gases of the same family.

U NRAVELING TH E COM PLEX 
Years ago Werner proposed a novel theory for explaining the 

complex inorganic compounds. M any orthodox chemists looked 
askance at him, but he and his pupils have calmly gone their 
w ay accumulating evidence till no one can afford not to  know 
something about it. “ New Ideas on Inorganic Chemistry”  by 
A. Werner (Translation; Longmans, Green, 1911; $2.50) records 
the Wernerian theories.

T H E  PLACE OF ANALYSIS 

It is true that the present-day tendency is away from the job 
of the routine analyst, a title formerly thought of as almost 
synonymous with "chemist.”  Nevertheless, chemistry, being 
an “ exact science,”  is and always will be dependent on analytical 
methods. The intelligent use of existing methods and the 
development of improved ones call for qualities of a high order. 
A good introduction to qualitative analysis may be had through 
“ Qualitative Chemical Analysis” by A. A. Noyes (Macmillan; 
$1.50); “ The Elements of Qualitative Analysis”  by W. A. Noyes 
and G. McP. Smith (Holt); or "Q ualitative Analysis”  by E. P. 
Treadwell (fourth edition; Wiley; $3.00).

AVOIDING "R U L E -O F -T H U M B ”  METHODS 
The really good analyst must be resourceful and hence must 

have a good understanding of the principles on which analysis is 
based. A great advance in the presentation of these principles 
is made in "T he Elements of Qualitative Analysis” by  J. Stieg- 
litz (Century Co., 1911; Vol. I, $1.40; Vol. II (laboratory manual), 
S i.20). A well-selected course presented throughout from the 
standpoint of electrolytic dissociation and mass action is Bailey 
and Cady’s "A  Laboratory' Guide to the Study of Qualitative 
Analysis”  (eighth edition; Blakiston; S1.50).

NOT ONLY "W H A T ?”  BU T " h o w  M UCH ?”
A leading biological chemist, who died recently, used to state 

that he wished that all specialists in his line had had the good 
old-fashioned drill in quantitative analysis. Certainly the 
training which it gives is valuable to any chemist. A selected 
course with a good introduction is given in the "Quantitative 
Analysis” of H. P. Talbot (Macmillan; $1.50). "Quantitative 
Chemical Analysis” by Clowes and Coleman (tenth edition; 
Blakiston, 1914; S3.50) is a carefully revised form of an excellent 
standard text, and J. C. Olsen’s "Textbook of Quantitative 
Chemical Analysis”  (fifth edition; Van Nostrand, 1916; $3.5°) 
is also a standard work.
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TH E U SE  OP T IIE  BLOW  P IP E  
In practiced hands this little instrument, familiar to every 

chemistry freshman, may be made to perform wonders, not only 
in qualitative analysis, but also for quantitative work. Its 
use is a real art, fascinating to those who specialize in it. Platt- 
ner’s “ Manual of Qualitative and Quantitative Analysis with the 
Blow Pipe” (Translation; eighth edition revised; New York, 
1912; $4,00) is one of the best-known books on this subject. A 
small treatise of recent date is G. M . Butler’s "Pocket Hand
book of Blow Pipe Analysis” Chapman and Hall, 1916; $0.75). 

SOME OTHER BOOKS 

I n o r g a n i c  C h e m i s t r y  

P . E . B row n ing , “ in t ro d u c tio n  to  th e  R a re r .E le m e n ts .”  T h ird  ed itio n ; 
W iley, 1912; $1.50. T h e  la te s t  ed itio n  of a  book  of recognized  value .

J .  N . F r ie n d , et al„  “ A  T e x tb o o k  of In o rg a n ic  C h e m is try ."  I n  n ine  
vo ls.; Vol. I , P a r ts  I a n d  2; L ip p in c o tt, £3.00. P a r t  I  is a n  in tro d u c tio n , 
and  P a r t  2 tr e a ts  of th e  in e r t  gases. T h e  beg in n in g  of w h a t p rom ises  to  
be a  s ta n d a rd  reference  w ork .

E . S. K ip p in g  a n d  W , H . P e rk in , " In o rg a n ic  C h e m is try ."  P a r t  I  
(no n -m e ta ls); C h am b ers , 1917; $2.00.

D . M endel£e£f, “ T h e  P rin c ip les  of C h e m is try ."  T h ird  E n g lish  ed i
tio n ; 2 vols.; L on g m an s, 1905; $10.00. T h is  boo k  b y  th e  fam ous R u ssian  
ch em ist w as g iven  its  o rig inal fo rm  in  1868—70. I t  h as  becom e a  classic 
a n d  is still a  fe rtile  source of ideas fo r research .

L . C . N ew ell, “ L a b o ra to ry  M an u a l of In o rg a n ic  C h e m is try  fo r C o l
leges.’'H e a th ,  1909; $2.00. A  bo o k  n o te d  for i ts  c lea r a n d  fu ll d ire c tio n s  
a n d  th e  c o m p ara tiv e  s im p lic ity  of i ts  a p p a ra tu s .

« A n a l y t ic a l  C h e m is t r y

W . C . B lasda le , “ P rincip les  of Q u a n ti ta t iv e  A na ly sis .”  V a n  N o s 
tra n d , 1914; $2.50. A  w ell-arranged  in tro d u c tio n  to  q u a n t i ta t iv e  an a ly s is , 
w ith  a  good d iscussion  of th e  “ reasons  w h y .”

E . G . M ah in , “ Q u a n ti ta t iv e  A na ly sis .”  M cG raw -H ill, 1914; $3.00. 
C om bines th e  p rinc ip les an d  s ta n d a rd  m e th o d s  w ith  som e in d u s tr ia l a p p lic a 
tio n s. E lab o ra te  d iscussion  is avo ided .

(To be concluded in the August issue)

SCIENTIFIC SOCIETIES

IN THE ALEM BIC OF PU BLICITY

By John W alker Harrington
A . C . S  N e w s  S e r v ic e , N e w  Y o r k , N .  Y .

As a sign of what m ay be done to bring the progress of chem
istry before the public at the fall 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 ,  to be held in Chicago next September, 
stands the record of our publicity for the St. Louis sessions.

The notice which that 59th gathering received from the press 
was obtained, too, in days of a famine of paper and of a feast 
of general news.

That the volume of publicity was nearly twice that of the 
Philadelphia meeting indicates, however, that there is a con
stantly increasing interest in chemistry throughout the United 
States. This recognition was due entirely to chemistry itself, 
for unlike the conclave of the knights of the retort in the City of 
Brotherly Love, the meeting a t St. Louis' had as speakers no 
Cabinet members or men who were figures in national politics. 
The assemblage at St. Louis, therefore, probably furnished as 
thorough a test of the chemical appeal to the people as could be 
had.

As there has been time to organize the publicity of the S o c i e t y  

in every direction, the A. C. S. News Service enlisted the en
thusiastic cooperation of the Associated Press, the United Press, 
the International News Service, and other large news gathering 
organizations.

The distribution of advance material was made from three 
points. B y  consulting the accompanying map it will be seen 
that the newspapers interested are mostly within circles de
scribed with a 500 mile radius from the cities of New York, 
St. Louis and San Francisco. In the strip of territory stretching 
downward from North Dakota and including South Dakota and 
the western portions of Nebraska, Kansas, Oklahoma, and Texas, 
publications are far from numerous, and there are also com
paratively few in eastern Montana and in New Mexico.

No state, however, could have failed to have been informed by 
the press concerning the activities 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 ,  as newspapers circulate far beyond the borders of the 
state in which they are published. A t E l Paso, for instance, 
close to the boundary line between Texas and New Mexico, are 
several important newspapers which circulate to the north and 
into a considerable territory of New Mexico. M any papers 
printed in the United States serve Canada, in which country also 
four of the leading journals carried reports of the St. Louis meeting.

On the map printed in this issue has been indicated by shaded 
areas the hundred mile radius of the circulation of the various 
newspapers, following a rule in vogue among newspaper publishers.

The publicity returns, as shown, are visualized according to 
their geographical as well as their journalistic trend.

Even when the last returns from our four clipping agencies 
will have been obtained, only a fraction of the actual amount of 
publicity given will be recorded. Some publicity managers say 
that even with the vigilant eyes of several clipping organizations 
011 the job, barely ten per cent of the articles actually printed 
can be shown by agencies; while others estimate from fifteen to 
twenty per cent. Taking the actual returns to date, however, 
as an index, the results m ay be considered as satisfactory.

There have been received (omitting duplicates) 1,180 press 
cuttings, measuring 8,460 inches, or 118,440 agate lines. From 
the Philadelphia meeting, which was the first meeting of the 
S o c i e t y  at which a nation-wide publicity program was installed, 
700 press notices were collected. As far as can be learned, the 
meeting at Cleveland in the fall of 1918 was practically ignored 
by the papers of that city and received about 15 notices from 
the fourth estate. The spring meeting of 1919. held in Buffalo, 
received 67 notices in all from the Buffalo papers, and 35 from 
the press at large, as indicated by the reports of the clipping 
agencies. In the year 1919 there were distributed, exclusive of 
the two general meetings of the S o c i e t y ,  33 bulletins, which 
resulted in 894 clippings, measuring 7,963 inches. This shows 
the value of the news interest in disseminating chemical informa
tion, as the returns from St. Louis are larger than those from 
the bulletins issued for all of last year.

In the various states the press was influenced in the amount 
of space given to the St. Louis meeting to a large extent by the 
number of members of the' S o c i e t y  in the respective common
wealths, as well as by the presence of chemical industries or of 
enterprises under chemical control.

New York, a state close to the chemical center of the United 
States, as shown by the membership of the S o c i e t y ,  leads the 
accompanying list with 57 papers giving more or less full reports 
of the St. Louis meeting, while neighboring Pennsylvania, 
pioneer state of industrial chemistry, has 27. California, in 
which the already large chemical roster is rapidly increasing, is 
second, with 48 newspapers. From the main distributing center, 
St Louis, which to quote the slogan of that enterprising city is 
“ surrounded by the United States,”  the 500 mile radius has full 
play. Twenty leading newspapers in Missouri; 41 in Illinois; 
33 in Ohio; 21 in Indiana; 14 in Minnesota; 10 in Wisconsin, and 
as many in Arkansas, evinced a lively interest in the proceedings 
of the S o c i e t y .  In this connection, the A. C. S. News Service 
wishes to acknowledge the able assistance of the St. Louis Con
vention and Publicity Bureau, the cooperation of which was 
obtained by the Local Section.

In every state, with the exception of New Mexico, in which 
there is no section of the S o c i e t y  and *vhere manufacturing 
chemistry has not as yet made a  place, the papers had accounts 
of the S t .  Louis meeting. A  list of the states, prepared in
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R e la tiv e  A m o u n t 
of

P u b lic ity  
G iven  to  th e  
L a s t F o u r  

M ee tings  o f th e  
A m erican  
C hem ica l 
S oc ie ty

C le v e la n d — F all, 1918 

B uffalo— S prin g , 1919 

P h ila d e lp h ia — F a ll , 1919 

S t. L ou is— S p rin g , 1920

accordance with their quotas of the 545 newspapers which are 
known to have reported the spring meeting of 1920, is submitted 
for consideration.
N u m b e r  o p  N e w s p a p e r s tn E a c h  S t a t e  W h ic h  P r in t e d R e p o r t s  o p

t h e  S t . L o u is  M e e t i n g  o p  T h e A m e r ic a n  C h e m ic a l , S o c i e t y 1
N e w s  N e w s 
p a p e r s p a p e r s

N e w  Y o r k ................................ O r e g o n ............................. ..........  7
C a l i f o r n ia ..................................... . . . 4 8 U t a h .................................. .......... 7
I l l i n o i s ............................................ . . .  41 K a n s a s ............................. .......... 6
O h io ................................................. . . .  33 M a r y l a n d .................... .......... 6
P e n n s y lv a n i a .......................... . . .  27 V e r m o n t ....................... .......... 6
I o w a ............................................ . . .  23 F l o r i d a ............................. .......... 4
M ic h ig a n ...................................... . . . 2 3 I d a h o ................................ .......... 4
T e x a s ............................................... . . . 2 2 K e n t u c k y ....................... .......... 4
I n d i a n a ...................................... . . . 2 1 L o u i s ia n a ..................... .......... 4
M is s o u r i .................................... . . .  20 M o n t a n a ................... .......... 4
W a s h i n g t o n ............................. . . .  18 V i r g in i a ........................... .......... 4
M in n e s o t a .................................... . . .  14 N o r t h  D a k o t a ............
G e o r g ia .......................................... . . . 1 2 W e s t  V i r g in i a ............. .......... 3
N o r t h  C a r o l i n a ...................... . . . 1 2 D e la w a r e ..................... .......... 2
C o n n e c t i c u t ............................. . . .  11 D i s t r i c t  o f  C o lu m b ia .......... 2
C o lo r a d o ................................... . . .  10 M is s i s s ip p i.......... .......... 2
W is c o n s in ..................................... ... 10 N e v a d a ............................ ..........  2
A rk a n s a s.................... ... 8 N e w  H a m p s h i r e ... . .....  2
A l a b a m a .................... ... 8 R h o d e  I s l a n d ....... .....  2
M a s s a c h u s e t t s ............. ... 8 S o u th  C a r o l i n a ........... ...... 2
N e w  J e r s e y ................................. ... 8 S o u th  D a k o t a ............. .....  2
O k la h o m a ................... ... 8 W y o m in g ........... .....  2
T e n n e s s e e .................. ... 8 M a in e ................ .....  1
A r iz o n a ..................... ... 7 N e w  M e x ic o ......... .....  0... 7 __

T o t a l .................... .....  545
1 T h e se  re p o rts , b ased  on  th e  re tu rn s  of 4 c lip p in g  agencies , necessarily  

re p re s e n t o n ly  a  f ra c t io n  of th e  p u b lic ity  o b ta in ed . T h e  com m on  ru le  
w ould  be  to  m u ltip ly  th e se  re su lts  b y  7 to  e s tim a te  th e  vo lum e of p u b lic ity .

There is food for thought in the character of the subjects 
which received the most attention from the lay press, as shown 
b y an analysis of clippings received.

Probably the last thing in the world in which a newspaper 
editor might be considered as having an interest several years 
ago would be a ''colloid.” The greatest number of clippings, 
however, came from Mr. Jerome Alexander’s paper, “ Some 
Practical Applications of Colloid Chemistry.”  The descrip
tion of the colloidal fuel evolved by Lindon W. Bates was the 
cause of the wide popular interest evinced in what ordinarily 
would have seemed an abstraction.

The papers of the new Leather Section, bearing as they did 
upon the all-important subject of shoes, were also favored at the 
copy desks. The proceedings of the Rubber Section, especially 
the paper on “ The Microscopic Examination of Rubber Prod

ucts,”  by Dr. H. J. Masson and Miss Irene Diner, bounded and 
rebounded through the press because they had a bearing on the 
durability of rubber tires. The editors know that every Ameri
can, in fact or thought, is an automobile owner. The potash 
papers of Dr. Turrentine, concerning American agriculture, and 
also two papers which indicated the making of dyes from the 
humble com  cob, were likewise favorites.

A brief interview obtained from Dr. Ralph H. M cKee, iu 
which he spoke of the use of cheap alcohol for automobile fuel, 
was reprinted in scores of papers throughout the United States, 
and stood fourth in popularity.

One factor in the success of the S t .  Louis publicity was the 
cooperation of various members of the S o c i e t y ,  who at the 
request of the technical manager gave time to explain details to 
inquiring newspaper representatives, and to assist in the prepara
tions of such bulletins as had to be issued from the press room 
at the last minute.

The results obtained in publicity work for the S o c i e t y ,  by 
the way, depend largely upon the issuing of abstracts and news 
synopses of papers well in advance of meetings, and subject to 
release. In this way, with the cooperation of the press associa
tions, matter can be distributed over the United States and put 
in type, ready for printing at the touch of the telegrapher’s keys. 
The A. C. S. News Service, in preparing for the Chicago meeting, 
would, therefore, appreciate the prompt forwarding of abstracts 
or condensations of technical papers, so that in September it 
may stand ready to serve the American press.

CONVENTION OF CANADIAN CH EM ISTS

The convention of Canadian Chemists, held at Toronto on 
M ay 27 and 28, 1920, was a great step towards the consolida
tion of chemical interests in Canada for purposes most beneficial 
to the welfare of the profession, the industries they represent, 
and the country as a whole.

For those not perfectly familiar with the rapid developments 
among chemical organizations in Canada in recent years, it 
may be news that there are two quite active groups of organized 
chemists in the Dominion. The Society of Chemical Industry



Ju ly ,  19 2 0  T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  707

has had a Canadian Section for eighteen years. Branches have 
been established in Toronto, Montreal, and Ottawa, and a Cana
dian Pacific Section established in Vancouver to develop west
ern interests. In Manitoba, the Manitoba Chemical Society, 
centered in Winnipeg, attends to the chemical interests of that 
province, while the eastern provinces of New Brunswick and Nova 
Scotia have organized under the Maritime Chemists’ Associa
tion. All these bodies are broad in their interests and aim to 
include in their membership all those who are interested in 
chemistry.

The Canadian Institute of Chemistry is a dominion-wide 
organization of chemists, restricted to those whose academic or 
industrial training has been sufficient to qualify them as fully 
trained and competent professional men. The recent gather
ing was a joint meeting of these several organizations.

The University of Toronto offered rather ideal facilities to 
the visiting chemists. Space for an industrial exhibit was se
cured in the Mining Building for some twelve companies whose 
displays went to show that the idea of such an exhibition of 
apparatus and chemicals had a strong appeal to the representa
tives of manufacturers and laboratories who were present. 
This will probably become a growing feature of future conven
tions. The favor of using Hart House, which is the latest ad
dition to the buildings of the University, and in many ways 
one of the most remarkable and beautiful buildings on the con
tinent devoted to the use of university students and professors, 
was fully appreciated. The meetings held there were most im
pressive and perhaps revealed best the spirit of the convention.

The message of Dr. Chas. H. Herty, who was the honored 
guest of the chemists of Canada, was delivered here. The 
problems of “ Chemistry under a Constitutional Government" 
are alike both in the United States and Canada, and for that 
matter throughout the Anglo-Saxon world. A resum£ of what 
was being done by a proper utilization of the public press of the 
United States in matters relating to the building up of a national

series of chemical industries, free from harmful connections and 
with the exalted aim that the proper function of industrial chemis
try was to facilitate happiness and peace, and not to promote 
destruction and war, was an ideal which voiced fully the senti
ments of every Canadian chemist.

The Canadian Institute of Chemistry, under the guidance 
of Professor J. W. Bain, president, and H. J. Roast, secretary, 
reported a successful year. The membership has grown rapidly 
and a permanent constitution is being developed. The. great 
distances separating members makes the working out of details 
in such an organization a slow process, but the end in view, 
namely, a Canadian national chemical organization, designed to 
represent the chemists of the Dominion in matters relating to 
both internal and external affairs, is something much to be 
desired and sure to receive support.

T o  H un T o, C a n a d a  L. E. WESTMAN

REPO R T OF THE CO M M ITTEE ON CO TTON SEED  
PRODUCTS, DIVISION OF INDUSTRIAL AND 

ENGINEERING CH EM ISTRY, AM ERICAN 
CHEM ICAL SO CIETY'

This report covers cottonseed, cottonseed oils, cake and meal, 
crude cottonseed oil, crude peanut oil, crude coconut oil, crude 
soy-bean oil, refined oils, soap stock and acidulated soap stock, 
titer tests, and an appendix specifying oil grades, both crude and 
refmed. It  has received the unanimous endorsement of the 
committee: Thomas C. Law, Chairman, Frank N. Smalley, 
Archibald Campbell.

I— C O T TO N SEED

i — The sample to be used should weigh not less than 10 g. 
(approximately 100 seed).

1 A pp ro v ed  b y  th e  S u p e rv iso ry  C o m m ittee  on S ta n d a rd  M e th o d s  o f 
A nalysis , A m erican  C hem ica l S ocie ty ,

L e f t  to  R ig h t . F r o n t  R o w : L . J  R ogers , L a sh  M ille r , W . L. G oodw in . R . F . R u t ta n ,  W . H . E llis , C h as . H . H e r ty ,  H . v a n  d e r  L in d e , T . H .
W a rd lew o rth . S eco n d  R o w : H . E . B igelow , J .  T . B u r t-G e rra n s . A. L e h m a n . F . T . S h u tt ,  G. D . M a c In ty re , H . J . R o a s t.  J . B. B ell, A . R . M cL e an ,
H . M . L a ira s h . T h ird  R o w : L . E . W e s tm a n , F . C . C o llier, G . A. E v a n s . L. F . G oodw in . B ack  R ow ; F . J .  H a m b ly , H . M . L a n c a s te r . W . H . T h o m , 
C. F . T h u rlo w , A lfred  B u r to n , L . T . A c to n , E . G . R . A rd ag h , J .  W a tso n  B a in ,  S . J . C ook
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2— Cut the seed by hand, using a sharp knife or similar instru
ment; remove the kernels and determine the percentage of the 
kernels and the hulls by weight.

3— Determine the percentage of moisture in the hulls.
4— Determine the percentage of moisture, oil, and nitrogen 

in the kernels.
(a) Determine moisture and nitrogen strictly in accordance 

with the methods given below under Meal.
(Z>) Determine the percentage of oil in the same manner as 

given below for Meal, but extract the sample for 2 hrs., then 
regrind it and extract again for 2 hrs. Remove the last trace 
of petroleum ether by heating the flask over a flame until the 
contents just begin to smoke.

5— Calculate moisture, oil, and ammonia in the whole seed.
6— Determine the yield of meal by multiplying the percentage 

of ammonia in the whole seed by 1900 and divide by the percent
age of ammonia desired in the meal, expressing the results thus 
obtained in "Available pounds of meal per ton of seed.”

7— Determine the yield of oil by multiplying the percentage 
of oil in the whole seed by 1900 and divide by 7.5, the result 
being total gallons. Deduct 60 lbs. or 8 gal. to allow for loss 
in milling and express the results as "Available gallons of oil 
per ton of seed.”

8— In the case of damaged seed make an additional deduction 
in allowing for the milling loss on a basis of one additional gallon 
for each 10 per cent damaged from 5 to 25 per cent and an addi
tional gallon for each 5 per cent of damaged seed above 25 per 
cent.

Air-tight friction-top tin containers must be used for for
warding samples of cottonseed.

n — C O T TO N SEE D  H U LL S

1. w hole  seed  an d  u n cu t  m eats— Pick out the whole seed 
and uncut meats in 100 g. of the sample and report the percent
ages determined by weight.

2. oil— P lace 5 g. of the hulls, free from meats and seeds, 
in a suitable extraction apparatus and extract for 3 hrs. with 
petroleum ether, boiling below 65° C. Evaporate the extract 
at the temperature of boiling water to constant weight and report 
as percentage of oil.

3. form  OP report— The following form of report is recom
mended as the standard, employing the following conversion 
factors:

(а) T o  convert whole seed to oil, use the factor 0.2.
(б) To convert uncut meats to oil, use the factor 0.33.

Oil in whole seed and uncut meats, per cent.
Oil in hulls, per cent.
Total oil in hulls, per cent.

4. l in t  determ inatio n— Dry 5 g. of hulls, free from meats 
and seed, to constant weight in a moisture dish. Transfer to a 
beaker containing 40 cc. of sulfuric acid (sp. gr. 1.84), and stir 
with a glass rod for exactly 30 sec. Pour immediately into a 
beaker containing 200 cc. of water and wash all particles of hulls 
from the acid beaker with an additional 50 cc. of water. Filter 
a t once through linen cloth, using suction. Thoroughly washed 
tracing cloth, placed in a hard rubber straining funnel, is recom
mended for this purpose. Wash until free from acid, drain the 
residue thoroughly and transfer to the original moisture dish. 
D ry at n o °  C. to constant weight. Three determinations 
should be made and the average of those agreeing within 1 per 
cent reported. Calculate the percentage of lint on the original 
moisture and report as available hull fiber or lint. The average 
cellulose content of hull fiber is 70 per cent, which factor takes 
into consideration the solvent action of the acid on hulls.

Ill— cake and meal

i . pr epa r at io n  ok sam ple— G rind the sample to uniform 
fineness and then mix thoroughly, but without sieving. These 
operations must be performed as rapidly as possible to avoid 
loss or gain of moisture.

2. m oisture— Heat from 2 to 5 g. of the sample for 3 hrs. in 
an oven at a temperature of ioo° C., using an aluminum dish 
with cover. As soon as the dish is removed from the oven, 
cover, and coo! in a desiccator. Report the loss in weight as 
moisture. For comparative purposes moisture tests are required 
on all analytical reports.

3. oil— Extract 2 to 5 g. of the sample for 3 hrs. in any suit
able fat extraction apparatus, using petroleum ether, boiling 
below 65 0 C., as the solvent. Evaporate off the ether until no 
trace remains! Weigh the residue and report it as oil.

4. fa t— Whenever cottonseed meal is sold as a feedstuff a 
sample must be analyzed for fat according to the official method 
of the Association of Official Agricultural Chemists.

5. nitrogen— ammonia— protein— (a) Digest 1.7034 g. of 
the sample with approximately 0.5 g. of metallic mercury or
0.7 g. of mercuric oxide, 10 g. of sodium or potassium sulfate, and 
25 cc. of sulfuric acid (sp. gr. 1.84). Place the flask in an 
inclined position and heat below the boiling point of the acid from 
5 to 15 min., or until frothing has ceased. Now increase the 
temperature and continue digestion until the liquid becomes 
colorless or until complete digestion has been obtained. From 
this point on employ the regular Kjeldahl method except that no 
potassium permanganate is to be added.

(b) distillation— After cooling the digestion flask and con-r 
tents, add about 300 cc. of distilled water, a few pieces of zinc 
to prevent bumping, and 25 cc. of a 4 per cent solution of potas
sium or sodium sulfide, or a sufficient amount to precipitate all 
the mercury. After mixing thoroughly, add 60 cc. of a caustic 
soda solution, sp. gr. 1.50. or sufficient to make the solution 
strongly alkaline, pouring it down the side of the flask, so that it 
does not mix at once with the acid solution. Connect the flask 
with a condenser of block tin, mix the contents of the flask by 
shaking, and distil into an accurately measured quantity of 
standard sulfuric acid solution, preferably 0.5 N, to which have 
been added 50 cc. of distilled water. Continue the distillation 
until at least 200 cc. of distillate are obtained, taking care that 
the delivery tube reaches below the level of the standard acid. 
Now titrate the distillate with a standard fixed alkali solution, 
preferably 0.25 N  sodium hydroxide.

(c) A  blank should be run on all the agents employed.
(d) The conversion factor used is nitrogen X  6.25 = protein. 

The atomic weights used are nitrogen 14.01, and hydrogen 1.008.

iv— crude  cottonseed  o il 1

1. shaking  th e  sam ple— Samples submitted for analysis 
must be thoroughly shaken with the container in an inverted 
position before drawing a portion for analysis.

2. m oisture  or vo latile  matter— Place 10 g. of the well- 
mixed sample in a tared metal or porcelain dish aud heat over a 
direct flame with a rotating and rocking motion until the oil 
barely smokes. Cool and report the loss in weight as moisture. 
Set aside the residue for meal determination.

3. m eal  or im purities— Wash the residue from the moisture 
determination into a beaker, using kerosene, and warm to dis
solve the oil. Now filter on a tared Gooch crucible aud wash 
the residue with petroleum ether until free from oil, dry to con
stant weight, divide by 0.8, and report as percentage of meal or 
impurities.

4. fr e e  fa t t y  acids— Weigh or measure with a pipette 7.05 
g. of the well-mixed oil sample into a 4-oz. oil bottle. Add 50 
cc. of neutral saturated, chemically pure sodium chloride solution 
and 2 cc. of phenolphthalein indicator. Titrate with standard
0.25 N  sodium hydroxide solution until, upon the addition of one 
drop and violent shaking, a permanent pink color results. Re
port as percentage of free fatty acid. The reading of the burette 
in cubic centimeters is the percentage of free fatty acid calculated 
as oleic acid. (A free fatty acid determination is required on all 
oils.)

1 S e e  a p p e n d ix  f o r  d e f in i t io n  o f  g ra d e s .
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5. repin ing  LOSS— (A) Prime Oil-—{a.) The quantity of dry 
sodium hydroxide to be used in refining prime oil must not 
exceed 1.097 per cent by weight of the oil for hydraulic pressed 
oils, or 1.437 per cent by weight of the oil for cold pressed oils, 
and must be employed in solutions of 10, 12, 14, 16, 18, and 20° 
Baume at 200 C. No oil shall be rejected unless treated with 
three or more sodium hydroxide solutions of the above strengths; 
nor shall any claim for excessive refining loss be established if 
it can be proven that the color can be made with a smaller loss 
than is produced with the maximum amount of sodium hydrox
ide allowed; nor shall any claim for deficiency in color be estab
lished if it can be proved that the color can be obtained without 
exceeding 9 per cent refining loss with the maximum amount 
of sodium hydroxide allowed.

(6) apparatus— Scales, of 1,000 g. capacity and sensitive to

0.5 g.
Weights, 500 g. to 0.5 g.
Refining cups, seamless or enameled cups 4.5 in. in diameter 

and 4 in. in depth.
Refining apparatus, a mechanical stirrer the speed of which 

may be controlled. W ater bath fitted with thermometer and 
suitably arranged to hold cups used in the tests.

(c) REAGENTS— Sodium hydroxide solutions of 10, 12, 14, 16, 
18, and 20° Baum6 at 20° C., made from a saturated solution of 
pure material, containing 77.5 per cent sodium oxide.

S o d i u m  H y d r o x i d e T a b l e
D egrees N a O H  C o n te n ts A m o u n t
B au m é P e r  c e n t P e r  ce n t

10 6.55 16.8
12 8.00 13.7
14 9.42 11.6
16 10.97 10.0
18 12.62 8.7
20 14.37 7.6

(d) refin in g  process— Place 500 g. of a thoroughly mixed 
sample of crude oil in a tared refining cup and bring it to a tem
perature of from 24° to 27 ° C. Add the necessary amount of 
sodium hydroxide solution and stir for at least 5 min. without 
heating, and in the case of cold pressed oil, not less than 30 min. 
Apply heat and raise the temperature gradually until at the end 
of 15 min. a temperature of 40° C. has been reached. Stir con
stantly and continue stirring until a complete separation of the 
oil and soap stock results. A t times, to effect this separation, 
it will be necessary to attain a temperature of 65° C. When a 
separation has been secured, place the cup in a water bath at 
45° C. for 3 hrs. Allow the cup to stand overnight or cool 
thoroughly, so that the soap stock will become hard and firm. 
Now decant the refined oil into a tared refining cup and drain 
the soap stock for 20 min. If necessary, melt the soap stock on 
the steam bath, to complete the separation of the oil. Weigh 
both oil and soap stock cups and contents.

(e) calcu lations— The refined loss should be determined by 
two methods of calculations, the results of which should check 
within 0.25 per cent.

Method 1— Weight of crude oil minus the weight of refined 
oil.

Method 2— W eight of soap stock, plus loss in evaporation, 
minus the weight of sodium hydroxide solution used.

(B) Off Oil— (a) Any oil with less than 3 per cent 
of free fatty acid may be refined with any amount of sodium 
hydroxide solution necessary to neutralize the free fatty 
acid plus a reasonable excess, provided that the total sodium 
hydroxide does not exceed 1.097 per cent of the oil for hydraulic 
pressed oils, or 1.437 per cent for cold pressed oils. On any oil 
with over 3 per cent free fatty acid three refinings shall be made, 
using different strengths of sodium hydroxide solution, provided 
that the maximum amount of sodium hydroxide allowed in the 
table below' is not exceeded, and that one of the tests be made 
with this maximum amount.

{b) apparatu s— The same as noted under Prime Oil.

(c) reagents— Sodium hydroxide solutions of 10, 12, 14, 16, 
18, 20, 22, and 24° Baumé at 20° C. made from a saturated 
solution of the pure material (77.5 per cent sodium oxide).

(d) sodium  h ydroxide  t a b l e  for u se  on  off  oils

W e ig h t of C au s tic  N ecessa ry  to  N eu tra lize  F ree  F a t t y  A cids 
P lu s  0 .6716 P e r  c e n t E xcess N aO H

F r e e ——---------— -D e g r e e s  B a u m E------
F a t t y
A c id s N aO H E x c e s s 10 12 14 16 18 20 22 24
3.0 0.4245 1.0970 16.8 13.7 11.5 10.0 8.7
3.5 0.4963 1.1679 17.8 14.6 12.4 10.7 9.3
4.0 0.5672 1.2388 18.9 15.5 13.1 11.3 9.8
4.5 0.6381 1.3097 16.4 13.9 11.9 10.4 9 . 1
5.0 0.7090 1.3806 17.3 14.7 12.6 10.9 9.6

P lu s  0.7500 P e r  c e n t Excess N aO H
' 5.5 0.7799 1.5299 19.1 16.2 13.9 12.1 10.6

6.0 0.8508 1.6008 20.0 17.0 14.6 12.7 11.1
6.5 0.9217 1.6717 .. 17.8 15.2 13.2 11.6
7.0 0.9926 1.7426 .. 18.5 15.9 13.8 12.1
7.5 1.0635 1.8135 .. 19.2 16.5 14.3 12.6

P lu s  0.8750 P e r  c e n t E xcess N aO H
8.0 1.1344 2.0094 .. 21.3 18.2 15.8 13.9
8.5 1.2053 2.0803 . . 22.1 19.0 16.5 14.5
9.0 1.2762 2.1512 .. 22.8 19.6 17.0 15.0
9.5 1.3471 2.2221 .. 23.6 20.3 17.6 15.5

10.0 1.4180 2.2930 .. 24.3 20.9 18.1 16.0
P lu s  1.0 P e r  ce n t E xcess N aO H

10.5 1.4889 2.4889 .. 22.7 19.7 17.3 15.6 14. 1
11.0 1.5598 2.5598 .. 23.3 20.3 17.8 16. 1 14.5
11.5 1.6307 2.6307 .. 24.0 20.9 18.3 16.5 14.9
12.0 1.7016 2.7016 .. 24.6 21.4 18.8 17.0 15.3
12.5 1.7725 2.7725 .. 25.3 22.0 19.3 17.4 15.7

P lu s  1.125 P e r  c e n t E xccss  N a O H
13.0 1.8434 2.9684 . .  27.0 23.5 20.6 18.6 16.8
13.5 1.9143 3.0393 .. 27.7 24. I 21.1 19.1 17.7
14.0 1.9852 3.1102 . .  28.4 24.7 21.7 19.5 17.6
14.5 2.0561 3 . 181i .. 29.0 25.2 22.1 20.0 18.0
15.0 2.1270 3.2520 .. 29.7 25.8 22.6 20.4 18.4

P lu s  1.25 P e r  c e n t E x cess  N aO H
15.5 2.1979 3.4479 .. 31.4 27.3 24.0 21.7 19.5
16.0 2.2688 3.5188 .. 32.1 27.9 24.5 22.1 19,9
16.5 2.3399 3.5899 . . 32.7. 28.4 25.0 22.5 20.3
17.0 2.4106 3.6606 .. 33.4 29.0 25.5 23.0 20.7
17.5 2.4815 3.7315 .. 34.0 29.6 26.0 23.5 21.1

P lu s  1.375 P er  c e n t E xcess N a O H
18.0 2.5524 3.9274 .. 35.8 31.1 27.3 24.7 22.3
18.5 2.6233 3.9983 .. 36.4 31.7 27.8 25.1 22.6
19.0 2.6942 4.0692 . . 37.1 32.3 28.3 25.6 23.0
19.5 2.7651 4.1401 .. 37.8 32.8 28.8 26.0 23.5
20.0 2.8360 4.2110 .. .. 38.4 33.4 29.3 26.5 23.9

(e)  REFIN IN G PROCESS— -The same method is used as in the
case of Prime Oil, with the following variations: After add
ing the sodium hydroxide solution, stirring is continued for 
15 min. without heating; then the oil is heated to 60° C., which 
temperature is to be reached during an interval of 15 min., and 
a maximum temperature of 65° C. is allowed.

6. color— (a) The color of refined oil is to be reported in 
terms of Lovibond’s equivalent color scale, u^jng yellow and 

red glasses.
(6) The color scale examinations shall be made as follows: 

Place the oil in a white polished-bottom bottle or cylinder of 
such depth that a column of oil of 5.25 in. can be accurately 
measured therein. Such a bottle or cylinder is to be not less 
than 0.75 in. in internal diameter. The bottle shall be placed 
in a tintometer which is to be protected from any light except 
reflected white light, and the reading made a t a temperature of 
21° C. or by such method as may be recommended by the U. S. 
Bureau of Standards, provided the same be approved by the 
Cottonseed Products Committee of the A m er ican  C hem ical 
So ciety  and provided that the color determined shall be ex
pressed in Lovibond terms. If the oil is of a deeper color than 
the glass standard 35 yellow, 7.6 red, it shall not be classed as 
prime.

7. flavor— Oil which is not rancid, musty or sour, and does 
not have a flavor foreign to cottonseed oil, shall be graded as 
prime flavor.

v— crude p e a n u t  oil

1. r efin in g  process— The method of refining shall follow the 
same general procedure as in the case of Crude Cottonseed Oil 
(p. 708); but in all cases the stirring shall be continued at least 
30 min. before applying heat; and when the free fatty.acid does 
not exceed 3 per cent, one test shall be made using 10° Baum6
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sodium hydroxide solution with 0.1 per cent sodium hydroxide 
in excess of the amount necessary to neutralize the free fatty 
acids.

VI— CRUDE COCONUT Oil,

1. r efin in g  PROCESS— Follow the same general procedure 
as in the case of Crude Cottonseed Oil. In the case of 
oils containing less than 5 per cent free fatty acids the amount 
of sodium hydroxide used shall not be more than 0.2 per cent in 
excess of the amount necessary to neutralize the free fatty acids.

VII— CRUDE SOY-BEAN Oil,

1. refin in g  process— Follow the same general method as in 
the case of Crude Cottonseed Oil. In the case of oils 
containing less than 3 per cent free fatty  acids the amount of 
sodium hydroxide used shall not be more than 0.2 per cent 
sodium hydroxide in excess of the amount necessary to neutralize 
the free fatty  acids.

v m — refin ed  oils

1. bleach in g— Place 300 g. of refined oil in a refining cup, 
heat to 120° C. and add 6 per cent of standard fuller’s earth. 
Stir thoroughly for 5 mill., taking care that the temperature does 
not fall below 105° C. Filter through filter paper and after 
sufficient oil has passed the filter to insure clearness, collect a 
sample for color reading. Cool to 21° C. and determine the 
color reading on a column 5.25 in. in depth, according to the 
method under IV , 6a.

2. cold  TEST— (Applicable to winter oils.) Fill a 4-oz. sample 
bottle with the oil to be tested, insert a thermometer, and seal 
hermetically. Warm the oil slowly to a temperature of 26° C. 
and allow it to remain for 15 min. Chill and hold at a tem 
perature of o° C. for 5 hrs. If the oil has been properly treated 
in the winterizing process it  will remain clear, brilliant, and 
limpid at the conclusion of the test.

ix — so ap  stock  and  acidu lated  soap stock

1. preserv ation  of sam ples— To prevent fermentation and 
subsequent chemical decomposition in samples of soap stock 
and acidulated soap stock which arc not intended for immediate 
analysis, 0.1 per cent of oil of cassia must be added and thor
oughly mixed with such samples when drawn.

2. to tal  fa t t y  acid— (Not applicable to copra and palm ker
nel soap stock or acidulated soap stock of same, for which see 3.)

From a weighing bottle weigh out 8 or 10 g. of a well-mixed 
sample of cottonseed foots, or 4 to 5 g. of acidulated soap stock, 
and transfer th<* same to a 400 cc. beaker. Saponify with an 
excess of alcoholic sodium or potassium hydroxide and after 
saponification is complete, heat in a steam bath, with stirring, 
until all the alcohol is driven out. Add 200 to 250 cc. of distilled 
water and heat until the soap is completely dissolved. Acidify 
with dilute hydrochloric acid (1 : 1) using only a small excess, 
cover with a watch glass and continue heating until the fatty 
acid layer is clear. Cool the fatty acid layer until solid, filter 
off the liquor and wash thoroughly with cold water. Allow the 
washed fatty acids to dry, most conveniently overnight. Now 
dissolve the fatty acids in warm petroleum ether, which has a 
boiling point below 65° C., and make a total volume of approxi
mately 125 cc. with the solvent. Filter through a dry filter 
paper into a tared Soxhlet flask. Wash the filter with warm 
petroleum ether. Finally, evaporate off the petroleum ether, 
heat in an oven at ioo° C. to constant weight, and report as per
centage of total fatty acids.

3. method for  th e  d eterm inatio n  o f th e  to tal  f a tty  
acids an d  u n sapo n ifiab le  m atter  of coconut oils and  
palm  k e r n e l  oils— From a weighing bottle weigh out a sample 
which will furnish approximately 5 g. of fatty acids. Saponify 
in a 250 cc. beaker, using 50 cc. of 95 per cent alcohol and 2 to 3 
g. of stick potassium hydroxide, or an equivalent of a stock 
solution of potassium or sodium hydroxide. Heat on a steam 
bath, with occasional stirring, until saponification is complete;

then evaporate off the alcohol. This evaporation is facilitated 
by a current of filtered air. When the alcohol is evaporated, add 
100 cc. of water and heat until the soap is dissolved. Wash 
the contents of the beaker into an extraction cylinder with hot 
water, taking care to use no more than 130 cc. The glass cylinder 
must be glass stoppered, graduated at 40 cc., 80 cc., and 130 
cc., have a diameter of approximately 1.375 in. and a height of 
about 12 in. Acidify with dilute hydrochloric acid (1 : 1), 
being careful to avoid too large an excess. Mix by gently 
rotating the cylinder and when it has cooled to about 50° C. add 
50 cc. of petroleum ether. It  is not necessary for the fatty  acids 
to have cleared thoroughly. Stopper the cylinder and shake; 
then allow it to stand until the petroleum ether layer has sepa
rated. Syphon off the petroleum ether through a 9 cm. filter 
paper into a 600 cc. beaker. Make at least four more extrac
tions, using from 25 to 30 cc. of petroleum ether each time. 
Allow' the filter to drain well; then wash with a spray of petro
leum ether from a wash bottle until all the fatty acids are ex
tracted. Add 50 cc. of 95 per cent ethyl alcohol, redistilled from 
caustic, to which a few drops of phenolphthalein have been 
added. Titrate with N  sodium hydroxide, evaporate off the 
petroleum ether on a steam bath, then concentrate until the 
volume is reduced to about 25 to 30 cc., and transfer with hot 
95 per cent alcohol redistilled from caustic to a 250 cc. beaker, 
tared, including a stirring rod. Finally, evaporate and dry 
in an oven at 1050 to i i o °  C. to constant weight. In order to- 
calculate the soda soap to fatty acids, a correction must first be 
made for the neutral salts in the caustic solution. T o do this, 
neutralize 20 cc. of normal caustic soda with 0.5 N  hydrochloric 
acid, using a small amount of phenolphthalein as indicator. 
Evaporate to dryness. Heat to constant weight at 105 0 to u o °  
C. and from the weight of the residue found subtract the weight 
of salt calculated. The difference divided by 200 gives the 
correction per cubic centimeter for neutral salts. From the- 
weight of the soda soap subtract the product of the titration 
of the fatty acids, multiply by the factor (0.022 plus correction 
for neutral salts), divide the result by the weight of sample used,. 
and multiply by 100, which gives the result to be reported as 
percentages of total fatty acids and unsaponifiable matter.

X— TITER

The method to be employed is that for fat given in T his 
Jou rnal, 11 (1919), 1163, under "Standard Methods for the- 
Sampling and Analysis of Commercial Fats and Oils.”

XI— ALL OTHER TESTS 

In the case of tests not covered by these standard methods, 
the methods of the A m erican  C h em ical  Soc iety  are to apply, 
and in cases where such methods have not been provided by  
the S ociety , those of the Association of Official Agricultural" 
Chemists1 shall be considered satisfactory methods.

APPENDIX OIL GRADES’

CRUDE OIL

choice crude  cottonseed oil must be made from sound decor
ticated seed; must be sweet in flavor and odor, free from water 
and settlings, and shall produce, when properly refined, choice 
summer yellow oil at a loss in weight not exceeding six per cent.

prim e cru d e  cottonseed oil must be made from sound decor
ticated seed; must be sweet in flavor and odor, free from water 
and settlings and must produce prime summer yellow oil with 
the use of caustic soda by the official methods adopted by the 
Chemists Committee, with a loss in weight not exceeding 9 per 
cent; provided, that any oil that refines with a greater loss 
than 9 per cent, but still makes prime summer yellow oil, shall 
not be rejected, but shall be reduced in price by a corresponding 
percentage of the contract price of the oil.

1 P u b lish ed  b y  th e  A ssocia tion  of O fficial A g ric u ltu ra l C h e m is ts ,. 
W a sh in g to n , D . C .

2 A d o p ted  b y  th e  I n te r s ta te  C o tto n se ed  C ru sh e rs ’ A ssocia tion .



off-crude  cottonseed oil, if neither choice nor prime, shall 
be called "Off Oil.”

r efin ed  oil

choice summer yello w  cottonseed oil must be sweet in flavor 
and odor, prime in color, clear and brilliant in appearance and 
free from moisture.

prim e summer  y ell o w  cottonseed oil must be clear, sweet 
in flavor and odor, free from water and settlings, and of no deeper 
color than 35 yellow and 7.6 red on Lovibond’s equivalent color 
scale.

prime w in ter  y ell o w  cottonseed oil must be brilliant, free 
from water and settlings, sweet in flavor and odor, and of prime 
summer yellow color as described above, and must stand limpid 
at a temperature of 32° F. for 5 hrs.

good off summer  y e ll o w  cottonseed oil may be off in flavor 
and odor, must be prime in color and free from water and set
tlings, and shall not contain more than 0.25 per cent of free fatty 
acid.

off summer yello w  cottonseed oil shall be free from water 
and settlings, off in flavor or odor, but of no deeper color than 35 
yellow and 12 red on Lovibond’s color scale and shall not con
tain more than 0.5 per cent of free fatty acid.

reddish  off  summer  cottonseed oil, designated as such, may 
be of inferior flavor and odor and of 110 deeper color than 35 
yellow and 20 red on Lovibond’s equivalent color scale, shall 
be free from water and settlings and shall not contain more than 
0.75 per cent free from fatty acid.

b lEachablE prim e  summer  y ell o w  cottonseed oil must be 
clear, sweet in flavor and odor, free from water and settlings, 
and when bleached shall be of no deeper color than 20 yellow 
and 2.5 red on Lovibond’s equivalent color scale.

prim e summer w hite  cottonseed oil must be clear, free from 
water and settlings, sweet in flavor and odor, and the color of 
the oil shall not be darker than the combined standard glasses, 
20 yellow and 2.5 red, Lovibond’s color scale.

prim e w inter  w h ite  cottonseed oil must be brilliant, sweet 
in flavor and odor, free from water and settlings, and the color 
of the oil shall not be darker than the combined standard glasses, 
20 yellow and 2.5 red of Lovibond’s color scale, and must stand 
the cold test as prescribed.
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ANNUAL M EETIN G  OF TH E DIVISION OF CH EM ISTRY 
AND CH EM ICAL TECH N O LO G Y, NATIONAL 

R ESEARCH  COUNCIL

The annual meeting of the Division of Chemistry and Chem
ical Technology, National Research Council, was held in Wash
ington, D. C .,M a y  7, 1920. There were present Messrs. Alsberg, 
Bancroft, Bleininger, Derick, Fink, Francis, Johnston, Lamb, 
Moore, Noyes, Stieglitz, Washburn; and by invitation Messrs. 
Angell, Christian, Cottrell, Kellogg, Mendenhall, Munroe, and 
Yerkes.

The following officers were elected for the ensuing year: 
Vice Chairman, Julius Stieglitz; Members-at-Large, A. A. 
Noyes, E. W . Washburn. The members of the Executive Com
mittee will be the chairman and vice chairman, C. L. Alsberg, 
A. B. Lamb, John Johnston, and W. D. Bancroft, ex officio, retiring 
chairman. The A m erican  C hem ical S o c iety  nominated C. 
L. Alsberg, W . D. Bancroft, and C. G. Derick as members of the 
division, and the American Institute of Chemical Engineers 
nominated H. K . Moore.

In connection with the meeting of the International Chemical 
Union to be held in Rome in June, Dr. Charles L. Parsons was 
appointed delegate. The admission to the Union of Poland and 
Czecho-Slovakia was favored, the division expressing the unani
mous opinion that any neutral nation, eligible from the point 
of view of its scientific activities, that might apply for admission 
should be admitted.

In presenting the report of the Committee on Synthetic 
Drugs, Julius Stieglitz, chairman, pointed out the valuable work 
done by this committee in furnishing information and advice 
to manufacturers. The committee on request had acted in ad
visory capacity to the Chemical Foundation, which controls 
most of the important formerly foreign-owned patents. The 
committee was convinced that real service could be rendered, 
particularly to the organic chemical industries, through the 
existence of such a committee of unbiased men of scientific 
training and of experience in public affairs without any trade 
interests. The committee was continued for another year.

The report of the Committee on Explosives Investigations 
was presented by the chairman. Professor Charles E. Munroe. 
The following excerpts from the report indicate the various lines 
of activity of the committee:

The committee has been engaged in arranging for, cooper
ating with or supervising investigations on the corrosion of rifle 
barrels; the development of Neumann Bands in metals subjected 
to exposure to the detonation of explosives of known rates or to 
blows from impact machines with a view to ascertaining if these 
bands may be used as a means of determining whether a fracture 
in metal is due to mechanical stress or strain or to the effects of 
an explosive; the utilization of surplus military explosives (1) 
by developing their adaptabilities for employment as explosives 
in industries; (2) by determining their availability for use as or 
conversion into fertilizers; products of combustion and detona
tion of T N T ; heats of combustion and detonation of T N T  
isomers; development of insensitiveness in T N T  during storage; 
nitration of com-cob cellulose; the fudging of ammonium nitrate 
and the effect of this material on the rate of detonation of gela
tin dynamite; coefficient of expansion of nitroglycerin; deter
mination of nitro-sucrose in the presence of nitroglycerin; pro
duction of flashless powder; coloring matter for special shell; 
water storage of explosives; premature explosion of nitroglycerin 
in oil well shooting; development of modified T N T ; catalytic 
nitrations.

The committee has served as an intermediary in effecting 
cooperative agreements for investigations and developments 
between the Bureau of Mines and the College of Agriculture of 
the University of Wisconsin; the Ordnance Department, U. S. A., 
and several of our universities; the Bureau of Mines and E . I. 
du Pont de Nemours & Co. It has served as a channel of com
munication and for transmission of documents and publications 
between our people and specialists in England, France, Italy, 
Canada, Australia, and India; also as a general bureau of infor
mation, it having been called upon for service by a large number 
of the divisions of the State, Treasury, War, N avy, Interior and 
Agricultural Departments, as well as by officials in the industries 
and by students preparing theses. The information card catalog 
has been continued and now contains about 4,000 cards.

Following the expressed desire of the Council, Munroe’s 
"Index to the Literature of Explosives’’ is now being brought up 
to 1907, at which date the publication of Chemical Abstracts 
was begun, and the completed manuscript has now been placed 
in the vault of the Council for the following journals: Philosophi
cal Transactions Royal Society, 1665-1906; American Journal 
of Science, 1819-1906; Proceedings U. S. Naval Institute, 1878- 
1906; Journal Society of Chemical Industry, 1882-1906.

As a result of this cooperation, various articles have appeared 
in scientific publications.

The Committee on the Thermal Properties of Explosive M a
terials was not continued, the work being transferred' to the 
Committee on Explosives Investigations. This latter com
mittee was requested to associate with itself W. P. White and 
others interested in the study of the thermal properties of explo
sives.

In the absence of H. N. Holmes, chairman of the Committee 
on Colloids, the report of the committee was presented by W. D. 
Bancroft. This report gave an account of the courses of lectures 
given at universities, industrial plants, government bureaus, 
and local sections of the A m erican  Ch em ical  S o c iety  by W. D. 
Bancroft, H. N. Holmes, W . A. Patrick, I. N . Kugelmass, and 
Martin Fisher. The need of suitable' texts and laboratory 
manuals for the teaching of colloid chemistry was emphasized 
and the announcement made that W . D. Bancroft now has in 
preparation a textbook soon to be published, while a laboratory
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manual is being prepared by H. N. Holmes. A detailed classi
fied bibliography on colloid literature is being compiled which it 
is hoped to publish later. A  small manual for the use of the 
ultramicroscope is being prepared by Jerome Alexander.

Following remarks by  John M . Francis, the Committee on 
Pharmaceutical Research was authorized and requested to for
mulate a program of research. The report of the Committee 
on Ceramic Research was read and the committee continued for 
another year.

Owing to delays in getting organized,.the Committee on Sew
age Disposal, of which Edward Bartow is chairman, had no 
report, but as definite plans for future activity of the committee 
were being formulated, the committee was continued for another 
year.

Upon the suggestion of C. G. Derick, a Committee on Methods 
of Organic Analysis was appointed.

The need for cooperation between the various laboratories 
and individuals working on contact catalysis was pointed out 
by  Chairman Bancroft, and as a result a Committee on Con
tact Catalysis was appointed, with W . D . Bancroft as chair
man.

The report of the Board of Trustees for the Publication of 
Critical Tables of Physical and Chemical Constants was pre
sented by H. K . Moore. The Council approved the suggestion 
that a special agent be employed to devote his entire time to the 
solicitation of funds for this publication. Thereupon H. E. 
Howe was appointed a fourth member of the Board of Trustees; 
W. D. Bancroft and C. E. Mendenhall were authorized to pay 
for the drawing up of a preliminary plan for the scientific organ
ization of the Tables, as a  concrete basis for obtaining subscrip
tions. C. G. Derick called attention to the need of constants 
in the dye industry to determine the purity of materials.

Dr. Cottrell was appointed to draw up a resolution in support 
of the Patent bill, with instructions to forward the resolution 
to the Patent Office Committee of the National Research Council 
for such action as it saw fit to take.

PRESENTATION OF H O N O RAR Y M EM BERSH IP CERTI
FICATE TO  M . ERN EST SOLVAY

On M ay 27, 1920, in the city of Brussels, the United States 
Ambassador, Hon. Brand Whitlock, in company with Dr. 
Charles L. Parsons, Secretary of the A m erican  C hem ical S o
c ie t y , presented to M . Ernest Solvay, on behalf of the So c ie ty , 
an engrossed certificate of honorary membership, carrying the 
S o c iety ’s seal and colors. M . Solvay, though 83 years of age, 
is in vigorous health, as is evidenced by the fact that lie walks 
five miles each day from his country place, reaching his office 
at 8  a .  m .  M . Solvay was deeply appreciative of the honor 
of honorary membership and the method of its presenta
tion.

U. S. PH ARM ACOPOEIAL CONVENTION, CENTENNIAL 
M EETIN G

The eleventh decennial United States Pharmacopoeial Con
vention met at the New Willard Hotel, Washington, D. C., on 
M ay 11 to 13, 1920, celebrating the centennial of our national 
pharmacopoeia and arranging for the new revision of that 
standard of drugs and medicines.

An outstanding feature of the convention was the presidential 
address of Harvey W. W iley, in which he described the first 
convention (that of 1820) and cited the sacrifices made by the 
pharmacopoeia makers of the intervening century; and outlined 
the ideals that should govern the coming revision.

Other important business transacted was the election of 
officers, trustees, and members of the Revision Committee of

fifty, and the adoption of general principles upon which the- 
forthcoming revision will be based.

The newly elected president of the convention is Dr. Reid 
Hunt, of Harvard Medical School, while Dr. James H. Beal, o f 
Urbana, Illinois, was re-elected chairman of the trustees.

The committee of fifty elected to carry on the revision con
sists of seventeen members chosen by the medical delegates and' 
thirty-three chosen by the pharmaceutical delegates. The follow
ing members of the A m erican  C h em ical  So c ie ty  were among; 
those chosen by the pharmaceutical delegates:

C. L . A lsberg  
I I . V. A rn y  
G . M . B cringer 
T . J .  B rad ley  
C . E . C aspari 
A . H . C la rk
E . F . C ook
A . R . L . D ohm c 
A. G . D u M c z
F . R . E ld red  
J .  M . F ran c is

I*. B . H av cn h ill 
C. B . J o rd a n  
C . W . Jo h n so n  
H e n ry  K ra e m e r
C. H . L a  W all
B . L . M u rra y
E . L . N ew com b
F . W . N ita rd y  
W . O. R ic h tm a n
G . D . R o sen g a rten  
W . L . Scovillc

Two of the three delegates to the convention from the A m er
ic a n  C h em ical  So c iety  were selected as members of the Revision. 
Committee, while the chairman of the five sub-committees: 
most concerned in the chemicals of the pharmacopoeia are like
wise members of the So c ie t y . These are H. V. A rny (inorganic 
chemicals), G. D. Rosengarten (organic chemicals), C. H. 
LaW all (reagents and test solutions), W . O. Richtman (volatile 
oils), and C. E. Caspari (drug assays). E. Fullerton Cook, of 
Philadelphia, was elected chairman of the Revision Com
mittee.

The convention adjourned on M ay 13 to meet next in May- 
1930.

M ANUFACTURING CH E M ISTS’ ASSO CIATIO N

A t the annual meeting of the Manufacturing Chemists’ Asso
ciation of the United States, held June 9, 1920, the following 
officers were elected: President, Dr. Charles L. Reese, of E. I- 
du Pont de Nemours & Co.; vice presidents, H. H. S. Handy, 
of the Semet-Solvay Company, and C. Wilbur Miller, of the 
Davison Chemical Company; treasurer, Lindsley Loring, vice 
president of the Merrimac Chemical Company; secretary, Arthur
H. Weed, 84 State St., Boston; executive committee, Henry 
Howard, of the Grasselli Chemical Company, Lancaster Morgan, 
of the General Chemical Company, H. H. Dow, of the Dow 
Chemical Company, Adolph Rosengarten, of the Powers-Wcight- 
man-Rosengarten Company, Mr. Miller, and D. W. Jayne, of The 
Barrett Company. The chief business concerned the annual 
report of the executive committee, which emphasized the success 
of the committee in cooperating with the Chemical Foundation, 
and gave particular attention to the progress of dye legislation. 
In spite of the discouraging delays, the Association is confident 
of the ultimate adoption by Congress of adequate protective 
legislation. The work of the National Industrial Conference 
Board, particularly in the campaign for the revision of the tax 
laws, was commended.

CALENDAR OF M EETIN G S

Insecticide and Disinfectant Manufacturers’ Association— M id
summer Meeting, Boston, Mass., July 15 and 16, 1920.

Forest Products Laboratory Decennial Celebration— Madison, 
Wis., July 22 and 23, 1920.

American Chemical Society— Sixtieth (Annual) M eeting, 
Chicago, 111., September 7 to 10, 1920.

Sixth National Exposition of Chemical Industries— Grand Cen
tral Palace, New York, N. Y ., September 20 to 25, 1920.
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NOTES AND CO RRESPO N D EN CE
UN SAPONIFIABLE MATTERS

Editor of the Journal of Industrial and Engineering Chemistry:

In T h i s  J o u r n a l ,  i x  ( 1 9 1 9 ) , i t 6 i ,  is given the final 
•report of the Committee on Analysis of Commercial Fats and 
Oils of the Division of Industrial and Engineering Chemistry 
-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 ,  as adopted April 1 4 , 1 9 1 9 , 
by unanimous vote.

Anyone who has served on such a committee knows the great 
.amount of work required of its members and the difficulty of 
harmonizing varying ideas, with the result that the final conclu
sions are apt, to some extent, to be compromises. Owing to 
the difficulties of getting members together and actually illus
trating certain points by tests, all points cannot be satisfac
torily worked out, without unduly prolonging the time required 
to make a report.

W e wish here to call particular attention to the method adopted 
for the determination of unsaponifiable matters. Although 
this method is better than any other published commercial 
method with which we are acquainted, in that it  is easy to 
carry out and gives fairly concordant results, it contains a source 
of error which may not be constant, and which is very easily 
eliminated with practically no additional work. W e refer to 
the presence of free fatty  acids in the final residue recorded as 
"unsaponifiable m atter.”  B y  the method of extraction and 
washing employed this final residue always contains more or 
less free fatty  acids, y et the committee made no mention of the 
fact nor suggested any method of correction. Although this 
point was called to the attention of the committee and illus
trated by examples, they did not see fit to add to their method 
the operation which would eliminate the error in question.

During the petroleum ether extractions the amount of alco
hol in the solution are n o t . over 3 0  per cent by volume. 
F ifty  per cent of alcohol are required to prevent hydrolysis of 
most soap solutions. Therefore, unless there is a sufficient ex
cess of alkali at this point, the soap is bound to undergo hy
drolysis to some extent, with the result that the petroleum ether 
extracts will contain some free fatty  acids. They will also, 
probably, contain some soaps. The combined extracts are 
washed with 1 0  per cent alcohol washes, with the result that any 
soaps present in the petroleum ether extracts may undergo some 
hydrolysis. The final residue is, therefore, bound to contain free 
fatty  acids, and not necessarily in constant proportional amounts. 
Actual tests show this to be the case.

Twitchell’s method,1 which is much the same as the committee 
method but employs ethyl ether for extraction, takes into ac
count the free fatty  acids left with the final residue and deducts 
their amount, calculated as oleic acid. The objection to this 
method is that these free fatty  acids are not oleic acid, and in 
many cases a serious error is introduced by so considering them.

On trying the committee method we have always found the 
final residue to contain titratable amounts of free fatty acids, 
and it is obvious that any free fatty  acids in this residue should 
be deducted from unsaponifiable matter. I t  might be claimed 
that the amount of free fatty  acids would be practically con
stant and that they would make little difference in a commercial 
method. B ut the amount of free fatty  acids left is not constant 
and the residue may contain more free fatty acids than it  does 
true unsaponifiable matter.

Using the committee method as a basis, we modified the method 
of washing the petroleum ether extracts, by introducing a wash 
with dilute caustic solution, whereby free fatty  acids are re
moved from the petroleum ether and hydrolysis of any soap 

* T h i s  J o u x n a l ,  7  (1 9 1 3 ), 217 ,

prevented, at least to a great extent. Our residues contain 
either no titratable amounts of free fatty  acids, or such small 
amounts that considering them as oleic acid will introduce no 
appreciable error.

Our method is as follows: Fi ve g. of the fat or oil are saponified 
according to the committee method, which is followed in all 
details up to obtaining the petroleum ether extracts. The ex
tracts are washed with 25 cc. portions of 10 per cent (10 cc. 
diluted to 100 cc.) alcohol as directed, then with 0.5 N  sodium 
or potassium hydroxide solution, followed by 10 per ccnt alco
hol again, and then with W'ater until all alkali has been washed 
out. Determinations by  the committee method and our modi
fication are given below:

u n sapo n ifiab le  m atter  in  soy-b ea n  oil b y  com m ittee  method

Five petroleum ether extractions were made and the extracts 
combined before washing. After three washes with 10 per 
cent alcohol (25 cc. each time), the extracts were transferred to 
a weighed flask, the ether evaporated off, and the residue dried 
in an air oven at 105° C. for about half an hour, cooled, and 
weighed.

G ra m  P e r  cc n t
R es id u e  re c o v e re d ........................................ 0 .0 4 2 2  0.-844
F ree  f a t ty  ac id  t i t r a te d  w ith  0 .1  N  

N aO H  (0 .2 9  c c .)f com b in in g  w eigh t 
of 279 (fo u n d  fo r p u re  so y -b ean  oil
f a t ty  a c id s ) ................................................. 0 .0081  0 .1 6 2

N e t u nsapon ifiab le  m a t te r ....................................  0 .6 8 2

In a second test the method was modified to include a wash 
with dilute hydrochloric acid, as in Twitchell’s method.

G ram  P e r  ce n t
R esidue  re c o v e re d ........................................ 0 .0 5 3 2  1 .064
F ree  f a t ty  ac id  t i t r a t e d  as befo re  (0 .7 2

c c .) .................................................................  0 .0201  0 .4 0 2

N e t  u nsapon ifiab le  m a t te r ....................................  0 .6 6 2

MODIFICATION OF THE COMMITTEE METHOD

Five grams of oil were saponified as directed by the commit
tee, and their method followed until after the first set of alcohol 
washes. The extract was then washed with 25 cc. of 0.5 N  
sodium hydroxide solution, followed by alcohol washes and 
water until alkali was all washed out.

G ra m  P e r  c e n t
R es id u e  recovered  (N o  0 .1  AT N a O H

req u ired  fo r free  f a t ty  a c id s ) . ..........  0 .0 3 3 7  0 .6 7 4 0

A  second test followed, modified to include a wash with dilute 
hydrochloric acid after the first set of alcohol washes, followed by 
our regular method, including an alkaline wash.

G ra m  P e r  c e n t
R esidue  o b ta in ed  (N o  0 . I N  N a O H  re 

q u ired  fo r an y  free  f a t ty  ac id s  le f t
in  re s id u e ) .......................    0 .0 3 2 5  0 .6 5 0 0

These illustrations are sufficient to show that free fatty  acids 
are left in the residue obtained by the committee method, while 
by our modification no titratable amount of free fatty  acids is 
left in most cases, but sometimes there are very small amounts. 
When we heat the residues with neutral alcohol, add phenol- 
phthalein and one drop, or a fraction of a drop, of o . i N  sodium 
hydroxide and obtain a strong permanent red coloration, we 
consider that there is no titratable amount of free fatty acids 
present.

The above matter illustrates our point, but it may be of in
terest to compare the above methods with a similar method, 
using ethyl ether instead of petroleum ether for extractions.

It is to be noted that ether always gives higher results than 
petroleum ether. This is to be expected, as petroleum ether 
is a poorer solvent than ether for oxidized and hydroxy fatty 
matters. Ether probably gives more accurate results, but for a 
commercial method petroleum ether appears more satisfactory.



714 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  V o l .  12, No. 7

T e s t  1— F iv e  g ram s w ere sapon ified  as  u su a l, tra n sfe rre d  to  an  ex tra c tio n  
cy lin d e r , m a d e  u p  to  40 cc. w ith  alcoho l, tr e a te d  w ith  120 cc. of w a te r  an d  
50 cc. of pu rified  (w a te r-  a n d  alcohol-free) e th e r , sh ak en , a n d  s e p a ra te d . 
A fte r  five ex trac tio n s  th e  e th e r  e x tra c ts  w ere jo in ed  a n d  w ashed  w ith  d i
lu te  h y d ro ch lo ric  ac id  a s  in  T w itch e ll 's  m e th o d , th e n  w ith  N  K O H , and  
th e n  w ith  w a te r u n til free from  alkali.

G ram  P e r  ce n t
R es id u e  o b ta in e d ........................................... 0 .0 4 4 5  0 .8 9 0 0
F ree  f a t ty  ac id  t i t r a t e d  w ith  0 . 1 N

N a O H ............................................................  0 .0 0 5 6  0 .1 1 1 6

N e t u n sap o n ifiab le  m a t te r ..............  0 .7 7 8 4

T e s t  I I — T h is  w as a  d u p lic a te  of T e s t I.
G ra m  P e r  c e n t

R es id u e  o b ta in e d ..........................................  0 .0 4 5 0  0 .9 0
F re e  f a t ty  a c id s .............................................  0 .0 0 5 6  0 .1 1

N e t un sap o n ifiab le  m a t te r ................  0 .7 9

T e s t  I I I — T h is  w a s  t h e  s a m e  a s  T e s t s  I  a n d  I I ,  e x c e p t  t h a t  75 cc . of 
e th e r  w e re  u s e d  t h e  f ir s t  t im e  a n d  t h r e e  a d d i t i o n a l  50 c c . e x t r a c t i o n s  w e re  

m a d e .
G ram  P e r  ce n t

R es id u e  o b ta in e d ..........................................  0 .0 4 9 8  0 .9 9 6 0
F re e  f a t ty  a c id ...............................................  0 .0 0 7 3  0 .1 4 6 0

N e t  u n sap o n ifiab le  m a t te r . 0 .8 5 0

T e s t  IV — T h is  w as th e  sam e a s  T e s t I I I ,  excep t th a t  a  w ash  w ith  
h y d ro ch lo ric  ac id  w as inc luded .

P e r  ce n t
C o rrec ted  u n sap o n ifiab le  m a t t e r ................... ..... ................  0 .8361

DRY EX TRA CTIO N  METHOD 

Comparison with a dry extraction method may be of interest- 
particularly in connection with another extraction of soy-bean 
oil of which we will speak later. Our method of making a dry
extraction uses a special arrangement of apparatus and ethyl
ether purified from water and alcohol. This is obtained by 
adding a good excess of dry granular calcium chloride, shaking 
well at intervals, and allowing to stand overnight. Filter off 
the ether (protecting from circulation of air) and to each liter 
of ether add 50 g. of dry rosin and distil off the ether. The 
apparatus is illustrated.

g e n e r a l  m e t h o d  o f  o p e r a t i o n — The fat or oil is saponified 
by boiling with excess of alcoholic alkali, the alcohol evaporated 
off, and drying finished in a vacuum oven at as high a heat as 
the material will stand. When perfectly dry and free from alco
hol (usually within a short time) the material is mixed with at 
least twice its weight of dry soda ash and finely ground in a 
glass mortar and placed in the extraction tube. About 75 cc. 
of ether, purified from water and alcohol, are run in on top of 
the material to be extracted and allowed to percolate through it. 
The percolate will generally be so strong in unsaponifiable mat
ter by the time it reaches the end of this tube that it is ready to 
crystallize. After one or two percolations the material is , re
moved from the tube, dried for a short time, and rcpulverized 
to expose new surfaces. This is the only drawback to the dry 
extraction method, but is not as much trouble as it would ap
pear. There is generally no trouble with the percolation, if 
the ether is properly purified, but suction may be used, if neces
sary.

a p p l i c a t i o n  t o  s o y - b e a n  o i l — Five grams of the oil were 
saponified as usual, the alcohol driven off, and the resulting mass 
dried and mixed with 20 g. of anhydrous sodium carbonate, 
ground finely in a mortar and put in the tube. One hundred and 
fifty cc. of purified ether were used for the first extraction. 
Percolation was steady and became faster as extraction pro
ceeded. Each ether extract was washed first with neutral 
water to see if there was any indication of alkali in solution, as 
shown by phenolphthalein. A little was shown each time, but 
w ith other stocks these extracts are often free from any soap or 
other alkali. The water wash was then followed by a wash 
with 0.5 A7 NaOH solution to remove any soaps and prevent 
hydrolysis as much as possible. Finally all sodium hydroxide 
was washed out with pure water and the matter remaining in 
solution recovered.

F ir s t  e x t ra c t  w ith  150 cc. d ry  e t h e r ..........
F re e  f a t ty  ac id s , 0.03 cc. 0.1 N  N a O H .

G ram
0.0541
0.0008

P e r  ce n t 
1.082 
0.016

N e t u n s a p o n if ia b le ....................................... 0.0533 1.066
R e g ro u n d  m ix tu re  a n d  e x tra c te d  ag a in : 
S econd  e x t ra c t w ith  150 cc. d ry  e th e r .  . . 
N o  free  f a t ty  ac id  in d ic a te d .

0.0035 0.070

R e g ro u n d  ag a in :
T h ird  e x t ra c t  w ith  150 cc. d ry  e t h e r . . .  . 
F ree  f a t ty  ac id , 0.05 cc., 0.1 N  N a O H . .

0.0018
0.0014

N e t  u n s a p o n if ia b le ....................................... 0.0004 0.008
R e g ro u n d  ag a in :
F o u r th  e x t ra c t  w ith  150 cc. d ry  e th e r .  . . 
F re e  f a t ty  ac id  to o  sm all to  t i t r a t e

0.0004 0.008

T o ta l unsap o n ifiab le  m a t t e r ................... 1.150

To all appearances the unsaponifiable m atter obtained by 
the dry method was the same as that obtained by the wet 
method referred to below. It is noticeable how much higher 
the unsaponifiable matter is than is shown by either the 
committee method or by our modification.

A— L arge tu b e  filled w ith  g ra n u la r  ca lc ium  ch lo 
ride , to  keep  m o is tu re  of a ir  from  en te rin g  a p p a ra tu s

B— E x tra c tio n  tu b e  w ith  severa l sm all holes 
th ro u g h  b o tto m . I n to  th is  tu b e  is p u t  th e  
p ow der to  be ex tra c te d . T h e re  is  a  p lug  of co tto n  
wool in  th e  b o tto m  a n d  a  p e r fo ra te d  lead  p la te  ju s t  
ab o v e  i t  to  ho ld  i t  in p lace a n d  m ake a  s e a t fo r th e  
su b s ta n c e  to  be e x tra c te d . I t  a lso  fa c ili ta te s  rem o v al 
of th e  s u b stan ce  for reg rin d in g

B

C — A d a p te r  t o  allow  e x tra c tio n  tu b e  to  be co n 
n ec ted  w ith  500  cc. (o r o th e r  size) s e p a ra to ry  funne l

P ro -D — S q u ib b 's  form  of s e p a ra to ry  funnel. jrro- 
p o rtio n s  a re  a b o u t as show n , d ia m e te rs  of tu b e s  
v a ry in g  from  a n  inch  to  an  inch  an d  a  half

W ET EXTRACTION METHOD

W ET EXTRACTION OF U N SA PO N IFIA BLE M ATTER FROM SOY

BEA N  on,— Soy-bean oil was filtered through paper and 50 g. 
of the filtered oil used. W ithout going into details, the general 
method was to saponify with excess of alcoholic potash solu
tion, and dilute with water so that the resulting solution would 
contain about one-fourth of its volume of alcohol. After making
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about three ether extractions at this dilution, more water was 
added to reduce the alcohol content to about one-sixth of the 
total volume, and further extractions with ethyl ether were made. 
"The various residues obtained were reboiled with excess of alco
holic potash and the unsaponifiable matter reextracted. Un
fortunately the first and main residue was not tested for free 
fatty acids, and so probably appears higher than it should, and 
the spread, after resaponification and extraction, is greater than 
it  would be had the fatty  acids been deducted.

SUMMARY OF OPERATIONS

The residue (uncorrected for free fatty  acids) amounted to
1 .16  per cent unsaponifiable matter, which checks with that 
found by the dry method, which, however, was corrected for 
any free fatty  acids. This residue was resaponified with the 
following results:

P e r  c e n t P e r  c e n t P e r  ce n t
from  */* a lco h o l fro m  '/«  a lcoho l T o ta l

1 .1 5 0 0  0 ,0 1 0 0  1 .1 6 0 0
R eco v ered  u p o n  first re-

sa p o n if ic a tio n .....................  0 .8 4 2 0  0 .0 0 3 6  0 .8 4 5 6
R ec o v ered  u p o n  second

re s a p o n ific a tio n .................  0 .7 8 4 0  . . . .  0 .7 8 4 0
R ec o v ered  u p o n  th ird

re s a p o n ific a t io n   9 .7 1 8 3  0 .0 2 4 0  0 .7 4 2 3
R eco v ered  u p o n  fo u r th

rc s a p o n ific a t io n   0 .6 7 7 0  tra c e  _ 0 .6 7 7 0

It is evident that we have continually lost weight and it  would 
seem that this loss cannot be satisfactorily explained by failure to 
extract each time the full amount of unsaponifiable matter left, 
but rather points to the action of alcoholic alkali on the residues, 
either in decomposing some of the true unsaponifiable matter or 
in completing the saponification of some very difficultly saponi
fiable matter, which would then be present in all ordinary resi
dues and reckoned as unsaponifiable matter. The resaponifica- 
tions and reextractions were stopped a t the above point be
cause the amount of free fatty acids to be corrected for had ap
parently reached a constant figure in the last two cases. Whether 
this was the true end we doubt. The point happens to give the 
same final result as the determination b y  the committee method, 
but this may be considered only a coincidence.

T h e  C u d a h y  P a c k i n g  C o m p a n y  W IL S O N  H. LOW
O m a h a , N e b r a s k a  
D ecem b er 15, 1919

Editor af the Journal of Industrial and Engineering Chemistry:

M r. Low’s remarks in the early part of his paper, entitled 
"Unsaponifiable M atters,”  on the difficulties which confront 
committees working on analytical methods are interesting 
but do not apply to the committee of which I am chairman. 
This committee made a practice of meeting regularly once a 
month during its period of greatest activity, and thereafter 
meetings were held whenever a sufficient number of results 
from cooperative work had accumulated to warrant calling a 
meeting. Conferences in various laboratories were held from 
time to time for the purpose of cooperating on one or another 
moot point in the various methods, several members of the com
mittee meeting in this way first in one laboratory and then in 
another until the point was settled and unanimity reached. Such 
cooperative work was done on the unsaponifiable method.

I t  is difficult for any committee to adopt a method of anal
ysis satisfactory to all workers and this is perhaps particularly 
true of the unsaponifiable determination. In m y opinion, how
ever, the method finally adopted by the committee in point of 
accuracy, convenience, simplicity, speed, and reliability in 
various hands comes as near perfection as we can hope for in 
the present state of our knowledge.

The point which M r. Low discusses was brought to the com- 
mitteer’s attention by him. A fter careful consideration the com
mittee decided that it was not necessary to add the manipula
tion advocated by M r. Low. M r. Low states that " B y  the 
method of extraction and washing employed this final residue

always contains more or less free fatty  acids, yet the committee 
made no mention of the fact nor suggested any method of cor
rection.”  The answer to this statement is that the amount re
tained is very small; so small, in fact, as to make no apprecia
ble difference in the results, particularly for commercial pur
poses. In the majority of samples of oils, fats and greases the 
amount of free fatty acids at this point usually varies from o . 02 
to 0.07 per cent, rarely it  amounts to as much as 0 .1 per cent; 
and the high figures are generally found in the case of an oil 
whose general peculiarities are well known— soy-bean oil. Con
sidered as an absolute error on the positive side, this amount is 
not great and not worth taking into consideration 111 the com
mercial analysis of oils and fats. On the other hand, from the 
point of view' that it m ay be a counter-balancing error working 
against incomplete extraction, it  is of still less moment. Good 
manipulation reduces the amount, poor manipulation increases 
it. Judging by his own figures in comparison with the results 
by members of the F at Analysis Committee, M r. Low's manipula
tion is open to criticism.

Mr. H. J. Morrison, of the Procter and Gamble Company, 
writes as follows in regards to M r. Low ’s argument:

I  h av e  read  over ca re fu lly  M r. L ow ’s p a p e r  in  w hich  he c ritic ize s  th e  
m e th o d  for d e te rm in in g  th e  unsapon ifiab le  m a tte r  in  th e  S ta n d a rd  M e th o d s  
fo r th e  A nalysis of C om m ercia l F a ts  a n d  Oils.

M r. Low ’s p ap e r is w orded u n fo rtu n a te ly  in  th a t  one g e ts  th e  im p ressio n  
th a t  th e  co m m ittee  d id  n o t  a c cep t c ritic ism s a n d  d id  n o th in g  to  in v e s tig a te  
th e m . T h is, of course, is q u ite  w ide of th e  m a rk .

O n th a t  p a r t ic u la r  p o in t ra ised  b y  M r. Low  I  b e lieve  we d id  m ore w ork 
th a n  on  a n y  o th e r  p o in t ra ised  b y  o u ts id e  critic ism . T h e  c o m m itte e  w as 
q u ite  alive  to  th e  d an g e r  of h igh  re su lts  due  to  hyd ro ly sis . O ne p o in t  w hich  
w e discussed  w as th e  am o u n t of ca u stic  a lk a li  to  b e  used fo r th e  sa p o n ifica 
t io n , a n d  th e  a m o u n t w as fixed a t  a  v e ry  la rge  excess o v e r  th e  th e o re tic a l 
fo r th e  purpose  of ra p id  a n d  co m plete  sapon ifica tion , on  th e  one  h a n d , an d  
to  h a v e  an  excess p re se n t to  p re v e n t hyd ro ly s is  w hen  d ilu te d  fo r  e x t ra c 
tio n , on th e  o th e r  h an d . M r. Low  m en tio n s  a n  excess as  a  p re v e n tiv e  of 
hyd ro ly sis  b u t  e i th e r  h a s  n o t  c a lcu la ted  th e  a m o u n t o f  excess th e  m e th o d  
calls fo r o r  m u s t consider a  v e ry  excessive a m o u n t n ecessa ry  to  p re v e n t  
hydro lysis .

D oub tle ss  M r. Low  has  m a n y  m ore  th a n  th e  one  an a ly s is  b y  th e  c o m 
m itte e  m ethod  on w hich h e  bases his c o n te n tio n  t h a t  a  se rious  e r ro r  is in t ro 
d u ce d  b y  th is  hyd ro lysis . F ro m  th e  experience  of th is  la b o ra to ry  I  c a n n o t 
h e lp  b u t  feel th a t  th e  source  of M r. L ow 's  e r ro r  is d u e  to  f a u l ty  te ch n iq u e . 
I n  o rd er to  p ro te c t o u r  re su lts  from  care lessness w e h a v e  p ra c t ic e d  h a v in g  
th e  unsapon ifiab le  t i t r a te d  a n d  in 445 s u ch  t i tra t io n s  on  th e  g r e a t  v a r ie ty  
of fa ts , oils an d  greases w hich  p ass  th ro u g h  o u r  la b o ra to ry  th e  a v e ra g e  t i t r a 
tion  w as 0 .0 7 6  cc. 0 .1  N  N a O H , eq u a l on 5 g . of f a t  to  0 .0 4  p e r  c e n t. T h is  is 
q u ite  w ith in  th e  lim it  of e rro r of th is  p a r t ic u la r  o p e ra tio n , a n d  I  m a y  p o in t 
o u t th a t  these  445 re su lts  a re  of course th e  d a ily  ro u tin e  an a ly se s , b y  
ro u tin e  m en such  as  a re  em p loyed  in  su ch  la b o ra to rie s .

M r. Low  seem s to  exp la in  th e  e rro r  a n d  its  necessa ry  co rrec tio n  in th e  
e th y l e th e r  e x trac tio n  m e th o d  b y  th e  hy d ro ly s is  th e o ry . T h is  is n o t a t  a ll 
th e  case as I  th in k  w e d e m o n s tra te d . I t  is d u e  to  a c tu a l so lu tio n  of so ap , 
ow ing to  th e  so lu b ility  of b o th  w a te r  a n d  a lcoho l in  th e  e th y l e th e r  p h ase . 
M r. L ow ’s e rro r w hen using th e  c o m m ittee  m e th o d , as s ta te d  a b o v e , is d u e , 
I  believe, to  te ch n iq u e , possib ly  b y  n o t a llow ing  su ffic ien t t im e  fo r a  th o r 
o ugh  sep a ra tio n  o r  b y  d raw in g  off th e  p e tro le u m  e th e r  e x t ra c t  to o  close.

I  am  n o t going to  e n te r  a  d iscussion  here  co ncern ing  th e  o th e r  m e th o d s  
M r. Low  speaks of, a s  I  th in k  i t  p a te n t  to  an y o n e  c o n v e rs a n t w ith  fa ts  a n d  
th e ir  an a ly s is  w herein  th e y  c a n n o t g ive co rre c t re su lts . O u r c o m m itte e , 
I  believe, c a n n o t be accused  of n o t try in g  o u t  a n y  sugg estio n s  a n d  I  fee l 
a re  w illing now  a t  a n y  tim e  to  t r y  o u t a n y th in g  w h ich  p rom ises  a n  im p ro v e 
m e n t, b u t  I  feel t h a t  th is  sho u ld  be d one  b y  d ire c t a p p e a l to  th e  c o m m itte e  
an d  n o t  b y  th e  m e th o d  of ru sh in g  in to  p r in t ,  un less th e  a u th o r  h a s  i r r e fu t a 
b le proof.

The amount of free fatty  acids left in the final residue is 
usually neutralized by one drop of o. i N  alkali. The one drop 
of o . i N  alkali m ay or may not be an excess but frequently 
does amount to an excess. This point is indicated - in Mr. 
Morrison's letter and is considered more at length in a  letter re
ceived from M r. Rudnick, of Armour and Company’s labora
tory, which follows:

T h e  a s su m p tio n s  m a d e  in  th e  firs t p a ra g ra p h  of th e  p a p e r  b y  W ilson  
H . L ow  on u nsapon ifiab le  m a tte r s  a re  n o t  w a rra n te d  b y  th e  fac ts . T h e  
m e th o d s  a d o p te d  b y  th e  F a t  a n d  O il C o m m itte e  w ere  n o t  b ased  m e re ly  
on ideas , b u t  on  th e  o u tco m e of a c tu a l te s ts , so  t h a t  th e  fina l con c lu sio n s  
a re  n o t  com prom ises o f v a ry in g  ideas . In d e e d  th e  o u tc o m e  of th e  co 
o p e ra tiv e  w ork  d o n e  b y  th e  c o m m ittee  m ore  th a n  once u p se t long-he ld  view s
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a n d  w hile th e se  v iew s w ere .^ .n e tim e s  ab a n d o n ed  w ith  re lu c tan c e , in  th e  
en d  th e  v o te s  o f th e  m em bers  w ere a lw ay s b ased  on  th e  fa c ts  deve loped .

T h is  c o m m ittee  h a d  no  p a r t ic u la r  d iff icu lty  in  p o in t of a t te n d a n c e  of 
' i t s  m em bers . O ccasiona lly  d iffe rences in  re s u lts  becam e a p p a re n tly  ir re co n 

cilab le  b y  th e  u su a l co flpera tive  p ro ced u re  an d  in  su ch  cases sp ec ia l s u b 
co m m ittee s  w ere  a p p o in te d  to  c a rry  o u t  th e  req u ire d  te s ts  jo in tly  in  th e  
sev era l la b o ra to r ie s  in  o rd e r  to  dev e lo p  u n d e r  p e rso n a l o b se rv a tio n  th e  fac ts  
necessa ry  to  co v e r th e  d is p u te d  p o in ts .

N o n e  o i th e  m em b ers  o f th e  c o m m ittee  re p o r te d  a n y  u n u su a l difficul- 
* tie s  in  d e te rm in in g  th e  un sap o n ifiab le  m a tte r  in so y -b ean  oil, to  w hich  th e  
e n t ire  d iscussion  in  L ow ’s p a p e r  is d e v o te d , a l th o u g h  i t  is  w ell u n d e rs to o d  
t h a t  som e sam p les  of so y -b ean  oil show  a n  e r ra t ic  b eh a v io r in  o th e r  respects, 
n o ta b ly  in  th e  d e te rm in a tio n  o f th e  t i te r .

I t  is  d ifficu lt to  see how  a n y  so u n d  c ritic ism  o f th e  c o m m itte e  m e th o d  
fo r d e te rm in in g  un sap o n ifiab le  m a tte r  can  be  b ased  on th e  d a t a  p re se n te d  
in  M r. L ow ’s p a p e r. T h e  to ta l  a m o u n t o f u nsapon ifiab le  m a tte r  o b ta in e d  
b y  h im  in  ac co rd an ce  w ith  th e  co m m ittee  mfethod a n d  w ith o u t a p p ly in g  
h is  co rrec tio n s  fo r f a t ty  ac id s , is w ell w ith in  th e  n o rm a l lim its  fo r n a tu r a l  
unsapon ifiab le  m a tte r  in  so y -b ean  oil.

I n  o rd e r  to  d e te rm in e , how ever, w h e th e r  su ch  co rrec tio n s  as  d escribed  
b y  h im  w ere t r u e  of o th e r  sam p les  of soy -bean  oil th a n  th e  one on  w h ich  he 
rep o rts , a  s am p le  of c ru d e  oil w as te s te d  in  th is  la b o ra to ry  w ith  th e  follow 
ing  re su lts :

U n sap o n ifiab le  M a t te r  
W e ig h t o f S am p le  G ra m  P e r  ce n t

5 .0 1 5  g ra m s .................................  0 .0 5 0  1 .0 0
5 .0 1 2  g ra m s .................................  0 .0 5 6  1.11

M e a n ........................................  1 .06
F if ty  m illig ram s of u nsapon ifiab le  m a tte r  is a  v e ry  sm all a m o u n t to  

t i t r a te  fo r free f a t ty  ac id s a n d  i t  w as th e re fo re  n o t  su rp r is in g  t h a t  t i t r a t io n  
w ith  0 .1  N  a lk a li , o b se rv ing  th e  p reca u tio n s  d ire c te d  in  th e  co m m itte e  
m e th o d , sh o u ld  am o u n t to  0 .4  cc., e q u iv a le n t to  0 .2 2  per c e n t of free  f a t ty  
ac id s , c a lcu la ted  as oleic, on th e  basis  of th e  w e ig h t of th e  firs t sam p le .

O n re p e a tin g  th e  t i t r a t io n  w ith  0 .0 2  N  a ik a li a n d  ca rry in g  a lo n g  a 
b la n k  ti t r a t io n ,  m a tch in g  as  closely as possib le  th e  fina l co lo r of th e  p heno l- 
p h th a le in , th e  n e t  t i t r a t io n  a m o u n te d  to  0 .7 2  cc. of 0 .0 2  N  a lk a li , e q u iv a 
le n t to  0 .0 8  p e r  c e n t of free  f a t ty  ac ids, c a lc u la te d  as  oleic, on  th e  basis  of 
th e  w eig h t of th e  second  sam p le .

I t  w ou ld  seem , th e re fo re , t h a t  if th e  co rrec tio n s  d eve loped  in  L ow ’s 
p a p e r  h a d  been  d e te rm in ed  w ith  a  s ta n d a rd  a lk a li of m ore a p p ro p r ia te  co n 
c e n tra tio n  re la tiv e  to  th e  w eigh t of m a te r ia l t i t r a t e d ,  he m ig h t h av e  o b 
ta in e d  re su lts  on  his s.am ple of so y -b ean  oil of a b o u t th e  sam e o rd er as  th o se  
w hich  th e  m em bers  of th e  co m m ittee  o b ta in e d  in  th e ir  o rig in a l c o S p e ra tiv e  
w ork  on  w hich  th e  m e th o d  a d o p te d  w as based .

T h e re  is n o th in g  new  in  th e  w ork  describ ed  in  L o w ’s p a p e r  o n  th e  
T w itch e ll a n d  th e  d ry  e x tra c tio n  m e th o d s. B o th  th e se  m e th o d s  w ere 
th o ro u g h ly  te s te d  by  th e  c o m m ittee  an d  w ere re je c te d  on  th e  b asis  o f th e  
re su lts  o b ta in e d  w ith  th e m  in  coS p era tiv e  w ork.

S u m m in g  u p , th e re  seem s to  b e  no  good g ro u n d  fo r c ritic ism  of th e  co m 
m itte e  m e th o d  fo r d e te rm in in g  un sap o n ifiab le  m a tte r ,  e i th e r  on  th e  basis  
of th e  d a t a  p re se n te d  in  th is  p a p e r  o f  th e  m e th o d  b y  w hich  th e y  w ere  o b 
ta in e d .

M r. Low speaks of Twitchell’s method "which is much the 
same as the committee method.”  Anyone who is acquainted 
with the two methods must realize that the methods are dis
tinctly and decidedly different in principle.

As to the dry extraction method mentioned by Mr. Low, this 
has been tried out in this laboratory off and on for the past 
fifteen years and has been found on the whole to be inaccurate 
and unreliable. The Committee on the Analysis of Commercial 
Fats and Oils also tried the method out and arrived at the con
clusion that the method was wholly impossible and had no place 
among modern methods of analysis.

Since the adoption of the committee method, agreements on 
unsaponifiable determinations which were impossible before, 
have been reached between various laboratories and the method 
has proved a great advantage to the oil and fat trade.

The committee does not consider the additional alkali wash 
advocated by M r. Low as either necessary or desirable if the 
committee method is followed and a moderate degree of skill 
acquired in manipulation.

C b k m ic a l  L a b o b a t o r y  o f  \ V .  D .  R i c h a r d s o n ,
S w i f t  &  C o m p a n y  Chairman, Committee on the Anal-
C b ic a o o , I l l in o is  ,  ’ . , „  ,

M a rc h  31 , 1920 >'S1S ° ‘ Commercial Fats and Oils

AW ARDS FO R  TH ESES ON FO O D S AND BEVERAGES

In order to stimulate more general research alo.ng the lines of 
better preparation and packing of foods and beverages, and to 
increase our knowledge of changes induced by preparation or

storage of food products, Dr. A. W. Bitting, Director of Research 
of the Glass Container Association of America, Chicago, 111., 
has announced that awards will be made for theses on these 
subjects.

A  thesis may cover any phase of the subject of foods or bever
ages— technological, bacteriological, or chemical. It  may treat 
of any legitimate method of preparation, as sterilization by heat, 
pasteurization, salting, drying, smoking, pickling, sugaring, etc., 
the product to be packed in glass. The thesis may be biblio
graphical with abstracts, or may be a translation from work 
along the lines indicated. I t  must be submitted prior to June 
10, 1921.

The awards will be as follows:
O n e .........................................  $150
O n e .........................................  125
O n e .........................................  100
T w o ........................................  75
T w o ......................................... 50

A ny student or graduate student working for a degree in any 
college or university is eligible to compete. The awards will 
be made by a competent committee and as soon after June 10. 
1921, as practicable.

TH E INDUSTRIAL FELLO W SH IPS OF TH E  M ELLON 
IN STITUTE

Under the above title there has been issued recently by  the 
Director of the Mellon Institute for Industrial Research, Dr. 
Raymond F. Bacon, an attractive pamphlet covering the prog
ress of the industrial fellowship system during the past fiscal 
year. The growth of the Institute’s system is described in de
tail and shown graphically in the accompanying figure, which

T h e  G r o w t h  o f  t h e  I n d u s t r ia l  F e l l o w s h i p  S y s t e m

has been reproduced from the booklet. The new form of con
tract, which replaces the one reprinted in T h i s  J o u r n a l ,  

ix (1919), 371, is included, also a list of the fellowships in 
operation on March 1, 1920. The following fellowships have 
been established since the issuance of the 1919 report:
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N o.
192
193

195
196
197

198

199

200 
201 
202

203
204
205

206
207
208
209

210 
211 
212
213
214
215
216

217
218

219

NAMES o p  
I n d u s t r ia l  F e l l o w s h ip s  

E n a m e lin g  
L e a th e r  B e ltin g

P ro te c te d  M e ta ls
C ollar
S u lfu r

D e n ta l P ro d u c ts  

C o p p er

P h ysio log ica l R esea rc h
Q u a rtz
Oil

G lass
G as

Y e a s t

Illu m in a tin g  G lass
G lycero l
F ib e r
H o u seh o ld  U til itie s

Z ircon ium  
F ish  P ro d u c ts  
C o p p er 
S ilica te  
F u e l
S ilverw are
M ag n es ia

In sec tic id e s  
O rgan ic  S o lv en ts

C oke

O rgan ic  S y n th esis

221

222

223
224
225

226
227
228 
229

B y -p ro d u c ts

F e r ti liz e r

G lue
M eta lw are
D is til la tio n

F r u i t  B everages 
P las tics  
S oap  
L aund ry '

230 R e frac to rie s

231
232

K e ra tin
A lloy

I n d u s t r ia l  F e l l o w s , N a m e s  a n d  D e g r e e s  
R . D . C ooke (M .S ., U n iv e rs ity  of W isconsin)
P . G . M c V e tty  (M .E ., C ornell U niversity]), S en io r Fellow  
M . J .  Poo ley  (B .S ., D a k o ta  W esleyan  U n ivers ity )
J .  H . Y ou n g  (P h .D ., O hio S ta te  U n iv ers ity )
H . D  C la y to n  (B .A ., O hio  S ta te  U n iv ers ity )
I I .  S. D av is  (P h .D ., H a rv a rd  U n iv ers ity )
M a ry  D . D av is , a s s is ta n t (B .A ., D alhousie  U n iv ers ity )
C . N . W e n rich , a s s is ta n t (P h .D ., U n iv e rs ity  of P en n sy lv an ia )
C . C . V o g t (P h .D ., O hio  S ta te  U n iv ers ity )

C . L . P erk in s  (B .S ., N ew  H a m p sh ire  C ollege)
R . E . S ay re  (M .S ., U n iv e rs ity  of W isconsin)
K . K . Jo n es  (M .S ., K an sas  S ta te  A g ricu ltu ra l College)
W illiam  S tc rick e r (B .S ., U n iv e rs ity  of W isconsin)
W . F . F a ra g h e r  (P h .D ., U n iv e rs ity  of K a n sa s ) , S en io r Fellow

W . A . G ru se  (P h .D ., U n iv e rs ity  of W isconsin)
F . H . G a rn e r  (M .S ., B irm in g h am  U n iv e rs ity )
R . R . S h ive ly  (P h .D ., U n iv e rs ity  of P ittsb u rg h )
J .  B G a rn e r  (P h .D ., U n iv e rs ity  of C h icago ), S en io r Fellow  
R . W . M iller (P h .D ., U n iv e rs ity  of P ittsb u rg h )
F . M . H ild e b ra n d t (P h .D ., J o h n s  H o p k in s  U n iv ers ity )
G . S . B ra t to n  (B .A ., U n iv e rs ity  of T ennessee)
M a d a ly n e  S . S ch a ire r, a s s is ta n t (B .A ., V assar College)
H . C . H o o v er, a s s is ta n t (B .A ., U rsin u s  C ollege)
A. H . S te w a rt (B .A ., W a sh in g to n  & Jefferson  College)
M e lv in  D eG ro o te  (B .C h .E ., O hio  S ta te  U n iv ers ity )
J .  D . M alco lm son  (B .S ., U n iv e rs ity  of K an sas)
F . F . R u p e r t  (P h .D ., M a ssa c h u se tts  I n s t i tu te  of T echno logy)
E . R - E d so n  (B .A ., C la rk  College)
J .  H . B ecque (M .S ., R o se  P o ly te ch n ic  I n s t i tu te )
D . K . T re ss le r  (P h .D ., C o rnell U n iv ers ity )
G . A. B ragg  (B .S ., U n iv e rs ity  of K ansas)
J .  L . C raw fo rd  (B .S ., U n iv e rs ity  of Illino is)
J .  G . D av id so n  (P h .D ., C o lu m b ia  U n iv ers ity )
H . E . P e c k  (B .S ., C la rk so n  M em o ria l College of T echno logy) ,
T . S . T a y lo r  (P h .D ., Y ale  U n iv ers ity )
R . H . H e ilm an , a s s is ta n t (U n iv e rs ity  of P ittsb u rg h )
O. F . H e d en b u rg  (P h .D ., U n iv e rs ity  of C hicago)
(S en io r F ellow  to  be  a p p o in ted )
H . W . G re id cr (M .S ., U n iv e rs ity  of K an sas)
F . W . S p e rr, J r . (B .A ., O hio  S ta te  U n iv e rs ity ) , A d v iso ry  S en io r Fellow  
O. O. M alie is  (M .S ., U n iv e rs ity  of K an sas)
R . L . B row n (P h .D ., U n iv e rs ity  of C hicago)
(A  th i rd  Fellow  to  be a p p o in ted )
G . O . C u rm e , J r .  (P h .D ., U n iv ers ity  of C h icago ), S en io r Fellow  
C . J .  H e rr ly  (B .S ., P en n sy lv a n ia  S ta te  College)
J .  N . C o m p to n  (C h .E ., R ose  P o ly te ch n ic  In s t i tu te )
E . W . R e id  (N .S ., U n iv e rs ity  of P ittsb u rg h )
C . O. Y o u n g  (P h .D ., U n iv e rs ity  of P ittsb u rg h )
F . 'W . H ig h to w er (B  A ., U n iv e rs ity  of T exas)
W a lth e r  R id d le  (P h .D ., U n iv e rs ity  of H eide lberg )
H . E  G ill, a s s is ta n t (B .C h em ., U n iv e rs ity  of P ittsb u rg h )
H . H . M ey e rs  (B .S ., U n iv e rs ity  of P e n n sy lv a n ia ) , S en io r Fellow

W . E . V aw te r  (B .S ., U n iv e rs ity  of K an sas)
R . H . B ogue (P h .D ., U n iv e rs ity  of P ittsb u rg h )
\V . G . Im hoiT (B .A .. U n iv e rs ity  of W isconsin)
D av id  D rog in  (M .S ., U n iv e rs ity  of P ittsb u rg h )
I s a a c  D ro g in  (P h .D ., U n iv e rs ity  of P ittsb u rg h )
H . A . N o y es  (M .S ., M a s sa c h u se tts  A g ricu ltu ra l College)
(F ellow s to  be ap p o in ted )
O. H . S ch u n k  (B .S ., U n iv e rs ity  of W isconsin)
H . G . E lledge (M .S ., U n iv e rs ity  of P itt s b u rg h ) , S en io r Fellow  
A lice L . W akefie ld  (B .S ., C arneg ie  I n s t i t u te  of T echno logy)
R . M . H ow e (M .A ., U n iv e rs ity  of P itt s b u rg h ) , S en io r F ellow

S. M . P he!ps  (U n iv e rs ity  of T o ro n to )
M ark  S h e p p a rd  (B .S ., A lfred  U n iv ers ity )
R . F . F erg u so n  (B .S ., U n iv e rs ity  of P ittsb u rg h )
(F ellow  to  be ap p o in ted )
(F ellow  to  be a p p o in te d ;

F o u n d a t io n  S u m s  
a n d  D a t e s  o p  E x p ir a t io n  

$3,000 a  y e a r. A pril 1, 1920
$5,650 a  y e a r. A pril I , 1920

$4,500 a  y e a r. J u n e  1, 1920
$3,300 a  y e a r. M a y  1, 1920
$7,200 a  y ea r. J u n e  I, 1920

$ 2 ,4 0 0 a y e a r .  J u ly  1 ,1920 . B o n u s  
ro y a l ty  on  sales 

$6 ,500 a  y ea r. J u ly  1, 1920

$5*500 a  y ea r. A u g u st 1. 1920 
$2,100 a  y e a r. S ep te m b er  8 , 1920 
$10,000 a  y ea r. S ep te m b er  1, 1920. 

B onus, $10,000

$4,100 a  y ea r. S ep te m b er  1, 1920 
$7 ,500 a  y ea r. S ep te m b er 15, 1920

$15,000 a  y ea r. N o v em b e r 1, 1920

$3,000 a  year. 
$4,000 a  y ea r. 
$4,500 a  y ea r. 
$6 ,000 a  y ea r.

$4,000 a  y ea r. 
S4.000 a  j-ear. 
$6,000 a  y ea r. 
$3,000 a  yea r. 
$5 ,000 a  year. 
$3,000 a  year. 
$10,000 a  year.

$4 ,200 a  y e a r. 
$7 ,500 a  year.

O c to b e r  I, 1921 
N o v em b e r  15, 1920 
N o v em b e r 15, 1920 
N o v em b e r 1, 1920

N o v em b e r 15, 1920 
A pril 1, 1921 
N o v em b e r 1, 1920 
D ecem ber 1. 1920 
J a n u a r y  1. 1921 
D ecem ber 11, 1920 
J a n u a ry  1, 1921

J a n u a ry  1, 1921 
J a n u a ry  1, 1921

$5,580 a  y ea r. J a n u a ry  1, 1921

$41,000 a  y ea r. J a n u a ry  1, 192 Í

$3 ,000 a  y e a r. J a n u a ry  1, 1921

$8,000 a  y ea r. J a n u a ry  5, 1921 
B onus, $5,000

$4,000 a  y ea r. J a n u a ry  5, 1921 
$5,000 a  y ea r, F e b ru a ry  16, 1921 
$5,000 a  y ea r. J a n u a ry  18, 1921

$4,000 a  y ea r. M a rc h  1, 1921 
$7,000 a  year.
$2,500 a y ea r. M a rc h  1, 1921 
$6 ,400 a  y ea r. F e b ru a ry  15, 1921

$12,000 a  y e a r. M a rc h  1, 1921. 
B onus, $2,000

$4,000 a  y e a r . B o n u s , $5,000 
$3 ,500 a  y ea r.

CONSERVATION OF STANDARD SA M PLES OF THE 
BUREAU OF STANDARDS

Although Congress has failed to continue the appropriationfor 
the work during the coming fiscal year, the Bureau of Standards 
will continue to prepare and issue standard samples. The 
money received from the sales of standard samples has always 
reverted directly to the Treasury, and is not available to the 
Bureau for any purpose whatsoever, therefore the cost of pro
curing, preparing, standardising, and distributing the samples 
will necessitate the curtailment of other lines of established 
Bureau activities.

It  is earnestly requested that all users of standard samples 
refrain from any unnecessary waste of the material, and that 
educational institutions limit their use strictly to primary 
standardization and to advanced research.

A  list of the standard samples issued by the Bureau, together 
with charges and ordering and shipping regulations, is given in 
the Bureau of Standards Supplement to Circular 25, which will 
be sent upon application. In the future, standard samples will 
I e issued only direct to users. This policy has teen adopted to

avoid, as far as possible, any chance of contamination or mixing 
of samples. Such chemical supply houses as have in the past 
carried a limited supply of certain standard samples for the ac
commodation of their customers can still render them service 
b y  remitting their orders with the proper fees to the Bureau 
for shipment.

r e c e n t  r e n e w a l s — Sample 6c, a renewal of Iron D. Sample 
250, a renewal of the Manganese Ore 25, and Sample 42a, M elt
ing Point Tin, have recently been renewed.

s a m p l e s  i n  p r e p a r a t i o n — Sample 45a, Melting Point Cop
per, and Sample 136, a renewal of the 0 .6 C  Basic Open Hearth 
Steel, will be issued on or before June 15. Sample 50, a new 
chrome (3.6 per cent)-tungsten (17.5 per cent)-vanadium (0.75 
per cent) steel sample, will be issued on or before July 1. Sam
ple No. 32a, a renewal of the chrome-nickel-steel, will be issued 
on or before August 1. Samples 230 0.8C Bessemer Steel, and 
51, a new 1 .2C Electric Furnace Steel, will be issued on or be
fore September 1. Sample No. 10c, a renewal of 0.4C 
Bessemer Steel, has been ordered and should be ready by- 
October 1.
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OBITUARY
G EORGE G ILBERT PO ND

In the death of Dr. George Gilbert Pond, Professor of Chem
istry and Dean of the School of Natural Science at the Pennsyl
vania State College, the chemical profession loses one of its 
most able and productive teachers. Although apparently in 
the best of health, he contracted pneumonia while on a busi
ness trip, and after an illness of but five days died in New Haven, 
Conn., on M ay 20.

Dean Pond was born a t Holliston, Mass., March 29, 1861, 
and came from fine old New England stock. His father, Abel 
Pond, was a merchant of high standing in the community, 
and his mother was Amelia 
Robinson. A fter attending the 
Holliston High School he went 
to Amherst, from which college 
he graduated in 1881; the re
mainder of that year and the fol
lowing he spent at the Univer
sity  of Gottingen. On his return 
from Germany Dr. Pond be
came instructor in chemistry at 
Amherst, where he remained 
until the summer of 1888, when 
he accepted the professorship of 
chemistry at the Pennsylvania 
State College. In 1896 he be
came dean of the newly, created G e o r g e  G i l b e r t  P o n d  

School of Natural Science.
Dean Pond found the Pennsylvania State College a struggling 

institution almost lost in the mountains of Pennsylvania. He 
left it a powerful university of three thousand men with a loyal 
group of alumni of great strength doing yeoman work through
out the country. While many factors contributed to the growth 
of the institution, none was more potent than the high standard 
of scholarship which it was soon obvious was to be maintained 
there. Of this moral and intellectual standard Dean Pond was 
the accepted exponent— a rock of rectitude which no emergency,

however real, could move. His moral courage and high princi
ples of action not only kept him from faltering when confronted 
with difficult situations, but were a positive force which upheld 
the hands and hearts of his colleagues.

As a teacher of great strength Dean Pond will be long remem
bered by his many students. A clear and exact expositor, he 
led the novice through the difficult paths of chemical philosophy 
into the glories of a great science. A constant inspiration and 
source of encouragement to those who worked, he was without 
consideration for the indolent or the wayward. He formed a 
worthy ideal of scientific accuracy and conscientious endeavor 
which was reflected throughout each one of his many lines of 
activity. Indeed the standard he set for himself was so high 
and he held himself to it with such rigorous exactness that he 
was often judged severe; and 110 doubt it was frequently difficult 
for him to appreciate the shortcomings and struggles of charac
ters less lofty than his own. But under what sometimes ap
peared an austere and uncompromising exterior there beat a 
noble and generous heart; there existed an impelling desire to 
help anyone and everyone who exhibited the least inclination 
to help himself; there was present a sympathy, deep and broad 
and strong, that constantly flowed underneath his every 
action.

Dean Pond was a man of great physical and mental vigor, 
and worked with increased efficiency as the load became greater. 
During the recent protracted illness of the president of the Col
lege, Dean Pond carried his own teaching work, conducted the 
School of Natural Science, and, as acting president, performed the 
manifold duties of the executive office. But in addition to serv
ing the college, he also served the community. The industries 
of the state are stronger for his having lived. M any a litiga
tion has been expedited by the clarity and impartiality of his 
testimony. He held nothing in common with those “ experts” 
who strive for triumph rather than for truth.

Dean Pond is gone; but his spirit lives on in those whom he 
has prepared by precept and by practice to "fear God, and take 
your own part.”  W. H. W.

WASHINGTON LETTER
B y  J . B . M c D o n n e l l , U n io n  T r u s t  B u ild in g , W a sh in g to n , D .  C.

The second session of the Sixty-sixth Congress came to an 
end on June 5 without taking final action on many measures 
of close interest to the chemical world.

As was forecast, the session ended with the peculiar deadlock 
over the dye bill in the Senate unbroken. Indications at the 
present time are that the dye people intend to stand by their 
guns and hold out for the full protection given by the committee 
bill.

A  survey of the situation leads to the belief that either the 
fight will have to be resumed in December for the committee 
bill, or the dye men will have to wait until after M arch 4, next, 
when the new Congress will be convened and the country has 
given one party or the other greater leeway in the number of 
votes and, consequently, a stronger control of legislation.

The Democrats of the Senate will not accept the Moses amend
ment. They have already emphatically refused to do so and 
the same personnel will sit at the December session. T hat the 
House Democrats will refuse to accept such a tariff proposal, also 
is true. Adoption of the Moses amendment as the mainstay 
of the dye protective bill would simply mean that the support 
offered heretofore by the Democrats would be lost almost in 
its entirety.

Washington has seethed with politics recently. Some of 
those who have felt the dye bill did not receive the hearty sup
port it should have from the Republican leaders are asking if 
there is possibly any connection between politics and the general
ship employed by Senator Watson, of Indiana, in charge of the

bill. Senator Moses, of New Hampshire, was one of the cam
paign managers of General Wood for the Republican nomina
tion. Senator Watson, reports here say, is not having any 
too easy a time in his own state and is anxious to mend every 
one of his fences possible. The Indiana delegation declared 
for Wood. The Wood forces a t the convention threw their 
strength to him and named him chairman of one' of the most 
important committees of the convention.

Senator Wolcott, of Delaware, in a speech on the floor of the 
Senate, just before adjournment, took issue with statements 
made during the speech of Senator Thomas, of Colorado, with 
reference to the agreement entered into between the du Pont 
Company and Levinstein’s, of England. The charges made 
by the Colorado senator, that the agreement was designed to 
create a monopoly and was an agreement between the two con
cerns not to compete with each other, Senator W olcott declared 
were entirely unjustified by the facts. The agreement. Sena
tor Wolcott continued, dealt solely with patents and secret 
processes owned and controlled by the concerns themselves 
and did not attempt to deal with any other dyestuffs, processes, 
or possible markets.

Following a very determined fight on the part of Senator 
Norris, of Nebraska, the Nolan-Norris bill providing for reorgan
ization of the Patent Office here was sent to conference between 
the House and Senate during the last three days of the session. 
As passed by the Senate, the increased salaries provided for in



J u ly , 1920 T H E  J O U R N A L  O F  I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y 719

the bill passed by the House were somewhat reduced. The 
measure will retain its parliamentary status and be ready for 
action by a conference committee when the Congress recon
venes in its next session.

A very important amendment attached to the bill was the 
Nolan-Norris bill providing for the acceptance by the Federal 
Trade Commission of patents and licensing manufacture under 
them. This bill, added as an amendment to the Patent Office 
reorganization measure, authorizes the Federal Trade Com
mission "to  accept assignment of, or license or other rights or 
powers under, to develop, to issue or refuse to issue licenses 
under, to encourage the industrial use and application of” in
ventions, patents and patent rights on behalf of the United 
States, which may be tendered from time to time by govern
ment employees. Provisions w'hich would permit anyone to 
assign patents to the Commission were changed before passage 
by the Senate. Use of patents assigned to the Government 
under the bill would be licensed for a fee to be paid into the 
Treasury of the United States. The inventor would be paid 
such portion of this fee as the President deemed just.

Creation of some machinery under which inventions, processes 
and patents developed by experts and others in the government 
employ could be turned over to the Government and controlled 
by it has been urged for some time. Hearings held on this bill 
before the House Patents Committee, however, developed some 
opposition to its form, Dr, Bernhard Hesse, representing the 
Manufacturing Chemists’ Association and the General Chemical 
Company, appearing before the committee in opposition to the 
measure as drawn. E. C. Prindle, New York patent attorney, 
representing the association, also appeared.

This hearing was held prior to the attachment of the bill to 
the Patent Office reorganization measure in the Senate. Direc
tor of the Bureau of Mines Cottrell and Drs. Alsberg and 
Stewart, of the Bureau of Chemistry of the Department of Agri
culture, together with Dr. Hesse and Mr. Prindle, were named 
informally as a committee to work out an agreement upon the 
points at issue by Representative Nolan, of California, author of 
the measure. Dr. Stewart has said that following conferences 
the differences between the two sides did not appear to be rad
ical and he thought that a compromise could be reached without 
great difficulty.

Representative Nolan tried to get the measure up on the floor 
of the House the last of M ay but an objection made by Repre
sentative Gard, of Ohio, defeated the request. The bill now 
has passed the Senate in the form of the amendment as above 
outlined and goes to conference between the two Houses. It 
must wait, of course, until Congress reconvenes before any 
further action can be taken.

Referring to the bill during debate in the Senate, Senator 
Norris declared that it had "brought forth some objection not 
from inventors but from great corporations like the National 
Chemical Co., the great fertilizer trust, and others like that."

"T o  my mind,” he continued, “ it is of as much importance 
as the reorganization of the Patent Office itself. We have in 
the Government employ a large number of scientific men, in 
the Bureau of Standards, in the Bureau of Chemistry, in the 
Bureau of Mines, and perhaps some other bureaus. They are 
high-class men, wedded to their profession, particularly in the 
Bureau of Chemistry, which has excited so much interest dur
ing the war and since all over the world. They are continually 
making inventions and improvements. Scientific men all 
over the country are unanimously behind that.”

The suit of the Dow Chemical Company vs. American Bromine 
Company and A. E. Schaefer, chemist of the American Company 
and formerly a chemist of the Dow' Company, to restrain the 
American Bromine Company from operating its Midland plant 
in the recovery of bromine and the manufacture of bromides, 
and involving charges of using the trade secrets of the Dow 
Company, has been decided by the Michigan Supreme Court in 
favor of the American Bromine Company. Previous to the 
war, the Dow Company had a practical monopoly in Michigan 
and controlled the bromide market, but when the price of 
bromides rose enormously after the beginning of the war, the 
Emerson Drug Company of Baltimore and the Dr. Miles Remedy 
Company of Cincinnati, both large users of bromides, organized 
the American Bromine Company and began the manufacture of 
bromides at Midland. The charges of the Dow Chemical Com
pany, brought more than two years ago, were sustained at that 
time in the Midland County Court, and an appeal was taken 
to the State Supreme Court, whose decision in the matter is

Strong resentment is expressed against the report of the G ra
ham committee of the House which investigated the Muscle 
Shoals nitrate plant in publicity matter which has been printed 
and distributed by the Air Nitrates Corporation. " I t  will 
take more mud than this to hide the real achievements at Muscle 
Shoals,”  it is declared in a statement sent out.

Dye investigations carried on by the color laboratory of the 
Bureau of Chemistry of the Department of Agriculture will 
be considerably reduced as a result of the cut in appropriations 
given by Congress, Secretary of Agriculture Meredith has 
pointed out in a public statement. "T h e appropriation for 
color investigations in the Bureau of Chemistry' has been re
duced by $30,020, or more than 30 per cent below the funds 
available this year,” Secretary Meredith said. Work of the 
laboratory already has resulted in the granting of sixteen patents, 
he continued, and cited development of a process by  which 
phthalic anhydride could be manufactured for 45 cents a pound 
as an example of the work done by the laboratory.

Discovery that the entire content of corn-cobs can be con
verted into useful products was cited by the Secretary^ as an
other example of the work of Department chemists. Furfural 
has been discovered as one of the by-products of corn-cobs, 
while other by-products include acetate of lime, from which 
acetic acid is made, cellulose, and an adhesive of exceptionally 
high quality.

An amendment to the third deficiency appropriation bill 
proposed by Senator Lodge, of Massachusetts, provides an ap
propriation of $2,500 for two officers of the Public Health Ser
vice to represent the United States at the Sixth International 
Sanitary Conference which is to be held at Montevideo, Uruguay, 
from December 12 to 20, 1920.

Suit against the Alien Property Custodian has been filed in 
the Supreme Court of the District of Columbia by Merck & 
Company, of New York City, a drug and chemical manufacturing 
concern. The suit, filed against the Alien Property Custodian 
and the Treasurer of the United States, is to recover $538,000, 
of which amount $490,000 represents a debt owed by the firm 
of E . Merck, drug and chemical manufacturers, D arm stadt, 
Germany. The Alien Property Custodian refused to make 
payment in the absence of the representatives of the concern 
in Germany.

The second questionnaire dealing with consumers’ needs for 
German dyestuffs will be sent to consumers throughout the 
country in the near future. Some time ago the W ar Trade 
Board Section sent out a questionnaire to dye manufacturers 
relative to their needs for German intermediates.

Relief from the situation of having, no funds to carry on its 
work after the end of the present fiscal year was granted the 
War Trade Board Section by the insertion in the sundry civil 
appropriation bill of an appropriation of $25,000 to carry on the 
work of the Board. With two representatives of the Board in 
Europe at the present time, the belief has been expressed that 
this sum is not sufficient to meet the needs for the next year.

Establishment of a chemical research, laboratory was an
nounced recently by George Washington University.

Along with the dye measure, bills which failed to pass through 
the legislative mill of Congress and which were pending when 
the session ended, included the laboratory glassware and scien
tific instrument tariff bill, bills dealing with fertilizers, govern
ment production of atmospheric nitrogen, stream pollution by 
chemicals, and a measure prohibiting exportation of helium.

J u n e  14, 1920

final. That body has now reversed the decision of the County 
Court. The court’s opinion is in part as follows:

W e a re  im pressed  t h a t  th e  claim  of secrecy  on  th e  p a r t  of th e  p la in tiff  
is an  a f te r th o u g h t, in d u lg ed  in , possib ly , by  rea so n  of th e  f a c t th a t  M r. 
D ow  fe lt t h a t  relief th ro u g h  in ju n c tio n  p rocess from  th e  F e d e ra l C o u r ts  fo r 
in fr in g em en t w as d o u b tfu l. W e are  of th e  o p in ion  th a t  th e  S chae fe r 
p a te n t ,  u n d e r  w hich  th e  c o rp o ra te  d e fe n d a n t is  now  o p e ra tin g , w as, as 
c la im ed  b y  h im , based  u p o n  in v e s tig a tio n  a n d  in v e n tio n  s u b se q u e n t to  th e  
te rm in a tio n  of h is  em p lo y m e n t b y  p la in tiff . I t  is , th e re fo re , n o t su b je c t 
to  th e  te rm s  of th e  c o n tra c t ex istin g  b e tw e en  h im  a n d  th e  p la in tiff  d u rin g  
th e  la t te r  y ea rs  of his e m p lo y m e n t. I f  s a id  p a t e n t  is a n  in fr in g e m e n t on 
a n y  p a te n t  ow ned  o r  co n tro lle d  b y  p la in tif f  (a s  o rig in a lly  c la im ed  b y  M r. 
D ow ), p la in tiff  h a s  i t s  rem ed y  in  th e  F ed e ra l c o u r ts  fo r s u ch  in frin g em en t. 
U p o n  b ro a d , eq u ita b le  p rin c ip le s  a n d  in  c o n s id e ra tio n  o f p u b lic  po licy , 
p la in tiff  sho u ld  be d en ied  relief un less i t s  c la im  th e re to  is  e s ta b lish ed  b ey o n d  
p e ra d v e n tu re . A fte r  a  ca re fu l co n s id e ra tio n  of th is  v e ry  v o lu m in o u s  reco rd , 
we h av e  no  h e s ita tio n  in  reac h in g  th e  conc lusion  t h a t  p la in tif f  h a s  fa iled  to  so 
es ta b lish  its  r ig h t to  relief. T h e  b ill is d ism issed , w ith  co sts  in  b o th  co u rts .

INDUSTRIAL NOTL5
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A  committee has been appointed in France to take charge of 
the establishment in Paris of laboratories for chemical research, 
under the name "Institut de la Victoire.”  The committee is 
composed of representatives of French science, politics, and 
industry, and will work in close cooperation with government 
officials.

The Steel Company of Canada, Ltd., affiliated with the 
United States Steel Corporation, is installing a benzol plant in 
connection with its coke ovens. It is expected that 100,000 
gal. of motor fuel per month will be turned out. Production is 
expected to begin in September.

Total exports of tanning materials from the United States 
during the month of April 1920 were valued'at $278,461, accord
ing to the official figures of the Bureau of Foreign and Domestic 
Commerce. The countries receiving the largest amounts are 
as follows:

B elg iu m   ........................................................................  S4.500
F ra n c e ......................................................................................  11,228
I t a l y ..........................................................................................  6 ,986
K n s la n d ...................................................................................  120,668
C a n a d a ..................................................................................... 107,529
C u b a .........................................................................................  4 ,960

Rosin and glycerol valued at $30,000 were destroyed by a 
recent fire at the storage yards of Procter and Gamble at Ivory- 
dale, Ohio. The fire started from a spark from a locomotive 
and burned so fiercely that the firemen could do practically 
nothing to stop it. Trenches were dug around the fire, and 
all movable property carried from the danger zone.

The fertilizing plant of Armour and Company at Chicago was 
destroyed on M ay 24 by a fire which originated in an explosion 
of an ammonia tank. Damage estimated at $150,000 was 
caused and for a time a large section of the stock yards was 
threatened.

The United States Civil Service Commission has announced 
an examination for Research Engineer at $3,000 to $3,600 a 
year, to fill a vacancy at Watertown Arsenal, Watertown, Mass., 
and positions requiring similar qualifications. Requirements 
include graduation in metallurgical, mining or chemical engineer
ing from a college of recognized standing, and at least eight years 
of experience in mining, metallurgy or allied work, at least four 
years of which must have involved experience in the handling 
of men. A reading knowledge of scientific French and German 
is also required. Theses, reports, and publications must be filed 
with application. Applications must be filed with Civil Service 
Commission, Washington, D. C., by July 20, 1920.

The Commission has also announced an examination for 
organic chemist and inorganic chemist (open to men only) to 
fill vacancies in the Philippine Service and similar positions, at 
$3,000 a year. Applicants must be college graduates with 
training and experience in organic and in inorganic chemistry. 
Applications must be filed with the Civil Service Commission, 
Washington, I). C., by July 6, 1920.

The Monsanto Chemical Works have recently announced 
their intention to begin the manufacture of synthetic camphor 
011 a large scale. The plant is expected to be producing in quan
tity by the end of 1920. W ith the decreasing supply of Japanese 
camphor and the increasing demand, especially from the celluloid 
industry, the future of synthetic camphor looks very promising.

The Graesser Monsanto Chemical Works, Ltd., has been 
established in Great Britain, by an amalgamation of the British 
interests of Monsanto Chemical Works of St. Louis with R. 
Graesser, Ltd., of Ruabon, N. Wales. The new firm will begin 
manufacture in Ruabon of the full line of chemicals manufactured 
by the Monsanto Chemical Works in America, and will take 
over the London office for the handling of all European sales.

A  Canadian Bureau of Scientific Research is to be established 
at an initial cost of $600,000 for site, building, and equipment, 
and $50,000 for the first year’s salaries and upkeep. Standard
ization of all measures of length, volume, weight, etc., of all 
forms of energy and of scientific apparatus used in industry and 
the public service will be one of its main functions.

$250,000 damage was caused by a fire at the Frankford Works 
■of The Barrett Company on M ay 19, 1920. One of the boiler 
houses was destroyed and the power plant temporarily crippled, 
but it is not expected to interfere seriously with the production 
■of naphthalene.

Construction of the plant of the Atmospheric Nitrogen Com
pany near Syracuse, N. Y ., is about to begin. According to 
present plans, the first unit, which is to be completed in about a 
year at a cost of $2,000,000, will be only the beginning of the 
new' industry- The first buildings to be erected will include 
process building, conversion building, gas producer, two large 
gas holders, service building and boiler house, all of the indus

trial type.

A t a conference recently held in Manchester, England, it was 
decided to establish a British Chemical and Dyestuffs Traders’ 
Association, to protect the interests of the merchants and to see 
that the distributing side of the chemical and dyestuffs industry 
receives proper recognition in departmental regulations.

The Dominion Bureau of Statistics of Canada has completed 
a preliminary report on the cocoa and chocolate industry in 
Canada during 1918. The total capital invested was $3,694,339, 
the total cost value of materials used was $3,835,479, and the 
total production value was $6,306,379.

During the three months ending March 31, 1920, the factory 
production of fats and oils in the United States (exclusive of 
refined oil and derivatives) was as follows:

P o u n d s
V eg e tab le  o ils ...................................................  605,285,917
F ish  o ils ............................................................... 4 ,211,336
A nim al f a t s ........................................................ 455,897,306
G rease ...................................................................  89.767,212

T o t a l ..........................................................  1, 155, 161,771
P r o d u c t io n  o p  R k p in k d  O il s

P o u n d s
C o tto n se e d ..............................................................  357,572,013
C o c o n u t.................................................................... 60,736,738
P e a n u t ......................................................................  12, 748,195
vSoy b e a n .................................................................  38,393,120
C o r n ...........................................................................  24,745,843

The dye and chemical properties of the A ult & Wiborg Com
pany have been sold to a syndicate representing the three prin
cipal dye works of Basle, Switzerland. An American corpora
tion is to be formed to take over the operation of the works and 
the management will be in the hands of the Swiss interests. The 
A ult & Wiborg Company will retain a large interest in the new 
corporation, and Mr. Ault will be a director. New dye and 
chemical plants are planned, as well as enlargements of those 
already in operation. It  is stipulated in the contract that no 
German money, directly or indirectly, shall ever be used in this 
industry. The Swiss companies interested are the Society of 
Chemical Industry, the Sandoz Chemical Works, and J. R. 
Geigy, S. A.

Trustees of Dartmouth College have announced the con
struction of a new $350,000 chemical laboratory.

Rules and regulations for the leasing of phosphate deposits 
in the public lands have just been approved by Secretary of the 
Interior Payne. About 2,500,000 acres of land in Wyoming, 
Idaho, Utah, and Montana for a number of years have been 
awaiting legislation recently enacted by Congress. They will 
now be open to lease in areas not exceeding 2,560 acres each, 
and should add largely to the fertilizer supply of the United 
States. Applications for leases are to be filed with the local 
land offices for transmission to the Secretary of the Interior.

The Federal Trade Commission has cited the United Indigo 
& Chemical Co., Ltd., of Boston, engaged in the manufacture 

and sale of dyestuffs, chemicals, etc., in formal complaint of 
unfair competition. The company is charged with secretly 
giving cash commissions and other rewards to employees of its 
customers and its competitors’ customers to induce the pur
chase of its products.

The progress of the French chemical industry due to the 
effort made during the war is shown by the following table of 
production:

1913 1920
T o n s  T ons

S u lfu ric  a c id .............................  850,000 1,700,000
N itr ic  ac id ...................................... 20,000 300,000
O leum ........................................... 6,000 200,000
L iq u id  ch lo rin e .............................  n one  . 18,000
B ro m in e ......................................  n one  500
S y n th e t ic  n i t r a te s ...................  none  250,000
P h o sp h o ru s ................................ 300 3,000

The zinc oxide plant of the Empire Zinc Co., Canon City, Col., 
is nearing completion and ores are now being roasted, prepara
tory to actual production of the zinc oxide. The plant is modeled 
along the lines of the plants of the New Jersey Zinc Co., of which 
the Empire Zinc Company is a subsidiary, and the same grade 
of zinc oxide will be produced. The plant is expected to become 
an important unit in the New Jersey Zinc Company’s operations, 
and has been built with a view to future extensive additions.

To protect aluminum and aluminum alloys from corrosion, 
L. von Grotthuss has tried browning the metal electrolytically. 
The aluminum is suspended in an electrolyte consisting of a 
sulfur compound of molybdenum with a zinc anode at a tempera
ture of 6o° to 65° C. The aluminum is soon covered with a 
dark brown coating and may be bent or rolled without cracking 
the coating. Aluminum thus treated was immersed in a salt 
solution for two months without showing the slightest trace of 
corrosion
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PERSON AL NOTES
The council of the Society of Chemical Industry awarded its 

medal for the year 1920 to Monsieur Paul Kestner, first presi
dent of the Société de Chimie Industrielle of Prance, in recogni
tion of his distinguished services to the chemical industry.

M r. L. W. Haskell, vice president of the Southern Cotton Oil 
Co., died at his home in Savannah, Ga., 011 June 4, 1920.

The honorary degree of doctor of laws was conferred upon 
Dr. William H. Nichols at the recent commencement exercises 
of New York University.

Mr. Henry H. M ayers has left E. I. du Pont de Nemours & 
Co., Paulsboro, N. J., where he was employed as supervisor of 
the strontium nitrate department, to accept a position in the re
search department of Rohm & Haas Co., Bristol, Pa.

Mr. Leroy M . Law, formerly chief chemist of the Interocean 
Oil Co., New York and Baltimore, announces his association 
with the New Orleans Refining Co., New York City.

Mr. R. W. Ruprecht, formerly chemist and superintendent of 
the fertilizer factory of F. W. Tunnell &  Co., Inc., of Phila
delphia, has been appointed chemist of the Florida Experiment 
Station, Gainesville, Fla.

M r. E. Wurgler, for many years assayer and chemist at 
various plants of the American Smelting and Refining Com
pany, and recently chief chemist at their Durango Plant, resigned 
his position with that firm to enter business with Oscar J. Frost, 
assayer, Denver, Colo.

Mr. Robert V. Townend resigned his position as chemist in 
charge of the chlorinated toluene products with the Semet- 
Solvay Co., Syracuse, N. Y ., to accept a position with the Victor 
Talking Machine Co., Camden, N. J., where he will organize 
and direct their department of chemical research. Up until 
the time Mr. Townend left Syracuse, he served as secretary of 
the Syracuse Section of the American Chemical Society.

M r. W . N. Pritchard, Jr., is now doing research work on dyes 
for the Calco Chemical Co., Bound Brook, N. J., having formerly 
been with Procter and Gamble at Augusta, Ga., as superintendent 
of a pulp mill.

Mr. Howard Stoertz, formerly analytical and experimental 
chemist at the Harrison Works of E. I. du Pont de Nemours 
& Company, is now research chemist for the Crown Cork and 
Seal Co., Baltimore, Md.

M r. Allen H. Lloyd resigned his position in the St. Louis Meat 
Inspection Laboratory of the U. S. Department of Agriculture 
to accept a position in the Commercial Laboratories at In
dianapolis, Ind.

Mr. Peter J. Waldstein, formerly chief chemist for John Lucas 
and Co., Inc., Philadelphia, Pa., is employed at present in a 
similar capacity with the Continental Varnish Co., Brooklyn, 
N . Y .

M r. Kenneth E. Bell has resigned his position as research 
associate with the research laboratory of applied chemistry, 
Massachusetts Institute of Technology, to accept one as chem
ical engineer with the Lewis Recovery Corporation, Boston, 
Mass.

Dr. Marston T. Bogert, professor of chemistry at Columbia 
University, New York City, was recently named a member of 
the Tariff Commission by President Wilson. Dr. Bogert was 
elected president of the American Section of the Société de 
Chimie Industrielle of France, at its recent meeting.

Mr. G . W. Morey, of the Geophysical Laboratory, Carnegie 
Institution of Washington, who has been on leave of absence 
and in charge of the optical glass plant of the Spencer Lens 
Company of Buffalo, N . Y ., since November 1918, recently 
returned to resume his research work at the Laboratory.

The University of North Carolina chapter of Sigma X i was 
installed M ay 26 by Prof. C. E. McClung, of the University of 
Pennsylvania, president of Sigma Xi. The charter members 
of the North Carolina chapter are Drs. James M . Bell and 
Joseph Hyde Pratt, initiated at Cornell and Yale, respectively, 
and Drs. F. P. Venable, H. V. Wilson, W. D. MacNider, A. S. 
Wheeler, W . C. Coker and William Cain, all members of the 
faculty.

Mr. Clarence W. Holmes has left the employ of the Weirton 
Steel Co., Wierton, W . Va., to become laboratory assistant at 
the Universal Steel Co., Bridgeville, Pa.

Mr. R. G. Gutelius has left the experimental laboratory of the 
Atlas Powder Co., Stamford, Conn., and is in the experimental 
laboratory of the Aetna Explosives Co., at Emporium. Pa.

Dr. F. H. Rhodes has resigned as director of research for the 
chemical department of The Barrett Company, Frankford, Pa., 
in order to accept the appointment as professor of industrial 
chemistry in Cornell University.

Mr. H. D. Grigsby has resigned from the provisions and cloth
ing department of the N avy where he was in charge of the 
Inspection Laboratory, and is taking a position as research 
chemist with the Ward Baking Company at their Bronx Plant, 
New York City.

Mr. C. E. Herring was named First Assistant Director of the 
Bureau of Foreign and Domestic Commerce, and Mr. O. P. 
Hopkins, Second Assistant Director of the Bureau, in nomina
tions sent to the Senate M ay 27 by President Wilson.

The National Research Council has elected the following 
officers for the year beginning July 1, 1920: Chairman, H. A. 
Bumstead, professor of physics and director of the Sloane Physi
cal Laboratory, Yale University; First Vice Chairman, C. D. 
Walcott, president of the National Academy of Sciences and 
Secretary of the Smithsonian Institution; Second Vice Chair
man, Gano Dunn, president of the J. G. W hite Engineering 
Corporation, New York; Third Vice Chairman, R. A. Millikan, 
professor of physics, University of Chicago; permanent secre
tary, Vernon Kellogg, professor of biology, Stanford University; 
Treasurer, F. L. Ransome, treasurer of the National Academy of 
Sciences.

Mr. C. H. McClure has severed his -connections with the 
Commonwealth Edison Co., where he was employed as chief 
chemist, and has accepted a position as chemist with the Menasha' 
Printing and Carton Co., Menasha, Wis. .

Mr. Kenneth P. Monroe has resigned as chemist in the color 
laboratory, U. S. Bureau of Chemistry, Washington, D. C., to 
accept a research position in the Jackson Laboratory of E. I. 
du Pont de Nemours & Co., Wilmington, Del.

Dr. George D. Van Epps, formerly connected with the Citro 
Chemical Co., Maywood, N. J., has returned to the Continental 
Motors Corp., Muskegon, Mich., in his former capacity as 
analytical and research chemist.

M r. George K . Senior has left the American Textile Soap Co., 
Springfield, Mass., where he was employed as chemist, to take 
a similar position with the Warren Soap Manufacturing Co., 
Boston, Mass.

Mr. Henry Sohn, formerly with the Sanitary District of 
Chicago, as assistant chemist, has accepted the position of 
assistant bacteriologist at the Cincinnati Water Works, Cali
fornia, Ohio.

Mr. Asher F. Shupp recently resigned his research fellowship 
at the Mellon Institute of Industrial Research to become 
chief chemist to the Faultless Rubber Co., Ashland, Ohio.

Mr. Shreve Clark, formerly chemist and assistant testing 
engineer to the State Highway Department of Ohio, Ohio State 
University, Columbus, O., recently became testing engineer to 
the State Highway Department of Virginia, Virginia Polytechnic 
Institute, Blacksburg, Va. In addition to his regular duties in 
the Highway Department, Mr. Clark will instruct a class of 
senior civil engineers on highway materials.

Mr. Frank E. Glassman has severed his relations with the 
Specials Chcmical Co., Highland Park, 111., and has organized 
the Vulcan Chemical Co., Chicago, 111., which firm will manu
facture a complete line of soldering compounds for the electrical 
and automobile industries.

Mr. E. F. Berger, formerly assistant chemist at the Michigan 
Agricultural College Experiment Station, is at present con
nected with the Patton Paint Co., Milwaukee, Wis., as chemist 
in the insecticide plant.

Mr. Robert G. O ’Kane, previously engaged with the Brown 
Company on certain special electrochemical investigations, has 
become an executive on the operating staff of the Carrollville, 
Wis., plant of the Newport Company.

M r. Raymond E. Whitney has left the employ of the Mon
santo Chemical Works, E. St. Louis plant, to accept a position 
as chemist of the ammonia leaching and allied processes plant 
of the Calumet and Hecla Mining Co., Lake Linden, Mich.

Dr. H. R. Kraybill has left the Bureau of Plant Industry, U. S. 
Department of Agriculture, where he was assistant physiologist, 
and has been appointed professor of agricultural chemistry and 
head of the department of chemistry in the Experiment Station 
of New Hampshire State College, Durham, N. H.
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GOVERNMENT PUBLICATIONS
B y N u u .r u  A. P a r k in s o n , B u rea u  of C h em is try , W a sh in g to n , D . C .

N O T IC E — Publications for which price is indicated can be 
purchased from the Superintendent of Documents, Government 
Printing Office, Washington, D. C. Other publications can 
usually be supplied from the Bureau or Department from which 
they originate. Commerce Reports are received by all large 
libraries and may be consulted there, or single numbers can be 
secured by application to the Bureau of Foreign and Domestic 
Commerce, Department of Commerce, Washington. The regu
lar subscription rate for these Commerce Reports mailed daily 
is $2.50 per year, payable in advance, to the Superintendent of 
Documents.

C O N G R E S S IO N A L  C O M M IT T E E S

Nitrogen. Production of atmospheric nitrogen, hearing on
S. 3390, to provide further for national defense, to establish 
self-sustaining federal agency for manufacture, production, and 
development of products of atmospheric nitrogen for military, 
experimental, and other purposes, to provide research labora
tories and experimental plants for the development of fixed- 
nitrogen production, and for other purposes. 104 pp. 1920.

Zinc. Senate Report 511. 3 pp. April 9, 1920. Produc
tion of zinc ores, report to accompany H. R . 6238 (to provide 
revenue for the Government and to establish and maintain 
production of zinc ores and manufactures thereof in the United 
States); submitted by M r. Watson.

G E O L O G IC A L  S U R V E Y

Lead in 1917. General Report. C. E. S ie b e n t h a l . Sepa
rate from Mineral Resources of the United States, 1917, Part I. 
17 pp. Issued M ay 8, 1920. The output of refined lead in the 
United States from domestic ores in 1917 was 548,450 short 
tons, valued at $94,333,000, at the average sales price of refined 
lead, compared with 552,228 tons, valued at $76,207,000 based 
on the average "outside”  spot quotation at New Y ork in 1916—  
a loss in quantity of 3,778 tons, or nearly 1 per cent, and a gain 
in value of $18,126,000, or nearly 24 per cent.

Anticlines near M averick Springs, Fremont County, Wyoming. 
A . J. C o l l ie r . Contributions to Economic Geology, 1919, 
Part II. 18 pp. Issued April 26, 1920. The oil produced in 
this district is a  heavy asphaltic dark brown oil, having an odor 
of hydrogen sulfide.

Geology of Alamosa Creek Valley, Socorro County, New 
M exico, with Special Reference to the Occurrence of Oil and 
Gas. D. E. W in c h e s te r . Contributions to Economic Geology, 
1920, Part II. 15 pp. Bulletin 716-A. Issued M ay 12, 1920.

The TJpton-Thornton Oil Field, Wyoming. E . T . H a n c o c k . 
Contributions to Economic Geology, 1920, Part II. 18 pp. 
Bulletin 716-B. Issued April 29, 1920.

Mineral Resources of the United States 1917. Part II. 
Non-metals. G. F. L o u c h l in . 1293 pp. Cloth bound. 
1920. The chapters covered by this report are: fuel briquet
ting; strontium; phosphate rock; sulfur, pyrites, and sul
furic acid; magnesite; talc and soapstone; gypsum; graphite; 
slate; feldspar; gems and precious stones; salt, bromine, 
and calcium chloride; mica; asbestos; sand-lime brick; silica; 
abrasive materials; asphalt, related bitumens, and bituminous 
rock; fuller’s earth; peat; barytes and barium products; fluor
spar and cryolite; sodium salts; cement; sand and gravel; potash; 
mineral waters; clay-working industries; lime; stone; petroleum; 
coal (Part A), production; natural gas; gasoline from natural 
gas; coke and by-products in 1916 and 1917; coal (Part B), dis
tribution and consumption. These separate chapters have 
previously been reviewed.

Chromite in 1918. J. S. D il l e r . W ith Papers on Foreign 
Deposits of Chromite by  E . F. B liss  and H. R. A ldrich , and 
on Chromite and Chromiferous Iron Ore in Cuba by E. F. 
B urch ard. Separate from Mineral Resources of the United 
States, 1918, Part I. 69 pp. Published M ay 15, 1920. The 
year 1918 was the most eventful in the history of chromite. 
The domestic production was by  far the largest in the history 
of the country and demonstrated that when necessary the 
United States can, at least for a few years, supply its own chro
mite. The total quantity of chromite of all grades mined and 
shipped in the United States in 1918 was 82,430 long tons (92,322 
short tons), valued a t $3,955,567.

B U R E A U  0 7  M IN E S

Monthly Statement of Coal-Mine Fatalities in the United 
States, February 1920. W . W . A dam s. 10 pp. Paper, 
5 cents. April 1920.

Procedure for Establishing a List of Perm issible Gas M asks; 
Fees, Character of Tests, and Conditions under Which Gas 
M asks W ill Be Tested. Supplement to Schedule 14. 4 pp. 1920.

Approved Explosion-Proof Coal-Cutting Equipment. L. C. 
Il s l e y  an d  E. J. G l e im . Bulletin 78. 53 pp. Paper, 25 
cents. 1920. The first part of the bulletin deals with the 
general theory of protection from fire damp, gives the schedule 
of the Bureau of Mines, and shows its application to the testing 
of commercial apparatus. The second part covers a detailed 
description of the apparatus that has been tested and approved 
under this schedule, together with a resum6 of the tests on which 
the approvals were based.

Coal-Mine Fatalities in the United States, 1919, and Coal- 
M ine Statistics Supplementing Those Published in Bulletin 115. 
List of Permissible Explosives, Lamps, and Motors Tested 
prior to January 31, 1920. A. H. F a y . Bulletin 196. 86 pp. 
Paper, 15 cents.

The Determination of Mercury. C. M . B ou ton  an d  L. H. 
D u sc h ak . Technical Paper 227. 44 pp. Paper, 10 cents. 
1920. The method described in this report was developed by 
the Bureau of Mines for use in a study of mercury condenser 
losses. Illustrations are given, showing the apparatus employed. 
A  bibliography on analytical methods for the determination of 
mercury is also included. ,

Accident Prevention in the M ines of Butte, Montana. Tech
nical Paper 229. Covers safety organization and work of Butte 
mining companies, etc. Paper, 10 cents. Issued June 1920.

Development of Liquid Oxygen Explosives during the War. 
Technical Paper 243. Paper, 10 cents. Issued June 1920. 
Covers historical review, Bureau of Mines experiments, recent 
German development of liquid oxygen explosives, European 
observations of bureau representatives, summary and conclu
sions regarding liquid oxygen explosives, including blasting, 
equipment, safety precautions/etc.

Quarry Accidents in the United States during the Calendar 
Year 1918. A. H. F a y . Technical Paper 245. 52 pp. Paper, 
10 cents. April 1920.

Perforated Casing and Screen Pipe in Oil W ells. E. W. 
W a g y . Technical Paper 247. Petroleum Technology 55. 
48 pp. Paper, 20 cents. Issued April 1920.

Effect of Gasoline Removal on the Heating Value of Natural 
Gas. Technical Paper 253. Paper, 5 cents. Issued June 1920. 
Covers a review of the situation, character of natural gas ex
amined, advantages of gasoline plants, and experimental results 
in laboratories.



B U R E A U  O F  S T A N D A R D S

Recommended Specification for Iron-Oxide and Iron-Hydrox- 
ide Paints. Circular 93. 8 pp. Issued April 21, 1920. Pre
pared and Recommended by the United States Interdepart
mental Committee on Paint Specification and Standardization, 
March 22, 1920. Outlines general specifications for the pigment, 
liquid, semi-paste, and ready-mixed paint, methods of sampling 
and analysis, and describes the reagents to be used in examining 
these products.

Recommended Specification for Black Paint, Semi-paste 
and Ready-m ixed. Circular 94. 8 pp. Issued April 21, 1920.
Prepared and recommended by the United States Interdepart
mental Committee on Paint Specification and Standardization, 
March 22, 1920. Outlines general specifications for the pig
ment, liquid, semi-paste, and ready-mixed paint, methods of 
sampling and analysis, and describes the reagents to be used in 
examining these products.

Weights and M easures. Miscellaneous Publication 41. 
226 pp. Paper, 20 cents. 1920. This is a report of the twelfth 
annual conference on weights and measures of the United States 
held at the Bureau of Standards, Washington, D . C., M ay 21 
to 24, 1919.

D E P A R T M E N T  O F  A G R IC U L T U R E

Saponified Cresol Solutions. J. M .  S c h a e f f e r .  De
partment Bulletin 855. This paper describes a series of experi
ments undertaken with the object of preparing a saponified 
cresol solution which would be cheaper and at the same time 
no less effective as a disinfectant than those at present in use.

Insect Powder. C. C. M c D o n n e l l ,  R .  C. R o a r k  a n d  G. L . 
K e e n a n .  Department Bulletin 824. 100 pp. Paper, 20
cents. Issued June 3, 1920.

A r t ic le s  f r o m  t h e  J o u r n a l  o f  A g r i c u l t u r a l  R e s e a r c h  

Effect of Calcium Sulfate on the Solubility of Soils. M . M . 
M c C o o l and C. E. M i l la r .  19 (April 15, 1920), 47- 54 - 

Effect of Reaction of Solution on Germination of Seeds and 
on Growth of Seedlings. 1 9  (April 15, 1920), 73- 95 -

C O M M E R C E  D E P A R T M E N T  

Commerce. Schedule governing statistical classification of 
imports into the United States, with rates of duty, and regula
tions governing the preparation of monthly and quarterly state
ments of imports and monthly statement of exports of foreign 
commodities; approved June 10, 1918. Edition of 1920. For
eign and Domestic Commerce Bureau. Supersedes and com
bines Schedules A  and E . 98 pp. Paper, 10 cents.

U N IT E D  S T A T E S  T A R IF F  C O M M IS S IO N  

Incandescent Gas-M antle Industry. Its raw materials and 
by-products, monazite sand, thorium and cerium nitrates, 
pyrophoric alloys, and mesothorium. Tariff Information Series 
14. 32 pp. Paper, 5 cents. 1920.

F E D E R A L  B O A R D  F O R  V O C A T IO N A L  E D U C A T IO N  

Industrial Accidents and Their Prevention. R . R . R a y .  
Bulletin 47. Employment Management Series 7. 66 pp. 1920.

N A V Y  D E P A R T M E N T  

Lubricating Oils as Purchased by Bureau of Steam Engineer
ing. General information for refiners of petroleum regarding 
tests of lubricating oils at Engineering Experiment Station, 
Annapolis, M d., also information concerning tests of greases 
and soluble oils at laboratory of Machine Division, N avy Yard, 
New York. Revised March 1, 1920. 32 pp.

T R E A S U R Y  D E P A R T M E N T  

Denatured Alcohol. Regulation 61 relative to production, 
tax payment, etc., of industrial alcohol, and to manufacture, 
sale, and use of denatured alcohol under Title 3 of national pro
hibition act of October 28, 1919- Treasury Decision 2986 (sup
plement to Treasury Decision 38, No. 10). 107 pp. Paper,
10 cents. 1920.

July, 1920 T H E  J O U R N A L  011 I N D U S T R I A L

U N IT E D  S T A T E S  P U B L IC  H E A L T H  S E R V IC E  

A Further Study of the Excess Oxygen Method for the Deter
mination of the Biochemical Oxygen Demand of Sewage and 
Industrial W astes. E. J. T h e r i a u l t .  35, 1087-97-

C O M M E R C E  R E P O R T S — M A Y  1 9 2 0

A  report has been prepared showing the development of the 
sandalwood oil industry in India, and the distribution of this 
trade in previous years. (P. 651)

England has received her first reparation dyestuffs from 
Germany. (P. 677)

The successful cultivation of camphor within the British 
Empire is no longer doubtful. (Pp. 692-3)

There is a steady demand in Japan for soda ash, caustic 
soda, bicarbonate of soda, carbolic acid (phenol), boric acid, 
borate of soda, bichromate of potash, and rosin, for most of 
which the United States is the principal source of supply. (P. 
694)

The effectiveness of the Japanese camphor monopoly Tor 
increased production is shown by the production in 1919 being 
almost double the amount produced in 1918. (P. 694)

A description is given of the extraction of tannin from the 
Indian myrobalans. (Pp. 713-5)

Chicle-producing trees have been discovered in British Guiana. 

(P. 716)
The suggestion that the forcstial riches of Argentina be util

ized for the manufacture of paper pulp is meeting with favor. 
(Pp. 716-7)

Statistics are given showing the production of the leading 
Burma rubber plantations and the exportation of rubber for 
the past five years. (P. 727)

Final returns covering the exportation of tin from Hongkong 
in 1919 indicate a disastrous year. (Pp. 743)

Statistics are given showing the imports of aniline and alizarin 
into Madras by  countries for five years. (P. 745)

The total French imports of crude rubber for 1919 were 
32,455 metric tons against 19,927 tons in 1918. (P. 745)

Great progress has been made in the revival of the Indian 
indigo industry. (Pp. 746-7)

The imports of chemicals into Burma during the year ended 
March 31, 1918, showed a considerable increase over the four 
years immediately preceding. (P. 758)

There is a considerable movement of paraffin into and out of 
Hongkong. In 1918 the United States furnished wax to the 
extent of 59 per cent of the total, but in 1919 furnished but 7 
per cent, and that only in the last quarter of the year. (P. 767) 

The artificial silk establishments or Belgium are employing 
90 per cent of their 1914 personnel, but the production is slightly 
below 32 per cent of the pre-war figure. (P. 798)

The British Government has made arrangements to deliver 
to the Belgian zinc industry 240,000 tons of zinc ore within the 
maximum limit of two years. (P. 798)

The mineral resources of Armenia have been hardly explored 
or are impossible to exploit on account of the scarcity of avail
able roads. The deposits of copper are innumerable. (P. 807) 

Hull is now without doubt the largest vegetable oil center in 
Europe. During January and February 596,939 gal. of 
linseed oil, valued at $999,770, were invoiced through Hull for 
shipment to the United States. The outlook of the industry 
for 1920 is very promising. (Pp. 818-23)

A  more or less acute shortage of paper is reported in Hong
kong, Shanghai, and North China ports. (P. 823)

The utilization of Irish mineral resources is suggested. Accu
rate explorations will have to be made, however, before the 
practicability of reopening old mines and exploiting new fields 
is determined. (Pp. 828-30)
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The export of sulfur from Sicily in 1919 amounted to 147,286 
tons, as compared with 231,390 tons ¡11 1918, but is still below 
the pre-war figures. There were no sulfur exports to the United 
States during 1919. (P. 835)

German war-time experiments showed that the distillation 
of lignite at a high temperature gave a liquid coal tar which 
contained certain ingredients suitable as a substitute for gasoline, 
kerosene, and lubricating oils. (P. 835)

The manufacture of paper pulp from seaweed is proving to be 
a profitable undertaking in Japan. (P. 836)

In spite of the heavy duty imposed on toilet soaps imported 
into Japan the importations of perfumed soaps increased from
105.000 lbs., valued at $39,000, in 1917 to 125,000 lbs., valued 
at $61,000, in 1918 and jumped to 387,000 lbs., valued at 
$184,000, in 1919. The demand for laundry soap is largely 
met by local production. (Pp. 836-7)

Norway in 1916 mined 29,398 short tons of copper ore and in 
ï9 *7> 43.318 tonS. During the same period the production of 
copper pyrites was 325,571 and 362,323 short tons, respectively.
(P. S37)

Germany is to pay Switzerland 11,000,000 Swiss francs in 
order to cancel her war-time contract for the purchase of alumi
num in Switzerland. (P. 854)

The German delivery of chemicals is so uncertain that Swit
zerland finds it practically impossible to carry on any satis
factory business with Germany. Chemical products from the 
United States can be purchased in Switzerland at a lower price 
in many instances than German houses are quoting. (P. 881) 

The duties on coal-tar dyes imported into Spain have been
fixed for a period of ten years at greatly increased rates. (P.
891)

The French iron and steel industry is reviewed. (Pp. 902-17) 

A new petroleum deposit was recently discovered at Pechel- 
bronn. New refineries are to be installed capable of distilling
73.000 tons of crude petroleum per year. The distillation is to
be by the "continuous”  process, with perfect vacuum. (P.
918)

The effect of the war 011 the Spanish iron and steel industry, 
one of the most important Spanish industries, is noted. (Pp. 
934- 44)

There is a great demand in Norway for cellulose, as well as 
wood pulp and paper. Since the armistice the sale of bleached 
sulfite has been greater than that of paper and sulfate cellulose. 
(P. 978)

The total shipments of crude rubber from the ports of Para, 
Manaos, and Itacoatiara, Brazil, and Iquitos, Peru, during the 
month of January 1920 amounted to 6,273,039 lbs. as com
pared with 6,624,915 lbs. in the corresponding month of last 
year. (P. 981)

Work on the erection of a paper and pulp mill in Newfoundland 
is to be started this month. The pulp and paper produced will 
be exported to England and the United States. (P. 991)

Previous to 1916 no manganese was mined in Costa Rica. 
Since that time production has steadily increased until in 1919
7.851.5 tons were exported. (P. 998)

American interests recently acquired the rights to three 
Bolivian tin mines. (Pp. 998-9)

The importation of soda and soda ash into Japan has greatly 
increased, and from 70 to 80 per cent of these imports come from 
the United States. (P. 1002)

German shale and peat have been suggested as substitutes 
for coal. (P. 1013)

It  is reported that work is about to be resumed in the old 
Orijarvi copper and zinc mines in Finland. (Pp. 1018-9)

The French Minister of Finance has given notice that the 
price of alcohol distilled from sugar beets during 1920-1 will 
be based on the average price of No. 3 white sugar during Novem
ber and December 1919. (P. 1043)

The manufacture of by-products from second-grade coal in 
South Africa is about to be commenced. A  carbide and by
products plant is now in the course of construction. The seams 
of this second-grade coal are very thick, and consequently 
the raw material is easily obtainable. Tests show that the coal 
is high in nitrogen, and yields over 120 lbs. of sulfate of ammonia,
2.5 gal. of benzol, and 16 gal. of tar oil per ton of coal. (P. 1048) 

An enterprising American has secured from the Italian govern
ment a concession for the utilization of Soo horse power of the 
waterfalls at Terni, and maintains that he can turn out nitrog
enous plant food for the Italian farmer at a cost as low as 1 
lira per kilo. The process has passed beyond the experimental 
stage and ammonia from this plant has already been put upon 
the market on a paying basis. (Pp. 1058-9)

The new import duties on drugs and chemicals in Uruguay 
affect 1,244 items and, in many cases, greatly increase the 
duties. (P. 1073)

Mexican potassium nitrate, in lots of from 30 to 100 tons per 
month, may be obtained. (P. 1076)

T o ameliorate the serious situation caused by the shortage in 
France of superphosphates for agricultural purposes, the Under 
Secretary for the Merchant Marine has placed at the disposition 
of a group of manufacturers of this vitally necessary fertilizing 
material 35,000 tons of shipping, in addition to 6,000 tons 
already furnished, to be employed in the transportation of 
phosphate rock from Northern Africa. (P. 1087)

The Australian restrictions on the importation and exporta
tion of copra have been removed. (P. 1089)

The nitrate industry of Chile is reviewed. (Pp. 1093-1103) 

The lead and zinc industry in Japan is reviewed. (P. 1108) 

There has been a fall in the prices of tallow in Great Britain. 
(P. 1112)

An acute scarcity of manganese ore is reported in Great 
Britain, which greatly hinders the furnaces making ferromanga
nese. (Pp. 1 112-3)

The Australian import prohibition on dyes is still effective. 
(P. 1121)

The British W ater Power Resources Committee has a scheme 
for the utilization of the water power of the United Kingdom 
in place of coal and oil. (P. 1157)

An increase in the exportation of nearly all kinds of vegetable 
oils from the Mukden consular district of China is reported. 
(P. 1178)

The Spanish olive oil yield in 1919 amounted to 336,393 metric 
tons, compared with 255,202 tons in 1918, and 427,838 tons in 
1917. (P. 1189)

The trade in chemicals at Hongkong in 1919 showed little 
life and very little increase over that of 1918, when it was difficult 
to secure supplies in any line. Importers found it difficult to 
secure supplies from the United States and most of them returned 
to their old British connections as rapidly as conditions per
mitted (P. 1 197)

Rich veins of mica have been explored and are now being 
exploited in the district of Mehedintz, Rumania. (P. 1227) 

S p e c i a l  S u p p l e m e n t s  I s s u e d  
U n i t e d  K in g d o m — 22c B r a z i l — 43a
S c o t l a n d — 2 2d  C o l o m b i a — 45a
A r g e n t i n a — il a A d e n — 52a

D u t c h  E a s t  I n d i e s — 56a
S t a t i s t i c s  o r  E x p o r t s  t o  t h e  U n i t e d  S t a t e s  

B u r m a — (P . 733) C h i l e — (P . 1099)
Paraffin  w ax  N itra te

S ic il y — (P . 771)
E ssence  of b e rg am o t
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B O O K  REVIEWS
The Condensed Chemical Dictionary. Second Printing, Cor

rected. The Chemical Catalog Co., Inc. 1 Madison Ave., 
New York. Price, $5.00.
A number of the errors to which attention was called in the 

review of the first printing [Th is J o u r n a l ,  12 ( 1 9 2 0 ) ,  1 0 2 ] 
have now been corrected. In particular the editors state that 
the physical constants have been checked and are believed to be 
correct with the exception of the following typographical errors: 
(t) the boiling point of methyl chloride should be — 2 3 .7 3 ° in
stead of 2 3 .7 3 0 , ( 2 ) the melting point of dinitrobenzene (para-) 
should be 1 7 2 - 1 7 3 0 instead of 3 7 2 - 3 7 3 0 .

A ustin  M . P atterson

Manual of Industrial Chemistry. Edited b y  A llen  R ogers in col
laboration with others. 3rd Edition thoroughly revised and en
larged. D .VanN ostrand C o.,N ew York, 1920. Price,$7,50, net. 
The third edition of this Manual of Industrial' Chemistry 

comes from the press as a volume of over 1200 pages, an increase 
of more than 200 pages over the second edition issued in 1915. 
The book is however no more bulky than its predecessor. The 
success of the earlier editions is attested by the statement that 
this is the twelfth thousand printed. Alm ost every chapter 
shows revision and in many cases expansion. The first chapter 
on General Processes, by Professor Rogers himself, is much 
improved by expansion from 32 to 48 pages. The second 
chapter on W ater for Industrial Purposes, written in the early 
editions by Mr. R. B. Dole, now deceased, has been rewritten 
by Messrs. Stabler and Chambers of the Geological Survey and 
expanded to cover 54 instead of 31 pages, presenting a very 
excellent treatment of the subject. The excellent chapter 011 
Illuminating Gas by M r. W. H. Fulweiler is increased from 63 
to 82 pages. Other chapters show less expansion. Four new 
chapters are added, one of 12 pages on Turpentine and Rosin 
by Dr. Chas. H. Herty; one of 18 pages by Mr. Jerome Alex
ander on Colloids; one of 15 pages by M r. Clarence V. Ekroth 
on Dehydrated, Dried, and Evaporated Foods, Condensed 
Foods; one of 27 pages on Baking by M r. Arnold Wahl.

This book has the advantages and disadvantages which arc 
inherent in such a collaborative effort. The writers are specialists 
in their subjects and errors of fact are few, but there is some 
duplication and considerable unevenness of treatment. The 
Industrial Chemistry of Carbon Compounds takes nearly two- 
thirds of the book and yet there is practically nothing on the 
manufacture of intermediates or dyes Paper manufacture is 
compressed to 15 pages and rubber to 24 pages, but the subjects 
of paint, varnish, and their raw materials are given nine chapters 
with a total of 105 pages. In contrast to this we find in the 
Inorganic Industry the metallurgy of iron and steel, treated, it 
is true, by a master, Bradley Stoughton, compressed to 17 pages; 
the industry of clay, bricks, and pottery cut to 7 pages, and the 
metallurgy of the non-ferrous metals touched on only casually 
in the chapter on Elements and Compounds.

The Electrolytic Decomposition of Sodium Chloride is given a 
separate chapter but the industries of evaporation and separa
tion of salts in solution are given inadequate treatment. Com
mon salt and the evaporation of brine are, it is true, given 5 
pages, but the treatment is indiscriminating and statistics used 
in the 1915 edition and dating from 1912 have been carried for
ward without revision. Potash salts and the manufacture of 
soda ash receive only scanty and casual treatment in the chapter 
on Elements and Compounds.

The treatment of the various chapters is mainly descriptive. 
The increase in our theoretical knowledge is making it increas
ingly possible to show the reasons for technical success or failure 
and the limitations of processes. I t  is hoped that more emphasis 
may be placed on this aspect in future editions.

Those of us who recall how books like Lunge’s "Sulphuric Acid 
and Alkali,”  and Allen’s "Commercial Organic Analyses”  have 
grown with successive editions may hope that the demand for 
this work will soon cause it to be issued in several volumes where 
the inorganic subjects and the theoretical treatment may have 
more generous recognition. However, in its present form, the 
book may be rated as the best single volume treatment of indus
trial chemistry in the English language.

A lfred  H. W hite

From Newton to Einstein. B y  B enjam in  H arrow , Ph .D.
74 pp. D. Van Nostrand Co. New Y ork: 1920. Price, $1.00.
This is a small but popular brochure rather than a book and 

has no doubt sprung out of the opportunism brought about by 
the popular furore over Einstein and his postulates. The first 
portion of the book is taken up with a general rcsum6 concerning 
Newton and his law of gravitation and laws of motion together 
with his theory of light. Another small chapter deals with the 
ordinarily accepted, modem theory of light, and a final chapter 
treats of Einstein’s theories and conceptions of the nature of 
light, and a statement of the observations and results of the 
astronomical experiments to watch the solar eclipse of M ay 
1919, as far as its bearings on the Einstein theory are con
cerned. The author is thoroughly convinced of the naivetd 
of his readers, for in discussing the theory of light, when the 
term "ether”  is mentioned, he assures us in a footnote that this 
is in no way connected with the well-known anesthetic.

The treatment of the subject is very similar to that in the 
various "special articles”  which have from time to time ap
peared in the daily newspapers or in the magazine sections of the 
Sunday editions, concerning Einstein and his theories. Great 
stress is laid in this review of the work of Einstein in respect 
to its connection with the conception of light, and the popular 
sensationalism is catered to by claiming that the startling result 
of Einstein’s discoveries is that light does not travel in a straight 
line as formerly supposed, but in curves, and consequently, 
notwithstanding the postulates of Euclid, two parallel lines 
probably meet long before finity is reached. Of course it is a 
sensational bit of news to announce to the trusting public that 
by the wonderful discovery of Einstein the whole conception 
of geometrical propositions has been proved false, but, as a 
matter of fact, the physical behavior or the physical nature of a 
ray of light has nothing whatever to do with the propositions 
and conceptions of pure mathematics or of geometry. B ut then 
perhaps, unless this type of newspaper sensationalism is re
sorted to, very little popidar interest would be aroused in a 
scientific discussion which really involves very abstruse mathe
matical propositions.

The author also dabbles a little in the fourth dimension but 
has the good sense to state that the layman cannot grasp the 
meaning of the fourth dimension, although the mathematician 
can play with it in mathematical terms. The same might also . 
be stated as being true of such mathematical toys as imaginary 
quantities. The square root of minus one, for example, is a 
plaything with which the mathematician can amuse himself 
in a variety of different ways, although the layman cannot 
have the sh'ghtest notion of its meaning, nor, in fact, can the 
mathematician himself, although some time he can use it with 
very good and practical results as a term in a mathematical 
series.

This little book of Dr. Harrow’s no doubt will prove in
structive and entertaining to the unscientific layman who has 
to be warned that the ether of the outside space cannot be used 
as an anesthetic, but there does not seem to be anything of 
interest in this publication for the scientist or the scholar.

J. M e r r i t t  M a t t h e w s
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NEW PUBLICATIONS
B y  C lara  M . G u p p y ,  L ib ru riu u , M ello n  lu s t i t u t e  of In d u s tr ia l  R esea rc h , P itt s b u rg b

A lum inum : L ’A lum inium  e t  s e s  A lliages. C . G r a r d . 251 pp . P riée , 
25  fr. B erg e r-L ev raü lt, P aris .

C hem ical T h eo ry : E le m e n ta ry  C hem ica l T h e o ry  an d  C a lcu la tions . J o h e p h  

K n o x . 2 d  E d .  8 v o . 1 0 9  p p . G u r n e y  &  J a c k s o n .  L o n d o n .

C hem istry : A pplied C h em is try ; A P ra c t ic a l H a n d b o o k  fo r  S tu d e n ts  of 
H o u se h o ld  S cience a n d  P u b lic  H e a lth . C. K .  T i n k l e r  a n d  H e l e n  

M a k e r s .  Vol. I. 8-vo. P rice , 12s. 6d. C . L ockw ood  & Sou, L o n d o n . 
C h em is try : A C ourse  of P ra c tic a l C h em is try  fo r A g ricu ltu ra l S tu d e n ts . 

L . F . N e w m a n  a n d  H . A. D . N e v i l l e .  T o i . 1. 235 p p . P rice , 10s. 6d.
U n iv e rs ity  P ress . C am bridge .

C h em is try : A F o u n d a tio n  C ourse  in  C h em is try  lo r  S tu d e n ts  of A g ricu ltu re  
a n d  T echno logy . J .  W . D o d o s o n  a n d  J .  A . M u r r a y . 2d E d . 8vo. 
253 p p . P rice , 6s. 6d. H o d d e r  & S to u g h to n . L ondon .

C o a l-ta rs  an d  T h e ir  D eriv a tiv es . G . M a l a t e s t a . T ra n s la te d  from  th e  
F ir s t  I ta l ia n  E d itio n , w ith  R ev isions, C o rrec tions  a n d  A d d itio n s  by  th e  
A u th o r. 8vo. 530 p p . P rice , 21s. E . & F .  N . S p an , L td .,  L ondon . 

C o llo ids: T h e  U se  of C olloids in H e a lth  an d  D is e a s e . A. B .  S e a r l e . 120 
pp . P riee , 8s. C o n s tab le  & C o.. L td ., L ondon .

C o sm etics : A H an d b o o k  of th e  M a n u fa c tu re , E m p lo y m e n t, a n d  T e s tin g  
of A ll C osm etic  M a te r ia ls  an d  C osm etic  S p ec ia ltie s  w ith  N u m ero u s  
R ec ipes . T h e o d o r  H o l l e r . T ra n s la te d  from  th e  G erm an . 3d  E n g 
lish E d itio n . 8vo. 264 p p . P rice , 8s. 6d . S co tt , G reenw ood  & Son, 
L ondon .

F o o d s: T h e  M icro  biology an d  M icroana ly sis  of F o o d s. A l b e r t  S c h n e i d e r .

8vo. P rice , $3.50. P . B la k is to n ’s Son & Co., P h ila d e lp h ia .
F u e ls : U se  of L o w -G rad e  an d  W a ste  F u e ls  fo r  P o w e r G en e ra tio n . J .  B  C.

K e r s h a w . 2 0 2  p p .  P rice , 1 7 s . C o n stab le  & C o., L td . ,  L ondon .

L eg a l C h em is try  a n d  S cien tific  C rim inal In v es tig a tio n . A .  L u c a s . B v o .

181 pp . P rice , $3 .40 . L o n g m an s , G reen  & C o., N ew  Y o rk . 
M eta llog raphy - S. L . H oyt . V ol. 1. Bvo. 256 p p . P rice , $3 .00 .

M cG raw -H ill B ook C o., N ew  Y ork .
N itra te s , P h o sp h a te s , P o ta s h . R .  D e  B o n a r d . 200 p p .  P r ic e ,  1 8  f r .

C h. B eran g er, P aris .
O ils, In d u s tr ia l:  L e s  H u ile s  In d u s tr ie lle s  e t  le u rs  D é riv és ; F ab ric a tio n , 

T ra n fo rm a tio n s; A pplications- J . F r i t s c h . 357 p p . P rice , 30 fr. 
A . L e g ran d , P aris .

O re  D ress in g : H an d b o o k  of O re  D re ss in g , E q u ip m en t a n d  P ra c t ic e . A. TV,
A l l e n . 12m o. 239 p p . P rice , $3 ,00 . M cG raw -H ill B ook  C o ., N ew  
Y ork .

O rg an iza tion  a s  A pplied to  In d u s tr ia l  P ro b lem s. H . T . " W r ig h t .  2 1 s .

C . G riffin &  C o .. L td . ,  L ondon .
P a p e r :  M o d e rn  P u lp  a n d  P a p e r  M ak in g ; A P ra c t ic a l T re a tis e . G. S.

W i t h  a m . P rice , $6.00. T h e  C hem ica l C a ta lo g  C o., In c ., N ew  Y ork . 
P h o sp h o ru s : P h o sp h o re , A rsen ic , A n tim o ine . B ib lio th èq u e  d e  C h im ie  de 

L ’E n cyclopéd ie  S c ien tif iq u e . A. B o u t a r i c  a n d  A .  R a y n a x t d . 420  p p . 
P rice , 9 fr. 50. G . D oin , P aris .

S oap : M a n u a l of T o ile t S o ap -M ak in g  C om prising  T o ile t S o ap s , M ed ic a ted  
S oaps an d  o th e r  S p ec ia ltie s . C . D e it e . 2 d  R ev ised  E n g lish  E d itio n . 
8vo . 3 56  p p . P rice , 21s. 9d . S co tt . G reenw ood  & Son, L ondon .

S te e l: H a rd e n in g , T e m p erin g , A nnea ling  and  F o rg in g  of S te e l, Inc lu d in g  
H e a t T re a tm e n t of M o d e rn  A lloy S tee ls . J .  Y .  W o o d w o r t h . 5 th  E d . 
8vo. 32J p p . P rice , $3 .00 . N . W . H en le y  P u b . C o ., N e w  Y ork .

V olatile  O ils . E . G i l d e m e i b t e r . T ra n s la te d  b y  E d w a rd  K rem ers . 2 
Vols. 2 d  E d . 8vo. P rice . $7 .50  each . J o h n  W iley  & S o n s, In c .,  
N ew  Y ork .

V olum etric  A nalysis . G. S . V. W il l s . 8 v o . 96 p p . P rice , 5s. W ills 
a n d  W oo d n o th , L ondon .

W a te r  P u rific a tio n  P la n ts  a n d  T h e ir  O pera tion - M . F . S t e i n .  2d  E d . 
R ev ised . 8vo. 258 p p . P rice , $3.00. J o h n  W iley  & S o n s, In c ., N ew  
Y o rk .

RECENT JOURNAL ARTICLES
A lu m in u m : In c re a s in g  U se  of A lloyed A lum inum  a s  an  E n g in e e r in g  M a 

te ria l . G . M . R o l l a h o n . In d u s tr ia l M anagem ent, V ol. 59 (1920)„ 
N o . 6 , p p . 456-461 .

A lum inum : R a te  of C orrosion  of A lum inum . G . H . B a i l e y . J o u rn a l 
o f the Society  o f C hem ical In d u s try ,  Vol. 39 (1920), N o . 9, p p . 118/-120Î. 

B y -P ro d u c t an d  P ro d u c e r  G a s  P la n t :  T h e  L a y -o u t a n d  O p era tio n  of a B y- 
P ro d u c t P ro d u c e r  G as  P la n t .  W .  H .  P a t c h e l l . E ngineering  and  
In d u s tr ie l M anagem ent, V6L 3 (1920), N o . 20, p p . 619—622.

B y -P ro d u c t C oke a n d  B y -P ro d u c ts  of CoaL T . E . P i e r c e . B last F urnace  
and  Steel P la n t, V ol. 8  (1920), N o . 5, p p . 283-287 .

C a ta ly s is  from  a n  In d u s tr ia l  S tandpo in t- E . B . M a t t e d . J o u r n a l o f  
th e  Society  o f Chem ical In d u s try , Vol. 39 (1920), N o . 8, p p . 95t-98t.

C hem ical P a te n ts . A . E . M a c r a e .  C anadian Chem ical Jo u rn a l, V bl- 
4 (1920), N o . 5, p p . 126-129.

C yan ide: C an a d ian  C yan ide: I t s  M a n u fa c tu re  a n d  U tiliza tion . W . S.
L a n d i s .  C anadian Chem ical Jo u rn a l, V o l. 4  (1920 ), N o . 5, pp . 
130-132.

C yanogen C h lo ride: T h e  P re p a ra t io n  of C yanogen  C h lo ride  on a  L a rg e  
L a b o ra to ry  S ca le . T . S. P r i c e  a n d  S. J .  G r e e n .  J o u rn a l o f the S ocie ty  
o f Chem ical In d u s try ,  V o l. 3 9  (1920) . N o .  B, p p . 98/-101Z.

D istilla tio n  e t  R ec tifica tion . T h é o rie  T h e rm iq u e  d e  la  D is til la tio n , de la. 
R ec tifica tion  e t  d e s  R e a c tio n s  C h im iques  E ffe c tu é e s  d a n s  le s  C olonnes 
ou le s  T o u rs  a  m a rch e  co n tin u e . L .  G a y .  C him ie  et In d u s tr ie , ~Vni. 3 
(1920), N o . 2 , p p . 157-166.

D yeing : P a ra  R ed  D y e in g . A. j j .  H a l l .  Color T ra d e  Jo u r n a l, V ol. 6  
(1920), N o . 6, p p .  177-179.

D y estu ff Industrj* : N a tio n a l F o re ig n  P o lic ie s  Im p o r ta n t  fo r  D ev e lo p m en t 
of A m erican  D y es tu ff  In d u s try .  L . W . A l w y n - S c h m id t .  Color T rade  
Jo u rn a l, V ol 6  (19 20 ), N o .  6, p p . 159-62.

D y es tu ff  s : C hem ical a n d  P h y sica l P ro p e r tie s  of D y es tu ff  s . A cid and  
B asic  D y es in  G ela tin  S o lu tions. J .  T r a u b e  a n d  F . K o i î i i l k k . S cien 
tific A m erican  M on th ly , V ol. 1 (1920), N o . 5, p p . 4 0 8 -4 I I .

D y es tu ffs : F o u n d a tio n s  fo r  D y es tu ff  In d u s try .  T . H .  N o r t o n .  T e x t i le  
W orld J o u rn a l,  V o l.  57 (1920), N o .  .23, p p .  1 3 2 -7 .

E x p é rim en ta l L a b o ra to ry : H o w  to  E q u ip  a n d  O p e ra te  a n  E x p e rim e n ta l 
L a b o ra to ry . Q. K r e h e ,  S. D . W e l l s  a n d  V . P . E d w a r d s .  P a p er, 
V ol. 26 (1920), N o . 13 , p p . 11-14, 2B; N o . 14, p p .  .24-27,

F erti liz e r  S itu a tio n : S ta te m e n t of th e  P r e s e n t  T e n d e n c ie s  of th e  F e r ti l iz e r  
In d u s try . M i l t o n  W h i t n e y .  Chem ical and  M etallurgical Engineering . 
Vol. 22 (1920), N o . 22, p p . 1021-23.

L a u n d ry  C h em ist a n d  th e  “P u r e  F ab ric  L a w .”  H .  G . E l l e d o e .  Chem ical 
A g e , V ol. 28 (1920), N o . 5 , p p . 145-146.

M a g n e s ite  R e frac to rie s . J .  S . M c D o w e l l  a n d  R . M . H o w e .  J o u r n a l  
q f the A m erican  C eram ic So c ie ty , V ol. 3 (1920), N o .  3, p p . 1B5-246.

M ap le  P ro d u c ts : T h e  C h em is try  of M ap le  P ro d u c ts ;  T h e  C hem ica l A n a ly s is  
of M ap le  Sap a n d  S u g a rs , w ith  M e th o d s  of D e te rm in in g  A d u lte ra tio n . 
J .  F .  S n e l l .  C anadian C hem ical Jou rn a l, V ol. 4  (1920), N o . 5, p p .  1 2 2 -  
125.

M e a t P ack in g  In d u s try : D ev e lo p m en t of th e  L a b o ra to ry  in  th e  M e a t  P a c k 
in g  In d u s try . L . M . T o l m a n .  C hem ical A g e ,  V ol. 28 (1920), N o . 5, 
p p . 165-168.

N a tu ra l G as : C onservation  of O ur N a tu ra l G as. J .  B . G a r n e r .  Chem ical 
A ge, Vol. 2B (1920), N o . 5 , p . 16B.

N itro g e n : D e te rm in in g  N itro g e n  in  S o d iu m  N itra te . C . A . B x rrr., S ugar, 
V ol. 22 (1920), N o . 6 , p p .  3 41 -2 .

P o ta s h  R ecovery  in  N ew  J e r s e y . R . N .  S h r e v e .  C hem ical A ge , V ol. 2R  
(1920), N o .  5, p p . 349—153-

P o ta s s iu m  P e rm a n g a n a te :  M a n u fa c tu re  of P o ta s s iu m  P e rm a n g a n a te . 
R . B . S t r i n g f i e l d .  Chem ical and  M etallurgical E ng ineering , V ol. 22  
(1920), N o . 22 , p p . 1027-1030.

P ro d u c e r  G as  a s  F u e l fo r th e  G la ss  I n d u s try . F .  J .  D e n k .  Jou rn a l o f  
the A m erican  Ceram ic Society, Vol. 3 (1920), N o . 2 , p p . 94 -113 .

R u b b e r :  E lec tric ity  in  th e  R u b b e r  In d u s try .  C . W . D r a k e .  C anadian  
Chem ical Jo u rn a l, Vol. 4  (1920), N o , 5, p p .  133-135-

S a lts : T h e  C ak ing  of S a lts . T . M . L o w r y  a n d  F . C . H e b o h n q s .  J o u r n a l  
o f ¿he Society o f Chem ical In d u s try , Vol. 39 (1920), N o . 8, p p . lO li- llO * .

S ta rc h : In f lu e n c e  of F e rm e n ta t io n  on  th e  S ta rc h  C o n te n t of E x p e r im e n ta l 
S ila g e . A . W . D o x  a n d  L e s t e r  Y o d e r .  J o u r n a l  q f  A gricu ltu ra l 
Research, Vol. 19 (1920). N o . 4» p p . 173 -79 .

S te e l,  I t s  D e fe c ts  from  U se r’s  V iew poin t. F .  C . A . H . L a n t s b u r y .  T he  
A m erican  D rop Forger, V ol. 6 (1920), N o . 5, p p . 238-242 .

S u lfu ric  A cid : L a  F ab ric a tio n  d e  L ’A cid e  S u lfu riq u e  p a r  le  P ro c é d é  d e s  
C h am b res . M . K a l t e n b a c h .  C him ie et In d u str ie , Vol. 3 (1920 ), N o . 
4, p p . 407-423-

T u rb in e  S tee ls . A R e s e a rc h  in to  T h e ir  M ech an ica l P ro p e r tie s . W , H .
H a t f i e l d .  E ngineering  and In d u s tr ia l M anagem ent, Vol. 3 (1920),, N o ,  
14, p p . 425-426 .

V u lcan iza tion : T h e  A ccelera tion  o f V ulcan iza tion . D .  F , T w i s s  a n d  S . A . 
B r a z i e r .  Jo u rn a l o f  the Society  o f C hem ical In d u s try ,  V o l. 39 X1920), 
N o .  9, p p . I25J-332*.

Y eas t: D e b it te re d  D rie d  Y eas t. L . J .  R i l e y .  T h e  Chem ical A g e} VciL 2 
(1920), N o . 47 , p . 497.

Z inc In d u s try  of th e  T r i-S ta te  (O k lah o m a , M isso u ri a n d  K a n sa s )  FSeld-
F . J .  T i e t s o x t .  Com pressed A i r  M agasine , V ol. 25 (1920). N o . 5, p p -  
9635-9643.
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M A R K E T R E P O R T —JU N E , 1 9 2 0
FIRST-HA N D  PRICKS FOR GOODS IN  ORIGINAL 

IN O R G A N IC  C H E M IC A L S
J u n e  1 J u n e  15

A cid, B o ric , c ry s t., b b ls .. .......... lb . .1 8 . I S
H y d ro ch lo ric , co m ’l, 22° .03  * /, .03V »
H y d r io d ic . ........................... .1 9 .1 9
N itr ic . 42 a ...................................... lb . .08»/» , 081/s
P ho sp h o ric , 5 0 %  te c h . . . . .2 5 .25
S u lfu ric , C . P ...................... .......... lb . .07 .07

C h am b er, 6 6 * ............. 2 2 .0 0 2 2 .0 0
O le u m ........................... 2 8 .0 0 2 8 .0 0

A lum , am m o n ia , lu m p ............. .04 .0 4
A lum inum  S u lfa te  (iron-free ). .0 4 .0 4
A m m onium  C a rb o n a te , p w d .. .14»/» .1 6
A m m onium  C hloride , g ra n . . . .18 . 15
A m m onia W a te r , ca rb o y s , 26 0____lb . .1 0 .1 0
A rsenic, w h ite .............................. .1 4 1 /j .15
B arium  C h lo r id e .......................... 160 .00 175 .00

N i t r a te ............................ ..........lb . .1 2 .11
B ary tes , w h ite .............................. 3 0 .0 0 3 0 .0 0
B leaching  P o w d ., 35 % , W orks , 100 lbs. 5 .5 0 5 .5 0
B orax, c ry s t., b b ls ...................... ..........lb . .0 9 1 /, .091/»
B rom ine, te ch ., b u lk ................. ..........lb . .85 .85
C alcium  C h lo ride , fu s e d ........... 2 7 .5 0 2 7 .5 0
C halk , p re c ip ita te d , l i g h t . . . . ..........lb . ' .05 .0 5
C hina  C la y , im p o r te d .............. 18 .00 18 .0 0
C opper S u lfa te .............................. 100 lbs. 8 .2 5 8 .2 5
F e ld sp a r.......................... .. 8 .0 0 8 .0 0
F u lle r 's  E a r th ........... .................... 100 lbs. 1 .25 1 .2 5
Iod ine , re su b lim e d ..................... . 4 .3 5 4 .3 5
Lead A c e ta te , w h ite  c r y s ta ls . . . .15 .1 5

N i t r a te ..................................... ......... lb . .1 5 .15
R e d  A m erican  . . . . 1 0 0  lb s . .1 0 * /, .1 0 » /,
W h ite  A m erican ...................1001b*. .0 9 * /, .0 9 * /,

L im e A c e ta te .................................. 1001b*. 3 .5 0  3 .5 0
L ith iu m  C a rb o n a te    lb . 1 .5 0  1 .5 0
M agnesium  C a rb o n a te , T e c h ............. lb . .1 2  .12
M a g n e s i t e . . . . . ..................   to n  6 5 .0 0  6 5 .0 0
M ercu ry  f la s k .   .7 5  lb*. 8 0 .0 0  9 0 .0 0
P hospho rus , ye llo w .................................. lb . .3 5  .35
P la s te r  of P a r i*   ......................... 100 1b*. 1 .5 0  1 .50
P o tass ium  B ic h ro m a te ........................... Ib . .4 5  .4 4

B rom ide, C r y s t .......................... . . l b .  .95  .95
C arb o n a te , ca lc ., 8 0 -8 5 % ...........lb . .1 8  .1 8
C h lo ra te , c r y s t . .....................   lb . .1 5  .15
C y an id e , b u lk , 9 8 -9 9 % ................lb . .3 0  .3 0
H y d ro x id e , 8 8 -9 2 % ...................... lb . .3 2  .33
Io d id e , b u l k . . . . . . . ................. . . . l b .  3 .3 5  3 .3 5
N i t r a te .............................. ................ lb . .1 4  .14
P e rm a n g a n a te , U . S . P ................ lb . .9 0  .9 0

S a lt C a k e .......................................   to n  3 2 .0 0  3 2 .0 0
S ilre r  N i t r a te .............................................ox. .6 3  .5 8
S oapstone , in  b a g * .. . . . . . . . . . . . . . t o n  1 2 .0 0  12 .0 0
Soda A sh , 5 8 % , b ag * ..................100 lbs. 3 .6 5  3 .6 5

C au s tic , 7 6 % .........................100 1b*. 6 .5 0  6 .5 0
Sodium  A c e ta te ......................................... lb . .1 2  .1 2

B i c a r b o n a t e . . . . . ................100 lbs. 3 .0 0  3 .0 0
B ic h ro m a te ........................................ lb . .3 3  .32
C h lo ra te ...............................................lb . .1 0  .1 0
C y a n id e ................................................lb . .2 7  .2 7
F lu o rid e , t e c h n i c a l . . . . . . .............lb . .1 8  .1 8
H y p o su lf ite   ..............  100 lb*. 3 .6 0  3 .6 0
N itr a te ,  9 5 % ......................... 100 lb*. 3 .8 5  3 .8 5
S ilica te , 40®........................................ lb . .0 2  .0 2
S u lfide ................................................... lb . . 1 0 0  .IO 1/4
B isu lfite , p o w d e r e d . . . . . . . . . . . l b .  .06*/* .06*/«

S tro n tiu m  N i t r a te ..................................lb . .27 .27
S u lfu r, flow er*................................100 lb s . 3 .7 5 3 .7 5

C ru d e .................................... long  to n 3 0 .0 0 3 0 .0 0
T a lc , A m erican , w h ite ........................ to n 2 0 .0 0 2 0 .0 0
T in  B ic h lo r id e . ......................... ...lb . .21*/* .2 1 * /,

O x id e .................................................. lb . .6 0 .6 0
Z inc C h lo ride , U . S. P . ........................ lb . .5 0 .5 0

O xide, b b ls .................................. .. .lb . .2 2 .2 2

O R G A N IC  C H E M IC A L S

A ce tan ilid ............... ............. .....................lb . .7 5 .75
A d d , A cetic , 28 p. ......................100 tbs. 4 .0 0 4 .0 0

G la d a l ...................................... lb . .17 .17
A cety lsa licy lic ............................ . .  lb . .95 .95
B enzoic, U . S. P ., e x - to lu o l . . . . lb . .85 .85
C arbo lic , cry* t., U . S . P ., d r* ., .lb . .15 .15

50- to  110-lb. tin * ................. Ib. .21

(pQLtTcL

.23

CHNw)

CKAGES PREV AILING  IN  TH E N EW  YORK M ARKET
June 1 June 15

A cid  (Concluded)
C itric , c ry s ta ls , b b l s . . . . 1 .03 .9 9
O xalic, c ry s t., bb ls. .58 ,6 0
P yrogallic , re su b lim e d . . ............lb . 2 .5 0 2 .5 0
S alicylic, b u lk , U . S . P ...............lb . .55 .55
T a r ta r ic , c ry s ta ls , U . S . P .........lb . ,84 .8 2
T rich lo rac e tic , U . S. P . . ............lb . 4 .4 0 4 .4 0

A cetone, d r u m s . ....................... .2 2 .22
A lcohol, d e n a tu re d , 190 p ro o f------gal. 1 .13 1 .1 3

E th y l, 190 p ro o f............... .......... 7 .0 0 7 .0 0
W ood, P u r e ........................ .......... 3 .5 0 4 .4 0

A m yl A c e ta te ................. ........... 4 .0 0 4 .0 0
C am p h o r, J a p . r e f in e d . . . . . ............ lb . 1 .8 0 1 .6 5
C arb o n  B isu lfide ....................... ............ lb. .08 .0 8

T e tra c h lo r id e .................... .1 4 .1 4 » /i
C h lo ro fo rm , U . S. P ................ ............ lb . .4 0 .40
C reoso te , U . S. P . ............. .. ............ lb . .75 .75
C reso l, U . S . P . ......................... .18 .18
D ex trin e , c o rn .................. .0 6 7 4 .061/4

Im p o r te d  P o ta to ............. ............ lb . .1 4 .1 4
E th e r ,  U . S . P . ,  conc ., 100 lbs . . .lb . .21 .2 4
F o rm a ld e h y d e ............................, .58 .5 3
G lycero l, d y n a m ite , d ru m * .. .2 6 .2 6 » /,
P y r id in e ............ ..................... 3 .0 0 3 .0 0
S ta rc h , c o rn ........................ .1001b*. 5 .2 5 5 .2 5

P o ta to , J a p ......................... .0 6 .0 6
R ic e ....................................... .25 .2 5
S ag o ...................................... .05 .05

O IL S , W A X E S , E T C .

B eesw ax, p u re , w h ite ......... ............lb . .65 .65
B lack  M in era l O il, 29 g rav ity ..........8*1- .22 .2 2
C a s to r  O il, N o . 3 . . . . . . . . . . . .............lb . .18 .18
C eresin , y e l lo w . . ....................................1b. .1 6 .1 6
C orn  O il, c ru d e ........................... .16 .1 6
C o tto n se ed  O il, c ru d e , f. 0. b. m i l l . . lb . .1 6 .1 6
M en h ad en  O il, c ru d e  ( s o u th e rn ) . .  gal. .8 0 .7 5
N e a t’s-fo o t O il, 20* .................. 2 .2 5 2 .2 5
P ara ffin , 128-130 m . p ., r e f . . . . l l V i .11*/«
P ara ffin  O il, h igh  v isco s ity . .........**1. .45 .4 5
R osin , " F ”  G rad e , 280 l b s . . . , , bbL 2 0 .2 5 19 .0 5
R osin  O il, firs t r u n .................... .90 .8 3
Shellac, T . N ....................... . . . . .......... lb . 1 .00 1 .15
S p erm ace ti, c a k e ......................... .30 .3 0
S p erm  O il, b leached  w in te r, 3 8 * . . .  gal. 1 .95 1 .95
S tea ric  A d d , d o ub le -p ressed . .27*/* . 25 */t
T a llow  O il, a d d le s* .................... 1 .60 1 .6 0
T a r  Oil, d is ti lle d .......................... .6 0 .6 0
T u rp e n tin e , sp ir its  o f ................ 2 .4 5 1.89*/*

M E T A L S

A lum inum , N o . 1, in g o ts ......... ......... lb . .3 2 .32
A n tim o n y , o rd in a ry ................. ., 100 lbs. 9 .0 0 8 .2 5
B is m u th . ........................................ 2 .5 2 2 .5 2
C opper, e le c tro ly tic ................... .1 9 .19

L a k e ........................................ ......... lb . .18*/« .1 8 * /,
L e ad , N  Y .................................... . . . . . l b . .0 8 * /, .0 8 * /,
N ick e l, e le c tro ly tic .................... .45 .45
P la tin u m , refined , s o f t . . . . . . . 9 5 .0 0 8 0 .0 0
Q uicksilver, f i a s k . ................... 75 lb s  ea. 8 0 .0 # 9 0 .0 0
S ilv e r................................................. 1 .01 .9 0
T in .................................................... .5 2  * /, .5 0
T u n g s te n  W o lf r a m ite . .............. p e r  u n it 7 .0 0 7 .0 0
Z inc, N . Y ....................................... 100 lbs. 8 .5 0 8 .5 0

F E R T IL IZ E R  M A T E R IA L S

A m m onium  S u lfa te ..................... 100 lb*. 7 .0 0 7 .0 0
B lood, d rie d , f. 0 . b . N . Y ........ . .  .u n i t 8 .0 0 8 .0 0
B one, 3  a n d  50, g ro u n d , ra w .. 4 8 .0 0 4 8 .0 0
C alc ium  C y an * m ide, u n i t  of A m -

m o n ia ...................................... 4 .0 0 4 .0 0
F ish  S c rap , dom estic , d rie d , 1. 0. b .

w o rk s . ........................................... 7 .2 5 7 .2 5
P h o sp h a te  R o ck , f . 0 . b . m ine

F lo rid a  P eb b le , 6 8 % . . . . 6 .8 5 é .S 5
T ennessee , 7 8 - 8 0 % . . . . . . 11 .00 11 .0 0

P o ta ss iu m  M u ria te , 8 0 % .......... 2 .5 0 2 .5 0
P y rite s , fu rn ace  size, im p o rted . . . .  u n it .18 .18
T a n k a g e , h igh -g rade , t .  0. b .

C h ic a g o ............... ....................... 7 .7 5 7 .7 5
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C O A L -T A R  C H E M IC A L S
J u n e  1 J u n e  15

C r u d e s

B enzol, C . P .................................... . . . g a l .  .35 .35
Cresol, U . S. P ............................. .. .18
N a p h th a len e , flak e ...................... . . . . l b .  .16 .21
Pheno l, d ru m s ............................... .15
T o luo l, 9 0 % .................................... .36
X ylol, w a te r w h ite ............. .40

I n t e r m e d i a t e s

A cids:
A n tb ra n i lic ............................. 2 .8 5
B ............................................... 2 .2 5
B enzoic.................................... .85
B roenne r’s .............................. 1 .75
C lev es ....................................... 2 .0 0
C resy lic , 9 7 -9 9 % ................ 1 .2 0
F ................................................. 3 .5 0
G a m m a .................................... 2 .5 0
H ................................................ 2 .2 5
M e ta n ilic ................................. 1 .70
M onosu lfon ic F .................... 3 .5 0
N a p th io n ic , c ru d e ............... .85
N eville  & W in th e r’s ........... 1 .90
P h th a l ic ............ ...................... .60
P ic r ic ......................................... .25
S u lfan ilic ................................. .35
T o b ia s ’ .......... f ....................... 2 .2 5

A m ido A zo B enzo l........................ 1 .15
A niline O il....................................... .34

F o r  R e d ................................... .65
A niline S a l t ..................................... .42
A n th racen e , 8 0 -8 5 % ................... .75
A n th ra q u in o n e ............................... 4 .5 0
B enzaldehyde , te c h ...................... .75

U . S. P ..................................... 1 .0 0
B enzid ine B ase ............................. 1 .4 0
B enzid ine S u lfa te .......................... 1 .15
D iam id o p h en o l................ ............. 6 .0 0
D ian isid in e .................................... .. 9 .0 0
p -D ich lo rb en zo l............................ .10
D ie th y lan ilin e ................................. 1 .40
D im e th y la n ilin e ............................. 1 .25
D in itro b en zo l................................. .36
D in itro to lu o l................................... .43
D ip h en y lam in e .............................. .80
G  S a l t ................................................ .90
H y d ro q u ln o n e ................................ 2 .0 0
M e to l................................................. 11 .50
M onoch lo rb en zo l.......................... .18
M o n o e th y lan ilin e .......................... 2 .1 5
a -N a p h th y la m in e . ........................ .45
fr-N aph thy lam lne  (S u b lim e d ) . 2 .2 5
6 -N ap h th o l, c ru d e ........................ .86
m -N itran ilin e .................................. 1 .05
0 -N itra n ilin e ................................... 1 .5 0
N itrobenzo l, c ru d e ........................ .16

R ec tified  (O il M y rb a n e ) . . .1 8
P -N itro p h en o l................................. .80
¿ -N itro so d im e th y lan ilin e ........... 2 .9 0
o -N itro to lu o l................................... .25
¿ -N itro to lu o l................................... 1 .50
w -P h e n y len ed iam in e ................... 1 .15
£ -P h en y  Iened iam ine .................... 2 .6 5
P h th a lic  A n h y d rid e ......... . . . . l b .  .45 .45
P rim u lin e  B a s e . ............................ 3 .0 0
R  S a lt ................................................ .90
R esorc in , t e c h ................................ 4 .0 0

U . S. P ..................................... 6 .0 0
Schaeffer S a l t ................................. .75
S odium  N a p h th io n a te ............... 1 .10
T h io ca rb an ilid ............................... .60
T o lid ine , B a se ............................... 1 .75
T o lu id ine , m ix ed .......................... .44
o -T o lu id in e .............................................. lb . .35 .35
m -T o luy lened iam ine................. .......... lb . 1 .40 1 .40
P -T o lu id ine .................................... 2 .0 0
X y lidene , c ru d e .......................... ...........lb . .45 .45

C O A L -T A R  C O L O R S

Acid Colon
B la c k .............................................................lb . 1 .15  1 .15
B lu e ............................................................... lb. 3 .0 0  3 .0 0

J u n e  I Ju n e  15
A c id  C o lo ra  (Concluded)

F u c h s in ......................................................... lb . 2 .5 0  3 .0 0
O range I I I ................................................... lb . 1 .0 0  1 .00
R e d ................................................................. Ib. 1 .10  1 .30
V iole t 10B .................... . . ........... „ . . .  . lb .  6 .5 0  6 .5 0
A lkali B lue, d o m e s tic .............................lb . 4 .7 5  5 .5 0

I m p o r te d ............................................lb . 8 .0 0  8 .0 0
Azo C a rm in e ............................................... lb . 4 .0 0  4 .0 0
A zo Y ellow ...................................................lb . 2 .0 0  2 .0 0
E ry th ro s in e .........................  lb . 12 .0 0  12 .00
In d ig o tin e , conc......................................... lb . 3 .0 0  3 .0 0

P a s te ..................................................... lb . 1 .5 0  1 .50
N a p h th o l G re e n .........................................lb . 1 .5 0  1 .50
P o n cea u .........................................................lb . 1 .25  1 .35
S carle t 2 R .....................................................lb . 1 .0 0  1 .00

D ir e c t  C o lo rs

B la c k ...................................... *.................... lb . 1 .0 0  1 .00
B lue 2 B ........................................................ lb . .7 0  _ .70
B row n R ...................................................... lb . 1 .8 0  1 .80
F a s t R e d ....................................................... lb . 3 .5 0  3 .5 0
Y e l l o w . . / .....................................................lb . 2 .0 0  2 .0 0
V iolet, con ’t .................................................lb . 2 .2 0  2 .2 0
C hrysophen ine , d o m e s t ic ...................... lb . 2 .2 5  2 .2 5

Im p o r te d .........................   lb . 3 .8 0  3 .8 0
C ongo R ed , 4B  T y p e .............................. Ib. .9 0  .90
P rim u line , d o m e stic ................................. lb . 3 .0 0  3 .0 0

O il C o lo rs

B la ck .............................................................. lb . .7 0  .70
B lu e .................................................................lb . 1 .65  1 .65
O ran g e ........................................................... lb . 1 .4 0  1 .40
R e d i n ..........................................................lb . 1 .65  1 .65
S c a r le t............................................................lb . 1 .75  1 .75
Y ellow ........................................................... lb . 1 .7 0  1 .7«
N igrosine  Oil, so lu b le .............................. lb . .9 0  .90

S u l f u r  C o lo rs

B la c k ............................................................ lb . .2 0  * .20
B lue , d o m e s tic .......................   lb . .7 0  .7 0
B ro w n ............................................................ lb . .35  .35
G re e n ............................................................. lb . 1 .0 0  1 .0 0
Y ellow ............................................................lb . .90  .90

C h r o m e  C o lo rs

A lizarin  B lue , b r ig h t ............................... lb . 7 .7 5  7 .7 5
A lizarin  R ed , 2 0 %  P a s te .................... lb . 1 .1 0  1 .1 0
A lizarin  Y ellow  G .................................... lb . I .00  1 .0 0
C hrom e B lack , d o m e s tic .......................lb . 1 .2 5  1 .25

Im p o r te d .............................................lb . 2 .2 0  2 .2 0
C hrom e B lu e .............................................. lb . 2 .5 0  2 .5 0
C hrom e G reen , d o m e s tic ...................... lb . 1 .5 0  1 .5 0
C hrom e R e d ............................ lb . 2 .0 0  2 .0 0
G a llo c y a n in e ..............................................lb . 3 .2 5  3 .2 5

Basic Colors

A uram inę, O, d o m e s tic ................. 2 .5 0 2 .5 0
A uram inę, O O ,................................. 4 .1 5 4 .1 5
B ism arck  B row n Y ...................... .. . . . l b . .90 .90
B ism arck  B row n R ........................ 1 .20 1 .20
C hryso id ine  R .................................. . .  .lb . .7 5 .75
C hryso id ine  Y .................................. .75 .75
G reen  C ry s ta ls , B r i l l i a n t . . . . . . . 6 .0 0 6 .0 0
In d ig o , 20 p . c. p a s te .................. .. .85 .85
F uchsine  C ry s ta ls , d o m e s tic ___ 5 .0 0 5 .5 0

Im p o r te d ..................... . ........... 12 .0 0 1 2 .0 0
M a g en ta  A cid, d o m e s t ic .............. 4 .2 5 4 .2 5
M ala ch ite  G reen , c ry s ta ls ............ 4 .5 0 4 .5 0
M eth y len e  B lue, te c h . .................. 2 .5 0 2 .75
M eth y l V iole t 3 B ...................... 3 .0 0 3 .5 0
N igrosine, sp ts . so l................. .85 .85

W a te r  sol., b lu e . .................... .65 .65
J e t ................................................ . . . l b . .90 .90

P h o sp h in e  G ., d o m estic ................ . . . l b . 7 .0 0 7 .0 0
R h o d am in c  B. e x tra  co n c ’d . . . . 3 5 .0 0 4 0 .0 0
V ic to ria  B lue , base, d o m e s t ic . . . . . . l b 6 .0 0 6 .0 0
V ic to ria  G re e n .................................. . . . l b . 6 .0 0 6 .0 0
V ic to ria  R e d ...................................... . .  .lb . 7 .0 0 7 .0 0
V ic to ria  Y ellow ................................ 7 .0 0 7 .0 0
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P ow er P la n t ,  U . S. G o v e rn m e n t N itr a te  P la n t  N o . 2, 
M usc le  S hoals , A la. T h e  J .  G . .W h ite  E ng in eerin g  

C o rp o ra tio n , C o n tra c to rs .

$ 5 0 0 .0 0  Saved Monthly 

Boiler Labor Alone

After operating a P erm utit W ater 
Softening and Filtering System  for 
one and  three-quarter years a L ight 
& Power Com pany in Illinois reported 
the following:

We have no scale in boilers or pipe 
lines.
O ur saving in coal is quite m aterial 
—the saving over former conditions 
is easily 30%.
We formerly had two men drilling 
boiler tubes all the time, and now 
have none.
Our saving in boiler labor is easily 
$500.00 per m onth.
Zerowater appears ju s t the thing for 
condensers.

I t  will pay you to  investigate the 
system th a t  is saving 30% fuel and 
$500.00 m onthly in labor for others. 
Ask us for more facts—other tes
tim ony. W rite us today. No obliga
tions.

The ©ermutit Company
44o \ Fourth Ave. Newifbrk

O ffic e s  in all p rincipal c i t ie s

REM EM BER ITS WATERPROOF

STEEL NEED NOT RUST! 
WOOD NEED NOT ROT! 

kNOR CONCRETE DUST!'A
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FUSED SILICA
QUICK DELIVERIES

A co m p le te  line  of all sizes a n d  shapes 
c ru c ib le  to  a  su lfu ric  ac id  cascade  sy stem .

G en era l-C eram ics  F U S E D  S IL IC A  is m a n u fa c tu re d  
u n d e r  th e  sam e  rig id  req u irem e n ts  t h a t  h av e , for 
m a n y  y ears , m ad e  th e  nam e, G E N E R A L  C E R 
A M IC S , m ean  S T O N E W A R E  th a t  w ill stand up  
under th e m ost severe conditions.

GENERAL CERAMICS COMPANY
‘E q u ip p ed  to  S u p p ly  a P la n t or a N a tio n ”

M a n u f a c tu r e r s  o f A c id -P ro o f  C h e m ic a l  S to n e w a re
New York City

PLATINUM 
APPARATUS

When a manufacturer’s name is so closely associated with his 
product that they are scarcely ever thought of apart—
When, through long years of maintaining a high standard, 
he has justly earned that mysterious, incalculable asset, good
will—
You may rest assured that high quality, right prices and good 
service (those essential y et overworked words) are built into 
and about the product. In no other w ay could names become 
actual synonyms, as, for instance—

BAKER PLATINUM
This association ideas is something of which we are proud. 
We set out to manufacture all forms and sizes of platinum ware 
for chemical and physical purposes; to produce flawless goods 
of standard purity at a price consistent with their worth.
W e have succeeded because we guaranteed our products and our 
integrity was never questioned.
In addition to regular stocks of platinum ware, we manufacture 
special apparatus to order and reshape, repair, purchase or ex
change old dishes, crucibles and apparatus of all kinds.

I

B A K E R  & CO., INC.v • v
Refiners and Workers of Platinum Gold and Silver ^

5 S. W abash Ave. Chicago.

o

30 Church St,NewYork

J
54 Austin St. 

NEWARK. N.J.
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Vitreosil (fused p a re  silica.)  
is protected by the followjnq 
patents coOerinq both product 
and p rocess :—

812.399 Feb. 13,1906
822,424 June 5,1906

Re-I. 13,504 Jan. 7.1913___

These Three 

Lists
G ive complete specifications and prices on i 
0/ standard items in industrial, glazed anc

hundreds

01 sianuuiu i« u w  »»*  ------ ’ o '— r  atl.ĉ  Lra '/S
parent vitreosil, which we have in stock tor 
immediate shipment.

Vitreosil Apparatus for the Chemical Industries comprises details for sulphuric 
acid TO^cOTtratioi^ mixed acid denitration, nitric acid condensation, hydrochloric 

acid cooling, acid distillation, and general plant use.
Vitreosil Apparatus for Chemical Laboratories, etc., includes tubing for com 

bustions, K^om etry? and gas sampling, and a m W r n ^ j g r n g  « g  »»g.azed  
dishes, crucibles and other articles invaluable for laboratory work.

Transparent Vitreosil Tubing and Apparatus embraces 
to 4 in. internal diameter, as well as rods, plates, ^ “ b l^  dishes capsules 
casseroles, beakers and flasks, all of the clear transparent quality, and at > 

moderate prices. ^  ^  ^  ^  M  Q,  <Aese l i t ,

s ta t in g  y o u r  p ro b le m  i f  y o u  care to .

Traflłptmi Yitreod

Rtv.NrJ Price L i«

Xv.S'.v.'̂  ’

THE THERMAL SYNDICATE, ltd

CHEMISTS’ BLDG 5 0  E 41*1 STREET

NEW YO R K CITY

V itreosil
c

s » w s =

L I  M i l  I S

LABORATORY MATERIALS
fo r  

Analytical, Assay, Bacteriological, Industrial 
Chemical, Research, School, Physical

APPARATUS CHEMICALS
SCIENTIFIC TESTING INSTRUMENTS

Pyrom eters— C om bu stion Appliances G auges

SCLEROSCOPES

SUPPLIES

S e n d  fo r  o u r  S p e c ia l B u l le t in  o n  th e  a p p a r a tu s  y o u  are

Los Angeles House 
The Braun Corporation

in te r e s te d  in , or fo r  s p e c ia l in fo r m a tio n .

[importer. $an Francisco.Cal. E* p ° r te r s
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T H E

NEW  YORK THERMOMETER  
CO M PAN Y

M a n u fa c tu r er s  o f

THERMOMETERS and HYDROMETERS
36 E . 23rd S tr e e t , N ew  Y ork .

F a cto ry : 381 P a lm e tto  S tr e e t , B ro o k ly n , N . Y,

Large Thelco Oven 18 x 12 x 14

W rite for sp ec ia l c ircu lar

LABORATORY SUPPLIES

NEW YORK W rite for our co m p lete  C atalo gu e.

The Emil Greiner Co.
E s t a b l i s h e d  1 8 8 1  

M a n u fa c tu r er s  
o f

Laboratory Apparatus and Chemical Glassware 
55 F u l to n  a n d  45 C liff S ts .

New York, N. Y .

B eck m an n  T h e rm o m e te rs  
C hem ica l T h e rm o m ete rs  

In d u s tr ia l  T h e rm o m ete rs  

H y d ro m e te rs  fo r A lcohol 

H y d ro m e te rs  fo r S u g ar 

H y d ro m e te rs  fo r A cids 

V o lu m e tr ic  G lassw are  

B u re tte s — P ip e tte s — F lask s

S pecia l a p p a ra tu s  m ad e  to  o rd er 
acco rd in g  to  sk e tch .

O ur n a m e  s ta n d s  for  E xpert g la ssb lo w ers for
q u a lity . over 30 years.

Southern Distributors
OF

Pyrex Chemical Glassware 
Coors’ Chemical Porcelain 
Whatman Filter Papers 
Hoskins Electric Furnaces, Etc. 
Multiple Unit Electric Furnaces, Etc. 
Freas Drying Ovens &  Incubators 
C. S. &  E. Drying Ovens &  Incubators 
Emerson &  Parr Calorimeters 
B &  L and Spencer Microscopes 
Bamstead & Stokes Water Stills 
Johnson’s Combustion Tubes & Boats 
Silverman’s Illuminator 
and all Standard Lines

A t M an ufacturer’s Prices

D eliv e red  F .O .B . B ir m in g h a m

Southern Laboratory Supply Co.
Warehouse and Offices:

1608-1610— 2nd Ave. 

Birmingham, Ala.

Alcohol Thermometers 
Allihn
Anschutz “  
Beckmann “
Calorimeter “
Chemical “
Clinical “
Cold Test “
Cylinder “
Dairy
Hydrometers 
Incubator Thermometers 
Lactometers
Long Stem  Thermometers 
Pentane “
Specific Gravity Bottles 
Toluol Thermometers 
Urinometers


